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PHASE II PROGRAM OVERVIEW 

This Midterm Technical Report documents progress during the first year of the 

Alternate Central Receiver Power System Program Phase II (DoE Contract No. DE-AC03-

79SF10535). The report consists of the following three volumes: 

• Volume I - Commercial Plant Design Refinement 

• Volume II - Sodium Test Receiver Experiment 

• Volume III - Materials Experiments 

BACKGROUND 

The Phase II program is a follow-on program to the completed Conceptual Design 

of Advanced Central Receiver Power Systems - Phase I (DoE Contract No. DE-AC03-

78ET20500) led by General Electric Corporate Research and Development. 

During Phase I, parametric analyses were performed to select the preferred 

commercial scale (100 MWe) sodium cooled central receiver power plant. The refer

ence concept selected utilizes an external cylindrical receiver with a surrounding 

field of heliostats. The plant loop schematic is shown in Figure 1 and an artist's 

concept of the plant in Figure 2. There are approximately three hours of storage, 

ground level steam generators, and a high efficiency reheat steam power conversion 

cycle. 

A conceptual design was prepared for the reference plant concept and detailed 

cost estimates were calculated. A number of potential improvements to be examined 

during Phase II were identified, as were a number of Subsystem Research Experiments 

(SRE's). The SRE's were selected as those technical steps necessary for advance

ment of the sodium central receiver technology towards commercialization and 

addressed critical technical uncertainties. 

The Phase II program is a logical extension of the Phase I effort and has as 

its objective "the near term application of sodium solar central receiver power 

plants for low cost electric power generation." The specific Phase II activities, 

shown graphically on Figure 3, include the following efforts: 

• Performance of a receiver panel test at the Central Receiver Test 
Facility (CRTF) 

1 



GENERAL. ELECTRIC 

FW RETURN -

"80P 
1000 F -
2400P -
1000 F -SUPERHEATER 

Figure 1. 

Figure 2. 

1100F -
1100 F -

612 F -

4-
/ 

/ 

SOLAR 
ENERGY 

/ MOVABLE n 
/ ;SULATIOJNU 

1,; .. -., 
- -

HOT STORAGE 
1100 F 

-

CYLINDRICAL 
RECEIVER 

SMALL EM 
PUMPS 

t 612 F 

PUMP 

COLO STORAGE 
612 F 

Plant Schematic 

Plant Arrangement 

2 



GEN. 

vJ 

FW RETURN 

SYSTEM ENGINEERING 
AND ANALYSIS 

460P 
1000 F - 1100 F -

4-SRE 1, 2A, 28, 2D 

CYLINORICAL 
RECEIVER I 

/ 
SOLAR -• 

ENERGY 

/ MOVABLE n 
SMALL EM 

PUMPS 

2400P -
1000 F -SUPERHEATER 

1100 F 

/ INSULATIONU 

~uoo••J t" -

-
612 F -

HOT STORAGE 
1100 F 

-

t 612 F 

PUMP 

--- - I I I I COLO STORAGE 
612 F 

• SRE 1 

• SRE 2 

SUBSYSTEM RESEARCH 
EXPERIMENTS (SRE'S) 

ABSORBER PANEL TEST 

MATERIALS SRE'S 

SRE 2A I PANEL FABRICATION 
DEVELOPMENT 

SRE 28 I PANEL INSPECTION 
AND EVALUATION 

SRE 2c I STRESS CORROSION AND 
FATIGUE 

FATIGUE CRACK GROWTH 
SRE 2D I AND FRACTURE TOUGHNESS 

Figure 3. Major Phase II Activities 

C, 
ffl 

z 
ffl 
:a 
> ... • ffl ... 
ffl 
n 
-t 
::D 

n 



GENERAL fl) ELECTRIC 

• Performance of materials experiments and panel fabrication 
development 

• Commercial plant design updates 

• Development planning. 

PROGRAM WORK PLAN 

The Phase II program consists of the five tasks described below that extend 

over two years. 

• Task 1 - Subsystem Research Experiments (SRE's) 

Perform the necessary hardware development efforts to move sodium central 

receiver technology from conceptual design status to commercial demon

stration status. Key efforts are design, fabrication, and testing of a 

Sodium Receiver Test Assembly (SRTA) shown in Figure 4 and the conduct of 

critical materials experiments. 

• Task 2 - Commercial Plant Design 

Perform a revivification of the conceptual design, based on im~rovements 

identified during Phase I. Near the end of the program, update the 

design to reflect knowledge gained during Phase II. 

• Task 3 - Critical Module Design 

Define the next step in plant commercial plant development by conceptual

izing a large scale critical module configuration. Update the critical 

module concept near the end of the program to reflect knowledge gained 

during Phase II. 

• Task 4 - Development Planning 

Prepare an update of the Phase I development plan for solar sodium 

receiver technology near the end of Phase II to reflect the knowledge 

gained during Phase II. 

• Task 5 - Program Management 

Perform appropriate program management. 

The work flow for accomplishing these tasks is shown on Figure 5 and the 

related schedule shown on Figure 6. 

4 
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ORGANIZATION 

The Phase II program is being led by the General Electric Energy Systems Pro

grams Department (ESPD). The transition of leadership from Corporate Research and 

Development (CRD) to ESPD is a normal activity for General Electric and represents 

the logical transition of a primarily R&D program into a primarily hardware and 

commercial application program. CRD played a major role in the plant design re

finement task and ensured that a sound technical transition occurred. Kaiser 

Engineers, Incorporated of Oakland, CA was the Architect Engineer during Phase I 

and performed the storage tank design refinement described in Volume I of this 

report. The current organization is shown in Table 1. 

PROGRAM STATUS 

TABLE 1 

PROGRAM ORGANIZATION 

• GENERAL ELECTRIC COMPANY 

- ENERGY SYSTEMS PROGRAMS DEPARTMENT (ESPD) 

Program Management 
Systems Engineering 
Plant Integration 

- ADVANCED REACTOR SYSTEMS DEPARTMENT (ARSD) 

Liquid Metal Engineering 
Sodium Components 
Braz:ing Development 

• FOSTER WHEELER DEVELOPMENT CORPORATION (FWDC) 

- Absorber Test Panel Fabrication 

• PYROMET INDUSTRIES, INC. 

- Test Panel Brazing 

- Temporary Brazing Furnace 

As of April 1980, the Phase II program is focused on fabrication of the 2.5 

Ml-Jth Sodium Receiver Test Assembly (SRTA). The design refinement of the lOOMWe 

commercial plant was completed in October 1979 and the analysis and results are 

detailed ·in Volume I of this report. 

The SRTA design has been completed and fabrication of the components are 

underway. The panel fabrication scheme (horizontal furnace braze) has been 

selected and fabrication of a large temporary brazing furnace is well underway. 

7 



GENERAL. ELECTRIC 

The design and fabrication status of the SRTA is reported in Volume II. 

Significant progress has been made in the development of the panel fabrication 

tec~niques and several materials test efforts are underway. The materials experi

ments are discussed in Volume III • 

• 
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SECTION 1 

INTRODUCTION AND OBJECTIVES 

The design, fabrication, installation and testing of a test sodium-cooled 
receiver comprise the largest effort of the Phase II Program. This volume of the 
Midterm Technical Report describes the design status, analysis results, and fabri
cation status of the 2.5 MWth Sodium Receiver Test Assembly (SRTA). 

1. 1 EXPERIMENT OBJECTIVES 

This Subsystem Research Experiment (SRE #1) has seven principal objectives 
which will be discussed below: 

• Manufacturability 

The SRTA absorber test panel has the thin-walled Incoloy 800 constuc
tion selected for the commercial scale (100 MWe) receiver absorber 
panels. It is being fabricated using tube-to-tube brazing techniques 
developed in the Panel Fabrication Subsystem Research Experiment (SRE) 
described in Volume III of this report. Thus, the absorber test panel 
forms the first demonstration of this thin-walled, brazed construction. 

• Panel Structural Integrity 

The SRTA absorber test panel will be installed and tested at the Central 
Receiver Test Facility (CRTF) at power levels up to 2.5 MWth and be sub
jected to a number of transients. This testing will enable verification 
of structural integrity during operation. 

• Control Stability 

The control system being designed for this SRTA must demonstrate control 
characteristics and stability during a.ctual testing at the CRTF for 
sodium cooled central receivers. 

• Panel Performance 

Testing at CRTF will provide a measure of panel efficiency for typical 
operating modes as well as specific data for radiative, connective and 
reflective losses. 

• Sodium System Reliability/Safety 

Over thirty years of experience exists for liquid metal-cooled systems; 
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however, questions on sodium hardware reliability/safety in solar 

plants need demonstration. The three-month operation of this SRTA at 

CRTF will provide a visible opportunity for DOE and industry to 

examine sodium system operating and safety characteristics. 

• High Flux Operation 

The excellent heat transfer properties of liquid sodium allow receiver 

operation at relatively high heat flux levels. These higher fluxes 

result in smaller, more efficient receivers. The SRTA will therefore 

operate at fluxes up to approximately 1. 5 MW/M2, 

• Cost Data 

The construction of actual sodium hardware for solar applications, 

particularly the absorber test panel, will allow more confident cal

culation of commercial plant receivers. 

1.2 SRTA DESCRIPTION 

The 2.5 MW (thermal) sodium cooled test receiver has a nominal outlet tempera

ture of ll00°F and a cold leg return temperature of 600°F, typical of the reference 

100 MWe commercial scale plant. 

The Solar Receiver Test Assembly (SRTA) shown in Figure 1-1, is scheduled to 

be tested at the Central Receiver Test Facility (CRTF) during the winter of 1980/ 

81. It consists of a sodium fluid circulation loop powered by a helical electro

magnetic pump. The loop schematic indicates that there are six major SRTA compo

nents: the absorber test panel, a surge tank, a dump (drain) tank, and electro

magnetic (EM) pump, sodium-to-air heat dump, and control and instrumentation. 

The fluid circulation module has an overall height of about 40 feet. The heat 

dump has a height of about eighteen feet. Therefore, the SRTA will be installed on 

top of the CRTF tower, in lieu of a test bay. The CRTF tower is shown in Figure 

1-2 and an artist's concept of the installed SRTA is shown in Figure 1-3. 

1. 3 SRE WORK FLOW 

The design and fabrication of the SRTA is controlled through the careful prep

aration and adherence to specifications. Once the test objectives and test panel 

configuration were selected during the commercial plant design refinement task (see 

Volume I), a top level system specification was prepared. The current issue system 

specification, provided as Appendix A, forms the baseline for all design and fabri

cation efforts. All lower level specifications must track the requirements of the 

system specification in order to ensure the SRTA meets all test objectives. Figure 

1-4 shows the specification work flow. Note that specifications were prepared for 

1-2 
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Figure 1-3. Artist's Concept of SRTA Installed 
on the CRTF Tower 
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r 
all major components, including the refurbished SEFOR hardware. 

Once The SRTA has been completely fabricated, it will be shipped to the CTRF 

in Albuquerque, N.M. The sodium loop will be erected first and then the absorber 

test panel will be installed. Finally the entire SRTA will be raised to the top of 

the tower after initial sodium fill. Testing will take place during the first 

quarter of 1981, as shown in the summary schedule on Figure 1-5. 

1.4 SRTA DESIGN AND FABRICATION OVERVIEW 

The design of the Sodium Receiver Test Assembly (SRTA) is based on a specifi

cation developed to define the req,uirements, characteristics, design and construc

tion features and performance verification criteria for the unit. This specifica

tion, number 295A4725, is included as Appendix A. 

The key component of the SRTA is the absorber test panel which has been de

signed to be prototypical of a commercial scale receiver. Panel dimensions of ap

proximately 1 meter in width and 5 meters long were select~d to give a total of 

2.5 MW of incident energy at a uniform flux level of 0.5 MW/M2• This flux level 

was selected to be consistent with commercial peak average flux levels. As indi

cated in Section 2.0 of Volume I, the peak flux for commercial operation is anti-
2 

cipated ·to be approximately 1.2 MW/M. Accordingly, tests at that peak flux value 

have been planned. The test matrix also includes operation at flux levels 130% 
2 2 

of the expected peak 1.2 MW/M value. These 1.55 MW/M tests will be scheduled 

as the last test. The total power at all operating conditions is limited to 2.5 MW 

by the size of the sodium-to-air heat exchanger selected for use. 

A schematic of the SRTA test loop was shown in Figure 1-1 that identified 

the major components. A factor in the design of the components was the op

portunity to utilize hardware from a non-radioactive sodium loop of the decomis

sioned Southwest Experimental Fast Oxide Reactor (SEFOR) located near Fayetteville, 

Arkansas. SEFOR components used in the SRTA include the electromagnetic (EM) 

pump, surge and drain tanks, valves, flow meters, and the sodium-to-air heat 

exchanger (heat dump). The surge and drain tanks and air cooler have required 

substantial work to modify and refurbish for SRTA use. The tank volumes 

have been changed to meet the test requirements. The heat dump heat exchanger 

coil is being replaced because of external corrosion in the original exchanger. 
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The status of the principal components is described below. 

1.4.1 ABSORBER TEST PANEL 

The principal purpose of the SRTA effort is to successfully fabricate and test 

a prototype sodium cooled absorber based upon the General Electric thin-walled, 

brazed construction scheme. Key design parameters are listed in Table 1-1. 

Table 1-1 

ABSORBER TEST PANEL DESIGN DATA 

Incident Power 

Peak Solar Flux 

Inlet Temperature 

Outlet Temperature 

Design Cyclic Life 

Material 

No. Tubes 

Tube O.D. 

Tube Wall Thickness 

Active Length 

Peak Na Velocity 

Width 

2.5 MW 

~1.5 MW/M
2 

500°-700°F 

ll00°F 

30 Years 

Incoloy 800 

50 

.75 inches 

.05 inches 

15 feet 

2.3 fps 

-3.26 feet 

The manufacturing approach for the test panel has undergone some changes from 

that initially considered as a result of the Phase I study. The initial approach 

was to braze a 51 tube 15 foot long panel with the tubes tangent to each other with 

braze alloy introduced between the tubes. This was subsequently modified with the 

addition of "hour glass" shaped filler strips between the tubes to increase the 

braze joint strength and aid fixturing of the panel tubes. Simple joint tensile 

tests show that the filler strip increases the strength by about a factor of 2. 

Brazing tests have indicated that best results were obtained not with the panel in 

the vertical position during brazing but with the panel horizontal and tilted at 

45° to 60° from flat. After an extensive search of U.S. furnaces, it was found 

that a temporary hydrogen atmosphere brazing furnace needed to be built. A furnace 

was designed of sufficient size to braze a full length segment of a panel up to 20 

tubes wide and it was planned to join several segments into the full panel width. 

This joining resulted in significant additional development effort and risk and the 

the decision was made to build a larger furnace of sufficient size to accommodate a 

1-9 
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full width panel of 50 tubes. The design and procurement of this brazing furnace 

is the critical path item in the panel manufacturing schedule. The details of the 

brazing development program are provided in Section 2 of Volume III. 

In order to provide an interface between the test panel and the other compo

nents of the sodium loop, an intermediate structure is provided. This structure, 

to be supplied by the panel manufacturer (Foster Wheeler), is bolted to the struc

ture that supports the pump, piping and tankage. The panel support structure also 

serves as a strong back during shipping and handling of the panel. The panel is 

attached to the structure by a constant load hanger at the top. Thermal expansion 

downward is acconnnodated by pivoted links between the panel and structure which 

also provide support against wind loading on the panel. Wind loading and seismic 

forces constitute the major structural forces. The general configuration of the 

test panel is shown in Figure 1-6. 

1.4.2 SODIUM LOOP COMPONENTS 

Fabrication of the SRTA is well under way with most components in San Jose, 

California in preparation for assembly. The characteristics and status of some 

principal components are summarized below: 

Structure: The structure for the fluid circulation module has been fabricated and 

erected and ladders, platforms, tanks, piping, etc. are currently being installed 

(Figure 1-7). Prior to shipment to the CRTF, the lower twelve feet will be unbolted 

from the top. This lower section, containing the dump tank, EM pump, and other 

large equipment will be shipped in a vertical orientation, while the top 28 feet 

will be shipped horizontally. The two parts will be welded together and provided 

with an enclosure in Albuquerque. 

Tanks: The surge tank and drain tank were purchased from the Southwest Experi

mental Fast Oxide Reactor (SEFOR) in the summer of 1979 and have been refurbished 

for use in the SRTA. The surge tank is the high point in the loop and acts as an 

expansion and surge control volume. The drain tank is the low point in the loop 

and is used for sodium storage or for emergency dumping of the loop. Under normal 

operation and at night the loop will contain the sodium at elevated temperatures 

(~600°F) through the use of trace heaters. Principal tank parameters are listed 

in Table 1-2. 
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Figure l-7. SRTA Structure 

Table 1-2 

SRTA TANK DATA 

Material 304 Stainless 

Design Pressure 50 psig 

Design Temperature ll50°F 

Drain Tank Volume 240 gal. 

Surge Tank Volume 75 gal. 

Steel 

EM Pump: The pump for the SRTA is also refurbished SEFOR hardware. The pump will 
be an important part of the control scheme by changing the flow as needed to main

a tain a nominal test panel outlet temperature of 1100 F. Principal data is listed 
below (Table 1-3): 
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Design Flow 

Design Head 

Design Temperature 

Table 1-3 

EM PUMP DATA 

175 gpm 

30 psi 

1150°F 

Design Suction Pressure 5 psia 

Power Input 33.6 kW 

Power Factor .327 

Line Voltage 475 volts 

Heat Dump: The sodium-to-air heat exchanger, also refurbished SEFOR equipment, is 

rated at 2.5 MW thermal. Unlike the other SEFOR equipment purchased last year, a 

portion of the heat dump required replacement. The W-shaped heater coil was found 

to have reduced contact between the coil piping and the mechanically connected fins. 

A replacement coil is being procured to ensure sufficient heat rejection capacity. 

SR.TA control will utilize the variable speed fans and the outlet doors to match the 

test panel heat input after an appropriate time delay for hot leg loop transit. 

Photographs of the heat dump base and the coil/windscreen portions are shown below. 

Figure 1-8. Disassembled Heat-Dump 

The following sections of Volume II of Midterm Technical Report detail the 

engineering design, analysis, and fabrication status of the SRTA. 
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SECTION 2 

ABSORBER TEST PANEL DESIGN 

As described in the overview and Section 1, the absorber test panel configura

tion is based on the system design engineering performed for a 100 MWe com-

mercial scale plant during the Phase I program and revised during the early part of 

Phase II. This section describes the specification, design, engineering, and analy

sis for the test panel. 

2.1 ABSORBER TEST PANEL SPECIFICATION 

The basic technical requirements for the SR.TA are contained in the "Develop

ment Specification for Sodium Receiver Test Assembly (SRTA)." The current revision 

of this specification (No. 295A4725) is provided as Appendix A. 

2.1.1 TEST PANEL REQUIREMENTS 

The system requirements of the SRTA Development Specification were expanded 

into specific requirements for the test panel through preparation and issuance of 

an "Equipment Specification for Absorber Panel." This equipment specification be

came the technical benchmark for Foster Wheeler in the design and fabrication of the 

absorber test panel. The current revision of the panel specification (No. 295A4724) 

is provided as Appendix B. Key requirements are listed on Table 2-1 and are sum

marized below. 

2.1.1.1 Performance Requirements 

As indicated in Table 2-1 the test panel is designed for a total incident power 

level of 2.5 MW. Three general flux profiles were planned for the CRTF test, in

cluding: a uniform flux of .5 MW/m2 (representative of the average commercial 

panel), an intermediate profile with a peak of 1.2 MW/m2 (representative of the 

peak commercial panel), and a high flux profile of approximately 1.5 MW/m2 (repre

sentative of an upset condition on the commercial receiver). 

To be consistent with the commercial plant operating modes, a constant outlet 

temperature of 593°C (1100°F) is planned. A thirty year design life has been im

posed on the panel to ensure that the resultant panel design has fatigue endurance 

sufficient for commercial application. Note that the rest of the SRTA is only 
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Table 2-1 

ABSORBER TEST PANEL REQUIREMENTS 

Performance 

• 2.5 MW Total Incident Power with "Uniform" Flux 'v .5 MW/m2, Peak Flux 'v 

1. 5 MW/m2 

• Inlet Temperature S00°F-700°F 

• Constant Outlet Temperature ll00°F 

• 30 Year Cyclic Design Life 

• Operating Modes 

• Operating/Survival Requirements 

• Truck Transportation 

• Minimum Field Labor/Welding 

• Cleanliness 

Design and Construction 

• ASME Boiler & Pressure Vessel Code Section VIII Division 1 

• AISC Structure 

• Incoloy 800 

Design Documentation 

Testing 

• Hydrostatic or Pneumatic Pressure 

• Helium Leak Test 

Insulation/Trace Heating 

Quality Assurance 

Shipping 

• Purged 
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designed for a 5,000 hour life. 

The panel operating modes are the same as those for the SRTA system. 

• Normal Operation - automatic • ode 

• Hot Hold - panel insulating door closed, trace heaters on auto at 600°F 

• Preheat - ambient to hot hold 

• Startup - hot hold to operation 

• Shutdown - operation to hot hold 

• Emergency Dump - rapid Na drain, inert gas 

• Calibration - 600°F to ll00°F isothermal, surge tank level gages 

2,1,1,2 Design and Construction Requirements 

The absorber test panel is designed to meet the intent of Section VIII of the 

ASME code, but is 11ot required to have a code stamp. Some additional requirements 

appropriate for sodium systems, such as a helium leak check, have been imposed in 

the specification (Appendix B). As indicated in Section 1, the test panel will 

utilize brazed construction over the active length with Incoloy 800 inserts between 

the tubes. 

2.1.1.3 Other Requirements 

As indicated on Table 2-1, the panel is required to have appropriate design 

documentation, quality assurance, and nitrogen purged shipment in order to assure a 

satisfactory product for the CRTF test. Appendix B should be consulted for details. 

2.1.1.4 Interface Control 

The test panel has a number of direct mechanical interfaces with the rest of 

the SRTA. The more obvious interfaces are between the panel structure and the SRTA 

structure, between the panel inlet/outlet headers and the SRTA piping, and between 

the panel boundary and the solar shield. The details of the SRTA portion of the 

interfaces are described in Section 4. 

Mechanical interface control is performed by preparation and careful updating 

of an Interface Control Drawing. The current revision of the Panel Interface Control 

Drawing is shown on Figure 2-1. 

2.1.2 SOLAR FLUX CONSIDERATIONS 

A basic input required for test panel detailed design is the flux profiles for 

the three general distributions described in Section 2.1.l (uniform, 1.2 MW/m2 peak, 

and 1.5 MW/m2 peak). 
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2.1.2.1 Flux Profiles 

As indicated in Section 1, the general configuration of the active portion of 

the absorber test panel is a flat plate about 1 meter wide and 5 meters tall. The 

three general panel distributions were provided to CRTF personnel, who then utilized 

the HELIOS code to generate flux profiles for the test panel when installed on the 

CRTF tower. Figures 2-2 and 2-3 are graphical representations of the HELIOS output 

for the "uniform" and maximum peak (1.5 MW/m2) distributions. Examination of Figure 

2-2 shows that the narrowness of the test panel has made achievement of a truly uni

form distribution impossible; in fact, there is a peak-to-average ratio of about 

1.5/1. This uneven flux distribution causes uneven vertical thermal expansion that 

made panel detailed design much more complicated than anticipated. Note that the 

maximum flux profile is non-symmetric in the vertical direction. This condition 

was necessary to avoid negative efficiencies near the panel top. 

The flux data from CRTF was used as input to the General Electric Absorber 

Loss Code developed during the Phase I program. That code calculates thermal data 

for the panel (e.g. tube temperatures, sodium temperatures, flows, etc.). The Phase 

I code had to be modified to more accurately perform calculations for the test panel 

(Table 2-2). Detailed outputs are provided in Table 3-4 of Appendix A. 

2.1.2.2 Flux Blockage 

The incident solar flux beam geometry at the test panel surface is determined 

by the location of the CRTF heliostats, the height of the panel above the ground, 

and the east-west position of the SRTA on the tower top. 

Analysis of these parameters resulted in the incident beam distribution shown 

in Figure 2-4. This information was provided to both the panel and SRTA structural 

designers with the requirement that no structures of the SRTA shall intercept the 

beam prior to its impingement on the test panel active surface. 

2.1.3 CORRELATION OF TEST AND COMMERCIAL PANELS 

The purpose of the SRTA experiment is to obtain data for use in the design and 

fabrication of commercial scale absorber panels. Table 2-3 shows a comparison of 

pri~cipal parameters for the absorber test panel, the commercial scale (100 MWe) 

stand alone plant absorber panel, and the repowering plant (60 MWe) absorber panel. 

It can be seen that the construction method, tube geometry, temperatures and fluxes 

of the SRTA panel are well correlated with the larger panels. 

2-4 



GENERAL. ELECTRIC 

2-JB~,<./ot_eS 
,.:al? 3/4 '-'A 4-3l5" 
8Ut..Tt5 

r ------1- -- --
z'.s" 

I ---¾ 

l_~ 

l'k 

.11 
_;~+--------r 

l. •-• 

__ ,.._ ___ ...L.._.~~ ,/-Ot:.eS 

~ ~a-L 

=,.. L .. --------4'..."· _______ .... 

__.-.3~- P, ..s,./;,.o. 4o ,E"P=. 
?r'l"b .304- .s,n: .. c-ss .s;c-=,L 

--L;:-~i!¾:::J±,~-;. Mt=-J7U, 

rhc;a,-"""'--=1----+=----l--~ 

_.J..+L --, 

' ' ~ 

I 
--,-7 

I 

M v,l,o;w 
39./G,i!. • icEI= 

;.. 
I 

....J 

_________ .L 

I 

-,, OF' ;tcpvcp,,,v<' 

,~·-o· 
CJlf',,ECTIIIE 

1..t,/G,TH 

70 ° r,t.J~ F,et,.,.J
No r ro BE. 

.R'E-5Tl!KTED 

Figure 2-1. 

,. ' 
' 

Absorber Test Panel Interface 
Control Drawing 

2-5/6 



80 

N 

:E 70 u 
...... 
(/) 

l: 60 
<( 

3 
~ 50 

N ::::> I ...J ...... 
u.. 40 

~ 3°' u z -
20 

I 
IO I-

PANEL Ct_ 

• 

VERTICAL 
FLUX PLOT 

/ I ACTIVE LENGTH 
VVERTICAL 

I • • HORIZONTAL 
FLUX PLOT 

I / 
• ACTIVE LENGTH 
I HORIZONTAL • • 

8 7 6 5 4 3 2 0 2 3 4 5 
DISTANCE FROM PANEL CENTER - FT 

Figure 2-2. Test Panel "Uniform" Flux Profile 

• 

I 
• 

6 7 8 

C, ... 
z ... 
:It ,.. 
r-• ... 
r... 
n 
-t 
:It 

n 



150 

140 

130 

120 

110 

100 

NE 
90 0 

~ 
I-
I-

i 80 
I 

X 
::::> 70] ...J 

N IL. 

I I-
CXI z 

60 w 
Cl 
0 z 

50 

40 

30 

20 

10 

8 

VERTICAL 
I/ACTIVE LENGTH 

7 6 5 4 

.... \ HORIZONTAL FLl,IX PLOT , 

i 

PANEL 
CENTER 

LINE 

ACTIVE 
LENGTH 
HORIZONTAL 

3 2 IO I 2 3 4 

DISTANCE FROM PANEL CENTER (FT) 

VERTICAL FLUX PLOT 

5 6 7 8 

Figure 2-3. Test Panel Peak Flux Profile 

en 
Ill 
z 
Ill 
:Ill ,.. 
r-• Ill 
r-

"' n .... 
:Ill 

n 



GENERAL. ELECTRIC 

.ij.- PAA/IL 
-- ! ~' IVIDTH 

Ai,~1 

~§--..L.. 
49° 

,-yP,c:.4-<-

,,,,.,. 
14CTlt/E 
Pl'IAJEI. 
I.EA16rN 

~"r Pl6l.O -..,uo r 
;" 44 ee.sr21creD ow 
/=l!:OivT rA,Cl=° 

Ft.I.IX Pl s.a -~T 
ro Be ,et!:SreJt:rEo aw 

. F.eoA/T FACE 

Figure 2-4. Panel Flux Field Restrictions 

2-9 



GENERAL fj ELECTRIC 

Table 2-2 

ABSORBER LOSS PROGRAM MODIFICATIONS 

• Expansion of data arrays to accommodate 121 data points from HELIOS. 

• Changing panel physical description to conform to the test panel. 

• Changing panel operating characteristics (Sodium inlet/outlet temps.) 

• Changing basic panel geometry from three header center feed to two 
header bottom inlet, top outlet. 

• Changing from Lyons to Lubarsky-Kaufman correlation for calculating 
Nusselt number (more realistic for test panel operating range). 

• Addition of print out for absorbed flux. 

• Changing flow calculation from a per horizontal mode basis to a total 
panel basis. 

Parameter Physical 
Characteristics 

Width, M (ft.) 

Length, M (ft.) 

Tube Diam, CM (in.) 

Tube Wall, CM (in.) 

Number of Tubes 

Material 

Flow Driver 

Tube-To-Tube Joints 

Tube-To-Header Joints 

Performance Characteristics 

Peak Flux, (MW/M2) 

Inlet Temp., 0 c (OF) 

Outlet Temp., 0 c (°F) 

Sodium Velocity (Max.) 
11/sec (ft/sec) 

Max. Wall Temperature Rise 
OC (OF) 

Table 2-3 

SRTA/COMMERCIAL PANEL COMPARISON 

Connnercial 
SRTA (100 MWe) 

1 (3.31) 2.09 (6.87) 

4.57 (15. O) 16 (52.48) 

1.905 (. 7 5) 1.905 (.75) 

.127 (.05) .127 (.05) 

51 108 

1800 1800 

EM Pump EM Pump 

Brazed Brazed 

Welded Welded 

Uniform Profile Peak Profile 

0.64 1.55 1.2 

323 (613) 323 (613) 323 (613) 

593 (1100) 593 (1100) 593 (1100) 

.70 (2.3) .70 (2. 3) 3.1 (10.2) 

52 (90.5) 105 (189) 86 (155) 
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2.2 PANEL FATIGUE LIFE ANALYSIS 

The absorber test panel will be operated at most a few thousand hours and 

fatigue does not appear to be a concern; however, it is very desirable that the de

sign and fabrication be appropriate for a commercial scale plant with a thirty year 

life. Volume I Section 2 describes in detail the fatigue life calculations used by 

General Electric to evaluate the commercial panel. As described in Volume III 

Section 2 and in Section 1 of this volume, the test panel will be brazed with hour

glass inserts between the tubes. Foster Wheeler and General Electric have conducted 

preliminary analysis of the fatigue life of a panel with inserts. The final analy

sis results will be included in the program final design report; however, the pre

liminary Foster Wheeler analysis for the current configuration is swmnarized below. 

2.2.1 ANALYSIS METHOD 

The steady-state temperature distribution analysis and thermal stress analysis 

of the commercial absorber panel were done using the finite element computer program 
ANSYS (Ref. 1). It should be noted that this analysis took into account only those 

stresses that were induced by the front-to-back thermal gradient, as opposed to 

those that were caused by temperature differentials at different points in the plane 

of the panel. 

The finite element model used is shown in Figures 2-5 and 2-6. Because of 

symmetry, only one-half of the 19.05 mm (.75 inches) x 1.27 mm (.05 inches) mean 

wall tube and its 9.525 mm (.315 inches) x .762 mm (.030 inches) hourglass-shaped 

spacer strip was considered. The tube was divided into 100 isoparametric elements 

whereas the strip was simulated by a coarser, 12-element mesh because the critical 

area, in terms of stress, was expected to be the front of the tube. The boundary 

conditions for the thermal analysis are given in Table 2-4. 

Generalized plane strain conditions were assumed for the stress analysis along 

with the stress boundary conditions shown in Table 2-4. Because of the intermediate 
and end supports and the axial variations of flux, the problem is of a three-dimen

sional nature. A study conducted by J. Jones of Sandia Livermore (Ref. 2) however, 

has demonstrated that the two-dimensional generalized plane strain model reflects 

the state of stress and strain accurately. The generalized plane strain analysis 

was accomplished by first performing a plane strain analysis and then relaxing the 

axial forces at the ends. A postprocessor computer program was written for this 

purpose. The postprocessor can also calculate the bending stresses and peak stress 
in the tube. 
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GENERAL. ELECTRIC 

Table 2-4 

BOUNDARY CONDITIONS FOR RECEIVER PANEL ANALYSIS 

Boundary Thermal Stress 

r = r k 3T/3r = -er" cos 8 
0 

0 < 8 < ;r/2 - ~ a = 0 .. .. rr 

r = r T = 0 
0 r0 

ff/2 + ~ 'S 8 < ff 3T/3r = 0 

r = r k 3T/ar = hi (T-Tf) a = -p 
i rr 

0 'S 8 'S ff T = 0 ra 

ri ~ r 'S r 
0 

8 - 0 V = 0 
3T/38 = 0 

ri < r < r = 0 .. .. 0 • re 
0 .. ff 

z = 0 
3T/3z = 0 w = constant 

z = l 
r a d~ = 0 
A zz 

X = w/2 k 3T/3x = -q" a = 0 

C ~ ~ d 
0 xx 

y 

X = -w/2 3T/3x = 0 T = 0 

C ~ y ~ d 
xy 

-w/2 ~ X ~ w/2 3T/3y = 0 V = const.int 

y = d T = 0 ,_.,. 

Note: U, V, Ware the displacements in the x, y and z directions, respectively. 
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Based on Figures 2-7 through 2-9 of Panel Specification 295 A4724 (See Appen

dix B), it was expected that the panel's peak metal temperature would be experienced 

at a point located 6 m below the top of the panel. As a result, this elevation was 

chosen for analysis and the following parameters were determined to exist at this 

point: 

• Flux q = 1.01MW/m2 = 
0 

320,700 Btu/h•ft2 

= 7,625 Btu/h•ft2°F • Film coefficient hi 

• Bulk temperature Tf = 518°C (965°F) 

• Thermal conductivity k = 0.9416 Btu/in.h°F 
6 

• Modulus of elasticity E = 22.4 x 10 psi 

• Coefficient of thermal expansion a= 9.6 x 10-6in./in. 

• Poisson's ratio v = 0.372 

The temperatures and axial stresses were calculated at this elevation for each 

element of the model. The temperatures and stresses that exist at the inner and 

outermost elements of the tube and spacer strip are shown in Figures 2-7 and 2-8. 

From these data it can be seen that element tis, which corresponds to the crown of the 

tube exposed to the solar flux, experiences the worst combination of stress and tem

perature. 

2.2.2 CREEP/FATIGUE EVALUATION 

Although a complete evaluation of the creep-fatigue life of the panel can be 

done only after the transient analysii is completed, some insight can be gained by 

analyzing the steady-state results. 

There is no consensus as to what is a reasonable approach or criteria to eval

uate creep-fatigue life of solar receiver components. ASME Boiler and Pressure 

Vessel Code Sections I and VIII have no criteria for creep-fatigue evaluation. Code 

Case N-47 has criteria for creep-fatigue evaluation, but these criteria are deemed 

too conservative and may result in severe economic penalties if used for solar ap

plications. 

In this analysis, four approaches were considered. They are as follows: 

I Modified Coffin-Manson Approach: This is a fatigue correlatibn 
suggested earlier by GE, but is not "frequency modified" as more 
recently proposed by GE and documented in Volume I, Section 2. 
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II Modified Nuclear Approach: This approach was suggested in Reference 
3 and was used by Foster Wheeler in Phase I of this program, In this 
approach, the inelastic fatigue curves of Code Case N-47 are used. 
Creep damage due to compressive hold times is ignored, 

III Interim Structural Design Standard Approach: A detailed description 
of this approach may be found in Reference 4. This is also a modifi
cation of the nuclear approach, In this approach, creep-fatigue da
mage is evaluated according to the linear damage equation: 

where: 

D • Total allowable creep fatigue damage (•l for Incoloy 800). 

n • Number of applied cycles of loading condition j. 

Nd• Number of design allowable cycles for loading conditions 
j. Nd is obtained from Figure T-1420-lC of Code Case 
N-47. 

This is a departure from the nuclear approach which requires the use of 

Figure T-1430-lC in conjnction with elastic analysis, 

t • Time duration of load condition k, 

Allowable creep rupture time at a given stress from load, k. In 
this analysis, Td is obtained from the creep-rupture time curves 
given in Code Case N-47. The stress value used is 1.25 S k' where 
Skis the yield stress. This is also a departure from niclear 
approach which requires the use of 1.25 Syk/0,9. 

IV Nuclear Approach: For comparison purposes, the nuclear approach is 
also considered. 

Using the "Hold at Full Flux" time and cycle data given in Figure 3-2 of this 

panel specification the creep-fatigue life of Element #5 was calculated by all four 

of the above approaches and the results are summarized in Table 2-5. The effective 

stress and strain (elastic) for this element was calculated to be 27,018 ksi and 
-3 1,0887 x 10 , respectively. 

The design approaches proposed by GE and FW both indicate that the commercial 
panel's full flux operating condition will result in creep-fatigue life in excess of 

30 years. As expected, approaches III and IV predict much lower creep-life, but it 

is noted that there could be a considerable improvement through an elastic-plastic

creep analysis. 

2-17 



GENERAL. ELECTRIC 

Table 2-5 

CREEP-FATIGUE LIFE OF THE COMMERCIAL PANELttt 

Approach Fatigue Creep Life Creep-Fatigue 
Life (Cycles) (hours) (years) 

Coffin-Manson >106 >30 

Code Case 1592 >106 >30 
Figure 1420-lC 
No hold time 

Interim Structural >106 20,000 =6.5* 
Design Standard 

Nuclear 1,000 6,500 =1** 
(Elastic Analysis) 

* This analysis ignores the reduction in stresses due to creep 
relaxation. If an inelastic analysis is done, it can be shown 
that the life would be considerably higher. 

** This is very unrealistic. By doing an inelastic analysis, the 
creep-fatigue life can be shown to be increased at least up to 
5 to 10 years. 

ttt Results shown are for steady-state (full flux) conditions only; 
effect of transient conditions will be included at a later date. 
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2.3 PANEL THERMAL ANALYSIS 

The calculation of the "uniform" flux distribution to be absorbed by the brazed 

test panel when operated in a no wind, 70°F ambient condition was discussed in Sec

tion 2.1.2 (Figure 2-2), This distribution results in 2.26 MW of absorbed flux over 

the panel's face. Under this design condition, the flux distribution (shown in Table 

2-6) is observed to be approximately symmetrical about the panel's horizontal and 

vertical centerlines with flux extremes ranging from 24.3 to 63,8 W/cm2• For analysis 

purposes, the panel was subdivided into an 11 x 11 element matrix with each element 

approximately ,885 cm (3.5 inches) wide x 4.1593 cm (16,375 inches) high. The sodium 

and average outside metal temperatures that will exist at the center of each element 

of the panel are given in Tables 2-7 and 2-8. Because the incident flux possesses 

significant nonuniformity, it is observed that the sodium outlet temperatures (top

most elements) will range from 548°C (1019°F) at the ends of the panel to 613°C 

(1136°F) at the center of the panel, Upon combining in the outlet pipe header, the 

sodium will exit thepanel at an average mix temperature of 593°C (1100°F), despite 

this 48°C (118°F) end-to-center element temperature difference. The average metal 

temperature of the end and center element flow streams will, however, be 470°C 

(878°F) and 513°C (955°F), respectively. Tables 2-9 through 2-11 tabulate similar 

data for the minimum load condition during which the sodium flow and absorbed solar 

flux will be reduced to 0.37 MW and 3786 kg/h (8,347 lb/h), respectively, while 

still yielding a 593°C (1100°F) outlet temperature. 

Although uniform flux aiming will be the panel's design condition, an analysis 

was also made to determine the fluxes and temperatures that will exist if a "single 

point" aiming strategy was used (Figure 2-8). In this approach, the mirrors will be 

focused at a point slightly above the panel's horizontal centerline to minimize flux 

spillage off the bottom and top of the panel. Tables 2-12 through 2-14 present flux 

and temperature data for this condition. From these tabulations, it is observed that 

the flux will vary from extremes of 0.1 to 145 W/cm2 and average outside metal tem

peratures will vary from 454°C (849°F) at the ends to 487°C (908°F) at the center. 

Although the average metal temperature differentials will be much lower than ex

perienced with uniform flux aiming 14°C versus 25°C (57°F versus 77°F), the maximum 

absorbed flux will be approximately 2.3 times higher and result in substantially 

higher local tube metal temperatures. 
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Table 2-6 ... 
z 

PANEL ABSORBED FLUX DISTRIBIITION (W/cm2)@ MAXIMUM 
... 
:a 
JI, 

LOAD AND UNIFORM FLUX OPERATION r-

22. -, 24.7 26.5 27.8 28.6 28.9 28.8 28.0 21S.8 25. I 23. I • 3·1. 4 40.9 44.0 46.2 47.5 48. 1 47.5 46.2 44.0 41.0 37.5 ... 
r-

46. I 50.5 54.0 56.7 58.3 58.0 58.3 56.6 53.U 50.2 45.8 ... 
n 

49. I 53.6 5 7 .5 60.2 61. 8 62.6 61. 8 60. I 57.3 53.4 48.9 
.... 
:a 

119.0 54.5 58.2 6 I. I 62.9 6-3.4 62.7 61 .o 5U.O 54.2 49.6 n 
~o.o 54.7 5d.6 61 .3 63 .. I o·3.o 63.0 61. 2 5d.5 54.5 49.9 
50.0 54.7 58.5 61 .4 63.2 63.8 63.2 61. 4 58.5 54.6 49.9 
49.2 53.H 5 7 .6 60.4 62. I 62.8 62.0 60.2 57.5 53. 6 49.0 
46.2 50.5 54.2 56.8 5H.5 59.0 58.4 56.7 53.9 50.2 45.7 
37.0 41 .6 44. 7 47.0 4B.5 49. I 48.5 47. 1 44.8 4 I. 8 38.0 
24.3 26. 6 2d.5 30.0 31.0 31. 3 31. I 30.2 2d.9 27.0 24.7 

Table 2-7 

PANEL NODE SODIUM TEMPERATURES (°F)@ MAXIMUM 
LOAD AND UNIFORM FLUX OPERATION 

1019.4 10':>H.5 1091 .4 1115.5 11 JO .6 1136. 1 1130.4 1115.3 1091 .o 1057 .8. 1018.7 
991.5 1028.0 1058.7 I 081 .2 1095.3 1100.5 1005.0 1080.8 I 058. I I 027. I 990.6 

N 952.7 98'::> .6 1013. I 103.3.4 1046.1 1050. ij 1045.8 JOB. I 1012.7 984.8 951. 9 I 
N 90d.5 937 .2 961.3 979. I 990.3 994.4 990.0 978.Q 951.1 936.7 907.9 0 

862.5 8d7. I 907.6 922. 8 932.4 935.9 932.2 922.6 907.5 886.7 862. I 
816. I 836.4 853. 4 865.9 873.9 876.7 873.7 855.9 85J.4 836.3 815.9 
71S0.7 785.6 799.0 80f'i.9 815.2 817.5 815.1 808.9 799. I 785.6 760.5 
723.6 735.2 745. I 752.4 757 .o 758.7 .75 7. 0 752 .5 745.2 735.4 723.'5 
IS 70. 3 6Bfi.8 693.2 697.9 701 .o 702. I 701.0 6?8.2 603.5 687.2 679.5 
'540.2 644.0 647.3 '649. 7 651 .3 651. 9 651. 4 650.0 647.7 644.5 640.6 
611. 3 612.3 613.2 614.0 614.4 614.5 614.4 614.0 613.4 612.5 611 .5 

Table 2-8 

PANEL AVERAGE OUTSIDE TUBE METAL TEMPERATURE (°F) @ 
MAXIMUM LOAD AND UNIFORM FLUX OPERATION 

I 0'52. I 1094.0 1129. 3 1155.2 I I 71. 3 11 77 .5 1171. 4 1155. 2 1129. 3 1094.0 I 052. I 
101,~.6 1ou1.o 1121.8 1147. 2 1163.0 I I 69. I 1162. 7 11 46 .8 1121.2 1086. 2 1044 .9 
1019.6 10~0.5 1090.0 1114. 8 1120. 7 1135.2 1129.4 1114.3 1090. I 1057.3 1018.4 
930. I I 015. I 1044.5 1066.0 1079. 4 1084.6 1079. I 1065.6 I 044. 0 1014.2 979.2 
93'::>. 7 96tS.8 992.5 1011 .6 1023.7 1027.9 1023.3 JO 11. 3 992. I 966.0 935. I 
>NO. I 016.9 939.4 955.H 966.3 97'J. I 96fl.O 955.tS 939.3 916.5 889.7 
844.2 866.7 88'::>.6 899.r'S 908.4 .911 .5 908.3 809.6 88'::>.6 866. 6 843.9 
797. 4 815.7 83 I. I 842.4 849.5 852.2 849.3 842.2 831. I 815.5 797. I 
749.0 763.0 774.8 783.4 7fJ?.O 700.H 78t-J.8 7tn.4 714.f, .763. 0 74ti.7 
69H.0 707.3 715.3 721. I 725. O 72,S.4 725.0 721 .5 715.9 708. I 698.6 
64~.7 6~3-2 6'::>7 .o 660. I 661 .9 662.5 662. I 660.5 657 .8 654.0 649.5 
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Table 2-9 '" z 
PANEL ABSORBED FLUX DISTRIBUfION (W/cm

2
)@ MINIMUM '" :a 

JI, 
LOAD AND UNIFORM FLUX CONDITIONS r-

2.2 2.4 2.5 2.6 2 •. 7 2.1 2.7 2.6 2.6 2.5 2.3 • 5.2 5.7 6. 1 6.4 6.5 6.6 6.6 6.4 6. 1 5.7 5.3 '" r-
7. I 7.U 8.3 8.7 .9. 0 9. I 9.0 8 •. 7 8.3 7.7 7. I ... 

n 
7.9 8.6 9.3 9 •. 7 10.0 10. I 10.0 9.7 9.2 8.6 7.9 

.... 
:a 

U.3 o. I 9.7 10.2 10.5 10.6 10.5 10.2 9.7 9.0 8.2 -n 
8.5 9.3 10.0 J.O. 5 10.8 10.9 10.8 10.5 10.0 9.3 8.5 
8. 7 9.5 10.2 10.8 I I • 1 II. 2 II. I 10.8 10.2 9.5 8.7 
8.7 9.5 10.3 10.8 II • I I I. 3 I I • I 10.8 10.2 9.5 8.7 
U.2 9. I Q.8 10. 3 JO. 6 10.7 10.6 10.3 9.7 9.0 8. I 
6.7 7.4 u.o 8.5 8.8 8.9 8.8 8.5 8. I 7.5 6.7 
4. I 4.5 4.9 5.2 5~4 5.5 5.4 5.3 5.0 4.6 4.2 

Table 2-10 

PANEL NODE SODIUM TEMPERATURES (°F)@ MINIMUM 
LOAD AND UNIFORM FLUX CONDITIONS 

I 021. 3 1062.5 1097.0 1122 .o 113.7 .5 1143 .5 1137. 3 1121. 7 1096.5 106 I .8 1020.6 
1000.4 1039.U 1072.6 1096.6 11 I I .5 1117. I 1111.2 1096.2 I 071. 9 1038.7 999.3 

N 965.4 100 I .6 10.31.8 1053.9 I 05 7. 7 1072.8 106.7.3 1053.5 1031. 2 1000.6 964.5 
I 922. Q 955. I 9ti2. 0 I 00 I. 7 IO 14. I 1018.7 1013.8 1001 .4 981. 6 .954.4 922.2 N 
~ 877 .2 905. I 928.3 945.5 956.3 .960.2 956. I 945.3 928.2 904.6 876.7 

829.8 853.0 872.6 887 .o 896.2 899.4 896.0 886.0 872.6 852.9 829.5 
7H I. 2 799. 7 815.4 826.9 834.2 836.9 834. I 826.9 815.5 799.8 78 I .O 
132. I 745.H 757 .4 766.0 771. 5 773.4 771. 4 766. I 75 7 .6 746 .o 732. I 
604.3 6<)3.2 700.8 706.4 710. I 711. 4 710. I 706.7 70 I. 2 693.7 684.'5 
642.0 646.6 650.5 653.4 6S5.3 656.0 655. 4 653.7 651 .o 647. I 642.5 
6 11. 5 612.8 613.9 614.7 615.2 615.4 615.3 614.8 614.1 613.0 6 11. 8 

Table 2-11 

PANEL AVERAGE OUfSIDE TUBE METAL TEMPERATURES (°F)@ MINIMUM 
LOAD AND UNIFORM FLUX CONDITIONS 

102f>. I 106 7 .6 1102. 4 1127 .6 1143 .2 1149. 3 II 43. I 1127 .4 1102 .o .I 06.7. 1 1025.6 
IO 11. 6 1052.0 I OH:,. 8 111 O. 3 1125 .6 1131. 4 112':>. 3 1109 .9 I 085. I I O':::i I. 0 1010.6 
9UO.H IOIU.4 1049.7 1072.6 10:36.9 1092.2 J086.6 1072.2 1049.0 1017.3 979.7 
9/40.0 973.8 1002.0 1022.6 1035.6 1040.4 1035.2 1022.3 I 00 I. 5 973.0 939.2 
895. 0 924.6 949.2 967.4 978.Q 983.0 978.6 967.2 949.0 924. I 894.5 
848. I 873.2 804.2 909.7 919.5 923.0 9-19. 3 909.6 894.2 873.0 847.8 
800.0 8l-0.4 837 .5 850.2 8S8.2 861. I B58. I 850.2 837.6 820.3 799.8 
7SO. 9 766.5 719. 7 789.4 795.6 797.8 795.4 789.4 779.8 766.6 750·.8 
702. I 712.9 722.0 728.7 .7 33. I 734.6 7 33. I 729.0 722.3 713.2 702.3 
656.7 66?..7 668.0 6.7 I • 9 6 74.4 675.3 674.5 672.2 668.5 663. 4 65 7 .2 
620.5 622.7 624.6 626. I 627.0 627.3 627. I 626.3 625.0 623. I 620.9 
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Table 2-12 z 

PANEL ABSORBED FLUX DISTRIBUTION (W/cm2)@ MAXIMUM 
... 
::r, 
J:» 

LOAD AND SINGLE POINT AIMING CONDITIONS ... 
, • ti I • / I. 4 I • .3 2. I I. o 2. I I. 3 I • 4 '.1 I • ll 

., 
12.t, u .. 1 14. I 14. {) 14. / 15. f> 14. -, 1-1.0 I :l. I 11.4 12.6 ... ... 

~, I • / ~4-~ ~h.2 ''> 7. 0 ':,I. B ~9.n ":,"l.H ~:,-,. {) 51j.2 ':>4.lj ":> I. 7 
... 
n 

I I I. f> I I ~i. J l?.tt.-/ I U.~ I_Jl>. I 142.Q I 1<>. I I .ll.~ I ?.H. 1 I I ti. J I I I • f> 
.... 
::r, -I I •j. J 120. I 130.7 1.16. 4 144. I I 44. I 144. I 13f,.4 130. 7 120. I I 1,. J n 

IILO I I •J. / I JO.-1 I J'J • .l 141. I 145.0 141 • I I J'j • .1 I Ji). 4 I I C>. 7 I I .l. o 
~l.l. 7 ~)0. 6 ":II. t, '>9. 1, 10."> 1'>2.5 ()().~ 5<->.n ~ii. 6 51>. () 1-jJ.l 
14./ I':>. I 16. 1 ' -, • f, , , • I) I H. 0 17 .I> I/. ti I">. 1 I~>• / 14. / 
4.0 4.0 4.0 4.0 5.0 5.0 lj. () '1. 0 4.0 4. 0 4.0 
.>-.o ?. • 0 2.0 ;> .o 2.0 2.0 2. 0 2.0 2. 0 ?. • 0 ?.O 
n. I o. I o. I o. I O. I o. I O. I o. I n. I O. I o. I 

Table 2-13 

PANEL NODE SODIUM TEMPERATURES (°F)@ MAXIMUM 
LOAD AND SINGLE POINT AIMING CONDITIONS 

l'MJ.H 101)1 .I:> 10 1>9. 9 I I Io. I 11 l0.6 llijl.U IIJt>.6 II I :>. I I CN9. 1> 106 /. '...i I 041. fj 
101 /. I 101)().'j 109?..7 1111 .6 11 ·31. 0 1141. / 1111.U 1111.fi I 09 2. / IOf>O.':l 10-n.1 
IDO/.l I 0?.C). I I OM)• t, I <)7:-i. 4 ICNU.3 I Hm.o IOOB • .l 101•1.4 IONl.f, I ')2 1>. I I Off/. 1 

N ()]I. B 940.2 0 75.lj ()'J').] 1001.;> 101'1~~ I 007.?. ()')(). 1 Q -,~. lj ')4<).? C) 3 I • H I 
N H;>fi. JI 13.lfl.9 tl'j5. 5 Bf,5.4 H/1.1 HB2.4 H7">. I B11~, • 4 Bljlj. '> 'i. rn. q H.?6.H N 

/?.I.) /?H.O / 14. -, FN. 7 141.2 74~.7 741.2 / l). 1 /J4. I 72H. <) UI -~ 
·">'1'1.1 64fi. 4 1141. 1 64•>. ~ l',~O. <> 652.1 f,lj().O fi4 •.). '"> 641.1 641'>. 4 6 -1'1 • I 
111;.,.,t 6P.P f>IJ.] 61 l. 0 61'1.7 61':>.I 1>14.·/ 61 l .H 61J.J n I 2 • 1> fil2.'1 
.",(H. II f,O].H ()03.U l',().1.0 1>04.2 f>04. :~ l',04.?. MU.ii l)t) l. B ,SOJ.B l><B. H 

"lOI.IJ {)O I. 0 1)01 .o l',O I .O 1>')1 .o f>OI .O .",() 1.0 61)1 .o IV)I. 0 f>O I .o M)I .O 
">Oil.I) t;OO.O fiOO ~o 1)()1). 0 1>')0 .o 600.f) 1>0!). 0 60'.>. n 1')1 )!) • 0 f,()(). 0 nr>n .n 

PA-J:iF Table 2-14 

PANEL AVERAGE OUTSIDE TUBE METAL TEMPERATURE (°F)@ MAXIMUM 
LOAD AND SINGLE POINT AIMING CONDITIONS 

1047.9 1071.2 1103.0 1121 .9 1144.2 1156. 2 1144.2 1121.0 1103.0 10-, I .2 I 04 / .9 

1065.6 1090.H 1124 .4 1145. I I I f>4. 9 117H. 7 1164 • 9 1145. I 1124.4 1090.B 1()1)5.6 
1124.3 11':>l.9 1184.5 120..s.o 1227.4 l242.0 1227.4 120n.O 1184. 5 1151.l) I 124. 3 
1184.2 1215.H 1264.4 1280.0 1317.7 1333.8 1317. 7 12tN.O 1264.4 1215.8 11 H4.2 
1000.9 1113.J 1153. O 1175. 2 1202.1'> 1208.5 120?..6 1175. 2 1153.0 11 I.J.J 10!)0.0 
OB4.I 1006.0 1016.7 105?..3 1069. 7. 1082.1 1060.7 ., ()lj~ • 3 1036.7 1001').0 Od4. f 
112.2 1HI .3 7tM.9 191. 2 794.8 801.2 794.H 7QI. 2 784.9 70 I .1 772.2 
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The sodium temperatures to be experienced at the end and center element stream 

tubes are plotted in Figure 2-9 versus panel length for both uniform and single point 

aiming conditions. These data reveal that the uniform aiming condition results in 

the largest tube-to-tube temperature differentials both within and above the active 

solar region of the panel. Figure 2-9 indicates that temperature differentials 

of approximately 58°C (136°F) and 62°C (143°F) will exist between the end and center 

tubes at the outlet of the brazed panel section during full load and minimum condi

tions, respectively. 

This large panel center-to-edge temperature gradient causes uneven thermal ex

pansion. Since the active panel is brazed rapidly, there will be stresses generated 

in the tube-to-tube braze. A further design implication is that the rigid panel must 

be joined to the rigid header by curved "jumper tubes" that accommodate the uneven 

expansion and resultant stresses. Figure 2-10 shows the evolution of the current 

crossed jumper tube configuration. 

This panel has been designed to operate with temperature differentials of 66°C 

(150°F) in the jumper tube region and 27°C (80°F) within the brazed section. With 

regard to the latter requirement, it is conventional practice to weld boiler panel 

tubes tangent-to-tangent with up to 38°C (100°F) difference in temperature between 

the tubes. Since the brazed panel's end-to-center tube differential is only 27°C 

(80°F) and since it is spread over 25 tubes rather than 2 tubes (differential is only 

about 3°F to 4°F between adJoining tubes), this differential will cause no problem 

provided the braze material strength is comparable to that of the Incoloy 800 tubes 

and spacer strips. 

2.4 ABSORBER TEST PANEL DETAILED DESIGN 

2.4.1 GENERAL ARRANGEMENT 

The solar test panel's thermal performance has been discussed from the stand

point of a 51-tube assembly, based upon preliminary configuration specification dur

ing the Phase I program. The actual test panel has been designed to contain 50 tubes, 

46 spacer strips, and 3 instrumentation strips. The latter are identical to the 

hourglass-shaped spacer strips except that their thickness has been increased to 

2.38 mm (.09375 inch) at their minimum point to enable them to accept six thermo

couples for measurement of the front face temperature of the panel. The panel's 
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tube count was reduced to an even number to permit an instrumentation strip to be 

placed on the panel's centerline, the point of flux symmetry. The two remaining 

strips are located between the second and third tubes in from each end of the panel. 

As a result, the panel will be 994.569 mm (39.15625 inches) wide (excluding nickel 

plating) and will be mounted vertically, as shown in General Arrangement Drawing 

67-3581-5-20 (Figure 2-11). Sodium will enter the panel via a 76.2 mm (3-inch) 

Schedule 40 nozzle provided on the centerline of the panel's bottom headers 203.2 mm 

(8-inch) Schedule 40 pipe and exit via a similar arrangement at the top. To mini

mize heat loss, the backside of the panel and the pipe headers will be covered by 

insulation jackets/boxes. The panel's top header will be anchored via cantilevered 

beams that protrude from the four post-type support structure detailed in Figures 

2-12 and 2-13. The bottom header will be left free to grow downward. A support 

linkage is attached to this header to enable it to withstand 226 kg (500-lb) 

2033.7 Newton-meter forces and (1500-ft/lb) moments in any direction. The jumper 

tubes will be attached to the headers by butt welding to stubs. These stubs will be 

machined from rod material and welded to the headers. The rod will then be bored 

out to remove the root notch. Dye penetrant checks will be used to ensure weld 

quality. The tube-to-stub-to-header connection arrangement is shown in Figure 2-14. 

As indicated in Table 2-15, the panel will weigh approximately 1905 kg 

(4,200 lb) dry and 2041 kg (4,500 lb) when filled with sodium; the support structure 

will weigh approximately 1814 kg (4,000 lb) thus yielding an overall operating as

sembly weight of approximately 3856 kg (8,500 lb). 

2.4.2 THERMAL EXPANSION 

The test panel's top-to-bottom header height is 22 ft-10-3/4 in. After instal

lation in the SRTA at CRTF, the panel will be operated isothermally with 593.3°C 

(1100°F) sodium being pumped through the unit. Under this condition and with the top 

header anchored, the panel will expand and the bottom header translate approximately 

63.5 mm (2.5 inch) downward. To accommodate and guide this movemen~, a series of 

linkages are attached to the backside of the panel, as shown in Figure 2-15. The 

top and bottom linkages center the panel relative to the structure, whereas the in

terior linkages accommodate the axial expansion and serve as wind braces for the pa

nel. Linkages were chosen for the panel after consideration of alternatives such as 

2-26 



GENERAL. ELECTRIC 

9-

,-

,_ 

•-

-, 
•-

,_ 

,_ 

,_ 

0 

•• 
i--------------------------- ____________ -4,2J7 __ 'c.--.c,4c.,ie._· _________ _ 

I 

/ 

f7 
/ ,~ "' I' •1 

IJJ 

'' ' ' 

::~ , ' /;: 
~ ~. / I 

'.,' J' / i, " ,, : i ; j ';; ,, . . ,n i: / ~i 
lfl==l======;;a.,a~~~~---1,~,;,_J ~-----+-'' --:-·-------'---i----__J L-:--;.------~---.-----'-1.,.;__; _____ ._,.;' ·.,,,' ==~:a..==Ms;,,!!,11----f 

I 

..,,,_: 
!;?' ., 
"' 

IS'-0 (8PAZ_~_LEM.TH) 

l'-8 

,-------- ------- ---------, 

: /'T'\ ; 

::: ~·t;·-~~~iriilf-,~7jl" 
~,~~~-~-~Jilif:_tl_lff' ~, ii 

I ' ,/ l '------------ ---- --}r' __ , 

I 
f--- - - /'-II 

________ 2z~ ,rzl. 

? 
NOllS 

I. DO NOT SCAU THIS DRAWING. US£ 
FIGURE DIMENSIONS CINL V. 

' 2. ABBREVIATIONS US£0 ON THIS DAAWING 
AR[ IN ACCCWIDANCE W 1TH AMERICAN 
STANDARD "ABBREVIATIONS FOR US£ cw.. 
DRAWINGS". 

li'E/:ERENCE DRAwtN6S 

SECTIONS6Dc7,4/LS ~-3S8/•S· 
AeR6T 6F l'ANFL IDFT'LS '1-3581· 
8. O.D.OIJTLE7 HO·I l.,.35/J/•4•J/ 
!Jf'aAJJ. !NI.ET HD-P '-1· "61 • 
711M ()£flflts ~ PANEL / 

'"""" TIJN5 67-lSel-4-
Mffr OF s1e11e1t. STUL ~7-ffal-S 
$E&T$ f0FTt$ IJFSTll. Slt ~1-Ulll·J"·4I 

J ,i.,, 
111 

E~A ?P-/h--
,,.. 

. ,, 

... DOt• = 
SOLAR ABSORBER TEST 

PANEL 

6£NERAL ARRANliEHENr 

I .,.,.. 

67-3581-5-20 
D,,l•I 

Figure 2-11. Absorber Test Panel General Arrangement 

2-27 /28 



HIHAL. ELECTRIC 

•-

•-

7-

•-

-' 
•-

3-

2-

,_ 

I ~, 
"-! 

_ __j 

----~'~''!iii.:'> __ ... --------
.... £5 r /'-9 .,,d --+--------- ____ t.SPS~ z:.'li" fl/!~ __ _ 

Figure 2-12. 

T 
NOIES 

t DO NOi' SCALE THIS DRAWING. USE 
FIGURE DIMENSIONS ClNlY. 

Z. AHREVIATIONS US£D ffi THIS DRAWWG 
ARE IN ACCatDANCE W mt AMOt ICAN 
STANDARD "AIIR£VIATIONS F<Xt US£ tN 
DRAWINGS". 

t All TIius S MEMIIERS llOIH ENDS TO II( 

SHOP WELDED FOR t 1K LOAD MIN. 

._ All PAffi TO RECEIV£ PRIM£ COAT ~D 
LEAD PIGrllNT tALKYD-VARNISl-£D 
LINSEED Oil PAINT. F£D SPEC. TT+l&C 
TYPE Ill AF1ER ASSEMBL'( ALL SCRATClED 
SURFACES SHAU IE CI.EN«D AND GIVEN 
AN ADDITIONAL COAT Cf SAA£ PAINT. 

S. MAltRIAl; 

A 

STRUCTURAL S_Tlll • ASTM A-36-Cll' 

WELDING-£6D-£10 ARC WELDING 
ELEClll:ODES OR GRADE SA-llSA-2 
FOR SUBMERGED ARC PROCESS. 

SOLAR 413SORB£~ 
TEST PANEL 

STEEL Ali'lc'AN&EMENT 

-'-7-3581-5-1/0' ,. A 

Absorber Test Panel Structure (Sheet 1) 

2-29/30 



GENERAL. ELECTRIC 

-fre.ra.E.) 

I ~<.::11,::::.!~ 
Fli'ONT ~ 

SECTION A-A" f"''"' ;. 

1'-1i 

DET4IL •1 
~.scn1»1 8454;; (n'I") 

TYP 

SECTION ·a-a" 

FRONT 

SECTION i:"-C 

A ~-ZJ-&JFTit IFIR.5T St.1SMl1TAI. ..,, 

•••Joo" J.::",J 

SDUIR ABS0-'!8£~ 
TEST P4NEL 

SECTIONS,; D£T,4/£S 

~7-3S8I-S-4/ I -4 

••-••0 ••1 I I 

Figure 2-13. Absorber Test Panel Structure (Sheet 2) 

2-31 



GENERAL f/j ELECTRIC 

II 

a/4 QO, X,,050MW INCOLOY 800 
~JUMPER TUBE-

HEADe-1< 
IIVS..D5TUl3 

,, 
8SCH40PIPE 
HEADER 

Figure 2-14. Tube-Header Stub Design Arrangement 

2-32 



GENERAL. ELECTRIC 

Table 2-15 

ABSORBER TEST PANEL DRY WEIGHTS 

Item Weight kg (lbs) 

Test Panel 

Headers 159 (350) 

Brazed Panel 200 (440) 

Jumper Tubes 50 (110) 

Header Boxes 907 (2000) 

Linkages 256 (565) 

Back Insulation Boxes 317 (700) 

1889 (4165) 

Steel Structure 1814 (4000) 

Total 3703 (8165) 
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slip joints and roller-ball bearing slides. The former were ruled out as they 

operate with the risk of binding whereas any misalignment between the panel and 

guide tracks would cause the latter arrangement to bind. 

As discussed above, to accommodate a 65°C (150°F) design temperature differen

tial between center and end tubes at the top of the panel, two expansion bends are 

provided in each jumper tube between the end of the solar active portion of the panel 

and the top header. For ease of fab~ication (symmetry), the jumper tube arrangement 

provided at the top of the panel is also provided at the bottom. Since the jumper 

tubes have been designed .to be relatively flexible, calculations have shown that the 

top jumpers will undergo excessive creep due to the weight of the panel. Conse

quently, the top jumpers are isolated from the hanging weight of the panel via the 

spring support arrangement shown in Figure 2-11. 

2.4.3 ACTIVE PANEL SUBASSEMBLY 

The 50-tube panel will be brazed together as a 1000.918, mm (39.406-inch) wide 

x 5929.312.mm (19,453-ft) long subassembly (Figures 2-15 and 2-16). Prior to 

brazing, each item will be nickle-plated in accordance with AMS 2424 to a thickness 

of .0177 mm± 0.00762 mm (0,0007 inch - 0.0003 inch) to enhance brazing character

istics. Although the tubes could be furnished with jumper-type expansion loops on 

each end, the tubes have been shortened to minimize braze furnace length requirements 

The tube-to-tube butt welds will be performed using a miniature orbital welder (de

scribed in Section 3). In order to facilitate the orbital weld operation, the panel': 

tube ends will bend off in multiples of four with approximately a 317.5 mm (12.5 inch 

spacing between bends to provide clearances and accessibility. 

The braze zone of the panel will be 4,572 m (15 feet) long and end approximat

ely 11.112.mm (15.437 inch) and 104,775 mm (4.125 inch), respectively, from the 

working point of the innermost tube bends. The clearance provided at the bottom of 

the panel is much larger than that provided at the top because the former corres

ponds to the shadow cast on the tube panel by ~he bottom header's insulation box. 

In an attempt to reduce the braze furnace's width requirement, it was originally 

proposed to weld together three 16-tube brazed subassemblies to form a 48-tube test 

panel, An investigation of the work that would be involved in developing welding 

procedures and tooling/fixturing to control distortion during welding revealed that 
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it would be both expensive and risky. Since it would be cheaper to build a wider 

braze furnace, it was decided to go with the referenced 50-tube brazed subassembly. 

Prior to brazing the full panel, the brazing vendor will be required to braze to
gether a full-length 12-tube minipanel to test vendor's procedures. 

2.4.4 TRACE HEATING 

Before sodium can be admitted into the test panel, the unit must be heated from 

ambient to 316°C (600°F) via electrical heaters. The heaters will be 12.7 mm 

(.5 inch) in diameter and possess Incoloy 800 sheaths. Since the pipe headers will 

be approximately 7.9 mm (.31 inch) thick, lugs can be welded to the headers 
that will enable the heaters to be clamped directly to the headers. Because the 

tubes will be only 1.27 to 1.524 mm (0.050 to 0.060 inch) thick, it will not be pos

sible to weld heater mounting lugs to the panel. 

The heaters to be provided on the backside of the panel will thus have to be 
attached to the insulation boxes. Although the details of the heat tracing system 

have not yet been defined, the panel will contain three independently operable heat

ing zones on its backside and one zone on each header. 

2.4.5 ABSORBER PANEL STRESS ANALYSIS 

The test panel has been designed to safely withstand the thermal stresses that 

will be induced by the nonuniformity of incident solar flux as well as mechanical 

stresses caused by 160 kilometers/hour (100 mph) winds and 1-1/2 g seismic accelerations. 
The wind and seismic forces will be transmitted into the panel's support structure via 

the buckstay-linkage arrangement provided on the backside of the panel and detailed in 

Figure 2-13. 

The metal temperature distributions given in Tables 2-8 and 2-11 reveal that the 

panel's center tube will be approximately 25°C (77°f) hotter than the end tubes. This 

temperature distribution will place the panel's center tubes in compression and, be

cause of the panel's high length-to-radius of gyration ratio, the panel will tend to 

buckle. As a result, the panel's buckstay spacing has been set by buckling consi

derations rather than by seismic or wind conditions; the buckstays will be provided on 

723.9 mm (28.5 inch) centers (unsupported tube span length) and will keep the panel 

from bowing/buckling. The tube bending stress induced by the wind was calculated 
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to be 5.516 x 10
6 Newton/meters (800 psi) whereas the seismic load was found to be 

negligible. 

During the minimum load, uniform flux operating condition, a 62°C (143°F) dif

ference in temperature will develop between the center and end jumper tubes. The 

stresses induced in the jumper tubes by this difference in temperature, assuming a 

66°C (150°F) differential as a worst-case analysis, were determined via a FW piping 

stress computer program that considered both in-plane and out-of-plane (lateral) de

flections. As a worst-case analysis, the jumper tube lateral deflection was calcu

lated assuming the header to be at 593°C (1100°F) and the panel at 510°C (950°F). 

In-plane axial deflections were calculated assuming one jumper (end) at 538°C (1000°F) 

and another (center) at 621°C (1150°F), and that all jumper-to-panel connecting 

points remained in a straight line (panel expanded as a rigid body). Superposition 

of these in-plane and out-of-plane deflections revealed that the inner jumper would 

experience the highest stress and that this would occur at the bend nearest to the 

header. The maximum stress was calculated to be 5.7918 x 10
7 Newton/meter2 (8400 psi) 

which is well below the 1. 83407 x 108 Newton/meter2 (26,600 psi) thermal stress li

mit permitted by the power piping code (1-1/4 x cold allowable+ 1/4 x hot allowable 

stress). 

The thermal shear forces that will be induced in the brazed portion of the pa

nel by the nonuniformity of the solar flux distribution were determined via the use 

of a STRUDL model. Because the solar flux distribution is approximately symmetrical 

about the panel's centerline, the model took into consideration only one side (half) 

of the panel. The model consisted of six vertical members, each of which corresponded 

to the column element matrix used to generate the Table 2-11 data. The eleven tem

peratures given for each column of elements in Table 2-11 were entered for each of 

the six vertical members. The vertical members were assumed to be interconnected at 

a total of 12 elevations; the topmost and bottommost elevations were assumed to be 

rigid members, whereas the 10 interior connections were assumed to be pinned joints, 

This joint arrangement was used, as testing of steam generator waterwall panels has 

shown that the vertical shear forces that develop in these panels do not distribute 

uniformly but instead are carried primarily at the ends of the panel. The topmost 

horizontal member was fixed in space and the bottommost member was left free to 

grow downward. This STRUDL analysis indicates that the shear forces that will exist 
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between the six vertical members, starting from the end column and working to the 

center of the panel, will be 1995.8 kg (4.4 kips), 2857.68 kg (6.3 kips), 2721.6 kg 

(6.0 kips), 1950.48 kg (4.3 kips) and 680.4 kg (1.5 kips). 

Figure 2-17. Support Structure Natural Frequency Model 

2-41 



GENERAL fj ELECTRIC 

The seismic data for the CRTF site indicated that a 1-1/2 g acceleration can be 

assumed for all panel and structure elements possessing a natural frequency of 10 

hertz or higher. Although panel natural frequencies could be determined relatively 

easily, a Macuto STRUDL program had to be developed for the support structure. The 

model used is shown in Figure 2-17; calculations revealed it would possess a minimum 

natural frequency of 7.5 hertz. Calculations also showed that, by providing an in

termediate support for the structure (midpoint elevation), its natural frequency 

would be increased to 16.6 hertz. 
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SECTION 3 

ABSORBER TEST PANEL FABRICATION 

The fabrication effort includes all production stages required to take the 

panel from design to delivery at the Central Receiver Test Facility near 

Albuquerque, New Mexico. Principal fabrication activities include material pro

curement, material inspection and testing, process qualification, manufacturing 

operations, acceptance testing, and shipment. This section describes the panel 

fabrication plan and status through April 1980. 

3.1 PANEL MANUFACTURING PLAN 

The absorber test panel manufacturing plan defines all activities required to 

construct the panel. A summary flow chart of principal activities is shown on 

Figure 3-1. As described in earlier sections, the absorber test panel is comprised 

of the following major parts: 

• 50 Incoloy 800 tube active panel; brazed into a rigid structure 
approximately 5 meters long; tubes to be separated by hourglass
shaped Incoloy 800 inserts 

• Bottom Inlet Header 

• Top Outlet Header 

• 100 Incoloy 800 Jumper tubes to connect the ends of the active panel 
to the headers 

• Structure to support the panel 

• Insulation 

• Trace Heaters 

3.1.1 MANUFACTURING PROCESS 

The manufacturing process was initiated during the design effort by identifying 

and planning the following four specific development efforts required prior to the 

final manufacturing of the absorber test panel: 

• Braze Qualification 

• Temporary Braze Furnace Construction 

• Weld Qualification 

• Mockup of Header/Jumper/Panel. 
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These development efforts are discussed in Sections 3.2 through 3.5. 

The manufacturing process for the absorber panel is separated into the follow

ing elements: panel tubing, panel spacer (hourglass) inserts, brazing, header assem

bly, panel assembly, panel support structure and preparation for shipment. In 

order to expedite delivery of the panel tubing, available standard size Incoloy 800 

tubes were purchased. The tubing was redrawn from its original 1.5 inch O.D. 

(.125" wall thickness) condition down to the required .750 inch O.D. and .050 inch 

wall thickness. This process required annealing to bring the Incoloy tubing back to 

its initial metallurigical properties. The tubing was ground on the outside dia

meter and vapor blasted on the inside diameter to obtain the required surface finish. 

The redrawn tubing will be separated into jumper tubes and panel tubes. The 

jumper tubes will be cut to length and bent to the required shape completing pre

assembly efforts on the jumper tubes. The panel tubes will be nickel plated using 

an electroplating process to a thickness of .0004-.00£6 inches, then bent at the 

ends to the required shape. 

Concurrently with the tubing operations, the panel hourglass inserts are 

currently being rolled to shape from Incoloy 800 flat stock. The rolled hourglass 

shape must form a close fit with the panel tubing necessitating careful production 

controls. The inserts will then be nickel plated using an electroplating process. 

The plated panel tubing and plated inserts will be shipped to the brazing 

vendor (Pyromet Industries, Inc.) and assembled together for the brazing operation. 

Figure 3-2 shows a typical pre-base prototype tubing and insert. The brazing pro

cess development and resulting braze procedure is described in detail in Volume III, 
Section 2. The panel braze ,requires a fixture to hold the tubing and inserts 

securely together in a diagonal orientation while in the furnace. In addition, the 

fixture accurately locates the panel tube ends. This is a critical item since 

alignment of the active panel tube ends and the jumper tubes is of great importance 

during the panel assembly operation. Figure 3-3 shows a typical twelve tube 

section of the panel. The braze material will then be applied to the tube/insert 

assembly and then the entire panel active, portion will be placed in the hydrogen 

controlled atmosphere of the temporary brazing furnace. Figure 3-4 shows a typical 

post-braze micrograph from the braze development program. 

Two cylindrical header assemblies are being fabricated from Incolov 800. Stubs 
will be welded into the header pipes at the proper locations as described in 
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Section 2. The plugs will then be bored out to remove the root notch as shown in 

Figure 2-14. The weld preparation added to the ends of the stubs will make the 
headers ready for butt welding to the jumper tubes. 

The panel subassembly parts will then be accumulated at Foster Wheeler for the 

panel assembly operation. The brazed panel will be placed in a large fixture and 

the two headers accurately located at each end. The next operation is to cut and 

fit each jumper tube between the header plug and its corresponding panel tube. As 

shown in Figure 3-5, the tubes are then welded together using a miniature orbital 

welder developed by Foster Wheeler. The completed panel subassembly will then be 

pressure tested and helium mass-spectrometer leak checked. 

The panel subassembly is now ready to be mated with the panel support structure, 

which contains the support linkages, insulation boxes and trace heaters. After 

assembly, the entire absorber test panel will be packaged for shipment to the 

Central Receiver Test Facility (CRTF). 

3.1.2 PANEL MANUFACTURING SCHEDULE 

The panel manufacturing schedule is shown in Figure 3-6. Each element of the 

plan is continuously monitored in order to identify problem areas and control the 

critical path. 

3.2 PANEL BRAZING DESCRIPTION 

The unique characteristic of the General Electric sodium cooled receiver is its 

thin walled tube construction and resulting high efficiency. The thin tube walls 

prompted selection of brazing for tube-to-tube joining during the Phase I program. 

As reported in Volume III, Section 2, significant efforts were expended during 

Phase II in panel fabrication development. The res.ult was somewhat of a change in 

the braze procedure suggested during Phase I; specifically, the tubes will be 

horizontal instead of vertical and hourglass inserts will be installed between the 

tubes. These changes, when compounded with the need to braze a full two header 

panel instead of two one-half panels for the three header geometry (see Volume II, 

Section 2), required that a large horizontal hydrogen furnace be found. After an 

exhausted search, it was concluded that a temporary brazing furnace be fabricated. 
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Figure 3-4. Prototype Post-Braze Micrograph 
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Figure 3-5. Panel Subassembly Schematic 

3-6 



w 
I ...... 

MONTH -+ 

DESCRIPTION 
WELDING QUALIFICA-
TION 

-TUBE-TD TUBE 
STUB TO HOR. 
I NCOLOY TO STEEL 
VERIFICATION TESTS 

JUMPER-HORS MOCKUP 

PROCURE MATERIALS 
BEND TUBES 
FAB. HEADERS 
ASSEMBLE 

DESIGN EFFORT 

GENERAt ARRANGE 
BRAZED PANEL DWG. 
HEADER 
SUPPORT FRAME 
FRAME /LINKAGES 
INSULATION BOX 
SHIPPING 

PROCUREIIENT 

BRAZE STRIPS 
RfDRAW TUBING 
NICK[L PLATE 
BENO TUBES 
BRAZE 
TRACE HEATERS 

MANUFACTURE 

INSULATION BOXES 
LINKAGES 
HEADERS 
STRUCTURE 
ASSEMBLE PANEL 
HELIUII LEAK CHECK 

JAN FEB 
I I I I l l 

-

MAR APR MAY JUN JUL AUG 
I I I I I I I I I I I I I T I I I I 

-

--

Figure 3-6. Panel Manufacturing Schedule 

SEP OCT 
I l I I I I 

DELIVER 
TO CRTF 

0 

-

NOY 
I I I 

C, 

"' z 
"' :a ,.. 
r-• "' r-

"' n .... 
:a 
n 



GENERAL fl ELECTRIC 

3.2.1 BRAZING PROCEDURE 

The details of panel brazing is provided in Volume III, Section 2; however, 

the required materials and fixtures are shown on Table 3-1 and the general proce

dure is listed on Table 3-2. 

Table 3-1 

MATERIALS AND FIXTURES FOR FURNACE BRAZE 

• Tube - !800 19.05mm OD (..75 in) ASTM B407 

• Filler Strip - !800 Hourglass Extruded or Machined 

• Plating - Nickel Electroplate "" 2. 7 mil Thickness, Dull Finish 

• Braze Alloy - Amdry 939, Metal Powder ""'140 mesh 

• Stop-Off-Compound - Nicrobraz Green 

• Platers Tape 

• Furnace - Horizontal with Hydrogen DP of 4-62°C (-80°F) 

• Fixtures - Flat Metal Hearth, Clamps and Weights 

3.2.2 TEMPORARY BRAZING FURNACE DESCRIPTION 

Pyromet Industries, Inc. has designed and is currently fabricating a temporary 

brazing furnace to accommodate the absorber test panel. The furnace has been de

signed to braze one 50 tube panel (approximately 20' long, by 34" wide, by 9" high) 

horizontally, with the width in a diagonal orientation. The modular design and 

low weight insulating brick make this furnace and, with fabrication of other modules, 

flexible for use with longer panels. It can be transported to another site, if 

required, on future solar programs. 

The furnace has a simple fabricated steel construction as shown in Figure 3-7. 

The insulation is a combination of Kaowool and Pyroblock lined with refractory 

brick. The furnace is electrically heated to maintain at least 1900°F within the 

retort, a seal welded vessel used to contain the hydrogen atmosphere required by 

the brazing process. The furnace was designed so that the inlet dew point can be 

maintained at -80°F or lower. The absorber test panel and the necessary assembly 

fixture will be placed inside the retort for the brazing operation. The temperature 

will be monitored during heating, hold, and cooling portions of the furnace cycle. 
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3.2.3 FURNACE INSTALLATION SCHEDULE 

The ~~mace installation is currently on schedule (Figure 3-8) and should be 

completed the week of June 13, 1980. A qualification run is scheduled for the week 

of June 20, 1980. The design has been completed and all materials are on order or 

have arrived at Pyromet for furnace and retort fabrication. Furnace fabrication 

has started and the steel structure is scheduled to be completed in mid-May. 

APPLICATION 

Step 1. 

Step 2. 

Step 3. 

Step 4. 

Step 5. 

Step 6. 

Step 7. 

Step 8. 

Step 9. 

Step 10. 

Step 11. 

Step 12. 

Step 13. 

Step 14. 

Table 3-2 

GENERALIZED BRAZING PROCEDURE 

Apply Plater Tape on Alloyed Portion of Tube 

Apply Stop-Off Compound to Tubes and Fixtures 

Assembly Tubes and Filler Strips on Flat Fixture 
"16~op-o~ 

0 
St4p I. :s-t-ep 2... 

Apply Braze Alloy in Continuous Fillet 

Apply Acrylic Enamel Spray to Braze Alloy 

0 
./ 

0 Install Tubes in Fixture on 45 Angled Hearth in Furnace 

Prepare Fixture Guides and Weight 
l!lei~h+ 

'S~ 4. ~er!::>. 

Purge Furnace Muffle 

Heat Panel Segment to -900°c (1650°F) - Hold 

Heat Rapidly to "'-l025°C (1880°F) - Hold 12 Min. 

Cool Rapidly to Below 904°C (1660°F) 

Cool to Room Temperature 

Remove and Clean as Necessary 

Inspect 
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MONTH_,. ,_.,_F~EB-.-1--TM_A~R.......,....,..A~P_R......J~M~A_Y......+__.;.J~U~N~ 
DESCRIPTION 

DESIGN 
MATERIALS PROCUREMENT 

FABRICATE FURNACE 
INSTALL ELECTRICAL 
COMPONENTS 
FABRICATE RETORT 

FINAL INSPECTION 
FURNACE QUALIFICATION RUN 

Figure 3-8. Furnace Installation Schedule 

3.3 WELD DEVELOPMENT/MOCKUPS 

C 

The panel tube-to-jumper tube and jumper tube-to-header stub orbital welds 

will be accomplished via the miniature welding torch shown in Figures 3-9 and 3-10. 

Using this torch, development work has been conducted at Foster Wheeler to estab

lish the parameters and develop the techniques for accomplishing these welds via 

the Gas Tungsten Arc Process. The welds will be performed in the horizontal posi

tion with argon purge gas and, in order to minimize wall thinning, tests have shown 

that it will be necessary to use the Inco 82 consumable inserts shown in Figure 

3-11. The inserts will be tack-welded to the tube at the 3 and 9 o'clock positions. 

Welding will commence at the 8 o'clock position, and after completing 360° of rota

tion, tailoff will start at about 9 o'clock and terminate at approximately 2 o'clock. 

All welding work performed to date has been with 1/16 in. average wall, commer

cial grade, Incoloy 800 tubing since test panel thin-walled tubing has not yet been 

available from the tube mill. Once test panel tubing is available, additional weld 

tests will be performed to finalize welding parameters. Testing to date indicates 

that to insure satisfactory weld quality, tube-to-tube fit up must be limited to 
0 

lateral and angular misalignments of 0.015 in. and 1, respectively. These toler-

ances are quite tight and, since good fit up is essential to the production of a 

satisfactory weld, a mockup of the panel jumper tube and header region is being 

made to permit a checkout of both the weld procedures and the tools/fixtures that 

have been designed for the fit up operation. The mockup is shown in Figure 3-12 
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Figure 3-11. Consumable Insert for Tube Orbital Welds 

and it will have the capability of accommodating 23 jumper tubes. Header fabrica

tion and tube bending operations have commenced on the mockup and fit up/assembly 

is expected to commence in early May 1980. 
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SECTION 4 

SODIUM LOOP DESIGN 

The absorber test panel described in Sections 2 and 3 will be installed into a 
sodium fluid circulation loop at the Central Receiver Test Facility. This section 
describes the design of the heat transfer loop and the principal components. 

4.1 SUMMARY DESCRIPTION 

The SRTA system, as delineated by the Piping and Instrumentation (P&ID) 
Drawing (Figure 4-1) and the General Arrangement Drawing, Sheets 1 and 2 (Figures 
4-2 and 4-3), provides the sodium heat transfer loop for the absorber test panel. 
The panel includes a support structure which attaches to the SRTA support structure. 
The SRTA also houses the components and piping which make up the fluid circulation 
equipment including an electromagnetic (EM) sodium pump, sodium valves, cold trap, 
surge and drain tanks and sodium flow, pressure, temperature, and oxygen level sen
sors. The interconnecting piping is 3-inch Schedule 40 Type 304 stainless steel, 
with the exception of the drain line which is 2" Schedule 40 pipe and the equalizer 
line which isl" Schedule 40 pipe. All sodium piping is electrically trace heated 
and insulated to allow preheat to 600°F + 50° with the sodium drained and to main
tain this temperature with sodium flowing in the system. Drip pans are provided 
under the SRTA structure and siding supported by the structure totally encloses the 
sodium system. Exceptions to this are the sodium heat dump, which is mounted sep
arately on its own support structure and is separately enclosed, and the front of 
the absorber panel which is not covered during solar operation. The front of the 
absorber panel is covered by a movable insulating door when the system is not in the 
solar operating mode. The absorber panel is surrounded by a solar heat shield con
structed with alumina and zirconia high temperature insulating tiles to protect the 
SRTA from solar spillage. 

The SRTA structure and the heat dump will be mounted on separate sleeper beams 
to distribute their weight on the CRTF elevator module. The sleeper beams will be 
bolted to the elevator roof main support members to accommodate the design seismic 
and wind loads for the 200 ft. tower level. The SRTA sodium system is designed for 
a maximum operating temperature of 1150°F at a maximum pressure of 50 psig, with a 
maximum sodium flow rate of 175 gpm, and an operating life of 5000 hours. 
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The SRTA local control panel is designed for location in the elevating module 

computer room and includes all local instrumentation and control equipment required 

for startup, operating, and shutdown of the SRTA. This panel also provides inter

facing connections to the CRTF data acquisition system to provide data display and 

remote control from the experimenter's console in the CRTF master control room. 

SRTA instrumentation provided for test data only and not required for system opera

tion will be connected directly to the CRTF interfacing connectors or signal con

ditioning equipment and will not pass through the local control panel. The SRTA 

emergency heliostat "cut" (rapid heliostat defocus) will be hardwired to redundant 

cable pairs connected to the CRTF heliostat control system. 

The SRTA is equipped with an argon inert gas supply and vent system for con

trolled surge tank and drain tank cover gas pressure, that can be controlled either 

automatically or manually. This system will be connected to an argon supply bottle 

header provided by the CRTF and located in the elevator module machine shop level. 

4.2 HEAT DUMP 

This assembly can be described as a high temperature sodium to ambient air 

heat exchanger complete with forced draft air delivery system. Included are the 

structure, heat exchanger section, dampers and operator, fans, fan drives, heaters 

and controls. Air operated isolation doors mounted on the top and bottom of the 

heat exchanger are included as part of the structure. The arrangement of these 

components is shown in Figure 4-4. 

The function of the heat dump is to transfer the heat from the high temperature 

sodium stream to the surrounding atmosphere. This is accomplished by passing the 

hot sodium through the tubes and cooling it by ambient air passed over the outside 

finned surface of the tubes. The sodium enters the inlet manifold (header) at the 

top of the heat exchanger, flows through one layer of tubes in four (4) cross 

counter-flow passes, and leaves through the outlet manifold at the bottom of the 

heat exchanger. The cooler ambient air enters the plenum chamber below the heat 

exchanger, flows vertically upward through the damper and the finned tube bundle, 

and then passes back into the atmosphere. 

The heat dump is a refurbished auxiliary air blast cooler which was removed 

from the Southwest Experimental Fast Oxide (SEFOR) nuclear reactor. The major 

refurbishment items are summarized below and described in more detail in Section 5. 
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GENERAL. ELECTRIC 

Heat Dump Part 

Tube Bundle Section 

Isolation Doors and Operators 

Tubular Heaters 

Damper Operating Motor 

Fan Motors 

Assembly 

4.2.1 STRUCTURE 

Action 

Replaced 

Rebuilt 

Replaced/higher rating 

Replaced 

1 Rebuilt, 1 Replaced 

Clean, Inspect, Paint, 
Checked Out 

The heat dump structure is composed of the welded bed, support columns, grating, 

and isolating doors. The welded bed is essentially a plenum with double fan rings 

below and is bolted to four (4) vertical columns which support the bed, heat 

exchanger, etc. Angles are included for reinforcing the structure against side 

loads. Two expanded metal type- fan guards are included to protect personnel from 

the fan blades. A grating is mounted above the heat exchanger· for protection 

against "flring objects". The pneumatically operated upper doors are mounted above 

the grating and are opened and closed together. The doors are used to isolate the 

heat exchanger during hot hold operations in order to retain heat within the heat 

exchanger and keep the sodium in the tubes from freezing. 

4.2.2 HEAT EXCHANGER SECTION 

The heat exchanger or tube bundle section is composed of manifolds, finned 

tubes, thermocouples and the structure. 

The manifolds or headers are made from seamless type 304 stainless steel pipe. 

The tube sheet has specially machined nipples to which the tubes are welded. With 

this design a crevice-free tube-to-tube sheet joint is obtained. The manifolds are 

closed at one end with standard welding cap and with eccentric· reducers on the other 

end for attachment to the SRTA piping. 

The tubes are 1 11 outside diameter with .072" thick seamless wall of type 304 

stainless steel. Each tube is finned in the heat transfer region (approximately 

88") with 5/8" high x .030" thick helically wound carbon steel fins at a pitch of 

7 fins per inch. The carbon steel fins are nickel braze bonded to the tubes. The 

complete tube assembly from inlet to outlet manifold includes one shepherd crook 

'U' tube and one 'U' tube butt welded together. Figure 4-5 shows the original 

SEFOR coil that is being replaced. 
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Figure 4-5. Sefor Heat Dump Coil 
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This tube and manifold support structure is composed of tube and manifold 

support plates welded to carbon steel side channels. Tube support plates support 

the 0.D. of the tube at areas where no fins have been placed on the tube. In 

supporting the manifolds and tubes connecting to the manifolds, there is a pro

vision for horizontal thermal expansion of both manifolds and tubes. A special 

thermal sleeve is used to connect the stainless steel manifolds to the carbon steel 

support plate at the fixed end. The tube return bends, manifolds and manifold caps 

are enclosed by sheet metal covers. 

4.2.3 DAMPERS 

The damper assembly was manufactured by Honeywell and includes two (2) sets of 

opposed steel blades mounted in a steel frame. An electrically operated position

ing motor is supplied for operating the dampers. The motor can be controlled 

remotely and used with blade position indicator. 

4.2.4 FANS 

The cooling air is supplied by two (2) six-bladed aluminum fixed pitch pro

peller type fans manufactured by Hartzell Propeller Fan Company. Each fan is 

driven by a two-speed 5 HP totally enclosed, fan-cooled motor. Motor speeds are 

1140 or 860 rp!'l. 

4.2.5 HEATERS 

The heaters are 'U' tube, .496 0.D. electric. "Calrod" tubular. heaters. They 

are mounted below the heat exchanger and can be used in the preheating or hot hold 

operations. 

4.2.6 HEAT DUMP THERMAL ANALYSIS 

A detailed component specification was prepared and a summary comparison of 

SRTA requirements to SEF0R requirements follows in Table 4-1. Several thermal 

analyses were made to investigate the capability of the refurbished SEF0R auxil

iary air blast cooler to transfer the specified 2500 KW of heat under SRTA con

ditions. 
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Table 4-1 

COMPARISON OF SRTA AND SEFOR THERMAL DUTY 

• Heat Transfer Rate Unchanged 

2.5 MW= 8.5 x 106 
Btu 

Hr 

• Sodium Side 
SEFOR 

Inlet Temp 850°F 

Outlet Temp 550°F 

Flow 92000 lb 
hr 

• Air Side 

Inlet Temp 90°F 

SRTA 

ll00°F 

500-700°F 

47000 lb 
hr 

120°F 

Particular attention was given to themal contact resistance between the 304 

stainless steel tube and the mechanically attached (grooved) carbon steel helical 

fin. At one location about four carbon steel fins were cut and peeled away from 

the groove in the stainless tube for visual inspection. Subjective evaluation of 

these indicated the following: 

• The bottom edge of the fin base did not seat into the bottom of the 
groove; there was an air gap. 

• Mechanical contact existed on the sides of the fin base through an 
overlap which varied from about 0.02 inches on a side to zero. 

• There was a definite rust film over the fin base area through which 
the heat must flow. 

• In the cold condition, contact pressure on the sides of the sides of 
the fin base was slight. 

The effect on heat transfer resulting from imperfect contact is treated in the 

GE Heat Transfer Databook; data which is applicable to the fin/tube is included. 

The original heat transfer calculations for the SEFOR auxiliary air blast cooler 

were used as a data source and guide for new calculations except that provision was 

made to add a thermal contact resistance. As a verification of the analysis method, 

a "THTD" computer model was made to determine temperature distribution and overall 

conductance. Some of the salient conclusions from the analytical studies are: 

• Convection on the air side is controlling when no contact resistance 
is assumed. 

• Most all the heat passes through the fin surface or conversely, the 
bare tube area is not significant in the overall performance. 
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• If contact between fin and tube is perfect, the unit would have about 
20% excess area for its 2500 kW rating (see Table 4-2). 

• The contact resistance is estimated to be .0048. Thermal analysis 
indicated a capability of about 1600 kW. It must be emphasized that 
confidence in the contact resistance estimate is low. An order of 
magnitude lower contact resistance would be required to achieve 2500 kW. 

Table 4-2 

EFFECT OF SRTA CONDITIONS ON SEFOR HEAT TRANSFER CALCULATIONS 

• "HT" Convection Inside Tubes Drops 

Btu 
4500 Hr ft 2°F - 3300 

• "LMTD" Increases 

430°F - 500 

• Required Surface Area Drops 

2560 Ft
2 

- 2250 
2 

(Available Area= 2730 Ft) 

CONCLUSION: Acceptable for SRTA, however, consideration of contact resistance 
between imbedded carbon steel fin and stainless tube led to 
recommendation to replace with a new brazed fin tube bundle. 

No analytical solution appeared likely, such as justifying an order of magni

tude reduction in contact resistance. Hardware solutions considered were: 

• Replace the tube bundle section. 

• Increase air flow to get a higher log mean temperature difference and 
higher air side convection coefficient. 

• Test to deter~ine contact resistance then select alternate one or two 
unless the required order of magnitude reduction in contact resistance 
is verified. 

Replacement of the tube bundle was implemented. ·The replacement tube bundle 

design is nearly identical to the original except that the carbon steel fins are to 

be attached with a nickel alloy braze thus eliminating the concern for contact 

resistance. 

Alternate two was studied analytically (using the estimated contact resis

tance); it appeared that about three times the original air flow would be required. 

To get this air flow would mean replacement of the two five HP fans with two 70 HP 

vane arial fans. Also, it is expected that the present louvers would have to be 
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replaced with inlet control dampers. A considerable extrapolation of available 

heat transfer correlation data (of a similar but not identical geometry) was used 

to estimate the air side convection at such a high Reynolds number (17000). 

Testing was judged not to be a solution; it might have provided a more accep

table confidence in contact resistance to make alternate two more technically 

viable. Removing one of __ 23 tubes would have been necessary to make a practical test. 

4.2.7 STRUCTURAL ANALYSIS 

Calculations were made in accordance with the requirements of ASME B&PV Code 

Section VIII, Division 1, to justify the design of the heat dump tube assembly for 
0 a 50 psig design pressure at a design temperature of 1150 F. Also a finite element 

model of a tube was used to verify that the tube flexibility and support are ade-
o 0 quate for an 1100 F to 600 F temperature distribution. Finally, a structural analy-

sis was performed of the heat dump support structure for specified wind and seismic 

loadings. 

4.3 SODIUM PUMP 

EM Pump Model 5KY416PH1 is a helical induction electromagnetic pump wi_th the 

characteristics listed in Table 4-3. Calculated performance is shown on Figure 

4-6. The pump is hermetically sealed, has no moving parts, and has no direct 

electrical connections to the liquid metal carrying components. Pressure is 

developed by the interaction of the magnetic field and current which flows as a 

result of the voltage induced in the liquid metal contained in the dump duct. 

Flow may be controlled by variation of the voltage supplied to the pump windings. 

Power input and developed pressure at a particular flow vary approximately as the 

square of the applied voltage. 

The pump consists of two major sub-assemblies: the-stator assembly and the 

pump duct assembly. 
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Table 4-3 

GENERAL INFORMATION 

PUMP RATING 

Fluid 

Flow 

Developed Pressure 

Power Supply 

Power Input 

Efficiency 

Power Factor 

COOLANT REQUIREMENTS 

Coolant 

Coolant Flow 

Coolant Inlet Temperature 

DESIGN CHARACTERISTICS 

Pressure 

Number of Poles 

Duty Rating 

Hot Spot Temperature 
(Insulation) 

Weight, Less Duct 

4.3.1 STATOR ASSEMBLY 

Sodium 700°F 

175 gpm 

30 psi 

480 volts, 3 phase, 60 cycle 

33.6 kW 

6.8% 

32.7 

Air 

1500 cfm 
0 50 C, Max 

75 psig at 1150°F 

4 

Continuous 

200°c 

1487 lbs 

The stator winding is of form wound construction. The winding insulation sys

tem is Class H, suitable for operation at temperatures up to 200°c. After the coils 

are inserted in the slots and connected, the wound stator is treated with several 

applications of silicone resin. When supplied with three phase 60 Hz power, the 

stator winding produces a 4-pole magnetic field revolving at 30 revolutions per 

second in the stator bore. The stator is air cooled, utilizing a through ventila

tion pattern in which cooling air is supplied to one end shield, is directed around 

the end turns at one end, through axial passages between the frame and the outside 

of the stator laminations, around the end turns at the other end, and out of the 

pump by way of the end shield ventilation opening. Chromel-Alumel thermocouples 

are located in the end windings to provide a means of monitoring pump winding tem

perature during operation. A small fraction of the ventilating air flows axially 

between the stator bore and the pump duct. 
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4.3.2 PUMP DUCT ASSEMBLY 

The pump duct is made of Type 304 stainless steel. Entrance and exit connec

tions to the duct are perpendicular to each other at the same end of the duct. 

Therefore, the pump duct can expand freely without giving rise to stress. The 

principal parts of the pump duct assembly are the outer tube and the inner tube. 

The inner tube includes machined helical passages such that, in the duct assembly, 

fluid passing through the pump is constrained to flow in a spiral path so that the 

tangential force on the fluid is converted into a developed pressure. The pump 

will operate satisfactorily in either direction, but it is designed for fluid entry 

through the annulus and exit through the central passage in the inner tube. The 

inner tube is shrunk onto the outer tube to minimize leakage between passages. The 

pump duct is entirelr self-supporting and is insulated from the stator by a blanket 

of refractory fiber felt insulation. The insulation is applied directly on the 

duct forming one complete assembly. The approximately 1/4 inch of radial space 

between the inner sleeve and outer envelope is filled with refractory fiber felt 

applied as a blanket and secured with a covering of glass tape. Two Chromel-Alumel 

thermocouples are installed in channels which extend from the dead end of the ther

mal insulation assembly to the approximate center of the assembly. They lie on the 

outer surface of the duct, hence thermocouples inserted in these channels indicate 

duct temperature. 

4.4 SODIUM TANKS 

The drain tank is used for the initial filling of the SRTA loop and to allow 

for complete draining. The nominal volume of the drain tank is 234 gallons. A 

required 226 gallon drain tank volume is justified in Table 4-4. Nozzles are pro

vided on the drain tank for: argon cover gas connections, filling and draining, 

connection to the circulating loop (through a normally closed valve), and level 

probes. Dip tubes (vertical pipes internal to the tank) are provided for the fill

and-drain nozzle and the circulating loop connection to allow sodium to be forced 

either into the circulating loop or out of the tank to shippers for decommissioning 

by the use of cover gas pressure. The drain tank is a modified expansion tank from 

the SEFOR plant. 

The 75-gallon surge tank is normally filled with about 60 gallons of sodium. 

It is the highest elevation sodium containing SRTA component. Thus, the surge 

tank provides an argon space above the circulating sodium for thermal expansion, 

transient pressures surges and allows for the measurement of the loop sodium 
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inventory (level in surge tank). Nozzles are provided on the surge tank for: 

argon cover gas connections, sodium loop connections, and level probes. The surge 

tank is a modified expansion tank from the SEFOR plant. 

Requirements for both the drain tank and the surge tank were defined in a com

ponent Specification; the more significant requirements applicable to both tanks 

are: 

• Compliance with ASME B&PV Code Section VIII, Division 1 (exc~pt for 
stamping) 

• Design pressure 50 psig at 1150°F 

• Butt welds 100 percent radiographed 

• Helium mass spectrometer leak test 

Table 4-4 

REQUIRED DUMP TANK VOLUME 

Heat Dump 32 

Solar Panel 42 

Piping 37 

Surge Tank (Na) 60 

Gal 

171 Gal 

20% Miscellaneous Compo
nents or Overfill of 
Surge Tank +34 

205 

Allowance of 10% for free argon and heel results 
in a required dump tank volume of 226 gallons. 

4.5 SUPPORT STRUCTURE 

The support structure is a steel assemblage of square tubular columns, wide 

flange beams and double angle bracing, configured to provide a support for the SRTA 

that could be truck transported without violating overload/oversize highway limita

tions. 

Standard structural steels were utilized for the framing. The horizontal beams 

are attached to the welded column gussets with two A307 bolts at each end. The 

flanges were coped locally to provide a simple shear connection. Lateral stiffness 

and strength is provided by the back-to-back double angle cross bracing. It was 

assumed that the siding would not provide any additional stiffness. 
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The final support structure assembly is comprised of five major components: 

• The base frame 

• The upper frame 

• The door support frame cantilevered from the roof 

• The door support frame cantilevered from the base 

• The tower elevator sleeper beams 

After these subassemblies are connected, horizontal Z purlins will be attached 

to the columns and the corrugated asbestos siding installed. The structure for 

the fluid circulation equipment is shown on Figures 4-7 and 4-8. 

4.6 INSTRUMENTATION 

The instrumentation for the SRTA loop and associated components was shown in 

summary form on Figure 4-1 and is detailed on Figure 4-9. It consists of the 

following measurement functions, plus an alarm system: 

• Temperature • Displacement 

• Pressure • Strain 

• Flow • Oxygen 

• Level • Smoke 

• Solar Flux 

4.6.1 TEMPERATURE 

Temperature is measured at the absorber panel inlet and outlet with Resistance 

Temperature Detectors to obtain high accuracy for the loop heat balance, and for 

use in the flow control system. Thermocouples (Chromel-Alumel) are applied at the 

Heat Dump inlet and outlet for control of the Heat Dump and to monitor Heat Dump 

performance. Chromel-Alumel thermocouples are applied throughout the sodium loop 

structure and the absorber panel headers and rear surface for trace heat monitoring 

and control and absorber panel performance monitoring. Some temperatures are indi

cated on the local control panel, located in the tower elevating module,on meters 

and on data acquisition units. All temperatures except trace heating are recorded 

in the CRTF data system. Trace heat temperatures are indicated on a data acquisitio1 

(microprocessor) unit which also has provision for paper tape recording. 

4.6.2 PRESSURE 

Sodium pressure is measured at the absorber panel inlet and outlet and at the 

pump suction and discharge. A transducer using Sodium-Potassium (NaK) eutectic 

alloy, contained between two slack diaphragms, transfers pressure from the sodium 
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to a third fluid (silicon oil) where a conventional pressure transmitter measures 

the sodium pressures and differential pressure (across the panel and the pump). 

Argon cover gas pressure is measured for the surge tank and drain tank at the cold 

side of the vapor traps for these two tanks. Argon supply pressures are also 

measured with conventional pressure transmitters. All pressures are indicated on 

the central control panel and sodium pressures are recorded in the CRTF data system. 

4.6.3 FLOW 

Sodium flow is measured with permanent magnet (PM) flow meters at three places 

in the loop. Main loop flow is measured in the cold leg piping (3 inch) between 

the Heat Dump and the pump suction control valve. By-pass flows in the oxygen meter 

loop and the low flow loop are measured with small PM flowmeters. All three flows 

are indicated on the central control panel and are recorded by the CRTF data system. 

4. 6.4 LEVEL 

Level is measured in the surge tank and in the dump tank continuously over 

fixed ranges, and discretely in the surge tank at two points, one high and one low, 

for the purpose of calibrating the 3-inch flowmeter. The level probes use resis

tant types, both "I" (discrete) and "J" (continuous analog), based on the principle 

that stainless steel has significant electrical resistance and that sodium is a good 

electrical conductor which "shorts out" stainless steel electrical circuits. Level 

is indicated on the central control panel and recorded in the CRTF data system. 

4.6.5 SOLAR FLUX 

Solar flux is measured just off the edge of the absorber panel at ten discrete 

points using water cooled circular foil calorimeter sens~rs. One of the solar flux 

signals is used as a feed forward signal in the control system for the pump flow 

control. All ten signals are recorded in the CRTF data system. 

4.6.6 DISPLACEMENT 

The absorber panel expansion is measured with an LVDT (linear voltage displace

ment transducer) mounted at the bottom of the solar panel. A range of about 3 

inches is provided and the signal is recorded in the CRTF data system. 

4.6.7 STRAIN 

Fifteen high temperature strain gauges are mounted on the back of the absorber 

panel. The strain signal is conditioned by an amplifier provided by CRTF and the 

signals are recorded in the CRTF data system. 
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4.6.8 OXYGEN 

The oxygen level in the sodium is measured with an electrochemical oxygen meter 

probe. The probe is located in a separate small loop that by-passes the pump 

suction control valve. This loop is heated to provide sodium at l000°F to the 

probe. The oxygen level is indicated on the measuring instrument located in the 

central control panel and is recorded in the CRTF data system. 

4.6.9 SMOKE 

Sodium "smoke" detectors are located at the ventilation outlet of the struc

ture and over the heat dump to indicate a sodium leak in the system. These detec

tors provide an alarm at the central control panel and in the CRTF data system. 

4.6.10 ALARM SYSTEM 

An anunciator is located at the central control panel which provides audible 

and visual indication of process conditions "out of normal". These alarm signals 

are also transmitted to the CRTF data system to be recorded there. The alarm sig

nals are listed in Table 4-5. 

4.7 

• 
• 
• 
• 
• 
• 
• 
• 

Table 4-5 

SRTA ALARM SIGNALS 

Surge Tank, High or Low Level • Absorber Panel, High 

Surge Tank, High or Low Pressure Outlet Temperature 

Drain Tank, High Low Pressure • E.M. Pump, High or Low Duct 
or or Winding Temperatures 

Surge Tank, Rupture Disk Leak 
Trace Heating, • High Temperature 

Drain Tank, Rupture Disk Leak • Main Loop, Low Flow 
LOO_P Structure, Smoke Detection 

Absorber Panel, High • 
Heat Dump, Smoke Detection Temperature 

Oxygen Meter, _High o
2 

Content • Safety System, Trip 

CONTROL SYSTEM 

Control of the sub-systems of the loop are done from the local control 

panel, or for the key sub-systems, control can be taken over from the master 

control center. Controls are shown on Figure 4-10 and summarized below: 

• E.M . Pump (Loop Flow Rate) * 
• Heat Dump* 

• Trace Heating ** 

• Sodium Valves* 

• Cover Gas Valves ** 
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• Absorber Panel Door* 

* Control at both Local Control Panel and Master Control Center 
** Control at Local Control Panel Only 

4.7.1 EM PUMP CONTROL 

The EM pump is controlled automatically by absorber panel outlet temperature 

and solar-heat flux. Solar heat flux provides a feed forward signal that the con

trol system responds to instantaneously and the outlet temperature provides the 

slower trimming control. Three mode control functions are provided for each control 

signal. 

The pump can be manually tripped from the central local panel or automat

ically from low solar flux/high flow/heliostat slew combination or from the safety 

system. The pump cooling blower is manually controlled on-off only. 

4.7.2 HEAT DUMP CONTROL 

The heat dump is controlled by off, slow, and fast speeds of two blower motors 

and by louver positions. The blower controls are programmed based on panel power 

calculated from loop flow multiplied by absorber panel differential temperature. A 

preset matrix logic of fan speed combinations controls the primary air volume and 

velocity. The louvers are controlled from the heat dump outlet temperature and 

provide the trimming action for exact outlet temperature. All controllers have 

three mode adjustments (proportional band, reset, and rate action). 

A bank of heaters in the cooling area can provide additional trimming of the 

outlet temperature controls, particularly at very low cooling rates where the fan/ 

louver combination tends to overcool. The heaters are controlled manually from the 

local control panel and can provide heating from near zero to their full oower 

rating of 40 kW. 

For shutdown operation the bottom and top doors are closed. These doors can 

be controlled from the local control panel or the master control center. 

4.7.3 TRACE HEATING CONTROL 

Trace heating control is done manually from the local control panel. Most of 

the heater banks are controlled by phase firing triacs, operating either in the 220 

volt region or in the 120 volt region. Control is by adjustment of a potentiometer 

in the trace heating control module which is located in the local control,panel. 

The voltage output of the triac is read by meter at the control module. 
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Switches provide for individual bank on-off control as well as multiple bank 

control which can also be made from the master control center. The multiple bank 

controls are: 

• Drain tank 

• Hot leg piping, including the surge tank and absorber panel outlet header 

• Absorber panel back 

• Cold leg piping and absorber panel inlet header 

The balance of the controls are individual on-off controlled locally only. 

Trace heating temperature monitoring consists of a thermocouple for each 

heater being monitored by a digital data processor located on the local control 

panel. Flexible controls on this data acquisition unit provide for overall 

scanning as well as bank or individual thermocouple monitoring. Paper tape record

ing and cathode ray tube viewing is available. 

4.7.4 SODIUM VALVES 

Two types of sodium valve control are used. For open-close operation a pneu

matic operator controlled by electromagnetic solenoid(s) provides for either full 

open or full closed control. The loop drain valve and the gas pressure equalizing 

valve are controlled in this manner. 

For position at any point between open and closed, an electric motor operated 

valve is provided. Controls on the local control panel drive the valve in the open or 

shut direction, and the stopping point is determined by the operator. All sodium 

valves are controlled from either the local control panel in the tower or the master 

control center. 

4.7.5 COVER GAS VALVES 

Control of the cover gas source pressure is done at the central control panel 

by an electronic-to-pneumatic control transducer for each of the two sodium 

vessels. The final control pressure is done by feed/bleed solenoid valves con

trolled from a pressure control system. In this manner a significant dead band can 

be set where both valves are closed in order to minimize usage of argon gas. Small 

fluctuations in the cover gas pressure are not important for most phases of opera

tion. 

4.7.6 ABSORBER PANEL DOOR 

When the solar flux is not focused on the absorber panel, a door is provided 

to cover the panel t.o reduce heat loss. This panel is electric motor operated from 
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full open to full shut by controls at either the local control panel or the master 

control center. Interlocks are provided so as not to interfere with the real time 

aperture flux measuring device which occupies the same space at the front of the 

panel. Open/shut stops and indicator lights are provided. 

4.8 AUXILIARY EQUIPMENT 

SRTA auxiliary equipment includes 480 volt electrical power-·supplies, breakers, 

switches, and cabling for the heat dump blowers, EM pump cooling blower and trace 

heating control equipment. The control center is shown in Figure 4-11. In addition, 

the EM pump will be supplied from a 90 ampere motor operated auto-transformer and 

will have 50 KVAR of power factor (PF) correcting capacitors. 

4.9 SR!A SYSTEM ANALYSIS 

One objective of the SRTA experiment is the demonstration of sodium absorber 

controlability during solar plant transient operation. In order to assure proper 

SRTA control and component acceptability, transient analyses are being performed. 

4.9.1 LOOP ANALYSIS 

The SRTA control loop is being evaluated to determine its tolerance to transient 

events. This evaluation utilizes a software simulation program that addresses loop 

regulation, response and controlability. The simulation assumes the loop to consist 

of two parts which may be considered somewhat independent of each other: the absorber 

panel and its control and the heat dump and its control. Although flow through both 

these components is controlled by a coI1D11on pump, the transport time through the loop 

is sufficiently long that any control interaction between these two compon•nts will 

not be severe. The most critical control problem involves regulation/control of the 

solar panel. 

The evaluation of loop regulation/control must consider the following character

istics: 

• One control parameter (flow) controls the behavior of exit sodium tempera
ture and maximum tube metal temperature. 

• The panel consists of 50 tubes,"" 15 ft. long, with jumper tubes and inlet/ 
outlet headers. The active panel area is subjected to nonuniform time 
varying insolation. 

• At rated flow (120 GPM), it takes"" 20 seconds for sodium entering the 
panel to reach the outlet header. At 15% flow, the time is 120 seconds. 
The effect of the header (volume and thermal mass) is to mask the effect of 
incoming changes, such that a sodium temperature measurement at this point 
·is likely to be i,neffective for use in responsive closed loop regulation 
and control. 
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GENERAL. ELECTRIC 

• The major system disturbance anticipated during normal operation will be 
insolation transient on the panel due to passing clouds. An accurate 
method must be developed to measure insolation flux changes and derive a 
progrannned flow signal from them. 

The procedure being used for control system evaluation consists of: identifica

tion of candidate control algorithms, control simulation development and choice of 

preferred approvals, choice of system gains and stabilization valves, verification 

of preferred approval by simulation and analysis and evaluation of control system flex

ibility. For a complex, nonlinear development loop such as the SRTA, conventional 

linear control response and stability analysis procedures (Bode, Nyquist, etc.) are 

not applicable. System simulation of the loop and closed loop control is required 

in order to develop confidence in the control approach. 

Results to Date 

The original method of controlling flow does not appear adequate. This concept 

used a single flux sensor off to one side of the panel to indicate increasing or 
decreasing flux and then driving the pump up or down relative to the indication. Panel 

outlet header exit temperature was then used to fine tune the pump flow to maintain 

Na outlet temperature at 593°C (1100°F). The inability of this scheme to maintain 

the desired loop conditions is shown in Figures 4-12 through 4-14. Figure 4-12 is a 

plot of flux and flow versus time for a 120 second down transient; the flow tracking 

shown assumes an idealized case. Figure 4-13 shows that the average sodium exit temp

erature peaks 40 seconds after the conclusion of the transient. The high outlet temp

erature would sig~al the pump to increase flow, when in fact flow should be reduced 

to compensate for reduced insolation. The effects of flux and flow changes on panel 

center tube metal temperatures are shown on Figure 4-14. 

The sensitivity of this scheme to loop flow rates is shown on Figures 4-15 

through 4-17. These plots are based on 5% decrease of the initial insolation in 5 

seconds. The control acts to restore the steady state temperature back to 1100°F: 

however, the response time is slow, almost 120 seconds at rated flow (Figure 4-15), 

some overshoot appears at 48% flow (Figure 4-16), and the response is unacceptably 

lightly damped at 16.8% flow (Figure 4-17). 

Conclusion 

Outlet header temperatures are not acceptable as a flow control parameter. 

Panel flux .level changes must be incorporated as the primary flow control parameter. 

A fast and accurate method of measuring the flux changes must be incorporated into 
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• Absorber Panel Door* 

* Control at both Local Control Panel and Master Control Center 
** Control at Local Control Panel Only 

4.7.1 EM PUMP CONTROL 

The EM pump is controlled automatically by absorber panel outlet temperature 

and solar-heat flux. Solar heat flux provides a feed forward signal that the con

trol system responds to instantaneously and the outlet temperature provides the 

slower trimming control. Three mode control functions are provided for each control 

signal. 

The pump can be manually tripped from the central local panel or automat

ically from low solar flux/high flow/heliostat slew combination or from the safety 

system. The pump cooling blower is manually controlled on-off only. 

4.7.2 HEAT DUMP CONTROL 

The heat dump is controlled by off, slow, and fast speeds of two blower motors 

and by louver positions. The blower controls are programmed based on panel power 

calculated from loop flow multiplied by absorber panel differential temperature. A 

preset matrix logic of fan speed combinations controls the primary air volume and 

velocity. The louvers are controlled from the heat dump outlet temperature and 

provide the trimming action for exact outlet temperature. All controllers have 

three mode adjustments (proportional band, reset, and rate action). 

A bank of heaters in the cooling area can provide additional trimming of the 

outlet temperature controls, particularly at very low cooling rates where the fan/ 

louver combination tends to overcool. The heaters are controlled manually from the 

local control panel and can provide heating from near zero to their full oower 
rating of 40 kW. 

For shutdown operation the bottom and top doors are closed. These doors can 

be controlled from the local control panel or the master control center. 

4.7.3 TRACE HEATING CONTROL 

Trace heating control is done manually from the local control panel. Most of 

the heater banks are controlled by phase firing triacs, operating either in the 220 

volt region or in the 120 volt region. Control is by adjustment of a potentiometer 

in the trace heating control module which is located in the local control panel. 

The voltage output of the triac is read by meter at the control module. 
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Switches provide for individual bank on-off control as well as multiple bank 

control which can also be made from the master control center. The multiple bank 

controls are: 

• Drain tank 

• Hot leg piping, including the surge tank and absorber panel outlet header 

• Absorber panel back 

• Cold leg piping and absorber panel inlet header 

The balance of the controls are individual on-off controlled locally only. 

Trace heating temperature monitoring consists of a thermocouple for each 

heater being monitored by a digital data processor located on the local control 

panel. Flexible controls on this data acquisition unit provide for overall 

scanning as well as bank or individual thermocouple monitoring. Paper tape record

ing and cathode ray tube viewing is available. 

4.7.4 SODIUM VALVES 

Two types of sodium valve control are used. For open-close operation a pneu

matic operator controlled by electromagnetic solenoid(s) provides for either full 

open or full closed control. The loop drain valve and the gas pressure equalizing 

valve are controlled in this manner. 

For position at any point between open and closed, an electric motor operated 

valve is provided. Controls on the local control panel drive the valve in the open or 

shut direction, and the stppping point is determined by the operator. All sodium 

valves are controlled from either the local control panel in the tower or the master 

control center. 

4.7.5 COVER GAS VALVES 

Control of the cover gas source pressure is done at the central control panel 

by an electronic-to-pneumatic control transducer for each of the two sodium 

vessels. The final control pressure is done by feed/bleed solenoid valves con

trolled from a pressure control system. In this manner a significant dead band can 

be set where both valves are closed in order to minimize usage of argon gas. Small 

fluctuations in the cover gas pressure are not important for most phases of opera

tion. 

4.7.6 ABSORBER PANEL DOOR 

When the solar flux is not focused on the absorber panel, a door is provided 

to cover the panel t.o reduce heat loss. This panel is electric motor operated from 
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full open to full shut by controls at either the local control panel or the master 

control center. Interlocks are provided so as not to interfere with the real time 

aperture flux measuring device which occupies the same space at the front of the 

panel. Open/shut stops and indicator lights are provided. 

4.8 AUXILIARY EQUIPMENT 

SRTA auxiliary equipment includes 480 volt electrical power-·supplies, breakers, 

switches, and cabling for the heat dump blowers, EM pump cooling blower and trace 

heating control equipment. The control center is shown in Figure 4-11. In addition, 

the EM pump will be supplied from a 90 ampere motor operated auto-transformer and 

will have 50 KVAR of power factor (PF) correcting capacitors. 

4.9 SRTA SYSTEM ANALYSIS 

One objective of the SRTA experiment is the demonstration of sodium absorber 

controlability during solar plant transient operation. In order to assure proper 

SRTA control and component acceptability, transient analyses are being performed. 

4.9.1 LOOP ANALYSIS 

The SRTA control loop is being evaluated to determine its tolerance to transient 

events. This evaluation utilizes a software simulation program that addresses loop 

regulation, response and controlability. The simulation assumes the loop to consist 

of two parts which may be considered somewhat independent of each other: the absorber 

panel and its control and the heat dump and its control. Although flow through both 

these components is controlled by a connnon pump, the transport time through the loop 

is sufficiently long that any control interaction between these two compon~nts will 

not be severe. The most critical control problem involves regulation/control of the 

solar panel. 

The evaluation of loop regulation/control must consider the following character

istics: 

• One control parameter (flow) controls the behavior of exit sodium tempera
ture and maximum tube metal temperature. 

• The panel consists of 50 tubes,~ 15 ft. long, with jumper tubes and inlet/ 
outlet headers. The active panel area is subjected to nonuniform time 
varying insolation. 

• At rated flow (120 GPM), it takes~ 20 seconds for sodium entering the 
panel to reach the outlet header. At 15% flow, the time is 120 seconds. 
The effect of the header (volume and thermal mass) is to mask the effect of 
incoming changes, such that a sodium temperature measurement at this point 
is likely to be i,neffective for use in responsive closed loop regulation 
and control, 
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• The major system disturbance anticipated during normal operation will be 
insolation transient on the panel due to passing clouds. An accurate 
method must be developed to measure insolation flux changes and derive a 
progrannned flow signal from them. 

The procedure being used for control system evaluation consists of: identifica
tion of candidate control algorithms, control simulation development and choice of 
preferred approvals, choice of system gains and stabilization valves, verification 

of preferred approval by simulation and analysis and evaluation of control system flex
ibility. For a complex, nonlinear development loop such as the SRTA, conventional 
linear control response and stability analysis procedures (Bode, Nyquist, etc.) are 
not applicable. System simulation of the loop and closed loop control is required 
in order to develop confidence in the control approach. 

Results to Date 

The original method of controlling flow does not appear adequate. This concept 
used a single flux sensor off to one side of the panel to indicate increasing or 
decreasing flux and then driving the pump up or down relative to the indication. Panel 

outlet header exit temperature was then used to fine tune the pump flow to maintain 

Na outlet temperature at 593°C (1100°F). The inability of this scheme to maintain 
the desired loop conditions is shown in Figures 4-12 through 4-14. Figure 4-12 is a 
plot of flux and flow versus time for a 120 second down transient; the flow tracking 

shown assumes an idealized case. Figure 4-13 shows that the average sodium exit temp
erature peaks 40 seconds after the conclusion of the transient. The high outlet temp
erature would signal the pump to increase flow, when in fact flow should be reduced 
to compensate for reduced insolation. The effects of flux and flow changes on panel 
center tube metal temperatures are shown on Figure 4-14. 

The sensitivity of this scheme to loop flow rates is shown on Figures 4-15 
through 4-17. These plots are based on 5% decrease of the initial insolation in 5 
seconds. The control acts to restore the steady state temperature back to 1100°F: 
however, the response time is slow, almost 120 seconds at rated flow (Figure 4-15), 
some overshoot appears at 48% flow (Figure 4-16), and the response is unacceptably 
lightly damped at 16.8% flow (Figure 4-17). 

Conclusion 

Outlet header temperatures are not acceptable as a flow control parameter. 
Panel flux level changes must be incorporated as the primary flow control parameter. 

A fast and accurate method of measuring the flux changes must be incorporated into 
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the control scheme. A single flux sensor provides only quantitative data relative 

to the flux level on the panel and in fact could conceivably give erroneous reading 

due to its location in the outer edge of the solar beam. 

The use of the 18 thermocouples embedded in the panel tube spacer strips to pro

vide fast and accurate data on flux changes is being investigated. Preliminary 

results indicate that a workable control scheme can be implemented using this approach. 

4.9.2 COMPONENT TRANSIENT RESPONSE 

To study the severity of the thermal transient on sodium components, a simple 

analytical model was constructed as shown schematically in Figure 4-18. The General 

Electric code GENCON was used in this analysis. 

GENCON is a FORTRAN computer code which calculates transient temperatures and 

flows in a liquid metal heat transfer system, such as in a Liquid Metal Fast Breeder 

Reactor (LMFBR). The code is particularly suited to the analysis of an LMFBR after 

reactor shutdown when flow is produced mainly by natural convection. 

Operation of GENCON is through a timesharing system, with detailed printout 

available on the batch system. Data is read from a simple input file, with the 

capability of accommodating relatively complicated piping systems, including 

brached flow. The following simplifying assumptions are made in the analysis in 

order to keep the input file simple and to minimize the calculation cost. 

• Flow resistance is defined as a constant for each section of the system 
rather than for individual components that make up the section, with 
friction pressure drop proportional to flow squared. 

• Average liquid density, thermal expansion coefficient, and heat capacity 
are assumed to be independent·of temperature. 

• Heat capacities of pipes and other components are accounted for, but with 
no time lag. 

• Flow inertia is neglected (normally negligible at very low flow rates). 

The following events have been studied to date: 

• Cuts of heliostats from an initial full power equilibrium condition. 

a) With normal EM pump rundown to minimum flow 

b) With a trip of the EM pump 

c) With various panel losses 

• Loss of EM pump and failure of the heliostats to cut off 

• Studies of a realistic large rapidly moving cloud. 

• Studies of the 1 MW/min transient specified in Appendix A. 
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The preliminary analysis indicates that anticipated transients will not ad
versely affect the sodium loop components. As indicated in Section 4.9.1, the 
test panel transient response is still under investigation. 

4.10 SODIUM TANKS 

Calculations were made in accordance with the requirements of ASME B&PV ·code 
Section VIII, Division 1, to justify the design of the drain tank and the surge 
tank for a 50 psig design pressure at a design temperature of 1150°F. In addition 
to the basic code calculations, design calculations were made for tank mounting 
and overpressure protection. 
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SECTION 5 

SODIUM LOOP FABRICATION 

This section describes the fabrication status and assembly plan for the sodium 

loop equipment including the procurement and refurbishment of the SEFOR hardware. 

5.1 BACKGROUND 

In early April 1979 the General Electric Company, along with other organiza

tions, was notified by the University of Arkansas of the intent to sell certain 

sodium loop equipment formerly used during operation of the Southwest Experimental 

Fast Oxide Reactor (SEFOR) experimental liquid metal breeder plant. The equipment 

was designed to the appropriate ASME Codes and fabricated from 304 SS. The General 

Electric Company had first-hand knowledge of this equipment since the Company was 

the prime contractor and plant operator in the late 1960's and early 1970's. It 

was immediately apparent by a review of the equipment list that much of the equip

ment associated with SEFOR secondary sodium system was of use in the Sodium 

Receiver Test Assembly (SRTA). 

GE engineers visited the facility in April 1979 and examined the items of 

equipment that the University offered 'for sale. The result of the examination 

indicated that most of the equipment was in excelle.nt condition and several key 

components were of the size and performance rating required of the SRTA. A subse

quent evaluation of cost savings and risk was performed to arrive at a justifiable 

and realistic bid price. The equipment was subsequently purchased. The components 

purchased are identified in Table 5-1 and will be used ~s shown on the loop sche

matic shown in Figure 5-1. 

The purchase of the equipment was made at the SEFOR site in July. Removal of 

equipment was initiated in mid-July 1979. All major sodium components were cut out 

of the loop and set on pallets. A hydraulic crane was used to pick up and separate 

the three major sections of the heat dump and remove sodium tanks and the EM pump 

stator from the inside of the building. The equipment was delivered to the GE San 

Jose, CA site in September 1979. 
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Table 5-1 

SEFOR EQUIPMENT LIST 

Item Quantitv 

2.5 MWt Heat Dump 

250 gpm Electromagnetic Pump 

EM Pump Blower 

EM Pump Controller/Capacitors 

EM Flowmeter 3"-250 gpm 2 

311 304 SS Pipe 80' 

75 Gal. Sodium Storage Tank 

450 Gal. Sodium Storage Tank 

Trace Heater Power Supplies & Controllers 

Piping Hangers and Snubbers 

211 Pneumatic & Motor Operated Valves 

211 Manually Operated Valves 

111 Sodium Valves 

Vaoor Trao 

5 
2 

2 

1 

A brief description of the equipment and refurbishment performed in contained 

in the following paragraphs. 

5.2 HEAT DUMP 

The auxiliary air blast cooler (heat dump) was stationed outside the SEFOR 

building, the only piece of equipment not under cover. Photographs of the heat 

dump SEFOR removal process are provided in Figure 5-2. 

The heat dump consists of a finned tube heat exchanger, support structure, 

controlled dampers, two fans, trace heaters, air operated isolation doors and con

trols. The unit was removed and the coil successfully cleaned and hydrotested at 

the site. The structure was wire brushed, cleaned, and repainted with Rustoleum 

primer and top coat. After arrival at San Jose the actuators and louvers were 

refurbished. The isolation doors were badly rusted and the insulation within the 

doors had deteriorated. The doors were completely refurbished with new metal plate 

and insulation. The heat dump controls were checked and a new louver operating 

motor was installed. 
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Heat Dump Being Disassembled 

Heat Dump Coil and Isolation 
Doors 

45 ton Crane Removing Lower Section 
of Heat Dump 

Lower Section, Blowers and Louvers 

Figure 5-2. Heat Dump Disassembly at the SEFOR Site 
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The heat dump coil was helium mass spectrometer leak checked at the San Jose 

facility. Five very small leaks were detected in the header welds. The size of 

the leaks were determined to be not greater than 3 cc's of helium a year. The 

leaks were repaired by weld buildup and a subsequent helium leak test was performed. 

Concern existed with respect to the hea~ transfer performance of the finned 

tube heat dump coil since considerable rust existed on the carbon steel fins. As 

discussed in Section 4, the coil is being replaced after analysis results indicated 

an unacceptable heat transfer capacity. A new coil has been ordered from Voss 

Finned Tube Products, Medina, Ohio. A modification in the design has been made to 

provide a brazed fin/tube to prevent rusting of the heat transfer path from the fin 

to the tube. Larger trace heaters will also be installed. 

A photo of the disassembled refurbished heat dump exclusive of the coil was 

shown in Figure 1-8. 

5.3 ELECTROMAGNETIC PUMP & SUPPORT EQUIPMENT 

The auxiliary secondary EM pump acquired from SEFOR is a helical induction pump 

designed and built by General Electric. The pump was located inside the SEFOR 

building and had been inerted since SEFOR plant closedown~ The stator, duct, and 

pump support · equipment were shipped to San Jose after cleaning of the pump duct at 

the site. The pump duct upon arrival at San Jose was successfully hydrotested to 

225 psi. The stator was given an electrical check, baked out, and is considered in 

excellent condition. The cooling blower and controllers were also checked out 

satisfactorily. A 60 and 90 KVA power supply was obtained from the SEFOR site. 

The 90 KVA supply is to be used in the SRTA. Photographs of the EM pump duct and 

stator are shown in Figures 5-3 and 5-4. 

5.3.1 EM FLOWMETERS 

Two General Electric designed 250 gpm, 7.5 cm, (3 inch) electromagnetic flow

meters were obtained. No significant refurbishment was required. 

5.3.2 PIPING 

24 meters (80 ft.) of 7.5 cm (3 inch) piping was cut out of the SEFOR loop and 

alcohol/water cleaned prior to shipment to San Jose; however, new piping is being 

used in most areas of the SRTA loop, with the SEFOR piping retained as spare 

supplies. A typical piping isometric is shown in Figure 5-5. 
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Figure 5-3. EM Pump Duct 

Figure 5-4. EM Pump Stator with Duct Inside 
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Figure 5-5. Piping I sometric 
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5.4 SODIUM TANKS 

A 285 liter (75 gallon) auxiliary expansion tank and a 1640 liter (450 gallon) 

main secondary expansion tank were made available for the SRTA from SEFOR. The 75 

gallon 304 SS tank, designed to Section VIII of the ASME Code, is 0.6 m (2 ft.) in 

diameter and 1.1 m (3 ft.-8 in.) high. The vessel has nozzles for cover gas sam

pling and level indicators in the upper head. This vessel was drained and has been 

kept inerted since SEFOR operation. Prior to shipment to San Jose, it was alcohol/ 

water cleaned and hydrotested at 210 psi. 

The smaller tank is being used as the surge tank at the top of the SRTA loop. 

Modifications have been completed which included (1) removal of two 1-inch nozzles 

and replacement with 3-inch nozzles for tank inlet and outlet, (2) dye check and 

repair of all welds, (3) modification of support legs, and (4) modification of 

level probes. After these modifications the tank closing seam weld was ma.de, and a 

leak test and hydrostatic test performed. 

The larger tank will be used as the sodium drain tank. This tank was cut open 

and 0.95m (38 inches) was removed from the shell to reduce the volume from 450 

gallons to 234 gallons. Minor modifications were made to the nozzles and the level 

probes were shortened. A dip ·tube was installed to be used in sodium filling. The 

legs were shortened. Weld dye checks and repairs were made, where required. The 

tank was cleaned and hydrotested after the closing seam was made and radiographed. 

5.5 TRACE HEATER EQUIPMENT 

The SEFOR auxiliary secondary loop was provided with electrical tubular-type 

resistance heaters on all piping and compone~ts containing sodium. Each functional 

circuit was provided with a preheater system which could be turned on or off as 

required. Manual controllers with auto-transformers (volt packs) were used. This 

equipment was all enclosed and in good working order and was removed and shipped to 

San Jose for use on SRTA. 

5.6 PIPING HANGERS AND SNUBBERS 

A number of pipe hangers and snubbers were on the SEFOR auxiliary secondary 

loop. This hardware was removed and shipped to San Jose and is being selectively 

used in the assembly of the SRTA loop piping components. 
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5.7 SODIUM VALVES 

Several 2-inch and 1-inch sodium globe valves were available at SEFOR. The 

valves removed from the site included the following: 

2 - 2-inch manual operated sodium valves 

3 - 2-inch pneumatic operated sodium valves 

2 - 2-inch motor operated sodium valves 

2 - 1-inch manual operated sodium valves 

These valves have stellite seats and forged 304 SS bodies. A bellows stem seal with 

a back-up braided asbestos packing provides sodium isolation. 

Alcohol/water cleaning was done at the site and again at the San Jose facility. 

Cleaning was followed by a test of the bellows stern seal per manufacturer's in

structions and a helium mass spectrometer leak test of the bellows-to-stem seal and 

valve closure. A photograph of one of the 2-inch penumatic operated valves is 

shown in Figure 5-6. 

5.8 SRTA MANUFACTURING & ASSEMBLY 

The Sodium Receiver Test Assembly (SRTA) sodium loop and structure is being 

fabricated and assembled at General Electric's facilities in San Jose, CA. As 

shown in Figure 5-7, the present assembly plan specifies a delivery of the SRTA 

(exclusive of the absorber panel assembly) to the CRTF site in September 1980. 

The 40-foot high structure was fabricated by a local structural steel vendor 

in December. The structure was cut in two parts to simplify erection in the high 

bay assembly area and provide a better transportation configuration for shipment to 

the CRTF. The erected structure, prior to component installation, was shown in 

Figure 1-7. 

Platforms and ladders have been fabricated and installed on the structure to 

provide access to the loop during assembly and for maintenance and operation at the 

CRTF. As noted on the schedule, the final enclosure is made at the CRTF. 

The surge and drain tanks have been installed in the structure. The loop 

piping consists of over 20 separate spool pieces that interconnect components and 

the panel. These spool pieces (3, 2, and 1-inch 304 SS piping and fittings} are 

presently being fabricated in the General Electric San Jose shop and are being 

assembled in a pre-established sequence in the structure. An isometric of the EM 

pump outlet piping was shown in Figure 5-5. All sodium contained welds are being 

radiographed and dye penetrant inspected. Due to the sequence of assembly, some 
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Figure 5-6. 2-Inch Pneumatic Operated Valve 
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interconnecting welds will be made at CRTF (e.g., connections to the absorber panel, 

heat dump, and the two sections of the structure). 

Additional loop components to be fabricated include a cold trap, vapor trap, 

sodium pressure gages, and the argon cover gas/relief system. These components are 

scheduled for fabrication in May 1980. 

After assembly of piping and components, trace heaters will be installed on the 

entire loop. Loop instrumentation will be installed followed by insulation of the 

loop and components. This activity is scheduled for the months of May and June. 

Loop wiring will be accomplished after the insulation has been installed. 

During the assembly of the loop, appropriate component and piping hangers and 

snubbers are being attached to maintain allowable pipe stresses as supported by a 

piping analysis. 

Assembly of a 3 bay electrical control console is being initiated and is 

planned for completion in mid-summer. All of the electrical components for the 

console have been ordered. 

Several components are scheduled for fabrication in May and June but will not 

be permanently assembled to the structure in San Jose, but will be shipped sepa

rately to the CRTF for assembly there. In some instances (i.e., door and hangers) 

fit up checks will be made in San Jose but the components will be removed from the 

assembly for separate shipment. 

The SRTA structure and assembled loop will be shipped in two major sections to 

facilitate handling and shipping. The lower structure contains the bulk of the 

loop components including the drain tank, cold trap, EM pump, flowmeters, oxygen 

meters, and most valving. It is designed for shipment in the vertical position to 

reduce the donnage and special fixturing required. The oxygen meters and level 

probes wi.11 be removed from the unit for separate shipment due to their fragility. 

The longer upper SRTA structure will be shipped horizontally. It contains the 

surge tank, a vapor trap, the pressure relief system, door drive unit, and consid

erable loop piping. The level probes will be removed from the surge tank for 

separate shipment. 

Several mechanical components are scheduled for installation at the CRTF. The 

sleeper beams for both the SRTA structure and the heat dump and their respective 

sodium catch pans will be fabricated by a structural steel contractor for delivery 

to the CRTF in September 1980. 
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Initial activity at CRTF will begin sometime after September 1, 1980. The 

work will be performed on a lift platform inside the tower. The major tasks will 

be unloading and inspection of SRTA subassemblies, assembly of SRTA structure on 

the sleeper beams, installation of connecting piping, preheaters and insulation as 

appropriate, installation of pipe hangers, and connection o:E---power cabling. The 

SRTA assembly will then be moved out of the tower to allow for lowering and removal 

of the Martin Marietta receiver. Framework for the solar shield will be provided 

for mounting of the insulation by CRTF personnel. 

The absorber panel will arrive in October 1980. After receiving inspection 

it will be instrumented and readied for integration into the SRTA. 

The GE local control panel will be moved into the computer level of the module 

and the elevating module lowered to allow for installation of equipment on the 

elevator module top. The heat dump, electrical power supply and SRTA structural 

assembly will then be mounted to the module top. The absorber panel will be mounted 

to the structure and the final welding and inspection of the sodium piping will be 

completed. Following this, the remaining preheaters and loop insulation will be 

installed. The installation of the solar shield, insulating door, cabling and SRTA 

siding will complete this activity. 
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SECTION 6 

PRELIMINARY TEST PLAN 

The general objectives of the SRTA experiment were described in Section 1. 
They formed the fundamental basis for preparation of a plan for the testing at the 
Central Receiver Test Facility (CRTF). The Preliminary Test Plan issued in February 
1980 will be summarized in this section. 

6.1 TEST OVERVIEW 

The general objectives discussed in Section 1 were used to specify what items 
the SRTA experiment must demonstrate or verify and what measurements are required, 
specifically: 

Demonstrate 

• Manufacturability of Panel 

• Safety and Reliability of Sodium Systems 

Verify 

• SRTA Compliance with Development Specification 
Measure 

• Panel Efficiency 

• Radiation and Convective Losses 

• Reflective Losses 

• Thermally Induced Strains 

The satisfactory completion of the test program will demonstrate the manufac
turability of the absorber panel and the safety/reliability of sodium systems. 

The test program will provide the necessary data for verification of perfor
mance requirements defined in Paragraph 4,3 of the SRTA development specification 
(Appendix A) and also provide measurement of panel efficiency, losses, and thermal
ly induced strains. The synthesis of these data requirements into a minimum number 
of tests is shown on the following page: 
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SRTA Requirement 

• Flux Handling 

• Inlet Temperature Control 

• Outlet Temperature Control 

• Startup/Operation/Shutdown 
Emergency Dump 

• Heat Dissipation 

• Piping Pressure Drop 

• EM Pump Control 

• Heat Dump Control 

• Panel Loss Characterization 

• Thermally Induced Strains 

Tests 

• Startup/Shutdown & Transient 
Characterization 

• Normal Operation 

• High Flux 

• Radiation & Convection Loss 

• Reflection Loss 

The resultant five tests constitute the performance testing of the SRTA. In

strumentation to be provided in the SRTA was described in detail in earlier sections. 

Table6-1 provides a tabulation of instrumentation used for test data acquisition. 

Table 6-1 

SRTA TEST DATA ACQUISITION 

PARAMETER 

Incident Flux 

Front Surface Panel Temperature 

Back Surface Panel Temperature 

Sodium !5.T 

Sodium Flow 

Panel Strain 

Panel Expansion 

Ambient Temperatures 

Wind Speed 

6.2 DESCRIPTIONS OF MAJOR TESTS 

INSTRUMENTATION 

RTAF 

Thermocouple 

Thermocouple 

Platnium RTD 

Flow Meter 

BLH Strain Gauge 

Linear Variable 
Differential Transformer 

CRTF Weather Station 

CRTF Weather Station 

ACCURACY 

4% 

TBD 

1% 

1% 

1.5% 

TBD 

2% 

1% 

2% 

This section provides descriptions of the general characteristics of SRTA test 

matrices and discusses each of the five major tests. 
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GENERALIZED TEST MATRIX 

Each test matrix includes a tabulation of the test conditions required for each 

run of the test. The following nine columns are used to group the requirements. 

• Total Time - Estimated time for startup, data taking, and shutdown of the 
test for scheduling purposes. 

• Flux Distribution - Figure 6-1 shows the three flux distributions used for 
the test program, the number in this column selects one of the three. If 
no flux is required, a zero is entered in the column. 

• Flux Ramp - Figure 6-2 shows the nine startup and shutdown ramps used for 
the test program. The number in this column identifies which ramp is 
to be used for this test. If the test requires no flux, a zero is 
entered in the column. 

• % Heliostats - This defines the portion of the field to be utilized during 
testing. 

• Inlet Temperature °F - Sodium temperature at the absorber panel inlet 
header. 

• Outlet Temperature °F - Sodium temperature at the absorber panel outlet 
header. 

• % Flow - EM pump flow rate; this is only controlled in test #2. For all 
other tests, flow is controlled by panel outlet temperature and flux 
change sensing. 

• Wind Speed - Defines wind conditions compatible with test objectives. 

• Air Temperature - Defines air temperature compatible with test objectives, 

The data requirements and sampling times are also listed in each matrix. The data 

interval is total time over which the data will be sampled and recorded on magnetic 

tape, disc or other appropriate storage medium. The data system will sample and 

record the identified parameters at the stated interval. The data will be reduced 

and analyzed after completion of the test. 

6.2.2 TEST #1 - RADIATION AND CONVECTIVE LOSS 

The objective of this test is to measure the radiation and convection losses 

of the absorber panel. The test will be performed by heating the loop to an iso

thermal condition and then, with no flux present, open the absorber panel insulating 

door and take data on panel 6T and sodium flow. The test conditions and data re

quirements for this test are shown on Table 6.2. 

The data acquired from Test #1 will be used to estimate the emissivity (E) of 

the panel surface and the airside convective coefficient (HT)• A family of curves 

will be generated by varying HT and E in the following equations: 

(6-1) 
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Table 6-2 

TEST Ill RADIATION AND CONVECTIVE LOSS TEST CONDITIONS 

TOTI\L FLUX FLUX ' INLET OUTLET \ WIND 

mm 11 Til·:E: DISTRIBUTION RAMP H~IOSTATS TEMP OF TEMP 0 r FLOW SPEED 

1.1 4 0 0 0 350 300 AD Rqd. Noto l 

1.2 4 0 0 0 450 400 As Rqd. Noto l 

1.) 4 0 0 0 600 550 As Rqd. Noto l 

1.4 4 0 0 0 850 000 As-Rqd. Noto l 

1.5 4 0 0 0 1100 1050 As Rqd. Noto 1 

D1\TA 

Dl\TI\ PANEL STRAIN WIND 
RUN fl INTCRVl\t, FLOW AT T/C CUI\GE RTl\F SPEED 

1.1 10 min. 5 DCC 5 sec 5 sec tlA NI\ 30 sec 

1.2 " " " " " " " 
l.) n II II " " II " 
l.4 " " ff " .. II " 
1. 5 " I II " n " .. 

Notes: 1. These conditions should be constant over the data recording interval of the test. 

AIR 
TEll,P 
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Note l 
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(6-2) 

where: QR = Radiative Loss 

Qc = Convective Loss 

A = Panel Surface Area 

TN = Average Panel Sodium Temperature 

TA = Ambient Temperature 

a = Stephan Boltzman Constant 

The actual heat loss will be calculated using measured panel parameters in the 

following equation: 

THL = WCp tTN =QR+ Qc (6-3) 

where: THL = Total Panel Heat Loss 

w = Panel Sodium Flow Rate 

Cp = Sodium Average Specific Heat 

tTN = Sodium Average Panel Temperature Rise 

The actual THL will be compared with the family of curves (QR+ Qc) to estimate 

the actual values of E and HT for the test panel. Figure 6-3 shows an example 

family of curves. 

6.2.3 TEST #2 STARTUP/SHUTDOWN AND TRANSIENT CHARACTERIZATION 

This test will determine the startup/shutdown flux ramp and flow conditions 

for subsequent tests as well as evaluating the SRTA tolerance to transients. The 

test conditions and data requirements for this test are shown on Table 6-3. 

Test runs 2.1 through 2.12 will provide the startup/shutdown evaluation. For 

constant flux distributions and ramp conditions the initial flow rate will be held 

at 40, 30, 20 and 10 percent of normal flow until the ll00°F outlet temperature is 

reached. This will be updated for two additional flux ramps and an analysis of the 

data will determine the optimum startup/shutdown scenario. A sample plot of the 

data is shown on Figure 6-4. 

Test runs 2-13 through 2-18 will evaluate the tolerance of the SRTA to tran

sients. The transients will be introduced by steering off heliostats. Starting 

from normal operating conditions, three different ramps will be used to vary the 

flux from 100 to 50 percent, the ramps will be repeated varying the flux from 100 

percent to zero. 

The data will be analyzed to determine operational limits of the SRTA as a 

function of transient conditions. 
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APPENDIX A 

DEVELOPMENT SPECIFICATION FOR 
SODIUM RECEIVER TEST ASSEMBLY 
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Table 6-3 

TEST #2 STARTUP/SHUTDOWN AND TRANSIENT CHARACTERIZATION TEST CONDITIONS 

Notes: 2. 

TOTAL FLUX FLUX INLET OUTLET ' WIND AIR 
RUN I TIME DUTRIDUTlDH RAHP HZLIOSTATS TJ:IIP Op '.fEMP 0r 1'1.011 SPEED TEHP 

1 1 0-100-0 GOO 600•llOO•GOO 
InlUal Note 2 Note 2 2,1 G ,.. 40 • 

2.2 6 1 1 0-100-0 
InlU,ol 

l0 

2,J 6 l 1 0-100-0 
Inltlal 

20 
lnltlal 

2,4 6 1 1 0-100-0 10 
Initial 

2,S 6 1 2 0-100-0 40 
Inltlal 

2,G 6 1 2 0-100-0 l0 
JnitJ.al 

2,7 G l 2 0-100-0 20 
Initial 

2,0 6 1 2 0-100-0 10 
Xnithl 

2., G l l 0-100-0 40 
Initial 

2,10 G l l 0-100-0 30 
Initial 

2,11 6 l l 0-100-0 20 

2,U 0 l l 0-100-0 600•1100-601 Initial 
10 

2,ll 4 l 4 100-0 1100-600 A• Rqd, 

2.14 4 1 5 100-0 1100•600 Aa llqd, 

2,15 4 1 e 100-0 1100-600 Aa llqd, 

2,16 4 1 7 100-SD 1100- A• RQd• 

2,17 4 1 I 100-50 
11100-

Aa Rqd, 

2.10 4 1 9 10_0•50 600 1100• Al. Rqd, Hou 2 Noto 2 

DATA PANEL 5TMIK WINO AlR 
n:.::: • INTERVAL FLOII 6T T/C GUACE RTN' SPEED TEMP 

l,l 2 hoiirs 5 IOG 5 IOC T/C on 11:cn• 5 HC: 5 11Ln. S Dlin, 
2,2 2 houra 

, tor , cd90 
tubc1 and 

2.l 2 hour• thooo 

2,4 2 houn au~iated 
with atra.t.n 

2.5 111 hours 9au.9oa 
l.(,, l', houra (;yory 5 1100 

2,' l', houn 

2 .0 l', hours 

2., 1 hour, 10 min. 

2.10 1 hol.lr, 10 min. 

2.ll l hour, 10 ain. I, I,, 
2.11 1 hour, 10 lllin, S ain. S • in, 5 min. 
2, ll l min. Start , end Sta.rt I ond of data 
2.1'1 3 min, of dac.a intorvd 

tnurvd 

I I I 
2.1~ l min, 

_l 2,lG 3 1111n, ' T/C on cen• 
2.17 3 lllin. tar , Odto 

tuba• and 
2,10 l min. J HO ,S 100 thosa S HO Stac-t , and •f data 

ASSOciatad Lntorval 
with • train 
9au90s 
avery 5 •ec-
ond• 

-

These values are accepted as is; there are no preset values required 
for this test. 
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6.2.4 TEST #3 NORMAL OPERATION 

The objective of this test is to acquire data on the panel under normal opera
ting conditions. The data will be used to evaluate panel efficiency and correlate 
the loss predictions made in Tests 1 and 4. 

The test conditions and requirements are identified on Table 6-4. The SRTA 
will be operated with 1.5:1 peak to average flux distribution for 100, 60 and 20 
percent of heliostat field capacity. Three test runs (3.4, 3.5, 3.6) will be made 
at the 1.2 MW/m2 level to evaluate receiver performance for this condition. 

6.2.5 TEST #4 REFLECTIVE LOSS TEST 

The objective of this test is to measure the effective solar absorptivity of 
the panel coating. 

The test conditions and data requirements are currently under revision. A 
current method under consideration would measure reflectivity directly by comparing 
the brightness of the panel reflected beam to the brightness of a standard reflec
tor. 

Figure 6-5 shows a schematic of this apparatus. The standard reflector is a 
white Barium Sulfate coated coupon (Kodak paint, catalog number 6090, or powder 
#6091) with a reflectance of 99.7%. The sensing apparatus consists of a simple 
tube (black inside) for colimating the incoming beam, a filter to eliminate the 
infrared interference from heat coming off the hot panel and a detector such as a 
photomultiplier tube or a thermopile. 

To measure the panel reflectance, the colimator tube is aimed at the standard 
reflector and then at a nearby part of the panel. The ratio of the brightness is 
directly related to the ratio of the reflectivities of the two surfaces. Since the 
barium sulfate standard has a high reflectance its brightness is essentially that 
of the incident solar beam. 

6.2.6 TEST #5 HIGH FLUX TEST 

The objective of this test is to demonstrate the ability of the sodium cooled 
absorber panel to tolerate high flux levels. The test conditions and data require
ments are shown on Table 6-5. 

The procedure will be to operate the panel at~ 1.5 MW/m2 peak flux while main
taining 6000F inlet, ll00°F outlet. The data will be evaluated to determine the 
effects on the absorber panel of operating at this peak flux level. 
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Table 6-4 

TEST #3 NORMAL OPERATION TEST CONDITIONS 

TOTAL FLUX FLUX \ INLET OUTLET ' WIND 
nui: II Til,._E DISTIUilUTION RN·IP HELIOST/\TS TE~IP or TEMP OF FLOW SPEED 

3.1 6 hrs. 1 Note 3 100 600 1100 A::i Rqd, Note 2 

' 
, . ... 

).2 6 hrs, 1 100 

J. J 6 hr9. l 100 

).4 4 hr!!, 2 100 

3.5 4 hrs. 2 100 

J. 6 4 hrs, 2 100 

J,7 4 hrn, l 60 

J.O 4 hrn. 1 60 

J.9 '1 hrs, 1 20 I,, I, ',.,. 
i, 

3.10 4 hr,i, 1 Noto 3 20 600 1100 As Rqd, .. Noto 2 

Dl\T/. 

D1\TA PI\NEL STAAIN WIND 

RUN ff INT£RV/\L FLOW AT T/C GU/\GE RTJI.F SPEI::D 

J.l '\, 5 hrs, 5 sec, 12 continuoui 15 minutes 15 minutes 15 min, 15 min, 

3.2 '\, 5 hrs-. 
samples ·" 

, .. 
evory 15 

3.3 '\, 5 hrs, seconds at 

J.4 '\, 2 hrs, 
15 minute 
intervals 

).5 I\, 2 hrs. ,. 
3.6 I\, 2 hrs. 

J,7 '\, 2 hrs, 

3,0 I\, 2 hrs. 

J.9 '\, 2 hrs, ,1, ,, ' ,, 
' 3.10 'I, 2 hrs, 5 sec 15 minutr.s 15 minutes 15 min, 

Notes: 2. These values are accepted as is; there are not preset values required for this test. 
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Table 6-5 

TEST //5 HIGH FLUX TEST CONDITIONS 

TOTAL FLUX FWX \ IHLET OUTLET ' WIND 
nun II TIME DISTRIBUTION RI\MP HELIOS'.fl\TS TEI-IP OF TEMP 0r FLOW SPEED 

S.l 6 hrs. 3 Note 3 As Rqd. 600 1100 As Rqd. Note 2 

S.2 6 hrs. 3 Note l As Rqd. 600 1100 As Rqd. Note 2 

5.3 G hrs. l Note l As Rqd. 600 1100 As Rqd. Note 2 

DATA 

Df,TA PANEL STRAIN WIND 
RUN I INTERVAL FLOW AT T/C GUAGE RTAF SPEED 

5.1 15 minutes 5 sec 5 sec 5 sec 5 sec 3 min. l !Din. 
~-2 15 minutes 5 sec 5 sec 5 sec 5 sec 3 min. l min. 
5.J 15 minutes 5 sec 5 sec 5 sec 5 sec 3 min. l min. 

Notes: 2. These values are accepted as is; there are no preset values required for this test. 

3. The appropriate flux rays will be determined in Test 2. 

AIR 
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Note 2 

Note 2 

Note 2 
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6.3 TEST PROGRAM SCHEDULE 

Initial activity at CRTF will be performed on a lift platform inside the tower. 

The major tasks will be unloading and inspection of SRTA subassemblies, assembly 

of SRTA structure on sleeper beams, installation of piping, preheaters and insula

tion as appropriate, installation of pipe hangers, installation of pump stator, 

blower and capacitor, and connection of the pump power cabling. The SRTA assembly 

will then be moved out of the tower to allow for lowering and removal of the molten 

salt test receiver. Framework for the solar shield shall be provided for mounting 

of the insulation by CRTF personnel. 

The absorber panel after a receiving inspection, will be instrumented and ready 

for integration into the SRTA. 

The installation and checkout schedule is shown on Figure 6-6. The GE local 

control panel will be moved into the computer level of the module and the elevating 

module lowered to allow for installation of equipment on the module top. The heat 

dump, electrical power supply and SRTA structural assembly will then be mounted to 

the module top. The absorber panel will be mounted to the structure and the welding 

and inspection of the sodium piping will be completed. Following this the remaining 

preheaters will be installed and the loop will be insulated. The installation of 

the solar shield, insulating door, and cabling and SRTA siding will complete this 

activity. 

Prior to the initiation of any performance testing a demonstration of solar 

startup, automatic control and safety circuits functioning and shutdown of the SRTA 

will be completed. The general test schedule is also shown on Figure 6-6. 

6.4 CRTF SUPPORT SERVICES 

The CRTF will supply the following equipment and services in support of SRTA 

installation and testing. 

RTAF - A real time aperature flux system will be required to measure the am
plitude and distribution of the incident flux impinging on the panel. 

DATA SYSTEM - The hardware and software necessary to operate the SRTA from the 
MCS and record the data. 

FLUX DISTRIBUTION - The required flux distribution and startup/shutdown ramps 
will be provided by CRTF control of the heliostat field. 

DATA LOGGER - CRTF will provide an in-tower data logger to support SRTA opera
tion and testing. 
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HIGH TEMPERATURE INSULATION - CRTF will install the solar shield insulation. 
CRTF will provide the zirconia and alumina (3000 board) shielding for 
the high spillage flux regions of the shield. 

RIGGING SUPPORT - CRTF will provide the rigging necessary to support the off
loading of SRTA components from trucks, assembly of SRTA assembly and move
ment of SRTA components and/or assembly on and off the elevating module. 

WELDER - CRTF will provide a heliarc welding machine. 

STORAGE AREA - Space to accumulate components required for assembly and in
stallation. 

- Space will be required for storage of tools, special equipment 
and repair parts. 

ASSEMBLY & REPAIR FACILITIES - Space and equipment required for assembly, re
pair and maintenance of mechanical, electrical and electronic equipment. 

OFFICE SPACE - Space for on-site organization of seven people, 

COMPUTER TERMINAL - Space for a computer terminal of the GE terminet 1232 
variety. 

The CRTF will provide utility support for the SRTA electrical, air, argon gas 

system. 
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Section 7 

PRELIMINARY SAFETY EVALUATION 

The preliminary safety evaluation of the Sodium Receiver Test Assembly (SRTA) 

described in this section includes an examination of the major SRTA components and 

operating modes to evaluate the design safety features and to identify any needed 

safety improvements. The evaluation indicates that the SRTA system is designed to 

minimize hazards. Operation of the SRTA is not a significant hazard to the general 

public and presents only a minimum hazard to operating personnel and equipment. 

The preliminary safety evaluation performed consists of a preliminary failure mode 

and effects analysis of the SRTA components. 

~l SODIUM SAFETY OVERVIEW 

General Electric and a number of other industrial and governmental organi

zations in the US and foreign countries have over twenty-five years experience in 

the handling and operation of large liquid sodium loops in power plants and test 

facilities. Proof that liquid sodium can be handled and utilized safely has been 

demonstrated. This experience provides the basis for the design and operating and 

maintenance procedures to be used on the SRTA. The key factors leading to good 

safety records are proper design and rigorous adherence to established operating 

and maintenance procedures. Where necessary, a degree of redundancy is provided 

to assure high reliability. Equipment is included to detect leaks should they oc

cur, and equipment and. procedures will be included to handle leaks and spills, 

thereby minimizing their impact on other equipment and the environment. 

7.1.1 SODIUM CHARACTERISTICS 

Sodium in its solid state is a silvery white metal which can be cut easily 

with a knife. Sodium oxidized in air turns to a dull gray. Pure sodium melts at 

approximately 2O8°F (96°C), and when liquid, combines or reacts quite readily and 

violently with water. Liquid sodium exposed to air when temperatures are approx

imately 260°F (126°C) or above will often ignite. It gives off clouds of dense 
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white caustic smoke which is very noticeable and is quite irritating to the skin, 

nose, and throat. The temperature rapidly increases to over 1200°F (650°C). In 

this condition, burning liquid sodium spalls concrete and reacts with colilillon ma

terials such as asbestos, firebrick, and even glass. 

Burning sodium is characterized by a very small or nonexistent flame de

pending on the oxygen content of surrounding materials. Elimination or suppression 

of free oxygen will extinguish or drastically reduce the combustion process. 

Common fire extinguishing agents such as water cannot be used because of sodium's 

violent reaction with water: 

2Na + 2H20 + 2Na0H + H2 + heat 

The liberated hydrogen is then free to combine with oxygen which can result in an 

explosion. Table 7-1 provides a summary of reactions of sodium with various ma

terials. 

7.1.2 PERSONNEL HAZARDS 

Direct skin contact with sodium can cause severe thermal and chemical burns. 

Sodium hydroxide penetrates the tissues and must be neutralized before effective 

healing can be accomplished. Sodium burns are self-cauterizing and are rarely 

accompanied by bleeding. 

The reaction between sodium and the eyes, throat, and lungs is generally 

limited to contact with sodium oxide smoke from a fire or caustic mist from a 

sodium/water reaction. Prolonged contact is unlikely, as the resulting irritation 

and coughing are sufficient warning of danger. There is no recognized local or 

systemic form of acute or chronic toxicity resulting from sodium or sodium oxide 

smoke. 

The many years of General Electric experience with operation of sodium systems 

will be used to develop operating procedures for the SRTA that adequately consider 

sodium hazards. 

7.2 SRTA SAFETY FEATURES 

As described in previous sections, the SRTA is designed to accept a maximum 

steady state incident solar power of 2.SMW. The absorber panel inlet temperature 
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Water 

Alcohol 

Acids (all) 

Material 

Table 7-1 

SODIUM REACTIONS 

Halogenated Hydrocarbons (methylbromine, 
methylchroide, etc.) 

Polyhalogenated Hydrocarbons (freon, carbon 

tetrachloride, etc.) 

Calcium Carbonate 

Sodium Chloride (dry) 

Graphite 

Dry Sand (below 300°F) 

Met-L-X Compound (fire extinguisher) 

Dry Soda Ash 

Glass (below 300°F) 

Oxygen 

Argon 

Dry Nitrogen 

Helium 

Carbon Dioxide 

Stainless Steel 

Carbon Steel 
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X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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X 
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will be maintained between 260°C (500°F) and 371°C (700°F) and the outlet temper

ature at 593°C (1100°F) under all steady state solar insolation conditions. The 

operating modes form the boundary conditions for the safety analysis, and include: 

• Operation - EM pump and heat dump under automatic control responding 
to variations in the solar heat input. 

• Hot Hold - Hot shutdown condition with the absorber panel movable insul
ation closed, Trace heaters maintain the loop temperature at approx
imately 315°C (600°F). 

• Preheat - Transition mode from cold ambient temperature condition to 
hot hold. 

• Startup - Transition mode from hot hold to operation. 

• Shutdown - Transition mode from operation to hot hold, 

• Emergency Dump - In this mode, all sodium is drained rapidly (less 
than one minute) out of the loop into the dump tank and the loop is 
filled with inert gas. 

• Calibration Maneuvers - Possible calibration modes include sodium flow
meter calibration using the surge tank level gages, and thermocouple 
calibration over a range of isothermal temperatures from 315°C to 593°C 
(600°F to 1100°F). 

The SRTA includes two safety systems, shown schematically in Figure 7-1. System 

#1 provides automatic heliostat cutoff to remove the solar heat input from the ab

sorber panel in the event of a panel high temperature condition or sodium-low flow 

condition. High panel temperature is sensed by one thermocouple on each tube lo

cated on the back of the panel near the vertical center in the maximum heat flux 

region of the panel. These thermocouples detect the temperature rise due to re

duction or loss of flow in any one or more of the panel tubes. System #2 provides 

for manual or automatic emergency sodium drain in the event of a sodium leak. 

Emergency drain is accomplished by simultaneous cutoff of the heliostats, an open 

signal to the normally open equalizer valve, shutoff of the EM pump, and opening of 

the drain valve. Complete sodium drain has been calculated to occur in approxi

mately forty seconds. Since visual verfication of a leak on the panel surface 

during attended operation can be performed rapidly and effectively, manual draining 

may be used under most attended operating conditions. Smoke detection in either 

the SRTA enclosure or the heat dump air exhaust ducts and low surge tank level will 

activat~ a drain during automatic operation or will provide an annunciator alarm 

only when manual dumping is selected. Additional safety features include a 
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SAFETY SYSTEM# I 
OVER TEMPERATURE/ 
LOW FLOW PROTECT ION 

SAFETY SYSTEM# 2 
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IN ABSORBER PANEL IN MAIN LOOP 
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Figure 7-1. SRTA Safety Systems 
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combination rupture disc/pressure relief valve for over pressure protection in the 

surge tank and the drain tank. The rupture disc provides a leak-tight seal until 

activated. After activation the relief valve will reclose when pressure is reduced 

below the set pressure to maintain a positive inert gas pressure on the tanks. An 

automatic bleed is provided between the rupture disc and relief valve to assure that 

a pressure buildup does not occur in this region. Pressure buildup downstream could 

prevent proper rupture of the disc. The SRTA is equipped with drip/catch pans under 

the fluid circulation module and the heat dump capable of containing the total sys

tem sodium inventory. 

Facility safety procedures will preclude access to the test elevation during 

solar operation to ensure personnel safety. When it is necessary to enter the SRTA 

enclosure for maintenance, it will be done only during hot standby or system drain 

conditions. Safety clothing will be worn any time the enclosure is entered when 

sodium is in the loop. The safety clothing will include face shield, fire re

sistant coat or coveralls, shoe scuffs and gloves. 

When the SRTA is unattended, an annunciator provides an alarm and identifi

cation of out-of-limit conditions, including smoke detection. A set of contacts is 

provided to indicate at a remote location (i.e., guard shack) that an annunciation 

has occurred. 

The SRTA is completely enclosed with fire retardant siding except during solar 

operation during which time the front side of the absorber panel is exposed. Since 

the drip pan for the heat dump will be exposed to the weather, it is equipped with 

a drain to remove any rain water collected in the pan. In the event of a large 

leak on the front of the panel, the system pressure will rapidly decay and the mol

ten sodium will run down the panel into the pan. If the leak is small, sodium may 

spray out away from the panel. However, the sodium will form a fine oxide smoke 

which will be dispersed by the ambient air. The following section summarizes recent 

work on sodium releases to the atmosphere. 

7:3 SODIUM RELEASE TO THE ATMOSPHERE 

A condition that could result from a SRTA sodium leak is the burning of sodium 

in air and the resultant release of combustion product to the atmosphere. Recent 
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experimental studies have been conducted by Rockwell Energy Systems Group under DOE 

contract at the Air Research Laboratory in Idaho, Releases 22 kg to 75 kg 

(50-160 lbs) of sodium were made. The amounts of sodium used in these experiments 

is far in excess of the maximum credible release of the SRTA, 

A total of 7 atmosphere sodium release tests were conducted with the first 5 

tests at release elevations ranging from ground level to 30 meters under Pasquill 

Type A and Type D meteorological conditions. The last two tests were conducted 

under very stable (Pasquill E and G) conditions where the natural humidity content 

was high (47 to 96%), 

Detailed description of the tests and results are contained in References 1 and 

2. In general, it was found that sodium releases result in rapid local fallout 

under all conditions. This rapid fallout is attributed to rapid agglomeration of 

particles in the plume near the release point. Analysis of particles collected 

closer than 200 meters downwind were predominantly sodium oxide with traces of so

dium carbonate (without the presence of sodium hydroxide). The conversion from the 

hydroxide or hydroxide-hydrate is suspected to be rapid, Airborne concentrations 

measured beyond 200 meters were near or below the NIOSH inhalation limit for sodium 

hydroxide, 

As indicated above, these experiments used very large quantities of sodium for 

the releases, yet the ground level damage was not significant. These tests will be 

analyzed and extrapolated to the smaller release levels postulated for the SRTA as 

part of the final safety evaluation; however, preliminary analysis indicates even 

under the worst SRTA accident that damage to heliostats will not be severe. 

7.4 FAILURE MODE AND EFFECTS ANALYSIS 

The failure mode and effects analysis was performed by postulating a potential 

event and its possible causes and failure effects. The analysis identifies the 

system failure detection modes and lists the safety design features. The potential 

hazards as the result of the event are also identified. The analysis was performed 

on the absorber panel, SRTA loop, instrumentation and controls, and cover gas pres

sure system. The major events postulated were (1) sodium leaks in the absorber panel 

and loop, (2) electrical malfun-ctions in the instrumentation and controls, and (3) 
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gas leaks in the cover gas pressure system. The system failure detection modes are 

listed in the order in which the safety design features may respond to the failure. 

7.4.1 ABSORBER PANEL FAILURE 

The failure mode and effects analysis for sodium leaks in the absorber panel 

is tabulated in Tables 7-2 through 7-5. Small sodium leaks (< 1 kg) are postulated 

in Tables 7-2, 7-3, and 7-4 and a large guillotine tube failure(> 1 kg) in Table 

7-5. The event title is stated in the "failure mode" column. 

Table 7-2 shows that during operation, TV surveillance is the most effective 

device for detection of leaks on the panel front surface. (See "system failure de

tection" and "safety design features" columns). A front surface panel leak is pos

tulated to occur from a failed tube due to defects, stress, burn-out or exterior 

damage such as a rifle bullet. A sodium fire can result as the sodium exits and 

runs down the tube. The dense white caustic smoke directly in front of the panel 

may be masked by the glowing panel; however, two TV cameras with different camera 

angles should overcome this shortcoming. In addition, burning sodium on the panel 

surface will cause a temperature rise detectable by the panel thermocouples. Upon 

detection, the system will be shut down and the sodium inventory rapidly drained. 

Table 7-3 discusses the postulated events assuming no immediate detection with 

the TV camera, as may be the case for a leak inside the enclosed surfaces of the 

panel. The fire will burn within the absorber panel insulation and smoke will flow 

into the structure where smoke detectors are placed. Thus, the smoke may be de

tected faster with smoke detectors than with the TV cameras. Eventually the white 

smoke will exit at the SRTA air outlet louvers at the top of the structure. The key 

to proper operation of the smoke detectors is an adequate bake-out of insulating 

materials to prevent false detector signals. 

The events postulated in Table 7-4 occur during a hot hold operation mode 

where test personnel may not be present. The door is closed and the aut9matic dump 

is activated in this mode. The smoke generated from the fire will travel within 

the structure where the smoke will be sensed by the smoke detectors. The loop will 

then be automatically drained and the alarm at the guard shack will be simultane

ously actuated. If a leak causes loss of level in the surge tank before smoke de

tector activation, the level probe in the surge tank can be the actuation signal 
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Failure Mode 

Small sodium leak 
from a tube. Leak 
on the front sur-
face of the panel 
at full power 
operation. 

1. 

2. 

3. 

4. 

5. 

Table 7-2 

SMALL ABSORBER PANEL LEAK ON FRONT SURFACE DURING OPERATION 

Possible Cause Failure Effects 

Plugged tube/ 1. Sodium exits tube 
burnout fr011 panel front 

Tube defect surface. 

2. Sodium dribbles Panel defect 
down tube. A 

Stress failure st ream is not con-

Projectile 
sidered probable. 

3. Sodium fire and 
smoke 

4. Caustic contamina-
tion of panel and 
adjacent structure 

5. Corrosion of tube 
surface 

System Failure 
Detection 

I.a) Small sodium leak 
may not be de
tected immediately 
until smoke becomes 
visible. 

b) Smoke will be de
tected by TV camera 
as leak rate in
creases gradually. 

2.a) The temperature of 
the faulted tube will 
increase gradually 
until the high tem
perature set point is 
reached. 

b) The alarm in the lo
cal and Master Control 
System panel will be 
actuated as the temper
ature goes beyond its 
set point. 

J.a) Absorber Panel temper
ature will start to in
crease - the rate of 
temperature increase 
depends on leak size. 

b) EH Pump and Heat Dump 
Control will be acti
vated as soon as the 
Absorber Panel outlet 
temperature reaches 
its set point. 

c) Alarm actuated from 
high Absorber Panel 
outlet temperature. 

4. Sodium smoke visible 
on TV. 

a) Emergency drain switch 
manually actuated. 

5. Pressure and flow mea
surements will not be 
affected by a small 
sodium leak. 

Safety Design 
Features 

1. TV surveillance 

2. Thermocouple in
stalled in each 
tube to monitor 
temperature. 
Thermocouples are 
located at the 
middle of each 
tube. 

3. Annunciator 
system 

4. Thermocouples to 
monitor absorber 
panel temperatures. 

5. The helios tat con
trol will slew the 
heliostats in less 
than 4 sec. 

6. Loop drain in 40 
seconds by emer
gency control. 
Pump stop is im
mediate. 

Hazards 

1. No personnel hazard 
will occur because 
test area is "off 
limits" during loop 
operation. 

2. No equipment damage 
will occur other 
than localized caus
tic contamination. 

3. Minor impact on local 
environment. 
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Failure Mode 

Small sodium leak 
from a tube on 
the back surface 
of the panel at 
ful 1 power oper-
at ion. 

Table 7-3 

SMALL LEAK ABSORBER PANEL ON BACK (ENCLOSED) SURFACE DURING OPERATION 

Possible Cause 

1. Plugged tube/ 
burnout 

2. Tube defect 

3. Panel defect 

4. Stress failure 

1. 

2. 

3. 

4. 

Failure Effects 

Sodium exits tube from 
panel back surface. 

Sodium runs down back 
side of panel. 

Sodium fire and 
smoke. 

Caustic contamination 
of panel and adjacent 
structure. 

S. Corrosion of tube 
surface. 

System Failure 
Detection 

1. a) Small sodium leak may 
not be detected i11D11e
diately. TV monitor 
not effective unless 
observed exiting tQP 
of structure. 

2.a) Smoke will collect in 
SRTA support struc
ture where smoke de
tectors are placed. 

b) Smoke sensed by smoke 
detector. 

c) Alarm actuated 

3.a) The temperature of 
the faulted tube will 
increase until thermo
couple set point is 
reached. 

b) Alarm actuated, 

4. a) Absorber Panel tem
perature will increase 

slowly. 

b) Alarm actuated on 
high Absorber Panel 
outlet temperature. 

5. Sodium smoke visible 
at top and surrounding 
structure - TV moni
toring. 

Safety Design 
Features 

1. TV surveillance par-
tially effective. 

2. Tube thermocouples 
monitor tube temp-
eratures. 

3. Annunciators active 

4. Thermocouples mon-
itor absorber panel 
temperatures. 

5. Heliostat ~ontrols 
slew heliostats in 
less than 4 sec. 

6. Loop drain in 40 
seconds. Pump 
stopped immediately. 

Hazards 

1. No personnel ha
zard will occur 
because test 
area is "off 
limits" during 
loop operation. 

2. No equipment 
damage will occur 

other than local
ized caustic 
contamination. 

3. Minor impact on 
local environment 
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Failure Mode 

Small sodium leak 1. 
from a tube. Leak 2. 
occurs on front or 
back surface of ). 

the panel during 
hot hold operation. 

Table 7-4 

SMALL ABSORBER PANEL LEAK DURING HOT HOLD WITH DOORS CLOSED 

System Failure Safety Design 
Possible Cause Failure Effects Detection Features 

Tube defect 1. Sodiwa exits tube 1. Small sodium leak may 1. Ann1U1ciator at 

Panel defect 2. Sodium rlDlS down 
be detected with TV guard shack. 

tube 
cmera. However, de- 2. Auto1Batic system 

Stress/fatigue tection may not occur 
/failure ). Sodium fire and due to: 

drain. 

smoke a) Insufficient light ta 
4. Caustic contamin- operate camera. 

ation of panel and b) Smoke may be masked by 
adjacent structure door. 

s. Corrosion of tube c) Caaera not operating 
surface 

~ 

1. No personnel hazard 
will occur because 
test area is "off 
limits" during loop 
operation. 

2. No equipment damage 
will occur other 
than localized 
caustic contamin
ation . 

3. 11:1.nor impact on 
local environment. 
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for the emergency drain. 

The potential worst case accident that may occur in the absorber panel is pos

tulated in Table 8-5. This event is a guillotine rupture of one or more tubes. The 

emergency drain will be actuated manually during power operation or automatically by 

smoke detectors or surge tank level during hot hold operation. The loop will drain 

in forty seconds and the heliostats cut in less than four seconds once the emergency 

control switch is actuated. The catch pan at the base of the structure will restrain 

the spilled sodium from damaging the CRTF tower and associated equipment. The catch 

pan will contain the total sodium volume of the loop and drain tank. The fire from 

the sodium pool in the catch pan may be allowed to burn out or it can be suppressed 

with Met-L-X fire extinguisher. 

7. 4. 2 SRTA LOOP FAILURES 

The failure mode and effects analysis for events within the SRTA loop include so

dium leaks in piping and components (Tables 7-6, 7-7, and 7-8) and overfill of the 

loop (Table 7-9). 

The SRTA structure is designed to contain all leaks in the loop. The structure 

is completely enclosed with fireproof siding and roofing and a catch pan is located 

at the bottom of the structure to catch and confine any sodium, Draining of the 

loop stops the leak and sodium that remains in the insulation or in the catch pan 

would burn until self-extinguished or extinguished with an oxygen inhibitor such as 

Met-L-X powder. Smoke generated would fill the inside of the structure and escape 

out the upper vent. Although caustic, the dispersion of the smoke at the top of the 

tower will not constitute a hazard to personnel since the innnediate area is cleared 

of personnel during testing. Small sodium leaks in SRTA loop piping or components 

are presented in the failure mode and effects analysis of Table 7-6. Small sodium 

leaks generally would result in a slow burning of sodium in the insulation causing 

an accumulation of the typical dense white caustic smoke. Based on sodium leak ex

periments in air, the growth rate of small leaks are slow unless the leak size is 

increased by external forces such as stress. It is anticipated that smoke would be 

detected prior to any accumulation of sodium outside the insulation and in the 

catch pans, The smoke detectors, the most responsive early warning feature incor

porated in the SRTA design, will sense the smoke and actuate the alarm. Secondary 
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Failure Mode 

Large guillotine 1. 
tube failure at 2. 
either top or bottom 
tube-to-panel joint 3. 

Table 7-5 

LARGE ABSORBER PANEL LEAK DURING OPERATION 

Possible Cause Failure Effects 

Stress failure 1. Sodium outburst 

Fatigue 
from tube. 

2. Sodium runs down 
Projectile the tubes and the 

SRTA structure. 

3. Significant fire 
and smoke. 

4. Significant 
caustic contami-
nation around 
SRTA. 

5. Corrosion of ab-
sorbe r pane 1. 

6. Some caustic re-
leased to air at 
200' level. 

1. 

2. 

3. 

a) 

4. 

5. 

6. 

System Failure 
Detection 

Fire and"smoke de
tected by visual 
observation, TV or 
with smoke detectors. 

Tube temperature will 
rise rapidly and be 
sensed by the tube 
thermocouples. 

Absorber panel temp
eratures will grad
ually increase until 
set point is reached. 

Emergency Dump 

Excessive smoke will 
actuate smoke detec
tors inside of 
structure. 

Loss of sodium flow 
will be sensed and 
an emergency drain 
will take place. 

Sodium surge tank low 
level will be reached 
and an emergency drain 
will take place. 

7. Sodium spill will be 
stopped by catch pan 
at the base of the 
structure. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Safety Design 
Features 

TV surveillance 

T / Cs installed on 
panel are located 
at the middle of 
each tube. 

Annwiciator system 

T/Cs to monitor 
absorber panel 
temperatures 

Heliostat slew in 
less than 4 
seconds. 

Loop emergency 
drain in 40 sec. 
EM pump shutoff 

Sodium catch pan 
in bottom of SRTA. 

Met-L-X fire extin-
guishing material 

Hazards 

1. No personnel hazard 
will occur because 
test area is "off 
limits" during loop 
operation. 

2. Damage to absorber 
panel/tubing would 
be extensive. Field 
repair considered 
impractical. 

3. Some damage could 
occur to SRTA insu
lation, instrumen
tation, structure 
and loop equipment. 

4. No damage should oc
cur to CRTF equip
ment due to enclosure 
and catch pans. Some 
caustic ash may go in 
environment and fall 
to ground. Low den
sity of ash is not 
expected to cause 
equipment damage. 
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Failure Mode 

Small sodium leak 1. 
from pipe/compo-
nent at full 

2. 
power operation. 

3. 

Table 7-6 

SMALL LEAK IN PIPING OF COMPONENTS DURING OPERATION 

Possible Cause Failure Effects 

Weld crack in 1. Sodium burns through 

piping insulation and so-

Weld/ fatigue 
dium. fire. 

crack in noz- 2. Caustic contamination 

zle cons trained inside 

Leak in valve 
structure by enclosure. 

bellows 3. Pipe/metal corrosion 

1. 

2. 

3. 

a) 

b) 

a) 

System Failure 
Detection 

Smoke generated from 
fire will be sensed 
by smoke detectors. 

Alarm actuated 

Emergency drain 
actuated 

Smoke circulated 
through and out the 
structure. 

Smoke visually ob
served with TV 
camera 

Leak size may con
tinue to grow and so-
dium flow may start 
to decrease. 

a) Absorber panel outlet 
temperature increases 
gradually. 

b) Alarm actuated when 
temperature reaches 
high set point. 

4. Any sodium spill will 
be restrained by 
catch pan. 

5. Surge tank level will 
decrease gradually. 

a) Ala rm actuated when 
surge tank low level 
set point reached. 

b) Emergency drain acti
vated 

Safety Design 
Features 

1. Smoke detectors 

2. Annunciator system 

3. Catch pan 

4. TV surveillance of 
structure 

5. Met-L-X fire 
extinguisher 

6. Emergency drain in 
40 seconds 

7. Protective enclo-
sure 

8. Slew heliostats 

Hazards 

1. No personnel hazard 
will occur because 
test area is "off 
limits" during loop 
operation. 

2. No equipment damage 
will occur other 
than localized 
caustic contami
nation. 

3. Minor impact on local 
environment 
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detection is provided by the smoke circulating through the structure and becoming 

visible as it exits the upper vent. Detection of smoke (visual or by TV) would 

probably occur prior to detection in a change in loop characteristics. Once a leak 

is verified, the emergency drain will be actuated. 

The chances of a large leak are considered very low, but should one occur, large 

amounts of smoke would result and the pump would be stopped and emergency drain 

would be activated (See Table 7-7). The smoke detectors and surge tank level would 

provide indications for the annunciator system. The damage from a large leak would 

be confined to within the SRTA structure. Sodium spilled would be caught by the 

catch pan at the base of the structure. Normal procedure would call for letting what 

fire was initiated to burn out and self-extinguish. Met-L-X application would be 

available for use if needed. Since the test area is off limits during loop oper

ation, no personnel hazards would occur. 

A leak in the piping between the SRTA and the heat dump would be contained by 

a protective enclosure/catch trough which will drain excessive sodium into the catch 

pan of the SRTA. 

7.4.3 HEAT DUMP FAILURES 

A sodium leak in the coil of the heat dump is postulated and described in Table 

7-8. A smoke detector is located at the outlet of this unit and would be a primary 

detector. A catch pan is also provided at the base of the unit. Detection of a leak 

in this unit is followed by a shutdown of the entire loop and an emergency drain of 

the sodium into the drain tank. Inert Argon cover gas immediately fills the entire 

loop piping and prevents oxygen/air from entering the loop. Equipment damage caused 

by a leak would be confined to the heat dump. 

A loop overfill failure is postulated in Table 7-9~ This event may be caused 

if the high level probe in the surge tank fails, too high a pressure is used in the 

drain tank, or the drain valve leaks across the seat when closed. The sodium level 

in the surge tank is monitored with an analog level probe. If the loop is over

filled, the pressure in the cover gas system may increase and the pressure alarm 

will be actuated. A loop overfill can be prevented by using the proper drain tank 

cover gas pressure coupled with a properly set cover gas pressure relief system. 

The SRTA is designed with vapor traps, relief valve and a rupture disc to prevent 
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Table 7-7 

LARGE LEAK IN HIGH PRESSURE ZONE OF PIPING DURING OPERATION 

Failure Mode 

2. Large sodium pipe 
leak in high pres
sure zone below 
absorber panel 
inlet nozzle at 
full power 
operation 

1. 

Possible Cause 

Pipe break due to 
stress 

1. 

2. 

3. 

4. 

5. 

6. 

Failure Effects 

Sodium bums in insu-
lation 

Sodium fire and 
smoke 

Sodium sp 111 

Caustic contamination 
aroto1d leak site. 

Daaage of equipment 
under spill 

Corrosion 

System Failure 
Detection 

1. Smoke generated 
from fire will be 
sensed by smoke 
detectors. 

a) Alarm actuated 

b) Emergency drain 
actuated 

2. Smoke circulated 
through and out 
the structure. 

a) Smoke visually ob-
served with TV 
camera 

3. Any sodium spill 
will be restrained 
i.. .......... -:.h pan. 

~ 
~~ 

Safety Design 
Features 

1. Smoke detectors 

2. Annunciator system 

3. Catch pan 

4. TV surveillance of 
structure 

5. Met-L-X fire ex-
tinguisher 

6. Emergency drain in 
40 seconds 

7. Protective en-
closure 

8. Slew heliostats 

H3zards 

1. No personnel hazard 
should occur. Test 
area is "off limits" 
during loop oper
ation. 

2. Damage to equipment 
in lower portion of 
SRTA will result. 
Some damage could 
occur to SRTA s truc
ture and instru
mentation. 

3. No damage should oc
cur to CRTF equip
ment due to enclo
sure and catch pan 
restraints. Some 

I 4. Surge __ _,,, -- -'--- -L- --

tank level 

t-,a ~:'! 11 rl, _..._..._ .... ..:.~crease 

°' a) Alarm act~ated when 
surge tank low le-
vel set point 
reached. 

b) Emergency drain 
activated 

should be within 
tolerance to prevent 
damage to ground 
equipment. 

4. If personnel were 
required to inspect 
area and assist in 
fire suppression, 
protective clothing 
would be used. 
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Failure Mode 

3. Sodium leak in 
heat dump coil 
during oper
ation or in 
standby 

Possible Cause 

1. Stress failure 1. 

2. Weld joint failure 

2. 

3. 

4. 

Table 7-8 

SODIUM LEAK IN HEAT DUMP COIL 

System Failure 
Failure Effects Detection 

Sodium leaks/spills 1. Smoke generated 
from coil tube/ from fire will be 
header area and sensed by smoke de-
fire and smoke re- tee tors. 
sult a) Alarm actuated 
Caustic contami- b) Emergency drain 
nation and corro-
sion in tube bundle 

actuated 

and louvers can re- 2. Smoke circulated 

sult. through and out the 

Some sodium could 
top of heat dump. 

fall to drip pan a) Smoke visually ob-

Some caustic re-
served with TV 

lease to the air at 
camera (operation) 

the 200' level. 3. Leak size may con-
tinue to grow and 
sodium flow may 
start to decrease. 

a)* Absorber panel outlet 
temperature increases 
gradually. 

b}* Alarm actuated when 
temperature reaches 
high set point. 

4. Any sodium spill will 
be restrained by catch 
pan. 

5. Surge tank level will 
decrease gradually. 

a) Alam actuated when 
surge tank low level 
set point reached. 

b) Emergency drain ac-
ivated 

1. 

2. 

3. 

4. 

5. 

6. 

Safety Design 
Features 

Smoke detector 

Catch pan 

Het-L-X fire 
extinguisher 

Annunciator sys-
tem 

Helios tat slew in 
less than 4 se-
conds 

Loop emergency 
drain in 40 se-
conds. 

Hazards 

1. No personnel hazard 
will occur. Test 
area is 11off limits " 
during loop oper
ation. 

2. No equipment damage 
will occur other 
than localized 
caustic contamin
ation/corrosion of 
heat dump surfaces. 

3. Minor impact on lo
cal environment 

* During aper at ion only 
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Failure Mode 

4. Loop overfill 

Possible Cause 

1. Surge tank high 
level sensor fails 

Table 7-9 

LOOP - OVERFILL 

Failure Effects 

1. Cover gas pressure 
systea plugged 

System Failure 
Detection 

1. Pressure increase in 
cover gas system 

a) Pressure alarm ac
tuated 

b) Covl!T gas pressuTe 
valve control acti
vated 

c) Monitor sodium level 

2. Excessive pressure re
leased 

a) Pressure relief 
valve 

b) Rupture disc 

Safety Design 
Pea_J:ures 

1. Annunciator system 

2. Rupture disc in 
series with mech
amoca; pressure 
relief valve 

3. Analog level probe 

4. SltTA loop fill 
procedures 

~ 

1. No personnel hazard 
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gas overpressure. Recovery from an overfill is a normal system drain followed by 

inspection/maintenance to assure that the surge tank gas supply is not plugged. 

7.4.4 INSTRUMENTATION AND CONTROL FAILURES 

The failure mode and effects analysis for the SRTA instrumentation and con

trols is tabulated in Table 7-10. The major event postulated is an electrical mal

function. The principal effects due to this event is the loss of sodium flow, heat 

dump air flow and loop control. The CRTF will provide the power to the SRTA system. 

Heliostat cutoff must take place to prevent damage to equipment and burnout of ab

sorber panel tubes. The CRTF heliostat power supply should be equipped with auto

matic transfer from M-G set power to utility power. 

The SRTA system and the CRTF heliostats will always be operated from separate 

power supplies with the backup power system available when solar operation is per

formed, since simultaneous loss of heliostat control power and SRTA sodium pump 

power for a period of approximately one minute during high flux operation would 

cause meltdown of the absorber panel. Simultaneous loss of two independent power 

supplies plus the utility system backup power source is not considered a creditable 

event. 

7.4.5 COVER GAS PRESSURE SYSTEM 

The failure mode and effects analysis for the cover gas pressure system is ta

bulated in Table 7-11. A failure in the cover gas system has the potential for con

tamination of the loop and sodium with air/oxygen. The cover gas pressure system 

is protected with a vapor trap to avoid hot sodium from coming in contact with the 

cover gas pressure piping, vent and supply solenoid valves. A rupture disc is in 

series with a mechanical pressure relief valve which allows gas to flow only in one 

direction and prevents overpressure. The annunciator system will be actuated when 

the pressure reaches its low set point. 

The SRTA sodium system is equipped with an oxygen meter which monitors the 

oxygen level in the sodium. If the oxygen level reaches a level equivalent to a 

plugging indicator temperature above 450°F, the annunciator in the SRTA will be ac

tuated. Procedures will require discontinuing solar operation until the cause of 

high oxygen level has been determined and corrected. 

7-19 



Fliill!re Mod~ Possible Cause 

1. Electrical mal- 1. Wiring failure 
function to pump 2. Device malfooction 
and/ or other SRTA 
components 3. Loss of electrical 

power 

2. Simultaneous fail- a. Two simultaneous 
ure of SRTA pump electrical power 
power and CRTF failures ..__, 
heliostat control 

I 
N 

power 

0 

Table 7-10 

ELECTRICAL MALFUNCTION/POWER LOSS 

System Failure 
Failure Effects Detection 

1. Indicator device(s) 1. Annunciator acti- 1. 
may overrange vated. 2. 

2. Loss of data 2. Faulted indicator 
device output com-

3. Electrical fire 3. 
pared with other 

4. Equipment damage measurements 

5. Loss of sodium 3, Emergency control 
4. 

flow power supply acti-

6. Loss of heat dump 
vated 

blower/cooling 

1. Trans fer to alter- 1. Annunciation 1. 
nate power supply 

2. Loss of normal 
2. Temporary loss or lighting 

interruption of 2. 
data 

Safety Design 
Features 

Annunciators 

System control from 
local and CRTF panels 

Emergency control 
power supply 

Low sodium flow or 
rise in panel temp-
erature will result 
in annunciation and 
automatic or manual 
heliostat cutoff 

Alternate power 
supply for both 
systems 

Procedure prohibits 
solar operation ex-
cept on normal power 
with alternate as 
backup 

Hazards 

I. Damage to measure
ment devices and 
equipment 

1. Loss of data or 
interruption 

2. No equipment damag!: 
unless complete 
loss of power to 
heliostats with no 
hellos tat cut 
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Failure Mode 

1. Gas 1_.:.ak 1. 

2. 

3. 

4. 

Possible Cause 

Valve failure 1. 

Tube ruptures 

Joint failure 

l&C failure 

Table 7- 11 

COVER GAS PRESSURE SYSTEM FAILURE 

'.ystem Failure 
Failure Effects Detection 

Potential for oxygen/ 1. Low pressure set 1. 
air contamination of point will be 

2. 
sodium reached as gas 

pressure decreases 

a) Alarm actuated 3. 

b) Cover gas control 4. 

valves actuated 

2. Oxygen level in 
SRTA sodium loop 
exceeded 

a) Alarm actuated 

Safety Design 
Features 

Annunciator 

Cover gas pressure 
control valves 

Oxygen meter 

Two cover gas sup-
ply systems are 
provided (surge 
tank and drain 
tank); only one is 
required for nor-
mal operation. 

~ 

1. None 
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7.5 PRELIMINARY ASSESSMENT 

The preliminary safety evaluation indicates that the safety design features 

of the SRTA - catch pan, smoke detectors, and TV cameras - in conjunction with the 

proven sodium loop design and operating features of the SRTA will provide safe 

operation with no significant hazard,to personnel and minimum hazard to local equip

ment. Further work will refine the analysis of airborne releases with particular 

emphasis on hazards to the heliostat field. 

7.6 REFERENCES 

1. N707TR130028, "Interim Test Report for the Characterization of Released 
Particle Tests Conducted at INEL During FY1979, dated 2/8/79. 

2. N607TR130025, "Test Report for the Characterization of Released Particle 
Tests Conducted at INEL during FY1978, dated 9/23/78. 
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ORIGINAL 
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This specification describes the design parameters and required operating 
characteristics of the sodium receiver test assembly. The design parameters 
include a description of the absorber panel and the manufacturing processes 
to be used wherever these are unique. The operating characteristics describe 
the operating modes, thermal performance and control function requirements 
for the absorber panel az,.d its associated equipment. 

2.0 APPLICABLE DOCUMENTS 

The following documents of the issue in effect 25 May 1979 form a part of this 
specification to the extent specified herein. 

2.1 Conceptual Design of Advanced Central Receiver Power Systems, General Electric 
Company Final Report (Draft), U.S. Dept. of Energy Contract No. EM-78-C-03-
1725, March 5, 1979. 

2.2 Alternate (Advanced) Central Receiver Power System Program Phase II Technical 
Proposal, General Electric Co., U.S. Dept. of Energy RFP No. EG-77-R-03-1483, 
January 19, 1979. 

2.3 Advanced Central Receiver Program Requirements, L.N. Tallerico, C.F. Lundbom, 
Sandia Laboratories, Issue B, March 16, 1978. 

2.4 Central Receiver Test Facility Interface Specification, A.V. Curinga. 

2.5 ASME Section I, II, v, and VIII Division l, Boiler and Pressure Vessel Code. 

2.6 ANSI Power Piping Code B3l.l. 

2.7 Manual of Steel Construction, 8th Edition 1974, American Institute of Steel 
Construction. 

2.8 National Electric Code, NFPA 70-1978. 

2.9 OSHA Standards. 

2.10 National Electrical Manufacturers Association (NEMA) Standards. 

2.11 Uniform Building Code - 1976 Edition, Vol. l (Earthquake Criteria). 
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The sodium receiver test assembly construction and operation requirements are 
described in this section. 

3.1 ITEM DEFINITION 

3.1.l DIAGRAMS 

The following diagrams are included with this specification: 

Figure 3-1 Sodium Receiver Test Assembly - Schematic 
Figure 3-2 Sodium Receiver Test Assembly - General Arrangement Drawing 
Figure 
Figure 
Figure 
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Figure 3-1 Sodium Receiver T~st Assembly· ·(SR'rA) Schematic 
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Figure 3-2 Sodium Receiver ·rest Assembly General Arrangement 

.D.b$orber Panel 

·R~l.'1S10,'I: REVISIQ,'1,1 

Fluid 
Circulation 
Equip:nent 

•rep Deck 
200' Level 
CRTF 

Heat 
Du.-np and 
Blowers 

I ,u,.3,aeA _ _l ____ o_"'_T_E ___ -L ____ ---.,.....,.~----------'-P-A_G_:: __ ,i_o_;:_o_'o.....J 1 April 80 

1:sJ-c,:,;1s-1s1 A- 3 



ENERQY 
SYSTEMS 

PROGRAMS 
DEPARTMENT 

ENGINEERING SPECIFICATION 
SPECIFICATION 

NUMBER 

·~ 
TITLE 

GENERAL 

295A472S 

ORIGINAL 
issue CATE! 

ELECTRIC ~----------------------1 Mm 2 51979 
CLASSIFICATION 

Figure 3-3 Sodium Cooled Test Panel 

/I 
I Note 1 

Insul.ation: ~ 
I':\ r 

I \.VF 

Typical 
Support 

Structure 

i'IEVISION 
NW~.HlE~ 

3 

ESJ,005 15-781 

? 

I ~ 

I Note 
2 \ 

REVISION 
DATE 

l Apr;il 80 

E- Note 3 

~ 

Active 
Panel 

Length 

Note 4 

y 

Header 

® 

<E- Note 8 

i 
\ 

·- - , - - - - - ..Je~Note 5 

- -' ..... ___ ..___. -E-- Note 7 

.._ -E-- Note 6 

- - . 

A • A A. 

• ~ Panel 
Width 

G) ffi I © 
SUPEi'!SEDES 

PA<H: La OF5S 

A-14 



ENGINEERING SPEClFICATfON 
Si'ECIS:ICA TION 

NUMBER 

.. 
ENERGY 
SYSTEMS 

PROGR.,_:-.SS 
DEPARTMENT 2 <:JS A4 725 

& 
-~ 

TITLE 

ORIGINAi.. 
ISSUE DA.TE 

GENERAL 
ELECTRIC~c-~-~-•F-,CA-T_1_0N-------------i 

i't!:VISIO;,J 
!\l~.I0cR 

3 

L Tuee- '5\J~1't.C ~HALL 'BE A-rn:IC.We:D To A $T~c.'T\fU" 
WH•C.H SuV?a'l.'TS TJIC' we:1GWT Of" THE' '8UIJb'-e:'. 

Z. IHC StJ"fftJ~T ~'TRUC-TUfie.e" ~HAt..t.. f\1A1~TA1~ J:°'U\T~S:St 

oF 1'lf6' Tusa: l3u,mur wa+n..£ A1.L.Cl,l,IJ/\JG, TttE:RMlu .. &r,qM~ON. 

3. liee- 13u~~ ~NTFU~.S. - 5'1 TcJE:\C'"S. 
l\JBEFS A2.e :tiJc:.oL()y ~o:, ) O.'Ts IAJ, O.'t>. ,c o.os, .... WAU... 

1inse:.:!. A~ .J"oa~c::t, To&oe:Ttie:R.. ,\)(.IA~)' .-ar B~A.:e.,11.14. 
Our~ SIJ~FAC:.E OF' T11e.e::s. IS C:..CAT~l) '111TH I\ So~R.. 

~it-P'TW&: ('1ATAIIL.. 

4. HE:ADe:its Olusi 'Be; -PRoTe:-c.Te:-D FROM n•~e:cr €'x?Os\l~~ 
To THEi' foc.v-s.s.~ Sau:\~ "8e:Af"Y\.. 

s: CiUIIHO"'Tlf 1..oc.~-r, .... ~ 0~ 1"oJ811' ~uA. F'AC..Ci '-""''~··~ "'• 
~~~s A~ IIJ:DlCAT50 ay ( X) A,n, beSCru&e:::t, 
Ill 'PA~AGt\APl-4 3-7. I. "8. A,-1 Exi:\MPL.e Of' Ho~ TH~ 
5~~ l"\•t:.~T -ee Mou~Te:l) is s..iowt.) -es.e:-1.gw: 

p&. At.C .,_I,.,-, 
Tl fl'leASufle:s ~F\C_~ll)e: '11.re~ WPit.c... TeMPE"RF\""TU~~ 

A..s;o MAy Be: S"i"o'T · WE"t.::>e:t> /~ "Pt..~cc 
~SCJ~ISS F'~ONT'Slbe' Tua~ Wi'\LL.. Te('l'\Pc'RF:rn,R.e 

TH e-RO'\O CO<.lr"l-..5'5. A Re: SH e:f.TH e::t> I IJ STT\r-'l ~ 
~ice=-1.. (,.,. Q, o.,~a'.•o:o. SHERT¼-1) WITH Ol"'O.) Tl"P$j 

TIie WIRE"~ ARE CU~ol'fteL - AL.1.>rY\e:L.. 

FIEV1S;QN 
DATE 

1 April 80 

A-15 

PA.Ge: 13 o~5S 



Ei'IIERGV 
SYSTEMS 

PROGRAMS 
DEPARTMENT 

fJ 
TITLE 

ENGINEERING SPECIFICATION 
SPECIFICATION 

NUMBER 

2~5A472.S 

ORIGINAL 
ISSUE DATE 

GENERAL ELECTRIC~C~LA~~~,F~ICA_T_IO_N ___________ __, BAY 2 51979 

3 

L 

OU'T"IIC..-
S" "•" I 

"••ou o 
•¼ 

pfl.,IL • I 

fN~TtN) 
- t. 

- 3 

R:'IISION 
11.iU\HlER 

3 

ESJ-00:i ;S-791 

'- S't"RRt.i Gr~ O\ou~TC o-, "BAC.k.. Su~FACe: OP" '1\J'eCI$ 
Afl.S llJl)ICf\~ -a)' (A.) I RET- 'PAMGR.A"P+-1 S.'7.1. Ct. 

'l THeRmoc.ou'PL£"6 f\\ouNTe't) o.., ~ACK... su-RV"Ac.e oF 
EVERY l11~f: F\C.Rt:>Ss w,"D,+\ o~ 'Pt\Nct- A~e:- IN~,c~ 
ay C.-), R.e:r. 'Pf\RAC.RA'PH o:r.1.,. 

8. l\crwa- Me:Pe, Exc.~AnJGe- SuRF+IC5" ,s uJt:>1c.An:l:> a.y 
(- - -) f\NP StiALL. HA'/E A l.E~G.TH AN'l> W1DTH As 
SPEC.1F'1e::t> •"1 -PA~~GRAPtt a.i.z.1. Fune D~-rRi"evnolJs 
o,J THI~ SU1'.A\CE St-11"\LL. 'Se: syf)'l~IC-AC- Al!<:)UT 
TI-IE \Je;R.TIC.RL C..SN~AJe:. A~t> (',\Ay '/PiR.Y Be:"lWe;'Ell) 

'Tlte:' e:x:~~€' ~ O~ I 0 6 AL 'If ti Cl. T 'c. A~ 01 '- T' Cl. ' \'3 '-' Th,.. l 
S II"-'~ 6 QLoW. 

REVISiON 
DATE 

l April 80 

3 

' 
0 

• I 

• 1. 

• l 

I 
© 

TA .. 11 Q. 

l 

' 
0 

• I 

. l 

- 1 

I : 0 , \. l ""' v-/ h ~ 

TH~mo COUPLE:" 
PREssu1'!E" s~~so~ 
DISPLACf!nt~T SOlSo~ 

rRACe: H~f\Tlr.>~ 

SU?ERS::Oc.S 

1. 

PAGC: I 4- o;:58 



me, 
r-m • ~z 0 

e --------7 _. m o z• ------- ~ -o u c'" ------------- I :x, -~ ,i:5 ----------- -:z> 
Ill oVI r I 

~ ;~ I CRTr Towe~ i-:.c-:,..:,..:.,-___ -. __ i 
I ______ ----I r-------...,. 1>1$-PLAY I n 
I &,D>uot R,:c,n•«<. ,- - - - - - - - I Lo<Rc """••~•~ I lj; 

T~~T Asse:tnf>l.)' I . tt.v I C.OmRoc. o~r.roR.::[o&W'l" j ~ 

~ 
,-> 
f 

m-v -,,:ocnm 
l>O-<z 
lJC\~m 
-illm:U 
~l>s:Cl 
ffli:V1-< 
Zen 
-I 

::i:,. 
I 

I-' 
-...J 

lJ 
l> o'" 
G 

:i,5 
-i VI 

t.:\ mo 
,- 2 

-3 
.J) 

"O 
)> 
Cl 
"1 

(JI 

0 
"n 
(J1 
(J) 

VI 
C .., 
m 
:D 
VI 
m 
0 
m 
VI 

I I K lfME"t.. ,~ I .------., I I S~IJAC.. I (LC.P) n 
: 1:u. ........ TS I ·: ---· RCP : L,..;~r-- I g 
I L-.--- I L _______ j z 

I --~-
I I -----. ,r-- L~P I ...----. I ---...... ~VTOIYIATIC. 
I I ~..,~ CoAJTltD~ loGIC:. I €!YI ltMP I SUPP«..'Y 

I lh;; AT 1)u0\P I .. . SArM, 
I I.Duv~R.S I 

I IRAC.€ I ... Sf\O\~ 
I ll(AT£R$ I 
I L----- I 
I I 
I I 
I I 
I -----.. I 
I I 
I 'IRt.'1€~, I 
I MovEA&U: I 

fow~ 
SVPPi...)' 

RC? 
lte;AI. 'Ti Mr:' 
Cot-\WT~ 
Co.,TR..ol.. 

LC'P 

RCP 

~CP 

ll"Rt'•IISSIO~ "To 
~I.. Loc.lN..LY 

r---1-------7 
C12.TF Cot.>TROl. II 

Room 
I 

RE Mare" t) IS¥1..11l J 
Co~TR.OL A~tJulJCtl\ no~ I 
tl\t,lt:t.. DA"l'A UlGC--IIJ(i, I 
{J:?CP) ~~ °LlfUT I 

-i 
::j 
r 
m 

m z 
G) 

z 
m 
m 
:n 
z 
G) 

(I) 
"'\J 
m 
() 
:;; 
() 
)> 
--i 
0 z 

I 'lilSllt.AT)O~ I I 
I €re.. l 
I I 

I I I I I I I 

I I 
I L __ -- - - __ _J 

F1GUR.t 3-4 U')l\lTR.Ol.. 
FOl\lC.TIOtJ 
D1AGAACY\ 

CRT~ Cltrf"' I 
Co\l\fUTe:R.. OPERA~ I 

L-----~-----J 

\NIHC. A'T ~ i c;,G. S .. p pl.' C 0 

I 
~ 
,_ ino 
-• en lJ 

~ 
c_ 
fflC\ 

co gz 
-I)> 
mr 

l"\J 

<9 
<JI 
)> !(I 

~ z~ 
- • C;; ..... 3::-ru mn 

ml> o; :ug 
2 



ENGINEERING SPECIFICA TlON 
SPECIFICATION 

NUMBER ENERGY 
SYSTE,\1S 

PROGRAMS 
OE?AATMENT 2 ~ 5Ji\4: 7 2.S 

-
TITLE 

GENERAL i------------------------1 ELECTRIC CLAs;ilFICATIOi\l 

fi.11-.. 
LrnM,rr'f ~TllllT \If' 
tq;,)• 100 

/: it 

~ .. I 
I 

4o .. I 
I 

Zo /411 a> I 
0 

ct %0 4o 

l\~~aE"R- PANe-c... THe:~rr111r.. 
C.ycuJJG H,s,o~R.MI'\ 

Ho\.:D I\T e:l't\~ai(.y 
i:v ..... ~ .... R. SHUT0ol,wAl ~UffowiJ .. 

I 
I 
I I 
I I 
I I 
I I 
I I 

I®~ I 
~ I"~ ,, .. 

(o ll ,~ 
Ti"•· t'f•MUTI!!~ 

lyl'E" of" Cycle: 

@ ~ol.b ~T fuu.. ~WJ ;<. 

;;:•. 1S10,\. 
,...,~.::.:£ ;t 

3 

CLeA~ 'Pfl'f $ 

HIM' CJ.t:.u.oy DAys 
~p;r\."f CJ.4111:1'f '];)~)'S 

i'l:v1s;o~~ 
O.:.TE 

l April 80 

.3o 

lo 

lo 

so 

s:.;;,:;;s:::oes 

A-18 

ORIGINAi,, 
issue OATS 

HM 251979 

PAG~ I lo oi:58 



ENERGY 
SYSTEMS 

PROGRAMS 
DEPARTMENT 

@ 

ENGINEERING SPECIFICATION 

TITLE 

GENERAL~-------------; 
ELECTRIC CLASSIFICATION 

3.1.2 INTERFACE DEFINITION 
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The SRTA shall have several types of interfaces with the CRTF as described 
below. The details of the interfaces described in the following paragraphs 
will be defined in the Central Receiver Test Facility interface specifica
tion- (Ref. 2.4). 

3.1.2.1 Structural Interfaces 

• Compatibility with CRTF supplied real time aperature flux system. 

• Attachment of test support structure to the 200' level deck in the 
CRTF tower. 

• Mounting in the tower of the EM Pump power supply and capacitors, the 
heat dump power supply, the preheater voltage controllers, and a con
trol cabinet with display panel. 

• Mounting of the local control cabinet in the computer room of the CRTF 
tower elevating module. 

3.1.2.2 Utility Interface - Electrical 

• EM Pump 

• Heat Dump BLower 

• Sodium Preheaters 

• Miscellaneous service for power tools, heat dump, flux sensor drive, 
insulating panel drive 

3.1.2.3 Utility Interface - Fluids 

• Argon Supply 

• Instrument Air Supply 

3.1.2.4 Instrumentation Interfaces 

All instrument signals (except RTAF and meteorological) shall be available 
for display at both the local (GE) and remote (CRTF) control panels. 
Selected signals will be identified for data recording. 

• Signal Conditioning Equipment 

• Thermocouples 

• Strain Gages 

• Flux Meters 
REVISION 
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• Sodium Flowmeters 

• Sodium Pressure Gages 

• Sodium Liquid Level Gages 

• Inert Gas Pressure Gages 

• Linear Displacement Sensor on Absorber Panel 

• Smoke Detectors 

• Real Time Aperature Flux System) r No Local Readout Required 
• Meteorological System _) 
All SRTA instrumentation signal leads shall be terminated in connectors 
and/or terminals compatible with the CRTF data system signal conditioning, 
multiplexing and other terminating equipment located in the computer room 
level of the tower elevator. 

3.1.2.5 Control Interfaces 

All control functions shall be connected to both a local control (GE) panel 
(in the CRTF tower) and a remote control (CRTF) panel (in the CRTF Master 
Control Room). The items listed below are the major control points re
quiring connections to these two panels. 

• EM Pump automatic controls and manual override 

• Heat Dump automatic louver controls and manual override 

• Preheater automatic control and manual override 

• Open/close control on absorber panel insulating door 

• Sodium valve controls 

• Inert gas valve controls 

3.1.2.6 Solar Interface 

The SRTA testing will require the following mutally independent incident 
solar beam characteristics: 

• A flux distribution which is nearly uniform with an intensity of 
0.5 MW/M2 over the active panel heat exchanger area. 

• A flux distribution which provides a peak intensity of 1.5 MW/M2 
near the center of the panel. 

• The ability to vary the incident solar power from 0 MW to 2.5 MW 
and back to 0 MW in less than 10 minutes. 
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3.1.3 MAJOR COMPONENT LIST 
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The Sodium Receiver Test Assembly equipment can be organized into the 
following five categories: 

3.1.3.l Absorber Panel 

This category includes the tube bundl.e and headers, support structure, 
insulation and associated instrumentation and heat tracing. 

3.1.3.2 Heat Dump 

This category includes the sodium-to-air heat exchanger, blower, 
louvers, support structure and associated instrumentation and heat 
tracing. 

3.1.3.3 Fluid Circulation Equipment 

This category includ~s the sodium piping, tanks, EM pump, purification 
system, valves, heat tracing, insulation, support structure, inert gas 
system, moveable insulation and associated instrumentation. 

3.1.3.4 Monitor and Control Equipment 

This category includes a local control panel (in CRTF tower), a remote 
control and display console (in CRTF control room), and automatic control 
logics for the EM pump and heat dump louvers and annunciation systems. 

3.1.3.5 Auxiliary Equipment 

This category includes the power supplies for the EM pump and other 
motors, sodium fire fighting equipment, and sodium system maintenance 
equipment. 
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3.2 CHARACTERISTICS 

3.2.l PERFORMANCE CHARACTERISTICS 

The SRTA shall be desinged to provide the following performance characteris
tics: 

3.2.l.l Incident Solar Beam Acceptance 

The SRTA shall accept a maximum steady state incident solar power of 2.5 M\< 
on the absorber panel active heat exchanger surface. The panel shall be 
able to accept this power level in any distribution which is symmetric 
about the vertical centerline of the panel, between the extremes of uniforn 
flux and single point aiming flux (see Figure 3-3, note 8). The SRTA 
shall be designed to accept transients in the solar power level of up to 
l MW/minute and hold times at full power (2.5 MW incident) of up to 10 
hours. 

3.2.1.2 Absorber Panel Inlet Temperature 

The absorber panel inlet temperature (measured at the inlet pipe on the 
panel inlet header) shall be maintained at a set point between 500°F and 
700°F (± 50F) under all incident solar power levels between 0.25 MW and 
2.5 MW including transient as well as steady state condition. This 
specification shall be met under all operating environmental conditions 
listed in 3.2.S.l. 

3.2.1.3 Absorber Panel Outlet Temperature 

The absorber panel outlet temperature (measured at the outlet pipe on the 
panel outlet header) shall be maintained at ll00°F ::!: 5°F under all steady 
state and transient insolation conditions from 0.,25 MW to 2. 5 incident 
power under all operating environments as defined in 3.2.5.l. 

3.2.l.4 Design Life Requirements 

The SRTA equipment shall be designed to operate for at least 5000 hours 
without significant deterioration in performance or planned replacement 
of major components. In addition the absorber panel shall be designed 
to provide 30 year life with respect to corrosion and thermal cycling 
damage of the metallic parts. For corrosion, 30 year life shall be de
fined as 131,000 hours of exposure to full load operating temperatures 
and environments. For thermal cycling damage, 30 year life shall be 
defined as in Figure 3.5. 
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3.2.1.5 Design Operating Modes 

The SRTA shall be capable of performing in the following modes: 

• Operation - In this mode the sodium pump and the heat dump are under 
an automatic control which responds to variations-in the solar heat 
input to maintain the absorber panel inlet/outlet temperatures at 
approximately 600°F/ll00°F respectively. 

• Hot Hold - This is a hot shutdown condition in which the panel moveable 
insulation is closed and the trace heaters function under automatic 
control to maintain the loop temperature at approximately 600°F. 

• Preheat - This is the transition from a cold ambient temperature con
dition to hot hold. 

• Startup - This is the transition from hot hold to operation. 

• Shutdown - This is the transition from operation to hot hold. 

• Emergency Dump - In this mode all of the sodium is drained rapidly 
out of the loop into the dump tank and the loop is filled with inert 
gas. 

• Calibration Maneuvers - Calibration modes shall be provided as required 
for instance the sodium flowmeter calibration using the surge tank 
level gages. T/C calibration may be run over a range of isothermal 
temperatures from 6000F to llOOOF. 

3.2.2 PHYSICAL CHARACTERISTICS 

3.2.2.1 Absorber Panel Surface Area 

The Sodium Receiver Test Assembly shall have an active solar heat ex
change area which has a vertical dimension of~ 15 feet and a horizontal 
dimension of approximately 3.28 feet. 

3.2.2.2 Surface Orientation 

The heat exchange active surface shall be oriented to face towards the CRTF 
heliostat field (north) and be mounted in the CRTF tower at an elevation 
of approximately 200 feet. 

3.2.2.3 Surface Obstructions 

This surface shall be located in such a manner that no structural feature 
1.------------------.--------------------r-------·-
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of the CRTF or the test assembly will obstruct the optical path between 
the heat exchanger and any heliostat in the field. 

3.2.3 RELIABILITY - NA 

3.2.4 MAINTAINABILITY 

The Sodium Receiver Test Assembly shall be designed and constructed to pro
vide free access for maintenance operations. In particular the design 
should minimize.--the necessity to cut the sodium loop or move large components 
requiring a crane i_n order to calibrate, repair or replace instrumentation, 
trace heaters, or electrical control and power connections. 

The instrumentation and control equipment shall be designed to function over 
the range of operating conditions for a minimum period of six months with 
little or no maintenance required after initial calibration. 

3.2.5 ENVIRONMENTAL CHARACTERISTICS 

3.2.5.l Operating Requirements 

The Sodium Receiver Test Assembly (SRTA) shall be designed to operate undez 
the following environmental conditions: 

Temperature (Dry Bulb): -20 to l20°F 
Wind Speed: 0- to 14 M/S (30 mph) 

3.2.5.2 Survival Requirements 

The SRTA shall be capable of surviving without damage appropriate combina
tions of the environments specified below: 

Wind Speed: 
Snow: 
Lightning: 
Rain: 
Ice: 
Earthquake: 
(at top of 
tower) 
Hail 

45 M/S gusts from any direction (100 mph) 
5 lb/ft2 snow deposition 
Direct hit 
3 inches in 24 hours 
2 inch thick deposit 
.5 g lateral (no spectrum requirement) 

l inch diameter 
0.9 specific gravity 
75 fps 

Realignment prior to returning to operations after surviving these con
ditions is allowable. 
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3.2.6 TRANSPORTABILITY 

The Sodium Receiver Test Assembly shall be constructed in modular form, and 
all of the modules shall be of a size which may be shipped by truck. In 
addition all of the modules which are to be placed in the CRTF tower must 
be of such a size and weight that they can be lifted- into place with CRTF 
supplied elevators and cranes. 

3.2.7 INSTALLATION 

The SRTA assemblies shall be designed and constructed to minimize field 
installation labor with particular emphasis on minimizing field welding and 
instrumentation attachments. 

3.2.8 CLEANLINESS 

Fabrication, assembly and shop testing operations shall be conducted to 
facilitate cleaning, inspection for cleanliness and to minimize contamina
tion during these operations. The SRTA equipment delivered to the CRTF 
shall be sutiable for ihstallation without additional cleaning. Cleaning 
and cleanliness control shall be implemented according to approved pro
cedures. 
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3.3 DESIGN & CONSTRUCTION 

As a minimum the loop components in contact with sodium shall be designed to 
meet ASME Section VIII Division requirements (Ref. 2.5) and 
the sodium piping shall comply with ANSI power piping code B31.1 (Ref. 2.6), 
however code stamp is not required. Additional requirements may be imposed 
as needed, for instance 10Q% x-ray inspection of butt welded absorber panel 
tube header welds. The structure elements of the test assembly shall comply 
with accepted design standards (Ref. 2.7) and all electrical power distributior 
equipment and electrical components shall be designed to the.National Electric 
Code (Ref. 2.8) and National Electrical Manufacturers Association Standards 
(2.10). 

All lifting attachements to be used for 
assembly or handling shall be designed for 3g in all directions. Load test
ing of all integral lifting lugs shall be provided. Loads encountered during 
shipping shall be provided for in the item design or with suitable shipping 
only structure. Shipping loads shall be 2g vertical and lateral and Sg in 
direction of travel. 

The completed assembly shall be inspected for leak tightness by subjecting 
it to a helium leak test per ASME Section V by approved procedures. 

3.3.1 MATERIALS PROCESSES AND PARTS 

The absorber panel materials shall meet the appropriate ASME requirements, 
tubes and headers shall be constructed from a commercially available grade 
of Incoloy 800. The tubes shall be welded to the headers in such a way as 
to maximize radiographic inspection of all tube-header welds, and this in
spection shall be performed. The tubes shall be joined together longi
tudinally by brazing. The remainder of the loop components in contact with 
sodium shall be constructed from stainless steel (type 304 and/or 316). All 
welded joints within the inlet header and between the panel outlet header 
and the surge tank shall be designed to be radiographed and this inspection 
shall be performed. 
All non-corrosion resistant materials used in the structure and enclosure 
shall be painted with a rust preventative to protect it from the environ
ment. 

All surfaces (with the exception of the active zone panel tubing) subjected 
to the concentrated solar insolation from the heliostats shall be in
sulated to protect from thermal damage. Insulative covering shall be 
compatible with the environment. 
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3.3.2 ELECTROMAGNETIC RADIATION - NA 

3.3.3 NAMEPLATE AND PRODUCT MARKINGS 

SPECIFICATION 
NUMBER 
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ISSUE DATE 

The.absorber panel shall bear a nameplate which lists the following informa 
tion (as a minimum): 

Name of manufacturer: 
Material of construction: 
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Design temperature and pressure: 
~eights: Dry, Wet 
Code: 

SPECIFICATION 
NUMBER 
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ISSUE DATE 

MAY 2 51979 

The surge tank and dump tank shall bear nameplates which specify: 

Name of Manufacturer: 
Material: 
Volume: 
Design temperature and pressure: 
Weights: Dry, Wet 

The electromagnetic pump shall bear a nameplate which specifies: 

Name of manufacturer: 
Maximum Head: 
Maximum Flow: 
Maximum Temperature and Pressure: 
Electrical Circuits Required: volts, kVA 
Weights: Dry, Wet 

The heat dump shall bear a nameplat which specifies: 

Name of manufacturer: 
Maximum Thermal Dissipation: 
Weights: Dry, Wet 
Electrical Circuits Required: volts, kVA 

All other components or assemblies to be lifted at CRTF shall be marked 
with weights; dry, wet and appropriate location of center of gravity. 

3.3.4 WORKMANSHIP 

Unless otherwise specified workmanship shall be that commensurate with 
normal commercial practice. Nuclear service, codes, and practices are 
not required. 

3.3.5 INTERCHANGEABILITY - NA 

3.3.6 SAFETY 

The test assembly shall be desinged to meet applicable government safety 
standards for industrial equipment (Reference 2.9). In addition, the 
apparatus shall be designed to prevent exposure of personnel to solar 
spillage flux or reflected flux with intensitites greater than l KW/M2 . 
Smoke detectors and sodium low pressure sensors shall be included in the 
apparatus to warn of large scale leaks. Equipment and procedures shall be 
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provided to minimize damage and contain where possible liquid sodium in the 
event of a leak. 

3.3.7 HUMAN ENGINEERING - NA 
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3.4 DOCUMENTATION 

3.4.l DESIGN DOCUMENTATION 

SPECIFICATION 
NUMBER 
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ORIGINAL 
ISSUE DATE 
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Documents required with the delivery of vendor supplied and internally (GE) 
manufactured components• shall include pertiment design analysis to show 
code and specification adherence, performance characteristics, manufactur
ing quality resutls, load test results, as-built drawings and information 
required for safe handling, packaging and unpacking·. The following i terns 
shall be supplied when specified in the purchase request. Other items may 
be added as appropriate: 

l) Quality Records 

• Material Certification and Properties 
e.Load Test Conditions and Results 
• Dimensional Inspection Results 
• Welding Records 

2) As L~ilt Dimensions,and Drawings 

3) Design Analysis 

4) Component Operating Characteristics 

5) Packing, Packaging and Unpacking Instructions 

6) Special Handling/Shipping Requirements 

3.4.2 INSTALLATION PLAN 

The installation plan shall define the schedule and procedures required to 
install and checkout the SRTA at the CRTF. Typically procedures shall be 
written for: 
• SRTA site assembly prior to installation 

• Installation of SRTA on the elevating module 
• Helium Leak Test 

• CRTF interface connections 

• Instrumentation Checkout (Local Control) 

• Heater System Checkout 

• Sodium Loading 

• Instrumentation Checkout (Remote Control & Readout) 

• Pre-solar checkout (minimum insolation on receiver to verify operation 
prior to full scale testing) 

--- -----i 
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The contents of these procedures are described in paragraph 4.1.3.1.2. 

3.4.3 OPERATIONS AND MAINTENANCE (O&M) PLAN 

This plan shall describe the procedures necessary for the safe operation 
and maintenance of the SRTA at the CRTF. As a minimum the plan shall in
clude: 

• Maintenance schedule 

• Functional flow diagrams of the control circuits and narrative descrip
tions of their operation (Ref. 3.1.3.4) 

• Procedures for each of the operating modes: 

- Operaton 
- Hot Hold 
- Preheat 
- Startup 
- Shutdown 
- Emergency Dump 
- Calibration checks of instrumentation 

• Pre-test and post-test evaluation of equipment operation 

• Safety monitoring as required 

• Support services and manpower required to operate and maintain the SRTA 

• Documentation scheme to record O&M data and corrective actions as re
quired 

• Procedures for the removal and replacement of items that are field 
repairable. 

3.4.4 TEST PLAN 

The contents of the test plan are described in paragraph 4.1.1 & 4.1.3.1. 

3.4.5 SAFETY ANALYSIS 

A safety analysis of SRTA will be performed and a report of the results 
shall be available prior to the design review at the end of month 9. 
The safety analysis will include a first level failure mode and effects 
evaluation but not a statistical failure probability analysis. Design and 
procedural features will be identified to accommodate failure modes, 
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3.5 LOGISTICS 

3.5.1 MAINTENANCE 
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To maximum extent practical the SRTA instrumentation auxiliary and control 
equipment shall be field replaceable. The basic design of the SRTA should 
allow for the replacement of these items in a reasonable amount of time. 

The SRTA enclousre and support structure shall provide personnel access 
and design features (i.e. ladders) to facilitate maintenance. 

3.5.2 SUPPLY 

On site spare parts required to support the CRTF testing will be identified 
and available at the CRTF prior to checkout. 

3.5.3 FACILITIES (CRTF ONLY) 

The CRTF facility shall be capable of providing the interfaces generally 
described in paragraph 3.1.2 and more specifically defined in the CRTF 
Interface Specification (Ref. 2.4). The CRTF shall also provide space for 
accumulation and maintenance of the SRTA assemblies. Space shall be pro
vided for the storage of spare parts. Office space shall be provided for 
the resident and transient G.E. personnel. Material handling equipment 
for large assemblies shall also be provided by the CRTF. 

3.6 PERSONNEL AND TRAINING 

Trained technicians and engineering support will be required to install, 
checkout and operate the test apparatus at the CRTF. 
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3.7 MAJOR COMPONENT CHARACTERISTICS 

3.7.l ABSORBER PANEL 

3.7.1.l Description 

The absorber panel is shown schematically in Figure 3-3. It shall consist 
of a tube bundle having 51 tubes, each 0.75 inch O.D. (nominal) by 0.05 
inch wall (nominal). These tubes shall be brazed together longitudinally 
to form a flat panel with a header at either end. The tube-header joints 
shall be formed by welding. The tube bundle shall form an active heat 
exchange surface which is~ 15 feet long. 

3 • 7 • l. 2 Moun ting 

The absorber panel tube bundle shall be connected to a support structure 
which supports the weight of the panel when mounted vertically. 

3.7.1.3 Flatness 

The panel support structure shall maintain flatness of the tube bundle to 
within± l inch while allowing movement for thermal expansion, under all 
the operating conditions defined in Figure 3.3, note 8 and paragraph 
3.2.1.5 except for the preheat and emergency dump modes. The displacement 

sensor (Ref. Fig. 3-1) shall be capable of measuring and reporting 
displacement to within± 0.05 inches. 

3.7.1.4 Assembly 

The panel support structure shall mate with and be easily fastened to 
the fluid circulation equipment support structure. 

3.7.1.5 Insulation 

The back side of the tube bundle shall be insulated. The maximum back 
side surface temperature of this insulation shall' be 150°F under all • operating conditions. 

3.7.1.6 Instrumentation (Surface Temperature & Strain Measurements) 

The tube bundle shall be instrumented on the active heat exchange sur
face as shown in Figure 3-3. This instrumentation shall include front 
surface temperature sensors, seventy seven back surface temperature 
sensors and fifteen strain gages mounted on the back surface. The tem
perature measurement shall have an accuracy of at a minimum± S°F. 
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3. 7'. 1. 7 Instrumentation (Sodium Temperature) 

The absorber panel inlet and outlet header temperatures shall be measured 
at a minimum of 3 locations each to an accuracy of± 4°F. The absorber 
panel inlet/outlet 6T shall be measured to an accuracy of± 1°F. In 
addition a sodium pressure sensor shall be located at the inlet/outlet of 
each header, the accuracy of these sensors shall be± l psi. 

3.7.1.8 Trace Heating 

The panel tube bundle shall have trace heaters on the back side to 
maintain a hot hold temperature of 600°F ± 50°F with the moveable 
insulation in place. 

3.7.1.9 Absorptive Coating 

The front surface of the tube bundle shall be coated with a material which 
has'the following properties at 600-1200°F 

Solar absorptivity: 0.95 (minimum) 
Infrared emissivity: 0.90 (maximum) 
Life: 5000 hours (minimum) 

In addition the thermal conductivity and thickness of the coating shall 
be such that the temperature rise across the coating layer is less than 
50°F at an absorbed flux of 1.5 MW/M2. 

3 .·7. 2 HEAT DUMP 

3.7.2.l Description 

The heat dump shall consist of a sodium-to-air heat exchanger, an air 
blower, support and ducting structure, and a system for air flow control. 
The sodium/air heat exchanger shall be instrumented at the sodium inlet 
and outlet to measure sodium temperature, and shall have trace heating 
for preheating the exchanger prior to sodium fill~ 

3.7.2.2 Heat Dissipation 

The heat dump shall dissipate a minl.Illum of 2.5 MW of thermal power 
(measured across the sodium inlet and outlet) in all of the operating 
environments specified in 3.2.5.l. 

3.7.2.3 Instrumentation 

Thermocouples used on the heat exchanger inlet and outlet shall have an 
accuracy of± 4.0°F. 
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3.7.3 FLUID CIRCULATION EQUIPMENT 

3.7.3.l Description 

The fluid circulation equipment are described in Figure 3-1. These 
equipment shall consist of: sodium piping to form a closed loop with 
includes the panel and the heat dump, sodium inventory to fill the loop 
to the required level for full power operation, surge tank, dump tank, 
electromagnetic pump, cold trap, sodium valves, sodium flowmeters, thermo
couples to measure sodium temperature, plug indicator, preheaters for 
dump tank, sodium liquid level indicators for tanks, heat tracing and 
thermocouples as required to preheat sodium piping and valves, thermal 
insulation for all components, insulating doors to cover panel during 
shutdown and to intercept spillage flux, inert gas pressurization system, 
structure to support all equipment and to mate with panel structure, smoke 
detectors, drip pans for sodium spills; and interface connections to CRTF 
utilities. All piping shall have a minimum of 3" of insulation with a K 
factor of .5 BTU in/hr/ft2 Op at 600°F. All components shall have a I1U.n.1.
mum of 4" of insulation with a K factor of .5 BTU in/hr/ft2 op at 600°F. 

3.7.3.2 Surge Tank (Location~ Capacity) 

The surge tank shall be mounted at the highest point in the system and 
shall be large enough to provide for calibrating the sodium flow meters. 

3.7.3.3 Trace Heating (except drain tank) 

The loop trace heating shall be sized and distributed so as to provide 
preheat from 70°F to 600°F in six hours and to maintain 6QQOF ± 50°F 
during shutdown and hold (shutdown and hold modes are with panel move
able insulation in place). 

3.7.3.4 Loop Operating Temperature & Pressure 

The entire loop shall be designed to operate at ll00°F and 50 psig 
minimum. All sodium piping shall be designed for a maximum temperature 
of 1150°F and a maximum pressure of 75 psig. 

3.7.3.5 EM Pump (Flow Rate) 

The electromagnetic pump shall provide a maximum sodium flowrate of 
150 gpm at a head of 30 psi at a maximum sodium temperature of 1150°F 
and pressure of 75 psig. 
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The sodium piping shall be designed to provide a loop pressure drop 
(including the panel and heat dump) of less than 30 psi at .150 gpm of 
sodium (measured at EM pump when cold leg temperature is 600°F). 
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3.7.3.7 Dump Tank (Location & Capacity) 

3.7.3.8 

The dump tank shall be large enough to contain the entire loop inventory 
of sodium. The tank shall be located at the lowest point in the loop and 
shall be equipped with preheaters sized to heat the tank and sodium 
inventory from 70°F to 600°F in 24 hours and hold at 600°F ± 50°F. 
The dump/drain tank shall be equipped with a fill line & shut off valve 
for sodium transfer to and from shipping containers. 
Loop Flowmeters 

The flowmeters shall measure the sodium flowrate to :l.5% of the reading 
within the range from 15 gpm to 150 gpm at 600°F. 

3.7.3.9 Sodium Level Gages 

The surge tank.and dump tank shall be fitted with sodium liquid level 
gages. These gages shall have accuracies as follows: 

Surge tank: ± 0.1% 
Dump tank: ± 5.o, 

3.7.3.10 Thermocouples 

Thermocouples used in the fluid circulation equipment shal~ have an 
accuracy of± 4°F or better. 

3.7.3.ll Codes 

Piping shall be in compliance with ANSI B3l.l (Ref. 2.6), the pressure 
components shall be designed to be in compliance with Section VIII 
Division l (Ref. 2.5). 

3.7.3.12 Insulation (Loop) 

Loop components shall be insulated with a material that is compatible 
with the piping material and which is protected against contamination 
by moisture. 

3.7.3.13 Loop Impurity Monitoring 

The SRTA shall be equipped with oxygen monitoring equipment for contin
uous monitoring of the oxygen impurity in the sodium. 

3.7.3.14 Inert Gas System 

The SRTA shall include an inert gas system complete with vapor traps, 
supplr, equalizer and vent valves for maintaining the sodium system 

REVISION REVISION SUPERSEDES 
NUl\l0ER DATE 

PAGE~ 
3 l April 80 

esJ.QOS i S· 781 A-39 

oi:58 



ENERGY 
SYSTEMS 

PROGRAMS 
DEPARTMENT 

·-
ENGINEERING SPECIFICATION 

TITLE 

SPECIFICATION 
NUMBER 

295A4725 

ORIGINAL 
ISSUE DATE 

GENERAL 1---------------------------t E LE CTR IC CLASSIFICATION 

R!: 1✓ 1SION 
NUM0ER 

a 
ESJ-005 15· 781 

under an inert gas blanket and to provide differential pressure for 
loading the sodium into the system~ Piping shall provide an automatic 
gravity drain into the drain tank in the event of an emergency con
dition. All inert gas piping between the sodium system and the 
vapor traps shall be preheated. The inert gas system shall be 
designed for a maximum pressure of 100 psig. 
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3.7.4 MONITOR & CONTROL EQUIPMENT 

3.7.4.1 Operating Modes 

The monitor and control equipment shall be capable of supporting the 
operating modes defined in paragraph 3.2.1.5: 

• Operation 

• Hot Hold 

• Preheat 

• Startup 

• Shutdown 

• Emergency Dump 

• Calibration Maneuvers 

3.7.~.2 Description 

The monitor and control equipment (Ref: Figure 3-4) shall consist of a 
local control panel, in the CRTF tower elevating module, a remote control 
and display console center, the real time aperture flux system (supplied 
by CRTF), automatic control for EM pump to maintain panel outlet tem
perature, automatic control for heat dump louvers to maintain panel 
inlet temperature and annunciator systems. 

3.7.4.3 Local & Remote Panels 

All instrumentation* readout and control functions shall be available a~ 
both the local (GE) and remote (CRTF) control panels; however, the remote 
panel shall have precedence in all control decisions and shall be able to 
lock out the local panel control functions to insure the precedence. 
* RTAF and meteorological not required at local panel. 

3.7.4.4 EM Pump Control Logic 

A control logic shall be built into the electromagnetic pump controls 
to automatically adjust the sodium flowrate to maintain a temperature of 
ll00°F ± S°F at the absorber panel outlet for the range of solar incident 
power from .25 MW to 2.5 MW. This ~ogic shall be prototypical of that 
which would be used in a commercial solar power p~ant. These control 
circuits shall also include the option of bypassing the built-in logic 
to control the EM pump through the CRTF computer. 
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3.7.4.5 Heat Dump Control Logic 
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A control logic shall be built into the heat dump louver controls to 
automatically maintain a sodium temperature setpoint between 500°F and 
7oo°F (± 5op) at the absorber panel inlet for the range of duty from 
0.25 MW to 2.5 MW of reject heat. These control circuits shall include 
the option of bypassing the built-in logic to control the louver.s through 
the CRTF computer. · 

3.7.5 AUXILIARY EQUIPMENT 

3.7.5.1 Description 

The auxiliary equipment shall consist of the motor controls and power 
supplies for the insulating panels and flux sensor drives, capacitors, 
and power supply for EM pump, power supply for heat dump motors, fire 
fighting equipment for sodium fires, maintenance equipment for working 
with sodium, cables and signal conditioning equipment for instrumentation 
and controls interconnection. 

3.8 PRECEDENCE 

In the event of conflict between this document and the reference documents, 
the contents of this specification shall be the superseding requirement. 
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4.0 PERFORMANCE VERIFICATION 
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This section establishes the test methods for verification of the design 
and performance requirements specified in Section 3.0 of this document. 

4.1 GENERAL 

The verification philosophy applicable to this specification is as 
follows: 

a. The verification approach shall provide high confidence, consistent 
with economy of implementation, that each characteristic of the 
equipment meets its spe.cified requirement. 

b. Operational and safety tests to largest scale practical (within 
cost and schedule constraints) shall be performed prior to shipment 
of the equipment to the Central Receiver Test Facility (CRTF). 

c. Verification of performance shall make full use of data available 
at the component level to assure performance at the total assembly 
level. 

d. ~11 test, operations and maintenance data for the various components/ 
assemblies acquired throughout the life of the test program-will be 
utilized to support and or reliabili.ty, maintainability, and avail
ability projections. 

Testing will be performed .at three primary locations; vendors facilities 
(components), ARSD - San Jose test facilities (component/assemblies) ·and 
Department of Energy (DOE) - central Receiver Te~t Facility (CRTF) 
(total assembly). 

4.1.1 RESPONSIBILITIES 

All testing shall be performed in accordance with approved test plans/ 
procedures. The test plan shall address the following areas for each 
of the test locations listed in 4.1; 
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• test organization 
• definition of areas of responsibility between interfacing 

organizations 
• sequence and scheduling of testing 
• facility test support requirements 
• special test equipment (not off the shelf) 
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• test software and off line data reduction (OLDR) requirements 
• technical details of each test 
• safety considerations of each test 

The results of the testing as well as any corrective action or retest 
required shall be documented in test reports. 

The General Electric (GE) Company wil~ be responsible for conducting 
the testing at the San Jose and CRTF locations. All CRTF test pro
cedures shall pe approved by CRTF and GE. 

Vendor component tests will be performed by the vendor at their 
facilities according to procedures developed by them and approved 
by GE. Witnessing of vendor tests by GE will be determined on a case 
by case basis. 

CRTF facility interface verification tests will be performed by 
CRTF personnel according to procedures developed by them and 
agreed to by GE. These tests will be witnessed by GE. 

4.1.2 SPECIAL TESTS & EXAMINATIONS 

4.1.2.1 ABSORBER PANEL (Major Component 3.1.3.1) 

The tubes shall be welded to the header in a manner that allows for 
radiographic inspection of each weld. 

4.1.2.2 FLUID CIRCULATION EQUIPMENT (Major Component 3.1.3.3) 

All sodium piping shal:'l be welded in a manner that allows for radiographic 
inspection of each weld. 

4.1.3 DATA REQUIREMENTS 

4.1.3.l TEST PLANNING 

General Electr~c shall provide a test plan and test procedures 
that will be used to verify the performance requirements of 
Section 3.0 of this specification. The test plan shall address 
the area's identified in paragraph 4.1.1, and be responsive to 
the verification matrix. 

4.1.3.l.l Facility Acceptance (CRTF Testing Only) 

The test plan shall define the facility acceptance criteria and the 
method of acceptance .. The interface specification will define the 
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4.1.3.1.2 Installation & Checkout (CRTF Testing Only) 

The test plan shall include the detailed installation and checkout 
procedures. These procedures as a minimum shall define: 

• Prerequisites 
• Support Equipment 
• Special Tools 
• Manpower 
• Hardware 
• Drawing References 
• Pass/Fail Criteria 

4.1.3.1.3 Safety Analysis 

A safety analysis will be performed for each unique test configuration 
(grouping of SRTA components). 

4.1.3.2 TEST PROCEDURES 

Test procedures will be written to verify the performance of those 
characteristics requiring verification by test (Ref. 4.3). As a 
minimum the test procedure shall include: 

• Equipment/Software Requirements 

• Test Equipment 

• Test Prerequisites 

• Test Restrictions 

• Safety Considerations 

• Test Procedure 

• Test Set Up and Instrumentation Block Diagrams 

• Data Sheets 

• Data Reduction and Analysis 

• Pass/Fail Criteria 

4.1.3.3 TEST REPORTS 

Reports shall be provided for each test performed at the CRTF. (Ref: Test 
plan for sodium receiver test assembly testing at CRTF). These reports 
will consist of data acquired during the performance of the testing, test 
configuration, environmental conditions and data analysis (as required) to 
assess performance of the equipment under test. 

4.2 VERIFICATION DEFINITIONS 

Each performance requirement in Section 3 of this specification shall be 
verified usina the followina evaluation method~ 
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Verification by determination of physical characteristics. 

4.2.2 SIMILARITY (S) 

Similarity is a procedure used to show that an article is comparable with, 
or identical in design and manufacturing processes to, another article 
previously qualified to equivalent or more stringent criteria. 

4.2.3 ANALYSIS (A) 

Verification by examination of technical data, mathematical derivations, 
or analytical combination of measured data and/or other technical data 
of component units. 

4.2.4 DEMONSTRATION (D) 

Verification by operation of any item or by performance of any function 
without a requirement·for analysis of quantitative data that might result 
from instrumentation of recorded observations during the verification. 

4. 2. 5 TEST (Tl 

Verification by operation of any device or performance of any function 
that requires analysis of quantitative data that results from required 
instrumentation or from recorded observations during the verification. 

4.3 VERIFICATION MATRIX 

The verification matrix shows the classification and methods of evaluation 
for all Section 3 requirements. Verification of performance and design 
requirements shall be based on evaluation by inspection, similarity, 
analysis, demonstration, and/or test. Inspection shall he used to check 
adequacy of design documentation to applicable specifications and conformance 
of hardware to design documentation and applicable standards. Similarity 
shall be used in verifying the performance of a component that has been 
proven in another application. 

Analysis shall be used in lieu of, or to supplement, test data. Demonstra
tion is used when quantitative measurements are not required for verifica
tion. Tests shall be conducted when an acceptable level of confidence 
cannot be established by other methods or when testing can be shown to be 
most cost-effective method. 
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The Section 3 paragraphs for which verification is not applicable ar~ 
indicated in the table as N/A, on the basis of the following criteria: 

a. The paragraph contains the title only. 

b. The paragraph is descriptive and no requirement is stated. 

c. The paragraph is introductory and the requirements are stated in sub
sequent subparagraphs. 
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4.4 VERIFICATION METHODS 

SPECIFICATION 
NUMBER 

2~5A4725 

ORIGINAL 
ISSUE DATE 

MAY 2 51979 

This section establishes- the test verification methods and concepts that shall 
be used to verify the requirements of section 3.0. The verification matrix 
(Ref. 4.3) includes a cross reference to the appropriate section 3.0 
Requirement paragraph and verification method. 

Tests may be combined or rearranged in order to accommodate a more cost 
effective program or to maintain the program schedule. 

In the following paragraphs the number in the parenthesis referes to the 
appropriate section 3.0 paragraph. 

4.4.1 DIAGRAMS (3.1.1) 

An inspection of the drawings and hardware of the SRTA shall be done to 
assure the equipment delineated in Figures 3-1, 3-2, 3-3 is present. 

4.4.2 STRUCTURAL INTERFACES (3.1.2.1) 

An inspection of the drawings and mounting structures will assure the 
physical compatibility of the interface. 

An analysis will be performed to verify the ability of the structure 
to support the SRTA over the full range of its operating environments 
and modes. 

4.4.3 UTILITY (ELECTRICAL) (3.1.2.2) 

An inspection of the drawing and equipment shall verify the availability 
and distribution of the specified interface. 

Testing to the maximum extent practical shall be performed to verify the 
functioning and regulation of the interface to within the specified toler
ances. 

4.4.4 UTILITY (FLUID) (3.1.2.3) 

Same as Paragraph 4.3.3. 

4.4.5 INSTRUMENTATION (3.1.2.4) 

Same as Paragraph 4.3.3. 

4.4.6 CONTROL (3.1.2.5) 

Same as Paragraph 4.3.3. 
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4.4.7 SOLAR (3.1.2.6) 

An inspection of flux plots shall verify the ability of the CRTF to 
provide the required solar interface. 

An analysis of the facility control fucntions will verify its ability 
to vary the flux over the required range within the required time frame. 

4.4.8 ABSORBER PANEL (3.1.3.1) 

An inspection of the drawings and hardware shall verify conformance with the 
paragraph description and requirements. 

4.4.9 HEAT DUMP (3.1.3.2) 

Same as Paragraph 4.4.8. 

4.4.10 FLUID CIRCULATION EQUIPMENT (3.1.3.3) 

Same as Paragraph 4.4.8: 

4.4.11 MONITOR AND CONTROL EQUIPMENT (3.1.3.4) 

Same as Paragraph 4.4.8. 

4. 4 .12 AUXILIARY EQUIPMENT ( 3. 1. 3. 5) 

Same as Paragraph 4.4.8. 

4.4.13 INCIDENT SOLAR BEAM ACCEPTANCE (3.2.1.1) 

An analysis of the design shall substantiate its ability to accept the 
flux levels, distributions and transients associated with actual operation. 

Testing of the SRTA under the specified conditions will verify performance 
of the unit, cooroborate the analysis and characterize the actual per
formance of the receiver. 

4.4.14 ABSORBER PANEL INLET TEMPERATURE (3.2.1.2) 

An analysis of the SRTA design and control loop functions over 
operating modes and environmental conditions will substantiate 
of the unit to satisfy its requirements. 
Testing of the SRTA under the specified conditions will verify 
the unit, corroborate the analysis and characterize the actual 
of the test assembly. 
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4.4.15 ABSORBER PANEL OUTLET TEMPERATURE (3.2.1.3) 

Same as Paragraph 4. 4 .14. 

4.4.16 DESIGN LIFE REQUIREMENT$ (3.2.1.4) 

SPECIFICATION 
NUMBER 

2<?>5A4725 

ORIGINAL 
ISSUE DATE 

f1AY 2 o 1979 

An analysis of the ATP design shall verify the 30 year requirement under 
the specified corrosion and thermal cycling conditions. 

4.4.17 DESIGN OPERATING MODES (3.2.1.5) 

An inspection of the drawings and hardware will identify the equipment 
necessary to support the operating modes. 

Analysis of the design will substantiate its ability to satisfy the 
specification requirements. 

Testing at CRTF will verify compliance with the requirements and corrobo
rate the analysis. 

4.4.18 ABSORBER PANEL SURFACE AREA (3.2.2.1) 

Same as Pragraph 4.4.8. 

4.4·.19 SURFACE ORIENTATION (3.2.2.2) 

Same as Pragraph 4.4.8. 

4.4.20 SURFACE OBSTRUCTIONS (3.2.2.3) 

Same as Paragraph 4.4.8. 

4.4.21 MAINTAINABILITY (3.2.4) 

An inspection of the drawings and equipment will substantiate the ease of 
maintenance requirement. The ability of the equipment to support the 
6 month operational requirement will be verified by data from use in 
similar applications. Verification of this requirement will be demon
strated by the maintenance activities performed at CRTF. 

4.4.22 OPERATING REQUIREMENTS (3.2.5.1) 

An analysis of the SRTA design shall verify ability to operate irt the 
specified environment. 
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4.4.23 SURVIVAL REQUIREMENTS (3.2.5.2) 

An analysis of the SRTA design shall verify its ability to survive the 
specified environment. 

4.4.24 TRANSPORTABILITY (3.2.6) 

An inspection of drawings and hardware shall substantiate the ability of 
the equipment ~o meet these requirements. Actual compliance will be 
demonstrated by shipping the equipment to the CRTF via truck and having 
the SRTA equipment placed on the test tower. 

4.4.25 INSTALLATION (3.2.7) 

An inspection of the drawings and hardware shall substantiate the ability 
of the equipment to meet these requirements. Actual compliance will be 
demonstrated by installation at CRTF. 

4.4.26 CLEANLINESS (3.2.8) 

An inspection of the facilities and procedures used for the fabrication 
and assembly of the equipment will substantiate compliance with require
ment. The ability to assemble the SRTA on site (CRTF) without additional 
cleaning will demonstrate compliance with this requirement. 

4.4.27 DESIGN & CONSTRUCTION (3.3) 

Paragraph 3.3 has essentially four specific verification requirements: 

Code Compliance - Inspection of the documentation required in paragraph 
3.4.1 will verify compliance with the codes and 
standards requirements. 

Lifting Lug 
Load Tests 

Shipping Loads 

- An analysis of the design will substantiate the ability 
of the lifting lugs to satisfy the requirements. Tests 
will be performed to verify compliance with this 
requirement. 

- An analysis of the design of the unit and/or the ship
ping structure will substantiate its ability to with
stand the required shipping loads. 

Periodic inspections of the equipment during transport 
and final inspection on arrival at site (CRTF) will 
demonstate compliance with this requirement. 
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Leak Tests Tests will be performed on the assembled SRTA to verify 
compliance with the Teak requirements. This test will 
be performed at CRTF after completion of the field welds. 

4.4.28 MATERIALS, PROCESSES AND PARTS (3.3.1) 

Inspection of documentation required in paragraph 3.4.1 will verify com
pliance with codes and standards requirements. 

4.4.29 NAMEPLATE AND PRODUCT MARKING (3.3.3) 

Same as Paragraph 4.4.8. 

4.4.30 WORKMANSHIP (3.3.4) 

Same as Paragraph 4.4.28. 

4.4.31 SAFETY (3.3.6) 

Inspection of SRTA drawings and equipment will verify the presence 
of required safety equipment. An analysis of system design and operations 
will verify that it is compliant with the specified safety requirements. 
Tests will be performed to verify operation of the safety monitoring 
equipment. 

4.4.32 DESIGN DOCUMENTATION (3.4.1) 

An inspection of the documentation shall verify this requirement. 

4.4.33 INSTALLATION PLAN (3.4.2) 

Same as Paragraph 4.4.32. 

4.4.34 OPERATIONS AND MAINTENANCE PLAN (3.4.3) 

Same as Paragraph 4.4.32. 

4.4.35 TEST PLAN (3.4.4) 

Same as Paragraph 4.4.32. 

4.4.36 SAFETY ANALYSIS (3.4.5) 

Same as Paragraph 4.4.32. 
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4.4.37 MAINTENANCE (3.5.1) 

Same as Paragraph 4.4.8. 

4.4.38 SUPPLY (3.5.2) 

SPECIFICATION 
NUMBER 

2<?J5A4725" 

ORICilNAL 
ISSUE DATE 

Miff 2 51979 

Inspection of documentation, order forms and bills of lading shall verify 
conformance with this requirement. 

4.4.39 FACILITIES (3.5~3) 

Inspection of drawing and designated facilities shall verify conformance 
with this requirement. 

4.4.40 PERSONNEL AND TRAINING (3.6) 

Inspection of documentation supplied in 3.4.4 (test plan) shall verify 
this requirement. The test plan will contain a description of the test 
organization (GE personnel) required to install, checkout, test and O&M. 

4. 4. 4 I DESCRIPTION ( 3 • 7 . l. l) 

Same as Paragraph 4.4.8. 

4.4.42 MOUNTING (3.7.1.2) 

An inspection of the drawing and equipment will verify compliance with 
the equipment description. The ability of the support structure to support 
the absorber panel will be substantiated by analysis and verified by 
demonstration at CRTF. 

4.4.43 FLATNESS (3.7.1.3) 

An inspection of the drawings and equipment will identify the method of 
allowing movement for thermal expansion. An analysis of the design will 
substantiate the ability of the equipment to maintain the flatness tolerance 

Testing of the equipment at CRTF under the specified conditions of operation 
will verify design compliance with the requirement, corroborate the analysis, 
and characterize the actual performance of the unit. 

4. 4. 44 ASSEMBLY (3. 7. L 4) 

Same as Paragraph 4.4.8. 
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4.4.45 INSULATION (3.7.1.5) 
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NUMBER 
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ORIGINAL 
ISSUE DATE 

ff Jff 2 S 1979 

An inspection of the drawing and equipment will verify that the back side 
of the tube bundie is insulated. An analysis of the design shall sub
stantiate the ability of the insulation to maintain the 150° degree 
temperature over the range of operating modes and environments. 

4.4.46 INSTRUMENTATION (SURFACE TEMPERATURE AND STRAIN MEASUREMENT (3.7.1.6) 

An inspection of drawing and equipment will verify the quantity and 
location of the specified instrumentation. Calibration data on s~milar in
strumentation in similar temperature regimes and analysis of SRTA geometry 
will verify compliance of the accuracy tolerance. 

4.4.47 INSTRUMENTATION (SODIUM TEMPERATURE) (3.7.1.7) 

An inspection of the drawings and equipment will verify the quantity and 
location of the specified instrumentation. 

Calibration data on similar instrumentation in similar temperature regimes 
will verify compliance of the accuracy tolerance. 

4.4.48 TRACE HEATING (3.7.1.8) 

Inspection of the drawing and equipment shall verify the presence of the 
trace heating units. An analysis of the design will substantiate its 
ability to maintain the required temperature under the specified con
ditions. Testing at CRTF under these conditions will verify compliance 
with the design and corroborate the analysis. 

4.4.49 ABSORPTIVE COATING (3.7.1.9) 

An inspeciton of the drawings and equipment will verify the presence and 
quality of an absorptive coating. The ability of the coating to comply 
with the requirements will be verified by data from use in similar applica
tions. 

4.4.50 DESCRIPTION (3.7.2.1) 

Same as Paragraph 4.4.8. 

4.4.51 HEAT DISSIPATION (3.7.2.2) 

An analysis of the deisgn shall substantiate its ability to satisfy the 
heat dissipation requirements over the range of operating modes and 
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environmental conditions. 

Testing at CRTF over the range of _operating modes and available environ
mental conditions will verify compliance with this requirment, 
corroborate the analysis and provide data for the overall characterization 
of SRTA. 

4.4.52 INSTRUMENTATION (3.7.2.3) 

Same as Paragraph 4.4.47. 

4.4.53 DESCRIPTION (3.7.3.l) 

Same as 4.4.8. 

4.4.54 SURGE TANK (LOCATION AND CAPACITY) (3.7.3.2) 

An inspection of the drawings and equipment shall verify that the surge 
tank is at the highest point in the system. An analysis of the system 
design and surge tank ·capacity will verify that it is large enough to 
support calibrating of the sodium flow meters. 

4.4.55 TRACE HEATING (3.7.3.3) 

Same as Paragraph 4.4.48. 

4.4.56 LOOP OPERATING TEMPERATURES & PRESSURE (3.7.3.4) 

An inspection of the drawing and equipment will verify that the selection 
of materi.als is compatible with the temperature and pressure criteria. 

4.4.57 EM PUMP FLOW RATE (3.7.3.5) 

Inspection of the drawing and equipment shall substantiate the ability 
of the equipment design to satisfy specification requirements. Operating 
data on similar equipment under similar operating conditions shall verify 
the compliance with the requirements. 

4.4.58 SODIUM PIPING (PRESSURE DROP) (3.7.3.6) 

An analysis of the design shall substantiate its ability to satisfy the 
requirement. 

Testing at CRTF under the stated conditions will verify compliance with 
the requirements, corroborate the analysis and contribute data to the 
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overall characterization of SRTA performance. 

4.4.59 DUMP TANK (LOCATION AND CAPACITY) (3.7:3.7) 

SPECIFICATION 
NUMBER 

2. ~5A4-12.5 

ORIGINAL 
ISSUE DATE 

MAY 2 51979 

An inspection of the drawing and equipment shall show compliance with the 
paragraph description and verify that it is in the lowest point in the 
loop. An analysis of the design will substantiate the tank capacity. 
Testing at CRTF will verify compliance with the preheater requirements. 

4.4.60 LOOP FLOWMETERS (3.7.3.8) 

An inspection of the drawings and equipment will verify the inclusion of 
the specified instrumentation. Calibration tests will verify compliance 
with the accuracy requirement. 

4.4.61 SODIUM LEVEL GAUGES (3.7.3.9) 

Same as Paragraph 4.4.57. 

4.4.62 THERMOCOUPLES (3.7.3.IO) 

Same as Paragraph 4.4.47. 

4.4.63 CODES (3.7.3.11) 

Inspection of the documentation required in paragraph 3.4.1 will verify 
compliance with this requirement. 

4.4.64 INSULATION (3.7.3.12) 

Inspection of drawings and equipment will verify the presence of the re
quired insulation. 

4.4.64a LOOP IMPURITY MONITORING (3.7.3.13) 

Same as paragraph 4.4.8. 

4.4.64b INERT GAS SYSTEM (3.7.3.14) 

Same as paragraph 4.4.8. 
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4.4.65 OPERATING MODES (3.7.4.l) 

SPECIFICATION 
NUMBER 

ORIGINAL 
ISSUE DATE 

An inspection of the drawing and equipment will indicate the ability of 
the monitoring and control equipment to support the specified operating 
modes. 

An analysis of the design will substantiate this and verification will be 
demonstated a~ CRTF. 
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4.4.66 DESCRIPTION (3.7.4.2) 

Same as Paragraph 4.4.8. 

4.4.67 LOCAL AND REMOTE PANELS (3.7.4.3) 

SPECIFICATION 
NUMBER 

2~5A4-72.5 

ORIGINAL 
ISSUE DATE 

MAY 2 51979 

The ability of the'control panels to readout the required date and the 
precedence of the remote panel shall be substantiated by inspection of 
drawing and equipment and verified by demonstration at the CRTF. 

4.4.68 EM PUMP CONTROL LOGIC (3.7.4.4) 

An inspection of the drawing and equipment shall verify conformance with 
the equipment description. An analysis of the design shall substantiate 
its compliance with the specified requirements. Testing at CRTF will 
verify compliance with the requirements, corroborate the analysis and 
provide data for SRTA performance characterization. 

4.4.69 HEAT DUMP CONTROL LOGLC (3.7.4.5) 

Same as 4.4.68 

4.4.70 DESCRIPTION (3.7.5.1) 

Same as Paragraph 4.4.8. 

5.0 PREPARATION FOR DELIVERY 

Preparation for delivery of the equipment will be the responsibility of the 
appropriate vendor according to accepted standards for the equipment in
volved. Acceptance of equipment at CRTF by GE will preclude accepting 
equipment sustaining visual damage. 

6.0 NOTES - NA 
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This specification establishes the requirements for the design, fabrication, 
testing and delivery of an Absorber Panel. The Vendor shall be responsible 
that all work and/or material provided by him or his subcontractors meets the 
requirements of this specification. 

2.0 APPLICABLE DOCUMENTS 

The following listed documents form a part of this specification to the ex
tent specified herein. The requirements of this document shall govern if 
conflicts exist in the contents of the documents. Unless otherwise in
dicated that issue in effect on 25 May 1979 shall apply. 

2.1 ASME Boiler & Pressure Vessel Code 

Section II, Materials 

Section v, Non-Destructive Examination 

Section VIII, Division 1 

2.2 American Institute of Steel Construction Manual. 

2.3 Interface Control Drawing E-017. 

2.4 Deleted. 

2.5 National Electric Code, NFPA 70-1978 

2.6 National Electrical Manufacturers Associations (NEMA) Standards 

2.8 Deleted. 

3.0 REQUIREMENTS 

The absorber panel assembly design, construction and performance require
ments are described this section. 

3.1 ITEM DEFINITION 

The following items are covered by this specification and will be provided by 
the panel manufacturer unless specified "to be supplied by others". The 
absorber panel consists of a flat panel assembly of Incoloy 800 seamless 
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tubes welded tc an inlet header and single connecting pipe at one end and an 
outlet header and single connecting pipe at the other end. The tubes are 
metallurigically joined together--by brazing. The panel. assembly shall be 
mounted to a panel support structure with appropriate attachlaents tc 
accommodate differential thermal expansion encountered during any operating 
conditions. Heating elements are provided on the· back side of the panel 
assembly to maintain a hot hold condition. Measuring instrumentation an~ 
lead outs are tc be supplied by others and shall be attached to the panel. 
by others tc monitor temperatures and strain conditions during operation. 
Thermal insulation shall be provided bet'Neen the heating elements and 
supporting structure and on the inlet/outlet headers and pipes. A high 
absorptivicy coating shall be applied to the tubes on the panel side exposed 
to solar readiation. All attachements, clips and mountings required for the 
above other than measuring instrumentation shall be provided. A solar shield~ 
to be supplied by others, will surround the active panel to protect the sup
port structure and limit L"lcident flux to the active panel region. 

3.l.l ITEM DIAGRAMS. 

The following diagrams- are a part of this specification. 

Figure 3-1 Sodium Receiver Test Assembly - Schematic 
Figure 3-2 Absorber Panel Thermal Cycling 
Figure 3-3 Absorber Panel Dimensional Limits 
Figure 3-4 Panel Flux Cistributj.on 
Figure 3-5 Flux Distribution for Cyclic Life 

3.l.2 INTERFACE DEFINITION 

The absorber panel, as defined in 3.1, shall interface with other fortions 
of a Sodium Receiver Test Assembly (SRTA) as shown schematically in 
Figure 3-1 and the general dimensional limits of Figure 3-3. Specific 
interfaces are as defined below and in reference 2.3. 

3.l.2.1 Structural Interfaces 

• Absorber panel support structure to the fluid circulation equipment 
structure. 

• Inlet/outlet header piping with loop piping. Pipe mechanical loads 
are as shown in Figure 3-3. 

• Solar shield as shown in Figure 3-3 and Reference 2.3. 
3.1.2.2 Fluid Interface 

• Inlet/outlet header piping with loop piping. 
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Table 3-4 

Table 3-4 provides solar test panel flux and thermo
dynamic characteristics for the following operating 
conditions. 

A - "Uniform" flux with a total incident flux on 
the panel of 2.5 MW and an ambient temperature 
of 70°F used to calculate losses. 

B, C - Same as A but with ambient temperatures of 
-200F and 120°F respectively. 

D- - "Uniform" flux but reduced to a value con,-
sistent with a pump minimum flow of 20 GPM 
and an ambient temperature of 700F. 

E, F - Same as D but with ambient temperatures of 
-200F and l200F respectively. 

G - "Peak" flux with a total incident flux on the 
panel of 2.5 MW and an ambient temperature 
of 70°F used to calcaulate losses. 
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A 1/µJRJeH Fi..u')I, 70"PA-H&1eµT 

ATPfW 11 • l9EOT 09/05/79 

Alll TEMP.,CONV. COEFF.,Cl170.,2.0,.6.J66 

FLIJX PLOT FI LENAME'/FLUXTF 

FlJ LL P~H NT< YES= I , NO=O >11 

RECEIVER SUMMARY 

FLOW = 50798.LB/HR 
INC Il>ENT = 2495438.W 
HAIJ. LOSS = 86998.W 
CCMV. LOSS = 24845.W 
I-IF.FL LOSS = 124772.W 
F.Ft=ICIENCY = 0.9052 

TUI-Jl:: FLOW INCIDENT RADIATION 
(lWUP LU/tlH w w 

I 4618. 195242. 6783. 
2 4618. 213277. -,397_ 
3 4618. 228505. .,946. 
4 41'> 18. 239689. 8369. 
5 4618. 246663. 8644. 
6 4618. 249346. 0748. 
7 461H. 246622. 8640. 
ti 4~18. 239606. H366. 
9 4618. 228 3H I • 7941. 

10 4618. 213071. 7388. 
II 4618. 195036. 0775. 

CONVECT-ION F.FfICIENCY 
w 

2139. 0.9043 
2208. 0.9050 
2265. 0.9053 
2307. 0.9055 
233.l. 0.9055 
2343. 0.9055 
2333. 0.9055 
2307. 0.9055 
2265. O.QQ53 
2201. 0.9050 
2139, 0.9043 

A 
lof 5 
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OUTS I DE TUHE TEMPERA TURF.S < OF.G. F > 
I 052. I 1094.0 I J 29. 3 1155. 2 1171. 3 11 77. 5 1171. 4 1155 ~ 2 1129. 3 I094 .o 1052.1 
1045.6 IOU6.9 1121.8 1147 .2 1163.0 1169. I 1162. 7 1146.8 1121.2 IOU6.2 1044. 9 
1019.6 1050.5 1090.9 1114.8 1129. 7 1135 .2 1129. 4 .1114.3 1090. I 1057.3 1018.4 
980. I 1015.1 1044 .5 1066.0 IO 79. 4 1084.6 I079. I .I065.6 1044.0 1014.2 979.2 
9 J'-j. 7 966.8 992.5 1011 .6 1023.7 102.7.9 1023. 3 IOI I .3 992. I 966.0 935. I 
890. I 916.9 939.4 955.H 966.3 970. I 966.0 955.IS 939.3 916.5 809.7 
B44. 2 866.7 885.6 899.6 908.4 .911.5 908.3 809.6 085.6 H66.6 043.9 
797.4 815.7 83 I. I 842.4 849.5 852.2 849.3 842.2 83 I. I 015.5 797. I 
749.0 763.0 T/4.8 .783. 4 789.0 790.8 7UU.8 7tH.4 774.6 .763.0 748.7 
69U.O 101.3 715.3 .72 I • I 725.0 726.4 725.0 721 .5 715.9 ·100. 1 698.6 
64U.7 653.2 657.0 660. I 661.9 662.5 662.1 660.5 657.8 654.0 649.5 

NOOE EFFICIF.NCJES(P.U.) 
0.835 0.834 0.833 0.832 0.831 0.831 0.831 0.832 0.8]4 0.835 0.837 
O.ff/B O.BTI 0.877 0.876 0.876 0.876 0.876 0.876 0.877 0.878 0.878 
O.tN4 0.894 0.893 0.893 0.893 0.893 0.893 0.893 0.893 0.894 0.894 
0.902 0.902 0.902 0.902 0.901 0.901 0.901 0.902 0.902 0.902 0.902 
0.907 0.908 0.908 0.908 0.908 0.908 0.908 0.908 0.908 0.901 0.907 

o:J 0.912 0.913 0.913 0.913 0.913 0.913 0.913 0.913 0.913 0.912 0.912 
I 0.916 0.917 0.018 0.918 0.918 0.918 0.918 0.918 0.01.1 0.917 0.916 I-' 

-..J 0.919 o. 921 0.921 0.922 0.922 0.922 0.922 o.922 0.921 0.920 0.919 
0.921 0.923 0.924 0 • .924 0.925 0.925 0.925 0,924 0.924 0.923 0.921 
0.920 0.922 0.92.1 0.924 0 .. 9~5 0.925 0.925 O.Q24 O.Q2J 0.922 0.920 
0.910 0.913 o.915 0.916 0.917 0.917 0.917 0.917 O.Ql5 0.913 o. 911 

PAIJSE 

LI NE CALLING-ROUTINE 

900 ATPt=W 

INCi Dt:NT FLUX CW/SQ. C,.() 

27.2 29.6 31 .a JJ.4 34.4 34.8 34.6 33.6 32.1 JO.I 27.6 
42.6 46.6 50.2 52.7 54.2 55.0 54.2 52.7 50.2 46.7 42.7 
51.6 56.5 60.5 63.5 65.3 66.0 65.3 ~3.4 60 • .1 56. I 51.3 
54.4 59.4 63.7 66.7 68.6 69.4 68.6 66.6 63.5 59.2 54.2 
55.0 60.0 64.1 67.3 69.2 69.9 69. I 6.7.2 6.l.9 59.7 54.7 
54.0 59.9 64.I 67.2 69.1 69.9 69.0 67.1 64.0 59 •. 7 54.7 
54.6 59.6 63.7 66.9 68.8 69.4 68.8 66.9 63.7 59.5 54.5 
53.5 58.4 62.5 65.6 67.4 68.2 61.3 65.3 62.4 58.2 53.3 
50. I 54.7 58.6 61. 4 63.] 63.8 63.2 61.3 51J.J 54.4 49.7 

\J 41. 2 45. I 4lJ.5 50.0 52.5 53.1 52.5 51.0 48.6 45.3 41 .3 
01 26. 7 29. I JI. 2 .12.8 33.B 34.1 33.Q 33.0 .11 • 6 2Q.5 27.2 



9-) 
[) 

t:P 
I 

1--' 
00 

ABSOHHEU t=LUX(W/SO.CM) 
22.7 24.7 26.5 27.8 28.6 28.9 28.8 2D.O 26.8 25. I 
.17.4 40.9 44.0 46.2 4 7.5 48. I 47.5 4f>.2 44.0 41.0 
46.1 50.5 54.0 56.7 5H.3 58.9 58.3 56.6 53.0 50.2 
49. I 53.6 5 7 .5 60.2 61.8 62.6 61.8 60. I 57.3 53.4 
49.0 54.5 58.2 61. I 62.9 63.4 62.7 61.0 58.0 54.2 
~o.o 54.7 5tJ.6 61 .3 63. I 63.8 63.0 61. 2 5H.5 54.5 
50.0 54.7 58.5 61. 4 63.2 63.8 6].2 6 I. 4 58.5 54.6 
49.2 53.H 5 7 .6 60.4 62. I 62.8 62.0 60.2 57.5 53.6 
46.2 50.5 54.2 '>6.0 5H.5 59.0 58.4 56.7 53. 9 50.2 
37.9 41.6 44.7 47.0 4B.5 49. I 48.5 47. I 44.0 41.8 
24.3 26.6 2H.5 30.0 l I .O 31. 3 31. I 30.2 2d.9 27.0 

llAIJIATION LOSS<W> 
955.7 1067.7 1169.5 1248.6 1299.6 1319 0 9 1300.0 1240.6 IJ69.6 1067.6 
939.0 1048.0 1147.1 1223.6 1273.0 1292.8 1272.I 1222.4 1145.5 1046.0 
875.0 072. I 1059.0 1126.8 1170.6 IIH7.0 1169.8 1125.4 1057.0 960.9 
7H3.6 064.0 936.3 991.0 1021.·, 1041.7 1026.9 990.8 934.0 862.0 
609.7 754.5 U 11 .5 855.H 884.6 895.0 883.7 H55. I 810.6 752.U 
602.0 iS52.5 697. I 7 31. I 753.4 761 ~ 6 752.8 730. 7 6<>o.9 651. 7 
5?.2.J 560.] 59 3 •. , 619.5 636.2 642.1 636.0 619.5 593.9 560. I 
449.3 476.B 501. I 519.4 531.2 535.6 510.8 519. I 501 .o 476.7 
JB I. 9 400.6 416.8 428.9 437.0 439.6 436.8 429.0 416.6 400.5 
319. I 330.0 339.5 346.5 351. 3 353.1 351.4 347.0 340 • .2 330.9 
26'j. B 270.J 274.3 277.5 279.4 280.0 279.6 27.7 .9 275 •. 1 271. 2 

CONVECTION LOSS(W) 
236.3 246. 4 254.9 261. I 265.0 266,5 265.0 261. I 254.9 246.4 
234.0 244-7 253. I 259.2 263.0 264.5 262.9 259.1 252.9 244.5 
220.5 237.~) 245 •. , 251.4 255.0 256.3 254.9 251. 3 245.5 237.6 
21().0 ~27.4 234.5 239.7 242.Q 244.I 242 0 H 239.6 234.4 227.2 
;wu.3 215.8 222.0 226.6 229.5 230.5 229.4 226.5 221.9 215.6 
197.3 203.8 209.2 213.2 215.7 216.6 215.6 21 J. J 209.2 203.7 
IB6. 3 I 91 • 7 196.2 199.6 20 I • -, 202,5 20 I. 7 199.6 196.3 I 91. 7 
175.0 179.4 183. I 185.9 187.6 188.2 187.5 185.8 183. I 119. 4 
163.4 106.8 169.6 111. 7 173.0 17 3. 4 173.0 171. 7 169.6 166. 7 
151. I 153.4 155.3 156.7 15 7 .6 158.0 15 7.6 150.0 155.4 153.5 
139.2 140.3 141. 3 142.0 142.4 142.6 142.5 142. I 141. 4 140.5 

I\ 
3or5 

23.1 
:n.5 
45.8 
4U.9 
49.6 
49.9 
49.9 
49.0 
45.7 
38.0 
24.7 

955.6 
937.2 
872.0 
781. 7 
6H8.4 
60 I .3 
521. 8 
44U.9 
3HI .5 
319.8 
266.6 

236.3 
234.6 
228.2 
218.A 
208.2 
197.2 
186.2 
175.0 
163.3 
151.3 
139.4 



A 
NODE SODIUM TF.MPF.RATUflF.S C DF.G. F> 4oF-~ 

1019.4 1058.5 I 091 .4 11 I 5. 5 1130 .6 1136.3 1130.4 1115 .] 1091 .o 1057.H 1018. 7 
991.5 1028.0 1058.7 1001 .2 1095.3 1100.5 1095.0 1080.8 I 058. I I 027. I 990.6 
952.7 985.6 1013. I 103].4 1046. I 1050.H 1045.0 10.n.1 1012.7 984.0 951 .9 
900.5 937.2 961.3 979. I 990.3 9.94. 4 990.0 978.9 961. I 936.7 901.9 
862.5 087.1 907.6 922.8 9]2.4 935.9 932.2 922.6 907.5 886.7 862.1 
816. I 836.4 853.4 865.9 873 .9 876.7 873.7 865.9 851.4 836.3 015.9 
769.7 7U5.6 799.0 808.9 815.2 817.5 815.1 808.9 799. I 785.6 760.5 
723.6 735.2 745.1 752.4 757.0 758. 7 757.0 752 .5 745.2 735.4 723.6 
6.79.3 686.8 693.2 697.9 701 .o 702.I 701.0 6Wl.2 693.5 6H7.2 679.5 
640.2 644.0 647.3 649.7 651 .3 65.1. 9 651.4 650.0 647.7 644.5 640.6 
61 I. 3 612.3 613.2 614.0 614.4 614.5 614.4 614.0 613.4 612.5 611 .5 

PAUSE 

LI ,'IE CA LL I NG-JWUTI NE 

1120 ATPFW 

SODIUM Ul:AT Tl-lANSFER COEFFICIENTS<BTU/Ul-l*F*Ff**2) 
3502. I 3474.B 3452.5 3436.6 3426.7 3423.0 3426.9 3436. 7 3452. 8 3475.3 3502.6 

b:l 3522.I 3496.0 3474.7 3459.4 3450.0 3446.4 3450. I 3459.6 34-15. I 3496.6 3522.8 I 
3550.U 3526.4 3506.5 ]492.2 3403.3 3480. I 3403.5 3492.4 3506.9 3527.0 3551 .4 I-' 

\C 3504.7 3562.4 3544. 3 3531. I 3523.0 3520.0 3523.2 353 I .3 3544. 5 3562.9 3585. I 
3621. 5 360 I .6 3585.3 3573.5 3566. I 3563.5 3566.3 3573.6 3585 .4 3601.9 3621. a 
3660.4 3643.2 3629.0 3618.7 ]612.2 3609.9 3612.J 3618.7 3629.0 364].3 3660.6 
370,. 4 3687. I 3675.2 3666.6 3661. 2 3659.2 .3661. 2 3666.6 3675.2 3687. I 3701.5 
3744.2 3733.2 3723.9 3717.2 3712.9 37 11. 4 3712.9 3717.1 3723.8 3733.0 37 44 .2 
nu-,. 1 3780.2 3 773. -, 3769. I 3766. I 3765.0 3766.0 3768.8 3773 .4 3179.] 3787 .4 
]828.2 3024.I 3820.7 3818. I 3816.5 3815.9 38M.4 3817.9 3820.2 3823.6 3827.7 
3859.5 3050.4 3857.4 3056.6 3856. I 3856.0 3856. I 3056.5 385.7.2 3850.2 38'j9.3 

TUB!:: CONDIJCTANCI:::( BTIJ/UR*F*FT**2) 
J391'). Q 1404. I 1410.0 1414.2 1416.B ,417.7 1416.8 1414.2 1410.0 1404. I 1396.9 
1395.2 1402.4 1408.2 1412.4 1415.0 1416.0 1414.9 1412.4 1408.2 1402 • 3 I 395. I 
1390.2 1397. I J402.7 1401>.7 1409.2 1410. I 1409.1 1401>.6 1402.6 1396.9 1.390.0 
1382.7 1309. I 1394.4 1398. I 1400.4 140 I • .l 1400.4 1398.0 1394. 3 1389.0 1382.6 
1374. I 1300 .o 1384.7 1388.2 1390.3 1391. I 1390.3 13tm. I 1384.6 1379. 8 1374.0 
1365. 0 1310.2 1314.5 1377'.6 1379.5 1380.2 1379.5 I 3T/ .5 1374.4 1370. I 1364.9 
I 35~. 4 1359.9 131>3.6 1366.4 1368. I 1368. 7 1368.0 1366.4 1363.6 1359.9 1355. 4 
1345.4 IJ49. I 1352.2 1354.5 1355.9 1356.5 1355.9 1354.5 1352. 3 1349.I 1345.4 

- 1334.H 1337.7 I 3M>. I 1341. 9 1343.0 1343.4 134.l.O I 341. 9 1340,1 133"1.7 I .134 •. tt 

~ 1323.t'S 1325.t'S 1327.2 1328.4 1.329.2 1329.5 1329.2 1328.5 132.7. 3 1325.7 1323.ll 
1312.9 1313.H 13 14 .6 1315.2 1315.6 1315.7 1.115.6 1315.3 1114.7 1313.9 1.11.3.-0 



~ 
f'Tl 

o:I 
I 

N 
0 

fU • I: WALL CONDUCTIVITY<UTU/Hfl*F*FT> 
11.6 11. B 11. 9 12.0 12. I 12. I 
11. 5 11. 7 11.8 11.9 12.0 12.0 
II. 3 11 .5 11 .6 11 .U 11.8 11.8 
II. I II. 3 II .4 II. 5 11 .6 11.6 
10.9 11. I I 1.2 II. 3 II. 3 II. 3 
IO. 1 10.8 10.9 II .O 11.0 11.0 
IO. 5 10.6 10.7 10.7 10.U 10.8 
10.3 10.3 10.4 10.5 I0.5 10.5 
IO. I IO. I 10.2 10.2 10.2 10.2 
9.8 9.9 9.9 9.9 9.9 .9. 9 9.-, 9.7 9.7 9 • .7 9.7 9.1 

PEAK TUBE TEMPERATURE <DEG. F> 
10.70.8 I I 14.3 115,. 0 1177 .9 1194 0 5 
1076.5 1120.5 1157.8 I 184. 8 120 I. 6 
1057.9 1100. I 1135. 3 1161. 2 11 7.7. 4 
1021 .o 1059.5 1092.0 1115.6 1130.3 
977.5 1012.3 1041.0 1062.3 1015. 1 
932.3 962.9 980.5 1007.1 1019.0 
886. 7 91:3.0 935.0 951.3 961.6 
B39.6 86 I .6 880.2 893.8 902.4 
700.9 806.5 821.4 832. I 839.2 
731 .o 743.5 .754.2 761.9 76.7 .o 
670.0 676.5 682.0 686.4 689.0 

CONTINUE JTEHATJON?<YES=l ,No=O>?O 

12. I 12.0 11.9 
12.0 11.9 I I. 8 
11.8 11. 8 II .6 
II .6 11.5 II. 4 
11 • 3 11. 2 11 .2 
11.0 11.0 10.9 
10.8 .10. 7 10.7 
10.5 10.5 10.4 
10.2 10.2 10.2 
9.9 9.9 9.9 
9.7 9.7 9.7 

1201 .o 1194.8 1178.0 
1208.3 1201.3 1184. 4 
1183. 3 I I 77. I 1160. 7 
1136. I I 130. o 1115.1 
I080.5 1075. 3 1061.9 
1023.4 1010.6 1006.H 
965.2 961.5 951.3 
905.6 902.1 893.4 
841.4 839.0 832., 
7o9.o 767.1 762.J 
689.9 689.3 607.0 

11. 8 
I I• 7 
11. 5 
11. 3 
II. I 
10.8 
10.6 
10.3 
10. I 
9.9 
9.7 

115 I. 2 
1157.2 
I 134. 3 
1091. 3 
1040. 4 
988.3 
935.0 
880. I 
82 I .o 
754.8 
683.2 

11 .6 
11.5 
II. 3 
II. I 
I0.9 
10. 7 
10.5 
10.3 
IO. I 
9.9 
9.7 

1114. 6 
1119. 9 
1098.7 
1058.5 
1011.3 
962.3 
912.8 
861 .3 
806.2 
144.4 
6 77 .6 

107 I. I 
1075.9 
1056.4 
1020.0 
976. 1 
911. 8 
886.3 
A39. I 
708.2 
7]1. 7 
6 71.2 

A 
5of S-



~ 
I 

I'-..) 

1--' 

-µ 
7:1 

B Vv✓Ft:Jl!H Ft-1.1 )(' J - zo°F AH&IJ:JJr 

ATPFW 13•04EDT 09/05/79 

A I 1-l TF.MP., CONV. COE FF. , CI 1-20. , 2. 0, • 6366 

FLUX PLOT FILENAME?FLUXTF 

FULL PHJNT<YES=l,NO=O)?I 

llECF.IVER SUMMARY 

FLOW = 50719.LB/IIR 
IN~IUENT = 2495438.W 
RAU. LOSS = 87908.W 
CW-IV. LOSS = 27-463. W 
l?Efl. LOSS = 124 772.W 
EFFICIENCY= 0.9038 

• 

TUBE FLOW INCIDENT RADIATION CONVF.CTJON 
Gl-lOUP LU/HR w w w 

I 4611. 195242. 6865. 2377. 
2 4611. 2132TI. 1479. 2445. 
3 4611. 228505. 0029. 2503. 
4 4611. 239609. 8453. 2545. 
5 4611. 246663. 8727. 2571. 
6 4611. 249346. 0032. 2581 • 
7 4611. 2461>22. 8724. 2571. 
8 4611. 2391S06. R440. 2545. 
9 4611. 220181. 8024. 2503, 

10 4611. 213071. 74 71. 2445. 
II 4611. 195036. 6856.' 2316. 

EFFICIENCY 

0.9027 
0.9035 
0.9039 
0.9041 
0.9042 
0.9042 
0.9042 
0.9041 
0.9039 
0.9035 
0,902-, 

I ofb 



OUTS I OF. TUBF. TEMPl:RATUJlF.S (DF.G. F> 
D~ 

~oFS 
1051.9 1093.9 1129 .2 1155. 2 1171.3 111.7 .5 1171.4 1155. 2 I 129. 3 1093.8 1051.9 
1045.4 1086.8 1121.7 1147.1 1163.0 I 169. 2 1162. 7 1146 .8 1121.2 1086. I I 044. 7 
1019.5 1058. 4 1090.8 1114.B 1129. 7 1135. 2 I I 2Q. 4 1114.3 1090.1 1057.2 1018.3 
979.9 1015.o 1044.5 1066.0 1079.4 1084.6 1079. I 1065.6 1043.9 I 014. I 919. I 
9.35.6 966.7 992.4 10 I I .6 1023.6 1027.9 1023.2 IOll.3 QQ2.0 965.9 934.9 
HU9.9 916.8 919.3 955.8 966.2 970.0 965.9 955.6 939.2 916.4 889.6 
U44.0 866.6 885.5 899.5 908.4 911.5 908.J 899.5 8t35.5 866.5 043.7 
797. 3 815.5 031.0 842.3 849.5 852. I 849.3 842. I 831.0 815.4 .797 .o 
"148.9 762.9 774,7 783.2 788.8 790. 7 788.7 703.3 T14.5 "/62.8 748.6 
697.9 101.2 715.2 721 .o 724.8 126. 3 124.9 721.4 715.8 708.0 698.5 
64H.6 653.0 656.9 659 • .9 661 .8 662,4 662.0 6()0.3 657.7 653.8 649.4 

NOuE EFFJCIENCIES<P.U.> 
0.832 0.831 O.tJ30 0.829 0.829 0.828 0.829 0.830 0.8-.'31 0.833 0.834 
0.876 0.8"16 0.875 0.875 0.874 0.874 0.874 0.875 0.875 0.8.76 0.876 
0.892 O.tJ92 0.892 0.892 0.892 0.891 0.892 0.892 O.d92 0.892 0.892 
0.900 0.901 0.901 0.900 0.900 0.900 0.900 0.900 0.901 0.900 0.900 
0.906 0.906 0.907 0.907 0.907 0.907 0.907 0.907 0.906 0.906 0.906 
0.910 0.911 0.912 0.912 0.912 0.912 0.912 0.912 0.912 O.Q 11 0.910 
0.915 0.916 0.916 0.917 0.917 0.917 0.917 0.917 0.916 0.916 0.915 
0.918 0.919 0.920 0.021 0.921 0.921 0.921 0.021 O.Q20 0.919 0.918 

tc 0.920 0.921 0.922 0.923 0.924 0.924 0.923 0.923 0.922 0.921 0.920 .I 0.9 IO 0.920 0.922 0.923 0.923 0,923 0.923 0.923 O.Q22 0.920 0.910 l'v 
r-..: 0.901 0.910 0.913 0.914 0.915 o.915 0.915 0.914 0.913 O. QI f 0.908 

PAIJSI: 

Lli·~E CALLINr,-HoUTINE 

98!) ATPFW 

INCIUENT FLUX(W/SQ.CM) 
21.2 29.6 31.8 :33.4 34.4 34.8 34.6 33.6 32.1 30. I 27.6 
42.6 46.6 50.2 52.7 54.2 55.0 54.2 52.7 50.2 46. 7 42.7 
5 I. f> 56.5 f>0.5 63.5 65.3 66.0 65.3 63.4 60.3 56. I 51 ,J 
~4.4 59.4 63. 7 ()6 • -, 68.6 69.4 68.6 6().6 63.5 59.2 54.2 
55.0 60.0 64.I 67.3 69.2 69.9 69. I 67.2 63.9 59.7 54.7 
~4.8 1)9. () 64. I 67.2 69. I 69.9 69.0 67. I 64.0 59.7 54.7 
54.6 59.6 63.1 66.9 68.8 69.4 60.0 66.9 63.7 59.5 54.5 
53.5 9H.4 62.5 tS5.6 67.4 68.2 6.7.3 65,3 62.4 5H.2 53.3 
50. I 54.7 58.6 61. 4 63.3 63.H 63.2 61. 3 58.3 54,4 49,7 
41. 2 45. I 48.5 50.8 52.5 53.1 52.5 51.0 4H.6 45.3 41.3 
26.1 29. I 31 .2 J2.8 33.8 34. I 33.Q 33.0 31 .6 29.5 21.2 



B 
3o~5 

ABSOIUlED FLUX< W/SQ. CM) 
22.6 24.6 26.4 27. -, 28.5 28.9 28.7 27.9 26.7 25.0 23.0 
37.J 40.B 43.9 46. I 47.4 48.0 47.4 46. I 43.9 40.9 .H.4 
46.I 50.4 53.9 56.6 58.3 58.8 58.J 5~.5 53.8 50. I 45.8 
49.0 53.5 57.4 60. I 61. 7 62.5 61 • .7 60.0 57.2 53.3 48.8 
49.8 54.4 58.2 61.0 62.H 63.4 62.7 60.9 58.0 54.1 49.6 
49.9 54.6 58.5 6 I. 3 63. I 63.7 62.9 61. 2 58.4 54.4 49.8 
50.0 54,6 58.4 61.3 63.1 63.1 63.t 61. 3 5tJ.4 54.5 49.9 
49.2 53.7 51.5 60.4 62. I 62.8 62.0 60.I 57.4 5.J.5 49.0 
46. I 50.4 54. I 56.7 58.4 58.9 58,3 56.6 53.8 50. I 45.7 
37.B 41 .5 44.7 46.9 48.4 49.0 48.4 47.0 44.8 41, 7 37.9 
24.2 26.5 28.4 JO.O 30.9 31.2 31 .o 30.2 28.8 26.9 24. -, 

RA1HATION LOSS<W> 
Q6 2. 9 I O 75 • I 1177.0 1256.2 1307.3 1327.5 j307.6 1256.2 1177.0 1074.9 962.U 
946.3 1055.4 1154.7 1231.2 1280.7 1300.5 1279.9 1230.1 1153. I 1053.4 944.5 

~ 882.3 979.6 1066.6 1134.4 1178.3 1.194.7 1177.5 1133.1 1064.5 976,4 879.4 I 
N 790.9 871.5 943.9 999.4 1035.3 1049.4 1034.6 998.4 942.4 869.5 789.1 
l.,..) 

697.1 761 .9 819.0 863.4 892.3 902.6 891.3 862.7 818. I 160,3 695,8 
609.4 659.9 704.6 7 30. 7 760.9 769.2 160.3 738.3 704.4 659,2 608,7 
529.7 56 7.8 601.2 627. I 643.7 649.7 643.6 62.7. I 601. 4 567,6 529.J 
456.U 484 • .l 508.6 526.9 538 •. , 543.2 538.4 526.6 508.6 484. I 456.3 
389.4 400. I 424.J 4J6.4 444.5 447. I .444.3 436.6 1124.1 40U.O 389.0 
326. 7 337.5 347.0 354. I 35U.B 360.6 358.9 354.6 347.7 338.4 327 .3 
273.3 211.9 281 .9 285.0 286.9 287.6 287. I 285.4 282.7 278.7 274.2 

CONVECTION LOSS(W) 
257.9 268.0 276.5 202.8 286.7 208.2 286.7 282.8 276.5 268.0 257.9 
256.4 266.3 274.7 2H0.8 284.7 286, I 284,6 200,8 274.6 266. I 256.2 
250.J 259.5 26:/. 3 273.1 276.6 278.0 276.6 272.9 267. I 259.2 249,8 
240.6 249.0 256.I 261. 3 264.5 265.8 264.5 261. 2 256,0 248.8 240.4 
229.Q 237. 4 243.6 240 •. 2 251. I 252. I 251.0 248.2 243,5 237, 2 229.8 
219.0 225.4 230.8 234.0 237.3 2.18.2 237.2 234.7 230.8 225.3 21H.9 
207.9 213.3 217.9 221. 3 223.4 224. I 223.4 221. 3 211.9 213. 3 207.0 
196.7 201. I ~04.0 207.5 209.2 209.9 209.2 207. 4 204.8 201.0 I ·}6 .6 
185.0 IBB.4 191. 2 193.3 194.6 195. I 194.6 193.3 191. 2 188.4 IH4.9 
172.7 175.0 176.Q 178.3 179.2 179.6 179.2 178.4 177 .0 175.2 I 12.9 
160.Q 162.0 162.9 163.6 164. I 164.2 164, I 163,7 163. I 162. I 161, I 

-w 
:t= 



D 
1-.JOUf SOD I W.1 Tl-:MPl-:UATlll-H:S <L>En. F) 40F? 1019.3 105H.4 1091 .4 1115.6 1110.6 1136 .4 1130.5 1115.3 1001.0 10',1.B IOIA.'> 

QO I. 4 1028.0 1050.7 IOU I. 3 I09l_i.3 1100.1') 10<>5. I IOH0.9 1050. I 1or1. 1 990.5 
952.6 985.6 101.J.2 I 033 .5 10'16.2 1050.9 1045.9 IOJJ. I 1012.7 904.U 951. 8 
<>OB.4 937.2 961.4 9-19. 2 <)()() .4 094.5 990. I o rn.o 9..S I • I ',))f>.7 907.B 
H62.5 OH/ .O 907.6 922.H 912.5 935.0 932.2 922. 7 907.5 UU6.1 u12.1 
Bl 0. I 831'>. 3 0'.:>3. 4 066.0 013.9 076.H U7J.O 865.9 853.4 03..S.2 Hl5.8 
769.6 7B5.5 799.0 BOB.9 015.3 817.5 Bl5.2 HOH.o 790. I -,B5.o 769.5 
72.1.5 7 J~>.?. 745. I 752.4 751.0 758.7 757.0 7~2.5 745.2 735.4 723.5 
619.2 6U6.7 ()93.?. 697.9 701.0 702. I 701.0 69H. I 693.5 MJ7.2 679.5 
640.2 644.0 647.2 649.7 65 I. 3 651.8 651. 4 649.9 647.7 644.4 640.6 
6 11. 3 612. 3 613.2 613.9 614.4 614.5 614.4 614.0 613.4 1'>12.5 611 .':> 

PAUSE 

LI ,~I: CALL I NG-llOlff I NI:: 

1120 ATPFW 

SODIUM HEAT THANSFEll COE FF I CI ENTS ( BTU/HR*f *FT**2 > 
J500.0 3472.-, 3450.4 3434.4 3424.6 3420.8 3424.7 3434.5 3450.6 347-l.1 3500. 4 

b:J ]520.0 3493.0 3472.5 3457.2 3441 .1 3444.2 3447.9 3457.4 3472.9 3494.4 3520.6 
I 3540.6 3524.2 3504.3 3490.0 34UI. I 34 77. 8 3481.3 3490.2 3504.6 3524.0 3549.2 N 
~ 3582.5 3560.2 3542.0 352H.9 3520.7 3517.7 3520.9 3529. I 3542.2 3560.6 3582.9 

J619.2 3599.4 3583. I 35 7 I. 3 3563.9 3561 .2 3564 .o 35 71. 4 3583. 2 35Q9.I> 3619.6 
J65B. I 3640.9 31'>26.7 3616.4 3f>OQ. 9 31'>07.6 31'>10.0 3616.4 .¾26. 7 3141. 0 3658.3 
3699. I 3604 .·B 3612.9 3664.3 3650.9 3656.9 3658.9 3664.3 3672.9 3684 .8 3699.2 
1741.9 3730.9 37 21 .6 3714.8 3710.5 3700.0 ]710.6 3714.tt 3721. 5 3130. 7 ]7 41. 9 
3785. 4 3777.8 3771 .4 3766.7 3163.1 37(l2.7 3.16].7 371')6. 5 3771.1 37T1 .4 3785. I 
]825.8 JB2 I. 0 38.I B. 3 3815.7 3814.1 3813.5 3814.0 3815.5 38U.9 3H2 I. J 3025.4 
JU5 7. I 3856.0 3B55.0 3H54.2 3053.7 3853.6 ]853.7 3854. I 3854. 8 3H55.fl 3856.9 

TUBE CONDUCTANCF.(HTU/HU*F*FT••2> 
1396.5 1403.7 1409.6 1413.8 1416.3 1417.3 1416.4 413.8 1409.5 1403.6 l3Qf,. 4 
1394.8 1402.0 1407.H 1412.0 1414.6 1415.6 1414.5 41 I. 9 1407.7 1401. B 1394.7 
1380.8 1396. 7 I 402 • .l 1406.3 1408.8 1400.7 1408.7 406.2 1402.I 1]96.5 1389.6 
13B2.3 I JfJ8. 7 1394.0 1397.7 1400.0 1400.9 1400.0 397.6 13QJ.9 13BH.6 1382.2 
1373.7 1379 .6 1384.3 1387 .B 1390.0 1390. 7 IJBQ.9 387.7 1384.2 IJ79.4 137 3 .6 
1]64.f> 1369.8 I 374. I 1377.2 1319. I 1379.8 1379.I ] 77. I 1314.0 1369. 7 1364.5 
IJ55. 0 1359.5 1363.2 1366.0 136 7. 7 l36B.J 1367.7 366.0 1363. 3 1]59.5 13~)5. 0 
1345.0 IJ4B.U IJ51 .9 1354. I 1355.6 1356, I 1355.5 354. I 1.151. 9 1348. 7 1345.0 
1334.5 IJ37. 4 1339.8 1341 .5 1342.7 134].0 1342.6 341 .6 1339,A 1]37.4 1334.4 

-- 1323.3 1]25 .2 I 326. 9 1328. I 1328.8 1329,I l.'328. 9 328, I 1327.0 1325, 4 1323.4 
µ 1312.5 1.313.4 1314.2 131,-i. B 1315.2 I 315 •. J 1.115.3 314.9 1114.4 1313.6 1312.7 
rf 



\)) 

~ 

t,:I 
I 

N 
V, 

fUtJE WALL C0NDUGfIVITY<l:HU/IIH*F*FT> 
11. 6 11 .o 11. 9 12.0 12. I 12. I 
11. 5 II • 7 II. 8 II. 9 12.0 12.0 
II. 3 11. 5 II .f> II. 8 11. 8 11 .8 
II. I II. 3 II. 4 II .5 11.6 11.6 
10.9 II. I II. 2 II. 3 11. 3 II. 3 
IO. 7 10.U 10.9 11.0 11. 0 11.0 
I0.5 10.6 10.7 10.7 10.n 10.8 
10.3 10. 3 .10. 4 10.5 10.5 10.5 
10. I 10. I I 0.2 I0.2 10.2 10.2 
9.8 9.9 9.9 9,9 9.9 9.9 
9.7 9.7 9 • .7 9.7 9.7 9.7 

PEAK TUUE TEMPERATURE <DEG. F> 
10 70. 6 1114. I 1150.B 1177 .8 1194.5 
I 076. 3 1120.3 I 15 7. 7 I UM. 7 1201 .6 
1057.7 1100.0 11 35. 2 11 f> I • 2 1177. 3 
1020.H 10':>9.4 1091.9 1115. 5 1130.2 
977.4 1012. I 1040.8 10(52.2 1075. 7 
932. I 962.7 900.3 1007.0 1018.9 
086.5 912.B 934.0 951 .2 961.5 
t)]9. 4 861.4 000.0 093. -, 902.2 
7B0.7 806 • .J 821.2 832.0 839.0 
-/30.B 743.3 754.0 761. 7 766.B 
669.9 6"/6.3 681.8 686.2 680.8 

cmff I NUE ITBlATI<>N?< YES= I .N0=0) 10 

12. I 12.0 II. 9 
12.0 11.9 11.8 
I.I. 8 11.0 II .6 
11.6 II .5 II. 4 
11. 3 11.2 I I .2 
11.0 11.0 10.9 
10.8 10. 7 IO. 7 
10.5 10.5 10.4 
10.2 10.2 10.2 
9,9 0.9 9.9 
9.7 9.7 9.7 

1201.0 1194. 7 1117.9 
1208.1 1201.3 I 18•1.4 
I IBJ.3 1177. I 1160. 6 
1136.0 1130.0 1115. I 
I0H0.4 1075.2 I OtS I • 9 
1023,l 1018.5 I00tS.7 
965. I 961.4 951 .2 
905.5 901.9 89].3 
841.2 838.8 032.0 
76H.A 766.9 762.2 
609.7 689. I 686.0 

11.8 
II. 7 
II. 5 
II. 3 
II. I 
10.8 
10.6 
10.3 
10. I 
9.9 
9.7 

1151.1 
1157.1 
1134. 3 
I 091, 2 
1040.3 
980.2 
934.9 
879.9 
820.8 
754.6 
683.0 

11.6 
II. 5 
I I• 3 
II. I 
10.9 
10.7 
10.5 
10.3 
IO. I 
9.9 
9.7 

1114.4 
1119. 7 
1098.5 
1058.1 
10 II. I 
962.2 
912.6 
861. I 
B06.0 
744.2 
6 77 .4 

1070.9 
1075.6 
1056.2 
1019.0 
976 .5 
931.6 
886. I 
838.9 
788.0 
7 31 .5 
671 .o 

t5 

5or5 
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C U1v/RJK:M no'>< , lcO°F A-11/JJEIJT 

ATPFW 13•081:::UT 09/05/79 

All-l TEMP. ,CONV. COEFF. ,Cl 'J 120. ,2.0,.6366 

FLUX PLOf t=ILENAME"/FLUXTF 

fULL PIH NT ( Yf.S= I• NO=O >? I 

HECl-:I VEU SUMMAUY 

FLOW = 50848.LB/HU 
INCIUENT = 2495438.W 
llA1J. LOSS = 86241.W 
CONV. LOSS= 23391.W 
UEt=L. LOSS = 124772.W 
EFFICIENCY= 0.9061 

TUBE FLOW I NC IDF.NT RADIATION 
GlWLJP LH/I-IH w w 

I 4623. 195242. 6715. 
2 4623. 2132TI. 7328. 
3 4623. 228505. 7877. 
4 4623. 230689. 8300. 
5 4623. 246663. 8574. 
6 4623. 249346. 8679. 
7 462). 246622. 85 71. 
8 4623. 239606. t3296. 
9 4623. 22H 38 I. 7872. 

10 4623. 213071. 7320. 
II 4623. 195036. 6707. 

CONV F.CT I ON EFFICIENCY 
w 

2001. 0.9053 
2075. 0.9059 
21.31. 0.9062 
2175. 0.9063 
2201. 0.9063 
22 11. 0.9063 
2201. 0.9063 
2174. 0.9063 
2132. 0.9062 
2075. 0.9059 
2006. 0.005.1 

C 
I oFS 



OIHS I DE fUBI-: TF.MPF.HATUHF.S< DF.G. f > (.' 

I Q!j2. 2 1094. I 1129. 4 1155.2 1171.3 1177.5 1171.4 11 Ljlj. 2 1120. 4 10<>4.0 1052.2 2or? 
1045.7 IOH6.9 1121.8 1141. 2 I I 63 .O 1169. I 1162.7 1146.B 1121.2 1006.2 1045.0 
1019.7 1050.5 1090.0 I It 4. 8 1129.7 1135. I 1120.4 1114.3 IOQ0.2 1051.3 1018.5 
9U0.2 IOI 5. I 1044.6 1066.0 10.19.4 IOB4.6 10.79. 2 1065.6 1044.0 1014.] Q.79.3 
OJ!:>. B 966.U 992.5 1011 .6 1023.7 1027.9 102.1.3 1011 .4 992.2 966. I 9.15.2 
B90.2 911.0 939.4 955.9 966.3 970. t 966.0 Qlj5.7 939.] 916.6 HtJ9.8 
044.3 866.0 805.6 099.6 908.5 911.6 908.4 800.6 805.7 86f>.7 B44.0 
791.5 815.7 83 I. 2 H42.5 849.6 852.3 H49.4 042.3 8] 1.2 815.6 797 .2 
749. I 763.J 774.9 78.'3. 4 7H0.0 790.H 7fUl.9 713].5 T74. 7 763.0 748.8 
69tl. I 707.4 715.4 721.2 725.0 726.5 7 25. I 721 .IS 711>.0 708.2 608.7 
648.0 653.2 657. I 660. I 662.0 662.6 662.2 f>tS0. 5 657 .9 654.0 649.6 

NCH)F. I.: FF IC I ENC I ES< P. U. > 
:).837 0.835 0.834 0.833 0.832 0.832 0.8.lJ 0.834 0.835 0.8.17 0.838 
O.B79 O.t378 o.u-rn 0.87.7 0.87.7 0.87.7 0.877 0.877 O.H78 0.879 0.879 
J.f3?5 0.805 o.a94 0.894 0.894 0.893 o.8<>4 0.8<>4 O.fl04 0.895 0.895 
0.903 0.903 0.903 0.902 0.902 0.902 0.902 0.902 0.002 0.00.1 0.902 
0.90B 0.900 0.909 0.909 0.909 0.908 0.908 0.909 0.908 0.900 0.908 
J.91.1 0.913 0.914 0.914 0.914 0.914 0.914 0.014 0.014 0.913 0.913 
0.917 0.91B 0.918 0.919 0.919 o.919 0.9t9 0.919 0.010 0.918 0.917 
0.920 0.021 0.922 0.923 0.923 0.923 0.923 0 • .922 0.922 0.921 0.920 

b:.I 0.922 0.924 0.925 0.925 0.925 0.926 0.925 0.925 0.924 0.924 0.922 
I 0.921 0.923 0.924 0.025 0.925 0.926 0.925 0.925 0.924 0.923 0.921 N 0.9t2 0.915 0.917 0.9IU 0.91<> 0.919 0.919 0.9IO 0.917 0.915 0.913 --.J 

PAUSE 

u,~1-: CA LL I NG-ROiff I NE 

f)U:) ATPfl'I 

INCIDENT FLUX(W/Sf}.CM> 
27.2 29.6 31.U 33.4 34.4 34.8 34.6 33.6 32. I 30. I 27.6 
42.6 46.6 ':>0.2 52. 7 54.2 55.0 54.2 52.7 50.2 46.7 42.7 
51. 6 56.5 60.5 tSJ.5 65.J 66.0 o5.3 63.4 60.3 56. I 51. 3 
54.4 59.4 o3.7 66.7 60.6 {)9.4 6B.6 6f>.6 {)]. 5 50.2 54.2 
55.0 60.0 64. I 6.7.3 69.2 f>9.9 60. I 67.2 63.9 59.7 54.7 
54.B 59 .9 64. I ~7.2 69. I 69.9 f)0.0 67. I f>4.0 59.7 '}4. 7 
fi4. 6 59.6 61.7 1'>6.0 6H.H {)9.4 tSA.H 156.9 ()]. 7 50.5 ':>4.5 
53.5 '.JB.4 62.5 o5.6 6 7.4 68.2 6.7.1 6'>. 3 62.4 58.2 53. 3 
50. I ~'>4. 7 58.6 61. 4 63.3 63.8 6.1.2 61. 3 5H.3 54.4 49.7 

()_) 41. 2 45. I 4B.5 50.B 52.5 53 •. 1 52.5 51.0 4B.6 45.3 41. 3 

r ?.6. I 29. I JI .2 12 .u JJ.B .14. I 3].9 33.0 31 .6 29.5 27.2 



C 
3of5 

AB501m1::o FLUX ( W/50. CM> 
22.7 24.0 26.5 27.8 28.6 29.0 28.0 ?.8. I 26.8 25.2 23.1 
37.5 41.0 44.1 46.2 47.5 48.2 47.5 46.2 44. I 41. I 37 .6 
46.2 50.5 54. I 56.8 58.4 59.0 58.4 56.7 5.l.Q 50.2 45.9 
49.1 53.f> 57.5 60.2 61.Q 62 •. 7 61.9 60. I 57.3 53.4 48.9 
49.9 54.5 50.3 61 • J 62.9 63.5 62.8 61. 0 58;1 54.2 49.7 
50. I 54.7 58.6 61. 4 63.2 63.9 63.1 61. 3 58.5 54.5 50.0 
50.I 54.7 58.5 61. 4 63.2 63.8 63.2 61. 4 58.5 54.6 50.0 
49.3 53.0 51. 7 60.5 62.2 62.9 62.1 60.3 5 7 .6 53.6 49.1 
46.2 50.6 54.2 56.8 58.6 59. l 58.5 56.7 53.9 50.3 45.8 
]B.O 41 .6 44.8 47.0 48.6 49.2 48.6 47 •. I 44.9 4 I. 8 JU• I 
24.4 26.6 28.6 JO. I 31.0 31. J 31. I 30.J 29.0 27.0 24.8 

1-lADIATION LOSS(W) 
949.6 1061.6 1163.3 1242.3 1293.3 1313.5 12Q3.7 1242.4 1163.4 1061.4 949.5 
932.9 1041.8 1140.o 1217.2 1266.6 1286.4 1265.8 1216.I I 130.2 10.19.8 931. I 
868.0 965.9 .1052.H 1120.4 1164.2 1180.6 1163.4 1119. I I050. 7 962.7 865.9 
1"17.4 857.8 930.1 985.5 1021.3 1035.4 1020.6 984.5 928.6 855.8 775.5 
603.5 748.2 805.2 849.5 878.3 888.7 877.4 848.8 804.3 746.6 682.2 
595.8 646.2 690.8 724.8 747.1 755.3 .746 .5 724.4 690.6 645.5 595. I 

b:i 'j 16. I 554.1 587.5 613.3 629.9 635.8 629.7 613. 2. 587.6 553.9 515.6 
I 

N 443. I 470.6 :4Q4.8 513. I 524.9 529.4 524.6 512.8 494.8 470.4 442.7 
00 375.7 394.3 410.6 422.7 430.7 433.3 4.:l0.5 422.H 410.4 394.3 375. 3 

312.9 323.1 333.2 340.3 345.0 346.8 345.1 340.8 333.Q 324.6 313.5 
259.5 264.0 260.0 271.2 273.1 273.7 273.3 271. 6 268.9 264.9 260.3 

CONVECT I ON LOSS< i1) 

224.3 234.4 242.9 249. I 253.0 254.5 253.0 24P.I 242.9 234.4 224.3 
222.7 232. -, 241. I 247.2 251.0 252.5 250.9 247. I 240.9 232.5 222.6 
216.5 225.8 233.6 2]9.4 243.0 244.3 242.9 230.3 233.4 225.5 216.2 
207.0 215.4 222.5 227.6 230.9 232. I 230.0 227.5 222.3 215.2 206.0 
196.] 203.8 210.0 214.6 217.4 218.5 217. 4 214.5 209.9 203.6 196.2 
185. 3 191 .8 197.2 201 •. 1 :!OJ. IS 204.6 203.6 20 I. I 197.2 191. 7 185.2 
174.J 179 •. , 184.2 187.6 189.7 190.5 189. 1- 187.6 184.2 179.7 174. 2 
16].0 167.4 171. I 173.8 175.6 1-76.2 175.5 173.8 171. I 167.4 163.0 
151.4 154.7 157.6 159.6 161 .o 161. 4 16 1.0 159.7 157 .5 154. -, 151 .3 
139. I 141. 3 143.3 144.7 145.6 145.9 145.6 144.8 143.4 14 I. 5 1-39.3 
121.2 12U.3 129.2 I 30.0 130.4 130.6 1.10.5 130. I 129.4 120.5 127 .4 

-
~ 

3 



NOOE SODIUM TEMPERATURES<DEG. F> 
for5 

1019.4 I05H.5 1091.4 1115.5 1130.5 t 136. 3 .I 130.3 1115. 2 1091.0 1057.U 1018.8 
991.5 1028.0 I058.6 1081. I 1095.2 1100.5 -1094. 9 IOd0.8 1058.1 1021.1 990.6 
952.7 985.6 1013. I 1033.4 I 046. I 1050.8 1045.8 1033.0 1012.6 984.8 951.9 
908.5 931.2 961. 3 9-,9. I 990.3 994.3 990.0 978.0 961.0 93~.1 007.9 
062.5 887.1 901.6 922.8 932.4 935.H 932. I 922.6 907.5 086.7 862.2 
816.2 036.4 853.4 865.9 tH3.9 876.7 873.7 865.0 85.l.4 836.3 815.9 
769.7 785 .6. 199.0 808.9 815.2 817.5 B 15. I 800.9 199. I 105.6 169.6 
723.6 735.2 745. I 752.4 1'51 .o 758. 7 157.0 752.5 745.3 -,35_4 723.6 
6/9.3 686.8 693.2 691.9 101 .o 102. I 70 I. I 608.2 693.5 68-,.2 679.6 
640.2 644.0 647.3 649.7 651 .3 651.9 651.4 650.0 641.1 644 .5 640.7 
611. 3 612.3 613.2 614.0 614.4 614.5 6.14.4 61 d • .t 613.4 612.5 611 .5 

PAIJS I: 

Llt~E CALLING-HOIJTINE 

1120 ATPFW 

SODIUM HF.AT TRANSFER COEFFICIENTS<BTU/HR*f*FT**2> 
J50J.4 3476.2 3453.Q 3437.9 3428. I 3424.4 3428.2 3438. I 3454.2 34.16.6 3503.9 
3523.5 3497.4 3476. I 3460.8 345 I. 3 3447.8 3451. 5 3461 .o 3476.5 3498.0 3524. I 
]552. I 3527.B 3507.9 3493.6 3484.8 3481. 5 .1484.9 3493.8 3508.3 352H.4 3552 • .7-

oJ 3586. I 3563.8 3545.7 3532.5 3524.4 3521. 4 3524.6 3532 .1 3545.9 3564.3 3586.5 
I 3622. 9 3603.0 35B6. 7 3574.9 3567.6 3564.9 3561. 1 3515. I 3586.8 360].3 3623.2 ~ 

\0 3661. U 3644.6 3630.4 3620. I 3613.6 3611 .3 3613. 1 3620. I 3630.4 3644. 1 3662.0 
]702.8 3608.5 3616. 1 3668.0 3662.6 3660.7 3662.7 3668.0 .3676.6 3688.5 3102. 9 
3745.6 3734.6 3725.3 3718.6 3.714 • .l 3712.8 3714.4 3718.5 .1725.2 _J734.4 3745.6 
'3709.2 370 I .6 3775.2 3 770.5 37f>7.5 3766.5 3767 .5 3110.3 3114.9 .l.781.2 3788.9 
3829.6 3825.6 3822.2 3019.6 3817.9 381.7. 3 JU 17. 8 3819.3 3821. 7 3825.1 3829.2 
]861. 0 3859.9 3858.9 3058. I 3A57.6 3857.5 385 7.6 3858.0 3858.7 385.9.7 3860.8 

TUUE CONIJUCTANCE <EHU/IIR*F*FT**2) 
397.2 1404.4 1410.2 1414.5 1417.0 14.18.0 1417.0 1414.5 1410.2 1404.3 1397.1 
395.5 1402.6 1408.5 1412 •. 7 1415.2 1416.2 14.15.2 1412.6 1408.4 1402.5 1395.4 
390.5 1397. 4 1402.9 1407.0 1409.4 1410.4 1409.4 140..S.9 1402.8 1397. I 1390.3 
383.0 1389.4 1394 .6 1398.4 1400.7 I 40 I. 6 1400.6 139H.3 1394.5 .1389 0 2 1]82. 8 
374. 4 1300.2 1385.0 1388.4 1390.6 I 391. 4 1390.5 1388.4 1384.9 1300. I 1374.2 
365.2 1310.4 1374.7 1377 .8 1379.7 1380.5 1379.7 137.7 .8 1.174. 7 IJ70. 3 1365.1 
3':>5. 7 1360.2 1363.9 1366.6 1368.3 1368.9 1368.3 1366.6 1363.9 1360.1 1355.6 
345.7 1349.4 1352.5 1354.7 1356 .2 1356. 7 1356.I 1354.7 1352.5 1349.4 1345.6 
335. I 1338.0 1340.4 1342. I 1343.3 1343.6 1343.2 1342. I 1340.4 1338.0 1335.0 - ,]23.9 1325.B 1327.4 1328.6 1.129.4 1320.1 1329.4 l.l28. 7 1327.6 1326.0 1324.0 

t Ll 13. I IJ 14 .o 1314.U 1315.4 1315.8 1315.9 1315.A 1315.5 1315.0 1314.2 1313.3 
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fUlll: WALL CONDUCT IV I TY <DTU/IHl*F*Ff> 
11. 6 II. 8 11.Q 12 .o 12. I 12. I 
II. 5 II •-, II .8 11.9 12.0 12.0 
II • .1 II. 5 11.6 II. A 11. 8 II. 8 
II. I II • 3 II. 4 11.5 11.6 II. 6 
10.9 II • I 11. 2 II. 3 II. 3 I i. 3 
10.7 10.u 10.9 11.0 II .O 11 .o 
10.5 10.6 10.1 10.7 10.8 10.8 
10.3 10. 3 10.4 10.5 10.5 10.5 
10. I 10. I 10.2 10.2 10.2 10.2 
9.H 9.9 9.9 9.9 9.Q 9.9 
9 •. 7 9.1 9.1 9.7 9.7 9.1 

PEAK TUBE TEMPERATURE (DEG. F> 
1071 .o 11 l 4. 4 1151 .o 1177. 9 1194.6 
1076.6 1120.6 1157.8 1184 .9 1201.6 
10':>8.0 I I 00.2 1135. 3 1161 .3 11 Tl .4 
1021. I I0~9.6 I 092. I 1115.6 1130.J 
971. 1 IOl2.4 1041.0 1062.4 1075.U 
932.4 963.0 988.6 100.7.2 IO 19. l 
BB6.0 913. I 935.0 951. 4 961. 7 
fj]9. 7 061. 7 800.3 893.9 902.4 
7U9.0 806.6 821 .5 832.2 039.3 
73 I .2 743.6 754.3 762.0 767. I 
670. 2 676.6 682. I 686.5 689.1 

CONTINUE ITEHATION?CYES= I ,NO=O>?O 

C 
Sof S° 

12. I 12.0 I I. 9 II. 8 11.6 
12.0 11. 9 II .8 11. 7 11 .5 
I I .fl 11. fl 11. 6 11. 5 l I • 3 
II. 6 11. 5 II. 4 11. 3 11. I 
II. 3 II. 2 11 • 2 II • I 10.9 
II .o 11.0 10.9 10.8 10.7 
10.H 10.7 10.7 10.6 10.5 
10.5 lo.5 10.4 10.3 10.3 
10.2 10.2 10.2 10. I 10. I 
9.9 9.9 !~. 9 9.9 9.9 
9.1 9.7 9.7 9.1 9.7 

120 I. I 1194. 9 11/8.I 1151.3 1114.7 1071. 3 
1208.3 120,. 4 1184.5 1157. 3 1119.9 1076.0 
I 183. 3 l 17.7. I I 160. 7 1134. 4 1098. -, 1056.5 
1136.1 1130. I 1115. 2 I 091. 3 1050.6 1020.1 
1080.5 1075.3 1062.0 1040.5 1011.3 976.8 
1023.4 1010.7 1006.9 988.4 962.4 932.0 
965.3 961.6 951 .4 935. I 912.9 886.5 
905.7 902.2 893.5 8B0.2 801.4 839.2 
841.5 839. I B32. 2 821. I 806.3 788.3 
769. I 767. 2 762.5 754.9 744 .5 731 .8 
690.0 689.4 6lH. I 683.3 677.7 671 .3 
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D t.lA.11FaeM /i1Jx, 20tfPH R.OW J 7CJ"FA-HBIEµr 

ATPFW IJ•42EOT 09/05/79 

AW Tl:MP. • CONV. COEFF., Cl 170., 2 .O, .6366 

FLUX PLOT FILENAME?FLUXTF 
FULL PfHNT( YES= I, NO=O >11 

flECEIVEll SUMMARY 

fLOW = 
INCIUENT = 
tl~U. LOSS = 
CONV. LOSS= 
ttEfL. LOSS = 
EFFICIENCY= 

TUBE FLOW 
(lWUP LB/HR 

I 759. 
2 759. 
3 759. 
4 759. 
5 759. 
6 759. 
7 759. 
8 .759. 
9 1':)9. 

IO 759. 
II 759. 

8347.LB/HR 
4968.96.W 

77250.W 
23612.W 
24845.W 

0.1410 

INCIDENT 
w 

38877. 
4246H. 
45500~ 
41127. 
49116. 
49650. 
40 I08. 
47"111. 
45476. 
42427. 
38036. 

RADIATION 
w 

6043. 
6579. 
7057. 
7424. 
7661. 
T75 I. 
765 -,. 
7420. 
7052. 
65 71. 
6035. 

CONVECTION EFFICIENCY 
w 

2036. 0.7422 
2099. o. 7456 
2152. o.7476 
2191 • 0.7485 
2216. 0.7409 
2225. 0.7491 
2215. 0.7490 
2191. o.7486 
2152. o.7476 
2009. 0.7457 
2035. o. 7422 

D 
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V 
OUTSIDE TUUE TEMPERATUUESCDEG. F > 2or c .., 

1026.I 1067.6 1102. 4 1127. 6 1143.2 1149. 3 1143.1 1127.4 1102 .o 106.-7. I 1025.6 
1011.6 1052.0 1085.8 111 O. 3 1125 .6 1131.4 1125. 3 1109. 9 1085.1 1051. O 1010.6 
9U0.8 JOl8.4 1049.7 1072.6 1086.9 1092.2 1086.6 10.72 .2 1049.0 1017.J 919.1 
940.0 973.8 -1002 .o 1022.6 1035.6 I040. 4 1035.2 1022.3 1001.5 973.0 939.2 
895.0 924.6 .949.2 967.4 978.9 .983.0 978.6 967.2 949.0 924. I 894.5 
848.J 873.2 894.2 909.1 919.5 923.0 919.3 909.6 894.2 873.0 847.8 
800.0 820.4 837.5 850.2 858.2 861. I 858.1 850.2 837.6 820.3 799.8 
750.9 766.5 119.1 789.4 795.6 797.8 795.4 789.4 779.8 766.6 750.8 
702. I 712.9 722.0 728.7 733.1 734.6 7 33. I 729.0 722.3 713.2 702.3 
656.7 662.7 668.0 6-71.9 674.4 675.3 674.5 672.2 668.5 663.4 657.2 
620.5 622.7 624.6 626. I 627.0 627.3 627. J 626.3 625.0 623. J 620.9 

NOIJE EFFICIENCIES<P.U.> 
0.407 0.401 0.396 0 • .391 0.388 0.387 0.391 0.395 0.402 0.410 0.416 
0.616 0.614 0.612 0.609 0.607 0.607 0.607 0.609 0.612 0.615 0.617 
0.694 0.694 0.692 0.691 0.690 0.68.9 0.690 0.6.91 0.691 0.693 0.693 
0.730 0.731 o. 732 0 • .731 o. 730 0.730 0. 730 0.731 o. 73.1 o.731 0.730 
0.756 0.759 0.759 0.760 o. 760 0 • .760 o. 760 0 • .760 0.759 0.758 o. 756 
o. 778 0.782 0.784 0.785 O.J86 0.786 0.786 o • .785 o. 784 0.781 o. 778 
0.798 0.803 0.806 0.808 0.809 0.810 0.809 0.808 0.806 0.803 o. 798 
0.815 0.821 0.825 0.827 0.829 0.829 0.829 0.827 0.825 0.020 0.815 

o:I 0.825 0.832 0.837 0.840 0.842 0.842 0.841 0.840 0.836 0.831 0.824 
I O.Ul7 0.827 0.833 0.037 0.840 0.841 0.840 0.838 0.833 o.a21 0.818 (.,.; 

N o. 161 0.781 0.791 0.798 0.002 0.804 0.803 o.799 o. 793 0.783 o. 770 
PAUSE 

LI NE CALLING-ROUTINE 

980 ATPFW 

INCIUENT FLUXCW/SO.CM> 
5.4 5.9 6.3 6.7 6.8 6.9 6.9 6.7 6.4 6.0 5.5 
H.5 9.3 10.0 10.5 10.8 10.9 10.0 I0.5 10.0 9.3 8 ~--~ 

10.] II .2 12.0 12.6 13.0 I 3. I 13.0 12.6 12.0 ti. 2 I0.2 
10.8 11.8 12.7 13.3 13.7 13.8 13.7 1.3. 3 12.6 II. 8 10.B 
10.9 12.0 12.H 13.4 13.8 13.9 13.8 13.4 I 2. -, 11. 9 I0.9 
10.9 II .9 12.8 13.4 13.U 13.9 13.7 13.4 12.8 11. 9 10.() 
10.v II. 9 12.1 13. 3 13.-, 13.8 13.7 13.3 12.7 11.8 10.9 
IO. 1 11 .6 12.5 13. I 13.4 13.6 U.4 13.0 12.4 II .6 10.6 
10.0 10. 9 II. l 12.2 12.6 12.7 12.6 12.2 11.6 10.u 9.9 
n.2 9.0 9.6 10. I 10.4 10.6 10.4 10. I 9.7 9.0 8.2 

9) 5.3 5.8 6.2 6.5 6 •. , 6.8 6.1 6.6 6.3 5.9 5.4 
.() 



i;;., 

3cr5 

AB50~8ED FLUX(W/S0.CM> 
2.2 2.4 2.5 2.6 2.7 2.1 2.7 2.6 2.6 .l.5 2.3 
5.2 5.7 6.1 6.4 6.5 6.6 6.6 6.4 6. I 5. -, 5.3 
7. I 7.8 8.3 8.7 9.0 9. I 9.0 8 •. 7 8.3 7.7 7.1 
-, • 9 8.6 9.3 9 •. -, 10.0 IO. I 10.0 9.7 9.2 8.6 7.9 
8.3 9.1 9.7 10.2 10.5 10.6 I0.5 10.2 9.1 9.0 8. 2 
8.5 9.3 IO.O 10.5 10.8 10.9 IO.H 10.5 10.0 9.3 8.5 
H.7 9.5 10.2 10.8 II. ' 11.2 II. I 10.8 10.2 9.5 8.7 
8.7 9.5 10.J 10.8 II. I I .I. 3 11.1 10.8 10.2 9.5 8.7 
8.2 9. I 9.8 10.3 10.6 10.7 10.6 10.3 9.7 9.0 8. I 
6.7 7.4 8.0 8.5 8.8 8.9 8.8 8.5 8. I 7.5 6.7 
4. I 4.5 4.9 5.2 5.4 5.5 5.4 5.3 5.0 4.6 4.2 

tlAUIATI0N L0SS<W> 
890.5 996. I 1091.2 1164.4 1211.5 1230. I 1211.2 1163.8 1090.2 994.7 809.3 
055.8 955.4 1044.9 1113.9 1158.5 1175.8 1157.6 1112.1 1043.1 952.9 853.5 
185. I H72.0 .949.5 1009.4 1048.2 1062.8 1047.3 IOOH.2 .947.8 869.4 782.8 

tp 698.3 769.6 833.2 882.1 913.9 925.9 913. I 881.3 832.2 161.9 696.H 
I tSII.O 667.5 717.4 755.9 .781 .o 790 •. I 780.2 755.4 716.9 666.4 610.0 w 

w 52tJ.8 571. 7 609.6 638.6 657.5 664.4 657.0 638.3 609.5 571. 3 528.3 
453. I 484.I 511. 4 532.2 545.8 550.6 545.6 532.2 511.5 484. I 452.8 
384.4 405.3 423.7 437.6 446.6 449.9 446.4 437.6 423.9 405.5 384.3 
323.9 336.6 347.7 356.0 361.4 363.3 31'> I. 4 356.2 348.0 331.0 324. I 
273.9 280.3 285.8 290.0 292.7 293.7 292.8 290.3 286.4 280.9 274.5 
238.3 240.4 242.2 243.6 244.5 244.8 244.6 243.8 242.6 240.J 238.7 

C01'4Vl:CTI0N L0SSOO 
230.I 240.1 248.4 254.5 258.2 259.7 258.2 254.4 248.3 239.9 22.9.9 
226.6 236.3 244.4 250.3 254.0 255.4 253.9 250.2 244.3 236. I 226.3 
219.2 228.2 235.7 241.3 244.7 246.0 244.6 241.2 235.6 228.0 218.9 
209.3 217.5 224.3 229.2 232.3 233.5 232.3 229.1 224. I 217.3 209.2 
198.5 205.6 211.6 215.9 2.18. 7 219 •. 7 218.6 215.9 211. 5 205.5 108.4 
187.2 193.3 198.3 202.1 204.4 205.3 204.4 202.0 198.3 193.2 187.2 
175.7 180.6 184.7 lfH. 7 189.7 190.3 189.6 187.7 184.7 180,6 1.75.6 
163.9 167 .6 170.8 17 3. I 174.6. 175. I 174.6 173.1 170.8 .167. 6 163.8 
152. I 154.7 156.9 158.5 159.6 159 •. 9 159.6 158.6 151.0 154.8 I 52. I 
141. 2 142.6 143.9 144.8 145.4 145.7 145.5 144.9 144.0 142.8 141. 3 
132.5 I 33.0 133.4 133.8 134.0 I 34. I 114.I 133.9 133.5 133. I I 32.6 

-()) 
:;u 



NODJ-: SOD[UM TF.MPEJlATURES(f}E(;. f) D 1021.3 10()2.5 1097.0 1122.0 113.7.5 1143. 5 1137. 3 1121.7 1096.5 1061.0 10~0.6 
1000.4 1039.0 1072.6 1096.6 1111 .5 1117.1 1111.2 109(). 2 I 071. 9 1038. -, QQ9.] 4of5 
965.4 1001.6 1031.8 1053 • .9 I0f>l. 7, 1072.8 106.7. 3 .1053.5 1031.2 IO00.l'i 964.5 
922.Q 955.1 9U2.0 1001. 7 1014. I 1018.7 10.13. 8 1001.4 981 .6 .954.4 922.2 
877.2 905. I 928.3 945.5 956.3 960.2 956. I 945.3 920.2 904. f> 876.7 
829.8 853.0 872.6 807.0 H1)6. 2 899.4 89f>.O 806.9 872.6 H52.9 029.5 
701. 2 799.1 015.4 826.9 834.2 836.9 834.1 826.9 815.5 799.8 181 .o 
"132. I 745.8 757.4 766.0 T/1.5 T13.4 ·111. 4 76c'l. I 75 7.6 746.0 7]2.1 
6U4.3 693.2 700.H 706.4 710. I 711.4 7 10. I 706.7 701. 2 693.7 684.6 
642.0 646.6 650.5 653.4 655.3 656.0 655.A 653.7 651.0 647. I 642.5 
6 11. 5 612.8 613 • .9 614.7 615.2 615.4 615.3 614.8 614.1 613.0 611.8 

PAIJSE 

LI lff CALLING-UOUTINE 

1120 ATPfW 

SOUllJM HF.AT TRANSFER COEfFICIENTS(BTU/tm*F*fT**2> 
1700.0 1686.0 1674. 8 1666. -, 1661.9 1660.0 1661.9 1666.8 16.74.Q 1686.3 1700.2 
1707.2 1693.7 1682.7 1674.9 16.70. I 1668.3 1670.2 1675.0 1682.9 1694. 0 1707.6 
l"/19.6 1706.8 1696.4 1688.9 1684.3 1682.7 1684.4 1689. I 1696 .6 1707. I 1720.0 

U1 
173':l.3 1723.4 1713.7 1706.8 I .702. 4 1700.9 1702.6 1706 .9 1713.8 172].6 1735.5 

I I 752. 8 1742.0 .17 33.2 1726.9 i722.9 1721. 5 1.723.0 1727.0 17 33. 3 1742.2 1'153.0 
~ I 77 I • 9 1762.4 1754.6 1749.0 1745.4 1744.2 1745.5 1749.0 1754. 6 1762.5 1772.0 

1792.4 1784.4 I 777. 8 .1773.0 1770.0 l76H.9 1770. I 17.7].0 I 77.7. 8 1704.4 1792 .5 
1014.3 1800.0 1802.8 1799.0 1796.6 1795.A 179(). 6. 1700.0 1802.7 180"/.9 1814.3 
IH36.9 1032.6 1828.9 1826. 2 1824.5 1823.9 1024.5 1826. I 1828.7 1832,3 1836. 7 
1058.0 1855.7 I 053. 7 1852.2 1851.3 1850.9 1851.2 1852. I 1853 .5 1855.4 185 7. 8 
1814.1 1073.4 1872.8 1872.4 18.72.1 1872.0 1872.1 1872.3 1872.7 1873.3 1874.0 

ruuE CONDUCTANCE<BTU/tfR*f*FT**2) 
937.2 937.Q 938.5 938.8 939.0 939. I 939.0 938.8 938.5 937.9 937.2 
937.2 938.0 938.6 939.0 9]9.2 .939.J 939.2 939.0 930.6 938.o 937.2 
936.8 9]7.6 938.3 938.7 9]0.9 939.0 038.9 9.38.7 938.3 937.6 936.A 
935.Q 936.8 937.5 937.9 918.2 938.3 938.2 9.17.0 937.5 936.U 935.9 
934.H 935. -, 936 • .3 936.8 937 .1 937.2 937. I 936.8 936. 3 935.7 934.8 
933.5 934.3 935.0 935.5 935.7 935.8 935.7 935.5 935_0 934 • .3 933.5 
932.0 932.0 933.4 933.8 934.I 934.2 934. I 933.0 933.4 932.8 932.0 
930.3 931.0 931 .5 931.9 932.1 932.2 932.1 931 ,9 931.5 931.0 930.3 
92U.4 929.0 929.4 929.7 929.9 930.0 929.9 929.7 929.4 929.0 920.4 
926.4 926.8 927.0 927.3 927-.4 .927.4 927.4 927.3 927.t 926.8 926.5 - 924.6 924.7 924.8 924.9 925.0 925.0 925.0 925.0 924.9 924.7 924.6 

()) 
cf) 



TUl:JE WALL CONUUCTIVITY<BTU/liR*F*FT> 
II. 5 II. 7 11. 9 12.0 12. I 12. I 
II. 4 11.6 11 .8 11 .9 12.0 12.0 
II• J II .5 11 .6 11 •. 7 II. 8 It .8 
II. I II .2 II. 4 II. 5 11.5 11 .5 
10.9 11.0 It• I II. 2 II. 3 II. 3 
10.6 10.8 10.9 10.9 11.0 11.0 
10.4 10.5 I0.6 10.6 10.7 10.1 
10.2 10.3 10.3 10.4 10. 4 10.4 
10.0 10.0 10.0 IO. I 10. I 10. I 
9.8 9.R 9.8 9.8 9 • 8 9.8 
9.6 9.6 9.6 9.6 9.6 9.6 

PEAK TUBE TEMPERATUHE (DEG. F> 
1028.8 1070.5 I 105. 4 1130.U 1146. 5 

t::.d IOIU.O .1059.0 1093.3 I I .I 8.2 1133 .6 I 
c...> 989.6 1020.0 1059.9 1083. 4 1097 .9 VI 

949.7 984.4 1013.4 1034.6 1047.8 
905.2 935.8 961.2 979.9 991.8 
858.6 884.7 906.6 922.6 932.8 
810 •. , 832. I 850. I 863.5 871 .9 
761. 7 778.3 792.4 802.7 809.3 
712.3 724.1 7.14. I 741.5 746.2 
665.0 672.0 6.78.0 682.4 685.3 
625.5 628.3 630.7 632.6 633.7 

CONTINUE ITEllATION"l<YES=l ,NO=O>?O 

~ 

12. I 12.0 11. 9 
12.0 It .9 II .B 
11 .8 II. 7 II .6 
II .5 II. 5 II .4 
II .3 I 1 • .2 II. I 
11.0 to. 9 10.9 
IO. 7 10.6 10.6 
10.4 .to. 4 10.3 
to. I 10. I 10.0 
9.0 9.8 9.8 
9.6 9.6 9.6 

I 152. 5 1146. 4 1130.6 
1139. 6 11 33. 3 1117.J 
1103. 3 1091.6 1082.9 
1052.8 1047.5 10.14.2 
996.0 Q9 I. 4 919.1 
936.5 932.6 922.5 
874.9 811.8 863.4 
811 • 7 809.2 802.7 
747.8 746.2 741. 7 
686.4 685.4 682.H 
634.1 633.9 632.8 

I I. 7 
11.6 
,., • 4 
II .2 
I I 0 0 
10.8 
10.5 
10.3 
10.0 
9.8 
9,6 

1105.2 
1092.6 
1059.2 
1012.9 
960.9 
906.5 
1150.2 
792.5 
734.3 
678.5 
63 I,. 2 

11.5 
II. 4 
".3 
II. I 
I0.9 
10.6 
10.4 
I0.2 
10.0 
9.8 
9.6 

1070.1 
1058.1 
1026 .8 
983.6 
935.2 
HU4.4 
832. I 
T/8.4 
724.4 
6 72. 7 
628.8 

.1028.4 
1017., 
988.4 
948.9 
904.6 
858. 3 
810.5 
761.5 
712.4 
665.6 
626.0 

C 
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-p 
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tel 
I 

w 
°' 

e uN,FO~H rLU)(1Nzo(iPH F£DwJ -zo°FAN11~JJr 

ATPFW I 3 •45EOT 09/05/79 

AIH TEMP. ,CONV. COEFF. ,Cl 1-20. ,2.0, .623_366 

FLUX PLOT FI LF.NAME?FLUXTF 

FLJLL PI-H NT<YES= I ,N0=0)? I 

HECEIVEH SUMMARY 

FLon = 
INCIOENT = 
llAiJ. LOSS = 
CONV. LOSS= 
llEFL. LOSS = 
EFFICIENCY= 

826.7. LU/HR 
496896.W 

70202.W 
26233.W 
24845.W 

.0.,7398 

TUUE FLOW INCIDENT RADIATION CONVECTION 
GROUP LB/HR w w w 

I 752. 38077. 6122. 2274. 
2 752. 42468. 6662. 2337. 
3 752. 45500. 7143. 2391. 
4 7':,2. 47727. 7514. 2430. 
5 752. 119116. 7753. 2455. 
6 752. 49650. 7844. 2464. 
7 752. 49100. 7749. 2454. 
8 752. 477 11. 7510. 2430. 
9 752. 45476. 7139. 2391. 

10 71j2. 4242"/. 6654. 233.7. 
II 752. 38836. 6 11 J. 2273. 

EFFICIENCY 

0.7341 
0.7381 
0.7405 
o.7417 
0.7422 
0.7424 
0.7422 
0.7417 
o.7405 
o. 7381 
o. 7341 

E 
loF5 



OUfSIDI-: TlJUI-: TF.MPl-:HATIJllES<DEG. fl ZorS 
I 021j. '::> 1067.4 I I02. 4 1127. U 1143.6 1149.6 1143.5 112·, .6 1102 .O 1066.9 1025.0 
1011. 3 1052.0 IOB6.0 1110.u 1126.2 1 IJ2.0 112':>.9 1110.3 IOH5.3 10':>I.O 1010.J 
900.6 IOI0.5 1050.0 I 073. I IOH7.6 1092.Q 1087. 2 10 72. 7 1049.] 1017.4 979.5 
Q39.8 973.8 1002.3 1023. I I 036. I 1041.0 1035.8 I 02?.. 7 1001.8 913.0 .9]9.0 
fW4. 8 924.6 949.5 96./ .H 979.4 983.5 979.I 967.6 949.2 924. I U94.2 
H4"/.9 U"/3.2 894.4 9IO.O 919.8 923.4 919.6 909.0 894.3 072.9 H4"/.5 
19<J. 7 820.2 831.5 850.3 81j8.4 861 .3 850.3 850.3 83J.6 020.2 799.5 
750.6 766.3 119.6 789.4 795.6 .797. 8 795.5 7ti9.4 719.7 766. 4 750.5 
70 I. U 712.6 721 .8 728.6 733.0 734.5 133.0 720.8 722. I 712.9 701.9 
656.J 662.4 667.7 671 .6 6"/4.2 675. I 674.3 671 .9 668.2 663.1 656.8 
620.2 622.4 624.4 625.9 626.8 627.1 626.9 626. I IS24.8 622.H 620.6 

NODE l:FFICll:NCJl:S(P.U.) 
0.393 O.JB8 0.383 0.379 0.376 0.375 0.380 0.303 0.389 0.397 0.403 
0.607 0.605 0.604 0.601 0.599 0.600 0.600 0.602 0.604 0.601 0.609 
0.606 0.687 0.685 0.604 0.683 0.683 0.683 0.684 0.685 0.686 0.685 
0.723 0.725 0.725 o.725 0.724 0.724 0.724 0.725 0."/25 0.124 o. 723 
o. 149 o. 752 o. 753 0.754 0.754 o.754 0. 754 o.754 o. 753 0.751 0.749 
•). 771 0.776 o. 778 o. 119 0.780 0.780 o. 700 0.719 o. J78 o. 775 O. TII 
o. 192 0.797 0.800 o.uo2 0.804 0.804 0.804 0.802 0.800 o. 797 O. 79 I 

o;j o.uoo 0.814 0.019 0.821 0.823 0.824 0.823 0.021 0.818 0.814 0.008 
I J.817 0.025 0.830 0.834 0.836 0.836 0.835 0.833 0.829 0.824 0.816 w 

0.808 0.818 o.825 0.830 0.033 0.834 0.833 0.830 0.825 0.819 O.U08 ....... 
0.753 0.768 o. 779 . o •. 1a1 0.791 o.792 o. 79f 0.100 0.-,01 0.110 o.756 

PAUSE 

Lliff CALLINO-ROUTI NE 

900 ATPFW 

JNCIOl:NT FLUXCW/SO.CM) 
5.4 5.9 6.3 6.7 6.8 6.9 6.9 6.7 6.4 6.0 5.5 
H.5 9.3 10.0 10.5 10.8 10.9 10.u 10.5 JO.O 9.3 8.5 

10.3 II. 2 12.0 12.6 13.0 13. I 13.0 12.6 12.0 II .2 10.2 
10.8 11.8 12 •. 7 13.3 13.7 13,8 13.7 13.3 12.6 It• 8 10,8 
10.9 12.0 12.8 13.4 13.8 13.9 13.8 13.4 12.7 II. 9 10.9 
10.9 11 • 9 12.8 13.4 13.0 13. 9 13.7 13.4 12.8 11, 9 10.9 
10~9 11. 9 12.7 13.3 13.7 13.8 13.7 13.3 12.7 ' ' • 8 10.9 
10.7 II • IS 12.5 13. I 13.4 13.6 13.4 13.0 12.4 11.6 l0.6 
10.0 10. 9 II. 7 12.2 12.6 12.7 12.6 12.2 11. 6 10.u 9.9 
0.2 9.0 9.6 to. I 10.4 t0.6 10.4 Io. I 9.7 9.0 8,2 - 5.3 5.H 6,2 6.5 6.7 6.8 6.7 6.6 6.3 5,.9 5,4 

lD 
< 



E 
3oF~ 

ABS0HUF.D FLUX (W/Sa.c,.o 
2. I 2.3 2.4 2.5 2.6 2.6 2.6 2.6 2.5 2.4 2.2 
5.2 5.6 6.0 6.3 6.5 6.6 6.5 6.3 6.0 5.6 5.2 
7. I 1.1 a.J 8.7 8.9 9.0 8.9 8.6 8.2 7.7 1.0 
7. tJ 8.6 9.2 9.6 9.9 ,o.o 9.9 9.6 9.2 8.5 7.8 
8.2 9.0 9.6 IO. I 10.4 10.5 10.4 to. I 9.6 8.9 8.2 
U.4 9.3 9.9 10.4 10.7 10.9 IO. 7 10.4 9.9 9.2 8.4 
8.6 9.5 10.2 10 •. 7 11.0 II. I 11.0 10.7 10.2 9.4 8.6 
8.6 9.5 10.2 10.7 11.0 11.2 11.0 10 •. 7 I 0.2 .9.4 8.6 
8.2 9.0 9 •. 1 10.2 10.5 10.6 10.5 10.2 9.6. 8.9 8. I 
6.6 1.3 8.0 8.4 8.J 8.8 8.7 8.4 o.o 7.4 6.1 
4.0 4.4 4.8 5.1 5.3 5.4 5.3 5.2 4.9 4.5 4.1 

UA0 I AT I ON LOSS 00 
896.8 1003.2 1099.0 1172.8 1220.3 1239.0 l220.0 1172.1 1090.0 IOOt. 7 895.6 
862.7 963.1 I053.3 1122.9 1167.8 tl85.3 1166.9 1121 •. 7 1051.5 960.5 860.4 
792.3 879.8 958.0 1018.5 1057.6 1072.3 1056.7 1017.3 956.3 8.77.2 789.9 
705.5 777.5 841.6 891.0 923.0 935.t 922.2 890. I 840.5 775. 7 704.0 
618.3 675.2 725.5 764~4 789.7 798.9 789.0 763.9 725.0 6.74. I 617.3 
536. I 579.3 617.5 646.8 665.8 672.8 .665.4 646.5 6U.5 578.9 535.5 

t.d 460.4 491 .6 519~ I 540. I 553.8 558.7 553.6 540. I 519.2 491.6 460.0 
I 391 •. 7 412.7 431.3 445.2 454.3 457.6 454.2 445.2 431.4 412.9 391.5 l,.) 

00 331. I 343.9 355. I 363.4 368.9 3.70.8 369.0 363.7 355.4 344.3 331.3 
281. 2 287.6 293.2 291.4 300. I JO.I. 2 300.2 291.1 293.8 288.3 281.8 
245.7 247.8 249.6 251. I 252.0 252.3 252. I 251,. 3 250.0 248.2 246. I 

C01-IV J:CT I ON LOSS ( W) 
251.6 261. 7 270. I 276.2 280.0 281.4 280.0 276. I 210.0 261.5 251.5 
24U.2 258.0 266. I 272.1 275.8 277.2 275.1 212.0 266.0 257. 7 24.7 .9 
240.8 249.9 257.5 263.0 266,.5 267.8 2~6.4 262.9 257.3 249.6 240.5 
230.9 239.I 246.0 251 .o 254.1 255.3 254.1 250.9 245.9 239.0 230.H 
220. I 227.J 233.3 231.:/ 240.5 241.5 240.4 237.6 233.2 221.2 220.0 
208.8 214.9 220.0 223.8 226.2 227.0 226.1 223.7 220.0 214.9 208.H 
197.2 202.2 206.3 209.4 211. 4 212.1 2 l J. 3 209.4 206.4 202.2 197 .2 
185.4 189.2 l92.4 ., 04. 8 196.3 196.8 106.2 194.8 192.4 189.2 185.4 
173.7 176.3 178.5 I 80. I 181.2 I 8 I .5 181. 2 180.2 178.6 176.4 173.7 
162.7 164.2 165.5 166.4 167.0 167 .3 M7.I 166.5 165.6 164.4 162.9 
154.0 154.6 155.1 .t 55. 4 155.6 155.7 155.7 155.5 155.1 154,7 154. I 

uJ 
[ 



N0L>E SODIUM TEMPERATURESC0EG. f) 4oF5 
1020.9 1062.5 1097.2 1122.4 1138.0 1144 .o 1137. 8 1122. l 1096.7 1061.7 1020.2 
IOOO. I 1039.9 1073.0 1097.2 1112.2 1117 • .9 1111.9 1096.7 1072.3 I038.8 999. I 
965.3 1001.8 1032.2 1054.5 .1068.4 I073.6 1068. I I 054. I 1031.1 l000.8 964.4 
922.H 955.3 902.4 1002.3 1014.B 1019.4 1014.5 1002.0 982.0 954.f> 922. I 
877.0 905.2 92U.7 946.0 956.9 960.9 956.6 945.8 928.5 904.8 876.6 
829.6 853. I 872.9 887.4 896.6 899.9 896.4 f387.3 072.9 H53.0 829.3 
701.0 799.7 815.5 827.2 831.6 837.2 834.4 827 •. 1 815.6 799 • .7 7B0.8. 
73 I. 8 745.7 757.5 766. I 771.6 773.6 771. 6 7 66. 2 757.6 745.9 731. 8 
6U4.0 693.0 100.1 706.4 710 •. I 711. 4 710. I 706.6 70 I, I 693.5 684.3 
641.8 646.4 650.3 653.3 655.2 655.9 655.3 653.6 650.H 646.9 642.3 
611. 4 612.7 613.8 614.7 615.2 615.3 615.2 614.8 614.0 612.9 611. 7 

PAUSE 

LI 1ir. CALLING-ROUTINE 

1120 ATPFW 

SODIUM BEAT TRANSFER COEFFICIENTS(BTU/HR*F*FT*•*2) 
1693.5 16.79.6 1668.2 1660.2 1655.J !653.4 1655. 3 1660.3 1668.4 .1679.H 1693.8 
1700.7 687. I 1676. I 16()8.2 1663.4 I 661. 6 1663.5 1668.4 16 76. 3 1687.5 170 I • l 
1713.0 700. I 1689. 7 1682.2 16 77 .6 1675.9 1677.7 1682.3 1689.9 1700.5 1713.4 

t,J 1728.6 716. 7 1706.9 1700.0 1695.6 1694.I 1695. 7 1700.1 1.70.7. I 1716.9 1728 .9 
I 

w 1746.I 735.3 1726. 4 1720.0 1716. I 1714.6 1716.2 1720.I 1726.5 1735.4 1746.3 
\.0 1765.1 755'. 6 174.7.7 1742.1 1738.5 1737. 3 1738.6 1742. I '74 7. 7 1755.6 1765.2 

1785.5 777.5 1770.9 1766. I 1763.0 1762.0 17 63. I 1766. I 1770.9 177.7 .5 1785.6, 
1807.4 801.1 1795.8 1792.0 1789.6 1788.7 1709.6 1792 .o 1795.8 180 I. 0 1807.4 
1829.9 825.1'> 1821 .9 1819.2 1817.5 1816.9 181.7. 4 I 019. I I 821. 7 1825.3 1829.8 
1851.0 848.6 1846.6 1845.1 1844.2 1843.8 1844. I 1845.0 1846. 4 ltJ48.4 I U':>0.1 
IB66.9 866.2 1865.6 1065.2 1864 • .9 1864.8 1864. 9 1865. I 1865.5 1866. I 1866.8 

TUt3E CONDUCTANCE( 1:HU/MH*F*FT**2 > 
93-1.8 935.6 936. I 936.5 936. 7 936. 7 936.7 936.5 936.1 935.6 934.8 
934.9 935.7 936.3 936. -, 936.9 937.o 936.9 93/S.7 936.3 935.7 934.9 
934.5 93~.3 935.9 936.4 936.6 936. 7 936.6 936·.4 935.9 935.3 934.5 
933.7 934.5 935.2 935.6 935.9 936.0 935.9 935.6 035.2 934.5 933. 7 
932.6 933.4 934. I 934.6 934.8 934.9 934.8 934.6 934.1 933.4 932.6 
93 I • .1 932. I 932.8 933.2 933.5 933.6 933.5 9 3.1. 2 932.8 9.32.1 931 .3 
929.H 930.6 931.2 931.6 931.9 932.0 93 I. 9 931 .6 9] 1.2 930.6 929.H 
92B.2 928.8 929.4 929.7 930.0 930.1 930.0 929.1 929.4 928.8 928.2 
926. 3 926.8 927.3 927.6 927.8 927.8 927.8 927.6 9~7.3 926.8 926.3 
924.J 924.7 925.0 925.2 925.3 925.4 925.3 925.2 925.0 924.7 924.4 

9) 922.5 922.7 922.0 9?'..? .9 922.9 921.0 923.0 922.9 922,8 922.7 922.5 
>< 



TUl3E WALL <.:0NDUCTI VI TY< 13 fU/l lll•F•Ff> 
I. 5 II. 7 II. 9 12.0 12. I 12. I 
I. 4 11.6 11 .8 11 .9 12.0 12.0 
I. 3 11.5 11.6 11. 7 11. 8 11. 8 
I • I II. 2 II. 4 II. 5 11.5 11.5 
0.9 11.0 II. I II. 2 II. 3 11. 3 
0.6 10.8 10.9 10.9 11.0 11.0 
0.4 10.5 10.6 10.6 10. 7 10.7 
0.2 10.3 10.3 10.4 10.4 10.4 
0.0 10.0 10.0 10. I 10. I 10. I 
9.8 9.8 9.H 9.H 9.8 9.8 
9.6 9~6 9.6 9.6 9.6 9.6 

PEAK TUBE TEMPF.RATUl-lF. <DEG. fl 
I 028. I 1070.2 1105.4 1130.9 I 146 • 7 
1017.6 1058.9 1093.4 11 IH.5 1134. l 

o:! 
989.3 1028.0 1060.2 1083.U 1098.5 

I 949.4 984.4 1013.6 1035.0 1048.3 
~ 904.9 935.7 961. 3 980.3 092.2 0 

U5U.3 8B4.6 906.6 922.8 933. I 
810.4 831.9 850. I 863.5 872.0 
761. 3 778.0 792.2 802.6 809.3 
711.9 723.8 133.9 741 .2 746.0 
664.5 6 71 .6 6 77.6 682.1 685.0 
62~.2 628.0 630.4 632.3 633.4 

C0tiTINUF. ITEl-lATI0N?<YES= I N0=0)?0 

-~ 
L 

12. I 12.0 11. 9 
12.0 11. 9 II. 8 
11. 0 II. 7 II .6 
11.5 II. 5 II .4 
II. 3 II. 2 II. I 
II .o 10.9 10.Q 
10.7 10.6 IO. f> 
10.4 10.4 10.3 
Io. I to. I 10.0 
9.8 0.8 9.8 
9.6 9.6 9.6 

1152.8 1146. 7 11 30. B 
I 140. I I 133. 8 1118 0 I 
1103.9 1098.2 1083.3 
1053.3 1048.0 I034.4S 
996.4 991.8 980.0 
936.8 932.8 922.7 
875.0. 871.9 863.5 
811. 7 809. I 802.6 
14·1. 1 746.0 741. 4 
686.1 685. I 682.4 
633.H 633.6 632.5 

I I. 7 
II .6 
II. 4 
II. 2 
11.0 
10.8 
10.5 
10.3 
10.0 
9.8 
0.6 

1105. I 
1092.8 
1059.5 
1013. I 
961. I 
906.6 
850.2 
192.3 
734.0 
678.2 
630.9 

11.5 
II. 4 
11.3 
I I • I 
10.9 
I0.6 
10.4 
10.2 
10.0 
9.8 
9.6 

1069.H 
1058.0 
1026.H 
983.6 
935. I 
884.3 
83 I .9 
778. I 
724.0 
672.3 
628.5 

102.7. 7 
1016.7 

<JOH.I 
948.6 
904.3 
857.9 
810. I 
761. I 
7 11 .9 
665.1 
625.7 

E 
5or5 
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F <./A/1R::>~1-1 /-Lth( teO(iPlt FtoWJ IZ0°FA1t8IJU.JT 

ATPFW 13•49EOT 09/05F/9 

Arn TEMP. ,CONV. COEFF. ,Cl 1120. ,2.0, .6366 

FI.IJX PLOT fl LF.NAME?FLIJXTF 

FULL PRINT<Yl::S=l ,NO=O)?I 

RECEIVER SUMMARY 

FLOW = 
INCIDENT = 
!?AD. LOSS = 
co,~v. LOSS = 
1-lEFL. LOSS = 
EFFICIENCY= 

tt39H. UVHR 
496896.W 

76468.W 
22156.W 
24845.W 

0.7515 

fUl:il:: FLOW INCIDENT HAOIATJON CONVECTION 
<JflOUP LB/IIH w w w 

I 763. 3BH77. 5977. 1904. 
2 763. 42468. 6510. 196 7. 
3 763. 45500. 6985. 2020. 
4 763. 4T127. 7 351. 2059. 
5 763. 49116. 758 7. 2083. 
6 763. 49650. .7676. 2092. 
7 763. 40IOH. 7583. 20H3. 
H 763. 4T7 II. 7347. 2050. 
9 763. 454 76. 6081. 2020. 

10 763. 42427. 6502. 1967. 
II 163. JUU36. 5969. 1904. 

EFFICIENCY 

o •. 74 7 3 
o. 7504 
0.7521 
o. 7529 
0.7531 
0.7533 
o. 7532 
o. 7529 
0.7521 
o. 7504 
0.7473 

r 
\or-S 



f OUTS ID!-: TUUE TEMPERATlJHES <DEG. F) 
°2oFS-1026.4 1067.8 1102.3 1127. 5 1143 .o 1149.0 1142. 9 112 7. 2 1102.0 1067.2 1025.9 

1011.8 J052.0 1085.6 1110.1 1125.2 t 131. 0 1124.9 1109.f> 1084. 9 1051 .o 1010.9 
9BO. 9 1018.4 1049.5 1072.3 1086.6 1091.H 1086.2 1071.Q 1048.8 1017.3 919.9 
940. I 973.7 1001.B J022.3 IOJ5. 2 1040.0 1034.9 1022.0 1001.3 972. Q 939.4 
UY'J.2 924.6 949. I 961 .2 918..6 982.1 978.3 967.0 948.9 924. I 894.6 
H4H.] H73.2 894.2 900.5 919.3 922~8 919. I 90<>.4 894. I B7J.O 848.0 
800.2 B20.4 H37.5 850. I 8'::>8. I 860.0 858.0 Bl:>O. I 837.6 d20.4 uoo.o 
1':J I. I 766.6 T/9.H 789.4 795.5 797.8 795.4 7BC>.4 719.9 166.1 -/'::,1.0 
702.4 713. I 122.2 72U.8 7J3.2 134.1 733.2 729. I 722. 4 -,13.4 /02.5 
656.9 662.9 668.2 612.0 674.5 675.5 674.6 612 ,4 668. 7 663.6 657.4 
620.6 622.B 624.7 626.2 627. I 627.4 627.2 626.4 625. I 623.2 621 .o 

,'4OIJE 1-:i-:rICll-:i~CIESCJJ.U. > 
0.415 0.409 0.403 0.399 0.395 0.394 0.300 0.402 0,409 0.417 0.424 
u. 62 I 0.619 0.617 0.614 0.612 0.612 0.612 0.614 0,617 0.620 0.623 
0.69U 0.690 Q,696 0.695 0.693 0.693 0.694 0.695 0.1)96 0.691 0,697 
o. 735 o. 735 0.735 0.735 0.734 0. 734 o.734 0.734 o. 735 0.735 0.134 
0.760 0.763 o. 763 o. 764 o. 764 0.763 o.763 0.763 o. 763 o, 762 o. 760 
o. rn2 0.786 0.7BH 0.709 o. 709 0.790 0,7HO 0.7B9 O. 7AU 0.785 o. 782 
0.80] 0.807 0.810 0.012 0.013 0.813 0.813 0.812 0,810 0.807 0.803 
0.020 0.025 0.829 0.831 0.8.32 0.8]3 O.HJ2 0.831 0.828 0.824 0.819 

t,j 0.830 0.836 0.841 0.844 0.845 0.846 0.845 0.843 0.840 0.835 o.tt29 
I o. 823 O.fH2 0.038 0.842 0.845 0.846 0.845 0.842 0.83H 0.832 0.023 ~ 

N o. -,,6 .0.]09 0.199 0.806 0.809 0.811 0.810 0,807 O.f301 0.791 o. T/9 
PAUSE 

Ll:'41: CALLING-JWIJTI NE 

900 ATPFW 

INCIDENT FLUX(W/SO.CM) 
5.4 5.9 6.3 6.7 6.8 6.9 6.9 6.7 6.4 6.0 5.5 
8.5 9.3 IO.O 10.5 10.u 10.9 10.8 10.5 10.0 9.3 tJ. 5 

10.3 11 • 2 12.0 12.6 13.0 I 3. I 13.0 12.6 12.0 II. 2 10.2 
10.8 II. 8 12. 7 13.3 13 •. 7 13.8 13.7 13. 3 12.6 I I. H 10.8 
IO. 9 12.0 12.8 13.4 13.U 13.9 13.8 13.4 12.7 11. 9 10.9 
10. 9 II. 9 12,8 13.4 13.0 13.9 13.7 13. 4 12.H I J. 9 10.9 
10.9 11. 9. 12.7 13.3 I 3. 1 13.8 13.7 IJ.3 12.7 I I. 8 10.9 
IO. ·7 11.6 12.5 13. I 13.4 13.6 13.4 13.0 12.4 11. 6 10.6 
10.0 10.9 11 • 7 12.2 12.6 12. 7 12.6 12.2 II .6 I0.8 9.9 - 0.2 9.0 9.6 10. I 10.4 10.6 10.4 10. I 9.1 9.0 8.2 v 5.J 5.8 6.2 6.5 6.7 6.8 6.1 6.6 6.3 5.9 5.4 :t> 

::J> 



,-
3or-5 

ABSOHHED FLUXCW/SO.CM> 
2.2 2.4 2.6 2.1 2.1 2.1 2.1 2.1 2.6 2.5 2.3 
5.3 5 •. 7 6.2 6.4 6.6 6.1 6.6 6.4 6.2 5.8 5.3 
1.2 7.8 8.4 8.8 9.0 9. I 9.0 8.8 8.3 7.8 7. I 
8.0 8.7 9.3 9.8 10.0 Io. I 10.0 9.7 Q.3 8.7 1.9 
0.3 9. I 9.7 J0.2 10.5 10.6 10.5 10.2 9 •. 1 9. I 8.3 
8.5 9.4 IO. I 10.6 10.9 11.0 10.8 10.5 10.0 .9. 3 8.5 
8.7 9.6 10.3 10.8 II. I 11.2 II. I 10.8 10.3 9.6 H.7 
U.7 9.6 10.3 10.8 II. 2 11.J I I • I 10.8 10.3 9.6 8.7 
8.3 9 •. I 9.8 10.3 10.7 io.7 10.6 10.3 9.8 9. I 8.2 
6.0 7.5 8. I 8.5 8.8 8.9 8.8 8.5 8. I 7.5 6.8 
4. I 4.6 5.0 5.3 5.4 5.5 5.5 5.3 5.0 4.7 4.2 

HADIATION LOSSCW) 
085.0 090. I 1084.8 1157.7 1204.5 1223.0 1204.2 1157.0 1083.8 988 •. 7 883.8 
849.9 949.0 .1038.1 It 06. 8 115 I • I 1168.3 1150.2 1105.5 1036.3 946.6 84.7. 7 
179. I 865.5 942.6 1002.2 1040.8 1055.3 1039.9 1001.0 Q40.9 862.9 776.8 
692.2 763.2 826.4 0-,5. I 906.7 918.6 905.9 874.3 625.4 761.5 690.7 t,;j 
605.0 661. I 710. 7 149.0 773.9 783.0 773.2 748.5 .110.2 660. I 604.0 I 

.i::-- '522. -, 565.4 603. I 631.9 650.7 657.~ 650.3 631. 7 60.J.O 565.0 !:>22.2 w 
447. I 477.9 505.0 525.7 539.2 544.0 539.0 525.7 505.1 477.9 446. 7 
378.4 399.2 417.5 431.2 440.2 443.5 440.0 431.J 417.6 399.3 378.2 
317.tJ 330.4 3A 1.5 0349. 1 355.2 357.0 355.2 350.0 341.8 330.9 318.0 
267. H 274.1 279.6 283.8 286.5 287.5 286.6 284. I 2H0.2 274.8 268.4 
232. I 234. I 235.9 237.4 238.2 238.5 238.3 237.6 236.3 234.5 232.4 

CO1WF.CTI ON LOSS ( W > 
218. I 228. I 236.4 242.4 246.2 247.6 246. I 242.4 236.3 221.9 218.0 
214.6 224.3 232.3 238.2 24.I. 9 243.3 241 .o 238.l 232.2 224.0 214.4 
207.2 216.2 223.7 229.2 232.6 233.8 232.5 229.0 223.5 215.9 206.9 
19 7. J 205.4 2-12. 2 217. I 220.2 221. 4 220. I 217.0 212.1 205.2 197.2 
186.5 193.6 199.5 203.9 206.6 207.6 206.5 20].0 I09.4 193.5 186.4 
175.2 I UI. 2 106.J 190.0 192.3 193.2 192.3 190.0 IH6.3 181. 2 175.2 
163.7 168.5 172.6 175.7 177.6 178.3 177.6 175. 7 172.7 168.5 163.6 
151. 9 155.6 158.A Ml. I 1()2.6 163. I 162.5 161. I 158.8 155.t> f 5 I. 8 
140. I 142.7 144 .9 146.5 147.5 147.9 147.5 146.6 145.0 142.H 140.2 
129.2 130.6 131.9 I 32.1:J 133.4 133.7 133.5 132.9 132.0 130.H 129.3 
120.5 121 .o 121.5 121.8 122.0 122.1 12?.. I 121.9 121.5 121. I 120. I'> 

0) 

~ 



NOOE SODIUM TEMPERATURES<DEG. F> 4oFE 
1021.6 1062.6 1096.9 1121 .8 11 37 .2 1143. 2 1137. 0 1121.5 1096.4 1061.9 1020.9 
1000.5 1039.7 1072.4 1096.2 1111.1 1116.7 1110.8 I095.8 I 071. 7 1038.6 999.5 
965.5 1001 .5 1031.5 1053.5 1067 .2 1072.3 1066.9 1053. I 1030.9 1000.5 964.6 
923.0 955.0 981. 7 1001.4 I0JJ.7 1018.2 1013.4 1001.1 98 I .4 954 • .l 922.J 
8 77.2 905.0 928. I 945.2 956.0 959.8 955.7 945.0 928.0 904.5 A76.8 
829.8 853.0 872.5 886.8 895.9. 090.1 89~. 7 8HtS.7 872.5 H52.9 829.5 
781.3 799.7 815.3 826.8 834.1 836. 7 833.9 826.8 815.4 -,99.u 781. I 
732.2 745.9 757.4 765.9 771 .4 773.3 771. 3 766.0 757.6 746. I 732.2 
684.4 69].3 700.9 706.5 710. I 7 11 .4 710.1 706. 7 70 I. 3 693.8 684.7 
642.2 646.7 650.6 653.5 655.4 656.0 655.5 653.8 651. I 647.J 642.7 
611. 6 612.8 613.9 614.8 615.3 615.5 615.3 614.9 614.2 6 13. I 6 11.8 

PAUSE 

LI,iE CALLING-ROUTINE 

1120 ATPFW 

SOUIUM HEAT TRANSFER COEFFICI_ENTS<BTU/HR•F•FT••2> 
1704.0 1690. I 1678.8 1670.8 1666.0 1664. I 1666.0 16 70.9 1679.0 1690.3 1704.2 
1711.3 1697. 8 1686. 8 1679.0 1674.2 1672.5 16 74. 3 1679.2 1687. I I t'>98. I 1711.7 
1723.8 1710.9 1700.6 1693. I l6H8.6 1686.9 1688.7 16Q3.3 1700.8 1711.3 1724.1 

bJ 1739.4 1727 .6 1717.9 1711.0 1106 .1 1705.1 1706.8 17 II. I 1718. I 1727.8 I 739. 7 
I 1757.0 1746.3 1737 .5 1731. 2 1727.2 1725.8 17 27. 3 1731 .2 1737.6 1746.4 175 7. 2 ~ 
~ I 776. I 1766.7 1758.9 1753.3 1749.8 1748.5 1749.8 1753.3 1758.9 1766. 7 I 776. 2 

1796.6 1788 •. 7 1782.1 1777.4 17 74 .4 1773.3 1774. 4 1717.4 l7f32. I 1188.7 1796. 7 
1818.6 J812.4 1807. I 1803.4 1801 .o 1800.I 1801.0 1803.3 1807.1 1812.3 1818.6 
1841. 2 1836.9 1833.3 1830.6 1828.9 1828.3 1828.9 1830.5 1833.1 IH36.7 1841. I 
1862.4 1860. I 1858.1 1856.6 1855.7 1855.3 1855.6 1856.5 1857.9 185Q.8 1862.2 
1878.6 1877.9 1877. 3 18.76.8 1876.6 1876.5 1876.5 I ff7 6. 8 18T1,2 1877. A 1878.4 

TUiiE CONDUCTANCE( BTU/HR*f*FT**2 > 
938.6 939.4 939.9 940.3 940.5 940.6 940.5 940.3 939.9 939.4 938.6 
938.6 939.5 940.1 940.5 940. 7 940.8 940.7 940.5 940. I 939.5 <)]"8.6 
938.2 939.1 939.1 940. I 940.4 940.5 940.4 940.1 939. 7 939.0 938.2 
931.3 938.2 938.9 9.39.] 939.6 939.7 939.6 939.3 938.9 938.2 937.3 
936.2 937. I 937.8 938.2 938.5 938.6 938.5 93H.2 937.8 937. I 936.2 
934. 9 935.7 936.4 936.8 9]7.1 937.2 937., 936.8 936.4 935.7 934.9 
933.4 934.1 934.7 935.2 935.5 935.6 935.5 935.2 934.8 934. I 933.4 
931.7 932.3 932.9 933.2 9.H.5 933.6 933.5 933.2 932.9 932.3 931. 7 
929.8 930.3 930.7 931 .o 931 .2 931.3 931.2 9.l I .O 930. 7 930.3 929.8 

9') 921.7 928.1 928.3 928.6 928.7 928.7 928.7 928.6 928.4 928. I 927.7 

~ 
925.8 926.0 926. I 926.2 926.3 926.3 926.3 926.2 926. I 926.0 925.9 
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fUlJE WALL CONOUCfJV ITY( lHU/HJl*F*FT> 
11.5 11. 7 11.9 12.0 12. I 12. I 12. I 12.0 11.9 II. 7 11. 5 
II. 4 11.6 11.8 II .9 12.0 12.0 12.0 11 .9 11. 8 11.6 11. 4 
II. 3 11.5 ti .6 II. 7 II. 8 11.8 11.8 

"· 7 
11.6 11. 4 11 .3 

II. I II .2 11.4 11.5 II .5 11.5 11.5 11.5 II. 4 11.2 II. I 
10.9 II .O II. I 11 .2 11.3 II. 3 II. 2 II. 2 II • I 11.0 10.9 
10.6 10.8 10.9 10.9 11.0 11.0 11.0 10.9 10.9 10.8 10.6 
10.4 10.5 10.6 10.6 10.7 10.7 10.7 10.6 10.6 10.5 10.4 
10.2 I0.3 10.3 10.4 10.4 10.4 10.4 10.4 10.3 10.3 10.2 
10.0 ao.o 10.0 10. I IO. I IO. I Io. I 10. I 10.0 10.0 10.0 
9.8 9.8 9.8 9.8 9.8 9.8 9.8 o.o Q.8 9.8 9.8 
9.6 9.6 9.6 9.6 9.6 9.6 9.6 9.6 9.6 9.6 9.6 

PEAK TUB~ TEMPERATURE <DEG. F> 
I>) 1029.2 1070.7 1105.5 I 130. 7 1146 .3 1152.4 1146. 3 I 130 .5 I I 05. 2 1070. 3 1028.8 
I 1018. 3 1059. I 10.93.2 1117 .9 11 33. 3 I 139. 2 1133.0 1117 .5 J092.5 1058. I 1017.4 +:--

V, 989.8 1028.0 1059.8 1083.1 1097 .6 1103. 0 109.7.3 1082.6 .1059. I 1026.8 908.6 
949.9 984.4 1013.2 1034.3 1047.5 J052.4 1047.2 10.13.9 1012.7 983.6 949. I 
905.4 935.8 961. I 979.8 991.5 995.7 99 I .2 979.5 960.8 935.2 904.8 
858.8 884.8 906.5 922.5 932.6 .936.3 932.4 922.4 906.5 884.5 858.5 
811 .o 832.3 850.2 863.4 871.8 874.8 871. 7 863.4 850.2 832.2 HI0.7 
762.0 778.5 792.5 802.8 809.3 8 ii. 7 809.2 802.7 792.6 778.6 761. 8 
712.6 724.4 734.J 741 .6 746.4 748.0 746.3 741 .8 734.5 724.6 712.7 
665.3 672.2 678.2 682.6 685.5 686.6 685.6 683.0 678.8 672.9 665.8 
625. 7 628.5 630.9 632.8 633.9 634.3 634.0 633.0 631. 4 629.0 626.3 
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).lN2 O.H92 o.mm o.mm o.mJ6 O.HH6 O.HtJ6 o.mm O. tJHO 0.0'>2 O.U92 
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0.92H 0.<>2U 0.920 0.92H 0.920 0.928 0.92B 0.<>2B O. <>2H 0.92H 0.92B 
•J. <,>J] 0.93.1 0.934 0.934 0.934 0. 9 .34 O~QJ4 0. (,)j4 0.()J4 o.oH 0.933 
tJ.927 0.920 0.920 0.92H 0.920 0.929 0.920 0.02H 0.9~H 0.921i 0.927 
l). IJtN 0.tN2 ,). 895 O.U97 f}. HIJl O.HQ9 O.H97 0.0<>7 O. W>lj o. 0<>2 O.HH9 
')."/f,!J o. u,u O. MD O. 7f>O o. 7°8 0.79H o. '"'/l)B 0.768 0. /60 0.168 o. 168 

t.t, '.). 6~>3 0.6~3 0.653 0.6~3 0.61j] 0.653 o. 65.l O.f>53 0.653 0.653 0.653 I 
:).0/0 0.070 0.070 0.010 o.O"IO 0.010 0.010 0.070 0.010 0.010 0.070 .j::'-

--.J l1A'JSI-: 

LliH: CA LLINr.-HOUTI NE 

9WJ ATPFW 

l~~lUf~T fLUXCW/SO.CM) 
'). 2 ~-2 5. 2 ':>.2 6.2 6.2 6.2 5.2 5.2 5.2 5.2 

11>.() I 7 .6 IH.6 19.7 19.1 20.7 I<>. 7 I<>• ·1 IH.6 ~7.6 16.6 ~H.O 61. I 62. I 1>4.2 65.2 67.3 65.2 64.2 62.'I 61.· 1 ':>B.O 
I 2 I • I 12H.J l3l>.7 144.9 15 I. I 155.2 151. I I 44. Q IJ(.). 7 I ?.B. 3 I~ I • I 
124.2 129.4 140.0 141.0 1~5.2 / 1~5.2 155.2 147.0 140.B 129.4 124.2 
121. I 128 • .J 139 •. , 144.9 15 I • I , 155. 2 151. I 144.9 130. 7 120.3 12 I. I ~o.o 61. I 62. I 64.2 65.2 67 • .'3 65.?. 64.2 62. I 61. I 58.0 

16.6 11.6 IH.6 19. -, 19. -, 20.7 10.1 Io. 7 PJ.6 ,-, • 6 16.6 
•j. 2 ~-2 5.2 5.2 6.2 6.2 6.2 5.2 ':>. 2 5.2 5.2 

UJ .3. I J. I J. I 3. I 3. I 3. I 3. ' J. I 3 • I 3. I J. I 
"11 1.0 1.0 1.0 I .o I .o 
11 

I .o I .o I .o I .o I .o I .o 
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Arh<>lldH) fl.llX(W/'-i<J.CM) 
I. B 1.7 I. 4 I • 3 2. I I. Q 2. I I. J I • 4 I • -, I .H 

12. I') IJ.4 14. I 14. {) 14. / 15.t'> 14. -, 14. o 14. I ll.4 12.f> 
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3.1.2.3 Instrumentation Interface 

• All measuring instrumentation shall be attached and routed by others. 

3.1.2.4 Solar Interface 

Absorber panel testing will require the following mutually independent 
incident solar beam characteristics: 

• 

• 

A flux dist!ibution which is nearly uniform with an intensity 
of 0.5 MW/M over the active panel heat exchanger area. 

A flux distribution which provides a peak intensity of 1.55 MW/M2 
near the center of the panel. 

3.1.2.S Containment Interface 

• The absorber solar panel shall be isolated from the primary circula
ting equipment by a fire resistant and leak resisting barrier pro
vided by others. 

3.1.3 MAJOR COMPONENT LIST 

The absorber panel can be organized into the following subassembly and 
parts breakdown. 

3.1.3.l Panel Assembly 

Consists of tubes, tube spacers, header assembly, inlet pipe, outlet 
pipe, strain sensors (provided by others) tube thermocouple assembly 
(provided by others), attachment brackets, header and pipe heater 
elements, assembly hardware, absorptive coating, header thermocouple 
assembly (provided by others). 

3.l.3.2 Support Structure 

Consists of panel support structure, attachment points to fluid circula
ting equipment support structure, thermal insulation attachment hard
ware, attachment hardware panel to structure, header/pipe guides/sup
ports as required. 

3.1.3.3 Thermal Insulation Assemblies 

Consists of absorber panel back side rigid insulation, insulation support 
structure, panel heaters, heater attachment hardware, inlet/output header 
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insulation, inlet/outlet piping insulation. 

3.1.4 GOVERNMENT FURNISHED EQUIPMENT 

None 

3.2 CHARACTERISTICS 

3.2.1 PERFORMANCE CHARACTERISTICS 

The abosrber panel shall be designed to provide the following performance: 

3.2.1.l Incident Solar Beam Acceptance 

The absorber panel shall accept a maximum steady state incident solar 
power of 2.5 MW on the absorber panel active heat exchanger surface. The 
active region of the panel shall be able to accept this power level in 
any distribution which is symmetric about the vertical centerline of the 
panel, between the extremes of uniform flW( and single point aiming flux 
of para. 3.1.2.4. Flux and thermodynamic data·for the unifonn intensity 
and maximum single point aiming strategy are shown in Table 3-4-• 

3.2.1.2 Absorber Panel Inlet Sodium Temperature (For information only, not a 
requirement) 

The absorber panel inlet temperature (measured at the inlet pipe on the 
panel inlet header) shall be maintained at a set point between 500°F and 
7000F under all incident solar power levels between 0.25 MW and 2.5 MW 
including transient a~ well as steady state condition. This specifica
tion shall be met under all operating environmental conditions listed 
in 3.2.5.l. 

3.2.1~3 Absorber Panel outlet Sodium Temperature 

The absorber panel outlet temperature (measured at the outlet pipe on the 
panel outlet header) shall be maintained at 1100°F ± 5°F under all steady 
state and transient insolation conditions from 0.25 MW to 2.5 incident 
power under all operating environments as defined in 3.2.5.1. 

3.2.1.4 Design Life Requirements 

The absorber panel shall be designed to provide 30 year life with respect 
to corrosion and thermal cycling damage of the metallic parts. For 
corrosion, 30 year life shall be defined as 131,000 hours of exposure to 
full load operating temperatures and environments. For thermal cycling 
damage, 30 year life shall be as defined in Figure 3-2 with the flux 
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distribution shown in Figure 3-5. In addition the panel shall survive 
a limite4 number of cycles corresponding to the single point aiming 
strategy defined in 3.2.l~l. 

3.2.l.S Design Operating Modes (for infoxmation only, not a requirement) 

The absorber panel shall be capable of perfor.ning in the following modes: 

• Operating - In this mode the sodium pump and the heat dump are under 
an automatic control which responds to variations in the solar heat 
input to maintain the absorber panel inlet/outlet Na temperatures at 
approximately 6QQOF/llOO°F respectively. 

• Bot Hold - This is a hot shutdown condition in which the panel mcve
able insulation is closed and the trace heaters function under 
automatic control to maintain the loop Na temperature at approxi
mately 600°F .. 

• Preheat~ This is .the transition from a cold ambient temperature 
condition to. hot hold. 

• Startup - This is the transition from hot hold to operation. 

• Shutdown - This is the transition from operation to hot hold. 

• Emergency Dump - In this mcde all of the sodium is drained rapidly . 
out of the panel into the dump tank and the panel is filled with 
inert gas. 

• Calibration Maneuvers - Calibration modes shall be provided as re
quired for instance the sodium flowmeter calibration using the surge 
tank level gages. T/C calibration may be run over a range of iso
the.rmal temperatures from 6oo°F to 1100°F. 

3.2.l.6 Pressure Orce-Flow 

Pump flow as measured at pump o~tlet is variable from 20 to 250 GPM. 
The fluid pressure drop measured from the weld prep face of the inlet 
nozzle to the weld prep face of the outlet nozzle at the outlet operating 
temperature of 3.2.1.3 and incident flux of 3.2.1.1 and a fluid flow of 
144 gallons per minute shall not exceed 5 psi due to friction and momen
tum losses (excluding gravity head). The pressure at the face of the 
inlet nozzle at this condition is 45 psig. 

3.2.2 PHYSICAL CHARACTERISTICS 
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3.2.2.l Dimensional Limits 

The absorber panel assembly shall not exceed the dimensional limits of 
Figure 3-3. 

3.2.2~2 Weight Limit 

The absorber panel assembly shall not exceed 16000 pounds, 
with an operating sodium content. The vendor shall deter.nine and provide 
the total dry __ weight and wet weight of the absor.ber panel assembly. 

3.2.2.3 Surface Obstruction 

No structural feature of the test assembly will obstruct the optical path 
between the active panel region and heliostats in the field, see Ref. 2.3. 

3.2.3 RELIABILITY - NA 

3.2.4 MAINTAINABILITY 

The absorber panel assembly shall be designed and constructed to provide 
access for maintenance opera1:ions. The design shculd m.L"'limize t.-ie necessi t: 
to c:ut the sodium loop or mcve luge components ,requiring a crane 7L"l order 
to calibrate, repair o~ replace i.nst%Umentation and trace heaters. 

3 • 2. 5 E.WIRONMENTAL CHA.~crE:RISTICS 

3.2.5.l Cperatinq Reauirements 

The absorber panel assembly shall be designed to operate under the 
following environmental conditions: 

Temperature (Dry Bulb): -20 to l200F 
Wind Speed: 0 to _14 :-1/S (30 mph)· 

3.2.5.2 Survival Recruirements 

The absor.ber panel assembly shal.l be capable of SU-""Vl.VUlg without damage 
comcinations of the environments specified below: 

Wind Speed: 
Snow: 
Lightning: 
Rain: 
Ice: 
Earthquake: 
Hail: 

F4EVISION 
NUMBER I FIEVISION 

OAiE 

45 M/S gusts from any direction (100 mph) 
5 lb/ft2 snow deposition 
Direct hit 
3 inches in 24 hours 
2 inch thick deposit 
0.5 g constant lateral acceleration at top of tower 
l inch diameter 
0.9 specific gravity 
75 fps 
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Realignment prior to returning to operation after surviving these con
ditions is allowable. 

3.2.6 TRANSPORTABILITY 

The Absorber Panel Assembly shall be constructed in modular form, and all 
of the modules shall be of a size which may be shipped by truck. Ship
ment assembled as one u.~it is acceptable. 

3.2.7 INSTALLATION 

The absorber panel assembly and attachment to the supporting structure 
shall be designed and constructed to minimize field installation labor 
with particular emphasis-on minimizing field welding. 

3.2.8 CI.EANLINESS 

Fabrication, assembly and shop testing operations shall be conducted to 
facilitate cleaning, inspection for cleanliness and to minimize contamina
tion during these operations. The equipment as delivered shall be suitable 
for installation without additional cleaning. Cleaning and cleanliness 
control shall be implemented according to vendor procedures approved by the 
contractor. 

3.3 DESIGN AND CONSTRUCTION 

As a minimum the components in contact with sodium shall be designed and 
manufactured to meet the requirements of ASME Section VIII Division I and 
appropriate mandatory appendices with the exception that code stamping and 
marking is not required. Alternate rules for design for buckling and creep
fatigue failure may be developed and used as approved by the contractor. For 
design purposes the maximum absorber panel internal pressure shall be 125 
psig. The structure elements of the test assembly shall comply with accepted 
design standards (Ref. 2.2) and for elevated temeprature service shall be 
designed to the allowable stress values of ASME Section VIII. All electrical 
power distribution equipment and electrical components shall be designed to 
the National Electric Code (Ref. 2.5) and National Electrical Manufacturers 
Association Standards (2.6). All critical non-pressure system structural 
welds, those critical to function or safety, shall be identified and shall 
have the root and final weld pass inspected by magnetic particle or liquid 
penetrant methods. All non critical, non-pressure system structural welds 
may be to Ref. 2.2 requirements. All lifting attachments to be used for 
assembly or handling shall be designed for 5 gin all directions. Loads 
encountered during shipping shall be provided for in the item design or with 
suitable shipping only structure. 
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3.3.1 MATERIALS, PROCESSES AND PARTS 

3.3.1.1 Sodium Loop Materials 

All material in contact with sodium shall be Incoloy 800 in accordance 
with contractor supplied specifications or in accordance with the ASME 
Section II product forms listed below. 

Tubing SB-407 
Pipe SB-407 
Plate SB-409 
Weld Rod SFA 5.14 Type ERNiCr-3 

3.3.1.2 Braze Material - (to be determined) 

3.3.1.3 Structural Material 

All structural material shall meet the requirements of ASME Section II 
part A Ferrous Materials or equivalent commercial designations. 
Equivalency shall be approved by the contractor. 

3.3.1.4 Absorber Panel Tube Material 

The Incoloy 800 tube material shall be procured by the vendor to speci
fications supplied by the contractor and concurred to by the seller. 
Receiving inspection in accordance with the tubing specification shall 
be performed by the vendor. 

3.3.1.S Insulating Material 

All insulation shall be compatible with materials in close proximity 
and shall be water resistant or protected from moisture contamination. 

3.3.1.6 Brazing Process 

The vendor shall provide a detail brazing procedure based on a general 
procedure supplied by the contractor and concurred with by a brazing 
supplier to be identified by the contractor. The vendor shall provide 
the necessary fixtures required for brazing tubes together and other 
attachments as required. 
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All non corrosion resistant structural components shall be painted with a 
suitable rust preventative to protect it from the environment. 

3.3.2 ELECTROMAGNETIC RADIATION - NA 

3.3.3 IDENTIFICATION AND MARKING 

The panel assembly shall bear a name plate with the following minimum infor 
mation: 

Manufacturer 

Serial Number (Part Number) 

Material of Construction 

Design Temperature 

Design Pressure 

Weight, Dry, Wet 

The support structure assembly and back side rigid insulation assembly shall 
each bear a name plate or be marked with the following minimum information: 

Manufacturer 

Serial Number (Part Number) 

Weight 

3.3.4 WORKMANSHIP 

Onless otherwise specified workmanship shall be that commensurate with 
normal. commercial practice. Nuclear service, codes, and practices are not 
required. 

3.3.5 INTERCHANGEABILITY - NA 

3.3.6 SAFETY - NA 

3.3.7 HUMAN ENGINEERING - NA 

3.3.8 DOCUMENTATION 
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Documents required with the delivery of vendor supplied and manufactured 
components shall include pertinent design analysis to show code and 
specification.adherence, performance characteristics, manufacturing 
quality results, pressure and leak test results, as-built drawings and 
information required for safe handling, packaging and unpacking. The 
following items shall be supplied. Other items may be added as appro
priate: 

1) QUality Records 

• Material Certification and Properties 
• Leak Test and Pressure Test Results 
• Dimensional Inspection Results 
• Welding Records 

2) As Built Interface Dimensions and Drawings 

3) Design Analysis 

4) Component Operating Characteristics 

5) Packing, Packaging and Unpacking Instructions 

6) Special Handling/Shipping Requiren_ients 

3.4 MAJOR COMPONENT CHARACTERISTICS 

3.4.1 PANEL ASSEMBLY 

The absorber panel consists of a single row of 51 Incoloy 800 seamless 
tubes welded to an inlet header at one end and an outlet header at the 
other end. The tubes will be 3/4" OD 0.050" wall with an effective heat 
transfer length of 15 ft. and a panel width of"' 3.28 ft. The tubes will 
be metallurgically bonded together by brazing and will be coated on the 
side exposed to the solar radiation with a high absorptivity coating. The 
tube-header and header joints shall be fo:rmed by welding and be capable 
of radiographic inspection. The panel configuration shall be as shown in 
Figure 3.2. The inlet and outlet headers may be located in the plane of 
the tube bundle or behind it (alternate configuration). The headers and 
tube header joints shall be shielded from direct solar insolation. Inlet 
and outlet pipes are attached by welding to the inlet and outlet headers 
respectively. The panel tubes, headers and inlet/outlet piping shall be 
self draining in the operating configuration. The inlet/outlet pipes 
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shall be prepared by the panel manufacturer with weld preparation for weld
ing to 3 inch diame.tar, shcedule 40 type 304 stainless steel pipe. 

3.4.l.l Trace Beating 

The headers shall be supplied with trace heaters tc maintain a hct held 
temperature of 600°!' = so°F with moveable and fixed insulation in place. 
Beater design to be supplied by the vendor shall be 480 volts 60 cps al
ternating current. 

3.4.l.2 Instrumentatu:>n (Surface Temperature & Strain Measurement 

The tube bundle shall be instrumented (provided by others) at approxi
mately seventy seven lcc:ations on the active heat exchange su:face as 
shewn in Figure 3-3. This instrumentation shall include thirty front 
surface temperature sensors, seventy seven back surface temperature 
sensors and fifteen strain gages m0unted on the back. surface. Special 
features (tc be detem.ined) for access for thel:mCcouples to the front 
side of the panel shall be supplied by the vendor. 

3.4.l.3 Instrumentation (Sod±1m Temperature) 

The header insulation shall be remcveabla to provide access to s~ace 
mcunted th8J:'m0c:ouples, supplied and installed by others, at three loca
tions on the inlet header and th%ee locations on the outlet header, to 
measure sodium. temperature at the inlet/outlet and the extreme ends of 
each header. 

3.4.l.4 ~sorptive Coating 

The front surface of the tube bundle shall be coated wit.~ a material whict 
has the following properties at 600-1200°!' 

Solar absorptivity: o. 95 (minimum) 
Infrared_ emissivity: 0. 90 (maximum) 
Life: 5000 hours (minimum) 

In addition t.'le the.cna.l conductivity and thickness of the coating shall be 
such that the temperature rise across the coating layer is less than SOOF 
at an absorbed flux of l.2 MW/M2. 

3.4.l.5 Examination and Test 

The pan~l assembly shall be hydrostatically or pneumatically pressuxe 
tested in accordance with ASME Boiler and Pressuxe Vessel Specifications 
section VIII, paragraph UG-99 or UG-100. 
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The complete panel assembly shall be inspected for leak tightness by sub
jecting it to a helium leak test using the hood method per ASME Section 
V by approved procedures. The total allowable integrated leak rate shall 
not exceed 1 x 10-8 std cc/sec of helium. 

3.4.2 SUPPORT STRUCTURE 

As shown in Figure 3-3, the receiver tube and header assembly shall be 
mounted on a panel support structure in a manner which will accommodate 
both axial and lateral thermal expansion and contraction during temperature 
changes between ambient and maximum operating temperatures support the 
weight and maintain flatness of the tube bundle. Vertical expansion shall 
be downward from the outlet end. 

3.4.2.1 Flatness 

The panel support structure shall maintain flatness of the tube bundle 
to within± l inch while allowing movement for thermal expansion, under 
all the operating conditions defined in paragraph 3.2.1.5. 

3.4.2.2 Assembly 

The panel support structure shall mate with and be easily fastened to 
the fluid circulation equipment support structure. 

3.4.3 THERMAL INSULATION ASSEMBLIES 

3.4.3.l Tube Insulation 

The back side of the tube bundle shall be insulated. The insulation 
design shall be based on a maximum cold side surface temperature of 
1so°F. 

3.4.3.2 Trace Heating 

The panel tube bundle shall have trace heaters on the back side to assure 
a hot hold temperature of 600°F ± 50°F and ~rovide the following: 

• Heater electrical power, supplied by others, shall be 480 volts, 
60 cps, 3 phase, alternating current. 

• The heaters shall be 0.50 "dia and rated at 125 watts/ft. minimum. 
Heater sheath shall be suitable for operation to 12S0°F. 

• Total heating capacity shall be 10 kw. The heaters shall be 
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electrically connected in five horizontal banks of approximately equal 
output. Each bank shall be wired to provide independent control. 

• Heater control will be on-off type. Switch gear will be provided by 
others. 

3.4.3.3 Assembly 

The back side insulation and trace heaters shall be capable of ready 
removal and installation to provide access for instrumentation installa
tion. 

3.4.3.4 Header and Header Pipe Insulation 

Insulation on inlet and outlet headers with inlet and outlet pipe ex
t~nsions shall be designed to provide a nominal cold side surface tempera· 
ture of not more than 1S0°F. Insulation shall be provided on the panel 
front.surf.ace from the header to the active solar region. 

3.5 PRECEDENCE 

In the event of conflict between this document and the reference documents, 
the contents of this specification shall be the superseding requirement. 

4.0 QUALITY ASSURANCE PROVISIONS 

This section specifies the methods for verification of the design, construc
tion and performance requirements specified in Section 3.0 of this document. 

4.1 GENERAL 

The primary method of assuring compliance of the absorber panel assembly with 
the requirements of this specification will be through inspection of 
drawings, hardware and the design documentation specified in paragraph 
3.3.8.1, item 3. 

A limited number of demonstrations (~ 3) and tests (~ l) will be performed 
to verify compliance with performance requirements. 

4.1.l RESPONSIBILITIES 

All testing and demonstrations will be performed by the vendor according to 
approved procedures. The results of each test as well as any corrective 
action or retest required shall be documented. 
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Tests and demonstrations performed at the vendors (or their subcontractor) 
facilities will be done according to procedures developed by the vendor 
and approved by the contractor. 

Witnessing of Foster Wheeler tests and demonstrations by GE will be deter
mined on a case by case basis. 

4.1.2 SPECIAL TESTS AND EXAMINATIONS 

4.1.2.l Absorber Panel 

The panel tubes shall be welded to the jumper tubes in a manner that 
allows for radiographic inspection o,f each weld. This data will be 
available for inspection by the contractor as part of the welding records 
identified in 3.3.8.1, item 1. 

4.1.3 DATA REQUIREMENT 

4.1.3.l Test Procedures 

Test procedures will be written by the ~ender to verify the performance 
of those characteristics requiring verification by test. As a minimum 
the test procedure shall include: 

• Equipment/Software Requirements 
• Test Equipment 
• Test Prerequisites 
• Test Restrictions 
• Safety Considerations 
• Test Procedure 
• Test Set Up and Instrumentation Block Diagrams 
• Data Sheets 
• Data Reduction and Analysis 
• Pass/Fail Criteria 

4.1.3.2 TEST REPORTS 

Reports shall be provided for each test. These reports will consist 
of data acquired during the pe'rformance of testing, test configuration, 
environmental conditi.on and data analysis (as required) to assess per
formance of the equipment under test. 

4.2 VERIFICATION DEFINITIONS 

Each performance requirement in Section 3 of this specification snall be 
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AU($ 8,1919 

Verification by determination of physical characteristics. 

4.2.2 SIMILARITY (S) 

Similarity is a procedure used to show that art article is comparable with, 
or identical in design and manufacturing processes to, another ariticle 
previously qualified to equivalent or more stringent critiera. 

4.2.3 ANALYSIS (A) 

Verification by examination of technical data, mathematical derivations, 
or analytical combination of measured data and/or OT.her technical data 
of component units. 

4.2.4 DEMONSTRATION (D) 

verification by operation of any item or by performance of any function 
without a requirement for analysis of quantitative data that might result 
from instrumentation of recorded observations during the verification, 

4.2.5 TEST (T) 

Verification by operating of any device or performance of any function 
that requires analysis of quantitative data that results from required 
instrumentation or from.recorded observations during the verification. 

4.3 VERIFICATION MATRIX 

The verification matrix shows the classification and methods of evaluation 
for all Section 3 requirements. Verification of performance and design 
requirements shall be based on evaluation by inspection, similarity, analysis 
demonstration, and/or test. Inspection shall be used to check adequacy of 
design documentation and applicable specifications and conformance of 
hardware to design documentation and applicable standards. Similarity shall 
be used in verifying the performance of a component that has been proven in 
another application. 

Analysis shall be used in lieu of, or to supplement, test data. Demonstra
tion is used when quantitative measurements are not required for verifica
tion. Tests shall be conducted when an acceptable level of confidence cannot 
be established by other methods or when testing can be shown to be most cost-
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The Section 3 paragraphs for which verification is not applicable are 
indicated in the table as N/A, or the basis of the following criteria: 

a. The paragraph contains the title only. 

b. The paragraph is descriptive and no requirement is stated. 

c. The paragraph is introductory and the requirements are stated in sub
sequent subparagraphs. 

4.4 VERIFICATION METHODS 

This section establishes the test verification methods and concepts that 
shall be used to verify the requirements of section 3.0. The verification 
matrix (Ref. 4.3) includes a cross reference to the appropriate section 3.0 
Requirement paragraph and verification method. 

Tests may be combined or rearranged in order to accommodate a more cost 
effective program or to maintain the program schedule. 

In the following paragraphs the number in the parenthesis refers to the 
appropriate section 3.0 paragraph. 

4.4.1 ITEM DEFINITION (3.1) 

An inspection of the drawings and hardwar~ of the absorber panel shall be 
done to assure compliance with this requirement. 

4.4.2 INTERFACE DEFINITION (3.1.2) 

Same as paragraph 4.4.1. 

4.4.3 STRUCTURAL INTERFACE (3.1.2.1) 

An inspection of the drawings and mounting structures will assure the 
physical compatibility of the interface. 

An analysis will be performed to verify the ability of the structure to 
support the absorber panel over the full range of its operating environ
ment and modes. 
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4.4.4 FLUID INTERFACE (3.1.2.2) 

Same as paragraph 4.4.1. 

4.4.5 INSTRUMENTATION INTERFACE (3.1.2.3) 

T.B.D. 

4.4.6 SOLAR INTERFACE (3.1.2.4) 

See paragraph 4.4.11. 

4.4.7 CONTAINMENT INTERFACE (3.1.2.5) 

Same as paragraph 4.4.1. 

4.4.8 PANEL ASSEMBLY (3.1.3.1) 

Same as paragraph 4.4.~. 

4.4.9 SUPPORT STRUCTURE (3.1.3.2) 

Same as paragraph 4.4.1. 

4.4.10 THERMAL INSULATION ASSEMBLIES (3.1.3.3) 

Same as paragraph 4.4.1. 

4.4.11 INCIDENT SOLAR BEAM ACCEPTANCE (3.2.l.l) 

SPECIFICATION 
Nl,IMBER 

ORIGINAL 
ISSUE DATE 

An analysis of the absorber panel design over its range of operating modes 

and environmental conditions will verify the ability of the panel to 
satisfy this requirement. 

4.4.12 ABSORBER PANEL INLET TEMPERATURE (3.2.1.2) 

For information only. 

4.4.13 ABSORBER PANEL OUTLET TEMPERATURE (3.2.1.3) 

Same as paragraph 4.4.11. 

4.4.14 DESIGN LIFE REQUIREMENTS (3.2.1.4) 

An analysis will be performed using commercial panel characteristics 
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provided to verify life requirements. 

4.4.15 PRESSURE DROP-FLOW (3.2.1.6) 

SPECIFICATION 
NUMBER 

ORIGINAL 
ISSUE DATE 

An analysis will be performed at operating conditions provided to verify 
conforance to requirement. 

4.4.16 DIMENSIONAL LIMITS (3.2.2.l) 

Same as paragraph 4.4.l. 

4.4.17 WEIGHT LIMIT (3.2.2.2) 

An analysis will be performed to determine the weight of the panel assembly 
under operating conditions. 

A demonstration of the panel assembly dry weight will verify it does not 
exceed the requirements of this paragraph. 

4.4.18 MAINTAINABILITY (3.2.4) 

An inspection of the drawings and equipment will substantiate the ease of 
maintenance requirement. The ability of the equipment to support the 

operational requirement will be verified by data from use in 
similary applications. 

4.4.19 OPERATING REQUIREMENTS (3.2.5.1) 

Same as_paragraph 4.4.11. 

4.4.20 SURVIVAL REQUIREMENTS (3.2.5.2) 

Same as paragraph 4.4.11. 

4.4.21 TRANSPORTABILITY (3.2.6) 

An inspection of drawings and hardware shall substantiate the ability of 
the equipment to meet these requirements. Actual compliance will be demon
strated by shipping the equipment via truck. 

4.4.22 INSTALLATION (3.2.7) 

Same as paragraph 4.4.1. 
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4.4.23 CLEANLINESS (3.2.8) 

SPECIFICATION 
NUMBER 

ORI.GINAL 
ISSUE DATE 

An inspection of the facilities and procedures used for the fabrication and 
assembly of the equipment will substan.tiate compliance with requirement. 
The ability to integrate the panel assembly into the sodium receiver test 
assembly without additional cleaning will demcnstate compliance with this 
requirement. 

4.4.24 DESIGN AND CONSTRUCTION (3.3) 

Paragraph 3.3 has essentially four specific verification requirements: 

Code compliance - Inspection of the documentation required in paragraph 
3.3.8.l will verify compliance with the codes and 
standards requirements. 

4.4.25 SODIUM LOOP MATERIALS (3.3.l.l) 

Same as paragraph 4.4.l. 

4.4.26 BRAZE MATERIAL (3.3.l.2) 

TED. 

4.4.27 STRUCTURAL MATERIAL (3.3.l.3) 

Same as paragraph 4.4.l. 

4.4.28 ABSORBER PANEL TUBE MATERIAL (3.3.l.4) 

Receiving inspection of this material will be the responsibility of 
Foster-Wheeler. Receipt inspection records shall be included in data 
packager 

4.4.29 INSULATING MATERIAL (3.3.l.5) 

The ability of the insulating material to satisfy this requirement can be 
verified by data from use in similar applications or when this is not 
available by analysis of the materials. An inspection of the drawing and 
hardware will verify that the insulation is protected from moisture con
tamination. 
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4.4.30 BRAZING PROCESS (3.3.1.6) 

ORIGINAL 
ISSUE DATE 

An inspection of the procedure will verify that it complies with the GE 
requirements. Compliance with the brazing fixturing and attachments re
quirements will be demonstrated during the actual brazing of the panel. 

4.4.31 CORROSION PROTECT-ION 

Same as paragraph 4.4.l 

4.4.32 IDENTIFICATION AND MARKING (3.3.3) 

Same as paragraph 4.4.l. 

4.4.33 WORKMANSHIP (3.3.4) 

Inspection of the documentation.required in 3.3.8.l will verify compliance 
with this requirement. 

4.4.34 DESIGN DOCUMENTATION (3.3.8.l) 

An inspection of the documentation shall verify compliance. 

4.4.35 PANEL ASSEMBLY (3.4.l) 

Same as paragraph 4.4.l. 

4.4.36 TRACE HEATING (3.4.l.l) 

Inpsection of the drawing and equipment shall verify the presence of the 
trace heating units. An analysis of the design will substantiate its 
ability to maintain the required temperature under the specified con
ditions. 

4.4.37 INSTRUMENTATION (TEMPERATURE AND STRAIN GAUGES) (3.4.l.2) 

An inspection of drawing and equipment will verify the quanti~y and lo
cation of the access required. 

4.4.38 INSTRUMENTATION (SODIUM TEMPERATURE) (3.4.1.3) 

An inspection of the drawings and equipment will verify the ability to re
move insulation for instrumentation access. 
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4.4.39 ABSORPTIVE COATING (3.4.1.4) 

SPECIFICATION 
NUMBER 

e95A4724 

ORIGINAL 
ISSUE DATE 

An inspection of the drawings and equipment will verify the presence and 
quality of an absorptive coating. The ability of the coating to comply 
with the requirements will be verified by data from use in similar applica
tions. 

4.4.40 EXAMINATION & TEST (3.4.1.5) 

The panel a~sembly shall be hydrostatically or pneumatically pressure 
tested in accordance with ASME Boiler and Pressure Vessel Specifications 
Section VIII, paragraph UG-99 or UG-100. 

The completed panel assembly shall be inspected for leak tightness by sub
jecting it to a helium leak test using the hood method per AS.ME Section v 
by approved procedures. The total allowable integrated leak rate shall 
be as specified. 

4.4.41 SUPPORT STRUCTURE (3.4:2) 

Same as paragraph 4.4.1. 

4.4.42 FLATNESS (3.4.2.1) 

An inspection of the drawings and equipment will identify the method of 
allowing movement for thermal expansion. An analysis of the design will 
substantiate the ability of the equipment to maintain the flatness toler
ance. 

4.4.4J ASSEMBLY (3.4.2.2) 

Same as paragraph 4.4.1. 

4.4.44 TUBE INSULATION (3.4.3.1) 

An inspection of the drawings and hardware will verify the presence of the 
required equipment. 

An analysis of the design will verify compliance with the state require
ments. 

4.4.45 TRACE HEATING (3.4.3.2) 

Same as paragraph 4. 4 .• 44. 
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4.4.46 ASSEMBLY (3.4.3.3) 

Same as paragraph 4.4.l. 

4.4.47 HEADER AND HEADER PIPE INSULATION (3.4.3.4) 

Same as paragraph 4.4.44. 

5.0 PREPARATION FOR DELIVERY 

5.1 GENERAL 

SPECIFICATION 
NUMBER 

'2<,SA4 7Z4 

ORIGINAL 
ISSUE DATE 

All packaging, protective covers, attachments, holddown devices, skids, and 
other equipment required for shipment of the absorber panel shall be de
signed and furnished bv the vendor. The arrangement of the equipment, and 
plan and procedures for preparation, marking and shipment shall be submitted 
to the contractor for review and co111ll1Snt prior to shipping equipment fabrica
tion. 

5.2 PREPARATION FOR SHIPMENT 

5.2.l CLOSURES 

All nozzles and openings shall be sealed and covered, plugged or capped so 
as not to damage the weld preps or flange faces. 

5.2.2 PURGING 

The sodium containing unit shall be purged with dry nitregen until the gas 
within the assembly has attained a dew point of -25°F o~ lower. The 
assembly shall be fitted with a suitable nitrogen pressure system to main
tain a positive pressure inside. 

5.2.3 PROTECTION 

The assembly shall be protected during shipment from moisture, dirt, dust, 
or any other contaminants. 

5.2.4 HANDLING 

Non standard lifting devices, if required, shall be provided to permit 
safe handling during shipment, installation, and removal of the assembly. 
Standard lifting devices ,such as eyebolts shall be defined by the vendor. 
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5.3 INSTRUCTIONS 

SPECIFICATION 
NUMBER 

295A47Z.4 

ORIGINAL 
ISSUE DATE 

AUG B, l 979 

The vendor shall supply packing, unpacking and handling and rigging instruc
tions. 

6.0 NOTES 

6.1 VENDOR SUBMITTALS 

6.1.l FOR APPROVAL 

The following shall be supplied to the contractor for approval: 

• Layout and assembly drawings from which are madedetailedmanufacturing 
part drawings. As a minimum to consist of major component assemblies 
of para. 3. l. 3. 

• The purchase order requirements for the absorber panel tube material 
of pai;-agraph 3.3.l.4. 

• The detail braze procedure as required by paragraph 3.3.1.6. 

• The design and characteristics of the trace heater systems of paragraph 
3.4.l.l and 3.4.3.2. 

• The cleaning procedures and cleanliness control specified in paragraph 
3.2.8. 

• The arrangement of and implementation and instructions for preparation 
for delivery as specified in Section 5.0. 

6.1.2 FOR INFOR.'1ATION 

All other verification requirements of Section 4.0 Quality Assurance 
Provisions shall be supplied to the contractor for information purposes. 
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