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Abstract 
This manual provides potential users with detailed information about the Central Receiver Test 
Facility operated by Sandia National Laboratories for the US Department of Energy. This 
installation is the primary solar test facility for component and subsystem evaluations within the 
Department of Energy’s Solar Central Receiver development program, and can also be used for 
thermal effects testing. Administrative procedures, facility capabilities and interfaces, and the 
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Central Receiver 
Experiment 

Chapter 1. 

The Central Receiver Test Facility (CRTF) is the 
primary solar test facility for component and subsys- 
tem evaluations within the US Department of Energy 
(DOE) Solar Central Receiver development program. 

The CRTF (Figure 1.1) has a thermal capability 
greater than 5 MW and is designed to perform a 
variety of functions including, but not limited to . Evaluating prototype solar receivers to convert 

the concentrated sunlight from a field of helio- 
stats into usable heat in a heat-transport fluid 
such as water, molten salt, air, or sodium 
Evaluating prototype solar collectors (helio- 
stats) for future solar central receiver plants 
Testing components and subsystems for ad- 
vanced solar thermal systems, including heat or 
other energy storage systems 
Evaluating direct-energy-conversion cycles 
(such as photovoltaics or thermionics) that uti- 
lize concentrated sunlight 
Developing and testing instrumentation and 
process control systems 
Training personnel to operate solar central re- 
ceiver facilities 

Test Facility 

Introduction 

Developing high-temperature solar chemical 
and metallurgical processes, and determining 
high-intensity solar radiation effects on materi- 
als 
Performing thermal-effects testing of materials 
and devices not related to solar energy develop- 
ment programs such as 
- Simulation of chemical reaction or nuclear 

- Simulation of aerodynamic or reentry heating 
- Simulation of nuclear reactor fault and acci- 

Correspondence from potential experimenters 
should be addressed to 

CRTF Supervisor and Test Engineer (name) 
Division 6222 
Sandia National Laboratories 
PO Box 5800 
Albuquerque, NM 87185 
Commercial: (505) 844-2280 

weapon heating 

dent events. 

FTS: 844-2280 
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Figure 1-1. Aerial Veiw of CRTF 
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Chapter 2. Administrative Processes 

DOE-sponsored programs are given top priority 
for CRTF testing and resource schedules. Priorities 
are set by the DOE and the CRTF. In general, the 
priority order is as follows: 

DOE-sponsored solar central receiver develop- 
ment programs 
Programs sponsored by others that complement 
the DOE central receiver program 
Other DOE solar programs 
DOE-sponsored non-solar-energy development 

Other US-government-sponsored programs 
Programs not sponsored by US government 

programs 

- US corporations or individuals 
- Foreign governments or private programs 
Others 

Test programs are approved and priorities as- 
signed by DOE’S Solar Thermal Program Office. 
Scheduling of test operations by the CRTF depends 
on the priority, workload, available resources, and 
other factors. 

2.1 Experiment Implementation 
Experimental programs at  the CRTF require 

strong, direct interaction between the experimenters 
and the CRTF staff to ensure that the work is carried 
out systematically and on time. The experimenters 
must supply detailed information to the CRTF so that 
the experiment can be installed and operated safely 
and reliably to obtain results under desired test condi- 
tions. Figure 2-1 illustrates this process. 

For each series of tests a t  the CRTF, the experi- 
menter must provide documentation. Table 2-1 sum- 
marizes the elements. The Experiment Application 
(sample presented in Appendix A) is used to deter- 
mine the priority and secure approval to perform the 
tests; its submittal formally initiates a potential ex- 
periment. The details of the Contract Agreement, 
required only of non-DOE-funded users, are deter- 
mined by the experimenter and the DOE Albuquer- 
que Operations Office (AL). This document is pre- 
pared after the detailed scope of work has been 
reviewed by the CRTF and a cost estimate made for 
the proposed work. The scope of work is submitted to 
DOE/AL by the experimenter after it is developed 
jointly by the experimenter and the CRTF staff. 

Information that must be included in the Data 
Package, Test Plan, QA Records and As-Built Draw- 
ings, and Detailed Procedures is described in Chapter 
4 of this report. These documents are combined with 
CRTF system procedures into the Integrated Test 
Procedures (ITP). The ITP (the final authority for 
performing the experiment) must be approved by the 
user, the CRTF supervisor, and Sandia’s Safety and 
Environmental Health organizations. After the ex- 
periment is completed, a CRTF test engineer will 
prepare a final Data Report that will include condi- 
tions for all tests, operational details, and the data 
required by the user and not provided in another 
format (i.e., magnetic tape, computer printout, etc.). 
The experimenter is responsible for data analysis and 
publication of the test program results. 
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Chapter 3. Description of CRTF 
Capabilities and Interfaces 

3.1 Heliostat Array Subsystem 
The CRTF energy collection field consists of 221 

heliostats (Figure 3-1). The total heliostat field can 
concentrate sunlight equal to >5 MW of thermal 
power under optimal sun, heliostat, and target condi- 
tions. For test flexibility, heliostats may be located on 
either of two foundation arrays that form a northern 
or a circular distribution with respect to the tower’s 
center. To date, only the northern location has been 
used. 

Each heliostat (Figure 3-2) contains 25 individual 
mirror facets, totaling 37.2 m2 (400 ft’) of reflective 
surface. Each facet is adjusted so that its reflected 
beam merges with the reflected beams from the other 
24 heliostat facets, to form a single image a t  the target. 
The ideal reflected energy concentration ratio per 
heliostat is 25:l. In addition, each facet is contoured so 
that it gives a concentration ratio of 1.5 to 2.0:l a t  its 
focal length. The facets are mounted on a structure 
with azimuth and elevation gimbals; the gimbals allow 
the reflected energy to be aimed at  any target. 

Each heliostat gimbal can be driven at  angular 
rates of 5.6 mrad/s for the fast (or slew) mode and 0.3 
mrad/s for the slow (or sun-tracking) mode. While 
tracking the sun, the gimbals can be directed to 213 
(8192) discrete, angular, switch-position increments 
(7.7X radhncrement) that are provided by posi- 
tion sensors. During slew, used for startup, shutdown, 
and emergency maneuvers, the control system uses 
only 21° (1024) increments (6 X lop3 radhncrement). 

3.1.1 Heliostat Control System 
The heliostat control system and experiment in- 

terface are shown in Figure 3-3. This system is based 
on an HP-1000 A-900 computer that is dedicated to 
controlling the heliostat field. For automated control 
of the experiment, it is necessary to inform the helio- 
stat control computer of the status of the experiment, 
either directly or through a distributed link. The types 
of data that can be passed to the heliostat control 
computer are temperatures, experiment power pro- 
files, or simply the power demand. 

Each major control and data acquisition system 
shown in Figure 3-3 transfers data to an HP-1000F 
computer for database manipulation, storage, display, 

and printing. These systems share peripheral equip- 
ment through a distributed system link. 

Commands and data transmitted to the individ- 
ual heliostats are received and executed by the Helio- 
stat Control Electronics (HCE). The HCE provides 
the proper drive-motor power until the gimbal axis 
encoders indicate appropriate heliostat attitude has 
been attained. The HCE and heliostat motors then 
await the next command. 

When not in use, the heliostats are stored with the 
mirror surface facing the ground. As beams of energy 
are moved above the horizon, they are controlled so 
that “the light intensity in the airspace near the CRTF 
is one-sun (or less) a t  twice the focal length of the 
heliostat, and that no intensities over one-sun extend 
above twice the height of the standby point.”’ Addi- 
tional details of this procedure are found in Reference 
1. The heliostats can be moved individually or in 
groups to specific target points. Returning the helio- 
stats to the stow position is done in a safe manner, also 
described in Reference 1. 

3.1.2 Solar Power Transients 
To date, the CRTF heliostats have been used to 

produce a variety of transient heating conditions and 
thermal pulses. For pulsing, a shutter is used to pro- 
vide a rapid rise in flux and a timed sequence of the 
flux reduction is achieved with the heliostats. Figure 
3-4 shows examples of pulses that have been generated 
using this approach. Figure 3-5 shows the power tran- 
sient generated using special heliostat control strate- 
gies. Heliostats can be brought onto the target a t  a 
much slower rate than shown in this figure if desired. 

The heliostats can be removed from the target in 
one of three ways: (1) by issuing commands; (2) by 
issuing a scram; and (3) by using manual switches to 
the elevation drives. Using the first option, groups or 
individual heliostats can be commanded off target 
following almost any timing sequence desired. The 
scram causes all the heliostats a t  the on-target posi- 
tion to go to a standby position. The resulting flux 
transient is shown in Figure 3-6. The third option, 
manual switching, is a last resort and is normally used 
only in an emergency case. The heliostats travel down 
in elevation with no movement in azimuth. Recover- 
ing from this action is very time consuming. 
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3.3 Computerized Heliostat 
Beam Model 

The CRTF heliostat field has been modeled to 
allow the user to study many different operating and 
safety conditions. HELIOS, a Sandia-developed helio- 
stat cone optics computer model, is used to calculate 
the solar intensity reflected from the heliostats to any 
target location. The code can calculate the flux densi- 
t y  on a surface (receiver or other experiment) or it can 
be used to develop aiming strategies that give unique 
flux distributions to meet the needs of a particular 
experimenter. The capabilities of the HELIOS model 
are described in Reference 2. 

Figure 3-9 lists examples of HELIOS calculations. 
The calculations are for day 80 (vernal equinox) a t  two 
hours before solar noon, a t  solar noon, and at  four 
hours after solar noon. The solar insolation used was 
0.1 W/cm2. Shown in the figure is the predicted flux 
distribution (in W/cm2) at 121  points (11 X 11 matrix) 
on the target surface and the total power on the target 
(watts). The hypothetical flat target was located on 
top of the tower, oriented vertically, and faced north. 

The alignment coordinates for the heliostats are 
those of the HCS (Section 3.3.2) camera. The predic- 
tions were made using day 80 at  solar noon as the 
prealignment day and time for all heliostats. 

In this example, the total power is (5 MW be- 
cause of the small target ( 3 x 3  m). Similar results are 
available for each facet and heliostat and can be 
generated for any target size, shape, location, or num- 
ber of heliostats. Experimenters are encouraged to 
contact the CRTF in the early design stages of their 
experiments to ensure that the solar beam will per- 
form as expected. Specific HELIOS calculations will 
be made by the CRTF staff. 

The calculated total power and peak intensity as a 
function of time of day and day of year are shown in 
Figures 3-10 and 3-11. The total power on a 3x3-m 
target varies from 5.4 MWth at  noon on the day for 
which the heliostats are aligned, to a low of 3.4 MWth 
near the winter solstice. Between 1O:OO and 14:OO the 
total power within the 3x3-m target exceeds 4.9 
MWth throughout the year. The peak flux is a maxi- 
mum of -240 W/cm2 at  noon on the equinoxes and a 
minimum of -100 W/cm2 at 8:00 and 4:OO at  the 
winter solstice. Figure 3-12 shows CRTF flux density 
contours. These contours are valid for any day of the 
year a t  any time of the day on any flat target. 

3.4 Solar Tower 
The CRTF tower rises 200 f t  above ground and 

extends 50 f t  below ground. The tower cross section is 
circular with rectangular projections on the north and 
south (Figure 3-13). 

The tower cross section begins to taper a t  185 f t  
and is smallest a t  200 ft. The taper minimizes flux 
blockage for targets above 200 ft. At  ground level the 
tower cross section is circular (Figure 3-14). The out- 
ermost area, which is one story high, houses mechani- 
cal and electrical equipment. 

3.4.1 Test Locations on the Tower 
The CRTF tower has four major test locations: 

three are located on the north side and the fourth is 
the tower top. The test bay locations are shown sche- 
matically in Figure 3-15. The test bays are referred to 
as the 220-ft level, the 240-ft level, and the 260-ft level. 
(This nomenclature is a result of the designation on 
the architectural drawings.) Table 3-1 lists the height 
of the test bay floors (as measured from ground level 
in the tower), bay dimensions, and rollup door dimen- 
sions. 

220-ft Test Bay. The 220-ft test bay dimensions 
are given in Table 3-1. The south side of the bay has 
no wall and opens into the tower interior. Experiments 
(depending on size and weight) can be lifted to the test 
bay either by using the passenger elevator, the elevat- 
ing module (Section 3.4.2), or the work platform (Sec- 
tion 3.4.3), or from the north side by using the jib 
crane located at  the 260-ft bay (Section 3.4.3). 

Cooling water can be supplied to this bay through 
the 250-ft level 400 gpm pump (see Section 3.4.6 for 
details). An electrical junction box is installed on the 
west wall of the bay. It has plug-in jack panels for 48 
Type K and 48 Type T thermocouples, and 96 datal 
control connections that can be made on terminal 
strips. The numbered cables terminate a t  an identical 
box at  the 200 level where the signals can be connected 
to the experimenter’s or the CRTF data/control 
equipment (see Section 3.5 for details). 

240-ft Test Bay. The dimensions of the 240-ft 
test bay are the same as those of the 220-ft bay. 
Currently, a high-speed shutter with a 1 X 1-m aper- 
ture is located at this level. Cooling water is supplied 
to this test bay from the 250-ft level pump. The 
coolant is supplied through a 6-in. header that has 
four 2-in., nine 1-1/2-in., and six 1-in. ball valves. All 
valves have flow switch indicators and positions where 
thermocouples can be installed, and all coolant supply 
and return lines have quick disconnects on both ends. 
The instrumentation patch panel a t  this level is iden- 
tical to that a t  the 220-ft test bay. 

2604 Test Bay. The test bay at  the 260-ft level is 
an exposed platform (dimensions noted in Table 3-2). 
Personnel protection panels can be installed along the 
north edge of the bay so that experimental setup can 
continue while solar tests are conducted at other levels 
on the tower. 
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