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ABSTRACT 

.... . 
- A wind tunnel test of the MDAC heliostat configuration in a single heJiostat, 

clustered heliostats and clustered heliostats with fence was perfonned. 

The tests were conducted at the Fluid Dynamics and Diffusion Laboratory of 

Colorado State University during February and March 1978. The purpose of 

the test was to experimentally evaluate the aerodynamic loadings associated 

with the air flow patterns within and over clusters of heliostats sel.ected 

from both perimeter and interior locations of the field array. The heliostat 

model was scaled by a factor of 1:22, and cluster configurations ranged from 

7 to 12 heliostats. The test was successful and data taken appears consis

tent in tenns of peak load with previous data obtained by MDAC in the Douglas 

Aircraft Low Speed Tunnel. Key test_ results are as follows: 

t For single heliostat pitching moments peak at 30° elevatiqn angle. 
For clustered heliostats this value is usually lower with no distinct 
peak evident. 

..... 

t Effects of having an open, half-closed, or fully-closed heliostat 
center slot appear to be small. 

t Pressure distributions on heliostat surfaces (front and back) are 
relatively non-uni fonn, both on pl ar,ar surfaces and the suoport post. 

t A wind fence with 33% porosity provides significant reduction in the 
aerodynamic loads with pitching moments and drag forces reduced 50% 
to one order of magnitude. 

Test resu.lts are further summarized in Section VII of the report . 
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F0Rrn0RD 
, , L~ , I 1 • , IC 

This' report· summarizes the results of the f.!DAC heliostat field array<iind 

tunne1 test· conducted at the F1uid Dynamics & Diffusion Laboratory or Colorado 

State~Univel"'s'ity durin~ Fet.iruary and.March, 1978. The work was' u'nde·r-the 

•direction·o'f Dr. Jack E. Cermak, Director and Professor-in-charge of'F1Gid 

-f-iecha·nics t;:f!ind Engineering Program,"a:nd· Dr'. Jon A. Peterka, Associate : 
·, ~ 

·Professor oft.he Civ'il Engineering Depa·rtment.· · The tethnicarmonitors-were 
.... ) .,.. ~ ' 

·::>r::. Jim Xerikos, Chief Technolo9y Engin·eer·~ and !:>r. Homer H. Tang, Sehfor· 
')' °£-ngi neer,·- of~ MDAC. The work was administered by the So1 ar Central Receiver 

'Pro£!rarn: of.:. "mAc under the cognizance of" Dr:~ Howard H. Dixon~ Di rector, and 

Hr ..• Robert.:K,:l~nov11es, Chief Progr?m Eng.ineer. Mr. John J. Dietrich~served 
..... J.., 

as technicalurepresentative of the Solar··central Receiver Prog:"'am~ ·the'study 

was rerform~d-~nder the snonsorship of the United States Deoa!'tment of Energy, 

Contract Number EY-76-C-03-1108, Mod1fication Number 20.- · <''- I , _,,. ·:c: 

._ !"' :s i .... 

.:.re 
--~ D. 

Ii,. -: r, . 

: I • L.;.....1,J_,,. i..,::. , 1 

[. 1--: .. - ~, , .. ' .. ·- :·L: . 
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LI ST OF SYMBOLS 

Reference area (D.852 ft 2 for the wind tunnel model) 

Drag force coefficient, C = Draa Force 
X 1/2 U 2 A 

Side force coefficient 
Pco co r 

Pitching moment coefficient C = Pitching !1oment 
m 1/2 p U 2 Art 

Lever ann for pitching moment, inches co 
00 r 

Lever arm for yawing moment, inches 

Reference length (0.968 ft for the wind tunnel model) 

Velocity, at 30 ft above ground level, ft/sec 

Air density at 30 ft above ground level, ~1ug/ft3 

Fence height (20 ft full scale) 

Mirror tilt angle 

~ind azimuth angle 

Orientation of the {X, Y, Z} coordinate system relative to the 

heliostat elevation (pitch) and azimuth (twist) axes and the sign 

convention for forces and moments are shown on Page 40 • 
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I. INTRODUCTION 

Fl O\'I interference phenomena associated 'r:ith hel i ostat ~lusters· are not readily 

amenable to calculation using purely analytical techniques because of the 

complexity of the interaction between the \•:ind velocity field and the heliostats. 

Ther~fore, to obtain an understanding of the problem, it is necessary to rely 

on experimental methods to determine load data for a given cluster geometry and 

i.ipstream 'r!ind._ profile. _The wind tunnel has proven to be useful for studies of 

this nature. Steady state flov1 conditions can be maintained over time periods 

sufficient for obtaining requisite mea$urements. Furthermore. suitable instru-
I• 

mentation and _measurement techniques are available for the determination of wind 

J,oc!,ding (forc~s and moments) on hel_iostats in the array V!hich is an important 

factor in establishing an adequate and economical design of the h_elio$tats. !\ 

\'-'ind-tunnel ~est plan using a subscale model to acauire the above data was, 
:.. • .- - • '.. 1 '.[ ·- • • ' 

therefore, established between Col_qracio Stat_e University (CSU)and MDAC for use 
F•, ·• 1-· _ · ,. : L :- ' - . , 

of the meteorological wind tunnel and associated equipment in the CSU Fluid 

Dynamics and Diffusion Laboratory (FOOL) and the services of-CSU personnel. 

The purpose of the test was to experimentally evaluate the aerodynamic loadings 

associated ,,.rith the airflow patterns within and over clusters of heliostats 

selected from both perimeter and interior locations of the field array. The 

test was conducted during the period of February and r~arch, 1978, and results 

are summarized in this report . 

. • 
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I I. OBJECT! VE 
.. . ' 

J .. ,.r'_1... -

The primary objective of these wind tunnel tests is ~o determine forces and 
~ ' _,·. .,• '~ . ' •' '. . ,-. ' ' 

moments acting on selected heliostats in a field array exposed to a 

representative atmospheric boundary layer velocity profile. The va 1 i di t,y of 
. , . 

subsca1e wind tunnel testing of bluff structures in subsonic air streams for 

detennining full scale wind loads has been well established b.Y previous 
(1: ~ ;· ' . '+ 
investigators. 

- .. ·1 ~ 

The test configurations represent typical outer field circular and rectilinear 

heliostat clusters. The heliostat geometry employed simulates the MDAC 
-- ..: ,-~ ... -

inverting heliostat design • 
. (': : . ' ., - .. 

spacings from the perimeter) 
.. :;.?: :to:~ ..; .. 

Intrafield wind loadings (up to 9 heliostat 
I -· ' 

were investigated to assure that _interior loa_ds 
-~ 

did not exceed those experienced by ~erimet~r heliostats. Heliostat orientation 
,.,.; :ll- ;: . -, ·, .. 

was varied corresponding to typical operating conditions. Central heliostat 

spacings were not treated since the diminished wind profile at inner field 
·- ~ ·;_:.fJ ::; \~ .. - - · · •. - .. ~ -- · 1.. __-. ~ ·1 C 

stations could not be accurately simulated; however, wind load reductions of 
=·., .-:c::·:,i .... ~-- ::. !-i:: ·-~- - -- - ·• ;..: · ·-.~- '. '. -- -~: ... r _ u • 

60 to 80 percent relative to perimeter locations are anticipated based on 

previous CSU test experience. 
'7 ~: 2 CJ L-' '--.,;- '_; s :,._ ~~ "1 •• • t ·:: -· 

A further objective of the tests is to _inv~stigate wind load reduction in the 
S":;. ':e,.~-,_- . -·· !:E 

presence of a fence. For a given fence height and porosity, the distance 
· u·I- ·· c· · :.:.:.l!t: ~-::. 

between the fence and closest heliostat and the angle between the plane of the 

fence and the wind vector were varied. Secondary objectives include detennination 

of single heliostat loads, principally for reference purposes, as well as 

evaluation of slot partial and full closure effects. 

+ J. E. Cermak, Aerodynamics of Buildings, Annual Review of Fluid Mechanics, 
Vol. 8, 1976. 
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I l. D~JC:CTI V~ 

lII ·- .TEST FACILITY ,-: j ~~ ~.' r~ , , _. :,· / ! L', _ , ~, - • l.~ ~ 

rl~t-,~es!faci1ity us.ed for accomp1ishmen~ of the aforementioned test objectives 

js ~the .Met.eorolooica1 Hind Tunnel in t.he Fluid Dynamics and Di,ffusion Laboratory ! ,-:;. 1,) , \..--; :~~ '-· 1, i J 1, ' • • .., , , ~ I ,' ; • 

Jt,Q-•.L) at .. Cqlorado State University in Fort Collins, Co1orado .... The Meteoro1oqica1 
~-• ~ ,_, _, ,., ~• •~ .I l j, ~ , , . ,,. .. - . - I '·• . \., -

J,/i.ncLTunne l .has a 1 a rge test sec ti on which is 6 feet ,-:i de and 90 feet. 1 ong \.'!i th ,_;-;::.,.=1,:,1, )·~ I , . • - ~-~- ! 

sq. fl.exibl~ ~eiling v!hich can be raised fror:i 6 to 7 1/2 feet high. In addition, ',',le~" ':;:~ ,_,, ,,, , 

80 feet of the test section floor can be i ndependent1y heated or cooled to 

-8-.~oq~Ee t,ri~rmal. ly st,;atified flows. _ ,s_~r,f~~r: roug,hness_, pressure grp.dient, aru:! 

humidity c.an .be varied readily. _This .,,.,incl tunnel is we11 suited for simulation '/ e j c· .::., , . , .. f L 1 
!,. .: , ', JI • .: ~ i 1-• I. ~~. 

}?,°\,e~\e:
1
~tf:1~~9~eric su~face 1aye~ i,~c\u0di~~-investigation of ~h~.f1~~-around tall 

s~\1:~~J.~~~-::\n .,a thick_ boundary_ la~e,r. _ _..1_I.1~strumentati~~ ut~!,i,ze,9, .for_cthis s:tudy 

,,V!f l-~d~e~; \~°.t\'li r~ anemon:ieters, ho~.~f~)!-L.~"~emometers, press~re, .s_~_nsors, mag!:',~~tc 

, r . - ..,.I';_,\ L, •• 

- . ·~ 
l,',._ I-..> ., I 

,are_ or;-~~e.12te.d, Jn t~e fq 11 owing pages_.,, 
O._ 1.,.0 . .,,1 ... IJ-· 1,._._1.l \ ...... ~ .' I JJIJ.__:,._._, 

~- ,.) ' i I ', ,_.1•::: 

. - _. 
.• , , I ,.. '. ~-- •.:_; JI,. 1 '., • ,.:'\:..: ,j . .:.:. ....... 

I j _:- ,.._ l ·-- i '~~ .: : ' I ,_,, • _ ~ 1,:-. I , • \..' , , 1 , .'. 

: nc ____ .: , __ ~-

Ve 1 1 (:i, _ 
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PERFORMAr-~C(:CHARACTERISTICS 
·-. l 

,,·II 

Characteristic 
'.:; ~. ·; ·, - r .· 

:,r 1..: . .::Dimensipns 
._!_, I t;;,__ 1~ • , 1. 

- Test-section length 
T~st~sectiori area 

nun;i c. -. Cofltraction- ratio 

::: _.- :i-, ,- Length of temperature 
controlled.boundary 

- ~ ,,,.....1 ,, , ..... 
::, ... '11,,1,1,..- to,., 

. 1 .. 

-~-L ,- L} 

•. 1 

• I ',, -

". 
. I•-' 

2. t:i nd-tunne 1 drive 
~ :1c·. l,,,c:: .. Tota.1 power· , Ii, _ I 

-cc ~•e: c ,.Type of drive 

3. 
IC',"'·,;: 

Speed control: coarse 
Speed control: fine 

Temperatures 
o:· -'..Ambient air··temperature·••;'• 

Temperature of controlled · 
boundary 

4. Ve1 oci ties 
Mean velocities 
Boundary layer thickness* 
Turbulence 1 eve1 

5. Pressures 

6. Humidity 

Meteoro1oaica1 
Wind Tuntte1: 

,. 88 ft 

36 ft2 
9: 1 -

40 ft 

400 hp 
4-blade propeller 
Ward-Leonard DC control 
pitch control 

40°F to 200°F 
40°F to 400°F 

. ,L.·', • : l \ 

Approx. 2 fps to 120 fps 
Up to 48 inches 
Low {about 0.1 percent) 

.. ,. ... 

Adjustable gradients 

Controlled from approximately 

L,..i, •. 

·' 

20~ to 80~ relative humidity 
under average ambient conditions 

* Function of boundary roughness and thickening devices at test-section 
entrance. 

4 
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• IV. MODEL AND INSTRUMENTAT!Ofi 

A. Model of Heliostat Clusters 
'.': b . 

Models for specific clusters of the heliostat array were constructed in the 

machine shop of the Engineering Research Center (location of FOOL). The 

inver~jng heliostat model dimensions are shown in Figure 2. These dimensions 
' 

represent a scale factor of 1:22 relative to the baseline heliostat design. 

The cluster models include a set of from 7 to 12 heliostats depending upon 

their position in the field array. The central heliostat in a cluster was 

mounted on a six-component strain gage balance. 

The study also specified that a heliostat be instrumented for measurements 

of mean pressure o.n the heliostat surfaces. Physical limitations associated 

with the installation of pressure tubing limited the nuwber of pressure taps 

incoroorated into the model to 42. These were selected to pemit definition 

of pressure distributions on the surface. 

B. For several heliostat clusters the forces and moments were measured ,·.rith a 

porous wind fence located upstream of the cluster. The fence had a porosity of 

about 33 percent. Location and height of the fence were determined in consul

tation with the CSU technical personnel. The fence height selected was 20 feet 

(full scale) which approximates the height of a mirror tilted up 30° from the 

horizontal. The fence extended across the entire width of the tunnel in all cases. 

C. Instrumentation i . 

·l·Jind profile measurements were made using a (traversing) hot-film anemometer . . • 
Profiles were measured ahead of, within and aft of·the cluster. The vertical 

6 
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Figure 2. Inverting Heliostat Mode1 Design 
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rrofile extended from near the surface, i.e., near 

to a distance approximately four heliostat heights 

-
. ---------· -·7 

the bottom of thelheliostats, 
'\ a. i 
above the surface. A 

pitot-static tube \•1as located approximately one meter ahead and one meter 
I 
i 

above.,.the tunnel floor to monitor free-stream velocity. In additionlto the 

hot-.film anemometer and pi tot-static measurements, tunnel operatin9 con di ti ons 

were recorded for each test. The data acquisition and reduction facilities 

available within the Fluid Dynamics and Diffusion Laboratory are descr~bed in 

Appendix I. 

. .. J 

I ! 
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V •.... T~ST PROCEDURE mm FREE STnEAM COHDITIONS . ! I : i ( ... 

Jest variables \'!ere free-stream wind velocity, wind"di+'ection~ he1iostat . ' '. ' .. 

~?-1~~~h angle, heliostat elevation angle., heliostat cluster geom~tryr.fPd 

µp~1ind exposure (with or without a wind fence). The test matrjx_ is. gjyeD in :.: .>_, \'. . 

th.~ _fp.11 o~,; ng section. Six different c 1 us 1:er geometries p 1 us on~ si _rig]~-- . 
- • ) > • ' • •· I - 1..,L,lj ':~ • 

hel iostat for reference purposes were used fo_r the investigatjo11. "· --: 1 "--~ .• 
.' l; ,,...£: _.,, . ._:: ·_ 1 ,. ,:.,_ ;__.' ..._~ ....,1 L.. ._ ~ ,'_. ,. • _ ·., , I ; w I •• 

The instrumented model heliostat was located on the turntable of the meteor

ological wind tunnel (see Figure 1). The remaining heliostats were 

located on or adjacent to the turntable as space permitted. Measurements of the 

forces and moments for the first cluster were made for various ambient speeds 

up to 60 mph. These data were examined to determine the signal-to-noise ratio 

for the strain gage ~a1ance to establish the wind speed that can be used to 

obtain the most reliable results. Thereafter, each test was made at this 

selected wind speed. 

For the first cluster measurements, tests were made at 24 wind directions (15° 
I 

interva.ls) for one he1iostat configuration to determine sensitivity to wind 

direction. Thereafter each test was run at five wind directions for each of 

those cluster configurations. Some specific runs were tested at only t\·10 

wind directions as described in the test matrix. 

The free stream conditions were determined for the best data accuracy as 

. fol lows: 
.• 

(a) The mean wind ve 1 oci ty referenced to l O meters ( fuli sea 1 e) is about 

55 mph • 

9 
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: 

(b) ·The ve1ocity power 1aw profile used to provide a properly scaled 

atmospheric boundary layer has an 0.135 expc/nent, i.e., 

This profile closely resembles the 1/7 power-law behavior typical 

of fully developed turbulent boundary layer flow, e.g., see Figure 9. 

·' 
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VI. TEST MATRIX sc:-. l 0.:: 

The test consists of six study groups with different"•'pJrposes fo-rnind. The test 

matrix is given in Tables la told. These study groups are surrmarized belov:: 

A. Velocity Study 
-;: .. v :, i ~, .. 

Purpose: To select the free stream_wind speed for best data accuracy. 
' . ~: ,.~ , ~ (: 'T'' ~. • 1.: l. 

Run ~·los . : 1 to 5 

Key Parameter Range: V = 0 to 60 mph 

B. Tilt Angle Study 

Purpose: To determine the tilt angle effect on aerodynamic loading. 

Run Nos.: 6 to 40 

I i :_.' L, 

• Key Parameter Range:_ a = - 10° to 180° 

C. Slot Study 

Purpose: To detern:ine the slot effect on aerodynamic loading. 

Run Nos.: 41 to SO at a= 45° 

.141 to 150 at a= 30° 

Key Parameter: Slot geometry including fully open, half-closed and fully 

closed cases. 

D. Closter Study 

Purpose: To simulate the cluster interference effect on several selected 

heliostat clusters located both at the perimeter and interior 
.• 

of the MDAC field array design. 

• Run Nos.: 51 to 93 

Key Parameter: Five clusters were selected for the test. Their MDAC designated 

numbers and coordinates are given in Figure 3. Their 

11 
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RON CONFIG. 
NO. ---

l 

A. V1 locity 
' -1 Single 

l 2 
3 
4 
5 . 

., 
Tab 1 e la. IIELIOST/\T FI [LD-1\RRJ\Y UIUD 

MD/\C/CSU 

rm. QF · WIIID TILT 
MIRROR · SPEED ao 

'-

tudy 
-! ,_, o to 60 60 :l' 

-

l 
· ~ mph 

I l ,-

WIND 
Bo: 

,-

-: 0 -
, 

45 
90 

135 
180 

•,i- I 

S[OT 
r-.. :, 
() L· 

-

,-

' 
·7 C 

Open; 

1 
·~ 

,.,, ;.-..·r 
cD C: 

{..,,.,.- :_1 

. r·, 
r-J 

(, 

fi) 

,' 
" 

c, 
(/1 

B. Tilt Angle Study 
6 Single ·1 55 mph · -10 0 Open 
7 l 

45 
8 90 -

9 135 
10 180 

[ 
-

11 10 0 C 

12 

l 
45 

13 90 
14 135 
15 100 
16 30 0 
17 

l 
45 

18 90 
19 135 
20 180 
21 45 0 
-~2 

- . 45 -
23 ' ! 90 
;z4 -

' 135 
r25 

C (~ G 
100 ' t ~, ( 

'60 ll6 ( D 0 
27 i 

45 
28 90 
29 ' 135 - ' 

-TUflrl[l TEST 111\TRI X 

l ,- -t.=,- :--, 
- RUN CONFIG. ·rm. 'OF HltlD ' 1 
) NO;. MIRROR SPEED : ) t) 

" 
,-- ' ,_. .. 

:lO Single 1 5~ mph 
'::i _, ' . 

' CI 

~1 
32 
33 
34 
35 
36 
37 
38 
39 
40 ' 

-

r 
- I.,. Sl ot Study 

41 Single L 55 mph . 

42 
43 
44 
45 
46 
47 
48 
49 
50 

l 

udy ~-) D. C uster s1 C, 
1·.' 

51 Hl 7 55 mph 
(' 

l 
(1 

j r 
11.J 

52 n 

53 
CJ 
'l> 
-

54 '' 
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l 

TILT 
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60 

, 90 · 
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-. 
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-10 
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.:.10 
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Bo 

,, 

· 180 Open 

0 
45. 
90 
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180 

0 
45 
90 
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180 
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90 
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180 

0 Closed 
45 

j· 90 
135 
100 

I 

0 Open 

;i' I 1 
180 

0 
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Table lb. IIE~IOSTAT FIELD-(\RRAY HIHO-

, i ' . ' ' ' • . - ' \ ~ ' 

MD/\C/CSU 

-- -·- -- - -- -· -- -- -,--- ..... ----

RUH ~9.urrn~ ~9! Pf ;_Mum HLT wrno. SLOT 
~o. fHJlRO~ ~~PEED u" BP:' 

- ----- ---- - -- -- -· ---- -

56. 111 .7 55 mph 10 ·45 Open 
' 

, __ .. 
-

57 " : 
- i_f .-~ ;' 10 90 ~)p 

58 
:--,-

10 180 
59 30 0 
60 

30 45 
61 . 30 90 
62 30 180 
63 90 0 
64 90 45 
65 90 90 
66 ' 90 180 
67 12 9 

' 
-10 .0 

68 ' -10 _45 
__. 69 ! -10 90 
w 70 -10 180 

71 10 0 
72 10 45 
73 10 90 
74 10 180 
75 30 0 
76 30 45 
77 30 90 
78 JO 180 
79 90 0 
80 

i 90 45 
I 

81 
! 90 ,o 
i 

82 . I 90 180 
p~ linear 

lil 
>-10 i :10 

'.'..'. ~; I\! ·{ iWl 

1H ! 10, 8, 

8~ 10 I{) 

87 I~ 10 8 

., 
TUHNEL TEST MATRIX 

• ( :.• ; .- ; l .• I 

J 

·-·-· - . -- -- ~- ... 
I 

' ! llUN iCOUFIG, .. iNO._ OF \-1,{IHD Hlr·· ~liUUJ: I Sf:.OT 
I . 

:"SPEED l ao ,, I $"' HO. 1MlRROR 
' ' 

--- - - --------~ - --- ··- •. -- ---- --- t - ,· - ----- --

89 ~inear A 12, 
ss_ T , 30 · HP, eren 

90 I l 
JO. .@ 

92 90 ~1 93 90 

' ' 
t ~,-; 

-I n:·_,c 

- P1 essure D stribut on Study 
,. ~-

95 fl 7 30 0 
96 

J ! t45 
97 t90 
98 180 
99 112 , 

1 
0 

100 

!' t:45 
101 -, : ... ~90 

- -
I , Ir 

102 · 180 ' 103 Single 1 0 
104 ' .. -

l J 
Jt.45 105 Jt90 

106 180 
101 linear ~ 12 0 . 
108 I I ±8 • - ' .... 

! I r 
i ; I' I I I ( ' 

' I \)1 

: l : '. I i ' ' I 
rlote: ;Missing run numb~rs were those el minated as 
f , a result of the fi,nal testiplan t1 Vi$ion. 
t J:, 1 I , , I I .. I . 

- ! . i I 
s2I · -10

1 '" I ' ~di •· 10 I 1~? ' / r, /. ~ : (l I 

I , .. · 1 \ i , , . I : 

' <· 

\,'I ,, .. · 
;•·] 
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Tab le le. IIELIOSTAT FIELD-/\RRAY WIND-TlllUIEL TEST M/\TRIX 

MD/\C/CSU 

r. Fence Study 

RUM'. CONFIG. NO. OF WHID TILT WIND SLOT FENCE 
NO. MIRROR SPEED ao ao DIST. 

110 fl 7 55 mph 30 0 Open 1H 
' 

111 30 lit 
112 0 l.SH 
113 

' 
30 l.SH 

114 0 2H 
115 30 21f 
116 0 2.511 
117 30 2.511 
118 Linear I 3 Rows 0 tlo 

( 12) Fence 
119 30 Ho 

Fence 
120 0 1H 
121 30 111 
122, 0 1. 511 
123 30 1 • 5lf 
124 0 211 
125 30 211 
126 0 2.511 
127 

. 30 2.511 
128 ... inear C 2 Rows 0 No 

(9) Fence 
129 30 No 

! Fence . 
130 0 111 
131 30 111 
132 0 1.5H 
133 30 1 • SIi 
134 : i 0 211 
DS 30 211 
136 0 2.511 
137 I 30 2.511 

• J 

lj;' l l r: s1 1 

• I . I 
p 

,;J .. 

: I!~ i ·, r ; 
~•l'..c 

l 

.. 

.1~-

r_·~-". ''llt,i) 

;._· .. CJ 
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RUN 117/\ 
I 
I 

/1=00' 
~~, 

I 
I 
I 

oo 
®00 

0 0 

., 
Table ld. IIELIOST/\T FIELD /\RR/\Y HltlD-TUHrlEL TEST MI\TRIX 

MOI\C/CSU 

RUN COrtf;IG. UO. OF ~,1rm TILT 
NO. nIR110R SPEED ao 

117/\ ii 1 7 55 mph 30 
120/\ UnearB 5 30 

122/\ 
124/\ ' 
126/\ 
121 /\ 
123/\ 
125/\ 
127/\ , , 

141 Single 1 55 mph 30 

142 
143 
144 
145 
146 
147 
148 
149 
150 

HIND 
Bo 

0 
0 

j 
30 

j 
0 

45 
90 

135 
180 

0 
45 
90 

135 
180 

·~fl 

!1 

SLOT 

Open 

Half ~r 
Closed 

J 

'FEHCE 
DIST. 

111 
Fence 45° 

111 
1.511 

211 
2.511 

111 
l.5U 

211 
2.511 

No Fence 

' 

i 
I 

-
' 

-!':-

RUNS 120/\ to 271\ 

~~/ 
/J=0° / 0 10 0 

~o// O 10 0 .tu) 
\?· 

.. 

.... 
__ ,, 

., .. 

. ;, 

l 
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I.~·-. 

L 
[·-

"· 

' ,:_,-. 
~ :· 

... 
;--

, 

: . ' Y North 

-

----~x 

X (meters) Y {meters) 

' -

I NSTRUMErfITD 
MODEL 1 

! ' 
I :,_. r--- ···-
I = :>. r·---r. -·· 
, . I .. 
.I 

! \ ~~ 
I 
! . . 
I 
I 

' 
\ ,,.:_-: 

I ,.:, L"' 

I ,~- •---- .. 

f , ... ' 

CONFIGURATION #1 · 

@@ .. 

® ---
@ 

CONFIGURJ\TION #2 .. 

1745 A (-183.86, 
1746 B (-198.31, 
1691 c· (-195.95, 
1690 D (-182.37, 
1689 E (-168.39, 
lfi28 F (-167.64,. 
1629 G (-180.81, 

1377 A (-126.01, 
1310 B!(-112.78, 
1311 C ( - 127 .28, 
1239 D (-100.61, 
1240 E ,(-114.66, 
1241 F (-128.28, 
11.65 G (-102.59, 
1166 n {-115.78, 
1088 I (-104.26, 

Note: All distances between centers of heliostats should 
b_e multiplied by a factor of 1.2 for the Enlarged 
Inverting Heliostat Field Array. 

I I 
'-· 

,...,.., .• 
,-·· I 

Figure 3. Selected Cluster Configurations. 

16 

319.12) 
310. 35) 
291. 69) 
300.37) 
308.43) 
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282.97) 

248.59) 
240.46) 
233.12) 
232.79) 
226.20) 
218,76) 
218.74) 
212.05) 
204.68) 
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: • t 

CONFIGURATION LINEAR A 

~'0)@ © 0®00~0 
6 ® @) @ 

' ' --~ ..... . 

~"'~ , . 
• i'..; u~-- ~ 

CONFIGURATION LINEAR B 

@ @. @ 0 
@ 0 0 ~~ 

@ © 8 .. © 

CP~fI~UP.ATIOt~ LINEAR C 

@ @, @. 0 .... .(.0··· 
@ @ .. e @ 

~· .. 
X y 

1743 A (-153.84, 334.61) 
1688 B (-154.06, 315.83) 
1676 C (-140.26~;305.1) 
1627 D (-154.11, 298.35) 
1563 E (-140.39, 287.78) 
1497 F (~127.81, 278.03) 
1498 G (-140.44, 271.£7) 
1435 H (-126.47, 262.86) 
1377 I (-126.01, 248.59) 
1310 J (-112.78, 240.46) 
1311 K (-127~28, 233.~2) 
1240 L (-114.66, 226.2) 

1752 A (-275.22, 244.74) 
1753 B (-286.16, 231,85) 
1697 C (-267.88, 227.~2) 
1635 D (-250.94, 223.}4) 
1636 E (-260!91, 211,~9) 
1572 F (-244.1, 207.23) 
1506 G (-228'.67, 203.34) 
1507 H (~237.76, 192.~3) 
1~42 I (-222~~7, 188.7.8) 
1383 J (~206~85, 186.?8) 
1384 K (~217.~8~ 173.7.8) __ 
1317 L (-202.48, 171.89) 

- d 
.: I,_, 

,/ 
J 

Figure 3. Selected Cluster Configurations (Continued). 
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.. -

locations in the MDAC collector field layout are shown in 
".; .. 

Figure 4. The distance between any two adjacent heliostat 

centers vary$ ~t different locations. For prac_ ti cal -p:Y.rooses - ' . ... - ~ ·-
I• 

a.n average value is used for each cluster configurat{qf: They 

are called "Idealiz~d Cluster Configuratjons" .~nd ar~s~~Q\'.m 

in Figure 5. . I-,. • 
~,.-:.. , .... 
_, ',;,__, 

""):;"": r . 
.:.. ~.:... -· 
,-:, '"'· ~ 

E. Pressure Study 
.:..•"":',_J, ~ 

:. • ..:.;.. j ... 

,;·::,; ',: 

Purpose: To collect pressure distribution data on the front and back-surfaces 

and a1so on the surface support column. Tap locations are shown in 

Figures 6 through B. 

Run Nos.: 95 to 108 

Key Parameters: Four cluster c_onfi gurations and four wind directions, e. 

" 

F. Fence --Study 
... ~ .. ,..., 
. i: .. :: 

Purpose: \.:.:.lo study ~he fence effect Q:l_,aerodynamic load reductjc;,n f?!;i~~!eral, 

cluster configurations. 

Run Nos.: 110 to 137 and 117A to 127A. 

'):'. •: ; .~ I ............... ..., ..... 
192. C 

/'.,., ~ - ':'C' -
, UV, I 

1 06. 7 
17:,.~ 

Key Parameters: Distance from fence to leading helios:tat in:;}1:1s:t;erH1.s' 

ri ~,Ure-

1·- 1 , I 

.. ,~-' :,, ... ·) 

.-. 
i _.;'.:. '1 ,__. , .._,., .• 
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~.· .. 
CON FI GURA TI ON #1 CONFIGURATION fl2 

00 
O®O 

---29.~ 
CONFIGURATION LHJEAR A 

·o o o , o 
Y~2 0 0 _o 0$6)~_<29 

CONFIGURATIQrl LINEAR B 

''S .. .. 1-4- . - . 

_ 0'1) 0000 ® 
.G) Q 0:0 

. : 4 I/S~ f-.,-
CONFIGURATION LINEAR C 

·~,-J-0 0 

_,_ ~! //5,i 
O .. · 

" 

o·: 
0(29 
0 

CONFIGURATIOtl LINEAR B 1 

( for fence study ..:only) 

o~b 
0 0,--

-:_ ·- ' -
-·- - -· ---' -·-

,;: 

Note: Av~rages of actual distances between heliostats in the 
selected cluster are used in these idealized cluster -
configurations. 

Figure 5. Idealized Cluster Configurations. 
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H 
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.. 
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-0./.27 1, ~- -~-66.5 I( 

-tt;.l.5.3 
0 I 11 r.::. 

'l - ' 

C.> 2 i 3 II 6 "O ,j .... I :) Vl .., 11 Run 95 :I 1..!J,4" 0 -- -
Vl ,1 Configuration #1 ;I -- ··o. ·= 30° 

,1 -~,ot!O ~.0/~ B = 0° ,j 
I r.::. 0 ·I !I ..... ' 

8 'r :i i2 
11 ;1 -

/..94" ,, 
ii .. 

I ' . 
"7 I ~5 """ri I ~ ... 

j r:).- L:J~~-45 '5~1-a'51 

-CJ.~511-ti~.&ZO 
0 

-().~.57: ~ 0 ' 

9 '1 
!I 

I !I 

,' ii /..94" 
I 

1' I! 
ll 

O.l~.2- ,1 o . .286 ,, 0.:2.90 
0 !l 0 

,.. 
JI 

...,. 

7 . '' 10 '..I l 1 i!).,97 I/ L' 

t 
(0 Taps on front side • Taps on support spar) 

Figure 6. Pressure Tap Locations and Typical Pressure Coefficients -
Front Face - Right Panel. 
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J.ioure }. Pressure Tap Locations and .Typical Pressure Coefficients - Front 
"

1 \-ILi·· Face ·- Left Panel. · - · · · · 

~ ,22 



6.5'1 

, 

: 

.. -
-i-------;l-- Pili t-1-f IGnT 

• -· 1' ,} • • ' -

\ 

.......__--~-. 0 
:3·) 
' -
I 
I 
i 

-,----+--.....---- 0 I ,,....,6 
/' 

f . 

I 
• I 

'·..,.../ 

'·-

Run 95 
Configuration .#1 

Cl =· 30° e :,- 0°· ._:.. 
\'J 

, . -a.7/& 

-t,.774 3 5 
3 6 ✓-·_,----T--Q_" 

9 \ -t,.Jt:f I / \ -4 :.0 '"\ . 
I I ~ 

• I 
i , 

-t,, /1'1/ 32 q 

/-(!).7~6 

·33 

UP.P-E.P, ;cl-RC L-E 

.. ~---•- -- - - . -
r'\ r-. L ~--~,,9 

-~.7og , 
30q/ I 

-1 
' 

\, 

-~.s~ao . ')8 

LOW-EB--\ C IRC L= 
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VI l • . . TES1 RESULTS AND SUMMARY 

f 

: f 

The test was completed on March 16, 1978. The data·appear to.be consistent in 
i 

tenns of peak loads with previous data obtained by MDAC personne·1 in: the 

D0U9las Aircraft Company Low Speed Tunnel, Long Beach, California. -rhe DAC 

tests ..-involved a unifonn velocity profile owing to the large ratio of· model 
: 

height to :wa 11 boundary 1 ayer. thickness. 
\ ___ ._ ____ -

Current test results are summarized below. (Computer print-outs are giv}!_nJn 
I ~ ~ Appendix J'.,I . ) .___, ~-

,--, 

A. Ve 1 oci
1
ty Study 

. ., 
Aerodynamk loadings expressed in coefficient fonn are relatively insensitive 

I 
I 

to mean wi,nd velocity (and Reynolds number) for the configurations a,:Jld range of 
i 

conditions\ tested. Conseque~tly, wind velocity was chosen on the b~~is_ of "the 

velocity which yields reliable data readings.· Accordingly the mean wind-~-.: 
i 
I 

velocity referenced to 10 meters (full scale) giving·the best instrumentatign _: ___ . ·· 1 - . ~ ' •, --~-
s i gna 1-to-noi se ratio was found to be approximately 55 mph and was used-for I , - -
the entire: test. Representative atmospheric boundary layer prof:ile_s'·aJ'.:~~!!~n 

' ----·. 

in Figure ~- As indicated small changes in the power law exponent._e.._g .• 0.135 

versus 0.1~3, 

l 
should not affect experimental results significan:tly. ·- · J ,,_ 

! L-..___, 
\~-' •~, .,,,. ~ '---

I 
I I 

B. i Tilt Af}gle and Cluster Studies · 1 

For:_a sing~e heliostat, pitching moments· were observed to peak :at a-= 30° (and 
' 

perhaps also at a-= 150° based on observations from previous tests at OAC) • 
. 

Typical Cm variation curves are given in Figure 10. For clustered heliostats, 
,J\.', .. ~ - S.~:~_.,··JJrI 

values_of.Crn,for the center heliostat are usually lower as compared with 

those for single heliostat with no distinct peak value evident at a= 30° • 

24 



• 

··~, ~ 
't;;;' 

: 

fl 
~ 
~~ 

'----------'---,----,-;.--'--------,-,-+-----,..--------,-;.---------+---.,.-,---...---------------~-------i 
I r '---+•- '-0~ ~ ·•·-· : ____ , : ---•·-•·, ,_ ·-·-·• -..---•- i __ _ . . ' . ------·---: 

- ' /4 · .. ·-----·-- .. ·-------
. ' ----- .. -- ~------·-~- ----

-,f~~=:·~~::~:=-.~-~=:J:~~==--=±-==~-~-----:....: .. ~-+~-~::=;;: . ...,._.,..... _______ _,....,_ ______ ---------+-·-------......, 
,J.,_,,~;.,:..; ;;;.:.:---,-~-- . . . --------_-------,-, -,-_ "T'--:~::::::::.:::::::::-=..-----. -~ ... ..,_...,.. _____ -r--~~---- ... I ---'-----~---- : •_ '. , -~-•~"_:_ .• ~·, ,;,•. ;................... _; , . , r .. · •--,• -~ - -- --

----------- ----: 

j;;~:~y;.;:.·.;::i f--,------____ ... -- ,,_ ··-- ~--· ,... ____ ,,, ________ _ 
,-

·J:=-S:·~-:-i·.t.aT. ---{,~---•·'::·~--+- ---__ -,_-_~,-.---
!..----- ___ j__' ___ . -----------< 

r=...· ____ ;7 ; ; .. ~--___ ;_, '. _J~:1 : -.. : . ~ ~ 
~--~.~----~··--'.---~~---~ '. . ; ' ; . ; : '.' : '~ ~~-~ •. :.: . _--··"".: ,.· ..... ! ,' ·-... ____ ,:_ ...... - -:-----·- --·-·,--- -

•.• -~··....l~-· 

; ; : ::.=tj .... _,_ ~ 

.;1~:=-:t:it:::~- __ -~·::=_-:-1_,._ .• _ ---~-_._ -_ -_,..._ -_ -~ ,..~ -_ -...;_ -_ -_ ..,._ 
--~-· :--:_ - . ~ --- . --=1 _::::_;__ ___ ;_-------___ · --·-~--t-- ... -~ .-!· ·-· ·---·-·-·-i----: 

--.-·•·· ~ -·-~·-:- ,_ -4,~-·! _.; ___ ~ 
---1----=- ---~ ---- -----,----; 

.::~:u_~;...;~__.: . .,t-: .. ..l-i--1-.---· .. ·--~---·--~----- ·- :.--· ' : -,• 

C "' . 

.... ):J.2 1 

0 11'1 

~- · .s·t ~~~ -'---
-a,, e 

"-
, .. : ~ 
. QJ 

>, 
ffl 

...I 

V 

·:1: 
CL! 

.r:. 
-c. 
11'1 

-5 
<: 

CL! 
> .... 
~ 
~ 
~ 
C 
ClJ 
11'1 

·;. iC CJ ,_, ~ 

Q. 
CL! 

a• ., .... '1 c:: 
-.:, j • 

- . • i " ,- r,2·1 ·ius·..:~ 
ClJ 
~ 

l __ ,,,,:_,_..,;, r .__ ,1 'v/~ ·~:1 6-i -~ 
tnosE: 1 ,,_) j 

.1, .. 
-. 
\.o I.. 

25 



N 
Ci1l 

• ., ej 

-· - ·-~-~- -- ITTTTTTTTT~-

' ' ' • ' . ' ' ' • I • l J l' ' I L
1 ~ 

·H-H-~ I l I t I 
•• 

. 2 

+ -.I. ... j I ~i. . ,, I I . u f l . . : ' 
·., 1t=l,._·.··i/.•'.· tJ1tli', mr:•c ;·' ~1 .• 1· •· .. · "· 1'1 Ill i'J 

·: 1 ,, .,, = r · , l-1~·t · 1 -t ~ -f 
1 

• · · + 1 · . JI 1 

: . . . . . . ·12 . - .. · L L . U· . - . 1- -'-: /;, 1 I . ~-= ' . . h ~ lJ. . t;. . ' ~ ( -l •• . . J . . . . . . .. . ...• , ,,,M, 
IJ · ,. 

1 
:I . . . . ,. I: : · · . · . J ·.. : · . . . · , · . · · :: 1 

- . I ~ -- IM t j: : · ·· .. , .. ·1· · ·· . -~, t , . · : . c · ·, ... : . : (:. · . : · : : . :. . J' (. •-
., . . . . . . ·, ' , . II,. ': + .. · . . \,'' 

. -t-i..J.~-l---

-.2 

)Li 
---t --i-f-t-------H--++1-H-+++-H ·H--++.l--f4-++ 

.• 1 

I 

I 
H-1-+H+t+H-H-H-t+-t• +1• -H• ··1 _..... ........... 

-.3 
11: •. 

t-tttmtt H-

: I 

. .J 
i 
I I y 

.. :ii l 1 

:111 

l I ~lm
-··1· 'W 

.. ·1·· .: .... : : . ·• .: - : : .. : . •' . . ... : :1·1' 
I- = - . . ·_. _· - ! -l . . . - - . 

I . .. . . . . . . ·. ii i'' I -M~ I . . 11.11 II'' I II I,, 

"' 

r. 

Figure 10. Pitching Moment vs: tflt /\ngle - Tilt Angle Study - Single lle11ostat. 
l''i(rl'.I c R1•r:r-e<,r>ntc1liv,· Titr11os..ph;:-,: ir Hn;ind,·1,v L,,,,:1,, 1', ,,f{ i,, 

--- --- - --

. . 

... 

\ 

,; 

... , 
'1{:;"' ,
~; _ . 

~,J:?, 
·'-.W 

... 



i 

/.:3 
- _j 

I. I 

·:.:1 

N . 
I ..._, \ 

-----------.----., ....... - .. . ., 
r ·1 'LJ · :tt· -, ~-· i' ~ ·· i-,··r 11 !' r .. r ·, ·11 1·11::11··-r, 11' .. 1r1 1

• t''"'l1' r~'·1 'P ··F-r1 11 ·ii•·r1lrr1·-r lrlr T ·•ir 11 ·11 r·:• t· ... :: . ~- ,• ;, •;·· . • ·-·• •:-;: :'•i: - j1"' :•; :~: ,:j ' •::·'.;,I 'I : t ·,;, ;:; :i• ''. I!:. ,·,'·• I;',·· :·r:1 i, t: ',;j !:·I:;·•: :1 ,:j jll I'." .• . 1.:....,.. ,- . .1.,, . • _ nnR .. , ,.,,,, , .. , '-· 1 •1·· . ,,. ,, •. 1,,1 1 '.. ,,,, .. ,, -,1 1 .. 1,'-I .. 11 ,. 11.,. ,.,, ..... ,, ...• , ., , .•. , .... ,. , •.• 1, 

Slmdi• lier 1,;•;ficl. 

Figure 11. Drag force vs. Tilt /\ngle - Tilt /\ngle Study. 
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.. -
ypical_curves are iven in Fi ures112 and 14 

- . -· Figure 11 for single heliostat and in Figul"'.e.s 13 and 15 for--c-1:ustered·heliostats. ' I • . -., . i ;- . -: 

r'l"hese: forces usually peak at a = 9011 ·.and. ll~_ve somewhat low~r v.al ues ··for_:cl ustered I • 
• ' 

• 

hel}~.stats~ Twist moment, yaw moment an_~ side force are muc.h smaller as com-
; 

partl:·witt} pitch moment and drag force, respectively. For e_xamp:le; -single 
I 

relt0_stat-twist moment data a~e shown i~ tigure 16. The data sc~1;tet~Y be 
'.due-:-:to J~he small moments being measured relative to balance peak: load:·:-:-i ::- . 
:capabiJay .. A complete set of c:tii~a[~-re listed in the computer printouLgiven 
I -· • 

); n tp.pend~~ •. I~ . _ 
I• 
. I, 

i ~---
1

:C. :.:51-o.t Study - .. ·· I ·--~-: ., - . 
f_lo!~.~ffec-~s .appear :to be relativelr~~.lJ as seen in FiguresJZ. and.JS~_ Th~ 
rel,e:-Etton:·!)f slot geometry would consequently be dominated by other-design -

lcon:s.i4e-r.ati O_IJS. · Panel configurations cor-respondi ng to .open, ha 1 f ope.rL and -i ·- .. 
lclose.d •• slots-·are shown below. Owing.to the non-monotonic~varia'tion Qf)oads_ I ·: • • ; .• • : • • • • . .•.. • ,. 

!as :~~:~unc1:1011.0f--ti1t angle proc~d~~-g~from an open to f~lly c1~sed :s)ot, ani-1 - ·- :····: • . • .. .. . . • . - ... .... . . • - • :-·::-.:. ··- --.-·.-

lop t~.mµm. d~$ i Qn from the standpoint p~Lrninimizing wind 1oads.-,co.uld be .achieved· i . . . ·. ' ·. . _1 ·_-y _l: .:: _ . 

1
on1~~:~v~r ~ ~,i~ited o range. _:;__<~:~=--::=- ··· 

t..-.:.. .. 

. -

Open Slot 

I i 
' I 

- '1 j""' 
• I 

l.: 
" I • ,~ .-. --
l .,J 

_.__ •-~ l_ ,.-. 
··- ! ,..._ ! -~ 

Half Open Slot 
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li.iypi Bt:"essure.;.:Study ~ i' '. - ., • ,l -

Pressure distributions on heliostat•surfaces- (front ~n~ _back) _are relati~elf

r.iOA•uniform, both on the planar surfaces and the support post;--Typical pressure 

coefficients at 42 locations are given-•1n Figures 6 through 8. •· All -othersc·are 

given ·in Appendix III. While the•pressure data were intended to·provide 1·local 

as l6pposed-to- i.ntegrated load results (owing to the limited number of taps:::iE: 

avail-ab le}, --an 11 order--of-magnitude!' ·-check• was, run. for- a single -he 1 iostat 

~il03~ .. :o:· .. ,:.30~, s =•0°) using a surface fit of front and back panel-pressure· 

coeMicients.1 The surface fit which passed through the control points corres

ponding to pressure tap locations allowed interpolation of pressure coefficients 

_!! Bl·: (,9 x c.9} grid points for use in a Gaussian quadrature procedure. The 

~al ting .X. ... FORCE component of the -tota-l;panel nonnal force obtained was within 

24~eo:-t·ithecload measured directly-by,the-balance, i.e •• • I '•· ' ~ 

(RUN #16) 
._,; !,j 

.. '~~ ' • • :.-: : ' ." I 
.. l - ' .. ~-, -CX . 

PRESSURE . ur; -;:,-19_.,?998, (RUN 110~) 
INTEGRATION 

.) i"I ! Y ".)' ' I ,. , •. 

E. Fence Study 

1:he in_~roduction of a wind fence with}3: porosity (provided by~/8 in. _cli.~meter 

holes) significantly reduced the 
' I 
'. I ; by the cases I tabulated in Tables 

' I I 

i have been jre~uced to 50% or even 
I 

aerod~namic loads on heliostats as evidenced 
I 

2a andl 2~. Pitching moments and dr.agi forces 
I I I ' 

to one order of magritude smaller than 

( comparab 1 e\ nf fence cases. The fence tr; f ht. pores i ~Y an
1
d the di sta

1

nce to the 

nearest hen
1

· iostat were .~elected such t~at(the free stream_line grazi~g 1,:he top 
• I I ' I ! 

•. of the f el" -~u 1 d not imp i nge di rect lj Of the ins trf ment~d he 1i os ~:t. : . ·-· . 

! , --~ci :~. l :1·: 
,•,;.:~'1- - i i~' 
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Oyii amfo ~ Loads 

No ::quantitative· rneasurements of dynamic· (turbulence 'btlvortex ihedding) effects 
: ··. : - 'Jr .. • . -
were made ·owing· to the large number· ot··steady state load paramete-rs; treaiedi· · In 

aclii~tion/smoke filament tests whic:h·were tentatively planned in order·t62 gain 

a
7

qiJ~l,itative picture of heliostat wake phenomena were deleted· owing to limited 

tunnel.:: occupancy time. 
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Figure 17. Pitching l'loment vs. Wind /\ngle - Slot Study. 
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Appendix I 1 

~ 
~?• 

. I 
~ - \ --

' ·• ' 

DIGITAL DATA ACQUISITION AND REDUCTION i:¾CILITY_·: ·- , " ' ' ' 

Fluid Dynamics and Diffusion Laboratory·-

; A mini-computer based Digital Data Acquisitiion System (DDAS) is available \':ithin >----.--. 

in~ Flui9 D~namics and Diffusion Laboratory: (FDPL) for real-t1,'!}ft··~n-line data ' ~j:r i f tiion 
1

and data. reduct i on • The system, is based on a Hewl ett P:a cka rd 
1 System 1000 mini-computer and includes the following hardware: --~·- --4-- - -

I 

I 

- ' 
' ,.... 
' ,,.. :16 ·

1

bit, 64 K·Hewlett Packard mini-computer 
.! 

,__ __ J4.:Z}tby~e dj~k 
i I I 

·~ i ;200. 1 i,ne/mi n printer .... I ' ; I ' 
(',. ,... I llOq card/rnin, ~ard rea9er 

! i 
. ___ ;_9_~r.a.ck Qjgidata Inc. digital tape dr_ive and contro11~r .. ~--- .... 

' I 

;16 !channel,, 50 KHz Preston Scientific A/D converter 
! 1 I 

I 

' - . I 
13 remqte;-teletype tennina1s 
' I ' 

' I / '~ ..... :....~---· 

'~ ,·•.--- . 

! 

I , 

c. 
I-

..-, 

, The system 1s also tied to a Tektronix graphic display tenninaJ. ·• Cornn§nication 
1 ~f \ I I l • •·· ... I ' ,.._ 

, wiih the University CYBER 172 is possible by means of digital tape.'. ; ,,. 
__ .,_._,_,_.._....___, __ _ 

! 

I 
i ,1:h9 t~re~ r~mo~e termi na 1 s perm~ t corrmuni cation \'Ii th the, DOAS, iroip ,three ,., 

i -in9e~ndent experiments, with the FDDL. A 1:ea1-time operating system in the 
' ' 

mi~i-computer pennits simultaneous data acquisition from four indeoendent - · i '-· ·, I ' 

exoeriments:::and, in addition, provides capability for virtually simultaneous ,.... ... '! :-· ,,-: , •' . .. "<.: -= I 

data reduction. Ana 1 ~9 data is transferred from experiments to the! A/D I I 

! ~p1verter over ~nalog lines _specially designed for minimum ,~ig~~,·-~istortion. 

r;ite~n channel:~ of controlled output from the computer per:mit real:-time 
c:: I ~ . 

38 



: 

control of an experiment from user software. Control of data acquisition and 
-. . . redu~tion software can be accomplished through the three relilOte tenninals at the 

experiment site or through the mini-computer main console. Experimental 

resul~.s can be stored OD the computer disk or digital tape, can be output 

on ·the printer, can be output to the remote tenninals for immediate inspection, 

or can be transmitted to the graphic display tenninal for plotting~ ·., ':.: 

Several standard software packages have been stored in the DDAS to acquire and 

process data from corrrnonly run experiments including analysis of data from 

fluctuating pressure measurements, gas-chromatograoh measurements of flow-field 

concentrations, and hot-,..,; re anemometry measurements. 

The DDAS syste~ perm.its data acquisition at significantly higher rates than 

were previously possible and dramatically reduces the time for data analysis • 

. • 

I I I , ~ ! •:, \,. •~•• 
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Appendix II 

FORCE AUD MOMENT DATA ... . . 
' .. ,, ... .,_ ..... " '. 

All forces and moments listed in this appendix are presented in coefficient 
"'1 ~-' -~-~ ;;: 

fonn •. ·'Tne· dynamic force used to norma 1 ize the forces is expressed by 
.;1-- ·cr1c.: = '-• .;_ .. , r:s ·:)2 ._. . -; :·_ 

' - . -
._)·:,_· ;.,, ' .:. i ·- . , 

DYNAMIC FORCE-=·½ po:. U= ~r· ( l bf) . 

.. 
w.11~t~:-V= . ,.::', }ree stream ve 1 oci-ty at _1.4.4 inches ( ft/sec) 

-= density (s1ugs/ft3) ,_-i....:.:.f?: -~-- r...1 ' , 

AJ§r9cei~.::·: d"c:teferen~t _length for; non,na.li,zing momen.~ ~oefficients = 0.968 (ft) 

LX = lever ann for pitch moment (in) 

T:. 1:: ::; ~Y: _; ls -~ ~ver_ a~m, for yaw momen:t_J i:n) 
..... j.;. 

Note: Coordinate system is fixed to model 
and rotates about Z-axis. 

SIGN CONVENTION 

40 



,.,,. 

--
~u~ "o. = 

r "'l. ~- r -
' ., 

1 

SI 1\/GLE t1 .. .5L.,OT 'OPE 'II 

OY!IJA1wtlC FORCE= 

,, ' 

. '•~..!I' ... 

A\IGLE OF TILT= 

3.39545 

lNPUTt1~DLTti.GE -'-VAUJES F.OR Ti-iIS RLJIIJ , . 
'I J.,_' ' I ' •, • • "-' 

1/, 
I 
I., 

~ 
•. LY 

-.589000 

= 

.Ol?OOO -,0D2000 ·-~il3000 

6.0617LX = 7.455& 

X FOl:lCE = -1.24201 / 

y F"Ol:lCE= .03670 
~ 

h'lST '40~EIIJT= -.00189 

~~~ .. v/';.', . · ... >I'·~-· 

~OMENT Al BASE ;)I 1TCl'i = -. 65241.6 

I 
~OMENT i1. r BAS£ YA,I -= .. 023711 ,.•-1 •~ .-.:..,..•r•,. 

"'l0A4ElllT AT HI~GE Cl I TCl1 = • 000461 I 
I 

.00439 

~ ~O~E~T AT uPPE~ Su~~ACE ~OTNT PITC~ = 
.. I I I 1,} ,, • I 

~O~~~T AT UPP£~ SU~FACE ~OJ~T YA~= 

41 
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: ' 

",• .. 
&O Afll~L~- :>F w!~) = 0 

.o:nooo 

.07039 

.00232 

. i'. : ~, • ; : i Ci f,; ,~-:-
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/,/(~ /)_ ~ ~~--~ _:.,. DEPARTMF~;{cor I NLI~' I 

h · [/ .ft~ r;C- - (//I 

MA'r ;. ,,384 /;'-~ . ~~· memorandum 
th$ tµ~d uJll, 1 

\~ l/ 
Doug Elliott, DO[/P,-a1·J~wr<:1~ ,---

Identification of Reports under Contract DE-AC03:-ygET20417 with McDonnell Doug
las Astronautics Company 

Norma Del Gaudio, ISE.4 

We are trying to identify and deter111ine the status of reports prepared by l·lDAC 
and their subcontractor at Colorado State University under a follow-on modifi
cation to the contract listed above. I was responsible for management of this 
work in 1978-80, but do not have \-Jith n~e my records from that period, or cories 
of the reports in question. Would you be so kind as to call up and forward to 
me bibliographic data and abstracts on the following four items? I believe that 
the reoorts I am lookinq for are amono them. Once I identify them. I will re
quest copies on aperture card, from which we can make hard copies here. Will 
you also be able to help us get the aperture card copies when that time comes? 

Reports under Contract D~~Q1-?,§JT20417: · 
µ_,JL'~..L 

QQ[/ET/20417--2..,,U~L.,,-<.. Published 3/78 
DOE/ET/20417--3 ~i~-l. Publ~shed 7/78 
DOE/ET/20417--4 . Published 12/80 
DOE/ET/20417--5µ-4~;&µ Published 12/80 

. ~-¾... 
Could you also check the following two reports, 
are inadvertent re-submissions of the first two 

Published 3/78 
Published 7/78 

Submitted 
Submitted 
Submitted 
Submitted 

to see if, as 
above? 

Submitted 
Submitted 

1/24/80 
2/19/81 PC 
2/18/81 PC 
2/18/81 

I suspect, they 

9/4/81 PC 
9/3/81 PC 

I am hoping that it will turn aout that the reports I need to identify are al
ready patent-cleared and at TIC and NTIS. 

Incidentally, you ouoht to get hold of conies of the two EPRI reports listed on 
the enclosed flyer (unfortunately, I have no extras at this time); the first is 
a fairly good summary of the history of our Project through startup, while the 
second is our bibliography of 550+ documents concerning the Project. The info 
requested above is in support of our olanned update to the second volume as of 
the end of the Test & Evaluation phase this sumner. 

,: Mike Lopez, FGS 
\ Mary Soderstrurn, 

~ 

B&McD 

r r.-" . 
\_ ((Jl~ ( \_l r~-

S. D. E1liott:c'Jr~rector, 
DOE Solar One Project Office 
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HELIDST~T FIELD-iRRAY WlNn-TUNNEL TESI. REPORT NO. 
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TLTLfl~JNJl TrlERM~L 5TAbILrTr TESTS OF HEAT TRANSFER FLUIDS FOR TRANSFER 
AijD STCk~GE OF THlRMAL ENERGY 

EJITD~ UR CD~P S-:.HNEIDER, G .. R.; MORGAN, G ... R. 
C~RP•R~fE AUTH RJCKW~LL lNTERNATfONAL CORP., CANOGA PARK, CA (USA). ROCKETDYNE 
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Tii.E C--1.ARitTERlST[CS OF THE WIND LOADS PRODUCED SY AIRFLOW 
PATTERNS EN AND iR• UND CERTAIN ca~FIGURAT[ONS OF MODEL 
HELIOSTAJ CLUSTER~ ARE INVESTLGATED. [LUSTERS FROM A FIELD 
ARRAY OF HELIOSTATS WERE CHOSEN SU THAT REPRESENTATIVE WIND 
FLOW PATTERNS WITHfN TYPICAL ARRA.VS COULD itE SIMULATED. TWO 
COMPACT aND THREE EXTENDED CLUSTERS WERE EXAMINED. IN ADDITION~ 
S3ME JF THE CLUSTE~ CONFI&URAIP• NS WE~E MODIFIED tY PLACING A 
FENCE UPWIND OF THE MODELS. MEASUREMENTS OF FORCE AND MOMENT 
COEFFICIENTS WERE TAKE~ W[TH THE FENCE IN FOUi DIFFERENT 
POS1TION5~ AND DATA ARE COMPARED WITH AND WITHOUT THE FENCE • 
MEASUREMENTS WERE ALSO MADE OF PRESSULE AND OF VELOCITY 
PROFILES~ AND AIRFLOW PATTERNS WE~E VLSUALLY DETERMINED WLTH 
THE USE OF SMOKE. FENCE PRITTECTlON 1S FOUND TO SIGNIFICANTLY 
AFFECT DJ.TA. tLEWl 

•HELLOSlATS--WIND LOAOS;~tR fl• W;FLO~ RA~E;PRESSURE 
M'EP:5URFKEtiT;VENTILATION BflR.RIEltS;wurn TUNNELS 
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RE CE h' fR 1 
A WIND TUNNEL TEST OF THE MDA( HELlOSIAT CONFrGUR~TlON IN A 
SINGLE HFLIOSTAT, CLUSTERED HELIOSTATS AND CLUSTERED HELfDSTATS 
WITH FENCE WAS PERFOR~ED. THE TESTS WERE CONDUCTED AT THE FLULD 
DtNkMlCS lND DIFFUSION LABORATORY OF COLORADO STATE UNIVERSITY 
DURING FE&RUARY AND MARCH 1978. THE PURPOSE OF THE TEST WAS TO 
EKPERlMENIALLY EVALUATE THE AERODYNAMIC LOADINGS ASSOCIATED 
WITH TIHE lfR FLOW PATTERNS WITHIN AND CTVER CLUSTERS OF 
HELLDST~TS SELECTED FRITK BOTH PERLMETER AND INTERIOR LOCATIONS 
OF THE FfELD ARRAY. THE HELIOSTAT MODEL WAS SC~LED ev A FACTOR 
OF 1:22, AND CLUSTER CONFIGURATIO~S RANGED FROM 1 TD 12 
HELIO~TAIS. THE TEST w~s SUCCESSFUL AND DATA TAKEN APPEARS 
CJNSISTENT IN TERMS OF PElK L• AD WITH PREVIOUS DATA OBTAl~ED BY 
M)AC lN THE DOUGLAS A1RCRAFT L•w SPEED TUNNEL. FOR SINGLE 
HELIDSTll PITCHING MOMENTS PEAK AT 30~SUP 0$ ELEVATION ANGLE. 
FJR CLUSTERED HEL[OSTATS THIS VALUE IS us8ALLY LOWER WITH ND 
DlSTlNCT PEAK EVIDENT. EFFECTS OF HAVLNG AN • PENl HALF-CLOSED. 
OR FULLY~CLO~D HELIOSTkT CENTER SLOT APPEAR TO RE SMALL. 
PRESSURE Dt5TRTBOTfONS ON HELLOSTlT SURFACES (FRONT AND BACK) 
AlE REL~TlVELY N•N-UNLF• RMr BJTH • N PLANAR SURFACES AND THE 
S~PPORT POST. A W1ND fENCE ~ITH 33% POROS1TY PROVIDES 
SlGNifTCANT REDUCTION lN THE AERODYhAMt( LOADS WITH PITCHING 
MJMENTS iND D~lG FORCES REDUCED 50% TU ONE ORDER OF MAGNITUDE. 

*HELIOSTATS--WIND LOADS;•RIENTATlON;TESTlNG;VENTILATION 
BlRRIERSiWIND TUNNELS 
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RECETVERJ 
T~E PlOJfCTED COSTS, EUNDING, AND SUPPURTFNG INFORMATION ARE 
REVIE~ED FOR THE aARSTOW SOLAR PILOT PtANT. STEADY ST~TE COSTS, 
FUNDING FOR DESIGN AND DEVELOPMENt. INVESTMENT, lND INfTIAL 
•PfRATlONS ARE PRESENTfD. UNDERLYING PROGRAMMATICS, 
GiOUNDRULES, AND ~SSUMPTJJ~S ARE SUMMkRilED, AND THE COSTING 
APPR • ,cH IS INTRODUCED. THE MAJOR PROG~AM CHARACTERISTICS THAT 
HAVE SEEN USED IN DEFINING THE PILOT PLANT COST ESTIMATES ARE 
PR.ESEN_TED. THE PROGRM1MATIC5 LNCLUDE IHE DEFIN.ITHir-; OF THE 
OVERALL PILOT PLAt-tT PROGR!M RE:QUlREMErHS, A SUMMARY OF- THE 
M~J3R FEATURES OF EACH SUBSYSTEM, THE MAJOR PROGRAM ~lLEST •NES, 
PR OGRAM SCHEDULE ~CTI V.[T !ES, THE MANUFACTURING APPROACH, TEST 
PiOGRlM DEFINITION, AND fDENTLFIC~TION Of MAJOR PROGRAM SUPPORT 
REQUHE!1E\\TS. FDR; EACH ITEM IN THE WOitK BftEAKDOW\I ST!:l.UCTURE, 
T,E SCOPE OF WORK, CQ~T BREAKDOWN. SEMI-ANNUAL FUijD!NG AND 
StHEDULE PLOTS, AND A DESCRIPTION THAT INDICATES THE SASIS OF 
THE COSTING, INC(UDING A BRIEF TECHNICAL DESCRIPTION, ARE 
GIVEN. l LEWI 
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PLANS ARE P~ESENTED FDR INS• LATION TESTING OF A FULL-SCALE TEST 
RECll~ER .PANEL AND SUPPORT[NG HARDWARE hHICH ESSENTIALLY 
DUPLI:ATE BOTH PHYSICALLY A~D FJNCTlONALLY THE DESIGN PLANNED 
FJR T~E 10 MWE PlLOT PLANT. TESTING INCLUDES OPERATION DURING 
NJRMAL START lND SHUTDOWN~ INTERMITTENT CLOUD CO~DITIDNS, AND 
EMfRGENC[ES TO DETERM[NE TKE TRA~STENI AND STEADV STATE 
OPER!\Tl~G CHARACTER'ISTfCS AND PERFORMA..N"CE UNDER CONDITIONS 
EQUAL TO OR EXCEEDING THOSE EXPECTED lN THE PILOT PLANT. THE 
EFFECTS OF VARIATLONS OF INPUT AND CUTPUT CONDITIONS ON 
RECEIVER OPERATION ARE ALSO TO SE fNVESTIGATED. ~ BRIEF 
DESCRIPT[ON CTF THE PILOT PL~NT RECEIVER SUBSYSTEM rs PRESENTED, 
FULLOdED av A DETA.ILED DESCRIPTION. Of THE RECE.IVER ASSEMBLY TO 
BE TESTED AT THE SOLAR THEIMAL TEST FACILITY. MADOR 
SJSASSEMBLIES lRE DESCRIBED, INCLUDING THE RECEIVER PkNEL~ FLOW 
CDNTR• L, ELECTRIClL CDNTRUL AND INSTRUMENTATIUN, AND THE 

-S[RUCTUR~L ASSEMBLY. ~EQUltEMENTS DF JHE SOLAR THERMAL TFST 
-FlCILlTY FOR THE TEST~ ARE GIVEN. SYSTEM SAFETY KEASURES ARE 
DESCRIBED. THE TESTS, OPERATING CONDITIONS, AND EXPECTED 
RESULTS ~RE PRESENTED. QUALlTY ASSURAKCE, TASK 
RESPONSIBILITLES~ AND TEST DOCUMENTATLON ARE ALS• DISCUSSED. 
(LEw) 
*PARST• H SOLAR PILOT PLANT--CEKTRAL iECEIVERS; ~CENTRAL 
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FlClL1TYiCLOUD COVER;CONTROL SYSTEMS;DESIGN;D• CUMENTATI• N; 
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Doug Elliott, DOE/Barstow 

~T('v(Pu- lO/ 
U.S. DEPARTMENT Bt E~GY/ 

memorandum 
~J--v 

suBJEcT Request for 11 Hard Copy 11 of Report DOE/ET /20417-T4, by McDonnell Douglas Astronau
tics Company {_Project File No. STMP0-101) 

rn Norma Del Gaudio, !SEA 

• 

• 

Thank you for running down the list of reports under contract ET20417 I provided 
you with last month. It appears that the report I am looking for is DOE/ET/20417 
-T4. This was initially submitted as /20417-2 in 1980, but - as you discovered -
did not get into the system. We resubmitted it in 1981, but it got tagged with 
a 11 T11 number. I need one copy (only), to put on the shelf in our on-site Library; 
can you get me a reasonably clean copy - one that could be reproduced on the Xerox 
if a 11 browser 11 wanted to make one? 

The Solar One Visitors' Center is holding an open house with tours of the Plant 
and lots of local media coverage Saturday, July 21. If anyone from !SEA (or SAN 
in general) is interested (and doesn't mind dry heatl) we'd be happy to see you. 
Ca 11 me or Pat Tong-Snyder ( ( 619) 254-2810):, the VM rector, fordeta i1 s. 

'-LL O '1 <._ ' 

cc: Mike Lopez, FGS 
Mary Soderstrum, B&McD 

S. D. Elliot , Jr., Director, 
DOE Solar One Project Office 
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QEPARTMEN SAN FRANCI T OF ENERGY 
ENERGY INFOSRC~ OPERATIONS 

1333 TION CENTER 
OAK BROADWAY 

LAND, CALIFORNIA 94612 

W~ are pleased to make 
this material available 


