02 VA A
Ay & "

DOE/NASA CR-150572

DOE/NASA CONTRACTOR REPORT mg-‘m

THE SOLARON (AIR) SOLAR COLLECTOR

Prepared by

Wyle Laboratories
Solar Energy Systems Division
Huntsville, Alabama 35805

Under subcontract with IBM Federal Systems Division, Huntsville, Alabama
Contract NAS8-32036

National Aeronautics and Space Administration
George C. Marshall Space Flight Center, Alabama 35812

For the U. S. Deparment of Energy

¥ Solar Energy




DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



NOTICE

This report was prepared to document work sponsored by the
United States Government. Neither the United States nor its
agents the United States Department of Energy, the United
States National Aeronautics and Space Administration, nor any
federal employees, nor any of their contractors, subcontractors
or their employees, make any warranty, express or implied, or
assume any legal liability or responsibility for the accuracy,
completeness, or usefulness of any informatiom, apparatus,
product or process disclosed, or represent that its use would
not infringe privately owned rights.




TECHNMNICAL REPORT STANDARD TITLE PAGHT

1. REFCAT NO.

DOT./NASA CR-150572

2. GOVERNMENT ACCESSION NO.

3. RECIPIENT’S CATALOG NO.

4, TITLE AND SUBTITLE

i Indnor Test for Thermal Performance Evaluation of the
i Sclaron (Air) Solar Collector

S. REPORT DATE
January 1978

6. PERFORMING ORGANIZATION CUDE

7. AUTHOR(S)

8. PERFORMING ORGANIZATION REPORT #

WYLE-TR-531-16

'x 9. PZRFORMING ORGANIZATION NAME AND ADDRESS
i  Wyle Laboratories
Solar Energy Systems Division
ITuntsville, Alabama 35805

10. WORK UNIT NO.

11. CONTRACT OR GRANT NO.
NAS8-32036

:’12. TPONSORING AGENCY NAME AND ADDRESS

National Aeronautics and Space Administration
Washington, D. C. 20546

13. TYPE OF REPORV & PERIOD COVERED

Contractor Report

14, SPONSORING AGENCY CODE

15. SUPPLEMENTARY NOTES

AT G i AL

Marshall Space Flight Center, Alabama.

This work was done under the technical management of Mr. Charles N Thomas) of the

6. FDBSTRACT

A ue s e a ek

This report describes the test procedure used and the results obtained from an evalua-

‘ tion test program, conducted to obtain thermal performance data on a Solaron double glazed air

E solar collector under simulated conditions.
: Flight Center Solar Simulator.

conducted to determine the transient effect and the incident angle eﬁect on the collector.
. results and the results of the collector load test are also discussed. :

These tests were made using the Marshall Space
A time constant test and incident angle modifier test were also

These

The Solaron collector absorber plate is made of 24-gage steel, the coating is baked-on
black paint, the cover consists of two sheets of 1/8-inch low-iron tempered glass, and the

| insulation is one thickness of 3 5/8-inch fiberglass batting.

17. VEY WORDS

a3z W A

18, DISTRIBUTION STATEMENT

Unclassified-Unlimited

| tpiaisy Trpuilshat <7

v

« 7| WILLIAM A, BROOKSBANK, JR. /
' Manager, Solar Heating and Cooling Project Ofc

20: SECURITY CLASSIF, (of this page)
Unclassified

19. SECURITY CLASSIF, (of this repart)
i Unclassified

P e

UC-59¢

21. NO. OF PAGES } 22, PRICE

33 NTIS

l
i

rsvr Form 3202 (May 1969)

For sale by National Technical Information Service, S

pringfield, Virginia 221 51



THIS PAGE
WAS INTENTIONALLY
LEFT BLANK



TABLE OF CONTENTS

[

This report was an:‘::“:m ’ P a e' _N" '9 ..' N
. Lp;xl\::re:u:);'m:ol;ln::: fjl::(esdcgvemmcm Neither the '
1. 0 ] PURPO SE Energy, nor any of their er:ploy::;esnge:xrzzrn&ne?rr ' 1
E:;’II:'BT:"'Y express or lm:lrul:azr m:xmle: nn;Te';: | . ’
2.0 : REFERENCES | o responsbity for he sur ] 1
- process disclosed, or represents that its use fvr::l:un::
{ infringe privately owned rights, ‘
3.0 MANUFACTURER —— o -1
3.1 Description of Test Specimén e o 1
4.0 . . SUMMARY ' : o , 1
5.0 . TEST CONDITIONS AND TEST EQUIPMENT 2
5.1 Ambient Conditions 2
5.2 Instrumentation and Equlpment 2
5.3 Data Systems 3.
6.0 ) REQUIREMENTS PROCEDURES AND RESULTS 4
6.1, Collector Stagnation Test: 4
6.2 Collector Thermal Efficiency Test 5
6.3 Collector Time Constant Test 7
6.4 Collector Incident Angle Modifier
- Test 9
6.5 Collector Load Test o 10
7.0 ~ ANALYSIS ' 11
7.1 Thermal Performance Test o 11
7.2 Time Constant Test : 14.
7.3 Incident Angle Modifier Test 16
TABLE 1 SOLARON AT SIMULATOR 17
TABLE II STAGNATION TEST DATA, SOLARON SOLAR »
COLLECTOR ' - ‘ .18
TABLE III THERMAL PERFORMANCE TEST DATA, 38 SCFM 19
TABLE IV THERMAL PERFORMANCE TEST DATA, 95 SCFM 20
TABLE V INCIDENT ANGLE MODIFIER TEST DATA 21
TABLE VI SERVICE LOAD STEPS AND TEST RESULTS 22
Figure "1 Instrumentation Locations for Solaron

Air Collector Test 23

J

iii SESTLEAARE OF THIS Do JMENTISUNLEHTEnxlr

1
A
‘H
;Q
]
=]
‘W
&
o
]
=
L o
b
’o



Figure

Figure

Figure -

Figure

Figure

Figure

TABLE OF CONTENTS (Continued)

Solaron Collector Indoor Thérmal
Performance Test

Soiaron Collector Pressure Drop Test

Solaron Collector Time Constant Test

,Incldent Angle Modlfler for Solaron
“Collector .

Inc1dent Angle Modifier for Solaron ;

Collector

Test Setup for Static Loads

L iv

'Page No.

24
25
26

27

28
29




2.2

2.3

3.0

3.1

'SUMMARY

’PURPOSE

The purpose of this report is to present the test proce-
dures used and the test results obtained during an evalu-
ation test program. The test program was conducted to
obtain thermal performance data on a Solaron double glazed

.air solar collector under simulated conditions. The tests

were conducted utlllzlng the Marshall Space Flight Center
Solar ‘Simulator in accordance with the test requirements
specified in Reference 2.1 and the procedures contalned 1n

‘Reference 2.2,

'REFERENCES
ASHRAE-93-77 | Method of Testlng to Determine the

" -Thermal Performance of Solar Collectors
- MTCP-DC-SHAC-419 Test Procedure For The Performance

Evaluation of Air Collectors under’
Simulated Conditions

MTCP-FA-SHAC-400 Procedure for Operation of the MSFE-
SR e Solar Simulator Facility .

MANUFACTURER A | SR

Solaron Corporation

‘Stapleton Field Industrial Park

4850 Olive Street
Commerce City, Colorado 80022

DESCRIPTION OF TEST SPECIMEN:

The Solaron Collector, Model 2001, is an air type}'dOuble
glazed, flat plate. The gross collector area is 19.00
square feet (35.25" x 77.625") with an aperture area of
16.91 square feet (32.625" x 74. 625"). The approximate
weight of each collector is 160 pounds. :

This. test program was conducted tolevaluéte'the thermalA

performance of a Solaron air collector under simulated.

_conditions. The test conditions and the data obtained

during the tests conducted on the simulator are listed

in Table II for stagnation test and Tables III and IV for
thermal performance. test. A graphlc presentation of the
data obtained is also presented in Figure 2. In addition,
a time constant test and incident angle modifier test
were conducted to determine the transient effect and the
incident angle effect on the collector. The results of
these tests are presented in Figures 4 through 6 and
Table V. Results of the collector load test are listed
in Table VI.




5.0 TEST. CONDITIONS AND TEST EQUIPMENT

5.1 . Ambient Conditions

Unless otherwise specified herein, all tests will be
pérformed at ambient conditions existing in Building
4619 at the tlme of the tests and listed 1n Tables II
through V. ‘

5.2 'i Instrumentation and Equipment

All test equipment and 1nstrumentatlon used in the per-
formance of this test program comply with the require- . -
ments of MSFC-MMI-5300.4C, Metrology and Calibration.
" Table I .contains instrumentation identification and
data acquisition connection data. Instrumentation loca-
. tions on the test loop and collector are depicted in
Figure 1. A listing of the equipment used in each teést

‘follows. '
Apparatus ' Manufacturer/Model . Range/Accuracy
Platinum Resisténce Supplied by Collector 0-300°F = O.’°f
Thermometer : Manufacturer
Pyranometer = VEppley - PSP : 0-800 BTU/Ft2 Hr
T A , i 3% .
Air Loop o MSFC Supplied . N/A
Thermopile Medtherm 0-20°F/+ .05°F
Directional Anemometer MSFC Supplied | ' ~ 0 - 30 MPH
Flow.Measureﬁent Air Filter Testing 35 -.130 CFM
Nozzle ‘ L Labs, 1,59" dia. - ' s
Platinum Resistance ~ Hy-Cal : ~ -0-300°F + 0. 5°
Thermometer A '
Strip Chart Recorder '  Mosley 680 | .5-500 MV + 2%
Floor Fan N MSFC Supplied - N/A
Solar Simulator MSFC Supplied -~ See SBHC 3006
Inclined Manometer MSFC Supplied 0-4" H;0 + .01"
Differential Pressure~ AMETEK/52D0010AML 10-10 in. H0 + 0 5%
Transducer ' :




TEST CONDITIONS AND TEST EQUIPMENT (Continued)

Data Systems

Test ‘data obtained during 81mulator tests will be trans-
mltted from MSFC Building 4619 (test site) “through pri-
mary data acquisition system #3 to the real time. data
link ‘and the DDP-224 computer located in Building 4646.
A separate data link between Building 4646. and 4619 pro-
vides for printout of real time data. at.the test site.

"A listing of all instrumentation by functlon, type and

correspondlng data recording system is 1nd1cated in



6.0
6.1
6.1.1

REQUIREMENTS, PROCEDURES AND RESULTS

Collector Stagnation Test

Test. Requlrement

UtlllZlng the MSFC Solar Simulator, the stagnatlon tests
shall be conducted at a collector tilt angle of 45 degrees
from the. horizontal. The collector panel shall be irradi-
ated by the insolation rates of 275, 300 -and 325 BTU/Hr°*Ft
normal to the collector. The following data shall be re-
corded durlng the test at each test condltlon.<<

1. Insolatlon rate (BTU/Hr Ft2)
2. Amblent temperature (°F) A
3. Absorber surface temperature_- 5 locations (°F)

Test. Procedure

1. “Mount test specimen on test table at a 45° ‘angle with
- regpect to the floor.

.2. Connect 1nstrumentatlon leads to data acqulsltlon

system.
3.'jAssure that data acquisition system is operatiohal.
4. Close‘air supply valve. - .

5. Power up 91mulator and establlsh the requlred solar
.tlux level, :

6. Monltor data until the surface temperatures reach .
' steady state.

7. Data shall be recorded tuntlnuously durlng the test.

8. Repeat above steps as necessary to complete all the
' required test cunditions.

9. EUpon completlon of testlng, power down SLmulator -and
alr ‘100p. :

10. Inform data control group that sxmulator operatlon has

terminated.

‘Results

The results obtalned durlng these tests are contained in.
Table II .

2
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6.0

6.2

6.2.1

68

2.2

} U\

REQUIREMENTS AND PROCEDURES (Continued)

Collector Thermal Efficiency Test .

Test Requlrements

'Thermal performance evaluatlon data shall be obtained at

inlet temperatures of 0, 25, 50, and 100°F above ambient
temperature at air flow rates of 38 aBd 95 SCFM at inso-
lation rates of 240 and 300 BTU/Hr°'Ft* and a wind speed
of 7.5 mph., The following data shall be recorded during
the test .at each test condition. . .

1. Amblent temperature.

2. Collector lnlet air temperature.

3. -Collector outlet alr'temperature.

4. ACollector differential temperature.

5. Differential pressure across collector.

6. Air flow rate.

7.. 'Insclation rate.
8.  Wind speed.’ o

Test Procedure

1. Mount test specimen on test table at a 45° angle w1th

‘*  respect to the floor.

|
r

2. :Assure that 51mulator lamp array is" adjusted to an
ingle of 45° Wlth respect to the' floor.

By

3. -Align the test table so that the test spec1men s .

! vertical' centerline coincides with the vertical cen-
terline of the lamp array and the distance from the
‘top.of the test specimen to the lens plane of the
'lamp array is 9 feet.

4.’,Insulate all ducts.
5. Assure that data acquisition system is operational.

6. Start air flow loop and establish a flow rate of
38 -SCFM.

7. Establlsh the wind speed of 7.5 mph .

8. Power up sxmulator and establlsh a. solar flux level

of 240 BTU/Ft2-Hr.



6.0 REQUIREMENTS AND PROCEDURES _(Continued).

6.2 : Collector Thermal Eff1c1enqy Test (Contlnued)
6;2.2_ : Test Procedure (Contlnued)
»;'9. '”Determlne the ambient air temperature.
lO.‘AAdJust the inlet temperature of the collector +to
_ W}the ambient alr temperature value.
'“ll; After steady state condltlons have been establlshed,
» " record data for a minimum of flve mlnutes...
12. ; Repeat steps 8, 9, 10, and. ll, changlng the flux
-level and air inlet temperature as necessary until
data has been obtained for each test condition spe01—
,'fled in Paragraph 6.2.1. ‘ .
' 13. 'Repeat steps 7, 8, 9, '10, 11, and 12 with flow rate
of 95 SCFM. R 4 ‘
14, fUpon completlon of testlng, power down simulator
~and llquld loop. :
15;"AInform data control group that 51mulator operatlon
: has termlnated. .
6.2.3 ,14Test Results

The results obtalned durlng these tests are contalned in
Fiqure 2 and Tables III and IV for thermal performance
data and Figure 3 for pressure drop data.

A i faad g o
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6.0
6.3
6.3.1

T

REQUIREMENTS AND PROCEDURES (Contlnued)

Collector Time Constant Test

Test Requ1rements

In accordance with ASHRAE 93-77, the time constant test shall
be conducted by abruptly reducing the flux level to zero.
Inlet temperature shall be kept to within t+ 2°F of ambi-=

ent, wlth an air flow rate of 38 SCFM. 'he differ-.

ential temperature across the collector shall be recorded

to determine the time required to reach the condition of

Te - Ti
— = .368
Teini “‘ T ‘
where-
Te = Outlet tehperature
Tesni = Initial outlet temperature -
= Inlet temperature

The following data shall be recorded during the test:

Absorber surface temperature - 4 locations.

Anbient temperature.

Collector inlet temperature.

Collector outlet temperature.

Collector differential temperature.

Differential pressure across collector.

Air flow rate.

@ N U s W N
.

‘InSQlation rate.

Test‘Prdcedure

1. Mount the collector on test table at 45° from the hori-
zontal and assure that solar simulator surface is
parallel to the collector surface.

2. Assure that data acquisition system is operational.

3. Adjust the air flow rate to 38 SCFM.

4. Adjust the air inlet temperatuze to'within £ 2°F
- of ambient.




Ay s e s o s

6.0
" 6.3.2

P U,

'REQUIREMENTS, PROCEDURES AND RESULTS (Contlnued)

Test Procedure (Contlnued)

‘ 5."

6.

7.

- 10.

- 6.3.3

. The results obtained during this'test<are shown in Figure 4.

11.

"Adjust the flux level to 250 BTU/th-Hr.

~‘Monitor the dlfferentlal temperature across the N
collector." : :

hAllow the system to stablllze at above condltlons for
- at least 5 mlnutes. - : :

.Turn off the solar 51mulator.

Monltor the dlfferentlal temperature until the ratio

of Te - Ti
- Tesni - T

is less than'r30.

:Upon completlon of testlng, power down 51mulator and

a1r loop. -

Inform data control group that s1mulator operatlon has‘
‘termlnated : : o

Test Results




6.0
6.4
6.4.1

‘REQUIREMLNTS PROCEDURES AND RESULTS (Contlnued)

Collector Incident Angle Modifier Test

Test Requlrement

. The collector incident angle ‘modifier test shall be con-
" ~ducted at. north-south radiation incident angle of 45 degrees.
~ The east-west radiation incident angles shall be 30, 40, 50

and 60 degrees. The air flow rate shall ‘be 38 SCFM with

- inlet temperature controlled to within +. 2°F of ambient

at the insolation. rate of 250 BTU/Ft2 Hr and 0 mph wind.

. .The following data shall Le recorded durlng the test at each
- test condltlon.

1

1. Ambient temperature.

2. Collector 1nlet air temoerature. ‘

3. ,Collector outlet air temperature.

4. 'qulecter differential temperature;t‘
5. Air flow rate.

6. Iusolation rate.

Test Procedure

1. vMount the collector on the test table at 1nc1dent

angle of 30°.
2. Adjust the air flow rate to 38 SCfM;
3; Adiust the soiar simulator flux'level'to 250 BTU/Hr'FtZ.
4. Adjust the inlet temperature,te ambient + 2°F. |
5. Measure the flux levei at 9Aleeations on tﬁe'test élane.
6. Reeerd data for 5 minute stabiiized period. |

7. Reéeat above steps for ihcident angles of 409 50° and 60°.

8. Upon completion of testing, power down simulator and

- liquid loop.

9. 'Inform data control group that SLmulator operation has
terminated.

Test Results

Data obtained from this test program were analyzed according
to ASHRAE 93-77 and reported in Table v and graphic format
in Flgures 5 and 6. . :



6.0
6.5
6.5.1

6.5.2

6.5

.3

TEST REQUIREMENTS, PROCEDURES AND RESULTS (Continued)

Collector Load Test

Test Requlrements

One solar collector shall be subjected to load testlng.

- The Spec1f1ed ‘load requirements are listed in Table VI.

The collector shall be mounted as indicated in Figure7
but oriented such that the glazing is horizontal.  Uni---
form loads shall be applied by means of a transparent o
flexible diaphragm which can be covered with ‘a uniform
layer of transparent liquid of varying depths to obtaln
the de51red load varlatlons. : :

- Test Procedure

-1, 'Mount the collector in the hdrizontal*nlane;:'

2. Place the load frame with liner over the collector.

3. Fill the load frame liner w1tn Water to a level corres-
ponding to the Step 1 load of Table VI and 1et stand
,for flve minutes. . .

4. Drain and remove the load frame.

5. Flush the collector exposed surface with water and ' ¢’

’inspect for leaks.

6. If the collector leaked or was damaged ‘due to the load,
record and 1ndlcate what the load level is.

7. If the collector does not leak and is not damaged,

‘record the load level and repeat steps 3 through 5
for the next load level.

Test Results

" The results of this test are tabulated in Table. VI..




ANALYsIs

Thermal Performance Test

The ana1y51s of data contained in thlS report- is in
accordance with the National Bureau of Standards recom-

"mended approach This approach is outllned below.

The eff1c1ency of a collector is stated as:

% = /A m Cif (Tf,e" Tf,l)
A (1)
N : I
where: ;
q, = rate of useful energy extracted: from the
Solar Collector (BTU/Hr) :
A ._s . Gross collector area (th)
I ; =. Total’ solar energy incident upon the plant of .

'".the solar collestor per unit time per unit.
area (BTU/Hr-Ft*“) :

‘m % iMass flow rate of theltransfer fluid through
- ~the col}ector per unit area of the collector
A(me/Ft *Hr) :
Ces = Spe01f1c heat of the transfer fluid (BTU/Lb~°F)
- Tf,e _%_ Temperature of the transfer fluld leav1ng the

collector (°F)

Tf,i ‘= . Temperature of the transfer fluid.: enterlng the
" ..collector (°F)

Rewrltlng Equation (1) in terms of the total collector

. area yleld.

n = (mA)th' (Tf,e - Tf,l)=' M Cypg (Tf,e - Tg, ;)‘(2)
- (IA) | _ T

Notice ‘that:
P; = IA = Total Power Incident on the Collector.

mA M= Total Mass Flow Rate through the Collector.

1

Therefore M th(Tf e -~ Tf i) = Total Power Collected by
the Collector. : .

11
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ANALYSIS (Continued)

Thermal Performance Test (Continued)

‘Substitution in Equation (2) results in: .

"3 = Pabs - o i '~
- Pinc C (3)
- where: . '
 Pabs = Total collected power
. "Pinc = Total incident power7‘

‘This value of efficiency is expressed as a percentage by

multipbying by 100. This expression for percent efficicney
Pabs

Collector Efficiency = 57-=

x 100 . (4)
or from Equation (2), collector efficiency is defined by
the equation: - : :

. M Cgf (T ~Te &) , 3
.4 Eff. = - f,e ‘ f£,i7 4 100 - o (5)

Each térm'in-Equation (5) was measured and recorded inde-

" pendently during the test. The calculated values of

efficiency were determined at sixty-second intervals.
The mean value of efficiency was determined over a five-
minute period during which the test conditions remained

.in a quasi-steady state. Each five-minute period con-

stitutes one "data point" as is graphically depicted on
a plot of percent efficiency versus T

.('(Ti - Ta)/I )
where: -

‘Ti: = Air inlet temperature (°F)

Ty = ‘Ambient temperature (?F)

I = Incident flux per unit aréaA(BTU/Hr~Ft2)A
The abscissa term,s(Ti -7 )A/I) was used to normalize the
effect of operating at different values of I, T; and T4.

The results are found in Figure 2..

The result of second order polyﬁomial.analysis is shown
in Figure 2. The second order polynomial to best A

describe the test results 1is: .
.: Efficiency = ab + a;7{+ aZTZ

N

12




ANALYSIS (Continued)

" Thermal Performance Test (Continued)

'whereff;
K?;1f

 and the; coefficients are determined to be:

-7 I

38

apg '
a

low Rate (SCFM)

0.458

-0.738
-0.301

95

- 0.562
-0.842
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_ANALYsis (Continued)

lTlme Constant Test

Two methods are proposed by ASHRAE 93-77- for conductlng

~a time. constant test. However, due to facility limita-
. ‘tions, only the first method could be used. Thls method

consisted of shutting down the simulator and maintaining
a constant flow rate and inlet- temperature while obtalnlng

‘;data.ag

i Accordlng to the deflnltlon of tlme constant glven in 93-
" .77, it is the time required for the ratio of the differen-

tial temperature at time 7" to the initial differential

. temperature to reach .368. It can be expressed as:

- Te,e,r ~ Tf,i

: _ .= .368 . oy
* Tf,e,ini - ?f,i ' o o '

~If the inlet air temperature. cannot be controlled to equal

the amblent air temperature, then the followxng equatlon
must. be used

'. 'FU .(T i o= Ta) + A (Tf & ' ."'T ‘i) <
TR L £,i a _ f,e,rf £,i - .368 (2)

L= : — S — -
o FRUL (Tg,i =~ Ta) + ‘XE (Tf,e,ini - T£,i)

where:

*a‘Tf’é't, = Dxit air temperatureiat time, 7"

'ITf,i' Inlet air temperature
'j Tf,e,ini = Initial exit -airx temperature
“h = Air mass floﬁ'rateA= 171 Lb/Hr -
':Cp-. . = Specific heat of air}¢ .24 BTU/Lb'°F
A = Collaotorparea é,iSthz '

_:'PRUL = Negative of the slope determined from
o , the thermal eff101ency curve :

Durlng the time c¢onstant test _the 1nlet air temperature
cannot be controlled to w1th1n + 2°F of ambient air temp-
erature; hence equation (2) must be used for evaluation.
From the performance curve, it is found that FRUL = .86.
Equatlon (2) becomes

.86(84.9-77.8)+ 2.16 (Tf e - 84.9)
786 (84.9-77.8) + 2.16 (32)

= .368

14




ANALYSIS (Continued)

Time Constant Test (Continued)

'or_*‘x

' Tfle'? - Tf,i
- Tf£,i

A - = .312
Tf,e,1n1 :

From Figure 4 the time coustant was determlned to be 7

"minutes and 54 seconds.

15 |



,ANALYéiS (Cbhtinued)

Incident Angle Modifier Test

' Twefhethods are proposed by ASHRAEN93-77:for incident

angle modifier tests. . For the MSFC Solar Simulator -
Facility, only method 1 (tlltlng the ' collector) is

‘applicable. The collector was adjusted so that the .

incident radiation angles were 30°, 40°, 50° and 60°

'to the normal of the collector surface.-

'Accordlng to 93-77, the 1nc1dent angle modlfler is ‘de-. ;”

C flned as

.quz— s - ) B ‘LA‘.“'}~r (1)
: Fr{zq)n : L

'where 71 = eff1c1ency at tllted angle.

FRkiz—) n= Intercept of efficiency curve at
normal incident angle = .46

For’equatlon (l) to be appllcable, the inlet air tempera-
ture must be controlled to within & 2°F of the ambient
air temperature. In cases where the inlet air tempera-
ture .cannot be controlled to within & 2°F, the following
equation must be used to evaluate the 1nc1dent angle -

_modlfler. .
Koz = 2t + FRUL, I ST - (2)
FR@T?)n- ' '
where:ﬂﬂ

FRU is the negatlve of the slope determlned from the
thermal ‘efficiency curve.

Table V. shows that the inlet air tempcratures were notAall
within £ 2°F of ambient air temperature.l Hence, equation
(2) was. used for evaluation. S '

. , Te, i - Ta
; Ka?z = .+ .86 I

The results of this computation are shown on Table VvV and’
plotted against incident angle in Flgure 5 and’ plotted

against -1 - 1in Flgure 6.
COS gj

16
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SOLARON AT SIMULATOR

TABLE I

.Mean
: NO .

?L0L

7102

TL03
T104
T105
T106
T107.
1009

FOOL
0oL
~008

TDL0O

Test

Simulatd;.
- "
L1}
n

‘Colli

. internalrllf
T 4 A -" 2
" " 3.
" g
" " 5
Coll. Inlet .
Coll. Outlet
Amb .
Coll. Inlet
Solai Flux a

Location

‘Nozzle Temp,

Across

Collector

Elect. !

Mach

Tulil
Range - Scale Range S/N
0 -20. c 20 MV~ =50 = 400° . MEg.
" " 60 - 250 35
" " 60 - 250 85
0 - 20 20 MV 40 = 100 100
0 -5 5 VDC 35 = 130
: ACFM’
0 -20 - 20MV. 0 - 743 14134F3
L BTU/Hr. .
0 -20 ° 20 MV - 60 = 250° 50
7O BE RECORDED ON STRIP CHART . . . . . .

‘Mfg.

M/N

.RTS=4175-100 "

RTS=-4135-100

RTS-4135-100

RTS-4135-100

"Air Filter

" PSP,

 RTS-4135-100




- DABLE II.

" STAGNATION TEST DATA .

. SOLARON SOLAR COLLECTOR -

Solar Flux‘,BTU/Qr¢Fggf,"

275

300 .

325 |

-

'Ambient,mehp. éﬁi:

178.5

Absorbe:

Temp. North - °F

305

329

. 345

Absorber

-Temp;ﬁE§St °F.

276

299

314 |

'Absorbe;

Temp.;anter  °F

289

312

328 |

Absorber

Temp. West °F

303,

329

346 |

Absorber

Temp. South : °F .°

254

275

291.| .

vAvérage<Absorbe:+Temé;} oF .

285

309

L 325

18
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TABLE

III

THERMAL PERFORMANCE TEST DATA

38 SCFM

- | Ambient °F 79.4 | 00.7 | 80.6 |s1.6 |80.7 | 806 |s0.2 | 81l
Tin °F 84.5 | 86.1 104.4 104.1 [127.2 127.2‘ 174.5 |175.0

Tout ' °F 135.5 |146.1 |148.7 157.9 [161.3 [170.2 [191.5 [198.2

4T °F 51.0 | 60.0 | 44.3 |53.8 |33.8 43.0 | 17.0 | 23.2

Solar Flux BTU/Hr-Ft2 |244.4 |295.4 |244.4 095.4 pa4.4 295.4 4.4 |295.4
Flow Rate ‘SCFM | 38 | 38 38 38 .| 38 38 '§8 38
|Wind speed mem 7.5 | 7.5 | 7.5 [7.5 |75 7.5 |7.5 | 7.5

Efficiency $ 45.1 | 43.9 | 39.2 | 39.4 [29.9 |31.4 |15.0 |17.0
(T?°Ta?/I°F'H?'Ft?/BTU 0.021 l0.018 0.097 0.076 0;191 0.158 |0.386 | 0.3
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TABLE IV -

95 SCFM .-

*  THERMAL PERFORMANCE TEST DATA -

Ambient °F . o

70.9

72.6

f!74ii};

-73.6

76,2

771

7829

79027 |

79.0

78.4-0

Tin °F

M73.lv

- BG.5

97.2

97.3:|

124.8.

"124.8

151.6

151.8

172.8

173.5

| Tout

cF'

.161;9:

11¢.0"

120.2

140.7

147.0

166.2

170.2

180.9

l184.1

4dT °F

23.8

29.5

23.0

26.8

115.9

22.2

 14.6]

18.4

8.1

10.6

'Solar Flux BTU}Hr-th

244.4

235.4

' 245.4

296.0

243.0

295.0

-254.0

294.0]

143.0

291.0

Flow Rate .SCEM - . .

95

95

95

95 .

95

. 95

95

95

Wind Speed MPH

7.5

7.5

7.5

7.5

:Effiéiency L 30

- 52.6 | .

50.6

48.9

'35.3

.40°6’

31.0 |

33.8

18.0 -

19.7

| (Ti-Ta) /I°F *Hr-Ft2/BTU

0.029

0.094"

0.080

0,200

0.162°

.0.286.

0.247

0.386

-10.328

T et

. = s e
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TABLE V

INCIDENT ANGLE MODIFIER TEST DATA

1

i

H
A

40

50}

~Ihéidént;Ah§leLDégr¢e'
[AmSient  “oF | ”’-74;5 C78.5 | 73.51475.5
iTin, °F 79.6 | 81.7 | 78.6 | 80.2
Tout °F 124.7 |116.9 |110.0 [L03.2
4T °F 45.1 | 39.0 | 31.5 |23.0°
Solar Flux BTU/Hr-Ft2 | 224 | 194 | 161 | 123
Flow Rate §sCFM 38 | . 38 3§ 1 38
ﬁind Speed MPH
Efficiency % 43.5 .| 43.4| 42.2 |40.4
_§g§§d?nt Angle Modifier|o.988 ‘0.973 0.913

0.974




TABLE VI

SERVICE LOAD STEPS AND TEST RESULTS

'Step No. Loaa'(Lb/Etz)‘ Pass/Fail Comments
1 © 10 ~ Pass See Note 1.
2 20 S ‘ " Pass
3 ST I " Ppass
4 50 | pass
5 80 | - Pass
6 120 : , Pass .
Tested By - Date
Note 1: ~The constructlon of the Solaron air collector permlts

‘water to leak around the glass gasket onto the absorber
plate-under no load conditions. Drain holes are pro- -
vided to drain this water out at top and bottom of .

collector. There is a seal between the -absorber plate,f
and the air passages and insulation. This seal did not

leak under any of the load conditions above. The seal+
between the two glass cover plates did develop minor’
leaks at two of the corners but this was judged to be

due to the cycling of the load during the test and not

likely to occur durlng normal usage.

22
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Figure 1. Inptrumentation Locations forASola:onLAir~Collector Test
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B 44

iCollector Efficiency $

80

60

40

20

~ O Test Data, 95 SCFM

i ‘Second Order Curve Fitting} 95 SCFM.
[0 Test Data, 38 SCFM o

L | | | —— . Second Order Curve Fitting, 38 SCFM

. ) l Al | ) I 3 l - | ;'
0 0.1 o 0.2 : 0.3 0.4
| - Ti-Ta -« °F-Hr-Ft2
. I . BTU
FIGURE 2. éblaron'Collectdr'Indbor Thermal Performance Test:
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Solaron Collector Pressure Drop Test

Figure 3.
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Incident Angle Modifier R T

1.0

0.8

0.6

0.4

[0}
O
0

Incideﬁt Aﬁgle, degrees
Figure 5.:iIncident Angle Modifier for Solaron Coilector
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Incident Angle Modifier"for Solaron Collector.

Figure 6.
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llAll

/—---!-- 2 x 12 (Typ.) Load Frame

%)

¢
-
\

For Required Loading

Fill To Proper level , ‘i
L
i

TR L.-,-'_-".-;’:.'.-f.:'.;.;_l?;li.? e e T e e e e O e
gl i@ﬂm%:“mmw_y

\--“—— 2 x 6 (Typ.) Mounting Frame

FIGURE 7.

Test Setup for Static Loads.
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