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i,

1.0

3.1

PURPOSE

The purpose of thiz report is to present the test pro-
cedures used 2i:d the test results obtained during an
evaluation test program. The test program was conduct-
ed to obtain thermal performance data on a Life Sciences

- double glazed air solar collector under simulated condi-

tions. The tests were conducted -utilizing the Marshall
Space Flight Center Solar Simulator in accordance with
the test requirements speclfied in Reference 2. l and
the procedunres contained in Reference 2.2.

REFERENCES

ASHRAE~93-77 HMethod of Testing to Determine the
' Thermal Performance of ‘Solar Collectors

MICP-DC--SHAC-419  Test Procedure for the Performance

Evaluation of Bir Collectors under
Similated anditions

HPCP—-FA-~SHAC-400 Procedure for Operation of the MSFC
Solar Simulator Facility

MBNUF ACTURER

Life Sciences Engineering
Route 1, Dox 746
Morrison, Colorado B0465

DESCRIPTION OF TEST SPECIMEN

'he Life Sciences collector, Model Solar II, is an air
type, double glazed (Tedlar for outside glazing and
tempered glass for inner glazing), flat plate. The gross
collector area is 32 square feet (4' x 8') with an aper-
ture area of 30.9 sguare feet (46.75" x 95.125"). The
absorber plate is coated withh 3M Nextel Black.

SUMMARY

This test program was conducted to evaluate the thermal

performance of a Life Sciences air collector under simu-
lated conditions. The test conditions. and the data ob-
tained during the tests conducted on the Simulator are
listed in Table II for stagnation test and Tables IIIX

and IV for thermal performance test, A graphic presenta-
tion 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 ¢f these tests are presented in Figuires 4
throngh 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 specifie=d herein, all tests will be -
performed at amblient conditions existing in Building
4619 at the time of the tests and listed in Tables II

through V,

5.2 Instrumentation and Equipment

All test equipment and instrumentation 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-~

- tiors on ‘the test loop and collector are depicted in
Figure 1, A listing of the equipment used in each test

follows.

AEEaratus-

Platinum Resistance
Thermometex

Pyranometer

Air Loop
Thermopile
Directional Aremometer

© Flow Measurement
Nozzle

Platinum Resistance
- Thermomater

Strip Chart Recorder
Flobr Fan

Solar Simulatof
Inclined Manometer

pDifferentlial Pregsure
- Transducer )

Manufacturer/Model

Suppiied by Collector

Manufacturer

Eppley - PSP

MSFC Supplied
Medtherm

MSFC Supplied

Air Filter Testing

Hy-Cal

Mosley 680

MSFC Supplied

MSFC Supplied
MSFC Supplied

AMETEK/S52D0010AML

Range/Accuracy -

0~300°F % 0.5°F
0-800 BTU/Ft2-Hr
+ 3%

N/A

0-20°F/+ .05°F

0 - 30 MPH

35 - 130 CFM

0-300°F + 0.5°F

5~500 MV + 2%

N/A

See SHC 3006

0-4" Hy0 + .01"

0~10 in. H,0 & 0.5%

— AGE I8
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TEST CONDIMFONS AND TEST EQUIPMENT (Continued)

Data Systeins

Test data obtained during simulator tests will be trans-
mitted from MSFC Building 4619 (test site) through pri-
mary data acguisition system #3 to the real time data

. link and the NDDP-224 computer located in Building 4646.

A geparate 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 function, type and
corresponding data recording system is indicated in
Table I. )




6.0
6.1

6.1.1

6.1.2
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‘in Table II, . . i

REQUIREMENTS, PROCEDURES AND RESULTS

Collector Preconditioning and Stagnation Test

Test Requiremant
Tha c¢ollector shall be mounted on an outdoor passive
test stand at an angle of 45° from the horizontal and
facing south., The inlet and outlet ports to the col-
lactor shall be capped to prevent flow, The lower cap
shall contain a small vent hole. The preconditioning
shall consist of at least three days exposure during
which the mean incident sclar radiation measured in
the plane of the collector shall be 1500 BTU/Ft2.day.
During this preconditioning, the following data shall
be recorded within two hours of solar noon when the
insolation is constant and above a minimum of 200 BTU/
Hr Ft2 in the plane of the collector. Data recorded
shall be the average for at least a 20 minute period
at guasi-steady state qﬁnditions.

1., 1Insolation ratae.

2, Ambient éemperature.f

3. wind velocity and direction.
4

. Absorber surface temperature at either 4 or 5
locations,

Test Procgdure

1, Mount test specimen as described above.

2, Connect instrumentation., - | |

3. Record data as described aboﬁe.

Results

The results obtained during these tests are cc:‘ni:a{_‘,';"i‘.nesd”=

i &
T '

i
:
;




6.0
6.2
6.2.1

6.2.2

REQUIREMENTS AND PROCEDURES (Continued)

Collector Thermal Efficiency Test

Test Regquirements

Thermal performance evaluation data shall be obtained at
inlet temperatures of 0, 25, 50, aid 100°F above ambient
temperature at air flow rates of 66 aqp 120 SCFM at inso-
lation rates of 260 and 300 BTU/Hr'Ft* and a wind speced
of 7.5 mph. The following data shall ba recorded during
the test at each test condition..
1. Ambient-“cmperature,

2, Collector inlet air teuperature.

3. Collector outlet air temperature,

4. Collector differential temperature.

5. Differential pressure across collector,
6. Air flow rate.

7. Insolation rate,

8. Wind speed.

Test Procedure

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

respect to the floor,

2. Assure that simulator lamp array is adjusted to an
angle of 45° with respect to the floor.

3. Align the test table so that the test schimenfs
vertical centerline coincides with the vertical cen-
terline of the lamp array and the distance from the
top of the test specimen te the lens plane of the
lamp array is 9 feek.

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

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

7. EstabliSh‘the wind"speed of 7.5 mph.' 

8. Power up simulator and establlsh a solar flux leVEl
of 260 BTU/Ft +Hr.



6.0 REQUIREMENTS ANQ PROCEDUKES {Continued)
6.2 Collector Thermal Efficiency Test {Continued)
6.2.2 ~ Test Procedure {Continued)

9. Determine the ambient air temperature,

'10. Adjust the inlet temperature of the collector to
the ambient air temperature value. o

11, After steady state cdonditions have been established.
record dhLa for a minimum of five minutes. . "l

.12, Repeat" steps 8, 9, 10, and 11, changing the flux
/ level and air inlet temperature as necessary until
data has been -obtained for each test condition speci=~ 4
fied in Paragraph 6.2.1, . : !

13. Repeat steps 7, 8, 9, 10, 11, and 12 with flow rate
- of 120 SCEM.

14. Upon completion of testing, power down simulator
and liquid loop.

15, Inform data control group that simulator operation
has terminated.

6.2.3 Test Results

The results obtained during these tests are contained in
Figure 2 and Tables III and IV for thermal performance ;
data and Figure 3 for pressure drop data.,

Lo} ]
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6.0

6.3

6'3.1
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REQUIREMENTS AND PROCELURES {(Continued)

Collector Time Constant Test

Test Reqnircméqgg

In accordance with ASHRAE 93-77, the time constant test shall
be conducted by abruptly reducing the f£lux level to zero,

‘Inlet tejfiperature shall hekept to within & 2°F of ambl~

ent, with an air flow rate of 120 SCFM. The differ~
aential Lemparature across the collector shall be recorded
to determine the time required to r#tach the condition of

T -~ T = 368
Teini =~ T3

qpere

Téﬂwﬁ = Qublet temperature

Te;j,i = Initial outlet temperature
T4 = Inlet temperature

The following daté shall be recordédﬂduring the test;
1. Absorber surface temperature - 4 1ocations.r

2. Rmmbient. temperature.

3. Collector inlet Lemperathxe.

4, Collector outlet Lemperature.

5, Collector diffefehtial temperature.

6. Differential pregsure across collectof.

7. BARir fldﬁ rate.

B. Lnﬁolatiun rake.

fogt Procedire

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

2, bBAssure that data adceraisition system is operational.

3. Adjust the air flow rate totizo SCFM.

4. Adjust the alr inlet temperature to within x 2°F
nf ambient.

Fudsetin . r



6.0
6.3.2
5.
6.
7.
8.
9,
10.
11.
§.3.3

REQUIREMENTS, PROCEDURES AND RESULI'S {Continuad)

Tast Procedurﬁ_{Continued)r

Adjust the flux level to 260* BTU/Ft2:-r.

Monitor the differential temperature across the

_collector,

Allow the system to stabhilize at above conditions for
at least 5 minutes,

Turn off the solar simulator,

Monitdf the differential temperature until the ratio

of £21;1r£ wy 19 less than .30.

Upon completion of tcstjng, power down simulator and
air loop.

Inform data control group that simulator operation has
terminated,

Test Results

The results opbtained during this test are shown in Figure 4.
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5.0
6.4
6.4.1

6.4.2

S

S %.  Tnsolation rate.

REQUIREMENTS , PROCEDURES AND RESULYS (Continued)

Collector Incident Ahgle Modifiex Test

Test Reqgulrement

The collector incident angle modifier test shall be con-
ducted at north-south radiation incident angle of 4% degrees,
The cast-west vadiation incident angles shall be 30, 40, 50
end 60 degroees, The air flow rate shall be 38 SCFM with
inlet temperature controlled to szhin + 2°F of ambient

at the insolation rate of 260 BTU/Ft2.Hr and 0 mph wind.

The following data shall be reocorxded dullng the test at each
test condition,

1. Ambient temporature.

2. Collector inlet alr lcwperature,

3. Colleclor outlel air temperature.

4. Ccoliector differential temperature.
5. atx flow rata,

Test Provedme

1. Mount the collector on the tost table at incident
angle of 30°,

2. Aadjust the air flow rate to g5 SCFM.
3. Adjust Lhe solar simulotor £lux level to 260 BTU/Hr-Ft?,

4, 'pdjustrrhu inlet Lowmperatiare to ambient &+ 2°F.

5, Meauunte the flux level at 9 locations on the test plane.

6. Record data for % winute stabilized period.

R T

7. TRepeat above étups for incident angles of 40% 50° and 60°

8. Upon completior of Lesting, power down simulator and
liquid looup.

9. -Irfoun deta control group that simulator operaticn has E
terminated.

Tast: Rosulls

kit Tt G BB g e . bt

Data obtained f+om this Lest prouiam were analyzed according
to ASHRAE -93-77 and ]ﬁp)ftvd in Table v and graphic format
in Figures 5 and 6.




6.0
6.5
6§.5.1

6.5.2

6.5.3

TEST REQUIREMENTS, FROCEDURES AND RESULTS (Cont./nuod)

Collector Load Test y ﬁ

o

Test Requirements n

One solar collector shall ba subjected to load testing.
The specified load requirements are listed in Table vI,
The collector shall be mounted as indicated in Flgure 7

but oriented such that the glazing is horizontal. , Und-~.

form loads shall be applied by means of a transparent

flexible diaphragm which can be covered with a uniform
layer of transparent liquid of varying depths to obtain
the desired load variations. - .

Test Procedure

L4

1, Mount the collector in the horizontal plane.

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

3. Fill the load frame liner with water to a level corres-

ponding to the Step 1 load of Table VI and let stand
for five minutes, !

4, Drain and reniove the locad frama,

5, FPFlush the collector exposed surface with water and
inspect for leaks.

6. If the collector leaked or was damaged due to the load,

record and indicate 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 tha next load leval.

Test Resulits

The results of this test are tabulated in Table VI.
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7.0

7.1

ANALYSIS

Thermal Performance Test

The analysis of data contained in this report is in
accoxrdanca with the National Bureau of Standards recom-
mended approach, This approach is outlined below,

"The efficiency of a collectbr is stated as:

" = qu/A_ o m Cef (Tf,e - Tfri)

I I , (1)

wheret B

Ay = rate of useful energy extracted from the
Solar Collector (BTU/Hr) o

A = Grosgs collector area (th)

X = 'Potal solar enexgy incident upon the plant of
the solar collestor per unit time per unit
area (BTU/Hx-Ft

m = Mags flow rate of the transfer fluid through
the collector per unit area ¢f the collector
{Lbm/Ft“-Hr)

Ceg = Specific heat of the transfer f£luid (BTU/Lb-°F)

Tf,e = Temperature of the transfer fluid 1eaving the

collector (°F)

Tg,i = Temperature of the transfer fluid. gntering the
collector (°F)

Rewriting Equation (1) in terms of the total collector
area yleld:

i

n - (mA) Ce.¢. (_Tf,e - Tf,i)= M Ceg ("'f,e ~Tg,1) (2)
(XIA) . Py

Notice that:

Py = IA = Total Power Incident on the Collector.

mA = ﬁ = Total Mass Flow Rate“through the Collector,

Therefore M Cee(Tg,e -~ Tg,i) = Total Power Collected by
the Collector

11
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ANALYSIS (Continued) T

Thermal Performance Test (Continued) “1 3

Subatitution in Equation (2) results in: = .

2. = . Pabs {

| FTho | | (3) i
whore:

[

Pabs = Total collected power
Pinc = Total incident power

Thia value of efficiency is expressed as a percentage ﬂy .
Tultiphying by 100, ‘Thia expression for percent efficilency
o _ y
PIU .. Pabs
Collector Efficiency = py== * 100 (4)

or from Equation (2), collector efficiency is defined by
the equation:

. M Ceg (T “Te 1)
& Bff, = tff,i f'f’ £47 % 1200 (5)

rach term in Equation (5) was measured and recorded inde-
pendently duririg the tesv. The calculated values of
efficiency were determined at sixty-second intexvals. )

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 ona "data point" as is graphically depicted on

a plot of percent efficiency versus

.((Ti - Ta)/I)

where
Ty = BAir inlet temperature (°F)
Ta = Anbient temperature (°F)
X = VIncidént flux per unit area (BTU/Hr-Fth)

The abscissa term [(T3 - T,) /I) was u%édhto normalize the
effect of operating at dif?erent~values of I, Ty and T;.
The results are found in Figure 2, o

The result of second order polynomial analysis is shown
in Figure 2, The second order polyniomial to best .=

describe the test results 1s:

Efficiency = ag + apy + a%rz ORKﬁNAl:PAGETS
OF POOR QUALITX.
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ANALYSIS (Continued)

Thermal Performance Test (Continued)

where: :

‘T “(Ti"'Ta) I

and the coefflcients are determined to be:

Flow Rate (SCEM)

66

120

40

a3

9

0,491
~0.3863
~(}, 245

0.625
-1.097
-0.080

13
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e 7.0 ANALYSIS (Continued)

7.2

Time Constant Test

R TS T T Y PR PRe LI LS W

Two methods are proposed by ASHRAE 93-77 for conducting
a time cinetant test, However, due to facility limita-
tions, oily the first method could be used. This mathod :
consisted of shutting down the simulator and maintaining |
: '8 constant flow rate and inlet temperature while obtaining
¢ atﬂ-

T DT PR VRPN

According to the definition of time constant given 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 aes:

- .
Ei L 360 | (1) j

Tf;ﬂ,'r
Tf,e,ini =~ Tf,i

| If the inlet air temperature cannot be controlied to equal -
the amblent air temperature, then the foliowing equation :
muat be used | g
Fpup, (Tg,4 - Ta) + A

(T - 7g ) T
'h_cn £,e, £,1 = ,368 (2) o
FRUL (Tg,4 - Ta) + K- (Tg,e,int - Tg,4) |

where:

Tffet't"

#- Exit air temperature at time,?”

Inlet air temperatura

Initial exit air temperature

= Air mass flow rate = 540" Lb/Hr
Specific heat of air = .24 BTU/Lb*°F
= Collector area'= 32 Etz N s

Negative of the slope determined 'from
the thermal efficiency curve '
. ' ‘ 4 ;
During the time constant test, the inlet air temperature : 4
cannot be controlled to within & 2°F of ambient air temp- |
erature; lence equation (2) must be used for evaluation, : ;
From the performance curve, it is found that FgrUj = .86.
Equation (2) becomes )

PRUL =

.86(73.8~66.2)+ q;dﬁ?(mf'e;?.-.73,3)f"“ﬂ o 2
= : .368 '
.86 (73.8-66.2) + 4.0% (39) . ' R
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ANALYSIS (Lontinued)

Time Constont Test (Continued)

or

- Tf,e,2- - TE,L

S r——c @GP Lo Lk e ot i1 ey o= 4
[

TE,e ini —~ WE, 4

From PMlgure 4 the time constant way determined to be g

minutes and 52 geconds,
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ANALYSIS . (Continued)

Incident Angla Modifier Test

Two methods are proposed by ASHRAE 93-77 for incidant
angle modifier tests. For the MSFC Solar Simulator
Facility, only method 1 (tilting the collector) is
applicable. The collector was adjusted so that the -
incident radisition angles were 30°, 40*, 50° and 60°
to the normal of the collector aurface.

According to 93-77, the incident angle modifier .is de-
finad as

Kqr = it - ()
FRr{z:¢)n

where 7t = efficiency at tilted angle,

FR@iZ‘) n = Intercept of efficiency curve at
normal incident angle = .46

For equation (1) to be applicable, the inlet air tempera-

ture must be controlled to within & 2°F of the ambient
alr temperature. 1In cases where the inlet air tempera-

ture cannot be controlled to within % Z°F, the following

equation must be used to evaluate the incident angle
modifier.

Teg,i = Ta
Ko7 = »n + FrUL 1

FrRE?)n

(2)

wherea:

thermal efficiency curve.

Table Vv showa that the inlet air temperatures were not all
Hence, equation

within + 2°F off ambient air temperature.
(2) was used for evaluation.
" Tf'i -~ Ta P 1
.491

The j;egults-of this computation are shown on Table V and

plotted against incident angle in Figurn 5 and- plottad
fagainst 1

~ 1 in Figure 6.
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TABLE II i=

. STAGNATION TEST DATA o
LIFE SCIENCES SOLAR COLLECTOR . E

L}

—f

4
1

Solar Flux BTU/Hr-Ft?

151

314

320

Ambient Temp.

°F

28.6

28,2

21.5

Absorberxr Temp,

North °F . -

225

273

279

Absorber Temp.

Conteé ap

229

283

288

Absorbetr Tamp.

South °F

219

259

273

Rbsorber Temp,

Weat °F

220

265

256

Avérngo Absorber Temp. °F

223

270

274
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SERVICE LOAD [TEPS AND TEST RBSULTS

TABLE VI

Step No. | Load (Lb/Ft?) Pass/Fail Comments
1 10 Pass
2 20 . Fail See Note 1.
3 —«—;6_~-"- Fail
4 B 50 ratlﬂ-
5 80 Fail
6 i;B Fail

Tested By _ B, Henderson

Note 1.

Date _ 2/10/78

The outside Tedlar film pulled out of the edge mounting
for about one and one half feet in two places at 20 PSF
allowing leakage between the film and the glass. Test
‘erd' 1 ~ ntinued up to 120 PSF without additional
stroocural damage or lsakage around the glass seal into
the nain body of the collector.
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Collector Test
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