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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.
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PURPOSE

The purpose of this documentation is to present the test[..jf'

results obtained during the performance of an evaluation
test program. The evaluation test program was conducted
to determine the thermal performance data on the new
generation of MSFC air collectors with a flow channel
depth of 3 in.; 2 in., 1 in. and 1/2 in. under simulated
conditions. The test was conducted utilizing the MSFC
Solar Simulator in accordance with the test requirements
specified in References 2.1 and 2 2 and the procedures

:contalned in Reference 2.3.

REFERENCES |
ASHRAE 93-77 - Method of Testing Solar Collectors -
E R Based on Thermal Performance’

‘ EP45:(77-115) Thermal Analysis and Development of
o ' the MSFC Air Collector ‘ .
MTCP-DC-SHAC-416 MSFC Hot Air Collector Indoor Thermal

. - Performance Test Procedure
| MANUFACTURER |

Marshall Space Fllght Center’

Huntsv111e, Alabama

DESCRIPTION OF TEST SPECIMEN
—

The MSFC hot air collector consists of a single glazed
cover with a non-selective coating absorber plate and

‘using air as the heat transfer medium. The collector

frame is constructed with rigid urethane foam.
SUMMARY

This test program was conducted to evaluate the thermal
performance of a new generation of MSFC air collector
with various flow channel depths under simulated condi-
tions. The test conditions and the thermal performance
data obtained during the tests conducted on the simulator
are listed in Tables II through VI, respectlvely A
graphic presentation of the data obtained is also pre-
sented in Figures 1 through 4 for thermal performance
data and Flgure 5 for pressure drop data.



5.0 TEST CONDITIONS AND TEST EQUIPMENT

5.1 Ambient Conditions

Unless otherwise specified herein, all tests shall be
performed in the existing environment of Building 4619.

5.2 Instfumentation 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.
A listing of the equipment used in this test follows:

Apparatus Manufacturer/Model
Pyranometer Eppley PSP
Air Source ' MSFC Supplied
Wind Sensor ' MSFC Supplied
Flow Sensor Cox-Turbine C-L-32
Differential Pressure

Sensor MSFC Supplied

Thermocouples ~ MSFC Supplied/Type T

Range/Accuracy

0-800 BTU/Ft2-Hr/+5%
30 - 200 SCFM .

0 - 60 MPH

20 - 250 ACEM % 2%

0 - 2 in. Hy0 + 5%
0 - 500°F + 1.8°F
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6.1.3

TEST REQUIREMENTS AND PROCEDURES

Collector Thermal Performance Test

Evaluation Réqpirements

Utilizing the MSFC Solar Simulator and the portable hot
air loop, performance evaluation data were obtained at
inlet temperatures_of 100°F and 150°F with insolation -
rate of 250 BTU/Ft2-Hr and a wind speed of 7.5 MPH. The
air flow rates were controlled to 30, 90 and 150 SCFM.
The depth of flow channel inside the collector was ad-
justed to 3, 2, 1 and 1/2 inches. The test conditions
are listed in Table I. The following data were recorded
during the test:

1. Absorber surface temperature - 3 locations (°F)
. Inlet air temperature (°F)

Outlet air temperature (°F)

Air flow rate (SCFM)

Collector differential gressure ("Ho0)
Insolation rate (BTU/Ft<4-Hr)

Air flow channel depth (Inch)

Wind speed (MPH)

NN E&EWN
. L] L] L] L] L]

Test Procedure

l. 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. Insulate all ducts.

4. Connect instrumentation leads to data acquisition
system.

5. Assure that data acquisition system is operational.

6. Establish required wind speed.

7. Start air flow loop and establish the required flow
rate.

8. Establish the required inlet temperature. .

9. Power up Solar Simulator and establlsh the required
insolation rate.

10. Record data for a minimum of five mlnutes at three

4 stabilized conditions.

1l1. Insert flow channel spacers as necessary to obtain
specified flow channel depth and repeat Steps 7
through 10.

12, Upon completlon of testlng, power down Solar Simulator

' and air loop.

13. Inform data control group that SLmulator operation

©  has terminated.

"Results

The results obtained during these tests are contalned '
in Figures 1 through 5 and Tables II through VI.



7.0‘

‘obtained by multiplying the density of t

ANALYSIS

The analysis of the data contained in this report is
in accordance with the National Bureau of Standards
and ASHRAE recommended approach.

The efficiency of a collector is:

/4 - Qu/RA _ mCig (tg e = tg, i) S
N I I )
whefe
7§; ‘ = rate of useful energy extracted from the
S solar collector (BTU/hr) -

A = overall cross sectional area of collector
. (ft2)

I = total solar energy 1nc1dent upon the plant

of the solar collector. per unit time per
unit area (BTU/Hr-Ft2)

m = mass flow rate of the transfer fluid through
. the collector per unit gross-scctional area
. of the collector (Lb/Ft€-Hr)
Cef = specific heat of the transfer fluid
S (BTU/Lb °F)
tf,e = temperature of the transfer fluid leav1ng
' the collector (°F)
te, i = temperature of the transfer fluid enterlng

the collector (°F)

. Rewriting equation (1) in terms of the collector area,

we get:
YL _ (mA) th(tf,e-tf,i) _ M th(t_f,e-tf,i) ' (2)
P IA , Py :
Notice that
P; = IA = total power incident on the collector
‘ (BTU/Hr)
M = mMA = total mass flow rate through the

collector (Lb/Hr)’

For an air collector system, the mass flow rate is
he air with the
volume flow rate of the air through collector.

R

(3)

where . L
.Skf = Density of the transfer £luid (Lb/Ft7)
Q = Volume flow rate (SCFM) x 60



Since Mctf(Tf'g - tf,i) = totél'§OWéf ¢ol1ec£ed by the collecfor,

the collector efficiency can be expréésed in

Py | '
7 = ‘ . TS
'inc .

where

Pabs 'total absorbed power

Pinc = total incident power
The present collector efficiency is defined as

Py ,

The efficiency calculations were made for all test data and are
included in Tables II through V. Figures 1 through 4 present
plots of efficiency versus the normalized factor for flow channel
depths of 3 in., 2 in., 1 in., and 1/2 in., respectively.



MSFC HOT

" TABLE I

AIR COLLECTOR EFFICIENCY

TEST CONDITIONS

Test Designation

Flow
. - Rate 30 90 150
Flow o CFM _ R
Channel Inle:\\\\\\
Depth Temp. ~
(Inches). (°F) : )
3 -100 1 2 3
150 4 5 6
2 100 7 8 9
150 10 11 12
1l 100 13 14 15
150 16 17 18
1/2 100 19. 20 21
150 22 23 24
Q = 250 BTU/Ft2-Hr
Wind = 7.5 MPH (from south)
Tilt Angle = 45°




MSFC HOT AIR COLLECTOR THERMAL PERFORMANCE TEST DATA - 3" FLOW DEPTH

TABLE II

North East Surface °F (6)]165 145 135 186 173 162
South East Surface °F (5){176 159 144 196 183 175
South Surface  °F (4)[167 151 138 195 183 175
South West Surface °F (3)[167 143 130 194 178 169
North West Surface °F (2)|175 154 143 199 183 175
Ambient °F |85 85 86 84 83 82
Tin o 100,71 |100.8 |101.3 | 150.1 | 150.2 | 149.8
Tout op  |126.4 |117.6 |113.2 17166.9 | 158.0. | 155.6
AT °F  |26.3 16.8 |[11.9 6.8 | 7.6, |5.8
Solar Flux BTU/Hr-Ft2 250 250 | 250 250 | 250 | 250
Flow Rate SCFM |30 90 150 30 90 150
Wind Speed MPH |7, |7.5 |7.5 7.5 7.5 |7.5
Efficiency 8.9 36.3 [42.8 12.1 | 16.8 20.9
(Ti-Ta) /I °F-Hr-FtZ/BTU |0.060 |0.062 [0.061 | 0.264"| 0.269 |0.271
ap in. Hp0  [0.0092 |0:0369 |0.1015 i




MSFC HOT AIR COLLECTOR THERMAL PERFORMANCE TEST DATA - 2" FLOW DEPTH

 TABLE III

193.

North.East Surface °F (6)| 160 | 134 125 | 188 |74 | 167|199 191
South East Surface °F (5)| 179 | 154 141 198 | 184 | 176 206 |-200 | 195
South Surface °F (4)| 170 | 148 135 | 193 | 182 [176 |203 200 | 195
South West Surface °F (3)| 164 | 136 124 | 189 | 174 166 199 | 193 | 189
North West Surface °F (2)| 175 | 148 135 | 191 180 | 173|200 196 | 193
Anbient °F 86.8 |87.6 | 8.7 | 85.6 | 8.1 |84.4 |81.8 |'87.1 | 88.3
Tin °F 100 | 100 100.7 | 150.5 | 150.7 | 150.5 |180.9 | 180.4 180.2
Towt . °F 129.8 | 119.6 | 115.5 | 163.0 | 158.7 | 1-5.4 |181.5 | 182.2 | 180.8
AT | °F | 29:& |19.6 | 14.8 {12.5 8.0 [49 |0.64 | 1.8 | 0.6
Solar Flux BTU/Hr-Ft2 250 | 250 250 | 250 | 250 | 250 | 250 250 | 250
Flow Rate SCFM 30 90 150 30 90 150 - |30 90 150
Wind Speed MPH 7.5 | 7.5 75 |75 (75 (7.5 (7.5, |75 |75
Efficiency g .|21.5 |4.3 | 533 |9.0 {17.3 |17.7 J0.5. |39 |2.2
(Ti-Ta) /I'éF-Hert?/BTU 0.053 | 0.050 | 0.060 | 0.260 | 0.027 | 0.027.|0.39 | 0.373 | 0.368

AP in. Hy0




MSFC HOT AIR COLLECTOR THERMAL PERFORMANCE TEST DATA - 1" FLOW DEPTH

TABLE IV

North East Surface °F (6)| 140 120 115 168 156 161 181 177
South East Surface °F (5)] 162 138 128 180 168 - | 1N 188 - 182
South Surface °F (4)} 168 | 145 137 180 173 174 189 185
South West Surface °F (3)| 142 116 107 166 151 | 155 178 7
North West Surface °F (2)| 150 125|118 170 157 - | 162 179 178 |
Ambient | of 81.0 |8l.6 |82.2 82.0 | 83.6 |85.4 |79.5 80.5
Tin °F 99.3 |100.3 }100.2 | 140.5 | 139.7 | 150.3 |164.6 | 165.7 .
Tout of 136.3 | 124.2 |116.8 | 161.1 | 153.2 | 157.4 |171.4 | 169.0
AT °F 37.0 |23.9 |116.6 | 20.6 |13.5 | 7. 6.8 3.3°
Solar Flux BTU/Hr-Ft2 257 257 257 257 | 257 257 257 257
Flow Rate SCFM | 30 90 150 30 90 150 |30 90
Wind Speed - MPH 7.5 7.5 7.5- 1 7.5 7.5 7.5 7.5 7.5
Efficiency % 25.9° |50.2 [58.2 14.4 |28.3 |24.8 |4.8 6.9
(Ti-Ta) /1 °F-Hr-Ft/BTU | 0.071 |0.0073 |0.070 | 0.228 | 0.218 |0.254 |0.331 | 0.332
AP in. Hp0 0.0369 |{0.1845 {0.517
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TABLE V

MSFC HOT AIR COLLECTOR THERMAL PERFORMANCE TEST DATA - 1/2" FLOW DEPTH

North East Surface °F (6)

130 115 116 169 163 160 180 176 174

South.East Surface °F (5)| 158 134 133 189 177 -~ (170 195 | 188 | 184
South Surface  °F(4)] 155 | 139 137 187 | 187 | 174 195 193 | 188

| South West Surface °F(3)| 151  [125 . | 126 187 174 1717 {193 |18 182
North West Surface °F(2)| 165 154 137 190 184 178 195 194 188
Ambient °F | 86.4 |81.3 87.5 | 88.1 |8.5 |83.1 |83.7 84.9 | 84.7
Tin o eF 98.7 | 100.6 | 100.7 | 148.5 | 149.6 | 150.2 |164.3 | 164.7 | 165.3
Tout °F | 146.3 |127.5 | 123.1 | 167.3 | 162.6 |156.2 |178.1 | 170.1 | 166.7
AT °f 47.€ |26.9 22.4 | 18.8 13.0 |6.0 13.8 5.4 1.4
Solar Flux BTU/Hr-Ft2 N 250 250 | 257 |257 257|257  |os7 | 257 | 257
Flow Rate SCFM 30 - |90 150 30 |90 150 30 90 150
Wind Speed . MH 7.5  |7.5 75 |75 |75 |78 7.8 7.5 |7.5
Efficiency . % 34.3  |58.1 78.5 |13.2 |27.3 |21.0 {9.7 11.4° [5.0

| (Ti-Ta) /1 °F-Hr-Ft2/BTU |0.049- |0.077 o.osi 0.235 .10.261 [0.261 10.314 | 0.311 |0.314
AP in. Hp0  10.074 |0.443 | 0.996 | |
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TABLE VI

MSFC HOT AIR COLLECTOR PRESSURE DROP TEST DATA - 2" FLOW DEPTH

North East Surface

°F (6)
South East Surface °F(5)}
South Surface °F (4)
South-West Surface °F (3)
North West Surface °F(2)!
Ambient °F
Tin °F
Tout °F
AT °F

Solar Flux BTU/Hr-FtZ -

Flow Rate  SCFM

28 |59 96 . | 135 154
Wind Speed MPH '
_ Efficiency %
(Ti-Ta) /1 °F-Hr-FtZ/BTU
AP in. H0 | 0.0185 |0:0461 | 0.1338| 0.2214 | 0.2952
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ST

% Efficiency

O - 150 SCFM

100 —
. Q- 90 SCFM
N\ - . 30 SCFM
80 7 o -
60
T ]
40
A
20 —
I , I ‘ B

0 | 0.1 | 0.2 0.3 0.4
| Ti, - Tamp/I (°FHr-Ft2/BTU)

'Figure 4. MSFC Hot Air Collector Thermal Performance Test Data - 1/2 Ih. Flow Depth



91

© "ON NOIO3H vvy/180-0v9—6L61 301430 ONILNIHL LNIWNHIAOD ‘SN

PRESSURE DROP (IN. H20)

Flow Depth .

o- 1/z"
o- 1"
o- 27
o- | 3"

6b 80 1bo

FLOW RATE .(SCFM)

b el 2 Ny

-

Figure 5. MSFC Hot Air Collector Pressure Drop Test Data

T

140

160

MFC





