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A Study on the Performance of Air Heaters
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Summary

In order to obtain the basic data for designing optimum flat plate solar air heaters,
which can be operated with relatively low temperature for drying farm products, 8 di-
fferent treatment of solar air heaters were devised and tested for their heating perfor
mances and efficiencies.

The results were analised and summarized as follows.

1. The primary factors, structure of air path (C), black coating materials (A) and
bottom coating methods (B) showed very high significant effect of far above 1%
level. With respect to the mutual multiplying effect of secondary factors, 1% level
of significance was found with coating materials and methods (AB),and 5% level of
significance was found with coating materials and air path structure (AC),

2. The heating performance of the air heaters with winding air path showed about
twice those with straight air path.

3. The Korean black ink which is less expensive than dim oil paint showed 3—4¢
better heating efficiencies as the black coating material of flat plate solar air heaters.

4. The heating efficiencies of the solar air heaters whose bottoms were not black coated
were 2—3% higher than fhose with black coated bottoms.

5. The highest heating efficiency of solar air heater among 8§ different treatment was
found in the plot of Korean black ink-bottom not coated-winding air path showing
29.0—34.59%.
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Fig.1. Details of solar air heater test spec-
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Table-1. Treatment of Experimental plots

plots Painting Materials Painting  Method | Air Path | Remarks
000 Korean black ink Not painted bottom Not interfered { Net glass
100 Dim oil black paint " surface
010 Korean black ink Painted bottom " ‘ area
110 Dim oil black paint " 21X 10cm
o Korean black ink Not painted bottom Interfered
101 Dim oil black paint "
on Korean black ink Painted bottom "
M Dim oil black Paint "
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Fig, 2. Orifice for measuring the air
flow rate.

Table-2. Calibration of Orifice

Head (mm) l ‘E“ll/rmfll;l)v)v rate Remarks
50.0 ‘ 23,413 Gas meter
a0 | 22,100
39.5 | 20.998
34.5 19. 096
21,5 15. 457
20.0 13. 600
17.0 12.532

A HBAAE WE 22 1//min. (orifice head
44mm) s} 13.6 I/min. (orifice head 20mm)z 1}
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74 Q: Air flow rate (1/min.)
I, : Enthalpy (inlet) (Keal/kg)
%, ; Enthalpy (outlet)
A : Net glass area (21X 10cm)
V : Specific volume (m®/kg)
¢ - Measured temperature (°C)
% Absolute Humidity (KgWA/kg DA)
g ANE AFF OBl ket FED R
o kd AETAHEGHE BEREHHESE 3
AstES mEE Table-3# 2+,
KEEEAR)
sin h,=sin ¢ - sind-+cosp - cosd cosw-«+ (4)
EHASAEE ‘
cosf=cosf - sin/,~+siné - cosk, - cosw -+ (5)

EANE B SR E

P = l H e COSB tevvrrsrasssnssasonarsnosonses 6
17 sink, coss ©)

o7 Al ¢ : Latitude (N 36.7°)
5 : Declination of sun=23, 45sin
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# : Day of the year

0 : Angle of the slope=tan-?

Table-3.

BB PR H21% 515 1079% 35

10
35

o ; Sunrise hour angle=15X (t,—¢5)

¢, : Time of solar noon

tn . Time of measurement

iy : Horizontal radiation (cal/cm?-hr)

Qut-put and In-put of solar Air heaters

(cal/cm?®*-hr)

Plot Qut-put In-put K
s ‘ (Radiat [Remarks
000 | 100 | o0 | 10 ] 001 | 101 |oon } 1M1 | jom)
930 A 8.72 | 4.63 7.01| 5.27] 13.72 9.93‘l 11.66 | 11.45 | 36.098
B 9.74 | 3.44 4.75| 3.8 | 10.14| 6.54 7.701 9.14 | 25.213
030 A 10.79 | 8.06 | 10,671 10.26| 17.04] 13.19 | 14.71 | 13.22 | 50.125
B 6.70 | 5.33 6.381 613 11.23| 10,09 | 10.19 | 10.15 | 34.793
nesol A 11.35] 8.93 7.48 | 9.56| 19.43| 14.15] 21.25| 15.75 | 57.34
B 10.35| 8.23 9.35| 8.85| 16.69 | 15.24 | 15.18| 14.72 | 43.935
25| A 11.79 | 8.34 ' 8.76 | 9.601 22.26! 15.5 | 17.59 | 17.02| 58.51
B 9.91 | 7.60 | 9.47| 8.45| 18.26| 16.36| 16.20 | 16.17 | 49.265
330 A 11.74 1 6.01 5.40 | 6.85| 20.92| 10.37| 13.23 ] 12.49 | 57.93
B 9.211 6.98 7.94 | 7.41| 15.89 | 13.32 | 13.57 | 13.65| 47.38
aes0| A 8.15| 2.89 | 4.51| 4.73| 15.87| 9.67| 13.55| 11.66| 54.76
B 8.00 | 7.03 6.92 | 7.37| 14.03| 13.30| 12.207 12.64 | 43.705
5.3 | A 5.97 | 4.15 4.61| 539 122661 11.27| 9.721 8.27| 47.57
B 5.25 | 4.94 4.32| 5.25| 11.40 | 10.44 66| 9.61 | 37.695
60| A 5.55 | 3.85 3.16| 4.75| 1015 s.05| 7.8 7.90]| 37.53
B 5.92 | 3.69 3.62| 3.67| 7.66| 5.88| 5.94! 5.75|24.158
17i30 | A 7.43 | 4.23 529| 6.47| 9.38| 8.22] 7.42]| 8.30]23.273
B 2.7 | 1.50 2.17| 1.88| 3.55| 3.09| 2.85| 2.9612.888
*3 rA:A_ir flow rate 22.1 l/min.]
(B : Air flow rate 13.6 //min,
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Table-4. Total output of solar air heaters (cal/cm?-9hrs.)
R\ep'\.ﬂ"f 000 100 [ 010 ! 1Mo | oo 101 011 J m
1 73.032 | 50.327 | 45.326 | 57.729 | 141.779 98.083 | 107.353 | 107.459
2 81. 443 51.418 51.798 [ 78.894 | 132.650 105. 817 105, 567 98.192
3 83. 836 39.121 42.229 43,987 134.313 93. 830 110. 764 99. 427
4 68. 387 50. 097 55,155 64, 269 140. 692 101. 035 122, 460 119,111
5 78.524 49.738 56. 200 53. 583 129. 652 100. 788 110. 044 100. 778
6 84.720 48. 843 55,357 52. 243 122.145 104. 984 104. 805 103.172
7 62.970 30.194 44,120 46,288 107.799 80. 024 84. 463 83.763
8 92.124 39.474 62. 904 57.072 124. 823 101. 974 112. 569 100. 376
9 59,573 60.337 63.125 60. 856 120. 185 100. 156 106. 858 101.316
10 47. 866 33.549 37.237 33.258 73. 294 67.738 71.227 67. 463
11 51. 540 50. 090 51.995 60.762 98. 832 79.380 92. 869 94,729
12 65. 866 51.020 55. 891 52,802 134.314 113. 944 102. 982 106. 189
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Table-5.

Varience analysis
D.F. S.S. M.S. F. Remarks
Total 95 €0. 845. 070 <n1=7
Replication 11 9.839. 610 894. 510 n,=80
Treatment 7 67.107. 262 9. 586. 752
A 1 4. 043. 467 4.043. 467 79. 869%* 1% =2.87%%
B 1 2. 488, 585 2. 488. 585 49, 156%% 59 =2.12%
AB 1 3.797.142 3.797.142 75. 004%*
C ] 56.548. 429 56. 548. 429 1116, 984%*
AC 1 131. 834 131. 834 2. 604%*
IBC 1 49.073 49.073 0. 969
ABC 1 48.732 48.732 0. 963
Error 77 3.898.198 50. 625
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