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Abstract

To use effectively the solar energy in greenhouse heating, a high performance
solar collector should be developed. And then the size of the solar collector and
thermal storage tank should be determined through the calculation of heating
load. The solar collector must be set in the optimum tilt angle and direction to
take daily solar radiation maximally, and the flow rate of heat transfer fluid
through the solar collector should be kept in the optimum range.

In this research, the performance tests of a capillary tube solar collector were
performed to determine the optimum water flow rate and the results summa-
rized as follows.

1. The regressive equations for efficiency estimations of the capillary tube
solar collector in the open loop were modeled in the water flow rate of 700~1,
000 ¢ /hr.

2. The optimum water flow rate of the solar collector was estimated by the
second order polynomial regression and the maximum efficiency was 80% at
the water flow rate of 850 ¢ /hr.

3. The solar thermal storage system consisted of a capillary tube solar collec-
tor and a water storage tank was tested at the water flow rate of 850 ¢ /hr in
the closed loop, and obtained the solar thermal storage efficiency of 55.2%.

4. As the capillary tube solar collector engaged in this experiment was made
of non—corrosive polyolefin tubes, its weight was as light as 1/30 of the flat
plate solar collector made of copper tubes. Therefore it was considered to be
suitable for the greenhouse heating system.
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Table 1. Specification of measuring apparatus.
Measuring Item Model Sensor Range mfg.
Radiation intensity LI-1000 Silicon photodiode | 0~3000 W/m? USA
Water flow rate SHK-1 Float cell 200~2000 ¢ /hr Korea
Temperature DPR 500 T type —200~400C Japan
Wind velocity Testo 452 Vane type 0.2~60m/sec Germany
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Fig. 1. Block diagram for experimental
system.
2. AEury

F74el Gl E HFoZ g £
AEE HFAZHE 45° 2 3o AdFo g A3
3 JErY 28 APz A 9
sl A7 &7 ELEs W7 &,
dAF 281 F45¢ S8

AL 1996d 4% BUA 59 29 Aol
o] AHdddwr AHAlgHgew, open loop
systemo. 2 AYL FPso] Y {FFE&
3}1, closed loop systemo 2 H3}3te A
3o 29 watE A sigch

S AT ZE §A dojges Wz &
A= g3 Wrad 43 F RS—232C
FA AlEE F3ld PCE £4% F g
719l A% & ¥&stgden, open loop
systemol A elFd HAE7Y £ T&EE T
sl7] fsle] ot 2L f& AANE o) %
L= 2

_ Qu _rhw_pr(”[}yngm)

1)~ Ie(Ag
g A Tw=Ta)
=B—-A Te(t) (1)
where,

7 =Collector efficiency(dimensionless)
Qw=Rate of heat transfer from the col
lector absorber plate to the working
fluid(J/sec)
Ag=Gross cross—sectional area of the
collector(m)
thy=Mass flow rate of working fluid(kg
/sec)
Cpw=Specific heat of working fluid(J/kg
)
Two=O0utlet
fluid(C)
Twi=Inlet temperature of working fluid
(C)
Ta= Ambient air temperature(C)
Ic(t)=Solar radiation intensity (W/m)
A =Slope of collector efficiency curve(W
/miC)

B=Intercept of collector efficiency curve

temperature of working

(dimensionless)
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Table 2. Experimental conditions for measur-
ing solar collector efficiency.
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Fig. 2. Efficiency curve for the capillary tube
solar collector in water flow rate of
400~ 1000 ¢ /hr.

Table 3. Results of regression on collector ef-
ficiency by least square fitting.

Wats ) .
ater Constants of Regression Equation
Flow
R Squared
Rate A B
(¢ /hr)

1,000 —8484.28 90.95 0.98
900 —8172.25 91.42 0.99
800 —6854.65 84.50 0.91
700 —7555.24 80.59 0.90
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Fig. 3. Regression curves for the efficiency
of the capillary tube solar collector in
water flow rate of 700~ 1000 ¢ /hr.
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Fig. 4. Polynomial regression curves for effi-
ciency of the capillary tube solar col-
lector according to the water flow
rates when solar radiation intensity
was 800~850 W/m.
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Table 4. Experimental results of solar thermal
storage system in closed loop.

T‘g‘:y of | Twie) | Qse(keal) | Qes(keal)
10:00 16.7 772.81 | 662.29
10:10 17.8 1571.38 | 1313.96
10:20 18.9 2374.35 | 1958.54
10:30 20.1 3207.52 | 2588.96
10:40 21.4 4089.03 | 3198.13
10:50 22.6 4984.07 | 3817.92
11:00 24.0 5868.59 | 4420.00
11:10 25.0 6754.26 | 4983.13
11:20 26.1 7601.27 | 5532.08
11:30 27.1 8444.74 | 6059.79
11:40 28.5 9361.90 | 6594.58
11:50 29.2 | 10292.25 | 7140.00
12:00 304 | 11150.08 | 7628.75
12:10 312 | 1197955 | 8067.92
12:20 323 | 1292026 | 8556.67
12:30 332 | 13909.47 | 9056.04
12:40 34.1 | 14855.39 | 9502.29
12:50 350 | 15795.64 | 9934.38
13:00 35.7 | 1673855 | 10348.75
13:10 365 | 17697.03 | 10738.33
13:20 37.6 | 18665.00 | 11106.67
13:30 384 | 19536.26 | 11397.08
13:40 39.0 | 20390.90 | 11666.25
13:50 39.7 | 21261.58 | 11938.96
14:00 39.9 | 22082.96 | 12186.88
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Fig. 5. Experimental results of solar thermal
storage system in closed loop.
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Fig. 6. Efficiency curve for the capillary tube
solar collector in closed loop system.
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