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Abstract

The thermal analysis by mathematical model simulation makes it possible to
reasonably predict heating and/or cooling requirements of certain greenhouses
located under various geographical and climatic environment. It is another
advantages of model simulation technique to be able to make it possible to se-
lect appropriate heating system, to set up energy utilization strategy, to sched-
ule seasonal crop pattern, as well as to determine new greenhouse ranges.

In this study, the control pattern for greenhouse microclimate is categorized
as cooling and heating. Dynamic model was adopted to simulate heating re-
quirements and/or energy conservation effectiveness such as energy saving by
night —time thermal curtain, estimation of Heating Degree—Hours(HDH), long
time prediction of greenhouse thermal behavior, etc.

On the other hand, the cooling effects of ventilation, shading, and pad &
fan system were partly analyzed by static model. By the experimental work
with small size model greenhouse of 1.2mx2.4m, it was found that cooling the
greenhouse by spraying cold water directly on greenhouse cover surface or by
recirculating cold water through heat exchangers would be effective in green-
house summer cooling. '

The mathematical model developed for greenhouse model simulation is highly
applicable because it can reflects various climatic factors like temperature, hu-
midity, beam and diffuse solar radiation, wind velocity, etc. This model was
closely verified by various weather data obtained through long period green-
house experiment.

Most of the materials relating with greenhouse heating or cooling com-

ponents were obtained from model greenhouse simulated mathematically by
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using typical year(1987) data of Jinju Gyeongnam. But some of the materials
relating with greenhouse cooling was obtained by performing model experi-
ments which include

analyzing cooling effect of water sprayed directly on greenhouse roof surface.

The results are summarized as follows :

1. The heating requirements of model greenhouse were highly related with
the minimum temperature set for given greenhouse. The setting temperature at
night —time is much more influential on heating energy requirement than that
at day—time. Therefore it is highly recommended that night—time setting tem-
perature should be carefully determined and controlled.

2. The HDH data obtained by conventional method were estimated on the
basis of considerably long term average weather temperature together with the
standard base temperature(usually 18.3°C). This kind of data can merely be
used as a relative comparison criteria about heating load, but is not applicable
in the calculation of greenhouse heating requirements because of the limited
consideration of chimatic factors and inappropriate base temperature.

By comparing the HDH data with the results of simulation, it is found that
the heating system design by HDH data will probably overshoot the actual
heating requirement.

3. The energy saving effect of night—time thermal curtain as well as esti-
mated heating requirement is found to be sensitively related with weather con-
dition.” Thermal curtain adopted for simulation showed high effectiveness in en-
ergy saving which amounts to more than 50% of annual heating requirement.

4. The ventilation performances during warm seasons are mainly influenced
by air exchange rate even though there are some variations depending on
greenhouse structural difference, weather and cropping conditions. For air ex-
changes above 1 volume per minute, the reduction rate of temperature rise on
both types of considered greenhouse becomes modest with the additional in-
crease of ventilation capacity. Therefore the desirable ventilation capacity is
assumed to be 1 air change per minute, which is the recommended ventilation
rate in common greenhouse.

5. In glass covered greenhouse with full production, under clear weather of
50% RH, and continuous 1 air change per minute, the temperature drop in 50
% shaded greenhouse and pad & fan systemed greenhouse is 2.6°C and.6.1°C
respectively. The temperature in control greenhouse under continuous air
change at this time was 36.6°C which was 5.3°C above ambient temperature.
As a result the greenhouse temperature can be maintained 3°C below ambient
temperature.

But when RH 1s 80%, it was impossible to drop greenhouse temperature
below ambient temperature because possible temperature reduction by pad &
fan system at this time is not more than 2.4°C.

6. During 3 months of hot summer season if the greenhouse i1s assumed to
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be cooled only when greenhouse temperature rise above 27°C, the relationship
between RH of ambient air and greenhouse temperature drop(AT) was formu-
lated as follows :

AT=-0.077RH+7.7

7. Time dependent cooling effects performed by operation of each or combi-
nation of ventilation, 50% shading, pad & fan of 80% efficiency, were contin-
uously predicted for one typical summer day long. When the greenhouse was
cooled only by 1 air change per minute, greenhouse air temperature was 5C
above outdoor temperature. Either method alone can not drop greenhouse air
temperature below outdoor temperature even under the fully cropped situa-
tions. But when both systems were operated together, greenhouse air tempera-
ture can be controlled to about 2.0~2.3°C below ambient temperature.

8. When the cool water of 6.5~85°C was sprayed on greenhouse roof sur-
face with the water flow rate of 1.3 liter/min per unit greenhouse floor area,
greenhouse air temperature could be dropped down to 16.5~18.0°C, which is
about 10°C below the ambient temperature of 26.5~28.0°C at that time. The
most important thing in cooling greenhouse air effectively with water spray
may be obtaining plenty of cool water source like ground water itself or cold
water produced by heat—pump. Future work is focused on not only analyzing
the feasibility of heat pump operation but also finding the relationships be-
tween greenhouse air temperature(T,), spraying water temperature(T,), water
flow rate(Q), and ambient temperature(T,).
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Table 1. Properties of model greenhouses adopted for simulation.

Greenhouse Floor Surface Volume Thermal Radiation Overall Heat
Types Area Area V(m?®) Transmittance,r Transf. Coeff.
Ad{m?) A (m?) U(W/m*-C)
Glass—single 2,700.0 3,765.0 10,330 0.88 6.3
Plastic—single 2,100.0 3,227.0 8,350 0.89 7.1
Plastic—double 133.6 209.1 230 0.80 4.1
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Fig. 1. Flow chart of greenhouse environ-
ment simulation
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Table 2. Parameters used for greenhouse simulation.

Parameters Symbols Values
Time increment size dt 180(second)
Latitude of greenhouse site latit 0.614(radian)
Longitude of greenhouse site long 128.06(digree)
Light scattering coefficient for greenhouse covering sc 0.10(ratio)
Solar absorptance of plants alphap | 0.80(ratio)
Solar absorptance of floor alphap2 |0.74(ratio)
Solar absorptance of north wall alphap3 |0.75(ratio)
Transparent cover thickness thin 0.152(mm)
Refractive index of transparent covers refin 1.515(ratio)
Solar radiation extinction coeff. of transparent covers ecoef 0.752(mm™")
Thermal radiation extinction coeff. of transparent covers tecoef 1.77(mm™")
Greenhouse low ventilation capacity qventl 63.88(m?/s)
High ventilation capacity qventh |127.75(m?/s)
Greenhouse covering surface area ac 3081.3(m?*)
Mature plant age am 120.0(day)
Number of plant per row pno 220.0(numbers/row)
Number of row of plants rno 21.0(numbers)
Mature plant height phm 1.93(m)
Mature plant diameter pdm 0.5(m)
Pot or bad or bench height poth 0.32(m)
Mature leaf area(one—side) pleafm |1.46(m?*/plant)
Transpiration resistance(top of leaf) rpt 312.0(sec/m)
Transpiration resistance(bottom of leaf) rpb 97.8(sec/m)
Soil surface area per plant apot 0.134(m?*/plant)
Thermal resistance of north wall rwall 1.00(m%°C/W)
Thermal resistance of greenhouse perimeter(foundation) reperi 1.21(m? ‘C/W)
initial plant age ap 0.0(day)
Allowable iteration error e 0.1(°C)
Thermal emittance of floor eif 0.9(decimal)
Thermal emittance of north wall ew 0.4(decimal)
Thermal emittance of plants ep 0.94(decimal)
Specific heat of soil cps 1339.0(J/kg, C)
Bulk density of soil bds 1600.0(kg/m?®)
Floowr thermal conductivity factor akrf 0.05(ratio)
Specific heat of rock cpr 906.0(J/kg, 'C)
Bulk density of rock bdr 1390.0(kg/m*)
Thermal conductivity of rock kr 1.80(W/m, C)
Thermal conductivity of soil ks 1.00(W/m, 'C)
Width of exterior soil influence zone lpw 1.20(m)
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Table 2. Continued

Parameters Symbols Values
Thicknees of top floor temperature node delyl 0.03(m)
Thicknees of second floor temperature node dely2 3.91(m)
Deep ground soil temperature tcon 13.8(°C)
Horizontal floor temperature gradient factor corect 0.82(ratio)
Greenhouse width gw 21.0(m)
Greenhouse length gl 100.0(m)
Height of greenhouse north wall bh 2.70(m)
Greenhouse width from north wall to peak bw 10.50(m)
Greenhouse peak height ph 4.60(m)
Greenhouse south wall height fh 2.700(m)
Greenhouse roof shading factor rfr 0.963(ratio)
South wall shading factor sfr 0.963(ratio)
East wall shading factor efr 0.75(ratio)
West wall shading factor wir 0.85(ratio)
Characteristic height for greenhouse covering height 3.60(m)
Spacing between greenhouse covers spaced 10.203(m)
Maximum condensate on the inside cover condm |0.1205(kg/m?®)
Diurnal furance setpoint temperature tfuell 10.0(°C)
Nocturnal furance setpoint temperature tfuel2 22.0¢°C)
Low capacity ventilation setpoint temperature tventl 27.0¢°C)
Full capacity ventilation setpoint temperature tventh 29.0(°C)
Ventilation fan mechanical efficiency effv 0.20(decimal)
Maximum acceptable greenhouse temperature tmax 33.0(C)
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Byt 24 A4 BPD A Az
Table 3. Monthly heating energy requirements simulated.

Month Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. | May. | Total
without ther] 8,056 | 26,520 | 117,224 | 231,552 | 245,427 | 164,576 | 126,609 | 58,190 | 16,200 | 993,479
mal curtain”
with thermal 2,228 | 9,284 | 49,220| 92,586|111,443| 81,831| 62,306| 27,613 | 4,990 | 441,883
curtain? (27.7%)|(35.0% )| (42.0%)|(40.0%)|(45.4%) | (49.7%) | (49.2%) | (47.5%) (30.8% ) | (44.0%)
( ):2)=1)x100(%)
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Table 4. Heating requirements for various minimum setting temperature.

Set Temp.(C) Vent. Monthly Heating Requirement(MJ)
Temp.

Night | Day | (C) | Sep. | Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May | Total
3.0 18.0 | 30.0 351 448 | 1830| 4452| 5373| 3682 2092 673 345| 19212
5.0 18.0 | 30.0 356 520| 2583| 6116| 7010| 4684| 2723 864 351 25164
7.5 20.5 | 30.0 413 767 | 4059 8606| 9674| 6607| 7327 1576 473 | 36457
8.0 20.0 | 33.0 415 781| 4164 8827| 9845| 6648 4406| 1592 463 | 37095
8.0 23.0 | 35.0 467 934 | 4542| 9030| 10307 | 7161| 5064| 2038 580 | 40081

10.0 20.0 | 35.0 508| 1093| 5460|10960| 12003| 8085 5717| 2253 657 | 46693
10.0 23.0 | 35.0 569| 1254| 5819|11182|12439| 8586| 6377] 2711 80549698
10.0 23.0 | 30.0 596| 1315| 5974|11486|12811| 8870| 6576| 2819 853| 51258
10.5 22.5 | 35.0 596 1335( 6088|11707{12913| 8880 6624 2814 84351757
12.0 25.0 | 35.0 853, 2013{ 7725|13736| 1516510611 8619| 4055| 1358]| 64089
12.5 22.5 | 35.0 793| 1972 7747)14077| 15326 10515| 8328| 3821 | 1222|63760
12.5 255 | 35.0 954 | 2263] 8264|14416|15879]11154| 9148| 4457| 1551 68046
13.0 23.0 | 35.0 875| 2206| 8287|14760| 16021}11042| 8953| 4208| 138267693
13.0 25.0 | 35.0 987 | 2416| 8637|14981|16392|11473| 9556| 4628| 1609| 70538
15.0 25.0 | 35.0 346| 3345|10623}17608| 18927|13340| 11485} 5969 | 2295]| 84904
15.0 28.0 | 35.0 627 3765)11290) 18040) 19585) 14109 12527 6807) 2843 90559
15.5 25.5 | 35.0 513| 3691|11213}18339|19666|13935|12161| 6484| 2573| 89550
17.5 27.5 | 35.0 371] 5316|13901|21482|22751|16469| 15003 | 8682| 3983109926
18.0 25.0 | 35.0 2348 | 5336 13897 | 21808 22852 | 16372 | 147831 8466| 3828109660
18.0 28.0 | 35.0 2636 5760)14646|22243|23521|17126(15836| 9300| 4386115423
20.0 30.0 | 35.0 3965 | 7866|18565|25513| 26748 19865 | 18990| 11940| 6320138814
20.5 27.5 | 35.0 3927| 780617449 25803 | 2681419647 |18542|11621| 6088137734
23.0 30.0 | 37.0 5954 |10734| 21152 | 29843 | 30884 | 22876 | 22497 | 14951 | 8800167785
kY ‘Z‘] AREE7L F2b 225C of7F 10.5C A AlAkd HDH ghol cjAd-2Ale]l ddgA 4
A o F43 ofzre] FHu|E Adndg JE 4 gAY FAAS F3 @A AHAE u
i

P9 B¢ F7Ete) HDH grol
HDH zte) 3wu 9 ¢ 4 itk

HolA & 4 xeol HDH o ZAdHd 4 W
T2 UAE 8dL HA AP ez HA 7+

2% 1Ce 7kl HDH gto] 25% AHE9 A3 55 FxAd o

F7HE RolE

Zy 23
oj¢} zro] 7]&<9 HDH ARE 243 A wpfoz 4bgdo] gelzjolztn
e B4a BAL FHN AR 24
o, AA $FEFR AGAA w2 e 2. SEAILHS e
Jeil s AT + dok olg e
Ade oA dFE WF £24FE o)

(=] >
< ¢ F A

o7t 33

2 3

2 A

40l glemw 24
4

—225—

13b ko]

AdAA B e AN
714 3ol
949 e »

Lo

718 71497 sl M F bR o EA
d F7 REE 2AE AR 3o IS



A - &AL EE o] KRANY o) % B BB S

Table 5. Comparison of estimated Heating Degree—Hour between two different methods.

Set Temp.(C) Method| Period Monthly Heating Degree—Hour(‘C —hour)

Night | Day Sep. | Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May | Total
Day 39| 138/ 509 408} 920| 943 817; 394 79| 4227
New | Night 371 169| 1385| 3644| 3704| 3161} 1308; 380 60112847
105 99.5 Total 761 307( 1924| 4052| 4625 3104 2125{ 774} 138|17124
Day 597| 1396] 3343| 4586| 5563| 5093| 4829} 2961| 1393{29761
Old |Night 33| 246| 1786| 4813| 4976 3283 2199! 660 80{18076
Total | 630] 1642] 5129| 9399/10539| 8376| 7028| 3621| 1473|47837
Day 0 7 70 731 180 213] 100 23 0| 666
New |Night 1 27| 524 1972| 2001} 1080| 463 58 0| 6126
6.0 6.0 Total 1 34| 594, 2045| 2181| 1292| 563 80 0] 6792
Day 1 15| 284} 1002| 1447| 1081} 548} 119 1| 4499
Old |Night 0 37| 703| 2781| 2882| 1799 877| 146 0| 9224
Total 1 52| 987| 3782| 4329| 2880| 142 265 1113722
Day 4 27| 174) 186 399| 404 23 96 3] 1521
New | Night 371 169 1379 3625| 3669| 2140| 129} 377 60{12747
105 105 Total 41{ 195| 1553| 3811| 4057| 2543| 1532} 473 6314269
Day 14 91| 798 1970| 2674| 2095| 1391} 472 59| 9564
Old | Night 33| 245| 1752} 4731| 4883| 3210| 2133 643 80(17708
Total 46 335] 2550] 6700] 7557| 5305| 3524} 1115] 139127272
o] W3l & A WREexe WHItE 4 15C ol 2.2 F7hsty] wFo 9710l 35
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Table 6. Temperature rise( AT) depending on
ventilation rate in glass house.

Ventilation Temperature Rise(AT)
Rate Ambient Ambient
(volume/min) | RH=50% RH=80%
1/4 15.89 16.03
1/2 9.50 9.60
1 5.26 5.33
2 2.78 2.80
4 1.48 1.45

Table 7. Temperature rise( AT) depending on
ventilation rate in plastic house.

Ventilation Temperature Rise( AT)
Rate Ambient Ambient
(volume/min) | RH=50% RH=80%
1/4 14.99 15.13
1/2 9.03 9.13
1 5.03 5.09
2 2.67 2.70
4 1.38 1.39
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Table 8. Temperature rise depending on ven-
tilation rate under different cropping
level in glass house.

Ventilation Temperature Rise (AT)
(in:e L1 P Half No
. Cropped | Cropped | Cropped
min)
1/4 16.03 24.05 32.06
1/2 9.60 14.40 19.20
1 5.33 8.00 10.66
2 2.82 4.23 5.64
4 1.45 2.18 2.90

Table 9. Temperature rise depending on ven-
tilation rate under different cropping
level in plastic house.

Ventilation Temperature Rise (AT)
(in::e S| P Half No
. Cropped | Cropped | Cropped
min)
1/4 14.66 22.00 29.32
1/2 9.00 13.50 18.00
1 5.08 7.62 10.16
2 2.71 4.07 5.42
4 1.40 2.10 2.80
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Table 10. Temperature rise depending on
ventilation rate under different

solar intensity in glass house.

Ventilation Temperature Rise(AT)
Rate
(volume/ No Shade 50% Shade
min)
1/4 16.03 8.02
1/2 9.60 4.80
1 5.33 2.67
2 2.82 141
4 1.45 0.73
Table 11. Temperature rise depending on

ventilation rate under different
solar intensity in plastic house.

Ventilation Temperature Rise(AT)
Rate
(volume/ No Shade 50% Shade
min)
1/4 14.66 7.33
1/2 9.00 4.50
1 5.08 2.54
2 2.71 1.36
4 1.40 0.70
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Fig. 3. The reduction in temperature in a

ventilated greenhouse where incom-
ing ar is cooled by Fan & Pad
system(glass covered).
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Table 12. Variation of greenhouse temperature{T,) depending on ventilation rate, efficiency of
pad & fan system, solar intensity in glass house(T,=31.3).

Ventilation RH=50% RH=80%
Rate Effi.=0% Effi.=80% | Effi.=80% Effi.=0% Effi.=80% | Effi.=80%
(volume/ | Shade | Shade | Shade | Shade | Shade | Shade | Shade | Shade | Shade | Shade | Shade Shade
min) 0% {50% | 0% [ 50% | 0% [ 50% | 0% |50% | 0% |50% | 0% 50%
1/4 47.19 | 39.25 | 42.61 | 34.67 | 41.47 | 33.52 | 47.33 | 39.32 | 45.57 | 37.565 | 45.12 37.11
1/2 40.80 | 36.05 | 35.72 | 30.58 | 33.96 | 19.21 | 40.90 | 36.10 | 38.78 { 33.98 | 38.25 33.45
36.56 | 33.93 | 30.50 | 27.87 | 28.98 | 26.35 | 36.63 | 33.97 | 34.28 | 31.61 | 33.69 31.03
34.08 | 32.69 | 27.67 | 26.28 | 26.07 | 24.60 | 34.12 | 32.71 | 31.63 | 30.22 | 31.01 29.60
32.73 | 32.02 | 26.13 | 25.41 | 24.48 | 23.77 | 32.75 | 32.03 | 30.19 | 29.46 | 29.55 28.82

Table 13. Variation of greenhouse temperature(T ) depending on ventilation rate, efficiency of

pad & fan system, solar intensity in plastic house(T,=31.3).

Ventilation RH=50% RH=80%
Rate Effi.=0% Effi.=80% | Effi.=80% Effi.=0% Effi.=80% | Effi.=80%

(volume/ | Shade | Shade | Shade | Shade | Shade | Shade | Shade | Shade | Shade | Shade | Shade | Shade
min) 0% | 50% | 0% | 50% | 0% | 50% | 0% | 50% | 0% | 50% | 0% | 50%
1/4 46.29 | 38.80 | 41.56 | 34.27 | 40.46 | 33.19 | 46.43 | 38.63 | 44.30 | 36.97 | 43.88 | 36.55
1/2 40.33 | 35.82 1 34.93 | 30.48 | 33.61 { 28.16 | 40.43 | 35.80 | 38.26 | 33.76 | 37.75 | 33.25
1 36.33 | 33.82 | 30.38 | 27.87 | 28.89 | 26.39 | 36.39 | 33.84 | 34.07 | 31.54 | 33.50 | 30.96
2 33.97 | 32.64 | 27.64 | 26.30 | 26.05 | 24.71 | 34.00 | 32.66 | 31.55 | 30.20 | 30.94 | 29.58
3 32.68 | 31.99 | 26.12 | 25.43 | 24.49 | 23.79 | 32.69 | 32.00 | 30.15 | 29.46 | 29.52 | 28.82
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Fig. 4. The reduction in temperature in a Fig. 6. The reduction in temperature in a
ventilated greenhouse where incom- ventilated greenhouse where incom-
ing air is cooled by Fan & Pad ing air is cooled by Fan & Pad
system(glass covered). system(PVC covered).
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Fig. 5. The reduction in temperature in a

ventilated greenhouse where incom-
ing air is cooled by Fan & Pad
system(PVC covered).
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Table 14. Simulated greenhouse

air temperature under different cooling methods.

w) 7189101111213 |14|15]|16] 17|18/ 19 |Avr.
methods
Ambient Tn 23.8|24.6(25.4(26.1(26.8|27.5|27.7127.9128.0|27.6]27.2|26.8|25.8|26.6
T 18.6119.2119.7120.3{20.9|21.6(21.8|21.9{22.0|21.821.6|21.5|21.5|21.0
pad & fan 22.2122.5(23.3123.6{25.0(25.8(26.0{26.0}25.7|25.324.4|23.8|22.0|24.3
+50% shade
full pad & fan 22.3(23.1124.7(25.2(27.6/28.4|28.5|28.2(27.5|26.5|25.1|24.0|22.8( 25.7
cropped only
50% shade 23.4124.6|25.7|26.2|27.7|28.4|28.7|28.7|28.4|27.8|27.0|126.2123.9|26.7
only
control 23.5|25.4|27.2127.9130.3(31.1{31.4131.2|30.3{29.1|27.6|26.4{24.7|28.2
pad & fan 22.5(22.7123.6(23.9|25.5|26.2|26.5|26.4|26.1|25.5|24.6|23.9(22.3|24.6
+50% shade
non pad & fan 22.6123.5(25.3125.8128.7|129.5129.7129.2128.3(27.0{25.4|24.2|23.3|26.3
cropped only
50% shade  |23.9]25.2(26.4(26.9]28.5|29.3(29.6]29.6/29.3]28.727.8[26.9]24.6|27.4
only
control 24.0126.0128.0(28.7|31.7|32.6|32.8132.4131.5(30.2|28.6|27.2125.7|29.2
TR T Gs 1s =20 22 24 S - 12 14 15 18 =0 -3 24

TIME (Howr?

TIME ‘Howrm>

Fig. 7. Simulated greenhouse air temperature

under fully cropped situation.

O

S0l &

L

A

SR EE!

L.
po

FHo] W BHI n2A HEA @ A
] wlo wsle] Walassl AR
AANME &AF 4+ Ak

7Y 9t 454 3% AP Fud BB

Fig. 8. Simulated greenhouse air temperature
under uncropped situation.



A e & A B ol BRI o g ol B 4T

QA7} Ak 275 ~ 285 C o 97&
sl A 6.5~8.5C8 ¥4E 24 uddF
Im*g 1.3 liter/min®] f=o g 22 X4
A4S o AU EE 9212 1 10C ¢
£ 165~18.0C F== 3% + Ak

o] 21¥& HAEH 1.34 liter/mine & <of
8Ce WHE oke HoZ Yo 24iTHq
A AR AM AFT AE AP o2 REH
oF 10&o] AsstH A Auvrige] 18C AF
2 A=A A F 1580 Aad AA
oA AL A AANE o AWr2Y A5

N

< %

3 BA §35e0l A G4 A
T 4 Atk ol e WL YnY T
Zadtes F AdTIRol AedA =HwA
S$2ee) AR D Ao DY
=

*1 J | e

#fw M/ﬁﬁ¢~,bfuﬂ Vfigﬂn‘ FJ“ bt

] T ampent Tems. i

264 v

2] e T o
% 3 =
e ..] s ==
R s P
e N e
&R ’ /

1864 L A

E _ - — 22

] ke —xﬁ‘: " Outiet Tema. L ;,zxz

124 =

] S

E- -

4 *lniet Terma.

chsls@ﬁ?iﬁﬁwﬁﬂ%ﬂﬁﬁﬁ&\:xﬁﬁénﬁﬂfb
: Etapses Tma. (Min)

Fig. 9. Cooling of model greenhouse by

spraying cool water on cover sur-

face with and without wet cloth

cover.
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