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Cooling Load of a Greenhouse
(1) Characteristics of Cooling Load in Summer Nighttime
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Fig. 1 The greenhouse and the heat pump cooling
system used for the experiment.
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Fig. 4 Averaged hourly cooling load (Qz) of each
experiment, and the percentages of the soil
heat flux (Q5), the heat transfer due to air
infiltration (@5 ) and the overall heat trans-
mission (Q7) to the cooling load (Q7).
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Table 1 The amount of the heat transfer due to
air infiltration ( Q,), and its components
(sensible heat @, s and latent heat @, ;).

pate 149 190 10001001 10,,1/9, x100
K | kcal/m?®/hr/K %
July
14~15 | 84 | 410] 90| 320 78
19~20 57 | 358 | 75| 283 79
20~21 30 | 2361 33| 203 86
26~26 | 42 | 213 46| 167 78
Aug.
18~19 | 84 | 414 | 124 290 70
19~20 | 78 | 357 | 97| 260 73
Average 63 | 331 78| 254 77

Note: 1) Experiments were carried out in a semirigid poly-
ester film house with two thermal screens open.
2) The results are hourly averaged values after air
temperature difference between inside and outside
became constant.
3) Outside wind speed was almost constant during
the experiments. The speed was around 1m/s.

Table 2 Coefficients of the heat transfer due to air infiltration (4, ),
under three different thermal screen conditions.

D t v v
ae kcal/m®/hr/K Date kcal/m®/hr/K Date kcal/m?/hr/K
July 14~15 2.43 July 16~17 1.74 July 17~18 1.37
19~20 312 23~24 1.44 22~23 1.89
20~21 391 28~29 1.84 27~28 143
25~26 252 Sep. 1~2 1.97 Aug. Sty 163
Aug. 18~19 2.45 1~2 1.89
19~20 2.28 2~3 1.58
Average 2.79 Average 1.75 Average 1.63

*) The two thermal screens open.
**) One thermal screen closed and one open.
*%%) The two thermal screens closed.
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Effects of the thermal screens on heat transmission
coefficient (A, kcal/m?*/hr/K).

Table 2 1D h, DfEd Table 1 EFEE, Thermal |Two screens | One scr. closed | Two screens
— IR O 2RI EO—R DFEETH screen open Lower" | Upper** | closed
Bo H—F VEIED by DIEIE 2~4keal/ | Heal s ]
m*/hr/KT, THE 28 2FL, —@H— ;{S ansmi- 1.45 067 0.80 065
FUEBBLLICE > TG 181C, ZF | coeffi- | 179" 0.33 160 0.37
H—F v TIRPE 16 SN E o, cient ()

3.6 HWEIGS Average 1.62 0.50 1.20 0.51

b — b T ARERRER L RE0, HIE

x) Polyethylene film (0.05mm thick)
*%) Aluminium powder mixed polyethylene film (0.05mm thick)

S5cmEE XD, THEORE, ®HERRE, F *%x%) Average of two measurements.
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Fig. 5 Nocturnal changes in the temperatures of
the greenhouse soil at 5cm deep, the soil
surface, and the inside air, together with
the soil heat flux and outside net radiation.
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Summary

Because in summer the outside air temperature in many Asian countries is too high to grow
certain flowers and vegetables, these crops are often grown in a greenhouse which is cooled by
cooling equipment. For example, the development and growth-rate of carnation, roses and melons
can be improved by using both daytime and nighttime cooling.

In this paper cooling load of a single span greenhouse in summer nighttime is investigated.
The experiments were made under the following three different thermal screen conditions:

1)  two thermal screens open

2)  one thermal screen closed

3) two thermal screens closed.

The greenhouse was cooled by a heat pump that was in operation continuously during the
night, and no crop was present in the greenhouse. The results can be summarized as follows.

(1) Under the condition of a constant inside air temperature the cooling load of the greenhouse is
due to

1)  air infiltration Q5 42%

2)  soil heat flux Q5 38%

3) overall heat transmission Q7 20 %.

(2) An empirical relation for estimating air infiltration rate of the cooled greenhouse V, was
proposed. In the relation, ¥, is a function of the outside wind speed and the air temperature differ-
ence between inside and outside the greenhouse. With wind speed being 1m/s and the temperature
difference ranging from 3 to 15K, the value of V, ranged from 1.5 to 3.0m>/(m? hr).

(3) From measurements it appeared that 70% of the whole heat transfer due to air infiltration @,
was caused by the transfer of latent heat. Because of this result @, was proposed to be described
as being proportional to the enthalpy difference between inside and outside air instead of temperature
difference. @, decreased to 63% with one thermal screen closed and 58% with two thermal screens
closed.

(4) The effects of thermal screen on the heat transmission 4, [kcal/(m? hr K)] were:

t hy=1.62

2) upper thermal screen closed : 4,=1.20

3) lower thermal screen closed : 4,=0.51

4)  two thermal screens closed : 4,;=0.50

The upper thermal screen was an aluminium powder mixed polyester film with a thickness of
0.05mm. The lower thermal screen was a polyethylene film of 0.05mm thick.

(5) The process of greenhouse cooling is considered to be a first order process of which the time
-constant is estimated by parameters of the greenhouse and the cooling system.
Based on this assumption it is proposed that two definitions of the maximum cooling load of

1)  thermal screen open

—129—



E x K =

a greenhouse are possible, the one is static and the other is dynamic. The static conception is used
in the case the heat pump or any cooling equipment needs continuous operation for keeping a
setpoint air temperature. In this case the cooling load of greenhouse is equal to the capacity of the
cooling equipment. The dynamic definition is used in the case the capacity of the cooling equipment
is so high that no continuous operation is needed to maintain a setpoint air temperature.
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