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Effect of Design Value Selection on Heating and Cooling Load Calculation
in Greenhouses

Sang-Woon Nam* and Hyun-Ho Shin

Department of Agricultural and Rural Engineering, Chungnam National University, Daejeon 34134, Korea

Abstract. For the main variables to be selected by the designer for the heating and cooling load calculation in green-
houses, in order to evaluate the effect of these design values on the heating and cooling load, the simulations were
carried out by varying the respective design values. Based on these results, we proposed the design values which
should pay special attention to selection. The design values which have the greatest effect on the heating load were
the overall heat transfer coefficient of the covering material and the design outdoor temperature was next. The effect
of the design values according to the number of spans showed little difference. In the case of the single-span green-
house, the effect of the design values related to the underground heat transfer can not be ignored. However, in the
case of the multi-span greenhouse, the effect of the design values related to the underground heat transfer and the
infiltration rate were insignificant. The design values which have the greatest effect on the cooling load were the
solar radiation into the greenhouse and the evapotranspiration coefficient, followed by the indoor and outdoor tem-
perature difference and the ventilation rate. The effect of the design values showed a great difference between the
single-span greenhouse and the multi-span greenhouse, but there was almost no difference according to the number
of spans. The effect of the overall heat transfer coefficient of the covering material was negligible in both the single-
span greenhouse and the multi-span greenhouse. However, the effect of the indoor and outdoor temperature differ-
ence and the ventilation rate on the cooling load was not negligible. Especially, it is considered that the effect is

larger in multi-span greenhouse.

Additional key words : evapotranspiration coefficient, greenhouse design, outdoor design condition, overall heat

transfer coefficient, ventilation rate
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Table 1. Basic design values selected for heating load calculation in greenhouses.

Symbol Description (unit) Value Range
U Overall heat transfer coefficient (W/m’°C) 3.0 2.25~3.75
To Outdoor design air temperature (°C) -13.0 -9.7~-16.3
N Infiltration rate (air exchanges/h) 0.15 0.11~0.19

Perimeter heat loss factor (W/m°C) 6.25 4.69~7.81
Reference temperature difference (°C) 12.5 9.4~15.6

2015, Nam 5, 2015).
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Table 2. Basic design values selected for cooling load calculation in greenhouses.

Symbol Description (unit) Value Range
Ep Evapotranspiration coefficient (dimensionless) 0.5 0.38~0.62
s Solar radiation transmitted into indoor (W/m?) 800 600~1000
U Overall heat transfer coefficient (W/m? °C) 6.0 4.5~7.5
AT Indoor and outdoor temperature difference (°C) 4.0 3.0~5.0
Vr Ventilation rate (air exchanges/min) 0.6 0.45~0.75

note) z1s is outdoor design solar radiation multiplied by transmissivity of covering material

Table 3. Greenhouse model adopted in heating and cooling load calculation.

Greenhouse size (m)

Design strength

Model
Width Eaves height Roof height Snow depth wind speed
12-Single-1 7.0 2.0 3.9 55 cm 42 m/s
12-Multi -1 7.0 45 6.5 55 cm 40 m/s
Table 4. Specifications of greenhouse adopted in heating and cooling load calculation.

Greenhouse No. of span As (m%) Ac (m?) V (m?) Ls (m)

S-1 Single 700 1,276 1,400 214

S-7 7-spans 4,900 7,385 22,050 298

S-14 14-spans 9,800 13,870 44,100 396

note) Greenhouse length is 100m, V is a volume of heating space
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Fig. 1. Change of greenhouse heating load by the number of span
with increase of design value from its basic value.
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Fig. 2. Change of greenhouse heating load by the indoor and out-
door temperature difference with increase of design value from
its basic value.
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Fig. 3. Change of greenhouse cooling load by the number of span
with increase of design value from its basic value.
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