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Validation of Load Calculation Method for Greenhouse Heating Design and
Analysis of the Influence of Infiltration Loss and Ground Heat Exchange

Hyun-Ho Shin and Sang-Woon Nam’

Department of Agricultural and Rural Engineering, Chungnam National University, Daejeon 305-764, Korea

Abstract: To investigate a method for calculation of the heating load for environmental designs of horticultural facilities,
measurements of total heating load, infiltration rate, and floor heat flux in a large-scale plastic greenhouse were analyzed
comparatively with the calculation results. Effects of ground heat exchange and infiltration loss on the greenhouse heating
load were examined. The ranges of the indoor and outdoor temperatures were 13.3 # 1.2°C and -9.4~+7.2°C respectively
during the experimental period. It was confirmed that the outdoor temperatures were valid in the range of the design temperatures
for the greenhouse heating design in Korea. Average infiltration rate of the experimental greenhouse measured by a gas
tracer method was 0.245 h™. Applying a constant ventilation heat transfer coefficient to the covering area of the greenhouse
was found to have a methodological problem in the case of various sizes of greenhouses. Thus, it was considered that the
method of using the volume and the infiltration rate of greenhouses was reasonable for the infiltration loss. Floor heat flux
measured in the center of the greenhouse tended to increase toward negative slightly according to the differences between
indoor and outdoor temperature. By contrast, floor heat flux measured at the side of the greenhouse tended to increase
greatly into plus according to the temperature differences. Based on the measured results, a new calculation method for
ground heat exchange was developed by adopting the concept of heat loss through the perimeter of greenhouses. The developed
method coincided closely with the experimental result. Average transmission heat loss was shown to be directly proportional
to the differences between indoor and outdoor temperature, but the average overall heat transfer coefficient tended to decrease.
Thus, in calculating the transmission heat loss, the overall heat transfer coefficient must be selected based on design conditions.
The overall heat transfer coefficient of the experimental greenhouse averaged 2.73 W- m2-C", which represents a 60% heat
savings rate compared with plastic greenhouses with a single covering. The total heating load included, transmission heat
loss of 84.7~95.4%, infiltration loss of 4.4~9.5%, and ground heat exchange of -0.2~+6.3%. The transmission heat loss
accounted for larger proportions in groups with low differences between indoor and outdoor temperature, whereas infiltration
heat loss played the larger role in groups with high temperature differences. Ground heat exchange could either heighten
or lessen the heating load, depending on the difference between indoor and outdoor temperature. Therefore, the selection
of a reference temperature difference is important. Since infiltration loss takes on greater importance than ground heat exchange,
measures for lessening the infiltration loss are required to conserve energy.
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Fig. 1. Size of the experimental greenhouse and location of hot water pipes and sensors.



650 Kor. J. Hort. Sci. Technol. 33(5), October 2015

A HolE F A ATl WE CO; FE F2T AXT
o] & Al o 2 L5}t Babtista et al., 1999; Ham, 1993;
Nederhoff et al., 1985; Watanabe, 1986).

_ 2303, G
n-n %¢ 3)
C = C[n,t. - Cout (4)
C2 - Cm b Cout (5)
021711\_]’ N% E}\Hﬂ7]%(h_l) C[”tlﬂ]— Cl'ﬂl‘z—E_ /\]7]— tl‘ﬂ]— tZOﬂ
A 24 Y CO; 5=(ppm), Cou: 27| COrE=(ppm)
o,

qs = FLy(Ar - 9) (6)

0%7%1 g= AFHGRINW), Fi=
w AEAAG(W-m'-°C"), L= £419] 7 0](m),
*‘%4 Zl%a Fol olat 8} w EXA
(°C)§ A=
o]t

qt = UAcAt (7)

= B 0] APFEW-
m?-°C"), 4= 249 RIS (m ), At Adie] 7123k

Hwang et al., 2013; Lee et al., 2011; Nijskens et al., 1984),
oY eelA R Pt Y dashe A Wbl
o} wfebd B Aol A PRANSHE S
Agwsiel AZALRTE WA Faheick

Qtotal =q: + qv + qs (8)

q:r= Qtatal “qv—Ys (9)

RIS 24

12 HAO R ASRE 7| dAtret d-ist A= ol
£ AR D92 Hets o] B0 ARSIt R
oF 24 fIote] HRAES ofEe ARES 7IEo R st
Fopto g JEstglon, HR2AES Tl Wio] A&k
T o d BEAES € WA HolE F R R
AZE dlolelE Adisto] £AsIGIeh dsE E40 AL
S dloHE F 38SAER Aue] 7|24t whef 1474 1
FOE Wpo] 2453l om 15 Fl-2 = Ab= Table 1
I gk

A7 S AW et 133 £ 1.2°C2 A =8]
1, A9J71 28 9.4~+7.2°C9] M 9E Rrh ALz
ASAT= AA A 249 oRgE T AH2reQ] 13~
15°Cef 9] ARSI Ad7Ite] o] Hlo}‘ﬂ oSt
Holeha] Aufe] 7127t 2 21°C7EA kel {iiTk -2

Table 1. Data grouping, number of data sets, and average
difference between indoor and outdoor temperature.

Temperature difference (°C)

At Sorting Number

() (At=ti-t)  of sets  Average gtar.lda.lrd
eviation
8 At<85 2 8.1 0.02
9 8.5=<At<9.5 10 9.0 0.24
10 9.5<At<105 21 10.0 0.28
11 10.5<At<11.5 34 11.0 0.26
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Table 2. Measured infiltration rates for the experimental
greenhouse.

Infiltration Average Difference between
No. rate wind speed indoor and outdoor
(h™h (m-s™) Temperature (°C)
1 0.335 0.5 10.3
2 0.198 1.9 41
3 0.392 1.0 15.2
4 0.184 2.4 15.3
0.117 0.4 12.5
Average 0.245 1.2 11.5
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Average Standard deviation
8 32.0 0.1
9 35.6 1.0
10 39.6 1.2
11 43.6 1.1
12 47.9 1.2
13 51.4 11
14 55.6 1.3
15 59.6 1.1
16 63.5 11
17 67.6 1.0
18 71.4 1.1
19 75.9 1.4
20 79.4 1.0
21 82.9 1.3
Total 57.0 11.6
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Table 4. Comparison of soil temperature in the center and side of the experimental greenhouse by At group.

At Center (°C) Side (°C) Average (°C)
Y] Average Standard deviation Average Standard deviation Average Standard deviation
8 18.4 0.05 15.3 0.02 16.8 0.03
9 17.8 0.52 14.1 1.26 16.0 0.89
10 17.6 0.86 13.7 1.36 15.7 111
11 17.3 1.23 13,5 1.71 15.4 1.47
12 17.4 1.00 13.5 1.52 15.5 1.26
13 17.5 0.99 13.6 1.57 15.6 1.28
14 17.0 1.21 12.9 1.71 14.9 1.46
15 16.8 0.87 12.3 0.90 14.6 0.89
16 16.9 0.68 12,5 0.78 14.7 0.73
17 16.9 0.37 12.3 0.43 14.6 0.40
18 16.8 0.95 12.3 0.98 14.6 0.97
19 16.6 1.15 11.8 1.32 14.2 1.24
20 15.8 1.06 11.0 1.34 13.4 1.20
21 15.4 0.44 10.6 1.05 13.0 0.74
Total 17.1 1.06 12.9 1.53 15.0 1.30
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Table 5. Average overall heat transfer coefficient (U) of the
experimental greenhouse by At group.

U (W-m?-°Ch
At (°Q)
Average Standard deviation

4.73 0.14

412 0.70
10 3.58 0.79
11 3.38 0.78
12 3.08 0.73
13 2.85 0.58
14 2.58 0.48
15 2.51 0.54
16 2.38 0.52
17 2.46 0.54
18 2.12 0.29
19 2.08 0.43
20 211 0.32
21 2.03 0.34
Total 2.73 0.76
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Fig. 9. Comparison of calculated and measured total heating
load for the experimental greenhouse.

Table 6. Component ratio of total heating load for the experi-
mental greenhouse by At group.

At Heat loss (%)

Q) Transmission Infiltration Floor Sum
8 95.4 4.4 0.2 100
9 94.8 5.1 0.1 100
10 94.3 5.7 -0.2 100
11 93.8 6.1 0.1 100
12 92.4 6.6 1.0 100
13 91.6 7.1 1.3 100
14 89.8 7.8 2.4 100
15 89.9 8.0 21 100
16 88.7 83 3.0 100
17 88.1 8.0 3.9 100
18 84.7 9.0 6.3 100
19 84.9 9.1 6.0 100
20 85.5 9.1 5.4 100
21 85.6 9.5 4.9 100
Total 89.9 7.6 2.5 100
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