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The Effect of Soil Warming on the Greenhouse Heating Load

g 3 &
Nam, Sang Woon

Abstract

In order to examine the heat transfer characteristic of a soil warming system and effects of soil warming
on the greenhouse heating load, control experiments were performed in two greenhouses covered with double
polyethylene film. One treated the soil warming with an electric heat wire and the other treated a control.
Inside and outside air temperature, soil temperature and heat flux, and heating energy consumption were
measured under the set point of heating temperature of 5, 10, 15, and 20°C, respectively. Soil temperatures
in a soil warming treatment were observed 4.1 to 4.9°C higher than a control. Heating energy consumptions
decreased by 14.6 to 30.8% in a soil warming treatment. As the set point of heating temperature became
lower, the rate of decrease in the heating energy consumptions increased. The percentage of soil heat flux
in total heating load was -49.4 to 24.4% and as the set point of heating temperature became higher, the
percentage increased. When the set point of heating temperature was low in a soil warming treatment, the
soil heat flux load was minus value and it had an effect on reducing the heating load. Soil heat flux loads
showed in proportion to the air temperature difference between the inside and outside of greenhouse but they
showed big difference according to the soil warming treatment. So new model for estimation of the soil heat
flux load should be introduced. Convective heat transfer coefficients were in proportion to the 1/3 power
of temperature difference between the soil surface and the inside air. They were 3.41 to 12.42 W/m®C in
their temperature difference of 0 to 10°C. Radiative heat loss from soil surface in greenhouse was about 66
to 130% of total heating load. To cut the radiation loss by the use of thermal curtains must be able to
contribute for the energy saving in greenhouse.
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Table 1 Change of air and soil temperatures in the experimental greenhouse.

Set point of Outside air temperature (TC) Average air temp, (T) Average soil temp. (T)
temp. (C) Min. Max, Avg. Interlayer Inside Warmed Control
5 -109 34 -4.2 -1.7 6.2 12.0 71
10 -14.1 50 -2.7 0.3 106 124 78
15 -78 98 04 33 149 134 93
20 -5.9 12.7 18 57 19.2 146 101
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Fig. 1 An example for measured temperatures in ex-
perimental greenhouse.
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Table 2 Change of greenhouse heating energy according to the soil warming.

i o Greenh heating energy (kWh)
Inside air ouse healing .n ey _ Energy saving (%)
temperature Controt Soil warming

() Indoor Indoor Root zone Total Indoor Root zone Total
15.88° 1098 493 1591 ~ .

bz (108) (398) (0:24) (399) 308 310 02
24.63 20.01 481 24.82

108 (432) (400) (024) (401) 189 195 08
30.64 25.65 438 30.03

149 (357) (295) (064) (300) 165 13 20
42.06 35.92 451 4043

192 (651) (5.14) (052) (5.42) 146 107 39

* Average daily consumption of heating energy(Standard deviation).
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Fig. 2 Comparison of the daily heating load accor-
ding to the set point of heating temperature
(Ts) and the soil warming.
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—775~63.2 W/m®), FAYTIN 7 381
W/m®(95% AlgTZbelH -33.3~109.5 W/m®) e
2 EAEAY & Kim et al.,(2000)0] #|A3
A vl AEE BYoy AF/MEY {57
weh 1 g 2 Aot e AR Jeyth &
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Table 3 Change of greenhouse heating load according to the inside air temperature and the soil warming.

Average greenhouse heating load, W (%)
Inside air . :
" Control Soil warming
emperature
() Heat flow Heat flow in Heat flow Heat flow in
through cover soil Total through cover soil Total
62 1,112 -32 1,080 1,112 =367 745
’ (103.0) (-3.0) (100) (149.3) (-49.3) (100)
106 1,443 201 1,645 1,443 -109 1,334
’ (87.7) (12.3) (100) (108.2) (-8.2) (100)
149 1,547 376 1,923 1,547 63 1,610
) (80.4) (19.6) (100) (96.1) (39) (100)
192 1,818 585 2,404 1,818 237 2,055
’ (75.6) (24.4) (100) (88.5) (115) (100)
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Fig. 3 Relationship between the heat flow in soil

and the air temperature difference between
the inside and the outside of greenhouse.
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Fig. 4 Relationship between the convective heat
transfer coefficient and the temperature di-
fference between the soil surface and the
inside air.
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Table 4 Average heating load for the greenhouse and radiation heat loss from the soil surface.

Inside air Control Soil warming
6.2 1.080 1183 110 45 965 130
106 1,645 1,337 0381 1,334 1,138 0.85
149 1,923 1,454 0.76 1,610 1,251 0.78
192 2,404 1,583 0.66 2,055 1,366 0.66
A BE 1924 WimP(05% AT 89 1427~ o= AZ/ ouA Folq AYRE $EH o]
2420 Wim) o2 Uetth o]RE it F da) Azt AHEE A g Ao 3
of Bl FdE BlYEAF oUA7t tr1ReR FBIEE ol AL UHAE &5 Al
BEEE o1, dHEF FolM AmHeN & Jldst FEOE Fsth ¥4 An 521~
AR EAHE g2 wE 20E dddn A 65.2%% HEtoH, ols AF7kE U] Fof
T B2IE 5 ol o] BES AWsd F7+ A 34.8~47.9% FTE AEHLR o)Fdle] A
of %9 HUNIANE FESIA. o]§sh= 2ol F il o] EFHAY BARYZOE EHHYSS
Hug Wi oy Z*D of 2A 719 £+ & YUk
7o)tk Table 4% 249 Wit} A EdA
9 HEAREAS HlE ?‘a ojtt. &4 AxweA V., 22 3 A&
EAMZ A% WhIREle) 66~130% %
s 28R o7& ¥ Jurk AdslolE 33~ 24 AR AAEe HEEATY 2FTReol
65%2 oUAE 27T F U AoE A sl n)XE 9FE HAES] Yate 2%
ol HEAE g IALE 30~65%% WY olF ZdddU FE 9B AFHoA thzA
TrA}zP AGE Yehle 202 398 Kim et L AT 15 ADAAE o] 4d AF
- 2000). ' e AYFE O 15 FATE 4N
Table 5% AF7F oA FoAA &5 A2 24 YRLEE 5, 10, 15, 20CTE A4l A
ol 71oj3t vl&S vl Aok 1?;7}1 A2 uisl 124 ALEE, AFEARE 4 dieuix|
Tob FAEEY BN ASE AFARHY A A Aok

Table 5 The percentage of energy used in the soil warming of the total heating energy for soil.

Inside air Total heating eneray for soil Heat_ flux di_fference between the | Heating energy u_sed in the
temperature (W) soil warming and the control soil warming
(C) (W (%)) (W (%))
6.2 3354 116.6(34.8) 218.8(65.2)
106 319.3 111.2(34.8) 208.1(65.2)
149 268.2 109.0(40.6) 159.2(59.4)
19.2 256.5 122.8(479) 133.7(52.1)
58 g EFEd =iy A48 A53, 2006
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