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Summary

A plastic greenhouse with earth-air heat exchange system was built the northern part of
kyushu, Saga. The sun-shine time in winter is relatively short there.

In the house, tomato plants were cultivated. The house has 70 square meter floor and 157
square meter covered film. The ratio of the floor area to covered film was 0.45.

Hard plastic pipes which have 8.2 m length, 100 mm internal diameter and 3.6 mm thickness
were laid under the ground inside of the house. Fourteen pipes were laid at the depth of 30 cm
and fourteen pipes at the depth of 60 cm, at intervals of 30 cm. The surface area of those pipes
which contact with soils and act as an earth-air heat exchange part is 72.1 square meter. The air
temperatures, earth soil temperatures, solar radistion in the house, and weather were investigated
during the operation of the earth-air heat exchange system.

The effect of the system on saving energy for heating of the greenhouse was indicated by a
trial balance with the conventional full size plastic greenhouse.

The fuel consumption of a plastic house of 1000 square meter floor was computed on the basis
of the weather condition in and outside of the greenhouse in the coldest 5 days. As to the effect
of saving energy, for the heating of the greenhouse of 1000 square meter, 11 fuel oil drums were
estimated to be saved a month,
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Table 1 Weather conditions in November and December, 1980.

November December
D/H 6 :00—18: 00 18:00—6 : 00 D/H 6 :00—18: 00 18:00—6 : 00
Ist | fine fine Ist | clear fine
sometimes cloudy 2nd | cloudy fine then cloudy
2nd | cloudy then fine fine sometimes rain
3rd | clear fine 3rd | cloudy sometimes cloudy sometimes
fine temporary rain rain
4th | fine cloudy temporary rain | 4th | cloudy temporar rain cloudy
5 fine fine 5 cloudy then fine clear
temporary rain sometimes cloudy 6 fine fine
6 clear clear then cloudy 7 fine fine
7 cloudy clear 8 fine fine then cloudy
sometimes fine 9 rain then cloudy fine
8 fine clear 10 cloudy cloudy
sometimes cloudy sometimes fine temporary rain
9 fine then cloudy cloudy 11 cloudy sometimes fine then somwtimes
10 fine clear rain then fine rain
11 clear clear 12 cloudy then fine rain then snow
12 fine then cloudy cloudy temporary rain {13 cloudy cloudy sometimes
13 cloudy fine sometimes snow snow and rain
then clear 14 rain cloudy, rain, fine
14 fine clear 15 fine fine then cloudy
15 clear fine then cloudy 16 cloudy fine then cloudy
16 cloudy sometimes cloudy then fine 17 cloudy then fine fine
fine 18 fine cloudy temporary rain
17 fine clear 19 fine then cloudy cloudy
18 clear fine 20 cloudy then fine cloudy then fine
19 fine clear 21 fine clear
20 fine then cloudy cloudy then rain 22 fine cloudy then rain
21 heavy rain cloudy 23 cloudy sleet (rain and
22 cloudy sometimes cloudy then fine sometimes rain snow mixed)
rain 24 fine rain then cloudy
23 fine clear sometimes rain
24 fine then cloudy cloudy sometimes 25 cloudy cloudy
fine temporary rain temporary rain temporary rain
25 fine temporary fine 26 rain then snow cloudy temporary rain
rain 27 SNOwW cloudy sometime snow
26 fine fine 28 snow snow
27 cloudy rain 29 snow cloudy temporary rain
28 rain then cloudy cloudy then fine 30 cloudy fine
30 cloudy then fine fine 31 fine clear
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Fig. 4 Dirnal changes of the temperatures in the greenhouse with an earth
-air heat exchange system.
A Inside air terperature.
o Qutside air temperature.
® Soil temperature at the depth of 5 cm.
O Soil temperature at the depth of 45 cm.
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DH=24(Th—Tm) ((Ti— s hr 4.3 4.2 5.0 5.9
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TL : mean day minimum temperature of a month
. IR oy U = |
T © BSO AFHIRE S:  mean day sunshine time of a month

Th I BAOER&ERED B
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FHfE
TL : B4 0 BERAESR O B F1E
S [ 1HoBEKMOBYEE (hr/day)
TEZ2 T3,

GIRVECED, H5AOFYHICBIZBEEF 7V 77— RKDoNZ2DT, ORD
HECRBOIWERMT Y 77— on 3, Table—2 3BT BT 3 RKBEOERTF—F T
b3,

2. 7 HEBEA®W

::T,—Egﬁﬁﬁﬁ@&ﬁfﬁiena

Qu=A, [ TK(T,=To) (1 —£)dt - @
A, I BERERE
U . BEAMREK
(1—f.)  PRBMENCHE D HEH
ti, t . EEFAREER & AR TR
Ty, T, : BREHRZENRE L 45E

—BER SN TV IBEARGREE Y 7 RE T5.3kcal/mthr°C, I AF v 7 "I R T
5.7kcal/mhr’C- a8 T3,

2IT, UREpZERL R b DT hiE, MRBRACESRLZ SN,

Qu=AU 1= [“(T, =Tt ®)
BT, HIRBRARKASSRD B 2 ENTE S,
QT:AWUm(l_fr)DHn 9)

Qr . HAREEE &R
Un | FBE AR
DH :BETF VTV~
n HEEHOBH
EMEEARGEEBEEF ) 77 —nahhid, O sHlBEAR SR N5,
2.3 MM OETER
HIREE AR 2, REBORME LBEEY A7 AOBFIHEMETEH S &, WRE T2 HEOR
BHEEESRD SN,
V= QT/h' 7 {10
Vo @ B o MR &
h RRFE G
7 BEY AT AOBEHR
I OHBEBEEY AT AN A LRI CRERMGARABEE Y AT LEEBT ST IAF v
N ADBETHFH AN L EERENT P OREDL, RG), 6), 8), (9, 0LD, 12H27TH» S
12831H £ TOMERHBEEKRD TH S,
12827855128 31H  TOFHEE 1 1.08°C, BEHEOHREREOFH6.14°C, RIHAR
O HRAERERO T —2.28CE AT, G ELD,
DH,={24X (7 ~1.08)—4.3X (7 —(6.14—1.08)/2)} x 5 =614.295
ST, U=5.78E5L, Unld TREDBRBENS S L2 EELNTWEDTY, Un=4.3
E—BH—T R ZF LT A NARERL T 5 OEEIEEEB% 45 &, (9)
K& 0 5 HEOHAREE &R Qrid,
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Qr=123X4.3X614.295% (1 —0.35)
=211,185.4 kcal
kb, fE-T, 205 HEE T 2 MENEER Vi, B (7)) oFEha h 8,800/ ¢,
BFIHZNE 7 #0.8L L T
Vy=211,185.4/(8,800x0.8)
=33.04/5 days
-7, BcEHET S, 10a, 1AHD THE,
25.84X (1/5) % (1,000/72) =73.8 ¢/day
%, 1,000 D72 AF v 7w X R MR EGTHEI N T ANRIR L RRE (REBROBE T
B L#F 7T CUE) B oE, 1Hw73.8¢, S5ABTI6L, 17 ABYD BT 2
£2,2150, FIAHELTIIAGOREFFCLEL WD JEIXE 5,

i £

AR TEEAZRICE W TR ESEOL 2 WAL AN EET T, P8Ry A7 L2 H
RIeTZAFy 2Ny ARBEL, TOFTERBC M= P ERBELELSETALFHREER
L, N ADKE SFREMOr, $EEERBISTM THELIZ0.45TH - /.

HurhEl < f 1%, B &8.2m, WNE100mn, WES.6mnT, I+ 2 #T30cmiz144%, #1TF60cm
WIARRE L, HE N POMERERTHREI 2.1 ko7, ZONY 2AOEE, HiE, B
R OHIPEET Y R 7 2 0B O KER L 2HEL .

B ARRIE T R R AKEEBROMPEZI N 2 LF CIRERMEIC T 5 70 OMREINE
HAERET L Z L TRLE.

TR B U 2 BB S BMONY ARMREBET — 5 23 LI 7 AF v 77 A0
PHEE 2T 5 &, KEBROH P EAIH Y A D T 2FRIZL, 000m D N7 AT LT
17 BB F 2 AEILASSHNTE S Z EB80h o7z,
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