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Influence on the Thermal Environment by Change of
Indoor-air Volume of Plastic Greenhouse with Hot
Air Heating Systems
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Abstract

Relatively being economical in installation and easy in operation, hot-air heating system
has been generally used in greenhouse for heating system regardless of high cost in
maintenance and uneven distribution of air temperature. Therefore to overcome the
disadvantages in maintenance and in distribution of air temperature and to improve
efficiency of heating system, this experimental study is performed. This experimental
study aims to improve the character of uneven temperature distribution in vertical
direction and to reduce energy consumption for heating in a greenhouse. The experiment
had been performed to investigate change of thermal environment and effects on reducing
energy consumption for heating in greenhouse by additional surface insulation and
reduction of indoor-air volume that come by installing transparent vinyl membranes with
different height in each house. The results show that there is a wide difference in
oll-energy consumption between houses according to condition of surface insulation and
change of indoor-air volume. Furthermore, the results show that the efficiency of dual
surface 1s higher than that of change of indoor-air volume in terms of energy saving.
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(¢) Vertical-section views
(unit @ m)

Temperature
O Two measuring points
(0.8 and 2.0m above the ground)
A Five measuring points (0.4, 0.8, 1.2, 2.0 and
2.8m above the ground)
> Six measuring points (0.4, 0.8, 1.2, 2.0, 2.8
and 4.0m above the ground)
[ ] Measurement of globe temp.
@ Measurement of outdoor air-temp.
Solar radiation
* Qutdoor solar radiation
v¢ Indoor solar radiation
Relative humidity
V Outdoor relative humidity
V¥ Indoor relative humidity
(8) Boiler
Hot-air duct

2! 1. Shapes and measuring points of green-house
models
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el si71eE, sheol F71e% HEX AR B ddeseln Yy
g i 29 vEiRith dEde] rleEe F gAo| 744 & o}$-~BEo| Ao HldES
_E_ 1. Experimental conditions
Ttem Side-windows open in(i%llg}sltv?iyl T_hti indoor Heating time Setting tg—zmp. Indoor average
or not screen alr-volume of heating temp.
Greenhouse | Daytime : Open | 2.8m above the .1 2001/04/04 20:00 . .
A |Nighttime: Closed|  ground 1398350 " s 0600 | M izt
L Nothing .
Greenhouse | Daytime : Open o, 1 2001/04/04 20:00 . :
B |Nihttime: Closed| \O"WF oudoor | 2L Tpyggoggg | T 16T
Greenhouse | Daytime : Open | 1.9m above the . 12001/04/04 20:00 o o
D Nighttime: Closed ground 955.8m | ~04/05 06:00 17t 16.5 T
I 2. Results of experiment
Oil
e .+ | Indoor average temp. o : e (0
. Outdoor air temp.(T) 2t 0.8m height(C) Globe temp.(T) Relative humidity(%) Ei)lréiltr?[))
13~20{ 20~06 | 06~13 | 13~20 | 20~06 | 06~13]13~20 1 20~06 | 06~13 | 13~20| 20~06| 06~13 | 20~06
(Thrs) | (10hrs) | {Thrs) | (Thrs) | (10hrs) | (Thrs) | (Thrs) | (10hrs)| (Thrs) | (Thrs) | {10hrs)) (Thrs) | (10hrs)
HOKSQ 141] 61 | 11.9 | 235 | 17.2 | 23 | 331 | 16.7 | 324 | 559 | 66.9 | 546 | 46.2
Hodsel | |y 235 160 | 2 | 32| 163 | 34 | 529 | 655 | 514 | 704
ose bl 225 | 169 | 22 | 331|161 | 338 | 498 | 676 | 483 | 40

% Date 13°00 April 4 ~ 13:00 April 5
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(b) Greenhouse B

8l 3, Variations of temperature with time in greenhouse models
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2l 4. Temperature variations in vertical view at the
middle of longitudinal direction(24:00 April
4,2001)

(b) Greenhouse B

— AN 2w
19 5’// /\%v%} 4*’9\}/\9 2
AN s

_. : % o7

(¢) Greenhouse D

T2l 5 Temperature variations on plane at 0.8m
height (24:00 April 4, 2001)



7 10.5 14 17.5 21 24.5 28
Duct length(m)

% 6. Relationship of air temperature and duct
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' Position 1 Temperature fall
[tem Time | (from hot air furnace) Position 2 Position 3
B / temp. per meter
o 00:03 14.3m/52.5C 20.9m/49C 27.2m/38.7C 1.1C/m
A-duct 00:04 14.3m/58C 20.9m/53.9C | 27.2m/44.1C 1.1C/m
- 00:05 14.3m/62.1C 20.9m/57.4C | 27.2m/46.8C 1.2C/m
00:03 7.3m/50.4C 13.6m/46.2C | 19.9m/38.8C 0.9C/m
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3zl 7. Variations of relative humidity with time
in greenhouse models
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