AR - B2 A7 5 S

3l

E
=

RPN EEES

°

o

)

PN PN
EETER #ERM R REFK

A

20024



SF e A4T NLdAE
5929 oA AH|EA
7 A+
fe BB & & F
= = K
ol S TE WMEE HNOR FHY
200246 H H
2= TEBEEEMG Hs RES

EELZBE

El

il

ES

N

il

ES

FD

Mk B KR

20024 A

H



The study on Thermal Environment and
Energy Consumption of Greenhouses with

Hot air Heating System

Samchae Jeon

(Supervised by Professor Suyeun Na)

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF
THE REQUIREMENTS FOR THE DEGREE OF MASTER
OF ENGINEERING

DEPARTMENT OF ARCHITECTURAL ENGINEERING
GRADUATE SCHOOL
CHEJU NATIONAL UNIVERSITY

2002.



i1
i

LASE O TFAGUIE wroevereersessssessssessssssssssse sttt st s sttt
SUMIMIARY -+eseeesesesersesssmsesessssssmiesesssssssssesssssssss st s ae bbb bbb s s st senes ]

—S —~ O 10 0 0

15
18
18
19
24
28
28
28
33
34
34
47
52
54
54
57
58
60
62

%o

O L A ZnH] B coeeerennesinisini e

=

T
o
=

Bowroa PO w
% SO T T
~ -
g : T wM U
K A ok oo of do  of o pk mk )
' olo oF : :
X N
< ~
%)

shol u}
of W Sy 9 3
e

1

NH :
s .

Q ...
a1

X

uy

o

d o er

<]

s i pEALE +
! : ) < ; )l
20 r = oy o X

_Zrl

<M

s .ﬁo
o B

)

1) 7
3) &
A 2 ¥
1) Al
3) &

3 -
w als

AT W =

e
A
3. AA

— =] mm mm XK



List of Table

Table 2-1 Kinds of covering materials by a way of covering - =eeeesereeeeeeees 10
Table 2-2 Lighting transmittance of outdoor covering material <« -wewseeeeseseenes 11
Table 2_3 PhySical CharaCterS .......................................................................................... 11
Table 371 EXDerimthal Outdoor Conditions .................................................................. 34
Table 3-2 Horizontal and vertical temperature difference at each height - 39
Table 373 Oll Consumption ................................................................................................ 49

List of Figure

Fig. 1-1 Flow charBl il i s biatihi s et ARy - e roreoseeessssmosssssssssssses 4
Fig. 2-1 The 100f type Of GIEEnhOUSE -+ - werssseressssreemssssemssssinsssssasssssonssssenssseseees 6
Fig. 2-2 Front/Back elevation and Section - wssscremmmsmsciemmissseseenessnnas 15
Fig. 2-3 Vertical VIew Of GIEenhoUse « - ssssreeemsssseemmsmssessmsssssemsssssenisssssonsnnas 17
Fig. 2-4 A way to install a Warm air dUCE s -ssreessseeeesssessesseesesscseesseceene %
Fig. 3-1 Plane views and details of the Greenhouse - s wwssremsseremsseremsnnec. 31
Fig. 3-2 The Proving GreenhoUse - s ccemssrremsssesemmsssesisssssessss oo 32
Fig. 3-3 OULAOOr CONMIION reresseeerssseremssssreemssesemmsmsrinsssssemisssessse s scnnssae 35
Fig. 3-4 Variations of indoOr temMpPEratre - sseeeemsssssrssemmssesiemsissscseeissnnas 37
Fig. 3-5 Variations of relative RUMIdity - wwesssreemmssereemmissimiissiniiesenninnas 38
Fig. 3-6 Variations of indoor air-temperature at each house «weeeeesereeeeeseceens 42



Fig. 3-7 Temperature variations in vertical view at the middle of longitudinal

HTEEEIQIL ++++rveersorsorssrssrsossmssssssssossossosssssessasssossosssssossssssessossossosssstsssessessrsssossossonssossesssssasssossonsossss 45
Fig. 3-8 Temperature variations on plane at 0.8m height e 46
Fig. 3-9 Variations of vertical temperature at each height «-eeseeeeserereemsinenieennnee 47
Fig. 3-10 Oil consumption at mOmeNnt(m/m) -« wwessessesssssssssssssssmsisisisisisiiess 48
Fig. 3-11 Oil consumption at accumulation( £ /m) e 48
Fig. 3-12 The relation between temperature difference and oil consumption -+ 50
Fig. 3-13 Variations of temperature in duct = esesseessssssmsssssisisnisissisissines 52
Fig. 3-14 Indoor air temperature by different screen height «--ooesoeeeeeeerseeemeenneenee 55
Fig. 3-15 Variations of relative humidity at each house ««eeeeeremreemmmnnn.. 56
Fig. 3-16 Variations of vertical temperature at each height «=oseeeeeerereeeserenieenne 57
Fig. 3-17 The relation between temperature difference and oil consumption at -



SUMMARY

Hot-air heating system has been utilized in most greenhouses because the
system has very effective in money-saving and easy installation. However, the
system has disadvantages in high maintenance cost and nonuniform distribution
of air temperature. The purpose of this study is to provide the basic data for
thermal control and energy conservation strategies of greenhouse heating. The
field measurement were conducted to examine thermal environment and energy
consumption in greenhouses model with hot-air heating system. Then the
relationship of boiler setting temperature and indoor air volume change and
energy consumption were provided. The results of the experiments are as
following;

1. There is more than 3~8C between boiler setting and indoor average
temperature because of the lack of efficiency in covering materials and the
position of duct in greenhouses.

2. If the boiler setting temperature is 10C, it can decrease at about 1.4 times
than 15C and 2 times than 20C setting temperature in oil consumption.

3. If it decrease at about 40% in original volume by double screening, the oil

consumption is saved by half.
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Table 2-1 Kinds of covering materials by a way of covering

A way of Basic . . .
. o Kinds of covering materials H| 11
covering condition
Plane glass - Double glass -
. . . Glass
Light diffusion glass
FRP(Fiber glass reinforced polyester), Ricid
igi
FRA(Fiber glass reinforced acryl), lgt
ate
Outdoor Good MMA (Polymethyl methacrylate) b
covering |transmittance Rigid polyvinyl chloride - o
.. . Rigid film
Rigid polyester film
PE(Polyethylene), PVC(Polyvinyl )
. . Flexible
chloride), EVA(Ethylene vinyl acetate), .
ilm
Triple film
. . : ) Warm
Flexible film - Reflecting film
screen
Good flexible Outdoor
Indoor )
. opening and Warm mat warm
covering i
shutting screen
Shading net Shading
@ =44 44
Table 2-2" o] W®Ae FEALS JeWh FEAEe =S deas
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Table 2-2 Lighting transmittance of outdoor covering material

Outdoor ) Lighting Outdoor . Lighting
. Thickness . . Thickness .
covering transmittance] covering transmittance
. (mm) ) (mm)
material (%) material (%)
Glass 3.0 91 PVC 0.1 90
FRP 0.7 90 PE 0.1 92
FRA 1.0 90 EVA 0.1 88
FEIE ool dHEE, AR, W4 T dE5A MEA a3 an

Table 2-3 Physical characters

) A type of film
Section
PVC PE EVA
Thickness(mm) 0.1 0.1 0.1
Density(g/ml) 14 0.92 0.93
Tensile strength(kg/cnf) 230 180 220
Ductility (%) 300 500 600
Impact strength(kg + m/cm) 65 20 54
Thermal conductility 0.07~0.11 0.29 0.29
(led/em - h - C)
The degree of 91 91 89
transparency(26)
€ I &2 F5F
HEA= AA AL, AE I5, AEA 8 2 Ve A5 7HAE UNH 1
zv7ke] T 2 548 AYsid vy 2o

PE (Polythy lene:Z# o€ @), PVC (Polyvinyl chloride: 3}H]d),

EVA (Ethylene vinyl acetate:Z4HH]d) So] Qlth AAIEL F2 YR JE&
ojy}f @Vt AMEEAH o Ao A= (Folstg-o oF JEgo=m 29l

o,

OE]%E'—O—E 7]‘7—:]10] 2 PE %%0] 7]-10]— E%o] iy\_o]_]—_y_ PVC
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(c) Vaithsei s

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
% Outdoor solar radiation
v Indoor solar radiation
Relative humidity
V Outdoor relative humidity
VW Indoor relative humidity
Boiler
.................... Hot-air duct
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(d) Detail measurement points of the Greenhouse

Fig. 3-1 Plane views and details of the Greenhouse
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(a) Outside of the Greenhouse

(g) Measurement of oil

. (h) Data logger
consumption

Fig. 3-2 The proving Greenhouse
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|—A (20g) ——B (150) ——C (100) =——D(No heating) —e— Outdoor temp.

35

Temperature()
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20:00 20:45 21:30 22:15 23:00 23:45 0:30 1:15 2:00 2:45 3:30 4:15 5:00 5:45
Time
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Fig. 3-4 Variations of indoor temperature
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Fig. 3-5 Variations of relative humidity
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Table 3-2 Horizontal and vertical temperature difference at each height

House A(T) House B(TC) House C(TC)
Date Position| g g, 2.0m | 0.8m 2 0m | 08m 2.0m
VTD VTD héi ht VTD
height height|height g height height

Corner | 14.3 5.3 196 | 155 1.9 174 14 3.4 174
0312 Center | 173 | 2.3 | 196 | 157 | 1.9 | 176 | 145 | 35 | 17
20:00
~13| HTD 3 0 0.2 0.2 0.5 0.4
08:00

Outdoor . .

-0.9~4.3C(Average: 1.1TC)

temp.

Corner | 16.7 | 3.2 198 | 16.1 1.9 18 14.6 2.9 175
03/13 Center | 176 | 24 | 20 | 162 | 2 182 15 | 21 | 171
20:00
~14| HTD 0.9 0.2 0.1 0.2 0.4 04
08:00

Outdoor . .

4~78TC(Average: 5C)

temp.

Corner | 219 | 4.8 26.7 | 20.6 1.7 223 | 195 24 219
0314 Center | 269 | 05 | 264 | 208 | 1.7 | 225 | 196 | 1.9 | 215
20:00
~15( HTD 5 0.3 0.2 0.2 0.1 04
08:00

Outdoor . .

6.3~16.1C(Average: 10.3C)

temp.

_39_

VTD : Vertical Temperature Difference

HTD : Horizontal Temperature Dirrerence
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Fig. 3-6 Variations of indoor air-temperature at each house
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® House C @ House D

(a) March 12 24:00

@ House C

(b) March 13 24:00
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@ House C @ House D

(c) March 14 24:00

Fig. 3-7 Temperature variations in vertical view at the middle of longitudinal

direction
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Fig. 3-8 Temperature variations on plane at 0.8m height
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Table 3-3 Oil consumption

Average oil Max oil ) )
] . oil consumption at
consumption at | consumption at

. . accumulation
momen momen

Date (¢ /m)
(m¢/m) (m¢/m)

A B C
(207C) | (157C) | 10TC)

03/12 20:00~13 08:00 | 25 | 28 | 1.7 | 37 | 31 | 24 | 95 61 43

Al B|CJ|]A|B]|C

03/13 20:00~14 08:00| 2.0 | 1.3 | 0.8 | 36 | 26 | 24 | 76 49 30

03/14 20:00~15 08:00 | 2.6 | 1.3 | 0.7 | 36 | 25 | 24 | 110 53 29
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