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Abstract

A greenhouse equipped with latent heat storage system was built to obtain various thermal
properties, such as greenhouse air temperature, soil surface temperature, energy flow in latent heat
storage, etc., which could be used in validation of greenhouse numerical model to be developed in
this study. This numerical model expressed with Newton-Raphson method was programed by
C-language and utilized to simulate greenhouse thermal behavior.

Greenhouse air temperature and soil surface temperature predicted by the greenhouse model
developed in this study were very close to the measured data obtained through almost 3 years of
experiment.

Therefore, i1t is concluded that the greenhouse model developed and verified by measured data
could be utilized for simulating various thermal behaviors of greenhouses equipped with latent heat
storage system to be used for energy saving purposes.
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Nomenclature

ngf c - Solar radiation at greenhouse cover
film.(W)

Qt sy * Thermal
greenhouse cover film and sky.(W)

Q¥ v+ Thermal
greenhouse cover film and outside
soil surface.(W)

c—4Aq - Convective heat transfer between

radiation between

radiation between

greenhouse cover film and outside

air( W)
Q4 , Q™ ~ + Convective heat  transfer

between greenhouse cover film and
inside air.(W)

d i . o
e so, @so—c - Thermal radiation between

greenhouse cover film and inside soil
surface.(W)

&uc - Heat exchange by condensation or

evaporation at  greenhouse cover

film.(W)

CORY CORy

Ai—so, &so- a; - Convective heat transfer

between 1inside air and soil surface.
(W)

CONnv CoOny

Ai—pcm, Qpcy— a; - Convective heat transfer

between 1inside air and latent heat
storage system surface.(W)

vent

A Aq - Heat transfer by ventilation.(W)

Qs - Sensible heat and latent heat in the

latent heat storage system.(W)

Quw—pcy - Heat  exchange by  water
movement at PCM surface.(W)
o Solar radiation at inside soil

surface.(W)

i . . .
Qo sp - Heat conduction between soil

52

surface and underground layers.(W)
Qus - Latent  heat of

greenhouse soil surface.(W)
M,s ' Evaporation of water content at

evaporation  at

greenhouse soil surface.(kg/sec)
M, Change of water content at greenhouse

cover film.(kg/sec)

M, . Change of water content by

ventilation. (kg/sec)
M, ;0 + Condensation of water content at

PCM surface.(kg/sec)
M, .+ Change of water content in inside

air.(kg/sec)
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Fig. 2. Complete thermal circuit simulation

model of the greenhouse heating
system by latent heat storage(daytime).

- % o oW
K W T
.m,,?m@m.,
37 " o
To o7 g%
d 5 8% 55
0 =& ﬂ%%
o_Edylm_oA
muﬂ:_/uga
or X e
,mnw._HE S
o
Fow o
ST w
D 2l
= s Sl
S g
m__o O_E
o M ol T
7 T o M
o T =

53

Journal of the Korean Solar Energy Society Vol. 21, No. 3, 2001



(L) ©F

Sky
-

Ambient air

@; 160 3O
H0 BN
ol o
o I NF
! Ol
= I
Q Kto
< o ﬁ
~ '~H
+ E Nlo
O
<7 W i
SO = r ™
S g
. o\ =
b QN
s N =
30 ol
Q
/
__\\____ ____\____ . ii.i../
_ﬁ_ﬁ_ _ =3 @_
_” ___ _ ?mﬁ@ m

7

Alr inside
-

29 29 3% 49 g3k gL

e
%
-

olJ o

CURR

mm el
=

SNl

Fig. 3. Schematic diagram of energy flows in

greenhouse heating system by latent
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Fig. 4. Complete thermal circuit simulation

model of the greenhouse heating
system by latent heat storage(nighttime).
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K Tai © air temperature, Teem : latent heat
storage temperature, Tsug : soil
surface temperature, Tc : cover
femperature

Fig. 5. Flowchart of computer pro- gramming
to simulate greenhouse heating system
by latent heat storage.
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Table 1. Parameters for the simulation.

area of greenhouse cover m’ 159516 calculated
area of floor in greenhouse m 97.16 calculated
volume of greenhouse m 281.37 calculated
emissivity of greenhouse cover 0.16 cited(6}
emissivity of floor 0.94 cited(6)
absorptance of greenhouse cover 0.12 cited(7)
absorptance of floor 0.95 cited(?7)
-1
thermal conductivity of soil J _iSE‘C B 052 cited(13)
m - K
view factor{cover-sky) 0.818 calctlated(®)
;ii; (fje)lctor(coveroutmde 0180 caleulated(®)
view factor(cover - floor) 0.636 calculated(8)
view factor(cover -cover) 0.264 calculated(R)
-1
specific heat of greenhouse dlr J E‘% 10067 measured
I kg
specific heal of arnbient air - 1603.2 measured
transmissivity of cover 0.505'“0.7@ measured

55



Taple 2. The predicted effect of air temp-
erature in greenhouse from
fransmissivity.
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Fig. 6. Variation of phase change
temperature(Tm) and latent heat of
NapSOq + 10H,O(TCA) according to the
phase change cycle.
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Fig. 7. Greenhouse heating system by latent
heat storage.

Table 3. Dimensions of greenhouse heating
system and the thermal properties.

Main parts| ~ Dimension | N
Ay (.65 where,
7,000mm(W) - P. E A, o whee
film
Greenhouse | X14,000mm(L) A, + Greenhouse
- Steel cover area
X3 400mm(H) pipe
A, Floor area
- PCM storage cart: - Al +
=700mm{W) X 700mm(1.) . - Latent heat
lyethyle
*H0mm(H) E?nf VRS 2 85 kealkg
PCM - Total carts © 4EA ~ Phase change
storage - PCM mass : 68 - Stainless temperatlclre
system EA X12 kg/bag = 816 = 18~22T
- Available phase
kg ~ Na»doq - change cycle
Power of fan motor : = 1,500~2.000
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Fig. 8. Comparison between the predicted and
measured air temperatures in the

greenhouse equipped with latent heat
storage.
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Fig. 9. Comparison between the predicted and
measured soil surface temperatures in
the greenhouse equipped with latent
heat storage.
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Fig. 10. Comparison between the predicted
and measured characteristics of the
thermal energy flow and temperature
variation in the greenhouse equipped
with latent heat storage.
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Fig. 11. Greenhouse heating effect on the
basis of the ambient air temperature.
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