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R AT R e 1.5 m, T SE 124 m, BAER
SRR 3534 m*s BHUKILIARN 4m’s KEE
HUE iR 8 mh, TE 750 W,

& B AR A 2 T H Ol = 5 B N R, 585
B HN 37.2%, AEILE 1. AR TR R I

JRETEEEE. (LR 1 PERINRBD , S s
IR 2 TR BOK B SR AR T v, [
W 2 DRl 2% 2 T (0 A A Jo A T e A0 P IR AU 7 11
P, JRRE G AR TG RO 2 N SRR
BRI, TFRAEAKE LR 1 it Bo i
<5 JeE AR TR B HuKit R I VR R R = R . AR
TR o B 1] 2 SR

o KERAI SRR RS
G /"“li Solar radiation Heat storage-release
N reenhouse measurement point metal film system
: = T ,,,,,,,,,,,,,,,,,,,,,,,,,,,,
S : I T 7kﬁ T
I Water|
[ flow .
37m [ 2m
A Water 1.5m
}__I____I___LOYVPaCk—ZT_l____I____
L, TR R
Termperature P
L measurement point = W ;J;:?ank
s ’ ¢
38m
A1 REERENEAER
Fig.1 Schematic diagram of measurement points in experimental greenhouse
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Table 1 Operation parameter
. A [ I TR
il " ?t UTI?FA%A . Jn# Hj‘_lEﬂEx T
Time eat storage perio ' Heating Weather
(tc,stanN c,end> perIOd(tr,staanr,end)

2012-12-22 09:00~ 015 00— 0% H
2012-12-23 09:00 09:00~15:50 00:00~08:20 i
2012-12-23 09:00~ 09:00~16:10 00:20~08:30 I

2012-12-24 09:00

2012-12-24 09:00~
2012-12-25 09:00 09:30~15:50 00:00~08:30 1]
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Fig.2 Time courses of outdoor solar radiation intensity and
outdoor air temperature
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Fig.3 Time courses of solar radiation at vertical back wall, air
temperature in experimental and normal greenhouses
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Table 2 Overview of total solar radiation quantities, collected and released energy at different stages and dates

BTSNt WA P PR B EREUR B AE A K E,E.
H 14 Date Radiation sum at heat Total collected heat Heat collecting efficiency Total released heat Utilization ratio of
storage-release system £/MJ capacity E/MJ EJE % capacity E,/MJ collected heat/%
2012-12-22~2012-12-23 256 221 86 143 64
2012-12-23~2012-12-24 318 260 82 182 70
2012-12-24~2012-12-25 221 182 82 130 71

& IR AR TR ) e R A R % . E/E,
KA, WK 2 PR, BEEA AR IIEN 68%, il
B HUKIMARR SRR, T & POK I 25 R385 K
PR B BRI EJE, T, 16 30 ) 2 A A
RUIRENT 82%, WAL T XUR K 3 sh AR ks B,
2.2.1 RELHMEE

Wit (5 WEREIENENER (K 4, K
ISR 110 4, BT A E T
B, WE 4, WAL RP 4 0.82, UWWIRIAER, 454
AR5 T (6D AS T FE R B A S5 IR 5 25,
] (R B R H &, H M 14.6 W/(m™°C), FLWUEfREE
TS B 6.3 W/ C)o e M7 REAE y Bl L i R
TN E T, ., 5 S AR T, ARSE, Xt
PN 0, PRI AR B AR AR Ty 0.81, BEEIRA
(AR 58 A SRS T K BH S 54, B i XS K o 4 45 11
W R E a  0.81, LB ER S T 0.22.
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by

8

2

bS

[}

g

E 0.8

S 06

2

M 04

w02

&

0 .
-0.02 0 0.02 0.04 0.06
Ter Te e

ot Totaeas Toon Lo AR TE I TR) 2 SR TECRAAR (P 100 8« B0 2 1K) P 2400
JE TS S ik A SR T B4 K B S 5

Note: Tyiaters Tgr Iccare average plate temperature, greenhouse air temperature
and solar radiation intensity on surface of greenhouse north wall during time z.
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Fig.4 Relationship between heat collection efficiency of heat
storage-release metal film system and (Tjjae, T, )/1e, ¢
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Note: T, Tg. are average plate temperature and average greenhouse air
temperature during time 7.
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Fig.5 Average heat release rate per m” plates of heat
storage-release metal film system as affected by temperature
difference between plates and greenhouse air
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Performance testing on warming effect of heat storage-release metal film
in Chinese solar greenhouse

Fang Hui, Zhang Yi*, Yang Qichang, Lu Wei, Zhou Bo, Zhou Sheng
(1. Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081, China;
2. Key Lab of Energy Conservation and Waster Treatment of Agricultural Structures, Ministry of Agriculture, Beijing 100081, China)

Abstract: The Chinese Solar Greenhouse (CSG) that is widely used in North China is characterized by a lean-to south-facing
roof, a removable insulating blanket and a solid north wall. The south facing roof structure and removable insulating blanket
maximize the exposure to short-wave radiation during the day and minimize heat loss at night, respectively. To increase the
year-round greenhouse production in North China, a sustainable heating method needs to be developed to increase the night air
temperature during the winter in CSGs. Solar heating is an inexpensive and effective way to heat greenhouses, and has been
investigated by several previous studies. For the present study, a heat storage-release metal film system that was attached to the
north wall was developed for CSG night temperature improvement. Two experimental greenhouses were located in Beijing,
China, with a floor area of 304 m® each. Environmental parameters (temperature, humidity, heat flux) inside and outside the
greenhouse were investigated, including the average solar collection efficiency of the heating system and the energy saving
rates. The results showed that the average solar collection efficiency of the system was 83%, 1.6 times greater than the reported
value of a heat storage-release metal film system installed in a small CSG. The energy collection efficiency during the daytime
decreased sharply with declining plate-air temperature differences. To have high energy collection efficiencies, plate-air
temperature differences must be kept high and this can be achieved by applying a heat pump to reduce the circulating water
temperature and transfer the energy to another water tank. The effective collector absorptivity was 0.81 and heat transfer was
by natural convection. During the relatively cold nights of December 23 and 24 with the lowest outdoor air temperature of
approximately -18°C, the inside air temperature of the experimental CSG also was 3.7°C higher than in the reference CSG
after starting operation of the heat storage-release metal film system. The night air temperature in the experimental CSG was
increased by 2.4°C on average compared to the reference CSG. The performance of the heat storage-release metal film system
can be analyzed via the collected and released heat. The variations of the total heat collected and released by the heat
storage-release metal film system during the day/night periods investigated were presented together with the radiation sum at
the back wall over the total area of the heat storage-release metal film system. The system collected much more energy during
sunny days than during cloudy days. The utilization ratio of the collected heat of the heat storage-release metal film system
was calculated and it was between 64% and 71%. So the collected heat was not utilised completely during the night as some
heat was lost during transport and storage. The heat collecting efficiency for these days was calculated as 86%, 82% and 82%,
respectively which was nearly constant. So the use of the heat storage-release metal film system for heating the greenhouse at
night during the winter can improve the environmental conditions inside Chinese solar greenhouses for crop production,
achieving high energy collection efficiency and a reduction in energy consumption.

Key words: greenhouses; heating equipment; heat storage; energy conservation; heat release; Chinese solar greenhouse



