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1. North wall 2. Passageway 3. Active heat storage-release device
4. Cement and sand screed 5. Heat pump unit 6. Expansion valve
7. Compressor 8. Evaporator 9. Condenser 10. Circulating pipe
11. Water circulating pump 12. Valve 13. Reservoir [  14. Reservoir 1]
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Fig.1 Plane layout diagram of active heat storage-release

associated with heat pump heating system
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Fig.2 Schematic diagram of system operation mode

2 RIWAE
2.1 MR BENEHE

TP T 2 e AR A1 il B2 A Sl 2 i 0 ke 1L
AU B T ALK s & AR G AL R

KRS PR AR KRS . TR A BEas Il
HEH KR E AT, K h+02°C, ik s
BT A EE AR AR IR A B 5 Ak 3 . 328 5 [
WUUR w477 B CR1000 Hdi ARSI T 3 i
o Horp, WETEEAWEM A S A, ARl E T H
TR TP IR 12,24 A1 36 m AL, BEZES 24 m,
PEALSS 2 A1 6 m 4b, W RiEEHLIET 1.5 m; F/KIh T
PR | 7 7 T D e -7/

16 FH 28 B R LR 28 ) 2B 77 1) K BH 4 5 4% 2 2%
LR K BHAR S B, ERAJE A 0.5%, &Y
0~2 000 W/m®, 438 T AbhG% 10 B 4 5% 24 m.
PEHBTA 1.5 m Ak

6 T4 P 8 ) AE P testo 1 74T BN [ Bhid
SRASCI B o PR =R . AN, RS £0.2°C,
VO -30~70°C , X FR I % A0 A B TR
IO A, FAMEN S E TR LB A 1.5 m &4k,

T FH A T H 2 B0 0 S AR LA G BR K 2
R BRI Th,

EHARIER B RICRAFE 0 FV RIIFHF
ORI S B R R KRR
H, EEHLAA BRI, 28R A MK .

Pt A7 5 £ AN A H B3R AR Bt i) P K
10 min.

2.2 RHERKEEITE

I E KU T TR S RGBT
HEEMK, RGELEHAE Oy RGLHIHAE
Ossn PEEHIALHIIE O, 7Tt R 44 1)

QSup = prw(AY;,SupVI + AY},SupV;) ( l )
QSys = pwcw (ATI,SysI/l + ATZ,SysI/Z) (2>
QHp = prwATVZ,HpV; (3 )

X, py JKIEE, L 1.0x10°kg/m’; G, A7KIILL
I, W 42KkIkg C); AT sy~ ATosypr ATign AT
RN RGP B RGP BE K T TI7KiH
A, Cs ATy, g, HFGEHIALIBA T B & 7Kt 1T 7KIEAR
W, C; Vs VMRE KB T . TS2hrEKE, m's
PAEHLAFIIATERE R B COPy, V15T 4P

C@;:gﬁ 4
E

P
Hp
L, Quy NIEHNALSITI BLIE, KI; Ep,
A RS IBATIH B FE R, KT
PIEHLALIBEIT COPp s (550 R 20
cm@m=qﬁ/m=“§£fno (5
Hp Hp
1, dQc, 2y FLAE IR ] P AR AL VA8 85 00t A
&=, kI; Py, K ARGENLALBE AR, kWs g,




%19 3 #

INAESR A B & BRI IR AR ZUAE H R = N 171

RSNV B BN R KA, S0 1.84 m/hs
ATc, A4 B IGE P EKE 22, C.
EEBEBEARG M ERE R A

7. =—2 1000 (6)
Act TtAct
QAL't = QSys - EHp (7)

Y nae W EBNEIBIINRGERNE; Qs ARG
R BUR I, K Que N EBNERHARGE
PaE, W RGEK R RSCR R, kI, T 2
PR PIATT I RUR s Ay N ESNE RN ER
RAERIIR, m?; I 0 PR KBRS B, Wim?s 24,
N EBNB ARG LA E], s.
TANE ARG AT R 50N
P =1,xn,, (8
A, P W ESNE ARG EATIE, Wm',
AR B COPgys (T NPT
con, - %
’ EHp + EPumpS
Ky Epumps N FESNE IR G A REAN BAGIA
IKEEIFEHL R, kIo

3 RWERENH
YEER 2012 £ 12 H 22 H—12 H 27 HW A K

9

AL 5 d AR E s T 0T, RACIRG G
K% 7. PEEPAAE 12 A 22 H—12 H 23 Hi&
7150, 12 23 H—12 H 24 Hiz47 2.75h, 3
Ji3disqT 2h; FENEBMRFE 12 H 23 H—12
H 24 HEAREHTE N 08:30~16:00, H4 4d
RN ] S 4 08:30~15:30. T R4 R 4E
A BN, A ET AT RGN, A0
08:30~7%X H 08:30 K —AN il & 1.
3.1 REMEYR
3.1.1 BB sk

F 1 PR N 2012 4 12 22 H—12 H 27
HE 4l 5 AR AR 360 = FOoek il = = ) . A<
M R G s AR A LR . 12 S MR
Gi s PRt HcR o 3.11x10°~3.97x10° kI, 5
BRI 9.02~10.33°C,  HLoRE R E 4
5.26~6.64°C, HKAEIES 5.19~6.38C, =
WANR 250 21.62~27.55C . HRIEIT E81E K
R G WOROK BH R S RE . TS R HEAT e E R
Tt Rk, B A 32 ok U T K BH R 5 fig
D43 B FELRE XA I e R 0 i = R X TR L
[ =L, WP R S i ROk R
W, HEAENREME, LHRKE: 1) SR8
BV FE AR, e KiA-18.80°C; 2) R H G =
CAfFH 24, PR e R .

x1 WEBEAR. IMRIESE
Table 1 Thermal environmental parameters inside and outside of greenhouses at night

GRSl
Experimental greenhouse

xof TR A
Comparative greenhouse

22 pl =
bk B Oy

it . .
][5];33 indoor air temperature/'C indoor air temperature/C Outdoor air temperature/'C Heating load

REL(El R IGAH SR RARAE REL(El IR AE kJ
Average Minimum Average Minimum Average Minimum

2012-12-22 % 2012-12-23 9.12 7.82 3.86 2.63 -13.45 -15.10 3.14x10°

2012-12-23 32 2012-12-24 10.05 8.55 341 2.17 -17.50 -18.80 3.97x10°

2012-12-24 % 2012-12-25 9.67 8.68 3.98 3.13 -11.95 -13.50 3.39x10°

2012-12-25 & 2012-12-26 10.33 8.94 3.79 2.63 -15.38 -16.50 3.78x10°

2012-12-26 & 2012-12-27 9.02 7.94 3.46 247 -14.98 -15.70 3.11x10°

R R AARGE N RGBT BE (00:00~08:30, ANLHE 00:00) Hidi.

Note: Temperatures and heating load were the data during system heating period (00:00~8:30, exclusive of 00:00).
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Fig.3 Indoor air temperature comparison between
experimental and comparative greenhouse
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Fig.4 Indoor air temperature curves of the experimental
greenhouse in south-north direction
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ZJEE KM T HR AN FEARFR, KA K
PENA RS, fekEs, 2 GEgHA s
A AR, PRI TIT S S5 0 10 min P BRI
COPyypins (HBD, 13:10 LUSPIEISFEIEH, Wi
COP i TH I E 7K TT AR I T BB W PRAG, 52%
K3t T KRR g /N T W, 7EKBHEE S
FEXTE G5 IR A I TF A & /Kt 1T 55 At /K i
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Table 2 Performance parameters of heat pump unit under heating working conditions

gl ERBN AR K 11K PoEBAL Behldl
F‘ o qLITnJ k7K E LR H 7K LR Temperature of reservoir I[ Hil#ad Oy, KL Ep, COPy 1H
H Heal: Jum unit  Evaporator Condenser i s I Heat pump  Heat pump unit - Pp
Date pump inlet outlet H o unit heating electricity i
start-stop 4 t " t Initial Final Increase . i value
time emperature emperature e s o capacity consumption
/C /C /kJ /(kW-h)
2012-12-22 %2 2012-12-23 13:30~15:00 25.99 41.63 26.35 32.22 5.87 1.387x10° 8.05 4.79
2012-12-23 2 2012-12-24 13:00~15:45 29.97 46.92 28.68 39.66 10.98 2.594x10° 16.45 4.38
2012-12-24 % 2012-12-25 13:00~15:00 26.66 43.88 27.15 35.36 8.21 1.940%10° 11.40 4.73
2012-12-25 %2 2012-12-26 13:00~15:00 27.74 46.49 29.73 37.96 8.23 1.944x10° 11.85 4.56
2012-12-26 %2 2012-12-27 13:00~15:00 23.94 41.11 24.98 33.16 8.18 1.933x10° 10.39 5.17
i FBEN RS A RERIGEISATH BB «
Note: Parameters were the data during the heat pump unit running in the daytime.
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Fig.5 Curves of instantaneous COPy, ;,, value of the heat pump unit, water temperature of the reservoirs and amount of the solar radiation
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Fig.6  Supply and return water temperature curves of active
storage-release system during heat collecting period
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RBAAR S A BT, (HATE Eah & BN R Z 5
PN 5d hlm, EEAN S PR, XEH
T 12 H 22 H—12 A 23 HE/KIBWIGEKE AN
14.17°C, 12 A 24 H—12 A 25 H} 19.33°C, 435
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HIE 25.02~31.25°C, AR EBIE ARG AR
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RGFERe AT AR AN AR 13 E AR
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4 5d KRG REHRSFEHREN 118.49 kW h, & #H
B 2.39x10° kI, BN RGN COPsy (N 5.59, 7
[ E TN

#3 RGRHAHESRSH
Table 3 Heat collecting parameters of the system and its components
ARG EBNE AR EBNE EBNE AR
A3 KPR o Ir I Qg RYUEMGE: Oper RGP nger RYGAEIINZE Py
Da/te Solar radiation Heating capacity Heat collecting capacity Heat collecting efficiency Heat collecting power
/(W-m?) of the whole system of the AHSRS of the AHSRS of AHSRS
/kJ /kJ 1% /(W-m?)
2012-12-22 %2 2012-12-23 287.77 5.04x10° 4.75%10° 83.62 240.63
2012-12-23 £ 2012-12-24 343.31 6.05x10° 5.46x10° 75.17 258.05
2012-12-24 % 2012-12-25 258.19 4.09%10° 3.68x10° 72.32 186.72
2012-12-25 & 2012-12-26 321.42 5.23x10° 4.80x10° 75.71 243.36
2012-12-26 % 2012-12-27 208.81 3.46x10° 3.08x10° 74.84 156.26

s KBRS 0 (R AR GG BORX I AR FH AR S Y AHSRS ROR L3 & MM ARS.

Note: Solar radiation was the average value reaching the north wall surface during system heating period in the daytime; AHSRS is the active heat

storage-release system.
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Application of heating system with active heat storage-release and
heat pump in solar greenhouse

Sun Weituo®?, Yang Qichang™?*, Fang Hui*?, Zhang Yi*?, Guan Daoping®, Lu Wei*?
(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; 3. Beijing Changping National Agricultural Science Park, Beijing 102211, China)

Abstract: The Chinese solar greenhouse has a unique greenhouse structure that regards solar energy as the main
energy source, and has characteristics such as high efficiency, energy saving, and low cost. During a cold winter
night, air temperature inside a solar greenhouse is low for crop growth, which would affect crop yield and quality,
due to the heat-transfer characteristics and heat capacity limit of the north wall. In recent years, in trying to
promote the heat storage capacity of the solar greenhouse, the thought of active heat storage-release came forward.
Solar energy is a kind of clean renewable energy, but has intermittent and unstable performance when used for
greenhouse heating. Meanwhile, the heat collecting efficiency of the solar thermal collector decreases with an
increase in operating temperature. Thus, an active heat storage-release system (AHSRS) is difficult to use to
ensure an appropriate temperature for a solar greenhouse in a frigid region or when it encounters weather
conditions with weak solar radiation. As an efficient means of raising low-grade energy, the heat pump has been
more and more applied to greenhouse heating which can reduce the operating temperature of the AHSRS when
used in combination. In order to promote heating performance and stability of the AHSRS and improve air
temperature inside a solar greenhouse at night, based on the concept of active heat storage-release, an active heat
storage-release associated with heat pump heating system (AHSRHPS) applicable to solar greenhouse heating was
designed in the present study. During the day, the solar energy reaching the north wall surface was absorbed by the
circulating water and stored in reservoirs when the AHSRS was running. Running the heat pump unit was
intended to promote low-grade heat energy and reduce the circulating water temperature which contributes to
increasing the heat collecting efficiency of the AHSRS and maximum water temperature of the reservoir. When air
temperature inside the solar greenhouse was low at night, the heat energy was released through the AHSRS. Tests
for the AHSRHPS were carried on from 5 Dec. 2012 to 5 Feb. 2013. The results showed that when there was a
sunny and cloudy day in winter, the air temperature inside the experimental greenhouse with the AHSRHPS was
higher than that in comparative greenhouse both in the day and at night and the air temperature difference ranged
from 5.26 to 6.64°C. In addition, the heating effect was more obvious when solar radiation was stronger during the
day and the outdoor air temperature was lower at night. The coefficient of performance of the heat pump unit
reached 4.38~5.17. The heat source temperature of the heat pump unit was ideal because of the sufficient heat
supplied by the AHSRS and the outlet water temperature of the evaporator became the dominant factor
influencing the COPp, of the heat pump unit, meanwhile, the COPp, value decreased with an increase in outlet
water temperature of the evaporator. Under the specific thermal environment of the solar greenhouse, with
running the heat pump unit for 1.5~3 hours per day, the heat collecting efficiency of the AHSRS increased to
72.32%~83.62%, and the heat collecting power was 156.26~258.05 W/m®. The COPysy, of the overall system
reached 5.59, and the energy-saving effect was obvious. Made from cheap materials, the active heat
storage-release devices were much cheaper than traditional solar energy collectors. Compared with ground and
water source heat pump units, the AHSRHPS doesn’t need fan coil units or other heat dissipation facilities.
Meanwhile, deep wells or buried pipes used as heat sources were never needed either. The high performance and
low cost make AHSRHPS present a good application prospect.

Key words: greenhouses, heat pump systems, heat storage, solar greenhouse, heat release
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