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Fig. 1. Schematic diagram of the heating system
using surplus solar heat in the greenhouse
as a heat source.
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Table 1. Results of daytime measurements during heat collecting operation.

Daily Operating | Mean Mean | Mean | Water temp. | Amount of | Amount of | Collection
solar hours for | outside | inside | inside | in heat energy condensed | efficiency
radiation | heat air air R.H. | storage stored water
Date outside collection | temp. temp. tank
S Qte n= Qéic
(kcal /m?/day) | (br/day) (O] ) (%) (C) (x10%kcal/day)| (kg/day)
Min. | Max.
1982
Jan. 13 1950 1.6 9.6 231 58 60| 88 14.0 44 0.08
14 1530 0.6 7.6 22.9 57 4.1 5.4 6.5 0.0 0.04
17* 2320 2.1 5.9 19.9 - 41 7.4 16.5 3.6 0.07
18 2250 3.5 6.4 214 79 34| 85 25.5 4.5 012
22" 2490 5.7 10.2 229 71 72| 152 40.0 18.0 0.17
24* 2140 3.0 9.0 226 78 102 | 137 17.5 73 0.09
29 3080 0.4 34 216 53 64| 72 5.0 0.0 0.02
Feb. 1 2490 32 8.5 229 67 771120 215 4.0 0.09
5* 2810 4.4 5.1 229 73 31| 117 43.0 240 0.16
11 3190 5.1 7.7 24.3 65 341125 45.5 201 0.15
15* 3340 5.7 77 | 246 | 83 64 | 162 49.0 30.0 0.15
18 3370 6.7 9.0 25.8 58 44 | 130 430 11.0 0.13
19 2070 2.3 9.0 24.1 68 9.7 | 127 15.0 24 0.08
22* 3400 4.9 10.0 234 73 571 135 39.0 14.7 012
Average ** 2440 2.7 7.1 225 66 6.1 108 205 6.9 0.08
*Clear polyethylene curtain was closed throughout the day.
** Averages throughout the experimental period.
Table 2. Results of nighttime measurements during heating operation.
Operating | Mean | Mean | Mean | Water temp.| Energy released | Electrical energy | C.O.P. of | C.O.P. of
hours of | outside | inside | inside | in heat fromgﬁ’eat input to the heat |the system*
heat pump | air air R.H. |storage storage tank the heat pump | pump
Date | for heating | temp. | temp. tank for heating compressor
Qen Qe Qh/Qc Qh/Qe
(hr/day) © © (%) ()] (x10°keal/day) | (x10°kcal/day) € &
Max. | Min.
1982
Jan13—14 4.0 49 144 67 88| 41 235 12.3 2.9 1.9
14—15 2.8 03 | 130 | 78 541 28 13.0 138 1.9 15
1718 3.1 —1.0 13.0 73 741 36 19.0 146 23 1.7
18—19 4.9 03 | 137 | 78 85| 31 27.0 16.0 2.7 1.7
22—23 0.8 44 12.7 92 152|130 11.0 2.5 54 1.7
2425 32 0.8 12.7 82 137 | 82 27.5 9.9 38 2.3
Feb. 1— 2 5.0 1.3 12.2 81 120 { 44 380 15.3 35 2.3
5~ 6 6.4 0.1 13.6 88 1171 31 43.0 19.6 32 20
11-12 5.2 2.6 14.0 82 125 | 5.1 37.0 16.5 3.2 2.0
15—16 33 2.1 14.0 85 162} 85 385 111 4.5 2.5
18-19 2.0 49 | 137 | 88 | 130 | 97 16.5 6.5 35 1.7
19—20 2.6 6.4 137 93 127 9.0 185 8.5 3.2 2.0
22—23 35 41 | 150 | 78 |135| 77 29.0 112 3.6 2.1
Average** 3.6 1.7 135 83 11.8 | 64 27.0 12.8 33 1.9

*C.0.P. of the system, ¢, is defined as the ratio of daily electric energy input for heat collection
and heating to Qr &EQ+Q.).
** Averages throughout the experimental period.
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Fig. 2. Effect of DH,/(6-S) on collection effi-
ciency. DHg, £, and S denote the
integrated air temperature difference
between inside and outside of the green-
house in the daytime, area ratio of floor
surface to covering surface, and daily
integrated outside solar radiation, respec-
tively. Collection efficiency is defined
as the ratio of amount of stored energy
per unit floor area of the greenhouse

to S.
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Fig. 3. Operating characteristics of the water-to-
air heat pump. Energy released from the
condenser is the sum of energy from the
heat storage water tank and the electric
energy input to the heat pump compressor.

R&t55, $ho, #FKKERET ISCRIBTHD, o
Rob—+rRYy7TDC.O.PIZ, EBDEHiC, 4~58
B TEx3, Lihi-T, KEROERE»S, T
KAADE - P RYTBEY 2T LAOEAR I OO T
BT EMREIND, E0HDEF, KIRBEOREEFD
BNR (BEHORB T ANVF -G B3BENHEE - >
WE—DHE) IIEE 035 FBE (Fo &2, NI1FE, 1980)
EbHNTNE, E— FRYTZTDC.OP. A 45+ B E
EHORMALRIDT 158 (=035X%45) &30, TR ¥ —
FIROBAD S L THERDBMBERE ICE~NEROBREY
BET 2 vF — OFRENESK60% [ LT 21300 TR
<, BEEOKIIBICETTA05TH 5,

4. 15 =

BRI BRENREIBE 28 — /KB 8B4 TSR
AIEICERL, BEB L ERBICLCe— bRV I T
BET 5N BEAE KEAFAEREY 27 4 (Fig. D) %
HIEL, TORMMEDBBRAITI - 72, BREDEHEE
InRERIRE 22~25°C, BEMBRRERR%E 11~13C
BEROEHRRIZ135CTH »72) & UTEE L1
DRERERAEE DB ELTOLS T B,

D )X oRkDie—BEWBEDBEDERNRDOE
113007, BXATEO0, BRATRHERTO0I9ITH -
oo BRR) ZFLVVY—BHA—TVEHUILBEDOEN

— 385 —



(3 0.07~017 OHPHT, FHEi2 012 TH- 7, 2RIEH

RIS 008 & HBHIES - 7= (Table 1 & 41k R

EERZEDMRBID 048 & /NS CRERTILE SHEICH 1) Damrath, J., 1978: Greenhouse heating with

THWEED S D KAED WSk S C stk 3 sun energy, Acta Horticulturae, 76, 181—184,

L2z ens. 2) BIBES, 1979 : BB HT 58 EREG DEH),
2) BREIOKME I, WEHOERE 11~15CIC s A 54 FEBRXRTFLASMALE, 14,

- ~ 3 JFHF—Z, 1980 : Fri¥— L@ BIYVEE,
TEHCKNERBEREDBLZ45% Th -71- HEE X 216 pp &

Noo TOHEHMEND ZEMO ERMRIMEL, 77, 4) EHEEER, 1981 @ PNERERKEINORIE S, BAE

BRI OD BRTITREY 1) 0 BET Sl B ASEL BAHIA & 5 7o & YR SEAMREETRLS, & | OREEes
LITE B EEZONB, BREISHEATIUSERIIR S TANFREANDT 70 —F, 25—38
FUBBOMIRIIS SIcE 155 b0 EFRIN B, 5) TLIEBM - #k DK, 1980 1 BEIC B ZET

FUVFHIR - BEESHHMOI- DD e — bRy 7 F)
A, BAEYRERNZASALERES 83—84.
HESE - FIFER - EEk, 1981 BEo

3) QRO FKDIe— bRy FDC.OPLPITE— F
Ry 7B OLBROKEKEICK DAL, EHKEDs 6)

S~20C D& TIHKBEFICE-T 205 5~ Lk AR B AT, MR 56 £ A ABESSYLLH

L7 (Fig.3), REWHEEE, 69.
KR 15°COMDC. 0. P 3§ 45 TH B DT, KR 15 T) BT — - REEZ, 1975 : MREZcET 5
CTHIBROH T ABE S NI T KL RIS Licke — b — F RV TRIFICET AR (B 1)), BAEE
T B RBOBIEBIC DN T, thEE RS,

RY TEEEIHLOERUESEHNEEZ 5N B,

8 (DRLYKDEERY 27 LD C.0, P 12FH 19 8)&2%%~§;$:,w%:w%ﬁ%mﬁwét
EHBREED » 72 (Table 2)o FHLT 1 HOLHEE ~ b RYTREICETAMEGE 28, BkER
HEOHTEEe - Ry 7Da Lot —TEHT WKL BIRLDOWBENCONT, thEE )RR,
WBEZEMD, YRFLDC.OPIE, E—FRYFD 47, 165—180.
COPDEBERELFITOEEHALNG, Fok  9) /DERHE, 1982 1 REME — bRV 7 ICBIT 557
HKEE 15CRIR CEET 355K i, Y25 . %, BSRSE, 37, 317322,

10) 4 2 RiEZ - WARRIBE, 1979 © #ichsZs#a I

DC.OPEFK2ICERT I D EMEEENS, & B REEOERMLICET AP (E 15)
PWEITDNT, )| B, 26, 26—34,

KR DO —ER IR I IEEE © A v ¥ —5RIRFSE, B & 11) 2 RIEZ - JORFE - &6 &, 1980 : #hdhs

OB SRR FHIERREIC £ 5 bDTH B &% SURITINIC & B HEBIRIE DS MILICBET 2B 5 (3

e 24, IRENEEEEFICE T 2 LB B
) c _ N R, BLOF 2 )V OEE, WBICHT, M
ES N %ﬁé@aﬂVHCzj(f&’r%%jJ%b\fctb\f:ﬂiffz%%'i %%}”Ej&jéﬁﬁﬁ%&, 27, 35—44.

HRASHIARER, X OICHEICH OISO IR
EERERERICEEOHELEDT,

Summary

A solar heating system of the greenhouse, using a heat pump, was developed and its thermal
performances were tested. The whole system consists of a water-to-air heat pump, air-to-water heat
exchanger, a heat storage water tank, and a plastic greenhouse with the double layer movable thermal
screen (Fig. 1). In this system the surplus solar heat in the greenhouse, when inside air temperature
was above 22—25°C, was collected by the air-to-water heat exchanger and was stored in the heat
storage water tank. The heat stored was used for heating with the water-to-air heat pump when the
inside air temperature was below 11—-13°C. Measurements were carried out during the period from
January 13 to February 28 in 1982.

Results are as follows:

1) Collection efficiency, defined as in equation (3), of the greenhouse with a clear polyethylene
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thermal screen open was 0.07 on the average, with a minimum of 0.0 under overcast conditions
and a maximum of 0.19 under clear sky conditions. Collection efficiency of the greenhouse
with the thermal screen closed was 0.12 on the average, with a minimum of 0.07 and a maximum
of 0.17.

The heat released from the storage tank accounted for about 45% of the total nighttime heating
load.

The C.O.P. of the heat pump was increased from 2 to 5 with increasing the water temperature
in the storage tank from 5 to 20°C (Fig. 3).

The C.O.P. of the system was as low as 1.9 on the average (Table 2). It would be improved as
high as 2.5 if the system was operated at a water temperature of around 15°C of the heat storage
water tank.
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