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ig. 1. Distribution of latent heat of fusion in
melting process: Apparent specific heat
includes both sensible heat and latent
heat of fusion.

BLEZOND (BTED, 1983),

ZDEMS 62kg &, F& 18cm, #E30cm, £X 90
cnDEFHDT LI FIA— PRV ZFLY T 4uh
BOBBICHA LI, chax#k 2iii~cbor 1 B
EL, ZBERBELT LI ecmDEREEHFT(1E3S
cm) 25k EA BRI, X5, T 25 BMEAERKS
DEEJORNG I 4 2N, AfER=FRTE,
ZRAOHEE 7 7 ~ (34H200V, 400 W) ZB0OM I T,
LaiE L L1 (Fig.2), ZERMOREIE, AETHX
09m, 1806m, EX4TmTh-71, TOLEELE
EWEIC 2 AHRE L, ERMOTARHOIIIRY
TFULY T4 vADE 7 bEROGY, SR SHEE
T EEGEHREBPREITRILH L LI, EHEMOKRE
B2 2500 kg T, #EEL 1000X10°keal T 3 28,
10CH OB LW E - HETHERIZ 125X 10 kcal
Tdh bo

Air inlet

o

&
«Q

“w

Fig. 2. Schematic diagram of the heat storage unit.
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Fig. 3. Diurnal changes in temperatures of the
outside and inside air and the surface of
PCM bag, together with stored heat into
PCM and released heat from PCM and
soil on a fine day.
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WILAL2DERBOHF OB NS h oI L, KE
BRICH W EBRS OB ALERERARNICITE 1 2~4
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Table 1. Daily minimum outside and inside air temperatures, maximum and minimum
temperatures of PCM, stored heat into PCM and released heat from PCM,
together with integrated global solar radiation outside the greenhouse and
number of layers of thermal screens in the nighttime: Values in parentheses
under the stored or released heat are the ratio of the stored or released heat
to the potential value of heat to be stored or released.

Integrated | Number Minimum Minimum Maximum Minimum

Date global |of thermal| outside inside temperature [temperature| Stored [Released
1983 solar screens air air of of heat heat
radiation | in the |temperature |temperature PCM PCM  |(10%kcal) |(10%kcal)

(kcal/m?) | nighttime © () © ©

Jan. 21 2080 2 -30 80 22.5 169 539 672
(48%) (60%)

23 2990 2 —35 75 226 7.5 874 857
(78) (76)

Feb. 5 2470 1 —-1.0 7.5 251 19.2 495 800
(44) (71)

13 3080 1 —4.0 7.5 229 8.5 702 972
(62) (86)

14 2800 1 —15 7.5 22.6 148 872 791
(78) (70)

20 3350 1 —35 7.5 226 133 769 864
(68) 77)

21 3510 1 —45 7.0 22.7 74 872 943
(78) (84)
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BUIETH - 12,

o 7 A0 E# O HEE D12 843 X 10" keal
T, i, BEBEICE S AEHM»SORMESL 7000
kecal /1 (==8700kcal // X08): T2 L, AEWMB 12/
SFORBBIHYT S,

3.4 EBREOER - WAFH

AHITIE, BRAMOTH - RAGHLRESERLEY
FRARLICE - THET 5,

EHWOREEYE 6 IRRTEEL 70
Tin_Tout
Tin—Tpcm
ZCTT, Tin: RABRERE(C), Tow:@ MHEKEE
(), Tpem @ BEMAREZMELRE (O, ¥R
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¢ =

Table 2. Heat balance in the nighttime: Released heat from PCM, ventilating
fans and soil and total released heat, together with heating degree
hour, over-all heat transfer coefficient and number of layers of
thermal screens in the nighttime: Values in parentheses are the
ratio of the released heat from PCM, ventilating fans or soil to the
total released heat.

Number . Over-all
Date | of thermal Released heat (10°kcal) Ijzatrlgg heat
1983 screens hﬁur transfer
in the PCM | Fan Soil Total o coefficient
nighttime ans o ota Ch) (kcal /m*hC)
Jan.21 2 672 10 296 978 59 30
(69%) | (1%) | (30%)
23 2 857 31 493 1381 115 21
(62) (2) (36)
Feb. 5 1 800 11 583 1394 72 35
(57 m (42)
13 1 972 35 769 1776 129 25
(55) (2) (43)
14 1 791 12 649 1452 89 29
(54) QD) (45)
20 1 864 20 584 1468 84 31
61)) (D (40)
21 1 943 39 730 1712 112 .27
(55) (2> (43)

—317—



B % K =

TBEOREERITE S0 RE BTN B, L
MKoT, CCTEELBRENRIZ, RREOBERSE
DOHEFFREND 1 DDIBIELEZL S B, 5, ERMOD
% MBBEINEOREMAINTN I hERTIHIC,
EREOBEVRAEL, EROE - KBEOE - M
HEBICHT 2HATER LI CTTR, COFRFA
REZRELEICONTIKGTIREL, EREEELRD
A MICHEADMNE « ik « FIROMED 3 DS
3T, #REFNOBAHITONTERDI, EBIrOE
« HEEVETRE RS 875 X107 keal, 24K TIZ1125%10%keal
TH 5,

Fig.4 ¢, BERADBEOEREBRIC BT 2EEHHED
RALTRE, MHEKEE, KA - BHEKOREE,
ERMABERMEE (BADFME - sk « O,
RERORNENERT, BREICHAT 22K 0K
B, ZHEABICIZ20CAITH B, 11 30 40
I3 25CAEBRI TS, TRMEIRA » K EKOREZER,
LHMBERITITI0CEL bd - fohs, ERMBERERE
BREOFREEBICBFITUNS > T I HEICIZ ST
s, £k LSy, ERKTERNICR
BEAEOCTH -, IREERIIKIK075~080 T,

30

~n
(=)

Temperature (°C)

-
o
1
1
—
o

-10.5
\R

oLL_1t | | 1 110
10:30 11 12 13 14 15

Jan.23,1983

Thermal effectiveness

Time of day

Fig. 4. Changes with time during heat storing
process in temperatures of the air flowing
into the heat storage unit (4;) and the
air flowing out of the heat storage unit
(A,); air temperature difference between
the inlet and the outlet (47T); tempera-
tures of the surfaces of PCM bags near
the air inlet (PCM;), at the center
(PCM,.) and near the air outlet (PCM, );
and thermal effectiveness of the heat
storage unit (¢).
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Fig. 5. Efficiency of utilization of PCM defined
as the ratio of the stored or released heat
to the potential value of heat to be
stored or released: Solid and broken
lines indicate the efficiency of utilization
of PCM at that part and from the air
inlet to that part in the heat storage unit,
respectively.

—318—



8-SR BRERSRICK 3 KBRBEERZICHET 255 (3)

HROBEEIGNIL BB EDD, —BICEREDE
BEEL LEABINEREZNR N, LIdS-T, HE
BORBRAZT S Ionich, SRMICETSE /5 4 —
2 (BERMOMS, RAZLKTEE, RE, B ORI
15 &) EEBREOE R - B (REDE, BIFRAE
BE) EDBRE, HERNL OERNICEHNICENT S
ZEMEFI NS,

Table 31, EHE - HEEDOHAMCGEER LBE
EBATRT, FBRohOMEIR, BEREER S BELE
BEOERE - HRABOPTEHEDREETH S, bbb,
% - BRREDORREER L BRCER OIS IINES
FTOT, H# - MBI H T - TRERMBBRREICEBT
ZIKDEEE « BBEBKERBREAO AR LTNET &8
bind, WRNITITZ 55~80 7 DK S EEE hH SR L,
EZNTHEOEDRE H — 7 13 Sk U TRt L
TWBEEZONDY, ZDCEB, RENOEEER
DEPOERDERLUTHZ LINT ETIRIE, Lichs
-, BREIESMEBRZEICER LU oksE, BEORE
BMAES & TICEBMONIC T 3 10BETEEHH
FrLbEnBEN5,

Bz, AE0ERICBNTREOERIC A F XD
PEATIT LI, BEDIHOREBBRKICOWTRN S,
ASHBNEL -7 1 A TALBORERA I, BRI
Bt S 15 Bt S T 30 43 ic 1 [EAL T~10 2K Z H3ER
BENTHRE BT b, AR LRER 720
—BoH 5 2RBET, BREICE DREBAX S HREMR
BbREWiepic, REMBEBING LLBOATLR
FRITHAL, ARRIAECETT 2, —F4, BER
EHIRA~4 o3y Ea - 20RKERAERAE /¥ —
AR INTNE - fetedic, ERKREARNT S
T TIHIEHOKEENLDH D, RKRH 27~28 ThHd

23~24 CWBETI2ETCRBRBBERIN/TETTH-70
ZDteHic, EREHRALEKRESETL, ERERA
R EKORBEE SN LD, BREBeIT, i)
MESEEOHASRAZSRELDELRO, TLAK
ARHICE A EbH -1, chid, REFEESKED
T72va—RBH 7 ARBZIHEERBRESEL SNBL,
FOELDEREBAERT 2200y, BEHICET 2
AKOERO ANFREICTRA LD, ARARRIERD
YH—IEBRAT AR EONEEAETC LNEEND, &
BIOERTH DL I EHELET-> THIIE, BKREE
BENEUTH-TH, | BTHLIMOBRAIKET S
EREA 20~30%1PT &L, THTETH -7 EE
Aot b,

4. & ¥ U

19834 1 A#FAI L5 3 AgE T, MENERER
BRIENICH AR I2ZM D b= b ERED T 2 v o —
By 7 RBRIC, AR 20~23C, EHEA17T~20C 0%
AEEM 2500 kg ARV EREARBL T, BEER
AT -tce ZORER, MBEEL2 AT, BEN
SBEABIEEREQRCO L LICHET LT ENTE,
BREHRAANCL I ABRABEREZOERAL~ORBL
BERONI, T, ROLHIBEBPELLICIE 5 1,
(1) BABERDOBOERMDE - HEEL, KK 600
X10%*~900 X10% kcal Tdh - 72, B O HEHEE R
22~23CT, 23CLILAH LT AMERIHTO
BETEIED -1, ERMOEFIRARIIEET, T8
REAKTIZT0% TH- 1208, ERIZBWHTOOTI,
WAOREIZ 809582 T 3miTstL, FOfTR
60%LITFTH -7
(2) % - BBBTOFEREEER LBBEROE A

Table 3.

Sensible and latent heat transfer in the stored or
released heat: Values in parentheses are the ratio
of the sensible or latent heat transfer to the stored

or released heat.

Stored heat (10%kcal) Released heat (10%kcal)

Date Sensible Latent Sensible Latent

1983 heat heat Total heat heat Total
transfer transfer transfer transfer

Jan. 21 216 323 539 291 381 672
(40%) (60%) (43%) (57%)

23 426 448 874 378 479 857
49 (51) (44) (56)

Feb.20 449 320 769 501 363 864
(58) (42) (58) (42)

21 486 386 872 618 325 943
(56) (44) (66) (34)
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Summary

Using a newly developed phase change material (PCM) which has a melting point of 20—23°C,
a freezing point of 17—20°C and a heat of fusion of 56 cal/cm® (40 cal/g) (Fig. 1), an experiment of
solar heating was carried out in a Venlo type glasshouse in Kanagawa Horticultural Experiment Station
from January through March 1983. The floor and surface areas of the greenhouse were 352 m? and
560 m? respectively, and two layers of thermal screens were furnished for heat insulation in the

nighttime.
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Batches of PCM weighing 6.2 kg each were encapsulated in bags made of aluminum laminated
polyethylene film. The thickness, width and length of a bag were 1.8 cm, 30 cm and 90 cm, respec-
tively. Two bags were put side by side, and twenty-five pairs of bags vertically separated by 1.7 cm
spaces for the passage of air composed a heat storage box. Four hoxes were lined up in the direction
of the air flow, composing the total heat storage unit (Fig. 2). The height, width and length of the
heat storage unit were 0.9 m, 0.6 m and 4.7 m, respectively. A ventilating fan provided 72 m?®/min
of air. The inside air was sucked into the heat storage unit, exchanged heat with the PCM and was
returned into the greenhouse through a polyethylene film duct. Two identical heat storage units
were installed in the greenhouse. The total amount of the PCM was 2,500 kg, and the potential value
of heat to be stored or released was 1125x10? kecal.

In the daytime, the two ventilating fans of the heat storage units were operated to store heat
when the inside air temperature was above 22°C. The roof ventilators were opened when the inside
air temperature was above 28°C. In the nighttime, the ventilating fans were operated to release heat
when the inside air temperature was below the set points: 12°C from 17:00 to 21:00, 11°C from
21:00 to 23:00 and 8°C from 23:00 to 8:00, according to a blueprint for fine days. No auxiliary
heating system was needed during the experimental period, and tomatoes were grown in the green-
house.

As the results, the inside air temperature was kept above the set point during almost the entire
experimental period (Fig. 3 and Table 1). In addition to this, the following results were made clear.
In the present paper, a day is defined from 8:00 to 8:00 the next day.

(1) Daily stored heat into the PCM and released heat from the PCM on fine days ranged on
the whole between 600x10% kcal and 900x10? kcal (Table 1). The efficiency of utilization of the
PCM was on the average 70%. The efficiency of utilization of the PCM near the air inlet was above
80%, while that near the air outlet was below 60% (Fig. 5).

(2) The amount of heat due to latent heat transfer from the air flowing through the heat
storage unit to the surfaces of the PCM bags was about the same that due to sensible heat transfer
(Table 3). It is considered that between 55 and 80 liters of water condensed in the daytime and
evaporated in the nighttime at the surfaces of the PCM bags.

{3) The thermal effectiveness of the heat storage unit was about 0.75—0.80 (Fig. 4).

(4) The ratios of the released heat from the PCM and the soil to the total released heat in the
case of two layers of thermal screens were 62—69% and 30—36% respectively, while those in the
case of one layer of thermal screen were 54—59% and 40—45% respectively (Table 2).

(5) The efficiency of heat storage, defined as the ratio of the stored heat into the PCM to the
integrated global solar radiation outside the greenhouse, was 6—9% on fine days.

(6) The relative humidity of the inside air was on the whole 80—90% in the daytime and
95—-100% in the nighttime.
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