(3

“

" il o

Cpad C¢Ev 3,(2-E E.JaGwsalyERAHLWIE | =§1 6wA
41 % 15¢3awé Ay V  ¥%C&AIE Y I-EUHWEREA O wy ;
o, N7

41 ¥ +5C%C Y renemag.ir L

¢° CE®“A:- ECEwu%h POMBACK.{ &Yz °#Hié W -p 6z

Y. Nakajima3® KL Watanabe? 0 wé t v Ay C{Pi ¢v ¢ %dve{Y

OV Bk Bt v 0AD (AWAACE A%y v
2- Professor, Faculty dcience and Technology, Keio Universifiokyo, Japan
3- Professor, Department of Architecture, Kogakuin University, Tokyo, Japan

kaabi@iranenergy.org.lr / 1,1,0004/ %A £

a°ccCci—
oo EChv a6 & &%BOWOU * %AU E o wA AC{E jw{Aw WéANWECRAU &R HE YW ZE \
AOws v CRBAA 25AD éx jA GAAWE U¢ y %w 3R Rid %68 ws A A Uselvaniss ¢ vad CuGC acfv ez
Heatgain AT CA aawEY B Awe poy | LULPyaBEU» 0 W CUZCE T Hee Av.Ca HE 6
amoveve§l waectUYA EHCABW &I av rE ¢ oo BQAE )APDHjwOGU 6§ ARE&LYEY A ¢ Y BC-
¢ Abxperithental deg) E & WU ¢ j Cy¥v C3vyuO y AKWUey ju Cuvisah3zY1) b Bl Y %0 they
) ¢ 8 %ih PBwwBSMECAY: BT GLUCH Y@ySusEm E WA OGwlu°y v Y

CEWBvImEM J G2 Ul °poz | %v ¥d i&UCawrEaNEBPeHweu |

Model of hybrid long- term heat storage (PCM and soil)
for solar heating system

A. Kaabi- Nejadian’, K. Watanabé?, Y. Nakajima?

1- Renewable Energy Organizatiohlran, Tehran
2- Professor, Faculty of Science and Technology, Keio University, Tokyo, Japan
3- Professor, Department of Architecture, Kogakuin University, Tokyo, Japan
* P.0.B.146651169Tehran, Irankaabi@iranenergy.orgir
Received27 DecembeR015 Accepted® February2016

Abstract

The operation of a novel solanergized long term storage system has been studied usingiteorspmulation. The
system uses a phase change material (PCM) consisting CaC12, 6H20 feershdntat storage; crusheackssensible

heat storage bin with enclosed hot water tank and heat pump system for reuliuhreat storage, and soir flong

term heat storage. Callations indicate that this system will provide a higher heat gain thangéedsbin system studied
earlier. The single bin system was studied analytically and theoretically, comparing the use of a PCM andookshed
and included &eat pump operatingdm the same bin. Due to analysis and design method of experiment, the effect of
six variance factors on system performance for higher PCM efficiency was studied.

Keywords: shortterm heat storage; medidtarm heat storage; lortgrmheat storage; PChheat pump
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Control losic of producing enerau zone
Solar collector
Total solar radiation  No
J7n 250 kecah/ h.ed
Jurn on pump Turn off pump
Control loasic of discharage enerqy zone
Radiator panel zone Fan zone
( pump ) { Fan )
Kernel tank Latent heat storage bin
2240 < No - No
Yes Yes
Turn on pump Turn off pump Turn on fan Turn off fan

Heat pump zone
( Heat pump )

Sensible heat storage bin

B2225 <« No
Yes

Turn on Turn off

heat pump heat pump

Fia. 2 Control logic for a tupical solar enerad system
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Table | Six assumed factors with three fixed levels
FACTORS level 1 level 2 level 3
A = sclar collector area¢ ¥ ) Ai= 40 A2= 45 A3= 20
B : P C H weight ¢ k=g ) Bi= 368 B2= 7386 B3= 140G0
C = air capacity of faninT/h) Ci= 450 c2= 250 C3= 350
D : scheduled fan operation Di= 3 bD2= & D3= 42
time < h D> 8 — 41 8 - 148 7T — 49
14- 17
E : =scheduled heat pump E1= 4 £2= 8 £E3= 186
operation time « h D 8 - 42 8 - 18 4 - 20
F : scheduled radiater panel Fi= 6 F2= 1412 F3= 24
cperation time < h ) 8 - 411z 6 - 183
14- 47
Table 2 | Specification of rphase change materials
Items ~ Tupre High terperature PCH Medium tenmwerature PCM
Phase change temperature rangse as — 4 7 35 — 37
<cc>
Latent heat (koalskg) 32. o 4a5. &
Empty space factor (&9 ] 4 8. O 4 8. O
amona PCHM fill
Staorase heat amocunt( kcal) 21. =27 26. 1
(20T difference dearee)
Specific Solid O. az o. 34
heat
Ckealskg - ©) Liquid . 59 o. S
Density Solid 1600. O 1700. O
(easedd
Ligquid 1520. O 1530. O
Thermal Solid 0. 58 Oo. 94
conductivity
tkealsm.h.T)> Liquid O. as 0. 486
Material High density poluethulens High density poluethulens
Configuration Encapsulative Encapsulative
Table 3. Fixed set points for simulation
I tems Set point
Calculation conditions Tokwo ¢ Standard weather data )
Solar collector | Azimuth angle, Tilted angle o°, 45"
Hater flow rate 80. ORh
Heat transfer coefficient 6. Okecals nf.h. T
Heat pumpe Capacity (77T 1 990. Okealrh
Electric consumption (7T) O. &68kuw
Hax. temperature for operation 25. 0T
Fan Hin. temperature for operation 30. OoT
Radiator Min. temperature of hot water for operation 40. OT
Soil Specific heat 0. B4kecalskg.T
Specific weight 1300. Okas/ o
Heat conduction factor D. 7 Okcal/m.h. T

Operation period

Storage

Oct., Hov.

Heating

Dec.--Nar.
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Table 4. Orthozonal arrays L31 (340)
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Table— 5 Analvsis of variance factor for COP of system (without pooling error).
I 1t e m Deg_r‘ees of Sum of Mean Test |
reedom Sjuares Square Statistic Remarks
Variance Factor 1 S v FO
A:Solar collector surface area 2.0 0.0587 0.0294 0.020 m
B: P.C.H. weight 2.0 0.4554 0.06777 0.052 1
AxXB:Interaction 4.0 0.1207 0.0302 0.020 —
C: Pan air capacity 2.0 0.0406 0.0053 0.004 m”~ 3 h
AXC: Interaction 4.0 0.16439 0.0412 0.023 —
BXC:Interaction 4.0 0.1082 0.0266 0.018 —
D : Fan cperation schedule 2.0 8.8851 4.4430- 2.987 h
E : H.P opesration schedule #% 2.0 0.0752 0.0376 0.025 h
F : R.D operation schedulet#$ 2.0 0.2446 0.1223 0.082 h
eis Error 56.0 83.2813 1.4872 —
Total 80.0 93.14036 =
4% P :Heat pump
¥4t R.D :Radiator penel




