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ABSTRACT: Interest in the heat transfer phenomena with melting and freezing has been
highlighted in recent years by the proposed use the phase-change process for heat storage
system. This paper are presented the results of the numerical simulation on the performance for a
thermal energy storage system using spherical capsules. The results also apply to the solar energy
system of practical latent heat thermal energy storage system using various capsules.
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Fig.l A simulation model for latent heat thermal energy system /solar system

4714 Fdz

<r
K0
0
3

27l sl
o) &3 1

A

717 el 9

2]

18 <]

el

=
=

[e]
-

e o %

KeX
=

g AA AL

)

A

A1z

}

ks
hud

-
o

Aol dArEe] EHlolH

] 3443 ol

x

2=
T

]
2]

17} g A A AL ol A €]

X

12 erkt.
ol

I3

= FH+H

AR Iys 2 PR

FREEIOCEE

-

o

g A=

i

2 o2 e

Kol
=]

=

S Iy



Ipp= Iyl cos€ + sine -« cot hy(o— @)1 (1)

EY HEdatel #aA= A wFoRFYH JdAF G2 JAkstaL A7) wZel JArE
=13 Kol
[} =]

H Hes B FEiAled vlEsts Aol HEm AAbd HedAt

ISP;IHS(].'i'COSE)/Z (2)
v ddew gole FuAs (1—cose)/20l YolHE AW FE WAARE w3 9
7] wiitol] AW WANSE y 2 StW AAHAA Y] AA A e v Ao® FAT 3l
=3

Ip=Iypl cose +sine -« hycos (¢p— @)1+ Iys(1+ cos€)/2+ yIx(1— cos €)/2 (3)

At 2780 AREeR FEdte WyeR s dwtdow ol Abgshe IEAW

. 223 2dEe] AAEE g, & e Ao e,

=
to ofl
5°)
2
e

o
o
ol
32

>~
=

77c=FR[T' a/_Kt( Tm_ Tair)/rp] (4)

A71A Fre ol H (Removal Factor)E YERU =8 ths 2oz FA

=L )] (5)

T.,= 9 (6)

zuy JAUAe 18m/1de a3 2AH A4S N2 A eaange] 448 Q o

Q=1.807.7,N. (7)

Aol QoiA theel Hge =,

o
ox
r
>~
>
N
)
oX,
i)
&
ui

OF A&l dolBe 4
@gsel @ AAUsE FA g,

@F wA 2 PCMe| 27|Ev §HOE S
A4l ol gd FAY Wik e 2,



T—T R
+ m + c
t=7-1, Y=
+_ ay +_ R + 7
= R’ R =R Z ~ R (8)

T e Foe & A A AL vad 2o

+ + 2t
(1—a %Yt; +U+ g;z = 3;2 +CI+(Z) 9)

A7) 9 A(19 FAA ¢H(2DE BRAAF POMel AQUF/AEGAN G FAE
dehie ohg Hom EARL,

il

+ R’
q(@=F@ATd@ (10)

a8 ¢(2) = g3t 2ok

@ 2)=pLrV 11)
AAZA

o2 A FdxdA Fd=E T,= e o3 4 &4& adsr] ol 29y
T

W% o1 8A obelel Aol oaA Fakgin,

T..%

. out

jin
_H
rlo
b

_1 _ T _
Ti,, - K ( Tc. out Tazr) + T{mf (12)

o7l K v 2

(13)

Fdz FTRVE FAY QT Aol Qold EAE FA6 weisdrh $ Aol daAA 2]
24 3 AAzAL et 2

t'=0 T =T/xT
=0 T"=T,/AT (14)
L H oT" | oT" |

R. 0z" - 9z* -



2%, o = qe 7 e BRg AT 24 AssA ode JE A 2
c
7% AAZASAA Ao Wk Fhx FTFLE T/t 2R Ac

—

4. Zo %

N

Fig2 oA % m= 0.166kg/s, T
Az FYTe Axrdstel darel
97| em)E M= 19 HFe
gol AAH B G L FT
a3 ®ae FPewst Al 5]

Aeel A7e] omm, AE W57 109 W F A& 4
o) Ws 2 HAEEe] AFWEE ek 71 gulolek( o
S8 Agaa agdA ¢ £ A%o] o7 8AAE

g

o 2 e

oM,
N
o

A3 Fegr. 124 "= PCM 9
J

s
£&e 2FH AT F, F9UAYY

Fig.2 Time variation of inlet and outlet temperatures, insolation, and efficiency

Fig.3 Effect of flow rate on stored heat and efficiency
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Fig.4 Effect of diameter of spherical capsule on stored heat and efficiency

Fig.5 Effect of collector number

Fighs %S 0.166kg/s, 7= <o A4S 70mm, Z9E 9 w42 68 2 10W2 W3t AAS
74 $-9] }?D]'EHT—-_" YR T "E*‘Ei 57 A A9E YIEse oy Hadzge Ak gy



seg w57t 6u9) Aol QAo POMel A Fast fnwA gtvha Az,
Fig6e 7 4e A7o] 7omm, A€l 057k 1009l A fel @ AAe YLEL
: ol 4 Wzt w3 feke] i)

dgol sl vehdch, agoRRE ¢ & ARl BEL F
9w Ae AP HE A ¢ F Ak

Fig.6 Total efficiency variation with flow rate

Fig.7 A schematic model for latent heat thermal energy system / solar heat pump system
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