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ABSTRACT

Heat transfer characteristics of heat storing processes in paraffin—filled horizontal circu-
lar cylinder is studied. The unmelted solid paraffin is allowed to fall on the bottom wall
under gravity. In the upper liquid phase, natural convection is considered to take place
while in the lower liquid film between the solid paraffin and the wall conduction is
thought to take place instead. Experimental analyses are also carried out. The amount
of the latent heat stored is obtained by recording the timewisely changing side area of
the solid paraffin photographically. The mass of paraffin melted in the upper section is

44 B} eFoll Y X} (Solar Energy] Vol. 10, No. 2, 1990



SHQEH YA £80] Lol Wo] RYEA/ I o

obtained by substracting the amount of melted mass in the lower section from the total
mass melted and therefrom variation of heat transfer rate in each section is studied.

NOMENCLATURE *

F, : Buoyant force

F, : Gravitational force

F, : Force originated by pressure difference

8 : Gravitational acceleration

AH; : Latent heat of the paraffin

k : Thermal conductivity of the liquid para-
ffin |

L : Length in the axial direction

P . Pressure

Pr : Prandtl number

R : Radius of the tube

Ra : Rayleigh number

r : Coordinate in the radial direction

re . Position of the solid-liquid interface

r, : Position of the tube wall

S, : Cross—sectional area of the solid para-
ffin

Ste : Stefan number in the liquid phase

T, : Melting temperature

T.. : Heating temperature

t : Time

U : Velocity in the lower liquid film

W : Vorticity

Z . Linear melting rate in the origin in the

upright direction
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: Theraml diffusivity

: Thermal expansion coefficient

: Melting rate in the r—direction

. Viscosity of the liquid paraffin

: Coordinate in the Landau transformation

. Density of the liquid paraffin used
. Density of the solid paraffin used

: Coorainate in the angular direction
. Coordinate in the Landau transformation
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¥ . Stream function
6 : Thickness of the lower liquid film
f# : Coordinate in the angular direction
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F, : buoyant force

Fg : gravity force

Conduction

Fp : pressure force

Fig.1 Two heat transfer modes viewed from the
side for melting of paraffin in a horizontal
cylinder
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Fig.2 D.S.C. curve for the paraffin tested

r

Properties Unit Value Ref. |
Melting temperature C 49.1 *
Solid density kg/ m 820 *
Liquid density kg/ m 778.3Exp[-8.249 X 10-4T-50) ] *
Thermal expansion coefficient c! 8.249X10™ *
Viscosity kg/(m .sec) 0.658X10°%—9.230X10°T *
Latent heat J/ kg 154000. *
Solid heat capacity J/(kg.C) 2180. x
Liquid heat capacity J/(kg.C) 2110 *
Thermal conductivity of liquid | J/(m.C sec) 0.336 | ¥
Thermal conductivity of solid | J/(m.C .sec) 0.242 Aok
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(a) stainless steel (f) overflow channel

(b) glass (g) insulator
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(d) O-ring (i) O—ring

(e) Pt resistance (j) copper pipe

Fig.49l =A8tATH YHogRE FAYRZ
o) nguetd Eolvh WA 1.9, 1.6, 1.3,

1, 0.7, 0.4 Q wolu 7+ 3}
A ALHE A 1A s
o}

c FFAGNMY 2EFY FEF

& 8ol Aol we} LEFI FEBol W
state AFS BE FE5x7de F24d0) 2
AAA R HA Atolof FHASZ wWIEE 1
Ao e FEE Wy =gu. ol AET
ol ke FAWSY dFLr Qs FF ol
ZAE 7] WEolil 2R IFY ¥
aA dAe gev. 28y A g 1
255 FE %0 HolHdM AAdFIL &
AL oledl Wl 2R FFLS Lok F

= T AT

prd e exFME AXA "k 2y
gg0 29 WAAW §4x710H HLH

AA ol o) ARE o5 mAL Ay
o] 9REol A ol kgL
W ol Yo AR FEIL WA I
A5 E AAY R oste] WS wet FS

Bl Folv1 A [Solar Energy)} Vol. 10, No. 2, 1990



..WJ..O

i+

%G =1V

(ugjered pyos pajpwun Bul
-puodsaliod 2yl moys seale papeys)
-ssao01d Buppw HBuunp jew ugyjered
oy} ur sepjoid (Jydbujaurwieans pue

(3jo[)2inyeradwa) jo uoneuea asmauwil] (e)— bl

£ = +4AV °

S0°0
¢'0

+LY ‘18
+LV *80-0

T L T
i..u...uu\. ...wm.l

Wty i

TR
2

ooy
&w

-
)

+A

T\
+ L
+L

N T R R
098 i

RER
p ﬁﬁ.ﬁwﬁ .,

TN Ty A
.to. - \ * o ) -
shr g 3 hﬂf‘ﬂ%ﬁwﬁ.ﬂ 4

51

..T.‘__

L 3T -
L)
i ¥,
Y .-." (¥ Oide O

5 J- o ¥
SRRl
,.r!.m.......ﬂ.. )

X .—ﬂm. 9 ﬁ.-ml...a

Feisapaee
P

Ir

ef okl 1] 2] [Solar Energy] Vol. 10, No. 2, 1990



L]

AT* =0.
AT* =0.05

0.8 - 1 ’
0.5

T+=0""0.83

T+
r+

3

A+

% N Bt ok

B ol 1] (Solar Energy) Vol. 10, No. 2, 1990

and streamline(right) profiles in the
paraffin melt during melting process-
(Shaded areas show the correspond-
ing unmelted solid paraffin)

Fig.4—(b) Timewise variation of temperature(left)
AT= 10T
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Table 3. Fraction of the melted mass by con-
duction at the bottom in direct con-
tact with the wall

T Temperature difference(T,—T,,)

™M 5°C 10°C 15°C
30% 69.5% 67.1% 66.8%
60 % 77.3% 75.2% 74.2%
90 % 79.7% 77.2% 75.9%

(Fo Ste)x10?

Fig.8 Comparison of experimental and theore-
tical results

g <Foll Y A] (Solar Energy) Vol. 10, No. 2, 1990



b A JdE] AolE AT 2wzt
8T dHeletrt Sl Hol e
7h 2uf, 3= 7o) whehA
3T HA wEE @

ek o7k e FE W
Mo Bl v REE @
oA A s
Stefan2] 0.75% ] H|A gt o
RN shR- ol Mo A A

Aetste Stefan+9 0.8%0) vldi st 7
1

&

o wlo
2%

iu)
oo
afo

2

=2

olo
alo

o ofb i vl L
1 rlo

4
r}&r 12 rlo e

2

— 2 T M

X0 ¢
e
9
-
QO

1
N
i)
B

)
ado &
off o [o

2
oo
o, HI[O £ HU

el

EII / Ell,u
o
(4]
‘\
'
,"

002

Fo Ste®*

Fig.9 Plot of the melted mass fraction against
F,Ste ©8

0 0.01 0.03 0.04

3te] Fo Ste®®g 2o 7 sl &
of EAlste] R kth, ) F-of ahof} A
k7he] Aolg Rojrp A &
FHeA EAF S
§8%S Fo Sted thste] ZAst= #
Fo Ste” %) thale] F A dl= 7

B30l gk A st

i

Bl ol 11 X [Solar Energy) Vol. 10, No. 2, 1990

1)

3)

5)

7)

T. Saitoh and K. Hirose, ‘High Rayleigh
number solutions to problems of latent
heat thermal energy storage in a horizontal
cylinder capsule,” dJ. of Heat Transfer, Vol.
104, pp.545-553(1982).

H. Reiger, U. Projahn, M. Bareiss and H.
Beer, ‘Heat transfer during melting inside a
horizontal tube,” J. of Heat
Vol.105, pp.226-234(1983).

C. J. Ho and R. Viskanta, ‘Heat transfer
during inward melting in a horizontal tube,’
Int.J . Heat Mass Transfer, Vol.27, pp.705
-716(1984).

H. Rieger and H.Beer, ‘The melting pro-
cess of

Tranfer,

ice inside a horizontal cylin-
der:Effects of density anomaly,” J. of Heat
Transfer, Vol.108,pp.166—-173(1986).
D. Nicholas and Y. Bayazitoglu, ‘Heat
transfer and melting front within a hori-
zontal cylinder,” J. of Solar Energy En-
gineering, Vol.102, pp.229-232(1980).

M. Bareiss and H. Beer, ‘An analytical
solution of the heat transfer process during
melting of an unfixed solid phase change
material inside a horizontal tube.” Int
J.Heat Mass Transfer, Vol.27, pp.739
-746(1984).

E. M. Sparrow and G. T. Geiger, ‘Melting
in a horizontal tube with the solid either

constrained or free to fall under gravity,’

o7



FHYET WA §§0 Yo We AHIGEAH/ AW 9

Int. J. Heat Mass Transfer, Vol.29,pp.1007

-1019(1986).

8) H. G. Landau, ‘Heat conduction in melting
solid,” Quarterly of Applied Mathematics,
Vol.8,pp.81-94(1950).

o 24, AN, ‘+HUFVY} £YU%
I oA BFo] dojd wo] & Ao
As A AF AR FHAET
© #8’ Mgy FRAEFRIL, A
199 A|23%, pp.165—174(1987).

o8

10) o1A4, A4, AN gHE o]
BdE HFe] B3 A, Agddn F
HAFR T, A 168 A1S, pp.ll—25

(1984).
g 7
2 a7E FAgstne $£a7 A o
stel ololMTh DA AMANA BAL) £
Agt,

Bl &oll 1 x| [Solar Energy] Vol. 10, No. 2, 1990



~'ry

ABSTRACT

The present study was to investigate the use of a phase change material for hydronic radiant floor
heating. Two identical unit test cells sized 1.8m"X1.8m"X1.8m" were built and installed with spe-
cially designed 1.6cm™X9cm%¥X80cm" aluminum Ondol-panels holding 1.25kg of calcium chloride
hexahydrate(CCH) each.

It was found that the Ondol-panel with CCH reduced the room temperature fluctuations and
maintains the phase changing temperature for considerably long duration, 2~4 times of heating
hour, over no—CCH one. |

Heat Transfer Characteristics for Inward Melting in a Horizontal Cylinder

Sung Bae Yum - Chang Shik Hong*

Dept. of Chemical Technology College of Industry & Art Hongik Univ.
Dept. of Chemical Engineering College of Engineering Seoul National Univ.*

ABSTRACT

Heat transfer characteristics of heat storing processes in paraffin—filled horizontal circular cylinder is
studied. The unmelted solid paraffin is allowed to fall on the bottom wall under gravity. In the upper
liquid phase, natural convection is considered to take place while in the lower liquid film between
the solid paraffin and the wall conduction is thought to take place instead. Experimental analyses are
also carried out. The amount of the latent heat stored is obtained by recording the timewisely chang-
ing side area of the solid paraffin photographically. The mass of paraffin melted in the upper section
is obtained by substracting the amount of melted mass in the lower section from the total mass
melted and therefrom variation of heat transfer rate in each section is studied.

Photoconductive Characteristics of CdSe Thin Films

Choon Saing Jhoun - Dong Suk Kim - Chang Soo Huh®

Inha Univ.
Korea Electrotechnology Research Institute(KERI)*

ABSTRACT

In this paper, photoconductive pure CdSe films and CdSe films doped with various impurities are
fabricated by vaccum deposition and subsequent heat treatment in vaccum. The substrate is kept at
200C during deposition and temperature gennerally makes the films more photoconductive. The
photocurrent of the films increase linearly with light illumination. Spectral response of photoconduc-
tivity is measured at the wave length range of 380nm to 850nm. The maximum response is found at
700nm in pure CdSe films, but it shifts to the longer wavelength in impurity—doped CdSe films.
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