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An Experimental Study on the Melting of Horizontal

Ice—Bar Located Concentrically in the Cylinder

.

Deng Wook Lee,‘ Sang Sin Yoo®

ABSTRACT

The melting phenomena of horizontal cylindrical ice-bar immersed in water
and air concentrically in the cylinder are experimentally investigated for the
temperature range from 3.5°C to 25°C. The'shapes of the melting ice-bar are
recorded photographically by the shadowgraph method.

The shadowgraphs of the melting ice-bar show that water adjacent to the
bar flows upward for the temperature range from 3.5°C to 5.8°C while above
5.8°C the flow is downward direction. The local an& average Nusselt numbers
are obtoined with the recorded shadowgraphs and comparator.

Melting shapes of the ice-bar in the air show the vortex motion in the
bottom portion of the bar, whereas no vortex motion appears in the bottom

portion when the bar is melted in the water.
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Fig.2 A photograph of experimental setup
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Fig.3 Shadowgraphs of melting ice-bar in

the water

Fig.3ol4 $9¢] iR 4o xml - SmmEel
Bo) 257} 3.5C9 (a)9] 79 ASe) WaE
o] whe] o} W ol 93l HWEEC LA B
#3le A 78] Fel wet g EY2 BN RE
g wES Ropg Helck (bRI15.8°C (b) 9

A9 2EAE7 5P TR ERE AL & ¢

AshHA g =] AR P BANHT LA A
FEAF 22 4L 2ol APLwst 6.7
°C, 8°C, 10C (c)(d) % (e} A%+ #4
A HHol wha] §aEo] BAEY & TREK
7 gEdt %o f¥Ee]l B dAe 6.7C
ol ME 7t HHI FAolxm, 8CE FL F
Z d4old, 10°CE HS %

oA L5V FLFE Y H o
F 2 EEHAEAS B Fr), o)W u
Te BEF 52 d4e 3} =

BARENS 93& Podd FaH7] HEer
2 4 g ool 5.8°CE SiEEoes o
o HBRHEE] LA ERAL T YEI) 4
T RToll A JAQl Htkol o5t MAFE &
ol ook 919 MBS Rieger (1) 9
A A =te} vl w2l Rieger & HBLYHEZ

et g Agetglon Ro=4Xx10°% R, =
1009 B¢ APA=E A el FH4F 2
T RRge] 253 A Hlgion R, =4
X 10° ol A= o] w3} ke, R, =10°9) A
TE BT FogEe] mee J3e w
A4S Hle ol gzko] s o] &
%, 53 BERE) dv ¥49 434t £
3 A8 o A4UE RdZd, 9e3 B A
2 R, =5.81 X 10%~ 1.66 X 10¢ Alo]o] A= &
Byol Jgg ke Bl 4% A dAds
glon Wiio wE3x] % BF ¥
o2 yaged ol de dstEae] a2
A R, B AR RiRRe] dEos A
Hich HitK@FHSKo YT Ao AL A F
o 7o) (Hm=t 4S8 75071 o 27
o 2ol R B E&®/H F8ES ez Yo
3 Ao @3 R #(2 x 10° )4 A+
3t Pannu(4), Saitoh(5) % Rieger(7)2] A7=Z
v w2 Pannut H9) $l5-Eoll mBhol B
%9 WEH 7 Saitoh s WEE waldlclm

P om, Rieger & #@Bhol Ad WA FeA

o r

o

oN o

- o2 vehgrh Saitohi(S)e AHsEAR et

A ®e B¢ Aeslgdoe HRsigedl £ 4
PA =2 Hol setdz ¢ FUT #HH M
BLYER 355tz A3 #HiEgolE AHLs
e AL #ARd ez 4z, Pannu 9
Saitoh 7} A A& WEWHLE ERHEAH 5
A AGE A A= BHELT BRY 7 o
o] oMol mEHolA ASho| Flsle A
£ A o] AAAAE A Ao w BR
&9 Fig.4 o} 7}

Fig.4 o} o] mspBife o Uil ¥y
< FAY 5 A%en] e dge FE HFE
F.OEG Al A ) @mgEe] BESS 4F
Ak kAol vl wAH A3 HEEo BEV ¥
FE B U1 BEEE BB ERsh, v
doll AE57A]l Az FHY 257 HEFE
oEH AL ofste] o S0 WREHo] w3

Hatd g AEE 5 U9k of A9} Rieger



AF HESY ROz 39 v S M Wd BB BE (201)

o R, =109 #$ol iat 49 2 Famo A5 sastn A ATl G2 PEAwe B
A#E ol RBRAKL B Ui gsid LB Bhg ki st dAE Tk of
= ut¥38 Saitohs) ATFAFII FT AR R njE-sbe] ubg el W& T8 Nusselt
' Uk e Fahe A2)dl fRASY FHEmNusselt 2zt
(N, )% F#gNusselt (N, ) & Faeh o &
TFabe AAE FF e FzFaQ00} 2 &
HBBEAA B Nusselt 348 -5t ErsPd
Fig.5 ¢ 72t &9 #ME7F 3.5Ca (a)d] F
£ Nusselt ko] 9F 7 0°CHZoA 73
T3 Qo) Binge] whel <kzke) FUEAE
Held, 5.8°Cal (b)) ASE ZEAEANA
Nusselt gtol A& siklol —Edte] Aj7bA4
dX WlAgsd A9 Z2gs Zerh 6.7CA
(c)o A$& 4579 F7tol =eb Nusselt g

Fig.4 Melting front contour of ice-bar in < o7k A FE Helth 8T (d) 3
the air(cylinder wall temperature $& Q7o #et Nusselt 3re] 84bb 4 3
at 15C) W 57 90° Hel A P 7HE A7

(2) s R ¢ Fig.39 BB EHSA Zokell what 2714 9 ule ste] W gk}, 10°C
B L FNusselt b T & Aok L ()] AFE 1A AFAe wek Nusseledk
el B ASS Fos ol (comparator X o Bt A% 0T RTAA e Aol
W o] kAL o AL M} Yol Am HH 2 FOR Wsted olaRe HRE dF

% TS AR d¥de F5T 5 U
25 s ' °
f s iacum '
i > ,,:,:: " e=00®
¥ . ':o-m“ Q¢ mo0Ml
15 s 15 s ,-n-,m
2 N 4 ‘o 0 I or=0.0047

P 5‘ ’

o0 5 @ sv‘o~ . o |§o 180 ] 30 ] 0 4o 120 B0 B o 0 © CIRE] 50w
{a} water temperature T~ 3.5T {b} water temperature T.= 5.8C {c) water temperature T. = 6.7C

Fig.5 Nusselt numbers vs

angles for various

water temperature

] o] [] %0 | 120 150 %0 x 60 90 L. 120 @o 190
) ’ {d) water temperature T. = 8T

{e) waler temperature T = 40T



(20D BRBN-BHRIE F 158 £25

Fig.6-2 78 2504 Mk TR (2ol o
& ZF#Nusselt (N, )5 bl ol &9
LE7} 5.8CAAE FAAA ] Erbste] &
F#Nusselt gto] —gate} 299 APLEo4
£ SRz Fotsh ool N, 3kl ot E7t
she d4g Holdh 5.8CE A3d & AYL
ZolAs 6.7°Coll A B/Afe)l, 3.5CY A
$-7F 23)8 5.8°C AS$Rch N, zho] AL w

AT 4 gow 58CENH BExs F45
! 22 5 9Ed oone WAL §
AA ALHE Folol DA §AKTS EEo)
9

& Aoz ¥ 4 9o

0:35°¢
a:58%C
20 o: 67 e
s: 8°¢ el
a: 0%t e
_‘——A//A‘/
e
13 S o
Ed -~
=2 o

A A -3 a V- A A
S OO
.o———-/"/e—‘
0 3 0 5 20107

Fig .6 Average Nusselt numbers vs dimen-
sionless times for various water
temperature

4 & )

AFEEES] s Moo AAUE ¢
o) £9 EE 3.5°CERE 10CH# 9 H
9} mEY &5 3.5CEHE 25°CHH%Y
oA AT 4 LEE FAAT Yehold pist
2 iR BMLE RELKEBT o) L5 &
By 2 AW A} e 2L #He I
ct, '

(1) 89 2% 5.8°C2 HE®oz sted o

Ao oo

of,
do

expT 3o LEAE JSHEE EAK
b s el W gRo) wel gase] ®mN
o RHAMoE w5 Uk 58°CAE
mERE B A% SASHA Solslol %
Aol vhA BAEEA $43 g3 <8 4
o 7o) Ko, 5.8°Co| 49} LEolAE QL
of wel gl THWI BaS FAI4L
A fol Wl ivhz YRLe] FT Ro s
e,

(2) B2 &5/ 5.8°ColA: Hi#Nusselt gk
of #EEES] Wit} A7k AslE BF3
2 A9 —sgsht 5.8CE Aysle @WEEt 2
4% 7 EAEfe A Nusselt gho] =LA| mdto]
12V stel whek FrgtEel Haistel Wa
dhal, F#Nusselt L& 5.8°Col At MK THs
Flol = bt Aol Qa9 Ae A7
o Aol et opzke] HMFRHS Bk

(3) @80l B4ol4) BMED %ol BB
A% §HALES BEY 2o T KB
ol sl §32 B B Wil
mEol BESE AL WAY + A

N

ol

REFERENCES

1. E.M. Sparrow, R.R. Schmidt and JW.
Ramsey, Experiments on the Role of
Natural Convection in the Melting
of Solids, ASME, J. Heat Transfer,
Vol. 100, Feb., pp. 11-16, 1978.

2. A.G. Bathelt, R. Viskanta and W.
Leidenfrest, An Experimental In-
vestigation of Natural Convection
in the Melted Region around a
Heated Horizontal Cylinder, J.
Fluid Mech., Vol. 90, Part 2, pp.
227-239, 1979.

3. T. Saitoh and K. Hirose, Thermal
Instability of Natural Convection

— 94—



A BES) BLoz 4 YE @

Ao RRBSC WY BEN BE

(203)

Flow over a Horizontal Ice Cylin-
der Encompassing a Maximum Density
Point, ASME, J. Heat Transfer, Vol.
102, May, pp. 261-267, 1980.

J. Pannu, €. Jolekar and P.A. Rice,
Natural Convection Heat Transfer
to Cylinders of Phase Change Mate-
rial used for Thermal Storage,
AIChE. Symp. Ser. 76(198), pp. 47-
55, 1980.

. T. Saitoh aad K. Hirose, High Ray-

leigh Number Solutions to Problems
of Latent Hz2at Thermal Energy
Storage in a Horizontal Cylinder
Capsule, ASME, J. Heat Transfer,
Vol. 104, August, pp. 545-553,
1982,

. T. Hung Nguyen, P. Vasseur and L.

Robillard,

tween Horizontal Concentric Cylin-

Matural Convection be-

ders with Density Inversion of

Water for Low Rayleigh Numbers,
Int. J. Heat and Mass Transfer,
Vol. 25, No. 10, pp. 1559-1568,
1982,

. H. Rieger, U. Projahn, M. Bareiss

and H. Beer, Heat Transfer during
Melting Inside a Horizontal Tube,
ASME, J. 105,
May, pp.

Heat Transfer, Vol.
226-234, '1983.

. C.J. Ho and R. Viskanta, Heat

10 .

Transfer during inward Melting in
a Horizontal Tube, J.Int., J. Heat

Mass Transfer, Vol. 27, No. 5, pp.

705-716,
F2%, AUUED 329 Bl BAUL
A Qede Aol B 4F, %

AT, A Sa, 1985.

5ol FHo2 AT
SR A Aol A APAH o
T, A A =, Ao, A4 s,
pp. 414-420, 1985.



