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Abstract

The present paper investigated the effect of ultrasonic vibrations on the melting process of a phase-change material (PCM).
Furthermore, the present study considered constant heat-flux boundary conditions unlike many of the previous researches, which
had adopted constant wall-temperature conditions. Therefore in the study, modified dimensionless numbers such as Stefan and
Rayleigh were adopted to represent heat transfer results. The experimental results revealed that ultrasonic vibrations accompanied
the effects like agitation, acoustic streaming, cavitation, and oscillating fluid motion, accelerating the melting process as much as
2.5 times, compared with the resuit of natural melting (i e., the case without ultrasonic vibration). Such effects are believed to
be a prime mechanism in the overall melting process when ultrasonic vibrations were applied. Subsequently, energy could be
saved by applying the ultrasonic vibrations to the natural melting In addition, various time-wise dimensionless numbers provided
a conclusive evidence of the important role of the ultrasonic vibrations on the melting phenomena of the PCM.
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Fig. 1 Schematic diagram of test section

4. HEgznt

41 FRYANTH F, Stex)o} ©E 31-44 AAAY 94X
ag 28 AG &89 259 7Rl 1

AXNE F Stexo] tia] TAE 7o
A S BF S d4ute A
Folxl ZEA FYE win Yok ol IHEAUS ul 71E”
Axwztgo) 29 (Free surface)ol ©]22] &]:ﬂ%EOH =5 A
kg vpto] 1A st AuAE
BE "ol ARG 27 24 %
& (=552 kealhrm)o] 12 7

(2

o) 74;434 e

656

o= 2dege A4t 29 Wee] 7RIA A B
ggo] 2 Ho7l gloy F,Ste* =091 o|F &-§o] I
PRestHo] gfiRe] 8go) oRolde ¢ 5 Ak ok
3 A% A4S 9

Q1P F,Ste*=12x10° ol%F 74z} F=ejd g ofwjgich

=3 o -
EY S a
I ! I

Dimensionless coordinate, Y
=3
<
.

nE °
=T oY
ey

b oo
ﬂ

Hi' 4
dle

F85(=5652 kealhrm)olM  F St

L

/

—&— Melting without uitrasonic vibrations, §" = 5535.2 keaimrm?
—~— Melting with uitrasonic vibrations, q" = 5535.2 kealihrm®

Dimensionless coordinate, ¥

T T T T T
02 04 06 08 1.0

Dimensioniess coordinate, X

(a) F,Stex=03x10°

" c.z/ g:p_o

%

o}

oM

1 4

el

—&— Melting witheut ultrasonic vibrations, Q" = 5535.2 Kkealhrm®
—O— Melting with ultrasonic vibrations, §” = §535.2 keal/hrm®

Dimensienless coordinate, Y

T u T T
n.2 04 [\ 08 10
Dimensionless coordinate, X

(b) F,Ste*=0.6x10

—&— Melting without ultrasonic vibrations, q” = 5535.2 keallhrm?
—O—- Melting with ultrasanic vibrations, q" = §535.2 kealhrm®

Dimensioniess coardinate, Y

. ——®
o0 -0
/ o
'/
/O
o/
o
/

R //l T T L T
X 0.2 Q4 06 08 1.0

Dimensionless coordinate, X
5
() F,Stex=0.9x10

-#-- Melting without ultrasonic vibrations, q" = §635.2 kealfem®
O Melting with ultrasonic vibrations, g" = 5535.2 Kkealhrm®

o ———®
//
/.

/ )

/ oo
/.
/ ©
- T T y T T

X 02 23 a8 08 18

Dimensianiess coordinate, X

(d) F,Stex=1.2x10"



o
1

—e— Melting without ultrasonic vibrations, q" = 5535.2 kealfhrm?
—O— Melting with ultrasonic vibrations, " = 5535.2 kcal/hrm?

=
@
N

o
>
:

o———-@
o

/

_

o Q——--0

Dimensionless coordinate, Y
o
IS
L

I
N
1

14
o

0 U T y v
0.2 04 06 0.8 10
Dimensionless coordinate, X

o
=3

(a) F,Stex=1.5x10°
Fig. 2 Melting shape variation in sequence of F,Ste"

42 f'flElE“M]*M dHeAsT
—AA AAHY %7} A
+9¥ %ﬁ}l 7h4sta SlE EHA
AT Al oA el

r&
e s
o d
D
rO
=)
o) FS.‘i
1o
o
oo
2 rfo

Ne= "= T) 4)
a8 32 FA AR F,Stexol gt S xHAAM 9] 4

@ ARE ARH0R BAR Aol /N R & Al
27 AR A% A AR et & ATl
AT did 20& 77 Wi HEREY 25 &89
g 7zl Ag dssiA g mEbA Rayleigh

3 ’

_eRATHPr. e A

(HET e

g Rayleigh—’ﬁ( Ra”, Kv?

—@— Melting without ultrasonic vibrations, g" = 5535.2 kcal/hrm?
—O— Melting with ultrasonic vibrations, " = 56535.2 kcal/hrm?

1.04 .

\‘:\\

\

05 l 8:&8” * oo
\o\o ..

Nu/Ra®

0.0 1— T T T T y———

0 1 2 3 4 5
F Ste* X 10°

Fig. 3 Nusselt variations on a heater surface with
respect to FSte*

g 34 & & Qe AXNE 8% :7:7]°ﬂ dAGAT7T 54
Z = AE & T Ut} o £§ %
17] ui-e] %% oy &2 A}o]
7t &g o7} 01%0}31 Sk
ol o3t FAdoe] F5 o}F7]
5 teiA 2 oRge] 7izls
9 A dAdaE g Al egd
o H&f 2, FDSte*=O.9X10’9Jr 12x10° o] Fo]= TS

o oX 8 12 2 N ok []

\J

Aadth ol 287 FFOR ey BT FFo
3|8 EHONA o|gslHA 7ldde nlE EE(Dry patch)©] 2
AEL XY AR o]oR]7] wFo|t}, HRZ Kirby 7]
7137} 740 eI e o) J1E oblel gk oAl
Bato]] mal YA EHE 02 APy gAY ZAE Bt
A sl 2 SREEANS ddg AR Ao Ay
A9l Qe FUE ANE S oeh et 289 259 7}
71 Al SEHEHY gAY Al A8 #As) Aldske A
A F Stex=09x10° 12x10° )& 4104 AFa &-go] 243
ol oix)7] Alaske A¥3} QA @k ol E o] AWRE &
Ade A7 8247 @A43HE S <vsh

-

o\ rlo oBL

F

=

o}
43 AFFGAe gAGEA8A
MAato A o] dHG 2AARE o3 B7] &
A AJEFH e 7M1 AlY SEA0E A
&8 AlZE HE gulste FA ARHDCl B
TAIGHATHIIES). a-A B F e AHY,
A AR (X=02, Y=05) A 7—}7#4 A&l =4
o 2&% %o A @ AS Ad FgAHT} &
E7H15~20 T 9 wA gHdES & & ok o

OB

AV

T BES 7 BRE AN BFHHALH o)E
2237k 74 2 A4S Agdge ddg A
Fe on gt
1204
!
/0/. o
1004 ®
o« o/o/
g 7
— O
L 80 o« o
o
: / e
?g 60
g
o
[
404 / /
——0
204 —&— Melting without ultrasonic vibrations, 9" = 5535.2 Kkcal/hrm’
——O— Melting wnh ultrasonic wbratlons q'= 5535 2 kcal/hrm
0.0 0.2 0.4 0.6 0 8 1 O

Dimensionless time (1)

Fig. 4 Temperature history of PCM measured at X = 0.2 and
Y = 05 against normalized time (1)

Y=0.75

-1Y=0.50

Y=0.25

water

vibrator

Fig. 5 Two dimensional velocity profiles induced by acoustic
streaming of ultrasonic vibrations

657



WgollAle] AU P59 9% Bokas] Fstel 1Y 19 7
2 2l

Ngt B Bt 253 713 Al A gtEAA dojue &
g4 AsS dAGEFAAE olgate g3t 71" 44
G NS & Ao 22w 7R

=
Rost Lohlgl= 87129 %23t 4% HAHE B8 W2 @zl
34 % 90 ASY YT A o 3

2 dgome 283 W ¥ W $F 5E
streaming) & ANA VA 4 B8-S FAAL,

Fig. 6 Oscillating fluid motion formed by ultrasonic vibrations

3 dapieElE ol &dle 2Su A wAEhe SEE
# FEY #7714 2R 4" gElsFol d9RF
(Thermally-oscillating flow)S #2A|7S #&E 4+ JATHI

5. 2

2 ddAe st 24 A S5dEe Ad S84
gl 2% 25E 7lsted 1 dsaAde ddra, dg
22 AEE 28 7 i

D & 53l 485 A 5 9l
2) 2Su Ago] 7 A oM B FeEY
(Caviation) 2.2 Qlsle] 3E1EHe] dALATE ZAlh= 7|8
o oz &84 £79 Y4AS FHE 4 §ith

3 ¥ AFE /s S8ANZ AS slEAN oEdy
£5A1Z2d B} o E o A7 4 ik

658

L

S1k o]

(1] SH Cho, J. E. Sunderland: "Heat conduction Problems
with Melting or Freezing, Journal of Heat Transfer’(1969),
pp. 125-131.

[2] C. Gay, R. Viskanta: "Melting and Solidification of a Pure
Metal on a Vertical Wall", J. of Heat Transfer 108,(1936),
pp. 204-200.

(3] 71k 3] AAdE AddiFel doA 718
o] ga MApekel=E, KAIST, 1997,

[4] A7), DEF 557 "THARS 2te ALY 49y
ZHR A A 5 2 G, die AT =Y A9
3,(1993), pp. 2304~2314.

B] B E: “Zgu o] ARE A ulxe Jgel| @&
3 A YAl e, 2AUE, 2001

[6] CJ. Ho and R Viskanta: "Heat-Transfer During Melting
from the Isothermal ~ Vertical Wall” | J. of Heat Transfer
, Vol. 108 ,(199), pp. 204-200.

[71 JGKirby , RStainforth, and LH Kinner: “A Visual
Study of Forced Convective Boiling Part 1I,(1967),
AEEW-RY6”.

[8] Paul I. Ro and Byoug G. Loh “Feasibility of Using
Ultrasonic Flexural Waves as a Cooling Mechanism”, IEEE
Transactions on Industrial Electronics 48(1),(2001), pp.
143-150.

<



