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An Experimental Study on the Solidification and Melting
of Water around a Vertical Heat Transfer Plate with Pin Fins

Yoshio HIRASAWA, Dong CHEN,
Koki WATANABE and Eisyun TAKEGOSHI

In the present study, the solidification and melting of water were investigated experimentally for
the case of a vertical heat transfer plate with pin fins. In the experiment, temperature distributions,
ice and water volume fractions, and heat flux changes were measured and the flow patterns in the
water were observed for examination of the phase change process. In the solidification, the phase
change rate increased monotonously with increasing number of fins. In the melting, the temperature
distribution in water showed a uniformity caused by natural convection based on the density change
of water. The contribution of the natural convection to the melting was examined based on the
relationship between the modified Nusselt number and the Rayleigh number.
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Fig.1 Structure of experimental apparatus
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Fig.2 Example of arrangement of pin fin for Fin P-15
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Table 1 Pitch and volume ratio of pin fins

Finpitch Number Volume
p, mm  of fins fraction of
3 fins, V, %

_Nqﬁn____t:__f___Q___L____Q _____
P30 30 ___ 25 | _1.00____
P20 20 . 49 _ 196
P-15 15 81 | 324
P-12 12 121 4.84
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Fig.3 Structure of heat flux meter
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Fig. 7 Relation between heat flux and time in
solidification
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Fig.8 Relation between volume fraction of water and
time
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Fig.9 Relation between temperature and time in
melting for No-Fin
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Fig. 10 Relation between temperature and time in
melting for Fin P-12
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Fig. 11 Relation between heat flux and time in melting

L T 1 T

6" Melting y

4 © No-fin ]

— Empirical
3 formula [9] é?
2+ o°d> i
o 1

o000 ® N,=0.046 R;3

o 1 1 1 1

102 10% 10* 10° 1% 107

Ra

Fig. 12 Relation between Nu and Rea in melting
for No-fin

DFE, BFHEIZ No-fin D& L IZIZRIEOE %
RE. E 74 SARREDSK Z W (Fin P-15, P-12)
BE, BEOBBRE & b, BEERIRL LT
W3, IhE, 714 rROEMmE £ SEBECY
THBMRHEDOEFSNKEL kY, SEEBETEES L
72 & BRBWHEOBAERSP RO NS HTH 5,

LT, AR B 2 BE RO E R ER
WCEEBT 0, BRFORERT L RBE
Nusselt # Nu 8 L (MEIE Rayleigh i Ra 2 E & L
7.

- hx X i,
N = A Te= T (0
Ram AT ()

Yoy

AT, r BEEBEROTHEI L L, £, £E
FIHAO BT H & W E X 5 KR 7o SR H KL,
FEIE—EETH > 70T, BBV TN
BRRL O HL, CORMBEERE L L LT

Fig. 13 Relation between N« and Ra in melting
for pin fins

Wiz, ¥70, BHEERC BT 5 FOfboYEEIZ KO
MiEZBWE, 28, R(1)TRENBE LI, FH
B A Nu RCERE T 2 2EGREDHICH
133,

X 12 1z No-fin fGEAE O B BBIC BT 2 Nu 8
F U Re OBRERT. M5 S Ra b 10° LUTF O
TNy BIEIRLTICHEL WD, RaDEIME &L IR
B ER L, MEEEROKTEICR % K5 OfEi
ELTw3, Zhid, CEHAKCNL CREH#FNS
BRI LRPERL, BAMROFSIERED
FIR%TH2 Zebhrsd, K12 Rz ERE,
RO L SRDIMHAETH 5, ERERZ IO
BRELDHPPREVHL L > T0EH, ERNRE
MIZECEBL WS, 28, Re=10° A LOER T
Nu DEMZETHRS>N S, ThiZREBRTH
SNTc kD, TOMEETIIRBRIREO— M EAE
KEELTEY, BEOPENHEOLNE O TH 5,

H13i, 7 4 Y{HEEAEIZBE S %2 Nu & Ra O
%2R Y, NuldFinP-30 0B 4, BRKTB X #
43, Y74 v EvFO/NEE FinP-12 TRK2 &
otz Lizdt-> T, ZOEED S TN THRIE
ELVRERRC RIZTIRIE, 7 1 v OFRBOEM &
EHREAL, FinP-12 TR LEHREO S0%EE
BAYTszesb»b, 72, Ra=10"~10° D4HE
T Nu BRBCEDL L Tw3 DR, K12 & Ak, B
HOWENENL 2D TH D,

B4 14 i3, RN O 7 0 —,3% — > % No-fin, Fin
P-30, P-R2IZOWTRLIZ VD TH 5, HROTR
i, EERO0.03mmIUTDOT7T NV I = AERRA
A, Ay PREASSETCEEBE L. £,
Fin P-30, P-12 22> WTid, EFHBIZEAR 7 4~
GlRatEWAY) v P EFARSELEEGE, 205

~— 229 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

3720 IR 7 4 AT REGEERE D OKOBE - BEHEEICEIY 5 KERIITE

D7 4 YHIOFEERICAY v b HEAF S EIGE
wL7z.

No-fin D&, L <H5>h T3 X5z, @fFc X
> T4 U BN OGERE T < LA & O LA »F
LT EERICE L, FERERE LT TR & &
32 Ebhrd, i, EcBWTIERN RO
Yo hBigEaIns,

Fin P-30 ® 7 4 Y32 &CHEN T, CEAEIE» D
THL 7 4 YEABD»S bEESIEE > T3 Z b
b, Fl, T4 VOFERC LTI 4 VKNSR
BNOFAE L, BEHLTE U EHEN 7 4 Y OIR
KBETT 4 Y CH»> THRAL D, 7 4 DO TES
(a) No Fin. 64 min (h) No-Fin, 102 min TORBERD 7 4 > EERICHENTREL L BZ I L LE
gans, —H, 74 VYHIMTE, BRAECHS BR
MNFEFZ 74 v OREEZDHFITVRZITHBS5T, No-fin
DEFEERELERZIR S W, FinP-120%5&
W, EEAEICKH O FERSBEHEI NS, £ OHE
BANE W, 7 4 Y TETORAFRIR S BB & EREE &
S Tce-water 20, 74 VL DBMRENER L LD Z LIRS
ficieriace TWwa, —H, 74 YHIMOFENE, % OEEIED
DTHDD, 74 vOBBCIBENEZHE VI KREL
B, BROEFIEFinP-30 L KELWI LY

g surface
Heating surface

Heat

by [ce-water
interface

, [ce-water
nterface

Heating surface

5.
4. ¥ ]
v . 74 R LBIUERY « Y YTEREREREREHV
(¢) Fin P30, 65 min (d) Fin P-30, 66 min Tﬁ@ * Eﬂ%%gﬁi’ﬁ:’) e %, L}LT@%EﬁﬁS\%‘P%
along in columns between fin columns nt

(1) BEEETIE, 74 YEOMME & b ITHE
CHEENRAKE L hote, %/, BMEENIEN LD,
BEHANSOBEIZHER L MmERL T,

(2) RBFHERICBWTY, 74 vOEIMCE->T
M LR ZE R LTz 08, BRI 2 AR D%
(LIBEBREOEA LY bERME ko, 70, B
FNEE I ARNTRIC L » T—bash 2 HAIE S
nizs, 7 4 YHEREIDBHE, PeREE N SE
EIFNZECY dh A

(3) 74 ¥xLOEHE, BEB L URERED &
B 5IZBVT Y, AT R ISHELBHRER
WABKETL, 20%dbz 0 ELLES LS, L
| L, 74 YORBIZL > TARKORELETIIN%
(e) Fin P12, 27 min ()Y Fin P12 34 min ) Eﬁ(%éﬂf:.

o coltmns pereen fim columns (1) RAFREIRIC 50 5 H AN RMEEOF S I,

Heating surface
Heating surface

i

Fig.14 Flow pattern in water and shape of ice-water 74 i LDBE, 80%IWET B8, 7 4 HEEE
boundary surface TII50%FRE & TR L7,

— 230 — NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

IR 7 4 BB EEER D O K OB - AR B9 2 RIS 3721
(5) ¥BEFHh, iR, 59 557, B(1993), 236- 242,
X 73 (6) WHEFHGH, B, 59-558, 13(1993), 571-577.
(7) PRS- WHRRE - MR, Bk, 60 575, B(1994),
(1) Saito, A, Hong, H. and Hirokane, O., [nt. J. Heat Mass 2491-2496.
Transfer, 35-2(1992), 295 305. (8) SPHEELYS - PR - SHOCH L. 2L, 8 4(1994), 233
(2) FHEE, B3, 53-487, B(1987), 1055-1060. 937,
(3) T SR, 58-510, B(1989), 475-482. (9) Holman, J. P. CPREER), LHIT% 7%, (1982), 238,
(4) FNEY - R4me, B, 58-549, B(1992), 1511-1517. CA R
— 231 -

NI | -El ectronic Library Service



