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Study of mechanism on high heat flux cooling by thermal-fluid phenomena with
phase change in microchannel
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The objectives of this study is to clarify the phase change thermal flow of
vapor bubble in microchannel by numerical simulation. Additionally, to investigate the evaporation
of liquid film on the solid surface, near-wall evaporation phenomena in convective boiling was
evaluated by using contact line evaporation model.

The numerical simulation of expansion process of vapor bubble in isothermal microchannel was
conducted. By calculating the shape of liquid-vapor interface and heat flux distribution on the
isothermal wall, the length of heat flux distribution was shorter than the length of vapor bubble.
Additionally, the numerical simulation on convective boiling heat transfer with contact line
evaporation model was also conducted. In a single bubble growth in convective boiling, the
contributions of contact line evaporation and convective heat transfer were different in the front
and back side of vapor bubble.
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Channel
Length : 5mm
Radius : 100un

Perfect wet wall £ =1
Isothermal wall T, = Ta + AT

\
Uniform flow

Initial temperature field in liquid phase
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integrated heat flux
Q, W/m

apparent contact angle
0, deg

-01 00 01 02 03 04 05 06

contact line speed u,; , m/s

B 5 [ AR bR O T BN x5 K%
BAJROR & BBk D2 b

X 512 [ SR bR O B sl B L3 5 2%
?&{)lhﬂ_{ L E R OB b AR T. BRI
K& LT FC-72, AL LT/ mAZRREL
7o, BEENE, T72b b %A O
Bl AN/NE L, FEBEFERP KX

KRB EnbND. —ﬁf%’»@ﬁﬁfﬁi
#&b%m@%%%@ ﬂ%ﬁﬁﬁ#
ﬁTLTwé._h ,&%wr<&

%)7”:25?)93 CTW5. BEFEBE OZALIZH L,
FRBFARIIRE LS Bb L, BffithE Y
RAY N

| AP ot

2mm
Bubble nucleus

j_\\
4 1mm
(D =100 pm)

u = 0| Boundary condition
u(z) ) on solid surface
Ty = Tear + 10K
Inlet Condition Gin = 5kW /m?
v& v
2mm

X 6 xHitiilE CoH—Kd O RIEFE DL
EfEHTET L

X 6 Kk T o BR—%J0DFIREEED
BUEfRNTE T V&7 ik & LT FC-72 %,
FERIZZ 0 AREE LT by o 2%
E LT, RO N DI E AR X OVEE
ARGz T, BRI T OBl A kB X
U‘%‘?%EE XX 5 THRDEE AV,

Ileiﬂi‘#%%ﬁﬂféfféﬁﬁu ULZV‘R
%ﬁ%TﬁMth%%f? l#%%%#
72 X O IR T EIC B T ER O IR EE DMK
TLTWA. ZHIFRIOHEEREE B4 Tt
%%Téw SRS & [ ARE O [ O *HAR

EBAbDTHD.

Esmiﬁﬁgwﬁmmié%@%ﬁ%i
OEEBERHORE Az T, K 7 TrL
72 & ERBRICRIaA% F B W TR T
MREL oo TWD, BIFEITRERE A &
RB1=8, PERRRORFEEITFIA LY B/
S RB, EREH BEEHE IZMDY O FRdLh
AU, MBBOHIIZEY, BEDMEdE S

ni-. —F T, [RILORIHEIT%BEAMA &
2o THEY, KISk OE O D HE
RTE 5. £/, siFTIZRW T, G0
] X ASBEE > b EFf~E X B2 HFmoj
NG/ 5728, RFBEDOREN =L 20
DIZHEDL ST, mﬁﬁ?#%mf%,%%
BMOBFROMPIZ LD Z ERHL N2 T,

U Magnitude

0.1 0.2
I L I

Time: 0.0091sec 49

X 7 [EAREED D BERR 92 BRI
KIAIAR, RS I\/DKJ:UI{ZIKW{E{E
A D A #RAL

elapsed time ¢ = 1ms

elapsed time ¢ = 5ms

t

oo

S
N
N
N
NG

— 0.05mis||

2 6. — 0lmis ||
= KVV\V — 02mis
£

i
1.5 2.0 25 3.0 35 4.0
position z, mm

B4 8 FEPEE DEWIC K DRIk L O
6] (A BE 3 1A DL S0 AT



5.

(M
@

(%
@

B e e B

soam ) (GE3 1)

J. Okajima, A. Komiya, and S. Maruyama,
24-gauge ultrafine cryoprobe with diameter
of 550um and its cooling performance,
Cryobiology, #t#itH, Vol. 69,2014, pp. 411-
418.

DOI: 10.1016/j.cryobiol.2014.09.104

J. Okajima, A. Komiya, and S. Maruyama,
Experimental and Numerical Evaluation of
Small-Scale Cryosurgery Using Ultrafine
Cryoprobe, Journal of Nanotechnology in
Engineering and Medicine, a4y, Vol. 4,
2014, 041009.

DOI: 10.1115/1.4027988

J. Okajima, A. Komiya, and S. Maruyama,
Evaluation of Characteristics of Phase
Change Heat Transfer in Ultrafine Cryoprobe,
Journal of Flow Control, Measurement &
Visualization, ##Hif7, Vol. 2, 2014, pp. 55-
66.

DOI: 10.4236/jfcmv.2014.22008

ra¥R) G8 i)

J. Okajima, and P. Stephan, Numerical
simulation of single bubble growth in
convective boiling with dynamic contact line
model, The 6th International Symposium on
Micro and Nano Technology, 2017 4= 3 H 21
H, JUNRZAEZEE S R (FR AR
[ ) .

J. Okajima, and P. Stephan, Numerical
simulation on expanding process of vapor
bubble by evaporative heat transfer in
microchannel, The Fourth International
Forum on Heat Transfer, 2016 4= 11 A 3 H,
B EEE > Z— (EHRAET) |

J. Okajima, and P. Stephan, Multiscale Effect
in Near-Wall Evaporative Heat Transfer for
High Heat Flux Cooling, the Sixteenth
International Symposium on Advanced Fluid
Information, 2016 4 10 A 11 H, 5 EE
s — (EHRIET) .

J. Okajima, and P. Stephan, Numerical
simulation of single bubble growth during
flow boiling under reduced gravity, 11th
International Conference on Two-Phase
Systems for Ground and Space Application,
2016 £ 9 H 27 H, Marseille (France).

J. Okajima, Y. Aizawa, K. Hou, P. Zehner, A.
Komiya, and S. Maruyama, Numerical
Investigation on Thermal and
Hydrodynamical Behavior of Expanding
Single Bubble in Microchannel, The 25th
International Symposium on Transport
Phenomena, 2014 4 11 H 06 H, Krabi
(Thailand).

FREBEE R, S IE 20T, /e s, [l
HE, ¥ 7 0T ¥ 2V RHEREIC

6.

& 2 KTl F B O BAEAEYT, H AR
PR WAL SRR 50 IR =, 2014 4
9 A 5 H, BALFERERY: (IR ER
i), HA.

J. Okajima, A. Komiya, and S. Maruyama,
Experimental and Numerical Evaluation of
Small-Scale Cryosurgery Using Ultrafine
Cryoprobe, ASME 2013 4th International
Conference on Micro/Nanoscale Heat and
Mass Transfer, 2013 4 12 H 13 H, Hong
Kong (China).

J. Okajima, A. Komiya, and S. Maruyama,
Evaluation on characteristics of phase change
heat transfer in ultrafine cryoprobe, the
Twelfth International Symposium on Fluid
Control, Measurements, and Visualization,
2013 4F 11 A 22 A, REEFARE (R
RIBZRET) .

T FeRH

(OFFZEIREE

MR E2/ (OKAJIMA JUNNOSUKE)
WAL K « WRAARL R IERT - Bh#k
WFgeE 5 - 70610161



