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High Efficiency Cooling for Flow Boiling in Narrow Channels
by Improved Liquid Supply
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Abstract  For the high-performance, large-capacity and downsizing of electronic equipments,
the thermal management becomes more important by the increasing heat generation density from
semiconductors densely integrated. Flow boiling heat transfer is one of effective methods because
of its high heat removal ability. Experiments on the increase of CHF for flow boiling in narrow
channels by improved liquid supply were conducted for the development of high-performance
cold plates for space applications. A large surface of 150mm in heated length and 30mm in width
with fine grooves was employed. A structure of narrow heated channel between parallel plates
with an auxiliary unheated channel was devised and tested by using water as a test fluid for
different combinations of gap sizes and volumetric flow rates, where five different liquid supply
modes were compared. Values of CHF larger than 2x10°W/m? were obtained only for a gap size
of 2mm, indicating that higher vapor velocity in the main heated channel was more important than
the enlargement of gap size to increase CHF in the experimental range. Under several conditions
for gap size of 2mm, the extensions of dry-patches are observed at the upstream location of the
main heated channel resulting burncut not at the downstream but at the upstream. It was clarified
that there is an optimum flow rate distribution for both channels to obtain the highest values of
CHF. For a gap size of 2mm, high heat transfer coefficient as much as 7.4x10"W/m’K are
obtained at heat flux 1.5<10°W/m? under the mass velocity 720kg/m’s based on the total
volumetric flow rate and on the cross section area of the main heated channel. It is a useful
method to supply the cooling liquid from the auxiliary unheated channel in the transverse
direction perpendicular to the flow in the main heated channel in order to also obtain high heat
transfer coefficient.
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Progress in Multiphase Flow Research 4 (2009)



€= V/Vin,min (1)

TV BRI A S U7 R R, mYs,
Viin © IRFEERIZEB W T EMRBEHD T3 _To
WRISIRIET B 1o DR MEFETTE, m¥/s Th 5,
ALY 77— L EET T Vs min 1k
AD LB,

I/in,min = QCHFAO /pl (hfg + cpATsub,in) @

Z 2T, gogr: IR, Wim?, A4, IEDTEE
I L APMBEVE TR, m'. o OB E,
kg/m®, hy : RBEEL, Jkg. ATy, 1 ADIRIEY
T —NE, K THD, ¢ OEPMENIT EMERRT
LR e=1 TIEEFREE A TS T B3
THERETHZEEBEWT S, LIEPoT, ¢ i1
FIRBEREZEERL, s=] TEERER L A5,
Fig. 8 (2R RICHES < e MR &R 5,
F R HIBRANE Smm OFE . RFREGCRIEOHE K
2 L0 PERERE AR LA BRI AR L T, LTz
Do CTEWIBFRBI R 252 i o 38l
B LWBRIMES £ <950 ERH D, —H,
F R HIBRANE 2mm OB, TRAREGHRME K
L THERERE MR St 2 Emic®H 5, 37
bt EFEMERE 2mm T, mEHRIREEIZ R
W RIRREIE REOREP TR THD LWV A D, [H
—OEFEOEE. BRI BV TR
I 2mm DIF 9 PRI HAHIShTND i
L, #IEE— Fio X0 B U254, EMKHR
1§ 2mm., Smm & HIZ@EBWMESEEFIZE N T
VinmanVinawe = 1:1 Vinsorar = VinmaitVinauwd) D ARAF D
PEFERTM R B B A < | (RIS B T DO BREL
FRETCH D Z LRk, Lioid-o CIREIREL
P &8 A RICB W T SRl 7 i & OB TEE
Downstream-Center ‘ Water

P=0.11-0.18MPa
AT, 715K

12+ (A) Vousau; Closed
Sy 21N
Y EY | sy~10mm
- 30mmWx150mmL
Grooved surface

(Y

-
—

Etotal
—_
=]

T
<

e

[}
2

f PR S S TSI
10 2x10°
qegr Wim
(a) Simain ~ 2mm

THZEPHLNTH D,

PR M AR L 2SI &M E A HEL L
THROLVWEHFREZRFT 200 THD, L
LEBICHERBOATRAIIENERLRE
EREDTE TH AR T ML L T 5
VERD D, Bk BIEm ORABG RE L 55
T B E RN T D2 L Tl B 7H
HEeB/NITHZ &I D, SHBITENELT —
ZHECEREEBR L. &V IRABGE RS 5
FTHHHGTRIZOWTEEZL TNV FETH D,

5 &

BB - RIEEXED BRI 27 L2 B%S
5728, MRS FH O BIFRE 2 5 >3 VWit
= — L B L — TSI I Sl s i s 5
BaiToln, EREBE—COLM T CERBALD -
BIFEHE A O Fi O Syl ik & b &7, K&+
W T ¢ EFERIFBRE 2mm B L OV S5mm ot U T
HEKER W ME BRI L B EBRE R
TOXIICEHIND,

1) Al D FEERGAFEFHIZ 330 T 2X 10°W/m? LA
D@ O PR HUE L 3 I EE 2mm
DHRZ Lo TH LN, ERBAOTEND
IR ORI EPZ NN ONDEIFIZE
WTC ERFRE O FT A 3y FOILRN
BEINTRY, N—U 7 7 MITRHE T
7ol BRI CRAE L,

1) Fb @ VO BR R RAE FE 3 i RS R FRIE 2mm .,
smm o & B AT Vi Vinaw = 11 i =
VimairtVina) DEHETEH LN, &WME—E
DT CERBADND ORI T 515
BROBVBRBBERIENTZ 2005,
BN RS F O BT IS & FE o3 3 W

!
Water

Downstream-Center A)
((é) P=0.11-0.12MPa
A AT, ~15K
12+ I u(C) VD:Z,W Closed
AL Sy =T
V(D) £,,,=10mm
/”,/ 30mmWx150mmL
- 7 Grooved surface
3 “
S0 e ]
/
-
8 v
P
bl
10° 2x10°
qcnr W/m

(b) Smain ~ Smm

Fig. 8 Performance index based on for the total volumetric flow rate.

IRARRIIZE DHER 4 (2009)

59



iii)

v)

Sk B L — ISR R B & K
XHBHEDIZHYTH B,

TR 2mm O &FiE 2.70/min (M
EEEE 720kg/m’s) 2BV T, BUREHE 1.5
X 10°W/m? ¢ 74x10"W/mK & 9 EWEE
HEREAE SN, T O TR % B
AR LEFECEALOTHY B
BVRERE A B S DI IR b
HEAEE T A~ 2 A ERTH S,

W EMERE A 32 72 00, WEESIC RS S
RFE R & IR Rz W CERRE
ACTETRTORENRERT HHEEOE
IMEFETE O R ERERE MR e & LT
£ Uiz, EFEEBIE 2mm,. Smm & HIZE
BREEFITE O T Vi Vinas = 101
Vinsorar = VinmantVin ) D FAFIZ L0 e HAKH
FI & COMRBNARETH D,

Nomenclature

Ao

cpl

[m*]

[JkgK ]

. nominal area of heating surface

: isobaric specitic heat of liquid

Gipmain ‘mass velocity based on total volumetric flow

rate and on the cross section area of main

heated channel [ kg/m2s 1
hyg o latent heat of vaporization [ Jkg ]
P . pressure [Pa]
go : heat flux based on power input [ W/m? ]
qcgr @ critical heat flux [ W/m?]
g, . surface heat flux [ W/m? ]
K : gap size [ mm ]
V' volumetric flow rate [ m*/s]
Vigmn: minimum volumetric flow rate to evaporate

all liquid at the exit of heated channel under

critical heat flux conditions [ m*s]
Greek letters
a . heat transfer coefticient [ W/m’K ]
AT ypm © subcooling of inlet liquid [K]
£ . performance index [-]
o : liquid density [ kg/m® ]
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