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Abstract Different inlet/outlet arrangements are proposed for parallel mini-channels and their effects on the flow
distribution and heat transfer are numerically studied. It is found that different arrangements have great impact on
the characteristics of flow distribution. The velocity and surface temperature inequalization coefficient are introduced
to evaluate the effects of inlet/outlet arrangements. The results show that the velocity inequalization coefficient
increases with the rise of flow flux when the inlet/outlet arrangement is fixed. The velocity inequalization coefficient
of upper center (UC)-type arrangement is minimum in these numerical cases. And when the channel area is fixed,
the velocity inequalization coefficient decreases with the rise of channel numbers. The surface temperature
inequalization coefficient increases with the heat power. When the heat flux is fixed, the heat resistance decreases
with the rise of heat flux and finally trends to a constant.
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Fig. 1 Schematic diagram of channels in/out types

HEAMARS 2 50 mm X 30 mm X4 mm, 751 18 #
IR BN TR 5 mm T B8, 7E A8 18 E 043 B
WEFEA (20 mm X 10 mm X 3 mm) 3 ¢ 55 5
v I RS AL 5 R T R A TR0 T i KT S AL
ERE AR 3 mm (18R w0, E
B R T RERCA AR IS 6.5 mm 40 GRS i
GG RN B GAYD . R IE R A R0 AT R R 1E
O RSN 20 mm X 20 mm, 7Fi% X 8345 % &
33ATEE We o 380 pm IR H & 3000 pm ()£
I FEE ) S8 RE W 2 220 pm,

& 2 UC T /INHE G Hp g 25 4 [ CLr s 220K
Fig. 2 Schematic diagram of UC-type channel

(unit; mm)

3 BEFLR AN Tk

ST PR = 4 S VA A )y T A A T B
VST RO O O R BB 1D O R T R
4 FLR 2 2) W PRAE 3D M b 35 3) i
PRI PR I 0 P 2800 0 5 ) W R T 5 5)
Z T S OB 1 TR 1 KR Sy LR

s i 7 e
J _
ax/(puj)fo, (D
2 9 9 (du, | du,
axj(p“""f) Y #ﬁxj(ﬁx, (71,>' 2

K o AL cu B TR BE ke D [  R B T
B s e, AR E AL LA
[ % XI5 e 5 A
*T

> = 0. 3
dat )

k

T ad (A 9T

‘ (PT/) 91]>'
THA R BGRER Ao B 0 M E S R
It H R U RS 5 i A 550

4

ox, oz

J

1003005-2



xR

BT R T A T R B 5

4 SZHEECE R IR Ik
FKHEE T K[p=998. 2 kg/m®,,=0. 001003
kg/(mes) WA TRT . K A WO AE 0 1T 5 X
A 43 RS TS S T AT SRS B R A
A HE H H A KOEOR B = M8 Mg A o R
AV IE A% . 435 R A 151X 10°,9. 7 X 107,
6. 5> 10° A~ A% Xof i 8 o (] 3 1 4 HE AT 5 5
WA S k. B3 4 ol 0. 01667 kg/s I
AP TE AR ORI o A . N AT LU
FEECR 6. 55X 10° ik JH: H ot 38 43 A 3 174 37 5 L At
V00 ) 6 s A T R Al 79 o B SR A 22 AN K
H AR R AT AR R 9. 7 X107 ¥
KT AN TR RS 0 P9 A 3 A B . T 4 kg ity e ]
HEHREE SR 9. 7 X107 A% R 4 S5 B0 AR Y H
T AR JLA S50 1 s S 43 O vk R A

2.0
18F

—v— 6.5X10°
- A--9.7X10°
- 15.1X10°

0 10 20 30
Channel number

3 A [a] A% i IC-type M A fi RO 3k 4]
Fig. 3 Max velocity of IC-type channel with

difference mashes

K4 o 5 W s 18
Fig. 4 Schematic diagram of the optium numerical mash
SN R =R R I SR i 0 NI N
UC Al s e i 1 0 47 B (BB 0L O 55 Sk [ 13 155
B aE R (B 5) RIS 45 51 .

5 AL
6 24tk TR IR 1 4% 0 T S AL 4 X

2500
F numerical
2000F ™ experimental

Pressure drop /Pa
— —
S R=R\
S & S
S S S

S
T

_500 : 1 L 1
0 0.005 0.010 0.015 0.020
Mass flow rate /(kg/s)

5 UC-type My I8 3 W 5 52 50 45 2R 3T L
Fig. 5 Comparison between numerical and experimental

data of the pressure drops in UC-type channel

Fo WEH AT LAE 2 R 2O A P Y 9
Sy BsZ AR K

M 6 7T LLE H LT &5 (CIT Fil 10) #ik #%
T IE X 3E 1103 B8 %) 9 3 A 7 — A T O U R U
AL 791 0 3 AR 38 e G B 11O R G P
RN . A A HTIAC .l E AR
KT AR A B R KA mAER. U &5
(UC.UO F1 UT) #2591 5) . i
A SR B L T ) e TR O AR,
2 oo A A VS 1T O 34 5 43 A1 20 & A T ) BT 1
SE AR TE 25 AR TE 4y B B A b . X UC
UO/UT, i T UO F1 UT {8 1 ) B B} 3 o o st
) ) T B 250 07 5 B3I A A B T B S LA R S P9 3
SRR T L A R O — 3. UC 254 1 iE
PR A BC A X 8 335 . Z RN (ZO R Z27T) ik
R/ S N N T S B R R T B 1 N
A5 AR TE PN 5 R A L R MR A . T
TEHEE1/3 40 5T I S /0 S T R O O A i
TE PN O R B K. Y /NI i TR A R
BN EIFAE 5 24 0 A KA A T A T ) R
o 0 T B S RS L O B B R T A 3
VAR T PN O R KL AR S B . HLY R AR
BF s T 8 ) R T i X R R T e
MEIR A ATREH LI BL A . X ZO A ZT, i T
ZT 76 H 0 K Il X A 2O 3850, R 24 0 ok
W ZT I A . R a6 b /] LLE H . &
M R TE 55 33 D T R R — 28 X T
T AR A o 4 A A P AR R L BE R,
ol e HE K 2 iR R o R R 3 RE ST A
RN ARSI NS S U BN ARER DY NI £
Hm = mK.

b B A 3t 3 A R [ 11 A O Ok R S PR

1003005-3



LE 5| b4 ot
6
_ _ _ F(©) IT-type
S e e
i i~ L
S S S
P 3 B
B B 2F B
o ) S
=1 = [ =1
)] [} I )]
d d f 3
= = B =
B A A O Y I A S A s
0 10 20 30 0 10 20 30 0 10 20 30
6 Channel number 6 Channel number 6 Channel number
F (@) - E (e) . E () UT-
% sb UC-type % sk UO-type = Af type
o o )
S 4 s S
P 3 sk 3
-3 2 2 3
] o K\ o
= =] F =]
)] [} )]
2 2 3
= = .k =
S R A W e A [ B ) B
0 10 20 30 0 10 20 30 0 10 20 30
8 Channel number 2 Channel number Channel number
[ ® Zo-type | . @ ZT-type
0 5F @ 5F
2} 2t — - 0.002083 kg/s
& T4 & o 0.004166 kg/s
o < ——w—— 0.008333 kg/s
8 3 & - 0.016667 kg/s
g 8 ——<—— 0.025000 kg/s
% g e 0.033333 kg/s
= = —@—— 0.050000 kg/s
)] [}
3 3
= =
B i nlfln wnn Mg g T Ry i B | S
0 10 20 30 0 10 20 30
Channel number Channel number
&6 AR T8 P Y I 43 e 1
Fig. 6 Flow distrubtions in different type channels
0 O R PR B B R L 255 5 SRR E R R R E Y Ll——
N . 5 vy 10F----10 -
F 9 e S 1 9 R 22 S B TR A Y e et

ERCEEES (o))

N =
1 (G; — G)?

§:
A N HEE A KGO SR TE Y R . G
A AR TE P S R R . 2 AN R
1 HEA 7 U 33 AP 17 4 18 B 2 9 I AN 3 20 &R
B AR 7 R

MIEL 7 AT LA s AR 2E HEOE SO0 T8 A
U AR 3 B WV AR R« [R) s 3 T LK B[] — S T A 1
PN AN 149 2] 2 B o B IR O R
BEINE] e R BE R I I A g Horh T RS
Bk MW R, U RFIEE S, LR EERT
0.033 kg/sH JL-P A I . UC fiE /) A4 2] &
Wt/ 1C M 38 B9 AN 2 2 R Bk k. ml DL, A [R] 45

(5

e

.":. 1 1 1 1 1
0 0.01 0.02 0.03 0.04 0.05
Mass flow rate /(kg/s)

B 7 ORTR R 05 U e AN S R RS
IDig: 7Tk SN
Fig. 7 Relationship between the velocity inequalization

coefficient and mass flux
P A B 45 K LR S YA B 0 IE S RO  BR
BAERR.
T IR FEA Ta) Al R o I AR 23 BE AN 1 2] R
R o b 3R 45 R e i CUC D A 22 (1C 4

1003005-4



xR

BT R T A T R B 5

18D 3k PR AT 20 A TE SRS [ 3 R G
OO R N RS B R . EBL R O T AR IE L
e RUSE VRS PN 7 20 SR 3 o A B AR
4R S A I ) T AR N AR AL ISR 1 PR
Bl 8 Oy 1C RYBLH AR 45 0 i AN 2 20 R Bl 18 B0
ML . 2SR ARWT 50 R — i I B R T R 1
N AN S R BOE /N . 1C M E BEAHU AR I
DR SR RCR A & SR 9L B Iy R s 0 BT 4 1 s BEL 44 FE B
— N L D TR ARG A Ak DX A 55 10 A R ]
R IR o S I ) T T L 1 A A
(SR BN BN I B (U B B4
D I S U i DI P B O RO D, ELAE B 5E
JEE B M ESF Jl i 4D S8 X S R PR S MR /DN L R
PR TR LR R ARG . A M O R 5 . T
9 BN 3E K L TR AN S RN, 9
AN AL I UC T BB AN 3 50 28 BBt il a8
AL o I fE— i I I AN 2 50 R B A 1 RO
(38 s/ . UC M I8 P U A 2 A BICHR A I 23 O
LA o FCER R IR B 1 I AL 2l 5 24 0 1 8 F ) AT
Fi i 748 BEL IR 23 T B U 3 U - R 3 U I A LA
A $88 ol 80 1y 6 A — b R AR ) 57 30
Tsh . AR R U oAb B R e
JERR . IS A3 U AT R AR S B4 I R R )
/N B R T R B S, U0 R O R R AR
TP G A 52 ) Ok A E T AR ) AR U B R A L
1 AT B 2800 S B . DR R O 0 TS 1 5 R
i /NI T RE (EL
1R TR E A BN R E R

Table 1 Channel size of different channels
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Fig. 8 Relationship between the velocity inequalization

coefficient of IC-type and channel number
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