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Numerical simulation of flow transition in microchannel
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Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Numerical simulation was conducted with CFD software ANSYS CFX to in-
vestigate the characteristics of gas flow in a rectangular microchannel with a hydraulic diame-
ter of 0. 4 mm. Three flow models, namely, 7-Res model, laminar model and shear stress
transport (SST) model, were taken in the simulation. The simulation results were compared
with the experimental data. Results indicate that laminar model and SST model are incapable
of predicting transition. Y-Rey model forecasts the critical Reynolds number well and the rel-
ative errors of {riction factor keep under 20%. Before Reynolds number reaches the critical
value, local turbulent regions appear at the rear of the microchannel and the regions expand
with the growing Reynolds number. The streamwise position where the inlet and the rear
turbulent regions meet is almost identical with the position where the skin friction reaches its

minimum value.
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Fig.1 Schematic diagram of experimental apparatus

B SERE Ap

AP = pin - pou\ (1)
fe 2 2
7‘0u2 -

Rt o h 3 1 b A S T w A3t A SR
D Wk EAE L Rl K
s TR

(€D

e A B
Hid el 153 2 f BE Re AL At 2, 525 LA f
F1% 5 74 A A W s 57 5 T

2 HEHN

2.1 EZMRIE

AE X8 R i B 2E A7 I 80 A e AR LU
e 2V AR B AR L HETE RO E R i sh
i T IRUERUN A B B2k B 50 TR A
e A ) 19 3 2 i LA A 2 A R R ) 0 B 4L sf
s BT G R T S AR T AR A

Xt T o 8 R Bl il R R v 55 AR
CKon) 3f 3] W7 326 20 1 AR B2 A5 K AR 38 T e %%

Kn = 4)

KXrh AAE 4 FRFY B X Kn<<0.001
B BIOA Ay 3% S P AR 38 BT

28 BT B A HL ZE AR SO Kn<<0. 001, i
L PR AR SRS .
2.2 REhERIAEE

R 485 52 56 30 5 0 W, i 5 3 11 B A BRO
R ORS8O A R B B Y i TR
PERR B — B e 3 A R R A

RREADUEE 45 23 B B T AT AR 2 B0 A 4

Ol>



2434 W 2

531 %

(DNS) MK (LES) Z 4b, iR A 4 Fl FL 8w
FHAY 5 ¥ o RIS B 1 20 D 455 Y [ B P 7~ A 1
J2 378 ok 3 A5 R R AN B e A AR

A SCBAE T TR T )k R B AL (Y 7 -Ren
FEPRAGTAL O R T A AT AL

AN R T g H AR R X (G T I 3h B R 1Y T
MR B TP iR S T )2 A 8 DL & TR rh 8¢
e BT Y)Y J) iz (SST)O BRI 5 2Z X L.
2.3 tEER

R SEIS A 22 A8 BUE AL AT Ak Ak 2
RERASIEIA. 3 Ah 75 B TE X PR R T
/b P90 gt 5 a3 T 9 /0 T B () BRO(E AR L
YU T8 1 DY oy 2 — AT BUE L. 25 b B AR
XA & — 0. 2mm X 0. 2 mm X 90 mm )} J5 &
X 3.

BT A DX el A A T B HORU), B R R
AP AR ICEM #E4T S8R I3 43 9 % . SR FH 45 44 1k
D g AT D A K] 3, 2 R I 50 S B ANSY'S
CFX YR it B 5 Ak A AE 25 74 16 I A

B 65 1 7E 1Y 3 b It 3l 4SS B 0 B ik X A% TG 5%
PR, W3R 1 7R, LA y-Req 15588 4 1] CHRUIE 1155 3
ok 2000 BYTEBL.

R 1 y-Reo HEE P8I0 37 I8 IE
Table 1 Grid independence check for Y-Rey model
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Fig. 2 Variation of friction factors with Re
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Fig. 3 Contours of intermittency
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Fig. 4 Variation of skin friction with

streamwise position
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