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Influence of aspect ratio and roughness on flow behavior in
rectangle microchannels

GAO Chao, ZHU Zhibing, LI Haiwang

(National Key Laboratory of Science and Technology on Aero-Engine
Aero-thermodynamics, School of Energy and Power Engineering,

Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: The influence of aspect ratio on the flow behavior in metallic rectangle micro-
channels was experimentally investigated. The results of flow behavior in silicon microchan-
nels were compared to investigate the influence of roughness. The width of metallic micro-
channels was 0. 4 mm and the aspect ratios were 0. 50, 0. 67, 1. 00, respectively; and the rel-
ative roughness of the metallic microchannels ranged from 0.160 9% to 0.214 5%. The
widths and heights of the silicon microchannels were both 0.4 mm, and the relative rough-
ness was 0. 00325%. All experiments were performed with air. The experiments were com-
pleted with Reynolds number within the range of 250—3000. Results of experiments showed
that the onset of transition from laminar flow to turbulent flow occurred earlier in unsmooth
microchannels. And the critical Reynolds number decreased with the increase of aspect ratio. In
laminar region, the friction factors for all the rectangle microchannels decreased roughly with the
increase of Reynolds numbers. In transition region, the friction factors increased then de-

creased. At very low roughness, the transition enhancement was not found.
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Fig. 1 Schematic diagram of experimental apparatus
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Fig. 2 Schematic diagram of experimental section
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Table 1 Experimental parameters of channels

H%5 HME W/ mm  H/mm  L/mm W/H
1 4@ 0.4 0.4 97.5 1. 00
2 4 & 0.4 0.6 97.5 0.67
3 B 0.4 0.8 97.5 0. 50

4 i 0.4 0.4 90. 0 1. 00

1.3 HiEAIE
AR T ST AGE T N BT SRR, R S BE
BRI £,
28p , Dy

f= e
P Ap il PE OO G IR 22, Dy, O il Y
B s u MR L o S ik 11 3 A B
T E2ZE Ap 1 AT (2 15 3]
Ap = P — bow (2)
K po 2k AR s pou it HAE %
w AT 23D 15 3

@y

m

Horp N 2088 A A J2 B T8 T i T A m
SR Ui R I A I A B A S5 R
HEEAE D, Al i) 153
_ 2WH
D, = W+ H (4)

AL Re MR AR T Hh 0 WK
FHBE .

Re — 4D (5)
7
W45 Po
Po = fRe (6)
2 XWHERESW
2.1 EEEMRoEFERm
AR FEE (o) BESE A F B Re 254k 0

I’%ISFJ?mO Tu%th,ﬂ%mn:%% Re WK,
BTN B —AE I 2RI KBS T
%ﬁma_ PG R UR A5 UL HE B 2 O B 3 O
R, JF BT LLE Y, BE A5 8 18 A 9T R bR
] 5 R TR T A Reo, IO B(E L il 25 o7 . — 413
Y Re #BKF 2000, X e fE G BELiE H 45 i R
/N G i Recr=2300>,%%ﬁ)%7£2|@cﬂ@%E
FEURS 2 1 L PN T fol T B0 AR L O L2
Vi, BE AN AL, Re, B 98 i HE o 0935 R4S K.
FAN ARG SR RS TR oy 1)
MV E L Po=>57, ¥4 52 55 504 #E AT LA 15

FIAE = AN T8 % b TG T Po., AT LR L AE
JRWLIX, f B Re ZBAL A LT IH AT & R R T 4

U L L (E R Rl T e R s L R HLRE
E R AR R = WA B A NS S 5 0B/
— 2.



1176 it o= 3 ok EREE
0‘39 N = o=1.00 3 ZE -L/I?
o . o067 R 3 o 9 5 1 AL X
0.15f BHACT) 530 3 U B AT AR B
~o.10} A1 B S T 9 el B R S
5 AR K . B HBOR B Re 0K . i 3H
sl S i Po (B MUK R B K. J2 R K £ B
S Re (975 AL AL 55 % 3036 — B, 7 1) 5 7% L
e e TR T 9 7 3 B B R K
Re F LRSI X T Reo AR AR . i
K3 ARFASEBLT f B Re 4L AN B B PE AT L4, Re, (AR TE 2300 247,
Fig.3 Variations of f with Re at RERS 308 0 2 I — R B R T

different aspect ratios

2.2 FREMEKEEX RN

XF LG R L 1. 00 1Y 4 R R RE SEE /Y S 45
R 4 Frs . "] LAE BRI Re B fif 18 38
JEE 8 DRI o L 4 Jm ol 3 A R (EL 2 AR A R R —
A . 38 AN R A] AR R Hh B — 45 R 1 S A
Z— SCHRLI7 18 S2 8 o 4 L X /Y 52 i
NN I3 —T7 - 4 38 8 i R 48 i )
W A B 38 3 R B S AR I AR AR A I X
Mo Xt 45 2R A

O SR
0.15 \ g o Gt
\\\‘\-.\\

0.10F '\__\. '\‘...

-y MR
-‘\ * .
'\\ %
n ®
0.05L \‘ By gst” Te
500 1500 2500 3500
Re

Bl 4 OR[E R TR BT f b Re 284k (a=1. 00)

Fig. 4 Variations of f with Re at

different roughnesses (¢=1.00)

AR T A R T 0 A KR L (AR
W SCHR17 10 2538 K B R BRI A . A
4 FTLAF Y Bk G GE P Re, 7E 2300 47, 516458
HE A (ELA [R] . 1 7E 42 38 L Re oA 1900 A2
i B A A B5 4. Lorenzini 26 (50 55 th
6 TR E TR AR R S SR A R
RAT DL 5B A B & . X W R FERUD
3 TE R, 2 TDALURE B 2 R R e R — R Y
AS B

Sk

L1 e, X0 SCHa. iR W 48 i v = Fh g v 3 3 v 20 P RE 1
SCHRRTFELT]. T AR 2441 . 1998, 19(2) : 198-203.

GU Weizao, LIU Wenyan. Experimental investigation on
the cooling performance of three gas turbine blade inter-
nalpassages[ ] ]. Journal of Engineering Thermophysics,
1998,19(2) :198-203. (in Chinese)

[27] WU Peiyi, LITTLE W A. Measurement of friction factors
for the flow of gases in very fine channels used for micro-
miniature Joule-Thomson refrigerators [ J ]. Cryogenics,
1983523(5) :273-277.

[3] PENG X F,WANG B X,PETERSON G P,et al. Experi-
mental investigation of heat transfer in flat plates with rec-
tangular microchannels[ ]J]. International Journal of Heat
and Mass Transfer,1995,38(1):127-137.

[47 JUDY J, MAYNES D, WEBB B W. Characterization of
frictional pressure drop for liquid flows through micor-
channels [ ] ]. International Journal of Heat and Mass
Transfer,2002,45(17) :3477-3489.

[5] QU W,MUDAWAR 1. Experimental and numerical study
of the pressure drop and heat transfer in a single-phase mi-
cro-channel heat sink[]J]. International Journal of Heat
and Mass Transfer,2002,45(12) :2549-2565.

XU B,OOTI K T,WONG N T,et al. Experimental inves-
tigation of flow friction for liquid flow in microchannels
[J]. International Communications in Heat and Mass
Transfer,2000,27(8):1165-1176.

ZE SO B EUR L AR A, AR K B L B/ B O S Y
HIR 1R S it o L) 1. Bk 5 HR 2002, 1(1) 2 38~
41.

QIN Wenbo, CHENG Huier, NIU Lu, et al. An experi-
mental study on the hydraulic characteristics inside rectan-
gular channel with big aspect ratio and small width[]].
Journal of Thermal Science and Technology, 2002, 1(1);
38-41. (in Chinese)

[8] LEEPS,GARIMELLA S V,LIU D. Investigation of heat
transfer in rectangular microchannel [ J ]. International

Journal of Heat and Mass Transfer, 2005, 48 (9): 1688-



551 [

B A5 T v b b 3 TR B2 0 R TR 300 R B 3 A 8 e A ) 52 o)

1177

[10]

[11]

[12]

[13]

1704.

PFUND D, REETOR D, SHEKARRIZ A. Pressure drop
measurements in a microchannel[ J]. AIChE Journal, 2000,
46(8) :1496-1507.

LI Zhixin, DU Dongxing, GUO Zengyuan. Experimental
study on flow characteristics of liquid in circular micro-
tubes[ J]. Microscale Thermophysical Engineering,2003,7
(3):253-265.

NATRAJAN V K, CHRISTENSEN K T. The impact of
surface roughness on flow through a rectangular micro-
channel from the laminar to turbulent regimes[]]. Mi-
crofluidics and Nanofluidics,2010,9(1):95-121.

MALA G M, LI Dongqing. Flow characteristics of water in
microtubes[ ] ]. International Journal of Heat and Fluid
Flow,1999.,20(2) :142-148.

LORENZINI M, MORINI G L, SALVIGNI S. Laminar,
transitional and turbulent friction factors for gas flows in

smooth and rough microtubes[ ] ]. International Journal of

[14]

[15]

[16]

[17]

Thermal Sciences,2010,49(2) .248-255.

TANG G H,LI Z,HE Y L,et al. Experimental study of
compressibility, roughness and rarefaction influences on
microchannel flow[ ]J]. International Journal of Heat and
Mass Transfer,2007,50(11/12) :2282-2295.

YANG C Y,LIN T Y. Heat transfer characteristics of wa-
ter flow in microtubes[ J]. Experimental Thermal and Flu-
id Science,2007,32(2) :432-439.

LIU Yangpeng, XU Guogiang, SUN Xujing, et al. Investi-
gation of the roughness effect on flow behavior and heat
transfer characteristics in microchannels[ J]. International
Journal of Heat and Mass Transfer,2015,83:11-20.

TAO Zhi,ZHU Zhibing, LI Haiwang. Experimental Inves-
tigation of the air flow behavior and heat transfer charac-
teristics in microchannels with different channel lengths
[J]. Journal of Heat Transfer, 2017, 139 (5):052403. 1-
052403. 7.

(h#E. TR A





