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Analysis of Flow Resistance in Microchannels at Slip-Flow Regime by Direct
Simulation Monte Carlo Method
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Abstract

The characteristics of micro gaseous flows in microchannels have been analyzed in view of flow
resistance using the direct simulation Monte Carlo (DSMC) method which is a molecule-based numerical
modeling technique. For this purpose, a DSMC code where the pressure boundary condition was specified at
the inlet and outlet, has been developed and the results of simulations showed satisfactory agreements with
the analytic solution in the slip flow regime. (0.01 < Kn < 0.1) By varying the height and length of the
microchannel, the effect of pressure difference between the inlet and outlet was examined. The present

computation indicates that the curvature in pressure distribution along the channel increases due to the effect

of compressibility when the pressure difference increases. To obtain the flow resistance regardless of the

channel dimensions, a standard curve is devised in the present study by introducing the concept of unit mass

flowrate and unit driving pressure force. From this curve, it is shown that in micro flows, a significant

deviation from the laminar incompressible flow occurs by reducing the flow resistance.
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(b) Mean flow

(c) Analytic solution

Fig. 3 Velocity fields and pressure contours

& Azl AHsA BAHoE A4

g

=1
R
%ol I, of Az} o|FRE AZAZL 4
@}

Lo

2 97E FAAM Aed 2 A4 DSMC =2=E
AFat7]l 98t MinERE 499 mliAdE #
F% AAtsta Fig. 1-2 oA o] 28} nmat gl
Aol AH8E 4FTEY nagde Aot
h=1pum, dol7} L=10um o, 74 u7]¢t

"
ﬂol_l‘
32
>
op
e

VA AaBateld, 74 2
A 25+ 300 K 2 $98A Fiu) x, y
ko] A = 100 x 20 WS AR ow, AlgH
ZHol 7x 10"solz AANEHNE=Z7A 10,000 H
o WHEAMS S F 10,0009 F7} A"
dolel& BHste] ANFFFETL T

2o Bt 2o 37 19 BEFEAZL
v thd Mg AL23lo] Aabstssld,

1
Az
V2rd*n

2 [2RT @
v=2 f__
AN =«

A7l de B2 AR, 8L FLE RS AN
g, TE 2xolt. £ AitdA &7 d7|¢E 7
Fo2 3 B HAARFHR A7)E 54x10°m,
BHIAFEANLL 113 x10s o}, wetx] A371E=
HaAFA 2o 092 vlo|n, ANFELE HEFE
Alzkel 0.62 M2 FolFT. MnPHKE GG A
9] ol2AA ¥ px), FREE y(xy) 22

m < W HolERs ¥ ulslgdA
A}-2-3 Navier-Stokes W74
o, Ay Aot

2 A AT©

px)/ p, =—60Kn,

+\/(60'Kno): +(1+ IZUKnoH)(] —%)J, (1+120Kn, )%

3)
42 dof (
u(x,y) =E£(%—%—0Kn]

. W’ p? 5
i = (@7 - 1D+120Kn,(1-1)]
244RTL

A7V M=p/p & &7 FHo2 ZAAsY <

golth g=2-F)/F © THELT 25FH
4 (momentum accommodation coefficient) 2 A 2
& LEFASAT Fol 98 BEEY. Kn

Upehle},
B I=dFe ddto] A" zAdAE do
E24£7 55 oln, #HF ukstErt 0153 o)t

Arkilic 59 2]3H Re = 9)°l3 Ma = g/ L)
A AL BAAHY vle]la 2 {5 siFgd. Fig
1 2 Ad Aeggor Hoad ¢HALEELE et
iz glod, Ay g3 RN gFo] okt E
A Ugkoy 4 3)dlA Fojz o] Es|g BlwA
Z dAge B & Jdu Fig. 2 odME Ad 3%
M HolEo HFHEEE o239} vusq]
o HdErs olBET 947t ¥a xolRE
23Etn gideovt HEEHEe A9 dXAsk
I o]fE Fig. 3(a)9A HiE nle} Zo] DSMC &
AME £33 Sl B9 vl Z d&goz
A Eie FHE o U7 o] LAsk=
wolzet & 4 glom, FAHQ DSMC &AM
A derd e ® Jehte @ttt Fig 3(b)ye Alzk
BEd B33 E 5 dold, Fig 3(c)Y o239t

30 2y ¢ &5 22X

nhAgol e JNAREL HolEZEIt g
27 i SHATLE AT F Qo) 52
FAeR Asto] HgEA FTHSE FFE e
A& 1A dot YuHoz 4FA ad, 3
utg, A 9% 71E ol 5% BEAL Ausl



DSMC & o} &3 vnds28ddo M njiaxgde 5243 a4 5

Table 1 Conditions for the simulations of microchannel

flows

K| L | P — 1 —
Case | (um) | um) | (10°Pa) [ R€ | Ma | Ka
1-1 1 10 1.5 2.47 1 0.083 | 0.043
1-2 1 10 2.0 5.50 | 0.153 | 0.036
1-3 1 10 2.5 9.19 {1 0.214 | 0.030
1-4 1 10 3.0 13.0 | 0.258 | 0.026
2-1 0.5 10 1.5 0.36 | 0.024 | 0.087
2-2 0.5 10 2.0 0.74 |1 0.043 | 0.074
2-3 0.5 10 2.5 1.15 ] 0.057 | 0.064
2-4 0.5 10 3.0 1.57 [ 0.070 { 0.057
3-1 1 20 1.5 1.24 | 0.042 | 0.043
32 1 20 2.0 2.67 | 0.076 | 0.036
33 1 20 2.5 4.46 | 0.108 | 0.031
3-4 1 20 3.0 6.25 {1 0.134 | 0.027
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Table 2 Flow resistance obtained from the curve fit data
in Fig. 7
Unit force Unit mass flow'™ FR®
(10> N/m) (kg/s m) (10° m¥s)
5 49.512 10.1
10 . 102.75 9.73
15 161.07 9.31
20 225.13 8.88

@ Curve fit function:

UF =1.37x107° +1.03x 10 UM - 6.47x10° UM’
® Incompressible laminar: FR = 38.2 x 10° m%s
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