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Abstract

The current study analyzes Langmuir slip boundary condition theoretically and it is tested in practical
numerical analysis for separation-associated flow. Slip phenomenon at the channel wall is properly
implemented by various numerical slip boundary conditions including Langmuir slip model. Compressible
backward-facing step flow is compared to other analysis results with the purpose of diatomic gas Langmuir
slip model validation. The numerical solutions of pressure and velocity distributions where separation occurs
are in good agreement with other numerical results. Numerical analysis is conducted for Reynolds number
from 10 to 60 for a prediction of separation at T-shaped micro manifold. Reattachment length of flows shows
nonlinear distribution at the wall of side branch. The Langmuir slip model predicts fairly the physics in terms
of slip effect and separation.
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Fig. 1 Schematic of the backward-facing step geometry

Fig. 2 Unstructured grids around the step

v} 1 3} o}

Fig. 3& 5719 A& o & xAdA9 ¢d3 &
AR £ & DSMC 71HE o] &% 339 A
2 uug Aol d7|AM, & XA y/he y
Wkl a1 Wol2H, Ade Eold Pt
dolg guigt}. 12<x/h<l.604 8L F
d&A Zasld, dFFHY 528 S7EA ©
. Ady FU4 4 HAEg gEE £5F g
stttk x/h7t 2.0 £2oA FA3] F71g) o)A
e AL AUAA F27 343 "o &%
7t BojR A o wEtA, | yA st &5
UXE AgHA 28 9r] ste ol 7, o
213 PAre FAS a2 A x/h7t 3.0 B2
7A 48 Fulz e S 2 £ U ol d
etz e EAE FF 2l dojdg e
o, =8 Fujst 0 ¢ HollA fEo] AR g
A 8ol Fig. 4 & Al 29 diHd(x/h=1.7)
I FNF(x/h=2.1) AN FAGHA A
5 £x9 258 Yehd Aot WA &
Ao FALY Sx(u)s Fl e
FIEA g Bl L, §40 A
Fol £x(v)E 29 @& NAY, Qe o
¥ wgoz sgo vgA FegE welo.
ol fFAlel SEHo] AP oly WHEZBOZ A
HJH5E AL vehde, Ade g2 A3
719%g, 2R A b deg FEsi

L 7Y

CHYY e
F i
r ®  Bottom Wail (DSMC)
P Bottom Walt {(Langmuir)
6.5 A Bottom Center (DSMC)
- —~ — — - Bottom Center (Langmuir)
s ® v Center (DSMC)
F & ———- Center (Langmuir)
& * Center of Entrance (DSMC)
551 ‘ -— — — - Center of Entrance (Langmuir)
r ® Top Wall (DSMC)
o 5 :_ .. —emimeee Top Wall (Langmuir)
45F
4
35F
3k
1 2 3 4 5
x/h
11 =
1 E /‘..3 Filled symbols - DSMC
g . Lines - Langmuir
0.8 F ’7’ *V—Csmr of Entrance (y/h=0.75)
08E ” E Center (y/h=0.48) -
E v R Yy : = /v
07 E 4 'Y" "!yly_v(‘_t tv—"".""
sk ¥ v N P
TE o v/ ‘\ PR
QosE o v/ P X
-~ 05 e g
= R’ v/ A
0.4 A} / s
S E ° Y AA//Bouom Center (y/h=0,25)
F ! A/
0.3 F e J“ A
- A
02fF w‘»"" s, /Yopwm(ym-o.sa)
3 .. =
01 E Y P Y™
F 4
oF ~——— Bottom Wall (yh=0.02)
oqb— Lo o b by e b

ol

2 4 5

3
x/h

Fig. 3 Pressure and streamwise velocity along the
backward-facing step channel. Comparison of
DSMC and Navier-Stokes utilizing the
Langmuir slip condition are presented
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Fig. 5 Dimensionless shear stress distributions at top
and bottom walls using Beskok, Maxwell and
Langmuir slip condition

Outlet (P=D,,)

:T; Sectiond
i %.___,‘
il
3D i
i
k!
l w
S —
Section3 -~ f-jreet=efer
Section2 N
Sectionl B e ~-Outlet (P=P_, )
3D
D
¥ !
na \' Section3
X N
Tulet (P =P, )

Fig. 6 Schematic of the flow split in a T-shaped branch
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