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Quasi-Steady Flow: Kn=10, =0.1
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] B<0.25 = Quasi-steady

(a) Low B (<= 0.25)

Slip on the top and bottom walls
are equal, and the velocity profile
passes through (V,Y)=(0.5,0.5)

| |
Kn=10.1,05,10,2.5,5.0,10

=
-4
[54)

1 The velocity model is valid for
1 Kn<12, for p<0.25.

=
(X3
o

Momalized velocity amplitude
=
o

|

|

! DSHMC
| - = = = maodel
1

505 0715 1

Bahukudumbi, Park, Beskok, Microscale Thermophysical Engineering, Vol 7(4). 2003.
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(o by w5y 30 Vb el B b Glegs =
Model Summary for High Frequency Slip Flows
(Kn < 0.1 & B =0.25)

1 T

(b) Kn = 0.1

I
I ! 1 The velocity model is
|
I
I

{ also valid for
075 [ S I 1 Kn < 0.1, for ﬁ > (.25
n —> High frequency slip flow.

DSMC
= = = = model

0.4

For B > 5.0, we observe
bounded Stokes layers
in the slip flow regime.

0.25

Nomalized velocity amplitude
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(b)) Velocity histories at various positions
T R 5]
£/ |  Slip Flow Regime u(Y,t) = ugsin(wt + V)

= Exponential decay
: of velocity amplitude

~ u(Y,t) = ug [sin (wt) cos ¥ + cos (wt) sin V]

aaf s #7 + Constant wave speed

B\ / phase angle i most of = A(Y)sin (wt) + B(Y)cos (wt),
L

T M Y

(a) Dynamic response of medium

oe

b

" = ns the domain.
wi, wtl2z
| {6 Plhass virision Seomghont madin e DR S S d— * Interactions between
" Kn=04,p=50] Frn=015=80 T two surfaces result in
[ ] variations of the wave _1 B (Y)
! I speed deeper in the W (Y) = tan —_—
domain A (Y)

* All predicted by the

[ <Wave propagation speeds> - analytical model.

[ Stokes’ 2nd prob. - 1.7772
model ST
DEMC :1.7909

"“ i i s s I3
HNormalized velociy amplitede
a
- —

DEMC

i
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S e ? = 1+ 2C,Kn
(as = 1 dy . 2h aKn? +cKn+b ( 1 Kn)
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S (\/Eﬁ( cosh(v/78) + /jBCr Kn sinh(y/j3) ) exp(jut)
(1+ j32C2 Kn®) sinh(,/73) + 24/768C., Kn cosh(y/75)
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Nomalized velocity amplitude
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(a) Dynamic response of medium (b) Velocity histories at various points
(a) Dynamic response of medium (b) Velocity histories at various points L —— — 0.6 .
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Normalized penetration depth, &
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Penetration Depth Variation for Bounded Layers

& in Stokes’ 2nd Problem

2 8051 (3 =2.5)
1.3025 (j = 5.0)
0.8684 (} =7.5)

e

o =25
i =50
- 00— - Bp=75

Bounded Stokes Layers

Free nilecukar sululion

-‘ Bounded Rarefaction Lay_ers -

0

5

Kn

8 is the distance, where

M:'[]'.'[]'l.

1]

O values are smaller than
that of the continuum
flows.

For fixed Kn, & is reduced
by increasing B

For fixed B, § is reduced
by increasing Kn

Introduction of & requires
length scale change for
redefinition of Kn
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Effects of Kn & p on Wall Shear Stress

Saturation due to length scale change from h to 8.

1.25

Solution of the Boltzmann
equation and the DSMC
both predict that the shear
stress in oscillatory flows in

073

(] .
the free molecular flow regim
=
s reaches
G
model 1 2k, T,
0.25 o quasi steady (5 <= 0.25) Tem = T Po U
2 Tm
B =1 ]
- - - f=25 o
_ _o— - g=8 as (Kn — o0).

a 5=T5 1 This is the value for the
steady Couette Flow!

M| N . R | f , MR |
107" 10° 10"
Kn

By Qe 1y —gil g 9,50 Slil >




0.5

Slip velocity

5
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Slip Velocity

o
- A &
o -9 - a v
N a
-
.o
A
B
| o I
&
a F=0.1&0.25
A
o
o OW [ (<=U.29)
& f=10
) v p=25
H Bz0.2581.0 p=50
O F:T.E
I 1 I 1 1 I 1 1 1 I 1 1 I
0 25 5 75 10
Kn

Solution of the Boltzmann
equation and the DSMC

both predict that the slip
velocity in oscillatory flows in
the free molecular flow regim
reaches

as (Kn = o0).
This is the value for the
steady Couette Flow!
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] Viscous dissipation : [) = i I o T, (m r)ug (m r)d(mr)
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b = o o o ' I3
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v - pB=25 2 m
o f=5.0
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We set w=PH and transform the above equation
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If the function y(X) be expanded about a point X, using a Taylor’s series expansion,
we can get the derivatives of y at X,
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» We used N=400 equally spaced grid points in the stream-wise direction.
AX is the grid spacing=0.0025

» lterations are continued until the “convergence indicator”, is sufficiently
small (typically 10-14).

» Grid independence studies were performed.
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» All calculations were performed to double precision accuracy. (16
significant digits)

» Residuals of the global conservation of mass was monitored.
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