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Low Kn i -Flow l Transitional K_nl# -Flow | LHigh Kn # -Flow
T >

' i

i | 1 1 2 1 -
0 10 10 102 10+ 1 10 Kn #
»

Continuum Modeis ]

laviscid flow (Euler Equation when Re—0)

. V]'iscous flow (N-S Equations)
i

>

(possible slip-flow)
]
f

Molecular Models l

« Statistical Mechanics:
(a) Liouville equation (approx. solution using Monte Carlo methods)
(b) Boltzmann Equation {direct solution requiring probability density function

for particie collisions)
{c) DSMC (direct simulation Monte Carlo) method applicable to

{0.1) < Kn < 010} -
. Collision-'ﬁ'ee flow
>

+ Rarefied gas flow

i >

» Molecular Dynamics Simulation:
Direct solution of conservation laws resulting

in actual trajectories of molecules i
1 F
-

+ Free-molecular flow

(Kleinstreuer, C., 2003) Lzb)'lf 6L€r’l-’)—> Lg)'lw.]..\.o 6%’39) 9 Q.wol;S dde 6L‘b p.’)) -\ JS..Z

Viscous Fluid Flow
Note: Inviscid (i ~ 0) and irrotational (@ = 0 ) flows are idealized
(i.e., potential) flows where Vv = V¢ .

Newtonian Fluids Non-Newtonian Fluids
(air, wateroroil: u=¢ @ T & ¢) (r-n( VYV, K ,n,1))

—

Incompressible Fluids Compressible Fluids
(p =¢; Notes: For gases Ma < 0.3; p=p(xt)
k forliquidsp > P yapor highspeed, high pressure flows
Internal Flows External Flows
(m=¢) (boundary-layer theory)
/\
Laminar Flows Turbulent Flows

( Rep < 2300 for pipe flow Random fluctuations; structures j
Re; < 5x10° for flat plate Re>>1; 7y = fet(k,e,@,1;,1,)

—

\

Isothermal Flows Nonisothermal Flows
T=¢ T=T(X,)
(fluid properties Gr [<1— forced convection
evaluated at T) ——4~1— mixed convection
Re® |>1-> free convection

(Kleinstreuer, C., 2003) 73 Jlw o> ool cleal> Y-V JS&
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