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• the nature of phenomena changes with reducing sizes. e.g., 
gravitational force, surface tension effect, magnetic force, etc. 
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hD
Kn λ

= Knudsen number: Dh is hydraulics diameter and λ is the mean
free path of fluid
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In a normal size we can assume that near the wall (at wall-fluid interface), velocity 
of fluid is zero, but due to the small size in microchannel, this assumption is not 
true. 

To reach this fact, researchers suggest the following expression:

( )
wallwallV

V

XEc
Kn

Y
UKnU

∂
∂−

+
∂
∂

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ −
=

θ
γ

γ
πσ

σ Re1
2
32 2

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
+⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛

∂
∂

+⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂
∂

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛ −
=− ...

!2Pr
1

1
22

2

22

wallwallT

T
wall Y

Kn
Y

Kn θθ
γ
γ

σ
σ

θθ



7

( )
wallwallV

V

XEc
Kn

Y
UKnU

∂
∂−

+
∂
∂

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ −
=

θ
γ

γ
πσ

σ Re1
2
32 2

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
+⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛

∂
∂

+⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂
∂

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛ −
=− ...

!2Pr
1

1
22

2

22

wallwallT

T
wall Y

Kn
Y

Kn θθ
γ
γ

σ
σ

θθ

wall
wall Y

UKnUU
∂
∂

=−

wall
wall Y

Kn
∂
∂

=−
θ

β
θθ



8

Boundary condition:
Inlet (x=0): u=uin , v=0 and T=Tin

Outlet (x=L):                     

where         =u, v, T
but p=0

At wall ( y=0, y=W ):
u=v=0,  

uin
Tin

y

Ts
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Implementation of of Boundary slip conditions
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Continuity:
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Navier-Stocks Equations
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Continuity:
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Non-dimensional equations
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• Control volume technique
• Power law scheme 
• SIMPLER( Semi-Implicit Method for Pressure-Linked 

Revised Equations)
• The discretization grid is non-uniform. It is finer near the 

tube entrance and near the wall where the velocity and 
temperature gradient are significant.
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Numerical procedure
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Validation and Comparison
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Contour of the velocity in x direction
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Thanks for your consideration


