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Momentum
• The average momentum carried per particle

• Its transport results in a shear stress, so

• Thus 

φ = mu(y)

Jmom = −τ = −
αµ

2
mncl

du
dy

= −µ
du
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µ =
1
2
αµmncl =
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2
αµρcl



Viscosity
• One can show from more advanced theory

• Using the Ideal Gas Law

• A better approximation for viscosity is 
Sutherland’s formula

 αµ  1

µ ∝
T 1/2

d 2

µ = 0.998 πmkT
πσ 2

1
1+ S /T

S is a fitting constant



Viscosity

• Units: Dynamic vs Kinematic
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Energy
• The average internal energy carried per 

molecule for a monatomic gas is

• The heat flux is

• Thermal conductivity

φ = u = mcvT

Jφ = q = −
1
2
αλnclmcv

dT
dy

= −λ
dT
dy

λ =
1
2
αλρclcv =

αλ

αµ

µcv



Thermal Conductivity
• Recall the Prandtl number

• Recall

• For a monatomic gas

Pr =
cpµ
λ

=
cpαµ

αλcv

γ =
cp
cv

Pr =
αµ

αλ

γ

so
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Eucken Correction
for Non-Monatomic Gas

• For non-monatomic ideal gas we can write

• Assume

u = utr + uint
cv = cvtr + cv int

λ = λtr + λint =
5
2
µcvtr + µcv int

λ = µ
5
2
cvtr + cv int

"
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From: “Thermal conductivity of gases” by Marcia l. Huber and 
Allan H. Harvey, CRC Handbook of Chemistry and Physics, 92nd

Ed. 



Mass
• For mass the flux is a given specie.
• For multicomponent mixtures, mass 

transport is quite complicated.
• Here we will consider the transport in a 

simple binary mixture with species 1 ands 
2, where

• Thus
n1 + n2 = n =  constant

dn1
dy

= −
dn2
dy

and Jn1 = −Jn2



Mass
• Here               the fraction of species 1 being 

transported by

• Likewise  

φ = n1 / n
nc
4

 

Jn1
= −

1
2
αnncl1

d(n1 / n)
dy

      − 1
2
αncl1

dn1

dy

 
Jn2 

1
2
αncl2

dn2
dy



Diffusion Coefficient

• The diffusion coefficient is defined by the 
relation

• So

Jn1 = −D12
dn1
dy

Etc.

D12 =
1
2
αnc1l1 = D21 =

1
2
αnc2l2



Reality
• The result that D12 = D21 implies that           

is the same for the two gases, which may 
not be true unless the two gases are nearly 
identical.

• In fact our result, which is called Fick’s 
Law of Diffusion, is only valid in the limit 
of

• In general, the equations of multicomponent 
diffusion must be used. 

mπd 2

n1 << n2
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Some Important Non-
Dimensional Numbers

• Prandtl

• Schmidt

• Lewis

– Thermal Diffusivity

Sc = ν
D

Le = D
α

α =
λ
ρcp

Pr = ν
α  Prair  0.7

 Scair  0.55

 Leair  1.3


