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Fundamentals of Heat and Mass 
Transfer

Toru Sato

Heat Transfer Equation

• 1st Law of Thermodynamics (Energy Conservation)

• Differential Form

• Kinetic Energy Conservation
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• Navier-Stokes equation (Momentum Conservation)

• Inner Product with ui

• Kinetic Energy Conservation
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• Heat Energy Conservation

• Introducing Enthalpy

• Boussinesq Approximation

• Fourier’s Law
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• Heat Transfer Equation

• Dimensionless Form

• Prandtl Number, Peclet Number
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• Heat Convection

• Heat Transfer Equation with Heat Convection

• Dimensionless Form and Nusselt Number

( )wi TTq −χ= : heat transfer coefficientχ

κ
χ

=
LNu

( ) 2
i

2

w
x

TTT
Dt
DT

∂

∂
κ+−χ−=

( ) 2
i

2

w
x

T
RePr

1TT
RePr
Nu

Dt
DT

∂

∂
+−−=

01Pr
t

t
t .≈

κ
ν

=









−

∂
∂

κ
∂
∂

= '' Tu
x
T

xDt
TD

i
ii













∂
∂








 ν
+

∂
∂

=
it

t

i x
T

PrPr
1

Re
1

xDt
TD

( ) 







∂
∂

κ+κ
∂
∂

=
i

t
i x

T
xDt

TD

• Reynolds Averaged Heat Transfer Equation

• Eddy Thermal Diffusivity

• Dimensionless Form and Turbulent Prandtl Number

Mass Transfer Equation
• Mass Concentration, Mass Fraction

• Mass Conservation

• Equation of Species Conservation 
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• for Mass Fraction
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Diffusive velocity

Mass-Average velocity
• Fick’s Law

• Mass Transfer Equation

• If 
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• Mass Transfer Equation

• Dimensionless Form

• Schmitt Number, Lewis Number
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• Mass Convection

• Mass Transfer Equation with Mass Convection

• Dimensionless Form and Sherwood Number

( )wi CCm −λ= : mass transfer coefficientλ
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• Reynolds Averaged Mass Transfer Equation

• Eddy Mass Diffusivity

• Dimensionless Form and Turbulent Schmitt Number
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