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Single-Kernel 
Moisture Transfer



Spherical Kernel Model











∂

∂
∂
∂

=
∂

∂
r

MDr
rrt

M k
k

k 2
2

1 ( )
R

k
keqRkm r

MDMMh
∂

∂
−=−









∂
∂

∂
∂

=
∂
∂

ξ
ξ

ξξτ
mm 2

2
1

m = (M – Meq)/(M0 – Meq)
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ξ = r/R     τ = t/tk     tk = dk
2/Dk

Bim = hmdk/Dk ≈ 107

Single-Kernel Moisture Transfer

Dk = Akexp(-Bk/Ta)
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Meq = Eeq – Feqln[-(T [C]+Ceq)ln(rh)]
Chung-Henderson Correlation:

Equilibrium Moisture Content (Meq= EMC)

T = 25 C
50 C
75 C
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Single-Kernel Moisture Transfer Correlation



Multiple-Kernel Moisture Transfer



One-Dimensional Mass Transport Equations
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Volumetric Moisture Transfer

Solid-Phase Moisture Transport

Air Humidity Transport



One-Dimensional Heat Transport Equations

Volumetric Heat Transfer

Solid-Phase Heat Transport

Air Heat Transport

)(6)1( sa
k

a

T
V TT

d
h

V
Qq −−== ε

t
Mhquq

x
TCU

t
TC

fgsVmmV
ss

s
ss

s ∂
∂

−−−=








∂
∂

+
∂

∂
− ρερε )1()1(

''

VmmV
aa

a
aa

a quq
x
TCU

t
TC

+−=










∂
∂

+
∂

∂ ''
ερ

C’a = Ca + ωCm um - um0 = Cm(Ts – Tm0)

C’s = Cs + CmM



Moisture Fraction for Stationary Bed or Bin



Moisture Fraction for Stationary Bed or Bin



Moisture Fraction for Stationary Bed or Bin
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Moving Column of Grain



Us = 0.05m/s, Ua = 5m/s 

Kernels Moisture Fraction Air Humidity Ratio

ε = 85% 



Air Relative Humidity Air Temperatures



Moving Column of Grain



The End




