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Forchheimer Equation 
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where ΔP is the pressure drop across the CFF [Pa], L the filter 

thickness [m], μ the fluid viscosity (which for water at 280 K is 

1.382x10-3 [Pa·s]), Vs the fluid superficial velocity [m/s], k1 the first 

order Darcy coefficient [m2], ρ the fluid density (which for water at 

280 K is ~1000 [kg/m3]), and k2 the non-Darcy coefficient [m].   



3 Permeability Apparatus 
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Measured Pressure Gradients 
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Sealing of the filters into the housing 
High Viscosity 
Silicone Grease 

Cellulose 
fibre, 
i.e. paper!  



6 How to obtain a true pressure gradient? 
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(2009), 10395-10401  



7 How to determine the effective Flow Field Diameter? 
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0.5 m/s velocity  

Comparison of 
Expanding Flow 
Field with Straight 
Through 
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Expansion of the flow 
field has resulted in a 
greatly reduced 
pressure gradient for 
the same inlet velocity. 



9 Comparison of 50 PPI, 49 mm and 101 mm L and S 

 

0.0E+00

2.0E+05

4.0E+05

6.0E+05

8.0E+05

1.0E+06

1.2E+06

1.4E+06

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

Superficial Velocity, m/s

M
ea

su
re

d 
Pr

es
su

re
 G

ra
di

en
t, 

Pa
/m

101-S 101-L 49-S

FEM
Actual Effective Eq. 1 Eq. 1

Filter Filter Flow Field Forchheimer Forchheimer Inlet
Type Diameter Diameter k 1 k 2 Length
(PPI) (m) (m) (m2) (m) (m)

30 48.7 N/A 5.08E-08 5.46E-04 1.0
30 101 65.5 5.57E-08 5.25E-04 1.0
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50 49.2 N/A 1.57E-08 1.66E-04 1.0
50 101 66.1 1.71E-08 1.69E-04 1.0
50 101 66.1 1.52E-08 1.71E-04 3.0
80 49.1 N/A 6.52E-09 1.15E-04 1.0
80 101 66.5 5.44E-09 9.96E-05 1.0



10 Comparison of COMSOL with Experimental 
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11 Correlation of Forchheimer Terms 
with Measured Window Dimensions 
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12 Conclusions 
• Correct sealing of the entire side of the 

ceramic foam filter was required to obtain 
the true pressure gradients for the straight 
through 49 mm filter design.  Sealing 
verified by agreement with COMSOL. 
 

• COMSOL was required to calculated the 
equivalent flow field diameter and obtain 
the true Forchheimer coefficients for the 
101 mm design. 
 

• 49 and 101 mm results agree with  each 
other and with COMSOL with deviations of 
< ±7%. 
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