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Motivation:



325/08/2014 3

Measurement setup

1. Foam generation with 
temperature control

2. Flow pipe, D = 15 mm

3. Pressure drop and 
pressure level

4. Flow rate

5. Mass flow rate

6. High speed video -> slip 
velocity at the wall
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Materials

 Water foam: solution of water and sodium dodecyl sulfate
(SDS), concentration 2.5 g/kg, target value for the foam density 
250 - 300 g/l, bubble size is ca. 40 �m.

 Eucalyptus fibres, cmax = 30 g/kg

 Rayon fibres, cmax = 72 g/kg (length close to the mean length of 
euca fibres, ca.1 mm)

5 mm1 mm

eucalyptus rayon
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Pressure loss measurements
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Loss data: euca & rayon
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Rayon, c=30g/kg, T=25, 270 g/l

Water foam, T=25, 260 g/l

Euca foam, c=30g/kg, T=49, 400 g/l

Water foam, T=43, 300 g/l

Water T=20

Pressure losses much
higher than for pure 
water. 

Fibers increase the 
pressure loss.

Temperature control
obligatory.
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Loss data: rayon, effect of consistency
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Rayon foam, c=72g/kg, T=25, 300 g/l

Rayon foam, c=30g/kg T=25, 260 g/l

Water foam, T=25, 260 g/l

Water T=20

Addition of 72 g/kg of 
rayon fibres gives
an increase of 500-
1000 Pa/m in the 
pressure gradient,

Clearly smaller effect
than with 30g/kg of 
euca fibres.



825/08/2014 8

Loss data: rayon, effect of temperature
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Rayon foam, c=72g/kg, T=23, 300 g/l

Rayon foam, c=72g/kg, T=30, 300 g/l

Rayon foam, c=72g/kg, T=40, 300 g/l

Water T=20

Loss decreases
with increasing
temperature.
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Wall slip
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Slip layer & material/bulk properties

Pipe axis

Pipe wall

Slip layer (a few μm)

Slip velocity

Velocity
profile due to 

foam
material/bulk

properties

Qslip Qbulk

Qmeasured

=
Qslip + Qbulk
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Slip velocity: euca & rayon 30g/kg
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Rayon foam, c=30g/kg, T=25, 270 g/l

Water foam, T=25, 260 g/l

Euca foam, c=30g/kg, T=49, 400 g/l

Water foam, T=43, 300 g/l

Euca
• large slip
• low shear in the bulk

Rayon
• small effect on slip / shear
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Thickness of the slip layer
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The viscosity � of  the SDS solution
is very close to that of water.
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Slip layer: euca & rayon 30 g/kg

The calculated thickness of
the slip layer for water foams
is consistent with the literature.
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Rheology
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Rheology analysis

 Subtract the slip velocity from the mean velocity: �� = � − �slip

 Calculate the apparent shear rate at the pipe wall 

�̇� =
8��

�

 Weissenberg-Rabinowitsch correction gives now the real shear rate at the 
pipe wall

�̇ = �̇� ×
�

�
3 +

����̇�
�����

 Viscosity: �(�̇) = ��/�̇ (REAL, not apparent!)

No need to use several pipe sizes. No velocity profiling needed!
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Viscosity of pure foam 
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Power − law	viscosity
� �̇ = ��̇���

Least-squares fit:
• � = 350	mPa ∙ s
• � = 0.53

The exponent n is in the 
same range as the values 
reported in the literature for 
the given density.

� = ��/�
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Viscosity: rayon, effect of consistency
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Rayon foam, c=72g/kg, T=25, 300 g/l

Rayon foam, c=30g/kg T=25, 260 g/l

Water foam, T=25, 260 g/l

• Shear thinning behaviour, close to power-law.

• The effect of ryon fibres is small even at the 
highest concentration (effect bigger with euca)
• Due to weak networking of fibres.
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Viscosity: rayon, effect of temperature
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Rayon foam, c=72g/kg, T=23, 300 g/l

Rayon foam, c=72g/kg, T=30, 300 g/l

Rayon foam, c=72g/kg, T=40, 300 g/l

Foam viscosity decreases with increasing temperature.
• SDS+water - viscosity decreases
• SDS+water - surface tension decreases
•  decreased momentum transfer



1925/08/2014 19

Conclusions

 The slip velocity can have a high impact on the flow properties of fibre 
foams.

 By applying the methodology described here one can calculate real 
material properties on the data measured with only one pipe diameter 
that are independent of boundary effects like slip velocity.

 Fibre foams exhibit strong shear thinning behaviour.

 Fibre type has a big effect on the viscosity of the fibre foam.
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