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Abstract— Squeeze film flow of viscoplastic Herschel-Bulkley fluids between two parallel circular plates under a
constant load was analyzed theoretically to derive an approximate solution. This solution was used to determine
the yield stress (z,) and Herschel-Bulkley parameters (n, 745) of two test materials from their experimental
squeezing curves. The results showed that the simple squeeze film apparatus could be used to determine the

yield stress and other rheological properties of viscoplastic materials.
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Fig. 1. Schematic of squeeze film flow geometry.
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Fig. 2. Dimensionless pressure gradient, X, as a
function of modified plastic number, S, in
the squeeze film flow of Herschel-Bulkely

model fluid.
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Table 1. The values of A in eq(13) at various n and
the maximum errors of eq(13) and (15)
from the exact solution of eq(8).

max. error of eq

n A
(13) (15)
1.0 0.480 6.5% 14.2%
0.75 0.383 5.1% 10.3%
0.5 0.274 3.6% 6.9%
0.25 0.152 1.9% 4.1%
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Fig. 3. Schematic diagram of squeeze film ap-

paratus.

A : Steel plate G: LVDT

B : Steel column H: Weight

C : Linear ball bushing

D : Moving rod I : Power supply
E : Squeezing plate J : Recorder

F : Test sample K : Oscilloscope
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Table 2. Herschel-Bulkley parameters for tooth-

paste.
Experiment 1en2
number n ro(}"a) Tua(kg m™s75)
1. 0.53 102 62
2. . 130 54
3. ' 124 72
4. ” 110 71
5. " 92 65
6. " 111 73
Mean (st. dev.) 111.5(13.9) 66.2(7.3)
Mechanical
Spectrometer 0.52  126. (39. )

Table 3. Herschel-Bulkley parameters for silicone
0il-Si0, powder suspension.

Experiment s
number n t,(Pa) T, kgmlsnd)
L 0.64 210 15.8

2. » 213 17.6

3. " 217 14.75

4. " 206 149

Mean (st. dev.) 211.5 (4.6) 15.8 (1.3)
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NOMENCLATURE
d : deformation rate tensor (= (vy+vu”) /2]
F . total force on the upper plate
h : half of the film thickness
h, : limiting height (h at t— o0 )
h, : initial height (h att =0)
hy, o (hy+h)/2
h : dh/dt
hy, : hath=h,,
n : power-law index
P : pressure
r : radial coordinate
R : radius of the squeezing plate
S : plastic number
S, : modified plastic number defined by eq(10)
t : time
L, v, 0,: velocity vector and its components
X : dimensionless pressure gradient defined by
eq(9)
z : axial coordinate
Greek Letters
7 s Herschel-Bulkey viscosity
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