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Abstract—The present experimental study investigated the rheological property and the die swell phenomenon
for a suspension. The silicone oil having the Newtonian property is used as suspending medium, and glass
beads of spherical shape are used as filler. The viscosity of the suspension was measured using both the
Couette viscometer and the capillary viscometer. For the correction to entry and exit effects, the classical
method of Bagley is applied to the capillaries used in the experiment. The die swell phenomenon was observed
by way of the photographs, and quantified using a magnifier.
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Table 1. Material properties used in this experiment.

Viscosity  Sp.Gr. Surface
cp g/cm® Tension
dyne/cm
Glass Bead - 2.520 -
Silicone Oil 9750 0.975 21.3
Ethanol 1.1 0.811 20.14
Water 1 1 72.28
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Table 2. Dimensions of capillaries used for die swell

measurements.
d D 1 o
Inner Outer Length Entrance LD
Diameter Diameter mm Angle
mm mm (degree)
21 12 55.5 40 2643
3 12 70 40 23.33
3 12 55 40 1833

2nd Regulator

N~

1st Regulator

Reservoir
N2 Gas
Cylinder
" Capillary
25 4B 204N
TSR A, Buoyancy bath
Fig. 1. Scanning electromicrographs (SEM) of glass
beads, coatec.i with a silane coupling agent. Collection beaker
Their size distribution is in the range of 1-
30 pm.
< -
—~ Fig. 3. Schematic of the experiments setup.
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Fig. 4. Viscosity versus shear rate of the suspension
of glass beads in silicone oil, where ¢$<0.1.
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Fig.5. Viscosity versus shear rate of the suspencion
of glass beads in silicone oli, where 0.1<¢<
0.3.
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Fig. 6. Relative viscosity versus the volume fraction
of glass beads at the shear rate of 0.05 sec™!.

5.00
© Experimental
- Eqn. (1
——Eqn. (2
400 T+ Ean. 3
=z
= |
I
2
=
© 3.00
2
d=}
5]
< p
==
2.00 ° Np=1+2.5¢
1.00 L 1 1 L 1 1 N
0.0 0.1 0.2 0.3 0.4

Volume Fraction of Particles

Fig. 7. Relative viscosity versus the volume fraction
of glass beads at the shear rate of 400 sec™.
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Table 3. Parameters for the equations (1), (2) and

3
Shear Eqn. (1) Eqn. (2) Eqn (3)
sec! Mooney  Kitano Tasi
0.05 1.766 049 0.554
8 1.193 0.597 0.686
50 1.149 0.623 0.694
200 1.128 0.63 0.699
400 1.06 0.639 0.715
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Fig. 8. Swell ratio versus shear rate at the various
volume fraction of glass beads, where the
L/D ratio of capillary used is 26.43.

@A gk ZgA oz Ha Bge] 01 o]stel
A dAgdeldEs g} FAQ) 550 =ZA
WS VAR Ested e v ENHS =4
WEA Al Z3ta, b ddetele] ermwlkg okz)
WA o], Ry Bg 01 o)A wi: u)
4 5 549 ZxE WX gd a9 63} 7
M AN dojal AdHE AESS (1),
(2), (A 2= curve fittings}orh o] A1S) A}
4 Wi e e E 39 el

Die swell Aol A AHE- A} f-A19) 29 22
w7} W<, S(=poD/n?) &= 8.8X 1074 0)3}o] 1, Re-
ynolds <%, Re(=puD/n)+ 1072 o]3}o]c}. Jurd
2.2 S/Re<1¥ d, die swello| 4] FmAado)] o)t

Swell Ratio

1.13

1.05 2 1 o sl I I
10 10°* 10°*

Shear Rate (sec™)

Fig. 9. Swell ratio versus shear rate at the various

volume fraction of glass beads, where the
L/D ratio of capillary used is 23.33.
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Fig. 10. Swell ratio versus shear rate at the various
volume fraction of glass beads, where the
L/D ratio of capillary used is 18.33.
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Fig. 11. Swell ratio versus volume fraction of glass
beads, where the L/D ratio of capillary used

ol
22

is 26.43.
115
¢
o
B
2
=
SRRLIN
E
g L
" 7 (0™
0\400
r 01200
¢i100
L 1 " 1 1. 1 I
198,00 0.10 0.20 0.30 0.40

Volume Fraction of Particles

Fig. 12. Swell ratio versus volume fraction of glass
beads, where the L/D ratio of capillary used
is 23.33.
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Fig. 13. Swell ratio versus volume fraction of glass

beads, where the L/D ratio of capillary used
is 18.43.
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