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The Technique of Viscosity Measurement by
Falling Sphere: Role of Wall Effect

Hataichanok Phetmatsri, Tunyanop Nilkamjon and Supitch Khemmani’

ABSTRACT

In this thesis, the principle of uncertainty in measurement is used rigorously to
investigate the experiment of falling spheres in Newtonian fluids containing in cylindrical tubes.
The experiment is done by using various sizes of sphere and cylindrical tube so that the wall
effect factor can be determined. In this experiment, our invented fluid with appropriate viscosity
is used so that any space variation of falling sphere is easily captured by human eyes. As a result,
a stop clock controlled by a human can be used to detect any time duration of the sphere moving
within an interval with acceptable uncertainty in measurement. Moreover, the rotational
viscometer (Brookfield) is used here to measure the viscosity of the fluid without wall effect and
also used to verify the Newtonian behavior of our fluid up to 20 rpm of the rotational frequency.
The experimental result of the wall effect factors are in good agreement with the theory proposed
by Haberman and Sayre, where the factor is the function of the ratio of sphere diameter to
cylindrical tube diameter, except some of our ratio settings.

One of advantages of the wall effect is that it allows us to measure the viscosity of
glycerin by this simple falling sphere experiment. Without the wall effect, the sphere falls too
fast so that human eyes capture leads to a huge uncertainty in measurement. By choosing the
sphere diameter of about 4 mm and the (inner) cylindrical tube diameter of about 4.48 mm, the
known wall effect factor from our experiment can then be used to calculate the viscosity of
glycerin which is 782 +49 cps at 24°C. This result does not differ significantly from the one
obtained by Brookfield viscometer, i.e. 722.3 £ 6.0 cps at the same temperature. However, it is
clear in this case that the uncertainty associated with falling sphere technique is about 8 times of

the one associated with Brookfield viscometer.

Keywords: Newtonian fluids, viscosity, rotational viscometer, Brookfield, wall effect, glycerin,

uncertainty in measurement, falling sphere
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Tuaddeil mldideningnsinan (gniman) wazvasanaaemadneg sanlildamdan u
sgnesalignivandeiaiimeluvesiasanaass Wi 0.1, 0.20, 0.31, 0.41, 0.52, 0.66, 0.70,
0.80, 0.83, 0.89, 0.90 uaz 0.92 AINTNN 1

Myl 1 asenavesingnasnanuazvasamaassiihlildasnn u =% e i
d(2r) D(2R) d(2r) D(2R)
A (ladwmas)  (adas) A (Hadwmas)  (Hadwas)

0.10 2.00 19.86 0.70 5.01 7.12
0.20 3.99 19.86 0.80 2.00 2.50
0.31 3.00 9.64 0.83 5.01 6.06
0.41 3.99 9.64 0.89 3.99 4.48
0.52 5.01 9.64 0.90 3.00 3.33

0.66 3.99 6.06 0.92 3.00 3.26
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Md/D)
0.10
0.20
0.31
0.41
0.52
0.66
0.70
0.80
0.83
0.89
0.90
0.92

k
1.321177
1.635731
1.937548
12.49378
6.202503
12.23557

22.4707
42.88222
47.62218
130.6154
63.24856

147.73

U(k)
0.164362
0.094631

0.11171
0.722794
0.267148
0.713476
0.967834
5.334789
2.051131
7.556402

3.64661
8.5617405
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