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Abstract.

The purpose of this article is to present a new method for the measurement of the viscosity
of liquids, with special application to the viscosity of thick colloidal solutions.

I. Theoretical.

Given the linear flow of a liguid in a capillary tube with a radius of R and a length of |
uncder a pressure of P, the following equation is used to express the velocity of the flow v, at a
distance 1, from the axis of the capillary tube :

P 0 B
v (R2—r2
. 4 )
where 7 is the viscosity.

Putting r=0, we have the viscosily of the flow on the axis of the tube, v,

pe— IJ a

VyT= i R
and therefore,

= PR:

L 4lv,

Now 5 will be determined by the measarement of v if R, 1 and P are known. The new
method of the measurement of 7 is based on the direct measurement of v, by a microscope. To
determine the viscosity of a li(';ui(l, we mix with it a certain number of fine particles of a solid
substance that does not chemically react on the liquid. and, by means of a microscope, measure
the velocity of the particle moving with the liquid along the axis of a capillary tube. The
velocity of the p'a.rticle thus obtained must represent the velocity of the liguid on the axis of the
capillary tube.

There the following points were discussed : -

(1) The measuribility of the magnitude of v,.

(2) The measurable range of a by this new method.

{3) The method of the measurement.

() Selection of a particle in the field of a microscope.

{h) Quantity of the mass of the particles to be mixed.

(¢} Radius and number of the particles mixed.

(1) Distance of falling of the particles during the measurement.

And then it was concluded that this microscopic method of the measurement is possible.
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2 1. Experimental.
1. Apparatus.

A measuring tube to be filled with a liquid is given in Fig. 1, and the whele armngement
of the apparatus in Fig. 2. In Fig, 2. AB is the measuring tube, M a microscope equipped
with an ocular micrometer, and P and Q equipment to produce the pressure.

2. Procedure,

After a sample with fine particles is placed in the measuring (ube. the arvangement is set up
as shown in Fig. 2. Then the microscope is focussed on the axis of the tube so that the image
of the axis comes just upon the scale of the ocular micrometer in the field. Turing the stop
cock, H. we lead the pressure, p. which is previously prepared by the equipment, P and Q. to
the tube, After the selection of a particle moving along the axis in the field of the microscope, the,
velocity of the particle is measured by means of the scale of the ocular micrometer and a stop
walch, In the same manner, the delermination of the velocity is repeated at differenl pressures.
By plotting the pressure, p, and the velocity, vo, on the rectangular co-ordinates, we get a
straight line as in Fig. 3—0. Il we put an equation p=a+D for this straight line. the coefticient,
b, will be expressed by the principle of the method of the least squares, as follows ;

n n ll'
nXpivo— Sp Xy
j=1 1=l i=1

h= T 5 5
n My — (.: "nl)
=1 I=1
From this value of b, the value of 5 is given by the following equation ;

n‘ H
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i=1

where n is the number of measurements.

The result of the test shows that this new method can be employed for the measurement of
viscosity—especially of a liquid of very high viscosity.

The following advantages were climed for this new method :

(1) A small quantity, only a few cc. of the sample is required.

(2) - The measurable Tange is ample.

(3} This method reguires no determination of the density of the sample.

(4} No special apparatus is needed. '

(5) Since the viscosity anomality and the eddy How, if existent, are recognized during the

measurement, the normal viscosity is obtained. Jan., 1934,
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