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Abstract

In this thesis, measurement of dynamic viscosity coefficient
that is one of the most important parameters of liquids is discussed.
Unless there are some methods to measure dynamic viscosity
coefficient Stock’s method is one of the popular method in laboratory
conditions. Authors showed the experimental and calculation ways of
that method in the thesis.

Introduction

The use of special lubricating coolants in the cutting process — lubricating cooling liquid
conditions increases the stability of the cutting tool, reduces cutting forces, improves the
quality of the finished surface, increases the operational durability of the product, increases
labor productivity, et c[8]. Dynamic viscosity coefficient is one of the most essential and
influential properties of lubricating cooling liquids. Change on dynamic viscosity coefficient
of lubricating cooling liquids effect the cutting process. Some papers have published about the
effect of magnetic field on viscosity coefficient of liquids and it important to measuring
dynamic viscosity coefficient of magnetized liquids [1, 6].

When one layer of all real fluids moves relative to another, more or less friction occurs.
The accelerating force acts on the slower moving layer by the faster moving layer and,
conversely, the slowing down force acts on the faster moving layer by the slower moving layer
[6]. These forces, called internal friction forces, which are directed along the surface of the
interacting fluid layer. The surface area VS of the layer we are examining is much larger, the
internal friction force f is such greater, and depends on how fast n the flow velocities between
these layers change. If assuming that two layers which distance of them are VZ (Fig. 2) flow
with velocities respectively 91 and 32, the velocity difference is 91 —99o=Av .

The distance between the layers is taken in the direction, which is perpendicular to the
flow rate. The magnitude of the change in velocity, which move from one layer to another, is
called the velocity gradient [2-5].

The internal friction force f is proportional to the velocity gradient AS/AZ b and the
friction surface S.

Af=nYovs ()
vz
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The magnitude 7 that depends on the properties of the liquid is called the internal friction
coefficient or viscosity coefficient of the liquid. If take from formula (1) Z—Z'gzl and S= 1, we

get r=f. This means that the coefficient of adhesion is numerically equal to the frictional force,
which a velocity gradient is 1 and prepared between the layers on a unit surface. The viscosity
coefficient depends on the properties and temperature of the liquid [7]. As the temperature
rises, the viscosity decreases. The unit of viscosity in the SGS system is P (poise), which is the
coefficient of internal friction acting on a 1 sm?2 surface. To follow the size of viscosity (1) will
be:

f
[7] =— =L'MT" (2)
A9 as
AZ

The water viscosity, which depends on the temperature, is as follow: in 0° S 7,=0.1775
poise, in 20,59C, =0.01

If an object moves in a non-sticky liquid, the liquid will not resist its movement.
Resistance occurs only when the body moves in a viscous environment. The fluid follows the

body and moves more slowly. As a result, frictional forces are created between the layers of
fluid.

In this experiment, steel or lead balls with a diameter of about 1-2 mm are used as a
solid. These spherical balls are thrown into the liquid one by one.

If all the sides of a ball are in contact with a liquid (without gas bubbles around it) and
fall behind it at a small speed without forming a vortex, the gravitational force which is
exerted by the liquid is found according to Stokes' law.

f=6z-n7-9-r 2)
Where,
n - Coefficient of viscosity or internal friction

4 - The falling velocity of the ball
r- The radius of the ball
Three forces affect a ball moving in a viscous liquid; 1) gravitational force P, the lifting

force of a liquid according to Archimedes' law f , the force of internal friction f,. These three

forces are directed in a straight line (gravity downwards, fluid lifting force and resistance
upwards). As the falling velocity of the ball decreases (in proportion to it), the resistance of
the fluid also increases [3]. When the falling velocity of the ball reaches a certain value 9,,

the force acting on it is equal to zero (the sum of the upward resistance force and the
Archimedean force is equal to the gravitational force).

R=f1-fo=0 (3
However, the ball continues to move because of its energy (Newton's first law). Due to the size

%721'3 of the ball, its weight is as follows.

P=mg =p\/g=gﬂf2pg (4)

Because of the squeezed volume of liquid is equal to the volume of the bubble
lifting(Archimedes) force;

f, :%n- r°pyg (5)
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The friction force is based on (2);
f,=6mn-r0,r (6)
Substituting 4) (5) and (6) into (3) gives the following equation;

%ﬁ~r3(p—p0)g =6z-r%-n (7

Where:

p — the density of the ball
po— the density of the liquid
g — acceleration of free fall,,

If ball passes h height with t time in a liquid 9, :% Putting it in (7), we get what

2(0=po) , 2
=22 ol g.¢?t (8)
n oh g
All values on the right side of equation are determined during experiment, accordingly
from that we can find the coefficient of internal friction of the fluid

The structure of the instrument

Instrument consist of glass cylinder devise, which is fallen with the testing liquids
(glycerin, cottonseed oil and water). The cylinder has two height indicators at a distance h
from each other.
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Figure 2. A device for measuring the coefficient of internal friction of a fluid according to
The diameter of the ball is measured to the accuracy at 0.01 mm using a micrometer.
The ball is thrown into the liquid inside the cylinder (the ball should be thrown as close to the
cylinder axis and the surface of the liquid as possible). The stopwatch is started as the ball
passes through the di mark on the cylinder and stops as it passes over the d2 mark. That
measures the time taken for the ball to pass the distance h from di to dz (Figure 2).
Measurement of the distance between di: and ds is found by using the ruler. The
experiment is performed with at least 10 balls for each liquid. Knowing the values of «x,h, p, o,

and t, viscosity coefficient of the fluid is determined using the equation (8),p and p, are
taken from the table.

Conclusion
It is clear from the information above that Stock’s method for measuring dynamic
viscosity coefficient is one of the easiest and simple methods. Its accuracy is also higher than
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other methods. Also, this method is not required many equipment, that’s why is very popular
among laboratories. In addition, it is advisable in experimental research works.
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