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Determination of the viscosity coefficient of aliquid
and the temper atur e-viscosity dependence
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1. Theory

1. Viscous resistance force, Newton formula, greglhinterpretation. Stokes formula.
Motion of a ball in the viscous medium, forces lagton the falling ball, determination
of viscosity.[1,2,3,4]
Laminar and turbulent flow, Reynolds number.[3,2]
Qualitative description of the internal struetoff liquid, activation energy of liquid
particles. [4,5]
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2. Equipment:
Part I: Stokes viscometer, timer
Part Il: Hoppler viscometer, thermostat, thermomeiemer.
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3. Measurement principle

Part I: After some period of time, the velocity afball falling in a viscous liquid becomes
constant. This is a result of equilibrium of thifeeces: gravity, buoyancy (described by the
Archimedes law) and viscous resistance (Stokeseforthe equilibrium condition gives a
formula which can be used to compute the viscasigfficient:
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where m — ball mass, d — ball diameja~ liquid density, t — time during which the ball
travels the distance L, g — gravity constant.

Part II: In a Hoppler viscometer the diameter & thbe filled with the investigated liquid is
only slightly larger than the ball diameter and tihge is tilted from the vertical orientation to
achieve constant velocity of the ball. The effessdiin this device is the formation of a near-
wall zone in a thin layer of liquid between thellzadd the tube wall. Ball falling time)(is
proportional to the viscosity)j and depends on the ball densjty) @nd liquid density4):
n=K(p, - p)t 2)
where K is a viscometer-specific constant. The messent tube is surrounded by a water
mantle whose temperature is controlled by a thetaboallowing to take measurements at
various temperatures. The exact temperature cardseon the thermometer mounted in the
viscometer. The relation between the viscosity fimeht and temperature (T) can be
described using an exponential function, so atikng a natural logarithm of both sides of
the equation the following formula is obtained:
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where k — Boltzmann constant, A — a constant rélaiehe investigated liquid.

Utilizing the least-squares method one can obtaerrégression coefficiend)for the
dependence of Inj on 1/T and calculate the activation energy oflidneid particles (W)
using the formula:

w=k@ (4)

4. Description of the experiment

Part I: The first task of the experiment is to deti@e the viscosity coefficient of the
examined liquid using a Stokes viscometer. The maim of the device is a transparent tube
filled with the examined liquid and tightly closeBoth ends of the tube are equipped with
cone-shaped traps whose purpose is to direct thenttathe measurement zone. The idea of
the experiment is to measure the time which anfglball needs to pass the distance between
two marks on the tube.

Part 1I: In the second part of the experiment thasktis to study the dependence of the
viscosity factor on temperature with the use of @pler viscometer, and to determine the
activation energy of the liquid particles. This cdme achieved by taking multiple
measurements of the ball falling time at the roemperature. Since the same liquid is used
in both parts of the experiment, the viscosity Gioeit which was determined in part | can
now be used to obtain the viscometer constant K filee formula (2). In the next step, ball
falling time should be measured and viscosity dated - also using the formula (2) - at
several temperatures. The activation energy ofithed particles can then be obtained from
the relation between Inf and 1/T — reciprocal temperature (in Kelvin sgale

5. Sequence of actions
Part I:
1. Take measurements of the ball falling time the Stokes viscometer (10 times).
2. Write the following parameters in the tablelifeg time -t and falling distance —L,
ball diameter -d, ball mass -m, liquid denspyalong with the measurement errors
(supporting data should be printed on a label b&éd@t the experiment site)

Part II:

1. Consult with the supervisor the number of measents of the ball falling time in the
Hoppler viscometer at the room temperature.

2. Consult with the supervisor the temperature eaargl the temperature step for taking
the measurements.

3. Check if the temperature of water in the theiaids not higher than room
temperature, if it is then ask for water change.

4. Turn the thermostat on and set it to water flatihout heating (set heater power to
HO) and take the specified number of measuremédrtkedall falling time at the
room temperature.

5. Switch the thermostat to heating (the recommeindater power is H3) and set the

required temperature.

Wait until the temperature stabilizes.

Read the temperature on the thermometer indtallthe water mantle and measure
the ball falling time.
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8. Repeat steps 5+7 until the final temperatureashed.

9. Write the results in a table.

10. After completing the experiment set the temijpeeson the thermostat near the room
temperature and turn off the power supply.

6. Structure of thereport

1. Brief explanation of the measurement methodd usthe experiment.

2. Table with measurements data

3. Computation to part I:
a) calculate mean ball falling time and its errsing the Student method (assuming
the confidence level of 0.98)
b) using the formula (1), determine the viscosdgf@icient of the investigated liquid
at room temperature
c) estimate the error of the obtained value ofvikeosity coefficient:
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where:Am — mass measurement eridd, — ball diameter measurement ergir;—
measurement error of the distance L
4. Computation to part Il
a) calculate mean ball falling time and its errsing the Student method (assuming
the confidence level of 0.98) at room temperature
b) assuming that liquid viscosity is known (theueabbtained in part I), determine the
viscometer constant K using the formula (2)
c) use the formula (2) to obtain viscosity valtieach of the selected temperatures
d) write in a table subsequent values of the @ggaoefficient , temperature T
(in Kelvin scale) along with the calculated valwé$n(n) and reciprocal temperature
T
e) prepare a plot of Inj as a function of 1/T
f) use the least-squares method to determine gression factor of the plo&) and its
error — the resulting straight line should be draegether with the data points
g) compute the activation energy of the liquidtisées using the formula (4)
h) estimate the erré&xW from the computed errdya of the regression factor
5. Final results, shown in the following form:
n=n £4n
W =W AW
6. Discussion of the results.
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