Investigation to determine the viscosity of golden syrup
and the effect temperature has on this.

| will determine the viscosity of syrup at the following temperatures (10°C,
20°C and 30°C). | will be plotting my results on separate graphs to determine
the viscosity and then plot them on the same graph to help determine the
effect of temperature.

Apparatus:

Golden svrup

Measuring cvlinder

5 ball bearings of varying sizes

Weighing scales

Stop clock

Micrometer

Nitre rule

Magnet (to get ball bearings out of syrup)
Thermometer

Water bath

For the density of steel | will use the accepted value of 7850kgm-3. To work out
the density of golden syrup | will measure the weight of 50cm? and use the
formula p=% where m is mass and v is volume. | will do this for each

temperature | temperature will affect the density.

Method:

1. Using the micrometer measure the diameter of the ball bearing.



2. Weigh the ball bearing using the weighing scales and record the results
in a table.

3. Measure 6cm on the measuring cvlinder and draw two lines draw the
line all the way around the cvlinder as this will make it easier to ensure
vou are at eve level. (ensure the first line is at least 3cm from the top of
where the syrup is filled to as it needs time to reach terminal velocity)

4. Place the ball bearing into the syrup then get to eve level of the first
line to ensure maximum accuracy and then start the timer when the
bottom of the ball bearing touches the line previously drawn.

5. Kneel until vou are at eve level of the second line and wait until the
bottom of the ball bearing touches the line and stop the timer.

6. Record the time in a table so the results can later be used to find the
velocity.

7. Repeat steps 1-8 for the other size ball bearings which are.

Repeat each measurement 3 times and fond an average.

9. Once dll the above steps are complete for syrup at room temp then
do the above steps for the syrup at 30 and 40°C use the water bath to
heat the syrup to these temperatures.

i

The sensitivity of the measuring apparatus must be considered and the
correct procedures to obtain the most accurate readings must be discussed.
The micrometer measures with a sensitivity of +or- 0.1mm. to use this
accurately ensure that the ball bearing lays in the centre of the micrometer
to ensure it doesn’t move so you can obtain an accurate reading also ensure
that the micrometer is correctly set to O before vou start vour measurements.
The metre rule can be used to measure with a sensitivity of +or- 0.5mm to use
this accurately ensure that the metre rule is parallel to the object vou need to
measure. The weighing scales measures to an accuracy of 0.005Kg again
ensure the scales are correctly set to 0 before you begin taking vour
readings. The stop clocks sensitivity is +or-0.05s but as it is not electronically
controlled and it is based on human judgement and reaction time the actual
error for this part will be greater than that stated.

To reduce percentage errors comparatively greater amounts of syrup have
been used as the uncertainties in the equipment willmak e up aless
percentage error of alarger volume. | have disregarded calculating the
value of steel as the uncertainties would play a major role instead | have just
taken the accepted value (stated earlier). As previously stated the timing will
not begin until the ball has fravelled a few cm and is at terminal velocity this is
because the equations will only work at terminal velocity and if this is not the
case the results will not be very accurate. | would have liked to use larger



distance for the ball to travel but with the equipment available this is not
possible so these percentage errors will be greater than | would have liked.
Ensuring the judgement of the ball bearings is at eve level is vital as this is the
kev measurement of the experiment as it has the greatest inaccuracy as
human error will play a major role.

When the ball bearing is at its terminal velocity it must be at equilibrium with
the forces acting against it all balanced. We know that weight will be the
only force acting downwards whilst both the viscous drag and the up thrust
will oppose this. So as the forces are balanced vou know that weight=viscous
drag+ up thrust.

You know that: - Viscous drag=6trnv which is stokes law (where n is viscosity
and v is velocity)

Weight=mg

And up thrust is equal to the weight of liquid displaced (In this
case the syrup)

The weight of the syrup displaced can be found by using the density and
then multiplving this by the volume of the ball bearing and by gravity this
gives the equation, Up ’rhrus’r=§rrr3pg (where p is density is radius and g is

gravity)

You then combine these equations in the format weight=viscous
drag+upthrust to obtain the equation mg=émrnv+ grrr3pg. By measuring all the

unknowns bar n (coefficient of viscosity) | shall be able to rearrange the
formula and find the viscosity.

To calculate the viscosity a graph will be plotted using the graph stated
above and sum rearrangement (shown below) vou will see how the viscosity
can be calculated from the gradient.



The mass of the ball bearings can be calculated by multiplving the density by
he volume so put into the equation makes it become 331'rr3psfee|g=6rrrnv+

Eiﬂr3psyrupg. Cancel this down to
§r2psfee|g=6r]v+ §r2psympg then rearrange this to leave énv on its own.

3ir2psfee|g- Eir2pswupg =6nv. Then make V the subject, V=Eg (Osteel-Psvrup). ON the

graph plot r2 on the x-axis and v on the v axis which means the gradient=
:S_g“(ps’reel—psyrup). Then rearrange this equation to make viscosity the subject

1 4gipsteel —psyrup)

=X

to use all the information to calculate the viscosity.

. So when the gradient is calculated vou have an equation

™

When this has been done for all temperatures one final graph will be plotted
which will be used to compare all the viscosities at the various temperatures.

Results:

Density of syrup

Temperature (°C) | Mass(kg) Volume (m?) Density(kgm-3)
20 77.00x10 5x10 1540.0
30 78.50x10 5x10 1571.0
40 72.57x10 5x10 1451.4
20°C:
Diamete | Radius?2 | Distance |Time taken (s) Average Velocity
r (m2) Travelled( |1 2 3 (ms-1)
(m) m)
899x10 203 x10 | 78 x10 46.65 | 45.57 | 42.5 | 17.4x10 +or-0.9x10
7
634x10 100x10 78 x10 58.10 | 67.09 | 59.4 | 12.7x10 +or-1.1x10
8
316x10 25.0x10 | 78 x10 151.2 | 150.14 | 153. | 5.14x10 +or-0.07x10
1 93
199x10 9.90x10 | 25x10 97.57 196.17 | 96.9 | 2.58x10 +0or-0.02x10
2
149x10 5.55x10 | 25x10 256.2 | 258.14 | 258. | 0.970x10 +or-
3 74 10.006x10




30°C

Diamete | Radius2 | Distance |Time taken (s) Average Velocity
r (m?2) Travelled( | 1 2 3 (ms-1)
(m) m)
899x10 203 x10 | 80x10 27.08 | 22.74 | 25.0 | 32.2 +or-3.0x10
7
634x10 101 x10 | 80x10 36.95 | 27.68 | 40.1 | 23.5 +or -5.4x10
6
316x10 25.4x10 | 80xI10 107.2 | 66.85 | 83.3|9.67 +or-2.2x10
7 4
199x10 9.80x10 | 80x10 196.8 | 129.37 | 167.|5.01 +or-1.2x10
0 63
149x10 5.55x10 | 80x10 256.2 | 184.05 | 253. | 3.37 +or-0.98x10
3 96
40°C
Diamete | Radius?2 | Distance |Time taken (s) Average Velocity
r (m?2) Travelled( | 1 2 3 (ms-1)
(m) m)
899x10 203 x10 | 60x10 772 18.14 8.96 | 71.8x10 +or-4.8x10
634x10 101 x10 | 60x10 11.14 | 12.01 16.7 | 45.1x10 +or-9.2x10
3
316x10 25.4x10 | 60x10 24.75 | 23.97 | 26.4|23.9x10 +or-1.2x10
7
199x10 9.80x10 | 60x10 55.09 | 55.67 | 56.0 | 10.8x10 +or-0.09x10
7
149x10 5.55x10 | 60x10 74.65 | 72.34 | 85.1 | 7.75x10 +or- 0.70x10
3

Anomalous results circled and not included in averages.

To find the velocity | have used the equation v== (where v= velocity, s=

distance and t = time). The error (+or- value) is then calculated by working
out a velocity for each result and taking the average velocity from this the
error value is the greatest difference.

Using the formula and inputting the corresponding gradients | receive the
following viscosities:-




20°C=194.96+o0r- 57.4Ns/m?2
30°C=91.3+0r- 22.8Ns/m?
40°C= 46.5+0r=9.3Ns/m?2

The relatively high errors on these could be down to a number of reasons
over all | feel that temperature will have affected the results the most as it
was the least accurate measurement made. For example the 20°C result has
an error value of more than a quarter of the value stated this is massive thus
showing the inaccuracy of the experiment. these results and error values will
probably contain the actual result somewhere in there range bout where is
uncertain due to the high amount of inaccuracy although | suspect it to be
more close to the actual result as the error values are maximums. As the
temperature was probably lower than that stated | feel that the viscosities are
probably lower than theses stated. The inaccuracies and how thev could
have affected the results are discussed below.

Limitations and factors affecting the investigation:

Various things will have affected this investigation and increased the errors
and reduced the accuracy. Afore mentioned is all the limitations from the
measuring devices used and a brief guide how to obtain maximum
accuracy from this equipment. But there is still much to take into
consideration such as the fact that air bubbles will affect the viscosity or
rather what the viscosity will appear to be. The air bubbles can effect the
investigation in one of two ways or more commonly both thus making it
impossible for me to determine what effect they have had on the
investigation. On one hand vou could say they would make the syrup appear
less viscous as the ball bearings will travel with a greater velocity in air than
they will syrup thus reducing the time taken for the ball bearing to travel the
set distance which will make the syrup appear less viscous. But on the other
hand the air bubbles being spherical and strong will have surface tension
which the ball bearing will have to break through in order to travel through
which will slow the ball bearing down thus making it appear more viscous. For
the purpose of this investigation | am going to assume that these effects
cancel each other out therefore having no effect. The limitations involved
take into consideration what was a pretty poor procedure overall. Although



he method was fine and effective some things could not be helped such as
the temperature which was highly inaccurate thus meaning the values stated
have an error value of +or-5°C as the temperature was read when the svrup
was in the water bath but the procedure was carried out outside the water
bath meaning the temperature would be less than that stated thus increasing
the viscosity as | couldn't keep placing the syrup back in the water bath
after every ball bearing had been tested as this would be unpractical and in
the time period it wasn't feasible to do so. Also by the time a ball bearing
had reached the bottom the temperature would have decreased thus
making the test highly unfair. To try and counter this the temperature used at
the stat was actually 3°C higher than that stated and was only allowed to
drop around 3°C before being re-heated as this would decrease the viscosity
of some meaning when the line of best fit was plotted it may be a better
average and give a more true answer as to the viscosity of golden syrup. The
fact that the water bath only came to round two thirds of the way up the
measuring cvlinder will not have an effect as the warmer syrup will fravel to
the top of the cvlinder meaning all the syrup will arrive at the required
temperature. The distances stated will be inaccurate as it is difficult to
measure on the cvlinder and difficult to get the pen to write once the surface
had become wet meaning the viscosity could appear to be higher or lower
than it actually is depending on whether the distance was shorter or longer
than that stated. Also the ball bearing was not dropped in at the same place
every time although the centre was aimed for, also it is hard to see if the ball
bearing travelled in a perfect straight line as air bubbles may aff ect the
direction slightly as the surface tension may force the ball bearing to travel
round rather than through the air bubbles. This increase in direction would be
highly difficult to measure as it would be so small but it would play a major
role and reduce the accuracy significantly by making the viscosity to appear
higher than it actually is due to the ball bearing travelling further than it has
been stated.

Conclusion:

As far as | know | have discovered the viscosity of syrup which is what | set out
to do. | have also seen how the temperature would affect this and as |
thought and increase in temperature will lower the viscosity. This is due to the
bonds in the syrup being weaker as there is more energy in the syrup due to
more heat these weaker bonds allow the ball bearings to flow more freely
through the syrup. The relatively high errors are due to the investigation being
rather inaccurate due to the reasons discussed above.






