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Abstract 
Viscosity is an important property to known in energy engineering. Most lubricants are named 

after a ranking system that is directly related to how viscous that sample is. In addition to this, 

liquid fuels that are too viscous cannot achieve proper combustion in engines. In this report, a 

sample of baby oil was tested using Saybolt Universal viscometry to illustrate how increases in 

temperature correlate with a decrease in viscosity. This correlation was used to determine that 

diesel fuel, with a kinematic viscosity of 4.09 ± 0.7 mm2/s and a dynamic viscosity of 3.35 ± 0.06 

mPa*s at 76°F would make a more acceptable fuel source in colder climates than biodiesel with a 

kinematic viscosity of 15.63 ± 2.41 mm2/s and a dynamic viscosity of 14.69 ± 2.26 mPa*s. These 

values were determined using calibrated glass capillary viscometers.  Finally, samples of baby oil, 

glycerine, tomato ketchup, shampoo, vanilla yogurt, and yoghurt were tested using Bohlin 

viscometry to determine if they would make accurate models of Newtonian fluids at 20°C. It was 

show that all except the baby oil and the shampoo would be acceptable for Newtonian models of 

viscous fluids at these conditions. 

 

Introduction 
Viscosity is a measure of how a fluid resists flow.1 In energy engineering, this is a very useful 

property to know. Lubricating oils are often classified by an International Standards Organization 

Viscosity Grade (ISO-VG) number. This number is dependent upon a minimum and maximum 

viscosity requirement at a specific temperature. Viscosity is also used to determine the pour-point 

of a liquid. This is the temperature at which a liquid no longer flows freely.2 Therefore, the 

viscosity of a sample at varying temperatures can be used on its own to give an estimate on the 

effective temperature range in which a sample can be used as a liquid fuel. 

 

The viscosity of a sample of baby oil with known properties was tested using Saybolt Universal 

Viscometry to demonstrate how viscosity changes with varying temperatures. Viscosity data of a 

diesel fuel, a biodiesel fuel, and JP-900 jet fuel were tested using capillary viscometry. The diesel 
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and biodiesel data was compared to determine the benefits of each fuel. The JP-900 jet fuel was 

compared to standard JP-8 to determine the benefits and ranges of the sample. Data was also 

collected from glycerine, tomato ketchup, vanilla yogurt, yoghurt, shampoo, and baby oil using 

Bohlin Viscometry (a method of rotational viscometry). The data for these samples was used to 

determine whether or not they would make acceptable models of Newtonian fluids under the given 

conditions. 

 

Theory 
Viscosity is a measure of the frictional properties of a liquid that causes a resistance to the normal 

flow of that liquid.1 It is typically measured in one of two ways. These are dynamic (absolute) 

viscosity and kinematic viscosity. Dynamic viscosity (η) is defined as the ratio of shear stress (σ) 

of a fluid and the rate (v) at which the fluid is sheared across a certain length (x). This is represented 

in Equation 1.1,3 It is typically measured in poise (P) which is the force acting on an area to move 

it through a space between two surfaces at a given speed.4 Kinematic viscosity (ν) is defined as the 

ratio between the dynamic viscosity and the density of the fluid (ρ). This is represented in Equation 

2.3 It is typically measured in Stokes (St).4 Both of these properties are dependent upon 

temperature. 

 

  (1)  η = σ(x/v) 

  (2)  ν = η/ρ 

 

Diesel fuel was originally meant to be a transportation fuel that was a cheaper alternative to 

standard gasoline. Diesel typically has a higher thermal efficiency and lower CO2 emission that 

standard gasoline as well as higher NOx and particulate emissions.4 A standard diesel engine 

requires the fuel to be entered into a chamber as a liquid where it is vaporized by the high heat of 

compressed air. The vaporized fuel then ignites in the combustion chamber.4 Therefore, one of the 

key requirements in this process is that the diesel fuel is able to enter the heated chamber as a 

liquid. This requires acceptable flow through the fuel lines from the reservoir or tank to the engine. 

Unfortunately, due to the chemical nature of diesel as an impure mixture of hydrocarbons and 

paraffin the fuel only achieves a pour point at a relatively low temperature of 43°F.2,4,5 

 

Jet propellant 8 (JP-8) is currently the most popular jet fuel in use. Like diesel and other liquid 

fuels, it has optimal conditions under which it must operate. A standard jet engine aircraft operates 

from an altitude of 0 to 40,000 ft., with larger planes and military grade planes achieving even 

greater heights. As altitude increases, exterior temperature decreases. Because of this, jet fuel 

needs a much wider temperature range for operation. JP-8 has a freezing point of -52.6°F and a 

boiling point between 314°F and 572°F.6 This wide range of operation allows a plane to fly at high 

altitudes without the fuel solidifying. 

 

Saybolt Universal (SU) viscosity analysis of petroleum products is performed as per ASTM D88-

07. SU viscosity is the amount of time that it takes 60 mL of a sample to flow through a calibrated 

orifice. This is done at a predefined temperature and is reported as Saybolt Universal seconds 
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(SUS) at that temperature. The data is corrected using an orifice factor (F) depicted in Equation 3. 

This is calculated by dividing the certified viscosity of a standard fluid (V) by the efflux time at 

100°F and 122°F (t, in s). If the correction provides a result that is greater than 1.0%, the data is to 

be rejected. Results are reported to the nearest 0.10 s for values below 200 SUS or to the nearest 

second for those above 200 SUS.7 

 

  (3)  F = V/t 

 

Capillary viscometry was performed as per ASTM D445 and ASTM D446. This covers the 

determination of kinematic viscosity as well as the calculation of dynamic viscosity using 

calibrated glass capillary viscometers. The test is performed by measuring the amount of time it 

takes for a liquid to flow through the viscometer. It is calculated in Equation 4 where kinematic 

viscosity (ν) is in mm2/s, the calibration constant (C) is in mm2/s2, and the measure time of flow 

(t) is in s. Equation 5 gives the conversion to dynamic viscosity (η) in mPa*s where the kinematic 

viscosity from equation 4 is multiplied by the density of the fluid (ρ) in kg/m3 and at the same 

temperature as the tested sample. It is expected that each of the determinations are duplicated. 

Results are reported with four significant digits.3,8 

 

  (4)  ν = C*t 

  (5)  η = ν*ρ*10-3 

 

Rotational viscometry is an alternative test method that is more suited for samples that are strongly 

dependent upon the shear forces applied. It is also ideal for non-Newtonian fluids or more viscous 

fluids that are 20 to 100°C above their softening point. The procedure for determing the shear 

viscosity is performed as stated in ASTM D5018-89. Shear viscosity is defined as the ratio of shear 

stress to shear rate. These properties are measured within a unidirectional shear flow field. This 

test method uses a rotating plumb to provide a shear force on a sample at a controlled temperature. 

The viscosity is then determined as per the manufacturer’s instructions. Results are reported to the 

nearest cP or graphically in a plot of shear stress to shear rate.9  

 

 

Methods 
Three separate tests were performed. The first test used a Saybolt Universal viscometer to 

determine how the viscosity of baby oil changed with temperature. This was done following 

ASTM D88-07 standards. During one of the trials, one of the wells clogged, completely arresting 

the flow. The data for this trial was omitted and all following tests were performed using an 

adjacent well. A cellular phone was used to record the amount of time it took for the 60 mL of 

sample to flow through the instrument. The second test measured the viscosity of a sample of 

diesel, biodiesel, and JP-900 using capillary viscometry. This was done following ASTM D445-

09 standards. The viscometer for biodiesel was a size No. 500, a No. 350 for diesel, and a No. 100 

for JP-900. These followed the Cannon-Fenske sizing convention. A cellular phone was used at 

the stopwatch to time the fluid as it fell. The third test used Bohlin Viscometry to determine the 
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relationship between shear stress and shear rate of baby oil, glycerine, tomato ketchup, shampoo, 

vanilla yogurt, and yoghurt,  

 

Results and Discussion 
The use of the Saybolt Universal viscometer provided data for a sample of baby oil. This was 

performed twice at 70°F, three times at 100°F and two times at 130°F. The data for each 

determination was averaged to provide a final, unadjusted value of 127.3 ± 12 SUS at 70°F, 85.7 

± 3 SUS at 100°F, and 73.9 ± 1 SUS at 130°F. The data is unadjusted due to the lack of the orifice 

factor. The data clearly shows that as the temperature of the system increases, the viscosity of the 

sample decreases. This is to be expected due to the strong relationship between viscosity and 

temperature and is in accordance with other standard value. 

 

The capillary viscometry performed on the diesel and biodiesel were successful, however no data 

on the JP-100 was able to be collected. The diesel was tested at 76 ± 1°F in a Cannon No. 350 

viscometer which has a calibration constant of 0.5 mm2/s2. The efflux time was 8.17 ± 0.15s. This 

gives a kinematic viscosity of νD = 4.09 ± 0.7 mm2/s (calculation in Appendix 1). Dynamic 

viscosity, ηD is calculated using an assumed ρD,76 F = 820 kg/m3. This gives a value of ηD = 3.35 ± 

0.06 mPa*s. The biodiesel was tested at the same temperature in a Cannon No. 500 viscometer 

which has a calibration constant of 8 mm2/s2. The efflux time of biodiesel was 1.95 ± 0.3s. This 

gives a kinematic viscosity of νB = 15.63 ± 2.41 mm2/s. The dynamic viscosity of biodiesel, ηB is 

calculated using an assumed ρB,76 F = 940 kg/m3. This gives a value of ηB = 14.69 ± 2.26 mPa*s. 

Due to unexplained errors, the JP-900 was unable to flow through the viscometer. Three separate 

viscometers were attempted with no results being reported. However, the data for the diesel and 

biodiesel show that the diesel is much less viscous than the biodiesel. This shows that, while 

biodiesel may be more economic or environmentally friendly, it will most likely have a poorer 

performance in colder climates. Should biodiesel be pursued for a universal alternative to regular 

diesel fuel, it will need additives that reduce the pour-point. 

 

The Bohlin viscometry data returned the variations in shear rate (1/s) and shear stress (Pa) for each 

of the six tested substances. These values were plotted individually due to the significantly 

different scales of each sample. The results are shown in Figure 1. This figure shows that at an 

approximate temperature of 20°C, the glycerine, tomato ketchup, vanilla yogurt, and yoghurt all 

have fairly linear trends. This indicates that they behave as standard Newtonian fluids under these 

conditions. The baby oil was less linear, however the overall trend could be considered Newtonian. 

Shampoo was very obviously not a linear trend indicating that it may be experiencing a 

combination of shear thinning and shear thinning. This data shows that the fluids that behaved 

purely Newtonian would make acceptable models for other fluids of this type, such as the diesel 

and biodiesel fuels. 
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Figure 1: Graph of shear stress (Pa) vs shear rate (1/s) for (a.) baby oil at 22.3 ± 0.6°C, (b.) glycerine at 

22.9 ± 0.3°C, (c.) tomato ketchup at 19.9 ± 0.37°C, (d.) shampoo at 20.2 ±0.13°C (e.) vanilla yogurt at 22.0 

± 0.64°C, and (f.) yoghurt at 23.1 ± 0.37°C. 

 

Conclusions 
Three tests were conducted to first, illustrate the relationship between temperature changes and the 

changes in viscosity, second, to determine the kinematic and dynamic viscosities of three fuels and 

determine their comparative uses, and third, to analyze six fluids and determine if they would make 

acceptable models for Newtonian fluids at temperatures close to 20°C. The data for the first test 

clearly showed a correlation in which increasing temperature lead to a decrease in viscosity. This 

is confirmed with standard values of substances and various temperatures. The data for the second 

test showed that the kinematic viscosity of diesel is over one third that of biodiesel. Due to the 

a.      b. 

 

 

 

 

 

 

 

 

 

c.      d. 

 

 

 

 

 

 

 

 

 

 

e.      f. 



6 
 

correlation between viscosity and pour-points, it can be assumed that diesel will be more useful in 

colder climates. Biodiesel will need additives that reduce the pour-point to achieve similar results. 

The final test demonstrated that glycerin, tomato ketchup, vanilla yogurt, and yoghurt have the 

potential to accurately model Newtonian fluids at 20°C for instances of shear stress and viscosity. 

 

Errors appeared when attempting the Saybolt Universal viscometry. Multiple attempts at gathering 

data were made due to multiple wells clogging with gels. This instrument most likely needs 

cleaned as per ASTM D88 procedures. 

 

The JP-900 fuel was unable to flow through any of the three calibrated glass viscometers that were 

tested. This did not seem to be for any apparent reason. It is possible that the viscometers were 

improperly cleaned and had internal blockages. 

 

 

Appendix 
 

1. Sample calculation for Standard Deviation of νD: 

  

 Efflux time of diesel = 8.17 ± 0.15s 

  Max: 8.32s 

  Min: 8.02s 

 

  νD,max = 0.5 mm2/s2 * 8.32s = 4.01 mm2/s 

νD,min = 0.5 mm2/s2 * 8.02s = 4.16 mm2/s 

 

Average = 4.09 mm2/s 

STD = 0.07 mm2/s using Excel STDev.P function  
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