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Abstract- The variation of the dynamic viscosity with temperature of five brands of SAE 20w-50 engine oils in Nigeria has 
been investigated. The brands are A-Z, AMMASCO, Mobil, Expresso, and Oando. Essentially, the viscosity was measured 
by means of Brookfield viscometer at the temperatures of 0 oC, 10 oC,   40 oC, 7 0 oC and 10 0 oC. The dynamic viscosity 
was found to non-linearly  decrease with increase in temperature.  The highest viscosity of 395.6 cP was measured at 0 oC, 
while the lowest of 43.2 cP was recorded at 100 oC . Also, each brand exhibit a unique peculiarity in the manner it.s viscosity 
changes with temperature. 
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I. INTRODUCTION 
 
1.1 Concepts of Viscosity 
The behavior of a fluid in flow is very much related 
to two intrinsic properties of the fluid: density and 
viscosity. For example, a solid body moving through 
a gas has to overcome a certain resistance which 
depends on the relative velocity between fluid and 
solid, the shape of the solid, the density of the gas and 
its viscosity. The power required to move a fluid 
through a conduit is a function of the fluid velocity, 
the diameter of the conduit and the fluid density and 
viscosity. 
The existence and nature of viscosity can be 
demonstrated by suspending two horizontal, parallel 
plates in a liquid so that they are separated by a very 
small distance, Y. Now, if the upper plate is kept 
stationary while the lower plate is set to motion with 
a velocity uo, the layer of liquid right next to this 
plate will also start to move. With time, the motion of 
the bottom layer of fluid will cause the fluid layers 
higher up to also move. 
When steady-state conditions are established, and 
considering laminar flow, the velocity of the 
uppermost layer, which is in contact with the 
stationary plate, will also be zero, while the bottom 
layer, in contact with the moving plate, will be 
moving with velocity uo [1]. If we measure the 
velocity distribution across the intermediate fluid 
layers, we find that velocity changes linearly with 
distance y from the stationary plate[2]: 
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were  y is the distance from the upper stationary 
plate. Let us assume that we can measure, e.g. by 
means of a calibrated spring or transducer, the 
horizontal force -Fx, which must be applied, in the 
opposite direction to uo , to maintain the upper plate 
at rest; if we divide this force by the surface area of 
the plate, A, we find that this ratio, called the shear 
stress, is proportional to the velocity of the lower 

plate, uo , and inversely proportional to the distance 
Y between the two plates: 
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As shown in (2), the proportionality constant between 
shear stress and the velocity gradient uo/Y is called 
the dynamic viscosity ( or absolute viscosity ) of the 
liquid, µ. Since, at steady state conditions, the 
velocity profile between the two plates is linear[1], 
every infinitesimal segment of the line is represented 
by the same relationship. Therefore, (2) can be 
expressed in differential form: 
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The first subscript of the shear stress denotes the area 
on which the shear stress acts (here, an area 
perpendicular to the y-axis and at distance y from the 
origin); the second subscript represents the direction 
in which the shear stress acts (here, in the direction of 
velocity, x). The negative sign expresses the fact that 
the shear stress is applied from a region of higher 
velocity to a lower one 
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Equation (3) is called the Newton's law of viscosity 
and states that the shear stress between adjacent fluid 
layers is proportional to the negative value of the 
velocity gradient between the two layers. 
If we now divide and multiply the second term of (3) 
by the fluid density, we obtain: 
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and for incompressible flow 

,
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which expresses the fact that the momentum flux is 
proportional to the negative value of the gradient of 
mass flux. 
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In  equations (4) and (5), we have introduced a new 
term, the ratio of fluid viscosity to density, μ/ρ. This 
ratio is called the kinematic viscosity of a fluid, v, 
and has the dimensions of L2t-1. Both thermal 
diffusivity and molecular diffusivity have same 
dimensions as the kinematic viscosity[3].  Therefore, 
by analogy, the kinematic viscosity is also referred to 
as the momentum diffusivity of the fluid, i.e. the 
ability of the fluid to transport momentum. 
The above discussion was based on unidirectional 
flow. However, it also applies for the general case of  
flow in all three directions, x, y, and z, as 

y,x y,z , , , ,τ   τ    τ      τ      τ      τ .x y x z z x z y  

The stresses are called shear or tangential stresses. 
The stresses  

, , ,, , an d   x x y y z z    are called 

normal stresses and can be either compressive (+) or 
tensile (-). 
By substituting the dimensions of force, area, length 
and velocity in  (3) we find that the dimensions of 
viscosity are M L-1 t-1. In the metric system, the unit 
of viscosity is the Poise (1 P = 1 g cm-1 s-1), which is 
subdivided to 100 centipoise (cP). In the SI system, 
viscosity is expressed in kg m-1 s-1; however, 
sometimes viscosity values are shown in terms of the 
equivalent units of N m-2 s  or Pa s. 
Fluids  obeying  (3) i.e. those whose plot of  shear 

strain,   against shear strain,  x
d u

d y
 is  a 

straight line passing through the origin, are  called 
Newtonian fluids. Examples of Newtonian fluids 
include water, simple alcohols, and simple organic 
solvents. The viscosity of Newtonian fluids is 
affected by temperature, pressure, and, in the case of 
solutions and mixtures, by composition[4]. Models for 
predicting liquid viscosities are much less developed 
than for gases and their use is limited to a qualitative 
description of observed behaviour. The behavior of 
liquids is markedly different from gases in that the 
viscosity decreases with increasing temperature; the 
relationship can be expressed in the form of an 
Arrhenius-type equation[5] 

,o R T
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    (6) 

where µo is the  viscosity at some reference 
temperature and  Eµ is the temperature coefficient for 
viscosity. 
Many substances of industrial significance, especially 
of multi-phase nature (foams, emulsions, dispersions 
and suspensions, slurries, for instance) and polymeric 
melts and solutions (both natural and man made) do 
not conform to the Newtonian postulate of the linear 
relationship between shear stress and shear strain in 
simple shear, for instance. Accordingly, these fluids 
are variously known as non-Newtonian, non-linear, 
complex, or rheologically complex fluids. Indeed so 
widespread is the non-Newtonian fluid behaviour in 

nature and in technology that it would be no 
exaggeration to say that the Newtonian fluid 
behaviour is an exception rather than the rule![6]. 
 
1.2 Viscosity of Engine Oil 
Viscosity is a physical property of engine oil   that 
reflects it’s tendency to flow. We commonly refer to 
high viscosity fluids as being “thick” and low 
viscosity fluids as being “thin”.  It is the single most 
critical physical property of the oil as it affects both 
the wear rate and the fuel efficiency[7].  Changes in 
viscosity affect the ability of the oil to lubricate and 
protect the moving parts of an internal combustion 
engine. If the oil is too thin the oil pump cannot 
maintain enough pressure to circulate it and the oil 
will not withstand the forces that form between 
moving parts. The metal parts will rub against each 
other and wear out or fail prematurely from lack of 
proper lubrication. Conversely, if the oil is too thick 
the oil pump will again have problems circulating the 
oil and it will be too thick to penetrate into the tiny 
openings between moving parts. The result is the 
same – premature wear and failure. So it’s important 
that the viscosity of a motor oil be a proper balance 
between too thin and too thick. 
Engine oil can be broadly classified into four basic 
types[8] —synthetic oil, synthetic blends, high 
mileage oil and conventional oil. Synthetic motor oil 
is a laboratory synthesis of precisely controlled 
ingredients created by oil engineers, scientists and 
chemists. When combined with a high-performance 
additive package, this results in an oil with the 
highest levels of lubrication and engine protection, 
generally offering better protection at start up, better 
cleansing qualities, enhanced durability and better 
protection against heat build up. Synthetic blend 
motor oils use a mixture of synthetic and 
conventional base oils for added resistance to 
oxidation (compared to conventional oil) and to 
provide excellent low-temperature properties and are 
recommended  for cars, trucks, vans and SUVs that 
regularly carry heavy loads, tow trailers and/or 
operate frequently at high RPMs. High-mileage 
motor oil is specially blended for older vehicles, or 
 vehicles with higher mileage. Typically, 75,000 
miles (120,000 kilometers) is the figure used 
regarding high mileage oil. Some high mileage, high-
performance cars, however, will be better served by 
continuing to use a  synthetic motor oil. That said, a 
special high mileage motor oil blend, with its unique 
additives and viscosity, helps reduce oil burn-off, 
helps in sealing oil leaks and helps improve 
combustion chamber sealing to help restore engine 
compression. It all adds up to enhanced performance 
in older engines. Conventional motor oil is what its 
name implies—it uses base oils enhanced in the 
blending process with chemical additives to help 
meet the manufacturer's desired levels of heat 
tolerance, breakdown resistance and viscosity. 
Conventional motor oil can be had in a range of 
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viscosity grades and quality levels, from adequate to 
an extensively designed, high-quality lubricant. 
Conventional motor oil is recommended for drivers 
with low-mileage, late-model cars whose driving 
habits can be described as routine—commuting, 
running errands, vacation driving at relaxed cruising 
speeds. 
The viscosity of Lubricants are rated/graded  by 
authorised bodies such as the International 
Organisation for Standardisation (ISO), American 
Gear Manufacturer Association (AGMA), Society of 
Automotive Engineers (SAE) etc.. We shall briefly 
describe the SAE grading of engine oil viscosity.  

Table 1 SAE Engine Oil Viscosity Grades[9] 

 
 
The Society of Automotive Engineers (SAE) 
developed a scale for both engine and transmission 
oils.  The measurement is undertaken in a laboratory 
in accordance with standard procedures. The SAE 

grading of engine oils has been described in many 
places, such as  referances[9, 10].  W is Winter and oils 
with the W must meet the requirements of the Cold 
Cranking and Cold Pumping criteria. Table 1 shows 
the SAE’s grades of engine oils. When you see 
a W on a viscosity rating it means that this oil 
viscosity has been tested at a Colder temperature. The 
numbers without the W are all tested at 210° F or 
100° C which is considered an approximation of 
engine operating temperature. In other words, a SAE 
30 motor oil is the same viscosity as a SAE 10W-30 
or SAE 5W-30 at 210° (100° C). The difference is 
when the viscosity is tested at a much colder 
temperature. For example, a 5W-30 motor oil 
performs like a SAE 5 motor oil would perform at the 
cold temperature specified, but still has the SAE 30 
viscosity at 210° F (100° C) which is engine 
operating temperature. This allows the engine to get 
quick oil flow when it is started cold verses dry 
running until lubricant either  warms up sufficiently 
or is finally forced through the engine oil system. The 
advantages of a low W viscosity number is obvious. 
The quicker the oil flows cold, the less dry running. 
Less dry running means much less engine wear. 
 
1.3 Highlight on this Work and Some Recent 
Works on Nigerian Engine Oil. 
The majority of reported works on Nigerian Engine 
Oil are on spent oil. Yahaya and Diso[11] investigated 
the thermophysical properties of Nigerian used 
engine oil, while Victor and Sadiq[12] studied the 
effect of spent engine oil in the growth parameters of 
chlorophyll and protein levels of Anaranthus 
Hydrides. The vast majority of reported works in this 
catergory are focused on the recycling of spent engine 
oil[13,14,15,16,17,18]. 
Udegbara et.al[19] and Obasi et. al[20] examined the 
effect of additives of blended oils on the metal 
content and VI and performance respectively. A 
simulation of the viscosity of different Nigerian crude 
fuel oil was undertaken by Abdulkareem and 
Kovo[21].  
In Nigeria, there are many companies that produce 
various brands of engine oil, each company claiming 
being more superior or more advantageous over their 
competitor’s product. For example, Mobil claims that 
it’s SAE 20w-50 has greater power output, while 
Oando  says it’s SAE 20w-50 is of higher quality. In 
the same vein A-Z,  AMMASCO and Expresso  
companies will like their customers to belive that 
there respective brand of SAE  20w-50 engine oil  is 
multigrade and superior. Undoubtly, viscosity is 
engines oil’s most important property[7], 
unfortunately, there are very (few if any) reported 
measurement of engine oil viscosity under typical 
engine’s temperature. Thus there is the need for an 
independent ( i.e. other than the manufacturer )  
measurement of viscosity of Nigerian engine in order 
to evaluate the manufacturer’s claim. This is what 
this was determined to accomplish. 
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II. MATERIAL AND METHOD 
 
2.1 Material.  The important material used in this 
work include the following. 

i. BROOKFIELD DV-E (RV) Viscometer 
version 1.00, 

ii. Heating mantle, 
iii. Refrigerator, 
iv. Mobil SAE 20w-50 engine oil,  
v. Oando SAE 20w-50 engine oil, 

vi. AMMASCO SAE 20w-50 engine oil, 
vii. Expresso SAE 20w-50 engine oil, and 

viii. A-Z SAE 20w-50 engine oil. 
 
2.2 How to Operate the Viscometer 
i. Mount the guardleg on the viscometer (ensuring 

that the motor was off before the spindle is 
attached). Select a spindle and attach it to the 
lower shaft. Lift shaft slightly, holding it firmly 
with one and while srewing the spindle on with 
the other hand. 

ii. Insert and center the spindle  in the sample 
(whose viscosity is to be measured ) until the 
fluid’s level is at the immersion groove on the 
spindle’s shaft. 

iii. Select a speed for the spindle. 
iv. Switch the motor on and wait for the reading to 

stabilize. 
 
2.3 Procedure 
Each of the SAE 20w-50 engine oils was poured into 
a 500 ml beaker until it is full. These beakers were 
labelled as SAMPLE QC, SAMPLE AA, SAMPLE 
VC, SAMPLE QQ and SAMPLE HB. The labelling 
is not  in the order the engine oils were listed in 2.1 
nor in the alphabetical order of the manufacturer’s 
name. 
The viscosity of each sample was measured three 
times at each of the temperatures 0 oC, 10 oC, 40 oC, 
70 oC and 100  oC. The viscosity for each oil at a 
given temperature was then calculated. Obviously, 
each of the above temperature was arrived either by 
cooling or heating the samples. 
 
III. RESULT AND DISCUSSION 
 

Table 2. Measured Dynamic Viscosity ( in cP)  at Various 
Temperatures 

 
 

The measured viscosities are given in Table 2.  
Generally, the viscosity falls with temperature in a 
non-linear manner. The plot of dynamic viscosity 
versus temperature is given in Figure 1.  It can be 

seen (from Figure 1) that the rate of fall of viscosity 
with increase in temperature is very high at low 
temperatures (0 oC – 25 oC) but reduces drastically at 
intermediate temperatures  (25 oC – 45 oC)  and the 
rises a bit at high temperatures (45 oC – 100 oC).  
Despite this general trend in the variation of viscosity 
of the investigated engine oils, each brand has it’s 
own peculiarities. Table 3 shows the rates in these 
temperature ranges. The peculiarity  in the variation 
of viscosity with temperature of each sample is 
illustrated by Figure 1 and Table 3. Sample AA is 
unique in the sense that it’s rate of change of is non-
linear in the range of  0 oC – 100 oC. Sample QQ has 
the largest range, 20 oC – 100 oC of linear variation, 
while the viscosity od sample QC is practically 
constant in the range 20 oC – 40 oC.  The percularity 
of samples VC and HB is that the rate of variation of 
their viscosity is linear in the range 15 oC – 70 oC and 
50 oC – 100 oC respectively. 

 
Figure 1. Variation of Dynamic Viscosity with Temperature. 

 
Table 3. Average Rate of Variation of Dynamic Viscosity with 

Temperature ( cP/ oC ) 

 
 

 
Figure 2. Variation of Kinematic Viscosity with Temperature 

of Some Engine Oils. Reproduced from JC Motors[22]. 
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In some quarters[22, 23],  the viscosity of engine oil 
(especially the more commonly measured kinematic) 
is  shown, by considering only two temperatures of 
40 oC and  100 oC, to vary linearly with temperature. 
This is misleading. 
The measured viscosities of all the engine oils are 
high at 0oC. Sample AA has the highest of 395 cP,  
followed by sample VC with 330.0 cP, which in turn 
is closely followed by sample  HB (328.4 cP). 
Sample QC has a viscosity of 226.6 cP, while sample 
QQ has the lowest viscosity of 215.9 cP. In principle 
such a high viscosity has the undesirable effects of  
excessive heat generation resulting in oil oxidation, 
sludge and varnish build-up, gaseous cavitation due 
to inadequate oil flow to pumps and bearings, 
lubrication starvation due to inadequate oil flow, oil 
whip in journal bearings, excess energy consumption 
to over- come fluid friction, poor air detrainment or 
demulsibility, and  poor cold-start pumpability [7, 9, 23].  
However, this high viscosity does not poster any 
practical problem in Nigeria because temperatures are 
always above 20 oC. 
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