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I. INTRODUCTION

Lubricating oil is liquid lubricant whose main func-
tion is to prevent friction, wear and surface damage
in machinery system, such as gears and bearings.
Lubricating oil also serves to prevent corrosion,  trans-
fer heat, and disperse dirt or wear particles (Free-
man, 1962; O’Connor and Boyd, 1968; Fein, 1992;
Booser, 1996; and Wartawan, 1998). Lubricating oils
used by consumers are produced from base oil and
additives about 5-30 % by weight (Srinivasan, et al.,
2007). Olefin copolymers (OCPs) are additive hav-
ing a large concentration used as viscosity index im-
prover in lubricating oil formula. Lubricating oil pro-
duction is carried out by several stages of estimation
and formulation in laboratory scale, followed by com-
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mercial-scale production. Estimation and formulation
are important steps to ensure product quality in ac-
cordance with the quality specifications. Kinematic
viscosity is the most important parameter in estima-
tion and formulation step. The presence of OCPs as
additive which exhibit strong non-Newtonian and
thickening effect properties causes a large deviation
in this step.

Several equations have been proposed to facili-
tate viscosity estimation of multi-component mixtures,
such as Rahmes and Nelson (1948), Sovilj (1995),
Dias, R.M. et al. (1996), Valeri D. and Meirelles
(1997), Abu-Eishah (1999) and Bair, S. et al., (2001).
The equation proposed by J. de Guzman in 1913
showing the correlation of viscosity and temperature,
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2. Specific Constant Calculation for OCPs

The presences of OCPs which exhibits strong
non-Newtonian properties change the components
interaction on the mixtures. Correction of the recip-
rocal-gradient and intercept for liquid-binary mixture
of base oil with OCPs are performed using known
specific constant of the base oil (a = 1). Analysis and

evaluation are conducted to 64 data from 32 samples
of liquid-binary mixtures.  The result shows that the
development of Wright’s method by adding a spe-
cific constants (a), as shown in Eq. 15 and Eq. 16,
can minimize the deviation values of the reciprocal-
gradient and intercept correction (Figgure 4 and Fig-
ure 5). The accuracy improves and it is indicated by

Figure 4
Reciprocal-gradient for liquid-binary mixture of Base oil - OCPs.

(source: Author’s data evaluation)
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the lower values of %AAD of reciprocal-gradient
and intercept correction to 0.6822% and 0.0546%
respectively. These values are lower than those de-
rived from Wright’s method (4.6741% and 0.3031%).

The empirical data also indicate that interaction
parameters of OCPs in liquid-binary mixtures are de-

pended on kinematic viscosity of base oils to be
blended. Both of spe αi and αc)  tend to rise with
kinematic viscosity of base oil (Figure 6). Based on
these results, a simple correlation could be formu-
lated between specific constant and the average ki-
nematic viscosity at two measured temperatures, as
follow:

Figure 5
Intercept correction for liquid-binary mixture of Base oil - OCPs.

(source: Author’s data evaluation)
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848.01005.9 4 += −
BOi xx υα           ........ (19)

987.01026.1 4 += −
BOi xx υα ........ (20)

where, vBO is average kinematic viscosity of base oil
at two measured temperatures.

B. Validation of New Equation

Validation is conducted  to determine the accu-
racy of new equation in kinematic viscosity predic-
tion of 24 liquid-binary mixtures of base oils – OCPs,
measured at 40oC and 100oC. Based on the above
results, kinematic viscosity of liquid-binary mixtures
of base oil-OCPs can be estimated using Eq.17.
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Figure 7
Kinematic viscosity of base oil-OCPs liquid-binary mixtures at 40oC.

(source: Author’s data evaluation)

Figure 6
Correlation of specific constants with average

kinematic viscosity of base oil
(source: Author’s data evaluation)
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with specific constant parameters as follow:

ai [Base oil] = 1

987.01026.1

848.01005.9][
4
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Kinematic viscosity is calculated from dimension-
less number (WB) in Eq. 6 for Wright’s method and
Eq. 17 for Developed-Wright’s method, proceeded
with Eq. 7 to Eq. 9. The result shows that the new
method has higher accuracy than the previous (Fig-

ure 7 and Figure 8). The addition of specific con-
stants parameter (á) minimizes the deviations of es-
timated values. The average deviation of Developed-
Wright’s method at 40oC and 100oC becomes 2.056%
and 1.917% respectively, lower than Wright’s method
which are 8.341% and 14.696%, meanwhile the maxi-
mum deviation reaches 5.821 % and 4.657%, lower
than Wright’s method, which are 21.256% and
25.265% respectively (Table 1). These values indi-
cate that the proposed equation has better accuracy.

Figure 8
Kinematic viscosity of base oil-OCPs liquid-binary mixtures at 100oC

(source: Author’s data evaluation)
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V. CONCLUSION

Development of Wright’s method to estimate ki-
nematic viscosity of liquid-binary mixtures involving
strong non-Newtonian fluids can be done by adding
specific constants (αi and αc) to the equations. These
specific constants indicate the interaction of fluid in
the mixtures. The results show that the addition of
those constants could minimize the deviations of esti-
mated values. Development of Wright’s method re-
sults in the specific constants for base oils, OCPs,

and their combination respectively, αi [Base oil] = 1;
and αc = 1.26 x 10-4 x νBO + 0.987.  The average
deviation on kinematic viscosity estimation at 40 oC
and 100oC becomes 2.056 % and 1.917% respec-
tively, lower than Wright’s method which are 8.341%
and 14.696%, while the maximum deviation reaches
5.821% and 4.657%, lower than Wright’s method
which are 21.256 % and 25.265% respectively (Table
1). These values indicate that the proposed equation
has better accuracy.

Developed Developed

Wright Wright
1. 0.050 8.227 0.959 11.987 0.654
2. 0.100 13.515 0.161 14.579 2.492
3. 0.150 16.969 0.562 19.470 0.585
4. 0.200 19.071 0.816 22.905 1.002
5. 0.251 20.386 0.771 25.265 2.139
6. 0.300 21.256 0.608 25.184 0.708
7. 0.050 4.758 0.624 7.329 2.275
8. 0.100 7.046 1.409 15.362 1.876
9. 0.150 8.052 2.414 15.292 1.340

10. 0.200 9.288 2.530 17.595 0.702
11. 0.260 9.153 4.029 17.080 3.012
12. 0.301 10.122 3.690 18.314 2.236
13. 0.050 0.795 0.078 8.538 2.631
14. 0.100 1.043 0.341 8.577 0.317
15. 0.150 1.525 0.190 10.449 0.031
16. 0.203 1.341 0.593 10.104 1.553
17. 0.250 1.372 0.750 10.851 1.306
18. 0.300 1.199 1.195 11.232 1.230
19. 0.050 3.727 2.371 6.482 3.146
20. 0.104 5.710 4.142 11.010 3.466
21. 0.162 7.598 4.825 14.449 3.168
22. 0.200 8.544 5.055 16.057 2.906
23. 0.250 9.439 5.406 17.659 2.574
24. 0.300 10.052 5.821 16.925 4.657

8.341 2.056 14.696 1.917
21.256 5.821 25.265 4.657

(source: Author’s data evaluation )

 Average Absolute Deviation [%AAD]
 Maximum Deviation [% AD]

B.1

B.2

B.3

B.4

No Base Oil 
Type

OCPs
% AD

Data measured at 40oC Data measured at 100oC

[weight fraction] Wright Wright

Table 1
Comparation of Wright’s Method and Developed Wright’s Method

on Kinematic Viscosity Estimation
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