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ABSTRACT
Kinematic viscosity of biodiesel blends is investigated theoretically. We employed a new method to estimate the 
kinematic viscosity of biodiesel blends as a simultaneous function of temperature (T) and volume percent of 
blend components. The correlation parameters determined using the new method represent the rate of variation 
and behavior of kinematic viscosity with change in temperature and volume percent of blend. Different blend 
systems are considered to illustrate the prediction accuracy of the method. The detailed analysis of the estimated 
values and results revealed that the kinematic viscosity of biodiesel blends shows the characteristics temperature 
dependence of 1/T2 rather than 1/T.
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1. INTRODUCTION
Kinematic viscosity is one of the important physical 
properties of the fuel which influences the performance 
and efficiency of the engine. Viscosity affects the flow 
properties of the fuel which has the impact on the 
size of the droplets of the fuel during fuel injection. 
The higher viscosity forms the larger droplets lead 
to incomplete combustion of the fuel and exhaust 
emission become more. The biodiesel has slightly 
higher viscosity compared to the petroleum diesel. 
Therefore, the blend of biodiesel with petroleum 
diesel in different proportions is used in the internal 
combustion engines to keep the viscosity and other 
properties within the desired standards [1].

The kinematic viscosity of biodiesel blends is 
observed to vary with temperature and volume percent 
of the blend components. The knowledge of variation 
of viscosity with change in temperature and volume 
percent of blend components is the basic requirement 
to maintain the minimum standards of the fuel. It aids 
to the improvization in engineering of combustion and 
transport models associated with the fuels [2]. The study 
of variation of viscosity is helpful in understanding 
the basic physics behind the molecular interactions 
and momentum transfer in different fluid systems. 
There exist few models for the prediction of kinematic 
viscosity of biodiesel blends [2-7]. The models require 
critical properties of blend components, and they use 
parameter adjusted to experimental data. They demand 

number of experimental data for determination of 
adjustable parameters. The logarithmic Arrhenius 
model modified by Grunberg-Nissan Equation (3) is 
one of the widely used models to estimate the viscosity 
of blends at a constant temperature.

In this work, we propose two models to predict 
the kinematic viscosity of biodiesel blends as a 
function of temperature and volume percent of 
blends. The models require only kinematic viscosity 
of blend components in their pure form at any two 
temperatures. It avoids often employed regression 
fitting method. The variation of kinematic viscosities 
of two biodiesel binary blends is studied using the 
proposed models, and the prediction accuracy is 
analyzed statistically.

2. THEORY
In this section, we present two new models to 
predict the kinematic viscosity with temperature 
and volume percent of blend as two parameters. 
These models are developed by combining the 
Grunberg-Nissan equation and empirical equations 
which simultaneously relate the viscosity with 
temperature and blend volume percent. The widely 
used Grunberg-Nissan Equation  (3) to predict the 
kinematic viscosity of biodiesel blends at a fixed 
temperature can be expressed in terms of volume 
fractions of the blend components. The expression for 
logarithmic kinematic viscosity is given by,
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ln µ = ν1 ln µ1 + ν2 ln µ2� (1)

Where, ν1 and ν2, and µ1, and µ2 are volume fractions, 
and kinematic viscosities of components 1 and 2 in their 
pure form, respectively. Nogueira et al. [7] presented 
an empirical equation for kinematic viscosity as a 
function of temperature and mass fractions of blend. 
To develop the new models instead of mass fractions, 
we used volume percent. Then empirical equations 
become,
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Here, T is absolute temperature, V is volume percent 
of blend component, A, B and C are correlation 
parameters.

2.1. Development of the Models
The kinematic viscosity of binary biodiesel blends 
is calculated using Equation (1) by picking the 
kinematic viscosity data of pure blend components 
at any two temperatures. The volume fractions are 
chosen arbitrarily to obtain four viscosity values by 
taking the combination two temperatures and two 
volume fractions. These estimated viscosity values are 
expressed in the form of Equations (2) and (3).
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Where, μxy is viscosity of blend at temperature, 
Tx and volume percent Vy. Equations (4) and  (5) 
produce two set of four correlations. Using 
these correlations, the correlation parameters 
are calculated and used to estimate the kinematic 
viscosity of biodiesel blends.

2.2. Statistical Analysis
To check the validity and to compare the reliability of 
the models, the standard estimate of error (SEE) and 
absolute average deviation (AAD) are determined. 
The expressions for SEE and AAD are as follows:
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Where, Xi and Yi are experimental and predicted 
values, n is number of data points used in the study and 
p is the number of parameters in the equation. Lower 
values of SEE and AAD indicate the better accuracy in 
the prediction model.

3. RESULTS AND DISCUSSION
We have studied the variation of kinematic viscosity 
of four biodiesel binary blend systems employing new 
models. Table 1 shows the experimentally measured 
data of kinematic viscosity of blend components at two 
different temperatures are tacked out from the literature 
for determination of correlation parameters and are 
used to predict the kinematic viscosity of biodiesel 
blends as a simultaneous function of temperature and 
volume percent of blend. The correlation parameters 
signify the rate of variation of viscosity of blends with 
change in temperature and volume percent of biodiesel 
in the blend. (Figure 1)

Table 2 shows the correlation parameters determined 
using the proposed models. These correlation 
parameters represent the rate of change of kinematic 
viscosity of biodiesel blends. A  higher value of B 
and C signify the higher rate of variation of kinematic 
viscosity with respect to change of temperature 
and volume percent of blend, respectively. The 
comparison between two blend systems shows that 
the vegetable oil biodiesel undergoes a higher rate 
of decrease in viscosity with a small increase in 
temperature. The increase in temperature increases the 
kinetic energy of the molecules and the momentum 
transfer between molecules dominates over the 
intermolecular attraction. Therefore, the kinematic 
viscosity decreases. The addition of vegetable oil 
biodiesel to the blend increases the viscosity by higher 
rate compared to the soybean biodiesel. The low SEE 
and AAD values support the prediction capability 
of the models. The careful analysis of the SEE and 

Table 1: The kinematic viscosity data tacked out 
from the literature.

Blend components Kinematic viscosity of blend 
components (mm2.s−1)

T1=293.15 K T2=373.15 K
Vegetable oil biodiesel [5] 12.32 2.35
ULSD [5] 4.19 1.14
Soybean biodiesel [7] 6.4872 1.9471
Diesel [7] 3.8433 0.9207
ULSD=Ultra low sulfur diesel
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AAD indicates that the viscosity variation depends 
on 1/T2 rather than 1/T. The dependence of viscosity 
on temperature varies with nature of the molecules of 
the fluid. The characteristic temperature dependence 
of kinematic viscosity is 1/T2 for biodiesels which 
contain long chain fatty acids of methyl and ethyl 
esters. The similar results were obtained from the 
experimental measurements by several researchers 
related to the temperature dependency of kinematic 
viscosity of biodiesel.

4. CONCLUSION
We proposed two new models to estimate the 
kinematic viscosity of binary biodiesel blends as a 
simultaneous function of temperature and volume 
percent of blend. The correlation parameters 
determined using the proposed models represent 
the rate of variation of viscosity with change in 
temperature and volume percent of the blends. The 
vegetable oil biodiesel blend shows a higher rate of 
variation of kinematic viscosity compared to other. 
The low values of SEE and AAD for both models 
indicate the accuracy in prediction of kinematic 
viscosity. The characteristic dependence of kinematic 
viscosity of biodiesel blends is 1/T2.
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Figure 1: The variation of kinematic viscosity as a function of temperature and blend percent. The comparison 
of experimental data with predicted values by Equations (4) and (5), (a) Vegetable oil biodiesel + ultra-low sulfur 
diesel, (b) soybean biodiesel + diesel.
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