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ABSTRACT 

Viscosity is a key fuel property because it affects atomization quality, size of fuel droplets, jet penetration length 

and hence engine performance, combustion characteristics and exhaust emissions in internal combustion engines. 

Researches about the usage of biodiesel-diesel fuel blends in diesel engines have been still continued in the 

literature. Therefore, developing reliable models to predict viscosities of biodiesel-diesel fuel blends is helpful to 

(1) know whether the blends meet standard specifications for diesel fuels or not (2) simulate injection and 

combustion processes in any engine modeling study. In this context, in this study, first, sunflower biodiesel was 

produced, and mixed with commercially available diesel fuel at the different volume ratios of 5, 10, 15, 20, 50 and 

75%. The densities and kinematic viscosities of the prepared blends were measured in accordance with ISO 4787 

and  DIN 53015 standards, respectively. Finally, the logarithmic and rational models were derived to estimate 

viscosities of sunflower biodiesel, diesel fuel and their blends. 
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INTRODUCTION 

In recent years, dwindling known reserves of fossil fuels, their associated environmental problems, and 

global warming have become major issues in the word [1,2]. Researchers think that the use of renewable biomass 

fuels such as vegetable oils, biodiesel and ethanol etc. can help resolve such issues [2]. Among these fuels, 

biodiesel offers a number of important technical advantages over conventional diesel fuel including lower toxicity, 

negligible sulfur content and aromatics, derivation from a renewable and domestic feedstock, superior flash point 

and biodegradability, higher lubricity and cetane number and lower exhaust emissions [3-6]. However, important 

disadvantages of biodiesel include higher feedstock cost, viscosity and generally NOx emissions, inferior storage 

and oxidative stability, lower volumetric energy content and inferior low-temperature operability [3,7,8]. 

Transesterification is one of the accepted processes to produce biodiesel, and the process involves a 

reaction between ester (here triglyceride) and alcohol in the presence of eligible catalysts to form new ester 

(biodiesel) and alcohol (glycerol) [9]. In other words, transesterification is a chemical process of changing 

triglycerides with alcohols into alkyl-ester and glycerol in the presence of homogeneous (alkalis and sulfuric acids) 

or heterogeneous catalysts (metal oxides) [10,11]. Different types of alcohols such as, methanol, ethanol, propanol 

and butanol have been used in transesterification [9,12]. Higher chain alcohols such as propanol and butanol result 

in production of biodiesel with higher viscosity and increased production cost [10]. On the other hand, methanol 

and ethanol are the most widely used, particularly methanol owing to its low price and availability [9, 13]. Fig. 1 
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shows transesterification reaction with methanol to produce fatty acid methyl ester (FAME or biodiesel) and 

glycerol [10]. 

 
Figure 1. Transesterification of vegetable oil with methanol [10]. 

 

Viscosity is one of the most important fuel properties; modern diesel engines have fuel-injection systems 

that are sensitive to viscosity changes [14]. High viscosity leads to choking of the injectors, ring carbonization, 

larger droplets and poor atomization [14,15]. Moreover, viscosity affects fuel lubricating capacity, ensuring fuel 

pumps and injectors’ lubrication [16].  

Because biodiesel can be easily mixed with diesel fuel at any proportional, researchers have often 

investigated the usage of their blends in diesel engines in the literature. They can easily comment about engine 

performances, combustion characteristics and exhaust emissions results when important fuel properties (such as 

density, viscosity, higher heating value, cetane number etc.) of their blends are known [17]. Additionally, some of 

these properties are required as input data for predictive and diagnostic engine combustion models [18]. In this 

context, an a priori prediction of blend properties with regression models have emerged when measuring 

difficulties for each blending ratio and/or temperature at every turn are taken into account. Although several models 

have been proposed to estimate these properties in the literature [14,15,17,18,20-23], there will be always needed 

for new models having higher accuracy for different biodiesel-diesel fuel blends. Therefore, in this study, (1) 

sunflower biodiesel was synthesized by means of transesterification, (2) the produced biodiesel was blended with 

commercially available diesel fuel at the volume ratios of 5, 10, 15, 20, 50 and 75% which are called as B5, B10, 

B15, B20, B50 and B75 as usual, (3) densities and kinematic viscosities of each blend were measured at 10℃, 20 

℃, 30℃, 40℃, 50℃ and 60℃ by following international ISO 4787 and DIN 53015 standards, and (4) the two-

term rational and three-term logarithmic models were derived to characterize viscosity-temperature and viscosity-

biodiesel fraction variations. 

 

MATERIALS AND METHODS 

Biodiesel Production 

Transesterification reaction was performed using 99% purity methanol, potassium hydroxide and 

anhydrous sodium sulphate purchased from Merck. Reaction parameters were selected as follows according to 

[24]: 1.00% catalyst concentration, 40℃  reaction temperature, 180 minutes reaction time and 6:1 alcohol/oil molar 

ratio. 

 

Density Measurement 

The densities of pure fuels (diesel and produced biodiesel) and blends were determined by means of 

pycnometer in accordance with ISO 4787 standard. Details of the measurements were given in [25-27]. 

 
Viscosity Measurement 

The dynamic viscosities of pure fuels and blends were determined in accordance with DIN 53015 standard 

using universal Haake Falling Ball Viscometer, Haake Water Bath and stopwatch. Details of the measurements can 

be seen in [25-27]. The kinematic viscosity was calculated by dividing dynamic viscosity to density at the same 

temperature, as well-known.  

 

Uncertainty Analysis 
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Uncertainties of the measured and calculated physical quantities such as dynamic and kinematic 

viscosities and densities were determined using the method proposed by Kline and McClintock given in [28]. 

According to this method, if the result R is a given function of the independent variables x1, x2, x3, … xn and w1, 

w2, w3, …., wn are the uncertainties of each independent variables, then the uncertainty of the result wR is calculated 

by using the equation: 
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∂R
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2

+ (
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2

+ (
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The highest uncertainty for all calculated properties was computed as 0.0817%, means that the results are highly 

reliable and accurate. 

 

RESULTS AND DISCUSSION  

Effect of Biodiesel Fraction on Kinematic Viscosity 

The variation in viscosities of sunflower biodiesel-diesel fuel blends with respect to biodiesel fraction for different 

temperatures (10℃, 20℃, 30℃, 40℃, 50℃ and 60℃) is shown in Fig. 2 where points and lines represent 

measurement and calculated values coming from the three-term logarithmic model: 

 

ν = ν(X) = a + b ∙ In(X − c)                                                                              (2) 
 

where ν is kinematic viscosity (mm2/s), a, b and c are regression constants, and X is volume fraction (v/v) of 

biodiesel in the blends. 

 

 
Figure 2.  Changes of viscosity vs. biodiesel fraction in blend 

 

As shown in Fig. 2, viscosities of blends non-linearly increase with increase of biodiesel fraction for all tried 

temperatures, and viscosities decrease with increasing temperature at a fixed biodiesel content in the mixture, as 

expected. The qualitative and quantitative characterization of viscosity-biodiesel fraction variation was done by 

means of the three-term logarithmic model (Eq. 2). Table 1 lists measured viscosities, regression parameters and 

% relative errors between measured and calculated viscosities at the measurement points from Eq. 2. According 

to regression analysis result in this table, the maximum % relative error and the minimum correlation coefficient 

(R) were computed as 2.3042% and 0.9974, respectively. These results indicate that the logarithmic model properly 

fits the data and represents perfectly kinematic viscosity-biodiesel fraction relationship. 
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Table 1. Measured viscosities by the authors, errors of measured and calculated viscosities from Eq. (2) and 

regression parameters for different temperatures 

Temp. 

T (oC) 

Measured, ν (mm2/s) 

Biodiesel fraction, X (v/v) 

0 5 10 15 20 50 75 100 

10 5.870 5.991 6.118 6.271 6.364 6.891 7.347 7.641 

20 4.328 4.523 4.663 4.833 4.941 5.374 5.669 5.986 

30 3.460 3.527 3.764 3.921 4.055 4.493 4.827 4.988 

40 2.866 3.033 3.204 3.361 3.402 3.832 4.057 4.279 

50 2.355 2.483 2.661 2.800 2.897 3.284 3.504 3.740 

60 2.015 2.238 2.428 2.548 2.584 2.933 3.103 3.171 

 

Table 1 (Continued) 
Temp. 

T (oC) 

Regression constants 
R 

a b c 

10 6.2610 2.2710 -0.84230 0.9994 

20 5.6870 1.0340 -0.27370 0.9982 

30 4.8260 0.9206 -0.21640 0.9974 

40 4.1350 0.7306 -0.17640 0.9988 

50 3.5780 0.7504 -0.19340 0.9987 

60 3.1670 0.4111 -0.05997 0.9988 

 

Table 1 (Continued) 

Temp. 

T (oC) 

Relative errors (%) 

Biodiesel fraction, X (v/v) 

0 5 10 15 20 

10 0.0213 0.1872 0.1313 0.4394 0.1401 

20 0.4441 0.0506 0.1336 0.7020 0.5381 

30 1.2455 2.3042 0.0696 0.4925 0.8766 

40 0.0491 0.5516 0.2648 1.3092 0.5623 

50 0.4205 1.3954 0.1185 0.8597 0.6582 

60 0.2382 0.9597 0.5952 0.8886 1.1289 

 

Table 1 (Continued) 

Temp. 

T (oC) 

Relative errors (%) 

Biodiesel fraction, X (v/v) 

50 75 100 

10 0.5594 0.4026 0.0997 

20 0.8877 0.7448 0.8160 

30 0.5779 0.6725 0.3677 

40 0.4529 0.5459 0.5914 

50 0.5859 0.8641 0.7841 

60 0.1495 0.7297 0.6289 

 

Effect of Temperature on Kinematic Viscosity 

Fig. 3 illustrates changes of blends’ (B75, B50, B20, B15, B10 and B5) and pure fuels’ (B100 and D) viscosities 

as a function of temperature. The dots represent the experimental data while lines represent the predicted viscosity 

values from the two-term rational model: 

 

ν = ν(T) = 1/(a + b ∙ T)                                                                                                     (3) 

 

where ν is kinematic viscosity (mm2/s), a and b are regression constants, and T is temperature of the blends in ℃. 
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Figure 3. Changes of viscosity vs. temperature 

 

All blends and fuels reveal the same qualitative change behavior: viscosities non-linearly decrease with increasing 

temperature, as seen in Fig. 3. The increase in temperature leads to decrease in the cohesive attraction and increase 

in kinetic energy of molecules and hence the viscosity of blend decreases [15]. Moreover, Table 2 lists measured 

viscosities, % relative errors between measured and calculated viscosities from Eq. 3 and regression parameters. 

The maximum error was computed for diesel fuel at 60℃ as 3.6633% and the minimum correlation coefficient 

was determined as 0.9994. These results and Fig. 3 show that the high accuracy agreement of the calculated and 

measured viscosity values is quantitatively and qualitatively captured by the rational model for the investigated 

temperature ranges. 

 

Table 2. Measured viscosities by the authors, errors of measured and calculated viscosities from Eq. (3) and 

regression parameters for different temperatures 

Biodiesel 

fraction 

X (v/v) 

Measured, ν (mm2/s) 

Temp. T (oC) 

10 20 30 40 50 60 

0 5.870 4.328 3.460 2.866 2.355 2.015 

5 5.991 4.523 3.527 3.033 2.483 2.238 

10 6.118 4.663 3.764 3.204 2.661 2.428 

15 6.271 4.833 3.921 3.361 2.800 2.548 

20 6.364 4.941 4.055 3.402 2.897 2.584 

50 6.891 5.374 4.493 3.832 3.284 2.933 

75 7.347 5.669 4.827 4.057 3.504 3.103 

100 7.641 5.986 4.988 4.279 3.740 3.171 

 

Table 2 (Continued) 

Biodiesel 

fraction 

X (v/v) 

Regression 

constants 

a b 

0 5.870 4.328 

5 5.991 4.523 

10 6.118 4.663 

15 6.271 4.833 

20 6.364 4.941 

50 6.891 5.374 

75 7.347 5.669 

100 7.641 5.986 
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Table 2 (Continued) 

Biodiesel 

fraction 

X (v/v) 

R 
Relative errors (%) 

Temp. T (oC) 

10 20 30 40 50 60 

0 0.9994 0.3344 0.2273 1.4837 1.7574 1.8416 3.6633 

5 0.9994 0.1783 0.9621 1.3103 2.0130 2.4520 0.6432 

10 0.9996 0.0013 0.0720 0.1979 1.2311 2.4393 1.3977 

15 0.9996 0.0152 0.0149 0.2819 1.4016 2.2746 1.0527 

20 0.9998 0.1491 0.2031 0.8407 0.2224 1.3758 0.1545 

50 0.9998 0.1879 0.8133 0.5370 0.7604 0.7800 0.1149 

75 0.9994 0.3514 1.6527 1.5689 0.3728 0.3651 0.3046 

100 0.9994 0.0741 0.6001 0.3325 1.0754 1.4559 2.9169 

 

CONCLUDING REMARKS  

The models evaluated in this study can be easily used for predicting viscosity of biodiesel-diesel fuel 

blends, providing useful information on the preparation of mixtures respecting the viscosity limitations of quality 

standards for diesel fuels or for fuel injection and combustion process modeling. The following conclusions can 

be drawn from this study: 

1) The three-term logarithmic model as a function of biodiesel percentage provides an opportunity to 

estimate kinematic viscosities of sunflower biodiesel, diesel fuel and their blends at different temperatures 

with quite well accuracy. The logarithmic model has the maximum relative error and minimum correlation 

coefficient of 2.3042% and 0.9974, respectively. 

2) The good correlation is obtained using the two-term rational model for the kinematic viscosity-

temperature variation with quite high accuracy. From the rational model, the maximum relative error and 

the minimum correlation coefficients is computed as 3.6633% and 0.9994.  
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