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This paper deals with the flow behaviour conventional petrol, bioethanol and their blends, especially E15 and E85. The 

temperature dependence density and kinematic viscosity of samples have been measured and modelled. The rotary rheometer 

has been used to the measuring temperature dependence kinematic viscosity of fuel and blends. The digital densitometer with 

the fuel scale has been used to the measuring temperature dependence density of fuel and blends. The range of temperature 

measurement has been stated from the –10 to 40°C. The mathematic models (polynomial and exponential function) have 

been created according to the general formulae. The coefficients of determination R
2
 have achieved high values 0.99 

for temperature dependence density and from 0.89 to 0.97 for temperature dependence kinematic viscosity. The created 

mathematical models could be used to the predict flow behaviour of petrol, bioethanol and their blends. 
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INTRODUCTION 

 

Currently, biofuel is the subject of much used by experts in 

the field of ecology, chemistry and technology of processing 

of agricultural products. It is necessary viewed from the 

perspective of engine designers (with no differences in the 

type of fuel used – gasoline or diesel). Experts are not fully 

in consensus on the effectiveness, timeliness and extent of 

use of motor biofuel, but despite these has been approved the 

promotion of energy from renewable sources, which 

establishes conditions and target utilization of renewable 

energy, including biodiesel. It was approved by the 

European Parliament and Council 2009/28/EC in April 2009 

(Souček, 2009). From June 2010 ruled in Czech Republic 

that in the petrol must be 4.1% of bio components (for 

example bioethanol) and in the diesel must be 6% of bio 

components (for example RME). From 2020 will be in fuel 

about 10% of bio components (2009/28/EC, 2009).  

Modern motor units are equipped with highly accurate and 

precise technique of working, than we must know physical 

properties of blends of fuel and biofuel. In this article it was 

influenced of the concentration of bioethanol in petrol to its 

temperature dependence of selected physical properties. 

Selected properties were measured temperature dependence 

of kinematic viscosity and density of blends of petrol and 

bioethanol (Park et al., 2012; Serras-Pereira et al., 2013).  

Biologically produced alcohols, most commonly ethanol, 

and less commonly propanol and butanol, are produced by 

the action of microorganisms and enzymes through the 

fermentation of sugars or starches (easiest), or cellulose 

(which is more difficult) (Rabinovitch-Deere et al., 2012). 

Biobutanol is often claimed to provide a direct replacement 

for gasoline, because it can be used directly in a gasoline 

engine (in a similar way to biodiesel in diesel engines) 

(Merola et al., 2013). Ethanol fuel is the most common 

biofuel worldwide, particularly in Brazil. Alcohol fuel is 

produced by fermentation of sugars derived from wheat, 

corn, sugar beets, sugar cane, molasses and any sugar or 

starch from which alcoholic beverages can be made (such as 

potato and fruit waste, etc.). The ethanol production methods 

used are enzyme digestion (to release sugars from stored 

starches), fermentation of the sugars, distillation and drying. 

The distillation process requires significant energy input for 

heat (often unsustainable natural gas fossil fuel, but 

cellulosic biomass such as bagasse, the waste left after sugar 

cane is pressed to extract its juice, can also be used more 

sustainably) (Alptekin and Canacki, 2008). Ethanol can be 

used in petrol engines as a replacement for gasoline; it can 

be mixed with gasoline to any percentage. Most existing car 

petrol engines can run on blends of up to 15% bioethanol 

with petroleum/gasoline. Ethanol has a smaller energy 

density than that of gasoline; this means it takes more fuel 

(volume and mass) to produce the same amount of work 

(Shanmugam et al., 2011; Polcar et al., 2012). An advantage 

of ethanol (CH3CH2OH) is that it has a higher octane rating 

than ethanol-free gasoline available at roadside gas stations, 

which allows an increase of an engine's compression ratio 

for increased thermal efficiency. In high-altitude (thin air) 

locations, some states mandate a mix of gasoline and ethanol 

as a winter oxidizer to reduce atmospheric pollution 

emissions (Polcar et al., 2013; Seggieani et al., 2012).  

Ethanol is also used to fuel bioethanol fireplaces. As they do 

not require a chimney and are "flueless", bioethanol fires are 

extremely useful for newly built homes and apartments 
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without a chimney. The downsides to these fireplaces is that 

their heat output is slightly less than electric heat or gas 

fires, and precautions must be taken to avoid carbon 

monoxide poisoning (Murphy et al., 2012). Bioethanol is a 

renewable energy source, the engine gives a higher 

dynamics - has a higher octane rating than normal petrol, 

saving the environment – its combustion produces less 

harmful emissions (gases CO2, CO, NOx, CH) and is cost-

effective compared to gasoline (Wu et al., 2012). 

 

MATERIALS AND METHODS 

 

Presented data have been obtained from measurements 

performed on laboratory digital rheometer Anton Paar DV-3 

P, which is designed to measure dynamic or kinematic 

viscosity, shear stress and shear rate, see Fig. 1. The DV-3 P 

is a rotational rheometer, based on measuring the torque of a 

spindle rotating in the sample at a given speed. Shear stress 

is expressed in g.cm
-1

.s
-2

, shear rate in s
-1

, kinematic 

viscosity in mm
2
.s

-1
, and speed of spindle in 

revolutions/minute [rpm]. The experiments have been 

performed with use of LCP spindle, which is the most 

suitable to measuring low viscosity liquids. The 100 rpm and 

frequency 1 Hz was set.  For temperature measuring was 

used sensor Pt100. Due to the parallel cylinder geometry, 

shear stress and kinematic viscosity, except other values, can 

be determined (Kumbár and Dostál, 2013). 

 

 
Figure. 1. Schematic of the measuring geometry 

 

Kinematic viscosity is the ratio of absolute or dynamic 

viscosity to density – a quantity in which no force is 

involved. Kinematic viscosity can be obtained by dividing 

the absolute viscosity of a fluid with its mass density. 

  (1) 

whereνis kinematic viscosity, ηis absolute or dynamic 

viscosity, ρ is density. 

In the SI-system the theoretical unit is m
2
.s

-1
 or commonly 

used Stoke (St). 

Temperature dependent was measuring with digital 

densimeter Densito 30 PX with a scale for measuring 

petroleum products and integrated temperature sensor. 

The blends of petrol and bioethanol were mixed in precisely 

defined conditions with a total sample volume of 500 mL. 

Detailed information of blends is shown in Tab. I. 

 

Table 1. The blends of petrol and bioethanol 

Number of 

sample 

Petrol (Natural 95) Bioethanol 

mL % mL % 

1 500 100% 0 0% 

2 425 85% 75 15% 

3 75 15% 425 85% 

4 0 0% 500 100% 

At the first blends were cooled to –10°C and then were 

slowly heated to 40°C for measuring temperature dependent 

density and kinematic viscosity of fuel blends.  

 

RESULTS AND DISCUSSION 

 

Temperature dependence density of blends: By 

experimental measuring was stated the temperature 

dependent density of prepared blends.  With increasing 

temperature of blends the density was decreasing (Valente et 

al., 2011). It is shown in Table 2; Fig. 2. 

 

Table 2. Density of blends of petrol and bioethanol 

Density (g.cm
-3

) 

Temp. (°C) Sample 1 Sample 2 Sample 3 Sample 4 

-10 0.766 0.767 0.795 0.803 

-5 0.765 0.765 0.794 0.802 

0 0.762 0.763 0.792 0.800 

5 0.761 0.764 0.791 0.799 

10 0.758 0.762 0.789 0.797 

15 0.755 0.760 0.787 0.794 

20 0.752 0.756 0.783 0.791 

25 0.749 0.752 0.779 0.788 

30 0.745 0.748 0.775 0.785 

35 0.743 0.745 0.772 0.781 

40 0.735 0.742 0.769 0.778 

 

The temperature dependencies of the density were created 

mathematical models – polynomial 2
nd

 degree (Kumbár et 

al., 2013a). 

The general form of polynomial 2
nd

 degree: 

,  (2) 

To calculate the density applies: 

, (3) 

Where ρ is density and t is temperature. 
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All coefficients of determination R
2
 reached very high 

values 0.99, which shows the appropriate choice of the type 

of mathematical model. 

The results have shown that the density decreased less at a 

higher concentration of ethanol in petrol (Chiu et al., 2011), 

see Fig. 3. For petrol decreased density when heated to 40°C 

to 95% of value of the sample measured at –10°C. For 

bioethanol decreased density when heated to 40°C to 97% of 

value of the sample measured at –10°C.  

Temperature dependent kinematic viscosity of fuel blends: 

By experimental measuring was demonstrated temperature 

dependent kinematic viscosity of blends of bioethanol and 

petrol. With increasing temperature of blends the kinematic 

viscosity was decreasing (Kumbár et al., 2013b), see Table 3 

and Fig. 4.  
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                                     Figure 2. Mathematical models of temperature dependent density of blends 
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Figure 3. Effect of the concentration to the density of bioethanol in petrol 
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Table 3. Kinematic viscosity of blends of bioethanol and 

petrol 

Kinematic viscosity (mm
2
.s

-1
) 

Temp. (°C) Sample 1 Sample 2 Sample 3 Sample 4 

-10 1.631 1.941 2.376 2.524 

-5 1.543 1.872 2.438 2.575 

0 1.537 1.834 2.315 2.512 

5 1.539 1.845 2.206 2.430 

10 1.503 1.820 2.083 2.301 

15 1.488 1.794 1.994 2.238 

20 1.473 1.760 1.935 2.091 

25 1.447 1.705 1.863 1.995 

30 1.426 1.602 1.791 1.918 

35 1.465 1.554 1.731 1.832 

40 1.450 1.550 1.654 1.788 

The temperature dependence kinematic viscosity was 

created mathematical model – exponential function. 

The general form of exponential function: 

,   (4) 

To calculate the kinematic viscosity applies: 

,  (5) 

Where ν is kinematic viscosity and t is temperature. 

All coefficients of determination R
2
 achieved very high 

values, from 0.89 to 0.97, which showed the appropriate 

choice of the type of mathematical model (Saldana et al., 

2012). The results confirmed that kinematic viscosity 

decreased at higher concentration of bioethanol in 

conventional petrol (Yilmaz, 2011; Laesecke et al., 2012), 

see Fig. 5. 

For petrol the kinematic viscosity decreased when heated at 
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                                Figure 4. Graphs of temperature dependent kinematic viscosity of fuel blends 
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Figure 5. Effect of the concentration to the kinematic viscosity of bioethanol in petrol 
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40°C to 89% of value of the sample measured at –10°C. For 

bioethanol density decreased when heated at 40°C to 70% of 

value of the sample measured at –10°C. Behaviour of the 

function was more non-linear with higher concentration 

bioethanol in petrol. 

 

Conclusions: From the above results of this experiment, it is 

concluded that a) with increasing temperature of blends the 

density decreased, and b) with increasing temperature of 

blends the kinematic viscosity was decreasing. The 

kinematic viscosity more decreased at higher concentration 

of bioethanol in conventional petrol. Behaviour of the 

function was more non-linear with higher concentration 

bioethanol in petrol. The temperature dependence of the 

density and kinematic viscosity of fuel were modelled using 

polynomial 2
nd

 degree and exponential function. Coefficients 

of determination reached very high values, from 0.89 to 

0.99. 
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