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ABSTRACT 

 

Biodiesel is a renewable fuel from organic remain such as waste sunflower oil and used 

cooking oil. Biodiesel is acquired through the transesterification of fatty acid methyl esters 

(FAMEs) of waste sunflower oil. In this study, waste sunflower oil was used and it was 

blended with kerosene which is an additive that reduces the viscosity and density of 

biodiesel, it was blended at different volume of B95K5, B90K10, B85K15 and B80K20. The 

effect of temperature and thermal analysis on the waste sunflower biodiesel properties in 

different storage conditions was experimentally determined. The kinematic viscosity was 

determined at 40°C and the density was measured at 15°C at ambient condition and at 40°C 

temperature controlled oven. The kinematic viscosity over the storage period increases by 

6% for B90K10 stored at 40°C controlled oven. It was observed that kinematic viscosity and 

density increases over an increased storage period for the first 40-50 days. The cold flow 

properties were determined according to ASTM D2500, ASTM D6371-05 and ASTM D97 

for cloud point pour point and cold filter plugging point respectively. The cloud point (CP), 

the cold filter plugging point (CFPP) and the Pour point (PP) were noted as the slope changes 

on the cooling curve. The Newtonian thermal analysis was used to estimate the solid 

fractions in the solid-liquid mixture at CP, PP, and CFPP during solidification. The solid 

fractions were estimated as ~0.0048, 0.27   0.56 and ~0.63 respectively for CP, CFPP and 

PP for B80K20 ambient. 

 

Keywords: Waste sunflower biodiesel; Cloud point; Pour point; Storage period; Kinematic 

viscosity   
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ÖZET 

 

Biyodizel, atık ayçiçek yağı ve kullanılmış pişirme yağı gibi organik kalıntılar kullanılarak 

üretilen yenilenebilir bir yakıttır. Biyodizel, atık ayçiçek yağı yağ asidi metil esterlerinin 

transesterifikasyonuyla elde edilir. Bu çalışmada, atık ayçiçek yağı kullanılmış ve kullanılan 

ayçiçeği yağı B95K5, B90K10, B85K15 ve B80K20 gibi farklı miktarlarda kerosen ile 

karıştırılmıştır. Sıcaklık ve termal analizlerin, farklı depolama koşullarındaki atık ayçiçeği 

yağı biyodizel özellikleri üzerindeki etkisi deneysel olarak belirlenmiştir. Kinematik 

viskozite 40 ° C'de, yoğunluk ise 15 ° C'deki 40 ° C sıcaklık kontrollü fırında belirlendi. 

Depolama süresi boyunca kinematik viskozite, 6% B90K10 aralığında değişmiştir. 

Kinematik viskozite ve yoğunluğun depolama süresindeki artışla birlikte arttığı 

gözlenmiştir. Numunelerin davranışında Farklı depolama koşulları ve farklı karışım 

oranlarıyla birlikte numunelerin özelliklerinde çeşitlilik gözlendi. Bulutlanma noktası, akma 

noktası ve soğuk filtre tıkama noktası gibi soğuk akış özellikleri sırasıyla ASTM D2500, 

ASTM D6371-05 ve ASTM D97 standartları kullanılarak belirlenmiştir. 

 

Anahtar kelimeler: Atık ayçiçeği biyodizel; Bulut noktası; Akma noktası; Saklama süresi; 

kinematik viskozite 
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CHAPTER 1 

INTRODUCTION 

 

This chapter introduces us to biodiesel as a renewable form of energy, the importance of 

biodiesel and how biodiesel is obtained from different oil bearing sources. It also gives us 

the highlights of literatures that has been done on various types of biodiesel including the 

waste sunflower biodiesel. Furthermore, this chapter present to us the aim of this research 

and the outline of the research as stated in subsequent chapters. 

1.1 Background  

Renewable fuels from organic remains is being given more attention as alternative to reduce 

dependence on fossil fuel. Biodiesel acquired from sunflower oil, used cooking oils, 

vegetable oils etc; plays an important role among these fuels (Knothe et al., 2005).  

Utilization of biodiesel in compression ignition engines is now broadly accepted as an 

alternative to fossil fuel diesel (Petrol diesel). There have been steady increase in the quantity 

of biodiesel produced around the EU countries, about 5.7 million and 4.9 million tonnes 

were produced in 2007 and 2006 respectively. In the world recently, EU contribute about 

68% of the biodiesel produced. 

However, in the EU biofuel production biodiesel forms about eighty percent of its 

production. In 2007 the United State recorded biodiesel production of 1.5million tonnes 

which made them the second largest producer of biodiesel (Mittelbach and Remschmidt, 

2004). 

Mechanical durability and economic advantage has made biodiesel engine widely used 

worldwide (Lee et al., 2004). According to Moron et al (2007) diesel engine have captivating 

attribute which makes sectors such as agriculture, road, construction, train transport, mining 

military etc to utilize it immeasurably, some of these attributes includes high torque, 

robustness and lower fuel consumption. 

Presently, there is a higher request for energy (Mbarawa, 2010). This is as a result of 

diminishing fossil fuel reserves and instability in the price of fossil fuel. Unlike biofuel, the 

transesterification of sunflower bring about the production of biodiesel. Biodiesel can be 

produced from different type of feedstock, this trait makes biodiesel unique from other 
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biofuel (Evangelos and Giakoumis, 2013). Some of the feedstock acquired from biodiesel 

includes cooking oil, sunflower oil animal fat, jatropha, soybean, rapeseed etc (Marzena and 

Piotr, 2008). 

Biodiesel made from canola is prevalently used in Europe while soy biodiesel is commonly 

used in the United State. In order to obtain efficient performance of biodiesel equipment, 

petrol-diesel is blended with biodiesel in certain ratio this helps to reduce the price of fuel 

(Kinast et al., 2003).  Complete removal of water, glycerin, alcohol, catalyst, free fatty acids, 

soaps is very necessary in the production of biodiesel; they contaminant the methyl ester 

product and reduce the standard of the biodiesel, this is done to ensure quality control 

measures in the production of biodiesel (Kinast et al., 2003). As compared to petro-diesel, 

the most significant benefit of biodiesel is that it is renewable. 

The human environment is a key factor to the survival of mankind, as such environmental 

laws has been put in place to caution environmental emission from any product. This had 

made biodiesel highly sort after renewable fuel since it reduces environmental emission. 

Consequently, biodiesel when compared to diesel fuel has high pour point and high viscosity 

(Seung et al., 2008). 

Biodiesel should be utilize in the period of six months from production date, this is because 

of the instability of biodiesel and also some of the activities such as exposure to light, heat 

and water can be instrumental in minimizing the quality of the biodiesel. However, the 

utilization of additives in its storage improves the shelf life (Ralph et al., 2009). 

 

1.2 Literature Review 

 

Severally approach have been used to forecast the kinematic viscosity, density and the cold 

flow properties of biodiesel. Some of the good qualities of biodiesel are its clean combustion 

behavior, renewability and biodegradability while some of the draw backs are its unfavorable 

cold flow properties (ie, high cloud point CP, pour point PP, and cold filter plugging point 

CFPP) (Hanna and Ma, 1999).  These are the properties of biodiesel that suggest the rate at 

which the biodiesel begin to congeal when subjected to a weather of low temperature and it 

starts to clog the engine filter (Freire et al, 2012). 

Among these disadvantages, the major problem associated with biodiesel are cold flow 

behavior and the instability of the biodiesel. 
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The calorific value of the biodiesel can be decreased by water and this facilitate the corrosion 

of biodiesel engine, also during long term storage of biodiesel microorganism are formed by 

the aid of water and give rise to the formation of oxidation product (Schlink, and Faas, 2009). 

Around the world today, there is a greater demand for compatibility of technical parameters 

as regards products and services. This is as a result of increase in globalization as such 

international standards are developed to harmonize the world standards (Moser et al., 2009). 

Standards are set by various committee as prescribed by law in different regions, according 

to European committee for standardization (CEN) specification for biofuel are accounted for 

in details by EN1421 whereas ASTM D6751is described in the United State by the American 

Society for Test and Materials. 

Sometimes, the accuracy of the product and services differs for international standards and 

as such they are not certain. For the convergence of some rules various guidelines have to 

be studied extensively. For standards to be generally accepted, they have to be reviewed 

regularly so as to meet the market demand and methodologies as it is obtained at the moment. 

According to Alptekin et al (2009) biodiesel made from soybean and waste palm oil, was 

experimentally investigated to obtain a first degree empirical equation which relate density 

and biodiesel percentage blend as displayed in equation (1.1). 

 

𝜌 = 𝐴𝑥 + 𝐵         (1.1) 

 

Where  

The density (g/cm3) is given by 𝜌 

Considering various type of biodiesel A and B should be their constants,  

The biodiesel fraction should be given by the value 𝑥 

Bhale (2009) investigated that when biodiesel is blended with diesel and heated at a 

temperature below 25°C there is a tendency for an increment in the biodiesel viscosity, 

With the proper knowledge of mixing law as Grune Nissan and Katti-Chaudhri laws, the 

viscosity of biodiesel can be obtained. The laws are expressed mathematically thus;  

 

ln(𝜂𝑚𝑎𝑥) = 𝑚1 ln(𝜂1) + 𝑚2ln (𝜂2)     (1.2) 

 

Where: 
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Components 1 and 2 have 𝜂1 and 𝜂2 as their kinematic viscosities (𝑚𝑚2/𝑠) respectively 

Components 2 and 1 have 𝑚2 and  𝑚1as their mass respectively  

Considering the kinematic viscosity (𝑚𝑚2/𝑠) of the blends to be 𝜂𝑚𝑎𝑥 is. 

At 40°C the difference in viscosity as a function of distinctive percentage blends of various 

biodiesel as soybean oil, biodiesel cottonseed oil biodiesel, waste palm oil biodiesel, and 

sunflower oil biodiesel, was calculated using an empirical equation considering the fraction 

of biodiesel as the main parameter in the mixture. The investigation came out that the 

measured value was similar to the empirical value  (Alpetekin and Canakci, 2009). 

 

𝜂𝑏𝑙𝑒𝑛𝑑 = 𝐴𝑥2 + 𝐵𝑥 + 𝐶      (1.3) 

Where 

Kinematic viscosity (mm2/s) be taken to be 𝜂,  

The fraction of biodiesel is taken as 𝑥,  A, B, C are coefficients  

According to Riazi and Al-Otaibi (2001), a condition for the evaluation of consistency of 

fluid hydrocarbons and petrol-diesel mixture at numerous temperature derived from index 

of refraction was obtained. Notwithstanding, in this study, the condition the evaluation of 

sub-atomic weight, particular gravity, index of refraction and elevated temperature of blends 

as input is needed. 

 

1

𝜇
=

𝐵

𝐼
 + 𝐴        (1.4) 

 

According to the condition above, consider μ as dynamic viscosity 

 A and B are constants particular to every segment and I should be taken as index of 

refraction.  

Examination of an adjusted condition to decide the viscosity at various temperature was 

demonstrated by Tat and Van Gerpen (1999) as follows  

 

ln(𝜂) = 𝐴 +
𝐵

𝑇
+

𝐶

𝑇2        (1.5) 

Let:  

The temperature in K be taken as T, consider the kinematic viscosity (mm2/s) as 𝜂 

A, B and C are constants. 
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The constants A, B and C which shift depending on the type biodiesel and biodiesel fraction 

has placed constrain on the utilization of the Tat and Van Gerpen's condition. 

The measure of resistance of flow over time by a liquid is the kinematic viscosity of that 

fluid, thus, its discoveries gives great parameter for similarity with ASTM guidelines 

(Babagana et al., 2012). 

The aftereffect of Moradi, et al.(2013) in any case, demonstrated that expanding the biodiesel 

volume fraction in biodiesel– diesel mixture builds the kinematic viscosity, subsequently 

volume of mix ought to be considered. 

Okoro et al.(2011) said that mixing biodiesel with petro-diesel should be possible to amend 

viscosity values to support its use in motor engine. 

All fuels have comparative conduct at temperature moving towards the development of 

crystals, there is an increment in the viscosity of biodiesel and the viscosity of the mixture 

changes among the biodiesel and petro-diesel depending on their mixing proportion (Tat and 

Gerpen, 1999). 

 

1.3 Research Aim 

 

The aim of this work is to determine experimentally the temperature and thermal analysis 

effect on waste sunflower biodiesel properties in different storage conditions. To investigate 

the kinematic viscosity, density and cold flow properties of waste sunflower biodiesel 

blended with kerosene at different percentages of B95K5, B90K10, B85K15 and B80K20 

stored at ambient temperature and also at 40°C controlled oven,  to determine the solid 

fraction of waste sunflower biodiesel using the computer aided cooling curve analysis (CA-

CCA) by employing the Newtonian thermal analysis and also the effect of temperature, 

storage period and blend composition on the biodiesel properties. 

 

1.4 Thesis outline 

 

Chapter one provides general information of preceding work done by researchers on this 

topic, the reviews of those works and a concise introduction of biodiesel as a renewable 

energy source. Chapter two provide further details about biodiesel, the advantages and 

disadvantages of biodiesel, analyze critically the kinematic viscosity, density and the cold 
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flow properties of biodiesel. It also describes the various theories used in obtaining the 

various parameters. Chapter three focuses on the materials and methods used in arriving at 

the various results obtained in this work, chapter four gives the results of the various analysis 

carried out in this work; chapter five focuses on the conclusions and recommendations for 

future work that may be carried out on this work also the references are given at the end of 

the work. 
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CHAPTER 2 

 

THEORIES OF BIODIESEL 

 

 

This chapter gives us the definition of biodiesel and the various theories used in the analysis 

these samples. It also states the advantages and disadvantages of biodiesel, the concept of 

viscosity where we have kinematic viscosity and dynamic viscosity. It further explains the 

cold flow properties of biodiesel, density, Newtonian thermal analysis and the factors 

affecting kinematic viscosity. 

In this chapter oxidation stability and acid number is outlined in detail, the chapter went 

further to explain the types of fluid (Newtonian and Non-Newtonian fluid).   

 

2.1 Definition 

 

Biodiesel can be alluded to as a sustainable fuel got from an inexhaustible oil bearing 

sources, for example, vegetable oils sunflower oil, used cooking oil, animal fats and used 

frying oils through the process of transesterification. The transesterification is accomplished 

with monohydric alcohols like methanol and ethanol within the sight of an alkali catalyst 

(Josh and pegg., 2007). Methanol is one of the most utilized alcohol, which makes a blend 

of unsaturated fat methyl esters (FAME). It is picking up consideration as an alternative fuel. 

Estimating the dependence of physicochemical properties of biodiesel with the temperature 

is very pertinent, this is because of higher request in production and utilization of biofuel 

(Blangino et al., 2008). 

Biodiesel can be mixed in any extent or used alone in a diesel engine, a framework known 

as the "B" factor is used in various part of the world today to express the concentration in 

percentage of biodiesel in any fuel mix. Biodiesel when blended with petro-diesel in different 

volume fraction can be expressed as, "BXX" with "XX" representing the content of biodiesel 

contained in the mixture. 

 100% biodiesel is alluded to as B100  

 90% biodiesel, 10% petro-diesel is marked B90  

 95% biodiesel, 5% petro-diesel is marked B95  
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 80% biodiesel, 20% petro-diesel is marked B80 

Biodiesel can be mixed with petro-diesel at any proportion or ratio to make biodiesel blends. 

 

2.2 Advantages of Biodiesel 

 

 Biodiesel can be utilized in various diesel engines, mostly newer ones, biodiesel 

present no difficulty in using it; free of Sulphur and aromatics and emits less 

greenhouse gases and air pollutant than nitrogen. 

 Utilization of biodiesel in our daily domestic equipment decreases dependence on 

finite fossil fuel reserve. 

 When biodiesel is blended even as low as B2 to the ratio of 98% in proportion, it is 

observed that the amount of toxic carbon based emission is reduced significantly. 

 The effectiveness of biodiesel is the same as petro-diesel notwithstanding its lubricity 

benefits that non-renewable energy sources don't have. 

 It has been confirmed scientifically that fumes from biodiesel exhaust is less harmful 

to human health as compared to that of petro-diesel. Hydrocarbons and nitrited 

compounds which causes cancer have a very low level of emission in biodiesel 

 Significant favorable position of using biodiesel is that it can be utilized in operating 

existing diesel engines without or less adjustments and can supplant fossil derivative 

fuel to become the most favored essential transport energy source. 

 

 

2.3 Disadvantages of biodiesel 

 

 Palm oil is one of the best biofuel source in the world, however considering the 

environmental damage done by palm oil. People discovered that palm oil was a great 

material that can be utilized in the production of biofuel, not minding the 

environment issue and drawbacks of producing palm oil because forest was cleared 

and burnt to allow for palm oil plantation by so doing burning fossil fuel and thereby 

defeating the purpose of utilizing biodiesel. 
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 One of the major drawback of biodiesel is the cold flow properties, biodiesel gel and 

solidify when operated in cold weather condition, this clog the fuel filter of the engine 

in cold weather thereby making it difficult to pump into the engine, hence reducing 

the efficiency of the engine. Furthermore, this depend on the product the biodiesel is 

produced from and its blends. 

 Biodiesel on the average is cleaner than fossil fuel, however it tends to produce about 

10% more of nitrogen oxide; this in turn contributes to acid rain and formation of 

smog which increase pollution around cities. 

 To fully harness the potential of biofuels, the waste product from our food crops 

should be used for biofuel production or else there will be food shortage as result of 

utilizing consumable crops for biofuel production. 

2.4 The Concept of Viscosity 

 

When dealing with liquid transported through pipeline viscosity (𝜇) has been utilized 

broadly. The measure of resistance of flow over time by a liquid is the kinematic viscosity 

of that fluid. It is a fundamental characteristic property of all fluids which defines the integral 

of the interaction forces of the molecules. Viscosity can be considered as the thickness of a 

fluid, the thicker the fluid the higher the viscosity; Example biodiesel, SAE 40 engine oil, 

syrups etc. however thin fluid like water and acetone have lower viscosity. 

Viscosity is the internal resistance in intermolecular movement in fluid, the molecules of the 

fluid are held together by cohesive forces and as such they are tightly strong. However, as 

heat is been applied to the fluid the molecules gain energy and they begin to slide over each 

other, this heat breaks the bond between the molecules and we consider fluid to have 

dissolved. However, when the molecules are slide they starts gradually followed by a rapid 

movement as a result of increase in temperature, this makes the fluid viscous. 

Some parameters that depends on viscosity for its determination are: 

 Reynolds number 

 Prandlt number 
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2.5 Types of Viscosity 

 

Dynamic viscosity and kinematic viscosity are the two types of viscosity majorly discussed 

in fluid dynamics. However, they can be used exchangeably if the density of the fluid is 

known. 

 

2.5.1 Dynamic Viscosity 

The dynamic viscosity or shear viscosity of a fluid shows the fluid resistance to flow in such 

fluid the adjacent layer move parallel to each other at a non-identical speed. Consider a fluid 

flow in a layer confined between two horizontal plates, fixed at one end and horizontally 

moving at a regular speed as shown in the figure below 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1: The flow of liquid between two plates in parallel (Wang, 1991) 

 

 

Given two plates, let the movement of the top plate be too little that particles of the fluid 

moves parallel thereto, the movement of the fluid particle will shift directly at the base to 𝑢 

Boundary plate (2D, stationary) 

Boundary plate  

(2D, moving) 

 

Gradient, 
𝜕𝑢

𝜕𝑦
 

Dimension 

Velocity, u 

Fluid 

y 

Shear stress 
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at the top. At each layer the fluid particle will move faster than the one underneath, frictional 

force will exist between them which will in turn generate a force resisting their relative 

motion. A force is applied by the fluid in a reversed direction on the top plate which creates 

a force equivalent to that which occurs at the bottom but in reverse direction, for the top plate 

to be in constant motion and external force (F) is needed whose speed 𝑢 will be directly 

proportional to the area (A). However, the force F and the separation (y) will be inversely 

proportional  

 

𝐹 = 𝜇𝐴
𝜕µ

𝜕𝑦
         (2.1) 

Let: 

The dynamic viscosity be µ. 

𝜕𝑢

𝜕𝑦
  be the shear rate of deformation 

Sir Isaac Newton suggested that the mathematical differential expression as seen below can 

be used to express the viscous force. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2: Expression of the differential viscous force (Munson et al, 1998) 

 

Velocity, u 

Shear stress, 𝜏 

Gradient, 
𝜕𝑢

𝜕𝑦
 

y 
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𝜏 =
𝜕𝑢

𝜕𝑦
 . 𝜇        2.2 

  

𝜏 =
𝐹

𝐴
    

 

Consider:  

𝜏 =
𝐹

𝐴
  .  

𝜕𝑈

𝜕𝑦
  as the velocity of shear 

The formular can be obtained considering the perpendicularity of the y-axis to the fluid and 

based on  concept of fluid along parallel line.  

 

2.5.2 Kinematic Viscosity  

 

The kinematic viscosity (also called "momentum diffusivity") can be stated as the proportion 

of the absolute viscosity to the density of a substance at a similar temperature. 

It is thus  denoted by the letter  𝑣 and is measured in 
𝑚𝑚2

𝑠
 expressed mathematically thus, 

 

𝑣 =
𝜇

𝜌
          (2.3) 

Let: 

 ν be the kinematic viscosity, 

 𝜌 is the fluid density 

𝜇 dynamic viscosity. 

 

2.5.3 Viscosity and Affecting Factors 

 

Temperature: the temperature of a fluid is proportional to the viscosity. Accompanied by 

its shear rate the most dominating influence is the temperature. An increase in temperature, 
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lowers the viscosity of the substance. Hence, reduction in temperature gives rise to an 

increment in viscosity. The temperature of any substance is related inversely proportional to 

its viscosity. Depending on the substance how much it is influenced by temperature as little 

as 1°C decrease in temperature causes 10% increase in viscosity. By increasing the 

temperature the viscosity of the fluid increases in molecular motion. (Moradi, et al, 2013) 

Pressure: Ordinary, the viscosity of a fluid increases with increasing pressure, similar to the 

influence of temperature on viscosity, liquids are less influenced by the application of 

pressure. This is because liquids (other than gases) are almost non-compressible at low or 

medium temperature 

When pressure increases, fluid viscosity also increases. However viscosity increases for a 

pressure change from 0.1 to 30 mPa will produce the same viscosity change as 1K (10C.) 

For an enormous pressure difference of 0.1 to 200 mPa, a viscosity change of a factor of 3 

to 7 occurs. This is experienced for low molecular liquids. For higher viscosity changes, the 

factor can rise to 2000. Since pressure is inversely proportional to volume 

As the pressure increases, the volume pressure in the material structure decreases due to 

compression. The molecules in the substance come closer and move less freely. The internal 

frictional force increases, resistance increases and consequently viscosity increases. 

(Thomas, 2011). 

Conditions at Room Temperature: it is noted that the conditions exude when liquids are 

subjected to an external force. This results to both temperature and pressure changes. 

Temperature and pressure changes can cause a fluid to develop different type of flows and 

consequently viscosity changes. The flow conditions might be laminar or turbulent. Laminar 

flow is the only flow that can be used to test a fluid’s viscosity. In a lamina fluid flow, the 

fluid moves in very tinny layers, this causes the molecules to be fixed in the layers. Such a 

fluid-flow presents an orderly structure. (Marzena and Piotr, 2008). 
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Table 2.1: Diesel Fuel Kinematic Viscosity Standard (Knothe & Steidley, 2005) 

 

 

Standard Location Fuel Method Kinematic viscosity 

(mm2/s) 

ASTM 

D975 

United States Petro-diesel ASTM 

D445 

1.9-4.1 

ASTM 

D6751 

United States  Biodiesel ASTM 

D445 

1.9-6.0 

EN590 Europe Petro-diesel ISO 3104 2.0-4.5 

EN 14214 Europe Biodiesel ISO 3104 3.5-5.0 

 

ASTM= America Society for Testing and Materials  

ISO= International Standards Organization  

 

2.6 Viscosity Measurement 

 

There are different type of viscometer used in the measurement of kinematic viscosity. The 

viscosity of some fluid cannot be ascertain by single value hence they demand more 

parameters before it can be measured accurately; for such a fluid a rheometer is used to 

measure the kinematic viscosity (Sahin & Sumnu, 2006). 

The kinematic viscosity of a fluid is acquired by estimating the time taken for a fluid flowing 

under gravity to pass through a calibrated capillary viscometer tube. They two main types of 

viscometers includes: 

 Rotational viscometer 

 Capillary viscometer 
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2.7 Theory of Capillary Viscometer 

According to Hagen-Poiseuille law which provides with the pressure drop in an 

incompressible and Newtonian fluid in a laminar fluid flow flowing along a hollow pipe of 

regular cross section. 

For the accuracy of Hagen-Poiseuille equation certain assumption where made which 

includes: 

 The capillary pipe most be straight capillary pipe with regular cross section which 

will allow laminar free flow of fluid and the cross section longer than the diameter 

of the pipe 

 The fluid should a Newtonian  fluid and also incompressible 

Consider a completely created laminar fluid flow along a straight vertical pipe of round cross 

section as appeared in Figure 2.3. Rotational symmetry is considered to make the fluid two-

dimensional axisymmetric and let the pivot in the tube of the liquid pariticles be taken as the 

Z-axis (Viswanath et al., 2007).  

 

 

 

 

 

  

  

 

 

 

 

 

Figure 2.3: Diagrammatic illustration of Hagen -poiseuille fluid 

                     flow (Viswanath et al., 2007). 



16 
 

Let  

𝑣𝑟 = 0,  𝑣𝜃 = 0,  𝑣𝑧 ≠ 0,       (2.4) 

 
From continuity equation in cylindrical coordinate 

 
𝜕𝑣𝑟

𝜕𝑟
+

𝜕𝑣𝑟

𝑟
+

𝜕𝑣𝑧

𝜕𝑧
= 0       (2.5) 

 

 

For rotational symmetry 

 

1

𝑟
 .

𝜕𝑣𝜃

𝜕𝜃
= 0         (2.6) 

 

𝜕𝑣𝑧

𝜕𝑣
= 0  Which means  

 

𝑣𝑧 = 𝑣𝑧(𝑟, 𝑡)  

 

Introducing  

 

𝜕

𝜕𝜃
 (𝑎𝑛𝑦 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦) = 0, 𝑣𝜃 = 0,  𝑣𝑟 = 0, and 

𝜕𝑣𝑧

𝜕𝑧
= 0  

 

In obtaining the cylindrical coordinate system in the Z direction according to Navier 

Stokes. 

 

∂v𝑧

𝜕𝑡
=  −

1

𝜌
 .

𝜕𝑝

𝜕𝑧
+ 𝑣 (

𝜕2𝑣𝑧

𝜕𝑟2
+

1

𝑟
 .

𝜕𝑣𝑧

𝜕𝑟
) In Z direction    (2.7) 

 

The governing equation for a continuous flow can thus be represented   

 

1

𝑟
+

𝜕2𝑣𝑧

𝜕𝑟2  .
𝜕𝑣𝑧

𝜕𝑟
=

𝜕𝑝

𝜕𝑧
 .

1

𝜇
        (2.8) 

0 0 
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Solving equations with boundary conditions  

At  

 

𝑟 = 0;  𝑣𝑧 𝑖𝑠 𝑓𝑖𝑛𝑖𝑡𝑒 

𝑟 = 𝑅; 𝑣𝑧 = 0 

 

It can be obtained that  

 

𝑣𝑧 =
𝑅2

4𝜇
(−

𝜕𝑝

𝜕𝑧
) (1 −

𝑟2

𝑅2)       (2.9) 

 

Where  

 

−
𝜕𝑝

𝜕𝑧
=

∆𝑝

𝐿
         (2.10) 

 

Let the capillary be parabolic and considering the velocity distribution across it, the 

velocity flow rate (Q) is acquired from the expression below by integrating it. 

 

𝑄 = ∫ 2𝜋
𝑅

0
𝑣𝑧𝑟𝜕𝑟         (2.11) 

 

Equation 2.9 and 2.10 when substituted into 2.11 (Q) is obtained as  

 

Q = π
R4

8μ
(

∆p

L
)        (2.12) 

 

Equation 2.12 is called Poiseuille’s equation  

 

𝑄 =
𝑣

𝑡
          (2.13) 

 

Let  

the rate of flow  be Q     

V to be volume of liquid 
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t be the time taken 

 

V =
μ

ρ
           (2.14) 

 

Consider the arrangement to be vertical, its height (h) depends on the hydrostatic pressure.  

 

∆𝑝𝑔ℎ  

If, 

 

𝑣 =
𝜋𝑔𝐻𝑅4

8𝐿𝑣
 . 𝑡         (2.15) 

 

The constant of the viscometer to K 

 

𝐾 =
𝜋𝑔𝐻𝑅4

8𝐿𝑣
          (2.16) 

 

Or  

 

𝐾 =
𝜋𝑔𝐻𝐷4

128𝐿𝑣
          (2.17) 

 

Therefore,  

 

𝑣 = 𝑘. 𝑡         (2.18) 

 

Equation 2.18 has been the bases for the design of many viscometers, from Equation 2.19, a 

known density and viscosity of a liquid is obtained in the calibration of K-value. The moment 

the K-value is obtained the fluids viscosity can be acquired by measuring the elapsed time 

for a known volume of the fluid to flow between two graduation mark (Viswanath et al., 

2007). 

 

𝜇 = 𝐾𝜌𝑡         (2.19) 
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2.8 Kinetic Energy Correction (HC) 

 

 The experiment is likely to be affected by certain factors when permit errors as a result of 

measuring the viscosity of the fluid. To caution this effect, some measures are put in place 

to balance the accuracy of the result. 

This requires that the kinetic energy correction (HC)be subtracted from the elapsed time 

measured and the equation becomes  

 

𝑣 = 𝐾(𝑡 − 𝑦)         (2.20) 

 

Where: 𝐾 is the viscometer capillary number constant  

 𝑦 is the kinetic energy correction 

 

2.9 Density 

One of the necessary parameter in the analysis of the biodiesel is its density (𝜌), it is the mass 

per unit volume of the biodiesel. The parameter affect greatly the performance of biodiesel such as: 

 Cetane number 

 Heating value  

 Viscosity 

Which are all linked to the mass density; the density of a biodiesel is expressed 

mathematically thus (Ramírez-Verduzco et al., 2011). 

 

𝜌 =
𝑚

𝑣
          (2.21) 

 

Where: V  is the biodiesel volume  

𝑚 is the biodiesel mass  

   

An increase in temperature causes a corresponding decrease in density hence density is 

temperature dependent, this is expressed mathematically thus 
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𝜌 = 𝑎 + 𝑏𝑇         (2.22) 

 

Where: 𝜌 is the density  

a and b are correlation parameters,  

T is the temperature in °C  (Rodenbush et al., 1999). 

 

2.10 Cold Flow Properties of Biodiesel  

 

The properties which provide the details about the fluid behavior of biodiesel at low 

temperature is known as the cold flow properties of biodiesel. This includes  

 Cloud point 

 Pour point  

 Cold filter plugging point 

The minimum temperature at which biodiesel can be used increases as a result of higher 

level of saturation from vegetable to animal source (Kinast, 2003). When the biodiesel is 

subject to a low temperature, the constituent of the biodiesel nucleate to form crystal wax. 

This causes the biodiesel to develop startup problem for engines during the low temperature 

weather (Perez, 2010). 

2.10.1 Cloud Point 

In the study of biodiesel, the cloud point is the temperature at which the sample first indicates 

a crystal like formation in it when subjected to a low temperature (Ramadhas, 2011). 

The susceptibility of biodiesel to plug filter or small orifice in cold weather operations is 

stipulated by the cloud point of the biodiesel sample. When compared to petro-diesel the 

cloud point of biodiesel is low as such it makes it difficult to operate a biodiesel engine in 

cold weather (Ramadhas, 2011). The cloud point measurement was done as per (ASTM 

D2500) standards. 
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2.10.2 Pour Point  

 

 When a biodiesel sample is subjected to cold weather condition for quite some time, it gets 

to a point where the biodiesel can no longer flow as a result of gel formation, at this point 

the biodiesel loses it flow ability, the temperature at which this happens is called the pour 

point of the biodiesel. It is lower than the cloud point (Duffield, 1998). The pour point 

measurement was done as per (ASTM D97-2005) 

 

2.10.3 Cold Filter Plugging Point  

 

This is defined as the minimum temperature at which a biodiesel sample with a  volume still 

goes through a standard filter  in a specific time when cold within a specified conditions. It 

shows the lowest temperature that a biodiesel can be used and yield a trouble free flow in 

the system. After this temperature the biodiesel starts to clog the filter due to crystal 

formation. CFPP is often used to indicate the lowest operable temperature of a biodiesel. 

The cold filter plugging point measurement was done as per (ASTM D6371-05) 

 

2.11 Newtonian Thermal Analysis 

 

The heat produced when freezing the biodiesel sample can be demonstrated by the equation 

of heat balance (Kierkus and Sokolowski, 1999). 

 
𝑑𝑄

𝑑𝑡
− 𝑀𝐶𝑝

𝑑𝑇

𝑑𝑡
= 𝑈𝐴(𝑇 − 𝑇0)      (2.23) 

 

Let;  

The mass of the sample is given by M,  

The specific heat of the sample is given by 𝐶𝑝  

T is the sample temperature,  
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The time is given by t,  

The overall heat transfer coefficient is given by U, 

The surface area of sample is given as A 

 The cooling bath temperature is given as 𝑇0   

The heat produced during freezing is given by Q  

Assuming in course of cooling, the transformation phase did not occur i.e. 
𝑑𝑄

𝑑𝑡
= 0, the rate 

of cooling of the biodiesel sample can be written thus,  

 

𝑑𝑇

𝑑𝑡
= −

𝑈𝐴(𝑇−𝑇0)

𝑀𝐶𝑝
= 𝑍𝑁       (2.24) 

 

The baseline or the Newtonian zero curve is known as 𝑍𝑁 

Hence, L which is the total latent heat can be determined 

 

𝐿 =
𝑄

𝑀
= 𝐶𝑃 ∫ [(

𝑑𝑇

𝑑𝑡
)

𝑐𝑐
− 𝑍𝑁] 𝑑𝑡

𝑡𝑒

𝑡𝑠
     (2.25) 

 

 

Where: 

𝑡𝑒 and  𝑡𝑠 are the end of freezing and start time and the cooling curve first derivative can be 

taken to be cc 

The heat produced during freezing of the sample is written thus, 

𝐿 = 𝐶𝑝𝑥 (Area between derived cooling curve and zero curve) (2.26) 
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Considering specific heat specific heat (𝐶𝑝) to be given, Equation 2.26 can be used to 

determine the latent heat, also given the Zero curve (𝑍𝑁)  and the area between the first 

derivative (CC), the solid fraction at time t of solidification can be obtained (Fras et al., 

1993). 

2.12 Stability of Biodiesel 

 

When biodiesel is stored, it has the tendency to interact with its environment which yield 

unfavorable results, the ability of the biodiesel to withstand the effect of degradation process 

caused by this action is known as biodiesel stability (Westbrook, 2003). 

 

2.13 Oxidation Stability 

One of the properties that possess a major drawback on the biodiesel stability stored over a 

period of time is oxidation stability. Oxidation stability is not the same as storage stability, 

in that oxidation occurs during production, storage period and in course of using the biodiesel 

(Knothe and Dunn, 2003). 

When biodiesel degrades, it generates oxidation product that causes draw backs on the fuel 

properties and as such reduces the engine performance and fuel quality (Bouaid and 

Martinez, 2009). 

 

2.14 Acid Number 

 

Acid number is a measure of the quantity of fatty acids and mineral acid present in a biodiesel 

sample, its  the amount of base expressed in milligrams of potassium hydroxide (KOH) 

needed to neutralize one gram of biodiesel sample. Acid number is a useful tool in examining 

the degradation of biodiesel in course of storage. Acid number increases with degradation 

(Knothe, 2006) 
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2.15 Types of Fluid  

There are two major types of fluids, these are  

 Non-Newtonian   

 Newtonian fluids 

Non-Newtonian fluid: A Non-Newtonian fluid is a fluid in which the shear stress is not 

directly proportional to deformation rate. Non-Newtonian fluids do not follow Newton`s law 

of viscosity. The viscosity of Non-Newtonian fluid is dependent on shear rate and shear 

stress history. 

However, Non-Newtonian fluids are commonly classified as having time-independent or 

time-dependent behavior. Two familiar examples of are toothpaste and Lucite paint. Lucite 

paint is very thick when in the can, but becomes thin when sheared by brushing. Toothpaste 

behaves as a fluid when squeezed from the tube. However, it does not run out by itself when 

the cap is removed, solutions containing long chain polymers as well as slurries and 

suspensions are usually Non-Newtonian (Philip et al, 1992), some examples are: 

 Bingham plastic 

 Pseudo plastic 

 Dilatat 

 Bingham pseudo plastic 

Newtonian Fluid: In a Newtonian fluid, the relation between the shear stress and shear rate 

is linear passing through the origin, In Newtonian fluid the shear stress is directly 

proportional to rate of strain or fluid with constant viscosity at affixed temperature and 

pressure. 

A Newtonian fluid`s viscosity remains constant no matter the amount of stress applied for a 

constant temperature, they obeys newton`s law of viscosity which is given be the expression  

 

 𝜏 = 𝜇
𝑑𝑢

𝑑𝑦
         (2.27) 
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Where,  

 𝜏 is the shear stress exerted by the fluid 

 𝜇 is the constant of proportionality (fluid viscosity) 

 
𝑑𝑢

𝑑𝑦
 is the velocity gradient perpendicular to the direction of shear 

Common example of Newtonian fluid are air, water, gases, petroleum products, mineral oils 

etc (Robert et al, 2012). For this thesis it is noted that biodiesel falls in the category of 

Newtonian fluid because when a shear stress is applied on the fluid its fluidity or strain is 

proportional. As such we limit our study and analysis to Newtonian fluids. 

2.16 SOLID FRACTION  

The solid fraction is the amount of particulate matter in the fuel during cooling, for the solid 

fraction the ratio of the incremental cumulative area, 𝐴𝑛  to the total area 𝐴𝑇𝑜𝑡𝑎𝑙 between the 

Newtonian curve and the cooling rate gives the solid fraction (𝑓𝑠) during solidification. 

𝑓𝑠 =
𝐴𝑛

𝐴𝑇𝑜𝑡𝑎𝑙
         (2.28) 

 

𝐴𝑛 = ∑ [(
1

2
(𝑇𝑖+1

′ + 𝑇𝑖
′) −

1

2
(𝑍𝑁𝑖+1+𝑍𝑁𝑖

)) × (𝑡𝑖+1 − 𝑡𝑖)]𝑛
𝑖=1   (2.29) 

 

Where:  

𝑓𝑠 is the Solid fraction 

𝐴𝑛  is the incremental cumulative area 

𝐴𝑇𝑜𝑡𝑎𝑙 is the total area between the Newtonian curve and the cooling rate  

𝑇𝑖
′ is the rate 

𝑍𝑁𝑖
 is the Newtonian zero curve  

𝑡𝑖 is the instantaneous time. 
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CHAPTER 3 

 

 

MATERIALS AND METHOD 

 

 

This chapter highlights the various materials used in arriving at our experimental results, 

these materials includes: laboratory oven, viscometer holder, capillary viscometer, beaker, 

vacuumed syringe, pycnometer, stop watch etc. Furthermore, it explains the methods used 

in measuring the kinematic viscosity, the density and the cold flow properties.  

 

3.1 Materials  

 

For the study, locally available waste sunflower oil (WSFO) biodiesel obtained from the 

cafeteria in Near East University Cyprus have been used for the analysis. The waste 

sunflower biodiesel fuel was processed by transesterification process from methanol and 

waste sunflower oil (WSFO). The waste sunflower biodiesel fuel was mixed with kerosene 

at 5%, 10%, 15% and 20% respective proportion. They were mixed thoroughly into a 

homogenous solution and kept in a 750mL closed glass bottles.  

 

Table 3.1: Waste sunflower biodiesel blends at various percentage  

Materials B95K5 B90K10 B85K15  B80K20  

 

WSFO Biodiesel (ml) 2850 2700 2550 2400 

Kerosene (ml) 150 300 450 600 

 

 

For each biodiesel blend, four of the 750mL closed glass bottles were prepared. Two bottles 

of each sample was stored at ambient (room) temperature and the other two were stored in a 

temperature controlled oven at 40°C. 

These samples were stored at their respective locations for ten days before the measurement 

of the density and kinematic viscosity. The samples were taken out periodically after every 

10 days to study the storage condition effect, density and the kinematic viscosity.  
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Figure 3.1: Biodiesel sample 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2: Biodiesel sample stored in an oven 
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3.2 Laboratory Oven  

 

The laboratory oven is made up of thermostat and is thermally insulated, it provides uniform 

temperatures throughout its interior, the heat is generated by a double lamp source of 75W 

controlled by a thermostat. The lamps are covered with Aluminium foil sheet to prevent the 

lamps from having direct contact with itself and also the biodiesel sample stored in it. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.3: 40°C Temperature Controlled Oven 
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3.3 Temperature Measurement 

 

In obtaining the density and kinematic viscosity of a bodies temperature plays a crucial role 

as both parameters are temperature sensitive. A 2°C change in temperature causes a 

significant increase kinematic viscosity of the biodiesel. 

To achieve a constant and accurate temperature, a thermostat and a mercury thermometer 

was used in the cooling bath and the beaker respectively. 

The thermostat which is connected to compressor automatically turns on and off the 

compressor while maintaining the temperature of the cooling bath by ±1°C. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.4: Thermostat reading 
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3.4 Accessories 

 

In achieving an accurate kinematic viscosity and density some accessories listed below 

were used. 

 

Glass Pipette: This is used to convey the measured volume of biodiesel sample into the 

viscometer  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 3.5: Pipette 

 

 

Viscometer holder: This is used in holding the ubbelohde capillary vertically upright in 

the cooling bath and beaker. 
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Figure 3.6: Viscometer holder 

 

Beakers: these are glass bowls used in measuring the volume of biodiesel sample and also 

for storing water that is to be heated or cooled, it also serves as a heating bath for 

ubbelohde capillary viscometer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.7: 2000ml Beaker 
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Stop Watch: This device was used in measuring the time with 0.01seconds least count, it 

is utilize in measuring the accurate time the start and finish of the standard procedures. 

 

Vacuumed Syringe: This is used for supping (suction) the biodiesel sample during 

measurement. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.8: Vacuum Syringe 
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3.5 METHODS 

 

3.5.1 Experimental Setup for Viscosity and Density Measurement at 40°C and 15°C  

         Respectively and the Cold Flow Properties of Biodiesel 

 

3.5.2 Kinematic Viscosity measurement 

 

For this experiment the measurement of the kinematic viscosity (v) were made utilizing the 

ubbelohde capillary viscometer. In determining the kinematic viscosity of the sample, The 

experiment was carried out according to ASTM D455 standard. 

It was measured at the temperature of 40°C with the accuracy of ±0.1%. To obtain an 

accurate result the heating bath was heated to a temperature of 40°C±0.1°C, while 20mL of 

the biodiesel sample was measured with a pipette and poured into the ubbelohde capillary 

viscometer.  

The ubbelohde capillary viscometer was placed in the viscometer holder and kept in the 

heating bath, the biodiesel sample was allowed in the heating bath for 20minutes at a 

temperature of 40°C for the sample to acquire homogenous temperature of 40°C with that 

of the heating bath. 

The suction syringe was used to sup the biodiesel sample into the calibrated glass tube of the 

viscometer.  

The flow rate for the calibrated glass capillary viscometer tube was recorded, the stop watch 

was used to record the time in this test. This procedure was repeated three consecutive times 

while taking the average time.  

It is requires that the kinetic energy correction (HC) be subtracted from the elapsed time 

measured and multiplied by the viscosity constant K to acquire the kinematic viscosity given 

in Equation 3.1 

 

𝑣 = 𝐾(𝑡 − 𝑦)         3.1 

 

Let: The kinematic viscosity (mm2/s) be given as v  

  t is the average time (s) 

  y is the kinetic energy correction factor  

  K is the viscometer constant 
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The instrument (capillary viscometer) constant K was specified by the manufacturer and 

chosen according to the manufacturers’ catalogue on table 3.1. 

For this study, the ubbelohde capillary viscometer used was type (I) for the kinematic 

viscosity measuring range of 2 − 10 (𝑚𝑚2

𝑠⁄ ) hence, K=0.009820 

The diagram below displays the setup for measurement of the biodiesel kinematic viscosity 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.9: Experimental setup for kinematic viscosity measurement 
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Figure 3.10: Ubbelohde Viscometer setup 

 

Table 3.2: Ubbelohde Viscometer Technical Specification 

 

 

Type No. 

 

Capillary No 

Capillary  

Dia. 1± 

0.01[mm] 

 

Constant K 

 

Measuring  

range 

[𝐦𝐦𝟐/𝐬]  

525 03 0c 0.36 0.002856 0.6 … 3 

525 10 I 0.58 0.009820 2    … 10 ~ 

525 13 Ic 0.78 0.02944 6    … 30 

525 20 II 1.03 0.08947 20  … 100 

525 23 IIc  1.36 0.2812 60  … 300 
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Table 3.3: Kinetic energy correction factor table for different Viscometers 

      

Flow  Capillary No       

time 0 0c 0a I Ic Ia I 

40 −B −B −B 1.03 0.45 0.15 0.10 

50 −B −B −B 3.96 0.66 0.29 0.07 

60 −B −B −B 2.75 0.46 0.20 0.05 

70 −B −B −B 2.02 0.34 0.15 0.04 

80 −B −B 4.78B 1.55 0.26 0.11 0.03 

90 −B −B 3.78B 1.22 0.20 0.09 0.02 

100 −B 7.07B 3.06B 0.99 0.17 0.07 0.02 

110 −B 5.84B 2.53 0.82 0.14 0.06 0.01 

120 −B 4.91B 2.13 0.69 0.12 0.05 0.01 

130 −B 4.18B 1.81 0.59 0.10 0.04 0.01 

140 −B 3.61B 1.56 0.51 0.08 0.04 0.01 

150 −B 3.14B 1.36 0.44 0.07 0.03 0.01 

        

160 −B 2.76 1.20 0.39 0.06 0.03 0.01 

170 −B 2.45 1.06 0.34 0.06 0.02 0.01 

180 −B 2.18 0.94 0.30 0.05 0.02 0.01 

190 −B 1.96 0.85 0.28 0.05 0.02 0.01 

200 10.33B 1.77 0.77 0.25 0.04 0.02 0.01 

        

225 8.20 1.40 0.60 0.20 0.03 0.01 0.01 

250 6.64 1.13 0.49 0.16 0.03 0.01 <0.01 

275 5.47 0.93 0.40 0.13 0.02 0.01 <0.01 

300 4.61 0.79 0.34 0.11 0.02 0.01 <0.01 
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Table 3.3: Continue 

 

Flow  Capillary No       

time 0 0c 0a I Ic Ia I 

325 3.90 0.66 0.29 0.09 0.02 0.01  

350 3.39 0.58 0.25 0.08 0.01 0.01  

375 2.95 0.50 0.22 0.07 0.01 0.01  

400 2.59 0.44 0.19 0.06 0.01 <0.01  

        

425 2.30 0.66 0.29 0.09 0.01 <0.01  

450 2.05 0.58 0.25 0.08 0.01 <0.01  

475 1.84 0.50 0.22 0.07 0.01   

500 1.66 0.44 0.19 0.06 0.01   

        

550 1.37 0.23 0.1 0.03 0.01   

600 1.15 0.20 0.09 0.03 0.01   

650 0.98 0.17 0.07 0.03 <0.01   

700 0.85 0.14 0.06 0.02 <0.01   

750 0.74 0.13 0.05 0.02 <0.01   

800 0.65 0.11 0.05 0.01    

850 0.57 0.10 0.04 0.01    

900 0.51 0.09 0.04 0.01    

950 0.46 0.08 0.03 0.01    

1000 0.42 0.07 0.03 0.01    

 

A The correction seconds stated are related to the respective theoretical constant  

 
B For precision measurement, these flow times should not be applied. Selection of a 

viscometer with a smaller capillary diameter is suggested 
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Figure 3.11: Calibration of Ubbelohde Viscometer 
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Figure 3.12: Flow Chart procedure for Kinematic Viscosity Measurement 

 

Step 1. Clean the viscometer 

Step 2. Fill the viscometer with 

20mL biodiesel sample 

Step 3. Place the viscometer in the 

holder and place the assembly in the 

heating bath for 20minutes at 40°C 

Step 4. Close the vent tube and apply 

suction to the capillary tube using the 

suction syringe. 

Step 5. Open the venting tube and 

record time taken for the sample to 

flow under gravity from M1 to M2 

Step 6. Repeat step 4 and 5 three 

times and record the average time in 

seconds. 

 

Step 7. Calculate the 

kinematic viscosity 

using the average time. 
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Table 3.4: kinematic viscosity calculation of WSFO biodiesel at 40°C (B95 K5) 

 

 

Experimental 

runs  

Time (secs) Constant K for 

type I 

viscometer 

Kinetic energy 

correction 

factor (y) 

Kinematic 

viscosity (v) 

(𝒎𝒎𝟐/𝒔) 

 

1 375.56 0.009820 0.07 𝑣 = 𝐾(𝑡 − 𝑦) 

2 375.19 

3 375.17 

 𝑡𝑎𝑣𝑔 = 375.30 3.6848 

 

 

 

 

3.5.3 Density Measurement 

 

For the measurement of density, standards procedures was followed. The biodiesel density 

was measured with a device called pycnometer with a bulb of 99.693mL, the device is used 

in the determination of the fluid density. The excess fluid and air bubbles escape through the 

glass stopper. 

The density of the biodiesel was measured using an electronic weighing balance, the density 

of the sample was measured at a stipulated temperature of 15°C the setup for the density 

measurement is shown in Figure 3.14. 

To obtain the density of the samples, the pycnometer was cleaned properly with cleaning 

solution, rinsed with acetone and allowed to dry, the mass of the empty pycnometer was 

measured with an electronic weighing balance and recorded. The pycnometer was then filled 

completely with biodiesel sample and placed in a temperature controlled cooling bath at 

15°C for 20minutes after which the mass was measured again with the electronic weighing 

balance. 

For the measurement of density, the pycnometer empty mass was subtracted from the mass 

measured when filled with biodiesel and then divided by the volume of the pycnometer. 

Hence, Equation 3.2. 

 

 𝜌 =
(𝑀𝑓𝑢𝑙𝑙−𝑀𝑒𝑚𝑝𝑡𝑦)

𝑉
       3.2 
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Where:  

The density be given by ρ  (𝑘𝑔/𝑚3) 

 𝑀𝑓𝑢𝑙𝑙 is the completely filled pycnometer mass (g) 

 𝑀𝑒𝑚𝑝𝑡𝑦 is the mass of the empty pycnometer (g) 

 V be taken as volume of the pycnometer 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Figure 3.13: Setup of pycnometer in the cooling bath 
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Figure 3.14: Experimental setup for density measurement 
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Figure3.15: Flow Chart procedure for Density Measurement 

 

 

 

Step 1. Clean the pycnometer and rinse with acetone  

Step 2. Weigh the empty pycnometer 

with the electronic weighing balance 

and record it 

Step 3. Fill the pycnometer with the 

biodiesel 

Step 4. Place it in the cooling bath 

until it reaches the selected 

temperature (15°C) 

Step 5. Weigh the pycnometer 

filled with the sample at 15°C and 

record the reading 

Step 6. The density of the 

biodiesel is determine at 

the stipulated temperature 
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3.5.4 Measurement of Cold Flow Properties  

 

To obtain the cloud point (CP), pour point (PP) and cold filter plugging point (CFPP) for 

this study, the properties were examined for waste sunflower biodiesel blended with 

kerosene in different proportions of B90 K10 and B80 K20.  

The samples were stored in 40°C temperature controlled oven and also and also room 

temperature for over 50days; the test was carried out as per American Standard Test Method, 

ASTM D2500 for cloud point, ASTM D6371-05 for cold filter plugging point and ASTM 

D97-2005 for pour point. 

For accurate measurement of the cold flow properties of the sample, the experimental setup 

was built according to specifications given in the various ASTM standards above, the main 

component of the setup includes  

 Data logger 

 Cooling bath  

 Refrigeration unit 

 Glass of test jar 

 Insulator (Styrofoam) 

 Coil of compressor system 

 Thermocouples 

 Thermostat of the compressor system 

 Coolant (Alcohol) 

In measuring the cold flow properties of the samples, ethanol (Alcohol) was used to fill the 

bath as the coolant and was insulated properly to maintain the internal temperature of the 

bath and also to prevent heat transfer.  

The temperature of the coolant was cooled down by the coil connected to the compressor 

that that was controlled using a thermostat which switches on and off in order to stabilize 

the temperature at the required temperature. For proper homogeneity of the ethanol (coolant) 

a stirrer was used to stir the cooling bath ethanol. 

A cylinder jacket which is used in clamping the test jar was placed in the middle of the 

cooling bath. One T-type thermocouple was connected to the data logger and placed at the 

middle of the cooling bath to keep record of the temperature (𝑇𝑜) of the coolant. 
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The test jaw was filled to the volume of 45mL and fitted into the cylinder jacket. Two T-

type thermocouples for temperature readings were used to measure the temperature in the 

test jar as shown in Figure 3.15 below. Thermocouple 𝑇1 was placed 3.5mm above the 

bottom of the test jar and thermocouple 𝑇2 was placed 3mm below the top sample mark of 

the test jar. 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

Figure 3.16: Glass of test jar and thermocouple labelling for cold flow properties 

 

 

The test jar was isolated thermally from the jacket by cork support and stopper assembly. 

The thermocouple 𝑇1 was used to measure the temperature at cloud point and 𝑇2 was used 

to measure the temperature at pour point. Prior to the insertion of the test jar into the cylinder 

jacket of the cooling bath, the bath was cooled to -17°C, the test jar assembly containing the 

T2 

T1 
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biodiesel sample was then immersed into the cylinder jacket in the cooling bath containing 

alcohol of -17°C.  

To obtain the cloud point (CP), the sample in the test jar was inspected periodically at an 

interval of 1°C until a cloud of wax crystal first appeared in the sample under controlled 

temperature. The temperature reading of the thermocouple 𝑇1 was recorded and the sample 

was allowed in the cooling bath to continue cooling until the biodiesel sample was no longer 

able to be poured as a result of gel formation, at this point the temperature of the 

thermocouple 𝑇2 was recorded to be the pour point of the biodiesel. 

 

 

3.5.5 Cooling Curve 

 

For the cooling curve analysis, three T-type thermocouples for temperature reading were 

used to measure the temperature of the biodiesel sample in the test jar as shown in Figure 

3.16. The three thermocouples were placed at the midpoint of the sample in the test jar. The 

thermocouples𝑇1, 𝑇2 and 𝑇3 were placed at an equal distance from each other horizontally.  

Before the data was collected the temperature of the cooling was brought down to -17°C and 

that of the biodiesel sample was heated to 67°C; the test jar assembly containing the biodiesel 

sample of 67°C was placed in the cylinder jacket in the cooling bath of -17°C. The 

temperature readings were recorded from the thermocouples using data logger; the readings 

were recorded and stored in the computer at an interval of one second using the data logger 

application as shown in the Figure 3.17, the sample was allowed in the cooling bath at -17°C 

for four hours without interruption. The data obtained from the software was taken for 

analysis using the Newtonian thermal analysis theorem. 
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Figure 3.17: Thermocouple labelling for cooling curve 
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Figure 3.18: Data logger reading 

 

 

 

 

 

3.6 Determination of Oxidation Stability and Acid Value 

 

The oxidation stability and acid value of waste sunflower biodiesel blends B90 K10 and B80 

K20 were estimated according to test method EN14112 and EN14104 respectively. 

These tests were carried out on these sample after they were blended and stored for over a 

period of 40days at room temperature. 

 

 

 

 

 

 

 

 

 

 

 



49 
 

CHAPTER 4 

RESULTS AND DISCUSSION 

 

This chapter outline all the results obtained in this thesis and also gives detail analysis and 

explanation of the results obtained. The effects of the storage conditions were clearly shown 

on the graphs, it also display how the effects of the volume of kerosene was manifested on 

the biodiesel samples. The chapter further highlights the results of the cold flow properties 

(Cloud point, Pour point and Cold filter plugging point), it also compare the results of the 

cold flow properties obtained from the cooling curve using the Newtonian thermal analysis, 

the experimental results and the results obtained from the solid fraction. It also state the 

result of the acid number and the oxidation stability measured after the first 30days and 

subsequent 60days of the experiment. 

 

4.1 RELIABILITY OF THE EXPERIMENTAL RESULT 

To ensure the validity of the kinematic viscosity results, a repeatability test was carried out 

for each biodiesel sample; the measurement of the flow time was carried out repeatedly at a 

constant temperature of 40°C three times. The average flow time was recorded for the 

calculation of the kinematic viscosity, the essence of this is to reduce errors resulting from 

the time and temperature differences. 

Relative density which is also another factor used in determining the efficiency of biodiesel 

blends, the measurement of the mass of the biodiesel sample was carried out twice at a 

constant temperature of 15°C and the average mass was taken to calculate the density of the 

biodiesel sample. 

When concluded, we should be able to show that the experimental values obtained correlates 

with standards test methods which will establish that the experimental data falls within the 

range of the specified standards. 
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4.2 Effects of Storage Period on Kinematic Viscosity of Biodiesel Blends stored at 

ambient temperature  

Table 4:1 shows the result of experimental data collected over a storage period of 90 days 

for waste sunflower biodiesel blended with kerosene at various proportion, from the plot in 

Figure 4.1, it is observed that the kinematic viscosity of the various blends increases with 

increase in storage period. However, there are fluctuations in the increment of these results; 

this is as a result of inconsistency in the storage temperature. The storage condition vary with 

the atmospheric (room) temperature for the biodiesel samples stored at ambient condition, 

this is due to instability in the weather condition which affects the ambient temperature.  

 

Table 4.1: Kinematic viscosity (mm2/s) of WSFO biodiesel over a period of 90 days at   

                  ambient temperature for various blends 

 

 

DAYS B95 K5 B90 K10 B85 K15 B80 K20 

10 3.6848 3.4431 3.2682 3.0754 

20 3.7151 3.4926 3.2817 3.112 

30 3.7052 3.4928 3.2754 3.0755 

40 3.7478 3.5374 3.3355 3.1527 

50 3.7520 3.5485 3.3391 3.1865 

60 3.7738 3.5525 3.3586 3.2245 

70 3.8126 3.5772 3.3521 3.2122 

80 3.8016 3.5976 3.3614 3.2314 

90 3.8221 3.5934 3.3682 3.2413 

     

SD 0.049I96 0.051942 0.040155 0.066503 
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The standard deviation measures how concentrated the data points are around the mean; the 

more concentrated the data point the smaller the standard deviation. Considering the various 

samples used for this plot, the standard deviation is 0.0491, 0.0519, 0.0401 and 0.0665 for 

B95K5, B90K10, B85K15 and B80K20 respectively and the mean is 3.7572, 3.5372, 3.3266 

and 3.1679 respectively for the kinematic viscosity of the samples in ambient condition, this 

reflect that the data points are very much concentrated around the mean.  

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1: Kinematic Viscosity vs Storage Period at Ambient Temperature 

 

 

4.3 Effects of Storage Period on Kinematic Viscosity of Biodiesel Blends stored at  

      40°C Oven 

Table 4.2 display the results of the experimental data collected over a period of 90 days for 

waste sunflower biodiesel blended with kerosene and its kinematic viscosity measured at an 

interval of 10 days. 
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The sample was stored at 40°C temperature controlled oven. From Table 4.2 and Figure 4.2 

it is observed that the kinematic viscosity increases with an increment in the storage period 

and also decreases with increase in the volume of kerosene. It is noticed as compared to the 

sample stored at ambient temperature that those stored at 40°C oven possess noticeably 

gradual increment in its kinematic viscosity. However, in Figure 4.2 it is observed that 

sample B90K10 and B80K20 behaves similarly in a different manner, in that its increment 

is not steady and it does not maintain a plateau, it shows a sharp fluctuations which could be 

interpreted as indicating that the attractive force between the biodiesel molecule became 

weaker which lead to decrease in the kinematic viscosity of the sample. The kinematic 

viscosity over the storage period increases by 6% for B90K10. 

 

 

Table 4.2: Kinematic viscosity (mm2/s) of WSFO biodiesel over a period of 90 days at  

                  temperature controlled oven of 40°C for various blends 

 

DAYS  B95K5 B90K10 B85K15 B80K20 

10 3.6481 3.3855 3.2143 3.0050 

20 3.6889 3.5225 3.2741 3.1734 

30 3.7112 3.4883 3.2916 3.2277 

40 3.7864 3.5117 3.3114 3.2580 

50 3.7498 3.5629 3.3477 3.2626 

60 3.7500 3.6098 3.3507 3.2805 

70 3.7580 3.5382 3.3349 3.2210 

80 3.7965 3.5581 3.3893 3.2463 

90 3.8113 3.5911 3.3971 3.2615 

     

SD 0.050539 0.066191 0.057805 0.084845 

 

 

 



53 
 

3

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

0 10 20 30 40 50 60 70 80 90 100

K
in

em
at

ic
 V

is
co

si
ty

 (
m

m
2
/s

)

Storage Period (Days)

B95 K5 B90 K10 B85 K15 B80 K20

 

The standard deviation measures how concentrated the data points are around the mean; the 

more concentrated the data point the smaller the standard deviation. Considering the various 

samples used for this plot, the standard deviation is 0.0505, 0.0661, 0.0578 and 0.0848 for 

B95K5, B90K10, B85K15 and B80K20 respectively and the mean is 3.7379, 3.5297, 3.3234 

and 3.2152 respectively for the kinematic viscosity of the samples in oven  condition, this 

reflect that the data points are very much concentrated around the mean.  

 

  

  

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2: Kinematic Viscosity vs Storage Period at 40°C Oven 
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4.4 Graphical Comparism for kinematic viscosity (mm2/s) of sample blends based on 

storage conditions (40°C controlled Oven and Ambient Temperature) 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Figure 4.3: kinematic Viscosity vs Storage Period B95k5 (40°C Oven and Ambient 

                   Temperature)    

 

From Figure 4.3, it is observed that there is no much difference in the kinematic viscosity 

between the B95K5 ambient and B95K5 oven sample in that both samples follows the same 

trend, this reflect that the storage condition does not necessarily affect the kinematic 

viscosity for B95K5 sample at 40°C oven and ambient. However, it has been noticed that 

kinematic viscosity of both sample at 40˚C temperature falls within the 1.9-6.0 mm2/s range 

according to ASTM D445 standard. 
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Figure 4.4: Kinematic Viscosity vs Storage Period B90K10 (40°C Oven and Ambient 

                   Temperature)    

 

 

Similar to Figure 4.3, Figure 4.4 does not show a significant difference in B90K10 at ambient 

and oven sample, only that its kinematic viscosity is low when compared to B95K5 ambient 

and oven. This suggest that the storage condition does not necessarily affect the kinematic 

viscosity for B90K10 waste sunflower biodiesel within the 90 days. However, it has been 

noticed that kinematic viscosity of both sample at 40˚C temperature falls within the 1.9-6.0 

mm2/s range according to ASTM D445 standard. 

 

 

 



56 
 

3.2

3.24

3.28

3.32

3.36

3.4

3.44

0 10 20 30 40 50 60 70 80 90 100

K
in

em
at

ic
 V

is
co

si
ty

 (
m

m
/s

)

Storage Period (Days)

B85 K15 Ambient B85 K15 40°C Oven

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.5: kinematic Viscosity vs Storage Period B85K15 (40°C Oven and Ambient  

                   Temperature)    

 

 

Figure 4.5 follows the same trend with the Figure 4.3 and Figure 4.4, it does not reflect much 

difference in the storage conditions of the sample. This suggest that the storage condition 

does not necessarily affect the kinematic viscosity for B85K15 waste sunflower biodiesel 

within the 90 days. However, it has been noticed that kinematic viscosity of both sample at 

40˚C temperature falls within the 1.9-6.0 mm2/s range according to ASTM D445 standard. 
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Figure 4.6: kinematic Viscosity vs Storage Period B80K20 (40°C Oven and Ambient  

                   Temperature)    

 

 

From figure 4.6, it is observed that a huge difference is reflected on the samples in ambient 

and oven condition for B80K20, this is as result of increase in the volume of kerosene which 

reduces the kinematic viscosity and making the temperature effect of the sample in the oven 

to be felt. The increase in kerosene volume causes the intermolecular forces in the sample to 

be weaker thereby reducing the kinematic viscosity and causing any temperature different 

to be significant. However, it has been noticed that kinematic viscosity of both sample at 40˚C 

temperature falls within the 1.9-6.0 mm2/s range according to ASTM D445 standard. 
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4.5 Effects of Storage Period on Density of Biodiesel Blends stored at 40°C Controlled 

Oven  

Table 4.3 shows a variation in density of waste sunflower biodiesel blends stored over a 

period of 90 days and measured at 15°C after every 10 days in a temperature controlled oven 

of 40°C. 

It is observed that the density increases with an increment in storage period for the first 50 

to 60 days and then tends to stay constant as a result of oxidation process causing increase 

in polymer and fatty acid chains. It is noticed as compared to the kinematic viscosity that the 

density of the sample decreases with an increase in the proportion of the blend as depicted 

in Table 4.3 and Figure 4.7 shown in sample B95K10 and B80K20. 

Storing the sample at 40°C causes also a fluctuating increment in the biodiesel sample as 

displayed by the sinusoidal behavior of the plot in Figure 4.7.  

 

Table 4.3: Density (kg/m3) of WSFO biodiesel over a period of 90 days at temperature    

                  Controlled oven of 40°C for various blends 

 

DAYS B95K5 B90K10 B85K15 B80K20 

10 871.345 868.255 865.456 864.092 

20 872.318 867.874 864.835 862.648 

30 873.571 870.492 865.196 864.493 

40 874.023 872.923 867.764 867.714 

50 875.588 873.751 867.801 867.714 

60 875.828 872.428 868.205 868.136 

70 876.014 873.415 868.315 868.158 

80 876.132 873.584 868.923 868.211 

90 876.193 873.963 868.974 868.438 

     

SD 1.8215 2.3873 1.6450 2.2039 
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The standard deviation measures how concentrated the data points are around the mean; the 

more concentrated the data point the smaller the standard deviation. Considering the various 

samples used for this plot, the standard deviation is 1.8215, 2.3873, 1.6450 and 2.2039 for 

B95K5, B90K10, B85K15 and B80K20 respectively and the mean is 874.55, 871.85, 867.27 

and 866.57 respectively for the density of the samples in oven  condition, this reflect that the 

data points are very much concentrated around the mean.  

 

 

 

 

  

 

  

 

  

 

 

  

 

Figure 4.7: Density vs Storage Period at 40°C Oven 
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4.6 Effects of Storage Period on Density of Biodiesel Blends stored at ambient 

temperature  

The density of the waste sunflower is affected by the condition in which it is stored, this is 

shown the plot in Figure 4.8 and Table 4.4. The density was measured at 15°C; it is observed 

that the density increases as the storage period increases for the first 40 and 50 days and tend 

to stay constant for the remaining period as in the case of the oven sample, moreover, there 

are some irregular changes in the behavior of the sample and this is caused by the variation 

in the atmospheric temperature. The room (ambient) condition vary from day to day 

depending on the weather condition of that period, this causes the density not to behave in a 

regular pattern, 

However, the increase in the proportion of the kerosene in the biodiesel blends sample also 

decreases the density of the waste sunflower biodiesel. This is observed in Table 4.4 as 

shown below.   

Table 4.4: Density (kg/m3) of WSFO biodiesel over a period of 90 days at ambient     

                  temperature for various blends 

 

DAYS B95 K5 B90 K10 B85 K15 B80 K20 

10 871.144 867.553 863.517 858.004 

20 872.959 869.589 864.554 859.899 

30 872.859 869.088 865.276 861.244 

40 873.431 870.843 867.964 863.751 

50 874.625 872.644 869.544 863.521 

60 875.974 873.682 869.619 864.253 

70 875.314 873.721 869.783 864.621 

80 875.528 873.533 870.317 864.552 

90 875.300 873.948 870.113 864.235 

     

SD 1.6117 2.41042 2.6744 2.3895 
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The standard deviation measures how concentrated the data points are around the mean; the 

more concentrated the data point the smaller the standard deviation. Considering the various 

samples used for this plot, the standard deviation is 1.6116, 2.4102, 2.6744 and 2.3895 for 

B95K5, B90K10, B85K15 and B80K20 respectively and the mean is 874.12, 871.62, 867.85 

and 862.67 respectively for the density of the samples in ambient  condition, this reflect that 

the data points are very much concentrated around the mean.  

 

 

 

 

   

  

  

  

 

 

 

  

 

 

Figure 4.8: Density vs Storage Period at Ambient Condition 
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4.7 Graphical Comparism for the density (kg/m3) of sample blends based on storage 

conditions (40°C Controlled Oven and Ambient Temperature) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.9: Density vs Storage Period B95K5 (40°C Oven and Ambient  

                           Temperature)    

 

 

From Figure 4.9, it is observed that there is no much difference in the density between the 

B95K5 ambient and B95K5 oven sample in that both samples follows the same trend, this 

reflect that the storage condition does not necessary affect the density for B95K5 sample at 

40°C oven and ambient within the 90 days.  
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Figure 4.10: Density vs Storage Period B90K10 (40°C Oven and Ambient  

                               Temperature) 

 

 

Similar to Figure 4.9, Figure 4.10 does not show a significant difference in B90K10 at 

ambient and oven sample, only that its kinematic viscosity is low when compared to B95K5 

ambient and oven. This suggest that the storage condition does not necessarily affect the 

density for B90K10 waste sunflower biodiesel within the 90 days.  
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Figure 4.11: Density vs Storage Period B85K15 (40°C Oven and Ambient  

                                 Temperature) 

 

 

Figure 4.11 follows the same trend with the Figure 4.10 and Figure 4.9, it does not reflect 

much difference in the storage conditions of the sample. This suggest that the storage 

condition does not necessarily affect the density for B85K15 waste sunflower biodiesel 

within the 90 days.  
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Figure 4.12: Density vs Storage Period B80K20 (40°C Oven and Ambient  

                      Temperature)    

 

 

From Figure 4.12, it is observed that the density of the sample in the 40°C oven tends to be 

higher than that stored at ambient for B80K20, this is because of thermal instability of the 

oven sample brought about by relative increase in the volume of kerosene which causes the 

rate of oxidation at higher temperature to increase which in turns increases the weight of the 

biodiesel in 40°C oven due to formation of insoluble, this causes the sample stored in the 

oven to exhibit higher density as compared to that stored at ambient temperature. 
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4.8 Cold flow properties of waste sunflower biodiesel blends 

The cold flow properties of the waste sunflower biodiesel was determine according to ASTM 

Standards, for the result below the cold flow properties was done according to ASTM D97-

2005, ASTM D2500 and ASTM D6371-05. Table4.5 and Table 4.6 shows the results for 

various samples of the waste sunflower biodiesel blends at different temperature conditions.  

It is observed that there was a significant different in the kinematic viscosity before freezing 

and after freezing of the sample. The kinematic viscosity for B90K10 increased by 11% after 

freezing and the density increased by 0.07%; for B80 K20 the kinematic viscosity increased 

by 1.75% whereas the density increased by 0.22% for all the samples stored at ambient 

conditions. 

For samples stored at 40°C controlled oven, it is observed that for B90K10 the kinematic 

viscosity increased by 2.2% after freezing and the density increased by 0.25% also for 

B80K20 the kinematic viscosity increased by 1.28%; and the density increased by 0.08%. 

From the results it’s shown that the storage condition actually affect the biodiesel blends, 

it’s also observed that the cloud point (CP) and pour point (PP) are affected by the blend 

proportion. Increase in blend proportion increases the cold flow properties. 

Heating the sample to 67°C before freezing the biodiesel promotes polymerization and 

produces higher molar mass compounds which causes an increase in the oxidation process 

of the biodiesel sample, this increases the weight of the biodiesel due to rapid formation of 

insoluble crystals. As such increases the kinematic viscosity and density of the sample after 

freezing. This is demonstrated in Table 4.5 and Table 4.6.  
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Table 4.5: Cold Flow properties Data for Waste Sunflower Biodiesel Stored at Ambient 

                 Temperature 

 

 Cloud 

point 

°C 

Pour 

point 

°C 

Kinematic 

Viscosity  

(Before 

Cooling) 

mm2/s 

Kinematic 

Viscosity 

(After 

Cooling) 

mm2/s 

Density 

(Before 

Cooling) 

kg/m3 

Density 

(After 

Cooling) 

kg/m3 

 

 

B90 K10 -5.0 -7.4 3.4857 3.8721 868.471 869.147 

B80 K20 -6.7 -8.9 3.1639 3.2193 859.289 861.236 

 

 

 

Table 4.6: Cold Flow Properties Data for Waste Sunflower Biodiesel Stored at 40°C 

                  Controlled Oven Temperature 

 

 

 

4.9 Oxidation Stability and Acid Value 

The oxidation stability and acid value was carried out in Tubitak Marmara Research Centre 

Kocaeli Province Turkey. The test was carried out on B80K20 and B90 K10, the test was 

carried out according to standards EN1404 and EN14112 as shown on Table 4.6 and Table 

4.7 below. It is observed that the oxidation stability increased with storage period. 

 

 Cloud 

point 

°C 

Pour 

point 

°C 

Kinematic 

Viscosity  

(Before 

Cooling) 

mm2/s 

Kinematic 

Viscosity 

(After 

Cooling) 

mm2/s 

Density 

(Before 

Cooling) 

kg/m3 

Density 

(After 

Cooling) 

kg/m3 

 

 

B90 K10 -5.5 -8.1 3.5629 3.6406 872.923 875.188 

B80 K20 -6.3 -9.8 3.2626 3.3046 867.318 867.994 
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Table 4.7: Oxidation Stability and Acid Value for B80 K20 

TEST DESCRIPTION 

UNITS 

TEST 

METHOD  

TEST RESULT 

(MARCH) 

TEST RESULT 

(MAY)  

Acid Number  

(mgKOH/g) 

EN14104 

ASTM D664 

0.77  

0.51 

Oxidation Stability  

(hours) 

 

EN14112 

 

2.26 

 

2.45 

  

 

Table 4.8: Oxidation Stability and Acid Value for B90 K10 

TEST DESCRIPTION 

UNITS 

TEST  

METHOD 

TEST RESULT 

(MARCH) 

TEST RESULT 

(MAY) 

Acid Number  

(mgKOH/g) 

EN14104 

ASTM D664 

0.85  

0.51 

Oxidation Stability  

(Hours) 

 

EN14112 

 

1.90 

 

2.50 

 

 

4.10 Cooling Curve Analysis  

The cold flow properties of the biodiesel sample was conducted according to standard. The 

plot in Figure 4.14. shows the cooling curve, the cooling rate, cooling bath temperature and 

the Newtonian (Zn) for biodiesel sample B80K20 ambient, in determining the cold flow 

properties (CP and PP) a plateau is observed on the cooling curve (T vs t) the CP (-5.9) is 

located just before the start of the plateau which correspond to the shape change in the slope 

of the graph and is related with the nucleation of the solid crystals in the freezing biodiesel 

sample. The PP (-9.4) is taking into account as the end of the plateau region after which there 

is a continuous decline in temperature, this is shown on the curve in Figure 4:14.  
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Figure 4.13: dT/dt vs T-To B80K20 Ambient Curve 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.14: Cooling curve and Newtonian Zero Curve for B80K20 Ambient Sample 
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4.11 Cooling curve for B90K10 Ambient 

The plot in Figure 4.16. shows the cooling curve, the cooling rate, cooling bath temperature 

and the Newtonian (Zn) for biodiesel sample B80K20 ambient, in determining the cold flow 

properties (CP and PP) a plateau is observed on the cooling curve (T vs t) the CP (-5.8) is 

located just before the start of the plateau which correspond to the shape change in the slope 

of the graph and is related with the nucleation of the solid crystals in the freezing biodiesel 

sample. The PP (-8.1) is considered as the end of the plateau region after which there is a 

continuous decline in temperature, this is shown on the curve in Figure 4:16.  

 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 4.15: dT/dt vs T-To B90K10  Ambient Curve 
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Figure 4.16: Cooling curve and Newtonian Zero Curve for B90K10 Ambient Sample 

 

 

4.12 Cooling curve for B80K20 Oven 

The plot in Figure 4.17. shows the cooling curve, the cooling rate, cooling bath temperature 

and the Newtonian (Zn) for biodiesel sample B80K20 ambient, in determining the cold flow 

properties (CP and PP) a plateau is observed on the cooling curve (T vs t) the CP (-5.5) is 

located just before the start of the plateau which correspond to the shape change in the slope 

of the graph and is related with the nucleation of the solid crystals in the freezing biodiesel 

sample. The PP (-9.2) is considered as the end of the plateau region after which there is a 

continuous decline in temperature, this is shown on the curve in Figure 4:17.  
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Figure 4.17: Cooling curve and Newtonian Zero Curve for B80K20 Oven sample 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.18: dT/dt vs T-To B80K20 Oven Curve 
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4.13 Cooling curve for B90K10 Oven 

The plot in Figure 4.19. shows the cooling curve, the cooling rate, cooling bath temperature 

and the Newtonian (Zn) for biodiesel sample B80K20 ambient, in determining the cold flow 

properties (CP and PP) a plateau is observed on the cooling curve (T vs t) the CP (-5.9) is 

located just before the start of the plateau which correspond to the shape change in the slope 

of the graph and is related with the nucleation of the solid crystals in the freezing biodiesel 

sample. The PP (-9.4) is considered as the end of the plateau region after which there is a 

continuous decline in temperature, this is shown on the curve in Figure 4:19.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.19: Cooling curve and Newtonian Zero Curve for B90K10 Oven sample 
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Figure 4.20: dT/dt vs T-To B90K10 Oven Curve 

 

 

4:14 Solid Fraction 

The solid fraction which is the amount of particulate matter in the fuel during cooling is got 

from the plot showing the variation of the solid fraction during freezing, the points on the 

vertical axis of the graph that corresponds to the respective cold flow properties (CP, PP and 

CFPP) gives the solid fraction of the sample.  

 

 

 

 

 

 

 

 

 

Figure 4.21: Variation of solid fraction during freezing of B80K20 Ambient 

PP 

CP 
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Figure 4:22: Variation of solid fraction during freezing of B80K20 Oven 

 

Table 4.9: Cold Flow Properties for experimental value, cooling curve Analysis values and 

                  Solid fraction Values  

SAMPLE  EXP- CP  

(°C) 

ASTM 

D2500 

EXP-PP 

(°C) 

ASTM 

D97-05 

CCA-CP 

(°C) 

 

CCA-PP 

(°C) 

 

Solid Fraction (fs) 

CP PP CFPP 

B90K10 Ambient -5.0 -7.4 -5.8 -8.1 -3.3 -7.5 -6.5 

B90K10 Oven -5.5 -8.1 -5.1 -8.6 -3.5 -7.7 -7.4 

B80K20 Ambient -6.7 -8.9 -5.9 -9.4 -5.7 -9.8 -9.3 

B80K20 Oven -6.3 -9.8 -5.5 -9.2 -3.8 -9.5 -8.8 

 

From table 4.8, it is observed that the results for the cold flow properties using the three 

methods falls approximately within the same range, this suggest that the results are within 

the range as specified by ASTM standard. 
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Table 4.10: Solid fraction at CP, CFPP and PP while biodiesel is freezing for B80K20 Oven  

Cold Flow Properties Temperature (°C) Solid Fraction (fs) 

CP -3.8 ~0.002 

CFPP -8.8 0.43-0.68 

PP -9.2 ~0.76 

 

 

Table 4.11: Solid fraction at CP, CFPP and PP while biodiesel is freezing for B80K20 

                      Ambient 

Cold Flow Properties Temperature (°C) Solid Fraction (fs) 

CP -5.7 ~0.0048 

CFPP -9.3 0.27-0.56 

PP -9.8 ~0.63 

 

From Table 4.9 and 4.10 and also from Figure 4.21 and 4.22, it is observed that the cold flow 

properties values varies, for B80K20, the solid fraction for the sample stored in  a 

temperature controlled oven increases as compared to the sample stored at ambient. 

However, the pour point (PP) for B80K20 stored at temperature controlled oven is lower 

than the sample stored at ambient condition.  
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CHAPTER 5 

CONCLUSIONS 

 

This chapter brings to an end of this report, it state the various conclusions of the report and 

the various recommendations which will help in further improving any subsequent analysis 

that will be done based on this report. 

5.1 Conclusions 

All analysis and data stated in this report was conducted and data collected according to their 

various stipulated standards in the Mechanical Engineering laboratory. 

The cold flow properties of the waste sunflower biodiesel was measured according to ASTM 

D97, ASTM D2500 and ASTM D6371-05 for cold filter plugging point (CFPP), cloud point 

and pour point respectively. The cold flow properties of the waste sunflower biodiesel 

sample were measured for different storage conditions. Hence, the results in Table 4.5 and 

Table 4.6 were obtained for different blend proportions. 

The kinematic viscosity of the waste sunflower biodiesel blend sample was also measured 

according to standards, the different blend proportions were measured at 40°C also at 

different storage conditions. The samples were measured at 40°C controlled oven and 

ambient temperature with the ratio of B95K5, B90K10, B85K15 and B80K20 stored aver a 

period of time. It was observed that: 

 The kinematic viscosity increases with an increase in storage period for the first 40 

to 50 days of storage  

 The kinematic viscosity decreases with increase in the volume of kerosene  

 It was noticed that there were no significant change in the kinematic viscosity for 

both samples stored at ambient and the sample stored in the 40°C controlled oven for 

B95K5, B90K10 and B85K15. 

 The increase in kerosene volume causes the intermolecular forces in the sample to 

be weaker thereby reducing the kinematic viscosity and causing any temperature 
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different to be significant, this was the case for B80K20 as it displays a different 

trend from others. 

Furthermore, the density was measured according to standards at 15°C, it was measured at 

different storage conditions of 40°C controlled oven and ambient condition at an interval of 

10days, the sample was blended with kerosene at different volume and measured 

accordingly, hence it was observed that: 

 The density of the waste sunflower biodiesel increases with increase in storage period  

 Increase in the volume of kerosene reduces the density  

 The density of the sample stored at 40°Ccontrolled conditions increases steadily with 

storage period, while the samples stored in the ambient condition exhibited some 

level of fluctuations. 

 It was noticed that there were no significant change in the density for both samples 

stored at ambient and the sample stored in the 40°C controlled oven for B95K5, 

B90K10 and B85K15. 

 It was observed that the density of the sample in the 40°C oven tends to be higher 

than that stored at ambient for B80K20, this is because of thermal instability of the 

oven sample brought about by relative increase in the volume of kerosene which 

causes the rate of oxidation at higher temperature to increase which in turns increases 

the weight of the biodiesel in 40°C oven due to formation of insoluble, this causes 

the sample stored in the oven to exhibit higher density as compared to that stored at 

ambient temperature. 

The thermal analysis of the sample were carried out using the Newtonian thermal analysis 

for B90K10 and B80K20, in the Newtonian thermal analysis the cooling curve, the cooling 

rate, the cooling bath temperature and the Newtonian (Zn) was determine for the samples at 

various storage conditions. The Newtonian thermal analysis was carried out to determine the 

variation of the solid fraction of the sample while it was freezing. The solid fractions were 

estimated as ~0.0048, 0.27      0.56 and ~0.63 respectively for CP, CFPP and PP for B80K20 

ambient and ~0.002, 0.43      0.68 and ~0.76 respectively for CP, CFPP and PP for B80K20 

Oven. 
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5.2 Recommendations  

 It is therefore recommended that further study be done on the sample by increasing 

the temperature of the biodiesel blends to 60°C to observe the behavior. 

 Also it is recommended that the density of the blends be reduced to  0°C and the 

behavior be investigated to observe its properties  

 It is also recommended that further analysis should also be done using Fourier 

Thermal analysis and the results compared  

 It is not clear that density and kinematic viscosity keeps increasing with time. Hence, 

I recommend that storage period should be further increased for the experiment to 

clarify that. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

REFERENCES 



80 
 

 

 

Alptekin E, Canakci M. Determination of the density and the viscosities of biodiesel-diesel 

fuel blend. Renewable Energy 2008;33 (12):2623-30. 

 

American society for Test and Materials (ASTM). Standard Specifications and Operating 

Instructions for Glass Capillary Kinematic Viscometers ASTM D446 - 12 

 

ASTM D6751-08a. (2008). Standard specification for biodiesel (B100) fuel blend Stock 

(B100) for middle distillate fuels.  ASTM  2008  West Conshohocken: 2008 

 

ASTM D2500: Standard test method for cloud point of petroleum products, ASTM 2011 

West Conshohocken; 2011. 

ASTM D97. Standard test method for pour point of petroleum products. ASTM 2017 West 

Conshohocken, 2017. 

 

ASTM D6371. Standard test method for cold filter plugging point of diesel and heating fuels. 

ASTM 2016 West Conshohocken, 2016. 

 

Barlow J O, Stefanescu DM. Computer-aided cooling curve analysis revisited. AFS Trans 

1997(105):349–54. 

 

Blangino, E., Riverós, A.F., and S.D. Romano, “Numerical Expressions for Viscosity, 

Surface Tension and Density of Biodiesel: Analysis and Experimental Validation,” 

Physics and Chemistry of liquids, vol. 46, No. 5 (October 2008), pp.527-547. 

 

Bhale PV, Deshpande NV, Thombre SB. Improving the low temperature properties of 

biodiesel fuel. Renewable Energy 2009;34(3):794-800. 

 

Bouaid.A, Martinez.M, AracilJ. Production of biodiesel from bioethanol and Brassica 

carinata oil: oxidation stability study. Bio resource Technology 2009;100 (7):269. 

 

B. R. Munson, D.F Young and T. H. Okiisshi, Fundamentals of Fluid 

Mechanics, JohnWiley and Sons, Inc 1998. 
 

C. Y. Wang, “Exact solutions of the steady-state Navier-Stokes equations,” Annual Review 

of Fluid Mechanics, vol. 23, no. 1, pp. 159–177, 1991. 

 

D. Emadi and L. Whiting; “Determination of Solidification Characteristics of Al-Si Alloys 

by Thermal Analysis”, AFS Transactions, Vol. 110, 2002, 285-296. 

 

EN 14214:2008, (2009). Automotive fuels - fatty acid methyl esters (FAME) for diesel 

engines - requirement methods. Brussels, Belgium: European Committee for 

Standardization (CEN). 

 

EN 14214. Automotive fuels - Fatty acid methyl esters (FAME) – Requirements and 



81 
 

tests; 2012. 

Esteban B, Baquero G, Puig R, Riba J-R, Rius A. Environmentally advantageous to use 

vegetable oil directly as biofuel instead of converting it to biodiesel. Biomass 

Bioenergy 2011(3)5:1317-27. 

 

Evangelos G. Giakoumis, (2013). A statistical investigation of biodiesel physical and 

chemical properties, and their correlation with the degree of unsaturation. 

“Renewable Energy”, Vol. 50, pp. 858-878, 2013.  

 

Fras E, Kapturkiewicz W, Burbielko A, Lopez HF. A new concept in thermal analysis of 

castings. AFS Trans vol. 101, 1993, 505–511 

 

Imahara Hiroaki, Minami Eiji, and Saka Shiro. (2006). Thermodynamic study on cloud point 

of biodiesel with its fatty acid composition. Fuel 85 (2006) 1666–1670,  

 

ISO 12937:2000. (2000). Determination of Content. Coulometric Karl Fischer Titration 

Method. Methods of Test for Petroleum and Its Products: BS 2000-438. 

 

Joshi, R.M., and M.J. Pegg, “Flow Properties of Biodiesel Fuel Blends at Low 

Temperatures,” Fuel, vol. 86 (2007), pp. 143-151. 

 

Kinast J.A., (2003). Production of Biodiesels from Multiple Feedstocks and Properties of 

Biodiesels and Biodiesel/Diesel Blends. Final Report. National Renewable Energy 

Laboratory, NREL/SR-(510)31460 

 

Knothe G. Analyzing biodiesel: standards and other methods. Journal of the American Oil 

Chemists’ Society 2006;83 (10):823–33. 

 

Knothe G, Dunn RO. Dependence of oil stability index of fatty compounds on their structure 

and concentration and presence of metals. Journal of the American Oil Chemists 

Society 2003;80 (10):1021–6. 

 

Knothe, G. & Steidley, K. R. (2005). Kinematic Viscosity of Biodiesel Fuel Components 

and Related Compounds: Influence of Compound Structure and Comparison to 

Petrodiesel Fuel Components, Fuel, 84, (10)59–1065 

 

Lee S.W, Park S, Daisho Y. An experimental study of the effects of combustion systems and 

fuel properties on the performance of a diesel engine. Proc Inst Mech Eng D-J Auto 

Eng 2004;(218)1317-23. 

 

L. M. Freire, R. Jose Filho, C. V. Moura, L. E. Soledade, L. Stragevitch, A. M. Cordeiro, I. 

M. Santos 1121 and A. G. Souza, Fuel, 2012, (12) 6-130 

 

Ma F, Hanna MA. Biodiesel production: A review. Bioresource Technology 1999 (70)1–15. 

 



82 
 

Marzena Dzida and Piotr Prusakiewicz. (2008).The effect of temperature and pressure on the 

physicochemical properties of petroleum diesel oil and biodiesel fuel. Fuel 87 

(2008), Issues (11) 1941–1948.  

 

Mbarawa M. The effect of clove oil and diesel fuel blends on the engine performance and 

exhaust emissions of a compression-ignition engine. Biomass Bioenergy 

2010;(34) 1555-61. 

 

Moradi G. R., Karami B., and Mohadesi M. (2013). Densities and Kinematic Viscosities in 

Biodiesel−Diesel Blends at Various Temperatures. Journal of Chemical and 

Engineering Data dx.doi.org/10.1021/je3008843 | J. Chem. Eng. Data 2013, (58) 

99−105  

 

Moron-Villarreyes JA, Soldi C, Amorim AM, Pizzolatti MG, Mendonca AP, D’Oca MGM. 

Diesel/biodiesel proportion for by-compression ignition engines. Fuel 2007 (86) 

1977-82. 

 

Morrone M, Stuart BJ, McHenry I, Buckley GL. The challenges of biofuels from the 

perspective of small-scale producers in Ohio. Energy Policy 2009 (37)522-30. 

 

 Moser, B.R. (2009). Biodiesel production, properties, and feedstocks. In Vitro 

Cell.Dev.Biol. Plant, Vol. 45, pp. 229–266. 

 

Okoro N. Linus, Fadila I. Sambo, Mukhtar Lawal and Clifford Nwaeburu. (2011b). 

Thermodynamic and Viscometric Evaluation of Biodiesel and Blends from Olive 

Oil and Cashew Nut Oil. Research Journal of Chemical Sciences, Vol. 1(4), 90-

97, July (2011) ISSN 2231-606X  

 

Pérez A, Casas A, Fernández CM, Ramos MJ, and Rodríguez L. (2010). Winterization of 

peanut biodiesel to improve the cold flow properties. Bioresource Technology 

2010 Oct;101(19) 7375-81.  

 

Philip M. Gerhart, Richard J. Gross and John I. Hochstein. Fundamentals of fluid mechanics 

second edition, Addison-Wesley publishing company 1992. 

 

Ralph Groschen, (2009). Petroleum Diesel Fuel and Biodiesel Technical Cold Weather 

Issues. Report to the Legislature. Minnesota department of agriculture. 

 

Ramadhas, A. S. (2011). Alternative fuels for transportation. Boca Raton, FL: CRC Press. 

 

Ramírez-Verduzco , L.F., Garcia-Flores, B.E., Rodrigueez, J.E., and Del Rayo, Jaramillo-

Jacob, A. (2011). Prediction of the density and Viscosity in biodiesel blends at 

various temperatures. Fuels 90 (5) 1751-1761.  

 

Riazi M. R, Al-Otaibi GN. Estimation of viscosity of liquid hydrocarbon systems. 

Fuel 2001;80 (1):27-32. 



83 
 

Robert W. Fox, Alan T. McDonald, Philip J. Pritchard, and John C. Leylegian. Fluid 

Mechanics Eighth edition SI Version John Wiley and Son, inc 2012  

 

Rodenbush CM, Hsieh FH, Viswanath DS. Density and viscosity of vegetable oils. fuel 

1999;(76) 1415-9 

 

Russi D. An integrated assessment of a large-scale biodiesel production in Italy: killing 

several birds with one stone Energy Policy 2008 (36) 1169-80. 

 

Sahin, S., & Sumnu, S. G. (2006). Physical properties of foods. New York: Springer 

 

S. Whitaker, Fundamental Principles of Heat Transfer, Pergamon Press Inc., Don Mills, 

Ontario, 1977, 1-51 

 

Tat E. Mustafa and Jon H. Van Gerpen, (1999). The Kinematic Viscosity of Biodiesel and 

Its blends with diesel Fuel. JAOCS, Vol. 76, No. 12 (1999). Paper no. J9166 in 

JAOCS 76, 1511–1513 (December 1999).  

 

Thomas G. Mezger, 'The Rheology Handbook', 3rd revised Edition, (C) 2011 Vincentz 

Network, Hanover, Germany 

 

Tushar, K. and Dasika, H. (2007).  Viscosity of Liquids. Theory, Estimation, Experiment, 

and Data. Springer, 34 (3), 46-48 

Viswanath D.S., K.G. Tushar, H.L.P Dasika, V.K.D Nidamarty, and Y.R Kalipatnapu, 

Viscosity of Liquids – Theory, Estimation, Experiment, and Data. Netherland: 

Springer, 2007. 

 

Westbrook S.R; Fuels for land and marine diesel engines and for non-aviation gas turbines.       

editor Significance of tests for petroleum products. 7th ed. West Conshohocken 

PA: ASTM International; 2003.p.63–81. 

 

W.T. Kierkus and J. H. Sokolowski, "Recent Advances in CCA: A New Method of 

Determining 'Baseline' Equation", AFS Transactions, 1999, Vol (66), 161-167 

 

  

 

  

 

 

 

 



84 
 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDICES 

 

 

 

 

 

 

 

 

 

 



85 
 

APPENDIX 1 

ASTM D2500 
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APPENDIX 2 

ASTM D97-2500 
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