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Experimental Studies on Di Diesel Engine Using Pre Heated 
Cotton Seed Oil Ethyl Ether as Alternative Fuel

A B S T R A C T
In this investigation, the Cotton Seed Oil Di-Ethyl Ether (CSODEE) was prepared by 

transesterification using cotton seed oil, Di-Ethyl Ether and potassium hydroxide (KOH) as a catalyst. 

At different preheated temperatures, the performance and exhaust emissions of a diesel engine fuelled 

with preheated CSODEE were obtained and compared with neat diesel. Experiments were conducted at 

different load conditions in a single cylinder four stroke DI diesel engine. CSODEE was preheated to 

temperatures namely 30, 40, 60, 80, 100⁰C before it was fuelled to the engine. From the test the brake 

thermal efficiency (BTE), brake specific fuel consumption (BSFC), smoke density, CO, HC, NOx 

emissions were evaluated. The results proved that the preheated CSODEE leads favorable on BTE and 

CO, HC emissions when it is heated up to 80⁰C. At the same time the NOx emission was increased. But at 

preheated temperature of 100°C, a considerable decrease in the BTE and BSFC were observed due to 

the vapour locking in the fuel line caused by vapour formation due to higher temperature of CSODEE. 

On the whole the results shows that CSODEE preheated up to 80⁰C can be used as an alternate fuel for 

diesel fuel without any significant modification in expense of increased NOx emissions.

Keywords : Cotton seed oil ethyl ether, Diesel engine performance, Exhaust emissions, Pre-heated 

biodiesel 

K.Kusuma1 and Dr. E.L.Nagesh2 
1Research Scholar, Department of Mechanical Engineering,  JNTUH, Hyderabad, 

2Professor, St.Peter‘s Engineering college,  

1. INTRODUCTION

The idea of using vegetable oil began in the year 1893 itself when diesel engines came into existence. In 

the year 1911, Rudolf Diesel operated his first engine using straight vegetable oil (peanut oil). The 

physical and combustion properties of vegetable oils are closer to that of diesel and in this context; 

vegetable oils can stand as an immediate candidate to substitute for fossil fuels. The greatest advantages 

of vegetable oils are that they are obtained from seeds of various plants. In view of this, researchers have 

started showing renewed interest towards vegetable oils because of its advantages as a potential 

alternate fuel. Vegetable oils are renewable and ecofriendly in nature and at the same time, it can be 

easily produced in rural areas. Sustainable development of a country depends on the extent that it is 

managing and generating its own resources. This also helps in conservation of depletion of 

nonrenewable petro-products. However due to inherent high viscosity and low volatility, vegetable oils 

would pose problems such as fuel flow and poor atomization and constrain their direct use in engine 

without any modifications vegetable oils are either edible or non-edible. Some of the edible oils are 

sunflower oil, palm oil, rice bran oil, and cottonseed oil. The non-edible oils are mahua oil, jatropha oil, 

rubber seed oil, etc. As rice bran and cottonseed oil (CSO) are not very much in use for cooking purpose, 

these can be used as substitute for diesel in CI engines. Cottonseed oil has several properties closer to 
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that of diesel but certain properties such as high viscosity and low volatility pose problem when used as 

an alternate fuel for C.I engines.  

The potential of using vegetable oil for diesel engines was studied by Recep Altin et al. [1], Yoshomoto 

.y et al. [2] and Kensuke Nishi et al.[3]. The engine performance was very much similar to that for diesel 

with little power loss and slight increase in the emission level. Karaosmanoglu.F et al[4] studied long-

term utilization of vegetable oil and no significant increase or loss in power was noticed. Nwafor O.M.I 

et al. [5] carried out combustion studies on both diesel fuel and vegetable oil fuel with standard and 

advanced injection timings. Advanced injection timing compensates the effects of the longer delay 

period and slower burning rate that is exhibited by vegetable oils. The problems related to low volatility 

and high viscosities are offset by subjecting the oil into the process of transesterification, and the high 

viscosity can be reduced. Methyl and ethyl esters of vegetable oil (called as bio-diesel) have the physical 

and chemical properties closer to that of diesel. The performance and emission characteristics of the 

diesel engine using methyl ester are comparable with that of diesel as per Dilip Kumar Bora et al. [6]. 

Babu A.k et al. [7] also has reported problems related to high viscosity. Blending vegetable oil with 

diesel decreases the viscosity and improves the volatility. This improved properties results in better 

mixture formation and spray penetration. A number of investigators tried the vegetable oils in varying 

proportions with diesel. Results obtained from experiments shows that vegetable oil and diesel blends 

showed improvement in engine performance [8, 9]. Pre heating the vegetable oil reduces the viscosity 

and improves combustion characteristics (Pramanik. K [10]). This paper examines the use of preheated 

cottonseed oil diesel blends on the performance of a single cylinder diesel engine. Preheating the 

vegetable oil decreases the viscosity and improves the atomization and mixing process, which results in 

better combustion.  

2. PRODUCTION OF COTTONSEED OIL DI-ETHYL ETHER 

Cotton seed oil was converted into biodiesel through the alkaline transesterification reaction for which 

potassium hydroxide was used as catalyst with methanol. Two percent of the potassium hydroxide 

catalyst was dissolved in DEE (30% by weight) and the mixture was added to the cotton seed oil. Then 

the prepared mixture was stirred at 60⁰c for 30 minutes. There after the reactant material was poured into 

transparent vessel and allowed for cooling at room temperature for 7-8 hours. It was allowed to settle for 

separation of glycerol as bottom layer. The upper layer of biodiesel was kept into another vessel for 

washing with equal amount of water. The biodiesel was heated up to 110⁰c for 15 minutes to remove 

excess water. Then biodiesel was cooled down to room temperature before use, presenting a 94% yield. 

Transesterification, which is also called alcoholics, is a process of substitution of the radical of an ester 
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by the radical of one alcohol, like hydrolysis. The biodiesel was produced from cotton seed oil in our lab. 

Density of the fuel was found using density bottle, kinematic viscosity of the oil was determined with the 

help of Redwood Viscometer and flash point was obtained from electrically heated Pesky-Martens 

apparatus as per the standard test procedure. The gross calorific value of the cotton seed oil, cotton seed 

ethyl ether and diesel were determined with the help of Bomb calorimeter.  

3. EXPERIMENTAL SETUP AND TEST PROCEDURE 

The experiments were conducted on a single cylinder four stroke DI diesel engine as shown in Fig 1. The 

engine specifications are described in Table 1. The test set up consists of various measuring instruments 

to measure various parameters like engine torque, air flow rate, fuel consumption, exhaust emissions, 

temperatures of air and fuel. Experiments were conducted with neat diesel fuel and preheated CSODEE 

at five different temperatures of 30⁰C, 40⁰C, 60⁰C, 80⁰C, 100⁰C. 

4  

T1- Inlet engine water temperature  PT - Pressure transducer  N - RPM Decoder 

T2 - Outlet engine jacket water temperature  Ta, Tb - In and out temperature of exhaust gas in  H.E 

Tf - Fuel temperature at outlet of H.E  F1- Fuel Flow (Differential Pressure unit)  EGA - Exhaust Gas 

Analyzer (5 gas) SM – Smoke Meter 
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The engine was connected to an eddy current dynamometer and the engine was running at a constant 

speed of 1500rpm. Experiments were conducted at the engine speed of 1500 rpm and at different engine 

loads. Initially the experiments were carried out for the diesel fuel for different loads. The fuel 

consumption, brake power, brake specific fuel consumption, brake thermal efficiency and exhaust gas 

temperature were measured. The NOX , CO and HC emission were measured with non-dispersive infra 

red analyzers. The smoke density is measured by smoke meter. The gas analyzers were calibrated with 

standard gases and zero gas before each test. Same procedures were repeated for CSODEE at different 

temperatures namely 30,40,60,80, and100⁰C. The physical properties of neat diesel fuel of CSODEE are 

shown in Table 2, 
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3.1 Engine Performance and exhaust emissions 

The changes of brake specific fuel consumption (BSFC) with brake power for different CSODEE are 

presented in Fig 3. The BSFC of all CSODEE is higher than that of diesel for all loads. For all CSODEE 

tested, BSFC is found to decrease with increase in the load. This is due to more blended fuel which is 

used to produce same power as compared to diesel. The BSFC increased from 556 g/kWhr to 

665g/kWhr for diesel and CSODEE 100 respectively at full load. This is due to the effect of higher 

viscosity and poor mixture formation of CSODEE. But the BSFC is decreased due to increasing the 

preheating temperature of CSODEE. This is due to the reduced viscosity and improved spray 

characteristics of CSODEE. 
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The variation in the brake thermal efficiency (BTE) of the engine fuelled with CSODEE preheated 

to30⁰C, 40⁰C, 60⁰C, 80⁰C and 100⁰C which are indicated by CSODEE30, CSODEE40, CSODEE60, 

CSODEE80, CSODEE100, Respectively, with reference to diesel fuel are shown in Fig 4. The increase 

in BTE with CSODEE operations can also be attributed to the good combustion characteristics of bio-

diesel owing to their decreased viscosity and improving volatility by means of preheating process. It is 

seen that the BTE of CSODEE increased by the preheated temperature 30⁰C, 40⁰C, 60⁰C, and 80⁰C   , 

But for 100⁰C the BTE decreases due to vapour locking in the fuel line and hence more fuel consumption 

is obtained for the same power compared to other mode of operation. The BTE with the CSODEE100 is 

5% and 13% lower than that of CSODEE 80 and diesel fuel respectively. 

The CO emissions are shown in Fig 5. As seen in the figure, the emissions increase with increase of 

engine load, due to rich fuel air mixture. Compared with the diesel fuel, the CO emissions of CSODEE 

are lower, because of the higher oxygen content of biodiesel, which could improve the combustion 

process. Additionally, the heating process decreases the viscosity of biodiesel and improves the 

oxidation of biodiesel in the cylinder. Therefore, the CO emissions’ arising from incomplete combustion 

is decreased by applying preheating of the fuel. For CSODEE100, the CO emission is higher than that of 

CSODEE30, CSODEE40, CSODEE60 and CSODEE80, This is due to uneven fuel spray in the 

combustion chamber, because of vapour locking in the pump and pipe line, CO emissions obtained with 

CSODEE80 were 13% lower than that of diesel operations at full load.
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Fig 6 shows the variation of HC emissions, similar to the CO emissions, with an increase in the engine 

load, the HC emissions also decrease. Compared with diesel fuel, CSODEE give lower HC emissions. 

The HC emissions of CSODEE80 decrease 5.4 % at the maximum load of the engine in comparison with 

diesel fuel. The higher oxygen content of CSODEE leads to better combustion, resulting in lower HC, 

However, the HC emissions of CSODEE100 are higher than of other CSODEE. This is due to 

incomplete combustion occurring at uneven spray characteristics. 

 Fig7 shows the variation of the NOX emissions of the test engine for CSODEE with reference to diesel 

fuel. It is seen that the CSODEE operations usually yield higher NOX emissions at all loads compared to 

diesel fuel operations. The increase in NOX emissions with CSODEE may be attributed to various 

reasons, such as improved fuel spray characteristics, better combustion of biodiesel due to its high 

oxygen content and high temperatures in the cylinder as a result of preheating. The maximum increase in 

NOX emissions were obtained in CSODEE80. The NOX emissions with CSODEE80 increase as 

compared to diesel fuel at full load.
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The variation of smoke density for different CSODEE is shown in Fig   . The Smoke density of 

CSODEE is lower than that of the diesel oil. The viscosity of preheated CSODEE is comparatively 

lower than neat diesel. Due to this, the spray pattern and fuel penetration are improved. But for 

CSODEE100 the smoke density is slightly higher that of diesel and other CSODEE. This is due to 

uneven fuel spray pattern in the combustion chamber, because of vapour locking in the pump and pipe 

line. The smoke density is decreased from 89HSU to 73 HSU for diesel and CSODEE80 respectively at 

full load. 
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CONCLUSIONS

Cottonseed oil Di-ethyl ether (CSODEE) was produced by means of transesterification process using 

cottonseed oil, which can be described as a renewable energy source. The viscosity of CSODEE was 

reduced by preheating it before supplied to the test engine. After the fuel properties of CSODEE has 

been determined, various performance parameters and exhaust emissions of the engine fuelled with 

CSODEE preheated at different temperatures were investigated and compared with the diesel fuel. The 

experimental conclusions of this investigation can be summarized as follows: 

� Preheating of CSODEE makes significant decrease in its kinetic viscosity and a small decrease in 

specific gravity. It is almost nearer to the values of diesel fuel. 

� The Brake specific Fuel Consumption (BSFC) increased from 269g/kWhr to 345 g/kWhr for diesel 

and CSODEE100 respectively at full load. 

� The Brake Thermal Efficiency (BTE) with the CSODEE100 is 5% and 13% lower than that of 

CSODEE80 and diesel fuel. 

�  The use of preheated CSODEE produced a considerable decrease in CO emissions. CO emissions 

obtained with CSODEE80 operations were 34% lower than that of diesel fuel operations. 

� Compared with diesel fuel, CSODEE gives lower HC emissions, The HC emissions of CSODEE 80 

decreases by 16% at maximum load of engine in Comparision with the diesel fuel. 

� NOX emissions are increased due to higher combustion temperatures caused by preheating and 

oxygen content of CSODEE. The maximum increase in NOX emissions were obtained in case of 

CSODEE80. The NOX emissions with CSODEE80 increases approximately 11% as compared to diesel 

fuel at full load. 

� The smoke density decreased from 89 HSU to 73 HSU for diesel and CSODEE80 respectively at full 

load. 

� In general the performance and emission level of preheated ethyl ether of cottonseed oil are improved. 

But the NOX emissions are increased due to high combustion temperature and oxygen content in 

CSODEE. 
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Numerical Investigation of Transient Solidification
Behavior of Cast with and without Feeding Aids 

A B S T R A C T
Sand casting is one of the oldest manufacturing process applicable for mass production of varieties of 

product. Through the pouring cup molten metal is poured into mould cavity which made in same as size 

of product. The molten metal is then allowed to cool and solidify. There is occurrence of liquid 

shrinkage and solid shrinkage while solidification of casting take place. The riser which is reservoir of 

molten metal is placed to compensate this shrinkage of molten metal. To serve this purpose the 

solidification time of riser should be greater than solidification time of casting. The riser sleeve and hot 

toping are the most widely used feeding aids which use to elongate solidification time of riser. The 

objective of the present work is to assess the transient behavior of solidification of cast with and without 

sleeve (exothermic) and hot-toppings (exothermic). The investigation is executed using commercial 

software ANSYS Fluent. 

Keywords: Sand casting, casting solidification, exothermic sleeve, hottoping, ANSYS Fluent, heat 

generation rate, hottoping thickness

1P.G student, Sardar Patel College of Engineering, Mumbai, India. 
2Associate Professor, Sardar Patel College of Engineering, Mumbai, India.

1. INTRODUCTION 

Sand casting is one of the oldest manufacturing process applicable for mass production of varieties of 

product. Through the pouring cup molten metal is poured into mould cavity which made in same as size 

of product. The molten metal is then allowed to cool and solidify. There is occurrence of liquid shrinkage 

and solid shrinkage while solidification of casting take place. To compensate this shrinkage, the 

reservoir of molten metal is placed above casting which is called as riser. So in simple word the purpose 

of riser is to supply molten metal to casting when solidification of casting take place. But this purpose 

can only be serve when casting solidify before riser gets solidify. This means that solidification time of 

riser should be greater than solidification time of casting. For that casting gating system design is carried 

out in such manner that will it ensure that riser gets solidify at last. But practically when casting is poured 

it is just possibility that riser gets solidify at last. So another remedy is to elongate solidification time of 

riser by used of feeding aids. The riser sleeve and hot toping are the most widely used feeding aids. The 

purpose of these feeding aids is to improve riser efficiency by controlling heat loss from the riser or by 

providing an additional heat source to the metal in the riser. The riser sleeve can be either insulating or 

exothermic or with a combination of both properties. The riser sleeves are made up of thermite 

materials, initiator and insulating materials. Various suppliers produce these sleeves in different 

compositions, different size and shapes. As soon as molten metal, contacts with sleeve or hottoping the 

exothermic reaction take place with the liberation of heat until exothermic material burns. The mushy 
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zone is a transition region between metal which is solidified and which is in liquid state. 

Wlodwar et al. [1] conducted various experiment in which involve the surrounding spherical casting 

with exothermic material lining and corresponding increase in thickness of sleeve lining. He obtain 

different solidification time for different thickness of lining. In another experimentation Wlodwar et al. 

found that a sleeve thickness 0.15 times the diameter of the cylinder result in flat shrinkage cavity 

compare to normally occurring conical shape. All this Wlodwar et al. finding are applicable for 

particular configuration of geometry and materials, so these finding cannot be generalized. The Foseco 

[2] recommended sleeve thickness of 0.2 times riser diameter for some categories of sleeve produced by 

Foseco. Despite the extent of sleeve use, a survey of foundries found that there is lack of consensus on 

the use of the riser sleeve. Sleeve suppliers use different raw materials of unknown and proprietary 

compositions and properties in their manufacturing process. As a result application of riser sleeves in 

foundries is largely based on trusting suppliers, guesswork and trial and error testing [3]. There is no 

generalized criteria of sleeve thickness for particular casting.  

This all leads to use computer casting simulation software for evaluation of effect of riser sleeve and 

optimization of riser size so that to minimize the defects occurring in the casting. The accurate thermo 

physical properties of riser sleeve and casting material are required as input data for simulations. These 

thermophysical properties are either provided by a limited number of suppliers for their products as 

black box database (hidden from software user) in some commercial casting software like 

MAGMASOFT or not available. More recently Midea et al. [4] has done investigation on 

thermophysical data for casting process simulation and have been published temperature dependent 

curves for density, specific heat and thermal conductivity of several sleeves. But these curves no 

numerical values are shown on axes so only reader only gets graphical trend of variation of thermal 

properties with temperature. It was found that thermal conductivity about 4 times more influential than 

the heat capacity of the sleeve. Iganszak et al. [5] instead of developing temperature dependent data, 

utilize inverse modelling technique to determined average exothermic sleeve material thermophysical 

property data. The temperature data in sand mold and steel were obtain by conducting experiments. A 

computer program was then used to conduct simulations of the castings where all thermophysical 

properties were iteratively modified until the error between simulation results and measured data is 

minimized. 

R. Hardin et al. [6] studied the effect of sleeve type on casting yield using Magmasoft software. He found 

that longest solidification time obtain with insulating sleeve while considering 10% safety margin. R. 

Hardin et al. [7] conducted investigation on determination of thermophysical properties of riser sleeve 
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and casting material using inverse modeling technique of 11 commercial available sleeve. There is no 

much variation in density and specific heat with respect to temperature. So we can take average and 

predetermine values of these properties. Iteratively the data for thermal conductivity is developed. MEF 

is found to be sensitive to superheat and independent of size. Choudari et al. [8] has perform transient 

thermal analysis using ANSYS software for optimization and analysis of riser in sand casting. 

Application of sleeve help in reducing riser dimension from 60 mm to 50 mm and thereby increasing the 

casting yield. Wiwik et al. [9] has done investigation on feeding efficiency between a dome shape and 

cylinder shape exothermic-insulating sleeve. The casting yield is increased by 90% by dome sleeve 

greater than cylinder sleeve which have 88% and sand riser which only 19%. A die casting with anti-

gravity filling process was numerically investigated using fluent by Yuwen et al. [10] in which Volume of 

Fluid model used capture filling process. He simulate liquid metal free surface and temperature 

distribution at various time step. The change in free surface shows that liquid metal is volatile and 

turbulent at early stage of filling process, when liquid metal contact with mould wall.  

Overall sleeve performance depends on the quality and quantity of thermite material present in sleeve. 

The exothermic heat generation in sleeve and burn time of thermite are the parameter which play 

important role in determination of riser sleeve effectiveness. Very few literature is observed on the effect 

of riser sleeve shape on casting performance. There is little work available for investigation of 

geometrical parameters like thickness of riser sleeve and hottoping on solidification behavior. 

2. PROBLEM DEFINITION AND METHODOLOGY  

Present problem deals with cast solidification where apart from regular elements of casting system, few 

other elements are also used to enhance its quality and yield. Use of risers and hot-toppings are very 

common, which help to increase the casting yield, minimize defects and provides better control on 

overall casting process. To carry out the investigation a rectangular casting block of dimension 50 mm × 

50 mm × 20 mm is considered which is sand casted. An arrangement of mould with feeding element and 

riser is shown in fig.1. Molten metal (material-ASTM WCB A216) is poured into mould cavity at 1600 

°C and solidification takes place. The progress of solidification of molten metal is investigated. The 

objective of the present work is to assess the transient behavior of solidification of cast with and without 

sleeve (exothermic) and hot-toppings (exothermic). The investigation is executed using commercial 

software ANSYS Fluent.
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3. THEORETICAL DESIGN OF CASTING SYSTEM 

Theoretical design of casting system consist of design of riser, casting gating system and pattern design. 

The gating system is part of the mould cavity through which the metal is poured to fill the casting 

impression. Theoretical design of casting is needed to meet following threefold purpose-1) The metal 

flow rate and direction must be such as to ensure complete filling of the mould before freezing. 2) To 

avoid entrapment of air, metal oxidation, and mould erosion flow should be smooth and uniform with 

minimum turbulence. 3) The technique should promote the ideal temperature distribution within the 

completely filled mould cavity. So that the pattern of subsequent cooling is favorable to feeding. Purpose 

of riser is to supply molten metal to take care of liquid shrinkage and solid shrinkage. In casting modulus 

is defined as ratio of volume of casting to surface of casting. Here Riser is design using modulus method. 

Nonpressurized gating system design is done with gating ratio 1:4:4. Final summary of theoretical 

design is as shown in table no. 1  

Journal of Mechanics and Thermodynamics (Volume- 13, Issue - 2  May - August 2025)                                                   Page No. 15

ISSN Application No. 21651



4. MATHEMATICAL MODEL 

Solidification simulation of casting involves filling of molten metal inside cavity and subsequent 

solidification of molten metal with respect to time. This process can be described by mass conservation 

equation, N-S equation, conservation of energy equation, volume of fluid function equation and 

enthalpy-porosity equation to model solidification process.
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due to the pulling of solidified material out of the domain. 

Sinks are added to all of the energy equations in the mushy and solidified zones to account for the 

presence of solid matter.  

5. NUMERICAL IMPLEMENTATION AND SOLUTION STRATEGY  

Numerical implementation involves preprocessing, solver setting and solver execution. Computational 

domain consists of rectangular casting block, cylindrical riser and gating system surrounded by 

moulding sand. Over that is domain conformal mesh with 3D tetrahedron elements were generated 

using ANSYS meshing modeler. The simulation is carried out by employing energy, viscous laminar, 

multiphase volume of fluid and solidification & melting model. The multiphase volume of fluid model 

was used to filled casting with material ASTM A216 WCB steel. To capture solidification of molten 

metal solidification & melting model was used. Thermophysical properties of ASTM A216 WCB 

carbon steel, moulding sand as shown in the following table no. 2 & 3
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In simulation process, pouring temperature is 1600℃ ; the sand mold and ambient temperature both set 

to 27℃ ; pouring rate is 0.4953 m/s using the way of antigravity bottom pouring ;  acceleration due 

gravity is 9.8 m �2. Boundary conditions were set as follow:1) Sprue top was set as velocity inlet 2) 

Riser top was set as pressure outlet3) Sand mould wall was set as wall with convection heat transfer 

coefficient 20 W �2k.  

For volume of fluid model volume fraction at sprue inlet and riser outlet is set top one and zero 

respectively. Couple algorithm was used to solve the coupling problem between velocity components 

and pressure in momentum equations. Momentum,energy were taken as second order upwind scheme 
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runner. So riser is solidifying before casting and it is not serving it purpose of supplying molten metal. 

This may be due to heat diffusion through top of mould is more as compare to bottom of mould. To get 

favorable temperature gradient extra sand is added on the top riser and following cases of simulations 

are investigated with all simulations setting similar to previous simulation- 1) 70 mm sand above riser 2) 

50 mm sand above riser  3) 20mm sand above riser 

To determine solidification temperature 5 points are taken along vertical direction in case 1) 70mm sand 

above riser as shown in fig 4 and graph of Temperature vs Time is plotted as shown in fig.5 Addition of 

sand above riser top lead to uniform solidification of riser and casting with elongation of solidification 

time. It is worth to note that in this above case riser and casting solidifying at same rate so solidification 

curve of all 5 points is overlapping.  

The direction of solidification is from wall of sand mould to vertical center axis of casting and riser. 

Similar overlapping solidification curve obtain in other two cases with different solidification time. 
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while pressure discretization was set to second order. The whole calculation domain state was initialized 

using standard initialization with phase 2 volume fraction patch to one. Now as casting is filled, 

multiphase volume of fluid model is turn off. Boundary conditions at sprue inlet and riser outlet are 

modified to wall condition.  Then solver was executed initially with time step 10-05 sec once simulation 

get stable it increases to 1 sec. 

6. RESULT AND DISCUSSION  

6.1. Transient thermal behavior of cast solidification without sleeve and hot toppings 

Always casting gating system design is carried out in such manner that riser gets solidify at last. But 

practically when casting is poured it is just possibility that riser gets solidify at last. In casting at different 

point different cooling rate occurred. Normally highest cooling rate will occurred at near wall and 

slowest cooling rate is occurred at center or intermediate position. When solidification of casting take 

place at different point different cooling rate occurred so at different point different temperature exits at 

that time. The particular region in casting where maximum temperature exist is called as hotspots and 

this region solidifies at last. To determine solidification time of casting it is necessary to locate hotspot. 

For that purpose temperature contour at time are plotted as shown in fig. 3 

Time to solidus was found to be 475 sec without exothermic sleeve and hottoping. We can see that 

directional solidification take place from top of casting to bottom of casting and hotspot occurred at 
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Result of all three cases is summarize as shown in following table no. 4  

6.2. Transient thermal behavior of cast solidification with sleeve and hot-toppings 

The hot toping is another widely used feeding aids. In hot toping thermite material powder is sprayed 

over riser top surface, similar to exothermic sleeve here also exothermic reaction take place and heat is 

supplied to riser to elongate its solidification time. Sometimes powder insulating in nature is also mixed 

with thermite powder to achieve insulation effect at the top riser. In the market the variety of thermal 

riser sleeve and hottoping are available of unknown material composition in different size and shape. It 

is heat generation rate of thermite material and burn time on which performance of feeding aids depend 

instead of geometrical parameter. Here numerical simulation is conducted to investigate the effect of 

hottoping thickness and heat generation on solidification of riser. 

6.2.1. Effect of hottoping thickness  

The computational domain involves rectangular casting block with cylindrical riser surrounded by 

exothermic sleeve of 5mm, at top of riser hot toping of variable thickness is provided and this all domain 

surrounded by sand mould. In this simulation volumetric heat generation 2637500 w �3 was provided 

inside exothermic sleeve and hottoping for 40 sec. Following cases are simulated – 1) 6 mm hottoping 

thickness 2) 4 mm hottoping thickness 3) 2 mm hottoping thickness  

To determine solidification time of casting it is necessary to locate hotspot. To determine solidification 

temperature 5 points are taken along vertical direction in case 1) 6mm hottoping thickness as shown in 

fig 4 and graph of Temperature vs. Time is plotted as shown in fig.6  
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Here point P1 and P2 are in riser while P3, P4 and P5 occur in the casting block. From above graph we 

can see that point P3, P4 and P5 are solidifying before point P1 and P2. So riser is serving it purpose as 

reservoir. Similar result obtain in other cases. The effect of hottoping thickness on solidification time are 

summarize as below in table no.5

Increase in Hottoping thickness lead to elongation in solidification time. 

6.2.2. Effect of Variable Heat generation 

To evaluate the effect of variable heat generation the computational domain under consideration is 

rectangular casting block with cylindrical riser surrounded by exothermic sleeve of 5mm, at top of riser 

4 mm hot toping is provided and this all domain surrounded by sand mould. Numerical simulation is 

executed for following cases – 1) Heat Generation rate 1000 KJ/Kg 2) Heat Generation rate 500 KJ/Kg 

3) Heat Generation rate 250 KJ/Kg 

To determine solidification temperature 5 points are taken along vertical direction in as shown in fig. 4 
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and graph of Temperature vs. Time is plotted as shown in fig. 7 & 8 

Here point P1 and P2 are in riser while P3, P4 and P5 occur in the casting block. From above graph we 

can see that point P3, P4 and P5 are solidifying before point P1 and P2. So riser is serving it purpose as 

reservoir. Similar result obtain in other cases. The effect of heat generation on solidification time are 

summarize as below in table no.6 
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6. CONCLUSION  

 

� Casting with open riser leads to diffusion of heat from riser at much higher rate comparatively to 

casting block and results in solidification of riser before solidification of casting block.  

� Addition of sand above riser top leads to elongation of solidification time and simultaneous 

solidification of casting and riser. 

� The combination of exothermic sleeve and hottoping leads to formation of favorable temperature 

gradient. Increase in thickness of hottoping results in elongation of solidification time while increase in 

heat generation rate leads to decrease in solidification time. 
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Application of Chebyshev Wavelets to Ordinary Differential 
Equations 

A B S T R A C T
In this paper, we have solved linear and nonlinear, initial and boundary value problems using 

Chebyshev wavelet collocation method. In this method, the differential equations are converted to 

system of linear algebraic equations which can be easily evaluated. Quasilinearization technique is 

used to handle the nonlinear terms arising in the differential equations. The results obtained are 

compared with the exact solution. We observe that the Chebyshev wavelet solutions agree with the exact 

solutions and the same has been depicted through tables and graphs. 

Keywords: Wavelets, Chebyshev wavelets, Differential equations, Quasilinearization, Collocation 

points. 

Lakshmi B. N.1, Sumana K. P.2, Asha C. S.3, Achala L. N.4
1,2,3,4 P. G. Department of Mathematics and Research Centre in Applied 
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1 INTRODUCTION 

Wavelet is a trending new method to solve the difficult problems emerging in the field of mathematics, 

physics and engineering. The concept of ‘ondelettes’ or ‘wavelets’ originated from the study of time-

frequency signal analysis, wave propagation, and sampling theory [1, 2]. In 1909, the ‘wavelets’ were 

first studied in a thesis by Alfred Haar and then the theoretical form was first proposed by Jean Morlet et 

al. [3] in the Marseille Theoretical Physics Center. Later, in 1988, wavelet analysis has been developed 

mainly by Y. Meyer and S. Mallat [4].  

Wavelets are powerful mathematical tools which are considered abundantly to obtain accurate solutions 

of integral and differential equations [6]. Wavelets have gained popularity because of their ability to 

study the functions at different scale features. We come across different wavelet families applied to 

different studies like for example

Haar, Daubechies, Chebyshev, Legendre and B-Spline wavelets. Chebyshev wavelet is constructed 

from Chebyshev polynomial as their basis functions. They have excellent interpolating property and 

gives better accuracy for numerical approximations [5].

Wavelets have many application in signal and image processing like compression, denoising, 

discontinuity detection, audio enhancement and effects, edge detection, image fusion, image 

enhancement and many other applications. Recently, the methods based on the orthogonal functions and 
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polynomials series, including wavelets are being used to approximate the solution of various problems. 

The main advantage of using orthogonal basis is that, it reduces these problems into systems of algebraic 

equations [5].  

Awashie et al. [5] applied the Chebyshev wavelets for simulating a two-phase flow of immiscible fluids 

in a reservoir with different capillary effect. They observed that the discontinuities exist in the two-phase 

flow which are caused by the capillary pressure as expected physically. Adibi et al. [6] obtained the 

numerical solution of Fredholm integral equations of the first kind using Chebyshev wavelets. Hosseini 

et al. [7] used Chebyshev wavelet collocation method to solve ordinary differential equations. They 

tested spectral method for the same work which doesn't work well for ordinary differential equations. 

They also applied the Chebyshev wavelet Galerkin method for these kind of problems.  

Celik [8] applied Chebyshev wavelet collocation method to determine the solution of linear ordinary 

differential equations of second order. They also obtained the approximate solution of Bessel differential 

equation of order zero and the Lane-Emden equation using the same method. Celik [2] also solved a 

class of linear and nonlinear nonlocal boundary value problems of second and fourth order using 

Chebyshev wavelet collocation method. Shiralashetti et al. [9] employed Chebyshev wavelet 

collocation method to obtain the solution of linear and nonlinear ordinary differential equations. 

Heydari et al. [10] obtained the solution of partial differential equations using Chebyshev wavelet 

collocation method.  

Oruc et al. [11] considered the one dimensional time dependent coupled Burger's equation along with 

the suitable initial and boundary conditions. The numerical solutions of this equation is obtained by 

using Chebyshev wavelet collocation method.Usman et al. [12] considered MHD 3-D fluid flow in the 

presence of slip and thermal radiation effects and solved using Chebyshev wavelets. They observed that 

a suitable selection of stretching ratio parameter will help in hastening the heat transfer rate for a fixed 

value of velocity slip parameter and in reducing the viscous drag over the stretching sheet. Also 

efficiency of the method was shown by convergent analysis.  In order to solve single or systems of 

nonlinear ordinary and partial differential equations, Bellman and Kalaba [13] introduced the 

quasilinearization approach as a generalization of the Newton-Raphson method. This technique has 

quadratic rate of convergence [14, 15]. In this paper, we have considered the Chebyshev wavelet 

collocation method along with quasilinearization technique to obtain the numerical solution of linear 

and nonlinear, initial and boundary value problems. 

2 CHEBYSHEV WAVELETS
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Wavelets constitute a family of functions constructed from dilation and translation of a single functions 

called as the Mother wavelet. If this dilation parameter � and translation parameter � are allowed to 

vary continuously then, we get a family of continuous wavelets [11], 
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4 CONCLUSION 

In this paper, the Chebyshev wavelet collocation method is applied to linear and nonlinear, initial and 

boundary value problems. The method converts differential equation to system of algebraic equations 

which can be solved easily. The results obtained are in good agreement with the exact solution. The 

accuracy of the results are high even for small number of grid points. We analyse from the tables and 

graphs that the CWCM solutions are very close to the exact solutions. In the case of boundary value 

problems this method is very convenient as it takes care of the boundary conditions automatically. Thus 

the method is simple, reliable and highly efficient. 

                              Table 1: Comparison of CWCM and exact solution of example 1. 
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