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Abstract: Sand casting technologies have now emerged as practical and commercial ways of manufacturing high integrity near 
net shape castings. A variety of castings have found their way into general engineering applications. Castings that serve these 
specific applications have to achieve the quality requirements of superior mechanical properties and zero-porosity. To achieve 
these objectives within a limited time frame in a product development process, CAD technologies with numerical analysis 
combined with process simulation tools are increasingly used to optimize form filling and solidification of the cast parts. In this 
process the molten aluminum is introduced in the mold at 8000C, the ambient temperature and mold are at 300C. The top and 
side faces of the mold exchange heat with the environment by free convection. 2D Axi-symmetric behavior is assumed for sand 
mold and aluminum casting. Transient thermal analysis is considered for 1500 sec. 
Keywords: Casting, phase change, flywheel, solidification, transient analysis. 

I. INTRODUCTION 
A flywheel is a mechanical device that has a large shortening moment used as a storage device for rotational energy. Flywheels 
resist changes in their spin speed, which helps the shaft to remain stable when exercising volatile torque on it through the power 
source. Flywheels have become the subject of intense research as energy storage devices for use in vehicles. The flywheel energy 
storage systems are an attractive alternative to electrochemical batteries due to the higher energy density stored, long service life, the 
inevitable charging state and the ecologically clean nature. Flywheel is basically a rechargeable battery. It is used to absorb 
electrical energy from a source, store it as circulation energy for movement, and then deliver it to the load in a timely manner, in a 
form that meets the needs of the load. 
The input power may differ from the output power in its temporal profile, frequency, or other attributes. It is converted by the input 
electronics into a form appropriate for efficiently driving a variable-speed motor. The motor spins the flywheel, which stores energy 
mechanically, slowing down as it delivers energy to a load. That decrease in mechanical energy is converted into electrical form by 
the generator. A challenge facing the motor and the generator designer is to size the system for the amount of storage (energy) and 
delivery rate (power) required and also to minimize losses. The output electronics convert the variable-frequency output from the 
generator into the electric power required by the load. Since the input and output are typically separated in a timely manner, many 
approaches combine the motor and generator into a single machine, and place the input and output electronics into a single module, 
to reduce weight and cost. 
Modern high-speed flywheels differ from their forebears in being lighter and spinning much faster. Since the energy stored in a 
flywheel increases only linearly with its moment of inertia but goes up as the square of its rotational speed, the tradeoff is a good 
one. But it does raise two issues: flywheel strength and losses caused due to air friction. To keep from flying apart, modern 
flywheels are complex structures based on extremely strong materials like carbon fibers. 

II. COMPUTATION METHODOLOGY 
Flywheel wheel engineering design to optimize energy storage by computer-aided analysis. This document specifically examines 
the five most common geometric shapes and ranges according to energy storage performance using the suggested procedure. 

A. Computational analysis of flywheel Design  
A suggested full parameter model is illustrated in Fig .1, where t is the thickness (t = 5.08 cm or 2 ″) and h is the radius of the 
steering wheel (h = 14605 cm or 5.75 ″). Although many materials of better strength and low density are available in the market, to 
serve the purpose of this study, an example of the characteristic of AISI 1006 steel (cold drawn), with a flexible modulus of E = 205 
GPa, density ρ = 7,872 g / Cc, Poisson ratio υ = 0.29. Fig .2 shows the casting of fly wheel in ANSYS workbench. 
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The fly wheel casting system was meshed with sizing of 2e-3m and using plane quad element. The total nodes and elements are 
3283 and 10414. The meshed structure was shown in Fig .3. The transient thermal analysis was performed by considering the 
following steps. Fig .4 shows clearly the boundary condition given in the ANSYS. The solution was completed by satisfying the 
convergence criteria and the global min temp curve shown in Fig .5. 

 
Fig .1 3D wheel model and Fig .2 Casting of Fly wheel in ANSYS 

 
Fig .3 Meshing of Fly wheel and Fig .4 Boundary conditions  
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Fig .5 Temperatures - Global Minimum Convergence curve 

III. RESULTS AND DISCUSSIONS 
n the present work 2D axi-symmetric model has been developed and done analysis using Ansys workbench. From temperature plot 
distribution along 1500 sec has been observed the leveling off in the material phase transition region (695 to 697 0C) during the 
solidification process.  
From temperature contours it’s been observed the phase transformation from liquid as started in between 40 to 70 S. At 100 sec it 
clearly in transition state from liquid is observed. As it solidifies over time 450 sec to 700 sec. It completely transformed to solid at 
1100 sec but a slightly higher temperature has been observed. After 1500 sec of transient analysis it completely reached the final 
temperatures of about 5550 C minimum temperatures and 5600 C maximum temperatures in aluminum wheel. 
Phase transisition Colour code: liquid = Red; transistion = Green; Solid= Blue in Fig .6 and .7. 

 

 
Fig .6 Overall Temperature distribution contour 
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Fig .7 Temperature distributions on sand mold 

 
TABLE I 

ALUMINIUM - ISOTROPIC THERMAL CONDUCTIVITY 
Thermal Conductivity W m^-1 C^-1 Temperature C 

206 0 
208 100 
215 200 
228 300 
249 400 
268 530 
290 800 
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TABLE II 

Aluminium -Enthalpy 
Enthalpy J m^-3 Temperature C 

1.e-005 0 
1.6857e+009 695 
2.7614e+009 697 
3.6626e+009 1000 

 

 
Time 40 s                                                                                                 Time 60 s 

  
Time 100 s                                                                                              Time: 450 s 
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Time: 700 s                                                                                         Time: 1100 s 

 
Time 1500 s 

 

 
Temperature distribution on Aluminum wheel during 1500 seconds (Green - max temperature; Red - Min temperatures). 
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IV. CONCLUSIONS 
In the present work 2D axi-symmetric model has been developed and done analysis using ANSYS workbench. From temperature 
plot distribution along 1500 sec has been observed the leveling off in the material phase transition region (695 to 6970 C) during the 
solidification process. From temperature contours its been observed the phase transformation from liquid as started in between 40 to 
70 S. At 100 sec it clearly in transition state from liquid is observed. As it solidifies over time 450 secs to 700 secs. It completely 
transformed to solid at 1100 sec but slightly higher temperatures have been observed. After 1500 sec of transient analysis it 
completely reached the final temperatures of about 5550 C minimum temperatures and 560 maximum temperatures in aluminum 
wheel.  

REFERENCES 
[1] S.S.Murthy,O.P.Malik,A.K.Tandon,“Analysis of self-excited induction generators,”Proc.IEE, Vol.129,Pt.C, no.6,pp.260-265, November1982. 
[2] Uchiyama, T. and Naruse, M. Three-dimensional vortex simulation for particulate jet generated by free falling particles. Chem. Eng. Sci. 61: 1913-1921. 
[3] Tur, O., Ustun, O. and Tuncay, R.N. “Application Note on Regenerative Braking of Electric Vehicles as Anti- Lock Braking System,” Ansoft Europe, French 

Office, [2005].and solid particles. Proc. 6th Int. Conf. Multiphase Flow, on CD-Rom.  
[4] Uchiyama, T. and Yagami, H.,Numerical simulation for the collision between a vortex ring,(2008) 
[5] V.Praveen,M.Arun,KineticEnergyRecoverySystemInBicycle, Volume 3 (4): 309-316 Ijpret, 2014 
[6] Michael Mathew , Design Of Flywheel For Improved Energy Storage Using Computer Aided Analysis, Department Of Mechanical Engineering National 

(IOT),(2009) 
[7] Michael Mathew , Design Of Flywheel For Improved Energy Storage Using Computer Aided Analysis, Department Of Mechanical Engineering 

National(IOT),(2009) 
[8] AkhileshBarwahe:-''ElectricityGenerationUsingFlywheel'''Volume 4 Issue IV, April 2016 IC Value 
[9] Uchiyama,T.andYagami,H., vortex simulation for the interaction between a vortex ring,(2004) 
[10] H. Ibrahim, A. Ilinca, and J. Perron, ―Energy Storage Systems— Characteristics and Comparisonsǁ, J. of Renewable and Sustainable Energy Reviews, Vol. 12, 

2008. 
[11] Punde AP, Gattani GK. Analysis of flywheel. International Journal of Modern Engineering Research (IJMER). 2013 Mar-Apr; 3(2):1097– 9. ISSN: 2249-6645. 
[12] Choudhary SM, Shahare DY. Design Optimization of Flywheel of Thresher Using FEM. International Journal of Emerging Technology and Advanced 

Engineering Certified Journal. 2013 Feb; 3(2). ISSN 2250-2459, ISO 9001:2008. 
[13] Lokesh P, Ashok Kumar B. Design and Analysis of Fly Wheel and By Using CATIA and ANSYS Software. International Journal and Magazine of Engineering 

Technology, Management and Research. A Peer Reviewed Open Access International Journal . ISSN No: 2348-4845 
[14] Mathew M. Design of flywheel for improved energy storage using computer aided analysis. Department of Mechanical Engineering, National Institute of 

Technology, Rourkela. 769008 (2008-2009) 
[15] Arslan MA. Flywheel Geometry Design For Improved Energy Storage Using Finite Element Analysis. Science Direct, Material and Design. 2008; 29:514–8. 
[16] Danfelt EL, Hewes SA, Chou T-W. Optimization of Composite Flywheel Design. International Journal of Mechanical Science. 19:69–78 
[17] Haung J, Fadel GM. Heterogenous Flywheel Modelling & Optimization. Materials & Design. 2000; 21:111–25. 
[18] Tzeng J, Emerson R, Moy P. Composite Flywheels For Energy Storage. Composites Science and Technology. 2006; 66:2520–7 
[19] Liu H, Jiang J. Flywheel Energy Storage-An Upswing Technology for Energy Sustainability. Science Direct Energy and Buildings. 2007; 39:599–604 
[20] Wang B, Liu Z. Investigations on Deformation and Fracture Behavior of Workpiece Material During High Speed Machining Of T050-T7451 Aluminum. CIRP 

Journal of Manufacturing Science and Technology. 2016; 14:43–54. 

 

 



 


