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Abstract— In the present work, different order of 

optimization and simulation techniques used on die casting 

operation. The die temperature profiles are going to be 

studied with infrared thermograph technology and also the 

internal cooling system are going to be optimized to provide 

even cooling to the components and the die or effects 

parameters inlet velocity, cooling rate, temperature 

distribution and solidification time of molten material. A 

simple computational model for isothermal phase change of 

phase change material (PCM). The mathematical model was 

based on an enthalpy formulation with equations cast in such 

a form that the only unspecified temperamental is the PCM’s 

temperature. Considerable amount of work has been reported 

by the researchers on die casting and optimization of various 

input parameters. Several approaches are proposed in the 

literature to optimize these parameters hence it is felt that a 

review of the various approaches developed would help to 

compare their main features and their relative advantages and 

limitations to allow choose the most suitable approach for a 

particular application. In this paper present a review of 

development done in the area of optimization of process 

parameter of die casting component. 

Key words: Die casting, Process parameters, Phase change 

material, Performance parameters 

I. INTRODUCTION 

The exceptional of solidification and melting are 

corresponding with many practical applications. They occur 

in a diverse range of industrial processes, such as metal 

processing, solidification of castings, environmental 

engineering and thermal energy repository system in a space 

station. In these processes, matter is subject to a phase 

change. Consequently, a boundary separating two different 

phases develops and moves in the matter during the process. 

Casting processes are widely used to produce metal 

components. The demand for high precision casting parts 

continues to expand due to exacting demands from the 

automotive and aero-industries. Much research has been 

devoted toward process development for the production of 

high quality casting goods at low costs. From a macroscopic 

point of view casting solidification is actually the conversion 

of liquid phase to solid phase with the liberation of latent heat 

of fusion. During this metallurgical process, it induces casting 

defects like shrinkage, porosity and hot tears. To eliminate 

these problems, accurate casting design and proper design of 

gating system is necessary. This can be predicted and 

designed by means of computational simulation of casting 

solidification. This review paper discusses about the 

simulation process of casting solidification with the aid of an 

example, which will help the foundry engineers and industrial 

metallurgists to optimize the design variables, solidifying 

casting and hence to identify the hot spot region with the aid 

of obtained time-temperature contours. 

The macroscopic point of view, casting processes 

intricate the coupling of solidification heat transfer and fluid 

flow. Therefore, the solidification and heat transfer as well as 

fluid flow occurrence have key role in casting of material 

because the material structure as well as mechanical 

properties of the material is affected by them 

1) Mold filling through the gating system 

2) Residual flow due to the coming momentum and 

3) Natural convection driven flow in the mold can be 

considered 

II. VARIOUS MATHEMATICAL MODELS OF SOLIDIFICATION 

AND MELTING 

Source based method: This method allows any additional heat 

from either a heat source (e.g. latent heat during the 

solidification, and exothermic heat of mixing during the 

melting) or a heat sink (e.g. latent heat during the melting) to 

be introduced into the general form of the energy equation as 

an extra term, that is, the source term. For the illustration of 

this method, a general source based method recently 

developed by Voller and Swaminathan [12] will be presented 

as follows. In this general source based method derived from 

a standard enthalpy formulation, the sensible heat (defined as 

the product of the specific heat and temperature) and latent 

heat are separated in the transient term of the energy 

𝜌
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  Recasting equation (1), the energy equation in the 

source formulation becomes 
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 Where the latent heat is now included in the source term S as 

 

S = - 𝜌 
𝜕𝐻𝑓

𝜕𝑡
              (3)    

Enthalpy method: The essential feature of the basic 

enthalpy methods is that the evolution of the latent heat is 

accounted for by the enthalpy as well as the relationship 

between the enthalpy and temperature. The method can be 

illustrated by considering a one dimensional heat conduction-

controlled phase problem. An appropriate equation for such a 

case can be expressed as 

𝜌
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Numerical methods for solving convection/diffusion 

phase change problems: Appreciation energy transport in 

phase change processes such as melting and solidification is 

important since heat transfer during the process can influence 

the overall efficiency and the evolution of the process. 

Meanwhile, the phase change process necessarily proceeds 

with temperature and/or concentration gradients in the liquid 

phase where convection drive under the action of buoyancy 

forces due to these gradients. Convection flow in the liquid 

phase has received less attention than conduction owing to 

the computer constraint in the past and considerable 

complexities entailed in the mathematical treatment. 

However, the convection flow can have a very significant 

influence on the phase change process. 
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𝜕𝑇

𝜕𝑥
  +  ∇(𝜌𝑉)  = 0                    (5) 

𝜌
𝐷𝑉

𝐷𝑡
  =  - ∇𝑝 +  𝜇∇2V + 𝜌𝑔                (6) 

III. VARIOUS PROCESS PARAMETERS 

Cooling rate, effect of filling velocity, heat transfer rate, 

effect of filling configuration, porosity, envelope 

temperature, convective condition, volume fraction, cooling 

boundary condition and flow mechanisms. 

IV. EXISTING RESEARCH EFFORTS 

S. Chakraborty et.al [1] The phase change model is integrated 

with a pressure based finite volume algorithm to obtain a 

complete solution of alloy solidification along with the 

similar flow, heat and mass transfer. A single domain 

enthalpy-based method with porosity formulation for the 

mushy region is found to be suitable and flexible enough to 

accommodate a large variety of problems. A finite volume-

based iterative algorithm is chosen for the solution of fluid 

flow and associated transport phenomena. Special algorithms 

are developed to address realistic issues such as non-

equilibrium effects and convection-correction of partition 

coefficient 

S, Jana et.al [2] In This paper deals with 

thermodynamically consistent numerical predictions of 

solidification and melting processes of pure materials using 

moving grids. Using the moving grid resemble, the authors 

present a method to solve solidification and melting 

problems. A simple linear interpolation is used to slide grid 

nodes along the interface to handle the otherwise obtained 

grid skewness near the interface. The numerical approximate 

employed is validated with standard test cases available in the 

literature. The present paper underlines the importance of 

numerical computational of flows with heat and mass transfer 

that occur when melting and solidification processes are 

present in materials. It is important for correct numerical 

predictions that the formation of the interface between the 

liquid and solid faces is estimate in a thermodynamically 

correct way. 

Suvankar Ganguly et.al [3] A generalized 

macroscopic mathematical model is developed to simulate 

the transport event occurring during the solidification of 

ternary alloy systems. The model is essentially based on a 

fixed-grid, enthalpy-based control-volume approach 

Numerical simulations are performed for two different 

ternary steel alloys of apparently compair thermosolutal 

transport characteristics, and the consequence of convection 

and macrosegregation patterns are analyzed in detail. 

B.Zivkovic at.al [4] In this paper, a simple 

computational model for isothermal phase change of phase 

change material (PCM) enclose in a single container is 

present. The mathematical reproduction was based on an 

enthalpy formulation with equations cast in such a form that 

the only unknown variable is the PCM’s temperature. The 

theoretical model was validate with a test issue and an 

experiment performed in order to assess the validity of the 

assumptions of the mathematical model A simple and easily 

implemented computational model simulating transient 

behaviour of the isothermal phase change is developed. 

Arvind Kumar et.al [5] A Rayleigh number based 

fragmentation basis is grow for detachment of dendrites from 

the developing mushy zone, which find the conditions 

favourable for fragmentation of dendrites. The Rayleigh 

number, defined in this paper, determine the ratio of the 

driving buoyancy force for the flow in the mushy zone to the 

decelerate frictional force associated with the permeability of 

the mush. The basis of developed is a function of the 

concentration difference, liquid fraction, permeability, 

growth rate of mushy film and thermophysical properties of 

the material. it is found that a more preface mush is more 

likely to remelt and fragment. Higher solidification expansion 

rates lead to the less likelihood of remelting and 

fragmentation in the mush. 

Ik-Tae Im et.al [6] In this paper, a unified model for 

simultaneous filling and solidification is applied to the two-

dimensional filling and solidification of a square cavity. The 

effect s of wall temperature and gate position on solidification 

are inspect. The mixed natural-convection flow and residual 

flow resulting from the completion of filling are included in 

this study to investigate the coupled effects of filing and 

natural convection on solidification. The residual flow due to 

the filling stage has an important effect on all the flow 

characteristics. 

R.Pardeshi et.al [7] The present method offers 

distinct advantages of simplicity and flexibility in 

incorporation of microscale models, as demonstrated by the 

use of a back diffusion parameter in the microsegregation 

model. a numerical scheme with hybrid explicit and implicit 

time stepping in solidification problem is used. An explicit 

time stepping scheme is used for solving coupled temperature 

and concentration fields, The flexibility of the present partial 

explicit scheme in incorporating complex microscale models 

is demonstrated by using a back diffusion parameter, and then 

numerically studying its effect on macrosegregation. 

Dang-Kha Nguyen et.al [8] This paper investigates 

the effects of turbulence flow, the heat, and phases transfer 

on thermal restrict time in the casting process. In this study, a 

computational fluid dynamic (CFD) bundle, Fluent, is used to 

investigate the phenomena of pure lead, going through the 

two-dimensional rectangular cavity. The simulation will 

chronicle the casting process by using volume of fluid (VOF) 

model integration with the solidification model in Fluent. 

P.J. Prescott et.al [9] A continuum model is used to 

simulate transient convective transport appearance 

numerically during solidification of a Pb-19 percent Sn alloy 

in an experimental, During intermediate stages of 

solidification, solutally driven natural convection spawns a 

cone separate in the interior region of the ingot. The final 

macrosegregation pattern is characteriz, The Prandtl number 

of the molten alloy is Pr = 0.016, and the calculated Grashof 

number based on the hydraulic diameter of the annular cavity 

and a temperature difference of 5 K is Gr = 8.7x 〖10〗^7 

test cell. 

Nitin Pathak et.al [10] This work presents a 

numerical analysis of simultaneous mould filling and phase 

change for solidification in a two-dimensional rectangular 

cavity. The role of residual flow strength and temperature 

gradients within the solidifying domain,source by the filling 

process, on the evolution of solidification interface are 

investigated. An implicit volume of fluid (VOF) based on 

algorithm has been employed for simulate the free surface 
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flows during the filling operation. The coupled effect of 

buoyancy-driven flow and the residual flow, generated by the 

filling process, on the solidification behaviour is illustrated 

by carrying out a numerical study for simultaneous mould 

filling and solidification of a pure metal. 

A.D. Brent et.al [11] The melting of pure gallium in 

a rectangular cavity has been numerically explore using the 

enthalpy-porosity approach for modeling combined 

convection-diffusion phase change. The enthalpy-porosity 

approach has been found to intersect rapidly, and is capable 

of producing accurate results for both the position and 

morphology of the melt front at different times, the enthalpy-

porosity technique for modeling an isothermal phase change 

in a metallurgical system has been verified by examining the 

two dimensional melting of pure gallium under the influence 

of natural convection in a rectangular cavity. 

V.R. Voller et.al [12] this paper is to categorize the 

major fixed grid formulations and solution methods for 

conduction controlled phase change problems. Using a two 

phase model of a solid/liquid phase change, the basic 

enthalpy equation is derived. These discretizations are used 

as the basis for a number of fixed grid numerical solution 

techniques for solidification phase change systems. Ability to 

deal with non-constant thermal properties and all types of 

boundary conditions. 

L.X. Kong et.al [13] A novel integrated approach is 

developed to optimize the high pressure die casting processes. 

The die temperature profiles will be investigated with 

infrared thermograph technology and the internal cooling 

system will be optimized to provide even cooling to the 

components and the die. The heat stored in the die and the 

components knows with image processing. Based on the 

geometrical profile of the components, cooling channels can 

be redesigned to improve the cooling efficiency while the 

cooling time is reduced. An integrated optimization system 

has been introduced to maintain the high quality of castings 

and to improve the productivity. This is achieved by 

monitoring the thermal balance of the dies, by reinvented the 

internal cooling system with computational fluid dynamics 

and by modelling the whole process through system 

simulation. 

Henry hut et.al [14] In this paper present on recent 

advances in modelling solidification and melting problems 

associated with convective motion of liquid phase are 

discussed. Based on this comprehensive study, basic 

guidelines are outlined to choose a correct mathematical 

formulation for solving solidification and melting problems. 

Computational efficiency and ease of programming. For pure 

substances, the variable grid methods often yield more 

accurate results than those based on the fixed grid method. 

Latifa Begum et.al [15] The turbulence in the melt 

and the mushy region solidification of the alloy are modelled 

through the popular low Reynolds number k-ε model of 

Launder and Sharma and the enthalpy-porosity scheme, 

respectively. The transport of melt through the foam is 

method using the Brinkman-Forchheimer extended Darcy 

equation. The casting speed and the HTC are varied from 40 

to 100 mm/min and from 750 to 3000 W/(m^2-K),The 

verification of the numerical model is performed by 

comparing the predicted and measured solidification front for 

AA-3104 rolling ingot reported in the literature. The 

predicted conclusion are presented for the solid shell 

thickness, the sump depth, the mushy thickness, the surface 

temperature as well as the non dimensional turbulent 

viscosity contours. With the increase of the casting speed the 

cliff-shaped mushy region is moving downward and is taking 

different shapes due to the stronger thermal convection. 

T.R. Vijayaram et.al [16] This can be predicted and 

designed by means of computer simulation of casting 

solidification. This review paper discusses about the 

simulation process of casting solidification with the support 

of an example, which will help the foundry engineers and 

industrial metallurgists to optimize the design parameters, 

better understand the temperature history of the solidifying 

casting and hence to identify the hot spot region with the 

support of obtained time-temperature contours. This paper 

reviews the details of computer simulation of solidification of 

castings in metallurgical engineering foundries. Since, 

computers became widely accessible in industry, researchers 

have been working on the development of programs to 

simulate the solidification of Castings. 

Jayesh Jain et.al [17] A Rayleigh number based 

criterion is developed, which determines the conditions 

favorable for freckles formation. This criterion, when 

expressed in terms of physical properties and process 

variable, yields the condition for plume formation as a 

function of concentration, liquid fraction, permeability, 

growth rate of a mushy layer, and thermophysical properties. 

The effects of process parameters, namely cooling rate and 

initial concentration, were investigated with respect to the 

formation and evolution of freckles. It was found that the 

number of channels reduces with increase in cooling rate. 

K. Davey et.al [18] In this paper demonstrated to be 

an effective mechanism for heat extraction in pressure die 

casting. Boiling heat transfer can be enhanced by cooling 

channel shape optimization. The occurrence of boiling 

presents a non-linear thermal complication, when combined 

with shape optimization, necessitates the solving of non-

linear equations for each channel confriguration. In this paper 

a model is presented that involves the use of optimization for 

the combined determination of channel shapes and heat 

transfer coefficients. Geometrical constraints are enforced 

using buffer elements superimposed on to the division 

element mesh. Numerical and experimental trials are 

performed to demonstrate the potential of the new 

optimization methodology. 

Lu Jianfeng et.al [19] The solidification and melting 

phenomena and performances of molten salt during cold 

filling process in a straight pipe are numerically investigated 

using volume of fluid model, the inlet flow velocity increases, 

the thickness of solidification layer decreases, but the flow 

resistance without phase change increases, so the pressure 

loss has a maximum at moderate flow velocity. The present 

article numerically investigated the solidification and melting 

behaviors and characteristics of molten salt in a straight pipe 

during cold filling process. The flow section obviously 

shrinks by the solidification film, so the maximum flow 

velocity exists in the section with maximum solidification 

layer thickness. During the filling process, the pressure loss 

will first increase for the solidification operation, and then 

quickly drops in the melting process. 

Arvind Kumar et.al [20] in this article the influence 

of the mushy zone permeability on the prediction of 

macrosegregation and Mesosegregation has been studied 
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using three different permeability laws. The three 

permeability laws have homogeneous permeability in the 

inner part of the mushy zone (low liquid fraction regions), 

however, in the outer part of the mushy zone (high liquid 

fraction regions) permeability differs significantly. The 

sensitivity of the prediction of mesosegregates is much 

stronger than that of macrosegregation predictions. The value 

of the microstructural parameter used in the permeability 

laws plays a formost role on the intensity of the 

macrosegregation and the nature of channel segregates with 

regard to their number, length and orientation. It has been 

notice that the permeability in the outer part of the mushy 

zone plays a key role in the formation of channel segregates. 

S.

N 

Name of 

Researchers 

Yea

r 
Contribution Material 

Technique/Mo

del 

Input 

Parameters 

Output 

Parameters 

1 
S.Chakrabo

rty 

200

0 

A generalized 

algorithm for 

modelling phase 

change 

problems in 

materials 

processing 

ammonium 

chloride solution in 

water 

Pressure based 

finite volume 

algorithm 

Pouring material 

temperature,pour

ing velocity 

Velocity and 

Temperature 

distribution 

w.r.t time 

2 S.Jana et.al 
200

7 

A numerical 

method to 

compute 

solidification 

and melting 

processes 

tin 
moving grid 

approach 

Cold and hot 

temperature 

physical 

location of the 

interface 

3 
Suvankar 

Ganguly 

200

6 

A Generalized 

Enthalpy based 

Macro Model 

for Ternary 

Alloy 

Solidification 

Simulation 

Steel,Carbon,Manga

nese and Nickel 

fixed-grid, 

enthalpy-

based control-

volume 

approach 

Uniform 

temperature,h 

buoyancy 

effects 

4 B. Zivkovic 
200

1 

An Analysis of 

Isothermal 

phase change of 

phase change 

material within 

rectangular and 

cylinderical 

containers 

𝐶𝑎𝐶𝑙2.6𝐻2𝑂 
Computationa

l Model 

Mass flow rate 

of air, 

Temperature of 

PCM 

prediction of 

the 

temperature 

variation shell-

tube PCM 

storage 

systems. In 

Proceedings of 

the 

with time 

5 
Arvind 

kumar et.al 

200

8 

A Rayleigh 

number based 

dendrite 

fragmentation 

criterion for 

detachment 

of solid crystals 

during 

solidification 

- 

Rayleigh 

number based 

dendrite 

fragmentation 

criterion 

Temperature 

gradient,growth 

rate of 

mush,heat 

extraction rate 

Liquid 

Fraction 

concentration 

6 
Ik-Tae Im 

et.al 

200

0 

A unified 

analysis of 

filling and 

solidification in 

casting with 

Natural 

convection 

Aluminum alloy 

implicit 

volume of 

fluid (VOF) 

method 

Pouring velocity 

and 

temperationand 

wall temperature 

coupled effects 

of filling and 

solidification 

7 
R.Pardeshi 

et.al 

200

8 

An explicit–

implicit time 

stepping scheme 

for 

solidification 

models 

Ammonium-

chloride,Pb-Sn 

Alloy 

pressure based 

fully 

implicit 

method 

Wall 

temperature 

macrosegregati

on 

predictions 
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8 
Dang-kha 

Nguyen 

201

2 

Analysis the 

Effects of 

Turbulence 

Flow, the Heat, 

and Phases 

Transfer on 

Thermal Arrest 

Time in Casting 

Process by 

Computational 

Fluid Dynamic 

Method 

Pure Pb 
volume of 

fluid 

Inlet 

Velocity,cooling 

temperature 

Reducing time 

of thermal 

arrest and 

turbulence 

flow 

9 

P.J. 

Prescott 

et.al 

199

4 

Convective 

Transport 

Phenomena and 

Macrosegregati

on During 

Solidification of 

a Binary Metal 

Alloy 

Pb-Sn Alloy 
Continuum 

model 

No slip 

boundary,adiaba

tic free 

surface,velocity 

predicted a 

macrosegregati

on pattern 

10 
Nitin 

Pathak et.al 

200

9 

Effect of mould 

filling on 

evolution of the 

solid-liquid 

interface during 

solidification 

Pure Pb 

Implicit 

volume of 

fluid (VOF)-

based 

algorithm 

model 

Inlet velocity 

and cooling wall 

temperature 

Residual flow 

affects and 

solidification 

interface 

11 
A.D. Brent 

et.al 

198

8 

Enthalpy-

porosity 

technique for 

modelling 

convection 

diffusion phase 

change 

Pure gallium 

Enthalpy-

Porosity 

Technique 

Cold wall 

temperature and 

hot wall 

temperature 

Predict 

morphology 

and position of 

solid layer 

12 
V.R. Voller 

et.al 

199

0 

Fixed grid 

techniques for 

phase change 

problem: a 

review 

- 
Fixed grid 

techniques 
- - 

13 
L.X Kong 

et.al 

200

7 

Integrated 

optimization 

system for high 

pressure die 

casting 

processes 

Steel,water 

Novel 

thermography 

technique 

Fluid 

temperature,flui

d velocity and 

effective 

conductivity 

Reducing 

cooling time 

14 
Henry hut 

et.al 

199

6 

Mathematical 

modelling of 

solidification 

and melting 

- 
Analytical 

methods 
- - 

15 
Latifa 

begun et.al 

201

4 

Modelling of 3-

D turbulent 

transport 

phenomena and 

solidification of 

a direct chill 

caster fitted 

with a metallic 

foam plated 

combo bag 

AA-1050 and 

stainless steel 
k-ε model 

Velocity and 

convective heat 

transfer 

coefficient 

Thicker mushy 

region,increase 

casting speed 

16 

T.R. 

Vijyaram 

et.al 

200

6 

Numerical 

simulation of 

casting 

solidification in 

Alloy 
Numerical 

techniques 

Solid model of 

casting and 

material 

properties 

eliminate 

defects 

shrinkage,poro
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permanent 

metallic molds 

sity and locate 

hot spot region 

17 
Jayesh jain 

et.al 

200

7 

Numerical 

studies on 

channel 

formation and 

growth during 

solidification:Ef

fect of process 

parameter 

Pb–Sn, Pb–Sb and 

Pb–Sn–Sb alloy 

Numerical 

Simulation 

Cold wall 

temperature ,hot 

wall temperature 

and pressure 

Cooling rate 

,initial 

concentration 

18 
K Davey 

et.al 

200

2 

Optimization 

for boiling heat 

transfer 

determination 

and 

enhancement in 

pressure die 

casting 

- 

non-linear 

optimization 

method 

Process 

parameter,therm

al 

properties,geom

etric constraints 

Heat flux,heat 

transfer 

coefficient and 

optimised 

cooling 

channel shape 

19 
Lu jianfeng 

et.al 

201

0 

Solidification 

and melting 

behaviors and 

characteristics 

of molten salt in 

cold filling pipe 

Molten salt,air,steel 
Volume of 

fluid model 

Inlet velocity 

and pouring 

temperature 

 

Thickness of 

solidification 

layer decrease 

20 
Arvind 

kumar et.al 

201

1 

Study of the 

influence of 

mushy zone 

permeability 

laws on macro- 

and meso-

segregations 

predictions 

Sn-Pb alloy 
permeability 

law 
velocity 

macrosegregati

on predictions 

Table 1: Existing research efforts 

V. CONCLUSIONS 

Die casting is a complicated manufacturing process with a 

large number of sub processes or variables. The numerical 

methodology involves volume of fluid method for modelling 

the filling process, and a solidification model and the internal 

cooling system will be optimized to provide even cooling to 

the components and the die. it also review the different 

optimization techniques and methods which are used in order 

to optimize the different input and performance parameters. 

Inlet velocity varies to perform different variable like cooling 

rate, flow pattern of molten metal in cavity and mushy zone 

varies for the cooling capacity and turbulences of liquid 

metal. In this review paper to perform optimize cooling time 

of casted component. 
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