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ABSTRACT:

The present work has been carried out to study the effect
of some input parameter on the desired response in the
analysis of flow of molten Fe using FLUENT 6.3.26. The
effect of flow pattern for molten Fe inside sprue has been
analysed at different velocity corresponding value of
different Reynolds, no. For the present work simulations
have been done by making 2-D and geometric models.
Although meshing of 2-D geometric models are easy and
less time consuming and validates the literature available
.In this work GAMBIT 2.3.16 version have been used.
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1. Introduction

Metal Casting is the oldest method of
metals/materials shaping known. The term Casting
means pouring molten metal into the mould cavity
of the same shape as to be made and permitting it
to solidify. The casting when solidified, desired
metal/material object is taken out from the mould
cavity either by breaking the mould or by taking
the mould apart and the final solidified object is
known as the casting. Using this method or process,
complicate or intricate parts can be produced.

The mould into which molten metal/material is
poured, is made of heat resisting material. Different
types of sands are most often used in the form of
heat resisting material inasmuch as sand resists
elevated temperature of the molten metal/material.
Permanent moulds made of special metal can also
be used for casting.

2.Literature Survey

The basic review of literature falls into two
important areas:

They are:

1. Literature review of other researchers in
prediction of aspiration effect, pressure contours,
velocity contours etc. by CFD Model and it’s
validation with experimental values or value given
in Standards.

2. Analysis of molten metal flow by other means
i.e., conducting experiments.

Experimental determination of aspiration effect,
pressure, velocity etc. in sprue is both time
consuming and expensive.

Following literature review is found proper for
investigation of molten metal flow through sprues:
Sprues should be of standard sizes and shapes.
Swift et al [1] studied rectangular and round-
shaped sprues with cross-sectional areas ranging
from 1.27 to 3.81 cm? Generally rectangular sprues
are used to avoid vortex problems. However, round
sprues with small height and radius do not cause
vortex problems, are easier to make and, hence are
more economical for small castings.

The extreme sizes for the sprue should be 1/2x3/16
in. (1.27x0.48 cm) for “small castings” and 1x4 in.
(2.54x10.16 cm) for “large thin panels.’” [2]

Swift et al. [1] suggest that an ideally tapered sprue
of length 10 in.

Sprues should be tapered by approximately 5%
minimum to avoid aspiration of the air and free fall
of the metal. (25.4 cm) and exit area 1.90 cm?
should have an entry area of 5.16 cm? at the bottom
of the sprue basin and 23.01 cm? at the top of the
sprue. If the sprue length is 15.24 cm, the entry
area for the bottom of the sprue basin and the top of
the sprue must be 4.52 and 18.4 cm?, respectively.
The profiles for the sprues suggested by Swift et
al.[1] are not linear. The first one has about 14%
average slope with a minimum slope of 4% at the
bottom of the sprue and a maximum slope of 48%
at the top. The second one has a changing slope
from 6% to 39% with an average slope of 17%.
Sprues can be tapered slightly more than required
to provide a factor of safety for aspiration of air.[1]
Hill et al [3] suggested well area for the sprue box
is two to three times the area of the sprue exit.

3.Mathematical model and CFD

analysis

With the development of powerful computing
facility and associated hardware capable of
performing millions of calculations in a fraction of
second, attempts have been made to numerically
model and simulate the flow problems. Since
Navier-Stokes equations are elliptic and nonlinear,
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it is necessary to resort to numerical solution of the
equations. This has been achieved by breaking the
flow domain into large number of the small unit
say cells, discretizing the equation in these cells to
give a set of algebraic equations rather than partial
and ordinary differential equations set and solving
them which involves inverting the large matrix. For
the turbulent flows, this case becomes worst as the
significant increase in number of variables occurs
due to presence of the turbulence fluctuating
quantities.

There are several commercial CFD codes such as
CFX, FLOWTRAN, FLUENT, STAR CD,
PHOENICS etc. which are available for analyzing
the complex flows. But in the present investigation
the commercial CFD code “FLUENT” version
6.2.26, based on the cell centered finite volume
technique is used to investigate the molten metal
flow through sprue.

4.Geometric modeling of flow domain

The geometry and flow domain of the sprue is
modeled by using GAMBIT 2.3.16 software. The
geometry modeling and meshing tool of GAMBIT
allows us for creation and manipulation of highly
complex geometries and mesh generation. 2 D
model of a sprue diameter =3cm, length =20cm,
top height =10cm is modeled.

5.Boundary Conditions:

VELOCITY_INLET- is given at the inlet of the
sprue

PRESSURE- is given at the outlet of the sprue
WALL - is selected for the left and right side of the
sprue.

FLUID- is specified as continuum type boundary
condition.

6.Properties of fluid:

Molten Fe has been used

Density of fluid (p) = 7800 kg/m®

Kinematic viscosity of Fe (n)=0.00496 kg/m-sec.
7.Geometrical specification

For cylindrical pouring basin following geometrical
specifications have been used for modelling in
“GAMBIT 2.3.16":

Case 1: Geometrical Specification of
Sprue for Modelling and Meshing in
“GAMBIT 2.3.16” (straight sprue)
Diameter of sprue =3cm

Height of sprue=20cm

Diameter of pouring basin=10cm

Height of pouring basin=10cm

IISET - International Journal of Innovative Science, Engineering & Technology, Vol. 2 Issue 5, May 2015.

www.ijiset.com

ISSN 2348 — 7968

Figure 1 : 2-D Meshed geometry of sprue in “GAMBIT
2.3.16”, dimensions based on case-1

Case 2: Geometrical Specification of
Sprue for Modelling and Meshing in
“GAMBIT 2.3.16” (tapered sprue)

Inlet diameter of sprue=3cm

Exit diameter of sprue=2cm
Height of sprue=20cm

Diameter of pouring basin=10cm
Height of pouring basin=10cm
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Figure 2: 2-D Meshed geometry of sprue in “GAMBIT 2.3.16",
dimensions based on case-2

Case 3: Geometrical Specification of
Sprue for Modelling and Meshing in
“GAMBIT 2.3.16” (tapered sprue)

Inlet diameter of sprue=3cm

Exit diameter of sprue=2.5cm
Height of sprue=20cm

Diameter of pouring basin=10cm
Height of pouring basin=10cm
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Figure 3 : 2-D Meshed geometry of sprue in “GAMBIT
2.3.16”, dimensions based on case-3

Case 4: Geometrical Specification of
Sprue for Modelling and Meshing in
“GAMBIT 2.3.16” (tapered sprue)

Inlet diameter of sprue =3cm
Exit diameter of sprue =2.85cm
Height of sprue =20cm

Diameter of pouring basin=10cm
Height of pouring basin=10cm
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Figure 4 : 2-D Meshed geometry of sprue in “GAMBIT

2.3.16”, dimensions based on case-4

When the Reynolds No. (Ry) is less than 2000
fluid flow results in laminar flow and if the
Reynolds No. (Ry) is more than 2000 turbulent
flow occurs.

Table 4.1: Different values of inlet velocity

S.N. | Inlet Velocity (m/s)
1. 0.01

2. 0.1

3. 1

4. 5
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Figure 1(a): Contours of static pressure obtained from 2-D Figure 1(c): Contours of static pressure obtained from 2-D
simulation of sprue at inlet velocity, V=0.01 m/s and Reynolds simulation of sprue at inlet velocity, V=1 m/s and Reynolds no.
no. Re=1600 [Case -1] Re=31451 [Case -1]
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Figure 1(d): Contours of static pressure obtained from 2-D
Figure 1(b): Contours of static pressure obtained from 2-D simulation of sprue at inlet velocity, V=5m/s and Reynolds no.
simulation of sprue at inlet velocity, V=0.1 m/s and Reynolds Re=160000 [Case -1]

no. Re=3145 [Case -1]
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Figure 2.(a): Contours of static pressure obtained from 2-D Figure 2(c): Contours of static pressure obtained from 2-D
simulation of sprue at inlet velocity, V=0.01m/s and Reynolds simulation of sprue at inlet velocity, V=1 m/s and Reynolds no.
no. Re=1600 [Case -2] Re=31451 [Case -2]
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Figure 2(b): Contours of static pressure obtained from 2-D Figure 2(d): Contours of static pressure obtained from 2-D
simulation of sprue at inlet velocity, V=0.1 m/s and Reynolds simulation of sprue at inlet velocity, V=5m/s and Reynolds no.
no. Re=3145 [Case -2] Re=160000 [Case -2]
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Figure 3(a): Contours of static pressure obtained from 2-D
simulation of sprue at inlet velocity, V=0.01 m/s and Reynolds
no. Re=1600 [Case -3]
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Figure 3(b): Contours of static pressure obtained from 2-D
simulation of sprue at inlet velocity, V=0.1 m/s and Reynolds
no. Re=3145 [Case -3]
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Figure 3(c): Contours of static pressure obtained from 2-D
simulation of sprue at inlet velocity, V=1 m/s and Reynolds no.
Re=31451 [Case -3]

Contours of static pressure obtained from 2-D
simulation of sprue at inlet velocity, V=5m/s and Reynolds no.
Re=160000 [Case -3]
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Figure 4(a): Contours of static pressure obtained from 2-D
simulation of sprue at inlet velocity, V=0.01 m/s and Reynolds
no. Re=1600 [Case -4]
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Figure 4(b): Contours of static pressure obtained from 2-D
simulation of sprue at inlet velocity, V=0.1 m/s and Reynolds
no. Re=3145 [Case -4]

Figure 4(c): Contours of static pressure obtained from 2-D
simulation of sprue at inlet velocity, V=1 m/s and Reynolds no.
Re=31451 [Case -4]
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Figure 4(d): Contours of static pressure obtained from 2-D
simulation of sprue at inlet velocity, V=5m/s and Reynolds no.
Re=160000 [Case -4]

Results and discussion from CFD
analysis

For the analysis of molten metal flow (Molten Fe in
this case) FLUENT 2.3.26 has been used. For
modelling and meshing GAMBIT 2.3.16 has been
used.Total eight geometric cases have been
analysed with the help of CFD analysis, and each
geometric case has been analysed by making 2-D
models. Simulation has been done for inlet velocity
of 0.0lm/s, 0.lm/s,lm/s and 5m/s and


http://www.ijiset.com/

corresponding Reynolds No. 1600, 3145, 31451
and 160000 i.e. ranging from laminar to turbulent
flow. After simulation, results are tabulated from
Table5(a) to Table5(b)

Table 5(a): showing possibility of aspiration effect inside sprue
[results based on FLUENT simulation of 2D model of
geometrical case-1]
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Table 5(c): showing possibility of aspiration effect inside sprue
[results based on FLUENT simulation of 2D model of
geometrical case-3]

Inlet Reynolds Negative A
. pressure Aspiration

S.N. | velocity | Number insid Eff

(mis) Ry inside ect

N sprue

1. 0.01 1600 NIL NIL
2. 0.1 3145 NIL NIL
3. 1 31451 present possible
4. 5 160000 present possible

Inlet Reynolds Negative A
. pressure Aspiration

S.N. | velocity Number insid Eff

(mis) Ry) inside ect

N sprue

1. 0.01 1600 NIL NIL
2. 0.1 3145 present possible
3. 1 31451 present possible
4. 5 160000 present possible

Table 5(b): showing possibility of aspiration effect inside sprue
[results based on FLUENT simulation of 2D model of
geometrical case-2]

Table 5(d): showing possibility of aspiration effect inside sprue
[results based on FLUENT simulation of 2D model of
geometrical case-4]

Inlet Reynolds Negative A
. pressure | Aspiration

S.N. | velocity | Number v

(mis) Ry) inside Effect

N sprue

1. 0.01 1600 NIL NIL
2. 0.1 3145 NIL NIL
3. 1 31451 present possible
4. 5 160000 present possible

Inlet Reynolds Negative A
. pressure Aspiration

S.N. | velocity | Number insid f

(mis) Ry) inside Effect

N sprue

1. 0.01 1600 NIL NIL
2. 0.1 3145 present possible
3. 1 31451 present possible
4. 5 160000 present possible
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