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This paper presents three-dimensional simulation of transient conduction heat transfer within an axial impeller (AISI 
1016), two different sizes of chills (AISI 1016), core (green sand) and mold (green sand) by using Ansys CFX. Specific 
heat, density and thermal conductivity of AISI 1016 steel, mold and Core materials are considered as functions of 
temperatures
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INTRODUCTION

It is a necessity to feed the liquid metal from the 
riser(s) to all geometric locations from the beginning to 
the end of the solidification. Although large amount of 
data are available to define feeding distances, all data 
are generated for the simple shapes. Thus, for complex 
cast geometries, numerical analysis should be employed 
to know the solidification pattern and to modify it by 
special applications such as the use of chills.

The feeding distances of risers are increased by us-
ing chills. The difficulties in defining feeding distances 
of risers in complex cast geometries become harder in 
cases that foundry engineers intent to use chills for 
which no quantitative data are available. 

The most effective way to understand how a chill 
modifies the solidification pattern and feeding distance 
is to use numerical methods by adding chills as new 
domains to the models analyzed.

The accuracy of numerical techniques depends on 
the use of correct thermo-physical properties of metals 
and mold at elevated temperatures that were studied by 
several researchers [1-8]. 

The object of this article is to analyze the change in 
the solidification pattern of an axial impeller by the use 
of chills, both made of AISI 1016 steel, poured into 
green sand. This analyze is carried out by using a com-
mercial Finite Volume Package, Ansys CFX. 

The pouring temperature was set as 1 973 K in order 
to ensure the proper flow through thin blades. The den-
sity, specific heat, thermal conductivity of AISI 1016 
steel, chills, mold and core sand were considered as 
temperature dependent. 

THERMAL GOVERNING EQUATION

It is identical to the transient energy equation given 
in the following formula [9].

  
(1)

Where 
ρ is the density. 
k is thermal conductivity. and
Cp is specific heat including latent heat of solidification.

THERMOPHYSICAL PROPERTIES OF AISI 

1016 STEEL AND GREEN SAND

Thermo-physical data of AISI 1016 steel and ma-
chine molded green sand are presented in Table 1 and 
Table 2 respectively.

Table 1 Thermo-physical properties of AISI 1016 steel [3]

  AISI 1016
T /K ρ Cp k

  kg/m3 J/kg K W/m K
298 7 964 446 14,51
473 7 890 487 16,85
673 7 804 522 19,54
873 7 717 556 22,24

1 073 7 631 590 24,94
1 273 7 519 627 27,66
1 373 7 492 646 29,01
1 473 7 444 666 30,37
1 573 7 396 687 31,74
1 627 7 368 699 32,44
1 645 7 350 706 32,45
1 659 7 332 712 32,32
1 668 7 317 716 32,15
1 675 7 301 721 31,91
1 683 7 273 729 31,43
1 693 7 222 743 30,39
1 701 7 153 763 28,87
1 873 6 987 823 27,58
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Table 2 Thermo-physical properties of green sand [8]

  Green Sand - Machine Molded

T /K ρ Cp k

  kg/m3 J/kg K W/m K

295 1 404 0 0,000
373 1 392 953 0,548
473 1 380 994 0,535
573 1 367 1 035 0,511
673 1 363 1 076 0,484
773 1 358 1 117 0,452
873 1 352 1 158 0,418
973 1 348 1 198 0,386

1 073 1 345 1 239 0,360
1 173 1 342 1 280 0,347
1 273 1 339 1 321 0,347
1 373 1 335 1 362 0,369
1 473 1 332 1 403 0,417
1 573 1 329 1 444 0,497
1 673 1 326 1 485 0,618
1 773 1 323 1 526 0,783
1 873 1 320 1 567 1,001

METHODOLOGY

Two sizes of chills were used to analyze the effects 
of the chill size on the solidification pattern and the 
feeding distance. The segmented volume of the small 

chill is 122 cm3 (Figure 1), and the segmented volume 
of the big chill is 393 cm3 (Figure 2).  

TRANSIENT ANALYSES

In this study, the geometry of the model was seg-
mented as 6 pieces of 600 symmetric parts. 

Liquidus and solidus temperature of AISI 1016 steel 
are 1 790 K and 1 750 K respectively.

As the initial conditions, at t = 0 s, 1 973 K was as-
signed to impeller (metal) as it was 298 K for the chills, 
the core and the mold. The convection created by the 
natural aerated environment have film coefficient val-
ues 5,75 W/(m2 K) and 11,45 W/(m2 K) for the mold top/
bottom surfaces and outer vertical surface respectively 
[10-14]. Side surfaces of the segmented model are set as 
adiabatic as the initial boundary condition. 

RESULT AND DİSCUSSION

The aim of this study is to understand the effects of 
the chills on the solidification pattern and their contri-
butions on the feeding distance.

In Figure 3, it is seen that the liquid metal (red zones) 
passage between outer shell of the impeller and the riser 
gets narrower at t = 65 s as the outer shell still needs 
liquid metal to solidify without shrinkage. 

In the analysis, it is well understood that the solidifi-
cation on the outer shell is incomplete when the connec-
tion between outer shell and the riser is broken. 

Figure 4 shows the small chill application in contact 
to the outer shell. The solidification of the outer shell is 
separated into two locations by small chill. The lower 
part of the outer shell solidifies without supply of liquid 
metal from riser.

As it is seen in Figure 4, small chill makes the so-
lidification pattern worse. Thus, there is a minimum 
size of a chill to have sufficient and proper impact on 
the solidification pattern.

A model with bigger chill was analyzed (Figure 5). 
Solidification on the outer shell occurs only on a single 
location at t = 30 s as it was seen in the model of small 
chill. The solidification rate on the outer shell is faster 

Figure 1 3D model of the small chill

Figure 2 3D model of the big chill Figure 3 Impeller without chill at t = 65 s
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in the model of big chill. Thus, outer shell becomes 
solid as the feeding path from the riser is still liquid. 

At the solidification steps of t = 42,5 s, 45 s and 50 
s, the solidification contours are seen in the Figure 6, 
Figure 7 and Figure 8 respectively.

As it is seen in FIGURE 6-8, the solidification con-
tour draws back in the direction of the riser. In every 
step, the feeding path is not disconnected and the liquid 
metal is supplied to the locations that solidify. We can 
conclude that the big chill provides the directional so-
lidification in the impeller casting.

CONCLUSION

In this study, transient heat transfer equations were 
solved to estimate the effect of the chill and their sizes 
on the solidification pattern of an impeller by using An-
sys CFX.  

Unfortunately, there is no quantitative data or a for-
mula to calculate the feeding distance of a riser in a 
given riser-metal-chill-core-mold combination. How 
feeding distances of risers can be increased in a com-
plex geometry by using chill, chill size and their loca-
tions should be analyzed for each case (geometry) by 
using numerical methods. So, each model which con-
sists of cast part (including riser), core, mold and chills 
should be studied separately.

The model with no chill showed that the directional 
solidification was impossible to create. The small chill 
did not contribute the directional solidification, but 
rather made the solidification pattern worse and raised 
the possibility of shrinkage on the outer shell. The mod-
el with big chill is the only one which created direc-
tional solidification.
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Figure 4 Impeller, core, small chill at t = 35 s

Figure 5 Impeller, core, big chill at t = 30 s

Figure 6 Impeller and big chill at t = 42,5 s

Figure 7 Impeller and big chill at t = 45 s

Figure 8 Impeller and big chill at t = 50 s
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