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Problem 4.2

* Centrifugal casting provides good
contact with the mould.

* Cu chill mould has high thermal
conductivity.

Centrifugal Casting

Mould cavity v /
I 2y

TR

% N

https://www.youtube.com/watch?v=zSPaoGwPXlo

4.2 Stainless steel tube castings are often cast in Cu chill-

moulds by centrifugal casting. A well-balanced quantity
of metal, suitable for casting, is supplied through a chan-
nel in the inner part of the chill-mould. The centrifugal
force presses the melt towards the chill-mould during the
whole casting process. Solidification of the stainless
steel melt occurs from the chill-mould surface and
inwards towards the centre. The melt is not superheated.

Calculate an approximate value of the solid-
ification time of a tube casting with a thickness
of 10cm. Material constants are found in the table
below.

Hint A30

Quantity  Fe (stainless steel) Cu (chill-mould)

k 30 W/m K (1325 °C) 398 W/m K (25 °C)

Ds 7.50 x 10° kg/m” (25 °C)  8.94 x 10° kg/m’ (25 °C)
c;, 650 J/kg K (~500 °C) 384 J/kg K (~25 °C)
—AH 300 kJ/kg °C

T T, = 1598 K (1325 °C) Ty=298 K (25 °C)

(no excess temperature)
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Problem 4.2

A )2 erf(1) exp(A1?) | +/mAexp(12)(0.3272+ erf(1))
0.8 0.64 1.896 0.7421 2.875
0.79 0.6241 1.866 0.73592 2.77
0.795 0.632 1.8814 0.739 2.826

A =0.795 (even 0.79 is fine)



Problem 4.3

Solidification length
for bilateral case

e

100 mm

H
—— —
/

900 mm

900 mm

Bilateral solidification

The solidification thickness y; is half of the thickness of
the casting.

ChvorinoV’s rule
2

%4

t=CC)
V= Total volume of casting
A= Total available area for heat extraction
C= Material-dependent constant
Take a,b,c as three side length of a rectangular body
V=abc (for a rectangular body)
A= 2(ab+bc+ac)
For thin casting, when c is significantly shorter than a and
b, for example
A~ 2ab

Then
2 be 2

—CV —Ca Ct2
t = (Z) = (ﬂ ~ (E)



HS C_a[c(&(ﬁ}(ﬁ, Ahe SOL:CL\@:Q@C&‘{QV\ %‘\W\@é
| PM‘(: A(} Not supef Weode d, sand wouw id,

.

Melt
Selid mpdral

Mow td

G oL

Fo IS

S
-1

el

e td

Toe AL

. 2 &
C:T (2;7,@‘3&5’,15) ‘
(A3 ~2a8)>

2 Zl\l'ioé>

(st

Z %‘t\ﬂ.‘lr&‘(‘m l\

C.QE:“KQ

L
062 Lbl 167105+t

e

Vhi&‘gw\\ b A . \35'" — {'Ea-(-&l: L ‘

4

- &
ol LW is f 0,0

S

2al

(S
M

Mould

f
f
l
!
[
|
[y

3&4—) Ej

\V\ S.O\V\C\— ‘mou\\A "i\'leh:, k\s Pccf(\

0

condnednity i Yhe won ld
54 t ‘J . -
adlve 2o the c:,mc\,a..o{:\h‘i{?) i X

= led neal. Se T 2T,

‘herma |

3

Yoo steel-

- 13 (z.228.(¢ ‘27ZrLG_$)L
N (lc?oy - Q_DLC?\)'L

(=14 -1t [s/ne)
L, = ot eest = 33 1us 2 103k
(\NEOW\‘W\ —Qakg-\gj“)

1 ,
2635 Lbi- (&-105-(6

Al

Cwocineys \'.\"'f‘\le_ﬁ

Comporisen, WY is stezl Lfagtor!

- ¢ [ Veara\: L (—od) (T | Bae) |
‘L_*&“k -~ A A\MMIR\LAYY\|%C{8 L3S 1.5k
whet e sheel | 232|156 | 104 |
™ Bredat (—OH)

& :? QT -TQY- Kingn ld " Cmontd " Cpmonid

Heat of Q‘»J‘f&»'\ c o ) butes,
&ﬁ+[ 'H/IL lftca‘\‘ %Méztv\i 1s W{ML\ QKD\}}CP —QW Yhe S““c&:{j,




Problem 4.6

4.6 In order to increase the production capacity at casting of
thin wall Al castings, a foundry has decided to change
from sand mould casting to metal mould casting of a pro-
duct with a thickness of 5.0 mm. The heat transfer coef-
ficient between metal and mould at the mould casting 1s
900 W/m~ K, Material data are listed in the table. The
room temperature is 20 °C.

Compare the solidification time of the product when
cast in a sand mould and in a metal mould.

Hint A40

Hint: Bilateral solidification, poor contact

Stage 1: Very good contact between melt and mould.
h is affected by

« Mould wettability by the melt

« Pouring temperature

« Mould roughness

« Mould temperature

« Melt momentum during pouring

« Mould thermal conductivity

« Metallostatic pressure

« Melt turbulence

h value ranged from 2,100 W/m?K for
cast iron in a metal mould — 19,000
W/m?K for Al-Si casting on copper
chills.

AN Vasileiou, G-C Vosniakos and DI Pantelis. Determination of local
heat transfer coefficients in precision castings by genetic
optimisation aided by numerical simulation. Proc IMechE Part C: J
Mechanical Engineering Science 2015, Vol. 229(4) 735-750.
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Problem 4.9

4.9 It can be seen from Figure 4.1 on page 60 that the heat

transport during the solidification process of a casting
can be described as a number of steps, coupled 1n series.
The step or steps that correspond to the largest heat
transfer resistance will determine the whole temperature
distribution.

The step that normally offers the largest heat transfer
resistance 1s the air gap between the mould and the cast-
ing. Depending on the circumstances, the temperature
distribution can either be described by Figure 4.17 on
page 73 or by Figure 4.27 on page 86.

The heat transfer coefficient / varies from 2 x 10° up
to 2 x 10° W/m* K in casting processes of technical
interest. The thermal conductivity varies strongly,
depending on the choice of alloy.



(a) Discuss the conditions for the temperature distribu-
P o b | em 4 . 9 (a ) tions in Figure 4.17 and Figure 4.27.

Hint A49
r
T
I E‘:elt 1 j;-r
| I .
: : ~ Mould Solid metal Melt
T nm | !
i i
7o | fo
_ .
0 y () L y 0 y

Air gap Air gap



Problem 4.9(b)

(b) Calculate the surface temperature 7; o Of steel
and copper castings as a function of the thickness
v of the solidified shell. Use two values of the
heat transfer coefficient, 2 x 10°W/m?K and
2 x 10°W/m?K respectively, for the respective
metal. Show the results in two diagrams, one for
steel and one for copper. The temperature of the
surroundings 1s 20 °C.

Hint A268

Material constants

Steel:

Ty, = 1530 °C
k=30 W/mK
Copper:

17, = 1083 °C

k =398 W/mK

Ti,metal

1800

1600

1400

1200

1000

800

600

400

200

—— Steel: h=200 W/m2K
----- Steel: h=2000 W/m2K
—— Copper; h=200 W/m2K

_____ Copper: h=2000 W/m2K

Y| Solidification thickness (m)
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