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Phase Transformation and Heat Transfer during Cooling of Steel

Shkoji TANIGUCHI, Toshiyuki MURAKAMI, Atsushi WATANABE and Atsushi KIKUCHI

Synopsis :

Studies on the cooling of a carbon-steel disk were made to discuss the heat transfer accompanied with
phase transformation.

Hypereutectoid steel, eutectoid steel and hypoeutectoid steel- were used as the disk. Its diameter and
height are both 30 mm. The disk was cooled from the bottom by a jet of water or nitrogen gas, after it was
heated inductively up to about 1 200 K. Heat-transfer coefficients which are necessary for the analysis of
heat transfer in the system, were obtained by analysing the cooling curve of a copper disk, under the
assumption of one dimensional heat conduction in the disk. These values of heat-transfer coefficients
could be successfully used for the prediction of cooling curves of stainless steel disk.

In the case of carbon steels, the heat generation by phase transformation was accounted in the
one-dimensional heat conduction equation. The fractions of various phases such as austenite, martensite,
bainite, ferrite and pearlite were estimated by the use of the continuous cooling transformation diagram

(CCT diagram).
with the observed ones.

Calculated cooling curves in carbon steels by the present model were in good agreement

Key words : cooling ; carbon steel ; heat transfer ; phase transformation ; CCT diagram.
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Table 1. Chemical compositions of specimens. Table 2. Experimental conditions.
JIS code C% Si% Mn% P% S% Coolant Steel TK) | To(K) | d(m) | H(m) |[V(10 3m3s~1)
S10C 0.10 0.22 0.41 88:1;4 0.006 S10C 1193 1193
S45C 0.45 0.25 0.75 . 0.035 S45C 1153 1073
SK5 0.82 0.25 0.38 0.013 0.025 Water SK5 | 1133 | 1073 | 0-012] 0.02 | 0.187
SK3 1.08 0.23 0.39 0.009 0.023 SK3 1133 1063
giog 1233 | 1233
. 5 1153 1083
Nitrogen SK5 1133 1113 0.005 0.04 0.683
® SK3 1133 1073
4 & T,= Austenitizing temperature
To=1Initial temperature of cooling
d=Inside diameter of nozzle, H= Distance from nozzle to the surface
6 of steel, V=Flow rate of coolant
O O
1200
@) @)
O A O Calculated value ¥
O O
=1 O @) O x
T O wawa €3 O ~N 800
- - - -
Water 5 O I_;i_ 7 O\®
: H d I | Observed vaalues
Key z/107°m
1 b 8 o 9
400 & 3
¥ l
@ Specimen @ Silica tube @ Alumina bubble @ Thermo-couple 0 2 6

(CA) ® Oscillograph ® Rubber stopper (D Induction-heating
coil Glass nozzle @ Valve @ Orifice-flow meter @ Pump @
Rotameter @ Manometer

Fig. 1. Experimental apparatus.
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Fig. 2. Cooling curves of copper cooled by water.
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Fig. 3. Cooling curves of stainless steel cooled by
water.

(REMOBA A — X7+ 4 MUBE) B X OHHER
WHIRE To 3BABDEBREFNVTHEHATS CCT MDSk
HLizZR—Ic A XL B, BIUTRAT Y
L A DA, KEHEHITR T,=To=1073K", 8%
HETI T,=To=1093~1173K & L, flioo 5k
Table 2 & FKEC L7z, |

2.2 A#Hehig

Fig. 2 BX U3 ABLURF L AHEZKESHEL

B EORHMBOEMEERR L. MO%E (Fig. 2)

W2 =3 s fHETHIEBEFEL 2O TWDEH, 13T

Z ORI HE L0 ERESBEID 2 LIZ Lo THRE
Lzt BbhagrxHrhs. 2572 LV AFHOEEITIE
t MoV T T,=Tp=573K TH—#WEELT>T5% (Fig 8).

—113—



320 %+ M 474 4 (1988) & 2 B
1200 FOFRKGHBHERICHEH L.

f_@ﬁm

4ol )

Calculated vatues

CCT model

equilibrium properties
T I

5

t/s

10

Fig. 4. Cooling curves of various carbon steels

cooled by water.
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Fig. 5. Cooling curves of various carbon steels

cooled by nitrogen.
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Fig. 7. Relation between heat-transfer coefficient
and surface temperature.
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Photo. 1. Optical micrographs of water-cooled carbon steels.
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Fig. 9. Calculated constructions of steels after water cooling.
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Fig. Al. Calculated cooling curves based on the
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