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A Study on the Heat Transfer of the High Temperature Metals in Quenching
—The Latent Heat of Phase Transformation and Cooling Curves-
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Experiments of quenching were made with cylindrical specimens of carbon steel S45C of
diameters from 12 to 30mm were performed. The specimens were heated by electric furnace
and quenched by immersion method, In order to analyze the temperature profile{cooling
curves) of carbon steel including the latent heat of phase transformation, nonlinear heat
conduction problem was calculated by the numerical method of inverse heat conduction
problem using the apparent heat capacity method, The difference between the calculated and
the experimented cooling curves was caused by the latent heat of phase transformation, and
the effects of the latent heat were especially manifest at the cooling curves of center of
specimens, The temperature and the quantity of the latent heat of phase transformation
depend on the cooling speed at A, transformation point, and the region for cooling speed to
become zero was caused by the latent heat of phase transformation,
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Table 1. Chemical composition of S4BC‘ (wt %)
C Si |Mn| P S Cu | Nij Cr
S45C10.4410.2210,7010.014] 0. 1510, 016(0, 08 | 0. 08

junctiond0-8- M+ BEEKETE Fo8kskaiTh, 5“—?
WEE O R BT LA Bl oAl fES
A|7171 ko] A AEAE oA ﬁﬁﬁo}‘}iﬂ
Fig, 2+ RbimA g #Es vehd 7l
2 @O SiliconitifHiHa88 (B S4mm, o] 450
mm, TEH 1.4 Q, Bh 5. 2kw)olv] @F Misw
(Mullite, &E 50mm, 7o) 700mm), QL ik
HE, Ot EREe NS Jehid,

2, WEHH

ol M RA-2 @i%el 30,25, 20,16, 12mm
ol 1 Zoj % 100mmi olei3t SEMEE
R #deny Fig 3¢ &R 20mm Rre) 27190 #
18] FEARRES e} ‘%l ol

it Ayl doEko s B 1, 1mm, 7o
50mm=el T4 & Heo] C-A sheathed
thermocouple "M% 1. 0mm, FHHIE S0um)S

—322—



Aol st idstell RIS B

=

$54
b68
d 150
¥ $ 300 =
— il
1IN
a k%
1
EE # E\P—3
(
\ \ 4
_,_\ AN
|
I 'S— | N | 2

| . Siliconit heating element
2 . Combustion tube
3 . Insulating brick
4 . Furngce shell
Fig. 2. Electric furnace

A shglom #qEErs: Fvel Aolwakel el
AT e el EiZel vk Zelrt wig A=
& 7o|uteko mo| BEFMEL W (4] BrE#e] 4
&AL el vlsted 7] wifoll Heolfrmel o
o 32e pEpmeze Ao FEgl wisied &

5} 4= olebm FEfOSHT AR KT Bl
HATS 317) Slabolch, Mprel 7 BMESE HEA
olo] 1M FEESHA sl7] Sisled WORESC! 1100°C
ol Cu Brazinghfkld ol-&sto] #AE dtlod 1
o3l #EEr Ajole] Eog HHbkIb AvEo] HiE
B AV A Bksk) Slslel A BA
st BA3 3 RAEES Tt #EHe]
Afol & Eillel AW 4 e AebEEEiE w2

EBE
Ol
o
o
o f

pe— IT‘—>”<3

Sheathed

fhermocou;ﬁ\

k— 50 —

100

F—¢£o——4

Fig. 3. Dimensions and positions of thermocouples
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Table 2. The measuring points of temperature

e ER B WEirE
$30mm r=0, 5 12mm
$25mm r=0, 9,.5mm

r=0, Ymm
$20mm r=0, 8mm
$l6mm r=0, 5mm
$12mm r=0, 3mm

Table 3. The heating and the holding times of
the specimens

i # B M
RERl aw | mEmE
R BEAE L Bl | ERRN
700°C 820°C
$#30,25mm| 25min, 30min, 30min,
$20, 16mm| 25min, 30min 25min,
$12mm | 25min, 30min, 20min.
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