A Study on the Heat Transfer of Carbon Steels in Quenching
(A Quenching Simulation for Large Rolls)
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Abstract

The very rapid cooling problem from 820C to 207 on the surface of the steel by thermal
conduction including the latent heat of phase transformation of steel and by transient boiling
heat transfer of water are considered to the principal problem in quenching.

The transient boiling process of water at the surface of specimen during the quenching pro-
cess were experimentally analyzed. Then the heat flux was numerically calculated by the
numerical method of inverse heat conduction problemn.

In this report, the simulation program to calculate the cooling curves for large rolls was
made using the subcooled transient boiling curve as a boundary condition. By this simulation
program, the cooling curves of rolls from D=50mm to D=200mm were calculated and the
effects of agitation or circulation of water also investigated.

1. A g %58 A Aol st gl Agd
WA R kA Ao 23R )8, 2,

dEdole A AES FAAIY) Astdl  Eelv S8 D Jolut AzeA 89 Sel o
B olae Aud eER tAG £, WgAe  AdAAe 48, 42 P 94 Sof By
%3 YAl 2 Bake, ol @ By WAL oW Ax R Ak, Bu s,

off mo ol &

St 77 A& AFoly Ay, AR 3% dobe 24 Goll mhaba] A g3 WA &
& HAE FolUM 2 7HE AL, A4 2 % A e sto] AL-g-gof g}
e

(102)



@i 33l g AR A7 21

e %1@344 23 Yzt

A Aol wj$ F29 2gol
o, o o] g3 7 }H JAEEE AN &
SITh B 2] AEl Y oo e wa

L2 AMAER G M 2590l 300 22 g
Mo Y& of ¢ 223} o]a)§ o] g1
AAEET FEAAYAEE o] AU wo =
A2eA BejE XA A 19A Hen ol
¥, L2 UolE 22 o zHE ul2dlAlol E 2
Aol @A Alatste MR e o)
U RE S Fol7] Yot YE g Haz s
Zo] uhgba] 3}y wj Folc}.
ot Zol FFAANE o Zstn o] S By
%fﬂ TR AV HE 2 YT ML o
NAe B4z g a3 vsz

€ o] etk a8y A 22 v 5
B AFE TS B Q7o
olH, dAlel dxe) o] A48 4 9le 7t
7t 2 FPBEn 52N B3 Qph e
F & dgoltt £ NATxE oz
%1 e AFEE T Y wazte] B2 A W
Hdo] Tste] Yzt 5M2) gado] & J3re |
AR ol2)3 AW g B mel st A
of 7t7tE AT E Fale Fo] o) & gel o
TAATY 2 dxgr)ee) M-S sty
o) % F 83 2 4ot}

a2HER 2 dFqE dHggd o5
Iﬂ ,117519,] Cd?'s}:-c’_« Z

.:%.“..\1_4
ohie

A o & O e N
= Mook e St

rir
>

2. o 2]
A28 271k dgd) wAe A9s dEy
7l A3ted 7o) e A HFH AL o) g3
o NERNE Toht 4YS DA Fig 12

gl A 8E AR g Mg ag, O A

HHE S A7z, @ ¥97], @& Ay zue
F&A7 W FAAIZE 5& 24% 4 ¢gle PIDS
E2A7, @ AV 2 TEYE= 297 A

@ Electric furnace @ Transformer

® Temperature controller @ Argon gas

® Flowmeter (® Transporting apparatus

@ Electric motor Water tank

@ Electric heater Specimen

@D Ice junction @ Recorder

@ Thermocouple @9 A/D converter

®PC.

Fig.1 Schematic diagram of the experimental
apparatus
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Fig. 2 The heat transfer coefficient
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Fig. 3 The calculated boiling curves in case of the
Cu specimen(D=12mm)
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Fig. 5 Calculated cooling curves at the centers of
various diameters
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Fig. 6 Calculated cooling curves at the center of
roll for various coolants
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Fig. 7 Calculated cooling curves at the center of
roll for intensity of agitation or circulation
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Fig. 8 Calculated cooling curves at the position of
r/R=0.8 for the intensity of agitation or cir-
culation

& 223t M A4HE Fig. 79) 2AR WrtmMas
Eohe WA58(Gee 37 b4 34 Yy
Ik F wdte] gle W2R(Gr=1.0)2 Yz
b 7 olle Ard izl Ao dojibx] obx|
e Fxrt A AFE Wnde 785t
G Frtste] Armdiel sko] H 3} o beko)

ol

FJ

b, & =

ol e
ARk

DAER T SITHE o] §3le] FHd g
T ol E AAZALZ s, o)y 2o Ba
FEd AlEHY o) AE & & gt

2) 7 < ﬁ7l dEde] Wy YA =
EAEHo NG & 5 e 2443&1%}——7}]3‘
AR %%3‘ 2o g FFHAEANE o=
& 4= slo)

A7 Fotol o e FEg

3) gbatel G A Ao wsle Augy s
AP ANE StEEN Bk Ao e g
HANE A E2Y 5 U},

S

EQATE 19939 % adteis
Al Aol o] el Tzswﬁ?%
Aol B4 YA AL B By



26

1 =

2)

3)

4)

7

SR EME e, 104 W2, 1995

rak

I

il

gAY 7|=0Y AAAN3, "BHEEAANNE
H", AL, 71 AATAL pp. 19 - 20(1987)
WEHER 32, A EAAT, A g, 71AATAL
pp. 51 - 52(1979)
A. E. Bergles and W. G. Thompson, “The rela-
tionship of quench data to steady - state pool
boiling data”, Int. J. Heat & Mass Transfer, Vol.
13, pp. 55 - 68(1970)
MR, BRI, Wb KOBHENCHT AR
BRI 7 7 - AEORE, BEE, 238 5
%, pp. 260 — 265(1983)
AR, BRSE, REKY, NEEEE, "7
7 - AT - A BB OTITEOR L, R AT
Mg L PR LiE Ty 77 P EOREY,
B A KA 5 SO R (B, 54748 4173, pp.
852 - 861(1981)
Y. Kikuchi, T. Hori and L. Michiyoshi, “Minimum
film koiling temperature for cooldown of insulated
metals in saturated liguid”, Int. J. Heat Mass
Transfer, Vol. 28, No. 6, pp. 1105 - 1114 (1985)
HESE, #om, FliThi, S AR OEEAR O/
ZBOESH, WA OO EIHR & SBUE R B
), O AHMESEHCRBE), #5445 5083, pp.
3491 - 3496 (1988)

9)

10)

12)

13)

14)

15

(108)

W HPEREE, MAATBRA, OB, K -
7o SE IR A X B BIR MBI O S iE
A A ARE SRR (BIR), $45% 397, pp.
1354 - 1362(1979)

ENE AAT, EAZ FEAA L R EF o
2 T WaTAe AN, a7 HeA,
187 3%, pp. 260 - 266(1994. 8)

SAE, FUE, 43S, AEE, 2N #F
A gAg T dFALR  FYPRE WTEA
e} Yzb A, s ASH =g, 17 6%,
pp. 1529 - 1540(1993)

8. V. Patankar., “Numerical Heat Transfer and
Tluid Flow", Hemisphere, New York, pp. 41 -
78(1980)

L. A. Bromley, “Heat transfer in stable film boil-
ing”, Chemical engineering progress, Vol. 46, No.
5, pp. 221 - 227(1950)

Wk, BOATBARN, “EAR OBIECIT LW
4, O AR E R SO (B, 53848 3094, pp.
1056 — 1064(1987)

MRS, LRRE, "B AR ORHEETC T 5 E
ERfREYe” . sEH, 2348 5, pp. 260 -
265(1983)

Ay, O ABmSEnCE, B20%8 1985, p.
348(1963)



