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Fundamental Analysis of Heat Transfer in Steel Scrap Preheating under Radiative and Convective Conditions

Tao WANG, Masahiro KawakaMli and Kenichiro MORI

Synopsis : Heat transfer in a preheating process of steel scraps was analyzed by taking convection combined with radiation into consideration. The

analysis of simultaneous heat transfer has been carried out by experimental and mathematical methods. To examine the accuracy of calcula-

tion, the experiment was carried out in He, N, and Ar atmosphere under reduced, ambient and high pressure. The commercial FEM software

ANSYS was used for simulation. The simulated results agreed well to the experimental ones with the specimen surface emissivities of 0.4.

The convective heat transfer coefficient was estimated. The coefficient increased with increase in pressure and with decrease in temperature.

The ratio of heat quantity between overall and convective heat

— 1, is varied with the crucible temperature, and can be expressed by the fol-

lowing correlation: = Be?”. The heat transfer coefficient can be summarized in the following dimensionless correlation:

Nu;=2.62Rel"*

Key words: heat transfer; radiation; natural convection; simulation; steel scrap; preheating.
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Fig. 1. Diagram of specimen.
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Fig. 2. Experimental apparatuses.

Table 1. Experimental conditions.

Crucible diameter (mm) 90
Crucible height (mm) 145
Specimen diameter (mm) 30
Specimen length (mm) 125
Pressure in the vacuum experiment (Pa) < 40
Gas N,  He Ar
Pressure (MPa) 01 ~ 0.6
Crucible temperature (K) 573 ~1423
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A-B-C-D Vr= VZ =0 T=Tcmcible -------
A-G veo Too
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Specimen (surrounded by F-E-H-G-F)
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Vi= V2 =0, To=Tencie

Fig. 3. Analysis area with initial and boundary conditions.
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Fig. 4. Decision of specimen surface emissivity (crucible
temperature 1273K).
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Fig. 5. Result calculated by the use of different thermal
conductivity of N, gas (crucible temperature
773K).
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Fig. 6. Temperature variation of measuring point under
different pressure at 1123K (He).

B S OIS, AT K SIS T ERIC &
B T.O%EE LTRRU & 0 aFliL 72,

c T, — T,
2T

Error=—*

T N (6)

n

> A
— - y

nIF -2 DR THDB, KRTIE, EFEEERMH
TORFEROBELI~5%DEHETH - 72,
4.2 BESKEHCLIEARBEEOE(L

Fig. 612, He # ZRHIK CHIHIEE % 1123K & L 72354
O, BATENT TOERBER L BIIERET T, B VR
ET, B3R 2FICHA LS S ORI TH 5,
7y MIFEUF -4 THD, EREVBNERTH S, E
BR L BT RIIEIT - L 72, R (40Pa) DIBA & D FH
K[AAEI R0 IMPalBAEDRIBHRED AR KE 0, Th
i, NHHRBURE g OIRBBEN 20 TH B, EFhEET
% & 03MPaDBAIZ0.1MPaDIB A & RIBHEBFHT
KEL oA, ¥612, EH%05MPax T LHIFTY,
FIEEREDOEIT/NE oz, ZhIS, JAREIZZEIC KT
THEHOMBESEN LR EEBITNIL 55T L E#BKRT
5,

BRI Z 7 v SV TR Rl LOBRERTHIIZ K
BERRONY PO %KD, FI9E g DR %
Fig. 7IZR T . g X T WHIHIZRBBUCL S LA 0, LItkks
Rl & gicmAd L7z, 0.5MPa& 0.1IMPaDIBA % 4 5
L, BREBRTIEABEDH BRI S0% KEH» 572,

FHBRRICEREmEE 2T THEST 5 &, PR
2k 3, AR RE RN S hZEEQ MWKk 5,

ZZT, s, SRR EXRMBEROXKMEME TS 5. Table 21
0.5MPaTD Q. L 0.1MPaTD Q DERT, Ar& N,DH
HIXEEOKIZEK ST, ZOHPKEL K->/, HeD

20

Heat flux 10*W/m?

400

100 200 500

Time s

300

Fig. 7. Average heat flux of convection component at sam-
ple surface (He, 1123K).

Table 2. Ratio of convective heat transfer rate between the
two pressures for each gas atmosphere.

Qc(0.5MPaYQe0ampa  1123K 1273K 1423K
He 1.31 1.26 1.22
Ar 1.19 1.22 1.23
N, 1.20 1.22 1.24
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2000"""100 200 300 400 500 600
Time s

Fig. 8. Temperature variation at the measuring point under
0.5 MPa for different kind of gas (crucible temper-
ature 1123K).
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Fig. 9. Average heat flux at specimen surface under
0.5MPa for different kind of gas (crucible tempera-
ture 1123K).

Table 3. Ratio of convection heat between different kind of

gas used.
123K 1273K  1423K
Quine/ Q 0IMPa  3.60 3.75 3.39
ce) [ ey 9,5MPa 392 3.89 3.89
Quano / Qe 0.IMPa  5.14 5.38 5.63
He) [ LAY 0,5SMPa 5.62 5.57 5.59
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Fig. 10. Temperature variation at the measuring point
under 0.1 MPa for different crucible temperature

(Ny).
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Table 4. Ratio of convection component in overall heat
flux under different experimental conditions (¥).

1423K 1273K 1123K 973K 713K 673K 573K
He 0.1MPa 7.50% 10.46% 15.23% 38.47% 61.15%
0.5MPa_ 8.51% 12.56% 18.67%  ----
N 0.IMPa 1.79% 2.71% 4.15% 10.20% 14.61% 21.54% 30.04%
2 05MPa 221% 331% 4.95% -
Ar UIMPa 125% 189% 292% 1031% 22.09%
0.5MPa 1.54% 2.30% 3.48%
0
oN,
oHe
-15— AAr
3.
£
_3 e
-45 I | | I
500 700 900 1100 1300 1500

Crucible temperature K

Fig. 11. Relation between ¥ and crucible temperature for
N, atmosphere.

Table 5. The value of constant B and y (y=pe"").

B Y

N, 1.99 -0.034

Ar 1.47 -0.034

He 2.63 -0.025
_j%%h_g

y/ =5 = Q ........................................... ( 8 )
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Fig. 12. Distribution of gas velocity in the crucible (N,,
0.1 MPa, 5s).
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