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A Simulation Model on Fluid Flow and Heat Transfer in Packed Bed with

Melting Phenomenon

Jiabing WANG, Reijiro TAKAHASHI and Jun-ichiro YAGI

Synopsis :

In order to elucidate the mechanisms of flow and heat transfer in the cohesive zone in a blast furnace,
model experiments at low temperature were carried out for the melting phenomenon, gas and liquid flow and
heat transfer in the packed bed. Glass beads were packed and paraffin particles were charged on the top
of the packed bed, which corresponded to the coke particle and ore respectively.

A mathematical formulation was proposed for the simulation on simultaneous flow, heat transfer and melt-
ing phenomenon in the packed bed. The vectorial form of Ergun’s equation was used for the gas flow. For
the liquid flow, a dispersion-probability model was applied to obtain the flowing region, in which flow vec-
tor was computed from the modified Darcy’s equation. Equations of heat balance on gas, solid and liquid
were composed of the terms for convection, conduction, heat exchange between three phases and phase
transformation. The finite difference method was used to compute flow and heat transfer in the packed
bed. The grids for the computation were generated by the use of body-fitted coordinate.

The experimental results showed good agreement with the values computed.

Key words : gas flow; packed bed; heat transfer; melting; body-fitted coordinate system liquid flow;
mathematical simulation; model experiment ; paraffin.
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Fig. 1. Experimental apparatus of packed bed.
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up of liquid.
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BB RIS B0, GAMFIREERER * RIEL
ERERE 1T - 72, BRMEKORR, T8, 34
BOEEE EOBEE TF VIR AR, FTHBIC BT
B TR, R, ERBRERECIBEFMETNE

ouj

— 176 —



BRI &

SO 3 AHILAEFEIRIB 12 BT Bt & (RHk 1131

EE L7, TEWKREZID KR iR % ToHERE
B LRI E VS >0 EHEBICER L 72,
BONTBITHREEREEL IV—F 2R LI-OTE
HMEFNORYUEAIRIEE S N, £/, ¥ RAEAORE
DDOWHRD F5 4 — B BFRETVICE > TREak &
h7-.

B, RO CR AR e (CFRITE
EB XU 2 EEMKIF (B) 01470058) 2 & - THrh
N7:bDThHhHI &L THEELRT

C 5

ag TR L WA OARIHEREE (m™ 1)
a,: KT OKREFE (m™ ")
a,,: BEEREEEOFNILRARE (m™ 1)
Cp: H# (J/kg-°C)
d,: iEE (m)
d,: K (m)
e: BHFE (—)
hg‘l, hl‘s, hg,,:%*ﬁ (7’;’*1—%&, ﬁ‘i_[ﬁ
ZEURE (W/m?-°C)
hd Bk — L F7 v 7 (m®/m® (bed))
: EE O KRES (J/kg)
hy: ﬁ%ﬂ’]‘l‘*—ﬂ/ F7 v 7 (m®/m3 (bed))
: F=# VA=V F7 v 7 (m*m® (bed))
k: BnEFE (W/m-°C)
7 EERSDBGRE (W/m?)
k. ARBAZER (W/m-°C)
Nu: X vt b (hd,/k)
7 (Pa)
Prio: k# D75 v v Wik (1, Cpi/ky)
Q: BINFE XY — 21 (W/m®)
Q(x,y) : BELSHDOEFHKE (W/m?)
Re, ,: kDK TF LA 7 VX (dy0, U/ 1er)
R, : BE#EE (kg/m® (bed)-s)
T: &% (°C)
T, : BAEOEMRE (°C)
u, v:x, y BIHOEE (m/s)

X)) o

U

V:
x:*ﬁﬁﬂi(m)
y

r

M *ﬁf% kg/m s)

0: HE (kg/m®)

¢ WA DOFRIREE (—)
¢ REBER

w: AR (—)

THt &

g: A, LR, s:@EHF

X 73

1) J. Szekely and Y. Kajiwara: Trans. Iron Steel Inst. Jpn.,
19 (1979), p. 76

2) Bl &, AEBEESR: 8EkEF7e (1987) 325, p. 34

3) VIMEEE, FHE—: £k M, 66 (1980), p. 1898

4) # FF RE®G HOEF:HE L 7o 2,1 (1988),
p. 1045

5)  RE, SHFLER, AAKME—EBR: £ & 4§, 77 (1991),
p. 1585

6 ) J. F. Thompson, Z. U. A. Warsi and C. W. Mastm
Numerical Grid Generation (1985) [ Elsevier Science
Publishing Co., Inc.]

7 ) S. Ergun: Chem. Eng. Prog., 48 (1952), p. 89

8 ) KEFFm ABR, M. Schneider: £k & i, 74 (1988), p. 1923

9) &I &, BIEZ, ZitEE, AE & gk, 73
(1987), p. 2044

10) BHXM, B8 A, BE It {54, 27 (1963),

p. 978

11) WEE=M, A 5, ADILASE: (L3105, 31 (1967),
p. 126

12) LK ZE, &L B, /AKNE—BR: £k & 81, 76 (1990),
p. 848

13) W. H. Giedt: ZRE(REA TS (1957), p. 146 [H3%]

14) D. Kunii and S. Yagi: AIChE J., 6 (1960), p. 71

15) £ FRL&, /AKRIE—BR: HAb KSR R 7EFr 5k, 45
(1989), p. 117

16) S. V. Patankar: Numerical Heat Transfer and Fluid Flow
(1980), p. 126 [Hemisphere]

— 177 —



