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A Theoretical Analysis on Gas Flow and Heat Transfer in Packed
Beds with Fused and Unfused Layers

Takashi SUGIYAMA, Jun—ichiro YAGI, and Yasuo OMORI

Synopsis:

A mathematical formulation was proposed for the simulation on simultaneous gas flow and heat
transfer in the packed bed with fused and unfused layers for providing the mechanism of heat trans-
fer in the lower part of the blast furnace.” The model consisted of heat balances on gas and solids
and of the multidimensional Ergun equation as the equation of motion. Therefore, it can predict

_ distributions for mass velocity of gas and for temperatures of gas and solids. Numerical computation
was performed for various degree of fusion and also for different inlet flow rate of gas.

The computed results show that fused layer is essentially heated up by heat exchange between gas
and solid for the low degree of fusion, whereas, for the case of the high degree of fusion, it 'is done
principally by heat conduction from the surrounding unfused layer where preferential flow of gas
would present and, as the results, temperature would be increased rapidly. .
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Fig. 1. Schematic pattern of gas flow and heat
transfer near the fused layer in a blast
furnace.
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Fig. 2. A sketch of packed bed with fused and
unfused layers for the derivation of ma-
thematical model.
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Table 1. Operating conditions and solid properties for calculation.

Fused layer (Polystyrene) layer

Alumina

Case |

Case II|{Casell [CaselV|Case V | Casel~V

Degree of fusion n 0
Void fraction £ (=) 0.32
Particle diameter [dp (cm) | 0.36
Bulk density of bed |Ps (g/em3){ 0.67
Fi (=) 2.19

Fz (=) |10.27
Mass velocity (g1
. of inlet gas Go m2s)] 0.15

Friction factor

0.360.36| - |0.36| 1.02
0.74 | 0.79 | 0.98 | 0.74 | 2.08
9.62 [24.29 | - [19.44 (81:2.%)
38.08 |89.28 | - [15542 (B

0.22 { 0.40 | 1.00 | 0.22 -
0.25 {0.19 ] 0 0.25 0.37

0.15 | 0.15 . . -
xig% | x10% %12}54 Oxaggr %1074

of infet gas

Effective O ({calzem] x1074
thermal conductivity |ks s°c) | 1.58 | 1.74 | 1.87 | 2.78 | 1.74 7.50
1/
Specific heat of solid |Cs ‘&%) 0.32 0.19
True density of solid |Pt(g/cm3) 0.98 3.30
Initial temperature gas : Tgo = 25 °C
solid ! Tso = 25°C

Finally maintained temperature

75 °C
( ) : CaseV

Tge

Fy=RG3 f o/ Py, ko' =kg/kgo, ks'=Fs/ks,
Cg'zcg/cgm Cs'=C,/Cs, D=L/R,
0g'=0g/0g0, 0s'=ps/0s0 U'=/(GRL)
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Physical properties of gas & solid J
PInitial value)
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¢ ( Iteration)
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Fig. 5. Flow chart for computer program.
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Fig. 6. Heating pattern of inlet gas.
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Fig. 7. Effect of the degree of fusion on gas flow.
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Fig. 9. Distribution of gas temperature at
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Fig. 10. Effect of the degree of fusion on distribution of solid temperature at t'=1.0.
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Fig. 12. Change of isothermal line of solid at Ts'=1.7 with the lapse of time.
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So o B R ICE AR PR 5 (cm?/g)

G,G' : ¥ REBRRE
Go: EHBA O N A HREE
Gr, Gy + 7 RAEBEE DL ES RS
(g/cm?s), (—)
G, G : FAEREE D E S H S
(g/cm?s), (—)
(g- cm/gwt-s?)
(cal/ cm?.5-°C)
(cal/cm?-5-°C)
(cal/cm?-5-°C)

(g/cm2-s), (—)
(g/ cm?-5)

ge: ISR (=980)
by BT © FBUR B
b BRI BT B RE O HER K
hy @ 7 AT B EE O Z R
i r A ORTEES
J i 2 FmMOTFEAES
kgskg' : 7 A DB AR BEEE
v (cal/cm-s-°C), (—)
kgo: =0 1K J % 7 A DHBUREEE
(cal/cm-s-°C)
ks, ks' = F BB E VK © F %) Bz B
(cal/cm-s-°C), (—)
kso 1 t=0 (T3 1F % Bk D H R MIZ B
(cal/cm-s-°C)

L: zmgfEms (cm)
I 518 o viE Lk

NT : & X% 0%FS (=)
Nu: %y 2t 3 (=hy dp/kyg) (=)
b P JET (gwt/cm?), (~—)
Pip: EHEBEAORESN (gwt/ cm?)
Py: mHJEHBREN (gwt/ cm?)
P,: 75 Ak (=Cg plkg) (=
R mHEEE (cm)
Ryp:HFvA 7 AR (=G dp/p) (-)
r, v R o Rk (em), (=)

— 95 —
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1684 g & i
To T+ # AR G, (=)
To: AR H ARE (°C)
Tge: 7 ABEERE °G)
Ts; Ts’ : @%73’?1’?_ (OC‘>: (_)
Tso: t=0 (2 31F % BARE °G)
Tom * HERIEE (OG)
gt B (s), (=)
to: A0 H ARIEMFTEMEICE S D RER ()
z2, 2 s EmE o EE (em), (=)
e RHMBEME (=)
o BIFE L T W WHHE O (=)
em : BVEJE O EER (=)
0o Pg' ¢+ W ADEE (g/cem?), (—)
Pgo: t=0 BT D ¥ ADHKE (g/ cm?)

Oss 0s' ¢ FIHE DO I BE (g/ cm3(bed), (—)
pso: t=0 KT 2HHEBO» SHE

(g/ cm?(bed)

T, U o Bk (g/s), (=)

¢ R T IRIEREK (—)

pt HADKEE (g/cm-s)

7 FEE ORISR (-)

o BRI (=)
'8 ik

1) J. Rapestock and R. JesHAR: Stahl u. Eisen,

22 (1970), p. 1249

2) V. Stanek and J. Szekery: Can. J. Chem.
Eng., 50 (1972), p. 9

3) &R 5 W

4) #=AANE: $k &M, 62 (1976), p. 1485

Bi: 8k kW, 62 (1976), p. 463

5)
6)

7)

D. Kunut and J. M. Smitu: AIChE],

6 (1960), p. 71

RA B, EIEKRE: ¥, 18 (1954),
p. 576

V. Stanek and J. Szekevry: Can. J. Chem.
Eng., 51 (1973), p. 22

8) J. Rapestock and R. Jesuar: Chem. Ing.

Tech., 43 (1971), p. 355 % X p. 1304

9) J. Yacr and J. Szekery: Trans. ISI],

10)

11)

12)
13)

14)
15)

16)
17)

18)
19)

20)

17 (1977), p. 569 s X & p. 576

TIHE AR, FHE—: gL, 63 (1977),
S432

M. Sasaki, K. Owno, A. Suzuki, Y. OxuNoO,
and K. Yosmizawa: Trans. ISIJ, 17 (1977),

p. 391

Bl &, AKIE-—BR, KFEEF: Sk
BT e

S. Ergun: Chem. Eng. Progr., 48 (1952),

p. 89

AR, e W: gk, 63(1977), p.1035
FORIE i HAGEELAH, 16 (1977),

p. 357

R OSF, W e 8k LM, 62 (1976), S44l
R o, ER¥ED, W B IR 5 BEH-
1400 (1977)

V. Staneg and J. Szekery: AJChE]J.,

20 (1974), p. 974

W. E. Ranz: Chem. Eng. Progr., 48 (1952),
p- 247

A. Eucken: Z. Physik., 14 (1913), p. 324

26 —

m

e & Y N x

ke L

s

P

N

A e



