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Mechanism of Flow Resistance of Gas through the Fused Packed Bed

Takashi SUGIYAMA, Hiroji SATO, Masakazu NAKAMURA, and Yukiaki HARA

Synopsis :

An experiment and theoretical analysis on the flow resistance of gas through the fused packed bed were
carried out for the calculation of gas flow near the cohesive zone in the blast furnace. The pressure drop
was measured for the packed bed of prereduced pellets and sinter which were prepared to be various degree
of shrinkage.

In the case of unfused packed bed, the observed value of the pressure drop showed good agreement with
the value calculated by Ergun equation. However in the case of fused packed bed, the observed pres—
sure drop showed a trend to deviate largely from Ergun equation as the degree of shrinkage increased. It
was found that the experimental results were expressed well by the equation derived on the basis of the
new mechanism proposed here that the pressure drop was caused by flow resistance of gas passed through
the narrow slit between fused particles, just like the oliffice.

On the other hand, an attempt was made to express the shrinkage obtained by experiments as the equa—
tion, in order to predict the degree of shrinkage of iron ore under various degree of reduction and tem—

perature in the blast furnace.
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Fig. 1. Apparatus for measuring the pressure
drop of the fused packed bed.
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Photo. 1. Appearancce of fused particles.

(b) Sinter
(5,=0.3)

AL LT(3)RNCTEFRELI.

Sp=1—=L/Ly +steeeveevvereerieiiiiiinniiianiinn (3)
KR DFETIBREROREE ~ D WA X 5T 5 7D
WXL 5 KT B\ LB OYMES ML 7 5.
T THY USRS ST R EH L, 1 HTFo
HERE pp ZKERTEC L OTHIE L. @B
ZEHR e XELE v FEWL, pp OFEBIE»D
()RR L.

ep=1—pp/Pp rrorrrererereeereeeneee e (4)
SERRL TR 1 AR b N R BRI 20 (F3
O, MFOBRFELYEB L UEAROTI O R, FA
X oTEA OHFRCEE L, FOVHE%YEgk %
& Ui, Table L2 EIJBABEIE R\ 7-BIE 8 Otk
EORMERERT. FHEL LI TFRARC X 58
BHOETCONTCEBNTFROMA B 5. £ T
WP TR Dy LUUEBOR TR Dpm DX HRE
r EEFELIC.

7=Dpm/Dp cwoererrrrrresieriieiiniiiinninee (5)
2-2 JIEHROKRE
Fig. 2 wH ARE u LPE S hic 4p/L L ORFR%Y
AT [EROHEME & SCEBEERIEMLTED,
A LB oW T ahE L Tuw s W2 u»wTdh
I e HAI LT LTS,
PR X b OFIEE A L KM OENBRRCE TS
HEEMBFIRE S Ih Tk, —#(6), (7)X
DRI TEIh T\ H 00,
P gD} :
AL .gu# ,(ljeb)z......................(6)
X =Rep/(L—gp) wreverrssnremssnerennsnnenn (7))

Y=

— 129 —



1910 g & W

% 66 4 (1980) #13%

Table 1. Physical properties of samples prepared for the pressure drop measurement.

ey i F Average .
Degree of Void . g Ratio of
Run No Sample shrinkage fraction d;amrztcetlgcgf diameter Explanations
) p p of symbol
SI‘ €p §) T
(=) (=) (cm) (=)
1 P L-R100 0 0.50 1.44 1.0 Pl : Pellet
2 S P-R 100 0 0.48 1.06 1.0 SP : Self fluxed pellet
3 S T-R 100 0 0.56 1.01 1.0 ST : Sinter
101 P L-R 100 0.38 0.49 1.23 0.86
103 S T-R100 0.29 0.56 0.97 0.96 R : Degree of reduction
104 PL-R 60 0.31 0.54 1.32 0.92
110 PL-R 60 0.47 0.47 1.32 0.92
112 S T-R100 0.46 0.57 0.95 6.95
113 PL-R 34 0.44 0.51 1.26 0.87
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] Fig. 3. Pressure drop correlations for packed beds
i of fused and unfused iron ore.
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Fig. 2. Relationship between gas velocity and
pressure drop in packed bed with fused
and unfused particle. (Sinter)
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Fig. 4. Effect of the degree of shrinkage on the
void fraction.
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Fig. 5. Effect of the degree of shrinkage on the
specific surface area of fused particles.
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Fig. 6. Relationship between the friction factor
and the degree of shrinkage.
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Fig. 7. Model of packed bed having unfused(a)
and fused(b) particles.
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Table 2. Relation between the fractional open

area and the void fraction of the
packed bed before shrinkage.

Fractional Void

Run Raw open area fraction Coefficient
No. materials my €0 a(=mqy/e,)
() (=) ()
1 Pellet 0.43 0.50 0.86
2 Self fluxed 0.38 0.48 0.79
pellet
3 Sinter 0.44 0.56 0.79
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Table 3. Fractional opon area measured by Q.T.M.
(Self fluxed pellet, S;=0, ¢,=0.42).

Observed fractional

Coefficient

Sample No. oper;%area a(=m/cq)
1 0.38 0.90
2 0.32 0.76
3 0.42 0.98
4 0.41 0.98
5 0.45 1.06
6 0.39 0.91
7 0.41 0.97
8 0.46 1.08
9 0.35 0.82
10 0.46 1.08
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Fig. 8. Change of particle diameter with
shrinkage.

(a) mp=0.32 (b) m;=0.38

(c) my=0.41
Photo. 2. Appearance of cross section of unfused packed bed.
(Self fluxed pellet)

(d) m=0.45
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Fig. 9. Relationship between the degree of shrin-
kage and the fractional open area.
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Fig. 10. Comparison of observed pressure drop
with calculated one for fused and un-
fused packed bed.

BELMEL LRI hS.

4. BFEREANDOBRNEHEOERE

RIE FEHEE o FE I3RS (26) Rk BlE B o IR Sr
DERMFM A ML &35, BAESEAE OBACI AR
PE T35 R & U SR ER LT & p 92
DB, THBIXEBFE OBEE CORB ORE S AT
i3 2RARE L LTERAFETH LM, iR, BT
I—J—/J:JEE%@{E{JI%%IHJ%V TFTOoTBDFEROREE, &
TR, REFEORTFIEMC) SLBOTMEEL LTH
BRI RE STy, FEHEECLTHHES
TS ELEE LRB O & 0 & 5 fekege it L
T D) EHETEHZ EARETHS. BFEAO A
i, HHVILBEO REER BEFE L L5 L3558
B, BREFEREC s DI TR OEE, BTX, BE
DRYREERICHE DM THZ ENEEE S, T
TAPFE CIIBE LR O FiR TR L AvT N,
KR T DRITLR L MR Uik CHTE DIfER & ©
AL HE 32, T OB oI iEEE L HRE L.

4-1 BR{EIGERBRERE (Fig. 11)

24 kW o SiC RBuk% & OEKWF PICHEE 504 x
1701 230, E#X v BNEMERC I OTHER )
7, Ny 2% 301/min THE I, A7 L3
FEERANT S0, BILRAROMEL BRI T 512D
O0.5mm ED7 L3 FR—R—"HTCZhEHED
& L.

FHE AR IS | SR OETE» DRDIF DR

— 134 —

g,

o



BEREEREB oBIEHK

1915

ELEED s DI oL, RIS, FEER o IR MR
HFBICADOTB &ML L, 1000°C Tk 1.5h T
CEERE LR e, 1000°C T 30min ifRE Ui
100°C/h cHiE OIkER ¥ CHE X7, WEIX 0.86
kg/cm? L LHREE,DEIC - OWELXR DK,

¢ : . N
) FIRUcRFP NI~V P& LTr =7 ) A —
} RV b, WEE 1.3 ORMEEIEME vy, b, EHE
; B 1.7 DBk 3 EETH 5.
! 42 FHETSHORCNEHRROERIL
Fig. 12 13 £ ER TR FHRTL LR 2[R T
\g
; water - i - Thermocouple
Load
- Cooling_rod (SUS304)
aL il - - Gas out
;{Q\ water —-q J L.
» Water gt
i ~| Carbon rod
/ C %MP_‘CL(C’
1 Rl e
‘ 3:: 501 ¢ | ‘
B‘ T je 0] l
L . =< _Sample
& o e SiC Heater Kw
“ o ?// Coke bed
: £/| Alumina tube
B
| 8E
water P~
t
Ny Gas in
Fig. 11. Apparatus for the preparation of the

fused bed of iron ore.

e Se=0.5 5 % C© IRILUiE X ¢ fefy o IEER ©
BH5b. BmILE R=100% DERIC DT iE g o
WET OMED R bh b BRI OBREE IR X
e, L LIRTGRIMEN » S B EI R E SR
s o AR INS. BITBESLVy M TIERET
# 30% & 100% DK OBICIKLBILATRE T 200°C
DENRD D, BIGE LECIHERBEE OBIRIZEE T
5.

DERE LI b OBKALIKE AR D> HERIERATE
B Thms BIOUGER S, OB YRR. BFFEHE
EERALBRIATEEE Ths ©OWCIIBTLRKERYEE L,
g R oY Sr=0.02 %)% RE L ELBIARE & B
Lz, ARz Offir Se=0.0 23X rE2 Bh5ba,
Fig. 12 R Bbh5B L 51 S:=0.0 TOBRILEHBRERE
OPRENREEC b, ¥ -ERLBBRCX $,=0.0 L
$:=0.02 DA EHBEENINEELDRLZ &,
BIOEE OIMEED ENFEAER T LEIRES.
Tms %2 TERCEETS 2%RD BEARTENRD LS
L.

T o= Bo+ ByR+ ByR?

INHEE Sy OERILIT, ¥ TRERE Tom ¥HEERE
To (=1000°C) & Trs HHEXRTRET % (28) XD X

SICER L.
T= (Tom—Tums) /Ty +wreweereereeeereressenee (28)

Sy BT T53%kD LHRNTEHROLOIRTEL
fo. 2 F h HARORELKICHBREE Ts ©aHHE,
RO DHh%E (29 RN CERTH Z LS.

Sr=A(,—|—A1T+A2T2+A3T3 (29)

BN REEOTHEC L ) FRBOERGTERNCE TS

B HEREMEL LRI, HREERD LS. &

P
| j
= | ;
=& |
~ |
, |
§8 { |
£ | o Y
ne ; Pl Y
-} | ’ . A X
s i : P11 sPReo PLRI00 s¥Hy00 00
?8: i ; . : - ! !
| : [ H : . Lo
e ‘PL: Pellet:(Robe River) : : Dol s o
iST: Sintet . v Lo X .
8 X 'SP Seif FluxedPette] . oo ] s o .
iﬂ © Degree of Reduction - l . ‘ | : .
i l . i L | P i '
Ol " : - " i ! : " A " i
1000 1100 1200 1300 1400
! | ! T ture| (°CP | || | l : |
b [ | remderare] coep L] D P

Fig. 12. Shrinkage curves of pre-reduced iron ore.
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