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One-dimensional Flow Characteristics of Gas-Powder Two Phase

Flow in Packed Beds

Koichiro SHIBATA, Masakata SHIMIZU, Sin-ichi INABA,
Reijiro TAKAHASHI and Jun-ichiro YAGI

Synopsis :

Gas-powder two phase flow in packed beds were investigated by using a one-dimensional cold model and

a mathematical model for clarifying the behavior of powders in a blast furnace.

obtained ;

(1) Two phase flow showed higher pressure drop compared to clean gas flow.

Following results were

The increase in the pres-

sure loss was mainly caused by the increase in the hold-up of powders in the region of low gas velocity
and by the interaction force between powders and packed particles in the region of high gas velocity.

(2) A mathematical model of gas-powder two phase flow in packed beds was developed considering an
interaction force between gas and powders expressed by the drag force and the Richardson-Zaki’s

voidage function.

(3) An interaction coefficient between powders and packed particles which was defined on the basis of the
momentum balance equation of powders in packed beds was obtained from the experimental data.
(4) Blockade occured at the certain gas velocity where the hydraulic diameter of packed bed including

powders was below 6 times as long as powder diameter.

Key words : ironmaking ; blast furnace ; packed bed ; cold model experlments gas-powder two phase flow;

mathematical model ; blockade.

1. #

AR, BIFA~OBB RS EVGAA D, BEHELET R b
®ﬁﬁ‘ﬁﬁﬁﬁﬁkbfﬁﬁéh1wé.%ﬁ«ﬁ%
RELZBIRERALSGE, BHROFTEHEES LU
3*710%W$k;0§§®%¢#%ET6.:n%
O, F A S NSFLERN BB S 2,
ZO—EARHPTRICER L 225G, BRrEILY A L
FHEND., (-T, BFENOHMREEVGAS 2K

mj

T A7, BIRTEERNICBUAMEKEREEL
23 bbb “ER 2R OB * 28I HEIE

L, BMEMZELECHETAIENEETHS.
R 2 Mo, HARELOSEFIZBWTERD

BB OMExBNICEDLR TV
REPI % I RIC L BFREIYY 2 kv,
FENEEICRITTHEOREICD

1)~4) y_,s‘, ﬁjﬁ
¥z, BIFAO
W L R DB FE AT A

SNBOHETHS. AT IEFHO T X % FER
2HFOBE S SEHMICKRIT L, KREREBATOF R Ly

K& OBENEHTIH Ergun ¥ 4 7O 5 fAEPL ) Taoik
WEETHDH L &R L7, SO, Bk 1 o
FHEE LT L TWAHEDRED D EIT/ER SNz b D
THh, BHEISERLL CEET S L) LHERREOS
WHEIE T O AR ATREY ©, AEEEA OB IERE
HRHhrrEZOLOND., BIFANOENELEEZ LG
3, huRRRER AR 2 T A-BEHEEER DR
BREEH L, LEBAOKHEREREIERICRE

ERICE 10 AREHHEKDICTTHEE P24 6 A6 B2 (Received June 6, 1990)
* () ME BUEPT SHFETITZERT (Iron & Steel Research Laboratories, Kobe Steel Ltd., 1-3-18 Wakinohama-cho

Chuo-ku Kobe 651)

*2  (RR)FNET BLRPT SRR ATINZERT T (Iron & Steel Research Laboratories, Kobe Steel Ltd.)
*3  Biib kAR BUBEIFSEPT T8 (Research Institute of Mineral Dressing and Metallurgy, Tohoku University)



FCIERE PRI 2 434K 2 A h o 1 KT BT 237

THEDFE L ERIIILBT 2 UENH 5.

Pl EDE S D S ARRFRTIE, SR % v CHEEE
MES 2RO 1 RTsEE 2 RET s & 012, 1
RILBFHETFVEHEEL, LERBHNO T RN, 510
FESHEKIC AT TIEDOFEIZ > W TKRET L 7.

2. R B F &

2-1 ERER

FEERIEH L7221 Roes MR o BN % Fig. 112
Y. BEFBENE1I00mm, FS 1m OFG7 2 UL
A TECH A, BHEHMH 100 mm BB L CEHE 4
PRCENBMERY v 7 (32¢h) &, BHROED
DHEBBHUEL. BEEIR )i — T4 —F—10k
DITEEYI DS, WMEHOBEET A L & HICFIEE
THIOKEATNAE, FLALEEO FHMI VL s K
HHAROMEIEIT A 70 il X FEHES D,
2-2 ERFGX

AEBIZ BT, ITRUNCY 7 RAROLHE &
WL, 20, FIERBTHMIVEREN R LTI 2L

A

—_

E Cyclone
£ 100¢
53 il
§ N
g B 'O§ Digital
o gital
Scanning 33: § balance
valve -g - .
£
Pressure ¥
sensor ng: &
Recorder
o~
Fig. 1. Experimental apparatus.
Table 1. Characteristics of powders and packed
particles.
Diameter (mm) | Shape factor (—) | Void fraction (—)
0.075 0.95
Powders 0.15 0.95
0.212 0.95
4.8 0.85 0.33
Packed 3.0 1.0 0.39
particles 3.0 0.88 0.34
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Fig. 2. Change of pressure drop with powder
injection.
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drop and hold-up.
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Fig. 6. Effect of powder diameter on pressure
drop and hold-up.
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%%, TENEEEMO EERIE, &A ARESTERE
LIERFOMELERN, RS AFHES TR %
HIJIZHS o CEANEDLODOHETH L.

(2)FEBNICB T KL 772 L OMEBELERTIZ,
K5 v #71& Richardson-Zaki ® B REHIC L - T
KB TH 5.

i

( 3 )b EEhIRPuiek (fHmA DiaskARE) &, F,
BICEIDBHMT LI ENTES,
(4)AEBSIFERHNICH T ABIEZ R0 X
0, A& TR T 2 0B IR O K S
EH, BREOELTII o728 BIZHELA.
i 5
C: FIBBZEMHAAIEYL - 0 OB EE (kg/m®)
Cy: F5 9 7535 (—)
C,:BEFT v 7528 (—)
D* : FIEBAKNFHMEE (m) =24,d,¢/(3(1—¢))
D, : WA & SR T OMRAIFE (m)
dy, : R (m)
d, : TR AFEE (m)
F,: 7Vv—F¥ (=)= U,/(D*g)°®
Srp : FOHERLF- B AR AR RE (—)
g: BESIMFEE (m/s?)
p: 7 (Pa)
R, : WEEEDRF LA/ VX (—)
U,: #AZEHEE (m/s)
U,: BAD#EE (m/s)
W,: fIBERBEANAEL D ICEGTHAREN FOES
SE (=)
W,: FOHERE ALY 72 0 T AR ER
(=)
e FOHERBZERFHE (—)
Coq 1 VPR & FEHRAL T CIABL & NZFEHRIE DZERRTE (—)
& OB ZEBHAIARE YL 72 0 OMIREHE (—)
o HWADKEE (Pa-s)
0,: N AEE (kg/m?)
o, : BEROERE (kg/m®)
¢, : RO REE (—)
b, : TR FIARRE (—)
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