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Empirical Formulae for the Gas Pressure Drop and the Liquid
Holdup for the Counter-current Region of Gas-liquid Flow in
the Dropping Zone of a Blast Furnace

Synopsis : -

Tsuyoshi FURUTAKE and Kyoji OKABE

The Ergun-type pressure loss equation was extended to the flows in irrigated packed beds on the basis
of the assumption that, in the case of irrigated beds, the bed is composed of solid particles and hypothetical

liquid droplets.

Dimensionless empirical formulae for the quantity and the size of liquid in the bed were

obtained by using experimental data on gas pressure drop and liquid holdup obtained under simulating
flow conditions of the dropping zone of a blast furnace. -
Flooding gas velocities as well as gas pressure drop and liquid holdup over entire region of gas velocity
up to the flooding could be calculated by use of the above formulae with reasonable accuracy. .
The pressure loss equation was further extended to the flow of two liquid phases in the dropping zone of

a blast furnace.

A sample calculation confirmed the result of earlier study that the fluidization of the coke

bed would start before the onset of flooding of the slag.
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. Some examples of the change in ratio of
wet— to dry- pressure drop, F in function
of total holdup and in function of gas
velocity.
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Fig. 3. Comparison of measured holdup with -
calculated holdup.
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Fig. 6. Comparison of measured gas velocity at
flooding with that calculated.

— 172 —



EEBETHOA-MAKERCBT s F AENBELE A -V FT v FOERS 1953

KBRCH W TAE TR, BROFLTAREBIITH 10
Alch by, REMpciiFReemRir—E i it £ 7L 0=10 data point 08"/ g
WIIELoE 2 HL LA ELOEOBERFLTCAED £ 5 o=1datum point oo 0K
LRRID. 75y F 4 ¥ /RERO & 5 ICHhATRE = 5l K L5
FTHZ LR L VR DD CENDO—TT T » 7 4 % L fg°%¢§
VIDIRED LD T 5 5 T 4 v IINERELYT > PN e

Vo LRBSOT, SRR LERES A L Th, 7 210° |-

75 7 4 v VBRI ET B R IR R 2R 8 7

BD, b7, T4 v AHEADRLES DT a 3 I
WD IRED DT, PHELATT 5 » T 4 VIHE B 3 .50% 80"
DR L 0 HBEDFAVNE < e h 2T, g o2 A

Fig. 7, Fig. 8 wrh*h hy & APy/AL DFEE{E z 2 -?%Il L L
LEBBEO B RFT. he & APy/AL 1%, ki ko by 12 2 3 5749 2 3 5 74¢

BIOVEZE: THE L HEChIoT, VoEk
EXER 75y T4 v/7BRE X DV RE VA, RaRD
BT EMRTEIoW, T, EESFT—-x627TH05H
68 FHIEHEMENRE Siesyote. M hkt, APy/AL
& B ICEBRETEEEDIRIT £50% DN THDB LN
b,
4-3 AR EORERE L HEEOLE

EERA DY FHfi 35 7o DiZ, GARDNERD) D5
Bl & R LR &R D L UIciHEER L
72. GARDNER [ISEHRED 9.0, 15.6, 22.0 mm ODff
D Lica— 27 2% v ) a2 VBHRMCHE Lico b, K/
ERRCTEERL, x— V77, ENVBRXZHE L
oo WHAMELIE, 2773700 F — X ZHRED,
ki ko hyy HRD, ThBEFALWEEOYHAE, KT
B EEERLERME LTS 2, VEEL e APy /AL
& he HEIE L.

20
0 =10 data point
5= .1 datum point ° .
o o °o F
+ 0
— 00 ©.,7 >
X 10+ R
= r o % R0
‘g 7t ° ° ,OG%O o FPoo
° e a° %%, O oo .7
et - 3 o 209’ o
5 5k e 5 9700 8,
E °© °., o 00 ,Q: g
) 7 %0 o o 8
hat B -] °% ° ° o°o/
o L7 % g P
@ L o =3 ,O
o L L o S0 .
pu) ° 63 ° o Pid
7] +50% o % RN
8 %0 & 7
b o@eoG> /’
2 208 -
)7 -50%
1.5 | | 1 I | | |
1.5 2 3 5 7 10 12

Calculated total holdup (%)

Fig. 7. Comparison of measured total holdup
with that calculated.

Calculated pressure gradient ( Pa/m)

Fig. 8. Comparison of measured pressure gradient
with that calculated.

50

3 Experiments by Gardner

w
o

—— Calculation

3 = = N
~ o i o

Pressure gradient { kPa/m)
o o
[%2]

o
%)

0.2

015
015 02

103
Gas velocity {m/s )

05 07 10 15

Fig. 9. Comparison of measured pressure gradient
by gardner!? with that calculated.

9.0, 15.6mm 0 =— 7 204, Fig. 9cflé LT
FEHiE% L FAFEORRERT X 5, EHELFHHE
EE X < —FK Lic. 22.0mm D = — 7 A DEFEPREE
KEL, EHBEOERMEEMEL » 20~50% &
WETH DT
44 BFATHCBIZENRBER—ILETZ»TD
HH

PDlEn k3w, =z cEBH LENBEERRE b BX
W d ODFEBRRCID, 759574 VIREDETDIN
AFEEHC BT B ETRE, v F7T » TOHEED

— 173 —



1954 % L oW

% 66 4 (1980) m132

I E7 5, Fa vI/IEESHEETE, LrbHEEHE
LB E OWEEE » X —FK LTS, AV
TERT — 2 3EPE T ECBT AR L EE L
T bRy DTHHD OT, RN THOW
WEeHERATRETHS. WMIHCRAT SEAZAD2IEK
HDEET 5, MENHELCEBECIEE LW ER
ETHIEAPE CERICKBRAY 2 WHRCIERTES.
T, ETHRERERL, ROCEHEEROMAE R
T

4-4-1 BFETHOENBARLFEGTE

AT LA ZAD2WHENEET HHE, DAKRBD
BB dy 13, BT & 2BOWEED 3 B OTHE
BWREERY ()R TEESIND.

Voethy thy 1—e, hy | hw
b g T ay, T, Y

(46) R0 5 dy D (IB)REMRAL, < HIC (18RO

he % ey T, R LCH T OENHAKR 47) £ 15

5.
4Py l—e Aty hiy \2
AL={h<@¢ o £m>”gV
-+kz<1h*€+-h* -+fﬁﬂh>pgvm}/(e——ht-hhgs.~(47)
dpd di, di, s
hey Ry ¥R Q) R, d, di, 2GR THLThAT
7, 2 ZAOYHEETRALTRDBRS.

HETH I RAEOYMEEL Table 1 ¥, k &
ky TIUE B O#MEED LT 190 8L 1.7 L,
ARDIENEZDLER—AF Ty TOEE UTHIFEHD T
RDOI-EBRARC L AMEEL A 7ok, 7797 4
v 7HEER LR OBE & T (45) R & bk
7.

4-4.2 FEER

SHEEROM L LT, Fig. 10 @y AFEIC X 5 4Py
JAL, hiy hi,, EAE LR BET) Fg B X 04Py
/AL oBEERT. MNFRRED Table 1 1IR3 T
s ERE &R Fig. 10 R LTHS.

MCiE7 7 v 54 v/REILETe ML LW ER

Table 1. Pysical properties of gas, slag and metal
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Gas Slag Metal Unit

Viscosity | 6.27-10-5 1.0 0.005 Pa-s

Density 0.641 2 600 6 600 kg /m3
Surface tension 0.47 1.1 N/m
Contact angle. 1.571 1.571 rad.
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