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VERTICAL FLOW OF GAS—LIQUID—SOLID PARTICLES SYSTEM

Yasuo HATATE, Hiroshi NOMURA and Atsushi IKARI

It is significant to know the hydrodynamic characteristics of the system in the de-
sign and scale-up of reactors containing gas-liquid-solid particles system.

As a fundamental study of such a three-phase flow, the gas holdup and the pressure
drop were measured in the vertical tubes, through which various mixtures of air, water,
and fine glass-sphere, particles were passed. Three kinds of glass particles were used
the average sizes of which were 30, 60 and 90 um. Two kinds of tubes, 15 and 26 mm
in diameter, were used for the examination into vertical upward and down-ward flows,
The measurements were carried out under the following conditions:

gas velocity = 0~800cm,’s,

liquid or slurry velocities = 15~100cm,/s,
0~60wt%.

and the concentration of particles =

For most experimental conditions, the behavior of the three-phase vertical flow of
the gas-liquid-fine particles system has proven to show a close similarity to that of the

gas-liquid two-phase vertical flow.
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1) Lockhart — Martinelli V' (1949)
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2) Nicklin et al 2 (1962)
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3) Hughmark et al® (1961)
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4) Govier et al ® (1960)
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5) Oshinowo et al ” (1974)
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Fig.1 Schematic diagram of experimental
equipment
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3. EBRRRUEER

table 1 12, AEBRTHERAL 3 EHOBMNA T X
¥ A, BRUOCOBERVTYRETRT. table 21T

Table 1 Properties of glass spheres

Glass spheres | Density |Average Size [pm]
(glerf) | dpy | dps

A 2.52 29 28
B 2.52 63 63,
C 2.52 98 94

Table 2 Experimental conditions

Flow Upward Downward
Tube diameterimm) | 26 , 15 26 , 15
Tube length [mm]) 2785 2797
Air flow rate
~ Us lcmisec] 0~ 800 0 ~ 800
Slurry flow rate
UL [cmisec] 0~ 80 0~ 80
Solids conc. in slurry
Cs  [wt%) 0~ 65 0~ 65

LERBEROTRERIC> &, BE, BR, FA&EE, 2
7)) —EERCBERNFREICBE Y 5 KBREMH 21T,
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Fig. 2 "Effect of tube diameter on gas holdup
in vertical two-phase upflow
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Fig.3 Effect of average size of solid particles
on gas holdup in vertical upflow
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Fig.4 Effect of solid particles concentration in
slurry on gas holdup in vertical upflow
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Fig.5 Effect of solid particles concentration in
slurry on gas holdup in vertical upflow

THTEMSZNEN 15em/s R 60cm/s DFEITD
WT, BENTFREZELIEEBOTAR—IVIT
v 7OEREZRYT. 12170, RRITBNTIE, Bis
KWFBEN 9~21wt 5DHD % 15wt %, 24~36wt
%DHD% 30wt %, 39~51wt $DHLD%E 45wt %,
54wt KLU EDOH D% 60wt % & LTRLU Tz, fthok
FEFERULBELNSOREREE, HAF—NVF
Ty 7TRRETHTFREOEEBISRINT, &F
BREECINTBEINRAA— VT y TICRELS
KEXRWEBSbNE. Lkd-T, BEELERTI
KR - BREEBROATAA—IV T v 715K =48
HOLDELL BT B ENPEL,ITK 5712,

3.1.4 EEEEOIEE

Figs. 3~5 12, SR MRV TRES AL
Govier 59, Lockhart & Martinelli (L—M) ",
Nicklin 52} tf Hughmark 53D 4 5@ 0 DA KIS &

BHEMARYT. ChO>OHEMEEEREY LT3
&, ERBRBEMSIILAERT THEBTH B 12012,
ZOFEFIZOVWTRESI Mz Nicklin 512 & 5 5HE@E
Elb E<—HBLTWVA.

3.2 FETFBROHAK—IWKT VT

3.2.1 BHEOXE

Fig.6 12, KM &R 1.55 R 2.59cn,
1.

PoLth T :00
- L @ o
_!_ = W Le!(cml cm/s))
00‘51? o |155] 15
W 0 o |1.55| 60
q o |1259] 15
- o [2.59| 60
1 L | 1 1 1 I 1 1
0 200 400 600 800 1000
Us [cmis)

Fig.6  Effect of tube diameter on gas holdup in
vertical two-phase downflow
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Fig.7 Effect of average size of solid particles
on gas holdup in vertical downflow
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Fig.8 Effect of solid particles concentration on
gas holdup in vertical downflow
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Fig.9 Effect of solid particles concentration on

gas holdup in vertical downflow
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iR U Oshinowo &» DN 2B FEELLKICLS
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Fig.10 Relation between frictional pressure drop
and gas velocity in vertical two-phase upflow
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“Fig.11 Relation between frictional pressure drcp
and gas velocity in vertical two-phase upflow
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Fig.12 Relation between frictional pressure drop

and gas velocity at various solid particles
concentrations | in vertical upflow
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3.3.2 HNFROXE
Fig.13 12, &®&A 1.55cm, #KEEHS 60cm/s T,

1

E L . &
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2‘ -100 ] 1 ] ] ] ] 1 ] ]
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Fig.13 Relation between frictional pressure drop

and gas velocity under various solid particles
A, B and'C in vertical upflow
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Fig.14 Relation between frictional pressure drop
and gas velocity in vertical upflow
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Fig.15 Relation between frictional pressure drop
and gas velocity in vertical upflow
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3.4. EETRAOCEBICLZIENRK

3.4.1. BROXE
Fig.16 RO 17 I, #hENIRFKED 15em/s R
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Fig.16 Relation between frictional pressure drop
and gas velocity at Uy =15cem/s in vertical
downflow
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Fig.17 Relation between frictional pressure drop
and gas velocity at Up =60 cm/s in vertical
downflow
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Fig.18 Relation between frictional pressure drop
and gas velocity at various solid particles
concentrations of solid particles B in
vertical downflow
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Fig.19 Relation between frictional pressure drop
and gas velocity at various solid particles

concentrations of solid particles C in
vertical downflow
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Nomenclature
Cs = solid particles concentration in slurry
[wt%]
Dr = tube diameter [mm]
deiz = Sauter average size [xm]
dese = 50 % particle size [xm]
Fr; = Froude number [-]
f = friction factor =]
g = gravitational acceleration [em/s?]
L = length [cm]
AP; = frictional pressure drop [Pa]
Re = Reynolds number [-]
Rv = Us/U [-]
U = superficial velocity [em/s]
W = mass flow rate [9/s]
e = holdup [-]
“ = viscosity [e.p.]
p) = density [9/cnf]
P = surface tension [9/c]
[dyn/cm]
< Subscripts >
G = gas
L = liquid or slurry
TP = two phase
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