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MASS TRANSFER CHARACTERISTICS IN GAS-LIQUID-SOLIDS MULTI-PHASE FLOW

—— A cold model experiment of direct coal liquefaction

Yasuo HATATE, Shyuichi TAJIRI, Yasuhiro TOMARI
Atsushi IKARI and Tadashi HANO*

For development of the analysis and design of a direct coal liquefaction process, the characteristics
of flow,heat transfer and mass transfer in the preheater section, which plays an important role for coal
dissolution, should be clarified. “Hot” experiments at high temperatures up to about 500°C and high
pressures from 100 to 200 atm are desirable for this purpose. However, at the present time, no
experimental information except for plant data is available due to extreme difficulty in carrying out the
experiments under such critical conditions.

In the present study, the mass transfer characteristics in gas-liquid-solids multi-phase flow-
predominant in the coal liquefaction process were investigated using a “Cold” model, i. e., an
air-water-fine glass beads system at the normal temperature and atmospheric pressure in place of a
hydrogen-oil-coal particles system in the high temperatures and high pressures. The volumetric
coefficients were measured under the conditions of gas velocity=50—800 cm/s, slurry velocity =20—
100 cm/s and solid particles concentraion in slurry=0—30 wt% using a 1.5 cm i.d. horizontal tube.

The following results were obtained:

(1) Linear increases in the volumetric coefficient were observed with increasing gas and liquid
velocities.

(2) Smaller volumetric coefficients in the gas-liquid-solids multiphase were more obvious than those in
the gas-liquid two-phase flow in most experimental conditions, except for a few conditions of gas
velocites below 100 cm/s.

(3) Increasing solids concentrations in slurry up to 30 wt% made considerable decreases in the
volumetric coefficient for a slurry velocity of 50 cm/s, but almost no change in the volumetric coefficient
for a slurry velocity of 100 cm/s.
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Fig.1 A schematic model of mass transfer from gas phase to liquid phase in multi-phase flow
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Fig.3 Measurements of longitudinal distributions of
dissolved oxygen concentration under repre-
sentative operating conditions
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Fig.5 Effect of gas velocity on volumetric coefficient
in gas-liquid two-phase flow
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Fig.6 Effect of liquid velocity on volumetric coeffi-
cient in gas-liquid two-phase flow
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Fig.7 Effect of gas velocity on volumetric coefficient
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Fig.8 Effect of gas velocity on volumetric coefficient
in gas-liquid-solid three-phase flow (UL=100
cm/s)
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Fig. 10 Effect of solid particles concentration on
volumetric coefficient (UL=100 cm/s)
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Nomenclature

C =oxygen concentration in water at a distance [

[mol/cm?]
C; =oxygen concentration at interface between gas
and liquid [mol/cm?]
C, =oxygen concentration in water at /=0
[mol/cm]

C, =solid particles concentration in slurry [wt%]
kia =volumetric coefficient [s™]
UL =slurry superficial velocity
(or liquid velocity for C.,=0) [em/s]
U, =superfitial velocity of liquid alone
U,=ULX (100-C,)/(100-0. 602C,) [cm/s]

S =cross sectional area of tube [em?]
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