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HEAT TRANSFER IN GAS-LIQUID-SOLID MULTI-PHASE VERTICAL UPFLOW

Yasuo HATATE, Takanori FUJITA*, Shyuichi TAJIRI
Kazunari HIGO"* and Atsushi IKARI

Experimental data on heat transfer between the inside wall a vertical tube and gas-liquid-
minute solid particles multi-phase upflow in the tube were reported. At the present time, we
need to overcome enormous difficulties before understanding the heat transfer characteristics in a
gas-liquid-solid multi-phase flow system under high temperature and high pressure conditions
such as in the preheater section of the coal liquefaction process.  Hence, it is essential to collect
data from the “cold model” experiments before obtaining data from “hot” experiments,

The heat transfer coefficient data were obtained under the following conditions :

tube diameter =27.0 mm,

gas velocity =15—300 cm,/’s,

liquid of slurry velocity =10—30 cm,/ss

and solid concentration in slurry =0—60 wt %.

The following results were obtained :

1) When minute solid particles were mixed together, measured heat transfer coefficients were

larger than those in the gas-liquid flow.
2) No difference in heat transfer coefficient between two kinds of minute glass spheres, having

30 and 100 xm in round size, were detectable under most of the experimental conditions studied.
However, in the regions of comparatively high slurry velocities and high solid concentrations in
slurry, larger heat transfer coefficients were obtained when the smaller particles were used.

3) An empirical correlation on the heat transfer coefficient for the gas-liquid and gas-liquid--
solid multi-phase systems was proposed, which was found to fit the data within 40 % in the froth
regime of gas velocities above 150 cm/’s.
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Fig. 1 Experimental apparatus
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Table 1 Experimental conditions

Tube Tube | Air tlow rate|Slurry flow rate |Solid conc.

diameter | length Ug UL in slurry
(mm] | (mm] [emis) lemis] Cs (wt%]
27.0 | 6000 | O ~ 300 0~ 30 0~ 60
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Table 2 Properties of glass spheres

Glass spheres|Density | Average size [um]
(grem3] do., dp,,
A 2.52 29 28
C 2.52 98 94
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Fig. 2 Relation between h and Uc for gas-liquid
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Fig. 8 Effect of particle size on h vs. U relation
for three-phase flow at UL=15cm,/s and C.
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Nomenclature

A : (= zD+L) heat transfer area ()
Ce : heat capacity (Jkg'K™')
Cs . weight percent of solid particles in slurry
(wt%)
Dr . tube diameter (m)
d. . particle size (um)
h : heat transfer coefficient (kWm™K™'"]
L : tube length of heat transfer section  (m)
Nu : (=hD;/A.) Nusselt number (-]
Pr 1 (=Cuu/A) Prandtl number (=]
Q . heat flux (kW)

Re :(=Rec+Re,) Reynolds number for gas-

slurry multiphase flow (-)
Re: . (=D:Ucmc/uc) Reynolds number base on
gas flow (-]
Re. :(=D:U,0./w) Reynolds number base on
slurry flow (=)
t,(1) : bulk fluid temperature at tube length (K]
toin . inlet temperature of bulk fluid to heat trans-
fer line (K)
Atm . average temperature difference between
bulk flow and tube wall (K)

tl).nul

tu(1)
Uc
U.
w

»

s ® r >

. exit temperature of bulk fluid from heat
transfer line (K)

: tube wall temperature at tube length (K]

. superficial gas velocity (em./’s)
. superficial slurry velocity (em/’s)
: mass flow rate of fluid (kgs™)
: weight fraction of solid particles in slurry

(=)
: thermal conductivity (Wm'K™")
. viscosity (Pa s)
: density (kg m™)
: volume fraction of solid particles in slurry

(=)
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