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HORIZONTAL FLOW OF GAS-LIQUID-SOLID PARTICLES SYSTEM

Yasuo HATATE, Hiroshi NOMURA, Mitsunobu MIGITA
and Atsushi IKARI

The three-phase flow of gas-liquid-fine particles system in horizontal tubes is com-
monly used in the coal liquifaction process and the slurry transfer of coal-water. The
hydro-dynamic data of the three-phase flow of gas-liquid-fine particles system are re-
quired to specify for the operating conditions in these precesses.

In this paper, the detailed data on the gas holdup and pressure drop in horizontal
tubes are presented. This paper is a continuation of the previous report on the vertical
flow.

The experimental conditions are as follows:
gas velocity =0~800 cm/’s,
liquid or slurry velocities =15~100 cm/’s,
solid particles concentration in slurry =0~60 wt %,
average sizes of particles =38 , 63 and 110 um,
and diameters of tubes =15 and 26 mm.

Experimental results show that only slight differences between the three-phase and
the two-phase flows are detected in gas holdup measurements, but in the three-phase
flow much smaller gas holdups are observed at low slurry flow rates, that the pressure
drop increases with the solid particles concentration, and that the particles size has a

complicated effect on the pressure drop.
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Fig.1 Schematic diagram of experimental equip-

ment
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Table 1 Properties of glass spheres

Glass spheres | Density |Average Size (um)
(g/cm) dpy | dpg

A 2.52 38 38
B 2.52 66 63
C 2.52 m 110

Table 2 Experimental condition

l'f\met.iame%er Tube length | Air fiow rate Sh.wryﬂowraielgoﬁdsconch
urry
(mm) (mm) Us temis) (U (amis) | Cs  (wi%h)
155. 259 4390 0~ 800 | 0 ~ 100 0 ~ 65
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Fig.2 Effect of tube diameter on gas holdup in

" horizontal two-phase flow
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Fig.3 Effect of solid particles on gas holdup in
horizontal flow
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Fig.4 Effect of solid particles concentration on gas
holdup in horizontal flow
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Fig.5 Effect of solid particles concentration on gas
holdup in horizontal flow
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Fig.6 Relation between pressure drop and gas

velocity in horizontal two-phase flow
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Fig.7 Relation between pressure drop and gas

velocity in horizontal two-phase flow
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Fig.9 Relation between pressure drop and gas
velocity in horizontal flow
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Fig.8 Relation between pressure drop and gas

velocity in horizontal flow
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Fig.10 Relation between pressure drop and gas

velocity in horizontal flow

15em/s B 60em/siC20WT, A, BRUCKL
FEREMAL, BARTFREL2ELIEBFOERICE
HEHESROEREEZTYT. CORED, —RIVICE
FRF2RASER EENBRIKRELLHEROK
FBREOKEVBEEOAVENBRLKEL LT
B2 MDA, WRENNS OBEITIE, TRRE
DhEVEETIE, BRNFHIEERICLEERL, R
DI OBEENKE L 2BHHIT, ENBERSENT S
s, EHICHTARERBEINS ¢ 5 &, SFHENIREL
TULEV, —RIICEREE»ED L, EHBEEIED



& - B - GH - 5 K FENORKRERERRICE Y 5 ik HFHR 141

THEVWIRENET B, BRTE 60 cm/s & HE
HREVHEICE, BENTORERBRIR AT, ¥
AGREDEI & FICENERBEML TV 5.

3.2.4 FIREEDLE

Figs. 6 ~ 10 O Ogh#gls, SE-HRIK-OWVT
@ Lockhart & Martinelli & ¢ Yokota O FREFIC &
BEEMETH S, TR _MEROFEANEL LT 5 &,
WRIIENS 60 cm/s & 0 /NS WHEETIE, MHHEHE
BEO—BUETRTH, 100cn/s EREL< BB E
Yokota DHBERDOF B LIW—BMEL2RYT. K- ¥ -
BRBEROBHEICIE, NTFEPNTREOKENK
FWV2HIZ, ThoDEBERNIZERTE L.

% =

KFEBEEZHWISERERROR - & - BREER
IZBU AT AF—IVRT v TEEBIZEBENBRD
EREROME L 5, BR, BRNTFERVEERRT
BEOEVICEAHBIIDVWTEEL, BIL, [
HROREN 2HERNCLSHEBEORELITL -
. ZORRE, UTORRIENbh 1.

(1) FAF—NVFT v TICRIFTEROEXEIHF

VEBH LN, RFEED/NS VT, K&

Fi2, ERERNFRESEVE, EOERICEER

NFPUBEEH LR TWAR, FYAK—WVET vy TH

&L 12 5.

(2) [HK_MBETOHTAK—NVFT v 7OERAE

13, Yokota il K BFHEMEFEL LK< —BLTWA.

iz, KK -BREEAROBEICE, EEICKT
DOEFHES L BABEERMEOKE WVEBICO
#, Yokota DIEEAX M EHTE 5.

(3) EHEEE, RFERVEFRTFREICLST
HEING. NTFREIEREOKE VEBTHES
5z, RFEFPKEVRE, EHBRIINEILLS.
F1z, &R, BRRTFREOKEVIHARE, £
AHEIE K E L B> TV 5.

(4) KB OEHESKIL, Yokota MFERIRIC
Lo TBLIEETES. LhrLahrs, K- k-
FEEROENBERIEETH Y, BEOHEBERT
BECikTE LU,

(5) & - - BREEROENEKRE, BHED/N
SVEEICBV T, BRKFORRBERE VI FHE
BREMH B0, HTAFKEDEKICHE-> TR
KR L, BUEBXT 5.

Nomenclature
Cs = solid particles concentration in slurry
(wt %]
D: = tube diameter [mm]
dosz = Sauter average size [£m]
deso = 50 % particle size [m]
f = friction factor [-]
G = mass velocity [8/cit - s]
g = gravitational acceleration [em/ s%)
L = length [em]
AP = frictional pressure drop [Pa]
Re = Reynolds number -]
U = superficial velocity [em/'s]
¢ = holdup [-]
u = viscosity [e.p.]
o = density (8 ci]
< Subscripts>
G = gas
L = liquid or slurry

TP = two phase
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