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Abstract — Critical velocities were measured by differential pressure transducers in a solid circulation experimental appara-
tus which was a 1.8 m in length, 0.034 m in diameter of Plexiglas horizontal pipe. Three kinds of particles of FCC catalyst, zinc
titanate and polyethylene were used. Pressure drop, standard deviation of pressure drop fluctuations @mcegoigirate
were measured to determine the critical velocity. Critical velocity increased with increasing solids conveying rate, however,
there was little effect of the pressure on the critical velocity in the range from 1.0 to 2.0 atm. The critical velocityelaseddor
terms of particle density, diameter and solid conveying rate. Unstable Pressure balance was occurred at front sect@on and at re
section of a horizontal pipe in a pressurized circulation system when it was disturbed by plugs at a velocity Igss than U
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715l IAE AREEl] #E Be YA o WIME, B ol A dAkse] o] wige] shetr] AlEske 71A
AN, Mg, Ao A4, F2Y J 59 o ARREI vt 4% 5 saltation velocity(U,)=+ 89 o] f-&0]8t¢] 9<-5 dense-
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Table 1. Summary of previous researches on horizontal dense-phase pneumatic transport

Author(s) Solids Particle Pipe internal Lenath (m)Mass flow rate of Superficial air ~ Solid/air mass Classification of the
diameter(mm) diameter(mm) 9 solids(kg/s)  velocity(m/s)  flow rate ratio work done
. . 6.25 1.72-5.12 141-219
0,
g']b”ght etal P“t’gglze‘j 92 gz)f::zgﬁh 7.83 1768 00180170  2.00-6.28 125197  Tabulated data; correlation
11.06 1.82-6.4 145-236
Wen and Coal powder 0.754 Glass pipes 12.7, 3.048 0.005-0.038 0.15-15.0 50-850 Data presented as small-scale
Simons [10] 0.500 19.1, 25.4; (using graphs; propose design
0.112 coal powder only) method and correlation

Glass beads 0.279  Steel pipe: 9.25;
0.147 (for both materials)

0.071
. . 0.075 40 125 0.28-2.50 1-20 10-250 Data presented on
Lippert[11] Alumina 0.066 phase diagrams
0.864 254 22.86 0.06-0.42 1.24-6.90 40-160
53.34
2.39 50.8 22.86 0.03-1.7 0.88-8.15 9-191
53.34 A large amount of
PE.C.Report Sand 121.92 tabulg;ted date; some
[12] 167.64 semiempirical ’correlations
3.63 76.2 30.48 0.04-2.31 0.33-7.24 2-292 P
53.34
60.96
121.92
Tabulated data for plug
Konrad[rz] " ovetviene 473 6.36 0.05-0.645 1.72-425 14.g7 Conveying flow pattern;
granules theory to predict pipeline
AP; correlation
PPG 0.437 254 0.16-2.44 0.0122-0.563 0.20-0.495 48-208
catalyst 50.8
carrier 76.2
Sodium 0.320 254 0.61-2.44 0.0260-0.566 0.245-0.514 78-204
tripolyphos- 50.8
phate 62 Tabulated data f i
Chari[14] granules abulated data for moving
bed flow; correlation
Catalyst 2.63 50.8 0.91-2.44 0.112-0.354 1.30-1.98 28-74
beads 76.2
Potassium 0.14 47.3 0.61-2.44  0.045-0.183 0.068-0.088 123-383
sulphate
crystals
FEY FHE NFEES B S 7 Fedel Blel 1A Shete /1 fag o] AN &t o 713l SERH
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Fig. 1. Schematic diagram of a circulating process with a horizontal pipe
1. Horizontal pipe 6. Slide valve

2. Riser 7. Reactor

3. Cyclone 8. Cyclone

4. Load cell hopper 9. Filter

5. Loop-seal 10. Pressure control valve

SFE-L 17 0.035 mK 0] 4.65 ne|H, F F--o] Zo] 0.17 n#] reducer
#ol olaf dAso] rt, FHE] wh37]= WA 0.16 mk 0] 1.25 ]

55 IRVIE 3] AR AdE vk 9heT)e} e v
el &5 dd=o] vk AT A5HF ¥hE7]= loop-seaf] €13
Aol gon] wAPETES =957 $)5) load cell hoppes 45}
At v EEw 24 GAE 215P] S8t s el Aol
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Table 3. Conditions of experimental parameters

Table 2. Properties of particles used

Particles

Properties Zinc titanate FCC Polyethylene
Mean particle diameter[m] 55xf0  74x10° 544x10°
Particle density[kg/f) 2010 1380 917
Bulk density[kg/nd] 1415 898 492
Geldart classification AB A B
W 249 A4S AFE ASi TS TS S99 22 T
HoZ 9, YA, slide valve] =48 vi7ie] dHAE 543t

2-3. AEEY A HEHT

B AgorM = ofdAGHA, FCC(Fluid Catalytic CrackingFr,
polyethylenedA+2 AR-8ISATH YAHES] 83 547 AR
S E Table 2} 3 Z17F et Geldart[17]Y9ARE-FH <l £J3)
olAAGIA = 25 A% B AAFH &3k YAk, FCC Y
A& d4 A, polyethylened A= I Bol| &3l YAkelt}. Fig. 2
A8 AHE YA YR XS vERdT

3-1. s AAIRS0 D[ile A&

dE et AA RS HA = FEFS AR $19)4 1.0, 1.3, 1.5,
1.7, 2.0 atml A AARE2 9T Fig. 3% FCCYAe] A% 5
HaA fgastel] nE AFF 2t as-g veER Flez 3
Wellx 71-2de] 2R E &3 4 AUrt olw slide valve] E¥
=+ 409%™ 232 DP9 &3] A H A (aye 71Af%o]
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EAG vnHA EERA FEEoA, 7Y e £52E Zh
T YAE0] FEHE rippleS VR (apl BlE) 2 Aks
Hehle 218 £ 4 At (o) 71AREe] 3.0m/E YA #2 bt
95 JR =A FE& olFE A= &4 =35 7P 2% plug flow
£ veple 2oz 22 9o Agas-g vEE (a), (b¥ H
3 (o) ZHEA o2 FA% PSS B ¢ Slth o] FA A9
o] ¥l= gApe] 98] o] ¥E] vEhhs A0 plug flows 27
2 HAE AT, ol f&-8 AARECR AFAE F AUk
Plugt +3#-& Ay 428302 o]&3A HW +3H#2 tHA] dune
flowZ VERA HH B4 plugrt A 71 82 314 . Hong[18]
2 FRIY 7]-248] SEAA o] Fagel net vlwA JAg
2855 el 2] & ] AYgass el §455 74
AR 71Ee 2 Bk (e Hongd] A A7 2 o
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o
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Particles Parameters Static pressure[atm] Gas density[k§fm  Gas velocity[m/s] Slide valve opening percent[%]
Zinc titanate 1.0 1.21 2.0-6.0 50

FCC 1.0,1.3,15,1.7,2.0 1.21-2.39 1.5-15 40, 50, 60, 70
Polyethylene 1.0 121 1.3-6.0 50
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Fig. 2. Particle size distributions of three particles.
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Fig. 3. Dense-conveying flow pattern and differential pressure chan
with decrease of gas velocity.
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Fig. 4. Determination of a critical velocity by standard deviation date
with gas velocity.
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Fig. 6. Differential pressure change at the upper section(DP1) and the
lower section(DP2) in a horizontal pipe in case of polyethylene.
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