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A Prediction of the Air-lift Pump Performance by Gas-liquid Flow
Charac teristics of Riser
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Abstract

As an effective means to convey crushed materials from seabed to on board ship and to raise
hazardous or abrasive liquids, air-lift pump provides a reliable mechanism due to its simple config-
uration and easy-to-operate principle. The present study is focused on fundamental investigation
of related performance by the analysis program based on the gas-liquid two-phase flow in circular
pipes. The program covers pump operating in isothermal and vertical two-phase flow with Newto-
nian liquids. It is summarized as important result that an optimum air mass flow rate exists for
the maximum lifted liquid mass flow rate in terms of a given submergence rates and furthermore,
attachment of downcomer gives little effects on riser performance the conveyed liquid flow rate
increases with larger submergence rate.
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Fig. 1 Operation of air-lift pump
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Table 1. Program input data

a ~ b } c [d e f g h
DIm] 0.051 0.0635( 0.076 |0.0635| 0.076
Sim) | 2 | 3 |39]46] 2 2 3 3
Lim] [7]8 |8.9}9.6 7 7 8 8
— Atmospheric pressure : 101300 [Pal
- Inlet pressure : 101300 [Pa]
- Pump exit pressure : 101300 {Pa]
- Pump operating temperature 1 20(¢]

- Riser effective roughness height : 45E - 6[m]

r————PIAsume a gas mass flow rate El
Divide riser into increment number chosen to give 1%
variation gas density unless otherwise specified by user

For each increment, calculate from
dp =dpf+ dpytdp,

[ Calculate FX=(p; - py) - £d, — mixerloss |
= :

Fig. 2 Flow chart of performance
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Fig. 3 Pump operating curves (1a, 1b, 1¢, 1d)
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Fig. 4 Pump operating curves (2a, 2b, 2¢, 2d)
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Fig. 7 Pump operating curves by pipe roughness

o] AgE Holxu ot =T go]A ] dHE A=
Zpu 7t A A BAHUE dele HAe &
& 4 F et RF EAGES ¢
+ Ut

Fig7dlM = el A&7 g 712AZF /G
of of g AAAFFFES el Utk M
Y ute} 2ol o]l AAFE FFo] HolP L
g Atk 2 FL 7 Abol vt A g e aE A
A A A o] Z(Carbon steel pipe, moderate
corrosion)of| A 7}~ w58 0.012kg/s 71Fo 2
AAZ R ER2Ho] Y4 E UPT &
4 FUFE ¢ F U F, 7 AANE 3V
FH o FrFgd 9FE AR o5 F
Ao FHoA et A A H 2ol A& A 3}
o THEAGe A3l o]d mEE FAAA 3
A3 z3to] st}

4. 2 E

o] AFM e gtolA UF9] 7| & fFo st
o 71&9] A¥ Ao upet At g )y
59 olE g nigom HAZZIY o) F
%R BEo JF L dE&stux st ANA
I 27 %A H Z(Air-lift pump)e] FFEAS S =
F&d it Ao d¥gA oz Frtea gley
ol o] A A gaMe AT V&7 E e
©x57te] AgE Bolx Uk a2 HIge

oA s Mo 245 0%
Houlrt 28 A S
&g oA A gevh a3 tAdFRF 27t
of wet F7|FFHF L F AR EQ golA YR
o] #E48H 7t €212 A churn - turbulent &
Fo2 Hold7] 2o HHAA HH] Ao
FolAe 7t2AFRFE AFE F ST ER

e %
245 &9

Jo ol

-

T

7|24Y
15 EY UH A
ol P R-2 7

o 4z

A

D

G ERAY AF &5, 4mG+mu (D
L P HE Fol

mo A RE

S PR Eo

U AR 3=

Uy &I YA VERS EE
Ugv :7¥Adrift &%, Ug - (Vg+V1)

Unr : AA 28 ol B AT A5 &%
\% P F O THERY AL, (Ve+ VL)
x 1 ERES AFAE, me/me+L)

z Tel & dol(E 5 W)

aegla 2%

PHol=g

1 H] gy

A R

PRE AL w0

pr P EREY AAYE, [/pe+H(1-x) pL] !
Pro ol H TR Bl

S

G oI EFEY A8 A
L co]HTA) &8s daal
0
1
2

m Q=R R

:FFAABEHAA Y =A
A Ed Ty =
B e R 724

(257)



148 WBEMARMSEES, $2348 F2®, 1999

ZHanEH

(D EAE, “JAA 93 <o PP £ /F
AN A7, A 23 AHA AF7E Avlde=ed
pp-43~62, 1996.

(2) D.J.Nicklin, J.0.Wilkes and J.F.Davidsov, “Two-
phase flow in vertical tube”, Trans. instn Chem.
Engrs, Vol. 40, pp.61-68, 1962.

(3) A.H.Stenning and C.B.Martin, “An analytical
and experimental study of an air-lift pump per-
formance.”, ASME J. Eng. Power, Vol. 90, pp.
106-110, 1968.

(4) N.L.Heywood, R.A.Michalowicz and M.E.
Charles, "Preliminary experimental investiga-
tion into the air-lift pump of shear-thinning sus-
pension.” Can. J. Chem. Engng, Vol. 59, pp. 42-
51, 1981.

(5) G.B.Willis, “One dimensional two-phase flow”,
McGraw-Hill, 1969.

(6) T.Z.Harmathy, “Velocity of Large drop and bub-
bles in Media of infinite or Restricted extent”,
AIChE J.Vol.6, pp.281-286, 1960.

(7) L.Friedel, “Improved friction pressure drop cor-
relations for horizontal and vertical two-phase
pipe flow.” Paper E2, European Two-Phase Flow
Grop Meeting, Ispra, Italy, 1979.

(8) Y.Taitel and A.E.Dukler, “Multiphase Science
and Technology”, Vol.2, Hemisphere Publishing
Corporation, 1986.

(258)

X X oA M

ZOHE GRALS)

19649 234, 19864 R BUCHER 7|
T F. 1996 E=siUign g
# 71H3Hat FY(MAD. 1998 SR
A B (SR, 13712 BN B2
sioichstn MAUZAL e S8

i Gl 72.3)

19574 334, 1978 FESY 71T
Fel 1998 BEoEn vA3wn FY
(MAD, 1998d-Hx, SEMYcHEt F
ALAL



