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A Study on Lifting Characteristics of Air-Lift Pump
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Abstract

As an effective means to convey crushed materials from seabed to onboard ship and to
raise hazardous or abrasive liquids, air-lift pump provides a reliable mechanism due to its
simple configuration and easy-to-operate principle. The present study is focused on
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 Newtonian 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. The comparison between riser performance of the
conveyed liquid flow rate calculated by the computer program and measured data with
large scale air lift pump system constructed in 200 meter depth vertical tank reveals
similar distribution.

.M 2 B F4HLolt) o] HE e A T JMEY

7t 971 dEel WARE s 53 £ »

3N YA @ir- )WL G5 28] o X 471 o8& A5G BAA Lelaidd o148 5

B #Al, 53] 3 $AAN 48 A e AEE AT slow, ATk AdAY 7

98¢ 247 g2 AASAY 33 e AN 2 APLe B2 B $HHH o
& A F e FHEY oo ol gste @ AF 71gV2e] A4l AFHT 9ok

[~

P

« Foluittam iata)
. EL
cor R34, XS 7] DTS



714 (Air-Lift)g 2 2] 5544 B3 A7

a2y I I fge] 3] dEd |
2 ALg-E A Atk A F7A e #HL Fo
oA A 89, Nicklin?e) 32| Foll 49} o] 4}
(ZHDFA selawel 71X2E59 $AYE 238
o oY Al Gxo A AYAL Holz=p
8x10°l A Altsled e AFAlLoe| o] AE
21 4%8 3 gt} Stenning” 2 A P4 426m, o)
A(riser)®] WA 221x2] AN elolxg U
7} 4 st FAA & Ao spAa-AA Ale]e] w}
A3 £ AT 1AL FIlUdA Hzy 2
A EAo sl AHFHQ dlole & A Ashgic}
a3 golA o XFES Zde F7ISAFH Lo
3 A7 A3rt Heywood ol o)s E¥glc),
olg} 2 WA o] AFeMe FrIFFIE
9] Faxpql golA F, ST AN 7Y
5 o1& 2 719 dF A 98 AP
ol 83t A5dS 2o & g BAL &
Az e} n@sla 7|Ee) AgAe} vjim
siglet. o As Fr|FARNTY A Fe I
njs} o]l WA ZAIH 7 Adyn]dH sy
Ao Fgol dAe A gFHE HAAY
4 eSS 1

25

L
[}

2. He| ¥ o|EsiY
Fig. 12 37| dxe wix =g Rolx ik
IR B ulel o] lolM ] ¥4 stx
(371 )& FAHAIE Z1dolAF71 dolx 5
o) fAete) U A2 Qlsje] FFHo| s}
Al A}, olg} & | NEFES Al 2HEo 9
st A7 ARZ o|FHAY = AL 3y &
#5550 Fitsle ol$Hr) o] AFoME 1A
< AT 47 el dFo BHANA =
W59 §59 5% nEA o3 Fr)%
29 FFEAL oA Zslaa syt
371 R o) glolA JETY AHY Hele
TEFRE deld o8 A2z 3=}

H¥
o4
ek

2 dbog by dba
(=) = [ (B + 2y Boyiegp, 6

__15__

Hol=g§ gt drift-flux2 el s AArdict.
o] 2o} a3 AL #alg Aphase)E9] 4
WAL 5 welste Holoh shaatel drift &
= Ugy v AA 723 429 3 ARy 4%

V(=Ve+ Vi)o 32 Hs)n), el &
ol glo] 7tad S5 7 A &5 U} 2
& AR S Vb A" 58 W9 sz
7} SIS A H2 Usd 458 Zedn
7 A5 P X A 2 AN 2.

1P
.,07%° Y
o
/;;._.n_
Riser = | ¥ Exit 2
Alr — 4 -
3
P |
CIE—¥E ] 8
L ©
8 rlm—%E £
& i —Jtr &
e |- %] §
sleg [—|[———»lI- a
- e I 3
5’) = — _
-l —dE-
R

alr Inj
\___ devios
Fig. 1 Operation of air-lift pump

Table 1 Summary Component equations

Component Equation
; b, _ _ g
Gravity |zt = - 2 lapc+(1—a)pL) D
Friction % = 0%, x (%)LD @
Momentum Qg=__G_2L(_l_) @
change dz g dz pp
. mg V.
Mixer loss Sbw=— (=, V) Gy
_bamiic ¥ v By
Power |P= o (5 )[(ﬂm) 11 G
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Table 2 Specification Stainless steel pipe(Sch40)

unit{mm)
Nominal [ Outside Wall Intside Roughness
size | diameter | thickness | diameter g
50A 60.5 39 52.7
65A 76.3 52 659
80A 89.1 55 781 5% 107
100A 1143 6.0 102.3
125A 139.8 6.6 126.6
Table 3 Program input data
a ] b Lc i d e f g h
Dim] 0.0659 00627 | 00781 | 0.1023 | 0.1266
Sim] | 2] 313946 3 3 3 3
Um] | 7] 8/ 89|96 8 8 8 8
~ Atmospheric pressure : 101300 [Pa]
- Inlet pressure > 101300 [Pa]
- Pump exit pressure : 101300 [Pa)
- Pump operating temperature : 15~30{C]
- Riser effective roughness height : 25E-6{m]
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Divide riser into increments. increment number chasen to give
1% variation gas density uniess otherwise specified vaiue by

For each increment, calculate from L

Calculate  Fr=(p, — p|) - Zdp - mixer loss

Fig. 2 Flow chart of performance calculation
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Fig. 3 Pump operating curves according to pipe
diameter of stainless steel (S/L = 0.375)
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Fig. 4 Pump operating curves according to mass
flow rate of gas (S/L = 0.375)

Table 4 Effective roughness height

Materiapipe) | VP T e
Cast iron 180 x 10
Grass, plastic 15 x 107
stainless steel %5 % 10°
Carbon steel, new 45 x 10°
Carbon steel, galvanized 150 x 10°
Co s |y
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Fig. 5 Pump operating curves of submergence

0.04

rates(stainless steel pipe diameter

0.0659m)

Table 5 Comparison data for Fig. 8

No. S[m] Lim] |D[mm]| Remark
1 9962 11.72 46.17 Experiment
2 9.894 11.64 75.7 Calculation
3 10.013 11.78 1295 | Calculation
4 12.40 18.24 1554 | Experiment
5 2173 - 3263 1554 | Experiment
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