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ABSTRACT

Different methods of air injection into the riser of an air-lift
pump were experimentally tested. Measurements were carried out on a
riser tube (50.8 mm diameter and 2400 mm long} at different ratios of
lift to submergence (1.33, 1.89 aad 2.81) and wvarious values of
injection pressure (2, 3 and 4 Kg/cm™). Both water flow rate and pump
efficlency are shown against air flovw rate calculated at STP for
different methods of injectlon. A marked effect was found on the pump
performance when operated with different types of IinjJectors. This
effect 1is attributed to the fact that initial "~ bubble size and
distribution greatly affects the two phase pressure loss in the riser
and consequently the pump efficiency.

INTRODUCTION

An ordinary air-lift pump consists of a vertical riser tube with
one or several air injectors at its lower port. The tube is submerged
in a liquid basin and air is introduced through the injector forming
bubbles, which expand as they rise. Consequently the £luid in the tube
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is raised above the level of the surrounding ligquid.

The alr 1lift-pump is a reliable device for difficult punmping
operations such &s corroslve or abrasive liquids, slurries and undez
water exploration because it incorporates no moving parts to corrode
and wear (1,2). Such pumps are also ideal for handling radioactlive
ligquids since they reqguire virtually no maintenance. In spite of Iits
low efficiency and the need to use relatively highezr submergence
values, it is widely used for pumping relatively small quantitles of
liquids. It has the advantage that it c¢an be installed quickly,
cheaply and easily vhen a suitable mechanical pump is not available
[1-31.

A great deal of theoretical work has been done to explain and
understand the perfermance of air lift pump, this can be found in many
references c.f. 11,2,4-71. The experimental study of air 1lift pump was
the purpose of numerous studles. Most of these studies were directed
roward the investigation of the pump performance and to give
informations on the ratio of the alr and 1liquid flow rates. The
experiments described by Smith (3] concluded that the air 1ift pump
requires a submergence at least equal to the lift. Also it wvas found
rhat when using different methods of introducing alr into the water,
the difference in results were negligible, which means that the method
of injection dces not change the pump performance. Merchuk and GStein
i8] found that the liquid velocity was a single power lav function of
the gas flov rate. The constant of proportionality depends on both the
geometry of the system and on the regime of the two-phase flow in the
riser. Also Merchuk and Stein (8] found that the measured wvalues of
the local hold up depend on the type of sparger used for the air and
an the resistance of the fluid flow in the circuit. The influence of
riser tube diameter, air injection type and position, and the degree
of submergence were studied by Halde and Svensson [(9]1. It was £found
that the air injector should be situated at least 200 mm above the
wotton orifice of the riser tube in order to- keep the aizr from
oercolating the surzounding bed. The experiments of Halde and Svensson
{91 showed that the maximum efficiency is little affected by the type
2f air injector. Wang and Chen [5] concluded that for each given
sperating condition, there exists a corresponding optimum rate of
injected air f£lov. The introduction of a separating air £film 1lining
*he walls of an air 1ift riser was studied experimentally by Khalil
and ElShorbagy [18]). It was found that this method of intreducing air
2ilm increases both the liguid discharge and efficiency of the riser,

As previously shown, the effect of the method of introducing air
:n the air lift pump is uncertain, since references (3,3) showed that
it has negligible or no effect, while [8,10] reported an oppposite
sonclusion. Acecordingly the present study aims at investigating the
sffact of the method of air introduction on the performance of air
lift pump with the objective pf finding the optimum method ~of
introducing air. Six methods were investigated experimentally under
the same operating conditions. The efficiency and the water discharge
were plotted agaimst air flow rate under dlfferent lilfting conditions
and various values of injection pressure.

SXPERIMENTAL ARPABATUS

A schematic diagram of the experimental apparatus is shown in
?ig. (l). The lift pipe was constructed of plexi-glass with 50.8 am

r
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inslde diameter and the total height (L} was 24060 mm. The water wvas
l1lfted from a constant head tank (lower tank), which was provided with
several holes of 25.4 mom diameter to control the water level 1in the
tank and hence the submergence level. Supply water plpe was connscted
to this tank to make up the 1llfted water. The upper tank (0.5 m in
volume) was held on a movable support and used to collect the lifted
water, also the tank was provlided with a draln hole. The water flow
rate was measured by recordering the time elapsed for £illing the
upper calibrated tank. 3

Air was supplied from a compressor of 1.5 m capacity storage
tank of maximum pressure 12 bar. The air was flown through reducing
and control valves and lntroduced near the bottom of the pump into the
riser ( 200 mm above the bottom of the riser as recommended by Halde
and Svensson [(9]. Six injectors designed to introduce the alr in
different ways were tested. These injectors are illustrated in Fig.
{2)., The first 1injector consists of a single copper tube of 6 nmm
internal dliameter, while the second is similar but of 4 mm internal
diameter. Both 1is situated at the center of the riser tube and
directed upward, Fig. (2-I, II). The third method is a straight single
copper tube of 6 mm internal diameter with three holes {2 mm diameter)
;, the middle one is situated in the center of the riser, Fig. (2-III).
The fourth method consists of a circular tube of 50.8 mm dlameter, 6
mn internal dlameter and having holes of 3 mm on its circumference,
Fig. {2-1IV). The last two methods are shown diagramaticaly in Figs:
{(2-V, V1). The holes diameter of the fifth method is 3mm and the last
one is 2 mm. The number of holes were calculated such that the
injected air velogity must be the same for both device. The air £flow
rate was controlled by a metal globe valve and measured by a standard
ASME orifice meter of 12.7 mm inside diameter. Bourdon tube gage was
used to measure the pressure upstream of the orifice meter and the
temperature was measurxed by a copper-constantan thermocouple. The
accuracy of measurements are estimated as approximately * 3 % for air
flow rate measurements and £+ 1 % for liquid flow measurements.

Tests were carried out with three values of l1ift ratio x, which
is defined as the ratio of the static lift (L - Hg ) to the
submergence head Hg. These values are 1.33, 1.89 and 2.81
respectively. Fof each case the air flow rate was gradually increased
to the maximum avajilable value in small steps and the ligquid flow rate
was measured for each value of air flow rate.

EROCEDURE

The level in the lower tank wvas maintained at the reguired head
Hg by using the overflow side holes in the tank, then the 1lift ratlo r
can be calculated {r = (L - Hg)/Hs}. The control valves were adjusted
together to get the required constant pressure upstream the orifice
meter. The head difference across the orifice meter was recorded and
used to calculate the air flow rate at STP conditions. When reaching
the steady state the time regquired to f£fill the upper tank was recorded
and used to calculate the liguld flow rate. The contrel valves were
partially closed to attain the same constant air pressure upstream the
orifice meter at dlfferent wvalues of air flow rates. The same
procedure was repeated at different pressure wvalues £for various
submergence ratios. For each operational condition, there exists a
corresponding optimum rate of input air flow rate as stated in ref.
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i{91. Therefore the different method ¢f injectlon vwere assumed to be
tested under the same operatlional conditions.

EXPERIMENTAL RESULTS AND DISCUSSIONS

Figures (3-I to VI) show the water discharge in lit/sec against
the air £lovw rate in lit/sec calculated at standard temperature and
pressure conditions for the six different designed methods of
injection, which are lllustrated in Fig. (2)., Results are presented «
for an injection pressure of 2, 3 and 4 Kg/cm~ and for different 1lift
ratios of 1.33, 1.89 and 2.81. From these figures it is c¢lear that
vater flow rate increases linearly with increasing air £flow rate.
Also the water flowv rate decreases vith decreasing the static
submerged head Hg, l.e. with increasing the 1lift ratior {r = (L -
Hg)/ Hgl. The figures also indicate that the water £flow rate Qy
increases as the injection pressure lncreases for all values of 1lift
ratio r and air flov rate Q.. The missing graphs means that the punp
was not able to deliver water under the operating lnjection pressure
and lift ratlo. Thls can be attributed to insufficlent alr supply and
formation of small bubbles which slip through water. When the injected
pressure increases or at higher submergence, a slug flow pattern forms
and the air bubbles become large enough to prevent slippage and hence
water flow takes place. It can be seen also that for all experiments
the water flovw rate varies linearly with the air flow rate.- The
constants of this linear relation depend on both the geometry of the
system and on the regime of the two phase flow in the rlser, which
agrees with the experimental results of Merchuk and Stein (8], For the
purpose o¢f comparison between the dlfferent desligned methods of
injection, the water flow rate was drawn versus the alr flow rate at
the same operatlional conditions of pressure and 1lift ratlioes, Flg. (4-
6§). From these figures it is evident that the £fifth method of
injection gives higher wvalues o¢f water £low rate at the same
operational conditions. The water flow rate changes drastically from
one method to the other. For example the £ifth method dellivers water
discharge of about 300% of that of the second method at the same
operating condition. Higher differences in results are found at lower
lift ratio, i.e. at higher submerged static head.

The efficiency of the air lift pump may be defined as the ratio
of the gain in potential energy of the liquid to the work done by the
air. The gain of the potential enerzgy of the liquid is:

Wy = Qy.¥y.{L - Hg) e cerean (1) -
If the air lift pump was analytically treated as an expansion engine,
the theoretical werk done by the air entering the riser at the
injected pressure P; and leaving at atmospheric pressure Py, i3 given ',

by:
Wa = Pi{.Qa. 1n (P;/Py) e r s as et e e L(2)
Thus the pump efflciency can be written in the following form (9):

= R & 3
P;i.Qa- ln (Py/Pg)

? Qwoiw (L - Hs}
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The variation of the riser efficlency versus vater flov rate Qy
is 1illustrated 1ln Figs. (7-9% for a lift ratle of 1.33 and injection
pressures of 2, 3 and 4 kg/cm”, respectively. From these figures it is
clear that the fifth method of injection gives higher riser efficiency
in comparison with the other methods. It must be notliced also that
higher efficiencies are obtained at lower pressures,

According to Merchuk and Stein [8] a marked difference 1in the
performance of the air 11ft pump can be noticed when operated with
multiple-orifice or single-orifice injector. The single orifice
injector creates an uneven distribution of alr in the section of the
riser tube and the air bubbles generated are larger., This provokes
higher mixture wvelocity in the center of the tube and larger
differences in liquid velocity, which induce a migration of the larger
bubbles towards the axis. Thus a high concentration of bubbles Iis
created around the axis whlch increases the probable coalescence [8!].
Here a fraction of the tube cross section is used only as a riser,
which decreases pump efficiency since the efficiency dJdecreases with
decreasing riser diameter. This agrees with the obtained results,
since better results are shown for the cases of multiple-orifice
injector.

The results show that the second method of injection glves lover
pumping efficlency than the first method. This can be explained as an
effect of : bubbles slip, which occurs for small bubble sizes; the
second method has smaller orifice diameter and consequently smaller
bubble sizes. The last two methods of injection represent the more
efficient ones among the tested methods. This is due to the good
homogenous mixture formed in the riser, which reduces the slip ratio,
especially for the fifth method where the holes dlameter is larger.

CONCLUSIONS

(1} The initial bubble size and distribution in the riser section
affects the pump performance and a marked improvement in pump
performance was obtained when using multiple-orifice injectors.

(2) The air injector has a considerable effect on the lifted water and
on the air-11ft pump performance.

(3) The operation of the air lift pump depends upon several factors
such as riser size, lift ratio, method of air injection, etc.
Therefore no single formula can express the relation between these
variables

NOMENCLATURE
Hg static submergence head (mm]
L - riser helght (mm) 2

Py injection pressure (Kg/cm )2
Po atmospheric pressure (Kg/cm”™)

Qa air flow rate (llt/sec) at STP conditions
Qy water flow rate (lit/sec)

b4 1ift ratio {(L - Hg)/Hg}

W5 vork done by air

Wy gain potential energy of the water

Tw vater specific gravity

'? punp efficiency
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