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Abstract T Airlift pumps use buoyant foreeto displaceliquid in vertical pipes. In this paperthe performance of a new design of
airlift pump has been investigated. This ndesignusesboth axial and radial injectors to improve thamp performanceThe
behaviour of twephase flow under different operating conditions of the pismgiscussedThese include the effeof submergence
ratio, air flow rateand void fractioron the pump efficiencyFlow visualization inages are used toedcribe the twagphase flow patterns
and their effect on the pump performanktevas clear from the present experiments that the pump appeathigher submergence
ratios found todeliver higher water flow rateand better efficiencie§ he void fractiorwasfound to increase throughout the different
flow patterrs observed in the pipe riser while the water flow rate reet@pproximately constant.
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1. Introduction

Airlift pumps use injead compresseair to displace a liquidn a vertical pipe.The air injected at the bottom of a
vertical riser decreaséise average specific gravity of the fluid in the vertical colwowing the mixture to moveipwad
[1]. In an idealsituation, thanjected gascreatespistonlike bubbles and transpsrthe liquid under thebuoyancyeffect
The simplicity and low maintenance of such pumps allow for a wider application eapgeially when aeration is also
neededIn applications in whichcorrosive fluids need to bdisplacedor where preexisting compressed air is available
airlift pumps represent anore desired choid@-4]. Despite tkeir proven potentiathe performance of airlift pumps hgst
to be fully optimizedThis studyfocuseson a new designof the airlift developedoy Ahmed and Badl]. In this design,
air is injectedbothin radial and axial geometried the bottom of the pipe riseFhesetwo separate componerdaow for
optimal water flow rates when ais injected in differentquantitiesthroughthe two injectionsExperiments have been
performedand analysed in this papen order tohighlight the effects of various submergence ratios on the overall
performance of the airlift pump.

2. Experimental Setup and Pump Design

Figure 1shows an illustration of the experimental setup. The pump consists of an air injector with both axial and rad
geometries connected to a riser pipe of inner diameter 25.4 mm and a lebgt®raf This riser pipgasses througtihe
delivery fank, where the aiseparatechnd the water is transferred to the collecting tank for measurenidet.pump
suction line is onnecteda waterreservoir. The reservois a 40 L tank that consists of two equal sections: the supply tank
and the overflow tankThe supply tank consists of an inlet which expands intereel6(0.1524m) inner diameter pipe
filled with rocks toreduce turbulence in the reservoir and maintain steady water Tehelwater flows out of this larger
pipe and into the supply tank until it reaches the top of the divider and pours into the overflow tank. This design enst
thewater level in theiser piperemainsconstant during the experimenihe reservoir tanlksiattached to the franaad its
position can bedjusedto allow for testingdifferent submergence ratios {H). For this study, the performance of the
pump will be compared awb different submergence ratios: Gahd 0.9. Allpipes weremanufactured fyrm transparent
materials to allow for observation of tvphase flow patterns.

The compressed air is supplied dygentral utilityplanand kept at a constant pressure using a pressure regulator. The
air is delivered by énm inner diameter hosing to theeojor at both its radial and axial geometries. Before reaching the
injector, the air passes through, two on/off valves, a pressure regulator,l@ vadeel for flow contro] and two digital
mass flow controls. These mdksvmeters areused to record thair flow rateas well as théemperature of the incoming
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air. The pressure due to the head in the riser pipe along with this temperature is used to calculate the pressuamaf the &
subsequently the mass flow rate of air in each experiment.
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Fig. 1: Schematic Diagram of Experimental Setup

A single injector is used in the experiments consisting of two geometries of air inlets. This injector is attached to
end of the riser pipe and supplied with air via the compressor at the central utilitieat gtea University of Guelph. The
dual injector was designed Byhmed and Badrl] and consists of a radial and axial injection inlet. Each inlet is connected
to a separate needle valve diav meterso that one or both injection methods can be usedhé\tadial inlet, the air
enters a compartment surroimgl a perforated tube of the same diameter as the riser pipe. The perforation can &
described as 180 holes of Imim diameter distributed uniformly around the circumference of the pipe. At the axial
geometry, a stainlessteel liner of annular clearance Ibn forces the flow of air upward along the walls of the riser pipe.
In this study, the pump efficiency is calculateased ora modified definitiorof Nicklin as follows[5].
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where Q is the water discharge @& the volumetric flow rate of aiP,,is the injection pressuia air andPyyis the
atmospheric pressur&he variables L and tare the length of the riser pipe and the static hesplectively. They are also
defined visually inFigure 1.

In this study,a capacitance sensgrused to record the voiaction of the twephase flow in the pumpser. The
detailed design of this capacitance sensor is explained by Alghéthpsensor is connected #éocapacitanceneteranda
DAQ to record thedynamic void fraction signaVoid fraction data are colledeat a sampling frequency of 2&blz and
for a period of 100 sec to insure that the signal adequately present all variations in the void fPaiioto each
experimentstatic calibration of the sensor is completed. The capacitance valiés s¢ctbn of the pipeare reordered
when the pipe isompletelyemptyand full of water. The capacitance recorded when only air is present relates to 1009
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void fraction, while the capacitance recorded when only water is present relates to 0% void fractiore®evarer is
used for all experiments to keep the system rid of contaminants and mineral deposits.

The two masslow meters used in these experiments have a @8&6 reading along with a £.2% full scale for
the range of 00 LPM. The stopwatch used tdetermine the water flow rate was measured in increments of 1
millisecond,while the collection tank used tteterminethe volume of watewas measuredn increments of 1 L. From
this, the uncertaintgf these experiments were calculated to be 10% fdt.BM) and 1.2% for QLPM).

3. Results and Discussion

To evaluate the performance of the airlift pump at various submergencematiesousexperiments were performed.
Experiments are performed to evaluate the effect of changing submetgeelsfor the same aiinjection. For dual
injection, air is injected radiallgnd axially as explained by Ahmed and Badr.[Hoth axial and radial injection sites
receive the same air mass flow rate during dual injectiois. §gecific injection type was comea between submergence
ratios of 0.5 and 0.Figure 2 showsthe performance curve of the airlift punat a submergence off0. As shown in the
figure, as air flow rate is increadewater flow rate increases continuously urgihching approximately a constamtue
before slightly decreasing he first data point indicating any water flow rate indicates the air flow rate that first achievec
any water reachinthe required lift From 0 to approximately.029kg/hr there was no luservable water flow ratat a 05
submergenceThis is because the buoyant force of the air bubbles isnmatgh to lift any amount efaterto the top part
of the pump riserAlthough the water flow rate does increase slightly beyond the best effigimmgy of the pump, the
efficiencydropsmore drasticallyas the aiflow rate increases.
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Fig. 2: Performance of Airlift Pumjfor steadydual injectionat 05 submergenceatio.

For this experimental setup, the amount of work requirelitéstly proportional to the static heady(tldf water in the
riser pipe. The static head is also proportional to the submergence rdti9. (Ms the static head increases, less wsrk
required to lift the water to the desired height. In other wordtheasubmergence ratio increagbs, waer mass flow rate
and efficiencyincreasest the same air mass flow ratéfggures 2 and4 showdualinjection performance for submergence
ratios of 05 and 0.9 respectively. As can be observed, similar patteersean in theseater flow ratecurves as they were
at 0.5 submergence ratio: water flow rates increasing continuously until reagieagfow rate, at which the trend starts
to decrease steadiliikewise, water flow rates do not appear to increassidmyificant amounts after passing the highest
efficiencies. The most notable difference in both figures is that as expected, water flow rate and efficiency have incree
greatlyat asubmergence of 0.9 he water flow rates experienced similar increases as can be observed in the figures.
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Figure 3 and 5 displays the void fractiomat each air flow ratecollectedat the two different submergence ratios.
These measurements of void fractiware collectedo quantify theration between air andaterin the pipe riserAs can
be seen in the figures, baitend lines follow a similar pattern of constant increase as the air flow natised The main
difference between the void fraction curve for th& 8ndthe 0.9submergenceis the wider range of values thats
collected at the 0.9 leveAlthough both submergence ratios receditlee same air flow rate#, was not until an air flow
rate of1.029kg/hr was injected that any observable water floecurred, hence the data collection bedgaa much later
point than that of the 0.9 submergence.
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Fig. 3: Void Fraction of Airlift Pump Under Steady Dual Flow ab Gubmergence Ratio
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Fig. 4: Performance of Airlift Pump Und&teady Dual Flow at 8.Submergence Ratio
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A high-speed camera was used to colledtantaneousmages of the various flow patterns observed at the 0.9
submergence raticAs shown in Figure 4four types of flow patternare observed includindubbly, slug, churn and
annular flow. The most optimal point should display a slug flow pattern and should correspond with the highest water fl
ratevalue asseen in Figure 4. The different flow patterns at 5 different air flow rates, increasing ftam right, and
varying in range are compared in Figure 6. It can be seen how the air and water flow mixture changes in bubble shape
behaviour as the air flow rates were increased. Figure 7 provides a sequence of the flow pattern collected fben an ai
rate of 0735kg/hr was being injected. These images shwwve of a bubblylow pattern, as the air being injected is at the
lower end of the range. Figure 8 depicts how the bubbles increase in size and become sparser as the airflow was incr
to 1.8375kg/hr. These sequences of images in Figure 9 were taken at an air flow 2a5&28kg/hr and show more
turbulent water flow with the increase of bubbi®s. the other handrigure 10 imageshow the conditions atir flow rate
of 5.145kg/hr while Figure 11represent air mass flow rate ©8.17kg/hr. The increased air flow rate in these images is
mirrored in the larger air pockets as seen in Figurewtlle, theturbulerce increases as shown Figure 11.This is
because the higher void fractipercentage for those tests creat®rewaves thatauseshe annularto become more like
thechurn type.
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Fig. 5: Void Fraction of Airlift Pump Under Steady Dual Flow a® Gubmergence Ratio
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Fig. 6:Flow patterns at 5 different flow ratésr 0.9 submergencas labelled in Fig.
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Fig 7: Flow patterrsequencebserved at an air flow rate 0f735kg/hr
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Fig. 8: Flow pattern sequenabserved at an air flow rale8375kg/hr
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t=0s  t=0.1s t=0.2s t=0.3s t=0.4s
Fig. 9: Flow pattern sequenabserved at an air flow rag5725kg/hr

t=0s t=0.1s t=0.2s t=0.3s t=0.4s
Fig. 10: Flow pattern sequenadserved at an air flow rate145kg/hr
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