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Effect of Various

Nozzle Profiles on

Performance of a Two Phase Flow Jet Pump

Vishnu Prasad Sharma, S. Kumaraswamy, and A.

The design of a liquid jet air pump to provide nmaxim

Abstract—This paper reports on the results of experimentafficiency requires not only a correct mixing tuleagth but

investigations on the performance of a jet pumpratee under
selected primary flows to optimize the related paeters. For this
purpose a two-phase flow jet pump was used employiarious
profiles of nozzles as the primary device which wdesigned,
fabricated and used along with the combination ofimg tube and
diffuser. The profiles employed were circular, @ahj and elliptical.
The diameter of the nozzle used was 4 mm. Therataaof the jet
pump was 0.16. The test facility created for thisppse was an open
loop continuous circulation system. Performancthefjet pump was
obtained as iso-efficiency curves on characteristioves drawn for
various water flow rates. To perform the suctionpatility,
evacuation test was conducted at best efficienaptdor all the
profiles.

also an optimum nozzle to mixing tube spacing. The
experimental investigation led to determinationthaf effect of
various nozzle profiles, distance between the dgwnozzle
exit to mixing tube entrance (S), the suction rats. For
testing the above, the supply tube with nozzle was/ed
axially inside the jet pump from S = 28 to 36 mnth&
parameters such as nozzle diameter, mixing tubgthen
diffuser length, diffuser angle, etc., were heldnstant.
Performance of the jet pump at three nozzle digmnegas
studied. Iso-efficiency curve was obtained on penfince
curves for the best combination with reference tixzie
profile and nozzle to mixing tube spacing (S). Wtk help of

Keywords—Evacuation test, jet pump, nozzle profile, nozzidhese characteristic curves, it is possible tottae point of

spacing, performance test, two phase flow

. INTRODUCTION

HE jet pump transfers momentum and energy frormgh hi

best performance of the jet pump.

Il. LITERATURE SURVEY
[1] reported the experimental flow conditions iretlpet

velocity jet to a secondary fluid. The good sealingump for its performance and the results corresporid the

possibilities and the absence of moving parts leeenterits of
jet pump. Jet pumps are widely used because of ttigh
reliability where efficiency is of secondary impamte,
particularly in remote or inaccessible locationsgts as for
flash desalination systems to create a vacuumaertsie flash
chamber, pumping corrosive or erosive mixtures wahair
may be present in the suction line, and the offisstallation
which is a unique feature of jet pump. To evaludte
performance, a two-phase flow jet pump was testédter
from an open tank was pressurized by a multistagidntal
axis centrifugal pump having variable frequencyveriAs
high pressure motive fluid was supplied through nioezle,
pressure energy was converted into kinetic enérgis flow
then combined with the low velocity suction fluigbiching the
suction chamber of 50 mm diameter by turbulent ngxin the
mixing tube of the pump. The diameter and lengtmofing

limited region. His experiments indicated that setary flow
rate was not dependent of the pressure ratio. Xperienental
evidence showed the need for a correct analysguofping
action. [2] investigated the type of flow in jetpp and
included additional restrictions. Their solutiorisowed that
secondary air flow rate increased as primary wikter rate or
upstream pressure of the jet pump was increasedl,tteat
secondary air flow rate was a function of ratiqpoéssures of
secondary air and outlet of the jet pump when oytessure
of the pump was a constant. [3]- [4] was the fiosplan liquid
jet gas (LJG) pump tests. He showed the flow prseei the
throat and called it as “mixing shock”. Experiméiytehe
demonstrated high volumetric entrainment ratios and
accompanying high isothermal compression efficiencup to
40%, by means of multihole nozzles, and a relatitehg
mixing throat. [5] improved the analysis, partialyafor the

tube were 10 mm and 262 mm respectively. In oraer Wiffuser. He demonstrated good agreement betwesmttand

convert partly the velocity head into pressure hethis
resultant flow was further delivered through aufr.
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experiment, provided the mixing zone remained e rhixing
tube. Design refinements — particularly mixing tuéegths up
to 23 diameters resulted in isothermal efficienasshigh as
19%. [6] made an important contribution in repagtitests
with a transparent mixing tube: best performance alztained
when the mixing zone was positioned in the cylicarimixing
tube section. [7] presented the performance ofouariflow
obstruction devices and reported that the one evifite gives
maximum efficiency for maximum flow rate. [8], sied
about the entrainment and mixing process of anajechich
works on the principle of a main jet entraining ahiving the
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secondary air to the mixing chamber. The work was &igher value of water flow rate.To summarize the
experimental investigation for determining the aimment experimental results, both [3]-[4] and [6] have whothat
characteristics of the axi-symmetric jet kept adtatices of isothermal efficiencies of 40% or better are pdssiwith
various nozzle diameters from the start of the ngx¢dhamber. combinations of jet characteristics (nozzle design)xing
Experiments were conducted with various diametéoseof tube length and operating conditions.

the nozzle to the chamber for estimating the optimu

entrainment rate. They concluded that at highernBlels Ill.  EXPERIMENTAL SETUP

number, the entrainment rate was independent oh®@y  The jet pump for this investigation consists of tbkowing
number. Schmitt [9] presented one dimensional iglatfor ojements: primary water flow inlet with the primangzzle,
the LJG pump and compared experimental resultsth@bry.  gyction chamber with secondary air flow inlet, mikitube
He also tested pumps with transparent-mixing tubeésh a  gng giffuser. Fig. 1 is showing the cross sectional
fixed water jet velocity and suction port air pness he found representation of the two-phase jet pumps.

that the mixing zone could be positioned at willdontrolling Considering the area ratio JAi.e. nozzle to mixing tube
the back-pressure. Optimum performance occurrednwhgres ratio as 0.16 and other predefined parameteraary
mixing was located just at the end of the_ mixinlgetlexit_, I.8., nozzle was designed. Indian standard 'IS 14615'adapted
at the diffuser entrance. A long (24-diameter) mixitube oy this purpose. Nozzle was fabricated using anfewol. The
produced efficiencies as high as 13%. He reviewwedsarious profile measurement was done using optical profiten
ejection and compression methods used for extractiopeyiation was found to be within acceptable limits.
compression and mixing of fluids, and propulsionliting. Fig. 2 shows the sectional view of various nozziefifes.
He also used different techniques to design jetgaumnd || the dimensions are in millimeter. In order tohéve the
listed their performance. A method of designingedfpump  niformity on performance and making the distinct
and selection of horizontal axis multi-stage céagal pump  comparison with reference to the nozzle to mixindpet
with variable frequency drive to provide high heamtive  gpacing (S), the length of the straight portiothia nozzle was
fluid to jet pump was given by [11]. Experimentalyept same for all the profiles. For present stitlis 2.4 mm
performance of a jet pump assisted vacuum des@imatant ;¢ shown in fig. 2. Notches are meant for spanning

was given by [12] for a typical operating conditiddsing  arrangement across the flat surface. Table | shbesglesign
various orifice spacings and orifice as an obstonctlevice (etqijls of this jet pump.

the maximum efficiency realized was approximatelysat a
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Fig. 1 Cross section of jet pump along with mixtnge and diffuser
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The test facility created for this purpose was parploop,
continuous circulation system. To have visual olestéwns,

the jet pump was fabricated from acrylic plastig. B shows

TABLE |
JET PUMP DIMENSIONS
Parts Name Dimensions

Nozzle diamete 4 mm
Suction chamber diameter 50 mm
Mixing tube diameter 10 mm
Length of the mixing tube 262 mm
Length of the diffuser 135 mm
Diameter of the diffuser at outlet 21 mm
Diffuser semi cone angle 2° 30
Length of jet pump 800 mm

Distances between Nozzle exit and mixing tube 28, 32 and 36 mm

entrance (S) used for the experiment

the schematic diagram of the test rig. Water fronopen tank
is pressurized by a multi-stage horizontal axistrifeigal
pump having a variable frequency drive and the Highad
water is supplied to jet pump nozzle as the mofiuél.
Nozzle produces high velocity jet and creates vactum the
suction chamber; hence, entrainment of secondaryrain
chamber takes place. Water and air mix thoroughlythie
mixing tube. The diffuser converts energy of thisxtore
partially from kinetic to pressure. Then the migueturns to

water tank through the pipe line.

Air chamber

air T ‘
5-?\!1

Inclined U-tube for

orifice

Inclined U-tube manometer

_“ for Q,;, Measurement
& V2

! ./
Py measurement o Ao Al
L \—‘J , Secondary air Back pressure
Pup (%\ %} P o control valve V3
Jet pump 034

A .
Prim ary water

[] Water flow meter

Multistage pump with VFD

T Water tank
'\5/'
Fig. 3 Schematic arrangement of two phase floyienp test set up
IV. INSTRUMENTATION TABLEI
X ) RANGE OF MEASUREMENTS AND ACCURACIES
The primary water flow rate (f) was m_easured.wnh a = Veasurement .- t - A
wheel-type flow meter and the secondary air flow) (@th an parameters nstruments ange ceuracy
orifice meter. Three pressures at upstream, suctod Primary water ~ Wheel type flow 0-10,000 Iph  +11Iph
downstream side of the jet pump were measured.egigion fS'OW ra(tje _ ge,;,er or & 0500 ‘o
. _oecondary air rince meter - mm *Z2mm
bourdon-type pressure gauge was used for measuring,, inclined U-tube
upstream pressure P of the jet pump. Secondary air manomete
pressure (Ba at Jet pump suction was measured by anUpstream water Bourdon pressure 0-25 bar + 2% of F.S.
T _ pressure gauge
|ncI|ned_ U-tube manometer where as pressure atslmmn Secondary air  Inclined U-tube 0-400 mm +2mm
of the jet pump (Rwy) Was measured by precision digital pressure manometer
compound gauge. Pressure gauges, flow meter afideori Downstream Digital compound ~ 0-4 bar +0.1%F.S.
meter were calibrated adopting standard procedufés _Pressure gauge

instruments/sensors used for measurement of pazesn#teir

range and accuracies are shown in Table .
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V. RESULTS ANDDISCUSSION 5 that for a constant value of air flow rate)@s the primary

water flow rate (Q) is increased, higher value of energy is

) . . added to the suction fluid. At the same time it barseen that
Performance was obtained over a wide range of 8pgra ¢ 4 constant energy addition, air flow rate iscréasing

A.Performance Test

conditions for the jet pump. Nozzle profiles em@dywere
circular, conical and elliptical. Test runs werendacted by
closing the back pressure control valve V3 of #tepump in
discrete steps. Hence, flow ratio was varied bypkeg the
primary water flow rate constant. Valves V1 and W2re
always kept open for all operating conditions foede tests.
This procedure was followed at three nozzle spaciiog 28

mm, 32 mm and 36 mm. Using VFD and spacing shim

primary water flow rates and nozzle to mixing tubistances
were varied for this study during
Experiments have been limited to a maximum of anary
flow rate of 0.444 Ips because flow reversal wamtbwhen
the jet pump was operated at a primary flow raghéi than
0.444 Ips.

The minimum data required to assess performancehare
two flow rates (primary and secondary), and thressgures
(upstream, downstream and suction). Some dimerssnl
parameters for performance are characterized below:

Flow ratio,M =Q,/ Q, (1)
EﬁlCIenCy,ﬂ = Qa(Riown - F)SUC) = M X N (3)
Qu(Fop = Fiown)

Fig. 4 shows the overall performance of the jet pusith
the elliptical profiled nozzle for a nozzle to migi tube
spacing of 32 mm, plotted as a function of pressati® vs.
flow ratio for various primary water flow rates. dtcurves
shown in figure were expected to coincide as onglsicurve
irrespective of primary water flow rates. Sinceréhés an

appreciable deviation, in order to understand #a behavior
and performance of the pump, the dimensional chexiatics
of the jet pump were plotted.
0.30 -
< 0.25 -
kel 020 Qu (Ips)
s +0.333
% 0.15 = 0.389
@ 4 0.444
g 0.10 -
% 0.05-
0.00 T T T T T T
00 05 10 15 20 25 30 35
Flow Ratio, M

Fig. 4 Dimensionless plot for elliptical profiledzele at 32 mm of
nozzle spacing

Fig. 5 discerns the dimensional characteristic hd jet
pump. It was found that these dimensionalized aifeem a
pattern as the water flow rate is varied. It cars&en from fig.
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the experiments

proportionally with respect to primary water flowte. This
indicates that, higher water flow rates are neddedrder to
achieve higher suction flow rate and higher enadgition.

1.8 -

1.6 -
T L4 Q. (Ips)
£ 127 ©0.333
z 1.0 1
L g . ©0.389
£ 06 - 20.444
a4 - ©

0.2 -

0.0 ——————,

00 02 04 06 08 10 12 14 16

Q; (Ips)
Fig. 5 Dimensional characteristic for ellipticabfited nozzle at 32
mm of nozzle spacing

Fig. 6 shows the comparison of various nozzle efas
dimensionless characteristics drawn for the higheser flow
rate at nozzle spacing of 32 mm. It was found that,the
circular and conical profile, characteristics wédolowing
almost the same pattern but a significant increroanénergy
addition was obtained with elliptical profile. This possibly
due to considering the fact of minimized losses foe
elliptical profile.

0.30 +
i_ 0.25 1 ® circular
;:g 0.20 - = conical
a elliptical
2 0.15 - P
=)
7
4 0.10 -
o
0.05 - -
0.00 . . . . . . .
00 05 10 15 20 25 30 35
Flow Ratio, M
Fig. 6 Dimensionless plot showing the compariso8 at32 mm &
Qw=0.444 Ips

Considering the results shown in fig. éficiency vs. @
curve was plotted as shown in fig. 7. Using theeeixpental
values curves were drawn. These are not the tieadhut the
best fitted curves drawn for various, @sing the concept of
curve fitting. It was observed that, generally @éfncy was
increasing with the increment of primary water floate (Q.).

It indicates that, higher primary water flow rateceurages
higher energy addition to the lower velocity suetftuid.
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Fig. 7 Performance characteristics of the jet ptonglliptical 5 1
profiled nozzle at 32 mm of nozzle spacing 0 . . . . T . .

As a result from fig. 7, performance curve was teldtfor 0.0 02 04 06 08 10 12 14 16

all the nozzle profiles at highest water flow rate shown in Q, (Ips)
fig. 8. Curves shown in fig. 8 conclude that théipgtal Fig. 9 Overall performance for elliptical profileszzle at 32 mm of

profile is best among all for the 4 mm diametenotzle. nozzle spacing (legends are same as those ondigigh 7)
B.Evacuation Test

35 1 In order to determine the suction capability of jistepump,
30 - a _ evacuation test was conducted. Valve V1 was alvkayg in
. ¢ circular the closed position for this test. Fig. 10 is shayithe
S 25 1 = conical evacuation characteristics with reference to theetat best
2 20 - s elliptical efficiency point for a nozzle to mixing tube spagiof 32 mm
& and various primary water flow rates. Similar te ttrend
‘© 15 1 followed on fig. 7, suction capability was alsorieasing with
ﬁ 10 - the increment on primary water flow rate,j@s shown in fig.
10.
5 T ~—
s 1.0 4
0 : . . . . . - ) L 0.9 -
00 02 04 06 08 1.0 12 14 16 g 081
Q; (Ips) 2 0.7 -
Fig. 8 Performance comparison at S = 32 mm,&=®.444 Ips g 0.6 - ——0.333 (Ips)
o 05 -
For each test, apart from the values gf @sown - Pyp), the 5 04 - ——0.389(Ips)
overall efficiency was also calculated and plot@gample of 2 03" ——0.444 (Ips)
which is shown for the elliptical profiled nozzle fig. 9. S 0.2 -
Using the experimental valuesfficiency vs. @ curve was 5 0.1 -
plotted. Then iso-efficiency curves were plottedtio(Pgoun - 0.0 : : : : : ,

Pup) vs. Q curves. These curves show the efficiencies of tf
jet pump for all conditions. In order to plot theoi efficiency
curves, horizontal lines representing constantiefficies were
projected on (Pgwn - Pu) Vvs. Q curves. The points
corresponding to the same efficiency were thenepify
smooth curves which represent the iso-efficienogdi Best Measurements shown in fig 10 were used to deterthiee
efficiency points (bep) were found for each floterand the maximum time required to reach a minimum absoluéssure
bep line was plotted by joining the points of befficiencies. for various Q. These points are termed as ‘critical’. This
Here the maximum efficiency of the jet pump realizeas minimum absolute pressure was 0.001 bar higher than
30.2% for a primary water flow rate of 0.444 Ip=d&f0wr  lowest pressure obtained in that particular tesis Tritical
Psud of 1.53 bar. time together with the lowest pressure are ploitefiy. 11 as
a function of Q.

0 300 600 900 1200 1500 1800
Time (sec.)
Fig. 10 Evacuation plot for elliptical profiled rde at 32 mm of
nozzle spacing
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Fig. 11 Critical points for various fith elliptical profiled nozzl at
32 mm of nozzle spaci

Considering the results shown in fig. 10, tesere also
conducted for otheprofiles at highest primary water flow re
(Qw) as shown in fig. 12. For this purposozzle to mixing
tube spacing (Syvas kept constant. It was found that all
nozzle profiles were following almost the same e¢ratl
Hence, to find out the d&tion, further one mo plot was
drawn talking about theritical points with reference to all tt
profiles as shown in fig. 13. Here conical profifas found tc
be best with a time difference of around 30 secamspare tc
elliptical profiled nozzle.
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Fig. 12 Comparison of evacuatiahS = 32 mm & (, = 0.444 Ips
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5 A elliptical
()]
S 0.075 -
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g
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Fig. 13t critical & Peritical With different profile:
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Similarly, all set of experiments wealso conducted for 28
mm and 36 mm ofnozzle exit to mixing tubeentrance
spacings (S)Among all the spacings, best suited perform:
of the jetpump was found at 32 m

On the basis of the ressiltliscussed in present study, f
can be concludethat, for the existing test setup, a -phase
flow jet pump with a 4 mm diameter of nozzle asranpry
device having elliptical profilecan be sized for the best
performance at high@rimary water flow rate

NOMENCLATURE
A, Nozzle to mixing tube ar ratio
bep  Best efficiency point
LJG Liquid Jet Gas Pump
M Flow ratio

N Pressure ratio

P Gauge pressure (bar)

Q Volumetric flow rate (Ips

S Nozzle exitd mixing tube entrance spacirmm)
n Efficiency

t Time

Vi Air chamber valve

V2 Suction line valve

V3 Back pressure control val
Subscripts

a Air

down Downstream

suc Suction

up Upstream

w Water
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