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INTRODUCTION

The primary problem in agriculture is the timely
supply of adequate and assured quantity of water. <Canal
irrigation systems in addition to their lerge capital
investments sxre characterised by meny scil and water manage-
ment problems. Since lift irrigation offers the farmer
superior water control, it is becoming increasingly popular

in Asian countries.

The pump capability requirement in rice production
is essentially one of low lift and high capacity. Yet
considersble variations in the pumping heads may occur
during crop seasons. Generally centrifugsl pumpsets are
used vhere medium suction lift condition in the range of
3 to 6 metres exists, But sometimes centrifugsal pumps eare
used in low 1ift conditions as in the case of Kuttanad
region and Trichur kole lands. Here many low 1ift high
capacity centrifugal pumps are used for dewstering as well
as pumping water for irrigation, but hecause of the low lift
conditicons, the full capacity of the centrifugal pump cannot
be used.



The centrifugal pump 1s unable to give 3 maximum
discherge, exceeding 150 per cent of that obtained at the
best efficiency point. This behavicur of the centrifugal
pump 4s & serious limitation in the use for low lift
spplicetions. Any device providing a combined discharge
which exceeds the actual maximum flow of the centrifugal
pump may be techniceally justified as long as it does not
reguire any additional powes. By using & suitably designed
ejector system, the centrifugal pump can be brought to work
undaer the best efficiency condition during the low lift
condition. kith the attachment of the ejector system the
discherge capacity can also be multiplied. In many instances
this can be a cheaper solution than to go in for a high
specific speed pump. The ejector can alsc be deteched for
a subseguent dry seascon pumping operation where the lift
is likely to be more.

A simple and novel design concept is utilised in

this project to increase the discharge capacity of centri-
fugal pumps.
The present study is cerried out to formulste the

relaticnship between the suction lift and the Adischarge
capacity of the ejector system.
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REVIEWN OF LITERATURE

The primery problem in agriculture is the timely
supply of en sdequete and sssured quantity of wster
(Johnson, 1968). Canal irrigation systems are characterised
by many soil and weter management problems in addition
to their large cepitzl investment (Wickham, 1974). 8ince
pump irrigation offers the farmer superior water control,

it is becoming inereasingly popular in Asian countries.
Life irrigation equipments

Molenar (1956) had mede & comprehensive review of
the veriocus types of watsr lifting devices used in different
parts of the world. The performance data of these devices

is summerised in Tzble 1.

Although all menual and animal powdered devices have
limited output capabilities, for centuries they have been
effectively utilised for irrigation by operating several
units in series to increzse 1ift, or in parellel to increease

capacity.

Nowadays power operated pumps heve almost repleced

indegenous water lifting devices. The most commonly used



Teble 1. Comparison of performance of some manual and animsl-operated water
1ifting devices (Molenar, 19%6)

Squipment jelgns  Qawe of Copacley dew for dctarls
(m) (m) opera- hour
tion operation
A, Manual
1. Scoop (Swing type) 1.0 - 8.0 1 -
2. 8Swing basket 0.6 - 5.0 4 -
3. Counterpoise lift 2.9 - 3.0 2 -
4. Arxrchemedian screw 0.5 0.25-0.7% 22.5 2 -
S. Improved psddle wheel 0.3 0.15-0.45 100.0 2 -
6. Water ladder 0.9 - 8.0 2 -
7. a. Chain pusp 1.5 - 30.0 4 -
b. Chain pump 3.0 - 20.0 4 -
B. Animal - operated
1. Self-emptying bucket 8.0 - 8.0 1 2
2. a. Two-bucket lift 3.0 - 22.0 1 2
b. Two-bucket lift 10.0 - 5.% 1 2
3. Persian wheel 9.0 1.5-9.0 2.0 1 2
4. Sakia 0.3 0.3-1.8 110.0 1 2




devices for irrigation purpose are the centrifugal and
propeller or axial flow pumps.

A propeller pump operstes at greatly reduced
capecity vhen the operating heed is adbove the design point
and may overload the prime mover (Addison, 1968).

For small capacities with lifts upto 40 m
a specizl type of pumping unit has been developed. This
consists of a combination of & centrifugsl pump and a jet
pump or ejector (Stepancff gt al., 1964). The first is
mounted next to the motcr at the ground surface and
furnishes the Ariving head &nd capaeity for this jet pump
pleced in the well below the water surfzce. The details of

the pump are given in Appendix 1.

Industry employs two types of jet machines -
water jet pumps (eduction)end stesm jet compressors
(Chexhaashy, 1977). In water-jet pumps the motive fluid
is water, and in steam jet compressors it is steam, The
operation of water jet pumps and stesm jet compresscrs
axre basicelly same, the difference being in the motive
fluids used., The basic design of a jet compressor huilt
for industrisl application is presented in Appendix-2.



Stepanoff (1964) stated that water jet pumps can
be used advantagecusly to solve temporary dewstering

problems.

Silvester (1968), proposed the use of a centrifugal
jet pump combination for maintaining high &nd low pressure
water supply in hydreulig lsboratories.

Samuel (1972) designed an ejector system to improve
the discharge capacity of conventional irrigaticn pumpset.
He had studied the influences of ares ratios, throst entry
profile, noszzle spacing, throat length and Aiffuser angle

on the performence of the ejector systems.

Duff (1973) pointed out that the U.S.Navy had been
using for some time an ejector syatem for rapid drainsge

of flooded rompartments in ships.

Samuel end Jacob (1977) proposed a novel fluidi-
sation technigue for harvesting the salvinis weed, based
on the principle of a high cepacity water jet device
originally develcped by Semuel in 1972 to improve the
dischazge capacity of the centrifugeal pumpset. A portable
pumpset was used &s the prime mcver to produce the primary
flow whiecn will iﬁduco the weed to wove through 2n ejector

system intc the collectiun tenk.



S8urys Reo Singamsetti and Vishnu Kumar Goenka
(1977) had conducted studies on the performance characteri-
stics of jet pumps. Measurement of gross characteristics
of jet pump had shown that the dimensionless performance
parameters of the jet pump such as the ratio of head
dsveloped to the velccity hesd of the jet and efficiency
depended upon the flow retio, jet Reynolds number, jet
diameter and the geometric parameters of the jet pump such
as sngle of the suction noxsle, sngle of diffuser, ratios of
the jet diameter to the mixing chamber diameter, ratio of the
nossle to throat distance to the jet diameter.

Senkersnaraysnan (19€1) of Kerale Agriculturel
University had developed one prototype salviniz harvesting
mechine based on the fluldisation technique propused by
Samuel end Jacob (1977).

Chandramchan (1984), of Kersla Agricultural University
had developed a small scele Aredging unit for the collection

of sand using the above fluidisation technicue.

Hajilal (19€7), of Kerxala Agricultural University
had developed & high capacity ejector system for the

collection of salvinie using the fluidisation technigue.



Principles of operation

The ejector system oOperates on the principle of
the transfer of snergy and momentum from primary to secondary
fluid through & process of turbulent mixing (Samuel, 1975).
A schematic representation of an ejector system is shown in
Figure 1. The primary fluid, which hes s higher pressure,
is accelerated to & high velocity by maans of the noszsle.
The secondary fluid is entrasined by and mixed with the
primery fluid in the constant diameter throat section. The
mixed fluids then pass through a diffusexr in which a portion

of the velocity head is converted to stetic ressure.

The fundamental mechznism of the ejector system is
the turbulent mixing. A schematic representatiocn of the
mixing velocity profile is shown in Figure 2 (Sanger, 1968).
He described "At the nouszle exit, the primery stream {s
essentislly a core of constant velccity fluld which is
seperated from the secondary fluid by & regicn of higher
shear. Initiaslly the high region is made up of & thin sheet
of vortices or eddies which give rise tv mixing on the

periphery of the high velicity core”.

As sxial distance from the nossle exit is increased,
the shear or mixing layer increases in thickness. The

potentisl core region progressively grows smeller as its
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energy is dissipeted to turbulence in the mixing layer.

Due to the transport of momentun, the primsry stream is
decelerated while the secondary stream is sccelerated.

The lateral growth of the mixing layer coutinues until it
finelly meets the jet centre line and the constent velocity

core disappears.
The concept of low lift pumping

Applicstion of the water jet pump principle for
possible salvaging of the power loss assoclated with the
use o meny medium pressure centrifugsl pumps for rice
irrigation 4in Kerala, was independently proposed by
Samuel (1967). This low lift pumping arrsngement which
utilizes a low cobst water jet pump &in combination with e
centrifugel pump is shown in Fig.3. The details of the
ejector system are shown in Fig.4. In this arrsngement the
entire delivery of & centrifugél pump is fed to & jet pump
which lifts an additicnal cuantity of water over 2 amall
vertical distznce. This is Adifferent from the conventicnal
jet « centrifugal pump combinstion vhere the jet pump is
used on the suction side to improve the suction lift

capablility of the centrifugal pump.

Generally, in these appiications, an unlimited

pressure supp:ly is aveilable and the reguiiement is only



FIG3. A LOW LIFT PUMPING ARRANGEMENT WHICH

UTILISES A CENTRIFUGAL EJECTOR COMBINATION

27
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high flow ratios. This inturn necessitate the use of

high capacity (low srea restic) jet pump systens. The
performence of low area ratio jet pumps, however, hés been
studied in detail only recently, by the U.S.National
Aeronautics and Spece Agency (NASA) in connecticn with

their application in space systems (Sanger, 1970).

Ejector design
Desi n ;. rocedure

In designing &8 water ejector system for a particuler
application, the most critical feature to consider is the
ares ratio. An accepted procedure for the design of water
jet pumps for any application is thast described by
Stepsnoff (1964). Here the flow phenomenon is relsted to
physicel perameters of the jst pump by equeting the momentum
of the Adriving fluid and the discherge fluid which consists
of both the driving and driven fluids, Assuming no pressure

chanyes within the throat (rixing chamber) the r=lation is

e Cn von = £ (Cs + Qn) ve - (4)

whezre C is the density, Vn is the velocity through the
nozzle and Vt the velocity at the throat exit.

8ince R -« M by aprlying continuity

At
ralsticns it csn be shown that, the ratlo of secondary flow
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to primary flow through ejector, i.e, Flow ratio,

M - 1 - 1 (2)

X

where An - Ares of nossle, and

At - Area of throat

This equation gives the particular area ratic to be
used for & reguired flow ratio., From an efficiency envelop
curve stepanoif locsted the corresponding best efficiency
value. This velue, vhen divided by the flow ratic
specified, provides the best efficlency pressure ratic at
which the jet pump can be opersted., 7The component parts
of the jet pump are then proporticned on the basis of

existing recomrendations made from experimentel investigations.

Czirns and Ne (1969) proposed an empirical N-M

envelope ecguation,

N = 0.38 w081 - (3

Total head of the ejactor

where N = Head ratio of the systam =
Net input head

for use in the desi n of jet pumps., This equaticn when
compered with ecustions (1) and (2) will describe the

relations among R, N and M for ortimum conditions.
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A good deal of information is aveileble in the
literature regarding jet pump proporticns. The recommen-
dations given by Samuel (1975) in Table 2 sre in agreement
with thegse of Stepanoff (1964). However, the extent to
which thay are applicable to extremity low arez ratio jet
pumps is unknown - except for the results rapcrted by
Sanger (1970).

Later an sttempt to update the efficiency envelope
turve developed by Stepsnoff was done by Samuel (197%).
Fig.S shows the maximum efficiency values quoted by
Stepanoff for area ratio 0.5 and above, snd values obtainad
by recent researchers for ares ratics below 0.5. A first
ap,.roximation efficliency curve drawn through the points was
used in cealculating the corresponding N values usingy
equaticn (2). This inturn indiceted that the N-R relaticns
could be represanted by s straight line. Fig.$ slso shows
the curves using KH-M slcope values of 1.5 and 1.6 which
formed an upper &nd lower envelope to the ef iciency velues

indicating that an egyuation

B = 1.8 R - (4)
would meet the desired eriterion satisfactorily.

Since [ = M x N, this in turm provided the emperical



Table 2.

researchers (Samuel, 197S)

Jet pump proporticns: Comparison of recommendations by different

Main nozxzle Suction Diffuser
Reference s/4 L/Dt shape nozzle shape/ angle
sngle, ()
Cunningham (1957) § (1-R) 4 Quarter ellipse Shortcone 8 - 9,5°
R 120
Stepanoff (1964) 1 6 - - -
Bilvester (1968) 1 7 Conical Bel lmouth g*. ©
or conical
20 - 90°
Reddy (1968) 1-2 184 Conical 16-20° 20-24° 5* . 0
Dt
Sanger (1970) (1) 5.66 Ellipse Bellmouth 6 -~ 8°

[}
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equation for empericzl envelope as
M o= 1.5 (ns‘ - R) - (s)

Thus for conventional applicetions of the ejector
system, the set of equations (2), (4) and (S) could be
used as design equaticns, 8ll of which are related only
to R as the independent perameter as shown in Fiy.6.
They indicate that a maximum efficliency of 37.5 per ceat
can be expected at a flow ratio of one for an area ratio
of 0.25, the corresponding pressure ratic being 0.375,

These equations can be raerrsnged in terms of the flow ratio

to give
R = (1413 (6)
N o= 1,5 (1 +M)"2 (7)
7 = 1.5 K (1 + n)~3 (8)

According to Gosline and O'Brien (1934) the
cheracteristics of the water jet pump cizn be represented
by three ratios. These ratios are the noszszle ~ throat srea
ratio, R = An/At, secondary-primery flow ratio M = (Qs/Cn
and pressure ratio N = (’5"2)/(91"2)‘ The ratiocs used
to compute efficiency can bs different and are determined
by the mode of use of the pump. The conventional form,

based on the concept of useful work done as .s (Hd-Hs)
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and input energy expended as On (Hp-H4), for expressing
efficiency i»

Os (Ha-Hs)
M - - 5 PgPo an . (9)

R

Qn (Hp-Ha) on

P‘-Ps
This relation is shown grsphically 4n Fig.7.

Silvester (1960) pointed ocut that when used in a
booster system, and the primaery and secondary licuids are
drewn from the same scurce the useful work consists of both
“h and Us being elevated through a hesd of Hp-Hs., The
centrifugal pump then has only to supply & head of Hp-Hs
to On which results in the efficiency rastic.

g*. Qe +0n  HAd-Ws _ 04 o Pg-P
on Hp -~ Ms tn PI-P2
«(14+n) ¥ - W Re o (10)

N+1
M* and N* can be named as the ceépacity ratic =nd heed ratio

respectively.

or use in low lift pumping #pplication equations
(6), (7)., (2) were modified in sccofdence with eguation (10).
This leed to the following set of eguaticns.

n - 1 (11)

)3
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N* = 1.5 R (1+41,5 R)~? (12)
T* = 1.5 RY (141,58 R)™ (13)
R = M* "2 (14)
N* = 1.5 R (1.5 + Med)7? (15)
gt = 1.5 M (1.5 + ue?)~l (16)

These relztions are shown graphicelly in Fig.8
and Fig.9.

It may be seen from the grephs that when using a
centrifugel-ejector combination the efficiency will be
higher in low lift epplications than the conventional

epplications.

The deésign criteris adopted for the work undser the
study was besed on the work done by Sankaranesraysnan (1981)

end Hejilel (1987).

An experime:r.tsl ejector system was designed and
developed by Senkareanzrayanan (1981) to metch & %5 HP pumping
system. Here the test run speed of the pump wss 3300 rpm.
In the present study the specific speed of 3600 rpm was
mainteined throughout. Another ejector system to match
10 HP pumpset, which was cbtained by series connection of
2 numbers of 5 HP pumpsets &lso was fsbricated.

The detailed design procedure is discussed in the

chapter Meterials and Methods.
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MATERIALS ARD METHODS

3.1 Objectives

The ultimate objective of the projsct was to
increase the capacity of the conventicnal centrifugal pump

sets in the low lift condition using &n ejector attachment.

The specific cbjectives were:-

1. To study the design psrameter a2nd efflciency
characteristics of high capacity ejector system (high
volume jet pump) to suit conventional centrifugel

pump sets,

2. To develop high volume ejector system suitsble for the

conventiocnel centrifugal pumpset.

3. To conduct leboretory testing/field testing for different
tyves of ejector systems for Aifferent discharge

cepacities under differont suction lifts,

3.2 Concepts utilised

A gimgle design concept was utilised in this project

to increése the discherge capscity of centrifugel pumps.

The equipment consisted of a low-cost, high es;ecity

ejector device vhich when used in combinetion with & medium
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or high head (pressure) centrifugal pump utilises the
dischuzge of the said pump to suck an additional quantity
of water through the device.

in this errangement the entixe delivery of a
centrifugal pump was fed to a jet pump (ejector) which
lifted an additional quantity of water for & small vertical
distence. Then it differed from the more conventicnal jet
centrifugal pump combination where the jet pump was used
on the suction side to improve the sucticn lift capability

of the centrifugel pump.

The passage of pump discharge in the form of a high
velocity jet of water ceused the enexgy to be trensferred
to the stationary column ©f wster present in the device.
The movement of this otherwise stationary water with the
jet, furtner resulted in drawing additiocnal quantities of
water through the suction side of the ejector. The quantities
of water thus sucked into the ejector system might be
sever:sl times the discherge capacity depending on the
discharge pressure developed by the centrifugsl pump. It
wes found that the total capacity (including the primary
flow and the secondary flow) varied with the change in
sucticn head. 8tudies were conducted to find the optimum
suction head. The technigue also allows the use of any

locally eveilable portable engine, pover tiller or & tractor
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driven pump set as a prime mover, which permits e consi-
derable reduction of the fixed cost of operation justifying

the ejector system.

3.3 Design of ejector to match 5 HP pump
Step 1

From the performance chiracteristics curves of the
S HP pump supplied by the manufacturer (Fig.10) the best
efficiency values were teken., The best efficiency values
for the Aischarge QU and Head H for the pump set were tiken
to be 480 lpm and 26 metres respectively. An allowance of
20 per cent (5.0 m) of the totel hesd was given for system
losses at this point. Hence the effective heed, Hn &nd
capacity, Un sveilasble to the ejector system were tiéken to be
21 metres and 480 lpm respectively for design purpose.
From these two parametors, the eritical diameter 'Dn' of

noszle of the ejector system was determined as followss
tn = Cd xAn xVn

Where On {s the discherge through the nossle, C4 the
coefficient of Aischarge, An the area of the noszle end Vn

the velocity of f£low through the noszle.

Hence An - Qn

Cdjzg Hn




RV

v

o TE'XMOMIND_U"S'T‘RIE‘S'}'“"'C'Oih}ﬁ}\_’{f@ﬁ?wf’éd'i“O"é‘éf"f'*‘*f"
"7 PERFORMANCE ~CURVES™ FOR ™ 2*i2" Ti5 " PuMp "}
e HP. 5; RPM: 3600... STATIC. SUCTION-_5'.. . .

S S SR [
| [
i .

v
PSS SRR SNSEENUSe U —

36

i 32

&

4

%
‘/.,

I

i

s .
TOTAL HERD IN METRES |
S ;

IN [HP |
ST

I

!

EFFICIENCY IN

INPU
)
O .

!

{

S

H 1

.

’LH !
et .

: ;

»

-~

-

|
. ;._.-d_._;% - ..- - ..........‘__.__ _‘..%_., ,-._

i
i
‘I
!
i
”T ‘
4
i
|
!

!

v 2 | 4 - & :

B _DISCHARGE! IN_LPS. . foemdee o ot}
| i : 5 l | ; . . i :

~ JESTED | BY Y, | . EHECKED BY, .. beo. ol bt

W’“ﬁ‘f /suuw% — 1

G( No. R9P63

-,
©

[ SRR IRy PP

FIG:IO PERFORMANCE CURVES OF PRIME MOVER PUMPSET AT
A0 v ( MANUFACTURERSDATA)




Assuming C4 = 0,9%
An = 480 x 100 x 100
1000 x 60 x 0.9% x[2 x 9.81 x 21

An = 4.1% om?

e

But An = LY"
4

Hence Dn = 4 An
=

- 2029 om

= Sey <3 nm

Step 2
The méin cheracteristics of the ejector system can

be defined by the following ratios.

1. Flow ratio, M = = Seocndary flow

Qs
Qn
Primery flow (through nostle)

2. Cepacity ratio, M* - Qt - Total flow

Qn Primery flow (through noszle)

Q
3. Multiplicetion factor, F e "t w Total flow
4]
P Primary flow (without
nozzle)

= Total head of ejector system

Hd-ls

4, Head ratio, N =
‘ Hn-Hd

Net input head tc the ejector
system

where
HA = the discharge head of the ejsector system

Hs = the suction hesd
Hn = the effective input head to noszle



The following expericsl design esjuations were utilised.

R
N= 1,5 R (b)

. MxNw=(1.5R (1 -1) (e
i ®

whare

R = An § At = MNossle tip ares 3 Throat area

= the efficiency of the ejector system

Hd is thg discharge head ¢f the ejactor system,
Hs the suction head, Hn the effective input head to noszle

and the efficliency cof the ejector system.
M
From eq (10), M* = (I4M) end N* = 7o) o = MN®

Assuming Hs is 1 metre and HA is 2 metres (to include
sudden ccntroction and friction losses in the sucticn line,
at least one metre of static lift, and friection and
velocity head losses in the Aiacharge line, respectively)

and substituting the values.

2(-1)

N = ._1_
202 é

R-u -1 - 1
1.5 6 x 1.8 9



The throat Aiameter 'Dt' can be calculated from the
reletion

Dt-anll“‘

- 23:1 - 69 sm

NV

= gay 70 mm

Step 3

The remaining dimensicns of the ejector system were .
found out by the reletion developcd by Samuel (1975).

Throat length = SDtw» S5x70 = 350 mm
Noszle spacing = 0.75 Dt. = 0.75 x 70 = 32.5 mm
Throat entry profile = 90°

Diffuser angle - 7°

The axpected efficiency of the ejector system was
found from the equation

1

Yw MxNew2x__ x100 = 33%
%

3.4 Pabrication works of ejector system
The nozzle was fobricated with 10 guage sheet metal

(F13.11). The cone anyle was teken as 16° and the nosszle



FIG11. NOZZLE ASSEMBLY




length was calculated ss 11 cm in order to weld it to

8 piece of stzndard 50 sm GI pipe. A 50 mm GI coupling

was provided on the suction chamber to which the noszle

was fitted. The pipe of the noszszle assembly was externally
threaded to & length of S0 mm which ensbled the adjustment
of the noszle throat spacing. To study the effects of
direction changes in primary and secondary flows, four
different ejectors were fabricated with the above desinged
velues, The directicns of the primary flow as well as
secondary flow were changed in these ejectors as shown in

Figures 12 to 15.

In the ejector (E1), the primery flow was made at
right angle toc the secondery flow and the seccndary flow
was kept streight (Plate 1).

In ths ejector (82). the primery flow was msde
straight and 8 direction change of 40° was given to the
secondery flow by using & portion of & 10 cm diameter 90°
elbow as the suction chamber (Plate 2).

Ljector (Ez) was also fabricated with the primary
flow straight and a change of direction of 20° was given
to the secondary flow with the help of a portion of 10 om
dismeter 90° bend (Plate 3).
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The ejector (!‘) was fabricated with 16 guage
M.8,sheet with the secondary flow straight and a 30°
change of direction to the primary flow. The ejectox
suctiocn and discharge pipe size were chosen as 10 cm for
convenience in handling and fitting of pipe connections

(Plate 4).
3.5 Preliminary experiments

These four ejectors were tested at different
sucticn heads and the corresponding capacities were noted,
A light weight 5 HP, 3600 ppm "Gresves Lombardini®, Diesel
engine coupled to 8 10 -~ 35 m head, 3600 rpm "TEXMO"™ pump
was used as the prime mover (Specification of the S HP

pump set sre given in Appendix III).

The tests were conducted at the test tenk of
Agricultursl Engineering Research Workshop at Mannuthy.
There is & twin tank each with & ceapecity of 12,000 litres
and separated in between by & platform. The prime mover
pumpset and also the ejector system were kept on the
plasform as in Plate (5).

The two tenks were of sise 4 m X 2 m x 1.5 m.
There was a flow path between the two tanks 2t & depth of
20 em from the top of the platform. Till this depth water



Plate 1. Ejector E,

Plate 2. Ejector 82
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Plate 3. Ejector ki,

Plate 4. Ejector l‘
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could flow from one tamk ¢o0 the other. The suction pipe
of the prime mover and the suction side of the ejector
system were kept in tank B, The suction 1ift is teken as
 the distance between the centre of the pump snd the water
level. The desired suction lift was maintained in the
tank B by pmpxéq out water from it. The iucuan 1ift vas
measured by a steel tape. Wnhile deing experiments the water
diseherged was collected in & drum, which was kept in the
tank A, This ensbled in preventing even very mmall loss
.of water. The tank A was slways Xept full (upto the
passege), When adiitionsl water came into tank A, this
additional water would come Ddack to tank §, thus keeping
the head constant duxing & particuler test.

The experiments were 4one in such a way that the
delivery hesd was made mero. For this the top of the
collecting drum waz kept in the same herizontsl line as the
centre of the pump. The fricticnsl loss in the pipe line
and fittings were 2lmost same 4in sll the experiments. Hence
total head could be replaced by suction lifts in plotting
the graphs. Due to the absence of adequate devices in
ieaminq the frictional loss, it could not be messured in
the present atudy.

A drum of size 0.6 m diameter and 0.9 m height
was used to collect water. The ca2pacity of the drum was
approximately 2%0 litres.



N
Cad

The pumping capacity was determined as follows.
The water was oollected in s 230 litre drum, and the time
required to £ill the drum was noted by an asccurate stop
vasch (Plate 6), Later the capagity was converted into
litres per minute.

In operation, when the centrifugsl pump was started
after priming, water was drawn through its (primary) suction
pipe and delivered forecefully to the nessle of the ejector.
The noszle converted the high piolmc watexr to high
velocity jet of water. This jet of water caused the
staticnary water in the ejector to move with it. An induced
flow of water is simultaneocusly crested at the ejector
(secondary) suction sand & large volume of water was drawn in.
Combined flow was then forced out through the delivery pipe
of the ejector system.

The water level in both the tanks were kept at &
depth of 2 ems from top of the plamtform. 7This helped in
keeping the suction 1lift at 0.30 metres. The sjector was
kept on the platform in such s way that the centre of the
sjector system snd the centre of the pump were at the same
horizontal plane. Flexible pipes were used, The diameter j
sucticn pipes and delivery pipes of the centrifugel pump
was 50 sm and those of the ejector was 100 mm,



Plate 8. Preliminary experiments

Plate 6.  Collection of vater into a 250 litre oil drum
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of fluctuations observed in the reading of the veccum
guage fitted on the suction side of the prime mover
pumpset. Hence performance of the test was analysed by
measuring the actual suction lift condition of easch test
criteris by measuring the depth of water level fram the
centre of the pumpset by & steel tape.

3.6 Nain experimental programme

In preliminary experiments 8, and E, gave almost
similar results. But 22 was selected for further experiments
die to the following reasoas.

1. Easiness of fsbrications -~ Ey was found to have
fabrication difficulties -_hoeauso of the small angle of
inclination of the secondary pipe te*tha primary pipe.
zz was constructed with the essily aveilable GI elbow,
vheress E, was fabricated with a special bent, svesilable
only in a few shops of business locality.

2. Basiness of fitting - Pue to the small angle of
inclinstion fitting of ejector to the delivery of the prime
mover centrifugel pump set wes found ¢to be tiresome.

3.6.1 Experiments with & single S MP engine pumpset

The experiment was conducted using E2 upto & suction
life of 3,00 metres. For conducting experiments beyond a



suction 1ift of 1.501a strong wooden table was placed

on the platform. The pumpset was fixed on the table.
The sjector system also was kept on the table. The base
plate was fixed to the top Of the table so that the
vipiations could be reduced to a minimum. To conduct
tests at further suction 1ifts the pump and the ejector
system had to be raised. Yor this an iron freame vas made
as shown in Plagte (7). The pumpset was fitted to the
frame and the frame was fixed to the table. An iron
table of the same height was also mads to support the
ejector system (Plage 8). Experiments were carried out
upto & sucticn lift of 3 metres. The srrangement of
pressure gueges is shown in plats 9. The readings were
noted at suctios lifts of 1,80 m, 2.10 m, 2.40 m, 2,70 m,
3.00 m,

Some wmodifications wers made at the suction side
of the secondary tube. As the secondsry pipe was kept on
the table, along with the pumpset there was considerasble
reduction in the secondary suection. This may be due to
the high air column formed in the secondary tube. Then
it was necessary to fit a foot valve to the secondary
suction side.



Plate 7. S HP pumpset mounted on an iron frame

Plate 8. Ejector system mounted on an ixon table in the
s ﬂP-—tz combination
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A;WM.WWCM 100 mm diameter no
foot valve ef‘ such sise vas easily avu}l.bl. in the merket.
Hence one simple type foot velve was fabriceted locally
in the k\qrieultuui Engineering Resesrch Workshop with
6 guage MS sheet and leather washer.

3.6.2 Experiments with a 10 HP prime mover pumpset

The saxe -apeziniuu were repeatad using the gjoctor
E, in & 10 HP arrangement also {shown in plate 10). Here
two 5 HP pumpset were connegted in series, and a nozszlé
having tip diemeter 20 mm was used in the ejector system.

The sise of the uonh metching the 10 HP pumpsets
was designed in the sme way 83 in the ¢ase of 5 HP pumpset.

Step 1. In view of the series comnegtion of the prime mover
pumpsets the best efficiency heed of the oombination was
taken as 52 metres at 3600 ppm.

The best efficiency discharge capccity in turn would
be 500 lpm at 3600 rpm respectively.

Step 2. Assuning a higher system loses, for the combinetion
as 33,33 per cent on account of the series connection,
the effective hedd, Hn and cepacity, On svailable to the



Plate 9. Arrangement of the pressure gauges

Plate 10. Expariments using a 10 HP-E, eombination
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ejector systam were Ssken to be 35 metres and 300 lpm
xespectively for dssign purposes

[ An
An = Gn snd Dnp = 3-%--

€4 /29 Hn

Substituting the values for Gn = 500 hin. Hn = 35 metres
CA = 095 end ¢ = 9.81 m/Seed

A = S00 x 100 x 100 om
1000 x 60 x 0.98 x,/2 x 9.81 x 38

3.3
EAY

An = 3.3 cm, Dn = 2

Dn = 2.0 em Sesy 20 mm

Step 3

The nozxszle was fabricated with l’“" cone angle
and & beee dismeter of 50 mm was welded to & nipple of the
same sise. The opposite end of the nipple in turn wvas
fitted te an elbow to introduce the nossle to the suction
chamber in a direction pasrallel to the secondary flow.

Step 4

S8lightly incressed values of Hs = 1,5 metre and
H4 = 2.5 metres vere assumed for ejector system in view
of the higher flow rates to be expected.
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Accordingly M = H4 -~ Hs

Hn - H4

- 3.5 - ("’1.!’ - °.xo7

40 - 2;5

]

R = - - 0.0713

T3 g.i
M e 1 L1 a 375-1 = 278

'y

Dt = Dn x R™F = 7.49 cm, say 75 mm

Step §
Throat length - S D¢ = 375 mm
Noszle spacing = 0.7% Dt = 56 mm
Throat entry profile = 90°
Diffusion angle - 7

- The expected efficiency of the esjector system
will be M 2N » 2,75 % 0.107 = 29.4%

The compoments of the ejector system were made
out of 16 guage M.8, sheet and joined by means of flanges
at various sections. A size of 46 cm x 20 cm was chosen

for the suction chamber. The sises of suction and discharge
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pipe of sjector were chosen as 100 mm for convenience in
handling sand fitting of pipe connections,

While doing experiments the mixing chamber used
for 5 HP pumpset was used by changing the noszle. The
experiment was conducted at different suction hesds of
0.30 m, 0,60, 0.90 m, 1,20 m, 1.%0 m, 2.10 m, 2.40 m etc.
The readings were noted as in the cese of 5 HP pumpset.

The pumpsets and the ejector were kept on the
platform of the test tank upto a Quction lifct of 1.5 m
(plate 11). Then they were mounted on the wooden table
for further sucticon lifts. The ejector system was kept in
the same level by plaeing it on sn iron table as shown in
plate (12). Experiments upto s suction lifts of 2.4 m
wvere conducted, EBExperiments at further suction lifets could
not be conducted Que to practical difficulties.



Plate 11. Two 5 HP pumpsets, mounted on & wooden table
and connected in series

Plate 12. The ejector system mounted on an iron table
in the 10 MP-E, combination ‘
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RESULTS AND DISCUSSION

4.1 Preliminary experiments
Teating of ejector syatems

The results of the preliminary tests using
different ejector systems are shown in Tables 3 to 6.

The four ejectors El‘ Ez. E’ and x‘ were tested
upto & suction head of 1.% metres. The capacity ratio,
flow retio and uultipiication factor in each case 2re
calculated and shown in Tables 7 to 10. The variations
of capacity ratio, flow ratio and multiplicetion factor
for different suction 1ifts sre shown in Figures 16 to 18,

Capecity ratio

Cepacity ratio is the ratio of total flow to the
primary flow through the ejector. The graph gives a
descending curve from left to right. As head incresses
capacity ratio decreases. The highest capacity ratios
obtained for ejectors El‘ Ez. Ea and E, at a suction head

4
of 0.30 m are 3.67, 4.18, 3.9 and 3,33 respectively.

Ez and 53 gave better results than the other two

esjectoxs. Between them Ez was found t0 be more advantageous
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then E, due to the reasons alresdy explained in
Chapter 3.

In 31 and E, there were changes in the direction
of primary flow and due to this loss of primary head was
developed at the entry of the throat of the ejector system.
Due to this los2 of head, there was a'reduction of partial
vecuum developed inside the mixing chamber. This was the
reason for the decreased capacity ratio in ll and E, with
compared to the capacity ratio of 82 and 33.

Flow ratio

Flow ratioc is the ratio of secondary flow to the
primary flow through the ejector. Thus the capacity ratio =
flow ratio + 1. The shape of the curves were same as

those of capacity ratio,
Multiplication factor

Multiplicetion factor is the ratio of total flow to
primary flow without ejector (i.e. the discharge of the
centrifugal pump)., This ratic gives a clear idea of the
utility of the ejactor system in & set up. it indicstes
the number of times by which the flow is increased vhen an
ejector system i3 introduced in the delivexry side of a

centrifugal pump.



Table 3.

Calculation of discharges of S HP-ll combination

Primary flow Primary flow through Total flow
ejector (Primary through ejector
Sucticn Delivery Qty.of Time Dis- Sty of + secondary flow)
11f¢ . pressure watex taken char?c '"_;t Time Dis~
(m) (kq/c_z, colle~ (s) (1pm colle. taken charge Qty.of Time Dio-
cted cted (a) (1pm) water taken Chexge
(1) collected (lpm
(1 ) (1 ) (.)
(1) (2) (3) (¢) (s)

0.30 2.8 250 23.30 644 250 29.60 506 250 8.08 1856
0.60 2.7 250 23.39 641 250 30.%90 48% 250 9.10 1649
0.90 2.8 250 23.70 633 250 31.3) 479 250 10.36 1448
1.20 2.5 250 24.19 620 250 32.08 468 250 11.57 1296
1.%0 2.4 250 25.00 60C 250 32.70 459 aso 12.32 1217

abg ]

~1



Table 4. Calculetion of Alscharges of § l-li’--t2 combination

Totezl flow
Delivery Primary flow Prim:;zcg:u through (5 imery through
pressure ejector + 3econdary
s;.wtion (Wﬁz) " pome £low)
life Gty.of Time Dis- ~CY.0f  1ype Dis- Gty.of Time Dis-
(m) “::t t?k:n charxrge ::g:_ taken . charge water taken chearge
coL 8- s (1pm (s) (1pm colle- (s) (lpm)
cted cted cted
(1) S ) (1)
(1) (2) {3 (¢) (s)
0.30 2.8 250 23.30 644 250 30.92 485 250 7.40 2026
0.60 2.7 250 23.39 641 250 31.33 479 250 8.47 1771
0.90 2.7 250 23.70 633 250 32.34 464 250 9.28 1616
1.20 2.6 250 24.19 620 aso 32.70 459 250 10.28 1459
1.%0 2.5 250 25.00 600 250 33.0% 454 250 11.13 1348

SQ



Table 5. Calculation of discharges of 5 HP-E_ combination

3

Total flow
Primary. flow through (Primary through ejector

Primary flow ejesctor + secondsry flow)
Delivery

Suction
Jafe pressure Qty.of Time e o Gty.of Time Dis- Gty.of  Time Dis-

) (xg/om®) colle- (s) Qa water teken charge water thken char?.

cted P colle- (s) (1pm collected (s) (lpm
(1)

(1) (2) (3) (4) {s)
0.30 2.8 250 23.30 644 250 31.0 4104 250 7.9% 1886
0.60 2.8 250 23.3% 641 250 32.00 469 250 9.12 1645
0.90 2.6 250 23.70 633 2%0 32.28 46% 250 92.66 1553
1,20 2.5 250 24.19 620 250 33.70 448 250 11.18 1341
1.50 2.4 2%0 25.0 GOQ 250 34.48 43% 250 11.87 1264




Table 6. Calculation of discharges of S HP-E . combination

Primary flow through Total flow
Primary flow ejector (Primary through ejector +

Suction Delivery secondary flow)
lite p:“m;. Qty.cf Time Dis ’ Qty.of Time Dis
() (kg/Ca) water taken chaxge 3:{;:‘ :i::n ?h:; - water taken charge
colle- (s») (lpm colle- (s) (1pm)
cted colle-~ (s) (1pm cted
cted
(1) (2) (3) (e) (s)
0.30 2.8 250 23.30 644 2% 11.%58 478 2%0 9.47 1884
0.60 2.7 2%0 23.3 641 250 32.2% 468 250 10.40 1441
0.90 2.6 250 23.70 633 250 33.43 449 250 11.59 1294
1.20 2.4 ‘ 250 2¢.19 620 250 34.38 436 2%0 13.23 1134
YI.SO 2.4 250 25.00 600 250 35.08 428 250 18.56 1030

{R



Table 7. Capscity ratio, flow ratio and multiplication factor of $ nr-:x combination

imary imaxy ?m e
Pr Px Primary
Suction £low flow flow through Secondaxy Cipacity TFlow Multi-
11f¢ (1pm) through  ejector + flow rasio ratic  plication
(m) ejector secondsry (1pm) T r
{lpm) £lowm)
(1pm)

(1) (2) (3) () (s) ={4)-(3) (6)=(4) (n (8)
0.30 644 306 ‘1886 1350 3.67 2.67 2.88
.60 641 4893 1649 1164 3.40 2.40 2.57
0.90 633 47 1448 26 3.02 2.02 2.2
1.20 620 4689 1296 229 2.7 1.77 2.09
1.%0 400 459 1217 759 2.65 1.65% 2.03




Table 8. Capacity rstio, flow ratio and multiplicaticn factox of 5 HP--I:2 combination

Primery %otal flow 4014

Primar S8econdary Capacity Flow Multipli-
Suction Primary flow flow tﬁzough flow ratio ratio cation
life flow through ejector + (1pm) Me M factor
(m) (1pm) sjector secondery ¥

) (1pm)

(1) (2) (3) (4) (3) (6) (7) (8)
0.30 644 485 2026 1541 4.18 3.18 3.15
0.60 641 479 1711 1293 3.70 2.70 2.76
0.90 633 464 1616 1153 3.49 2.49 2.56
1.20 620 459 1459 1000 3.18 2.18 2.35
1.50 600 454 1348 894 2.97 1.97 2.25

r\?



Table 9. Capacity raetio, flow ratio and multiplication factor of S “?"3 combination

Totsl flow

Primery (Primary Secondary Ca_acity Flow Multipli-

flow flow tnrough flow ratio retio cation
fzgtioa iii:“y thxough ejector + (1pm) M* M factor
() (1om) ejector secondary F

P (1pm) flow)
{1pm)

(1) (2) (3) (4) (s) (6) (7 (8)
0.30 644 484 1886 1403 3.90 2.90 2.93
0.60 641 469 1645 1176 3.51 2.51 2.57
0.90 633 465 1583 1088 3.34 2.34 2.45
1.20 620 445 1341 896 3.01 2.01 2.16
1.50 600 433 1264 829 2.91 1.91 2.11




Table 10. Cspacity ratio, flow ratic and multiplication factor of S HP-B 4 combination
Primary Total flow
Suction Primarxy flow (primary flow Secondary Capacity Flow Multipli-
1ife flow through through flow ratio ratio cation
(cm) (lpm) sjector ejector (1pm) factor
(1pm) secondary
flow (1lpm)

(2) (2) (3) (e) (s) ts) (7 (8)
0.30 644 478 1584 1109 3.33 2.33 2.46
0.60 641 465 1441 976 3.10 2.10 2.2%
0.90 633 449 1294 845 2.88 1.68 2.08
1.20 620 436 1134 698 2.60 1.60 1.83
1.50 600 428 1030 601 - 2.41 1.41 1.72
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Due to the addition of the ejector system in the
delivery side, there was loss in the primary flow of the
centrifugal pump. The percentage loss of primary flow
is shown in Tables 11, 12, 13 and 14. The range of loss
is 20 to 30 per cent.

The curves arxe similer to that of capacity retio
and flow retio. The multiplication factor reduced as

head increased8. For El' 32‘ t, and E_,, the multiplication

‘l
factor at a suction l1ift of 0.30 m are 2,88, 3.15, 2,93
and 2.46 raespectively. 82 &lso gives bettor multiplication
factor than other ejectors. For one metre sucticn 1lift

the multiplication factoxr of Ez is 2.5.

In genersl the performance values obteined show
that & low cost ejector attachment could be utilised ¢
multiply the discharge of a centrifugal pump 2 tc 3 times
i the suction lift range of 0 ¢to 1.5 metres, without
much initiel cost.

4.2 Main experiments

4.2,1 Combinaticn of 5 HP prime mover pumpset and ejector ‘2

33 wiés selected as the best ejactor from the

preliminary expsriments. The results of the main experiments

using Ez upto a suction lift of 3 metres are shown in



Table 11. Percentage loss of primary flow while passing
through ejector ‘1

Suction lift Primary flow Primary flow FPercemtege
(m) without ejector through loss at the

s jector ejector
0.30 644 506 21.4
0.60 641 483 24,3
0.90 633 479 24,3
1.20 620 468 24.8%
1.50 600 459 23.5%

Tadble 12. Percentage loss of primary flow while pessing
through sjector 52

Sucti?n lift Primary flow Primary flow Percentage

without ejector through loss &t the
e jector s jector
0.30 644 483 24.7
0.60 641 479 25.3
0.90 633 464 26.7
1.20 620 459 26,0

1.5%0 600 454 24,3




Teble 13. Percentage 1088 of primary flow while paasing
through ejector 33

Suction 1if¢ Primary flow Primary flow Parcentage
(m) without ajector through loss at the

ejector ejectorx

0.3 644 484 24.8

0.60 641 469 26.8

0.90 633 465 26.9%

1.20 620 445 28,2

1.50 600 438 | 27.8

Table 14, Percentage loss of primery flow while passing
through ejector l‘

Buction 1ift Primary flow Primary flow Percentege
(m) without ejector through loss at the
ejector ejector
0.30 644 475 26.2
0.60 641 465 27.4
0.90 633 449 29.0
1.20 620 436 29.6

1.50 600 428 28.7




Table 15. The cspacity ratio, flow ratic and multipli-
cation factor are calculated and shown in Table 16,

For one metre suction lift the multiplication
fector is about 2.6. In Kuttansd snd Trichur Kole lands
during the dewatering period, the range of suction lift
is only 0.5 to 1.50 metres. Within this range the
multiplication factor is between 2.8 2nd 2.5. Hence the
ejector can very well be used with the centrifugel pump

to increase its capacity.

But for & suction 1lift of 3 metre, the multipli.
/cation factor is only 1. Beyond 3 m the discharge
capacity will be reduced with the ejector system, Hence
the use of ejector system to incresse the discherge
capeacity of the centrifugal pump is restrigted to a suction
1ift less than 3 m. Ejector system is very advantageocus
to a suction lift upto 1.5 m. ‘

Head capacity characteristies

The head capacity curve is plotted as shown in
Fig.19. The graphs are plotted with capacity (totsl flow)
in the abcissa and suction head in the ordinate. Here
suction head is taken instead of total head for reasons
slready explained in Chapter 3.



Table 15.

Calculation of discharges of S HP—E2 combination

Totzl flow
Primary flow Primary flow through (Primary flow through ejector
ejector + secondary flow)
Suction Delivery
rech pressule  Gey.of Time  Dis- Cty.of Time  Dise Cty.of Time Dl
(xg/cm®) water taken chat?e water taken charge water taken charge
colle- (=) (1pm colle- (s) (1pm colle- (s) 0 ?
cted cted cted P
(1) (1) (1)
(1) (2) (3) (4) (s)
0.30 7.0 250 23.3% 644 250 30.92 485% 250 7.40 2026
0.60 5.0 250 23.39 641 250 31.3) 479 250 8.47 1771
0.90 3.0 250 23.70 633 250 32.34 464 2%0 9.28 1616
1.20 2.% 250 28.19 620 250 32.7 459 250 10.28 1459
1.50 2.5 2%0 25.00 600 250 33.08 454 250 11.13 1348
1.80 2.8 250 25.486 589 250 33.80 444 250 11.65 1287
2.10 2.4 250 25%.97 578 250 36.36 4113 250 12.70 1i831
2.40 2.4 250 27.03 555 250 3a.46 390 250 13.86 1083
2.70 2.3 250 28.5%7 525 250 40.54 370 250 16.15 929
3.00 2.1 250 30.77 48f 250 45.28 331 250 30.40 493

»
o



Teble 16. Capacity ratio, flow ratic and multiplication factor of

-] HP-Bz combination
Primsry Total flow
Suction Primery flow flow Secon- Capa-~ -
life without through Primery flow dary city :i::o igi:égli
(m) ejector ejactor th:ough flow ratio Factor
1pm) (1.m) ejector + (1) ®

secondary

flow (1lpm)

(1) (2) (3) (4) (5) (6) 7N (8)
0.30 644 48S 2026 1541 4.18 3.18 3.18
0.60 641 479 17 1292 3.70 2.70 2.76
0.90 633 464 1616 1152 3.49 2.49 2.5%6
1.20 620 459 1459 1000 3.18 2.18 2.35
1,50 600 454 1348 894 2.97 1.97 2,25
1.80 589 444 1287 843 2.90 1.90 2.19
2.10 578 413 1181 768 2.86 1.87 2.0%
2.40 558 390 1083 693 2.78 1.78 1.95
2.70 525 370 929 559 2.51 1.51 1.77
3.00 48¢ 331 493 162 1.49 0.49 1.01

n
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As suction head incresses ;rimery flow decreases,
thus causing & reduction in the combined output. At a
certain suction head (around 3 m) the suction flow has
ceased and the output of the sjector system beceme the
same &8s the primary flow. The performance of the ejector
upto this point may be considered as its useful range as
8 low lift pumping device. Beycond this point of zero
suction flow, as the head ifcrecased, the jet pump neither
abruptly stopped pumping nor continued to give the constaent
flow which was derived from the primaxy pump. Instead
the pump kept on discherging at a reduced rate. This
meant that the flow from the primary pump Aivided itself
as it entered the ejector system. FPart of the flow was
delivered st the discharge outlet while the other part
flowed down the suction line of the sjector to the tank.
The curves resembles the head cepacity curve obtsined for
the experimental jet pump described by Samuel J (1978).
it could sl=zoc be seen that the useful range of the hesad
capacity curve is almost similexr to the chizracteristic

curve of & centrifugel pump.
Bfficiency characteristics

Efficiency curve is plotted teking eapscity ratio
in the horizontel axis and efficiency in the verticasl



axis as shown in Pigure 20. The calculation of efficiency
using thes eguation *= 1.5 M is given in the

K/ )
Tsble 17. 1.5 + N

The highest efficlency of 29X is given for &
cepacity retio of 2.5 corrasponding to a sucticn 1life of
2.7 metres., Upto & sucticn lift of I m i.e, for & cazpacity
ratio of 1.5 the curve shcws an abrupt fell. These
curves are similer to the efficlency curves obtzined for the

experimental jot pump described by Samuel (1575).
4.2.2 Experiments using & 10 HP pumpsct - Ez combination.

The ajector Ez was also tested using a 10 HP
prime mover pumpset, by connecting two 5 HP pumpsets in
series. The results are tabulated in Table 18, The cspacity
ratio, flow retio and multiplication factor are calculated
as shown in Table 19. Here a capacity ratio of ¢.30 and
& multiplication factor of 3,35 are obtained at » suction
1ift of 0.30 metres. For & suction lift of 1 m, the multi-

plication fector 1s about 2.8 and capacity ratio is about 3.6,

The experiment with 10 HP prime mover had to be
limited to & suction lift of 2.70 m. As two 5 HP prime
movers ware connected in series, it was Aifficult to life

the pumpsets to further heights.
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Table 17.

Calculated value of efficiency for 3 HP-E, combimation

Suction 11ft Total flow Capacity Flow ratio 1.3 M
(m) ipm Tatio, M* X - 1.5 + n#2 %
.30 2026 4.18 3.18 25.1
0.60 1™ 3.70 2.70 26.7
0.90 1616 3.49 2.49 27.3
1.20 1439 3.18 2.18 28.1
1.50 1348 2.97 1.97 20.6
1.80 1287 2.90 1.90 28.7
2.10 1181 2.86 1.87 26.8
2.40 1083 2.78 1.78 28.9
2.70 929 2.81 1.51 29.0
3.00 493 1.49 0.49 19.8




Table 18. Calculation of diacharges of 10 ﬂP—!z combination

Primary flow without

Primary flow through

Total flow

ejector ejector (Primary flow through

Suction Pressure ejector + secondary flow)

1ife (kgle_z)

() gty.of Time Dis- Cty.of Time Dis- oty.of Time Dis-
water taken ch water takan oh X ch
colle- (s) ®  colle- (s) e eile. Gy Qherge
cted (lpm cted {(lpm c:i:e- (=) (1pm

e
(1) (1) (1)

(1) (2) (3) (4) (s)

0.30 4.7 250 16.0 938 250 20.9 731 2%0 4.77 3143

0.60 4.5 250 16.4 918 250 21.2 709 250 5.42 2768

0.90 4.5 250 16.8 893 250 21.8 688 250 5.7¢ 2614

1.20 4.4 2%0 17.4 863 2%0 22.6 664 250 6.68 2244

1.%0 4.2 250 17.6 853 2%0 23,0 633 250 .7.20 2083

1.80 4.2 250 17.9 838 250 23.3 645 250 7.80 1922

2.10 3.8 250 18.4 81s% 250 24.2 620 250 8.37 1792

2.40 2.4 250 19.4 774 250 26.0 578 250 9.80 1531

~J
(]



Table 19. Capacity ratio, flow xatioc and multiplication fector of 10 HP-E, combination

2

Primary Primary (?:;:i flow Secondsxry Capa- Flow Multipli

Suction flow without flow throgh glov xy flow city ratio, cation
1ift sjector ejector through (lpm) ratio, M factor,
(m) (ipm) (1pm) ejector + M F

seconda

flow(lpm
1 2 3 4 S 6 7 8
0.30 938 731 3143 2412 4.30 3.30 3.3%
0.60 918 709 2763 2086 3.90 2.90 3.02
0.90 893 688 2614 1926 3.80 2.80 2.93
1.20 863 664 2244 1580 3.38 2,38 2.60
1.50 853 653 2083 1430 3.19 2.19 2.44
1.80 8is 645 1922 1277 2.986 1.98 2.29
2.10 815 620 1792 1172 2,89 1.89 2.20
2.40 774 $78 1531 953 2.6% 1.6% 1.98

1%



The curves showing suction lift Vs capscity ratio
and suction lift Vs multiplicastion factor are shown in

Fi;.21.
Head -~ capacity charscteristics

The head capacity curves are plotted as shown in
Fi,.22, It i3 similar to the head capacity curve obtained

for the S HF - Eq combination.
Efficiency characteristics

A curve is plotted with capacity rstio in the
horiszontal axis and efficiency in the verticel axis as
shown in Fig.23., The calculation of efiiciency using the

equation Q*- 2 M 5 is given in Table 20.
.5 4+

The efficiency curve s also similar to that of the

5 HP=E, combination.

2

4.3 Advantages of ejector system

The advzntages of utilising a centrifugal ejector

pump combination cen be listed as follows.

1. Attechment of an ejector system incresses the

discharge capecity of & czntrifugal pump at the ax;ense of

§i
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Table 20. Calculated value of efficiency for 10 BP-Rz combination
x 145 M

Suction 1lift Totel flow Cagaeity ratio Flow rstio - 5
(m) (1pm) M* M 1.5 v
0.30 3143 4.30 3.3 24.76
0.60 2765 3.90 2.90 26.00
0.90 2614 3.80 2.80 26,30
11.20 2244 3.38 2.38 27.80
1.50 2083 3.19 2.19 28.10
1.80 1922 2.98 i.98 28.60
2.10 1792 2.989 1.89 28.77
2.40 1531 2.65 1.65 29.00

n
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its pressure head. Thus a jet pump attachment would
permit the salvaging of the power loss sssociated with the
use of & vast number of centrifugal pumps nov employed in

rice production.

2. In situeticns where there is & large veriation
in the pumping head requirement, the ejector attachment
permits the selection of a high pressure pump as the basic
unit. 7The sttachment of an ejector system would enable

this pump to work efficisntiy st low lift conditions aleo.

3. A centrifuyel ejector combinaticn reguires much
less capital investment than buying two pumps, one for

high heed conditions and the other for low head conditions.

4. The piping and housing installations recuired by
s centrifugal ejector combination are less than those for
a low lift, lorge volume pump. Also the ejector cen be
datsched when higher heads are required.

8. 8ince no adfitional ruaning or meintenance
expenditure is involved, the ejector system offers both

aconomic asdvantages and flaxibility for the pumping system.

6., Ljector system has no compliceted ;parts and cen be
fabricated in an ordinary workshop.



7. Muddy and debris laziden water can ba pumped

through the ejector system as it has no moving partes.
4.4 Econcmic snalysis

The cost of fabrication of the sjector system
and the cost of the accessories are worked out in Appendix IV.

The total cost is estimated as %, 870/w,



Summary




8§

Present study was on the development of ejector
systess, for increasing the discharges of centrifugel
pumps. The pump gapsbility requirsment in sgriculture,
especially in rice production is essentially one of low
1ift and high espacity. Beczuse of the low lift conditions
the full capacity of the centrifugal pump cannot be used.
By using an ejector system the centrifugal pump is brought
to work under the best efficliancy condition during the
low lift condition also.

An attampt to increase ths capagcity of centrifugal
pumps by sttaching an inexpensive and simple ejector
system was done in this project. The main objective was
to £ind cut the useful range of sugtion lifts in which the
attachment csn be advantageous. A study on the design
pazameters and efficiency charscteristiecs of the ejector
system was also done. Four types of ejector systems were
tested to choose the best one cut of them based on the
capacity ratio and multiplication factor obtained, Capacity
ratio was defined as the ratio of totel flow to the
primary flow through the ejector. Multiplication factor

was defined as the ratioc of total flow to the primary flow
without sjector.



The ejectors were having the following

specifications.

5

1.

3.

3.

- The secondary flow was straight and the primary
flow inclined by 90° to the secondary flow.

- The primary flow was straight and the secondary
flow inclined by 40° to the primary flow.

« The primary flow was straight snd the secondary
flow inelined by 20° to the primery flow.

-~ The secondary flow was straight and primery flow
inclined at 30* %o the secondary flow.

The results obtained are summarised below!:

The preliminary experiments were conducted using s
S HP prime mover pumpset with all the four ejectors
Mpte & suekion Iif¢ namely Ex. 32. x’ and !‘ upto a
suction 1ift of 1.5 metre. OCut of them e¢jecter 5,
gave the highest capacity ratio of 4.2 and highest
multiplication factor of 3.13 at a suction lifc of
0.3 metres.

Yor a suction lift of 1 metre '2 geve a capagity ratie
of 3.4 and multiplication fector of 2.6.

K, was found to yield results nesrexr to E,. In



4.

S.

6.

7.

30

both these cases the primery flow was kept
straight and the secondary flow inclined.

In El snd K‘ there was & change in the direction of
primery flow and due to this s loss of primary head
was developed. B, qsve the lovest capacity ratio
and multiplicetion factor.

E., was found to have many other sdvantages such as

2
cesiness of febricstion and fixing.

Due to the addition of ejector system in the
delivery side of the centrifugel pump, thers was a
loss in the primary flow which was about 20 to 30 per cent.

For a suction lift of 3 metres, the multiplication
factor was 1. Hence the use of the ejector system
to increase the discharge capacity of the centrifugel
pump was restricted to 2 suction lift below 3 metres.

With @ 10 HP prime mover pumpset Eg gave the highest
capacity retio of 4,3 and multiplication factor of
3.4 at a suction lift of G.3 metres. For a suction
11ft of 1 metre the capacity ratio was 3.6 and
multiplicetion fector 2.8.



9.

10.

11,

12,

13.

In the hezd-capacity curves plotted for the 5 HP -

Ez combinstion, at & certain suction head just

sbove 3 m, the suction flow had ceased and the output
of the ejector system became the same as the primary

flow.

The head-capacity curve resembled those obtained for
the experimental jet pump developed by Samuel (1975).

The useful reénge of the head capascity curve is almost

similar to the characteristic curve cf a centrifugal

PUBp .

Capacity ratio Vs efficiency curves in both § HP-lz

combination and 10 HP-E, eombination vere similar to

2
those obtained for the experimental jet pump developed

by Seamuel (1978).

The matexials and fabrication cost of the ejector
system including the ¢ost of suctiocn and delivery pipes
comes to about %.870/=.

The adventages of the ejector system can be sumnarised

as follows:

1.

The eattechment of &n ejector systesm would enable @
high heed centrifugal puap t0 work at its best
efficiency at low lift conditions also.



2.

3.

4.

6.

7.

A centrifugel ejector combination requires less
capital investment than buying more than one
centrifugal pumps to work at different suction lifts.

The ejector system can be detached vwhen higher heads

are required.

Ejector system has no camplicated parts and can be
fabricated in ordinary workshops.

Muddy ancd debris laiden watsr can be pumped through

the ejector system as it has no meving perts.

Re eir and maintenance expenditure ere little., Thus
ejector asystem cffers both economic sdventages and

flexibility for the pumping system,

The time of pumping can be reduced by the addition of
an ejector system, thus saving power either electricity

or diesel.

The following are some of the works suggested for

further investigation,

1.

FPurther industrisl extension and desiyn work shculd
be initieted to locete specific areas in which the

device would have imcediate epplication.



o
(V%)

2. As the sjector system has nc moving parts, the
possibility of developing & mud pump based on this
. principle sppears to have good potentisls. Further
work may be done for exploring this possibility.

3. &As the primary flow passes through the ejector
system, there is about 20 to 30 per cent loss.
Further work mey be taken up to reduce this loss.
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Appendix-I

ventiona ifugal -~ Je

For small capacities with 1lifts up to 40 metres,
a special type of pumping unit has been develcped which
consists of & combination of 8 centrifugal pump and a jet
punp or ejector. The first is mounted next to the motor
st the ground surface and furnishes the driving head and
capacity for the jet pump placed in the well below the water
surfsce as shown in Fig.24. For shallow wellis up to 8 metres
the jet pump can be placed on the surface of the ground or
built into the centrifugel pump cesing, This arrangement
provides much mechanical advantsge, as there are nc moving
perts in the well, and the centrifugal pump, with its motor,
can be placed at some convenient point. The hydrsulic
sdvsntages are: steep head-capacity charscteristics with
operating head about 50 per cent higher than that of the
centrifugal pump alone snd a brake hores power curve which
is non-overloading. The peak efficiency of the combination
is equal to or better then that of the jet pump but is
lower than that of centrifugsl or vertical turbine purps.
However, at the operating capacity the efficiency is squal
to or better than that of the centrifugal pump st the same
capeacity. In small sizes, this type of pumping unit is
widely used for the domestic water supply.
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FIG24 CONVENTIONAL CENTRIFUGAL-TETPUMP USED FOR

DOMESTIC WATER SUPPLY




Appendix-IX

The basic design of a jet compressor
built for industrial applicstions is presented in
Figure 25.

A motive fluid (water, steam, gas) issues
at a high velocity from noszle 1 into suc-ion chamber
4, vhere it makes contactAwith 8 suction licuid coming
through pipe 3. Due to friction and sxchange of
momentum at the surface of the motive £fluid jet, the
latter entrains the suction liquid and moves ¢o it
mixing chamber 4 and then to conicel diffuser S.

The mixing chamber is the place whcra an exchange of
momentum between the motive fluid and the suction
liquid takes place; the diffuser converts the kinetic
inte the potential energy. From the diffuser the
ligquid flows into the discharge line.
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FIG25 STEAM-JET COMPRESSOR




Appendix-IIX

ica £ HP

8. Greaves Lombardini Diesel Engine

S8eries - 500

Type - 520

Bore ~ 78 mm
3troke - 68 mm
Displacement - 228 m?
Compression ratio- 181
Speed ~ 3600 rpm
HP-I, 5-1601 - 8

Specific fuel consumption - 320 g/hp/hr
Lubricating oil consum;tion - 13 ga/hr
Capacity of o041l sump - 1 litre

Dry weight - 38 kg

b. TEXMO centrifugal pumpset

Size - 2 x 2
Typs ~ TLS
Head - 30 - 110
HP - 8

Speed - 3600 rpm

S.No - 12959-80



Appendix-IV
COST _ANALYSIS

Particulers of the item Cuantity Rate Amount
or number B.FPs. . Ps.
110 mm flexible pipe for 2.9 m 96.00 240,00
secondary suction per m
110 em flexible pipe for
0.5 m 96.00 48.00
secondary delivery per m
110 mm hose connector 2 Nos. 24.00 48,00
per Nc.
110 mm clamp 2 Nos. 4.00 8.00
per Ro.
110 mm GI coupling 1 Re 36.00 36.00
pet No -
Pabrication cost of nostle,
mixing chamber, diffuser and
secondary foot valve including
cost cf met«riels 450,00
Overhead charges 40.00

Totzl fs. 870.00
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The pump capability requirement in agriculture
especially in rice production is essentislly one of low
1ift and high capacity. Because of the low 1ift condi-
tions the full capacity of the centrifugal pump csanot be
used. By attaching an ejector system, the centrifugal
pump is brought to work under the best efficiency condition
during low lifts elso.

Four types of ejector systems were developed and
the best one was chosen, based on the capacity ratio and
multiplicetion factor. Experiments were conducted to f£ind
out the useful renge of suection lifts in which the attachment
can be advantageous. Design parameters and efficiency

characteristics also were studied.

The study revealed that the ejector Ez with primary
flov straight and secondary flow inclined at 40° gave
higher capacity ratio end multiplication factor than the
other three ejectors. Hence ‘2 was selected for further
sxperiments. For a suction 1lift of one metre ‘2 gave 8
capacity ratio of 3.4 and multiplicetion fector of 2.6 for
the 5 HP centrifugsl pumpset. With 8 10 HP centrifugal



purpset Kz gave a capagity ratioc of 3.6 snd multipli-
cation factor '2.8, for s suction lift of one metre.
Ez i3 also having many other advantages than the other

thres ejector such as easiness of fabricetion and fixing.

A centrifugzl ejector combinastion requires
less cepital investment than buying several pumps for
use at different heads., Muddy snd debris laiden water
¢can be pumped through the ejector system as it hes no
moving parts. Time of punpinq can be reduced by the
addition of an ejector system, thus saving powver, either
electricity or diesel. It can be febricated in a locel

workshop and trensportation is also very easy.

The estimzted cost of fabrication of the ejector
system is 3,870/w=,
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