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INTRODUCTION

The importance of drainage in increasing agricultural
production is getting more recognition in our country,
A substantial area of land in Kerala is lying below
or nearly levei with the neardby sea, In order to make
use of this for cultivation, the area should be drained
by pumping, Low areas may be drained more economically
by pumping than by constructing large and deep outlet
drains, In irrigated areas pumping is needed to lower
the groundwater table that may rise to dangerocus levels
due to over irrigation and by sespage from canals and
laterals.

The rice fields of Kuttanad and Kole lands are
lying below mean sea level, These rice tracts are known
as 'Punja Lands', where the main cultivation season begins
in September-October, Punja ¢rop can be raised only aftaer
dewatering the field.

The area of Kuttanad Punje Land is 52000 hectares
and that of Xole lands is 7900 hectares. Continuous
pumping for about 20 days and intermitent pumping for
about 3 months is required for adequate drainage to
avoid cxop lossas in these areas. On an average one
metre of water from these lands has to be pumped out to
make them fit for preparatory cultivation, Therefore a

total quantity of 59900 x 10‘ m3 water has to be pumped



out against an average head of one metre including
losses, within 20 days.

At present dewvatering is carried out with the aid
of “"petti and Para”, which is a crude form of axial
flow pump, The efficiency of a I0HP Petti and Para
reportsd by Kerala Agricultural University drainage
ressarch centre (All India Cos~ordinated Ressarch Project
on Agricultural Drainage) Karumadi (1984) is 26 per cent.
Enerqgy recuired to pump 39900 xlo‘ m3 of water against
a totzl head of ons metrs i1s 6230112 KWhr. Intermitent
pumping for 3 months during the crop season requires
about the same amount of energy needed for initial pumping.
Therufore the total energy requirement is 12560224 KWhr,

Although Petti and Pars was introduced in the state
mora than 65 years ago, the device which is a crude fomm
of axial flow pump has not undergone any change in design.
Earlier works on the performance of retti and Para showed,
they worked at an efficiency of about 26 per cent while
a well designed axial flow pump can operate at 70 per cent
efficiency (IRRI, 1979). A scientific design for the
Petti and Para is therefore of considerable importance in
reducing the nower requirement for a given job and to
increase the output per unit power input,

The axial flow or propeller pump is used especially
for low head pumpings. Propeller pumps operate at high



efficiencies against heads less than 3m, 1Its response
in terms of efficiency against fluctuating heads is
less predominant when compared to c¢entrifugal pumps.
This characteristic of operating at nearly maximum
afficiency through a greater range of head is most
vital in dewataring.

This project was undertaken with thes following
specific objectives,

(1) To make a study of wvarious water lifting
devices used in Kerala for agricaltural purposes.

(11) To evolve a systematiec desion for a propeller
pumn which can be used for dewatering snd for lift
irrigation purposes,

(111) To fabricate the pump and evaluate its
performance by test,

{iv) To optimize the design of the pump and recosmend
for commperical manufacturing.

The advantage of the scientifically deasigned axial
flow pump ovar the conventicnal Petti and Para is that
the power intake 1s legs and theredby reducing the wastage
of energy. Even by increasing the efficiency by 10 pexr-
cent, power to the extent of 3488955}\&% be saved for
the state during Punja crop season itself, Report from
¥eralza sgricultaral University drainage research centre
(A1l India Co-ordinated “esaarch BProject on Agricultural



Drainage) Karumadi (1984), shows that for additional
¢rop the requirement of energy is high, nearly 80 per-
cent more than that of the Punja crop season. 3o the
total saving in energy per year is about 9769066 Rwhr,
ie. spproximately ten million KWhr,

Light weight axial flow pumps will get more
acceptance among Kerala farmers, bucause at present in
the Ruttanad and Xole lands they are using huge Pettd
and Para to drain the crop fields and o puwp water for
irrigation from the nearhy water gources, Individual
farmaers and thnse in groups organissd for drainage will
make incraasing use of small axial flow pumps to drain
submerged areas that cannot he drained by gravity drains,
and to irrigate low lying fields, because light weight
pumps are easier to transport and install and {t needs
only cheaper foundations in addition to substantial
savings in energy,
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REVIEW OF LITERATURE

2, 1. Work done in axial flow pumps

Morelli et al (1953) designed and developed an
axial flow pump. The test results showed that punp
could deliver water at the rate of 3600 lit/min. against
a head of 3,2m with a maximum efficiency of 68 per cent,

Wallis (1960) reported that he testad an axial flow
pump and obtained a discharge of 68 lit/sec. against a
head of 3m with an efficiency of 57 per cent, Subseguently
he reported that axial flow pump having an efficiency of
70 per cent could be designed,

Samuel and Remadevi (1968) reported that an axial
flow pump could deliver water at the rate of 20,000
gallons per hour at not more than 15 ft head. A design
to satisfy the above critaria had been made in accordance
with the procedure laid by Addison (1956). The major
dimensions are given in the following table.
Table 2.1.Major dimensions of an axial flow pump (Addison, 1956)

Description Design value
““Specific speed B30
Shaft horse power 1.3
Impeller outer diameter 4,1 in,
Impeller inner diameter 2,05 in.
Inlet angle at hud 26,35°
Inlet angle at outer end 13.15°
Inner outlet angle 51.,3°
Outer outlet angle 16,3°

Addigon (1976) proposed that for a good axial flow
pump the value of speed constant (Xu), which is defined
as the ratio of ocutlet peripheral velocity to the free



jet velocity, should be in between 2 and 2,7, He
conducted a series of trials using this range of spmsed
constants, The results revealed that when K =2 the
efficiency was 56 per cent at a discharge of 86 lit/sec,
at a head of 2,6m, Again he got an efficiency of 57.2
per cent for a discharge of 84 lit/sec. against a head
of 2,6m with a speed constant 2,7,

Vasandani (1977) studied the flow pattern based on
the assumption that (i) flow parametsrs change only along
a stream line (ii{) there is no variation in these para-
meters radially from one stream surface to another (iii)
the flow is frictionless and (iv) flow takes place along
the passage in a direction parallel to that of blades.
During the year 1979 he reported that 66 per cent
efficiency at a discharge of 98 lit/sec. against a head
of 3m was possible with a psrfectly fabricated axial
flow pump,
dork done at IRRI

The IRRI (1979) designed and developed a portable,
low cost, low head, high capacity axial flow irrigation
pump. The portable axial flow pump consisted of an
axial flow impeller, which was secured t0 a pump shaft
and located inside a 150mm Adiameter steel discharge tube,
It pumped water at the rates of 1500 to 3000 litres per
minute at heads of 1 to 4 metres, when driven by a 5 HP
gasoline or diesel engine, The pump inlet had a 30° cut



along the tube axis to provide a large suction opening
for low entrance losses. A wire mesh inlet strainer was
used to protect the pump from the entry of foreign
materials. The main bearing holder contained diffusion
vanes which straightens the flow from the impeller for
improved efficiency. The design is simple so that it
can be fabricated by small shops with standard forming
tools. The pump can be carried by two men, IRRI designed
a jig to aid manufacturersin fabricating the blades to
specification, They got a maximum efficiency of 69,1 per
cent at a capacity of 2690 lpm against a head of 2,5m at
2890 rpm,

Department of Agricultural Engineering, College of
Technology, Pantnagar (1982) designed and fabricated a
propeller pump named as Pantnagar Propeller pump, The
pump has a capacity of 45 to 65 1lit/sec, at 1,0 to 2,0m,
of head requiring a 5 HP 1440 rpm motor as a drive unit.
The efficiency of the pump at this range varied from 65
to 50 per cent,

They designed and fabricated another pump for higher
discharge. The propeller has 3 vanes and is 30cms in
diameter. The shaft is made of 2.5cms dismeter G.I. pipe
inserted and welded with solid M,S. shaft on both ends,
Pump was tasted at a head of 1,5m to 2.8m at 1440 rpm,
The discharge varied from 106 to 130 1it/sec and the pump
efficiancy varied from 27 per cent to 29 per cent,

The efficiency of s 30 HP Petti and Para reported by



Kerala Agricultural University Drainage Research Centre
(All India Co~ordinated Research Project on Agricultural
Drainage) Karumadi (1984) is 26 per cent. It worked at
26 per cent efficiency against a static head of 0.9m at
a discharge of 526 lit/sec,

Work by Malithara Industries

Some work in Petti and Para was attempted by
M/s Malithara Industries of Kerala and they are manufact~
uring improved version. A practical test has revealed
that a Petti and Para fitted with 20 HP motor can pump
at the rate of 2 lakh gallons of water per hour (250 1lit/
sec.). It was working against a head of 1m of water.

2, 2, Basic Theory
2, 2. 1. Velocity Triangles,

The velocity of a fluid slement is represented by a
vector. The length of the vector gives the magnitude of
the velocity and the direction of the wvector is tangential
to the streamline. The fluid wvelocity in a stationary
conduit is measured with reference to an earthbound co-
ordinate system, Therefore it is called absolute velocity
and denoted by C . The prime signifies an actual flow
velocity. Idealized welocity vectors are calculated by
assuming perfect guidance of the flow by vanes or walls,
are given no prime. Failure to distinguish clearly between
actual and idealized velocities results an erroneous

application of basic impeller theory and consequently a
faulty design.
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The fluid wvelocity in an impeller blade can be
represented by either the absolute velocity C or the
relative velocity w'. The co-ordinate system rotates
with the impeller angular veloecity <©* The idealized
relative velocity W can be calaulated by dividing the
flow per wvane channel by the cross sectional area of
that channel,

The absolute velocity can be considered as the
resultant of the relative veloeity and the local impeller
peripheral speed, Velocity triangles provide much
information on the design under consideration and should
be Arawn for every calculated point, The vectors of the
absoluts wveloecity and the relative velocity end at the
same corner of the triangle. The peripheral veloeity
vector U starts at the initial point of the absolute
velocity C and ends at the starting point of the relative
veloecity W,

The meridional velocity C, is the component in the
meridional plane of the absolute as well as the relative
velocity, It is always at right angle with U, ¥For
strictly radial flow, the meridional velocity is also the
radial component of the absolute and relative veloecity,
Similarly, for strictly axial flow, it is the axial
componant,

The periphsral components of the absolute velocity
c’ and the relative velocity W' are denoted by C,' and W ',
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respectively, The prime is omitted if idealized velocities
are used, The angle between the absolute velocity C and
peripheral direction is ' « The relative velocity w'
forms with the peripheral direction, the angle B'. It

is approximately equal to the vane angle £, The idealized
relative velocity W forms with the periphesral direction
the vane angle & . Figures land? are the velocity
diagrams of centrifugal pump and axial flow puwp respect-
ively.

The main difference batween the vector diagrams of
centrifugal pump and that of axial flow pump are (i) The
periphersl wvelocity at inlet and outlet are equal in
axial flow pump, but in centrifugal pump both are different
(11) The meridional wvelocities at inlet and outlet are
equal in axial flow pump whereas in the case of centrifugal
pump both are different, Figure 2 shows the vector
diagrams for a typical exial flow pump,

2. 2. 2., 81lip Factor,

Often idealized velocity triangles are drawn by
assuning perfect guidance of the flow by the vanes. The
vane angle is substituted for the flow angle 3'¢ The
angle between the idealized absolute velocity C and the
peripheral direction is denoted by X, The meridional
Velocity C, is usually assumed to remain the same. The
relative velocity W and the absolute velocity C are not
actual velocities, but they are utilized {n the design
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of impellers since they are much easier to calculate,
So the results must be corrscted accordingly,

Deviation of the fluid from ths vane direction is
important at the impeller discharge since it reduces
the peripheral component of the absolute impeller
discharge welocity, This causes a proportionate
reduction in head as wellas power input, Generally, the
flow angle /32/ is smaller than the vane angle ,@2 « This
phanomenon is often called slip, Ths slip is represented
by the ratio between the actual and theoretical tangential
components of absolute wvelocity at ouglot (cuz / cua)‘ The
slip is the outcome of nonuniform velocity distribution
across the Mler channel, boundary layer accumulation
and flow seperation due %o circulation, Pigure 3 will
reveal this phenomenon, Practically it is very difficult
to predict the slip. This causes a lot of dAifficulty in
the proper design of an impeller,

The following formula for slip factor had been
proposed by Stodola (1948),

A

where /u is the slip factor,
P 5 1s the outlet vane angle,
Z is the mumber of blades.

2, 2. 3. Basic Flow Equation,
The fundamental Buler's equation for the operation of
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centrifugal pumps (radial, mixed and axial flow) is
obtained from the principle of torgue and angular

momentum, As applied to £luid problems, the equation is

AT m % (C“zkz - C“lRl)AQ esesssscens (1)

where C,3 and Cua are tangential components of absolute
velocities at inlet and ocutlet respectively,

If the discharge is imagined to bas divided into
small elements A, the quantities C ,R, and C R, for the
elements may vary both radially and with position between
the blades at & constant radius, Rquation (1) is often
stated to be valid only for an infinite number of blades
but the view is not correct (0 brien et al. 1936)., It
has the same validity as Newton's equations of motion and
the reason for assuming an infinite number of blades is
that the velocity component C, can then be specified,
Integrating equation (1),

T =)o (CFp = CuPy)
g
Maltiplying by angular velocity, yields the energy transfer,
B o= S €RaCuz =Ry
E =g (U,C,5 =U3Cyy)
g

The head developed H, = Energy/unit mass
Therefore Hd ‘% (Uzcuz - ulc\ﬂ.) sssvse(2)

This head is known as Euler'’s head Hy
The equation is known as Eular'’s equation in which the



hydraulic losses are not eonaidcnd; If the liquid
enters the impeller without a tangential component, or
it C,y = 0 (redially for rsdial pumps and axially for
axial pumps) Euler's equation reduces to

Hd - Uzcuz seceses(3)

g
Prom ths velocity triangles
2 2 2
Wyt = C )+ Uy" e 2u,C, Cos A2
2 2 2 = \
Wyt o= 61 + 01 2!!,_\'.!1 Cos ”<1
Making use of these, Euler's equation becomes
Hd = czz - Clz + Ua'z - 12 + 7-'312 - sz seeses (8)
2g 29 29

The first term represents a gain of kinetic energy of the
flow through the impeller,

The second and third terms jointly represent an
increase in pressure from the impeller inlet to the
outlet, Stepanoff (1967) advocated that it is meaningless
to attach any physical explanation to the second and
third terms of equation (4) individually, Thus the
second term does not represent entirely gain in pressure
of the flow due to cemtrifugal force because there are no
particles of the fluid moving with the peripheral
vaelocities U, and U,. Similarly, the third term does not
represent an increasse in pressure due to conversion of
the relative wvelocity from Wy to Wy, because it is
observed that no diffusion can take place in a curved
channel, stationary or moving, In the case of axial flow



16

impellers there is no definite channel containing
velocities w; and w,.

2, 3, Vortex Theory of Euler's Head

2. 3. 1. Radigl inpelier,

Flow through the impeller can be considesed as
consisting of two components; namely, circular motion
around the axis as a result of the impelling action of
the vanes and through-flow or meridional flow caused by
the energy gradient drop. The circular component of
flow forms a vortex motion., The type of vortex depends
on the velocity and pressure distribution and can be
established from a study of Euler's equation, Considering
a straight radial impeller in which the flow gpproaches
the impeller without pre~rotation, Zuler's equation can
ba written as 2 )

Hd = Uz = :’lm sececesne (5)
g g

Only tangential welocities appear in this equation,
indicating that all head is produced by vortex action in
planes normal to the axis of rotation, In general, this
is true, for all centrifugal pumps, including str:ight
axial flow pumps (Stepanoff, 1967),

When the flow is Zero (w,, = 0), Euler's head becomes

and the total head at any radius r is egual to

2
2Lj-; ssscnsase ()

ﬂl--ia-
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where U is the periphersl velocity at radius r, This
head is equally divided between static and kinetic
heads, Such energy distribution along the radius is
typical for a forced vortex and is represented by a
square parabola OA {Fige.d4). “hen flow starts, the head
drops by an amount uzwu/g. where Y.2 is proportional

to the £flow, Mis head is the energy gradient drop
necessary to produce flow, W even an idealized
putp cannot start flow against a head higher than or
equal to its sero flow head, It is also evident that

a further drop of energy gradient is necessary to
increase the flow or produce a higher capacity. hus the
total head drops from AR 0 CE, The value of U, v, /9
decreases with decressing radii and the head variation
along the radius is represented by a parabolie curve 0C,
Mimwuwmmmmummmxm. the energy
gradient drop Uzw@/q will vary as U,, or will increase
directly as the distance travelled by the flow (0'C on
Fige4)s This is analogous t© the hydraulis gradient
drop in a pipe flow of conatant velocity. However, in
this case the drop in hydraulie gradient represents
hydraulic loss along the pipe, whereas in a centrifugal
pump impeller the drop in energy gradient is a condition
which is necessary to realize flow which results in an
equal reduction of the impeller input, As the capacity
increases, the energy gradient 4rop increases and Euler's
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head decreases ocorrespondingly,
2, 3. 2. Axial flow impeller,

In an axial flow pump, the liquid particles leave
the impeller at the same radius at which they enter,
Applying Buler's equation to a point on the impeller
periphery and noting that U, = U; y we get

Hy = ..__..i.cu?z ; Sy’ * "\u:; "332 corenees(?)

Again assuming that the liquid approaches the impeller
without pre-rotation (C,, = 0 and wul = U,) the above
equation reduces to

u,? + 6,7 - w2
o R %

Y
H » 33..‘?3:“_3..--......(6)
a g g

This is exactly the same equation for radial flow pump and
indicates that the process of generating head is the same
in axial flow pumps as it is in radial flow pumps., In both
cases, head is generated through the vortex motion and the
flow through the impeller is caused by the energy gradient
drop Uzvuz/g. The head distribution along the radius is
shown on £1g.5, where curve AA' shows the head at different
radii with zero flow, This is a square parabola, CQurve
cc' shows the head variation for one rats of flow (wyo)e
AC is the energy gradient drop at the periphery., Ordinates
between curves AA' and cc' represent the energy gradient
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drop for different radii, For a normal design both L
and U, vary directly as the radius., Therefore the energy
gradient drop Uzw“z/g varies directly as the aquare of the
radius (curve 0'C), and the curve OC is a square parabola,
This is a characteristic feature of a forced vortex when
all particles rotate with the same angular wvelocity.
Although the head distribution along the radii is
similar for radial and axial f£low pumps there is an
important difference betwaen the final head produced by
the two. In a radial impeller all particles reach the
same maximum head at the periphery of the impeller,
whereas in an axial flow pump, liquid particles enter and
leave at the same radii and the head produced at different
radii are different, being a paximum at the periphery and
a minimum at the hub. The pump total head is an integrated
average. The integrated head of the impeller in Fig.(5) is
equal to the average of the head at the hub (Hh) and the
head at the periphery (Ho). ™his follows from the geometric
properties of agquare paraboloid,

+
ﬂd. H‘ = ﬁri eessccssessses(9)

2+ 4, Flow through Hydrodynamic Machine
2. 4. 1. Flow pattern,

Flow through a hydrodynamie¢ machine is generally
complicated in nature, Flow through a hydrodynamic machine
is assumed to be axissymmectricin character ie, flow velocity
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and other pmuu are constant along any circle at
radius ‘r' from machine axis, This obviously is not
true at points where blades of machine cut the stream
surface and the particular circle of stream surface
under consideration. Thus, axissymmetric flow really can
occur only in a vaneless space of rewolution. However,
without this assumption, no flow analysis is really
possible (Vasandani, 1977),

The assumption of axissymmetric flow alsco reduces
the three dimensional problem effectively into two
dimensional problem. Parsmeters describing £flow in such
a case vary (1) when we move from one concentric circle
to another on the same strum surface or (ii) when we move
from one stream surface to another,

In addition to the above assumptions, we further
assume that (i) flow parameters change only along a streem
line (1i) there is no wariation in these parameters radially
from one stream surface o another (iii) the flow is
frictionleas and (iv) flow takes place along the passage
in direction parallel to that of blades, ie, the flow is
assumed to be one dimensional frictionless flow, Such a
flow will be irrotational in character, This assumption
inwolves in arriving at Fuler's basic equation,

S8implification of the flow to one dimensional friction-
less flow, parallel to the path of blades, not only makes it
poassible to use Euler's equation for transmission of torque



or specific energy conversion but also it makes it
easier to calculate the value of discharge passing
through the runner. Thus for radial flow runner, flow
cross section normal to meridional stream lines is the
product of circumfierence and axial width, Thus we have
Q@ a2 r8C, -:-m)Bc:!a

where, 3 is the Axial width,

Cn is the meridional wvelocity.

The above aquation does not take into account the
blockage effect due to blade thickness, If this is taken
into accoount, Q reduces to

Q@ = (27r = 28) BCpesnssecacsess(10)
where Z « number of blades.
s = blade thickness measured along circumference.

Similarly for an axial flow machine, aneglecting the

affect of blade thickness
A u:’ca2 - D
o

where D, is the outside tip diameter
Dy is the hub diameter,

2 ¢

Q = ]

This may also be written as
Q ':/,S_, D°2 1= 013) Cmo.ocatboooa(ll)
4 S
Dy
Equation (10) also presumas that flow through the
runner is steady., This is not strictly true because as
svery point in space within the runner is cut by the blades

during the runner rotation and thus causing change in value
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of parsmeters at that point, However, since the flow is
presumed to be axissymmetric and hence it may as well be
presumed as steady.

The effect of friction on flow is two fold (1) It
causes hydraulic losses and thus reduces the specific
snergy conversion inside the runner. This is taken care
of by the term "hydraulic efficiency.” (ii) effect of
friction, and that is velocity profile across the flow
passage along axial or circumferential directions can
not be uniform as assumed in one dimensional flow.

2. 4. 2, Impeller approach and prerotation,

The flow towards the impeller and beyond the impeller
is caused by the drop of the energy gradient below its
level at zero flow. The drop in energy gradient permits
liquid to proceed through the impeller against a gradually
increasing head, Following the energy gradient the liquid
selects a path of least resistance to get intc and through
the impeller and out of the pump. The liquid acquires
prerotation to enter the impeller passage with a minimum
disturbance and the direction depends on the impeller vane
entrance angle 4, , the cspacity going through and the
impeller peripheral wvelocity, All these three factors
determine the entrance velocity triangle (Staepanoff, 1967),

It is evident that resistance to flow is a minimum
if the liquid enters the impeller at an angle approaching
the vane angle /81. For a given impeller speed, there is
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only one capacity at which the liquid will approach the
impeller meridionally, or without prerotation., At a
capacity considerably smaller than normal the liquid
should acquire prerotation in the direction of impeller
rotation, to enter at an angle approaching Bl. But a
capacity greater than normal a prerotation in the
opposite direction is necessary for the liquid to satisfy
the " least resistance " requirement.Figurefé shows the
entrance velogcity triangles for the above three conditions,
2. 5. Efficiencies
2. 5. 1. Hydraulic efficlenmcy.

All the head in a pump is generated by the impeller,
The rest of the parts contribute nothing to the head but
incur losses - hydraulic, mechanical and leakage, All
losses of hesd which take place between the pointa where
the suction and discharge pressure are measured constitute
hydraulic losses, Hydraulic efficiency is definad as the
ratio of the available total dynamic head to the input
head, or

H . H; = hydraulic losses

e ]
h H
| H,

The ratio of input head to Tuler's head will be
referred to as vane efficiency, or
H
- =g

Hy

2, 5. 2. Yolumetric efficiency,
Besides losses of head there are losses of capacity

va
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in each pump known as leakasge lossea, These take place
through the clsarances between the rotating and stationary
parts of the pump, The discharge at the exit of the puwp
is smaller than that passed through the impeller by the
amount of leakage, ™Mus the volumetric efficiency is

e el
where Q, is the amount of leakage.
2, 5, 3

Machanical losses include loss of power in bearings
and stuffing boxes and the disk friction, The disk
friction is hydraulic in nature but {s grouped under

mechanical losses since it is external to the flow through
the punp and does not result in a loss of head, The

machanical efficiency is the ratio of the power actually
absorbed by the impeller and converted into head to the

power applied to the pump shaft

gm -
where the value of X depends on the units, 3y sube
stituting for 2 ita value QO = .'Qp for H its value
= ey, and for K its valus K -“feiailau. the relationship
between the partial efficiencies and overall efficiency
can be obtained as follows,

'
‘o"%?'—
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YV 8y x @pHy
% ° TUYgH 78]

- Q"‘h‘ﬂ essessesnass (12)

%
2, 6, Dasign Procedure

Tha design of a pump impeller involves the following
stens,

2, 6. 1. Selection of speeds,

To meet given head capacity conditions the rotative
speaed is selected first. This establishes the specific
speed or type of the impeller, Selection of the speed
is governed by a number of considerations.

i+ Type of driver available for the unit

ii, Higher specific speed results in a smaller pump
and cheapar driver

iii. Optimum hydraulic (and total) efficiency possible
with each type varies with the specific speed.

iv. If the total head required cannot be produced in
one stage, it is divided into two or more stages,

The head per stage also affects the final specific
speod and hence the expectsd efficiency of the pump,

Having established the specific speed of the proposed
impellers, the designer looks for suitable configuration
from existing impellers of the ssme smpecific speed which
have satisfactory hydraulic performance, ie. suitable
slope of the head capacity curve gnd acceptable efficiency.
Besides the required specific speed the model should be
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of the same class of puwp and be of suitable mechanical
type., For instance an impeller of a multistage pump
would not be a suitable model for single-stage overhung
construction with an end inlet, The reduction factor
or multiplier to be added to the existing model is found
by the use of affinity formulae, Design of an impeller
for which no existing type is available is made from
basic design constants,

2, 6, 2, Redugtion factor or Multiplier,

If an impeller which is selectad for a model is
rated Q 1lps at Hl m head at n, rpm and its impeller
diameter is D, and the new impeller 138 required to produce
Qy 1ps Hy, m head at n, rpm with an impeller diameter D,
the specific speed of both should be the same,

ny0y’ Hit = 00y itf

In addition, the following relationship between model
and prototype with regard to capacities and heads can be
established,

0, = 0y tny/n,)
Hy = Hy 2 (ny/n)?
where £ = D‘,?/I:b1 is the reduction factor or multiplier,.

From equations above formula for reduction factor £ is
obtained:

n/ [H ny H
£ S B
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Expression (n/VH) is referred to as "unit speed"
meaning rewvolutions per mimute, needed to produce unit
head by a given impeller, It is also possible to express
the factor £ in terms of cCapscities and speed,

3 Qy/n; MmO,
£ et RN

Q/n is referred to as unit capacity and represents
litres per second per revolution for a given impeller,
2, 6. 3, New Impeller Design,

To design a new impeller for which no model is
available designers use “"design factors" established
experimentally from successful designs that give direct
relationship batween the impsller total head and caspacity
at the design point and several slements of RFuler's
velocity triangles, Thess are dimensionless velocity
ratios independent of the impeller size and speed which
are correlated on the basis of specific speed for
different impeller discharge angles. In addition a
number of ratios of important linear dimensions, not
directly related to velocities, are found helpful in
perfeating hydraulic design of impellers, The ratios
are entirely experimental. The degree of perfection
of a Gesign is measured by the value of the pumnp hydraulic
efficiancy.

The impeller profile and vane layout is possible if
the following elements are knowns
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i. Meridional velocities at inlet and outlet
ii, Impeller outside diameter
iii, Impeller vane inlet and cutlet angles.

These same quantities determine both Euler’s entrance
and discharge triangles., For straight radial vanes, all
particles of fluid enter and leave the impeller at the
same diameter, and the vane is "plain" or of single
curvature. Thus only one entrance and one discharge
triangle determine the impeller design. For mixed flow
and axial flow impellars velocity triangles are drawn for
several streamlines. Three streamlines will be usually
sufficient for average mixed flow and axial flow impellers.
Variation of vane angles along the radius determines the

vane curvature and “twist®,

This angle is the most important design element, It
has been shown that the theoretical characteristicsare
determined by the vane angle alons, In practice, /32 is
stil)l the deciding factor in design, All the design
constants depend on the value of 2, . Therefore a choice
of ,@2 is the first step in selecting impeller design
constants, This selection is based on the consideration
of the desired steepness of the head-capacity curve and
whather or not a maximum ocutput is desired from the
impeller of a given digmeter as both normal head and
capacity increase with the angle ;32 e If thare are mo
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such limitations, selection of 3, is made for an optimum
efficiency, or normal design,
2. 6+ 5. Spesed constant,

A speed constant is a factor giving the relation
between the pump total head and the impeller peripheral
velocity,

The speed constant is defined as follows:

Uz
Ka = L

This was originally introduced for hydraulic turbines
and later adopted by punp engineers. In this definition,
Ku is a ratio of Uy o the free jet velocity under head H,
It is used for calculation of the impeller diameter when
the head H is given and the speed is selected, Herdert
Addison (1976) proposaed that for a good axial flow pump
the value of K, should be in between 2 to 2.7.

The equation h = qﬂ/nzbz termed as “specific head"
means input energy per unit mass per rewvolution and with
an impeller of unit digseter, It remains constant for
all similar impellers. Affinity formulae follow from this
property of the specific heady for a given D, head varies
directly as square of the speed to satisfy the above
condition, Also if n is kept constant, these head H
varies directly as the square of the impeller diameter.

As a dimensionless factor the specific head expression
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is slightly modified and is known as the "head coefficient",
It is noted by

- H
5& "2579
2. 6. 7. The Capacity Constant,
Capacity t is defined by c.z
constan s -
Kn2 2o

Where C,. is the meridional velocity at discharge,
2. 6. 8, The Cepgcity Coefficient,

This is used as a capacity design constant and ias
defined as # = c_,/‘oz

Whare C o is the meridional velocity at impeller
discharge, for the best efficiency point based on the
net discharge area (excluding vanes and disregarding the
leakage) The capacity coefficient increases for higher
specific speeds at constant values of 3 ,. Also, ¢
increases with the angle /5 5 for a constant specific
speed. It is connected to K ., as follows;

In oxrder to complete the impeller profile, the
meridional wveloecity at entrance should be also known.

is is given by the ratio

Cm1
&lﬁm-

This is calculated for the area at the vans entrance



tips, omitting the leakage. The vane thickness can be
diasregarded as the vane tips are usually tapered, and
Cpy Can be assumed to be the velocity just ahead of the
vanes,

Neglecting leakage introduces an error in vane
angles /4 and Bz for several stream lines as determined
from Euler's wvelocity triangles, Comparing to the
inaccuracy resulting from the assumption of a uniform
meridional velocity for several streamlines, this error
is negligible,
2s 74 Axial flow impeller design procedure

The design procedure for a single-stage axial flow
impeller is same as for a centrifugal impeller. The
design procedure involves the following steps,

(i) T meet a given sat of head-capacity requirements,
the speed is selected) thua the specific speed of the
impeller is fiwed., Due consideration should be given to
the head range, the proposed pump should cover in future
applications under the most adverse suction conditions,

(11) For the specific speed thus obtained, the hub
ratio and vane spacing (1/t) are selected, The number of
vanes is fixed at the same time,

(i11) The speed conatant and the capacity constant
are chosen next, These constants having been established,
the meridional wvelocity and impeller diameter can be
calculated and the impeller profile can be drawn.



(iv) The impeller vane profiles for both vane
curvature and vane twist, are drawn after the antrance
and discharge vane angles for several stpeamlines are
established from Euler's entrance and exit velocity
triangles, In drawing the vane profiles for several
streanlines, airfoil shapes are good to follow, but
the vane thickness should be kept to a mininum consistant
with the vane mechanical strength,

2. 8, Experimental Design Factors

There are a number of design elements of axial flow
pumps which do not enter into the theoretical discussion
although thay affect directly the performance of the
axial impellar, These include: (1) hub ratio, (i1i) number
of vanes, (iii) vane thickness, (iv) turning of vanes on
the hub as it occurs in adjustable vane impellers, and
(v) pump casing, with or without diffusion vanes,
Selection of any of these design elaements depends upon
experience, As more factors are involved it depends upon
the skill of the designer to discern the effects of these
several variables leading to the optimum hydraulic

performance.

2. 8, 1, Impeller Hub Ratig,

The ratic of impeller hud dimmeter to the impeller
outside diameter is directly connected with the specific
speed of axial flow pumps, Pumps with higher specific .
speed have smaller hubs, which give a greater free area for
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the flow and a smaller diameter to the average streamline,
resulting in a grester capacity and a lower head, Pigure 7
gives the hudb ratio for various specific speeds compil =
(Stepanoff, 1967) from a number of modern axial flow
pumps and blowers. The hub ratio is the most important
design element controlling specific speed of the axial
flow impeller,

2. 8. 2. Chord-Spacing Ratio,

‘The chord-spacing ratio (1/t) is another important
design element which is selectsd on the basis of previous
experience, For axial flow pumps of specific speeds of
10,000 rpm and higher, the ratioc (1/t) is less than
unity. It is posaible to obtain the sane values of (1/t)
with a different number of vanes. lhe ‘actual hub ratios
and number of vanes for different specific speeds are
marked for each point on Fig. 7.

2. 6. 3. Number of Vanes,

Kaplan (1935) found that for a given wetted area of
the vane (1/t) the number of wvanes should be minimum,
This was also confirmed by Schmidt, He showed that a
two-vane impeller was most efficient with a projected
vane area of about 63 per cent.

with heavy vanes and a low chord angle, the maximum
number of vanes is almost fixed since adding vanes will
restrict the free area of the flows The normal capacity
will decrease and efficiency will drop.
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Schlimbach (1935) showed that the head produced is
essentially the same for all vane setting and thus is a
function of the vane curvature (2, = /) alone.

2. 8+ 5. Vane Thicknesg,

Bekert (1944) tested two impellers, one with airfoil
vanes well streanlined and polished, the other of the
sama solidity and camber line but made of stamped steel
sheet vanas weidod to the hub, The performance of the
two impellers proved identical,

sekert (1944) also found that another impeller of the
same airfolil pattern but made of cast iron with the
trailing edge about 1/8 inch thick was lower in efficiency.
The efficiency reduction was caused by the greater relative
roughness of the cast iron vanes as compared to the
polished alloy vane. Excessive vane thickness results in
seperation and noise with high pressure high speed
impellers. Thus the advantage of airfoil sections lie in
the fact that they nermit the desired mechanical strength
with a minimum sacrifice of efficiency.

2, 9. Design for pump casing

The purpose of the diffusion casing of an axial flow
pump 13 to ¢onvert the tangential component of the absolute
velocity leaving the impeller into pressure., This is done
by straightening the flow as it leaves the impeller and dy
reducing the velocity.
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In addition to the reduction obtained by converting
the tangential welocity component into pressure, the
axial velocity is reduced by increasing the diffuser
diameter at the discharge. A small divergence angle
of the diffuser cone (8° total) is essential for an
effective conversion (Morelli et al., 1953; Stepanoff,
1967).,
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MATERIALS AND METHODS
3. 1, Objectives

The broad objective 0f the project was to dewvelop
an axial flow pump with improved efficiency which could
be economically used for dewatering and for lift {irrigation
purposes undesr low head conditions.

This project was undertaken with the following specific
objectives,

(1) To make a study of various water lifting devices
used in Kerala for agricultural purposes.

(i1) To ewvolve a systematic design for a propeller
punp which can be used for dewatering and for 1ift
irrigation purposes, |

(111) To fabricate the pump and evaluate its perfor-
mance by test,

(iv) To optimize the design of the pump and recommend
for commercial manufacturing.

3. 2, 3rief description of weter 1ifting devices in Kerala

Water lifters range from age-~cld indigensous water
lifts to highly efficient pumps. S8slaection of a suitable
water lifting device for a particular requirement depends
on the characteristics of thes source of water, the
quantity of water to be lifted, the depth to the pumping
water level from ground surfasoe, type and amount of power
available at that field and the economic status of the

farmer.



Many types of indigeneous water lifts are used in
Kerala., They may be mannmually operated or animal operated,
Based on the optimum range in the height of 1ift, thay are
grouped undexr devices for low 1lift, medium lift and high
life,

3. 2. 1. 1. Low head water lifts

The swing basket, Don, Archamedian screw and Water
wheel are used when the depth to water level is not more
than 1,2m.

Swing basket,

One of the most ancient water lifts is the swing
basket consisting of a basket or shovel like scoop to
which four roupes are attached, Two persons stand facing
each other and swing the basket to £ill in water, The
basket is raised and discharged into the field channel,
Dogs

The don is a mannually operated boat shaped trough,
closed at one end and open at the other end, The closed
end of the trough is tied with a rope to a long wooden
pole which is pivotad as a lever on a post. A weight is
fixed to the shorter end of the lever. The open end is
hinged to the discharge point. The trough is Aipped into
the water by applying the body weight and the force of

ths operator, wWater is lifted by the countereweight on
ths beam and is emptied,



40

Axcheswdisn scruw,

™he device is mannually operated and consists of &
wooden or metal wheel drum with inner partition in the
form of a screw, The screw is rotated by means of a
handle fixed to a central spindle, The spindle projects
from both ends and is supported near its ends by posats.
The drum is placed at an angle less than 30° with its
lower end in water, Wwhen the handle is turned, the
water moves up through the doum and discharges through
the upper end,

Hater wheel,

The water wheel consists of small paddles mounted
radially on a wrizontal shaft, The whael is fixed on
a close fitting concave trough, The wheel when rotatas,
pushes the water to the field through the trough.

3. 2. 1, 2, Medium Head Water Lifts.

Medium head 1ifts are used when the height of 1lift
is within the range of 1.2m to 10m, The Persian wheel,
chain pump, circular twoebucket l1ift and the countere
poise bucket lift are categorised into medium head lifts,

Of these counterpoise ducket lift is very popular in
Kerala. This device consists of a long wooden pole which
is pivoted as a lever on a post., A weight is fixed to
the ghorter end of the pole, This weight serves as a
counter weight to a bucket suspended by a rope or a rod
attached to the long arm of the lever., 7o operate the
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1i£ft a man pulls down the rope or rod until the bucket
is filled, The buaket is drawn up by the counter
weight, When the bucket reaches the ground level it
is tipped into a trough,

3. 2, 1. 3. High Head water Lift,.

Rope and bucket 1ife,

The only indigeneocus high head water 1lift in use
is the rope and bucket lift, The device may be operated
singly or in multiples of two or more working simultanecusly
powered by men or animals.

3. 2. 2. Windaill end Wydrauliq Rem,

Windmill and Hydraulic ram are two promising devices
t0 tap natural energy from wind and waterfalls respectiwvely.
Eventhough many farmers have been using wind povered
reciprocating pumps for irrigation from years back, it is
not so popular. Low velocity of wind during some months
and high initial cost are the two main reasons for less
popularity of windmill among Kerala farmers,

The hydraulic ram is an impulse pump which utilizes
the momentum of falling water, Advantage is taken of a
small fall in a running stream to lift water to a grsat
height.,. The ram can be installed where a relatively large
amount of water at a moderate head is available in a
stream with rapid fall, where the pump can be installed
in its bed to pump a small wolume ¢t a higher level than
the supply. Hydraulic ram known as the "Pump without Power”
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is rarely used in Kerala.
3. 2. 3. Puwps,

The puwmps usually used by the farmers of Ksrala are
centrifugal pumps , piston pumps, mixed flow pumps and
axial flow pumps. The primemover used is either oil
engine or electric motor,

The specific speed of an impeller is the most
valuable index of the type of pump, which is important
in determining the maximum head. The specific speed
of an impeller may be defined as the rewvolutions per
unit time to which a geometrically similar impeller would
run if it were of such aize as to discharge unit quantity
par unit time against unit head.

An indigenecusly fabricated axial flow pump with a
local name "Petti and Pars” is commonly used in Kerala
for dewatering,

3. 2. 4. Putyi end Perm,

A Petti and Para consists of a cylindrical wooden
drum (Para) with a horizontal outlet (Petti). The two
long sides of the Petti should be made of single piece
wooden planks, The rear end of the box is completely
closed and is provided with an inspection opening with
water tight sliding shutter, The front end of the box
is provided with a one wvay valve fitted on hingss with
suitable inclination so that water from outside will not
enter the Petti when the pump is not working. The top
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and bottom sides of the box is tongued and grooved to
make it water tight with wooden planks,

™he Para is of wooden planks with joints tongued
and grooved. Para is strengthened by providing angle
iron rings at the top and bottom, and by providing a
metal band at the middle, Holes are provided on angle
iron to join Para with another Para and Para with Pestti,
Para is provided with a protective inside cover where
the impeller works, made of sheet metal. A metal ring
is provided where the Para is connected to the Petti,
All rivets used for fixing angle iron, protective
cover etc., are of copper.

The impeller consistas of a cast iron hub to which
suitably shaped leaves are fixed, The impeller shaft
is made of mild steel, A suitable cast iron "stand tube*
is provided on which a heavy duty ball bearing works.

A collar is rigidly boltsd to the shaft and it reats on
the ball bearing, Two gun metal dbush bearings are
provided inside the "stand tube®, one at the top and one
at the bottom, T™e pulley is fixed in between two gun
metal bearings.

Figure 8 shows the different parts of Petti and Para.
At present Petti and Para is being manufactured by local
blacksmiths based on their practical axperience and s
the performance of each unit vary widaly.



3+ 3. Impeller Design
3. 3. 1. Specific speed,

The recquirement of the pump to be designed was
studied and the capacity, head, and speed of tha pump
were fixed, The c¢apacity fixed was 250 1lit/sec and
head was 1,5m, From the data available, for optimm
conditions speed of the pump is in between 600 rpm and
1000 rpm, So the speed of the pump was taken as 700 rpm.
From these data, the specifie speed of the puwp was
dstermined,

Stepanoff from his experimental studies, found out
that high specific speed pumps are having more hydraulic
efficiency., If the total head cannot be produced in
one stage, it has to be divided into two or more stages,
So the head was limited to 1,5m, The capacity was fixed
as 250 lit/seq, because it is easy to handle a medium
size pump. At the same time it needs only cheaper
foundation,

Ny = B \["q/x-x’/"

where L is the specific speed, in rpm,

K is the speed of the pump, in rpm,
H is the head, in feet,
Q is the discharge in gallons/minuta,

For the easiness of comparing the value of n.with
the values suggested Dy Stepanoff (Pig.7) the unit of
H and O are taken in FPS units,
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Ny, = N (ot

700/ 250 60
Ny = V 4.51%

(150/2.54 x 12)

3/4

N, = 12169,95 rpm
Ns was spproximately taken as 12200 rpm

Again in metric units, Kinematic specific speed
NVQ a
H' ] -
N = 700 ; V04250
8 1.5

“’ = 258,23 rpm

N, = 260 rpm (approximately)

Herbert addison (1976) suggested that optimum number
of blades is 3 to 3. Therefore number of blades was
fixed as 3. This value is in good agreement with the
value suggested by Stepanoff (Fig.7).

3. 3. 2. Horse power of the pump,
The horsepower of the pump was found out by using the

formula.

Hp = MQH
75 x s,
where Q is the quantity in m3/see.,
W is the specific weight in kg/mfi
H is the head in m,

e, is the overall efficiency.

L _1000 x 04250 x 1,5
HP = gt 0.80



HP = 10
The overall efficiency assumed was 50 per cent.
3. 3. 3, i } 1o
Mechanical cross section is given by
™
where A, is the mechanicel croass section in m?
Q' s the quantity to be pumped in m>
(eonsidering the wolumetric efficiency)
Cyy 18 the meridional weloeity in m/sec.

Q'1is given by
Q

%v

wheare o, is the wlumetric efficiency.
Cmi is given by

a1 * Ky [20H

Q "~
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where K1 is the coefficient of flow velocity or

capacity constant at inlet |
g acceleration due to gravity in o/mz,
Q' = Qe

0t = —22B0 o 0.270mY/sec.

Volumetric efficiency assumed was 90 per cent
a1 = Ruy J2OH
Kpy was assumed as 0,55
Car ® 0+55/2 x 9,81 x 1.5
Cuy ™ 2.98 m/sec,
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Am = Q‘/le
A, = 04278

A, D40332m

2

3¢ 3. 4, ud Ratio,
i racio = (dh/dz)
whera dh is the Alametar of tho hud,
dg is the imoeller outer diancter.
ad-itson (1976) sugjyested that for n00d parformance
of the punp, hud ratio smwuld be betwesn J.4 and 3,55,
tharefore hub ratlio was fixed as D.45,.

"he nachanical cross saction iz the oross section

at incaller, through which water flows,

A 2 2
Ty SR

A2 Ly 2
A, = =~ dz (1 - (d‘/dz) )
d, = (48 /71 = (8/8,)%))"

i
m (4 x 050932/ 7 (1 = 0.462)) 73

P

'ﬂz o3 Je 3979’&
52 = 39¢m

dh w 0,45 x 39
dh = 17,85

dh = 183cnm
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3. 3. 5. Inlet angle,

Inlet angle /4; is given by,

C
ml
Tbnﬁﬁ = —EI-—-

where cml is the meridional velocity at inlet.,
v1 is the absolute velocity at inlet,
DN A
U™ 50—
where D, is the mean diameter given by (dh+d2)/2
in m.
N is the speed of the impeller in rpm.

Cp1= 2.98

18 + 39
2

D = 0,285m,

U N x 0,285 x 700
1 -
60

U, = 10.45m/sec

2,98
m R A,
ﬁl 10.45

Tan g, = 0.285
/1 = Tan 1(0.285)
Py = 15.92°
Therefore inlet angle was fixed at 16°
3. 3. 6., Qutlet Anqle,
Always it 1s better to fix the outlet angle by trial
and error., Brunoeck (1961) practically proved that outlet
angle from 22° to 27° is good for efficient and effective



working of the pumps.
Prom the hydraulie point of view the theoretical
angle is given by
Qs

where 54 is the theoretical outlet angle ,

Cm2 is the meridional wvelocity at outlet .
02 is the absolute velocity at outlet.

Qu3 1s the tangential component of the absolute
velocity (theoretical) at outlet,

In axial flow pumps as water enter and leave the
blade at the same radius U, is taken as U, and C 4 18
taken as C_, or

Yy = 9
ap * Sm2
Cy3 18 given by the formulas,

Gu3 = geHyy/Up

#here ¢ is the scceleration due to gravity,
Hep is the theorutical head,
U, is the absolute veloecity at outlet,

H

Hen T
where @), is the hydraulic efficiency.
Prom these data the constructional angle ﬁz was f£ixed

L Y S—
mB3.“z‘°nxs
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- ﬁm/B \«\(?/ W'\‘f/',;\
Cus ,2 /fb/ THRISSU? Ea
ch = H/.h \:1\ SUNTTIN.
I 5 )‘:C\ \f“{b//
ch - 0.8 \)\/_"; o ’
ch - 1.875”.

Hydraulic efficiency was taken as 80 per cent

a8 8
Cu3 ™ iﬁ.l%
C“3 w 1,76 !VMQ

2,98
Tan B3 = {0.48 = 1,76

Ten@, = 0.3429
Tan g, = Tan ~1(0,3429)

23 ™ 18,93°

By = 19° (spproximately)

Theorstically angle £, will be less than 19°,

But from the literatures it is clear that the
performance of the pump is based on the difference between
the inlet and outlet angles and /2, is good in batween
22° and 27°,

Therefore [ , was selected as 24°

By Stodola formula slip factor /u is given by

7 8in 3
M= 1 2 2

where 2 is the mmbder of bBlades
/u-a 0.574

/A 18 again given by Cu2

q;;./"/




Sz  * Suap
Cyz = 0.574 x 1,76
Ca2 = 1,01
again Tan,le Ca2
Uy -

MB; " l‘é‘:%:'!'.m

Tan g, = 03187
By = Tan~t (0,3187)
By = 17.5°
The actual outlet angle 5, is less than the
theoretical outlet angle [y 50 the angle 3, practically
selected as 24° is reasonable, It also gives an allowance
for slip,
The validity of angle S, was again checked by
rfleiderer's semi-empirical relation,
/
where c:p is the pfleiderer's coesfficient ,
v'is a coefficient given by
L' m (1 to 1.2) of(1 + 8tnpj,)
(¢/1) is the pitech to length ratio,
Py and Pa inlet and outlet angles respectively.
P 1 to 1.2 of (1 + Sinf,)
y/wn taken as 1.1 (1+ Sing,)
(L m 141 (1 + Sin 2¢)
L w 1458



CP m 1,45

The vane spacing ratio (1/t) used is 0.5 (from the
graph)

Andrevkovats (1964) pointed out that the value of
% around 1.5 is reasonable. Therefore 3, selected is
also reasonable,

3. 3. 7. Vape spacing ratio,

Pitch of the blades is given by,

D
Z

.
whare t is the piteh,
D is the dismeter of the hub.
Z is the number of blades,
The vane spacing ratio (1/t) was assumed as 0.5
This walue is in agreement with the values given by
Stepanoffy (Fig.7).
t = .ZL}.&E_
t = 18,85em
t = 19om (spproximately)
(1/t) = 0,5
l = ¢t x 0.5
1 = 19 x 0,5
1 = 9.,5om
Therefore length of the blades was taken as 10cm .,



3. 3, 8, 4idth of the blades,
Width of the blades is given by

w -»

where d, is the impeller outer diameter,
dh is the hub diameter,

v = 39 - 18

w - 10.,50m
A clearance of 5Smm was given and the width was

taken as 10cm,

3, 3. 9. Design for the shaft,

The diameter of the shaft was fixed by using the

Torsion formula,
T
T = e (g,)a®
Horse power transmitted by the shaft is

. P - % A NT
where P is the horse power,
T is the torgue transmitted in kgem,
N speed in rpm,
(£,) is the allowable shesr stress in kg/cm’.

The horse power P of the pump is 10 and speed of the

pump is 700 rpm.

0 x 4500
Therefore T = T

T = 10,23 kg=m
T = 1023 kgeom



o
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The shear stress (f.) was taken as 450 Icg/cm2

a3 « .16 % 1033

T x 450
a’ = 11,580
A = 2,26cm

For safety the shaft selected was of 3.2om diameter
3. 3. 10. Design for Pump Casing,

In Petti and Para usually the area of cross section
of the Petti is always less than the area of cross section
of the Para, Here the open space in betwaen the impeller
hub and casing (including blades) is made equal to the
aexit cross sectional area,

50 in the design of the pump casing mainly thes above
cross sectional areas were taken into consideration.

The diameter of the casing at impeller is the
impeller outer diameter., Impeller outer diameter was
found out as 39%cm,

A total length of 46om was given for effective
conversion of tangential velocity component into pressure.
Then the diameter was reduced to 34.S5om: for continuous
uniform flow. At the impeller discharge there is loss
caused by high rate of shear due to low average velocity
in the casing and high velocity at impeller discharge
(Stapanoff, 1967). To avoid this loss the diameter of the
impeller was reduced to 34,5om after giving a length of
46cm for effective conversion of tangentiasl wvelocity
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component into pressure, with a small divergence.
The mechanical cross sectional areas,
A, = 0.0:3232
Ay = A

where 4 is the diameter of the pipe.

2
0.0932 = Z4—
2 093
a -tx9
a = 0.345m
a = 34,5cm,

The advantage of making the ares of cross section of
the casing equal to the area of cross section at the
impeller is double fold, (i) By giving a velocity gradient
after making the flow well established, the loss due to
shear can be reduced., (4{i) By making the area of cross
section of outlet (exit) equal to the area of cross
section at the impeller the rate of flow at these two
points can be kept almost equal and thereby reducing the
shocke
3. 4, Pabrication

The pump was designed and fabricated in the
Agricultural Engineering Ressarch Workshop at Manmathy,
The details are given under different sub sections.

3. 4. 1. Huby

The hub was made from 8 gauge M.S sheet, The sheet

was cut in correct dimensions and bent. The edges were
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walded together and the surface was finished, The bottom
side was covered with M,3 sheet in conical fashion.

Inside the hud there is a M,S bush inside the hub through
which the shaft passes. The bush and the hub covering
were joinad together by three M,S sheet pieces, which
were welded in between ths two. The bottom half of the
bush hole was made 30° conical, Plate 1 shows the dctiila
of the hub.

3. 4. 2, Blades,

The blades were cut in correct dimensions. Then the
blades were twisted from 16°* to 24°® in uniform variation.
Twisting was done by simple blacksmithy. BSlades were
then welded to .S flats, which were shaped in the correct
curvature to suit on the hub, On each flats two holes
were drilled in order to bolt the blades on the hub,

Plate 2 shows the details of blades.
3. 4, 3. Shaft,

The shaft uszed is 32 mm M,S. The bottom of shaft was
turned to 30° cone in order to suit tha hub, Beslow that,
shaft was threaded to check the impeller by check nut,

3, 4. 4. Bush bearing to support ths impeller,

Mis was made from teak woods, [he wooden bush was
inserted in a M.,S bush, This bush was fixed to the ecasing
by welding three M,S flats of 26 mm width and 13 ma thick.
Figure 9 shows the details.

3. 4. 5. Casinge
Casing was fabricated from € gasuge and 12 gauge
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M.S sheets. The casing upto a height of 66cm was made
from 8 gauge sheet, Tha other parts were made from

12 gauge sheet, The sheet was cut to its size, rolled
and welded, The bend of the pump casing was fabricated
by drawing the development on the M.S sheet, cutting
into pileces and welding together, Iwo outlet pipes of
length im each were fabricated from 12 gauge sheet,
Plate 3 shows the casing.

3. 4. 6, Pulley,

A pulley of 46cm dismeter and 15cm width was made
from 8 gauge M.S5 sheet and M,S flats of 52 mm width and
26 mm thick, The pulley hub was made from M,3 bar,
Pulleys of diameter 10cm, 13em, and 15cm were also
fabricated to suit the motor shaft,

3. 4. 7. Bearings,

Iwo 306 roller bearings were usad. One was fixed
above the pulley and other below the pulley. The bearing
blocks were supported by a support made in angle iron
which was joined on the bend of the pump casing by welding.
3, 4. 8, Belt,

The belt used was 4 inch width Y% inch thick 4 ply
Dunlop flat belt,

3. 4 9. Assembly,
The pump was assembled in the Agricultural Enginesring
workshop at Mannuthy, At the bend of the exit pipe, a

sesalingwas used to avoid leakage. The impeller was fitted
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to the shaft and checked by a washer and mut, The total
height of the pump is 2w,
3. 5. Testing

Testing was done at “overnment Engineering College,
Trichur, Pump was taken to the hydraulicslaboratory of
the Engineering college. It was installed in a large
tank {(pond) attached to the hydraulics laboratory. The
power unit used was a 15 HP, 3 phase induction motor,
Figures4 and 5 show the details of experimental set up,
3. 5. 1. Instruments and megsuring apparatus used.

The equipments used t0 measure the flow rate vas a
ractangular notch and a Hook gauge. The dynamic head
was measured by water manometer, The input energy to
the motor was taken by using an enexgy meter of energy
meter conscant 60, Time taken by the energy meter disc
for 2 rewiluticns was taken by a stop watch, A tachometer
was used to measure the speed of the motor and pump,

Before starting the testing, pump was run without
water and noted that there was no objectionable sound,
Then the tank was filled. Test was conducted for two
levels of water above the impeller, one 20cm above the
impeller and the cther 10cm above the impeller, The
accessory used to change the quantity of flow was a
stwatter at the exit, ™tal dynamic head at two points
ware measured using water manometers, one after the bend
and the other just above the impelier. Ihe manometer
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points are shown in Fig,9. The second manometer helped
to know the measurable hydraulic loss in betwsen the
two manometer points,

Testing was performed at constant sump level by
pumping the water to a channel and leading the water
to the same tank, For various quantities of flow,
manometer reading, height of water over notch, time for
2 revolutions of energy meter disc were noted, The
difference in speed of pump from full flow to minimum
flow was found as 10 rpm, which may be due to the slip
of electric motor. The quantity of flow was calculated
by using the formula (2/3) C4 \/'ii L H3/2
Cq is the coefficient of discharge,
L is the length of notch,
H is the height of water over notch,

where

The input to the motor was calculated by the formula

(n/e)x 520, 1990

Where n is the number of rewvolutions,
t is ths time for n revolutions,
K energy meter constant,
A sample calculation is shown in Appendix 1.
3. 6. Cost of the pump
The cost of the pump is calculated as %,3275/=
(Rupeas three thousand two hundred and seventy five only).
The details of calculation is shown in Appendix 2,
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RESULTS AND DISCUSSION
4. 1, Test data

The pump was tested at two levels of water above
the impeller; (i) 20 om above the impeller (ii) 10 om
above the impéller. For these two cases, the head was
measured at two pointsy one after the bend and the
other just above the impeller., In both cases efficiency
was found out, without considering the loss in between
the two mancmeter points at first, and then by considering
the loss. In the latter case loss due to velocity (V2/2g)
was also added., The tables 4,1, 4.2, 4.2, and 4.4
illustrate test data of dischatge capacities at different
heads,

4. 2. Operating Characteristics and results

In the first case (water level 20 cm above the
impeller) it was seen from the test result that discharge
varied from 165.19 lit/sec, to 39.53 lit/sec. against
the heads 1 m to 2.65 me The efficlency wvaried from 31.95
per cent tu 15.36 per cent, (Table 4.1).

In the second case (water lavel 10 cm above impeller)
the discharge varied from 147,46 lit/sec. to 30.31 lit/sec.
against the heads 1,1 m to 2.78 m. In this case the
efficiency varie’ from 28.69 per cent to 11.66 per cent
(fanle 4.3).

“hen the efficiency was calculated by considering the



Table 4, 1. Performance of pump without considering losses
(Water level 20cm above the impeller)

Sl.No. Total Ht, of Time for Q{(dis~- Water HP imput Overall
head water 2 revolut~ charge) horse 80% motor efficiency

inm over dons of in power efficiency eo%
notch energy lit/sec QH/75 and 75%
in om meter disc transmiss~
in seconds ion effici-
ency
1. 2.65 11.10 10,60 39.53 1.40 9.11 15.36
2. 2.48 12,30 11.00 46,11 1.52 8.77 17.35
3. 2,25 14,60 11.20 59,63 1.78 8,62 20,73
4, 1.98 15.90 11.80 67.76 1.79 8417 21,89
Se 1.92 18,70 12.40 86,43 2,21 7.78 28,41
6. 1.71 21,10 13.00 103,59 237 T.42 31.89
e 1.41 23,90 13.60 124.88 2.35 7.09 33,07
8. 1,00 28,80 14.00 165,19 2,20 6.89 31.95
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Table 4. 2. Performance of pump considaring losses
(Water level 20cm above the impeller)

Sl., Mano Ht, Time for Q(dis~ Total Water HP input Overall
No. meter over 2 rewolut~ charge v2 head horse 80% motor effici-
head notch ions of 1it/sec 5q in power efficliency ency
m, in cm energy me- m m QH/7S 75% trans- e,
tar disc mission %
in sec. efficiency.
1. 2,90 11.10 10.60 39,53 0,0092 2,90 1.53 9.12 16.83
2. 2,73 12.30 11.00 46,11 0,0125 2,73 1.68 B8.77 19.20
3. 2,50 14,66 11,20 59.63 00,0210 2.52 2,01 8,62 23,32
4. 2.24 15,90 11,80 67,76 0,0269 2.26 2.05 8417 25,09
Se 2.17 18,90 12,40 86.43 0,0438 2.22 2,56 7.78 32,90
6. 1.98 21,10 13,00 103,59 0,0630 2.04 2,83 T.42 38,09
Te 1.68 23,90 13.60 124.88 0.0920 1.77 2,96 7.09 41,68

8. 1.28 28,80 14.00 165,19 0.1600 1.45 3.18 6.89 46,19

0L



Table 4, 3, Performance of pump without considering losses
(#ater level 10cm above the impeller)

Total Ht, of Time for Q(dia- Water HP input Overall
head water 2 ravolut= charge) horse 80% motor efficiency
inm over ions of in power efficiency ‘o"
notch energy 1it/sec QH/7S and 75%
in om meter disc transmiss-
in seconds ion effici-
ency
1. 2.78 9,30 10,00 30.31 1.13 9.65 11.66
2. 2,63 10,30 10,20 35,33 1.24 9,46 13.11
3. 2.48 14,00 10.60 55,98 1.85 9,11 20,31
4. 2.15 16,80 10,80 73.59 2.11 8,90 23,71
S. 1.95 19.00 11.20 88,52 2.29 8.62 26,64
6. 1.74 20,95 11,60 102.50 2.38 8.32 28,61
7. 1.54 22,50 12.20 114,10 2.34 7«91 29,61
8. 1.10 26,70 12,80 147.46 2.16 7.54 28,69

cl



Table 4, 4, Performance of pump considering losses
(Water level 10cm above the impeller)

8le Mano Ht, Time for (Q(dis Total Water HP input Overall
No. meter over 2 revolut~ charge) V- head  horse 80X motor effici-
head notch ions of lit/sec 2g in power efficiency ency
m, in om energy me- m m QH/75 75% trans- e,
ter disc mission %
in gec. efficiency
1. 2,98 9,30 10,00 30,31 00,0054 2.99 1.21 9,65 12.50
2. 2.83 10.30 10.20 35.33 0.0073 2,84 1.34 9.46 14.16
3. 2.68 14,00 10,60 55,98 0s0180 2.70 2.02 9.11 22.17
4, 2.35 16.80 10,80 73,59 04,0320 2,38 2.35 84,90 26,40
S5e 2.15 19,00 11.20 88,52 00,0460 2,20 2.59 8,62 30.14
€e 1.24 20,95 11.60 102,50 0.,0620 2,00 2.74 8.32 32.93
e 1,74 22,50 12.20 114,10 0.0764 1.82 2.78 7.91 35.15

8. 1.32 26,70 12,80 147.46 0,1280 1.45 2.85 7.54 37.79




1osse3, 1t varico? fron 16,83 to 46,19 against a head
3Ff 2473 m LU leéd n (fmdle 442) and 12,95 per cent to
3777 per cont agalnst @ heald Of 2437 u Lo 1l.45m
(rasle 4.4), rascwctivelye

in vae osciginal design, aigcharge +as 25) lit/s-e.
againe. a8 hesz! of lo5 a for 19 Hr, he overall =2fficlency
asgsure i was S50 per cente The maximun dizenarge cotaine?d
fros the ast result was 165,19 lit/sec. against a head
Of ledS m (lavlae 4edy Slelive8), an’ the naxinum working
capacloy was 16%,19 lit/sac, against a rnad of 1 me The
fnout I taken was 9689 {imale 4,1, 5leinel)e Tho iz
charje ontained at designed head (1.5 m) was 121 lit/sec,
with an eificlency of 33,00 par cenz (from T13.10).

Jhen tho weoor lavil was 22 on adove the impaller
che ov rall efiiciency incrzased £ron 18,30 per ¢wnt %0
33,07 par eant ang than docorsazed {withwoi considering
4G350u) e 3Bimilarly, whan the water lovel was 10 on
asove tne fLarellar the ovarall =fflciancy incresased fron
liens & Jietd Dor cont and choa dxgreased.,  dschargs
Sotacasd at dusigned Bead (1.5 md wau 124 liv/3ec. with
an efficlenc; i 23.% por cont (Pig,12) {llustrates the
crzulie 1n Shieze wwe @uses {(twoe lovel: oF water) the
Jiffarenc: {n uaximun efflciencies was (33,37 « 23,41)
= Ja47 por conc and che A Efaranc: in the wfficiascies

at naximum discharge wags (31,35 = 28,69) = 3,26 per cent,
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From the test results it is obvious that the hydraulic
loss is very high. 1In both cases, when hydraulic losses
(measured) are added, the overall efficiencies vary widely.
4. 3, Causes of Loss and Anticipated Rectifications

Carried out in the Design

The hydraulic loss is not fully messurable., The
reason for this is that there are so many factors contri-
bute to the hydraulic losses, Even the combined effect
of sll these factors cannot be measured accurately.
Hydraulic losses are caused by (i) skin friction (i4)

Eddy and separation losses Que to change in direction and
magnitude of the velocity of flow. Because of the latter
reason the casing design was done mainly for the volumetric
capacity. If the casing design would have beaen done only
for converting the tangential component of velocity into
pressure, then the flow would be disturbing the velocity
distribution, If the case is as above, in the channel

from the suction to the discharge point there is no single
stretch flow path where either the direction of flow or

the area and shape of the channel is constant, Moreover
part of the channel is rotating. It is not easy to predict
that whether the design of casing for volumetric capacity
is efficient or not, because the head-capacity, efficiency
and power input are 80 correlated that a change in one is
followed by a change in the other two,
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Losses at the impeller entrance and exit are usually
called shock losses, Liquid flow in a pump tends to avoid
shock by acquiring prerotation at the impeller inlet and
by estadslishing a velocity gradient in the wvolute casing
at the impeller discharge, thereby cushioning the shock.
The nature of the hydraulic loss at the impeller entrance,
when liquid approaches at a high entrance angle, is that
caused by a sudden expansion after separation. At the
impeller discharge the loss is mostly caused by a high
rate of shear due to low average velocity in the casing
and high wvelocity at the impeller discharge. 3ut in this
design all these factors were considered judiciously.

High specific speed pumps, particular}yof the axial
flow type, have input horse power curves which rise sharply
towards zero capacity. In some cases the zero capacity
may be twice or more that at the maximum capacity. This is
a very undesirable feature because the head on propeller
pumps varles with water level variations in the suction or
discharge reservoirs, and hence requires an oversize motor.
The test results revealed that the variation in input HP
was not highs In the first case it varied only from 6.89
to 9.11 HP (Table 4.1) and in the second case it varied
from 7.54 to 9.65 HP (Table 4.3). This is a comnendable
characteristic of the pump, because attention of designers

hasbeen directed towards developing, types of propeller
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pumps having a lower value of HP at shut-off,

If at zero capacity the liquid in the impeller
rotates at the same speed as the impeller, the imput
horse power is a minimums These conditions are aspproached
with low specific speed centrifugal impellers, where because
of narrow impeller passages, the exchange of momentum
between the liquid inside the impeller and that in the
casing is limited. On the other hand, in mixed flow snd
axial flow pumps the exchange of momentum at zero cspacity
between the liquid in contact with the impeller vanes and
liquid in the pump casing takes place most freely. As a
result power is wasted in eddies and the input HP increases
towards shut-off.

As the blades were made from M.S sheets by simple
blacksmithy, the hydrauli¢ loss may be very high, because
the curvature and finish of the blades may not be perfect.
By using jigs to produce blades the hydraulic and overall
efficiencies can be increased, Directly connecting a low
speed electric motor to the pump, efficiency can be
increased to a noticeable extent,

During testing of the pump the quantity of flow
obtained was about half of the designed quantity, because
the wolumetric efficiency assumed for the design was
very high (90%). The overall efficiency of the pump
could be increased if a low value of wolumetric efficiency
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was assumed,

Only after redesioning and testing the pumnp atleast
for three times the design can be recom-ended for commerw
cial manufacturing, 3=scsusc of lack of time redesinging
was not done,

Tventhough the capacity fixed was 250 lit/sec,
against a2 head of 1,5 m the capacity obtained was 121
lit/sec. (consifering the losses when water level was
20 om a»ve the impeller), Steparcff (1967) found out
that laakage loss 2ecresses rapidly with increasing
aracific spead, Ther=fore by increasing the speéific
so2ad laakaas loss can 2e minimisad,

"ha Important desigm valussfor the pump is given
in th2 following tadle.

fanla 4,5. Design values.

-

Nascription Tesigned values
Jpecific sgpeed 250 rpm
murbetr c¢f blades 3
Tpeller outer diameker 39 om
a» dlameter 18 omn
inlet blade angle 16°
Gutlet blade angle 24°
31ip factor 34574
Snard constant 1,92
deas coefficienc 0.136
Cazacity constanht 0455

Capacity coefficient 0,287
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SUMMARY




SUMMARY

The objective of the project was to develop an
axial flow pump with improved efficiency which could
be economically used for dewatering and for lift
irrigation purposes under low head conditions. At
present, "Petti and Para® a crude from of axial flow
pump is used in Kerala for dewatering agricultural
fields. Petti and Para 1s usually fabricated by local
blacksmiths using their practical experilence, and
there is no scientific design for the pump. Petti
and Para using in Kerala is found to be less efficient,
In general, axial flow pump is more efficient at low
head high discharge conditions.

In the present investigation the basic require-
ments of the pump to be considered for the dewatering
of Kyttanad and Kole lands of Trichur were studied
first. Then the specific speed was found out, and
designed the pump. A thorough theoretical study
including fluid dvnamics inside the axial flow pump
was done before designing the pump. The effect of
various parameters involved in the design of an axial
flow pumy was carefully studied,

After designing and fixing the dimensions, the
pump was fabricated in the Kerzla Agricultural University
Research Jorkshop at Mannuthy. The blades were made

from 8 gauge M.S. Sheet by simple blacksmithy, The
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inlet and outlet angles of the bDlades selectad were
16° and 24° respactively. M2 @asing was also faorie
caiLe’ From ede s 0tse The kincmatic specific sneed
selected was 260 rnm, and the hud diam=ster and outer
diameter of the i{iwoeller were fixad as 18 om and 39 om

respectively. All the designed dimensions were compared

witn the wvalues civan by the plon:=rs in sump Jdesign

with their designse.

iacausz of the lack of faeility in the research
work shop, thae nuny was testod in the hydraulics
lasoratory at Sovernnent Tngineering College, [rrichur,
Mhe powar unit used was a 15 He elsctric notore rChe
input ensrgy to the aotor was measuresd by using an
energy aetor, of enargy mater constant 60, The
access ries used to meagure dischargs and head wers
a rectangular notch with hook gauge an:d water manoneters
raspectively,

During testing two manometers were used, one was
filxel just adove the imseller and the other was fixed
after the vend, This was Jone to note the measuradle
hydraulie loss in netween the twe nancnoter points,
Pesting was carried out at two levels of water above
the impeller, one 20 om ahove the i72maeller and the cther
13 ¢n aocova the iuseller, For the above two conditions

at deosigned head (1,5 m) the efficiencies obtained were
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33 per cent and 29,5 per cent raspectively at discharges
of 121 lit/sec. and 114 lit/sec. The maximum efficien=
cies obtained at these two water levels were 33,07 per
cent and 29,51 per cent against heads of 1,41 m and

1.54 m respectively at discharges of 124,33 lit/sec.

and 114,1 1lit/sec. Trhe maximum working capacity was
165,19 lit/sec, against a head of 1 m with an efficiency
of 31,95 per cent,

Comparing with the performance of Pettl and Para
and the Axial flow puno designed and developed by the
Department of Agricultural Engineering, College of
rechnology Pantnagar, this dasign is satisfactory.

Cavitation is an important factor in the operation
of pronellar pumps, 3ut in this design cavitation
mhenomenon was not considered, i the design by
considering the effect of cavitation, the efficiency
can be further increased,

Conclusion

Usually the efficiency of Petti and Para is around

25 per cent, The maxinum efficiency obtained in the
newly designed axial flow pump is 33,07 per cont,
Agaln comparing with the performance of the three bladed
high capacity pump designed by the Department of Agricule
tural Engineering, College of Technology Pantnagar (1982)
this design is wore perfacte The following table makes

it clear,



"anle 5. 1., Comparison of performance
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Head Discharge  “fficiency
Pamp variation Variation Variation
Pantnagar 1.3 m to 2,8 m 106 1lit/sec,
sump to 27% to 29%
130 lit/sec.
Kerala agri-= 1 m to 2,65 m 39,53 1it/ 15,364 to
cultural soce to  313,07%
Iniversity 155,19 11t/
amp 30Ce
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APPENDIX « X
SAMPLE CALCULATION
Data taken is 3th set readings in Table 4.1.
Haight of water over notch is 28,8 cm.
Discharge, Q = (2/3) Cy L JZg H/2

where L is the length of notch = 48,26 om
m 0,4926 m

H is the height over notch = 0,288 m

t:d is the coefficient of
discharge = 0,75 (assumed)

Q= (2/3) x 0,75 x (,4826) |2 % 9.81 (0,288) %2
Q = 0.16519 m>/sec.
Q0 = 165.19 1it/sec,

Total Head - 1m

“ater horse power - %

- 1689 x1
- 2,20

Input Horsepower
The input ¢o the motor

- (3 259, 4599

where n is the mwmber of revolutions of the energy
meter Aisc = 2
t i3 the time taken for n rewvolutions in
seconds = 14 sec,
K is the energy meter constant = 60,



Inputt HP tn motor

- bR
= 11,49
The efficiency of the 15 HP motor was taken as
(assumed) 80 per cent and the transmission efficiency
was taken as 75 per cant
80 the power input to the pump
= 11,49 % C.8 x C,78
s 6,89 ifp

Overall efficiency= W

e, = 2229
6.89

e = 31,95%



APPENDIX - II
COST OF PUMP

P8, Ps,

1, Cost of impeller material = 76 00

2, Cost of casing = 737 00
3, Cost of bush bearing (including

teak bush) and its supports - 32 00

4. Cost of shaft = 120 90

5. Cost of sealing - 5 00
6. Cost of two roller bearings ant

bearing blocks = 230 co

7. Cost of support for bearing blocks = 50 00

8., Cost of pulleys = 300 00
9. Cost of belt = 370 00
10, Cost of checknut = S 00
11. Cost of packing materials, muts,
bolts etc. = 100 00
12, Cost of welding rods = 250 0o
Labour cost = 1000 00
Total cost = 3275 00
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ABSTRACT

"petti and Para® a crude form of Axial flow pump
is used in Kerala for dewatering agricultural fields,
It is being fabricated by local blacksmiths and there
‘13 no scientific design for the pump. For low head
high discharge conditions Petti and Para is very
effective, but less efficient because of faulty
construction,

The broad objective of the project was to develop
an axial flow pump with improved efficiency which could
be economically used for dewatering and for 1ift
irrigation purposes under low head conditions,

In this investigation, a good amcunt of attention
was given to the fluid dynamics inside the axial flow
pump and theoretically studied the combined effect of
various parameters involved in the design of an axial
flow pump, Then the parameters were compared with the
approximate values given by the various researchers in
the field. The requirement of the pump to be designed,
at field conditions, were studied thoroughly and an
one dimensional design was done,

After designing and fixing the dimensions, the
pump was fabricated in the Kerala Agricultural University
Research Workshop at Mannuthy., Because of the lack of
facilities in the Rasearch Workshop, it was tested in

the hydraulics laboratory at the Government Engineering



College, Trichur., The power unit used was a 15 HP
electric motor, The accessories used to measure
discharge and head were a rectangular notch with
Hookgauge and water manometer respectively. Testing
was done with two levels of water above the impeller,
one 20 cm above the impeller and the other 10 cm above
the impeller, For the above two conditions, at designed
head (1.5m) the maximum efficiencles obtained were 33 per-
cent and 29.5 per cent at discharge 121 lit/sec. and
114 1it/sec, respectively. The maximum working capacity
was 165,19 1lit/sec. against a head of 1 m with an
efficiency of 31.95 per cent (20 cm above the impeller)
In the three bladed pump, the blades were fixed
to the hub by welding it to the suitably shaped (curved)
M.S flats and then bolting the curved M,S. flats to
the‘hub. The blades were twisted from 16° to 24° in
a uniform variation by simple blacksmithy. The
efficiency of the pump can be increased by using perfectly
curved blades, which reduces eddies and skin friction.
Comparing with the existing Petti and Para made by local
blacksmiths, it is found that the pump is cheap as well

as efficient,
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