Pump assembly



» Pump is used to raise the

pressure of a liquid ( water,
chemicals, petroleum,...)

If a turbomachine is used to raise
the pressure of a gas it is called a
Compressor or a Blower or a Fan,
depending wupon the pressure
developed.

» The classification of work

absorbing machines is as shown
in the figure below.
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Classification of Centrifugal Pumps
1.By the type of energy conversion,

Volute casing Volute casing with guide
blades



2. By the number of stages,

. Single stage

* Multi-stage

3.By impeller type,4. By the axis of rotation,

. open * Horizontal
* Semi-open * Vertical
* C(Closed,

5.By the method of drive,
*Direct ( rigid or flexible
couplings)

*Indirect ( gear drive, belt
drive)



*The centrifugal pump is a
pump and it works on the

principle of forced vortex flow.

*When a certain mass of fluid is

rotated by an external torque, the

rise in pressure head of liquid takes

place. The rise in velocity head (H ) at

any point of the rotating liquid is
proportional to the square of tangential

elocity ( U ) of the ligyid at that point.
M 1.1" e\(/eloc)itjzead(Hj%%f%z—f b




* At the outlet of the impeller where
radius is more, the rise in velocity
head (H, is more. The so obtained

velocity head is then converted into
pressure head (H,) as the liquid

passes through a gradually increasing
cross-sectional area of the casing
(volute).

Main component parts of a Centrifugal

Pump
1.Impeller
2.Casing
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1.Impeller:- it is a rotating part of a
centrifugal pump. It consists of a series of
backward curved vanes and is mounted on a
shaft which is connected to the shaft of a
prime mover ( Electric motor, IC engine, ... ).

2.Casing:- The casing (volute) of a centrifugal
pump is similar to the casing of a reaction
turbine. It is an air-tight passage where liquid
surrounds the impeller and is designed in
such a way that the velocity head (H,) or

kinetic energy of the water discharged at the
outlet of the impeller is converted into
pressure head (H,) or pressure energy before

the water leaves the casing and enters the



Volute casing with

Volute casing guide blades



3. Suction pipe with a Foot-valve and a

Strainer:- A pipe whose one end is connected to
the inlet of the pump and other dips into water in a
sump is known as a suction pipe. A foot valve which
is a non-return valve or one-way valve is fitted at
the lower end of the suction pipe.

4. Delivery pipe:- a pipe whose one end is
connected to the outlet of the pump and other end

delivers the Pﬁ‘j?&@ﬁ@ 6?%%&%“ is known as

eh ﬁg\/\}/)np in the figure, fluid enters axially
through the eye of the casing and is caught up
in the impeller blades, where it is whirled
tangentially and radially outward until it
leaves the impeller. In doing so, the fluid
velocity head (Hv) keeps on increasing.
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* When the fluid passes through the gradually
increasing cross-sectional area (casing or
volute), the velocity head (H, keeps on

converting into pressures head (H ).
* As a result, a high pressure liquid is obtained
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°In the case of centrifugal pumps, work is done by
the impeller on the fluid (water). The expression for
work done by the impeller on the water is obtained
by drawing

*In the design of such pumps, it is better to consider
a radial f )r best
efficiency

TANGENT TO /
IMPELLER AT

OUTLET

TANGENT TO

IMPELLER AT
INLET




Tangential velocities at the inlet (U,) and at the
outlet (U ) iI»given by, 2D,N

%="%0 *"apd

A centrifugal pump is the reverse of a radially inward flow
reaction turbine and the power (P, ) 1mparted by the water
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The head against which a centrifugal pump has to work
is called manometric head ( H_, ) and is given by:

1. H =Pumpotabutlehead Pumpotalnlethead

2 2
= p°+VO+ZO- pl-+\/; +Z
pg 29 prg 29
- - 2- .2 - f
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2.H,=H +) H,... wherdl =h, +h, isthestatidead
:Hs +hli +hﬁ +hlo +hfo

wheregh andh, aremajorindminorosse

3.H_=FEulethead Lossemtha@mpelleandcasing
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g
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» The shaft power ( P, ) supplied to the pump by the

prime mover is not the same as the energy received
by the liquid. This difference is mainly due to the
following losses:

1. Impeller friction losses :- are losses due to friction
between the fluid and the impeller surfaces.

2.Shock losses:- are losses due to the mismatch of the
fluid and metal angles at the inlet side of the
impeller.

3. Recirculation losses:- the pressure difference in the
impeller eye and tip can cause a recirculation of a
small volume of liquid, thus reducing the energy to
be transferred.

4. Leakage :- is due to the loss of liquid in-between the
impeller and the pump.

5. Volute friction losses:- this loss is as a result of a
mismatch of the velocitv leavina the imoneller and



Due to losses, shaft power supplied by prime mover is
not the same as the energy received by the liquid.

4 Pipe losses
“* Friction loss: due to b/n rotating face of the impeller & the
liquid
Give ° ', . |ost known Darcy -Weisbach equation
h_f = fﬁg.

f,is friction factor which can be read from the Moody diagram

for different pipe relative roughness (e/d) and Reynolds number
for turbulent flow. For laminar flow an approximate value can be

found by using f = 64/R,
< Elbow loss
“* Cross section change loss
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Pump Efficiencies
1. Mechanical efficiency ( n,3) Volumetric efficiency

_ Powersupplietbthefluidbythampelle n (:Tﬁla\/\rata]tthepum;mutlet
Im = Shafthower " Flowratdhrougthdmpelle
_PB _y,,U,) Q0
F, F, a Q+ AQ

2. Manometric efficiency ( ny )

Actuaheaddevelopéddythepump 4. Ogﬁg%u?ﬁ;ﬁéggp%etP)

e = Theoretitheaddevelopdolythampelle

H H Mo ) ShaftpoweftP.)

—_ m m
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g

HE :—’OgQ m =N, — PS =Tw
Tw




* In the actual flow through the impeller, the
pressure at the leading edge is higher than the
trailing edge of the impeller, that means the
velocity is lower at the leading edge and higher at
the trailing edge.
This leads to a non-uniform velocity distribution. As
a result, the fluid is discharged from the impeller
at an angle relative to the impeller less than the
vane angle.
The resvlg, 1S @Tgﬁﬁzuction in_the exit whirl or
tang@nﬁ@f* V_rél'ocityl rréRInEsthaquungbeof vape: ig
illustratedin the figure beloig.

Eulerseqnwithslip= = =oV,U,-V U,

S’ u2



* The dotted lines represent the velocity
diagram without slip. The angle B, (¢,) is the

vane angle. The solid line represents the
velocity diagram with slip. The angle p,.< f,.

It may be seen that V,,/ V,, .

 The ratio of V,/ V, is known as slip factor
(o).

e For pu Uy 90),the slip
factor e - s et
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* There are three possible orientation of the blade at
the outlet: forward curved, radial and backward
curved arrangements. The velocity triangles for the

three arrangements are as shown in the figure
be

LY
LI
| |-|—|..5—.-
F

e In case of forward curved, Vu, > U, and V, is larger
comparatively. In the case of radial, Vu, is equal to



Cavitation is the formation of vapors bubbles of
the working fluid, in the region where local
absolute static pressure becomes less than the
vapor pressure of the liquid at some temperature.
And when the fluid moves in a high pr region
these bubbles collapse giving a pr as high as
3500atm.

Doing so the enormous burst out pressure is
instantaneously changed to the high velocity of
the fluid element enough to pit the metal surface.
In turbomachines there are different occasions in
which low pressure regions may form where the
pressure can even down below the vapor
pressure of the liquid.



U Regions of Cavitation

» Suction region (Impeller eye in pumps)

» Regions of adverse pressure gradient

» Regions near air leakage (causes air cavitation)
J Causes that pronounce cavitation in pumps

» Suction side losses, Leakage and High impeller
speed

d To reduce the possible occurrence of cavitation

» Pr of the fluid should be>vapor pr at any point,
example absolute pr head should be>2.5m for water

» Use cavitation resistance materials like Al, bronze
and stainless steel

» Reducing negative suction head
» Reducing losses in the suction side
» Working at low temperature



4 Consequences of cavitation
* Low efficiency pump operation

* Pitting and erosion of metal surface and
premature pump failure

* Misalignment of shaft and bearing as a
result of vibration

d Symptoms of cavitation in pumps
* High noise
* Vibration

* Erratic pump operation (power
fluctuation)
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Net Positive Suction Head (NPSH)

* |Is the head required at the pump inlet (low pr.
Point where cavitation occur) to keep the liquid
from cavitation or boiling.

It Is also defined as a measure of energy
available on the suction side of the pump.

It is the height of the pump axis from the water
reservoir w/h can be permitted for installation.

NPSH is the pressure head difference between
the impeller eye, ~bhonlist~ ~-255yre and the vapor
pressure of the [NPSH _L-h }

Pyg




 Applying Bernoulli’s equation from pipe suction
end to impeller eye

P, — P, V2 — V2
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NPSHr and NPSHa

d NPSH required

is the NPSH head that is set by the pump manufacturer
in which the pump should operate above this value to
avoid potential cause of cavitation. It is obtained by a
thorough experimental investigation.

d NPSH available
is the NPSH value of the actual working condition.

* The same pump may face different systems and
working conditions so that NPSHa varies. Pump
users should always make sure that NPSHa >

NPSHr.



Pump priming

» Centrifugal pumps are not capable of pumping air.

> |t is because the density of water is almost 1000 times
greater than that of air. It means when some air is
trapped between the water and the pump suction, the
pump needs to develop a head 1000 times in order to
create the same suction effect to the liquid which is
Impossible.

» Therefore, it is inevitable to remove the air. Pump
priming is a manual way of removing air by filling water
inside the impeller casing which displaces the air.

» Suction pipe, casing of pump, portion of delivery pipe
should be filled with lig. to be pumped.

» Pumps which can automatically prime themselves are
called self - priming pumps.



haracteristic Curves of a Centrifugal pump

It is important to identify the difference between
pump and system and the corresponding
characteristic curves.

When we say pump we are considering the process
between the pump suction eye to the pump outlet.
The system is the whole piping system both in the
suction and delivery sides.

Therefore, pump  performance and  system
performance are different but needs to be
compromised for best overall performance.

Curves plotted at N=constant, Q independent
variable, and H, P and efficiency are common
dependent variables.

Most of the performance curves in pumps are given
by discharge Vs head, break horse power and
efficiency.

C'I'In.lr‘\ raah b b ar vy eaVYel 'pf\'lf" - T T VYN VN f'\'lf‘\f] n'r-rn"-nvv\ Tt alVla 'V'\-If\'l"l‘f\f] ';'If‘\ ™\



* Shut off head point is the point at which the pump
develops the highest head but no discharge.

* Run out point is the point at which the pump delivers
maximum discharge with zero head. The theoretical
run out and shut off head points can be estimated from

U U, cotf,

HP = - .
g mD2bag

* The actual Characteristics curves of a Centrifugal
pump are curves with the help of which an exact
behavior and performance of the pump under different
working conditions can be determined. These curves
are plotted wusing data obtained from the test
conducted in the laboratory.

The important curves to be plotted are:
Main Characteristic Curves,

Operating Characteristic Curves,
Constant Efficiency Curves.
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Multi -Staging in Pumps

* Multistage pumps are employed to produce a high
head or a high discharge.

d Pumps in serious: When we need to increase the
head we should connect pumps in serious. The
volume flow rate remains constant since similar
pumps are connected usually.

A single pump failure results in system failure.

Jd Pumps in parallel: This is applied when more
discharge is needed. The head remains constant
when similar pumps are connected.

* But the point where the multi - staged pump curve
Intersects the system curve should be the duty point.
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Advantages of Multi staging

» A higher suction lift is possible because of lower
specific speed of individual impeller.

» The stresses induced in the impeller are less than
that in a single stage pump.

» The loss due to friction in a multi stage pump is
less than that in equivalent single stage pump.

» The slip leakage in multistage pump is small.

» Number of stages can be chosen so that the
speed of the pump suits to the speed of the
motor.



Centrifugal Fans

d Rotating impeller increases air velocity
J Air speed is converted to pressure

4 High pressures for harsh conditions
* High temperatures
* Moist/dirty air streams
* Material handling

4 Categorized by blade shapes
* Radial
* Forward curved
* Backward inclined



Centrifugal Fan Impeller Types

Forward-curved fans are used in clean
environments and operate at lower
temperatures. Well suited for low tip

speed and high air flow at lower
ilrdgns have high static pressures

(up to 1400 mm WC) and can handle
heavily contaminated airstreams. Well
suited for high temperatures and

pedinm-hladetiBPFPEadSre more efficient

than forward curved fans. Also known as
"non-overloading” because changes in
static pressure do not overload the motor



Type Characteristics Typical
applications

Radial

Forward

curved
blades

Backward
curved
blades

Airfoil

High pressure, medium flow,
efficiency close to tube axial
fans, power increases
continuously

Medium pressure, high flow,
dip in pressure curve,
efficiency higher than radial
fans, power rises
continuously

High pressure, high flow,
high efficiency, power
reduces as flow increases
beyond the point of highest
efficiency

Same as backward curve

Various industrial
applications,
suitable for dust
laden, moist
air/gases

Low pressure
HVAC, packaged
units, suitable for
clean and dust
laden air/gases

HVAC, various
Industrial
applications forced
draft fans etc

Same as backward






Example 1
A centrifugal pump impeller runs at 1400 rpm, and|

vanes angle at exit is 25°. The impeller has an external diameter of 0.4 m and an
internal diameter of 0.2 m. Assuming a constant radial flow through the impeller
at 2.6 m/s, calculate (1) the angle made by the absolute velocity of water at exit
with the tangent, (2) the inlet vane angle, and (3) the work done per kg of water

Solution:
1. Impeller tip speed is given by
wDN  w(0.4)(1400)

5 = 29.33
U, 60 60 9.33 m/s

Whirl velocity at impeller tip

Cr'? 2.6
= 7 — = . 3 T T 23
Coa= Us — 29.3 —— 75 m/s I
2




Now, from the velocity triangle at impeller tip,

’ 2.
L2 g = 0.1095
Cia 23775

Therefore, «, = 6.25°.
2. Impeller velocity at inlet

_ @DIN  7(0.2)1400

tan q; =

Uy &0 &0 = 14.67 m/s
Ch 26
tan B = U 1467 0.177

Therefore, 8, = 10.05°,
3. Work done per kg of water 1s given by

CozUs = 23.75(29.33) = 096.59 Nm = 696.59].




Example 2

A centrifugal pump runs at a tip speed of 12 m/s
and a flow velocity of 1.5 m/s. The impeller
diameter is 1.2 m and delivers 3.8 m3/min of water.
The outlet blade angle is 28° to the tangent at the
Impeller periphery. Assuming that the fluid enters in
the radial direction and zero slip, calculate the

torque delivered by the impeller.

CH=E=(UCy>; — U,Cy1)g. Since C,,; = 0, as there is no inlet whirl
~ component, head H is given by

UsCya Us e 12 1.5
H=—= = Uy —- = | =— o T :
g o tan 28 9.81 tan 28

=11.23m

. J 1000(9.81)(3.8)(11.23)
Power delivered = pgQH -~ =
ower delivered = pgQ . 60(1000)

= 6.98 kW

Torque delivered = Power/angular velocity = 6980(0.6)/12 = 349 Nm.
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