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Centrifugal Pump
A pump is a hydraulic machine which converts mechanical energy into hydraulic
energy.
The hydraulic energy is in the form of pressure energy.

A centrifugal pump is also known as a rotodynamic pump or dynamic pressure
pump.
It works on the principle of centrifugal force.

The main parts are impeller rotating within a casing, suction pipe with a foot
valve and a strainer, and delivery pipe.

Fluid enters the impeller in the central portion , called the eye, flows radially
outward, and is discharged around the entire circumference into a casing.

During flow through the rotating impellor the fluid receives energy from the
vanes, resulting in an increase in both pressure and absolute velocity.

Since a large part of the energy of the fluid leaving the
impeller is kinetic, it is necessary to reduce the absolute
velocity and transform the larger portion of this velocity
head into pressure head.

This is accomplished in the volute casing surrounding the
impeller or in flow through diffuser vanes.
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Volute Casing

In volute pumps the impeller is surrounded by
a spiral case, the outer boundary of which may
be a curve called a volute.

The absolute velocity of the fluid leaving the
impeller is reduced in the volute casing, with a
resultant increase in pressure

The efficiency of pump increases slightly as a
large amount of energy is lost due to formation
of eddies in this type of casing.

In the diffuser (doughnut-shaped) pump the
impeller is surrounded by diffuser vanes which
provide gradually enlarging passages to effect a
gradual reduction in velocity.

Because of the superficial resemblance to a
reaction turbine, this is often called a turbine
pump.

The diffusion vanes are usually fixed or
immovable but in a very few instances they have
been pivoted like the guide vanes in a turbine in
order that the angle might be changed to
conform to conditions with different rates of flow.




Work Done by a Centrifugal Pump

In centrifugal pump work is done by the impellor on water.
It is found out by drawing velocity triangles at inlet and outlet of the impellor in
the same way as for a turbine.

The water enters the impeller radially and at inlet for best efficiency of the pump,
which means the absolute velocity (V,) of water at inlet makes 90° with the
direction of motion of the impeller at inlet, hence, a = 90°, Vw, =0, and Ve, = V..

N = speed of the impeller in rpm

D, = diameter of the impeller at inlet ———
D, = diameter of the impeller at outlet <73 V %
: . . . = gV,
u, = tangential velocity of the impeller at inlet = mtD,;N/60 | z ‘ . |
u, = tangential velocity of the impeller at outlet = nD,N/60 TANGENTTO _— ' * o = =
. L . IMPELLERAT ~  ~ &* 7. '
V, =absolute velocity of the liquid at inlet OUTLET £ oAN v |
V, = absolute velocity of the liquid at outlet. | y PASIEE B . /
Ve, & Vg, = velocities of flow at inlet and outlet, respectively  tancentto /77 3
) . ) ) IMPELLERAT N\ X'/ [ % j &
V., & V., =relative velocities at inlet and outlet, respectively INLET TR W 21/,
Ww, = whirl velocity at inlet = V,co0s90 = 0 (radial flow, o = 90°) g
Vw, = whirl velocity at outlet Velocity triangles at inlet and outlet.

a & B = angles between absolute velocities and direction of motion of vane at inlet and outlet,
respectively
0 & ¢ = vane angles at inlet and outlet, respectively



Work Done by a Centrifugal Pump

* A centrifugal pump is the reverse of a radially inward flow reaction turbine.

 For a series of curved vanes the force exerted can be determined using the
impulse-momentum equation:

* The work done/sec/weight of the liquid striking the vane:

WD/s/W = —[work done in case of radial flow rection turbine)
1 1 .
WD/s/W = —3 (leu1 — szuz) = (szuz — leul) since, V,,, =0

WD /s /W =+ (V1)

w : :
WD /s = 5 (szuz) also from velocity triangles,

2_ 12 2_..2 2 _y2
Weight (W) =yQ = yaV WD/s/W= szgV1 n uzzgul n Vrlngrz
Q =AV

* where B, and B, are the widths of impeller at inlet and outlet, respectively.

 The equation of work done/s/W gives the head imparted to the water by the
impeller or energy given by the impeller to water.



Manometric Head Developed by a Centrifugal Pump

* The head of a centrifugal pump may be expressed in the following ways:
(1) Static head (2) Manometric head

1. Static Head: The sum of suction head and dellvery head is known as static head
(H,), mathematically, : ;

H, =h,—(-h,) | i i e
Hs = hd + hs 7 | AaGiR ‘ || DELIVERY
i.  Suction Head: . " ¢ _ f
 Itis the vertical height of the centerline of the | | | ~\~</*r¢~ L
pump above the water surface in the | | | J:*7"‘\ y
tank/pump from which water is to be lifted. | EYEO"” -
. It is also called suction lift and denoted by -h.. | | B | ‘ o ol
i o
ii. Delivery Head: | el
*  The vertical distance between the centerlineof + . | | "
the pump and the water surface in the tank to \
which water is delivered (h,). Bl 0 s Ane



Manometric Head Developed by a Centrifugal Pump

2. Manometric Head:

* The head against which a centrifugal pump has to work is known as the
manometric head.

* The official code defines this head on the pump as the difference in total energy
heads at the suction and delivery flanges

* Itis given by the following expressions:

a) H A = head imparted by the impeller to water — loss of head in the pump
V(x) 2 . . .
H = ;u — loss of head in impeller and casing
H, = % if loss of pump is zero
b) H = total head at outlet of pump — total head at inlet of pump
H,_ [ + Z,| - [ +L + Z;
c) H, = [hs + hy] + lhs, + by, ] + Vd (total, gross, or effective head)

29



Efficiencies of a Centrifugal Pump

In case of centrifugal pump, the power is transmitted from the shaft of the electric
motor to the shaft of the pump and then to the impeller.

Form the impeller, the power is given to the water.

Thus, power is decreasing form the shaft of the pump to the impeller and then to
the water.

The following are the most important efficiencies of a centrifugal pump:
(a) Manometric efficiency (N, (b) Mechanical efficiency (n,,)
(c) Overall efficiency (n,)
Manometric efficiency (n,.,): (60 —90%)

The ratio of the manometric head to the head imparted by the impeller to the water
is known as manometric efficiency, mathematically,

. Manometric head _ Hpn gHp
Mman Head imparted by impeller to water  Yw2l, Vi Uy
g

Also, the ratio of the power given to water at outlet of the pump to the power
available at the impeller is known as manometric efficiency.

WHp,

The power given to water at outlet of pump (kW) = T000

Work done by impeller per second _ W Vw,U,

The power at the impeller (kW) = 1000 =3 ~ Tooo




Efficiencies of a Centrifugal Pump

a) Manometric efficiency (n,,,,):

WHm
__ Power given to water at outlet of pump 1000 __ gHm
Nman Power at the impeller w wizuz Ve, U,
g =~ 1000

b) Mechanical efficiency (n,): (95 —98%)

* The ratio of the power available at the impeller to the power at the shaft of
pump is known as mechanical efficiency, written as,

m VwZuz
. Power at the impeller g " 1000
Mman Power at the shaft (brake or shaft power) T w

 where, Tis the torque exerted on the shaft of the pump by the motor that drives
the pump, and w is the rate of rotation of the shaft.

c) Overall efficiency (n,): (70 = 75%)

* Itis defined as the ratio of power output of the pump to the power input to the
pump by the motor, mathematically,

WHm
__ Power output of the pump (water power) _ Too0
Mo = Power input to the pump (shaft power)  Tow

 Also, No = Niman X Nm



15.1 The diameter of the discharge side of a pump is 100 mm, and that of the
intake pipe is 120 mm (Fig. P15.1). The pressure gage at discharge
reads 240 kPa and the pressure gage at intake reads 60 kPa. If Q = 45

L/s of water and the pump efficiency is 0.82, find the power delivered to
the pump by the drive shaft. The intake of the pump is 350 mm below the

discharge side. Neglect the effects of pre-rotation in the entry pipe and
assume smooth flow at discharge from the pump.

V, = Q/A, = (0.045 m?/s)/(#0.120/4) = 3.98 m/s
V, = V(120/100)* = 5.73 m/s
Eq. 15.1: h = (uly + Vil28 + 2)) - (/v + Vil2g + z,)
5 - [240 KNm? 573 | 0‘35] 3 [ 60 kN/m? 398 0] - 19.56 m

Figure P15.1

SI

9.81 kN/m*  2(9.81) 9.81 kN/m®  2(9.81)
Eq. 15.2: P = yQh/n = 9.81(0.045)19.56/0.82 = 10.53 kW <«



Power Required to Drive a Centrifugal Pump

* The power required to drive a centrifugal pump may be found out by either of
the following two methods:

1. The power required to drive the pump from the manometric head is called the
shaft power or the brake power, may be found out by the relation,

Y Q Hp
No
Manometric head of water in (m)

(kw) also,P =Tw

P =
H. =
Q = Discharge of the pump (m3/sec)
n, = Overall efficiency of the pump

2. The power required to drive the pump from the velocity triangles may be found
out by the relation,

Vi, = velocity of whirl at outlet

u, = tangential velocity of impeller at outlet



15.6 A pump delivers 1000 L/s of water at a head of 8.5 m. If the efficiency of the pump is 68%, what is the

shaft power?
_WP
T=7p

_reH
T="p

H
P:VQ
n

B 9.81 X1 X% 8.5

0.68
P =122.63 kW



Minimum Starting Speed of a Centrifugal Pump

When the pump is switched on, the flow of water will not take until the rise in

pressure through the impeller is large enough to overcome the manometric
head.

At the time of start, the fluid velocities are zero, and head due to change of
kinetic energy into pressure energy is not available.

As a centrifugal head (kinetic) caused by the centrifugal force on the rotating

uz—uj

water will be (rise in pressure head).

In other words, there will be flow of liquid only when the speed of the pump is
such that the required centrifugal head is sufficient to overcome the

2 .2

manometric head H_,, hence, flow will commerce only if 27 H,,
uz —u?
For minimum speed we must have, % =H_
g

— gHm V u2

" Mman = SoH = X —
szu2 m 77man g

u§ u12 vV, u, 7D,N 7DN

= Mman %X : 2 = d 1=

29 g 60



Minimum Starting Speed of a Centrifugal Pump

1 (ﬂ'DZNjZ [ﬂDlez V,, (ﬂDZNj
o = Tlman ¥ X
29|\ 60 60 g 60

Now, dividing by %

%(DZZ o Dlz):nman X(sz X DZ)

\ 120 % 77,4, XV, x D,
min 72'(D22—D12)

The above equation gives the minimum starting speed of a centrifugal pump.



Specific Speed [on the basis of unit quantity]

* The specific speed (N,) of a centrifugal pump is defined as the speed of a
geometrically similar pump which would deliver unit quantity (one cubic meter
of liquid per second) against a unit head (one meter).

* The specific speed is a characteristic of a pumps which can be used as a basis for
comparing the performance of different pumps.

 The discharge through impeller is given by, Q = Area x Velocity of flow
Q == 7TD1B1Vf1 = 7TD2B2Vf2

Q « DBV, or Q « D*V; as B x D
* The tangential speed of impeller is given by
DN
u = ? ux<DN
As,u = K,\/2gH,, Ve = Key/29Hn, ux Ve, Hpy
DN « /H,, D @
3
JHn\® (Hm)2 (Hm)3/?
Q (0.4 (T Hm Q X N2 Nz o —
(Hpm)3/% : : :
N=C N where Cis a constant of proportionality

* When Q=1m3/s, H =1 m then C=N which is known as specific speed N..




15.8.5

SI

15.24

SI

15.25
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A pump is to discharge 0.8 m’/s at a head of 40 m when running at 300 rpm. What type of pump will be
required?

Eq. 15.8b: (N,)g = w/Q/(gh¥* where @ = 27n/60 (w rad/s, n rev/min)

N)g = 27(300/60),/0.8/(9.81 x 40)** = 0.318

Sec. 15.8 and Fig. 15.11: This is a radial-flow centrifugal pump. <

A pump is to deliver 2.0 m’/s against a head of 160 m when operating at 300 rpm. What type of pump will
be required?

300 rpm = 27(300)/60 = 31.4 rad/s = @

]

Eq. 15.95: (N)g = @,/Ol(gh)’* = 31.4,/2/(9.81 x 160)** = 0.178

Fig. 15.11 indicates that this is a radial-flow pump with a low specific speed (outside the range of most
radial-flow centrifugal pumps). It is not very desirable because of low efficiency. <

At its optimum point of operation, a given centrifugal pump with an impeller diameter of 500 mm delivers
3.2 n/s of water against a head of 25 m when rotating at 1450 rpm. (a) If its efficiency is 82%, what is
the brake power of the drive shaft? (b) If a homologous pump with a diameter of 800 mm is rotating at
1200 rpm, what would be the discharge, head, and shaft power? Assume both pumps operate at the same
efficiency. (c) Compute the specific speed of both pumps.

(@) Brake power = yQh/n = 9.81(3.2)25/0.82 = 957 kW <
(b) Eq. 15.4: Q = aD?, Q = 3.2(1200/1450)(800/500)* = 10.85 m’/s <«
Eq. 15.5: h < n?D?, h = 25(1200/1450)%(800/500)* = 438 m <«
Eq. 15.6: P « n®D*, P = 957(1200/1450)*(800/500)° = 5687 kW <«
(¢) Forn = 1450 rpm, @ = 27nf60 = 151.8 rad/s ; (N)g = 151.8(3.2)"%/(9.81 x25)* = 438  «
For n = 1200 rpm, @ = 2x(1200)/60 = 125.6 rad/s
(N)g = 125.6(10.85)1%/(9.81 x43.8)*% = 438 € This is an axial-flow pump.



Maximum Suction Lift or Suction Height

Consider the following centrifugal pump that lifts water from a sump.
The free surface of the water is at a depth of h, below the pump axis.

The water is flowing with a velocity V. in the suction pipe.

Applying Bernoulli’s equation at the free surface of water in the sump L
and Section-1 in the suction pipe just at the inlet (eye) of the pump.
Taking free surface of water as datum line, we get, //’\
[
Section - | e ( ‘
Y
P v P, . VZ h, o
_a+_a+Za=_+_1+Zl+hL s Suction pipe
P9 29 P9 29 T h\/
p p V2 ¥ LFree surface of liqui
1 .......................
L 4+040=—4+-="+ hS + hfS Vs -“Sump -
Py P9 29 M e
P Py V& _ : -
~_a _ _1 + ’S + h _I_ h P . = Atmospheric pressure on the free surface of liquid
pg pg g S fs V, = Velocity of liquid at the free surface of liquid ~ 0
Z, = Height of free surface from datum line =0
P4 Pq VS2 p, = Absolute pressure at the inlet of pump
—=——\|\——+ hS + hfS V, = Velocity of liquid through suction pipe = v,
Py Py 2g Z, = Height of inlet of pump from datum line = A,

h, = Loss of head in the foot valve, strainer and suction pipe = A



Maximum Suction Lift or Suction Height

For finding the maximum suction lift, the pressure at the inlet of the pump
should not be less than the vapor pressure of the water.

Hence, taking minimum pressure at the inlet of the pump equal to the vapor
pressure of the water, we get,

P, =P, where P, = absolute vapor pressure

2
PP ()

pg pg \2g
P, P, V¢
h. = a v s_h
ST pg pg 29 IS
_ 4
hS—Ha_Hv_g_hfs

The above equation gives the value for maximum suction lift (or suction height)
for a centrifugal pump.

If the suction height of the pump is greater than that computed from the above
equation, then vaporization of liquid at the inlet of the pump will take place and
there will be a possibility of cavitation.



Net Positive Suction Head (NPSH)

The term NPSH is commonly used in pump industry because the minimum
suction conditions are specified in terms of NPSH.

Net positive suction head is defined as “the absolute pressure head at the inlet
to the pump minus the vapor pressure head (absolute) plus the velocity head”.

Or “the difference between the net inlet head and the head corresponding to
the vapor pressure of the water.”

Or “the net head (m of water that is required to make the liquid flow through
the suction from the sump to the impeller’.

NPSH = [t =t =3
;—;=§—;—(§+hs+hﬁ)
NPSH=§—Z—(g+hS+hfS)—§—;—$
NPSH=§—Z—§—Z_hS_hfS

NPSH = (Hg—hs — hss) — H,



Net Positive Suction Head (NPSH)

Hence, NPSH is equal to the total suction head.

For any pump installation, a distinction is made between required NPSH and the
available NPSH.

The value of required NPSH is given by manufacturer, which can also be
determined experimentally.

For determining its value, the pump is tested and minimum value of h, is
obtained at which the pump gives maximum efficiency without any objectionable
noise (i.e. cavitation free).

The required NPSH varies with the design, speed and capacity of the pump.
When the pump is installed , the available NPSH is calculated from,
NPSHA = (Hy—hg — hss) — H,

In order to have cavitation free operation of centrifugal pump,

NPSHA > NPSHR



