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Lecture - 68
Tutorial on pumps — I1

Welcome, we have solved some problems on the pump. And now what we shall do in

this particular lecture we shall be looking into some more problems on the pumps.
(Refer Slide Time: 00:27)
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What we shall learn

v Estimation of
+ Specific speed
* Capacity
* Head ,
* Power required
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So, in this lecture we shall be learning about the estimations of the specific speed of a

pump the capacity, then the head developed by the pump and the power required.
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Problem 1

What type of pump should be used to pump kerosene at a rate (Q) of 0.35
m?/s under a head (H) of 60 m assuming that N = 1450 rpm?
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First we come to this problem that we have to decide what type of problem should be
used to pump kerosene at a rate this and to produce a head of this much with a pumping
speed of this. So, we have been given the capacity the head developed by the pump and

the rotational speed. So, we have to decide that what type of pump is to be used.

(Refer Slide Time: 01:06)
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Solution :

Given :
_ N _ 50 _ = 3 2
pesaes 2417rps Q@ =035m¥s  H=60m

Specific speed :

~ /0 2417035

- - - 0.12
s = (GH?* (981 x 60)3%
N, =17200n, = 2%64
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So, first what we do that we first find out the N that is in rps; that is rotation per second
and we are given the rotation per minute from this we find an rps and then we find the

out the value of Q and the H. And we use this specific speed equation this specific speed



equation we put all the values of whatever we have put in this particular thing and we
find this is the value of the small n s and this small n s is then converted to capital N s
because in the manufacturers till data the generally the specific speed is given terms of
the capital N s. So, we also learnt in our lecture that the how to convert the small n s in to
the capital N s by multiplying by this particular factor and we get this value of the

specific speed.
(Refer Slide Time: 01:57)

Solution :
Given : The specific speed range for different types of pumps
N 1450  Typeofpump N, rnge
60 60 Displacement pumps <00
Specific speed :
o n\/a ~ Aiahflow punps O000-15000

Ne= =
S (gH)P* a1 xou)
Ng = 17200n, = 2064
v Since N,is in the range 500-5000, therefore the pump should be a radial-
type centrifugal pump.
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And now this particular table which is supplied by the manufacturer. We locate this
particular value and we find these value is coming here between this 500 and 5,000, 2064
and for this we have the radial type of centrifugal pump. So, based on the value of the
specific speed we recommend the radial type of centrifugal pump for this particular
application. So, this is a very straightforward manner of utilizing the value of the specific
heat specific speed and which we are finding from the given data to decide the type of

the pump.



(Refer Slide Time: 02:37)
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Problem 2

A prototype dynamic pump with a 24 in. impeller is designed to deliver ()

12000 gpm (gallons per minute) of water at a total head (H,) of 100 ft when

operating at a speed (N,,) of 850 rpm. A 1/4 scale model of the pump is tested at

1750 rpm (Nyy,). The specific gravity (y) of the fluid used is 62.4 Ib/ft3.

a) What are the corresponding capacity (Q,,) and head (Hy,) for the model
when operating at homologous conditions?

b) If the overall efficiency (,) is 84% for both model and prototype, what
horsepower will be required to drive each?

¢) What type of pump is used in the given operating condition ?

" !© NPTELONLINE Prof Pavitra Sandilya
Cryogenic Engineering Centre

IITKHARAGPUR CERTIFICATION COURSES

Next we come to another problem, in this we have a prototype dynamic pump with a in
this impeller diameter 24 inches which is designed to deliver to 12,000 gallons per
minute of water at a total head of 100 feet and the operating speed is 850 rpm and then
we have to develop a one fourth; that means, a one fourth of the scale model is to be is

tested at this particular rpm.

So, the rpm has now increased, the specific gravity of the fluid is taken to be this
particular thing. And now we are been what are the corresponding capacities and the
head for the model. That is a when we are making it one fourth the size of the prototype.
And then the overall efficiency is 84 percent for both the model and prototype pumps.
So, we have to find out the, what is the horse power required and what type of pump is to
use in the operating conditions? So, we have to go for selection of the pump we have to
find out the horsepower of the pump and we have to find out the capacity and the head

developed by the model pump.
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Solution :

Given :
Prototype data: D, = 24 in ¢p = 12000 gpm = 26.7 ft3/s
[1ft3/s = 448.831 gpm|
H,=100ft N, =850rpm
Model data: D,, = 6 En Ny = 1750 rpm
Qm =? iy, =1
(a)

Since the operating conditions are dynamically similar, hence

0 o D _ 00z _ g
NpD3 Ny On="gepres = 386 2pm = 086 ft'/s
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For solution of this first we write all the data that is given to us. And here we do what? It
may convert this flow rate of the liquid from gallons per minute to cubic feet per second
with this particular relationship between the cubic feet per second and the gallons per
minute. And these are the various heads for the prototype this p here represents the
prototype and m represents the model. For the model we have been given the diameter of

the impeller and the rotational speed and we have to find out the capacity and the head.

Now, they are dynamically similar so we use this particular equation to find out the
capacity of the model pump. Here we have been given plug in the values of the N p N m
and the D p D m and the Q m we plug in the values. And we give this is as the gpm and
this gpm is in converted using this particular relationship we convert it to the cubic feet
per second. So, what we find that for the model pump the capacity has come down from
12,000 gpm to in a prototype to only 386 gpm and why because the speed has got

increased and also the diameter impeller has got reduced.



(Refer Slide Time: 05:20)
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Solution :
Also,

100%1750%x1
(gH/NzDz)p = (gH/N?.DZ)m :>Hm = W =2651t

(b)Power required :

= Tl _ 24574 _ 198343 f.Ib/s = 361 hp

Py, 0.84
P, = VQ;“””‘ = IS - 1693t Ib/s = 3.08 hp

[1hp = 550 ft.Ib/s]
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Next what we do we have to find out the head of the thing so again we go for the
similarity analysis. So, this is the similarity equation we get for the prototype and the
model. And now we plug in the values for each of these and we find this is the value of
the head that is developed by the model pump. Now about a power requirement we what
we do we use this particular equation for using the overall efficiency and we find this is
the particular power required that is the 361 hp. And here we are using this conversion

factor of 1 hp in terms of feet pound per second.

And for the model again we because we have found out the Q m H m value for the model
from the earlier parts and you plug in the values here and we find this is the power
consumption by the model. So, the power consumption has come down for the model

from the value for the prototype pump.



(Refer Slide Time: 06:25)

Solution :
Type of pump N, range
Displac 400

Radishype centifuga pumps m

Misod-flow pumps A000-10000
Aviakflow pumps S000-15000

()

_ NG _ 850v12000 _
s = R 0 2944
Since 500 < N,< 5000,the pump is a radial-type centrifugal pump
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Now, to decide the pump what we do again we find the value of the N s the plug in the
values of the N in terms of rpm Q in terms of the gpm H in terms of feet. We get this
value and from this particular chart which we saw earlier we find out that this N s come
in this range and for this we are recommending the radial type centrifugal pump. So, this

is how we are able to select the pump for this particular application for the model pump.
(Refer Slide Time: 06:53)
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Problem 3

Figure 1 shows the H- Q and 1, Q curves fora : 080

centrifugal pump having an impeller of diameter , 7 I "
32 cm that operates at its rated speed of 1800 ¥ < E
rom. A schematic of the pumping system is -
shown in the Figure 2. The minor losses in the * / H

suction and delivery sides of the pump may be

040

obtained from 6.8v2/2g, where v is the /
average pipe velocity. %

0 0
00 005 010 015 020 025
Q(m%s)

Figure 1
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Now next question we have been given this performance curve ok. And this is the H-Q

and the eta naught Q. That is the head verses capacity and the overall efficiency verses



capacity. On this x axis we are plotting the capacity on this axis between the head now
this axis we have the overall efficiency. And this is for a centrifugal pump having
impeller diameter of 32 centimeter and it operates at a rated speed of 1800 rpm. And the
system will the schematic of the pumping system is shown separately I will show you as
it has been showed at the minor losses in the suction and delivery side of pump may be

obtained from this particular equation where V is the average pipe velocity.
(Refer Slide Time: 07:44)
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Problem 3

a) Determine the system flow rate Q.

b) What power (BP) is necessary to drive this pump?

¢) If a geometrically similar pump is required to develop a
total head (H,) of 50 m at a flow rate (Q;) of 0.2 m3/s L)
when operating at the same speed, estimate the
impeller diameter (D,) of the pump.

Datagiven: Ly =25m L;=120m Dﬁ: Dy=015m

friction factor, f = 0.02, ¥ = 9.81 kg/(m?.5%)

Pump

Figure 2
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Now, here is the system particular system we find that the some liquid has to be pumped
from this to this and this is a pump here and the difference between the levels is about 25
meter. So, we have to determine the system flow rate and what is the power necessary to
drive this pump. And if here geometrically similar pump is required to develop some
other head that is from 25 meter we want to increase the head to 50 meter. And the flow

rate is point this particular thing, then we have to estimate the impeller diameter of the

pump.

So, with this information what we put that the all these data which are given for our
system we find that the length of the pipe place in the suction side is this on delivery side
is this. And this is the diameter of the pipes on the suction side and the delivery side. So,
this data is given to us the friction factor is given this friction factor we will used to find

out the major losses of in the pipelines and this is the value of the gamma.
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Solution :

Given:L;=2om Ly=120m Di=D;=D=015m f=002

¥ =981 kg/(m?.s%)
(@) Apply the Bernoulli equation between points (A) and (B) shown in the
figure,

o

2 o
| 7T _PB VB 25m
—S4+LttH=—+"= + ;43 h
T S

Now Pa= PB= Patm and Vy=vg= 0

Hence the above equation can be simplified as Pum

H= (z5-24) + Z hL,major + Z hminor

Vil 68v2 @ T,
Zhb,ma]or=f55! Zhlb,minor=_'v=;r A=ZD
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Now, what we do for solution we put all the data given to us and we now apply the first
law of thermodynamics or the Bernoulli’s equation. And here we find that both these
surfaces are exposed to the atmosphere. So, that they experiencing the atmospheric
pressure and again we are neglecting the rate of change of the levels in this two

particular tanks.

So, that is how we are putting this V A and V B equal to 0 and then we find this is the
expression for the head developed by the pump. And here we put the expression for the
major losses to the total loss may be taken to be the summation of the major loss and the
minor loss. So, major loss is formed from this expression using the friction factor and
this is the expression given in the problem to find out the minor losses in these this

velocity is the, this Q by A and A is the pi by 4 D square.
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Solution :

H= (25—0)+Qz(f“5 FLo)l) +68)

2gA*
QZ
2x9.81x (/4% 0.15)2
H = 25 +4265Q*

v' The above equation describes the system curve, and the table below is
obtained from this equation for selected values of Q.

(0.02(25 +120

=25+ )/0_15 - 6.8)

00
250

0.05
357

0.10
67.7

0.15
121.0

Q (m's)
H (m)
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So, all these things we are knowing so what we do that we plug in the values of

everything and we find this is how we are generating the expression for the system curve

for the head versus the Q. And for this above equation we find that we put different

values of Q and we find the different values of H.

(Refer Slide Time: 10:17)
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Solution :
1o =057
v' Plot the system curve (Figure 3) along with 2
the H-Q curve. “ A
v' Point of intersection of the twa curves (point A L1 |
A) gives the system flow rate sts = 0,085 gl——= Pre L Sl
md/s. e o ] I
(b) Pump brake power: Em: ui|lh - 040
gp =t T
Mo “f / ! =
At Qsys = 0.085 m¥/s, H = 54 m and v ! .
=057 Oo.b_ 005 Vo0 015 020 025
N =VU. : G'mifs)
9,81 x 0,085 X 54 : B
=— - _— Figure 3 0y =0085

& 0.57
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So, that if we plot this H versus Q on the this figure what is with we do that this is the

here we are plotting this H was Q and once we plot it the point of intersection is giving

us the particular system Q and the break horsepower can be once we have found out Q



value then we can also find the value of the H which is here is 54 meter. And then we
plug in the values over here to find out the power of the pump which is coming to about

79 watt.
(Refer Slide Time: 10:50)
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Solution :
(c)

The locus of similarity for a group of geometrically similar pumps of different sizes
running at the same speed is given by H = 23,
v' For H, =50 mwhen Q, = 0.2 m*/s, the value C will be

€ =50/(0.2)%*=1463

v' Hence, locus of similarity is given by H = 146.302/3. This is shown in table
below

Qt&m'l/.\a 005 010 015 020
H (m) 98 35 413 N0
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Now, what we do that locus of for a similarity pump because in a second part we have
been given that we are going to change the pump. So, we have the we are putting this
particular expression for the similar pumps. And this H equal to some C, Q to the power
2 by 3 and this C value we can be determined from the value of the H and the Q for the
new pump. So, we plug in the values and we find this is the value of the ¢ and now we

can generate some value of the H and Q to plot.



(Refer Slide Time: 11:29)
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Solution :

v' Draw the locus of similarity along with 0 7 080
H —Q curve (Figure 4), the point of Lol b
intersection of the two curves (point 1) is a0 —— P o
similar to point 2 and the two points ,/ T— :
must have the same Cyand the same Cg. £a Lt \ “ow ¢

4 _ %

= o—=
Cor = oz NiDi  NoD3

E
@ D3 H

0
00 005 00 0f5, 020%, 02
0.148 3 o)
— (032 =
==7 = (%) =D, =0.35m o
igure ' 0
2

¢

~3F.
o

020
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And again we plot these values and we find that this is the locus of similarity and we find
that wherever we see plot the in the point of intersection of two curves. Point 1 is similar
to point 2 and point 2 is not point 2 is a one which is for the original pump. So, this point
this similarity is this mainly applicable for both the pumps. So, this will be or a new for
the first part and this we find for this particular second part. And this particular Q1 and
Q2 we can see that for when we at on similar pumps both the C Q and C H will be the

same and C Q is given by this expression.

And we put them in this expression we find that N 1 and N 2 are the same, because in the
problem they are saying that the pumps are running at the same speed once they run at
same speed then this is the thing we find the how the capacity is related to the impeller
diameter. And this Q1 Q2 are rate from this particular graph, we plug in the values of Q1
and Q2 and we find out the value of the impeller diameter for the second pump. Now
you may either use this equality of C Q you may also use equality of C H both should

read to the same answer.
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Solution :
v One may also consider the following. . - ! o
/
_ gh _ gH, SR
CHl_CHZ iW—W H — A - ~
T gty 100, @ = S
. - o, 764 )

Hy _ Di Ny =N, PR, - e
= vy, B T 4
Hy  Dj Ey - LS “ow ¢

42 2 = o H

2 s - J ;

3= ( /Dz) =D, =0.35m A
20 - 020
/
ii
/]
0
00 005 0.10 0.15 020 028
Q(ms)

I~ NPTEL ONLINE Prof Pavitra Sandilya

IITKHARAGPUR CERTIFICATION COURSES

Cryogenic Engineering Centre

So we can check that also that we can do that we put this equality of C H and we get this
expression. And from the expression again we find that because N 1 is equal to N 2. So,
this head are related to the impeller diameters like this, and again we plot it now instead
of reading the Q we are reading the H values. Once we read the H values from this graph
and then we know the value of D 1 and again we find the value of D 2. And we find that

D 2 is coming same as the one we just of obtained by equalizing the C Q.

So, as of the demonstrated that, both the ways one can find out the impeller diameter of

the other pump. So, in any one of them will suffice.
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So, these are the various references, in which you can find more detail about these

pumps.

Thank you.



