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5.1 : INTRODUCTION TO HYDRAULICS MACHINES

5.1.1: Pump

% Pump are used to transfer fluid in a system, either at the
same level or to a new height.

“The flow rate depends on the height to which the fluid is
pumped and the relationship between “head” and flow
rate is called the “ pump characteristic”.
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5.1.2 : Characteristics that should be considered when
selecting a pump

»>The nature of liquid to be pumped

>The required capacity (volume flow rate)

»>The conditions on the suction (inlet) side of pump

»>The conditions on the discharge (outlet) side of the pump

»>The total head on the pump

>The type of system to which the pump is delivering the fluid

>The type of power source (electric motor, diesel engine, steam turbine)

»>Space, weight and position limitation

»>Environment condition

»>Cost of pump purchase and installation

»Cost of pump operation

»>@Governing codes and standards
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After pump selection, the following items must be specified;

> Type of pump and manufacturer
»Size of pump
» Size of suction connection and type (flanged, screwed etc)
»Size and type of discharge connection
»Speed of operation
»Specifications for driver (for eg: for an electric motor-power
required,

speed, voltage, phase, frequency, frame size, enclosure type)
»Coupling type, manufacturer and model number
»Mounting details
»Special materials and accessories required, if any
»Shaft seal design and seal materials

Communitising Technology
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Modern hydraulics turbines and centrifugal pumps are highly
efficient machines with few differences in their characteristics.

For each design there is a definite relationship between;
*The speed of rotation, N
+Discharge of flow ,Q
*Head, H
*Diameter, D of the rotating element
*Power, P

Communitising Technology
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5.2 : CLASSIFICATIONS OF PUMPS

* Pumps are typically classified as either positive-displacement or
Kinetic pumps. —— Gear

Rocary Vane

Screw

Progressing cavity

Positive —— Lohe ar cam
displacement — Flexible wike (peristaltic)
Fiston
Reciprecating ——— Plunger
— Diaphragm

Radial flow (centrifugal)
Kinetic Axial flowy (propeller)
—— Mixcd flow

Jet or E!JECTDI t}'pa
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5.2.1 Positive-Displacement Pumps

» Positive-displacement pumps ideally deliver a fixed
quantity of fluid with each revolution of the pump rotor
or drive shaft.

* Most positive-displacement pumps can handle liquids
over a wide range of viscosities.

+ Some of the examples are gear, piston, vane, screw,
progressive cavity, lobe, piston, diaphragm and
peristaltic pumps.
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Vane pump F’:HEX,“S‘E

Suction Discharge

Drive
shaft

(a) Cutaway of pump assembly
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Tnlet

Stator

Drive shaft

Lobe Pump
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Piston pump

v

Piston Discharge

¥

—

Discharge manifold

=

Suction

(a) Single acting—simplex (b) Double acting—duplex

Suction manifold
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(a) Diaphragm pump with nonmetallic housing

Discharge port

(b) Diagram of the flow through a double-piston diaphragm pump

Peristaltic pump

v
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(a) Peristaltic pump with variable-speed drive system

(b) Peristaltic pump with case open to show
tubing and rotating drive rollers
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5.2.1.1 Performance Data for Positive-Displacement Pumps

» The operating characteristics of positive-displacement
pumps make them useful for handling such fluids as
water, hydraulic oils in fluid power systems.

+ Some disadvantages of some designs include
pulsating output, susceptibility to damage by solids
and abrasives, and need for a relief valve.
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* Kinetic pumps add energy to the fluid by
accelerating it through the action of a rotating
impeller.

» The propeller type of pump (axial flow)
depends on the hydrodynamic action of the
propeller blades to lift and accelerate the fluid
axially, along a path parallel to the axis of the
propeller.
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the most common type of kinetic pump.
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(bl Cutaway of pump

(c) Radial-flow impeller
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« Figure shows the basic design of radial, axial, and mixed-flow impellers.¥ -

Fluid
inlet

(k) Mized-flow impeller

fed Axial-flow impeller { propeller)
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Example of Kinetic pump ( ’ Q"A""F"EX'EE

Jet Portable Submersible
deep-weli - shallow-well e
Small Centrifugal Self-priming

Vertical Turbine
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5.3 DESCRIPTION OF CENTRIFUGAL PUMPS

Because centrifugal pumps are not positive-
displacement types, there is a strong dependency
between capacity and the pressure that must be
developed by the pump.

This makes their performance ratings somewhat
more complex.

Efficiency and power required are also important to
the successful operation of a pump.
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5.3.1 Performance Data for Centrifugal Pump

* The typical rating curve plots the total head on the pump versus the
capacity or discharge Q, as shown in below.
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« Figure shows a more complete performance rating of a pump,
superimposing head, efficiency, and power curves and plotting
all three versus capacity.

(ft)

Pump capacity
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5.3 Pump : Description of Centrifugal Pumps
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* ltis important to understand the manner in which
capacity, head, and power vary when either speed or
impeller diameter is varied.

» These relationships, called affinity laws.

* The symbol N refers to the rotational speed of the
impeller, usually in revolutions per minute (r/min, or

rpm).

Communttising Technology
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*  When speed varies:
1. Capacity varies directly with speed:

Q_M

o M

2. The total head capability varies with the square of
the speed:

3. The power required by the pump varies with the cube of
the speed:

ne G
Py AN,
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1. Capacity varies directly with impeller diameter:
Qb
2 D,

2. The total head varies with the square of the impeller diameter:

b _ (D
hey \Dy
3. The power required by the pump varies with the cube of the impeller

diameter:
P _ (&)3
P, \D,

«  Efficiency remains nearly constant for speed changes and for small
changes in impeller diameter.
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5.4 PUMP OPERATING IN COMBINATION

« It may be more efficient to have multiple pumps operating in
some combination in a line than it would be to have one
very large pump.

« This situation often arises in cases were the conditions
(required discharge or pumping head) may vary
dramatically with time.

* Inthese cases, only those pumps that are required to meet
the particular discharge and head requirements of the
moment can be employed and the others can be shut off to
save the power.
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5.4.1 Operating Pump In Parallel

* Many fluid flow systems require largely varying flow
rates that are difficult to provide with one pump without
calling for the pump to operate far off its best efficiency

point.
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Two pumps in parallel
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o——T | )»\
System curve

Hl ___________ [~ ! [ One pump
Head L !

2
Capacity

2

QE total

*  When two or more pumps are arranged in parallel,
their resulting performance curve is obtained by

(QOSO Chapter 5: Hydraulic Machinery by N Adilah A A Ghani

adding their flowrates at the same head.
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» Directing the output of one pump to the inlet of a second
pump allows the same capacity to be obtained at a total
head equal to the sum of the ratings of the two pumps.

» This method permits operation against unusually high
heads.
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*  When two (or more) pumps are arranged in serial, their
resulting pump performance curve is obtained by adding
heads at the same flowrate.
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12.44 System Characteristics and Pump Sdection
A typical flow system in which a pump is used is shown in Fig. 12.14. The energy equation ap-

The spsfe:

fion z;ﬂf:; jg:a‘ plied hetween points (1) and (2) indicates that

acfual head gamed

iy meﬂwdfinrm ha=z —a+ Xkt (12.26)
Mowrate.

where A, iz the actual head gained by the fluid from the pump, and Zh; represents all friction losses
i the pipe and minor losses for pipe fittings and valves. From our study of pipe flow, we know
that typically h; varies approximately as the flowrate squared, that is, by o O (see Section 8.4)
Thus, Eq. 12.26 can be written in the form

ES hp=z3—o+ KOF a2.27

where K depends on the pipe sizes and lengths, fiction factors, and minor loss coeficients Equa-
tion 12,27, which is shown in the figure in the margin, is the spsiem egaaion and shows how the
actual head gained by the fluid from the pump is related to the system parameters. In this case the
parameters indude the change in elevation head, 2o — 23, and the losses due to fiction as expressed
by EF. Each flow system has its own specific system equation. If the flow is laminar, the fric-
< tional 1osses will be proportional to (2 rther than O° (see Section &.2).

By — X
271 By=z —my + EER
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124  The Cenrifugal Pump 685

Change in

system equation,, |, System
N Pk
Efficiency
cune
i
o |
Sar | &
=5 | @
34 i ¢
2 “ |
L |
|
|
| i Ekevation (static) head !
B Figure 1244 Typieal st ) e ! . L
[ep— ! W Figure 12.15  Utilization of the system
| ! curve and ihe punp performance curve i
Flowrte, o ohiain the operating point fr the system.

There is alzo a unique relationship between the actval pump head gained by the fluid and
the flowrate, whichis govemed by the pump design (as indicated by the pump perfommance carvel.
To select a pump for a particular application, it iz necessary to utilize both the spstem curve, as
- determined by the system equation, and the pump performance curve. If both curves are plotted
- g, on the same graph, as illustrated in Fig. 12.15, their intersection (point &) represents the op erat-
the systam curve is ing point for the system. That is, this point gives the head and flowrate that satisfy both the sys-
the qperating poit temn equation and the pump eguation. On the same graph the pump efficency is shown, Ideally,

we want the operating point to be near the best efficiency point (BEF) for the pump. For a given
pump, it is clear that as the system equation changes, the operating point will shift. For ezample,
if the pipe friction increases due to pipe wall fouling, the system curve changes, resulting in the
operating point & shifiing to point B in Fig. 12,15 with a reduction in flowrate and efficency.
The followdng example shows how the system and pump characteristice can be uzed to decide if
a particular purp is suitable for 2 given application.
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GIVEM  Water istobe pumped from one large, open tank to a
second large, open tank as shown in Fig E124a The pipe
diameter throughout is 6 in, and the total length of the pipe
tetween the pipe entrance and exit is 200 f&. Mince loss coeffi-
cients for the entrance, exit, and the elbow are shown, and the
friction Factor for the pipe can be assumed constant and equal to

bV AR -] Use of Pump Performance Curves

002 A certain centrifugal pump having ths perfarmanse charac-
teristics shown it Fig E12.4b is suggested as a good pump for
this flow system.

FIND  With this pump, what would be the lowrale betweenthe
taniks? Do you thirk this pump would be a good choice?

v
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Application of the energy equation between the twro free suafaces,
poirts(l) and(X) asindicated gves
tH vi
Bl en=8sl0
v 2g y 2g
¢ ¥ ¥
+f—— + —
iE Tk O
Thus, withjy =, =0, Fy =¥, =10, &z =5 — 5 =10 f,
S=002, D=612 ft, and £ = 200 ft, Eq. 1 hecomes

(200 fty
ho=10 + [0'02—(@’12&)
}ﬂ
+05 4+ 15+ 1.03] o @

wherte the given minor 1ogs coefficlents have been uged. Since

o Df/s)

T AT el aYT
Eg 2 canbe expressed as

B= 10 +4.43 Ff @

where 0isinft’/s, of with ' in gallons per mimze
B, =10 + 230 x 1077 ¢F “)

Eguation 3 or 4 represents the system equation for this particular
flomr syatem arnd reveds how much actud head the fludwill need
to gain from the pump to meintsin a certain flowtate. Pesfor-
mance data shown in Fig. E12.4b indicate the actual head the
fluid will gain from this parti cul ar pump when it operates at a cer-
tait flowrate. Thoas, when E o 4 is plofted on the same graphowith
petformance data the intersection of the two curves tepresents
the operating point for the pump and the system. This combina-
tion iz shown in Fig E12.40 with the intersection (as obtained
graphically) ocorring ot

@ = 1600 gal /min (Ans)

with the cortesponcing actual head gained equal to 66 .5 ft.

Another concern is whether the pumyp is operating efficiently
a4 the operating point. As can be seen from Fig. E12.4e, al-
though thisis notpeak efficiency whichis about 86%, it is close
(about 34%) . Thus, this pump would be a sdisfactory choice,
assumiryg the 1600 galimin flowrate is at or nea the desired
flowyate.
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Efficiency ar=1001t ar=10f
34% Az=E0 ft
T 00
rtin
- S.Pit ing 4%
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45 =00 gal i !
32 s T .
8E Systernecurve (Eq. 4) <5 ! 00 galimin
oa 1
i3
£ :
an 1
36% sysem
o
18 2400 a
st Effivizncy
B Figure E124¢  (Consinued) &

400 ) 1200 1600 2000 24m

8. glimin
The amount of pump head needed at the pump shaft is W Figure E124d
66.5 ft0.84 =79 2 fi. The power neededto drive the pumpis
1t
Woae = —— Energy could be saved by using a differert pump with a perfor-

mance curve that more nearly matches the new system recuire-
ments (e, higher efficiency at the operating condition). On the
othet hand the given pamp would not work at ol for Az = 100 fi
= 17,600 ft-In/s = 320 hp sifice dts mazimum head (h, = 28 ftwhen § =0) is ot enoughto
1ift the water 100 £t, 1et al one owvercome headlosses Thisisshown
COMMENT By repeating the calculations for Az = z, —  inFig E12.4d by the fact that for Az = 100 £ the system curve
2= 20 ft and 100 £ (rather than the given 10 f), the resulls  and the pump performance ourve do not indersect.
shown in Fig E124d are obtaned Although the given pump Hote that head loss within the pump itself was accounted for
could be used with Az = 20 ft (provwided that the 500 galfmin  withthe prmp efficiency; 1. Thue, &, = k. where fi, isthe pump
flowrate produced is acceptable), it would not be anideal pump  shaft work head and i, isthe actual head rise expetienced by the
for this application since its efficiency would be only 36%.  flowing fluid
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Pumps can be armnged in series or in pamllel to provide for additional head or flow capac-

For tw i

se::'es Z‘Zj;‘z;;! ity. When twno pumps are placed in series, the resulting pump performance curve is oblained by
o P mma%}} adding heads at the same flowrate. 4 s illustrated in Fig. 12.16e, for two identical pumps in series,
addflowrates hoth the actual head gained by the fluid and the fowrate are increased, but neither will be doubled

if the system curve remains the same. The operating point is at (A) for one purnp and moves to (B)
for two purnps in series. For two identical pummps in pavadlel, the cotnbined performance curve is
obtained by adding flowrates at the same head, as shown in Fig. 12,165, A s illustrated, the flowrate
for the system will not be doubled with the addition of two pumps in pamllel {f the same system

System
cune
Twa purnps
Two pumps ystem

&£ P cune
E E ()

e pump = ()

—e—eo SEETP o
B Figure 12.16  Effect of
Flowmte, Flowmte, 2 operating pumps in (2} series and
i 5] {P) in parallel

curve applies). However, for a relatively flat system curve, as shown in Fig. 12,16, a significant in-
crease in flowrate can be obtained ag the operating point moves fom point (4) to point (B).
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EXAMPLE 5.1
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A centrifugal pump must deliver at least 1500L/min of water at a total head of
80.0m. List its performance characteristic (pump efficiency, power requires, size
of impeller and NPSH).

Goulds Pumps
Q}mmm

CENTRIFUGAL PUMP CHARACTERISTICS | Rl 2560 GDS:5024-2

Modal: 3196HT3196

Sizg: 2X3-10

Imp. Dwg. 100-506/100-595
Pallern 84020/54019

Eye Atga: 7.7 in°

g
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Determine the specific speed of the pump (rated capacity 700gpm) whose operating
characteristics are shown below. If this pump were operated at 1200rpm, what head
and discharge would be developed at rated capacity, and what power would be
required?
200 T T T ] - - 100
180 4 — 1 - 90
160 80 s
=
140 70 &
_ 120 60 2
§ 1oo so 3
2 =
80 40 é&
&0 - 30 g
voreecower NPVl =
40 — - —= — I i 20 =
20 S —— 4 | | - 10
j‘ [ | | | Tosllod at l1450 rpm
E i A L
o 200 400 600 800 1000 ©
Capacity, gpm
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EXAMPLE 5.3 VM

Water is pumped from a river through a 150mm diameter pipeline 950m

to an open storage tank with a water level 45m above the river. A pump is

available and has the discharge head performance characteristics shown

below.

a. Calculate the duty point for the pump when the Darcy friction factor
for the pipeline f= 0.04.

b. Determine the revised duty point when a second similar pump is
connected in parallel into the system.

Total head 30 50 65 80 87 94
(m)
Discharge 2000 | 1750 | 1410 800 | 500 0
(1/min)

(QOSO cChapter 5: Hydraulic Machinery by N Adilah A A Ghani
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Solution 5.3 (a)
1.Plot graph of pump discharge-head characteristics.
2.Calculate head loss in the pipeline for a range of discharge values
using the Darcy-Weisbach formula.
3. Add value of static head.
4. Construct a graph of the pump curve and the pipe curve.
5. From the graph, determine the duty point (location where the
two curves cross)

Solution 5.3 (b)

1. Find the new characteristic for pump in parallel.

2. Construct a graph of the two pumps.

3. From the graph, determine the new duty point (location where
the two curves cross)

(QOSO Chapter 5: Hydraulic Machinery by N Adilah A A Ghani
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