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Process engineering

Pumps, turbines and compressors

Centrifugal pumps (1)

In this lesson we will ook at the most important points that should be considered
when purchasing a centrifugal pump. In addition, we will include a summary of
the most important advantages of this type of pump.

We will also take alook at various types of centrifugal pumps.

The choice of the centrifugal pump always depends on the system in which the
pump is to be placed. For this reason, thislesson will aso look quite extensively
at the pipe resistances that are encountered in the system. We will also examine
the way in which the pipe characteristics of such a system are established.
Finally we will, in thislesson, clarify what is meant by the manometricdischarge
pressure and the manometric head of a pump.
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- information
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- type and size
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11

Lesson

Purchase specifications and advantages of
centrifugal pumps

If a centrifugal pump has to be purchased then the following data important:

- thequantity of liquid to be displaced;

- the properties of the liquid to be pumped, such asthe density, the
temperature, the vapour pressure and the viscosity;

- therequired head (net static head) and the expected line resistance;

- (possible) solids content and contamination of the liquid to be pumped;

- thetype of operation: continuous or start/stop operation;

- the method of drive and control.

After thisinformation is known or acquired, then the type and size of the
centrifugal pump can be determined.

It isalso of great importance that the suction head is chosen carefully because
the flow of the liquid to the suction nozzle of the pump depends on thisto a
great extent.

Advantages of centrifugal pumps

The centrifugal pump is one of the most frequently used pumpsin the industry.
To explain why thisis so, we have drawn up alist of advantages of this pump:

1. Thepump has avery even delivery.

2. Air chambers at the discharge or suction side are therefore unnecessary and
thus occupy no space.

3. Thedriving mechanism does not suffer from variationsin power or
momentum. This means that the pump operates practically free of vibration.
For this reason, a light base plate construction can aso be used.

4. The pump only occupies a small floor space.

The pump consists of relatively few moving parts. Wear and tear and

resulting breakdowns are therefore infrequent.

The pump has a very large capacity in relation to its dimensions.

The pump can operate at high speeds of rotation. A direct coupling to an

electric motor or a steam turbine isthus possible. As aresult, thereisno

energy lost in a reducing gearbox, for example.

8. The pump can be started with a closed discharge valve, or operated
(temporarily) in this situation.

o

No
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- disadvantages

- impeller

- ball bearings or
sleeve bearings

- centrifugal force

Apart from alarge number of advantages the pump has a number of

disadvantages or |ess favourable characteristics, however. The most important

are

1. A generdly lessfavourable total efficiency (+ 65%). More advanced and
therefore (much) more expensive pumps do obtain higher efficiencies.

2. Thereisaways an open connection between the suction and the discharge
sections of the pump. For this reason the pump itself cannot draw in liquid
over acertain height, the centrifugal pump is not saf-priming.

The design and construction of a centrifugal pump

In its smplest form, a centrifugal pump, shown in figure 1, consists of a shaft
with an impdler, which isenclosed in a pump casing. Theimpeller consistsin
its ssimplest form of a disc on which anumber of vanes are mounted. The most
frequently used design consists of a plate with a hub, which is connected to a
ring plate by a number of curved vanes.

discharge pipe

impeller

}l— volute casing

l— suction pipe

-
L

5539-010-001-S
Figure 1
Cross-section and longitudinal view of a (smple) centrifugal pump

The shaft is supported on the outside of the pump casing by ball bearings or
dide bearings. The apertures through which the shaft passesinto the casing are
sealed using stuffing boxes.

Question 1
What are the main componentsin a centrifugal pump?

When the pump isin operation, the suction pipe and the pump casing are
completdy filled with liquid. Theimpeller forces the liquid into a rotary motion,
whereby the liquid moves from the central point outwards, under the influence
of centrifugal force.
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- constant flow of
liquid

- disrupted flow
of liquid

- pump cuts out

- not self-priming

- suction pressure

2.1

Asaresult of the pressure on the liquid in the suction vessd, the space that is
thus emptied isimmediately filled by another liquid particle.

In thisway thereis a constant flow of liquid through the suction pipe aslong as
the entry to the suction pipe lies below the level of the liquid. If, for some
reason, the level of theliquid falls below the suction pipe, then the flow of liquid
isinterrupted, so that air or gas enters the pump through the suction pipe. The
impeller then drawsin gas or air and the space vacated by the liquid particlesis
then occupied by vapour or air. Replacement with liquid is now no longer
possible: the pump cuts out.

It can be seen from thisthat a centrifugal pump is not saf-priming. Thisisin
contrast to positive displacement pumps which are capable of removing gas or
air from a pump casing.

A prerequisite for the proper operation of a centrifugal pump is evidently that
the liquid should not contain large vapour or air bubbles, nor should vapour or
air be able to get into the casing. Thisvapour or air can collect in the pump
casing causing the pump to cut out.

The displacement of the liquid in the impeller reduces the pressure in the suction

pipe, the suction pressure, asis also the case with displacement pumps.

The shape of the centrifugal pump

We may ask oursalves how the unusual shape of the centrifugal pump came
about. To answer thislet uslook at figure 2.

5539-010-002-S
Figure 2
Increasing flow in and explanation of the shape of the volute casing
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In this drawing, the impeller and the pump casing are divided into four parts by
thelines a-c and b-d. In the first part, going from ato b around the
circumference of the impeller, a quarter of the liquid volume which entersthe
impeller through the suction opening should then be able to pass through the
section of the pump casing at paoint b.

Going from b to ¢ afurther quarter is added, so that the section of the pump
casing will have to be half the size of the suction opening in the impeller. This
also applies to the next sections of the pump. If the sections of the suction and
the discharge pipes are equal in size, then the liquid flow ratesin both pipes are
equal. After all the pump drawsin as much asit discharges.

- velocity We know that the liquid in the impeller acquires a high velocity. What happens
to that high velocity, if the liquid flow ratesin the suction and the discharge
pipes are the same? This velocity isto alarge extent converted into pressure!

L = guide wheel (diffuser)
W =impeller

5539-010-003-P

Figure 3
Centrifugal pump, fitted with a diffusor
- guide whesdl or Often a stationary guide whed or diffusor is placed around the impeller. Thisis
diffuser shown in figure 3. Theliquid flowing out of the impdller isthus guided in the
direction of the discharge better than in pumps where this guide whed is not
fitted.

Moreover, the liquid velocity is converted into pressure in the guide whedl. As
the vanes guide the liquid in the direction of discharge, there will also be less
turbulence, therefore the losses that occur are smaller. These pumps can provide

- several impellers higher discharge pressures than pumps without a guide whedl. If an even higher
- stepwiseincrease pressure is required then a number of impellers are used in sequence on one
in pressure shaft. Theliquid flowing out from thefirst impeller isled to theinlet sde of the

next impeller and so on, so that the pressureisincreased in stages.

Question 2
Explain why air chambers are not needed with centrifugal pumps.
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3. Some constructions of centrifugal pumps

Centrifugal pumps have very different constructions, not only as aresult of the
- field of application various manufacturers, but mostly as a result of the wide range of uses for such

pumps.

Didtinctions can be made between:

- thenature of the product to be pumped,;

- capacity;

- differentia pressure;

- temperature of the liquid;

- extent of any impurities.

Centrifugal pumps can be divided into:
- horizontal pumps,

- vertical pumps;

- gngleimpeler pumps,

- multi-stage pumps.

3.1 Horizontal pumps
Figure 4 isahighly smplified drawing showing a horizontal pump.

discharge

{ ]

impeller

suction

s

volute casing

5539-010-004-S

Figure 4
Smplified drawing of a horizontal centrifugal pump

Itiscalled a horizontal pump because the pump and the motor shaft liein a

- base plate horizontal plane. Both are mounted on a base plate. The pump shown here has
- stuffing box oneimpeller with one suction nozzle. The shaft seal consists of a stuffing box

with a soft packing. Apart from these pumps there are a so designs in which the
- sliding ring seal shaft seal consists of amechanical or dliding ring seal.
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3.2 Vertical pumps

Figure 5 shows a simplified drawing of a vertical pump. The pump shaft isin a
vertical plane and the driveis fitted above the pump. Theimpdler hereisaso a

- short installation single impeller with only one suction opening. This type of pump has a shorter
length installation length whilst the installation height can be considerable.
Question 3

Where would vertical pumps often be used?

suction—> —>discharge

I pump casing

5539-010-005-S

Figure 5 Smplified dranwing of a vertical centrifugal pump

3.3 Single impeller pumps

- oneimpeller Pumps are shown in figures 4 and 5 with oneimpeller; these are called single
impeller pumps. There are two versions of this type of pump; both are shown in
- suction opening figure 6. Figure 6 shows a single impd ler with one suction opening and asingle

impeller with two suction openings.

5539-010-006-S

Figure 6
Example of an impeller with single (a) and double (b) suction
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3.4 Multi-stage pumps

3.5

A multi-stage pump has, as the name suggests, more than oneimpeller. The
pump which is shown schematically in figure 7 has, for example, 5 impellerson
one shaft. These impellers are mounted in series, which meansthat the liquid
from the first impeller is diverted and transported to theinlet of the second
impeller, from there to the third and so on.

suction discharge

T S
oy

impeller diffuser

5539-010-007-S
Figure 7
Smplified drawing of a multi-stage pump

Horizontal pumps with a single impeller

Figure 8 shows a more detailed drawing of a single impeller pump with one-
sided suction.
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A= impeller L = retaining cap
B = volute casing M = radial bearing
C= frame N = liquid seal passage
D = suction nozze P = leakage liquid drain
E = pump shaft S=filler /vent cap

U = drainage cap

V = ail filler cap

W = connection to pressure gauge
X = connection to pressure gauge

G = wear ring

H = wear ring
J=gland

K = centrifugal washer

Figure 8
Cross-section of a single impeller pump provided with single suction

The back plate of the impeller is provided with openings (pressure equalisation
ports). These will cause the axial forces on the impeller to (largely) cancel each
other out.

In this pump, only the casing is fitted with wear rings (G and H). The stuffing
box isfilled with soft packing. After the first ring thereis then an H-shaped
spacer ring, the lantern ring, followed by the other rings which are then squeezed
together by the packing pressure element J, usually known as the gland. The
lantern ring is located upstream of a passage N that is connected to the discharge
of the pump, o that the stuffing box is subject to discharge pressure in order to
prevent air penetrating the pump. If this happens then this may cause the pump
to cut out, as mentioned earlier.

Question 4
What is the actual function of the H-shaped lantern ring?
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- splash or
centrifugal washer
- oil reservoir

- easily accessible

- ‘in-line’ pumps

- pipe system
maintained

3.6

The stuffing boxes with soft packing will always have a dight leakage to prevent
the packing from running dry and then becoming hot. The leakage liquid is
drained off through opening P. A washer isfitted on the pump shaft between the
packing compressor and the bearing, the splash or centrifugal washer K, which
prevents leakage liquid from passing along the shaft into the bearing. An ail
reservoir is provided between the bearings to lubricate the ball bearings .

Question 5
What isthe reason for the back plate of the impeller to be provided with holes?

The pump casing consists of three sections, the frame C, the volute casing B and
the suction nozzle D, on which the suction pipe is mounted. This design makes
the pump easily accessible, so that inspections and repairs are easy to perform.

Question 6
Why do the ball bearingsin the pump in figure 8 have to be able to withstand
axial displacement of the shaft, despite the fact that the impeller is balanced?

Close-coupled pumps

In current vertical pumpstheimpeler is usually mounted directly on the
extended motor shaft. This means that there is no coupling, so that the entire
structureis shorter than would be the case with a coupling. These are called
close-coupled pumps.

Figure 9 isasimple drawing of such a pump.

These pumps areingtalled as ‘in-lin€ pumps. The smaller versions have no base
plates but are supported by the suction and discharge pipes. They arein fact
integrated into the pipe system.

Larger pumps are supported by a base plate. To dismantle the pumpitis
sufficient to disconnect the electricity supply and to remove the bolts of the
pump cover.

The motor, the pump cover and the impeller can now be taken out of the pump
casing. The advantage of such a method isthat the coherence of the pipe system
can be maintained.

10.99/55.39
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5539-010-009-S
Figure9
Smple drawing showing a close-coupled pump

Figure 10 shows a cross-section of a pump. This pump is provided with a
- seals mechanical or diding ring seal, whereas the impeller and the casing arefitted
with wear rings.
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5539-010-010-S
Figure 10
Example of a vertically mounted centrifugal pump. The wear rings on the impeller in the
casing are clearly visible

10.99/55.39 11
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- laminar or
turbulent parallel
- eddies

- usually turbulent

- dependent

- complicated
- tables or graphs

- ppiperesistance (ppr)

4.1

The line resistance

Before discussing the term line resistance, we have to examine the topic of the
flow of liquids in pipesin more depth.

Thisflow can belaminar or turbulent. Laminar flow is free from turbulence; the
streamlines are amost paralle to the walls of the pipe (seefigure 11). In a
turbulent flow, strong eddies occur in the liquid; the streamlines run in different
directions (see figure 12). A laminar flow only occurs at very low flow rates
and/or with very thick, viscous (syrupy) liquids. In practice, aturbulent flow
occurs nearly all thetimein pumps.

a M
5539-010-011-P
Figure 11 Figure 12
Laminar flow Turbulent flow

Theline resistance is dependent on:

- thevdacity of the flow and the type of flow in the pipe;

- thelength of the pipe;

- theviscosity of the pumped flow;

- the shape of the pipe (cross-section);

- theroughness of the pipe wall;

- theresistance of obstaclesin theline (such as elbows, filters, valves and the
like);

- the number of obstaclesin theline.

Determination of the line resistance

Thetotal resistancein a pipe for both laminar and turbulent flows or a
combination thereof can be calculated. The often-changing circumstances which
occur in practice make the cal culations more extensive andcomplicated . A
quicker determination of the resistance that is sufficiently accurate in practice
can be made using tables or graphs. In these, thetotal pressure loss including the
velocity pressureisincluded.

In table 1 the total pipe resistance py is given for straight pipes with alength of
100 m. Thisisdone for various pipe diameters and for different liquid velocities
and therefore also for various volume flows q,.

It is assumed that a liquid has the same viscosity as that of water. When
determining the p,, value of shorter or longer pipes, the py values obtained from

the table should be multiplied by the factor 1'—00
inwhich | = theactua length in m.

10.99/55.39
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- low resistance

- fittings and
accessories

- equivalent
resistance length

To keep theresistance in a pipe system aslow as possible, al the changes
relating to the flow through the pipes should be made as gradually as possible, in
other words by using wide elbows, trumpet-shaped inlet pieces and conical
reducers when changing to a different pipe diameter.

Question 7
How many times larger isthe resistance in a pipe with a length of 150 mand a
length of 250 mthan that for a pipe systemwhich is 100 min length?

If fittings and accessories are included in a pipe, its resistance will be much
more than that of a pipe with asimilar length and diameter without fittings and
accessories. Table 2 can be used to determine quickly the resistance for these
fittings and accessories.

In table 2, the resistance of a number of fittings and accessoriesis expressed in
terms of an equivalent length of pipein m. In other words, the true length of a
pipe, in which fittings and accessories have been fitted, should be increased by
the equivalent resistance length of the fittings and accessories concerned.

10.99/55.39
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Table 1

Total pipe resistance p,r for straight pipeswith a length of 100 m at various pipe diameters and

various liquid velocities

Pressure loss p,, in straight pipes per 100 m of length for liquids
with the viscosity of water ( Pyr) Volume flow qv (I/min)

ipe - .

gigmeter liquid velocity (m/s)

05 0,75 1,0 1,5 2 3 4 5

15mm Qv 10 15 20
174 Piw 0,91 2,15 37
20mm | gy 13 18 26 36 54
% Pw 0,43 0,68 1,55 27 6,4
25mm | gy =14 21 28 42 56 84 112 140
17 Pw =014 0,34 0,54 1,2 2,1 5,0 8,0
32mm | qy=23 34 47 70 95 142 190 235
1% Pw = 0,105 0,26 0,41 0,94 1,62 38 6,2 8.8
4O0mm | qy=236 54 72 108 145 216 288 360
1% Pw = 0,08 02 0,32 0,74 1,3 3,0 4.8 6.8
50mm | gy=58 84 115 173 230 345 460 575
2" Pw = 0,064 0,16 0,25 0,58 1,0 24 38 54
70mm | qy=115 170 225 340 450 675 900 1125
2% Pw = 0,045 0,11 0,18 04 0,7 1,65 2,6 37
80mm | gy =150 225 300 450 600 900 1200 1500
3% P = 0,038 0,095 0,15 0,35 0,62 1,45 23 32
100 mm | qy = 240 360 480 720 960 1440 1920 2400
4 Pw = 0,03 0,075 0,12 0,28 0,48 1,15 18 25
125mm | gy = 380 570 760 1140 1520 2280 3040 3800
5” Pw = 0,024 0,058 0,095 0,22 0,39 0,88 1,4 2,0
150mm | gy = 540 810 1080 1620 2160 3240 4320 5400
6” Pw = 0,02 0,048 0,078 0,18 0,31 0,72 1,15 1,65
200mm | gy = 1000 1500 2000 3000 4000 6000 8000 10 000
8” Pw = 0,014 0,035 0,056 0,13 0,23 0,54 0,84 1,2
250 mm | gy = 1600 2250 3000 4400 6000 9000 12 000 15000
10” Pw = 0,011 0,027 0,045 0,1 0,18 0,41 0,66 0.9
300mm | gy = 2150 3225 4300 6450 8600 12900 17 200 21 000
127 D = 0,009 0,022 0,037 0,075 0,15 0,35 0,54 0,76
400mm | gy = 4000 6000 8000 12 000 16 000 24000 32 000 40 000
16” Pw = 0,005 0,016 0,027- 0,06 0,11 0,25 0,4 0,56
500mm | gy = 6400 9600 12 800 19 200 25 600 38 400 51200 64 000
20" Pw = 0,002 0,013 0,021 0,05 0,086 0,2 0,31 0,43

10.99/55.39
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Table 2
Resistance of fittings and accessories in equivalent pipe length

Dimensions in mm — 15 I 20 ’ 25 32 ’ 40 | 50 | 70 80
Fittings equivalent length in m
Elbow 90°R = 3d 0,5 0,75 1 1,25 1,5 2 2,5 3
Standard elbow 90° 1 1,5 2,25 2,75 3,5 5 5,75 6,4
Square elbow 2 3,1 4,75 6,1 75 10 11,4 12,7
Standard tee 1,25 1,7 2,35 3 3,75 55 7 8,5
Tee enlargement 0,75 1,2 1,35 1,5 2 3 4,25 57
Check valve 2 3 4,5 55 6,75 8 9,5 11
foot valve 2,1 3,25 4,75 62 75 10 9,5 11
gI_obe valve 5 7.3 9 12 15 19,5 22 25
slide valve 1 1,5 2 2,5 3.1, 4 4,75 54
Dimensions in mm — 100 [ 125 ] 150 [ 200 | 250 | 300 [ 400 | 500
Fittings equivalent length in m
Elbow 90° R =3d 3,75 4,75 6 7.5 - Z Z -
Standard elbow 90° 75 8,7 10 14 18 23 33 42
Square elbow 15 16,5 20 28 - h - -
Standard tee 11 14,5 16,5 21,5 - - - -
Tee enlargement 6,5 8 9,6 11,5 - - - -
Check valve 14,5 16,5 20 26 35 44 65 80
foot valve 14,5 16,5 20 26 35 44 65 80
globe valve 30 35 40 50 70 81 105 140
slide valve 6 7 8 10 16 22 33 46

5. Line characteristics

- graph Another way to determine the pipe resistance quickly is by means of a graph.
Here the pipe resistance is expressed as a function of the quantity of liquid
flowing through the pipe. The curve obtained in thisway is called the pipe

- pipe char acteristic characterigtic. This means the line which expresses the nature of the pipe of a
certain length and diameter in relation to the quantity of liquid flowing through
it and the resistance which occurs as a result.

As an example, a pipe characterigtic is shown in figure 13 for a smooth

- nominal diameter NW 80 pipe with alength of 100 m. NW 80 means a pipe with a nominal
diameter of 80 mm. The volume flow g, in I/m is plotted on the horizontal axis
of the graph and the total piperesistancein bar is plotted on the vertical axis.
The graph appliesto aliquid with a viscosity equal to that of water.
Finally, figure 14 shows a graph for water for smooth, seamless steel pipeswith
alength of 100 m and various pipe diameters. Here the volume flow ¢, in m¥h is
plotted on the vertical axis and the total pipe resistance p, in bar is plotted on
the horizontal axis.

- liquid flow rate If, for instance, the liquid flow is 300 m¥h, then the resistance in a 100 m pipe
with a diameter of 300 mm is 0.05 bar. For a pipe with a diameter of 150 mm,
theresistanceis 2 bar. In both cases, the liquid velocity can also be deduced.

For a pipe with a diameter of 300 mm, the velocity lies between 1 and 1.5 m/s
and for a 150 mm diameter pipe, the velocity is approximately 5m/s.

10.99/ 55.39 15
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Question 8
What advantage do pipes have when they are smooth on the inside?
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5539-010-013-P
Figure 13
Pipe characteristic NW 80, 100 mlong

10.99/ 55.39 16
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Figure 14
Resistance of water in new, smooth seamless steel pipesin bar per 100 m of pipe (Pyr)

10.99/ 55.39 17
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6. The manometric differential pressure

Manometric differential pressure of a pump is understood to mean the
differential pressure between the discharge and the suction sides of apump in
operation.

The pressures on the discharge and suction sides of a pump are indicated by
means of pressure gauges. In figure 15 the positions of these gauges are shown
in adrawing. We will look first at the pressure which isindicated by the pressure
gauge on the suction side of the pump: the manometric suction pressure.

KT

I"net(.d
pprd
hnelt
___________________ ‘ /—\ l discharge side
% suction side k &
hnett s
./ O\ .
5539-010-015-P

Figure 15
Pump ingtallation with the suction vessel positioned lower and the discharge vessel
positioned higher

6.1 The manometric suction pressure

Assuming that liquid is drawn in from a suction vessal with a pressure above the
- nett static suction liquid level of pis. Theliquid level in thistank lies at a distance hnet s (Nnet satic,
side auciion side) DElOW the centre of the pump. If the liquid in the pipe were stationary,
then the pressure gauge on the suction side of the pump would indicate the static
suction pressure pga s For this pressure the following applies:

Pstat.s = Pis = Pret.s (1)

In which:

pis - pressure in the suction vessdl (bar)

Prats - pressure which is caused by the liquid column (h pe5) (bar)
Psats - Static suction pressure (bar)

10.99/ 55.39 18
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- liquid column

- liquid does flow

- velocity pressure

However, when the liquid column is above the pump, then this column is also
works in the same direction and this pressure has to be added to the pressure in
the suction vessdl.

The pressure as aresult of theliquid column in this example counteracts the
pressure in the suction vessel pis. Theps should therefore be reduced by the
Prets The pressure thus obtained is the static pressure precisely for that pump.
(seealsofigure 14).

Pret.sCan be calculated with the aid of the following formula from hpgts:

Prets = Pretes™ * g* 10-5 gm* k_ga * ﬁ *10 ° 3 (2)
6 m’ kg U

In which:

hhets  head of the liquid column (m)

Prets  Pressure which iscaused by the liquid column (bar)
the density of the liquid (kg/m°)

g the gravitational acceleration (m/s? or N/kg)

10° afactor to convert the pressure from Pascal (1 Pa= 1 N/m?) into bar
(1 bar = 10° Pa)

Remark

Since the pressure unit ‘bar’ is often used with pumps, you will also find bar is
used in thislesson in addition to N/m?2 or Pa. Note that these units are smpleto
convert into one another.

Whenever liquid does flow, the pressure gauge before the pump will show a
different and lower pressure. We are then dealing with the pipe losses that occur
and, moreover, with the dynamic or velocity pressure. As aresult of the
resistance in the pipe between the medium and the wall aloss of pressure will
occur in the pipe. On the suction side thisisindicated by py s (in bar).

In addition, some of the static pressure will be converted into a vel ocity
pressure. For this velocity pressure the following holds on theinlet side:

Dus= Yo% % C2*10°° 3

In which:

pvs Velocity pressure on the suction side (bar)
density (kg/mgd)

Cs Vvelocity of liquid in the suction pipe (m/s)

10.99/55.39
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- pumped into a
discharge vessdl

6.2

The pressure that the pressure gauge indicates for the pump is then:

Pmans = Pis = Prets = Pprs - Pvs (4)

In which:

Prmans  Manometric suction pressure (bar)

Ps pressurein the liquid vessel on the suction side (bar)
Prets  Pressurewhich iscaused by the liquid column (bar)
Por.s the pipe resistance on the suction side (bar)

Pvs velocity pressure on the suction side (bar)

The manometric discharge pressure

Now we will 100k at the pressure asis indicated by the pressure gauge on the
discharge side of the pump.

Assume that we pump the liquid into a discharge vessdl, in which the pressure
on theliquid surfaceis p g.

Theliquid level in the vessd lies at a distance of hng ¢ @bove the centre of the
pump. If theliquid in the pipe were at a standstill, then the pressure gauge would
indicate a gtatic pressure (Pga.q). Thisisthe sameas:

Psad = Prd + Pretd %)

h inett.d

A

5539-010-016-P
Figure 16
Random positioning of a discharge vessel

In which:

Psaa  Static discharge pressure (bar)

Pid pressurein the liquid vessal on the discharge side (bar)
Pretd  Pressure which is caused by the liquid column (bar)
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The pressure pratg Which is caused by the liquid column is derived from the
following equation:

Prettd = Nnata * 1 * g * 10° (6)
In which :

hatg  height of theliquid column (m)

r density (kg/mgd)

g gravitational acceeration (M/<?)

Pret.q hereis added to p, 4, because the pressure as a result of the liquid column is
complemented by p g

When liquid then flows, the pump will also have to overcome the pipe resistance

Pera- SOme of the static pressure will again be converted into a velocity pressure
of pyg:

Pva=Yar * c; * 10° @
In which:

Pv.d velocity pressure on the discharge side (bar)

Cq velocity of the liquid in the discharge pipe (m/s)

r density (kg/mgd)

The pressure gauge on the discharge side then indicates:

Pmand = Pid t Pretd t Pprd - Pvd (8)

In which:

Prana  Manometric discharge pressure (bar)

Pid pressurein the liquid vessal on the discharge side (bar)
Preta  Pressure which is exerted by the liquid column (bar)
Por.d the pipe resistance on the discharge side (bar)

Pv.d the velocity pressure on the discharge side (bar)

The manometric differential pressure (Pman) is how equal to:

Pman = pressure downstream from the pump - pressure upstream from the pump
Prmen = (pl.d + Pretd T Ppra - pvd) - (pl.s - Prett.s = Ppr.s - pvs) (9)
pman = pl.d - pl.s+ pnett.d + pnat.s + ppr.d + ppr.s + pv.s - pv.d

When the pipe upstream from the pump has the same diameter as the pipe
downstream from the pump, then the velocity of the liquid through the pipein
the pump will be the same as the velocity of the liquid through the pipe
downstream from the pump and thus:

Pus - Pua= ¥or * ¢2+10°- Yo * ¢f * 10°

In that case pman becomes:
Pman = Prd-Pis + Pret.d + Pret.s + ppr.d + ppr.s (10)
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- the same hpan

Sometimes Pratd + Prets e considered as being equal t0 Prer 8Nd Pprg + Pors 8S
being equal to py.

Then:

pman = pl.d - pl.s + pnat + ppr (ll)
Finally psa = Psatd - Psas CaN aso be taken.

Psat = Prd + Pretd - (Pis - Prets) = Prd + Pretd - Pr.s + Prats
Psa = Pid - Pist Pret

In that case then:
Prman= Pstat + Ppr (12)

The manometric head

Instead of the manometric differential pressure pma, the term manometric head is
often used hypan.

hman IS the head of a column of the pumped liquid, which at the bottom of this
column has the same pressure as Pran.

This head can be calculated as follows:

_ Pren ¥10°

Pimen = 13
= (13

In which:
Pan manometric head (m)
Prman manometric differential pressure (bar)

r density (kg/mgd)
gravitational acceleration (m/<?)
10° conversion factor to convert the pressure into bar

hman IS Used quite frequently because the same maximum hna, can be obtained in
centrifugal pumps at a certain gy, regardless of the nature of the liquid being
pumped.

Thiswill be clarified in the next example.

Example

A pump, which lifts 100 m? of water per hour a height of 20 m will with the
same number of rotations be ableto lift 100 m?3 of petrol (r = 700 kg/m? or
mercury (r = 13,600 kg/m?3) a height of 20 m, assuming that the friction losses
arethe same.

Question 9
Why is the power consumed dependent on the density of the liquid?

10.99/55.39

22



Process engineering / 02.01.02 - 010

- agreements

In al these cases hya, therefore = 20 m. Expressed in bar thisis:

Pran =T * §* Ny * 107

- (g=10 N/kg)
- watef P =1000* 10* 20* 10° = 2 bar
- petrol ppen =700* 10* 20* 10° = 1.4 bar

MErcury Pmen = 13,600 * 10 * 20 * 10°= 27.2 bar

When determining hnet g and hpers We have chosen to have the level of the liquid
in the discharge vessel above the centre of the pump (see figure 17a) and the
liquid level in the suction vessel below the centre of the pump (see figure 18a).
The formulae deduced are also true when thisis not the case. However the '+'
and -' signsin the formula should be given special attention.

5539-010-017-P
Figure 17a Figure 17b
Discharge vessel above the pump Discharge vessel below the pump

5539-010-018-P
Figure 18a Figure 18b
Suction vessel below the pump Suction vessel above the pump

To make sure that the formulais also true in other cases we have to maintain the
following agreements:

If theliquid level in the discharge vessel lies below the centre of the pump (see
figure 17b), then a negative number isfilled in for hygq, and if the liquid level in
the suction vessd lies above the centre of the pump (see figure 18b) then a
negative number isfilled in for hpgts.
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When liquid is not being drawn in from a closed suction vessdl, but from an
open suction vessdl, then the value of 1 bar isfilled in for the pressurein the
suction vessd (pi.g).

10.99/55.39
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Summary

In this lesson we looked at the most important data which playsarolein the
purchase of a (centrifugal) pump. The most important parametersin this case are
the desired capacity, the head and the nature of the liquid to be pumped.

A number of types of pumps which are used regularly were discussed.

To be able to make a good choice the resistances in the piping system in which
the pump will operate have to be known. For this reason the subject of line
resistance and the topic of the pipe characteristic were discussed.

Finally, we looked extensively at the topic of manometric differential pressure
and head.
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Test

Exercises
Do not send in your answers for correction

1. A pump which is positioned in a piping system, in which the pump is placed
3 m above the suction level and the discharge level is 12 m higher than the
pump, has a net gatic head of :

a 15 meters,
b. 19 meters;
C. 25 meters,
d. 29 meters.

2. What factors determine the discharge pressure of a pump?

3. For agiven pump the following is known:
a. suction head = 3.5 meters,
b. suction resstance=0.5m;
c. atmospheric pressure= 1 bar;
d. thedensty of theliquid being pumped = 1000 kg/m3.

Question

a. Thereading pressure gauge in the suction just before the liquid starts
flowing.

b. Thereading on the pressure gauge in the suction when the liquid is
flowing.

c. Thereading on this pressure gauge when the capacity of the pump is
twice as large asisintended under b.

4. How can centrifugal pumps be distinguished?
5. How can centrifugal pumps be categorised?
6. Why does the stuffing box on a centrifugal pump leak?

7. How can any leakage liquid be prevented from flowing to the bearings?

Answers to the questions in the lesson

1. Themain components of a centrifugal pump are:
- ashaft with an impeller attached to it;
- apump casing.

2. Noair chambers are used with centrifugal pumps. Centrifugal pumps
operate without reciprocal action. Thereis therefore no pulsating motion.
Such a pump produces a very even liquid flow and air chambers are
therefore unnecessary. In fact, thisis one of the greatest advantages of this
type of pump.
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3. Vertical pumps are used where only a small floor spaceis available and
when the fact that they are somewhat more difficult to dismantle is not
important. Such pumps have, relative to their dimensions, high capacities.

4. The H-shaped lantern ring makes it possible for the supplied liquid to be
distributed evenly around the circumference of the seal. is ed from byThis
arrangement prevents the pump from drawing in outside air.

5. The back plate of the impeller is sometimes provided with holes to balance
theimpdler.

6. When the pump is being started up axial forceswill occur.

7. Ina pipeof 150 min length: 1.5 timesaslarge.
Ina pipeof 250 min length: 2.5 timesaslarge.

8. Theresistanceto flow islower in pipes which are smoaoth on the inside.

9. The power required by the pump is determined by its capacity and by its
manometric differential pressure. The manometric pressure depends on the

density.
ém? u
P= qv* p ém_*ﬁz:M:Wu
gs m S 9]

With the same head, the differential pressure is therefore dependent on the
density of the liquid to be pumped.

Answers to the exercises

1. a namdy 3+ 12 = 15 metres.

2. Themanometric discharge pressure of a pump, i.e. the pressure that can be
read from the pressure gauge in the discharge, is determined by:
- thepressurein the discharge vessd;
- theheight of the discharge vessal above the pump;
- the (pipe) resistance present in the discharge section of the system; and
- the degree to which the capacity is controlled by means of the discharge
valve, which is part of the (discharge) pipe system.
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Pmen.s = Pam - - =

3. a Whentheflowisjust starting (i.e. theliquid is ill Sationary) the

reading on the pressure gauge will show:

Psat.s = Pam -
é . ka,Nu
hais* T *Q 3.5* 1000* 10 em 3" |gl
nett. s =1- =1- 0.35=0.65bar&—™__ "2 bar
10° 10° e 100 G
g H

b.  Whenever theliquid isflowing in the manner asintended in this
guestion and therefore taking into consideration a resistance head of
0.5 m, then the reading on the pressure gauge will be:

pman.s = patm -

Mrees*r*Q Mps™7*9 _  35%1000%10 0.5*1000*10

=0.6bar
10° 10° 10° 10°

c. If the pump capacity isincreased by afactor ‘2', and therefore the flow
rate too, then the resistance will increase fourfold, thus by a factor ‘4'.
The reading on the suction pressure gauge will then be;

heas *r %0 (BN s) * 9 _ ,. 35*1000*10  (4* 0.5/1000* 10

10° 10° 10° 10°
=1- 0.35- 0.2=0.45bar

The way to distinguish centrifugal pumpsis according to the nature of:

- the product to be pumped;

- thevolumetric capacity;

- the pressure differentia of the pump;

- thetemperature of the liquid to be pumped;

- thedegree to which impurities may be present in the liquid to be
pumped.

Centrifugal pumps can be categorised as follows:
- horizontal pumps,

- vertical pumps;

- gngleimpeler pumps,

- multi-stage pumps.

The stuffing box in a centrifugal pump is set up so that it leaks. Thisis done
so that the packing used and fitted will be cooled and therefore cannot burn.

Any leakage liquid, which isin any case needed to cool the stuffing box, is
removed from the shaft by a centrifugal washer.
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Problems and assignments
Answer and send in for correction
1. Which factors can we use to determine the manometric pressure differential ?

2. A pumpdrawsliquid in from a closed vessdl in which thereis an absolute
pressure of 0.28 bar. Theliquid leve is 6 m above the centre of the pump.
The pump is pumping up into a vessd that lies 20 meter higher, where the
pressure 2.4 bar gauge.

Calculate the net static and the static suction and discharge pressures for
liquids with a density of 800 kg/m? and 1200 kg/m?3 (g = 10 kg/n?).

3. Seethefigure below.

P, =18bar

30m

b, =018 bar

9m

=
5539-010-019-P

Pora = 2.2 bar

Pors = 0.18 bar

r = 1000 kg/m®

g = 10 N/kg

Determine
The manometric differential pressure, Pma

4. Why are there so many different types of centrifugal pumps?
5. What are the advantages of the close-coupled pump?
6. Inamulti-stage pump with 10 impellersthe last impeller has been |eft out.

What isthe differential pressure now relative to thedesign differential
pressure?
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