.

T_rahsportation of Fluids

Valves
Pumps
Reciprocating pumps |
. Rotary pumps _ 'y
Miscellaneous pumps _
- The transportation is involved in handling of the raw materials, materials
- in manufacture and finished products. Transportation is also important
- in ‘mixing, conveying them for filtration, . filling -into the containers.
sealing-etc. Transportation of fluids is more convenient and economical
than' transportation of solids. The importance of transportation of fluids
1s highlighted in the following areas.

1. Bulk draigs : Specified quantities of reactants are transported to
the reactor. For example, gases such as chlorine and hydrogen

are passed (in chlorination and hydrogenation) into the reaction .

system. Similarly, large quantities of water are transported to
heat or cool the reaction vessels.

¢ 2. Fermentation products : Medium constituents are transported to

the fermenter. For example, sterile air, nutrient broth etc.,*are
passed into the fermenter. _

3. Liquid oral pharmaceuticals : Production of dosage forms,

such as solutions and elixirs, employ fluid flow. In the produc-

tion of liquid orals, production operations are conducted in the
first floor. The bottling and packing are carried out in the
ground floor. Therefore, fluid flow in this case involves gravity.,

4. Suspension dosage forms : In the productidn of suspensions,
fluid flow is obtained with the help of a pump. Normally, it is a

mixing process. When suspended solids settle at the bottom of
the tank, these are pumped to the top of the vessel continuously.
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5. Semisolid pharmaceuticals : In case of semisolid prepamtions
(ointments, pastes etc.), fluid flow 'isio_l‘)ta-ined by passing .th.e{n
through a hot jacketed pipes. beca'u.se it is’easy to handle them in
fluidised state under molten conditions. ) s ¥

6. Injection dosage forms : In the production of 111_|ectfor}s, stefllc
air and sterile water are transported from the place ot production
to the site of manufacturing operations.

In this modern age, wherein automation is the order of the day,

pharmaceutical -industry has cvolved a number of innovative handling
techniques.

VALVES . *
Valves are used to control the rate of flow of fluids in a pipeline.

Valves are placed between pipes. During maintenance of pipes.

valves can be removed and repaired without disturbing the . other con- {
nected units. Valves are designed in such a manner that they should-

withstand the following eftects:

~ Pressure of flow.

— Temperature changes.

— Strain from connected pipes. N
— Distortion from the sealing surfaces.

Normally, valves are made of materials such as brass, iron, bronze,

and cast iron, depending on the nature of materials that may come In
contact. A number of valves have been.designed. Some of them are:

R T

(1) Plug cock valve
- (2) Globe valve | _ (7

(3) Gate valve N SRl L

(4) Diaphragm valve e

(5) QO (quick opening) valve

(6) Check valve '

These are discussed in the fol.owing sections.

i

The construction of a plug cock valv__e; 1S ..'show_n,,in__ _Fig;urc 3|—1.
Essentially plug cock consists of a body ca.s:tmg in which a conlc?lhp. L};g
is fitted. The plug has an opening (Cylindn'cal bore) through which the
liquid passes. Some packing materials are included around the stem to

close it. The sides of the plug should not be parallel or tapered. too

much. These valves are used when either complete opening or complete
closing 1s desirabie. : )
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£ i g - matenal

Stem o

Body

ap— Casting

Conical

e Cylindncal slisg

bore

° Figure 3-1. Consl_r'uclion‘nf plug valve.

Cocks of wider designs are available with spccially shapcd openings,
wherciz the opening is nearly proportional to the angle through which the
plug is turned, s |

‘&_.Sp_ccia-l.design valves include lubricants at the stem of the coek. This
lubricant is transmitted to the working faces through small holes drilled
through the body of the plug. )

~Uses : (1) Plug cock valves are used for handling compresscd air.

‘7 F . gz R - L -
(2) Th__t_:st. arc used for the purpose of wide opening or complete
~ closing conditions. '

Disadvantages : Though it is simple, it has several disadvantages.
These are: | i ' |

(1) Plug cock valves are not suitable for stcam or water. .b-ecause of
the cock material. '

('2) !t.is difficult to turn the valves when the plug gets easily wedged
in the body firmly. This problem is observed when the sides of
the plug are too nearly parallel. ' |

(3) Sometimes the plug comes out of its seat, if‘thc,pmg sides are
tapered too much. ' , ‘

(4) Itis difficult to regulate the flow. In normal designs, the area of
opening changes rapidly even with slight rotation of the stem.
Similarly, flow does not change appreciably when the valve is
opened fully. ok

Globe Valves

‘The construction of a globe valve Is shown in F iguré 3-2. A globe
‘valve consists of a globular body with a horizontal internal partition.
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The passage of fluid is through a circular opening,-whibh can be opened _
or closed by inserting a disc in the opening. - |

Globular |

Honzontal body

partition

High
pressure
side 1 Seat

Figure 3_—2f Cdnstruction of globt.j\:al\{c.

The disc is positioned on.the ring, which is known as seat ring. The
“disc can be rotated freely on the stem. Globe valve is installed in the
high-pressure side connecting™:he narrow portion of the 'disc.. Globe
valves can be connected in horizontal lines as well as in vertical lines. ,

The main difference in the variety of globe valves is the construction

of the valve, ha’mc_:ly disc and valve seat. Normally, cheaper .vlal‘ves«havc._

" no separatc seat ring, Good valves have the seat ring, which permits the

ease of rencwal. Angular valve is a modification in which an elbow
fitting and a globe valve are combined in one compartment. = =

Uses : Globe valves are mninlhyf' used in pipes with sizes not larger
than 50 millimetres. In horizontal lines, these valves prevent complete
drainage. ' ROt

&

Disadvantages : Rust, scales or sludge prevént the opening of the
valve. | | |

Gate Valves _ _ .

The construction of a gate valve is shown in Figure 3-3. A wedge-
shaped. ilmlincd-ﬁéeat type of gate is most commonly used. The pressure
on the gates is controlling factor in large valves.

Two types of gate valves are available. ln,non--'rising stem valve, the
thread of the valve stem -engages the gate. The gate can be raised and
lowercd without the movement of stem through the stuffing box. The

advantage is that the overall length of the stem required iIs less. In the
. , _
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rising stem valve, thc lf.ng,th ofthc stem IS more, smce the stcm and gate
are a single plecc | B fhested

"2,—- Non-nsmg

stem

Gate

Figure 3-3. Construction of gate v .lve.

Adva’ntageé : (1). Gate valves are available in large sizes.
(2) These are available in a variety of designs to suit the conditions.

(.u) Galt. valves minimise the differential p:f.ssurc during opening
| and stOppmﬂ the flow.

¢

Dxaphragm Valves

“The mnstruct.on of a d:aphrag,m valve is shown in Figure 3-4.
Dlaphragm is a flexible physical barrier. These valves are made of

" fabric reinforced, natural rubber and/or synthetic rubber faced with
Teflon, a flurocarbon resin. |

$

~Special grades of rubber diaphragms coated with PTFE

(polvtetraﬂuoroeth\ lene or teﬂou) are resistant to repeated steam sterili-

satton

Stem

Diaphragm

o,

f;ﬂp

s Figure 3-4. Cons}lruction ol a diaphragm valve.
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Uses « Dlaphrag._,m valves are more suitable for fluids ‘containing

suspended solids. Spccml types of diaphragms can beeasily stenhsed SO
that they can be used in the productlon of stenle products

Advantages ¢ (1) Diaphragm valves can be mstalled In any posmon
(2) Pressure drop 1s ncglu:lb]c__ _

(3) Complet drammg In horlzontal lines is poss:b]e

(4) Simple. ' |

(5) Exccllent operation (performance). .~ =~ °

(6) Replacement of diaphragm is casy, there is no need to remove
the valve fr’om the line. -

Dlsadvantages : (I) Dlaphragm valves are apphcqble to pressures of
approximately 340 kilopascals. '

(2) Maintenance cost’ increases because of replacement of faulty
" diaphragms. = | L '

#
L

(3) These va]ves‘ are e\:pensivc

Quick Opening Vialves {QO Villves) . 2

In the gate valve, stem is threaded. Therefore. a numb\.r of turns are
necessary to close the valve tompletely. QO valves have sm00th stems

and are opened or closed b) lever handle in a simple operatlon Thesc
are convcment but mvo]vc the danger of water h'ammer '

Water hammcr : When a ll(]Uld 1s ﬂomng in a plpe n is assocnated
with considerable Kkingtic energy due to its mass and veclocity., When
such a flow is suddenly stopped, the velacxty is suddenly destroyed |
Since liquids are incompressible, the energy appears as an intense shock.
Sometimes, this shock’' can be about 60 times the velocity of the fluid.

Hence, QO valves are used only in short lines. On ldrge lmes the valve
should be clgsed slowly.

Check Valves
These valves are used when unidirectional ﬂow 1S desxrable Protec-

tive mechqr}fmm is included to prevent the reversal of flow.  These are
automatically opened, when the flow of fluid builds up the pressure. .

(@) Swing chetk "

(b) Ball check

(¢) Lift check. xemcal _

nction of check valves is given in Figure 3-5.

The constr
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(c) Lift check

(a) Swing check
,, vertical

(b) Ball check

Figure 3-5. Construction of check valves.

Valves are classified dcpendmg on their functions. Thesc are:

Rcducm*rlr valves : These valves are used in order to maintain
uniform pressure in one part of a system lower than the pressurc in

another part of the system. These valves arc merely a special case of
regulating valves. | |

. These valves are installed in a high pressure steam line to give a
constdnt but lower pressure of steam in a steam coll.

lf{cgulatmﬂr valves : These val'fcs are used to control the flow so as

to maintain some other variables such as tcmpuature and concentration

at cor. slant ;tlueb

0

PUMPS :

Pump is a mechamcal device to increase the pressure encryy of 2
liquid. In most of the cases, pump is used for raising tluids from a lower
level to-a higher level. A number of pumps have been' developed to

mcet a variety of operating conditions. Their principles of working and

Lonatructnon are w:del\f ditfferent. The classification of' pumps are:

Reuprocatmg pumps. examples are plSl’.Oﬂ pump, plunger pump
_and diaphragm pump. Cdlere B o et

|
Rotary pumps, e\amples are centrifugal pumps and ﬂ\ ar pumps.

Miscellaneous pumps, example is peristaltic pump.

" Some of them are discussed in the following sections. ';

RECIPROCATING PUMPS .!

. : |
In reciprocating pumps, the pumping clement moves in|forward and

L)

backward directions in a cylinder. This cylinder is known as waier
cylinder, since it is usually used for pumping of water. In a simple

l

|
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reciprocating pump, the pumping element moves forward (down stroke

or delivery stroke) to push the liquid out as a dlscharge (output), later it
recedes (suction strike) to draw the liquid in as an input. Normally, the
pumping element is either a piston or a plunger.

The reciprocating pump is a pcmtw acting type, i.c., 2 displacement

pump. The pump creates pressure and lifts the liquid by the dlsplacc-
ment of a movmg membu . -

Uses : These are used for injection of small quantit:es of inhibitors in '

polymerisation units and corrosion inhibitors to high pressure systems.
These are also used for boiler feed water applications.

Any form of power may be utilised to drive the piston rod. The
movements may be applied through a piston rod or a crankshaft using
cither steam (steam pumps) or power (power pumps).

Stean reciprocating pumps : In these pumps. the steam cvlmder
contains a piston, which is directly connected to a piston: rod of the
water cvlinder. This is the most common in rec:procatmg pumps Steam

pumps can have one steam cylinder with piston (simplex pump at steam-,

end) or two cylinders cach having separate piston (duplex pump at

stcam-end). Normally, these two cy Imders are mounted side by 51de in
the same casing. '

Power rcciprocating pumps : The pmver'pumps'incwde all formms of

“reciprocating pumps, in which the piston is actuated by some form of

energy other than steam. An example is an electric motor. The
movement of the crankshaft is usually through ‘gears by a.belt from a

line shaft using an electric motor. The common Forrn of such a pump is
the vertical, single-acting triplex power pump '

B
In gengral, the reciprocating pumps are classified based on the con-
struction of water cylinders.- These are two types. ¢ .
(a) Piston Pumps ' '
(b) Plunger Pumps

. These are discussed in the following sections.

¥ I.;.II;:.__:'! y

Piston Pumps

In piston pumps, the piston reciprocates in the enclosed space of the
water cylinder. The piston carries the packing material along with it.
As the piston moves, the packing matenal also moves along w:th it. ‘The
general classification of piston pumps is given in Flgure 3-6. '

o’
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Piston Pumps

Number. of _watef cylinders

Simplex . Diup'lex' | | Tri}:lex
piston pumps  piston pumps piston pumps_

£y

@

Drive mechanism

Simplex, single- actmg Simplex double-acting
piston pumps _ - piston pumps

Based on 'type of valve used
. SRR
Simplex, single-acting, Simplex, single-acting,
deck-valve, piston pumps pot-valve piston pumps

~ Figure 3 6. leSSlﬁLmton of piston pumps. [Further classiti-
- cation for duplex and triplex piston pumps follows the samc
- sequence as that of simplex pump branching.

Piston pumps are classified based on the number of water cylinders.

L

Number of ~  Name Connecting system from
cylinders ' steam end to water end
“One Simplex piston rod is joined
Two Duplex  piston rods are joined scparately
Three Triplex ~ piston rods arc joined separately

In a duplex pump',.'twe water cylinders are arranged scparately side
by side in the same frame. Their piston rods are connected scparately to
two steam cylinders, which are also arranged side by side in the same
frame in the:steam end. Connecting several cylinders has an advantage
of making the discharge more uniform and frce from pulsation.

ach water cylinder may have different drive mechanisms and turther
classified as:
1. Single-acting piston pumps

B,

s Doublcmcting piston pumps

1. Single-acting piston pumps : icse displacc water on one half
of the cycle of the piston movement, normally during the down:stroke.
During the other half of the cycle (backward-stroke), the cylinder
receives the fluid. Such a pump requires a minimum of two valves: one
for receiving the liquid into the cylinder and the other for pumping the

w
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liquid out of the cylinder. Single-acting pumps have limited capacity m
handling liquid and the discharge is pulsated.

2. Double-acting piston pumps : These displace water on both
halves of the cycle. Such a pump requires a minimum of four valves. Two
valves are used for suction (to receive fluid) and two valves are meant
tor pumping the liquid out. Several valves are used in order. to pump the
dls.charg. at high velocity and more volume of water, during one-half of
the stroke. The mechanisms of action of these valves are illustrated in
the stmplex, double-action, stcam-driven, deck-valve, piston pump, which

s given in the later section.

Since valves arc employ ¢d in the pumping, the construction of valves

Is important for its elfective tum.,tlomn,g, Thesc are classiticd -as follows.
— Deccek valve

Pot valve S

Deck valve = In this valve, springs are attached to the stem, which
hold the valve disc against the valve scat. The valve is f non- -returnable-:
one way, so that the flow is unidircectional. For high pressures deck

valve is nol suitable.  Some times, bigger sizes of“deck valves are
heeessary to L.l\«t. a high- -pressure dtscharb:.. e

Pot valve : Pot valves usuaily’ lmvu, metal discs, which are often
provided with guide vanes to keep them in right aligninent. The valve is
a non-returnadle-one. way, so that the flow 1s unidirectional. These are
u..quxrt,d when tluids are handled at high pressures. In cése of viscous
liquids and IIC]LlIdb with very hmh pressures, loose metal balls are used
in place of the valve disc, since these are not strong Lnough to withstand.

The g,uu.ml prmc&plcs described above are combmcd and 1llustrdu.d- |
using a model plblOIl pump given below.

Simplex, Do_uble-Ac_ting, Stcam-Driv.en, Deck-Valve, Piston Pump '
Construction : The construction of a simplex, double-acting, steam-
driven deck- valve, piston pump is shown in Ilgure 5-7. . In the water

cylinder, a piston consists of two discs with rings of packmg between
them. These are armng:,f.,d sugh that outer packing can be drawn up to

compress it.. The piston may operate-in a cylinder bored directly in the

pump casting. In some pumps, the piston operates in a removable
bronze liner. oG s ' ol

This pump has' four valves, i.e., double-acting.  The lower row
valves, £} and E,, are suction valves and the upper row valves, F| and
I'9 are discharge valves. For this purpose deck valves are used. The

: . 4
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valve disc is made of hard rubber or metal. The valve is a non-
returnable-one way so that the flow is unidirectional. |

i Fen . ~Discharge g
f Lvery - e Piston PPe i ol
b \‘ - Discharge valve, F,
Dlscharge v Sk |
valve, Fq _ Piston rod
‘;.(FlOSEd) 3> Connective shaft
) to piston end
=
Su;:twnE Suction valve, E,
Soe B (closed)

(open)

Packing Water -
matenal cylinder

Figure 3-7. Construction of simplex, double-acting, steam-driven.
deck-valve piston pump. Working principle is illustralcd

Working : Steam is used at full pressu:e for the cntire stroke in
order to maintain a constant pressure on the water end. This cnables the

pump to produce unitorm discharge (output). The steam pressure sets

the piston in motion at stcam end. This makes plston 1o rec:procate In
the water cylinder. '

The valves are unidirectional. The movement of the piston creates
vacuum and atmospheric pressure forces the water up through the suc-

~tion pipe into the cylinder. The liquid pressure in the water cyhnder
allows the discharge valves (or delivery valves) to open.

When the piston is movmg from left to right, the cvents occur in the
following sequence. - - i
Left side cyc!e f o Right side cycle
E; (suction) valve opens Water  E; (suction) valve closes : Water docs
enters the cylinder from left side.  not enter the cylmdcr duc to pressure.

Fi (d:scharge) valve closes : Water Fz (dlscharge) valve opens : Water (that

will not bc: d;schargcd from this is already present in the water cylinder)

i ey e e ~ goes out through the discharge cnd.

a8

Thcreforc when the piston moves from left to right, water discharges

through the valve, F2. When the piston moves in the reverse direction,
l.e., from right to lefl, it prowdes discharge from valve, Fj. Thus, the
pump is a double-actlon pump, since it displaces water on both halves of
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the cyvele. Large volumes of fluids and at hlgh velocity' can be rans-
ported, since tour valves are used. |

Uses : Piston pumps are used for h»cads up to 60 mctrca ~ Thesc
pumps can be used, if the liquids are not too VISCOUS, COrrosive or abrae

sive. Piston mcchamsmq arc employed in pcnslaltlc and }lPLC pumps.

Apphications : Piston pumps arc extensively used fm spra) system in
sugar coating and film coating Opcmnons i

Dn.ulv.mtagcs (1) Piston pumps are relatwcl) cxpcnswu |
(2) These are nm casy to Llf’dﬂ .

(5) Piston pmnpb induce Loa“ulalmn of latex coating systems under
conditions of 51;_,miu,anl line pressure.

Plunger Pumps

5

In plunger pumps, a plunger 1cuplocales In cnclostd sp'lcc of the
water cylinder.  The term plunger. refers to an clement. which nioves

past tlic stationary packing. The gencral chsblf'r..anon 1S qwcn In
[Figure 3-8. |

Plunger Pumps

Number of waler.cylinders

Simplex " Duplex SR T Trinlex
plunger pumps ~ » plunger pumps plunger pumps

Based on the p!aéement of packing marérial" |

Simplex, inside-packed-' Simplex, outside-packed
plunger pumps plunger pumps

| Method of packihg mareﬁaf "
| fixed to the cylinder

Simplex, outside- - ~ Simplex, OUtSidé‘_‘ |
centre-packed, plunger pumps end-packed, plunger pumps

Based on type of valve used

Simplex, outside-end-packed

Simplex, "outsi*de'end -packed | |
_deck-valve, plunger pumps

pot-valve, plunger pumps

Figure 3-8. Classmcalmn of plunger pumps. Further clas- b

sification for duplex and triplex plunger pumps follows
- the same scquence as that of simplex pump branchmg
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Plunger pumps are classified based on the number of water cvlinders.

M

r _— . - . 4
Number of cylinders Name Connecting system from steam -
. end to the water end
o Onetr Simplex plunger rod via shaft
- Two | - Duplex via crankshaft -
2 Three ' Triplex ~ via'crankshaft

When the number of. cylinders is more, these are connected in
parallel to a crankshaft. For example, in a triplex pump, three plungers,
are connected to a crankshaft at points 120° apart.

Connecting several cylinders has an advantage of making the dis-
charge more uniform and free from pulsation. It is better to use several
cylinders eachof small size, thiereby it is casier to build up high pressure
dnd maintain packmﬂ. ..

Since pdckmq materla] S permancntly fixed in the watcr cylinder, |

can be placed in any position. Based on its placement, plunger pumps
are classified as: |

(a) Inside- p:u.l\ed _
(b) OutSIde-packed’ '

Imtdc-packed plunger pumps : Packing material is permanently
tixed lllbldt. the water cylinder, which is enclosed in the casing of the

pump. Replacement of pacl\mg 1s difficult, because the entire casing has
to bc dlsmantled

Outsnde—packed plunﬂer pumps : In many situations, Ilequem re-
placement of packing material. is desirable. If pumps are larger in size,
replacement can be made easy, provided packing is made outside the
pump.. Normally, replacement of packing is more frequent, if the liquid
contams suspended solids. Therefore, outside packing is more conven-
ient to handle such replacement because of its acccss:brhtv IFurther,
outside packing can be done in two ways.

Outszde-cemre-pac,ked phmgerf pumps: In this type the stat:onary
packing material is placed at the centre of the water cylinder. Though

the water cylmder 1S accessnble stlll packmg IS not easy to replace or
| repalr | o

-

o

d

Oms:de-end-packed phmqe: pumps . In this type. the liqilid tan be
pumped at high pressures, because packing can be more easily main-

tained. Repalrs and detection of leaks are easy, if the pacl\mg is outside
and end-packed in a water cvlinder.

Ty ?

f
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The general prmmplcs described above are combined and 1llustratcd
using Q modcl pl%ton pump givens bclow

Duplex Outwic Lnd !’ackcd Power—l)m cn, Pot-Valve, l’lungcr
Pump '

~ Construction : The construction of the water c'ndlolf a duplex
outside-end-packed plunger pump is shown in Figure 3-9. In the plunge:
pump, a plunger moves past the stationary packm Sin:e the pump 1;

~duplex, the water cylinder is divided nto two pcm‘; (A and B) by

partition. Two plungers are used. Both halves of the p. ungers A and B
are connected to the same driving mechanism and power supply.

Discharge
valves

L

Packing

S .
Hateriat —y Dischaige pipe

Plunger Water cylinder

Cc.nnected
to cranksh_,aft

Suction | ~ Suction
valve ' , vaive

Figure 3-9. Construction of duplex outside-end-packed .
plunger pump. Working principle 1s illustrated.

It becomes necessary to replace the packing more frequently, particu-
larly while pumping liquids containing solids. It involves the dismantling
of the plunger. Many 2 times.. packing should be checked for. leaks.
Hence. it is placed at the outside-end due to its casc in n..placuncm and
maintenance. The pot valves with metal discs are used. If it is desirable
to handle liquids at very high pressures and for viscous liquid. valve disc
is repladed by metal ball in the valve constr'uclion Ea_ch. plunger 15
connected 1o onc sucuon valve and one discharge v..m ¢ 7

Working : Through an clectric motor the linc qhnﬂ S rotmcd which
Jurther rotates the gears through a belt. The gears sct the two plungers
in motion in the two walcr cylmdus (A and B). Each plunger is
umnu.tcd to one suction valve "and one discharge valve.
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movzhnie:f];‘;‘bt]?;e (;nc-v.fgy so that the flow is unidirectional. The
forces th ; ‘plunger creates vacuum and atmospheric pressure
- oy o water up through the suction pipe into the cylinder. The
IIQL.lld p_{;;ess_ure_ In the water cylinder allows the discharee I.

delivery valves) to open. -harge valves (or

- The two plungers are allowed to reciprocate in such a manner that at

any moment, water enters into left-side cylinder, while water discharge

throu%h the right-side cylinder or vice versa. This ensures continufu:

5;:;'151113;9;‘ “:ater_ (non-;puls?ting)._ Large volumes of fluids at  high
'ocity ‘can be transported, since four valves are used in this case.

Uses : Plunger pumps are suitable for handling liquids at high

ressures. ' Iqui
ans Of:" ?{:sc_ous liquids can be transported. These are used for’
. l » L] : - ’ ‘
ansporting liquids containing suspended solids.

Diaphragm Pumps

The diaphragm pump i ; - A
s clas . . _
—— Bt it la§51ﬁ¢d under the category of reciprocating

Figcﬂ‘)‘;i)trulctlon The construction of a diaphragm pIUmp is shown in
wihtrlixj 'f]f t cqn.szsts_oftwo Scctions separated by a flexible diaphragm
a tlap .0f‘ discharge valve at the centre and suction valve at the

~ Air chamber

. .

d;‘a phragm .

Discharée valve

-

' Suction valve

Liquidiinlet

e e

Figure 3-10. Construction of a diaphragm pumb. o AT
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bottom. Diaphragm is fabricated with the materials such as metal,
rubber and plastic. ' ' o 140 R0
Working : Through an air chamber, suction is applied s_b that the -
flexible diaphragm is pulled up (expanded). As a result, the suction
valve is lifted up and the liquid enters the water chamber. " When
sufficient pressure is built up, the liquid lifts up the  discharge valve.
Then the liquid tlows out. At this stage, both valves are opened so that
suction and discharge operate simultaneously. Therefore, non-pulsating
discharge is achieved. The: stroke can be varied and discharge can be
controlled within accurate limits. s o gl e sl
. Uses : Diaphragim pumps are used in transporting liquids containing
solids. Hazardous, toxic and corrosive liquids can also be handled.
Advantages : (1) Diaphragm pumps are simple and rugged. .
(2) They can be easily repaired. g, 8 |
(3) The rate of discharge can be regulated. |
(4) Packing and seals of the diaphragm pump are not exposed to the
fluids. * & . A s
Reciprocating Pump Theory | y gt £ B PR
As mentioned in the construction of pumps, all specifications of the
sump should be mentioned, while procuring a reciprocating pump. Spe-
cial attention is paid for the following sp’cciﬁ.c_at'iohs in the order. i
1. The size (diameter) of the stéam cylinder, because it re'gtilat-e:.i
" the pressure to be generated on the piston in the water cylinder.
2. The size (dialneter).-o‘}'*‘ﬁle ‘water cylinder, as it controls the
~desired discharge. i B
3. The length of travel of the piston. _
~ Since piston displacement is essential for the discharge of fluid, it 1s
necessary -to evaluate the water cylinder in quantitative terms of effi-
ciency. The displacement in the water cylinder may be theoretically
“expressed as: o ERRits | ; '

o

Theoretical displacement viston spéed (m /rﬁin) x

of double-acting = o i il M ONOLT (1)
. : the pist _
- pump (m?’fmm) 114 kg ol fei o {m ) i
P Theoretical Icﬁ!:’.s:pIaceﬁ:enlt_ * (122 pistan spee dx :
of single-acting . area of the Pi_.swnﬂ_' A (2)

. g .
pz;mp_(m/mm) - o o o B St
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When the discharge is equal to the theorctical displacement, then
displacement is considered as 100%. It is not possible to achieve 100%
theoretical displacement as there are losses during the functioning of a
pump. These losses are due to: ]

sl:ppagc past the piston + imperfect pac]\mg
. leakmg of valves * failure of a valve to close mstantly

In practlce, the actual discharge could be 50 to 90 % of theoretical
dxsplacemcnt The actual discharge is known as volumetric or water-end
efficiency. Normally, low-speed pumps are more efficient, provided pack-
ing of the material and valves are in good condition. The lower figures
of water-end efﬁc:cncy represent poor packing of pumps and working at
high spceds Such conditions produce cxcesswe wear and tear on:

. valves - ¥ valve springs - * packing

Steam cyhnder end Since steam cylinder is responsible for driving
the plston in the water cylinder, the force applied is evaluated as:

Force acting on '

the piston rod in =

steum cylinder (N)

steam pressure (Pa) x .
area of steam piston (n?) )

Water cylinder end : In the absence cf friction, the entire forcc
would be transferred to the piston of the water cylinder. Under idcal
condxt:ons 1t 1s expressed as:

Theorctical max:mum e Wﬂi‘fﬁﬂ?ﬂ (4)

~ water-end pressure (P 3) - area of water piston (m<)

Normally, 1t is expected that the piston rema:m stationary, if the total

force on the steam piston is equal to the total force on the water piston.

In order to do work on the liquid and to overcome pump friction, total
force on the steam piston should be greater than the theoretical force

1heorencal prc';sure on “

Steam end or . __ - the steam piston (Pa) %100 )
Pr 935“" e effi CW”CV actual pressure needed (Pa)

Thns efi‘ iciency varles from 60 to 80%.

Naturc of dlsch_arg_e - The__l:qund d:scharge in a single cylinder

pump is shown in Figure 3-11. In a single cylinder pump, the discharge
is zero at the beginning of the stroke. As the piston reaches full speed at
the centre of the stroke, the discharge rises to a maximum. From this
point, it decreases to'zero at the end of the strokc Thus the discharge is
not uniform, but pulsating (Figure 3-11a).
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Several mcasurcs may be followed' In order to obtam des:rcd nature
of discharge as given below. o s et T

—~ Pulsating discharge can bc removed by usmg, a duple>s pump

with a pislon set half a stroke apart (Figure 3-11b).

For high pressures, a triplex pump is more su:table since it

avoids shocks and pulsations. The theoretlcal dlscharge from a

triplex pump is show? In hqure 3-11c.
P

-+ For very "high pressures, pump with five cylinders on a single

crankshaft is employed to make the- discharge still more uniform?

A large air dome connected to the discharge side further reduces
the fluctuations. The air in the cylinder will be compressed,

W hen water piston is accelerating and will be e;\panded whcn 1t

1S deceleratmg

Rate of
discharge

T1me R

(a) D:scharge curve of a single acung snmplex pump

Rate of .
discharge

- Time e———

-1B) D:scharge curve of a smgle cylmder double actmg pump.

Rate of
discharge

(C) D:scharge curve of smgle acling tnplex pump I
F:gure 3-11. Dlscn'ubu curves of dlﬂ'crt,m pumpa
\

ROTARY PUMPS

Rorazy pump is the one by which the hqu:d can bc traqsported based

on the mechamsm of rotation of one or niore elements wnthm a station-
ary casing. *

L] v #



74 T  PHARMACEUTICAL ENGINEERING

| | p . | i * . » - N L
The pump consists of two circular discs with lobes. which are geared.

o 19 each other or single circular impelicr with vanes. In these pumps, the s

rotary mechanism throws the hquid away from 1t and pumping s i
achieved. In general, rotary pumps arc classificd based on the nature ol
{orce applicd in pumping. Theseare:

< [. Positive displacement pumps s
1. Centrifugal pumps -_ g g s

These are discussed in the following sections.

I. Rotary Positive Displacement Pumps
lﬁ mrwj? pbsitive displacement pumps, the liquid 1s mcclmz.‘nic;:vtlly
displaced by the, rotation (by prcssurc) of one or more elements within a
stationary housing. | . oy o
A variety ol rotary positive pressure pumps arc available w:vith signiti-
cant variations in design. One example, gear pump 1s explained below.

Gear pumps . The construction of a gear pump is given in Figure RE
17 Tt consists esscntially of two circular gears, which mesh with each
sther. These run in close contact with the casing. The gears arc rotated .
bv some external agency. As spaces between the teeth of the impa_;l-lcr
p;.ss the suction opening, the liquid is caught betwc.e_n ther_n. carricd
around the casing to the discharge opening.. The teeth come into mesh,
which fd";‘ées the liquid out. The pump can work without valves also.

OUtlEt Casing

o

 Gears or
impeller

X | Liquid inlet
| Figure 3-12. Construction of a gear pump.

Thc..number of teeth on cach impeller varies from 2, 3 or more. The
two or three lobed pumps are generally known as c)'clo{da! pumips. If i
‘the discharge valve of these pumps is closed while it is running, the
pressurc is built up inside the pump, which lea.ds to either stopping the
pump or breakage. .ln these pumps, the d:scharge.ratc 18 dxrecu’y
propbrtim_lal 1o the spged. | |

O
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Uses : A gear pump ‘can handle viscous‘:of.heévy 'liq’uids such as
vegetable oil, animal oil, greases, molasses,
It i1s extensively used in aqueous film coati
* wide range of viscosities. It is useful when
Rotary positive-displacement '
uids that do not contain abrasive material. %

ng. It can transfer liquids of
the speeds are not very high.

Advantages : Gear pumps develop high prcséure.. I'tl gwes

' ar pu a discharge
nearly free from fluctuations and independent of press G B ek g

Disadvantages : Gear pum v
solids in suspensions.
[t 1s likely that |

developed

ps are not employed for transportation of
It requires morecomplicated clean up procedures.
atex coating systems coagulate as a.result of shear

veloped as liquid passes through pump head. It.is also likely that
excessive wear of element occurs while pumping highly pi. 1, low
viscosity coating liquids.  *

el

IL. Centrifugal Pumps

- o gal pumps is shown in Figure 3-
3 : J gl _ J
13. In centrifugal pumps, the blades of impeller rotate by which a

redu-ctldn in pressure 1S produced at its centre (Figure 3-13a). This"
suction draws the liquid into the pump (Figure 3-13b) The basic

o Discharge pi;ﬁe

Suction
: pipe
<¢— Stationary -

casing — Impeller

5 = Volatile
Impeller e

Figu re 3-13. Th_;: gencral construction and par

function of a centrifug
offi‘ ccr}trlfugqll Forf:c._ and icn convert this enérgy par't_ia_l'-'ly_; t'_.o'__:;pre"ss.-ure. by
etlectively reducing the velocity. Thus liquid is pumped out at high
pressure and then transported, P ) '

brine, semisolids and waxes.

(gear pump) pump is used to handle lig- -

ghly pigmented, low" .

¢
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In short. the centrifugal pump helps to rise “q“id’? f'rczm a lower Jevel d .. Turbine pumps : A pump in which a.diff'usion:éasing equipped with
to. a higher .level by: creating a required. piessure with the heip-of (g vanes is known as furbine pump. In this type of centrifugal pump, a
centrifugal action. | stationary diffusion ring is interposed between the impeller and casing
chamber. As a result, the change in the direction is smooth, without
shocks during pumping. ‘1herctore, 1t does not involve energy losses
due to eddies as observed in volute pumps. Therefore, turbine pumps
are more efficient. However, these are expensive. % ke

Centrifugal pumps have scveral advantages such as si.mplicity,.low
maimf_:.nauée requirement. low initial costs, quicl'crperau-on;and_ non-
pulsating flow. These pumps occupy less ﬂnor.. space.  Centrifugal
pumps can be built with corrosion resistant mawnals.‘ .The_'sc have no .
limi-t;tion-. on 1hcft‘..apacit)" oflhf: pump. Therefore, Cctltrifugal pumps are e stiion ]mmps o thi type,‘oﬁc ) ﬁpeller'i‘s emp[_oyed-_f ofic
T i 19 et S ' stage volute pumps are common and the cheapest. Howcvet,,ﬁthei:
efficiency is the least. The single-stage, “turbine pump can generate
maximum head of about 90 metres. W RS

Classification of centrifugal pumps : Centrifugal pumps are classi-
fied based on the type of casing of the pump, volume or diffusion. Such

j ' oot L E
~a classification oi centrifugal pumps is given Figuie =14

* g

Multi-stage pumps : [n this type, two or more impellers are placed in

Centrifug:al Pumps series. The liquid from the tip of one impeller is délivered to the inlet of

4 r _ “the next impeller with minimum loss. Multi-stage volute pumps are not

e T common, since the losses inggach stage would add up leading to a low

T o overall efficiescy. In turbine pump, multi-stage can be employed:- to

. Volute pumps Turbine pumps increase the efficiency of a pump. Heads up to 300 metres. may be

. l—Dj"ve mechanism 4 generated.  However ,”multi-stage u_ll’binc_ptmnps ﬂl‘f:___' more e:(%peﬂSiVé-:

: g Y IR T Thcsﬁc pumps (vol‘u_te and turbine) 'art_a',-t'urtlic,f-classiﬁed as follows.

' ‘Single-stage volute pumps Multi-stage. volute pumps® Open-impeller pumps - In_this type, the impeller is open to the volute

. _ e S . (Figure 3-15a). The fit between the impeller and the casing is usually

' - L Based on the type of impeller used poor. Therefore, some part of the discharge leaks to the suction-side

P il fisiisnly _ (1.e.. back leakage). As a result, these pumps are less efficient and also

* Single-stage, open- Single-stage, closed- less expensive, Many small pumps of gencral purpose cpntain open-
impeller, volute pumps - impeller, volute pumps | “ e T | T i |

[__I______....__.._.__]

' S:ngle-étége, open-impeiler, Single-stage open-impeller,
single-suction, volute pumps doubie-suclion, volute pumps

impeller. - - . i 5

Figure 3-14. Classification of centrifugal pumps. ‘l- urther cl;:ses:-hcmum_ O
turbine pumps fotlows the siume process as that of volute pump branching.

Volute pmup.s . A pump that is equipped with '.‘I-'olutc cas_ing.is known
as volute pump. In this type of centrifugal pump. water entering at lhrcn
suction point is thrown outwards into the volute by the rotation i.)f tl}e
curved vanes. As a result, the liquid suddenly changes its direction in
the volute, which decreases the velocity head and consequently incx:cas‘c_s
the pressure head. These changes facilitate the puinping of the liquid.
The step to change the direction of liquid flow is not smootb. “Therefore.
these pumps are least efficient. These are also less expensive.

() Open impeller -~ (b) Closed impeller -
' Figure 3-15, Pump impellers. . . .
Closed-impeller pumps : In this type, the impeller vanes are enclosed
between twd metal sheets (Figure 3-15b). A close fit is maintained
between the circumference of the impeller and the entrance of the volute

(or between the hub of the impeller and the corresponding point on the
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casing). - Therefore, back leakage of fluid is not observed. Thesce pumps
are more etticient and morc expensive.

- Single-suction pumps : In this type, the liquid enters the impeller
from one sidc only. When such an impeller ts allowed to rotate at high
speeds, suction 1s created at its eye (centre), which pulls the impeller

away from the shaft. The disadvantage of this pump is the unbalanced

hydraulic pressure. As a result, end thrust is produced on the bearings.

Double suction pumps @ In this pump, the hiquid enters the.impellers

from both sides. The pump consists of two impellers placed back to
back and united in one casing. Therefore, hydraulic pressurc is well
balanced. ’ |

The gencral principles described above are combincd and illustrated
using a volute pump given below. '

Volute pumps : The space betwcen the edges of impeller and the
casing of the chamber 1s known as volirze. A pump that is equipped with
volute casing is known as volute pump. i

In this type of centrifugal pump, water entering at the suction connec-
tion is thrown outwards by the rotation of the curved vanes into the volute
(Figure 3-13). As a result, the liquid suddenly changes its direction in the
volute, which decreases ihe velocity head and consequently increases the
“ pressure head. These changes facilitate the pumping of the liquid. The
step to change the direction of liquid flow is not smooth. Therefore, these
pumps are lcast efficient. Thesc are also less expensive. |

Sinﬁlé—SMge, Single-Suction. Open-Impeller Volute Pump ,

Construction . The construction of a single-stage, single-suction,

“open-impeller volute pump is shown in Figure 3-16. The impeller
consists of curved vancs extending from the hub. In the casing. impellers
are placed in such a way that the surfaces of the vanes are in close
contact with the two hzih-'.es of the casing. Since impeller is an open
runner, the edges of vanes arc free without any attﬁdhr;nent of rings
(Figure 3-16). Since the impeller is a single-stage, only one impeller is
used for pumping. - | "

L]
R

The impeller is attached to a shaft, which is rotated by the use of
power from outside. Nearer to the centre (eye)-of the impeller, provision
is made in the casing to reccive the fluid by suction. At the top of
casing, an exit for discharge is provided to which volute is exposed.

IWorking : Power is applied én shaft to rotate. Along with 1t,
the blades of the impeller are also revolved. This results in reduced

»

Ing solid materials. Open imipellers

y (b.) These are cheap pumps, 'h‘e-ncel not
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Prcssu:r-e? at the eyé of the "impéller.
impeller through the inlet suction
along the blades at increasing tang
blade tips and passes into the volute chamber. In this process, its veloc-

ty head decreases and consequently pressure head is increased. The liquid
s the discharge pipe.

1. Hence, the liquid flows into the
pipc. This liquid is forced outward

moves along the casing. Finally. the liquid leave

Discharge ]

Figure 3-10. C_n.nstr_uclibn of siﬁglé-'-smge,' :

s:_n_g.llg;:_-_s}rclion,_opcn-impeller volute pump. T

! / , 5 w5 i _
Uses : Volute pumps are used for viscous liqu
_ | are used for this purpose. .
-Advantages : Volute pumps are’c] :
DRsartabes Sy REE L WS ot v R
Pisadvantages : (1) Volute pumps are the least efficient, because
' power lo AT R T fdot cllicient, because of
G 5S€S due to the tollowing reasons. ..« i . g i
a Wh 5 . . ¥ ] : : . . 'u.”-.-._..%-;* .: BB . ; .;
'( ?’sudgre] iwaﬂ: l’s"‘“t’hmwn.sOut.:.-:b):f-- radially moving vanes, it must
nly change the direction as it,ente__r?s'thq _avoliité. '_ "Such.~a.

sudden change results in turbulence. which . '
_ | S in turbulence, which e power
ln"tl]e 1orlll Oi irlCthll. I 4 g | : : Y - SRR T, S . l. i ; \ : ! 4

o

i

(2) Inh_th}c]:s‘e Ipumps, thels.uctiou Si'del:'o_f' 'im'pél*le'r"fs unzier .:plrcssu;x;e .
‘which is:less than the atmospheric pressure. As 2 i-esﬁ]t, air ma): '

L

,, -f T

ential velocity. The liquid leaves the

ids Jnd liquids contain- "
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‘be drawn into the pump through the stuﬂmb box. This air
g,rn,dtlv decreases the rate ofdlschargu or.cven entirely stops: the

pump. Sealing the glands can prevent this, A small amount of
liquid under the pressure of the discharge is directed through
seal pipes s to lantern rings in the packing.

Turbine pumps : The diffusion casing equipped with vanes is
known as tuwbine pump. In this type of centrifugal pump. a stationary
ciiﬂ'usion'rinu is interposcd between the impeller and casing chamber
(Figure 3-17). As a result, the change in the direction 1s smooth. without
shocks dur.ng.; pumping. Therefore, it does not involve encrgy lossces
due to eddies as observed in volute pumps. Thus turbine puimps arc
morc clticient.

Diffusion

Parts 1n
~diffusion nny

Balancing
ports (holes)

| Iﬁlpéll&{

Figure 3-17. Design ot impeller in a simple turbine pump.

The design of the impeller and the general construction of the turbine
pump is similar to the volute pump. Connecting more number of
impellers 1 senies can generate the maximum head, The overall effi-
ciency of such a pump is high, because the liquid. from the tip of.one
impeller- is delivered to the inlet of the next unpcller with a minimum
loss (mulu-stagt,) Therefore, heads up to ::00 metres may be g 5anrdtt.d

- The general principles described earher are combmt:d and_;,llu_strated
using a model turbme pump gwen below.

Smg{e-btage Smgk ‘iucnon Tmbzm. Pump '

Construction : The construction of a smgle—stage ‘single-suction,
turbine pump is-shown in Figure 3-18. The impeller is a pumping
- mechanism, whlch.., consists of curved vanes extending from the hub. In
the casing, impeller is arranged in such a way that the two halves of the
* casing are closely in contact with the surface of the vanes. A diffusion

ring contains passages, which change gradually in cross-section and
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dircction. Since the impeller is single- -stage, only onc lmpc]lf.,r 1S uscd in
the pumping. -

e 'Di'scharg_e
Diffusion 8
nng
To
dnve o
Impeller
: Volute
Inlet
suction
Figure 3-18. Singlr.:-slfmc. sint:lc-:sucligm turbine 'pu'mp U,

The impeller is attached to a shafl which is rotated- by the use: of
power from outside. Necarer to the centre (cye) of the nnpcllcr prows:on
Is madce’ in the casing to receive the fluid by suction. - At the top of

' casing, an exit for dISChaI'Q:,C is provided to which volutc is exposed.

- Working Power is applied on shaft to rotate." Along with it, tie
.blades of the impeller are also revolved.  This results in ‘reduction in

pressure at the eye of the lmpt;llcr chcc the hqmd ﬂows into the
impeller through’ the inlet suction pipe. This liquid is forced outward

along the blades at increasing tang_,cnnal vclocny The ]Iqud relcased
from the tip of the impeller is caught in these passages and turnad
gradually and smoothly mto a discharge valve without shocks  and

| cddnt.s

In a single suction turbine pump, the 1mpeller produces thc cnd thrust
on the shaft, which is partly overcome by holes in the impeller. This

partly cqualizes the hydraulic pressure behind and front of the unpellcr
The rest of end thrust is taken up in a thrust bearmg

Uses : Turbine pumps arc used in handling of:clear, non-viscous and
non- corroswe liquids. Vertical turbine pumps, which are particularly

suited for pumping water fmm deep well, arc often called degp-well
pumps. - fhoti 5

Double suction, smg_.,lc -stage pumps are used for gencral water supply

and circulating services. Chemical pumps can be used when thc liquids
to be handled are non-corrosive to iron or bronze.



82 L PHARMACEUTICAL ENGINEERING

Turbine pu:nps are widely used for handling organic solveits,
organic heat transfer liquids, llght oils, toxic or hazardous liquids or
; where leakage poses an economic problem.

Advantages : (1) Turbine pumps do not involve energy losses due to

~ cddies, because of the presence of a stationary diffusion rmg
* The change in the dlreenon is smooth without shocks.

il

(2 Singic-stage turbine pumps are available for a varicty of services.

(3) Turbine pimps can be connected in series to improve the effi-
ciency (multi-stag._,e pump).

(4) Chemical pumps are available in a variety of materials.

(5) Turbine pumps are available with the capacities up to and over
400 metre cube per second and head:-. up to 480 metres.

D:sndvcm!aqes Turbine pumps cannot be built with speual material.
So corrosive liquids cannot be handled

Air Bmdlng And Self l”rlmm«:Ir Pumps

W‘ten a centrifugal pump is switched on, the fluid does not instanta-
neously develop pressurc. During -initial period, air enters the impeller
and then Nuid follows. The head generated (in metres) by air may be
comparable to the head degenerated (in metres) by the liquid. However,
the pressure produced by the same air is very small in terms of liquid
head. In such sltdations the pump practically stops delivering the
liquid. This process is known as air hinding. This is one of the

dlsadvantages of the centnfugal pumps.

~Air binding can be prevented by employing some of the following
measures. . _ |
(1) A check valve is provided in the suction line so that the suction

line and casmg will not dram off the liquid, when pump | lS shut
down

(2) A self—pnmmg pump is provlded so that air can be removed

from casing.

(_>) Centrifugal pumps are located at a place, so that the pump
suction is under a positive he:-cl and thus necessny of priming is
ellmmated i

Centnfugal Pump—Theory

".As mentioned in the working prmmple of centrxfugal pumps the
‘velocity head of the liquid at the top of the impeller is converted into a
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JtL
presauro head. ‘ouch a conversion depends on:

- Angle of the vanes GERR
— Velocity of the liquid at the outer tip of vanes
— Friction and leakage losses '

= Changes ln VisCosity

Performance of a centnfug'tl pump : " The performance of' any
particular centrifugal pump is expressed by means of curves called
churacteristic curves. These are usually supplied for pumping water by

manufacturers. The performanc» of a pump IS measured ln terms of four
charactenstlcs | :

Capac:ty : It 1s expressed in metre cube per hour for liquid pumps

and in metre cube per minute for gas pumps, for a given inlet tempera-
ture and pressure conditions.

If spced of impeller (revoluttons per hour) is increased, the rate of

discharge also increases correspondingly. This relationship is expressed
as:

Rnte of discharge o speed of the impeller |
Q o N _ (6)

The volume of dtsclmrgl., depends on the cross section of the pas-

sages. Therefore, the size of a centrifugal pump is usually specified by
the dmmeter of the dtscharge connection.

For high heads and small volumes of dlsch"arge centnfugal

pumps havmg impellers of large diameters, but wnth narrow slots
areused.:: - -

— For low heads and large volumes of discharge, centmfugal pumps

having impellers of small diameters, but with wu:le slots are
“used.

Pressure head : It is the energy suppl:ed to the ﬂutd per unit mass
(increase in pressure/fluid specific wetght) i.e., head development (me-

tres). The quantity of fluid discharge is mcreased as a result of the

cnhanced head developed by the pump Thts relattonshlp IS expressed
as: | '

‘Head developed oC (rate of dlsoharge)2 o

: ' H o Q2 | - A (7) 1

o

[t 1s generally empressecl as column of ﬂuxd equivalent to the total
pressure differential measured immediately before and after the device,

lora g,lven adiabatic condition. Head developed by centrtfugal pumps is

bl

S T

I:,I' IT‘L.'-
i
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3

determmcd largely by: _
' — Angle of thc vanes.

— Speed of the liquid at the tlp of the nmpeller

Power : It is the energy consumed by the machine’ per unit time

(kilowatts). High speed  of unpcller large head gencration and high
discharge rate obviously. consumes more power. This relationship is

e\tpressed as:

Pow/er consumed « Rate of dlscharge x head developed

 WeQxH - (3)
Or ., WeixQa@® @ (9)
Or o W N3 iy (10)

Eduatlons (6 to 10) are used for t"ne companson of two pumps.

. Efficiency : Energy supplled to the fluid divided by the cnergy
Er supphed to the machine is referred to as efficiency.

energy supplied to the liquid
(1 e gpowgpconsumcd) (kW)

= (11)

cie ump =
F}j‘? e u] . energy supphcd to
the machine (kW)

“This theoreiica] relationship is a rough gulde to understand the
performance of centnfugal pumps.

Power losses : A certain amount of power 1s ]ost on account of
vanous reasons, which are listed below:

. ] Mechanical losses : These are-due to friction in bcarings, stuff-
mg-box packing etc '

2. Leakage losses : These are due to leakage of the liquid from the .

tip of the lmpeller back to impeller suctlon

3. Hydraulic losses : These include: -
(i) the friction between liquid and casing
~ (ii) the friction between liquid and faces of the vanes
(m) losses due to sudden change in the direction in the volute

(iv) losses due to sudden change in cross-section, where liquid

leaves the impeller

4. Rec:rculanon losses: The velocity of the liquid is not umform in

-the space between two adjacent vanes of the impeller. This '
difference in velocity produces circulation of the liquid within

the space bemr..cn the vanes. Such circulation consumes power.

‘where H = total dynamic head of hquxd m
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This can be mlmmlzv.d by:

(a) decreasing the distance between adjacent vancs
(b) putting more vanes on the impeller

Such modift callons increase the cost of the pump and cnhancc the
(riction losscs.

Work done or ‘efficiency : The cc,ntrlfugal pumps are usually rated

on the basis of hcad and capacity at the point of maximum cfﬁc:eng,g
The work done S cxprr.ssed as:

Work done = rate of fluid flow x ff bt
ditferential height ofthc column of fluid

Work done (KW:h) = capauty (m3/h) X hcad (m) k (17).

* Work must be done on the pump systcm in order to Ilﬂ any liquid
against the gravity.- The pump’actually raises the liquid and forces it
into a pressure vessel or it may provide enough head to overcome the
pipc friction. In such cases, the /; ya’muhc ¢jfficiency is cxprcswd ys:

- power of the runner (kW)
i1 drcmhc Ljf ICIiCNnCy = '——-

actual input power (kW)

(13)

- It is possible. to estimate the lhcpreucal work required of a pump as
shown below, '

HOp.
3.670 10-5

i‘-i

Po__wcr output (kW) = (14)

p = density of the liquid, l\;_,/m
Q = capacity, m m-/h Y :

The dymnuc head (ff) of a pump can be calculated usmg the
cquation (195).

- H = total dlscharg,e head tc-tal suction head ' (]51 '

The pom.r mput of a pump should be greater than thc powcr output, '

because the internal losses resulting from friction, leakage etc. The
cfticicncy of a pump is thcreforc defined in simple terms as: |

power output (kW)

Efﬁciency of a pump = i 1B
- power input (kW)

Reciprocating Pumps Vs. Centrifugal Pumps o :

A comparison of fmtures of recnprocatmg and centnfugal pumps 1S
given in Table 3-1. |
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. "TABLE 3-1
Comparison of Characteristics of
~ Reciprocating and Centrifugal Pumps

 Reciprocating pumps Centrifugal pumps

1. These arc designed for higher heads. These are designed for lower heads
The simplest pumps are cheaper than

the simplest reciprocating pumps.
For the same capacity, centrifugal

. pumps are costly.
In moderate sizes, the cfficiency of
thesc pumps is higher. |

2. The cost of these pumps is lower
than centrifugal pumps for the

same capacity.

3. The efficiency of these pumps is
constant over a wider range of
discharge ratcs.

4. There is no posSibility of air
binding '

5. These pumps are more tlexible

in their operations.
6. Discharge of liquid may be
pulsating in lower versions.

Alr binding is possible. So special
provisions arc made for priming.

Less flexible in their operations.

Deliver liquid at uniform pressure,
without shocks and pulsation.

These are commonly power driven

8. Distribution of steam and Distribution of clectric power 1s

collection of exhaust are not simple. simpler.

9. 1Jsed for liquids that arc not 100 These can handle suspensions with
large solids and corrosive liquids.

7. Common types are stcam driven.

" viscous. corrosive and abrasive.

; i
F

MISCELLANEOUS PUMPS

Peristaltic Pum ps

Principle :
is clamped in a U-shaped fashion against

In peristaltic pumps, silicon rubber or other suitable

a

elastic (resilient) tubing .
rotating mechanical device (such as ‘finger’ or ‘rollers’). The tubing is
compressed in stages by means of rotor. As the rollers rotate, they

These flats

flatten the tube against the tract at the points of contact.

move the fluid by positive displacement and the flow can be precisely

controlled by, the speed of the rotor. The tube quickly recovers
original shape after squeezing. -

Uses :
where all forms of contact must be avoided. These are increasingly

for pumping
industry, where fr

Perista]tic' pumps are part‘iculatly uscful for biological fluids
sed -

its

emulsions, creams. and similar fluids in laboratories and
cedom from glands, avoidance of aeration and corro-

L]

q
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sion resistance are valuabl | I
. .. ¢. In a hospital sctup, tl s u
BN : ke e pital sctup, these ar
iPn ping 'parcntcrd_! nutrition infusions to the patic:r’us and ble . ff.u;
g In casc of surgical operations. | e
Advantages : (1) Si - ' . i .
‘ ; imple and inexpensiy d o
| ; ¢ (to purchase !
(2) Easy to clean. g ‘and 1 ey
Disadvﬁnlagcs.' (1) Linecar 1 '
: ¢ (1) Lineatity and often '
: s | .
pump speed increascs. '. T _dccrcascs b
@ & 2. .. | -
(<) Accuracy varies as the tubing wears and fatigucs.
(3) Effectivencss is limited by liquid viscosity I

Glossary of S}'m;mls

tl = Dynamic head. m.

it = Head, i -

N = Speed of the impeller, r/h.
12 = R.ulc of discharge, m3/h.

p = Density of the liquid, kg/m3
W = Power consumed. kWh.

- QUESTION BANK
Each question carries 2 marks
. What type of .
. ¢ of pump would y
i . | YOu recommeii ing ]
g il b 1icidd for pumping slurrics with 40-
2. Describe the * . m - .
<. bJescribe the working of a self primi
; a sclf pri |
5.-What is meant by air hindinr? ' o .
wIm | 2 How do you
ek 15 I pumps?  How do you overcome the
4. What are the desien | I
S . ¢ the design features and mcrits of a turbine pump?
>. Write notes on cheek valves g
Ll lr 'E’"m

‘Each question carries 5 marks vl b,

. Write the constructi - |
rite the construction and working of a turbinc pm. o
up..

¥ . In ] lc -

pump for liquid transport,

B

3, Describe the co - kv
; : ¢ the construction : | ~
“ n dnd ﬂppllchti . ~ g ' .
h ons of any onc positive di
C positive displaceme
M ent

- pump. |

4. Compare -
N e the characterictice e _ R
pdractenistics ahgentrifugal pumps and reciprocatin |
' -IPraCaling pumps
"ll L

. Classify reciprocati
.. rocating pumps witl o
S 1 descriptions of various 1
% _ . var : ; X
operation.

L

of a piston type of recip : -
ol rcciprocating .' ST
protating pump and explain its

i #
i ¥

S
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Each questwn carries 10 marks | A
. Describe the principle and cnn.-.lructmn of a centrifugal pump of your ;
ChOILL How do you comparc a centrifugal pump with reciprocating

2 Dcsmbu. the construcuon workmg, mcrm and dumcms ol' a doublc-aclmn
r:.c:prccaung pump | | dhicau
| ' )

C




