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PIPE FITTINGS AND VALVES
/

-
8.1 PIPE, TUBING AND THEIR COMPARISON /’m
ipe fittings ?”‘;-processing
e wi

ipin ems in i : .
Pip etgc Sg':td e c:wemlcal plants consist of pipes (various sizes and materials). P
o= = es for transferring materials from one e q”ipment

to another €

quipment i
vice versa. So in thi

elb
srea or for transferriflg materials from tank farm to processing area and
ipes, tubes. alcfngv?:th their sizes and materials of construction, pipe fittings and valves- bing. PiP€ aF
In the ghemlce.al industry, fluids are usually transferred from ;:me point to another throud ipe or tv [5 ?';om any
wbing is circular in cross-section and may be made in different diameters and in different all thickne® n inclu
wvallable material of construction depending upon the service conditions. The materials of onst
on, steel, brass, copper, glass, plastics, etc. - f about 6 M
. Pipe is heavy walled, whereas tubing is thin walled. Metal pipe is available in standard lengths of @
whereas tubing is available in coils several meters long. aluminium
. Tubes from 6 to 50 mm are frequently made from non-ferrous metals, such as brass: FoPper . o made of
and are widely used in heat exchangers. Pipe is relatively larger in diameter than tubing and 2"
cast iron steel, etc. -
« Pipe surface is slightly rough, whereas the tube surface is very smooth. , ioined by
. Pipe sections may be joined by screwing, flanging or welding, whereas tube pieces M3y giten BELIE™S
brazing, soldering or by flared fittings. ; . ‘wall
cifies the thickness while in casé of tubing, BWG specifies the'wa
ified by its

In case of pipes, the schedule number spe:
s the size of a tube is spec

thickness. : _
o The size of a pipe is specified.in terms of nominal pipe size, wherea

outside diameter.
8.2.1 Safe Working
o Itis a practice of p
processes.

sk to people, equipments, materials, environment and

erforming a task with minimum ri

ed/acting perpendiculaf to the
N/m? Pascal (Pa).
highest pressure at which the

82.2 Pressure and Allowable Stress o
force per unit area (F/A). That is, the force appli

¢ Pressure is defined as the
surface of an object per unit aréa over which the force is distributed. SI units :
rking Pressure (MAWP) : It is-the maximum or

* Maximum Allowable Wo
vessel or equipment may be operated at its design pressure. _
* Operating pressure (Working pres:sure) - It is the pressure at which the equipment operates during its lif
* Design pressure : It is the pressure in excess of the operating pressure for the sake of safety &
: than the operating pressure. )

Design pressure = 1110 1.25 (operating pressure) '
imum stress (tensile, compressive or bending) which is allowed to. b |
e applied

* Allowable stress : It is the max
munm stress that an object is expected
to support. The
ress iIs

on an object. OR It is the maxi

calculated using the following relation :
yield strength

Allowable stress = Factor of safety
For example, for A36 steel, yield strength is 36000 psi and factor of i
7] " 5 Safe T B
Of A3 el Is (= 36000/4) 9000 PSi atety s 4. With this, the allowable st
[Yield strength or stress - It is the stress at which an object will be permanently d ress
amaged.]

(8.1)
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8.2.3 Standard Sizes of Plpes :
te diameter and thickness of 5 Pipe

Nominal Pipe Size (NPS) : s to designa
Nominal pipe size is a North American set of standards uts:rdbase d on inches and a schedule/schedule Numbe,
Pipe size is specified in terms of a nominal pipe sizé for diame hangeably with NPS. Based on the NPS 5

- interc
for wall thickness. The term NB (nominal bore) is freguently ufse:em ipe can be obtained from reference tabjeg.
schedule of a pipe, the outside diameter and wall thickness O the p the NPS and OD valyes e

A 8 to 12 inches,
nominal pipe size of steel pipe ranges from 1/8 to 30 inches. For NPStel;g For example, the OD of an NPS 13 pn
different (the nominal pipe size is slightly less than the outside diametern). s

ual (the nominal pipe size ;
actually 12.75 inches. For NPS 14 inches and larger. the NP_S and. oD Vat‘:rsaa;eivi?l NP(S, the OD remali)ns ﬁxee::isa:he
outside diameter). For example, the OD of an NPS 14 pipe is 14 mChE:.s' chedule number, the OD increases w‘nd
the wall thickness increases with schedule/schedule number. For a given s terials are also made with the Sa]th
NPS whose wall thickness remains constant or increases. Pipes of other ma Me

outside diameter as steel pipes for the same NPS.
8.2.4 Schedule Number / Plpe Schedule Number RS-

Pipe schedule is the term used to indicate the thickness of a pipe. Schedule num er Number
that specifies the thickness of a pipe. The Schedule number is given by the expression

p
Schedule number = 1000 (g)
where P is the internal working pressure in the pipe in psig and S is the allowable

for the pipe material at the conditions of use in psi. . - o _
The higher the schedule number is, the thicker the pipe is (in other words, the schedule r_lumbt?r Increases with
the thickness of the pipe). Normally for pipes, the outer diameter is fixed for each nominal pipe size. Thus a

particular nominal pipe size will have different inside pipe diameter (i.e., different wall thickness) depending on the

stress (ultimate tensile strength)

schedule number specified. '
There are eleven schedule numbers that are commonly used : 5, 20, 30, 40, 60, 80, 100, 120, 140 and 160. The

most commonly used schedule numbers today are 40, 80 and 160. The most popular schedule number is 40.

8.2.5 Birmingham Wire Gauge [BWG]
Birmingham Wire Gauge (BWG) is a dimensionless number that specifies the thickness of a tube. BWG number

increases with increase in thickness of the tube. >

The tube wall thickness specified by the BWG number which range from 24 (very light) to 7 (very héavy).
8.2.6 Materials of Construction for Pipes and Tubes

Different materials that are used for construction of pipes and tubes include ferrous materials, non-ferrous
materials, plastics, glass and lined metal, :

Ferrous materials account for a large part of all the piping in process industries, In this category we have carbon
steel, iron and stainless s.teel.- Carbon ' steel pipe is strong, ductile and cheaper than the pipe made from other
materials. Carbon steel pipe is natural choice, if it meets the requirements of pressure temperature, corrosion

water. Various stainless steels (SS-304, SS-316 etc) ar i
. ; r » €tc.) are used for - -
corrosion resistance to process chemicals, PIpes and tubes because of their particuler

Non-ferrous pipes and tubes are made from copper and copper alloys-brass, bronze and cupronickel, nicke!

and nickel alloys — monel and inconel, lead and alumini

i Inium. These materials (i i i i
’ . ncludin
expensive but are sel?‘-'ted for pipes -and tubes because of their particular resj e g
heat transfer and tensile strength at higher temperatures PR R Popenical,

Non-metallic pipes and tubes are made of materi
+ glass, rubber and ceramics. Plastic pipes

. or hazardous d dilute
: gases an
materials (glass-fibre reinforced) and as lining
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coating invli i |
ne and polyvinylidene chloride (Saran). e adion -
' onitrile butadien

e

Lining carbon steel pipe with a material able to withstand chemical attack
ac

ini rials inc i ermits i
5. Lining mate als include rubber, plastics, glass and metals and thus we havep Mits its use to carry .

fuid :
" rubber lined Pipe, lead lined pipe
‘, VARIOUS TYPES OF FITTINGS AND APPLICATIONS |
g

fittings refer to the pieces that can be employed in pipelines for one of the following purposes :

Joining two pipe pieces., €.g., co_upling/socket, union, nipple, hex nipple and barrel nipple
(b) Changing the pipeline diameter, e.g., reducer. '
(©) Termination of the pipeline, e.g., plug.

d Changing the direction of flow, e.g., elbow, bend.

(e) granching of the pipeline, e.g., tee, cross.

G Controlling the flow through a pipeline, e.g., valves. ,

Fittings may be threaded or flanged. Common fittings are shown in Fig. 8.1E.__‘

(@

(ii) Hex nipple

(i) Barrel nipple
(a) Threaded pipe fittings

(v) Cross

(i) Elbow ' (i) Long radius (iii) 45° Elbow (iv) Tee

(vi) 45° Lateral (vii) Reducer
ines that are very close to each other indicate threading)

Fig. 8.1

b he ends of the pipe are threaded externally wit

h"f‘etraﬂuoroethylene tape is wrapped around the threaded end to ensure a good seal before making a threaded

™ Screwed fittings are used with pipe smaller than 3 in. Lengths of pipe larger than 2 in are usually connected

Yfanges or by welding. Flanges are metallic circular discs bolted together and compressing a gasket int.erposed
ten their faces. The flanges are attached to the pipe by screwing or by welding or brazing. Fittings are

Milahle :
! I:'[able in the same materials as piping.

ND: : _ _
Bends are used to change the direction of fluid flow. They are having external threads. The frictional los

ludoi‘:’e small compared to those in elbows direction of flow.

(b) Flange pipe fitting (two I
For using screwed fittings, 1 h a threading tool

ses in

due to smooth change in the

ge in the direction of flow and

Bhows are used to change the direction of fluid flow. There is sudden chan

{ ,efo .
Y ', pressure drop is more in elbows than in bends.

Pj g ads.
iPes are branched off at right angles by means of fittings such as tees. Tees are having internal thre
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NIPPLE

tis a small piece of pipe with external threads throughout (i.e. thread

the internally threaded ends of the pipes to be connected. It is used t0 jo!

nipple there are thread i bare nipple i
100 mm, 150 m s only at the ends of small pipe piece (a

M, etc. having threads at the ends).
SOCKET

ed on the outside). It is screwed iny
n two pieces of pipe. In case of bare
sa piece-of pipe of length 75 mm,

. y in alignment. It is a sma|
ith their axes In 2 3
h“aflf way on the threaded end of one pipe

half.

A socket also called as a coupler is used to join two pieces of pipe
ptece of pipe with internal threads throughout. The socket is screwed on
and then the end of the other pipe is screwed into the socket in the remaining
REDUCING SOCKET (REDUCER)

; i the
To change the size of the pipe in a straight run (i.e, for changing the diameter of
used. Reducers are having internal threads.
PLUG

These are used to close a pipe line at the end (for the termination of 2 Pi
threads and provided with square heads.

8.4 VALVES

A valve is a mechanical device used either to regulate the flow/control flow or to stop the f:o:v of a fluid
through a pipe line or in or out of a vessel. Valves, in addition to regulate the flow, serve to '5°_ahe Piping or
equipment for maintenance without interrupting other connected equipments. Valves i CRreNon. Save 4 flow
regulating element called a plug (valve plug) and it rests on a seat (valve seat) in the valve body. The ends of the
valves may be threaded or flanged but in industry flanged valves are very common. The valves may btﬁe operated by
the pressure of the fluid (self operating) or by hand (operated manually) or by some-external mechanism (operated
by means of air pressure). ;

In the chemical industry, various types of valves are used depending upon the process
conditions/requirements and fluids to be handled. The various types of valves used in the chemical industry are:

() Gave valve, (i) Globe valve, (iii) Ball valve, (iv) Non-return valve, (v) Needle valve, (vi) Plug valve,
(vii) Butterfly valve, (viii) Diaphram valve, (ix) Control valve (pneumatically operated), (x) Safety valve (pressure relief
valve), (xi) Pressure reducing valve and (xii) Solenoid valve. Gate, plug and ball valves are shut-off valves whose
purpose is to close-off the flow and not to regulate flow. .

8.4.1 Gate Valves

Gate valves are used for minimising the' pressure drop in open position. These valves are used primarily for on-
off applications. Gate valves are suited for high pressure and high temperature use with wide variety of fluids. They
are not suited for slurries and viscous fluids. _ %

A gate valve is a valve that provides a
straight through passage for the ﬂOVtI c?f a
fluid. A gate is moved up and down within a
body by a stem whose axis is at right angles
to that of the body ends. In gate valv-es. the
diameter of the opening through which the
fluid passes is nearly the same as that of the
pipe. In these valves, the direction of flow
does not change and as a result the pressure

pipe line), a reducer js

pe line). These are having external

position

Body

drop through them is very low in fully open i
condition. Therefore, gate valves are use.d‘ to
minimise pressure drop in the open position
and to stop the flow instead of to regulate
flow of fluid.
i F19-8.2: Gate valve
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g.4.2 Globe Valves
A globe valve is used to control/regulate the flow of
id. It is the most commonly used valve for efficient -Stem
egulation of a critical service. Used extensively for sori) Packing
Jtomatic - process control and for high temperaturé (Nearty closed position
2 g P Valve plug Body
or valve .
Fully open posiion

spplications. These valves are not normally used for on-off

A globe valve is a valve having generally a spherical ——'\l
jl___

in which the axis of a stem is at right angles to that of
—
the body ends. Pressure drop through globe valves is much

reater than that for gate valves due to change in the .
irection of fluid flow. Fig. 8.3 : Globe valve
§.4.3 Ball Valves -

dustry where conditions of corrosion plus

perated through

it is used for flow control and on-off service. Widely used in in
de size and

emperature/pressure exist. These valves are simple, compact and quic

o, They are good for conditions which require to' be fire safe. They are :
liquids, cryogenic liquids

hrough it (passage)

k opening and they are O
constructed in a very wi
and gases.

is turned substantially

temperature — pressure ranges. These valves are used for corrosive
It is a valve in which a spherical closure element (ball) having a port t

through 90° from close to open position.
Easy to maintain, tight shut-off, quarter turn operation, q

uick operating and low pressure drop.

‘sf4__stem

Fully open
position

Fig. 8.4 : Ball valve (free ball)

84.4 Check Valves
These valves are used when unidirectional flow is desired. Automatically prevents reversal of flow/automatically

Mevents the flow of the fluid in the reverse direction (i.e., backflow) in lines. Available in wide sizes and
*Mperature/pressure ranges. It can be mounted in a horizontal or vertical line.
rsal of flow by means of a check mechanism, the valve being opened by the

" Itis a valve that prevents reve
®sure of the flowing fluid and closed by weight of the check mechanism when the flow ceases or by back

pr
®sure. These are also called non-return valves.
Fragees Fully open position

- ——

Closed position

(a) Lift check valve (globe), horizontal line (b) Swi
ng check
Fig. 8.5 : Check valves 9 valve
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b e o SR E————
-

LT

ical li - i ally upwar
Vertical lift check valves are used in vertical lines where the flow is normaly

used in horizontal lines.

position 4
' e——Closed
position

(c) Lift check valve, vertical

8.4.5 Dlaphram Valves

d. Globe check valyeg are

_(d) Swing type (foot valve)
Fig. 8.5 : Check valves (simple)

' s i ere leakage mus
It is a glandless type of valve used for corrosive, volatile and toxic ﬂU!dS partucularhr;' ::Iso o on?off senii?;
avoided. They are also suited for handling slurries. They are Used for regulating the flow a °

These valves may be installed in any position.

A diaphram valve is a valve that contains a flexible
rubber (natural or synthetic) diaphram as a plug.

In this valve, the diaphram (usually of rubber)‘kéeps
the working parts in isolation from the process liquid.
The lined bodies act as an in-built gasket for the

connecting flanges. These valves are constructed out of

plastics or metals (rubber lined).

Butterfly valves are used for the control of'_gas and
vapour flows. '

8.4.6 Butterfly Valves

Fully open '
position :

e
.
.....
.
.,
-
.
.

---------

Fig. 8.6 : Diaphram valve

These valves are specially suited for large flow of gases, liquids, and slurries at low pressures. Suited for
throttling as well as on-off services and offer low pressure drop. It is extremely simple in construction, quick

opening, low weight and low priced.

It has a disk-shaped closure element that rotates about a central shaft (stem). :

It is a valve in which the disk is turned substant_ially
through 90° from close to open position, on an axis right
angles to that of the valve ports.

A butterfly valve is used in a large size pipeline and
operates on the same principle as a damper in a store.

These valves occupy less space in the line than any
other valves. ‘

8.4.7 Plug Valves

Straight-through flow, positive shut-off, quarter turn operation-q

Fully open
position

—Fully closed
+  position

Fig.8.7; BUtferﬂy valve

Pen to C[Qse'

(ie. 2, 3, and 4 way), hence simplifying piping system. Used for general on-off servica used for multiport operation
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It is a form of shut-off device comprising a body with 2 parallel or taper cylindrical seatinq i .
fitt y be turned to move its port(s) relative to the body seat ports to control the flow of fluig As?‘ is
operated through 90° with the help of a handle, it is easily opened and closed. Used for water lines (Coouﬁg - Ott is
water, chilled water). wer

e
\
H

m

* a ‘." Ste -
”/ Valve plug

Closed position
Port / passage
through plug Body
Fig. 8.8 : Plug valve
8.4.8 Control Valves

In automatic process control systems, the most
commonly used final control element is a diaphram
motor valve. It consists of a pneumatic diaphram motor
actuator and a process fluid control valve. The actuator :
positions the valve plug in the orifice in response to a
signal from the automatic controller. The valve operated
pneumatically may be air to open or air to close type.

Valve plug
Fig. 8.9 : Control valve

8.4.9 Safety Valve _
4 Chemical plants, boilers, pressure vessels or other system working under pressure may get damaged or
estroyed if pressure rises are not controlled. : '
. A safety valve is a valve mechanism which automatically releases a substance (compressible fluid — gas of
Pour) from a boiler, pressure vessels or other system, when the pressure exceeds preset limits |

A : . . ,
'-‘Quiprs: fety valve is designed to open and relieve excess pressure (or venting fluid - gas or vapour) from vessel
ents and to reclose and prevent the further release of fluid after normal conditions are restored.

ety device and operates for the ) ) :
Pressure on}y,ty P purpose Qf overpressure protection — for protection against excessive

s or

It is a ; : '
mechanical device, mounted verticall ' i
Pressy . A Y on pressure vessels, | i verpressure/excessive
e ceases, gives protection from overpressure and requires perié;cc:??lzskZ?‘a;;;ng;‘:; : P

Two mai WCT
2In types of safety valves are :spring loaded safety valves and pilot operated safety valves.
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LIQUID PUMPING DEVICES
[Transportation of Liquids]

.1 PUMPING OF FLUIDS : IMPORTANCE OF PUMPS
In the chemical process industries for the transportation of fluids from one process equipment to another,

L
or through long pipes or ducts, we have to use some form of a mechanical pumping device. Such a
mechanical device may be a pump, fan, blower or compressor, which increases the fluid energy. For the
transportation (handling) of liquids, pumps are used, whereas for the transportatlon of gases, fans, blowers

or compressors are used.
The power required by a pump, depends on the height through which the liquid is raised, flow rate, length

and diameter of the pipe and the density and viscosity of the liquid.
Pumps are used to keep materials (liquids) moving through the production processes. Pumps are of

different types and sizes. Almost all industries need pumps.

The pumping of crude oil over a long distance, feeding water to a boiler, transfer of raw materials say for
example, sulphuric acid, benzene, etc. from a bulk storage to a processing area, industrial cleaning, vehicle
washing, spray drying, building services (agriculture), arigation, reverse osmosis, power generation, water
supply (gardening), waste water treatment, sewage treatment, transfer of petrol from its underground
storage tank to the fuel tank of a car are some examples of use of pumps.

Pumps are used in almost all industries. The use varies from industry to industry but the common thing is to
raise a liquid to a higher pressure. Pumps are used in industries such as chemical, petrochemical,
pharmaceutical, food processing, dairy, alcohol, pulp and paper, refineries, oil and gas, etc. .
The liquid to be pumped may have clear or may contain suspended particles. It may be corrosive or

non-corrosive and may have a low or high viscosity.

1 Classification of Pumps
pump is a machine which converts mechanical energy supplied to |t from some external source into pressure

which is used to lift a liquid from a lower level to a higher level. :
pump is a machine used for moving liquids, solution or slurries by mechanical means.

are classified as :
Dynamic pumps/kmetlc pumps. (i) Displacement pumps/positive displacement purnps
Classification of pumps

Dynamic pumps Positive displacement-pumps
J' ‘ J’ ‘ Reciprocating " Rotary
Centrifugal  Axial flow Vertical Mixed flow pumps pumps
pumps pump pumps  pumps + *
S Piston pumps Gear pumps
» Open-impeller up?;g: 9 Plunger pumps Screw pumps
Diaphragm pumps Lobe pumps

+» Semi open impeller
* Closed impeller pumps
Fig. 9.1 : Classification of pumps

(9.1)

L PR
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Unlt Operations-1 9.2 Liquid Pumping Devices

In centrifugal pumps, the kinetic energy of the liquid to be pumped is increased by the action of centrifuga
force and is then converted into pressure energy that is needed to pump the liquid. )

In positive displacement pumps, a definite or fixed quantity of liquid is pumped in every reveiLHon. o

A positive displacement pump is that pump which delivers/discharges a definite/fixed quantity of liquid during
the displacement of its piston/plunger/gear/lobe (i.e., during each stroke or each revolution).

Since a fixed quantity of liquid is pumped after each revolution they can develop a very high pressure if the
delivery valve or line is closed.

Positive displacement pumps are classified as :
1. Reciprocating pumps, e.g. piston pump, plunger pump, etc.
2. Rotary pumps, e.g. gear pump and mono pump.
In reciprocating pumps, the displacement is by reciprocation of a piston or plunger, while in rotary pumps, the
displacement is by rotary action of a gear or vane. _ ,
9.2.2 Factors which Influence the Choice of Pump for a Particular Operation
While selecting a pump for a particular duty we have to consider the following factors :
(i) The quantity of liquid to be handled.
(i) The head against which the liquid to be pumped/raised.
(iii) The nature of liquid to be handled (viscosity, clear liquids, suspensions, corrosiveness).
(iv) The nature of power supply.
(v) The method of operation — continuous or intermittent.
(vi) The flow rate required. i : '
(vii) The pressure on delivery. .
(viii) Cost and mechanical efficiency.

9.2.3 Pumps Measurement of Performance

() Cépaclty : It is the rate at which the fluid is pumped by a flyid_moving de'vice. It is expressed in various units
— based on the type of pumping device. For liquids, it is expressed in litres per.mmutet or gallons per minute and for
gases, it is expressed in cubic feet per minute at inlet conditions of gases to the machine.

(i) Overall efficiency : It is the ratio of the useful hydrau!t'; work performed to the actual work input, irrespective

of the type, of drive. _

9.3.1 Centrifugal Pumps

9.3.1.1 Principle ' ‘ .
The kinetic energy imparted to the fluid by centrifugal force is converted into pressure energy.

A pump which lifts a liquid from a lower level to a higher level by the action of a centrifugal force is called as a
centrifugal pump. Centrifugal pumps are very widely u§ed in the cheml.cal and petroleum industries because of its
many advantages such as simplicity of design, low initial cost, !ow maintenance and flexibility of operation. The
centrifugal pump can handle liquids of a wide range of p_ropertles. It is equa!ly suitable for handling suspensions
with a high solid content. It may be constructed from a wide range of corrosion resistant materials and it may be

directly coupled to an electric motor as it operatn?s at high s{:)eeds"

In a centrifugal pump, power from an dutside source is applied to the shaft, the impeller then rotates within
the stationary casing. The impellef blades in revolving pfoduc.e a I'EdLl(ftlorl in pressure at the eye of the il
Dt 5 i, B . nmpeI!:er i Suctl.c!n e The.hqu'd = thm“,’n outward by the centrifugal
action along the blades. As a result of high speed of rotation, 'the liquid acquires a high kinetic energy. The kinetic
gy SRS oy conv?ftt'ed Uik gl leaves' the blade tips and the liquid passes into the
volute chamber and ﬁnal{y it is glscharged through the outlet (discharge) on the bt e e
centrifugal pump is shown in Fig. 9.2.
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ynit Operations 9.3 Liquld Pumping Dovices

g.3.1.2 Construction or Component Parts of a Centrifugal Pump

|_—Valve open
o Valve close
o - A, g L —
-~ +— Valve body
‘ Valve seat
Foot valve 1 B ;
stisinied Valve (rubber disc)

Foot valve-swing type
Fig. 9.2 : Component parts of a centrifugal pump
Impeller
Itis a wheel or rotor that is provided with a series of curved blades or vanes. It is mounted on a shaft which is
upled to an electric motor (an external source of energy). The blades/vanes are shaped in such a way that the
fiow within the Pump is as smooth as possible. The impeller is the heart of the centrifugal pump. ,
Impelier types :
(i) Open impeller, (i) Semi-open impeller, and (jii) Closed or shrouded impeller.
. The open impeller has the blades fixed to a central hub. Such impellers are suited for pumping liquids
Ontaining suspended solids, e.g., paper pulp, sewage, etc. ' :
- The closed impeller has the blades held between two supporting plates / shrouds (crown plate and base plate).
pu:‘ 'Mpeller provides better guidance for the liquid and is more efficient. This type of impeller is suited for
PIng clear liquids (liquids containing no suspended particles, dirts, etc.).
" The semi-open impeller has only one plate (base plate) and no crown plate (i.e. it has a plate on one side of
neblades/vanes). Such impellers are suitable for liquids containing some solid particles or dirts. _
o For v.iscous liquids or liquids containing solids, open or semi-open type impellers are used. The most efficient
wpeller is the closed or shrouded type. The impeller may be a single suction type or double suction type. In the
Mer type, the liquid enters the impeller from one side; while in the latter type, the liquid enters from both the

eg

.
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0.4 _‘_________-————"'_——_ %

(1) Open impeller (i) Semi-open impeller

Casing

" Itis an a.nirtight chamber in which the impeller rotates. It is provided with an I :
r the liquid to be pumped. The function of the casing is to convert the kinetic energy imp

the impeller into useful pressure energy.
Types of casing :

() volute type casing and (i) diffuser type casing.

In a volute type casing, the liquid is

~ discharged by the impeller into the
}ro!ute - a chamber of gradually
Increasing cross-sectional area towards
the outlet [Fig. 94 (a)). In the volute,
the fluid velocity decreases gradually
thereby increasing fluid pressure,
ie, the volute converts the kinetic
energy of the liquid imparted by the
impeller into pressure energy. In this
design, a considerable loss of energy
takes place due to formation of eddies.

A vortex chamber is an improved
version of the volute design. In this
case, a circular chamber is provided
between the impeller and the volute
chamber [Fig. 94 (b)l. This design
reduces eddies to a considerable extent
with increase in efficiency.

Shrouded or closeq
Semi-open type impeller type impeller

(i) Closed impeller

Fig. 9.3 : Types of impellers

inlet (suction) and outlet (discharge)
arted to the liquid by

impelier

Vortex chamber

‘ Volute chamber |
h vortex chamber
type casing

type CaSIng

Fig. 94.: (@) Vﬂlute
(b) Vortey
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In a diffuser type casing (turbine
pump), guide vanes or diffusers are
interposed between the chamber and
the impeller. The impeller is surrounded
by a series of guide vanes mounted on
a ring called diffuser ring as shown in
Fig. 9.5. The conversion of kinetic
energy into pressure energy is more
efficient with this type compared to the
volute type. There is a gradual change
in the direction of fluid so that the
losses are kept minimum.

Fig. 9.5 : Diffuser type casing _
ft, bearing, stuffing box, of mechanical seal, etc. Shaft
The shaft transmits power

d mechanical properties. .
sion resistant material is provided over the

ifugal pump are : sha
must have goo
a shaft sleeve of corro

t excessive wear. stuffing box is a means of

ccur at the point of entry of the shaft into the casing. With this
diture on maintenance can be effected at the
| seal. For high pressures and

Other component parts of the centr
must be of a corrosion resistant material and
from the drive unit to the impeller. Sometimes,
corrosive shaft material from strength criteria.

Shaft is mounted on bearings which han
reducing/avoiding leakage which would otherwise o

the maintenance costs are high. A considerable reduction in expen
| cost by fitting the pump with a mechanica

price of a small increase in the initia
corrosive fluids, mechanical seals are used.

9.3.1.3 Working of a Centrifugal Pump
In the operation of a centrifugal pump before the pump is started, priming of the

operation, the suction pipe, pump casing, and portion of the delivery pipe upto a d
ped so that all the air, gas or vapour from this portion of the pump-is expelled out

filed with the liquid to be pum
and no air pocket is left. In presence of even very small air pocket in any of these portions, pump will not discharge
of pump is due to the fact that the pressure generated by a centrifugal pump ~

the liquid. The need to do priming
ty of fluid that is in contact with it. Therefore, if the impeller is rotated in

impeller is directly proportional to the densi
the presence of air, only negligible pressure would be produced and thus no liquid will be lifted by the pump.

After the pump is primed properlx, the deIive:'ry valve is kept close and power from an outside source (electric
motc;r) is applied to the sha.fL.The delwe.ry valve is kept close in order to reduce the starting torque for the motor.
The impeller then rotates within the stationary casing. The rotation of the impeller produces a forced vortex which
imparts a centrifug:,tal head to_the liquid anfi thus results in an increase of pressure throughout the liquid mass.
As long as the delivery valve is 'closed and mgell.?r is rotated, there will be just churning of the liquid within the
tchasrng. When the‘delwery valve is opene'd, the liquid is made to flow in an outward radial direction thereby leaving

e vanes of thg lmpe”-‘;f at :‘e outer Clrct.Jmference with high velocity and pressure. Due to centrifugal action, a
g:nal vacuum is create ha: ht e egte. of ttje impeller. This causes the liquid from the sump/reservoir (at atmospheric
discﬁ::;ic';Ofrf::::tﬁ‘:ﬁgim c‘i*r;‘mg;'e r"’c'zeofft ;he. eye of the impeller thereby replacing the liquid which is being

- ; . e impeller. The hi s sl i i ler is
| utilised in lifting the liquid to the required height through the dee.‘lli::g:; z;:ssure of the liquid leaving the impel
- . tic Aot ; e.
;Velo?iur ':9 the C’fse;zgg’:htql;:ﬂi;elcz::: ;:‘efgy from the vanes which results in an increase in both pressure and
correstgonr;;ggy.to the high velocity of ]iquig 'If::e_lier with a high absolute velocity. In order that the kinetic energy

i vIing is . . : b
omeres, 1 s essential that the high velocity of thegle'av'nm wasted in eddies and efficiency of the pumP th_en:hz
delivery pipe, so that a large portion of the kinetic ing liquid is gradually reduced to the lowe? G e
Schieyed by shaghod S i o Hhapiig ,eaﬁnen?rgy is converted into useful pressure energy. This :’s :surae ay
. area.
The gradual increase in the flow area of the casing a| g liquid flows through a passage of gradyally expan et
50 helps in maintaining uniform flow velocity throughoult

dle shaft load withou

pump is done. In the priming
elivery valve are completely

___.-‘
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Unlt Operations-l 9.6
9.3.1.4 Advantages of co_ntrll'ugl Pumps
1. Itis simple in construction. .
it can be made in a wide range of materials.

Due to its simplicity of construction,

Low initial cost and simplicity of design.
It operates at high speed and hence, can be coupled directly

speed, smaller the pump and motor required for a given duty.
It gives a steady delivery / discharge.

6. Lower maintenance (compared to other pumps) costs.
It does not get damaged even if the delivery line becomes blocked, or the delivery va

7.
the pump does not run in this condition for a prolonged period.
8. It can handle readily liquids containing high proportions of suspended solids.
9. For equal capacity, the centrifugal pump is much smaller than any other type of pump. Therefore, it can be
made into a sealed unit with the driving motor and immersed in the suction tank.

2
3 -
! to an electric motor. In general, higher the

w

Ive is closed, provided

9.3.1.5 Disadvantages of Centrifugal Pumps

1. Itis not usually self-priming.
It operates at low efficiencies (50 - 65%).

2
3. It cannot handle very viscous liquids efficiently.
4. It does not develop a high pressure. Multistage pumps will develop greater pressure heads but they are

much more expensive and cannot be made into corrosion resistant materials because of their greater

complex construction. ,
If a non-return valve is not provided in the delivery or suction line, the liquid will run back into the suction

tank (reservoir) as soon as the pump stops.

9.3.1.6 Applications of Centrifugal Pumps
These pumps are used in water supply (domestic and industrial), waste water treatment, sewage treatment,

irrigation (agriculture), building services (water in buildings), fire protection systems, power plants, fisheries and in
industries such as chemical, petrochemical, pharmaceutical, dairy, food processing, oil refineries, etc.

9.3.2 Positive Displacement Pumps:

Positive displacements are classified as : :
4 Reciprocatin'g pumps, e.g., piston pump, plunger purnp and diaphragm pump:

2. Rotary pumps, e.g., gear pump, lobe pump and mono/screw pump.

A positive displacement pump is a pump which provides (discharges) a fixed flow rate irrespective of pressure

changes within the system.

Principle of positive displacement pumps :
A positive displacement pump makes a liquid to move by trapping a fixed amount of the liquid and forcing

(displacing) that trapped volume into the discharged pipe.

9.3.2.1 Reciprocating Pumps

Construction / Components of a Reciprocating Pump :
A reciprocating pump essentially consists of a piston or plunger which moves to and fro i.e recip tes back
A= rocates bac

and forth in a close fitting stationary cylinder. Fig. 9.6 shows a reciprocating pump
The cylinder is connected to suction and delivery pipes. Each of th i
: ) - ese pipes ar i :
valve called suction vaive. an.d delivery valve respectively. A non-réturn Valve%zrmitseuzir;\:de-d with a non-retum
suction valve allows the liquids only to enter the cylinder and the delivery valve allows onlye_cttlodrjal ;Iow. Thus, the
1ts discharge from the

¢ylinder. A piston or plunger is connected to a crank by means of a connectin
) . r :
ctric motor. When the crank is rotated by the drive, the pisfonogr- ;:ie crank is rotated by a
_an .t . . s & " UNABr meavsae 4o 1 £

el mmamiia

driving engine or ele
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Delivery valve —

Suction valye —]

piston or Plunger
' Rotating crank

Cylinder

Fig. 9.6 : Single acting reciprocating RHENE
working of a Reciprocating Pump : ' ety i
Assume that the piston of Plunger is initially at its extremely left positiqn (i.e. comP‘ehtYposition (ie, moves
f the crank rotates through 180°, then the piston or plunger moves to Its extreme rgr | vacuum is created in
outwardly from ?he cylinder). During the outward movement of the piston or plunger, a partial v b Peras B
the cylinder, which enables the atmospheric pressure acting on the liquid surface in the sng’h.S operation of the
liquid up the suction pipe and fi| the cylinder by forcingly opening the suction valve. As during this op o
pump, the liquid is sucked from the sump, it is known as a suction stroke. Hence, at thg end of the s_iUCUh e
the piston or plunger is at its extreme right position, crank is at 8 = 180°, the cylinder is full of liquid, the
vilve is closed and the delivery valve is just at the point of opening. ) ¢
When the crank rotates through further 180° (j.e., 8 = 180° to 360°), the piston or plunger moves inwardly from
ts extreme right position towards left. The inward movement of the piston or plunger causes the pressure Of K
liquid in the cylinder to rise above atmospheric temperature, because of which the suction valve closes and Fiellver:y
walve opens. The liquid is then forced up the delivery pipe and raised to the required height. As during this
operation of the pump, the liquid is actually delivered to the required height, it is known as a delivery stroke. At the
end of the delivery stroke, the piston or plunger is at the extreme position, crank has one complete revolution, and
both the delivery and suction valves are closed. The same cycle is repeated as the crank rotates.
Types of Reciprocating Pumps
Based on the reciprocating member (pressure component) piston, plunger or diaphragm, there are three types
of reciprocating pumps :
L Piston pumps‘ :
2. Plunger pumps
3. Diaphragm pumps :
According to the liquid being in contact with one side or both the sj
"iprocating pumps may be classified as : -
() Single acting pump and
(i) Double acting pump.
D Single acting pump ; _
Itis the one in which the liquid is in contact with only one side of a
Ainger), This pump has one suction pipe and one delivery pipe and in one
“Mo strokes - one suction stroke and one delivery stroke.
W Double acting pump
Itis the one in which the liquid is in .Contact with both the sides of 5 p
N pipes and two delivery pipes. ey e;fh stroke, the suction takeg
. Sde delivers the liquid. So in case Ef ouble-acting pump In cne comp
“etion strokes and two delivery strokes. -
Mosy piston pumps are double acting, while plunger pumps are single acting,

nside the cylinder).

des of a piston or plunger, the

Piston or Plunger (infront

of pi
complete revolution of the piston or

crank, there

Iston or PIUn
place on
ete reyg|

ger, Th|s
One Side of
Ution of the

pUmp has two
the piston and
crank, there are

. A
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Liquid Pumping Devlee,
u

~0H Operationst = |
. ' : s may be clas
According to the number of cylinders provided, reciprocating B
1. Simplex - single cylinder pump.
2. Duplex - double cylinder pump
3. Triplex - triple cylinder pump.
A simplex pump is the one having only one

cylinder. The single cylinder pump may be single acting Valve close\g'

sified as :

or double acting. A double cylinder pump or duplex
Pump is the one which has two single acting cylinders,
each may be equipped with one suction and one
delivery pipe with appropriate valves and a separate
Piston or plunger for each cylinder. In an alternate
arrangement, there may be only one suction pipe, one
delivery pipe and one piston for both the cylinders. The

|
working of a duplex pump is similar to that of a double Valve open~" E ‘>KValve .
acting single cylinder pump. ] ‘I [

e et
--ady
.

Fig. 9.7 : Duplex pump

A triplex pump has three single acting cylinders, each equipped with one suction and one delivery pipe and
Separate piston or plunger.

1. Piston pump

It consists of a cylinder with a reciprocating piston. It is equipped with valves at inlet and discharge for the
liquid being pumped. The liquid to be pumped enters from the suction line via a suction valve and is discharged at
high pressure through a delivery valve. This type of pump may be single acting or double acting and may be direct
acting, steam driven or power driven with a crank and a flywheel.

In case of single acting pumps, the liquid is admitted only on one side of the
in double acting pumps, the liquid is admitted on both sides of the piston.

Both these types are shown in Fig. 9.8.

piston (infront of the piston) while

Delivery valve

Suction valve

(a) Single acting (b) Double acting

Fig. 9.8 : Piston pPumps
In case of single acting pumps,

as the piston moves backward fro i i
. . m th iquid t
the chamber through a suction valve which allows th ool e e

€ liquid only to flow i .
forward, the liquid is pressed and liquid is pumped out via 3 deli W Into the chamber, As the piston moves
double acting pumps, the liquid is drawn i

in the forward stroke the liquid i
suction port (2) and liquid is discharged through delivery port (4) il

S - With single acti
during return stroke (backward stroke) and with double acting pumps, theg de;itl
return stroke.

drawn into the pump through
NG pumps, the delivery is zer
€ry is same in the forward and
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Ing M=
uld P ump=
! operstions = er
i theoretical del 23 of the cylind ) of the
Iome very of olum ne
¢ second X area of pitsI:: PISton pump is nothing but the total sweptt:e ey : ﬂtzn s which
; f pis

er cen
" these type of pumps are provideds"v.ep' volume is normally greater than 902 1o make the flow If stroke
finuous, i€. to obtain uniform :,m h an air vessel at the pump d'“h"ﬁ and at

i®__ the forward stroke COmme OW and to reduce energy requirem d the air is €0 f th
| ¥ d of stroke when discha,-gen;:me“t the liquid is pumped into the air veSSf‘Fl .a:nt'y high to €x | some O
!r:_,d in the delivery line, Creases, the pressure in the air vessel is suftic g
{F harge of tion O
I dl:;c trg th e i i the delivery line can be kept approximately constant by incorpord
%"‘ 1 gse 70 UNS UMD The sy vessel fitted it duces the frictional losses. wide
1" nis type of PUMD is comparatively cirer. o e delivery line also redu hanical efficiencies over @
| e of operating conditions, does P s il o e s g re upto 6 MPa. The load
;‘"ﬂming mechanism with thic v . 'cauire priming and can be used to develop pressu

s type i Y
tYPe is uneven as the delivery is uneven.

|” he piston pumps are well sy; . ; :
| Fig.99 shows discharge c:js"’t‘-’d for pumping small quantities of liquids to high pressures.
| Fg. rves for reciprocating pumps. .
I Single Acting
P _,__s,_,dion_..-—Dalivery—-"
¢ !
> 1
$ 3 i
o i i . : :
o |
Time —L :
0°  90° 180° 270° 360° °
@) Double Acting
l ' t le—Suction Delivery—s]
- :
g ] ]
g | g /- :
SN NN MOV 8 : :
O [~ - —— e - - -
o !,7<\v,><\ul><\v,,<\u/<\v,«\,;«\ ol E i
3 i 1 L
Time —s 0°  90° 180° 270° 360°
(b) _ Crank angle—s
Fig. 9.9 : Delivery from Fig. 9.10 : Delivery from single
(a) simplex and (b) duplex acting and double acting pump
L Plunger pumps . .
The principle of operation of a plunger pump is the same as tpat of t'he plst'on pump. It consists of a heavy-
eled cylinder of a small diameter that incorporates a close fitting reciprocating plunger, which is merely an

tension of a piston rod. This type of pump is always single acting in the sense 'fhat only one end of the plunger is
it pump the liquid and usually are motor driven. These are used for high pressure applications and can

rge against a pressure of 150 MPa or more. .

Applications : It may be use
ing water to boilers.

Meterling pumps driven by a constant speed electric motor an_c‘i' maintain constant delivery rates
1 Metgrlng pumps a.re r " ossure against which they operate. For on.m discharge and high pressure
“'-"'Dectwe of changes in the Pd for high discharge and low pressure services, they are of the piston typ
‘:i &e of the plunger tYIPe at'i:e delivery rate from the pump caln be controlled by controlling the dis
* bumpi ion also, or remotely.

o bt L

d for injecting small quantities of inhibitors to high pressure systems and for

Ser\fices‘
e, During
Placement
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-q-r—'-l—'—tmi_igrml . i |
y controlled delivery rates. They may be i

and for the dosing of water supplies.

Applications Metering pumps are used for constant and accuratel
used for feeding of reactants and inhibitors to reactors at controlled rates
4. Diaphragm pumps
" "1I'his Pump is divided into two sections by a reciprocatiggb drivin

'aphragm. The diaphragm can be fabricated out of metal, rubber or p - " .
pPump, there is a qut‘;d tg be pumped and in the other section there is a piston or p_lunger W('Jtl:c‘;':j‘gbm nrnoet; ::T;?Stl;:
fluid (e.g. oil) which actuates the diaphragm to and fro. The fluid movement is transmit an{i g
diaphragm (flexible) to the liquid being pumped and hence with this arrangemerlt packlgg ks not
exposed to the liquid being pumped. Valves (non-return valves, ball type) at the suction and .|sc-;rg Dty
moving parts which are in contact with the liquid and these valves prevent reverse flow of the liquid.

Pneumatically actuated diaphragm pumps utilize compressed plant air for pumping. Such pumps l'l.1ust have 3
ﬂpoded suction. The pressure they develop is of course, is limited to the available compressed plant air pressure.
Fig. 9.11 shows a schematic diagram of pneumatically actuated diaphragm pump. -

Applications : Diaphragm pumps are used for handling corrosive liquids, toxic liquids as well as liquids

containing suspensions of abrasive solids, i.e., slurries.
g-— Compressed air

g member which is nothing but_a flexible
\astic material (PTFE). In one section of the

N L
o =

Diaphragm
f phrag

i

NRV:

NRV

T,

Fig. 9.11 : Pneumatically operated diaphra
Working : .. p"lmp

diaphragm is alternately applied and released for the pumping of iquid . is way, the air pressure on the
8.3.2.2 Positive Displacement Rotary Pump |
In rotary pump as the elements of the o'l
b ; Pump rotate in a casin .
h o g, aredu . .
its :olra?:édoujtt:;::hfgr;;dhnnto th‘ed PUMp, it is then trapped between the mtai;!ndgpt;issure IS created on the inlet side,
charge side of the pump. The rotary PUMPS can handle ﬁquicri:e(;tz :nd:the casing and finally
y Viscosity. The discharge

r . - - . .
ate from this pump is a function of its size and speed of rotation; Rota :
pumps. Y Pumps include gear pumps and mono

1. Mono pump/Screw pump

This pump consists of a rotor that

rotates in a stator mad
true helical metal screw while the stator has a double helical t . c:if Sl o, materal. The rotor s 2

e : read pi
liquid to be pumped moves continuously towards a discharge 'cha ok,

pPOSite to the S iral
This pump is capable of handling highly viscous materials, . Iircaut_;th the v Piral on the rotor. The

: oids be :
quids, etc. tween the rotor ang the stator.
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9.11
eding slurries containing higher proportion of
o

pump.

dustry for fe
ic diagram of mono

@Q}L’ﬂ“ﬁs-l

Application
solids 10 filtration equipments. Fig.

hemical in

s : It is widely used in the ¢
a schemat

9.12 shows

i gt .

' Stator
Rotor _
Fig. 9.12: Mono pump

p liquid by displac it creates liquid

ement, i-€.

3, Gear pump
hing of gears t© pum

principle :
disp!acement viathem

construction :
it consists of two toothed gea

connections for the liquid to be p
rotates in mesh with it. The clearance between

and the casing is very small. The pump has no valv

independent of pressure.
This pump does not need priming. The
considerable number. The gear and casing ©

liquids and operate at high pressures.
Working :

A gear pump uses the mes

eshing of gears.

ars) enclosed in @ casing which is provided with inlet and outlet

¢ wheels, one i driven by an electric drive and other

Is as wel the surface of the gear wheels
f liquid is

r wheels (spur g€
| as between
this pump, the d discharge rate ©

umped. Of the tWO gea
the gear whee
es. For

elivery/

om three to fourorto a

ach gear wheel varies fr
pumps to pump viscous

number of teeth on €
d and this allows gear

f a gear pump is rigi

the inlet is carried

a reduced pressure at
further rotation of

o creation of
rs. Due to

The liquid entering in the pump from the inlet due t
round in the space between the gear teeth and the casing during the rotation of gea
gears the liquid is pumped out of the discharge as the gear teeth come nto mesh.

A neat sketch of gear p in Fig- 9.13.
e pumps are used for handling high vis

Applications : Thes

lube oils, fuel oils, pure bitumen vegetable fats, vegetable oils,

adhesives. | '
Advantages : High s
Disadvantages : They

gear wheels and teeth.

s, crude oil,

as 'molasses, paint
ns and

ump is shown
olate black liquor resi

cpsity liquids such
cacao butter, choc

peed, high pressure, priming is not required, rel.atively quiet operation.
ded solids due to close clearance between

are not sufficient for liquids carrying suspen

Fig.9.13 : Gear pump
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%ﬁf Centrifugal Pump with Reclprocating Pump 2
—————Centrifugal Pump Reclprocating Ptfmp A
; 13 ! . f fluid transfer is a centrifugal force. 1. The means Of. fluid :ran::\etr is a disp ent of
s B volume by a piston € e;m -c| . —
2:% ;‘Sg;‘::z i c nstruction and light in weight due to | 2. Complex in constru::ﬂ?naa:s. eavy ruction
1 mbel of parts. due to more number of p .
oo tequires Jéss floor space and simple foundation.  |3.. It requires more floor space and comparatively
W heavy foundation.
4. It needs priming. 4. It does not need priming.
5. Itdoes notincorporate an air vessel. 5. Itincorporates an air vessel.
6. Discharge is steady and even. 6. Discharge is not even, it is pulsating.
7. Used for large capacity and low heads. 7 Used for low capacity and high heads.
8. Itis operated at high speeds. 8. ltis operated at low speeds.
9. It can handle relatively viscous liquids and liquids [9. It cannot handle viscot{s liquids and liquids
containing suspended solids. containing suspended solids. It can ‘handle clear
liquids. .
10. They are coupled directly to an electric motor: 10. They are belt driven.
11. They are operated against a closed valve without | 11. They are never operated against a closed valve.
danger.
12. Efficiencies are low. 12. Efficiencies are high.
13. Maintenance cost is low. 13. Maintenance cost is high.
14. Costwise they are cheaper. 14. Cost of the reciprocating pumb is higher than the
centrifugal pump of the same power. :
15. Designed for high discharge. 15. Designed for higﬁ heads.
16. Cannot develop high pressures. 16. Can develop high pressures.
17. Less wear and tear. 17. More wear and tear,

- Liquid Pumping Devices

9.3.4 Advantages of Centrifugal Pu

i
2,

mp over Reclprocating Pump
Simple in construction, requires less floor space, relatively simple foundation.
Discharge capacity is very much greater than that of the reciprocatin .
small quantities of liquid.

Centrifugal pumps can be used for handling relativel
proportion of suspended solids efficiently whereas recipr
liquids free from suspended solids/impurities otherwise it

It can be operated at very high speed without any dan
directly to electric motor. Speed of reciprocating pu
cavitation.

The maintenance cost of the centrifugal pump is low and o
hand, for the reciprocating pump the maintenance cost js

frequent replacement.
Centrifugal pumps aré relatively cheaper than reciprocating i

For equal capacity, the centrifugal pump is much smajler than the recipr
ocating pum
p.

g pump which can handle relatively

05:: lzllscous qut_Jids and liquids containing large
aI INg pump is used for low viscosity liquids and
S valves can cause frequent trouble.
e i i
ger of separation and cavitation and can be coupled

mp is limi .
P 1s limited from consideration of separation and

nly periodical

high b checkup is sufficient. On the other

ecau
5€ Parts such as valves etc. may need
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GAS PUMPING DEVICES
[Transportation of Gases]

e

j__(_!-_‘l DEVICES oOF TRANSPORTATION OF GAS/AIR

Like liquids, gas
sk e blgw::s must also be moved through pipelines and process equipments using proper fluid moving
+ and compressors are used for transportation of gases based upon the service conditions.

The pumpi :
- den.Zty c?f":;g :iilwfs for gases can be operated at higher speeds as the density of gas is considerably less than
quid. As the viscosity of a gas is low, there is a greater tendency for leakage to occur, thus, gas

compressor i :
P s are designed with small clearances between the moving parts.

In gas i i ;
B, egmr?f?p;ess:on: a large proportion of energy of compression appears as heat in the gas, thereby the
omp s 3 the gas. Increases significantly. The increased temperature of the gas may limit the operation of the
compressor due to this we have to make a provision for cooling of the gas in order to maintain reasonable

temperatures. Thus, gas compression is often carried out in a number of stages with interstage cooling in the
COmPressors.

Fans : A fan is a machine that moves large amounts of a gas with low increase in pressure.
Blowers : A blower is a machine for moving volume of a gas with moderate increase of pressure.
Compressors : A compressor is a machine for raising a gas to a higher level of pressure.

The main objective in case of compressors is to increase the static pressure. Therefore, the mechanical energy
held by the gas is in the form of pressure energy whereas the main objective of fans and blowers is a high flow of
gas and hence the mechanical energy of rotor/impeller is utilised to increase the kinetic energy of the gas and
consequently a rise in the static préssure is less. '

10.2.1 Induced Draft Fan and Forced Draft Fan

e In an induced draft system, the fan is at the exit/discharge end of flow path of the system and consequently
the system is under negative pressure, i.e, at a pressure less than the atmospheric pressure as the air/gas is
drawn out of the system by the fan.

Examples : Cooling towers and boilers.

e In a forced draft system, the fan is.located at the inlet of the flow path of the system and thus the system is
under positive pressure, i.e, at a pressure more than the atmospheric pressure as the gas/air is forced into
the system by the fan. -

Examples : Cooling towers and boilers.
e Draft fans are of two types :
(i) Forced draft fan (FD fan) and (i) Induced draft fan (ID fan).
e Induced Draft Fan : It is a fan that maintains a system under negative pressure (i.e. below atmospheric
pressure) by pulling out air/gas through the system. :
Examples : !

(i) A fan used to remove/draw out flue gases from boiler intothe atmosphere. It is located prior to the boiler
chimney.

(i) A fanis located at the top of a cooling tower to draw or pull air through the cooling tower: Axial fans are
commonly used.

(10.1)
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sitive pressure in a system by SUpplying

Unit Operations-i

* Forced Draft Fan (FD fan) : It is a fan which maintains 2 po
pressurised air to the system.
It produces a positive pressure inside a system.

R bustion of a fuel thru

i . u

() A fan used to force outside air into a boiler to provide hot air 1'01;1 th’i c?e?sure ogh 3
preheater. It maintains flue gases at a pressure more than the atmosp eric p - _

ooling tower. Centrifugal fans are

(i) A fan placed at the base of a cooling tower which forces air into the c
commonly used.

Fans:
Fans are used for moving gases when the pressure heads of less t
centrifugal type or axial flow type. The centrifugal type fans depend on t

while axial flow type fans impart energy to the gas as it flows parallel to th !
A : mpl!
outlet volumes of gases are essentially equal due to very low operating pressures and hence are simply movers of

gas. Fans are employed industrially for ventilation works, supplying air to dryers, supplying draft to boilers, removal
of fumes, etc.
10.2.2 Types of Fans

These fans are classified as:

(i) Axial flow fans/Axial fans.

(i) Centrifugal fans.

An axial fan moves air or gas parallel to the axis of rotation. -

A centrifugal fan moves air or gas perpendicular to the axis of rotation.

Axial fans are suited for low pressure, high flow applications.

Centrifugal fans are suited for high pressure, low flow applications.

han 30 kPa are involved. They are eithe,
he centrifugal force for moving the gas,
e central axis of the fan. The inlet ang

1. Axial fans: ;
These fans use axial forces for the movement of air and increase its pressure.
An axial fan consists of a fan casing and impeller consisting of blades mounted on a hub. The hub is mounted
on a shaft.
Blades rotating around an axis draw air in parallel to the axis and force air out in the same direction.

Axial fans are used in aircraft, helicopters, wind tunnels, cooling towers, general ventilation, paint spray booth

exhaust, etc. '

2. Centrifugal fans :
Principle : Centrifugal fans use centrifugal force to impart movement to the air/gas and increase its pressure.

Construction and Working :
A centrifugal fan has a fan wheel/impeller which is composed of a number of blades, mounted on a hub. The

hub is fixed on a drive shaft that passes through the casing/housing.

In the c'entﬁfugal fan, the air/gas enters the fan in an axial direction and leaves the fan in a radial direction.

When a impeller rotates, the air/gas near the impeller is thrown-off from the impeller at high velocity due to
centrifugal force and then moves into the casing. In the casing the gas/air decelerated and static pressure increases.
The gas/air is finally guided to the exit via outlet duct.

Applications : Centrifugal fans are used for high pressure applications. They are used in ventilation systems for
buildings, heating, drying, air conditioning, air pollution, steam boilers, power plants, cooling towers, exhausting
corrosive and hazardous gases from chemical plants, for cooling ovens in glass industry, chemical plants, etc.
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Hot air out

R

Hot water in

(A) U::O ::fw: = - Cold water out
Fig. 10.1.(A) and ® sink (B) Use of ID fan
Flue gase: :ID and FD fans in cooling tower operation (Block diagram)
_ Fumace | — Flue gases
. Chimney }— to
. - atmosophere

1 B 1
Fuel 1i@pﬁh T Fue |Electrostatic
- ) —' gases fmdpﬁm*ﬂ

ID fan

Air

-
in FD fan

Fig. 10.2 : Use of ID and FD fans in boiler ope
10.3.1 Centrifugal Blowers

blower bears a superfacial resembl

ration (Block diagram)

A single-stage centrifugal ance to a centrifugal pump. The centrifugal blower
differs from a centrifugal pump in that the gas handled in it is compressible, whereas the liquid handled in the
pump is incompressible. Also, centrifugal blowers require large diameter impellers and high speed of operations as
compared to centrifugal pumps since very high heads of low density fluid (gas/air) is needed for generating

pressure ratios.
Principle : The principle of a
A spinning impeller causes increase in
increase pressure of gas/air.
Construction :

A centrifugal blower consists of :
ded).

centrifugal pump.

centrifugal blower is the same as that of the
fugal force which then used to

kinetic energy of a gas/air by centri

(i) Impeller (vaned/bla
(ii) Casing.
(ii) Inlet and out

An impeller is keyed t0 2
motor), Inlet and outlet ducts (c
& tangential to the rotation of th

let ducts.

shaft and enclosed in a
onnections) are provi
e impeller. (Refer Fig. 10.3).

aft is connected to a drive (e.g. an electric

volute casing. The sh
he outlet duct

ded on the casing perpendicular to each other. T

vy |

Y f cawm
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|
— Outlet duct
Volute casin,
Impeller
(bladed)
Inlet duct ;

Fig. 10.3 : Sketch of centrifugal blower
e inlet duct and it gets divided between the impeller

eased kinetic energy. The gas leaving the
hich converts kinetic energy into pressure

ed through the outlet duct.

Gas or air enters the impeller axially through th
blades/vanes. The spinning impeller throws the gas outward with incr
impeller at high velocity then flows into the surrounding volute casing w
energy and thereby increase static pressure of the gas and is finally discharg

10.3.2 Applications of Centrifugal Blowers

e Blowers are used where large volumes of gas or air at low pressure are required.
These are used in sewage aeration, blast furnace, cupola furnace, municipal gas plant, ventilation, pollution
control, dryers, exhausting gases, vapours and fumes, incinerators, hot air blowers, exhausting corrosive

hazardous chemicals, household machines, etc.
10.4 CENTRIFUGAL AND RECIPROCATING COMPRESSORS

A compressor is a machine that increases the pressure of a gas by reducing its volume.

Compressors are of two types :

(a) Positive displacement compressors :
(i) Reciprocating compressors and (i) Rotary compressors.

(b) Dynamic compressors :
(i) Centrifugal compressors (radial flow compressors), (i) Axial flow compressors.
y mechanically changing the volume of the gas/air whereas

Positive displacement compressors work b
) work by mechanically changing the velocity of the

dynamic compressors (e.g., centrifugal compressors

gas/air (the working fluid). . .
-stage or multistage machines depending on the maximum delivery pressure.
le-stage compressors are used and for the compression ratio (the ratio

greater than 5, multistage compressors are used.

e Compressors can be single
For a compression ratio upto 5, sing
of delivery pressure to suction pressure)

10.4.1.1 Centrifugal Compressors
kinetic energy into pressure energy.

Principle : These compressors work on the principle of conversion of
is a dynamic compressor/turbo compressor which consists of

Construction : A centrifugal compressc;r
(i) Stationary casing/volute.
(i) Rotating impeller.

(iii) Diffuser.

The casing houses a rotati
mover, The impeller consists 0

ller. The impeller is mounted on a shaft which is directly connected to a prime

ng impe
e vaned or vaneless.

f 2 set of blades. The diffuser may b
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Fig. 10. :
i9. 10.4 shows a schematic diagram of a centrifugal compressor.

N

Volute
casing

) «— Inlet

ey

Fig. 10.4 : Centrifugal compressor (Schematic diagram)
(Note : You can draw any view in the examination)

Working :

As the impeller starts rotating, the vanes draw low pressure gas/air from the
gutward to its periphery i.e. to open end of the impeller by centrifugal force. Th
ina prf.-ssure rise and the generation of kinetic energy. The gas exits the impe
enters into the diffuser where kinetic energy of the gas is converted into pressure energy.

the gas from the diffuser and directs to the outlet.

Nearly half of the total pressure is achieved in the impeller and the remaining in the diffuser.

p
| 5 :[Pressure rise
i in diffuser

Pressure rise |
in impeller

centre of the impeller and push
e radial movement of gas/air results
ller vanes at very high velocity and
The volute casing collects

N

Velocity decrease
in impeller

Velocity decrease
Y indiffuser

Fig. 10.5 : Velocity - pressure variation in a compressor

10.4.1.2 Advantages of Centrifugal Compressor
Wide operating range :
(i)
(i)
(iii)
(iv)
(v)
{vi)
(vir)

Low weight and easy to manufacture.

Suitable for continuous compressed air supply.

Qil free in nature.

Relatively energy efficient.

Does not require special foundation.

High flow rate than the positive displacement compressor.
Reliable and low maintenance costs.

(viil) Low initial cost.

Scanned with CamScanner




A |

_ljnlt Operations-1 10.6 Gas Pum@%.

10.4.1.3 Disadvantages of Centrifugal Compressor
() Unsuitable for very high compression, limited pressure.
(i) Problem of surging and choking.
(ii)) Sophisticated vibration mounting needed.
(iv) Limited compression ratios.

10.4.1.4 Applications of Centrifugal Compressors
*  To provide oil free compressed air in some sensitive applications such as food processing.

* . To meet high demands of compressed air.
¢  Refrigeration and air conditioning.
¢ Qi refineries, natural gas processing plants.
*  Gas turbines.
¢ In automobile, turbochargers and superchargers.
¢  Off-shore platform applications.
*  Petrochemicals (e.g, manufacture of ammonia, urea, ethylene oxide).
e  Chemical industries.
10.4.2.1 Reciprocating Compressors

* A reciprocating compressor is a positive displacement compressor that uses a piston (driven by a
crankshaft) to compress a gas and deliver it at high pressure.

Principle :
] *  Displacement of piston in cylinder causes rise in pressure.
OR

*  The compression of a gas/air is achieved by the displacement of piston.

Construction :

Discharge

Delivery valve

/Cylinder ‘
; 1 : ;

_______ d To connecting
4] | —  rod and
[ crank shaft
Piston " Piston

rod

Inlet

Fig. 10.6 : Reciprocating compressor
A reciprocating compressor mainly consist of ;
() Cylinder.
(i) Piston and connecting rod.
(iii) Crankshaft with a drive.
(iv) Suction/inlet valve (check valve).
(v) Discharge/outlet valve (check valve).
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is only on one side of the piston, i.e., the

iprocati ;
Reciprocating compressors may be single acting (where compression ! :
here compression is on both sides of the

as;aw‘ls compresseld only on one side of the piston) of double acting (w
iston 1.:., the gas/air is compressed alternately on both sides of the piston).
mo:{;;;:&:grx;’:zsec:s. a piston is the compressing and displacing element. The piston has a reciprocating

The cyllndfer is equipped with suction and delivery valves.

A gonnedlng rod transforms the rotary motion of the crankshaft into
the cylinder.

The compressor cylinder is usually water jacketed in order for re
compressors are usually belt driven from an electric motor.

Reciprocating compressors are available as a single-stage of multistage units. Multistage units are used to
achieve the required compression ratio. In multistage compressors, the gas is cooled between the stages as this
interstage cooling reduces the temperature of the gas approximately to the suction temperature. The interstage
I B DRSSRA for safe operation as it keeps the temperature within the safe operating limits and it also results
in reduction in the power required for compression. ;
working :

During the suction stroke, the motion of the piston reduces the pressure inside the cylinder than that in the
qction line. Due to this, the suction valve opens and the gas flows into the cylinder. During this stroke, the
discharge valve remains closed. During the discharge stroke, the piston moves forward in the cylinder, compressing
the gas. In this stroke the suction valve remains cosed. As the piston is moving forward, the gas is getting
compressed, pressure is increasing and when the pressure in the cylinder exceeds the pressure in the discharge, the
valv: opens. The compressed gas is then delivered through the discharge line during the remaining discharge
stroke. :

10.4.2.2 Applications of Reciprocating Compressors
Refrigeration plants.
Gas pipelines.
Natural gas processing plants.
Chemical industries.
Compressed air for automobiles.
Petrochemicals (e.g. manufacture of LDPE).
Petroleum refining (€.9. desulphurization and reforming).

the reciprbcating motion of the piston in

moving heat of compression. These

Hydrogen stations.
Gas filling stations, compressed air to power pneumatic tools.

10.4.3.1 cowclpmcaﬂng and Centrifugal Compressors
8 "Reciprocating Compressor \ Centrifugal Compressor \
1. Reciprocating ~compressors are slow speed|1. Centrifugal compressors are high speed machines \

machines.
2. Reciprocating compressors cannot be directly|2. Centrifugal compressors can be directly coupled
connected to a prime mover. to a prime mover.

3. Reciprocating COmPressors can develop pressures|3. Centrifugal compressors can develop pressures

upto 1000 kg f/cm? upto 10 kg f/cm2.
re used when low rate | 4.

4. Reciprocating compressors 2 Centrifugal compressors are used when high rate\

. f re required.
of flow and high pressure are reg of flow and low pressure are required.

... Contd.
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10.6.1 Vacuum Service / Vacuum Generating Devices

A vacuum is any system pressure below the atmospheric pressure [760 mm Hg (torr)]. A vacuum pump is ¢
device which takes the suction at a pressure below the atmospheric and discharges at the atmospheric pressure.
(Vacuum refers to a subatmospheric pressure). For carrying out an operation under vacuum, pumping device s
required to create a vacuum, and to maintain the low pressure. The compression ratios in vacuum producing
devices are very high as compared to those in compressors. The operations under vacuum are very common in
chemical industry, especially in performing operations such as distillation, evaporation, etc.

Every vacuum producing device takes in gas at low pressure where the volume is very large and discharges at

atmospheric pressure. Commonly used vacuum producing devices are :
1.  Rotary vacuum pumps (liquid ring type) and

2. Steam jet ejectors.
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96.2-1 Steam Jet Electur

An ejector is a devi
' evi
Ce used to pum d f g
p gases and vapours from a system in order to create a vacuum in the

system.

The purpose of : ;
! an ejector is same as that of vacuum pump-
motive fluid (it is a high pressure fluid,

, An ejector is a device i i
vice in which the kinetic energy of primary/
nd vapours) from a process equipment

with a subsequent Cr: pump or suck secondary fluid (e-9- gases @
ation of vacuum in the process equipment.

principle : They work on the nozzle-venturi principle.

iectoris a i
,'.a: tnh:JejeCtOr is g;:zgeatshat produces vacuum in a system using
i a steam jet ejector. A dry saturated high pressure strea

a motive fluid. If steam is used as a motive fluid
m is the normal requirement.

kinetic en .
= ergy of steam is used to pump process gases and vapours.

mstruction :
Nozzle Diffuser
(convergent-dwergent)

| / Mixing
\L chamber
— Mixed gas

High pressure
out

steamin
(motive fluid)

Suction
line

Process gas/vapour in

Fig. 10.7 : Steam jet ejector (single-stage)

_I—J-\ Diffuser
] throat

A steam jet ejector consists of :

@) Nozzle.

(i) Mixing chamber.

(iii) Diffuser.

(iv) Suction fluid (gas o vapou
(v) Motive fluid (steam) inlet.

(vi) Mixed fluid outlet. .
ne of the ejector is connected to the process equipment which is to be kept under low

hich is to be operated under vacuum.
s A high pressur® steam (motive fluid) is acceleratgd from its initigl velocity to a high velocity s it passes
through the nozzle (e in the no?zle, steam velocity increases) with a Subs?quent decrease in its pressure.
Thus, @ low pressure: high velocity flow prevails in the mixing chamber (ie. a vacuum is created in the
mixing chamber) and because of this, t'he process gas/va_pour frowj a process equipment gets sucked into
J = hamber and gets mixed with the steam. During the mixing fluid, the steam gets retarded and
the mixing jos accelerated-

r from process) inlet.

Working :
e The suction [i
pressure, ie, W

nvergent-divergent diffuser) where

ours/9as .

the va? g-d/mixwfe from the mixing chamber enters the diffuser (co

s The mixed fh:n : apid deceleration o_f the mixed fluid (i.e, where its velocity is converted into
d is compressed to a high pressure in the diffuser. The high

at the mixed flui

s
pressure er}ergy‘fl-uid is then released to the atmos

pressuré mix

phere or some closed system.
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10.6.2.2 Advantages of Steam Jet Ejectors (Compared to Vacuum Pumps)
Relatively low initial cost.
High efficiency.

Less maintenance requirements.
Reliability.
Rugged and simple construction.
Simple operation.
No moving parts.
Easy to install and operate.
No source of power is required.
10.6.2.3 Applications of Steam Jet Ejector
* Steam jet ejectors are used to create a wide range of vacuum conditions.

* Steam jet ejectors are used in oil refineries, chemical industry, fertilizer plants, petrochemical ir]dUStW.
power plants, food industry, edible/vegetable oil industry, steel and allied industries, etc. for carrying out
process operations such as :

High vacuum distillation.
Deodorisation.
Drying.
Crystallisation.
Degassing.
Filtration.
Vacuum packaging.
Deaeration and cooling.
10.6.3.1 Liquid Ring Vacuum Pumps

* Liquid ring vacuum pumps are mechanical devices that are used to create a vacuum in the system to which
they are connected by making use of a suitable sealing liquid.

* In most of the applications, the sealing liquid is water and hence they are known as water ring vacuum
pumps (or water ring water piston rotary vacuum pumps).

10.6.3.2 Water Ring Vacuum Pumps

Principle : Water ring vacuum pumps (or any liquid ring vacuum pump) operate according to the positive
displacement principle.

Construction :

A water ring vacuum pump consists of impeller (vaned/bladed).
Casing :

Inlet/discharge ports.

Inlet connection - gas/vapour inlet.

Discharge connection - gas/vapour + water outlet.

Operating liquid inlet/water inlet.

It consists of a multiblade impeller fixed on a shaft and located eccentrically within a cylindrical casing. The
casing is partially filled with water (a sealing liquid). Inlet/outlet connections and water inlet connections are located

on the casing.

e ————— enndll
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f,,lzingi
efore startin .

’ e continuougl the Put?'lp. it should be partially filled with water, During the pump operation, water should

Y supplied through the water inlet. It circulates within the casing and leaves with the exit

gases/vapours through the discharge connection.

ent are sucked through the inlet connection

C . ; C Ic . .n

into th ;
into the pump and pushed out through the dischargeé connect!
rifugal force towards the walls of the

h :
« Asthe Maitinms the rotating impeller throws off the water by cent
he casing and eccentric with

ing formi : i -
caSI- g forming a ring of water. The water ring thus formed is concentric with t
the impeller and also rotates within the casing.

) ?n the uppermost portion of the casing, the water fing is nearest to the impeller and completely fills the
|mpe.ller cell (space between the two adjacent blades) with water (Refer Fig. 10.8) and in the lowermost
portion, the impeller cells are free of water, i.e, the impeller blades are not dipped into the water.

mpeller hub acting as a piston. The free/

. During the first half rotation, the water ring moves away from the i
ked through the inlet port at the side of

VDid. space in the cells increases and thus the gases/vapours are suc
the impeller. . _

Discharge .
connectr%n connection

Discharge port “{(Z----------=>

Inlet port

Casing

Fig. 10.8: Water ring vacuum pump (OR Liquid ring vacuum pump)

¢ During the second half rotation, the water ring moves towards the impeller hub (water ring acting as a
piston). Because of this the free space in the cells decreases and consequently the gases/vapours are
compressed and pushed out through the discharge port along with some water. The gases/vapours along
with water are discharged into the atmosphere through the discharge connection. The inlet port is joined by
an internal passage to the inlet connection and the outlet port is joined by an internal passage to the outlet

connection.

10.6.3.3 Applications of Water Ring Vacuum Pumps

m pumps are used to carry plant operations such as distillation, filtration, evaporation,
ng and drying, under negative pressures in chemical, polymer, food, pharmaceutical, plastics
bber industries for degassing]. :

Water ring vacuu

crystallisation, degassi :
and rubber industries [in plastic and ru
nder vacuum &€ used to reduce the operating temperatures to reduce heat loads or to avoid

(Operations U " :
eat sensitive materials.)

thermal decomposition of h

Scanned with CamScanner



