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‘ Module 2

2.1. Refrigeratioh '

Refrigeration is the process of maintaining a system at a temperature
below the temperature of its surroundings..‘lt can be accomplished by
removing heat from the system. For example the household refrigerator
absorbs heat from the food products and release this heat into the room
where it is kept and thus a constant temperature is maintained inside the
refrigerator cabinet. The equipments employed to maintain the system at
a lower temperature is termed as refrigerating system and the system
which is kept at lower temperature is called refrigerated system. The
working fluid used in a refrigerating system is known as refrigerant.

Refrigeration may be obtained by adopting either natural methods of
artificial methods. Natural methods include melting of ice. When ice melts,
the heat from its surroundings flows into the ice and the surrounding space
gets cooled. The natural methods of refrigeration were used in early days.
Now, with the development of artificial means of refrigeration (mechani-

cal refrigeration) the application of natural methods becomes insignifi-

Cant. Hence the term refrigeration is actuall

y used in these days for cool-
Ing by mechanical means. ' |

The applications of refrigeration can be broadly classified into three
groups as: - |
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s which includes processing of food stuffs t,
$5€5 W d other chemical products, tre

als, petroleumn and O*%4= or
pcessing in textile mills, printing workg ot

s which includes storage and trang.
vegetables, meats, dairy Produgy,

(i) Industrial proce :
crops, photographic mate1
ment of concrete for dams, pro

(ii) Preservation of pe;ishe}ble go?d
portation of food stuffs (eg. Fish, fruits,

poultry products etc). ' .
¢ environment which includes comfort 5

. mfortabl
(iii) Providing co theatres, offices etc.

conditioning of residences, hospitals,
2.2. Unit of refrigeration

The rate of heat absorbed from a body or space to be cooled is termeg
as refrigerating effect. The standard unit of refrigeration is ton refriger,.
tion or simply ton.

The rate of heat absorbed by the system from the body to be cooled,
equivalent to the latent heat of fusion of one ton of ice from and at 0°Cin
24 hours is called one ton refrigeration. The term ton refrigeration is a
carry over from the time ice was used for cooling. This unit of refrigerat-
ing capacity is currently used in USA, UK and India. In many countries
the standard MKS unit of kcal per hr. is in use. In general, one ton refrig-
eration always means 3.5167 kJ of heat removal per second.

2.3. Reversed Carnot cycle

A Carnot cycle consists of four reversible processes: two isothennai
processes and two adiabatic processes [Refer section 1.4]. Here heat is
absorbed from a hot reservoir at constant temperature T- and rejected t0

1

a cold reservoir at constant
temperature T . The efficiency of Carmot

W .
cycle =w _ Heatabsorbed - heat rejected
# Heatabsorbeq . . —————

Heat absorbed
_ 1 Heat rejeci '
N l‘ﬂ
Heat absorbeq

pModule” 2

2.3

T

=1-_
Ti :
gince all the.four processes in the Carnot cycle are reversible pro-
s, it is possible to have a cycle with all the four processes reversed.
s cycle is called reversed Carnot cycle. In this cycle, heat is absorbed
m acold reservoir and is rejected to a hot reservoir with.the expendi-
oe of external work. The effectiveness of this cycle is the ratio of heat

psorbed 10 the work required for this heat absorption from the cold reser-
: 3oir This effectiveness is expressed by a term known as coefficient of
performance, COP.

1
/ Isothermal compression

Adiabatic expansion

Isothermal expansion

e Adiabatic compression .

Pressure ——=

[
3
1
1
1
1
L]

Vi \2 v, \£
Volume —

Fig. 2.1. Reversed Carnot cycle

Heat absorbed
Work done

Heat absorbed

- Heat rejected - Heat absorbed

1
- Heatrejected 1
Heatabsorbed
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| Example 2.1. . :

: mperatures 400K and 3

! l A Carnot cycle operates between te deOP of reversed C 00K, QG
i culate the efficiency of Carnot cycle an Amat O¥el
| ‘ # ~ Solution’

' Given

T Temperafure of hot reservoi, Tl = 400K
| : i ‘Temperature of cold TESErvoir, T3 =300K
; 1 i ;
|

T
NCamot =1~
‘ T
4!
i
‘ =1-—=025
400
SH =25%
o
COP:TL: 3
| a ., T-T;
| T3
|
R
400-309
=3

2.4. Coefficient Of Performance (Cop)

The effectiveness of a refrigerato

coefficient of performance. It is the
the work spent to produce the refyj

; ¥
LS expressed by a term knoW?

8erating effect

i . . (i
Tatio of desired refrigerating effed

Module -2 ‘ 25

COP = » Dfasired refrigerating effect
Work spent in producing the refrigerating effect
COP of a refrigerator will be greater than unity,

7.5, Vapour compression system

In a vapour compression refrigerator the working fluid is a v‘apour
which readily evaporates and condenses, During the evaporation process
it absorbs heat and gets converted from liquid to vapour. During the con-
densing process it rejects heat and gets converted from vapour to liquid.

A simple vapour compression system of refrigeration consists of the
following basic components:

i) Compressor
ii) Condenser
iii) Expansion valve Cooling water
iv) Evaporator t ‘
-— AAAA
2 Condenser 3
Compressor
. % Expansion valve
1 4
Evaporator
[
Brine solution

Fig. 2.2. Vapour compression cycle
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v - . in Fig. 2.2, 14 .
0. . ement 18 shown 1n et ¢
The lisie diagrar of the 28 turated. This dry saturated v, oQ

i tor be dry sa r
vapour leaving the evaporatof b€ & ) F——

at pressure p. and temperature T, 1S drawn into ﬂ}? ’t;)II)(e thei cyhﬂd%r
duﬂng its éucition stroke and during the compression ST € Vapoy,,

—_ erature T,. At
ST el B st Th vpou
S hich cooling water is circulateg ;
condition passes to the condenser In whic : to
remove heat from the vapour. The vapour 18 first cooled to the‘ Satlfration
temperature and further removal of latent heat of conc‘ien-sa‘tlpn 1t cop,
denses to liquid till point 3 is reached. The high prcssureillql.mi IS CXpandeq
in an expansion valve (throttle valve). The pressure of liquid I.S lowereq fo

. p, and the condition obtained after the expansion process is showp by
point 4. During throttling the liquid partly evaporates and after throttling
we get wet vapour at the low temperature T, and low pressure P, This
wet vapour passes through the evaporator coils immersed in the bripe
solution. The wet refrigerant vapour absorbs latent heat of vaporisation
from the brine solution and evaporates. After evaporation the vapour

- reaches the condition given by point 1 ie., dry saturated at pressure Dy

This completes one cycle of operation. The cold brine solution is circu-
lated in coils around the space to be refrigerated. ,
The net refrigerating effect of this system is the heat absorbed by the

refrigerant from the brine solution, The work done by the compressor is
the work spent to produce this refrigerating effect. Therefore,

cop= eatextracted in the brine sofution

Work done by the compressor
2.6. Refrigerants

. ) g heat. The most common refrige"
ants in use are ammonia, fluorinated

" ) ydrocarbons (trade name - Freo?)
carbon dioxide, sulphur dioxide, air, water etc

l

Module -2 . . 2. 7

pesirable properties of refrigerants

The important properties to be possessed by an ideal refrigerant are :

{, Condensing and evaporating pressure: Both condensing and evaporat-
ing pressure of the refrigerant should be above atmospheric pressure
to avoid leakage of air into the system. But the pressure should not be -

 very high as it requires heavy compressor, condenser etc. which in-
creases the cost of the system,

9. Critical temperature : The critical temperatire of the refrigerant should

be high enough as compared to the condensing temperature, toreduce . |
the power requirements. :

3. Freezing teinperature : The freezing temperature of the refrigerant
should be much below the operating temperature of the plant to pre- |
vent the solidification and choking of the flow.

4. Specific heat : The specific heat of the refrigerant liquid should be low “
to minimise the amount of vapour formed during the throttling process.

5. Latent heat of vapourization: The latent heat of vapourisation of the

refrigerant should be'high to reduce the quantity of refrigerant to be
circulated. ' '

6. Specific volume: Thé specific volume of the refrigerzint_ vapour should
be low to reduce the size of the compressor.

7.. Viscosity : Viscosity of the refrigerant should be low to reduce pres-
sure drops, size of pipes, valves etc.

41
{

8. Thermal condiictivity  The thermal conductivity of the refrigerant should
be high to increase the efficiency of the condenser and evaporator..

9. Stability: The refrigerant sht)uld be chemically stable throughout the
required range of operation. '

T e T SR e

10-Inﬂammability - The refrigerant should be non—inﬂammab(lie' gie, it must
not easily catch fire ) to avoid fire during overheated conditions.

5 = o G R ] S A T

S

R
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Mo eness: The refrigerant s_hould be non-corrosive Whey <
11, Corrosiveness: £ |
i tals.
in contact with me | -
i . v+ The refrigerant should be non-toXic S0 that it ig n(’“'injun-
urtl:’f‘;zl;ys'tuff and other materials preserved.
13.Leakage detection: The refrigerant should be such that its 1°akage ]
tection is simple: .

14.0il solubility: The refrigerant must not react with oil, but j mUStBe
'mixable with the oil for better lubrication of the compressor,

15.Electrical resistance: The refrigerant should have high electrica) resi
tance.

16. Availability: The refrigerant should be cheap and easily availabg,
2.7. Air conditioning

The science of air conditioning deals with supplying and maintaining
desired internal atmospheric condition irrespective of external conditiong
This involves the simultaneous control of air purity, air motion, temper
ture and humidity of the air inside an enclosed space. The condition tobe
mai;tained is dictated by the need for which the conditioned space is in-
tended.

Psychrometric properties

bThe properties of moist air are calleqd psychrometric properties andtie
subject which deals with the behaviour of moist air is known as psychrom

etry. Itis the foundation op yh; .
Which most of the aj itionine calculatios
are based. Several s € air conditioning ca

definedbelo: oS Used in the study of psychromelry

oxygen.

Module -2 2.9

2. Moist air: Itis ordinary atmospheric air which is a mixture of dry air and
water Vapour. -

3. Saturated air: It is the air which containg maximum amount of water
vapour which the air can hold at a given temperature and pressure. The

maximum quantity of water vapour that can be present in the air depends
up on the temperature and pressure of air.

4. Specific or absolute humidity or humidity ratio: It is defined as the ratio
of the mass of water vapour to the mass of dry air in a given volume of

- moist air..

5. Relatiﬂre humidity: It is the ratio of mass of water vapour in a given
volume of moist air at a given temperature to the mass of water vapour

contained in the same volume of moist air at the same temperature when
the air is saturated. :

6. Dry bulb temperature: It is the temperature of air measured by an ordi-
nary thermometer.

7. Wet bulb temperature: It is the temperature recorded by a thermometer,
when its bulb is covered by a wet cloth and is exposed to a current of
moving air. The difference between the dry bulb temperature and wet
bulb temperature is known as wet bulb depression and it depends on the
relative humidity of air. If relative humidity is high , the rate of evaporation
from the wet cloth is low and hence wet bulb depression will be low.
When air is dry saturated the DBT and WBT are the same.

8. Dew point temperature: It is the temperature at which the condensation
of moisture begins when the air is cooled at constant pressure . The dif-
ference between dry bulb temperature and dew point temperature is known
as dew point depression.

Psychrometric chart

A psychrometric chart is the graphical representation of the vario'us
thermodynamic properties of moist air, The chart enables the properties

of moist air to be read off directly.
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9 specific volume lines: These are straight inclined lines and uniformly

-Heating . .
spaced. These lines gives the volume of dry air in m¥/kg

—

i) Dew points temperature lines: These are horizontal linés, non uniformly
spaced and drawn upto saturation curves,

The various basic process involved in air conditioning are :
i) Sensible heating - Process OA )

(ii) Sensible cooling - Process OB

Specific humidity —

(ii) Humidifying - Process OC

(iv) Dehumidifying - Process OD

Dy bulb temperature - (v) Heating and humidifying - Process OE

AOB - Constant dew point temperature line. COD - Constant dry bulb temperature (vi) Cooling and dehumidifying - Process OF

line, ' “(vii) Cooling and humidifying - Process OH and OJ
EOF - Constant relative humidity line, GO.H - Constantl wet bulb temperature line, (viii) Heating and dehumidifying - Process OG and O )
I0J - Constant specific volume line. )
Sensible heating and sensible cooling involve a change in dry bulb tem-
, perature. The process of humidifying and dehumidifying involve a change
! Fig. 2.3 shows a typical psychrometric chart constructed for apartict:  in the specific humidity. When the state of air moves from O to A or to B,
lar value of barometric pressure. The vertical scale of the chartiste  there is no change in the moisture content of the air. Similarly when the

specific humidity and the horizontal scale is the dry bulb temperature. In state of air changes from O to C or to D, the DBT remains constant. The

Fig. 2.3. Psychrometric chart

addition, it contains the following lines. last four processes listed above involved both changes in temperature as
i) Dry bulb temperature lines: These are vertical lines drawn parallel well as humidity. ‘ A
; Fhe ordinate. : ‘ ' 2.8. Cooling and dehumidification o
i '. S{:ec'lﬁc humidity lines: These are horizontal lines drawn parallel to thf Temperature control is 2 major process in air conditioning system. It is
1559 : intended to regulate the dry bulb temperature by various psychrometric
bulb temperature lines: These are straight lines which extend d Processes. This is attained by simple hegting or cooling, which may be -
N _ _ ' associated with humidification process.
umidity lines: These are curved lifies parallel to the saturs®  Cooling of air means lowering its dry bulb temperature. It can be at-

 Rined by passing the air over evaporator coils ofa refrigerating system.
Ina small room air conditioner the intake air is forqed to flow over the

. ’ I
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case the relative. humidity g o
der that it gets adjusted by 1tsel.f_ In mog ol el:
m isvu'sed for cooling the air. In syc, casel
jution) is used to cool the air, The Chiu:

r rejects heat to the refrigmm.III
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evaporator coil directly. In such 2

neglected or is of such or
an indirect evaporator Syste

. chilled water (or chilled brine s0 .
water after absorbing heat from the at
the evaporator.

~ Humidity control

‘Another important process in air’condit.ioning is the control of' h.“midity
This is achieved by the process of humidification (increasing humj dity)
dehumidification (decreasing humidity). .

Dehumidification

Dehumidification is the process of reducing water vapour content f

air. It can be accomplished by the use of an air washer or by the use (f
‘absorbents. In the absorption method, air is passed through a chemig
(known as drying agent). The moisture in the air enters into chemic
combination with the drying agent. The chemicals like H,SO, and NH, are
normally used as drying agents. Dehumidification can also be achievedby
using absorbent;s. These are materials having capacity to absorb moistur.
Common absorbents in use are: activated alumina, calcium chloride and

silica gel. Normally, this method of dehumidification is used in small s
conditioners, '

2.9. Summer Air Conditioning

" In s:mme.r air conditioning air is cooled and generally dehumidifiet
i St}al zc efnz;zl‘c arrangement of a typical summer air conditioning syst®®
Wn in Fig. 2.4. The atmospheric ajr flows through a damper to the aif

et Impurities are removed. Air now pas¥®

temperature is my, equired !
' ch below the requirec®
Ib temperature. Water is sprayed to the air. The temperature of wote! :

the dew point temperature of ajy. Due to the vapourisation of wal®
v ‘of air further decreageg. An eliminator is placed i?

through a cooling coil whose

Module -2 2.13

4th to remove water droplet carried with air. Finally this conditioned air is
Supplied to the required space using a blower.

Air filter

Wafir supply

f

Blower

—
—_— o~
. Cond:!mned
p— air

Aunos_phcﬁc

_Fig. 2.4. Summer air conditioning
2.19. Unit air conditioner

A window air conditioner which is a unit air conditioner consists of a
case divided into two parts, outdoor and indoor parts, by a partition. The
outdoor part consists of compressor, condenser and a fan. The indoor part
consists of evaporator and a fan. Capillary tube is provided in between the
condenser and evaporator. The outdoor portion ramains outside the win-
dow. Dampers are provided at the front of indoor portion for changing the
direction of airflow.

Low pressure vapour drawn from the evaporator is compressed to a
high pressure and is delivered to the condenser. In the condenser the
refrigerant vapour is condensed by releasing latent heat oil condensati.on
to the surrounding air. This hot air is driven out using a fan. The hlg.h
Pressure liquid refrigerant enters the capillary tube where the pressure is
Teduced. This low pressure liquid vapour enters the evaporator.
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Unit air conditioner

; This liquid re-frigerant evaporates by absorbing latent heat of vapq,
1zation from the surrounding air. This cold air is delivered to the room using
a fan. The direction of air flow can be changed using a damper. The low
pressure refrigerant vapour leaving the evaporator is sucked into the com-
Pressor and is compressed to very high pressure. This high pressure vapour
1s condensed in the condenser. Thus one cycle of operation is completed,

2.11. Central air conditioner
. This is the m.ost important type of air conditioner. It is adopted,
(i) When the cooling capacity required is 25tons or more.

(ii) When the air flow is more than Sm¥/hr.

(iii) When different zones in a building are to be air conditioned.

In this system all the components of the s
central room. The conditioned air is dist
central room to various rooms to be ajr ¢

ystem are installed in a seperate
ributed through ducts from this

onditioned.
2.12. Reciprocating pump

|

podule-2 ' 2.15

jower 0 hig}ler level. This is achieved by creating a low pressure.at the
inlet and a high pressure at the outlet of the punip. Due to the low pressure
at the inlet of the pump, liquid is lifted from the sump to the pump. Due to
pigh pressure at the outlet of the pump the liquid is lifted from the pump to
the required height. Based on the working principle, pumps are classified
as positive displacement and rotodynamic pumps. Reciprocating pump,

 gear pump, SCIEW pump, vane pump etc., are examples of positive dis-

placement pumps. Centrifugal pump, propeller pump etc, are examples of
rotodynamic pumps. Based on a number of stages in which the pressure
of the liquid is increased, rotodynamic pumps are classified as single stage
and multistage pumps. '

Reciprocating pump is a positive displacement pump in which the re-
quired low pressure at the inlet and the required high pressure at the outlet
of the pump is obtained by the reciprocating motion of a piston or plunger
inside a close fitting cylinder. The following are the main components of a
reciprocating pump. 1. Cylinder, 2. Piston, 3. Piston rod, 4. Connecting
rod, 5. Crank, 6. Strainer, 7. Suction pipe, 8. Suction valve, 9. Delivery
valve, 10. Delivery pipe.

Working principle

Refer Fig. 2.5. Movement of piston towards right creates a vacuum
inside the cylinder and atmospheric pressure forces the liquid up through
the suction pipe into the cylinder. During the movement of piston towards

. leftliquid is pushed into the delivery pipe. The suction and delivery pipes

are provided with non-return valves. These non- return valves or one way
valves ensure unidirectional flow of liquid. Thus the suction valve allows
the liquid only to enter the cylinder and prevents the flow of liquid from the
cylinder to the suction pipe. Similarly the delivery valve allows the liquids
only to discharge from the cylinder and prevents the flow of liquid from
the delivery pipe to the cylinder. The movement of piston inside the cylin-
der is obtained by connecting the piston rod to a crank by means ofa
connecting rod. The crank is rotated using an electric motor. Thus when
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. inside the cylinder, 1
. ciprocates 1nS1Ce T Eyunder, ajge
the crank rotates, the piston rer '?he yolume of liquid delivereq jg °0n:tely

Module - 2

. inde
fillingand emptying the cylind
Dclivery pipe
Connecting rod
Delivery Cylinder | Crank
Piston rod *.

valve \
v

I T T = S N

Suction .
Piston - AL
Suction valve

Delivery ' ¢ §

Suction pir:;e

Fig. 2.5. Reciprocating pump.

regardless of pressure and is varied only due to the change of speed of
rotation of the crank. A strainer is provided at the end of suction pipeis
order to keep leaves, wooden pieces and other rubbish away from the
pump,

2.13. Centrifugal pump

Itis a rotodynamic pump in which the required low pressure at the inld
of pump and the high pressure at the outlet of the pump is obtained mainlf
due to centrifugal action, When g certain mass of liquid is made to ot
by an external force, it is thrown away from the axis of rotation and?
centrifugal head is impresseq which enables the liquid to rise to a hight
level. In centrifugal pumps, in addition to the céntrifugal action, as ¢
liquid passes through the revolving whee] or impeller, the angular momé"

tum of the liquid changes whicj also results in increasing the pressure?
the liquid. :

Modﬂle -2

2.17

[mpeller , casing , delivery pipe, suction pipe, foot valve and strainer

e the main components of a centrifugal pump.,

Delivery pi
Ty pipe

Eye of the
~~ impeller

Suction pipe

Fig. 2.6. Centrifugal pump

Refer Fig. 2.6. The impellér is a wheel or rotor which is pr(')vi(?ed with a
Tumber of curved blades or vanes. It is mounted ona shaff which is coupled
to an electric motor. Casing is an air tight chamber which surrounds the

impeller. The shape of the casing is such that the sectional area of flow

around the periphery of the impeller gradualiy increases t‘g’lvai‘ii(il;;;
livery pipe. This gradual increase in area gradl.lally r?duc?r;jsieduction o
the liquid leaving the impeller to hat in the deh‘.leryplpe. h the casing is
the Kinetic energy of the liquid while passing throug .
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<cure encrgy. Suction PIpe conNCCts the ceng, "
converted into uscful press ich liquid is to be pumped. The loy, & Q‘

the impeller to the sump from W

on pipe is fitted witha foot valve and a strainer. The l“luidaf.
of the suction pipe 18

. ~ < through the foot valve. The foot Valve
ﬁllcrin(g h\l:]c‘:(:f::; I:;::: \:'1‘:1; i!;\ the upward (_lircction. Througy, l;:
?:(?l.:l‘\l:liquid enters the suction pipe. D‘CH"W:'[;C CO(llllricdmi lhe Outly
of the pump to the delivery point. A valve is provided on the delivery
. closed to the outlet of the pump, 0 control the flow of liquid lhmughuk
delivery pipe.
Working principle

After priming, the impeller is rotated by means of an electric Moty

Filling the suction pipe and casing with the liquid to be pumped is known
priming. Priming is required to remove air and vapour from the suctiog
pipe and casing. The removal of air from the casing is required becaus;
the vaccum crated in the eye of the impeller is proportional to the densiy
of the liquid that is in contact with the impeller. If the impeller is made
rotate in the presence of air, the vacuum created may not be sufficient o
lift the water from the sump to the eye of the impeller. Therefore it i
essential to prime a centrifugal pump before it can be started. The rotatios
of the impeller in the casing full of liquid produces a forced vortex whict
imparts a centrifugal head to the liquid. This results in an increase of pres
sure of liquid. If the speed of the impeller of the pump is sufficiently high
the pressure of liquid in the impeller will be increased. When the deliver
valve is opened the liquid within the impeller flows in an outward directios
ll?crby lea\‘n'ng the vanes of the impeller at the outer circumference Wi
Zgu:c \;cllhzc;ll: l:r;df::)r;s::cs.uThc vacuum created at the eye O.f the lmpfl:;
e iquid which i b, ::;)rlo n;sh through .lhe suction pipe, rCPIf‘“ i

flows through the rotating im = fm.m the impeller. While the I
! : pellerit receives e
resul‘!s in an lnFrcasc of both pressure and ve
thus lncrcasefi 15 converted into pressure ener
the volute casing. Thus the liquid i dischg

ery pipe with very high pressure,

tergy from the vanes ¥
locity. The kinetic en¢®
gy while flowing thro*
rged from the pump to the deliv

2 219
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” comparison of centrifugal and reciprocating pumps
| The flow of liquid from a centrifugal pump is smooth and even whereas

(hat from @ reciprocating pump is pulsating.

5 Centrifugal pumps are suitable for large discahrge and low heads.
.éccipmc;ltmg pumps are suitable for high heads and low discharge.

3 [Initial cost of centrifugal pump 15 less compared to the initial cost of
;L,cipn)cating pumps.

4“(‘cntrifugnl pump is compact and occupies less floor space. The floor
space required for a reciprocating pump 15 about 6 to & times that fora
centrifugal pump.

5. Efficiency of a low head centrifugal pump 15 more than that of a low
head reciprocating pump.

6. For small discharge and high head, the ¢fficien
pump is more than that of a centrifugal pump

s

of a reciprocating

7. A centrifugal pump needs priming wheras no primung s required in a
reciprocating pump.

8. Highly viscous liquid such as oils, muddy and sew2ge wazer . paper pulp
etc. can be easily handled by centnfugal pumps. Valves and glands in
reciprocating pumps cause trouble when 1t is used to pump the above said
liquids.

9. Compared to reciprocating pump, th
1s easy.

& installation of cenmfugal pump
10. Construction of centrifugal pump is simple. More number of parts in

s . ~ pa— By~
the reciprocating pump make the construction complicate

. > - > K
1. Maintenance cost of centrifugal pump 1S low.

: . > irectl

12. Due to the high speed of centnfugal pump, xmpcllc? can be dlrc\.!tni
. ey wrsa of FACIDIOC , SO
coupled 1o an electric motor. In the case of reciprocating pump
SPeed reduction device is required.
13. Centrifugal pump has no reciprocatng
lre s Jess,

parts and hence the wear and

. . Y- is than the
4. Fora given discharge, the weight of centrifugal pump is less

Weight of o reciprocating pump.
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2.15. Hydraulic turbine available: Othf:r examp.les of impulse turbine include Turgo wheel, Jonval
drauli qurbine is a device which converts the energy of Water rbine and Girard turbine.
Hy 1c

drives the generator whi.ch Conver ‘:
mechanical energy into electrical energy- Hydlafl:t(;\::l;b;:ztcof]?xlsts of It is a reaction turbine. In reaction turbines the water entering the run-
wheel called runner provided with a number 0 raight Vane per possess pressure energy and this water in turn does work on the vanes
(blaﬁes) on its periphery. - . by the principle of reaction.

Hydraulic machines are classified on the b:?SlS of the action (?f Wl
on these moving blades. According to the ac.tlon of water, turbineg s
classified as impulse turbine and reaction turbine.

i is turbine
mechanical energy. The turbine L18. Francis

Fig. 2.8. shows a simple diagramatic representation of a Francis tur-
bine, which is the mostly used reaction turbine. It consists of an inner of
rotating vanes forming the runner, surrounded by an outer ring of station-
. ary guiding mechanism. Water from the penstock which is the pipe con-
2.16 Imp“‘“y turbine necting the reservoir and the turbine flows into a scroll casing surrounding
the turbine runner. From the scroll casing water flows through the guiding
mechanism and enters the runner.

In an impulse turbine, the potential energy of water is converteq inty
kinetic energy by a set of nozzles. This produces powerful jets impinging
on the vanes, buckets provided on the periphery of a wheel. The wheg] s
| : fixed to a shaft, which is coupled with a generator.

2.17. Pelton turbine

Fig. 2.7. shows a Pelton wheel hydraulic turbine, which is the most
il e commonly used impulse turbine. The nozzle producing the jets is shownin
> the Fig. 2.7. There is a spear head provision in the nozzle to control the

opening, which controls the velocity of the issuing jet. The buckets pro-
‘; _ vided on the wheel

| are in the form of

; double hemispherical
cups. The water

“after imparting its
energy to the turbine,
is discharged into the
tailrace.

Fig. 2.8. Francis turbine

This type of tur-
bine is used where

After imparting energy to the runne adually
high head of water is

. vin,
tube. Draft tube is a metallic pipe of concrete tunnel having gr

|
r, the water discharges through draft e i
i
|
!
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Cs it of ;
increasing cross-sectional area. It connects the runner exit of the Teactioy

turbine and the tailrace. Draft tube provides a negative suctiop head o the
runner outlet which increases the net working head on turbine and thyg
the output.

2.19. Kaplan turbine

It is an axial flow reaction turbine where water enters and leaves the

runner vanes parallel to the axis of shaft. It is_ particularly suited for low
head (upto 30m) and high discharge of water. The main components ¢
Kaplan turbine are: :

1. Scroll casing
2. Guide vane mechanism
3. Boss with adjustable vanes

4. Draft tube

Since Kaplan and Francis turbines are reaction turbines, the working
principle of Kaplan turbine is same as that of Francis turbine. Water from
the penstock flows into the scroll casing sorrounding the turbine runner.
From the scroll casing water flows through the guide mechanism and en-
ters the runner vanes. The force exerted by water on the vanes causes

the runner shaft to rotate. After imparting energy to the runner, the water
is discharged through the draft tube.

2.20. Overall efficiency of centrifugal pump

Pump is a hydraulic device which convert mechanical energy of rotat-
ing shaft into kinetic and pressure energy of water. It is generally used t0
lift water from a low to a high level. Static head is the total vertical lift

through which water is lifted by the pump. It is denoted by H. When Q
m?/s water is lifted through a height, H, the workdone/s is p x gx QH.

p is the mass density of water, 1000kg/m?.

g is the acceleration dug to gravity; 9.81m/s2,

z r

ey | : 2.23
Qis the di;charge of water in m¥/s.
s the total head in m.
p is the power supplied from the electric motor to the pump in kW
(Input power)

P
Output power Of Pump == o,

Output power .

Overall efficiency Mo = Tnput power

pg QH
1000 P

Example 2.1

i i £2000 litres/s against a
A centrifugal pump discharges water atarate o :
head of 16m %vhen running at 300 rpm. Calculate the power required to
run the pump if the overall efficiency of pump is 50%.

Solution

Given
Q =2000lit/s =2 m’/s
H=16m

ng =05
To calculate, P

pg QH
Overall efficiency, Ng = P x 1000

__peQH
71] %1000

Power required,
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1000x9.81x2x16
| 0.5%1000
= 627.84kW. -
{' Example 2.2

A centrifugal pump discharges water at 120 litres/s agaiqst ahey,,
25m. If power required is 40kW, calculate the overall efficiency Of th,

pump.
Solution

Given

Q=1201it/s =0.12 m*/s

H=25m
P =40kW

‘ To calculate, Mo

o = PEQL
boal 0~ px1000
Bl _ 1000 x 9.81 x 0.12 x 25

40 x 1000 =
=173.58%

2.21. Overall efficiency of turbines

A hydraulic turbine converts i
| cal energy of a rotatin
f draulic energy, kinetic
turbine. The overall effi

ydraulic energy of water into mechani-
g shaft. Mechanical energy is the output and hy-

and potential energy of water is the input to the
clency is the ratio of output power to input power

_ Output power
-
Input power -

b

Module -2

2.25

it power to Pelton wheel is the kinetic energy of jet striking the bucket

. 1o, 1
KE = —mv* = = yoy2
) 2PQV

potential enerEy of water of head H is
mgH = pQgH
Equating KE and PE of water,

lszvz =pQgH

When a is the area of cross section of jet striking the bucket, then dis-
charge from the nozzle, Q = aV.

ais the area of jet im m? and V is the velocity of jet in m/s.
Q=aVv m’/s. .
Output power being the power of shaft it can be measured directly.
P x 1000 "
pgQH
p= output power in kW -

Overall efficiency, n, =

-

P = mass density of water in kg/m®
g = acceleration due to gravity in m*s
Q = discharge in m¥/s

L H =head inm.

Example 2.3 '

A Pelton wheel working under a head of 500m produces 15 MW at
S00rpm. If the overall efficiency of the turbine is 85%, calculate the

discharge of turbine.
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Solution

Given

. 3,
H = 500m, P=15M\V=l‘5x106W=15"10 kW

ng = 85% = 0.85
To calculate, Discharge Q

_ P x1000
pgQH

Mo

_ Px1000
n,pet

.

_15%10% x1000
" 0.85x1000x 9.81x 500

=3.6 m/s

Example 2.4

h 4

226

Two jets strike the buckets of Pelton wheel which develops 15MW.
The diameter of each jet is 15¢cm and the net head is 500m. Calculate the

overall efficiency of the turbine,
Solution '
Given

No. of jets =2

Power P =15SMW =15x10*kW
diameter of jet = 15¢m = 0.15m

H =500m

Modulc-2
To calculate, 0
pischarge fromone nozzle = 3 x v
!
pischarge from two nozzles = 2xa x v
~ Velocity of jet, v = «fng
=v2x9.81x500
=99.05 m/s
Q=2xaxV
2
=2x——x99.05
4
=35ms
_ Px1000
07 T oeQH
15x10° x 1000
1000 x 9.81 x 3.5 x 500
=0.8737=87.37%
Example 2.5

2.27

Calculate the discharge from a Francis turbine with 0"?"3“;{55&1’3\;“
75%, working under a head of 7.5m and producing a power 0 )

Solution

Given
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H=7.5m
To calculate, Q
P x1000
107 pgQH
P x 1000
) 1170 xpgH
150 x 1000
B 0.75%x1000%9.81x7.5
=272 m¥s
Example 2.6

A Kaplan turbine working under a head of 20m dev.

‘ elops 12000kw
power. Calculate the overall efficienc

y of the turbine when the discharg

from the turbine is 70m?/s.
Solution
Given .
H=20m
P =12000kW
Q= 70m%/s
To calculate , L1
7y = 221000
PEQH
12000 x 1000
1000x9.81x 70 x 20
=0.8737
=87.37%

Module - 2 ‘ 2. 29
322, Belt drive

Whenever power is to be transmitted from one shaft to another which
reata considerable distance apart, a belt drive is generally used. Pulleys
Zre mounted on the driver and driven shafts and an endless belt is fitted
jightly over these pull.eys. The factor responsible for power transmission,
orinother words making the belt and pulleys run together, is the frictional
resistance between the belt and the pulley. The amount of power trans-
mitted depends upon the velocity of belt, the tension under which the belt
is placed on the pulleys and the arc of contact of the belt and smaller
pulley.
Types of belts

Though there are many types of belts for transmission of power, flat
belts and V-belts are widely used. Flat belts are used to transmit moderate
amount of power. These are used upto 10m distance between driving and
driven shafts. V-belts are more suitable for transmission of large amount
'of power between two shafts having a short center to center distance.
The ideal distance is 1.25 to 1.5 times the diameter of the larger pulley.

Flat belt
V - belt

Pulley Pulley

— e

Fig. 2.9. Flat belt Fig. 2.10.V - belt
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The belts used for transmission of power '?“’St hav.e lf:\rger Strep
flexibility and life and must hiave a high coefficient of friction. In aqg;.
to leather bellts, belts made of rubber, balata and cott(?n or fabric are a]s"
widely used. Rubber belts, consisting of layers of fabric impregnatey Wi
a rubber composition and having  thin layer of rubber on the faceg &
very flexible but are quickly destroyed if allowed to come in contacy Wi
oil or grease. Balata belts are similar to rubber belts except that baly
gum is used in place of rubber. It is about 25 % stronger than rubbe; bej;
Cotton or fabric belts are made from canvas or cotton duck in which;
number of layers, depending upon the thickness desired are put and stitcheg
together. These are treated with linsoil to make it water proof. The Cottop
belts are cheaper and suitable for rough service where little attentiop j
needed.

Types of belt drives
(i) Open belt drive

It is used with shafts arranged in parallel and to be rotated in the same
direction. The driver pulley pulls the belt from one side and delivers the

Fig.2.11. Open bélt drive,

same to the other side. Hence the tension on the former side will be greatts

than the later side. The side where tension is more, is called tight side and
the other side is called slack side.

(ii) Cross belt drive

It is used with shafts arranged in paralle] and to be rotated in opposi®
directions. At the point where the belt crosses, it rubs against itself and

wears.

Viodule -2 2.31

Fig. 2.12. Cross belt drive

In order to minimize wear, the shafts should be placed at a minimum

distance of 20 b, where b is the width of belt. Also the speed of the belt
should be less than 15 m/sec.

2.23. Chain drive

Chain drive consists of an endless chain running over special profile
toothed wheels called sprockets. One of the sprockets will be the driver
and the other driven. The smaller sprocket is called pinion and the bigger
one is called wheel. The chain is made up of plates, pins and bushing.
These parts are usually made of high grade steel.

From the application point of view chain drives are classified as power
transmission chains, hoisting chains and pulling chains. Power transmis-
sion chains are used when power is to be transmitted from one shaft to
another. Hoisting chains are used for lifting loads. Pulling chains are psed
in elevators, conveyors etc.

Main types of chains used to
transmit power are:

i) Roller Chain: Refer Fig.
2.13. 1t consists of rollers,
bushes, pins inner plates and i i
Outer plates. The pin passes cen-
trally through the bush and the
roller surrounds the bush. The
Toller turns freely on the bush
and the bush turns freely on the

' Fig. 2.13. Roller chain
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pin. Two adjacent rollers are held by tW0 mner ilate (Eﬁllt;r l?k Plate, '
These inner plates connect the tWo bushes asts Ownb N € higure, h
bushes turn freely on the inner plates. Two adjacent bushes are helg

two outer plates called pin link plates. These outer plates c?m.mct the twg
central pins and keep them in position. To prevent the Slldlng of ouge
plates laterally outwards, the pin ends are hammered to the shape Of iy
head. In order to reduce friction all the contact surfaces are lubricay, "

ii) Silent or inverted tooth chain: Refer Fig. 2.14. It consists of Speciy
profile plates corresponding to the profile of the sprocket teeth,

Fig. 2.14. Silent chain

These types of chains are more complex in design and require carefy]

- maintenance. It is employed when heavier loads are to be transmitted and
maximum quietness is desired .

2.24. Gear Drive

The term gear is generally used to denote toothed wheel. For transmis-
sion of power one gear is mounted on the driving shaft and another one of
the driven shaft, their teeth meshing with each other. The distance be-
tween the two shafts should be just sufficient to enable meshing of the
gear teeth. If the driving and driven shafts are at a long distance so thata

direct meshing c{ftwo gears is not possible, then required number of gears
may have to be Incorporated in between the two gears so as to make the
drive possible.

(.}ear teeth are formed either by casting or by machine cutting. T
cutting of gear teeth is done by milling, shaping or hobbing. A variety of

v

odule -2 - 23

materials are used for the manufactyre of gears depending on require-

oo, The cheapest material used is ordinary grey iron. For heavy duty
cars Cast steel an(.1 alloy steel are preferred. Non-ferrous metals like
hosphor bronze, nickel, manganese etc. are used under corrosive envi-
" onments.

There are many types of gears and the following are the important .
ones:

(i) Spur gears: Spur gears are those which have teeth cut parallel to the
axis of the shaft . Spur gears are used to transmit power between parallel
shafts. Fig. 2.15 (a)

(i) Helical gears: Helical gears are used in the same way as spur-
gears, but the teeth cut on the periphery are of helical screw form. A
helical tooth is thus in-
clined at an angle to the

axis of the shaft. Fig. 2.15 —_—
(b) =

|

(iii)'Bevel gears. :
Bevel gears are used to
connect two non parallel
shafts with intersecting
axes. Even though bevel
gears are meant for : o) ' m
shafts at right angle to
each other, it can also be
used for any angle. Fig.

215 (c) L E

(iv) Worm gears:
Worm gears are used for
"Power transmission be-
tween non-intersecting
shafts that are generally

()
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¢ worm gearing consists of w o
d screw and is used as the driver
th of the worm whee] remaiz

Module -2

at right angles to each other. Th
worm wheel. A worm is a threade
worm wheel is a toothed wheel. The te.e y
engaged with the threads of the worm. Fig. 2.15 (d).

Fields of Application

Belt drive is commonly used for transmission of power whep eXag

velocity ratio is not required. Flat belts are used when the distance be.

tween the shafts is more and only moderate amount of power ig to be |

transmitted . When the distance between the shafts is less and 5 largy
amount of power is to be transmitted, the V - belts are used. Belt drive is
comparatively cheaper than other drives.

Some of the advantages of flat belts are:
(i) Can be used with high speed drives.
(i) Canbe used in industrial and abbrassive environment.
(iii) Absorbs shock and vibrations.
(iv) Offers longer life when properly maintained.
Some of advantages of V- belts are: |
(i) Can be used for high speed ratios as hi ghas 10:1.
(i) No possibility of belt coming out of grooves. |

. (iii) Low percentage of slip.

(iv) A number of drives can be taken froma single pulley by providing
a number of grooves on the same pulley.

Chain drives are used in bicycles, motorceycles, agriculture machinery,
rolling mills, conveyors, transport mechanisms etc

Advantages of chain drives are:

(i) Can provide non-slip drive

v

podvle” ¢

" pisadV:

K -

-2 3'5‘
(i) very high efficiency '
(i) Less load on shafts

(iv) Occupies less space

(v)Can be operated at adverse temperatures. ‘
(vi) Can transmit motion to several shafts by a single chain.
antages of chain drives are:
(i) High cost ARN |
(ii) More weight W 4(_
(iii) Velocity fluctuations due to stretching during use. ~

(iv) Needs accurate mounting and careful maintenance

Gear drives are used when positive drives are necessary and when the
centre to centre distance between the shafts is relatively short. Also gears
are used whenever motion is to be transmitted between non parallel and -
non-intersecting shafts. Gears are of great practical utility in almost all
kinds of precission engineering works. Hardened gear find application in
aircraft, automobile and other industries.

Advantdges of gear drives are:
(i) High efficiency
(ii) Less maintenance cost
(iii) Can be used for non intersecting and non parallel shafts.
(iv) Very high accuracy.

225, Gear
s have been explained below:

Various terms used in the study of gear

L. Pitch cylinders: Pitch cylinders of a pair ﬂ;)
imaginary cylinders which by rolling togethe
tion as the pair of gears.

f gears in mesh are the
r transmit the same mo-
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i ith radi
2. Pitch circle: Itis the circle with 1

cylinder. ' .
3. Pitch circle diameter: It15 the
4. Pitch point: It is the point of co
5. Circular pitch: Itis the distance me

i ne
itch circle from a point from ©
tpile adjacent tooth. It is denoted by P¢-

diameter of pitch circle.

Dedendum  Working depth

Addendum

Thickness of tooth
Clearance
/ it Tooth profle
Tooth space | )
{ \
T 1
H : ne
H <——l—, Circular pitch

Il
!
'

ntact of two pitch circles.
asured along the Circumfefence
tooth to the corresponding pojy, i

X 7 pitchcircle

N Addendum circle
‘ Root or dedendum circle Working depth circle |
| Fig.2.16
{ nd
i P = T » Where d is the pitch circle diameter and T is the number of
i teeth

7. Diametral pitch: It ig the
i circle diameter, It is denoted by P

»

2, 36 ; ‘
us equal to the radius of the bi

Module~ &

P=

Module: It is the ratio of pitch circle diame
" per of teeth. It is denoted by m.

2.37

el

ter in millimeter to the num-

d

m=

9, Addendum circle: It is the

10. Addendum: It is the radial
dumcircle.

11. Dedendum or root circle: I
the teeth.

e

Pitch circle
Addendum circle

12. Dedendum: It is the radial di
circle,

13. Full depth of teeth: It is the
and addendum circle

circle passing throug_h the tips of teeth,
distance between pitch circle and adden-

t is the circle passing through the roots of

[ Root or dedendum circle
Working depth circle

Fig.2.17.
stance between pitch circle and dedendum

radial distance between dedendum circle

Full depth = Addendum + Dedendum
14, Clearance: It is the radial difference between the addendum and the

dedendum of a tooth.
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15. Top land: It is the surface at the top of toolL - h, i

16. Bottom land: It is the surface at the root of tooth, in between twg
adjacent teeth.

17. Tooth thickness: It is the width of the tooth measured along the Pitg
circle .

18. Tooth space: It is the width of space between the two adjacept teeg,
measured along the pitch circle.

19. Backlash: It is the difference between the tooth space and the toot

~thickness, measured along the pitch circle.
20. Face: It is the tooth surface between the pitch circle and the top lang

21. Flank: It is the tooth surface between the pitch circle and the bottop,
land.

22. Face width: It is the length of tooth measured parallel to the axis
gear.

23. Profile: It is the curve formed by the face and flank of the tooth,
Velocity ratio of gear drive : :

The gear ratio is defined as the ratio of the speed of driven gear to the
speed of driving gear. It is denoted by the letter ‘G’. A schematic diagram

of two mating spur gears A and B is shown in Fig. 2.18. Let the pitch
circle diameters of A and B be d, and d, respectively.

In case the driving gear A rotates with N, rpm _ o
(o, rad/sec) in clockwise direction, then - -\\ .
N VA
\ @-\ :‘ ’\® g/
% / \__//
The peripheral velocity of driving gear A is \\_ -
o,d, [Fr+1-f
2 T

the driven gear B rotates with N, rpm (o,
rad/sec) in anticlockwise direction.
‘ ! ' '
The peripheral velocity of driven gear B is ' iJ l Lcl

Fig. 2.18

of

equal to

®,d,

equal to - Since the gear drive is posi-

tive, the peripheral velocity of driven gear will

Module 2 2.39
N oqual 10 the peripheral velocity of the driver gear,
: d, d
Hence, @2 2O ?l
PR |
o, d,
N, _4
ot N, g, e (i)

: d
Circular pitch of gear A, p , = TI?' where T, is the number of teeth
1

on driving gear A.

. d . A
Circular pitch of gear B, p,= = T_2 where T, is the number of
2

teeth on driven gear B!

Two gears will mesh together correctly, only if the gears have the
same circular pitch.

“+ Pa = Pa
T 4 _ T 4
T, T,
or 4 2 LU (ii)
d, T,
N, T
From (i) and (ii) —I:IT N T, :
N, _Th: .4
i.e., Velocity ratio or gear ratio, ‘G’ T, d,

Example 2.7.

Two spur wheels, A and B, on'pa
teeth and rotates at 250 r.p.m. Bis to 10
of teeth on B.

rallel shafts, are in mesh. A has 40
tate at 100 r.p.m. Find the number
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Solution:
Given: T,=40 N, =100 tpm Na= 250,
To find: T,
No _Tu
We have, R "
N,
T. = T, x —
B A NB
= 40 x @ =100
100
T;=100
Example 2.8.

Two mating spur gears have 60 and 40 teeth. Their common module js
5 mm. Determine the centre to centre distance between the gears axis,
Solution:

Given: T, =60, m=5mm, T, =40
Tofind:L
Module, m = L
T
d,=mT, =5x 60 = 300 mm.
d,=mT, =5x40 =200 mm
We have,
L=r.+rz=d_'+d' =300 200

=150+ 100 = 250
L =250 mm.

v
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126, Gear trains

Any combination of gear wheels by means of which motion is trans-
itted from one shaft to another shaft is called gear train.

simple gear train

A simple gear train is one in which each shaft carries one gear only.

gach of the intermdiate gear acts both as a driven and as a driver. These

intermediate gear have no effect on the velocity ratio and hence these

gears are known an idlers. Fig. 2.19 (a) shows a simple gear train with
one idler and Fig. 2.19(b) shows a simple gear train with two idlers.
Referring Fig. 2.19 (a),

N,

N,

z|Z

_ 4. d;
d,’ d,

@)
©]
O

3_
9
'3_
9
Y -
e

&
&
=1
&_‘ =]

(b}

N, N, _d 4
2l —= =—
N, N, d d
E-3—=Eli.. ........................ (1)
N, 4
——ee
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ReferringFig.ll?(b), N, d, _I:I}_ _ d—2 & _ d\3
1 ; —NT B dz ) d3 | 3 .
4, d
_N_Z_xyix—N—A-:—d—.‘x—z_x-ai
Nl N2 N3 2 3 4
Ne &, (ii)
N, d,

[From equations (i) and (ii), it can be seen that the speed ratio is inde.
pendent of the number and diameter of intermediate gears. It can als pe
seen that when the number of idlers is odd, the driver and driven gears
rotates in the same direction and when the number of idlers is even, the
driver and driven gears rotate in opposite directions. In simple gear train

the function of idlers is to fill the
gear as required.

Compound gear train

gap between the of rotation of the driven -

When a series of gears are connected in such a way that two or more

gears rotates about same axis, it is called a ¢

intermediate shafis carryy more than one
gear. The speed ratio depends on the dj-
ameter of driver, the driven and the in-
termediate gears, Refer Fig.2.20. Gears

1 and 3 are driver gears 2 and 4 are the
driven gears,

. Referring Fig. 2.20.

ompound gear train. The

Fig. 2.20. Compound gear train

podule~ 2

qeve rted gear train

A reverted gear train is one in which
es of the first and last gears co-
‘he,ax Such an arrangement is shown -
mc;:li; 2.21, which has its application
:; a speed reducer.

Referring Fig. 2.21

[T

2.43

Driver

I

shaft

N 4
N, d," N,
Nzx_l\_l‘i__ﬁ d;
N, Ny d, d,

,kz

B

-
(L

4

m

—

‘Fig.2.21. Reverted gear train

2.27. Single plate clutch .

A clutch is a device used to connect a driving shaft to a driven shaft so
that the driven shaft may be started or stopped at will, without stopping the
driving shaft. Single plate clutch is a friction clutch, which transmits power

by friction.

Driver shaft

Flywheel —=

Fig. 2.22. Single plate clutch
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It is mostly used in automobiles to connec.t the .en.gme t(.) t.he Shafy

. consists of a clutch plate made of steel and han.g frictional lining o eac
side. This clutch plate is attached to a hub, which rotat;:s along With th

* driven shaft and is fre to slide axially on the driven shaft. A flywhey
attached to fhe end of crankshaft as shown in Fig. _2.22. |

A spring loaded pressure plate presses the clutch plate againg the
* flywheel, when the clutch is engaged. A friction between the lining oy the

clutch -plate'and the flywheel on one side and the ﬁiction_bet_ween the
lining on the clutch plate and pressure plate on the other side cause the
clutch plate and the driven,shaft to rotate. When the pressure plate js
pulled back by further compression of the spring, contact between the

| flywheel and clutch plate breakes and then the flywheel rotates without
driving the clutch plate and the driven shaft. Thu

. s the rotation of drivey
shaft can be stopped without stopping the engine. ]
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