Bis s Ref“geration and air conditioning

5 Refrigeration

Reﬁ.igeration is the process of maintaining asystem at a tem

are of its surroundings. It\ can be accomplished by removing heat from the system. For
cample the household re.:irigerator 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 Sy
wre is termed as refrigerating system and the system w
called refrigerated system. The working
refrigerant.

perature below the tempera-

stem at a lower tempera-
hich is kept at lower temperature is
fluid used in a refrigerating system is known as

Refrigeration may be obtained by adopting either natural methods or artificial methods.
Natural methods include melting of ice. When ice melts, the heat from its surroundings flows
mto 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
(mechanical refrigeration) the application of natural methods becomes insi gnificant. Hence
the term refrigeration is actually used in these days for cooling by mechanical means.

The applications of refrigeration can be broadly classified into three groups as
(i) Industrial processes which includes processing of food stuffs, farm crops, photographic
fnafeﬁéfl{ I;e_froleuln and other chemical products, treatment of concrete for dams, process-
ngin textile mills, printing works etc.

(

ii) Preservation of perishable goods which includes storage and transportation of food
fa . e%etablesa meats, dairy products, poultry products etc).

vironment which includes comfort air conditioning of resi-
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1) Vapour refrigerator in which vapours like ammonia, carbon dioxide, sulphur q; oxig
. ¢ ' e
freon ete. are used as the working fluid. ’

3.3. Unit of refrigerating capacity

Thefrate of heat_absorbed from a body or space to be cooled is termed as r

' ’ . . efrigerating
effect. The standard unit of refri geration is tgﬂﬂfﬂ&@.@ﬂ%&&mp_lxton: .

‘ The rate of heat absorbed by the system from the body to be ci)ch_g ﬁqt}jxalgl1t {0 the

latent heatoT Tusjon of one ton of ice from and at 0°C in 24 hours is called one o, refriger,
tion. l he term ton refrigeration is a carry over from the time ice was used for cooling. Thi

unit of refrigerating capacity is currently used in USA, UK and India. In many countrieg g,
standard MKS unit of keal per hr. is in use. In general, one ton refrigeration always Mean
3.5167 kJ of heat removal per second.

3.4. Coefficient Of Performance (COP)

The effectiveness of a refrigerator is expressed by a term known as coeffj

cient of per-
formance. It is the ratio of desired refrigerating effect to the work spent to produce the
refrigerating effect y
COP= Desired refrigerating effect R

Work spent in producing the refrigerating effect 14 -

{4

COP of a refrigerator will be greater than unity.
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3.5. Vapour compression system AT TSSOV L
¢ 4 {

In a vapour compression refrigerator the working fluid is a vapour which readily evapo-

rates and condenses. During the evaporation process it absorbs heat and

from liquid to vapour . During the condensing process it r

vapour to liquid.

p(/ &

ol ¥

gets converted
ejects heat and gets converted from

3.6. Simple vapour compression system

- Asimple vapour compression system of refrigeration consists of the following basic com-
ponents: ! R TS W




- ooralo be dry saturated. This dry saturated va
‘ o into the cotnpressor cy""f’“ during its suction stroke and during the compression
_ ke the vapour is mpr_essed 'sentropically to pressure p, and temperature T,. This pro-
s is shown by line l'_z 0 the P-H diagram as well as in :he T-S diagrétn. At:lhc end of
' jon (hc'vapour i superheated state, The vapour at this condition passes to the
ondenser in which cooling water is circulated to remove heat from the vapour. The vapour
.. first cooled to the saturation temperature and further removal of latent heat of condensa-
son it condenses 10 liquid till point 3 is reached. The high pressure liquid is expanded in an
! sion valve (throttle valve). The pressure of liquid is lowered to p, and the condition
| biained after the constant enthalpy expansion process is shown by point 4. During throftling
the liquid partly evaporates and after throttling we get wet vapour at the low temperature T,

d low pressure p,- This wet vapour passes through the evaporator coils immersed in the

4 ‘..'g,,‘,
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pour at pressure p, and temperature T is

3
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Fig. 3.1. Simple vapour compression gystem

in solution. The wet refrigerant vapour absorbs latent heat of vaporisation from the brine
ition and evaporates. After evaporation the vapour reaches the condition given by point |
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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,

Heat extracted in the brine solution
COP =

Work done by the compressor

I, Vapour Absorption System |

The vapour absorption refrigeration system is quite similar to vapour compression sys-
tem. In the absorption system also, refrigeration is produced by the evaporation of a liquid
(refrigerant) in the cvaporator. The difference between the two systems lies in the method

>

compressor is replaced by a combination of an absorber, a Pump and generator. Fig. 5.4
illustrates the principle of a simple vapour absorption system.

The low pressure fairly dry refrigerant vapour coming

from the evaporator enters the
absorber where it is dissolved in cold wate

r. This vapour absorption process lowers the

S more refrigerant vapour from the evaporator.
Also, due to the absorption of the vapour in \

the sensible heat of solution are |j

the solution. Some
absorber to remove
y of water,because

orber is called 2
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Fig. 3.4, Simple Vapour absorption system

t=}
becomes the solvent dissolving the refrigerant vapour coming from the evaporator.

From the generator the refrigerant vapour flows to condenser where heat is rejected to
the condensing medium. Thus vapour cools and gets condensed at its saturation temperature
Thishigh pressure refri gerant liquid is then all
the expansion valve (throttle valve). This process reduces the high temperature of the liquid
Lalow value suitable for the evaporator. The cold liquid is then passed into the evaporating
wilsof the evaporator. Here it collects heat from the brine solution and gets vapourised. This
IOWtempemure brine solution is then circulated in coils around the space to be refrigerated.
| The e igerant vapour issuing from the evaporator is now almost dry and is allowed to mix

* e weak solution contained in the absorber. This completes one cycle of operation.

owed to pass through the narrow opening of

t of this machine is the heat absorbed by the refrigeran t in the
ied in operating the machine is the sum of the work done

t extracted in the evaporator

mp + Heat supplied to the generator

ot e }zvk
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e Absorption Systems.

lectric power for running the
Jiced as the major source of
m engines, steam turbines

3.8. Comparison Between Vapou
s high g orade €N

ystem heat 1S
ok on the exha
ed in the exhau
in the compres

I. The compression systems us¢
compressor. In the absorption $

energy. Absorption system may WO
etc., utilising the waste heat contain

ust from sted

st steam.
sor which is the major

2. In the com ression system, the movmn palts are g
p = | system the moving parts are in the pump

he a SOFPUO' ¥ gy
S comparatlve]y

component of the system. But inth
| 0 . sorption system I

which is a small elemcnt of the syste
ear and tear.

stem IS reduced the
absorption system-

m. Hence the ab

quiet in oper ation with less W
performance 1S adversely af-

When the load on the compression sy

fected whereas there is no effect in the
age the compressor i

ystem.
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1 a compression system, but

4. Liquid traces in suction line may dam

there is no such danger in the absorption s
ses the COP of the com
ystem can work on lower

pression system also de-

5. When the evaporator pressure decrea
evaporator pressure

creases considerably. But, the absorption s

without lowering COP.
efrigerating capacity of the absorption system is

6. Automatic operation for controlling the r
easy compared to the compression system.

3.9. Domestic refrigerator :
A schematic diagram of a domestic refrigerator is shown in Fig.3.5. It consists of the

following four basic componants

(i) Evaporator (ii) Compressor (iif) Condenser and (iv) Expansion device (Capillary

tube).

Evaporator
1t is the equipment in which liquid refrigerant evaporates. In afypical refrigerator
i e it

ted in the freeze
it is located in the Ir rcompartmentoftheE}ir}ggaton Tl}el%, )b%&t@f vapo;xsatlon

is absorbed from the refrigerator cabinet. Thus tl | enterina the evapora-
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Cﬁﬁ&ipﬂfe"t udsedltjzconvert the refrigerant vapour to liquidis called condeser. It
wire and tube type mounted at the back of the refrigerator. The refrigerant

aunlly 2 .
i A wndensed by ; éleasmg lat.ent heat of condensation to the surrounding air. The
' 4-rb6d b)"thej &1 ngerant while passing through the evaporator is released in the

ser. This liquid refrigerant leaving the condenser enters the expansion device.
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Fig. 3.5. Domestic refrigerator

Expansion device
The high pressure of liquid refr
by passing through a pressure reducing

ak’"‘mw tube called capillary tube is use
i nt leaving the capillary tube enters the evaporator and thus one cy

egerent is reduced to the low pressure of evaporator

device called expansion device. In the refrigerator

d as the expansion device. The low pressure

cle of operation is

e coldest part of the cabinet.

of the refrigerator is th
t portion which is meant for

}-,chuifll‘gr tray. The bottom mos
_ The cold airbeing heavier flows down from the freezer
erato The warm air being lighter arises from the bottom
n. Thus a natural convection takes place
the to] ,'QI’IdbOttOm of the refrigerator

"
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I 2 : ;
N Modern nofrost refrigerators the evaporator is located outside the freezer compap.

Mment. Coldair is made to flow by forced convection using a fan.
3.10. Energy efficiency rating \

. Energy efficiency is defined as the/energy service per unit of energy consump;iroﬁ) Itis
sTmple and fairly good way of comparing the energy consumption of products that perform 5
Similar task. The efficiency of a refrigerator is that@mount of cooling capacity (output) per
Uniﬁmsumes (input). A similar way of measuring the energy efficiency is also
developed for other 5b§ﬁ£11ces, The star rating equations for refrigerators were developed ip
1986. These were revised in 2000. Until 2010, all energy labels showed possible star rating
from a minimum of 1 star to a maximum of 6. Since the manufactures have achieved sub-
stantial increase in the energy efficiency of refrigerators, the star rating equations for refrig-
erators was again re-graded in 2010. For example a new refrigerators today use 70% less
energy than an equivalent products of the year 1980. In the year 2010, the star rating system

for refrigerators was expanded to show up to 10 stars for refrigerator that have exceptional
energy efficiency.

3.X1. Refrigerants

The working substance used in a refrigerating system is known as refrigerant. It is
actually a carrier of heat from a cold place to a hot place. It changes from liquid to vapour
state during the process of absorbing heat and condenses to liquid while liberating heat. The
most common refrigerants in use are ammonia, fluorinated hydrocarbons (trade name -
Freon), carbon dioxide, sulphur dioxide, air, water etc.

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

1. Condensing and evaporating pressure: Both condensing and evaporating 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 increases the cost of the system.

2. Critical temperature : The critical temperature of the refri gerant should be high enough as

compared to the condensing téh{perature, to reduce the power
bR T T e >c,o nde ng b e

Freezing temperature : The freezing temper

irements.

!‘.'

(V8]

ould be much

5

below the operating temperatu n

i




- reduce the quantity of refriger
' antto be ¢jpe
ulated.

¢ volume: The spec1ﬁc volume

Thermal ‘conductivity : The thermal conductwity of the refrioer
he efficiency of the cond Sl
crease th enser and

evaporator. .
; stabll‘ty The refrloelant should be chelmcally stable throue

ant should be high to in-

ghout the required range of

i ity : The iger :
10,InﬂMmabl'hty -refrlgelant should be non inflammable (ie, it must not easily catch
fire )toavoid fire during overheated conditions

1. Corrosiveness: The refrigerant should be non-corrosive when comes in contact with metals.

12.Toxicity: The refrigerant should be non- toxic so that it is non- injurious to food stuff and
other materials preserved.

13.Leakage detection: The refrigerant should be such that its leakace detection is simple

14.0il solubility : The refrigerant must not react with oil, but it must be mixable with the oil
for better lubrication of the compressor.

I3.Electrical resistance: The refrigerant should have high electrical resistance
[ 3
16.Availability : The refrigerant should be cheap and easily available.

312, Impact of refrigerants on enviornement

The most commonly used halo-carbon refrigerants are the chloro-fluoro derivatives of
methane and ethane. The fully halogenated refrigerants with chlorine atom in their
mo-leCUIé; —%;r?referred to as chloro-fluoro-carbon (CFC) refrigerants. The refrigerents R -
“2..&: 12,R - 13, R113, R114 and R115 are CFC refrigerants. The refrigerants which
“Ontain hydmgen atoms in their molecule along with chlorine and fluorine atoms are referred
Was | tro-chloxo fluro-carbon [HCEC]. refrigerents. The refrigerents R -22, R 123 are
. friger rigerents which does not contain chlorine atom in their molecules

t;o carbon [HFC] refrigerents. R134a and R152a are HFC
; o not contain chlorine and fluorine atoms in their mol-

rbor (HC) refrlgerents [R-290 and R600a are HC]

o
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releag; ; ‘ i i
]leaslng chlorine. This chlorine deplete the ozone layer. The e layer is a layer in the

aImosphere Which contains 2 high concentration of ocone. Ozone 1s a naturally formi,

Molecule thg helps to absorb the ultraviolet rays from the sun. The harmful ultraviolet rayg

are fde . ;
considered to be responsible for skin cancer.

One chlorine atom can destroy 10° ozone molecules. The relative ability of a substance
to deplete the ozope layer is known as ozone depletion potential (ODP). The ODp
refrigerents F - | and F - 12 is one. The HCFC refrigerators have a relatively low ODp
The ODP ofR-22 i5 ¢ 05 and that of HFC refrigerents is zero. Hence the HFC refrigerep,
do not cause any ozone deplition.

Another impact of refyi gerant on environment is the global warming effect which cayge
serious changes in the enviornment. Global waming means the increase in average tempers.
ture of earth. One of the cause of global warming is the use of CFC refrigerents. The ability
of a substance to contribute to global warming is measured by the global warming potentiy]
(GWP). The GWP of R22 is 100.

3:1.3- Psychrometry

The properties of mojst air are called psychrometric properties and the subject which
deals with the behaviour of moist air is known as psychrometry. It is the foundation on Which
most of the air conditioning calculations are based. Several special terms used in the study of
psychrometry are defined below:

I Dry air: Dry air is a mixture of oxygen, nitrogen, carbon - dioxide, hydrogen, argon, neon,
helium etc with oxygen and nitrogen as its major constituents. The volumetric composition of
air is 79 % nitrogen and 21 % oxygen.

2. Moist air: It is ordinary atmospheric air which is a mixture of dry air and water vapour.

3. Saturated air: It is the air which contains 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. Relative 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 : o ot air
at the same temperature when the air i ' T g

.

urat 3.
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odUlC 3

covered ELE.YY‘?EEIS’H’ and is exposed to a current of moving air. The difference between
¢he dry bulb tempera.tture and wet bulb temperature is known as wet bulb depression and it
 Jepends On the relative humidity of air. If relative humidity is high , the réte of evéporation
from the wet cloth is low and hence wet bulb depression will be lo;v. When air is dry satu-
- ated the DBT and WBT are the same.

kg, De\y_pomt temperature: It is the temperature at which the condensation of moisture be-

: gms)ylwn the air is cooled at constant pressure . The difference between dry bulb tempera-

qure and dew point temperature is known as dew point depression.

9, Sen: ?ib le heat of air: Itis the enthalpy of dry air which can be calculated by measuring its dry
] erature. k3

b/u,ﬂ? temp

E (0. TotaLllqat: The total heat of moist air is the sum of sensible heat of dry air and sensible

; plus latent heat of water vapour present in it.
- 3.14. Psychrometric chart

E A psychrometric chart is the graphical representation of the various thermodynamic prop-
 erties of moist air. The chart enables the properties of moist air to be read off directly.

—

Heating
——

Specific humidity ——e—

Cooling
——

Dry bulb temperature. ——#=

AOB - Constant dew point temperatur¢ line. COD - Constant dry ’ktw‘t%ftmpera‘t“‘m'm gk

EOF - Constant rel tive hur
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it contains the following lines.

scale i - Ie: In addition, §
is the dry bulb temperatu awn parallel to the ordinate,

o vertical lines dr

al lines drawn paral
hich extend diagonally.

) Dry bulb temperature lines: These ar e

i) Specific humidity lines: These are horizont .
iii) Wet bulb temperature lines: These ar¢ straight lines W .
iv) Relative humidity lines: These are curved lines parallel to the saturated line. The
saturation line represents 100

These are straight inclined |

% relative humidity
: : :nes and uniformly spaced. These lines
v) Specific volume lines:

gives the volume of dry air in m ilkg
al lines, non uniformly spaced and drawn

vi) Dew points temperature lines: These are horizont

upto saturation curves.
The various basic process involved in air conditioning are :
ble cooling - Process OB, (iii) Humidifying -

(v) Heating and humidifying - Process OE,
) Cooling and humidifying - Process OH

i) Sensible heating - Process OA, (ii) Sensi
Process OC, (iv) Dehumidifying - Process OD,
(vi) Cooling and dehumidifying - Process OF, (vil
and OJ, (viii) Heating and dehumidifying - Process OG and Ol

olve a change in dry bulb temperature. The

Sensible heating and sensible cooling inv
a change in the specific humidity. When

process of humidifying and dehumidifying involve
the state of air moves from O to A or to B, there is no change in the moisture content of the

air. Similarly when the state of air changes from O to C or to D, the DBT remains constant.
The last four processes listed above involved both changes in temperature as well as

humidity.

3.15. Phychrometric proc‘esses

In order to achieve air conditioning, the physical process like air purification, temperature
control, humidity control and air circulation have to be carried out and hence in the equip-
ments of air conditioning plants, the units performing these duties are incorporated

1. Air purification

The air taken from the atmosphere ¢
for human health. In order to safeguard t

s

possible harmful ingredients fi

ry to remove all
foning systen.

ds like air filtra-



3.13

. 3 i !
. o _ntraﬁon of dust in air.
- dthe”

of rature cOﬂtl'O]

2 Temp® p”
‘ ol is amaj - vy,
rature contr ajor process in air conditioning system . It is intended to regt=

Tem :
dry bulb temperature by various psychrometric processes. This is attained by simple

4spect is negleCted or is of such order that it gets adjusted by itself. In most cases, an indirect
oyaporator system 1S used for cooling the air. In such cases chilled water (or chilled brine
lution) s used to cool the air. The chilled water after absorbing heat from the air rejects

peat to the refrigerant in the evaporator.

Heating of air, t0 raise the dry bulb temperature, can be achieved by passing the air over
heated surfaces- The heating surfaces are usually located outside the room to be condi-
tioned. The heated air flows to the room by fan action. Warm air heating system, hot water
. peating system, steam heating system and electrical heating system are some of the com-

monly used heati
used only where electrical energy is very cheap.

3. Humidity control

The third important pr
by the process of humidification (increasing

midity).

i) Dehumidification

humidity) or dehumidification (decreasing hu-

Dehumidification is the process of reducing water vapour content of air. It can be accom-
plished by the use of an air washer or by the use of absorbents. In the absorption method, air
is passed through a chemical (known as drying agent). The moisture in the air enters into
chemical combination with the drying agent. The chemicals like H,SO,and NH, are nor- [
mally used as drying agents. Dehumidification can also be achieved by using absorbents.
These are materials having capacity to absorb moisture . Common absorbents in use are:
activated alumina, calcium chloride and silica gel. Normally, this method of dehumidification

1 s : .
U | air conditioners.

on of steam or hot water to air. The different

i [
A o

Jate the ling , which may b i i
. or cooling y be associated with humidification process.
cooling of air mea?s lowerin g its dry bulb temperature. It can be attained by passing the '\
irover evaporator coils of a refrigerating system. In a small room air conditioner the intake 45
o forced to flow over the evaporator coil directly. In such a case the relative humidity :
i

¥

i

\
ng systems. Electrical heating system has got limited applications and is %
]

¥

ocess in air conditioning is the control of humidity. This is achieved _ 1
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difier, (il e humidifier, (j
i) Steam humidifier, (i) Atomisation tyP® humidifier, (iif) Impacttype humidifier, (i) oy,
’

evaporation humidifier o AT

Steam humidifiers are simplest type in which steam 15 dn:ec y clilf . 0 1le Ar Stregy,
through a nozzle. But, this type is seldom used for comfort atr con? | l 10111"8 as the tempepy.
ture control is difficult and it carries odours which are unpleasant to the occupants,
used to draw water by aspiration frop

itomizati idifier: essed air is
[n atomization type humidifiers, compre kel
i the duct carrying the air to the condj.

a supply tank and blow it in the form of fine mist into

tioned space.

The impact type humidifier , makes use of fine jet of water which is directed againg

hard target. The water breaks up into fine spray. The air is forced into the chamber using
fans which picks up water by evaporation. El iminators are placed in the path to remoy,

water droplets carried with the air.
In the forced evaporation type humidifier, air is allowed to mix with water vapour formed

by the evaporation of water

4. Air distribution

The object of air distribution is to create the proper combination of temperature, humidity
and air motion in the conditioned room. The temperature variation within the room should not
exceed 2°C. The desirable air movement is 7.5 m/min, limited to a maximum of 15 m/min,
Flow direction of air towards the face of the occupants is preferred and also downward flow

of air is preferable over upward flow.

8.16. Window air conditioning

A window air conditioner consists of a case divided into two parts, outdoor and indooor
pats, 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

,,,,,,,

condfnser and evaporator. The outdoor portion ramains outside the window sill. Dampers

< At AP

are bl_jo_vided 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
rnd is delivered to the condenser. In t'he,con‘denser the refrigerant vapour is condensed
” “ ‘ "'*'s.}_g}air. This hot air is driven ou
enters the capillary tube where the
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Fig. 3.7 Window Air conditioning system

 frigerant evaporates by absorbing latent heat of vaporization from the surrounding air. This
- cold airis delivered to the room using a fan. The direction of air flow can be changed using
adximpen The low pressure refrigerant vapour leaving the evaporator is sucked into the
compressor and is compressed to very high pressure, This high pressure vapour is con-

densed in the condenser. Thus one cycle of operation is completed.

3.17 Split air conditioner.
The working principle of a split air conditioner is same
~window air conditioner, the indoor and outdoor parts are kept in a single casing and the
casing is divided into two parts. In the split air conditioner the unit consisting of evaporator
~ and fan is located inside the room and the other unit consisting of compressor, condenser and
 the fan can be kept anywhere outside the room. The indoor and outdoor units are connected
by extended suction and liquid pipelines. The system works on ¥apour compression cycle.

Advantages of split air conditioner.

as that of room air conditioner. In

1. Itoccupy only very small space in the room.
2. Since the compressor is keptout side the room, the noise inside the room due to working

of compression is less
3. Wide opening of wall or window is notrequit

ed.
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2.34 Pumps

Pump is a mechanical device used to increz.lse.the pressure' energy of a liquig
In most of the applications, pump is used for lifting liquids fmm a kf“ erto higher leve| This
is achieved by creating a low pressure at the inlet and " hl.gh‘ poiiere-d the outlet of g,
pump. Due to the low pressufe at the inlet of the pump, h’qu'.d = h.fted from the sump ¢, the
pump. Due to high pressure at the outlet of the pump the liquid is lifted from the pump ¢, the

required height.
2.35 Classification of pumps
Based on the working principle, pumps are classified as positive displacement apq

rotodynamic pumps. Reciprocating pump,-gear pump, SCrew. pump. Vane pump ete., are
examples of positive displacement 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.

2.36 Reciprocating pump

It is a positive displacement pump in which the required low pressure at the
inlet and the required high pressure at the outlet of the pump is obtained by the reciprocating
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& / Piston rod e
rig i /
iR + T .
¥ 2y PETe— R G ™ e B s s s cadewmen - .
LAl L A :
| Suction . .
Piston e g o

Suction vave




ston or plunger inside 5 close fittin
.&mmmcatmg Pump. I. Cylinder 2
Stz iner, 7. Suction pipe, :

¢ cylinder. The following are the main
-Piston, 3. Piston rod, 4. Connecting rod,

" Fie. 2.17. Moveme : \
fer Fig : nt of piston towards right creates a vacuum inside
er and atmospheric pressure forces the li

Qering the movement of pisto towards |eft liguid is pushed into

lelivery pi gpf[hﬂ.sucnon%d‘d'ehw%pwwm\ed with non-return

return.v e igui
These . valves Or-one.way valyes ensure unidirectional flow of liquid.
. the suction valve allows the liquid only to enter the cylinder

L e e and prevents the flow of
wﬁm ym the cylinder to the suction pipe. Similarly the delivery valve allows the liquids only

quid up through the suction pipe into the

n‘ : ’;g_e"?‘?am the cylind.er and prevents the flow of liquid from the delivery pipe to the.
WThe movement of piston inside the cylinder is obtained by connecting the piston rod
m,@tkby means of a connecting rod. The crank is rotated using an electric motor. Thus
when the crank rotates, the piston reciprocates inside the cylinder, alternately filling and
emptying the cylinder. The volume of liquid delivered is constant regardless of pressure and
isvaried only due to the change of speed of rotation of the crank. A strainer is provided at the
end of suction pipe in order to keep leaves, wooden pieces and other rubbish away from the
pump.

237 Centrifugal pump

R T T R = ¥ 'S TR

PP LTI PEY [ S

_ Itisarotodynamic pump in which the required low pressure at the inlet of pump and the
high pressure at the outlet of the pump is obtained mainly due to centrifugal action. When a
certain mass of liquid is made to rotate by an external force, it is thrown away from the axis
of rotation and a centrifugal head is impressed which enables the liquid to rise to a higher

f
i
|
r,
:

level. In eentrifugal pumps, in addition to the centrifugal action, as the liquid passes through
%mlvmg wheel or impeller, the angular momentum of the liquid changes which also
- mesults in increasing the pressure of the liquid.

er, casing , delivery pipe, suction pipe, foot valve and strainer are the main compo-
'  centrifugal pump. Refer Fig.2.18. The impeller is a wheel or rotor which is pro-

" . R N
‘a number of curved blades or vanes. It is mounted on a shaft which is coupled to

2 is such that the sectional area of flow around the periphery of the impeller gradu-
15wards the delivery pipe. This gradual increase in area gradually reduces the
ﬁqu;d leaving the impeller to that in the delivery pipe. This reduction in the

8- Suction valve, 9. Delivery valve, 10. Delivery pipe.
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Delivery pipe ==
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ing, the impeller is r
Qe_and casing with the lliccl)ttl?ctieti tl))g i .Of " electri? mLee Fi.llin.g
irand v N ‘ pumped is known as priming. Priming 18
\Lcﬁ apour from the suction pipe and casing. The removal of air from
,q-uu:ed .becaus.e Fhe@ic-cum crated in the eye of the il;apeller is proportional to
L ;g‘l_lquld that is in contact with the impellerIf the impeller is mildepto rotate in
Ofa.".’ the vacuum created may not be sufficient to lift the wa;er from the sump
the impeller. Therefore it is essential to prime a centrifugal pump before it can
he rotati01.1 of the impeller in the casing full of liquid produces a forced vortex
ts a centrifugal head to the liquid. This results in an increase of pressure of

d of the impe”el‘ of the pump is sufficiently high, the pressure of liquid in the

spee:
i1l be increased. When the delivery valve is opened the liquid within the impeller
peller at the outer circumfer-

outward direction, therby leaving the vanes of the im
locity and pressure. The vacuum created at the eye of the impeller causes
1g the liquid which is being

high ve
om the sump to rush through the suction pipe, replacii
e impeller. While the liquid flows through the rotating impeller it receives

nes which results in an increase of both pressure and velocity. The kinetic
while flowing through the volute

the delivery pipe with very high

rom th
m the va

{5t - .
s increased is converted Into pressure energy

s the liquid is discharged from the pump to

rison of centrifugal-and reciprocating pumps
f liquid from a centrifugal pump is smooth and even whereas that from a

ump is pulsating.

sal pumps are suitable for large discahrge and low heads.
o pumps are suitable for high heads and low discharge.
o the initial cost of reciprocating pumps.

ifugal pump is less compared t
s Jess floor space. The floo

At for a centrifugal pump.
o that of a low head reciprocating

r space required for

mp is compact and occupie
sump is about 6 0 § times th

2| pump is more tha

e and hig!_l,_head, the efficiengy,of.,ahrcc.iprocatjng pump
rifugal pump-

«neiming wheras no

priming is required ina reciprocating pump-
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8. Highly viscous liquid such QS_ONS-P"‘“ddy andd 37:135?" ‘:,ci::tlg:ocp\?f;er Pulp
ete. can be casily handled by centrifugal pumps. Valves and g ating pup,
cause trouble when it is used to pump the above said liquids. |

9.Compared to reciprocating pump, the i,'!-’-"w”mi.g_'l?[.gﬁl’.!”fu%?‘_' RUMDP is eas,,
10. Construction of centrifugal pump is simple. More number of parts in the recipr Cating
pump make the construction complicated.

I'l. Maintenance cost of centrifugal pump is low.

12. Due to the high speed of centrifugal pump, impeller can bcﬁ dlrjctly‘cioilsl p.l,CdIt-(? z:Jn clectric
motor. In the case of reciprocating pump, some speed reduction device is required.

13. Centrifugal pump has no reciprocating parts and hence the wear and tare is less,

14. For a given discharge, the weight of centrifugal pump is less than the weight of a recip,.
rocating pump.

2.39/Rotory pump

Gear pump is a rotary pump and in appearance it resembles a centrifugal pump. It is 3

—

positive displacement pump, which can pump thick and viscous liquid such as vegetable oils,
greases. tar ete., and also lighter liquid such an gasoline, alcohol etc.

It consists of two identical intermeshing spur gears working with a fine clearance inside
a suitably shaped casing. One of the gears is keyed to the driving shaft of a motor and the
other revolves idly. Liquid entrained in the spaces between the teeth and the casin g is carried
round the gears from the suction side to the discharge side. Liquid cannot flow back to the

suction side due to the meshing of gears. A single gear pump can build up pressure as high

ds

//

,1;1

‘3
=

pressure upt©



4.11. B_glt drive ]
s to be transmitted from one shaft to another which are at a consider-
able distance apart, a belt drive is generally used. Pulleys are mounted on the driver and

driven shafts and an endless belt is fitted tightly over these pulleys. The factor responsible
issi rds making the belt and pulleys run together, is the

for P_chr__t_lfa11s_11_1isgi011, or in other wo
frictional resistance between the belt and the pulley. The amount of power transmitted de-

-~ pends 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.

TYPSS 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 ysed upto

lgm@istance between driving and driven shafts. V-belts are more suitable for transmission

Whenever power 1

JHarge amg tween two shafts having a short center to center 4. Fil
e unt of power be er”’dls‘iance-fﬁhe o

B Q'ifstamzce is 1.25 to 1.5 times the diameter of the larger pulley:. 7 b T

R G
AgRa -

H ? .; a

| 540 116y



L0
Module 4

ion of power must have larger strength, flexibility ang ;¢ and
ssio

The belts used for transmi £ friction. In addition to leather belts, belts made of Tubbe,
of friction. :

: ient AP TR B
must have a high coiﬂg-u%ﬁs:o widely used. Rubber belts, consisting of layers of fabri
balata and cott(?ﬂ or fab$ composition and having a thin layer of rubber on the faces , .
impregna.te;j \znth aru uickly destroyed if allowed to come in contact with oil or rease
very flexible but are q &

is used in place of rybp
imi belts except that balata gum is us &
Balata belts are similar to rubber

S

- 8

Flat belt

V - belt

LN

Pulley Pulley

\— A

Fig. 4.3. Flat belt Fig. 4.4, V - belt

Types of belt drives
1) Open beltdrive

Aline. "ged in parallel and to be rotateq in the same direction. The

ther side. Hence the
re tension i1s MOore.
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side and the other side is called slack side

elt drive

with shafts arranged in parallel and to be rotated in opposite directions. At the
ere the belt crosses, it rubs against itself and wears. In order to minimize wear, the

Fig. 4.6. Crossed belt drive

' Yﬂ’ﬁeﬁ)’l’aCed ata minimum distance of 20 b, where b is the width of belt. Also the
1e belt should be less than 15 m/sec. ;

city Ratio and slip of belt drive

drive the power is transmitted by the frictional resistance between the belt and
fthe frictional resistance between the driver pulley and belt is insufficient then it
ome forward motion of the driver pulley without carrying the belt with it. Simi-
ictional resistance between the belt and driven pulley is insufficient it may cause

ally expressed as percentage.

tio of a belt drive

atio of velocities of the driven shaft and the driver shaft.

' r, = radius of driver pulley

o).l = angular velocity of driver pulley :

27N,

where N, is the speed of the driver pulley
r, = radius of the driven pulley
W, = angular velocity of driven pulley
3 2nN

=—63L where N, is the speed of the driven pulley

i { » : L) ¥
eral velocity of driver pulley = o, r,

? . ptl-— L
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. : ulley= @2 T2
R hen belt velocity will be equal to

Peripheral
he belt and driver pulley,

If there is no slip between t
peripheral velocity of driver pulley.

ity of belt, V= @1 T -
Velocity then peripheral velocity of the driven

Ifthere is no slip between the belt and driven pulley,

- pulley will be equal to belt velocity.

ie.,(ﬂz Iy d
(‘Ol rl = 0)2 r2

) ki d 1 ver
o, | L ohere d, d, are the diameter of the driver

(Dl rz d2

and driven pulleys.
2n N,
21t N, d,
60
Ny dye )
N, d,

—_———— —t

speedof drivenshaft  diameterof driver pulley
speedof drivershaft  diameterof driven pulley

ie., Velocity ratio,

If the thickness of the belt, t, is also considered, then

e dy +t
N, d2+t‘

G

Effect of slip on velocity ratio

;;?gtWeen the driver pulley and belt

tween belt and driven pulley.
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=(100-s)% o,

':(100—5,)cor
100 e

S
= (1 =5 ﬁ) (J\)]l'l

ocity of the driven pulley =s, % less than the velocity of the belt.

ie., @, 1, = (100 —s,) % of the velocity of the belt.

(100 —s.) X
== ]———l—
T L

AL I S S»
- (1 - —) (1=
®, I, ( 100) ( 100)
=_ri_ (]_ S» e S by 182
I 100 100 100x100

. Sis,
very small value term ——————“1 00 x 100

By L gl_(l ___El___sé_)
o, d, 100 100
e, 22 = -2y
@ d, 100
21 N,
Bl v o _(h_ i _S_) 4
21 N, d, 100~ where s is the total percentage of ship
60

.a:,'-".l'd £33 t" 1
he velocity ratio decreases.

) ';;k LM [NE
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Modulc 4
em. If the effect of belt thick-

ocity ratio of the syst

So the effect of slip is t0 reduce the vel‘ A
ness and slip are considered , then velocity ratio,
S
Neteh s o - —6'0‘)
Ni il ) ]
Problem 4.1
allel to itat 300 rpm. The pulley

ngat 200 rpm is driving a shaft pai .
Find the diameter of the driven pulley under the

hickness, (i1) Taking 0.5 cm for belt thickness (iii)

A horizontal shaft runni
on the driving shaft is 50 cm diameter.
following conditions :- (i) Neglecting belt t
Assuminf a slip of 5 % in the later case.

Solution:

Given: N, =200 rpm & 0.5cm
N, =300 rpm s=5%
d,=50cm

To find :«d,

(i) Neglecting belt thickness,

We have,

N, d,
0,

N] d] Gt 200 X 50
N, 300

=433133 i

d,=33.33 cm

(ii) Considering the belt thickness,
We have,

d, + 0.5 = (50 + 0.5) x 200
i 300

d.=33.17 ecm




NGl et :
N, d2+t(1‘56
N

d7+t=\l><(d S
¢ [t 6 R
Al 100’

: 200
d T e
e 300 0+ 0.5) (1 - 0.05)

d,=31.48 cm.

ives a 15 cm diameter pulley keyed to a dynamo shaft. Find the
when (i) there is no slip (i) there is a slip of 2

N, =150 rpm d, =90 cm
di=75 cm dy=HliSiem
2 =145 cm S0

E————u0i. | T

) Al il

TN

speed of the
% at each drive.

1 |-——— Engine shaft 2 rT-'— Line shaft

}.

i |

: Bb31s-e

iy Fig. 4.7.

d, 75
A3 e M s
B

= 250 rpm

3 U Dynamo shafi———
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L0190 ¢
=230 —
15
N, = 1500 rpm
(i1) When there is 2 % slip,
N, 4, S
We have, ks ST

N, =N S

3 100
= 150x12-x(1—i)
45 100

N, =245 rpm

N, =N, =245 rpm

S g 7
| AlSGS B~ = =2 ===y
s 2 ds . 10088
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stance between centres of pulleys

- = radii of larger and smaljer pulleys respectively

total length of belt.

smaller pulley at D and F. Through 0,
- O,G will be perpendicular to O ,C. Let
:0,C, 0,D and O JF 'make angle o with

It and Iarﬂer pulley is (m + 2a ) radian
tact between the belt and smaller pulleyis (m — 20 ) radian. The total length

sum of the length of belt in contact wit|; larger pulley, length of belt in contact
er pulley and the length of belt not iy . “itact with the pulleys.

ie., L =Arc ABC + Arc DEF + (CD + AF)
Arc ABC = (n 20T

ence the arc of contact between the be

Fig. 4.8. Length of open belt

. ArcDEF= (- 20)r,
(CD+AF)=20,G

2\/(70|Oz)2—(010)2
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- 2 X l‘ s l"
s [“l = r:)‘ = = l (u) + high powersof (“L;*l)
X 2 X

e L =h
Neglecting higher powers of (-!—;——) N

3
&

his ——--—r'—rz)]
cD+AF=x[1-7 |7
Ty il
X

(I =1)
X

L=(n+2a)n+(n-2a)n 4+ 2X -

h (r‘ R li\)’
xn +2na+an - 210 +2x-_¢.:_ﬁ

— ——

=a(n +1,)+2(y —l‘:)(l-%?.x—-*—:-:—-'““

From the right angled triangle O,0,G

tin o=k = 50

0,0, X
(h-1)

z
Substituting this value of a in the expression for L,

Since a is very small, sin a = @ =

L=nm(n +r,)+2(x _rz)_(r! — ) Wiy - (f =n)°
s X

< \@ 2
l‘-l, L 1S,
=7‘(l‘|+l'3)+2&——‘-)-+2x—('! r)
X X

e
L=r(y+r,)+ -(ILXE?)—-&AM.......\..... ............ sail])

(b) Crossed belt drive

___ In cross belt drive, the two pulleys#mtate in oppos:t&d irections,
~ Let, x = distance between centres of pulleys.
ARERET r‘, Bt radii of larger and smaller pu@leﬁs Tespeetwely

& g - L-tl lengh ohpalt | B o ¢




fbelt is the sum of

: the | :

ith smaller pulley and the:Ig th ofbelt in contact with larger pulley, length of
ength of belt not in contact with the pu’lleys

Vit Tz

| FED T
Fig. 4.9. Length of cross belt L
ie., L=Arc ABC + Arc DEF + (CD +AF) | :
ArcABC=(m +20)r, . :
ArcDEE= (n + 208, | /

(CD + AF)=20,0 -

(0,0,) ~(0,G)’

= 2
=2

A I 4 Ty
ik """v

glﬁwer powers of
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4.20

: l‘] - l‘-_,
Neglecting higher powers of X

2
1 (e e,
(CD+AF)=2x |1 -~ (-T j

2
=2X—M
X

o L=@+20)rn + (n+ 2 g)r, +2X_M-
X

2
(r, +13)
X

mh+2ra+7nr, +2r 0+ 2x -

2
Pt )
% =7t(1‘,+r2)+2(r,+1'2)0L+2x—M
f X
From the right angled trian gle0,0,G,

0,G (B +.2)

sin o = =
@70, X
Y2
g g " (r, + ry)
Since'q issmall, sing = o = —L -~ 2/
A

Substituting this value of ¢ in the expression for L,

L=m(n +1,)+2(5 +1,) M+2x— (5 +1,)°
x' i x X

LR A
=l +15) +2 Gitn)  G+n) +2
X X

X

] 2
: I+ r
e, L=n(y +1r,)+ G +2x

S X
Comparing equations (i) and (i),
two pulleys at a fixed distance ap.

Problem 4.3.

provided with 60 cm and 80 cm diameter pulleyf
i ~6tibn,§of rotation of the follower pulley
e. How much length of the belt has 0



P

421 %
d =80 cm, =
| r,=40 cm d,= 60 cm, NS
| x=6m=600cm g
_'_,_ange in length of belt
‘ (r. Lk
gth of cross belt =n(r, +r,) + (n 4;12) FF :
e A 40 + 30)?
=1(40+30) + (\3) +2x600=1428.08cm
600
, SRR )
Length of open belt = 7(r; +1,) + G+ 4%
x /

=1 (40 + 30) +

40 -30)?
RSl DG o0 vl |
600

th of belt to be reduced = 1428.08 — 1420.08

Change in length = 8 cm

yression for ratio of belt tensions. CRlilie o i il

shows a driven pulley rotating in the clockwise direction.

) 1gle of contact between the belt and pulley is g radian. Let the tight side tension be
ide tension T,. Consider a short length MN of belt, which substends an angle §@
v centre. Let T be the tension at theend Mand T + 8T , the tension at the end N.
en ence in tension is due to the friction between the length MN of the belt and pulley.
al force depends upon the normal reaction Rn between length MN of belt and
lm equal to tRn where 1t is the coefficient of friction between the belt and pulley.

lis in equilibrium under the action of four forces,
[ at M (i) Tension T + 8T atN

reaction Rn, and (iv) Frictional force uRn y

o 9l rorivomng
POl P e :

nof g



300 80 LR
.Simcfe—z— is very smal;l‘COSY‘ > &

R (T+8T)~T-pRn=0

ie., 8T =pRn
Substituting the value of Rn from equation

0

3l =156 |
8T 3
LRSS oo

i

Integrating between corresponding limits,

10 Fig. 4.10. Ratio of belt tensions
| OLes= e |

where g is the arc of contact of belt and smaller pulley,

Problem 4.4.

in radian.

A belt , 250 mm. wide and 9 mm thick is used to transmit power from one pulley to
er. The angle of contact at the smaller pulley is 120%and coefficient of friction between

pulley is 0.35. Determine the tight side and slack side tensions, if the stress in the belt
is 200 N/cm?



~ . A
Ad

. Tl’ TZ

Tension on the tight si

e t=} Sld = tr

- © = stress x area of cross section of belt
e

=200x25 x0.9 = 4500 N
‘ et 1 Tl=4'5kN

We have oy = gh®
3 T2

2

e 035w 5
0 T &

: T,=2.16 kN
wer transmitted by belt drive

El the ;ension on the two sides of the belt and the belt velocity, power transmitted
ulated.

T, = tight side tension, N.

& = slack side tension, N.
r = radius of pulley, m.

o = angular velocity, rad/s

V = velocity of belt, m/s.”

N = speed of pulley, rpm-

the circumference of the pulley is the difference between

turning force at

ning force = (T, ~ 40
ey = Force x radius

= (Tl —-Tz) I¢

A e locit; ‘ ‘
e = TR TR A

il s L

rted on the pull
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Rate of work done or power transmitted = (T, = T,)x V N m/s

=(T, - 7% V Watts

2nN ndN
Since V=wxr= 50 X I =—gO_-
n dN

Power transmitted = (T, - TZ)_é_O— Watts

Note:- In the above expression, if d is the diameter of driver pulley then N should be th

speed of driver pulley and if d is the diameter of driven pulley then N should be the speed of
driven pulley.

Problem 4.5.

An open belt drive transmits 36 kW with a belt velocity of 5 m/s. Determine'the tensions
on each side of the belt, if the coefficient of friction is 0.3 and the angle of lap is 180°.
Solution:

Given: ViSiShm/s, P =36 kW =36000 Watts i =0.3

8, = 80® =0 5 W0 Meadian
180
To find: 0.1

Tl LI
We have, T €

T = T elle =T, e0.3><1t

=287 T,
I )Y
36000 = (2.57 i~ T 5
T,=4586 N
Since il =ORS T T,
=257 544586 = 11786

T =11786 N
Problem 4.6.

A flat belt 68.5 mm x 10 mm, running o’n‘a pulley I m diameter is t

o transmit power at 200
rpm. Taking angle of lap as 170° and coefficient of friction as 0.25, determine the maximum
power that can be transm'itt'efai,ggz the stress




N= 200
'Pm p= 68.5 mm = 6.85 ¢m

t=10ml =
b 0 =170°=2.97 radian

max. power
‘Tension, T = fsedby

=200 65861
= 1370:N

We have, l & eue

2

1370 = T, e025%297_5 | 1

2

, 0 ='652.38'N 4
nd N
- Power transmitted = = a2y
-( j .‘2.
b S 200 6528 T,

= 7514.9 Watts

nstalled with an initial tensipn of 2 kN. The angle of lap on the smaller pulley
on coefficient between the belt and pulley surface is 0.3. The b:elt rtm.s a-1t
/s. Determine the power that can be transmitted b)f tl.le above drive, if it is
velt is perfectly elastic and the centrifugal effect is ignored.
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= 00 N ------------------ (l)
T|+T2 =2T0=2X2000 40
_Tl_ e jo
T,
T TR eh
2
Tl & T2 o e().3x2.6
T, = 2,197,
From (i)
2.19 T, + T, = 4000
T, =1258.92N
T, = 2.19x1253.91=2746.08 N
P= (T, E R
=(2746.08 - 1253.92) x 20
° =29843.2 N. m/s.
3 P =29.84 kW
o ¥
Problem 4.8.

The distance between the centres of two pulleys of 300 mm and 750 mm. diameter is 1.5
m. The pulleys are connected by leather belt, 150 mm. wide and 10 mm. thick, by open belt
drive. The maximum tension of the belt should not exceed 14 N/mm. width of belt . Assum-
ing the coefficient of friction between the belt and pulley as 0.25, determine the maximum
power that can be transmitted at a belt speed of 9 m/s.

Solution:
Given; x=1.5m=1500 mm w=150mm dl =750 mm

r, = 375 i Bb=110'mm d2= 300 mm r,= 150 mm

T .
— = 14 N/mm =
v V=9m/s




9 =180 _
2(1(Refer ﬁg38)

1 | el
s e AL 375 <150

5 T S =
s 8.627°
R
7 lio SR 1802 8.627 = 162.746°
¥ % X 162.746 - 294 %4
Tl
| T“ = o0 _ e0-25x284 _ 2034
f T =%@sq
2100 =2 034 T;
. T,= 103245 N
P=(T-T)Vv
= (2100 -1032.45) 9 = 9607.95
P=961 kw

[ transmitting power are usually made of cotton and are of circular cross-sec-
are used when considerable power is to be transmitted over long distances. The
sed in grooves provided in the pulley. The groove angle varies from 40°to 60°,
ly 459, One of the advantages of rope drive is that a number of separate drives
n from one driving pulley by providing a number of grooves in the pulley.

arge amount of power is.to be transmitted over long distance wire rope is
es are made from cold drawn wires. The cold drawn wires are twisted to-
what is called a strand . A number of such strands are then twisted together
Thls type of construction enables the rope to be wrapped around a pulLey
h 5in0 stress in the wire. Ropes are usually designated b specivingaumaer
ber of wires on it. For example 6 x 19 rope means the rope has 6 strands

aving 19 wires in it.

a,it i

sed er rope makmg are
' c0pper bronze an

wrought iron, cast steel, extra strongcast }
dd stainless steel are alsoused Ropesare

St . S
ot o il g s
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: : individual wires and {
Ropes may be classified according to the direction of twist of the individua nd tha
of strands relative to each other. Two types of windings are in use.
These are:

1) Regular lay ropes : In this the direction of twist of wires in the strands is opposite to the
direction of twist of the strands in the rope.

1) Long lay ropes: In this, the direction of twist of wires and strands in a rope is the same
4.17. 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 big

ger 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 transmission chains are used when power

is to be transmitted from one shaft to another. Hoisting chains are used for lifting

loads.
Pulling chains are used in elevators, conveyors etc.

Main types of chains used to transmit power are:

1) Roller Chain: Refer Fig. 4.11. It consists of roller
plates. The pin passes centrally through the bush
and the roller surrounds the bush. The roller turns —" ) WY
freely on the bush and the bush turns freely on the III' I '
pin. Two adjacent rollers are held by two inner plate oty ,J b o L
(roller link plates). These inner plates connect the \\\\\\\\\\\\“\\\\1\\\“‘
two bushes as shown in the figure. The bushes turn
freely on the inner plates. Two adjacent bushes are

held by two outer plates called pin link plates. These
outer plates connect the two central pins and keep

s, bushes, pins inner plates and outer

them in position. To prevent the sliding of outer plates Fig. 4.11. Roller chain
laterally outwards, the pin ends are hammered to the
friction all the contact surfaces are lubricated.

shape of rivet head. In order to reduce




Fig.4.12. Silent chain

prive

: m gear is generally used to denote toothed wheel. For transmission of power one

unted on the driving shaft and another one of the driven shaft, their teeth meshing
other. The distance between the two shafts should be just sufficient to enable
- of the gear teeth. If the driving and driven shafts are at a long distance so that a
qeshing of two gears is not possible, then required number of gears may have to be

m

i _ |
oorated 1N between the two gears so as to make the drive possible.

WYY

:_Gearteem are formed either by casting or by machine cutting. The cutting of gear teeth
s done by milling, shaping or hob-
bmg%AM@rlety of materials are used B= ==
ior the manufacture of gears de- & | l q:——"%?
, pendri@g on requirement. The cheap- ‘
«t material used is ordinary grey
iron. For heavy duty gears cast steel
udalloy steel are preferred. Non- T
s metals like phosphor bronze,

(a) (b)

rs: Spur gears are
e teeth cut parallel E
St CLL pafa

t power between
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ical tooth is thus inclined 4
but the teeth cut on the periphery are of helical screw form. Ahelica
an angle to the axis of the shaft. F ig. 4.13 (b)

- ; fts with intersect;
1i1) Bevel gears : Bevel gears are used to connectrtw.o non pa\llalls‘:(la :lcllé: e ltl)i

axes. Even though bevel gears are meant for shafts at right angle to :

used for any angle. Fig. 4.13 (c)

iv) Worm gears: Worm gears are used for power transmission beit_vu.'cel} rnon.-mtersecting
shafts that are .gexleral ly at right angles to each other. The worm gf?ar Ing consists of wor &
and worm wheel. A worm is a threaded screw and is used as the driver. The worm wheg] g
a toothed | wheel. The teeth of the worm wheel remain engaged with the threads of the
worm. Fig. 4.13 (d).

4.19. Gear terminology

Various terms used in the study of gears have been explained below:

1. Pitch cylinders: Pitch ¢

ylinders of a pair of gears in mesh are the imaginary cylinders
which by rolling togeth

er transmit the same motion as the pair of gears.

Pitch circle: It is the circle with radius equal to the radius of the pitch cylinder
Pitch circle diameter- It is the diameter of pitch circle.

Addendum Dedendum Working depth

Thickness of tooth

-~

Tooth space

o
e
-
-
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4. Pitch point: It is the point
of contact of :
two pitch circles

s, Circular pitch: It is the distance measured al
point from one tooth to the corresponding along the circumference of pitch circle from a
point on the adj |
djacent tooth. It is denoted by p,..

1
nd
| P b sWhered i ‘ :
f S d is the pitch circle diameter and T is the number of teeth
6. Pitch angle: It is the angle
. subst : :
circle. i ended by the circular pitch at the centre of the pitch

7. Diametral pitch: It is the numb :
denoted by P. er of teeth per unit length of the pitch circle diameter. It is

pell
d

8. Module: It is the ratio of pitch ci : e
e pitch circle diameter in millimeter to the number of teeth. It is

.
T
9. Addendum circle: It is the circle passing through the tips of teeth.

10. Addendum: It is the radial distance between pitch circle and addendum circle.
11. Dedendum or root circle: It is the circle passing through the roots of the teeth.

m=

Top land

cC \d\&:“
¢

L Root or dedendum circle
Working depth circle

| L—— Pitch circle

Addendum circle

Fig.4.15.
nce between pitch circle and dedendum circle.

" 12. Dedendum: It is the radial dista
between dedendum circle and addendum

13, Full depth of teeth: It is the radial distance

circle
Full depth= Addendum + Dedendum

| difference between the addendum and the dedendum of 2

14, Clearance: It is the radi:
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tooth.
3. Top land: It is the surface at the top of tooth. : s Sl vocth
16. Bottom land: It is the surface at the root of tooth, in betwecnh itch circle |
17. Tooth thickness: It is the width of the tooth measured along the p

I8. Tooth space: It is the width of space between the two adjacent teeth measured along
pitch circle,

19. Backlash: It is the difference between the tooth space and the tooth thickness, measyre,
along the pitch circle.

20. Face: It is the tooth surface between the pitch circle and the top land.

21. Flank: It is the tooth surface between the pitch circle and the bottom land.
22. Face width: It is the length of tooth measured parallel to the axis of gear.
23. Profile: It is the curve formed by the face and flank of the tooth.

4.20. 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 sche-

- P E—
NP WTTTTIIESRTRrRR.

matic diagram of two mating spur gears A and B is shown in Fig. ®A (@ A
4.16. Let the pitch circle diameters of A and B be d, and d, respec-
tively.

In case the driving gear A rotates with N, rpm (o, rad/sec) in ﬁ‘ ot

clockwise direction, then the driven gear B rotates with N, rpm
(@,rad/sec) in anticlockwise direction.

R

Fig.4.16.

=

£ o.d
The peripheral velocity of driving gear A is equal to #

: , . d
The peripheral velocity of driven gear B is equal to s

- Since the gear drive is posi-

tive, the peripheral velocity of driven gear will be

qual to the peripheral velocity of the driver
gear. ‘
d d
Hence, 0, =% = o, —
2 2 ‘
AW Mslr
(02 py dl ge ot
alan m@.}"fr)!iﬂti&?ﬁ.'ffnf G aemnd oot | ihan

it ol N

|

2 «d‘ﬂ! 046k b (nifet sy o
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i Pe o T, is the number of teeth on driving gear A.
I'"é tch of gear B, p_. = i :
B - D, Pup=X ?2- where T, is the number of teeth on driven gear B.

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

o Pc1 Gl pCl g
dI d')
T — =70 —
y ¥ T,
or = ii
i 3 i (11)
N T
N, 2
. N, neda gndi
ratio or gear ratio, ‘G’, N, R
: A and B, on parallel shafts, are in mesh. A has 40 teeth and rotates at
» rotate at 100 r.p.m. Find the number of teeth on B.
N, = 100 rpm N, =250 rpm —
f:-‘_v’*" £
- Ny _Ta iy 4o st
‘ ; TB A Al uj e )

v & sl ekd, (B

s 4 2-“’“~;-~;“J{‘ﬂ‘ﬁ<m_@

REBCRELOL S
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Solution:
Given: T] = 60
m=5mm
T,'=40
To find: L
Module, m = d
: ‘)
d, =mT, =560 =300 mm.
d,=mT,=5x40 =200 mm
We have,
L=r +1 =d_‘+fd_1_:3_00_+2_00
2 2 2

=150+ 100 =250
L =250 mm.
4.21. Comparison and fields of application.

Belt drive is commonly used for transmission of power when exact velocity ratio is not

required. Flat belts are used when the distance between the shafts is more and only&der-

ate amount of power is to be transmitted . When the distance between the shafts is less and

e .

a large amount of power is to be transmitted, the V - belts are used. Belt drive is compara-
tlvely cheaper than other drives.

Some of the advantages of flat belts are:
1) Can be used with high speed drives.
if) Can be 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:




g€ am
tackle ’ 0
Sion Olst, Cranes I over long distancas
y cOﬂVe §

. o ¥ br. ’

ypacity hoists, dges et

s C. MaNila ro yors, hauling devices

g are the ad —eesare used only for hoisting n

Vantages of rope di: w
Ilves,

‘. yand silent operation

1C Withsmnd shOcks

jer life
rives are used in bicycles, Mmotorcycles, a

isport mechanisms etc. griculture machinery, rolling mills, con-

: ‘ of chain drives are:
pro ide non-slip drive
h efficiency

 load on shafts

[ BN

pies less space

_,.'" ’opemted at adverse temperatures.

Py

it motion to several shafts by a single chain.

"ans

es of chain drives are:

g during use-

due to stretchin
nance
tre t0 centre

| " ' 2ting and careful mainte |
i i ecessary and when the cen

s o are used whenever motion is to be

cting shafts- G2™ are of great praf:twftl
e Hardened 341 find application in
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i . For di i
fully inside the female cone which is connected to the drlver.shaft t :l:ov:e:lg;igmf the
clutch the male cone i pulled out by means of the action of spring (no & 4.19)

The spring force separates the contact surface.

4.25. Gear trains

Any combination of gear wheels by means of \Wﬂ‘lsmmei from _0“.6 shafi
to another shaft is m The following are the different types of gear traing

s

2. Compound gear train

3. Reverted gear train
4. Epicyclic gear train

Simple gear train

- m——
e

A simple gear train is one in which each shaft carries one gear only. Each of the intermdiate
gear acts both as a driven and as a driver. These intermediate gear have no effect op the
velocity ratio and hence these gears are known an idlers. Fig. 4.20 (a) shows a simple gear

train with one idler and Fig. 4.20 (b) shows a simple gear train with two idler.
Referring Fig. 4.20 (a),

dj N,
d2,N2

e 2
d;

4 5
5]

-5
N,
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UL
T e, (i)
g.4.20 (b),
e d 0N
Sk . N8 d, N d
RS ey N, g, ol
3
AT R 4
R 6 4, g,
[Etods
N, AT (i1)
uations (i) and (ii), it can be seen that the speed ratio is independent of the
mber of

eter of intermediate gears. It can also be seen that when the nu

river and driven gears rotates in the same direction and when the number
imple gear train

equired.

or and diam
,thed
iseven, the driver and driven gears rotate in opposite directions. In s
nof idlers is to fill the gap between the of rotation of the driven gear as [

 gear train .
series of gears are connected in such a way that

> gears rotates about same axis, it is called a com- ‘@

train. The intermediate shafts carryy more than

speed ratio depends on the diameter of driver, Sl
TR JJ 2

the intermediate gears. Refer Fig. 4.21. Gears
driver gears 2 and 4 are the driven gears.

421.
o

o Nue e

d, Ns dg Fig.4.21. Compound gear train

1l
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Reverteq gear train £
A reverted gear trajp is one in which the axes of the first ===
and |ast gears coincide. Such an arrangement is shown in —
Fig. 4.22, which has its application as a speed reducer. —
=
Referring Fig. 4.22, 2l = ?rw
~ shaft —— shaft
a4, NN, =
RS N L =c=
R TR ! =
N-x;t:hlx_B(NﬁNz) —
2 =g
|
[\ TR d, .
N“ = m Fig. 4.22. Reverted gear train
1 2 4

_ Product of diameters of driver gears
Product of diameters of driven gears

Since d,x d.,is less than d,x d,, N4 will be Jess than N.. Hence the speed of the driven
shaft will be less than the speed of driver shaft.

4.26. Epicyclic gear train

Epicyclic or planetary gear train is one in which the axis of

rotation of at least one of the gear rotate about the fixed axis of v
rotation of another gear. A simple epicyclic gear train is shown in o.ll°
Fig. 4.23. The gear 1 and the.arm have a common axis at Q4
about which the arm can rotate. The gear 2 meshes wit h gear |
and has its axis on the arm at 02 about which the gear 2 rotates
If the arm is fixed and gears | and 2 are free to rotate about 0,
and O, then the gear train is simple gear train. If the gear | is
fixed and the arm is free to rotate about the axis O, then the
gear train is called epicyclic gear train. The advantage of gear
train is that a very high velocity ratio can be obtaine
differntial mechanism used in automobile is a commo
clic gear train.

4.27. Brakes

AR

Fig. 4.23. Epicyclic gear train.

d with moderate diameter gears. The
nexample of the application of epicy-

Brakes are one of the most impo

tant safety features of the vehicle. There are different

m as the service




ule 4
4.41

-
|-

- prakes-
gency brakes.

Vehicles also equipped wi
quipped with other braking systems, including anti-lock and emer-

pisc Brakes

thls;: blrdakcs consist of a disc brake rotor, which is att

which holds the disc br = drauli

B i B brake Pads. ydraulic pressure from the master cylinder causes the
: amp the disc brake rotor between the disc brake pad's./This creates fric-

jon betwee . .
tion between the pads and rotor, causing the vehicle to slow down or Stop-

ached to the wheel, and caliper

Emergency Brakes
gency, or park-

ing system, known as emer
e not powered

Vehicles also equipped with a secondary brak
ing brakes. Emergency brakes are independent of the service brakes, and ar
by hydraulics. Parking brakes use cables to mechanically apply the brakes (usually the rear
brake). There are a few different types of emergency brakes,.which include: a stick lever

Jocated between the driver and passenger seats; a pedal Jocated to the left of the floor
. . ,—-—//” I 5 17
pedals; or a push button 1g column. Emergency

or handle located somewhere near the steerir
prakes are most often used as a ationary while parked.

parking brake to help keep a vehicle st
They are also used in emergency situations, in case the other brake system fails.

Anti-Lock Brakes
) is an important safety feature which

nti-lock braking systems (ABS
lied suddenly, ABS prevents the

is equipﬁé& on most newer vehicles. When brakes are app
wheels from locking up and the tires from skidding. The system mglltors the speed of each
wheel and gutomatically pulses the brake pressure on and off rapidly on any wheels where
ng.(kiddiﬁg is detected. This s beneficial for driving on wet and slippery roads. ABS works with
serviéé_l;rakes to decrease stopping distance and increase control and stability of the

icle during hard braking.

Computer-comrol leda

oblems for practice

ulleys 480 mm and

shafts is 3 m. Find

[ter the direction of
[Ans: 102.4 mm]

t, are provided with p
e centre lines of the
desired to a

ya crossed-‘bel

between th

Two parallel shafts, connected b
d be changed if it is

| 0 mm in diameters. The distance
o the length of the Dl shoul

1 tgg,drive_n shaft.
gh belt drive. The

of the driven pulley in
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(i) Neglecting belt thickness,
(i) Taking belt thickness as 5 mm,

(ii) Assuming for case (ii) a total slip of 4%.
[Ans: (i) 320 mm, (ii)317.7 mm, (iii) 304.76 mm]

Problem 3. ‘
With the help of a belt, an engine running at 200 rpm, drives a line shaft. The diameter of
the pulley on the engine is 80 cm and the diameter of the pulley on the line shaft is 40 cm,
A 100 cm diameter pulley on the line shaft drives a 20 cm diameter pulley keyed to 5
dynamo shaft. Find the speed of the dynamo shaft when :
(1) there is no slip, (ii) there is a slip of 2.5% at each drive. [Ans: 2000 rpm, 1901 rpm]

Problem 4.

A belt is running over a pulley of diameter 120 cm at 200 rpm. The angle of contact is
165° and co-efficient of friction between the belt and pulley is 0.3. If the maximum
tension in the belt is 3000 N, find the power transmitted by the belt. [Ans: 21.8 kW]

Problem 5.
A 100 mm wide and 10 mm thick belt transmits SkW between two parallel shafts. The
distance between the shaft centres is 1.5 m and the diameter of the smaller pulley is 440
mm. The driving and driven shafts rotate at 60 rpm and 150 rpm respectively. Find the
stress in the belt if the two pulleys are connected by :
(i) an open belt, and (ii) a cross belt. The coefficient of friction is 0.22.
[Ans: (i) 3.16 N/mm?, (ii) 2.34 N/mm?]

Problem 6.
2.5 kW of power is transmitted by an open-belt drive. The linear velocity of the belt is

2.5m/s. The angle of lap on the smaller pulley is 165°. The coefficient of friction is 0.3.
Determine the effect on power transmission in the following cases:
(i) Initial tension in the belt is increased by 8%,
(i1) Initial tension in the belt is decreased by 8%,
(iii) Angle of lap is increased by 8% the same speed and the tension on the i ght side, and
(iv) Coefficient of friction is increased by 8%.

[Ans: (i) 8%, (ii) 8%, (iii) 5%, (iv) 7%]

Problem 7.

A Vee belt of 6.5 cm® cross-section has a groove angle of 30° and an angle of lap of 160°,
p=0.1. The mass of the rope is 1.45 kg/metre run. The maximum safe stress is 840 N/
“cm? Calculate the pmverw can be transmitted at 25 m/s.  [Ans:15.77kW]

APERNCE iy o b s W vl ke SRR "“?Fv:'-#:%q}-r
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