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of Mechanical Engineering in a concise form to the student
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ESE, GATE, PSUs and other competitive examinations. This
handbook contains all the formulae and important theoretical
aspects of Mechanical Engineering. It provides much needed
revision aid and study guidance before examinations.
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n Introduction

e |deal fluid:A fluid is said to be ideal if it is assumed to be both
incompressible and non-viscous. Its bulk modulus is infinite (k = ).

¢ Real fluid:Real fluids have viscosity, finite compressibility and surface
tension.

Remember: [T O TPTRPR

M It encounters zero resistance to motion.
M Ideal fluid has no surface tension.
M Ideal fluids are imaginary and do not exist in nature.

. . . . Weight mg
e Specific weight or weight density, w = = — =
P g g y, w Volume Vv pg
where, p = Density, g = Acceleration due to gravity
S.1. unit of specific weight is N/m3
Specific weight of water = 9810 N/m?3
e Specific volume, v = — = 1
Density p
- 1 1
Specific volume of the water: v= — = —— = 0.001 m3/kg
p 1000

e Specific gravity (s) or Relative density

Density of fluid

Specific gravity, s = _ .
P gravity Density of standard fluid

_ Specific weight of fluid
Specific weight of standard fluid

..................................................................................

M Specific gravity for water is 1.0 at 4°C and for mercury itis 13.6.
M Specific gravity varies with temperature, therefore it should be
determined at a specified temperature (4°C or 25°C).
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Newton’s Law of Viscosity du.dt
TR )
“ My T Nar »

where, 1= Shear stress
u = Coefficient of viscosity or absolute viscosity
(or dynamic viscosity)

au . ;
— = Velocity gradient
ay v9

a = Rate of angular deformation or Rate of shear strain

e For Newtonian fluid, coefficient of viscosity remains constant.

Dynamic Viscosity and Kinematic Viscosity
Due to viscosity, a fluid offers resistance to flow
(i) Dynamic Viscosity (u):
e |tis defined as shear stress required to produce unit velocity
gradient or deformation rate.
e |ts S| unit is Pascal-second or Ns/m? or kg/ms
e |ts CGS unit is poise
¢ 1 poise = Dyne-s/cm? = 0.1 Ns/m?
Dynamic viscosity (1)
Mass density (p)

(ii) Kinematic Viscosity, v =

e |ts S| unit is m?/s
e |ts CGS unit is cm?/s or stoke
e 1 stoke = cm?/s = 10* m?/s

Remember: [T TR OTPRIPRI

M Viscosity of liquids generally decreases with temperature whereas
viscosity of gases increases with increase in temperature.
M Liquids with increasing order of

: : . Liquid
viscosity are gasoline, water, crude m

oil, castor oil.
I Viscosity of water at 20°C is 1 _—Gases
centipoise.

M Viscosity is due to
« Intermolecular forces of cohesion [dominant in liquids]
« Transfer of molecular momentum between fluid layers [dominant in
gases].



HeatTransfer

n Conduction

“Conduction” is the transfer of heat from one part of a substance to another part
of the same substance, or from one substance to another in physical contact
with it, without appreciable displacement of molecules forming the substance.

Conduction Mechanismin Solid, Liquid, Gas

e Solid: In solids, heat is conducted by two mechanisms.
(a) Lattice vibrations (b) Transport of free electrons

¢ Liquid and Gas: Heat is conducted by two mechanisms
(a) Collisions (b) Diffusion

e Gases: In case of gases, the mechanism of heat conduction is
simple. The kinetic energy of a molecule is a function of temperature.
The kinetic energy of the molecules is due to their random
translational motion as well as their vibrational and rotational
motions. These molecules are in a continuous random motion
exchanging energy and momentum. When a molecule from the high
temperature region collides with a molecule from the low temperature
region, it loses energy by collisions.

e Liquids: Inliquids, the mechanism of heat transfer is similar to that
of gases. However, the molecules are more closely spaced and
intermolecular forces come into play.

Fourier’s Law of Heat Conduction
The rate of heat conduction through a medium depends on the geometry
of the medium, its thickness and material of the medium as well as
temperature across the medium.
e Assumptions:
The following are the assumptions on which Fourier’s law is based:
(i) Conduction of heat takes place under steady state conditions.
(ii) The heat flow is unidirectional.
(iii) Thetemperatures gradient is constant and the temperature profile
is linear.
(iv) Thereis nointernal heat generation.
(v) Thebounding surfaces are isothermal in character.
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e Direct transfer type: Both and hot cold fluids donot have any
physical contact between them but heat transfer through pipe wall
or separation.

e Direct contact type: Both hot and cold fluid physically mixed and
heat transfer takes places.

..................................................................................
M Baffles are used in shell and tube type H.E. (Heat exchanger).

On the basis of relative direction of fluid motion:
e Parallel flow heat exchanger

Tc1
l L Th
‘ — —=Cold—> )
Tm? - — Hot = 9th

( — —Cold—

)

TDZ Tc1
e Counter-flow heat exchanger

T

c2

H ’

‘ ~—Cold =— =—)

Tm? —» Hot = —p
(= Cold ~— <— ‘

L

Tc1
e Cross-flow heat exchanger
Cold fluid (in)
Tubes (Mixed hot stream)
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n Power Plant Economics

Load Curve: A curve showing the load demand (variation) of
consumer with respect to time is known as load curve. This curve
may be for daily, weekly, monthly and on yearly basis. This a graph
between load and duration.

The energy consumption of consumer is given by an

t
kWh = j (kW) - dt

4]
Connected Load: Itis the sum of ratings in kilowatt of equipments
installed in the consumer House/Area.
Demand Factor: It is expressed as the ratio of maximum demand
to the connected load. Its value can not be more than unity.
Average Load: It is the ratio of area under load curve (kWh) and
time period for which average load is calculated.
Load Factor: Itis the ratio of average load for a given period to the
peak load during the same period. Its value will be always less
than one.
Plant Use Factor (Plant Load Factor): It is the ratio of energy
produced in a given time to maximum possible energy that could
be produced during actual number of hours of operation.

Annual production of energy

Plant use factor = . . .
Operational hour in year x capacity of plant

“ Fuel and Combustion

Type of Coal

Anthracite: Anthracite contains more than 86% fixed carbon and
less volatile matter, volatile matter helps in the ignition of coal. So it
is often difficult to burn anthracite.

Bituminous: It contain 46-86% of fixed carbon and 20-40% of volatile
matter. Lower the volatility higher will be the heating value.
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e Lignite: Itis the lowest grade of coal containing moisture as high as
30% and high volatile matter.

e Peat: Peat contains up to 90 % moisture and is not attractive as a utility fuel.
Coal Analysis

e Proximate analysis :The proximate analysis indicates the behavior
of coal when it is heated.

— Moisture content of coal : When 1 g sample of coal is subjected
to atemperature of about 105°C for a period of 1 hour, the loss in
weight of the sample gives the moisture content of the coal.

— Volatile matter: When 1 g sample of coal is placed in a covered
platinum crucible and heated to 950°C and maintained at that
temperature for about 7 min, there is a loss in weight due to the
elimination of moisture and volatile matter. Volatile matter
consists of hydrogen and certain hydrogen - carbon compounds
which can be removed from the coal simply by heating it.

— Ash content: By subjecting 1 g sample of coal in an uncovered
crucible to a temperature of about 720°C until the coal is
completely burned, a constant weight is reached, which indicates
that there is only ash remaining in the crucible.

— Fixed carbon: Fixed carbon is the difference between 100% and
the sum of the percentages of moisture ash and volatile matter.
Thus proximate analysis of coal gives

FC+ VM + M+ A =100% by mass
where, FC = Fixed carbon, VM = Volatile matter; M = Moisture, A = Ash

Remember: [P TPTRPR

M More volatile a coal more it will smoke but volatility helps in ignition.
M Lower rank coals are characterized by a greater oxygen content,
that aids ignition and enhances combustibility and flame stability.

e Ultimate analysis
The ultimate analysis gives the chemical elements that comprises
the coal substance, together with ash and moisture.
C+H+O+N+S+ M+ A=100% by mass
Here,C = Carbon, H = Hydrogen, O = Oxygen, N = Nitrogen,
S = Sulphur, M = Moisture, A = Ash



Il Refrigeration

Itis the process of maintaining lower temperature compared to surrounding.

Refrigeration Effect (R.E.) (7]
Itis the amount of heat which is to be extracted @

w
from storage space in order to maintain lower 4’@)
temperature. Q,
Refrigeration Capacity (R.C.) [T ]

R.C. = Refrigeration effect (R.E.) x mass flow rate of refrigerant (m)

RE. m R.C. .
COP =——=x—=—22(P__ . =Powerinput
w Xm input( neut g )

Remember: [P TPTRPR

M The Kelvin-Planck statement of second law is related to heat
engines while the Clausius statement pertains to refrigerators and
heat pumps.

¥ Higher the COP, lower will be the running cost.

Unit of Refrigeration (1TR)

One TR is the amount of heat which is to be extracted from 1 tonne of
water at 0°C in order to convert it into ice at 0°C in 24 hours.
1 TR = 50.4 kcal/min = 211 kd/min = 3.5 kd/s

Q4
i ionC S di
Ideal Refrlgeratlon ycle T urroundigs

Ty |- T— 2

It is Reversed Carnot cycle.

02 _ TL Y A
Q=Q Ty-T, rlal 4

T,,= Temperature of atmosphere
Storage space
T, = Temperature of storage space

COP.=

S
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..................................................................................
M All reversible cycles operating between same temperature limits
have same COP.
M C.O.P. does not depend upon working substance in case of
reversible Carnot cycle.
M Carnot C.O.P. for cooling varies from 0 to e while for heating it

varies from 1 10 .

Q 1

— =1+

RE (COP)Refrigeraﬁon

Volumetric Efficiency of Reciprocating Compressor (1, )
Actual volume of refrigerant v,
Swept volume D21 N,

M Heat rejection ratio (H.R.R.) =

° nvoI =

where, m = Actual mass flow of refrigerant (kg/min)
D = Diameter of piston, L = Swept length
v, = Specific volume at inlet of compressor
N = Speed (rpm), x = Number of cylinders

]
e my = 1+c-c[%)”
Clearance volume

Swept volume
P, = Final pressure, P, = Initial pressure,
n = Polytropic index of expansion

Vapour Compression Refrigeration Cycle
T Q, P

where, C = Clearance ratio =

Simple vapour compression cycle

Process Component

Isentropic compression | Compressor

Isenthalpic expansion | Expansion valve

2

-3 | Isobaric heat rejection Condenser
4
1

Isobaric heat absorption | Evaporator




[} Break-Even Analysis

Break-Even analysis establishes the relationship among the factors affecting
profit. It is a simple method of presenting to management the effect of
changes in volume on profit.

Fixed Cost / Variable Cost / Mixed Cost

e Fixed Cost: The cost which do not change for a given period, with

change in volume of production e.g. rent, taxes, insurance etc.
Fixed cost

l

Cost

Volume
e Fixed cost does not mean they never change. They are constant

upto a specific volume or range of volume.

e Variable cost: Variable cost
These cost vary directly with output
volume.

e The ratio between change in
cost and change in the level
of output remain constant.

Material cost

Volume

e Mixed Cost: This cost is a combination of semi-variable and semi-

fixed cost.
Total /

cost

Volume
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Assumptions in Break-Even Analysis

e Selling price will remain constant.

e Linear relationship between sales volume and cost.
e Production and sales quantity are equal.

¢ No other factor, except quantity, will affect the cost.

>
Break-Even Analysis oF
) _ ™ ) <0
Let, assume; F = Fixed »58? é)s NN
cost; v = Variable cost per £22 /S, &
. . . gy > \Q & O
unit; s = Sales price perunit; 8L & {ge% ¥
P = Profit; Q = Quantity __ o | | ____ il Arz}‘{b
produced and sold; Cost
Q" = Break-even quantity (No L7 ] Fixed cost
loss, No profit point) g/ /i
Q*.S=F+Q~*V |
o = F Quantity —
S s-v
(MOS) = Sales income at present capacity — Sales income at
sales
break even point
B P
~ (P/V)ratio
MOS
(MOS) ( )Sales

sales% ~ Sgles at full capacity

e Angle of Incidence (0): It is the angle at which total sales lines
cuts the total cost line.

Remember: [T PR PRIPRI

M Large angle of incidence (0) indicates that profit are being made at
higher rate and vice-versa.

Cost-Volume Profit Analysis / (P/V) Graph &
It is used along with break-even Q«é\
graph. In this profit/loss is plotted 33
on y-axis and quantity on x-axis. & BEP

Quantity

Loss |

( P J _S-V _F+P
4 atio S S(total)
S- V is contribution margin/gross margin

Here, S = Total sales, — ' Total fixed
. expense
V = Total variable cost P
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UCL = np+3ynp(1-p) : LCL = np—3,/np(1-p)
Chart 3 : c-chart (count of defect chart):

c-chart is made for Sample | Sample size No. of o - d
number of defects number (n) defective (d) n
. . d
which are present in 1 n d ¢ 271
a sample ?ﬂd.IS 5 n d, Cz=ﬁ
made for the situation ;
where the sample 3 M3 d =2
size ‘n’ is constant, : :
n' can be equal to 1 N iy dy en :d7N
or more than one.

A c-chartis used when it is not possible to compute a proportional
defective and actual number of defects must be used.

N
2 C;
i=1

c ="

N

UCL=c+3JC;LCL=c-3Vc
Number of defects when exceed a particular, limit, they make an item
defective. For the former case, we make a c-chart and for the later
case, we make a np-chart.

Chart 4 : u-chart: This chart is used for the situations where sample
size is varying.

Sample | Sample size No. of u = d
number (n) defective (d) n
a

1 n d Uy = 71
a.

2 N, dy Up = 72
a.

3 N3 Ois U : 73

N Ny dy uy = d%’




n Mechatronics

Mechatronics
Integration of electrical devices and electronic devices in the mechanical
system leads to the development of mechatronics as technology. In
mechatronics engineering, we control mechanical variable in mechanical
process with the help of electrical devices and electronic sensor and
Processor.
Every mechatronics system consist of control operation as well as
sensing mechanism.
Elements of mechatronics systems:

1. Information systems 2. Mechanical systems
3. Electrical systems 4. Computer systems
5. Sensors and actuators 6. Real-time interfacing
Modeling E Actuators Sensors E E Input signal Digital control |
Analysis i Solenoids Switches i E conditioning architectures E
Integrated 4_4 DC motor Strain gauge E ! | and interfacing Logic circuits !
design 1| Stepper motor Thermocouple | «—! Circuits Microcontroller H
testing ! Potentiometer | ! | Filters PLC |
' Digital encoder | | | Amplifiers Sequencing + timing | |
E Motion sensor | i | Control algorithm | !
! MEMS ! ! H
Graphical Displays Output signal
LED conditioning and
LCD e—]| interfacing
Digital displays Amplifiers
CRT Power transistors
PWM

Key elements of a typical mechatronics system

Mechatronics Design Process: The mechatronics design process is

essentially consists of three aspects, which are as follows:

1. Modeling and simulation: Here physical systems are represented
by a suitable model for describing the behavior characteristics such
as block diagram. Numerical or computer simulation methods are
used for solving models.
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— E—
0

1 " -

| Inverse Kinematics .

6,
: or Cartesian
. n
. - - > space
: Inverse Kinematics | P
: — —

Fig. Schematic representation of forward and inverse kinematics

Denavit Hartenberg (DH) convention
The idea is to represent each homogeneous transform A, as a product

A= Rotz‘ oi - Trans zdi Trans zai Rot x, ai

co, -S8, 0 0] [1 0 0 O
Se, ce, 0 0l |1 00 0
=lo o 10|loo1a
0o 0 01000 1
1004a][1 0O 0 0
010 0| |0 Ca -Sa 0O
001 0|0 Se, Ca0 O
000 1/lo o o0 1

The parameter of transform are known as:
ce, -S6,Co; SOSa, a,Ce,
S0, S6,Ca;, -C8,So,; a,56;
= 0 Sa; Co, a,
0 0 0 1
The parameter of transform are known as:
* a4 :link length
* o link twist
e d: link offset
e 0,:link angle



n Solar Energy

Renewable Energy

It can be defined for the energy flow which occurs naturally, repeatedly

and at the replicable rate.
Reneable energy

S.No.| Merits De-Merits
1. Free of cost Energy available in dilute form
2. Environment friendly | Cost of harnessing energy is high
3. Inexhaustible Uncertainty of availability
4. Low gestation period | Difficulty in storage and transportation

Electromagnetic Radiation Spectrum

ay s

Short wavelength Long wavelength

[ —
10 nm 10 nm 1nm 10*nm 10 nm im 100 m
1 L L 1 L L 1
Gamma rays X rays Ultraviolet Il Infrared Microwaves Radio waves
T T T T T T T T T T T
10MHz  10%Hz  107Hz  10"Hz 10" HZ 10%Hz  10"Hz 10*Hz 10°Hz 10 Hz 107 He
High frequency Low frequency

72 10"Hz 4% 10" Hz

Spectral Distribution of Solar Radiation
Epa

Monochromatic
(spectral)
Emissive-power

(W/m2um)

04um 049um 0.7 um

Visible range
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