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Thermodynamics:- energy interaction system surrounding
Thermodynamic ( ) 

System:- fixed mass space (controlled volume) region study

Surrounding:- system  surrounding 

Immediate surrounding:- surrounding system  immediate
surrounding 

Boundary:- Boundary surface system surroundings 

Note:-

(1)  zero thickness consider 

(2)  fixed  movable 

(3) Boundary boundaries continuous line 
boundaries dotted line 

Fixed Boundary
System

Surrounding

Movable Boundary

0

System :-

1. Energy mass system 

(a) Closed System  Control Mass System:- closed system environment energy 
exchange heat work system boundary mass 
transfer 

Ex:- movable piston fit cylinder , Bomb calorimeter, Motor-car battery, etc.

(b) Open System  Control Volume System:- open system surrounding energy 
exchange, heat work system boundary mass transfer 

Ex:- Water wheel, Motor car engine, boiler.

CHAPTER - 1
(BASIC CONCEPTS OF THERMODYNAMICS)
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(c) Isolated System:- fixed mass energy mass 

energy surrounding interreaction 

Ex:- Thermos flask, universe.

Types of System Exchange of Energy Exchange of Mass Example:-

IC engine without valve.

Piston cylinder with valves 
turbine, pump

Universe
Perfectly Insulated Thermos

1. Closed System

2. Open System

3. Isolated  System

2. Phase change 

(a) Homogeneous system:- system phase homogeneous system

Ex:-

1. Ice, water, dry saturated steam.

2. Mixture of amonia and water

(b) Heterogeneous system:-  system mass content volume non-uniform 
phase  heterogeneous system 

Ex:-

1. Ice water mixture

2. non-miscible liquids (water + mercury) mixture

system properties :-  thermodynamic property, system  characteristics 

Properties  :-

1. Intensive Property (Intrinsic):-  properties  system mass 

Ex:- Pressure, temperature, density, conductivity, specific energy, velocity  all specific
properties, extensive properties 

Note:-

1.  specific properties ,Intensive properties 

Ex:- Specific volume, Specific Internal energy, Specific heat etc.

2.  two extensive properties intensive property 

Ex:- Density 
Mass

Volume

Here, Mass and Volume are extensive property and density is intensive property.

2. Extensive Property (Extrinsic):- system properties system mass 

Ex:- Volume, Energy, Entropy, etc.

Note:-

(1) Properties exact differentials 

(2) Properties point function  state function

(3) Properties path history 
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Thermodynamic Equilibrium:- system thermodynamic equilibrium 
equilibrium 

(a) Thermal Equilibrium:- ( )   system temperature
uniform 

(b) Mechanical Equilibrium:- (forces )  pressure 
(  uniform ) unbalance system

boundary unbalance force 

(c) Chemical Equlibrium:- potential present chemical
potential  chemical equilibrium represent system 

 mass diffusion 

(d) Phase Equlibrium:- phase mass, time  constant 

• State:- system system system  properties specified

• Process:-  property change system state change , state change
process 

• Path:- initial states final states system infinite states  process path

• Cycle:-  process  initial final state  cycle 

Note:- cycle minimum  process 

P P

VV

Two Cycle Process

2

1

A

B

Three Cyclic Process or
 Lenoir Cycle (used in jet)

P

V

Four Cyclic Process or
 otto Cycle

4

1

2

3

P

V

1

2

3 4

Five Cyclic Process or
 Dual Cycle

5

Classification of Process:-

Reversible process:-  system states  surrounding 
reversible process 

Note:- reversible process forward reverse path same 

P A
B

Forward Path

Reverse Path
2

V

Reversible

1
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Irreversible Process:-  process, irreversible process   non-equilibrium states 
sequence process system properties unique value 

P
A

B (Reverse Path)

(Forward Path) 2

1

V

Irreversible

Quasi-static or Quasi-equilibrium Process

 process process point equilibrium point 
Quasi-static process 

Note:- Quasi-static process friction  ,reversible process friction irreversible
process 

P

V

2
Equilibrium states

1

Note:-

• Quasi static gas compression expansion process  reversible 

• nozzle, diffuser Ideal flow reversible 

Methods  process irreversible :-

(i) Friction.

(ii) finite temperature difference heat transfer.

(iii) dissimilar fluids mixing.

(iv) Free Expansion.

Pure Substance:-  substance  chemical composition mixture volume
constant , phase 

Ex 1:- Gaseous mixture of O
2
  N

2

     50% O  

       and 
     50% N

2

2

     50% O  

     50% N
2

2

By male 

Ex 2:- Water and water vapour
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100% H O2

100% H O2

3. Mustard Oil + H
2
O Not a pure substance

4. Ethyl Alcohol + H
2
O Pure substance

5. Gaseous Air + Liquid Air Not a pure substance

Atmospheric Air Dry air (Gaseous Air) + Liquid H
2
O

Note:- liquid water gaseous air mixture impure substance water vapour
content percentage place to place different 

Gibbs Phase Rule:-

P + F C + 2

P phases (Liquid, gas, solid)

C chemical component 

F Degree of Freedom

Degree of Freedom:- Degree of freedom system states define 
independent intensive properties 

Ex 1:- O
2
  N

2
 gaseous mixture.

P + F C + 2

1 + F 2 + 2  F 3

Ex 2:- Water + Water Vapour

P + F C + 2

2 + F 1 + 2  F 1

Ex 3:- H
2
O Tripple point

P + F C + 2

3 + F 1 + 2 F 0

 tripple point  fix point 

Water Tripple Point  :-

T
P 273.16 K or 0.01°C, DOF 0 Phases 3

P
TP 4.579 mm of Hg 0.61 KPa or 611 pascal
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Zeroth law 1931 fowler body A body C 
thermal equilibrium body B body C thermal equilibrium 

body A body B thermal equilibrium 
• surface Hotness coldness  surface heat transfer 
• Temperature molecules random energy represent 
• zeroth law body C thermometer 

C

A B

T
A T

C

T
B T

C

So T
A T

B

Thermometric Property:- variable property temperature find 
thermometric property Thermometer, thermometric property find 

Ex:- Hg thermometer length volume
Types of Thermometer:-

(1) Resistance thermometer or Thermistor:- wheat stone bridge principle 
 Thermometric property, resistance 

P R 5 8

Q S 10 S
   Use S 16 

RKnown 5 

Choose 10 

Note:- Unknown resistance, platinum wire 
(2) Thermocouple Thermometer :-  (seeback) effect  effect 

different metals  join junction  junction 
different temperature emf generate directly temperature
difference proportional  emf measure unknown temperature  found 

Thermometric property emf (voltage, current) 

CHAPTER - 2
(ZEROTH LAW OF THERMODYNAMICS)
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A BSee back effect

TA

TB

Temperature emf

Note:- Peltier effect:- (seeback)  thermoelectric
refrigeration 

A BPeltier effect
TA

TB

(3) Constant volume gas thermometer:- thermometric property pressure 

PV mRT

T P
V

mR

 
 
 

T P

T  f(P)

• Thermometric property Pressure

Rigid Container 

Ideal 
gas

(4) Constant Pressure gas thermometer:- thermometric property volume 

PV mRT

V 
mR

P

 
 
 

T

V T

T  f(V)

• Thermometric property Volume
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Ideal gas

1

2

(5) Ordinary Thermometer:- Length/Volume, thermometric property role play 
Mercury (Hg) Alcohol thermometer length volume, thermometric properties

(6) Ideal Gas Thermometer:- material of construction independent gas
ideal gas 

Note:- constant volume constant pressure thermometer ideal gas thermometer 
material of construction, ideal gas 

Temperature Measurement Scale:-

(1) 1954 method :-  method  reference  temperatures ice point (0°C)
 steam point (100°C) 

t ax + b ....(1)

t
i ax

i
 + b .....(2) where i  Ice point

t
s ax

s
+ b .....(3) s Steam point

Equation (1) - Equation (2)

(t - t
i
) a(x - x

i
) ......(A)

Equation (3) - Equation (2)

(t
s
 - t

i
) a(x

s
 - x

i
)

Equation A/B

i i

s i s i

t t x x

t t x x

 


 

thermometric property 'x' find unknown temperature (t) 

(2) 1954 method :- unique point (reference point ) temperature 
measure unique point, water tripple point 

PV mRT

constant volume gas thermometer 

V constant

P 
mR

V

 
 
 

T

 P T

T KP ....(1)

At tripple point

T T
tp

where tp Triple Point

P P
tp
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 K 
tp

tp

T

P

By equation (1)
 T KP

T 
tp

tp

T

P
.P

T 273.16
tp

P

P

 
  
 

P
tp 0.611 KPa

Kelvin Scale concept :-

OK

- 273.15°C 
        or
       OK

Ice Point 
   (0°C)

273.16 K

273.15 K

P (KPa)

Tripple Point 
     0.01°C

100°C

t(°C)

A

B

C

(Absolute Scale 
minimum will zero)

• Temperature scales nature arbitary random 

Temperature Scale:-

Freezing point (Ice point) Steam Point

32°F

273.15 K

0 R

460 Ra

0°C

212°F

373.15 K

0.80R

672 Ra

100°C

where R Rumar

Ra Rankine

Scale Ice Point

Steam Po int Ice Point




Constant
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C 0

100 0





F 32

212 32





K 273

373 273





R 0

80 0





Ra 460

672 460




C

100


K 273

100



K 273 + C

C

100


F 32

180



F 1.8C + 32

C 
F 32

1.8



Note:-

(1)t 0°C

(2)T K

(3)0°C 273.15 K

(4)  
2H O

Triple Point 273.16 K or 0.01°C

(5) (Triple Point)
Pressure 4.587 mm of Hg or 0.611 KPa or 611 Pascal.

Note:-

• reference point, water  triple point selecte 

• internationally accepted convention 

1K 
1

273.16

 
 
 

at triple point of water

Ideal Gas Equation:-  gas low pressure high temperature condition ideal gas 
behave ideal gas expression 

PV mRT

Here R Characteristic gas constant

T Absolute Temperature

P Absolute Pressure

Pabsolute

Absolute Zero Pressure

Pgauge

- Pgauge Vacuum Pressure

P    101325 Pa   101.325 KPaatm

P
abs P

atm 
+ p

gauge

Mole:- mass molecular weight ratio 
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n
Mass

Molecular weight

PV  nRT

PV Mass 
R

Molecular weight

 
  
 

T

where

R Universal gas constant (8.314 KJ/kg Mole - K)

For Ideal gas:-

R 
R

Molecular weight 
8.314 KJ /kg Mole K

28.996 kg /kg Mole 0.287 KJ/kgK.

Point Function Path Function:-

Point Function:- variables system follow path independent point
function 

Ex:- Pressure, Temperature, volume, etc.

Note:-  properties point function 

Path Function:-  variables system past history  path function 

Ex:- Heat and work.

Exact Differential:- varibale  cyclic change 

d(var) 0

Note:-  properties, point function exact differential 

Inexact Differential:- variable cyclic change 

d(var)  0 dP   t iP P 0

Ex:- Heat  work inexact differential 

Heat:- Q or dQ or 1 2Q

Work:- W or dW or 1 2W
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Work:- system work  system surrounding
weight convert weight rise 

• energy transfer 

• force 

Battery

Motor

System

Fan

Work will be (    )

Work (    )

Battery

Motor

System

Fan

Work (    ) 
because internal 
to the system

SystemBattery

Motor Fan

Sign Convention:-

1. system + ve

2. system  - ve

Note:-

(a) Work  heat transient  boundary phenomenon 

(b) Work  heat  path function Inexact differential path history 

CHAPTER - 3
(ENERGY INTERACTION)
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Work :-

(1) Closed system  w ork   non flow work W
c  PdV

(2) Open system  steady work W
c  - VdP

closed system case P-V curve area volume axis projecte 
open system case P-V curve area pressure axis projecte 

P

V

2

1

closeW PdV 

P

V

2

1

openW V.dP 

Different process Closed System Work Expression  :-

(1) Constant Pressure/Isobaric/Isopiestic Process:-

P

V

Initial
Final

i fP P

P C

 W
closed  P.dV


f

i

V

V

P dV

W
P=C P[V

f
 - V

i
]

(2) Constant Volume Process/Isochoric/Isometric Process:-

V

Initial

FinalPf

Pi

i fV V
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V C

W
closed  PdV

 V
f V

i

 W
V=C0

(3) Constant Temperature/Isothermal/Hyperbolic Process:-

V

Vf
Vi

Pi

P

Pf

I.S.

F.S.

PV mRT

PV constant

PV C

  P 
C

V

W
closed  P.dV

W
T=C

f

i

V

V

C
dV

V

W
closed C In

f

i

V

V

 W
closed   C In

i

f

P

P

C P
i
V

i P
f
V

f mRT
i mRT

f

 P
i
V

i P
f
V

f

f

i

V

V 
i

f

P

P

Note:-

(i) isotherm al expansion final volume value initial volume comparision 
isothermal work positive expression 

V
f
 > V

i
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f

i

V

V > 1

W
T  C  In 

f

i

V

V   Positive

,

Isothermal compression 

V
f
 < V

i

f

i

V

V < 1

W
T  C  In 

f

i

V

V  Negative

4. Adiabatic Process:-

• adiabatic process system surrounding heat interaction 

Example:- insulated vessel

• follow 

PV C

 Adiabatic Index

 
P

V

C

C

For Air:-

C
P 1.005 KJ/Kg - K

C
V 0.718 KJ/Kg - K

R C
P
 - C

V 0.287 KJ/Kg - K

 
P

V

C

C 1.4

PV C

P
i
V

i
   P

f
V

f


P 
C

V
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W 
f

i

V

V

PdV


f

i

V

V

C
dV

V


f

i

V

V

C V dV

C

f

i

V1

V

V

1

 
   


1 1
f i

C
V V

1
    


1 1
f i

1
C.V C.V

1
    


1 1

f f f i i i

1
P .V .V P .V .V

1
    

  f f i i

1
P .V P .V

1


 

 PV C
W   

i i f fP V P V

1


  

i fmR (T T )

1


 

5. Polytropic Process:-

•  exactly adiabatic process system surrounding heat
 interaction 

• follow 

PVn C

n Polytropic Index

1 < n < 

 nPV C
W

  i i f fP V P V

n 1




 i fmR (T T )

n 1




Different process open system work expression :-

(1) Constant Pressure Process:-
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V

I.S. F.S.
i fP P

openW VdP 
P CW 0 

(2) Constant Volume Process:-

V

I.S.

F.S.

 V C i fW V P P  

i fV V

 
f

i

P

f i

P

W VdP V P P    

(3) Isothermal Process:-

PV mRT

PV C

  V 
C

P

 W
T  C  VdP 

f

i

P

P

C
dP

P


   W
T  C 

f

i

P

P

dP
C

P
 

 W
T  C

   f

i

P
C In

P


       T C
W  C In 

i

f

P

P or C In 
f

i

V

V
C P

i
V

i P
f
V

f mRTi
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        W

open W
closed

V

Vf Vi

Pi

P Pf

I.S.

F.S.

Rectangular Hyperbolic

Note:- PV C

Differentiate 

PdV + VdP 0

PdV  - VdP

Integration 

PdV  VdP
W

closedW
open

isothermal process closed system  open system work expression exactly
same 

(4) Adiabatic Process:-

PV C

P (Vdv)+ VdP 0

Divided by V

PdV + VdP 0

VdP  PdV
VdP  PdV
      

W
open

   W
closed

W
open 

i i f fP V P V

1

 
    

(5) Polytropic Process:-

    W
open   n W

closed n
i i f fP V P V

n 1

 
  


 i fmR T T

n
n 1

 
 

 

P-V diagram Slope :-

PVK C

By differenting

VK. dP + K.VK-1 . P. dV 0
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VK. dP    K.VK - 1. dV. P

dP 
K 1

K

KV

V



 . dV. P

dP

dV
   KV-1. P

dP

dV
   K

P

V

 
 
 

dP

dV
K

P

V

 
 
 

(1) For Isothermal Process:- K 1,
PV C

dP

dV 

 
 
  

P

V



(2) For Polytropic Process:- K n,
nPV C

dP

dV 

 
 
  

P
n

V

 
 
 

(3) For Adiabatic Process:- K  
PV C

dP

dV  

 
 
  

P

V

 
  
 

(4) For Constant Pressure Process:- K 0,
P C

dP

dV 

 
 
  0

(5) For Constant Volume Process:- K   ,
V C

dP

dV 

 
 
   

Note:-

(i)
PV C

dP

dV  

 
 
 

  >  
nPV C

dP

dV 

 
 
 

 >  
PV C

dP

dV 

 
 
 

 > n > 1

(ii) Adiabatic Process slope, isothermal process   times 

PV C

dP

dV  

 
 
  

PV C

dP

dV 

  
 

Processes P-V Curve Representation



Theromodynamics21 ZONE TECH

P

Compression

A
A

B

B

C
D

C

D Expansion

VV C, K  

K 0 K 0,P C 

K n

K n

K  

K  

K  

K 1

K 1

E

E
PV C 

nPV C

PV C

PVK C

K 1 For Isothermal PV C

K n Polytropic PVn C

K   Adiabatic PV C

K n
K  

K 1

K 0

K  

clockwise direction K 

Various Process Ideal Gas Equation :-

(1) Constant Volume Process:-

V Constant

PV mRT  P 
mR

V

 
 
 

T  P constant T

P  T
1 1

2 2

P T

P T


(2) Constant Pressure Process:-

P Constant

PV mRT  V 
mR

P

 
 
 

T  V  T
1 1

2 2

V T

V T

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(3) Isothermal / Constant Temperature Process:-

PV mRT  PV Constant  P 
1

V


1 2

2 1

P V

P V


(4) Adiabatic Process:-

PV C

P
1
V

1
 P

2
V

2


PV mRT

P
1
V

1 mRT
1 P

1 
1

1

mRT

V

P
2
V

2 mRT
2 P

2 
2

2

mRT

V

1
1

1

mRT
V

V
 

 
  

2
2

2

mRT
V

V
 

 
 

1
1

1

T
V

V
 

2
2

2

T
V

V
  1

1 1T V   1
2 2T V 

1

1 2

2 1

T V

T V


 

  
 

.....(A)

P
1
V

1 mRT
1

.....(1)
P

2
V

2 mRT
2

.....(2)
By Equation (2)/Equation (1)

2 2

1 1

P V

P V
 2

1

T

T
 2

1

V

V
 2 1

1 2

T P

T P
 .....(B)

Equation (B)  (A) 

1

2

T

T 

1

2 1

1 2

T P

T P


 

 
 



1 1

2 1

1 2

T P

T P

 
   

   
   

1

2

T

T


 
 
 



1

1

2

P

P


 
 
 


1

2

T

T 

1

1

2

P

P


 

 
 

.....(A')

(5) Polytropic Process:-
PVn C

1

2

T

T 

n 1

2

1

V

V


 
 
 

,
1

2

T

T 

n 1

n
2

1

P

P



 
 
 
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5.   Polytropic Process
nPV C

1 1

2 2

V T

V T


1 1

2 2

P T

P T


1 2

2 1

P V

P V


1

1 2

2 1

T V

T V

 
 

  
 

1

1 1

2 2

T P

T P

 
 

  
 

n 1

1 2

2 1

T V

T V


 

  
 

n 1

n
1 1

2 2

T P

T P



 
  
 

Name of process
Work

Close Open
Value of K P, V and T relation

1.   Constant Pressure 
      Process (P C)

2.   Constant Volume 
      Process(V C)

3.   Isothermal Process

 T C

4.   Adiabatic Process

PV C 

 2 1P V V

 1 2V P P0

0 0

12

1

V
C In

V

2

1

V
C In

V

1 1 2 2P V P V

1


 

 1 1 2 2P V P V
1




 

 1 1 2 2

n
P V P V

n 1



1 1 2 2P V P V

n 1




Heat:- Heat, temperature difference energy transfer 

Q mC. T

C 
Q

m. T


Q

1 1

C specific heat ( ) 

unit mass temperature difference unit heat 

Note:-

1. solid liquid case specific heat process gases case 
process 

Air , For H
2
O,

C
P 1.005 KJ/Kg-K C 4.187 KJ/Kg-K

C
V 0.718 KJ/Kg-K

2. C
P
 value C

V 
?

constant volume process case complete heat, gases molecule temperature 
use constant pressure process case heat part gases molecules 
temperature part work use 

(3) Isothermal Specific Heat

T CC  
Q

m. T
 T 0

T CC   
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(4) Adiabatic Specific Heat

CPV
C   

Q

m. T
Q 0

CPV
C   0

Heat :-

(i) Sensible Heat ( )

(ii) Latent Heat ( )

Solid Liquid Fusion ( )

Solid Vapour Sublimation ( )

Sensible Heat:- temperature difference heat transfer sensible heat 

Latent Heat:- phase change heat latent heat 

-10°C 0°C

Ice Ice

SH

0°C

H O2

LH

H O2

SH

H O 2

LH SH

100°C 100°C 150°C

Vapour
Superheated 
Steam

SHmC. T

LH m.LH
Fusion/Vapourisation/Sublimation

Enthalpy (H):-

• system heat content 

• Enthalpy (H) internal energy (U)  flow work (P  ) summation

H U + PV

          
H

m


U V
P

m m

   
 

 h u + Pv

h Specific enthalpy
u Specific Internal energy
Pv Flow work

Enthalpy unit :-
Joule or N - m

Dimensional Formula:- ML2T-2

Flow Work or Displacement Work:-
control volume small fluid element work 

Mathematically,
Flow work Pv

P Pressure
v Specific volume

control volume  boundary control surface 
Heat Sign Convention :-

(1) System heat
Q

Supplied   + ve
(2) System rejecte heat

Q
Rejected   - ve
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Work Heat Equivalance :- system temperature 

(1) System  heat supply 
(2) System work 

Joule's Law:- Joule's work heat proportional 
W Q

W  JQ 
W

J
Q



J Heat Mechanical Equivalance
Q 1 Kcal. 

JW
system  1 Kcal heat produce joule work heat 

mechanical equivalance 

J 4.2 × 103
Joule

K cal

 4.2
Joule

cal
1 Joule 107 Erg.

J 4.2 × 107 Erg/cal.
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• Energy creat destroy convert

• :- closed system net heat interaction cyclic integral 
net work cyclic integral same unit express 

P

V

4

1

2

3

NetQ  NetW .....(1)

Q
1-2

 + Q
2-3

 + Q
3-4

 + Q
4-1 W

1-2
 + W

2-3
 + W

3-4
 + W

4-1

•  1  reversible irreversible process valid 

First law Thermodynamics :-

(1) Heat transfer  path function 

V

C

B

A1

2

P

Process 1-A-2-B-1

Q
1-A-2

 + Q
2-B-1 W

1-A-2
 + W

2-B-1
.....(A)

Process 1-A-2-C-1

Q
1-A-2

+ Q
2-C-1 W

1-A-2
 + W

2-C-1
.....(B)

Q
2-B-1

 - Q
2-C-1 W

2-B-1
 - W

2-C-1
.....(C)

 W
2-B-1

 - W
2-C-1

 0

 Q
2-B-1

-Q
2-C-1

 0

Q
2-B-1

  Q
2-C-1

heat work regarding important point :- discussion 
heat work path path function 

CHAPTER - 4
(FIRST LAW OF THERMODYNAMICS)
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(2) Energy  property 

Using equation (C)

Q
2-B-1

 - Q
2-C-1 W

2-B-1
 - W

2-C-1

Q
2-B-1

 - W
2-B-1 Q

2-C-1
 - W

2-C-1 dE

(  Q -  W)
2-B-1  (  Q -  W)

2-C-1

path property energy 

 Q -  W dE

 Q dE +  W ......(2)
dE d (K.E. + P.E. + U)

K.E., P.E. neglecte ( ) 

dE dU

By equation 2:-  Q dU +  W ......(3)

Condition for applying W  P.dV
(a)  reversible process 

(b) closed system 

(c)  boundary  cross 

By equation 3

 Q dU + PdV ....(4)

 no. 4 reversible closed system valid 

(3) isolated system energy constant 

 Q dE +  W

dE 0

E
f
 - E

i 0

E
f E

i

energy 

(4) PMM-1 (Perpetual motion machine 1)  impossible 

W

Q 0

PMM-1 device  concept energy absorb continuously  work
develop 

Closed system Heat Expression :-

(1) Constant Volume Process:-

 Q dU + P.dV

V constant

dV 0

 Q dU ......(1)

V CQ  mC
V
.dT ......(2)
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 (2) valid  

•  substance 

• constant volume process 

•  Quasi-static Non-Quasi static process 

(1) (2) compare 

 Q dU mC
V
.dT

dU mC
V
.dT ......(3)

 (3) valid  

•  substance 

• process 

• Quasi-static Non-Quasi static 

expression process applicable parameter
properties properties point function 

Note:- ideal gas internal energy temperature function 

(2) Constant Pressure Process:-

 Q dU + PdV

P Constant

 Q dU + d(PV)

 Q d(U + PV)

 Q dH ......(1)

P CQ  mC
P
dT .....(2)

(2) valid

•  substance 

• constant pressure process 

• Quasi-static Non-Quasi static process 

dH mC
P
dT .....(3)

 (3) valid 

•  substance 

• process 

•  Quasi-static Non-Quasi static process 

•  expression process  applicable 

Note:- Ideal gas enthalpy  temperature function 

(3) Constant Temperature Process:-

 Q dU + dW

T constant

dT 0

 dU 0

 Q dW
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 Q   W C ln
f

i

V

V C ln
i

f

P

P

constant temperature process supplied heat net work done 

(4) Adiabatic Process:-

 Q 0

 Q dU +  W

 W  dU

Note:- Adiabatic process work done, internal energy decrease 

(5) Polytropic Process:-

C
P
, C

V
, R   Relationship :-

C
P
 - C

V R

. C
V
 - C

V R 
P

V

C

C
 

C
V
 (- 1) R

C
V 

R

1  , C
P

R

1


 

 Q dU +  W
closed

 Q mC
V
(T

f
 - T

i
) + i i f fP V P V

n 1




PV mRT, C
V 

R

1 

 Q 
m.R

1  (T
f
 - T

i
) + i i f fP V P V

n 1




      
f i i i f fmRT mRT P V P V

1 n 1

 


  

      
f f i i i i f fP V P V P V P V

1 n 1

 


  

 Q 
i i f f i i f fP V P V P V P V

n 1 1

 


  

 Q  (P
i
V

i
 - P

f
V

f
)

1 1

n 1 1

 
    

 Q  (P
i
V

i
 - P

f
V

f
)
  

1 n 1

1 n 1

    
 
    
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 Q 
i i f fP V P V n

n 1 1

   
    

 Q 
n

1

  
   

W
closed  W

closed 
i i f fP V P V

n 1




polytropic process heat supplied value internal energy term 

 Q 
n

1

  
   

W
closed

 Q 
i i f fP V P Vn

1 n 1

    
      

 Q 
 i fmR T Tn

1 n 1

   
      

 Q   i f

n R
m T T

n 1 1

     

 Q 
n

n 1

 


 mC
V
 (T

i
 - T

f
) C

V 
R

1 

 Q 
n

n 1

 


mC
V
 (T

f
 - T

i
)

 Q 
n

n 1

 


mC
V
 dT ......(1)

 Q 
n

n 1

 


dU

Polytropic Specific Heat:-

polytropic process heat transfer

 Q mC
Poly

 dT ......(2)

(1) (2) 

C
Poly 

n

n 1

  
  

 C
V

C
Poly Negative value if 1 < n < 

polytropic process negative polytropic process internal
energy decrease ( ).

 Q 
n

1

 
   W

 1.4, n 1.3

 Q 
1.4 1.3

1.4 1


  W

 Q 
1

4
 W
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7.5

Q 2.5 

W 10 

 polytropic process heat supply temperature decrease   W 

 Q internal energy decrease 
Free Expansion:-
vacuum against expansion, free expansion 

GAS VACUUM

GAS

 Q 0,  W 0
 Q dU +  W
dU 0
mC

V
dT 0

mC
V
(T

i
 - T

f
) 0

T
i T

f

 temperature (T
i T

f
) isothermal process 

isothermal process temperature point constant free expansion 
temperature initial final point 

T

Ti Tf

Isothermal Process

T

Ti Tf

Free Expansion

Steady Flow Energy Equation (SFEE):-
Steady flow system properties vary 
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Z2

1 2Q

V  m/sec1

V  m/sec2

Work (shaft work)

1
Q

2
 + m(U

1
 + P

1
V

1
 + 

2
1V

2
+ gZ

1
)  1 2W + m(U

2
 + P

2
V

2
 + 

2
2V

2
+ gZ

2
)

 u
1 
+ P

1
v

1 h
1
, u

2 
+ P

2
v

2 h
2

1
Q

2
 - 

21 SW m[(h
2
- h

1
) + 

2 2
2 1V V

2


+ g(Z

2
 - Z

1
)

Per unit mass

1
q

2
 - 

1
W

2  (h
2
 - h

1
) + 

2 2
2 1V V

2


+ g(Z

2
 - Z

1
)

q W   dh + d(KE) + d(PE)

Special Case:-

(1) Nozzle:-  kinetic energy (velocity) pressure energy expanse increase 

Assumptions:-

(a) Well insulated (Q 0)

(b) No work transfer (W 0)

(c) Neglecting PE change

(d) Neglecting initial KE

Q W  dh + d(KE) + d(PE)

dh + d(KE) 0

(h
1
 - h

2
) 

2 2
2 1V V

2

 2 1

1

V V

V 0







h
1
 - h

2 
2
2V

2

V
2   1 22 h h If h in Joule

V
2   1 22000 h h 44.72  P 1 2C T T  If h in Kg

(2) Diffuser:- pressure energy velocity 
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V
1 44.72  2 1h h

(3) Turbine:- work producing device  working fluid energy, rotor  transfer

Assumption:-

(a) Well insulated

(b) Neglecting KE change

(c) Neglecting PE change

Q W  dh + d(KE) + d(PE)

W
T  (h

1
 - h

2
)

Input

Output

(4) Pump and Compressor:-  work absorbing device rotor energy working fluid
transfer 

• Pump pressure head generally pump liquid handle 
compressor pressure temperature 

generally vapour ( ) handle 

W
P/C  (h

2
 - h

1
)

Outlet

Rotor

Compressor

Inlet

(5) Boiler and Evaporator:-

•  heat exchanger constant pressure 

• heat exchanger constant pressure heat supplied 

Q  W dh + d(KE) + d(PE)

Q
B/E  (h

2
 - h

1
)
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Assumption:-

(a) Neglecting KE change

(b) Neglecting PE change

(c) Neglecting work

(6) Condensor:- heat exchanger constant pressure heat rejecte 

Q
C  (h

1
 - h

2
)

(7) Throttling:-  restricated passage, partially opened  valve, venturimeter, porous plug
flow throttling  Throttling process, constant enthalpy isenthalpic

process 

Assumption:-

(a) Neglecting KE change

(b) Neglecting PE change

(c) No work

(d) irreversible adiabatic process 

Q W  dh + d(KE) + d(PE)

dh 0  h
1 h

2

Note:- Throttling expansion pressure decrease 

Heat Work Regarding Important Point :-

(1) path function 

(2) inexact differential 

(4) boundary phenomenon 

(3) energy in transition phenomenon 

(4) energy transfer forms work transfer temeprature difference 
energy transfer 

(5) Heat  low grade energy  work  high grade energy 
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• thermodynamics first law, energy concept quantity basis define  
energy conversion possibe direction information 

• thermodynamics second law process feasibility energy conversion 
possible direction entropy concept define  "directional law"  "law of
degradation of energy" 

• energy  quality basis define 

Note:- High grade energy low grade energy complete conversion low
grade energy  high grade energy complete conversion possible 

Thermal Energy Reservoir:-

infinite heat capacity reservoir  Ex:- Evaporator, condensor.

(i) Source:- temperature change heat energy supply 

(ii) Sink:- temperature change heat energy  absorb 

Source

Sink

TH

TL

QL

QH

WNet 
Heat Engine E

Kelvin - Plank's Statement:-

Kelvin plank " cycle operate device 
thermal reservoir interact continuous work produce 

TH

QH

WE

(not possible)

CHAPTER - 5
(SECOND LOW OF THERMODYNAMICS & ENTROPY)
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 device PMM-2 

Heat engine Concept :-

Heat engine, heat  part work convert remaining part surrounding
reject 

TH

TL

QL

QH

WE

E 
Output

Input
 net

S

W

Q


H L

H

Q Q

Q


 L

H

Q
1

Q
 

rejected

supplied

Q
1

Q


 reversible irreversible cycle valid 

Thermodynamic Temperature Scale ( reversible processes )

Q T

E 1 - L

H

T

T

 reversible cycle valid 

E Carnot efficiency

Note:- work producing device concept    engine.

Clausius Statement:-

cycle operate  device low temperature reservoir high
temperature reservoir other energy use heat transfer 

TH

TL

QL

QH

W = 0
Device
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(not possible)

Concept of Refrigerator:-
Refrigerator surrounding  temperature maintain cyclic device

energy input work 

TH

TL

QL

QH

WRef

Note:- work absorbing device concept   pump.
COP/EPR:-

COP. Coefficient of Performance
E.P.R. Energy Performance Ratio

(COP) 
input

Desired Effect

W

(COP)
Ref

L

H L

Q

Q Q

 reversible  irreversible cycle valid 

(COP)
Ref

L

H L

T

T T

 reversible cycle valid 
Concept of Heat Pump:- Heat Pump surrounding higher temperature maintain

 cyclic device energy form work 

TH

TL

QL

QH

WH.P.
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(COP.)
HP 

H

H L

Q

Q Q

 reversible irreversible cycle valid 

(COP)
HP 

H

H L

T

T T

 reversible cycle valid 

Note:- Heat pump refrigerator reverse heat engine 

Relationship between (COP)
HP

 , (COP)
Ref

 and  HEη -

(C.O.P)
HP 1 + (C.O.P)

Ref


HE

1



relation same temperature limits applicable 

Carnot Cycle (Reversible Cycles) :- Carnot cycle  isothermal  adiabatic process 
 carnot cycle process reversible  carnot cycle, reversible cycle .

carnot cycly efficiency cycles highest 

4

P 1

2

3

V

HR

HA
T C

PV C 
PV C 

HA
T C

HR
Adiabatic Expansion

T C

T

s

1 2

3
4

1 2T T

3 4T T

1 4s s
2 3s s

Reversible Isothermal

Heat Addition 
Process (1 - 2)

Heat Rejection
Process (3 - 4)

Reversible Adiabatic

Expansion
Process (2 - 3)

Compression
Process(4 - 1)

Drawbacks of Carnot cycle:-

(1)  processes reversible pratically achieve 

(2) Carnot cycle isothermal adiabatic process isothermal condition achieve
piston slow speed move adiabatic condition achieve

piston fast speed move combination
achieve 

(3) adiabatic process slope isothermal process   times P-V curve area
net work low 

Carnot Theorem:- heat engines  same temperature limit operate efficiency
carnot heat engine (reversible heat engine)  

Reversible Irreversible  
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Note:-

(1) carnot cycle efficiency workin fluid 

(2) carnot cycle efficiency temperature limit 

Q F(T)

(3) reversible engine maximum possible efficiency, carnot efficiency 
 mathematical expression

Carnot  Lower

Higher

T
1

T


(4) 'n' number reversible engines same temperature limit different working fluids (petrol,
diesel, air, etc)  operate maximum possible efficiency carnot efficiency ideal
efficiency value same 

(5) Relative Efficiency (second law efficiency):- actual efficiency reversible efficiency
ratio 

Re lative 
Actual

Re versible






Actual

Re versible

W

W

Relation in Temperature:-

T1

E1

E2

T2

Q1

T2

Q2

Q2

Q3

W1

W1

Case I:- When efficiency is same:-

1  2

1 2

1

T T

T




2 3

2

T T

T



2

1

T
1

T
 

3

2

T
1

T
 

2

1

T

T 
3

2

T

T
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T
2  3 1T T

Case II:- When work done is same:-

W
1 W

2

Q
1
 - Q

2 Q
2
 - Q

3

T
1
 - T

2 T
2
 - T

3 2T
2 T

1
 + T

3 T
2 

1 3T T

2



source sink temperature reversible heat engine reversible cycle efficiency

( )  :-

Reversible  H L

H

T T

T



Reversible 
L

H

T
1

T
 .....(A)

 Reversible  

(1) T
Lower 

(2) T
Higher 

increase 

(1) T
H
  T :-

Reversible 
 H L

H

T T T

T T

  

 

Reversible 
 H L

H

T T T

T T

  

  ......(1)

(2) T
L
  T :-

Reversible 
 H L

H

T T T

T

  

Reversible 
 H L

H

T T T

T

  
.......(2)

 (1) (2) reversible engine efficiency increase 
lower temperature (T

L
)  decrease best option 

Clausious in equality:- clausious 
Q

T


  cyclic intregral 

Q

T


   0

Q

T


 < 0 Irreversible cycle

Q

T


 0 Reversible cycle



Theromodynamics41 ZONE TECH
Q

T


 > 0 Impossible cycle

Entropy:- molecules randomness disorderness degree measure 
extensive property 

c

b

a

2

1

 reversible process 

By Clausious inequality

Q

T


 0

By Cycle 1-a-2-b-1:-

1 a 2

Q

T  

 
 
  

2 b 1

Q

T  

 
 
 

.......(1)

By Cycle 1-a-2-c-1:-

1 a 2

Q

T  

 
 
  

2 c 1

Q

T  

 
 
 

.......(2)

 (1) (2) 

2 b 1

Q

T  

 
 
  

2 c 1

Q

T  

 
 
 

 
Q

T


value - path point function 

property 's' denote 

Reversible

Q

T

 
 
  0

ds 0, s entropy

ds 
Reversible

Q

T

 
 
 

 Unit 
KJ /Kg

K


KJ

Kg.K

For Irreversible Process:-

Q

T


< 0
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IRR

Q

T

 
 
 

< ds

System Entropy change  :- system total entropy change, external interactin 
entropy change internal irreversiblity entropy change 

ds  (ds)
EI

 + (ds)
IRR

ds  gen

Q
( s)

T

    
 

Case I:- system internally reversible system  entropy change external heat
interaction 

(ds)
IRR 0 or (  s)

gen 0

ds 
dQ

T

Case (a):- system  heat supplied system  entropy change value
positive 

System

QS

 Q > 0

Q

T


> 0

ds > 0 (positive)

Case (b):- system  heat rejected system  entropy change value negative

System

QR

 Q < 0

Q

T


< 0

ds < 0 (Negative)

Case (c):-  system reversible  well insulated system  entropy change value
reversible adiabatic system constant entropy 'isentropic' 

System

 Q 0

Q

T


0
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ds 0 (zero value)

s
2
 - s

1 0

s
1  s

2 constant
Note:- system entropy change value positive, zero negative value 
universe entropy change value negative 
Case 2:  system irreversible 

ds 
Q

T


+  

gen
s

Case (a):-  system adiabatic system  entropy change entropy generation 
entropy generation value negative 

Adiabatic so  Q 0

ds   
gen

s

 ds Positive
Case (b):- internal irreversibility entropy increase external interaction 

entropy decrease compansate system entropy change 
value zero process isentropic 

Note :-
reversible adiabatic process, isentropic process  isentropic process reversible

adiabatic 
T-ds Equation:-
T-S curve area net heat interaction 

 Q dU + PdV
For reversible process

Q

T


ds

 Q Tds
Tds dU + PdV ......(1)

 (1)  reversible  irreversible process valid exprasion
parameter properties 

H U + PV
dH dU + PdV + VdP

dH   Q + VdP
 Q dH - VdP

For reversible process

Q

T


ds

 Q Tds
Tds dH - VdP .....(2)

 (2)  reversible  irreversible process valid exprasion
parameter properties 

T.ds dU + PdV

ds  dU

T
+ P

T
.dV PV RT
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f

i

S

S

ds 
f f

i i

T V

V

T V

dT dV
C . R.

T V
      

P

T


R

V

S
f
 - S

i C
V
 ln 

f

i

T

T

 
 
 

+ R ln 
f

i

V

V

 
 
 

......(3)

Tds dh - VdP PV RT

ds 
dh V

T T
 dP     

V

T


R

P

ds  dh R

T P
 .dP

f

i

S

S

ds 
f f

i i

T P

P

T P

dT dP
C . R.

T P
 

S
f
 - S

i C
P
 ln 

f

i

T

T

 
 
 

- R ln 
f

i

P

P

 
 
 

......(4)

T-S diagram slope :-

T

S

Slope of this T-S diagram 
dT

dS

process T-S diagram slope :-
1. Constant Volume Process:-

first T-ds equation 
Tds dU + PdV
V Constant
Tds dU
Tds C

V
dT

V C

dT

dS 

 
 
  

V

T

C

2. Constant Pressure Process:-
second T-ds equation 

Tds dh - VdP
P Constant
Tds dh
Tds C

P
dT

P C

dT

dS 

 
 
  

P

T

C
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Note:-  C

P
 > C

V
 , constant volume process slope T-S diagram  constant pressure

process slope 
3. Isothermal Process:-

Slope 0
4. Adiabatic Process:-

Slope  
Constant pressure, constant volume, isothermal  adiabatic process T-S diagram 
Representation:-

2

1

Expansion

Compression

T

S1 2S S

Heat Rejection

Heat SuppliedT

SS1
S2

21
1 2T T

T

S

V
=C

P=C


