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(a)

(b)

CHAPTER - 1
(Basic CoNCEPTS OF THERMODYNAMICS)

Thermodynamics:- f55 %1 5% W@ 5@ energy iR 38 interaction %1 system 3R surrounding
W 999 F FeEd fwmar S @ Thermodynamic (SMfqer!) e 2,

System:- 7% fixed mass 3R space ® (controlled volume) 3% region @il ¥ W& W #aRt study
*fza Bt 2

Surrounding:- system %! BieH aH! Tt surrounding F

Immediate surrounding;- surrounding 1 9% fe=an S T & system ¥ yenfad &l €, immediate
surrounding Feamr 2|

Boundary:- Boundary t% ar&fass = sedfts surface =it 2 S system FR surroundings =i
AT H B

Note:-
7% zero thickness & consider ! St 21
7% fixed @1 movable & Tt 2

Boundary arfas iR siedfe & Wedl 21 aw@fas boundaries # continuous line ® 3R HefR

boundaries # dotted line =1 fo3 & =@t @M 2

suﬁyw
/

| L» Fixed Boundary

Movable Boundary

System & U&R :-
Energy 3f¥ mass system & 3&R W -

Closed System =t Control Mass System:- closed system 379+ environment % H® energy
exchange heat 3R work & &9 ¥ X W1 ¢ wfhd &7 R system % boundary & #7 st mass #
transfer & i 21

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

Open System a1 Control Volume System:- open system 379+ surrounding & Hi9 energy =l
exchange, heat 3R work % ®9 ¥ % % W system #1 boundary ¥ mass #1 st transfer %
T 2|

Ex:- Water wheel, Motor car engine, boiler.
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Theromodynamics ZONE TECH

() Isolated System:- T& fixed mass iR energy %1 faafi e o @iar 8 St 1 @ mass F1 3R 71 &
energy ® surrounding % ¥ interreaction % 2|

Ex:- Thermos flask, universe.

Types of System | Exchange of Energy Exchange of Mass Example:-
1. Closed System N X IC engine without valve.
Piston cylinder with valves
2. Open System " v turbine, pump
X X Universe
3. Isolated System Perfectly Insulated Thermos
2. Phase change @& 3maR W
(@ Homogeneous system:- T& system f5&@% %act % & phase wdl & homogeneous system
FEA 2
Ex:-
1. Ice, water, dry saturated steam.
2. Mixture of amonia and water

(b)  Heterogeneous system:- T& system f5&" mass %1 content ¥ volume ¥ non-uniform & #
TOH AA@d Th ¥ A& phase faoae Wt 21 heterogeneous system weamd 21

Ex:-
1. Ice 3R water % mixture
2. non-miscible liquids (water + mercury) #1 mixture

system & properties :- T thermodynamic property, system % 34 characteristics ! st
T S ST TRl A W B faEw w2

Properties ! = wR @ fawifra fover s @ @ -
1. Intensive Property (Intrinsic):- 7€ 9% properties &t ¢ S system % mass W R Tt &%l 21

Ex:- Pressure, temperature, density, conductivity, specific energy, velocity AR all specific
properties, extensive properties &1 STIdT

Note:-
1. T+t specific properties ,Intensive properties #dt
Ex:- Specific volume, Specific Internal energy, Specific heat etc.
2. T two extensive properties & 9T FH intensive property =
Mass

Ex:- Density =

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

2. Extensive Property (Extrinsic):- 78 system &1 98 properties &t € St system % mass ® iR
F 2B

Ex:- Volume, Energy, Entropy, etc.

Note:-
@ Properties exact differentials gt 2
(2)  Properties point function = state function it
(3)  Properties path history ™ fisR =&t =it 21
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Thermodynamic Equilibrium:- @ system thermodynamic equilibrium ¥ =i 8 afk s f=
equilibrium # g 2

Thermal Equilibrium:- (A &1 THM) 8 98 0 1 31e€en et ¢ 5% system %1 temperature
uniform & 2|

Mechanical Equilibrium:- (forces & 5w stefd et fag W pressure T7a & Ter skl Tt &
(& uniform & Wk ¢ IR TE +ff) 7% % @ A rERn wA T fwH FE ff unbalance fFEH system
3R 35+ boundary ® unbalance force T8 g 21

Chemical Equlibrium:- %% <t Ta@f® far #1 potential present 7€ @idr 21 waets chemical
potential ¥9H =i 21 chemical equilibrium 3§ sfEen a1 < &I represent FI@ T W system H
el Tt R weE B gl el @1 @R ®iE o mass #1 diffusion TE B 21

Phase Equlibrium:- & phase %1 mass, time % ®% constant & 21

State:- system ! I T 3T system I TN Feadl ¢ T system FI properties ¥ specified
fera < 21

Process:- af¢ & property ¥ change &1 ¢ @ system & state # change =i 2, state & change
& process el 2

Path:- initial states ¥ final states ¥ system f5% infinite states ¥ &%t Tsar %, process path
FEA 2|

Cycle:- T W1 process & initial 3R final state ¥aM =i  cycle weamd 2l
Note:- T cycle 391 % @ minimum 3 process #! Ewa®a st 8l

A A A 3 A
B 3 3
4
A P p| 2 p| 2
1 5
2 1 3 - 1
v v Vo v o
Two Cycle Process Three Cyclic Process or Four Cyclic Process or Five Cyclic Process or
Lenoir Cycle (used in jet) otto Cycle Dual Cycle

Classification of Process:-

Reversible process:- 5@ system 1ot aqd srfass states ol surrounding W =€ 396 St
s W 2, A 9% reversible process FEE 2l

Note:- reversible process # f&@ JMi forward 3R reverse path same =i 21

Forward Path
Reverse Path

-
—_————
>
oy}
N

v

Reversible
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Theromodynamics ZONE TECH

Irreversible Process:- T process, irreversible process @il & af non-equilibrium states &
sequence ¥ W Tl € 3T process % INH system % properties F1 unique value TE F 7

1 B (Reverse Path)

A
(Forward Path)™

v

Irreversible

Quasi-static or Quasi-equilibrium Process

Ik Tk process Tgd & ¥R ¥R ¥ T ® IR process # & point equilibrium point g € @ 7
Quasi-static process Fge 2|

Note:- Quasi-static process friction & o reversible process @ friction & ¥l irreversible

process = 2

Equilibrium states

P "

v

Note:-

Quasi static gas % compression iR expansion process ® reversible e s 21
nozzle, diffuser ¥ g+ = Ideal flow % reversible 7M1 ST 21

Methods St process @l irreversible st 2:-

Friction.

finite temperature difference % heat #1 transfer.

dissimilar fluids ! mixing.

Free Expansion.

Pure Substance:- 7z 3% substance =i ¢ @1 chemical composition mixture # ¢ volume
¥ constant &l 8, phase & frug

Ex 1:- Gaseous mixture of O2 N,

and 50% N,
50% N,

50% O, «TO " . ;O™ 50% OZ:IB}, ale

Ex 2:- Water and water vapour
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100% H,0
’ T e .

e / R

_———-t ——————
L 100% H,0

Mustard Oil + H,O - Not a pure substance

Ethyl Alcohol + H,O - Pure substance

Gaseous Air + Liquid Air — Not a pure substance
Atmospheric Air=Dry air (Gaseous Air) + Liquid H,0O

Note:- liquid water 3fR gaseous air # mixture impure substance g ¢ FifF water vapour
content ®T percentage place to place different B/ ¢ S8 fF %3 T R SR A 3R H5 T
W A SEA A B

Gibbs Phase Rule:-
P+F=C+2
& P=phases ! w@m(Liquid, gas, solid)
C=chemical component =t He=1
F=Degree of Freedom

Degree of Freedom:- Degree of freedom f#&t system #! states &I define & & o o=
independent intensive properties % =9 ¥ H T 2|

Ex 1:- O, ik N, 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,O =1 Tripple point
P+F=C+2
3+F=1+2=F=0

Haera tripple point T fix point #@r &

Water &1 Tripple Point :-
T,=273.16 K or 0.01°C, DOF=0 Phases &t &n1=3
P,,=4.579 mm of Hg=0.61 KPa or 611 pascal
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CHAPTER - 2
(ZEroTH LAW OF THERMODYNAMICS)

FeArTaeRt #1 Zeroth law 1931 % fowler 7 @ ami 38 faw & s1gaR =k @6 body A body C & @™
thermal equilibrium ¥ # iR & 3@ body B st body C % @t e @ thermal equilibrium
2 @ body A @ body B +t s ¥ thermal equilibrium ¥ &

feret «ft surface ®1 Hotness 1 coldness 39 surface @ =M et heat transfer %1 sardt 21
Temperature molecules %I random energy i represent % 2l

Friaet & zeroth law # body C & thermometer 1 W& sHe@R Tl ?

A B

So =
Thermometric Propeﬁty:-Ba'a' variable property Wi temperature &I find # # W F T
thermometric property Fgamdl 21 Thermometer, thermometric property ®i find &
smenf = @
Ex:- Hg thermometer & length =1 volume
Types of Thermometer:-
Resistance thermometer or Thermistor:- & wheat stone bridge & principle W sTefi #iar 21
78 Thermometric property, resistance gt

PRS2 &
Q S 10 s Use S=16 Q
Known [5Q] p R
@
Choose [10 Q] Q S
Resistance of platinum wire

Note:- Unknown resistance, platinum wire %1 s g 2|

Thermocouple Thermometer :- 7z T (seeback) effect W smenfia =i T1 50 effect & TER af%
T different metals F1 9@ ® join Fw I fo= fT= junction I W 2, iR ¥ junction F
different temperature ® T@n Wi ® d @@ emf generate B € Wi directly temperature
difference % proportional g 21 emf %I measure 3% unknown temperature %I found
ST HhT 2|

Z8f Thermometric property emf (voltage, current) gt 21
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A
T

Temperature o emf

Note:- Peltier effect:- & T (seeback) ur@ & faufid g/ 2 den @1 3@ thermoelectric

refrigeration # foan < 2

(3)  Constant volume gas thermometer:- 7 thermometric property pressure ¥t 21

PV-=mRT

)
To P
T-£(P)

. Thermometric property =Pressure

Rigid Container

(4)  Constant Pressure gas thermometer:- 7= thermometric property volume =it 21

PV -mRT
)
Vo| 5T
VoT
T-£(V)

. Thermometric property = Volume
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2 (@) 1
1 * o ® O. . _EE
i i

(5)  Ordinary Thermometer:- Length/Volume, thermometric property #1 role play & 2|
Mercury (Hg) 3R Alcohol thermometer % /@ length iR volume, thermometric properties
= 2

(6)  Ideal Gas Thermometer:- & material of construction ¥ independent =i 1 #aeia 4% gas
ideal gas ® @ WY ®E y9E & TSa R 9% HAE W R
Note:- 3 constant volume &R constant pressure thermometer ideal gas thermometer szem
21w ST material of construction, ideal gas it 21
Temperature Measurement Scale:-

(1) 1954 ¥ wgel &1 method :- 38 method # < reference temperatures fe@ S 2 it ice point (0°C)

3R steam point (100°C) 7 2
t=ax +b (1)
t=ax,+b . () where i=Ice point
t=ax+b . 3) s=Steam point
Equation (1) - Equation (2)
(t-t)y=a(x-x) L. (A)

Equation (3) - Equation (2)

(t,-t)=a(x -x)
Equation A/B

t-t,  x-x

-t x,—x;

S

Ffe thermometric property 'x' #1 find #% fon @ a1 unknown temperature (t) I fe=an 1 Ferar
2
(2) 1954 &% =g @ method :- 399 T F unique point (reference point ) &1 3TN temperature
measure W ¥ fHa1 9@ 21 98 unique point, water 1 tripple point i 2
PV =mRT
constant volume gas thermometer #
V =constant

()

P T

T=-KP (1)
At tripple point

T=T, where tp =Triple Point

P-P
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Tt
Ko -2
P,
By equation (1)
T=KP
T,
T=--2.P
P,
T=273 16(£J
=273.16|p_
P_=0.611 KPa
Kelvin Scale =T concept :-
P (KPa)

(Absolute Scale — OK
minimum will zero) l

o2 = | > t(°C)
-273.15°C  Ice Point | 100°C
OO;< (0°C) Tripple Point
0.01°C
. Temperature scales nature ¥ arbitary @1 random zid 2

Temperature Scale:-

Freezing point (Ice point)] Steam Point
0°C 100°C
32°F 212°F
27315 K 37315 K
OR 0.80R
460 Ra 672 Ra

R=Rumar
Ra=Rankine

where

Scale —Ice Point

=Constant

Steam Point—Ice Point
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C-0 F-32 K-273 R-0 Ra-460
100-0 212-32 373-273  80-0  672-460

C K-273
100 ~— 100

K=273+C
Cc F-32

100 = 180
F=1.8C+32

32
1.8

C_F

(Dt
(2 )

(3)0°C 273.15K

(4) (Triple Point ) —273.16 K or 0.01°C
(5) (Triple Point) =4.587 mm of Hg or 0.611 KPa or 611 Pascal.
Note:-

reference point, water # triple point selecte fear S 21

Pressure

internationally accepted convention F FER
273.16) at triple point of water

Ideal Gas Equation:- T gas low pressure 3R high temperature condition # ideal gas %' &
behave &t 21 ideal gas 1 expression f= ¥R & s 21

PV =mRT
Here R=Characteristic gas constant

1K=(

T=Absolute Temperature
P=Absolute Pressure

absolute

P

gauge

P, =101325 Pa=101.325 KPa

l - P,..,. = Vacuum Pressure

A\ 4 »
»

Absolute Zero Pressure

P =P

tp
abs atm gauge
Mole:- 78 mass 3R molecular weight #1 ratio g 2l
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Mass
= Molecular weight

PV = nI_{T
R
PV=Mass | \folecular weight T
where
R =Universal gas constant (8.314 KJ/kg Mole - K)
For Ideal gas:-
R 8.314 KJ / kg Mole K
R /s Mo K 287 KJ/kek.

~ Molecular weight ~ 28.996 kg / kg Mole

Point Function 3T Path Function:-

Point Function:- 5 variables St system # 5w follow %3 ™ path @ independent &t ¥ point
function e 2|

Ex:- Pressure, Temperature, volume, etc.
Note:- g+t properties point function =¥t 21
Path Function:- 3% variables St system ! past history ® st #@ % path function Fsem 2
Ex:- Heat and work.
Exact Differential:- varibale % cyclic change 3= =i 21
$d(var) =0
Note:- g+t properties, point function 3 exact differential gt 2
Inexact Differential:- variable #1 cyclic change = =& & 2|
$d(var) 0 . §dP = P, -P, =0
Ex:- Heat 3t work inexact differential gid & 3= f=1 R & waf¥fa feran S 2
Heat:- 5Q ordQor,Q,

Work:- sw or 4w or, W,
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—_ o~

CHAPTER - 3
(ENERGY INTERACTION)

Work:- f5t st system % g1 a1 71 work @@ & @@l S1 w&at € W@ system #1 surrounding
W HEUl g9 weight ®1 38M H convert fR ST wd, Safer afashal § weight rise g1 wehal
? o 7 o

7% TF energy transfer #r 2|
g fret gt a9 oM ot force ¥ WG BT 2

Motor | g Fan o __ |
Motor :I_:_g Fan

________ |
Battery — System
Work will be (+)
L e e e e 1
___________________________ 3 Work (v)
|
[
|
Motor :8 Fan |
|
|
|
: Work (X)
Battery —:—’ System because internal
[ to the system

Sign Convention:-

system & g fwan 0 wE=+ ve

system W feran T FwR=- ve

Note:-

Work 3t heat 31 & transient a1 boundary phenomenon & 2l

Work iR heat 3t # path function iR Inexact differential gi¢ 8 tofd path history ™ fAsft ®w
2
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Work & Y& :-

Closed system work a1 non flow work W _= deV

ClC
N N

Open system =1 steady work W_=- [ VdP

closed system % case ¥ P-V curve % ¥ #1 area volume axis ® projecte far a1 ¢ S
open system % case ¥ P-V curve ® 9 @1 area pressure axis projecte far s 2

A A

—

v

|1
%
P 2 p etz

\Y%

v

\%

W, = [PAV W,

open

= —j V.dpP

Different process & f&@ Closed System Work &1 Expression :-

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

A
Initial .
Lg > Final
P =P,
P T //
V—
P-C
Wclosed = .[Pdv
Vi
_P[dV
v,
W,_.=P[V,-V]
(2)  Constant Volume Process/Isochoric/Isometric Process:-
'
P - == - Final
Initial
PlL__-
V.=V, V—>
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Theromodynamics ZONE TECH
V=C

W —dev

closed
V.=V,
o W,_.=0
(3)  Constant Temperature/Isothermal/Hyperbolic Process:-

v

PV=mRT
PV =constant
Pv=C

P-5

\W —deV

closed ™

<0
o
<

Wiec= I

Vi

closed

Vi

P
W —CInPf

closed —
C= PiVi = Pfo = I]f’l].{rr1 = ].'nI{TIf
PV _PV,

vV, P

i

VR
Note:-

(i) isothermal expansion % 3R final volume %7 value initial volume % comparision ¥ S grft
# zafe isothermal work # fe@ positive expression e 2

V>V,
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V.
W C=In Vf = Positive

T=
T TR,
Isothermal compression
V<V
Vf
v, <1

i

\Y
W, _.=In Vf = Negative

4. Adiabatic Process:-

. adiabatic process ¥ system 3R surrounding % = ¥ g #ft heat #1 interaction & =z 2

Example:- insulated vessel
. 7% f4= frm # follow & 21

PV =C
SOONNNANNNN
N ’
N ~
N C
N ~
SIS S
y=Adiabatic Index
G
Y= C,
For Air:-

C,=1.005KJ/Kg -K
C,=0.718 KJ/Kg - K
R=C,-C,=0.287 KJ/Kg -K

S
'Y:CV:

1.4
PVi=C
PV/= PV;

P=v
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-
_ L[Pf V V=PV V]
— 1 _ 'Y 1 1 1

1
_ E[Pf.vf ~P.V/]

PV,-PV; mR (T,-T,)
vy—-1 - y-1

5. Polytropic Process:-

. 7% exactly adiabatic process % WA & Fiar € wfhd @81 W system 3R surrounding % &= ¥ heat
F interaction = 2

. 7 =1 fem & follow &l =

PVr=C
n=Polytropic Index
1<n< Y
W PV, -PV, mR (T, -T))
(Vo) =771 < n-1

Different process & f&@ open system work T expression :-

(1)  Constant Pressure Process:-
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A
1S. F.S.
P=P -——>—
» 1
Vv —™
W, ., =~ VdP
W, =0

(2)  Constant Volume Process:-

v

vV —
P
W=-[VdP=-V[P,-P]
P,

WV:C :V[Pi _Pf]

(3)  Isothermal Process:-

PV =mRT
PvV=C
C
V=p
PfC
W, _=—[VvdP - _P‘de
Ldp
WT:C=—C£?
WT:C = -C II'I—f
i Ve .. .
Wiy =ClIn P, or Cln v - C=PV, =P,V .=mRTi
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Theromodynamics ZONE TECH
open = ¥ closed
pL__ULS )
i Rectangular Hyperbolic
P T L F.S.
| :
! I
! ] .
V, v,
V—
Note:- PV=C
At WF Differentiate # ™
PdV + VdP=0
PdV=- VdP

T @ Integration FH W
[PdV = -[vdP

closed — open

isothermal process % fe@ closed system 2R open system @1 work @ expression exactly
same B 2|
Adiabatic Process:-
PVi=C
P (yVr'dv)+ VidP=0
Divided by V!
yPdV + VdP=0

[vdP = —y[Pdv

)

~[vdP = y[PdV

\ \

W W
open

(Pivi _vafj
W =7
open Y_l

Polytropic Process:-

closed

®)

\4

open

=n[mR(Ti—Tf)j

n-1

PV, _vaf)
n-1

=N Wclosed =h (

P-V diagram % Slope :-
PVKk=C
By differenting
VK dP + K.V¥ P, dV=0

H.O. : M-28, Madhuban Colony,
Tonk Phatak, Jaipur, Rajasthan Pin: 302015
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VK. dP=- K.V¥-1. dV. P
dP- _KVV_T .dv. P
dp 1
v =~ KVL.P
dP P
v -5
dp -P
a7
hermal - &) -
(1)  For Isothermal Process:- K=1, |3 =TV
e ke (8] 4
(2)  For Polytropic Process:- K=n, |3 S
_ . (d_Pj (i)
(3)  For Adiabatic Process:- K=y, |3 2
dP
(4)  For Constant Pressure Process:- K=0, (d_j =0
P=C
dP
(5)  For Constant Volume Process:- K=, (d_) =
v=C
Note:-
) (®) (5 "
(1) dv PV'=C dV PV*=C dV PV=C . y n
(ii)  Adiabatic Process #! slope, isothermal process ¥ y times & &

() (&)
AV Joyic — av v

A+t Processes &1 P-V Curve W Representation

Tonk Phatak, Jaipur, Rajasthan Pin: 302015
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h
Compression

Expansion
V—PV
PVE=C
K=1 For Isothermal Pv=C
K=n Polytropic PV =C
K=y Adiabatic PV'=C
/ »K=0
K=1
/
K=n
K=y
K = 00
clockwise direction K @1 agal g3 %A
Various Process & fe& Ideal Gas Equation :-
(1)  Constant Volume Process:-
V =Constant
mR
PV-mRT = P= (7j T = P=constant T
AT
P«T= P, T,
2) Constant Pressure Process:-
P =Constant
mR i T
PV=mRT = V=% |T = VaT= v, T,
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E - Book ZONE TECH

(3)  Isothermal/ Constant Temperature Process:-

N |H'TJ
|
<=

PV=mRT = PV=Constant = P « %:

(4)  Adiabatic Process:-
PVi=C
P V=PV
T S E R
PV -=mRT

mRT,
Plvl = ITII'{’T,l = Pl = V1

mRT,
P2V2 = mRT2 = P2 = Vz

RT
(mv 1 jvlv ~ [mRT2 szY
1 A

-1
T 5 v L _(V 7
71><V1 = VZXVZ STV =LV = |7y ) | e (A)

pvV,=mRT, . 1)
pV,mRT, . 2)
By Equation (2)/Equation (1)

(5)  Polytropic Process:-

n-1 -
L (V) L (P
TZ B Vl ’ TZ - Pl
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Work
Name of process Valueof K | P,V and T relation
Close Open
1. Constant Pressure |P(V,-V,) 0 0 v_T
Process (P =C) Vv, T,
2. Constant Volume 0 V(P -P,) P T
Process(V =C) " P, T,
3. Isoth;rinéll Process Cm Y2 Cin Y2 1 PV,
( - ) Vl 1 Pz Vl
T (V)"
4. Adiabatic Process | PV, -P,V, | ¥ p V _PV T, - \'A
(PVY:C) y—1 y_1(1 1752 2) Y . , 1
¥
I S
TZ PZ J
L - & n-1
5. Polytropic Process PV,-PV,| n T Vi
(PV“ = C) (P1 Vl - PZVZ) n n-
n-1 n-1 T P\
21|
2 2 J

Heat:- Heat, temperature difference % v & ™ 1el energy transfer g 2

_.Q _Q
T m.AT © 1x1

C specific heat (fafeme ) 21t 2

I% unit mass F temperature difference unit sg™ % e sTava® heat 1 =1 B R
Note:-

solid &R liquid % case H specific heat process ® fisRk F& =it 21 WafF gases & case ¥ a7
process W st &t 21
Air & fo3, For H,0O,

C,=1.005K]J/Kg-K C=4.187 KJ/Kg-K

C,-0.718 KJ/Kg-K
C, #I value C, ¥ &8¥n a1 &= =it 22
constant volume process  case # complete heat, gases molecule % temperature i sgH |
use ¥t  W@fF constant pressure process & case H, heat #1 %5 part gases molecules
temperature g ¥ 3R k! B part work W H use T T
Isothermal Specific Heat

Q

== AT =0
=T m.AT

Circ=o
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)

(i)

@
2)

Adiabatic Specific Heat

Q .
C ., =—_ M=
VT ML AT Q=0

CPVy =C = 0
Heat & Y&K :-
Sensible Heat (faf¥re )
Latent Heat (7= <)
Solid — Liquid =Fusion ()
Solid —» Vapour =Sublimation (S:&dr)
Sensible Heat:- temperature difference % %R0 g arefl heat #1 transfer sensible heat gt 21
Latent Heat:- phase change &% % fe@ smowa® heat latent heat =¥t 21

-10°C—> 0°C — 0°C — 100°C — 100°C — 150°C

Superheated
Ice Ice H,0O H,0O H,OVapour  Steam
lsu tlw | sut| ] | su
SH=mC.AT
LH= m'LHFusion/Vapourisation/Sublimation
Enthalpy (H):-

7% system & H&@ heat content ®! Fwr 2|
Enthalpy (H) internal energy (U) 3R flow work (Pv) % summation it 21
H=-U+PV

E _ E + P( v )
m _ m m
h=u+Pv
&1 h=Specific enthalpy
u =Specific Internal energy
Pv =Flow work
Enthalpy @t unit :-
Joule or N -m
Dimensional Formula:- ML?T
Flow Work or Displacement Work:-
7% control volume ¥, small fluid element & 3= 3R =T foaeenfod @ & fod smavas work i
A 2
Mathematically,
Flow work =Pv
& P=Pressure
v =Specific volume
control volume % boundary %! control surface % W& WF1 Wl 2
Heat & f&@ Sign Convention :-

System # = T heat

QSupphed tve
System ¥ rejecte %! T heat
QRe]ected -ve
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Work 3it Heat 1 Equivalance :- f& «f system ¥ temperature 3t Tl& ¥ s@m@1 51 T&dl 2

(1)  System =i heat supply =&
(2)  System ® 50 work FU #

Joule's Law:- Joule's % fm % @R work heat % proportional g &
WxQ

W=]Q=|I=53

J=Heat %1 Mechanical Equivalance
EIE Q=1 Kcal. @@

J=W
Haes feet system & forg 1 Kcal heat produce % = fad smewas joule work & heat &1
mechanical equivalance F&am 2

Joule
Kcal

J=4.2 x 10°

Joule

J=4.2 x 107 Erg/cal.

1 Joule=10" Erg.
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CHAPTER - 4
(FirsT LAW OF THERMODYNAMICS)

. Energy @1 1 @ creat a1 ST weha1 € 3R 71 € destroy &1 <1 ¥l 2 36 Th €9 ¥ W €9 | convert
foam ST weha 2

. STt % Fe fem & S8R - closed system # & net heat interaction #1 cyclic integral iR
net work # cyclic integral same i@ @ 5@ TM1 I ! unit ¥ express a1 s 21

4 3
rf | , 4
1
s
$Que = PoWe L 1)

Ql—Z + Q2—3 + Q3—4 + Q4—1=Wl—2 + W2—3 + W3—4 + W4—1
. TR 1 <A reversible 3R irreversible process % fe@ valid &/ 21
First law Thermodynamics & ufum :-
1) Heat transfer e path function g1 &

1 A
P
C 2
v >

Process 1-A-2-B-1

Q1-A-2 + QZ—B—I = W1-A-2 + Wz-B-l """ (A)
Process 1-A-2-C-1

Ql-A-2+ Qz-c 1 W1 A2 W2-C-1 """ (B)

Q2-B 1° Qz c1= W2-B-1 W2-C-1 ----- (C)

Wz B1 Wz c1” 0

Qz B-1 Qz ca” 0

Qz-13-1 * Qz-c-1

heat 3it work % regarding important point :- ¥R 3 ™ discussion % 3TYR T FHFT N el
2 f& heat 3R work path W fislt ®d 21 s8fe 7= path function & 2
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2)

—_~ N
T e

D
N—"

Energy T# property gt €

Using equation (C)
QZ—B—l - Qz-c-1 =W2—B—1 - Wz-c-1
QZ—B—l - Wz-B-l =Q2—C—1 - Wz-c-l -dE

(6Q-8W),,,=(8Q-3W),,

T T STeT 3ol path W fsk &t % 2, o/: 98 T property € 8 energy ®&1 S 2
5Q-sW=dE
$Q=dE+swW . (2)

dE—d (KE. + P.E. + U)
K.E., P.E. =l neglecte (7179) & W™

dE=dU
By equation 2:- $Q=dU+sW . 3)
Condition for applying ~ W= [P.dV
IE TH reversible process B =MfeT
w closed system BT =feu
g boundary ! cross &1 =Tl
By equation 3

5§Q=dU + PdV ()

T no. 4 #9a reversible 3R closed system # fe@ & valid =i 2
isolated system #! energy constant Tt 2

5Q=dE+ s W

dE=0

E,-E -0

E-E,

energy H w[g <@ &l Bl

PMM-1 (Perpetual motion machine 1) ¥ impossible #a1 8 wif a7 w=n fd & vem fom =
SocE B R

Q=0

_>W

PMM-1 w &t device % concept 8 Wit fa #IE aeX @ energy absorb & continuously work
develop &t 7, S fh sr@m@ 2

Closed system & f&& Heat @1 Expression :-
Constant Volume Process:-

5Q=dU + P.dV

V =constant

dv=0

sQ=d . 1)
8Qy=mC,dT . (2)
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gefieReor (2) valid @t 2,
. et ot substance # e’
. #%ad constant volume process & o
. T Quasi-static 3R Non-Quasi static process & feri
TR (1) @R (2) 1 compare FH R
5Q-dU—-mC,.dT
dU-mC,.dT .. 3)
g (3) valid @ 2,
. et ot substance # o=
. fhet «ft process & fod
. 1 Quasi-static 31t Non-Quasi static & o3

W f@@ T expression W process & fa@ applicable i @ FifEd W Wt parameter
properties %, 3t @t properties point function #dt

Note:- ideal gas % &/ internal energy #a@ temperature %1 function =it 21
2) Constant Pressure Process:-
§Q=dU + PdV
P =Constant
5Q=dU + d(PV)
5Q=d(U + PV)
5Q=dH .. (1)
5Q, -mC,dT .. @)
e (2) valid @ 3
. et «ft substance & for
. #Haa constant pressure process & ot
. T Quasi-static 3R Non-Quasi static process & e
dH-mCdT .. 3)
gefeReor (3) valid =i @
. et ot substance & e
. fhet «ft process & T
. T Quasi-static 3R Non-Quasi static process & ferd
. 7% expression Tt process & @ applicable eiar 21
Note:- Ideal gas % fa@ enthalpy %ac temperature %1 function grft 2
3) Constant Temperature Process:-
5Q=dU + dW
T =constant
dT=0
dU=0
5§ Q=dW

H.0.: M-28, Madhuban Colony, B.0.: F-26/A, Behind Honda Pinkeity Showroom
Tonk Phatak, Jaipur, Rajasthan Pin: 302015 # 2 D N E T E c H Gatta Stand, Tonk Phatak, Jaipur, Rajasthan Pin : 302015

Best Institute For Assistant & Junior Engineer )
Contact No. 141-2597591 Ph. No. 9828747676 [t -1 =08 11N PR 0 - R Ph. No. 3462447676 - Web : www.zonetech.in




Theromodynamics ZONE TECH

WCZ£ Cl5
3Q=W-= ny =Chnp

constant temperature process % supplied heat net work done % xR gt 2
(4)  Adiabatic Process:-
5Q=0
5Q=dU+ s W
sW=-dU
Note:- Adiabatic process  work done, internal energy % decrease % TR =l 2l
(5)  Polytropic Process:-
C,C,R 3Ry ¥ Relationship :-
C,-C,-R

5Q=dU+ s W

closed

PV, -P,V,

8ernCV(Tf'Ti) e —

n-1

m_'R ivi
8Q=" (T,-T)+ ———

mRT, ~mRT, RV -EYV,

y—1 n-1

Pfo _Pivi + ]?1\/1 _Pfo

y-1 n-1

PV, -PV, PV, -PV,
§Q-= -

n-1 y-1

1 1
5Q=(PV,-PV) ———}

5Q=(PV.-PV) ﬂ}
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PVi-PVi(y-n
o Q - n-1 ( Y- 1 J
= PV,~PV,
o Q - ( Y- 1 J Wclosed Wclosed — Tlff
polytropic process ¥ heat supplied #! value internal energy % term H
r=n
0 Q - Y- 1 Wclosed
y-n | BV, -PV, j
°Q - [ -1 j[ n-1

8Q="77
n-y
5Q="“mCydr (1)

§Q=—--dU

Polytropic Specific Heat:-
7" a0 & 7 polytropic process ® heat transfer
3Q-mC, dT L 2)
¥ fean smar 2
Tt (1) e (2) H o HE T

n-y
CPoly= n-1 CV
Cp,y =Negative value ifl<n<y
polytropic process ® faftte w1 negative =idt @ s #aer@ polytropic process ¥ internal

energy decrease ®% &(THRIHF).

y-n W
5Q= -1 )

'Y=1.4:,n=1.3
14-13
3Q= 14-1 sW

aQ:%aw
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Q=25

l@ — W =10

5@ polytropic process ¥ heat supply %! St € df temperature decrease = 2, Fifes 5 W i A
5Q ¥ SR ¥ 8, HifF internal energy decrease it 2

Free Expansion:-
vacuum % against ¥ expansion, & free expansion ®gard

4

/
/
GAS OVACUUM

/ /

<\

GAS

/ Va4

8Q=0, 3W=0

§Q=dU+ s W

dU=0

mC dT=0

mC (T, -T)=0

T.=T,
7l temperature (T.=T,) e 8, 701 wae ¥ T8 ¢ f% o8 T isothermal process & 2, i
isothermal process ® temperature & point W constant T 2, wf#T free expansion

temperature %o initial iR final point W & TR = 2|

T T
A A
T, T, T, T;
Isothermal Process Free Expansion

Steady Flow Energy Equation (SFEE):-
Steady flow 1 Hd@@ W@ system ®! properties T % @Y vary & &l 2
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V, m/sec

l Q

»

\4 15
Q,+m(U, + PV, + -t gZ)=,W,+m(U,+ PV, + 72 +g7,)

TH Trl'l‘!ﬁ % ﬁﬁul'i' P1V1=hl, u2+ P2V2=h2

2 2
+ Y2 Ve g

1Q2 - IWSZ =m[(h2' hl) g(Z2 - Zl)

Per unit mass

V; -V

1% - 1W2= (hz - hl) + P + g(zz - Z1)

5q—W =dh + d(KE) + d(PE)

Special Case:-

Assumptions:-
a)  Well insulated (Q=0)
No work transfer (W =0)
Neglecting PE change

_ N/~
eIy

e

Neglecting initial KE
8Q-sW =dh + d(KE) + d(PE)
dh + d(KE)=0

V22 _ V12 N V2 >>> \]1

(hl-h2)= 2 \/1 ~0

N

vy
2

V,=2(h, —h,)
V,=2000(h, ~h,) =44.72,/C, (T, - T,)

[N)

h -h =

1 2

2)

H.O. : M-28, Madhuban Colony,

Tonk Phatak, Jaipur, Rajasthan Pin: 302015
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V,=44.72 [(h,h,)

3)  Turbine:- a8 T work producing device g 21 588 working fluid ¥ energy, rotor #i transfer

It Bl
Assumption:-
(@  Well insulated
(b)  Neglecting KE change

D
N—"

Neglecting PE change
3Q-swW =dh + d(KE) + d(PE)
Wi=(h,-h)

7.
e

Output

4 Input

(4)  Pump and Compressor:- 78 work absorbing device &t 1 ¥ rotor @ energy working fluid

I transfer & S 2

. Pump %1 3T pressure head #t sg™ ¥ fFan ST € 31X generally pump liquid &t handle
21 Safh compressor %1 SN I pressure 3R temperature ® g ¥ R S 1 THAT ITEM
generally vapour (& e ® handle ®% § fFan s 2

WP/C N (hz - h1)
A
W Inlet
Compressor

>>77777~ Rotor

4 Outlet
) Boiler and Evaporator:-
. @+t heat exchanger constant pressure ® #M %W 2

. 7% T heat exchanger i@ @ f58% constant pressure W heat supplied #t St 21
8Q = sw =dh + d(KE) + d(PE)

QB/E = (hz - h1)
H.O. : M-28, Madhuban Colony,

Tonk Phatak, Jaipur, Rajasthan Pin: 302015 ZI z D N E T E C H (Gatta Stand, Tonk Phatak, Jaipur, Rajasthan Pin : 302015

[t rec= )| Biest Institute For Assistant & Junior Engineer

Contact No. 141-2597591 Ph. No. 9828747670 [l 1= a0 -8 18 -1 B -1 T Ph. No. 9462447676 - Web : www.zonetech.in

B.0.: F-26/A, Behind Honda Pinkcity Showroom




E - Book ZONE TECH

ECECECS
SN N N N N

Assumption:-

Neglecting KE change

Neglecting PE change

Neglecting work

Condensor:- I8 TF J%R % heat exchanger 2 599 constant pressure W heat rejecte B 2
Qc=(h,-h,)

Throttling:- ft «fit restricated passage, partially opened valve, venturimeter, porous plug

¥ 89 amen flow throttling ®semr 21 Throttling process, constant enthalpy =1 isenthalpic
process & M ¥ «ff W W T

Assumption:-
Neglecting KE change
Neglecting PE change
No work
7% irreversible adiabatic process g 2|
8Q-8W =dh + d(KE) + d(PE)
dh=0 = h =h,
Note:- Throttling & 9foma @&" expansion =@ & 3R g¥RM pressure decrease & 2|
Heat 3t Work & Regarding Important Point :-
T path function &4 21
I inexact differential id &
T F boundary phenomenon 21
I € energy in transition phenomenon 21

T+t energy transfer &1 @+t forms work transfer =it @ %a@ temeprature difference o ¥
B ol energy transfer i g

Heat #i low grade energy @ work & high grade energy @1 s 2|
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CHAPTER - 5
(SeEconDp Low oF THERMODYNAMICS & ENTROPY)

. thermodynamics #1 first law, energy % concept # quantity # basis W define #@ 21 78
energy conversion %! possibe direction % a® ¥ & information T& @

. 7% thermodynamics %1 second law &1 ¥ St process % feasibility 3R energy conversion
possible direction ® entropy % concept @ define ®t@ 21 38 "directional law" @1 "law of
degradation of energy" +f %&d 2

. 7% energy I quality basis ® define % 21

Note:- High grade energy # low grade energy ¥ complete conversion & S 2, @7 low
grade energy @1 high grade energy ¥ complete conversion possible & 2

Thermal Energy Reservoir:-

7% infinite heat capacity %1 reservoir @@ 81 Ex:- Evaporator, condensor.
(i) Source:- I fo1 T temperature ¥ change f&% heat energy #1 supply % 2l
(ii)  Sink:- 7 faT s temperature ¥ change % heat energy = absorb @ 2

T
| E /I_\A Source

Qu

Heat Engine E Wi

T, ~T— Sink

Kelvin - Plank's Statement:-

Kelvin plank # &R "t cycle ¥ operate ®%dft g &t device sM s@™a § S Fod U &

thermal reservoir ¥ interact %@ g4 continuous work produce =

o]

Qy

(not possible)

H.O. : M-28, Madhuban Colony, B.0.: F-26/A, Behind Honda Pinkcity Showroom
Tonk Phatak, Jaipur, Rajasthan Pin: 302015 zI EQ&E“IEEH (Gatta Stand, Tonk Phatak, Jaipur, Rajasthan Pin : 302015

Contact No. 141-2597591 Ph. No. 9828TATETE (Pl - =0l | 8 -1 8 00 -H-- Ph. No. 9462447676 - Web : www.zonetech.in




E - Book ZONE TECH
T device PMM-2 sgamt 2

Heat engine st Concept :-

Heat engine, heat %1 %3 part work ¥ convert %% # 3R STl remaining part % surrounding
# reject FI 2|

]
Qy
W
Q.
o
_Output W, Q- Q ; Quiecws.
E Input Qg Qu Q, Quppied

I8 FHH reversible $R irreversible cycle 3M % fe@ valid =it 21
Thermodynamic Temperature Scale (%5« reversible processes & fo)

Qo T
TL
Mg =1- i
7% g reversible cycle & fe@ valid #rar 21
et n, =Carnot efficiency

Note:- 78 work producing device ® concept 3 % 21 312ifd engine.
Clausius Statement:-

fardt cycle # operate %t g¢ Tt device s s@ma € Wi low temperature reservoir @ high
temperature reservoir ® 3R fa1 g other energy =!I use %2 heat =1 transfer #t <
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(not possible)
Concept of Refrigerator:-
Refrigerator surrounding #! gei ¥ %H temperature %I maintain %% 21 78 TF cyclic device
2 St %2 energy input & Ty work H 2l

Note:- 7@ work absorbing device & concept &M Hd 2159 & pump.
COP/EPR:-

COP. = Coefficient of Performance

E.P.R.=Energy Performance Ratio

Desired Effect
W,

input

(COP) -

Q
(COP), = 90

I8 FH I reversible iR irreversible cycle # fe@ valid #t 2
TL
e T Bad reversible cycle # f&@ valid =it 21
Concept of Heat Pump:- Heat Pump surrounding = g& # higher temperature %! maintain
F 81 7@ TF cyclic device it # St £ energy form % WY work ® 21

(COP)
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Qu
HP ™~ Q,-Q

7% WHiR I reversible #R irreversible cycle % fa@ valid =t 2

(COP.)

TH

(COP)HP “T,-T,

I% e %ad reversible cycle ® f@@ valid @t 2
Note:- Heat pump 3R refrigerator ®! reverse heat engine el S 2|

Relationship between (COP) ,,, (COP), .and(n)-

(CO.P),,=1+(C.O.P)

Ref N uEe

W e T relation same temperature limits % € applicable = 21

Carnot Cycle (Reversible Cycles) :- Carnot cycle ¥ 3t isothermal iR = adiabatic process &f
21 carnot cycle ¥ @+t process reversible i ¥ THT carnot cycle, reversible cycle wgamd 21,
carnot cycly &t efficiency st @it cycles %! g ® highest #rdt 1

A T A HA
P T=C
1
Tl = T2 — = ‘/
\ J Adiabatic Expansion
/ HR
C T,=T, |- i — 3
! T=C|
v > 81 =84 S, =83 s
Reversible Isothermal Reversible Adiabatic
Heat Addition Heat Rejection Expansion Compression
Process (1 - 2) Process (3 - 4) Process (2 - 3) Process(4 - 1)

Drawbacks of Carnot cycle:-

Tt processes reversible ¢ ¥ i pratically achieve #%1 s/&wTa g 2l

Carnot cycle # g&a: isothermal 3R adiabatic process &t 21 isothermal condition achieve
FW % o piston i 9gd & slow speed ¥ move ®T Tear 71 S&fw adiabatic condition achieve
FH & fau piston ® 9gd € fast speed ¥ move FTN Tear ¢ @@ T IM A combination
achieve & givshal eiar 21

adiabatic process #1 slope isothermal process @ y times =idt & s@at aw® & P-V curve # area
FH B § R net work st low =i 2

Carnot Theorem:- @it heat engines Wit same temperature limit § operate %% 2, f& efficiency
carnot heat engine (reversible heat engine) @ %7 =it 2|

n Reversible > n Irreversible
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Note:-

carnot cycle #t efficiency workin fluid ® fisit 7@t %t 2

carnot cycle #t efficiency temperature limit W fsft it 21
Q=F(T)

fdt st reversible engine % maximum possible efficiency, carnot efficiency ¥ § it %,
S mathematical expression

Lower

T,

Higher

n Carnot = 1-

g o smn 2

7f< 'n' number reversible engines same temperature limit # different working fluids (petrol,
diesel, air, etc) ™ operate %% ¥ d maximum possible efficiency a1 carnot efficiency @1 ideal

efficiency #1 value u+ft % @ same =il

Relative Efficiency (second law efficiency):- 78 actual efficiency 3R reversible efficiency

%1 ratio g 2

N Actual W sctual
n Relative = =

n Re versible WRe versible

Relation in Temperature:-

Case I:- When efficiency is same:-
Ni=M,

T1 _Tz Tz _T3
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282
N N N

T2: "TS XT1

Case II:- When work done is same:-

W, =W,
Q1 - Q2=Q2 - Q3
T, +T
T, -T,=T,-T,=2T,=-T, + T,= T,= %

source 3¢ sink temperature %1 reversible heat engine 3 reversible cycle # efficiency
(n) W 9w -
Ty =T,

n Reversible — T
H

n Reversible — 1- i ..... (A)

T GHEO W oy, qlel W agEn W1 HeRdr g
T H HY Hh

Lower

T @ increase i

Higher
T,® AT sgH ™ :-
(T, +AT)-T,
T, +AT

n Reversible —

(T, —T,)+AT
mavay \ A 1)

T =l AT ¥ %8 % W -

n Reversible —

T, — (T, —AT)
TH

n Reversible —

T, =T, )+ AT
M Reversible = % ....... (2)

TR (1) @R (2) ¥ &W %% Whd ¢ & reversible engine ®1 efficiency #I increase %% & for,
lower temperature (T,) # decrease &% ST best option 2|

Clausious in equality:- clausious % &R Cﬁ% #1 cyclic intregral F9em = ¥ FHH I I B
2l

q;% < 0 Irreversible cycle

@% =0 Reversible cycle

Tonk Phatak, Jaipur, Rajasthan Pin: 302015
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q’;% > 0 Impossible cycle

Entropy:- 78 molecules %! randomness a1 disorderness %I degree %I measure F% & I8 Th
extensive property gt 2

7'y

v

TH WM ¢ R reversible process % e

By Clausious inequality
Q _
(j) T =0
By Cycle 1-a-2-b-1:-

3Q 8Q
(?j = (?lbl ....... 1)
By Cycle 1-a-2-c-1:-

TGN A o
TR (1) iR (2) % 5N

7. -7l

1 %Eﬁ value STeRT-37eTT path ® fisit 7@ %t ® s9few 9% point function =i 21 safeT o ©H
property ¥ f58 's' ¥ denote fFn S 21

3Q
(?) =0
Reversible

ds=0, s=entropy
_(3Q .. KJ/Kg K]
ds= [?)Rcversible Unit= K - KgK

For Irreversible Process:-

Q
T
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o
(¥, <as
System @&t Entropy change :- system &1 total entropy change, external interactin %! s d
entropy change 3t internal irreversiblity #! a7 ¥ =" @@ entropy change %1 3 g 2|
ds=(ds),, + (ds)

d
dS = (TQJ + (Ss)gen
Case L:- ot system internally reversible ¥, @@ system %! entropy ¥ change external heat
interaction ¥ w1@ fFan W 21
(ds) e =0 or (5s),. =0

gen

ds= d?Q
Case (a):- 7t system #i heat supplied %! St € df system %' entropy change # value
positive g
Q
5Q>0

ds > 0 (positive)
Case (b):- af% system @ heat rejected ! St 2 @ system %1 entropy change #T value negative
=t

Qx

ds < 0 (Negative)
Case (c):- f% system reversible 3R well insulated ¥ @ system @I entropy change %t value
Y= =M etfd reversible adiabatic system constant entropy @ 'isentropic' #dr 21

5Q=0
5Q
= =0
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ds=0 (zero value)

s,-s,=0

s, =s,=constant
Note:- system %! entropy change %I value positive, zero 3R negative value & Fdl & @
universe %! entropy change %1 value %+ I negative & & @l
Case 2: 3% system irreversible & @@

gen

ds= % +(8s)

Case (a):- ft system adiabatic 2, d system @ entropy change ® @ entropy generation %
T B R entropy generation #T value ®ft st negative T&l = Heheill
Adiabatic so Q=0
ds=(3s),,
, ds=Positive
Case (b):- =ft internal irreversibility # g & entropy increase #! external interaction !
9% ¥ ¥ a1 entropy decrease ¥ compansate a1 S ¥ @ system #! entropy change %t
value zero Bt ¥ Waeld process isentropic & 21
Note :-

& reversible adiabatic process, isentropic process =dl 8 @7 T isentropic process reversible
adiabatic & o' & T
T-ds Equation:-
T-S curve % =X ®1 area net heat interaction % R & wam 2|

5Q=dU + PdV
For reversible process

% =ds

5Q=Tds

Tds=du+Pdv. . 1)
TR (1) < reversible @R irreversible process % fe valid =idt # Fifes 3R T @ exprasion
H w+ft parameter properties 2l

H=U + PV

dH=dU + PdV + VdP

dH-5Q + VdP

5Q=dH - VdP
For reversible process

% =ds

5Q=Tds

Tds=dH-va? . (2)
TR (2) I reversible iR irreversible process % @ valid gt @ wifs S G @ exprasion
¥ @:ft parameter properties ?1

T.ds=dU + P4V
ds= U 4+ P gqv PV =RT
T T
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Jas=[eT R TV
Tf Vf
S;-5=CyIn |7 |*+Rln |
Tds=dh - VdP
dh V
ds=?—?dP
ds=9h_R qp
T P
Yo f. dT o dp
J:dS=-I!:CP? I.!:R?
Tf Pf
S-5=C,In |7 |-RIn |
T-S diagram % slope :-
T /
S >
Slope of this T-S diagram= &

3TETT W process & fo& T-S diagram # slope :-

Constant Volume Process:-
first T-ds equation §

Tds=dU + PdV

V =Constant

TdS = dU

Tds = CVdT
T

(&
dSJy_c C,

Constant Pressure Process:-

second T-ds equation ¥
Tds=dh - VdP
P =Constant
Tds=dh
Tds=C,dT

(). -2
ds )rc =T,
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Note:- C, > C,, sqfely constant volume process %! slope T-S diagram H constant pressure
process ! slope ¥ 91T Bl 2|

3. Isothermal Process:-
Slope=0
4. Adiabatic Process:-
Slope =«
Constant pressure, constant volume, isothermal 3i adiabatic process #r T-S diagram W
Representation:-
A 2 A
C :
)l ompression T T Heat Supplied
1 2
T T E ) L =T, =1 g j 1
y ! 1
y Expansion ! !
1 : Heat Rejection :
' I I
! R I I
S, =S, s—» s, S, g—»

v

S—»
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