Chapter

. THERMODYNGMIC PM

P
—

3.1 THERMODYNAMIC PROCESS

The continuolts series of states followed by the working medium as it liberates, transfers,
transforms Or receives energy is known as thermodynamic process. Fig. 3.1 shows a process.
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—» Volume

Fig. 3.1: Thermodynamics Process

2 TYPES OF THERMODYNAMIC PROCESSES

The important thermodynamic processes are:
Reversible Non-flow processes :

1. Constant volume process (Isochoric process),

2. Constant pressure process (Isobaric process),

3. Constant temperature process (Isothermal process),
4

5

Adiabatic process,

. Polytropic process.
1. Constant Volume Pro
isplacement work is eliminated. The
ere. The process is shown in fig. 3.2

cess: The main characteristic of this process is that the
boundary of the system is rigid, but paddle way may be

S
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Fig. 3.2: Constant Volume Process

From first law of thermodynamics,
Qa-Wiz =U-Ui

2
But, Wi = deJV = Uz—Ul
1

Q2 =U,- U,
or Qi =mCy (T2 -T)) (B
Thus, during a constant volume process, the heat transfer equals the change in interny
energy of the system,
2. Constant Pressure Process: In constant pressure process, the system is subjected t
constant hydrostatic pressure at its boundaries. The fluid is free to expand and the change i
system boundary causes displacement work against the constant pressure due to weight W, The

process is shown in fig. 3.3.
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1f the workas carmed out quast-statically

Al
- A

[OW = [pav
¢ !
Then, from fist law of thermodynamics

-

hl - "
.

JoQ=Jow = [au
1 1 ‘\
or foQ =j®“h+TmJ
1 1 i

1

=IhN+Lm
1 ‘\

= [dU+PV)
1
or [oQ = [an
1 1
Also fdQ = fme(fI'
1 1
or Q12 =mCp (T2 =Th)

(. H=U +PV)

Thus, the heat supplied at constant pressure is equal to change in enthalpy of the system.

3. Hyperbolic Process:

The process in which gas is heated or expanded in such a way

that the product of its pressure and volume remains constant, is known as hyperbolic process. A

hyperbolic process is shown in figure 3.4.

1
Pl _____
) Hyperbolic process
3 (PV= Constant)
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Fig. 3.4: Hyperbolic Process

This process is governed DY Boyle's 1aw

and its practical application is isothermal process.
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4. Isothermal Process: [n this, the system has movable boundary.  Ther efor
displa c ement work is present, but the system temperalure is maintained constant by contact of the
is, - ' _ _ ] i
s)'sfem ith @ constant temperature reservoir. During the expansion the volume will increase l
n'm'ntain the temperature constant. The process is shown 1n fig. 3.5.
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Fig. 3.5 : Constant Temperature (Isothermal) Process
From first law of thermodynamics,
0Q-0W =dU
But dU = mCydT
Now, as dT =0
dU =0
0Q-0W =0
or 0Q =0W
2 2
For quasi-static process, f oW = f Pav
1 1
2 2
1 1 v
\%
or Qi = PVlog, |2
Vi (v Win=Qu)
or V. \
Ql—Z =P1V] loge -2
Vl (‘ PV=P|V1=P2V2)
or \Y
Q2 = mRT1 log -2
e
Vl

Hence, the heat suppl; :
’ pplied d i .
the process. uring 1sothermal process is equivalent to non-flow work during

S. Adiabatic P
rocess: The .
across the system boundar ¢ process during which work is d
naary is known as adigpati, proces one and no heat is trarzsferred
5
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. :'trs.::sf‘»‘m‘d- Q2 =0
s first law O thermodynamics,

Q2-Wi,=U,- U,

- O0-Wi.L =AU (.. Q12=0)
“Wi,y =AU )
. Work done =

. Change in internal energy.
= porfect gases, we know that

.

AU =m x Cv X (T, =T)) (i)
Also Wi, = deV ... (iLD)
1
3 S -
o
-
=
@ Y
§ Pv = Constant
(\—‘
P2 _____ 2
A V,
—Volume

Fig. 3.6 : Adiabatic Process

Puttine the values of AU and W, from equations (ii) and (iii) in equation (i), we get

2
—f PdV =m.Cy (T2-T))
1

or PdV =—m. CvdT ‘ (lV)
But PV =mRT
” P=—v~ )
Putting the value of P from equation (v) in equation (iv), we get
_———-mRT ; =- m.Cv-Jr
V

ar _ R, & ...(vi)

NOW R = Cp - CV
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R Cp—Cy (Dividing both sides by ( A

Cy Cy
— CP 1
=Ty
=y-1 (v
, R : s o . -
Putting the value of —— from equation (vii) in equation (vi), We g€
\Y%
dT dVv
- = - D~
Integrating between the limits, we get
2 2
dT dV
T =0
1 1
| T, . v,
or oge T = —(y—1)loge v,
T, (V, )‘(V“”
or 2 |2
L
T, (V"7
or T = \V;— .3
or TV?™! = Constant
A% P, T
1 _ _2°1 : '
Sl V, ~ PT, (From gas equati
(y=1)
L \h T,
y-1 y—1
or L] X (-Tl) = (i)
T T \ Py
4 [ y-1
or (&) _(Be) /
T \Py)
-1
or Ty _ ﬁ\ Y
Tl P1) (

From equations 3.2 and 3.3, we get
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, LAY
or P, v,
or PV” = Constant ..(3.4) “
2
‘Vork done, W1_2 = deV
1
But PV' =p vy = PV,
P.VY
= p= Vi
\V44
2
P.VY
Wl_z = J‘l‘vyl
1 V

2 [y T
] PIVIY{V s P‘V‘{-Hl |

R

AR ES AR
1-y

_ BV~ PV (
===

PV, — PV,
=
mR(T; —Ty)

1
I}/ -—

1 l 1 1 0cCesS Cntfopy remains Constant, SO the
I t d"rin reVCISlb € adlabatlc pr ’
t ShOUld bc noted tha g

process is also known as isentropic process.
In order to make the adiabatic process 1€
must be fulfilled:
(i) The process should be frictionless.
(if) No heat should be transferred.

r on the gas.
(iif) Work should be done bY the gas O i
pic process is not possibie-

. —_ Y
PV} =P,V})

Wiz =

versible (i.e. isentropic), the following conditions

In real practice, isentro
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6. Polytropic Process: It is found that in actual practicc many processes approximate ty.

reversible process of the form PV" = Constant, where n is called polytropic index. Both vapg,

and perfect gases follow this type of process closely. Work done during the process from State

to state 2 by system,

2 2 2 n
[ow =fpdv=fp—{/¥,'—(N
1 [ l

VZ—H-H _ VI"” +1
_ n
or Wiz =RV, —n +1

P an—n+l —pV" v-—-n+l

W, = 11 "2 11 "1

or 1-2 —n +1

P an—n+l —PV YV -n+l

22 2 171 ] o o n _

or W]_2 = 2 a1 ( P! vl’ - P2V2"

P,V, -PV
or W, = 272 171

=2 -n+1
- W, = PV, —I;2V2
n —

Note: In a polytropic process, the index n depends upon the heat and work quantities during
the process. The various processes discussed above are special cases of polytropic process fora

perfect gas.
If n=0 = PV?° = Constant = P = Constant (Isobaric process)
If n=o = PV =Constant = P"*.V = Constant = V = Constant  (Isochoric process)
If n=1 = PV = Const = er=1Y
| onstant = T = Constant | T = R (Isothermal process)
If n=y = PV” =Constant i.e. Reversible adiabatic process,
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