1.17. Reversible and Irreversible Processes
Reversible process: A reversible process (also sometimes known as a quasi-static process) is one that can be stopped at any stage and
reversed so that the system and surroundings are exactly restored to their initial states.
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This process has the following characteristics:

1. It must pass through the same states on the reversed path as were initially visited on
the forward path. P *
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2.1t must pass through a continuous series of equilibrium states.
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Examples. Some examples of nearly reversible processes are:
(1) Frictionless relative motion.
(i1) Expansion and compression of spring
(i11) Frictionless adiabatic expansion or compression of fluid.
(iv) Polytropic expansion or compression of fluid.

(v) Isothermal expansion or compression
(vi) Electrolysis b S Jalail) Fig.1.9 .Reversible process
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Irreversible process: An irreversible process is one in which heat is transferred through a finite temperature.
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Examples.

(1)Relative motion with friction
(i1))Combustion

(111)Diffusion

(iv)Free Expansion

(v)Throttling

(vi) Electricity flows through a resistance
(vii)Heat transfer

(viii)Plastic deformation

An irreversible process is usually represented by a dotted(or
discontinuous)line joining the end states to indicate that the
intermediate states are indeterminate(Fig.1.10).
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Irreversibilities are of two types:

1. External Irreversibilities. These are associated with dissipating effects outside the working fluid.
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2. Internal irreversibilities. These are associated with dissipating effects within the working fluid.
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1.18 Energy, Work and Heat

1.18.1. Energy

Energy is a general term embracing energy in transition and stored energy.
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The stored energy of a substance may be in the forms of mechanical energy and
internal energy (other forms of stored energy may be chemical energy and electrical

energy).

Part of the stored energy may take the form of either potential energy (due to high
above a chosen datum line) or kinetic energy (due to velocity).

in a non-flow process usually there is no change in potential or kinetic energy hence
mechanical energy will not enter the calculations.

In a flow process, however, they may changes in both potential and kinetic energy and these
must be taken into account.

Heat and work are the forms of energy in transition.
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1.18.2 Work and Heat

Work = Force X distance =F XL
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Sign convention: W (+)
(1) 1f the work 1s done

by the system on the Boundary

. 771
surroundings , the work SE T
is said to be positive S g
(11) 1if the work 1s done (@)

on the system by the
surroundings, the work
1s said to be negative.

Fig.1.11
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Heat

Heat denoted by the symbol Q. may be. defined in an analogous way to work as
follows:

" Heat is 'something’ which appears at the boundary when a system changes its state
due to a difference in temperature between the system and its surroundings".

Heat)| like work, is a transient quantify, which only appears at the boundary
while a change is taking place within a system.
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Sign convention :

(1) if the heat flows into a system from the surroundings. the quantity is said to be
positive

(i1) if the heat flows from the system to the surrounding it is said to be negative.
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Fig.1.12.Sign convention for work and heat
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Comparison of Work and Heat
Similarities:
(1) Both are path functions and inexact differentials.

(11) Both are boundary phenomenon i.e. both are recognized at the boundaries of the
system as they cross them.

(111) Both are associated with a process. not a state, Unlike properties . work and heat
has no meaning at a state.

(1v) systems possess energy. but not work or heat.
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Dissimilarities:

(1) In heat transfer temperature difference 1s required.
(11) In a stable system there cannot be work transfer, however, there is no restriction

for the transfer of heat.
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1.19 Reversible Work
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A= Cross—sectional area of the piston,
P= pressure of the fluid at any instant,

dl= the distance moved by the piston under the action of the force exerted.

—— or F=pA
Py o P

Work done by the fluid=(pA) X dl = pdV
Where 417 = a small increase in volume, or considering unit mass
Wark done = pdv

Where v = specific volume

Total valume

Note that specific volume =
mass

vV
or v=— SV =mrp
m

This is only true when

(a) the process is frictionless

(b) the difference in pressure between the fluid( or
system) and its surroundings during the process is
infinitely small. Hence when a reversible process
takes place between state 1 and state 2 , we have

2

work done by the unit mass of fluid = J pdv
1
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The work done by the fluid during any reversible process is therefore given by the

area under the line of process plotted on a p — v diagram [Fig.1.13(b)].

i.e Work done=Shaded area on Fig1:13(b)

2
=J pdv
1

Example 1.5. The properties of a closed system change
following the relation between pressure and
volume as pV=3, where p is in bar V is in m3.
Calculate the work done when the pressure

increases from 1.5 bar to 7.5 bar.

»= ()

p; = 7.5 %105

py=1.5x10>__
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Solution

s N 04
Initial pressure, p1=1.5 bar W = 105 x f EdF — 105 % 3[['“1,13.4
V
z
Finial pressure, P.= 7.5 bar = 105 x 3[Ln0- 4 — Ln2]
Relation between p and V, pV=3.0 =—3 % 10°Ln (%)
Work done, W=7 =—3 x 10°Ln5
=—3 x 10° x 161
The work done during the process is given by
=—4-83 x 10° Nm
¥; 1[]5
W= pdV =—4-33}-:11]5}=—4-53ﬁ=—4-33:{1ﬂ3kj=—4ﬂ’3kj
¥y
From the above relation IV = 2=2—2md
P 1.5
3 3
Vo=—=—=0-4m°
*EETE

From the relation pv=3 ., we find p =



Example 1.6. To a closed system 150 kJ of work is suppiied. If the initial
volume is 0 - 6 m* and pressure of the system changes asp = 8 — 4V, where

P is in bar and V is in m, determine the final volume and pressure of the
system.

Solution.

Amount of work supplied to a closed system = 150 k.J

Initial volume, V,;=0.6 m?*

Pressure—volume relationship, p=8 — 4V

The work done during the process is given by

From the relation p=8—-4V . substitute from p in this relation:

vy vy
W=| pdV=10°| (8—4V)dV
Fi -5
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Z
W= 1[:«5[5?—4%];’3:5 _8£6-585

% =0-354m®
= 10°[8(V, —0-6) —2(V3—0-6%]] ? 1l g o Jal 3 B Jags aaalt G LS
= 10°[8V; —4-8—- 2V +0-72] Final volume, ¥, = 0-354m*  (Ans-)
= 10°[8V, — 2V — 4 - 08] And, Final pressure, p, =8 —4V=8—4x0-354 = 6584 bar  (Adns)

But this work is equal to —150kJ, as this work is supplied to the system
Note: 1kJ=10°J
—150 :-: iﬂ{r = 10°[8V, — 2V2 — 4 - 08]
— 150 = 10%[8V2 — 2V —4-08
or 2Vi—8V,+2-58=0
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Example 1.7. A fluid at a pressure of 3 bar, and with a specific
3

volume of 0.18 ':—g, contained in a cylinder behind a piston

expands reversibly to a pressure of 0.6 bar according to a law,

p = C/v?, where C is a constant. Calculate the work done by

the fluid on the piston. - N
£2\)? = "=(iz)
\'Vl :C — @_- VZ m
3 . 2 2 2 -

©\3) :O‘G*Vzé VL'-'-O'\G?_ py =3 x10°

o.“ VZ :0.]_’02
2 5 7- s
C- ﬁc\/‘ =3*16 '18) = 0:0 77 2%(g

— 2 p, = 0.6 X 1Q§'________/ /
Wz]?- AV = shaded Aten = Areai vndor Cy Ve /
v
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