





Work and Heat Transfer -_39

Work is one of the forms in which a systern and ils surroundings can interact
with each other. There are various types of work mansfer which can get involved
between them.

32 pdFP-Work or Displacement Work

Let the gas in the cylinder (Fig. 3.4) be 2 sysiem having initially the pressure g,
and volume V. The systemn is in thermodynamic equilibrium, the state of which
is described by the coordinates py, ¥|. The piston is the only boundary which
moves due to gas pressure. Let the pis-

ton move out to a new final position 2, S Gan sn:?m:
which is also a thermodynamic equi- f‘;:‘ [ PR
librium state specified by pressure p, RN R

and volume V. At any intermediate s IR
point in the wravel ol the piston, let the ’

pressure be p and the volume V. This Rt —
must alse be an equilibnum siate, Fig. 3.4 pdV work

since macroscopic properties p and ¥

are significant only for equilibrium states. When the piston moves an
infinitestimal distance df, and if *a’ be the area of the piston, the force F acting
on the piston & = p.4. and the inlinitesimal amount of work done by the gas on
the piston

AW = F-di = padl = pd¥ (3.1

where d¥ = ad! = in[initesimal disptacement volume. The dilTerential sign in
di¥ with the line drawn at the top of it will be explained later.

When the piston moves out from position 1 to position 2 with the velume
changing from F) to ¥,, the amount of work # done by the system will be

f mMog —-— Quasi-siatic
W, ,= |pd¥ v proceas
H a

The magnitude ol the work done is T o _ Work
given by the area under the path 1-2, Lo~ wensfer
as shown in Fig. 3.5. Since p is at all o,
times a thermodynamic cocrdinate, all / “d 2
the states passed through by the sys- A
tem as the volume changes from V| to " _"I |_,‘_ vz
¥ must be equilibrium states, and the v

peth 1-2 must be guasi-static. The pis-

ton moves inflinitely slowly so that Fig. 35 Quasi-static pdV work

every state passed through is an equilibrium state. The imtegration j pdV can
be performed only on a guasi-static path.
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3.2.1 Path Function and Poini Function

With reference to Fig. 3.6, it is possible to take a system from staie 1 to stale 2
along many gnasi-siatic paths, such as 4, B or C. Since the area under each -
curve represents the work for each process, the amount of work involved in
each case is not a function of the end states of the process, and it depends on the
path the systemn follows in going from state 1 to state 2. For this reason, work is
called a path function, and & W is an inexact or imperfect differential.
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Fig. 3.6 Work—g paih function

Thermodynamic properiies are point functions, sioce for a given state, there
is a definite value for gach property. The change in 2 thermodynamic property
of a gystem in a change of state is independent of the path the system follows
during the change of state, and depends only on the initial and firal states of the
system. The differentials of point functions are exact or perfect differentials,
and the integration is simply

¥
de=ﬂ—H
4]
The change in volume thus depends only on the end states of the system
irrespective of the path the sysiem follows.
On the other hand, work done in a quasi-siatic process between two given
slates depends on the path followed,

2
[aw = w,—w,
1

Rather,

2
[aw =W, 0or W,
1

To distinguish an inexact differcntial 4 W from an exact differential d¥ or dp
the di[ferential sign is being eut by a line at its top.
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From Eq. (3.1},
av=Law (3.2)
P

Here, 1/p is called the imtegrating factor, Therefore, an inexact differentia)
& W when multiplied by an integraling factor 1/p becomes an exact difTerential
d¥.

For a cyclic process, the initial and final states of the system are the same,
and hence, the change in any property is zero, i.e.

§dv=0,{dp=0,§dr=0 (3.3)
where the symbol f denotes the cyclic integral for the closed path. Therefore,
the cyclic integral of a property is always zero.

322 pdV-Work in Various Quasi-Static Processes

_ (a) Constant pressure process (Fig. 3.7) (isobaric or isopiestic process}

¥,
W= f pdV=p(l>-F) (34
H
(b) Constant volume process (Fig. 3.8) (isochoric process)
Wy o= [ pav=0 35
1 2
o,
e,
N,
v, v,
(N v 2 ey
Fig. 3.7 Conttani precoure pirocess Fig. 3.8 Consiant volums process

(c) Process in which p¥ = C (Fig. 3.9)

%
W= deVs pY=p ¥, =C
]
_ (mh)
Pmy

"

dv Fa
Wi .=p ¥ j]_zp Vi ln -2
1-2 IIV,V 17 ¥,

. =p V;in &L (3.6)
P2



