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3.5 FREE EXPANSION WITH 7ERO WORK TRANSFER

i stem. It is a

Work transfer is identified only at the bo'undauf:s Otia ;g’undary . usb:unqa
phenomenon, and a form of energy in transit c-:r.oss1(an. 63 7, Let .the pam?im]dsr

' " by a partition (F1g. 3.1/). 0n b
a gas separated from the vacuum by a partitic ) '
rémoved. The gas rushes to fill the entire volume. Theﬁp_ﬁ%}%ﬂi{gamg;
vacuum is called free expansion. If we neglect the work associate tWl F‘e remoyy|
of partition, and consider the gas and vacuum together as our system (Fig. 3.17;)

there is no work transfer involved here, since no work crosses the system boundary,
and hence

2 2 s
J- dW=0, although J.] pdV #0

1

If only the gas is taken as the system (Fig. 3.17b), when the partition is removed
there is a change in the volume of the gas, aanj to calculate the work

from the expression JLpdV. However, this is not a quasi-static process, although
1 a.

the initial and final end states are in equilibrium. Therefore, the work cannot be
calculated from this relation. The two end states can be located on the p—V diagram

and these are joined by a dotted line (Fig. 3.17¢) to indicate that the process had

Pi/rtltlon /_ Boundary !— Partition o 3
LLLLLLL AL LS AL L1 Y
/i_ 7] 17 ‘ Q\
/ 14 )
§: Gas Vacuum f %
Y

A # Vacuum S ’
’//[ _____ L———--..._!/ 3 S~~_0
IS TS 77777 T e,

(a) Insulation —-/ ( Vv

b)
Partitions (c)
(L LLL Ll Al 1

A 1 Q

) |

/: Gas !

4 :

g [SEpp—— 41/ 2

ST 7777 7

Vacuum e mie Rt
T V
(d)
. (e
Fig.3.17 )

Free Expansion
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Work and Heat Transfer 53

occurred. However, if _the vacuum space is divided into a large number of small
volumes by partitions and the partitions are removed one by one slowly
(Fig. 3.17d), then every state passed through by the system is an equilibrium state

2
and the work done can then be estimated from the relation f pdV (Fig. 3.17e). Yet,
Y - |

in free expansion of a gas, thee is no resistance to the fluid at the system boundary
as the volume of the gas incréases to fill up the vacuum space. Work is done by a
System to overcome some resistance. Since vacuum does not offer any resistance,
there is no work transfer involved in free expansion. Rl
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3.3 INDICATOR DIAGRAM

{\n indicator diagram is a trace made by a recording_pr CSSUTC gauge, calleq th
indicator, attached to the cylinder of a reciprocating engine. This repre \

i S —

e . , ‘—%th
work done in one engine cycle. Figure 3.11 shows a typical engine indicator e

D Pencil
L .

Connecting rod

Crank

Cross-head
Piston rod

Fig.3.11 Engine Indicator

The same gas pressure acts on both the en
The indicator piston is loaded by a Spring a

gine piston P and the indicator piston /.
change in pressure. The motion of the indj

nd if moves in direct proportion to the

cator piston causes g pencil held at the
of pape

of one atmosphere.
@he area of the indicator diagram Tepresents th
- . € Magpn;j
_P}_'.ih—e system in one anme Cycle.:! The area under nity
done by the system and the area under the gy, ,_; o Path 1-2 represents work
Syste.m (Flg. 3.12). The area Of the dla re'presents Work done upon the

i | ' gram, 4
planimeter, and the h?ngth of the diagram ; ;. % 1S Measureq fa
pressure (m.e.p.) p,, is defined in the fol (; @ 1S also Oy AN 2

o meas < ,
- wing way o0 The mean effectivé
a
ly
where K is the indicator spring const

. ant (N/em?2
engine cycle cm t _
. e Tavel). Work done in 01¢

de of the pet work done
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_ Engineering Thermodynamics

An engine is said to be double-acting, if the working fluid is made to wox
both sides of the piston. Such an engine theoretically develops twice the amoy
work developed in a single-acting engine. Most reciprocating steam engineg
double-acting, and so are many marine diesel engines. Internal combustion eng

for road transport are always single-acting.
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o g |

foui(lithough tl.le system approach is quite valid, there is another approach,, .
_ to be highly convenient. Instead of concentrating attention upon , Ch*cﬁ'

?‘OC ntity of fluid, which constitutes a moving system in flow processes, attey
used upon a certain fixed region in space called a‘conz‘rol volumdthroy ‘i‘;}ns
i

Wﬂa This is similar to the analysis of Euler in fluid e

ics. Cchy,

To distinguish the two concepts, it may be noted that while the syster (clogy

boundary usually changes shape, position and orientation relative to the Obserye
the control volume boundary remains fixed and unaltered. Again, while matterugg

ally crosses the control volume boundary, no such flow occurs across f

system boundary.
The broken line in Fig. 5. l{represents the surface of the control volume Whichi

known as the control Surfacé: This is the samé as the System boundary of the op
system. The method of analysis is to inspect the control surface and account foral
energy quantities transferred through this surface. Since there is mass trashk
across the control surface, a mass balance also has to be made. Sections 1 a!
allow mass transfer to take place, and Q and W are the heat and work interactio®

respectively.
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similarities between them:

1. Both are recognized at the boundaries of a system as they cross the
boundaries. That 1s, both heat and work are boundary phenomena.

2. Systems possess energys, Wk

3. Both are associated with a process, not a state. Unlike properties, heat
or work has no meaning at a state. ’

4. Both are path functions (i.e., their magnitudes depend on the path fol-
lowed during a process as well as the end states).

Path functions have inexact differentials designated by the symbol 9.
Therefore, a differential amount of heat or work is represented by 8Q or
5W, respectively, instead of dQ or dW. Properties, however, arc point func-
tions (i.e., they depend on the state only, and not on how_a system reaches
that state), and they have exact differentials designated by the symbol]% A
~mall change in volume, for example, is represented by dV, and the fotal

[ AR

volume change during a process between states 1 and 2 1s

J’dVZVZ—VIZAV

1

That is, the volume change during process 1-2 1 always the volume at state
2 minus the volume at state 1, regardless of the path followed (Fig. 2-19).

The total work done during process 1-2, however, is

2

J-SW = Wp (not AW)
1

2m

FIGURE 2-19

Properties are point functions; but heat
and work are path functions (their
magnitudes depend on the path
followed).
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