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Chapter (4

ENERGY ANALYSIS OF
CLOSED SYSTEMS

SUMMARY



The area under the process curve

on a P-V diagram represents the
boundary work.

Area=A=J dA=J Pd\V/
1 1

Process path



SUMMARY

MOVING BOUNDARY WORK EQUATIONS

Polytropic R vyt -yt poy, = PV,
W,= | PdV= | CV"dV=C————— =
1 1

Process —n + 1

Polytropic for ideal gas

When n = 1 (isothermal process) | {3 J Pdv = J Cv~'av = PVln( U )
1 1

1
Isothermal process for ideal gas
1

Constant pressure process W, = J PdV = P, J dV = Py(V, — V)

] 1

(Isobaric)



ENERGY BALANCE FOR CLOSED SYSTEMS

Enerqy balance per unit mass basis

€in — €out — ‘ﬁgﬁ}-’ﬂe{l‘l (l\J/ l\g)

Enerqy balance in differential form
ok, — oE .. = dE — e

1n “out

or oe, — désy stem

“1n

out system

Enerqgy balance for a cycle

I/]/rpat..cn.lt. — Q net.in Or I&Het.ﬂut — Q net.in



= AE

' .»a}.-'xln:rm

Q net.in W,

= net.out

Energy balance when sign convention is used (i.e., heat input and work
output are positive; heat output and work input are negative).

For acycle AE =0, thus QO = W.




Enerqy balance in the rate form

E‘ o Enlll — dEH}fxttlnffdr (I\VV)

Rate of net energy transfer Rate of change in internal,
by heat, work, and mass Kinetic, potential, etc., energies

E, —E,, =AU +AKE +APE

For a constant-pressure expansion or compression process:

AU +W, = AH



Energy balance for a constant-pressure
expansion or compression process

General analysis for a closed system undergoing a quasi-equilibrium

constant-pressure process. Q is 1O the system and W is from the
system.

AE

E E 'System

oult

k—"\.‘f—‘; v

Net energy transter Change in internal. Kinetic.
by heat. work, and mass potential. etc., energies

O O
O — W= AU + AKE + APE
Q — Wioher — Wi, = U, — U,

in

Q _ 1"']“":-_-utmr o P{:}(uz - Vl) — ‘Uz - UI

Q T I"']H_'.rlhcr — (UE + PEUE) T (L‘fl + P|U])

Q o I’1’;{:;;11l'vu':.r — H3 - Hl



?
3
v=\oT),

= the change in internal energ
with temperature at
constant volume

Ah=h, — h, =

= the change in enthalpy with
temperature at constant
pressure




c, and c, are properties.

C,.s related to the changes in internal energy and c, 1o
the changes in enthalpy.

A common unit for specific heats is kJ/kg - °C or kJ/kg - K.

AIR AIR

m=1Kkg m=1Kkg

300 — 301 K 1000 — 1001 K
N ) |

0.718 kJ 0.855 kJ



By using the tabulated u and h data.
This Is the easiest and most
accurate way when tables are
readily available.

By using the c, or c, relations (Table
A-2c) as a function of temperature
and performing the integrations. The
results obtained are very accurate.

3. By using average specific heats. This
IS very simple and certainly very
convenient when property tables are
not available. The results obtained
are reasonably accurate if the
temperature interval is not very
large.

Au =u, —u, (table)

2
Au =J cy (L di
1

Auz=c T

Vv,avg




Specific Heat Relations of Ideal Gases

AIR at 300 K

c, =0.718klJ/kg - K

R =0287 kl/kg - K } ¢, =1.005 kl/kg - K

or

CD =29.114 kJ/kmol - K

¢, =20.80 kJ/kmol - K
R, =8.314kJ/kmol - K



The relationship between c,, c,and R [

=c,+ R (kJ/kg - K)

Specific heat ratio S

Incompressible substance: Solids and liquids are
Incompressible substances.

Au=u, —u, = J c(T)dT (kJ/kg)
1

Ah = Au+ VAP = ¢, AT + v AP (kJ/kg)

For solids, the term v AP 1s insignificant and thus A = Au = ¢ ,AT. For
liquids, two special cases are commonly encountered:

1. Constant-pressure processes, as in heaters (AP = 0): Ah = Au = ¢, AT

avg

2. Constant-temperature processes, as in pumps (AT = 0): Ah = v AP




THE END
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