SecondLaw_22

Air expands isothermally at steady state with no internal irreversibilities through a turbine from 10 bar (abs) and 500
K to 2 bar (abs). Determine the rate of heat transfer per unit mass flow rate of air and power per unit mass flow rate
of air.
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SOLUTION:

Apply the Entropy Equation to a control volume surrounding the turbine,

dScy _ 8Qintocv | . . :
- fCS T + ey + LinMS — Loye S,

at
where,
dz% =0, (steady flow)
Jos SQin;o cv — LintocV - (the process is isothermal, so the temperature doesn’t vary around the CS)

Jcy = 0, (an internally reversible process)
YinMS — Yo Ms = m(s; —s,), (one inlet/one outlet and steady flow)

Substitute and solve for the rate of heat transfer per unit mass flow rate,
0= Qin;o cv + m(51 _ 52)’

QintoCV_ _
e =T(s, —s1).

The change in the specific entropy, assuming ideal gas behavior, is,
s — 51 = 5°(T,) = s°(Ty) — Ryirln (%)

Note that since the process is isothermal, 7> = 71 and the previous equation may be simplified to,
Sy —S; = —Ryiln (%).

Using the given data,
T=500K,
Rair=0.287 kJ/(kg.K),
p1 =10 bar (abs),
p2 =2 bar (abs),
=  s2—51=0.46191 kJ/(kg.K),

= o = 3] ki/kg.

The power per unit mass flow rate may be found using the 1% Law applied to the same control volume,

dE . : , 1 . 1
d(t:V = Qinto cv Wby cv T Zinm (h + EVZ + gZ) - Zoutm (h + EVZ + gZ),
where,
dz% = 0, (steady)

Dinh (h + %VZ + gz) — Youe (h + %Vz + gz) = 1m(hy — hy),
(assuming changes in kinetic and potential energy are negligible)
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Note that since for an ideal gas 4 = A(T) and the process is isothermal, 42 = h1. Thus, simplifying Eq. (10) gives,

Wby cv _ Qintocv|

m m
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