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Chapter 7 2nd law analysis for a Control VolumeChapter 7 2nd law analysis for a Control Volume

As was done with the first law analysis, we now consider more general 
application of entropy.

Recall we had
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Then we may rewrite (i) as

In terms of a rate equation

Or using inequality

∑∑ ⎟
⎠
⎞

⎜
⎝
⎛+⎟

⎠
⎞

⎜
⎝
⎛=−+

−+

cv vccv vc

iieettt

T
LW

tT
Q

tt
ms

t
ms

t
SS

....

11 δ
δ

δ
δδ

δ
δ
δ

δ
δ

∑∑∑∑ +=−+
cv

cv

cv

cv
iiee

cv

T
WL

T
Q

smsm
dt

dS

∑∑∑ ≥−+
cv

cv
iiee

cv

T
Qsmsm

dt
dS

여재익, jjyoh@snu.ac.kr, (02) 880-9334  - 2006 Spring - 5

For steady state, we know that there is no change with time of the 
entropy per unit mass at any point within the control volume,

So that the second law becomes

If there is one exit, one inlet, then

0=
dt

dScv (between state 1 & 2)
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• Example-1 (a steady state turbine)

Steam enters a steam turbine at a pressure of 1MPa, T=300°C, velocity 
of 50m/s. The steam leaves the turbine at a pressure of 150kPa and a 
velocity of 200m/s. Determine the work per kilogram of steam flowing 
through the turbine, assuming the process to be reversible and 
adiabatic. 
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Continuity

Energy (1st Law)

Entropy (2nd Law)
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From the steam table, (superheated vapor!)
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Plot the T-s diagram!
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∴The work per kilogram of steam for this isentropic process is (from 
1st law)

kg
kJwcv 5.377=

Steady State Turbine
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• Example-2

An inventor reports that he has a refrigeration compressor that receives 
saturated R-12 vapor at -20°C and delivers the vapor at 1Mpa, 50°C. 
The compression process is adiabatic. Does the process described
violate the second law? (a Steady State process)

Q: 그림과 일치하나?
(entropy increase?)
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Steady state 

That is, evaluate 
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ie SS <∴ 2nd Law is violated!!!
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• The Reversible Steady-State, Steady Flow Process

We consider the 1st law,

and the 2nd law is

• Consider Reversible and adiabatic, the 2nd law becomes

Recall the property relation 

or 
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Sub this into (iii), (w/ q=0)

i.e. Isentropic (Rev + Adiabatic)

• If the process is Reversible + isothermal, 2nd law reduces to
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and the property relation (*) can be integrated to give

Upon sub. (iii) 1st law

Same as (**).

In other words, (**) is valid for both

Rev+Adiabatic

Rev+Isothermal
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• Nozzle (for nearly liquid fluid, left of the dome, i.e. dv=0, w=0)))

We can integrate (**) w/ assumption                 (incompressible), and

“Bernoulli equation” in fluid mechanics or (i.e. first law)

• Turbine Compressor (majority is vapor, dv =non zero)

(**) becomes
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Note:

Since the pump handles liquid, which has a very small specific volume 
compared to that of the vapor that flows through the turbine, the 
power input to the pump is much less than the power output of the 
turbine.


