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» The Reversible Steady—State, Steady Flow Process

We consider the 1st law,
2 2

V. \%
q+hi+?+gzi=he+ ; +gz,+w

and the 2n |aw is

m(sg—s,.)zz%

Consider Rever!sible and adiabatic, the 2nd law becomes Se =9

Recall the relationship T ds =dh—vdp =0

" h—h =J;evdp
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(iii)

i

(%)

Sub this into (iii), (w/ g=0)
2 2

Ve 1
W:(hi _he)+%+g(zi _Ze)

(%)
.
:—I_ vdp+T+ a2 )
i.e. Isentropic (Rev + Adiabatic)
If the process is Reversible + isothermal, 2nd law reduces to
. lw,. O
m(se_si):7 cv= -
T %Q T
QCV i
o T(s,—s)=="=¢q (iv)
m
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and the property relation (*) can be integrated to give
T(s. —s)=(h —h)—| vd )
Se si - e i ; vap

Upon sub. (iii) 1st law
2 2

e V.-V
W:—.[ vdp+#+ g(Z, _Ze)

Same as (**).
In other words, (**) is valid for both
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- Nozzle

We can integrate (**) w/ assumption V = const. (incompressible), and
w=0
vi-v’
v(p, —Pi)+%+g(2e -z,)=0
“Bernoulli equation” in fluid mechanics or
2 2

pi ‘/I pe Ve
g =+t gz
> 8%; > 82,

+ (Turbine Compressor)

KE=PE=0 (x+) becomes
e
w= —I_ vdp
i
O T4, jjyoh@snu.ac.kr, (02) 880-9334 - 2006 Spring - 6 Cambt »:{ :_~ I aharatang

e KCARINS b AR

Chapter 7 continued...

- Example

Calculate the work per kilogram to pump water isentropically from
100kPa, 30°C to 5Mpa.

We note:
Incompressible, steady state, steady flow

1st Law: h,=h, +w
2nd Law: s,—s, = 0
p =100kPa, T =30°C Satliquid

s, =

l

RSO C—

> Then we can evaluate Work W = hl. = he

Inlet:
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+ Recall we had for Rev & adiabatic (Isentropic) process, (See (**))

2 2

V.-V
W:(h[ —he)+#+g(zl _Ze)

2 2

¢ V.-V
:—J‘ VdP"‘#‘*'g(Z, _Ze)

w/o PE, KE,

w=—fvdp

Consider a polytropic process, pVv" = const.

e . d
W=_J.i Cil;/=_i_l(peve_pivi)
pinoon (n#1)
n

- Rﬁn—z)

| Check!]
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» As for the Rev + Isothermal process with polytropic gas n=1, we have

w:—J.:vdp :—C.[ed?p =—p,;v;In P

/ Di

‘ Same for both rev+adiabatic and rev+isothermal

or 14
w=-p,,In=*
Di
Check!
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- Efficiency
. —_ net
Recall for heat engine, cycle My =
Oy
In the control volume (CV) analysis, (e.g. processes)
Nrbine = Where a: actual, s: isentropic process
WS
% 2 w,.>w,
a
__/2 T
”nuzzle - 2
V. /
2
w -1
_ s
”adiabaticcompressor - w (nturb )
a
w,<w,
W
isothermal compressor
77 B S < a
a
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Example is the best way to check your understanding... ©

- Example
A steam turbine receives steam at a pressure of 1 Mpa, 300°C. The
steam leaves the turbine at a pressure of 15kPa. The work output of
the turbine is measured and is found to be 600kJ/kg of steam flowing
through the turbine. Determine the efficiency of the turbine.

steam . = IMPa
) T, =300°C
p, =15kPa
W =600kJ / kg
e Sat, Steam
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actual

W

5

77turb =

Consider steady state and isentropic, (i.e. adiabatic)
m, =m, =m
hi _hes = Ws

From steam table,

h, =3051.2kJ / kg
s, =7.1229kJ | kg K

- p, =15kPa

s, =7.1229=+s, =0.7549+ x,,7.2536

x,, =0.8779

h,, =2259+0.8779(2373.1) =2309.3kJ /kg
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So
w, =h —h,_ =3051.2—2309.3
=741.9kJ / kg
Thus,
w 600
=—+=——=80.9%
77turb ) 741 9 0
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Chapter 8 Vapor Power Cycles

* Rankine Cycle

2 : Rev + adiabatic pump

-3 : Constant —p transfer of heat in the boiler (not isothermal)
4 : Rev + adiabatic expansion in the turbine

i . Constant —p transfer of heat in the condenser

Boiler

® 23

Condenszer
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