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Second-Law of Thermodynamics for CV Systems

Second Law Analysis for CV System
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Second-Law of Thermodynamics for CV Systems
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Second-Law of Thermodynamics for CV Systems

dggy = Zj % + Z(T}’LS)Z' - Z(ms)e + é-cv

e For CM systems: mm; =0, M, = 0= d‘Z;m = Zj % +0

e For steady-state steady-flow (SSSF) process: dSg,/dt = 0.
e For l-inlet & 1l-outlet SSSF process: m; = m..

= (Se—si):ngﬂ_]]‘F%v
e For adiabatic 1-inlet & 1-outlet SSSF process:

= (Se—s)=S2=s. 25
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Second-Law of Thermodynamics for CV Systems

Moran Ex. 6-6 > Determine the rate at which entropy is produced within the
turbine per kg of steam flowing, in kJ/kgK.

Surroundings

at293 K * SSSF: £r —,
py =30 bar : _ —
T, = 400°C _ — W}‘V =540 kJ/kg m; = me m
=160 m/s =

i
N oy %=%: T, =350K.
=

[ ] Zi = Ze¢
— T, = 100°C
T,=350K— 2 Saturated vapor e States () & (2): defined.
V, =100 m/s
° dECV = Q Wy + 1 (h + = +gzz) <h + f +gze>

= Q=V

o Ler =3 2+ (ms)i — (ms)e +Gov

= Ocv =+ @
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Second-Law of Thermodynamics for CV Systems

Principle of Increase of Entropy

o o — ¥ L4y (ms)i— Y (1hs)e + Oy
= Lo = Yo 4y (ms);— Y (s
o B = &5 (1s); —

# d»slngrr — _%ﬂ_zi(ms

)e + dcv
Ze(ms)e + Osurr
et D_o(ms)e+Osam

ds, dS ds : . .
° d7tzet — 51/ + surr — % _ C%cv + Crot
[ ] Utot O — d*?ﬁet — dgt dssu'rr > 0

D
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Applications of Second Law of Thermodynamics

Borgnakke Ex. 7.2: > Reversible adiabatic flow of steam through nozzle,
Ve=7

L
P =1MPa P,=0.3 MPa

T,=300°C ~ses

i S=S e
V;=30m/s

(%3

® Continuity equation: m; = m. =m

3 V27V2
® First law: 0=0—0+ (h; — he) + == +0

® Second law: s; = s,.
= h; = h(steam, P; =1 MPa, T; =300°C) =V
= s; = s(steam, P; =1 MPa, T; =300°C) =V
= s, = 5s; & P, = 0.3 MPa: state ‘e’ defined.
= he=h(P.=0.3 MPa, sc=v)=v
v Y2 v, = 736.7 m/s< @

= Tg = (hz - he)
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Applications of Second Law of Thermodynamics

Isentropic Nozzle Efficiency

Py

Inlet state

2
N

hyyr=————t——=—=

5o
B2y

Sy s

V.
® For nozzle: w =0, A(PE)=0, Vi~0= h; = hy + =%
= _ Actual KE at nozzle exit _ V& _ m—hy

Ny = Isentropic KE at nozzle exit — szs ~ hi—hos
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Applications of Second Law of Thermodynamics

Moran Ex. 6.6: > Entropy production in a steam turbine

T
Py =30 bar W
T, =400°C _ —125% = 540 kl/kg
V, =160 m/s !
I
; 100°C {—
— T, = 100°C
T, =350 KJ == Saturated vapor
V, =100 m/s s
® Continuity equation: m; = m., = m
. V27 V2
® First law: 0 = ¢ — w+ (h; — he) + =5—= +0

e Second law: (s, — s;) = le + %

= P1:3Obar, T1=4OOOCZ:>}'L1=‘/, 51:‘/
= T2=1OOOC, $2=1.0.:>h2=\/, 522\/

Applications of Second Law of Thermodynamics

Isentropic Turbine Efficiency

P
/
/
1 F/// T
/// | Actual
expansion
/1

= hy

\ ~
T Isentropic

\ expansion
/

Accessible
states

® w; = hy — hy: for steady-state, adiabatic exﬁansion.
° % = sy — 51 = 0: states with sy < s; is not attainable with
adiabatic expansion.

® yls = hy — hys: state ‘28’ is for internally reversible expansion.

— Se _ iy : : : W, hhy £y
= g=-2392kJ/kg= %= —0.499 ki/kg K <. = Isentropic turbine efficiency, |n: = g = =2 :
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Applications of Second Law of Thermodynamics

Cengel Ex.7.14: > Isentropic Efficiency of a Steam Turbine

T°C
Py =3MPa
T, =400°C
Actual process
2MW 400 -
K Isentropic process

STEAM
TURBINE

N

P,=50kPa
T, = 100°C
L (P1 =3 MPa, T} :40000) = hy :‘/,31 =V

° (Pg =50 kPa, Ty = 10000) = hy =V
® (Py; =50 kPa, s55 = $1) = has =V
= Me= PR = 66.7% <

<P

= 1= L% =3.64 kg/s <
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Applications of Second Law of Thermodynamics

Isentropic Compressor and Pump Efficiencies

Accessible
states
h
o 2
2 /
//’/' ’LAdua\
/ compression
hy~ ,/ Isentropic
hys = h: / compression
//
/’ Py
_d - —
s
® w. = h;—hy = —(hy— hy): for steady-state, adiabatic compression.

o % = 8y — 51 = 0: states with sy < 51 is not attainable with

adiabatic compression.
d 'wc|s = hl - h2s = _(}”Zs - h'l)
—Wels _ hgs—hy

= Isentropic compressor/pump efficiency, |1, = —i = P
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Applications of Second Law of Thermodynamics

Cengel Ex. 7.15: > Effect of efficiency on compressor power, if . = 80%

T, K
P, =800 kPa
Ty f=—mm—————
AIR j o 'I/Aclual process
COMPRESSOR (—
m=0.2kg/s Isentropic process

285F-----—=

P, =100 kPa |

T,=285K :

o Ty, = Ty (Py/P)*"1/k = 5165 K

_ has—hy _ cp(T2s—Th) —
® 1N, = ’7’227}7’11 = C};(iin) = T2—5748K

= Wels = —m(has — h1) = mcp(Tes — T1) = —46.5 kW <
= Wczfm(}vthl):7me(T27T1):7581 kW <« @
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Applications of Second Law of Thermodynamics
Steady-state Flow Process

e First Law: CM system & reversible process:
= 8q =du+dw = d(h— Pv)+ Pdv = dh — vdP
e Second Law: 6q = Tds = Tds = dh — vdP
= [?Tds = [}(dh — vdP) = (hy — h) — [ vdP
e First Law: CV system & reversible process:
= 0= qi2 — w2 + (h1 — h2) — A(ke) — A(pe)
= wi = gio+ (1 — ho) —0— 0= [} Tds + (b — ho) = — [ vdP

2
Wes = wip = — [] vdP
4

% 3 vdp

SSSF Processes - II
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Applications of Second Law of Thermodynamics

Py™ = constant

2
Wy = wip = — [} vdP

= (% (Pywy — Proy) = "ERT) in#l

“RTw(2)  —-RTI(Z) in-

] qi2 = hy — h1 + w2

Example: > A compressor operates at steady state with nitrogen entering at
100 kPa and 20°C and leaving at 500 kPa. During this compression process,
the relation between pressure and volume is Pv!-3 =constant.

cp = 1.0 kJ/kg.K
= Ty/Ty=(Py/P)" V"= T, =425 K.

e R =(8.314/28) = 0.2969 kJ/kg.K,

= wp = "IN — 1695 kI/kg <
= gz =cp(To— Ty) + wip = —37.5 k /kg < @
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Applications of Second Law of Thermodynamics

Py™ = constant

Wy = Wi = jf Pdv

_ Pyu—P _ R(Tp—Ty) i
VU0 Bt = S = n#l
: ?\ =RTl (%) =-RTW (%) in=1
Wiey = J‘IMP dv "1 1

Q12 = U — U + Wi2
Example: > In a reversible process, nitrogen is compressed in a cylinder from
100 kPa and 20°C to 500 kPa. During this compression process, the relation
between pressure and volume is Pv'3 =constant.

® R =(8.314/28) =0.2969 kJ/kg.K, ¢, =R/(1.4—1)=0.742kJ/kg.K
= To/Ti=(P/Py)" V/"= T, = 425 K.
= wp, =" 1304 kI/kg <

1—n

= quu=-cy(Te— T1) +w = —322 kl/kg < @
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Applications of Second Law of Thermodynamics

Cengel Ex.7.12: > Compression & Pumping Works

T

(2) wp =—[2vdP = —v;(P, — P;) = —0.939 k/kg
(b) we = hy — hy =—518.6 kJ/kg

= We >> Wy

P, =100 kPa P, =100 kPa
(a) Compressing (b) Compressing
a liquid a vapor
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