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

-
P=1MPa F,=0.3 MPa
T,=300°C Gog /
(s} 1
V; =30 m/s
T185
@ Continuity equation: m; = m, =m °
@ First law: 0=0—0+ (h; — he) + Vngf +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, =s5; & P, = 0.3 MPa: state ‘e’ defined.
= he =h(P. =03 MPa, s.=v)=V
2 2
— %= = (hi — he) + % = V. =736.7m/s<
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Isentropic Nozzle Efficiency
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e For nozzle: w =0, A(PE) =0, V1~0:>h1:h/2+v722

___Actual KE at nozzle exit __ V3 ~ h1—ho
NN = Isentropic KE at nozzle exit — V225 ~ hi—has

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

30 bar

Py =30 bar W
T, =400°C __ == —¥ =540 kl/kg
V,=160m/s 1=

100°C —
— T,=100°C
T, =350 KJ =, Saturated vapor
T178 V, =100 m/s s
o Continuity equation: m; = m. = m
. v2_y2
@ First law: 0 =g —w + (h; — k) + =5 +0

@ Second law: (s — s;) = Tib + %
= P;=30bar, T; =400°C - —= h1 =V, s1 =V
= T5=100°C, 20 =10 = hy =V, sa =V

= ¢=-23.92kJ/kg = %= =0.499 kJ/kg.K <.
SSSF Processes - 11

© Dr. Md. Zahurul Haq (BUET) ME 203 (2017)




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

Isentropic Turbine Efficiency
7,°C
/pw P, =3 MPa
h T, =400°C
- /1 T Actual process
/1 exAp;tnlfc‘m K\ 2MW 400 - . .
= hy \ . sentropic process
hy = hys — Isentropic STEAM ==
\,  expansion TURBINE
7(2 100 -
_ 2s \ 3
Accessible }
states l
P2 1179 P, =50 kPa = -
T176 T, =100°C
o . R B . 0(P1:3MPa,T1:400"0):éh1:‘/,31:~/
= hy — hy: for steady-state, adiabatic expansion.
; . . . . @ (P, =50 kPa, T, =100°C) : =
o % — 5y — 51 2 0: states with s < 51 is not attainable with (P2 =50 » T2 =100°C) == hy = v/
adiabatic expansion. @ (P =50 kPa, 55 = 81) = hps = v
® Wi|s = hy — hos: state ‘25’ is for internally reversible expansion. — ne= P =66.7% <
. . . _ 17-’t _ h1—h2 O . P
= Isentropic turbine efficiency, |n: = B = R he — = £ — 3,64 kg/s <
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ISGIltIOpiC Compressor and Pump Efficiencies > [Cengel Ex. 7.15]: Effect of efficiency on compressor power, if . = 80%

7K
Accessible
h states. 0
o 2 P, = 800 kPa
2% /l j L
1
!
// /'7?;$u:!055\0n AIR Thr——————— 'I/Actual process
hy =y | Isentropic COMPRESSOR =
hys =y 7 compression i =0.2kg/s Isentropic process
!
// - P (’
- 1 285 ----===
P, =100 kPa |
peved . 7,=285K :
. . . . T180 Sps =S s
® W, = hy —hy = —(hy — hy): for steady-state, adiabatic compression. 2
5 . . . . . - (k-1)/k _ 516.
o % =5 — 5 2 0: states with s; < s; is not attainable with T2s = Tu(P2/P1) 516.5 K
. . . _ Toy— T
adiabatic compression. o 1, = fash — & ((7?2 7T11)) = T, =574.8K
® Wl = hy — hps = —(hos — h1) = Wels = —m(has — h1) = mcp(Tas — T1) = —46.5 kW <
= Isentropic compressor/pump efficiency, 1. = :LJC‘S = % = W.=—-m(hy—hi) = —1hcp(To — T1) = —58.1 kW <
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Steady-state Flow Process

o First Law: CM system & reversible process:
= dg=du+dw = d(h— Pv) + Pdv = dh — vdP
o Second Law: 6q = Tds = Tds = dh — vdP
= [?Tds = [*(dh — vdP) = (hy — hy) — [ vdP
o First Law: CV system & reversible process:
= 0= g2 — w2 + (l1 — h2) — A(ke) — A(pe)
— wip =g+ (h—h)—0—0=[?Tds + (hy — hp) = — [ vdP

wsf = W12 = — J‘f vdP
14

) ivdp

T182
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Pvy™ = constant

Wef = Wyp = —ff vdP

" [ = (Pavy— Proy) =PRI —

Lo Wizl o (ﬁ) —_RTIn (&) A

| war E? v ‘
m\ar d1s = hy — hy + Wi

1
> 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,

1.3 —constant.

the relation between pressure and volume is Pv
cp = 1.0 kJ/kg.K
= Tp/Ty=(P/Py)" V" — T, = 425 K.

= wy, =TT 1695 k] /kg <

1-n

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

= quz2=cp(To— T1) +wip =375kl /kg <
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Py™ = constant

Wy = W12 = jf Pdv

— Powp—Piyg  _ R(T2-Ti) .
A - 1-n - 1-n 'n#l
W12

— RTIn (g—f) — _RTn (ﬂ) n=1

1

192 Qu2 = Up — U + W12
> 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!-® =constant.
® R =(8.314/28) = 0.2969 kJ/kg.K, ¢, = R/(1.4—1)=0.742 kJ/kg.K

= Ty/Ty = (Py/P)" 1/" —= Ty =425 K.

= wyy =2T2=T) — _130.4 kJ/kg <

1-n

= qz=cv(Ty— T1) + wiz = —32.2 kJ/kg <
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> [Cengel Ex.7.12]: Compression & Pumping Works

T

= wp :_ﬁ vdP = —v (P, — P1) =
—0.939 kJ/kg <

= wg = h; — hy = —518.6 k.]/kg <

P,=1MPa P, =1MPa
T = We >> Wp
Pump
‘/V
I
Py =100 kPa Py =100 kPa

(a) Compressing (b) Compressing
T191 aliquid a vapor
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