Ideal ve Gercek Gaz Tiirbini ( Brayton ) Cevrimleri

9-92 Is akiskan1 hava olan rejeneratérlii bir Brayton ¢evriminin basing oram 7 ¢ dir. Cevrimin
en diisiik ve en yiiksek sicakliklart 310 K ve 1150 K * dir. Kompresoriin izantropik verimi
yiizde 75, tiirbinin izantropik verimi yiizde 82 ve rejeneratoriin etkinligi yiizde 65 olduguna
gore, (a) tlrbin c¢ikisinda havanin sicakligini, (b) ¢evrimin net igini ve (c) g¢evrimin 1sil
verimini hesaplaymiz. Coziim: (a) 783 K, (b) 108.1 kJ/kg, %22.5

9-94 Hava, rejeneratorlii bir gaz tiirbininin kompresoriine 300 K sicaklikta ve 100 kPa
basingta girmekte ve burada 800 kPa basinca ve 580 K sicakliga sikistirilmaktadir.
Rejenerator etkinligi yiizde 72 olup, hava tiirbine 1200 K sicaklikta girmektedir. Tiirbin
verimi yiizde 86 olduguna gore, havanin 6zgiil 1silarinin sicaklikla degisimini dikkate alarak,
(a) rejeneratdrde gecen 1s1 miktarini ve (b) 1s1l verimi hesaplaymiz. Coziim: (a) 152.5 kl/kg,
(b) %36

Ara Sogutmali, Ara Isitmali, Rejenaratorlii Brayton Cevrimi

9-104 ikiser kademeli sikistirma ve genislemenin oldugu ideal bir gaz tiirbini ¢evriminde
kompresor ve tiirbinin her iki kademesinde basing orani 3’ tiir. Hava kompresoriin her iki
kademesine 300 K, tiirbinin her iki kademesine ise 1200 K sicaklikta girmektedir. (a)
Rejenerator kullanilmamast ve (b) yiizde 75 etkinlige sahip bir rejeneratoér kullanilmasi
durumunda, ¢evrimin geri is oranini ve 1s1l verimini hesaplayiniz. Oda sicakligindaki 6zgiil
1silarin sabit oldugunu varsayiniz.

9-106 Iki kademeli sikistirma ve iki kademeli genislemenin oldugu rejeneratdrlii bir gaz
tiirbini santralinde toplam basing oran1 9 ° dur. Hava kompresoriin her kademesine 300 K,
tiirbinin her kademesine ise 1200 K sicaklikta girmektedir. Ozgiil 1s1larm sicaklikla degisimini
dikkate alarak, 110 MW net gii¢ iiretilmesi i¢in havanin sahip olmasi gereken en az kiitlesel
debi ne kadar olmalidir? Coziim: 250 kg/s

Basit Rankine Cevrimi

10-15 210 MW giiciinde bir buharli gii¢ santrali, basit ideal Rankine g¢evrimine gore
caligmaktadir. Buhar tiitbine 10 MPa basing ve 500 °C sicaklikta girmekte ve
yogusturucudal0 kPa basingta sogutulmaktadir. Cevrimi doymus sivi ve doymus buhar
egrilerinin de yer aldig1 bir T-s diyagraminda gostererek, (a) tlirbin ¢ikisinda buharin kuruluk
derecesini (b) ¢evrimin 1s1l verimini ve (c) buharin kiitlesel debisini hesaplayiniz. Coziim (a)
0.793, (b) yiizde 40.2, (c) 165 kg/s

10-16 Tiirbin ve pompanin izantropik verimini yiizde 85 alarak Problem 10-15" i tekrar
¢Oziinliz. Coziim: (a) 0.874, (b) %34.1, (¢) 194 kg/s

10-19 Komiir yakarak 300 MW gii¢ iireten bir buharli gili¢ santrali basit ideal Rankine
cevrimine gore caligsmaktadir. Tiirbin girisinde buharin basinci 5 MPa, sicakligr 450 °C ve
yogusturucu basinct 25 kPa ’ dir. Kémiiriin 1s11 degeri ( yakildiginda aciga ¢ikan 1s1 miktar )
29300 kJ/kg ‘dir. Kazanda bu enerjinin yiizde 75 ‘i buhara aktarilmakta olup, elektrik
jeneratoriiniin verimi yiizde 96 ‘dir. (a) Santralin toplam verimini ( net elektriksel gii¢
cikisinin yakit olarak girilen enerjiye orami ) (b) birim zamanda gereken komiir miktarini
hesaplayimiz. Coziim: (a) %24.5, (b) 150 t/h



10-21 Basit ideal Rankine ¢evrimine gore ¢alisan bir buharh gii¢ santralinin net giicii 45 MW
‘tir. Su buhart tiirbine 7 MPa basing ve 500 °C sicaklikta girmekte, yogusturucuda 10 kPa
basingta sogutulmaktadir. Yogusturucunun sogutulmasinda kullanilan gol suyunun
yogusturucu borularindaki kiitlesel debisi 2000 kg/s dir. Cevrimi doymus sivi ve doymus
buhar egrilerinin de yer aldig1 bir T-s diyagraminda gostererek, (a) ¢evrimin 1s1l verimini, (b)

buharin debisini ve (c) sogutma suyunun sicakligindaki yiikselme miktarini hesaplayiniz.
Coziim: (a) %38.9 (b) 36 kg/s, (c) 8.4 °C

10-22 Tiirbin ve pompanin izantropik verimini ylizde 87 alarak Problem 10-21 ‘i tekrar
¢Oziiniiz. Coziim: (a) % 33.8, (b) 41.4 kg/s, (¢) 10.5 °C



9-66

9-96 A Brayton cycle with regeneration using air as the working fluid is considered. The air temperature at
the turbine exit, the net work output, and the thermal efficiency are to be determined.

Assumptions 1 The air standard assumptions are
applicable. 2 Air is an ideal gas with variable specific heats.
3 Kinetic and potential energy changes are negligible.

Properties The properties of air are given in Table A-17.
Analysis (a) The properties of air at various states are
h; =310.24 kl/kg

Ti=310K == p 5546

P
P =?2P,] = (7)1.5546)=10.88 —> h,_ =541.26 kl/kg

r2
1

Ne = % —— hy = hy +(hy, —1y)/ e =310.24+(541.26 -310.24)/(0.75) = 618.26 kl/kg
27"

hy =1219.25 kl/kg
P, =200.15

r3

T, =1150 K —>

P
P =P =G)(200.15)= 28.59 —> hy, =711.80 kl/kg

ry T P3 r3
hy —h

nr =# —— hy = hy =17 (hy —hyy )=1219.25-(0.82)(1219.25-711.80) = 803.14 kl/kg
3 4s

Thus, 74 = 782.8K

(0) Waet = Wrou —Wein = (s —hy)=(hy = 1y)
=(1219.25-803.14)-(618.26 —310.24)
=108.09 kJ/kg

hs —h
(©) g=ﬁ—>h5=h2+g(h4—h2)
M =618.26+(0.65)803.14-618.26)
=738.43 kl/kg

Then,
Gin =h3 —hs =1219.25-738.43 = 480.82 kJ/kg

W 108.00 ki/kg

= =22.5%
g 480.82kl/kg

Mn =
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9-68

9-98 A regenerative gas-turbine engine using air as the working fluid is considered. The amount of heat
transfer in the regenerator and the thermal efficiency are to be determined.

Assumptions 1 The air standard assumptions are applicable. 2 Air is an ideal gas with variable specific
heats. 3 Kinetic and potential energy changes are negligible.

Properties The properties of air are given in Table A-17.

Analysis (a) The properties at various states are T
r, =P,/ P =800/100 =38 1200 K
T, =300 K —— /; =300.19 kJ/kg SROK
T, =580 K —— h, =586.04 kl/kg
T, =1200 K —> hy =1277.79 kl/kg 300 K-

P, =238.0 §
b, =1?P,3 =3 (238.0)=29.75 — h,, =719.75 kl/kg
3
hy—h
Nr =# ——> hy = hy =7 (hy = hyy)
3 7 M4

=1277.79-(0.86)1277.79 ~ 719.75)
=797.88 k/kg
Gregen = E(hy —hy)=(0.72)(797.88 - 586.04) = 152.5 kJ/kg

(0) Whet =W out = Wein = (b3 —hy )= (hy =y )
=(1277.79-797.88) - (586.04 — 300.19) = 194.06 kJ/kg
Gin =13 =)= Gregen = (1277.79-586.04)-152.52 = 539.23 ki/kg

Woe  194.06 kl/kg
g 539.23kl/kg

Mn = =36.0%
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9-110 A regenerative gas-turbine cycle with two stages of compression and two stages of expansion is
considered. The minimum mass flow rate of air needed to develop a specified net power output is to be
determined.

Assumptions 1 The air standard assumptions are applicable. 2 Air is an ideal gas with variable specific
heats. 3 Kinetic and potential energy changes are negligible.

Properties The properties of air are given in Table A-17.

Analysis The mass flow rate will be a minimum when the cycle is ideal. That is, the turbine and the
compressors are isentropic, the regenerator has an effectiveness of 100%, and the compression ratios across

each compression or expansion stage are identical. In our case it is 7, =\/§ = 3. Then the work inputs to
each stage of compressor are identical, so are the work outputs of each stage of the turbine.

T, =300 K —> hy =300.19 kikg, P, =1.386

2

P
P =?2Pr] =(3)(1.386)=4.158 ——> h, = h, =411.26 kl/kg T
1

T5 =1200 K —> hs = h; =1277.79 ki/kg, P, =238 1200 K- Sy

7

P
p=-Stp = (lj(238)= 79.33 ——> hg = hg = 946.36 kl/kg

re P5 rs 3
wein = 2(hy —hy)=2(411.26-300.19) = 222.14 kJ/kg 4
Wr.ou = 2(hs —hg )=2(1277.79-946.36) = 662.86 k/kg 300Kt 3¢ ¢

Waet = Wrout = Wen = 662.86—222.14 = 440.72 kl/kg

W 110,000 kJ/s
W 440.72 kl/kg

=249.6 kg/s

9-111 A regenerative gas-turbine cycle with two stages of compression and two stages of expansion is
considered. The minimum mass flow rate of air needed to develop a specified net power output is to be
determined.

Assumptions 1 Argon is an ideal gas with constant specific heats. 2 Kinetic and potential energy changes
are negligible.

Properties The properties of argon at room temperature are ¢, = 0.5203 kJ/kg.K and k = 1.667 (Table A-
2a).

Analysis The mass flow rate will be a minimum when the cycle is ideal. That is, the turbine and the
compressors are isentropic, the regenerator has an effectiveness of 100%, and the compression ratios across

each compression or expansion stage are identical. In our case it is 7, =\/§ = 3. Then the work inputs to
each stage of compressor are identical, so are the work outputs of each stage of the turbine.

(k=1)/k
P
T,=T, (?2} = (300 K)3)"*"1567 = 465.6 K
1

T
(k=1)/k 0.667/1.667
Fs 1 5,7
Ty =Ts| % =(1200K) = =773.2K 1200 K-
P 3
8
Wein = 2(hy —hy )= 2¢, (T, T} ) = 2(0.5203 ki/kg - K {465.6 - 300)K
=172.3 kl/kg
4
wr ou = 2(hs —hg ) =2, (Ts =T, ) = 2(0.5203 kl/kg -K {1200 - 773.2)K
= 444.1 kJ/kg 300K 3¢ 41

net = Wrow = Wen = 444.1-172.3 =271.8 ki/kg

W, 110,000 kJ/
i = ne S 4047 kg/s
w2718 klkg

net
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10-5

10-16 A steam power plant that operates on a simple ideal Rankine cycle is considered. The quality of the
steam at the turbine exit, the thermal efficiency of the cycle, and the mass flow rate of the steam are to be
determined.

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.
Analysis (a) From the steam tables (Tables A-4, A-5, and A-6),

Wpin ZUI(PZ _Pl) K
= (0.00101 m3/ng10,OOO —10 kPa 1—J3
1kPa-m
=10.09 kJ/kg

hy=h +w, 3, =191.81+10.09 =201.90 ki/kg

P, =10 MPa | h; =3375.1kl/kg
T, =500°C [ s, =6.5995 kl/kg-K s

=0.7934

Py=10KPa | _s4=5; _6.5995-0.6492
YTos, 7.4996
hy=h + x4, =191.81+(0.7934)(2392.1)=2089.7 ki/kg

S4 =983

(b) Gin = hy —hy =3375.1-201.90 =3173.2 kl/kg
Gouw = hy —hy =2089.7-191.81=1897.9 kl/kg
Woet = @in — Joue =3173.2-1897.9 =1275.4 ki/kg

and
i Whet _ 1275.4 kl/kg —40.2%
o 3173.2kl/kg
W,
© i Wnet _ 210,000 kJ/s —164.7 kes
Wy 12754 kl/kg
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10-6

10-17 A steam power plant that operates on a simple nonideal Rankine cycle is considered. The quality of
the steam at the turbine exit, the thermal efficiency of the cycle, and the mass flow rate of the steam are to
be determined.

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.
Analysis (a) From the steam tables (Tables A-4, A-5, and A-6),

hy

v

p,in

(b)

and

(c)

=hr@iowa =191.81kl/kg
=Vr@10kpa = 0.00101 m3/kg

=V1(P2 _Pl)/77p
( ; 1kJ
=(0.00101 m /ngl0,000—lO kPa{—aJ/(O.SS)

1kPa-m
=11.87 kJ/kg
=h +W,in =191.81+11.87 =203.68 kl/kg

P, =10 MPa | hy =3375.1 kl/kg

Ty, =500°C | 55 =6.5995 kl/kg-K

S4s =57 6.5995-0.6492
S i 7.4996

hyg =hy +x4h g, =191.81+(0.7934)2392.1) = 2089.7 ki/kg

=0.7934

P,, =10 kPa }
X4
S4s =83

hy—h
nr =#—>h4 = h, _77T(h3 _h4s)

3 = ha = 3375.1-(0.85)(3375.1-2089.7) = 2282.5 kl/kg
P, =10kPa }x _hy=hy  22825-19181
L= _

hy, =2282.5kl/kg h g, 23921

=0.874

Gin = Iy — hy = 3375.1-203.68 = 3171.4 kl/kg
Gou = hy =y = 2282.5-191.81 = 2090.7 k/kg
Waet = din = dour = 3171.4—2090.7 = 1080.7 kl/kg

= e 1080.7KIkg 4,
' 3171.5kl/kg
o= e _ 21000035 _ g 00

Whee | 1080.7 ki/kg
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10-9

10-20 A 300-MW coal-fired steam power plant operates on a simple ideal Rankine cycle between the
specified pressure limits. The overall plant efficiency and the required rate of the coal supply are to be
determined.

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.
Analysis (a) From the steam tables (Tables A-4, A-5, and A-6),
hy =h g ospa =271.96 kl/kg T
VI =V @ s kpa =0.001020m* /kg

Wpin = Vl(Pz _Pl)
= (0.00102 m3/ng5000— 25 kpa{&]

1kPa-m?
=5.07 kl/kg
hy =h FWphin = 271.96+5.07 =277.03 kl/kg

P, =5MPa | hy =3317.2 kl/kg s
T, =450°C | s, =6.8210 kl/kg-K

=0.8545

P, =25kPa }x _S4~Sy; _6.8210-0.8932
4= -
S 6.9370
hy =h; +x4h, =271.96+(0.8545)(2345.5)=2276.2 kl/kg

S4 =983

The thermal efficiency is determined from

G = hy —hy =3317.2-277.03 = 3040.2 kl/kg
Gou = hy — Iy = 2276.2 - 271.96 = 2004.2 kJ/kg

and

2004.2
py =1- ot 20042 3409
n 3040.2
Thus,
Noverall = Mth X Mcomb X 77gen = (03407X075X096) =24.5%

(b) Then the required rate of coal supply becomes

. 174 300,000 kJ/
0, = —met = 2 ® 1,222,992 kfs
Uoverall 0.2453

and

m

0, 1222992 kJ/s( 1 ton

coal = = =0.04174 tons/s =150.3 tons/h
C 29,300 kl/kg {1000 kg

coal
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10-22 A steam power plant operates on a simple ideal Rankine cycle between the specified pressure limits.
The thermal efficiency of the cycle, the mass flow rate of the steam, and the temperature rise of the cooling
water are to be determined.

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.
Analysis (a) From the steam tables (Tables A-4, A-5, and A-6),
hy =hygiokea =191.81kl/kg
VI =V, @ 10kpa =0.00101 m’/kg

Wp.in ZUI(PZ _Pl)

1k
~(0.00101 m3/ng7,000—10 kPa —J3
1kPa-m

=7.06 kl/kg

hy =hy +w,;, =191.81+7.06 =198.87 kl/kg

P, =7 MPa | hy; =3411.4 kl/kg
Ty =500°C [ 55 =6.8000 ki/kg - K

=0.8201

Py =10kPa | ~_ 54—5; _ 6.8000-0.6492
Yok, 7.4996
hy=h; +x4hg =191.81+(0.8201)2392.1)=2153.6 ki/kg

S4 =983

Thus, gy, =hy —h, =3411.4—198.87 =3212.5 kl/kg
Gout =hy —hy =2153.6-191.81=1961.8 kl/kg
Wiet = Qin — Gout =3212.5-1961.8 =1250.7 kl/kg

Voo _ 12507 kIKg 40 o0

and = =
T T 30125 kike
*) . Wher _ 45000 kl/s 36.0 ke's
Woee  1250.7 kl/kg

(¢) The rate of heat rejection to the cooling water and its temperature rise are
Oout = Moy = (35.98 kg/s(1961.8 ki/kg) = 70,586 kJ/s
Oout 70,586 kl/s

AT, . - - - 8.4°C
COMENE T (116) gootingwater (2000 kg/s)(4.18 kI/kg -°C)

PROPRIETARY MATERIAL. © 2006 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers and
educators for course preparation. If you are a student using this Manual, you are using it without permission.




10-12

10-23 A steam power plant operates on a simple nonideal Rankine cycle between the specified pressure
limits. The thermal efficiency of the cycle, the mass flow rate of the steam, and the temperature rise of the
cooling water are to be determined.

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.
Analysis (a) From the steam tables (Tables A-4, A-5, and A-6),

Wp,in = VI(PZ _Pl)/np
; 1kJ
=(0.00101 m /ng7,000—10 kPa) ——— 1/(0.87)

1 kPa-m
=8.11kJ/kg
hy =h +Wpin =191.81+8.11=199.92 kJ/kg

P, =7 MPa | hy =3411.4 kl/kg
T, =500°C | s, =6.8000 kl/kg - K

=0.8201

Py=10KkPa | 45/ 6800006492
Yoy, 7.4996
hyg =hy +x4hg, =191.81+(0.820)2392.1)=2153.6 kl/kg

S4 =S3

hy —h
nr =#—>h4=h3 _77T(h3 _h4s)

hy = has =3411.4-(0.87)3411.4 —2153.6)=2317.1 kl/kg
Thus, gy = Ay —hy = 3411.4-199.92 = 3211.5 k/kg
Gout = hu =y = 2317.1-191.81 = 2125.3 kl/kg
Wiet = @in = Gout = 3211.5-2125.3 =1086.2 kl/kg

Wae _ 10862 kI/kg _ 50 00

and = =
T T T 30115 Kk

®) o= sy _ 45000k _ 4o e
W 1086.2 kl/kg

(c) The rate of heat rejection to the cooling water and its temperature rise are

Ot = Moy = (41.43 kg/s)2125.3 ki/kg) = 88,051 kI/s

O _ 88,051 kl/s 05°C

AT, : -
(1€) contingwater (2000 kg/s)4.18 ki/kg-°C)

coolingwater —
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