Problem 1

Consider an air-standard Diesel cycle with the following information:
Compression ratio: 12

P1 =100 kPa

T1=290K

Vi =350 cm?

T3 =2000 K

To=293K

P, =100 kPa

Source temperature: 1250 K
Boundary temperature: 450 K
k=1.4,C,=0.718 kJ/kgK and C, = 1.005 kJ/kgK

Calculate the following by using the ideal gas equations:

a) heat addition, b) net work output, c) thermal (energy) efficiency, d) mean effective pressure, e) exergy
efficiency, f) write all mass, energy, entropy and exergy balance equations, find g) entropy generation for
isobaric (constant-pressure) heat addition process and exergy destruction for isochoric (constant-volume)
heat rejection, and h) show the cycle on a P-v diagram.

Problem 2

Consider an air standard cycle as presented in the figure with the pressure ratio, minimum and maximum
temperatures and compressor and turbine isentropic efficiencies given.

Take C, = 0.718 kJ/kgK, C, = 1.005 kl/kgK and k =1.4; use ideal gas equations

To=293K

Source temperature: 1400 K

Boundary temperature: 400 K

_ A Oin 1
Calculate the following for a unit mass flow rate: Ty = 1300 K
a) heat addition and rejection, P/Py =11 A ol
xchanger

b) net work output, ne =09
c) thermal (energy) efficiency,

d) exergy efficiency, ne = 0.9
e) write all mass, energy, entropy and exergy

balance equations, find;

f) entropy generation for isobaric heat addition process s

and exergy destruction for isobaric heat rejection, and =SS L> o
g) show the cycle on a T-s diagram
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Consider an air-standard Otto cycle with the following information:
Compression ratio: 8

P, =100 kPa

T1=290K

V1 =400 cm3

T3=2200K

To=290K

Po =100 kPa

Source temperature: 1300 K

k =1.4 and Cv = 1.0035 kl/kgK
Calculate the following by using the ideal gas equations:

a) heat addition, b) net work output, c) thermal (energy) efficiency, d) mean effective pressure, e)
exergy efficiency, f) write all mass, energy, entropy and exergy balance equations, find g) entropy
generation for isochoric (constant-volume) heat addition process and exergy destruction for isochoric
(constant-volume) heat rejection, and h) show the cycle on a P-v diagram.













Ideal ara isitmali Rankine gevrimine gére calisan bir buharli
gli¢ santralinde, su buhari ylksek basing tlrbinine 6MPa
basin¢ ve 500 °C sicaklikta girmekte, doymus buhar olarak
¢clkmaktadir. Buhar daha sonra 450 °C sicakhga isitiimakta
ve algcak basing turbininde 7.5 kPa basinca
genigletiimektedir. Kazanda buhara verilen 1s1 glcu 60
MW’dir. Yogdusturucuda buharin sogutulmasi, yakinlardaki
bir akarsudan yararlanilarak gerceklestiriimekte ve sogutma
suyu yogusturucuya 7 °C sicaklikta girmektedir.

a) Cevrimi doymus sivi ve doymus buhar egrilerinin de yer
aldigi T-s diyagraminda gésteriniz.

b) Tum kuitle, enerji, entropi ve ekserji denge esitliklerini
yazarak,

c) Araisitmanin yapildidi basinci,

d) Cevrimin net glcuni ve isil verimini,

e) Gerekli en az sogutma suyu debisini hesaplayiniz
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f) Kaynak sicakhdini 1600 K, kuyu sicakligini 285 K alarak, ¢evrime 1si girisinin oldugu hal

degisimiyle ilgili ekserji yok olusunu hesaplayiniz.

g) Kazan cikisindaki buharin ekserjisini de belirleyiniz. (Po=100kPa)

Steam enters the high-pressure turbine of a steam power plant that
operates on the ideal reheat Rankine cycle at 6 MPa and 500°C and

leaves as saturated vapor. Steam is then reheated to 450°C before
it expands to a pressure of 7.5 kPa. Heat is transferred to the steam
in the boiler at a rate of 60 MW. Steam is cooled in the condenser
by the cooling water from a nearby river, which enters the condenser

at 7°C.

Boiler

a) Show the cycle on a T-s diagram with respect to saturation

lines, and determine

b) write all mass, energy, entropy and exergy balance

equations,
c) find the pressure at which reheating takes place,
d) net power output and thermal efficiency,

e) the minimum mass flow rate of the cooling water required.
f) Determine the exergy destruction associated with the heat addition process. Assume a

source temperature of 1600 K and a sink temperature of 285 K.
g) Also, determine the exergy of the steam at the boiler exit. (Po=100kPa)




10-35 A steam power plant that operates on the 1deal reheat Rankine cvele 15 considered. The pressure at

whach rehicanng takes place, the net power output. the thermal efficiency. and the mmmum mass flow rate
of the cooling water required are 1o be determmed

Assmmprions 1 Steady operating conditions exast 2 Kmetic and potential energy changes are negligible
Analysis (a) From the steam tables (Tables A4 A-S and A-6)
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The gas-turbine portion of a combined gas-steam power plant has a 0
pressure ratio of 16. Air enters the compressor at 300 K at a rate of 14 -
kg/s and is heated to 1500 K in the combustion chamber. The (it
combustion gases leaving the gas turbine are used to heat the steam chumbec
to 400 °C at 10 MPa in a heat exchanger. The combustion gases leave
the heat exchanger at 420 K. The steam leaving the turbine is 1 oo
condensed at 15 kPa. Assume all the compression and expansion S : MF(%
processes to be isentropic. (To = 293 K, Thoundaary =
300 K and Tg,yrce = 2200 K). For air, assume constant specific heats inT
at room temperature (cp=1.005 kJ/kg-K and k=1.4).
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= 225.94 k] /kg
= 23723 k] /kg
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a) Draw the cycle T-s diagram.

b) Write all mass, energy, entropy and exergy balance equations for each device.
c) Determine the mass flow rate of the steam,

d) Determine the net power output,

e) Find the energy and exergy efficiencies of the combined cycle.



Bir birlegsik gaz-buhar santralinde gaz turbininin basing orani 16
olup, hava kompresére 300 K sicaklikta, 14 kg/s debiyle
girmektedir. Yanma odasindan 1500 K sicaklikta ¢ikan gazlar,
turbinde genisledikten sonra atik 1sI kazanina girmekte ve buradan
420 K sicaklikta gikmaktadir. Yanma sonu gazlarinin verdigi 1si ile
atik 1s1 kazaninda 10 MPa basin¢g ve 400 °C sicaklikta buhar
uretilmektedir. Uretilen buhar bir tiirbinde 15 kPa basinca kadar
geniglemektedir. Tum sikigtirma ve geniglemelerin izantropik
oldugunu kabul ediniz. (Ty =293 K, Tgpn,r = 300 K ve Tyaynar =
2200 K). Hava icin oda sicakhginda sabit 6zgul isilar kabul ediniz
(cp=1,005 kJ/kg-K ve k=1,4).

5U BUHARI k]
CEVRIMI

Hava ve buhar icin;
= 22594 kJ/kg

Vs = 0,001014 m3/kg
@ P=15 kPa
h@ p=10 MPa ve T=200°c = 3097,0 k] /kg

S@ P=10 MPa ve T=400°c = 60,2141 kJ/kg - K
= 0,7549 kJ /kg - K

=7,2522 k] /kg - K
= 225,94 kJ /kg
= 2372,3 kJ /kg
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a) Cevrime ait T-s diyagramini giziniz.

b) Tum kutle, eneriji, entropi ve ekserji denge denklemlerini her bir bilesen igin yaziniz.
c) Buharin kitle debisini bulunuz.

d) Santralin net gicunt bulunuz.

e) Birlesik gaz-buhar ¢evriminin enerji ve ekserji verimlerini hesaplayiniz.
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10-77 A combined gas-steam power cycle is considered. The topping cycle is a gas-turbine cycle and the bottoming cycle is
a simple ideal Rankine cycle. The mass flow rate of the steam, the net power output, and the thermal efficiency of the
combined cycle are to be determined.

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible. 3 Air is an ideal gas
with constant specific heats.

Properties The properties of air at room temperature are ¢, = 1.005 kl/kg-K and k = 1.4 (Table A-2).

Analysis (a) The analysis of gas cycle yields

(k=1)/k

P

T, = T{Pé J =300 K)16)**''* =662.5 K T
5

Qin Mir (h7 h6) My C p(T7 T6 ) 1500 K+ 7
= (14 kg/s)(1.005 kJ/kg-K)1500-662.5) K = 11,784 kW

WC,gas =’/’./lalr( hS) Mgir € p(Té TS)
=(14 kg/s)(l .005 kJ/kg-K)662.5-300) K = 5100 kW

P (k=1)/k 1 \04/14
Ty =T, (P—gj = (ISOOK{EJ =679.3K
7

WT,gas Mg (h7 h ) M gir p (T7 TS )
= (14 kg/s)1.005 kJ/kg-K Y1500 - 679.3) K = 11,547 kW
Wonergas = Wr gas =W gas = 11,547 5,100 = 6447 kW 300 K

From the steam tables (Tables A-4, A-5, and A-6),
VI =V, @ 1skpa =0.001014 m’/kg

420K

" STEAM
CYCLE 15 KPa |

Qout

1kJ

Wolin T ]: 10.12 kl/kg

=v, (P, —Pl)=(0.001014 m3/ng1o,ooo—15 kPa{

hy = by +Wop =225.94+10.13 = 236.06 kl/kg

P, =10 MPa | &, =3097.0 kl/kg
T, = 400°C [ s, =6.2141kl/kg-K

S4=S; _ 6.2141-0.7549
Spe 7.2522
hy = hy+x4hg =225.94+(0.7528)2372.3) = 2011.8 kl/kg

=0.7528

P, =15kPa }x4 =

Sq4 =83

Noting that Q = W = Ake = Ape = Ofor the heat exchanger, the steady-flow energy balance equation yields
Ein _Eout ZAE S0 steady) ZO_)Ein onut

system
Z’hihi = Zmehe ——> it (hy = hy ) = iy, (hg = ho )
hg —h ¢, Ty =T 1.005 kl/kg-K )679.3-420) K
i, =82 _oE-T) g)mm _ (1.005 ki/ke- K)679.3 - 420) (14 kg/s)=1.275 kg/s
hy —h, hy —h, (3097.0-236.06) kJ/kg
(b) W steam = 1t (B — 1y ) = (1.275 kg/s)3097.0 — 2011.5) kI/kg = 1384 kW
W, gteam = tsw, = (1.275 kg/s)10.12 kl/kg) =12.9 kW
Wnct,stcam = WT steam Wp,stcam =1384-12.9 =1371 kW
and Waet = Waetsteam + Waergas = 1371+ 6448 =7819kW
/4 7819 kW
(o) Ny =——= =66.4%

0, 11784kwW

PROPRIETARY MATERIAL. © 2015 McGraw-Hill Education. 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.
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