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ME 470 Vapor and Combined Power Cycles Hw Solutions   Inst:  Shoeleh Di Julio

Chapter 10, Solution 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),
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Thus,
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(b)
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(c)  The rate of heat rejection to the cooling water and its temperature rise are
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Chapter 10, Solution 49.

A steam power plant operates on an ideal reheat-regenerative Rankine cycle with an open feedwater heater. The mass flow rate of steam through the boiler and the thermal efficiency of the cycle 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),


[image: image7.wmf](

)

(

)

(

)

kJ/kg

 

61

.

192

80

.

0

81

.

191

kJ/kg

 

0.80

m

kPa

 

1

kJ

 

1

kPa

 

10

800

/kg

m

  

0.00101

/kg

m

  

00101

.

0

kJ/kg

 

81

.

191

in

,

1

2

3

3

1

2

1

in

,

3

kPa

 

10

 

@

1

kPa

 

10

 

@

1

=

+

=

+

=

=

÷

÷

ø

ö

ç

ç

è

æ

×

-

=

-

=

=

=

=

=

pI

pI

f

f

w

h

h

P

P

w

h

h

v

v

v


   
[image: image8.wmf](

)

(

)

(

)

(

)

(

)

kJ/kg

 

7

.

2494

1

.

2392

9627

.

0

81

.

191

9627

.

0

4996

.

7

6492

.

0

8692

.

7

kPa

 

10

K

kJ/kg

 

8692

.

7

kJ/kg

 

3

.

3481

C

500

MPa

 

8

.

0

kJ/kg

 

1

.

2812

MPa

 

8

.

0

K

kJ/kg

 

7585

.

6

kJ/kg

 

0

.

3502

C

550

MPa

 

10

kJ/kg

 

12

.

731

26

.

10

87

.

720

kJ/kg

 

10.26

m

kPa

 

1

kJ

 

1

kPa

 

800

10,000

/kg

m

  

0.001115

/kg

m

  

001115

.

0

kJ/kg

 

87

.

720

liquid

sat.

MPa

 

8

.

0

8

8

8

8

7

8

8

7

7

7

7

6

5

6

6

5

5

5

5

in

,

3

4

3

3

3

4

3

in

,

3

MPa

 

8

.

0

 

@

3

MPa

 

8

.

0

 

@

3

3

=

+

=

+

=

=

-

=

-

=

þ

ý

ü

=

=

×

=

=

þ

ý

ü

°

=

=

=

þ

ý

ü

=

=

×

=

=

þ

ý

ü

°

=

=

=

+

=

+

=

=

÷

÷

ø

ö

ç

ç

è

æ

×

-

=

-

=

=

=

=

=

þ

ý

ü

=

fg

f

fg

f

pII

pII

f

f

h

x

h

h

s

s

s

x

s

s

P

s

h

T

P

h

s

s

P

s

h

T

P

w

h

h

P

P

w

h

h

P

v

v

v


The fraction of steam extracted is determined from the steady-flow energy balance equation applied to the feedwater heaters. Noting that 
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where y is the fraction of steam extracted from the turbine (
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).  Solving for y,
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Then,   
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Chapter 10, Solution 50.

A steam power plant operates on an ideal reheat-regenerative Rankine cycle with a closed feedwater heater. The mass flow rate of steam through the boiler and the thermal efficiency of the cycle 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),
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Also, h4 = h9 = h10 = 731.12 kJ/kg  since the two fluid streams that are being mixed have the same enthalpy.
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The fraction of steam extracted is determined from the steady-flow energy balance equation applied to the feedwater heaters. Noting that 
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where y is the fraction of steam extracted from the turbine (
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Then,
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Chapter 10, Solution 67.

A cogeneration plant is to generate power and process heat. Part of the steam extracted from the turbine at a relatively high pressure is used for process heating. The net power produced and the utilization factor of the plant are to be determined.

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.

Analysis  From the steam tables (Tables A-4, A-5, and A-6),
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Mixing chamber:
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or,
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Then,
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Also,
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Chapter 10, Solution 70.

A cogeneration plant modified with regeneration is to generate power and process heat. The mass flow rate of steam through the boiler for a net power output of 15 MW is to be determined.

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.

Analysis   

From the steam tables (Tables A-4, A-5, and A-6),
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Then, per kg of steam flowing through the boiler, we have
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Thus,
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Chapter 10, Solution 76.

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 cp = 1.005 kJ/kg·K and k = 1.4 (Table A-2).
Analysis (a)  The analysis of gas cycle yields
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From the steam tables (Tables A-4, A-5, and A-6),
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Noting that
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for the heat exchanger, the steady-flow energy balance equation yields
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(b)
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(c)

[image: image45.wmf]66.4%

=

=

=

kW

 

11,784

kW

 

7819

in

net

th

Q

W

&

&

h









































































































































































































































































































































qin





qout





10 kPa





1





3





2





4





7 MPa





s





T


























































































































































































































420 K





400(C





300 K





1500 K





STEAM


CYCLE





GAS


CYCLE





7





8





9





5





·





Qin





·





Qout





6





15 kPa





10 MPa





3





T





s





4





2





1





3,4,9





5





0.4 MPa





10 kPa





6 MPa





7





6





T





s





8





2





1





fwh





4





7





3





2





9





P II





P I





Process


heater





Condenser





Boiler





Turbine





5





1





8





6





·





Qprocess





·





Qin





·





Qout





3





5





4





0.6 MPa





10 kPa





7 MPa





7





6





T





s





8





2





1





7





3





2





4





P II





P I





Process


heater





Condenser





Boiler





Turbine





5





1





8





6





10





9





10 MPa





1 - y





6





3





4





y





10 kPa





0.8 MPa





7





5





T





s





8





2





1





9





10





Mixing


chamber





1-y





7





y





P II





P I





Closed


fwh





Condenser





Boiler





Turbine





4





3





2





1





8





5





6





6





1-y





7





6





P II





P I





Open


fwh





Condenser





Boiler





Turbine





4





3





2





1





8





5





y





10 MPa





1 - y





6





3





4





y





10 kPa





0.8 MPa





7





5





T





s





8





2





1








732

_1176134036

_1182672953

_1183462675

_1183462695

_1183462888

_1183462930

_1183463067

_1183462882

_1183462678

_1182672982

_1182673286

_1182673288

_1183446542

_1182673287

_1182673284

_1182673285

_1182673211

_1182673283

_1182672970.unknown

_1182672974

_1182672978

_1182672962.unknown

_1176139425

_1176139591

_1176139606

_1176139515

_1176139211

_1176139226

_1176139234

_1176139126

_1144237589

_1153991146

_1155739748

_1155739975

_1176133966

_1155739923

_1155586751

_1144242015

_1153991140

_1144245637

_1144241999.unknown

_1045729298

_1045771695

_937943450

_937943477

