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Thermodynamics I   1st semester 2008       Midterm Examination
เลขที่สอบ……… ID …………....Name …………………………..……………

Examiner: Assoc.Prof.Sommai Priprem,  PhD. 
4) Air enters the compressor of a gas-turbine plant at ambient conditions of 100 kPa and 27°C with a mass flow rate of 50 kg/s and exits at 1 MPa and 427°C. The compressor is cooled at a rate of 25 kW. Assume ideal gas behavior and using constant specific heat at average temperature. Neglect changes in kinetic and potential energies. Determine,

(a) the power input to the compressor,

(b) the volume flow rate at the inlet.                                                    (10 Marks)             
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Thermodynamics I   1st semester 2008       Midterm Examination

เลขที่สอบ……… ID …………....Name …………………………..……………

Examiner: Assoc.Prof.Sommai Priprem,  PhD. 
5)  Steam flows steadily through a turbine at a rate of 20,000 kg/h, entering at 25 MPa and 600°C and leaving at 10 kPa with 90% quality. If the power generated by the turbine is 6 MW. Neglect changes in kinetic and potential energies, determine the rate of heat loss from the turbine. (10 Marks)
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System: Air, SSSF process

Assumptions: Ideal gas, neglect KE, PE

Solution

(a)  Analysis:   1st Law:    q + h= w +h

                   w  = q + (h-h)  .....

................................(1)
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Q

kW

     q =.kJ/kg......................(2)

kg/s

m

                 (h-h) = Cp(T-T)

Average temperature = (T+T)/2  

                                   = [(2

7+273)K+(427+273)K]/2 = 500

-

==-

05

1 2

K

Table A-2(b) for Air at 500K Cp = 1.029 

kJ/kgK

                 (h-h) = 1.029 kJ/kgK(30

0-700)K=-411.6kJ/kg  ........(3)

Substitute (2) and (3) in (1)

                   w = (.kJ/kg)(-411.6kJ

/kg) 

-+

50

oo

cv

o

cv

= -412.1 kJ/kg .....(4)

               Wmw = (kg/s)(412.1 kJ/kg)

 = -20,580 kW ......(5)

               W= -20.58 MW

The power input to the compressor is 20.

58 MW     Answer

(b) Ideal gas equati

=-
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1

oo

3

1

1

3

on of state    Pv =RT

RT

(0.287kJ/kgK)(300K)

the specific volume, v===0.07749m/kg

P100kPa

Volume flow rate, V =mv=(50kg/s)(0.07749

m/kg)

                                   = 3.8

745 m/s             

3

                   

The volume flow rate at inlet is   3.874

5 m/s              Answer
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System: Steam, SSSF process

Assumptions:  neglect KE, PE

Solution

(a)  Analysis:   1st Law:    q + h= w +h

                q  =  w  + (h-h)  ......

...............................(1)

                

DD
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m=(20,000kg/h)/(3600s/h)   = 5.5556 kg/s

             W=  6 MW x 1,000 kW/MW  = 6

,000 kW

W6,000 kW

                w =      =      =  1,080

.0 kJ/kg   ..............(2)

50 kg/s

m

State 1: P=25 MPa 

600

o
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22

ffg

and TC is superheated vapor  T>Tsat

Table A-6                h = 3,491,4 kJ/

kg

State 2: P=10 kPa  and x = 0.90

Table A-4: at 10 kPa: h = 191.83 kJ/kg a

nd  h = 2,393.8 kJ/kg

                 

Q

2f2fg

2

21

h = h+ xh= (191.83 kJ/kg)(0.9)(2,393.8 k

J/kg)

                  h= 2,345.35 kJ/kg

 h- h = (2,345.35 kJ/kg) - ( 3,491,4 kJ/

kg) = -1,146.05 kJ/kg  ...(3)

Substitute (2) and (3) in (1)

      q  =  1,

oo

cv

080.0 kJ/kg   + (-1,146.05 kJ/kg)     = 

   -66.05 kJ/kg 

   Q = mq  = (5.5556 kg/s)(-66.05 kJ/kg)

      =    -366.9 kW

The rate of heat loss from the turbine i

s    366.9 kW                  Answer
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System: Steam, SSSF process

Assumptions:  neglect KE, PE

Solution

(a)  Analysis:   1st Law:    q + h= w +h

                q  =  w  + (h-h)  ......

...............................(1)

                

DD
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m=(20,000kg/h)/(3600s/h)   = 5.5556 kg/s

             W=  6 MW x 1,000 kW/MW  = 6

,000 kW

W6,000 kW

                w =      =      =  1,080

.0 kJ/kg   ..............(2)

50 kg/s

m

State 1: P=25 MPa 

600

o
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22

ffg

and TC is superheated vapor  T>Tsat

Table A-6                h = 3,491,4 kJ/

kg

State 2: P=10 kPa  and x = 0.90

Table A-4: at 10 kPa: h = 191.83 kJ/kg a

nd  h = 2,393.8 kJ/kg

                 

Q

2f2fg
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h = h+ xh= (191.83 kJ/kg)(0.9)(2,393.8 k

J/kg)

                  h= 2,345.35 kJ/kg

 h- h = (2,345.35 kJ/kg) - ( 3,491,4 kJ/

kg) = -1,146.05 kJ/kg  ...(3)

Substitute (2) and (3) in (1)

      q  =  1,

oo

cv

080.0 kJ/kg   + (-1,146.05 kJ/kg)     = 

   -66.05 kJ/kg 

   Q = mq  = (5.5556 kg/s)(-66.05 kJ/kg)

      =    -366.9 kW

The rate of heat loss from the turbine i

s    366.9 kW                  Answer
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3) A mass of 5 kg of saturated liquid-vapor mixture of water is contained in a
piston-cylinder device at 125 kPa. Initially, 2 kg of the mixture is in the
liquid phase and the rest is in the vapor phase. Heat is now transfer to the
water, and the piston, which is resting on a set of stops, starts moving when
the pressure inside reaches 300 kPa. Heat transfer continues until the total
volume increases by 20 percent. Determine

a) the mass of liquid water when the piston starts moving
b) initial and final temperature

¢) work done during the process

d) draw the process on P-v diagrame. @
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1) Determine the missing properties and the phase descriptions for the given substances
in the following table. Also, explain how to obtain their properties.

Substance TG R, kPa h, kl/kg x  Phase description

Water 120.2% e et 0.6 Mixtore .
Water 125 R 1600 Mixtvre,
Water 300 1000 3051.2 —  Svpeduear
Water 75 500 7R_4= 313.93 0.0 Compressed L'%_'
Air 42 100 31523 = 945
Nitrogen ?-_SFC 150 309.5 = 3.
—=
@ Y = Wh
A3 - 29¥505¢ s
sk - 0 e B AT T= o
)
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2) A piston-cylinder device initially contains 0.25 kg of nitrogen gas at 130 kPa
and 120°C. Nitrogen is now expanded isothermally to a pressure of 100 kPa.
Determine the boundary work done during this process. E

S‘UlAW: Na: C(o;ed&f_ﬂ“@v\/\
Assomption - Tdeal Gas, vastet:
o s Poasy T= Gowsh.

Loy (bel gas = 9;} 3 CMST'V

Wovke R dv _ oy M2

'V\)a :;?A\/: ?VTS'\';"? VI

=m QT ]7\ Y_Z

Vi
e
Ys o\ = MR T,
SW@ Ry =MET, = U Pl
Sate® =T, . o e



[image: image20.wmf]1 2

1 2

System: Air, SSSF process

Assumptions: Ideal gas, neglect KE, PE

Solution

(a)  Analysis:   1st Law:    q + h= w +h

                   w  = q + (h-h)  .....

................................(1)
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     q =.kJ/kg......................(2)

kg/s

m

                 (h-h) = Cp(T-T)

Average temperature = (T+T)/2  

                                   = [(2

7+273)K+(427+273)K]/2 = 500
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Table A-2(b) for Air at 500K Cp = 1.029 

kJ/kgK

                 (h-h) = 1.029 kJ/kgK(30

0-700)K=-411.6kJ/kg  ........(3)

Substitute (2) and (3) in (1)

                   w = (.kJ/kg)(-411.6kJ

/kg) 

-+

50

oo

cv
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cv

= -412.1 kJ/kg .....(4)

               Wmw = (kg/s)(412.1 kJ/kg)

 = -20,580 kW ......(5)

               W= -20.58 MW

The power input to the compressor is 20.

58 MW     Answer

(b) Ideal gas equati
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3

on of state    Pv =RT

RT

(0.287kJ/kgK)(300K)

the specific volume, v===0.07749m/kg

P100kPa

Volume flow rate, V =mv=(50kg/s)(0.07749

m/kg)

                                   = 3.8

745 m/s             

3

                   

The volume flow rate at inlet is   3.874

5 m/s              Answer
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