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Solution

System: CV condenser : R-134a and Air

Assumption: SSSF process;  Qcv = 0; negl

ect KE and PE

1st Law:    
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คำสั่ง
1. ให้เขียนชื่อ-สกุล ลำดับในใบเซ็นชื่อ และกลุ่ม ลงในกระดาษทุกแผ่น
2. ข้อสอบมีทั้งหมด 5  ข้อ ให้ทำทุกข้อ
3. อนุญาตให้ใช้เครื่องคำนวณที่ไม่ได้ป้อนข้อมูล
4. ห้ามนำเอกสารใดๆ เข้าห้องสอบ
5. ห้ามขีดเขียนบนตารางคุณสมบัติ
6. หากทำข้อสอบข้อใดให้ทำลงในกระดาษแผ่นนั้นเท่านั้น (ทำต่อด้านหลังได้ แต่ห้ามใช้พื้นที่ของข้ออื่น)
	ข้อ
	คะแนนเต็ม
	คะแนน

	1
	10
	

	2
	10
	

	3
	10
	

	4
	10
	

	5
	10
	

	รวม
	50
	


Solution by Assoc.Prof.Sommai Priprem
                    28 July 2009

1.1)   Water 5 kg at the pressure of 50 bar absolute and 60 ˚C. 

a) Which phase is this water?

                    Using the approximation method, determine

b) The specific volume.
c) The specific internal energy.
d) The total enthalpy (in the unit of kJ).
                    Using the property table, determine
e) The specific internal energy.
System: Water 

State:    
m = 5 kg 
P  = 50 bar absolute ( P = 5 MPa
T  = 60 ˚C.
(a) Table A.5 at 5MPa Tsat = 263.99 ˚C > T ( 

The phase of the water is Subcool Liquid         
Answer
(b) Approximation, v = vf at 60 ˚C.



Table A.4, v = vf at 60 ˚C = 0.001017 m3/kg

Answer
(c) Approximation, u = uf at 60 ˚C.



Table A.4, u = uf at 60 ˚C = 251.11 kJ/kg

Answer
(d) Approximation, h = vhf at 60 ˚C.



Table A.4, h = hf at 60 ˚C = 251.13 kJ/kg


Total enthalpy, H = mh = (5kg)(251.13kJ/kg)  

                                     = 1,255.65 kJ                          Answer
e)    The specific internal energy. Using the property table,

Table A.7 at P = 5 MPa and T  = 60 ˚C.
U = 250.23 kJ/kg





Answer
1.2 )    Air 2 kg in the rigid container 1.5 m3 receives heat rate at the amount of 0.5 kW for the period of  30 minutes. The gas constant R = 0.2870 kJ/kg•K and the cP = 1.005 kJ/kg•K which are constant. The heating process starts with the temperature of the air at T1 = 27 ˚C. Determine
a)   The final temperature (in the unit of ˚C).
b)   The value of final pressure (in the form of gage pressure, Pa) if Patm = 1 bar.

[image: image2.wmf]1

R

-

134

a

P

1 

= 

1 

MPa

T

1 

= 

90 

C

mr 

= 

?

AIR

P

3 

= 

100 

kPa

T

3 

= 

27

C

V

3 

= 

600 

m

3

/

min

4

3

2

R

-

134

a

P

2 

= 

1 

MPa

T

2 

= 

30 

C

AIR

P

4 

= 

95 

kPa

T

4 

= 

60 

C


System: Air, Closed system, Constant volume
Assumption: Ideal gas

Analysis:


1st Law:                      1Q2 = 1W2 + m(u2-u1),    1W2 = 0



                    1Q2  =  mCv(T2-T1)                     

Relation:          Cp - Cv  = R

          T2    =  T1 +  1Q2/mCv                       (1)                

      Heat added,     1Q2 =  Qdot x t                                   (2)

      State 2:
          P2V =  mRT2                                     (3)

                              P2g   = P2 – Patm                                  (4)
Solution:
1Q2 =  Qdot x t   
=   (0.5 kW)( 30 mim)(60 s/min)




=          900 kJ



Cv  
=   Cp – R    =  (1.005 – 0.287)kJ/kgK  = 0.718 kJ/kgK

eqn (1),    
1Q2/mCv       =    (900 kJ)/(2kg x 0.718 kJ/kgK)   =  626.7 K
    T2             =  T1 +  1Q2/mCp    =  (27 oC +273) +  626.7 K      =  926.7 K

=
653.7 oC                                     Answer
P2=  mRT2 / V   =     (2kg x 0.287 kJ/kgK x 926.7 K) / (1.5 m3)       

                          =   354.7 kPa  




=    3.547 Bar        
P2g   = P2 – Patm =    (3.547 – 1.0) Bar    =  2.547 Bar
                                                               =  254.7 kPa       Answer                                
2) A gas is compressed from the initial volume of 0.42 m3 to the final volume of 0.12 m3.During the quasi-equilibrium, the pressure change with the volume according to the relation P = aV + b, where V is in m3. The a = -1200 kPa/m3 and b = 600 kPa. 
a) Sketch the graph of P-V process with the necessary values of pressures and volumes.

b) What is the meaning of area under the P-V relation?
c) Using integrating method, calculate the amount of work during this compression process. 
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System: CV condenser : R-134a and Air

Assumption: SSSF process;  Qcv = 0; negl

ect KE and PE
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System: gas, Closed system



Assumption: Ideal Gas, neglect  ΔKE,   ΔPE

Solution







(b) Boundary work: W = ∫PdV 

Therefore,  Area under P-V diagram represent 1W2           answer
(c)      
1W2  = ∫PdV =   ∫(aV+b)dV 
        =
  a/2[V22-V12] + b[V2-V1]
     a/2[V22-V12]    =   (-1200 kPa/m3)/2 x [0.122 – 0.422]   =   97.2 kJ
      b[V2-V1]         =    (600 kPa)( 0.12 – 0.42)                    =  - 180 kJ

         1W2              =  97.2 kJ – 180 kJ          = -82.8 kJ             
The work done on the system is  82.8 kJ     Answer
3. A piston-cylinder device initially contains 0.01 m3 of liquid water and 0.85 m3 of water vapor at 150 kPa. At this state, the piston is resting on a set of stops, and the mass of the piston is such that a pressure of 2 MPa is required to move it. Heat is now slowly transferred to the water until it becomes saturated vapor. Determine (a) the final volume, (b) the work done during this process, (c) the total heat transferred, (d) show the process on a T-v diagram with respect to saturation lies.


System
Water in Piston-Cylinder




Closed System-->V= c then  P=C



Assumption Neglect change in KE, PE



Analysis

(a)

V = mv

(b) Process 1-2 V=const until P2 = 300 kPa --> 1W2 =0






1W3 = 1W2+ 2W3 = 2W3= mP2(v3-v2)
(c) 
1Q3 =  1W3 + m(u3-u1)

Solution

State 1 
sat. vap at P1 = 150 kPa 


V1 
=
(0.01m3)+ (0.85
m3)  
  =       0.86 
m3



Table A.4






vf  
=
0.001053 m3/kg  
and     Vliq = 0.01  m3




mliq 
=
(0.01m3)/ (0.001053m3/kg) 
  = 9.50  kg




vg 
=
1.1593
m3/kg

and    Vvap = 0.85  m3


mvap 
=
 (0.85m3)/(1.1593 m3/kg) =   0.7332 
kg


         Total mass 
=
 ( 9.50 + 0.73) kg  
  =    10.23 
kg




x 
=
 mvap / mtotal  = (0.73 kg)/(10.23kg)   = 0.07167




uf 
=
466.94
kJ/kg;
ufg 
  =  2052.7
kJ/kg




u1 
=
uf  + x ufg  = 614.06 
kJ/kg






final state : P = 2 MPa, Table A.5,  vg = 0.09963
m3/kg



V3 = mvg =
1.0192 m3
>V1  therefore, the piston is lifted


(a) the final volume is 1.0192 m3   


            Answer
Therefore, there is intermediate state 2, at which the piston is about to be lifted

1st Law: consider process 1-3 
           1W3 =  2W3 
=   P2(V3-V2)   = 2,000 kPa(1.0192 – 0.86) m3

(b) the work done, 1W3
=  318.41 kJ


Answer
1st Law:                                1Q3
= 
1W3 + m(u3-u1)





     u3 = ug at P3
=
2600.3
kJ/kg

           
          m(u3-u1)
=   (10.23 kg)(2,600.3-614.06)kJ/kg = 20,319.2 kJ


       1Q3 
=  (318.41 kJ)
+ (20,319.2 kJ)


(c) the total heat transferred, 1Q3 = 20,637.6  kJ
           Answer
4. Steam flows steadily through a turbine. The inlet conditions of the steam are 15 MPa, 650°C, and 200 m/s, and the exit conditions are 10 kPa, 90 percent quality, and 50 m/s. The mass flow rate of the steam is 150 kg/s. Heat loss from the turbine is 15 kJ/kg steam. State any assumptions made. Show the process on a T-v diagram with respect to saturation line and determine 

(a)  the change in kinetic energy, 

(b) the power output of the turbine. 


Solution





Assumption: SSSF process,  ΔPE = 0





Analysis: 







              ΔKE = m(ke2-ke1)
     (1)





1st law: q + h1 + ke1 = w + h2 + ke2





w = q + (h1-h2) - (ke1-he2)    (2)




W = mw                                   (3)





Property:







State 1:
P1 = 15 MPa, T1 = 650 C 





T > Tsat --> superheat





Table A-6, 
v1 
=  
0.0268 m3/kg





     h1 
=  
3,712.30  kJ/kg




State 2:
     P2 
= 
10 kPa, x2 = 90 %  --> mixture



Table A-5     vf  
= 
0.001452 m3/kg,


                     vg 
= 
0.018026 m3/kg



v2 
= 
vf + x vfg   
      = 0.0163686 m3/kg



hf 
= 
191.83 kJ/kg,  hfg  = 2392.8 kJ/kg


h2 
= 
hf + xhfg   
      = 2,345.35  kJ/kg
T-v diagram: 
State 1 ( superheated vapor at P1
State 2 ( Mixture at P2 and v2 < v1
(a)
 ΔKE    =   m(ke2-ke1)





          (ke2-ke1)    = 1/2{(50m/s)^2 - (200m/s)^2)}/1000 = -18.75
kJ/kg


    m      = 150 kg/s





ΔKE     = m(ke2-ke1) = (12 kg/s)(-1.95 kJ/kg) = -2,812.50
kW

Change in kinetic energy (decreased) = 2,812.5 
kW
Answer
(b) from eqn 2
w 
= 
q + (h1-h2) - (ke1-he2)   




q 
=
-15
kJ/kg



    
 (h1- h2)
=
3712.3 kJ/kg - 2345.35 kJ/kg




   
=
1367.0
kJ/kg




ke1-ke2    =
18.75
kJ/kg




w 
= 
(-15kJ/kg)+(1,367.0kJ/kg)-(-18.75kJ/kg)




=
1,370,7
kJ/kg



W      =  mw 
=
(150 kg/s)( 1,370,7kJ/kg)




   
=
   205,605 
 kW 

Power output from the turbine is   205.6  MW  

Answer
5. Refrigerant-134a at I MPa and 90°C is to be cooled to 1 MPa and 30°C in a condenser by air. The air enters at 100 kPa and 27°C with a volume flow rate of 600 m3/min and leaves at 95 kPa and 60°C. Determine the mass flow rate of the refrigerant.


R-134a:
State 1:
P1 = 1 MPa, T1 = 90 C 
Table A-..... T > Tsat --> superheat



h1 =  324.01
kJ/kg






State 2:
P2 = 1 MPa, T2 = 30 C 
Table A-..... T < Tsat --> Subcooled liq


h2 ~ hf at T2 = 
91.49
kJ/kg







h1 - h2 = (324.01-91.49)kJ/kg  =   232.52  kJ/kg






AIR: Assume ideal gas behavior with constant specific heat
Property of air: Average temperature = (300K + 333K)/2 ~ 316K ~ 300K



         Use Cp at 300K = 1.005 kJ/kgK





                                R = 0.287 kJ/kg K






   (h4-h3)    =    Cp(T4-T3) =   (1.005 kJ/kgK)(60-27)K        =   33.2
kJ/kg



          v3      =    RT3/P3   = (0.287kJ/kgK)(300K)/(100kPa) =
    0.861
m3/kg



         ma    =  Vdot3/v3     =   (600 m3/min)/(0.861m3/kg)      =
696.9
kg/min



         mr    = ma [((h4-h3)/(h1 - h2)] = (696.9 kk/min)(33.2kJ/kg)/(232.52kJ/kg)




       mr          = 
99.40
kg/min






The mass flow rate of R-134a is 
99.40
kg/min
Answer




q = 15 kJ/kg





 ΔKE = ?


Wcv = ?





P2 = 10 kPa


x2 = 90%


V2 = 50 m/s





P1 = 15 MPa


T1 = 650 C


V1 = 200 m/s


m = 150 kg/s





2





1





Turbine





Wcv





Sat. Vap





P=Const





3





Water


Vliq  = 0.01 m3 


Vvap = 0.85 m3





P1 = 150 kPa





1





 


P2 = 2 MPa





2





V3 = ?


1W3 =?


1Q3 = ?


T-v dia.





V=Const





V





P





P1





P2





V2





V1





2





1





P = a+bV





Gas


V1 = 0.42 m3





2





a = -1200 kPa/m3


b= 600 kPa





1





V2 = 0.12 m3





P2 = P3 = 2 MPa





T





1





2





3





P1 = 150 kPa





v





� EMBED Unknown  ���





m = 2 kg 


V = 1.5 m3


T1 =27 oC





T2 =?


P2g = ?





Qdot = 0.5 kW


Time = 30 min
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