Thermodynamics I Section 1 Test 2 at August 2011  Time: 09:00-11:00         Examiner: Assoc.Prof.Sommai Priprem, PhD.
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1. 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 
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)(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 oC 			
	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
(a)	 ΔKE    =   m(ke2-ke1)				
          (ke2-ke1)     = 1/2{(200m/s) 2 - (50m/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-ke2)   	
		q 	=	-15	kJ/kg	
	    	 (h1- h2)	=	3712.3 kJ/kg - 2345.35 kJ/kg  = 1,367.0	kJ/kg	
		ke1-ke2      =	18.75	kJ/kg	
		w 	= 	(-15kJ/kg) + (1,367.0kJ/kg)+( 18.75kJ/kg)	
			=     1,333.2	kJ/kg	
	W      =  mw 	=	(150 kg/s)(1333.2 kJ/kg)	
		   	=	   199,980 	 kW 	
Power output from the turbine is   200  MW  		Answer
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5. Refrigerant-12 enters the evaporator of an air conditioner at 200 kPa with a quality of 25% at a rate of 2.1 kg/min and leaves as saturated vapor at the same pressure. Air enters at 100 kPa and 28°C. It is required that the air leaves the evaporator at 16°C at 100 kPa. Assume air as an ideal gas and use constant specific heat at 300 K in the calculation. State any assumption made.  Determine 
(a) the mass flow rate of the air (in kg/min) and,		
(b) the volume flow rate of the air at inlet (in m3/min).	
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	R-12-side data and calculations
	
	Air-side data and calculations
	

	State 1 mixture
	
	State 3 and 4 Ideal gas
	

	P1
	=
	200
	kPa
	
	P3
	=
	100
	kPa
	

	x1
	=
	25%
	 
	
	T3
	=
	28
	C
	

	mr
	=
	2.1
	kg/min
	
	T4
	=
	16
	C
	

	From Table A-12 at 200 kPa
	
	From table A-2 at 300K
	

	hf
	=
	24.57
	kJ/kg
	
	Cp
	=
	1.005
	kJ/kgK
	

	hfg
	=
	157.5
	kJ/kg
	
	Cp(T3-T4)
	=
	      12.06 
	kJ/kg
	

	h1=hf+hfg
	=
	63.945
	kJ/kg
	
	Substitute in equation (1) and (2)
	

	State 2 Saturated vapor: Table A-12
	
	Eqn. (1)     ma
	=
	      20.57 
	kg/min
	Answer

	P2
	=
	140
	kPa
	
	R
	=
	0.287
	kJ/kgK
	

	h2=hg
	=
	182.07
	kJ/kg
	
	v3=RT3/P3
	=
	0.86387
	m3/kg
	

	mr(h2-h1)
	=
	   248.06 
	kJ/min
	
	Vdot3  =   mav3
	=
	      17.77 
	m3/min
	Answer
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System: CV The evaporator : R-12 and Air

Assumption: SSSF process;  

                    Q = 0; W = 0  

                    and neglect KE and P
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Solution: 

1st Law: 
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