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Cycle analysis Home work 


Home Work #3     Due date: Thursday 9 July 2009
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Home Work #3  Due date: Thursday 9 July 2009

2.2 A steam power station uses the following cycle: Steam at boiler outlet: 150
bar. 550°C. Reheat at 40 bar to 550 "C. Condenser at 0.1 bar. Assuming ideal
processes find (a) the quality at turbine exhaust, (b) the cycle efficiency, and
(c) the steam rate. [Ans. (a) 0.88, (b) 43.9%, (c) 2.18 kg/kWh}]
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2.2 A steam power station uses the following cycle: Steam at boiler outlet: 150 bar, 550°C. Reheat at 40 bar to 550 oC. Condenser at 0.1 bar. Assuming ideal processes find (a) the quality at turbine exhaust, (b) the cycle efficiency, and (c) the steam rate.          [Ans. (a) 0.88, (b) 43.9%, (c) 2.18 kg/kWh] 
	Problem 2.2 Calculations
	
	
	
	

	State
	P
	T
	x
	h
	s
	Tsat

	 
	Bar
	C
	 
	kJ/kg
	kJ/kgK
	C

	1
	150
	550
	 
	3450.5
	6.5230
	 

	2
	40
	335
	1.00
	3055.6
	6.5230
	250.4

	3
	40
	550
	 
	3560.2
	7.2353
	 

	4
	0.1
	 
	0.8782
	2292.5
	7.2353
	45.8

	5
	0.1
	sat.liq
	 
	191.8
	0.6492
	 

	6
	150
	 
	 
	206.9
	0.6492
	 

	
	
	
	
	
	
	

	
	h1-h2
	394.8
	kJ/kg
	
	
	

	
	h3-h4
	1267.7
	kJ/kg
	
	
	

	
	wt
	1662.6
	kJ/kg
	
	
	

	wp=h5-h6
	-15.1
	kJ/kg
	
	
	

	
	wnet
	1647.5
	kJ/kg
	
	
	

	
	h1-h6
	3243.6
	kJ/kg
	
	
	

	
	h3-h2
	504.6
	kJ/kg
	
	
	

	
	q
	3748.2
	kJ/kg
	
	
	

	
	eff
	0.4395
	
	Answer
	
	

	steam rate
	3600/wnet
	
	
	

	
	
	2.1851
	kg/kWh
	Answer
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2.3 In a single-heater regenerative cycle the steam enters the turbine at 30 bar,
400 °c and the exhaust pressure is 0.10 bar. The feedwater heater is a direct
contact type which operates at 5 bar. Find (a) the efficiency and the steam rate
of the cycle, and (b) the increase in mean temperature of heat addition,
efficiency and steam rate', as compared to the Rankine cycle (without

regeneration). Neglect pump work.
[Ans (a) 35.36%, 3.93 kg/kWh, (b) 27.4 °C, 1.18%,0.47 kg/kWh]
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2.3 In a single-heater regenerative cycle the steam enters the turbine at 30 bar, 400 °c and the exhaust pressure is 0.10 bar. The feedwater heater is a direct contact type which operates at 5 bar. Find (a) the efficiency and the steam rate of the cycle, and (b) the increase in mean temperature of heat addition, efficiency and steam rate', as compared to the Rankine cycle (without regeneration). Neglect pump work.

[Ans. (a) 35.36%, 3.93 kg/kWh, (b) 27.4 oC, 1.18%,0.47 kg/kWh]
	State
	P
	T
	x
	h
	s
	Tsat

	 
	Bar
	C
	 
	kJ/kg
	kJ/kgK
	C

	1
	30
	400
	 
	3231.6
	6.9233
	 

	2
	5
	171
	1.00
	2792.7
	6.9233
	151.8

	3
	0.1
	 
	0.84
	2193.0
	6.9233
	 

	4
	0.1
	sat.liq
	 
	191.8
	0.6492
	45.8

	5
	5
	
	 
	192.3
	0.6492
	 

	6
	5
	sat.liq
	 
	640.2
	1.8606
	 

	7
	30
	 
	 
	642.9
	1.8606
	 

	y
	30
	 
	 
	194.8
	0.6492
	 

	หา m
	h6-h5
	447.9
	kJ/kg
	
	
	

	
	h2-h5
	2600.4
	kJ/kg
	
	
	

	
	m
	0.17224
	kg/s
	
	
	

	
	1-m
	0.82776
	kg/s
	
	
	

	หา w
	
	 
	
	
	
	

	
	w =h1-mh2-(1-m)h3
	935.3
	kJ/kg
	
	
	

	 
	wp1 = h4-h5
	-0.5
	kJ/kg
	
	
	

	 
	wp2=h6-h7
	-2.7
	kJ/kg
	
	
	

	
	wnet
	932.1
	kJ/kg
	
	
	

	
	q=h1-h7
	2588.6
	kJ/kg
	
	
	

	
	eff
	36.01%
	
	
	
	

	
	mean temp. Tm
	
	
	
	
	

	
	h1-h7
	2588.6
	kJ/kg
	
	
	

	
	s1-s7
	5.0627
	kJ/kgK
	
	
	

	
	tm
	511.3
	K
	
	
	

	Simple Rankine Cycle
	
	
	
	

	
	h1-hy
	3036.8
	kJ/kg
	
	
	

	
	s1-s4
	6.2740
	kJ/kgK
	
	
	

	
	Tm1
	484.0
	K
	
	
	

	 
	increase in Tm
	27.3
	K
	
	
	

	Simple Rankine Cycle w
	
	
	
	

	
	w=h1-h3
	1038.6
	kJ/kg
	
	
	

	
	q=h1-hy
	3036.8
	kJ/kg
	
	
	

	
	eff
	34.20%
	
	
	
	

	Increase in eff
	1.81%
	
	
	
	

	Steam Rate
	
	
	
	
	

	
	with FWH
	3.8623
	kg/kWh
	
	
	

	
	no FWH
	3.4662
	kg/kWh
	
	
	

	 
	increase
	0.3961
	kg/kWh
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2.9 A regencrative cycle operates with steam supplied at 30 bar and 300 °C,
and the condenser pressure is 0.08 bar. The extraction points for two heaters
(one closed and one open) are 3.5 bar and 0.7 bar, respectively. Calculate the
thermal efficiency of the plant neglecting pump work. [Ans. 36%)
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2.9 A regenerative cycle operates with steam supplied at 30 bar and 300 oC, and the condenser pressure is 0.08 bar. The extraction points for two heaters (one closed and one open) are 3.5 bar and 0.7 bar, respectively. Calculate the thermal efficiency of the plant neglecting pump work.          [Ans. 36%]
	State
	P
	T
	x
	h
	s

	 
	Bar
	C
	 
	kJ/kg
	kJ/kgK

	1
	30
	300
	
	2994.3
	6.5412

	2
	3.5
	139
	0.92
	2567.6
	6.5412

	3
	0.7
	
	0.85
	2318.9
	6.5412

	4
	0.08
	
	0.78
	2045.7
	6.5412

	5
	0.08
	sat.liq
	
	173.9
	0.5925

	6
	0.7
	
	
	173.9
	0.5925

	7
	0.7
	sat.liq
	
	376.7
	1.1919

	8
	30
	
	
	379.7
	1.1919

	9
	3.5
	sat.liq
	
	584.3
	1.7275

	10
	0.7
	
	
	584.3
	 

	TTD
	
	5
	
	 
	 

	11
	30
	134
	
	562.9
	 

	
	
	
	
	
	

	
	
	
	
	
	

	m2
	h11-h8
	183.2
	kJ/kg
	
	

	
	h2-h9
	1983.3
	kJ/kg
	
	

	
	m2
	0.092356
	kg/s
	
	

	m3
	h3-h6
	2145.0
	kJ/kg
	
	

	
	h7-h6
	202.8
	kJ/kg
	
	

	
	h6-h10
	-410.4
	kJ/kg
	
	

	
	m3
	0.076865
	kg/s
	
	

	
	1-m2-m3
	0.830779
	kg/s
	
	

	
	w
	879.5
	kJ/s
	
	

	
	q
	2431.5
	kJ/s
	
	

	
	eff
	36.17%
	
	
	


[image: image4.jpg]«vele analysis Home work & Assignment 4

2.13 A 10 MW steam turbine operates with steam at 40 bar, 400°C at the inlet
and exhausts at 0.1 bar. 10.000 kg/h of steam at 3 bar are to be extracted for
nrocess work. The turbine has 75% isentropic efficiency throughout. Find the
boiler capacit;; required. [Ans. 13.74 kg/s = 49.46 t/h]
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2.13 A 10 MW steam turbine operates with steam at 40 bar, 400°C at the inlet and exhausts at 0.1 bar. 10,000 kg/h of steam at 3 bar are to be extracted for process work. The turbine has 75% isentropic efficiency throughout. Find the boiler capacity required.                        [Ans. 13.74 kg/s = 49.46 t/h]
	State
	P
	T
	x
	h
	s

	 
	Bar
	C
	 
	kJ/kg
	kJ/kgK

	1
	40
	400
	 
	3214.4
	6.7712

	2s
	3
	134
	0.96
	2635.3
	6.7712

	3s
	0.1
	 
	0.82
	2144.5
	6.7712

	Isen.eff
	 
	 
	 
	      0.75 
	 

	2
	3
	 
	1.00
	2780.0
	7.1232

	3
	0.1
	 
	0.93
	2411.9
	7.6098

	
	
	
	
	
	

	
	h2-h3
	368.1
	kJ/kg
	
	

	
	h1-h3
	802.4
	kJ/kg
	
	

	
	mp
	       10,000 
	kg/h
	
	

	
	 
	          2.78 
	kg/s
	
	

	
	W
	       10,000 
	kW
	
	

	
	mp(h2-h3)
	        1,023 
	kW
	
	

	
	ms
	        13.74 
	kg/s
	
	

	
	 
	        49.45 
	ton/h
	
	


2.16 A coal-fired power plant has a turbine generator rated at 1000 MW gross. The plant requires 9% of this power for its internal operations. It uses 9800 tonnes of coal of heating value 26 MJ/kg per day. The steam generator efficiency is 86%. Calculate the gross and net station heat rates and efficiencies.     [Ans. 10.616 MJ/kWh, 11.667 MJ/kWh, 33.9%, 30.86%]
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2.16 A coal-fired power plant has a turbine generator rated at 1000 MW gross.
The plant requires 9% of this power for its internal operations. It uses 9800
tonnes of coal of heating value 26 MJ/kg per day. The steam generator
efficiency is 86%. Calculate the gross and net station heat rates and
efficiencies.  [Ans. 10.616 MJ/kWh, 11.667 MJ/kWh, 33.9%, 30.86%]
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2.18 A steam power plant has the boiler efficiency of 92%, turbine (mechanical) efficiency of 96%, and electric generator efficiency of 97%. If 7% of the power generated is consumed in running the auxiliaries of the plant and the overall plant efficiency is 34%, find the percentage of energy lost in the condenser.  [Ans. 57.4 %]
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2.18 A steam power plant has the boiler efficiency of 92%, turbme
(mechanical) efficiency of 96%, and electric generator efficiency of 97%. If
7% of the power generated is consumed in running the auxiliaries of the plant
and the overall plant efficiency is 34%, find the percentage of energy lost in
the condenser. [Ans. 57.4 %]
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2.19 An ideal steam power plant operates between 150 bar, 550 °C  and 0.075 bar. It has seven feedwater heaters. Find the optimum pressures and temperatures at which the heaters operate.
	State
	T
	P
	Tsat

	 
	C
	Bar
	C

	Boiler
	550
	       150 
	    342.2 

	Condenser
	 
	    0.075 
	      40.3 

	n
	
	
	7

	n+1
	
	
	8

	ΔT
	(342.2-40.3)C
	301.9

	ΔToptimum
	ΔT/(n+1)
	37.7

	
	
	
	

	FWH
	T
	P
	

	 
	C
	Bar
	

	FWH 1
	    304.4 
	      91.4 
	

	FWH 2
	    266.7 
	      52.2 
	

	FWH 3
	    229.0 
	      27.4 
	

	FWH 4
	    191.2 
	      12.9 
	

	FWH 5
	    153.5 
	        5.2 
	

	FWH 6
	    115.8 
	        1.7 
	

	FWH 7
	      78.0 
	        0.4 
	

	condenser
	40.2916
	check
	


รูปที่ 2.20





Gross


output





Net 


output





Turbine





Power consumptions of plant





Power Station Energy Chain





Steam Generator





Qc





Condenser





Pump





Wp





Generator





Exhaust Gases





Fuel





Air








