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Open System 
(Control Volume)-

EXAMPLES



#1 .Steam at 0.4 MPa, 300 oC, 
enters an   adiabatic nozzle with 
a low velocity and leaves at 
0.2MPa with a quality of 90%. 
Find the exit velocity, in m/s.
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Example 2: Deceleration 
of Air in a Diffuser

Air at 10oC and 80 kpa enters the diffuser of a 
jet engine steadily with a velocity of 200 m/s. 
The inlet area of the diffuser is 0.4 m2. The 
air leaves the diffuser with a velocity that is 
very small compared to the inlet velocity.

Determine
(1) The mass flow rate of the air and
(2) The temperature of the air leaving 
the diffuser.
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Example 3: Acceleration of Steam in a 
Nozzle

Steam at 1.8Mpa  and 350C steadily enters a nozzle 
whose inlet area is 0.02 m2. The mass flow rate of the 
steam through the nozzle is  5.2 kg/s. Steam leaves the 
nozzle at 1.2Mpa  with a velocity of 300m/s. The heat 
losses from the nozzle per unit mass of the steam are 
estimated to be 2.8 KJ/kg. 
Determine:
(a) the inlet velocity and 
(b) the exit temperature of the steam.

Answers: a) 40 m/s,
b)  ____C  
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Example (4-12): Power 
Generation by a Steam 
Turbine

The power output of an adiabatic 
steam turbine is 5 MW, and the 
inlet and the exit conditions of 
the steam are as indicated in the 
figure on the right. 
a) Compare the magnitude of h, 
ke, and pe. 
b) Determine the work done per 
unit mass of the steam flowing 
through the turbine. 
c) Calculate the mass flow rate of 
the steam.
 Answers: a) h = -885.9 kJ/kg, 
ke = 14.95 kJ/kg, pe = -0.04 
kJ/kg, 
b) 871.0 kJ/kg, and c) 5.74 kg/s 
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#5. In a single-flash geothermal power plant, geothermal 
water enters the flash chamber (a throttling valve) at 
230°C as
a saturated liquid at a rate of 50 kg/s. The steam 
resulting from
the flashing process enters a turbine and leaves at 20kPa 
with
a moisture content of 5 percent. Determine i) the 
temperature of
the steam after the flashing process and ii) the power 
output from
the turbine if the pressure of the steam at the exit of the 
flash
chamber is (a) 1 MPa, (b) 500 kPa, (c) 100 kPa, (d) 50 
kPa.
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#6 .In steam power plants, open feed-water heaters are 
frequently utilized to heat the feed-water by mixing it 
with steam bled off the turbine at some intermediate 
stage. Consider an open feed-water heater that 
operates at a pressure of 1000kPa. Feed-water at 50°C 
and 1000kPa is to be heated with superheated steam at 
200°C and 1000kPa. In an ideal feed-water heater, the 
mixture leaves the heater as saturated liquid at the 
feed-water pressure. Determine the ratio of the mass 
flow rates of the feed-water and the superheated vapor 
for this case.
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Example: Cooling of Refrigerant-134a by 
Water
Refrigerant-134a is to be cooled 
by water in a condenser. The 
refrigerant enters the 
condenser with a mass flow 
rate of 6 kg/min at 1 MPa and 
70oC and leaves at 34oC. The 
cooling water enters at 300 kPa 
and 15oC and leaves at 25oC. 
Neglecting any pressure drop, 
determine 
(a) the mass flow rate of the 
cooling water required and (b) 
the heat transfer rate from the 
refrigerant to water.

<Answers: a) 0.486 kg/s, b) 20.35 
kJ/s> 
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#8 .An adiabatic air compressor is to be 
powered by a direct-coupled adiabatic steam 
turbine that is also driving a generator. 
Steam enters the turbine at 12.5MPa and 
500°C at a rate of 25 kg/s and exits at 10kPa 
and a quality of 0.92. Air enters the 
compressor at 98kPa and 295 K at a rate of 
10 kg/s and exits at 1MPa and 620 K. 
Determine the net power delivered to the 
generator by the turbine.
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