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The Examination consists of eight questions in two pages (83 M.

Solve the following questions:

1] A piston=cylinder device initially contains 0.07 m® ol nitrogen gas at 130 kP and 20°C,
The mitrogen is now expanded polytropically to a state of 100 kPa and 100°C. Determine the
bowndary work done during this process

121 A well-insulated rigid tank contains § ke of a saturated
lquid-=vapor mixiure of water at 100 kPa. Initially, three-
quarters ol the mass is in the liquid phase. An electric
resistor placed in the ok is connected to a 110-V source, Vo st
and a current of 8 A flows through the resistor when the
switch is tumed on. Determine how long it will take 1o
vaporize all the liguid in the tank. Also, show the process on
a Tev diageam with respect to saturation lines,

M

[ 3] Steam enters the condenser of a steam power plant at 20 kPa and a quality of 95 percent
with a mass low rate of 20,000 kg/h. 1t is 10 be cooled by water from a nearby river by
cir the water through the tibes within the condenser. To prevent thermal pollution.
U rver water is mot allowed W experience a lemperature rise above 10°C, 1T the steam is 0
leave the condenser as sarated liquid at 20 kPa, determine the mass flow rate of the
comling water required.

41 A 2-m3 rigid tank initially contains air at 100
and 22°C. The tank is connected 1o a supply —_
line through a valve. Air is Nowing in the supply
i and 22°C. The valve is opened. and
air i allowed 1o enter the ok until the pressure in
the tank reaches the line pressure, at which point
the valve is closed. A thermometer placed in the | v lm'
tank mdicates that the air temperature at the final
state is 7770, Determine (a) the mass of air that has
entered the tank and (f) the amount of heat transfer.

line 4

L

Py kg,
| Iy=

IS1 A Camot heat engine receives heat at 750 K and rejects the waste heat to the
environment at 300 K. The entire work output of the heat enging is used 1o drive a Camot
relrigerator that ramoves heat from the cooled space at -15°C at a rate of 400 klanin and
rejects it to the smme envi a 300 K. [ ine (a) the rate of heat supplicd o the
heat engine and (A) the total rte of heat rejection 1o the environmen
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|6] Steam at 6000 kPPa and 500°C enters a steady-flow trbine. The steam expands in the
turbine while doing work until the pressure is 1000 kPa. When the pressure is 1000 K
percent of the steam is removed from the turbine for other uses. The remaining 90 percent of
e stem continues w expand through the wrbine while dos
at 10 kPa. The entire expansion process by the steam through the turbine
adiabatic, (w) Sheteh the process on a T-s diagram with respeet 1o the sat
sure to label the data states and the lines of constant pressure. (5) I the turbine has an
isenteopic efficiency of 85 percent. what is the work done by the steam as it flows through
cam Nowing into the twrbine. in k1kg?

the turhine per unit mass of s

17] ta) Using both v and T-s diagrams illustrate Otto, Diesel, and Dual cyeles. Then find
ion Tor the thermal efficiency of the Ouo cycle,

an expre

() An air-standard Carnot eyele is executed in a closed system between the temperature
limits of 350 and 1200 K. The pressures before and afler the isothermal compression are 150
and 300 kPa, respectively. 1f the net work output per cyele is 0.5 k), determing (o) the
¢, () the heat transfer o air, and () the mass of air. Assune

masimum pressure in the
wariable specilic heats Tor air,

A steam power plant operates on a simple ideal Rankine cycle between the pressure
of 3 MI%a and 50 kPa. The temperature of the steam at the twrbine inlet is 300°C, and
ss flow rate of steam through the evele is 35 kp/s. Show the cyele on a T-s di
with respect to <aturation lines. and determine (@) the thermal efficiency of the 5
the et poser output of the power plant.

GOoOD LUCK
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L] A piston-cylinder device initially contains 0.07 m' ol nitrogen gas at 130 kpa and 20°C,
The nitrogen is now expanded palytropically to a state of 100 kPa and 100°C. Determine the
boundary work done during this process, L
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12] A well-insulated rigid tank ins 5 kg of a

liquid-vapor mixture of water at 100 kPa, Initially, three-
quarters of the mass is in the liquid phase. An electric
resistor placed in the tank is connected to a 110-V source,
and a current of 8 A flows through the resistor when the
switch is turned on. Determine how long it will take to
vaporize all the liquid in the tank. Also, show the process on
a T-v diagram with respect to saturation lines,
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13] Steam enters the condenser of a steam power plant at 20 kI’a and a quality of 95 percent
with o mass Mow rate of 20,000 kg/h. It is to be cooled by water from a nearby river by
circulating the water through the tbes within the condenser. Ta prevent thermal pollution,
the river water is not allowed to experience a temperature rise above 10°C. IF the steam is o
leave the condenser as saturated liquid at 20 kPa, determine the mass flow rate of the

tl\(\|jl1g\‘-alur required. L‘ i
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I4] A 2-m3 rigid tank initially contains air at 100

kPa and 22°C. The tank is connected 1o a supply — ‘;}:'f:‘_h —_—
line through a valve. Air is flowing in the supply .

line at 600 kPa and 22°C. The valve is opened, and b@_|

air is allowed o enter the tank until the pressure in FISSATSEEE. 1o T
the tank reaches the line pressure, at which point | 4 ]
the valve is closed. A thermometer placed in the Ve 2t | on
tank indicates that the air temperature at the final ‘>

+ 77°C. Determine (a) the mass of air that has ! :‘ B
entered the tank and (4) the amount of heat transfer, i
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I5] A Camot heat engine receives heat at 750 K and rejects the waste heat to the
environment at 300 K. The entire work output of the heat engine is used to drive a Camot
refrigerator that removes heat from the cooled space at -15°C at a rate of 400 kl/min and
rejucts it 1o the same environment at 300 K. Determine (a) the rate of heat supplied to the
heat engine and (4) the total rate of heat rejection to the environment.
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[6] Steam at 6000 kPa and 500°C enters a steady-flow turbine. The steam expands in the
wirbine while doing work until the pressure is 1000 kPa. When the pressure is 1000 kPa, 10
percent of the steam is removed from the wrbine for other uses. The remaining 90 percent of
the steam continues to expand through the turbine while doing work and leaves the turbine
at 10 kPa. The entire expansion process by the steam through the turbine is reversible and
adiabatic. {a) Sketch the process on a -5 diagram with respect to the saturation lines. Be
sure to label the data states and the lines of constant pressure. (5) If the turbine has an
isentropic efficiency of 85 percent, what is the work done by the steam as it lows tllmm,il
the turbine per unit mass of steam flowing into the turbine, in k)/kg?
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I7] (a) Using both P-v and T-s diagrams illustrate’ Otto, Diesel, and Dual cyeles. Then find
anespression lor the thermal efficiency of the Otto cycle.
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(b) An air-standard Carnot cyele is executed in a closed system between the temperature
limits of 350 and 1200 K. The pressures before and after the isothermal compression are 150
and 300 kPa, respectively. If the net work output per cyele is 0.5 kJ, determine (a) the

maxinmum pressure in the cyele, (8) the heat transfer to air, and {c) the mass of air. Assume
variable specific heats for air.
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18] A steam power plant operates on a simple ideal Rankine cycle between the pressure
limits of 3 MPa and 50 kPa, The temperature of the steam at the turbine inlet is 300°C, and
the mass Now rate of steam through the eycle is 35 kg/s. Show the cycle on a T-s diagram

with respeet 1o saturation lines, and determine (a) the thermal efficiency of the cycle and ()
the net power output of the power plant.
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