THERMODYNAMICS MOCK EXAM 2016-17


QUESTION ONE (15 marks): Closed system
A 4-m  5-m  6-m room is to be heated by a base-board resistance heater. It is desired that the resistance heater be able to raise the air temperature in the room from 7 to 23C within 15 min. Assuming heat losses q from the room of 5 kJ/kg and an atmospheric pressure of 100 kPa, determine the required power of the resistance heater. Assume constant specific heats at room temperature.
Assumptions: 
· Air is considered as an ideal gas. 
· Gas constant and specific heats values can be found in table A-2.
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V = 456
= 120 m3
T1 = 7C
T2 = 23C



QUESTION TWO (15 marks): Steady-flow system
In an adiabatic mixing chamber, a stream of saturated liquid refrigerant-134a at 12C is mixed with another stream of superheated R-134a at 1 MPa and 60C. If the mass flow rate of the cold stream is twice that of the hot one, determine the temperature and the quality of the exit stream.


Saturated liquid
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Saturated liquid-vapour mixture



Superheated


Assumptions: 

· Kinetic and potential energy changes are negligible.
· There are no work interactions involved.
· The device is adiabatic and thus heat transfer is negligible.
· The properties of refrigerant can be defined by using tables A-11, A-12 and A13.
· Refrigerant at inlet 1 and exit can be considered to be saturated.
· Refrigerant at inlet 2 can be considered to be superheated.
· In a saturated liquid-vapour mixture, the mass fraction of vapour is called the quality and is expressed as:

Quality may have values between 0 (saturated liquid) and 1 (saturated vapour). It has no meaning in the compressed liquid or superheated vapour regions. In the saturated mixture region, the average value of any intensive property y is determined from:

where f stands for saturated liquid, g for saturated vapour and y stands for v, u or h.


QUESTION THREE (20 marks): Unsteady-flow process

A 0.2 m3 rigid tank initially contains refrigerant R-134a at 8C. At this state, 70% of the mass is in the vapour phase, and the rest is in the liquid phase. The tank is connected by a valve to a supply line where refrigerant at 1 MPa and 100C flows steadily. Now the valve is opened and the refrigerant is allowed to enter the tank. When the pressure in the tank reaches 800 kPa, the entire refrigerant in the tank exists in the vapour phase only. At this point the valve is closed. Determine,
a) the final temperature in the tank,
b) the mass of refrigerant that has entered the tank,
c) the heat transfer between the system and the surroundings.
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Assumptions:
· Kinetic and potential energy changes are negligible.
· There are no work interactions involved.
· The properties of refrigerant can be defined by using tables A-11, A-12 and A13.
· Refrigerant in the tank at initial and final states can be considered to be saturated.
· Refrigerant at inlet can be considered to be superheated.
· In a saturated liquid-vapour mixture, the mass fraction of vapour is called the quality and is expressed as:

Quality may have values between 0 (saturated liquid) and 1 (saturated vapour). It has no meaning in the compressed liquid or superheated vapour regions. In the saturated mixture region, the average value of any intensive property y is determined from:

where f stands for saturated liquid, g for saturated vapour and y stands for v, u or h.
· For specific volume, 
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5-125 A rigid tank initially contains saturated R-134a liquid-vapor mixture. The tank is connected to a
supply line. and R-134a is allowed to enter the tank. The final temperature in the tank. the mass of R-134a
that entered. and the heat transfer are to be determined.
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_Assumptions 1 This is an unsteady process since the conditions within the device are changing during the
process, but it can be analyzed as a uniform-flow process since the state of fluid at the inlet remains
constant. 2 Kinetic and potential energies are negligible. 3 There are no work interactions involved. 4 The
direction of heat transfer is to the tank (will be verified)
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o The cylinder contains saturate vapour at the final state at same pressure and same
temperature as the saturated liquid at initial state.
* Noting that the pressure remains constant, the boundary work can be expressed as,
W, =P-(V; = V).
o The properties of water at the initial and final states can be defined by using tables
A-S.

o The properties of steam at the inlet can be defined by using tables A-6.

QUESTION THREE (20 marks): Unsteady-flow process

An insulated piston-cylinder device initially contains water as saturated liquid. The mass of the piston is
such that it maintains a constant pressure of 325 kPa. The cylinder is connected to a supply line that
carries steam at 0.5 MPa and 350°C. The steam is allowed to enter the cylinder until the volume of the
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cylinder triples and the liquid is vaporised. The mass of the steam that has entered the cylinder is to be
determined.
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5 The room is air-tight so that no air leaks in and out during the process.
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at room temperature (Table A-2). Superheated refrigerant-134a (Continued)
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QUESTION TWO (20 marks): Steady-flow system
A hot-water stream at 80°C enters a mixing chamber with a mass flow rate of 0.5 kg/s where it is mixed
with a stream of cold water at 20°C. It is desired that the mixture leave the chamber at 40°C, determine

the mass flow rate of the cold-water stream. Assume all the streams are at a pressure of 250 kPa.

80°C
05kg/s >

T, = 20°C
iy

T, = 40°C
ity

Assumptions:
o The mixing chamber is well insulated so that heat loss to the surrounding is negligible
o Kinetic and potential ener;
o There are no work interactions involved.

¢ changes are negligible.

 Noting that T < Tyac@zsopa = 127.41°C, the water in all 3 streams exists as a compressed
Tiquid, which can be approximated as a saturated liquid at the given temperatures. Thus Table
A4 can be used.
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_Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible. 3 There are no work interactions. 4 The device is adiabatic and thus heat
transfer is negligible.

Properties From R-134a tables (Tables A-11 through A-13),
hi = hrgirc = 68.18 kKl/kg
2 = haies ec=29338 kikg

Analysis We take the mixing chamber as the system. which is a control volume since mass crosses the
‘boundary. The mass and energy balances for this steady-flow system can be expressed in the rate form as

Mass balance:

70 (steady)
eytem
- =12°C
i . mezm N
iy +1ity =iy =3ty since iy = 21ty
R-134a
Energy balance: (P=1MPa)
. 9 T x3
BaE = AEgn7 Y -0
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syl +1ighy = ninghy (since Q = ¥ = Ake = Ape = 0)
Combining the two gives  2rinyhy +riyhy =3nnyhs or hy =(2hy +hy)/3
Substituting,

3= (2x68.18 + 293.38)/3 = 143.25 k/kg
At 1 MPa, hy=107.32 kl/kg and 7, =270.99 kJ/kg. Thus the exit stream is a saturated mixture since
hy< hs < hy. Therefore,

T3= Tug13ma = 3937°C
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