M4X00386 RESIT EXAM 2017-18
SOLUTIONS

1. QUESTION ONE / Closed System: (20 marks)
A rigid container equipped with a resistance heater contains 1.5 kg of air. The resistance heater is switched on for 20 minutes. Determine,
a) The change of specific internal energy in kJ/kg during this time; knowing that the air container loses 2.37 MJ of heat while 2 kW of power is applied to the resistance heater. 
b) The final air temperature if the initial air temperature in the container is 12C.


AIR
m = 1.5 kg
t = 1200 s
T1 = 12C











	









(15 marks)


	








(5 marks)

2. QUESTION TWO  / Open system, steady-flow process:  (15 marks)
Steam at 1.8 MPa and 400°C steadily enters a nozzle whose inlet area is 0.02 m2. The mass flow rate of steam through the nozzle is 5 kg/s. Steam leaves the nozzle at 1.4 MPa with a velocity of 275 m/s. Heat losses from the nozzle, per unit mass of the steam are estimated to be 64.57 kJ/kg.
Using the given table A-6, determine:
a) The inlet velocity.
b) The exit temperature of the steam.











STEAM








Steam enters a nozzle steadily at a specific flow rate and velocity. The inlet velocity of steam and the exit temperature are to be determined.

Assumptions:
1. This is a steady-flow process since there is no change with time at any point and thus  and .
2. There are no work interactions.
3. The potential energy change is zero, .

We take the nozzle as the system. This is a control volume since mass crosses the system boundary during the process. We observe that there is only one inlet and one exit and thus:

2 marks
a. The specific volume and enthalpy of steam at the nozzle inlet are:

         (Table A-6)
2 marks
Then,



2 marks

b. Under stated assumptions and observations, the energy balance for this steady-flow system can be expressed in the rate form as:




3 marks

Dividing by the mass flow rate  and substituting,  is determined to be:



3 marks
Then,
         (Table A-6)
3 marks

3. [bookmark: _GoBack]QUESTION THREE  / Open system, unsteady-flow process:  (15 marks)
[image: ]

We take the tank as the system, which is a control volume since mass crosses the boundary.
This is an unsteady-flow process since the conditions within the device are changing during the process, but it can be analysed as a uniform-flow process since the state of fluid at the inlet remains constant.


The mass and energy balances for this uniform-flow process can be expressed as follows:

· Mass balance:




4 marks
· Energy balance:







5 marks

The change in internal energy or enthalpy for an ideal gas during a process are defined as:





2 marks
Therefore:





2 marks
According to Table A-2:
cp = 1.005 kJ/Kg.K

cv = 0.718 kJ/Kg.K



Hence:








2 marks
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5-123 An insulated rigid tank is evacuated. A valve is opened, and air is allowed to fill the tank until
mechanical equilibrium is established. The final temperature in the tank is to be determined.

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 Air is an ideal gas with constant specific heats. 3 Kinetic and potential energies are negligible. 4
There are no work interactions involved. 5 The device is adiabatic and thus heat transfer is negligible.

Properties The specific heat ratio for air at room temperature is & = 1.4 (Table A-2).

Analysis We take the tank as the system, which is a control volume
since mass crosses the boundary. Noting that the microscopic energies
of flowing and nonflowing fluids are represented by enthalpy / and
internal energy u, respectively, the mass and energy balances for this
uniform-flow system can be expressed as

Mass balance: initially

evacuated
Mgy = Am,

Mg = Moy = Mlggreny = 1y =y (SICC Mgy = Mgy = 0)

Energy balance:
E,-E = AE

out system

Netenergy transfer  Change in internal, kinetic,
byheat, work, and mass  potential. etc. encrgies

mih, = myu, (since Q=W =E_ =E, .., =ke= pe=0)

Combining the two balances:

uy =h; > e, I, =c,T; >T, =(c, /c,)T; =kT;
Substituting,
T,=14x290K =406 K=133"C
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