CLOSED SYSTEMS

Exercise 1:
A frictionless piston-cylinder device initially contains 200 L of saturated liquid refrigerant 134a. The piston is free to move, and its mass is such that it maintains a pressure of 900 kPa on the refrigerant. The refrigerant is now heated until its temperature rise to 70C. Using Table A-11 through A-13, calculate the work done if 47.5 MJ of heat is transferred to the refrigerant during this process. 


Q

R-134a

P = constant







Exercise 2:
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 no heat losses from the room and an atmospheric pressure of 100 kPa, determine the required power of the resistance heater. Assume constant specific heats at room temperature.

Notes: 
· Air is considered as an ideal gas. 
· Gas constant and specific heats values can be found in table A-2.


Exercise 3:
A student living in a 4-m  6-m  6-m dormitory room turns on his 150 W fan before he leaves the room on a summer day, hoping that the room will be cooled when he comes back in the evening. Assuming all the doors and windows are tightly closed and disregarding any heat transfer through the walls and the windows, determine the temperature in the room when he comes back 10 hr later. Use specific heats values at room temperature, and assume the room to be at 100 kPa and 15C in the morning when he leaves.

Notes: 
· Air is considered as an ideal gas. 
· Gas constant and specific heats values can be found in table A-2.


Exercise 4:
Air is contained in a variable-load piston device equipped with a stirring wheel. Initially, air is at 500 kPa and 27C. The stirring wheel is now turned by an external electric motor until 50 kJ/kg of work has been transferred to the air. During this isobaric process, heat is transferred to maintain a constant air temperature while allowing the gas volume to triple. Calculate the required amount of specific heat transfer q.



Air
500 kPa
27C
q







Notes: 
· Air is considered as an ideal gas. 
· Gas constant and specific heats values can be found in table A-2.
· For the isobaric process of an ideal gas, the boundary work relation is, 



STEADY FLOW OPEN SYSTEMS


Exercise 5:
A hair dryer is basically a duct in which a few layers of electric resistors are placed. A small fan pulls the air in and forces it through the resistors where it is heated. Air enters a 1200 Watts hair dryer at 100 kPa and 22°C and leaves at 47°C. The cross sectional area of the hair dryer at the exit is 60 cm2. Neglecting the power consumed by the fan and the heat losses through the walls of the hair dryer, determine:
a. The volume flow rate of air at the inlet .
b. The velocity of the air at the exit c2.
[image: ]

Notes: 
· Air is an ideal gas. The gas constant of air and the constant pressure specific heat of air at room temperature cp can be found in Table A-1 and Table A-2 respectively.
· Reminder: for an ideal gas,  h = cp (T)   (kJ/kg), and   P . v = R . T   (be careful with units)
· Kinetic and potential energy changes are negligible.
· The power consumed by the fan and the heat losses are negligible ().




Exercise 6:
An adiabatic air compressor compresses 10 litres per seconds of air (considered as an ideal gas) at 120 kPa and 20°C to 1000 kPa and 330°C. Determine:
c. The work required by the compressor in kJ/kg.
d. The power required to drive the air compressor in kW.

Compressor
1 Mpa
330°C
120 kpa
20°C
10 l/s














Notes: 
· Air is an ideal gas. The gas constant of air and the constant pressure specific heat of air at room temperature cp can be found in Table A-1 and Table A-2 respectively.
· Kinetic and potential energy changes are negligible.
· 1 cubic meter is equal to 1,000 litres: 

[bookmark: _GoBack]Exercise 7:
A hot-water stream at 80C enters a mixing chamber with a mass flow rate of 0.5 kg/s where it is mixed with a stream cold water at 20C. If it is desired that the mixture leave the chamber at 42C, determine the mass flow rate of the cold-water stream. Assume all the streams are at a pressure of 250 kPa. = 80C
 = 0.5 kg/s
 = 20C

H2O
(P = 250 kPa)
 = 42C









Notes: 
· This is a steady-flow process since there is no change with time. 
· The mixing chamber is well-insulated so that heat loss to the surrounding is negligible.
· Changes in KE and PE of fluid streams are negligible.
· There are no work interactions.
· , the water in all 3 streams exists as a compressed liquid, which can be approximated as a saturated liquid at the given temperature. Table A-4.

Exercise 8:
A saturated stream of refrigerant-134a at 1 MPa and 12C is mixed with another superheated stream 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. 
 = 60C

R-134a
(P = 1 MPa)
 

 = 12C
 = 2 







Notes: 
· This is a steady-flow process since there is no change with time.
· KE and PE changes are negligible.
· There are no work interactions.
· The device is adiabatic and thus heat transfer is negligible.
· Tables A-11 through A-13.
· 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.
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B 5-113 A hair dryer consumes 1200 W of electric power when running. The inlet volume flow rate and the
exit velocity of air are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Air is an ideal gas with
constant specific heats at room temperature. 3 Kinetic and potential energy changes are negligible. 4 The
power consumed by the fan and the heat losses are negligible.

Properties The gas constant of air is 0.287 kPa.m*/kg K (Table A-1). The constant pressure specific heat of
air at room temperature is ¢, = 1.005 kJ/kg-K (Table A-2)

Analysis We take the hair dryer as the system. which is a control volume since mass crosses the boundary.
There is only one inlet and one exit, and thus 7y = i1, = 71 . The energy balance for this steady-flow system
can be expressed in the rate form as

B _ 2 70 (steady)  _
Ey —Egy = AEs)srAm =0 o <
—— - . T,=47°C P =100 kPa
Rate of net energy transfer  Rate of change in internal kinetic, - 5 o
by heat. work. and mass. potential. etc. energies A>=60cm™ Ty =22°C

Ein = Eou

W, ;o +1ithy = 1ithy  (since O, = Ake = Ape = 0)

ein

We,m =m(hy—h) = n'mP(T2 -T) Wa =1200 W
Substituting. the mass and volume flow rates of air are determined to be
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