CONTROL VOLUMES
UNSTEADY FLOW SYSTEMS


SOLUTION TO EXERCISE 1:
Assumptions:
· This process can be analysed as a uniform-flow process since the properties of the steam entering the control volume remain constant during the entire process.
· The kinetic and potential energies of the streams are negligible, ke  pe  0.
· The tank is stationary and thus the kinetic and potential energy changes are zero; that is, KE = PE = 0 and Esystem = Usystem.
· The tank is well insulated and thus there is no heat transfer.

Mass balance:




Energy balance:


Combining the mass and energy balance gives:

That is, the final internal energy of the steam in the tank is equal to the enthalpy of the steam entering the tank. The enthalpy of the steam at the inlet is:





which is equal to u2. Since we know 2 properties at the final state, it is fixed and the temperature at this state is determined from the same table to be:






SOLUTION TO EXERCISE 2:
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The properties of helium are (Tables A-1 and A-2):
· R = 2.0769 kJ/kg.K
· cp = 5.1926 kJ/kg.K
· cv = 3.1156 kJ/kg.K 

Analysis
The flow work is determined from its definition but we first determine the specific volume:





Combining the mass and energy balance gives:


According to the change in internal energy or enthalpy for an ideal gas during a process:












SOLUTION TO EXERCISE 3:
The gas constant of air is 0.287 kPa.m3/kg.K (Table A-1).

Analysis
We take the bottle 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 h and internal energy u, respectively, the mass and energy balances for this uniform-flow system can be expressed as:
Mass balance: 


        (since me = m1 = 0)
Energy balance: 



Combining the two balances: 



Where:






Substituting:
Q = (0.0096 kg)(206.91  290.16) kJ/kg =  0.8 kJ 

The negative sign for heat transfer indicates that heat is transferred out of the system.  

