UNSTEADY FLOW OPEN SYSTEMS
EXTRA EXERCISES

Exercise 1:

A 0.12 m3 rigid tank initially contains refrigerant-134a at 1 MPa and 100 percent quality. The tank is connected by a valve to a supply line that carries saturated liquid refrigerant-134a at 36C. Now the valve is opened, and the refrigerant is allowed to enter the tank. The valve is closed when it is observed that the tank contains saturated liquid at 1.2 MPa. Determine:
a. The mass of the refrigerant that has entered the tank.	
b. The amount of heat transfer.	
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Assumptions:
· Kinetic and potential energy changes are negligible.
· There are no work interactions involved.
· Table A-11 and A-12 will be required.



Solution:
1. According to first law of thermodynamics for steady-flow open systems,
· Mass Balance:
         

  because no exit




Therefore,






Therefore,



Thus,



1. According to first law of thermodynamics for steady-flow open systems,
· Energy Balance: No exit
 No work














Thus,





[bookmark: _GoBack]Exercise 2:

An insulated piston-cylinder device initially contains 0.2 m3 of air at 200 kPa and 22C and internal energy 211.81 kJ/kg. At this state, a linear spring touches the piston but exerts no force on it. The cylinder is connected by a valve to a line that supplies air at 800 kPa and 22C. The valve is opened, and air from the high-pressure line is allowed to enter the cylinder. The valve is turned off when the pressure inside the cylinder reaches 600 kPa. If the enclosed volume inside the cylinder doubles during this process, determine,
a) The mass of air that entered the cylinder.
b) The final temperature of the air inside the cylinder.
INLET
Pi = 800 kPa
Ti = 22C












AIR
V1 = 0.2 m3
P1 = 200 kPa
T1 = 22C













	Assumptions:
· Air is considered as an ideal gas.
· The gas constant of air and the properties of air can be found in Table A-2.
· Kinetic and potential energy changes are negligible.
· There is no heat transfer.
· The spring is a linear spring, therefore boundary work for this process can be determined from, 



Solution:
According to first law of thermodynamics for steady-flow open systems,
· Mass Balance:
        

     because no exit

 No exit
 No heat transfer

· Energy Balance:










As air is an ideal gas we can use the following relationships,





Thus,





















Thus,



And,
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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

A 012w rigid tanik initially contains refrigerant-134a at 1 MPa and 100 percent quality direction of heat transfer is to the tank (will be verified).
The tank is connected by a valve to a supply line that carries refrigerant-134a at 1.2 MPa

] amd 36°C. Now the valve is opened, and the refrigerant is allowed to enter the tank. The

Properties The properties of refrigerant are (Tables A-11

: }).: ;;r:‘smzlnsed when it is observed that the tank contains saturated liquid at 1.2 MPa. through A-13) R-134a 1.20 MPa

) a. The mass of the refrigerant that has entered the tank. 36°C

; b. The amount of heat transfer. B =1MPa | v; =, \p, =0.02031 m*/kg I
: sat.vapor U =g vpa = 250.68 kl/kg

: P,=12MPa | v, =0/ 4,5 yp, =0.0008934 m*/kg R-134a

: sat. liquid iy =1 ;g1 vpa =116.70 kI/kg 0.12m’

: R ‘ IMPa 0

: < h e 10230 KI/kg Sat. vapor

1 T, =36°C =

i

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 7 and
internal energy u, respectively, the mass and energy balances for this uniform-flow system can be
expressed as

Assumptions:
Kinetic and potential energy changes are negligible

B2

o Airis an ideal gas with constant specific heat values that can be found in Table
A2

o Noting that the pressure remains constant, the boundary work can be expressed
asW, =P-(V,—13)

Mass balance:

1300

PAGELOF2 133WORDS LI¥ ENGLISH (UNITED KINGDOM) & 5 04/05/2016




