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First law for control volumes EXAMPLES

Example 1 Air at 10oC and 80 kPa enters the diffuser of a jet engine steadily with a velocity of 200 m/s. the inlet area of the diffuser is 0.4 m2. The air leaves the diffuser with a velocity that is very small compared with the inlet velocity. Determine 

(a) the mass flow rate of the air, and 

(b) the temperature of the air leaving the diffuser.
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Case: Assume constant specific heat at T

Tavg=(280+400)/2 = 340K ~ 350K

Table A-2(b) for AIR at 350K; Cp = 1.008

 kJ/kgK

therefore, h-h = Cp(T-T)1.008 kJ/kgK(280

-400)K = -120.96kJ/kg

substitute

=

12

oo

 in eqn(1)  w  = q + (h-h)

                                   =  (-

16 kJ/kg)+ (-120.96kJ/kg) = 136.96 kJ/kg

W = mw = (0.02kg/s)(136.96 kJ/kg)= 2.739

2 kW  Answer


Example 2 Air at 100 kPa and 280 K is compressed  steadily to 600 kPa and 400 K. the mass flow rate of the air is 0.02 kg/s, and a heat loss of 16 kJ/kg occurs during the process. Assuming the changes in kinetic and potential energies are negligible, determine the necessary power input to the compressor. 
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Example 3 Steam enters an adiabatic turbine at 450oC and 20 MPa with the mass flow rate of 0.5 kg/s and leaves at 10 kPa and 85% quality. Assume changes in kinetic and potential are negligible, determine the work produces by the turbine.

[image: image4.png]Sxampled

Adr
2= boo kfa

[ & =tookfa
T8%0K

=002k,

Corvibrol Vifumee

Campress o

Assumphions:  Tdeal gas .

Law: q

Table 4-1
o agold |
ak hoo

bnaat oss :

Subshifote im agn (1)

Ze
i

WL —amse kW

Fower N:Ew‘reo\

SSSE. | Mg —sve =0

+hy o~ Wby,
W = g+Chh) —@

*
h, = 2o By

1

by = Ueo.ap  Kifg
g = -k S/eq
v o= 16 +(a%0.13 ~toodg)

W o= —1368S ld./;u\,)

W = (o0a g/ Y - 136,85 k3 /)

S A





Example 3/2   Power output of an adiabatic steam turbine is 5 MW, and the inlet and exit conditions of the steam are as indicated in the figure below.

(a) Compare the magnitudes of Δh, Δke, and Δpe.

(b) Determine the work done per unit mass of the steam flowing through the turbine.

(c) Calculate the mass flow rate of the steam.
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Example 4 Refrigerant 134a enters the throttling valve of a refrigerator as saturated liquid at 0.8 MPa and is throttled to a pressure of 0.12 MPa. Part of the refrigerant evaporates during this process and the refrigerant exists as a saturated liquid-vapor mixture at the final state. Determine the temperature drop of the refrigerant during this process
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Example 5  Hot water at 1 MPa  and 80 oC  is to be cooled to 1 MPa and 30 oC in a condenser by air. The air enters at 100 kPa and 27 oC with a volume flow rate of 800 m3/min and leaves at 95 kPa and 60oC. Determine the mass flow rate of the water.                  (answer 147 kg/min)
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