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1. The device shown below is used to measure the state of a liquid-vapor 

mixture flowing through an insulated pipe (main flow).  The procedure is to 
bleed off a small amount of the mixture to be measured, throttle it through a 
valve, and make measurements at station 2 as shown below. Changes in 
kinetic energy can be neglected and the entire setup is well insulated. The 
working fluid is water. 

 
P1 = 7 bar   Measurements: P2 = 0.1 bar 

T1 = 165oC      T2 = 75oC 

 
a) Discuss possible changes in state variables across the valve (which 

state variables change, which don’t, and why). Corroborate your 
findings from 1st principles. 

b) Draw an h-s diagram for the flow bled off through the valve (state 
change from station 1 to station 2) and indicate relevant isobars and 
isotherms. 

c) Calculate the quality of the main flow liquid-vapor mixture at station 
1. 
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2. A jet engine takes in air from the atmosphere which is at temperature T0 and 
pressure p0 and exhausts air at a static temperature of T6 at the nozzle exit.  
The engine is on the ground at static conditions and the maximum 
temperature in the cycle is Tt max. Assume an ideal cycle and that air and the 
combustion gas are perfect gases with the same specific heat cp and γ. Express 
your answers in terms of the given quantities. 

 

Compressor Turbine

30

Combustor

Nozzle

54 6

 
 

a) Sketch the thermodynamic cycle in an h-s diagram and indicate work 
and heat transfer in each segment of the cycle (label static and 
stagnation states where appropriate).  

b) What is the specific entropy change during heat rejection to the 
atmosphere? 

c) What is the specific entropy change during heat addition to the 
engine? 

d) What is the compressor exit stagnation temperature? 

e) What is the thermal efficiency ηthermal of the engine? 

f) What is the jet exhaust velocity of the engine c6 ?  
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