
16.50 Propulsion Systems  
Spring 2012 

Homework 6: Off-Design Performance of Small Turboprop Engine 

 
a) At the end of climb, , we have , and . 
Also, . Finally, 

 . 

 

 
Force balance along and transverse to the 
trajectory: 

                (1) 
        (2) 

 

From equation (2),  

We are given , so 

 

 

b) Since , we have . 

 
The compressor ratio is chosen for maximum thrust, so 

                   (3) 

                           (4) 

      (5) 
              (6) 

 
From the shaft power balance: 

  

  
 
From these results: 
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c) To calculate the air flow rate  we need the value of . We assume here matched 

exhaust conditions and use:  

           (7) 

  

 

  

 
d) The general flow rate expression is: 

           (8)  

 
We have: 

           (9) 

              (10) 

 
Applying this at the choked stations 4 and 7: 

            (11) 

  

            (12) 

  

         (13) 

 
For station 2: 

          (14) 

                 (15) 

          (16) 
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e) The combustion energy balance gives: 

               (17) 

  

 
Therefore: 

          (18) 
The specific impulse is: 

           (19) 

 
f) The flight speed is . The exhaust velocity is then: 

            (20) 

 
The propulsive efficiency is then: 

                (21)  

This result is not a very high propulsive efficiency.  
 
The overall efficiency follows from the specific impulse: 

           (22) 

 
The thermodynamic efficiency is then:  

            (23) 

 
Note: The thermodynamic efficiency can also be calculated directly using equation (24): 

          (24) 

 
Compressor Working Line 
When conditions change ,the nondimensional flow  and the compressor ratios  both change, 
but they do so in a coordinated way. As explained in lecture 19, we must have: 
 

           (25) 

Where  remains constant. Often  is reported as the relative flow, normalized by its design value: 

         (26) 

Dividing equations (25)/(26): 
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            (27) 

Some values are tabulated below, using our result : 
 

 4 6 8 10 11.32 12 14 

 0.5070 0.6484 0.7847 0.9159 1 1.0426 1.1659 

 

 
Concept Questions 
1) If  is doubled, at the same 
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