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AA283
Aircraft and Rocket Propulsion
Chapter 6 - The Turboprop Cycle

GE90 fan blade
4ft long
50 lbs 

GE90 fan front view PW4077 fan front view – Denver accident 
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The gearbox 
is a complex 
and fairly 
massive 
component

Allison T56 developed in the 1950s 

e2C e2C+
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Helicopter turboshaft engine 

Lockheed L-188 turboprop introduced 1957 

Allison T56 
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Antonov 70 counter rotating turboprop
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PW Geared Turbofan - note the small size of the gearbox
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6.1 Propellor efficiency

(6.1)

Recall

Definition of propellor 
efficiency

(6.2)
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Effect of advance ratio on propellor efficiency

Advance ratio = 
Distance in one rotation period 

Propellor diameter
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Propellor thrust

(6.3)

Factor the propellor efficiency

(6.4)

The left factor is the propulsive efficiency

(6.5)
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Thermodynamic interpretation of propellor efficiency. Treat the propellor as an actuator disc
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6.6 Problems

∞
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Work done by the propellor

Froude’s theorem

(6.6)

Since the velocity is constant through the propellor

(6.7)

The pressure and temperature ratio are related by a polytropic efficiency

(6.8)

(6.9)
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Express (6.9) as

(6.10)

The Mach number change across the propellor is small and so (6.10) can be approximated as

(6.11)

(6.12)
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For a lightly loaded propellor 

(6.13)

(6.14)

(6.15)

Propellor thrust

where A is the area of the actuator disc. Now form the propellor efficiency

(6.16)

Using Froude’s theorem the propellor efficiency becomes

(6.17)
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Using this result we can now interpret the energy factor in (6.5).

(6.18)

The polytropic efficiency is related to the entropy change across the propellor as follows.

(6.19)

(6.20)

The propellor efficiency can also be written as

(6.21)
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Thrust equation for the turboprop

Substitute the propellor efficiency

(6.23)

6.2 Work output coefficient

(6.22)
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Core thrust

(6.24)

Define the work output coefficient

Now

(6.25)

Where

(6.26)

and

(6.27)

(6.28)
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The fuel efficiency of the turboprop is expressed in terms of the specific horsepower

(6.29)

Where the temperature is in degrees Rankine and the heat capacity is in BTU/lbm-hr



18

Turbine-compressor-propellor matching

(6.30)

Rearrange

(6.31)

6.3 Turboprop power balance
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6.4 The ideal turboprop
Assume

and assume the core exhaust is fully expanded. Note that the propellor efficiency is not assumed to be one.

(6.32)

Exit Mach number

(6.33)

Temperature ratio

(6.34)

Work output coefficient of the core

(6.35)
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Optimization of the ideal turboprop cycle

Question: What fraction of the total thrust should be generated by the core in order to 
produce the maximum work output coefficient?

(6.36)

Now

(6.37)

or

(6.38)
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Notice that the propellor, gearbox and shaft efficiencies enter the analysis as one product. Let

(6.39)

(6.40)
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What core velocity ratio does this correspond to ?

(6.41)

Substitute (6.40)

(6.42)

An ideal turboprop with a polytropic efficiency  of one would have

(6.43)

In other words the core would  become indistinguishable from the actuator disc.
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Ideal turboprop - compression for maximum thrust

Maximum is achieved with 

Same result as turbojet 

(6.44)

(6.45)
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6.5 Turbine sizing for the non-ideal turboprop

Recall (6.36)

(6.46)

Assume the core exhaust is fully expanded. The velocity ratio across the non-ideal core is

(6.47)

The core work output coefficient is

(6.48)
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The condition (6.46) becomes

(6.49)

Various parameters in (6.47) are specified and the turbine temperature ratio is determined implicitly.
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GE 36 - Unducted Fan counter rotating turboprop concept demonstrator

An idea tested in the 1980s 
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Core engine GE F404 10,000 lbs thrust 

Effective Bypass ratio = 30 

GE 36 25,000 lbs thrust
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6.6 Problems

∞
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