
 

 

 

 

 

 

 

 

 
 
 

Development of Flight 
Envelope of a Twin Turboprop 
Aircraft (ATR-72) at ISL+20oC 

 
 



Introduction and Problem Statement 
 

The ATR 72 is a twin-engine turboprop, short-haul regional airliner developed and 

produced in France and Italy by aircraft manufacturer ATR (Aerei da Trasporto 

Regionale or Avions de transport régional), a joint venture formed by French 

aerospace company Aérospatiale (now Airbus) and Italian aviation 

conglomerate Aeritalia (now Leonardo S.p.A.). The number "72" in its name is 

derived from the aircraft's standard seating configuration in a passenger-carrying 

configuration, which could seat 72–78 passengers in a single-class arrangement. 

 

There are two possible level flight speeds Vmin and Vmax for full throttle setting at different 

altitudes considering drag (D) or thrust available (TR) and thrust available (TA) curves. 

Using this data (Vmin and Vmax), aircraft flight envelope (speed vs altitude) for turbojet 

powered aircraft was drawn. For jet powered aircraft TA is nearly constant with speed and it 

was convenient to consider TR and TA curves. 

For piston engine aircraft, the engine power is nearly constant with forward speed and we 

consider PR and PA curves to get two possible level flight speeds Vmin and Vmax, at different 

altitudes. 

Using PR = {AV3 + B/V}/ηP , PA = PASL x σ and level flight condition PR= PA it is possible to 

get Vmin and Vmax at different altitude and draw the flight envelope. (ηP- propeller efficiency). 

 

 
PROBLEM: 

 

Draw Flight Envelope in ISA+ 20⁰C for a turboprop aircraft ATR72’ for the following cases: 

a) W = WTO and engine set at i) full throttle and ii) 80% throttle 

b) W = 0.85 WTO and engine set at i) full throttle and ii) 80% throttle 

c) W = 0.65 WTO and engine set at i) full throttle and ii) 80% throttle 

d) Show in the above flight envelope plots the stall boundary for above 3 cases of aircraft weight 

e) In the speed (V) vs altitude (h) domain showing flight envelope, draw constant Mach number 

lines for Mach numbers ranging from 0.2 to 0.8 in steps of 0.1 

Use aircraft and engine data given below for your calculations on flight envelope 

Maximum takeoff mass of the aircraft mTO = 23 T 

Wing area = 61 m 2 
Sea level max shaft power per engine = PS -SL = 2050.7 kW 

No of Engines = 2 

Propulsive efficiency = 0.85 

Variation of shaft power with altitude = PS = PS-SLσ 

Drag characteristics = CD = 0.0165 + 0.0313CL2 

Maximum lift coefficient in flight = CLmax = 1.2 

https://en.wikipedia.org/wiki/Turboprop
https://en.wikipedia.org/wiki/Flight_length
https://en.wikipedia.org/wiki/Flight_length
https://en.wikipedia.org/wiki/Aerospace_manufacturer
https://en.wikipedia.org/wiki/Aerospace_manufacturer
https://en.wikipedia.org/wiki/Joint_venture
https://en.wikipedia.org/wiki/A%C3%A9rospatiale
https://en.wikipedia.org/wiki/Airbus
https://en.wikipedia.org/wiki/Aeritalia
https://en.wikipedia.org/wiki/Leonardo_S.p.A


Formulae Used 

PA = PASL x σ 

PR = {AV3 + B/V}/ηP 

PR= PA 

 

 

SOLUTION: 

Flight Envelope: It is the plot of Vmin and Vmax for a given weight and 

given engine conditions. 

 
To find the values of Sigma (density ratios) for altitude ranging from 

0 to absolute ceiling for ISA+20 

 

To do so I used Simulink Block called ISA Atmosphere 
Model. 

 

Temperature values are changed parameter to 278+20 and 
gave input of H=0:100:20000. 

 

Subsequently density is multiplied by a factor of 1/1.225 to find 

sigma. 
 

Later the entire array to is transferred on MATLAB workspace. 



 

TABULATION AND GRAPHS 
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B) W=0.85WTO 
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C) W=0.65WTO 
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80% Throttle 
 
 



 

 

 

 

 
 

 
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 



 

 

 

 

 

 

E) Mach numbers 
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ASSUMPTIONS AND GENERAL CONSIDERATIONS 
 

 

We get the sigma value from the international standardized atmosphere 
chart and hence get the various points. 

 

In doing so we find the value of sigma for which Vmin=Vmax and thus 
the corresponding value of altitude gives us the absolute ceiling. 

 
The temperature also drops 6.5 degrees per 1000 m of height. 

We used MATLAB to do the calculations by writing a code, and using 

the above given data, we got the values and tabulated them for proper 

values. 

 
 

CONCLUSION 
 

 

 

Hence we conclude that from the above set of values we can find the 

flight envelope of the turboprop dual engine ATR 72 flight. 

We can infer the following points: 

 With decrease in Weight for same Thrust the value of Absolute 

Ceiling Increases. 

 Vmax at Lower Velocities Depend majorly on Thrust and not on 

Weight. 

 Vstall depends only on Weight. 

 Vmin tends to converge at lower velocities. 

 With decrease in Thrust Absolute Ceiling Decreases. 



References 

[1] Suri, Dhruv. "Design of an Optimized Inlet Shroud for a Flanged Diffuser." (2019). 

[2] Radhakrishnan, Jayakrishnan, and Dhruv Suri. "Design and Optimisation of a Low Reynolds 

Number Airfoil for Small Horizontal Axis Wind Turbines." IOP Conference Series: Materials Science 

and Engineering. Vol. 377. No. 1. IOP Publishing, 2018. 

[3] Suri, Dhruv, Jayakrishnan Radhakrishnan, and Raahil Nayak. "Lattice Boltzmann Method to 

Analyse Fluid Flow Around a Circular Cylinder." (2019). 

[4] Suri, Dhruv. "The Potential for Ducted Wind Turbines in an Urban Environment." (2019). 

[5] Dighe, Vinit, et al. "Ducted wind turbines in yawed flow: A numerical study." 


	Introduction and Problem Statement
	Formulae Used
	PA = PASL x σ
	Flight Envelope: It is the plot of Vmin and Vmax for a given weight and given engine conditions.

	Full throttle
	80% Throttle
	We get the sigma value from the international standardized atmosphere chart and hence get the various points.



