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Abstract 

Basic considerations about an overall efficiency of an aircraft lead to the conclusion that a power-

specific fuel consumption (PSFC) has to be constant, whereas a thrust-specific fuel consumption 

(TSFC) has to be proportional to speed. This however, leads to a contradiction, because the fuel 

consumption at zero speed cannot be zero. Furthermore, specific fuel consumption is a function of 

thrust (or drag) which varies with speed. This links SFC not only to engine characteristics, but to the 

whole aircraft and its flight condition. We understand that (in contrast to tradition) the Breguet range 

equation for jets could be written with a (constant) power-specific fuel consumption (PSFC). 

Optimizing for maximum range now leads to a different optimum speed compared to a derivation 

based on a constant thrust-specific fuel consumption (TSFC). We also understand why flying low and 

slow (for reduced fuel consumption) does not work as well as expected – even for a newly designed 

aircraft for which the wing area is not yet fixed. 
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 It is:  c = cT = TSFC, the thrust-specific fuel consumption as used for jet aircraft 

Typical value: 16 mg/N/s 

 It is:  c' = cP = PSFC, the power-specific fuel consumption as used for propeller aircraft 

 The fuel mass flow for jet aircraft is  TcmF     

 The fuel mass flow for propeller aircraft is  PcmF '    

 Power is  VDVTP    

 with 

 T   thrust 

 D  drag 

 V  speed 

 H  heating value. Kerosene: 42,5 MJ/kg 

 E  energy 

Introduction 
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The First TSFC-Paradox 

We define a "mystical" overall efficiency for an aircraft,  

With parameters as given 

 = 1 : 

V = 680 m/s 

M = 2.3,  M = V / a  

for speed of sound 

a  = 295 m/s in h > 11 km 

 

Consequences for  : 

 = 0.35 at M = 0.8 

 = 0.22 at M = 0.5 

 = 0      at M = 0 
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We learn from the first Paradox: 

 

The trust-specific fuel consumption 

𝑐𝑇 =
𝑉

𝜂 𝐻
 

increases proportionally with speed, V 

 

E.g. during take-off at V = 0 m/s 

𝑐𝑇 = 0 

and hence also 

𝒎 𝑭 = 𝟎 

The Second TSFC-Paradox 
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TSFC from Literature (Torenbeek) 
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Paradox Eliminated with TSFC from Common Sense 
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PSFC from First Principles 

The power-specific fuel consumption PSFC 

𝑐′ = 𝑐𝑃 =
1

𝜂 𝐻
 

is based on first principles constant. V

c
c T

P


Conversion: 
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TSFC from Literature (Mattingly) 

Considering technology improvements corrected 

with factor  (Roux):  0.92 yields Note: This is different from 

"Common Sense Equation": 
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TSFC from Literature (BADA, Juchmann) 

Evaluation of 100 jet aircraft from BADA to calculate average coefficients: 

 

c_f1 = x kg/min/kN  

c_f2 = y kt 

EUROCONTROL: User Manual for the Base of Aircraft Data (BADA). 

EEC Technical/Scientific Report No. 14/04/24-44, Revision 3.12. – URL: 
https://www.eurocontrol.int/sites/default/files/field_tabs/content/documents/sesar/user-manual-bada-3-12.pdf 

 

"For jets the thrust specific fuel consumption,  [kg/(min.kN)], is specified as a function 

of the true airspeed, VTAS [kt]:" 

Compare with: 
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TSFC Calculation with Torenbeek / Herrmann 
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TSFC Calculation with Torenbeek / Herrmann 
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TSFC versus TAS   (Equation & Model) 
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TSFC versus TAS (Model) 



13th European Workshop on Aircraft Design Education 

EWADE 2017  

Dieter Scholz: 

SFC of Jet Engines – Implications 
19.10.2017, Slide 16 

Aircraft Design and Systems Group (AERO) 

Hochschule für Angewandte  

Wissenschaften Hamburg 

Hamburg University of Applied Sciences 

TSFC versus Mach (Model) 
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PSFC versus TAS (Model) 
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PSFC versus Mach (Equation & Model) 
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Consequences for the Optimum Range Speed of a Jet 
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Summary / Conclusions 

 TSFC is certainly not constant with speed. 

 

 PSFC is constant with speed following first principles (assuming constant overall efficiency), 

but is also not constant based on the (better) linear TSFC function. 

 

 PSFC can be approximated as constant within a usable band of Mach numbers in 

cruise according to the Torenbeek / Herrmann model. 

 

 In search of an optimum cruise speed (longest range, or minimum fuel for given range), the 

"classical derivation", which considers TSFC = const. is wrong. 

 

 Working with a constant PSFC yields that the optimum range speed is the minimum 

drag speed. 

 

 A detailed calculation showed that TSFC (and hence also PSFC) is only moderately 

dependant on thrust. Looking for the best cruise speed means that thrust varies. Hence this 

needs to be included also in the TSFC & PSFC calculation. Doing so increased the 

optimum range speed only very little above minimum drag speed. 

 

 "Flying low an slow" (in contrast to aerodynamic considerations alone) does not work 

well due to engine fuel burn characteristics. 
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