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Methodsfor Preliminary Estimation of
Turbofan Engine Weight

The preliminary estimation of the weight at the conceptual design stage
of the turbofan engine is one of the most important stages in designing
the turbine gas engines. Hence, in this paper, the methods of
preliminary estimation of the turbofan engine weight and then the
parameters required for the implementation of each method are
discussed. The statistical society in which information about the weight
of sixty-four turbofen is presented. Therefore, various methods for
estimating the weight of a engine are used to calculate the weighted
information obtained from the statistical processing, the comparison
and the weight of the engines. Finally, the results of this experiment are
compared to the actual engine weight. Based on the results obtained,
among the various methods, the error rate is the lowest error in the
NASA weight estimation method, which is about 4.8%. In the following,
based on the diagrams obtained from this comparison, we examine the
effect of different parameters on the weight of the turbofan engine (the
initial estimation of the weight is based on the weight of the engine for
the state in which the engine is constant but the design of the aircraft is
changed.) In the initial estimation method the weight is based on the
engine components, allowing the design and weight of each unit
separately, hence the design of new engines more than it is used.

Keywords: Weight, Turbofan, Preliminary Estimation, NASA Method
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Method Year ‘Weight Correlation
Whitehead and Brown 1953 WT = f(iltges)

Pennington 1959 WT = f(FN)

Torenbeek 1975 WT = f(FNy. tig.. BPR,OPR)
Raymer 1989 WT = f(FN;,,. BPR)

Jenkinson et al. 1999 WT = f(FN,BPR)

Svoboda 2000 WT = f(FN)

Cuha et al. 2012 WT = J(Dan)
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Component Variable Min Limit Max Limit
Tip dismeter [im] 0.73 2.6

Fan Rotor aspect ratio 2.5 7.7
Nun! of 1 2

1] 0.34 0.98

Mean dinm

Compressor Number of stag 2 14
Length/ Me D at inlet 0.29 1.4
Combustor Mean dinmeter [m] 0.40 0.91
Mean dinmeter [m] 013 12
Turbine Number of stages 2 6
Mean speed [m/sec| 120 510
Controls & Accessories  Thrust [kN] 18 170
Frames Estimated weight [kg) 100 2000
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Variable Min Limit Max Limit
Year of First Flight 1940 1980
Byvpass Ratio (BPR) 0 10
Core Mass Flow 9 kg/s 362 kg/s

Max Flight Mach Nr. 0 3
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Method Year No of No of Error
Cases Inputs

Guha et al. 2012 G4 1 ~ +30%
Svoboda 2000 G4 1 ~ +30%
Raymer 1989 G4 2 ~ +40%
Jenkinson et al. 1999 64 2 ~ —60%
Clavier 2008 64 3 ~ —40- + 650%
Torenbeek 1975 36 4 ~ +25%
Gerend and Roundhill 1970 25 min 8 ~ £50%
Sagerser et al, 1971 7 min 45 ~ +£25%
NASA WATE 1979 1 ~ 80 (£5-10%)
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