
IJSTE - International Journal of Science Technology & Engineering | Volume 2 | Issue 4 | October 2015 
ISSN (online): 2349-784X 

 All rights reserved by www.ijste.org 
 

273 

Evaluating the Efficiencies of Turbofan Engines 

using Data Envelopment Analysis 

  

Natasha Nausheen. S Pavithra. G 

B. Tech Scholars B. Tech Scholars 

Department of Mechanical Engineering Department of Mechanical Engineering 

Hindustan University Hindustan University 

 

Asokan. R 

Professor 

Department of Mechanical Engineering 

Hindustan University 

 

Abstract 

A technique called Data Envelopment Analysis (DEA) was recently developed, by Charnes, Cooper and Rhodes, in the field of 

Operations Research and economics. It is application has been extended to many fields and it is used to empirically measure 

efficiencies. Data of 12 turbofan engines were used for application. DEA evaluates the efficiencies of turbofan engines and it 

relates each engine to all its counterparts and identifies a system of efficient engines. The corresponding results are in 

conformance with the standard engineering methods for measuring efficiency.    
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

 Turbofan Engine: A.

A turbofan engine is the most modern variation of the basic gas turbine engine. The turbofan or fanjet is a type of air breathing 

jet engine that finds wide use in aircraft propulsion in which the incoming air is captured by the engine inlet. Some of the 

incoming air passes through the fan and continues on into the core compressor and then the burner, where it is mixed with fuel 

and combustion occurs. The hot exhaust passes through the core and fan turbines and then out the nozzle, as in a basic turbojet. 

The rest of the incoming air passes through the fan and bypasses, or goes around the engine, just like the air through a propeller. 

The air that goes through the fan has a velocity that is slightly increased from free stream. So a turbofan gets some of its thrust 

from the core and some of its thrust from the fan. The ratio of the air that goes around the engine to the air that goes through the 

core is called the bypass ratio. 

II. DATA ENVELOPMENT ANALYSIS 

Data envelopment analysis (DEA) is a linear programming methodology to measure the efficiency of multiple decision-making 

units (DMUs) when the production process presents a structure of multiple inputs and outputs. 

DEA has been used for both production and cost data. Utilizing the selected variables, such as unit cost and output, DEA 

software searches for the points with the lowest unit cost for any given output, connecting those points to form the efficiency 

frontier. Any company not on the frontier is considered inefficient. A numerical coefficient is given to each firm, defining its 

relative efficiency. Different variables that could be used to establish the efficiency frontier are: number of employees, service 

quality, environmental safety, and fuel consumption. An early survey of studies of electricity distribution companies identified 

more than thirty DEA analyses—indicating widespread application of this technique to that network industry. A number of 

studies using this technique have been published for liquid utilities. The main advantage to this method is its ability to 

accommodate a multiplicity of inputs and outputs. It is also useful because it takes into consideration returns to scale in 

calculating the efficiency, allowing for the concept of increasing or decreasing efficiency based on size and output levels. A 

drawback of this technique is that model specification and inclusion/exclusion of variables can affect the results. Under general 

DEA benchmarking, for example, if one benchmarks the performance of computers, it is natural to consider different features 

(screen size and resolution, memory size, process speed, hard disk size, and others). One would then have to classify these 

features into inputs and outputs in order to apply a proper DEA analysis. However, these features may or may not actually 

represent inputs and outputs at all, in the standard notion of production. In fact, if one examines the benchmarking literature, 
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other terms, such as indicators, outcomes, and metrics, are used. The issue now becomes one of how to classify these 

performance measures into inputs and outputs, for use in DEA. (Cook, Tone, and Zhu, 2014). 

III. METHODOLOGY 

The typical engineering definition of efficiency for a jet engine is the ratio of work rate output over fuel energy input. For 

average turbofan engines, this ratio is 35%. In conformance with the usual engineering definition of efficiency, this evaluation 

relates only a single input and a single output. Extensions to multiple inputs and multiple outputs are also possible. Data 

envelopment analysis (DEA) has been employed in this paper. For an illustrative example 12 turbofan engines are chosen and the 

input and output criteria used in the definition of efficiency are described and applied to a total of 12 engines. DEA compares the 

mix and volume of services provided and the resources used by each unit compared with those of all the other units. In this 

process it identifies the efficient units and inefficient units in which improvements are possible. 

 Mathematical Formulation of DEA: A.

The linear programming technique is used to find the set of coefficients (u's and v's) that will give the highest possible efficiency 

ratio of outputs to inputs for the engine being evaluated.  

Maximize   =
                   

                 
= 

∑   
 
      

∑   
 
      

 

 Maximize the efficiency rating   for engine. This is subject to the constraint that when the same set of u and v coefficients is 

applied to all other engines being compared, no engine will be more than 100% efficient. 

In the model,  

1)    = efficiency rating of the engine being evaluated by DEA 

2) Yrj  = amount of ouput r used by engine j  

3) Xij  = amount of input i used by engine 

4) ur  = coefficient or weight assigned by DEA to output r 

5) vi  = coefficient or weight assigned by DEA to input i 

 The data required to apply DEA are the actual observed outputs produced to and the actual inputs used xij, during one time 

period for each engine in the set of engines being evaluated. Hence, xij is the observed amount of the ith input of rth output 

produced by the jth engine. If the value of θ for the engine being evaluated is less than 100%, then that unit is inefficient, and 

there is the potential for that unit to produce the same level of outputs with fewer inputs. 
TABLE – 1 

Parameters Of Engines Analyzed Before The Use Of Data Envelopment Analysis Tool 

No. Type Engine Fuel cons(lb/hr) Weight(lbf) Drag(lbf) Airflow(lb/s) Thrust(lbf) 

1 TFE731-2 Allied signal 616 741 241 111 755 

2 TFE731-3 Allied signal 681 752 242 112 817 

3 PW 300 P & W 754 993 413 183 1113 

4 PW 2037 P & W 3773 7340 3147 1240 6500 

5 535C Rolls Royce 5471 7254 2154 1152 8453 

6 535E4B Rolls Royce 5213 7169 2169 1160 8700 

7 CF6-50C2 GE 7240 8470 2970 1476 11555 

8 CF6-80C2 GE 6902 9185 3385 1680 12000 

9 V2535 IAE 3301 5294 1598 849 5752 

10 V2528-D5 IAE 3312 5501 1301 820 5773 

11 CFM56-3 CFM 3263 4311 1515 651 4890 

12 CFM56-3C CFM 3204 4321 1423 682 4885 

 

Table -2  

 Parameters Of Engines Analyzed After The Use Of Data Envelopment Analysis Tool 

No. Type Engine Fuel cons(lb/hr) Weight(lbf) 
Drag 

(lbf) 
Airflow(1b/s) Thrust(lbf) Score 

1 TFE731-2 Allied signal 29.92 0 0 0 0 0.8875 

2 TFE731-3 Allied signal 67.70 0 0 0 0 0.8161 

3 PW 300 P & W 79.94 0 31.98 0 0 0.9396 

4 PW 2037 P & W 0 356.55 302.01 0 0 0.9165 

5 535C Rolls Royce 0 0 0 0 0 0.9238 
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6 535E4B Rolls Royce 0 0 0 29.5 0 0.9746 

7 CF6-50C2 GE 0 0 0 0 0 1 

8 CF6-80C2 GE 0 0 0 0 0 1 

9 V2535 IAE 0 0 0 0 0 0.9858 

10 V2528-D5 IAE 0 0 0 0 0 1 

11 CFM56-3 CFM 0 0 0 16.7 0 0.8532 

12 CFM56-3C CFM 0 0 0 0 0 0.9223 

 

IV. INTERPRETATION 

After the use of DEA, in order to make the inefficient engines efficient, the fuel consumption and drag have to be reduced. 

Likewise, the weights of the aircraft have to be reduced with the exception of TFE731-2, in which the weight is increased to 

make it DEA efficient. No changes are made in the airflow and cruise thrust of the inefficient engines. 

V. CONCLUSION 

After DEA results are analyzed, the finding is that 3 engines are DEA efficient. These are the engines where relative efficiency 

score (e) is 1. Also it is found that there is an all zero slacks for cruise thrust. This provides a guide to show how each inefficient 

engine can be improved in reference to each engine input-output source without changing cruise thrusts where all slacks are zero. 

The engines found to be inefficient fall into three categories, as follows: 

1) The radial efficiency score e 1 but nonzero slacks are present 

2) e <1 and the slacks are all zero 

3) e<1 and nonzero slacks are revealed 
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