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ABSTRACT 
 
Within the European research project EnVIronmenTALly 
Friendly Aero Engines, VITAL, a number of low pressure 
system component technologies are being investigated. The 
emerging progress will allow the design of new power 
plants capable of providing a step change in engine fuel 
burn and noise. As part of the VITAL project a 
Technoeconomic, Environmental and Risk Assessment tool, 
the TERA2020, is being developed. Within this tool, means 
to assess the impact of component technology progress on 
the engine/aircraft system level has been implemented. 
Sensitivities relating parameters traditionally used to 
describe component performance, such as allowable shaft 
torque, low pressure turbine stage loading, fan blade weight 
and system level parameters have previously been 
published. The current paper makes an assessment of the 
impact of failing to deliver specific technology 
advancements, as researched under the VITAL project. The 
impact has been quantified, in terms of power plant noise 
and CO2 emissions.  
 
 

 
INTRODUCTION 

 
The aero engine industry is in constant search for more 
efficient and environmentally friendly power plants. Along 
with a continued progress in air traffic management, aircraft 
structures and aerodynamics, lighter and more efficient 
engines are being projected. Current and future engine noise 
and emission certification requirements make the search for 

optimal engines truly multidisciplinary. Decision making on 
optimal engine cycle selection have to consider mission fuel 
burn, operating cost, engine and airframe noise and global 
warming impact. To conceive and assess engines in a 
variety of emission legislations, emission taxation policies, 
fiscal and Air Traffic Management environments, a 
Technoeconomic, Environmental and Risk Assessment 
(TERA) model has been developed. 
 
VITAL is a new collaborative research project, running for 
four years, which aims to significantly reduce aircraft 
engine noise and CO2 emissions. It has a total budget of 91 
million euros, including 51 million euros in funding from 
the European Commission. Snecma leads a consortium of 
53 partners gathering all major European engine 
manufacturers: Rolls-Royce, MTU Aero Engines, Avio, 
Volvo Aero, Techspace Aero Rolls-Royce Deutschland and 
ITP, and the airframer Airbus.  
 
Within the VITAL project ([1] and [2]), key technologies 
for three different turbofan architectures are being 
investigated targeting step reductions in engine CO2 and 
noise emissions. As part of the VITAL effort, a number of 
universities cooperate on establishing a platform for 
multidisciplinary system analysis, the TERA2020 
environment [3]. The tool is capable of evaluating the 
technology progress achieved within the project on 
engine/aircraft system level as well as to perform scenario 
studies of next generation turbofan engines. The activities 
within the VITAL project specifically target year 2020 entry 
into service engines, thus the acronym TERA2020. 
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Several efforts in the past have successfully targeted the 
development of models capable of making multidisciplinary 
assessments of gas turbine engines at a preliminary design 
stage (such as [4], [5], [6], and [7]). However, the nature of 
these publications has been to convincingly present the 
capability of the tools by means of some application 
examples, rather than to focus on generating results that 
could be generalised. 
 
The TERA2020 tool can be used to analyse the three 
VITAL configurations, i.e. the Direct Drive TurboFan, the 
Geared TurboFan and the Counter-Rotating TurboFan. The 
authors have already demonstrated in [10] how TERA2020 
results can be quantified through the establishment of 
sensitivity factors. The sensitivity factors published in [10] 
allow rapid assessment of the impact of research on the 
three architectures. The sensitivities were formulated in 
such a way that they, whenever possible on a preliminary 
design stage, relate component design parameters with 
engine/aircraft performance. This approach distinguishes 
itself from the more simplistic approach of assuming an 
achievement on the module level. For instance, an LPT 
module weight reduction may be computed as a 
consequence of an increased stage loading parameter 
relating the stage loading directly to the aircraft 
performance rather than implicitly through module weight.  
 
In the current work, the previously published sensitivities 
are used for quantifying the impact of the component 
technologies researched under the VITAL project. More 
specifically, the impact of failing to deliver specific 
component improvements has been quantified, in terms of 
power plant noise and CO2 emissions, and will be presented 
in latter sections of this paper. 
 
 

NOMENCLATURE 
 

Acronyms 
 
CRTF Counter-Rotating TurboFan 
DDTF Direct Drive TurboFan 
GTF Geared TurboFan 
LPT Low Pressure Turbine 
LR Long Range 
NEWAC NEW Aero engine Core concepts 
SR Short Range 
TERA Technoeconomic, Environemntal and Risk 

Assessment 
VITAL EnVIronmenTALly Friendly Aero Engines 
 
 
Symbols 
 
c Blade chord 

EPNL Effective Perceived Noise Levels 
F Thrust 
h Blade height 
s Blade pitch  
SFC Specific Fuel Consumption 
SPL Sound Pressure Levels 
SR Specific Range 
U Blade speed 
V Velocity 
W Aircraft weight 
Z Zweifel number 
 
α1 In-flow angle 
α2 Out-flow angle 
Δh Enthalpy change 
Ψ Turbine stage loading parameter 
 
 
Subscripts 
 
N Number of flight phases 
M Number of noise sources 
tot Total 
 
 

THE VITAL ENGINE CONFIGURATIONS 
 
The VITAL project concentrates on new technologies for 
the low pressure system of the engine, which enables the 
development of low noise and low weight fan architectures 
for very high bypass ratio engines. To achieve these 
objectives, the VITAL project will investigate three 
different low pressure configurations, leading to low noise 
high efficiency power plants. The three configurations are 
the Direct Drive TurboFan supported by Rolls Royce, the 
Geared Turbofan by MTU and the Contra Rotating 
TurboFan by Snecma, illustrated in Figure 1, Figure 2 and 
Figure 3 respectively. 
 
The DDTF architecture offers a re-optimised trade-off 
between fan and turbine requirements considering the low 
weight technologies introduced by the VITAL programme. 
The GTF considers combining a fan with a reduction gear 
train, to allow different rotating speeds for the fan on one 
hand, and the booster and turbine on the other. The CRTF 
offers a configuration with two fans turning in opposite 
directions, allowing for even lower rotational speeds, since 
the two fan rotors split the loads involved. 
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Figure 1 Direct drive turbofan architecture [1]          

             

 
Figure 2 Geared turbofan  architecture [1] 

 

 
Figure 3 Counter-rotating turbofan architecture [1] 

 
ENABLING TECHNOLOGIES 

 
The technologies being built into the VITAL engines 
include ([1] and [2]): 

 
• New fan concepts with the emphasis on two types: 

counter-rotating and lightweight fans 
• New booster technologies for different operational  

requirements; low and high speed, associated 
aerodynamic technologies, new lightweight materials 
and associated coating and noise reduction design 

• Polymer composites and corresponding structural 
design and manufacturing techniques are studied in 
parallel with advances in metallic materials and 
manufacturing processes  

• Shaft torque density capabilities through the 
development of metal matrix composites and multi 
metallic shafts  

• Low pressure turbine weight savings through ultra high 
lift airfoil design, ultra high stage loading, lightweight 
materials and design solutions 

• Technologies for installations of high BPR engines 
related to nozzle, nacelle and reverser 

 

 
ESTABLISHING THE SENSITIVITIES 

 
Weight, aerodynamic and noise sensitivities 
 
Engine efficiency is quantified through the Specific Fuel 
Consumption parameter, SFC, which relates aircraft range R 
through the specific range parameter SR: 
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Where W is the aircraft weight, N is the number of flight 
phases (see Figure 5), and the specific range SR parameter is 
obtained by:  

SFCF
VSR

⋅
=  

 
Specific range relates the engine thrust F with flight velocity 
V and SFC. For a given range R the change in aircraft 
weight W is equal to the block fuel. The thrust requirement 
along the mission is dependent both on flight trajectory and 
aircraft controls as well as the aircraft takeoff weight and 
aerodynamic characteristics. From this, it is understood that 
engine efficiency improvements will require less fuel to be 
carried, which in turn will reduce aircraft wing size and 
aircraft empty weight, reducing thrust requirement further. It 
must therefore be appreciated that to establish sensitivities 
for a given technology a rubberized aircraft model is 
required and its thrust requirement must be integrated over a 
specified mission to find the requested values. Similarly 
engine weight reductions will translate to reduced aircraft 
takeoff weight which will reduce the aircraft thrust 
requirement and consequently decrease block fuel. 
 
To establish the sensitivities of the technologies component 
models have to be formulated in such a way that they, 
whenever possible on a preliminary design stage, relate 
traditional component design parameters with 
engine/aircraft performance. This is done in this work, 
either through aerodynamic improvements or weight 
reductions. 
 
Based on modelling the Sound Pressure Levels (SPL) 
generated by the engine components and the aircraft, time-
integrated Effective Perceived Noise Levels (EPNL) can be 
estimated. In terms of noise performance, the engine is 
associated with some limitations set by ICAO [8] for a 
particular engine operating condition. These limitations 
depend on the number of engines and on the maximum take-
off weight of the aircraft. Thus, as the engine performance 
modelling can predict its off-design operation, it is possible 
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to calculate the EPNL with respect to the three noise 
certification flight conditions: the sideline, the flyover and 
the approach points [8]. The different noise sources (fan 
noise, LPT noise, jet noise etc) sum up logarithmically 
through the relation:  

 

)1([EPNL]10log10
,1

10∑
=

=
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EPNL

tot

i

EPNL  

 
The noise sensitivity of source i on EPNLtot, can be 
described by the following equation:  
 

i
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∂
∂

 

 
It is clear from equation (1) that the absolute noise levels 
EPNLi for all engine related noise sources as well as the 
airframe have to be established. Therefore, detailed noise 
source modelling and component modelling has to be 
carried out for the establishment of the noise sensitivities. 
The models produced for TERA2020 provide the noise 
sources as expected from the fundamental models and 
thermodynamics, for all VITAL engine configurations. Data 
such as rotational speeds pressures and temperatures, blade 
speeds and tip Mach numbers are used to establish the 
component noise contributions as described previously. The 
separate sources are then combined into an EPNL value 
expressing the overall noise generation of engines and the 
airframe. The logarithmic sum, accounting for the combined 
effect of the various noise sources, can be calculated using 
equation (1). Thus, the models developed are able to predict 
the relative contributions from the different 
components/sources of the engines. Any changes in noise 
for a given component/source will then be directly 
translated to an EPNL change for the combined 
airframe/engine system. 
 
 

THE TERA2020 MODULES 
 
As part of the TERA2020 analysis the global engine noise is 
predicted in terms of EPNL for the given flight path. The 
predictions are provided by the acoustic module, Soprano, 
developed and refined with recent methods dedicated to 
each engine noise source, such as a coaxial jet or a contra-
rotating fan [9]. Thus, the noise impact on new turbofan 
engines can be estimated and then included in their 
preliminary assessment.  
 
A module for engine weight and dimensions [10] as well as 
plant cost modelling [11], WeiCo, is continuously being 
developed by Chalmers University and Stuttgart University. 
The weight and dimensions models are used to establish the 

engine gas paths and to perform preliminary mechanical 
assessments as part of the multidisciplinary optimization. 
Thus, the impact of design choices e.g. varying stage 
numbers, mechanical speeds and component layout, can 
then be incorporated as part of the TERA2020 analysis. 
 
The aircraft performance module, HERMES, is provided by 
Cranfield University. It has its initial roots in the work of 
Laskaridis et al. [12]. The module provides estimates for the 
aircraft lift, drag, take-off performance, fuel burn and range. 
HERMES has been validated against FLOPS [13] and 
BADA [14]. 
 
The Cranfield in-house gas turbine performance code, 
TURBOMATCH [15], has been adopted for use in the 
VITAL TERA2020 software. TURBOMATCH is a generic 
gas turbine performance modelling code which has decades 
of experience built into it and has undergone many revisions 
and updates since its original version was assembled.  
 
These four modules, the noise, the engine weight and 
dimensions, the aircraft and the performance will now be 
described in somewhat more detail. 

 
The noise module 

 
The noise module was built from an acoustic empirical 
prediction code, developed within the research program 
SilenceR. The code, called Soprano, was initially based on 
correlations and prediction methods dedicated to the various 
engine noise sources. It was consecutively refined with 
more recent methods and appropriate assumptions in order 
to assess the technological achievements within the VITAL 
project.  

 
Fan and compressors Heidmann ([16] and [17]) 
Coaxial exhaust jet Stone & Krejsa [18] 

SAE ARP 876D [19] 
Turbine Krejsa [20]  
Airframe Fink [21]  
Noise propagation SAE ARP 866A [22] 

Chien & Soroka [23] 
SAE AIR 1751 [24]  

Installation effects on 
jet noise 

Blackner and Bhat [25]  

Contra-rotating rotors 
interaction tone noise 

Hanson modified ([26] and [27]) 
Heidmann adapted ([16] and [17]) 

Table 1 Overview of implemented noise prediction methods 

 
Public noise prediction methods in Soprano are summarized 
in Table 1. Most of the existing methods have been 
calibrated with data from previous and in-service engines. 
As new and different engine concepts are being 
investigated, the input conditions may be out of the validity 
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range of the methods. Some of the models are then 
extrapolated for the optimization investigation, and assumed 
to be sufficient to capture the noise trends correctly. 
 
For modern civil airliners, the three main noise sources are 
the fan noise, the exhaust jet noise and the airframe noise. 
The combustor and turbine noise are also estimated. As is 
well established, the turbine noise may occasionally become 
critical in the approach condition.  

 
The new VITAL turbofans are expected to achieve 
significant reductions in the fan noise because of the lower 
relative tip speeds. This may eliminate the fan buzz-saw 
noise that characterizes state of the art turbofans. The DDTF 
engine may be designed to operate with lower fan tip Mach 
numbers. The fan tip speed of the GTF is reduced by the use 
of a gear box. The CRTF concept allows splitting the 
aerodynamic loading between two fans to achieve low 
speeds and pressure ratios. More detail on the 
implementation of the noise module can be found in [10]. 

 
Emissions module 
 
Due to regulatory limits set by ICAO [28] and other 
organizations it is necessary to predict the emission index 
for the main engine pollutants CO2, NOx, CO, UHC and 
Smoke. Therefore, an emissions prediction model was 
developed for the TERA2020 software in order to evaluate 
the environmental impact of the VITAL engines. The model 
can be used to assess the gaseous pollutant production using 
data from the aircraft and engine performance models i.e. 
the thermodynamic cycle parameters for the combustion 
chamber. This assessment is undertaken for the ICAO 
landing and take-off cycle, as well as for the entire aircraft 
flight mission; these results are subsequently used as input 
in the TERA2020 environment tool. For the purposes of this 
paper, the gaseous pollutant assessments have been 
restricted to CO2 emissions only, since NOx emissions levels 
attained are not expected to be representative for year 2020 
technology. Similar TERA2020 assessments for NOx 
emissions will be presented within the European project 
NEWAC [33]. 
 
The weight and dimensions module 
 
The weight module for the TERA2020 analysis is based on 
a methodology similar to the work presented by Onat and 
Klees [34] and later developments as presented by Tong 
[35]. Default values on parameter settings given in the 
original report have been updated extensively, in order to 
correspond more closely to state of the art jet engine 
technology as well as to model expected future technology 
levels. Several updates on the modelling have also been 
introduced, such as new correlations for hollow fan blades 

and containment weight prediction, disc weight modelling 
and improved models for hot and cold structures. The 
flexibility of the input has also been increased to range from 
non-dimensional input to very detailed data such as pre-
specified gas paths for compressors/turbines and thickness 
distributions for discs.  

 
Figure 4 illustrates how the weight model captures 
technology progress. The cross sectional images of the three 
spool DDTF configuration are given for two levels of 
technology; year 2000 entry of service and year 2020 entry 
of service. Performance data is in both instances set to 
represent technology levels expected to be available for year 
2020 entry of service engines. Note that some parts of the 
shafts as well as bearings are omitted in the two figures 
although they are included in the total weight estimate. Note 
that the tool estimates technology improvement both in the 
core and the low pressure system. The activities of 
developing the core models are however carried out within 
the NEWAC project [33]. 
 
The two cross sectional drawings illustrate the level of detail 
of the output produced by the weight and dimensions tool 
while performing cycle optimization. The diagram clearly 
illustrates how the need for advanced low pressure turbine 
aerodynamics becomes critical for these low levels of fan 
pressure ratio and corresponding rotational speeds. The 
conventional LPT operates with a stage loading coefficient 
of 4.5, see section sensitivity factors for a definition, 
resulting in a nine stage turbine, whereas the year 2020 LPT 
uses a value of 5.2. It also illustrates how improved 
aerodynamics of the IPC and the HPC components will 
contribute to a lighter and more compact engine.  Note also 
that the use of an MMC shaft makes the future engine more 
compact and more space is made available for the HPT 
discs. 

 
The aircraft module 
 
The aircraft performance model, HERMES, was developed 
to fulfil a number of requirements including: 

 
• Calculate aircraft performance data such as lift and drag 

coefficients, distance for take-off, etc. from available 
information on the geometry and mass of the aircraft 

• Calculate aircraft fuel burn, time elapsed and distance 
covered for the baseline and derivative aircraft 
performing a given mission 

• Allow for the modelling of different aircraft and 
engines 

• Compute the range of the aircraft for a specified 
maximum take-off weight, payload and fuel load  
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Figure 4 Future ultra high bypass ratio engine designed using year2020 objective technology(upper half) 

 and year2000 technology (lower half) 

 
A routine that “rubberizes” the aircraft wing is included in the 
module. The routine optimizes the aircraft wing for a given 
engine performance, weight and geometry to meet a defined 
design range. In this manner, typical “snowball” effects can be 
captured by the aircraft model with first order accuracy. 

 
The aircraft wing and tail geometry as well as the maximum 
take-off weight are iteratively adjusted to meet the design 
range. The iterations are carried out by assuming a constant 
wing loading. The model is applied to two business ranges; a 
long range mission here set to 5,550 km and a short range 
mission of 925 km. These two business ranges comprise the 
two missions referred to in this paper as the Short Range (SR) 
and Long Range (LR) missions.  
 
As already mentioned, HERMES has been validated against 
data obtained from two sources, an aircraft flight optimization 
system, FLOPS [13], and aircraft database; BADA [14]. The 
FLOPS program was obtained from the NASA Langley 
research centre. BADA on the other hand is a product of 
EUROCONTROL experimental centre, under the European 
Organisation for the Safety of Air Navigation. More detailed 
description of the aircraft model can be found in Laskaridis et 
al. [12]. 
 
 

 
The performance module 

 
The Cranfield in-house gas turbine performance code, 
TURBOMATCH [10], has been adopted for use in the VITAL 
TERA2020 model. TURBOMATCH is a generic gas turbine 
performance modelling code which has decades of experience 
built into it and has undergone many revisions and updates 
since its original version was assembled. Within the VITAL 
project the performance of the three engines, i.e. the DDTF the 
GTF and the CRTF have been defined in detail for the low 
pressure system of the engines. This provided calibration 
points to establish realistic engine performance for the 
nominal engine operating points. Data was provided for take-
off, fly-over (a point for noise evaluation), top-of-climb, cruise 
and approach. 
 
The TURBOMATCH code will be used to design the engine 
in top-of-climb and the other mission points are then run as 
off-design. Data is fed from performance to the noise model, 
the weight model and the aircraft model. The detailed data 
flow of the TERA2020 model has been described previously 
in [3]. 
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Figure 5 Typical aircraft mission divided into flight phases 

 
SENSITIVITY FACTORS 

 
The computed the sensitivity factors, already published 
in [10], were determined by carrying out mission analysis. 
First, a 1% change in the technology parameters was 
introduced and then a mission study was carried out as 
indicated in Figure 5. The impact of the change in the 
generated noise and CO2 emissions was then computed. 

 
It should be pointed out that some of the parameters relating 
weight and aerodynamic technology have to be introduced as 
step changes. These parameters were: 

 
• Switch from conventional intermediate case materials 

to cold composites (part in bypass stream) 
• Switch from conventional manufacturing of 

intermediate case to titanium fabrication 
• Switch to new materials and new manufacturing 

techniques in the turbine exhaust case 
• Switch of shaft material (Aermet100 material to metal 

matrix shaft) 
• Sufficient pressure ratio in the first booster stage to 

remove a stage 
• Sufficient stage loading in the low pressure turbine to 

remove a stage 
 

To accommodate these step changes to establish sensitivities 
the following algorithm was used:  

 
• First, the change was modelled as fully introduced 
• The weight impact of this change was then estimated 
• Finally the change in CO2 generation due to a one 

percent weight change was calculated 

RESULTS AND DISCUSSION 
 
The main aim of this work has been to combine the 
sensitivity factors published in [10] with published 
information on the technologies developed under the 
umbrella of the VITAL project ([1], [2], [36], and [37]), in 
order to assess the impact of failing to deliver expected year 
2020 technology for the VITAL engine configurations. 
More specifically, the impact of failing to deliver specific 
component technologies has been quantified, in terms of 
power plant noise and CO2 emissions, and will now be 
presented. 
 
Weight and aerodynamics  
 
The impact of failing to deliver expected VITAL component 
aerodynamic improvements as well as weight reductions has 
been quantified in Table 2 through Table 7. 
 
The results presented in these tables can be interpreted in 
multiple ways. First of all, it can be observed that year 2020 
projected engine configurations for short range applications 
will be less affected by failure to deliver low pressure 
component technologies than the their long range 
application counterparts. The overall benefits in terms of 
CO2 emissions, as a result of achieving the VITAL 
technologies, range from 4.7% to 5.5% for short range 
applications, and from 7.3% to 9% for long range 
applications. With the projected reduction in CO2 emissions 
for all engine configurations being 7% for VITAL [36], it 
can also be concluded in retrospect that the established 
sensitivities in [10] do capture the correct trends.  
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The larger “snow ball” effects, i.e. the impact of a 
technology change after the engine/aircraft has re-optimized 
itself,  expected for long range missions are confirmed by 
the tables. It should also be emphasized that although the 
sensitivity factors, when multiplied with an achieved 
technology progress, give a good estimate of its impact the 
ultimate measure of technology progress requires a 
complete re-optimization of the engine/aircraft system for 
the given mission. 
 
Looking closer at these results, it can be observed for the 
VITAL ultra high bypass ratio engines that fan efficiency 
improvements as well as fan and thrust reverser weight 
reductions will dominate the projected CO2 benefits, with 
an emphasis on long range missions. Failure to achieve 
these technological goals will effectively more than halve 
any CO2 benefits expected from increasing engine bypass 
ratio. It can also be observed that although all engine 
configurations will benefit from the VITAL technologies, 
some will be benefit more than others from certain 
improvements. For example low pressure turbine weight 
reductions and aerodynamic improvements are much more 
critical for direct drive configurations than geared solutions.  

 
Noise 
 
The impact of failing to deliver expected VITAL component 
noise improvements has been quantified in Table 8 through 
Table 13. 

As can be observed from these assessments, expected VITAL 
low pressure turbine noise improvements are not expected to 
be a key contributor to overall engine noise, with the 
exception of the geared turbofan engine. The projected future 
reduction in FPR of ultra high bypass engines leads to reduced 
blade speeds both in the turbine and fan components. In 
combination with an increased BPR the relative impact of low 
pressure turbine noise is therefore suppressed.  

 
On the other hand, fan noise remains the most critical noise 
source for high bypass ratio engines during take-off and fly-
over. For approach conditions fan noise continues to remain 
an important source of overall engine noise while airframe 
noise becomes the critical contributor. 

 
The relative importance of jet noise as a function of the 
mission was also quite marked in the sensitivities published in 
[10]. Since engines optimized for shorter missions generally 
have higher FPR and corresponding jet velocities, jet noise is 
relatively speaking more important for engines designed for 
short range missions. 

 
In the present work, no jet noise or airframe noise assessments 
are presented due to luck of published information on the 
VITAL achievements for these noise sources in terms of 
EPNL. 

 

 
 

 Sensitivity 
(ΔX = 1%) 

VITAL Technology 
Objective 

Technology Failure 
Impact 

Weight and Aero Technology Objectives ΔCO2 (%) ΔX (%) ΔCO2 (%) 
Fan blade weight reduction  0.0057 
Fan disc weight reduction  0.0017 
Fan statics weight reduction  0.0112 

30 0.56 

Fan efficiency improvement 0.8197 2 1.64 
Booster first stage pressure ratio  0.0403 15 0.60 
Engine structures weight reduction through use of cold 
composites  0.0090 25 0.23 
Engine structures weight reduction through use of 
titanium fabrication 0.0040 15 0.06 
Hot structures weight reduction through materials and 
manufacturing techniques 0.0039 18 0.07 
Shaft weight reduction through material change 
(allowable stress) 0.0058 50 0.29 
Low pressure turbine ultra high lift (Zweifel number) 0.0102 25 0.26 
Low pressure turbine ultra high aspect ratio  0.0206 20 0.41 
Low pressure turbine ultra high stage load  0.0250 25 0.63 
Thrust reverser weight change 0.0253 30 0.76 

Total 5.50 

Table 2 Direct Drive TurboFan Short Range (DDTFSR) weight and aerodynamic technology analysis  
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 Sensitivity 
(ΔX = 1%) 

VITAL Technology 
Objective 

Technology Failure 
Impact 

Weight and Aero Technology Objectives ΔCO2 (%) ΔX (%) ΔCO2 (%) 
Fan blade weight reduction  0.0088 
Fan disc weight reduction  0.0016 
Fan statics weight reduction  0.0239 

30 1.03 

Fan efficiency improvement 1.7921 2 3.58 
Booster first stage pressure ratio  0.0141 15 0.21 
Engine structures weight reduction through use of cold 
composites  0.0200 25 0.50 
Engine structures weight reduction through use of 
titanium fabrication 0.0075 15 0.11 
Hot structures weight reduction through materials and 
manufacturing techniques 0.0045 18 0.08 
Shaft weight reduction through material change 
(allowable stress) 0.0102 50 0.51 
Low pressure turbine ultra high lift (Zweifel number) 0.0116 25 0.29 
Low pressure turbine ultra high aspect ratio  0.0234 20 0.47 
Low pressure turbine ultra high stage load  0.0396 25 0.99 
Thrust reverser weight change 0.0421 30 1.26 

Total 9.04 

Table 3 Direct Drive TurboFan Long Range (DDTFLR) weight and aerodynamic technology analysis 

 
 
 

 Sensitivity 
(ΔX = 1%) 

VITAL Technology 
Objective 

Technology Failure 
Impact 

Weight and Aero Technology Objectives ΔCO2 (%) ΔX (%) ΔCO2 (%) 
Fan blade weight reduction  0.0069 
Fan disc weight reduction  0.0022 
Fan statics weight reduction  0.0128 

30 0.66 

Fan efficiency improvement 0.8533 2 1.71 
Booster first stage pressure ratio  0.0046 15 0.07 
Engine structures weight reduction through use of cold 
composites  0.0103 25 0.26 
Engine structures weight reduction through use of 
titanium fabrication 0.0043 15 0.06 
Hot structures weight reduction through materials and 
manufacturing techniques 0.0030 18 0.05 
Shaft weight reduction through material change 
(allowable stress) 0.0028 50 0.14 
Low pressure turbine ultra high lift (Zweifel number) 0.0086 25 0.22 
Low pressure turbine ultra high aspect ratio  0.0173 20 0.35 
Low pressure turbine ultra high stage load  0.0159 25 0.40 
Thrust reverser weight change 0.0260 30 0.78 

Total 4.69 

Table 4 Geared Turbofan Short Range (GTFSR) weight and aerodynamic technology analysis 
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 Sensitivity 
(ΔX = 1%) 

VITAL Technology 
Objective 

Technology Failure 
Impact 

Weight and Aero Technology Objectives ΔCO2 (%) ΔX (%) ΔCO2 (%) 
Fan blade weight reduction  0.0081 
Fan disc weight reduction  0.0015 
Fan statics weight reduction  0.0205 

30 0.90 

Fan efficiency improvement 1.1451 2 2.29 
Booster first stage pressure ratio  0.0248 15 0.37 
Engine structures weight reduction through use of cold 
composites  0.0202 25 0.51 
Engine structures weight reduction through use of 
titanium fabrication 0.0079 15 0.12 
Hot structures weight reduction through materials and 
manufacturing techniques 0.0030 18 0.05 
Shaft weight reduction through material change 
(allowable stress) 0.0056 50 0.28 
Low pressure turbine ultra high lift (Zweifel number) 0.0198 25 0.50 
Low pressure turbine ultra high aspect ratio  0.0397 20 0.79 
Low pressure turbine ultra high stage load  0.0141 25 0.35 
Thrust reverser weight change 0.0389 30 1.17 

Total 7.33 

Table 5 Geared Turbofan Long Range (GTFLR) weight and aerodynamic technology analysis 

 
 
 
 

 Sensitivity 
(ΔX = 1%) 

VITAL Technology 
Objective 

Technology 
Failure  
Impact 

Weight and Aero Technology Objectives ΔCO2 (%) ΔX (%) ΔCO2 (%) 
Fan blade weight reduction  0.0065 
Fan disc weight reduction  0.0025 
Fan statics weight reduction  0.0140 

30 0.69 

Fan efficiency improvement 0.9036 2 1.81 
Booster first stage pressure ratio  0.0434 15 0.65 
Engine structures weight reduction through use of cold 
composites  0.0084 25 0.21 
Engine structures weight reduction through use of 
titanium fabrication 0.0040 15 0.06 
Hot structures weight reduction through materials and 
manufacturing techniques 0.0040 18 0.07 
Shaft weight reduction through material change 
(allowable stress) 0.0055 50 0.28 
Low pressure turbine ultra high lift (Zweifel number) 0.0090 25 0.23 
Low pressure turbine ultra high aspect ratio  0.0181 20 0.36 
Low pressure turbine ultra high stage load  0.0156 25 0.39 
Thrust reverser weight change 0.0246 30 0.74 

Total 5.48 

Table 6 Counter-Rotating TurboFan Short Range (CRTFSR) weight and aerodynamic technology analysis 
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 Sensitivity 
(ΔX = 1%) 

VITAL Technology 
Objective 

Technology Failure 
Impact 

Weight and Aero Technology Objectives ΔCO2 (%) ΔX (%) ΔCO2 (%) 
Fan blade weight reduction  0.0109 
Fan disc weight reduction  0.0043 
Fan statics weight reduction  0.0288 

30 1.32 

Fan efficiency improvement 1.5081 2 3.02 
Booster first stage pressure ratio  0.0438 15 0.66 
Engine structures weight reduction through use of cold 
composites  0.0156 25 0.39 
Engine structures weight reduction through use of 
titanium fabrication 0.0077 15 0.12 
Hot structures weight reduction through materials and 
manufacturing techniques 0.0054 18 0.10 
Shaft weight reduction through material change 
(allowable stress) 0.0133 50 0.67 
Low pressure turbine ultra high lift (Zweifel number) 0.0081 25 0.20 
Low pressure turbine ultra high aspect ratio  0.0163 20 0.33 
Low pressure turbine ultra high stage load  0.0187 25 0.47 
Thrust reverser weight change 0.0441 30 1.32 

Total 8.58 

Table 7 Counter-Rotating TurboFan Long Range (CRTFLR) weight and aerodynamic technology analysis 

 
 
 

  
  

Sensitivity (ΔX = -1EPNdB) VITAL Technology 
Objective 

Technology Failure Impact 

Take-off Fly-over Approach   Take-off Fly-over Approach 
Noise  Source 
  ΔEPNL (EPNdB) ΔX (EPNdB) ΔEPNL (EPNdB) 

Fan noise EPNL 0.730 0.540 0.390 6 4.38 3.24 2.34 
LPT noise EPNL 0.002 0.002 0.003 4.5 0.01 0.01 0.01 

Table 8 Direct Drive TurboFan Short Range (DDTFSR) noise technology analysis  

 
 
 

  
  

Sensitivity (ΔX = -1EPNdB) VITAL Technology 
Objective 

Technology Failure Impact 

Take-off Fly-over Approach   Take-off Fly-over Approach 
Noise  Source 
  ΔEPNL (EPNdB) ΔX (EPNdB) ΔEPNL (EPNdB) 

Fan noise EPNL 0.840 0.650 0.300 6 5.04 3.90 1.80 
LPT noise EPNL 0.001 0.002 0.002 4.5 0.00 0.01 0.01 

Table 9 Direct Drive TurboFan Long Range (DDTFLR) noise technology analysis  
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Sensitivity (ΔX = -1EPNdB) VITAL Technology 
Objective 

Technology Failure Impact 

Take-off Fly-over Approach   Take-off Fly-over Approach 
Noise  Source 
  ΔEPNL (EPNdB) ΔX (EPNdB) ΔEPNL (EPNdB) 

Fan noise EPNL 0.680 0.560 0.420 6 4.08 3.36 2.52 
LPT noise EPNL 0.011 0.013 0.030 4.5 0.05 0.06 0.14 

Table 10 Geared Turbofan Short Range (GTFSR) noise technology analysis  

 
 
 

  
  

Sensitivity (ΔX = -1EPNdB) VITAL Technology 
Objective 

Technology Failure Impact 

Take-off Fly-over Approach   Take-off Fly-over Approach 
Noise  Source 
  ΔEPNL (EPNdB) ΔX (EPNdB) ΔEPNL (EPNdB) 

Fan noise EPNL 0.780 0.640 0.310 6 4.68 3.84 1.86 
LPT noise EPNL 0.020 0.022 0.049 4.5 0.09 0.10 0.22 

Table 11 Geared Turbofan Long Range (GTFLR) noise technology analysis  

 
 
 

  
  

Sensitivity (ΔX = -1EPNdB) VITAL Technology 
Objective 

Technology Failure Impact 

Take-off Fly-over Approach   Take-off Fly-over Approach 
Noise  Source 
  ΔEPNL (EPNdB) ΔX (EPNdB) ΔEPNL (EPNdB) 

Fan noise EPNL 0.660 0.340 0.280 6 3.96 2.04 1.68 
LPT noise EPNL 0.003 0.004 0.003 4.5 0.0135 0.018 0.0135 

Table 12 Counter-Rotating TurboFan Short Range (CRTFSR) noise technology analysis  

 
 
 

  
  

Sensitivity (ΔX = -1EPNdB) VITAL Technology 
Objective 

Technology Failure Impact 

Take-off Fly-over Approach   Take-off Fly-over Approach 
Noise  Source 
  ΔEPNL (EPNdB) ΔX (EPNdB) ΔEPNL (EPNdB) 

Fan noise EPNL 0.700 0.470 0.340 6 4.20 2.82 2.04 
LPT noise EPNL 0.004 0.008 0.004 4.5 0.02 0.04 0.02 

Table 13 Counter-Rotating TurboFan Long Range (CRTFLR) noise technology analysis  
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SUMMARY AND CONCLUSIONS 
 
The TERA2020 tool has previously been used by the 
authors to establish a number of sensitivity factors relating 
traditionally used component design parameters to 
engine/aircraft performance parameters. The resulting 
sensitivity factors allow a straightforward evaluation of the 
system level impact of component technology research 
progress. In particular, results were provided for the three 
VITAL configurations, with respect to aerodynamics, 
weights and noise, for two different mission definitions.  
 
The main aim of the present work has been to combine the 
sensitivity factors with published information on the 
technologies developed under the umbrella of the VITAL 
project in order to assess the impact of failing to deliver 
expected year 2020 technology for the VITAL engine 
configurations. More specifically, the impact of failing to 
deliver specific component improvements has been 
successfully quantified, in terms of power plant noise and 
CO2 emissions and was discussed extensively. 
 
The study also increases confidence in the TERA2020 tool 
since the scenario of total failure, i.e. that no progress is 
achieved in any technology area for the time period 2000 to 
2020, results in a total CO2 penalty quite in agreement with 
the overall goals of the project as predicted by industry. 
 
In the authors’ opinion, all three engine configurations are 
optimal designs for the year 2020 and each has its own 
merits with respects to low technology risk and improved 
reliability, as well as reduced noise and CO2 emissions. 
Their commercial competitiveness will therefore largely 
depend on how the aviation market will evolve in the years 
to come until 2020.  
 
Perhaps the most important aspect of this work is that the 
presented results essentially provide the means for making 
estimates of the relative merits of future technology 
investment. The relative importance of certain future aero 
engine research activities have been highlighted for 
particular engine configurations. 
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