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Abstract 
Within the ConcEpt validatioN sTudy foR fusElage wake-filLIng propulsioN integration 
(CENTRELINE) project, the proof of concept of the Propulsive Fuselage Concept (PFC) with 
an Entry Into Service (EIS) year of 2035 was demonstrated. The content of this paper 
describes the activities in Task 1.1 "Application scenario and reference aircraft" as part of the 
first work package in the European Union Horizon 2020 project CENTRELINE [1]. In order to 
assess the PFC under realistic design and operational conditions, a well-suited application 
scenario was required. For the PFC, environmental benchmarking against the targets defined 
by the European Strategic Research and Innovation Agenda (SRIA) [2], a sound baseline 
representing typical year 2000 standards was necessary. An analysis of the air traffic 
demands and aircraft (A/C) market segment trends for a target propulsive fuselage A/C 
entering the market in the year 2035 is presented, showing the market forecast and a very 
strong influence of the intercontinental traffic between Europe and Asia. Broad potential for an 
application in 2035 was identified for a design mission with 340 passengers and 6500 NM 
range. A suitable set of Top-Level Aircraft Requirements (TLAR) was compiled, based on an 
existing A/C design with the best possible data availability and similarity concerning the design 
mission requirements. This A/C was determined to be the Airbus A330-300 equipped with 
Rolls-Royce Trent 700 series power plants. For a fair comparison, an appropriate model of 
the A330-300 was deduced in order to match the 2035 design mission. The resulting 
configuration represents a suitable year 2000 reference (R2000), including a propulsion 
system appropriate for SRIA benchmarking purposes. The year 2035 reference A/C (R2035) 
was derived from the R2000 by incorporation of advanced conventional technologies. Family 
concept considerations were taken into account, and a shrink, baseline, and stretch version 
of the R2000 and R2035 were designed. The members of each family share common 
components. An advanced propulsion system featuring geared turbofan engines with ultra-
high bypass ratio greater than 16 together with advanced component technologies was 
created for the R2035. In results, the R2035 baseline design has a block fuel reduction for the 
design mission of 33% compared to the R2000 baseline A/C. 
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applied on scheduled flight data [19]. The results for 
2012 and 2035 yielded that the peak in 2012 of 301-
320 seats per A/C in a typical three-class cabin 
configuration will shift to 321-340 seats. For 
CENTRELINE, a high operational flexibility approach 
was chosen, and the most suitable design range was 

found at 6500 NM, to cover 100% of all possible city 
pairs for A/C in the seat capacity regime of 321-340 
passengers. The design range is comparable to an 
Airbus A330-300 today (see Figure 3). 
 

 

Figure 3: Number of seats and range at long-range cruise condition for various aircraft types 
compared to various existing aircraft types 

3. DESCRIPTION OF THE R2000 SRIA 
AIRCRAFT FAMILY 

This section describes the R2000 SRIA Baseline A/C, 
including the propulsion system. After a 
characterization of the wing and fuselage design, the 
modeled power plants based on a TRENT 700 are 
introduced, and the overall A/C design and mission 
performance are outlined. 

3.1. R2000 Airframe 
Top-Level Aircraft Requirements 
In the following, the derivation of the R2000 SRIA 
baseline A/C from publicly available data is 
described. The Airbus A330-300 is identified as an 
A/C that is similar with respect to the transportation 
task determined for the R2035 A/C in Section 2. 
Hence, the R2000 TLAR are oriented towards the 
A330-300 TLAR and are listed in Table 1. 

Table 1: Top-Level Aircraft Requirements for the CENTRELINE R2000 

Parameter Value 
Range and PAX 6500 NM, 340 PAX in 2-class 
Take-off field length (MTOM, S-L, ISA) ≤ 2600 m 
2nd Climb segment conditions 340 PAX, 95 kg per PAX, DEN, ISA+20 °C 
Time-to-climb (1,500 ft to ICA, ISA+10 °C) ≤ 25 mins 
Initial cruise altitude (ISA+10°C) ≥ FL 330 
Design cruise Mach number 0.82 
Maximum cruise altitude  FL410 
Approach speed (MLW, S-L, ISA) 140 KCAS 
Landing field length (MLW, ISA) ≤ 2200 m 
One engine inoperative altitude (drift down) FL170 
Airport compatibility limits ICAO Code E (52 m < x < 65 m) 
Aircraft classification number (flexible,B) 67 
Technology freeze – entry into service 2000 
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Wing 
The main wing, vertical and horizontal stabilizer 
planform are deduced from Airbus A/C 3-view CAD 
drawings [20] and the "Aircraft Characteristics – 
Airport and Maintenance Planning" (AC-AaMP) 
document [21]. To reduce complexity, while keeping 
the aerodynamic properties similar, a simplified wing 
planform was developed, consisting of three 
segments. Thickness-to-chord ratio and twist 
distribution for the wing were determined by an 
approximation of data available for the equivalent 
Airbus A340-200/-300 wing span-wise thickness and 
twist distribution [22] (see Figure 4). 

 

 

Figure 4: Airbus A340 spanwise thickness (top) 
and twist distribution (bottom) [22] 

The airfoils were selected from the NASA 
supercritical airfoil family [23], with 10 % (NASA 
SC(2)-0710) and 14 % (NASA SC(2)-0714) 
thickness-to-chord ratio respectively (see Figure 5). 
The wing loading was defined by an optimization 
study for the stretch family member with economic 
mission block fuel as optimization target. The span 
limit dictated by the ICAO Code E box limit was set as 
a boundary.  
 

 

Figure 5: NASA SC(2)-0710 (top) and NASA SC(2)-
0714 (bottom) supercritical airfoils [23] 

The resulting wing reference area for the R2000 
family is 441 m² with an aspect ratio of 9.3. For 
representative cruise conditions, the overall 
aerodynamic performance of the R2000 baseline is 
given in Table 2. 

Table 2: R2000 baseline aerodynamics for cruise 
conditions (FL350, Ma = 0.82, lift 
coefficient = 0.5) 

Parameter Value 
Zero lift drag coefficient 56.2 % 
Induced drag coefficient 37.1 % 
Wave drag coefficient 6.7 % 
Lift to drag ratio 20.0 

 
Fuselage 
The fuselage design of the R2000 baseline was 
derived from the A330-300 layout, which is a two-
class layout with 300 passengers [21]. The A330 
design features a six-abreast configuration (2-2-2) in 
the business class and an eight-abreast (2-4-2) in the 
economy class, as illustrated in Figure 6. The 
passengers in the business class are seated in 21 in 
(0.53 m) wide seats, while the seat width was 
reduced to 18 in (0.48 m) in the economy class. The 
cargo compartment houses 36 LD3 Unit Load 
Devices (ULD). The outer circular fuselage diameter 
is 5.64 m, and the maximum cabin width is 5.28 m. 
The designs of the R2000 and R2035 incorporate an 
A/C family concept, sharing the majority of the parts: 
wing, horizontal stabilizer, landing gear, pylons, and 
propulsion system. The addition or removal of 
common barrel sections from the baseline fuselage 
created the shrink or stretch fuselage version. This 
common approach enabled the creation of shrink and 
stretch fuselage versions. The resulting fuselage 
dimensions are listed in Table 3. 

Table 3: Fuselage dimensions of the R2000 family 

Parameter Shrink Baseline Stretch 
Passengers [-] 296 340 375 
Length [m] 61.6 67.7 73.2 
Diameter [m] 5.64 5.64 5.64 
Slenderness [-] 10.9 12.0 13.0 
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3.2. R2000 Power Plant 

Due to the similar transport task and technology level 
of the R2000, the A/C is powered by the propulsion 
system of the A330-300 A/C. For this A/C, three 
different power plant options are available, including 
the GE CF6-80E1 series, the Pratt & Whitney 
PW4000, and the Rolls-Royce Trent 700 series. As of 
2015, the by far largest market share can be 
attributed to the Trent 700 engine [24]. One of its 
latest variants, the Trent 772B, delivers 71100 lbf 
static thrust (316.3 kN) and is flat-rated to ISA+22 K 
at 2000 ft altitude [25]. The engine certification of the 
baseline variant was achieved in 1994 [26]. The 
turbofan features a three-spool architecture with a 
mixed-flow nacelle. The fan is driven by a four-stage 
low-pressure turbine, whereas the eight-stage 
intermediate-pressure compressor and the six-stage 
high-pressure compressor are powered by single-
stage intermediate and high-pressure turbines, 
respectively. Propulsion system design and 
performance synthesis were conducted using the 
Aircraft Propulsion System Simulation (APSS) 
framework, which was in-house developed by BHL 
(Bauhaus Luftfahrt e. V.) [27–29]. APSS features a 
similar fidelity of component models as the 
commercial software GasTurb™ [30], however, it 
allows for a higher flexibility with regards to the 
simulation of uncommon engine architectures, and 
highly reduces the calculation time through extensive 
use of vectorization. Main engine data are provided in 
Table 5. 

Table 5: Modelled Trent 772B key data 

Parameter Value 
Fan diameter 2.93 m 
Nacelle diameter 3.72 m 
Nacelle length 8.98 m 
Design bypass ratio 4.8* 
Nominal take-off thrust 
(SLS, ISA+0 K) 

409.5 kN 

Thrust-specific fuel 
consumption mid-cruise 
(@FL370, Ma = 0.82, 60.5 kN) 

16.5 [g/s/kN] 

*Flow path sizing point at top-of-climb 
(Ma = 0.82, FL350, ISA+10 K) 
 
Flow path sizing was conducted at Top-of-Climb 
(ToC) conditions. A multi-point sizing strategy was 
applied, allowing for the incorporation of the effects of 
maximum temperature levels, mechanical loadings, 
and, if applicable, fan-drive-gear-efficiency 
implications within the cycle design [28]. For the 
modeling of the R2000 power plant, information from 
[26], as well as data specified in the Type Certificate 
Data Sheets of FAA [31] and EASA [25] were used to 
validate the modeled design and performance 
characteristics. Component hub/tip ratios and other 

important geometric properties were graphically 
approximated from a 2D general arrangement given 
in [26]. The compressor work was adjusted to yield 
reasonable compressor stage loadings and mean 
stage pressure ratios. As part of the multi-point sizing 
strategy, turbo component tip speeds were iterated to 
yield the maximum rotational spool speeds at hot-day 
take-off conditions specified in [25]. The results show 
good agreement with the available performance data. 

3.3. R2000 Baseline Mission Performance 
The data presented in Sections 3.1 and 3.2 were 
incorporated in Pacelab APD [32], a conceptual A/C 
design tool. The mission simulation integrated into 
APD employs a detailed mission analysis, which was 
applied on the R2000 A/C to assess the performance 
on mission level. As an example, the design mission 
defined by a payload of 32.3 t and a range of 
6500 NM yields a block fuel of 98.0 t, with a Maximum 
Take-Off Mass (MTOM) of 293.2 t. Several other 
missions were calculated, and the resulting data 
integrated into the payload range diagram shown in 
Figure 8. The payload range diagram is a key 
indicator for comparing the performance of A/C and 
therefore the official data of the A330-300 and 
A330-200 from the AC-AaMP [21] are shown as well 
in Figure 8. The gradient of the straight connecting 
the first and second bend in the graph is 
representative of the performance on the missions 
conducted at MTOM and at varying payloads. This 
section is a good metric for judging the similarity of 
A/C characteristics. The gradient of the three A/C is 
similar, which indicates a sufficient resemblance of 
the R2000 baseline A/C and the official performance 
data of the A330-300/200. Differences in the slope 
can be explained by the difference in wing loading. 
Furthermore, the ferry range can be seen in the 
payload range as the intersection with the horizontal 
axis. 

 

Figure 8: Payload range chart for R2000 baseline 
aircraft in comparison to A330-200 and 

A330-300 aircraft [21] 
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4. DESCRIPTION OF THE R2035 AIRCRAFT 
FAMILY 

Similar to Section 3, this section contains the 
derivation of the R2035 A/C family, containing the 
TLAR definition, an advanced conventional 
technology scenario, and the description of the 
R2035 PPS. 

4.1. R2035 Airframe 
Top-Level Aircraft Requirements 

The R2035 TLAR are based on the TLAR of the 
R2000 A/C, while taking into account trends that have 
a severe impact on them. An example is the change 
of the boundary conditions for the second climb 
segment, which were increased to ISA +30 K. This 
incorporates the impact of global warming and 
addresses an aspect that already today leads to 
operational obstructions. Furthermore, noise and 
emission targets were set in relation to the R2000. 
The resulting TLAR are shown in Table 6.  
 

Table 6: Top-Level Aircraft Requirements for the CENTRELINE R2035 

Parameter Value 
Range and PAX 6500 NM, 340 PAX in 2-class 
Take-off field length (MTOM, S-L, ISA) ≤ 2600 m 
2nd Climb segment conditions 340 PAX, 100 kg per PAX, DEN, ISA+30 °C 
Time-to-climb (1,500 ft to ICA, ISA+10 °C) ≤ 25 mins 
Initial cruise altitude (ISA+10 °C) ≥ FL 330 
Design cruise Mach number 0.82 
Maximum cruise altitude  FL410 
Approach speed (MLW, S-L, ISA) 140 KCAS 
Landing field length (MLW, ISA) ≤ 2200 m 
One engine inoperative altitude (Drift Down) FL170 
Airport compatibility limits ICAO Code E (52 m < x < 65 m) 
Aircraft classification number (flexible,B) 67 
External noise & emission target 
(Reference 2000) 

CO2 -60%; NOx -84%; Noise -11 EPNdb 
(interpolated SRIA 2035) 

Technology freeze – entry into service 2030/2035 
 
Technology scenario 
An array of advanced A/C technologies was 
considered for a potential A/C EIS year 2035. The 
focus here lied on aerodynamic and structural 
improvements as well as technologies for sub-
systems and power plants. Technological impacts 
were derived to appropriately reflect target 
technology readiness level 6 in 2030. In order to 
establish a consistent technology scenario for the 
year 2035, and to predict the associated effect on A/C 
design and performance, a broad survey of 
aerodynamic, structural and other A/C system 
technologies was undertaken. Technologies were 
chosen on account of their probability to enter into 
service by the year 2035. Their influence on the A/C 
design was determined by estimations based on data 
from research and existing A/C data. In the following, 
feasible technologies, which are included in the 
airframe design of the R2035 reference A/C in 
comparison to the R2000 reference A/C, are 
presented, and an estimation of their impact on A/C 
performance is given. 
The main objective of aerodynamic improvements is 
the reduction of drag. The selected technologies are 
tailored to tackle all major shares of A/C drag, such 
as lift-induced, skin friction, and form drag. The main 
technological insertions in the field of aerodynamics 
for the R2035 A/C, therefore, cover an increased 

aspect ratio wing, Natural Laminar Flow (NLF) 
nacelles, riblet coatings on the airframe's wetted 
areas, and an advanced high-lift system.  
In order to improve lift-induced drag characteristics, a 
high aspect ratio wing design is considered. Key 
enabling technologies include the application of 
advanced composite materials with improved 
strength and stiffness properties as well as additive 
manufacturing techniques [33–35]. Moreover, Gust 
Load Alleviation (GLA) and Manoeuvre Load 
Alleviation (MLA) systems, as well as Active Flutter 
Suppression (AFS) are applied. Here, MLA does not 
only account for a higher passenger comfort but also 
counteracts the increased bending moment at the 
wing root due to the enlarged aspect ratio. To gain 
significant benefits from MLA, GLA and AFS, systems 
are needed, which operate analogue to the MLA by 
individual dynamical oscillations of the control 
surfaces about the steady-state position to counteract 
atmospheric turbulence and flutter. The use of the 
already present control surfaces (ailerons and flaps) 
as multifunctional movables for MLA, GLA, and AFS 
induces no change in the structural mass [36–38]. 
To reduce parasitic drag, riblets technology is applied 
in the form of a paint coating to passively reduce the 
local skin friction drag by 8%, leading to a lower zero-
lift drag [39, 40]. Riblets are employed on the A/C 
external surface of an A/C to eliminate cross flow 
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turbulence. For practical reasons, a maximum of 70% 
of the wetted area can be coated by the riblet film [41]. 
The riblet coating does not contribute to a higher 
structural mass, as its mass is in the order of the mass 
of the paint it replaces. Riblets are assumed to be 
applied on the fuselage, the wing (without leading 
edge), as well as the vertical and horizontal stabilizers 
and the engine nacelles. The engine nacelles are 
assumed to feature an advanced aerodynamic 
shaping that provides NLF over 20% of the nacelle 
chord length. This leads to a decrease of the total 

drag of each engine nacelle by about 5% [42]. NLF is 
preferred over a hybrid laminar flow control system as 
its impact on nacelle structural design, and engine 
performance is minimal. Thus, no notable mass 
implications have to be considered. 
The influence of each individual aerodynamic 
technology on the aerodynamic performance (skin 
friction coefficient and aspect ratio) of the R2035 
reference A/C compared to its reference of the year 
2000 is summarized in Table 7. 

Table 7: Aerodynamic drag reduction R2035 vs. R2000 technology 

Component Parameter Δ Value 
rel.  

Enabling technologies 

Fuselage Friction drag - 5.6% Riblets covering 70% of fuselage wetted area 
(- 8% local skin friction reduction) 

Wing 

Friction drag - 5.6% Riblets covering 70% of wing wetted area  
(- 8% local skin friction reduction) 

Aspect ratio + 19.0% 
(AR ≈ 12) 

Advanced composite design, improved utilization of 
composite materials, maneuver and gust load 
alleviation, active flutter suppression 

Empennage Friction drag - 5.6% Riblets covering 70% of empennage wetted area  
(- 8% local skin friction reduction) 

Nacelles Friction drag - 10.0% 
Riblets covering 70% of nacelle wetted area (- 8% 
local skin friction reduction), natural laminar flow up 
to 20% chord length (instead of 5% chord length) 

 
The focus regarding A/C structural technology 
insertions lies on a mass reduction as a result of the 
rigorous application of advanced design on all main 
airframe structural components. This includes an 
optimized utilization of composite materials together 
with advanced bonding techniques, as well as 
improved manufacturing technologies, such as 
additive manufacturing.  
Advanced CFRP are used to replace parts of the 
R2000 wing made of aluminum, allowing for a R2035 
wing, which consists of 90% composite material by 
mass. The fuselage’s main structure is fully made of 
composite material. The empennage design utilizes 
advanced composite materials with improved 
strength and stiffness properties over the year 2000 
standard. A geodesic fuselage design in combination 
with advanced composite materials yields an 
additional fuselage mass reduction of approximately 
10% [43]. 

In summary, the total structural A/C mass reduction is 
mainly achieved through the increase of composite 
materials from 15% to about 70% of total structural 
mass compared to the R2000 reference A/C as CFRP 
provides a much better strength-to-weight ratio than 
metal. Due to advanced numerical technologies, the 
fiber arrangement can be adapted to the stress 
distribution. Additional weight savings are achieved 
through the advanced bonding of composite parts. 
Rivets and selected fitting metal parts can thus be 
eliminated. The improvement in strength and stiffness 
of the used materials, the application of advanced 
bonding technologies for the composite material, 
additive manufacturing technologies for non-
composite parts, and the application of a geodesic 
fuselage design also contribute to the overall weight 
reduction. The influence of the technologies on the 
mass of the main A/C components is given in Table 
8. 

Table 8: Structural component mass reduction R2035 vs. R2000 technology 

Component Mass factor Enabling technologies 

Fuselage - 15% Fully composite, advanced bonding, advanced composites 
- 10% Geodetic design 

Wing  - 10% 90% composite, advanced materials, and bonding technologies, 
additive manufacturing, ADHF 

Empennage - 5% Advanced composite materials and bonding technologies 
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The usage of carbon fibers for the fuselage 
construction allows for the reduction of the wall-
thickness, which leads to a reduced fuselage outer 
diameter keeping the same cabin width [49]. The 
passenger's perception is positively influenced by the 
increased headspace, straighter walls, and increased 
overhead bin storage space. The nine-abreast 
configuration in a 2-5-2 layout removes the double 
excuse seat in the middle when the load factor is 
below 90%. The possibility to use a ten-abreast 
configuration (3-4-3) in the economy class with a 
reduced seat width of 17 in would allow airlines to 
design a high-density cabin. The slightly reduced 
fuselage length allows for a less constraint fulfillment 
of the CS/FAR regulations concerning the emergency 
exits, especially in a stretched family member, as the 
distance between emergency exit distance shall not 
be larger than 18.3 m (60 ft) according to Advisory 
Circular 25.807 [50]. Table 11 presents the main 
geometric data for the fuselages of the R2035 family. 

Table 11: Fuselage data of the R2035 family 

Parameter Shrink Baseline Stretch 
Passengers [-] 296 340 375 
Length [m] 60.2 66.7 71.6 
Diameter [m] 6.09 6.09 6.09 
Slenderness [-] 9.89 11.0 11.8 
 
Overall Airframe 
The structural concept for the wing, fuselage, and 
empennage of the R2035 was kindly provided by 
Warsaw University of Technology [51]. The main 
structural concept of the R2035 wing structure was 

defined as follows. Two CFRP spars along the whole 
wingspan, which are strengthened in the pylon 
suspension area, form the basis of the wing structure. 
Skin stiffeners (stringers), ribs and skin are also made 
of CFRP. The percentage of composites is increased 
to about 90% with respect to mass. Additional weight 
savings are obtained by using advanced adhesive 
bonding methods of the composite parts. The 
fuselage is a "full composite", geodesic structure with 
a circular cross-section of 6.09 m width in diameter. 
The primary load-carrying structure is made of CFRP. 
The internal arrangement is similar to the R2000 A/C. 
The empennage consists of a classic, fuselage-
mounted vertical and horizontal tailplane. Both 
tailplane structures have an identical composition as 
in the R2000 A/C. The major structural components 
of the R2035 A/C are listed in Table 12. 

Table 12: R2035 baseline mass breakdown 

Component Mass [t] 
Wing 37.1 
Fuselage 22.3 
Vertical tailplane 1.9 
Horizontal tailplane 1.8 
Landing gear 10.3 
Pylons 2.8 
Propulsion system 18.6 
Systems 11.8 
Furnishing 10.2 
Operational items 8.4 
Operational empty mass 125.3 

 
The R2035 baseline A/C 3-view is given in Figure 10. 

 

Figure 10: 3-view of the R2035 baseline, dimensions in mm 
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The R2035 family members are shown in Figure 11, 
with the shrink at the top, the baseline in the middle 
and the stretch at the bottom of the figure. 

 

Figure 11: R2035 aircraft family 

4.2. 2035 power plant 
The R2035 A/C is equipped with geared turbofans 
featuring Ultra-High Bypass Ratio (UHBR) in excess 
of 16. Best and balanced cycle settings, including 
temperature and pressure levels, were selected 
based on conceptual cycle studies. Models for the 
prediction of component design efficiencies and 
pressure losses were adjusted to reflect the 
advanced technology status. With the intention to 
counteract the weight and external drag penalties 
associated with the large propulsor dimensions 
intrinsic to UHBR, a slim and short nacelle design was 
envisioned with the inner intake contour featuring 
advanced acoustic liners for noise suppression. 
Further advanced design elements include an 
integrated fan stator and strut, brush seals [52] as 
well as a variable area fan nozzle, thus improving fan 
operability for the targeted low specific thrust design. 
For the potential year 2035 EIS scenario, a set of 
technological features was considered to be 
incorporated in the R2035 power plants. Beyond the 
rigorous application of 3D aerodynamic design, turbo 
components are considered to feature aspects such 
as advanced clearance control and endwall 
contouring [53], casing treatments [54], and active 
surge control. Advanced cooling technologies, 
including dimple [55] and effusive cooling techniques 

[56], are considered to contribute to reduced cooling 
air demands. The application of enhanced material 
options is considered to allow for elevated 
temperature levels relative to the R2000 power plant 
while offering mass savings. Apart from excessive 
use of CFRP in the low-temperature regime (e.g., the 
fan assembly), titanium metal matrix composites [57], 
titanium-aluminides [58], and ceramic matrix 
composites [58] are seen as potential options. In 
addition, advanced manufacturing techniques, 
including large-scale utilization of additive layer 
manufacturing for elements such as liners, fuel 
nozzles, casings, and potentially even blades and 
vanes [59], are promising candidates for realizing 
significant mass savings and possibly lifespan 
improvements [58]. 
The cycle design and performance modeling for the 
R2035 PPS is discussed in more detail by Bijewitz et 
al. [60]. The PPS mass assessment was conducted 
by Chalmers University of Technology [61]. Flow path 
sizing was conducted at the top of climb (FL350, Ma 
= 0.82, and ISA +10 K) conditions were taken into 
account during sizing. Table 13 lists key data for the 
R2035 PPS. 

Table 13: R2035 power plant system key data 

Parameter Value 
Fan diameter 3.36 m 
Nacelle diameter 4.21 m 
Nacelle length 5.19 m 
Design bypass ratio 16.4* 
Nominal Take-Off Thrust 
(SLS, ISA+0 K) 

377 kN 

Thrust specific fuel 
consumption (mid-cruise 
@FL370, Ma = 0.82, 46.7 kN) 

14.0 [g/s/kN] 

*Flow path sizing point at top-of-climb 
(Ma = 0.82, FL350, ISA+10 K) 

4.3. R2035 mission performance and R2000 
comparison 

Similar to the R2000 family, the R2035 family was 
implemented in APD. The outcome of the overall A/C 
assessment, including snowball effects of mass data, 
aerodynamic analysis and mission performance 
calculations yielded results for all members of the two 
A/C families. The resulting data and their comparison 
towards the R2000 family are shown in Table 14. 
 

Table 14: Result comparison of the R2000 family with the R2035 family 

Parameters values in [t] R2000 
shrink 

R2035 
shrink 

Δ% R2000 
base 

R2035 
base 

Δ% R2000 
stretch 

R2035 
stretch 

Δ% 

Design mission block fuel 92.8 61.7 -33.5 98.0 65.5 -33.2 102.7 68.4 -33.4 
Operation Empty Mass 147.1 121.0 -17.7 152.1 125.3 -17.6 157.2 128.8 -18.1 
Maximum Take-off Mass 278.3 222.4 -20.1 293.2 235.1 -19.8 306.9 245.2 -20.1 
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The baseline members of both families will be used 
for the integration of the propulsive fuselage 
technology. The R2035 baseline states a solid and 
competitive foundation for a fair assessment of the 
PFC introduction with an EIS in 2035. 

5. CONCLUSION 
The results from the application scenario and 
reference A/C definition performed as part of the 
CENTRELINE project were presented.  
An analysis of the air traffic demands and A/C market 
segment trends for a target propulsive fuselage A/C 
EIS year 2035 was conducted. The market forecast 
showed a very strong influence on the 
intercontinental traffic between Europe and Asia. The 
biggest potential was identified for a design mission 
with 340 passengers and 6500 NM range. The results 
were discussed, and in collaboration between Airbus 
and BHL, a consensus was reached to set this design 
mission as the target, thereby defining the target 
application for the CENTRELINE research and 
innovation actions. 
A suitable set of TLAR was compiled based on an 
existing A/C design with the best possible data 
availability and similarity concerning the design 
mission. This A/C was determined to be the Airbus 
A330-300 equipped with Rolls-Royce Trent 700 
series power plants. Based on the A330-300, an 
airframe and propulsion system was designed and 
incorporated into a family concept. The resulting 
configuration represents a suitable year 2000 
reference A/C (R2000) appropriate for SRIA 
benchmarking purposes. 
For a representative technology level for a 2035 EIS, 
a multi-disciplinary scenario of advanced 
technologies including power plant, systems, 
structures, aerodynamics, and annexed technologies 
was established in cooperation between BHL, Airbus, 
and Warsaw University of Technology, forming the 
basis for the year 2035 reference A/C (R2035) 
definition. These technologies were integrated into 
the conceptual A/C design tool APD, and an 
optimized R2035 was derived. The advanced year 
2035 GTF propulsion system was developed by BHL 
and Chalmers University of Technology. Expert 
advice provided by MTU Aero Engines AG was used 
to set up a realistic technology scenario for the year 
2035 power plant. Cycle studies were conducted to 
determine best and balanced key cycle properties 
and design and performance decks created for 
subsequent evaluation at A/C level. The specification 
of the fuselage structural concept for the R2035 was 
developed by Warsaw University of Technology. In 
cooperation between Warsaw University of 
Technology and BHL, CAD models for the sized 
R2000 and R2035 reference A/C were created, 
representing the geometry of the outer mold line. 
The R2000 and R2035 were designed as a baseline 
of an A/C family, including a common design for main 
structural components sized for the critical member of 

the family. The family concepts contain the baseline 
and deducted stretched and shrinked versions. The 
implications on the performance on the baseline, e.g., 
sizing of the engine for the stretched family member, 
were included in the baseline and taken into account 
for its performance assessment. The R2035 baseline 
design has a block fuel reduction for the design 
mission of 33% compared to the R2000 baseline. 
The designed A/C served as the basis for the 
derivation of the PFC A/C, as the data source for the 
CENTRELINE partners, and as the reference for 
comparison and assessment. The results of the PFC 
performance assessment are documented in the 
dedicated CENTRELINE deliverable 2.11 and a 
journal paper [62, 63]. 
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