Short Medium Range Turboprop-Powered Aircraft as an Enabler
for Low Climate Impact
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Motivation and Background

EXACT — DLR internal project.

Environment
Infrastructure
Operation

WP 2

Goals:

Qverall Aircraft
WP 3

System-
integration
WP 1

« Identify aircraft concepts and enabling technologies for climate neutral

flight & define respective technology roadmap.

WP 4&5

Technologies
Material

Conventional ,baseline aircraft* featuring only evolved technologies (no
radical techno-bricks) serve as a foundation for the roadmap concepts studied in
EXACT:

* Assess future air transportation systems with respect to total energy

lifecycle, climate impact, society, infrastructure, value for stakeholders, etc.

- The main baseline is an A321-like turbofan designed for EIS 2040

A study on the environmental impact of the baseline aicraft flight speed design 5 -
requirement is currently on-going. i

- Aturboprop baseline was designed to fully exploit the potential of reduced speed EXACT Turboprop Baseline

D250TP
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Study Boundary Conditions EXACT Turbofan Baseline
Reference A/C: Redesign for EIS2040:
D250TF
A321neo - TLARS 1ISO >0
interpretation _ : 0% f
(EISZOlG) D239 * Engine Performance: -10% sfc
_ _ «  Fuselage Mass: -5% TLAR Changes:
Top-Level-Aircraft Requirements (TLARS) - Range 1500nm
«  Wing Structural Mass: -15% _
Design Range [nm] 2500 » 250 PAX; Design Payload 23750kg
Design PAX (single class) [-] 239 * [Empennage Mass:  -3%
Mass per PAX [kg] 95 * Systems Mass: ISO
Design Payload [ka] 25000 - Furnishings Mass: ISO g EXACT Turboprop Baseline
Max. Payload [kg] 25000
_ * Operator Items Mass: 1SO
Cruise Mach number [-] 0.78
Max. operating Mach number [-] 0.8 D250TP
Max. operating altitude (] 40000 The goal of the study is to compare the
TOFL (ISA +0K SL) [m] 2200 performance characteristics, the potential [[EELZAURSIEES,
Rate of Climb @ TOC [ft/min] >300 impact on the environment and the direct * Range 1500nm
Approach Speed (CAS) [kt] 136 operating cost between the turbofan and « Mach 0.62
Wing span limit [m] <=36 the turboprop baseline. + 250 PAX & Design Payload 23750k |

Lo T
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Overall Aircraft Design Results

30000

25000

20000

15000

10000

5000

0

0

Design
Mission

1000 2000 300
Range [nm]

/

0

/

4000

Turbofan

- — - =Turboprop - — - ~
. Turbofan-w

........... — - Turboprop. . —

Design Mission Trajectory

250 500 750

1000

Ground Distance [nm]

1250

5000

©C o0 o0 o0 o0 Rk
N d O N}

1500

> Short Medium Range Turboprop as an Enabler for Low Climate Impact > Georgi Atanasov > 01.09.2021

Mach number [-]

Parameters Units | Turbofan Turboprop
DESIGN MASSES

Max. Takeoff Weight kg 82400 71300
Max. Landing Weight kg 75400 68500
Max. Zero-Fuel Weight kg 73500 65600
Operating Empty Weight kg 48500 40600
Max. Fuel Weight kg 18600 11800
WING GEOMETRY

Wing Ref. Area m2 121.5 96.9
Wing Span m 36.0 36.0
\Wing Aspect Ratio - 10.7 13.4
Average Rel.Thickness - 0.130 0.139
Ave. 1/4-Chord Sweep ° 27.3 3.1
MAC m 4.02 2.87
AERO

Best L/D (mid-cruise conditions) - 17.2 19.2
cL @ best L/D - 0.6 0.8
cl max.LEu.Ll-Elar\c) - 20 2
MISSION PERFORMANCE

1500nm Mission Block Fuel kg 7700 5500
1500nm Mission Time min 228 272
800nm Mission Block Fuel kg 4350 3026
800nm Mission Time min 135
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Aerodynamic Comparison

Turbofan Baseline 22
20

Turboprop Baseline

+12%

18

Mid-Cruise (Ma 0.62)

Mid-Cruise (Ma 0.78)
Zero-Lift Drag Breakdown

Zero-Lift Drag Breakdown

8.1% 6 6.4%

1.7% = B

12.1% Nacelles

The slower and lighter turboprop achieves better L/D in cruise due to:

« Smaller wing with a higher AR (ISO span) & reduced nacelle drag.
4 -_Significantly higher C, in cruise (due to milder transonic effects).
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DUCted Fan VS PrO pel I er Ducted fan (FPR ~ 1.35) efficiency:
. ' iCi : = —=10.86
Propulsive efficiency: P = 7 Ty,
— 4 N
Mag 0.78 * Pressure losses: Tintet = 0.99; Tpozz1e = 0.995 (empirical)
— > — @ FAN . . . irical
> | My~ 21m « Fan isentropic efficiency:  Nispan = 0.915 (empirical)
_> .
> |L270kg/s
v TFAN * UO
—— NToT,Ducted_Fan = “p. =0.76
FAN
- * > Propeller (FPR ~ 1.025) efficiency:
—» Map0.62 j: Ma 0.635 — | Ma, 0.65 peller ( ) y
> )
— . . * Propulsive efficiency: = ——=0.99
Y T P y P 1+v,/v,
. @ Prop < ] Gas Turbine « Prop isentropic efficiency:  7is,prop = 0.87 (empirical)
5.3m ! :
— Il________________________— _______ I
> — Tprop * Vo
; > - NTor,Propeller = Tpop— =0.86
— | Myjr~ > - Prop
— 2200qu/5& —

Slower flight allows for switch to propeller with 12% (relative)
more efficient thrust generation.

TS y =
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Generic GT
Gas Turbine Size Effect Generic GT @ T
1 TT| ’. L
Generic GT <__--:[~-.._
70% . -~ *Py, = 32MW
Generic GT (:E i P, = 16MW -eta = 56.0%
) i D = ceta=51.5% :
T 60% f P, = 8MV\{) ~ | 5
g Py, = AMW ceta —/46.4 Yo ; __
S 500 ceta=41.2% T
Q “
= 6%
= 40% relative
0 difference
Q2 30%
=
@ 20%
O
*GT efficiency: 10%
— Peq
e = e LHV
P , 0%
eq Equivalent power
. 0 4 8 12 16 20 24 28 32 36 40
Mmeyer  Fuel flow — |
. *Thermal power: i *%
LHV  Low heating value Achiovable power at sealevel Gas Turbine Thermal Power** (P,,) [MW]

static ISA conditions withtout
any power limitations.

The slower and lighter turboprop needs smaller gas turbines - ~6% less efficient due to scaling effects.

A
Wyl

B
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Mass Breakdown Comparison

Design Mission (1500nm) Mass Breakdown
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Design Mission Fuel Comparison

D250TF
I —
A
+1% Block Fuel
-13% Block Fuel Due to turboprop with :
Reduced total Mass. 2-staged gearbox vs .
+6% Block Fuel geared fan with :
Due to reduced 1-staged gearbox.
! Efficiency of the .
smaller gas turbine. - . -
299 Design Mission
Block Fuel
-11% Block Fuel I i -
Improved Aerodynamic 1
Performance. -12% Block Fuel
Improved propulsive -
v Efficiency of the .
propeller vs ducted fan.
\4 i
A switch to a slower cruise with a turboprop design allows D250TP

for a significant shift in overall fuel efficiency.
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*The reference aircraft fleet impact scaled proportionally with fuel per PAX from the
turbofan baseline model.

Environmental Impact

Current Impact with Short-Mid-Range A/C

[
»

A preliminary result from the EXACT project
conducted with DLRs climate assessment

capabilities of the ,Atmospheric Physics” Institute

»
»
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Turbofan Baseline Turboprop Baseline Turbofan Reference*  Turbofan Baseline  Turboprop Baseline
Fleet Fleet (E1S2016) (E1S2040) (EIS2040)
*The average temperature response (ATR100) of a yearly ,
operation of a global short-mid-range fleet: \
Both fleet are set up to transport the same amount of (Aggi?\ F'elfkt ) D250TF Fleet D250TP Fleet
passengers per year: eo-liKe

- the turboprop fleet is larger due to the slower flight speed. An advanced turboprop can potentially achieve over 60%

climate impact reduction compared to current modern
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Operating Cost — 800nm Mission with Kerosene

5.5 1
D250TF - D250TP 5.0 A
- . 13.59% MTOW s Seat _Kllometer
*+ 16.3% MWE o Cost impact
+ 30% block fuel %
* +10% block time < 4.0 -
. o
» Flights / year: 1600 * Flights / year: 1450 S
« Produced quantity: 4000 « Produced quantity: 4000 5 391
0
Kerosene Dependent on: =2 30 -
Cost: . tpl . MWE g 3.0
Bloc ~
1000 4 | 13:98%/GJ . MWE Flight/Year % 25 |
Dependent . En gin e size 70 ~tBlock J
o 0.800 - 0 on payload " +_1o_0_/o E 20 -
So -30% Dependent on: S
3 (<,E) 0.600 - * Uplock -12% g 1.5 A
gg s MTOM N
d ~MTOM -79
S5 oa00 | M | T BRER AL 1.0 -
%)
=) __-13%
&7 0.200 - I. 0.5 -
0.000 - 0.0 -
Fuel Landing Fees Ground Handling ATC Maintenance Capital Cost  Crew Cost Total DOC

*USD value of 2021

| i DLR
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Operating Cost —800nm Mission with Synthetic Fuel ... SeatKiometer
' Cost Impact
2.000 - Sycr:‘- Ft“e' 5.0 -
ost. D250TF
33.8 $/GJ D250TP
1.800 H 4.5 1
— 1.600 A (ilé) 4.0
X <
N S
S 3
g 14007 « Flights / year: 1600 « Flights / year: 1450 5 3°7
Ia) * Produced quantity: 4000 * Produced quantity: 4000 %
0 1.200 - = 3.0 1
= 1%
7 S
(%))
S 1.000 H 5 2.5 A
g £
@ 0.800 - S 2.0 -
5 <
¥ 0.600 - T 1.5 -
= N
QO
P 0.400 - 1.0 A
0-200 _ I I II 0.5 _
0.000 - 0.0 -
Fuel Landing Fees Ground Maintenance Capital Cost Crew Cost
Handling

*USD value of 2021
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Summary and Outlook
Features:
Design Mission * Single-Aisle
« 250PAX, in high-density layout OV
« Mach 0.62; 1500nm range
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