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General context
Motivation:

= Ambitious environmental goals
» Electrification of regional aircraft
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Objectives:
= Unified comparison of hybrid electric
architectures

= Detailed analysis of series hybrid concept

SUGAR Volt Single-aisle v

STARC-ABL Single-aisle v Boundary layer ingestion
NOVAIR Single-aisle v

Bauhaus Luftfahrt Single-aisle v Boundary layer ingestion
g:;?;ﬁgii%sp ace Regional v v v Boundary layer ingestion
VoltAir Regional v Boundary layer ingestion
Georgia Tech Regional v Distributed propulsion
PEGASUS Regional v v Distributed propulsion
SAFRAN Commuter v v Aft propeller
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Hybrid electric configurations
Conventional Aircraft

Motivation: 0)
= Ambitious environmental goals
» Electrification of regional aircraft

MTOW: ~14 000 kg

R 1 '
Payload: 30-pax ange: 1 000 nmi

Entry-Into-Service: 2035
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GAS TURBINES

Degree of Hybridization [%] =
Powerggtteries

Powerggtteries + POWercas turbines

Entry-Into-Service: 2035
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Integrated design methodology

Propeller and Gas Turbines

@ Top level engine requirements ]

Propulsion System Performance and Sizing

! Propeller & Turboshaft

DP performance & map | [ Off-design point E E )
scaling (MPS states) | | matching scheme \ Hg o & & /‘%&E
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Electrical Power System

@ Top level engine requirements ]
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Aircraft and Mission
@ Top level engine requirements ] [ ,O\'l\“op level aircraft requirements ]
v &1/ Main & diversion mission profile |
Propulsion System Performance and Sizing
Y

___Aircraft Performance and Sizing
| : \ :
! Key aircraft R :
>, geometry Aircraft componenth
E % aerodynamics & .
| weights !
i ! ;
 Rubberized Mission analysis L
' Wing Fuel/range 5
' Scheme convergence :

v | v
Fuel and energy Aircraft sizing and
consumption weight
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Integrated aircraft
7 and propulsion design
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Design space
% Cruise %
=
Constant aircraft Climb Descent
geometries

y Landing

;_ Take-off 3
- —

Taxi-out Taxi-1n
Ascend

Propulsion system design variables

Electrification

17
777777

GAS TURBINES

Design space

v Mass-related thrust Degree of
requirements Hybridization [%] 0-20 0-15
v' Mission segment
durations
Battery mass [kg] 125 - 2500




Dimitrios Bermperis FT2025 Stockholm
Malardalen University Vasteréas. Sweden The 12 Swedish Aerospace Technology Congress FT
’ ’ October 14-15, Stockholm, Sweden

wesw | ) Series hybrid electric aircraft —

Sizing aspects

SWEDISH AEROSPACE +J. AT THE CROSSROAZS

Increasing
A(Mass) [%] hybridization
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Performance aspects 1
SFC™" ==
. . m
0 . . Cruise Climb uek
—g=DoH, =0% 20 ‘ ‘ . . 20 ;
Ascend e DoH =10% DoH =10% ]
—m—DoH Ascend — 5% Ascend Ascend /
_ 1nos —s—Thrust @ CR A —=—Thrust @ CL —=15%
== DM pscend ~ 1(_);,0 _"l| =-src'@cr 27 _"T| =-srct@cL | DoHasce™Ape T
051 DOHAscend = 15% . é é _____ aA- -4
DOHAscend =20% é 10 ié 10
g =

5_

S f
=

[

-]

- 0 : : : : 0 :

Jé 0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
o Battery mass [kg] Battery mass [kg]

m

J-15¢F 7

» Increasing ascend hybridization is beneficial
» There is an optimal cruise hybridization for each case

» Ascend hybridization shifts optimal cruise

v
hybridization to larger values

| | *
0 500 1000 1500 2000 2500
Battery mass [kg]
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Descent one-engine-off

PROPELLER

Distributed propulsion

PROPELLER
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DBrafiganatioonfiguration

_ Coverage _

»

Aircraft .
front view

_ Coverage

| |

Lift generation

_ 1
Lift = CL*E*p*A*VfZZ

_ 1
Lift = CL*E*p*A*Verf.W

FT2025 Stockholm

The 12t Swedish Aerospace Technology Congress
October 14-15, Stockholm, Sweden

FT25-88946

| \ 0
=@ Propulsors
=@ = Turboshafts

Left y-axis 7 18
=@ Thrust

8 -05F - = Block Fuel

-1+ 1 -1 1.4
15+ 4 =15 1.2
— §
= = S
= 27 e 2 1 =
5 )
: = g
o @ a
o -25¢ 1 §-25 0.8 3
J Q J
<
3¢ : -3 0.6
il |
35 ¢ : -3.5 0.4

-4.5 ‘ ‘ \’ -4.5 0

l-ref. 1-DP  2-DP  3-DP l-ref. 1-DP 2-DP 3-DP
Number of Propellers per Wing [-] (DP: accounting Distributed Propulsion)

13



Dimitrios Bermperis FT2025 Stockholm
Malardalen University, Vasteras, Sweden The 12 Swedish Aerospace Technology Congress FT
b October 14-15, Stockholm, Sweden
Malardalen ‘, =

University Integrated propulsion & aircraft design FT25-88946

Unconstrained

] * Reference — Turboelectric
1€5 -'_DOHAscend =0%
DOHAscend = 10% N
es ) ==DoH, K . =20%
PROP
— - I
{\] Y Increasing ascend SW@’I@%@
hybridization mgﬂ't

- BgeBunting for TLAR
WE

Aircraft m N
Thrust & Wigg area M -
'ﬁ? opulsio
ragock fuel ™

Varying aircraft geometries
v' Take-off field length
/ . . .

TLAR Landing field distance

v" Approach speed
v' Climbrate

Electrif ion

) Mass-related thrust
require anagement

v Climb (. RIpRatigion
| At

GAS TURBINES

A

hybridizatiod FPT speed setéctie
. _.. ¥ Descent1-gagine oo
Battery mass [kg]

*Top-level aircraft requirements 15

2500




b

Malardalen
University

U

Dimitrios Bermperis
Malardalen University, Vasteras, Sweden

1.2

1.1

Battery technology targets

Environmental performance

I@Propulsion design (Relaxed TLAR) i Integrated design (with TLAR)
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Vs. Conventional
EIS 2035

(>12% CO2 drop)

Integrated with TLAR: 0%
Relaxed TLAR: -3%

FT
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v Optimal environmental and fuel performance
> As high ascend hybridization as possible
» Cruise hybridization up to the takeover of the mass-thrust snowball effect

v" Synergies to be considered with series hybrid electric aircraft
» FPT speed selection through propeller decoupling
» One-engine off during descent
> Distributed propulsion

v" Cell specific energy above ~1 kWh/kg is required to compete with conventional
concepts of same Entry-Into-Service

v’ Necessary compromise in some aircraft operation targets
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Propulsion design
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FPT speed selection

Gas turbine and propeller decoupling
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