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Bauhaus Luftfahrt - Ce-Liner (€ Bauhaus Lufttahrt

C-Wing Morphology General Data
Self Trimmina Wi Improved lift-to-drag & ICAO Code C Overall Length / Height: 43.0/12.9 m
| oel frimming Wing . compatibility Span: 36.0 m
Discrete surfaces for 2-axes - :
L Ref. Wing Area: 172 m?
control, speed-brakes & high-lift . .
Special Pylon Design MTOW/MLW: 109300 kg
Augments static stability in OWE: 59410 kg

Universally-Electric Systems pitch . Power-to-Weight: 0.407 kW/kg
Architecture 900 nm, Max PAX, M 0.75, FL330

DC for reduced parts count & ‘
reliabilit . PAX Seat;
Sideward folding - Silent Advanced Fans (SAFE)

7-abreast for year 2035+ . » Reversible rotation, translating nozzle plug,
Cntr door rapid [de-]boarding quiet ducted fans, HTS motors
Reduced cabin noise
Cabin outside rotor burst ' 3C Battery Housing
Underfloor, fwd+aft center

Continuous Window-belt wingbox

Unobstructed, wide line-of-sight, made of
transparent GFRP

Systems Architecture

Baggage Compartment ETOPS systems design
Under-floor fwd+aft of 3C battery (redundancy approach)
housing
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——

Benchmarking Ce-Liner & Bauhaus Luftfahrt

i I ai: = MTOW (ka] 109300 73700 +49.1%

.l !. . MLW (ka] 109300 70360 N/A
i : * OEW / MTOW [%] 54.4 65.4 16.8%
. S OWE / PAX kg/PAX 314 253 +24.0%
Max Energy(Fuel) Weight / MTOW [%] 27.5 24.3 +13.2%
Reference Area (Sref) [m?] 172.3 115.2 +49.6%
Aspect Ratio (planar wing) [] 7.1 10.8 -34.2%

MTOW / Sref [kg/m?] 635 636 ~0.0%

Power / MTOW [kW/kg] 0.407 N/A N/A
=] = Thrust / MTOW (M0.20, SL) -] 0.233 0.310 -24.8%
—— TOFL@ISA,SL [m] 2245 1830 +22.7%
= LFL@ISA,SL [m] 1875 1770 +5.9%
== Approach Speed (MLW) KCAS 149 146 +2.1%

Des.Range, LRC, ICA, Max-PAX [nm] 900 nm, M0.75, FL330

(L/D) @ LRC, TOC, ISA+10°C (-) 20.5 18.4 +11.4%
ESAR, 900 nm, LRC, ISA+10°C [km/kWh] 0.0473 0.0374 +26.4%
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Basic Approaches to  Bauhaus Luftfahrt

Hybrid Electric Propulsion Neue 11og0

>2> Four Basic Approaches to Hybrid Electric Propulsion

e 1

Turbo ‘:lectric -ycle 1tegrated lechanically tegrated
serial |lybrid* ‘arallel Iybrid ‘arallel |lybrid

* mainchon ased n hnest roduchon Pure onal Al st roduced aa decine e Tuarbo decine :onal - paralled hinest  roduchon dectne { convenbonal fve |

'ure 3 rial Hybrid*

> 2 Important system descriptors

> Degree of power hybridization Hp > Degree of energy hybridisation Hg
P.*.'ze;:lmy,a?h?r Pjﬁrt;]-il]]'}-‘.r"h.’f‘ H:r:;rp!y.ﬁfﬂr Hﬁu;:lpn'}'.m'ﬂr
PEu}:;:J}'.Int Flsu.m:!}r,ﬂer + P.ﬂ:;:l;:lt}r,j'ueﬂ Eﬂu:;:!}'.mz E.'; pply elec + Em;:l;:l‘}'.,r'uﬂ'
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Parallel Hybrid (A/C Level) (€ Bauhaus Luftfahrt

Neue Wege.

>> Hybrid-electric propulsion system with 4
propulsors
> 2 conventional gas turbines
> 2 electrically powered ducted fans

> No direct coupling between different energy
carriers/propulsion systems

>> Battery supplied electric system used as
assistance system

>> Expected advantages sonventional gas turbine
> Downsizing of gas turbines

ull elechrie duched Fan [T

N

> Electric cruise capability

> Increased operational behavior compared to integrated
parallel hybrid topologies > No coupling of propulsors
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Hybridization Strategy £ Bauhaus Lutitahrt

Neue Wege.

>> Electric support given by constant thrust split between conventional and electric supplied
propulsors over the entire mission

>> Normalized power profile used to determine fuel and battery demand
>> Aircraft level assessment performed with the help of trade factors
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Initial Aircraft Level Results ( Bauhaus Luftfabrt

Neue Wege.

>> Impact of different values of degree of power hybrioizations and electric motor sizing points on the

in-flight fuel burn and mission energy 3
D
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Initial Aircraft Level Results and Sensitivities | C Bauhaus Lufttahit

Neue Wege.

>> Assuming a 1000 Wh/kg battery for different values of degree of power hybridization for a 1300nm
and 180 PAX mission results in

> up to
> up to , but
29.6% [ Battery
1250%,
O Fu-
100%
B Payloxd
7%
O PMAILD
509
O Power Plant
B Airfransa
9%
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Hybrid-electric Propulsion Landscape ( Bauhaus Luftfahrt

Neue Wege.

Pl b e edincliom Do edne sodwcheees g beal ey sorago sapacaty
ull S zrial Hybrid" (FSH) / ‘artial ,,Serial Hybrid" (PSH)/

=ycle ntegrated Nechanically tegrated Parallel
‘arallel Hybnd (CIPH) tybrid (MIPH)

,Jurbo :lectric (FTE)* Turbo :lectnic PTE)*

‘nergy Sharage- Zhemieal lledro lhemical lgwer TransmissHen - Aachanical ‘uel Flowr — el

>> Mechanically Integrated Parallel Hybrid:

e — | -

( (=] mAD | i [ee of Power Hybridisation:
C_ S 1 ;J: Ps‘upply.etec 2 Pgatt
L —] r‘—_'_'__] = uiill | _.'_E“ PEI!]'.J]}I}-'.EDI Pgare + Pfue!
| L2

— P

Power plant side <> Aircraft side
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The Cloud of MIPH Concepts £ Bauhaus Luftfahrt

Neue Wege.

>> MIPH application:

> UHBR short range GTF
> 20klbf thrust class

Iype A Ckciiie wwhine degraded chind FT,
wdew winnexcdexd b PT dhwAtt

Selected concept

+ High speed electric motor

+ Thermal environment for electrics

TypeD bkofric whine wcircling e Wi

+ Overall most robust solution i T B2

l] hﬂ_éhhl ey

B B 1 R s i o el W B ohor p i

- cam o
» TR, B, wary .1.|.1.J.-d.la.||.|.'\.|.-|.|.\.r\.
iy R g
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MIPH: Power Plant Performance C Bauhaus Luftfahrt

>> Cruise part power characteristics for S/R GTF application (Hp 4.s=0.1)

TSFC [g/kN/s]

22

N “
" Vi
20 ’!h

1FC [g/kNs)

BENet Thrust [kN]
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MIPH: Electric Motor Sizing & Bauhaus Luftfahrt

>> Sizing point take-off for ENOVAL S/M range application (Hp4.s=0.1)

7000 T T T
|'h_ = 0.1

Colour Confours: Bectrical Povwer st FDGS [KW)
2000

E - Zero Becirical PowerLIne "~

g Heactric Motor Design Point [ FC: 1

kS 5000| (For rated Max. FN= 85.7kN)

é Total Bactric Syatam Efficlany:90%

L 4000

i = Inner Fan: 15% Surge Marmgin
Z 3000 \ T
i Outer Fan: 74% Map Speaad g
= = -
= =
= 200e =
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MIPH: Detailed Concept Sketch & Bauhaus Lufttahrt

Neue Wege.

>> Basic flow path of mechanically integrated parallel hybrid power plant
> HP,des= 01
> 2MW electric motor

L BUoY Jf Perwer Flur 47

> > Layout of electrical system architecture:
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MIPH: Design Block Fuel Assessment & Bauhaus Luftfahrt

Neue Wege.

>> Mechanically integrated parallel hybrid vs. advanced turbofan technology

>ontours — Aircrafl lesign ange

|
N ==== [TOW :hamge 3 [ :omw sircraft fesign
| ™
FEOMM g L L8
HDOMNM [ \ FRCORM

L —

=1L
20%
S L 0 1 DO B A 2 500nm design range
1000Wh/kg battery

Settings:

1=gn ayicad (Bt

wih» power fan Irve  ropulsion syslem
D1

eclre: yslem dfcency B0 b
tems power lemand 2%210hp

0.
i

» Change of Design Block Fuel
“onventional A/C Design %]
3
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MIPH: Aircraft Integrated Weights ( Bauhaus Luftfahrt

Neue Wege.

>> Weight breakdowns for MIPH and advanced turbofan technology powered aircraft, designed for a
S500NM stage length:

m Conventionally MIPH turbofan )
powered A/C powered A/C ' Delta [%]

Airframe structures and systems 30811 33126 +7.5
Power plant systems 2 6822 7780 +14.0
Electric systems architecture n/a 2270 n/a
Battery system n/a 5330 n/a
OWE 37633 48506 +28.9
Payload 18775 18775 +0.0
Design fuel 3839 3706 -3.5
MTOW 60247 70986 +17.8

" 1000Wh/kg battery system specific energy
2 weight of electric motors included in electric systems architecture
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A gen da @ Bauhaus Luftfahrt

Neue Wege.
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>>
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The Principle of Aircraft Wake Filling (€ Bauhaus Lutttahrt

Neue Wege.

V.  Vlx.z) Vo+AV,

Legend:
i} Fuselage boundary layer

B: Geometrically uncontrained propulsive fuselage device applied to overall aircraft thrust requinemenis

i Propulsion system jet flow field

g Jet momentum equivalent
for ideal fuselage wake compensation

i1 Jet momentum equivalent

= N ——_ _—_ = for aircraft residual thrust requirement
C: Propulsive fuselage device appled to overall aircrafl thnest reguirements including ideal fuselage wake-filling under geometric consbrainks

E

I

|

D: Propulsiv ussisge devics applisd 10 ideal fisstige wals-filling only, requirsd residusl sircralt thnest provided by podeed powsr
Ref.: Seitz and Gologan (2013)
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Fuselage Fan Propulsion System Integration (€ Bauhaus Lufahrt

D

DisPURSAL "'

\ — | :->

-
iy

.“f

fahrt \ “ /

Luft
S LU
@ Bauhat Neue Wege.

,—&"/

“_Core engine

Driveshaft

Fuselage Fan Rotor | Planetary Gear System

Alle Rechte bei / All rights with Bauhaus Luftfahrt e-Flight Forum - Beijing 2017, 9.11.2017 Seite 21



Basic Approaches to  Bauhaus Luftfahrt

Hybrid Electric Propulsion Neue 11og0

>2> Four Basic Approaches to Hybrid Electric Propulsion

e 1

Turbo ‘:lectric -ycle 1tegrated lechanically tegrated
serial |lybrid* ‘arallel Iybrid ‘arallel |lybrid

* mainchon ased n hnest roduchon Pure onal Al st roduced aa decine e Tuarbo decine :onal - paralled hinest  roduchon dectne { convenbonal fve |

'ure 3 rial Hybrid* ‘

> 2 Important system descriptors

> Degree of power hybridization Hp > Degree of energy hybridisation Hg
P.*.'ze;:lmy,a?h?r Pjﬁrt;]-il]]'}-‘.r"h.’f‘ H:r:;rp!y.ﬁfﬂr Hﬁu;:lpn'}'.m'ﬂr
PEu}:;:J}'.Int Flsu.m:!}r,ﬂer + P.ﬂ:;:l;:lt}r,j'ueﬂ Eﬂu:;:!}'.mz E.'; pply elec + Em;:l;:l‘}'.,r'uﬂ'
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@ Bauhaus Luftfahrt
Neue Wege.

Synergistic Propulsion-Airframe Integration

>> Wake-filling aft-fuselage propulsion integration with turbo-electric design paradigm shift

wertical fin

Farmn Stator

Gas turbine __-"-
aft-fuselage core intake i
Gas turbine Core

\m:i_\_g__
Eng e exhaust

-"_ :__-_'-'_'_;- ‘:-I \ﬁ — =l
\ Paradigm Shift
e -""ﬂ —
..-"""r

" = T
y/__,-"f_,.'ha’g:f; i T —— Wertical fin ~{
.Ii:l'_,_,.,-'-"'"- -, CoH L Crun

> Turbo-electric fuselage fan drive .
> Init. Estimate: —11% Design Fuel ‘

> DisPURSAL: -9% Design Fuel strut

> Mechnical fuselage fan drive
‘ Intake Fam rotor

Fan rotar
Fan stator

EbEciric drinne

[galeiNety -\'\-\.\_\_‘_\-\-\-\

Ref.: Seitz, A. ,,Power Train Options for a Propulsive Fuselage Aircraft Layout, Presentation at MEA-USA Conference, Seattle, August 2016
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Contact @ Bauhaus Luftfahrt

Neue Wege.
!!auhéus Luftfahrt e.V.

: ~ Willy-Messerschmitt-Strasse 1
82024 Taufkirchen

= Germa\

o >>Tel.: +49 (0)893074849-11
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