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Hydrogen: from Tu-155 through HEP/SCto ZEV :

"Je 3¢ .. NATIONAL
"*e% e RESEARCH CENTER

°e
2 e ® % ZHUKOVSKY INSTITUTE
e ® To,

Sergey Galperin &

Director of project “Civil aviation”, B
National Research Center “Zhukovsky Institute”, g
Russia *

NRC Zhukovsky Institute /

- » Established in 2014

S » 5 leading aviation research institutes (TsAGl, CIAM, GosNIIAS,
N SibNIA, GKNIPAS

» Mandate: lead and coordinate scientific research, introduce new
technologies and oversee new developments in the aviation
industry with the aim of bringing innovation to the manufacturing
process and using advanced scientific results

electrifly on HFC/BAT
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CIAM

» Established in 1930

» Branch: National Experimental Base

» Mandate: world-class scientific center conducting a
whole scope of research activities necessary for the
development of aircraft engines and gas turbine
units based on them
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| ICAO long term goals and advanced technologies and fuels 4
Global long-term aspirational goals considered by ICAO

JAnnual 2% improvement of fuel efficiency of international aviation

dCarbon-neutral growth of net CO, emissions of international aviation
since 2020

In flight CO, reduction and change of energy consumption vs.

existing technologies HEP, LH2,
Replacing on CH4 HTSC/LTSC and
Continued evolution (LNG) Replacing on LH2 HFC/BAT
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Tu 155 RuSS|an successful real experience for using hydrogen in aviation s

P ' : | Soviets Fly Tu-154 Transport
Bl e s b 4 | Modified to Use Cryogenic Fuels
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- d safety of operating with hydrogen



Evolution of the Hybrid Electric Propulsion (HEP) —

1. HEP with conventional components 3. HEP with LH2 + LTSC
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1 — Electric motor
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3 — Starter-Generator
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4 — Battery
5 - GTE part

2. HEP with LNG + HTSC

6 — HFC

7 — Electrically driven

air compressor
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Certification aspects of advanced air vehicles

1 First full electric aircraft Pipistrel Velis Electro and its electric propulsion were
certified by EASA in June 2020

U Non-environmental problems:
- safety of electric units, BAT

- BLI safety
4 New noise O Noise&emission - [ Lack of international ~
reql;me:nents . certifications based on standards for the use of
(urban transport) 6 jife cycle assessment LH2 in civil aviation
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Technology

Hybrid Electric Pr-opulsion / Distributed Electric Propulsion
(HEP/DEP), High and Low Superconductivity (HTSC, LTSC),
LNG, LH2, Battery (BAT), Hydrogen Fuel Cells (HFC) ¥

CO, emissions reduction for different technology options

%] CO, reduction in flight 100%
(climate impact) (50-75%)

Co, 1
0 — Conventional (kerosene) Level of finance
~ —  HEP/DEP (kerosene + BAT) iORf required*®
S — Conventional (LNG)
8 — HEP/DEP (LNG + HTSC + BAT)
- == HEP/DEP (LH2 + LTSC + HFC)
~-50% Timef
. fgl Timeframe 2035-2070
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o Capital investment (new
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<200% | - Main design, infrastructure)
f@\r 2020 2030 2040 2050 Year chaIIenges l(:ilzgle;rll.(l:'lez production
% Only HEP using Superconductivity, LH2 and HFC  Lack of Standards
. . o * for short-range aircraft powered by hybrid H2 propulsion (ref.
prO\"de COZ rEdUCtlon by 1006 ! Hydrogen-powered aviation. A fact-based study of hydrogen

Copyright © ICAO 2020. All rights reserved technology, economics, and climate impact by 2050. May 2020,
Clean Sky 2 JU and FCH 2 JU, p.32)
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