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Evolution of Popular Personal Transport

tEF552% By fuel vehicles EEEJS% By electric vehicles
KB TH1T. BF. "ENER  BABIISERE,

Gone past walking, by carriage and car phase. Currently entering e-vehicle phase.




IMRRAT R DIRE

Progress of Personal Flight

z1737%4T By powered aircrafts g

220 7 NI AN SN ER , BB $HLFFER,

Advanced gliders and powered aircrafts are evolving towards electric propulsion.
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Transport Development with Power Revolution
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Electric Aircraft

Engine power is a key factor in transport development, and a new era of electric transportation is coming.
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Energvy Internet and Electric Transportation

BHlR%F. Bal WS , BEARKREEREERMAIVEHENERT .

E-cars and e-aircrafts, etc., will be an intrinsic element of the energy internet.
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Energy distribution
and management systems
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Other Energy
utilization/storage
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Distributed power
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systems
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Electric cars Flying cars
Electric aircrafts

IS RAFE BE A RN AR,

Electric aviation will have great development and application prospect.
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Categories of Electric Aircrafts
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Fully electric aircrafts
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E-propulsion system Battery system Power generation system
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Hybrid electric aircrafts
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The system of a hybrid aircraft includes the technology of a fully electric one.
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Effective Path to Aircraft Electrification
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Hybrid electric propulsion, an effective and realistic path to long endurance aircraft electrification.
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Key Technologies of Hybrid Electric Aircrafts

FRENIEH RS

Electric propulsion system
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Battery system
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Power generation system
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These key technologies for electric vehicles, are also for electric aircrafts.
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Developing Electric Aircraft from Electric Vehicle Technolog

KBS REEHEHRAN AR

Technological and industrial foundation of aircraft hybrid e-propulsion

PropuIS|on Gas ,ﬂ_ﬂ,
Motor ICE
system Turbine Fuel cells
SEITW
Automotive vV vV V vV
industry
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Aeronautical vV Vv
industry
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Electric aircrafts can be developed with technological foundation of e-vehicles.
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Research Center of General Aviation Technolog
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Department of Department of Automotive School of
Thermal Engineering Engineering Aerospace Engineering

Research Center of General Aviation Technology

ETHIISFNAREMN , #HTISEERR SR,

Developing aircraft electric power and propulsion systems from electric vehicle technologies.
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Investigation of Hybrid E-propulsion Technology

e FRIEHIR A

Hybrid electric propulsion technology
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: : Battery :
Electric propulsion system system Power generation system
1 HFIREEHZEA 2 BEEEREAR 3 iBeE S AHBRA
Electric-fan propulsion Light-weight battery Turbo-compound power
technology technology technology
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E-fan Propulsion Technology

SEMEENXEIRLT High through flow duct fan design

| =——m— THU-Customized E-DuctFan
| —=— THU-Serial E-DuctFan
500 ™ Airbus-Efan2.0

Thrust, kgf
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RS-10kgf/ 4kW RS-100kgf/ 25kW RS-400kgf/ 130kW
B &L &5

CR-4kgf/ 0.5kW CR-480kgf/ 150kW

BT & MERITRA , BBiRERENEITEEE.

Improving duct fan performance by using turbo engine fan design technology.




1 HE) XU FHERE SR

E-fan Propulsion Technology
BT AN Electric UAV

50kg #1 500kg ZREENTFEAHL , iCHRIERE 150kM/h , SEgiAHIE 1h
50kg-500kg UAVs, cruising speed 150km/h, flight time 1h.
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E-fan Propulsion Technology

FEEETLAFEG VIOL unmanned platform

5 )

10kg £%#1 80kg REEHEETAFE , LA 1h
10kg and 80kg VTOL platforms for UAVs, flight time 1h.
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E-fan Propulsion Technology
FEENEENXE $1T5Z Electric duct fan flying vehicle

KITISFRRE 1 A , SEniEE 100kM |, SEEnkdE 1h |, #2019 i K,
Flying car crew: 1, Flight distance: 100km; Flight time: 1h; Planned test flight: 2019.
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2 BEAHER
Light-weight Battery Technology

EtETEREM4IZiT Light-weight design of BTMS

ARSTHAVEEMBENETIRRS , BE >2c HEEFEX , NIEEFRETREE,

Develop advanced micro heat pipe array (MHPA) for BTMS to improve battery performance and reduce the system weight.

FARBERERANEBNRIRER , AJEHBEEERERA 50% LI L.
MHPA based energy density is 50% higher than when using liquid cooling system.
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Light-weight Battery Technology
st KWLBEEBEHEHIZIT Hybrid propulsion design for Cirrus

Influence of light weight design of BTMS on Cruising Range
Unit: km

1330
1220

Water cooling Motor Water cooling Motor MHPA Motor
Water cooling Battery MHPA Battery MHPA Battery

R EEEEARIT , IRESURA CHLRRERTERE , IENKinEE >35% .

MPHA could improve Cirrus aircraft performance greatly, distance increasing >35%.
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Turbo-compound (TC) power systems

REEEHIAE RS Power system of hybrid propulsion

< PaIRHL > < 5L > < ARkt >
Internal combustion engine Gas turbine Fuel cells
I |
ARt E SR HE P BitiRtE 5% HE
ICE-TC power generation FC-TC power generation

AIEEaRBRE , RIS AIANERIAR B BEIER S 528,

TC power generation system: a gas turbine based combined cycle with ICE or fuel cells.
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Turbo-compound (TC) power systems

kiR ES ICE-TC system

AR E S &RBNE >45% , HANFIRERRINSEEER >5% .
ICE-TC system efficiency: >45%, >5% increased compared to turbocharged ICE.
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Turbo-compound (TC) Power Systems
AR tREE S FC-TC (turbo-compound) system

Comprassor Turbine ¥

AF — Fuel —.--".II."'I.,.- Calhodne
After
Anode
I Exhaust | %
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SOFC L
. Turbine Compressor
Fuel —-—"‘l._.-E , Anode

p—— A

SOFC-TC < 700°C < 80 kr/min >60% $1200/kW
SOFC-GT > 1000°C >100 kr/min >62% $1400/kW
EREERitRE S SRR HE >60% , IRELEHIRARS.

FC-TC system efficiency: >60%, wide application prospects.
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Concluding Remarks

O BainIFE B kERIR | HFEERERMAIEHERK.
Electric aviation will have great development and application prospect , and it will be an essential
part of the energy internet.

O s AR REESESER] GIHHMERERA | IKIESFER:
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Key technologies for electric vehicles are also for electric aircrafts. Development of electric aircraft
can be accelerated by employing existing advanced technologies used in e-vehicles.

O SRR R SEHEHAR , EEIXEEH. BitREEMRTIESRE & &EX
AFLHEBE S —EHE,
Regarding hybrid propulsion research at Tsinghua, progress has been made in E-fan propulsion,
light-weight battery and turbo-compound power generation technologies.
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