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Abstract: With the increasing demand of carbon emission reduction and the development of long endur-
ance aircraft in the world, the high efficiency fuel cell aviation electric propulsion system has been paid more and
more attention, and the concept of hydrogen aviation is well known. The high temperature fuel cell which can use
hydrocarbon fuel can also form a hybrid power system with gas turbine, and the power generation efficiency can
be further improved to 70%. Firstly, this paper reviews the application of fuel cell and fuel cell turbine hybrid sys-
tem in aviation energy and power system. Then, several new concepts of hybrid electric propulsion systems are
summarized, such as power generation and propulsion integrated fuel cell turbine hybrid power system and non
turbine fuel cell hybrid propulsion system. Based on this, this paper analyzes the key technical problems that lim-
it the practical application of the fuel cell hybrid system, mainly reflected in the low power to weight ratio of the
hybrid system and not achieved a breakthrough of the macromolecular hydrocarbon fuel reforming technology.
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Table 1 Introduction of various fuel cells
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10 7 2 e vy o (6) PR G R AU FAGRLBEE v, T 5 H Al
ARG R PEFR o (7) D TAR R BOR A HL A
LA, R ALY T5 B Wy HE i b o (8) SOFC A A
— A AR AE R DO AT — A P R LA
(9) B L ZE/MLAL , SOFC K L 7 48 B A HAl B8 K 1
e aR 1, W A
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Fig.1 Schematic diagram of SOFC

SOFC AR T Al 28 RURORL 1t 1 25 A T (1)
TARIRBE @, %R IR E M BEORAR i, SOFC T iz fif
FH B 5 1 B 28 b1 R} o (2) SOFC M L 32 2 1y B e, B
Thl ARG PR S8R 3h & (3) X T AL S e
A HEOR i i 5 A BL (2 R D LT L5
T8 ), SOFC Iy 4% B2 (A LA TLAE T 98 ) A X
A%

Il P A 7 TR SR A 0 AR v B B A ) A
TR NA R F RN T BB R IR A
BR 2 W) N = BR AT BR 2 W) A0 Bk 1L R o e S RE R A

119]

Fuel cell type AFC PEMFC
Electrolyte type and KOH solution Proton conductor
conductive ion type (OH™) polymer(H")
Working temperature 80~250°C 40~80°C

Fuel H, H,,CH,O0H

Efficiency /% 60~90 43~58

Toxic substance of fuel cell CO, sulfide CO,sulfide
Catalyst type Noble metal Noble metal

Starting speed A few minutes A few minutes

H,,CH,0H et al

PAFC MCFC SOFC
Phosphoric acid Molten phosphate . . - .
(H) (COSZ_) Solid oxide(0* or H")
150~220°C 650°C 600~1000°C

H, , hydrocarbon H,,hydrocarbon

37~42 50 50~65

CO is the fuel with high

sulfur tolerance

CO,sulfide CO,sulfide

Pt Ni Electrode

Dozens of minutes ~ Dozens of minutes ~

Dozens of minutes

Few hours Few hours
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Gt BRRLH M R G2 & H TR GA #) 30.3kW, HL AR
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FAR ,IT & 1 1.5kW 8 SOFC HL HE , T A fr il ik 3 5
A Il &R I v ARE R A B WO 7 3R DL A
EASOFCHF, HEDI R — A ILE S A
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5y BN SE 0 T AT 4% .
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4F AeroVironment 23 &) 7 NASA %% [ F #F i 89 “ Hornet
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A 38cm, S 170g, Ho rfr BB} F b >y 57 - 28 46 A5 AR
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JC AL % B BE R e b & o T LK sl R R RCSH R T A
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T LA A B m M RE ) iR . 35 i ZE
8 SL B 2 (NRL) 78 2005 4F-Hff il (14 /N BB 5% 70 485 ) H
i JC AL Spider Lion fff F &8} B it 4 i 22 42, T A ML
B 2m, M T 2.5kg, K H Protonex 23 & A2 77 ) 95W
[ J5 7 53¢ 4 IS JR L FL ., 485 77 34MPa B KR A AR
WE, CAT SEH I E AT HE ]2 3h19min' ™, 7E [A] —Hf

W% 256 = L FE BUAT Ton Tiger C AN H , H H /Y
J2 I8 T AR Rk HRL 3t T N BIL A B BR AL B R . B A BIL3E
J& 5.2m, B 15.9kg, ffi F 550W ) 5 F 52 e 49K )
BRBL Lt (5 XFC A9 550W B8R H 3t — 0 |, 78 45 45
2.3kg #Af BYAE BL T, F 28 AT 26h, 2013 438 & XF
Jo AL A e AR AT ki 485+ R AU, AT I [
K E) T 48h, A 1 T AR H h JE AL A e S0
(O] NN ES P NP A a0 B VA= 1o A < A
XTI A5 3 AT W %, L A0 AeroVironment 23 &) 3% S5 2
Al E A AR A B (KART) i A4 J2 K2
A 3 P TR A8 g i o) T Dy S5O A 0 Rk H T
AL, IR 2778 o 5 b ik, A e Bk T A
HL 7 1T 35 4 I 8 AH CF Y, o A LS B0 L) s 38
AHLR 220X T e e AR A L SO S i S
T AR A B AR Rk Rt TT A AL A 2 A B ) 2 SR G
ik 48h, AH L6 T LLHE R 3 Dy 3 ) B L B RALAS R i
10h FY 25 At Bof (8] 80 1 R00A R AR AE K e 3 B A
BLJ7 T B R S R AR
222 [EHAHNPEMFCE A CHL I 3 1 & Bk

TEH ARt CHL DA & % ODLR
R AR ST SR T S R T AH G BF Y . 2008 4F U
O3 AT S8 BT ERRE L ALY AT e
A T T 28 $e SR R} f it AR Y L ROR B o T R B
B 1 AL, 38 A 9K Bl L B ML, Ak T Bl BB e 2 S R
AL RAT . BB HL I R G IR R TRy 24k W,
BB 7 A R LA S0~75kW Y L, KL K AT A
B A KRR, B I g RN Z #5820 BRI
Z A, TR0 (DLR) 42 Sk AR A 80k} i 3th R HL
DLR-H,F 2009 43 © AL, v ot 58 460 B 4%
FL AT DL Y 25k W B L ) 0RO H b A T AR R T
PLIA B 529% ., 3 B2 KA B W KA AT 3% 22 K AT Sh, i
P K 750km . 7E N RAHL T D, Al 1 B A A 3K
TR I I e 3 s AL A Al
S5 TR b 2R CALA B . 2019 4F {7 T 32

Table 2 Fuel cell UAV

Development organization Name Fuel cell type Power/N' Fuel cell mass/kg  Total mass/kg  Time/h
NRL! Spider Lion PEMFC 115 — 3.1 3~4
NRLP Ton Tiger PEMFC 550 1.9 15.9 48
University of California*'! Pterosoar PEMFC 150 2.273 5.0 12
Georgia Institute of Technology'*?! GT FCU AV PEMFC 500 4.96 16.4 0.75
KARI™? EAV-1UAV PEMFC — — 6.5 4.5

Loma cumpanyrsﬂ Stalker XE SOFC 300 — 11.0 8

University of Michigan”ﬂ Endurance SOFC — — 5.3 10
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Table 3 Fuel cell manned aircraft
Name HY4P! Rapid 200 FCH
Time 2016 2010
Development organization DLR Jihlavan, Polytechnic University of Turin

Aircraft appearance
Flight speed

Flight range/flight time 1500km

Power Fuel cell 80kW+cell 45kW

Double fuselage , wingspan 21.36m, four seat passenger plane

Cruise: 145km/h Max:200km/h

Wingspan 10m
Cruise: 135km/h Max: 150km/h
45min
Fuel cell 20kW+cell 20kW

FE I JH 114 Alaka’i Technologies 28 7l 23 #ii 1 HIF il 1) Skai
7N 8 L SR Rk F vt L Bl A T AR R L, X AR R
BIHL K 5 P, 2E T 4h, i F£ 640km, 7 2% 450kg * .
2020 4F 3 [H ZeroAvia 23 H] 1Y HL 3 2l B M500 7S K
HLFE B [ 5 2% JE R A ML 3 i D ik € iZ AR H &
R ORE WS it B, R KR R OE B 2.3, i oK i R
1800km , i J& K8 43 Jod 4% 3 8 R L 1) 75 2K
2.2.3  [E N PEMFC JE AHL K 8h 1 K e Btk

FE] PN S R RORE L T N HIL T T R R Y
B AP K2, 201248 12 A, [R5 R 2= 0ol 98 i T 3%
[ 2 — 2Rl Rk e A HL R BR—5 7, JE AHLfE
T —A 1kW i Jit 3¢ e RS 0RRL f WA S 30 07
BT kg, EALITA] 20 201247 H 30 H ,
1L 38 A 23 BF 5 B R K A ) BT A VE B R A
WK} FL S 1 SRy 32 2 h g #E A R i B s Y
NI HL T 7 . o AHLAE RS € B B i
g R e S ) I (B 1/ A B S
R B Bf Tl A R Rt o K R i
WE R 1Y 10kW Gt 25 FH 0 28 4 BB F i R 481

2020 4F , WA RV Tl K 2 28 VL 2 # TRB A  ih
il 3 T 5L TRk e Tt A R TR A 3 T R —

Electromagnetic

valve Fuel cell stack
=13 DE—V
AN
T N
| |
SR |
\/ Pressure
reducing
valve
Outlet ® Fan
Inlet
Hydrogen
tank

Fuel cell

P T S S TE AL, 2 I PR T /N 49
A FL [ 2 38 T AL, B AMLSE D & 2 s o %
To NAUAE T J50 5~ 52 48 58 S0k} fit 1t A O T A HILHE
BEZ Fy ok [N R AT R R A S T AL B T B
By By AE R IR, T AAHLIERES BNk 4 BT, R
LA %0 AR S a5 2 T 8h BLE .

Pressure

C Hydrogen
reducing valve - cylinder

Fig. 2 Physical picture of UAV

3NN I R GBI IR 83 &
Gof A EUURE ORI DC/DC B e AR H
RS HRE B R R Bl MR 2 J0 AN PLAE R RO K
7 55 B8l 0 R G A R I AR i PR B b
PR 7R T B B i e Rk R v A R

DC/DC Energy .
converter management Electric
system thruster
>
NEj —
—
Power
battery :
—PV
Y
Battery Flight

controller

Fig. 3 Schematic diagram of UAV power system
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Table 4 UAV performance parameters

Index Data

Cruise speed/(m/s) 20
Practical ceiling/km 5
Maximum take—off weight/kg 10
Empty weight/kg 6
Carrying capacity/kg 4
Maximum flight speed/(m/s) 30
Maximum flight time/h 8.9

Maximum flight radius/km 240

ZTNDLFT A WIS BT .

(DB 1 RGN R % RGECR &, 1] L
ik # 50% DL bo AR IS ZE R S AL ROCR B
20% 2o A7, RN L L B T R AR R (FF
FA, Vi BE &5 250Wh/kg, #A K} M R 45 RE &5 A
500Wh/kg) .

()3 1 RGEA F e i, TAEZH# R

(3)J&E T oL 3h ©HL, 1 RE IR AN HE R TS Y A

(4)3h J1 Z 58 B A 55 e 9 88036 P g ok 2 B, LA
2RI IF AR LY 8] 2 %A% 52 30 3 8 2R T8 ALK s
P

202145 1 7, 0y TR “ B — 5 7R oRE R b G AL
ST PR SRR R R [ B T N AL B O R
KA, 2% B R AT KR R IR A A A R
fifi 450 A ML T & b M A R K R R,
Yygen ik — iR

2021 4E 2 H i TR B 5 " B AL E Gk
Uy, iz CAHLIE S 3.2m, i Kl K i o 20kg, e K
o H 0] LUK B 3.5kg, FHIE £ MU I ] AT 3k 2] 16h, i K
AR AT LALIA 2] 1000km , 30 H A BAFF & B 22 560 —
SRR R AR R G B ) RE B E YR
JEE R (R R i A R YRR A, R B R o TE N ML Y L
B 365 “ B =5 " R AMLR T 8h 1 &R Gorzs i
— A B 2, R N E SR DA £ bR B 7
3, BAREE KA R A AL T A

W T R S BT SRR ST LA A1 L B Y — 2 4

AL X AR R TE A HLIT R T I SE TR T 225K
BORBUEAL , 32 B A7 Bl HCR AT 23 BHECA RS /) T
AMBHEABRA B RT3 I RERARA
Al BT RN A R 2 7] R E R BR 2 7 Al
B 2 RE IR B B A R\ AR Aol AU SRR B e AL 4
FSPR .

AT P A R it T8 L 32 2 LR 3 AL
Fo HAtZ B A BORE A I AL A A% E Y
IO7 37 5 AT 3 e e 3, B3 dan < o fi 27 g 35 AL T
TR A v Ll e E 35 TE AL TR
fTEE4F . BVHOR UL, H AT E 808 T A LAY
b e R B Rk 2 KRk R IS A BIL Y R R R S —
AL e
2.2.4 [EANPEMFC 2 A KHL& J& SR

FEL P 0 A L Tt 28 TRIL P R B R A ) P
5 3 A E ST B KA E R Bk AL oE A
23 W5 Be WF Al 1 RXE HL 8l RL SO i ok . BA kA
M AL R R AL W BT 00F 4 B 20k W U8R L S
Bl R IO A /N 2 Rl B A R v A i =TT O L
# 35MPa SRR HE , T 2017 4F 3 €I

AH LT ROREHL s JC AL, Bk AR Y BN KLY
PN B S e, BEAT A OCHIE 5T B9 MLAG 50 (LR
Tt N AL AE oA R AR B R DR 3 3 A R A T )
55 AR FE BRIl LI A T n] HE LAY I e, O AR R
TR B2 B AR OG22 Y E AR

B 5 T 55 R N G R i L EFE I 3R 8l ) &R 4
0 5 oK, R H B W A B T AR AR . AR
FE TR BE U5 5 OB L 3 T B9 2 B R R
o, 15 G W HE AR . R R 40%~80% , AH L
Z T 5 Kk B LR 2 35% , 25 TR HLAL R 29%~
42% . B, IR AL I o 3 Sy MBEIR R 4, Al 17 24
KA A A WAL, AR B W) B i HE R
23 SOFCENFEGERIIK

1% 58 A 185 - T /A W] (Lockheed Martin Space Sys-
tems Company, LMT) # il 1 LA P %2 4% B} (9 8kg
“Stalker—XE” /N JE A AL, 4l 4 iR o 1% 6 AL

Table 5 Domestic fuel cell UAV enterprises

Serial number Name

Representative UAV

1 CorBit Aviation Technology Co., Ltd
Zhejiang Qinghang Technology Co., Ltd
Wuhan Zhongyu Power System Technology Co., Ltd

2

3

4 Doosan Innovation (Shenzhen) Co., Ltd
5 Black Shark Technology Co., Ltd

6

Xinyan Hydrogen Energy Technology Co., Ltd

HYDrone-1800""
Apus melba"*”’
Light cavalry“sr
DT30“8-‘
Narwhal 214

Six rotor industrial UAV'
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JL PR SR R B A Sy BE TR, SR AU I 1) Dy 2he BCRES Y
T NHLEL SOFC 2y 3 J1 , S A 5F 18] 38 0 &) 8ho 1L 41,
T ROR S 2 R R A5 R A9F 5 P A T U R e L 3t A A fE
F I H B9 % B R X /NS SOFC JE AHLEAT T i 3h
BT S S

Fig. 4 “Stalker XE” unmanned aerial vehicle powered by
SOFC*!
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Fig.7 Hybrid configuration of “hFan” engine'"

£ I =T AR A R 4 TR e A e i T A Ak
Sy HLRE L 38 S S AL S R DR — R B R
25 M HL S AL . T X2 B E] LR SE I 56 Y X — 4
PE T8 1 R G0 oA X 7 BTz o .
MK S HL ST AR e I I R SRR N TR
KA 2 3E 1 R 48 (Turboelectric Distributed Pro-
pulsion, TeDP) . 7E20134F 6 H W& i e I, = K&
ST F/8 B 0N A B TF K 100 JE 9 3248 K bl
“E-Airbus"#E &, IF IR T 2030 4E IR 7%, % KAHLR
T — R %8 E-Thrust (IR A BN R%E , Z R4 H 1
B A AENL B I B A 2R B & s AL o & HL L
e IR BN H R AEHLIE B 6 5 KU T A HLER
FL Tt 7S HL A WL VR R o A 3 5 KU L i E R
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Fig. 8 NASA concept picture of N3-X'*!
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by R Ak v Tt A5 22 Tl g 2R %) R ) R LA T R B T
B, HIRA RZG Mt —2 R ERMET ZMERE. &
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Fig. 9 Schematic diagram of SOFC/GT hybrid systems
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Fig. 10 Cycle efficiency comparison
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Fig. 11 Schematic diagram of the SOFC/GT APU"™
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Fig. 12 Three-stack SOFC/GT system arrangement diagram™
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Fig. 13 Schematic diagram of distributed electricity

airplanes
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Fig. 14 Schematic diagram of all-electricity commuter

airplanes'™!
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Fig. 15 Schematic diagram of SOFC/GT hybrid system

with bypass
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Fig. 16 Schematic diagram of turbine-less jet engine

TEKAT B O 10km, FE R 20, K AT SRR AR
0.9, kb s DR EE N 1700K 140 F , LR & shHl
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H B
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Table 6 Performance comparison between turbojet engines

and turbine-less jet engines

Performance Turbojet New Performance

parameter engine engine improvement/%
Specific thrust/(N/(kg+s™)) 786 1189 52
Specific impulse/s 2583 3187 23

SOFC HA5 = i A% #R R R FH 58 1 8 RE , an 224
HEBMIIRREES REG RE KB RE L
T, MEETFREAMRIIRI RS, BT SOFCIRA &R
G PRBLCR T R FE TR AR, A A RN AU AR HE
BB AL . AN 17 BTN AR SCE S A T s B
B MR A B R G R . i TR RS
ey AR HE DTN 2 R D) 0 APk BT SOFCIR G &
Gif Z R A AR A SOFCE IR BIR & &
g5 55 SOFC R A HE B RE R & 42 A5 TG 8 %6 158
KEHL. 5F03h )38 h 1 SOFC/GT IR & R 4
SUEES IR TR o AR AT LA R HE E AR I —
Ak K ML T mE Rk S HLIEC B % SOFC/GT IR &

RGHN, oA KM B ) SOFC/GT IR & R Gty |l
BIHTE ¥ SOFC/CTIR A R G FEAR AL, XA
KWL ZS B FI WL HE D) 5 OR R o8 4 T B T
KA E A, B T A K S HLE SOFC/GT IR &
RGP T Koo &AL, sl Jms . 1T
B 14 E A SOFC/GTIR & R 4t 5 M i SOFC/GTIR &

ARG, 357518 50%~70% .
PEMFC - Unmanr}ed aerial
vehicles
dé Light manned aircraft
2
‘s
g
g Fuel cell and gas turbine
‘i hybrid propulsion system
= Fuel cell and gas turbine
= .
& _|  systems for combined
2 SOFC .
ey propulsion and power on
g aircraft
2
<
_§ Turbine-less jet engine
e integrated with fuel cells
©
=3
&
Battéry -y £as Traditional more/all
turbine hybrid > L.
electric aircraft
system

Fig. 17 Classifications and applications of fuel cell hybrid

power system for aircraft

4 M=REINREAGAIE AL
4.1 BEEREEH A REHEL

i AT % PRt P T B K s T T % s
AT, — B B2 BRI TR i R R AR R . 22l T

JEHIEIRG UZE AR S X 3l ) R G AR BRI E AR
BUR A MORE IR A R SRR I TR AP B

NERG, R a5 — EE#1T .

RRE b 7E )AL B EL A T RE SR AR
{H Al 2571 o Ji B A Tornabene %™ 1 Ik # 57
TRR IR A R G0 R BB S Jansen

Table 7 Performance comparison among SOFC/GT hybrid engines

Application object Configuration

[86-87]

Airborne auxiliary energy system Basic configuration

High altitude long endurance uAvPY Basic configuration

Promoting energy integration aircraft "'’ SOFC bypass

[99]

Distributed propulsion aircraft Basic configuration

. . 105 . ) .
Subsonic ultra green aircraft '’ Basic configuration

106] . . .
Commuter plane[ ’ Basic configuration
114]

Turboless jet engine[ Cancel turbine

Characteristic Fuel Efficiency/%
Clean and efficient Hydrocarbon 73.0
Amount of fuel is particularly large H,/hydrocarbon 66.3
High power required Hydrocarbon
Power demand MW H,/hydrocarbon 60.0
Clean and efficient H,/hydrocarbon
Electric energy needs 75kW Hydrocarbon 60.0
Thrust specific impulse average lift Hydrocarbon 57.6
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