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Hydrogen Rotary Engine

Takafumi Teramoto, Kenji Morimoto

Mazda Motor Corporation Technical Research Center
3-1, Shinchi, Fuchu-cho, Aki-gun, Hiroshima- ken

Mazda has begun leasing RX-8 HYDROGEN RE in Japanese market from February 2006. The
RX-8 HYDROGEN RE runs clean and exhausts the water vapor produced by hydrogen combustion.
And because the car can also run on gasoline by switching the dual fuel system from hydrogen to
gasoline, it can be driven places where hydrogen filling stations are not yet available.

This paper focuses the development of the hydrogen rotary engine, which has been tackled as a clean

energy technology from the early 1990s.
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£1. VS OKEEBEEOSS

1891 | Deweloped the first hydrogen rotary engine vehicle, HR-X

1992 | Testdrive of golf cart equipped with fuel cell
Developed second rotary engine vehicle, HR-X2

1893 | Dewveloped test version of M¥-5 equipped with hydrogen
rotary engine

1895 | Conducted Japan's first public road tests with
Capella Cargo equipped with hydrogen rotary engine

1997 | Developed Demio (MazdagZ) FC-EV

2001 | Dewveloped Premacy FC-EV and conducted first public road
test in Japan (with methanol reformer fuel cell system)

2003 | Announced Mazda R¥-8 Hydrogen Rotary Engine vehicle
development model

2004 | Conducted the world's first public road tests of the RX-8
hydrogen rotary engine that can run on two types of
fuel--hydrogen and gasoline

2006 | Started leasing Rotary Hydrogen Vehicles
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Gasoline
Item Hydrogen (averag) |
Chemical formula H, CosHi7
Molecular weight 2016 107
Gas volume at stoichiometric mixture (%) 2953 1.7
Lower calorific value(LHV)
Calorific value per stoich. Mixture (MJ/m®) 298 3.55
Calorific value per theoritical air (MJ/m® 4.23 3.62
Ignition limit{vol%) 4~75 1.0~76
Laminar flame speed (ocm/s)
Stoichiometric mixture (cm/s) 265 40
A =2 (cm/s) 48
Minimum ignition energy (mnS) 0.02 024

2. 2 REDIEHMEKFRBELE OEEM

X129 REIX, Ly 7 a2 (BT, CE)
DI o F Ty IS T DO — 2 —
TOHT, BEANATEY T L0 —F =T 52 &
&0, TEEESBE) LS DIRR., EfE, IR, JEX
DEYA T IVELTD,

WHER D Z A 2 7%, m—Z —ORERIE ) AR
— b EPERR— FOBRRAIC L v EE S,

1o TEYA I NADATIONDAHENR R D Z L | HER
FRERIANZ EENR LT Y LRGN TR
Do

ZIDDFRHENNG . IR Z PIREER CRRBE S & 255

KFIE SR

BB NPy

B A
Sokiz

/

El§7 75

BESOR -~ b

X 1. REOHEE

Ko 4R

D 2 OOFE/RFEIZH LT, RE (L FORHMAE AT
HEEZLND,
(1) BREFKOERO—>E L THERE R DPERFNE
Z2 6D, RE PRI AFT 0T, HHIZS
G B BRBEDRI RN ATRE T H 5
2 HMETFRBRE LT, BKIPPH IS AKSR A
LIRNEEER AN E B 2 Db, FEDBE)
% RE 1%, BHAERRES D A=A F ] T
<. HPFERT DU ERBCHERTED
2. 3 7K3FRE &7k3k CE DLLE
KB P AFED AL — MRERIZIBWT, TV
M RE & CE OWEEIAKBIREIMHGTE D L 51T
% L, /K% RE L7k CE ORFEBREEOI AR A
g L 7= (1],
M 21T~9@Y . RE 13m0 RKT T 7284
HIFTC, BEERZEA O A (ZEXGHEIER) =1 TH R
BERAZINZ D Z LINTE T,

2
6500rpm
IEXXES  MBT
<15 }
fit BEEK
Bt
05
5 9 13
SRS HOEE

2. RKTT 7T & i FAE KPR

2500rpm

| § 01mPa A RE

—— K 3RCE

<>'\—-__,_0 j

i G—“.
w
=
w

JEEZBR
1 15 2 25
A

4 3. /KF#RE &k CE DOIFIRBERR DL



KFETZRLF— 25 A Vol.31, No.1 (2006)

—J7. K 3ITRTIEY . CE TR FHIREEDOFAEIZ L 0 |
A =1 9 FHIEAEHARRA & 72 5 72O 1M < 2. B
77

AR5, RE 2VKET P LTHELTWS Z
LINFEEEINI- T2, DIEOKFET P DRR%IT RE
CTHEfE L7z,

3. 7k RE DEfEHI

/K% RE Hil3 1995 4F & 2004 R KFFREE 2T TA
A TRERE I LT, TSI L7Z/KFERE &
2006 4F 2 A6 U —2AWe il LIeRX — 8/ F
1Y xR EICHE# L2k RE ORHEE T 5,

3. 1  #mFAXEEKRRE

19 9 STV H BT —IKFHBHIHER L
727/k3% RE OFH#E L PEREIZ DWW TR 5 2],

ZOK%ERE OF 1 OFFSIX, H VY U AlliA
Ot AN E LK REE ORI TH 5,

K ARTEY | KEOER X A X 7 Z il 25
WAy MpERBE LT, 1 B ZIZBnL
T2KFAR— b, BRULEDEHEKTE T A DG LREH
DIRBEENICEBIES <D,

—fRETRH V ) mV b R TIRE A AE  fiE
9D PRGN T, AKEDSRRENTHD HAFHIC
L0 EROFEEhENEERZERL T Y )
(TR 29%80 5.

KL D TIEME S 2T LAOM LY . K515
THE Y, ARG HRID b 20~30% TSR L,

RS

IV orm P EAFEETEDDL ZENTET,
ZORER, K6 TRTIEY . AR HEREICIN T,

TAREGDBT YV rm P AZK LT 68%ThH D DI
LC, ANHEMET VT 0% E CUFET D Z ENRTET,

140
= —— Direct Injection
\E’ —#— Pre—mixed o
c 120
.0
0
a: //
© 100 = FS
° i . —
=] /
0
£ 80
=
e]
>
60
0 1000 2000 3000 4000 5000 6000
Engine speed(rpm)
X5, [EMEE TARDOMRREEE L
8 100
£
2 80 —
&
9 60— —
o
B oy —
S
2 20 — ||
g
0
Pre—mixed Direct Injgction Gasoline
6. [EWE L TROH )b
3. 2 FaF7LI7a—I)IAREFHIEEE/KSERE

2004 0> RX-8 /K& H Bl H H4#L L 72 7k5% RE DOFF
EMEREIZ W TR B (3],

RE VU OFE 1 ORFIL, KFEETY V> OWTH
OBREFC U IEHRATRE/RT 2 TV 7 2 —T VOB T
HD,

BUE, HARIZETHKEAT— 3 OB
IZE EFEoTEY, YmiTAMndian e TEEh
Do ZOT, KFBTIFX—BUTEN KRB LD
REEAAZGEIT LT U2 o3, e L CRBE
FRIIAKFAT — a3 v D—EDOFRFHNIZERHTLE
Do

Lol BREFE LTH Y Y b HTFTREE 72U, 7
—IKFREI I CH AT Y ) o TEITTE, REEINLD
B2 12D, ZORR, KFEAT— a3 » OXREj



KFETZRLF— 25 A Vol.31, No.1 (2006)

M ~DOBEN G ATREL 720 | KA 7 T OIESICIS
TR EOFIENE 2 5652,

7T 2T N T a—T)V SV RT Nard, BpEd Y
Voxr oDy ) AERIIZDOE EIT, KFEEE
VAT W AT DDT- ORISR R A BN LT,

Hydrogen tank
35MPa 74L

Receptack
(including che ck valve)

Gasoline tank

]

i
ECU: i
Gasoline | Hy

Fuel sslectar

switch To underfloor yent

X7. TaF7NLTa—T/LL AT A

552 ORHEE LT, KBOMES I E T HilENEE 2
BHL,

T AP CTdo H7KETIELL 1121% 80kW D) 2155
72IZiE, % 2000NL/min ORIFEZ M5 LB H
bo ZOREE I N—F 5720, K8ITRTIED, 1
KN 0 2{EOES A T — X — T TITERE L
77

Z OFEAHHERESR P OB L 0 KRG, TE
SHAREOHIEEDOUGE & B AT LD =237 M
DIEERL ST,

Electronically-controlled hydrogen gas injector

Rotors

X 8. & {HlfErERR

3. 3 RX—8/\f FO T VREEHIKERE
2006 4F 2 ANGENTIGICIEEZBEL7-RX — 8

M ReY2 U REFKIC, TR LTI

7 L% 10 127+37(4,5],

Ko 4R

R AT T ), % NOx FDOXFEMREZ L
Y572, HNEEEFNOR— MENZBNL, EiC
EGR (HEKH A& & —Iofildsla 4 L7,

WIC, T DRI TS U7 RBERE & . A L—
ATRREWIEE 2 2 B D720, =2V Al &
BiFs L7z,

A7kFE RE @ NOx (%, HBEREIIERZ Mg, KO
7 27V CPU BIOFE Tl = > FOBIFIZ OV Tt
42,

-
=~

X9.

RX—8/ RevY=zRE

Hydrogen injector(Directy ~ Airmass flow

\

Hydrogen injector(Port)

o |

Lean linear A/F

X10. KERE AT

3. 3. 1 NOx &

IS % PIBREERE CIRBE S BT854, ARGk
WNIKIZT TH LD, RN ZEKH OfSE & EHRDIK
J& LT NOx MR END,

AR VTl NOx KO-, 7ikiE. EGR.
SRR LTz, =Sl I — R DTV )
EEOEEFHLTOND,

IRARHRIIATHIRBEC L Y NOx 2R L7z, %212



KFETZRLF— 25 A Vol.31, No.1 (2006)

IRULTZE DT, IKEOREERBHI KZEDOUREEIA T4~
5% & TR & Z R U CREIREEIC & 0 BREERE 2 T
. NOx OFEZRT 5 HETH D,

X1 1127k RE @ NOx OHEHEEA T, 1=1.8
PLED Y — a8 CHEH &35 NOx 13 10ppm LA T & 4
OTHEE 25,

Z OFFIEIEAER AR L=, =P hhE)
IEOPEH A AR FEEDMEN MEAIT S AE 72 R 5
TRVWFER S D,

72720, 1=1.8 U LOFMEREE TR/ LA VU
TR SNHT=0, HE OB HER I LT
DU BATINE AL T OFEIER T X AU,

WnT, BAFHRIIY V) vz TN
SN TS HEEH L, ERGZEREL Tl L = sofiliit
12X NOx 2 L=,

FZ, EGR 28 ATHZ Licky, Zok—E NOx K
WX olz, KEE PN, 280 EGR
AL T, BREEZEMEZHERE L7235 NO x 2K
T5HZ EINARETH B,

50
45
40
35
30
25
20
15
10

5
0

1500rpm WOT -

NOx {ppm)

16 22 24 26
a
X1 1. NOx HEHReMH:

Direct injection Directinjection
= * I port injection
Z
[

D

g A=1+EGR High power
o burn Lean bum
©

T Lean burn

Engine speed [rpm]

12, JKENBERIE

X1 2RV OBRBERIEIOME 2784, Z4UZ
S VERNOERR 1 7HERER T X 1%KL~ v

(SU-LEV) %-32R% L 7=,
3. 3. 2 EIRHUIBZSIE

IKFEEATHIOKFIRED 2 72D &, BEWIZAT Y Y
VHEITICOI D DT 2 TNV T =TV AT B AT I
T LT,

T, KEBREDES> TODEHETH, K1 3ITRT
TR OBREHIIR 2 A A~ T IEEIKEN ST Y
U~z ATREE L,

PREHIE R DRYE L LT, IKFIRBEL 7> U LIRBET
I, BEREK S A I T BRI R E = o 5
728, B Z RIS S ML DZEEDE iR | 5E
g% 52 288035 5,

Z ORI DT80, BRBEDY A 7 VAEHTIRERE
S mkEA I T R S OBRENZERINN O 2
LHE AT AEBH Lic, RIAT ALY,
B NGRS A B DIREHIEIE X 723, Amy hL
CIREMES B2 BV il 2 2 LT UIEA RO B
Jva v ERRE L,

ZORER, ETHIC BERITREIO IR 2 A T C
b, R I OERRE 525 2 L7 BT ATRE L Tao
77

1ae—

(13, BREHIEEZ A A v T

3. 3.3 Ta7/ICPUROEFFIELI=y DR
Y AERROMRER L OWERE R Z DO F FITHERF LT
KR EIRA FTRES L, S HEAEIIEE X b TR
T 5720, 1 412”7 & 912, CPU(Central
Processing Unit)ZiB0L7=7 =7 /v CPU BDOE T
= N EFHICBTE LT,

B 1 5H LB LBz hr—FDY 7
N = TR B A R T,

TV o ERFETHIRDERS (KT T 7, Amy b
NI E) EHET D701, Bz CPU 26 OfilfEE
TR A I SRR DY T N =T w2



KFETZRLF— 25 A Vol.31, No.1 (2006)

BHFE LT,

X612, AV CPU &K% CPU X Lg%
FIRRET CHA T B LB B Tt GRS A 1>
7Rt Y —EROWEE - [FIHTERABRS LT,

i Tydrogdn
: "ik:onu'q!’ ;
i CPU |

: 'Gas..olify'e
,.;_::control;“ 1
. CPU

1

1 4. AEEAEL= b

Gasoline CPU Hydorogen CPU
s signal Switch
asoling switch Fuel Hydrogen
control control Control
IF
IF
communication I'F
0s 0s

1 5. Dual CPU processing

4. BbHYIZ

TFZERHAAN D 10 BEFEZRRT-ALE 2006 £ 5, K
RE Z454 L7z RX-8 /"1 kmv=> RE %, BEHD
T Z ENRFREE 72 o7,

RX-8 /" Fu¥ x> RE 2VKETRLF—FHHZE
ML, 7V —rikFtEodzBicmi GEEL T<h
5T &S TN D,

— 7. KFAEEOFEBOT-DIZIE, KFEOE, BT,
BSOS iR L7 < TUT R BV GREN & 5,
RX-8 /" Frv=r RE b, KETOMGEERE, E4T
PR L, AV Y v D URICHIRT B L R ERS
DRSS TND,

IKFHROEDAZ BHE L, B0 CRff i D #i
102 < OIKF RNV —HAMIZEE & & blo, 4%b X
0 BB OBIFEIZES ) L TNE T2y,

SEXG

1. FAR fh: kFEo—2 V=D OB, ~ Y A HEH,
NO.11, p.60-67 (1993)

2. A o KEBBHEORE, vV ¥ H
# NO.14,p.132-138(1996)

3. A fh:RX-8 M FuP= RE OfSr~ Y ZHR,
NO.22, p.132-138(2004)

4. fAK fh:RX-8 ot KuaPxr RE O, ~Y FH
#,N0.24, p.135-138 (2006)

5. i fth:RX-8 /N FuYxzRE Fa7 /L7 a—x/L
IS AT L OB, ~ > 4 7, NO.24, p.139-143(2006)



