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Abstract

Hydrogen has a great potential as a clean and ecologically-sound energy
source. This has led to a serious study of hydrogen-fueled engines for
automotive use. Because of the unique structural features of rotary engines,
such as no hot exhaust valves and a low-temperature intake chamber, it was
found that they are suitable in preventing the problems of abnormal combustion
(e. g., pre-ignition and backfiring) which have been serious drawbacks in
hydrogen-fueled engines.

As a result, hydrogen-fueled rotary engines have the merit of easily
obtainable high output power compared with conventional hydrogen-fueled
reciprocating engines. Furthermore, a new method of direct injection of
hydrogen into the engine was developed in order to get more output power of
the hydrogen-fueled rotary engine reached 90% of that of gasoline engines.

1. BU®IC

FHEINIKFEO-— )T (LT, RE)2#BWL/-a S M E
HR-X (B 1)4d, 9UEKICHB SN/ HE29RHRE—F — 2 a Y THEKIN,
)= &IaUTV-%ERTHIELLTRELZBLEED. Z0HKD
HR-X 1Z, "92E6 A DT I VN TOMEY » I v PEHOKEL DAY M IS
BV, KEHBEAORMEPHEZHROIEDO TV,

* <Y SHA&H KWL TIIKEREFMEDOER L BN, RUZOREBMEMERIZOVTHENS.

@ Readout No6 JANUARY 1993 HORIBA



1 k% RE & HR-X
Hydrogen Rotary Engine and Concept Vehicle '"HR-X'

2, FHAROERELAR

21U IERR Y D& BALA ANV FADEKFE LR L, KA VF LR
ET BN, R, K, BiREEOBERIANTOFASREHICHKRINE D &
LTWhA., TOE)RIANFHEATRIER LY, BEREDH THEIZER
AURET, BRLY DEHCERDIES THHKREN, TANVFEAEL LA
CHIFAENA DEEZONS. BRI, R2IRTLHIICIDL ) RKEDF)
% BT 7022 hShF ¥ Ea—0y ROMTEDSRTVS .
KEDEELRFIAHEDO—2L LT, HEEAOBENZZONAE. BEL
LThOKEE, BJWRTEINICKDPSELTRZADEKIZEBITA I TT
VT, L b HC, CO, RUCO: L EDHEELRFRWAEL VW) — 2
M EMERBE LTS, —F, KEZ /Dy OMEBRL LT, AREFEKL/N Y
277 AT EORERELERS A0, V) I Y VIZETHA
PREDEAL P OBMAL i L ARE STV D .

Az, <V FHEOD RE DA R EEIKEDORFEREDEEIZHER T
HHrTLIZEBL, 2IROKEI ANV FHHRRIIBITLEHERAL V>
ELTC, 7Y —raOomtiERKE RE ORREICI ) ABA L.

(77 57~y TMOoKERS) |

BhEgx it
NILI > DKFEL
B Lt ERN=BPAC < 3]
——L°w =0 _°LH7_\ L it
MCH i -—‘GWA‘ E 3 KEOBBEEBE
T T menE | |

ﬁ
| |
V I ‘

2 EURO-QUEBEC HYDRO-HYDROGEN PROJECT

GEERTE KFEO-—2VILTIUORE

KX %

I Combustion and Recycle of Hydrogen




3. k3% RE O%#

#HYY> (2R LLEH) |
KFERE IS - CaFfi L72kFEL ¥ oz y 2 v (LT, CE)DHENR,
o mekﬁﬁffﬁﬁffﬁj NoRELLA VY YIS T O50% T TETLL. ORKERS IS
FWOEE | - BE  REET Bz, Ty IV SNABMBORET AREELRH L HERER AL
, N RY. AV) Yy EF-2RE, RURU CERZERILAL TOEERD
o] 20 40 60 80 100 120

WEETHIE, KEZ VI Uy ~ORRBERIT V) VL) HI5%EMT 5. L
L, EBEOKECE DEETIE, RERFEL BT 5720 2 E80] 5e 72 E0R

IovICiRI NI ORE

4 k¥%ECEDHAETNOEA

Causes of Low Output Power of Aty — VHEEICHIR SN, FHREEEOKRKEBRIIL o TRAZKEDR L
Gonventional Hydrogen Reciprocatng BAER, BHGBERT V) Y OM% I TERT T 52 LWL PR o7, HEo

T, TS 2ONFHML72KRCEMRE N L 2 A2FELFREZEZOND.

BEREKRLN Y 77 7 AT R EOREBRIEL, KEOERWLZHEEN1OT
HOLEKIANVFONEEDDIZ, V) vy Iy TREEERS VA
KT5 7, NN T, BRERET AR EORBOL YV EALAEKIE L %
N, BETDHIDLEZOLNTWE, ZD7:0, ERkDKE CE DAL TIL,
BROEBEKEGEL LT, L) Y FHANDOKESEBE L F M) 7 285 A
RNV TR EERRRAL, SR E2DIT61H 5.

&£ ZAD, RETHERSIZRT L) ICTHAHR NNV 7 IEL, FBRREL
WREDVTEEL TVAEZDIC CE CBNTRAZENRIRTH 542 EORHIH
D, EREEPSBREBRBEOENFEIIZ DI VWIEEEE LTV 5.

OB SREMEIC L > TKEOREMRBEAN L Z ETHMT X L H %5
fliL 74 R 2R 6 IRT. BKTI7ORMEKE TIIERERELREAET
DDA T AEBmERL, EEOHVY I YT LD Lk ) ERMEO
KT T 7 (Bfil3) TIEBRZERILIZB VT BEREOREZBILETESL T
ENBHLNI% 57

KFZRE L KECEDZELZBEFELHMNOMBEERT IIRT. BiRERLA
T FE CIREZBRENNIVIIEKRFENSET I L5 HNHM LT HER %
RYAS, KECERBBEEBRBEORAEIZL ) EEZ EXARENL.8U LD —
CRESICHIBR S, MR L 2 5 T A, —75, KFERE FEFRZRIL (2

R e =1)CHREBRBIRET LI LA CERICEBETEBL I LN, KFECE
I YBHAZBHVEPHLHTH .
®5 REHW&EOHH .
Structural Features of Rotaty Engine ) UEH»s, KEREDOFHLLT, #ROF VI VYHOZ YD VEEDT T
T, HAOMRETBIEICT LI LR KRRBROBETHLEEMBELEMTE
AT EDHERINT.

2.0 T T T T T
2500rpm
" 6500rpm
EFEPRE = 0.1MP.

A o Joimpa —— KERE
= 15f 1 £ —o— k#CE
# R
m e T
B 10} . g I

A EER T
H
0.5 . . L | |
5 9 13 1 2 3
BRT 5 DB ERBREQ)
6 mATSTaflis BEBRN X7 Z=R@REEHD
Heat Rating of Spark Plugs vs. Pre-lgnition Excess Air Ratio vs. Output Power

@) Readout No6 JANUARY 1993 HORIBA



4. K3 RE OtkRE

HAICBWTREEREL L HICKECEDHRNKETOERTSH 5 ZRDMHE
WEOETIX, KEOWENIFEHMDO 1O THLIEED/NEESDIDIZEL LD
DTHY, KERELZBVTORBKICHNETORERE 2%, BIL, HERZER
HicBWwWTH V) VEKPREZEERDL.7T%DEREEX EDHDITH LT, K
TEOKFIZ28% b OBEE HEO L0, HERD X ITREE ITHE & Atied
DFRAEFRATEINICL YV ERAENFKIBIET TS, ZoEELT, 2R
DPAKE T HIEBENICKE Y EEEH T2 HEIMES TS, B
BHRACTREERBRARNERE R LI, ZRE, RUOKEZEELTRE
KLY H3BLHWEMT A EPHFTES.

B8 12k EL - EMAKERE #/RT. WAEOREMICHDO T 5KEKR—
DOERIZH LM THEASINAERRy PROKFEFTHY, THIZL)ZERF—
k5 DEGDWANKERT LEHED S0 DBAKFEAIERITRF OMEENE
HNICHEST S NS, B8DLENPHTIRRERR—-MHALLIELTEY, 2K
FREFL VL. AORTRZOBRERFR - PIELICHALCERTH D,
KERPHOCKEVEBEANOZRIIMF THEF STV 5.

FRAFREEESROKEZREDENERELR I ICHE L URY. EHEIL
I2& 5T, BEEEIZBVT20~30% b IS 5 2 L AHFERR S N7z,

BHRDKEL VY v OHAIBREER-—RE LTV ) 2y YOI
T AHHEE LTRINIRY. AUFRAHFRTIEAFECE 250% TH HDIZ
3 L C/KERE TI363% £ THMML7Z. FIZ, KERE#EMILTHI LIZX
D, HVvN Ty HI0H0%ETET DI LNTE L.

RIS (BA)

N\
Vo, e S

SONRRLR
8 EmEXKkFE RE DIEE
Direct-Injection Hydrogen Rotary Engine

FiRE
©

B
%08_ L E W RE B R |
E —e— FiEE (HVY>) |
I+
B 06
B 04 CE HI
o g 792) I
H 1 1 1 1 1 1

1000 2000 3000 4000 5000 6000 0 ) T00(%)
oo mEEEE (rpm) BAHEA/AV) AEORKE S

9 EMEEFREDEHMERED LR
Comparison between Direct-Injection Method and
Pre-Mixed Method on Output Power

GEEFR KFO-2VUI I ORR

10 kFEI> T2 HAMREDLLE
Comparison between Hydrogen Rotary Engine and Hydrogen
Reciprocating Engine on Output Power



5. &

(1) REEAKFEBRBECHELEELZBE LTV A0, BRMOEIXKT T 7IIE
BT A CREOREMBELY I L, HRERILCTOEEITETHA.
(2)KFEEBEILICL VAN E20~30% A ETE L. ZORE, EEAKE
RETIZH V) Y DK% DDA/ LN D.

SEN
1)R. Wurster, et al. :, 8th, WHEC, p. 59 (1990)
2) HElI D | BEYEEAMT RFROCE, Nob,p. 12(1973)
3)R. Povel, et al.: 6th, WHEC, p. 1145 (1986)
4)]. Hama, et al. : SAE, Paper, 830036
5)S. Furuhama, et, al. :, 5th, WHEC, p. 1493 (1984)

= T = =

FARRESC
Takafumi Teramoto
< A&
HArRERT £1E

@9 Readout No.6 JANUARY 1993 HORIBA









