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ABSTRACT

The purpose of study is obtaining low-emission and high-efficiency in LPi engine with
hydrogen enrichment. The test engine was named variable compression ratio single cylinder
engine (VACRE). The fuel supply system provides LPG/hydrogen mixtures based on same
heating value. A varied sensors such as crank shaft position sensor (CPS) and hall sensor
supplies spark timing data to ignition controller. Displacement of VACRE is 1858.2cm’.
VACRE was runned 1400rpm with compression ratio 8. Spark timing was set MBT without
knocking. Relative air-fuel ratio(A) of this work was varied between 0.8 and 1.5.
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Table 1. Specification of VACRE

3 AL %k
3 = OHV
ddds 1
Add wA 130 mm
3 % 140 mm
vy 7] & 1,858 cc
7hd qkE H 9 7 ~14
SN 7K BTDC 18°
A7 ABDC 50°
7|y 7 BBDC 50°
NH A7) %) ATDC 18°
T8 A5 600 rpm
WMy 2 E7] - 0.4 mm
H}7] - 0.6 mm
PPz AFLE A 274
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Table 2. Experimental condition
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Fig. 3. Engine-out CO emissions versus X,
MBT, 140rpm, CO.

& MUHXIEE =2F HI3A H4s 2002E 128



LPGAIZIONA =220 T8 B0 dsi SERM 01Xl =)

7 2RHNANBA A Ozerolel A Fa
a1,

3.2 THCY| ti& =

Fig. 45 1400rpm, MBT, WOT % %3H4] 8
ZA0M F7]-d8 3G FLEE w
€ THCY wiZ& EAE Yebd Zlovt.  THC
o] @9 ppmcE UERdTh F7])-d8 ZE|
E A=0891A A=1374A] FIMAAZ et
THCY W& Age AAHog F428 HNE
o Zade F%E Jehdo

THCE vid 94837 E§717F 4444
AAHo2 o7t daA] § Alol2 8ol
g5 A £t vld k2o B3 92 v
A A wEHE B4R FF ERVY de
ti wlzgch =3 v EEUIY W 3Ed
b g3 A4LE7l wol 3go] A4 ¥
o 23H¥ o o] A THCY uiEo] Fof

& o oo

1600

1400 —g- CO6H2

2wl - IR
—o— J0P6HR

1000 1

THC o)
38

:

a7 a8 Q9 1 11 12 13 14

Relative airfuel roticfy

Fig. 4. Engine-out THC emissions versus A,
MBT, 140rpm, CO.

oo,

agelA Jebd uie} o] FFFHA T
29 A7E ©@h JEE X LPG 989
FFgo] Zadtd g@aA wEEQ THCY )
o] A3t g JElid. THCY #Hae
o 4 W YRIALEE(H, FHRILEE
I'vs, C4Hy YHF94ET 0 F 04nvs)d
ol ot Ao 3ol A M I
T F7sE Aoyt B4 a3y 5§ 39
g olg FHH] RIoA 9 A4 FFo] WFE
Zo] maje 9% THCAME Yehd r=17
A 10% H, R 20% H,olA wi&e] vjkst
A vepdel gugdoz ol2dMFHE A
a9 Fo] FEHA F2HNEE FTNATFE
THCH Hi&o] #adte 2E& & 5 Ut

3.3 NOx b =4
Fig. 5% 1400rpm, MBT, WOT, &+%4] 8 =

4 - JOPGHR
35} . o
31

X251

g 21
151
1~.
051

Q7 Qa8 as 1 L1 12 13

Relotive airfusl ratiof)

Fig. 5. Engine-out O, emissions versus A,
MBT, 1400rpm, THC.

Trans. of the Hydrogen and New Energy Society (2002.12), Vol. 13(4) 301



HEHS - FES - HIE - HOE

6000 __

—g— 0% H2

5000 1

4000 1

NOx (ppm)
w
8
S

2000 1

1000 1

] ] i i L n I
0.7 0.8 0.9 1 1.1 12 1.3 1.4

Relative airfuel ratiofd)

Fig. 6. Engine-out NOx Emissions versus A;
MBT, 1400rpm, CO

Ao 37)-ds G F2y7ked) ge
NOxel W& H4€ de Aot AAHQ
Age 37-ARgPw r=1299404 HAohrt
e, 4487 e NOx $EE 237
& 10% HolME 209 ool AR,
A2 $2E7HE 0% HpolHE M=120 4%
LPG 98% AHSalle Wud NOxiZgel
$E $30] 459E A& woln 3tk LPGH
& dzalde WuT £48 7Y W NOxo)
gl Z7kehe AL VARYLE(H, 9
SFULE | BUCT, C,Hy DAJFILE © o
1990T)7H B 44 drel 544 F48
27h olFolAn A&4Y Hi LEFt LPGR
AaAY W woh Boixsl WEQ Aoz
gaEn. 2o $287h8 2% Hyel A%
-09~124%04 LPGRE A4S W 1
o NOx9| WiE@o] H& A% R¥ Fig 6914
YEhEo]l  A=09~129%elq 4kre o
2 A% 291 A4z el WA Lol

T o

302 HEERS

7] dgolgty wddth

1.8 €&

LPG dAHE8E F71d0] TFste LR A&
2e 488 VACREE AHstd 9 35 2
dFE KA A4, LPG A5l #4283
gt 37)-d8 2 2 2 Wt
o W wWr5de AT A o
AEE U

dlo wo

D Co8l MEe 37-dR BPle 42 E
@so] dol 2A FY Wol ¥F3W wol
MEET 53, 23748 10% H,o 7
$ 000 WEE LPG =T AHEHE o
Boh 0¥ PasAw, £237He 0% H,
o A% FFIGNH Bae) $EO2 A3
288 €08 Wgel F7hh: Aol oA
o

2) F437HEd @ THCY wW&e dAHo

Llga
3) NOx9 W& F:t F4E8 /Mg =z
FFEAME Ada FF4 Q% E44
Aoz ZAHI A5 E 5L A4

A% A09~1299elH BaREFo] 37}
ste] LPGRS AH$3t9S @ 2ok NOx 9
Wz ol A xshs go] Wiz

7 )

£ QT Bep)ey - aRdeAe A4 A
Fristn 4 FAREALENSALAE ] A9
of ele Aguich

2 ¥ AMUUXEE =28 H13d H4E 20024 128



LPGAZMIAM =A2D100 CH 101 =l BEBU 0iXis ()

du1&d

D A34, 43% : “He-Fa-37] &R
9] AXEA(L)", SAE 953743, 1995, pp.
129-139.

2) AEA, olFA : ‘Hg-ra-F7] dEGV
9l AAEA()", SAE 96370060, 1996, pp.
156-167.

3) R. Sierens "Variable = Composition
Hydrogen/Natural  Gas  Mixtures  For
Increased Engine Efficiency and Decreased
Emissions”, Sungkyunkwan univ. Seminar,
2000.

4) Alexandra Cattelan, Jim Wallace : " Exhaust
Emission and Energy Consumption Effects
from Hydrogen Supplementation of Natural
Gas", SAE 952497, 1995, pp. 155-165.

5) olFH, ol 4, olA4H, H&F : ‘i
e #g 712AT", FFAFATE
3 FASTsd3 FAxE3, 1988, pp.
59-63.

6) ol%H, olAA, FFEF, &3F : ‘T4
e AAEHEd g A7, F5AFH
T3] A& 3], 1995, pp. 137-142.

7) olF&, FAT, olFH, oJdF : “Uhdst
Zu) S| AFHR GV, FIAF
Ages FASEdI ZAxEH, 191,
pp. 76-81.

8) wrdZ : "JAEA", BAAESIAL, 1996, pp.
471-479.

9) Tomas Kaelblein, Y. 1. jeong and K. T.
Rhee : "Knock Effects on Spark-Ignition
Engine Emission and Performance", SAE
900712, 1990.

10) Gordon J. Van Wylen, Richard E. Sonntag,
Claus Borgnakke : “Fundamental of classical
Thermodynamics”, John Wiley & Sons, Inc,
1994, pp. 382-388.

11) Heywood, J. B.
Engine Fundamentals". New York : McGraw
Hill, 1988.

12) o444 : “RA71#”, A7, 1997, pp.
154.

13) AYE, o|FH, °o|FH, oJ4d : “AHE
ALY 253 s Fa7IHe dh R A
T BAd miAe hEuie 9%, SAE
933746, 1993, pp. 17-26.

14) H. C. Watson, L. C. Goldsworthy, and E.
E. Milkins : "Cycle by Cycle Variations of
HC, CO, and NOx", SAE 760753, 1976.

15) o]F5, o|4 A, o]Fsh, FAM, HEA -
718 BA WA A dRVIEY AT
2 wiEEe #F¢ AT, SAE 933747,
1993, pp. 27-33.

16) A&, 92% : “de-Fi-87] dEF
719l AAEA(D), SAE 953743, 1995,
pp. 129-139.

17) AEA, olgA @ “v&-F4-37] EFH
712] GAEA(I)”, SAE 96370060, 1996,
pp. 156-167.

"Internal Combustion

Trans. of the Hydrogen and New Energy Society (2002.12), Vol. 13(4) 303



	299: 
	300: 


