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The Reduction of Unburned Hydrocarbons on the Direct-Injection
Stratified-Charge Combustion Method by Hydrogen Addition

=z o }q*, 71 b ,L-]**

(=] [s] a

M. S. Hong, K. 5 Kim

ABSTRACT

The direct injection stratified charge(DISC) engine enhances the fuel tolerance and the anti-
knock tendency. This enhanced antiknock tendency allows use of a higher compression ratio
which results in higher thermal efficiency. But its actual utilization is prevented by high emission
levels of unburned hydrocarbons during light load operation. Over-lean mixtures due to the long
combustion time and wall quenching will be the main causes of increasing unburned hydrocarbons
in DISC system. In order to solve this problem, small amount of hydrogen was added to the charg-
ing air or injected fuel. The effects of hydrogen addition were examined experimentally by radial
fuel injection using a pancake-type constant volume bomb. In case of the hydrogen addition to the
charge of air, the combustion pressure was increased and the unburned hydrocarbon was reduced
with increasing the amount of hydrogen. In case of the hydrogen addition to the fuel, the combus-

tion pressure was significantly increased.
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(a) ¢=0.25, fuel : propane, charging with air only

(b) ¢=0.25, fuel : propane, charging with air+hydrogen 1%
(mass ratio to air)

(c) ¢=0.25, fuel : propane, charging with air+hydrogen 3%
(Time starts at the starting signal for fuel injection)

Fig5 Schlieren photographs of stratification process in radial fuel injection

2ms 4 6 8 10 12 16 20

(a) no addition of hydrogen in the air(ignition position : radius 22mm, direction
E, ignition time ; 20ms from fuel injection)

(b) 1% addition of hydrogen in the charging air(ignition position : radius 33mm,
direction W, ignition time ; 16ms from fuel injection)

(c) 3% addition of hydrogen(ignition position ! radius 11mm, direction SE, igni-
tion time : 20ms from fael injection)

(d) 3% addition of hydrogen(ignition position ; radius 33mm, direction S, ignition
time ! 8ms from fuel injection(Time starts at the starting signal for fuel injection)

Fig.6 Schlieren photographs of combustion process



52 F94-A34

£ dgdAe} o) viRENgo 2 U8 s A}
e d= 2AR Y wap 29vte] 3 go
2 U3 A8 2R AFe 2R A A
EE 487} G2l AR £xsta ok =
T AN M FPE AREARE &
o] MR A4 Fdd sl AdFL 9
Fata] g ol ARPAIR APEA A
g9 A= o3 Fr1et Age] Ejto] &%
A e]FolA R 97l wWiZelrk. AREANG<
MdZa} o] grjele] Eo] F o|Fjz|1
EG7I7F AT FEE 21 e A FH
XS Aol HHe A4} o]FoH
Ak

23] 0.25= ZE@-F7] o EFTY 9%
Axd e AL o)dle] Fke|t). o
o} 22 Ao M e Akv|Zhe] AW 3}
FRAT Folo vidd EF717F WS s d

2 dAgoz Qe v g ELFe] F7t
s Aoz A

Fig.6(a)~(d)= +48 7kl &= 4%
o AAY 1% L 3%9 F4E /IS Wy
A £ Apdelr), ofsje] veERd A7H FH
s ER FEe] Agtelt).

AR ez B M3t Fo A3 3E 7]
9} E3jto] & YR AR EAFY HAGHNA
As]7] Algste] 2 Ho &3] ALH HA
of Fdixle] M3 & oF 16msuiel 947 A9
41 gl '

a2 428 FHrk A4t #A0ekR g
79 Rt ggAs 2700 me 52 Avsn
et A Aar|7re] wEo TR o) &
#AY = gtk

Fig.6(c)%t (d)& 4 3A7b0Ee] 3% 7
S2A ()& FHZAZ)7) 20ms2A AREARF
¥ M3 Aoly, (d)e= HsA7] 8ms
2 A EAREd HEg sle|u}l. Figb(c)e 3
dAG 27 HE 258 d4d AR
WA Fr)de A4 27} ZolA vt

(e 221 9 BAMF Ad3d Hid
o gAY 27|87 ol Fr|dE WE &
T2 diart Evn gt ases FAiA7E

welshed AREGe) B o FolAx
el Ateted A2/t EFYo2H BYA
s £71¢] Heete e & Ae Aoz 4%
4k,

3.2 e

T AR A A 53 o]de) A2HFL 3
@olR gPUxE FAA Hd@E 73 o5
Hage dagd P.olEtn st E A3
AxAY o] B ARG Pud ANsteq 7
3 olgdl W@ ¥l P,/PuE T3HATH

Fig.7¢) 44387} Hl&o] 05%, 1%, 3%
me}t eag WbehA kg |, 195 28
of 48 A7letRE 2o 24 danA 2 A
714 P,/Puol 3& BHY =712 vl
Wt ol& @Az BY, dAxd FAAE
A7t BrhsEhor A4l 459 IANA Hs
B davt 7Hed FEel Bel #En U
°]Z1& Fig.59] AREAMFl thid &2l AMal
ol A ;&g vie} o] FrIEAM 2lel PR
A e 2gd o) AT A4
FHROHE 4F9g wet YA FiAHD
A7) wjgelrt.

F48 WheR datg 2o A7) 16ms
AAe g b AAE gelvdn et
20ms7t =W st 7hed HAZF FHolA 3
@ = Yol glrt. o]RL H3A7I7E 20ms
7h S AREANRTE P ASA Gadslo) 23
gh3hs) 7] W2 ojch. ‘

ER ZH AAZIni} ARPAMRe] ddr
of Fateld L Aol oAz e,
0|71 & AREANFS dEFHd dael AYY &
717 BAE0) eer A4, a3d F
719l 25 H7MR A WrleiA e AY-
& 22 HArIdAM vlmshd 53] A7)
12ms ojFol A el FriFo] F7Hgel ozt
i R B i o MU A SR
Amst 3719 Eftel AP whet 3
T AREAF T TABE 4o FY
o3 A7k 71t Aew FAdn. B di
FEE Wl fao] 7 wek mE H



(a) Without H,

(d) With 3% H, to the air
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(b) With 0.5% H, to the air (c¢) With 1% H; to the air
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Fig.7 Ratio of measured combustion pressure to theoretical one, P./Pua
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