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with Reformed Gas Addition

Seungmook Oh’ - Changup Kim - Kernyong Kang « Young Choi

Engine Research Center, Korea Institute of Machinery and Materials, 171 Jang-dong, Yuseong-gu, Daejeon 305-600, Korea
(Received 5 December 2005 / Accepted 24 January 2006)

Abstract : Hydrogen can extend the lean misfire limit to a large extent when it is mixed with conventional fuels for a
spark ignition engine. In this study, hydrogen-enriched gaseous fuels by reforming process were simulated according to
their proportions of Hy, CO, CO; and N; gases. Pure hydrogen and two different hydrogen-enriched gaseous
mixtures(A-, B-composition) were tested for their basic effects on the engine performances and emissions in a single
cylinder research engine. A- and B-composition showed different results from 100% H, addition because air/fuel
mixtures were more diluted by their additions. Even though the energy fraction of reformed gases was increased,
combustion stabilities and lean misfire limits were not sensitively improved. It means that combustion augmentation by
H; addition was offset by the charge dilution of N; and CO». In addition, the low flammability of CO gas deteriorated
thermal efficiencies. CO emission was drastically increased with B-composition which included higher CO component.
However, NO, was reduced as energy fraction(X,) rised except for the case of 100% H, addition at A=1.2 and was , for
A-composition, lowered to a factor of ten when compared with that of H, addition. HC emissions were largely
influenced by COVinep due to misfire and partial burns.

Key words : Reformed gas(7] & 7}2~), Hydrogen enrichment(5=4~% 7}, Lean burn(3]¥}<d 4), Lean misfire limit
(8 ¥r2 3}3HA), Single cylinder engine(©+7] % <l &), Nitric oxides( & 2 2H8M&)

Nomenclature LPG :liquefied petroleum gas
BTDC  : before top dead center MBT : minimum retard for best torque
°CA : crank angle degree g : reformed gas
COVimey : coefficient of variation of imep X. : energy fraction of a reformed gas in total fuel
EGR : exhaust gas recirculation A : aif excess ratio
imep : indicated mean effective pressure
LHV : lower heating value =
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Table 1 Engine specifications

Bore 130 mm
Stroke 140 mm
Compression ratio 9.3

Displacement volume 1858 cc
Intake open BTDC 18°CA
o Intake close ABDC 50°CA

Valve timing

Exhaust open BBDC 50°CA
Exhaust close ATDC 18°CA
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Fig. 2 Schematic apparatus for single cylinder engine test
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Table 2 Compositions of simulation gases tested in this study
(unit: %)
Composition H, Co COs N
H, 100 0 0 4
A 17 3 10 70
B 31 24 0 45

C.H, + —g’i(o2 +3.76N, ) >mCO+ %Hg +(%) - (3.76) N,

w3 24 A, B A= 100% H 8 Hote A4
o} v stk
A AEE Bl RS AFE S| Zdxle] H

172 siaxpSxiZsts| =2 M4A F3S, 2006

0] B3 3749 1000 rpm, NAF-3}E 50% 23
o Bgsle XA B THE S (imep) 4 bar= 1
st9rh BE glolElE MBT HatA 7oA S4 5
gon 2717 LN 12004 FuAAA] |
sAl7)e ZAs ) Tan] £ F Edst 5
B3 zatduia AAAslan o]24S o] &3ty
Akat g’ |
gutgjo o g A2 49 dolE e Aad %
227} AA BE COVinep 7158 2.2 3% ] 1] 4] 400
Abo] 2 B o g golHE Sty ot T ol g
7 9-1000A}0) Z o)A} 24§ Ao Ht gt & A
stAth. 3 RN m R E DE T (heat
release analysis)S E-3Fo] & 4d)4& 5233l ot

A ANE AT XS Zﬂiﬂ Ago By
o that | AThse) WA e H]9) X2 kil
X o) obe) ek 2k
X = Fnergy of reformed gas
€ Total energy of fuel
Emm i rg't
— % 100

Zmrg,i ~ LHV, i +mupe « LHVpe

A7)A AATFAS YA = AR 7] By,
CO7} areigth.



Lean Operation Characteristics of a Spark Ignition Engine with Reformed. Gas Addition

4. A}

I

MAZVE 7|E AR "Arbste AR5 S 7)
Et7] A= A vl &o] Fofof st A A
AR A FeE ki RS 34 Fol o
& A ES ZgetA "k ATk E F4 o8
= @i o THY RS TFII YJoen
100% Ho & H7Vehs 7399 vjalsir = s
ZHANA B3 HAE 7HA 31 g Ao, 53], o
ASHAA L COy, Np9t 28 B 7h2of 231
A G ¢S 4 Jrk Fig 32 Xol we
COVimep©] B35 VER I AT} & 713U &(A)°]
Z71etaA sutE el o3 COVineg 7k 5713t
A gk A7 2] vl &o] F7hEel whel COVine #E
S A3 S-S otk o] A £
ukgh A shgbol] whE A4 kA Q) FUHE B
a2t} 100% Hy2) 79 X,=25%0l| Al A=2.47}%]
o] b gt Ao = vrehal slvk ey 224
9] A9+ A=leRY TR &) Frkshd 3
3} A|(lean misfire limit)ol] <3 3}e] A=2.0 A&
Vs 3tk 3 Np 9] v]go] Foba] A7
9] oA B E mol=dl FAE VMR JeBR
2 A7 AgzAyeA e X=20% o] A
7¥2s Fgol skt ofof wiate] 24 Bo
739 A=21714 9] b AR -7 0] 7hsshAl W
ehtar glek =4 Bolle 24 Ashs 2| Hy 29
= CO A E0] 24% 350 2lol X, gho] F713to
100% Hy H7F 9] AadAd S BT 9l

o}

o

o ¢

>

W %

Fig. 39 A#2HH 3|HALTAE COVing=
5% d7gstal Z7ke] 2ol st X.of i3t &
A gk Al E ATl ske] VERNH Fig. 49 2Tk Hy
o) AL X, o Z7tel upg} AsteAl= wEA S
sk A vl st 244 A9 9= vl @RSt
A F718He Ao® vJeltar ok ol A& 244 A
o] B X7t S/ = et AR
ZFol T & Ny, CO9 o] Hojd oz s
A 7)= 8] A (dilution) 7ol o] ate] A4 o7 Hy
Z7F 77 = ) wjEoly o] g A=
Al F-EAxol 9k AbolE ¥iFo| FFsH
=k

H, A-Comp. B-Comp.
—a— =12 & =12 —o—=1.2
- @—)=16 & =16 —0—2x=16
—-&— =18 & )>1.6 —A--3=1.8
—w— =20 —v—1x=2.0
——2=2.2 —O— 2.0
—4—31>22

8§ —————————————1—71—

mer( %)
w

cov
~

N

X,%)

2.5 . . . , : : :
24 |
23 |

< -

g 22} H B-Composition i

[ | 2

o 21} A

=

1]

E 20} ]

<

3

= 19t |

i A-Composition
18 | ]
17 1 1 1 " . ) )

0 5 10 15 20 25 30 35 40

X (%)

Fig. 4 Lean misfire limit versus X(max. £5% error)
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