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Abstract

For two engine design parameters; compression ratio and intake swirl ratio,
measurement of concentrations of hydrocarben species has been made as a function
of various air-fuel ratio in order to investigate the ozone formation of HC emissions
from LPG fuel.

Higher compression ratio gave lower SR values due to larger alkan species and
higher BSR values because of larger NMHC generation. Swirl ratio did not affect
HC emissions and ozone formation. For A=1.1~1.2, higher SR values resulted from
the species of alken which has higher MIRs were highly produced. Leaner mixture
showed lower SR values due to the increase of the alkan which has a lower MIR.

1.Hd & resource board)o] <ol&] ¥ Pl web

A5akel WErts F HC Wi&E9 §
AL A SAHAE U ol FsE
2210 AR Be %L F7] dEd
Aoz &4#A g, 53, wldd HC A
o] 333 gtgo HAgsEe A=
EF g2tde o ux APZYolF
7]  BA=Z  CARB (california  air

* @ HY ¢ ZIAT R

ojo] wig W& AT7t APFo|dt F,
CARBoll o3 Z8d, o3 HC € &
Aah F3EE AE Aol #3hE ¥R
sty L& A= & EANE
MIR (maximum incremental reactivity)&t
# o] g o83 Ty HCTE s
2 &%l SR (specific reactivity) € &9
g LA}E &9 % FAF
BSR(brake SR)el th& #HAo] EolAH
AE2 HC wi7i7k2d o M2g 3
& ANz AG'? ol we w3

- 183 -



AQIRP (Auto/Oil Air Quality Improvement
Research Program)i 1989 o|% HC A
S 248 # e $HE AEsto vt
£ HC AE tsted a7
Kaiser 52 ©@7]5 A& o|&3o Z
F 9Yd d8E9 tisix THCH HC A
& 2439y, a2 23 AHg d8d
metA] THCH HC Ai9 gEeol Ws
3, gutdgea s A4 AHEY F
7t2 SRe] Frtetn wEagn’?,

2 AdFdAME $8 Ui ol gH1
AE HEZHQY 7272 LPGol tiaA
W7l 48 5 HCY & H&d vx& 4
AMFZzAE ¥U3ANAY FHeA, @
& A U IS A= HE ¢
ofr szt dt} A7 HARMFERE ¢4F
H g} FUMIZES g3t vpRgoen,
Ay ®ste] A 20L 4715 AA
< o] &34, 44 A% 3 M4 (1800 rpm)
9 2=ZZ(bmep 309kPa)dlA] ¥ o]
o] Fo At

2. ABAX ¥ Wy

2.1 483X

AR e= A4 LPG 97, 84, ¥
7], QEFFA, A7|7t2 £4 AN2gd
7t AZEIHYY(GO)Z FAAHA 3
o AAAHQ AFgEE Figld e
Ak, AW AAF YL Table 19
Jeliide. A6 E 2337 A
27 F3AL 44 2F FHAE AL
s wir)zta B L, A9 ujr)E
QoA AEHse] =eo|d FH9 It
€ FA%4d. w7l HCY Z+ &L
GC9 HP-PLOT columng o} &3jA &
Mg, B4 AEL vg, dg, dg
Y, olMEA Teyw gl ReF,
AEF ToE AAF A2 Table 290

el et Table 39l & AFoA AL
49 LPG 98¢ EAXE YehAt

Pressure data
acquisition system

GC, HC antyzer
NMHC, Species of HC

Fig.1 Schematic of the experimental setup.

Table 1. Characteristics of the test engine

TYPE in-line OHC
Number of cylinder 4
Bore X Stroke 85 X 88 mm
Displacement volume 1997 cc
Compression ratio 8.6
Fuel supply type Mixer
2.2 EdyY

2 dFe A7 3A4 1800 rpmol A
Gl E o2 A 867 A=
o ¥ S HASIY 10622 &34 F
ZHIAE APE ¥t HCY A¥e @
A &89 $AFU BS-NMHC (brake
specific non-methane HC)® HC A%
248 B34 SR (A1)E Tt o]
€ 39 AsUFE ALE7] HEA
&893 & TAFoz Jed BSR
(brake specific reactivity)Z 2j29} o]
Qo8 Argaga?,

_ (NMHC; X MIR) g0y

SR = SNMAC, = e U
— — 803

BSR= SR x BSNMHC= — 2

- 184 -



Table 2. MIR of hydrocarbon species

Hydrocarbon Molecular MIR
species weight (g Os/
g NMHC)
Methane 16.04 0.016
Ethane 30.07 0.325
Ethylene 28.05 8.323
Acetylene 26.04 0.365
Propane 44.10 0.568
Propylene 42.08 11.043
i-butane 58.12 1.299
n-butane 58.12 1.177
trans-2-butene 56.11 13.154
1-butene 56.11 10.597
i-butene 56.11 5,765
Cis-2-butene 56.11 12.627
i-pentane 72.15 1.705
n-pentane 72.15 1.462

Table 3. Specifications of fuels

Specifications LPG NG
Methane 0.040 90.437

Ethane 2.319 7.286

Composition | Propane 95.062 1415
(%6) i-butane 1.606 0.356
n-butane 0.973 0.343

Remnants* - 0.163*

Molecular Weight 44123 17.760

Q nv (MJ/kg) 46.397 49516

Stoichiometric A/F ratio| 15674 16.995

Remnants* : i-CsHjz : 0.033, n-CsHyz: 0.032,
N3 :0.058, COz:0.04
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Figure 2. Comparison of swirl ratio and
mass flow rate w and w/o
swirl vane
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Figure 3. BSNMHC, combustion peak
pressure and exhaust temperature
as a function of mixture strengths
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Figure 4. Fuel components, SR and BSR
with mixture strengths
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Figure 5. Fuel conversion efficiency and
COV-imep with mixture strengths

GCE& 01%3ﬂ/ﬁ HC Z+ 4&& #44
A AEE Folg MBI A HA,

HC Bﬂ7l7}-"—‘«? F8 AHEEL Fig. 69 4
BUASG. 2HANE & F AR E=
Ho] FAHAROZ 65% o4& A Y
Uz ddd, TEgdo] AA o
old] 99 3742 Fa AFEo Fdy M
Ftoll i A5 Fig.79 EREAC

1800rpm, BMEP : 309 kPaA~1.00

100 | (LPG : compression ratic)
86
3l 06
10.6, swirl vane
—~ 80
@
@
@
2
g oo
o
E
2 40
2
£ o
a
PR o

CH4 C2H6 C2M4 czuz C3HB  C3HE ICAH10 nCARIO etz
HC species

Figure 6. Species of HC from LPG under
A=1.00 condition
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Figure 7. Fuel components, CsHg, CsHs and
C:Hy emissions with mixture
strengths under lean burn
conditions

Figure 7914 HC ®i7|7}t2 F9 43t
489 i dENES FAHEY Z2g
S Zo] el Bd I AFPo] uj¢ F
AFHE B 5 ot 28n A=12 3349
Ae 71 A daF4or d8A4E
7 Z2y AJRo] FoET g "oy
gt oz ZAxE wirrta Fo 4t
AREC EES I 4 Ut} kY
2 AN EQY dAAEY RS d4a
7b 3 A=12 F2dA4 Hd=z A
Ho sugded JuiFos FAFo]
F9ES £ & Utk

- 187 -



4. 2 E

LPGA&E °l 83N ¢5Hs A7
E T AAESFE TAM dEA ¥
3A)7lv] HC Wi&2g THHez 33
3 Bt o] 4¥% A 9&H #L
ZES 4g F AU

1. NMHC #i&€< 549 F712 &
dr] W FGA S FYA3
ZAxo F7te dagde F, uiy)
7tx 259 Z4A T9 NMHC %7}
EF47F JEGAT 1 JE7F FHeA
AAA< HCY ®s3/t FAHA &
%Y.

2. SR A=11~129 3Fugddelr 4
28389 F/MR AHM HU@gs
etz E7)7 o ey
23 59 4HAEY FHE P48
A d4.

3. ¢2ule ZF71E2 Q@ HCY UHA
deo] Z7le SRS HaAIz
BSRE F7HA71A% A3 xe W
3= SR ¥ BSRol 9%& FA &
e}

4. ¥Eu|9 F/te JdBAHAGREEY F
7t} sletg oM HAHEE o) F
H, A3Fze F/te ol HS ¥
FA A

#1 28

(1) E.W.Kaiser, et al, "Fuel Structure and
Nature of Engine-QOut Emissions”, SAE
941960, 1994,

(2) EW.Kaiser, et al, "Effect of Engine
Operating Parameters on Hydrocarbon
Oxidation in the Exhaust Port and
Runner of a SI Engine”, SAE 950159,
1995.

(3) TE.Jensen, et al, "Advanced Emission

-~ 188 —

Speciation  Methodologies  for  the
Auto/Oil  Air Quality Improvement
Research Program-1. Hydrocarbons and
others”, SAE 920320, 1992.

{4) W.O.Siegl, et al, "Improved Emissions
Speciation Methodology for Phase II of
the Auto/Qil Air Quality Improvement
Research Program-HC and
Oxygenates”, SAE 930142, 1993.

(5) S.G.Russ, et al, "Compression Ratio and
Coolant Temperature Effects on HC
Emissions from a SI Engine”, SAE
950163, 1995.



