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An Experimental Study on the Mechanism of Hydrocarbon Emissions
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ABSTRACT

The formation process of hydrocérbon emissions was investigated in SI engine. The time-
resolved concentrations of hydrocarbon emissions were measured using a high gas sampling
valve and a gas chromatography. The gas was sampled at exhaust port, or the position of spark:
plug, or the wall of combustion chamber. The experiments were conducted using the Alpha
engine of Hyundai Motor Company. The fuel used was methanol or propane.

It was found that the effect of the quenching layer of combustion chamber wall on hydro-
carbon emissions was not significant, The increasing rate of hydrocarbon concentration at
combustion chamber wall near crevice and oil layer after flame was reached was much higher
than that at the position of spark plug. The hydrocarbon concentrations at .exhaust port had'
two peak values just after opening exhaust valve and just: before closing it.

PlIRE AAEE A3 sotg West Utk
W71 7k A A HEdEs ge a7t
ez stow, 538 Hydrocarbon (HC)S] A

H =

ABA w7k A AFH AWez

- RE MEHE 7] Zhao] % &3 0 29
o] Azt BARE WFHUTG AFAERE
W EE = v TtAE A ks WyoEs o
A AA A AdA] DA EE W7 A Y

CAlske WA AN WAE Wy SpAE

Zu) T A3k X E o183 JA sk Y

o] fAth,
dAo 2R YYHE w7 7ag A 7e

7] 1A= w7] skxe) A AP 3R

4 9ol hated g 977 Ws)A sioh
du e g 43 HCo A4 & Axy
of Fujrl Wy B Hi =g, Hddn §=
Gasket, ¥ 2g9| A&l o3t FAE =
Crevice Volume & 97 g7} AU 3
wel Oil wo g =HUr) W= I,
Quenching Layer©l 23 3k, 3u} of o

- 91o1A Bulk Quenching ¢ 9% oz Ud

A QR wy] Jha A gL ghotst

* FE Y, YA LUADA Y 714 T g
= FHY, HUUAFA olEa]d T4



26/ 3

7l 1% @A wew 1 ska AEY
WEE olgde davt ely] BPFY sx
S P93k Al7lel Aol BAshs uhgol
ek,

B A e 94 e g3 = Y
A, did U YA L ei7] Port H X el A
zé sl AEY WBE olg3ly =
Crank Angle°ld A& 7l~8 A3 Gas
Chromatography € ©|£3td HC® FxXE
ek A=

AHEE A8 F2 v egS AMREH o,
v} 7] PortollAle] Al Oil gl S48
A57) w7 HCe| sx ®Wisle] WA= g%
wetbalr) fste Oilel A2l FrEHA @
Z29 A8 8 o435 Crank Angle °l
g HCY %% WslE SAHGTh

fr e

2. A3 IA U WY
21 48 3R

A% A3 2™ 1F Zo] a7, Jlx A4
Z3 System, Gas Chromatography(GC), 3
F @z FAHAT ‘

ARE B FhaA-Ear ofial A7delA 7|
gl Alpha Aoz 4430, 1,500c 12
WHE 7R AW AMEEE I, A3 A
2 )3t Dynamometer &t ¥l7] PipesiA] ¥

FEE SR fstd W) Tk £47]
E AR Th

2Y2= vk~ NS Systems HAFH
& 7l AAEY Wy 2 Controller, Photo
~Electric pick-Up# Slit Disk® T4= |
Atk

SANMP'LING YALVE
LIFT Prick-up

HIGH SPMEED SAMILING VALVE

‘A;UH GAUGE GAS CHROMATO-
GHALTIY

WIEATED SAMPLE LINE

COIL TERMINAL

SAMPLING
YALVE
CUNTROLLER

= 0
mwro
ILCE-ur

ENGINE

ON/UFF
VALVE |-

SLIT VACUUN
(13 UM

O81 HE FxH

A& 7k MEY YBE a¥3a o)
Sokken Alell 4] | ZH5l Needle Type &) W H=
M, H4 ¥ AlIZFS Imsec.oln] WHo 2
¥ o] gl Valve Lift Pick-Up & ol83k
WHo A AY)E SM=AITE Eslo
& AT E YA ZPF W Ee] Iz
= A 92 1 2msec.o]t},

Photo Electric Pick Up 2 Slit Diskel] &
d THE 183 Crank Angle} TDCE
ZA 8t 1 sk~ AEY 9 E Controller
o AZTE Bl

WAIN MOWTR S TCH C£ 1o POWER AeWy

gl 2 7t MEE System

D Contact pin
(@ Shield cable
connector
® Exciting coil
terminal

@ Cylinderical
electrode

® Electric
ingulator

® Magnet shell

D Exciting coil

Air gap
(valve lift)

® Amature plunger
d0 Helical spring
@ Cooling water
pipe

@ Valve spring

@3 Needle valve

@ Valve proper

@ Mounting thread

Jgl3 I 7pa MED) we TE



i b A Z8 W8 Controller & s
7t~ 459 WHE 43F Crank Angle”t
AAE Jr7F AFAIA, 4F Line o] 938t
£ Crank AngleslAg] A& 7l2z  F29]
AANA =S )

HMEY Line € AL 7t2Fo] ] 9%
59 WA st 12002 FARL
B &Y WERRH GCo 2= FEe
B E Fol7] s dolE 1.2mE 7Hsd
g #A sk

(Gas Chromatography: %2 4 Z 7pA
2 ARds 2o BH3t ¥ 49 2o
-GCY AL 7t~E FY3}E  Injector

F98 7tas 4EHE #¥43k= Column,
Columng %3l #2lgo] e 7pxe] ZF
- & A8 Detector 2 o504 Utk B
Yo AME-E GC+= Varian 340028 TCD
(Thermal Conductivity Detector)$  FID
(Flame Ionization Detector)Z WA43t1 ¢l
o, Injector & F3tY FYdE HAE Jtas
Column& 534 %Elg ¥, TCDEAX &
ol FID® z2A o] Aot

Column-2 Porapak N 80/100, 2mXx1/8"
ss & AHE I ey AFE 7k YL a9
52 Ze] 6-Port Rotary W22 0.25cc A
& Loop & o183t 2T BxE 4E A

INJECTION
PORT

)

7 RECORDER. HROMA TOGRAN
“ee’| COLIMN| DETECTOR ¢

CONTROLLER

CARRIER

BOTTLE ENLARGED CRNSS SECTION

184 GC PME

oot :
COLINY perecTin DETETOR
ThJECToR nIECTER
: SANFLE
SAMPLE
Loop Lo0p
CARRIER Ga% N CAARIER GAS TN
SanE SANPLE [N

SANPLE OUT SANPLE OUT

T12l5 6-Port Rotary Valve AtE

B B THM5E/ Vol.13, No.3, 1991/ 27

E W9 7189 7t2g AAFL A3 7ka
g QE AEY 524 @k

2.2 ME uy

A3t T B3 AKY A4y 29 A4
£ a¥6H gon, A3t Ty FH A
AN AEE she Aeole di2d Fd 93
A HsE sidom, dad = AN
AEE e Afols F3 TAT YA
AgE ]tk W7 PortollAde 4 E $A=
g 7e gol slsd & Wiz WR s
A on, o st Tz ANM A
3}E Sgth dEE Og ARS JRNE A
Be¥ TEwe ALY GCE °l§3 HC
o] &Ho] H4=S gk
AL F83] Warm-UpS ¥ 3 deh=
Acs AAHADG A4 oy AEL
I AgdE Mees dee 21, A &
& 7ha AEY Wae Hb gY A
e st R A As A5E A
Fxeol L200rpmoR st HFEE
2.5 BAR BMER Spark Timing& MBT, 3
4] 2 Stoichiometric .= 315t} ¥)7] Port

e B

Bk

-
=
o
=
o

2

)

LR

=

Jors M
R,

uj7] Port'

J8IT ui7] Port ME RIA



8/% X

N AEL ¥ Afole AU A7 =00
A AEE sldler, #0212 vgsd z2g
JdEE olg3led 6.0 BAR BMEP2] =7 0lA
AEE 3k of AF vyl LEE Purge
3] @3kl el wir] MHr G 279
AE 7fa2e 2L I Cydeo] w7
WHE St W& 7tae AEL )
A CycleolA] vj7] WE7] &s]7] o Wiz

g 3% 7tart @A £l ASE . E -

g 7txE AEs] FAd, IAF HZE ol &
st & 7ha AEY HH B AEY line,
GCY Y% Loop 59 HE AL IAFe=
g %, 1F Y=o GCAlolel ON/OFF 2
BE QOFFE 39 ¥ Gauge S 183l 4
E AE9 LeakE HAE AE AFY
Leak 7} gio™ A1&= A H ControllerZ 9
3l Crank Angledl™ 1 7l HEH W

HE FFAAA 7t2E AE Agew wo}

e, AF AE g™l gristel Su7A

AEE o,

AE A= ¢to) Wirjgte] HH GCol
YAE 6-Port A& HWHE ol&3so 4
Z 7I2~& Columnol F9E7 FAle Inte-
grator $} Pen Recorder & ZEAIICH

Integartor 2 FID &) £%-& A&-3t] HC
2] % 7311 Pen Recorder 2 TCD<]
EHg o] 88 Nag 0,, CO: € H,09]
=g ity T s Hesisoh
GCe Z#A-2 Column 2% 120°C, Carrier
Gas(Helium) =% 30cc/min. Injector =
E 120°C, TCD <% 140°C, TCD Filament
&% 160°C, FID 2% 160C=2 g =dl,
o] AL dghge] mavdd i Al dxE
0.680] At

3. MY EMt 9 &4E
31 HE m2 AXMAM HCS =% HEt

2”82k Zo] 3fFe] AFske AAN
=g% A3 HCY Fxt 7] PipeolAd =
A% HCH FxEo e &g 79, 2%
HC Txe 9us] S/, sdeol 4E

THC
(ppme)
EVQ EVC
5000 |
4000 |-
3qo0 -
2000 |
o]
0__...-0 //
™~ o—0
1La00 8 Yo} i 41 THC
-
\Upf 1000ppme
0 L N L : s L N L
0 (TDC) 90 180 270 360

CRANK ANGLE ( DEG.)

J8l8 Hat =21 fIX[dA HC=E 1,200
rem, 2.5 BAR BMEP, S/A=19°
BTDC, HEZE HF

e XY =9% H5e AA Ay Al -
A HC 5=, 1&7ks Y&y WHy AE
% T3 Needleol| 23t 2= Cervice
VolumeE ¥ 3hd, & AdoAN S48 =
A HCHEREY 6 22 $x§ 7Hd Zlolth
w3, & Jkx HEY WEY dFY 7|3t
10° Crank Angle¢lZ= 2 & o] §2 49 7
7 7 n AES 99 6S 4 HCF
EE 714 Helr) ol 944 HHAS Qu-
enching Layer 1 4‘5'“ vy g HCZF  Hl7]
HCH mA& 9&FS u$ Foks AL on
gt

HC 7} sgo] AUzt $of F7ishs  olf
= A9Y 8= Gagket B H3 = FH
o] ol&le] BAH Creviceo 9 a0l A7y
t}, Crank Angle°] ATDC 330° el A
HC9 =71 2% 102 #7] PortellAe] HC
FrET 2o olf= AUy WA Ay
8t n¥w=e] HC7h A3 =3 A7 =
93ix 2 Bly] MEE Tt wEEy] o

gole} AET,
3.2 IAM EM AKM HCY SE W

299E daa 29 PAdA HCY =
e Zéfa Aos IYgelA et o] g
1 i Cel Tx& W71 HCH

} Y, 2 F HC v



BEET S&5E/ Vol.13, No. 3, 1991/ 29

THC

(ppmea)
6000 [~ EVO / \ EVEC
i g -

soo0 |- g
4000 -
300qQ - 3
2000 [ /
Q
1000 wH>] THC = 900ppmec

e Q{TDC) 90 180 270 36I0

CRANK ANGLE ( DEG. )

JR9 AN ZHYR M HCSE 1,200
rpm, 25BAR BMEP, S$/A=19°
BTDC, HIEIES HEZ

g ed F HCH %71 2H 89 u] 3l
A3 F7l5le olfve d4d =3 YA}
- AEY We FFA] S g Crevicest Head

Gasket 2] Crevice©oll 717z, ®=§ 439 o

Aol 7hg7] qRela Alggnh ole AdUg

By B e ¥HAE Ringel CreviceolA o

e HCS 9o FFE s e HO/ M

o] &gty AYzhE7) wfgolu},

A48 = X d4Y SH R A
42 &3 HCY 28 B W, 39 =9

A& HC s =7l v $ Ho 22, Bulk Qu-

enching®] #i7] HCH mlx& 9% 2 4

d =doM = Qlvkn A dE,

3.3 H{Z| PortOlAMQ HCO ST =
vi7) MR ARt Fele A3 a9

103 #Z°] a, b, c = Vrd, w71 gBs 4

e 7] aZizlel WEHEe HCE "¢ =
< FTEE Boln, wiy] HEIT 88 4y

b7kl Ml EH S HCE 28 ¥&es /A0
w7 E7F 28)7] uE " ¢ TR E

¢ ¥ #e HC F=& 7t}

Hrl B 9| 27) a7 B8 B
o HC7} wi&H e olfe ME8 H3p) A
Cycle?l A wi7] M B7} &3]7] A vi&
HAW nsxe HCE 71 w71 7147 4
53 @3 =g @ ¥yl 9B F99 4

2000

THC
(ppma)

2500

E‘}O a ! b ! [ E—{IC

1500 |- /

1000

wi=l THC |\ ] TTTTTTTT
900ppme
sS00 -

c'()(TD:::) 9I0 180 270

CRANK ANGLE ( DEG. )

B0 BH7| Port M2 HC HHZE &5 1,200
rem, 2.5 BAR BMEP, S/A=19°
BTDC, MBS AR

A 3 = Gasketoll 213l F4 5 Crevice
Volume ol A4 24§} 1% x2] HC < Oil=+=}
928 RINGH Creviemol ]3] =)o
49 Wy gRel EAs= HCAF @ o)
€57 gEyg Aol

Hj7] W H s} @87 FHAHQ] e FIHlA HC
9 Tz wj7] WEZ 7] He] HC %=
Hoh ol - Eohn gElA ded, & Aage
Part Loadel* 33157 ol vj7] ¥ B}
©3]7] FHAA F w719 E Overlape] ¢
ojuf Wi EH Jtart dEn HE 9Fshe ¥
Aol gdojttl, avlzx HER Flrd= )
71 WR7E 237 AR ol wl&E YA )

7] 7R MEEU dFl, ¢ TFIlelA 9

HC #%+& 48 F7lshs 2438 Rolx] @
3 e},

34 ZZE0 MHERE HEE AIBE FR
Hi7] Portol A2l HC == 5}

#i7] HCel Oil o] vA&e IS HES)

fAet] ZTRPA A @S A8E sl w7

PortelAl HC2 ¥5& &3 Y 117
Ze 4%E 49k

- ZERE Oildl AY 54 gevn g
Act, 2@ ded A58 AME§ 4 2o
Hj7] PortellA] HC9 *% W3l dele A9
Egsich oL 19 vld BRel AN A
B AgoA @ d88 ¥ oilel 0il



30/% X

THC
(ppme)

EVO . Eve

2500 |- OO0 ¢ HeE
A=p P BEY /
&
2000 2’/&\6 )i
1500 - A% :

tooo |
- 500 L R‘<e~—ﬁpﬂ =& gfp
o . N
o(TpC) 90 180 REETTE

CRANK ANGLE { DEG. }

O8I Z==Eal MEtE AR 7| Port
oM HCE HHE 5 1,200 rpm,
6.0 BAR BMEP, S/A=MBT, HY27|
PIPE £F THC ST (W EHE=1, 090
PPMC, = 2IZh=1,400 PPMC)

Ring & WA Wgleng, Oild |FFH%U
9 HC7F 9)7] 7t~ HC T=AE #d$

FE v 27w Zoletu AdEch

ﬂﬂ7] Yoyl g JAFp} @)y HHFY
HCEE7 =4 Jevuds A48 oy 10 34
Rt} 23} Eof vy WHI} ©3]7] o] el
W& 87] ZkAZE Ful7] 9 H Overlap Al
o 29 10¢ W Brle A 9737 A&
olg} A AgEry, '

4 38 =

SIdRel A ol gen Zag A8 s AMgst
o @443 ul7] Portell 4] Crank Angle
Z HCY FEE 1t 71~ MEQ WH
GCE ZHsd oo g& Z&S AJdth

1) €44 ¥ Quenching layer 7} B~
HCH wlA & I ¢ Ao,

(2) Crevices} Oil Layero] 7}7+e @24
29 AN A4 F9 HCFE F718S
A3 = o fAAe HC 3= F7H8RY
0§ F

(3) vl7] AFoNA HYEE ¥ d 1
Fxe] HCL As =3a 2XE AP &
A= '

4) ¥j7] Portofi* 8] HC 9 &% #isl= i
7] Hé‘:’7 A AFet @3]7] vp= ol v
& @S 7Hh
(5) Oil Layer A Wi&%= HC+ w71
Portofl Xl HCWM & AP 9dF& T4 &
=

ot

. A. Panesar and P.G. Brown, “The Results
of Recent Experiments on Unburnt Hydro-
carbons”, C45/88 IMechE 1988.

2. S.C. Medina and R.M. Green, “Optical
Measurements of Hydrocarbons Emitted
from a Simulated Crevice Volume in an
Engine”, SAE Paper 840378, 1984.

3. N. Yamada and Y. Iwashita, “A Study of
the Genesis Mechanism of Unburned
Hydrocarbons in a Constant Volume
Bomb”, SAE Paper 810018, 1981.

4. John B. Heywood, “Internal Combustion
Engine Fundamentals”, pp. 360-367 &
pp- 567-619, McGraw-Hill, 1988,

5. K.T. Rhee and S.L. Chang, “Incomplete
Combustion in One-End-Open Crevices”,
SAE Paper 831695, 1983.

6. K.T. Rhee, P.S. Myers and O.A. Uyehara,
“Time and Space-resolved Species Determi-
nation in Diesel Combustion Using Con-
tinuous Flow Gas Sampling”, SAE Paper
780226, 1978.

7. J.C. Dent and P.A. Lakshminarayanan,
“A Model for Absorption and Desorption
of Fuel Vapour by Cylinder Lubricating
Oil Films and Its Contribution to Hydro-
carbon Emissions”, SAE Paper 830652,
1983. ,

8. Sheridan C. Johnston and Robort M.

~ Green, “Engine Hydrocarbon Concentra-
tion Measurements: A Comparision be-
tween a Sampling Probe and Raman



10.

Spectroscopy”, SAE Paper 820499, 1982.

. Rodney J. Tabaczynski, John B. Heywood

and James C. Keck, ‘“Time-Resolved
Measurements of Hydrocarbon Mass Flow
Rate in the Exhaust of a Spark-Ignition
Engine”, SAE Paper 720112, 1972,

Svend Henningsen and Biorn Qvale, “Ex-
perimental Determination of the Flame

11.

BERETSME/ Vol.13 No.3 1991/ 31

Quenching Distance in a Spark-Ignition
Engine”, SAE Paper 800104, 1980.

EW. Kaiser, A.A. Adamczyk and G.A.
Lavoie, “The Effect of Qil Layer on the
Hydrocarbon Emissions Generated During
Closed Vessel Combustion”, Eighteenth
Symposium International on Combustion,
The Combustion Institute, 1981.



