(= £ SAE NO. 98370042

~uFER0 F9i2] HC 55 58 2 g40SH 24

Measurement of HC Concentration near Spark Plug and
Combustion Analysis
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ABSTRACT

Unburned hydrocarbon is a key contributor to both the fuel economy and emissions of
automotive engine. Cyclic variation of HC emission is of importance, especially during
throttle transients. The real time measurement of hydrocarbon is particularly important to
obtain a better understanding of the mechanisms for combustion and emissions, especially
during cold start and throttle transient condition,

This paper reports the cycle resolved measurement technique of unburned hydrocarbons
to quantify rapid changes of in-cylinder concentration in the vicinity of spark plug by
using the Fast Response Flame Ionization Detector(FRFID). While this instrument actually
measures fuel concentration, its results can be indicative of the AFR behaviour. In order to
understand the rapid change of hydrocarbons with cylinder pressure, it is necessary to
study the response time delay of the system, including the time associated with gas
transportation to FID. And signal from FRFID is correlated with cylinder pressure data to
relate changes in mixture preparation to the classic analysis, such as indicated mean
effective pressure(IMEP) and ignition delay, etc.
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Fig.1 Schematic diagram of test engine
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Fig.2 Typical patterns of measured HC concentration

using FRFID
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Fig.3 Some selected cycles in
cylinder: FRFID signal &
pressure signal
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Fig.4 Comparison of in cylinder
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Fig.5b Saturated HC concentration
using Equ.(2)

216 Z8z- S o) Fa o}AD



AR, A™UY o] Huidwe] mPIKIo-
cation of Peak Pressure, LPP), EA|HF 4
BY¥¥(ndicated Mean Effective Pressure,
IMEP) &< A¥sid 2 ARE wasigic
YA A% 120 AlelE9] APPAE o)
& Aol

B ATM d4gE Pkl AMEE uy
< Gatowski et al.(13)o] 2As3 Yo} A
g shite] Axgloz dAsn Ao 9
T HURE(6Q,), V2E £ 9% o
(PAV), M&9 WRAFA(JD) 2 2AY 9]
29 dEA(8Q e oix] balancez
FH d48S FHue ez Ay
FHdolel Wrtele} FFTkxar Qe A
A FY FEC) dH=olof Feh(2(3)
=)

0Q, = PdV + dU + 6Q, (3)

Aga A O WP vEHez Fdsw
H(4)e}h 2o,

aQ. _ , dV ., dU , dQ.
8 ~ P aet a0t a0 (4)

Wielvge o) d7A Jepgaes Hg
Hd H+= AR BE8E 5+ gl

ﬁ&z_L_d£+ P dv | dQ

40 = 1 d0 T 7-1 a0t " as
®)

A71A

r=1.392—17.35% 10 ST (K)

aqr
de — hA( Tg_ Tw)

At EUAE g T, T,= 424 %

2%AFUT F99 HC 35 54 % Q454 2

HEE, 7lx9] HELEE ehdnh pE g9
dAl=24 Woschni’'s correlation[14]& o]&
Bt 1YER & 2A9F Q= AE)H ¢
o] Vehd F T 4(5)9] AFAEZ A(6) i)
sle] i),

8Q.
228Q,

olgizte] T 2+ Ale]Ee] AUY ¢4HE
o}4-% d4dY AR2HE HC FEoe] 43
FAE AMEA 957 Aok WA Figes A
FAa4E 25%, 10%, 50%, 90%<) Z=ya
€ HC = mz vebd Aotk 1¢elA
R A 27]9] A%l A4 ¥R A%

Xb=

6)

BE ¢ 4 ok T HULE, 3 HC

TRl &8 dige] =AY HC ¥
7t ¢F 11.0% ol @49 aydate) 3}
Furgdv)zoll vlAEle] HolR:= HelE wi:
gt ¥HAe| HC F=7F 11.0% oldolAM= £
719 sidrar|zrel Wsle] ue} o] Fo @
A7)7ke]l @3] o|F(shift)sh= A¥¢E wu
Act.

Fig7& ddA%Fae] #AE vepd Aoz
A|(5)ellA Al FHE AEG Rolu}h Auwkzo
2 HC F&o e} A4 ¥X& ez gl
o] 2ulage|a F99 FT4 Eule] Wil
gl d¥g vXA dg & F Utk

ZZre] AlelZelA AU ¢tee] HaUu)e
APAZLE A48 Ale)E WAl gleA
d2x8¥ AHE F8F AT dhjon
Fig.8& HC #xd we 4ddy ge] HgY
o Agazte] FEZE e ALz HC ¥%
7t Biidoeg e B9l AAlAolA Holx
t AL Bola Yok Fig6ol Jebd Aaie}
#o] sFPer|to] AN A Hdo)
eS¢ 4 AUtk

Fig.9% HC %% wel = 87 fFagd
(IMEP)¢] EE& ehd ol AYPoMe
IMEP2] ®3}A15=(Coefficient of Variation)Z
21%°lth. HC Fx=ol met 432 ¥¥Xg

A1z

217



400 | A

‘200 |-

Crank Angle{deg.}

0} o5

10.0. 105 1.0 11,5, 12:0'

[HC] near sparkplug(%):

Fig.6 Effect of HC concentration on
combustion .

40.0 ‘ . . Y

200 ¢

LPP{ATDC}

100 -

00 beu n " . 4
10.0 10.5 1.0 1.5
{HC) near sparkplug(%)

Fig.8 Effect of HC concentration on
LPP

Uehia gle} 2staEen Fele HC ¥=
¥ash IMEPS) £37} N2 Qo] 8¢ @
%+ sl

4. A B

E A7eME FRFIDE ol&3lq ANz
2 2a=EHT $49) HC ¥58 2481
AxA grewislel o A5 BT daa)
A Agsle] dpBAel tel RSP o
7o) ST A7) A% B wrlle A
o Bd d7E 9% NEAEZN 88Y £
9k,

218

120

A
B
4

100 105 1.0 15 120
[HC] near sparkplug(%)

Fig.7 Effect of HC concentration on Q

IMEP(kPa)

100 105 11.0 115 120
{HC] near sparkplug(%)

Fig.9 Effect of HC concentration on
IMEP

e g vehdc) HiE2 ggsdel]
oF ve v=E Yehjzgt 1 o%g
282159 7|87+ 454 FRFID &4
259 el 71879 Bl A1AE
ol A FAP=2azle) SR &9
AT g ol XIEHE HC 5=
g Alte = gk

2) HC Fx7} &% d4r|7te] g
717kl mldEle] WolAl= ARS Relut
2uIEHT F99 HC y=das &
o) W 9L vXA P&
< ¢ T Ytk

3) 949 AlelE M3l lojM A4sw #
dE Fod A=) BA¥ET fEYE
(IMEP)$} 4€e] $ige] Hodwe] A
#AZHLPP)He] BAYNME HC &9

8- F8u} o)F g ol A



ARgA BAE Yz gt

- Y

[
ra

. J. B. Heywood, Internal Combustion En -
gine Fundamentals, McGraw-Hill, 1987.
. H. Kaoru, T. Hitoshi and A. Shusuke,
Emissions Reduction During Warm-up
Period by Incorporating a Wall-We-
tting Fuel Model on the Fuel Injection
Strategy during Engine Starting, SAE
paper 952478, 1995,

. J. Fox, K. D. Min, W. K. Cheng and
J. B. Heywood, Mixture Preparation in
a SI Engine with Port Fuel Injection
during Starting and Warm-up, SAE
paper 922170, 1992.

. P. Brown and W. Woods, Measure-
ment of Unburnt Hydrocarbons in a
Spark Ignition Combustion Engine du-
ring Warm-up Period. SAE paper,
922233, 1992,

. N. Collings and J. Willey, Cyclically
Resolved HC Emissions from a Spark
Ignition Engine. SAE paper 87169),
1987.

. G. R. Sleightholme, In-Cylinder Mea-
surements of Charge Inhomogeneity in
a Spark-Ignition Engine. SAE paper
900484, 1990.

10.

11.
AR AF7k=F FAEC B A7,

12.

13.

14.

P. R. Meemik and A. C. Alkidas, Im-
pact of Exhaust Valve Leakage on
Engine-Out Hydrocarbons. SAE paper
932752, 1993.

. R. C. Meyer and R. H. Thring, Mix-

ture Preparation Measurements. SAE
paper 950069, 1995,

. §. M. Schurov and N. Collings, An Ex-

perimental Investigation of Fuel Tran-
sport in a Port Injected Engine. SAE
paper 952485, 1995.

J. G. Grawford and J. S. Wallace,
Validation Tests for a Fast Response
Flame Ionisation Detector for In-
Cylinder Sampling Near the Spark
Plug. SAE paper 961201, 1996.

F3e, o|F3E, oW, AZ|AHI TN

KSAE 96380311, 1996.

Cambustion Ltd., HFR400 Fast FID
User Manual,

J. A. Gatowski, E. N. Balles, K. M.
Chun, F. E. Nelson, J. A. Ekchian and
J. B. Heywood, Heat Release Analysis
of Engine Pressure Data, SAE paper
841359, 1984.

G. Woschni, A Universally Applicable
Equation for Instantaneous Heat
Transfer Coefficient in the Internal
Combustion Engine. SAE paper 670931,
1967.

A0aE0 £99 HC 3= 54 ¥ 94584 84 219



