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Air Fuel Ratio and Calculation According to Fuel Composition (III)
-Comparison of Various Calculation Method-
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Abstract

This paper is the third of several companion papers which compare the method of Air-Fuel ratio
determination. In the previous works, Eltinge chart was expanded to arbitrary fuel composition as a
reference exhaust composition. The compensation of unburned hydrocarbon in Eltinge chart and
comparison of Spindt and Eltinge method were also discussed. In addition to Eltinge and Spindt's one,
however, there are many methods which calculate Air-Fuel ratio from exhaust emission. Among these
methods, carbon balance and oxygen balance are widely used in practice. In some applications, linear
formula from statistical method is being used in the field due to its simplicity and convenience. In this
paper, these various methods are evaluated and compared with Eltinge results and new linear formula is
proposed for the gasoline fuel. The results show that the corrected carbon balance equation has excellent
agreement with Eltinge and Spindt's one. On the other hands, the oxygen-balanced formula has a
limitation according to the mixture state and AFR. For gasoline fuel, newly proposed linear equation has
good compatibility with Eltinge and Spindt up to AFR 17.

7laMYy C giggoez ALt
cl1 o FA HEAagdy 12 At
K FA3 b B A C2  FH 2add 22 A4t
m 98 F Fa9 ¥hA4 9 ) H|(HCR) El : Eltinge WHo2 A4k
n 98 F At @49 ¥R B(OCR) 0 Tz A
M . ERh g f Sal-a
S« 719 vF 2 A4 (maldistribution a 1 &7
factor), V&8 X TFWat dat o=z 7t
L1 TA darx ez A4l
SHE At
i i 3ekE .M 2
t AAA 2L, Y, A gy 7| A3 7 QAN ZEo A Fdbe] AAL ¢ F
E-mail : iyohm@snut.ac.kr Q% Qaola uglrd ojo] A& wE AL
TEL : (02)970-6311  FAX : (02)949-1458 < 98 vhks wbdol sz AMEE T ¢

« 59, Agdadem Az A pge 299 433 Jg ofe axg 7




1148 L

orstel dug % gou 1 F4o] Aol

4, 2x 7Y A8 45 4 a3 6] =
Aulel BAE 2Abstel $AH Yoz

Eltinge®] FdH] AAYEE FHOE ofE 4
AF) el HEdl B TAGE] B
el =ostdtt® w3 o) A g gy Al
45 = Spindt HHA 3 Hlwald 2 BlRAL AF
@

gdH EM7 22 ASPHE TEY HAEE
3L BE At ds FdsA ¥k mEs
Lz 2 Fdn 2A 3AE AHgsidEte
aZo) A7kl 2A 29 wolEd dolH
Hlol2o] fAE 93 oxE Frdta V&
BAL 25 Rfel Qs o] TAsE
Sidss

a8y @A AMEEHE BASo] odE gE
vl Ak o= Fre Aols Yehhm 9l
AE dotsteE A= vle Fasit uwEA
zEAAE AATA AdE AHEHE o8 3§
A A4kAg wlwste] o Aolo] wtha] =23}
azt g} B =RAdME 7HEU(CHis)o 4
gt =9 g PysiAct

borfe ol ol

Aol FHol EEE AS @429 7F
(Carbon Balance)ol] 93t t}g2l 218 Al-&3}o

Fednle] Aol 75T

AF, = My 100= CO/+3(,0)/2
¢7 M; " CcO+ CO,+ THCX 107*
3 (H,0),
CO+ CO,+ THCX 1074

M

m
+2]

4714 me HCRO|H 71439 A9 1855 A}
2351 M= F7)9 EBEAZOZ 28962, M
A5 EAFOE M, = 12.011+1.00797xmS A}

83,
Baly|s 23 B2 ko =xo) BrSEng

w3z
FA7ts WgAe KE EQstd g A&
o] &3t} TET}
m _CO+ CO
B0= co__ 4 )
[{' 002

2AY B 27 A1), 2 A A )R 7
o] #38 Ho] AMEHI of7]d mAYgsFh
(unburned HC)9) AL Z7lsle] 4 (4)9 2o
ARNE AgEE B

M, 100
M; co+ CcO,+ THCx 1074

m _ 18X CO
2 CO+CO,

AFg, =

3
+

M, -4
M, —3.06 X THCX 10

CO+ CO,+ THCX 1074 4
m 18X CO

2 CO+ CO,

100

AFg,=

+

22 AL FEoz REE A

o 02 FEHE A2 exdyg e ol f
| 2o olgje] Als}

M, CO,+ CO/2+ (H)0)/2

AF, = 4773 %
0 M; CO+ CO,+ THCx 1074

M, NO/A+ NO,2+ O,
M; co+ co,+ THCx 107*

+4.773

g NOE E&slzm

(%]

o T L:

S
)
2
i
flo
» (2
i}
o
re
[
2
N o
s

fr 2 o oHz
1> o
ol
-8
=

il
4
P‘_l',

—y
i

(zoop & &0
=i}

Z o o

N>

—
o}

ox e

B4

i)

ot

2

3

e

)

T

ot

)

o
o
i)
fo
g8
bl
O
@]
_\9
Q
@
1o
ne
0
i
o
by
i B
2
30



A8 2Ad g2

£ 540] gleh

THC
AF;=30.19 — 1.07(CO+ CO + = 08 ) (©6)
3. 39d]| A el vl n

3.1 7[= 7] JtAg MY

qﬂ4 AFAME AFsIR %o} LA
BE A% dis] wjy] dolHE FHHde AL
B 6}7] W&o Eltingeol 93 wj71z=A4& 7]
Fo2 3lm "I} EANE o o vdE
F7IRHE 0% COY FEE RS o0& =

z Wrlz4e2 ARSAR? oo 4rle o
Noz FAus Adstn 1 AlAFH SAL
woataa @ o) " AT HYFol A 4

okl

dAwl A (1) 1149

3.2 Aol wte =

re
oy
x
24

321 Eag@EAL £ B EY
Fig. 1o] &AF3A L AL

9} Eltinge 238 wug 2
age] epg vsh 2ol o
A4 oleal oFds i Adae. 29
4 oBEHs $7 UTALeE S
H#A AF® skt AdF '5'1%_9_'}

Bau WAt F48 TS

o

£89ol A Eltinge®] 229} Spindts] A4HE Fﬂ“‘ 02} **ﬂi s 53 =

0.3% olule] Fo)gt VEMIER Eltinged] 27 of AHEHI A3 o] Yo FANE AU

AAFENZ A5k w5tz o Z23}E Fig. 2°ﬂ =AEG . o ¥Hd ad
o 4 (1), 9F d2734, 4 )% F4 Uehd vhst 2ol HAlz B 148 dolAH

g4a7941, 4 @OF 74 2427342, 2 (9 w9 F&E kg vehid 14 olFel A Fdn]|

g 2aadd ada 4 62 Laog 2= b FFAALE 23 A& FoHET a2da

712 @tk St gavle Aol 9FE F4 ¥t HCY

3.0

S=0,THC=0

¥

- §,20, THC = 1000 PPMC

——— S0, THC = 2000 PPMC
—~— — 520, THC = 3000 PPMC

—_— 8.=0, THC = 4000 PPMC
—8—— §,20.002, THC = 0
- -4 — . §,20.002, THC = 1000 PPMC

—-=p—-- §=0.002, THC = 2000 PPMC
—O— §,20.002, THC = 3000 PPMC

— -#—-- §,20.002, THC = 4000 PPMC

0'511 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
3.0
$,=0.004, THC = 0
€95 — — — - §,=20.004, THC = 1000 PPMC
8 3 —— $,=0.004 , THC = 2000 PPMC
] § - — — 5,20.004, THC = 3000 PPMC
x 20 \ —— S,=0.004, THC = 4000 PPMC
o \ ——=— $,=0.006, THC =0
< 15 - —4— - §,20.006 , THC = 1000 PPMC
. —-=g—-- $=0.006, THC = 2000 PPMC
\ —O— §,=0.006, THC = 3000 PPMC
§, 1.0 ~-@— - $,=0.006, THC = 4000 PPMC
o NN,
[+ A
w | vy - “
g 0.0
0.5 —

1 12 13 14 15 16 17 18

19 20 21 22 23 24 25 26 27

AFR by Eltinge

Fig. 1 AFR difference of Eltinge and carbon balance method(Sx=0.0, 0.002, 0.004, 0.006)



1150

a2

23
oo
=
2
AN

0.3
$,=0,THC=0
< — — — . 5,20, THC = 1000 PPMC
2 0.2 oo S,=0, THC = 2000 PPMC
5 — — §.=0, THC = 3000 PPMC
o 0.4 —_— $,=0, THC = 4000 PPMC
TR
<
» 0.0
23
=-0.1
uw
i
-0.2
<
0347 33 14 15 16 17 18 19 20 21 22 23 24 25 26
0.3
§,=0.004, THC=0
T — — — - 520004, THC = 1000 PPMC
g 0.2 ———.. §,=0.004 , THC = 2000 PPMC
5 — — 5.=0.004, THC = 3000 PPMC
—_— §,20.004 , THC = 4000 PPMC
T os 20.004 , THC
'S
<
1 0.0 e e e
53 P
E -
ﬁ 0-1 /
m
-0.2
<
-0'311 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
AFR by Eltinge
Fig. 2 AFR difference of Eltinge and carbon balance method 1(S.=0.0, 0.004)
0.3
$,=0,THC=0
o — — — . 5,20, THC = 1000 PPMC
§0.2|—mm.. S$.=0, THC = 2000 PPMC
5 —— —— §.20, THC = 3000 PPMC
IIO —_———— $.=0, THC = 4000 PPMC
L.
g
1]
(]
g
o

AFREnlnge - AFRcartmn2
& & o o o
N - o - N

)
o
W

11 12 13 14 15

16 17

$,=0.004, THC = 0

- = = . §=0.004, THC = 1000 PPMC
—_——— $,=0.004 , THC = 2000 PPMC
— — §,=0.004, THC = 3000 PPMC
——-- $,=0.004, THC = 4000 PPMC

5N

A
W
%

W

A
L
/

1 12 13 14 15

Fig. 3 AFR difference of Eltinge and carbon balance method 2(S,=0.0, 0.004)

16 17

819 20 21 23
AFR by Eltinge

23

24

25

26



A8 A4 we Fdu 44 dD 1151

dge Iz degvn o sijebe ojujolt}. webA Spindte} B4 FH A
T gAY IT)r Hlﬁ‘i Aoz F4 gA < BF FHAA HE vwstdE Fae zbolst
784 2% AHEE 9ded oJAL HCY BA o 3A 2A%s ¢ 5 Aok
€ %7 2Ysted 2 ]J 2HE Fig. 39 = Table 1 Comparison of Eltinge and carbon balanced
kA= AFR(S,=0.004)
] o] A3%& Bd +7 %i&ﬁé*ﬁ‘ldjlr AL 7 T The AT Afo | Dev%h)
&g Jelda glow A §.0) g v o 10.54 13.00 18.9
oy F kA AolHol A&E & F ALk Ea. | 9000 [ 1242 | 1460 14.9
HA A Sadgd 12 AN Fdue A 0] 25.00 25.00 0
AFduRcd F & dehded B8 3 g & 10.57 13.00 18.7
2794 29 2AHe o e @ duhia g (2 | 4000 | 1246 | 1460 | 146
. 283 HC BAE FHALAE ETsln fig(s) ?;gg 028
HC 24 e 237t 4 dauds 120 2000 [ 1461 | 1460 | 007
o 3A vebd Eq. 25.01 25.00 0.04
olde] A#E Hd o FQH 13 2, o 3) 13.06 | 13.00 0.46
233 a8x 89 ddd o vnsd 1 4000 14.62 14.60 0.14
ol Table 10] UEhA. vlaE A4 dx fgg; fggg 31?
BRI MRFEE 5200049 FAH) 2HE ol 2000 | 1457 | 1460 | <021
’9'5]'03‘:]' o]z-]-’] o:]:lLoﬂ/q "’]"‘:6: ‘?‘ Oﬂ/ﬂ Spindt Eq_ 24.94 25.00 -0.24
9] ZAx: Eltinge AAIRTH 3utg A Adug ) 12.99 13.00 -0.08
eI TH? ol SplndtQ} w3t 22 Eltinge 4000 14.54 14.60 -0.41
o AL 7NFoz 3 AL 939 whako] M E 24.89 25.00 -0.44
S,=0,THC =0

|- = = . §i=0, THC = 1000 PPMC
[memme S.=0, THC = 2000 PPMC

| —— = §z=0, THC = 3000 PPMC
e S.=0, THC = 4000 PPMC

2 §,20.002, THC=0

— — =~ - §,20.002, THC = 1000 PPMC
—.=2—-.. §,20.002, THC = 2000 PPMC
— ~— §,=0.002, THC = 3000 PPMC '
—.@—-. § 0,002, THC = 4000 PPMC |

1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

‘ $,0.004, THC = 0

- — — . 5,20.004, THC = 1000 PPMC
[ 5,=0.004 , THC = 2000 PPMC
|— —— $,=0.004, THC = 3000 PPMC
f— e $.20.004 , THC = 4000 PPMC
: $,=0.006 , THC = 0

{= = = - $.20.006,, THC = 1000 PPMC
|=-==++ $.20.006 , THC = 2000 PPMC
— — 5.20.006 , THC = 3000 PPMC
—-#—-- §,20.006 , THC = 4000 PPMC

N

N1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
AFR by Eltinge

Fig. 4 AFR difference of Eltinge and oxygen balance method(S,=0.0, 0.002, 0.004, 0.006)




1152 ddg-Az

ol Az wed BE AW w2 FHY 323 YR
o AQEtn AL EF A8 A 0.5%9 Fig. 5@°l EAlg Lo & Fdn 24
2289 S Eltinge®} Spindte] 2o} I 87H5 s} Aag 2y 3dd 17 olatdlM e AA Ty
o 53 A2 FHo] £7tsd FHAME AHE o dA G AolE Fu ¢ g dehix 3
of 7V st th. o} o] %% AwnwW 9o o}

4 dANE FAH7E CO+Co+THCS 1

322 A FEA A #AZ ZHEHUCEE Eltinge W o2 T8

Fig. 4ol 427349 A% Ane =A% HH7I 27 ol 83le] CO+COATHCS Fb| 9]
ot o] A= Noxt EEH7IE skt Al #AE aBRgk=d oA Fig. 6ol =AY
Zldle FAVR 0.1 oltE2 4 A9 QA
slel olele Eolth matd 2o FHE A 1\ N
A 42Y mge FA Rele2 og padn TPOARNNY [T CEEEE

Aidstod = Fkéict of7]A = 3000 ppm2 NOx
7t 23t shAste Aok AbAdE A
o] Az A7 AsTH v FAR AFE
5 FHAEFVIA AL olEFAY oF

——— $§X=0.008 , THC = 1000 PPMC
$X=0.008 , THC = 2000 PPMC

o
%
//
%

$X=0.006 , THC = 3000 PPMC

\\\\\\:\ $X=0.008 , THC = 4000 PPMC
N

/}

AFR by Eltinge

Zet,
o vmA Wesg Avel B¥sl B7D NN
@45 5404 WHlol oot FAu WE N
o = = _ 13.0 - ~
F43 2olen doh ARH o2 o] Ao A . \‘Q\\\&
A Axs b ez7 A WA El= Ao 4% 9.0 10 180 150 170 90 210 230
€02 +CO+THC

=
L}E}w 293 gaFge oxt g4 @
94

(19 Ftol} olae Fduo] wil %y & Fig. 6 Relation of AFR and percent value of [CO +

@l 2% yehta gt €0: + THC
5.0
$,=0,THC=0 ! (a) i
N — — — . §/=0, THC=1000PPMC '
2 40 |- §,=0, THC = 2000 PPMC |
mé P = = s=0.THC-3000pPMC | I,l‘-
_ $.=0, THC = 4000 PPMC
u $,=0.004 , THC = 0 ; ,c’.‘
< 3.0 |- — - . 5.20.004, THC = 1000 PPMC ;
' — .= §.20.004, THC = 2000 PPMC |
° —— $,20.004, THC = 3000 PPMC |
2 2,0 |—-=—:: §,=0.004, THC = 4000 PPMC
=
w
[+ o i v
|-<|- 1.0 ..‘."
—0'011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
4.0
$X=0,THC =0 |
< — — — . SX=0, THC = 1000 PPMC (b)
§ 30 |- =" $X=0, THC = 2000 PPMC | i
£ %Y |-— — sX=0,THC =3000 PPMC | v
o« ——— $X=0.004 , THC = 4000 PPMC |
o = $X=0.004,THC =0 o
€ 20 |- — - . $X=0.004, THC = 1000 PPMC |
) —-—=—.. §X=0.004 , THC = 2000 PPMC el
——— $X=0.004, THC = 3000 PPMC ' ’.,c"‘
§ 1. |—-=—-- $X=0.004, THC = 4000 PPMC . o
] o i..cr".“
2 o4
w 0.0
<

-1'011 12 13 14 18 16 17 18 19 20 21 22 23 24 25 26 27

AFR by Eltinge

Fig. 5 AFR difference of Eltinge and (a) Linear, (b)Corrected linear(S,=0.0, 0.004)



dg 24 o

Table 2 Comparison of Eltinge and linear equation
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