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Determination of Air Fuel Ratio According to Fuel Composition (II)

- Compensation of Unburned Gas Concentration in Eltinge Chart -
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Abstract

This paper is the second part of several companion papers which compare the method of Air-fuel
ratio(AFR) determination. In the previous paper, Eltinge chart was applied to the arbitrary fuel
composition and the charts for gasoline, diesel, methanol, M85, liquefied petroleum gas(LPG), natural
gas(NG), propane and butane were illustrated. In Eltinge chart, however, unburned hydrocarbon (UHC)
is not used for determination of AFR. For improving accuracy, Eltinge suggested UHC compensation
after the AFR reading in the chart. This compensation reduced the difference between real and reading
value. In the compensation, however, the correction of oxygen and carbon dioxide is uncertain and
there might be a mistake in conversion of UHC reading value. Therefore, the error is overestimated
comparing with Spindt one which is most widely used. In addition, there is no comparison of the
value with other useful methods. In this paper, the compensation of unbumed HC was performed in
Eltinge chart and the compensated value was compared with Spindts formula over wide range of AFR.
The objects of investigating fuel are gasoline, methanol, NG and LPG. The result shows that Eltinge
and Spindt method is flawlessly compatible and the difference between the two methods is under 0.3
% in a Arange from 0.9 to 1.7. The method for debugging instrumentation error is also presented.
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Fig. 1 Reading of AFR in Eltinge Chart and
Determination of Instrumentation Error

Table 1 Exhaust Emission and AFR

C 0. | CO | THC |NOx
02 2 AFSp* AFg** AFEl***
(%) | (%) | (%) | (ppmc)| ppm

14.20/0.83] 0.64 | 2054 {1441| 14.64 | 14.84 | 14.62

* . AFR by Spindt
** . AFR by Eltinge without HC Correction
*** . AFR by Eltinge with HC Correction
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Table 3 Comparison of Eltinge and Spindt AFR

Sx THC AFsp AFEl Dev.(%)
13.00 13.00 0
0 14.61 14.60 0.07

25.01 25.00 0.04

0 13.01 13.00 0.08
4000 14.64 14.60 0.27

25.06 25.00 0.24

13.02 13.00 0.15

0 14.61 14.60 0.07

0.004 25.01 25.00 0.04

13.03 13.00 0.23
4000 14.64 14.60 0.27
25.06 25.00 0.24

Table 4 Exhaust Emission and AFR

CO; | O; | CO | THC Dev.
AFs, | AFm
() | (%) | (%) |(ppmc) (%)

10.62] 0.09 | 7.56 | 2345 {11.61| 11.75 | -1.19
11.05| 0.08 | 6.87 | 2327 | 11.84| 11.94 | -0.83
12.80| 0.27 | 3.71 | 2580 [13.04] 13.02 | -0.15
12.94| 0.23 | 3.52 | 3814 [13.00( 12.98 | -0.15
14.28 | 0.77 | 0.69 | 1960 | 14.58 | 14.56 | 0.14
14.61 | 0.86 | 0.35 | 2184 | 14.76 | 14.75 | 0.07
14.64 | 0.73 | 0.47 | 2989 | 14.55| 14.55 0

10.83| 6.04 | 0.12 | 1962 [19.62| 19.60 | 0.10
9.10 | 8.72 | 0.11 | 3686 |22.98| 22.90 | 0.35
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Table 5 Comparison of Eltinge and Spindt AFR
(Methanol, THC=2000 ppmc)

Fuel AFsp AFg Dev.(%)
i 648 | 647 (A=10) | 015
(8x=0.005) [™7701 [11.00 (A=17) | 009

Table 6 Comparison of Eltinge and Spindt AFR
(NG and LPG, THC=2000 ppmc)

Fuel AFs, AFg Dev.(%)

NG 1544 | 1540 (1=0.9) 0.26
17.12 | 17.08 (A=1.0) 0.23
(§x=0.002)

29.07 | 29.00 (2=1.7) 0.24

LPG 14.02 | 1400 (A1=0.9 0.14

3 1555 | 1552 (A=10) | 0.9
(5x=0.002) o645 | 2640 (A=17) | 019

AL Table 40 A AFGT}

Table 40 AAJ€ vlo} o] A w7 7t2=E
AR FduE ZASYE Spindt®} Eltinge:™
A9 & & Jdepdn I3 5FF FAN F#
e A9EE ea® Ad 02%E 9A ¢oh
FFE FhA 2AVF AAE R 0|9 Fig
2, 3914 A vk Ak wepA ojdgg s
BAS Aol ZoTM AS EltingeZt A4talg
d BAEA 0 1~2%, HU 3% ol4dE H|

['

5% 5 98 9F AU FARUSS ¢ 4
Atk olg Ba thAl F A pEel £
£ gag + slot

718t vebe 3 NG ZEa LPGo) W =
o) Folg BE AR AEAY AolA
B G 2e AFE vehdln 9
4w ol 4zt JEFART BEY B
HMM co9| EAo] 7H&d Hoh @A B
AE 7HA 3 At} WA co B4 Edo] 2
BFE FA Fob FHEAA ved 7
Jl A} AAF ATl Apolrl WolAE @
dehtd @3 9ee 2 4 Yok o
il g FQH] 2ol S THC=2000 ppme
EH%HHDJ Table 5, 6o UYEIIG =W o5 @
£ 94 03% ol Aolg Yehin of 9

é

2

o}—J_'

Iﬂﬂ-\nir&rlﬂ
2 o

T

2w ox o K J!ﬂ 03
]

o
A 2E WAANA BHAe] FAH 3 dn.
53] Methanole] 2§ 2 Fan] Tzl AR

A AAAD 1571
27} 0.2% ©l3tE o] Hme| Aol AlitolA
frESA AP 9% oz AxolmE w¢ &
et gA8n ded ¢ 4 do

4. &2 B

Eltinged] Fdv) 24 Wy H ud HAEE
NMZol BAEFon ol tyst dge] o3l
Spmdt«] A= vjmg 3 ‘4‘4 Iz 48
£ dA.

(1) 7t&de AS 7] 7 ud 28 BAst
W Eltinge?] A& FdH] 12 °)3ty FdF 99
S A9)slil Spindte]l AAME 0.3% ool 2z}
g Ze

@ AA £ wr] 7t2E 7102 AL

o= Eltinge9} Spindt A4t FH8] 13 - 1994
= 02% °oJWE 13 - 23 AT 1% o= A9

B3 s8Ed.

(3) 71&Ed ol9e A8E A=09 - 1.79 H&
A H9 WA Eltinge®t Spindt A4 0.3
% o= AHeo| gHstA FEH.

@ "l AES 24 ar] 24E ol
Eltinge AtENA wi7] A AAAE FAHA
HY UM 25 & Aok

2
o

tns

(1) Wongeun Lee, Inyong Ohm, 2001, "Effects of
the Method of Changing Compression ratio on
Engine Performance in an SI Engine,“ Transaction
of Korea Society of Automotive Engineers, Vol. 9,
No. 4, pp. 27~33.

(2) Inyong Ohm and Chanjun Park, 2003,
"Determination of Air Fuel Ratio according to
Fuel Composition : I -Eltinge Chart as a
Reference Exhaust Composition,*
the KSME submitted.

(3) Lamont Eltinge, 1968 "Fuel-Air Ratio and
Distribution from Exhaust Gas Composition,” SAE
Paper 680114.

(4) Spindt, R.S., 1965, "Air-Fuel Ratio From

SAE paper 650507.

Transaction of

Exhaust Gas Analysis,“



