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400 COMMONWEALTH DRIVE, WARRENDALE, PA 15096 

FUELS AND 
LUBRICANTS 

PRACTICE 
Submitted for recognition as an American National Standard 

SAE J1829 

Issued June 1987 

STOICH IOMETRIC AIR/FUEL RATIOS OF AUTorvlOTIVE FUELS 

1. INTRODUCTION: The mass of air required to burn a unit mass of fuel with no 
excess of oxygen or fuel left over is known as the stoichiometric air-fuel 
ratio. This ratio varies appreciably over the wide range of fuels -
gasolines, diesel fuels, and alternative fuels - that might be considered for 
use in automotive engines. 

Plthough performance of engines operating on different fuels may be compared 
at the same air-fuel ratio or same fuel-air ratio, it is more appropriate to 
compare operation at the same equivalence ratio, for which a knowledge of 
stoichiometric air-fuel ratio is a prerequisite. 

This report summarizes the computation of stoichiometric air-fuel ratios from 
a knowledge of a composition of air and the elemental composition of the fuel 
without a need for any information on the molecular weight of the fuel. 

2. EQUIVALENCE RATIOS: When the actual air-fuel ratio supplied to the engine is 
hiaher than the stoichiometric air-fuel ratio, there is excess air and the 
en~ine is operatin~ "lean". Conversely, when the air-fuel ratio is lower 
than stoichiometri c, fuel combustion wi 11 be incomplete and engine operat ion 
is "rich". 

The ratio of the actual fuel-air ratio to the stoichioffietric fuel-air ratio 
is the fuel-air equivalence ratio. 

(~) actual = fuel-air equivalence ratio = phi = ~ 
(~~~ )sto i ch i omet ri c 

The inverse of the fuel-air ratio is the air-fuel ratio. The ratio of the 
actual air-fuel ratio to the stoichiometric air-fuel ratio is the air-fuel 
equivalence ratio. 

SAE Technical Board .Rules provide that: "This ~eport i~ pubHshed by ~AE ~o advance the state oftechnical and engineering sciences. 
The. use of thiS report IS entirely voluntary, and ItS applicability and sUitability for any particular use, including any patent infringement 
arising therefrom, IS the sole responsibility of the user." 

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your 
written comments and suggestions. 

(1) 

Copyright 1 9 8 7 Society of Automotive Engineers, Inc. 
All rights reserved. 

Printed in U.S.A. 
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J1829 Page 2 

(~) actual • air-fuel equivalence ratio • lanMa • A 
(:~~ l)stoichiometri c 

When the term lIequivalence ratioll is used, it is necessary to indicate 
whether the fuel-air equivalence ratio (eq. 1) or the air-fuel equivalence 
ratio (eq. 2) is intended. The air-fuel equivalence ratio has frequently 
been labeled as "excess air ratio." 

3. ATOMIC WEIGHTS AND COMPOSITION OF FUELS AND AIR: The following atomic 
weights of elements present in many fuels are: 

Carbon - 12.011 
Hydrogen - 1.00794 + 0.00007 
Oxygen - 15.9994 + 0.0003 
Nitrooen - 14.0067 
Sulfur - 32.066 + 0.006 

These atomic weights have been adopted by the Commission on Atomic Weights 
and Isotopic Abundances of the International Union of Pure and Applied 
Chemistry 1. 

The composition of air is shown in Table 1. 

(2) 

In the computations below, the atomic weights and mass of air containing one 
mass unit of oxygen are rounded to five significant digits. Measured values 
of actual air-fuel ratios and elemental analyses are seldom more precise than 
four significant digits. 

IN. E. Holden and R. L. ~'Iartin, Pure and Applied Chemistry, 56,663 (1984) 
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Gas Species 

N2 
02 
Ar 
C02 
Ne 
He 
Kr 
Xe 
CH4 
H2 

Table 1 

Molecular Weights and Assumed Fractional Volume 

Composition of Sea Level Dry Air 

Fractional Volume l 

0.78084 
0.209476 
0.00934 
0.000314 
0.00001818 
0.00000524 
0.00000114 
0.000000087 
0.000002 
0.0000005 

Molecular height2 
kg/krrole 

28.0134 
31.9988 
39.948 
44.0098 
20. 179 
4.002602 

83.80 
131.29 
16.04276 
2.01588 

Thus, Mass of Air = 28.964419 = 4.3211 
Mass of Oxygen 6.702981 

J1829 

Relative 
Mass 3 

21.873983 
6.702981 
0.373114 
0.013819 
0.000365 
0.000021 
0.000092 
0.000011 
0.000032 
0.000001 

28.964419 

1. Data from Tab 1e 3 of "U.S. Standard Atn1osphere, 1976", National Oceanic 
and Atmospheric Administration; National Aeronautics and Space 
Administration; United States Air Force, Washington, DC, October 1976. 

2. Calculated from 1983 IUPAC Atomic Weights, N. E. Holden and R. L. Martin, 
Pure and Applied Chemistry, ~, 663 (1984). 

3. Relative mass = fractional volume x molecular weight. 
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J1829 Page 4 

4. CALCULATION OF STOICHIOMETRIC AIR-FUEL RATIOS OF HYDROCARBONS: The 
stoichiometric oxidation of pure compounds such as .rrethane and ethane can be 
expressed by balanced chemical equations, e.g.: 

Methane: Cli4 + 2 02 .... C02 + 2 H20 

Ethane: C2H6 + 3.5 02'" 2 C02 + 3 H20 

Thus, the stoichiometric oxygen-methane mass ratio is: 

(oxygen) 15.999 x 2 x 2 63.996 
~ethane stoich = (12.011 x 1) + (1.0079 x 4) = 16.043 = 3.9891 

Similarly, the stoichiometric oxygenlethane mass ratio is: 

(
ox*gen) 15.999 x 3.5 x 2 111.99 
et ane stoich = (12.011 x 2) + (1.0079 x 6) = 30.069 = 3.7245 

(3 ) 

(4 ) 

(5 ) 

(6) 

A general equation applicable to all hydrocarbons and mixtures thereof can be 
expressed in terms of the amount of hydrogen per carbon atom, that is, the 
atomic ratio of hydrogen-to-carbon (Hie). 

Thus (ox~gen \ 15.999 [2 + 0.5 Hie] 
, hy rocarborl) stoich = [(lz.011 x I) + (1.00)9 HIC)] (7) 

The bracketed term in the numerator, namely, [2 + 0.5 Hie), indicates that 2 
atoms of oxygen are needed to oxidize each atom of carbon to carbon dioxide 
plus another 0.5 atom of oxygen is needed to oxidize each atom of hydrogen to 
water. 

For illustration, 

(oxygen) 
\met~ane stoich = 

Equation 5 can then be rewritten as: 

15.999 [2 + (0.5 x 4)] 
[(12.011 x 1) + (1.0079 x 4)J = 3.9891 

and Equation 6 can be rewritten as: 

(ox~gen ) 15.999 [2 + (0.5 x 3)] 
et ane stoich = [(12.011 x 1) + (1.0079 x 3)J = 3.7245 

(51 ) 

(6 I ) 
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Page 5 J1829 

The stoichiometric oxygen-hydrocarbon ratio can readily be converted to 
stoichiometric air-fuel ratio by multiplying by the mass of air containing 
unit mass of oxygen, i.e., 

(
oxygen:\ mass air _ ( air ~ (f.ir j 
hydrocarbo~ stoich x mass oxygen - hydroCarbon) stoich = \fuey stoich 

(8) 

For automotive engine applications, the analysis of dry air can be regarded 
as essentially constant throughout the lower atmosphere. As shown in 
Table 1, the mass of air per unit Mass of oxygen is: 

mass air 28.964 
mass oxygen = 6.7030 = 4.3211 

Combining Equations 7, 8 and 9 leads to the general relationship 

(
Air"J (A) 15.999 [2 + (O.5) (H/e] 
FueVstoich = F s = 4.3211 x <12.011 x 1) + <1.0079 HIe) 

which applies to all hydrocarbons and mixtures thereof. 

(9) 

(lO) 

5. CALCULATION OF STOICHIOMETRIC AIR-FUEL RATIOS OF OXYGENATES: Equation 10 can 
be modified to include not only all hydrocarbons but also all oxygenated 
compounds and blends with hydrocarbons. This modification includes the 
addition of quantities expressed in terms of the oxygen-to-carbon atomic 
ratio, O/C, to both the numerator and denominator of Equation 10. Thus, the 
general equation now becomes: 

(
A) 15.999 [2 + (O.5) (H/C) - (O/C)] 
F s = 4.3211 x [(12.011 x 1) + (1.0079) (H/C) + (15.999) (O/C)] 

(11) 

The quantity added to the numerator reflects that the total oxygen required 
is decreased by the oxygen-to-carbon atomic ratio since oxygen is present in 
the fuel and need not be supplied by the air. 

The stoichiometric air-fuel ratio of a mixture can be determined either by 
calculation from the known composition or by the chemical analysis of the 
mixture. 

If the H/C, o/e and mass of each component in a mixture are known, the (A/F}s 
of each component can be calculated and summed for the amount of each 
component present. Thus, 

L (A) = [mass F 1 ~i )sl + [mass F 2 x (i2)s 1 + ••• massF n X (; )sl 

r s [mass Fl + mass F2 + ••• Fn] 

( 12) 

In many cases, however, the composition of the fuel may be unknown. The H/e 
and O/C ratios of the mixture can then be determined by a precision 
combustion analysis. In such an analysis, the mass % hydrogen and-mass % 
carbon are usually calculated from the weights of water and carbon dioxide 
produced from combustion and the mass % of oxygen may be determined by 
difference, i.e.; 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 j1
82

9_
19

87
06

https://saenorm.com/api/?name=97261ebc390a47ccc7fa327cfbe13bf8


J1829 Page 6 

nlass % oxygen = 100% - (n,ass % carbon + mass % hydrogen) (13 ) 

The atorr:ic ratios of hydrogen-to-carbon (H/C) and of oxygen-to-carbon (O/C) 
can be calculated from mass percentages as follows: 

-cH = (mass % h,drogenJ /(nlass % carbon) _ %H 12.011 _ %H x 11.917 
'\ 1.00 9 JI_ \ 12.011 -r x 1.0079 - %C 

° (mass % oxyge~\v(mass % carbo~_ %0 x 12.011 _ %0 x 0.75073 
t = 15.999 ~ 12.011 )- lL 15.999 - lL 

( 14) 

( 15) 

These values for the mixture can then be inserted into general equation 11 to 
obtain the stoichiometric air-fuel ratio of the blend containinq carbon and 
hydrogen or carbon, hydror,en, and oxygen. . 

6. CALCULATION OF STOICHIOMETRIC AIR-FUEL RATIOS OF FUELS CONTAINING SULFUR: 
Sulfur (at.wt. = 32.066) forms numerous oxides, e.g., SO or 5203, 502, 
S03' 504' and 52°7' Of these, S02 predominates in the exhaust gas 
of internal combustion engines2• 

General equation 11 can be modified further to include sulfur containing 
fuels. For this purpose, a quantity is added to the denominator, 
representing the mass added by the sulfur per carbon atom and a quantity is 
added to the numerator indicating that 2 oxygen atoms are required to burn 
the sulfur to S02' 

Thus, Equation 11 becomes: 

(~ 4.3211 x 15.999 [2 + (O.S)(H/C)-(O/C) + 2(S/C)] 
~s =~L~(1~2~.0~1~1-x~1~)~+~(M1~.~00~7~9~)(mH+'7c~)~+~(~15~.~9~99~)~(*O/~C~)~+~(3~2~.~06~6~)n(S~/~C~)J 

( 16) 

If engine exhaust gases containing excess oxygen either from 11ean" operation 
or from injection of air into the exhaust manifold is passed over a catalyst 
used for emission control, additional oxidation of 502 to S03 can 
result. In this case, 3 atoms of oxygen are needed to oxidize the sulfur and 
the numerator quantity should be changed from 2(S/C) to 3(S/C). 

7. CALCUL~TION OF STOICHIOMETRIC AIR-FUEL RATIOS OF FUELS CONTAINING NITROGEN: 
Nitrogen (at.wt. = 14.007) like sulfur forms numerous oxides, e.g., NO, 
N02, N03, N20 and N20S' The major product in automotive engine 
exhaust is nitric oxiae, NO. Thus, a quantity is added to the denominator 
representing the mass added by the nitroQen per carbon atom and a quantity is 
added to the numerator indicating that 1 oxygen atom is required to burn the 
nitrogen atom to NO. Equation 16 then becomes: 

( i;\ 4.3211 x lS.999 [2 + (0.5)(H/C) - (O/C) + 2(S/C) + l(N/C)] (17) fl = [(12.011 x 1)+( 1.0oJ9)(RIC)+(l5.999}(O/C)+(32.o66)(s/C}+( 14.007) (Nit)] 
s 

Equation 17 is then the genera1 equation for calculating the stoichiometric 
air-fuel ratio of fuels containing carbon and hydrogen along with oxygen, 
sulfur and nitrogen. In sUmlT!ary in this equation: 

2W. R. Pierson, Chemtech, May, 1976, p. 332 
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and 

H/C = atomic hydrogen-to-carbon ratio 
O/C = atomic oxygen-to-carbon ratio 
SIC = atomic su1fur-to-carbon ratio 
N/C = atomic nitrogen-to-caruon ratio 

12.011 = atomic weight of carbon 
1.0079 = atomic weight of hydrogen 

15.999 = atomic weight of oxygen 
32.066 = atomic weight of sulfur 
14.007 = atomic weight of nitrogen 
4.3211 = weight of air per unit weight of oxygen 

J1829 

It should be noted that Equation 17 assumes that sulfur oxidizes to S02.and 
nitrogen to NO which is generally applicable to internal combustion engmes. 
However, these approximations should be verified for engines optimized for 
different operating conditions for alternative fuels that may become 
available. In general, however, the effect on stoichiometric air-fuel ratio 
is expected to be small since the atomic ratios of SIC and N/C for most fuels 
are usually small. The user should recognize that during combustion, oxygen 
will also combine with nitrogen from the air to form oxides of nitrogen. 

In vehicles equipped with reducing catalysts, generally part of the 
"three-way catalysts", the oxides of nitrogen from the engine are reduced to 
nitrogen and therefore the nitrogen term in the numerator, IN/C, should be 
eliminated if the overall stoichiometry of engine plus catalyst is considered. 

8. CALCULATION OF STOICHIOMETRIC AIR-FUEL RATIOS OF FUELS CONTAINING WATER: 
Some alternative automotive fuels may contain appreciable quantities of 
water. For e3ample, the ethanol-water azeotrope which contains 4 mass 
percent water has been used as a spark-ignition engine fuel and a 
microemulsion of 10 volume percent of water in diesel fuel has been 
considered as a fire-resistant fuel for military use. 

The water adds to the weight of fuel without adding to the amount of oxygen 
required for combustion. Therefore, the stoichiometri c a ir-fue 1 ratio of the 
wet fuel will differ from that of the dry fuel. However, Equation 11 will 
apply to the wet fuel if the H/C and O/C atomic ratios were determined for 
that wet fue 1. 

9. FUELS WITHOUT CARBON ATOMS: Several substances which do not contain carbon 
atoms, such as ammonia and hydrazine, have been investigated as potential 
alternative fuels for automotive engines. For such fuels, the equations 
listed above do not apply. However, the same principles can be used; namely, 
the calculations can be based on a "per nitrogen atom" basis. 

3L. M. Horsley, "Azeotropic Data III", JI.dvances in Chemistry Series 116, 
American Chemical Society, Washington. 
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10. EFFECT OF HU~lIDITY IN AIR: Stoichiometric air-fuel ratios should always be 
calculated en the basis of the mass of ~ air required to burn a unit mass 
of fuel as is done in the preceding equations. However, it may also be 
desirable to determine the required mass of ambient air which usually 
contains water vapor. The mass of water vapor present can be determined 
fron) measured temperatures and relative hurridities of the arrbient air using 
psychrometric charts 4, 5. 

At room temperature and humidity, the relative mass of water vapor to dry 
air is small. For example, at 21°C (70°F) and 50% relative humidity, the 
damp air will contain 0.008 mass units of water vapor for each 1.000 mass 
units of dry air. The actual mass of ambient air at 21°C (70°F) and 50% 
relative humidity required for stoichiometric burning will therefore be 
1.008 times higher than the mass of dry air computed in the equations above. 

40. T. Zimmerman and 1. Lavine, "Industria1 Research Services Psychrometric 
Tables and Charts", 1945. 

5A. Wexler, IIHumidity and Moisture - Measurement and Control in Science and 
Industry", Vol. 1, p. 97, Reinhold Publishing Corp., New York, NY 1965. 
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APPENDI X 

The method described above is applicable to wet fuels as well as dry fuels as 
shown by the following two methods of calculating the stoichiometric air-fuel 
ratio of the ethanol-water azeotrope. The first method calculates the (A/F)s 
from the elemental composition of the wet fuel and the second calculates it from 
the elemental composition of the dry fuel and then corrects the (A/F)s by adding 
the weight of water to the dry fuel. 

In the illustration below, the following values are used: 

• lhe ethanol-water azeotrope consists of 96.0 mass percent of ethanol 
and 4.0 mass percent of water3• 

• The atomic weights to five significant figures are: 

Nethod 1 

Carbon 
Hydrogen 
Oxygen 

= 12.011 
= 1.0079 
= 15.999 

In the absence of direct measurement of the elemental analysis of the azeotrope, 
the carbon, hydrogen, and oxygen contents are calculated in this example from the 
known composition of the azeotrope and its constituents. 

1. Weight of elements in 96.0 grams of ethanol (C2H50H) 

Relative Weight 
Weight Fraction 

Carbon 
Hydrogen 
Oxygen 

- 2 x 12.011 = 24.022 
- 6 x 1.0079 = 6.0474 
- 1 x 15.999 = 15.999 

mol. wt. = 46.068 

0.52144 
o. 13127 
0.34729 

2:=1.00000 

2. Weight of elements in 4.0 grams of water (H20 ) 

Carbon - 0 

Relative 
Weight 

Hydrogen - 2 x 1.0079 = 2.0158 
Oxygen - 1 x 15.999 = 15.999 

mol. wt. =" 18.0148 

Weight 
Fraction 

O. 11190 
0.88810 

[=1.00000 

9 in 
96.0 g 

50.058 
12.602 
33.340 

1:=96.000 

g in 
4.0 9 

0.4476 
t" 3 .5524 
l... =4.0000 
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3. Weight of elements in 100 g of azeotrope 

Carbon 
Hydrogen 
Oxygen 

From 
Ethanol 

50.058 
12.602 
33.340 
96.000 

. From 
Water 

0.4476 
3.5524 
4.0000 

Tota 1 

50.058 
13.050 
36.892 

100.000 

Page 10 

4. Thus, a direct measurement of the elemental composition of the azeotrope 
should be: 

% carbon = 50.058 
% hydrogen = 13.050 
% oxygen = 36.892 

5. Calculation of H/C and O/C atomic ratios 

(Eq. 14) %H x 11.917 = 13.050 x 11.917 = 3.1067 
lr 50.058 

(Eq. 15) %0 x 0.75073 = 36.892 x 0.75073 = 0.55328 
It 50.058 

6. Using H/C and O/C from (5) in Equation 11: 

= 4 3211 x 15.999 [2 + (0.5)(H/C)- (O/C)] 
• [(12.011 x 1) + (1.0079)(A/C) + (15.999)(0/C)] 

= 4 3211 x 15.999 [2 + (0.5)(3.1067) - (0.55328)] 
• [12.011 + (1.0079)(3. 1067) + (15.999}(0.55328)] 

= 69 133 x [3.0001] 
. [23.994] 

(~\ = 8.6438 of azeotrope 
F)S 

Method 2 

The direct measurement of the elemental composition of pure dry ethanol as shown 
in (1) above should be 52.144% carbon, 13.127% hydrogen and 34.729% oxygen. A 
fuel with this analysis would have H/e and O/C ratios as follows: 

(Ea. 14) %H x 11.917 = 13.127 x 11.917 = 3.0 
%C 52. 144 

(Eq. 15) %0 x 0.75073 = 34.729 x 0.75073 = 0.5 
lC" 52. 144 
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