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Background

The Burned Gas Composition document describes a simple method for calculating the burned
gas composition assuming that the composition and mass flow rates of the component gas are
known using the reaction equation

a(yA’aA+yB’aB+ycvaC+...) + b(yAybA+yBbe+ycvbC+...) + D
aH,0+BCO,+70,+6CO+nH,+AN, +yv A+wS

bf.1

where

a,b,... = mole flow rate of given stream.

Yx. = mole fraction of component X in stream z.

a, B,7,... = mole flow rate of given burned gas stream component.

In this document we describe a method for calculating the mass flow rate of one of the component
streams assuming lean combustion and given the mass flow rate of the remaining component
streams, the stream compositions and the measured concentration of either oxygen or carbon
dioxide in the burned gas.

Atom Balances

The atom balance equations bgc.3 - bgc.8 need to be rewritten in a slightly different form to isolate
the molar flow rates:

C:

a(WC,A YaatWer¥YsatWee Yea ™ )"‘

b(WC,A Yap TWeg ¥Yep tWee Yo +...)+ = II
bf.2
= a(r,)+b(r1,)+c(rI,)+...
= B+

a(WH,A Yaa tTWheYeatTWhe Yeat )+

b(WH,A Yap T Whe Yep tWhe Yep t )+ = 0
bf.3

| a(©,)+b(®,)+c(®,)+...
2a+2n
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O:
a(WO,A Yaa TWog YeatWocYcat )+
b(WO,A Yap TWoes ¥Yep T Woc Yeu "‘---)"‘ = X
. bf.4
= a(Z,)+b(Z,)+c(Z,)+...
= a+20+2y+0
N:
a(WN,A YaatWne Yea tWne Yeat )+
b(WN,A Yab T Wne Yep T Whne Yoo +~")+ = A
bf.5
= a(A,)+b(A,)+c(A,)+...
= 2
A:
a(WA,A Yaa TWag Yea tWac Yea +~'-)+
b(WA,A Yap TWag Yeb T Wac Yo "‘---)"’ = Q
bf.6
= a(Q,)+b(Q,)+c(Q,)+...
=y
S:
a(WS,A Yaa TWsg YeaTWsc Yea +”')+
b(WS,A Yab TWsg Yap TWsc Yep + )"' = A
bf.7
= a(A,)+b(A,)+c(A)+...
= o
where:
W, = molesof V atoms per mole of component X
(eg. 2 moles of hydrogen atoms per mole of H,0O)
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Measured Exhaust Gas Concentration

The measured exhaust gas concentration of carbon dioxide or oxygen can be related to the
burned gas composition through bgc.42 and bgc.43 reproduced here as bf.8 and bf.9 respectively.

B
urne r = f.
Yco, burned dry Bry+o+n+i+ty+o "
/4
urne = bf.g
Yo, burned dry L+y+S8+n+i+y+o

For stoichiometric or lean mixtures, we know that

o =0 and n = 0 bf.10
and
p =1 bf.11
a = © bf.12
2
y o 2-e -2 _ 2 _ 9 g bf.13
2 2 4
A = A bf.14
2
v = Q bf.15
o = A bf.16
Substituting bf.10 through bf.16 into bf.8 gives
y B I1
CO, ,burned ,dry -
H+§—%—H+%+Q+A
) o bf.17
E—9+A+Q+A
2 4 2

For the purposes of this discussion, we will assume that we don't know the mass flow rate of
stream a. Using the recast atom balance equations to isolate each stream gives

a(,)+b (11, )+c (I, )+...
ycoz,burned,dry = 5 ® A > ® A
T U ¢ R T O T VN B
> a4 2 4 2 bf.18
> A
C(zc_@ic+2°+gc+/\cj+...
Daniel Oren .

Proprietary and Confidential July 19. 2019  Burned Gas Composition from Measured Concentration



SGS Burned Gas Composition from Measured
WHEN YOU NEED TO BE SURE Concentration

Since we know the component stream compositions, the measured dry concentration of carbon
dioxide in the burned gas and all the mole flow rates except a, we can rearrange the equation to
solve for a

z ® A
b(Hb)+C(Hc)+"'_ yCOZ,burned,dry|:b(2b_4b+2b+Qb +Abj+
z A
cgi—9£+—i+Qc+Ac+”. bf.19
2 4 2
a0 >, O, A
yCOZ,burned,dry(za_4a +7a+Qa +Aaj_(na)

A similar development can be used if we start with the measured burned gas oxygen
concentration and bf.9

Yo, burned,dry = Yy © A bf.20
———+—+Q+A
2 4 2
z (C] z (€]
b(;—;—nbj C(2C_40 ch+...— Yo, burmed dry ¥
z Q] A z ® A
[b(zb—4b+2"’+Qb+Ab]+c[2°—4°+2°+QC+ACJ+..1 bf.21
- s, O, A s, 0
yoz,burned,dry{;_:"';'*'Qa"’/\aj_(za_;‘—na]

Carbon dioxide and oxygen are species that are routinely measured in the exhaust gas. Water
vapor concentration is seldom measured, but a calculation based on a given water vapor
concentration is still quite valuable for analyzing situations where condensation might occur, e.g.
in an EGR cooler or an exhaust aftertreatment device. The burned gas water vapor concentration
is given by bgc.32 which is reproduced here as bf.22.

d bf.22
a+pf+y+o+n+il+y+o

yHZO,burned,wet

Note that the denominator is different than in the equations for oxygen and carbon dioxide since
the measured or assumed value is made on a wet basis. Substituting bf.10 through bf.16 int bf.22
gives
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©
YH,0,burned 2
,0,burned, wet
9+H+§—9—H+A+Q+A
2 2 2
©
_ 2
E+9+A+Q+A
2 4

Using the same method as before and solving for a gives

C)] (C)] b 0 A
b(b]+c(:;J+.”— VWQmemm{b(2?+'4b+£)+§%'+AbJ+

z A
cgi+93+éﬂ{%+Ac+m
2 4 2

a

z ® A Q)
24240, +A, |-| 2
4 2 2

yHZO,burned ,wet [ 2

The mass flow rate of stream a can now be computed using

m, = aM,

a

bf.23

bf.24

bf.23

We now have all the necessary inputs for the standard burned gas composition calculation

5

Daniel Oren
Proprietary and Confidential

July 19. 2019  Burned Gas Composition from Measured Concentration



	Background
	Atom Balances
	Measured Exhaust Gas Concentration

