886.144 Calculations: exhaust emissions

Read Input Data
i 1.54 input; — READ(ftpinput)
Testnumber — input, Numeric test identifier Testnumber = 199701
Procedure — input, Procedure = 2 Numeric Test Procedure

§86.144-94(e)
For Phase Il California fueled vehicle with measured fuel composition of CxHyOz:

X input,q x=1 Carbon-to-carbon ratio as measured for the fuel used.
y  inputg, y = 3.97 Hydrogen-to-carbon ratio as measured for thefuel used.
YHC Y Y HC = 397 Hydrogen-to-carbon ratio as measured for the fuel used.
. Non-Methane Hydrocarbon Hydrogen-to-carbon ratio as measured for the
Y NMHC  Inputg, Y NMHC = 2.596 Non-Methane Hydrocarbon components of the fuel used.

z input z=0 .
Pulss Oxygen-to-carbon ratio as measured for the fuel used.

FID response to methane

FCHact INPUty fCHact = 1.114 FID response to methane.
r input r = 1114

CH4s !NPUlg CH4s FID response to methane.
FCH4ht inpulg ' CH4.ht = 1114

FID response to methane.
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886.144 Calculations: exhaust emissions

Testnumber = 199701
For the "transient" phase of the cold-start test, the analyzer concentrations were as follows:

FIDHC ¢t input;, FIDHC e = 71.917 Concentration of hydrocarbon plus methane in dilute exhaust as
measured by the FID, ppm carbon equivalent.

NOX ¢te  input,; NOX ¢t ¢ = 20.859 Oxides of nitrogen concentration of the dilute exhaust sample as
measured, in ppm.

CO e inputy, CO (e = 120.853 Carbon monoxide concentration of the dilute exhaust sample as
measured, in ppm.

CO2¢te inputy, CO2 ¢t e = 1504 Carbon dioxide concentration of the dilute exhaust sample as
measured, in percent.

CH4 ¢t inputy, CH4 t o = 59.328 Concentration of methane in dilute exhaust sample as measured,
ppm carbon equivalent.

FIDHC ¢t g input;g FIDHC g = 3434 Concentration of hydrocarbon plus methane in dilution air as
measured by the FID, ppm carbon equivalent.

. _ Oxides of nitrogen concentration of the dilution air sample as
NOX ¢tq  input,g NOX ¢t 4 = 0.153 measured, in ppm.

CO¢tg inputy, COxg=0 Carbon monoxide concentration of the dilution air sample as
measured, in ppm.

CO2 g input CO2 ¢t g = 0.041 Carbon dioxide concentration of the dilution air as

18 A

measured, in percent.

CHA tg inputyg CH4 g = 152 Concentration of methane in dilution air as measured, ppm
carbon equivalent.

Dt inputy, D ¢ = 3.602 The measured driving distance from the "transient" phase of the
cold start test, in miles.

. _ Volume of dilute exhaust collected during the transient phase
Vmix.ct inputy; V mix.ct = 2790 of the cold-start test, in scf.
KHect inputy, K H.ct = 0.867 NOx Humidity Correction Factor
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886.144 Calculations: exhaust emissions

Testnumber = 199701
For the "stabilized" portion of the test, the analyzer concentrations were as follows:
FIDHC ge  input,,

FIDHC g = 20.257 Concentration of hydrocarbon plus methane in dilute exhaust as

measured by the FID, ppm carbon equivalent.

NOXx ge input,, NOx g ¢ = 6.869 Oxides of nitrogen concentration of the dilute exhaust sample as
measured, in ppm.

COgse inputy COge = 16,543 Carbon monoxide concentration of the dilute exhaust sample as
measured, in ppm.

CO2ge  inputy, CO2 go = 0.979 Carbon dioxide concentration of the dilute exhaust sample as

CH4 5o input,,

FIDHCgq  input,g

CH4 o = 16.709

FIDHC g g = 3.21

measured, in percent.

Concentration of methane in dilute exhaust sample as
measured, ppm carbon equivalent.

Concentration of hydrocarbon plus methane in dilution air as
measured by the FID, ppm carbon equivalent.

Oxides of nitrogen concentration of the dilution air sample as

NOxgqg inputy NOxgq = 0.102 measured, in ppm.

COgsq inputy, COgg=0 Carbon monoxide concentration of the dilution air sample as
measured, in ppm.

CO2g5q inputy CO2 g4 = 0.042 Carbon dioxide concentration of the dilution air as
measured, in percent.

CH4gq inputs, CH4 g4 = 152 Concentration of methane in dilution air as measured, ppm
carbon equivalent.

Dg inputy, Dg=3872 The measured driving distance from the "transient” phase of
the cold start test, in miles.

V mix.s  inputy, V mix.s = 4738 Volume of dilute exhaust collected during the transient phase
of the cold-start test, in scf.

KHs inputy K g = 0.867 NOx Humidity Correction Factor
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FIDHC hte  inputgg
NOX hte — inputy,
COphte inputyg
CO2 e inputy
CH4 e  inputy,
FIDHC g  input,,
NOX ht g  input,,
COhtd inputy

CO2 g inputy,

CH4 i d input45

Dht inputyg
V mix.ht inpUt47
K H.ht input48

NGftEmit.mcd.

FIDHC pt ¢ = 45.516

NOX pt o = 14.714

CO pte = 15.39

CO2 e = 1.319

CH4 o = 39.687

FIDHC g = 3.21

NOX pt g = 0.102

COptg=0

CO2 g = 0.042

CH4 g = 152

Dyt = 3.608

V mix.ht = 2753

K Hpt = 0.867

886.144 Calculations: exhaust emissions

Testnumber = 199701

For the "transient" portion of the hot-start test, the analyzer concentrations were as follows:

Concentration of hydrocarbon plus methane in dilute exhaust
as measured by the FID, ppm carbon equivalent.

Oxides of nitrogen concentration of the dilute exhaust sample
as measured, in ppm.

Carbon monoxide concentration of the dilute exhaust sample as
measured, in ppm.

Carbon dioxide concentration of the dilute exhaust sample as
measured, in percent.

Concentration of methane in dilute exhaust sample as
measured, ppm carbon equivalent.

Concentration of hydrocarbon plus methane in dilution air as
measured by the FID, ppm carbon equivalent.

Oxides of nitrogen concentration of the dilution air sample as
measured, in ppm.

Carbon monoxide concentration of the dilution air sample as
measured, in ppm.

Carbon dioxide concentration of the dilution air as
measured, in percent.

Concentration of methane in dilution air as measured, ppm
carbon equivalent.

The measured driving distance from the "transient" phase of the
cold start test, in miles.

Volume of dilute exhaust collected during the transient phase of
the cold-start test, in scf.

NOx Humidity Correction Factor
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CONSTANTS

Density yc

886.144 Calculations: exhaust emissions

16.33

Density Tyc  16.33

Density nv

HC 1633

Density cHgq  18.89

Density Nox =~ 54.16

Density co

32.97

Density cop  51.81

DERIVED DENSITIES

Density yc

Density NMHC

NGftEmit.mcd.

Testnumber = 199701

Density is grams per cubic foot, at 68iF and 760 mm Hg pressure.

Density is grams per cubic foot, at 68iF and 760 mm Hg pressure.

Density is grams per cubic foot, at 68iF and 760 mm Hg pressure.

Density is grams per cubic foot, at 68iF and 760 mm Hg pressure.

Density is grams per cubic foot, at 68iF and 760 mm Hg pressure.

Density is grams per cubic foot, at 68iF and 760 mm Hg pressure.

Density is grams per cubic foot, at 68iF and 760 mm Hg pressure.

1.1771. (12.011 Y HC 1.008)

1.1771. ( 12.011

Y NMHC: 1.008)
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Density ¢ = 18.849

Density yvHC = 17.218
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886.144 Calculations: exhaust emissions

Testnumber = 199701

EPA and CARB - Non-methane hydrocarbon concentration of the dilute
exhaust sample as measured, in ppm carbon equivalent.

NMHC e  FIDHC te ' CH4.ct:CH4 cte NMHC ¢ = 5.826
NMHCge FIDHCge I cH4sCHE e NMHC g = 1.643
NMHC jte  FIDHChte T CH4.htCHA pte NMHC 4 ¢ = 1.305

EPA and CARB - Non-methane hydrocarbon concentration of the dilution
air as measured, in ppm carbon equivalent.

NMHC g FIDHC tg T CcH4.ctCH4 ¢t d NMHC g = 1.74
NMHCgq FIDHCggq rcH4sCH4gqg NMHC g4 = 1.516
NMHC jtq FIDHChtd Y cH4.ht CH4 htd NMHC 4 g = 1.516

Total hydrocarbon (non-methanol) concentration of the dilute exhaust sample as
measured, ppm carbon equivalent, i.e., equivalent propane X 3.

HCcte FIDHC te HC e = 71917
HCge FIDHCge HC g = 20.257
HChte FIDHChte HC pt e = 45.516

Total hydrocarbon (non-methanol) concentration of the dilution air as
measured, in ppm carbon equivalent.

HC ¢tg FIDHC 14 HC ¢t g = 3434
HCgq FIDHCgy HCgq=321
HC htg FIDHC g HC phtg = 321
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886.144 Calculations: exhaust emissions

Dilution factor for Natural Gas fueled vehicles where fuel composition is
CxHyOz as measured for the fuel used.

100- x
x Y 376 x Y
2
DF
CO24e (NMHCge CH4ge CO el 10 %
100- X
X ’2' 376 x 7V
DF o
CO2sp [NMHCge CHAgo COgg|-10*
100- X
X Z 376 x 7V
DF ht

CO2 hte NMHC e CH4pte COnptel 10 4

Non-methane concentration of the dilute exhaust sample corrected for
background, in ppm carbon equivalent.

NMHC ¢t cone  NMHC e NMHC g4 1

DF
NMHC gogne NMHCge NMHC g4 1
DF ¢
NMHC tcone  NMHC pte NMHC g 1 DF
ht

Non-methane hydrocarbon mass, in grams per test phase.

V mix.ct- Density nmHc NMHC ¢t cone

NMHC ¢t mass 5
10
NMHC g rroee V' mix.g Density NmHC NMHC g cone
10°
V mix.ht- Density NmHc: NMHC .
NMHC 1 moes mix conc

108
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Testnumber = 199701

DF ¢ = 6.268
DF ¢ = 9.714
DF pt = 7.207

NMHC ¢t conc = 4.36

NMHC g conc = 0.28

_ .10
NMHC pt conc = 5-29°10

NMHC ¢t mass = 0-21

NMHC g mass = 0.023

NMHC pt mass = 0
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886.144 Calculations: exhaust emissions

Methane concentration of the dilute exhaust sample corrected for background, in ppm carbon equivalent.

1
CH4 ctconc CH4cte CHAgrg 1 DF
ct
CH4 s.conc CH4 se CH4 sd 1
DF s
CH4piconc CH4pte CHApig 1 DF |,
t

Methane hydrocarbon mass, in grams per test phase.

V' mix.ct Density cH4- CH4 ¢t conc

CH4 ¢t mass 5
10
V' mix.s Density cH4- CH4 5 conc
CHA ¢ mass .
10
V' mix.ht- Density cHa: CH4 ht conc
CH4 1t mass

108

Hydrocarbon concentration of the dilute exhaust sample, in ppm carbon equivalent.

1
HCctconc HCcte HCrg 1 e
ct
HC HC HCeq 1
s.conc s.e s.d DF ¢
HChtcone HChte HChig 1 DF
t

Total hydrocarbon emissions, in grams per test phase.

V mix.ct- Density e HC ¢t conc
HC ¢t.mass

10°
V' mix.g Density 4o HC g conc
HC smass 5
10
V mix.ht Density yc-HC ht cone
HC ht mass

108

NGftEmit.mcd. 12/02/97 17:15

Testnumber = 199701

CH4 t conc = 58.05

CH4 g conc = 15.34

CH4 pt conc = 38.38

CH4 ¢t mass = 3.059

CH4 g mass = 1.373

CH4 1t mass = 1.996

HC ¢t conc = 69.031

HC 5 conc = 17.378

HC ht.conc = 42.752

HC ¢t mass = 3.63

HC s mass = 1.552

HC 1t mass = 2.218
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886.144 Calculations: exhaust emissions

Oxides of nitrogen concentration of the dilute exhaust sample corrected
for background, ppm.

NOX ctconc NOxcre NOxerg 1

DF
1
NOXgcone NOXxge NOxgg 1
DF ¢
NOXhtconc NOXpte NOXprg 1 DF |,
t

Oxides of nitrogen emissions, in grams per test phase.

V' mix.ct Density Nox K H.ct NOX ¢t.conc

NOX ¢t mass 1
V' mix.s Density Nox K H.s'NOX g conc
NOX g mass 5
10
V- mix.ht- Density Nox: K H.ht" NOX ht.conc
NOX ht mass

108

Carbon monoxide concentration of the dilute exhaust sample corrected
for background, ppm.

COctconc COcte COgtg 1

Fat
COsconc COge COgg 1 DF
s
COhtconc COhte COntg 1 DF
t

Carbon monoxide emissions, in grams per test phase.

V mix.ct- Density cor CO ¢t.conc

CO ¢t mass 5
10
V' mix.g Density co- CO g conc
CO smass 5
10
V mix.ht Density co CO ht.conc
CO ht.mass

108
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Testnumber = 199701

NOX ¢t conc = 20.73

NOX g conc = 6.78

NOX ht.conc = 14.63

NOX ¢ mass = 2.716

NOX g mass = 1.508

NOX pt mass = 1.891

CO ¢t conc = 120.85

CO sconc = 1654

CO ht.conc = 15.39

CO ¢t mass = 11.12

CO s mass = 2.58

CO ht.mass = 14
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886.144 Calculations: exhaust emissions

Carbon dioxide concentration of the dilute exhaust sample corrected for
background, percent.

1
COZ2ctcone CO2¢te CO2¢q- 1 DF
ct
CO2scone CO2ge CO2gg 1
DF s
COZpicone CO2pte CO2pig 1 DF |,
t

Carbon dioxide emissions, in grams per test phase.

V' mix.ct Density coz CO2 ¢t conc

CO2 ¢t mass 5
10
V' mix.s Pensity cop- CO2 5 cone
CO2 ¢ mass .
10
V' mix.ht Density co2: CO2 ht ¢onc
CO2Z it mass

10°
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Testnumber = 199701

CO2 ¢t conc = 1469

CO2 g conc = 0.941

CO2 . conc = 1.282

CO2 ¢t mass = 2124

CO2 g mass = 2310

CO2 it mass = 1829
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886.144 Calculations: exhaust emissions

(1) For the "transient" portion of the cold start test the above calculations resulted in the following:

HC

CH4

HC ¢t.mass

CH4 + mass

NMHC ¢+  NMHC t mass

NOx ct
CO ¢t

CO2 ¢

NOXx ct.mass
CO ¢t mass

CO2 ¢t mass

Total hydrocarbon equivalent, in grams per test phase.

Total hydrocarbon equivalent, in grams per test phase.

Total hydrocarbon equivalent, in grams per test phase.

Oxides of nitrogen, in grams per test phase.

Carbon monoxide, in grams per test phase.

Carbon dioxide in grams per test phase.

(2) For the stabilized portion of the cold start test similar calculations resulted in the following:

HC ¢

CH4 ¢

HC smass

CH4 g mass

NMHC g NMHC g mass

NOx g
COg

co2 ¢

NOX g mass
CO smass

CO2 g mass

Total hydrocarbon equivalent, in grams per test phase.

Total hydrocarbon equivalent, in grams per test phase.

Total hydrocarbon equivalent, in grams per test phase.

Oxides of nitrogen, in grams per test phase.

Carbon monoxide, in grams per test phase.

Carbon dioxide in grams per test phase.

(3) For the"transient" portion of the hot start similar calculations resulted in the following:

HC pht

CH4

HC nt mass

CH4 ht mass

NMHC 1t NMHC ht mass

NOx ht
CO nt

CO2 1yt
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NOX ht mass
CO ht.mass

CO2Z pt mass

Total hydrocarbon equivalent, in grams per test phase.

Total hydrocarbon equivalent, in grams per test phase.

Total hydrocarbon equivalent, in grams per test phase.

Oxides of nitrogen, in grams per test phase.

Carbon monoxide, in grams per test phase.

Carbon dioxide in grams per test phase.
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Testnumber = 199701

HC ¢ = 3.63
CH4 ¢t = 3.059
NMHC ¢ = 0.21
NOX ¢t = 2.716
CO ¢ = 11.117

CO2 = 2124

HC g = 1.552
CH4 g = 1.373

NMHC ¢ = 0.023

NOx g = 1.508
COg = 2584
CO2 ¢ = 2310
HC 1y = 2.218
CH4 1y = 1.996
NMHC p = 0
NOX ¢ = 1.891
CO 1yt = 1.397
CO2 py = 1829
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886.144 Calculations: exhaust emissions

(4) Weighted emission results:

Total hydrocarbon, in grams per vehicle mile.

HC 4 HC HCt  HC
HCym 043 ° ° o5 S
Dea Ds Dht Ds
Methane hydrocarbon, in grams per vehicle mile.
CH4 ¢ ' CH4 CH4:  CH4
CH4\y 043  °© °  os7. S
D¢t Ds Dpt Ds
Non-methane hydrocarbon, in grams per vehicle mile.
NMHC ¢t NMHC g NMHC p
NMHC \yy;  0.43- 0.57-
De Ds D ht
Oxides of nitrogen, in grams per vehicle mile.
NOX ot~ NOx NOX pt ~ NOx
NOXym ~ 0.43 ¢ ®  os7. S
D¢t Ds Dpt Ds
Carbon monoxide, in grams per vehicle mile.
COqg CO COp  CO
COym 043 ° ° o5 S
Dea Ds Dht Ds
Carbon dioxide, in grams per vehicle mile.
CO2 o + CO2 CO2p  CO2
CO2ym 043 ¢ ®  os7. S
D¢t Ds Dpt Ds
NGftEmit.mcd.
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Testnumber = 199701

HC yym = 0.5854

CH4 yym = 0.5118

NMHC ¢

D« NMHC yyy = 0.0152

NOX yym = 0.5019

CO ym = 1.0916

CO2 yym = 570.4742
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