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approval of the Administrator, pro-
vided test cell calibration records show
the pertinent instrument information.

(i) Recorder Charts: Identify zero,
span, exhaust gas, and dilution air
sample traces.

(j) Test cell barometric pressure, am-
bient temperature and humidity.

NOTE: A central laboratory barometer may
be used; Provided, that individual test cell
barometric pressures are shown to be within
+0.1 percent of the barometric pressure at
the central barometer location.

(k) [Reserved]

(1) Pressure of the mixture of exhaust
and dilution air entering the CVS me-
tering device, the pressure increase
across the device, and the temperature
at the inlet. The temperature may be
recorded continuously or digitally to
determine temperature variations.

(m) The number of revolutions of the
positive displacement pump accumu-
lated during each test phase while ex-
haust samples are being collected. The
number of standard cubic meters me-
tered by a critical flow venturi during
each test phase would be the equiva-
lent record for a CFV-CVS.

(n) The humidity of the dilution air.

NoOTE: If conditioning columns are not used
(see §§86.522 and 86.544) this measurement
can be deleted. If the conditioning columns
are used and the dilution air is taken from
the test cell, the ambient humidity can be
used for this measurement.

(0) The driving distance for each of
the three phases of test, calculated
from the measured roll or shaft revolu-
tions.

(p) Additional required records for
methanol-fueled vehicles:

(1) Specification of the methanol
fuel, or fuel mixtures, used during test-
ing.

(2) Volume of sample passed through
the methanol sampling system and the
volume of deionized water in each im-
pinger.

(3) The methanol calibration infor-
mation from the GC standards.

(4) The concentration of the GC anal-
yses of the test samples (methanol).

(5) Volume of sample passed through
the formaldehyde sampling system.

(6) The formaldehyde calibration in-
formation from the HPLC standards.

(7) The concentration of the HPLC
analysis of the test sample (formalde-
hyde).
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(a) Additional required records for nat-
ural gas-fueled wvehicles. Composition,
including all carbon containing com-
pounds; e.g. CO,, of the natural gas-fuel
used during the test. C; and C, com-
pounds shall be individually reported.
C; and heavier hydrocarbons and C¢ and
heavier compounds may be reported as
a group.

(r) Additional required records for lique-
fied petroleum gas-fueled vehicles. Com-
position of the liquefied petroleum gas-
fuel used during the test. Each hydro-
carbon compound present, through C,
compounds, shall be individually re-
ported. Cs and heavier hydrocarbons
may be reported as a group.

[64 FR 145563, Apr. 11, 1989, as amended at 59
FR 48515, Sept. 21, 1994; 60 FR 34357, June 30,
1995]

§86.544-90 Calculations; exhaust emis-
sions.

The final reported test results, with
oxides of nitrogen being optional for
model years prior to 2006 and required
for 2006 and later model years, shall be
computed by use of the following for-
mula: (The results of all emission tests
shall be rounded, in accordance with
ASTM E29-93a (incorporated by ref-
erence in §86.1), to the number of
places to the right of the decimal point
indicated by expressing the applicable
standard to three significant figures.)

(@)Y = 0.43[—Y°‘ Y ) + 0.57(—Yht * Y J
Dcl + s Dht + Ds
Where:

(1) Yum = Weighted mass emissions of
CO,0r of each pollutant (i.e., HC, CO, or
NOx) in grams per vehicle kilometer
and if appropriate, the weighted carbon
mass equivalent of total hydrocarbon
equivalent, in grams per vehicle kilo-
meter.

(2) Y. = Mass emissions as calculated
from the ‘‘transient’ phase of the cold-
start test, in grams per test phase.

(3) Yne = Mass emissions as calculated
from the ‘“‘transient’ phase of the hot-
start test, in grams per test phase.

(4) Ys = Mass emissions as calculated
from the ‘‘stabilized”’ phase of the cold-
start test, in grams per test phase.

(5) Do = The measured driving dis-
tance from the ‘‘transient’” phase of
the cold-start test, in kilometers.
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(6) Dne = The measured driving dis-
tance from the ‘‘transient’” phase of
the hot-start test, in kilometers.

(7) Dy = The measured driving dis-
tance from the ‘‘stabilized’” phase of
the cold-start test, in kilometers.

(b) The mass of each pollutant for
each phase of both the cold-start test
and the hot-start test is determined
from the following:

(1) Hydrocarbon mass:

HCmass Vmix X DenSityHC X (Hccunc/
1,000,000)
(2) Oxides of nitrogen mass:

NOZXmass = Vmix X Densityno: X Kup X

(NOXconc/1,000,000)
(3) Carbon monoxide mass:

Comass = Vmix
1,000,000)

(4) Carbon dioxide mass:
COZmass = Vmix X DenSithoz X (Co2c0nc/100)
(5) Methanol mass:

CH30Hmass = Vmix X Densitycuson X
(CH30H.0nc/1,000,000)

(6) Formaldehyde mass:

HCHOmass = Vmix X
X(HCHOconc/1,000,000)

(7) Total hydrocarbon equivalent:

(1) THCE = HCmass + 13.8756/32.042 x
(CH30H)mass + 13.8756/30.0262 X (HCHO )mass

(c) Meaning of symbols:

(1)(i) HChass = Hydrocarbon emissions,
in grams per test phase.

(ii) Densityuc=Density of HC in ex-
haust gas.

(A) For gasoline-fuel, Densityuc=576.8
g/m3-carbon atom (16.33 g/ft3-carbon
atom), assuming an average carbon to
hydrogen ratio of 1:1.85, at 20 °C (68 °F)
and 101.3 kPa (760 mm Hg) pressure.

(B) For natural gas and liquefied petro-
leum gas-fuel;, Densityuc=41.57(12.011+H/
C(1.008)) g/ms3-carbon atom
(1.1771(12.011+H/C(1.008)) g/ft3-carbon
atom) where H/C is the hydrogen to
carbon ratio of the hydrocarbon com-
ponents of test fuel, at 20 °C (68 °F') and
101.3 kPa (760mm Hg) pressure.

(iii)(A) HC¢onc = Hydrocarbon con-
centration of the dilute exhaust sample
corrected for background, in ppm car-
bon equivalent, i.e., equivalent pro-
panex3.

(B) Hccunc = Hce - Hcd(l - (1/DF))

x Densityco X (COcond/

Densi tyHCHo
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Where:

(iv)(A) HC. = Hydrocarbon concentra-
tions of the dilute exhaust sample as
measured, in ppm carbon equivalent
(propane ppmx3).

(B) HC. = FIDHC. — (r)Cch3one

(v) FID HC.=Concentration of hydro-
carbon (plus methanol if methanol-
fueled motorcycle is tested) in dilute
exhaust as measured by the FID ppm
carbon equivalent.

(vi) r = FID response to methanol.

(vii) Ccuzone = Concentration of meth-
anol in dilute exhaust as determined
from the dilute exhaust methanol sam-
ple, ppm carbon.

(viii)(A) HCyq = Hydrocarbon con-
centration of the dilution air as meas-
ured, ppm carbon equivalent.

(B) HC4 = FID HCy4 — (r)Cchsona

(ix) FID HC4=Concentration of hydro-
carbon (plus methanol if methanol-
fueled motorcycle is tested) in dilution
air as measured by the FID, ppm car-
bon equivalent.

(X) Ccuzona = Concentration of meth-
anol in dilution air as determined from
dilution air methanol sample, ppm car-
bon.

(2)(1) NOXmass = Oxides of nitrogen
emissions, grams per test phase.

(ii) Densityno2 = Density of oxides of
nitrogen in the exhaust gas, assuming
they are in the form of nitrogen diox-
ide, 1913 g/m3 (54.16 g/ft3), at 20 °C (68
°F') and 101.3 kPa (760 mm Hg) pressure.

(iii1)(A) NOZXcone = Oxides of nitrogen
concentration of the dilute exhaust
sample corrected for background, ppm.

(B) NOXcone = NOX. — NOxq4(1 — (1/DF))
Where:

(iv) NOx. = Oxides of nitrogen con-
centration of the dilute exhaust sample
as measured, ppm.

(v) NOxyq = Oxides of nitrogen con-
centration of the dilution air as meas-
ured, ppm.

(3)(i1) COmass = Carbon monoxide emis-
sions, in grams per test phase.

(ii) Densityco = Density of carbon
monoxide, 1164 g/m3 (32.97 g/ft3), at 20 °C
(68 °F') and 101.3 kPa (760 mm Hg) pres-
sure.

(iii)(A) COconc = Carbon monoxide con-
centration of the dilute exhaust sample
corrected for background, water vapor,
and CO, extraction, ppm.

(B) COconc = CO. — CO4(1 — (1/DF))
Where:
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(iv)(A) CO, = Carbon monoxide con-
centration of the dilute exhaust sample
volume corrected for water vapor and
carbon dioxide extraction, in ppm.

(B) CO. = (1 — 0.01925C0O,e —
0.000323R)COem for gasoline-fueled vehi-
cles with hydrogen to carbon ratio of
1.85:1

(C) CO.=[1 — (0.01+0.006HCR) CO5. —
0.000323R]COem for methanol-fueled,
natural gas-fueled or liquefied petro-
leum gas-fueled motorcycles, where
HCR is hydrogen to carbon ratio as
measured for the fuel used.

(v) COem = Carbon monoxide con-
centration of the dilute exhaust sample
as measured, ppm

(vi) COz. = Carbon dioxide concentra-
tion of the dilute exhaust sample, pct.

(vii) R = Relative humidity of the di-
lution air, pct (see §86.542(n)).

(viii)(A) CO4 = Carbon monoxide con-
centration of the dilution air corrected
for water vapor extraction, ppm.

(B) CO4 = (1 — 0.000323R)COdm
Where:

(ix) CO4m = Carbon monoxide con-
centration of the dilution air sample as
measured, ppm.

NoTE: If a CO instrument which meets the
criteria specified in §86.511 is used and the

§86.544-90

conditioning column has been deleted, COen
can be substituted directly for CO. and COg4m
must be substituted directly for COg.

(4)(i) COomass = Carbon dioxide emis-
sions, grams per test phase.

(ii) Densityco. = Density of carbon di-
oxide, 1830 g/m3 (51.81 g/ft3), at 20 °C (68
°F) and 101.3 kPa (760 mm Hg) pressure.

(iii)(A) COzconc = carbon dioxide con-
centration of the dilute exhaust sample
corrected for background, in percent.

(B) COzconec = COze — CO24(1 — 1/DF)
Where:

(iv) COyq = Carbon dioxide concentra-
tion of the dilution air as measured, in
percent.

(5)(1) CH30H,,..s« = Methanol emissions
corrected for background, grams per
test phase.

(ii) Densitycuzon = Density of meth-
anol is 1332 g/m3 (37.71 g/ft3), at 20 °C (68
°F) and 101.3 kPa (760 mm Hg) pressure.

(iii)(A) CH3;OHcone = Methanol con-
centration of the dilute exhaust cor-
rected for background, ppm.

(B) CH3OHconc = CCHSOHe - CCHSOHd(l -
(1/DF))

Where:

(iv)(A) Ccuzoune=Methanol concentra-
tion in the dilute exhaust, ppm.

B)

3813%107 X Tgy[(C; X AV ) +(Cgy XAV, )]

Censone =

(v)(A) Ccuszona=Methanol concentra-
tion in the dilution air, ppm.

Py X Vieu

B)

3813x107 X Ty [(Cpy X AVp, )+(Cpy X AVp, )]

Censona =

(vi) Tem=Temperature of methanol
sample withdrawn from dilute exhaust,
°R.

(vii) Tpm=Temperature of methanol
sample withdrawn from dilution air,
°R.

(viii) Pg=Barometric pressure during
test, mm Hg.

Py XV

(ix) Vgm=Volume of methanol sample
withdrawn from dilute exhaust, ft3.

(x) Vpm=Volume of methanol sample
withdrawn from dilution air, ft3.

(xi) Cs=GC concentration of sample
drawn from dilute exhaust, pg/ml.

(xii) Cp=GC concentration of sample
drawn from dilution air, ug/ml.
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(xiii) AV,=Volume of absorbing rea-
gent (deionized water) in impinger
through which methanol sample from
dilute exhaust is drawn, ml.

(xiv) AVp=Volume of absorbing rea-
gent (deionized water) in impinger
through which methanol sample from
dilution air is drawn, ml.

(xv) 1=first impinger.

(xvi) 2=second impinger.

(6)(i) HCHO,.ss = Formaldehyde emis-
sions corrected for background, grams
per test phase.

4.069x107>

40 CFR Ch. | (7-1-07 Edition)

(ii) Densityucno = Density of form-
aldehyde is 1249 g/m3 (35.36 g/ft3), at 20
°C (68 °F) and 101.3 kPa (760 mm Hg)
pressure.

(iii)(A) HCHOcon. = Formaldehyde
concentration of the dilute exhaust
corrected for background, ppm.

(B) HCHOconc = CHCHOe - CHCHOd (1 -
(1/DF))

Where:

(iv)(A) Cucuoe = Formaldehyde con-
centration in dilute exhaust, ppm.

B)

X Crpg X Vg XQXTgp

HCHO, ~

(V)(A) Cucuoa = Formaldehyde con-
centration in dilution air, ppm.

4.069x107>

Vg X Py

(€2))

X Crpa X Vap XQXTpp

Chcnod =

(vi) Cprpe = Concentration of DNPH
derivative of formaldehyde from dilute
exhaust sample in sampling solution,
ug/ml.

(vii) Vag = Volume of sampling solu-
tion for dilute exhaust formaldehyde
sample, ml.

(viii)(A) Q = Ratio of molecular
weights of formaldehyde to its DNPH
derivative.

(B) Q =0.1429

(ix) Tgr = Temperature of formalde-
hyde sample withdrawn from dilute ex-
haust, °R.

(x) Vsg = Volume of formaldehyde
sample withdrawn from dilute exhaust,
fgs.

(xi) Pg = Barometric pressure during
test, mm Hg.

(xii) Cgpa = Concentration of DNPH
derivative of formaldehyde from dilu-

Vga X Py

tion air sample in sampling solution,
pg/ml.

(xiii) Vaa = Volume of sampling solu-
tion for dilution air formaldehyde sam-
ple, ml.

(xiv) Tpr = Temperature of formalde-
hyde sample withdrawn from dilution
air, °R.

(xv) Vsa = Volume of formaldehyde
sample withdrawn from dilution air,
ft3.

(M) DF = 13.4/[CO + (HC. =
CO.)10—4] for gasoline-fueled vehicles.

(ii) For methanol-fueled, natural gas-
fueled or liquefied petroleum gas-fueled
motorcycles, where fuel composition is
Cx Hy O, as measured, or calculated, for
the fuel used (for natural gas and lique-
fied petroleum gas-fuel, Z=0):
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(100)

§86.544-90

X

DF =

(x+y/2+3.76)(x+y/2-2/2)

(iii)(A) Vmix = Total dilute exhaust
volume in cubic meters per test phase
corrected to standard conditions (293
°K (528 °R) and 101.3 kPa (760 mm Hg)).

B)

V, xNx(Py —P,)x293
1013 T,

mix
Where:

(iv) Vo, = Volume of gas pumped by
the positive displacement pump, in
cubic meters per revolution. This vol-
ume is dependent on the pressure dif-
ferential across the positive displace-
ment pump. (See calibration tech-
niques in §86.519.)

(v) N = Number of revolutions of the
positive displacement pump during the
test phase while samples are being col-
lected.

(vi) Ps = Barometric pressure, kPa.

(vii) P; = Pressure depression below
atmospheric measured at the inlet to
the positive displacement pump, kPa.

(viii) T, = Average temperature of di-
lute exhaust entering positive displace-
ment pump during test while samples
are being collected, °K.

(ix)(A) K, = Humidity correction fac-
tor.

(B) K = 1/[1 — 0.0329(H — 10.71)]
Where:

(x)(A) H = Absolute humidity in
grams of water per kilogram of dry air.

(B) H = [(6.211)R. X Pg)/[Ps — (P4 X R/
100)]

(xi) R, = Relative humidity of the
ambient air, pct.

(xii) Py = Saturated vapor pressure,
in kPa at the ambient dry bulb tem-
perature.

(xiii) Pg = Barometric pressure, kPa.

(d) Sample calculation of mass emis-
sion values for gasoline-fueled vehicles
with engine displacements equal to or
greater than 170 cc (10.4 cu. in.):

(1) For the ‘‘transient’ phase of the
cold-start test, assume V, = 0.0077934
m3 per rev; N = 12,115; R = 20.5 pct; R.

) CO,, +(HC, +CO, +CH,0H, = HCHO, )x10™*

= 20.5 pct; Pg = 99.056 kPa; Py = 3.382
kPa; P; = 9.851 kPa; T, = 309.8 °K; HC-.
= 249.75 ppm carbon equivalent; NOx.
38.30 ppm; COem = 311.23 ppm; COse
0.415 percent; HCy = 4.90 ppm; NOx4
0.30 ppm; COgm = 8.13 ppm; CO,y = 0.037
pct; Do = 5.650 km.

Then:

(i) Vmix = [(0.0077934)(12,115)(99.05—
9.851)(293.15)1/ [(101.325)(309.8)] = 178.651
m3 per test phase.

(i1) H = [(6.211)(20.5)(3.382)1/[(99.05) —
(3.382)(20.5/100)] = 4.378 grams H,O per
kg dry air.

(iii) Ky = 1/[1 — 0.0329(4.378 — 10.71)] =
0 8276

(iv) CO. = [1 — 0.01925(0.415) — 0.000323
(20.5)]1(311.23) = 306.68 ppm.

(v) COq4 = [1 — 0.000323(20.5)](8.13) =
8.08 ppm.
(vi) DF = 13.4/[0.415 + (249.75 +

306.68)10 4] = 28.472

(vii) HCcone = 249.75 — 4.90(1 — 1/28.472)
= 245.02 ppm.

(viiil) HChass = (78.651) (576.8) (245.02)
10-¢6 = 11.114 grams per test phase.

(ix) NOXcone = 38.30 — 0.30(1 — 1/28.472)
= 38.01 ppm.

(x) NOXpmass =
(78.651)(1913)(38.01)(0.8276) x 10—6 = 4.733
grams per test phase.

(x1) COconc = 306.68 — 8.08 (1 — 1/28.472)
= 298.88 ppm.

(xii1) COmass = (78.6561) (1164) (298.88)
(10—9) = 27.362 grams per test phase.

(xiiil) COzconc = 0.415 — 0.037 (1 — 1/
28.472) = 0.3793 percent.

(xiv) COomass = (178.651)(1843)(0.3793)/100
= 549.81 grams per test phase.

(2) For the ‘‘stabilized’’ portion of the
cold-start test, assume that similar
calculations resulted in HC,.s = 7.184
grams per test phase; NOXpy.ss = 2.154
grams per test phase; COmass = 64.541
grams per test phase; and COozpass =
529.62 grams per test phase. Dy = 6.070
km.

(3) For the ‘“‘transient’ portion of the
hot-start test, assume that similar cal-
culations resulted in HC.., = 6.122
grams per test phase; NOXpy.ss = 7.056
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grams per test phase; COpn.ss = 34.964
grams per test phase; and COozpass =
480.93 grams per test phase. Dy = 5.660
km.

(4) For a 1978 motorcycle with an en-
gine displacement equal to or greater
than 170 cc (10.4 cu. in):

(i) HCwm = 0.43 [(11.114 + 7.184)/(5.650 +
6.070)] + 0.57 [(6.122 + 7.184)/(5.660 +
6.070)] = 1.318 grams per vehicle kilo-
meter.

(ii) NOxXwm = 0.43 [(4.733 = 2.154)/(5.650 =
6.070)] = 0.57 [(7.066 = 2.154)/(5.660 =

40 CFR Ch. | (7-1-07 Edition)

6.070)] = 0.700 gram per vehicle kilo-
meter.

(iii) COwm = 0.43 [(27.362 + 64.541)/(5.650
+ 6.070)] + 0.57 [(34.964 + 64.541)/(5.660 +
6.070)] = 8.207 grams per vehicle Kkilo-
meter.

(iv) CO2wm = 0.43 [(549.81 + 529.52)/(5.650
+ 6.070)] + 0.57 [(480.93 + 529.52)/(5.660 +
6.070)] = 88.701 grams per vehicle kilo-
meter.

[64 FR 145563, Apr. 11, 1989, as amended at 59
FR 48515, Sept. 21, 1994; 60 FR 34358, June 30,
1995; 69 FR 2441, Jan. 15, 2004]
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