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ṅ
p

Z M R T

C

r

r

r
p

p

r r

in

mix in

f

SSV
in

CFV CFV

= ⋅ ⋅
⋅

⋅ ⋅ ⋅

=

⋅ ⋅ −










−( ) ⋅ −
































= −

+ −



 ⋅ ⋅ =

−

−

−

C C
A

d f
t

2 1

1

1

1

2

1

2

4

1

2

1
4

2

γ

γ β

γ β

γ
γ

γ

γ
γ γ

∆

γγ +1

2

(1) You may iterate to solve for rCFV 
and subsequently calculate Cf for a CFV, 
CfCFV, or you may determine CfCFV from 
Table 1 of § 1065.640, based on your b 
and g.

TABLE 1 OF § 1065.640.—CfCFV 
VERSUS b AND g 

CfCFV 

b gexh = 1.385 gdexh = gair = 
1.399 

0.000 ................. 0.6822 0.6846 
0.400 ................. 0.6857 0.6881 
0.500 ................. 0.6910 0.6934 
0.550 ................. 0.6953 0.6977 
0.600 ................. 0.7011 0.7036 
0.625 ................. 0.7047 0.7072 
0.650 ................. 0.7089 0.7114 
0.675 ................. 0.7137 0.7163 
0.700 ................. 0.7193 0.7219 
0.720 ................. 0.7245 0.7271 
0.740 ................. 0.7303 0.7329 
0.760 ................. 0.7368 0.7395 
0.770 ................. 0.7404 0.7431 
0.780 ................. 0.7442 0.7470 
0.790 ................. 0.7483 0.7511 
0.800 ................. 0.7527 0.7555 
0.810 ................. 0.7573 0.7602 
0.820 ................. 0.7624 0.7652 
0.830 ................. 0.7677 0.7707 
0.840 ................. 0.7735 0.7765 
0.850 ................. 0.7798 0.7828 

(2) Permissible assumptions. You may 
make several simplifying assumptions 
of the governing equations. 

(i) For emission testing over the full 
ranges of raw exhaust, diluted exhaust 
and dilution air, you may assume that 
the gas mixture behaves as an ideal gas: 
Z = 1. 

(ii) For the full range of raw exhaust 
you may assume a constant ratio of 
specific heats of g = 1.385. 

(iii) For the full range of diluted 
exhaust and air (e.g., calibration air or 
dilution air), you may assume a constant 
ratio of specific heats of g = 1.399. 

(iv) For the full range of diluted 
exhaust and air, you may assume the 
molar mass of the mixture is a function 
only of the amount of water in the 
dilution air or calibration air, xH2O, 
determined as described in § 1065.645, 
as follows:

M M x M xmix air H O H O H O= ⋅ −( ) + ⋅1 2 2 2

Example:
Mair = 28.96559 g/mol 
xH2O = 0.0169 mol/mol 
MH2O = 18.01528 g/mol 
MMIX=28.96559 · (1–

0.0169)+18.01528·0.0169
MMIX28.7805 g/mol 

(v) For the full range of diluted 
exhaust and air, you may assume a 
constant molar mass of the mixture, 
Mmix such that the assumed molar mass 
differs from the actual molar mass by no 
more than ± 1% for all calibration and 
all testing. This might occur if you 
sufficiently control the amount of water 
in calibration air and in dilution air, and 
this might occur if you remove 
sufficient water from both calibration air 
and dilution air. Table 2 of this section 
gives examples of permissible emission 
testing dilution air dewpoints versus 
calibration air dewpoints.

TABLE 2. OF § 1065.640.—PERMIS-
SIBLE RANGES OF DILUTION AIR 
DEWPOINT VERSUS CALIBRATION 
DEWPOINT WHERE A CONSTANT 
Mmix MAY BE ASSUMED 

If calibration 
Tdew 

Assume 
constant 

Mmix 

For emissions 
test Tdew 
range a 

°C .................. g/mol °C 
dry ................. 28.96559 dry to 18 
0 .................... 28.89263 dry to 21 
5 .................... 28.86148 dry to 22 
10 .................. 28.81911 dry to 24 
15 .................. 28.76224 dry to 26 
20 .................. 28.68685 ¥8 to 28 
25 .................. 28.58806 12 to 31 
30 .................. 28.46005 23 to 34 

a Range valid for all calibration and emis-
sions testing over the barometric pressure 
range (80.000 to103.325) kPa. 

(3) Calibration equation for SSV and 
CFV. For each data point collected in 
§ 1065.340, solve for Cd. The following 
example illustrates the use of the 
governing equations for the SSV. Note 
that for the case of the CFV, the 
equation for Cd would be the same. 
However, for Cf you would use your 
values of B and g to determine Cf 
iteratively as described in paragraph 
(b)(1) of this section, or you would look 
up a constant value of Cf for all 
calibration and testing in Table 1 of 
§ 1065.640.
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Example:

ṅref = 57.625 mol/s 
Z = 1
Mmix = 28.7805 g/mol 
R = 8.314472 J/mol·K 
Tin = 298.15 K 
At = 0.01824 m2

Pin = 99.132 kPa 
g = 1.399
b = 0.8
Dp = 2.312 kPa 
Cm = 1000 g/kg 
Cp = Pa/kPa

r
p

pSSV
in

= −1
∆

                                                   

rSSV = 0 977.                                                      
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Cf = 0 274.                                                        
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. . . /
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Cd = 0 981.                                                        

(i) SSV calibration. For each data 
point collected in § 1065.340, also 
calculate Re# at the throat of the venturi. 
Because the dynamic viscosity, µ. is 
needed to compute Re#, you may use 
your own fluid viscosity model to 
determine µ, using good engineering 
judgment. Alternatively, you may use 
the Sutherland three coefficient 
viscosity model for air at moderate 

pressures and temperatures. An 
example of this is shown in the 
following example calculation for Re#:
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µo =1.7894·10¥5 kg/(m·s) 
To = 273.11 K 
S = 110.56 K 
Example:

Mmix = 28.7805 g/mol 
h« ref = 57.625 mol/s 
dt = 0.1524 m 
Tin = 298.15 K 
Cm = 1000 g/kg
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µ = ⋅ ⋅−1 916 10 5. /( )                                 kg m s
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. .

. . .
# = ⋅ ⋅

⋅ ⋅ ⋅ ⋅−
4 28 7805 57 625

314159 0 1524 1 916 10 10005

Re .# = ⋅7 2317 105                                             
(ii) Create a regression equation to 

calculate Cd versus Re#. You may use 
any mathematical expression such as a 
least-square polynomial or a power 
series. The regression equation must 
cover the flow range of Re# expected 
during testing. 

(iii) The regression equation must 
predict Cd values within ±0.5% of the 
individual Cd values determined from 
calibration. 

(iv) If the ±0.5% criterion is met, 
transfer the regression equation to the 
SSV real time calculation system for use 
in emission tests as described in 
§ 1065.642. Do not use the equation 
beyond the upper and lower calibration 
points used to determine the equation. 

(v) If the ±0.5% criterion is not met for 
an individual data point, based upon 
good engineering judgment, you may 
omit data points and recalculate the 
regression equation, provided you use at 
least 7 points that meet the criterion. Do 

not use the equation beyond the upper 
and lower calibration points used to 
determine the equation. If omitting 
points does not resolve outliers, take 
corrective action. For example, check 
for leaks or repeat the calibration 
process. If you must repeat the process, 
we recommend applying tighter 
tolerances to measurements and allow 
more time for flows to stabilize. 

(vi) CFV calibration. Calculate the 
mean and standard deviation of all the 
Cd as described in § 1065.602. If the 
standard deviation is less than or equal 
to 0.3% of the mean, use the mean Cd 
in flow equations as described in 
§ 1054.642, and use the CFV only down 
to the lowest inlet pressure measured 
during calibration. If the standard 
deviation exceeds 0.3% of the mean, 
omit the data point collected at the 
lowest venturi inlet pressure. 
Recalculate the mean and standard 
deviation and determine if the new 
standard deviation is less than or equal 
to 0.3% of the new mean. If it is, then 
use that mean Cd in flow calculations 
and use the CFV down to the lowest 
inlet pressure of the remaining data 
points. If the standard deviation still 
exceeds 0.3% of the mean, continue 
omitting the data point at the lowest 
inlet pressure and recalculating the 

standard deviation and the mean. If the 
number of remaining data points 
becomes less than seven, take corrective 
action. For example, check for leaks or 
repeat the calibration process. If you 
must repeat the process, we recommend 
applying tighter tolerances to 
measurements and allow more time for 
flows to stabilize.

§ 1065.642 SSV, CFV, and PDP flow rate 
calculations. 

(a) PDP flow rate. Based on the slopes 
and intercepts calculated in § 1065.640 
for the speed that you operate your PDP 
during an emission test, calculate flow 
rate, ṅ as follows:

ṅ f
p V

R T

V
a

f

p p

p
a

PDP
in rev

in

rev
PDP

out in

in

= ⋅ ⋅
⋅

= ⋅ − +1
0

Example:
fPDP = 755 rev/min 
Pin = 98.575 kPa 
R = 8.314472 J/(mol·K) 
Tin = 323.5 K 
al = 50.43
ao = 0.056
Pout = 99.950 kPa 
Cp = 1000 (J/m3)/kPa 
ct = 60 s/min
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Vrev = ⋅ − +50
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.43 . .

.
.
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˙ . .

. .
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⋅
⋅755

98 575 0 06389

8 314472 323 5

1000

60

˙ .464 mol/sn = 29                                               

(b) SSV flow rate. Based on the Cd 
versus Re# regression you determined as 
described in § 1065.640, calculate SSV 
flow rate, ṅ during an emission test as 
follows:
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Example:

At = 0.01824 m2

Pin = 99.132 kPa 
Z = 1
Mmix = 28.7805 g/mol 
R = 8.314472 J/mol•K 
Tin = 298.15 K 
Re# = 7.232•105

g = 1.399
b = 0.8
>p = 2.31 kPa 
Cm = 1000 g/kg 
Cp = 1000 Pa/kPa

rSSV = −1
2 312

99132

.

.
                                             

rSSV = 0 977.                                                      
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0 01824 99132 1000

1 28 7805 8 314472 29815 1000

˙ . mol/sn = 58173                                              

(c) CFV flow rate. Based on the mean 
Cd and other constants you determined 
as described in § 1065.640, calculate 
CFV flow rate, ń during an emission test 
as follows:

ṅ C C
A p

Z M R T
d fCFV

t in

mix in

= ⋅ ⋅ ⋅
⋅ ⋅ ⋅

Example:
Cd = 0.985
CfCFV = 0.7219
At = 0.00456 m2

Pin = 98.836 kPa 

Z = 1
Mmix = 28.7805 g/mol 
R = 8.314472 J/mol•K 
Tin = 378.15 K 
g = 1.399
b = 0.7
Cm = 1000 g/kg 
Cp = 1000 Pa/kPa

˙ . .
. .

. . . /
n = ⋅ ⋅ ⋅ ⋅

⋅ ⋅ ⋅
0 985 0 7219

0 00456 98 836 1000

1 28 7805 8 314472 37815 1000

˙ . mol/sn = 33 690                                              

§ 1065.645 Amount of water in an ideal 
gas. 

(a) For various emission calculations, 
you must calculate the amount of water 
in an ideal gas, xH20. 

(1) Based on the measured dewpoint, 
Tdew or frost point Tice and the triple 
point of water, T0, use the formulations 
of the World Meteorological 
Organization (General Meteorological 
Standards and Recommended Practices, 

Appendix A, WMO Technical 
Regulations, WMO-No. 49, 2000, 
incorporated by reference at 
§ 1065.1010), to first calculate the 
pressure of water, pH2O in an ideal gas 
as follows:
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Example:

Tdew = 9.5 °C 
Tdew = 9.5 + 273.15 = 282.65 K
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psat = 1186. kPa                                                (2) And for frost point:
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Example:
Tice = ¥15.4 °C 
Tice = ¥15.4 + 273.15 = 275.75 K

T0 27316= . K                                                  
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pH20 0 1591= . kPa                                           

(3) The equation that uses dewpoint 
has been experimentally confirmed from 
(0 to 100) °C, and the same formula may 
be used over super-cooled water from 
(¥50 to 0) °C with insignificant error. 
The equation for frostpoint is valid from 
(¥100 to 0) °C. 

(b) You may also use other formulas 
to convert dewpoint or frostpoint to 
pH2O, provided that their use does not 
affect your ability to show compliance 
with the applicable standards. Formulas 
such as the commonly known the Goff-
Gratch formula may be used. Note 
however that the Wexler-Greenspan 
formula that we previously specified is 
not valid for dewpoints below 0 °C. 

(c) To calculate the amount of water 
in an ideal gas, divide pH2O by the 
absolute pressure (for example, 
barometric pressure) at which you 

measured dewpoint or frostpoint, as 
follows:

x
p

pH O
sat

total
2 =

Example:
Psat = 1.186 kPa
Ptotal = 99.980 kPa

xH O2
1186

99 980
= .

.

xH O2 0 01186= . mol/mol                                 

§ 1065.650 Emission calculations. 

(a) General. Calculate brake-specific 
emissions over each test interval in a 
duty cycle. Refer to the standard-setting 
part for any calculations you might need 
to determine a composite result, such as 

a calculation that weights and sums the 
results of individual test intervals in a 
duty cycle. We specify three ways to 
calculate brake-specific emissions, as 
follows: 

(1) Calculate the total mass of 
emissions and then divide it by the total 
work generated over the test interval. In 
this section, we describe how to 
calculate the total mass of different 
emissions. We describe how to calculate 
total work. Divide the total mass by the 
total work to determine brake-specific 
emissions, as follows:

e
m

W
=

Example:

MNOx = 64.975 g 
W = 25.783 kW·hr
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eNOx = 64 975

25 783

.

.
eNOx = 2.520 g/(kW·hr)

(2) For steady-state testing, you may 
calculate the ratio of emission mass rate 
to power. In this special case you 
determine a mean mass rate of 
emissions during steady-state operation, 
and then divide that rate by the steady-
state mean power. The result is a brake-
specific emission value calculated as 
follows:

e
m

P
=

˙

Example:

˙ .mNMHC = 2 885 mg/s

P = 54.342 kW 
Ct = 3600 s/hr 
Cm = 1000 mg/g

eNMHC = ⋅
⋅

2 885 3600

54 342 1000

.

.

e kW hrNMHC = ⋅( )0 191. / g

(3) Calculate the ratio of total mass to 
total work. This is a special case in 
which you use a signal linearly 
proportional to raw exhaust flow rate to 
determine a value proportional to total 
emissions. You then use the same 
linearly proportional signal to 
determine total work using a chemical 
balance of fuel, intake air and exhaust 
as described in § 1065.655, plus 
information about your engine’s brake-
specific fuel consumption. In this case 
we do not require any flow meter to be 
accurate, but we do require any flow 
meter you use must meet the applicable 
linearity and repeatability specifications 
in subpart D (performance checks) or 
subpart J (field testing) of this part. The 
result is a brake-specific emission value 
calculated as follows:

e
m

W
=

~
~

Example:
m̃co = 805.5 ∼ g 
w̃ = 52.102 ∼ kW·hr

eCO=
805 5

52 102

.

.

e kW hrCO = ⋅( )2 520. / g

(b) Total mass of emissions. To 
determine brake-specific emissions for a 
test interval under paragraph (a)(1) of 
this section, calculate the total mass of 
each emission. To calculate the total 
mass of an emission, you multiply a 

concentration by its respective flow. 
Follow these steps to calculate total 
mass of emissions: 

(1) Concentration corrections and 
calculations. Before multiplying 
concentrations by a flow, perform the 
following calculations on recorded 
concentrations, in order, as follows: 

(i) Correct all concentrations for drift, 
including dilution air background 
concentrations. Correct for drift as 
described in § 1065.657. 

(ii) Optionally, correct all 
concentrations for instrument noise, 
including dilution air background 
concentrations. Correct for noise as 
described in § 1065.658. 

(iii) Correct all concentrations 
measured on a ‘‘dry’’ basis to a ‘‘wet’’ 
basis, including dilution air background 
concentrations. Correct for drift as 
described in § 1065.659. 

(iv) Calculate all NMHC 
concentrations, including dilution air 
background concentrations as described 
in § 1065.660. 

(v) If you performed an emission test 
with an oxygenated fuel (see subpart E 
or this part) calculate any NMHCE 
concentrations including dilution air 
background concentrations as described 
in § 1065.665. 

(2) Continuous sampling. For 
continuous sampling you frequently 
record a continuously updated 
concentration signal. You may measure 
this concentration from a changing flow 
rate or a constant flow rate, as follows: 

(i) If you continuously sample from a 
changing exhaust flow rate, 
synchronously multiply it by the flow 
rate of the flow from which you 
extracted it. We consider the following 
flows changing flows that require a 
continuous multiplication of 
concentration times flow rate: raw 
exhaust, exhaust diluted with a constant 
flow rate of dilution air, and CVS 
dilution with a CVS flow meter that 
does not have an upstream heat 
exchanger or electronic flow control. 
Account for dispersion and time 
alignment as described in § 1065.201. 
This multiplication results in the flow 
rate of the emission itself. Integrate the 
emission flow rate over a test interval to 
determine the total emission. If the total 
emission is a molar quantity, convert 
this quantity to a mass by multiplying 
it by its molar mass, M. The result is the 
mass of the emission, m. The following 
is a continuous sampling with variable 
flow example:

m M x n t

t
f

i i
i

N

record

= ⋅ ⋅ ⋅

=

=
∑ ˙ ∆

∆

1

1

Example:
MNMHC = 13.875389 g/mol 
N = 1200
xNMHC1 = 84.5 µmol/mol 
xNMHC2 = 86.0 µmol/mol 
ṅexh1 = 2.876 mol/s 
ṅexh2 = 2.224 mol/s 
frecord = 1 Hz 
Cmol = 1000000 µol/mol

∆t = =1

1
1 s

mNMHC = 13.875389 · (84.5 · 2.876 + 
86.0·2.224 + ... + xNMHC1200 · ṅexh1200 
·) · 1 · 1000000

mNMHC = 25.23 g
(ii) If you continuously sample from 

a constant exhaust flow rate, you may 
calculate the mean concentration 
recorded over the test interval and treat 
the mean as a batch sample (e.g., bag 
sample) as described in paragraph 
(b)(3)(ii) of this section. We consider the 
following flows constant exhaust flows: 
CVS diluted exhaust with a CVS flow 
meter that has either an upstream heat 
exchanger, electronic flow control, or 
both. 

(3) Batch sampling. The concentration 
may also be a single concentration from 
a proportionally extracted batch sample 
(e.g., a bag). In this case, you multiply 
the mean concentration of the batch 
sample by the total flow from which the 
sample was extracted. You may 
calculate total flow by integrating a 
changing flow rate or by determining 
the mean of a constant flow rate, as 
follows: 

(i) If you batch sample from a 
changing exhaust flow rate, extract a 
sample proportional to the changing 
exhaust flow rate. We consider the 
following flows changing flows that 
require proportional sampling: raw 
exhaust, exhaust diluted with a constant 
flow rate of dilution air, and CVS 
dilution with a CVS flow meter that 
does not have an upstream heat 
exchanger or electronic flow control. 
Integrate the flow rate over a test 
interval to determine the total flow from 
which you extracted the proportional 
sample. Multiply the mean 
concentration of the batch sample by the 
total flow from which the sample was 
extracted. If the total emission is a molar 
quantity, convert this quantity to a mass 
by multiplying it by its molar mass. If 
the total emission is a molar quantity, 
convert this quantity to a mass by 
multiplying it by its molar mass, M. The 
result is the mass of the emission, m. In 
the case of PM emissions, where the 
mean PM concentration is already in 
units of mass per mole of sample, MPM, 
simply multiply the total flow by MPM. 
The result is the total mass of PM,mPM. 
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The following is a batch sample 
extracted from a variable flow rate 
example:

m M x n t

t
f

i
i

N

record

= ⋅ ⋅ ⋅

=

=
∑ ˙ ∆

∆

1

1

Example:
MNOx = 46.0055 g/mol 
N=9000
xNOx = 85.6 µmol/mol 
ṅdexh1 = 25.534 mol/s 
ṅdexh2 = 26.950 mol/s 
frecord = 5 Hz 
Cmol = 1000000 µmol/mol

∆t = =1

5
0 2.  s

mNOx = 46.0055 · 85.6(25.534 + 26.950 
+ ... + ṅdexh9000) · 0.2 · 1000000

mNOx = 4.201 g
(ii) If you batch sample from a 

constant exhaust flow rate, extract a 
sample at a constant flow rate. We 
consider the following flows constant 
exhaust flows: CVS diluted exhaust 
with a CVS flow meter that has either 
an upstream heat exchanger, electronic 
flow control, or both. Determine the 
mean flow rate from which you 
extracted the constant flow rate sample. 
Multiply the mean concentration of the 
batch sample by the mean flow rate of 
the exhaust from which the sample was 
extracted, and multiply the result by the 
time of the test interval. If the total 
emission is a molar quantity, convert 
this quantity to a mass by multiplying 
it by its molar mass, M. The result is the 
mass of the emission, m. In the case of 
PM emissions, where the mean PM 
concentration is already in units of mass 
per mole of sample, MPM, simply 
multiply the total flow by MPM. The 
result is the total mass of PM,mPM. 

(iii) The following is a batch sample 
extracted from a constant flow rate 
example:

m M x n t         

M x MPM

= ⋅ ⋅ ⋅

⋅ =

˙ ∆                                        

Example:
M PM = 0.144 mg/mol 
ṅdexh = 57.692 mol/s 
Dt = 20 min 
Ct = 60 s/min 
Cm = 1000 mg/g

mPM = ⋅ ⋅ ⋅0 144 57 692 20 60

1000

. .

mPM = 37 661.  g                                               

(4) Diluted exhaust sampling; 
continuous or batch. If you sampled 
emissions from diluted exhaust, you 
must consider two additional steps. 

(i) If you diluted a sample at a 
constant ratio of dilution air flow rate to 
exhaust flow rate (raw or dilute), you 
must multiply your total mass emissions 
by the sum of the dilution ratio, DR, 
plus one. The following is an example 
of a secondary dilution system for 
sampling PM from a CVS:
mPM = mPMdil• (DR+1)
Example:
mPMdil = 6.853 g 
DR = 5:1
mPM = 6.853• (5+1) 
mPM = 41.118 g

(ii) You may optionally measure 
background emissions in dilution air by 
either continuous sampling or batch 
sampling. You may then subtract the 
background you would have otherwise 
attributed to your engine as described in 
§ 1065.667. 

(5) NOX correction for intake-air 
humidity. Correct the total mass of NOX 
based on intake-air humidity as 
described in § 1065.670. Note that if you 
performed diluted exhaust sampling, 
perform this correction after correcting 
for any dilution air background. 

(c) Total work. To determine brake-
specific emissions for a test interval as 

described in paragraph (a)(1) of this 
section, you must also calculate the total 
work. To calculate total work, multiply 
the feedback engine speed by its 
respective feedback torque and apply 
the appropriate units conversion factors. 
This results in the power of the engine. 
Integrate the power over a test interval 
to determine the total work. If your 
standard is in the units g/hp.hr use the 
following conversion factor: 1 hp =550 
ft lbf/s = 0.77456999 kW, and round the 
resulting value. The following is an 
example:

W P t

P f T

t
f

i
i

N

i ni i

record

= ⋅

= ⋅

=

=
∑ ∆

∆

1

1

Example: 
N = 9000
fn1 = 1800.2 rev/min 
fn2 = 1805.8 rev/min 
T1 = 177.23 N•m 
T2 = 175.00 N•m 
Crev = 2•π rad/rev 
Ct1 = 60 s/min 
Cp = 1000 (N•m/s)/kW 
frecord = 5 Hz 
Ct2 = 3600 s/hr

P1
1800 2 177 23 2 314159

60 1000
= ⋅ ⋅ ⋅

⋅
. . .

P1 33

33 09

=
=

.41

.

 kW

P  kW                                                 2

∆t = =1

5
0 2.  s

W
P

=
+ + +( ) ⋅33 33 09 0 2

3600
9000.41 . .K

W = ⋅16 75.  kW hr                                            

(d) Steady-state mass rate divided by 
power. To determine steady-state brake-
specific emissions for a test interval as 
described in paragraph (a)(2) of this 
section, calculate the steady-state mass 
rate of the emission. Then calculate the 
steady-state power. Divide the mean 
mass rate of the emission by the mean 
power to determine steady-state brake-
specific emissions. 

(1) To calculate the mass rate of an 
emission, multiply its mean 

concentration (e.g., x) by its respective 
mean flow rate,

˙ .n

If the result is a molar flow rate, convert 
this quantity to a mass rate by 
multiplying it by its molar mass, M. The 
result is the mean mass rate of the 
emission,

˙ .m

In the case of PM emissions, where the 
mean PM concentration is already in 

units of mass per mole of sample, M PM, 
simply multiply the mean flow rate,

ṅ

by MPM. The result is the mass rate of 
PM, 

PM. 
(2) To calculate power, multiply mean 

engine speed, fn, by its respective mean 
torque, T, and apply the appropriate 
units conversion factors. The results is 
the mean power of the engine, P. 

VerDate jul<14>2003 23:22 Sep 09, 2004 Jkt 203001 PO 00000 Frm 00141 Fmt 4701 Sfmt 4702 E:\FR\FM\10SEP2.SGM 10SEP2 E
P

10
S

E
04

.1
24

<
/G

P
H

>
E

P
10

S
E

04
.1

25
<

/G
P

H
>

E
P

10
S

E
04

.1
26

<
/M

A
T

H
>

E
P

10
S

E
04

.1
27

<
/M

A
T

H
>

E
P

10
S

E
04

.1
28

<
/M

A
T

H
>

E
P

10
S

E
04

.1
29

<
/M

A
T

H
>

E
P

10
S

E
04

.1
30

<
/M

A
T

H
>

E
P

10
S

E
04

.1
31

<
/M

A
T

H
>

E
P

10
S

E
04

.1
32

<
/M

A
T

H
>

E
P

10
S

E
04

.1
33

<
/M

A
T

H
>

E
P

10
S

E
04

.1
34

<
/M

A
T

H
>

E
P

10
S

E
04

.1
92

<
/G

P
H

>
E

P
10

S
E

04
.1

93
<

/G
P

H
>

E
P

10
S

E
04

.1
94

<
/G

P
H

>



54986 Federal Register / Vol. 69, No. 175 / Friday, September 10, 2004 / Proposed Rules 

(3) Divide emission mass rate by 
power to calculate a brake-specific 
emission result as described in 
paragraph (a)(2) of this section. 

(4) The following is an example of 
how to calculate mean mass rate and 
mean power:

˙ ˙m M x n= ⋅ ⋅                                                      
P=fn·T
Examples:
MCO=28.0101 g/mol 
xCO=12.00 mmol/mol 

ṅ=1.530 mol/s
Cmol=1000 mmol/mol
f=3584.5 rev/min 
T=121.50 N·m 
Crev=2·π rad/rev 
Ct=60 s/min 
Cp=1000 (N·m/s)/kW

˙ . . .
m = ⋅ ⋅28 0101 12 00 1 530

1000

˙ .m = 0 514 g/s

P = ⋅ ⋅ ⋅
⋅

3584 5 121 50 2

1000 60

. . π

P = 45 61.  kW
(e) Ratio of total mass of emissions to 

total work. To determine brake-specific 

emissions for a test interval as described 
in paragraph (a)(3) of this section, 
calculate a value proportional to the 
total mass of each emission. Divide each 
proportional value by a value that is 
similarly proportional to total work. The 
result is a brake-specific emission. 

(1) Total mass. To determine a value 
proportional to the total mass of an 
emission, determine total mass as 
described in paragraph (b) of this 
section, except substitute for the flow 
rate, ṅ, or the total flow, n with a signal 
that is linearly proportional to flow rate, 
or linearly proportional to total flow, ñ. 

(2) Total work. To calculate a value 
proportional to total work over a test 
interval, integrate a value that is 
proportional to power. Use information 
about the brake-specific fuel 
consumption of your engine, efuel to 
convert a signal proportional to fuel 
flow rate to a signal proportional to 
power. To determine a signal 
proportional to fuel flow rate, divide a 
signal that is proportional to the mass 
rate of carbon products by the fraction 
of carbon in your fuel, wc.. For your fuel, 
you may use a measured wc or you may 
use the default values in Table 1 of 
§ 1065.655. Calculate the mass rate of 
carbon from the amount of carbon and 
water in the exhaust, which you 
determine with a chemical balance of 
fuel, intake air, and exhaust as 
described in § 1065.655. In the chemical 
balance, you must use concentrations 

from the flow that generated the signal 
proportional to flow rate, ñ, in 
paragraph (e)(1) of this section. The 
following is an example of how to 
determine a signal proportional to total 
work over a test interval:

~ ~

~ ˙
~

W P t

P
m

e

i
i

N

i
fueli

fuel

= ⋅

=

−
∑ ∆

1

˙
~ ˙

~

m
w

M n x

xfueli
fuel

C i Cproddryi

H Oi

= ⋅
⋅ ⋅

+
1

1 2

∆t
frecord

= 1

Example:
N = 3000
frecord = 5 HZ

efuel = 285 g/(kW·hr 
wfuel = 0.869 g/g 
Mc = 12.0107 g/mol 
ṅ1 = 3.922 ∼ mol/s 
xCproddry1 = 91.634 mmol/mol 
xH2O1 = 26.16 mmol/mol 
ṅ2 = 4.139 ∼ mol/s 
xCproddry2 = 98.005 mmol/mol 
xH2O2 = 27.21 mmol/mol 
Cmol = 1000 mmol/mol 
Ct s/hr

~

.
.

.

.

.
.

.

˙
~

.

W

n
X

X

Cpdry

H n

=

⋅
⋅

+
+

⋅

+
+ +

⋅

+



















⋅12 0107
3 922

91 634
1000

1
26 16
1000

4 139
98 005
1000

1
27 21
1000

1000

1
1000

0 2
3000

3000

20 3000
K

~
. ~W = ⋅5 09  kW hr

(3) Use the value proportional to total 
mass and the value proportional to total 
work to determine brake-specific 
emissions as described in paragraph 
(a)(3) of this section. 

(f) Rounding. Round emission values 
only after all calculations are complete 
and the result is in g/kW·hr or units 
equivalent to the units of the standard 
(i.e., g/hp·hr.). 

(1) General. To replace a number 
having a given number of digits with a 
number having a smaller number of 
digits, follow these rules: 

(i) If the digits to be discarded begin 
with a digit less than 5, the digit 
preceding the 5 is not changed. Example 
: 6.9749515 rounded to 3 digits is 6.97. 

(ii) If the digits to be discarded begin 
with a 5 and at least one of the 

following digits is greater than 0, the 
digit preceding the 5 is increased by 1. 
Examples : 6.9749515 rounded to 2 
digits is 7.0, 6.9749515 rounded to 5 
digits is 6.9750. 

(iii) If the digits to be discarded begin 
with a 5 and all of the following digits 
are 0, the digit preceding the 5 is 
unchanged if it is even and increased by 
1 if it is odd. (Note that this means that 
the final digit is always even.) Examples 
: 6.9749515 rounded to 7 digits is 
6.974952, 6.974950 5 rounded to 7 
digits is 6.974950. 

(2) Rounding converted numerical 
values. In most cases the product of the 
unconverted numerical value and a 
conversion factor will be a numerical 
value with a number of digits that 
exceeds the number of significant digits 
of the unconverted numerical value. 

Proper conversion procedure requires 
rounding this converted numerical 
value to the number of significant digits 
that is consistent with the maximum 
possible rounding error of the 
unconverted numerical value. Example 
: To express the value 1 = 36 ft in 
meters, use the factor 0.3048 and write 
1 = 36 ft 3 0.3048 m/ft = 10.9728 m = 
11.0 m. The final result, 1 = 11.0 m, is 
based on the following reasoning: The 
numerical value ‘‘36’’ has two 
significant digits, and thus a relative 
maximum possible rounding error 
(abbreviated RE) of 0.5/36 = 1.4% 
because it could have resulted from 
rounding the number 35.5, 36.5, or any 
number between 35.5 and 36.5. To be 
consistent with this RE, the converted 
numerical value ‘‘10.9728’’ is rounded 
to 11.0 or three significant digits 
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because the number 11.0 has an RE of 
0.05/11.0 = 0.45%. Although this 0.45% 
RE is one-third of the 1.4% RE of the 
unconverted numerical value ‘‘36,’’ if 
the converted numerical value 
‘‘10.9728’’ had been rounded to 11 or 
two significant digits, information 
contained in the unconverted numerical 
value ‘‘36’’ would have been lost. This 
is because the RE of the numerical value 
‘‘11’’ is 0.5/11 = 4.5%, which is three 
times the 1.4% RE of the unconverted 
numerical value ‘‘36.’’ This example 
therefore shows that when selecting the 
number of digits to retain in the 
numerical value of a converted quantity, 
one must often choose between 
discarding information or providing 
unwarranted information. Consideration 
of the end use of the converted value 
can often help one decide which choice 
to make. Note: Consider that one had 
been told initially that the value 1 = 36 
ft had been rounded to the nearest inch. 
Then in this case, since 1 is known to 
within 1 in, the RE of the numerical 
value ‘‘36’’ is 1 in/(36 ft 3 12 in/ft) = 
0.23%. Although this is less than the 
0.45% RE of the number 11.0, it is 
comparable to it. Therefore, the result 1 
= 11.0 m is still given as the converted 
value. Note that the numerical value 
‘‘10.97’’ would give excessive 
unwarranted information because it has 
an RE that is one-fifth of 0.23%.

§ 1065.655 Chemical balances of fuel, 
intake air, and exhaust. 

(a) General. Chemical balances of fuel, 
intake air, and exhaust may be used to 
calculate ratios of their flows, the 
amount of water in their flows, and the 
concentration of constituents in their 
flows. Along with the flow rate of either 
fuel, intake air, or exhaust you may use 
chemical balances to determine the 
flows of the other two. For example, you 
may use chemical balances along with 
exhaust flow to determine fuel flow and 
intake flow.

(b) Procedures that require chemical 
balances. We require chemical balances 
when you determine the following: 

(1) A value proportional to total work, 
W̃, when you choose to determine 
brake-specific emissions as described in 
§ 1065.650(e). 

(2) The amount of water in a raw or 
diluted exhaust flow, xH2On, when you 

do not measure the amount of water in 
a flow to correct for the amount water 
removed, as described in 
§ 1065.659(c)(2). 

(3) The flow-weighted average 
fraction of dilution air in diluted 
exhaust, DF, when you do not measure 
dilution air flow to correct for 
background emissions as described 
in§ 1065.667(c). 

(c) Chemical balance procedure. The 
calculations for a chemical balance 
involve a system of equations that 
require iteration. We recommend using 
a computer to solve this system of 
equations. You must guess the initial 
values of up to three quantities: the 
amount of water in the measured flow, 
xH2O, fraction of dilution air in diluted 
exhaust, DF, and the amount of 
products on a C1 basis per dry mole of 
dry measured flow, xCproddry. For each 
emissions concentration, x, and amount 
of water xH2O, you must determine their 
completely dry concentrations. xdry and 
xH2Odry. You must also use your fuel’s 
atomic hydrogen to carbon ratio, a, and 
oxygen to carbon ratio, b. For your fuel, 
you may measure a and b or you may 
use the default values in Table 1 of 
§ 1065.650. Use the following steps to 
complete a chemical balance: 

(1) Convert your measured 
concentrations such as, xCO2meas, 
xNOmeas, and xH2Oint, to dry 
concentrations by dividing them by one 
minus the amount of water present 
during their respective measurements: 
xH2OxCO2, xH2OxNO, and xH2Oint. If the 
amount of water present during a ‘‘wet’’ 
measurement is the same as the 
unknown amount of water in the 
exhaust flow, xH2O, iteratively solve for 
that value in the system of equations. If 
you measure only total NOX and not NO 
and NO2 separately, use good 
engineering judgement to split your 
total NOX between NO and NO2 for the 
chemical balances. For example, if you 
measure emissions from a 
stoichiometric spark-ignition engine, 
you may assume all NOX is NO. For a 
compression-ignition engine, you may 
assume NOX is 75% NO and 25% NO2. 
For NO2 storage aftertreatment systems, 
you may assume NOX is 75% NO2 and 
25% NO. Note that for emissions 
calculations you must use the molar 
mass of NO2 for the molar mass of all 

NOX, regardless of the actual NO2 
fraction of NOX. 

(2) Enter the equations in paragraph 
(c)(3) of this section into a computer 
program to iteratively solve for xH2O and 
xCproddry. If you measure raw exhaust 
flow, set DF equal to zero (0). If you 
measure diluted exhaust flow, 
iteratively solve for DF. Use good 
engineering judgment to guess initial 
values for xH2O, xCproddry, and DF. We 
recommend guessing an initial amount 
of water that is about twice the amount 
of water in your intake or dilution air. 
We recommend guessing an initial value 
of xCproddry as the sum of your measured 
CO2, CO, and THC values. If you 
measure diluted exhaust, we also 
recommend guessing an initial DF 
between 0.75 and 0.95, such as 0.8. 
Perform iteration until the most recently 
updated guesses are all within ±1% of 
their respective most recently calculated 
values. 

(3) In the equations that follow, we 
use the following symbols and 
subscripts:
xH20 = amount of water in measured 

flow 
xH20dry = amount of water per dry mole 

of measured flow 
xCproddry = amount of carbon products on 

a C1 basis per dry mole of measured 
flow 

DF = fraction of dilution air in measured 
flow—assuming stoichiometric 
exhaust 

xprod/intdry = amount of dry stoichiometric 
products per dry mole of intake air 

x02proddry = amount of oxygen products 
on an O2 basis per dry mole of 
measured flow 

x[emission]dry = amount of emission per 
dry mole of measured flow 

x[emission]meas = amount of emission in 
measured flow 

xH20[emission]meas = amount of water at 
emission measurement location 

xH20int = amount of water in intake air 
xH20dil = amount of water in dilution air 
x02airdry = amount of oxygen per dry 

mole of air; 0.209445 mol/mol 
x02airdry = amount of carbon dioxide per 

dry mole air; 375 µmol/mol 
a = atomic hydrogen to carbon ratio in 

fuel 
b = oxygen to carbon ratio in fuel
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(4) The following is an example; 
iteratively solved using the equations in 
paragraph (c)(3) of this section:
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TABLE 1 OF § 1065.655.—DEFAULT 
VALUES OF ATOMIC HYDROGEN TO 
CARBON RATIO, a, ATOMIC OXYGEN 
TO CARBON RATIO, b, AND CARBON 
MASS FRACTION OF FUEL, WC, FOR 
VARIOUS FUELS 

Fuel 

Atomic hy-
drogen and 
oxygen to

carbon ratios
CHaOb 

Carbon mass
concentration,

wc g/g 

Gasoline .... CH1.85O0 0.866 
#2 Diesel ... CH1.80O0 0.869 
#1 Diesel ... CH1.93O0 0.861 
LPG (C3H8) CH2.67O0 0.817 
LNG/CNG .. CH3.79O0.02 0.707 
Ethanol ...... CH3O0.5 0.521 
Methanol ... CH4O1 0.375 

§ 1065.657 Drift validation and correction. 

(a) Determine if measurement 
instrument drift invalidates a test. Use 
the following quantities and calculation 
to determine if drift invalidates a test: 

(1) Span reference, xref. 
(2) Post-test span check, xspanchk. 
(3) Post-test zero check, xzerochk. 
(4) Flow-weighted amount expected at 

either the standard or during a test 
interval, whichever is greater, xexp. 

(5) Calculate drift correction, as 
follows:

drift correction =

x

x
zerochk spanchk zerochk

exp

−
+ −

x

x

x

ref

1

2

Example:
xspanchk = 1695.8 µmol/mol 
xzerochk = ¥5.2 µmol/mol 

xref = 1800.0 µmol/mol 
xexp = 435.5 µmol/mol

drift correction =

− − + − −

= =

5 2 1695 8
1800 0

1
5 2

435 5
2

0 033 3 3%

. .
.

.
. . .

(b) You may correct every recorded 
amount for drift if drift did not 
invalidate the test. Use the following 

quantities and calculation to correct for 
drift: 

(1) The quantities from paragraph (a) 
of this section. 

(2) Each recorded amount, xi or for 
batch sampling, ✖ . 

(3) Correct for drift as follows:

x

x
x xi

i drift corrected

zerochk spanchk

ref
zerochk

x

x

2
=

−
+







⋅ −3

Example:
xspanchk = 1695.8 µmol/mol 
xzerochk = ¥5.2 µmol/mol 

xref = 1800.0 µmol/mol 
xi or x = 435.5 µmol/mol

xi drift corrected 2
450.1 mol/mol=

− − +



 ⋅ − −

=

5 2 1695 8
1800 0

3 435 5 5 2
. .

.
. .

µ
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§ 1065.658 Noise correction. 
(a) You may set to zero any recorded 

data point if that point’s numerical 
value is smaller than the least of the 
following values: 

(1) The measurement instrument 
noise determined according to 
§ 1065.305. 

(2) For lab instruments the 
recommended noise limit specified in 
Table 1 of § 1065.205. 

(3) For field-testing instruments, the 
recommended noise limit specified in 
Table 1 of § 1065.915. 

(b) If you perform this noise 
correction on samples that are corrected 
for background concentrations in 
dilution air, then noise correct the 
respective dilution air measurements 
the same way. 

(c) If you perform this noise 
correction on a THC concentration that 
you use to determine NMHC, then 
correct the CH4 concentration the same 
way.

§ 1065.659 Removed water correction. 
(a) If you remove water upstream of a 

concentration measurement, x, or 
upstream of a flow measurement, n, 
correct for the removed water. Perform 
this correction based on the amount of 
water at the concentration 
measurement, xH2O[emission]meas, and at 
the flow meter, xH2O, whose flow is used 
to determine the concentration’s total 
mass over a test interval. 

(b) Downstream of where you 
removed water, you may determine the 
amount of water remaining by any of the 
following: 

(1) Measure the dewpoint temperature 
and absolute pressure downstream of 

the water removal location and then 
calculate the amount of water remaining 
as described in § 1065.645. 

(2) If you can justify assuming 
saturated water vapor conditions at a 
given location, you may use the 
measured temperature at that location as 
the dewpoint temperature. 

(3) You may also use a nominal value 
of absolute pressure based on an alarm 
setpoint, a pressure regulator setpoint, 
or good engineering judgment. 

(c) For a corresponding concentration 
or flow measurement where you did not 
remove water, you may determine the 
amount of initial water by any of the 
following: 

(1) Use any of the techniques 
described in paragraph (b) of this 
section. 

(2) If the measurement is a raw 
exhaust measurement, you may 
determine the amount of water based on 
intake-air humidity, plus a chemical 
balance of fuel, intake air and exhaust 
as described in § 1065.655. 

(3) If the measurement is a diluted 
exhaust measurement, you may 
determine the amount of water based on 
intake-air humidity, dilution air 
humidity, and a chemical balance of 
fuel, intake air and exhaust as described 
in § 1065.655. 

(d) Perform a removed water 
correction to the concentration 
measurement using the following 
calculation:

x x
x

x
H O

H O [emissio

= ⋅
−

−












[emission] meas
n] meas

1

1
2

2

Example:

XCOmeas = 29.0 µmol/mol 
XH2OCOmeas = 8.601 µmol/mol 
XH20 = 34.4 µmol/mol 
Cmol = 1000 µmol/mol

xCO = 29.0
1

⋅
−

−

















34 04
1000

1
8 601
1000

.

.

xCO = 28 3.  mol/mol                               µ

§ 1065.660 THC and NMHC determination. 

(a) THC determination. If we require 
you to determine THC emission, 
calculate xTHC using the initial THC 
contamination concentration xTHCinit 
from § 1065.520 as follows:
XTHC = XTHCinit

Example:
XTHC = 150.3 µmol/mol 
XTHCinit = 1.1 µmol/mol 
XTHC = 150.3 ¥ 1.1
XTHC = 149.2 µmol/mol

(b) NMHC determination. Use one of 
the following to determine NMHC 
emission, XNMHC 

(1) If you did not measure CH4, you 
may report XNMHC as 0.98.XTHC. 

(2) For nonmethane cutters, calculate 
XNMHC using the nonmethane cutter’s 
penetration fractions (PF) of CH4, and 
C2H6, from § 1065.331, and using the 
initial NMHC contamination 
concentration XNMHCinit from § 1065.520 
as follows:

x
x x

PF
xCH

C H
NMHC

CH4 THC

CH4
NMHCinit

PF

PF
=

⋅ −
−

−4

2 6

Example:
XTHC = 150.3 µmol/mol 
XCH4 = 20.5 µmol/mol 
PFCH4 = 0.980
PFC2H6 = 0.050 
XNMHCinit = 1.1 µmol/mol

xNMHC
0.980 150 20

0.980 0.050
= ⋅ −

−
−11.

(3) For a gas chromatograph, calculate 
XNMHC using the THC analyzer’s 
response factor (RF) CH4, from 
§ 1065.366, and using the initial NMHC 
contamination concentration XNMHCinit 
from § 1065.520 as follows:
XNMHC = XTHC¥ RFCH4·XCH4¥XNMHCinit

Example:
XTHC = 145.6 µmol/mol 
XCH4 = 18.9 µmol/mol 

RFCH4 = 0.970
XNMHCinit = 1.1 µmol/mol 
XNMHC = 145.6¥0.970·18.9¥1.1 
XNMHC = 126.2 µmol/mol

(4) If the result of paragraph (b)(2) or 
(3) of this section is greater than the 
result of paragraph (b)(1) of this section, 
use the value calculated under 
paragraph (b)(1) of this section.

§ 1065.665 THCE and NMHCE 
determination. 

(a) If we require you to determine 
THCE, consider references to NMHC 
and NMHCE in this section to mean 
THC and THCE, respectively. If we 
require you to determine NMHCE, first 
determine NMHC as described in 
§ 1065.660. 

(b) If you measured an oxygenated 
hydrocarbon’s mass concentration (per 
mole of exhaust), then first calculate its 
molar concentration by dividing its 
mass concentration by the molar mass of 
the oxygenated hydrocarbon. 

(c) Then multiply each oxygenated 
hydrocarbon’s molar concentration by 
its respective number of carbon atoms 
per molecule. Add these carbon-
equivalent molar concentrations to the 
molar concentration of NMHC. The 
result is the molar concentration of 
NMHCE. 

(d) For example, if you measured 
ethanol (C2H5OH) and methanol 
(CH3OH) as molar concentrations, and 
acetaldehyde (C2H4O) and formaldehyde 
(HCHO) as mass concentrations, you 

VerDate jul<14>2003 23:22 Sep 09, 2004 Jkt 203001 PO 00000 Frm 00146 Fmt 4701 Sfmt 4702 E:\FR\FM\10SEP2.SGM 10SEP2 E
P

10
S

E
04

.1
56

<
/M

A
T

H
>

E
P

10
S

E
04

.1
57

<
/M

A
T

H
>

E
P

10
S

E
04

.1
58

<
/M

A
T

H
>

E
P

10
S

E
04

.1
59

<
/M

A
T

H
>

E
P

10
S

E
04

.1
60

<
/M

A
T

H
>



54991Federal Register / Vol. 69, No. 175 / Friday, September 10, 2004 / Proposed Rules 

would determine NMHCE emissions as 
follows:

x x x

x
M

i

N

OHCi

NMHCE NMHC OHC

exhOHC

OHC

i

i

i
M

= +

=

=
∑

1

Example:

xNMHC = 127.3 µmol/mol 
xC2H5OH = 100.8 µmol/mol 
xCH3OH = 25.5 µmol/mol 
MexhC2H4O = 0.841 mg/mol 
MexhHCHO = 39.0 µg/mol 
MC2H4O = 44.05256 g/mol 
MHCHO = 30.02598 g/mol

xC2H4O

HCHO

 mol/mol

x  mol/mol

= × =

= =

0 841

44 05256
1000 191

39

30 02598
13

.

.
.

.
.

µ

µ

xNMHCE  mol/mol= + × + + × + =127 3 2 100 8 25 5 2 191 13 393 9. . . . . . µ

§ 1065.667 Dilution air background 
emission correction. 

(a) General. To determine the mass of 
background emissions to subtract from a 
diluted exhaust sample, first determine 
the total flow of dilution air, ndil, over 
the test interval. This may be a 
measured quantity or a quantity 
calculated from the diluted exhaust flow 
and the flow-weighted average fraction 
of dilution air in diluted exhaust, DF. 
Multiply the total flow of dilution air by 
the mean concentration of a background 
emission, xdil. This may a time-weighted 
mean or a flow-weighted mean (e.g. a 
proportionally sampled background). 
The product of ndil and xdil is the total 
amount of a background emission. If 
this is a molar quantity, convert it to a 
mass by multiplying it by its molar 
mass, M. The result is the mass of the 
background emission, m. In the case of 
PM, where the mean PM concentration 
is already in units of mass per mole of 
sample, MPM, simply multiply the total 
amount of dilution air by MPM. The 
result is the total background mass of 
PM, mPM. Subtract the total background 
mass from the total mass to correct for 
background emissions. 

(b) You may determine the total flow 
of dilution air by a direct flow 

measurement. In this case calculate the 
total mass of background as described in 
§ 1065.650(b), using the dilution air 
flow, ndil. Subtract the background mass 
from the total mass. Use the result in 
brake-specific emissions calculations. 

(c) You may determine the total flow 
of dilution air from the total flow of 
diluted exhaust and a chemical balance 
of the fuel, intake air and exhaust as 
described in § 1065.655. In this case 
calculate the total mass of background 
as described in § 1065.650(b), using the 
total flow of diluted exhaust, ndexh. Then 
multiply this result by the flow-
weighted average fraction of dilution air 
in diluted exhaust, DF. Calculate DF 
using flow-weighted average 
concentrations of emissions in the 
chemical balance, as described in 
§ 1065.655. You may assume that your 
engine operates stoichiometrically, even 
if it is a lean-burn engine, such as a 
compression-ignition engine. Note that 
for lean-burn engines this assumption 
could result in an error in emissions 
calculations. This error could occur 
because the chemical balances in 
§ 1065.655 correct excess air passing 
through a lean-burn engine as if it was 
dilution air. If an emission 
concentration expected at the standard 

is about 100 times its dilution air 
background concentration, this error is 
negligible. However, if an emission 
concentration expected at the standard 
is similar to its background 
concentration, this error could be 
significant. If you are concerned about 
this error, we recommend that you 
remove background emissions from 
dilution air by HEPA filtration, 
chemical adsorption, or catalytic 
scrubbing. You might also consider 
using a partial-flow dilution technique 
such as a bag mini-diluter, which uses 
purified air as the dilution air. 

(d) The following is an example of 
using the flow-weighted average fraction 
of dilution air in diluted exhaust, DF. 
and the total mass of background 
emissions calculated using the total 
flow of diluted exhaust, ndexh, as 
described in § 1065.650(b):

Mbkgnd = df·Mbkgnddexh

Mbkgnddexh = M·xbkgnd·ndexh
Example: 
MNOx = 46.0055 g/mol 
xbkgnd = 0.05 µmol/mol 
ndexh = 23280.5 mol 
DF = 0.843
Cmol = 1000000 µmol/mol

mbkgndNOxdexh = ⋅ ⋅46 0055
0 05

1000000
23280 5.

.
.

m

m

m

bkgndNOxdexh

bkgndNOx

bkgndNOx

 g

                       

 g

=

= ⋅

=

0 0536

0 843 0 0536

0 0452

.

. .

.

§ 1065.670 NOX intake-air humidity 
correction. 

(a) Correct NOX concentrations for 
intake-air humidity after applying all 
other corrections. 

(b) For compression-ignition engines 
correct for intake-air humidity as 
follows or develop your own correction, 
based on good engineering judgment:

XNOcorr = XNOxuncorr ·(9.953· XH20 + 0.832)
Example:
XNOxuncorr = 700.5 µmol/mol 
XH20 = 0.022 mol/mol 
XNOxcorr = 700.5·(9.953·0.022 + 0.832) 
XNOxcorr = 736.2 µmol/mol

(c) For spark-ignition engines you 
may use the same correction as for 
compression-ignition engines, or you 
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may develop your own correction, based 
on good engineering judgment.

§ 1065.672 CLD quench check 
calculations. 

Perform CLD quench check 
calculations as follows: 

(a) Calculate the amount of water in 
the span gas, xH2Ospan assuming 
complete saturation at the span gas 
temperature. 

(b) Estimate the expected amount of 
water, xH2Oexp in the exhaust you sample 

by considering the maximum expected 
amounts of water in combustion air, in 
fuel combustion products, and in 
dilution air if you dilute. 

(c) Calculate water quench as follows:

quench =
x

x

x

x
NOwet

NOdry

H2Oexp

H2Ocalc

⋅ +( ) −








 ⋅ +

−
⋅1 12

2 2

2

2

2

x
x x

x

x

xH Ocalc
NO CO NO N

NO N

CO

CO meas

, ,

,

exp

Example:
XNOdry = 1800 µmol/mol 
XNOwet = 1760 µmol/mol 

XH20exp = 0.03 mol/mol 
XH20calc = 0.017 mol/mol 
XNO,CO2 = 1480 µmol/mol 

XNO,N2 = 1500 µmol/mol 
XCO2exp = 2.0%
XCO2meas = 3.0%

quench =
1760

1800
(1+ 0.017)⋅ −



 ⋅ + − ⋅1

0 03

0 017

1480 1500

1500

2 0

3 0

.

.

.

.

quench =       − − = −0 0099 0 0089 188%. . .

§ 1065.690 PM sample media buoyancy 
correction. 

(a) General. Correct PM sample media 
for their buoyancy in air if you weigh 
them on a balance. The buoyancy 
correction depends on the sample media 
density, the density of air, and the 
density of the calibration weight used to 
calibrate the balance. The buoyancy 
correction does not account for the 
buoyancy of the PM itself because the 
mass of PM typically accounts only for 
(0.01 to 0.10)% of the total weight. A 
correction to this small fraction of mass 
would be at the most (0.001 to 0.010)%. 

(b) PM sample media density. 
Different PM sample media have 

different densities. Use the known 
density of your sample media, or use 
one of the densities for some common 
sampling media: 

(1) For PTFE coated borosilicate glass, 
use a sample media density: 2300 kg/
m3. 

(2) For PTFE membrane (film) media 
with an integral support ring of 
polymethylpentene that accounts for 
95% of the media mass, use a sample 
media density: 920 kg/m3. 

(c) Air density. Because a PM balance 
environment must be tightly controlled 
to an ambient temperature of (22 ±1) °C 
and a dewpoint of (9.5 ±1) °C, air 
density is only a function of barometric 
pressure for this correction. 

(d) Calibration weight density. Use the 
stated density of the material of your 
metal calibration weight. The example 
calculation in this section uses a density 
of 8000 kg/m3, but you should know the 
density of your weight from the 
calibration weight supplier or the 
balance manufacturer if it is an internal 
weight. 

(e) Correction calculation. Buoyancy 
correct PM sample media using the 
following:

m mcorr uncorr

air

weight

air

media

= ⋅
−

−



















1

1

ρ
ρ

ρ
ρ

ρ

ρ

air
air

amb
barom

H O

amb
air H O

amb dew barom 

air barom

M

R T
p

p

R T
M M

T C T C p kPa

p

=
⋅







⋅ −
⋅







⋅ −( )

= =

= ⋅ ⋅( ) − ⋅− −

2
2

2 3

22 9 5

11803 10 5 2922 10

@ , . , /

. .

  o o

Example:
muncorr = 100.0000 mg 
rbarom = 101.325 kPa 
rweight = 8000 kg/m3

rmedia = 920 kg/m3 
rair = 

(1.1803·10¥2·101.325)¥5.2922·10¥3

(1.1803·10
¥2·101.325)¥5.2922·10¥3

rair = 1.1906 kg/m3

mcorr = ⋅
−

−

















100 0000
1

11906
8000

1
11906

920

.

.

.                        

mcorr = 100 1147.  mg                                        

§ 1065.695 Data requirements. 

(a) To determine the information we 
require from engine tests, refer to the 
standard-setting part and request from 
your Designated Compliance Officer the 
application format for certification. We 
may require different information for 
different purposes such as for 
certification applications, alternate 
procedure approval requests, selective 
enforcement audits, laboratory audits, 
production-line test reports, and field-
test reports. 

(b) See the standard-setting part and 
§ 1065.25 regarding recordkeeping. 

(c) We may ask you the following 
about your testing: 

(1) What approved alternative 
procedures did you use? For example: 

(i) Partial-flow dilution for 
proportional PM. 

(ii) CARB test procedures. 
(iii) ISO test procedures. 
(2) What laboratory equipment did 

you use? For example, the make, model, 
and description of the following: 

(i) Engine dynamometer and operator 
demand. 
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(ii) Probes, dilution, transfer lines, 
and sample preconditioning 
components. 

(iii) Batch storage media (e.g., bag 
material, PM filter material). 

(3) What measurement instruments 
did you use? For example, the make, 
model, and description of the following: 

(i) Speed, torque instruments. 
(ii) Flow meters. 
(iii) Gas analyzers. 
(iv) PM balance. 
(4) When did you conduct 

calibrations and performance checks 
and what were the results? For example, 
the dates and results of the following: 

(i) Linearity checks. 
(ii) Interference checks. 
(iii) Response checks. 
(iv) Leak checks. 
(v) Flow meter checks. 
(5) What engine did you test? For 

example, the following: 
(i) Manufacturer. 
(ii) Family name on engine label. 
(iii) Model. 
(iv) Model year. 
(v) Identification number. 
(6) How did you prepare and 

configure your engine for testing? For 
example, the following: 

(i) Service accumulation; dates, hours, 
duty cycle and fuel. 

(ii) Scheduled maintenance; dates and 
description. 

(iii) Unscheduled maintenance; dates 
and description. 

(iv) Intake restriction allowable 
pressure range. 

(v) Charge air cooler volume. 
(vi) Charge air cooler outlet 

temperature, specified engine 
conditions and location of temperature 
measurement. 

(vii) Exhaust restriction allowable 
pressure range. 

(viii) Fuel temperature and location of 
measurement. 

(ix) Any aftertreatment system 
configuration and description. 

(x) Any crankcase ventilation 
configuration and description (e.g., 
open, closed, PCV, crankcase 
scavenged). 

(7) How did you test your engine? For 
example: 

(i) Constant speed or variable speed. 
(ii) Mapping procedure: step or 

sweep. 
(iii) Continuous or batch sampling for 

each emission. 
(iv) Raw or dilute; any dilution air 

background sampling. 
(v) Duty cycle and test intervals. 
(vi) Cold-start, hot-start, warmed-up 

running. 
(vii) Intake and dilution air absolute 

pressure, temperature, dewpoint. 
(viii) Simulated engine loads, curb 

idle transmission torque value. 

(ix) Warm idle speed value, any 
enhanced idle speed value. 

(x) Simulated vehicle signals applied 
during testing. 

(xi) Bypassed governor controls 
during testing. 

(xii) Date, time, and location of test 
(e.g., dynamometer laboratory 
identification). 

(xiii) Cooling medium for engine and 
charge air. 

(xiv) Operating temperatures: coolant, 
head, block. 

(xv) Full names of engine operators 
and laboratory operators. 

(xvi) Natural or forced cool-down and 
cool-down time. 

(xvii) Cannister loading. 
(8) How did you validate your testing? 

For example, results from the following: 
(i) Duty cycle regression statistics for 

each test interval. 
(ii) Proportional sampling.
(iii) Drift. 
(iv) Reference PM sample media in 

PM-stabilization environment. 
(9) How did you calculate results? For 

example, results from the following: 
(i) Drift correction. 
(ii) Noise correction. 
(iii) ‘‘Dry-to-wet’’ correction. 
(iv) NMHC CH4 and contamination 

correction. 
(v) NOx humidity correction. 
(vi) Brake-specific emission 

formulation: total mass divided by total 
work, mass rate divided by power, or 
ratio of mass to work. 

(vii) Rounding emission results. 
(10) What were the results of your 

testing? For example: 
(i) Maximum mapped power and 

speed at maximum power. 
(ii) Maximum mapped torque and 

speed at maximum torque. 
(iii) For constant-speed engines: no-

load governed speed. 
(iv) For constant-speed engines: test 

torque. 
(v) For variable-speed engines: test 

speed. 
(vi) Speed versus torque map. 
(vii) Speed versus power map. 
(viii) Duty cycle and test interval 

brake-specific emissions. 
(ix) Brake-specific fuel consumption. 
(11) What fuel did you use? For 

example: 
(i) Fuel that met specifications of 

subpart H of this part. 
(ii) Alternative fuel. 
(iii) Oxygenated fuel. 
(12) How did you field test your 

engine? For example: 
(i) Data from paragraphs (c)(1), (3), (4), 

(5), and (9) of this section. 
(ii) Probes, dilution, transfer lines, 

and sample preconditioning 
components. 

(iii) Batch storage media (e.g., bag 
material, PM filter material). 

(iv) Continuous or batch sampling for 
each emission. 

(v) Raw or dilute; any dilution air 
background sampling. 

(vi) Cold-start, hot-start, warmed-up 
running. 

(vii) Intake and dilution air absolute 
pressure, temperature, dewpoint. 

(viii) Curb idle transmission torque 
value. 

(ix) Warm idle speed value, any 
enhanced idle speed value. 

(x) Date, time, and location of test 
(e.g., dynamometer laboratory 
identification). 

(xi) Proportional sampling validation. 
(xii) Drift validation. 
(xiii) Operating temperatures: coolant, 

head, block. 
(xiv) Full name of vehicle operator. 
(xv) Full names of field test operators. 
(xvi) Vehicle make, model, model 

year, identification number.

Subpart H—Engine Fluids, Test Fuels, 
and Analytical Gases

§ 1065.701 General requirements for test 
fuels. 

(a) For all emission tests, use test fuels 
meeting the specifications in this 
subpart unless the standard-setting part 
directs otherwise. If we do not specify 
a service-accumulation fuel for a test 
engine, use a fuel typical of what you 
would expect the engine to use in 
service. 

(b) If you produce engines that can 
run on a type of fuel (or mixture of 
fuels) that we do not specify in this 
subpart, you must get our approval to 
test with fuel representing commercially 
available fuels of that type. We must 
approve your fuel specifications before 
you start testing. 

(c) You may use a test fuel other than 
those we specify in this subpart if you 
do all the following: 

(1) Show that it is commercially 
available. 

(2) Show that your engines will use 
only the designated fuel in service. 

(3) Show that operating the engines 
on the fuel we specify would increase 
emissions or decrease durability. 

(4) Get our written approval before 
you start testing. 

(d) We may allow you to use a 
different test fuel (such as California 
Phase 2 gasoline) if you show us that 
using it does not affect your ability to 
comply with all applicable emission 
standards.

§ 1065.703 Distillate diesel fuel. 

(a) Distillate diesel fuels for testing 
must be clean and bright, with pour and 
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cloud points adequate for proper engine 
operation. 

(b) There are three grades of #2 diesel 
fuel specified for use as a test fuel. See 
the standard-setting part to determine 
which grade to use. If the standard-
setting part does not specify which 
grade to use, use good engineering 

judgment to select the grade that 
represents the fuel on which the engines 
will operate in use. The three grades are 
specified in Table 1 of this section. 

(c) You may use the following 
nonmetallic additives with distillate 
diesel fuels:

(1) Cetane improver. 

(2) Metal deactivator. 
(3) Antioxidant, dehazer. 
(4) Rust inhibitor. 
(5) Pour depressant. 
(6) Dye. 
(7) Dispersant. 
(8) Biocide.

TABLE 1 OF § 1065.703.—TEST FUEL SPECIFICATIONS FOR DISTILLATE DIESEL FUEL 

Item Units Ultra low 
sulfur 

Low sul-
fur High sulfur Reference procedure 1 

Cetane Number — 40–50 ... 40–50 ... 40–50 ....... ASTM D 613–03b 

Distillation range: 
Initial boiling point 171–204 171–204 171–204 ...
10 pct. point 204–238 204–238 204–238 ...
50 pct. point °C 243–282 243–282 243–282 ... ASTM D 86–03. 
90 pct. point 293–332 293–332 293–332 ...
Endpoint 321–366 321–366 321–366 ...

Gravity °API 32–37 ... 32–37 ... 32–37 ....... ASTM D 287–92. 

Total sulfur mg/kg 7–15 ..... 300–500 2000–4000 ASTM D 2622–03. 

Aromatics, minimum. (Remainder shall be 
paraffins, naphthalenes, and olefins) 

g/kg 100 ....... 100 ...... 100 ........... ASTM D 5186–03. 

Flashpoint, min. °C 54 ......... 54 ......... 54 ............. ASTM D 93–02a. 

Viscosity cSt 2.0–3.2 2.0–3.2 2.0–3.2 ..... ASTM D 445–03. 

1 All ASTM standards are incorporated by reference in § 1065.1010. 

§ 1065.705 Residual fuel. [Reserved]

§ 1065.710 Gasoline. 

(a) Gasoline for testing must have 
octane values that represent 

commercially available fuels for the 
appropriate application. 

(b) There are two grades of gasoline 
specified for use as a test fuel. If the 
standard-setting part requires testing 
with fuel appropriate for low 

temperatures, use the test fuel specified 
for low-temperature testing. Otherwise, 
use the test fuel specified for general 
testing. The two grades are specified in 
Table 1 of this section.

TABLE 1 OF § 1065.710.—TEST FUEL SPECIFICATIONS FOR GASOLINE 

Item Units General testing Low temperature testing Reference procedure 1 

Distillation Range: 
Initial boiling point 2 24–35 24–36
10% point 49–57 37–48
50% point °C 93–110 82–101 ASTM D 86–01. 
90% point 149–163 158–174
End point Maximum, 213 Maximum, 212

Hydrocarbon composition: 
1. Olefins µm3/m3 Maximum, 100,000 Maximum, 175,000
2. Aromatics Maximum, 350,000 Maximum, 304,000 ASTM D 1319–02. 
3. Saturates Remainder Remainder 

Lead (organic) g/liter Maximum, 0.013 Maximum, 0.013 ASTM D 3237–97. 
Phosphorous g/liter Maximum, 0.0013 Maximum, 0.005 ASTM D 3231–02. 
Total sulfur mg/kg Maximum, 80 Maximum, 80 ASTM D 1266–98. 
Volatility (Reid Vapor Pressure) kPa 2,3 60.0–63.4 77.2–81.4 ASTM D 323–99a. 

1 All ASTM standards are incorporated by reference in § 1065.1010. 
2 For testing at altitudes above 1 219 m, the specified volatility range is (52 to 55) kPa and the specified initial boiling point range is (23.9 to 

40.6) °C. 
3 For testing unrelated to evaporative emissions, the specified range is (55 to 63) kPa. 

§ 1065.715 Natural gas. 
(a) Natural gas for testing must meet 

the specifications in the following table:
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