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this mole fraction from the mole frac-
tion of water that would be in the ex-
haust without condensation (either
measured or from the chemical bal-
ance), and set any negative values to
zero. This difference is the potential
mole fraction of the dilute exhaust
that would be lost due to water con-
densation on a continuous basis.

(D) Integrate the product of the
molar flow rate of the dilute exhaust
and the potential mole fraction of di-
lute exhaust lost, and divide by the to-
talized dilute exhaust molar flow over
the test interval. This is the potential
mole fraction of the dilute exhaust
that would be lost due to water con-
densation over the entire test interval.
Note that this assumes no re-evapo-
ration. This value must be less than or
equal to 0.005.

(7)Y Flow compensation. Maintain
nominally constant molar, volumetric
or mass flow of diluted exhaust. You
may maintain nominally constant flow
by either maintaining the temperature
and pressure at the flow meter or by di-
rectly controlling the flow of diluted
exhaust. You may also directly control
the flow of proportional samplers to
maintain proportional sampling. For
an individual test, verify proportional
sampling as described in §1065.545.

(d) Partial-flow dilution (PFD). You
may dilute a partial flow of raw or pre-
viously diluted exhaust before meas-
uring emissions. Section 1065.240 de-
scribes PFD-related flow measurement
instruments. PFD may consist of con-
stant or varying dilution ratios as de-
scribed in paragraphs (d)(2) and (3) of
this section. An example of a constant
dilution ratio PFD is a ‘‘secondary di-
lution PM”’ measurement system.

(1) Applicability. (i) You may use PFD
to extract a proportional raw exhaust
sample for any batch or continuous PM
emission sampling over any transient
duty cycle, any steady-state duty
cycle, or any ramped-modal cycle.

(ii) You may use PFD to extract a
proportional raw exhaust sample for
any batch or continuous gaseous emis-
sion sampling over any transient duty
cycle, any steady-state duty cycle, or
any ramped-modal cycle.

(iii) You may use PFD to extract a
proportional raw exhaust sample for
any batch or continuous field-testing.
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(iv) You may use PFD to extract a
proportional diluted exhaust sample
from a CVS for any batch or contin-
uous emission sampling.

(v) You may use PFD to extract a
constant raw or diluted exhaust sample
for any continuous emission sampling.

(vi) You may use PFD to extract a
constant raw or diluted exhaust sample
for any steady-state emission sam-
pling.

(2) Constant dilution-ratio PFD. Do one
of the following for constant dilution-
ratio PFD:

(i) Dilute an already proportional
flow. For example, you may do this as
a way of performing secondary dilution
from a CVS tunnel to achieve overall
dilution ratio for PM sampling.

(ii) Continuously measure con-
stituent concentrations. For example,
you might dilute to precondition a
sample of raw exhaust to control its
temperature, humidity, or constituent
concentrations upstream of continuous
analyzers. In this case, you must take
into account the dilution ratio before
multiplying the continuous concentra-
tion by the sampled exhaust flow rate.

(iii) Extract a proportional sample
from a separate constant dilution ratio
PFD system. For example, you might
use a variable-flow pump to proportion-
ally fill a gaseous storage medium such
as a bag from a PFD system. In this
case, the proportional sampling must
meet the same specifications as vary-
ing dilution ratio PFD in paragraph
(d)(3) of this section.

(iv) For each mode of a discrete-mode
test (such as a locomotive notch set-
ting or a specific setting for speed and
torque), use a constant dilution ratio
for any PM sampling. You must change
the overall PM sampling system dilu-
tion ratio between modes so that the
dilution ratio on the mode with the
highest exhaust flow rate meets
§1065.140(e)(2) and the dilution ratios
on all other modes is higher than this
(minimum) dilution ratio by the ratio
of the maximum exhaust flow rate to
the exhaust flow rate of the cor-
responding other mode. This is the
same dilution ratio requirement for
RMC or field transient testing. You
must account for this change in dilu-
tion ratio in your emission calcula-
tions.
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(3) Varying dilution-ratio PFD. All the
following provisions apply for varying
dilution-ratio PFD:

(1) Use a control system with sensors
and actuators that can maintain pro-
portional sampling over intervals as
short as 200 ms (i.e., 5 Hz control).

(ii) For control input, you may use
any sensor output from one or more
measurements; for example, intake-air
flow, fuel flow, exhaust flow, engine
speed, and intake manifold tempera-
ture and pressure.

(iii) Account for any emission transit
time in the PFD system, as necessary.

(iv) You may use preprogrammed
data if they have been determined for
the specific test site, duty cycle, and
test engine from which you dilute
emissions.

(v) We recommend that you run prac-
tice cycles to meet the verification cri-
teria in §1065.545. Note that you must
verify every emission test by meeting
the verification criteria with the data
from that specific test. Data from pre-
viously verified practice cycles or
other tests may not be used to verify a
different emission test.

(vi) You may not use a PFD system
that requires preparatory tuning or
calibration with a CVS or with the
emission results from a CVS. Rather,
you must be able to independently cali-
brate the PFD.

(e) Dilution air temperature, dilution
ratio, residence time, and temperature
control of PM samples. Dilute PM sam-
ples at least once upstream of transfer
lines. You may dilute PM samples up-
stream of a transfer line using full-flow
dilution, or partial-flow dilution imme-
diately downstream of a PM probe. In
the case of partial-flow dilution, you
may have up to 26 cm of insulated
length between the end of the probe
and the dilution stage, but we rec-
ommend that the length be as short as
practical. The intent of these specifica-
tions is to minimize heat transfer to or
from the emission sample before the
final stage of dilution, other than the
heat you may need to add to prevent
aqueous condensation. This is accom-
plished by initially cooling the sample
through dilution. Configure dilution
systems as follows:

(1) Set the dilution air temperature
to (25 +5) °C. Use good engineering judg-
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ment to select a location to measure
this temperature that is as close as
practical upstream of the point where
dilution air mixes with raw exhaust.

(2) For any PM dilution system (i.e.,
CVS or PFD), add dilution air to the
raw exhaust such that the minimum
overall ratio of diluted exhaust to raw
exhaust is within the range of (5:1 to
7:1) and is at least 2:1 for any primary
dilution stage. Base this minimum
value on the maximum engine exhaust
flow rate during a given duty cycle for
discrete-mode testing and on the max-
imum engine exhaust flow rate during
a given test interval for other testing.
Either measure the maximum exhaust
flow during a practice run of the test
interval or estimate it based on good
engineering judgment (for example,
you might rely on manufacturer-pub-
lished literature).

(3) Configure any PM dilution system
to have an overall residence time of (1.0
to 5.5) s, as measured from the location
of initial dilution air introduction to
the location where PM is collected on
the sample media. Also configure the
system to have a residence time of at
least 0.50 s, as measured from the loca-
tion of final dilution air introduction
to the location where PM is collected
on the sample media. When deter-
mining residence times within sam-
pling system volumes, use an assumed
flow temperature of 25 °C and pressure
of 101.325 kPa.

(4) Control sample temperature to a
(47 +5) °C tolerance, as measured any-
where within 20 cm upstream or down-
stream of the PM storage media (such
as a filter). You may instead measure
sample temperature up to 30 cm up-
stream of the filter or other PM stor-
age media if it is housed within a
chamber with temperature controlled
to stay within the specified tempera-
ture range. Measure sample tempera-
ture with a bare-wire junction thermo-
couple with wires that are (0.500 £0.025)
mm diameter, or with another suitable
instrument that has equivalent per-
formance.
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