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1. PURPOSE:

E Recommended Practice provides a procedure for the“assessn
nt smoke emissions from vehicular diesel engines‘using an e
eter cycle which simulates on-highway operating.-conditions.
d for engine development and evaluation, it is'similar to t
re which has been used for regulatory appreval by the Unite
ent. In many areas, additional recommendations to improve
on are offered.

ommended practice applies to the dynamometer test procedirg
to assess the smoke emissioncharacteristics of vehicular

In particular, this procedure describes the smoke test dycle,

nt and instrumentation, instrument checks, chart reading an
tion for evaluation ofc-an engine's transient smoke emission
eristic. 1In addition; this procedure offers guidelines to
shing correlation between full flow in-1ine and end-of-1ind
ters.

he type of test described here is transient in nature, a fa
ing full flow opacimeter is required for the smoke measuren
ing or sampling, or both, type instruments must not be used
1y have-excessive and variable response delays and do not ¢
e measurement of an engine's transient smoke characteristig

additional or modified test conditions must be clearly reported.

Yy

ent of

ngine
While

he

d States

test

which can
diesel

d

be used in

st

ents. Slow
since they

rovide an

S.

SAE Technical Board Rules provide that: “This reportis published by SAE to advance the state of technical and engineering sciences.
The use of this report is entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement
O arising therefrom, is the sole responsibility of the user.”

SAE reviews eachtechnical report at least every five years at which time it may be reaffitmed, reyisad, or cancelled. SAE invites your
written comments and suggestions. A
° e ®

Copyright 1988 Society of Automotive Engineers, Inc.

Ali rights reserved.

4
%%,

LIBRAR

oy

Printed in U.S.A.



https://saenorm.com/api/?name=6e1708c057078691c98b3d9e57354d1a

J35

Page 2

SECTIONS:

The procedure is divided into the following sections:

wide-open throttle and no-load conditions.

1. Definitions of Terms and Abbreviations

2. Fuel Specifications

3. Smoke Emission Test

4. Smoke Test Cycle

5. Information to be Recorded

6. Equipment and Instrumentation

7. Instrument Checks

8. Dafla Analysis

9. Correlation Procedure for Full Flow Opacimeters

DEFINITION OF TERMS AND ABBREVIATIONS:

Terms |Used:

.1 Vehicular Diesel Engine: Any compression ignition’ internal combustion
engine used to propel onland, nonrail, mobile-equipment.

.2 Diedel Smoke: Particles, including aerosqls, suspended in the éngine's
gasqous exhaust stream which obscure, reflect or refract, or both, visible
light.

.3 Ratdd Brake Power: The maximum brake power output of an engine|in
kilgwatts as measured at rated speed.

4 Ratdd Speed: The speed at which the manufacturer specifies the|rated
brake power of an engine. ‘

5 Peald Torque Speed: The-.speed at which the engine develops maxipum torque
as Jtated by the manufacturer.

.6 Intdrmediate Speed: The peak torque speed, provided that speed|occurs
between 60 and 75% of rated speed. If the peak torque speed is|less than
60% |of rated\speed, intermediate speed means 60% of rated speed| If the
pead torgue-speed is greater than 75% of rated speed, intermedigte speed
means 715%-of rated speed.

.7 Curb : ] he
manufacturer (with tolerances) depending on the predominant transmission
application.

Manual Transmission: The manufacturer's recommended speed with
transmission in neutral or clutch disengaged.

Automatic Transmission: The manufacturer's recommended speed with
transmission in gear.

.8 High Idle Speed: The engine's governed maximum speed that occurs during

ol i

-~ = e
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4.1.9 Full Load Power: The power produced, at the speed being considered, when

the throttle control is placed in the maximum fuel position.

4.1.10 Opacity: That fraction of light transmitted from a source which is
prevented from reaching the observer or instrument receiver expressed in
percent [opacity = 100% (1 - transmittance)l].

4.1.11 Smoke Opacimeter: An optical instrument designed to measure opacity of
diesel exhaust gases. The full flow of exhaust gases passes through the
optical path. Opacimeters, including in-Tine and end-of-line types, are
described in SAE J255.

(T*e term opacimeter will be used throughout this practicecin|reference
to|smoke opacity measurement devices. Similarly, EOL and“L ¥ill be used
to|denote end-of-line and in-line types of opacimeters.O

4.1.12 TIransmittance: That fraction of light transmitted,fpom a soufce, through
a gmoke-obscured path, which reaches the observer ‘or instrument receiver.

4.2 Abbreviations Used:

bhp 1 brake horsepower

dB 1 decibels

C 1 degrees Celsius

¢S ¢ centistokes

EOL 1 end of line

F 1 degrees Fahrenheit

Hg 1 Mercury

Hz 1 Hertz

I.D. inside diameter

IL ¢ in-line

in 1 inch

LSR 1 least squares regression
m 1 meter

min < minimum, minute

mn 1 millimeten

N 1 percent.opacity

NA 1 naturaHy aspirated

NBS 1 National Bureau of Standards
Pa 1 pascal, kPa - kilopascals - -
rpm 4+ reevolutions per minute

S - second

T - transmittance

TC - turbocharged _

W - Watts, kW - kilowatts

% - percent
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5. FUEL SPECIFICATION:

5.1 The diesel fuels employed shall be clean and bright, with pour and cloud
point adequate for operability. The fuels may contain non-metal additives
as follows: Cetane improver, metal de-activator, anti-oxidant, dehazer,
anti-rust, pour depressant, dye, and dispersant.

5.2 Since fuel properties can affect diesel smoke emissions, it is recommended
for good comparability with other tests that fuel specifications comply with
those in the current Code of Federal Regulations, Title 40, Part 86. Those
specifications at the publishing date of this procedure are listed below.
Any dgviations of the test fuel properties from these specificatipns should
be regorted along with the test results.

1tem ASTM No. No. 1 -—_range -- No. P
Cetane D-613 48-54 42-5p
Distgilation D~-86

IBR C(F) 166-199 (330-390) 171-204 (340-400)
109 188-221 (370-4302 204-238 (4D0-460)
507 210-249 (410-480) 243-282 (4)0-540)
907 238-271 (460=520) 288-321 (5p0-610)
EP 260-293 (500-560) 304-349 (5B0-660)
Sulfyr, % D-120, D-2622 0,05-0.2 0.2-0.p
Gravity, API D-287 40-44 33-37
Hydracarbon
compgsition
Argmatics, % 8 min 27 mip
Saturates, Olefins Remainder Remaindpr
Flash) Point C(F) D-93 49 (120) min 54 (130) pin
Viscgsity, cS D-445 1.6-2.0 2.0-3.p

6. SMOKE HMISSION TEST:

Perform the follewing sequence of operations during engine dynamomgter
testing for smoke emissions:

6.1 Contrql the temperatures of 1) the air supplied to the engine to 5 + 5°C
and 2) «thée fuel pump inlet to 38 + 5°C. It is recommended to tesk only when
the ob i : D4.7) mm of

Hg (kPa) in the test area. Note that smoke emissioﬁs are affected by the
dry barometric pressure of the combustion air.

For TC engines at operating temperature, and at rated speed and full Toad
power conditions, adjust the intake air restriction to within 25 mm of water
of the maximum recommended by the manufacturer and the exhaust system back
pressure to within 5 mm of Hg of the maximum recommended by the

manufacturer.

should

The measurement locations for intake and exhaust p
be as defined by the manufacturer.

ressures

Measure and record observed

power, fuel rate, engine speed, intake air temperature, fuel pump inlet

temper

ature, intake air restriction, and exhaust back pressure.

For NA engines, the intake adjustment and measurement should be made at high

idle ¢

onditions.
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6.2 Optional: 1In addition to 6.1, operate the engine at the intermediate
speed. Measure and record maximum observed torque, fuel rate, engine speed,

intake air temperature, fuel pump inlet temperature, intake air restriction,

and ex

haust back pressure. Determine by experiment, if not previ

ously

determined, the preset loads required by the smoke test cycle (section 7).

Switch on the opacimeter.
manufacturer's instructions.

Allow for the meter circuit to stabili
Set the zero and span of the meter

and 10.3.

The opacimeter should be mounted in accordance with

9.2 so that t

s
1

had—thy 4
1Y

ze per the
per 10.2

he natural

flow
fixtun

Pass 1
exhaus

Operat
coolan

Discon
reset
meter

Operat
(secti
chart
Teast
(8 in
by an
0.1 Hz

Repeat

+ b VI TP S ot PN 1 PN P P TR
T LITC TATIAUTS T Yudsos SLTTAN To 7TIJL UTSLUTUTU

e, or any ventitation system.

y—tne—

oy

he exhaust flow through the opacimeter so that the opatity
t plume may be measured.

e the engine at rated brake power for 10 min or Until the e
t, oil pressures and temperatures are stabilized.

€ mounting

of the

ngine

tinue passing the exhaust gas stream through the meter. Cmeck and

the meter zero and span per 10.2 and 10.3. Check the line

per 10.4.

e the engine in a manner required(by the smoke test cycle

on 7). Continuously record smoke opacity and engine speed
recorder or other-appropriate@nstrument. The chart speed
25 mm/min (1 in/min) during~the idle mode and at least 200

min) during the acceleration and lugging modes. If reading
automatic data acquisition system, readings shall be taken
at idle and 10 Hz during other modes.

the procedures .as. contained in 7.1 through 7.4 until the e

has b
have
tests
begin
until

Withi
smoke

en run three consecutive times. If the acceleration and lu
een performed within the tolerances specified in section 7,
may be terminated at this time. If not, then the test proc
ing withSthe 10-min pre-conditioning described in 6.5, shou
data has-/been obtained within the specified Timits.

1 ‘min after completion of 6.8, recheck the zero and span o
eter as described in 6.6. If either zero or span drift is

rity of the

on a strip
shall be at
mm/min

s are taken
at least at

ntire cycle

gging modes
then the

edure,

1d be rerun

the
in excess

of 2%

opacity, the test results should be considered invalid.

7. SMOKE TEST CYCLE:

Conduct each smoke emission test in accordance with the procedure specified

in sect

ion 6. Follow the engine operating sequence per 7.1 throug

h 7.4.

Refer to the "Smoke Test Cycle" (chart 7.1) for locating real time events
that indicate the beginning or ending, or both, of the elements of each mode

and app

ear as letters A through J.

Note that if a motoring-absorbing dynamometer is used, motoring assist to .
overcome the dynamometer inertia is acceptable, but motoring in excess of
-10 ft-1b (negative net torque) for more than 0.5 s to achieve speed targets

is not

permitted.
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7.1

7.2

7.2.1

7.2.2

7.2.3

7.2.4

Idle Mode: Idle the engine for 5 - 5.5 min at the manufacturer's
recommended curb idle speed. Dynamometer load may be applied to simulate an
automatic transmission to achieve curb idle speed. Any other adjustments
that cause idle speed to be altered for the purpose of simulating
accessories are not allowed.

Idle mode begins following the preconditioning mode (6.5), or the lugging
mode (7.4) designated J on the chart and ends at point A, the beginning of
the acceleration mode. Idle speed should be held within specifications
during the last 4 minutes.

Accelleration Modes: Consist Of three separate sequences of engihe
accellerations with one deceleration between the second and thivd
acceljeration.

Firlst Accel: Represented by points A, B, and C on the chart. | Point A is
whelre the first increase over curb idle speed occurs (typically defined as
5-10 rpm above the average observed idle speed). .  Roint B is the event
whelre the throttle begins to open to full position. Point C i where the
thrpttle reaches a fully open position and must occur within 1| s of

poilnt B.

By [partially opening the throttie, increase the speed to. 200 +[ 50 rpm
abgve observed curb idle speed, measured at point B. The speefd between
poijnts A and B should not exceed 50xrpm above that at point B.[ Total time
measured between points A and C should not exceed 3 seconds.

Second Accel: Beginning at peint C with full throttlie, allow [the engine
to [accelerate against inertia-or a dynamometer load such that the engine
speled increases to at least 85% of the rated speed. Point C ig defined as
854 of rated speed. The acceleration between points C and D shall be kept
Tinear within +100 rpm, and the total time measured between pojints C and D
shall be 5 + 1.5 seconds.

Decleleration: .Beginning at point E, rapidly move the throttie| to, and

holld in, the-.tlosed position. Point E is defined as any speed| after point
D (7.2.2),bdt is recommended not to exceed 95% of rated speed|. Apply the
re%uired lodd to decelerate the engine to intermediate speed +HO rpm,

measured,at point F which is the event where the throttle begips to reopen
in [preparation for the next accel mode (7.2.4). The fully opeped throttie
poslition is designated as point G The deceleration time froml point D to

G shall be 2 + 1.5 s for electric dynamometers only.

Third Accel: Beginning at point G, fully open throttle, the dynamometer
Toad shall be adjusted to control the acceleration rate so that the engine
speed increases to rated speed. The time duration between points G and H
(defined as 95% of rated speed) shall be 10 + 2 seconds.

Note: For best repeatability of results, all test-to-test acceleration
(7.2.1, 7.2.2, 7.2.4) and deceleration (7.2.3) time durations should be
kept consistent.
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7.3

Rated Speed Mode:

Represented by points H and I.

Immediately upon completion of the preceding (7.2.4) third accel mode at
point H, adjust the dynamometer controls to permit the engine to develop

rated brake power.

The engine should operate within +5% of rated

brake

power observed during the preconditioning mode (6.5) and be within +50 rpm

of rated speed during the last 10 s of this mode.

Near the end of this

mode, it is necessary to reduce engine speed by increasing the dynamometer

load to prepare for the lugging mode as defined in 7.4.

Point I defines the

end of this mode and occurs when the speed is 50 rpm less than the

manufa
shall

Luggin

fully
engine
J, as

. I and

cturer's specified rated speed.

Total time between points H and I

be 55 + 5 seconds.

j Mode: Beginning at point I, with the throttie remaining i
bpen position, adjust the dynamometer controls to gradually
down to intermediate speed over a period of 35 +. 5 s, marke
the end point of the Tugging mode. The Tug down-speed betwe
J shall be Tinear within +100 rpm. Point J iscthe beginning

jdle mpde (7.1) for the next cycle.

Engine| Unloading:
the engine and dynamometer controls shall be returned to the idle

The engine shall achieve idle speed Within 60 s
The zero and span of the opa@imeters may be checked during the
If either the zerg or span

(7.4),
condit
of poi
idle m
drift

and th

INFORMA

Within 5 s of completing the preceding lugging

ion described in 7.1.
ht J.
pde of each test and reset if necessary.
is in excess of 2% opacity, theltest results are considered
g test should be repeated.

TION TO BE RECORDED:

Record
conduc

.1 Date
.2 Baro

.3 Maxi

ted:
, time of day; mumber of engine hours, test cell number, ang

metric pressure and combustion air humidity.

mum observed power, fuel rate, engine speed, fuel inlet temp

at rjated speed.

intare aip restriction, exhaust back pressure, and intake air tg

n the

slow the

d by point
en points
of the

mode

invalid

the following information in a test log for each smoke emigsions test

erature,
mperature

.4 Maximum observed torque, fuel rate, engine speed, intake air restriction,

exhaust back pressure, and intake air temperature at peak torque speed.

.7 Cali

.8 Any

.5 Smoke opacimeter type and identifying number.

.6 Exhaust pipe diameter at the point of measurement.

brated and observed values of calibration filter(s).

other desired information.

observers.

—a
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8.2 Record or identify the following information on the recorder paper or input
to the automatic data acquisition system at the time of each smoke emission

test:

8.2.1 Test number.

8.2.2 Engine model and serial number.

8.2.3 Engine hours.

8.2.4 Test date and time of day.

8.2.5 Smg
8.2.6 Zey

8.2.7 Reaq

. g

-

8.3 Any ¢
resu]

9. EQUIPN

ke opacimeter type and number.
o and span value of the calibration filter(s).

1 time signals of:

gmoke and engine speed

hrottle position, fully open and fully closéed

ther information as necessary to cross~reference the test 1
ts should be noted.

ENT_AND SMOKE MEASUREMENT INSTRUMENTATION:

Use tt
measuy
may be

tests
9.1 An e

requ
9.2 Prov]

The

pres
need
engi

e following equipment and instruments for engine transient

ements or opacimeter correlation tests. Either EOL or IL g
used for the transient smoke measurements. For opac1meter
refer to section 12 for additional guidelines.

gine dynamometer with adequate characteristics to perform
red by the smokestest cycle (section 7) must be used.

de an exhaust-system of proper diameter for the engine bein
xhaust pipgtng system must provide for adjustment of the exh
ure, if~specific back pressure Tevels are desired. If a my
d, a conventional muffler of a size and type commonly used
e may, be installed in the system.

Ta11p1pe - a minimum of 60 cm (24 in) of straight uniform
pipe must immediately precede the EOL opacimeter.

og and smoke

smoke
pacimeters
correlation

he test

g tested.
aust back
ffler is
with the

d1ameter

The I.D. of the tailpipe (section of pipe preceding the opacimeter) is
determined by the rated brake power of the engine used during the

test, as indicated in the table below.

Rated Brake Power Tailpipe I.D. (last 60 cm)
75 kW or less (100 bhp) 5.1 ¢cm (2 in)
76-149 kW (101-200 bhp) 7.6 cm (3 in)
150-224 kW (201-300 bhp) 10.2 ¢cm (4 in)

225 kW and above (301 bhp) 12.7 cm (5 in)
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9.2.1

(Continued):

c. An exhaust system whose length from the exhaust manifold to the exit
is 4.6 + 1.5 m (15 + 5 ft) is recommended.

9.2.2 For IL Opacimeters: There should be at least 40 cm (16 in) of straight

9.3

9.3,

9.4

1

pipe before and after the opacimeter. The pipe should be the same I.D. as
the opacimeter body with no sudden contractions or expansions in size near
the opacimeter that could cause any changes in the exhaust flow direction

or velocity.

Mount & Tull-Tlow, T1ght extinction

accord{ng to the provisions of 9.2. MWhen dual exhaust systems @are
necessary, one should divide the engine rated power in half and usp this
value to determine the proper opacimeter-tailpipe size recommendatfions in
9.2.1. .

t system

The ppacimeter must be installed and operated according to the meter
manufacturer's recommendations. Care should be taken to assure [that the
purge air supply to the opacimeters is clean and/dry.

Avoi¢l installation of the opacimeter in areas where it may experfience

temperature extremes. Opacimeters, in general, are designed to handle the
high| temperatures of the engine exhaustcfTowing through them, but may not
be able to handle the radiation from uhanticipated outside sources such as
exhapst manifolds, piping, and exhaust evacuation systems.

For EOL opacimeters, the optical unit of the meters shall be mounted
radial]y to the exhaust pipe so*that the measurement will be made jat right
angles|to the axis of the exhaust plume. The optical axial center|iine of
the oppcimeter should be located 12.7 + 2.5 c¢m (5 + 1 in) downstream from
the enfl of the tailpipe. - The full flow of the exhaust stream shalll be
centerpd between the emitter and detector apertures and centered gn the
light peam axis.

Avoid fmoke measurements with EOL opacimeters at low ambient temperatures
such af would occur outside during cold winter conditions. Experilence has
shown that opaeity measurements can be confounded by condensed fuel or water
vapor fin the exhaust.

In addition, avoid smoke measurements under any conditions that may distort
the smoke plume shape. This includes the possible plume distortion due to
test area ventilation systems and exhaust evacuation systems, or under windy
conditions, if the measurements are made outdoors.
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9.4.1 Exhaust Evacuation Guidelines: It is important that efforts be made to

9.4.7

insure that there is minimal distortion of the smoke plume in the area of

the

opacimeter.

Failure to properly identify any exhaust evacuation

system or wind or temperature, or both, influences on the plume will

res

ult in an undetectable error in the final results.

When doing in-doors

testing with an EOL meter, the following checks of the evacuation system
should be made:

a.

The flow capacity of the evacuation system must exceed the exhaust

flow of the test engine.

Based upon the shape, size and the amount of

exhaust suction available, it is recommended that the exhaust

exhaust volume flow due to the amount of ambient room advy

Check the exhaust evacuation system capacity with the test
If any exhaust ‘misses the
system or is rejected by it, corrective action.will be necpssary to

operating at rated brake power.

keep exhaust clear of the test area.

€vacuation System be able to ingest at l1east twice the actyal engine

that becomes

mixed with the exhaust between the tailpipe and the collection system.

engine
evacuation

Check for plume distortion with the engine off (or at idle,'depending

as it will be during the smoke measurement tests (see 9.4.

ection of Plume Distortion:

icate the amount of air currents. around the EOL meter.

es, especially at engine idle conditions.
ements would be an anemometer or air velocity probe.
evice of this type-should indicate that the air velocities
cimeter are below'1.2 m/s (4 ft/s).

preferred analytical method to determine plume distortion
of a CO2.gas analyzer. With this method, the opacimeter 1|

laced with™a small diameter, 2-3 mm (1/8 in), steel tube wi
pling_hole near the center of the probe.
analyzer and used to sample the plume CO2 concentrations.
cuation system and test engine operating, the sample probe

Thereare several methods that

upon the check method used), and with:.the evacuation system operating

P).

can

With the engine
and the evacuation system opérvating, feeling around the EOL meter with
st bare hands or a 7-8 cm length of ribbon pinned to a pencfil eraser
provide course indications of air movement that may influepce smoke

A better indicaftor of air
Measufrements with

dround the

requires the
ight beam is
th one small

The tube is connected to the

With the
is inserted
tions and

the position of the sample hole relative to the opacimeter are noted.
Traversing the entire plume will produce an exhaust CO2 profile.

Comparing this profile to another taken with the exhaust evacuation system
at reduced fiow, or at a larger gap between the tailpipe and the
collection system, produces the means to determine the magnitude of any

plu

me distortion.
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9.5
9.6
9.6.1

9.6.2

9.7.

9.8

10.

10.1

Smoke opacity and engine speed are to be monitored continuously, using a
strip chart recorder with the capability to meet the requirements of 6.7.
Alternatively, an automatic data acquisition system with a minimum sampling
rate of 10 Hz and resolution within 1% of full scale may be used.

The various components, opacimeters, electronic filters, and recorder,
should comprise a system capable of data collection with the following
Timits:

The opacimeter is to be linear within +1% opacity when calibrated to read
from 0 to 100% full scale. The meter should have a resolution within 1%
of fpTT scale reading.

The pngine speed reading is to be Tinear within +30 rpm pep'secand when
caliprated to read from the lTow idle speed to rated engin@ speed. The
readfing should have a resolution within 1% of rated engine speed.

The usp of general instrumentation for measuring engine’speed, power, fuel
rate, finlet air restriction, exhaust back pressure, @and such pressjures and
temperhtures while performing the tests as required in this part should not
affect| the recorded smoke values.

A sepafate low-pass electronic filter withcthe following performance
characteristics may be installed between the opacimeter and the recorder, or

any dafta acquisition system, to attenuate high frequency noise in [the signal:

Three decibels point - 10 Hz

ertion loss - 0 + 0.5 dB

Seflectivity - 12 dB per octave above 10 Hz
Attenuation - 27 dB down @af 40 Hz min

[ 3 o ik e i o 7]
—t
3

If an putomatic data collection system is used, the opacity signal should be
filterpd to match the wecorder response characteristics.

INSTRUMENT CHECKS:

The inktrument-Xight source and electronics should be warmed up fgllowing
the mahufacturer's recommendations. In addition, instruments shoyld be

thermafl 1y §tabilized by passing exhaust gas through them while operating the

engine| over practice test cycles.

For EOL opacimeters, during instrument checks, the meter may be positioned
out of the path of the exhaust plume while the engine is in the idle mode
(7.1). For IL opacimeters, the flow may be diverted from the opacimeter or
the engine must be stopped after the practice runs to perform the
calibration and instrument checks.

Follow good engineering practice in performing periodic opacimeter checks
for cleanliness of the optical lenses, calibration checks of dynamometer
speed and torque, and if used, recorder chart speed and linearity or
automatic data acquisition equipment linearity.
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10.2

10.3

10.4

1.

1.1,

11.1.

11.2

11.2.

11.2.

After the instrument is thermally stable, set the span adjustment first by
extinguishing the opacimeter light source and adjusting the output signal
to indicate 100% opacity.

Adjust the zero control under conditions of no smoke. Check or set the
automatic data acquisition equipment and chart recorder. Repeat span and
zero checks until chart or data, or both, acquisition equipment repeat
within 0.25% of correct reading without prior adjustment.

Insert calibrated neutral density filters, perpendicular to the light path
and adjacent to the opening containing the 1ight source. Filters should

i ; " jon, their
calipration should be traceable to NBS. If readings deviate~in|excess of
the calibrated value of the filter, corrective actiomsholld be taken.

DATA JANALYSIS:

Use the following procedure to determine the smoke opacimeter vajJues:
Accelleration Smoke Value:

Lgcate the start of the first accel mode.(point A, 7.2.1) and| the end of
the second accel mode (point D, 7.2.2).ds one acceleration segment.

Ldcate the beginning and ending of the third accel mode (points G and H,
7.02.4) as the second acceleration ségment. If the smoke and gngine speed
d
n
i

ta have been recorded on a strip. chart recorder, it is usually
cessary to account for pen off=set relationships between thpse two
ittems in locating the interval“check points.

2 Dilvide both of the acceleration segments into 1/2 s intervals|beginning
atl the start of each segment. Disregard smoke values at the pnd of the
segments for interval times less than 1/2 second. Determine fthe average
snfoke reading during-each 1/2 s interval.

3 Ldcate and record the 15 highest 1/2 s readings during both apceleration
sdgments of each cycle. Average the 45 readings from the thrpe cycles.
Record andidesignate this value as "A". ("A" represents the phcceleration
smoke characteristic of the engine.)

Lug [Smoke Value:

1 Divide the lugging mode (interval between points I and J, 7.4) into 1/2 s
intervals and determine the average smoke readings during each 1/2 s
interval. Disregard smoke values at the end of this mode for any
interval time less than 1/2 s.

2 Locate and record the 5 highest 1/2 s smoke readings during the lugging
mode. Average the 15 readings from the three cycles. Record and
designate this value as "B". ("B" represents the lugdown smoke
characteristic of the engine.)
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11.3 Peak Smoke Value:

“11.3.1

Re-examine the 20 average 1/2 s values determined in 11.1.3 and 11.2.2
and from those, locate the 3 highest 1/2 s readings during each
dynamometer cycle. Average the nine readings from the three cycles.
Record and designate this value as "C". ("C" represents the peak smoke
characteristic of the engine.) -

12. CORRELATION PROCEDURE FOR FULL-FLOW OPACIMETERS:

12.1 Introduction:

This section describes a method for correlating full flow

12.2

opaci
with

Howev
opaci

The ¢
(sect
the e
the t

It ha
to op
one o
opaci
corre
calcu

The f
data

Gener|
secti

12.2.1 The
tha

12.2.2 The
str
and

eters on the transient smoke test. This was written specif
he intention of developing an EOL versus IL opacimeter cory
r, it could be used to correlate any two (or more) fuH(flo
eters, such as one IL to another IL opacimeter.

brrelation test method uses the transient smoke test- procedu
on 7) to generate data. The opacimeters are connected in s
haust pipe. Data from the meters are collected simultaneou
ransient smoke test.

5 been found experimentally that the Beer-Lambert law can be
hcimeters.! A mathematical correlation for converting the v
hacimeter to the value, which wouldche obtained from another
neter, is developed from the Beer<Lambert law (12.6). This

ation is intended for usage with the 1/2 s average values u
late the A, B, and C smoke valdes of the transient smoke tes

p1lowing sections describevthe test setQUp, opacimeter calib
rollection, and data analysis methods:

h] Test Set-Up: The equipment and instrument procedures con
bn 9 should be fellowed for opacimeter correlation tests.

opacimeters. Should be installed in the exhaust system in se
t the two, opacimeters view the same exhaust. ’

metersushould be as close as possible to each other in the
bam.</ This is to minimize exhaust transport time between the
tovassure that the composition of the exhaust does not chan

ically
blation.
W

re
bries on
51y during

applied
plue of

sed to
t.

ration,
tained in

ries such

exhaust
meters
ge due to

such
possibly influence the light extinction properties of the exhaust.

factors as particle agglomeration or condensation that co

1d

These

factors are primarily a function of time, exhaust temperature, and

den

1Reference:

sity.

(A. W. Carey, Jr., SAE Paper 690492, May, 1969)
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12.2.3

12.3

12.4

12.5

12.6

If correlation tests between an IL meter and an EOL meter with several
different tailpipe diameters are to be run, it is recommended that in
addition to changing the tailpipe size, that the engine also be replaced
with an engine with rated brake power conforming to the table listed in

9.
affected by the exhaust velocity.

2.1.
Changing engine size with

This is because both EOL and IL opacimeters' plume shapes are

the

tailpipes helps assure that the exhaust velocities will be within normal

ranges.
Calibration: Instrument checks should be performed as defined in
section 10.
Test Cycle: The test cycle used for correlation testing is thg same as
defined in section 7.
Data Collection: Data collection and analysis for correlation |testing is
the [same as defined in section 11 with one exceptiond- In orden to minimize
the |difficulty of trying to time-align opacity data pairs, it is
recgmmended to include the data collected during the deceleratijon defined
in 7.2.3 in with all the other acceleration modes (7.2.1, 7.2.9, and 7.2.4).
Opagimeter Correlation Theory: Opacimeters*correlate according to the
Beef-Lambert law. This can be expressed.mathematically as:
T = exp (-KL) eq 12.6.1
since T = @1 - N/100) eq 12.6.2
N = 100(1 - exp (-KL)) eq 12.6.3
T|= transmittance
N|= percent opacity
exp|= base of naturalilogarithms
K= attenuation (or extinction) coefficient
L|= path length_through the smoke
For |opacimeters subjected to the same smoke conditions, and haying similar
peak wavelength spectral response characteristics, the following opacity
relationship can be derived:
N2 = 100 (1 - (1 = N1/100)€L2/L1), eq 12.6.4
where N2, N1 = specific meter percent opacities
and L2, L1 = specific meter optical path lengths
The ratio of optical path lengths (L2/L1) can then be expressed as the
ratio of the natural logarithms of each meter's transmittance.
L2/L1 = In(T2) / In(T1) eq 12.6.5
where 1n = natural logarithm

or as a logarithmic function of opacities by:

L2/L1 = Tn(1-N2/100) / 1n(1-N1/100)

eq 12.6.6
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