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Foreword—This Reaffirmed Document has been changed only to reflect the new SAE Technical
Format.

1. Scope—Measurement of diesel smoke in an accurate and consistent manner hastheen a se
engine and |vehicle manufacturers, users, and agencies charged with enfdrcing smoke
instruments, pased on different principles and using different scales, are commonly used. In
human obsefvation and judgment are often used to relate smoke to a variety'of standards.

The purpose|of this SAE Information Report is to provide an understanding of the nature of d
it can be mejsured, and how the various measurement methods)can be correlated. Excef
various type$ of smoke, the report deals solely with the steady-state measurement of visi
emitted from|diesel engines.

For the bengfit of those who wish to study various aspects of the subject in greater dept
references igincluded in Section 2.
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Diesel SmoK
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Instrumenta] Smoke Measurement—Any «technique which involves direct measuremen

property of th

LIGHT EXTI
to penetrat

FILTERING |
by passing

Visual Smok
engine's smg
(usually a gr3

ust

Terminology, and Abbreviations—The following apply to definitions,¢.abbr
g in this document:

e—Particles, including aerosols, suspended in the engine's gaseous exhay
bct, and/or refract light.

Ke—Particles composed of carbon (soot), usually less than(l hm in size, which
mbustion process.

BLUE SMOKE—Particles composed of essentially>colorless liquid (droplets)

bbserved light.

ite smoke is usually due to condensed, water vapor or liquid fuel droplets. Blue
b to droplets resulting from the incomplete burning of fuel or lubricating oil.
e smoke without recourse tg-human judgment or comparison.

ICTION METHOD—ANnNY technique which involves a measurement of the amount ¢
b a column of smoke:

IETHOD—ANY_technique which involves a measurement of the amount of soot
exhaust gases-through a filtering medium.

ke plume to rate that plume's appearance against an established scale of bla

bviations, and/or

st stream which

nave escaped the

ihich reflect and

e observed color results from the refractive“index of the liquid in the droplets andl the droplet size.

smoke is usually

t of an intrinsic

f light which fails

articles collected

e MeaSUrement—A measurement technique which relies upon human olpservation of an

kness or opacity

y-scale on either a transparent or opaque white base).

Photographic Smoke Measurement—A measurement technique which relies upon an instrumental or visual
comparison of the photographic image of a smoke plume with an established scale of blackness or opacity to
determine the opacity of the original smoke plume.

Transmittance (T)—That fraction of light transmitted from a source, through a smoke-obscured path, which
reaches the observer instrument receiver, expressed in percent (%),

_ 1 _opacitys
ga( ! 100 @

(Eq. 1)

Opacity (N)—That fraction of light transmitted from a source which is prevented from reaching the observer or

instrument re

ceiver, expressed in percent (%), N =100 (1 - T).
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3.7

3.8

3.9

3.10 Abbreviations

4.

4.1

Beer-Lambert Law—For purposes of diesel smoke measurement an equation expressing the relationship
between the opacity of a smoke plume, the effective optical path through the plume, and the opacity of the
smoke per unit path length, may be used:

_ Transmitted light _ kL
Incident Light © (Ea. 2)

and
N = 100(1-e<h) (Eq. 3)

Absorption Coefficient—The absorption coefficient, K, (or m-1), of a plume is defined in the following
manner, a fofm of the Beer-Lambert Law:

N g

1
K=- T'ngq_loog (Eq. 4)

where L is eXpressed in meters, m.

Effective Opttical Path Length—The length of light beam between the“emitter and the| detector that is
intersected by the exhaust stream, corrected for nonuniformity due to density gradients and fiinge effects.

°C = degrees Celsius

°F = degrees Fahrenheit

= pefcent

= mgters

= opacity, %

= basge of natural logarithms

= absorption coefficient (smoke density), m™*

= effgctive path length through the smoke (meters)
= trapsmittance

n =nafural log

4 x®=z3 g

Procedure for Smoke Evaluation

Instrument Methods for’Smoke Measurement—Instruments for measuring diesel smoke may be classified
generally as follows:

a. Opagimetery Full-Flow Type—Measures opacity of the full smoke plume. Can be dlither the exhaust
stacH (inzline) or at the outlet of the stack (end-of-line) type.

b. Opacimeter, Sampling Type—Measures the opacity of a portion of the exhaust gas which has been
extracted from the exhaust pipe and passed through a measurement chamber of standardized size.

c. Filtering Method—Smoke soot particles are collected on a filter medium as a sample of the exhaust is
forced through. The filter may be evaluated by comparison with standards, by photoelectric
reflectance measurement methods, or by determining the mass of the sample.

A representative example of these general types of instruments will be described. With the exception of the
direct soot measurement systems, each is commercially available.
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4.1.1 OPACIMETER, FuLL-FLow TyPE
41.1.1 End-of-Line Opacimeter

4.1.1.1.1 Introduction—An example of this type is the USPHS (EPA) Diesel Smokemeter (Figure 1), developed by
the U.S. Public Health Service.

The light source and photocell are located on opposite sides of the smoke plume, a few inches from the
open end of the exhaust pipe (Figure 2). Output of the photocell may be read remotely on the calibrated
milliammeter or by an optional chart recorder. The meter furnished with the instrument may be
calibrated in either 0 to 100% light transmittance or opacity. The unit can be battery operated and
requires_a clean supply of compressed air, which is used as an air curtain to keep the light source and
photockll free of soot. Calibration is accomplished by blocking the light beam for 10096 opacity and by
clean gir (remove from plume or shut engine down) for zero capacity. Calibration.between 0 and 100%
can bq established with neutral density filters which should be referenced t6/\NIST|standards. The
instrunjent system is sensitive to smoke density and the effective optical path.Jength (djameter of smoke
plume)l Therefore, it is important to define the location of the meter above the stack and the stack
diametpr when comparing readings with other smokemeters. Change%in opacity dlie to path length
differeces may be calculated by using the Beer-Lambert Law.

FIGURE 1—USPHS (EPA) DIESEL SMOKEMETER
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EXHAUST STACK —e

FIGURE 2—METHOD OF OPERATION OF-FULL-FLOW TYPE OPACIMETER
4.1.1.1.2 Specific Operating Precautions
a. Do npt rigidly mount the optical unit on the engine exhaust pipe. Engine vibration CT shake the lamp
n

filament which may register as noise on recorders. It may also shake lenses and loosen other
mechanical and electrical components within the unit.

If ad@ptation of the instrument for portable vehicular operation is attempted, several modifications are
suggested:

1. General—Shock mount the photocell, solder all electrical connections, strengthen mechanical parts,
angl use a frosted\lamp to minimize the effect of filament vibration.
2. Pojer Supply==Inverters, gasoline engine generators, or batteries may be used to [power the optical
unit and recorder. Vehicle electrical systems should not be used for power, since vqltage fluctuations
reqult in ibstrument zero shift.
3. Air|Supply—Bottled nitrogen or vehicle brake air supply, properly filtered and dried,| may be used.

b. The open stack, a relatively critical location for the optical unit, and the need to calibrate on clean air
are features not particularly well suited to laboratory engine testing. Hoods or funnels have been used
successfully, but the particular exhaust gas disposal system must be considered when this
smokemeter is used. The smoke ventilation systems should not influence the shape of the exhaust
plume. Exhaust noise and room ventilation also must be considered when testing indoors.

CAUTION—Exhaust stacks larger than 5 in in diameter should not be used.
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41.1.2

41121

41.1.2.2

In-Line Opacimeter

a.
b.
c.

Introduction—An example of this type is the Celesco Model 107 Smokemeter (Figure 3). The light
source (pulsed light-emitting diode) and detector (photodiode) are located on opposite sides of the
smoke plume in the sensor mounts as shown. Output from the photodiode may be read remotely on the
microammeter or by an optional recorder. The unit requires a clean supply of compressed air, flowing
through the sensor mounts to keep the light source and detector free of soot. Water-cooled sensor
mounts are used for temperature isolation (recommended for ambient temperatures above 49 °C
(120 °F). Calibration is accomplished by electrically blocking the detector circuit (to minimize source
diode thermal drift) for 100% opacity and clean air (shut engine down) for zero opacity. Calibration
between 0 and 100% can be established with natural density filters which should be referenced to NIST

standa

rds

This in

Specifi

Mout the meter sensor unit in a straight section of pipe downstream 'ofyany curved s

Prov
For i

can be attained by running the engine at high speed, then claesing the throttle, and r

simu
perig
whic

—F

strument system is sensitive to smoke density and the effective optical path.leng

C Operating Precautions
de clean purge air to the photocell and light source to avoid sogt’contamination.

taneously to allow the engine to decelerate against‘the dynamometer inertia.

N time the meter can be zeroed.

£y

M-

FIGURE 3—CELESCO MODEL 107 SMOKEMETER

h.

pctions.

n-line meters used with laboratory engines and sufficiently large inertia dynamometers, a hot zero
emoving the load

This allows a

d of approximately 2 to 5 s of no smoke while the eéngine is purging the stack with clean air during
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41.1.3

41.2

4121

General Operating Precautions

a. The compressed air supply must be free of oil, water, and dirt, any of which may obscure light and
introduce error in the readings. For oil contaminated lines, it is necessary to thoroughly flush the
supply air system back to the air filters.

b. Chart recorder response characteristics can affect the reading obtained. The Federal Register (2.1.1)
specifies recorder response for certification testing. This is especially important for transient smoke
tests, and it should be established that the readout instrumentation used has proper response for
transient work. The optical system of the opacimeter is extremely fast, and with suitable recorders
(light beam type of an oscilloscope) the smoke puffs from individual cylinders of a multicylinder engine
may be observed.

c. Since_neutral density (ND) filters used in the calibration of opacimeters are not truly neutral, the filters
should be calibrated at the same mean effective wavelength as the meter.

OPACIMETER, SAMPLING TYPE

Introductjon—Figure 4 shows the Hartridge MK3 smokemeter, an example ©f this type.

FIGURE 4—HARTRIDGE MK3 SMOKEMETER

Figure 5 illustrates the operating principle which involves measuring the opacity of a portion of exhaust gas
continuously flowing through the sample tube. Zero reference is achieved by a switching arrangement
which utilizes a second tube containing clean air, free of smoke. An internal electric fan purges the
instrument case (of smoke) and clears soot from the light source and photocell. The calibrated
milliammeter reads in units from O (clear) to 100 (completely opaque). Since the smoke tube length is fixed
and known, these readings can be related to smoke measurements made with other instruments by means
of the Beer-Lambert law. The smoke reading is not affected by exhaust pipe diameter. Transient response
is limited to the time required to fill the sampling tube (transport time approximately 0.2 to 0.6 s) and by the
length of tube which serves to deliver the sample.
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4122

General—The instrument does not have a system to draw the sample into the meter, so a butterfly valve or
other restriction is needed in the exhaust stack to create sufficient exhaust pressure to force the sample
through the meter. If sufficient exhaust gas velocity exits, an impact sampling probe at the stack outlet may
be used. Isokinetic sampling probes are suggested. A manometer is provided with the meter because the
pressure of the exhaust sample at the meter must be maintained within specified limits. A pressure relief
valve is also provided to aid in maintaining this pressure. Temperature gauges are provided for exhaust
sample temperature to the meter and within the smoke tube. These temperatures must be maintained to
prevent condensation of water vapor in the exhaust at low temperatures, damage to the meter at high
temperatures, or inaccurate meter readings at high or low temperatures. (A more recent version of the
meter contains a heated smoke tube.) Transient smoke measurements with this type of instrument are not
recommended due to slow system response, problems of obtaining a representative exhaust sample, and
inability to_maintain temperatures and pressures within specified limits during transient operation of an
engine.
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41.2.3

4.1.3

41.3.1

41311

Operating Precautions

a.

An external means of cooling the exhaust sample to the meter is normally required because diesel

exhaust will often exceed 1000 °F on a loaded engine. This hardware is not provided with the basic
Hartridge MK3 instrument, but this can be accomplished with commercially available air-to-water or
air-to-air heat exchangers. The choice depends on the test setup. The air-to-water exchangers may
be more convenient for laboratory testing, whereas the air-to-air exchangers may be more convenient
for field operation if a storage battery can be used to power a fan for air cooling. The instrument may
be used without external cooling of the sample if the exhaust temperature is quite low or if very short
sample periods are used. When short sample periods are used the probe should be removed from the
exhaust stream between readings. The sample tube should be allowed to cool between readings

oper
Outd
sam
caus
caus
This

onb
smok
thosg

FILTERING §

tion to prevent damage to the meter due to overheating.
or operations in cold weather or overcooling of the exhaust may resultdn.co
ling hose or within the smoke tube. This is usually noticeable at the pressure rel
b the valve to stick. Excessive condensation can foul the photocell, smoke tube|
ng zero shift. Condensed water will also cause erroneous readings, by scatterin
fype of smokemeter has displayed repeatable results when propérly applied. It i
ack diesel smoke, and correlations herein are on that basis: Attempts to meas
e will usually be unsuccessful because of the liquid particleSywhich will cause p
mentioned for condensed water vapor.

bYSTEMS

Bosch Spotmeter

Introdu
Figure
stream
the filte
battery
is by

photoeg

Calibrg

A ze
A mi
5.0 B
Full 5

ction—An example of the filtering type system is a portable Bosch "Spot" Smok
6. A spring-operated sampling pump.draws a fixed volume of exhaust gas

through a controlled density papenfilter disc. Soot particles from the sample
r disc, causing it to darken in proportion to soot particle concentration. A sepa

d in this mode of

hdensation in the
ef valve and may

and light source
g the light beam.

intended for use
ure white or blue
oblems similar to

emeter shown in
rom the exhaust
are deposited on
rate 110 V AC or

-powered photoelectric device\measures the light reflected from the darkened fil{er disc. Readout

i milliammeter calibrated\in 0 to 10 units.
ectric evaluation system.

Figure 7 shows the operating

tion of the photoelectric readout consists of:

o adjustmentwith the instrument switched on with the detector exposed to cleal
I-scale calibration using a black perforated grid (supplied with the instrument) c
osch réading.

calesreading (2.1.1) Bosch is set with the switch off. (A mechanical meter adjus

principle of the

filter.
brresponding to a

tment.)

A vari

b o £ 4l 4 £ 3 + % ol L AN /L Lol rs Foo | L
qUITUT TS Ty e UT iStaliTiCTrTTTauT Uy AV TTICTOUT S diT autuniTiatcu- saripniy Sy

tem with remote

actuation and readout. This automated system utilizes a roll of filter paper in place of the individual

discs.
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FIGURE 6—PORTABLE BOSCH "SPOT" SMOKEMETER
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FIGURE 7—OPERATING PRINCIPLE OF THE PHOTOELECTRIC EVALUATION SYSTEM
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41.3.1.2

41.3.2

4.2

Operating Precautions

a. Engine vibrations may loosen the smoke probe shield. This shield may be pinned to the probe and
should be checked frequently whenever vibration is encountered.

b. Locate sampling tube so water cannot drain down into the sampling pump. Sampling probe should be
located at the open end of the exhaust pipe, whenever possible, to avoid the pressure, velocity, or
pulsation effects which may occur closer to the engine manifold.

c. When performing the mid-scale readout calibration or when reading a sooted filter disc, the perforated
grid or sooted filter disc should be placed on top of a minimum stack of 10 clean filter discs. Discard
sample discs which become smudged with water vapor or smeared by the operator. Keep plenty of
clean discs available and handle both clean and used d|scs carefully

d. Three ple will clean the
filter older and coIIect any accumulatlon of Water vapor or soot from the sample I|ne This sample disc
should be discarded. To prevent soot and water vapor accumulation, shop airmay [be applied to the
sample line. Caution should be exercised to be certain that the shop air is tufned off[during sampling.

e. The mid- [ hding each set of
sooted discs. Check to be sure that the proper side of the paper filter disc is measurgd.

f.  Atlight smoke levels it is difficult to determine which side of the filter-has been exposgd to the exhaust
gasep

g. Fregpently check sample pump plunger travel time and periodically leak-check the sample pump hose
as odtlined in the manufacturer's maintenance instructions.

h. This pmokemeter is intended for measurement of black engihe smoke and should not[be used for white
or blfie smoke.

i. Sampling under transient conditions is not recommended because of transport time lag and integration
of th¢ sample on the filter.

Direct Sqot Measurement—Diesel smoke of thei*black variety can be measured and described by

determin|ng the mass of soot per unit volume-of exhaust gas. In general, the procedure is to pass a

measurefl amount of exhaust gas through_an absolute filter, capable of retaining on its sdirface all the soot

that was [suspended in the exhaust gas.sample. The weight of soot collected divided by the volume (at a

specified|temperature and pressure)-of\exhaust gas sampled, is reported as the soot conjcentration.

In the Caterpillar Tractor Co. version of this procedure, the weight of soot is determined a

weight of
drive off

In the Et
is burned
of CO, p

hny absorbed hydrocarbons that might contribute to the soot weight.

roduced-.

the filter before and-after the sampling process. The filter with its sample is hea

yl Corp. verSion of the procedure, an incombustible filter is used. After sampling
under carefully controlled conditions. The weight of carbon (soot) is determined

5 the difference in
ted sufficiently to

, the soot residue
from the amount

PhotographicMethods—Sitill pictures, motion pictures, black and white and color photographic methods and

films have been used in attempts to establish an acceptable procedure for the measurement and
documentation of diesel smoke.

In the mid-1960s, an SAE Task Force (2.1.1) of the Diesel Smokemeter Subcommittee came to the following
conclusions:

a. The density exposure characteristics of color photographic emulsions are such that they will indicate
apparent smoke densities in substantial variance with those observed by eye or with a photoelectric

light-

extinction type opacity meter (opacimeter).

-14-
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4.3

To yield a transparency of projected image with an apparent smoke equal to that visually observed or
indicated with a photoelectric opacimeter, the exposure must be such that it utilizes the nonlinear
portion of the photographic emulsion's response curve. When exposed in this manner, it would be
mandatory that transparencies be evaluated with a precision densitometer before they could be
accepted as evidence of a particular smoke level.

Although a photograph made under ideal conditions may not yield a record directly corresponding to
the eye's impression or to a reading from a photoelectric opacimeter, it can be used as the basis for a

calculation of smoke opacity.

d. Even under

ideal conditions, photographic smoke measurement is

reproducibility to warrant its use as an objective smoke technique.

incapable of sufficient

In the early 1970s another method of photographic recording was attempted to eliminate some of these

variances.
the aperture
the filters, an

The intent w

comparison
background)

The techniqu
smoke plume
reasons: prin
accepted ins

Visual Meth
means for o
subjectively

limit his obse
mentally for t

To investigat
conducted in
Obscuration

ambient light

Two observa

procedures that have since been stipulated by the federal government for diesel smoke certif

Vision obscu

his method consisted of two neutral density filter (light attenuators) mounted-at
plate of a movie camera. Only a small section on either side of the field of(viey
i therefore light flux being admitted through the lens was also attenuated-in-the

ps to record on film, simultaneously, the density of smoke plume as well as
without consideration for background conditions, such as, the.wvariation in
condition: cloudy, hazy, mottled, clear, etc.

e also eliminated the need to consider variations in overall film density of the ref|

harily, the method was not instantaneous and the ‘@pacity type meters were
rument (standard) of the industry.

pds—Visual methods of smoke observation and rating have been developed as
btaining numerical ratings of black (gray) smoke. The smoke perceived by
ompared with one of several established gray scales. The observer must dis
rvation to that portion of the plume.immediately above the exhaust stack exit, a
he factors of background color, illGmination, and ambient light level.

e the optical properties and visual effects of smokestack plumes, a resear

Df objects by smoke _and‘the visual appearance of the smoke itself were studied.
intensity and orientation was defined.

tions in the~report on this work summarize the results and indicate the rati

rationdy smoke plumes and the visual appearance of smoke plumes are far

environmenta

aerosol. Ap

I condrtrons of plume |IIum|nat|on to be relrable measures for characterrzrng

the mid-1960s, jointly by the U.S. Public Health Service and the Edison Electri¢

the film plane in
was covered by
brea of the filters.

density filters for
sky (the normal

erence filters and

which are proportionately affected. But the technigue was not fully developed for a number of

emerging as the

simple and direct

the observer is
cipline himself to
d to compensate

ch program was
Institute (2.1.4).
The influence of

bnale behind the
cation purposes:

po dependent on
the plume as an

A-one direction and

accepted from another even when its content had not changed, and The optical property of a plume that is
easiest to measure and most simply related to concentration, particle size, composition, and dimensions of the

plume is its

light transmittance.

Although no general inexpensive instrumental technique is available for

objectively measuring the transmittance of plumes, there are several special techniques which collectively,

under most ¢

ircumstances, will provide an objective means of measuring the transmittance.
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431

4.3.2

RINGELMANN RATING—The standard for this method was published as U.S. Bureau of Mines Chart No. 917-
891 (2.1.1) (Figure 8). It was developed by Prof. Maximilian Ringelmann of Paris, France in the late 1800s. It
was originally developed as a guide for operators to adjust excess air for blast smelting furnace efficiency.
This chart served as the primary enforcement tool in this country in earlier years.

The Ringelmann system uses a card or a chart of graduated shades of gray produced by varying the width of
cross-hatched black lines on a white background. The line widths are varied so that the black occupies
approximately 20, 40, 60, and 80% of the total area of the chart. These shades are referred to as
Ringelmann No. 1, 2, 3, and 4, respectively.

It is assumed that Ois completely Whlte and No 5 is completely black. Pocket -size adaptatlons of the original

charts are
center hol

It should b
transmitted
standard.
has been
backgroung

The systen), as a smoke-measuring device, has come under criticistd on innumerable occag

to the fact
Manufactu
opacity in t
in the relati

PHOTOGRA
which segn

One such
1950s.
compared

observes the guide against the same:-background and lighting as the smoke plume.

An opacity

guide. M1ny versions oftfilm strip guides have been available, but in general they are

determinin

These guides are designed telallow the transmission of light through the sm

noted that the Ringelmann method requires the observer to comparé-the oh
or reflected from a background through the smoke plume to that ofsthe light
rrors in judging the equivalence between the smoke and the printed standard
conclusively demonstrated that the evaluation of a smoke plume is strong
1, light intensity, and light directionality (2.1.1).

that the Ringelmann ratings are subjective and depend’on training and conditi
ers Association has prepared a complete report and discussion of Ringelmann
heir paper (2.1.1) which further substantiates the conclusion that there are defin
onship between the Ringelmann rating and opacity.

bHIC SCALES—FILM STRIPS—This type of‘Opacity guide system uses a transpa
nents of graduated density are produced by controlled exposure of photographic

juide was developed for visual .smoke evaluation by the U.S. Public Health S

Simultaneously with the transmission of light through the guide. With proper U

rating is determined-by comparing the smoke plume to the graduated densitie

actual opaCity measurements.

lume through the
round the hole.

scuration of light
eflected from the
are inevitable. It
ly influenced by

ions. This is due
bns. The Engine
numbers versus
ite discrepancies

ent film base on
silver.

ervice in the late
bke plume to be
sage, the viewer

5 on the film strip
of limited use in
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3. EQUIVALENT TO 60 PERCENT BLACK. 4. _EQUIVALEN

80 PERCENT BLACK.
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1. EQUIVALENT TO 20 PERCENT BLACK. 2. EQUIVALENT TO 40 PERCENT BLACK.

FIGURE 8—RINGELMANN SCALE FOR GRADING DENSITY OF SMOKE
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4.3.3

REFERENCH
evaluation
of the oil b
smoke gen

FIGURE 9—RINGELMANN TYPE SMOKE CHART

SMOKE GENERATORS—Efforts to\obtain a frame of reference for visual methods of smoke
have resulted in generators designed to produce controllable smoke. These ggénerators, usually
iIrner type, have been used in'Los Angeles, CA to train observers for visual smpke rating. Such
erators may be of questionable value for training observers to rate diesel enging smoke because

the generator stacks are usually:more typical of stationary powerplant practice than of digsel vehicle stack

installation

To help im

rove the understanding of engine smoke and to establish a better correlation hetween what the

public may see and-what an instrument measures, engine manufacturers cooperated in the design and
development of a-«diesel engine smoke generator. It was a commercial diesel engine, mddified to produce
smoke by g suitable loading means and an air supply restriction device. Engine acceleration transient smoke

could also pecproduced by the generator.

Correlation of Steady-State Smoke Measurements—In 1967, an SAE Diesel Smoke Measurement Task
Force conducted a series of tests to establish usable correlations between the principal methods of steady-

state smoke

measurement used by engine research and development organizations. Correlations were

established between: opacimeters, full flow type; Robert Bosch Spotmeter; B. P. Hartridge; and exhaust soot

content.

It was found that reliable correlations between these methods could be established only if the smoke

measuremen
than the stac

ts were taken at the exhaust stack outlet. Sampling smoke at locations in the exhaust line other
k outlet would necessitate correlations which would vary from installation to installation and which

would also be influenced by engine load and speed.
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The results of these tests were reported in May, 1969 (2.1.1). Figure 10 represents the summarized results of
the work of the Task Force. Some examples will serve to illustrate how this figure should be used. Figure 11 is
a self-explanatory alignment chart, presenting the same results in another form.

Example 1—A Hartridge smoke reading taken at the stack outlet yields a value of 50 HSU (Hartridge Smoke
Units). By reading across in Figure 10 from 50 HSU, we find that a Hartridge reading of 50 corresponds to a
Bosch Spotmeter reading of 4. Reading down from the 45.7 cm (18 in) Hartridge line, we find that the
corresponding soot concentration is approximately 222.5 mg/m3 (6.3 mg/ft3), and that the opacity of this smoke
when flowing through a 10.2 cm (4 in) stack is 14.5%. If the same smoke were passed through 7.6 cm (3 in)
and 15.2 cm (6 in) stacks, then the observed opacities would be 11.5% and 21%, respectively.

eading across in
Figure 10, we find that th|s would correspond toa Hartndge readlng of 35 5 HSU Readlng lown, the opacity
produced by the smoke passing through a 15.2 cm (6 in) exhaust stack would be 14%; through a 12.7 cm (5 in)
stack, 12%; through a 10.2 cm (4 in) stack, 9.5%; and through a 7.6 cm (3 in) stack, 7:5%. The soot content of
this smoke wpuld be approximately 148.4 mg/m® (4.2 mg/ft°).

Similar correlative data resulting from studies of others in the field may be explored by consuylting publications
of the Coordipating Research Council (2.1.1), the Motor Industry Research AsSociation (MIRA) (2.1.1), and the
Coordinating|European Council (CEC) (2.1.1).

The smokeneter correlation data presented previously is the mgstvacceptable data availaple. More recent
steady-state forrelation data is now being evaluated by the EMA Smokemeter Correlation Tgsk Force and the
results of thal work will be available in the future.
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