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SCOPE (Continued):

The test sequence and methods for measuring emissions are applicable to vehicles
either with or without systems or devices to control fuel evaporative emissions.
Although they have been used successfully with a wide range of vehicles equipped
with a variety of control devices, they should not be applied indiscriminately to
new or unique vehicles or fuel systems. For example, based on experience that
temperature excursions of the fuel tank in parked vehicles follow those of
ambient air, the test sequence prescribes heating of the fuel tank to simulate a
diurnal soak. Any control system designed to alter the relation between fuel and
ambient temperatures will not be properly evaluated in the test sequences
prescribed. _

This SAE Retommended Practice is intended as a guide toward standard practices,
but may be $ubject to frequent change to keep pace with experiente and technical
advances.
The recommepded practice includes the following sections:
1. Definitjons

2. Test Fuel
3. Test Fagilities and Equipment

4. Measurement Method

5. Preparation of Test Vehicle and Fuel System
6. Test Sequence

7. Information and Data to be .Recorded

8. Present3ation of Data

1. DEFINITIONS:
The followingsdefinitions apply to the terms used:

1.1 Loaded|Vehicle Weight: Loaded Vehicle Weight is the manufacturer|s
estimated wetght—of the vehicle 17 operating condition with all standard
equipment, the weight of fuel at nominal tank capacity, the weight of every
ftem of optional equipment which weighs over 3 1b (1.4 kg) and which is
installed on more than 33% of an engine displacement class, pius 300 1b
(136 kg).

1.2 Evaporative Emissions: Evaporative Emissions are fuel vapors emitted into
the atmosphere from the vehicle.

1.3 Fuel System: Fuel System means the combination of fuel tank, fuel lines,
pump, filter, and vapor return lines, carburetor or injection components,
and all fuel system vents and evaporative emission control systems or
devices.

"
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1.4 System or Device: System or Device includes any vehicle modifications that
control or reduce the amount of fuel vapors emitted from the vehicle.

1.5 Controlled Vehicle: Controlled Vehicle means a vehicle equipped with
systems or devices to reduce the amount of evaporative emissions.

1.6 Hot Soak Losses: Hot Soak Losses are fuel vapors emitted during a specified
period beginning immediately after the engine is turned off.

1.7 Diurnal Breathing Losses: Diurnal Breathing Losses are fuel vapors emitted
as a result of a specified increase in fuel tank temperature in a specified
time.

1.8 Running ses: Running Losses are fuel vapors emitted during operaflion of
the vehiclp under the specified test schedule.

1.9 Tank Fuel Nolume: -Tank Fuel Volume is 40% of nominal tank, capacity, [rounded
to the neafest whole U. S. gallon (multiple of 3.8 L).

2. TEST FUEL:

Although any fuel can be used for the test sequence.described, the
effectivenegs of evaporative emission control systems is usually evaldated
with a test| fuel representative of that commercially available, or expected
to be commefcially available, during the summer months. If the purpoge of
the test is| to determine the effects of changes in fuel volatility on
evaporative| emissions, use of noncommercial fuels may be necessary.

2.1 Test Fuel [dentification: To properly identify the fuel used, it shquld be
inspected for these properties:

Property ASTM Test Method

Distillation D 86
IBP -
5% Evaporated -
10% -
15% -
20% -
30% _
40% _—
50%
90% _—
FBP -
Reid vapor pressure, psi D 323

Hydrogen-carbon ratio? D 1018

aThe hydrogen-carbon (H/C) ratio is required for the final calculation of
evaporative losses using the enclosure method. The H/C ratio of condensed
evaporative emissions will differ from that of the test fuel. If extremely
accurate estimates of the amount of emissions are desired, the H/C ratio should
be determined separately for condensed diurnal (fuel tank) and hot soak
(carburetor) emissions. If routine laboratory accuracy is acceptable (+5%), a
single H/C ratio of the IBP to 130°F (54°C) distillation cut of the fuel can be
used for all calculations of emissions by the enclosure method. H/C ratio can
alternately be measured by B-ray absorption, which is quick and accurate (see
Jacobs, et al., Anal Chem., Vol. 28, March 1956).
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2.1

2.2

3.

3.1

3.2

3.3

3.4

(Continued):

A determination of nonreflux batch distillation temperatures may help in
understanding the mechanism of carburetor hot soak losses and determination
of true vapor pressure may help in understanding the mechanism of fuel tank

losses.

Fuel Sampling:

However, neither of these tests has been standardized by

taken from the fuel source at the start of the test. A 1 pt (0.5

container, precooled to 40°F (4°C) or less, should be used.
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er should be tightly sealed immediately after filling and
°C) or less until fuel inspection tests are made. Alterna
res may be substituted, but care must be exercised with an
re to prevent the loss of voldtile constituents from-the f
sampling or storage.

ILITI ND EQUIPMENT:

ns must be made for controlling the environment of the veh
g power, fueling and cooling the vehicdey and heating the

iment: Appropriate controls should ‘be provided to maintain
ture between 68 and 86°F (20 and-30°C) for the preconditio
porative emission tests.

bsorption: A chassis dynamometer with power absorption an

Toading
capacit

(80.5 Km/h) and simulate proper vehicle inertia during acceleratt

Vehiclg GCooling: A fixed-speed fan is needed to maintain engine
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capabilities is required. The dynamometer's power and in
fes must be adjustablie to adsorb road load power at 50 mph

ide proper fuelytank heating when the vehicle is running o
dynamometer( ) The fan capacity must be between 5000 and 5
(142 and J59 m3/min). Additional cooling may be used if

late road conditions.

le] Heating: An electric heating pad is needed to heat tan
thesdiurnal soak. This pad should cover 50% or more of th

ASTM.

A sample of test fuel for laboratory inspection should be
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transformer to regulate heat output should be adequate in most vehicles.
Alternate heating methods may be used on vehicles of unusual configuration

or if necessary to comply with local laboratory practices.

A1l methods

should avoid hot spots in the tank wetted surface which could cause local

overheating of the fuel.
above the 1liquid fuel.

Heat must not be applied to the vapor in the tank
With proper heating of the tank, vapor temperature

will not exceed liquid temperature by more than 6°F (3.3°C) at completion of

the diurnal soak.

Thermocouples and a multichannel, potentiometric-type

recorder with 1°F (0.5°C) accuracy and with variable chart speed should be
used for monitoring temperatures.
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3.5 Fueling: Facilities and safeguards must be provided for draining and
refilling vehicle fuel tanks. The work area must be well ventilated. Drain
and filling connectors and containers must be grounded to the vehicle tank.
If tanks have a suitable drain fitting, they may be drained by gravity. If
not, they may be pumped dry through the fill pipes. Many tanks are
difficult to drain either way, and care should be taken to insure that the
tanks are adequately drained. During fuel drain, assure that evaporative
control system is not abnormally purged. Facilities must be provided to
refill vehicle tanks to the specified tank fuel volume with fuel at a
temperature such that, at completion of the fill, the fuel temperature in
the tank is above 50°F (10°C) and at or below 58°F (14.4°C). Test fuel in
storage mafy require special temperature control to comply with thig |
temperature limit. Drained fuel cannot be reused for emission tests’

4. MEASUREMENT| METHOD:

The car encllosure method provides for sealing the vehicle An~an enclogure
during the [soak phases of the test. Evaporative emissions.are determined
from the changes in the hydrocarbon concentrations in the ‘enclosure. ([This
method produces a single measurement of evaporative emissions during 3 soak,
regardliess pf the number of sources. It can be used)to measure evaporative
emissions without modifications to the vehicle, and it can also be combined
with the trjap method to assist in quantitative allocations of emissions to
specific sources. It is not applicable to the run phase, and if there is a
chance of ejvaporative emissions occurring during that phase, traps mugt be
> used for itl. (Refer to SAE J170a (July, 1972) for description of the|trap
method.)

uirements: An enclosure with internal dimensions of 10(x 20 x
6 x 2.6 m) high will-accommodate vehicles with up to 130|in
eelbase, and has been found convenient for testing most U{ S.
passenger fcars. The foregoing dimensions may be adjusted to accommodate
different [size vehicles without significantly affecting the test resylts.
The enclosure door must-allow entry of the maximum-size vehicle. Dogr
sealing maly be accomplished by a resilient gasket, an inflatable seal, or a
pressure sealing zipper if a flexible door is used.

4.1 Equipment

Interior surfacessmust be impermeable to hydrocarbons. Permeable materials
may be covered<with polyvinyl fluoride! sheet of approximately 0.006|in
(0.15 mm) hickness One wall or door or ceiling, should be of f]e)ible
material such—a ; i - DOV
safety "blow-out" pane] and to al]ow for minor temperature changes of the
contained gas without excessive "breathing."

1"Tedlar" or equivalent.
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4.1

(Continued):

Walls are a barrier to dissipation of heat and should consequently be of
minimum thermal resistance. During the hot soak sequence, the temperature
of the enclosure atmosphere rises above external room temperature. Some
provision may be necessary for limiting temperature to 86°F (30°C) or less.
Directing the discharge from an internal blower against an enclosure wall
may help to control peak temperature. No portion of the airstream shall be
directed toward the vehicle. The maintenance of uniform concentrations
throughout the enclosure is important to the accuracy of the test.
Additional temperature control can be realized by application of airstreams
to the outside surfaces of the enclosure walls, but this must be-dpne
careful]y because high velocity may aggravate leaks. The enclosure cooling
system hust be controlled so that no interior surface temperature ffalls
below 68°F (20°C). Photographs of two enclosures that have been used
successfully are shown in Fig. 1.

FIGURE 1 - Car Enclosure
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/) 4.1 Equipment Requirements: (Continued)

The enclosure must be equipped with a flame ionization detector (FID)
hydrocarbon analyzerZ capable of measuring hydrocarbon concentrations
reliably in the range of 10-3000 ppm carbon.

Fuel gases recommended by the manufacturer of the FID and calibrating gases
are required as follows:

Ultrapure grade zero air

50 ppm propane in air (nominal)
100 ppm prdpane in air (nominal)
300 ppm prgpane in air (nominal)
1000 ppm prjopane in air (nominal)

A typical sample train for the analyzer is shown in Fig. 2. The sample
should be wWithdrawn from the enclosure through a tube of 14“in (6.4 mm) ID,
terminating 2-12 in (50.8-305 mm) inside the wall and located on the
geometric denter of the wall opposite the door or on oné. of the sides|or

below the denter of the ceiling. The tubing connecting this tube to the

analyzer should be of 1/4 in (6.4 mm) OD stainlessSsteel or similar ingert
material and should be as short as possible.

FLOWMETER 2ERO
AIR
> 3ém$LE Fev PARTICULATE
FILTER
3-way &
FLAME VALVE FCV 1
IONIZATION —
ANALYZER H
N FLOW CONTROL
VALVE {FCV) 5
ENCLOSURE
WALL
CALIBRATED
BURNER GASES GAS
FIGURE 2 - FID Sample Train
A blower (portable or fixed) of 1500-5600 ft3/min (42.5-158.6 m3/min)
capacity is| required for purging the enclosure between tests, and one|or

more explosion= = 8=
capacity is required for mixing the enclosure atmosphere during tests. Two
thermocouples for monitoring the enclosure temperature should be installed
30 in (76 cm) above the floor and 4 in (10 cm) in from either side, both
midway along the length of the enclosure.

4.1.1 System Checkout: The complete enclosure measurement system should be
checked initially and periodically for calibration, HC retention (leakage)
and self emission. Appendix A gives details.

‘j> ZA general description of hydrocarbon analyzers is given in the Journal of the
Air Pollution Control Association, Vol. 16, December, 1966, p. 697, "Analysis of
Exhaust Gas Hydrocarbons--NDIR vs. Flame Ionization," by M. W. Jackson.
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immediately prior to test.

For diurnal test, position gasoline
Open all windows and luggage compartments.

JI71 ﬂE@ Page 8
.2 ratin nce for Vehicl k_in Enclosure:
.2.1 Zero and calibrate gas analyzer.
.2.2 MWith door open, discharge purge blower into enclosure for several minutes

.2.3 Push or coast the vehicle with engine off into the enclosure and make
thermocouple connections.
heating blanket.

tank

4 Starl

agai

.5 Close and seal door.

Read
.6 Read

mixing blower and orient it such that it does not dischar
st the vehicle.

Obtain a stable initial reading of FID an

enclosure hydrocarbon concentration, enclosure interior ai

temperature and vehicle test instrumentation at S min intervals

soak

ppm ¢
prov

.7 Read
from
Check

test. Abort any test if the hydrocarbon-concentration exc
arbon, and immediately vent the enclosure. This concentra
des a 4:1 safety factor against the lean flammability 1limi

hydrocarbon concentration at the.end of the soak and subtr
final reading to determine the net concentration of hydroc
. the analyzer zero and calibration points to insure that t

not drifted.

Calculation of Emissions:

hydrocg
temper:

where:

The.mass of emissions is calculated fr
rbon concentration of.the enclosure in ppm carbon, enclosu
L1ture and pressure, ‘using the following equation:

KCHcVP x 10-4

M
HC T
Myc =(hydrocarbon mass, g
CHgo ="net hydrocarbon concentration as ppm carbon
e enclosure volume, ft3 (m3) (subtract car volume for

tests, approximately 50 ft3 (1.42 m3) with windows

enclosure interior air temperature and barometric pressure|

ge directly

b lyzer.

—

throughout
peds 15 000
tion

t.

act Initial
arbons.
hey have

om the net
re volume,

vehicle
and

(In SI

trunk open)
P =
and sealed
enclosure ambient temperature °R (K), measured when
closed and sealed

T =
H/C =
Kk =
units, k = 1.20 (12 + H/C) = 17.1)

barometric pressure, in Hg (kPa), measured when door is closed

door is

atomic hydrogen-to-carbon ratio of evaporative emissions
0.208 (12 + H/C) = 2.97 for average evaporative emissions

Note that hydrocarbon concentration is stated in ppm carbon, that is, ppm

propane x 3.

Derivation of this equation is shown in Appendix B.

N
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5.1

5.2

5.3

5.4

Car_Background Emissions: Vehicles contain many sources of nonfuel
hydrocarbon emissions. Experience shows these emissions to be relatively
small for vehicles more than 60 days old that are in good repair. However,
the "background" emissions should be measured and subtracted from the values
observed during the soak sequences. Appendix C details procedures for
measurement of car background emissions.

PREPARATION OF TEST VEHICLE AND FUEL SYSTEM:

Some suggestions on vehicle preparation follow, but it may be necessary to
expand or modify them for individual cases.

during the |diurnal breathing loss test. A thermocouple to read tank fuel
temperaturg must be located near the geometric center of the tank’ fue
liquid. Additional thermocouples, fuel system pressure taps, efc., may be
installed gn the test vehicle provided they do not affect the Operation of
the vheiclg or function of the evaporative control system:

Instrumentdtion: Tank fuel temperature must be monitored continuousdy

Visual Inspection: After instruments have been installed, the engine|should
be started|and run for approximately 5 min. The vehicle should be ingpected
for liquid [fuel or oil leaks while the engine is wunning. Leaks must|be
repaired and all traces of fuel spillage removed. Special care should be
exercised o eliminate any leaks in the windshield washer system. Wagher
solvents uqually contain an alcohol that will“be detected by the hydrocarbon
analyzer and recorded as a fuel evaporative-loss.

Fuel System Pressure Test: A pressureitest of the fuel tank assembly
filler cap, filler pipe, fuel linesy‘ fuel vapor lines, and other components
should be made to insure the integkity of the fuel system and to check
performance of any pressure coptrol device(s) of the evaporative control
system.

A pressure [test is not abSolutely necessary with the enclosure method| but
it does serlve to detectfuel leaks that would affect magnitude of the|fuel
emissions dbserved.

Dry nitrogen is preferred for pressure testing, but air can be used.
Pressures must ot significantly exceed the maximum designed operatin
pressures df -the fuel system. Usually, a loss of pressure of less thin 10%
of the initlial stabilized system pressure in 30 min is adequate evidence of

fuel system integrity.

No pressure test should be made if it might adversely affect the subsequent
performance of the evaporative control system. If the evaporative control
system employs a vapor-storage device, the pressure test must not either
purge or load the device.

Car Background Emissions: Determine car background emissions per Appendix C.
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5.5

Loading _Evaporative Control Systems: If a vehicle is equipped with an
evaporative emission control system, before any tests are made the control
system must be properly "loaded" by operating the vehicle until the amount
of hydrocarbons retained in the control system is at equilibrium. Surveys
of driving practices have indicated that typical vehicle use in a
metropolitan area consists of three to four trips per day, and of course,
three or four hot soaks and one diurnal soak daily.

Some vapor storage devices--such as charcoal absorbers--have the capacity to
retain more vapors (as might be emitted during diurnal or hot soak phases)
than can be purged during a single 7.5 mile (12.1 km) trip. Systems using
these devices are called "accumulative." Present experience indigates that
systems| using the engine crankcase as an absorber are not accumuigtive;
usually, this system will purge all stored vapors in one trip.” However, in
either |system, but especially in an accumulative system, vapor loading too
high at| the start of a test could result in unrealistically high emissions.
With anl accumulative system, vapor loading too low at the Start off a test

could rlesult in unrealistically low emissions. Several criteria ¢an be used

to judge whether the control system is properly loaded. Which one should be
used dejpends upon the type of control system and<the test objectiyes.

If the |test objectives are to measure evaporative emissions in a gequence
representing one diurnal soak, one trip, andra 1 h hot soak in which the
control| system is to be purged of all vapor generated by the diurnal and hot
soak phases (that is, purge grams > stored diurnal grams + stored|hot soak
grams),| proper loading of the controlusystem would be obtained by |these
steps:

For an jaccumulative system in.which the vapor storage device can he weighed:

(1) MWeligh the vapor storage device.

(2) Drlain and refill the fuel tank.

(3) Perform a diurnal-soak. ~

(4) Push vehicle onto“the chassis dynamometer and run the dynamometer test
equivalent towthe trip. The engine must be shut down within|5 min
affter the end of the test.

(5) Perform al ¥ h hot soak.

(6) MWeligh the*vapor storage device.

(7) Repeatisteps 2 through 6 until the weight of the device is cgnstant
withhn 5.0 g.

For a nonaccumulative system:

(1) Drain and refill the fuel tank.

(2) Perform a diurnal soak.

(3) Push vehicle onto the chassis dynamometer and run the dynamometer
test. The engine must be shut down within 5 min after the end of the
test.

(4) Perform a 1 h hot soak.

N
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5.5

(Continued):

If the test objectives are to measure evaporative emissions in a test
sequence representing one diurnal soak, three trips, and a hot soak
following each trip in which the control system is to be purged of all vapor
generated during the diurnal and hot soaks (that is, purge grams per trip =
(stored diurnal grams/3) + stored grams per hot soak), proper loading of
accumulative control system which can be weighed would be obtained by these
steps:

(1) HWeigh the vapor storage device.
(2) DrainMand refilT the fuel tank.
(3) Perfgrm a diurnal soak.

(4) Reweilgh the vapor storage device to determine the increasenin fiel
vapor] content (stored grams).

(5) Push |vehicle onto the chassis dynamometer and run the dynamometér
test. The engine must be shut down within 5 min after the end ¢f the
test.

(6) MWeigh the vapor storage device to determine its }oss in fuel vapor
contgnt (purged grams). Making this measurement interrupts the|test
sequence, but should not affect test resultsif it is done quickly
(within 1 or 2 min).

(7) Perfarm a 1 h hot soak.

(8) HWeigh the vapor storage device to determine the increase in fue] vapor

: contgnt (stored grams).

(9) Repeat these steps, individually and/or in sequence, until it i
evident that the purged grams from’one dynamometer test run equals or
exceeds one-third of the stored diurnal grams and all of the stored hot
soak [grams.

It is| permissible to artificially load the vapor storage device|with
fuel |vapors to shorten the number of tests needed to obtain equilibrium
loadijng of the device.

TEST SEQUENCES:

The fest sequence consists of three phases intended to simulate typica
vehicle usaBe in<a-metropolitan area during the summer months:

—

(1> A 1 h diurnal soak during which time the tank fuel is heated from 60 to

84°F (F5-6—to—28-9°C)~

(2) An 11.1 mile (17.9 km) run (approximate) conducted on a chassis
dynamometer from a "cold" start.

(3) A1 h hot soak immediately following the 11.1 mile (17.9 km) run.

Evaporative emissions from the vehicle fuel system are measured during each
of the three phases. However, measurements during the run phase on a vehicle
with an evaporative control system may be omitted if it is apparent that by
system design, all "running losses" will be inducted into the engine. If
"running loss" measurements are required, the trap method must be used to
measure emissions during the run phase.
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6.1

6.2

6.3.2

6.3.3

Vehicle Temperature Stabjlization: Before the test, the vehicle must be
soaked (engine off) for a minimum of 11 h at an ambient temperature of
68-86°F (20-30°C) so that all parts stabilize at the prescribed
temperature. A maximum soak time may be imposed by the test procedure for
an associated exhaust emission test. The vehicle preconditioning and the
remaining steps described in this section must be performed in sequence and
without interruption. This soak should be 1imited to not more than 16 h
unless the ambient temperature increases beyond that time can be held to
less than 4°F (2.2°C). It is assumed that no significant vapor loading of a
storage system, due to tank breathing, occurs during this soak (after the
initial_ho ak " . o 5

Tank Reffueling: The fuel tank must be drained and refilled to,the tank fuel
fth fresh test fuel. After refueling, temperature of)the|fuel in

83 : Following tank refueling, push vehicle|into the
Heat fuel to 58°F (14.4°C), instalk fuel cap(s), close and
seal [enclosure door, continue heating fuel £0°60 + 2°F (15.6 + 1°C). Make
fnitifal reading on FID. Read temperature:and barometric pressufe. Heat
the tlank fuel 24 + 1°F (13.3 + 0.5°C) at<a constant rate during|a period
of 60 For vehicles with multiple tanks, the largest t3ank shall
be de[signated as the primary tank and shall be heated in accorddnce with
the procedures described in this section. A1l other tanks shall be
designated as auxiliary tanks and-shall undergo a similar heat Bhuild such
that [their fuel temperature shall be within 3°F (1.6°C) of the primary
tank.| The enclosure interior air temperature should be monitored and held
between 68 and 86°F (20 and-30°C).

Preparation for Running:- At the end of the 1 h soak, record final
enclosure hydrocarbon-concentration and auxiliary information required to
calculate emissions,

If required, connect traps to measure "running losses" from tanK vents or
other| fuel system vents.

Running. ‘koss: Push test vehicle onto the chassis dynamometer. |Time
betwelenthe end of the diurnal soak and starting the engine for |this phase
should not exceed 60 min. Run according to dynamometer test as described
in Appendix E.

Immediately after completion of the dynamometer test, shut off the cooling
fan, but allow the engine to continue running at idle while the
instruments and/or test equipment connections are disengaged from the
vehicle. After enclosure is purged, drive the vehicle off the dynamometer
and push or coast vehicle with engine off into the enclosure. Time from
completion of the dynamometer test until engine shutdown must not exceed

5 min.

N
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6.3.4 Hot Soak Phase: Turn off the enclosure purge blower and seal the

7.

enclosure door within 2 min after engine shutdown.

Soak vehicle in the enclosure with the hood down and windows and luggage
compartments open for 60 + 0.5 min. Enclosure interior air temperature
during the final 55 min should be held between 68 and 86°F (20 and 30°C).
Perform necessary measurements and calculations as described for the
diurnal soak phase.

INFORMATION AND DATA TO BE RECORDED:

ppendix D~

Temperaturies.

Barometric| pressure. ,

Hydrocarbop concentrations at specified sampling times.
Car enclosure method records.

PRESENTATION OF DATA:

Objective of test.

Description| of system under test.
Conclusion from the test.

Discussion pf the test and the system.
Test tabulagtion or plots.
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APPENDIX A - Car Enclosure System Checkout K
CALIBRATION:

tbrate gas analyzer. After discharging purge blower into enclosure
minutes, seal door and read enclosure background hydrocarbon (HC)

concentration.

Inject approximately 4 g of 1ight hydrocarbon material (for example, propane)
into the enclosure. (This can be conveniently accomplished with a valved probe
through an enclosure wall similar to the sample probe described in 4.1. A small

pressure ves
discharge fin

After 5 min
concentratig
to calculate

Discrepancy
mass should

HYDROCARBON

Inject appra
specified in
concentratid

Allow the en
The mixing |

Read final H
concentratic

EMISSION CHE

It should be
materials wh

Seal the end

sel containing the propane should be weighed before and affer
to the enclosure through the probe.)

of mixing blower operation, read the stabilized enclosure HC
n. Subtract the enclosure background and use the net concentration
the mass of hydrocarbon contained in the enclosure.

between the calculated hydrocarbon mass and-the 1njectéd hydrocarbon
be less than 2% for a satisfactory calibration.

RETENTION (LEAK CHECK):

ximately 4 g of 1ight hydrocarboncmaterial into the enclostre as
the "calibration" procedure above. Record enclosure HC

n. :

closure to remain sealed for 4 h without sampling interior|gases.
lower should continue to operate throughout this period.

C concentration. The difference between initial and final
ns should indicate .less than’4% mass “leakage."

CK:

demonstrated that a new enclosure structure does not contain
fch wild)themselves emit hydrocarbons.

losure after thoroughly purging. Read HC concentration at|the

beginning and“end of a 4 h period without sampling during the interim.| Change in
HC concentration shouTd be negTigible, but in any case should be Tess than

0.1 g/h (mas

s equivalent) to be considered acceptable.
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APPENDIX B - Derivation of Equation for Enclosure
Giving Myc as a Function of Cyc

Assume that the enclosure is gas tight and sealed at or before the time of
initial reading. Also assume one enclosure surface is of flexible, impermeable
material to assure that the internal enclosure pressure is substantially the same
as the ambient pressure. Also assume that the enclosure internal volume (V) has
been measured and is the internal volume of the enclosure at the time of the
initial reading.

The hydrocarbon mass change during the test (Myc) is given by:

Myc = W(nf-ny) )

where W is thel molecular weight of the hydrocarbon and n is the number off moles
of gaseous hydrocarbon in the enclosure. If we assume that both air and|the
hydrocarbon (aft its low partial pressure) behave as ideal gases;

PgiV ,
RT;
and
ViN(106)
CHcy = BT (3)
CHCiV(10=9)
or Vi = — — (4)

N

where Vi is the initial partial volume“of the hydrocarbon and N is the .nymber of
atoms of carbopn in the hydrocarbon molecule. V is the net enclosure volygme, R is
the gas constant, Pg is the barometric pressure, T is the enclosure gas
temperature, Myc 1s the hydrocarbon mass, Cyc is the hydrocarbon concentration
as ppm carbon,| the subscriptssfitand i represent final and initial readings.

Substituting eguation (4).into equation (2)

VCxciPpi(10-6)

(5)
RNT;
Similarly
n = BEYF (6)
RT¢ .

VEN(100)

CHee = T (7N
CyceVE(10-6)

Ve - HCFVF (8)

N
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where Vp is the enclosure volume at the time of final reading. Vf may be
different from V because of movement of the flexible enclosure surface in
response to pressure changes caused by barometric changes, temperature changes,
or an increased concentration of gaseous hydrocarbon.

TP (CHCF-CHe) (10-6)
Vp = V frBi 1. HCf=LHCi (9)
TiPBf N
The second term in the bracket is usually negligible compared to 1 and will be
neglected (an increase of 3000 ppm carbon as propane will cause a 0.1% error).
Substituting Lquation (9) into equation (8)
CHeFVTEPR1€10-6)
_ “HCFVIfPBi 10
NTiPgf
Substituting pquation (10) into equation (6)
VCurePrs (10-6)
_ VCucrPai an
RNT4
Substituting pquations (11) and (5) into equation (1)
WV(10-6) [CpceP ChesP
My = HCf"Bi  “HCi'Bi 12)
. RN Ty Ty .
Simplifying,
0.01HV(10-4) Pg3(Ches—Crei)
My )= Bi‘\“HCFf—“HCi (13)
RN Ty
The final resplt is
~ kV10-4Pg4 (ChcF—CHei)
Muc = Bi_ HCFf—HCi (14)
B
where
Kk = 0:-0IN (15)
RN
R . 0.04816 ft3 - in Hg _ 8.3143 x 10-3 m3 - kpa 16
B mole - °R mole - K

O

@,
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For enclosure volume and leakage checks, the hydrocarbon is propane.

W =44.10 g/mole Aan
N =3 (18)
k=3.05_-9""R _y765_9 K 19
ft3 - in Hg m3 .- kPa
For evaporative emission measurement
WE (12 + H/C) g/mole (20)
NE 2N
kL o0.208012 + /o) —3 "R _1.20012 + H/C LI K (22)
ft3 - in Hg m3 - kPa

where H/C is the hydfogen—carbon ratio.

Hydrocarbon anplyses of vehicle evaporative emissions have shown H/C to he 2.2

for hot soak cprburetor evaporative losses and 2.33 for diurnal fuel tank

evaporative losses. Hence, the corresponding k-values for use in equatign (14)

are:

For Hot Soak

For Diurnal

2.95

=
f

2.98

ftd

ft3

.°R
in Hg

.°R
in Hg

17.0

17.2

g - kK

m3 - kPa

m3 - kPa

(23)

(24)
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APPENDIX C - Measurement Procedure for Car
Background HC Emission

If the car background emission rates, as measured by the following procedures,
exceed 1 g/h, repeat tests should be made to establish their consistency before

proceeding wi

th emission tests.

It should be pointed out that a given sequence

of evaporative emission tests should require car background measurements only

once.

VEHICLE PREPARATION:

an

except
(2) Remove f
(3) Purge fu
(4) Plug all

: source
holes, ¢

" BA
(To be used a
Repeat sequen
"HOT CAR BACK
(To be used a

(1) Reinstal

supply.

engine operation.

(2) Operate

Special [cleaning operations need not be performed to remove dirt arn

hen leakages or accumulation are obviously excessive.

uel tank and carburetor.

el Tines and fuel pump with air and plug entrances and exit

other exits from the engine and exhaust system which coulg
hydrocarbons: 1intake manifold, tailpipecoutlet, muffler

ankcase filler and dipstick openings, PCV, etc.

Dll

s a subtractive correction to diurnal soak emission measure
e described in 4.2.
GROUND" TEST:

s a subtractive correction to hot soak emission measurement
1 the carburetorion the test car and connect to the externs

Unplug tailpipe outlet and other atmospheric openings requ

car through chassis dynamometer test per Appendix E.

(3) Quickly

intake manifold openings, tailpipe outlet, etc.

remove carburetor, being careful not to spill liquid fuel.

d grease,

S.

supply a
drain

ment.)

)

1 fuel
ired for

Reseal

(4) Push car

to enclosure and repeat test sequence of 4.2.

@

O
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APPENDIX D - Evaporative Emission Test Data

SHEET
EVAPORATIVE EMISSION TEST DATA

TEST NO.

LABORATORY NAME

CAR NO.

SYSTEM UNDER TEST FUEL

VEHICLE MFR, MODEL YEAR
BODY TYPE _____ TRA ON WEIGHT
ODOMETER ___ = = AR CONDITIONER
ACC.

ERGINE MR NOINE-TYPE

NO. OF CYUNDERS ___ DISPLACEMENT
CARBURETOR MAKE ______ MODEL AND NO.
ADVERTISED HP____ MANIFOLD HEAT

FUEL TANK LOCATION AND CONFIGURATION

TANK VENT SYSTEM
TANK CAPACITY ____ FiU CAP TYPE
CARBURETOR VENTILATING- SYSTEM

FUEL PUMP TYPE
BLEED BACK
RETURN UNE

Evaporative Emission Data Sheet (1)

-
sneet
can no, Ny
—— CAR ENCLOSURE METHOD NO. |
SYSTEM PRE-CONDIMONING|RUNS ENCLOSURE roOM VER.
- NO. voL voL
i 1] owman | nuwenc HOT $0AK ' AL, VEH, ENCLO. FACTOR
| 3 | GAS____ BACKGED. CONC. PPMIGR
i DATE | i TIME AT
i OATE START
I ranx T k
- 1w | ams. | vanx| e | anen, | Tan | nmee | ams Tranx]| |
' MP. 0 R T
; 1 | : - ]
: STar : ! OIURNAL HOT SOAK X
+ . -
: } | i . i
: FINISH Lenclo. | TEMP. « FD 1 TEMP. | TEMP. D |
: TME reme.  BARO. Lt oe | neaDiNG Enc10.i PO | Tan Fut [ reaDing!
i Thee | CARS.| SYS. | TANK{CARB.| SYS. | TANK | CARS.| S¥S. : H ]
: TARE | !
: )
5 WT,
g l START 1
! carmusren 5 MIN ; !
I ws i i
12 wr, : T § !
Lo END i ! 0 ! i i : i
‘ : ; ; :
P H T T T
i DiFF. | | 5 ( . | ' i
i ; [ )
t
l : DATE 2 [ : | i
P r r T . . : . ;
T 3 ’MIA TANK | TIME | AMB. | TANK | TIME | AMS. | TANK . t . .
T Tank i . H io2s ) . t : !
[T : ' £ : —
|, Tems  [STAM l ! i f 30 ;
| T
Fise | ; ; ;
; ! L :
itheeicanm | svs. ; Tankicass. | svs. | Tanc:cans.| svs. ,
: . L w0 , i
¢ HeiAN ' o : i
Z cannisTer (START! . ; L oas i
L2 WIS + - :
H iwr. ! | !
{END 50 :
i |
| K X . | t . i X .
‘oiFF. ! ' i | o s | : :
DATE | .88 . ‘
. T T T T : - T v
| TIME | AMD. | TANK | TIME | AMB. | TANK | TIME + AMS. i TANK! oo . ; . . ,
TANK ;- . } i i : :
el sTaRT ; ! 1 ! [
TEMP. B H B | : EDIF;: FINAL MINUS TARE AND BACXGROUND
(FINIEH L : 1 . : ' : i :
; ; . : COMBINED LOSS GRAMS
S TANKICARE. SYS. TANK(CARN.! SYS. *TANK CARD.: SYS. |
— - - : TOTAL EMISSION (DIURNAL + +50AK) GRAMS
] WL : ! ! t i '
$ canmsten (START: : : ! REMARKS:
Z. wis. ;
2 H
2 Wt ;
leno : 1
' - 1 N
; ; S |
DIFF, ! i l .
it OBSERVER
. . . N
Evaporative Emission Data Sheet (2) Evaporative Emission Data Sheet (3)
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APPENDIX E - Chassis Dynamometer Test Procedure

The vehicle must be nearly level when tested to insure normal fuel distribution.
Drive wheel tires should be inflated to the greater of either 45 psi (276 kPa)

gage pressure or the manufacturer's recommended tire pressure to prevent tire

damage.

Except for air

cooled engines,

the cooling fan should be positioned between 8 and

12 in (20 and 30 cm) from the grill and directed squarely at the radiator.
Air-cooled engines may require special positioning of the fan contingent on

vehicle config
the hood up.
electrically ¢
should be adjy

If the equival
used, the nexf
used. The dyr
50 mph (80.5 K
account dynamg
used for all (¢

Start the engj
choke setting|
running. The
equipped with
"drive" 15 s 3
then after a 1
0-505 s.

For cars equip
"drive" for th
For cars equip
should be lock
movement requi

Acceleration modes should be driven with shift speeds recommended by the

manufacturer;

second gear af

uration. In all cases,

r by other means. Equivalent inertia weight and absorbed
sted according to the table in the latest version of SAE J

ent inertia specified is not available on the dynamometer

the running phase is to be conducted with
[ITneTtia may be obtained by Tlywheels or may be simulated

bower
094.

being

higher value (but not more than 250 1b (114 kg) higher) should be
amometer should be adjusted for the specified. power absorption at
m/h) and the setting of the power absorptiopiunit should take into

meter friction.
onditions.

ne according to the manufacturers recommended procedure in

More choke, more throttle, etc., may be used to keep the
initial 20 s idle period begins.when the engine starts. Fe
automatic transmissions, the transmission should be placed
fter the engine is started..‘Run the driving schedule in T;
0 min hot soak with the engine off, repeat the schedule fr¢

ped with automatic ¢ransmissions,
e entire driving_schedule. MWheels should be braked as nec
ped with manualstransmissions, free wheeling or overdrive
ed out. The vehicle should be driven with the minimum thr¢
red to maintain the desired speed.

if not-specified, the vehicle should be shifted from first

the transmission should r

Speed measured from dynamometer rolls sholild be

Tuding
engine
DY cars
in

able E-1,
DM

emain in
ssary.
nits
pttle

to

15 mph (24.1 km/h), from second to third gear at 25 mph

(40.2 km/h) andZif equipped with a 4-speed transmission from third to fourth gear
at 40 mph (64q5—km7‘11-)———F+1=‘t11—vg1.=ar1‘——‘f1°—‘r1115'ta'"r-‘ren‘——*shUtr'l'n‘—TrU’t—’oe—u*sed————'lil

Deceleration modes should be driven with the clutch engaged,
The clutch should be depressed when speed drops below
_Ambient air temperature during

throttle as ne
15 mph (24.1 k
the chassis dy

cessary.
m/h) or when roughness is evident.

using brakes or

namometer test should be between 68 and 86°F (20 and 30°C).

O

O
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