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STANDARD TEST PROCEDURE FOR GENERAL PURPOSE SPARK ARRESTERS

I. SCOPE

This test procedure establishes
equipment and procedures for
testing spark arresters used on
medium size, single-position
internal combustion enginesused
inproximity tograss, brush, timber
and similar cellulose material
inaccordancewith Forest Service
Standard 5100-1c, Spark Arresters
for Internal Combustion Engines.
Thedocument alsoincludesspecial
requirements for screen type
devices. Theprocedureoutlined
inthetext isbased on equipment
usedinthespark arrester |aboratory
maintained by the USDA Forest
Service, San Dimas Technology
and Development Center.

Spark arresters qualified to the
Forest Servicestandard arelisted
intheSpark Arrester GuideVolume
1, General Purpose and
Locomotive. Thisguideisto be
used by field personnel toinspect
internal combustionengineexhaust
systemsinthefield.

1l. OVERVIEW

Internal combustion engines
typically build up deposits of
solid materials (mostly carbon)
on the surfaces inside the
combustion chamber and exhaust
system. Thesedepositscan break
away and be expelled at high
temperatures along with the
exhaust gasses, in the form of
“sparks”. If the sparks arelarge
enough, they can hold enough
heat toigniteflammablematerials
and start a wildfire. Research
has shown than particles larger
than 0.023 inches (0.584 mm)
have enough energy to start
wildfires. A spark arrester is a
device used to separate solid
particlesfromthe exhaust gasses
of aninternal combustion engine.
Alternatively, thespark arrester

may break apart the particlesto asize small enough to eliminatefire
ignition potential . A spark arrester can either be an add-on device, or
an integral part of the exhaust system. The challenge for the spark
arrester manufacturer isto design an arrester that effectively trapsor
pulverizesthe solid particleswithout restricting the flow of exhaust
gasses such that the engine performanceisadversely affected.

Spark arresters are tested for their effectiveness by introducing
special carbon particles (simulated sparks) while air (simulated
exhaust gas) is flowing through the device. The effectiveness is
guantified simply by the ratio of particles trapped or pulverized by
thearrester to thoseintroduced during thetest. Thistest isperformed
at several flow ratesto simulate anormal range of engine speeds. To
accomplish this, the test apparatus basically consists of a blower to
supply the air flow, valves and instruments to control and measure
the flow of air, a particle injection system, and a means to collect,
separate, and weigh the particlesthat passthrough the spark arrester.

The test chamber is primarily the joining of two 42-inch (1.07 m)
diameter cylinders. The vertical cylinder is used for structural
support and to house an inlet air plenum. The vertical cylinder also
serves as one of two outlet air ducts. The horizontal cylinder is
approximately 13 feet (4 m) long and has access doors on both ends.
The horizontal cylinder serves as the main test chamber. The spark
arrester ismounted in the test chamber in a position specified by the
manufacturer. Stacksand adaptersare used to insure proper mounting.

.
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Figure 1—Spark Arrester chamber.

Air flow is provided to the test chamber via a positive displacement
Roots blower commonly used for the aspiration of large diesel
engines. Power to the blower isprovided by a3-speed, 150 horsepower
(112 kW) electric motor. Air flow isregulated by four linear actuated,
gatetype, throttling valves (bypass valves). Two of thesevalvesare

1



STANDARD TEST PROCEDURE FOR GENERAL PURPOSE SPARK ARRESTERS

used to bypass excess air from the blower to the roof stackswhereit
is discharged to the outside atmosphere. The third valve dumps
excess blower air via a closed coupled blower vent line located
under the test chamber where it is discharged into the test chamber
room. Thefourthvalverestrictsair flow to thetest spark arrester and
islocated immediately upstream of thetest fixture inside the supply
air plenum. By manipulating the air flow, pressure across the spark
arrester and in the chamber could be varied. Pressure is measure by
pressure transducers and readings are read in the control room. Test
flow rates are determined by measuring the pressure drop across a
calibrated orifice plate located on the roof. The proper orifice plate
must be selected to prevent over pressuring the transducers and to
mai ntain accuracy of the flow measurement.

Figure 2—Orifice Plates.

Test carbon to simulate engine exhaust particles are fed into the test
spark arrester. The injection mechanism is made up of a canister to
hold the carbon and a cylinder to feed the carbon. The carbonin the
carbon injector canister isfluidized by air to ensure a constant feed
rate. Fluidized carbon isinjected into the inlet of the spark arrester
as the cylinder in the carbon canister rises. The carbon passes
through the arrester and carbon particles expelled from the arrester
aregatheredinthetrap.

The instrumentation in the control room and the transducers in the
test chamber room are delicate equipment. This equipment must be
calibrated periodically. Current calibration certificationsand associated
certificatesare maintained by SDTDC.

Data collection is performed using a computer spreadsheet. Datais
manual ly entered into the spreadsheet. Cal cul ationsare automatical ly
doneonce all datafieldsare complete. The datafileissaved under a
common directory.

2

Appendix A is an abbreviated
test procedurefor general purpose
spark arresters. This procedure
shouldonly beused by technicians
thoroughly familiar with the
general procedure.

Appendix B provides a listing
of system symbols used in the
test procedure and maximum
values.

Appendix C containsphotographs,
illustrationsand alisting of parts
toassistinidentifyinglaboratory
components.

Appendix D describesthemethod
used to preparethetest carbon.

Appendix E isatableof orifice
factors.

Appendix Fisthetest procedure
for certifying atest facility.

Appendix G isthe Calibration
Data Sheet for the signal
conditioning panel.

111. HARDWARE SETUP
A. Stack Selection and

Installation

A seriesof stackswith different
diameterstomatch arrester inlets
are available. Each is equipped
with aback pressure connection
fixture and a test carbon feed
inlet. A stack should have an
insidediameter equal to or larger
than that of the spark arrester to
insureproper gasflow. Adapters
must be used when a properly
sized stack is not available.
Adapters shall be provided by
the manufacturer. Figure 3
illustratestheproper stack selection
and spark arrester installation.

1. Select astack withtheinside
diameter equal to or larger
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than the inside diameter of the spark arrester
inlet pipe.

Carbon CORRECT

Arrester

™

Back Pressure
Probe Fitting

—
CORRECT /

S =

INCORRECT

Air Flow

Figure 3—A series of stacks.

2. Determinethe position of application of the
spark arrester. The collection agreement should
havethisinformation. Any questionsconcerning
the mounting position must be resolved prior
totesting.

3. Select an inlet mounting tube and install in
the proper inlet. There are two inlet mounting
tubes available. In general, the first inlet is
used with the horizontal inlet mounting tube
(ithasa90degreebend) for horizontal applications
and the second inlet with the vertical inlet
mounting tube for vertical applications. Refer
to appendix C for proper identification. It is
important to use only one inlet at atime. The
other inlet must be seal ed.

4. Attach stack to the mounting tubes using the
toggle clamps. Verify that the carbon tube will
align with the stack carbon tube. Improper
alignment implies that the wrong inlet was
used with theinlet mounting tube.

5. Attach any adapters.

6. Connect the carbon feed tube to the stack’s
carbon tube.

7. Attach back pressure probeto the stack.

8. Attach portable manometer to theback pressure
probe.

B. Initial Orifice Plate Selection and

Installation
1. Select the orifice plate with a slightly larger
opening than the inlet pipe of the arrester. For
example, for an arrester inlet pipe size of 1.25
inches (31.75 mm), the 1.375-inch (34.93 mm)
orifice plate should be used.

2. Install orifice plate in the tube by removing
fastenersandtightening thespreader bolt. Remove
existing orifice plate and insert the appropriate
size. Loosen spreader bolt and tighten fasteners.

C. Valve Control

Thereadout on the consol e displays percent open.
Alwaysstart with controlstoggled to“ slow” when
manipulating valves. The switch could be toggles
over to “fast” when large valve movements are
required. When manipulating valvesfirst openthe
arrester inlet valve to achieve more flow. Slowly
close the bypass valves when higher flows are
required.

Thedefeat limit (DEF Limit) switch must bedepressed
when moving from the limits of the bypass and
arrester inlet valves. For example, when all the
bypassvalves are open and the arrester inlet valve
isopen. The DEF Limit switch must be depressed
to closethevalves.

CAUTION: Never closethesidebypassvalves

and thevalvetothearrester at thesametime.

Theair hasnowhereto exhaust and will blow
thesafety diaphragm.

D. Blower Motor Start-up
1. Set all by-passvalves(V,,V,, andV ) to 100
percent open and the spark arrester inlet valve
(V) to 100 percent closed. This prevents over
pressuring the chamber. The readout on the
consoledisplayspercent openwhen manipulating
valves.
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2. Start oil pump.

3. Start blower motor at desired speed. The
higher the speed setting indicates a higher the
flow rate. The blower motor can not be started
until the blower is properly lubricated. Proper
blower lubrication will beindicated by agreen
light labeled oil pump.

E. Signal Conditioning Panel

Calibration.

1. Verify that the doors are closed and sealed,
the carbon feed and fluidization valves are
closed.

2. Locate the calibration data sheet, Appendix
G, and check each transducer for the prescribed
readings.

3. Adjust transducersusing asmall screwdriver
to turn the adjustment screw.

4. Record readings on the data sheet.

F. Initial Back Pressure Adjustment
Theback pressure probe must be adjusted to obtain
a minimum pressure reading. The back pressure
fitting, which hasoneventuri holeand threestagnation
holes, should be adjusted for minimum positive
correction values by rotating the probe stagnation
holesinto the airstream so that stagnation pressure
just offsets venturi effects over the anticipated
flow range of the arrester to betested. All adapters
must bemounted during thisinitial setup procedure.
To adjust the back pressure probe, perform the
following:

1. Attach the portable digital manometer to the
pressure probe.

2. Turnblower motor on, following the procedure
prescribedin Section 11 D.

3. With the blower running, rotate the back

pressureprobeuntil aminimumreadingisachieved.

4. Disconnect the portable manometer from the
back pressure probe.

G. Mounting the Test Spark Arrester

1. Weigh the spark arrester and record reading.

2. Somespark arrestersareequippedwith aspiration
tubes. These tubes must be blocked before the
test.

3. Attachthe spark arrester to the stack assembly.
Thecenter rail ontop of the horizontal chamber
can be used to secure the arrester. Use string to
secure one end of the arrester to the rail. Pay
close attention to the distance between the
arrester outlet and the wall of the chamber.
Positioning the arrester outlet close to a wall
could result in pulverization of the carbon asit
hitsthewall. Thiswouldinfluencetheaccuracy
of thetest. A minimum of 5inches (127 mm) is
desired. Theinlet may be shortened to mount
the arrester. Consult the manufacturer before
making any modificationsto the arrester.

4. Asageneral rule, the clean out plug is at the
bottom of thearrester. Consult datapackagefor
proper mounting position and location of the
clean out pluginrelation to the arrester body.

5. Connect theback pressure probeto the system.

6. Close chamber doors.

H. Pretest System Adjustment.

1. Open all bypass valves (V,, V, and V,) and
closethearrester inlet valve (V). The chamber
doors must be closed.

2. Turn blower on. Allow the system to achieve
steady state, wait five minutes before making
adjustments.

3. Slowly open the arrester inlet valve (V,) to
start introducing air to the system. Open the
valve until the spark arrester back pressure
(DP)) indicates 1 psi (6.9 kPa) or the pressure
differential acrosstheorificeplate(DP,) indicates
4 inches of water (996 Pa).

4. Theorifice plate must be changed to the next
largest plate when DP, indicates 4 inches of
water (996 Pa) and DP, isbelow 1 psi (6.9 kPa).

Caution: Do not exceed 5inches of
water (1.2kPa).
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5. The next smaller orifice plate must be used
when DP, reads 1 psi (6.9 kPa) and DP, isless
than 2 inches of water (498 Pa).

6. Record DP2 value.
7. Shutdown the blower and then lubrication

pump.

8. Open all bypass valves and close arrester
inletvalves.

9. Remove spark arrester.

10. Turn lubricating pump on and then blower
motor.

11. Slowly adjust valvessothat DP,valuereads
the same astheearlier recorded val ue.

12. DP;shouldindicatea®zero”. Follow Section
Il Ftoreadjust the back pressure probe. Record
the DP, reading if a “zero’ reading can not be
achieved.

13. Remount thetest spark arrester.

IV. PRELIMINARY TEST RUN

The preliminary test runis performed to establish
the test flow points and al so the amount of carbon
to use for each test run. In accordance with the
standard, thearrester must betested at fivequalification
points and one flow point at 2 psi (13.8 kPa) back
pressure. The 2 psi (13.8 kPa) test run provides
datato determineif an arrester may be used above
its 1 psi (6.9 kPa) flow rate. Many two-stroke
engine applications are designed to operate at
greater than 1 psi (6.9 kPa) back pressure. For
each test point, two runs must be performed. One
run using large carbon and the other using small
carbon. The test points are as follows: one flow
test point at a flow rate at DP, psi (6.9 kPa) and
threepointsequal ly spaced between thetwo endpoints.
Since the instrumentation reads directly in flow
rates, theinitial value of DP, is used. When using
the computer spreadsheet to collect and record
data, thetest pointsare calculated out.

1. Open all bypass valves and close the spark
arrester inlet valve.

2. Verify that the spark arrester is properly

installed and test chamber doors are closed and
seal ed.

3. Follow blower motor start up proceduresin
Section 11 D.

4. Slowly adjust the valves until sufficient flow
is directed through the arrester to register a 1
psi (6.9 kPa) DP,. First adjust the spark arrester
inlet valve before closing the bypassvalves. At
DP, equals 1 psi (6.9 kPa), record all valuesin
the boxes on the spark arrester preliminary run
data sheet. This is not a carbon run. Record
orifice plate diameter and stack size. Calculate
flow at DP, equals 1 psi (6.9 kPa).

5. Record orifice differential pressure (DP,) at
the 1 psi (6.9 kPa) back pressure. DP, must be
greater than 1 inch of water (249 Pa). A smaller
orifice plate must be used if the reading is
below 1inch of water (249 Pa).

6. Verify that aflow rate has been calcul ated. If
not, verify that all preliminary fields have been
entered.

V. TEST RUN

1. Prepare carbon sample and load into carbon
feed cylinder. The test carbon for each test run
isto be 0.2 grams (3.1 gr) of carbon for each
cubicfoot of air flow per minutewithaminimum
of 25 grams (0.88 0z) and a maximum of 200
grams(7 0z). Theflow rateisestablished during
the preliminary run. There should be sufficient
carbon in the drying oven for the test. The
standard requires that the carbon samples be
dried for 6 hours. Check that ample supply of
carbonisavailableafter performingaqualification
test. Carbon samples for the next qualification
test may be prepared by foll owing the procedure
inappendix D.

2. Open all bypass valves and close the spark
arrester inlet valve.

3. Verify that the spark arrester is properly
installed and test chamber doors are closed and
sealed.

4. Follow blower motor start up proceduresin
Section 11 D.
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5. Start carbon feed motor and timer 1.

6. Slowly adjust thevalvesuntil sufficient flow
isdirected through the arrester and desired DP,
settingisestablish. The DP, settingsarecal cul ated
by the preliminary test data spreadsheet.

7. Set carbon feed and fluid air pressure, DP,
and DP, respectively. Always set the DP, fluid
setting first. For large carbon: DP, equals 0.5
psi (3.45 kPa) and DP, equals 0.2 psi (1.38
kPa). For small carbon: DP, equals 0.35 psi
(2.41 kPa) and DP, equals 0.15 psi (1.03 kPa).
During the first run, examine the fluidization
and the feed rate of carbon through the glass
feed viewer. Verify that the carbon isfluidized.

8. Check DP, value and adjust if necessary.
Verify that the chamber pressure doesnot exceed
7 psi (48.26 kPa). The safety diaphragm will
rapture when the chamber pressure exceeds 7
psi (48.26 kPa).

9. Check carbon feed cylinder after 5 and 10
minutes. Adjust if necessary.

10. Recordthefollowing dataafter 12 minutes:
downstreampressure(GP,); DP,; DP,; barometric
pressure (AP,); and trap pressure (GP,).

11. Verify that the carbon feed cylinder isempty
after 15 minutes.

12. Stop carbon feed/fluid air, blower motor,
and lubricating pump.

13. Run the blow-down fan for 30 seconds in
each direction.

14. Open the chamber door slowly. A pan may
be used to catch carbon particles resting up
against the door. Collect and weigh the carbon
fromthetrap. A brush and compressed air may
be used to gather the particles. The carbon
collectedisdesignatedas“T".

15. Place the collected carbon on the sieve.
Weigh and record measurement of the carbon
retained in the sieve. Thisweight is designated
%ll FH i

16. Movethe piston on the carbon feed cylinder
downto the start position.

V1. CLEANOUT RUN

1. Refer to manufacturerscleanout instructions.
Follow specific instructions given by the
manufacturer. Most spark arrestersare equipped
with cleanout plugs. The procedure following
will addressthissituation.

2. Removethe cleanout plug(s) and tap arrester
with asmall rawhide mallet. Block the arrester
outlet if necessary.

3. Close manual valve.

4. Run the blower at 50 percent of the flow
achieved during the preliminary test run. This
is approximately 25 percent of the DP, value.
Stop after 2 minutes and then run the blow-
down fanin each direction.

5. Collect the carbon from the trap and record
itsweight. Designate measurement as“ Cr”.

6. Replace cleanout plugs.

7. Weigh the carbon after the 12th run.

VI1. SUBSEQUENT RUNS
1. Repeat stepsoutlinedin SectionV and Section
VI for each flow point. A total of 12 runs must
be conducted.

2. Weigh the arrester after the 12th run.

VIlI. LOW SPARK ARRESTER
EFFICIENCIES

1. Test runs indicating efficiencies below 80
percent must be repeated.

2. Three consecutive runs below 80 percent
constitute afailure. Terminatetesting.

IX. SCREEN TYPE SPARK ARRESTER TEST
PROCEDURE
A. Scope.

This section covers the test procedure for screen
type spark arresters. A screen type spark arrester
uses a screen to trap large particles while still
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allowing other gases and smaller particlesto flow
through. In order for a screen type spark arrester
to be effective, the following design parameters
must be met:

1. 100 percent of exhaust gases must pass
through the screen.

2. Screen and housing openings must not exceed
0.023inches (0.584 mm) in diameter.

3. Effective open area must be 200 percent
greater than the smallest restriction on the
exhaust port.

4. Screen material must be heat and corrosion
resistant.

B. Screen and Periphery Probe.

1. Remove the screen type spark arrester from
the exhaust system.

2. Inspect the screen and the housing for large
openings. Pay special attention to areas were
the screen iswelded onto the housing.

3. Take a 0.023 inch/0.024 inch (0.584 mm/
0.610 mm) GO/NO GO gauge and probe the
screen. Start withthe*NO GO” end (red handle).
Check the periphery. Check a minimum of
twenty areas.

Caution: DONOT useexcessiveforce. Rotate
probe while applying a gentle force. Do not
allow theprobeto expand theopening.

4. The“NO GO” side must not passthrough the
screen. The spark arrester isnot qualified if the
“NO GO” plug gauge passesthrough the screen.

5. Repeat step B3 with the “GO” end (green
handle).

6. The“GO” end may or may not passthrough.
7.1f the* GO” end doesnot passthrough replace

the plug gauge with the next smaller plug and
repeat step B3 until five passesare achieved.

C. Effective Screen Open Area
Calculations

1. Measurethetotal surface areaof the screen.

2. Measurethesurfaceareaof any screenoverlaps
or obstructionsonthe screen. Anobstructionis
any feature that blocks the passage of exhaust
gassesthrough the screen.

3. Subtract the surface area of the overlaps and
obstructionsfrom thetotal areaof the screen.

4. Using Table 1, locate the percentage open
area by first matching the wire diameter size.

5. Multiply the effective surface area by the

number obtained from the table. This is the
effective open area.

_

~
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MESH WIRE SIZE OPENING APPROXIMATEWEIGHTS
Per 100 Sq. Ft.
Center | Diam. | Diam.| Width | Width % Plain | 302-304| Pure 80/20( Monel
to in in in in Open | Steel Stainless| Copper| Brass
Center | Inches| mm Inches mm Area Steel
30 .015 .381 .018 .46 30.1 47.4 47.9 53.7 52.4 53.2
.014 .356 .019 .49 33.5 40.8 41.2 46.2 45.1 45.8
.013 .330 .020 .52 37.1 34.8 35.1 39.0 38.5 39.0
.012 .305 .021 .54 40.8 29.4 29.7 33.3 325 33.0
.011 279 .022 57 44.8 24.5 24.7 27.8 27.1 27.5
.010 .254 .023 .59 48.9 20.0 20.2 22.7 22.1 22.4
.0095 241 .024 .61 51.0 18.0 18.2 20.4 19.9 20.2
.009 .229 .024 .62 53.1 16.1 16.3 18.3 17.8 18.1
.0085 .216 .025 .63 55.4 14.3 14.4 16.2 15.8 16.0
.008 .203 .025 .64 57.6 12.6 12.7 14.3 13.9 14.1
.0075 191 .026 .66 59.9 11.1 11.2 12.6 12.3 12..5
32 .014 .356 .017 44 30.6 44.0 44.4 49.9 48.6 49.4
.013 .330 .018 .46 34.3 37.5 37.9 42.5 41.4 42.1
.012 .305 .019 .49 31.0 31.6 31.9 35.8 34.9 35.5
.011 279 .020 52 42.2 26.3 26.6 29.8 29.1 29.5
.010 .245 .021 .54 46.5 21.5 21.7 24.4 23.8 24.1
.0095 241 .022 .55 48.7 19.3 19.5 21.9 21.3 21.7
.009 .229 .022 57 50.9 17.3 17.5 19.6 19.1 19.4
.0085 .216 .023 .58 53.2 15.3 15.4 17.3 16.9 17.2
.008 .203 .023 .59 55.6 13.5 13.6 15.3 14.9 15.1
.0075 191 .024 .61 58.0 11.8 11.9 13.4 13.0 13.2
.007 178 .024 .62 60.5 10.3 10.4 11.7 11.4 11.6
35 .012 .305 .017 42 33.8 35.0 35.4 39.7 38.7 39.3
.011 279 .018 .45 37.9 29.0 29.3 32.9 32.0 32.5
.010 .254 .019 A7 42.4 23.7 23.9 26.9 26.2 26.6
.0095 241 .019 .49 44.7 21.3 21.5 24.1 23.5 23.9
.009 .229 .020 .50 47.1 19.0 19.2 215 21.0 21.3
.0085 .216 .020 51 49.5 16.9 17.1 19.2 18.7 19.0
.008 .203 .021 .52 52.0 14.9 15.0 16.9 16.5 16.7
.0075 191 .021 .54 54.5 13.0 13.1 14.7 14.4 14.6
.007 178 .022 .55 57.2 11.3 11.4 12.8 12.5 12.7
38 .011 279 .015 .39 33.8 31.9 32.2 36.2 35.3 35.8
.010 .254 .016 41 38.4 26.0 26.3 29.5 28.7 29.2
.0095 241 .017 43 40.8 23.3 23.5 26.4 25.7 26.1
.009 .229 .017 44 43.2 20.8 21.0 23.6 23.0 23.3
.0085 .216 .018 .45 45.8 18.5 18.7 21.0 20.4 20.8
.008 .203 .018 A7 48.4 16.3 16.5 18.5 18.0 18.3
.0075 191 .019 .48 51.0 14.2 14.3 16.1 15.7 15.9
.007 .178 .019 .49 53.8 12.3 12.4 13.9 13.6 13.8
40 .011 .279 .014 .36 31.4 33.8 34.1 38.3 37.4 37.9
.010 .254 .015 .38 36.0 27.6 27.9 31.3 30.5 31.0

Table 1—Screen Open Area.
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MESH WIRE SIZE OPENING APPROXIMATEWEIGHTS
Per 100 Sq. Ft.
Center | Diam. | Diam. Width | Width % Plain 302-304| Pure | 80/20 | Monel
to in in in in Open | Steel Stainless| Copper| Brass
Center | Inches| mm Inches mm Area Steel
.0095 241 .016 .39 38.4 24.7 24.9 28.0 27.3 27.7
.009 .229 .016 41 41.0 22.0 22.2 24.9 24.3 24.7
.0085 .216 .017 42 43.6 19.5 19.7 22.1 215 21.9
.008 .203 .017 43 46.2 17.2 17.4 19.5 19.0 19.3
.0075 191 .018 .45 49.0 15.0 15.2 17.0 16.6 16.8
.007 .178 .018 .46 51.8 13.0 13.1 14.7 14.4 14.6
42 .010 .254 .014 .35 33.6 29.2 29.5 33.1 32.3 32.8
.0095 241 .014 .36 36.1 26.1 26.4 29.6 28.8 29.3
.009 .229 .015 .38 38.6 23.3 23.5 26.4 25.7 26.1
45 .010 .254 .012 31 30.1 31.6 31.9 35.8 34.9 35.5
.0095 241 .013 .32 32.7 28.3 28.6 32.1 31.3 31.8
.009 .229 .013 .34 35.3 25.2 25.4 28.6 27.8 28.3
.0085 .216 .014 .35 38.0 22.3 22.5 25.3 24.6 25.0
.008 .203 .014 .36 40.8 19.6 19.8 22.2 21.7 22.0
.0075 191 .015 .37 43.8 17.1 17.3 19.4 18.9 19.2
50 .009 .229 .011 .28 30.3 28.4 28.7 32.2 31°.4 31.9
.0085 .216 .012 .29 33.1 25.1 25.4 28.5 27.7 28.2
.008 .203 .012 31 36.0 22.1 22.3 25.1 24.4 24.8
.0075 191 .013 .32 39.1 19.2 19.4 21.8 21.2 215
55 .008 .203 .010 .26 31.5 24.6 24.8 27.9 27.2 27.6
.0075 191 .011 27 34.6 21.4 21.6 24.3 23.6 24.0
.007 .178 .011 .28 37.9 18.5 18.7 21.0 20.4 20.8
60 .0075 191 .009 .23 30.5 23.7 23.9 26.9 26.2 26.6
.007 .178 .010 .25 33.9 20.4 20.6 23.1 22.5 22.9
.0065 .165 .010 .26 37.5 17.4 17.6 19.7 19.2 19.5
.006 .152 .011 27 41.2 14.7 14.8 16.7 16.2 16.5
65 .007 178 .008 21 29.8 22.4 22.6 25.4 24.8 25.1
.0065 .165 .009 .23 33.5 19.1 19.3 21.6 21.1 21.4
70 .0065 .165 .008 .20 29.8 20.8 21.0 23.6 23.0 23.3
.006 .152 .008 21 33.8 17.5 17.7 19.8 19.3 19.6
80 .0055 .140 .007 .19 31.4 16.9 17.1 19.2 18.7 19.0
.005 127 .008 .19 36.0 13.8 13.9 15.6 15.3 15.5
90 .005 127 .006 .16 30.1 15.8 16.0 17.9 17.5 17.7
100 .0045 114 .006 14 30.3 14.2 14.3 16.1 15.7 15.9
.004 .102 .006 .15 36.0 11.0 11.1 12.5 12.2 12.3
.0035 .089 .007 A7 42.3 8.3 8.4 9.4 9.2 9.3
.003 .076 .007 .18 49.0 6.0 6.1 6.8 6.6 6.7
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APPENDIX A

ABBREVIATED TEST PROCEDURE
This abbreviated test procedure should only be
used by an experienced test technician. It may be
used asachecklist whilecompletingthefull procedure.

Initial Setup

1. Create spreadsheet file. Save file using the
collection agreement number as the file name.
SavefileinK:/test_folder/filename.as.

2. Fill out the top section of the preliminary data
sheet.

3. Weigh spark arrester.

4. Adjust the back pressure probe to minimum
pressure reading using the portable manometer.

5. Obtain back pressure correction value:
a. Install arrester and adjust flow to achieve
1.00 psi (6.89 kPa) indicated back pressure
(DP).

b. Record orifice pressure (DP,)
c. Remove spark arrester.

d. Adjust flow to achieve the above recorded
DP,value, andrecord back pressure(DP,) reading.

6. Preliminary Test Run:
a. Install arrester and adjust flow to achieve
1.00 psi (6.89 kPa) back pressure plus the
correction value (in any).

b. Verify that DP, indicates a reading greater
than 1 inch of water (249 Pa). A smaller orifice
plate must be used if the reading is below. A
larger orifice plate must be used if the reading
isgreater than 4 inches of water (996 Pa).

Caution: Do not exceed 5inches of water
(1.2kPa)!

c. After 12 minutes record the pressure and
temperatureto fill out the bottom section of the
preliminary data sheet.

Carbon Test Runs
1. Weigh and load carbon sample. Adjust carbon
feed piston if necessary. The minimum sample

size is 25 grams (0.88 0z) and the maximum of
200 grams (7 0z).

2. Start with all bypass valves 100 percent open
and thearrester inlet valve closed.

3. Start oil pump and blower motor.

4. Setdesired DP, value.
5. Start carbon feed motor and start timer 1.

6. Set carbon feed and fluid air pressure (DP, and
DP,) according to labels on the control panel.

7. Check DP, and adjust if necessary.

8. Check carbon feed after 5 and 10 minutes,
adjust if necessary.

9. Record dataafter 12 minutes.

10. Stop the blower, pump, feed motor and turn off
feed/fluid air after 15 minutes.

11. Run the blow-down fan for 30 secondsin each
direction.

12. Collect the carbon from thetrap and record its
weight (T). Siftit, thenrecord theweight of thecarbon
retained onthesieve(F).

Cleanout Run

1. Refer to manufacturers cleanout instructions
and follow any special cleanout instructions.

2. If equipped with a cleanout plug(s), removethe
cleanout plug(s) and tap with the small rawhide
mallet. Block the arrester outlet if necessary.

3. Closethemanual valve.

4. Run the blower for 2 minutes at 50 percent of
the flow achieved during the preliminary test run.
(0.25xDP,)

5. Run blow-down fan for 30 seconds in each
direction.

6. Collect the carbon from the trap and record its
weight (Cr).

7. Replacethe cleanout plugs.
8. Weigh the arrester after the 12th run.

11
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APPENDIX B
SYSTEM SYMBOLS AND MAXIMUM (DO NOT EXCEED) VALUES

Symbol M eaning Maximum Value
AP, Barometric pressure 16-32in.Hg
DP, Back pressuredifferential acrossthe spark arrester 10psi
DP, Pressuredifferential acrosstheorifice plate 5.0in. water
DP, Air feed differential pressure 5.0 psi
DP, Air fluid differential pressure 5.0 psi
GP, Tank pressure 10.0psi
GP, Trap pressure 20.0in. water gauge
GP, Orificedown stream pressure 4.0in. water gauge

T, Arrester inlet temperature 0-100°C
T, Orifice outlet temperature 0-100°C
vV, Blower dump valve 0-100 % open
V, Arresterinlet valve 0-100 % open
V, Tank west side bypassvalve 0-100 % open
Vv Tank east side bypassvalve 0- 100 % open

%/

Z

13
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APPENDIX C
DIAGRAMS AND PARTS
LIST

Vertical
Test
Chamber

Roots
Blower

1. Spark arrester chamber view

Hydraulic
Pump

2. Roots blower
15
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' ‘_ 4 RootsBlower
Thaile

3. 150 horsepower (112 kW) electric
motor

)
Linear
Actuated

\YETIVE]

By-Pass
Valve

4. Manual by-pass valve

16
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5. Carbon feed tube

6. Carbon feed cylinder

17
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Stack

Back
Pressure
Probe

7. Vertical inlet mounting tube with stack

8. Orifice meter and flow discharge fixture

18
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9. Orifice plates

10. Transducer bench
(normally under cover)

19
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APPENDIX D
PREPARING TEST CARBON

1. All test carbon used for qualification purposes must be prepared
according to SAE Standard J997.

2. Carbonissuppliedintwo rough screened sizeranges. Commercial
designation C-66-141-B 8/14X is coarse carbon, and commercial
designation C-66-141-A 12/28X isfine carbon. The only difference
isthe size range. Thisis done for conveniencein final screening of
coarse and finetest carbon.

3. Using aseries of US sieves, start with either coarse or fine carbon
and combinewith carbon retained on the sieves aslabel ed bel ow and
inthe proportionsindicated:

Carbon

Fittin
g - \ Arrester

Back Pressure
Probe Fitting

Air Flow
o=

CORRECT,/

INCORRECT ///

FigureD1. Arrangement of sievesfor screening carbon.

4. Inadditiontosievingthecarbon, all test carbonused for qualification
must be baked at no less than 160 °F (71 °C) for at least 6 hours
immediately before use.

21
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APPENDIX F
FACILITY CERTIFICATION

1. General

(a) Familiarize yourself with the instruction
manual for the Yokogawa Digital Manometer.
Thismanometer isthestandardfor thelaboratory
andrequiresrecertification at an outsidemetrology
laboratory a minimum of once a year (more
often if it is found to be necessary). During
thisreview of the manual, make a special note
of the maximum allowable pressures givenin
Table F1. Over pressure of the instrument
could cause damagetoit.

(b) The facility blower must be off during
instrument calibration.

(c) The primary guideline for instrument full-
scale readings is the system schematic. A
copy is posted near the transducer stand in
Room 16 and on the wall across from the
control console in Room 16A. Refer to the
schematic for all system problems and during
calibration/certification.

(d) Attach the umbilical tube with air pump
attached to the fitting on the front of the
digital manometer. Make sure all the fittings
on the umbilical tube are secure and free of
leaks. Securethetubetightly tothefitting on
the manometer.

(e) For the initial calibration check, double
check the tube fittings on the transducers and
associated quick disconnects and valves to
assure they are tight and leak free. This
should also be done this prior to system start-
up also.

(f) Place the manometer on the equipment
cart; thiswill facilitate use and movement of
the instrument around the transducer stand
during calibration. The manometer does not
need to be plugged in to an AC outlet during
thecalibration operation unlessitisdiscovered
that the battery islow.

Preparation
(a) Removethecover onthetransducer stand.

(b) Notethelabeling on each transducer.
(c) Checkthetubefittingsasmentioned earlier.

(d) Use the system schematic for reference
during calibration.

(e) Attach the umbilical appropriate quick
disconnect to each transducer during calibration
asrequired.

(f) During the calibration it is required that
the readout on the manometer and the control
console arein the same engineering units. Be
sure to double check the units setting on the
manometer prior to eachtransducer calibration.

3. Barometric Pressure AP,

(a) Makesurethevalveontheumbilical tubeis
off.

(b) Attach the umbilical to the disconnect on
the AP, unit. Make sure the proper units have
been selected on the manometer.

(c) Thereading on the manometer should agree
with the reading in the test control room for
barometric pressure.

(d) If the readings do not match notify the
Spark Arrester Project Leader. There are no
adjustmentsavailableonthesignal conditioner
for barometric pressure.

(e) Openvalveontransducer input after calibration
iscompleted.

4. Spark Arrester Back Pressure DP,

(a) Make surethevalve ontheumbilical isoff.

(b) Attach the umbilical to the line which is
between DP, and DP, (Do not connect to line
between GP, and DP,. If this error occurs a
negativereading will result onthe control room
readout and possible damage to the transducer
may occur). Disconnect the line between GP,
andDP,.

(c)Again, Make surethe corresponding readout

for DP, in the Control Room has been checked
for zero.

25
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5.

6.

26

(d) Select the proper units on the manometer
(PSID =PSl). Usethe pump ontheumbilical to
raise the reading on the manometer to 8 psi (55
kPa) (i.e. = absolute pressure of the O-reading
of about 14.2 (97.9 kPa) to 14.7 psi (101.4 kPa)
+ 8 psi (55 kPa) or about 22 psi (151.7 kPa).
Need to add 8 psi (55 kPa) to manometer O
reading!).

(e) Reading on the control panel should equal
themanometer reading lesstheinitial manometer
reading of 14.2to 14.7 psi (97.9 to 101.4 kPa)
air pressure or about 8 psi (55 kPa). If not
adjust thegain onthetransducer signal conditioner
until they agree and repeat calibration check.

(f) Openvalveontransducer input after calibration
iscompleted.

Orifice Differential Pressure, DP,

(@) Attach umbilical to line between GP, and
DP.,.
2

(b) Set manometer to inches of water scale.

(c) Manometer reading prior to calibration should
be about 390 to 393 inches of water (97 - 97.8
kPa). This value plus 4 inches of water (995
kPa) yieldsthe proper valuefor calibration.

(d) Pump up manometer to proper reading.
Check readout on control console panel and
adjust, asbefore, accordingly.

(e) Openvalveontransducer input after calibration
iscompleted.

Air Feed Delta Pressure, DP,

(a) Attach umbilical to center (end) input of the
transducer.

(b) Repeat appropriate steps from the precious
calibrationfor DP, and DP,.

(c) Add manometer reading in PSI (prior to cal)
to 4 psi (27.6 kPa) to obtain the desired reading
valuefor calibration.

(d) Pump to desired value and adjust reading on
control console as before.

(e) Openvalveontransducer input after calibration
iscompleted.

7. Air Fluidization Delta Pressure, DP,

(a) Attach umbilical to center (end) input of
transducer.

(b) Repeat theappropriatestepsfromtheprevious
DPcalibrations.

(c) Check manometer scale; be sureit is set at
PSI.

(d) Repeat stepsgiven for DP,.

(e) Openvaveontransducer input after calibration
iscompleted.

8. Tank Pressure, GP,

(a) Attach umbilical totransducer input tube.

(b) Check manometer scale; be sureit is set at
PSI.

(c) As before, add manometer reading to 8 psi
(55 kPa) to obtain valuefor calibration.

(d) Calibrate asbefore.

(e) Openvalveontransducer input after calibration
iscompleted.

9. Trap Pressure GP,

(a) Closevalveon transducer input line.

(b) Attach umbilical to GP, side of tube between
DP, and GP,.

(c) Set manometer scale to inches of water.
Note reading as before and add 16 inches of
water (3.9 kPa) tovalueto obtainthecalibration
setting.

(d) Perform calibration as before.

(e) Openvaveontransducer input after calibration
iscompleted.

10. Orifice Downstream Pressure, GP,

(a) Closevalveon transducer input line.

(b) Attachumbilical to GP, side of tube between
GP,and DP,.

(c) Set manometer scale to inches of water.
Noteinitial reading and add 4 inches of water
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(995 kPa) to it to obtain the calibration setting.
(d) Perform calibration as before.

(e) Openvalveontransducer input after calibration
iscompleted.

Thiscompletestheinitial system calibration. This
process should be repeated at the beginning and
end of each certification series of test runs (high
and low flow tests) to validate the stability of the
transducers and readout equipment. Once the
system has been determined to be stable, this
process should be repeated at |least twice a year
(moreif necessary, thefrequency will be determined
after experiencehasbeen gained using theequipment).

27
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Table F1. Spark Arrester Lab Calibration Data Sheet

SPARK ARRESTER LAB CALIBRATION DATA SHEET

Transducer Applied Pressure |Indicated Pressure| Adjusted Reading Constant

DP, (psi) 0.50

1.00

1.50

2.00

4.00

3.00

DP,(inH,0) 1.00

2.00

3.00

4.00

2.00

1.00

DP,(psi) 0.00

1.00

2.00

3.00

4.00

2.00

1.00

DP, (psi) 0.00

1.00

2.00

3.00

4.00

GP, (psi) 2.00

4.00

6.00

8.00
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Transducer Applied Pressure | Indicated Pressure| Adjusted Reading|  Constant
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APPENDIX G - CONSOLE CALIBRATION CHECK

Transducer Constant Tested by Tested by Tested by Tested by Tested by Tested by Tested by
Date Date Date Date Date Date Date

DP1 8.09

DP2 4.05

DP3 4.02

DP4 4.02

T1 Agree

GP1 8.00

GP2 15.89

GP3 3.93
APl 1.59

T2 Agree

Vi1 6.67

V2 6.36

V3 5.27

V4 6.15

ALARM
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