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QHW Designation: E 2067 — 00a

Standard Practice for
Full-Scale Oxygen Consumption Calorimetry Fire Tests

This standard is issued under the fixed designation E 2067; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

1. Scope 1.9 This standard does not purport to address all of the

1.1 This practice deals with methods to construct, calibrateSafety concerns, if any, associated with its use. It is the
and use full scale oxygen consumption calorimeters to helfeSponsibility of the user of this standard to establish appro-
minimize testing result discrepancies between laboratories. Priate safety and health practices and determine the applica-

1.2 The methodology described herein is used in a numbdiility of regulatory limitations prior to use.
of ASTM test methods, in a variety of unstandardized test, neferenced Documents
methods, and for research purposes. This practice will facilitate”
coordination of generic requirements, which are not specific to 2-1 ASTM Standards: _ _
the item under test. D 5424 Test Method for Smoke Obscuration of Insulating

1.3 The principal fire-test-response characteristics obtained ~Materials Contained in Electrical or Optical Fiber Cables
from the test methods using this technique are those associated When Burning in a Vertical Cable Tray Configuratfon
with heat release from the specimens tested, as a function of P 5537 Test Method for Heat Release, Flame Spread and
time. Other fire-test-response characteristics also are deter- Mass Loss Testing of Insulating Materials Contained in
mined. Electrical or Optical Fiber Cables When Burning in a

1.4 This practice is intended to apply to the conduction of _ Vertical Cable Tray Configuratidn _
different types of tests, including both some in which the D 6113 Test Method for Using a Cone Calorimeter to
objective is to assess the comparative fire performance of Determine Fire-Test-Response Characteristics of Insulat-
products releasing low amounts of heat or smoke and some in INg Materials Contained in Electrical or Optical Fiber
which the objective is to assess whether flashover will occur. Cables _ o

1.5 This practice does not provide pass/fail criteria that can E 84 Test Method for Surface Burning Characteristics of
be used as a regulatory tool, nor does it describe a test method Building Material$
for any material or product. E 176 Ter_mlnology of Fire Standafds

1.6 For use of the Sl system of units in referee decisions, see E 603 Guide for Room Fire Experimedits

IEEE/ASTM SI-10. The units given in parentheses are pro- E 662 Test Method for Specific Optical Density of Smoke
vided for information only. Generated by Solid Materigls

1.7 This standard is used to measure and describe the E 906 Test Method for Heat and Visible Smoke Release
response of materials, products, or assemblies to heat and flame_Rates for Materials and Produgts
under controlled conditions, but does not by itself incorporate E 1354 Test Method for Heat and Visible Smoke Release
all factors required for fire hazard or fire risk assessment of the Rates for Materials and Products Using an Oxygen Con-

materials, products, or assemblies under actual fire conditions. _SUmption Calorimetér o
E 1474 Test Method for Determining the Heat Release Rate

Note 1—This is the standard caveat described in section F2.2.2.1 of the Of Upholstered Furnlture and Mattress Components or

Form and Style for ASTM Standards manual for fire-test-response ; : :
standards. In actual fact, this practice does not provide quantitative Composites Using a Bench Scale Oxygen Consumption

measures. Calorimete? ' . '
. . , . E 1537 Test Method for Fire Testing of Upholstered Seating
1.8 Fire testing of products and materials is inherently Furnituré

hazardous, and adequate safeguards for personnel and property- 1590 Test Method for Fire Testing of Mattresses

shall be employed in conducting these tests. Fire testing g 123 Test Method for Determining Fire and Thermal
involves hazardous materials, operations, and equipment. See pg .o meters of Materials, Products and Systems Using and
also Section 7. Intermediate Scale Calorimeter (ICAL)
E 1740 Test Method for Determining the Heat Release Rate
and Other Fire-Test-Response Characteristics of Wallcov-

1 This practice is under the jurisdiction of ASTM Committee E-5 on Fire ering Composites Using a Cone Caloriméter
Standards and is the direct responsibility of Subcommittee E05.13 on Large Scale

Fire Tests. I
Current edition approved Oct. 10, 2000. Published October 2000. Originally 2 Annual Book of ASTM Standardgol 10.02.
published as E 2067-00. Last previous edition E 2067-00. 3 Annual Book of ASTM Standaydéol 04.07.
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E 1822 Test Method for Fire Testing of Stacked Chairs 3.1.3 oxygen consumption principle—the expression of
IEEE/ASTM SI-10, International System of Units (SI) The the relationship between the mass of oxygen consumed during

Modernized Metric Systefn combustion and the heat released. (E176)

2.2 1SO Standards: 3.1.4 smoke n—the airborne solid and liquid particulates

ISO Guide 52 - Glossary of Fire Terms and Definitions and gases evolved when a material undergoes pyrolysis or

ISO 3261 Fire Tests - Vocabulary combustion. (E 176)

ISO 5660-1, Fire Tests—Reaction to Fire—Rate of Heat 3.1.5 smoke obscuratigm—reduction of light transmission
Release from Building Products (Cone Calorimeterby smoke, as measured by light attenuation. (E 176)
Method) 3.2 Definitions of Terms Specific to This Standard:

ISO 9705, Fire Tests - Full-Scale Room Test for Surface 3.2.1 composite n—a combination of materials, which
Products generally are recognized as distinct entities, for example,

2.3 California Bureau of Home Furnishings and Thermal coated or laminated materials.

Insulation Standards: 3.2.2 continuous (as related to data acquisitioradj—

CA Technical Bulletin 129 (October 1992), Flammability conducted at data collection intervals@s or less.
Test Procedure for Mattresses for Use in Public Buildings 3.2.3 sample n—an amount of the material, product, or
CA Technical Bulletin 133 (January 1991), Flammability @assembly, to be tested, which is representative of the item as a

Test Procedure for Seating Furniture for Use in Publicwhole. _ o
Occupancies 3.2.4 specimen n—representative piece of the product,

2.4 NFPA Standard&: which is to be tested together with any substrate or treatment.

NFPA 265 Standard Methods of Fire Tests for Evaluatingy — sjgnificance and Use
Room Fire Growth Contribution of Textile Wall Coverings

. . >~ 4.1 The oxygen consumption principle, used for the mea-
NFPA 266 Standard M?thOd of Test for Fire Ch.araCter.'s.t'cssurements described here, is based on the observation that,
of Upholstered Furniture Exposed to Flaming Ignition

Source generally, the net heat of combustion is directly related to the
: P -
NFPA 267 Standard Method of Test for Fire Characteristic amount of oxygen required for combustida).” Approxi

of Mattresses and Bedding Assemblies Exposed to Flar:r-rI ately 13.1 MJ of heat are released per 1-kg of oxygen

ing Ignition Source consumed. Test specimens in the test are burned in ambient air
. . _conditions, while being subjected to a prescribed external
NFPA 286 Standard Methods of Fire Tests for Evaluatin N Wi g subj P ! X

. S 1aliNGheating source.
:jl?grrigrllzzlirr?isﬁrowm Contribution of Wall and Ceiling 4 1 1" This technique is not appropriate for use on its own

when the combustible fuel is an oxidizer or an explosive agent,

2.5 UL Standards? . . ) which release oxygen. Further analysis is required in such

UL 1685, Standard Vertical Tray Fire Propagation and.,qeg (see Appendix X2).

Smoke Release Test for Electrical and Optical Fiber 45 The heat release is determined by the measurement of
Cables , , the oxygen consumption, as determined by the oxygen con-

UL 1975, Standard Fire Tests for Foamed Plastics Used fogentration and the flow rate in the combustion product stream,
Decorative Purposes in a full scale environment.

3. Terminology 4.3 The primary measurements are oxygen concentration
’ and exhaust gas flow rate. Additional measurements include
3.1 Definitions—For definitions of terms used in this prac- the specimen ignitability, the smoke obscuration generated, the

tice, refer to Terminology E 176 and ISO 3261. In case ofspecimen mass loss rate, the effective heat of combustion and

conflict, the definitions given in Terminology E 176 shall the yields of combustion products from the test specimen.

prevail. 4.4 The oxygen consumption technique is used in different
3.1.1heat release raten—the heat evolved from the types of test methods. Intermediate scale (Test Method E 1623,
specimen, per unit of time. (E176) UL 1975) and full scale (Test Method D 5424, Test Method

3.1.2 ignition, n—the initiation of combustion. (E 176) D 5537, Test Method E 1537, Test Method E 1590, Test
3.1.2.1 Discussior—The combustion may be evidenced by Method E 1822, ISO 9705, NFPA 265, NFPA 266, NFPA 267,
glow, flame, detonation or explosion. The combustion may beyFPA 286, UL 1685) test methods, as well as unstandardized

sustained or transient. room scale experiments following Guide E 603, using this
technique involve a large instrumented exhaust hood, where
oxygen concentration is measured, either standing alone or

4 Annual Book of ASTM Standardsol 14.02. positioned outside a doorway. A large test specimen is placed

° Available from Intern_ational Standardization Organization, P.O. Box 56, gjther under the hood or inside the room. This practice is
CHGlA?/:zLa:iLI:atc)slgr}Sgi ?él?g\:lr:iz:réﬁgéu of Home Furnishings and Thermal Insula- Intendeq to address issues associated with equipment requiring
tion, State of California, Department of Consumer Affairs, 3485 Orange Groved large instrumented hood and not stand-alone test apparatuses

Avenue, North Highlands, CA 95660-5595. with small test specimens.

7 Available from National Fire Protection Association (NFPA), 1 Batterymarch
Park, Quincy, MA 02269-9101. —_—

8 Available from Underwriters Laboratories, Inc., 333 Pfingsten Rd., Northbrook,  ° The boldface numbers in parentheses refers to the list of references at the end
IL 60062. of this standard.
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4.4.1 Small scale test methods using this technique, such &ghe wallboard is thicker, it will not affect the results of this test. Gypsum
Test Methods D 6113, E 1354, E 1474 and E 1740, as well agvallboard is_ likely to generate a measyrabl_e amount of heat or smoke
ISO 5660 internationally, are based on a stand-alone apparatJg'ease at high heat inputs, due primarily to its paper facer.
wherein a small specimen is tested within the equipment. 5.1.2.1 Install an additional layer of fire rated wallboard on

4.5 Throughout this practice, test equipment is referenced tthe portions of the walls or ceiling directly adjacent to the test
provide helpful guidance to test facilities. Substitution of specimen location. Cover at least 1.22 by 1.22 m (4 by 4 ft) of
equivalent, or better, test measuring devices is permissible. the ceiling with the added wallboard, but do not place an
additional layer of wallboard under the test specimen. This
ceiling surface is the most severely exposed to flames and heat

5.1 Standard Rooms and needs frequent replacement. Replace any portion of the

5.1.1 Three standard room configurations have been ifning if cracks occur or severe burn damage is observed.
common use for many years, often designated as the "ASTM"/ 5122 Frequently, whenever there is a single test specimen,
“ISO” room (cited in Guide E 603 and in ISO 9705), and thesych as Test Method E 1537, Test Method E 1590, or Test
“California” room (used in CATB 129 and CATB 133, as well Method E 1822, the test specimen location is the corner of the
as, Test Methods E 1537, E 1590, and E 1822), and the cabjgom furthest away from the doorway. The test specimen also
tray test room (used in Test Methods D 5424 and D 5537, ag usually placed on a weighing platform. This test room is
well as, in UL 1685). unsuitable for Test Method D 5424 or Test Method D 5537.

5.1.2 ASTM/ISO Roor-The test room shall have interior The test method indicates test specimen location.
dimensions of 2.44 mx 25 mm by 3.66 mt 25 mm by 2.44 5.1.2.3 When testing surface linings (walls or ceilings),
m = 25 mm high (8 by 12 by 8 ft high). The room shall have weighing of the test specimen during the test is usually not
no openings other than a doorway opening 0.7&® mm by  practical. Mass loss during testing, if desired, must be esti-
2.03 m= 6 mm (30 by 80 in.), located as indicated in Fig. 1, mated from calculations.
and other small openings, as necessary to make test measures_ 1.3 California Roora—The test room shall have dimen-
ments. Construct the test room of wooden or metal studs, anglons of 3.05 M= 25 mmXx 3.66 m*+ 25 mmXx 2.44 m= 25
line it with gypsum wallboard, Type X, or calcium silicate mm high (10 by 12 by 8 ft high). The room shall have no
wallboard. Position a hood (see Section 6) outside of the roorgpenings other than a doorway opening 0.9% & mm x 2.06
doorway, such that it collects all the combustion gases. Therg + 6 mm (38 by 81 in.), located as indicated in Fig. 2, and
shall be no obstructions to the air supply to the test setup. other small openings, as necessary to make test measurements.

Note 2—Both Type X gypsum wallboard and calcium silicate wall- COnstruct the test room of wooden or metal studs, and line it

board with a thickness of 12.7 mm (0.5 in.) have been found acceptable.

5. Test Room Layout

——305m———

076 m ——
+“—> 4 = . 4
specimen
X
TEST BURN ROOM TEST BURN ROOM
Smoke Obscuration Smoke Obscuration Smokse Obscuration Smoke Obscuration
T ] Light Source Detector [ [3.66m T L Light Source Detsctor | ]3.66 m
1i2m 2m
X
| § |
specimen
0.97 m
v = + v / \J JV
244 m

< >

Ei Location of Smoke Obscuration Monitor [:1 Location of Smoke Obscuration Monitor

+ Ceiling Thermocouple 4+ Ceiling Thermocouple

X 1.2 m Thermocouple X 1.2 m Thermocouple

[0 Gas Sampling Line 00 Gas Sampling Line

Note 1—See text for tolerances; room instrumentation is optional. Note 1—See text for tolerances; room instrumentation is optional.
FIG. 1 Test Room Configuration A (ASTM room) FIG. 2 Test Room Configuration B (CA Room)
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with gypsum wallboard, Type X, or calcium silicate wallboard. equal. The air intakes are 559 mm by 343 mm high (22 by 13.5
Position a hood (see Section 6) outside of the room doorwayn.) either side of the door, 914 mm by 343 mm high (36 by
such that it collects all the combustion gases. There shall be nt3.5 in.) under the door, and the entire back wall length, with
obstructions to the air supply to the test set-up. a height of 305 mm (12 in.). Air intakes are not permitted in
. . either of the other two walls.

Note 3—Both Type X gypsum wallboard and calcium silicate wall- . .
board with a thickness of 12.7 mm (0.5 in.) have been found acceptable. 5.1.4.5 The door shall be anstructed with wired glass, and
If the wallboard is thicker, it will not affect the results of this test. Gypsum Shall measure 90& 25 mm wide and 210G= 25 mm high
wallboard likely is to generate a measurable amount of heat or smok&35% 1 in. by 83* 1 in.), with an overall conductive heat flux
release at high heat inputs, due primarily to its paper facer. loss no greater than that of the walls, that is, &/gm? K) (30

5.1.3.1 Install an additional layer of fire rated wallboard onBtU/h'ﬁz)' A steel-framed wired glass door will meet these

the portions of the walls or ceiling directly adjacent to the test €duirements. Adequately seal the sides and top of the door to

. . t drafts.
specimen location. Cover at least 1.22 by 1.22 m (4 by 4 ft) ofreven . .
the ceiling with the added wallboard, but do not place an 5.1.4.6 Construct a truncated pyramid stainless steel hood,

additional layer of wallboard under the test specimen. Thisformed as shown in Fig. 3, and locate it on top of the enclosure

ceiling surface is the most severely exposed to flames and he f""s' Make the slope on each side of the hood 40°. Form a seal

and needs frequent replacement. Replace any portion of t tween the hoo_d af?d the walls; a compre_ssmle inorganic
lining if cracks occur or severe burn damage is observed. atting as gasket is suitable. Insulate the exterior of the hood to
5.1.3.2 This test room commonly is used for furniture make an overall conductive heat loss no greater than that of the

; . . . alls. Locate a cubical stainless steel collection box, 9126
testing only. Usually, the test specimen is located in a corne\f"m (36= 1in.), on a side on top of the exhaust hood, with a

and placed on a weighing platform. This test room is unsuitabl ominal 410+ 25-mm (16 1-in.) diameter stainless steel

for Test Methods D 5424 or D 5537. The test method indicated: . .
test specimen location. pipe exhaust duct centered in one side.

. . - 5.2 Nonstandard Rooms
5'1'3'3 When testing s_urface I|r_1|ngs (walls_or ceilings), 5.2.1 Standardized tests also are conducted in rooms of
weighing of the test specimen during the test is usually nO.gomewhat different dimensions than the ASTM or California

ﬂgfég?:brhnﬂiZTcL(jlzﬁoiirlng testing, if desired, must be eSt'iooms, after the attainment of equivalent results has been

demonstrated.
5.1.4 Cable Tray Test Room 5.2.2 Nonstandardized tests and research experiments are

. 5.1.4.1 The test room shall have floor dimensions of 2.44 Mo g cted in rooms of different sizes. The compartment size,
= 25 mm by 2.44 m= 25 mm, with a height of 3.35 Nt 25 gha56e “and openings shall be chosen to simulate the nature or
mm (8 ft= 1in. by 8 ft= 1in. by 11 ft= 1in. high). Ontop  tyne of compartment or facility in which the subject material,

of the walls there shall be a pyramidal collection hood (Segrqqyct, or system is expected to be used in actual service. If
Section 6 for exhaust system information), with a collectiony,are is 4 range of sizes, then account shall be taken of the fact

box. The Wﬁgs’ shall have afr[rzlaximum conductive heat flux 10S¢h4¢ for 5 given ignition exposure, the smaller compartment
of 6.8 W/(nrK) (30 Btu/h-ft’), based upon an inside wall gj;65 ysually will provide the most severe fire development

temperature of 38°C (100°F) and an outside air temperature Qlongitions. Whenever possible, a compartment shall be de-
24°C (75°F), and the interior surface of the walls shall begjgnaq to be symmetrical and as simple as possible for ease of
painted flat black. ) . analysis. Space between the top of door and the ceiling is

5.1.4.2 Any materials of construction that meet the abovgyitical because of the trapping of the smoke and hot gases. The

requirements are acceptable. Two examples of acceptablgom shall be located inside a larger, carefully ventilated
construction materials are nominally 152-mm (6-in.) thick

concrete masonry blocks (density: 1700 kg*r(i.06 Ib ) Guide A Opening # 400
and thermal conductivity nominally= 1.75W/(m K), at 21°C; vanes il T R—— {
12.13 Btu in./fE h °F, at 70°F) or nominally 13 mm (0.5 in.) — AT pitot tube vanes<_ A 1 .
gypsum board, with 8% 6 mm (3.5+ 0.25 in.) of standard e S e 3
fiberglass insulation, with aR value of 1.94 A K/W (which Exhaust duct 5 406 = 2{5]
corresponds in practical units to &value of 11 h ff °F/Btu). Ejk;;‘}‘;}n"hm" ol mm00X800 | o
Windows for observation of the fire test are allowed in the | “A Gas analysis Hool plammam , 2
walls; ensure that the total area of the windows does not exceed gas”elsaning Opening 8 s i
1.86 n? (20 ftz) Frame of steel/ I

5.1.4.3 Select materials of construction which withstand the B x 3.2

%38' xplzi?: Dimensions in millimetars

high temperatures and presence of open flame within the test
enclosure and duct. An acceptable construction consists of @

concrete masonry blocks nominally 203 mm high by 406 mm ESEN (optionah
wide by 152 mm thick (8 by 16 by 6 in.). #240” | B340

5.1.4.4 Provide air intakes at the base of two opposite walls, oS iooop'ates Details of exhaust system
one of which contains the access door. Ensure that the total A, = min 335°mm
cross sectional area of the air intakes is 1246.03 nf (2250+ Cross Seeton bt Gutde Vanes B © = min somm
50 in?), and that the intake areas are divided approximately FIG. 3 Design of Hood and Exhaust System
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enclosure to ensure minimum interference from drafts or windnaintained between enclosure walls and the test specimen in
currents. all directions.

5.2.3 Follow the guidelines of 5.1.2 or 5.1.4 for the con-

. . : Lo .~ 6. Hood and Exhaust Collection System
struction materials, depending on the application. Be especially ) ,
mindful of the use of additional fire rated wallboard if test ©-1 The exhaust collection system shall consist of a blower,
specimens are placed near walls or ceilings. steel hood, duct, bidirectional probe, thermocouple(s), oxygen

. . . measurement system, smoke obscuration measuring system
5.3 Furniture Calorimeter (Open Calorimeter) Y g sy

. N . ) _ (white light or laser), and combustion gas sampling and
5.3.1 This type of testing is appropriate for intermediateanalysis system.

individual products, such as items of furniture, or relatively sha|l have a capacity and be designed in such a way that all of
large constructions, such as foam displays (UL 1975). Positiothe combustion products leaving the burning specimen are
the test specimen centrally on a weighing platform, which shalgo|iected. Design the capacity of the evacuation system so as to
be located centrally under the collection hood. exhaust and collect all combustion gases leaving the burning
5.3.2 The test enclosure that houses the exhaust hood shadkt specimen without excessive make-up air.
be of sufficiently large dimensions that there are no spurious 6.2 Place probes for sampling of combustion gas and for
heat radiation effects from the walls or any other nearbymeasurement of flow rate in accordance with 6.3. Measure all
objects. The air flow to the test specimen shall be symmetricadombustion product (smoke obscuration and gas concentra-
from all sides. The hood is located directly above the testions) at a position in the exhaust duct where the exhaust is
specimen (see Section 6). uniformly mixed and there is a nearly uniform velocity across
5.4 Enclosure Room the duct section. A distance of 8 to 30 duct diameters is

5.4.1 Any test room, as well as any furniture calorimeter,Satisfactory for this purpose. _
together with the corresponding hood and exhaust duct system, 8-3 Instrumentation in Exhaust DuetFurther details are

shall be positioned in a large enclosed room. The enclosurget out in Section 7. .
area shall be constructed of fire resistant materials, such as®-3-1 Flow Rate—Measure the flow rate in the exhaust duct

concrete, for walls and ceiling, and it shall be completelyby means of a bidirectional probe_located at the center I_ine of

isolated from neighboring rooms and facilities. The walls ofthe duct. Measure the flow rate in the exhaust duct with an

the enclosure shall be far enough away from the walls of th@ccuracy of at least: 10 %. The response time to a stepwise

test room for the enclosure room to be ventilated adequatelghange of the duct flow rate shall be a maximuiré e toreach

The height of the ceiling shall be sufficient to allow for 20 % of the final value. _

installation of the exhaust duct and easy access to the heat8-3-2 Combustion Gas Analysis o

release calorimetry and other instrumentation. 6.3.2.1 Sampling Line-Make the sampling line tubes of a
5.4.1.1 It is important that during each test a free andﬂaterlal not influencing the concentration of the combustion

sufficient flow of make-up air be available to facilitate the gas species to be analyzed. See 7.1 for the sequence of the gas

: . . . train.
combustion process, without creating any forced flow of air 6.3.2.2 Oxygen MeasuremeniMeasure the oxygen con-

into or out of the test room. The combination of exhaust hood

i i 0,
and enclosure room shall be sufficiently large to achieve thigentration with an accuracy of at Ieast(%.04 % of full scale
objective. in the output range of 0 to 21 volume % oxygen,r0.01

i volume % oxygen, in order to have adequate measurements of
5.4.1.2 Distances of at lea$ m (20 ft) between the a0 of heat release. Take the combustion gas sample from the
enclosure walls and the walls of the test room and a minimunyng of the sampling line. Calculate the time delay, including
height of 4.6 m (15 ft) are recommended, as MiNIMUMy,q (ime constant of the instrument, from the test room, which

requirements; larger enclosure rooms are even more desiralie fnction of the exhaust duct flow rate. It shall be no more
since they will minimize any effects of the enclosure walls ony,o1 30 5

the test conditions. Such effects include radiative feedbac 6.3.2.3Carbon Monoxide and Carbon Dioxide

from the heated walls and obstruction of air supply into they;o-c rement-Measure the combustion gas species with an
room. A larger enclosure also will provide easier access to all cr,ment having an accuracy of at leasD.1 volume % for
sides of the test room and instrumentation during the tests, and, .p,on dioxide and= 0.02 volume % for carbon monoxide. A
in case of an emergency, and for routine repairs and mainteitaple output range is 0 to 1 volume % for carbon monoxide
nance. See 11.2.14 for information regarding smaller enclosurg, 4 o to 6 volume % for carbon dioxide. Take the combustion
rooms. gas sample from the end of the sampling line. Calculate the
5.4.2 The enclosure shall allow for sufficient supply of freshtime delay, including the time constant of the instrument, from
air into the test room during tests and shall not create anyhe test room; it is a function of the exhaust duct flow rate. It
obstructions to the ambient air supply. Openings in the encloshall be a maximum of 30 s.
sure shall not be situated in a way that would create any forced 6.3.2.4 Smoke Obscuration Measuremesinstall an opti-
convective air flows inside the test room, and thus, affecting th@a] system for measurement of ||ght obscuration across the
burning of the test specimen. centerline of the exhaust duct. Determine the optical density of
5.4.3 When using an open (furniture) calorimeter, it isthe smoke by measuring the light transmitted with a photom-
recommended that a minimum distance@ m (20 ft) be eter system consisting of a lamp, plano convex lenses, an
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aperture, a photocell, and an appropriate power supply. Con- Note 4—ltis likely that a single system will not have the same degree
struct the system so that soot deposits on the optics during & accuracy of heat release rate measurements over a range of heat release
test do not reduce the light transmission by more than 5 ogates as high as 1 MW and as low as 10 kW. Tests designed to assess
Alternativel instrumenta?ion using a laser b)éam svstemn. wit hether flashover will occur, such as NFPA 265, NFPA 286, or ISO 9705,

Y, . 9 - y o equire measurements as high as 1 MW, while tests designed to assess the
an 0.5 to 2.0 mW helium-neon laser, instead of white IIghtsuitability of single products, such as Test Methods E 1537 and E 1590 or

system is also acceptable. It has been shown that white lighjL 1975, require accurate measurements of at levels of < 100 kW; thus,
and laser systems will give similar resu(-6). measurement accuracy must be a function of test requirements.

6.4 Example Design of a Satisfactory Collection Hood and  6.4.5 Use of an alternative exhaust system design is limited
Exhaust Duct-The system described has been tested ing those systems shown to produce equivalent results. Equiva-
practice and proven to fulfill the requiremer({#-8) lency is demonstrated by meeting the calibration requirements.

6.4.1 The hood is located just outside the room doorway. ltExhaust system designs based on natural convection are not
bottom dimensions are 2.4 by 2.4 m (8 by 8 ft) and the heighpermitted.
is 1.0 m (3.3 ft). On all four sides steel sheets are extended 1.0 6.4.6 When using an open calorimeter the hood shall be
m (3.3 ft) downwards, making the effective height of the hoodinstalled above the mass measuring system and test specimen.
2.0 m (6.6 ft). The distance between the lower edge of the hoothe distance between the lower edge of the hood and the mass
and the floor (or the weighing platform when using a furnituremeasuring system shall range between 1.8 and 3.0 m (6 to 10
calorimeter) shall be 1.8-2.0 m (6.0-6.4 ft). The hood feedst). The hood shall be designed and manufactured such that no
into a plenum having a 0.9 by 0.9 m (3 by 3 ft) cross-sectionakpill-over occurs and all the smoke is collected.
area, and a_height of 0.9 m (3 ff). The maximum acc_eptable Note 5—If hoods are too large, potential resulting problems are
he!ght of this F_"enum area is 1.8 m (6 ft), depending ONgycessive air entrainment, deposition on cold surfaces, or dilution of
building constraints. In the plenum chamber two baffle (usuallygoke.
steel) plates approximately 0.5 by 0.9 m (1.6 by 3.0 ft) are

located to increase mixing of the combustion gases. The hoo 6.'4'7 Leakage of'combustion products is de_tectable visually
shall be designed and manufactured so that no spill-ove&u”ng burn tests. Visually observe the collection of gases and
0CCUrS smoke through the exhaust duct. If any smoke escapes into the

. surroundings, even at high exhaust flow rates, use a skirt
6.4.2 The exhaust duct shall be connected with the pIenur‘eapable of withstanding the high temperatures, afiou (3 ft)

chamber. The inner diameter of the exhaust duct shall be in ”\ﬁide to hang around the lower edges of the exhaust hood as a
rangte 400.5760 mm _(f16—3é) :;1')' Tol factlll;[jatet 20;?,1 m%asu][et'curtain. This curtain will assist in guiding more of the
ments, guide vanes, Il needed, are ‘ocated at both ends o '&%mbustion products into the exhaust hood. Note that, if such

exhaust duct. Alternatively, the rectilinear part of the exhau_sg curtain is used during burn tests, all system calibrations also
duct shall have such a length that a fully-developed flow profﬂeshaII have been conducted with this curtain in place

is established at the point of measurement. 6.5 If pollution abatement equipment is present, the exhaust
_6.4.2.1 The exhaust duct shall be connected to an evacugsmoyal system shall still be capable of fulfilling the require-

tion system. The capacity of the evacuation system shall bg,ents of the test method throughout the entire test, without
designed to exhaust all combustion gases leaving the specimeffecting the results. If the system affects test results, such

This requires an exhaust capacity of at least 2.7 Rdabout  esuits as are obtained after the effect of the abatement
8000 n? h* at standard atmospheric conditions) correspondmgzquipmem come into effect are invalid.

to a driving under pressure of about 2 kPa at the end of the )
duct. A variable speed exhaust fan with a DC motor drive is/- Exhaust Duct Instrumentation
suitable for this use. Alternatively, an adjustable frequency 7.1 A gas analysis system is required to make measurements
controller also is suitable, in conjunction with a single speedf oxygen (for determining heat release), and other gaseous
exhaust fan. species, such as carbon monoxide, carbon dioxide and any
6.4.2.2 The controller generates an adjustable voltagesther species of interest, in the exhaust duct. The sequence of
frequency output for complete control of the conventionalthe gas train shall be sampling probe, soot filter, cold trap, gas
induction motor that runs the exhaust fan. The system allowpath pump, vent valve, plastic drying column and carbon
for control of the exhaust flow rate from zero to the maximumdioxide removal columns (if used), flow controller, and oxygen
capacity of the fan by adjusting the speed of the motor. It shalanalyzer. The gas train also shall include appropriate spanning
be possible to control the exhaust flow from about 0.5Rwp  and zeroing facilities. Other designs are acceptable if equiva-
to maximum flow, as stated in , during the test process. lency has been demonstrated.
6.4.3 The system shall be capable of measuring rates of heat7.2 To install the instruments in the duct, and for mainte-
release with sufficient accuracy (at least 6 %). nance purposes, one or more access doors shall be provided in
6.4.4 When the objective of the tests is to perform comparithe exhaust duct. These exhaust duct doors shall be sealed

sons between products expected to release low amounts of hdightly during testing:®

or smoke, the system shall still be capable of measuring low /-3 Gas Sampling Probe ) N
rates of heat release (such as 10 kW) with sufficient accuracy 7-3-1 The gas sampling probe shall be located in a position
(at least 6 %). If concentration gradients are found to existvhere the exhaust duct flow is well mixed (turbulent flow).
mixing vanes are an adequate means of addressing the prob-—

lem. 19 High-temperature silicone rubber sealant is suitable for this purpose.
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Install the gas sampling probe at a distance of at least eight dupbsitioned at the desired location, made from a material not
diameters downstream of the last turn from the exhaust hoodhnfluencing the concentration of the combustion gas species to
If the minimum straight section before the measuring system ibe analyzed. Transport combustion gases through a heated
at least eight times the inside diameter of the duct the exhaugpreferably electrically) line to prevent condensation of mois-
flow is likely to be uniformly mixed. If the measuring system ture or other combustion products in the line. Maintain the
is positioned at a distance of less than eight diameterd)eated line at a temperature of at least 110°C (230°F). Remove
equivalent results and good mixing shall be demonstrate@articulates contained in combustion gases with inert filters.
before use. Use oil-free pumps, such as diaphragm pumps, to transport

7.3.1.1 The following experiment helps to determine howsample gases from the test room to the gas analyzers. All tube
well the exhaust gases are being mixed. Position a gas burnditfings and pipe connections throughout the length of the gas
such as the burners described in 11.2.3 or 11.2.4, at the locatidffin shall be gas tight so as to ensure that no gas leakages
of the test specimen in the test room (or under the exhaust hodgcur in the system. This is particularly crucial on the suction
if using an open calorimeter). Burn propane gas at a constagide of the gas sampling pump where outside air might be
gas flow, for example 54 L/min, which produces an 80 kW fire.drawn into the system and dilute the stream of sample gas.
Allow the gas to burn for 2-3 minutes to reach a steady statd-€akage of air into the sample gas will cause serious errors in
Use a plain L-shaped 6 mm (0.25 in.) stainless steel tube faciniﬁle gas concentration measurements.
downstream of the exhaust duct at the sampling location of the N - . ) . .

ote 6—All tube fittings and pipe connections in the gas analysis

actual gas Samp"”g probe. TraYefS,e the tube from top tgystem shall be made of stainless steel or other corrosion resistant
bottom of the duct in 25 mm (1 in.) increments. Record thématerials to avoid corrosion. Corrosion of gas handling tubes and fittings
combustion gas concentration at each position and inspect thetentially affects the chemical composition of the sample gas and causes
recorded values. If gas concentrations are fairly constargerious errors in the test measurements.

(within 10 %) throughout the experiment, mixing has been Note 7—Heated lines are not necessary for the measurement of carbon
achieved. If gas concentrations vary widely throughout the_nonoxide, carbon dioxide, or oxygen; however, utilization of heaFed lines

cross sectional area of the exhaust duct, mixing vanes or baffiés necessary for the following gases: water, hydrogen chloride, and

need to be added to the exhaust system. Repeat these measgpadensable hydrocarbons. Moreover, even if these gases are not being
. .. . measured, the use of heated lines prevents their deposition inside the
ments until good mixing has been achieved.

sampling tube, which potentially will reduce or obstruct the free flow of
7.3.2 Sampling probes shall collect samples across the fuflases inside the line.

diameter of.thelexhe}ust duct, and thus,_ preferably be of th? bar 7.3.4 Particulate Filter and Removal System for Condens-
type and minimize disturbance of the air flow in the duct. nga les

type sampling probes also are acceptable, although they do no? .

collect gas samples across the full diameter of the duct. In /-3-4-1 The gas sample entering the gas analyzers shall be
either case turn the intake of the sampling probe downstream f§€€ Of moisture, soot, condensable hydrocarbons, and any
prevent soot from clogging the probe. The sampling probé’the,r particulates. Use in-line filters to remove soot and other_

shall be manufactured from corrosion resistant materials, sudpg'ticulates before the gas sample enters the gas analysis
as stainless steel or polytetrafluoroethylene. Collect the conyStém. These filters shall be replaced daily; however, in some

bustion gas samples across the entire diameter of the exha®@Ses line filters need to be replaced after each fire test,

duct. Install the gas sampling probe at the center of th&specially if the burn has been particularly intense or especially

cross-sectional area of the exhaust duct with the holes facingPCL- Soot filters shall be replaced when needed, to ensure a
downstream of the flow. ree and sufficient flow of sample gas through the gas analyzers

7.3.2.1 Inspect the sampling probe frequently and removéjurlng the test.

any particulate deposit in the holes or in the line. The frequency  /-3-4-2 Use a removal system to remove the water content

of required cleaning of the probe depends on the frequency arfj 1€ gas sample, and condensables, continuously, as dis-

intensity of the tests conducted in any facility. When all CUSSed in 7.3.4.3-7.3.4.5.

components of the gas train, such as all filters, cold bath, 7.3.4.3 One option for water removal system is a cold trap.

valves, rotameters and pump are clean, but a sufficient flow cold trap (refrigeration system) consists of condensing unit,

cannot be maintained through the analyzers, this is an indic&ompressor and evaporator unit, and often also contains a

tion that the sampling probe holes are probably clogged. In thifemperature control unit.

case, the sampling probe shall be removed and cleaned.7.3.4.4 The concept of the cold trap is to continuously cool

Methanol or other solvents are often needed to remove harithe sample gas in order to condense the water content in the

soot deposits and other contaminants. Reinstall the gas sammixture of gases and provide a moisture-free stream of sample

pling probe after cleaning and make sure all the openings argases to the gas analyzers. An ice bath often is used as a valid

sealed and there is no leakage into the system. The sampliradternative.

probe shall be cleaned with a frequency no less than monthly. 7.3 4.5 A different valid alternative to a chiller of any kind
7.3.2.2 ltis possible to install the gas sampling probe facings the use of a selective permeability membrane drier, which

upstream of the flow; however, in this condition the probehas been shown to be very effecti@i@.

holes will clog more quickly and need to be cleaned more 7.3.4.6 Neither the soot filters nor the condensable removal

often. system shall introduce a large “dead” volume into the gas train.
7.3.3 Gas Sampling Line-The gas sampling line shall be A large “dead” volume is a potential contributor to the loss of
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peak gas concentration values, especially in the case of sharplease calculations will be inaccurate. The response of ther-
peaks. mocouples and pressure transducers to variations in tempera-

Note 8—Time constants of gas analyzers affect “dead” volumes. Eventure or pressure in the exhaust duct is usually rapid and

though various digital techniques have been proposed to correct systeﬁprma"y corresponds to a negligi.ble time d_elay; however’ the
response errors due to “dead” volume, avoidance is recommended.  time response of gas analyzers is not _raF_"d: and time delays
7.4 Gas Analyzers shall be measured. There are two principal types of delay

7.4.1 The measurement of oxygen concentration is at thg]c\)/ggjegc;;] ?r?ssngﬁzzseutrgT;]initr?l:eth%:tmc:?ﬂzgr %?afqoalbgetrr?t?]se-
heart of the determination of rate of heat release by th P 9 y

principle of oxygen consumption. For improved accuracy in ag time), and the time it takes the gas analyzer to respond to

. . _the incoming sample and actually measure gas concentration
rate of heat release measurements, particularly for large fires, . g samp M y . 9
e" response time,” or “time constant,” of the gas analyzer).

measurements of carbon monoxide and carbon dioxide con- . . ) o :
he response time of any instrument is a characteristic of its

centrations are helpful. system and depends on the type of the instrument and its
7.4.2 Specifications for Oxygen Measuremedeasure the yste pe u YPe . .
principle of operation. The" delay time” is the sum of lag time

oxygen concentration with an accuracy of at leagt04 % of nd instrument r nse tim
full scale in the output range of 0 to 21 volume % oxygen, or? strument response time. ) L

*+ 0.01 volume % oxygen, in order to have adequate measure- 745 I;)etermmaﬂon of the Lag TimeThe lag .“”.‘e is the
ments of rate of heat release. Take the combustion gas samé@e period between the moment when the gas is introduced at

from the end of the sampling line. Calculate the time delay, ez Z(:]Lgig t?}gd :]secrgr?g:]?rta\tlivct];nTLheeIga?ir{amgailsyﬁéabseugr(lendst}o
including the time constant of the instrument, from the test ©P g : g y

room; it is a function of the exhaust duct flow rate. The timeIntrOdUCing a volume of a known gas, such as carbon dioxide,

delay is the time to transport sample gases from the source 8 the source, at time zero, and plotting the gas analyzer output
the inlet port of the gas analyzer, and it shall be as short gagainst time. )

possible, up to a maximum of 30 s. The response time of the 7'4'5.'1 For any ﬂ(.)W rate in t_he exhaust duct, one methF’d of

gas analyzer shall not be greaterritias and preferably be in assessing lag time is by bursting a large balloon filled with a

the order 61 s orless. The lag time is simply subtracted from known gas, such as carbon monoxide, carbon dioxide or

the recorded time to obtain the actual time of the event at thg]ethane (if total hydrocar,bons are being meas:ured), an.d
inlet of the gas analyzer recording the gas analyzer’s response. The lag time then is

simply subtracted from the recorded time to get a corrected
Note 9—The most satisfactory oxygen analyzers are those of thaéime.
paramagnetic type (see Appendix X1). 7.4.6 Response TimeCorrection for response time is
7.4.3 Specifications for Carbon Dioxide and Carbon Mon- mathematically more complicated and usually requires com-
oxide MeasurementMeasure the combustion gas speciesputer programming; however, for most practical purposes in
with an instrument having an accuracy of at leadd.1 volume  full-scale fire testing, response times simply are considered as
% for carbon dioxide and+= 0.02 volume % for carbon additional delay time and added to the lag time. If the
monoxide. A suitable output range is 0 to 1 volume % forinstrument response time is small, less than 1 s, the error due
carbon monoxide and 0 to 6 volume % for carbon dioxide to its effect will not be significant.
Take the combustion gas sample from the end of the sampling 7.4.6.1 If the response times of each gas analyzer differ, it is
line. Calculate the time delay, including the time constant ofcrucial to make response time corrections for each unit
the instrument, from the test room; it is a function of theindividually; therefore, a single constant delay time correction
exhaust duct flow rate. It shall be a maximum of 30 s. Thecannot be used for all gas analyzers, unless actual response
response of the gas analyzers shall not be greatar3tgand times are similar.
preferably be in the orderfd s orless. 7.5 Flow Rate—In order to measure the volumetric flow in

Nore 10—Carbon monoxide and carbon dioxide non dispersive infra.iN€ exhaust duct, install a bidirectional probe at the centerline

red analyzers have been shown to be satisfactory. Instruments exist, whi@{ the dUC.t parallel to the flow d?rection. Measure the volume
assess both carbon monoxide and carbon dioxide. flow rate in the exhaust duct with an accuracy of at least

Note 11—The upper limit of the analyzers is exceeded occasionally in6 %. The response time to a stepwise change of the duct flow
flashover situations. This error, however, often is of relatively low rate shall be a maximunf & s toreach 90 % of the final value.
consequence, because, frequently, it is measured in tests after flashover. 7 5 1 |nstall the bidirectional probe at a position where the

7.4.4 Considerations for Response Times in Calculation offlow is fully developed and combustion products gases are well
Rate of Heat ReleaseThe calculated rate of heat release mixed. This will be at least eight duct diameters downstream of
depends on measured values of several time dependent paratine last turn. Install the bidirectional probe at least 0.30 m (1 ft)
eters: temperature, differential pressure, and concentrations apstream of the gas sampling probe. The bidirectional probe
oxygen, carbon monoxide, and carbon dioxide (if the latter twaletects any pressure differential, the difference between the
are measured). It is of utmost importance that all values ofotal pressure and the static pressure, in the exhaust duct. The
these parameters used in the heat release equations corresppnobe consists of a stainless steel cylinder, with a solid
to the same event and time. If the values of these parameters d@aphragm in its center, dividing it into two chambers. The
not correspond to the same instant in real time, the rate of hegressure taps on either side of the diaphragm support the probe.
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Position the axis of the probe along the centerline of the Huct. EXHAUST DUCT
Alternative probes are acceptable, if equivalency of results has
been demonstrated.

7.5.2 An electronic pressure transducer with an anangZ J

AIR FLOW

4

output is required to be used in conjunction with the bidirec-

tional probe. From this and the temperature measurementin th \ lT TRAVERSE
duct, calculate the volume flow rate of the smoke in the exhaust WALL TO WALL
duct using Eq 1 (see also Annex A2 for further details). ]

Connect the two pressure taps of the bi-directional probe to the MEASUREMENT L-SHAPED TUSE
differential pressure sensor by means of flexible tuBfg. POINTS (STAINLESS STEEL)
Ensure that there are no leakages from or to the system. The

connecting tubes shall be well insulated and protected from

temperature changes or physical damage. The length of the v

tube between the bidirectional probe and pressure sensor shall TO GAS ANALYZERS

be kept at a minimum, typically not much more than the actual ~ F'G- 4 Testing the Mixing of Gases in the Exhaust Duct
distance between the two instruments (leave as little slack as

possible). Connecting tubes shall not be folded, bent or broken: EXHAUST DUCT . 1

. C*\/[Ap* T t

V= e (1) somecnonprose |y g

wo
where: EE : L J>
V., = the volumetric flow rate, under standard conditions ARFOW 2 !
(25°C and 1 atm pressure), infs;

T, = the gas temperature in the exhaust duct near the VELOCITY PROFLE /_MEAN VELOETY

bidirectional probe, irK;

p = the pressure differential across the bidirectional probe,

in Pa;
po = the density of air at 273.1K temperature; and, TO PRESSURE
C = a practical calibration factor. } | ransoucer

7.5.3 The bidirectional probe in the exhaust duct shall be FIG. 5 Bidirectional Probe and Velocity Profile in the Exhaust
inspected and cleaned frequently to ensure that all holes and Duct
tubings are open fully and the probe is positioned correctly.

The frequency of cleaning of the probe depends on theyrofile. Then, determine the flow rate in the duct, and divide the
frequency and intensity of tests conducted in any facility.average flow rate by the centerline flow rate to obkaiRepeat
Remove connecting tubes from pressure tabs and blow aihis procedure at different exhaust flow rates.
through both tabs to remove the soot. For less frequent 7.6 Temperature MeasurementJse Chromel-Alumel type
cleaning, such as monthly clean-up, the bidirectional prob& thermocouples, shielded against high heat with insulation
shall be removed and cleaned. Methanol or other solvents ofteghpable of resisting temperatures at least to 1200°C (2200°F).
are needed to remove hard deposits of soot and other contantihe thermocouple wire gage shall be 0.51-mm diameter (24
nants. Reinstall the probe carefully at the center of the exhaugwG). The total length of thermocouples from the point of
duct parallel to the direction of air flow, and make sure all themeasurement to the data acquisition system shall be kept at a
openings are sealed, and there are no leakages into the systefiinimum. Ensure that the entire length of thermocouple wires
7.5.4 Measurement of Flow Rate Profile in the Exhaustis protected against heat and physical damage. To prevent the
Duct—In order to determine whether the flow in the exhaustpossibility of breakage thermocouple wires shall not be bent at
duct is developed fully, the flow rate profile in the duct shall besharp angles. Make sure thermocouple leads have no contacts
measured. The velocity profile also is needed to deter@iime  or connections other than the junction point. Install connectors
Eq 1, the ratio of average to maximum flow rates in the exhaush such a way that the bare wires do not contact each other.
duct. Figs. 4 and 5 show ways of measuring the flow rateThermocouple circuits shall involve at least two junctions: one
profile. Fig. 5 shows one type of flow rate profile obtainable. Injunction is the measurement point (hot junction), where the two
order to obtain the velocity profile, turn on the exhaust fan andeads are welded together to make a small bead, and the other
run air through the exhaust duct at the desired flow rate, SUCiﬂmction shall be at a known temperature, commonly called
as 0.47 m¥s (1000 ff/minute). Position the bidirectional probe reference temperature (cold junction). A common reference
at25 mm (1 in.) intervals from one side of the duct to the othertemperature is an ice bath kept at 0°C (32°F). The cold junction
Measure the flow rate at each position and obtain an overajs required to make temperature measurements using thermo-
couples. The common arrangements are described in many
thermocouple manufacturer's manuals and text books. Many
" A pressure differential sensor in the range of 0.0-1.0 torr (0.000-0.5353 inata acquisition systems include software or hardware thermo-
water), with an electronic signal conditioning display unit providing 0-10 VDC . . R K .
output has been found satisfactory. couple compensation circuits, which eliminate the need for
2 guitable types of tubing include “tygon” and polytetrafluoroethylene tubing. USing a cold reference junction, such as ice bath. Depending on
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the type of data acquisition system, the temperature is eitheroltage as a single couple if all measuring and reference
calculated automatically by the software and stored by thgunctions are at the same temperature. If the measuring
system, or programming is required to calculate the tempergunctions are at different temperatures and the thermocouples
ture from the measured voltage. Laboratories shall refer to thegire all the same resistance, the voltage measured is the average
data acquisition operating manuals for proper application. of the individual voltages.

Note 12—Although higher gage (thinner) thermocouple wire results in 7.7 Smoke Measuremeﬂ#r_]Sta” an optical system f_or mea-
slightly more accurate temperature measurements and increased sensifiirement of light Ob_scurat'on afcross th? centerline of the
ity, full-scale fire testing typically involves rugged conditions, which €xhaust duct. Determine the optical density of the smoke by
makes the use of very fine thermocouples difficult and impractical in suchimeasuring the light transmitted with a photometer system
environments. Consequently, it is important to use the specified type andonsisting of a lamp, plano convex lenses, an aperture, a
gauge of thermocouples to ensure consistency of test results. photocell, and an appropriate power supply (Fig. 7). Construct

7.6.1 A thermocouple, used to measure the temperature die system so that soot deposits on the optics during a test do
the incoming gases, shall not be installed downstream in thaot reduce the light transmission by more than 5 %. Alterna-
wake of the bidirectional probe. It shall be installed upstreantively, instrumentation using a laser beam system, with an 0.5
of the probe, where the exhaust flow is well mixed, such thato 2.0 mW helium-neon laser, instead of white light system also
the fully developed flow of air reaching the probe will not be is acceptable (see Figs. 8 and 9). It has been shown that white
disturbed. The thermocouple shall be installed at a distance dight and laser systems will give similar resu(&-11).
at Ieas'g one duct diameter from the bidirectional prope‘ Note 13—One way of preventing soot buildup on lenses is to use a gas
Alternative thermocouple placements are acceptable provideg,rge with air or nitrogen.
equivalency of test results has been demonstrated. 7.7.1 Install the light source and detector units across the

7.6.2 For a more representative measurement of exhaust ' ° 9

flow temperature a thermopile is installed across the Crossqenterlme of the exhaust duct preceded by at least eight

sectional area of the exhaust duct, and the average temperatt‘flr'(gi‘meterS of duct, _The light source and detector units shall be
llgned perfectly in order to correctly measure the smoke

used in Eq 1. Several thermocouples are connected in serieso scuration. Smoke obscuration shall be zero when there is no
parallel to make a thermopile. This arrangement increases the )

sensitivity of temperature measurements. If the hot jurlcticmgmoke in the exhaust flow. Install the light source and detector

are at different temperatures and thermocouples all have thuenlts such that the units do not protrude into the exhaust duct

same resistance, the temperature measured is the aver réd disturb the flow. Make holes in the duct just large enough

temperature if the thermocouples are linear over the temper OF' mounting the_ units. Seal any openings, oth_er th_an those
ture range being measured. Since the thermopile shall b%eeded for purging of laser optical systems, W.'th high tem-
positioned at a location where duct flow is well mixed, this perature sealant to prevent Ieakgges of air into th_e duct.
condition will be satisfied. Fig. 6 shows multiple-junction Construct the system so that deposits on the lenses during a test

; e 0 :
thermocouples in series and in parallelnifhermocouples are do not reduce the light transmission by more than 5 %. For this

connected in series, the output will Imetimes as great as a purpose, supply a flow of purge air to continuously blow over

single couple. The parallel combination generates the samt e lenses of both units during the test. The purge air shall be

clean and shall not interfere with the flow of smoke in the duct.

A e 8. Instrumentation in the Test Room
™ ( 3 8.1 Test room instrumentation is associated with mass loss
) T2 measurements, and optional additional measurements, such as
A o temperature, smoke obscuration, and toxic gas concentrations,
23 < 3 o but is independent of any heat release measurements.
. ) T2 8.1.1 Weighing Platformm—Use a weighing platform to con-
- ( m::::‘::-mmﬂt tinuously measure 'Fhe mass loss of the burning specimen.
B :rzcopm These mass measuring devices (load cells) usually are sensitive

A Three-junction thermopile
(in series)

AT4_Copper Wwall of

T exhaust duct

X 4

Aperature

T2 d Q Lamp

e
Voltage measuremenc I
n device Smoke Detector
Te particles
~  Copper
A Three junction thermopile
(in parallel)
FIG. 6 Multiple-Junction Thermopiles FIG. 7 Optical System Using a White Light
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Ceramic Fibre Packing

Beam Splitter Purge Air Orifices

Cap f/Silicone Tubing gilgter
Optical Path i g4!§ 0.5 mW
L% 7 = ° 5 j Helium-Neon
7§ Laser
s i | Opal Glass
gillotter : : Compensation Detector
=L |
Main
Detector
Alignment Cradle

FIG. 8 Laser Smoke Measurement System

Laser Extinction g":;sp”ng sensitive elem_ent from the high temperatures, placed abovg the
Beam Port Bi-directional mass measuring device. Another effective way of protecting
Tharmocouple 4 Probe the weighing platform is to surround the base of the device
l é with cooling water tubes, provided it does not cause interfer-
AW = i’ ence with the mass measurement. Also, carefully protect and
insulate any wires or cables connected to the weighing plat-
Flow form.

- B - -G —i—tf L e 8.1.1.1 The thermal barrier shall consist of a galvanized
Lo 4 steel pan, placed under the test specimen. The pan shall be
D H “— constructed of nominally 1.6-mn¥{e-in.) thick steel, and have

3:1 % =5 dimensions of no less than 1.0 M 1.0 m (approximately 39
=l 4 in. X 39 in.), with a uniform raised lip of the same material,

Las:r Gas Flow 100+ 10 mm (approximately 4 in.) high, on each side, to catch

Mounting Sampling Thermocouple falling material. The bottom of the pan shall be covered by a

Probe tight fitting sheet of standard gypsum board (finish side up), of

nominally 13 mm (0.5 in.) thickness. The barrier shall be used
to protect the load cell. The gypsum board shall be clean before
the start of a test. The sheet shall be replaced for each test. In
some cases, it is suitable to have thermocouples near the body
of the load cell to monitor the temperature variations during
burning.

8.1.1.2 The weighing platform shall be able to measure at
least 90 kg (200 Ib), with an accuracy af 150 g ¢ 0.3 Ib).
Install it in such a way that neither the heat from the burning
specimen nor any eccentricity of the load affect the accuracy.
Do not make any range shifts during measurements. Install all
parts of the mass measuring device below the top level of the
thermal barrier. The body of the weighing platform shall be
| made of stainless steel or other material capable of resisting
water and other corrosive products of combustion in the high

View of Gas Sampling Probe. Holes

Downstream to Avoid Clogging temperature environment.
FIG. 9 Recommendations for Mounting the Laser Beam and 8.1.1.3 Continuous mass loss measurements are not re-
Other Instrumentation in Exhaust Duct quired for measurements of fire-test-response characteristics of

wall linings, such as those in NFPA 265, NFPA 286, or ISO

to severe changes in temperature. Most load cells are ndt/05-

designed to withstand high temperature and large temperature8.1.2 Temperature MeasuremerSuch measurements are
variations; thus, load cell elements shall be well insulated, anghuch less accurate than measurements in the exhaust duct. See
weighing platforms shall be protected carefully against direct/-6 for details.

flames and high temperature. The weighing platform shall 8.1.3 Combustion Gas Analysislf test room concentra-
consist of a horizontal thermal barrier, capable of protecting théions of combustion gases, for example, carbon monoxide, are

11
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required, a gas analysis system will be required; however, sughlotter. The analog output signals generated by all test instru-
measurements are less accurate than exhaust duct measurents (thermocouples, smoke monitors, gas analyzers, load
ments. The sequence of the gas train is the same as the one &aills, and pressure transducers) are connected to the data
gas analysis in the exhaust duct: sampling probe, heated linacquisition unit, which shall be programmed to collect data
soot filter, cold trap, plastic drying column and carbon dioxidefrom each instrument at designated time intervals. The digi-
removal column (if used), gas path pump, vent valve, flowtized test data are transferred to a computer for storage and
controller and gas analyzer. The gas train also shall includprocessing. All test data shall be stored on floppy diskettes or
appropriate spanning and zeroing facilities, as well as, calibrasn a hard disk and saved. Commercial software packages exist
tion gases. It is recommended that all parts of gas analysi®r this purpose, and some analog/digital converters include
system be housed in an instrument rack. See 7.4 for detailstheir own software.

8.1.3.1 If required, measure the concentration of carbon 9.3 The minimum number of required data channels de-
monoxide in the room with an instrument having an accuracypends on the type of facility being used. For exhaust duct
of = 0.005 volume % £ 50 ppm). A suitable output range of measurements, at least three channels are required to calculate
the carbon monoxide analyzer for the room measurement iseat release rate, by measuring oxygen concentration, tempera-
0-10 000 ppm, or 0-1 %. The recommended upper limit igure and differential pressure. It is strongly recommended that
exceeded in some flashover situations. This will not be obmoke obscuration and carbon oxide concentrations also are
major consequence since detailed measurements are oftdetermined in the exhaust duct, which would require at least
unnecessary at flashover. two additional channels. Typically, for test room measure-

8.1.4 Smoke ObscuratierOften, it is desirable to measure ments, at least 5 data acquisition channels are required, to
the smoke obscuration in the test room at a height of 1.2—1.5 nrmeasure smoke obscuration, carbon monoxide, mass loss, and
(4-5 ft) above the floor. Install the light source and the detectotwo temperatures. It is further recommended that spare data
units at the mid length on opposite walls (see Fig. 1 or Fig. 2)acquisition channels be available for collecting additional data,
The light source and the detector units shall be alignedf needed for special purposes.
perfectly in order to correctly measure smoke obscuration.
Mount the light source and the detector units on the wallsl0. Images

outside the room such that the units do not protrude into the 141 vigeo taping of burn tests usually is not a requirement,

room through walls. Make the holes in the walls only largey, i highly recommended that each large-scale test be video

enough for mounting the units. Such measurements are Ie?é'ped, since useful information is derived from viewing the

accurate than exhaust duct measurements. See 7.7 for f“”h?urning process of a product, which occasionally is not
details. lash indi laced he fl f th apparent from the test data. Still photographs also are useful. In
8'1'3 Fa; ovefr in |cato][sl p:;\lce on the floor of the test,q, cases, grid markings on the walls are helpful additions.
r(_)orr|1 ave eefn ound useful. T el 0 dpt!ons are paper t_argetls eo tapes of the tests also are useful for research purposes or
single piece o f.‘ewsﬁ””t _crun:jp e Imobalrl] approanzte Yfuture reference. Video cameras shall be positioned at conve-
f1|50-mm (appro>;]|mat§y ?"n') |?metder. ah) or tOt'?lf_ €alpiant |ocations that provide suitable observation angles. A
uxrrr:eéers. Further details are found in the specific test,mmon practice is to record all noticeable burning activities
method. and stop recording when slow smoldering is occurring unless
9. Data Acquisition continuous recording of entire test is required for special

9.1 Adata acquisition system, associated with a computer, RUrPOSES.

required to continuously collect, record, and store test data i_nL1 Calibration
real time throughout a burn test. During a test, data shall bé™
collected at least every 6 s, particularly when any noticeable 11.1 The two kinds of calibrations required are calibration
combustion is occurring. In cases where the test specime®f the measurement instruments, and calibration of the facility
continues slow smoldering for a long period of time, it is (Or the calorimeter) itself.
acceptable to decrease the frequency of data collection, to savell.1.1 Calibration of Instruments-All measurement de-
computer storage space. In this situation, the data collectiovices including gas analyzers, smoke monitors, and load cells
period shall be returned to the original, lower, value if anyshall be calibrated with standard sources at the beginning of
noticeable flaming activity reoccurs. The control room operatoeach test day. Recalibration of some instruments between tests
shall ensure that all necessary test data are collected throughaiten is required. Thermocouples shall be cleaned and tested
the entire test. prior to testing. For each measuring device the start-up and
9.2 Many types of suitable data acquisition systems argalibration procedures specified by the instrument manufac-
available. The selected data acquisition system shall provid@irer shall be followed. Allow sufficient warm-up time for all
sufficient versatility to satisfy all requirements of a full-scale instruments. The following, describes methods of calibration
burn test, such as continuous data collection, data reductidhat typically are applicable to this practice.
and calculations, printing or plotting of test data, or both, and 11.1.2 Every testing laboratory shall maintain a complete
storage of test data, and shall provide room for possible futureecord of all calibrations, including daily instrument calibra-
expansion and addition. A data acquisition system typicallytions and monthly (or other) heat release rate calibrations. The
consists of a data acquisition/control unit with built-in or addedrecord will assist in identifying changes in the calibrations of
analog to digital (A/D) converters, a computer, a printer, and dhe instruments or in the system, over time. The record keeping
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will assist in detecting any gradual deterioration within the |< Fiey >
system. < =
AT 7.
11.2 Heat Release 2N \

11.2.1 The full-scale fire testing facility, burn room or v 1‘_()(25?)’“%‘ Y
furniture calorimeter, shall be calibrated for measurement of
rate of heat release. Calibration is achieved by burning known
amounts of a gaseous fuel for which the heat of combustion, oaml|| 9
and therefore, the heat release rate, are known. The measured "
rate of heat release then is calculated from measurements taken
in the exhaust duct based on the principle of oxygen consump-
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tion. For a satisfactorily operating system the theoretical and /: m:%u?g‘;"r“’g 7
measured rate of heat release values shall be in reasonable wil} Nz
agreement, within 6 %. Agreement shall exist regardless of the Plan View

exhaust duct volume flow rate or the fuel load.

11.2.1.1 Frequency of heat release calibration depends on
the frequency of using the system and conducting tests. The
more tests conducted in a facility, the more frequently it shall
be calibrated. In addition, any changes in the system, such as
replacement of a gas analyzer, and especially any modifications

, Space filled with .
. white Ottawa silica sand .

o —>

in the exhaust system will require calibration of rate of heat Ocdgm. "
release. In normal conditions, when the facility is operating on el
daily basis, the system shall be calibrated at least every month. R AT i

11.2.2 Perform the calibration of the heat release instrumen-
tation in the exhaust duct by burning propane or methane gas
and comparing the heat release rates calculated from the 0.
metered gas input and those calculated from the measured
oxygen consumption. The value of net heat of combustion for
methane is 50.0 MJ/kg and that for propane is 46.5 MJ/kg.
Position the burner in the same location where the upholstered
furniture specimen is to be placed during the test. Measure the Nore 1—See text for tolerances.
gas flow rate at a pressure of 10 & 5 kPa (standard FIG. 10 Calibration Sand Gas Burner
atmospheric pressure, measured at the flow gage) and a
temperature of 26 5°C. The calibration is potentially affected
by the burner configuration.

Propane

i

3G —b [—

[

Elevation

11.2.6 Obtain a minimum of two calibration points. Obtain
a lower heat release rate value of 40 kW, and then, a higher heat
S ) o release rate value of 160 kW. Approximate propane flow rates
11.2.3 A calibration burner used is a sand diffusion bumeg, 4y required heat release rate value are estimated using the
witha 0.3 mx 0.3m (12in.x 12 in.) top surface and @ 0.15-m 5| 16\ing constant: 1.485 kW min/L, determined at a pressure
(6-in.) depth. Construct such a gas burner with 2 25-mm (1-in.)¢ 101 + 5 kPa (standard atmospheric pressure, measured at
thick plenum. Alternatively, use a minimum 100-mm (4-in.) {he flow gage) and a temperature of 205°C. Accurate flow
layer of Ottawa sand to provide the horizontal surface through,tes of propane gas are calculated by using an orifice plate.
which the gas is supplied. This type of burner is shown in Fig ziernatively, a mass flow meter or a dry test meter shall be
10. The gas supply to the burner shall be propane, of the samg,aq 1o measure the flow rate of the fuel gas.

quality as that used for the ignition burner, or methane. The gas 11 2 7 Take measurements at least onceye6es and start
for the burner flame shall not be premixed with air. Meter thegha minute prior to ignition of the burner. Determine the

flow rate of gas and keep it constant throughout the calibration,erage rate of heat release over a period of at least one minute
test. ] by the oxygen consumption method and calculating the heat

11.2.3.1 The sand in the burner can be replaced by felease rate from the gas mass flow rate and the net heat of
loose-fitting refractory fiber blanket of nominal density close tocombustion. The difference between the two values shall not
65 kg/nT (4 Ib/ft®). Equivalency to the performance of a bumer exceed 5 %. Make this comparison only after steady state
shall be confirmed. conditions have been reached.

11.2.4 Another calibration burner used is a pipe, with an 11.2.8 Perform a calibration test according to 11.2.7 prior to
inner diameter of 10&- 1.5 mm (4 in.), supplied with gas from each continuous test series. Perform a full basic calibration on
beneath (see ISO 9705). The gas for the burner flame shall ngtnew system or when modifications are introduced.
be premixed with air. 11.2.9 When calibrating a new system, or when modifica-

11.2.5 The flowmeters used to measure the flow rate ofions are introduced, the response time of the measuring system
propane for the gas burner shall be checked before every teshall be checked by the test sequence in Table 1. Take
for the correct flow rate. If the burn facility is operating daily, measurements at least once every 6 s. The response of the
the flow meter shall be calibrated weekly. For this small flowsystem to a stepwise change of the heat output from the burner
rate, use either a dry or a wet test meter. shall be a maximum of 12 s to 90 % of final value.
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TABLE 1 Test Sequence flow rates that would typically be used in tests. At each exhaust
Time Burner Output, kW flow, all combustion products shall be collected by the exhaust
010 5 min 0 duct. The amount of gases that spill over or escape the
5 to 10 min 40 collection hood shall be negligible.
10 to 15 min 160 . e .
15 to 20 min 0 11.2.14 As already stated in 5.4, it is important that during

each test a free and sufficient flow of make-up air be available
to facilitate the combustion process, without creating any
Note 14—Accurate measurement of the flow rate of propane (or otheforced flow of air into or out of the test room. The exhaust hood
calibration fuel gases) is of utmost importance in calibrating the heashall be large enough to achieve this objective. Adequate
release calorimeter. Efficiency of heat release calibration largely relies ogentilation or air supply usually is achieved when the test room
this gas flow measurement, and extreme care shall be taken in thig hoysed in a larger enclosure. If the enclosure is such that the

procedure. Flow measurement devices, such as mass or volume flowme-
ters flow meters shall be calibrated or checked against a more preci alls of the burn room are closer to the enclosure walls than

instrument. If an electronic mass flow meter or an orifice plate is used tghe gqldellnes in 5_-4v additional openl.ngs in the enqlo_sure
measure the gas flow rate, a dry test meter shall be used periodically fotentially are required to ensure sufficient supply of air into
examine the accuracy of the flow measurements and to calibrate thdne test facility. In such a case, the optimum opening size shall

flowmeters flow meters. be determined, as in 11.2.14.1, and then, maintained in the
Note 15—Liquid propane tanks freeze if high flow rates are used for anyctyal tests.

extended period of time, due to the endothermic evaporation of the liquid e .
propane which volatilizes. This decreases the temperature of the remain- 11:'2'14'1 If the endosur,e facility is small conduct a cali-
ing fluid inside the tank, and causes problems when a portable size liquiBration test (see 11.2.7) with an 80-kW propane gas source,
propane tank, such as a standard 25-gal tank, is used. Freezing most likathile successively adjusting the size of the opening. Plot the
is to occur when the liquid content of the tank is low. During heat releaserate of heat release, production of carbon monoxide and carbon
calibrations the flow of propane shall be monitored closely for anydjoxide and depletion of oxygen versus time, and find the size
p_ossible_freezing. Touch the body of the tank to feel the temperature ansf the opening that provides the optimum burning pattern. An
visually inspect for frost on the outer surface. If the flow rate of the%ptimum pattern will lead to constant concentration levels

propane changes during a calibration test, stop the test, allow the tank . . )
warm up and repeat the test or use a back up tank. To avoid the possibili§Uing the burning of a fixed amount of propane. Conduct the

of freezing, use either a larger tank or connect two or more portable tankdCtual specimen tests under the optimum conditions obtained
in series via a manifold with on/off valves. Commercial gas delivery by this procedure. If the ignition source to be used in the test

systems set-up, which are especially designed to prevent freezing, such igslarger than 80 kW, use larger calibration sources to determine
heat fins or electrical heaters also are suitable. Alternative methods are thﬂ)timal conditions.

use of heated blankets or electrical heating devices surrounding the . . .
propane tanks. When using any heating devices on or near propane tanks,11-3 Smoke Obscuration MonitorsAllow for the required

the devices shall be examined carefully for any malfunction causingvarm up time recommended in the _manufac_turer's user
sparks or creating open flames. manual. Calibrate the smoke obscuration monitors to read

11.2.10 Check the precision of the system at various flowfOrTecCtly at zero, and 100 % transmission, and at two or more

rates by increasing the flow in the exhaust duct in four step<Lther values, for example 50 % and 75 %, by using neutral
starting from 0.25 i s (at 0.1 mPa and 25°C) up to density filters, daily. Prior to the start of each day’s testing

maximum. The recommended heat output from the burner igheck the 100 % transmission (0 % obscuration) reading and

160 kW. The change in measured rate of heat release compéﬂ@rform the calibration with the two neutral density filters. If
i 0 % transmission is not obtained, clean the lenses of any soot

ing time average values over one minute shall not be more th s X : R
10 % of the actual heat output from the burner. deposits and recalibrate until the correct transmission is ob-

11.2.10.1 If the test to be conducted follows 1SO 9705 af@ined.
heat inputs of 100 kW and 300 kW, follow the calibration 11.4 Load Cell (Weighing Platform)-Calibrate the mass
instructions given in the standard. measuring device by loading the weighing platform with

11.2.11 The use of a higher rate of heat release for calibrd<nown masses corresponding to the measuring range of inter-
tion, for example 500 kW, generally will lead to higher €st. Calibration weights shall be within the range of masses of
accuracy in test results. test specimens. Typically masses of 10 kg (22 Ib) and 20 kg (44

11.2.12 Dry or wet test meters shall not be left in the linelb) are appropriate for Test Method E 1537 or Test Method
continuously to minimize the possibility of damage due toE 1590, while masses of 25 kg (55 Ib) and 50 kg (110 Ib) are
inadvertent overpressurization. Consult the operation manuafgore appropriate for Test Method D 5424 or Test Method
of the meters for proper application. Use of rotameters fo® 5537. The appropriate masses for the expected mass loss
accurate flow measurements, especially high flow rates, such §8all be used. If heavy test specimens are to be tested the
those used for sand burner, generally is undesirable and is ngfeighing platform shall be calibrated with at least one mass
recommended. If rotameters are used, they shall be calibratédgher than half the expected mass loss. The weighing platform
very carefully under standard conditions and be operated undéhall also be checked against smaller weights, in the order of
same conditions (gas temperature and especially pressure) 990 g (1.1 Ib) to 150 g (0.3 Ib), to test the accuracy of mass
the test. measurements at low ranges.

11.2.13 If the system operates at variable exhaust flow rates, 11.4.1 Carry out the load cell calibration daily, prior to
conduct heat release calibration tests at several exhaust duesting. Make sure the load cell indicates zero mass before
flow rates, ranging from the minimum to the maximum volumeplacing the test specimen on the platform. Ensure that a zero
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reading is obtained by taring the mass indicator (electronic uniattmosphere at a temperature of 213°C (70 = 5°F) and a
of the mass measuring device). relative humidity of less than 55 5 %. Specimens shall be

11.4.2 The linearity of load cell platforms occasionally tested within 10 minutes of removal from such conditions if
changes under burn room conditions. Use, at regular intervalsgst room conditions differ from the above.

a graded series of weights, ranging from 500 g to 20 kg (1.1 to oTe 17—Moisture content of some test specimens (notably cellulosic

44 1b), and record the output. Plot the recorded masses againgkierias) is of significant importance. In such cases, consideration shall
actual mass and examine the linearity. Do proper adjustment @ given to stabilizing specimen moisture content and including this

apply an appropriate correction factor if necessary. pretest information in the test report (see 14.1.1.9).
11.4.3 The weighing platform and thermal barrier shall be .
cleaned after each test. Often, molten residue falls on th&3: Running a Test
platform surface and contribute to the heat release of the next 13.1 Generai—At this point, it is assumed that the operator
test specimen if not cleaned. The gypsum board fraction of thBas a fully operational facility and has followed all the steps
thermal barrier shall be replaced after each test. indicated, including test specimen conditioning. Measure the
11.5 Gas Analyzers-Calibrate gas analyzers daily prior to mass and dimensions of the sample. Record a description of the
testing. Turn on the analyzers and allow warm-up time asample and take pretest photographs if desired.
prescribed by the manufacturer, in the corresponding instruc- 13.2 Checking Gas Analyzers, Sampling Lines, Filtef3o
tion manual. not start the test until all instruments have been properly set up.
11.5.1 Find out if any of the analyzers require a steady flowr'his includes calibration, checking, zeroing, and spanning of
of a gas, such as air or other gas, during the warm-up time. as analyzers. Set gas analyzers in the “run” mode, drawing air
so, turn on the pump, or an air or gas supply, and allowfrom the exhaust duct or from the test room, as appropriate.
required flow of clean air (or gas, as appropriate) into the gaBefore each new test, check flows through the analyzers to
analyzer during warm-up time. ensure that flows are the same as used in the calibration. Flows
11.5.2 Use a zero gas and a span (calibration) gas t@lso shall be checked frequently during the course of each test
calibrate each gas analyzer. Maintain the designated flow of th@ ensure that they are not fluctuating due to clogged filters,
calibration gases through the gas analyzers. Maintain the san@ng of the cold trap, or clogging of sampling lines. If gas
flow rate of the combustion gases during the test. During théows through the analyzers do change during the test, replace
test frequently monitor the flow rate of the sample gas andhe filters (at the end of the test) and check for icing in the cold
readjust the flow, if necessary. At the end of each test check tH&ap and clogging the sampling line. Always start the day’s first
analyzer’s readout for possible changes or drifts. If the corredtun with clean filters and inspect them after each test, replac-
readout is not achieved by minor adjustment of the zero knodng, if necessary. If icing occurs in the cold trap, turn off the

recalibrate the analyzer prior to performing the next test. ~ power to the cold trap and allow to thaw, then drain the water
from the collection tube. If gas analyzers have more than one

Nore 16—Accurate measurement of gas concentrations often IS 3,06 they shall be used in the appropriate range at the start of
difficult task and requires extreme care and attention. Gas analyzers a

sensitive to changes in temperature, pressure, and flow rate of the gLEe test. The readout of the analyzers shall be monitored

sample and the presence of any contaminants (moisture, particles, etc.)WnStanﬂy and ranges changed, if necessary. WhenEVer_ arange
the gas flow. Follow the manufacturer’s instructions carefully and main-S changed, note the scan number and the time at which this
tain the required conditions throughout the test. change occurred. Apply the appropriate conversion factor for

11.6 Thermocouples-Visually inspect thermocouples for thatrange when printing or processing the test data. Try to use
any possible damage or breaks. Ensure the heat shield (insthe lowest possible range in every stage of burning to achieve
lation) is in good condition and all parts of the thermocouplethe highest sensitivity of measurement. Check the heated
leads are covered. Test thermocouples by holding a he&@mPpling lines to verify that they are operating correctly. Also
source, such as a small flame, to the thermocouple junctiofgheck that all sampling pumps are running. o
Replace the thermocouple if erratic readings are observed. 13.2.1 Check the flow through the soot filter periodically
Clean soot deposits from the thermocouple junction. Conducfuring the test. If clogging appears to be occurring, switching
this procedure daily. In the case of severe fires, insped@ another filter, in parallel to the first one, is the recommended
thermocouples after each test. procedure. o

11.7 Calibration Check List-Every testing laboratory shall ~ 13.3 Checking the Cold Trap-If a cold trap is being used,
maintain a calibration log check list, which consists of thecheck its temperature setting to be sure it is at the desired set

schedule of calibrations, as follows: point before each test.
11.7.1 Do before each test. 13.4 Setting the Exhaust Duct FlewThe exhaust system
11.7.2 Do daily. shall be operated normally at a constant volumetric flow rate,
11.7.3 Do weekly. at a level based on the expected fire performance of the test
11.7.4 Do monthly. specimen. Generally, there are two main factors that shall be
11.7.5 Do only after repairs or installation of new instru- considered in finding an optimum exhaust flow rate. On the one
ments. hand, the flow rate shall be sufficient to ensure collection of all
o combustion products through the exhaust system, which will
12. Conditioning tend to maximize the flow rate. One the other hand, the

12.1 Prior to testing, condition the specimen for at least 24ccuracy of gas concentration measurements is maximized by
h, unless requested otherwise by the test procedure, in aninimizing the amount of entrained air that is pulled into the
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system, to avoid dilution of the combustion products. Theform shall be checked prior to each test to be sure it is
system, therefore, shall be run at a compromise flow rate thandicating the correct mass. Before placing the test specimen
best satisfies both objectives simultaneously. on the platform, tare the electronic indicator to read zero. Place
13.4.1 If the operator has no prior knowledge of the firethe test specimen on the weighing platform, and ensure that it
behavior of a test specimen, it is recommended the test b@ads the mass of the sample. If not, adjust the corresponding
conducted at a sufficiently high exhaust flow rate to ensure aknob (usually labeled “gain”) to read the desired value.
combustion products are collected. If it is anticipated that the 13.8 After all instruments are calibrated, and the exhaust
test specimen will generate relatively low levels of heatduct flow and propane flow through the ignition burner are set,
release, it is desirable to operate the system at lower exhausting the test specimen into the test room and position it on the
duct flow rates. If due to unexpected growth of fire intensity itweighing platform according to the instructions and position
is necessary to increase the exhaust flow rate during the tesghe ignition source in place as specified in the test procedure.
the speed of blower shall be increased very gradually, not 13.9 Setting Up Data Acquisition System and Starting the
suddenly, to avoid significant errors in the calculated values oTest—At this point, it is assumed that all instruments are
heat release rate resulting from delay times associated with thelibrated, the exhaust flow is set, the propane ignition burner
gas analyzers. This is due to the fact that velocity and oxygeand the test specimen are set up and the video recorder is ready.
concentration readings are no longer in good synchronizatiohog onto the data acquisition routine and obtain a readout of all
because of a sudden change in velocity of gases in the exhausstruments for initial values (pretest data). If all readings are
duct. satisfactory, log onto the data acquisition routine and prepare to
13.4.2 For most facilities, especially when using test roomsgollect test data. Before starting the test and data recording,
exhaust flow rates of less than 0.24/s(500 ff/min) are not make a last visual check of all systems as in 13.9.1-13.9.8 and
recommended. For ignition sources of up to 100 kW, a flowcorrect as necessary.
rate of about 0.47 Afs (1000 ff/minute) usually is sufficient, 13.9.1 Exhaust Fan Oncheck pressure transducer indicator.
while ignition sources of 300 kW likely are to require flow 13.9.2 Check cold trap temperature.
rates of at least 1 s (2130 ff/minute). 13.9.3 Check heated lines and filter (indicator lights on or
13.5 Smoke Monitors-Before starting each test make sure touch the line quickly).
the smoke obscuration monitors indicate zero obscuration 13.9.4 Check flow meters for oxygen, carbon monoxide,
(100 % transmission) and no object is obstructing the lightand carbon dioxide analyzers.
beam path. 13.9.5 Check outputs from oxygen, carbon monoxide, and
13.6 Ignition Source—If the ignition source is a burner, carbon dioxide analyzers (refer to pretest data collected).
prior to setting it up, and before each test, make sure that the 13.9.6 Check smoke meters output (refer to pretest data
burner is clean and all flame holes are fully open. Clean angollected).
soot or other deposits from the burner. A solvent, such as 13.9.7 Check the weighing platform output (refer to pretest
methanol, is suitable to clean deposits. Inspect all holeglata collected).
visually to ensure they are open. Run pressurized air through 13.9.8 Check thermocouples readouts (refer to pretest data
the burner to clear the holes. A pin is suitable for manuallycollected).
clearing badly clogged holes. When using a mechanical clean- 13 10 If all systems are satisfactory, start the test. Start all
ing method for the burner take precautions to ensure that th@cording and measuring devices (including the computer data
shape and size of the small holes is not altered. acquisition system and video recorder) at least two minutes
13.6.1 Prior to using the gas ignition burner, turn on the fuebefore starting the ignition burner. Start the ignition source. If
gas at the main source and set the regulator valve at the desirgds a gas burner, allow it to burn for at least 60 s, to monitor
pressure. Run fuel gas through the burner and light the gas. Skl a constant flow rate of gas, and adjust, if necessary. At the
the fuel gas flow at the desired flow rate and allow the burneend of the prescribed burn period (which often precedes the
test conditions to stabilize. Once conditions have been optiend of the test), turn off the gas flow and gradually remove the
mized, stop the flow of gas through the burner, and allow thgas burner from the test specimen. Make sure that the burner
burner to cool before using it with a test specimen. does not touch or hit any part of the specimen during removal.
13.6.1.1 The ignition source in Test Method E 1537, a 13.11 Observing the TestA minimum of two operators
square gas burner, is a low pressure burner and requires vesyall be present to run a test, including at least one of them in
low gas pressure to operate. The pressure of propane g#se vicinity of the test room, to observe the burning specimen,
through the square gas burner shall therefore be kept at @nd one of them attending to the data acquisition system and all
minimum. Fixed regulators are usually not adequate to supplgther instruments, to ensure they are functioning correctly
propane gas through the burner. Use an adjustable pressutering entire test period. Additional personnel shall be avail-
regulator, and set the regulator at the lowest pressure that widble in the vicinity in order to quickly aid in the extinguishment
allow the desired propane (13 L/min) to flow through theof the fire, if rapid fire growth, or the possibility of flashover,
burner. To obtain the desired propane flow rate, adjust the flowccurs.
measurement device before increasing the line pressure. Con-13.11.1 Throughout the test closely monitor all instruments.
sult a flammable gas handling expert for the propane tank angh particular, periodically observe the rotameters on the gas
regulator valves set up. analyzers to ensure that flow rates are not varying. If gas
13.7 Checking the Weighing PlatformThe weighing plat- analyzers have more than one range, make sure that they are
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operating at the appropriate range. This is particularly critical 14.1.1 Descriptive Information
when the intensity of burning increases, since the concentration 14.1.1.1 Name and address of the testing laboratory.
of gases, such as carbon monoxide and carbon dioxide often14.1.1.2 Date and identification number of the report.
exceeds the lower ranges of the gas analyzers. In such cases14.1.1.3 Name and address of the test requester.
change to a higher range and record the time when the shift 14.1.1.4 Description of test room used.
occurred. Consider this range shift, if any, when processing the 14.1.1.5 Name of product manufacturer or supplier, if
test data. known.

13.11.2 Video tape the test continuously, until all evidence 14.1.1.6 Name or other identification marks and description
of combustion, including smoldering, has ceased. After albf the product.
flaming ceases, and it appears that smoldering will continue for 14.1.1.7 Density, or mass per unit surface area, total mass,
an extended period of time, periodic videotaping, rather thamhickness of the main components in the specimen, and mass of
continuous video taping, is acceptable, at the discretion of theombustible portion of specimen, if known.
test facility or the requester. For example, video tape for 10-30 14.1.1.8 Description of the specimen, if different from the
s, at five-minute intervals. Resume continuous video recordingroduct.
immediately if flaming combustion resumes. 14.1.1.9 Conditioning of the specimens.

13.11.3 Observe the burning specimen continuously. Make 14.1.1.10 Date of test.
sure all combustion products are collected by the exhaust duct 14.1.1.11 Test number and any special remarks.
and none escapes to the surroundings. The test room operator{ 4.2 Test Results
shall look for and note major events occurring during the test. 14.2.1 Table of Numerical Results Containing

The following test events shall be recorded, if they occur: 142 1.1 Peak rate of heat release (in kW) and the time at
13.11.3.1 Ignition of specimen. which it occurred.
13.11.3.2 General description of the burning behavior. 14.2.1.2 Total heat released (in MJ).
13.11.3.3 Occurrence of pool fire under the specimen. 14.2.1.3 Peak rate of smoke release (fisw) and the time
13.11.3.4 Any special pattern of burning, such as lingeringy; which it occurred.

flames at corners or crevices of test furniture. 14.2.1.4 Total smoke released (if)m

13.11.3.5 Opening of seams and penetration of flames to the 14 5 1 5 Total mass loss (in kg).

filing materials. _ _ _ _ 14.2.1.6 Total percentage of mass loss (in %).
13.11.3.6 Generation, accumulation and intensity of smoke 14 5 1 7 peak concentration of carbon monoxide (in ppm).
(visual descrlpuo_n). . 14.2.1.8 Peak temperatures (in °C).
131137 M.eltmg and df'pp'”g- . 14.2.1.9 Equations used to calculate rate of heat release.
13.11.3.8 Pieces of fu_rnlture falling off. 14.2.1.10 Peak optical density of smoke.
13.11.3.9 Flame-out time. - 14.2.1.11 Average optical density of smoke, over the 10-
13.11.3.10 Any other event of special interest. minute period including the peak
13.11.4End of Test—Tegts are n_ormally concluded when 14.2.1.12 Total percentage of combustible mass loss (in %).
one or more of the following conditions occurs, but the test 14.2.1.13 Average yield of carbon monoxide (in g CO/g
method itself or the requester will establish the end point a?uel)' o gey
f0||103W131:4 1 All signs of combustion have ceased and the 14.2.1.14 Average yield of carbon dioxide (in g @@fuel).
remaining specimen is at approximately room temperature. tio14.2.1.15 Carbon monoxide/carbon dioxide molar yield ra-
gﬁjg Q?Zhﬁgfrr ;ptr;i%rr]sgttr)];)seélrgrrgggnt. 14.2.1.16 Average yield of any other measured combustion
13:11:5. If the test is concluded because ﬁo signs of com¥@s (in g combustion gas/g fuel) (optional). .
bustion remain, remove the sample from the test room 14.2.1.17 Report smoke obscuration, carbon monoxide, and
measure its mass and record the extent of damage of ea §mperature measurements in the room in the same fashion, if
they have been made.

section. 14.2.2 Graphical Results
13.11.6 Take a post-test photograph of the specimen. Note ~*<:
P P grap P 14.2.2.1 Plot of rate of heat release versus time.

the extent of damage to the specimen after the test. Record the ;
dimensions of burned areas and the depth of the burn on the 14.2:2.2 Plot of rate of smoke release versus time.

cover fabric, interliner, if any, and filling of the seat, back, and 14-2.2.3 Plot of optical density versus time.

arms. Record the post-test weight of the specimen. Before 14.2.2.4 Plot of mass loss versus time. .
proceeding to additional tests, allow the test room to cool to the 14.2.2.5 Plot of concentration of carbon monoxide versus
surrounding temperature, to within2°C (=5°F). Make sure time. _ o

all smoke is cleared. Check the readings of all instruments, and 14.2.2.6 Plot of concentration of carbon dioxide versus
conduct additional tests only when the entire test system i§me.

ready. 14.2.2.7 Plots of concentration of any other measured com-
bustion gas versus time.
14. Test Report 14.2.2.8 Plot of mass flow rate in the exhaust duct versus
14.1 The test report shall contain all required information.time.
The following is recommended: 14.2.2.9 Plot of duct temperature versus time.
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14.2.2.10 Report smoke obscuration, carbon monoxide, and 14.2.3.2 Descriptive information, as suggested in 13.11.3.
temperature measurements in the room in the same fashion, if
they have been made. 15. Keywords

14.2.3 Descriptive Results 15.1 calorimetry: fire: full le test: heat rel .
14.2.3.1 Photographs and videotape of the fire development, ~ calonimetry, Tire, Tull-scale test, heat reiease, oxygen

t S
and consumption; smoke

ANNEXES
(Mandatory Information)

Al. CONSIDERATIONS FOR HEAT RELEASE MEASUREMENTS

Al.1 Measurement of Rate of Heat Release by Oxygegenerally the case for full-scale fire tests. The differences in
Consumption treatment and equations to be used are mainly due to the extent

A1.1.1 Introduction—In 1917, Thornton(12) showed that 0 which combustion gas analysis is made. In all cases oxygen
for a large number of organic fuels, a more or less constant néfhall be measured; however, heat release rate measurements
amount of heat is released per unit of oxygen consumed fofill be more accurate by measuring ¢énd CO additionally.
complete combustion. Hugge(t) obtained an average value ~Al.1.6 It must be emphasized that the analysis is approxi-
for this constant of 13.1 MJ/kg of OThis value may be used Mate. The following list describes the main simplifying as-

for practical applications and is accurate, with very fewSumptions made:
exceptions, to withint 5 %. Al1.1.6.1 The amount of energy released by complete com-

A1.1.2 Thornton’s rule indicates that it is sufficient to Pustion per unit of oxygen consumed is taken Bs= 13.1
measure the oxygen consumed in a combustion system in ord¥J/kg of O,. _ _
to determine the net heat released. This is particularly useful A1.1.6.2° All combustion gases are considered to behave as
for full-scale fire test applications. For example, for compart-ideal gases. In other words, one mole of any gas is assumed to
ment fires, the oxygen consumption technique is much mor€CCUPY & constant volume at the same pressure and tempera-
accurate and easier to implement than methods based &We€: _ _ .
measuring all the terms in a heat balance of the compartment, A1.1.6.3 Incoming air consists of DCO,, H,0, and N.
A1.1.3 Perhaps the first application of the oxygen consumpConcentrations of all “inert” gases, which do not take part in
tion principle in fire research was by Park&8) using the Test the combustion reactions, are included with that of the nitro-
Method E 84 (tunnel test). Later, Sensenig applied it to arB€n- _
intermediate scale room tgdt4). During the late seventies and ~ A1.1.6.4 Q, CO,, and CO are measured on a dry basis. In
early eighties, the @consumption technique was refined at thether words, water vapor is removed from the sample before
National Institute for Standards and Technology (NIST, for-cCOmbustion gas analysis measurements are made.
mer'y National Bureau of Standards)_ A paper by Pa(ﬂ_@) Al1.1.7 In the analySiS to f0||OW, initial emphaSiS will be
gives equations to calculate rate of heat release by Oxygéﬂaced on the ﬂOW rate measurement. Equatlons to Calculate
consumption for various applications. The technique is nowflow rate are applicable, unless otherwise indicated, regardless
used extensively in many laboratories all over the world, bottPf the configuration of the combustion gas analysis system. In
in bench-scalé16) and full-scalg17—18)fire test applications. Subsequent sections, distinction is made between various
A1.1.4 The objective of this section is to provide a compre-combustion gas analyzer combinations.
hensive set of equations and guidelines to determine the rate of
heat release in full-scale fire tests based on thedDsumption Al.2 Flow Measurements
principle. The approach followed here is somewhat different Al.2.1 Two techniques are used most often to measure mass
from Parker(15) as the emphasis is on full-scale fire testflow rate in the exhaust duct of full-scale fire tests. The velocity
applications and the use of volumetric flow rates is avoidedmeasurement technique (see A1.2.3) is the one most commonly
Volumetric flow rates require specification of temperature andised.
pressure. Various investigators have used different combina- A1.2.2 The first technique measures mass flow rate via the
tions of reference pressure and temperature. This leads twessure drop across, and temperature at, an orifice plate (Eq
confusion, which is minimized greatly if mass flow rates areA2.1). If the test is conducted within a narrow range of
used. conditions, the orifice-plate coefficienE, is approximately
Al1.1.5 The basic requirement is that all combustion prod-constant. Determine the value of the orifice-plate coefficient
ucts be collected in a hood and removed through an exhaussing a gas burner calibration or an alternative method, which
duct. At a distance downstream of the hood sufficient forprovides equivalent results; however, if flow rates are varied
adequate mixing, both flow rate and composition of theduring a test or if temperature changes are considerable, the
combustion gases are measured. It is assumed here that it is rdfiect on C of the Reynolds number and pressure at the
possible to measure the air flow rate into the system, as this ownstream side of the orifice plate must be taken into
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account. Information on such corrections and on various desigoxygen depletion factor is the fraction of the incoming air
options, for example location of the pressure taps, are found iwhich is fully depleted of its oxygen (Eq A2.4). It has been
reference(19). demonstrated (see the appendix in Test Method E 1354), that
A1.2.3 The second technique is to measure velocity at onthe rate of heat release is a function Bf M;, M,, and the
point in the duct, usually along the center line. The flow rate isoxygen depletion factor, plus the expansion factor.
then calculated using a predetermined shape of the velocity A1.3.2.1 The expansion factor value must be assigned. Use
profile in the duct. The latter is obtained by measuring velocityl.105, the value for methane for tests. Other values are 1.084
at a sufficient number of representative points over the diam¢for propane), 1.0 (for carbon in dry air) and 1.21 (for
eter or cross section of the duct prior to any fire tests. Detailetiydrogen). Use 1.084 for calibrations made with propane gas.
procedures for obtaining this profile are described(20). A1.3.3 The resulting Eq A2.5, is expected to be accurate to
Usually, conditions in full-scale fire tests are such that the flomwithin = 5% provided combustion is complete. In other
in the duct is turbulent, resulting in a shape factof#atio of  words, all the carbon is converted to €&rrors will be larger
the average velocity to the velocity along the centerline) closéf CO or soot production is considerable or if a significant
to 1. amount of the combustion products are other than, @ad
Al1.2.4 Due to considerable soot production in many firesH,O. It is unlikely that these errors will be of concern for a
pitot static tubes cannot be used because of the potential f@ingle mattress test specimen.
clogging of the holes. In order to deal with this problem, a
more robust bidirectional probe was designed by McCafirey Al.4 Rate of Heat Release Measurement If Oxygen and
and Heskesta@21). This involves measuring the differential Carbon _D|0X|de Concentration Measurements Are Used for
pressure across the probe and the centerline velocity (Eq A2.82lculation
and is valid in the range of Reynolds numbedRe Al1.4.1 This case is similar to that covered in the former
40 < Re< 3800. (AL.1) section. It is now assumed that only water vapor is trapped
) L before the sample reaches the combustion gas analyzers.
Al.2.4.1 In many full scale fire test applications, duct

. . Again, the equations, are derived on the basis of conservation
diameter and flow rate are such that the Reynolds number iS¢ nitrogen. The mole fraction of COn the incoming air is

Re> 3800. (Al2)  taken to be 440 ppm. A new equation is now needed for the
Al1.2.4.2 In this casef(Re)is taken as a constant (1.08), 0xygen depletion factor, Eq A2.7. Again the equation for rate
which greatly simplifies the calculations. In the system de-Of heat release (Eq A2.5) is accurate to withirb % provided
scribed the Reynolds number is usually greater than 3800, sgombustion is complete. In other words, all the carbon is
that f(Re) = 1.08. Further details of this and of all other converted to CQ

calculations d|scusseq_ in this annex are found in a paper by Al.5 Rate of Heat Release Measurement if Oxygen, Carbon
Jansseng§2?2). For additional details, see also ISO 9705. S . .
Dioxide and Carbon Monoxide Concentration Measurements
Al.3 Rate of Heat Release Measurement If Only Oxygemre Used for Calculation
Concentration Measurements Are Used for Calculation A1.5.1 This case reverts to that covered in Al.4 if CO

Al1.3.1 In this case, all water vapor and C&e eliminated production is negligible. Taking CO into account, however,
by the use of appropriate filtering media. This leads to thechanges the equations. It means that a new oxygen depletion
assumption that the sample combustion gas only consists of Gactor is required, Eq A2.8, as well as, a new rate of heat
and N.. This is approximately true provided CO production is release equation altogether, Eq A2.9.
negligible. As the composition of the incoming air is unlikely ) N
to change during a test, and as the temperatures in building A1.6 Calculation of Heat Released by Igniting Fuel
fires are usually not high enough to generate noticeable A1.6.1 Part of the oxygen depletion in the exhaust duct is
amounts of nitrogen oxides by nitrogen fixation, the moledue to the combustion of the ignition source fuel. This part
fraction of G, in the air as measured by the analyzer prior to amust be subtracted from the total oxygen depletion in order to
test is written on the basis of @&nd N, exclusively. The mole determine the net rate of heat release of the test specimen.
fraction of O, in the exhaust combustion gases, as measured by A1.6.2 For a gas burner, Janssens has derived an equation to
the oxygen analyzer, is written in a similar manner. As nitrogertake into account this valu@2). This equation is acceptable,
is conserved and does not participate in the combustiobut its use is accompanied by some difficulties, such as the
reactions, the equations are derived on the basis of its consatelay in the response of the instrumentation in the exhaust
vation. duct, the problem of filling of an enclosure, and other experi-

A1.3.2 In this case the rate of heat released (in kW) ismental difficulties. A simpler alternative way of measuring the
calculated as a function of the heat released per unit of oxygemnet heat released by the test specimen is to subtract from the
consumed E, 13.1 MJ/kg of Q), the ratio of the molecular heat obtained in the equations the heat release measured in the
weight of oxygen ,, 32.0 kg/kmol) and the molecular weight calibration. This heat yields a baseline rate of heat release
of the incoming air i1, generally taken as 28.97 kg/kmol) and curve.
the mass flow rate of the incoming air (in kg/s). The flow rate ]
measured is that of the smoke within the exhaust duct and not A1.7 Conclusions
that of the incoming air. In order to find a relation between the A1.7.1 Depending on the configuration of combustion gas
two it is necessary to define the oxygen depletion factor. Thenalyzers and the type of flow rate measurement, one of the
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following procedures shall be used to calculate rate of heat Al1.7.4.2 Calculate the new oxygen depletion factor.
release. Al1.7.4.3 Calculate the new rate of heat release.
Al1.7.2 Case +-Only O, concentration measurements are Al.7.5 Ifa CQ analyzer is used, this eliminates the need for
used. removal of CQ from the combustion gas sample. This is
Al1.7.2.1 Calculate the mass flow rate of the exhaust commainly of practical importance as the scrubbing agent used to
bustion gases. remove CQ usually requires careful handling and is rather
Al1.7.2.2 Calculate the oxygen depletion factor. expensive. If significant amounts of CO are produced, for
Al1.7.2.3 Calculate the rate of heat release. example, at or beyond flashover in ventilation controlled room
Al.7.3 Case 2-Both O, and CQ concentration measure- fires, accuracy of the rate of heat release measurement is
ments are used. improved if CO is measured.

Al1.7.3.1 Calculate the mass flow rate of the exhaust com- A1.7.6 The presence of a water vapor analyzer simplifies
bustion gases as in A1.7.2. the analysis and improves accuracy even more. Unfortunately,
Al1.7.3.2 Calculate the new oxygen depletion factor. implementation of a water vapor analyzer is not straightfor-

Al1.7.3.3 Calculate the new rate of heat release. ward because sampling lines, filters, etc., must be heated to

Al1.7.4 Case 3—0,, CO,, and CO concentration measure- avoid condensation; thus, the use of a water vapor analyzer
ments are used. precludes the need to estimate the expansion factor. For this

Al.7.4.1 Calculate the mass flow rate of the exhaust comtest method, however, the use of water analyzers is not
bustion gases as in A1.7.2. recommended.

A2. MEASUREMENT EQUATIONS

A2.1 Rate of Heat ReleaseSymbols are explained in A2.4. A A _x o*
Yy p q—E*1.10*C\/—[Tp}*[(XO—XZ)A] (A2.6)
A2.1.1 Flow Rate e 1.105-1.5"%2
A2.1.1.1 Pressure Drop Measurement (Eq A2.1) A2.1.3 Case 2-Only O, and CQ concentration measure-
_ Ap ments are used. Calculate the mass flow rate according to the
m, =C* \f[t] (A21)  equations in A2.1.1(Eq A2.1 or Eq A2.2) and the oxygen

depletion factor according to Eq A2.7:

X2 [1=Xe2] - X2 * [1 X2
Xo2" * [1-X62" = Xco2']

If Eq A2.2 is used, determink, whenever the bidirectional and the rate of heat release according to the same equation as

probe or the duct are replaced. Do this by correlating thd" A2.1.2 (Eq A2.5). .
velocity measured by the bidirectional probe with a reference A2.1.4 Case 3-0, and CQ and CO concentration mea-
method, such as a pitot-static tube. surements are used.

A2.1.1.3 The function of the Reynolds numbigRe) has A2._1.4.1. Calculate the mass flow rate accc_)rding to the
been described, by McCaffrey and Heskeg®i), as respond- equations in A2.1.1 (Eq A2.1 or Eq A2.2), the moisture content

A2.1.1.2 Velocity Measurement (Eq A2:2)

_ A A A2.7
i, = 26.54 *f(T:)C* \/ETS] (A2.2) ¢ (A2.7)

ing to Eq A2.3: of the incoming atmosphere accordin_g to the equati_on in
A2.1.2 (Eq A2.5) and the oxygen depletion factor according to
f(Re® = 1.533 - 1.366< 10— 3Re+ (A2.3) Eq A2.8):
+ 1.688x 10 6Re2 —9.705< 10 11Re3

A*l_A_A _A*l_A
+ 2.555 10 —~1Re4 — 2.484% 10 ~17Re5 ¢=X°2 [1=Xco, = Xcol = X5, " [1 ~Xco] (A2.8)

X5, = X[ 1=X8, —X&o, = X&o]
A2.1.1.4 IfRe> 3800, therf(Re)= 1.08.

A2.1.2 Case 1-Only O, concentration measurements areAngally calculate the rate of heat release according to Eq
used. e

. 1- A M :
A2.1.2.1 Calculate the mass flow rate according to the _ [E*¢—[Eco—E]* d’*XCO]* 0, m XA

equations in A2.1.1(Eq A2.1 and Eq A2.2) and the oxygen 2 X5, | Mo 1+d(-D
depletion factor according to Eq A2.4: (A2.9)
b= X2 X2 (A2.4) A2.2 Smoke Measurement Equations
[1-X52] * X2

A2.2.1 Optical Density (OD) (Eq A2.10)
Then, calculate the rate of heat releaggdccording to Eq

A2.5: OD = log [l/1] (A2.10)
_ My b . . A2.2.2 Extinction Coefficient (k) (Eq A2.11)
=BV, " Tr o @=D M X (A2.5) k=(Ly)*I (1) (A2.11)
If only O, is measured, Eq A2.5 simplifies to Eq A2.6: A2.2.2.1 The volumetric flow rate is calculated as the ratio
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of the mass flow rate and the density of air, at the correspondg_
ing temperature; thus, both the volumetric flow and the density

of air must undergo temperature corrections. The volumetric
duct flow rate V) is adjusted because it is measured in the f(Re)
exhaust duct, but required at the temperature near the photd;,
detector, as shown in (Eq A2.12): |

VIR TS
vV (7)
A2.2.2.2 The density of air is adjusted between the IiteratureI

value, measured at 273.55 and the value at the temperature
in the exhaust duct, as shown in (Eq A2.13):

(A2.12)

273.15
P=p* T (A2.13)
Then, the final equation for the volumetric flow rate is Eq K
A2.14: K
m, T b
V, = oo * ﬁs (A2.14) .
Rate of smoke release (RSR) is defined by Eq A2.15: m:
RSR= [V, * K] (A2.15)
Total smoke released (TSR) is defined by Eq A2.16: N
TSR= [ RSRdt (A2.16)
M
A2.3 Gas Yield Measurement Calculations :
A2.3.1 Calculate the gas yieldd) (using the following Mco
equation (Eq A2.17):
Mco,

] mass flow rate of ggsdt
* — mass loss of test specimen

A2.3.2 The numerator in this equation is calculated by M:jo
adding the product of the fraction of combustion gas by theMo,
total mass flow rate, measured at each scan, multiplying it byOD
the total time period involved and dividing by the number of P
scans, as shown in Eq A2.18:

(A2.17)

q
(SA[X] * gy * A1) * 0,001 * 1 RSR
f, = 2 (A2.18) Te

mass loss of test specimen

A2.3.3 In this equation,¥, the concentration of gas, is T,
expressed in ppmm., the mass flow rate, calculated by Eq
A2.1 or Eq A2.2, is expressed in kg/ll, is the molecular TSR
weight of gas species M, is the molecular weight of exhaust V,
air (29 kg/kmol), At is the scan period and mass loss of
specimen is the mass lost over the period over which the ga¥/s
yield is calculated, and is expressed in g, with 0.001 a
conversion factor, to account for the unit changes.

A2.3.4 Report gas concentrations on a dry gas basis, unlesbg]\

water concentrations are being measured. X co
A2.4 Symbols X*co,
XAOC
A = cross sectional area of duct (inzZn ©
C = orifice plate coefficient (in k> m*? K*/?) XA
E = net heat released for complete combustion, per :

unit of oxygen consumed (13 100 kJ/kg)O
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net heat released for complete combustion per
unit of oxygen consumed, for CO (17 600
kJ/kg O,)

Reynolds number correction (non dimensional)
yield of gas x (in g/g)

light intensity for a parallel light beam having
traversed a certain length of smoky environ-
ment and reaching photodetector (nondimen-
sional)

light intensity for a beam of parallel light rays,
measured in a smoke-free environment, with a
detector having the same spectral sensitivity as
the human eye and reaching the photodetector
(nondimensional)

extinction coefficient (in L/m)

velocity profile shape factor (nondimensional)
light path length of beam through smoky envi-
ronment (in m)

mass flow rate in exhaust duct (in kg/s)

C (_p/T)Y2 (mass flow rate, by measurement
of pressure drop, in kg/s, according to Eq A2.1)
(26.54x A X kJ(f(Re)) X (/T ? (mass flow
rate, by measurement of velocity drop, in kg/s,
according to Eq A2.2)

molecular weight of incoming and exhaust air
(29 kg/kmol)

molecular weight of carbon monoxide (28
kg/kmol)

molecular weight of carbon dioxide (44 kg/
kmol)

molecular weight of water (18 kg/kmol)
molecular weight of nitrogen (28 kg/kmol)
molecular weight of oxygen (32 kg/kmol)
optical density (nondimensional)

pressure drop across the orifice plate or bidi-
rectional probe (in Pa)

Rate of heat release (in kW)

rate of smoke release (in“s)

combustion gas temperature at the orifice plate
(in K)

combustion gas temperature (near photodetec-
tor) (in K)

total smoke released (in?n

volumetric flow rate in exhaust duct (at mea-
suring location of mass flow rate) (in%s)
volumetric flow rate at location of smoke meter
(value adjusted for smoke measurement calcu-
lations) (in n/s)

concentration of gas x (in ppm)

measured mole fraction of CO in exhaust flow
(nondimensional)

measured mole fraction of Gn exhaust flow
(nondimensional)

measured mole fraction of G incoming air
(nondimensional)

measured mole fraction of On exhaust flow
(nondimensional)
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XA°02 = measured mole fraction of Qn incoming air Po = density of air at 273.15 K (1.293 (kgAn
(nondimensional) = oxygen depletion factor (nondimensional)
« = Combustion expansion factor (nondimen-
sional; normally a value of 1.105)
p = density of air at the temperature in exhaust duct

(in kg/m®)

APPENDIXES
(Nonmandatory Information)

X1. METHOD OF DETERMINING SUITABILITY OF OXYGEN ANALYZERS FOR MAKING HEAT RELEASE
MEASUREMENTS

X1.1 GeneralThe type of oxygen analyzer best suited for minute of data. The difference between the readings at O
fire gas analysis is of the paramagnetic type. Electrochemicahinutes and at 20 minutes on the fitted straight line represents
analyzers or analyzers using zirconia sensors generally hatke short-term drift. Record the drift in units of parts per
been found not to have adequate sensitivity or suitability formillion of oxygen.
this type of work. The normal range of the instrument to be x1 2 5 The noise is represented by the root-mean-square
used is 0 to 25 volume % oxygen. The linearity of paramageyiation around the fitted straight line. Calculate that root-

netic analyzers, normally, is better than can be checked by @ean.square value and record it in units of parts per million of
user laboratory; thus, verifying their linearity is not necessaryoxygen.

It is important, however, to confirm the noise and short-term

drift of the instrument used. X1.2.6 The analyzer is suitable for use in heat release

measurements if the sum of the drift plus the noise ternss is
X1.2 Procedure 50 ppm oxygen (note that both terms must be expressed as

X1.2.1 Connect two different gas bottles having approxi-POSitive numbers).

mately two percentage points apart, for example, 15 volume % - ] .
and 17 volume %, to a selector valve at the inlet of the X1.3 Additional Precautions-A paramagnetic oxygen ana-
analyzer. lyzer is directly sensitive to barometric pressure changes at its

X1.2.2 Connect the electrical power and let the analyzePutlet port and to flow rate fluctuations in the sample supply
warm up for 24 h, with one of the test gases from X1.2.1stream. It is essential that the flow rate be regulated. Use either
flowing through it. a flow rate regulator of the mechanical diaphragm type, or an

X1.2.3 Connect a data acquisition system to the output oelectronic mass flow rate controller. In order to protect against
the analyzer. Quickly switch from the first gas bottle to theerrors due to changes in barometric pressure, one of the
second bottle, and immediately start collecting data, taking onéllowing procedures should be used: control the back pressure
data point per second. Collect data for 20 minutes. to the analyzer with a back pressure regulator of the absolute-

X1.2.4 Determine the drift by using a least-squares analysipressure type, or electrically measure the actual pressure at the
fitting procedure to pass a straight line through the last 1@etector element and provide a signal correction for the
minutes of data. Extrapolate the line back through the firsanalyzer output.

X2. BURNING OF OXIDIZERS

X2.1 If the fuel contains large proportions of oxidizers, the techniques used and the calculation should be reported.
oxygen consumption calorimetry alone is not adequate for
measurement of heat release, since there will be oxygen X2.3 |If there is reason to believe that the material to be
formation as a consequence of the thermal decomposition @fsed as a fuel will behave differently from standard materials
the oxidizers. or products in terms of the oxygen consumption constant,
0[I;articular care should be taken before using the computational

X2.2 In such cases, it is advisable to use a combination thods in this pract It is recommended that i
techniques to assess heat release. Such techniques may incldife10ds S practice. 1L 1s recommende at a speciiic
Xygen consumption constant be used for that material or

thermal measurements or calculations based on the stoichior}
etry of the oxidizing fuels consumed. The information aboutProduct.
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X3. ENVIRONMENTAL PROTECTION

X3.1 A suitable environmental system for removal of soottwo stages use a set of disposable furnace filters and a set of
and other hazardous combustion products before exhausting bag filters. These filters remove most of the soot and other large
the atmosphere is usually required. Various methods arer coarse particles. The third stage consists of filters that
available, such as mechanical filtration, scrubbers, or aftefremove fine particles of up to 5 um. The first two stages of
burners. The choice of a system depends on factor, such gigers need to be replaced frequently to maintain sufficient flow
local environmental regulations, cost of the system, frequencmrough the exhaust system. Pressure gages are installed in
of testing, and intensity of fires that are expected t0 b&yery stage to indicate the pressure differential across the

experienced in the burn facility. The selection of any particulariiers. The differential pressure increases as filters get clogged.
system is left to the discretion of the laboratories; however, thixgpiace the filters whenever there is insufficient flow of air
exhaust removal system shall be capable of fulfilling thethrough the system

requirements of the test method throughout the entire test. The
choice of an environmental or smoke abatement system

: S ' X3.3 An afterburner is a more efficient system, which also
therefore, shall not compromise the scientific intent of the test . L o .
method. will help minimize variations in the exhaust flow rate through-

out the entire test.

X3.2 One system found suitable is a mechanical filtering
system. The system consists of three stages of filters. The first
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views known to the ASTM Committee on Standards, at the address shown below.
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