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NOTICE: This standard has either been superseded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

QHIp Designation: E 1623 — 01 1 An American National Standard

Standard Test Method for

Determination of Fire and Thermal Parameters of Materials,
Products, and Systems Using an Intermediate Scale
Calorimeter (ICAL) *

This standard is issued under the fixed designation E 1623; 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 epsilone} indicates an editorial change since the last revision or reapproval.

! Notre—Editorial corrections were made in 1.4 and 1.6 in June 2001.

1. Scope range of 0 to 50 kW/rhin a vertical orientation. Hot wires are

1.1 This fire-test-response standard assesses the respons&¥fd to ignite the combustible vapors from the specimen during
materials, products, and assemblies to controlled levels dhe ignition and heat release tests. The assessment of the
radiant heat exposure with or without an external ignitor. ~ Parameters associated with flame spread requires the use of line

1.2 The fire-test-response characteristics determined by thRUrners instead of hot wire ignitors.
test method include the ignitability, heat release rates, mass 1.6.1 Heat release measurements at low heat flux levels (<
loss rates, visible smoke development, and gas release &f KW/nT) require special considerations as described in

materials, products, and assemblies under well ventilategection A1.1.6. _
conditions. 1.7 This test method has been developed for evaluations,

1.3 This test method is also suitable for determining manyl€sign, or research and development of materials, products, or
of the parameters or values needed as input for computer fi@ssemblies, for mathematical fire modeling, or for research and
models. Examples of these values include effective heat dfevelopment. The specimen shall be tested in thicknesses and
combustion, surface temperature, ignition temperature, angenfigurations representative of actual end product or system
emissivity. uses. _ _ _

1.4 This test method is also intended to provide information 1.8 Limitations of the test method are listed in Section 5.5.
about other fire parameters such as thermal conductivity, 1.9 The values stated in Sl units are to be regarded as the
specific heat, radiative and convective heat transfer coeffistandard. _ _
cients, flame radiation factor, air entrainment rates, flame 1.10 This standard is used to measure and describe the
temperatures, minimum surface temperatures for upward arf§SPonse of materials, products, or assemblies to heat and
downward flame spread, heat of gasification, nondimensiondlame under controlled conditions, but does not by itself
heat of gasificatioifil)? and thed flame spread parameter (see INcorporate all factors req_uwed for fire hazard or f|(e risk
Test Method E 1321). While some studies have indicated tha@Ssessment of the materials, products, or assemblies under
this test method is suitable for determining these fire param@ctual fire conditions. o
eters, insufficient testing and research have been done to justify 1.11 Fire testing of products and materials is inherently
inclusion of the corresponding testing and calculating procel@zardous, and adequate safeguards for personnel and prop-
dures. erty shall be employed in conducting these tests. This test

1.5 The heat release rate is determined by the principle dheéthod may involve hazardous materials, operations, and
oxygen consumption calorimetry, via measurement of th@qument. Specific information about hazard is given in
oxygen consumption as determined by the oxygen concentra€ction?.
tion and flow rate in the exhaust product stream (exhaust duct). 112 This standard does not purport to address all of the
The procedure is specified in 11.1. Smoke development ig&fety concemns, if any, associated with its use. It is the
quantified by measuring the obscuration of light by there§p0n3|bll|ty of the user of th_|s standard to e_stabhsh appro-
combustion product stream (exhaust duct). priate safety and health practices and determine the applica-

1.6 Specimens are exposed to a constant heating flux in trility of regulatory limitations prior to use.

2. Referenced Documents
* This test method is under the jurisdiction of ASTM Committee EO5 on Fire 2 1 ASTM Standards:

2tandard_s and is the direct responsibility of Subcommittee E05.21 on Smoke and D 2016 Test Methods for Moisture Content of Wéod
ombustion Products.

Current edition approved Jan. 10, 2001. Published April 2001. Originally
published as E 1623 — 94. Last previous edition E 1623 - 00.

2The boldface numbers given in parentheses refer to the list of references at the ° Discontinued; se€988 Annual Book of ASTM Standard¥el 04.09. Replaced
end of this standard. by D 4442 and D 4444.
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D 3286 Test Method for Gross Calorific Value of Coal and 3.2.6 net heat of combustienthe oxygen bomb (see Test

Coke by the Isoperibol Bomb Calorimeter Method D 3286) value for the heat of combustion, corrected
E 84 Test Method for Surface Burning Characteristics offor gaseous state of product water.

Building Material$ 3.2.7 orientation—the plane in which the exposed face of
E 176 Terminology of Fire Standarts the specimen is located during testing, either vertical or
E 177 Practice for Use of the Terms Precision and Bias irhorizontal facing up.

ASTM Test Method$ 3.2.8 oxygen consumption principlethe expression of the
E 662 Test Method for Specific Optical Density of Smokerelationship between the mass of oxygen consumed during

Generated by Solid Materi&ls combustion and the heat released.

E 691 Practice for Conducting an Interlaboratory Study to 3.2.9 smoke obscuratierreduction of light transmission

Determine the Precision of a Test Metod by smoke, as measured by light attenuation.

E 800 Guide for Measurement of Gases Present or Gener- 3.2.10 sustained flaming-existence of flame on or over

ated During Fire3 most of the specimen surface for periods of at least 5 s.

E 906 Test Method for Heat and Visible Smoke Release 3.2.10.1Discussior—Flaming of less tha 4 s duration is

Rates for Materials and Produtts identified as flashing or transitory flaming.

E 1321 Test Method for Determining Material Ignition and

Flame Spread Propertfes 4. Summary of Test Method
E 1354 Test Method for Heat and Visible Smoke Release 4.1 This is a test method designed to measure the rate of

Rates for Materials and Products Using an Oxygen Conheat release from a specimen fima vertical orientation. The

sumption Calorimetér specimen is exposed to a uniform heat flux from a gas fired
2.2 ASTM Proposal: radiant panel up to 50 kW/mand ignited instantly. Heat
P147 Proposed Method for Room Fire Tests of Wall andelease measured by this test method is based on the observa-
Ceiling Materials and Assembliés tion that, generally, the net heat of combustion is directly
2.3 ISO Standards: related to the amount of oxygen required for combustityr8).
ISO 5657-1986(E) Fire Tests—Reaction to Fire—The primary measurements of oxygen concentrations and
Ignitability of Building Material$ exhaust flow are made as specified by Hug¢@}t Burning
ISO 5660-1 Fire Tests—Reaction to Fire—Rate of Heatmay be either with or without a pilot ignition applied at the top
Release from Building Produéts and bottom of the specimen.

ISO 5725 Precision of Test Methods—Determination of 4.2 Additional measurements include the mass-loss rate of
Repeatability and Reproducibility for a Standard Testthe specimen, surface temperature, the time to sustained
Method by Inter-Laboratory Tests flaming and the specimen’s interior temperatures. The appara-

ISO 9705 Full Scale Room Test for Surface Prodticts tus can be used to develop data relative to the other parameters

. discussed in 1.2 and 1.3.
3. Terminology

3.1 Definitions: 5. Significance and Use

3.1.1 For definitions of terms used in this test method, refer 5.1 This test method is used primarily to determine the heat
to Terminology E 176. release rate of materials, products, and assemblies. Other

3.2 Definitions of Terms Specific to This Standard: parameters are the effective heat of combustion, mass loss rate,

3.2.1 effective heat of combustierthe measured heat re- the time to ignition, smoke and gas production, emissivity, and
lease divided by the mass loss for a specific time period.  surface temperature. These properties are determined on a

3.2.2 emissivity—the ratio of the power per unit area radi- specimen that may be an assembly of materials or products that
ated from a material's surface to that radiated from a blackare tested in their end-use thickness. Therefore, the heat release

body at the same temperature. rate of a wall assembly, for instance, can be determined.
3.2.3 heat release rate-the heat evolved from the speci- 5.2 Representative joints and other characteristics of an
men, per unit of time and area. assembly shall be included in a specimen when these details

3.2.4 heating flux—the incident flux imposed externally are part of normal design.
from the heater on the specimen at the initiation of the test. 5.3 This test method is applicable to end-use products not
3.2.4.1 Discussior—the specimen, once ignited, is also having an ideally planar external surface. The radiant flux field
heated by its own flame. shall be adjusted to be that which is desired at the average
3.2.5 ignitability—the propensity to ignition, as measured distance of the surface from the radiant panel.
by the time to sustained flaming, in seconds, at a specified 5.4 In this procedure, the specimens are subjected to one or
heating flux. more specific sets of laboratory conditions. If different test
conditions are substituted or the end use conditions are

4 Discontinued; se2000 Annual Book of ASTM Standart¥el 05.06. Replaced Changed’ It may not be pOSSIble by or from this test to pred|Ct

by D5865. changes in the fire test response characteristics measured.
> Annual Book of ASTM Standadéol 04.07. Therefore, the results are valid only for the fire test exposure
Annual Book of ASTM Standaydéol 14.02. conditions described in this procedure.

7 Discontinued; sed983 Annual Book of ASTM Standardéel| 04.07. ...
® Available from American National Standards Institute, 11 W. 42nd St., 13th 5.5 Test Limitations o
Floor, New York, NY 10036. 5.5.1 The test results have '-mneDQl}m ents
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specimen melts sufficiently to overflow the drip tray, or (b) elements 12.7 mm deep by 95 mm high by 158 mm wide. The

explosive spalling occurs. center burners consist of one module each. The modules are
5.5.2 Exercise caution in interpreting results of specimensomprised of a plenum space in which the natural gas is

that sag, deform, or delaminate during a test. Report observénjected at a controlled rate by the burner’'s control system.

tions of such behavior. Combustion air is aspirated into the plenum space through the
gas and air injection port.

6. Apparatus 6.2.3 The face of each burner is covered with stainless 330

6.1 General floating screen for higher surface temperature and safety. The

6.1.1 Where dimensions are stated in the following descripscreens shall be carefully installed to allow for elongation of
tion, they shall be considered mandatory and shall be followedcreens and supporting rods. This will allow the distance
within nominal tolerance ofct5 mm on the radiant panel and between the burners and screens to remain constant when
specimen holder assemblies. An exception to this tolerance iseated. The optimum distance between the surface of the
the placement of the screen in front of the ceramic burner thasurners and the outer surface of the screen was found to be 20
shall be 0.5 mm. The tolerances permitted in the exhausimm. The rows of gas burners on the panel shall be separated by
system (see Proposal P147) for the proposed room fire tegtdistance of 112 mm from each other and shall be attached to
method or the ISO 9705 standard are permissible. the support tubing at the locations indicated in Fig. 1.

6.1.2 The apparatus shall consist of the following compo- 6.2.4 Natural gas of net heating value at least 790 kJ/mol
nents: a radiant panel assembly (see Fig. 1) capable of verticghall be supplied to the unit through a control system provided
orientation only; a specimen holder (see Fig. 2), an infrareqyith as safety interlock. All gas pipe connections to the burners
pyrometer (optional), an exhaust collection system, weighingnust be sealed with a gas pipe compound resistant to liquified
platform, gas meter, and a data acquisition system. A genergletroleum gases. A drip leg shall be installed in the gas supply
layout of the whole test assembly is shown in Fig. 3. line going to each heater to minimize the possibility of any

6.2 Radiant Panels loose scale or dirt within the gas supply line from entering the

6.2.1 The panel consists of a hollow 50 by 50 mm squargyyrner’s control system.
steel tubing (see Fig. 1) that supports three rows of adjustable, g » 5 Ignition of the burners shall be accomplished by
ceramic-faced, natural gas burrfeesmprised of three burers jngivigual, automatic spark igniters and pilot flames. The spark
per row. The tubing has typical residential water hose conneqypiters are used to ignite the pilot flames which in turn are
tions provided at the bottom of the tubing to facilitate waterysed to ignite the burners after pilot flame temperature sensors

cooling. _ _ have reached a required value. The pilot remains on until the
6.2.2 The left and right burners in each row are made up of,rners are extinguished.

four modules each and the center burners are comprised of oneg > ¢ An opening of at least 25 mm shall be provided at the
module. A module consists of four vertically stacked Ceramiq qrtical centerline between the rows of burners.

6.2.7 Radiant Panel Constant Irradiance ControHeiThe
irradiance from the radiant panel assembly shall be capable of
being held at a preset level by means of regulating the flow of
natural gas to the burners (see X1.2 for more information). The

flow of the gas is regulated using an automatic flow controller,
e 54z > motorized valve, and a thermocouple located on the surface of
J_J, a ceramic burner. The irradiance is directly proportional to the
T temperature on the surface of the ceramic burners. Gas flow
shall be continuously measured to calculate the heat released
from the radiant panel assembly. This value is needed to
calculate the heat release rate from the specimen.

6.3 Specimen Holder Assembly Components

6.3.1 Specimen HolderThe specimen holder assembly is
shown in Fig. 2 and is capable of holding a specimen up to 152
mm thick. (A thicker specimen holder is necessary to accomo-
date specimens thicker than 152 mm.) The top portion of the
assembly is removable to facilitate specimen insertion. Prior to
starting the test the specimen shall be protected from the
radiant panel heat flux exposure by the water cooled shield (see

T 6.4.1). A drip tray, 300 mm wide by 50 mm deep by 914 mm
J,_< 4 long, shall be attached to the floor of the specimen holder
Radiant Heators — directly below the specimen frame to contain limited amounts

Water coo of materials that melt and drip. Two wire igniters described in
6.4.3 are attached to the specimen holder.
- - 6.3.2 Weighing Platforrm—The genergl.arrangement of the
FIG. 1 Radiant Panel Assembly specimen holder and the weighing plat cbhinentsg.

° A modified RAY-TEC burner unit, RT132, from Sun Technology Corp., 14329
23 Mile Road, Shelby TWP., MI 48315 has been found suitable for this application.

670mm

388mm

1330mm

93mm
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FIG. 2 Sample Holder

fluxes. Heat flux values of 25 and 50 kWrare achieved at

i distances less than 1 m.
GASW‘I\ 6.4 Other Major Components
COLLECTION

PoRT HooD . 6.4.1 Specimen Shield-A water cooled shield (see Fig. 4)
N RADIANT PANEL shall be provided tp absorb thg thermal energy from the radiant
- WIRE panels prior to testing. The shield is constructed so that a preset
WATER COOLED _ %':‘_"”TZ‘L S water flow will maintain a shield temperature on the unexposed
SR | —> é SAMPLE HOLDER face below 100°C. The shield shall be positioned directly in
caomnrwear L] i front of the radiant panel assembly at a distance of 150 mm.
UNITS Eg’“ SAMPLE The mounting method used shall accomodate removing the
= .
ni Eg | 1829mm ;
. 9/ ‘_LEA——SAMPLE HOLDER 1 1
H WIRE ¥ Support Trolley o \ |
IGNITER WEIGHING Attachmant Points
PLATFORM - o] | ° .
N T Water Outlst —wo 3 © =+ Water Outiet | S

. - — &~ TROLLEY B - ‘\
— | .
\\\\\\\\\\\\\\\\W ‘ 1 } | ‘

FIG. 3 Intermediate Scale Calorimeter | i ‘

2. The weighing platford? shall be capable of weighing the ‘ —_—
specimen to an accuracy of one gram. The platform shall be ‘ ‘ |
protected from the radiant panel assembly by an insulation
board cover as shown in Fig. 2.
6.3.3 Specimen Holder Trolly-A trolly, as shown in Fig. 3, |
shall be provided to hold the specimen holder and weighing ! 3
platform so that the specimen can be moved to a predetermined
location in front of the radiant panel at the beginning of a test.
The trolly shall be placed on rails or guides to facilitate exact | ‘ |
specimen placement with respect to the radiant panel. The | ‘ ‘ | i ‘
trolly tracks shall be located perpendicular to the plane of the
radiant panel so that the specimen is moved directly toward the
radiant panel. The trolly tracks shall be long enough to move 1 _Emergency Vent Line
the specimen holder to a distandéan from the radiant panel. ’
This distance makes mounting the specimen easier and allows

1829mmr

Water Inlet —#o o-a— Water Inlet J u

51mm | 102mm
testing of parameters other than heat release at very low heat *%’l l‘l T s s s e T [ e 5 5 5] orﬁl 5]
; Iy
N o
10 A Sartorius Model F150S Electromagnetic Scale, has been found suitable for
this application. FIG. 4 Radiation Shield
Documents
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shield in less than 2 s. 740 kg/n?. The panel shall be the same size as a specimen
6.4.2 Infrared Pyromete—A pyrometet! is used to view (1000 by 1000 mm) and shall have holes with diameters to
the specimen surface through the 25 mm gap between theccomodate the heat flux meter from 6.4.4. Five rows and
radiant panels. The pyrometer is positioned 0.3 m to 0.5 ntolumns of holes shall be drilled 224 mm apart and 51 mm
behind the radiant panel assembly at a height equal to thigom the edges on all sides of the panel.
geometrical center of the specimen. The measurement tech-6.4.6 Digital Data Collection—The data collection system
nique including specimen emissivity adjustments is detailed irshall be equal to or better than that required in Proposal P147.
(4). Readings shall be made at intervals not exceeding 2 s.
6.4.3 Wire Igniters—Two 0.81 mm Chromel wires (from 6.4.7 Exhaust Collection System
Type K thermocouple wires) are used as igniters. One wire is g 4.7.1 Construct the exhaust collection system with the
positioned horizontally, spanning the full width of the speci-fq|iowing minimal requirements: a blower, steel hood, duct,
men, 80 mm above the bottom exposed edge of the specimefiyirectional probe, thermocouple(s), oxygen measurement
and 15 mm from the specimen surface. The other wire igystem, smoke obscuration measurement system (white light
positioned horizontally, spanning the full width of the speci- yhotocell lamp/detector or laser) and combustion gas sampling

men, 20 mm above the top exposed edge of the specimen agdq analysis system. Construct the exhaust collection system as
15 mm from the specimen’s vertical plane. A spring, protectedspown in Fig. 5 and as explained in Annex Al.
from the radiant heat, shall be attached to one end of the wires ¢ 4 7 5 Ensure that the system for collecting the smoke

to compensate for the wire expansion during the test. It shaé,v
remain under tension throughout the test so that the igniter wirg, |, st capacity and is designed in such a way that all of the

remains in position. When used, sufficient power shall be,ynstion products leaving the burning specimen are col-

aplplied to the wire thart] VI\:"tl) produ(;:e an orange glow. LOW octeq Design the capacity of the evacuation system such that
voltages, up to 30 V, shall be used for safety reasons. Morg iy exhaust minimally all combustion gases leaving the
information about the choice of the wire igniters is given 'nspecimen (see AL.1.4).

X1.3. . .
6.4.7.3 Place probes for sampling of combustion gas and for
6.4.4 Heat Flux Meter—The total heat flux meter shall be of measurement of flow in accordance with 6.4.8.

the Gardof? (fo) or Schmidt-Boelter (thermopile) type, with 6.4.7.4 Make all measurements of smoke obscuration, gas

a design range of about 50 kWImThe target receiving . o
radiation, and possibly to a small extent convection, small b oncentrations or flows at a position in the exhaust duct where
' ' he exhaust is uniformly mixed so that there is a nearly uniform

flat, circular, approximately 12.5 mm in diameter, and coate : )
bp y velocity across the duct section.

with a durable matt-black finish. The target shall be water . i . .
cooled. Radiation shall not pass through any window before 6.4.7.5 If the straight section before the measuring system is

reaching the target. The instrument shall be robust, simple tBt 1€ast €ight times the inside diameter of the duct the exhaust
set up and use, and stable in calibration. The instrument shdff lIkeély to be uniformly mixed. If a measuring system is
have an accuracy of withir:3 % and a repeatability of within  Positioned at a distance of less than eight diameters, demon-
0.5 %. strate the achievement of equivalent results.
6.4.5 Heat Flux Calibration Panet-A panel to establish the ~ 6-4.8 Instrumentation in Exhaust DuetThe following
heat flux/distance relationship shall be constructed from nomisPecifications are minimum requirements for exhaust duct
nal 12.7 mm thick calcium silicate board of nominal densityinstrumentation. Additional information is found in Annex A2.
6.4.8.1 Flow—Measure the flow in the exhaust duct by
- means of a bidirectional probe, or an equivalent measuring
1A Maxline Infrared Pyrometer with M402 Sensor, made by Ircon, Inc. in SyStem, with an accuracy of at least % (see Annex A2 for
Ilinois can be used. The band of wavelength in which the sensor responds to thiurther details). The response time to a stepwise change of the

infrared radiation is 8 to 12 um to avoid the water and carbon monoxide bands. 0 :
12 A Medtherm Model R-8015-C-15-072, from Medtherm Corp., Huntsville, AL, duct flow shall not exceed 5 s, to reach 90 % of the final value.

hich includes gaseous combustion products) has sufficient

has been found suitable for this purpose. 6.4.9 Combustion Gas Analysis
Lamp, Photo Cell
System Pitot Tube |
Guide Vanes Guide Vanes T
n
T [n——— |
— T < .
------ 1:d P—
To Exhaust iy Exhaust Duct 400 mm Dia. " a '\
Gas Cleaning Steel plates 2 x 500 x 900 mm
Gas Analysis
Hood of 2 mm Steel plates
Cross Section of Guide Vanes Frame of Steel Opening 2440 x 2440 mm
Profile l
@\ 50 x 100 x 3.2 mm '
| Steel Plates |
g:g o :i ;;;ee"g;“; {optional) -
reem 1000 x 2440 mm
Note: All dimensions in millimeters (mm)
FIG. 5 Collection Hood and Exhaust System DOC um entS
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6.4.9.1 Sampling Line—Construct the sampling line tubes S e

of a material not influencing the concentration of the combus-
tion gas species to be analyzed. The following sequence of the
gas train has been shown to be acceptable: sampling probe,
soot filter, cold trap, gas path pump, vent valve, plastic drying
column and carbon dioxide removal columns (if used), flow Lamp
controller and oxygen analyzer (see Fig. 6 and Annex A2 for
further details). Alternative designs of the sampling line must
give equivalent results. The gas train shall also include
appropriate spanning and zeroing facilities.

6.4.9.2 Oxygen MeasurementMeasure the oxygen con-
centration with an accuracy of at leas0.04 % of full scale in FIG. 7 White Light Optical System
the output range of 0 to 25 vol % oxygen, a0.01 vol %

oxygen, in order to have adequate measurements of rate of hQﬁiposits on the optics during a test do not reduce the light
release. Take the combustion gas sample from the end of theansmission by more than 5 %.

sampling line. Calculate the time delay, including the time §.4.10.3 Alternatively, instrumentation constructed using a
constant of the instrument; it is a function of the exhaust duch 5 to 2.0 mw helium-neon laser, instead of a white light
flow. This time delay shall not exceed 60 s. (See Annex A2 folsystem is also acceptable. See Fig. 8 and A2.4 for further

further details.) _ ~ details. It has been shown that white light and laser systems
6.4.9.3 Carbon  Monoxide and Carbon Dioxide wj|| give similar results(5, 6).

Measuremenrt-Measure the combustion gas species with an g 4.11 Thermocouples

instrument having an accuracy of at leasd.1 vol % for the ~ §.4.11.1 All thermocouples shall be 0.127 mm (0.005 in. or
carbon dioxide antt 0.02 vol % for carbon monoxide. A 5 mijls) Type K, Chromel-Alumel.

suitable output range is 0 to 1 vol % for carbon monoxide and g 4 11.2 The location of the minimum number of thermo-

0 to 6 vol % for carbon dioxide. Take the combustion gascouples for measurement of homogeneous sample temperature
sample from the end of the sampling line. Calculate the timghga|| be at the geometric center of the sample and on the
delay, including the time constant of the instrument; it iS acenterline through the sample as follows: Surfaeeepth,¥2
function of the exhaust duct flow. It shall be a maximum of 60depth, % depth and unexposed surface. Other temperatures
s. (See Annex A2 for further details.) may be taken as needed to gain specific information such as
6.4.10 Smoke Obscuration Measurement interface temperatures between assemblies of materials.
6.4.10.1 Install an optical system for measurement of light §.4.11.3 The interior thermocouples shall be inserted in
obscuration across the centerline of the exhaust duct. Detekples that have been predrilled from the unexposed face of the
mine the optical density of the smoke by measuring the lighkample toward the face to the desired depth. These thermo-
transmitted with a photometer system consisting of a whitgouples shall be sheathed with ceramic insulatffihe two
light source and a photocell/detector or a laser system fofires |leading up to the junctions of surface thermocouples

measurement of light obscuration across the centerline of thenall be bared for a distance of at least 50 mm on both sides of
exhaust duct.

6.4.10.2 One photometer system found suitable consists of a
Iamp, lenses, an aperture, and a phOtOCG”. See Flg- 7 andl30.4 mm (&4 in.) bore diameter insulators from Omega Engineering, One
Annex A2 for further details. Construct the system so that Soobmega Drive, Stamford, CT has been found suitable for this.

Aperature
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Exhaust Duct

Oxygen Analyzer®

Rotameter

Waste Flow Controller

Soot
Filter

7um Filter

1
Desiccant | CO2 Removal Media
1

1 NOTE: Rotameter is on outlet of oxygen analyzer
*To include absolute pressure transducer
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To CO2 and CO Analyzers
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FIG. 6 Schematic of Gas Sampling Train DOCLI ments
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