5.1 Scope
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Chapter 5
Heat Release Rate Test for Cabin Materials

This test is intended for use in determiriiegt release rates to show compliance with the
requirements of FAR 25.853.

Heat release rate is measured for the doratidhe test from the moment the specimen is
injected into the controlled exposure chamber amcbmpasses the period of ignition and
progressive flame involvement of the surface.

5.2 Definitions
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5.2.3

Heat Release

Heat release is a measure of the amount of heagyeaeolved by a material when burned. It
is expressed in terms of energy per unit areavldtominutes per square meter—kW miﬁ)/m

Heat Release Rate

Heat release rate is a measure of the rate at widahenergy is evolved by a material when
burned. It is expressed in terms of power per arga (kilowatts per square métd{W/mZ).
The maximum heat release rate occurs when the ialateburning most intensely.

Heat Flux

Heat flux density is the intensity of the thermavieonment to which a sample is exposed
when burned. In this test, the heat flux densgtydiis 3.5 Wich

5.3 Test Apparatus
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5.3.3

Release Rate Apparatus

The apparatus shown in figures 5-1a and 5-1b willbed to determine heat release rates. All
exterior surfaces of the apparatus, except theirgldhamber, will be insulated with 1-inch
(25-mm) thick, low-density, high-temperature, fipliss board insulation. A gasketed door
through which the sample injection rod slides Wil provided to form an airtight closure on
the specimen holding chamber.

Thermopile

The temperature difference between the air enteaimd) leaving the environmental chamber
will be monitored by a thermopile having five hatdafive cold 24-gauge chromel-alumel
junctions (see figure 5-2). The bead to be forfmgdhe thermocouple junction will be 0.050
+ 0.010 inch (1.3 0.3 mm) in diameter. Each junction will be frekinsulation for a
minimum of 0.75 inch (19 mm). The cold junctiondl e located in the pan below the air
distribution plate (see section 5.3.4). The hatcfions will be located 0.38 inch (10 mm)
below the top of the chimney. One of the hot jioreg will be placed at the center of the
chimney’s cross section, and the other four willdaced on the chimney diagonals, 1.18
inches (30 mm) from the center thermocouple.

Radiant Heat Source

A radiant heat source for generating a flux upOd/\l/cmz, using four silicon carbide elements

Type LL, 20 inches (508 mm) by 0.63 inch (16 mmminal resistance 1.4 ohms, as shown in
figures 5-1a, 5-1b, and 5-3, will be used. Thieail carbide elements will be mounted in the
stainless steel panel box by inserting them throQ@8 inch (16-mm) holes in ceramic

insulating devices or calcium-silicate millboard.ocations of the holes in the pads and
stainless steel covered plates will be as showfigire 5-3. A truncated, diamond-shaped
mask, constructed of 0.042 0.002 inch (1.0% 0.05 mm) stainless steel, will be added to
provide uniform heat flux density over the areaupsed by the 5.94- by
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Upper T.C. Connection
{Chimney)

T.C. Connectors
{Optional)

Lower T. C. Connection
Inside Lower Chamber

Y = Yellow Chromei (+)
R =Red Alumel (-

Figure 5-2. Thermopile

5.94-inch (151- by 151-mm) vertical sample. An usthble power supply capable of
producing 12.5 kVA will be provided. The heat flaxer the specimen surface when set at 3.5
W/em® will be uniform within 5 percent and will be chexk periodically and after each
heating element change. Uniformity of heat fluxsiey will be determined by heat flux
sensor measurements at the center and at thedmers of the specimen surface.

Air Distribution System

The air entering the apparatus will be 70 to 732F {o 24°C) and set at approximately 85
ft%/min (0.04 n%/s) using an orifice meter. The orifice meter vaél comprised of a squared-

edged, circular plate orifice, 0.024 inch (0.5 mthick, located in a circular pipe with a

nominal diameter of 1.5 inches (38 mm), with twegsure measuring points located 1.5
inches (38 mm) upstream (above) and 0.75 inch (&f downstream (below) the orifice and

connected to a mercury manometer. The inlet piperamain a nominal diameter of 1.5

inches (38 mm) (see figure 5-la).

5.3.4.1 The air entering the environmental chamibikibe distributed by a 0.25-inch (6.3-
mm) -thick aluminum plate having eight 0.2@89-0.001-inch (5.3+ 0.03-mm) -
diameter holes, 2 inches (51 mm) from the sidesdénch (102-mm) centers,
mounted at the base of the environmental chamieisecond plate having 120
evenly spaced, 0.14G 0.001-inch (3.6-t 0.03-mm) -diameter holes, will be
mounted 6 inches (152 mm) above the aluminum (itzte figure 5-1b).

5.3.4.2  The air supply manifold at the base ofgigeamidal section will have 48 evenly
spaced, 0.147+ 0.001-inch (3.7+ 0.03-mm) -diameter holes 0.38 inch (10 mm)
from the inner edge of the manifold, resulting mairflow split of approximately
three to one within the apparatus (see figure 5-1a)

Exhaust Stack

An exhaust stack, 5.25 by 2.75 inches (133 by 70 imneross section and 10 inches (254
mm) long, fabricated from stainless steel, 0.@18.002 inch (0.46t 0.05 mm), will be
mounted on the outlet of the pyramidal section (sg@res 5-1a and 5-1b). A 1- by 3-inch
(25- by 76-mm) plate of 0.018= 0.002-inch (0.46+ 0.05-mm) -thick stainless steel will be
centered inside the stack, perpendicular to tHeair 3 inches (76 mm) above the base of the
stack.
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Figure 5-3. Side View—Global Radiant Heat Panel
5.3.6 Specimen Holders

Specimen holders will be fabricated from a stailsteel sheet, 0.0180.002 inch (0.46
0.05 mm) thick, as shown in figure 5-4. Specimeldérs will be attached to the injection rod
using the mounting bracket shown in figure 5-4.clE&older will be provided with a V-
shaped spring pressure plate. The position ofsgreng pressure plate can be changed to
accommodate different specimen thicknesses bytingdhe retaining rod in different holes of
the specimen holder frame. Each holder will alagehtwo wires attached vertically to the
front of the holder to secure the face of the gpeaiin the holder.

5.3.6.1 Drip Pan

A drip pan will be fabricated from a stainless tt&eeet, 0.01& 0.002 inch (0.46
+ 0.05 mm) thick, as shown in figure 5-4, and badted to the specimen holder
using the flanges shown in figure 5-4. Drip parey/rhe needed to prevent melting
specimens from dripping into the lower test sectidfoil can be used to line the
drip pan to facilitate cleaning after use.

5.3.7 Heat Flux Sensor

A water-cooled, foil-type Gardon Gauge heat flurss® will be used to measure the heat flux
density at a point where the center of the specimgface is located at the start of the test.
When positioned to measure heat flux density, thesar surface will be flush with the
supporting device surface so that air heated by susupport does not contact the sensor
surface.
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5.3.8 Pilot Burners

Pilot burners will be placed at locations nearlibtom and top of the specimens (see figure 5-
la). The burners will be constructed of stainlstel tubing with a 0.25-inch (6.4-mm)
outside diameter and 0.03-inch (0.8-mm) wall thiess

5.3.8.1

5.3.8.2

Lower Pilot Burner

The lower pilot burner will be located as shownfigure 5-1a. The lower pilot
burner will have its centerline perpendicular te furface of the specimen and 0.19
inch (5 mm) above the specimen’s lower exposed eagewill have its end 0.38
inch (10 mm) from the specimen surface. A methainenixture will be used,
consisting of 0.004 $tmin (220 cn%/min) (at standard temperature and pressure)
methane (99 percent minimum purity) and an air suggjusted to produce a
flame such that the inner cone is approximatelysdme length as the diameter of
the burner tube. (See figure 5.5.)

Figure 5-5. Lower Pilot Burner Igniter Schematic
Upper Pilot Burner

An upper pilot burner will be provided to produck flamelets above the test
specimen to ignite flammable gases (see figure S28)ring the test, if there is any
period of time longer than 3 seconds when any thraaore of the flamelets on the
upper pilot burner are not burning, the test islidated.

All Outlet Holes 0.041 +0.0005 in (1.04 + 0.01 mm)

Figure 5-6. Upper Pilot Burner - 15 Hole Burner



5.3.8.2.1 The upper pilot burner will be constrdcfeom a piece of stainless
steel tubing with an outside diameter (OD) of Or&fh (6.3 mm) and a
wall thickness of 0.03 inch (0.8 mm). Fifteen .04 0.0005-inch
(1.04+ 0.01-mm) -diameter holes, each radiating in thmesdirection,
will be drilled into a 15-inch (381-mm) length afking. The holes
will be spaced 0.5 inch (13 mm) apart with thetfinsle located 0.5
inch (13 mm) from the closed end, as shown in &goh6. The tubing
will be inserted into the environmental chambemtigh a 0.25-inch
(6.3-mm) hole drilled to locate the tubing 0.79h{20 mm) above and
0.79 inch (20 mm) behind the upper front edge efspecimen holder
and installed so that the holes are directed hotitly toward the
radiant heat source. One end of the tubing wiltlbsed with a silver
solder plug or equivalent.

5.3.8.2.2 The burner will be positioned above thecémen holder so that the
holes are placed above the specimen holder fabed¢at source, as
shown in figure 5-1a.

5.3.8.2.3 The fuel fed to this burner will be methaof 99 percent minimum
purity mixed with air in a ratio of approximatel/0 by volume. The
total fuel flow will be adjusted to provide flamedeapproximately 1
inch (25 mm) long. When the gas/air ratio andfiisl flow rate are
properly adjusted, approximately 0.25 inch (6 mm)he flame length
appears yellow in color.

5.4 Test Specimens
5.4.1 Specimen Size

The standard size for specimens is 5.94 + 0, -By8.94 + 0, -0.06 inches (150 + 0, -2 by 150
+ 0, -2 mm) in lateral dimensions. Specimen thidais as used in the relevant application up
to 1.75 inches (45 mm); applications requiring khiesses greater than 1.75 inches (45 mm)
will be tested in 1.75-inch (45-mm) thicknesses.

5.4.2 Specimen Number
A minimum of three specimens will be prepared asied for each material/part.
5.4.3 Specimen Mounting

Only one surface of a specimen will be exposedndud test. A single layer of 0.00%2
0.0005-inch (0.03: 0.01-mm) -thick aluminum foil will be wrapped tig§h on all unexposed
sides with the dull side of the foil facing the sjpgen surface. The foil must be continuous
and not torn. The retaining frame will be placethind the specimen between the back of the
specimen and the pressure plate.

5.4.4 Specimen Orientation

For materials that may have anisotropic properfies, different properties in different
directions, such as machine and cross-machine tidinsc for extrusions, warp and fill
directions of woven fabrics, etc.), the specimerils ve tested in the orientation thought to
give the highest results. If the average maximwat ielease rate exceeds 58 kWonthe
average total heat released during the first 2 tagexceeds 58 kW minfia second set of
specimens will be prepared and tested in the aiiemt that is perpendicular to the orientation
used for the first set of specimens. The highduesdor the average maximum heat release
rate and the higher value for the average total tedeased during the first 2 minutes will be
reported.



5.5 Conditioning

55.1

Specimens will be conditioned at#®°F (21+ 3°C) and 50% 5% relative humidity for a
minimum of 24 hours prior to test.

5.6 Calibration

56.1

5.6.2

5.6.3

5.6.4

5.6.5

Calibration Burner

A calibration burner, as shown in figure 5-7, viiél provided that fits over the end of the pilot
flame tubing with a gas-tight connection. T-batlets will be approximately the same height
as the lower pilot outlet.

0.116 £ 0.001 in (2.9 +0.03 mm)
Diameter Hole

Callibration Burner Shall be
Located at the Same Level as the
Lower Pilot Burner ( 0.5 in)
(£ 12 mm)

Figure 5-7. Typical Calibration Burner
Calibration Gas
Methane of at least 99 percent purity will be usedcalibration purposes.
Wet Test Meter

A wet test meter accurate to 0.007rftin (0.2 L/min) will be provided to measure thesdow
rate to the calibration burner. Prior to usage, ket test meter will be leveled and filled with
distilled water to the tip of the internal pointaccording to manufacturer instructions.

Calibration Gas Manifold

5.6.4.1 A means will be provided upstream of thé t@st meter to control calibration gas
flow. The means will have flow orifices preset poovide calibration gas at
approximate (uncorrected for the presence of weagror) flow rates of 0.035,
0.14, 0.21, and 0.28%min (1, 4, 6, and 8 L/min), as indicated by revin rate
(measured by a stop watch accurate to 1 secoriig afiet test meter. Output from
each of the flow orifices will be controlled by an/off means and be plumbed into
a single-flow line so that the calibration gas floate to the calibration burner can
be set at 0.035, 0.14, 0.21, or 0.2itn (1, 4, 6, and 8 L/min).

5.6.4.2 The actual, corrected value, F, of eacthefflow rates will be determined to an

accuracy of 0.007 $tmin (0.2 L/min), and these corrected values aredufor
calibration calculations in section 5.6.6.

Calibration Procedure
5.6.5.1 Replace the lower pilot burner with thelwakion burner shown in figure 5-7.

5.6.5.2 Install the wet test meter. Ensure thi leveled and filled with distilled water.
Ambient temperature and water pressure are basdbeoimternal wet test meter
temperature.

5.6.5.3  Turn on the air distribution system.



5.6.54 Turn on the radiant heat source and erbatéhe heat flux is 3.5 0.05 W/crf.

5.6.5.5  Using the calibration gas manifold, setliheeline flow rate of 1 L/min of methane
to the calibration burner and light the burner. aglgre the thermopile baseline
voltage.

5.6.5.6  Immediately prior to recording the thernepdutputs, as discussed in section
5.6.5.7, precondition the chamber at a methane e of 8 L/min for 2 minutes.
Do not record the thermopile output for this stegart of the calibration.

5.6.5.7  The gas flow to the burner is increased higher flow rate and then decreased to
the baseline flow rate. After 2 minutes of burniag each rate, monitor the
thermopile output (millivolts) for a 10-second petj record the average reading,
and decrease the flow rate to the baseline flowl df/fmin. This sequence of
increasing and decreasing the methane flow raas fsllows: 0.035 - 0.14 - 0.035
-0.21-0.035-0.28 - 0.035 - 0.21 - 0.035 - Gtlnin (1-4-1-6-1-8-1-6-
1 -4 L/min).

5.6.6 Compute the calibration factor for each upwate step (i.e., 1-4,1-6,1-8,1-6,4 -
L/min) according to the following formula:

273, (B,-R). (R - F)

760 (Vl - Vo)

KW/ m? - mv

k, = 2531

a

where;:

= Actual upper flow rate of calibration gas, imih (either 4, 6, or 8)

= Actual baseline flow rate of methane, in L/mapgroximately 1 L/min)
= Ambient atmospheric pressure, in mm Hg

Water vapor pressure of wet test meter watepégature, in mm Hg

= Ambient temperature, in °K

= Thermopile voltage at upper flow rate niv

= Thermopile voltage at baseline flow raterix

o< »—\< m_| <-U sn-U o-n ':I'I
1

5.6.7 Average the five results and compute the guetreelative standard deviation. If the percent
relative standard deviation is greater than 5 perecepeat the determination. If it is less than 5
percent, use the average as the calibration factor.

5.7 Test Procedure

5.7.1 Set the airflow to the equipment by adjustheypressure differential across the orifice ptate
7.87 inches (200 mm) of mercury.

5.7.2 Set the power supply to the Globars to preducadiant flux density of 35 0.05 Wi/cri at
the point that the center of the front surfacehaf $specimen will occupy when positioned for
test.

5.7.3 Light the pilot flames and check that theisiions are as described in sections 5.3.8.1 and
5.3.8.2. Activate the spark igniter if a sparkiignis used.

5.7.4 If the test specimen consists of materia siags and/or drips to the extent that part ofdym
fall out of the holder during the test, attach dngp pan to the specimen holder, as described in
section 5.3.6.1.

5.7.5 Place the specimen in the hold chamber wighradiation shield doors closed. Secure the
airtight outer door and start the recording device®ld the specimen in the hold chamber for
60+ 10 seconds.



5.7.6

5.7.7

5.7.8
5.7.9

5.7.10

57.11
5.7.12

5.7.13

Record, at least once a second, the therenaplilivolt output during the final 20 seconds of
the hold time before the specimen is injected, r@pdrt the average as the baseline thermopile
reading (millivolts).

After recording the baseline reading and withtimeframe not exceeding 3 seconds, open the
radiation doors, inject the specimen into the bahamber, and close the radiation doors.
Record thermopile millivolt outputs at least oncgeaond for the duration of the test.

After the test has run for 5 minutes, terr@ribe test and remove the sample.

Observe and note any extinguishment of fidohes then discard data from any test during
which the lower pilot burner was extinguished fay geriod of time exceeding 3 seconds or
during which at least three of the upper pilot ftdets were extinguished simultaneously for
any period of time exceeding 3 seconds.

Calculate the heat release rate for anyt pbitime from the reading of the thermopile output
voltage, V at that time as heat release ralg =(V; - Vo), wherek, andV, are the calibration
factor and thermopile millivolt reading at the base respectively.

Determine and record the maximum heat relesste during the 5-minute test.

Compute and record the total heat releasgdgithe first 2 minutes of testing by integrating
the heat release rate versus time curve durinfjrgte minutes.

Clean the thermopile hot junctions to remsnet after testing each set of specimens.

5.8 Report

58.1
5.8.2

5.8.3

58.4

Fully identify the material tested, includitiickness.

Determine and record the average maximumrkésdse rate during the 5-minute test, and the
average total heat released during the first 2 temor all specimens tested (in worst-case
direction).

Report the radiant heat flux to the speciinew/cnf and data giving release rates of heat (in
kwW/m? as a function of time, either graphically or titted at intervals no greater than 10
seconds, and the calibration fackgr

Report any melting, sagging, delaminatiomtber behavior that affected the exposed surface
area or mode of burning that occurred and the sjret(which such behavior occurred.

5.9 Requirements

591
5.9.2

The average maximum heat release rate diming-minute tests will not exceed 65 kV¥/m

The average total heat released during tseiminutes will not exceed 65 kW mirfim

NOTE: The 65/65 acceptance criteria above arel#fimitive requirements in FAR 25, Amendment

25-61 (FAR 25.853[a-1]), covering affected new desairplanes whose Type Certificate is
applied for after August 20, 1986. These defimitrequirements are referenced in FAR 121,
Amendment 121-189, and are required for all affé@eplanes manufactured after August
20, 1990. All affected airplanes manufacturedraftegust 20, 1988, but prior to August 20,
1990, must meet interim requirements of 100 kMion the average heat release rate and 100
kW min/n? for the average total heat released during tisé Ziminutes.



Chapter 5 Supplement
This supplement contains advisory material pertinemeferenced paragraphs.

5.3.2  The upper thermocouples in the thermopiletmemmain in the same position as when the last
calibration was completed. A template may be resmgsto maintain this position. Caution must Hesta
while cleaning the thermocouple junctions not toventhem.

5.3.3 A device should be provided to monitor therent of the heating elements (globars) during
testing; additionally, this may be used to adjimt globar current during initial warm up, beforaafi
adjustment.

5.3.4  The air distribution system circular platdioe should be no thicker than 0.125 inch. Theein
edges of the holes must be sharp. The holes itother plate are #4 drill size. The holes in thpper
manifold are #26 drill size. The holes in the imediate plate used for air flow disbursement @& dkill

size.

5.3.5 The exhaust stack and area above the uppeifoldashould be cleaned periodically of soot
deposits.

5.3.7 A second calorimeter should be used peritidida check the active calorimeter and its
calibration should be first generation from Natibhwestitute of Standards and Technology (NIST) toe t
calorimeter manufacturer.

5.3.8 A method to provide reignition of the lowelopflame is recommended. A spark ignitor should
be installed to ensure that the lower pilot bumgmains burning. A test is invalidated if the lovglot
burner becomes extinguished for any period thaéeds 3 seconds. A circuit for a satisfactory devéc
sketched in figure 5-5.

If an electric sparking device is used, an appeaiprmethod of suppression and equipment shieldumgt m
be applied to have no interference with the abilifythe data acquisition equipment to accuratetpre
data.

5.3.8.2 The upper pilot holes are #59 drill size.

5.4.1 to be added:reducing thickness of sample

5.4.2  For test purposes, specimens should be maritecn arrow by manufacturers or operators for a
consistent direction.

5.4.4 If there is evidence that a material doesdentonstrate isotropic flammability characteristosl
its heat release numbers in any one direction geegaecater than 58, either 2 minute or peak, thteniaa
must be tested in both directions. Examples ofe¢htypes of materials that may not exhibit isotropi
flammability characteristics are rugs and textiles.

5.6.1 The calibration T-bar burner holes are #3Pgire.

5.6.3  The tubing from the wet test meter to thébcafion T-bar must be as short as possible aretdir
in routing. Also, the wet test meter must be iliadine to the calibration T-bar.

5.7.6  Extreme caution must be used to ensure ligabaseline reading is completed prior to opening
inner doors for sample injection.

5.7.9  The use of an externally positioned mirroymssist in viewing upper pilot flames during tegti



5.7.13 A small, soft-bristled brush has been fosatisfactory. Do not disturb the position of the
thermocouples. Ensure that the thermocouplesnatteeir proper position before proceeding with miest
specimen; a template may be used to facilitatestieis.



