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PREFACE

This report was prepared as Part II of a research program conducted by the
Douglas Aircraft Company, a Divisional Company of the McDonnell Douglas
Corporation, under Contract No. DOT-FA77WA-4019 for the Federal Aviation
Administration of the U. S. Department of Transportation. Until his
retirement Mr. Robert C. McGuire was Program Manager for the Federal Aviation
Administration and has been succeeded by Mr. Constantine P. Sarkos at the
Federal Aviation Administration Technical Center.

The report was divided into two parts: Part I described the improved
technology investigated to upgrade existing methods for testing the
flammability of aircraft cabin materials; Part II was prepared to satisfy the
needs of investigators who are interested in building up similar laboratory
test equipment and provides detailed operational procedures, computer data
acquisition and processing program listings, and detailed derivations of the
hazards analysis models used to rate cabin materials in fire by the common
denominator of passenger escape time potential.

A Targe number of McDonnell Douglas personnel in many related technical fields
made important contributions to the successful completion of the program.
These individuals have been acknowledged in the Part I Preface. In addition
to these individuals, Yolanda Cortez and Terry Johns deserve special thanks
for their work with the word processors used to complete the two reports.
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[.  INTRODUCTION

Part [ of this report presented the development and evaluation of the Combined
Hazards Index (CHI) methodology for ranking aircraft materials for their
collective combustion hazards.

Part 1l contains detailed descriptions of ancillary equipment and test
procedures needed to modify a standard Ohio State University Heat Release Rate
Calorimeter (OSU-HRR) into a laboratory test facility known as the Combined
Hazards Analyses System (CHAS). A Single Animal Test System (SATS),
integrated with CHAS, is also described. Dimensions and operational details
are given for the specifically developed thermally insulated SATS and the
Multiple Animal Test (MATS) chambers. These were used in correlation studies
of Tlarge scale and Tlaboratory scale animal incapacitation data reported in
Part 1. The CHAS, a major part of the test procedures and the supporting
computer data processing programs, were developed prior to the CHI program.
The original work was done as part of the McDonnell Douglas Independent
Research and Development Programs in Fire Safety. This contribution greatly
aided the development of the more refined test procedures and protocols used
in the CHI program.

Part Il provides all of the important details for use by those who wish to
delve deeper or assemble and operate similar Tlaboratory or cabin size test
equipment. It should not be inferred, however, that strict adherence to the
assembly details and selection of equipment is a necessity. Experience has
shown that certain modifications to the chamber, use of fast response gas
monitoring instruments, and proper implementation of the computerized data
acquisition and reduction programs will improve materials hazards measurement
precision. Thus, other combustion product gas monitors having similar
operational characteristics with respect to speed of response sampling
volume, stability, etc., may be wused. Some of the modifications to the
OSU-HRR may not be needed. Extension of sample hold chamber required to make
use of the mass loss unit with an auxillary air cooling system fall in this
category.

A simultaneous opening and closing mechanism for the upper and lower radiation
doors, closing off the hold chamber before and after injection of a sample,
will improve precision and repeatability of measurement. The Tlisted data
acquisition and reduction programs are compatible only for use with the
Hewlett Package Model 9825A controller and bus operated data scanner, digital
voltmeter, clock, and a plotter.

Considerable modification of the programs will be required if other computer
systems are used, since the language will differ.

A1l of the gas monitors, pumps and the mass 1loss wunit are commercially
available. The gas sampling system was assembled using standard parts. The
SATS, refractory radiation doors and the associated opening/closing mechanism.
adaption of the mass loss unit and cooling system on the sample injection
assembly, the nousing for the gas sampliing system smoke filter, and low
thermal capacitance, 10 X 10 inch, sample holders were custom built. The
smoke detector was also constructed using the schematic and parts specified in
the current OSU-HRR test procedure document under review by the ASTM.

-1-



Part [l contains additional discussion and derivations forming the basis for
the hazards 1imit relationships, the Fortran coding, and output of the fire
analysis computer program. Other sections present supplementary information
on the composition of the panel materials tested, and large scale cabin tire
simulator test procedures and results.



[I. CHI LABORATORY EQUIPMENT AND OPERATION

LABORATORY TEST EQUIPMENT

The CHAS/SATS is comprised of four operational subsystems:

I. A modified Ohio State University heat release rate calorimeter modified
to measure rate of weight-loss of the sample as it burns, in addition to
heat and smoke.

2. A gas sample extraction and release rate monitoring train for CO, HCN,
CO2, NO/NOx. O2 (Depletion), unburned hydrocarbons (CHx). and gas syringe
batch sampling of gases for which monitoring instruments are not
available (aldehydes, HF, HC1, etc.) and a capability for determining
release rates for seven additional toxic gases commonly generated by
cabin materials in fires.

3. A 10-channel data acquisition/reduction, calculator controller and
printer/plotter system and a formatter/tape unit needed to collect all
the release rate data in compatible form for use in calculating CHI using
the Fortran IV (IBM 370) Fire Analysis Computer Program (FACP).

4. An instrumented animal (rat) time-to-incapacitation (Ti) rotating wheel
mounted in an airtight plexiglas enclosure (SATS) connected to the gas
extraction system installed on the HRR calorimeter.

MODIFICATIONS TO THE OSU HRR CALORIMETER

The basic mechanical details and construction of the HRR equipment described
in References 1 and 2 have been preserved. The sample holder and injection
mechanism has been modified to accomodate a cage type cantilever mass 10ssS
transducer (MLT) so that mass burning rates can be measured while the test
sample 1is burning in the HRR chamber. A photograph of this modification 1is
shown in Figure 1. Detail drawings of the sample holder/injection assembly
are presented in Appendix A, Figure A-1-1 through A-1-4. A wiring diagram for
the MLT is available in Appendix A, Figure A-2.

A new type of sample holder having minimum weight and thermal capacitance was
constructed to aviod overloading the MLT with 10 X 10 inch (25.4 X 25.4 cm)
samples mounted for testing. This holder is constructed so that a sampie burn
both on the front and back surfaces, as could occur in an actual fire. The
holder dimensions and construction are shown in Appendix A, Figure A-3 . The
front sample holder support tube has provision for feedthrough of a
thermocouple to the center of the test specimen to monitor surface or interior
temperature while a material burns. Other modifications required to
successfully accommodate and use the MLT include a hold chamber extension
duct, Appendix A, Figure A-4, and single action opening refractory radiation
doors shown in Appendix A, Fiqure A-5. These radiation doors are constructed
of low thermal conductivity material so that the hold chamber temperatures may
be held at lower levels for each heat flux setting. Excess temperature rise
inside the insulated box housing the MLT must be prevented to avoid thermal
drift in the MLT baseline signal which reflects as an error in the weight 1loss
determination. The remaining baseline drift is easily corrected to zero weight
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loss in the computer data acquisition program after standardizing runs are
made. As shown in the Figure 2 scnematic, a known constant flow of cool
(ambient) air is introduced into the hold chamber to keep this area cooler
prior to a test run. Immediately after placing tne sample holder MLT assembly
in the hold chamber, the 3 way valve must be turned to divert the airflow at
the same rate into the MLT housing to assure temperature stability. This
airflow (230 ft2/hr.), is included with the main airflow rate set for the
HRR chamber. It does not shift the thermal baseline set for the calorimeter,
since the air flows out of the MLT unit into the main chamber as part of the
total flow, and the baseline is taken after the air is diverted into the MLT.

A six position, neutral density filter wheel is mounted in front of the smoke
meter sensor housing to calibrate the smoke meter. This contains neutral den-

sity filters having optical density values of 0.1, 0.2, 0.3, 0.4, and 0.8 with
the sixth left blank for the test run.

GAS SAMPLING AND CALIBRATION SYSTEM - The gas sampling and monitoring system
(see schematic Figure 2) for the CHAS includes the following:

1. A 3/8" 0.D. Teflon ® (TFE) coated stainless steel (SS) gas and smoke
sampling probe installed through the side wail of the chimney using a
standara SS Swagelok bulkhead fitting.

N
i

A heated 248°F (120°C), heavy wall TFE gas distribution line conducts gas
flow through a valve directly into the animal test system (SATS). A
heated fiber glass smoke filter and acid gas scrubber system 1is connected
between the pumps and gas monitors.

3. A gas monitor calibration system consisting of span gas mixtures, pure
gases, and zero gas needed to adjust the monitors prior to a test run. A
valve controlled auxiliary gas supply from this calibration gas manifold
permits the operator to direct the flow of selected span gas mixtures
through the gas monitoring train, or by turning the 3-way valve, of pure

gases 1into the HRR chamber through a 1/4" perforated gas introduction
tube.

Ihe HCN monitor is caliorated directly using a permeation tube heated oven and
flow control/mixing unit (Reference 3). HCN mixtures in compressed cylinders
are generally unstable for use; because of the reactivity of this gas with
cylinder walls, the concentration may change daily.

Standard flow control valves, flowmeters, SS tubing (0.25 in. x 0.026 in.
wall), TFE diaphragm pumps, 47 mm diameter filters. 50 ml ‘syringes, standard
SS and TFE fittings, heating tapes and autotransformers, an electronic digital
timer, and TFE diaphragm pumps complete the gas sampling system.

A descriptive list of all monitors and parts for this system appears in the
Equipment List section of Appendix A.

The detection and quantitative accuracg of measurement of the individual gases
depends on maintaining the integrity of the sample. Care must be exercised to

prevent undue loss of the reactive gases, HF, HC1, HCN, aldehydes, etc. in the
tubing. Heated TFE lines, fittings and valves are used at critical locations
to reduce losses of the reactive gases by condensation or absorption up to the
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point at which they are sampled, while selectively removing the active
components  (HF, HCI) that will damage the CO, COp, Oy, and CHx gas
monitors downstream. Thus, a TFE "T" fitting with a septum is installed at
the gas sampling probe line close to the chimney to withdraw syringe gas
samples at timed intervals for HC1, HF, aldehydes and other gases not
monitored in real time. The smoke and acid gases are removed in tandem by the
heated 2 x 12 inches (50 mm 0.D. X 30.48 mm) filter tube filled with fiber
glass and the acid gas glass (or SS) U-tube scrubber guarding the pump and the
real time gas monitors. By design, the 0OSU HRR Calorimeter divides the
airflow so that 75% of the total flows through the outer pyramidal section
(see schematic) and the remaining 25% flows upward over the burning test
specimen and exits from the inner pyramidal section into the chimney. The gas
sampling probe is positioned below the outlet of the inner pyramidal section
to avoid the 3 times dilution of released gases that would result if the probe
were placed at the top of the chimney. At a total flow of 60 ft2/min
(1699 liter/min), 15 fto/min (424.7 1liters/min) flows through the 1internal
pyramidal section. The flow rate of gases pumped through the sampling probe
is much lower: 0.035 ft3/min (1 liter/min) through the CO, COp and CH,
monitors (connected 1in series), and the HCN and NO/NO, monitors; 0.Q1766
ft /min (0.5 liter/min) through the 0y monitor, and 0.4944 ft°/min
(14 Titer/min) through the SATS. Flows can be adjusted to isokinetic Tlevels,
if required by adjusting the flow rate or installing a probe with a different
inlet opening size. Under current operating flow conditions the ratio of
extracted gas flow to mainstream flow 1is so low (approximately 1%) that
reversal of outer pyramidal section air flow is avoided.

Tne €O and COp monitors are not subject to interferences or nonspecific
reponse at the concentration levels of gases released in the analyte com-

bustion product stream if the gas cell drying agents provided 1in these
instruments are maintained.

Tne microfuel cell sensor in the O0p wmonitor (Infrared Industries) s
specific for oxygen and will not Tlose sensitivity even 1if it is exposed to
atmospheres containing high concentrations of CO,.

The wunburned hydrocarbons and other combustible gases (including CO) are
measured by the CHx monitor 1in terms of a methane (CHgq) equivalent. Oxy-
genated and other hydrogen substituted combustible gaseous species (alcohols,
ethers, esters, aldehydes, etc.) are also detected.

The HCN monitor silver electrode detector responds to Ci, and HyS in addi-
tion to HCN. However, Cl, gas is not normally produced from chlorine con-
taining polymeric materials subjected to fire environments. Materials such as
wool carpeting or wool/nylon seat fabrics do contain sulfur and evolve
quantities of H,S in fires. A HyS filter, Appendix A, Figure 6, was
ceveloped to remove H,S gas from the analyte stream sampled by the gas train
in tne monitor. This filter, which consists of a heated "1" inch diameter
(2.54 cm) glass tube 6 inches (20 cm) in Jlength filled with a loosely
stratified pack of fiber glass alternated with powdered lead carbonate,
efficiently removes H,S with littie loss of HCN. During the testing of all
panel materials, the HCN monitor was used without the lead carbonate filter

for both the Tlaboratory and full-scale testing, since elemental sulfur was
absent and HyS was not evolved.



CHAS INSTRUMENTATION MEASUREMENT CHARACTERISTICS

[ABLE 1

I H.P. 305/A RELEASE RATE CHAS DETECTION
i INSTRUMENT CHANNEL PARAMETER MEASURED RANGE DELAY TIME
h_ ———
! 0SU Design 1 Smoke Optical Density | 0-2 0.2 sec
'z
| West Coast Res. 2 Mass-Loss, g/min 2-1000 gq. 0.01 sec
; Corp. & Dac
0SU HRR Cal. 3 Heat Release, Kw/mé | 2-2000 kw/m° 2 sec
MSA LIRA 303 4 CO, ppm V/V | 0-7500 ppm 17 sec '
Beckman 864 5 | COp, % V/V | 0-2.5% 18 sec
Kin-Tek (Dow) 6 HCN ppm V/V 0-100 ppm 30 sec®
Teledyne 326A00 7 |09, % V/V 0-25% 20 sec
| Infra Red Ind. @ 7 05, % V/V 0-2.5% 19 sec
Teledyne 175 8 CHy., % V/V 0-2.5% 19 sec
| Material Surface 9 Material Temp, °K 0-1000 K 0.1 sec
Thermocouple |
CR-AL Type "K"
i Thermoe}fgtron 10 NO/NOx, ppm V/V 0-10,000 15 sec
i Corp.

@
)
®
®

Used for Panel 1 tests

Used for Panels 2, 3 and 4 tests.
Reduced to 6 sec for Panels 2, 3 and 4 tests.
Used only for Panel 2, 3 and 4 tests.

The gas monitors are commercially available instruments and essentially detect
and quantitatively measure each gas selectively with minimum or no interference

from other gases in tne combustion mixture.

Table 1 lists the monitors used and

the analytical sensing method employed by each instrument employed in the CHAS.

Two dual pen strip chart recorders plot the analog outputs from the HRR Calori -
meter thermopile, smoke meter, MLT, and one other parameter; or, alternatively,

sample front surface radiant flux

recorders are u

beginning a test

seful

levels,

or carbon monoxide release.
for pretest adjustments of airflow versus radiant panel
energy settings and observation of heat and smoke meter baselines

These

prior to

. They also afford some degree of redundancy and a check of the



reproducibility of the on-line Hewlett Packard data acquisition/reduction system
(HP-ADAS). The data is stored on the HP 9825A calculator tape cassette (or
disk) from each channel identified on the schematic, Figure 2 and in Table 1.
For a 10 minute burn period, 6000 data points are recorded defining the primary
combustion characteristics of the material for use in the FACP. At this stage,
the data may be processed and reduced using the HP 9825A programs delineated in
Appendix A. The output available from these programs consists of individual
plots (HP 9862A) showing the rate of release of heat, smoke, and gas, and mass
10ss as the material burns in the HRR chamber, and a list of digitized data (HP
/245A) for each hazard over the burn period, 1if desired. The HP 9825A tape
cassette data is then transferred to IBM 370, 9 track 900 BPI 7 inch tape using
the BPIB buffered controller Dylon model 1015A formatter/tape recorder. This
interface system translates the HP acquired data into language compatible for
use with the Fortran IV programming required in the IBM 370 computations of
CHI.  Figure 3 shows the HP data acquisition/reduction sytem and the Dylon for-
matter/tape accessories.

ANIMAL TIME TO INCAPACITATION TEST CHAMBER - In order to wutilize animal
time-to-incapacitation (Ti) as a measure of the toxicological hazard, Douglas
designed and fabricated an exposure chamber, Figure 4. The plexiglas chamoer,
has a central shaft driven at Tlow RPM by a variable speed electric motor/gear
reduction drive mechanism. A contact bar, positioned in the slot of the split
wheel, is supported on a flexible beam containing a strain gage at each end of
the contact bar. This provides an assembly tnat outputs deflection voltages
generated when the animal (rat) steps on, or contacts the bar. The voltage out-
puts from each strain gage are summed in a signal conditioner and then recorded
usine a standard strip chart instrument having a full-scale response of 2 - 50
MV/full scale. A sensor of slightly different design was developed at FAA
Technical Center, formerly NAFEC by Dr J. Spurgeon (Reference 4). This single
wheel animal test system (SATS) has been integrated with the CHAS to obtain Ti
data along with the other monitored release rate data. Because of the dilution
occurring in the HRR continuous flow chamber, toxic dose buildup in the animal
Chamber must be attained rapidly to obtain a Ti or Td (time-to-death) result in
less than 20 minutes. The developed test procedure, therefore, provided for a
gas and smoke pumping rate of 0.494 ft3/min (14 liters/min)through the chamber
which has a free volume of 0.19 ft3 (5.4 Tliters/min). This sampling rate,
therefore, allows 2.59 nominal volume interchanges per minute. The SATS chamber

was isolated at the highest CO production rate and held in this condition while
the Ti test was completed.
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CALIBRATION OF CHAS/SATS

tEach of the subsystems of the CHAS/SATS require calibration on a run-to-run or
day-to-day basis to ensure repeatability and accuracy of measurements. A set
of calibration curves must be plotted, one for each fire response parameter,
that relates the change in analog signal output (millivolts) with the quantity
(concentration) of the parameter being measured. A polynomial curve fit of
the plotted data 1s calculated. The coefficients for each parametric
polynomial equation are used in the HP data acquisition/reduction program to
digitize the data output by the CHAS instrumentation.

HEAT RELEASE RATE BY UNCOMPENSATED DTP - Preliminary to a run, two HRR
calibration measurements are made: (1) a reading of the Globar radiant heat
flux at the center and at the same distance away as the front surface of th
test sample during a vrun wusing a calibrated, water cooled, Hyca(%)
Calorimeter, and (2) adjustment of the airflow rate to that selected for the
test (60 ft3/min (1699 1liters/min)] using a calibrated absolute pressure
differential gauge - orifice meter and a flowmeter to set the airflow through
the hold chamber/MLT unit. The HP-ADAS program contains a section useful for
adjusting the differential pressure reading to set the flow rate.

The temperature difference between air entering the main burn chamber of the
HRR Calorimeter and that leaving is monitored by a thermopile (TP) having 3
cold and 3 hot 24 gauge chromel-alumel junctions. The hot junctions are
spaced across the top of tne exhaust stack (See Figure 2). The cold junctions

are located in the air distribution pan at the bottom of the chamber below the
air distribution plates.

Two parameters must be set to determine the heat release factor for the HRR
Calorimeter: (1) the airflow rate and (2) the volume of fuel gas, of known
heat content, burned per unit time in the HRR inner chamber.

A 7-flame calibration burner tube is substituted for the lower pilot light to
accomplish the calibration runs, as described in detail in Reference 1.

A sharp edge type orifice and differential pressure gauge is used to adjust
thne airflow rate through the HRR chamber. A standard flowmeter and paral]el
valve controlled, air supply 1is adjusted to a flow of 230 ft3/hr  to
ventilate and cool, alternateiy, the hold chamber or the MLT unit during a
run. Table 2 lists a range of differential pressure gauge settings versus the
corresponding airflow rates that may be used for both calibration and test
runs. Figure 5 shows a plot of differential pressure versus airflow using
data from Table 2. A total flgw of 60 3 /min (1699 liters/min) total
airflow split to provide 56.17 fto/min (1591 liters/min) through the HRR air
distribution system, and 3.83 ft3min (108 1liters/min) through the hold
chamber or MLT unit was selected as tne operational mode for all testing.
Natural gas (90% methane) having a heat content of 1060 Btu/ft3(with some
seasonal variation) or some other gas, such as propane, (with a known heat
content) is used for this calibration.

Witn the airflow adjusted to the selected test level, and the gaseous fuel
supply connected to a wet test gas meter and to the multiple flame burner
nlaced over the end of the pilot flame tubing using a gas tight connection,
proceed as follows by referring to the schematic of Figure 6:

-12-



TABLE 2

ATRFLOW RATES VERSUS DIFFERENTIAL PRESSURE READINGS

P GAUGE | EQUIVALENT HRR | ADJUSTED AIRFLOW | ADJUSTED| LINEAL AIRFLOW
READINGS TOTAL AIRFLOW TOTAL AF-MLTAF (1) P |RATE OVER SAMPLE |
f 1 '
PSI jINLH Hg | ft3/min | 1/min | ft3/min E 1/min | INCH Hg |ft./min | cm/sec
- A |
0.3 0.61 20 566 16.17 | 458 0.43 4.04 2.05
0.6 1.22 30 | 849 26.17 741 0.92 6.54 3.32
1.0 2.04 40 1133 36.17 | 1025 1.73 9.04 4.59
1,57 \ 3.20 50 1416 45.17 | 1308 2.65 11.54 5.86
2,201 4.48 60 1699 56.17 | 1591 3.93 14.04 7.13
| 2.94 | 5.99 70 1982 66.17 | 1874 5.35 16.54 8.40
. 3.78 | 7.70 80 2265 76.17 | 2157 7.02 19.04 9.67
| 4.71 | 9.59 90 2548 86.17 | 2440 8.86 21.54 | 10.94
‘ 5.75 | 11.71 100 | 2832 96.17 | 2724 10.91 24.04 | 12.21
6.80 | 13.84 110 3115 | 106.17 | 3007 12.83 26.54 | 13.48
| 8.00 | 16.29 120 3398 | 116.17 | 3290 15.27 29.04 | 14.75
9.10 | 18.53 130 3681 | 126.17 | 3573 17.71 31.54 | 16.02
{ 10.30 | 20.97 140 3964 | 136.17 | 3856 20.10 34.04 | 17.29
(1) Adjusted Airflow = Equivalent HRR Tota] Flow-Hold Chamber, MLT Airflow

Hold Chamber or MLT Airflow = 230 ft3/Hr
Equivalent HRR Total Flow used for Tests
Substituting above airflow values:

Adjusted Airflow =

Equiv.

won

3.83 ft3/m1n
60 ft3/min

HHR Total Flow - 3.83 ft3/min
56.17 ft3/min airflow set for HRR Cnamber input.

60-3.83 =

NOTE: The values listed in Table 2 and plotted in Figure 10 relate only

to the orifice meter used with the CHAS.

require individual calibration.

Other meters and equipment will

Open the valve from the natural gas main supply (be sure flow control
valves V1 & V2 are closed).

Switch 3-way valve, V3, to supply natural gas pressure from the main tap

to valve

V1.

Slowly open VI
delivered to the multipe flamelet burner,

until

wet test meter shows a low flow of gas

and ignite the burner.

is being

Adjust V1 until flamelet heights are approximately 1.6 inches (4 cm) or
inch water manometer differential
release should be not less than 80 Btu/min (1.4 kW).

0.4-0.6

pressure

Switch V3 to the other bypass leg supplying V2 with gas.

is observed.

Heat

Open V2 until wet test meter shows flow, and reignite multiple flamelets
on burner.

-13-
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/. Adjust VZ until flamelet heights are approximately 8-10 inches
(20-25 cm.). Water manometer pressure should not exceed limits for

instrument (usually about 6 inches), and heat release should not exceed
440 Btu/min (7.75 kW).

8. Switch V3 back to flow into VI bypass leg and allow thermopile reading
(mv) to stabilize on the strip chart recorder. This establishes baseline
which should not vary from steady state "zero" readings for 5 minutes by
more than +0.02 mv read from the strip chart recorder.

9, Set wet test meter dials to zero and start electronic timer as meter
needle passes zero.

10. Allow low flame condition on burner to establish baseline for a time
sufficient to burn 1-2 ft3 of natural gas and record the wet test
volume and the time (in seconds) in the appropriate columns in Table 3.

11. Switch V3 to high flame condition in the multiplie flamelet burner. The
DTP signal level recorded on the strip chart recorder should move sharply
upward (+ mv direction).

12. Reset to zero all dials on wet test meter and on the electronic timer.
Restart time as main meter needle passes zero.

13. Allow high flame burn to continue for not Tess than 10 minutes. Record
wet test meter volume and elapsed time on the timer and the mv response
above baseline from the recorder chart in the appropriate columns of
Table 3. Reference 1 calls for recording the mv response at 4-minute
burn intervals until a constant increase and decrease of the mv signal to
baseline is achieved.

I4. Repeat steps 7 through 13 at Tleast three more times, adjusting flamelet
neights to different Tlevels by use of valve V2. Record natural gas
consumption and mv DTP response for each run in Table 3.

i5. Using the formulas provided in Table 3 calculate the kW/m¢/mv
conversion factor that corresponds to the sample size to be tested.

16. Record baseline heat absorption profiles for the specimen holder (without
specimen) at each radiant heat flux level used for testing materials.

This calibration factor for heat release, kW/ml/mv and the specimen holder
baseline corrections are input into the HP-ADAS program for use in calculating
and plotting the data recorded during an experimental burn test in the CHAS,
only if tne DIP is used to measure heat release rates.

RADIANT HEAT SOURCE - The radiant heat source, which consists of 4 silicon
carbide elements (Globar, Union Carbide Co.) 1is wused with a variable
autotransformer power source to generate heat flux Tlevels up to 8.81 Btu/ft?
sec (10 W/ecm?). A working curve similar to Figure 7 is plotted to allow
rapid setting of the radiant flux level by adjusting the voltage input into
the Globar elements. This 1is accomplished by reading the radiant flux at 4
inches (also the test sample distance) from the radiant panel using a Hycal
model R-8015-C radiometer for vertical specimens and a P-8400-J pyroheliometer

-16-
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for horizontal specimens. Figure 8 1is a copy of the National Bureau of
Standards based plot of the R-8015-C Calorimeter millivolts output against the
measured radiant heat flux. The use of voltage settings per Figure 7 to obtain
a desired radiant flux level is reliable for a period of 1-2 months. With
ageing and extended use, the heat flux output versus voltage of the power

transformers will change slowly, necessitating restandardization with the
Hycal calorimeter.

SMOKE METER - Special neutral density filters have been mounted in a wheel.
These are needed for setting the range of the smoke meter and obtaining mv
versus optical density readings from which a calibration curve and polynomial
equation curve fit can be determined and used during a test run. The filters
have been accurately measured for optical density using a spectrophotometer.

MASS LOSS TRANSDUCER (MLT) - The mass loss tranducer nas the following
operational parameters:

0 Total sample weight (plus holder) = up to 2 Kg (0.9 1b.)
0 Nonlinearity - less than 1% at ambient temperature

0 Baseline Thermal Drift = 0.1% for first 5 minutes; and less than + 2% for
second 5 minutes of test at 5 w/cm2 HRR radiant flux setting.

0 Dynamic Response = 0.1158 mv/V/100 grams

A calibration curve for the MLT is generated by plotting the change in
millivolt output versus weight change by "dead 1loading" the sample holder,
with standard calibrated analytical balance weights. An HP plot of this
calibration showing the linearity of response of the MLT appears in Figure 9.
The slope of this curve is calculated to obtain the dynamic reponse value
(millivol1t/100g wt. change/volt excitation) which is used in the HP data

reduction program to determine the mass loss burning rate of the material
mounted in the sample holder.

GAS MONITORS - Calibration of the gas monitors was accomplished either (1)
directly by flowing standard analyzed gas mixtures of varying composition
supplied sequentially from compressed gas cylinders fitted with 2-stage

Reqgulators and manifolded on the gas system input to the monitors, as shown in
Figure 6, or (2) by introducing the pure gases by a tube located below and
near the plane corresponding to the test specimen front surface. Method (1)
was used to set zero and gas monitor span readings prior to each run. The
additonal span gas mixtures are useful in checking the instrument responses
and preparing the calibration curves for each. Method (2) provides a
technique (as discussed in Reference 2) of injecting pure gases directly into
the HRR chamber to closely simulate the way in which gases are evolved by the
test sample and to provide accurate system response delay time for each
monitor. Method (1) was used to prepare the calibration curves for the
testing described in this report, since direct calibration requires larger
quantities of high purity gases for each monitor.

-18-
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Table 4 summarizes the span gas mixtures (Matheson analyzed and certified)
used for calibration.

TABLE 4

STANDARDIZED SPAN GASES & MIXTURES
(Compressed Gas Cylinders)

SPAN GAS CONCENTRATIONS IN CYLINDER

GAS

NO. |% CO % COy % 0) % CHg % Np % NO
1-S | 0.3654 2.086 | 18.46 0 BAL 0
2-S | 0.4100 2.170 1.97 0 BAL 0
3-S | 0.2086 1.245 | 15.88 0 BAL 0
4-S | 0.1083 0.8184 | 12.57 0 BAL 0
5-S 0 0 0 5.0 BAL 0
6-S | 0 0 0 0 99.5 0
7-S 0 0 0 0 BAL 0
1-C [99.5 0 0 0 0 0
1-B 0 99.5 0 0 0 0
1-C 0 0 0 99.5 0 0

Ine analyzer and

CHx monitors.

certified compressed gas cylinder mixtures
through 7-S) are suitable for calibration for the CO, C0p, 0p, NO/NOx, and

(span gases 1-35

Calibration curves for CO and COp, Figures 10 and 11, were plotted by the HP
3052A ADAS system using the output readings obtained from the standard span
gas mixtures listed in Table 4. These curves were programmed in the

calculator to obtain the respective polynomial equations and coefficients
using a curve fit routine.

The response of the 0, monitor is a straight line in the range from zero to
25 percent oxygen depletion. Thus, for tnis instrument, the baseline is set
to the known air concentration (20.95%) for each test.

Tests employing blends of methane in nitrogen gas in the range of zero to 5%
methane show that the total combustibles monitor is also quite linear in
response. Span gases 5-S5 and 6-S5 are used to calibrate and set the range of
response of the detector output prior to a test (Method 1 and 2).

Experience with these monitors has shown each to be quite stable, uniform in
repeatability and free from drift during 8-hour test periods. More frequent
calibrations to set baselines and spans are required for the CO and CO»
monitors if the barometric pressure changes greatly during the day. The CHx
monitor airfiow and sample flow settings require frequent adjustment to
achieve repeatable readings.
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The CHAS gas sampling system (Figure 2) is provided with a hypodermic syringe
septum and gas introduction 1line plumbed into the system upstream of the
pump. This is a useful feature since it permits injection of large syringe
(1500 m1) serial dilution mixtures of CO, COp, 0z, CHx to check instrument
calibration and the standard gas cylinder mixtures for significant changes in
calibration gas concentration due to "ageing" in cylinders over long periods
of use. The line connecting the acid gas scrubber to the valve upstream of
the pump (V2) is removed and capped to prevent dilution of the calibration
mixture. The gas system pump is used to pump the syringe dilutions through
the various monitors. The response of an instrument may be charted using
several dilutions employing the HP-ADAS system to take the data and plot the
curves on the same chart.

Figure 12 illustrates the use of the span gas mixtures and the serial dilution
syringe technique for checking instrument/data acquisition system calibration
and diagnostic response. Figures 12 (a), (b) and (c) show relatively rapid,
accurate, and stable response to the span gas mixture concentrations.
Figure 12 (d) shows the response of the CO monitor to direct injection of the
CO/Ny syringe samples as a cross check of the span gas mixtures used to
calibrate the monitors.

The real-time gas monitors require from 30 minutes to 1.5 hours to warmup and
thermally stabilize. Thus, it is good practice to leave those monitors
requiring the longest warmup time (CO and CO2) turned ON overnight to avoid
testing delay the next day. The heated smoke and HpS filters, and the TFE
lines connecting the gas sampling probe (HRR stack% in the HRR to these
filters and the gas monitors also are maintained at a temperature of 1200C
during standby periods. The oxygen analyzer should be turned off during
longer periods of standby (overnight or on weekends) since the internal gas
sampling pump will give longer service.

The CHx analyzer catalytic bead type detector will lose sensitivity if it s
operated without airflow mixed in with the analyte stream flowing through the
sampling system. Combustibles without at least a 2 to 1 ratio mixture with
oxygen should never be allowed to flow past the sensor. The range of this
instrument is 0-5% combustible gas; however, it is actually operated at a
sensitivity of 0-2.5% combustibles (methane equivalent) due to the one-to-one
dilution with air. Accuracy is greatly dependent on maintaining the airflow
through the detector at a 1:1 ratio with the sample stream.

The above monitors may be checked for response either by use of the zero and
span gas cylinder mixtures, or by mixing known concentrations (by dilution)
employing pure CO, COp, 02, and CHx in a 1500 ml acrylic syringe
containing one or two small aluminum foil strips to aid in mixing the gases
injected from a low volume syringe into the larger one. Once mixed, the gas
syringe blend is injected through the septum provided on the CHAS, or it may
be pumped through the monitoring train. The syringe procedure is used only
when it is desired to check the regular calibration span gas mixtures for
changes or to obtain monitor readings not available with the span gas mixtures.

The following instructions must be followed to activate and calibrate the real
time gas monitor system (refer to schematic, Figure 2):

1. Close valve V1, isolating the SATS from the gas sampling system.
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10.

11.

13.

Open V2 and V5 and switch the CO and CO» monitors on. Warmup requires 1
to 2 hours to attain thermal stability. Calibration can proceed when
meter needles show constant readings near low end of the dial (use zero
controls to keep needle on scale).

With V4 closed, turn on and adjust pressure requlated compressed air

supply for the CHx monitor; then, slowly open V4 and adjust airflow
through the detector to 1 liter/minute.

Switch the 0p monitor (Infrared Industries) on. Press solenoid switch
button on the front panel to sample ambient air (bypassing the sampling
system). In this mode, the monitor is reading the 0, percentage in room

air. After warmup 1(5-10 min.) the digital meter reading should stabilize
at 20.9 to 21.0%. See instruction manual if 0y reading needs adjustment.

Switch on the main power (front panel) to the NO/NOx monitor, and in
sequence, the vacuum pump, sampling system pump, sampling system heater,
and the temperature controller (catalyst oven) on the front panel.

While catalyst oven temperature is stabilizing (as indicated by controller
indicating Tlight cycling on and off at 650°C set point), check photocell
for zero and full scale meter readings. Adjust dark current to zero as
outlined in instruction manual.

Disconnect NO/NOx monitor sampling line from the CHAS system and connect
to a 10 psig regulated pressure cylinder supply certified to contain
0.0150% of NO with nitrogen. This calibration mixture is designated 7-S
in Table 4.

Set the range switch on the front panel to 250 ppm and adjust the
calibration (10 turn) potentiometer knob to 2 or 3. Then turn on the
ozone generator. The needle on the meter should rise to nearly 30% of
full scale. When the reading stabilizes, set the calibration pot to get a

reading equivalent to the NO concentration certified for the 7-S5 gas
mixture.

Reconnect the inlet line to the CHAS system after closing the calibration
cylinder regulator valve.

Turn 3-way valve VI3 to permit calibration gas flow from the manifold to
the CO, COp and CHx monitors.

Close V2 and open V3 and V5. Open main cylinder valve for N, zero gas
and adjust two stage regulator pressure to approximately 10 psig or until
a reading of 1 Titer/min. filow is observed on the CO, COp, and CHx
flowmeters. Fine adjustments are made using V3 and V5.

. Using the zero control knobs set the meters on the three monitors to zero.

Close valve V7 on zero gas cylinder. Open V6 on the span gas mixture and
adjust pressure requlator as outlined in Step 11. Adjust V3 and V5 to
obtain 1 liter/min. flow through each monitor.
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14.

15.

16.

17.

Using span gas mixtures 1-S and 5-S set meter needle readings with the
span or gain knobs to the values corresponding to the certified gas
concentrations based on the individual instrument calibration curves,
Figures 10 and 11. The CHx monitor is set to full scale at 5% methane and
has straight line response.

While span gas mixtures 2-S through 4-S may be useful for checking the
calibration curves for each monitor, they are not needed for regular
operations.,

Close all span gas cylinder valves on the manifold.

Open pump valve V2 slowly after the pump is switched on and adjust flow
rate from CHAS system into the monitors to 1 liter per minute.

The CO, COp, CHx, 0, and NO/NOx monitors are now ready for a test run.

HCN MONITOR - The dynamic permeation tube-flow dilution technique developed by

0'Keefe and Ditman, Reference 3 and described by Herrington in Reference 2 was

employed to prepare the calibration curve for this monitor. The calibration
curve is shown in Figure 13.

The following procedure must be followed to prepare the HCN monitor for opera-
tion and calibration:

1.

Preparation of Electrolyte

a. Add: 6 g KOH
20 g NapS04
10 g Na2503 to boiled (CO2 free) deionized water
D. Seal the bottle for storage or use a stopper fitted with an

ascarite guard tube.

C. Never use electrolyte that is older than 3 months.
Set up the HCN analyzer

o a. Turn the gas pump & electrolyte pump on. The digital voltmeter in

front of the analyzer should show a reading close to zero.

Set up the permeation device (Analytical Instrument Development Inc.
Calibration System Model 309, or equivalent).

a. Connect the air inlet at the back of device to a pressure regulated
flow of pure air, and connect the output line to the HCN monitor.

b. Adjust the pressure gage to approximately 40 psi.

c. Adjust the chamber flow to 1 liter/min (use a flow bubbler); the
reading on the scale should be close to 5.1. (AID Instrument, only).

d. Set the temperature on the oven in accordance with the following

table, and insert the permeation tubes into the AID permeation
chamber as required (singly or in multiples) depending upon HCN
concentration required for each calibration point.

CAUT ION: This operation must be done in a well ventilated
chemical fume hood. Use plastic gloves or forceps to
handle the permeation tubes.
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4. Calculation:

The permeation rates for the HCN permeation tubes are as follows:

30°C 50°C
#1705 2487 ng/min 8112 ng/min
#1706 2528 ng/min 8112 ng/min
#1707 2570 ng/min 8209 ng/min

Equation Used:

Concentration in ppm
Permeation Rate, ng/min
Flow Rate cc/min
Constant

A m X Oy

K=0.0821 x T
P X MW

Temp in O

—
]

P = Pressure in Atmospheres
MW = Molecular Weight

Calculate R

Assume Permeation Rate is Linear response to temperature

For Tube #1705 R = 2487 + 281.25 (X-30)  NOTE:
For Tube #1706 R = 2528 + 279.20 (X-30)
For Tube #1707 R =2570 + 281.95 (X-30)

-30-
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X = Temp in OC

Calculate K

K =0.0821 x T (%)
1T x 27.026
K = 3.0378 x 1073 x T (%)

5. Connect HCN monitor output to a standard high impedance input strip chart
recorder set to 0-100 mv range.

6. Obtain 10-12 calibration readings on the chart recorder relating
permeation tube (calculated) HCN concentration per step 4 to the
recorded, stable mv reading. This is achieved using a combination of
permeation tubes placed in the AID wunit, by changing the oven

temperature, and the airflow dilution rates. Table 5 shows a
representative set of 5 calibration points determined wusing this
procedure.
TABLE 5
HCN CALIBRATION DATA
(example)
DATA PT. PERM TUBES TEMP, AIRFLOW RECORDER HCN
NO. _ USED oC CC/MIN MV PPM
#1705
1 #1706 50.2 1000 78.1 24.16
#1707
2 Same 40.7 Same 53.5 15.82
3 Same 36.7 Same 42.5 12.45
4 Same 33.1 Same 33.3 9.48
5 Same 30.1 ! Same 26.9 7.38
6, etc. (Use same methodology as above)

7. Plot the HCN ppm values calculated from the formulas and input test

parameters (shown in Steps 4-6) against mv output from the HCN monitor
detector cell.
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8. Curve fit the above plotted data using a 3rd order polynomial curve fit
routine. The coefficients of this equation are used in the HP-ADAS pro-
gram to process the data recorded during a burn test (Figure 13).

The HCN monitor operational characteristics have been discussed in detail in
Reference 2. The detector 1in this instrument is relatively free of inter-
ferences from other gases commonly found in combustion products. As reported
by Dow, Table 6 gives the response of this detector to a number of gases.
Spot checks, conducted by injecting quantities of diluted pure gases (CHg,
C3Hg, H2S, NOp, HC1, etc.) essentially substantiate these results.

GAS BATCH SAMPLING - Real-time, specific response, monitoring instruments for
many combustion gases were not commercially available nor desired. Complexity
of CHAS was reduced by adding batch sampling capability for gases not gen-
erally present. Methods for laboratory chemical analysis of these gases were
selected from the scientific literature and modified as needed. Table 7 gives
this list.

CHAS/SATS TEST PROCEDURE

Procedures for operation of the HRR calorimeter and preparation and in-
troduction of the sample into the inner chamber were in accordance with the
proposed ASTM test procedure (Reference 1) except as shown in Table 8. Modi-
fications to the calorimeter have required additional steps.

PRETEST ADJUSTMENTS - The procedural steps for running the CHAS/SATS are as
follows:

I.  Turn on and adjust the main air_supply regulator for the HRR chamber to
the selected airflow rate (60 ft3/min).

2. Turn on electrical power to the HRR GlobarRradiant panel and adjugt
power input to selected radiant heat flux Tlevel (2.5, 3.5, or 5 W/cm?%)

as measured by a standardized calorimeter. Ignite the internal chamber
pilot Tight(s).

3. Open the air supply valve and adjust the auxiliary airflow to the CHx
monitor, adjusting the flowrate to 1 liter/min, before switching on the
power.

4. Switch on the electrical power to the other continuous gas monitors (CO,
€0y, 0y, HCN and NO/NOx), MLT unit, and the smoke photometer.

5. Allow 1-1.5 hours for warmup time. All gas monitors should equilibrate
and readout very nearly to the same baseline readings as noted at the end

of the previous day. Barometric pressure changes from day to day will
cause slignht deviations.

6. Cut samples to size (6 x 6 or 10 x 10 inches) selecting the size on the

basis of the expected heat, smoke, and gas release rates, and mount in
sample holder.
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RESPONSE OF AMPEROMETRIC HCN ANALYZER TO VARIOUS GASES

TABLE 6

(Ref.: D. Herrington, Dow Chemical Co.)
'_‘"—___ - Response
(Equivalent
. Gas Concentration ppm HCN) Recovery
acetone 5% 0 immediate
acetylene 1% 4ppm immediate
ethylene 100% 0 immediate
me thane 5% 0 immediate
butane 5% 0 immediate
methyl acetylene 2% 0 immediate
carbon monoxide 15% 0 immediate
carbon dioxide 15% 0 immediate
carbon tetrachloride 5% 0 immediate
L cnlorine 100ppm -10ppm immediate
chlorine 200ppm -20ppm for short
exposure,
longer for
long expo-
sure
sulfur dioxide 1000ppm 0 1 minute
|
| sulfur dioxide 5-10% -10ppm several
| minutes
hydrogen sulfide 10ppm 10ppm immediate
hydrogen chloride 2% 0 immediate
ammonia 1% Ippm 2-3 minutes
hydrogen 100% 0 immediate
1 oxygen 20% 0 operates in
air
cigarette smoke heavy S5ppm immediate

(Pall Mall)
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TABLE 8

MODIFICATIONS OF ASTM PROPOSED STANDARD
USED IN CHI PROGRAM

I

PARAMETER ASTM (STD) CHI
Airflow 84 ft3/min 60 ft3/min
Radiant Panel Globars Same

Pilot Light Natural Gas Same

Smoke

Sample Size
Mounting

Radiometer
Conditioning
Thermopile

0y Consumption

Sample position

Calibration

Calculations
Heat

Smoke

0-100% T/F.S.

Vert 6"x6"
Horiz 4-3/8"x6"

Light/low Cp/boat
one surface only

2 types
23°C/50%RH
compensated
no

Front surface, 4"
from rad. panel

DTP/nat. gas
HRR /M2

S.M.0.K.E/M2

0-0.4 0.D./F.S.

Vert 6"x6" & 10" x 10"

Horiz Same

Similar/optional
2 surfaces

1 only

optional

no

substitute, for DTP

same

same/0p consumption.

same or by
02 consumption

S ame
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10.

1.

12.

CAUTION:

Very high heat release materials will swamp the gas monitors, and
flames will completely fill the burn chamber. This has been found
to heat the radiant panel Globars to such an extent that main power
1s lost because breaker switches are activated. Smaller samples of
such materials must be prepared to obtain CHAS data.

Turn strip chart recorder on and monitor baseline readings from the DTP.
Recorded (equilibrated) DTP HRR baseline should not vary over a period of
5 minutes by more than + 0.02 millivolts.

Fill 10-50 cc "batch" sample syringes with 5 cc of 0.1 normal sodium
hydroxide (NaOH) solution (reagent grade, chloride and flouride free).
These syringes fitted with large bore needles, must be labled to indicate
to the operator the time at which a 45 cc combustion gas sample is to be
withdrawn through the silicone rubber septum installed on a "T" fitting
on the gas sampling probe line.

NOTE: The time intervals are optional in this program, either 30-
sec or 60-second intervals were employed depending on the rate of

burning of the test specimen. These samples are assayed for HCI1 and
HF .

Fill 10-50 cc syringes with 5 cc of 0.05% MBTH (3-methyl-2-benzothiazoline
hydrazone hydrochloride reagent dissolved in distilled water) and fit
each syringe with large bore needles. These syringes must be labeled to
alert the operator to take a sample at the gas line septum at 30-second
intervals alternately with the syringe samples taken in step 8. These
samples are assayed for total aldehyde content (as formaldehyde) after
the CHAS/SATS test is complete.

Concurrently with the above pretest preparations, the SATS exposure
chamber is cleaned and the cage rotation motor drives checked for
operation and synchronized to 6 rpm. The Ti sensor anc SATS chamber
temperature recording instrumentation is checked out for proper operation.

Set the zero and output (gain controls) on each continuous gas monitor
using caiibrating gas mixtures (see Table 4) to span the instrument
reading to the known calibrated value.

The ADAS (HP 3052 with 9885M floppy disc memory and 9825A controller) is
initialized (Figure 14) and the data channels checked out to determine
that instruments are operational. The smoke photometer 1is calibrated at
this time by adjusting its output using standard neutral density filters
to set the span in millivolts corresponding to its calibration curve.
Press SF key No. 9. This calls up the accurate airflow orifice equation
program. Press "Run" and input all the requested data as shown in the
airfliow program, Figure 15. After the airflow rates have been adjusted
accurately 1to the se]ected values (e.g., 56.17 ft3/min through the HRR

chamber and 3.83 ft3/min through the hold chamber of MLT), press SF key
No. 7.
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NOTE:  The CO, COp, and CHx monitors are zero set using pure
nitrogen. Span is set wusing an appropriate certified analyzed
compressed gas cylinder mixture. A special gas mixture is used for
the NO/NOx monitor, and the HCN monitor is separately calibrated.

RUNNING A MATERIAL

13.

20.

21.

22.

23.

Initialize the ADAS, data acquisition program (SF Key 7, "DATAA",
Figure 16) entering the following:

(a) Run No.
Sample Name
Date

Airflow Rate, CFM
)

) |

) Floppy Disk No.
)

)

Inlet Air Temp, OC
Sample Area, in

Heat Flux, W/cmZ
Sample Wt., Grams

MLT Sensitivity Factor
mv/100g

Disk Run No.
Length of Test, Minutes

,_..‘,._.‘,_.‘,..—..._,—‘..-—a.
T — Rl - T
e e e St et

Load a test animal (rat, Sprague Dawley derived, or other strain) into
the SATS chamber and replace the top cover. Turn on the ventilation pump
and isolation valve between the SATS and the CHAS combustion products
sampling line, adjusting flow to 14 liters/min.

Check SATS cage rotation and sensor recording system for correct
operation.

Start the strip chart recorders on CHAS and continue ADAS program.

Check ADAS baseline data printed out on the 9852A tape. Make last
adjustments to smoke photometer span calibration points (millivolts).

Check 0p monitor to assure that it has been switched over from samp 1ing
ambient air to the CHAS combustion products sampling mode.

lero the digital electronic timer visible from the storage rack location
near "batch" sampling syringes.

Place the two racks (containing 10 syringes in each) at the position
provided near the CHAS gas sampling line septum.

Load sample/holder/injection mechanism assembly into the HRR hold
champber, clamp the seal door in place with radiation doors still closed.

Immediately turn the hold chamber air cooling valve to divert this
airflow (3.83 ft3/min) through the MLT.

Observe the TP recorder trace to determine when the HRR chamber has
recovered its baseline (usually 1 to 1.5 minutes).

After the baseline strip chart recorder shows recovery of analog
baseline, continue the data acquisition with the ADAS to record all

baselines into computer 9885M disk memory (25 times once per second over
10 channels).
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24. When the baseline scans are completed, open the radiation doors immedi-
ately and inject the sample into the inner burn chamber, closing the

radiation doors at the same time to protect the MLT unit from radiant
heat.

25. Immediately upon completing step 24, start the data acquisition mode on
the ADAS controller. This is time zero for the burn test. Start the
digital electronic time at the same moment.

26. Change position within 15 seconds to take the "batch" syringe gas
samples. Take 45 cc gas volumes in 5-10 seconds for the HC1/HF samples
alternately with those for aldehydes in accordance with the preselected
time intervals printed on the syringe labels.

27. Observe the CO monitor output meter during the test run. Record the time
at which the CO concentration reaches a maximum and simultaneously turn
off the air circulation pump on the SATS and close the sample line isola-
tion valve. Continue recording the animal response for 15 minutes or
until a Td occurs. If a second burn episode occurs in which the CO
concentration increases again, turn on the pump and isolation valve to
establish flow through the chamber. Record elapsed time for the second
exposure period (valve open to valve off).

28. Continue the SATS test for an additional 5-10 minutes (20 minute total).

If no results are obtained, remove the test animal and clean the SATS
chamber for use in the next test.

29. After the burn test is completed, remove the sample/hold/injection
mechanism from the HRR, vacuum clean the ashes, spalling off the burned
specimen, from the hold chamber and the bottom of the inner HRR chamber.

CAUTION:

Take care to avoid contact with the hot Globars when vacuuming ashes
from the chamber. The tube should be thermally and electrically
insulated to avoid shorting the Globars or melting the vacuum hose.

30. Turn off the CHAS gas sampling train pump, the HCN monitor, and switch
over the 0p monitor to sample ambient air.

31. Replace the membrane type smoke filter protecting the pump used to
ventilate the SATS and the filters (membrane and ascarite/drierite) used
to filter the product stream monitored by the 02 meter.

(NOTE: Only the drying agent 1is required if the data reduction
program normalizes the instantaneous 0p concentration by
using the concentrations of the other gases for correction).

Repeat runs were conducted on the CHI program materials following this 31-step
procedure. With all systems functioning properly, 3 to 4 test specimens were
run per day. This does not include all of the data processing time, which
requires one hour per test, nor the "batch" sample gas analyses which were
done after a number of runs were completed.
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DATA PROCESSING

The special function key overlay is placed over the special function key
section of the 9825A controller. The special function keys, each dedicated to
a CHAS data acquisition program or operational channel, are identified as
shown in Table 9.

Ten data channels, as identified on Figure 2 provide analog data from CHAS
tests for storage on a floppy disc (or on cassette) in the HP3052A Data
Acquisition System. Each disc has storage space for all programs and data
from 10 ten-minute CHAS tests.

It must be emphasized that the input variables consisting of the individual
gas monitor calibration curve polynomial equation coefficients and other
similar data are unique to the DAC system and instrumentation. The program
listings below will have to be modified where the Tlisting steps show a "*".
This indicates the need for user instrument calibration (or other) data inputs
before the program can become operational. Instructions for an initial
HP3052A start up are given in Appendix A and are as shown in Figure 14.

FINAL PREPARATIONS FOR CHAS TESTS

With all systems "GO" press SF key No. 9. This calls up the accurate airflow
orifice equation program. Press "Run" and input all the requested data as
shown in the airflow program, Figure 15. After the airflow rates have bDeen
adjusted accurately to the selected values (e.g., 56.33 ft3/min through the
HRR chamber and 3.67 ft3/min through the hold chamber or MLT), press SF key
No. 7. This calls up the 10-channel data acquisition program. The procedure
followed 1in this program is shown in the flow diagram Figure 16. At the
conclusion of the 10-minute (or longer) test run, the data held in disc memory
storage during the run is unpacked and rerecorded in separate files for each
parameter. The individual parameter release rate curves may be processed and
plotted optionally by selection of any of the programs called up by the SF
keys, as listed in Table 9 and the flow diagram in Figure 16. The program
listing is shown in Appendix A.

DATA TRANSFER TO IBM 370 The Fire Analysis Computer Program (FACP) that
predicts cabin environment from CHAS data is a fairly complex semiempirical
model written in FORTRAN for an IBM 370. The HP and IBM do not have a common
language so it was necessary to use a Dylon formatter to transfer the HP
digital data to an IBM 370 tape (SF 8). Batch gas concentrations sampled
every 30 seconds had an additional data point interpolated between each pair
of experimental points using a conventional straight line computer program and
were also transferred to the IBM 370 tape. Only the material combustion heat
flux (not the Globar output) was input to the FORTRAN program.

Three specimens of Panels 2, 3 and 4 were run at each heat flux but only one
set of data was needed at each heat flux. One set of specimens at each heat
flux was run without animals or syringe sampling since the syringe samples
caused spikes in the 0z concentration curve. Specimen heat flux was
calculated from this data set using the NBS O0p depletion Method. Rather
than attempting to obtain average run data for three runs as input to the IBM
370 tape, the data was plotted and the single most representative run
selected. In some cases the heat flux, smoke and gas data were not from the
same run.
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TABLE 9

SPECIAL FUNCTION KEY IDENTIFICATION

KEY CODE

SF DATA REDUCTION PROGRAM
f0:/1 YES
fl:get “"START" Initiates SF key selection
fZ:qget "HRROZ" 02 Consumption heat release i
f3:get "SMOKE" ; Smoke release rate
fa:get "HEAT" Heat release by differential thermopile
f5:get "TEMP" E Sample surface temperature
i f6:/ NO
. f7:get "DATAA" CHAS Data acquisition
‘ f8:get "DATRR" Data unpacking and transfer
‘ f9:get "HgADJ HRR airflow adjustment
‘ f10:get "NO" NO and NO release rate
i fll:get "FIRE" Combustion Gas Volume Corrections to f2
é f12:get"C0," C0, release rate
| f13:get "CO" CO release rate
é fl4:get "02 i 02 release rate (depletion)
| fl5:get "HCN" i HCN release rate
i fl16:get "HC" % Combustible gas release rate
é f17:get "MASS" i Mass Loss and mass loss rate
| f18:get "CFLA" E Point connector program for batch sampled gases
| f19:get “HCL" i HCL release rate
i f20:get "HF" HF release rate
j f21:get "ALD" Aliphatic aldehyde release rates
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IIT. HAZARD LIMIT CONCEPT

TOXIC GAS HAZARD LIMITS

The term "toxicity" has been used frequently during discussions on fire gases.
Many times it has been wused interchangeably with quantitative wunits of
measurement of fire gases. Quantitative units of measurements, per se, have
nothing to do with denoting toxicity. The definition of toxicity (Reference
13) is "the quality of being poisonous and is expressed by a fraction
indicating the ratio between the smallest amount that will cause an animal's
death and the weight of that animal." This requires definition of the term
"poison" (Reference 13) which, according to Dorland is "any substance which,
when in- gested, inhaled or absorbed, or when applied to, injected into, or
developed within the body, in relatively small amounts, by its chemical action
may cause damage to structure or disturbance of function." From these
definitions, then, one can conclude that the agent in question must be related
to a Tiving biological specimen, and that a quantitative unit of measurement
without this relationship cannot alone indicate the degree of toxicity.

This Teads to the evaluation of standard toxicological terms used to describe
toxicity. These are LDgg and LCgsg which indicate the dose or con-
centration required to kil 50% of tEe experimental animals. This criterion
of LCS is untenable when it is applied to human survival and escape from
the f1re situation wherever it might be. Some years ago, a new term, the Time
of Useful Function (TUF) was suggested by Gaume (Reference 14) as a more ap-
propriate term to indicate the time available for a person to escape the fire
environment before incapacitation by fire gases, after which it would not be
possible to do so without help. The TUF may be considered as an analogue of
the universally accepted (TUC) Time of Useful Consciousness applicable to
flight crews upon aircraft cabin decompression.

By definition, then, the toxicities of various fire gases can be determined,
for human purposes, only by collecting data on exposed animals or humans, the
latter being generally unacceptable subjects for these kinds of hazardous ex-
periments. Therefore, animal subjects are the only alternative for building a
data bank of biological effects from which scale factors can be developed via
further experimentation and mathematical modelling. For purposes of the data
bank related to fire safety, escape and survival, the collection of physi-
ological data should be oriented toward the TUF or the Ti rather than to thne
LCgp concept. It would seem that the definition of poison fits the TUF con-
cept more appropriately than that of toxicity.

The TUF/Ti will be variable under different circumstances and will depend on a
variety of factors. Among these are the materials that are burning, their ig-
nition temperatures, heat flux, fire temperatures, oxygen supply, ventilation
and air currents, retardant treatment, the gases evolved, their generation
rates, and others. These variables, combined with the many physiological var-
iables present in the escapee's body, and the many types of gases evolving
(asphyxiant, irritant, anaesthetic, narcotic, systemic poisons), present a
very compiex problem which is in urgent need of simplification. A standard
test based on the TUF concept may well provide a simple, inexpensive means of
determining the relative toxicities of materials, enhancing their selection,
and therefore, fire safety. The TUF method provides a rapid, simple and
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perhaps the only means of integrating all these complex variables without the
requirement to investigate each one individually, at high cost in time and
money. Once materials have been rated by such a test, the synergistic or
antagonistic effects of each combination or concentrations of gases, and other
single variables, can be investigated more leisurely on the basis or pre-
determined priorities. Our understanding of synergism and antagonism may

undergo some change as a result of investigation of controlled gas mixtures
(Reference 13).

In the initial CHI development effort, the FAA desired that we take a simple
approach, i.e. to consider the multiple gases evolved as having an additive
effect, which is the conventional toxicological approach to that condition.
Some of the more recent data, however, indicates that, in mixtures of gases,
this is not always the case. In certain cases, one or more gases may inhibit
the effect of others (References 14 and 15). This phenomenon has not yet been
studied sufficiently to understand fully the mechanisms involved. Therefore,
because of the complexity of the problem, the simple approach of additive
effect was taken. In the complex context, other factors such as synergism and
antagonism come into play, and the standard definitions of these two terms may
not apply, and may have to be redefined. The inhibitory effect of one gas for
another may be due to the fact that the high concentrations found in the fire
situation may develop so rapidly that the expected responsive metabolic
changes do not have time to occur before the organism succumbs; or tne effect
could be due to a dilution factor, alone or in combination with another

factor. Delving into these complexities constitutes a fertile area for future
research, which should already have begun.

in the literature for use in the computer program. Therefore, Douglas was re-
quired to develop this kind of data from the best information available. The
approach used is described in the following paragraphs.

To determine a 5-minute 1limit for CO, by starting with the Threshold Limit
Value (TVL) of 50 ppm for an 8-hour work-day exposure and doubling the
concentration as the time is halved, the result is approximately 4800 ppm of
C0 as a 5-minute limit. Figure 17 illustrates this method. This 5-minute
Iimit provides the concentration needed to develop the escape time curve. Ap-
plicability of this method to other gases was studied, because it was limited
to estimating the 5-minute Timit for CO. This method can be named the
"reverse extrapolation” method, and results in a hyperbolic curve.

Studies were made to determine whether the reverse extrapolation method from
the TLV to a 5-minute 1imit was feasible for gases other than CO. The results
appear to be encouraging. A generalized form of the equation was derived from
available TLV data to estimate hazard 1limits 1in the absence of short term
data. Toxic hazard limits in industrial toxicology are sometimes expressed as
total integrated doses (TID), or ppm - minutes, as a constant for a gas. This
suggested that an equation could be derived for a gas which would allow cal-

culation of a hazard time Timit as a function of the constant and the TLV con-
centration.
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"

Time of Exposure, 5 minutes

An analysis was conducted for the human survival 1limits of the toxic gases
(15) involved. The above equation has been utilized to determine initially
the estimated 5-minute hazard limit, (HLg), for these gases. The literature
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was then examined to find the data closest to a 5-minute survival time. (Very
seldom does the literature present such specific data). Interpolations were
made where the data were not sufficiently specific, and the result was com-
pared with the (HLg) for each gas as determined via the equation. In ten of
the fifteen cases the equation appeared to reflect an acceptable limit. In
the other five cases, reductions of the equation values appeared to be neces-

sary, based on the mechanisms of action of these gases, and the judgment of
the analyst. Table 10 shows the results of these analyses.

Hazard limit curves, as calculated for each of 15 significantly toxic gases
are shown in Appendix B and were used to calculate fractional "effective"
doses and escape time (CHI).

THERMAL HAZARD LIMITS

Two aspects of the thermal hazards were considered. Tne first was the max-
imum air temperature that can be tolerated by the respiratory tract; usually
considered to be 400°F. The second was the time-to-incapacitation resulting
from the effects of heat on the body (considered as a dose).

An extropolated air temperature hazard limit curve described this hazard, and
it's escape time characteristics were determined by curve fitting the data
using a modified polynomial computer routine. A simplified biothermal model
of a man being exposed to high air temperatures has been used to curve fit the

C. R. Crane air temperature limit data (Reference 16). Figure 18 shows the
correlation between the curve fit equation and tne Crane data into the higher

air temperatures and lower human tolerance limits relating to the CHI program.

This simplified approach 1is based on an analysis that determines the time
needed to raise the internal (core) body temperature by 5.5°C (to 108.5°F)
when it is exposed to a heat flux by radiation and convection as well as an
internally generated metabolic heat. The convective heat gain or loss in-
cludes the effect of latent cooling due to the evaporation of perspiration
from the skin. It was assumed, as a simplification, that the rate of mass
loss by evaporation is a function of the temperature differential between the
body and the air as in the convective heat transfer term. The rate of mass
loss by evaporation is wusually expressed as being proportional to the
difference between the vapor pressure of water and that of the surrounding
air; but, vapor pressure is closely related to the temperature which makes the
mass loss proportional to the temperature differential.

The least squares curve fit of the simplified biothermal man-mode! determines
values for the radiation term coefficient, as well as the combined convective
plus evaporative cooling term coefficient, when fitted to experimental data of
the tolerance limit versus air temperature. An exponent of the convective
heat transfer term is included to account for the variation of the heat trans-
fer as a function of temperature. The metabolic heat rate was determined by
successive trials until a best fit of the data was obtained.

An interesting result of the curve fit gave a negative value for the con-
vective plus evaporative term coefficient. This was interpreted to mean that
the data reflects a situation in which the cooling effect of evaporation is
greater than the heat gain by convection, and it was assumed to pe a logical
result. The radiation term is positive and adds heat to the body.
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(O Table 1 Crane Data (Reference 16)
Q}Tab1e 2 Crane Data

As stated before, the analysis is based on a temperature rise of the mean body
temperature. The curve fit plot shown in Figure 19 indicates that it requires
very high temperatures to raise the core body temperature 43°F (5.5°C) in less
than one minute. Another criterion that limits the maximum air temperature,
beyond which survival will not be possible, is the temperature at which third
degree burns of the skin occur. This limit, 585°K, (312°C), or 593.5°F, was
determined from a simplified biothermal man model with a least squares curve
fit equation shown below.

dT _ hcA _ Ta,N hrFA 4 4 Qm
= wep (T2 -Tm) ()" + ggp (Ta” - Tm') + g,
Where: Qm = metabolic heat rate, calories
W = weight of the man, Kg
Cp = specific heat, average human body, (consistent units)
dt = rate of change of body temperature, °C/min
Ti
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hc = convective plus evaporative heat transfer coefficient,

(consistent units)

A = body area, m2

Ta, To = air and surroundings temperature, °C
Tm = mean body temperature during the temperature rise, °K
nrfF = radiant heat transfer coefficient, (consistent units)
N = exponent of heat temperature ratio
dT = taken as 5.5°C
Ti = time to incapacitation, minutes

The equation was solved for Ti and curve fitted to the Crane data. The
results of the curve fit gave the following values for the parameters:

ncA/WCp = -0.089811405
hrFA/WCp = 7.42071
QM/WCp = 0.0345

N = 1.55

These values appear to be quite reasonable thermodynamically, and were used in
the above equation to plot the curve shown in Figure 19.

The results of experimental studies on time-temperature relationships for ex-
posed skin thermal injury were reported in Reference 17. These experiments
were performed with animal subjects (pigs) to determine the air temperature
versus time on the exposed skin of the subjects. Data points taken from the

report are plotted on the extrapolated air temperature hazard curve in
Figure 19. It appears that third degree burns cross the hazard curve at
about 593.5°F (585°K). These values have been selected as the upper limit of
hazard above which escape would become impossible. At this temperature, the
escape time would drop abruptly to zero for this hazard.

SMOKE (VISIBILITY) HAZARD LIMITS

A proposed escape time curve for the effects of reduced visibility through
smoke has been selected and is shown 1in Figure 20. The rationale used in
deriving this curve involved an evaluation of how far one can see an il-
Tuminated emergency exit sign at various smoke densities as determined by the
transmittance per foot of distance. The transmittance and smoke volume gen-
eration rates are known for each material from tests in the CHAS chamber.
These data are translated in the CHI computer program to full scale test con-
ditions of smoke generation rates and transmittance as a function of time
during the burn.

Allard's Law (Reference 18) calculates the illuminance, foot candles, at the
observers eye from a light of a given luminous intensity (candles), at a
distance from the observer. The equation expressing Allard's Law is:
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D
Where:
E is the illuminance at the observer's eye in foot candles
[ is the intensity of the source light in candles or candela
D is the distance between the source light and the observer
T is the transmittance of the attenuating smoky atmosphere, or

transmittance per unit distance

FAR Part 25 Paragraph 25.812(a) specifies the intensity requirements for emer-
gency exit locator signs. They must have a minimum background brightness of
25 foot Lamberts, and an area of at least 21 square inches. Converting the
units to candles:
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25 foot Lamberts X 0.3183 = 7.9575 candles/ft2
and the intensity

I

7.9575 candles/fté x 0.1458 ft&
1

1.1605 candles (candela)

A plot of the -Log E of the illuminance at the observer's eye versus distance
D and transmittance per unit distance is shown in Figure 21. The intensity of
the Tlight of 1.1605 candela was used in plotting the curves. Reference 18
quotes a threshold illuminance of 7 x 10~8 foot candles that is used to
assess the visibility of approach and landing lights for a pilot landing an

aircraft at night, which is also shown as a 1line in Figure 21. This
horizontal Tline was established in Figure 21 from -]o%(7 x 107 8 = 7.155;
values above this line have an illuminance which is too Tow to detect by eye.

Values on this line are just detectable, and values below the line are visible
with increasing illuminance as points are farther below this line. The value
of the illuminance in foot candles for points on this figure can be obtained
by raising the ordinate values to a power of 10-Log E
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A plot of transmittance versus distance for threshold illuminance, as
determined above, is shown in Figure 22. The plot shows that at increasing
values of transmittance one can see farther, and that at 100 feet one can see
the emergency exit from one end of a wide body jet to the other if the
transmittance is greater than 93.1%. This T value was used to locate one point
at the visibility level relating to an escape time at 300 seconds, i.e., for
the full duration of the 5 minute fire scenario of the CHI program.

Another point on the escape time curve can be located at a time of 15 seconds
at a transmittance of zero (complete darkness). An experiment indicated that
one can feel their way to the nearest exit in a wide body jet, at a maximum
distance of 34 feet away. The curve was assumed to be an exponential,
expressed in terms of transmittance T or

A1

ET = A(BT)
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where, to fit the two points,
A =15
B = 3.21775
This equation for the smoke hazard expression was used to obtain escape times
resulting from smoke as a function of transmittance per unit distance in the
CHI calculation. It was not used in an integrated dose sense as were the

other hazards but will affect the CHI since escape time will be slowed
depending on the amount of smoke generated by the material.

SATS ANIMAL TESTING

The single rotating wheel in the Single Animal Test System (SATS) plexiglas
chamber (Figure 23) and the associated electrical contact bar provided two
biological endpoints, Ti and Td. Either endpoint could have been used to
determine which panel material evolved the most hazardous combustion pro-
ducts. Ti was selected to make the comparisons since Td's were not observed
as often and the Ti represented a more conservative endpoint related to the
concept of emergency evacuation in a post crash fire cabin environment. The
SATS consisted of a low volume plexiglas chamber having a free volume of 5.4
liters. The animal subject was placed in a split wheel and prompted to walk
by rotating the wheel. The Ti endpoint was quite reliably determined by the
changes in the pattern or recorded electrical signals transmitted when the
test subject contacted a plexiglas bar. This bar was supported on strain gage
sensors at each end and inserted approximately 1/8 inch inside the slotted
space between the split cage halves and occupied the bottom quadrant of the
cage as shown in Figure 23. Incapacitation was noted when the animal lost the
ability to walk and started to slide or tumble as the wheel rotated.

This unit was designed and modified at DAC to permit parallel recording of the
breathing rate by a 300X amplification of the signal. When a Ti was observed,
the wheel rotation was interrupted and with the animal resting against the
sensor bar, Td (time-to-death) was determined based on cessation of the re-
corded breathing trace. Combustion gases were pumped into the chamber through
a 3/8 inch teflon line and ball valve connected to the gas sampling probe from
the HRR (see schematic, Figure 2) at a flow rate of 14 liters/min. The Teflon
line and ball valve were heated to 248°F (120°C) during the run to prevent
condensation of combustion products, and provided minimum transport time to
the chamber. The test procedure was modified further to assure a biological
endpoint in less than 30 minutes. Combustion gas dilution was reduced by
adopting a test airflow rate of 60 cu ft/min through the HRR chamber and a 10
x 10 inch sample was prepared for each run instead of the conventional 6 x 6
inch sample (except for Panel 3 material).
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The Tast procedural modification adopted for the animal Ti tests is based on
the observation that the most common toxic gas produced in fires is carbon
monomde._ However, carbon monoxide 1is not the only major toxic product
evolved since these depend upon the elementary composition of the particular
polymer or material being burned, the degree and character of any fire re-
tardants added, the intensity of the fire threat, and the availability of
oxygen (Refergnces 2 and 19). Since the combustion products are pumped
through the animal exposure chamber during a run at 14 liter/min and vented to
the CHAS exhaust system, the concentration of all the gases resident in the
chamber changed rapidly with time. Tne effective dose rates were dependent,
therefore on the generation rates of these gases and the air dilution ef-
fects. At 14 liters/min pumping rate, the nominal air change in the exposure
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chamber was 2.8 times per minute. At high radiant flux test levels, materials
burn more rapidly generating high levels of gases, but also burn out in a few
minutes. Thus, a protocol and procedure that calls for exposure at constant
pumping speed would not correlate with the toxic endpoints obtained with ap-
paratus of more conventional design in which all toxic products are ac-
cumulated in the exposure chamber. The procedure that appeared to give a Ti
endpoint within 30 minutes to relatively ranking materials for toxic hazard
was as follows:
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(e)

After chamber closure, the inlet ball valve was opened, the pump was

turned on and the flow rate into the animal chamber was set to
14 1iters/min.

Within 2 minutes, the sample was injected into the HRR chamber. Simul-

taneously an electronic timer was started along with the Ti sensor unit
recorder.

As the test sample burned, the CHAS panel meters of the CO, CO, and HCN
monitors were observed. When the CO concentration appeared to a maximize
reading, the pump taking combustion gases and smoke into the animal
chamber was turned off and the ball valve closed. The shut-off time in
seconds was recorded.

If either the CO or HCN meter readings showed a further increasing
evolution of these gases, the ball valve was reopened; the pump was
turned on, and time in seconds was recorded. The pump and valve were
turned off and on again if further increases in CO or HCN were observed,
registering the elapsed time for each.

With the combustion gas mixture isolated in the chamber, the wheel ro-
tation and Ti/breathing rate sensor recordings were continued for 15 or
30 minutes. Ti's and Td's were recorded for either test period option.

The observed Ti was normalized in terms of a 200g rat and the fractional ac-
cumulated dynamic exposure time based on 15 or 30 minutes in accordance with
the following formula:

Where: Ti(obs.)

Ti(obs.) x SF x 200 x 100
60 x 900 x W x A

Ti (normalized) =

observed Ti in seconds from start of test

W = weight in grams of test rat
SF = summation of exposure times to gas flow, seconds
60 = 60 sec/minute conversion factor
200 = normal rat weight, grams
900 = total test time, seconds
100 = standard area of CHAS sample, 1n2
A = Area of CHAS sample actually burned, 1n2

Td's were recorded directly in minutes without normalizing calculations.
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Maximum temperatures measured within the animal test chamber did not exceed
97°F (36°C) during tests for all radiant flux levels normally selected to test
materials in the CHAS. This temperature Tevel does not exceed the temperature
104°F (40°C) known to produce incapacitation of the rat in 30 minutes due to
thermal stress alone (Reference 16).

The principal objective of the animal tests was to correlate the Ti results in
the CHAS/SATS and the CFS, comparing the relative rankings of the panel
materials with those predicted by the FACP. Typical Ti test records are
shown in Figures 24 and 25.

In the preliminary development of the SATS, panel number 1 was tested 9 times
at 4.41 Btu/ft? sec radiant flux to develop a suitable test procedure and
protocol for use in the program. The difficulties of obtaining a Ti or Td
endpoint within the time intervals required to completely consume the test
materials were exemplified by the data shown in Table 11.

From the above tests, a flow rate of 14 liters/minute was finally selected as

the pumping rate from the CHAS chamber through the SATS to obtain a useable
endpoint for all further tests. An evaluation of SATS data is given in the
Part 1 report.

CFS ANIMAL TESTING

During Panel No. 1 tests, 1 and 3 rat open mesh driven split wheel cages
employing sensors of the same design as 1in the SATS were used and simply
shielded from radiant energy by aluminum foil. As discussed in the CFS test
section of this report thermal insulation was needed. A modified, insulated
polycarbonate enclosure with forced ventilation was provided as shown in
Figure 26.

Each of the six rats (in four chambers) had one dedicated channel on an
8-channel ASTRO MED SUPER 8 hot-pen recorder. Temperatures in the four
chambers were multiplexed on the seventh channel and recorded each three se-
conds so that each chamber temperature was recorded every 12 seconds. Ti test
records from the CFS tests were similar to Figures 24 and 25.

The procedure during a run was to stop the vacuum pumps pulling air through
the chambers when maximum CO concentration was reached as was done in the
laboratory CHAS/SATS testing. This procedure was repeated to retain maximum
gas concentration since CFS ventilation was continued until reentry could be
made after the CFS had cooled.

The recorder charts for the Ti sensors in the various cages indicated that two
subjects escaped from their cages prior tc the start of the test. Those at
the multiple cage testing Tlocation appeared to show Ti in 5 minutes. The
single subject under this set of cages (Zone 12) appeared to reach Ti at
approximately 5.5 minutes. With the exception of the two escapees, who

survived without any i1l effects, all other subjects were dead on opening the
chamber 1 hour after the test
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TABLE 11

CHAS/SATS T1 TESTS OF PANEL 1 MATERIAL

SATS FLOW RAT
RUN FLOW RATE TERMINATED WT. Ti Td
NO. LITER/MIN SEC GRAMS | SEC | SEC REMARKS
47 1 1800 350 - - No Results
43 1 1200 356 - - No Results
49 4 300 334 - - No Results
54 5 180 210 - - No Results
NO CHAS DATA 10 180 230 720 - Td Elicited with
co
NO CHAS DATA 14 216 239 972 - Td Elicited with
Ny
72 14 192 234 990 1260 | V1 Turned Off at
Maximum CO
73 14 204 194 252 720 | Same as Above
NO CHAS DATA 14 180 259 750 | 1200 | Same as Above
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FIGURE 26. INSULATED ANIMAL CHAMBERS AT THE CHI POINT

The Ti sensor chart and computer recordings for the subject exposed inside the
thermally protected polycarbonate box showed that this subject did not arrive
at a Ti endpoint until after the end of computer data acqusition at 1304

seconds. However, upon opening the chamber later (1 hour) this subject had
expired. '

Program development was essentially completed with the scheduled burn of three
No. 1 Panels in the CFS at 4.41 Btu/ftZ sec. This included CHAS/SATS test
methdology, its data acquisition, writing the data reduction programs and need
for computer language translation in preparing data tapes for the IBM 370
Fortran program. The peronnel hazard 1imit curves were finalized at the best
knowledge then available and with CFS testing optimized and operational. The
Fortran program could not yet predict flows, to our satisfaction, through the
cabin zones to match CFS data and revising the zone wall flow coefficients was
continued through CFS tests on panels 2 and 3. The results of tests on these

panels and the demonstration panel 4 were discussed in detail in the Part I
report.
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[V. FIRE ANALYSIS COMPUTER PROGRAM
SELECTION OF CABIN FIRE MODEL

The CHI program work statement (September 1977) included a task to utilize
currently available cabin fire modeling technology. The model was to ..."con-
sider the effect of the magnitude and propagation rate of heat, temperature,
smoke, and gases generated by a materials fire in one cabin location on ad-
jacent and distant cabin environments and materials.”

A review of the available literature on fire modeling, in particular for air-
craft cabins, did not reveal any models or computer programs that could be
used (or easily modified). The specific materials fire model and the fire ex-
posure conditions imposed by the selected crash fire scenario prevented direct

application of existing model programs for use in the CHI methodology develop-
ment.

Tne University of Dayton Cabin Fire Modeling Program (DACFIR) was designed to
predict the propagation rate of flame from one fuel material surface to ad-
jacent surfaces and tne growth and space-time distribution of hazards in the
cabin environment. In the CHI program a single material (composited panels)
was exposed to radiant heat flux in the pilot light mode in a vertical ori-
entation. Since the radiant flux was approximately uniform over the area of
the specimen, flame involvement was nearly instantaneous. The Taboratory
(CHAS) and full-scale heat exposures and test panel orientations for each
series of tests were kept the same. The panel area and airflow 1in the two
test regimes were different.

Thus, fire modeling research studies such as the 2 and 3 dimensional flow
studies of heated gases and smoke at the University of Notre Dame, fire plume
and ceiling jet models from wood crib sources, furniture, liquid pool fires,
etc. under development at the NBS Center for Fire Research, Factory Mutual
Insurance Company, Harvard University and others, were not easily adaptable
for use in the CHI program. A cabin Fire Analysis Computer Program (FACP) was
deve loped in Fortran IV language based on heat and mass balance principles
used in existing aircraft cabin heating and air con- ditioning tecnnology.

Tne basic elements of the fire dynamics model used to develop the FACP are
depicted in Figure 27.

COMPUTER PROGRAM DESCRIPTION

The CHAS burn test data for a material were stored on the HP98258 computer
disc (or tape) in processed form after each experiment. Ten channels of data
consisting of 600 one-second data points were recorded in blocks (strings) for
each parameter measured by the CHAS. Three additional 600 data point blocks
were recorded from curves prepared from the batch sampling and analyses for
HF, HC1, and aliphatic aldehydes (RCHO). The 13 blocks of processed data were
transferred via the Dylon Formatter to an IBM 7-inch, 9-track 900 BPI tape,
and input into the IBM 370 FACP directly or recorded on disc for more con-

venience in accessing and processing data on a repeat basis for development
purposes.
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As shown in Figure 28, the main program calls 6 subroutines in processing the
IBM 370/CHAS data blocks for eacn hazard or measured parameter. The
differential equations (DIFFEQ) subroutine calculated the derivatives of 260
differential equations in a double do-loop procedure. The number of equations
depended on the number of gases recorded during CHAS burn tests and the number
of zones. The same set of equations was used to calculate all hazards for the
single zone program but computation time was greatly reduced since only
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FIGURE 27. FIRE DYNAMICS MODEL FOR FACP

the total CFS cabin volume was involved. Tne flow dynamics subroutine
(FLODYN) was not needed in the single zone program since the assumption of in-
stantaneous complete mixing of gases, heat, and smoke was operative
(well-mixed reactor approach). Differential equations describing the time
histories for each zone wall and air temperature, smoke density, CO, COjp,
HO, 0y, Ny, and NO/NOx were numerically integrated. Provision for 3
additional gases were included for printout in the program out of an optional
list of 7 toxic gases.

The individual gas constants (molecular weights and specific heat capacities)
were input into the program. These constants are listed in Appendix C.
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When all of the derivatives in the DIFFEQ subroutine were evaluated, a double
precision differential equation (Runge Kutta) subroutine (SBR RUNGU) nu-
merically integrated the equations to obtain the concentration values of each
hazard for the next time point. The computing time interval for successful
use of the Runge Kutta procedure was 0.02 seconds. Any longer time interval
made the system of equations integrations unstable and resulted in incorrect
data output or an IBM 370 progam interupt from an overflow in various storage
registers. This highlights one of the 20 zone program deficiencies since 15
minutes of computer processing time was required to process 300 seconds of
burn test data at a cost of $700 per run (day cost) or $350 (night-deferred).

The last subroutine (ESTI) calculates the fractional doses for each hazard
based on the individual personnel hazard time to incapacitation limit curves
presented in Section III, and prints out the CHI. The CHI in the 20-zone pro-
gram was determined for the arbitrarily fixed "CHI location" (Zone 13) or for
any zone. Only one CHI value is determine when Z FDi = 1 in the case of the
single zone FACP. The program loops back to the print subroutine (SBR print)
and prints out all calculated data at preselected time intervals during the
300-second burn time. Five second intervals were selected as the optimum for
printout in the FACP determinations. Examples of the IBM printout of pro-

cessed data from runs made using the 20 zone and single zone programs are pre
sented in Appendix C.
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FLOW DYNAMICS ROUTINE - The FLODYN subroutine used to calculate zone to zone
flows of smoke, heated air and gases from the vertically oriented 4 x 6 ft.
panels burned 1in the CFS was developed on the basis of a simplified
semi-empirical treatment of the problem. Each zone in the model was assumed
to be instantaneously well-mixed. Thus flows were calculated only across the
boundries between zones, and temperatures, smoke and gas concentrations were
considered isotropic at any instant within zone boundries. The arrangement of
the twenty zones in the cabin is shown as Figure 29.

= TEST PANEL
= RADIANT PANEL

| I

FIGURE 29. 20 ZONE CFS FIRE MODEL

Each zone has a number and its connection to other zones is defined by a two
dimensional array, P (I, K) where I is the zone number and K is the six sides
of the zone (four walls and the top and bottom of the zone). The number K in
the array defines which zone connects to the zone I for each of the six
sides. If one of the sides of zone I is a wall K it 1is set equal to zero
which will indicate that gas flow cannot pass through that surface. The di-
mensions of the P array are P (20, 6), and thus there are one hundred and
twenty numbers in the array which define all of the interconnections between
zones. Another array CA (I, K) defines the flow coefficient times the flow
area for each of the surfaces in the P (I, K) array. A third KADL (I, K)
array provides a KA/L heat transfer term between zones for each of the sur-
faces in the P (I, K) array. The input value for the KA/L heat transfer term
was estimated from known air atmosphere values.
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When the FLODYN subroutine is called, values for each of the variables for the
current time point are known. The total pressure in each zone is calculated
from a summation of the partial pressures in each zone. The flow from a zone
to each of the six sides of a zone is calculated in a double do-loop of zones
and walls of a zone as a function of the total pressure differential across
connecting zones. The P (I, K) and CA (I, K) arrays are used to determine the
interconnections and flow coefficients to be used for each surface. If the K
value in the array is zero, indicating an outer wall surface, the flow cal-
culation is bypassed. This routine is continued for all of the 120 surfaces
involved. The zone to zone flow equation, selected for use in the computer
program, is the Perry orifice equation reported in Reference 20.

Pre (I) - P2 (K
w=CA(I,L)vT ()Ta{u()

Where: W = Mass flow rate of gas, Ib/sec.
CA (I,L) = Flow coefficient x area of zone (I) to connecting zone K,
L=1, 6
K =P(I, L): I = Zone No.; L = 6 Sides
Pr (I) = /Jone (I) pressure, PSIA
P1 (K) = Connecting Zone (K) pressure, K = 1,20
Ta (1) = Zone (1) temperature differential, °R

Thus, all the possinle flows through the various zones are taken into acount.

The flow of smoke from zone to zone is made proportional to the total volume

flow between zone ("particles" per ft3 sec). A derivation of the smoke flow
algorithm and formulas used in the FACP is presented in Appendix C.

The flow of individual gases is calculated from tne ratio of the partial

pressure of the gas to the total pressure of gas in a zone times the molecular
weight ratio of the gas to the molecular weight of the mixture:

W) = W) x 2L M

PT i M (1
Where: W(J) = Flow of gas J, lb/sec
W(l) = Total flow, 1b/sec
P(J) = Partial pressure of gas, psia
Pr(I) = Total zone pressure, psia
MIJ) = Molecular weight of gas, 1b/mole
M(I) = Molecular weight of gas mixture in zone (I), lb/mole

The enthalpy change in the zone to zone flows is calculated from tne known
total flows and zone temperatures and zone specific heats. The heat transfer
between zones is calculated from the temperature differential DbDetween zones
and the KADL term. The equation is:

Q (I,L) = [KADL(L,L)I[T4(1)-T4(K)]
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Where:
KADL (I,L) = Heat transfer term between zones I to K,

[ = 1,205 L = 1,65 Ta(I) and T4(K) = zone and zone boundry air
temperatures, °F

Q (I,L) = Heat flow across zone surfaces.

The combustion gases exhaust to ambient through an exhaust duct from zone six-
teen. The total flow is calculated using an incompressible flow equation:

PT(16) X [PT(16) - PAMB] X2 g
RM (76) x Ta (16)

WAEX = CAEXH J

Where: CAEXH Exhaust duct flow coefficient x area, in?
Pr(16)= Total pressure in zone 16, psia

P AMB = Ambient pressure, psia ,
g = Gravitational constant, 32.17 ft{sec2
RM(16) = Zone 16 gas constant 10.73,
ft-1b/1b-°R
Ta(16) = Gas temperature in zone 16

The flow of the individual gases and smoke exhausting from zone 16 is cal-
culated in a manner similar to the zone to zone flows. The data calculated in
the flow dynamics subroutine is used 1in subroutine DIFFEQ 1in obtaining the
rates of change of all of the variables. The equations are then numerically
integrated by the IBM RUNGE KUTTA routine which has been written into the pro-
gram. The flow dynamics subroutine repeats the calculations for each com-
puting time interval while all of the variables are varying with time.

The 120 wunknown zone interface flow coefficients were not determined
mathematically. The CA flow coefficients were selected and ad- justed in the
program on a trial and error basis using the CFS test data meas- ured for
panels 1, 2 and 3. Larger CA values were set for vertical surfaces in a zone
with the largest values set for zones in and near the burning panel. Thus,
the flows were generally directed to account for larger ceiling flows and with
increased downward mixing toward the CFS exhaust. Because of the limitations
imposed by program cost constraints and the trial and error approach required
to develop the FACP, the changes in input variables needed for best
predictability by the computer program were not optimized.

Only 4 first order differential equations were used in the compute program:
(1) smoke, and (2) air and compartment (zone) wall temperatures, and (3) gases
partial pressure (mass concentration). The calculation procedure looped
througn all of the equations for each time point and zone in sequence with
bounding zones until all hazards were evaluated in every zone. The do- loop
procedure provided a means for describing the transient changes 1in hazards

concentrations in the system in a concise manner.

DEVELOPMENT OF DIFFERENTIAL EQUATIONS

Douglas extensively uses computer programs to solve engineering problems.
arising from the need to guarantee the pull-down time to cool an aircraft from
a hot starting condition to comfortable air temperature using onboard or
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ground equipment as a source of cooling air. Tnis involves the solution of
differential equations describing a heat balance on the aircraft as a function
of time during the cooling period. Heat transfer, heat capacitance, cooling
air flow rates, and temperatures are the parameters considered in solving this

problem. The technique has been used on many different aircraft with good
SUCCesS.

In considering what happens in an aircraft fire, the same problems are faced
that nave been solved in transient heating or cooling of an aircraft.
Unsteady heat transfer into and out of materials and equipment, thermal
capacitance, heat losses, ventilation rates, and compartment sizes, are the
same parameters used in a fire analysis as well as in heating and cooling
proolems in an aircraft.

The differential equations approach to fire analysis, explored during the
early IRAD fire analysis effort, showed that fire dynamics could be handled in
tnis manner. Transient air and surface temperatures obtained by analysis
agreed very well with those obtained in actual fire tests. The concept can be
further developed to describe what happens to the materials being heated or
burned, and the products of combustion or material emissions can also be
determined analytically as discussed in the following pages.

In fire, the temperature of thne air heats up rapidly due to the convective
neat flux from the fire and pecause the air has a very Jlow thermal
capacitance. The surface temperature of materials at a distance, and not
directly in contact with the flames, increases more slowly due to the higher
thermal capacitance of the material and due to the strong radiation view
factor effecting on objects at a distance from the fire. Another important
factor is the characteristic of tne so-called unsteady temperature gradients
in the material as a function of the thermal diffusivity, conductivity, and
the specific heat and density. For example, a material with a low thermal
conductivity would not conduct the neat away from the surface as fast as the
heating rate being applied, and the surface temperature would rise faster than
points within the interior of the material. The heat flux entering a surface
is also a function of the surface temperature, and in order to analytically
describe now the heat of a fire is being dissipated, it 1is necessary to
describe mathematically this unsteady heat flow phenomenon.

The cabin section volume and the external environmental conditions affecting
ventilation in an accidental crash fire scenario, must also be included 1in the
mathematical model. Laboratory fire test data taken in a small chamber cannot
be applied directly to a large compartment. In addition to the heat flux
problem discussed above, consideration must be given to the rate at whicn
toxic gas emissions from the decomposed material affects the concentrations of
these gases in the cabin atmosphere. Obviously it is not practical to perform
and interpret burn tests on all potential materials and combinations 1in a
full-size cabin fire test chamber. Tnis leads to the conclusion that some
analytical procedure is required which will bridge the gap between laboratory
tests and the fire scenario for a full-sized aircraft.

The unsteady heat flow problem has been widely treated in literature. Heat
transfer notes by L.M.K. Boelter and others (Reference 21) presented plots
showing the temperature change characteristics of materials suddenly thrust
into a hot environment. The plots were calculated by using an infinite series
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soiution proposed by H. Grober. The procedure used is tedious and only
considers a case where the external surface neat transfer coefficient and
temperature are constant. The method does not appear to have direct
application in analyzing the dynamics of a fire.

During IRAD work at Douglas on the development of fire analysis techniques, an
empirical equation was developed which closely fits the characteristics of a
"Grober Plot" for a surface. This is Equation 1, in Figure 30, and points
calculated with the equation are plotted on a Grober plot to snow the
agreement over a wide range of the dimensionless parameters. This equation

was differentiated to put it in a differential form (Equation 2) and the
surface area and the thermal capacitance of the material were included in the
equation by transformation of some of the parameters.

The differentiated form of Equation 1 representing the differential equation
for inside surfaces is:

2, L hea 6

he(Ta-Ts) 1T+ ——€ L

MC .
dTs UL A 2)

6
¢ h 2 heae
e -

Now the equation can accommodate external temperature changes as described by
its differential form. The outside surfaces differential equation is:
L - hea

[he (T, . T)-u(T_- Toﬂ Al e
dT MsCs AVEY: kL (3)

h 2 heag
1 + S T
(_'E’) dae e kL

Variations in the external heat transfer coefficient can be permitted by
defining a combined convection plus radiation heat transfer coefficient as
shown pelow. This is then substituted into Equation 2 and 3.

(¢4 - T4 Af
he = ha + hp = hy + 7 x 0. g~ s)°f
e a r a x 0.1714 x 10 ”—a _ Ts) AS

The total heat flux per unit of surface area is:

Q= he (T - T5) = Qconvection + Qradiation
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Where:

T = Radiation View Factor. Dimensionless

Ac = Flame Area, ft¢

AS = Surface Area, ftZ

CS = Specific Heat, Btu/lp °R

Ha = Convective Heat Transfer Coefficient, Btu/sec ft2 °R
M = MWeight of the Material, 1bs

To = Qutside Surface Temperature, °R

U = Overall Heat Transfer Coefficient, Btu/sec ft2 °R

Equation 3 now can be used to describe the surface temperature of a material
being subjected to the rapid heating wnich occurs during a fire when all of
the parameters are changing continuously. The exponential terms automatically
take care of tnick or thin materials, and the effects of time. For a thin
material the exponential terms remain in the equation and provides the desired
relationship of surface temperature and temperature gradients within the
material. Time also causes variations in the effect of the exponential term
causing 1t to go to zero at steady state. The above approach eliminates the

need to use partial differential equations to describe the unsteady neat
transfer phenomenon.

Equation 2 can be used to describe the thermodynamics of interior material
such as seats, partitions, and equipment where heat 1is flowing into both
sides. An exterior wall has heat flowing into one surface and heat losses
through the other to the outside. These effects have bpeen added to the
equation, giving an external wall differential equation, as shown in Equation
3.

An air temperature differential equation is shown in Equation 4. It describes
effects of volume, ventilation rate, heat exchange between, materials and
convection from the flame of a fire.

doo 1 (4)
= Ache(Te = T) = WC -T.)+h Te =T
do Macp[ff(F ) - HCp (T - To) + hy Ay, (T m}]
Where: deoo _ A . . ‘ o

J8 - Air temperature change in a zone with time, °R/sec

My = Rno x V, weight of air in the zone, Tlo.

Cp = Average specific heat of air, Btu/Ip-°R

Af = Flame area, ftZ

hg = Convective heat transfer coefficient, Btu/sec ftl °R

IF = Average flame temperature, °R

T = Temperature in a zone, °R

W = Mass flow of ventilation air, 1b/sec

Te = Temperature of incoming ventilation air, °R

Ny = Cabin wall heat transfer coefficient bounding a zone,
Btu/sec ftl °R

A, = Area of wall, ft2

s = Wall temperature, °R
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Tne first term witnin the brackets in equation 4 calculates the heat exchanged
between the flame and air. The second term subtracts tne heat carried out of
the cabin (CFS) by ventilation air and the Tlast term calculates the heat
exchange between the walls and air.

The zone air differential temperature equation used in the FACP was derived by
equating the thermal capacitance of the air times the rate of change of the
air temperature to a summation of the heat flow into or out of the air. The
equation is:

MaCpdT/dt=) (Heat Flows)

Substituting the ideal gas equation (P=PRT), the equation becomes:

dT/dt=RT/(PVCp) x (Qi,-Qpyut) (5)
Where: p = Density of gas, 1n/ft3

Qin & Qput includes the enthalpy change of the flowing gases plus heat
from the burning material along with the heat exchange to the walls.

DIFFERENTIAL EQUATION FOR SMOKE - The smoke data obtained from the CHAS tests
and stored on tape is defined by the following equation.

S = Logyo(100/T) Q/LA (6)

Where:

S = Smoke Units, "particles"

T = Fraction of light transmission (varies from one to zero)
L = Smoke detector_light patn length, m

A = Sample area, m¢ (CHAS value)

Q = CHAS airflow rate, m3/min

The flow of smoke is assumed to be proportional to the total gas mixture
volume flow rate.

The flow of smoke into and out of a zone is:
Sin = Sout = 51 WMin/RHOi, - Sp WMoyt /RHOgyt

and the differential equation used in the FACP for smoke was:

dS/dT = (Sqy - Sout) AP/V (7)

Where:

v
il

Instantaneous smgke concentration flowing into the zone,
"particles"/ft

w
™o
1}

Instantaneous sm%ke concentration flowing out of the zone,
“"particles"/ft
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WM = Weight flow rate of the gas mixture, 1bs/sec

RHO = Density of the mixture, 1bs/ft3

Sin = Smoke flow into a zone, per ft2

Sout = Smoke flow out of a zone, per ftl

AP = Area of burning panel, ft2

V = Volume of the zone, ft3

The equation behaves like a differential pressure equation where gas is stored
or depleted in a volume (capacitance) as a function of time. The smoke level

can build up in a zone as a function of the total flow rates.

A differential equation giving the rate of change of the partial pressure of
each gas is obtained by differentiating the gas Law.

The gas law is:
PiV = MiR;T (8)
Where:

Partial Pressure of Each Gas in Mixture, lbs/1n2

o
—
1]

=
1]

i = Weight of each Gas, 1b

Ry = Gas Constant
V = Volume of Zone, ft3
T = Absolute Temperature, °R
dP. P R.T
i i dT i
== V5|t - IM - M, (9)
dt T dt v TN TouT
M. . .
Ty - Mass flow rate, Ib/sec of each individual gas into the zone.
M.

Tout - Mass flow rate, 1b/sec of each individual gas out of the zone.
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lhese quantities dare functions of the flow into and oul of each zone, and the
generation rate from the fire for each of the individual gases.

The differential equations were numerically integrated for each gas along with
the other differential equations in the CHI program. The partial pressure of
each gas will be known in each zone as it varies with time.

The total pressure in the compartment can be obtained from a summation of the
partial pressures.

P=ZP; (10)

and the weight of each gas can be obtained from the gas law:

Piv (11)
M: = ——= and Total M =ZM;
1 R1T 1
The gas constant for the mixture is obtained from:
Rm = Z 1M1 Ri)/M (12)
and C =Z (M C. )/M (13)
Pmixture v
and C =X (M1 C\”.)/M (14)
mixture
and p ¢ 2 Coi)
Cv E(Mi Cvi)
Where:

Cy = Heat capacity of the gas at constant volume

The derivation of an equation used to express the zone to zone flow of
individual gases which is used in the flow dynamics subroutine is given below:

The ideal gas law is:

MT =ETV/(R1§| (MW) ave

mi =|__P]-V/(RTE|(MH)]-
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The mass fraction of gas "i" in a zone is:

mi/M1 = Pi/PT(MW)i/(MW)T

The constituent gas weight flow out of a zone is:

Wi = mi/MTWT =(Pi/PT)(MW)i/ (MW)aye WT
Nonmenclature used in the gas equations are as follows:
Uppercase symbols.

Mass, 1bm

Total pressure, 1bf/ft2

Zone volume, ft3

Temperature, °F

Universal gas constant
W Molecular weight

Total flow, lbm/sec

EZT0A<T=E

Lowercase symbols

m Constituent gas mass, 1bm

p  Constituent partial pressure, 1b/ft?
W Constituent flow, 1bm/sec

v Constituent partial volume, ft3

Subscripts:

i Refers to specific gas constituent
T Total
ave Average gas property

The differential equations used in the FACP were: inside wall temperature
(Equation 2); air temperature (Equation 5); smoke (Equation 7); and gases
(Equation 9). Tne outside wall temperature, Equation (3), was not used in
the final version of the FACP. Toxic gas concentrations (Mj) were
calculated by the FACP as ratios of the individual partial pressures to the
total pressures. The total pressures at any instant were not precisely known
since all of the gases evolved in the combustion process were not measured in

the Taboratory (CHAS). However, air p]us the major products of combustion
that were directly measured (CO depletion) accounted for 90-95%
of the mass balance in the CFS tests as ca%cu1ated by the FACP. Nitrogen and
O vapor mass concentrations were calculated. A derivation for the method
o% calculating water is included in the Appendix. Smoke was measured in terms
of optical transmission and was not included in terms of mass optical density.
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Fortran versions of the four differential equations described above have been
coded into the CHI computer program in do loop routines whicn are the same for
all zones and gases. FEach gas has a particular gas constant and specific
heat. The zones are described by their volumes, surface areas and wall heat
transfer characteristics. The program loops through the gas partial pressure
equation for each gas in a zone, and it then continues on to the next zone
until all of the zones have been analyzed for a time point. This cycle is
repeated for each computing time interval to tne maximum time specified for
the run.
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V. TEST MATERIALS
MATERIALS SELECTION

Candidates for selection of four materials were to satisfy largely the fol-
lowing criteria:

1. Represent interior cabin materials currently in airline service or under
deve lopment.

2. Possess a large exposure area and potential high fire load (total weignht
in cabins).

3. Comprise sufficiently differing chemical compositions to evolve meas-
urable quantities of many probable gaseous products.

4. Contain an organic resin content high enough to evolve quantities of
heat, smoke, and gases at Tevels that substantially approach or exceed
personnel hazard levels when reasonable areas are exposed to a simulating
fire scenario heat source in CFS testing.

Four Tlarge area cabin panels were selected to represent a wide range of
typical constructions. The first was a then current, wide-body honeycomb
sandwich construction with decorative covering on both sides used for part-
itions, galley and Tlavatory walls. The second was a current production
panel. The third panel was a 1958 wall panel design. Tnhe fourth panel was
identical in construction to panel 1, except that epoxy resin instead of modi-
fied phenolic was used in fabrication.

PANEL FABRICATION

PANEL NO. 1 FABRICATION - Panel No. 1 was made earlier in the program than the
final three. Six 48 X 96 inch panels were fabricated for use in laboratory
and full scale Cabin Fire Simulator (CFS) testing. Fabrication was observed
by an engineer who selected production materials to be identical in all
panels. Due to press capacity, these were made in three press operations.
This panel consisted of the following commercially available components.

Decorative Outer Layer: Tedlar () /Vinyl laminate, Type 3-10-195 polyvac T
Green and Blue Cork, Mf'd. 10-25-73 Tot 12723 Polyplastix United, Inc.,
Chicago Division. Facing: Phenolic Impregnated "C" Stage Fiberglass laminate
Cloth, 31.3% resin content, Hexcel Corp., Mf'd. 11-22-77 Batch No. 41320.
Core: Nomex Honeycomb, Phenolic impregnated, DMS 1947J Class 2, Type 1, Grade
A, 0.700 inch thick Orbitex HMX-1/4-1.5, Mf'd 8-77. Adhesive: (Facing to
Core) Epoxy film adhesive MDS 1903D, Weight 0.040, Reliaple Manufacturing
Company, Mf'd 2-28-78. Blocking: None. Glasing: None. Primer: National Ad-
hesives No. 41-4463. Table 12 gives a breakdown of the structure and com-
position of panel material No. 1. The element content shown for each poly-
meric constituent is known or was obtained for certain elements using X-ray
fluorescence spectroscopic analysis. The weights of each polymer type per

unit area, and for the 4 X 6 foot panel size used in full scale tests, are
listed also.
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FABRICATION OF PANELS 2, 3 AND 4 - Five 4 X 8 foot panels each of three
constructions shown in lables 13, 14, and 15 were fabricated under engineering
supervision with the same attention to detail as with Panel No. 1. These
panels were cut to the 4 X 6 foot size for CFS tests and the ends of each
panel (2 X 4 feet) cut into 10 X 10 inch specimens for CHAS testing. ATl
specimens were identified so that data from CHAS and CFS tests were from the
same panel.

TABLE 13
PANEL MATERIAL NO. 2 CONSTRUCTION

- ] |
| LAMINATE | WEIGHT LBS/FT? ! FINISHED PANEL PHYSICALS _|
! STRUCTURE MATERIALS (GRAM/M2) WT. LBS/FTe | THICKNESS-IN.
i (E) Polyvinyl Fluoride 0.10
e —=——— | Decorative Film | (488.2)
+ Adhesive
— ___§:2 — — | " FLY SCREEN" 0.12 0.508 1b/ftZ | 0.5
| ZZATZAA | phenglic Fiberglass (585.9)
W/Epoxy Adhesive
(2480 g/m2)
NOMEX Honeycomb 0.056
Filled W/Fibergl. (273.4)
Batting W/Phenolic 0.0225
Binder {109.9)
Phenolic Fiberglass 0.10
(488.2)
Phenolic Fiberglass 0.1
With Epoxy Adhesive (537)
th TEST PANEL 4' x 6' (2.23 m2) 12,19 1b

(5.529 Kg) |

ALL 5 TEST PANELS

OMS 2008, Polyvac T, Material No. 76-117, Class 1, Poyplastex _7
United, Inc.

DMS 2018, Reliabond, Product R1717-1507/60 x 96 in., Lot/Roll
509/20, Mfg. Date: 3-11-80, 0.12 1bs/sq. ft., Reliable
Manufacturing Inc.

DMS 2068, Hexcel Acousti-core, HRH 10 Acousti-core, Lot: 02609
1.5 PCF, 0.25 in. cell size, 0.45 thick, Hexcel
Structural Products.

DMS 2055, Type 1, Grade A, "B" Stage Phenolic/Glass, Product:
MXB6032/181, Roll 42, Mfg. Date: 3-21-80, 0.10 1bs/sq.
ft., Fiberite West Coast Corp.

DMS 2017, Type 1, "C" Stage Phenolic/Glass, Product: NB1306-7781,
_ Batch 000095, Roll/unit 000048, Mfg. Date: 2-14-80, 0.11
i 1bs/sq. ft., Newport Adhesives

©

-

©

®

©
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TABLE 14

PANEL MATERIAL NO. 3 CONSTRUCTION
— . —
| LAMINATE WEIGHT LB/FT2 | _ FINISHED PANEL PHYSICALS
| STRUCTURE | MATERIALS - (GRAM/MZ) T WT LB/FTZ [ THICKNESS-IN.
I . B | I
1 PANLAM ' z ;
| _ D | [Cloud wnite | 2 0.195 !
| 0.026 Gage 2w (952) .
‘l SEMI RIGID =] : i
@ =S |
l _—— PRIMER g2 0.010 . '
! o) ::‘: (48.8) 1.298 1b/ft ‘
o

POPLAR WOOD = 0.365 2 0.75 in. |
= (1743) (6335 g/m") | i
-—~F;2—-- AHDESIVE 0.045 i r
(Epoxy) (220) i g
® ‘ i i
CSTITIIIR | [PAPER Honevcons | |
CORE, 0.45" Thick. | 0.068 a |
| FR_TREATED | (332) | .

I 2 |

CFS TEST PANEL 4' x 6' (2.23m°) 31.15 1b 0.75 in
(14.16 Kg) : :

ALL 5 TEST PANELS

DMS 1895, Type 5 PANLAM: .026 Gage Color:

Cloud White P. O.

® 6BR867486-0 DATE: December 3, 1976

‘ Vendor's Const. #76-250
@ | DpM 5411 Adhesive Primer ;
©) ! DMS 1526E .125 Thick Type 1 CR F&B Poplar Wood DATE: 1-10-80 General

| Veneer Mfg.__
C) DMS 1903 Adhesive Batch: #A-2798 Roll #2 DATE: 4-80 Fiber-Resin Corp. |

FR-7031-2 i

() | OMS 1925, Type 2 Paper H/C .45 Thick (No I1.D. Tags)

1
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TABLE 15

PANEL MATERIAL NO. 4 CONSTRUCTION

' T
| LAMINATE | WEIGHT LB/FT° FINISHED PANEL PHYSICALS
STRUCTURE | MATERIALS “ (GRAM/M2) WT LB/FTZ | THICKNESS-IN.
y2 ]
O PVF/PVC FILM | B E | 0.068 |
ABRASION RESIS.|= S (337)
© ADHESIVE gz 0.01 e | |
"""" PRIMER 2= (48.8) 0.816 Torft | 5
©) =3 ) 0.75 in. |
g | 3 PLYS FIBER- | = 0.095 (3983 g/m“) |
® GLASS/EPOXY (464) |
m NOI‘_;IEX HONEYCOMB 0.088
0.7 in. (429) '
1/4" HEX CELL i
' |
CFS TEST PANEL 4' x 6' (2.23 m%) 19.58 1b. o
(8 g Kg) 0.75 in. |
[ PANELS [1] & pANELS (3] & (3] PANEL  [5]

DMS 2008, Type 3
Class 1 Tedlar/Vinyl
Lot: #5

Same as Panel &

Same as Panel m & @

Job #L245777-02
Block #HJD15N-78204V
P.C.#7BR-440728-9
Hexcel Corp.

(:> Date: 11-19-79
| P.0. #90R391653-9 ; |
l Pattern Callout: 73-134 |
| DPM 5411 | -
® Adhesive Primer Same as Panel[l] & Same as Panel & E]
DMS 1926, Type 8 DMS 1926, Type 8 OMS 1926, Type 8
Ro1l #113 .l Roll #8 Ro11 #160
DATE: 4-17-80 DATE: 11-7-79 DATE: 4-18-80
| D Resin Content: 40.5% Resin Content: 41.3% Resin Content: 39.9%
G0 | Flow: 14.0% Flow: 13.0% | Flow: 14.3%
Volitiles: 25% Volitiles: .58% 1 Volitiles: .19%
Lot #4816 Batch #44253 Lot #4816
Fiberite Corp Hexcel Corp Fiberite
MXB7704/181 | (F-155-59) MXB7704/181
DMS 1974, Type 1 |
Class 2, Grade A 11 2
Nomex H/C .70 Thick Same as Panel & Same as Pane.EI & D
C) Density 1.5 PCF
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VI. CABIN FIRE SIMULATOR TESTING

CFS TEST SETUP

The full-scale tests performed in support of the Combined Hazard Index Program
were conducted in the Douglias Cabin Fire Simulator (CFS). The objective of
these tests was to develop tne laboratory test methodology and demonstrate the
capability of the computer program to predict the environmental spectrum
within the CFS. The interior of the CFS was configured as shown in Figure
31. The interior of the cabin was segmentead into 18 zones plus two zones for
interface with the computer program. The boundaries of 18 zones which were
formed by two horizontal planes 32 and 64 inches above the floor, two vertical
station planes at 152 and 314 1inches and one vertical plant on the
longitudinal centerline of the CFS. The two computer interfacing zones were
physically Jlocated within the 18 =zones and due to their physical size
overlapped several compartment zones. Zone 1 was the radiant panel and zone 2
the specimen panel. The 20-zone computer program split the output of these
two zones based on their area of intrusion into the 18 compartment zones. For
computer identification these zones were numbered from 1-20 as shown in Figure
31. They were identified in CFS data relative to their geographic position in
the chamber and their vertical location, i.e., upper, mid, and lower, so that
the lower zone farthest from the radiant quartz lamp array was identified as
LSW {(lower southwest). Certain locations show a "T" for thermocouple or a "P"
for photometer, as appropriate. Eighteen major instrumentation points were
located in the center cof each of these zones and in the air exhaust duct. The
baseline test aluminum panel and the test samples were exposed to the radiant
flux emitted from the radiant quartz lamp panel modules arranged to produce as
uniform a flux as possible on the exposed panel. The test panel, during
exposure was mounted on a weighing fixture with the panel face 32 inches from
the quartz lamps. Ventilation of the chamber was achieved by pumping air
through a plenum mounting the lamps and exited through a pumped exhaust at the
far end of the chamber.

ZONE INSTRUMENTATION - A thermocouple was located in the center of each zone.
Nine photometers sampled the smoke density as percent transmission through a
12-inch light beam as recorded by a Weston cell in each instrument, located in
the zones on the cabin side opposite from the panels.

Tne temperature of the air was recorded both as it entered and exited the
chamber. These measurements were made by thermocoupies mounted in the entry
and exit air ducts. The air temperature was also measured one inch under the
ceiling on centerline between the main thermocouple mounting trees.

CHAMBER VENTILATION - Air entered the chamber at 875 cfm flow rate at ambient
temperature througn a plenum chamber mounting the radiant source. This air
flowed uniformly around all of the radiant elements providing the necessary
cooling for the power cables and ceramic reflectors. After flowing through
the CFS the air exited through a simulated door opening in the end bulknead
and out through a 5-inch duct in the center of the end dome of the CFS.
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QUARTZ LAMP RADIANT ARRAY - Simulation of the post-crash fuel fire radiant
flux was achieved with 16 Pyropanel modules, Model No. 4083-16-12 fabricated
by Research Inc. This assembly 1is shown in Figure 32. The array was 9l
inches wide by 64 inches high, with the 8 upper and lower units separated by a
center spacer in order to achieve a more uniform flux distribution. The
radiant energy of this array consisted of 184 160073 CL tungsten filament
quartz lamps operated at 240 volts. The filament temperature at this voltage
was 4000°F with a spectral energy peak wave length of 1.2 microns. Total
power to the array was 294.4 Kw. Power to the array was supplied using 4
ignitrons operated in the manual mode. Initial setting of ignition power was
made by measurement of the voltage at the array to insure that 240 volts was
present correcting for voltage drop in the power cables.

The radiant array was mapped (Figure 33) to determine the optimum distance for
specimen location. This was accomplished using 5 Medtherm Calorimeters, each
with a 0-20 BTU/ftl/sec. range. The objective was to select a plane 1in
which the incident heat flux was most uniform at each selected heat flux.
This desired flux was selected to coincide with that being used in the HRR
chamber.

A plot showing the approximated flux distribution for a nominal average power
setting of 4.4] Btu/ft? sec (5 W/cm?) is shown in Fiqure 34.

SPECIMEN MOUNTING - Figure 35 shows Panel No. 1 mounted on the weighing
fixture. The attachment of tnis specimen to the frame was made witin 3/16
machine screws, 5/8 in. diameter washers and nuts on the frame side. All
other panels were held to the frame with edgebars and clamps. The mounting
frame was held in position by a four bar linkage system restrained by a 0-50
Ib. load cell on the side opposite from the sample, the output of which is
recorded py the computer data system. This system was calibrated by adding
and removing weights within the range of expected weight 1loss and its

performance was within 0.05 1b. The load cell was insulated and air cooled to
maintain stability.

GAS SAMPLING - The atmospnhere of the CFS was sampled at the CHI point (zone
13) and in the air exhaust duct. For certain acids and gases, batcn bubbler

samples were obtained and a posttest laboratory analysis of their contents was
performed.

The following gases were sampled and monitored by specific response gas
instruments at the following locations: (see Figures 36 and 37).

Gas CFS Exhaust Multiple Animal Test Point (Zone 13)
02 Beckman-1008, 2 liter/min flowrate MSA-802, 2 liter/min flowrate
COZ Beckman-864, 1 liter/min flowrate MSA-LIRA, 1 liter/min flowrate

co MSA-LIRA, T Titer/min flowrate Bendix
CHX MSA-LIRA, 2 liter/min flowrate -
HCN Kin-Tek (DOW), 1 liter/min flowrate -
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PANEL 1 BEFORE EXPOSURE WITH VERTICAL PILOT BURNER TUBE IN POSITION

FIGURE 35.
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DATA ACQULSITION - OQutput from these real time instruments was recorded by the
PDP-15 computer data acquisition system beginning from time zero to the end of
the data acquisition time period (21-22 minutes). In each test, power was
applied to the array 20 seconds after time zero. Channel nomenclature was
established as follows:

Thermocouples Photometers
TUNW PUSE
TMNW PMSE
TLNW PLSE
TUN PUS
TMN PMS
TLN PLS
TUNE PUSW
TMNE PMSW
TLNE PLSW
Basic 18TC TUSE Real Time Gas Exhaust
TMSE
TLSE COE
COpE
TUS 0oE
™S H%NE
TLS CHXE
TUSW At CHI Point
TMSW
TLSHW coc
cozC
At Ceiling TCW 02C
TCM
TCE Sample Weight Loss
At Subject Cages WL
Wall Temp TNW Cabin Pressure
TSW
PC
Vent Air TAIN
TAOUT Ventilation Air Flow

VAIN, VAOUT

TIME INTERVAL "BATCH" AND INTEGRATED (TOTAL) "BUBBLER" SAMPLES - The patch
samples were taken at selected time intervals into 8 liter stainless steel
cylinders containing 50 ml of 0.2 N NaOH absorption reagent. The inside
surfaces of each tank were wet with the absorption solution. The tanks were
mounted in parallel on a 1/4 inch stainless steel manifold which was connected
to 8 feet of TFE tubing Teading to the sampling point near the 3 animal Ti
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test cages in zone 13 (See Figure 32). These cylinders were evacuated to 0.8
atmosphere just prior to a CFS burn test. Each cylinder was isolated from the
sampling line by a solenoid valve, and each were opened sequentially at timed
intervals to take samples during the test. Each absorbption solution was
removed at the end of a test and analyzed by microchemical techniques:

1. HF by specific ion electrode analysis

r~a

HC1 by silver-electrometric titration

ad

HCN by colorimetric analysis

The standard glass impinger "bubbler" samples for HF, HCI, and HCN and
aliphatic aldehydes (as HCHO) were taken in two standard glass impinger
bottles connected in tandem to either TFE or stainless steel sampling lines
leading to the multiple animal test point (zone 13) and the CFS exhaust for
panel No. 1 tests. For the remaining 9 tests of panels 2, 3 and 4 these
bubblers were mounted inside the CFS in an insulated box to protect them from
heat build up during eacn test. Twelve bubblers were connected in pairs on a
manifold inside the box; one set contained sodium hydroxide solution for
absorption of HCl1 and HF, and the other set contained the aldehyde absorption
reagent solution. Flow rates of CFS atmosphere were sequentially taken at
timed intervals into each pair of bubblers by remote control of electrically
operated solenoid valves. This assembly is shown in Figure 38.

ANIMAL TEST LOCATIONS - Open mesh, split wheel cage units employing sensors of
the same design used in SATS were placed in the zone locations shown in the
CFS schematic (Figure 31) for panel No. 1 tests. Tnree cages, each containing
a rat, were placed side by side in Zone 13. The fourth cage was placed in
Zone 12, directly under the 3 in Zone 13. The fifth and sixth cages were
located, respectively, near the center of Zone 16, and at the exhaust end of
the CFS between Zones 16 and 19. For the final three materials, the exposure
chambers were redesigned as closed polycarbonate boxes which were covered with
insulation blankets composed of two inches of fiber glass insulation Tlined
with a silicone material on the inside, and covered on the outside with a
metallized silicone material. The CFS air was pulled through two large inlet
tubes which penetrated the insulation blankets and carried the air into the
exposure chambers. The air was mixed by deflectors inside tnhe chamber and
exited through a single outlet which was connected to the vacuum pump. The
pump was situated on the cage platform outside the insulation blanket to avoid
adding the pump's heat to the exposure chamber. Pump capacity was
approximately sixteen liter per minute. Figure 39 shows the insulated animal
test chambers located near the CHI location and midway between that location
and the exhaust end of the CFS.

The time to incapacitation (Ti) method of monitoring the rats developed by the
FAA (Reference 4) was used. The output from the contact bars were recorded on
an 8-channel ASTRO MED SUPER 8 hot pen recorder with one channel dedicatea to
each rat. The temperatures in the four chambers (six rats) were multiplexed

on the seventh channel and the temperature in each chamber was recorded for
three seconds so that each chamber temperature was sampled every twelve
seconds. A photograph of this equipment 1is presented in Figure 40. The
recording time ran from approximately 20 minutes before the test to 30 minutes
after the test. Test duration was 20 minutes.
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FIGURE 38. SOLENOID VALVE CONTROLLED GAS SAMPLING UNIT
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FIGURE 40. MULTICHANNEL RECORDER AND ANIMAL TI CAGE ROTATION
CONTROLLERS

FIGURE 41. CFS VIDEO CAMERA RECORDER AND MONITOR
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PHOTOGRAPHIC RECORDS - In addition to pre-test and post-test photographic
records of each test, color motion pictures and video tape recordings were
made of each panel exposure. The video tape unit and monitor are shown in
Figure 41. The motion pictures were made at 24 frames per second from a
position at the level of the panel. The color video camera was located in as
low a position as possible and as close to the panel as possible. This
position was chosen so as to provide as long a duration of visible record
before obscuration by smoke. The cameras were totally enclosed in insulated
and ventilated boxes to protect them from heat damage as shown in Figure 39.

CFS TEST CHECKLIST

Prior to each test, the following checks were made:
Weigh panel, use small platform scale.
Record Test, Material type, Specimen No. and weight.

Install panel on frame using "C" clamp bars, snug fit only. Don't crush panel
by over-tightening.

Check distance from panel face to front of quartz lamps- should be 32".
Check zero calibration for load cell.

Check Tlamps for burn out and replace as required.

Call for fireman 30 minutes prior to anticipated test time.

Cock ignitor so that pilot orifices point away from panel and attaching nylon
cord to array so that it is exposed to tubes for quick burn-through.

Install animal subjects.
Check that proper thermoccuple is in each cage.

Photo. Slate test run on 16 mm. and tape and take pre-test photos with slate
in view.

Inform ignitron operator the level of radiant heat flux required for the
specific test, i.e., 4.41, 3.08 or 2.2 Btu/ft? sec (5, 3.5 or 2.5 w/cm?).
This setting will have been determined on the array map and marked on the
ignitron controi.

Check operation of ventilation system on scrubber and blower.

Check to assure cooling air flow to cameras and load cell.
Check that the following are ready for the test and are on intercom:

Photo

Gas Analysis

Animal Experiment

Propane valve operator

Computer review all channels
[gnition operator - Arm ignition
Fireman is present
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Light all propane pilots and adjust if necessary.
Check that chamber is clear.
Close chamber.

Final Intercom Check
Photo
Gas Analysis
Animal Experiment
Propane valve operator
Computer
Ignition for green light

Computer room will take control of test and announce start of recording as
zero start recording.

At zero time

Photo: Start cameras and tape
Animal Experiment: Start recording

Computer room will count each scan from zero to 10 on the intercom. On the
tenth scan (20 seconds) the Ignitron operator will bring up the control to the
preselected power setting (heat flux level).

The test director will view the test from the viewing port to note:

1. That the array comes on.
If it does not come on, declare Abort test.

2. That the pilot flames remain 1it and that they rotate into position
upon burn-through of the supporting cord.

3. When visibility of the pilot flames is lost from smoke, he will ask
the propane valve operator to close the valve.

4. Look for and note any unusual occurrence.

Total radiant heat exposure time for each test specimen will be for a period
of 300 seconds.

[gnitron shut-down will be at 320 seconds computer time.

At 260 seconds the computer room will announce 1 minute till shut-down of
ignitron. At 300 seconds a count down will begin with ignitron shut-down
declared at 320 seconds.

Recording of data will continue for 15 additional minutes with computer
control announcing test termination at 1220 seconds.
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Post Test

Ventilation will remain on until the chamber 1is clear of smoke and Gas
Analysis confirms that a safe level of 0z and COp exist.

Open chamber.

Post-test photos of panel front and back and any ash on floor.

Remove animal subjects.

Remove ash on floor, weigh, and record.

Remove panel, weigh and record weight, including any residuals that drop to
floor during removal.

Review data for inoperative transducers and replace where required.

Inspect and clean scrubber filters if necessary. The cabin Ap should give a
good indication of their condition.

CFS TESTING

BASELINE TEST - A baseline test was conducted for the purpose of establishing
the thermal levels within the CFS attributable to the radiant energy from the
array. For this test, power was appiied to the array for a period of 600
seconds. Plots of the data were made after this test. For this test a 4 X 6
foot sheet of aluminum was exposed to the array mounted on the weighing
fixture.

In order to minimize the adverse effects of thermal stress, the aluminum sheet
dummy panel was attached with three bolts at the top edge only. As expected
upon exposure this panel warped convex toward the array and gradually
flattened out as the temperature became more uniform throughout its
thickness. The pilot flame tube mounted vertically n front of the panel
warped also. In the first two panel tests where the vertical tube was used,
the top end was tied to the array with steel wire to avoid any possibility of
contact with the panel from thermal deflection. The weight Tloss experiment
was adversely affected by the thermal environment, showing a loss of 36.3 l1bs.
at power off, when in fact a zero Tloss should have been indicated. This

required insulating the load cell and adapting a horizontal pilot flame as
described later.

The response of tne photometers was affected by both the increase in visible
light emitted from the array and the temperature. The increase in cabin light
level caused an initial increase to over 100% transmission. A thermal effect
was noticeable as a progressive reduction of indicated intensity with time and
increased temperature. This effect began at approximately 100 seconds and
continued to decrease for the duration of the test recording. The error
resulting from the temperature effect is the most objectionable of the two.
Fortunately, 1its effect 1is noticeable only after sufficient time nas
transpired to allow the temperature transfer to take place. In the material

tests the maximum reduction in 1light transmission occurs within the first 100
seconds.

Concern was felt as to the advisability of a 10-minute test duration for the
three material tests. Inasmuch as several failures or near failures of
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instrumentation cabling had occurred and no spare cells were available for the
photometers, it was decided to 1imit the exposure of the first material test
to five minutes.

PANEL NO. 1 TESTS

Three tests of Panel No. 1 were made using a 4 x 6 ft section of panel exposed
to the array in the same fashion as in the baseline exposure of the aluminum
sheet. Attachment of the panel to the mounting frame of the weighing device
was made with 14, 3/16 inch screws. As the three tests were conducted under
similar conditions with similar results, only significant common events or
differences in results or test protocol will be discussed in any detail.

The first two tests were characterized by a period of deflagration which began
from 20 to 28 seconds after the start of exposure. This deflagration resulted
in a pressure pulse reaching a peak of up to 1.5 psi at about 40 seconds from
exposure initiation. Tests 1 and 2 were quite similar in this regard with a
steep slope to the leading edge of the pulse and a maximum rise of 1.5-1.6
psi. Test 3 and all subsequent tests used a horizontal pilot ignition which
exhibited a reduced pressure peak pulse with a very moderate initial slope and
less area under the curve. Deflagration was believed to result from the
tremendous quantities of combustible gases driven from the panel by the sudden
heat load followed by ignition. This effluent, initially rich in halogens,
may have extinguished the vertical pilot flames in Test 1 and 2 but did not
affect the horizontal burner used in test No. 3 (Figure 42). The visual
record of the initial exposure in all tests was recorded both on film and
video. These records showed first, a splitting and shrinking of the
decorative laminate followed by the evolution of a large amount of white vapor
from the front face. The transition to flaming ignition appeared to occur
when the white vapor changed to black smoke. This was followed very rapidly
by gas wunder pressure being emitted from the edges. Upon ignition were

produced jets of flame. Figure 43 is typical of the post test appearance of
the panels #4 and #1.

The weight and weight loss recorded by physically weighing the panel before
test and subtracting the residue remaining on the frame and that which had
fallen to the floor are shown below.

Test 1 Test 2 Test 3
Initial Weight, Lbs. 21.18 21.53 21.28
Weight Remaining on Frame 12.38 13.76 12.89
Weight Removed from Floor 1.14 e 1.19
Total Consumed /.66 7.06 7.20

The dynamic weighing of the panel during the burn was adversely affected by
temperatur s noted above. For test No. 1 the load cell was wrappeda in
fiberfrax and the whole unit shielded with a foil box and a flow of
cooling air was introduced into the bottom.. This provided enough protection
to reduce the weight Tloss error to approximately 2% which, unfortunately, is
not sufficiently accurate. We were reluctant to attempt additional protective
measures, fearing that any effort of this nature might result in an increased
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error from restraint of the load cell movement. In the belief that if we
could relate the temperature to the error, corrective action could be taken;
therefore, a thermocouple was affixed to the load cell and several tests were
made using a heat gun while recording the static load and temperature with the
computer. From this data, it was determined that effective correction could
be achieved by application of two straight 1ine correction factors. The

application of these factors and a comparison with one run in CHAS are shown
in Figure 44.

Figures 45, 46, and 47 show plots of the concentrations of HF, HC1, and HCN in
Zone 13 gas samples taken over a 7-minute time span in the CFS tests. The HCI
tests for Burn No. 1 were not plotted, since it was discovered that the
absorption reagent in these tanks were accidentally contaminated with chloride
as shown by a blank determination run after the test was completed.

The "bubbler" samples for HF, HC1, HCN and aliphatic aldehydes (as HCHO) were
taken in two standard glass impinger bottles connected in tandem to either TFE
or stainless steel sampling lines leading to the multiple animal test point
(Zone 13) and the CFS exhaust. Table 16 summarizes the results obtained for
each of the CFS burns of Material No. 1 and gives the average ppm by volumes
of each gas collected over a 5-minute sampling time.

TABLE 16

AVERAGE PANEL NO. 1 GAS CONCENTRATIONS
COLLECTED IN IMPINGERS AT TWO LOCATIONS FROM THE CFS

VOLUME PPM OF GASES RELEASED

CFS CFS OF GAS

TEST SAMPLING SAMPLED ~ RCHO

NO. LOCATION (LITER) HC1 HF HCN (Aldehydes)

#1 Zone 13 10.8 * 6 12 5.8
Exhaust 5 * *k 22 3.9

#2 Zone 13 10 115 12 15 4.2
Exhaust 5 144 3 7 5.4

#3 Zone 13 6.2 & 10 34 4 22 4.3
Exhaust 5 0 2 2 0.7

* Chloride in blank too high for accurate determination.
** Flouride contamination in impinger bottle.
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HYDROGEN FLUORIDE CONCENTRATION

PM)

150 +

135 ¢+

120 4

105 +

90 + PANEL NO. 1
* CFS BURN #2

75 4

45 +
30 4 T PANEL NO. 1
CFS BURN #3
15
0 $ t + + : + + + {
0 1 2 3 4 5 6 7 8 9 10
TIME (MIN)

FIGURE 45. HF CONCENTRATION

4.41 Btu/ft2 SEC

105

NEAR MULTIPLE ANIMAL TEST LOCATION (Zone 13) IN CFS - PANEL 1,



CONCENTRATION ‘ppm)

C

CHLORID

0GIN

HYOR

150 7

135 1

120 4

—

OANEL 0. 1
CFS BURH #C

PANCL il0. 1
CFS CURN #5

FIGURE 46.

TIME (MIN)
HC1 CONCENTRATIONS NEAR MULTIPLE ANIMAL TEST LOCATION (Zone 13) in CFS -

PANEL 1, 4.41 Btu/ft

106

SEC



150

r
1354
1204
1051
90+
15
&60t
PANEL NO. 1
CFS BURN #3
45 /
o~
;f’ - P /
04 _,/'V/ .. B _____,_-‘O\\ /
/PL/ P > PANEL NO. 1
“—-v.f' - .
. . / CFS BURN #2
154 / N )
,{:I N /
d/; \O__________O
S : % + : ‘ ; ‘ ‘
0 ] 2 4 5 6 7 8 9 10
TIME (MIN)
FIGURE 47. HCN CONCENTRATION NEAR MULTIPLE ANIMAL TEST LOCATION (ZONE 13) IN CFS -

PANEL 1, 4.4 Btu;’FT2 SEC

107



30IS HLNOS “NIGYD QIW (STL “SnL “SWL) INIOd IHD 1V 3¥NLv¥3dWIL "8y JdNII4

w J 930 00s D1 O INDI ¥3IMODT WLINDS sl 00s 01 0 INOZ HIMOT WINDS 511 571
Wy J 330 06s 01 0 In0Z QIw MINOS il 90s 01 0 In0I Qlw WInDS Ml Swi -
nvy 3 930 o405 01 0 INDI H3ddN HINODS (31 00s 01 0 IND ®iddn HANOS (3] SNy s
WAS-0145  SL1INn EELLL ERVRY ‘NASY TINEWHD ELLLL] ERFRY] NOSY TINNWHD Y3qunn Sviu
I35 N1 3WlL 3IATI¥TIIW 335 NI 3wl 3Inliw3e
ooy 058 00s Usk (140 11 (111 (17 oo osi oGt 0s oo

)\.—ﬂnllvllrlu__

\|\|\\u\\\\\.\\q\\\|..\n
- R
] DR s

L/

10 o

e=~|||'ltl[rl}t.

o0t /./ u.t|1l|.+l111|t}llt.\..

/
l
\

oon4 ./. [
i _
e
o |
b5l
oos T
bot
[ILE of
b5t
._S._:
Gl
'TTE
4 05k
9
0061
3
o v

GOC ei 82 Wl JwWly 3FINdziiie [ 11 O 10 [ Ow 1%3: w2 (I 1 O% 137 Lo 1535 tH 18680 bedOme L1 1% 41

-108-



1N0-YIY GNY NI-YIV 40 S3unlvy3dWil Ldnd "6% 3d4n9Id

o 1 930 Gey 01 0 HIv 137i00 et 0os 01 O wiv 137500 el 1nows =
1w J 930 Gos DL O wiv 137N1 et @y 0L ¢ Hlw L137N] il NlvL =
WAS-01d9  SLINA ERLLT ERFRI NI5¥ TINNYHD ELLLT] ERFS N LEFLRELLLEN] LEETUL L E T
335 Ml 3JwWis 3ImTivI3w 335 NI 3WIL 3AlivIds
oos 11 ans 11 LI G5k GOk o5l LY LR oot 0s o
1]
L R o " L } 3 : ] — e p— - i e At \h.l
ol \1\
[
———a |
|-
boz T {6/': \)I\)\&
]/.\\|\ GGl
.ff\)?\?.r)}\(?&.\u}j@x)\
ook sl
ooe
00h
[ET
Q051
ool
IR o
05k
LT o
Gln
TrE R o
4 [Ty
9
I of
E]
a Gl
€¢ mi o 3uly ITR s ¢ -1 O 1T ON 1538 W | I oK 1074 [ ON 1531 1w lo6élt  Loilne 1531
L] #

-109-



NOILYJ07T IHJ LV SNOISSIWSNYYL TVIILdO IHOWS °0S 3dN9Id

v MILINOLOHS WIMOT WMLINOS $91 124 ozt 01 0 ¥ILIWOL0HS HIMDT WLINOS 591 $74
uy BILIWOLOHd 016 HINOS 11 134 0zl 01 0 HILIW0L0Hd Olw WLNODS (11 SWd
ny HILIWOL0Hs 834dN HINOS €9l 124 ozl 01 0 HILIWO0L0H ¥3d4N HINDS L9l Snd
WAL=t I NOSY TINNYHD SL1INn EELTT) ERFE P NOSY TINNVHD =3guON  S¥3W
EE TR TS N PR FTAE T 335 NI 3WlL 3FTIv03
L Ls5 us (21 I (113 L113 o5 002 051 [12 N o5 -u
R - Ll 5 i e | —— !
A %ll\r@nnn
S e | PPN e Suiirs we-——ts -
\u\l\f.r(l\/\l«/\)\ .
in
i%
hu
P bt 15 L
3|
s IRLE PR PR e 1014 [ [3 = 1 -5t N o104 i 0w Iu2 P40l ==d0wE OF 1531

-110-



NOILY¥201 IHD LV SNOILVYINIONOD

00 ANy 02

“1G 3dn9I4

av 124 oot 0L 000 INIOd TWD Ly IT10010 wOEHED L0 134 pot 0L 000 INIQ4 IHD v F2TX010 WOBEYD ib0 3203
L1 134 o0 € Q4 0070 INIOd IHD 1w 30T30N0W WOEEWD HE0 134 0¢’'L 0L CT O INLOg (M2 1w 30'iCNCw NOEHYD EBD 0
WAS-O0189  SLIND ELLES ] ERTS R NOSY TINNYHD 51180 ERLLL ERTR NS UERLERELL LN FELTHL IS [
335 NI 3wl 3Inliedin 335 NI dWll 3rTLwIEd
oo9 0ss o005 LR 1L osi Dok osd ool a5l 13} s a
- » . . . 00 ©
Nf&flll«l!] .\L-\u\\. (=
[ e A & — 1 > = "
/ "R
T — i&l’!/hl[
~3

/e(\. 051

0L €

— i
GOC EL B kI T -kl on 107e i On 531 IK2 [ U EAES [ Tkt (R

-111-



NOILYJ07 IHD LV GNY LSNYHX3 S42 1¥ NOIL3Td3a NIDAXO "¢ 3dnIld

w 134 oS 01 6sl IN10d WD 1¥ N3IOAID 160 134 082 01 0751 IN1Od IW3 19 N3ITAXD 180 azo
1] 134 0§52 0t sl 15nwnE3 NIDALD Wb0 134 082 D1 0 sl LSAYHETI KITAXO hel EF4d
WAS-0 1T S1INA ELLLL] ERTRY TNOSY TINNVHD SLINR EELLL] ERERY NOSY TINNEHD Higunn  swdu
335 NI WL Frfivi3y 335 NI Wil 3IrLL¥3M
0oy LT 065 05k [ 05l oot 05 6o 05l (13 ng o

0 sl

[T

[y

g | 3 ——— 1
) 3 o l.l.o\llll.\r\]\u]l.{ /

1 3 3 + e . 1..|m.ll.|.|h!\|\l\b\\|//

(9°¢ A9 Q312v¥1SInsS 38 ATNOHS
JAUND SIHL 40 SINIOd 17V 3¥043¥IHL  "%9°€ 13S 440 SYM LSNVHXI LY INITISYE NIIAXO) T e

900 8L ed wl P BUELEEE < 5l on 1 3 on 5531 THD 1 &l 08 2072 3 [N Iw2 [ tt LRI Ll

-112¢



J3S mwm\:pm v L TINYd 3YNSSIYd TYILINIYIS4IQ NIGYD S40 "€ JUNIdIs

av 02K WWw GOk 0L 001- IWNS53Ee w1130 NIBWD 860 Gow 01 BOI- IHASS IR w1130 WIEYD Hel Jdi =
wAS-0IH2  SLINA ELLTT ERTET TNOSY TINNUKD 19NV ERTEN NO5Y TINLEHD WIELAN 59w
335 NI 3WlL 3rTiv3w 335 NI 3IWli 3elividd
909 085 a0 bik aok (133 (113 0s 0o sl oot 05 o
agi
0 -+
[

/ .

& oo
|

-113-



DATA PLOTS - The PDP-15 computer data acquisition system prepared a wealth of
data. The CHI point was "MS" (mid level, south) in PDP nomenclature.
Figures 48 through 53 are examples of temperature, smoke, CO, COp, 0, at
the CHI point and pressure in the CFS for test 3 of Panel No. 1. A single
plot involves five pages for presentation to 1320 seconds but are shown only
to a significant time interval to save report space. Plots were made for all
real-time measurements, and all thermocouple locations.

ANIMAL TESTING - During the baseline test, one subject was placed in one of
the wneels in Zone 13. At approximately 4 minutes 50 seconds, a temporary Ti
sensor trace of 15 seconds duration was observed on the strip chart recorder
followed by an apparent recovery and vigorous activity until 7 minutes 8
seconds when a permanent Ti occurred. Td followed, but the time could not be
determined (the subject was dead by the time the CFS chamber was opened). The
maximum temperature recorded near this wheel was 2119F  during the 310

seconds the radiant array was energized. No material was burned during this
. test.

Post examination of the strain gage sensors revealed softening of the acrylic
sensor bar support beams containing tne strain gages. These were modified by
cementing a strip of spring steel to the upper surfaces of the beams.

For burn test No. 1, six rats were used in open, Ti split cage, wheel units.
Within 82 seconds after the beginning of the test, all six-wheel sensor records
showed no activity on the strip chart. Upon opening the CFS, it was found that
all six rats had escaped from their cages, and survived at the exnaust end of
the CFS or under shielding at locations away from the fire. It was not
possible to determine which rat was in a particular cage. However, one rat
showed evidence of external burns on the ears and eyes. This subject also
appeared to have some central nervous system damage as evidenced by periodic
jerking movement. One other subject showed a severe blister on the cornea of
the left eye. Both subjects survived and showed normal activity. The other
subjects were unaffected by the test exposure to heat and gases.

The cages were reworked and the test procedure for the second burn was
essentially the same as for the first burn, except that the four animals
placed at the multiple animal test point, Zones 12 and 13, and the two placed
in Zone 16 near the exhaust were partially insulated with 3/4-inch Fiberfrax

on two surfaces to protect the subjects from direct heat without greatly
impeding the flow of gases and smoke.

With the exception of one subject that escaped from the test cage to the cooler
part of the CFS, all others ended in a Td. The temperature measurements indi-
cated that the thermal protection provided by a radiation shield (aluminum
foil) and the insulation was probably inadequate.

A1l expired subjects sustained etching of the cornea indicating the presence
of significant concentrations of acid gases.

For the third burn test one animal was placed inside a Ti instrumented wheel
(cage) housed within a Fiberfrax insulated polycarbonate (PC) box having an
internal volume of 1 cu. ft. Two inlet tubes were installed with deflector
shields to aid in mixing incoming smoke and gases with the atmosphere in the
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hox by means of an electric pump closely connected to the box opposite from
the inlets. The pumping rate from the CFS into the box was set at 1.33 ft.3/
min. and the box, with its test subject, was placed near the exhaust point
between Zones 16 and 19. This was found to protect the subject from excess
temperature for the full period of the burn; the maximum temperature recorded
inside was 1159F. In this test, the radiant array was turned off at 6 min-
utes. The pump connected to the PC box was turned off at 6 minutes 20 seconds
when it was noted that the CO monitor at the exhaust showed the CO concentra-
tion was beginning to decrease. A maximum CO level of 1700 ppm was recorded,
but the actual concentration inside the PC box was not precisely known.
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APPENDIX A

This Appendix provides drawings, check 1ists and computer data reduction
details for the CHAS/SATS system. The following details are included:

FIGURE

5-2

O O~ Oy B W N

_—
o

DRAWINGS OF THE MAJOR MODIFICATIONS OF THE HRR CALORIMETER
CHAS/SATS CHECK LIST PRIOR TO A BURN TEST

HP3052A DATA ACQUISITION SYSTEM INITIALIZATION

HP9825A PROGRAM LISTING

CHAS PARTS LIST

LIST OF ILLUSTRATIONS

TITLE PAGE
SAMPLE HOLDER INJECTION ASSEMBLY.......oiiiuiiiiiinannennns 119
DETAIL DRAWING OF SAMPLE HOLDER/MLT/INJECTION ASSEMBLY...... 120
DETAIL OF SAMPLE HOLDER/INJECTION ASSEMBLY GUIDE............ 121

DETAIL OF SAMPLE HOLDER/INJECTION ASSEMBLY OUTER SEAL

L R 122
WIRING DIAGRAM OF MASS.LOSS TRANSDUCER (MLT)................ 123
SAMPLE HOLDER. . .ottt ittt it ieaensncsrsecanannnns 124
HRR HOLD CHAMBER EXTENSION DUCT.....ceievinrneenianinannnnns 125
HRR HOLD CHAMBER QUTER DOOR.....civtiiiiininiriiinenrnrnennnns 126
HRR RADIATION DOORS ... ivii i eaiiiiitetanencaroneannnnns 127
HRR RADIATION DOORS AND OPENING/CLOSING MECHANISM........... 128
H, FILTER FOR HCN MONITOR. ... viiriiiiiieenasecsanenannnnnns 129
CHAS DATA ACQUISITION AND PROCESSING SYSTEM................. 135
CHAS DATA PROCESSING FLOW DIAGRAM........cociurinvnrncnnnnnn 136

IT. CHAS/SATS TEST RUN CHECK LIST

AIRFLOW SET? PILOT LIGHT LIGHTED?

HEAT FLUX CORRECT?

TC ICE REF. FOR SURFACE TEMP. ON?

TC ICE REF. FOR INLET AIR TEMP. ON?

BRUSH SOOT OFF OF TP JUNCTIONS IN STACK
TURN ON & BALANCE 2-CHANNEL GOULD RECORDERS
TURN MLT POWER ON. (1.25 mv/100g.)

(3) SMOKE FILTERS REPLACED?

BLOW SOOT OUT OF LINE FROM SATS TO STACK.
RECONNECT SATS TO SAMPLING LINE
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R4
R3 R5
Rs ™
s
| |
I | R2 R6
e RI
Rm*
=
| |
I |
L._ S _l Ih
BK RD WH GRN
OE \
cl g ) . ]——SIGNAL OUTPUT
TR
[ EGEND
10T RI  STRA/N GAGE
R? RZ W W
50K S — :
R5 BRIDGE BALANCE \
Ré6 COMPENSATION (TEMR)
Rs SENSITIVITY ADTUSTMENT
Rm COMPENS'M. MODULUS SHIFT
A(l) + SiGNAL QUTPUT
B(2) — SIGNAL QUTRUT
PINS C(3) + EXCITAT|ON VOLTAGE
D(4) — T
* OPTIONAL E(5) OPEN

R7 [Q-TURN,§0K POT.

FIGURE A-2 WIRING DIAGRAM - MASS LOSS TRANSDUCER
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1 in. x 6 in. Glass Tube

Powdered

Lead Carbonate Pyrex Fiberglass

swaglok Male Connector
55-1610-1-16

Cajon Reducing Couple
—  §S-HRCG-4

-~ TFE Tubing 1/4"

FIGURE A-6 H)S FILTER FOR HCN MONITOR
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1.
12.
13.
4.
15.
6.
17.
18.
19.
20.
21.
22.
23.
24.

25.
26.
27 .
28.

29.

30.

31.
32.
33.
34.
35.
36.
37.

38
39

40.
41.
42.

REPLACE GAS SYRINGE SAMPLING PORT SEPTUM.

SWITCH 0, MONITOR ON. SET ON AIR SAMPLING.

CK 0, SAMPLING LINE ASCARITE/DRIER FOR DEPLETION.

ADJUST AIR FLOW METER VALVE ON COMBUSTION GAS MONITOR TO ("2").
SWITCH COMBUSTION GAS MONITOR POWER ON.

SET ZERO ON CO C02 & COMBUSTIBLE GAS MONITORS N/GNZ FLOWING.
CHANGE OVER TO SPAN GAS & SET METERS (STEP 16) (MONITORS)

TURN SPAN GAS SUPPLY OFF.

SWITCH GAS TRAIN PUMP ON - ADJUST FLOW TO 1 LITER/MIN.

HCN MONITOR ELECTROLYTE SUPPLY, DRIER & RECEIVER FLASK OK?

SWITCH ELECTROLYTE PUMP & AIR SAMPLING PUMP ON.

ADJUST AIRFLOW TO 1.0 LITER/MIN.

CK DET. CELL ELECT. DROP RATE (1 DROP/20 SEC.)

PLUG IN & START UP NO!NOX MONITOR MAIN POWER, VACUUM PUMP & SAMPLE
CONDITIONING SYSTEM,

TURN NO/NO, POWER SWITCH ON (FRONT CONSOLE).

ADJUST NO/NO, DET. DARK CURRENT T0 ZERO.

CK "ZERO" & "FULL SCALE" KNOB METER RESPONSE (NO/NOX).

SWITCH BACK TO EXPECTED RANGE (OR 2.5 ppm/FS) & SWITCH 03 GENERATOR
ON.

TURN NO/SPAN GAS INTO MONITOR & SET 10 TURN POT TO GIVE CORRECT METER
READING.

SWITCH GAS SAMPLING BACK TO CHAS (NO/NOx METER SHOULD RETURN TO
ZERO).

FILL HCL/HF & ALDEHYDE SAMPLING SYRINGES.

PLACE FILLED SYRINGES ON CHAS RACK.

LOAD RAT INTO SATS.

CAGE ROTATION OK/ ELECTRONICS OK?

CK CONNECTION OF SAMPLING LINE FROM SATS TO FILTERS.

SWITCH 02 MONITOR OVER TO CHAS.

SET MLT & HRR RECORDER BASELINES (CHART SPEED 150 cm/Hr).

PLACE TOP ON SATS CHAMBER; CLAMP IN PLACE.

VENTILATE SATS W/PUMP ON AT 14 to 16 /MIN.

START CAGE ROTATION.

ZERO THE ELECTRONIC TIMERS.

CK SMOKE METER SETTINGS ("O" 0.D. = 621.5 mv; 0.4 0.D. = 763.5 mv).
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43. TAKE BASELINES * SWITCH AIR OVER TO MLT.

44, START DATA ACQUISITION (HP3052A) AS SAMPLE IS INJECTED & ACTIVATE
ELECTRONIC TIMERS.

NOTE: ABOVE CK-LIST ASSUMES HEATED LINES & SMOKE FILTER ARE PREHEATED TO
248°F (120°C).

* AIR SWITCH-OVER NOT APPLICABLE IF MLT NOT USED.

[101. STARTUP USER INSTRUCTION FOR HP 3052A

The following Operational procedure is for initial system turn on. The
instructions are also valid at all times.

1. Place Disk containing CHAS/MATS program into 9855M Drive and place
the special function Key (S.F. Key) overlay on 9825A (or 9825B).

2. Key in and execute "get" "START"

3. Press "RUN"

4. When "Index print out?" is displayed:

a) If Index is needed:

1) Press "YES" From S.F. key

2) The Index for CHAS/MATS program will be printed

b) If Index is not needed:

1) Press "NO" from S.F. Key

5. When "CHOOSE PROGRAM FROM S.F. KEY" is displayed:

a) Press desired program on the S.F. Key
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DATA ACQUISITION USER INSTRUCTIONS

1.

2.

The Program will ask a series of questions; enter all the answers promptly.

When "mv readings check, Cont." is displayed: press: "“CONTINUE" and
check the print out.

When "Adjust Smoke mv output" is displayed: Adjust the smoke meter to
specification with unblocked light beam. The mv reading can be checked on
digital voltmeter. Alternately place the 0.4 0.D. neutral density filter
(or other density value filter) in the light beam and adjust readings as
called for to match smoke detector calibration curve.

When "Remove Filter, Cont." is displayed: Remove the selected neutral
density smoke filter from the Tight path.

When "Baselines, Cont." is displayed: press "CONTINUE", at 1 minute after
placing the Sample and Sample injection assembly into the HRR hold chamber.

When "Start data, Cont." is displayed: press "CONTINUE", at the same time
the sample is injected into the HRR Chamber.

When "Process?" is displayed (after 10 minutes):
a) If data processing is desired:

press "YES" on the S.F. key

Go to step 8
b) If data processing is not desired:

press "NO" on the S. F. key

Go to 9
When "CHOOSE PROGRAM FROM S.F. KEY" is displayed:
a) Press desired program on the S.F. KEY
b) Go To appropriate user instructions

When "SEE YOU NEXT TIME", is displayed:

This is the end of the program

GENERAL USER INSTRUCTIONS

DESCRIPTION - The following operational procedure can be applied to several
data processing programs (there is very little differences in each
procedure). These programs include:

1. Mass remaining & Loss
2. Smoke Release Rate
3. Heat Release Rate

(i) by Thermocouple
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(11) by Oxygen Consumption

4. (O Release Rate

5. C(0p Release Rate

6. HCN Release Rate

7. 0o Release Rate

8. CHy Release Rate

9. Sample Temperature

10. NOy Release Rate

11. HCL Release Rate

12. HF Release Rate

13. RCHO Release Rate

USER INSTRUCTIONS - The following instructions are followed when data has been

acquired and processing is desired. Figures A-7 and A-8 show diagrams of the
HP9825A Data Acquisition/Processing System.

1. When "# of run in disk (1,2,...)?" is displayed:

a) Type in "1" or "2" or....
b) press "CONTINUE"

?. For Heat Release Rate by oxygen consumption Method GO to Step 9
FOR HC1, HF or RCHO Release Rate, go to Step 10
3. When "has this been plotted before?" is displayed:

a) If this data has been plotted before, press "YES" on S.F. KEY
[f this data has not been plotted before, press "NO" on S.F. KEY

b) Press "CONTINUE"
4. When "Have your plotter ready? Cont" is displayed:

a) Check plotter, pen and paper. Have it ready for plotting
b) Press "CONTINUE"

5. FOR Mass remaining & Mass loss rate go to Step 12
6. When "Another Run?" is displayed
a) |If additional run is desired:

(I) press "YES" on S.F. Key
(II) go to step 7
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b) If no more runs are desired:

press "NO" on S.F. key
go to Step 8

When "CHOOSE PROGRAMS FROM S.F. KEY" is displayed:

a) Press the desired program on the S.F. KEY.
b) Go to the appropriate user instructions.

When "SEE YOU NEXT TIME" is displayed:

a) If an additional run is desired at this time go to Step 7(a).
b) If no more runs are desired. This is the end of program.
When "Do you have following file" is displayed:

a) "HF" will be displayed, after about half second

[f HF data is collected in this run. press "YES" on S.F. KEY
[f HF data is not collected in this run. press "NO" on S.F. KEY

b) HC1 and RCHO will be displayed following HF. Use the same procedure
as for HF.

c) Go To Step 3

When "has this been plotted before?" is displayed:

a) If data (X = HC1, or HF or RCHO) has been plotted before, press
"YES" on S.F. Key

b) If X data has not been plotted before, press "NO" on S.F. key
When "Sequence" is displayed:
Type in Which "Sequence" is used in collecting this Sample data.
When "Time (SEC)?" is displayed:
Type in Time (sec)
press "CONTINUE"
repeat until all finish sequences are finished.
When "Sample amount? (mg/ml)" is displayed:

Type in How many "(mg sample ion in 1 ml of Gas Sample"
was determined by analysis.

Press "Continue"
Repeat until all sequences are finished.
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11. When "MAX Y-SCALE" appears
a) Type in the Max. Y-Scale value (ppm or %).
b) press "CONTINUE"
c) Go to step 4

12. When "Need plot for mass Toss? is displayed:

a) If plot is to be made, press "YES" on S.F. Key
If plot is not to be made, press "NO" on S.F. Key

D) Go to Step 3
DATA TRANSFER

USER INSTRUCTIONS - The following procedure transfers data from the Disk to
IBM magnetic tape.

1. When "LOAD MAGNETIC REEL TAPE, Cont." is displayed

a. LOAD MAGNETIC REEL TAPE
b. press "CONTINUE"

2. When "# OF RUN IN THIS DISK?" is displayed

a. Type in "1" or "2" or - - -
b. press "CONTINUE"

3. When "Do you have the following files?" is displayed
a. When "NOx" is displayed

if "NOx" data has been collected press "YES"
if "NOx" data has not been collected press "NO"

b. "NO", "NOp", "HF", "HCL" AND "RCHO" will follow "NOx"
Use the same key operations as for "NOX"
4, When "Need Read & Printing?" appears
a; If Read & Printing is desired, press "YES" on S.F. key
When "IBM TAPE" is displayed
Type in IBM TAPE #, such as "965552130"
wnen "DATE" is displayed

Type in date, such as "8/10/81"
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When "Any Note" appears

Type in any remark you want to put in.
Such as "NO HF, Hcl & RCHO is been collected"

b. If Read & Printing is not desired:
Press "NO" no S.F. key
When "THAT'S ALL FOR CHAS/MATS:"

This is the end of the program.
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29 .

30

10:
11:
12,
13:
14
15:

IV. HP9825A DATA PROCESSING AND DATA ACQUISITION AND PROGRAM LIST

"STA
etk
=nt
ort
prt
fmt
prt
prt
ort
prt
pr‘t
prt
prt
ort
pri
prt
prt
pr*
prt
prt
prt
pri
prt
prt
rrt
prt
prt
spc
dsp

RT.:
"CFKEY® :
*INDEX print out?* ,A;if flgi33g9to 28
"%% CHAS/MATS =¥*"
" K THDEX ¥EXE" s5pc 2
"x¥ COHTENT #¥",wrt lbjspc
* 0 DATA ";prt °® ACQUISITION" ;spc
* {1 SMOKE";spc
®= 2 MASS ";prt " REMATINING &°*
" MASS LOSS™;prt *° RATE" ;spc
HEAT R. RATE";spc
cn R. RATE";spc
C02 R. RATE";spc
HCH R. RATE";spc
g2 D. RATE";spc
TOTAL ";prt ° HYDROCARBON® 5spec
SAMPLE";prt * TEMPERATURE " sspc
0 NOx or HNO*®
* R. RATE®;spc
* 11 HCL R. RATE";spc
" 12 HF R. RATE";spc
* {3 RCHB R. RATE";spc
* 14 SPECIAL F.";prt " KEY";spc
* 15 START";spc
" 16 Hg ADJ.";spc
" 17 DATA °
" TRANSFER®
sprt TEEEREECNDXWEFER" cspc 2
*CHOOSE PROGRAM FROM S.F.KEY"

.
- @O N O U A

stp 3;gtn -1

dsp

“10
dsp
ent
if A
dim
dim
fmt
fmt
prt
wrt
fmt
rem
wr i
aup
enp
enp

"GEE YOU NEXT TIME";stp

CH Data Acq ":

*CheckK avl record (>=2002) cont...";s;sip

"is (Pvl FPecrds I3=200 ?? yes or mno',A

=0;dsp "Not enough rcrds,Change mnew disk!!!!!1®;5tip
HNE[15,151,M$[151,20101 ,7$010,101.,UsC12]
AL15]1,A$[81,B$020],E%(6]),F¢(6]1,M,M

16b;wrt 16,31,31,31,31,31,3:,31,31,31,31,31,31,31,31,31,31;5spc

"i0 CH Data Acg 5-253-30"
703, "PKES"

2,fz2.0;fmt 3,f3.6

7223¢cly 722;wrt 722.3,°"F1R7T2T3M1AOHO"
722.3,"EY",.001,"SYEZ",0,"52Z2"

*Run #2" Al101;enp "Sample Name?",B$;enp "Date?" ,A$
*Disk Humber”®" AT11]

"run# in Disc?" , M¢
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16,
17
13
19.:
20,
21:
22+
231
24

® 25

261
27+
28
29:
30
31
32
33
34
35:
36
37
38:
39,
40:
41
42,
43
14
45:
46
47:
4E
49;
S0:
S1:
22:
£3:
S4:
£5:
56
c7-
58:

[ =4
)

501
51
62:
63:
E4:
651
661
57
681
69

enp " Length of Test Time,(min)?",N

enp "Data interval, sec?" ,M;60/M}M

enp “"Air flow,cfm?® ,Al4);Al4]1%, 3048~3}2A[4]

enp "Air temp(C)?",Al31;273.1+AT31AL3]

enp "Samp area,in®27®,Al2];A02)%,.0254%2}A2]

enp "Used NO or MOx??",LCS$

enp "Range(ppmlUsed in NO or NOx2?°,F$

enp "Heat (W/cm®2)?",A[1])

enp *Init. mass (gm)?*,Al7]

enp "dMV/100gm,zeroed”,A(8]

if MN>0s1}T;if MNDE00;2 1 sif MND1200;3)13if MN>1B800s4)]:1f MN>2400;5}I
if MN>3000;6 1;1f MN>3600;7}1

1}Qsdim C$010,2MN]

*xxDAT1"2Ts(1]

M$)T$(1,1,1en(Ms)]

open T$011,200%Q

asgn T$011,1,0

dsp *mV Reedings Check.Cont.";stip

fer I1=1 to 10;03201);next I

for J=1 to 10;wrt 709.2,1;wrt 722.3,"R2"3trg 722;red 722,P
P+201122111

for 1=2 to 103wrt 7N09.2,1;wrt 722.3,"R7";irg 722;red 722,P
P+Z0{11}¥201]1:next I;next J

for I=1 to 10;2(11/10¥2013;next I

spc s;fmt x,"CH.",6x,"mV*;s;wrt i6sfmt ;sspc

fmt ,*SMOKE" ,3x,f8.3;wrt 16,201]

fmt ,°MASS *,3x,f2.3;wrt 16,2021

fmt ,°"HEAT ",3x.f8.3;wrt 16,2[3]

fat ,°CO *,3x,f8.3;wrt 16,7041

fmt ,°C02 *,3x,f3.3;wrt 16,2[5]

fmt ,°"HCN " ,3x,f3.3;wrt 16,2[(06]

fmt ,°02 *,3x,f8.3;wrt 16,2171

fmt ,"HC *,3x,.f8.3;wrt 16,2(8]

fmt ,°*TEMP " ,3x,f3.3;wrt 16,2[3]

fmt ,°NO ",5x,f8.3;wrt 16,Z[10];spc ;fmt

spc ;prt "Smoke Correct ReadingsShould Be®
spc jprt *.4 0D=763.5 mV*;prt * 0 0D=621.5 mV";spc
dsp *Adjust Smoke mV Output®

wrt 709,°01";wrt 722,"R2T1°;stp

dsp "Remove Filter,Cont®™;=tp

wrt 722,°T2T3":dsp “Baselines,Cont.*;stp

for 1=1 to 103032[11;next 1

for J=1 to 25swrt 709.2,1;wrt 722.3,"R2":trg 722;red 722,P
P+2Z011}211)

for 122 to 10;wrt 709.2,1swrt 722.3,"R7";3trg 722;red 722,P
P+Z[113201);rext 1j3next J

for I=1 to 10;2[11/25¥20(1);next 1

sfg 14

60/MiA

dsp *Start data,Cont®;stp

wrt 708,°7*50}5

for K=1 to MN;S5+815

wrt 709.2,1;wrt 722.3,"R2"3trg 722;red 722,P[1]

wrt 722.3,"R7"
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70 for 1=2 to 10.wrt 709.2,1

71: trg 7223red 722,PI17;next 1;0}I

72% sprt 1,P[11,PL2).PI31,P[4,P[5]1,P[6]1,P[7],PL8],P(2],P[10], "end"”
73: *loop®ired 708,U%

T4, val(U3[9,101)¥60+val (U$r11,127)3Usif S=MN;jmp 2

75s: if S>Us;qgto *loop®

76+ next K

77: fmt ®*Test Time=",f4.0;wrt 16,U

78: "xxismk®INE[1Ts " xx2mas " INEI2];"xx3h1"INS[3]

79; "xx4co"IN$T41;"xx5co2"INS[S] 5" xx6hen"IN$[6I;"xx702"INS$[7]
B0: "xxBhc®INSIST; "xxFtem™ IN$[9]; " xx10no " INS$L10); " xxxinf " IN$[11]
81: for I=1 to 11;M$INSII,1,len(M$)]Isnext I

82: drive 0 :

23: asgn T$011,1,0

a4: 128+323Csfmt 4b,"* 1’m Working *,x,4b;wrt 0,C,C,C,C,C,C,C.C
85. for K=1 to MNjsread 1,P[11,P[2],F(31,P[4],P[51,P(6],PL7],P[8],P[9],P[10]
B86: for Y=1 to 10

87: 1f Y#13fti (C(PLY1+3)".1%100Q023C8(Y,2K-1,2K]

gR. if Y=1;fti ((PIY1+2002*.1¥100002}3C$LY,2K-1,2K]

89: next Yi;next K

90: °"xxDAT1I"}T$C11sM33T$L1,1,len(M$IT;kill Tsl1]

91; for I=1 to 10;0pen N$[I],Gx6;next I;open N$3[11],2

g92: for J=1 to 10

93: asjn N$(J),3,0

94: sprt 3,Z0(%],C$(J]1,"and"®

95: next J

96: spc 3fmt x,"CH.",3x,"Baseline”;wrt 16;fmt ;spc

g7: fmt ,®1.SMOKE®,x,f&.3;wrt 16,2017

98: fmt ,"2.MASS * .x,f8.3;wrt 1G,Z72)

99; fm* ,°3.HFAT ", x,f8.3;wrt 16,2031

100: fmt ,*4.CO * x,f8.3;wrt 16,2041

101: fmt ,"S.CD2 *,x,i8.3;wrt 16,Z[5]

102: fmt ,°6.HCN ",x,f8.3;wrt 16,Z(6]

103 fm® ,°*7.02 *ox,f8.35wrt 16,Z[71

104; fmt ,"8.HC "Lx,f8.3swrt 16,2[8]

105: fmt ,"9.TEMP * ,x,f8.3;wrt 16,2(9]

106: fmt ,*10.NO " ,x,f8.3;wrt 16,Z{10);spc ;fmt

107: 2sgn MN$[11]3,3,0

108: sprt 3,&[%],RS,B?,ES,FS,M,H,NOIIS],M’,'end'

109: 0}X;ent " PROCESS??",X;if flgl13;39to +4

110: dsp "CHODSE PROGRAM FROM S.F.KEY"

111: 5tp ;gto -1

112: fmt 16bswrt 16,31,31,31.31,31,34,31,31,31,31,31,31,31,31,31,31;spc
113, dsp "SEE YOU HNEXT TIME®";stp

®x20300
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17:
18:
19:
201
21,

2
23
24:
25:

® 26:
27:
28:
29
304
31:
32:
33

@®34:
35
36:
37
38
39:
40
41:
42
43,
44,
45
46:
47:
48
49,
S50
Sia
521

"Mass FRemaining & Mass Losas Rate":

dP(J
fmt 16bywrt 16,31,3%1,31,31,3!1,31,31,31 31,31,31,31,31,31,31,31;4pc
prt "Mas=s Remaining 4 Mass Loss Rate®;spc 2

Asp "Mass Remaining & Mass Loss Rate®;wait 300
dim ﬁ[15],ﬁ9(9],83[201,ES[G],FffB],M,N,HS[iS,lU],MS[Z]
dim W$(12,121
enp *# of run 1in disk(1,2..)2" ,Wsr11
0O'W;ent "Has this been plotted before?®,U
dsp "Have your plotter ready! Cont.";stp
"xxxinf®"}W$(2]

W$l1IrWs(2,1,len(ls[1))]

drive 0

asgn W$(2],1,0

sread 1,Al %) ,A$,B3,E$,FS M, N, N$T101,M¢

fxd Osprt ®"Run#=",AL10]1,B%¢,A%;spc

dsp "...WORKING ON MASS REMAINING...";gsb "CACL 1*
gst "PLOT I*

dsp "...WORKING ON MASS LODSS RATE...";gsb "CACL II*
ent "NEED PLOT FOR MASS L0OSS?",A;if flgi13;9tec +2
gsb "PLOT II°"

ent "ANOTHER RUN?®*,X;if flgi13;9to +3

dsp °"CHOOSE PROGRAM FROM S.F.KEY"

stp ;9to -1

fmt 16bswrt 16,31,31,31,31,31,31,31,31,31,31,31,31,31,31,31,31;spc

dsp "SEE YOU NEXT TIME®;stp

*CACL I":dim ZI101,V$[2MN]

dim MIMN],SIMN]

"xx2mas"IW$[3]

WELL1IJWSI3,1,12n(W$0112]

asgn W$[31,2,0

sread 2,20%]1,V$

for I=1 to MN;(itf(V3[21-1,21312/10000)%10-S-Z2121MM[ Il snext I
jmp 2

*MLU DRIFT DATA HERE":

for J=1 to 20;for I=1 to MN-2;(MIII+MII+1)+M[I+27)/3}S[1+1];next
for 1=2 to MN-2;S[I+11IM[I+1];next I

next J

for 1=1 to MN;MI[I1*100/ALBY}S[I];next 1

if AT21=100%.0254"2 and Al11=2.5;9sb *"2.5"

if A[2]=100%.0254"2 and Al11=3.5;9sk "3.5"

if Al23=100%.0254*2 and AL11=5;49sb "5.0°

if A(21=100%_.0254*2 and Al11=7:9sb *7.0"

if AT21=36%.0254"2 and A[11=2.5;g9sb *S2.5"

1f A[21=3€6x%.0254*2 and Al11=3.5:9sb "S53.5°

if A[2)=06%.N0254”*2 and Al11=5;9sb *S55.0"

"Adj. Max. Wt":

for 1=1 to S5;0}S[(1]snext I

max(S[¥1)-Al71 d;for 1=1 to MH;SI{II1-W}STI];next I
"S[11=B+CI1":Al71}5(11]
(51101-S{12>/93C;(10S[11-51101)/9}E

for I=1 to 10;B+C13S[{I1snext 1

1f U=1l;g9to +7
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53, for 121 to MH;if S[11¢-6;-5.999}S(11]

54, f+i ((S[1)+6)4.1%10000>3Vs(21-1,21];next I
55, "xxemas" WS[4];WsIIT30s04,1,len(N$l1]3]
56: open W$[41,6

S7: asgn Wt0(41,3,°0

58: sprt 3,V¢,"end”

59: prt "MAXCIMITIALY MAS®;spc

60: fmt f6.2.x, "GM*3wrt 15,A071;55pc ;sret

51: *PLOT [°*:A071}C

€2, if 7¢(5000,50003A;if 2<(2000;2000}A;1f Z<10005;1000}A;if 2<500;500122

62: 1f Z¢200;200}A;if Z<100;100}A;if Z<S0;50A:if Z<20;20}A

64: =scl -12N,65NH,-.2A,1.05A

65: axe 0,0,60,.1A

66: csiz 1.5,1.5,1,0

67: for 1=0 to 65N by 60

68: plt 1-H,-.05A,-15fxd 0;1bl 1/%0

£39: next I

70: csiz 1.9,1.5,1,90

1: plt -10N,.2A,-1;51bl "Mass Remaining (grams)®

72: csiz 1.5,1.5,1,0

73: for 1=0 to A by A/10;fxd 0

74: plt =-78,1,-1;51bl 1

S: next T

76: plt 25N,-.03A,-1;1bl *Time (min)*

77: for 1=2 to MH-2

79: plt B0OI/M,8(11,-2

79: next I;pen

80: csiz 2.9,2,1,0

81: plt 8N,-.16A,-151bl "fig. Mass remaining *

§2: fxd O;plt 40N,A,-15;1bl "Run #°,A010)

83: csiz 1.5.1.5,1,0

84: plt 40H,.95A,-1;1bl B$

85: plt 40N,.85A,-1;1bl "INITIAL MASS®

26y plt 40N,.8A,-1s5fxd 2;1bl AL71,° grams”

§7: plt 40N,.7A,-151bl °FINAL MASS”

88: plt 40N,.65A,-1;1bi SIMN-27,° grams"”

83: plt 40M4,.55A,-1;1bl "HEAT FLUX®"

90: fxd 1;plt 40N,.SA,-1;1bl AL1Y," W/CM"

31: plt 40M,.4A,-131b1 *"SAMPLE AREAT

g2, fxd Siplt 40N,.35A,-1;1bl A[2]," M°*

93%: csiz 1,1.5,8.5/11,0

94, plt 52.8H,.51A,-1;1bl "2%;plt 54N, .36A,-1351bl "2";ret
@95: "CACL [1":

96: for I=1 to MN-1

97, (S[11-SCI1+112/A021/(80/M)3ST1)snext 1

98: SIMN-11}SI[MN]

99;: if U=1;g9to +7

100: For I=1 to !MN;1f SI[11<-63;-5.9991SI[1]

101 fti ((S[{11+B3".1%1000023Vs$(21-1,211;next 1

102: ®*xxbmas®IWSISI;W$I1ITMSIS,1,len(Ws$[1])]

103: open W$[ST,6

104: asgn W$[=1,4,0

105:; sprt 4,V8$,"end"

106: 0}"sfor I=1 to MN;if SCI11>Z,SI11}Z

107: next 1

108y prt "MAX RATE";spc
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109: fmt £7.2,%x,"G/MIN/M2" ;wrt 16,Z5spcC sret

110: °*PLOT I1°":

111: if 2<5000;5000}A;if 2<2000;2000}A; .1 f Z2<1000;10C0Asif Z<500:;500XA
112: 1f 2¢200;200A;1f Z27100;100*A

113: scl -12H,65N,-.2A,1.05A

114, axe 0,0,60,.1A

115: csiz 1.5,1.5,1.0

116: for 1=0 to ESN by 60

117: plt [-N,-.05A,-1;fxd 0;1bl [/60;next 1

118: deq

119: ¢siz 1.5,1.5,1,30

120: pit -10N,.2A,-1;1bl °"MASS LOSS RATE CG/MIN/M )"
121: csiz 1,1.5,8.5/11,30;plt -10.6N,.685A,-151bl "2°
122: csiz 1.5,1.5,1,0

123: for I1=0 to A by 4/10;fxd 1

124: plit -7H,1,-1351bl I;next 1

125: for 1=2 to MN-2;plt 60I/M,S[11,-2;3next 1

126: pen
127: ¢csiz 2.5.2,1,0
128: plt 8N,-.1€A,-1;1bl *fig. MASS LO3S RATE *

129: fxd 0O:plt 40N,A,-15151 "RUN #",A[101
130: csiz 1.5,1.5,1,0
131: plt 40N,.95A,-1;1bl Bs
132: plt 404,.85A,-1531bl "IHITIAL MASS*
133: plt 40N,.8A,-1;fxd 2;1bl Al71," grams"
134: plt 40N,.7A,-1;1bl *MAX MASS LOSS®
135: plt 40N, .65A,-1;1t1 Z,° g/min/m *
136: csiz 1,1.5,8.5/11,8;iplt -N,.015A,-1;1bl "2°;pen;csiz 1.5,1.5,1,0
137: plt 40N, .55A,-151bl "HEAT FLUX"
138: fxd 1;pit 40N, .5A,-1;1bl A[13," w/cm®
139: fxd S;plt 40N,.4A,-151h1 "SAMPLE AREA®
140: fxd Szplt 401,.35A,-151ibl Al2]," m"
141: -.siz 1,1.5,8.5/11,0;plt 52.8N,.51A4,-1;1bl "2°
142: plt S54N,.36A,-151b1 "2";ret
@®143: "Z2.5":
@®144: "Used Pun#i2381 As Paseline Correction for 2.5w/cm”2°%:
®145: -.62384501}A;.0490861132}B:-.000312723041}C
@®146: 8.8249508&-7}0;—1.05374061e-9}E;4.3736104e-13}F
147: for 1=1 to MN3;SUI1-CA+BI+CI~2+DI~3+EI"4+FI*5)}S[I1);snext I;ret
®148: "3.5":for 1=1 to MM
®149: S[11-¢.01350293+.0014524071+.00001277541%2215[11;5next I;ret
®150: "5.0":
@®151: °"Used Run#12681 As Baseline Correction for S.0w/cm®2":
152, -.8358144}A;.090197518;-.00063387153C;.0000020271123}D
@153, -2.56707245e-9YE;1.20057396e-122F
©154: for I=1 to MN;S[11-(A+*BI+CI*2+DI*3+EI%4+F1%5)}S[1];next [jsret
®155: *7.0":
@155; "Used Runs13281+13331 As Baseline Correction for 7.0w/cm®2%:
®157: -8.759822e-1}A;9.176136e-2}B;-7.086861e-4}C
®158; 2.131036e-61D;-2.70434e-9}E31.258464e-123F
159, for 1=1 to MN;SL[I1-CA+BI+CI*2+DI~3+EI*4+FI~5)1S[1]gnext I;ret
®160: °"52.5%*:for 1=1 to MN
@161 5[11-C-.4131766+.03297146%1-.00005763108%142+.00000005104936%1~3)+S(1]
162: next Ijsret
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®163: °S3.5":for -1 to MN

®i64; S[171-(1.138011+.03248146%1-,00008336823%1°2+.00000008260017=%1*3)}SI[1]
1651 next Iiret

®166: °*S55.0%:for 1=1 to MN

®167: SI[I11-(-.450928+.0355015%1-.0001139977%1°2+.0000001424141%[*3)}S(1)
168 next I[;ret

0: "Smoke Data Reduction®:
1: fmt 16b;wrt 16,31,31,31,31.31,31,31,31,31,31,31,31,31,31,31,313spc
2y prt "Smoke Data Reduction®;spc
3. dim AL151,A$08],B$020),E$[61,F$(61 M,N,N¢(15,151,M8$115]
4: dim W$[15.15]1]
S: dsp "SMOKE DATA REDUCTION®;wait 3900
6: ent "# of run in disk(1,2..372" ,Ws$[1]
2, ent ®"Has this been plotted before?",H
8: dsp "Have your plotter ready! Cont.®;stip
9; "xxxinf"IW$[2]
10: WETLIPWSL2,1,en(WEl1]D]
1i1: asgn W$[21,1,0
12, sread 1,A[%1,A$ B¢ E$,F$,M N,NS[15],M$
13: spc ;fxd Gsprt "Run#=",A[10],B¢ At
14: dsp * Rune=",A[101,B8 A% ;wait 1500
15: dim SIMNI,HIMN2,R[(5]
16: dim Z[10),S$[2MN]
17: "xx3ht " }TWS$[3]
18: WST1IIWS[3,1,1en(el1]D]
19: asgn W$(31,2,0
20: =read 2,ZI%].5%
24: dsp .. ... WORKING. .. ... ";9sb "CALC"
22: gsb "PLOT®
23: gsb "LABLE®
24, enpt “ANOTHER RUN?®,X;if flg13;3to +4
25: dsp "CHOOSE PROGRAM FROM S.F.KEY*®
26: stp ;gto -1
27: fmt 16bswrt 16,31, 1,31,31,31,31,31,31,31,31,71,31,31,31,31,315spc
28: dsp "SEE YOU MNEXT TIME®";stp
P Tttt tatt it et e $RLEEER 32 03 T
30: "CALC":for I1=1 toc MN
I1: AL31+CCitf(S$I21-1,2112/100000210-9-2131)%24.744/3¥HL1]
32: next 1
33: "xxlsmk"FWSIS]
34, WIL1IMWSIS,1,lenWs[1])]
35: asgn W$(51,4,0
36: sread 4,Z0%1,5%
37: gsb “CALIB®
38: for I=1 to MH;ﬁ[4]!H(I]!S[Il/(.134lﬁ[2lﬁﬁ[3])}5[‘];next I
39: for J=1 to 5
40: for I=1 to MN-2
413 C(SII1+SIT+13+S01+210/3¥HIT+1)snext I
42y for 1=2 to MHN-1;HLII}STI]snext Tynext J
®43: "Automatc Correct Baseline”:
44; 03V ;for 1=1 to MN
Sy 1f SLIIKV;SITIMY
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4€ s
47
48,
49,
50,
S1:
52
53:
S4:
55:
561

71

58:
59:
60:
61:
62:
631
64:
65:
661
671
68:
691
70:
71:
721
73
74:
75:
76
77:
781
79:
80:
81:
B2
83:
84 .
85:
36:
87:
88:
89:
90
91:
®92.,
a3
94,
®35:
96
@97
98:
99

next |

fer 1=1 to MN;SITI-VISI1);next 1
"A.C.B":

for 1=2 to MN-1sif S[11>2,S[11:7
(SI{T11+501-11>%1/2M+D}D

if 1=1.5MyDIRI1]

if [=3MsDM¥RL2]

if I=5M;D}P[3]

if 1=10M-1;D}R[4]

if I=MN-1:DIRIZS]

next 1

if W=1;9t0 +8

*prevent SIT1<-6":

for 1=1 to MN.if S[11<-5;-5.999}S[1]

fFti C(S[I)+6)X~.1%10000)>)¥S58121-1,21)snext 1
" yxssmk I3 (EIsWET1] HS[6,1,len(s(133]
open W$[61.6

asgn W$(61,5,0

sprt 5,5%,"end"

ret

*PLOT":prt "Max SMOKE value=",Zjspc

0}r3

if 7<¢5000;5000}A;if Z<200032000}A;if Z<100051000}A;if Z<{500;500}A
if Z2<200;2C0}Asif 2¢100;1001A5if Z<50;50)Asif 2{20;201p
if Z2<10:101}A

Alril

r1/7103r0.

scl -12N,B65N,r3-(r1-v3)1/6,r1+(r1-r321/10
axe 0,r3,60,r0

csiz 1.5,1.5,1,0;pen

for 1=r3 to r1 by r0

plt -6N,1,-1

fxd 0;1bl !

next 1

plt 25H,r3-(r1-r331/10,-1

1bl "Time (min)®

for 1=0 to 65H by 60

plt 1-H,r3-(r1-r31/18,-1

lbl 1/60

next I;pen

csiz 1.5,1.5,1,90;fxd 0

plt -8N,r3+(r1-r32/4,-1

161 “SMOKE (S.M.D.K.E./M D> *©

csiz 1,1.5,.77,90;5plt -8.SN,r3+(r1-r3)/1.53,-1;1bl "2";pen
for 1=2 to MM

plt 601/M,S{11,-2snext I;pensyret
"one®:Al[BG1}P

for 11 to MN
(C1tf(Ss(21-1,2112/7100002"10-200-2111)/P}Q
.00143+.04205%Q+.0535%¥01*235[11

next Ijsret

*"three":A[B]}P

for I=1 to MN
(Citf(Ss$(21-1,21))/100002~10-200-20112/P}Q
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$100.
101:
®102:
105
104:
@105
106,
@107,
108
109:
110
111
112,
113
114.
@115,
$116;
i17:
118:
119,
120:
i21:
122
1232
124:
125:
126:
127:
128,
iz29.
130
131:
132
133
134
135:
136
137
138:
139:
140
141:
142
143:

D
i
21
3
44

5:

7:

.N0R6R+ _10054%0+  17337«Q"2}S(1]

ne~xt lyret

*four®iALGTIP

for 1=1 to IMH
(CrtfCSe021-1,21137100002210-200-20112/P2Q
.0000704155+.317257665%Q3+. 096962657%0°25[11
next Ijyret

“infin":AIBIP

for I=1 to MH
CCitf(ss0271-1,211)/100000210-200-2013)/PQ
Q¥S01]-next T

pri "Meed al responsevs0D calibrationcurve for this OD FS";spc 3
stp ;ret

"CALTBR:

for 1=1 to MHN;C(itf(Se721-1,2112/100003210-20010
@+621.5-201114
14.3259075403-.05885451204Q+.00n07702426Q*2-.00000003124Q*33S( 11
next Isret

*LABLE®":csiz 2,1.5,1,0

plt SN,-r1/6,-1

Ihl “FIG. SMOKE RELEASE PLOT™

plt 40N,r1,-1

lbl *RUN #*,AL10]

cs1z 1.5,1.5,1,0;fxd 0

plt 408,r1-Cr1-¢33.07,-1;1bl1 B$

plt 40H,r1-Cri-r33.12,-1:1bl “smoke 8"

oplt S2H,rl-Cri-r32.12,-151bl "Timelmin) "™

plt 40N,r1-7-1-¢3>.2.-1;1bl RI13]

plt 55N,ri-"r1-r3).2,-1;1bl *1.5"

plt 40N, r1-(r1-r3).25,-151b1 RI{2]

plt 55N,r1-(r1-r3).25,-1;1bl *3"

plt 40N,r1-(r1-r3).3,-1;1b1 RI3]

plt S5N,r1-(r1-r3>.3,-1;1b1 *S5*"

plt 40N, r1-Cri-r32.35,-1:1b1 RI[4]

plt SS5M,ri-(ri1-r3).35,-151b1 *10"

plt 40N,r1-C(ri1-r3).4,-1:1bl RIS]

plt S3.38N,ri-(r1-r3).4,-1;1bl N

plt 40N,r1-(ri1-r32.5,-151bl "HEAT FLUX"

fxd 1;plt 40N,ri1-(r1-732.55,-151b1 Al1]," w/cm"
plt 40N,r1-C(r1-r33.6,-131E1 °“SAMPLE AREA"

fxd S:plt 40N,ri-(r1-r32.865,-151bl Al21," m"
csiz 1,1.5,8.5/11,0

plt S3N,r1-(r1-r3).525,-1;1b1 *2°

plt S4N,r1-(r1-r3).625,-1;1bl "2";sret

*HRR FROM 02% CONSUMPTION ... (included fire gas flow adj,BTU )":
fmt 16bswrt 1€,31,31,31,31,31,31,31,31,31,31,31,31,31,31,31,31;spc
prt ®Heal Release Patz ";spc

dsp "HEAT RPELEASE RATE";wai1t 850

dim A[151,A%[81,B80201,E¢61,F$[6]1,M,N,N$(15,151,Me[15]
dim W$[15,151,E(6001,Y(60603,-3010,101,D$0120C7,Y¢010,10]
enp *°# of run in disk{1,2..37" ,Ws(1]

dsp "Do you have the folluwing file?";wait 1500
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8: ent "HF",Y3[1],"HCL",Y$[2],"ALC",Y$(3]

9, ent "IS THIS PEEN PLOTTED BEFORPE?Yes=1,No=0,cont® MW

10: dsp “Have your plotter ready! Cont.";stp

11; "xxxinf*}i$[2]

12: HST11 We72,1,1lenCl*[1]2)

13: drive 0

14: masgn W$[21 1,0

15: sread 1,A[%],A$ B$ ES,F$ M, i, NS[15] M3

16+ dsp "RUN#",A[i0])," *,B$," ",A$;wait 1500

17: fxd 0;prt "RUN#=",A[10],B%,A$:spc

18: dim Z20101,P$0(2MN] ,RIS5],PIMN],S[MN]

19: gsb "CACLO2";dsp "I!’M WORKING........ .

20: gsb "AXES®

21: gsb "PLOT*®

22: gsb "LABLE"

23: gsb °"BTU®

24: ent "ANOTHER RUN?",X:if flg13;g9to +3

25: dsp "CHOOSE FRNOGRAM FROM S.F.KEY®

26: stp j3;gto -1

27: dsp "SEE YOU HEXT TIME";stp

281 T RGN N N K NN Y

29: "AXES":

30: if 2<S000:5000}A;1if Z<2000;2000}A;if Z<1000;10002A;if Z2<500;50C}A

31 if 2<¢200;200A;1f Z<100;100%A;if Z<(50;50}A

32+ scl -10N,70N,-A/6,1.05A

33: axe 0,0,60,A710;csiz 1.5,1.5,1,05fxd 0

34; for 1=0 to 10;plt -6N,IA/12,-1:fxd J;1bl T4/10:next I

35: plt 25N.-A/10,-1;1bl "Time (min)*®

36: fxd 0;for I=0 to 65N by 50;.1t I-N,-A/20,-1

37: bl 1/60;:next 1

38: e¢siz 1.5,1.5,1,90

39: plt -78,.2A,-1

40: 1bl "Heat Release Rate C(kw/m )";pen

41; csiz 1,1.5,.77,90;plt -7.5M,A/1.49,-1;1bl *"2%;pen;ret

42: "PLOT":

43: for K=1 to MN-13;K+13}1;plt GOK/M,PL[1],-2

443 next K
®45: for I=MN-13 to MM;PIMNI}P[IJ;plt 60I/M,PlI},-2;next l;pensret
@46: "CACLC2":

47. 132+23}C;fmt 4b,"Converting Data®,4bs;wrt 0,C,C,C,C,C,C,C,C

48: "xxgco*YL$[2];"xxgco2"L$[31]

49: *"xxghcn"}L$T47;xxghc">L$[5]

50: "xxgno"}L$[6]

S1: "xxHF"}L$07);"xxHCL"YL*[8);*xxALD"}L$[9]

52: for T=2 to 9

53: 132+28}C;fmt 4b,"Converting Data",x,f2.0,4bswrt 0,C,C,C,C,T,C,C,C.C

S4s prt T

55: if T=7;1f V$[{11#4"1";g9t0 67

€6: if T=35if Y$[21#"1" ;910 E7

S7: 1f T=9;if Y$[3l#"1";910 &7

S3»
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S9; M$ILEIT,1,len(M$d]
60: drive O
51: asgn L8[T1,1.,0
62: sread 1,D%
63: for K=1 to 600 .
64: (1tf(D$[2K-1,2K12/13000*10-6E[X]
65: next K
E6: jmp 2
67s for I1=1 to 600;0}EL[I?;next I
68: for I=1 to B00ELI1+YIT13YIIT;next I
69: next T
70s for 1=1 to 600
71: YI11/455%A021/.076253¥01);snext 1
72: 132+28)3C;fmt 4b,x,"Working®,x,4bswrt 0,C,C,C,C,C,C,C,C
73: "xx702"FWEL3]
7d: We[1I3WEI3,1,enCHsT11)]
75: asgn WHL31,2,0
76: sread 2,20(%],P$
77: for K=1 to MN;(itf(P$I[2K-1,2K]1>/100000%10-9-2[71}PIK];next K
78: for I=1 to MN;(PI{11/40+21)0%(Y[1]1+153/15}Pl1);next !
79: PL21yPl17}Q
80: for 1=1 tc MHN
@o1: 15%.21%439%60/3414%.2%( . 21-P[11/1002/.21/A021}PLI);next [
82: for J=1 to 5
83: for I1=1 to MN-4
84: (PIT1+P[1+11+PL[1+21+P{1+2]1+PII+413/53PI[1+2]
85: if PII+21<030}PLI+2]
86: next Ij;next )
87: for I1=1 to MN-2;:f PIII>Z;PLIT}Z
83s next 1
89: prt "02 MAX HEAT=",Z:spc
30: 1f W=1;jmp 9
91: for I=1 to MH
92: if PII1¢-65-5.999}P[11
93: fti (CPLI1+6)%.1%*10000)3P$121-1,211;next I
Ad: "xxN2HR"HMIB[ 47548017 W$(4,1,]len{ls[11)]
95: open W${4],6
96: asgn W$(41,3,0
97: sprt 3,P%,"end”
98: 03D
99: for I=1 to MN-2
100: PILI+11+PL1+21)/2%1/M+D}D
101: if T1=1.5%M-2;D}IRI[11]
102: if 1=0M-2;D}IRI[Z]
103: if 1=5M-2;D}IR[3]
104; 1f 1=10M-2;D}R[4]
105: if 1=NM-2;3D}IRI[S]
1061 next 1

107: ret

108; °LABLE":csiz 2,1.5,1,0;plt 3H,-A/6,-1
109: 1lbl "Fig. Heat Release Rate”

110: 32017

111: fxd 0-plt T,A,-15lbl *PUN#*,A[10]
117y esiz 1.5,1.5,8.5/11,03plt 10N,.95A,-131bl *MAX HRR(BY 02)=*,Z
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113, plt T,.95A -1

114: 1lbl Bs

115: plt T7,.9A,-1

116: 1bl *"INTEGRATED HFEAT RELEASE"

117: plt T7,.85A,-1;1bl “(by 022 Consumptiond)®
118: plt T7,.8A,-1:1bl *"(kw min/m )"

119: plt T+15N,.8A,-1;1bl *min"®

120: plt T,.75A,-151bl RI1]

121: plt T+1S5N,.75A,-1;1b1 *1.5°"

122: plt T,.7A,-1;1bl RI2]

123: plt T+1%H,.7A,-1;1bl *3°

124: plt T,.€5A,-1:1bl P[3]

125: plt T+15H,.65A,-1;1bl "5°"

126: plt T,.6A,-151bl R[ 4]

127: pnlt T+13.8N,.6A,-1;1b1 "10°"

128: if N=10;:;g9to +3

129: plt T7,.55A,-151bl RIS]

130: plt T+1S5N,.55A,-%i51bl t

121: plt T,.5A,-1;1b1 "Heat flux®

132: fxd 1;plt T+2N,.45A,-131bl Al1]," w/cm *®
133: fxd S3plt T,.4A,-1:1bl "Sample Area”®

134: plt T,.35A.-151bl AL2]," m *

135: csiz 1,1.5,8.5/711,10

136: plt T+9.34N,.81A,-1;1bl *"2°

137: plt T+12.3N,.46A,-1;1bl "2°

138: plt T+11N,.36A,-151b1 "2°

139: *"BTU":

140: "Axe For KW/M*2}BTU/SEC/FT"2":

141: scl -10N,7CH,-A/E,1.054

142: A%.0881G6}B;BL

143: O0}H

144: if L<S00;5003B;if L<200;2C00}B;if L<1003100)B;if L<S50;5018
145;: if L<20;20¥8;.f L<103103Bsif L<{5;5}B;1}H
i46: B}C

147: axe 80N,0.0,C/.088166/1035¢csiz 1.5,1.5,1,05fxd 0
148: for 1=0 to 10;plt 60.2N,1C/.088166/10,-1;fxd Hslbl IC/10;next I
149. ¢siz 1.5,1.5,1,30

150: plt 67.5H,.2A,-1

1S1: 1bl *Heat Felease Rate (BTU/SEC/FT*2)*;pen
u30536

0; "Hezt Release Rate”:

i: fmt 16b;wrt 16,31,31,31,31.31,31,31,31,31,31,31,31,31,31,31,31;s;c s fmt
2: prt "Heat Release Rate ";spc

3: dsp "HEAT RELEASF FPATE";wait 250

4: dim 9[151,43[8},P$£20],ESEG],FS[S],M,H,Ht[iS,iSl,MS[iS]
5; dim W$[15,151

6: enp "# of run in disk(1,2..)2",Wel1]

7: ent "Has this been plotted before?® ,H

8: dsp "Have your plotter ready! Cont."sstp

9; "xxxinf"rusl2]

10; WSI1IIWS[2,1,1ler(WS[1])]

11: drive 0
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12: asgn W$[(21,1,0
13: sread 1,A[%],A%$,8% E$ ,F$ M, N,N$[15] M$
14, dsp °*RFUN#" A[101," ",B8$%," ",At;wait 1500
15: fxd Os;prt "RUN#=",A0101,3%,A%;spc
®16: 1f A[21/.0254"2=36;12.883}F
®17: if AlL21/.0254%2=100;+.641}F
18: dim Z[101,R$[2MM]1;dim P$I2MN] ,RIS]I,PIMN]I,S[MN]
@®19: gsb "CACL®;dsp "I'M WORKING........"
20: gsb "AXES®
21: gsh "PLOT"®
22: jmp 2
23: stp
24: gsb "LABLE"
25: ent "ANOTHER PUN?*® ,X;if flgl13;gto +3
26: dsp "CHOOSE PROGRAM FROM S.F.KEY"
27: stp j3;gto -1
28: dsp "SEE YOU NEXT TIME®;stp
- THRE T T RS ETTRE 33 T¢I ERE£2 25 25 2 A N
30: ®"AXES":
31 if Z<5000;5000%A;if Z<2000;20003A;1if Z<100051000YAsif Z2<500;500}A
32: if Z272003;2003A;if Z<10031003F:i7 2<50:;50}rA;if Z<20;20}A
33: jmp 2
34: ent "MAX Y-axis??2??2",A
35: scl -12N,65NH,-A/6.1.05A
36: jmp 2
37: csiz 1.5,1.5,8.5/11,0;plIt 10N,.85A,-2;1b1 "MAX HRR(by TC)=",Z;ret
38: axe 0,0,60,A/105c51z 1.5,1.5,1,0;fxd 0
39: for 1=0 to 10;plt -7N,IA/10,-1
40: fxd 0glbl TA/10snext 1
41: plt 25H,-A/10,-1;1b! "Time (mind"*
42: fxd 0s;for I=0 to 65N by 62;plt 1-N,-A/20,-1
43: 1bl I/60snext |
44; csiz 1.5,1.5,1,90
45: plt -10.5N,.2A,-1
463 1bl "Heat Release Rate (kw/m 2";pen
47: csiz 1,1.5,.77,20:p1t -11N,A/1.49,-1;1b1 "2";panjsrel
48: "PLDT":jmp 3
®49: *Time Delay Correction Used Before G/1/80":
50: for I=1 to MH-4;plt 601/M,501+4],-2;next I;pen;sr=t
S1: for I=1 to MNs;plt S01/M,SI[I3,-2;3next I;penjsret
®52: "CACL":0}D
53: "xx3ht*}IWS[3]
S4: W$I11IWEI3,1,1len(Wsl112)
55; drive 0
56: asgn W$[31,2,0
57: sread 2,Z[#%],R$
58: for 1=1 to MN;(itf(R$[21-1,2112/100000"10-9-20313S[I);next I
59: jmp 2
®50:; "EMPTY HOLDER CALIBRATION HERE":
61: for J=1 to 20
62: for 1=1 to MN-2;(SI11+S[1+11+S01+21)/3)P[[+1);3next i;next J
63: for I=1 to MN-2«PlI+17%F3}5[1+17;next I
®64: °"PASELINE CORPECTICN,Bx6,10x10";
65: 1f A[21/.025472=36 and nl11=2.5;9sb "S2.5°"
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®c6: if A[21/.0254"2=36 and Al11=3.5359sb "S53.%"
67: if A[21/.0254"2-36 and A[l11=53;9sb "S5.0°"
®68: if AlL21/.0254"2=100 and Af11=1.5;9sb "1.5"
69: if AL[2)/.0254"2=100 an! Al11=2;5g9sb "".0"
70: 1f A[21/.0254"2=700 and A[1])=2.5;9sb "2.5"
71. 1f A[21/.0254"%2=100 and A[T)=3;9sb "3.0"
72y if A[21/.0254"2=100 and A[11=3.5;9sb *3.5"
73: if Al2]/.025472=100 and A[1]l=4;9sb "4.0°
74: 1f AL[21/.0254"2=100 and Al13=4.559sb "4.5"
75: if A[21/.0254"2=100 and A[1]=5;9sb *5.0"
76: for I=1 to MHN-2;if S[I+11>Z2;S5[1+111}2
77: next I:prt "MAX HEAT=",Z;spc
@®78: .3434408}r1;24.258273031r2;.055849161}r35-.028563159}r4
79: for I=1 to MN-2
R0: (AL[31-273.11/24.94+(Pl1+11+2Z2[37>/3}P
81: gsb "POLYN®
82: K}PI[I+1);next !
83: PIMN-21}PIMN-113:PIMN]
84: SIMN-2]1}SIMH-11}SIMN]
85: jmp 2
86: "baseline correction(B) if BL lower than 0°":
87: for I=1 to MNsS[I1+B}SIIJ;s;next 1
88: if W=1;9to +17
89: for I=1 to MHN
90:; if S{11<{-6;-5.9299}SI[1]1
91: if PI[I1<{-6;-5.999}PI[11
92: fti (CP{I131+€)".1%15000)3P3$[21-1,2173
93: fti ((S[I11+3>%.1%10000>}Ps$[21-1,213;next I
94: "xxpht®IW$[4];Ws[1]13WIT4,1,]len(usl1]2])
95: open W$[4],6
96: asgn Ws$[4]1,3,0
97: sprt 3,P$,"end”
98: "xxsht®"JL$[SI1;W$[11IW$[S,1,len(Ws$l1])]
99: for I=1 to MN
100: if S[I11<{-6;-5.999})S[1]1]
101, fti C((S[T1+62>”.1%10000)}P$[21-1,2I1;next I
102: open W$I[S51.6
103: asgn W$(5]1,4,0
104: sprt 4,P%,"end"
105: for I=1 to MN-2
106s (STI+11+S[T1+2)"/2%1/M+D3}D
107, if I=1.S"M;DIRI11]
108: if I=3M:;D}RI[2]
109: if I=5M;D}RI3]
110: if I=10M-2;DIR[4]
111: if I=MN-2;D}RIS]
112: next Ijret
113: °"LABLE":csiz 2,1.5,1,0;5plt 3N,-A/6,-1
114: 1bl *"Fig. Heat Rezlease R:zte"
115: fxd Osplt 40N,%,-1;1bl "RUN#" ,AT10]
116: csiz 1.5,1.5,8.5/11,0
117: plt 40N,.95A,-1
118: 1bl Bs
119: plt 40N,.9A,-1
120r 1lb! "INTEGRATED HEAT RFLEASE"®
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121
122
123,
124
125,
126:
127:
128:
129:
130:
131
i32;
133
134:
13S.
136:
137:
138-
139:
140-
141:
i42:
1435.
i44.:
145
146,
$147.
148
$149:
150:
151:
®152:
153:
154
@155
156:
157
&§1538:
159:
160:
®161:
i62:
i63:
$164:
165
16€:
@167
168
1€9:
170:
@171
172:
i73:

plt 40N,.8B5A,-1;1bl *Ckw min/m )°*

plt S5KN,.85A,-1;1bl "min"®

plt 40N,.846,-1;101 FI1]

plt S5N,.8A,-1:1bl *1.5°"

plt 40N, .75A,-151b1 R[2]

plt SS5N,.75A,-1;1bl *3"

plt 40N,.7A,-1:1bl RI3]

plt 55H,.7A,-151bl "53¢

plt 40H,.65A,-1:1bl RI[4]

plt S3.8M,.65A,-1:1bl *10°

if N=10;9to +3

plt 40MH,.64,-1;1bl RIS]

plt S5N,.6A,-1;10L1 N

plt 40N, .S5A,-151bl "Heat flux"

fxd 1;plt 42H,.5A,-1;1bl AI17," w/cm °

fxd S;plt 40M,.44,-1;1bl "Sample Area“

plt 40M,.35A,-1;1b1 ALI21," m "

csiz 1,1.5,8.5/11,0

plt 49.34N,.86A,-1;1bl1 *=2°

plt 52.3N,.51A,-1;1b1 "2°

plt SIN,.36A,-1;1bl1 =2°"

ret

fit 6

for (=10 to 600 by 10

fxc 2s;wrt 701,1,S5011,P013,.54%(PLII-P[312/S[I1;next 1

list #701,86

*Baseline Correction®:

"1.5%:for 1=1 to MN-2
SIT1-(-.9134725+.028305081-.000070462321"2+.000000056053721~3)>1}5111
next Ijiret

*2.0%":for I=1 to MN-2
SIT11-(-.11818396+.033633311-.00008664722122+.000000070937571~3)3S11)
next I;ret

"2.5":for 1=1 to MN-2
SIT1-(-1.021223+.052443581-.00013355591*2+.00000010396361"°33}¥SIL11
next I;ret

"3.0":for I=1 te MN-2
S{11-(-.3690328+.060214971-.0001630504172+.00000013821851*3)>151L11]
uext I:ret

"3.5%:for 1=1 to MN-2
SIT1-(-1.08422+.071462451-.000139037451°2+.0C0000164024212303SI[11
next [;ret

*4.0":7or I=1 to MN-2
SE11-¢(-.7870187+.064036171-.0001683035122+.0000001450156173>1}S[1)
next I;ret ’

"4.5":for I=1 to MN-2
S[IT1-(-.9312105+.0€3378031-.C00172€078172+.0000707014837441~3)}5[11
next I;ret

*5.0%":fnor I=1 to MN-2

*S$2.5":for I=1 to MN-2
S[I11-(-2.589578+.0137N323%[-.0000160941*2+.00000000686712305S[1];next
ret

*53.5":for 1=1 to MN-2
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@174: S[11-(-3.57033+.03143085%]-.0000738175%172+.00000005873%143))S[);next |
175: ret

@®176: °S5.0":for 1=1 to MN-2
177: S[11-(-1.67813+.01426365%1-.0000141206%1°2+_.000000005143%13)>}S(";next I
178: ret
179: "POLYH":ri+r2P+r3P"*2+r4P*7}K;ret

0: "CD Release Rate':

1: fmt 16%;wrt 16,31,31,31,31,31,31,31,31,31,31,32,31,31,31,31,31;spc
2: prt "C0O Release Rate®";spc 2

3: dsp "CO RELEASE RPATE®";wait 300

4: dim A[15]1,A$(8]1,B$020),E$[61,F$[(6]1,M ,N,N$T15,15]1,M8(15]
S: dim W$I[15,15]

6: enp "# of run in disk(1,2..272%,0$[1]

7: ent "Has this been plotted tefore?” W

8: dsp "Have your plotter ready! Cont.";stp

9: "xxxinf*}W$[2)

10: WSI1I3Ws$[2,1,]lenCls[1])]

i1: drive 0O

12: asgn W$[(21,1,0

13: sread 1,A0%],A$,B$,ES,F$ M, N,MET1S] M8

14: dsp "Run#=" A[101,"",B¢,At;wait 1500

15: fxd Osprt "Run#=" A[1C],B$,A;spc

16: dim Z2[10],G8I2MN1;dim GIMN]

17: dsp "...... WORKING...... *;9sb "CACL"

18: gsb "AXES"

19: g=b "PLOT"

20: gsb "LABLE"

21: ent "ANOTHER RUN?" ,X;if flgl3;g9to +3

22: dsp °®CHOOSE PROGRAM FROM S.F.KEY"

23: =tp sgto -1

24: fmt 16b;wrt 16,31,31,31,31,31,31,31,31,31,31,31,31,31,31,31,31;s5pc
€5+ dsp "SEE YOU NEXT TIME" ;end

26 : "R WA SO 0N MR KRN Y

27: "AXES".

28: scl -12N,B5N,-A’/6,1.05A

29: axe 0,0,60,A/10

30: csiz 1.5,1.5,1,05fxd O0;for 1=0 to 10;pl1lt -7N,1A/10,-1
31: fxd O0;1bl TA/10;next I

32: plt 25H,-A/10,-1:1bl "Time (mind)"”

33: for I=0 to 65H by 60;plt I-N,-A/20, -1

34: fxd 0;1b! I1/60;next 1

35: c=iz 1.5,1.5,1,90:-Fxd 0

36: plt -10N,A/4,-1

37: 1lbl "C0 Release Rate (g/min/m )" ;pen

38: csiz 1,1.5,.77,903plt -10.5N,A/1.31,-1;1bl "2";penyret
39: "CACL":0}D )

40: "xx4co"}U3[3]

41 WS[1]IWE(3,1,1enCl3(1])]

42: asgn W$(31,2,0

43: sread 2,Z2[(%],C$

44: for K=1 to MN;(itf(G$[2K-1,2K1)/10000)*10-92GIK]3next K
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@45
@46,
®47:
43:
49,
50:
51,
521
53:
54

(=4
Pl

56:
57:
58:
59:
69 :
61:
62:
63:
64 :
65:
661
67:
68
®c9:
@®70:
71
72:
73
74:
75:
76:
77
781
79:
80:
81
82:
83:
84:
85:
86
87
88:
89:
90,
91:

*THIS CALIBRATION IS mVippm®:
10.102623+329.0365¥2141+17.193045%2[41%22141

for K=1 to MN;10.102623+323.0365%GTK1+17.19045%GIKI1*2}G[K136IK]1-7ZT41}GIK]
next K

for I=1 to MNsif GI[I11/1ed4>L;G[11/1e4}2

next Ijprt *Max CO®;spz :fmt f6.2,5x,"%";wrt 16,Z

jmp 2

*TEMP EFFECT AIRP FLOW 3TI[%1":

for I=1 to MHN;GI11/1eb%P[4]/4%1e3%28/.08205/298/A121}G(I1snext 1
max(GIx])}2

if 2<5000;5000rA;.f Z2<2000;2000%A;:f Z2<1000;1000A:1if Z2<5005500}A
if Z24200;200¥A;1f Z<100;1003A;if Z2<50;50A;1f Z2<20;201}A

if 2710;103A

fmt f6.2,x,"g/min/m"2" ;wrt 16,Z;55fpcC

for 1=2 to MN;{(GIII+GLI-1))%60/M/2/6C+D}Dsnext I

if W=139to +7

for I=1 to MH;if G[I1<-65-5.999}G[1]

fti ((GLI1+62~.1%1000007G3[21-1,21];3next 1
"xxgco*tWS[4T;WsI1]1}Ws04,1,len(sl1]D]

open W$[4],6

asgn W$(4]1,3,0

sprt 3,6%,%ernd"

ret

imp 3 .

*Time D=2lay Correction Used Before 6/1/30%:

for I=1 to MN-13;1+13}{;plt 60I/M,GIK),-2;5;next I;pen;ret
“PLOT":for 1=9 to MN;plt 60CI-8)/M,GLI},-2;next 1

for T=MN-9 to MN;GIMNIIGII];plt 601/M,G[T1];next I;pensret
"LABLE®:csiz- 2,1.5,1,0;p1t 3N,-A/6,-1

Ibl *Fig. Carbon Monoxide Pelease Rate"

fxd Os;plt 40H,A,-151bl "RUN #",A[10]

csiz 1.5,1.5,1,0;fxd 0

plt 40N, .95A,-1;1b! B$

plt 40N,.8%A,-1;1bl "MAXIMUM RATE"

plt 40N,.38A,-151bl £, g/min/m *

csiz 1,1.5,8.5/11,05iplt -N,.015A,-131b1 "2%";¢siz 1.5,1.5,1,0
plt 40N,.7A,-1;fxd 2;1bl "total released®

fxd O;plt 40H,.65A.-1;1Ibl1 D,* a/m "

csiz 1,1.5,8.5/11,9%5iplt -NH,.015A,-1;1b] "2";¢siz 1.5,1.5,1,30
olt 40N,.55A,-1;fxd 1;1bl *"heat flux *

fxd 1;plt <40N,.5A,-1;1bl Al1)," w/cm "

plt 40N,.4A,-151bl "Sample area *

fxd Sy;plt 40H,.35A,-151bl ALZ23,* m *

csiz 1,1.5,8.5/711,0

plt S3N,.51A,-151bl *2°*

plt 54.3NH,.36A,-151b1 "2°"

pensreat

®¥13915
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0:

~
[

3
4

L=
21

7:
8:
9
10:
11:
i2:
13:
14:
15:
16:
17
13:
19:
20:
21:
22:
23:
24,
25:
26:
27
28:
29:
30:
31
J2:
33:
34
35:
361
37:
381
39:
40
41:
42
431
44,
45
46
47
@®48:
49,
S0
51:
52:
573,

‘02 Peleasa Rate":
fmt 16bsywrt 16,31,31,31,71.701,22,39,31,31,31,71,31,21,31,31,31;3pc ;fmt
prt "C02 Release Pate®;spc
dsp "C02 Felease Pate®;wai1t 2907
dim A[15],A4%(8],B¢720],E$(6],F$I6],M,H,N2[15,15],M¢([15]
dim W$[15,15]
enp "# of run in disc(1,2.)7°,W$011
ent "Has this been plotted before?* U
dsp "Hawve your pleotter ready! Cont.®;atip
"xxxinf*YW3[2]

Ws[1]Wel2,1,1len(WE(1]D]

drive 0

asgn We[(21,1,0

sread 1,A[%]1,As,B$ ,E$ F$ M, N N$[15],M3

dsp "Pun#=","" A[101,B$,A$;wa1t 15C0

fxd Os;pri "Run#=" AT10]1,B$,A%:=pc

dim 20107 ,G8$[2MN]1;dim GIMN]

32+1281C;fmt 4b, "WORKING" ,4b,wrt 0,C,C,C,C,C,C,0,0
gsb "CACL"®

gsb "AXES®

gsb “PLOT®

gsb "'.AELE"

ent “ANOTHER RUN?" ,X:if flg13;gta +3

dsp "CHOOSE PROGRAM FROM S.F.KEY"

sty ;gto -1

fmt 16bs;wrt 15,31,31,31,31,31,31,31,31,31,31,31,31,31,31,31,31sspc -fmt
dsp "SEE YOU NEXRT TIME®";erd

TR E AR E IR MK ¢

“AXES":

scl -12N,65N,-A/6,1.05A

axe 0,0,60,A/10

csiz 1.5,1.5,1,0:fxd D0;for 1=0 to 10;plt -7N,1A/10,-1
fxd 0;1b1 TA/10:next I

plt 25N,-A/10,-151b1 "Time (min)"

for I=0 to 65N by 60;plt I-N,-A/20,-1

fxd 031bl 1/80;next 1

csiz 1.5,1.5,1,90;fxd 0

plt -10N,A/4,-1

1bl "CO Release Pate {(g/min/m J";pen

csiz 1,1.5,.77,90;plt -10H4,A/3.4,-1;1b] *"2%;plt -10.5N,A/1.23 -1.1b1 "2°
ret

"CACL":0}D

"xxSco? "W [3]

WSI113WS(3,1,1len(Ws$l11D]

asgn W$[31,2,0

sread 2, [#%],G$ )

for K=1 to MH;(1tf(G$I2K-1,2K1)/10000)210-2)}G[K];next K
"THIS CALIBRATION I3 mViZ*®:

gsb "ONE";if Al121=2;9sb *"TWO";if Al12]1=3;9sb °*THREE"
if GI21#0;G(21 X:for 1=1 to MN;GTI1-X}GlI);next I

for I=1 to MN;if GI11>2;G(1132

next Isyprt *Max CO02"yspc 3fmt fG.2,5x,"%";wrt 16,2
jmp 2

*TEMP EFFECT AIR FLOW TI(%=1*,
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5S4, for I=1 to MH;298}T rext I
55: for I=1 to MN;GI[I3/1006AL41/4%1e3%44/,08205/T/A0213G[1T;next 1
SE: max(G(¥1)}Z ‘
57, 1f 2<5000;5000}A;1f 2<2000;2Nn00+A51if Z<1000:1000}A;if 2Z<500;5002A
59, if 2¢200:200}Asif Z<100;100}A;if Z<S50;50}A;if Z<20:20}A
59; if Z2<10;510A;if Z<1;43A;ifF Z<. 1.1 A;if 2<.01;.013}A
60 fmt f6.2,x,"g/min/m"2";wrt 16,Z;5spc
61: for I=2 to MN;(GIII+GII-110%60/M/2/60+T}D;5next I
62: if W=1;g9to +10
63: 016G
64: for I=1 to MN
65: if SL[I114-3;prt I1,°GUIT=",Gl1):spc ;0}GIT11;G+1}Gsif G>10;stp
66: fti ((GL11+6)~.1*1000023G$[21-1,21);next 1
67: "xxgcol®}rWsl4]
63: Ws{1ITWEI4,1,1endlNe(11D]
69: open W$[4],6
70: asgn W$[41,3,0
71: sprt 3,G%,"ernd"
72:
73: ret
@®74: "Time Delay Correction Used Before 6/1/80":
@75: for I=1 to MH-17;1+17}¥Ksplt B6CI/M,GIK] -23next I;per;ret
76: "PLOT":for I=10 to MN;plt 60CT-9Y/M,GI[1],-2;next I;pen
77: for [=MN-10 to MH;GIMNI}GL[Il;plt 60I/M,GII]1,-2;nert Il;pen;ret
78: "LABLE®:csiz 2,1.5,1,0;plt 3N,-A/G,-1
79: 1bl "Fig. Carbon Dioxide Release Rate®
80: fxd 0;plt 40N,A,-1;1b1 "RUN #°" ,A[10]
81: csiz 1.5,1.5,1,0;fxd O
82: plt 40N,.95A,-1;1bl BS
83: plt 40N,.85A,-1;1b1 *"MAXIMIM RATE®"
84: fxd Os;plt 40N,.84,-151bl Z,° g/min/m
85: csiz 1,1.5,8.5/11,0siplt -N,.015A,1;1bl "2";csiz 1.5,1.5,1,0
36: plt 40N,.7A,-1;fxd 2;1bl "total released"
87: fxd 0;plt 40N,.65A4,-1;1bl D," g/m "
88; csiz 1,1.9,8.5/11,05iplt -N,.015A,1;1b] "2";c¢siz 1.5,1.5,1,0
89: plt 40N,.55A,-1;fxd 1;5;1bl *heat flux °*
90: fxd 1;plt 40M,.5A,-1;1bl AL11,*" w/cm °
91: plt 40N,.4A,-1;1bl “Sample area *
92: ¥xd S5:plt 40H,.35A,-1;1bl AL2]," m *
a3: ¢siz 1,1.5,8.5/11,0
84: plt S53N,.51A . -1;1k1 "2°
95; plt S4.3M,.3E6A,-1;1b1 *2°
96: pen;ret
@37: °ONE®*:for I1=1 to MH;.031095+.003916G011+.000205G(1172}G(11]
@98: .031095+.003916Z[51+.000205Z[51"2}2151;CI[11-2[51}G(ITsnext I:ret
@99: "TWO",:.028007+.003622[51+.00010962[51%23}215]
@100: for I=1 to MN;.028207+.00362G[1]+.0001096GII11"2}G(1);GII]-2Z[5]1GIIT
10i: next I;ret
@102: "THREE"..0013283+.0034007Z20(51+.000015752[51*2}2[51]
@103: for 1=1 to MN;.0013263+.00340076GL13+.00001575GL1122}GII146L[11-2[%*G[1]
104: rext ITsret
17322
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0: "HCH Relcase Pata";
1¢ fmt 16bewrt 16,31,31,31,31,31,.31,31,31,31,31,31,31,31,31,31,31;spc
2: prt "HCH Relea<e Fate';spc
23 dsp " HCHN Release Rate "j;wait 300
4 dim AL151 A$[8]1,B$(20),E$I6G1,F$[S] . M,N,N$[15,15],M8[151
S: Jim W$(15,15]
6: enp "2 of run in Ji1sk(1,2.27°,Ws$11)
7: ent "Has this cats been plot before?" KW
8: dsp "Have your plotter ready! Cont.";stp
91 "xxxinf®*"}W3[2?
10: WTI1]JMW$I[2,1,1lenCNs[11)]
i1: drive 0
12: asgn W$02],1,0
13: sread 1,RA[%],A$ ,B$,E$,F¢, M N, N$[15]1,Ms
14: dsp " RUN#®" A[10],"",B$,"" ,As$;wait 1500
15: fxd O0;prt "Run#=" ,A[10],B$,A$;spc
16: dim Z[101.GS$[2MMY;dim GI[MN]
17: dsp *...... WORKING......";9sb "CACL"®
18: gsb *AXES®
19: gsb "PLOT"
20: gsb ‘LAPLE"
21: ent "ANOTHER RUN?*® ,X;if flg13;g9to +3
22: dsp "CHNOSE PROGPAM FROM S.F.KEY"
23: stp :gto -1
24: fmt 16bjswrt 15,31,31,31,51,31,31,31,31,31,31,31,31.31,31,31,31;=p<
25: dsp "SEE YOU NERXT TIME";end
2E: "EEMEEEEAEXEAFAEATEEEEERERFEEF" |
27: "AXES":
28: scl] -12N.65N,-A/6,1.05A
29: axe 0,0,60,4/10
30: csiz 1.5,1.5,1,0;fxd 2;for 1=0 to 10;plt -7N,I1A/10,-1
3i: 1bl 1A/10;3next I
52: plt 25N,-A/10,-1;51bl "Time (mind)"®
33: for [=0 to 65N by €0;plt I1-N,-A/20,-1
34: fxd 0s1bl 1/60;3next 1
35: c¢siz 1.5,1.5,1,90
36: plt -10N,A/4,-1
37: lbl "HCHN Felease Rate ‘g/min/m )";pen
38: csiz 1,1.5,.77,90;3p1% -10.5N,A/1.31,-1;1bl "2";pen;ret
39: "CACL":0}D
40: "xxBhcn®"IW$I[3]
41: WS$I11IUS[3,1,len(W3l1]12]
421 asgn W$[31,2,0
43: sread 2,20%1,G$
441 for ¥=1 to MN;(itf(G3i[2K-1,2K1>/10000)°10-2}6IK];next K
@®45: "THIS CALIBRATIGN IS mV}ppm®:
@®946: -.3017671+.9386752%Z(61-.010906%Z[6142+.000134%2[61°312[(6]
47: for K=1 to MH
@4s: -.3017671+.9986752%G{K]1-.010906XGIK])*2+.000134%G{K1*3}GIKI;GIKI-TIL1}GI[K]
49: next K
50: for J=1 to Ssfor I=1 to MN-2;(GII1+GLI1+12+G[1+21) /3}H
S1¢ H}GII+1ilynext Iynext J
S52: for I=1 to MN;if G[11/1e4>Z;G(11/1e4}2
53: next Isprt "Max HCN";spc sfmt ¥6.2,5x,"%";wrt 16,2

~ A
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S4: jmp 2
S5y °"TEMP EFFECT AIR FLOW }TIx]®,
56: for I=1 to MH;C[I]/1e6¥A04]/4%1e3%27.03/.08205/298/A1213G[I1;next 1
57: 0iZ3for I1=1 to MNyif GII1I>Z;GI(1132Z
58: next I;fmt f5.2,x,%*g/min/m*2"s5wrt 16.2Z;spc
59: for 1=2 to MM;(GI11+G[I1-11)%60/!11/2/50+D3D;next I
60: if Z2<5000;5000%}A;if Z2<2000520003A;if Z{1CNO0;1000XAsif Z27530;5001}A
B1: if 2<200;200kP;1if Z2<100;1003A;1if Z<50;50)Asif Z<20;20}A
62: if Z2<10410¥A-1f Z2<1;1}A
63: if =1;gto +7
64; for I=1 to MN:if GI11<{-6;-5.993}6G([11]
€5: fti (CGIII+6)".1%10000036G%[21-1,211;3next 1
66: "xxghen®" HEl47;WSI1TIWS[4,1,len(ls$(11)]
67: apen W$[41,6
68: asgn W$[4],3,0
59: sprt 3,6%,%end”
70: ret
71+ “PLOT":
721 for 1=4 to MNHsplt 60(T-3)/M,G[11,-2:next I
@73: for I=MN-4 to MH;plt 60I/M,GIMN],-2;next I;pen;ret
74: "LABLE®:csiz 2,1.5,1,0;plt 3N,-A/6,-1
75: 1bl “"Fig. HYDROGEN CYAMIDE RELEASE RATE"
763 fxd O;plt 40N,A,-131bl "RUN #° ,AT101
77+ e¢siz 1.5,1.5,1,0
78: plt 40H..95A,-1;1bl B$
79: fxd 2;plt 40N,.25¢,-1:1t1 "MAXIMUM RATE®
B0: plt 40N,.8A,-1:1bl Z," g/min/m *
81: ¢siz 1,1.5,8.5/11,0;1plt -N,.015A,-1;1bl "2";esiz 1.5,1.5.1,0
82: p't 40N,.7A,-15fxd 2;1bl "total released®
83: plt 40N,.65AR,-1;1ibl D," g/m *
84: ¢siz 1,1.5,8.5/11,051plt -N,.015A,-1;1b1 ®"2%;csiz 1.5,1.5,1,0
85: pit 40N,.55A,-1:fxd 151bl "heat flux *
86: fxd 1;plt 40N,.5f,-1;1b1 AT1],* w/cm "
27: plt 40H,.4A,-1;1b1 "Sample area *
88: fxd S;plt 40N,.35A,-1;1L1 AL2),* m *
89: csiz 1,1.5,8.5/11,0
30: plt S3M,.51A,-1;1b1 "2*
91: plt 54.0N,.36A,-1;1bl "2°"
92: pengret
x23403

0: *"0N2 Depletion Rate":

1: fmt 16b;wrt 16,31,31,31,31,31,31,31,31,31;31,31,31,31,31,31,31;5pc
2: prt "02 Cepletion Rate";spc

3: dsp "02 R=lease Rate®";wait 300

4: dim AT15),A$(31,B$020],E4(61,F$[6],M,N,N$[15,151,M$[15]
S¢ dim W$[15,15]

5: enp "# of run in disk(1,2..272%, 08011

7: =2nl "Has this been plotted before?® W

8: dsp "Have your plotier raady! Cont.®;stp

S: "xxxinf"lW$[2]

10 WSI1I3W$L2,1, en(Ws[113]
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11,
12:
13:
14:
15,
16+
17:
18
19:
20:
21
22:
23
294 :
25:
261
27:
28:
29;:
30
31
J2:
33
34
35:
36:
37
38:
39:
40:
41:
@42:
432
44-
45:
a5
47,
48;
43
S50:
51,
52:
53
54,
S
S6«
57
581
59,
60:
61.
621
63,
64:

drive 0

asgn W$(2],1,°7

sread 1,A(%],A$,B%,E$ F¢ M N NS[i5]), M2
dsp "Run#="'" ACI0]," °,B$,A$;wait 1500
fxd Osprt "Run#=°",A0101,B%$,As$;spc

dim Z0197,G$12MN];dim GIMN]

32+1281C

fmt 12b,"WORKING®",12bswrt 0.C,C,C,C,C,c,C,C,C,C,C,C,C,C,C,C,C,C.7 ¢,C,C

gsb "CACL"

gsb "AXES®

gsb *PLOT®

gsb "LAGLE®

ent °"ANOTHER RUNZT®,X;if flg!3;g9io +3
dsp "CHOOSE PPOGRAM FRIM S.F.KEY"
stp ;9to -1

fmt 16b;wrt 1£,31,31,31,31,31,31,31,31,31,31,31,31,31,31,31,31;s5¢~

dsp “SEE YOU NEXT TIME" end

® AN MO IO NN NN R Y ¢
"AXES":

scl -12N,B65H,-A/6,1.05A

axe 0,0,60,A/10

csiz 1.5,1.5,1,035fxd 0;for (=0 to 10;plt -7N,1A/10,-1
fxd 0;1bl IA/10;3n=xt I

plt 25NH,-a/710,-1;1b1 "Time (mind*®

for 1=0 to BSN by B0;plt I-N,-A/20,-1
fxd 0;1bl 1/60;next 1

csiz 1.5,1.5,1,980;fxd 0

plt -10N,A/4,-1

11 "0 Depletion Rate (g/min/m J)®;spen

csiz 1,1.5,.77,90;plt -20N,A/3.5,-131bl "2"3pit -1G.3N,A/1.22 -1:1%1 =2°
ret

*CACL":03}D

"xx702" W$13]

W$[11 WEE3,1,1len(lHs$[11D1

asgn W$[31. 2,0

sread 2,Z[%]1,G$

for K=1 to MHN; (itf(G$[2K-1,2K]13/10C002210-9-2171?GI¥FI;next K
for I=1 to MN3GL11/40+2:3G[1T;next I

jmp 2

*"TEMP EFFEZT AIR FLOW ¥TI*]":

for 1=1 to MNy2i-GII]1*GlIdJ;s;next 1

for 1=1 to MN;GI11/100%Al4]1/4%1e3¥22/.02205/298/A[21¥GI[[]Isnext

*Smoothing
for J=1 to 4

for 1=1 to MN-4;(GLTI+GLI+11+G[1+21+GII+31+G[1+412/5}G[1+2);snext

0}Z;for I=1 to MH:if GI[I11>2Z2:GI[T11}2
next I;prt "Max 02®";spc ;fmt f6.2,x,"g/min/m*2";wrt 16,Z3spc
for 1=2 to MH;(GL11+G[1-11)%€60/M/2/60+D*Dsnext I

if Z<S000;5000}Ay1i7T 2<2000;2000%A;if Z<(1000;1000A;if Z2<S500;500F

1f 2¢2005200}A

1€ 2¢103103A;1F Z<1513A3if Z<.15.12A5if 2<.01;.01)A
1 W=l3gto +7

for I=1 to MN;if GI11<-6;-5.993}6[1]

fti ((GL11+6)~.1%100007362(21-1,21)5next I
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65 'xrgo?')ﬂti4];NS[I]}NS(4,1,len(HSfiI)]
6E: open LIS$[4],6
67: asgn W$[4] 3,0
68: sprt 3,6%,"end”
69: ret
@70: "Time Delay Correction Used Before €/1/80";:
®71: for I1=1 to MN-2141+213K5plt 601/M,GLK]1,-2;5next I;pen;ret
721 "PLOT":for =5 to MN3;plt 60CI-5)/M,GII1,-C;next I;pen
73: for 1=MN-6 to MN;GIMNIIGILIl;plt 601/M.Gl1],-235next Iipensret
74: "LABLE":csiz 2,1.5,1,0;plt 3N,-A/6,-1
75: lbl *"Fig. Oxygen Depletion Rate®
76: fxd 0;plt 40MN,A,-1;1b1 "RUM #* ,Al10]
77: ¢siz 1.5,1.5,1,03fxd 0
78: plt 40N,.9%A,-1:1bl B3
79: plt 40M,.85A,-1:1b1 "MAXIMUM RATE®
8N: plt 40N,.8A,-1;151 2Z,* g/min/m *
81: cs12z 1,1.5,8.5/11,0;iplt -M,.015A,-1;1t1 *2";csiz 1.5,1.5,1,0
82: plt 40H,.7A,-1;5fxd 2;1b1 *"total depleted"
83: fxd 0:plt 40M,.65A,-1;1bi D," g/m "
84: csiz 1,1.5,8.5/11,0;5iplt -H,.015A,-1;1b1 *2",csiz 1.5,1.5,1,0
85: plt 40N,.55A,-1;fxd 1;1b] "heat flux °
86: fxd 1s;plt 40N,.5A,-1;1bl1 ALl11." w/cm °*
87: plt 40N,.4A,-1;1b]l "Sample area °*
88: fxd S;plt 40N,.35A,-131bl Al2]," = °
89: csiz 1,1.5,8.5/11,0
90: plt S3N,.51A,-1;1bl *2°
91: plt 54.3H,.36A,-1:1b1 "2*
92: penjsret
#12789

0: °"TOTAL HYDROCARFON *.

i1: fmt 16b;wrt 16,31,31,31.31,31,31,31,31,31,31,31,31,31,31,31,31;scc
2: prt "TOTAL HYDROCARBON *.spc 2
3: dsp "Tntal Hydrocarborn":wait 300

4: dim Al15),A3[8]1,B$[20],E8(6),F$(E],M,N,N$015,15]7 ,M8[151]
S: dim W$[15,151

6: enp "# of run in disk(1,2..)7",W$[1]

7: ent "Has this been plotted before?”,M

8: dsp "Have your plctter ready! Cont.";stp
9: “xxxinf "IW$[2]

10:; WST1I1XWs$[2,1,len(sl[11)]

11: drive 0

12: asgn W$[2],1,0

13: sread 1,A(*),A$,P$ ,E$,F$ M N NE[15] M
14: dsp "Run#",Al10],"",B%,A$;wait 1500

15: fxd Osprt "Runs=",A[1C],E$,As:spc

16: dim 2010),G$[2MNY3dim GIMN],HI30J)]

17: dim T$TZMN]

18: dsp "....... WORKING.......";g9sb "CACL"®
19: gsb "AXES®

20: gsb "PLOT®

21: qsb "LABLE"
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22:; ent "ANOTHER RUN?",X;if flgi13;g9to +4

23
?4: dsp "CHCOOSE PROGRAM FRCM S.F. KEV"®
25: stp ;9io0 -1 .

26: fmt 16b;wrt 16,31,31,31,31,31,31,31,31,31,31,31,31,31,31,31,31
27: dsp °"SEE YOU NEXT TIME";stp _
DGy TN WO WK N O A W R OK IO N N
29: °*AXES":
30: scl -12N,65N,-A/6,1.15A
Z1: axe 0,0,€0,A/10
32: csiz 1.5.1.5,58.5/11,0;fxd 0;for I1=0 to 10;plt -7H,1A/10,-1
33: fxd 0;1bl 1A/10;3next 1
34: plt 25H,-A/10,-1;51bl *Time (min)*®
35: for I=0 to 65N by 60;plt I-N,-2/20,-1
36: fxd 0;1bl I/60;5next 1
37: esiz 1.5.1.5,1,30;fxd 0
33: plt -10N,A/4,-1
39: 1bl "THC Release Rate (g/min/m )";pen
40: csiz 1,1.5,.77,90s5p1!t -10.5N,A/1.31,-151b1 *2°
41, penj;ret
@42: *CACL":0)D
43: "xx8hc"iW$[3]
44: WST11M18[3,1,len(Ws[11)]
45: drive 0
46: asgn W$I[31,2,0
47: sread 2,27#%],G$
48: for K=1 to MN;Citfr5$02K-1,2K12/7/100002%10-93G[K];s;next K
@319: °THIS CALIBRATION IS mVippm®:
®S0: -21.852+20.3352[81+.Nn140C0%2[8122}21¢€)
@®S1i: for 1=1 to MN;-21.852+20.3356711+.01403*%GIT1122}GII1;6[11-2(81}GL "} :next
52: for I=1 to MN3if GI[I11>Z:GI[11}2
53: next I;prt “Max TH’*:spc ;fmt f6,4x,"ppm";wrt 16,2
S54: jmp 2
SS5: 1d4f 12,T(%]
S6: for 1=1 to MN;298}T;snext I
57: for I=1 to MN:GI[11/1e6¥A[41/4%1e3%16/.08205/T/A213G[1);next !
58: 0'7;for I=1 to MN:if GIII>T;GLI11}2Z
53: next Izfmt f6.2,x,°g/min/a*2%;wrt 16,2;5sp
50: for I=2 to MN;(GII1+GrI-11)%€E0/M/€0/2+D}D;snext 1
61: if 7¢5000;5000>A:if Z<2000;2000}A¢if Z<1000;10003Asif Z<5003s5002#
62: if 2<20035200)A;if Z2<100;100}A;if Z<50;50}A;1f 2<20;201A
63, 1f 2<10;10XA;1f Z2<1513A5if 2<.15.1A;5if Z20.015.013A
64: if W=139io0 +7
65: for I=1 to MN;if GII1<-635;-5.999¥GII1]
66: fti ((GL[!1+63~.1%10000°363(21-1,21);next 1
67: "xxghc*IWS$T4I;WSI1IINI(4 1, lendWs$l1]]]
68: open W$(4],6
69: asgn W$[41,3,0
70: sprt 3,G%,"2nd”
711 ret
72¢ *"PLOT":for 1=10 to MM;plt 60(¥1-92/M,G[11,-2;:next I;pen
731 for 1:MN-10 to MN;plt 60I/M,GTMN],-2;5next I;pengret
74, for I=1 to 300;GII1YHI[I];snext |
75: if W=1;39to +6
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7€: for I=1 to 300;fti CCHII1+E)*.1m10000)}T$(21-1,211;next I
77: "xxnhc"YWUSIST;WSL1]IWNSI[S,1,]len(s[1]2]

78: open W$I51,6

79: asgn W$[(51,4,0

80: sprt 4,7T¢,"end"

31: ret

82+ ®"LABLE":csiz 2,1.5,1,0,plt 2.5N,-Arsc, -1

83: 1bl °"FI1G. TOTAL HYDROCARBON RELEASE RATE"

84: fxd 0;plt 40N,A, -1;1bl °"RPUN #",AT10]

85: csiz 1.5,1.5,1,0

86: plt 40N,.35A,-1;1bl B$

87: plt 40NH,.85A,-1;1bl "MAXIMUM RATE®

88: plt 40N, .8A,-1;fxd 031bl 2Z," g/min/m "

89: csiz 1,1.5,8.5/11,0;iplt -N,.015A,-1;1bl *2%;¢siz 1.5,1.5,1,0
80: plt 40N,.72,-1;1b! *Toutal Feleased®

91: plt 40N,.65A,-1;1bl O," o/m "

92: cs5iz 1,1.5,8.5/11,0;5iplt -N,.N15SA,-1;1bl "2";csiz 1.5,1.5,1,0
93: plt 40N, .5%A,-1;fxd 1;1bl *"HEAT FLUX *

94, plit 40NH,.5A,-1;1bl A{1]1," w/cm";fxd S

95+ plt 40N,.4A,-1;1bl *Sample ar=a °

96: plt 40N,.35A,-131bl A[2)," m *

97: csi1z 1.,1.5,8.5/11,¢

898: plt SZ.8N,.S51A,-1;1bl *"2%;01t S54N,.36R,-131b]1 "2°

99: pen;ret

%2334

0: "Sample Temperature *:

1:
21
3:
4.
St
[
7:
8:
9.
10:
11:
12:
13:
14,
15
i6:
17
18:
19,
20
21
22
231
24
25
261

fmt 16b;wrt 16,31,31,31,31,31,3:,31,51,31,31,31,31,31,31.31,31;s5¢
prt "Sample Temp ";spc 2
dsp "Sample Temperature®;wait 900
dim A[15),A$081,B3[20,,E$[(6],F$[6] . M,N,N$[15,1i5],M$0l15];danm WS$[1Z
erp "# of run in disk(1,2..372" ,W3L1]
ent *Has this been plotted beforer?",W

dsp "Have your plotter ready' Cont.®;stp

"xxxinf "IWS[2]
WS[11Ws[2,1,1lenCk$l1]1)]

drive (

asgn W$[21,1,0

sread 1,3(%],A%,B%,E$,F$,M N N$[15] ,Ms$

dsp "RUN#" ,A[10)," *,8%," * As;wait 1500

fxd 0:prt "Runs=",A[101,B%$,A%;spc

dim MIMN]

dim 20101,D%[2MN]

dsp *.........WORKING........... ";gsb "CACL"®
gsb *PLOT*

ent "ANOTHER RUHN?®,A;1if flg13;g9to +3

dsp "CHOCSE PROGRAM FROM S.F.KEY*®

stp sgto -1

fmt 16b;wrt 16,31,31,31,31,31,31,31,31,31,31,31,31,31,31,31,31
dsp "SEE YDU HEXT TIME®";stp ;end

gsb "PLOT®

"PLOT":

scl -12M4,e5M,50,1550
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27+ axe 0,250,60,150
28: csiz 1.5,1.5,1,0;fxd 0
29: for 1=250 to 1500 by 150;plt -8N,I1,-1;5;1bl Tinext 1
30: nlt 25N,145,-1;5'bl *Time (mind)"®
31: for I1=0 to 65N by 60;plt I-N,200,-1;1b1 T/E0;n=xt I
321 rsi1z 1.95,1.5,1,303fxd 0
33: plt -10H,550,-1
34: Ikl "Temperature (K)*
35: for I=1 to MH;plt 601/M,M[]1],-25next I;pensgto 57
@36: "CACL":
37: "x«9tem®}W$(3]
38: WSI1I1MWSIL3,1,lenCs(1])]
39:; asgn W$131,2,0
40: sread 2,Z2[(%1,0%
@41, -.0093421+24,7967789532[9]-. 026153332[91*21212]
42: for I1=1 to MN
43 (itf(D$021-1,2123/710CC0D"10-9MI[11
@44: -.0098421+24.796778953M[11-.02615333IMIT122)IM7 1] sMIT1-20(91XMI1]
45: MIT1+273.13¥M011]
46: next 1|
47¢ "Front Temp of Sample in deg K }f21":
48: if W=139to +7
49: for I=1 to MN;if M[]]<-6;-5.999IM[]]
50: fti CCMTI1+6)%.1%10000)3D$L21-2,21):next I
Sl "xxmiem"JWS$TI4T;WSI1IIWEI4,1,lenCNs[1])]
52: open W$(4]1.6
S3: asgn W$(41,3,0
54: sprt 3,0%,"end”
55: fer I=1 to MNsif MIII>Z:M[1]1}Z
56: next Is;prt "Max Temp®;spc ;fmt f6.1,5x,"’K":wrt 16,Z;ret
S7: "lable®:
58: ¢si7z 2,1.5,1,0;pen
S9: plt 3H,50,-1
60: 1bl *"Fig. Back Sample Temperature *
61: 1500}A
62: fxd Os;pit 40N,A,-1;1bl °*RPUN 2" ,AL101]
63: csiz 1.5,1.5,1,0
B4: plt 40N,.95A,-1;1bl B$
65: plt 40NH,.85A,-1;1bl *MAXIMUM TEMP®*
663 plt 40N,.8A,-1;fxd 0;1bl 2," K*®
67: fxd 1;plt 40N,.7A,-1;1bl "Heat Flux"®
€8: plt 40N,.65A4,-1:1bl Al1),* w/ca"
69: fxd S;plt 40N,.55A,-151b1 "sample area"
70: plt 40M,.5A,-1:1bl AL[2]," m *
71: csiz 1,1.5,8.5/11,0
72: plt 53.SN,.66A,-1;1bl "2%splt SSN,.51A,-1;1bl *2°
73: dsp "END";ret
%12422
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0s: "NO-HOx Release Rate S5/23/30 SNL®:
1¢+ fmt 16bjswrt 16,31,31,31,31,31,31,34,31,31,31,31.31,31,31,31,31;sp-
21 prt "HO-NOx Rel!ease= Rate":spc
31 dsp "NO-NOx Release Rat="jwait 3200
4; dim AL151,A3(8),B¢[20],E$[6]1,F$(6),M,N,1{${15,15]1 ,M$[15],T$(5]
S: dim W$[15,:5]
6: enp "# of run tn disk(1,2..372",Ws$01]
7: ert "Has this beern plotted before?",W
8: dsp "Have your plotter ready! Cont."ystp
9: "xxxinf")Ws$[Z]
10: WS(11}W$(2. 1 lenCls[11D]
11: driv= 0
12: asgn H$[21,1,0
13: sread 1,AT%],A$ 38 F$ F$ M, N, N$[15],Ms
14: "Mode":E3}T$
15: ®"ppm Rang=":val(F$)1IR
1€: dsp "Puns=",Al101," ",B$,A%t;wait 1500
17: fxd Osprt "Run#=",Ar10]1,B$,As$;spc
18: dim 27101,G$[2MNT;dim GIMN]
19: 32+128)C;fmt 6b, "WORKING®",6b;wrt 0,C,C,C,C,C,C,C,C,C,C,C,C
20: gsb “"CACL"
21: gsb "AXES®
22: gsb "PLOT®
23: gsb "LABLE"
24: ent "ANOTHER RUN?2" ,X;if figl13:g9to +3
25: dsp "CHOOSE PROGFAM FROM S.F.KEY®
26: stp ;3to -1
27: fmt 1Eb;wrt 15,31,3*,31,31,31,31,31,31,31,31,31,31,31.31,31,31;=r~
22: dsp "SEE YOU HEXT TIME®:end
DD r TR NN 0 N N0 0 P A g
30: "AXES":
31: scl -12N,65M,-A/6,1.05A
32: axe 0,0,60,A/10
33: 23X3if A>=1;1)X;1f AX=13;0}X
34: csiz 1.5,1.5,1,0:fxd Xsfor 1=0 to 10;plt -7H,IA/10,-1
35: !bl TA/10s5next 1|
36: plt 25N,-A/10,-1:1bl *"Time (mind*
37: for 1=0 to 65N by 60;plt T-N,-2/20,-1
38: fxd 0s3lbl I/603next 1
39: ecsiz 1.5,1.5,1,%05;fx4d 0
40s plt -10H,A/4,-1
41y if T$="NHOx";1bl "NOx Release Rate (g/min/m 2J";pen
42 if T$="HG";1bl *"NO Rele=zse Rate (g/min/m J)";pen
43; csiz 1,1.5,.77,90;plt -10.75N,A/1.32,-1;1bl *2°"
44;: ret
@®45: °"CACL":0}D
46: "xx10no"XWS$I[31]
47: WST11}WTI[3,1,lenClis(11)]
48: a3asgn W$0(31,2,0
49: sread 2,20(%]1,C$
S0: for ¥=1 to MN;Citf(G$(2K-1,2K1)/10000)”10-9-20101}GI[K1rnext K
S1: for I1=1 to MN;R®GIII#A[4]1%30/(4%1ed4» 08205%238¥A(2]12}G[1]1;next |
52: 0YZ;for I=1 to MN;i1f GLII>Z;GII11}2
53: next T
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541
55:
56:
57
58:
59,
6C:
61:
621
63:
64 :
65
66
67:
68
B9:
70:
@71
72
73:
74:
75
76:
77
78:
79:
80!
21,
82:
83:
84:
85:
861
87:
88:
89:
90
91
92:
93
94,
95,
96

1f T$="NOx";port "Max NOx"yspc ;;fmt f6.2,x,"g/min/m*2";w't 16,Z2;:=r:
if T$="HO";prt "Max NO"sspc ;fmt f6.2,x,"g/min/m"2";wrt 16,Z;spc
for 122 to MH;(GLII+GITI-11)%E0/M/2/60+D}D;next 1

if 2.5000;5C0N3A:1f 2<2000;2000}A;if Z<1000;10C0A;i¥f 275005500+
if 2<200;200xA;if Z2<1003100}A;if Z{S50;50rA;i1if Z<20;20}A

if 2<10:103A;1fF 2Z2<1:12A3if 2<.15.13}A

1f W=1;9to +7

for I=1 to MN;if GI[I11<-65-5.999}G[1]

fti ((GII1+6)*.1*%10000>3G$[2]1-1,2]]snext 1

"xxgno" YWS[4)sMel11}W$04,1, len{WI[1]D]

open W$l4],6

asgn W$l4],35,90

sprt 3,G%,%end”

ret

*PLOT"

if E$="NOx";imp 3

for 1=8 to MHN;s;plt 60CI-7)/M,GI11,-2;3next I

for I=MN-2 to MH;GIMNI}GTI]I;splt 601/M,GI[13,-2;next I ;pensret
if E$="NO";jmp 3

for I=11 to MN-21;pll 60CI-113/M G[I);next 1

for I=MN-12 to MMN;GIMNIIGILIl;plt GO01/M,G[1],-2;next I;:pen

ret

"LABLE":csi1z 2,1.5,1,0:p1t 3MN,-A/6,-1

if T$="N0x";ibl * Fig. HNOx Pelease Ratle”

if T$="NO";1bl " Fig. Nitric oxide Release Rate®

fxd 0;rlt 40N,A,-1;1bl “RUN #",A(10]

csiz 1.5,1.5,1 0;s;fxd 0

plt 40N,.954,-1;1bi B¢

plt 40N,.85A,-1;1bl "MAXIMUM RATE"

plt 40N,.8A,-1;fxd 3;1bl Z," g/min/m *

fxd 0

csi1z 1,1.5,8.5/11,0;iplt -H,.015A,-1;1bl "2%;csiz 1.5,1.5,1,0
plt 40N,.7A,-151bl "total released®

fxd 3;plt 40N,.65A,-1;1bl D," g/m "

csiz 1,1.5,8.5/11,0;1plt -N,.015A,-1;1b1 "2";¢siz 1.5,1.5,1,0
plt 40N,.55A,-1;fxd 1;1bl "heat flux °*

fxd 1;plt 40N,.%A,-1;1b! Al1]," w/cm °*

plt 40N, 4A,-1;1bl "Sample area *

fxd S;plt 40H,.3%A,-1;1bl AL27," @ *

csiz 1,1.2,8.5/11,0

plt S3H,.51A,-1;31b1 ®*2°®

plt 54.3N,.36A,-1;1b1 ®"2*"

pensret

®29365

0
1
21
3
4.
S
61

"HCL FELEASE RATE I11/17%:

prt "HCL Release Fnat=z"

dim A[151,43(81,B%020] ,F¢[6],F$(6],M,N,N$[15,15] ,Ms(15];dim T$(4]
dim W$[15,15]

ent *# of run in disk{1,2..)72" W$(1]

ent ®"Hau this been plotted before?" T$

dsp "Have your plotter ready! Cont."ystp
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7
21
EN
10
11
12
13
14.
15:
16+
17
181
19:
20:
21:
22:
2
24,
25:
26:
27:
281
29:
30:
31:
32
33,
34
25:
36
37:
38:
39,
40:
®41:
42
43:
44
45
46 :
@47 :
@948,
949,
S0
S51:
521
53:
S4,
55
561
7
S8:
59:
60:

*rxxinf IWS12]
"xxHCL"}W3(3]
WS(11}We02,1,1end(lislT])]

WeIl1)1 ' WS$(3,1,1len(Hs$[1])]

asgn W$[21,1,0

sread 1,P[¥),A$ ,B%,E$,F$ M N,NS[15], M¢

dep " Run#=",A010]),8%,A$;wait 1500

spc 3fxd Os;pri "Run#s#=" A[10},B$,A%;s,cC

dim Z2I31,G8I2MNY;dir X[MH] ,YIMN] ,JIMNI,UIMN],VIMN],P$(101
if T$="1";g9sL "TTF*"

if T$="1"3 mp 2

gsb ®"DATA"

gsb "CACL*"

gsbh "AXES®

gsb *"PLOT"

gsb "LABLE"

ent "ANOTHER RUN?® X;if flgi3;g9io +3

4sp "CHOOSE PROGRAM FROM S5.F.KEVY*®

stp ;9to -1

fmt 16b;wrt 26,31,31,31,31,31,31,31,32,31,31.31,31,31,31,31;5pc
dsp "SEE YOU NEXT TIME”" ;end

"AXES":

scl -12N,65M,-A/6,1.05SA

axe 0,0,60,A710 :
csiz 1.5,1.5,1,0;fxd 0sfor I1=0 to 10;plt -7N,IA/10,-1
fxd 0;1bl IA/10;3rext I

plt 25H,-A/1G0,-1;1bl "Time Gmin)*

for 1=0 to 554 by 60;plt I-N,-A/20,-1

fxd 0311 1/60;s5next 1

csiz 1.5,1.5,1,90;fxd ©

plt -10N,A/4,-1

lbl "HCL Release Rate (g/min/m J)"spen

esiz 1,1.5,.77,905p1t -11N,A/1.25,-1;1b1 "2°*
pen-ret

"CACL":

6J01}P

if T$="1"3;9t0 "MAX"

for I=1 to P

*"Cl}HCl; ;secimin®:Y[11%1,02843}YII1;X[11/603X[1]
next 1

*Sml reagent; 452l Gas CSample®:5}V;4516
"HCLwt/vol (ug/m1}g9/m3)%reagent vol(m!)/gas sample vol(ml)*®:
*sairflow(m*3/min)/area(m*2)ig/min/m"2":

for 1=1 to P;Y[11%1%V/G%C(A[4]/4)/AL2TIIWII]]
next 1

"MAX® .

0¥23for 1=1 to Ps1f WIII>Z;WITI}C

next I;fxd 2;prt "Max HCL(g/min/m"2)=",2

enp "MAX Y-Scale?",A

0}D

for 1=2 to Py (WITI+WI[TI-1])/2M+D}Dsnext I

if T¢="1";imp 2

gsb "FTI®

pensret
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61: *PLOT":for I1=1 to P-plt GN¥X[1],WII],-2;next I;pensret
B2: °LACLE®:csiz 2,1.5.1,0;5plt SN,-A/E,-1

63: 1bl "Fig. Hydrogen Chloride Release Rate®
64: fxd 0;plt 40, A, -1;1bl "PUN #7" A[10]

65: ¢siz 1.5,1.5,1,0;fxd 0

66: plt 40H,.95A,-1;1bL1 B$

67: plt 40H,.9A,-1;ibl "Total HCL Released®
68: plt 40H,.85A,-13fxd 1;1b1 D, g/m "

69: esiz 1,1.5,8.5/11,0siplt -M,.015A,-1;1bl *"2";¢csiz 1.5,1.5,1,0
70: ¢siz 1.5,1.5,1,0

71: plt 40H,.7%A,-1:fxd 1;1b1l "heat flux *

72 plt 40N,.7A, 15;1bl AC11,*" w/cm ";fxd 5
73: plt 40H,.€A,-1:1bl "Sample area *

74: plt 40M,.524,-1-1b1 ALZ),* m *

75: csiz 1,1.5,8.5/11,0

76: plt S2.8N,.71A,-1;1bl "2";plt S54N,.56A,-1;1b! *2°
77: pen;ret

78: "FTT":for I=1 to 500

79: fti C((W(II+6)>".1%10000)3Gs$[2]1-1,211

80: next I

81: open W$(37,6

82, asgn W$[31,2,0

83: sprt 2,6%,"end"

24: ret

85: "DATA":

86: ent "Segence?",P$

87: fmt "SEQENCE..." c2;wrt 16,P$

88: 101D

89: fmt ,f2.0,x,"POINT";wrt 16.D

90: fmt "#°,’x,"sec",2x,"ionug/ml";wi't 16

31: 1i}R :

32: 1f R=1;1}¥X[11:03Y[13;D+1}D;1}E

93: for I=1+E to D

94: ent "Time (sec)?" ,X[IJ1;snext I

95: for I=1+E to D

96: ent "sample amount?2( C1 =ug/mld)",Y[]]

97: rext I

9R: for I=1+E to D

99: fwmt ,f2.0,2x,f3.0,2x,f7.35;wrt 16,1-FE ,XI[11,Y(1]
100: next I

101: if ATDI<KEN0;600IXID+L1sYIDIYID+113D+113D
102: for I=1 to D

103: if X[11=600;jmp 3

174, 1f Y[11=C;.00000013Y([ ]

105: (XIIIYCLI+13-KO1+11YLII1D/(CXOTY-X[I+11D01}A
10€: (YII1-YII+11)/CXLT1I-XI[T1+11)}R

107: for T=X[I1 1o X[]+1]

108: THIIT]

109: A+BUITIIVIT]

110: next T

111: next I

112: for 1=1 to EO0O0sULIIXITIsVITIIY(I);next !
113: ret

114, "ITF":

-7 A
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115: asgn W$r31,1,0

116: srcad 1,C%

117: for 1-1 to €00

113 (1tf(G3rz21-1,2:12/7100000210-63MWI11
119: 1/603¥X(1]

120 rnext 1

0: "HF KRELEASE RATE 11/18":
1: prt "HF Release Rate®
2+ dim A[15],A%0(81,B%[(20),E¢[6],F$(6) ,M,N,N$[15,1ST,M$[153;dim T$l4]
Jr dim W$[15,15]
4: ent "# of run _n disk(1,2..272" Wel1]
S: ent "Has this been plotted before?",T$
6: dsp "Have your plotter ready! Cont.";stp
7y "xxxinf"l}usl(2]
B: "xxHF®"*Ws$[3]
9: WSI[1T}uisl2,1,len(Wel[1]D?
10: WSI1IIWSI[3,1,1enCHsl11D1]
11: asgn W$(2],1,0
12: sread 1,A[%],A%,B$ ES . F$ M ,N,N$[15],M¢
13: spc ;fxd O0sprt "Run#=",A[101,3%,A%;spc
14: dim Z0105,G3(2MNTsdim XIMNI,YIMN],WIMN]I,UIG00],VI6001,P$[10)
1S5: if T$="1";9sb *ITF"
16: if T$="1"; mp 2
17: gsb "DATA®
18: gsb "CACL"
19: gsb "AXES®
20: -sb "PLOT"
21: gsb "LABLE"
22: ent "Another Run?",¥;if {lg913;g9to +3
23: dsp "CHOOSE PROGPAM FROM S.F.KEY"®
24: stp 3;39to0 -1
25: fmt 16bswrt 16,31,31,3:1,31,31,31,31,31,31,31,31,31,31,31,31;spc - " ~t
26: dsp "SEF YOU HEXT TIME®";end
27: "AXES":
28: 1f Z<100;100}A;if Z2<S0;503A;1f Z2¢(25;25YA;i1f Z<10;103A;1f Z{5;5}A
29: if 2<2:2YA;1f 2<1;1:A
30: scl -12NH,65H,-A/6,1.03A
31: axe 0,0,50,A/10
32: csiz 1.9,1.5,1,0;fxd 0;for 1=0 to 10;plt -7M,1IA/10,-1
33: fxd 1;1bl TA/10;s3next 1
34: plt 25N,-A/10,-1:1bl *Time (mind"
35s for 1=0 to €SH by €0;plt I1-N,-A/20,-1
36: fxd 0;1lbl 1/50;next I
37: csiz 1.5.1.5,1,90;3fxd 0
38: plt -10N,A/4,-1
39: 1bl “"HF Kelease Rate (g/min/m J";pen
40, csiz 1,1.5,.77,903plt -11N,A/1.25,-131b1 "2°
41: penjyret
@42, *CACL":600}P
43: if T¢="1"35q9to "MAX®
44: for I1=1 to P
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45: YII1I1%1.0570SYIIT1sMITI/60XXITT
46: next 1
®47: 453635}V
®43: °*HFwt/vol(u3g/mllg/m3)Y%reagent vol(ml)/gas -ample vol(ml)*:
49;: "¥airflow(m™*3/min)/area(m®2dig/min/m"2°%:
S0s for I=1 to PsY[11®ixV/GXCAL4]/4)/AL2IMWIT]
S1: next I
£2: "MAX":
S3: 0}Zs3for I=1 to P;if WIITI>Z;WIIT}Z
54; next I;fxd 25prt "Max HF (o/min/m"2)=",2;spc
55: enp "MAX. Y-scale",A
56: 01D
S7: for 1=2 to Ps{WI[II+WI[I-1])/2M+D}D;srext I
S8: if T$="1";jmp 2
S9: osb "FTI®
G60: penj;ret
€1: "PLOT":for "=1 to P;pli €OXIIJ,MI[I],-2;next I;pensret
62: "LAPLE®":csiz 2,1.5,1,0s5plt 3N,-A/6,-1
63: 1bl "Fig. Hydrogen Fluoride R=lease Rate"
64: fxd 0;s;plt 40N,A,-151b1 *RUN #° ,A[101
€5: csiz £.5,1.5,1,0:fxd 0
66: plt 40N,.35A,-1;1b! BS
67: plt 40N,.9A,-151bl "Total HF Relesasad"
68: plt 40N,.S85A,-1;fxd 1:;1bl D,* g/m °
59: ¢siz 1,1.5,8.5/11,0;5iplt -N,.015A,-1;1bl "2®%scsiz 1.5,1.5,1,0
70: csiz 1.5,1.5.1,0
71: plt 40N,.75A,-1;fxd 1;1bl *heat flux "
72: plt 40N,.7A,-15'01 Al1]," w/cm ";fxd 5
73: plt 40N, .6A,-1;1bl "Sample area "
74: plt 40N..55A,-151bl ALIZ]1,* m "
75: e£siz 1,1.5,8.5/11,0
76: plt 52.8H,.71A,-1:;1bl "2";plt 54N,.56A,-1;1bl *®2°
77: pen;ret
78: "FTI":for 1=1 to ECO
79:¢ fti CCWIII+60*.1%10000>3Gsr21-1,211
80: next 1
B81: WEI1TIWS$I[3,1,]len(Ns30112
82: cpen W$I[31.6
B3: asgn W$[T1,2,0
B84:r sprt 2,G%,"end"
85: ret
36: "DATA":
27: ent "Seqence?",P$
88: fmt *"SEQEMCE...",c2;wrt 16,P$
89: 10D
90: fmt ,f2.0,x,"POINT";wrt 16,D
91: fmt ®#" ,2x,"sec”,2x,"ionug/ml®:wrt 16
92: 1}R
93: if R=1g13X[11503Y[11;D+13D;1}E
94 for I1=1+E to D
95: ent "Time (sec)?® X[(IJ;next 1
96: for I=1+E ton D
97: ent "sample amount?( F =ug/ml)*,YLI]
98: next I
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99: for [=1+E to D

100: fmt ,f2.0,2x,f3.0,2x,f7.3ywrt 16,1-E,X[13,Y(1]
101: next |

102: if X(DJI<COO;EQ0}IXID+11;YIDI}YI[D+11;D+13}D
103: for I=1 to D

104: if X(11=600;jmp 9

105: if Y[I11=0;.0000012YI[1]

106: CXITIYLTI+11-XII+13YITDX/CACTII-XII+11)A
107: (YIII-YII+130/CXI11-X[1+11)}B

108: for T=X[11 to ¥I[I+1]

109: TIUILT]

110: A+BULTI}IVIT]

111: next T

112: next 1

113: for I=1 to 600;UCTIMMITIsVIII}YII]snext I
114: ret

11S: *"ITF*:

116: asgn W$(31,1,0

117: sread 1,G$

118: for I=1 to 600

119: Citf(G$[21-1,2112/10000)%10-6}W 1]

120: 1/60¥XI[11} :

i2l: next 1

J: *"FCHO REL. R II/19":

1: prt "KCHO Release Rate"

2: dim A[157,As8(81,B$12C),E$(6] ,F$(6],M,N,N$[15,151,M8[15);dim T$[4?
o: dim W$[15,151

4: ent *# of run in disk(1,2..)2",11$[1)]

S5: ent
6: dsp
7: "xxxinf"}W3(2]
B8: "xxALD"IWS$[31]
9: WSI11IWs(2,1,1enChesl1]1D]

12:
13:
14:
15
16:
17:
18:
19.
20:
21:
221
231
24
25:
261
27«

W[
esg
sre
=pc
dim
if

if

gsb
gsb
gsb
gsb
gsb
ent
dsp
stp
fmt
dsp
end

"Has this been plotted befor=2",T$
*Have your plotter ready! Cont.";stp

11FM$I3,1,lenCs$(13)]
n Wel2]1,1,0
ad 1,30%],A$ B¢ ,E$,F$ M N,NS[15],M8

1fxd O;prt "Run#=",A010],B%,As$;spc

Z2010),580I2MN];dim XIMN]1,YIMN] ,WIMN],UlEC0],VIB00],P$(10]
T$="1";9sb *ITF"
T$="1";jmp 2

"DATA"

"CACL"

"AXES"

*PLOT®

"LABLE"

"ANOTHEP RUN?°®,X;if flgi3;s;g9to +3

*CHOOSE PROGRAM FROM S.F.KEY®"

;9to -1

16bswrt 16,31.31,31,31,31,31,31,31,31,31,31,31,31,31,31;5spc
*SEE YOU HEXT TIME” ;end
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28: "AXES":
29: scl -12NH,B5N,-A/E,1.05A
30: axe 0,0,60,A,10
31 esiz 1.5,1.5,1,0;fxd 0;for I=0 to 10;plt -7MN,1A/10,-1
921 fxd 235lbl 1A/10;3nert |
33: plt 25N,-A/1C0,-1;1bl "Time (mind)"
34: for I=0 to 65N by 60;plt I-N,-A/20,-1
35: fxd 0;1bl 1/60;3next I
36: cstz 1.5,1.5,1,20:fxd 0
37: plt -10N,A/4,-1
38: lbl "RCHO Release Rate (g/min/m 3";pen
39: csiz 1,1.5,.77.90;plt -11N,A/1.25,-151b1 ®2°*
40: pen;ret
@41: °“CACL":6001:P
42: if T$="1"3g9to "MAX"
43: for I=1 to P
44, X0(11/603X017
45: next 1
®46: 51V;45)6
®47: "ALDwt/vol(ug/ml}g/m3)%reagent vol(mi)/gas sample vo!(ml)*;
48: "#®airflow(m®*3/minl/area(m®*2)}g/min/m"2":
49;: for I:1 to P3YI[II%1xV/CXC(A{4])1/4)/AT21}MHIT]
S50: next I
Si: "MAX":
S2: 0}2;for I=1 to P;if WIIIXZ;MII1}Z
53: next I;fxd 2;prt "Max RCHO(g/min/m*2)=",Z;spc
54: enp "MAX. Y-Scale??",A
55: 0}Ds;for 1=2 to Ps;CHITI+WITI-11)/2M+D}D;next Ispen
S6: if T$="1"; mp 2
S7: gsb °*FTI®
58: penjsret
59: "PLOT":for 1=1 to F;plt GOXILI],WII],-2;next Ilspen;ret
60: "LABLE":csiz 2,1.5,:,0;plt 3N,-A/6,-1
61: 1bl "Fi3. Aliphatic Aldehyde Release Rate"”
€2: fxd 0;plt 40H,A,-1;1bl “"RUN #" AL101]
63: ¢siz 1.5,1.5,1,0;fxd 0
64: plt 40N,.95A,-1351bl BS$
65: plt 40N,.9A,-1;1bl "Totz:1 Released"
66: plt 40N,.85A,-13;fxd 1;1ibl D,* g/m °
67: esa1z 1,1.5,8.5/11,05;1plt -N,.015A,-1;1bY "2%";¢csiz 1.5,1.5,1,0
68: ¢siz 1.5,1.5,1,0
69: plt 40NH,.753A,-1;fxd 1;1bl "heat flux *
70« plt 404,.7A,-151bl A[1]," w/cm ";fxd S
71+ plt 40M,.6A,-1;1bl "Sample area *
72: plt 40N,.55A,-151b1 ALI21,* m *
73: csiz 1,1.5,8.5/11,0
74: plt 52.8H,.71A,-131bl "2";plt S4N,.S56A,-1;1bl "2°
75: penjret
76: "FTI":for I=1 to 600
77: ft1 CCWITI+)"*.1%10000)3G8L[21-1,211
78: next 1
79, WSI11}W$T3,1,lenCHs(11)]
80: open W$[31,6
81: asgn W$[31,2,0
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82: sprt 2,6%,"end"

83: =t

34: "LATA":

85:; ent "Seqgernce?",P$

B€. fmt "SEQENCE...",c2;wrt 16,P$

87: 101D

88: fmt ,f2.0,x,"POINT";wrt 165,D

89: fmt """ ,2x,"sec",2x,"1onug/ml*swrt 16
80: 1}R

91: if R=1;1¥X[11s03Y[11;D+1}D;12}E

92: for I=1+& to D

93: ent "Time (sec)?",X[I1;next 1

94: for 1=1+LC tc D

95: ent "sample amount?(RCHO=ug/ml)"®,¥Y[1]
96: next 1

97: for 1=1+E to D

98: fmt ,f2.0,2x,f3.0,2x,f7.33wrt 16,1-E,X[I11,Y[I]}
99: next 1

100: if XI[D1<600;500}X[D+1);YID1:YID+11;D+1)D
101: feor I=1 to D

102 if X[(11=6C0s5jmp 9

103: if Y[I11=0;.0000013)Y(1]

204: CALTIYLI#+11-XOI+1IYIT1D)/CXITI-XLI+11))}A
10%: CYOID-YII+1i1D/CXI[I1-X[1+112}B

106: for T=X[IT to X[1+1]

107: THUIT]

108: A+SUITIIVITI

109: next T

110: next I

111: for 1=1 to 600;ULTIXXI[II;VIII}Y[I)snext 1
112: ret

113: "ITF*:

114: asgn W$731,1,0

115: sread 1,6¢

116: for 1=1 to 600

117: (itf(G$I21-1,211)2/7103000*10-63WI]1]

11i8: 1/603X[11

119: next !

120: ret

#1833

0: "RCHO REL. R I1/19";
1: prt "RCHO Release Kate"

2: dim Al151,A%08]1,R$(Z201,E$[G1,F$I[6] ,M,N,N$[15,157 ,Me[15]sdim T$([4!

3: dim W$[(15,15]

4: ent "# of run in disk(1,2,.37° We[1]

5: ert "Has this been plotted before?",T$%
51 dsp “"Have your plotter ready! Cont.®sstp
71 "xxxinf"}Us$[2]

8: "xxALD"IUI[3]

9: WSI113WSI2,1,1=n(NEF1]D]

10« WSI1I3AS[3,1,1len(Hs$1])]
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11:
12,
13:
14:

=

Pl |

16:
17+
18
19:
20:
21:
22
23:
24:
251

(2 ]
=

27:
23:
29:
30:
31
32:

34

ason W$021,1,0

sread 1,A[%]1,A$ B¢ .E$, F$ M, N N$T15], M8

spc 3fxd O0scrt *Runs=" A[10]1,B$ A%;spc

dim Z[101,68(2MN]s;dim XIMH],YIMN],WIMN],ULE00]1,VIEN0T,P$(10]
if T$="1";gsb "ITF*" .

if Te¢="1"-jmp 2

gsb "DATA®

gsk "CACL"

gsb "AXES"

gsb *PLOT"

gsb "LABLE"

ent “ANODTHER RUN?® ,X;if flgl13:g9tio +3

dsp "CHOOSE PROGRAM FROM S.F.KEY"

stp :gto -1

fmt 1Gb;wrt 16,31,31,31,31,31,31,31,31,31,31,31,31,31,31,31;spc
dsp "SEE YOU NEXT TIME";end )
end

"AXES":

scl -12N,65H,-A/6,1.905A

axe 0,0,60,R/10

csiz 1.5,1.5,1,05fxd 0;for I=0 to 10;plt -7N,I1A/10,-1
fxd 251bl IA’10;5next !

plt 25H,-A/10,-1;1bl *"Time (mind"

for I=0 to 6SH by 60:plt I-H,-A/20,-1

fxd 0;1ibl 1/60;next 1

csiz 1.5,1.5,1,90:fxd 0

plt -10N,A/4,-1

lbl *RCHO Release PRate (g/min/m J)";pen

csiz 1,1.5,.77,905plt -11N A/1.25,-1;1b1 "2°
per;ret

“CACL®":6CC}P

if T$="1";g9to0 "MAX"

for 1=1 to P

X[I2/60XI[11

next I

5¥V;4516

"ALDwt/volfuo/mllg/m3)*reagent vol(ml)/3as sample vol(mld"®.:
"#airflow(m®*3/min) /area(m™2)}lg/min/m"~2°:

for 1=1 to P;YIII®1%V/G%(A[4]1/4)/AL2]1}IWI]]

next 1

"HMAXT :

0*2s5for 1=1 to Psif WIT2>Z5WITI1}2Z

next I;fxd 2;prt *Max RCHO(g/min/m"2)=%,Z;spc

enp "MAX. Y-Scale??",A '
0¥D;for 1=2 to P;(WI[II+KII-113/2M+D}Dsnext Ijspen

if Te="1";jmp 2

gst "FTI”

pengret

*PLOT":for I=1 to Pyplt 6OXI[II,WIII,-2;next Ijpen;ret
“LABlLLE®":csiz 2,1.5,1,0;5plt 3NH,-A/5,-1

1bl "Fig. Aliphatic AlJdehyde Release Rate®

fxd 0splt 40N,A,-1;1bl "RUMN #" ,A[10]

csiz 1.5,1.5,1,0;fxd 0

plt 40NH,.95A,-1:1bl1 B$
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651 plt 40NH,.9A,-151bl "Total Released"®

661 plt 40N,.85A,-1;fxd 1:1bl D,®* g/m *

67: csiz 1.1.5,8.5/11,0;1plt -H,.015A,-151bl "2";csiz 1.5,1.5,1,0
68: ¢siz 1.9,1.5,1,0

69: plt 40N,.75A,~1;fxd 1;1bl *"heat flux °
70: plt 40H,.7A,-1;1b1 AT1),® w/cm *";fxd S
71: plt 40N,.6A,-1;1bl ®"Sample area °

72: plt 40N,.S55A,-1;1bl AL2]," m *

73: csiz 1,1.5,8.5/711,0

74: plt S2.8N,.71A.-1;1b1 "2";plt S54N,.56A,-1;1b1 *2°
751 penjsret

76: "FTI":for 1=1 to 600

77: fti CCWETIT+£0%*,1%10090)3Gs(21-1,211

73: next T

79: WST1I WS(3.71,len(ls$l11d]

80: open W$[31,6

81: asgn W$I[31,2,0

82: sprt 2,G%,"end"

83: ret

84: "DATA":

R5: ent "Seqence?” . P$

e6: fmt "SEQENCE...",c2;wrt 16,P$

87: 103D

88: fmt ,f2.0,x,"POINT";wrt 16,D

R9: fmt "#",2x,"sec",2x,"ionug/ml";wrt 16
S0« 1P

91: if R=1;1¥X[1)1;0}Y[1);D+13)0;1}E

92: for I=1+E to D

93: ent "Time (sec)?",%[Ilznext I

94: for I=1+E to D

95: ent "sample amount?(RCHO=ug/ml)"*,Y[I]
96: next I

97: for I=1+E£ to [

98: fmt ,f2.0,2x,f3.0,2x,f7.33wrt 16,1-E,X[11,YL11?
99: next I

100: if XID1<600;600XX(D+11;YIDI}YID+1]1;D+13}D
101: for I1=1 to D

102: if X[I11=600s5jnp 9

103: i1f Y[11=0;.0000013Y(1)

104 (XLTIYDI+11-KIT+13VITID/CXITI-X[I+11)}A
105, C(YII1-YII+11D/CXII1-X[1+11)1}B

106: for T=X[1] to X[I+1]

107 THUIT]

108: A+BULTIMIVIT]

109: next T

110: next I

111, for I=1 1o B005ULTIIXIITI;VIII}YII)snext I
112: ret

113, "ITF":

114: asgn W3$[3F]1,1,0

115: sread 1,G$

116: for 1=1 to 600

117, (1tf(6$021-1,2112/10000)210-621I(11

118: I1/60}¥XI[11

119:; next 1

120: ret
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@0: °"PLAST!C FLOW METER FROGRAM®,
1+ fd 2
2: "trk,tape9d,fileaiB",
X: ent "BARO. PRESSURE IN.?27 .,V
4: ent "AIP TEMPERATURE F2°",T
5: ent ®*TOTAl AIR FLCW?",0
@6, ent "MLT. AIR FLOW?",M
7: prt "AIR TEMPERATURE=",T
21 0-M}K
S: prt "ADJ. AIR FLOW=","TOTAL-MLT=" K
10: prt ®"BARD PPE.=",V;spc 2
11+ ent "AIR PRESSURE IN.?2",P
12: O)XW;0}H;0%Q
13: dsp "1 AM WORKING. . vvivreeaaa"
14y T+4603T
15: 9kH
i6: fxd 3
@17: 10.7756621A;381.677571B;-1402.88013C;2814.1753D;-2116.4421E
18: °CAL.":
19: H/2.54/P1}X
20: P/\T(A+BEX+CxX*2+DX"~3+E%}X{"*4)}1Q
21 if Q<K;.001+HYH;gto "CAL."
22: fxd 2
23: T-4603T
24: Y+11}Y
25: °PRT".
26: prt "AIR PRE.=",P
27+ prt "DELT-P cm=",H
28: H/2MHW
@®29: prt "ADJUST MERCURY TUBE AS FOLLOW:®
30: prt "LEFT=",50-W
31: prt "RIGHT=",50+W;spc 2
32: dsp "Adj. Hg Tube& Check Air Prz.Cont.";stp
I33: Y-11}VY
34: cfg 13s5ent "Has Air Pre. Change any?*,Y
35: if Y;dsp "Make another Adj.";gto 11
36: dsp *"CHOOSE FROM S.F KEY...,CONT.®;=tp
37: end

@7: °TRANSFER DATA FROM DISK TO PEEL AND PRINT QUT 32080 S.N L trk0,¥i'214";
i1: fmt 16b;wrt 16,31 31,31,31,31,31,31,31,31,341,31,31,31,31,31,31;fat s=spc
2: prl "Data Transfer";spc
J: dsp "LOAD MAGNETIC REEL TAFZI,Cont.";stp
4: dsp "....REWIHDING....";wrt 704,"Q *

S5: dim AU151,A$[81,E4[20]1,E$(6]1,F$[61,M,N,MS[1S?,N$[17,171

6: dim C[E6301,B[6001,D8012001,2[5]

7: dim W$[15,61,Y$010,101,580(70),E[6001,C$(40]

: enp * # OF RUN IN THIS DISK?22 * W3[15]

9: dsp "Do you have the following file?”; ;wait 1500

10: ent "NOx®,Y$01],°MO",Y$[2]),"ND2",Y$[31,"HF",Y¥4[4],"HC1",Y$[51,"~2"' ™" ¥s$(6]
11: "xxxinf"}W$[1]

12, WSTISIIWsI1,1,]len(8{151)]

13y drive 0
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14: asgn W$[11,1,0
1S: sread 1,AI®],A¢ BS ,E$ . F$.M, N, NS[15]1,M$
16s spc ;fxd Os;prt "Run#=",Al10),E%,A$
17 "xxssmk®}H$[11;"xxsmas”"INS$[2]; "xxhmas*IN$[3]: " xxD2HR"}IN$I[4]
18, ‘xxpht'}HSIS];'xxmtem'}ﬂirsl;'xxgcu'}HSI?];'xxgcoz'}HSISI
19+ "xx302"}N%19);"xxghcn"}N$[10)5%xxghc®}N${11}
20: "xxgnox®)H$(12];"xxgno"}IN$[13]1;"xxgno2"}N$(14]
21: "xxHF"IN®[15);"xxHCL"INS$[16];"xxALD"INS[17]
22: prt "DATA IS WRITTING OHN..... .
23: for T=1 to 17
24: if T=12;if Y$[11#®1";9t0 31
25: if T=:13;if Y$[2)#*1";gt0 31
26: if T=14;1f Y$(3)1#"1";gt0 31
27: if T=155if Y$[4)#"1";:9t0 O
28: if T=163if Y$[S1#"1";gto 31
29: if T=17;:1f Y$[(€1#*1";9t0o 31
30: jmp 2
Si: "EMPTY FILE"}N$[TI3;for I=1 to 600;03ClIIsnext Is;gt> 57
32: M$INSIT,1,len(M$)]
33: drive 0
34: asgn N$I[T),1,0
25: sread 1,D$
J6: for K=1 tc 600;(itf(D$I2K-1,2K1)/1C000)%13-6}E[K)
37: if EIK1<030}E[K]
38: next K
39: 1}MH
40: if T=1;30}E
41+« if T=2;2)E
42: if T=3;2}E
43: 1¥f T=4;0}E
44: if T=5;0}E
45: i1f T=6;0}E
46: if T=7;17}E
47: if T=R;13}€
43: if T=9;21)E
49: if T=10;6}F
S0: if T=11;19}E
51: i1f T=12;23*E
52 if T=13;23}E
53: if T=14:23}E
S54: for I=1+FE to 600+E;if I>500;EI6001}CIHI;jmp 2
55: EL[IJ}CIH]
SE: H+*1}H;next 1
S7: gsb "wrt®
53: next T
50: 9sb "mkf"
61: "prt®":en?t °Need Read & Printing?",A;if flgi13;3to0 +3
62: gsb "rew"
63: gsb "red®
641 dsp "That’s all for CHAS/MATS !'";ernd
St "wrt":wrt 704,"B2000 W3 "
661 cmd 7,"2UX";fmt 1,2,e10.3:for [=1 tc 600swrt 731.1,C0I)ynext Ilgr=*
67: "mkf":wrt 704,"Y ";ret
6R: *rew"rdsp "..REWINDING...*swrt 704,"Q "jret
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£9; “red":ent "IBM TAPE#",A
70:; ent "DATE®,CS$
I fmt *------ - TAFE® ,x,f13.0,3x,"CATE" ,x,c20,"-~~--=--=coce-- -"
72+ wrt 702,A,C$
731 wtb 702,10
74 fmt .
751 wrt 702,%. . ... .. ... .DATA RECOVERING. . v v vttt i vt nernnanns
7E: wtb 702,10 .
773 “mt "RUN#°,fS.0,4x,"DISK-RUN",f2.0,"-",c2,5x,215,3x,f4.1, " Wd/CH 2"
78: wrt 702,A0101,A011]),M$,B$,A[13
79: ent "ANY NOTE",G$
80: fmt *NOTE:*,c30
81: wrt 702,G$
82: wtb 702,10
B83: for K=1 to 1
84: for J=1 to 17
85: dsp "..READING..*,N$[J2," FILE",J,"..."
86: wtbh 702,10;wrt 704,°B2248 R3 *
87: fmt 2,z,f10;5;for I1=1 to 600;s5red 705.2,B[I71;next 1
28 fmt
89: "prt®:wrt 702,°FILE #". J," ", Ns$[.]]
30: *mt
91: wrt 702,"First S0 points®
92: for I=1 to SD by S
893: fmt 3,5el5.3;wrt 702.3,B[I7,2[1+11,8[1+2]1,B(I+3]1,B[1+4]1
94 next I
95: fmt
96: wrt 70z,"Last S0 points®
97: for 1=551 to 600 by 5
98: wrt 702.3,BI011,B[1+2]1,Bl1+2],Bl1I+31,Bl1+4]
99: next I ;next J
100: wrt 704,°K1 ";next K;wtb 702,10;ret
101: "TC":wrt 704,"B10 W1 *;cmd 7,"°U%"
102: fmt 4,2,f10.0
103: wrt 731.4,A010];5ret
104: "D":for I=1 {o 600303ClI);s;next Isret
#23972
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CHAS/SATS COMPUTER PROGRAM PARAMETER IDENTIFICATION

N---LENGTH OF TEST TIME

M---DATA POINT

2 —— USED NO OR NOX

F§----- WHICH CONC. RANGE IS USED FOR NO OR NOX
B$---SAMPLE NAME

A$- --DATE

AC1]----HEAT FLUX (W/CM2)

AC2]----SAMPLE AREA (INZ M2)

AC3]----AIR TEMPERATURE (c—K)

AC-4]---AIRFLOW RATE (FM—CMM)

AC-5]---SMOKE FILTER F.S.

AC-6]---

AC-7]---INITIAL MASS (GM)

AC-8]---DMV/100GM MLU SENSITY

AC-97---

AC-10]--RUN NUMBER

AC-11]--DISK NUMBER

2(11---2[10]

------- BASELINE MV OUTPUT FROM CHANNEL 1 TO 10

DATA FILE CONTENT

FILE 1—=10 RESERVE FOR MV DATA

FILE 16 SMOKE
FILE 17 MASS REMA INING
FILE 18 MASS LOSS RATE
FILE 19 HEAT R. R. (T.C)
FILE 20 AIR TEMP.
FILE 21 SAMPLE TEMP.
FILE 22 co
FILE 23 €05
FILE 24 0p
FILE 25 HCN
FILE 26 HC
FILE 27 NO-NOX
FILE 28 HEAT R.R. (0p)
FILE 29 HCL
FILE 30 HF
FILE 31 RCHO
COMPUTER SELECT CODE IDENTIFICATION
702--=--==-- 7245A PLOTTER PRINTER
747 P DYLON 1015A
708-------=-= 59309 HP-18 DIGITAL CLOCK
0L S 3495A SCANNER
Y I — 3455A DIGITAL VOLTMETER
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APPENDIX B

This Appendix provides additional data for the personnel hazard limit concept.

1. Five minute (HL)5 curves for fire gases.

2. Modifications of the Peterson and Stewart Co. (Carbon Monoxide) hazard
equation to form compared with CHI Program Hazard Limit Curve.

LIST OF ILLUSTRATIONS

FIGURE TITLE PAGE
1 HAZARD LIMIT CURVE = NO/NOX. .. \uevneernnneenuneeeennnnn e 186
2 HAZARD LIMIT CURVE = HCT...''tunerneenneeenneeeennnennnneennns 186
3 HAZARD LIMIT CURVE = HF=HBR........ccevneerrnnnnnn. e 187
4 HAZARD LIMIT CURVE = SOp...uuunnsnsenseneanneaneennsennennn 187
5 HAZARD LIMIT CURVE - HaS.............. IO 188
6 HAZARD LIMIT CURVE - COCT,, COF, & ACROLEIN......ueuvenennnne. 188
7 HAZARD LIMIT CURVE = NHguooutiuintaninit s e et e e 189
8 HAZARD LIMIT CURVE - FORMALDEHYDE. ... ....evvnnerernennnneennnnn. 189
9 HAZARD LIMIT CURVE = ACETALDEHYDE .. ....''ieernneernneennneennnen 190
10 HAZARD LIMIT CURVE - CO...... e ... 190
1 HAZARD LIMIT CURVE = COpuvnvvsnneennenseneaneeneaneenneaneanens 191
12 HAZARD LIMIT CURVE = HON...\uteeeneeeeruneeeeennnaneennnneennn. 191
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DERIVATION OF MODIFIED PETERSON AND STEWART HAZARD LIMIT EXPRESSION FOR HUMAN
EXPOSURE TO CARBON MONOXIDE IN AIR

The Peterson and Stewart equation developed to relate the quantity of CO
buildup in the blood versus the concentration of CO and the breathing rate is:

% COHb/liter = A% carboxyhemoglobin increase in blood per liter of
contaminated air breathed.

The equation recommended (Reference 22 ) is:
log ( A% COHb/1iter) = 1.036 log (ppm CO) - 4.4793
Simplifying:
% COHb/1iter = 101-036 Tog(ppm CO) -4.4793 x y (liter/min)
Where:
V = Hurran Lung ventilation rate at various levels of activity:

V =6 liters/min at rest

9.5 liters/min light activity
18.0 liters/min light work

3

0.0 liters/min heavy work

nwow onou

To modify the above equation to the hyperbolic form used in the CHI program:
. _K m-Sec
Ti sec ——jiggﬁ—tn—l

K was, by definition, related to a concentration of COHb shown to be related
to collapse, i.e.,:

% COHb at Ti = 46.5% COHb saturation in the blood

Then
S 46.5
M (min) = =05T2036 Tog (ppm COJ - 4.4793 5 y
. 3 46.5 x 60
T (sec) (10) 1-036 Tog (ppm CO) - 4.4793  y
i 8.406 x 107

(10.864) 109 (ppm CO) 4 y

A plot of this relationship is shown in the Part I CHI report.
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APPENDIX C
FORTRAN FIRE ANALYSIS COMPUTER PROGRAM (FACP)

This Appendix contains additional information Irelated to the FACP and its
development.

I. CHI FACP SMOKE EMISSION RATE ALGORITHM
[I. WATER (STEAM) GENERATION ALGORITHM
[II.  GAS CONSTANTS USED IN PROGRAM
Iv. [BM TAPE/TEST MATERIAL IDENTIFICATION
V. REPRESENTATIVE FACP PRINTOUTS

CHI FACP SMOKE EMISSION RATE FORMULATION

The conventional method for expressing a “"concentration" of smoke in a layer
or through some viewing distance relates this quantity to optical transmission
or density:

I
0.D. = log;, (_1_29___#): 10910(%’)= SLK (c-1)

Where:

0.0. = QOptical Density

T = Percent Light Transmission through Pathlength L Meters

[o/1 = Ratio of the initial lignt intensity to the intensity over
pathlength

K = Proportionality constant, similar to the extinction
coefficient, which may be interpretsd as the optical cross
section of a smoke "particle" = 1 m¢/SMOKE.

S = SMOKE concentration in "particles" per cubic volume.

Smoke is measured in the OSU HRR calorimeter using a photometer at the stack
outlet. The photometer is calibrated and measures the dynamic changes in
optical density of smoke concentrations flowing through its optical viewing
path. The formulation employed in the CHI computer program uses the same
emission rate calculation as currently proposed by Smith (Reference 1). As
output in the CHAS measurements, the concentration of SMOKE is calculated as
the "particles" emitted per cubic meter over a pathlength of 1 meter per
minute per me of test sample. A concentration in terms of "particle" of
smoke (SRR unit) is defined as the quantity contained in one cubic meter of
volume which will reduce the light transmission over 1 meter path to 10%.
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Based on equation C-1, the value of K then is:

K = Tog;y 2 =1 (c-2)

when S is expressed in units of "particles" per cubic meter. The light
transmission T, then can be related to the smoke concentration by substitution

in (C-1):
100
10940 ( T )~ SLK (C-3)
and solving for T
100
T = (C-4)
10SLK

This states that _the percent transmission for a concentration of one smoke
"particle" per m3 viewed over a 1-meter gath1ength (SRR unit) would equal

10% (S =1, L =1). Two particles per m° would g1ve a trgnsmission of 100
(0.1)2 or 1%; three particles per m3 would give 100 or 0.001%,
etc.

The instantaneous SMOKE emission values output by the CHAS are input by means
of the IBM tape to the FACP as particles per second, SyN, entering each of
the 18 zones in the CFS (Figure 29) or as a well mixed concentration in the
total CFS volume (single zone program). An additional assumption is that the
flow of smoke is proportional to the total gas mixture volume flow rate. The

smoke data from CHAS 1s calcylated per mé of smoke whereas the panels burned
in the CFS were 24 ft2 (2.2 m¢) so that:

CHAS SsuU AP

Soy (1) = X (C-5)
IN min m2 60 sec/min
Where
CHAS SSU = Standard SMOKE ugits measured instantaneously by CHAS
AP = Area of Panel, m
Sin(I) = Instantaneous SMOKE “particles" per second into a zone per
panel.

S0l "PARTICLES"  —
N T 13 T GASES + SMOKE OUT

CFS OR CFS ZONE—N
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Sin(I) flow in "particles" per second enters the CFS or any zone in the CFS
(per 20 zone FACP). Assuming that the smoke is nearly equivalent to the total
mixture weight flow, WM, divided by the mixture density, RHO. The
conservation equation describing the flow of SMOKE in terms of particles/ft3
for each instant of time into and out of a zone or the CFS as indicated in the
above diagram is:

WM WM

S-S . _ =5 IN -5 OUT
IN ouT 1| —=—+— 2 | ——o—— (c-6)
( RHO 1y ) ( RHOoyT )

Based on the area of material, AP, emitting smoke into a volume, V of the CFS
or a CFS zone, the equation for the rate of change of smoke concentration with
time can be written:

ds [1] _ (Sin - Sour) x ae - (c-7)
at v

"Particles" of SMOKE (Panel)
Volume of Compartment

The subroutine FLODYN (Figure 29) calculates the S(I) out of the compartment.
The DIFFEQ SBR numerically integrates the difference equation, (C-6), and
calculates the net rate of increase or decrease of smoke "particles" per
second in the compartment. Integration of d%fferentia] equation (C-7) by the
RUNGKU SBR gives the S(I) "particles" per ft2 after conversion to English

units, and calculates thr quantity of smoke in terms of transmittance over a
burn time.,

T ]
100 (SRR x 0305 (C-8)
1o -02832

SBR ESTI then calculates the "Fractional Dose" in the Fortran Program using
Allard's Law, q,i.v.

The FD Timit for smoke is Timited in the calculations and plotting of the FD
curve of smoke to 0.4 based on the discussion presented in the Part I report.

STEAM GENERATION

The computer program calculates the ppm concentration of each gas in terms of
the partial pressure ratio of each (ith) principal combustion product to the
total partial pressure sum of the air and the measured gases in the mixture
(Dalton's Law). Since each test panel was composed of a variety of organic
and inorganic (nonburning) materials, many organic chemical compounds are
generated by thermal decomposition during burn tests. These compounds are
constituted from differing quantities of the elements carbon, hydrogen,
oxygen, nitrogen, etc. and yield correspondingly different quantities of lower
molecular weight gaseous and liquid products in the regions near the burning
surface of the parent material.
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Thermal decomposition also produces carbon which can burn to produce CO or
-C0p depending on the temqerature and the availability of oxygen. Smaller
amounts of higher molecular weight (liquid) organic products of combustion may
be generated as aerosol particles which are filtered out in the CHAS filters
during a test run and are not therefore measured by the hydrocarbon analyzer.
The chemical equation for the combustion of a hydrocarbon fuel is:

Ch Hp + x [A(0p) + B (Np) + C (COp) + h (Hy0)] =

P} (C02) + Pz (Nz) + P3 (02) + P4 (Hzo) + P5 (Co

+Pg (CxHy) + P7 (NO....P; (G)

Where
X = moles of dry air/mole of hydrocarbon
A = mole fraction of 02 in inlet air, 0.2095
B = mole fraction of Ny (and argon) in inlet air, 0.79
C = mole fraction of CO» in inlet air, 0.00032
h = mole fraction of Hp0 in inlet air
Pq1-P7 = partial pressures of gas products
n,m,X,Yy = carbon and hydrogen atoms in fuel and unburned hydrocarbons

In this equation, the dry air input to the CHAS was relatively dry, so
humidity was neglected, and

Air =A+B+C =1

The molecular weight for dry air used in the FACP was 28.9. The molecular
formulas of the unburned hydrocarbons, CyH,, and any oxygenated varieties
in the combustion products were not known.” The composition of the unburned
hydrocarbons in the product mixture also was not known, so a simplified
calculation of the water (steam) generated as a major product was estimated
and added to the other gases to calculate the total pressure.

Carbon burns to produce:

0, +2C = 2 CO (c-10)
or
2 0y +2C =2 COp (c-11)

The CHx analyzer used in CHAS was assumed to measure the carbon number of

unburned hydrocarbons in terms of methane, CHy (carbon/hydrogen ratio = 4 to
1), which when burned gives:

2 0y + CHg = COp + 2 H,0 (C-12)

Subtracting (C-10) from (C-11) gives:

=2 C0p - 2CO0 (C-13)
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