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SECTION I
INTRODUCTION

A.  OBJECTIVE

The objactive of this effort was to desiyn, integrate, and test a com-
plete fire protection system capable of rapidly and effectively detecting and
extinguishing fires which may occur during peacetime and wartime operations
and inteyrated combat turns in hardened aircratt shelters (HAS), so that

personnei, aircraft, and munitions may be kept safe and ready.

B.  BACKGROUND

'‘AS tacilities do not have a fire protection system installed. Current
tire protection is provided by a 150-pound Halon 1211 wheeled unit within the
shelter and by a standby fire truck in the shelter complex. However, it is
recognized (AFISC SON) that adequate fire protection is not afforded per-
sonnel, aircraft, and equipment during integrated operations in HAS. The
delay encountered from tire iynition to manual dispensing of agent onto the
fire is unacceptable for protection of crew members and mission-essential
weapon systems during training or wartime operations. In a postattack scen-

ario, the HAS automatic fire protection system would relieve firefighting
personnel of the task of protecting the HAS, thereby, allowing them to function
in other areas.

L. SCOPE

The scope of the effort consisted of designing, integrating, and testing
4 tire protection system to combat tires in HAS, aircraft, and associated
equipment during hot fueling/detueling and other operations in hardened
aircraft shelters, The detection/suppression System components were required
to be state of the art and readily availahle. The detectors had to be able to
distinyuish between normal operations/events, fatse stimuli, and an actual Y
fire, Halon agents were used for preliminary tests. Agent toxicity and
cleanliness were evaluated and considered in the s2lection of ajeats and

systems for protection of personnel, aircraft, and munitions,
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D.  APPROACH

The approach used to develop a fire protection system for hardened air-
craft shelters was divided into five parts:

1. Define the HAS enviromment,

2. Analyze the HAS environment to determine the most likely fire
scenarios,

3. Conduct thorough tests and evaluations of commercially available
optical fire detectors,

4. Design, implement, and evaluate HAS fire protection syctem tests,
and

5. Use the system tests to develop a purchase description.

The HAS enviromment includes all equipment, armament, personnel, config-
urations, and operations concerning aircraft hot fueling/defueling as well as
other HAS operations. This includes environmental conditions, munitions
occurences, ignition sources, and time intervals for all operations. The
analysis of the HAS environment was used to develop a fire protection system
that employs reliable state-of-the-art technology. The solution included
consideration of agent type, quantity, toxicity, storage, and distribution;
nozzle location, quantity and spray; plumbing; probability of false actua-

tions; total system response; application technique; reliability; and main-
tenance requirements.

The research of the fire protection system for the HAS led to the com-
plete test and evaluation of commercially available optical fire detectors
(OFD). Eleven OFDs were subjected to small-scale tests and German Aircraft
Shelter (GAS) tests at Kirtland AFB, New Mexico. The GAS tests included clean
and dirty lens tests, false alarm tests, and operational tests,

Testing of the total fire protection system (FPS) was conducted at the
full-scale Third-Generation shelter at Tyndall AFB, Florida. Three prototype
systems : (1) manifold, (2) semimanifold, and (3) modular, were procured from




different fire equipment manufacturers. The shelter was mocked to represent
an actual HAS scenario. JP-4 fuel was spilled on the shelter floor and
ignited. A second, smaller fire was preburned within a mock aircraft with a
footprint of an F-4, and simultaneously allowed to run vertically downward to
meet the running fuel spill on the floor. The test results are discussed in
Section VI of this report. From the results of these analyses and tests, a
purchase description was developed.

This report consists of three volumes. Volume [ contains the body of the
report and Appendix A, HAS/FPS Test Plan; Appendix B, HAS/FPS Test Results;
and Appendix C, Halon Concentration Data. Volume II contains HAS/FPS test
reports and specifications from three companies (Appendixes D, E, and F), and
the Optical Fire Detector Description (Appendix G). Volume III consists of
the HAS/FPS Purchase Description, Appendix H. In the appendix material
originated by organizations other than New Mexico Engineering Research
Institute, the original nunber designations for figures and tables have been
retained for reader convenience.
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SECTION I1I
FIRE PROTECTION SYSTEM (FPS) CRITERIA AND DESIGN STANDARDS

A.  GENERAL CRITERIA

The work accomplished under this subtask culminated in the HAS FPS Pur-

chase Description contained in Appendix H. The following is a summary of the
HAS FPS "system" requirements.

1. The FPS should be provided as an entire system, whereby the system
contractor is fully responsible for all hardware, installation, maintenance,
and spares over the lifetime of the system.

¢. The FPS design should be modular, thereby allowing one-time qualifi-

cation. Such a design provides capability to add or reduce the number of
various components without affecting performance and reliability.

3. A zonal detection and suppression approach should be used to reduce
personnel trauma, save cost, reduce downtime, and increase reliability of the
overall system,

4. The FPS detectors should have a reliability of 0.99 not to signal
fire due to any HAS false fire stimuli.

5. The suppression system should be comprised of individual halon
bottles either suspended from the ceiling or externally located in a separate
hardened structure. Each suppressor should utilize a proven military specifi-
.ation/standard valve.

ih. The FPS should be capable of performing in winds of up to 20 mi/h
through the open doors of a HAS.

7. The FPS should consider possible false alarm stimuli from engine
reheat, wet starts, black powder start backfires, wet APU starts, and other

wources.
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8. The FPS should be designed according to Military Standards and should

function at high reliability in EMI environments and all environments speci-
fied in MIL-STD-810.

9. The FPS should be designed to provide 132,000 hours (15 years) mean
t ime between failures (MTBF) for all fire scenarios and over 100,000 years
mean time to false dump due to internal electrical component failures. The
system must be configured, based upon reliability models according to MIL-HDLK
217D and MIL-STD-756B.

10. Executive action (dumps) should be measured for a fire threshold of
> 16 ft pan size. The FPS should see and extinguish any > 16 ft< fire within
15 seconds, but not respond to small (1 ft? or less) fires.

11. The FPS should alarm inside a HAS and notify the fire station upon
detecting a fire of > 16 ft2,

12.  The FPS should check itseif to determine its own "health." If any
part of the FPS does not function according to operational requirements, a
fault alarm should be initiated, providing remote status to the base fire
station. The base Civil Engineer and the local contractor's office should
then be contacted by telephone and the FPS brought back to full certified
operation through service. Under no condition should any HAS FPS be down or
off-line for more than 12 consecutive hours.

13. The system contractor should provide all hardware, install all FPSs,
provide all maintenance, provide all spare parts, maintain the FPS's MTBF at a
high lTevel--"a system contractor approach.”

14. The system design should include protection against Electromagnetic
Interference (EMI).

15. Nuclear hardening precaution should be provided as an option.

16. The FPS should be designed to provide for safe egress of personnel.




17. A suppressor should be provided to extinguish aircraft nacelle
fires.

18. Periodic service should be conducted to clean detector windows and
keep the FPS reliability at a high level.

19. The contractor must ensure the availability of necessary resources,
capital, and continued service, and continued availability of spare parts that
are necessary to implement the entire program successfully.

20. The contractor should be required to develop, certify, deliver,

install, and maintain the complete FPS. All components and subsystems of the
FPS, along with other functional and hardware interfaces in a HAS and on the

airbases, must be designed and qualified from a systems approach to
reliability and performance,

B.  GENERAL DESIGN GOAL

The overall general design goal incorporates:

e Maximum reliability.

® Mininum maintenance.

® Simplicity in servicing.

° FEase of installation without impeding HAS operations.

e Ability to refurbish rapidly after an activation or fault.

© Adherence to the full military standards specified.

® Protection against false dumps from specified external stimuli.
e Protection against false dumps from internal stimuli.

® Max'mum effective inertion.

. Cost effectiveness.

<

Flexibility with no overall design changes for all HAS sizes and
cronfigurations.

B ot




® Minimization of trauma to personnel.
e Ability to function as a system.
® (Continuity of system management and spare parts.

e Maximum safety for all personnel and internal equipment.

1. FPS Design Standards

The full system shall be designed to meet the following standards.

MIL-STD-810C

MIL-STD-202H

MIL-STD-461E

MIL-STD-462H

MIL-STD-454H

MIL-STD-19Y

MIL-STD-198

MIL-STD-833

MIL-STD-217D

MIL-STD-7568

MIL-STD-108E

DOT-STD-1986

BS 5501 (detector only): Part 1:1977.
BS 5501 (all components): Part 5, flameproof enclosure

BS 2011 Part 1 (environmental section)
BS 800 (1977) radio interference
BS 5420 IP 67

. ®
BS 5045
BS 6436
BS 5445
EN 50014
| J
EN 50018 ;
Other codes associated with specific countries where HASs are
acated, 1f applicable.
’
o,




2. HAS FPS Configuration: Modular and Zonal

The HAS FPS should be directly adaptable to all HAS types and sizes
without any change in overall design. The system configuration should be
medular and zonal and consist of the following major subsystems: (1) fire
detectors, (2) extinguishers, (3) control electronics, (4) back-up power, and
(5) various alarms, safety devices, and sensors. The overall system should
only vary between different HAS types and sizes in the number of subsystem

components.

3. Fire Detection Geometry

The fire detection subsystem should consist of sensors, divided into

zones of multiple sensors each.

The FPS should not "dump" the suppressant in any zone unless the
operational mode minimum fire size condition is "seen" by detectors voting in
that zone, but under no condition should the FPS dump any halon in response to
small fires of approximately ! ft? area at any floor location in the HAS.

4. Fire Suppression Geometry

The fire suppression subsystem should be divided intu zones. The
nunber of suppressors should be selected such that a nominal halon suppressant
conceritration of greater than 4.7 percent by volume throughout the hazardous
area of HAS 1s attained within 10 seconds of discharge to suppress all fires
witain 1 seconds of detection without possibility of reignition. This con-

entraton must be sustained against any prevailing turbulences and/or wind
vonditions of up to 25 mi/h. The halon suppressors may be suspended from the
wills along both sides of the HAS at a height of no less than 10 feet. The
suppres-ant containers may be located outside the shelter if the NATO criteria

for semihardened facilities are met.

Fault Self-Test

Iire FPS should be designed to provide seif-check of all major
components Lo determine the aperational status at each FPS. In addition, the
¢P, whould have the capability of real-time monitoring of some major system

oy m




parameters. The contractor should demonstrate via system analysis which

functions should be monitored and checked.

6. Full System Test

The FPS should be reviewed periodically to maintain a4 long period of
MTBF. Tne contractor should demonstrate via analysis and reliability modeling

why the proposed tine interval was selected.

7. Maintenance/Service

The contractor should maintain facilities close enough to any
airbase to allow a 12-hour turnaround time. These facilities should also
provide adequate storage of FPS spare components that may be required as
replacements. This requirement holds for all base locations except those in
Turkey, where the contractor's maintenance personnel, equipment, and spare
parts will be located on base.

The contractor should demonstrate via tradeoff studies and

reliability analysis why the proposed time to repair/service was selected.

A data log should be kept for each HAS FPS, which contains compnnent

renewal schedules, detailed records of tests, replacements, and status.




SECTION T11I
HARDENED AIRCRAFT SHELTER (HAS) ENVIRONMENT

A.  GENERAL DESCRIPTION

A HAS in U.S. Air Force-Europe (USAFE) or Pacific Air Forces (PACAF) is
an aboveground storage shelter for protecting aircraft, support equipment, and
operations personnel from conventional attack. These are of four types
because progressive generations of HASs were developed as the need to house
larger, more sophisticated aircraft and the corresponding support equipment
arose. The HAS design is approximateiy that of a semicylinder with double-
layer, steel-reinforced concrete walls. A HAS has a large, steel-reinforced
concrete door, closed by a motor in 1 minute, 40 seconds. The motor now in use
is being replaced by an updated explosion-proof model. A small personnel door
is located in the front door on the side, and steel doors at the rear are
opened during jet engine operation to let the aircraft engine exhaust exit
through the rear exhaust port. HASs are generally located in clusters or
rows.

The basic function of the HAS is to protect the personnel, aircraft, and
necessary support equipment. F-4, F-5, F-15, F-16, A-7, A-10, A-037, F-106,
F-111, and various types of NATO aircraft may be stored in a HAS. The
aircraft may be pulled into the HAS by a winching mechanisn located at the
rear of the HAS or taxied into place by push/tow trucks. The jet engines on
aircraft may be running, started, or stopped while in the HAS. Generally,
only one aircraft is placed in the shelter, although some HAS faciiities have
room for three. Mbile fuel trucks (R-5 and R-9 types with 5000 gallons of
jet fuel) may be stored in a HAS, but this method of fueling is being replaced
by o pantograph with underground ifuel tanks. (A pantograph is an articulating
pipe assembly from the wall/floor fuel valve that rolls along the floor to the
1rplane to dispense fuel,) Breathing air is drawn from ducts at the top of
the HAS, exits through ports in rectangular ducts running along the floor at
the sides, and is blown by squirrel-cage fans out the rear of the sheliter.
This type of ventilation system is now being updated. Munitions racks are
arranged from the front to the rear of the snelter next to the air ducts.
Other support equipment inside the shelter may consist of start-carts,
qenerators, welders, and munitions-loading equipment. Each HAS contains a

10




150-180-pound halon-wheeled unit for extinguishing small fires. Personnel in

the HAS (including aircraft crews) may or may not be wearing clothing
necessary under chemical warfare conditions.

B.  FIRE SCENARIO

In a fire situation, the HAS may be considered to be an open system
because of

1. The long closing time of the front door,
2. Airflow resulting from use of the breathing-air exhaust fans, and

3. Airflow caused by an operating jet engine and exhausting through the
open exhaust port at tne rear of the HAS.

Therefore, the use of gaseous firefighting agents would require detailed
knowledge of the air patterns inside the HAS to maintain desired concentra-
tions of the agent. A clean liquid agent would be desirable for storage and
throw and would help to cool munitions. Water is not available at the HAS.
Anbient weather conditions may promote condensation on the walls and floor of
the shelter.

Numerous fire scenarios may develop inside the shelter. Tnhe most Tikely
case 1s a fuel spill caused by damaged fuel hoses, impioper filler connec-
tio mayed aircraft, or malfunctioning support equipment. A fuel spill is
Lo s1lv the most dangerous situation because of the likelihood of its
spreading .nder fuel tanks anu munitions. Potential ignition hazards exist
from non-explosion-proof motors used to close the front doors, high-voltage
generators and start-carts, hydraulic carts, cartridge starts using slow-burn-
ing black powders, running j2t engines, static electricity, and human error.
[lectrical fire hazards are present with the high-voltage generators and
start-carts.

At Tleast three fire or potential fire incidents have occurred in HASs.

One incident involved the transfer of jet fuel from a 5000-galion truck to an
aircraft., A hose broke during the refueling operation, resulting in a spil!
of nver 100 gallons. Fortunately the fuel did not ignite. The second inci-

dent involved the internal ignition of a hydraulic cart within a shelter next




to an aircraft. A few thousand gallons of Aqueous Film-Forming Foam (AFFF)

ensured extinguishment of the cart without incident to the aircraft. Another
' incident involved the rupture of a fuel transfer segment within the aircraft

pylon during fuel transfer from a 5000-gallon truck to the single-point
refueling connection. Fuel sprayed in the air on the wall and onto the floor.

The closed door could not be winched open because the motor was not explosion-
F proof. After personnel sprayed AFFF with a handline and disconnected the

drive gear pin, the door was pulled open. Application of AFFF onto the fuel
and washdown continued without a fire incicent.

h C. AUTOMATIC FIRE PROTECTION SYSTEM (AFPS)

The function of the automatic fire protection system (AFPS) is to keep
personne’ safe, and aircraft and support equipment operational. This implies
the following requirements:

Y

1. Detection and suppression of large fires within 30 seconds,

2. C(lean extinguishing agents,
3. Highest reliability and unattended operation of the AFPS, and

4. Prevention of munitions heating for more than 30 seconds; cooling
during and after fire suppression is desirable.

The fire detectors used must be able to detect a fire and dump
extinguishing agent within 10 seconds, but must not be susceptible to any
false stimuli. Possible false detection sources are lightning, welding
sparks, aircraft engine exhausts/afterburners, aircraft engine
starts/stops/misfires, radar, communications, lights, sunlight, heaters,
clothing, cigars, cigarettes, matches, cigarette lighters, and electronic
warfare equipment. The large nunbers of insects present during some seasons
may block the optical signal necessary for detection or cause false alarms.
This has been noted for some detectors located in warehouses in rural farming

areas. Water present on the floor of the shelter from condensation or rain

may influence certain types of detectors. Dust on the surface of the optical
windows may reduce the sensitivity of some detectors. Thus, a discriminating
and reliable detection system is necessary to prevent false dumps. 3
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D.  SUBSTRATE TESTING

Testing was conducted on substrates used in optical fire detectors
involved in the HAS effort. The purpose of this task was to determine the
nature of foreign material that may deposit on the substrate during normal HAS
operations over a period of time, and which ultimately lowers the ability o7
the detector to observe a fire situation. The detectors operate at particular
wavelength bands in the infrared (IR) and/or ultraviolet (UV) region of the
optical spectrum; therefore, it was important to determine the influence of
dirt deposits on the efficiency of the detector. In addition, qualitative
information was needed to determine the detection loss that occurs when the
substrate becomes dirty.

Three substrate materials were involved in the testing program: calciun
fluoride, quartz, and sapphire. The calciun fluoride material was initially
used to establish baseline data regarding the soot deposits and the reduced
visibility. This material is not a detector substrate, but is inexpensive and
has negligible absorption in the UV and IR regions of the spectrum; therefore,
it served as an excellent material for the preliminary testing. The calcium
fluoride substrate was 5 inches in diameter and less than 1/8 inch thick. The
quartz and sapphire materials were actual substrates used in the detectors.
Each quartz substrate was 1 1/2 inches in diameter and less than 1/8 inch
thick. The sapphire substrates were 1 1/4 inches in diameter and of the same
thickness as the others.

The quartz window is only used for the UV detectors. Quartz substrate is
opaque to radiation with a wavelength shorter than 185 nm. The quartz pro-
vides the lower limit for the Geiger-Muller detector, which operates between
185-245 nm. Quartz is not used for IR detectors because of its high absorb-
ance in the 4.0-4.6 u range.

Sapphire is a superior window material for the IR detectors. Sapphire
has an 8/ percent transmittance from 0.3 u (300 nm) to 4.6 u. The 50 percent
transmittance points for sapphire are 0.150 u and 5.5 u.

The spectroscopic techniques used for analyses of the materials incliuded
IR, UV, and visible spectroscopy for the substrates, and gas chromatography/
mass spactrometry for the particulate matter obtained from tne substrates.
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Each of the clean substrates was analyzed separately by IR and ultraviolet-

visible (UV-vis) spectroscopy to obtain baseline data on absorbances that
might be inherent in the substrate materials. The calciun fluoride substrate

was then placed in a burning JP-4 environment so that soot was deposited on
the substrate. The dirty substrate was analyzed again, using IR and UV-VIS
spectroscopy to detect additional absorption bands from the soot material. In
addition, the soot was removed and analyzed by gas chromatography/mass spec-
trometry to determine the compounds that had been deposited during the JP-4
burning operation. The quartz and sapphire substrates were mounted in holders
and placed in actual HAS environments located in Germany and England for.
periods of approximately 120 days. Multiple samples of each substrate material - ]
were mounted in each shelter. After removal from the shelters, these dirty ﬂ
substrates were analyzed by IR and UV-vis spectroscopy to determine the addi-
tional absorbances from the contaminants. The results from these tests and
their impact on the ability of the detector to detect a fire are discussed in é
the following paragraphs.

The detectors involved in this study all operate in the 1.2-4.6 u IR
range and/or the 185-280 nm UV range. As described in Section V, the 4.0-
4.6 u IR range is predominantly used because that is the wavelength band of

AW

COz2 emissions. For dual IR detectors the 3.4-4.0 u bang is also used. The
185-245 nm range is the major range of interest for the UV Geiger-Muller

detectors. One detector using different technology operated in the 1.2-2.9
mid-IR band and the 245-280 nm mid-UV band. This detector also detects radia-
tion in the visible range of 500-650 nm.

L

E.  RESULTS OF ANALYSIS OF CALCIUM FLUORIDE SUBSTRATES

P

A baseline was run on the test instrument with no sample from 200-
12000 nm. The clean calcium fluoride substrate was tested and the results
are shown in Figure 1. The clean substrate had 94 percent transmittance from
200-6000 nm except for a slight roll-off at 200 nm. Above 6000 nm (6 u) the
transmittance degraded down to 0 percent at approximately 11 u,

_pw

Figure 1 also shows the transmittance of the two tests of the dirty sub-
strate. The figure shows that in the UV-vis region the transmittance is

i

reduced by 20-30 percent, with the second test measuring a dirtier portion of
the substrate.

14
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RESULTS OF ANALYSIS OF QUARTZ SUBSTRATES

Figure 2 shows the transmittance of the clean and dirty quartz sub-
strates. The dirty substrates were placed in HASs in Germany and England, one
in front and one in the rear of the shelter, at each location. The transmit-
tances of the dirty substrates were 5-10 percent less than that of the clean,
except in the UV range, where the transmittance was reduced by 20-40 percent.

G. RESULTS OF ANALYSIS OF SAPPHIRE SUBSTRATES

Two sapphire substrates were placed in the HAS located in England and
another two in Germany. The two in Germany are still in the shelters at this
time, so only the England substrates were analyzed. Sapphire has a large
absorbance in the UV range, as demonstrated by the clean substrate in
Figure 3. However, the dirty substrate increased that absorbance by as much
as 20 percent.

When comparing each dirty substrate with its corresponding clean sub-
strate, there were either no differences or very small ones between the two in
the IR region. In the UV-vis spectra obtained, there were very significant
differences between the clean and dirty. In all three materials the dirty
substrates showed a large decrease in the transmittance (between 20-40 per-
cent) in the region of about 200-250 nm. This seems to be the most sensitive
area, where the foreign material deposited on the substrates may interfere
with the ability of the detector to detect the fire. The fact that the degra-
dation of all three substrates was essentially the same indicated that the
laboratory tests on the calciun fluoride material were adequate indicators of
the amount of material that might be deposited on the substrate over a period
of 120 days.

Soot deposited on the substrates, either under laboratory conditions or
in the actual shelters, was removed and analyzed using mass spectroscopy. In
the laboratory testing, the burned JP-4 soot was deposited on a piece of
Plexiglas, then scraped off for analysis. The quartz and sapphire substrates
were placed in the HAS sites in Germany and England. The material found on
the Plexigias was of much higher molecular weight than that found in the

16




= — e e

w0 el

U0 ‘01

ry o ~au J
|
|

+ea3o0ds uoilduosqy 33e41SqNS ziuaenh ¢ 2unb 14
SJ3JIWOURN UL ylbudsreM
3 3 W m 0 =] & > N — —
3 3 3 33 3 3 3 =3 3
T T | B T T T ¢
' &)
uuibad Al ]
l\ .
uoLoay YI _ __ Loz w ~
_ | @ ~
| ! WAJ
[ d
Uy m
S =
4e3Y ‘Aupwdagy pue / -
<uedy ‘pue|buj / - 09 w
~—— $3u0a4 ‘pue|buz 7y 2
~ o/ / =
. . 1 &CCLM i Cw <
‘Auewuady 3
o
T
| out
. T . JE.. Xt = L -




*ed303dS uoL3daosqy 93ed3sqng adiyddes ¢ aunbiy

S4IjawoueN uf y3budfaney

-
g§88 § 38 S g8 3 &8 gz g
T T * T T T T T 7 ﬂ T 0
I 1 ©
) 1]
uoLbay ¥I . a
L N uo} b3 >=|\h / 4% 3 @
/ * g
L | / h o
T ~ - 0b m
7 ! ~
A£3dig 7 b
= \ —
\ -~ 0 5
-~ g
u I T - ——— - " \lueaygy s ©
| | :
h ®
1 1 i 1 1 i 1 1 { 1104
m
ot TN - .4-l|:lllxnll--ln--nl--nnn-ll---:nn-r---n----lll-lll-n----l-l-m-----l--l-----l--l--k




actual environments. However, in the lower molecular weight area, the
material was essentially the same. Since the soot is a mixture of many dif-
ferent molecules, it is difficult to identify the actual species present, but
some general classes of compounds can be identified. The mass spectra of all
the substrate soot materials indicated that saturated hydrocarbons and
aromatics were present. This was shown by the appearance of peaks at 43, 57,
and 71 atomic mass units for the saturated alkanes, and at 77 atomic mass
units for the aromatics. In the case of the materials from the actual
shelters, there was also evidence of sulfur material. This was not observed
in the Plexiglas substrate.

In summary, the reduction of percent transmittance for the substrate that
was dirtied in the laboratory was not too dissimilar to that found for sub-

strates hung in the shelters for 120 days. The reductions also occurred in
the same regions of the spectrun. The soot found on all three substrates was

analyzed by mass spectrometry and was essentially the same, with the exception
of higher molecular weight material found on the calciun fluoride. However,
these Tlatter peaks were much lower in intensity and, therefore, did not
contribute very much to the total.
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SECTION 1V
SOLUTION INVESTIGATION

In the HAS environment, the combustible material presenting the greatest
danger is JP-4, Large spills of this material can ignite with an almost
explosive nature., Consequently, the rapid detection and suppression of fire
in a HAS is essential.

A variety of sensors on the market are used to detect fire or the bypro-
ducts of fire. These sensors range from highly sophisticated optical
detectors to simple fusible links which melt at a specific temperature. To
best select a detection system for the HAS, an extensive survey was conducted
‘o anderstand the limitations and sensitivity and the operating, maintenance
ind installation requirements associated with each type of system. A brief
cummary of the available detection systems follows.

A. SMOKE DETECTORS
i. Photoelectric and lonization Detectors

There are two basic types of smoke detectors available: the photo-

oleclric detector and the ionization detector.

The photoelectric detector works on the principle that smoke will
tend to attenuate a light source. One type of photoelectric detector is com-
nosed of a chamber into which smoke is allowed to enter, but into which light
from the environment is restricted from entering. The intensity of a light
st e Jooated within the smoke chamber is continuously monitored. When the
light intensity is degraded as a result of obscuration by smoke, an alarm is
Lriggered.

Another type of photoeiectric detector works on a similar principle
Of having a light source located in a smoke chamber from which outside 1ight
i revtricted. A photocell is located within the smoke chanber; however, it
is mounted in such a way that, in the normal operating mode, it does not see
‘ne 'ight source. When smoke enters the chamber, light is scattered by the
sioke particles and picked up by the photocell, which triggers an alarm.
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The ionization detector operates on a different principie from that
of the photoelectric detector. lonization detectors generally have two
chambers, one of which smoke is allowed to enter, and the other of which is
maintained smoke-free for use as a standard. A radioactive material such as
Americiun-241, which ionizes the air inside the chanbers, is located within
the chamber. As a result, a slight current flows between the two electrodes
Tocated within each of the chambers. When smoke enters the chamber open to
the environment, the smoke absorbs some of the alpha particles being emitted
by the radioactive source and decreases the current passing between the two
electrodes. The difference in the current levels of each chamber is sensed
and an alarm is triggered.

Smoke detectors have received a great deal of praise for their
application in residential settings. Many lives have been saved and property
damage avoided because of these devices. However, smoke detectors do not have
an advantageous application in the HAS environnent for several reasons.

First, the false alarm rate from a smoke detector system is expected to be
quite high. The HAS environment has diesel trucks and generators as well as
aircraft operating within; these are noted for alarming smoke detectors.
Second, the HAS environment is dirty. Dust and exhaust residue accumulate
throughout. This accumulation of various residues would either desensitize 1
smoke detection system, or create a condition in which the detector would con-
tinuously alarm, depending on the type of detector used. Periodic replacement
of the photoelectric ionization detectors would be necessary because they are
not manufactured in a way that allows them to be serviced. Finally, the
response time of the smoke detectors would be tou slow for sole application 1n

HAS.

Q. Beam Detectors

A third type of smoke detector, whi_1 1S newer and mmuch more expen-
sive per unit, is the bean detector. It consists of two separate units, «
transmitter and a receiver, separated by as much as 100 feet. The transmitior
emits a modulated infrared beam which 1s monitored by the receiver. Under
norinal {no-smoke) conditions, the receiver senses the heam at 4 specific
signal level. Wwhen smoke passes through the bean, tne infrared iight is




attenuated. If the received signal falls below a specific level, the receiver
actuates an alarm condition. long-term changes to the received signal caused
by environmental variations are offset by the compensation Circuit of the
receiver. [f the limit of the compensation circuit is reached, or a housing
cover is removed, the detector will signal a trouble condition.

Maintenance required by the beam detectors in a HAS envirunment,
although simple, must take place freguently. Maintenance crews would be
required to wipe off the face of the detectors with a moist cloth, [t is
uncertain if this should be done once a day or once a month. More experience
with the beam detector system will be necessary beforc a maintenance schedule
can be recommended; however, this system was not designed to be used in an
environment as harsh as that in a HAS.

The bean detector is not thought to be a realistic method of
detection for the HAS system for several reasons. First, before the detector
can respond to a fire, smoke must make its way into the path of the detector
hean and attenuate the signal sufficiently for a specific period of time. For
the system to be made relatively free from false alarms, it would have to be
desensitized to the point where exorbitant time delays would be experienced by

the suppression system. This time delay would not be acceptable, Second, it
15 not possible to progran the detection system to discriminate between the
snoke resulting from a welder or diesel engine and smoke resulting from a
fire. This .apability to discriminate is a necessity. Finally, if the .
helter doors are open and a breeze 1s blowing through the shelter, the smoke

f-or 4 fire may not even reach the detection system until the fire is out of

[ ;trr)‘;.

3. RATE~OF-RISE DETECTORS

n

At Teast two types of thermal detectors are usea to monitor the rate at
which tne anbient temperature changes. The first of these det=ctors consists
f an a1 chamber, a flexible metal diaphragm, and a calibrated vent. Normal
tis-t -dav temperature fluctuations are automatically compensated four by the
ralhing a2tion of the vent., When a fire occurs, the temperatire rises

quiosly and the air 1n the chanber expand, faster than it can be vented,;

theveby o nressure which pushes against the diesihcage ond c1nses an electrica)
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contact is created. The rate of rise is generally designed to operate when
the temperature rise is 15 °F/min. However, a faster rise will cause faster
response. As the temperature decreases, the diaphragm self-restores and open:,
the electrical contacts.

The second type of rate-of-rise detector takes advantage of the rate at
which heat can be conducted from one material into another. [n this detector,
a highly conductive sleeve encompasses two expansion struts. As the ambient
temperature changes, heat is conducted from the sleeve into the expansion
struts. The sleeve is mechanically connected to the expansion struts in such
t way that if the sieeve expands at a rate significantly higher than that at
which the expansion struts expand, the struts are puiled close together ani
two silver contacts are joined. Under normal operating conditions, heat is
cnnducted from the sleeve into the joining expansion struts, and the assem-
tlies expand together. A thermostat which signals an alarm at a present
temperature regardless of the rate of temperature increase is usually also
2mbodied in these detectors.

Again, these devices do not have a primary application in the HAS. The
temperature fiuctuations witnin the HAS are very great because of the startup
procedures of aircraft and the normal operations that take place within the
whelter, and these variations would result in numerous false alarms. Alsu,

the rate-of-rise detector response time is too slow for the HAS application.

. HEAT-SENSITIVE WIRE

Anther device used for detecting fires is heat-sensitive wire. The
detector probe 1s constructed of two wires individually encased in a heat-
sensitive material. The encased actuators are twisted together to impose 4
sprang pressure between them, then spirally wrapped with a protective tape and
rinished with an outer covering to suit the environment of use, At installa-
tinn a device 15 connected to one end of the actuators so that, when a power
source is added, a small monitoring current passes continuously through the
detectar., At the critical or operating temperature, the heat-sensitive

waterial yields to the pressure on it, permitting the actuators to move into
-ontacl with each other,

N
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A similar alarm device featuring a semiconductor material and a stainless

steel capillary tube has been used where mechanical stability is more
important. The capillary tube contains a coaxial center conductor separated
from the tube wall by a temperature-sensitive glass semiconductor material.
Under normal conditions, a small current flows in the circuit between the
stainless steel capillary tube and the center conductor. As the temperature
rises, the resistance of the semiconductor separating the two decreases,
allowing more current flow and thus initiating an alarm. This device is some-
times referred to as thermistor wire.

Heat-sensitive wire and thermistor wire are not feasible in the HAS
because of the temperatures reached during the normal operation of the
~helter, and the inability of the detector to respond to small fires which
can escalate. Heat-sensitive wire works best when it is close to the source
of the heat. This would not be possible in a HAS because of the constraints
imposed by operations in the structure. Additionally, if heat-sensitive wire
were located close to the areas where a fire inight be expected, it would be
cubje.t to potential physical damage. This wouid result in a false dump of
the suppression system.

l;.  OPTICAL DETECTORS

Fire produces radiation in a multitude of wavelengths ranging froum the
UV Lo the far [R. Optical detectors generally consider a smail band of radia-
“ion and look for characteristics indicative of fire within these bands.
‘nweser, fire is not the only source of radiation within the HAS. When an
gir-raft is pulled into the HAS its engines may be running, its brakes are
hot, and diesel equipment is operating near the aifcraft. These all cause
emissions of IR radiation. The <un is also a very rich source of both UV and
CRoradiatoon,

Numerous filtering techniques have been developed to eliminate optical
fali2 - 'ari sources. Multiple bands of radiation and signal microprocessing
are otten considered to further reduce the chances of false alarms. Self-
.hecks are typically built into optical detectors to insure the proper opera-
then of the sensor and the associated electrical hardware, thercby. providing a
viry reliable method of detecting the presence of fires.
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Of the methods currently available to detect fire, optical detectors
offer the most reliable method of identifying a fire in the HAS, in addition
to heing least susceptible te false alarms. Faise-alarm immunity is good
because of multiple wavelengths, correlations (auto-, cross-, and ratio), and
timing (fire flickers and gate delays). The response of the detectors is fast
and reliable because of built-in self-check systems. Sources of false alarms
can be avoided by various filtering and signal processing schemes. More
information on optical detectors is presented in Section IV.

E.  AGENTS

The selection of the correct agent is critical to the automatic fire
protection system for a hardened aircraft shelter. The likely fire incident
is a JP-4 fuel spill/spray as a result of fueling operations. The resulting
running pool of fuel may then be ignited accidentally, resulting in a runniny
fire that could cover most of the HAS floor area, and possibly the entry ramp,
within a few seconds. This type of fire scenario would immediately involve
the aircraft, weapons, electrical panels, and other equipment critical to the
mission of the shelter. The agent selected must be capable of rapid suppres-
sion, and should be clean and compatible with the HAS environment. In addi-
tion, the agent system selected should have three-dimensional characteristics
with the ability to suppress indirectly accessible fires which might occur
within the aircraft.

The HAS can be considered an open systen because of: (1) the long clnsing
time of the front door, (2) the airflow caused by ventilation air fans, and
(3) the airflows caused by jet engines running and exhausting through the rear
of the HAS. Water is not available at any shelter, No fire protection s
required above tne airplane/munitions heights because only two rows of explo-
sion-proof housed lights exist on the upper metal-covered concrete arch. The
agent selection should reflect the priority of the automatic fire protection
system, which is to keep the aircraft systems mission-ready.

With the above criteria in mind, existing agents were evaluated four their
use in the automatic fire protection system for HAS. The agents evaluated
included foans, ary chemicals, halons, and "exotic" agents (halon-aspirated
foams, halofoams, gels, etc.). The capabilities of these agents, as they
relate to the HAS FPS, were evaluated and are discussed in the following para-

graphs. Reference 1 provides additional information about agents.
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l. Foams

The firefighting capability of foams (AFFF) is based on their
ability tu blanket the fuel surface, thereby, prohibiting interaction of the
fuel with oxygen. Foams are considered to be one-dimensional agents and show
poor firefighting performance against a running fuel fire where the fuel may
run out from under the foam blanket and reignite. Foams are also 94-97
percent water, which gives them no Class C capabilities and results in
problems with equipment freezing if they are stored at low temperatures. In
atdrtion, the lack of water at these shelters makes the production of foams
from concentrate impractical. This means that the large volume of foam
necessary to extinguish a fire would have to be stored as a premixed solution
with antifreeze, making necessary the installation of exterior hardened tanks
and plumbing. Finally, foans are considered dirty agents around operational
aircraft.  All of these considerations make foam an inappropriate first-line
ayent in the fire protection system for HAS.

#. Dry Chemical Agents

Ory chemical agents are categorized as heteruvgenevus chemical fire
~xtinguishants. These powdered salts are, for the most part, salts of the
alkali metals and ammonia. These agents extinguish fire by inhibiting chemi-
¢al reoctions necessary to combustion through a variety of mechanisns. In
gencral, dry chemical agents have been shown to be effective fire-extinguish-
'ny agents with quick action, Class BC rating and fairly gooa three-dimensional
chaica teristics, Associated with dry chemical agents are problems with poor
“hrow raige, poor performance in high-airflow conditions, corrosion, cleanup,
md vi,ibility. Because dry chemical agents are considered dirty agents with
nigh “leanup costs, they will not be further considered for use in the HAS.

3. Ldrbon Dioxide

Cabon dioxide (CO2) extinguishes fires primarily by diluting the
o<yqgen necessary for combustion to a point at which combustion can no longer
take place.  This agent is expelled as a gas and has good three-dimensional

abilities, as well as a BC rating. Problems associated with it are poor
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throw range, low-temperature hazards (it is expelled at a temperature of
-76 °C), and poor performance in nonquiescent conditions. The poor perform-
ance in nonquiescent conditions and the high concentrations of agent necessary

for extinguishment (25 percent) make carbon dioxide unacceptable for applica-
tion in the HAS.

4. Halons

Halons are in the general class of homogeneous fire suppressants.
Their means of extinguishment is the competitive inhibition of free radical
chain-branching reactions in combustion sequences. Halons are halogenated
hydrocarbons of the Freon family, of which only three are in common use as
extinguishing agents: Halon 1301, Halon 1211, and Halon 2402. Halons are
excellent BC agents because they are clean and efficient and possess good
three-dimensional characteristics. The physical characteristics of each of
these compounds have much to do with their fire-extinguishing capabilities.

Halon 1301 is expelled as a gas and mixes well with air, making it
extremely effective in enclosed spaces. Because Halon 1301 is a gas, it is
subject to effects of drafts and therefore is inefficient for use in a large
open system or in a partial flooding application (such as exists in a HAS).
It is, however, quite effective in total flooding situations.

Halon 1211 is expelled predominantly as a liquid and quickly becomes
gaseous. Because of its liquid component, Halon 1211 has some flame plune
penetration ability, and throw directionality. Although the range of throw is
iimited, Halon 1211 is currently the primary auxiliary agent aboard aircraft
crash rescue vehicles because of its cleanness and low toxicity. Since Halon
1211 has some direction of throw and since it is heavier than air (therefore,
the aygent concentration tends to stratify), this agent is a good choice for
use in a partial flooding application such as HAS. A comparison of Halon 1301
and Halon 1211 HAS systems is shown in Table 1.

Halon 2402 is expelled as a liquid witn a boiling point of 117 °F
and stays liquid until it is within the fire zone. This characteristic gives
Halon 2402 good throw range and direction. Halon 2402 will penetrate the 1 J

flame front and even the fuel surface, temporarily making the fuel inert.
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TABLE 1.

COMPARITSON OFF HALON 1301 ARD HALON 1211

HAS SYSTEMS.

Paraneter

Halon 1301
HAS System

Halon 1211
HAS Systam

l

Halon agent (assuning
test shelter 70 °F) at
boiling point

Chanyge in teanperature of
agent to ambient (70 °F)

H,0 cloud
Forn out nozzle

Throw pressure for 45
foet

Thrust hazard

Throw range without fire
Throw range with fire
Nozzle pattern

Expected decomposition
foxicity {neat agent)

Tinks
irosthite

Modalar
Agent in wind

P1re nystens

ense
Gas

720 1b/in.?

Yes

Moderate

Poor

Narrow

(required to throw gas)
Moderate

l.ow;
7-10 percent for |
minute; no effects

High pressure
Moderate

Yes; many tanks,
additional mcunts

Not effective in
crosswind

Ne bids for 1301

+25 °F

45 °F

Dense

80 percent liquid
360 1b/in.?

less

Goad

Good

Wide
(liquidsgas)
.ow

Mediun;

4-5 percent for
1 minute; no
affacts

Mediun prassure
lLow

Yes:; fewer tanks,
fewer nounts

More effective

ALl bids for 1211
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This means it provides less danger of flashback and more cfficiency in an

outdoor environment than either 1211 or 1301. Halon 2402 has an increased
toxicity level which needs further definition before this agent can be con-

sidered acceptable for general use or in a semienclosed environment. In
addition, there is a lack of state-of-the-art technology regarding such

features as nozzle design, application rates, etc. These considerations
eliminated the use of 2402 for application in the HAS fire protection system,

5. "Exotic" Agents
The use of "exotic" agents such as halon foans, halon-entrained
foans, thiotropically gelled dry chemicals, and halon nixtures for the HAS fire

protection system was eliminated. These agents are in the developmental stage
and their performance is not completely defined.

6. Summary of Agents Considered

As a result of the above evaluation of existing agents, it was
decided that the use of Halon 1211 in the automatic fire protection system for
HAS represented the best available technology. The physical properties of
Halon 1211 are given in Table 2.

TABLE 2. PHYSICAL PROPERTIES OF HALON 1211.

Chemical nane Bromochlorodifluoro-

methane (CF.C1Br)
Boiling point (at 1 atmosphere) 26.0 °F (-3.3 °C)
Freezing point -256.0 °F (-160.5 °C)
Molecular weight 165.4
Heat of vaporization {at boiling point) 57.0 BTU/1b i
Yapor density at 70 °F 0.444 1b/ft3 |
Liquid density at 70 °F 104.0 1b/ft3
Vapor pressure at 70 °F 40 1b/in.2 absolute
Vapor pressure at 120 °F 90 1b/in.? absolute
Critical temperature 309 °F (153.8 °C)
Critical pressure 595.4 1b/in.*
Critical density 44.5 ib/in.% absolute
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This choice was based on the tacl tnat Halon 1Z211:

a. Is a clean agent around operational aircratt,

b. Has a class BC rating,

c. Possesses good three-dimensional characteristics,

d. Has sufficient throw and direction to be used in an onen

system,

[s an efficient agent which will extinguish a fire rapidiy, and

-

Has an acceptable toxicity.

/. Aqent Application

“ part of the fire protection systen for HAS, the app!ication

strategy fur the optimum agent was considered. The major factors considered

K

o the appiication of the Halon 1211 included the following:

a. The HAS is an ope: environment which may be subject to high

cirfiow conditions,

b. A sufficient concentration of agent must be maintained in the
/’\.‘

- ta en<ure th: extinguishment »f all anticipated fires and the inhibition

b 'ashback,

C.  The agent must be used in such a way as to maximize LS economy

cdoebtficiency,

7

5 turther assess agent needs, a calculation was inade of the halon

teenbratiens At various protection heights. The results of tnis calculation
For 'ne two-thirds-length, third generation hardened aircraft shelter at
Poda VD ARB, Florida are shown in Table 3. The values given represent the
arormn caltulated concentrations for a 3200-pound duop of Halon 1711 assuming
13 avdeal gae behavior, (2) no ventiiation losses, and (3) no halon

recatratioa abave the protectiun height.
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TABLE 3. MAXIMUM CALCULATED CONCENTRATIONS FOR 3200-POUND HALON 1211 DUMP.

Approximate Max imum '-*1
Protection height, internal _volume concentration,
ft ft3 % at 70° C
14 88,386 7.52
19 113,599 5.95
Full shelter 147,016 4.67

Evaluating the results contained in Table 3 and considering that atl
of the critical protection areas in the HAS are located below 14 feet (tail
height) showed that a partial flooding technique represented the most econom-
ical and efficient use of agent. This technique was considered viable because
Halon 1211: (1) is denser than air and will naturally maintain its highest
concentrations at the bottom of the shelter, and (2) is expelled predominantly
as a liquid with a good direction of throw.

Several methods of obtaining an inert atmosphere inside the shelter
for a sufficient period to ensure extinguishment of all fires were considered.
Among these were:

a. Use of a greater anount of agent than that specified in NFPA 128
for Halon 1211. This amount would compensate for ventilation losses and the
presence of halon above the protection height.

b. Placement of additional bottles at the front door so that, as
these bottles discharge, the airflow created by their discharge pattern
lessens the severity of wind effect and ventilation losses through the front
door. This effect could be maintaincd by increasing the discharge time.

c. Use of two different-sized bottles in a modular system. The
larager bottles would have up to double the discharge time, thus maintaining

the agent concentration for a longer time,

d. DNirecting of additional halon toward the engine nacelles nof the

aircraft to extinguish this potential internal fire source.
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3. Halon Toxicity

When selecting an agent for the HAS project, tne toxicity of tne

agent was of major concern. Because the halons are clean agents and leave d
minimun amount of residue, they are prime candidates for the HAS environment.
Howoever, they do have toxic praoperties that may pose a threet to personne]
inside the shelter. Halon 1301 is the least toxic of the halons and is
considered relatively safe if used properly. National Fire Protection
foosociation (NFPA) Standard 12A gives the maximun safe exposures to tne neit
it for man as 7-10 percent for 1 minute. The reported average con-
Centraition to produce lethality in test animals is 832,000 ppm (83.7 percent).
"he NEPA standard states that undecomposed Halon 1301 produces minimal central
n-evous system effects at concentrations under 7 percent. Exposure at

7 percent and 10 percent for a few minutes produced dizziness, imprired
on-dination, and reduced mental acuity. At exposures greater than 1O per-
~ent, these effects increased in intensity. The NFPA Standard alsn states
that even 1n somewhat prolonged exposures, where these effects are notea,
“ocovery 1S rapid and complete when the victims are provided frzsh air.

Halon 2402 has been shown to be significantly more toxic than Halon
o0l and 1211, In fact, 126,000 ppn {12.6 percent) is the reported average
iotneal concentration (ALC). The NFPA standard states that exposure for
minut. . at 2000 ppm (0.2 percent) or 60 minutes at 1000 ppm (0.1 percent)
roduc, entral nervous system effects. Fresh air exposure after the

~mptoms appear will usually induce recovery with no long-term effects.
\

Halo. 1711, which was chosen as the agent in the HAS environment, is

. re to<ic than Halon 1301 but less toxic than Halon ¢40?. The reported ALC

ol Tl is 374,000 ppm (32.4 percent), and the safe oxposure iimits are 4-
Cneroent for @ minute.  Tne NFPA standard for Halon 17211 states that exposur:
2low A poreont for 1 ominuate or 1ess has no effect on the central n2rvous
v lem, Disoiness, impaired coordination, and reduced mental acuity become
irinite after Concentration levels reach above 4 percent for longer dura-

ont. When the levels reach 5-10 percent there is a risk of uncontciousness
wropeeoible death if exposure is longer than 1 minute. The report 1lso states
vot Halon 1711 apparently does not remain or accumulate in the boedy, so

w1 f exposed personnel to fresh air induces rapid recovery.
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Decomposition products from Halon 1211 can also pose a problem for
personnel and equipment found in the shelters. These products include HF,
HBr, HC1, Br,, F,, Cl,, and carbonyl halides. All of these compounds have
very high toxicities; however, they also have high warning properties so that
personnel are aware of their presence before levels that would cause a hazard
are reached. The amcunts of these products are reduced by more rapid
discharge at the earliest stage of fire progress. In a typical fire
situation, the heat and smoke would be so great that personnel could not
remain in the area; therefore, the levels of decomposition products are not
expected to reach a toxic level while personnel are present. However, if
personnel are restricted in a space and are protected from smoke by a mask,
that mask must be evaluated for transmission of fire product gases. While all
agents have some toxicity associated with them, the agent chosen had tu put
out the fire in the required period of time and have an acceptable level of
toxicity. For additional information on halon toxicity, see Reference 2.

9. Agent Distribution Systems

Three types of extinguishing agent delivery systems were considered
for the HAS. The "Manifold System" consists of two dry pipe headers runniny
the length of the shelter. Both of the headers are fed, either at the center
of the header, or from one end. Nozzles are attached to the header at
strategic locations to direct the agent release. The agent is stored in
bottles at a single location. The bottles could be hung from the shelter
ceiling so that they would be protected and out of the way. The dis-
advantage of this arrangement is that because the bottles would be quite heavy
(6000 pounds) and large, vibration levels in the shelter could result in
structural damage. Also, the large size of the suppressant bottles could
obstruct the high tail sections of some aircraft. Finally, maintenance of the
bottles would be difficult if they were to be hung from the shelter ceiling.
Special equipment would be necessary to install and service the bottles.
Another potential storage location for the agent bottles is in a hardened
structure outside the HAS. This solves storage problems resulting from the
larye size and weight of the bottles; however, this solution would be very
expensive to implement.

Another type of delivery system is the "Modified Manifold" systen.
This system consists of short runs of pipe to which severa! nozzles are
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attached. Several of these modified manifolds would be strategically Incated

in a shelter. Fach short header is supplied with agent via its own tank,
which I5 located adjacent to the header,

A similar method of delivering the extinguishing agent is a "Modular

S.stem," which does not employ a header system at all. The nozzles used to
administer the extinguishing agent are attached directly to the agent tank.
Thiv eliminates pressure and time losses that might be caused by an elaborate

plumbing system,

Boln the modified manifold and the modular <ystems have the
whvantage of being small enough tnat they can be tailored to various siz:

shelters.  The modular system is sonewhat more flexibl: than the modified

ranttald systans,

10. Nozzles
Several schemes were considered for the agent nozzle jocations.  The
posoibilities were to: (1) have nozzles suspended trom the ceiling, () have
nyzzles pop up from the “loor of the shelter, and {3) have nozzles mounted on
e wall. Nozzles hanging from the ceiling of tne shelter could onstruct the
o tail sestion of the aircraft. Also, if a fire were to accur ander an
1roraft, agent discnarged from the ceiling would have to counteract the fire
Puoyan.y and would be obstructed by the airframe. Pop-uy ncozzlas “n the floor
f the shelter could be obstructed by a venicle, aircraft wheel, o debris,
L they would be expensive to install because sections ot the tooors of

ting sneliars would have to be cut and replaced.

Localing nozzies on the walls of the sheiters appeared 5 be the
v+ tosolutien.  The instaliation costs would be mininized because 'y najor
©orbradian to the shelter wouil be required; the extinguishing ajent anuld
woodminastered to fires under a0 aircraft; and the nozzles would not
nteor ore with the aperations taking place in the sheltar, lowevers, nuzzles
the wall of the shelter would be required to throw the ectinguiching agent

roarecier distance than nozzles mounted either in the ceiling or in the

The widbn of the HAS iy aporoximately 80U feet. foansoqe atly, the

iacbaaa - frective Lhrow range of the exting i~nong Systm wountod 1 bne o wili
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of the shelter must be nominally 40-45 feet. However, the extinguishing
system would also be required to arrest fires much closer than 40 feet. To
administer the halon, multiple types of nozzles might be required, some to
reach fires a long distance away and others to extinguish close fires {10-
15 feet) in an efficient manner. All nozzles are required to provide gond

agent penetration to minimize halon decomposition.

11. Tanks and Seals

Some of the major factors ensuring the system reliability involva
the integrity of the agent tanks and seals. Any mechanical seal can leak,
especially when subjected to very high prassure and pressure gradients. The
high vibration encountered within the HAS would aggravate any ieak situation.
This makes periodic maintenance and inspection of the agent storage apparatus

essential to the effective operation of the extinguishing system within the
HAS.

Several methods are available to monitor the contents nf a pres-
surized cylinder. One is to monitor the pressure via a mecharical or electri-
cal sensor in conjunction with monitoring the ambient temperature. A prablem
inherent with this type of system originates in the mechanical or electrical
interface between the inside of the cylinder and the ambient cundition.
Because these junctions are not necessarily hermetic, they are a potential
source of leaks.

A much more labor-intensive method of determining the amount of
agent in a pressurized bottle is to weigh tne bottle. Fluid levels in

cylinders can also be monitcred through the use of special radioactive o~
ultrasonic devices.

Angther method ensuring the integrity of the contents of e bottleg
is5 to nermetically seal the bottles, thus, eliminating the mechanic.!
interfaces where leaks are most likely to occur. Maintenance of the tanwage

system would be minimized because of the decreased potential for systen leaks.
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. SHELTER EVACUATION

fhe primary purpose of the fire protection system is to save tne lives of
the personnel and to minimize property losses in a shelter when a major fuel-
spill fire occurs. Personnel protection can only be accomplished if the
personnel inside the shelter escape safely. However, tnis may not be possible

if special provisions are not made to expedite the egrzss from the facility.

When a tuli halon dump on a fire takes piace inside a HAS, several tnings
happen which would inhibit the egress of personnel from the shelter. First,
shen the haloyn is discharged, the air temperature inside the shelter drops
dramatically due to the refrigeration effects of the liquid-vaporizing agent.
Tn.. results in moisture precipitating out of the air in the form of thnick
~Touds which block visibility and the facility lighting. Second, the com-
wooion products produced by the extinguishing action of the halon include a
rhick black smoke which is toxic and blocks light, thus inhibiting the egress

Lt the shelter persunnel.  Al.g, fuel vapors and combustion/pyrolysis products

e fodic,

For these reasons, an escage system must be installed i1n the <helter to

‘It ate evacuation in the event of a halon dump. An escape systen should

ho deceloped which will allow personnel to leave the snelters safely. Addi-
e iy, o washdown system for fuel should be made availabie.
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SECTION V
OPTICAL FIRE DETECTOR (OFD) INVESTIGATION AND TEST

A.  OVERVIEW OF DETECTORS

A HA" FPS must have a reliable fire detection device to sense the flame
in its incipient state. Many of these devices are on the market today, and
they can be grouped into two basic detection technologies, IR and UV. Th2 two
technologies can then be combined in any configuration, for exanple IR, [R-IR,
UV-IR, UV, UV-IR-UV. The advantage of multiwavelength detectors is a reduced
Tikelihood of false alarm.

B. UV DETECTORS

Over the years there have been many advances in the technigues used tu
detect fires. UV detectors were among the first types of fire detectors
employed in an industrial environment. The UV radiation emitted by most fires
15 quite strong and easy to detect with a sensor known as a Geiger-Muller [GM)
tube. The wavelength of UV radiation, being relatively short, is absorbed by
most wmedia such as air, glass, smoke, dust, and Plexiglas, causing false
signals that do not originate from the protected area to be eliminated. The
disadvantage associated with this characteristic of UV radiation is that the
UV detector may not be able to detect fire caused by smoke obscuration, or the
UV intensity may be reduced by a buildup of dirt or 0il on the lens. In an
industrial environment, UV detectors are not subject tn as many possible
sources of false alarms as are [R detectors. The primary sources of false
alarms to the UV fiame detector in an industrial environment are arc welding
and X-rays. Several technigues have becn developed to perinit the use nf IV
detectors in an environment where welding occurs. These techniques include
the requirement of multiple detectors to see a fire, or signal cancellation
schemes. However, there is ny generic solution to fit all situations using
anly the YV detector. It is generally agreed that single-channel UV dotoctors
should not be used exclusively where activities such as welding or X-raying

peur,

IV detectors which use a GM tubs are generally designed 1) respond to Uy

radiation with wavelengths from 0,13 tn .25 u. Most fires produce a qgreat
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deal of UV radiation in this range. The sun also produces UV radiation in

this range; however, most of it is absorbed by the atmosphere before reaching
the earth (see Figures 4 and 5).

Radiation is emitted in small bundles called photons. The energy of a
photon depends on the wavelength of the radiation. When a photon strikes a
met3l plate suach as a cathode (negatively charged plate), the eneruy of the
photon 1s imparted to an electron within the plate, causing it to l=ave the
surface of the cathode and be drawn towards the anode {positively charge
niate) . The energy that the electron must nave to leave the metal plate is
ailed the work function of the metal.

Th- operating envelope of a UV detector is 3 function of (1) the metal
used for the cathode, and {Z) the crystal housing of the detector. The metal
nost commonly used for the detector cathode is tungsten. Tungsten nas a work
tancticon that will not allow an electron to leave its surface unless imparted

with the energy from a photon with a wavelengtn shorter than 0.245 4 (see
Figure ?).

The crystal most comagnly used for the GM tube housing is gquartz. Quart:
i opaque to radiation with a wavelength shorter than 0.135 i, Consequently,
the operating envelope of the GM tube in the UV detector lies between 0.185
and 0.245 u. The GM tube is the "heart" of the UV detector and its exact
components and method of construction are closely guarded industriil secrets.

There 15 9 great deal of ongoing industry research to improve the performance

IR Y I YERN

Th» area between the cathode and the anode is filled with dn ionizable
ga.. When an electron is emittes from the cathode and is rapidly being drawn
toward the anode, it strikes a gas molecule with enpugh energy to cause
=le trans ) pe emitted from the gas molecule.  The electrons in turn strike
ather aolecules which release clectrons. The total number f electrons
emitted in tnis manner is several miilion tynes more than were emitted from
the ciathode {see Figure ). When this chain reaction takes place, a current
vetseen tae atnode and anode can be megsured.  The current flow cdan be

virped in twroways: (1) by removing the applied Qo1tage between Lhe cathode
ind anode, v (Z2) by reversing the charge on the calhoade and anode, There are
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Figure 6. Geiger-Mueller Detector.

varying opinions on what is necessary to stop the current flow between the
torminals.  The current is usually allowed to flow for a very short time
before measures are taken to stop it.

The output of a GM tube is generally a voltage puls2. The intensity
of the UV radiation striking the detector is proportional to the frequency of
the pulses. This is analogous to a switch that is normally open. When UV
radiation strikes the detector, the switch is momentarily closed. The
‘roguency with which the switch is opened and closed is proportional to the
intensity of the UV i adiation striking the detactor.

UV radiation is generally thought of as that radiation with a
wavelength between 0.10 and 0.40 u (see Figure 5). There are a nunber of
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sources that produce UV radiation, the most common natural sources being the

sun and lightning. Both of these are rich sources of this radiation, and are
common in the workplace,

Other sources of UV radiation include any kind of electrical sparking
such as arc welding or mercury vapor lamps, and flames such as those produced
by an acetylene torch, a cigarette lighter, or a JP-4 fuel fire.

Because the wavelength of UV radiation is relatively short, the radiation
is easily absorbed by substances such as glass, smoke, air, and a number nf
vapors not normally found in gquantity in a HAS.

The absorbency of UV radiation by many types of media reduces the likeli-
hood of a UV flame detector responding to false signals. However, a firc that
produces an abundance of smoke prior to a flame is more likely to go
undetected. Additionally, a light film of oil or dirt on the lens of the UV
detector can filter the incoming radiation to the point where the detector
does not respond to a small fire. In many situations, the likelihood of lens
contanination is not considered a problem. However, in environments where it
is a problem, action has been taken to ensure that the viewing lens remains
clean. One method that has been proven to be quite effective involves blowing
clean, dry air or nitrogen over the face of the lens. Another innovative idea
is to thermally clean optical surfaces. This latter approach has been used in
space vehicles.

Because the problem of lens contanination is so critical to the reliabil-
1ty of the UV detector, most UV detectors are equipped with a self-testing
mechanism. This generally consists of a UV lamp situated so that, when
pulsed, it can be seen by the UV detector through the lens. The signal
strength of the Lest signal is compared to a reference signal. When the test
signal falls below an acceptable level, a warning alarm is set off.

As previously mentioned, UV detectors are susceptible to false alarms
from intense UV sources such as arc welding or malfunctioning mercury vapor
iights. Additionally, reflections of UV radiation are much more difficul® to
contain. This has necessitated innovativ~ techniques to reduce the probabil-
ity of false alarms. Some of the more applicable methods are discussed in

this report under the heading “Dual-Channe1 UV/IR Detectors.”
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C. IR DETECTORS

In addition to UV radiation, fires also produce IR radiation. [ts longer
wavelength allows IR radiation to penetrate smoke and other substances which
absorb UV radiation. However, sources of IR radiation are not limited to
fire, but include all masses that contain heat. The "“radiational cooling" of
the earth, often referred to by meteorologists, is an example of IR radiation.
The sun is extremely rich in this type of radiation. Another very common
source of IR radiation is electrical radiant heaters. These "hot mass" IR
sources are referred to as "blackbody heat" or "blackbodies." Because there
are so many sources of IR in the industrial setting, the number of false
alarms caused by detection of nonfire sources has precluded the use of a
simple single-channel [R sensor. To make the basic IR detector function in
the industrial environment, additional discrimination functions must be
added.

An important characteristic of the IR radiation originating from a fire
is the low-frequency AC component or “flicker." IR radiation originating from

a stationary black or hot body or the sun is much more continuous. The
presence of "flicker" has been used quite successfully to identify fires.
However, shimnering reflections, slowly turning fans, moving [R sources, and
flickering lights can still activate the detector.

»

A significant advancement in IR detectors has been the development of

sensors that can react to specific bands of IR radiation. One band of speci-
fic interest to IR flame detectors lies between 4.1 and 4.6 u (centered at
A.4 n). Two significant characteristics are associated with this band of
radiation. First, hydrocarbon fires produce a "carbon dioxide spike" in this
region (Figure 7). Second, IR radiation in this region from the sun is
absorbed by the atmosphere (Figure 4). Consequently, IR sensors can be manu-
factured to operate in this "quiet" region of the IR spectrum with a very low
signal-to-noise ratio. The detector is still subject to false alarms from
blackbody radiation such as the not tail section of an aircraft, but to a far
less extent than broadband IR detectors.
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Figure 7. Infrared Emission Spectrum of a JP-4 Fire.
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A new type of dual-spectrun flame detector uses two bands of IR radia-
tion. This technology is rather new and is considered proprietary by the
manufacturers of these detectors; however, the basic principles associated
with dual-band IR fire detection are well understood.

There are two basic types of sensors used in the IR flame detector: the
thermopile and the pyroelectric sensor. The thermopile sensor is analogous to
a nunber of thermocouples connected in series. As the nunber of connections
or thermocouples is increased, the sensitivity of the device increases propor-
Lionally. With the current level of microchip technology, it is possible to
pul many thermocouple connections on a single chip. While these devices are
quite sensitive to impinging radiation from a fire, they are also quite sensi-
tive to rapid changes in the ambient temperature.

The pyroelectric detector operates on a much different principle from
that of the thermopile detector. The output of the pyroelectric detector
depends on the time rate of change in the detector temperature rather than on
the detector temperature itself. It is constructed of a pyroelectric crystal
such as lithiun tantalate or ceramic bariun titanate. When these crystals are
cxposed to a thermal gradient, they produce a current. The pyroelectric

rystai is a dielectric that will aiso produce spurious outputs when subjected
t+ mechanical shock or vibration, much like a piezoelectric crystal produces e
“urrent flow when exposed -to a transient pressure gradient.

As previcusly wentioncd, IR r2diatiog s prevalent in the workplace.
Any hot object will produce [R radiation. A large amount of IR radiation is
produced by the sun, However, not all tne radiation emitted by the sun
reaches the earth. The earth's atmosphere absorbs a portion of this radia-
sion, as shown in Figure 4. Several bands within the IR spectrum are not
naturated with the radiation from the sun. These quiet areas or "windows"
within the IR spectrum are centered at about 1.2, 4.4, and 11.1 u. These

windows have been used in 2 variety of ways bv flame detector manufacturers .
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The flicker or oscillating property of a fire is the result of the dyna-
mic characteristics of a flame. If a fire is viewed at a very close range
where the edge of the flane is not in the viewing window of the detector,
there will not be much flicker associated with the fire. However, when a fire
can be seen from an adequate distance, flicker in the range of 1-6 Hz is
present. Because the response of both pyroelectric sensors and thermopile
sensors is extremely fast, flicker can be used to distinguish fires from fals»
alarm sources.

Flicker can be simulated by a nunmber of activities such 45 moving or
vibrating hot objects, or by chopping sources in front of a hot object such as
a rotating fan placed in front of the hot tail section of an aircraft. Conse-
quently, simple, single-sensor IR detectors have not been very successful 1n

the workplace at discriminating between a fire and false alarm source. This
has created a need for the dual IR detector.

D.  DUAL IR OETECTORS

The dual IR detector usually utilizes the mid-IR window (centered at
4.4 u}, as well as one of the other quiet windows in the IR spectrum. The
window centered at 4.4 u is particularly useful because almost every fire in
the workplace produces carbon dioxide, which radiates at 4.4 u (Figure 7).
Exceptions to this are hydrogen and metal fires, which produce a broad band of
very intense radiation. The information obtained from the two IR sensors can
be processed in a nunber of ways; these are outlined below.

1. Flicker

The signais from both IR sensors are generally digitized and the
frequency of those signals is determined. As previousiy mentioned, the

rlicker frequency of most fires is between 1 and 6 Hz. Most dual [R detectors
do not alarm unless both signal frequencies }ie within this range,
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2. Time Rate of Change

IR radiation of all wavelengths is quite common in the workplace.
Consequently, it is necessary to establish a background level of radiation.
The background level must constantly be monitored and adjusted to compensate
for the ambient conditions. Small fluctuations in this background radiation,
even those of a proper flicker frequency, will not generally alarm the dual IR
detector. However, rapid changes in the background radiation can indicate
that a situation is quickly getting out of control. If the background level
of radidation becomes too high, a fire will nut be detected. This is referred
tn as saturation of the detector,

2. Flash

If a fire were to nccur suddenly and engu!f the fire detector, as
would be the case in an explosion, immediate action on the part of the fire
suppression system would be required. Some detectors ire programmed to alarm
4t 1 certain level of background radiation, regardless of any of tae other
factors that may exist.

4. Signal Ratio

Al'l fires have specific radiation signatures unique to the chemical
~2dctions taking place. Hence, the strength of the signals from tn2 two IR
sunsors can be used to check for specific signature properties. This is done
-y looking at the ratio of the two signais, a procedure which eliminatas the
probiom of varying radiation inteasities. The relative intensity of the radi-
~tron of tne two wavelengths is cenerally mainteined, regardless of the over-
«bl wtrengtiv of the fire, when sgacific chanical reactions are taking place,

ich as the rormation of carbon dioxige. Tnis ratioing scheme can be upset by
everal circunstances.,  For instance, if an uneven laver of contamination is
depucited or the lenses of the two seasers, the intensity of one signal will
be ueyraded more than that of tne ather thus, alterirg the signal rativs. 1
Lne taver of contanmination on the fenges is even, but is of a ndture to absorb
PUoadiaticen, this may also alter the signal ratio. Since water absorbs IR
ahration, the signal ratic may be altered 4inply by the nunidity in the air,

fy campersate for the many circunstances which may alter the signal ratio of
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the two IR bands, detectors are usually programmed Lo alarim at a specific

signal ratio within an adjustable tolerance.

5. Cross-Correlation

A fire may produce many types of raaiation of varying wavelengths
and amplitudes. However, the majority of the radiation emitted from a fire
has the same flicker frequency. Some false alarm sources produce IR radiation
of a sufficient amplitude and, under the proper circumstances, the right
frequency to simulate a fire. However, they generally do not produce both
bands of IR radiation with the proper amplitude and frequency characteristics.
If the amplitude of both IR channels is high enough, and the fregquency of the
signals is within 1-5 Hz, the cross-correlation of the peaks and valleys of
the two signals checks that both signals are being emitted fron the sane
source. This helps eliminate the possibility of two unrelated IR signals
alarming the detector.

6. Time Delays

IR detectors can detect the presence of a fire rapidly. However,
Lhis acute sensitivity inherently makes the detector system susceptible to
false alarm signals that momentarily simulaté a fire. Many detectors require
a specific time period before they will alarm, In situations where the danger
of an explosion is present, this time delay might be adjusted downward to be
guite short. However, a longer time delay allows the detector more time to
test and to distinguish between fires and false alarms. The damnage done by a
;

False dump of 3 suppression system often does much more harm and is more

oxpensive than allowing a fire to burn a second or two longer.

E. DUAL-CHANNEL UV/IR DETLCTORS

ifany false alarm sources for UV and IR detectors are mutuaily exclusive,
Th v nas led to the advent of dual-channel UV/IR detectors. These detectors
~an be made quite rugged. They have some of the same limitations of singie-
spectrom UV detectors; that is, they are somewhat blind to fires hidden by

smoke, and are very sensitive to lens contamination.
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The primary advantage of UV/IR detectors, as they relate to the HAS
program, is that they do not alarm in response to chopped blackbody radiation.
Second, they are less susceptible than dual IR detectors to false alarms
around operational aircraft., The IR jamning device checkout, which is often
completed in the HAS, is one false alarm source for dual IR detectors. Also,
a UV/IR detector will not alarm due to sudden changes 1n temperature. The IR
channel of the detector may become saturated and declare a fire, but the UV

channel will not see anything, thus preventing the detector from alarming.

The UV cnannel and the IR channel of the detector are generally locked
Logether electrically so that both sensors are required to alarmn prior to the
declaration of a fire by the detector. The flicker of an IR radiation source
and the amplitude of the source are required to be within a specific range
prior to alarmingy. The IR circuitry is constantly monitoring the background
radiation, and adjusting to that. Here again, the detector can become satur-
Ated by the background radiation, thus rendering the detector blind to a fire.

The UV channel of the detector generally operates in the same fashion as

a single-channel UV detector. [t utilizes a GM tube and continuously monitor:,
the incoming UV radiation,

Tne UV/IR cetector can be programmed in a fashion similar t) that of the
dual (R detector. The concept of requiring a time delay prior to alarming is
Juite common. Some detectors can also be programned to alarm given only an
intense flash, regardless of the flicker conponent of the radiation source. A
concent of fire identification utilized by most fire detection systems is
commonly retferred to as "voting." This concept requires a fire to be sensed
hy mor> than on» detector pricr to alarming the suppression system. Ko manu-
facturer wiid claim tnat tneir fire Jetecinr i3 100 percent frece of false

1iarns.  tor tnis to be gunerally accomplished, the sensitivity of the detec-

tor would have to be adjusted down to the point that not only wilil the detec- 1
Lor agnore false alarm signals, bus it will aise ignore a genuine fire. g
Lonsequeniiy, the detector would not accomplisn th2 desired goal. "Voting"

na proven 1o be effective in eliminating false atlarm signals, and, .t the same

Pive, o provides prompt suppressior response Lo oo fire,




F. OFD DESCRIPTION

The QOFUs selected for testing by NMERI are described in Appendix G. ‘tor
each, two categories of information are presented: General Description and
Signal Processing Evaluation. Company tradenames for the detectors are not
included; instead, the devices are designated by number (1-8). The general
description of each detector is a combination of information supplied by =ach
manufacturer and observations by NMER[ research personnel. Quoted prices are
approximate retail values for a single unit unless otherwise stated. The
signal processing evaluation was conducted by Professor W. W. Granneman ot tn-
University of New Mexico Department of Electrical Engineering from schematic
drawings supplied by each manufacturer. These evaluations are presented
directly from Dr. Granneman's reports to NMERI, except where specific

reference to a tradename appeared.

G. UFD TESTING

The test prograr was conducted in two phases. An initial low-cost evalu-
ation of the OFDs was made using a small-scale test progran. The information
and experience gained during this program were used to design and conduct
large-scale test prograns. The small-scale testing was conducted in the com-
bustion laboratories at NMERI. The large-scale tests were conducted at the
German Aircraft Shelter (GAS) on Kirtland Air Force Base and other similar
lncations. Use of the GAS allowed evaluation of the detectors in a lifelike
environnent and realistic geometry similar to that of the HAS.

Fieven different detectors were tested during this evaluation. Six UV/IR
detoctors were tested., Two of tne UV/IR detectors were from the same manu-
tacturer with the only difference being in sensitivity levels. The UV/IR
detectors were labeled UV/IR 1-5. The two detectors from the same manufac-
turer were labeled UV/IR 1 and (IV/IR 1S {the more sensitive detector). Thres
drfforent [R/IR detectors were tested and were labeled IR/IR 1-3. One singlre
channel JV detector was tested and was Tabeled UV 1. There was also one

detector with two UV channels and one IR channel which was labeled UV/UV/Ik.
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1. Small-scale Tests

The room used for the small-scale tests was approximately 15 feet by
15 feet. The OFDs were placed on a tripod with a swivel head. A 6-inch
flickering propane flame from a Bunsen burner 2t the same height as the detec-
tor was used as a flame source. The parameters used to characterize the per-
formance of the OFD during the small-scale test program were field of view
{angle and distance) and response time. The tests conducted were:

Test Description

1A Flame directly in front of detector, room closed

1B Flame 30 degrees off axis from detector, room closed

2A Flame directly in front of detector, room open to introduce

sunlight and outside air currents

2B Same as 2A with fiame 90 degrees off ax1s

Lach test was repeated three times and the data were averaged. Taking
Lhree data points provided greater accuracy and lower uncertainty of casual

o.currences. Information on each indrvidual data point was recorded on data
sheets.

The smail-scale tests were conducted to allow NMERI to gain
oxperience with each of the detectors in a low-cost environment. [t was not
possible for the Tow-cost evaluation to be conducted in a realistic environ-

tenty iherefore, results are not directly applicable to this particular
appiication,

No conclusions for the fina: application can be drawn from the
porfurmance of the detectors during tne small-scale test because the fire was
MWL ime.ar te those which would be encountered in the HAS application. The

ceperience jained during the smail-scale test program aliowed the design of a more

wErectty o evaluation of the detectors in the GAS-scale test program than would
nave beenp possible without it,
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2. GAS-Scale Tests

The tests in the GAS-scale test series were condurted under condi-
tions as close as possible to those that exist in the HAS. The test goais

were to characterize the performance of the OFDs and their response to false
alarm stimul i,

The tests were conaucted inside a prototype GAS that was apen on
hoth ends. One of the ends was covered with a black plastic sheet to prevent
winds from blowing through the shelter. The shelter is 24 feet 7 inches o n
and 48 feet 4 inches wide at the front (open) floor level, [t is 72 feet
/ inches long. The floor rises Z feet to a second level 33 feet 7 inches from
the front opening. The detectors were located on the second level 1 faoot trom
the first iovel., Unless otherwise stated, the detectors faced the side wail!
of the GAS during the tests.

3. FQV Performance Tests

The HAS application requires knowledge F the tnrec-aimsnsiona.
tield of view (FOV) of tne detectors., The FOV of each detzctsr was .idpae i 4n:
piotted in twi planes 90 degrees apart. Measurements i the tirst plane were
na-de with the detector in the orientation reconmended by the nanufacturer,

Tne detector was then turned 90 degrees for FOV mapping in the seconi plane.
“1e POV was mapped by determining how far away the OFD could see the test tire
(up to a maximun of 35 feet) as a function of the angle between the axis of
tne dec2ctor and the fire., The fire pans were mounted near the side wall ar
tne detectors were wnounted directly across the shelter from the fire. Thus,
oo na detectors were "looking" ab firas witn the wall ot the shelter
sehond bheni, This was done to =nsure that the fires were as nearly Jidentic ¢
s s cible) but it Timited the maximum distance between tno detectors gnd ' he

Picen v 35 fFaot




During the FOV tests the detector was mounted on a tripod 3 feet
above the ground. The field of view was mapped by starting with the fire
35 feet from the detectur. The detector was rotated at 5-degree intervals in
the horizontal plane and notations were made indicating if the OFD had
detected the fire, Tre distance was decreased in 5-foot increments and the

measurements repeated until the field of view was completely mapped in that
plane,

Baseline tests were conducted with clean optics at room temperature.
These tests were used as a baseline for the evaluation of performance degrada-
tion of the OFDs under nonideal conditions and are referred to as the clean
series tests. Other tests conducted included performance evaluations with
dirty optics, at a plane elevated relative to the fire and under hot and cold
environnental conditions. During this test series, each OFD was mounted on a
tripod and rotated «t various angles relative tc the test fire. The FOV was
mapped only in the plane defined by the manufacturer's recommended orientation
for ail of the nonclean series tests.

These tests were conducted using 1 ft2 and 4 ft2 (2 ft by 2 ft) pan
fires. The pans were 3.75 inches high with 1.5 to 2 inches of JjP-4 floating
on 1 inch of water. Water was used to allow the flame base to remain constant
1t the same level and to maintain the fuel at a constant temperature. These
conditions ensured the same flame for all tests. The edge of tne fire pan was
“ feet from the wall of the GAS, which had interior surfaces similar to those
of all the HASs. The curved ceiling of the GAS was 14 to 15 feet above the
oan. The fires were extinguished between tests by snuffing them out with a
metal olate. Snufring was used ‘o extinqguish tne fires to keep any foreign
materials, out of the fuel which migat change the character of the fire.

The 1 ft“ end 4 ft? fires represented the two types of fires that
might be <ecn by the OFDs. The 1 ft2 fire is an optically thin fire, while
'he 4 ft¢ fire is opticaliyv thick. The detector would receive all of the
rofiation from an optically thin fire, whereas it would only receive the
Froontai portion of the radiation from an opticaily thick fire. As a fire
irows {changes from optically thin to thick), the relative amount of 1V
“ad o cfion transnitted from the fire to the detector decreases. The amount of

[R raniating from tne fire increases as the fire grows. These changes are
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caused by the fire changing to become more fuel-rich as it increases in
size. Therefore, the absolute intensities and the ratio of UV to IR
radiation are different for optically thick and thin fires and change

continuously as a fire grows.

Data sheets were used to record whether or not the OFD detected
the fire at each test point. Each data point was repeated three times and
averaged during the entire GAS-scale test series,

Another consideration for the performance tests was response time.
The statement of work for this project required that the fire protection
system detect and suppress a fire within 30 seconds. A decision was made to
divide the amount of time available for each action equally, that is, to
allow 15 seconds each for detection and suppression. Thus, if any detector

did not detect a fire within 15 seconds it was evaluated as if it had not
seen the fire,

A shutter techniqu2 was used to test the OFDs. A 1.5 ft2 by 2-
inch-thick piece of grey foan was placed 2 to 3 inches in front of the OFU.
The OFD was then reset to the ready condition. The foam piece was rapidly
removed from in front of the OFD and the detector response time was
determined. Time zero was defined as the moment when the shutter was
displaced from the view of tne OFD,

4. Clean Test Series !

The clean test series was conducted to determine the performance
of the detectors under ideal conditions and was used as a baseline ta
compare with other tests conducted during the FOV test series. The clean

test series is defined below.

Test Description

14l Detector in manufacturer's recommended installation position
with a 1 ft? pan fire

181 Same as 1Al except the detector was rotated 90 degrees relative
to its 'ongitudinal axis
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1A4 Same as 1Al except with 4 ft2 pan fire

184 Same as 1Bl except with 4 ft? pan fire

During the analysis the footprints for each detector were charac-
terized three categories, 15-second response, 5-second response, and blind
spot. Blind spot parameters were calculated if the detector had a blind spot.
Blind spots were generally a result of saturation of the detector from fires
close to it. Seven parameters are listed for each of the categories. They

are:
Area The area of the footprint (ft2)
Rmx The maximum range at which the detector responds
to the fire (up to 35 feet) (ft)
amx The maximum half angle at which the detector responds

to the fire (degrees)

Remx The maximum range at which the detector responds
to the fire at the maximum half angle (ft)

Bmx The maximum range at which the detector does not respond
to the fire within the response envelope (ft)

Bmx The maximum half angle at which the detector does not
respond to the fire within the respanse envelope (degrees)

BBmx The maximum range at which the detector does not respond to
the fire at the maximum half angle for 10 response within
the response envelope (ft)

Figure 8 illustrates the definition of the terms used to characterize

idetector performance. Half angles were used to characterize the FOV angle,
because tne detectors did not all have footprints that were symmetric about the

axis of the devector.,

When tnis program began, it was felt that the detectors would have 15
seconds to respond to a fire in the HAS. This information was given to the
detectnr manufacturers when NMERT requested detectors for evalutation. After
the OFUJ characterization was completed and the full-scale fire suppression
cvsti tests began, it became apparent that the detectors would have to respond
ty a fire in 5 seconds or less. Since the response time for the detectors can
be varied by adjusting the sensitivity and the increased sensitivity was not
reguested, the data for both the 5- and 15-second response times are
presented,




amx

/
*——— Romx Remx ”AA

J

Figure 3. Iilustration of Definition of Detector Evaluation Terms.

Tne data sheet showing the footprint for Detector UV/IR I for *oit
1B4 arc shown in Figure 9. This typical data sheet shows that the resporse

rimes have only been defined for the edges of the footprint and the axis of
the detector. The response of each detector was measured at the inter-

mediate poin.s between those listed but was nat recoraed.

The areas of the footprints were calculated by summing the area
subtended .y each data point. The area was assuned to extend half of Lhe
distancs netween adjicent dita points on the sane radius and half of thae

&

distance o adjacent radii. At the inside surface the area was assumed to

oxtend al! tne way to the aetector, and at the outer surface tne area wr.
Syoumed to stop 4t *he auter houndary. The fact that the responas Uines

~veve recorded only for the center and odges nf the field »f view has “an !

the ¢ 1iated areas for the 5-second response btinay for son: detectars

fe yncogsonadly small, Unfurtunately, 'his problem coula not b correcied,

e 4o Lhe UFD testing wis conplated before the S5-second :onnor,e: fvne ]

voguiceaent was discovered,
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Tables 8 and 9 show the maximum and average footprint areas for each type

of detector as well as for all of the detectors. Separate categories which
exclude the 360-degree FOV detectors from the total sum and the UV/IR detector

groups are also shown. This was done because the footprint areas of the 360-
degree FOV detectors (UV/IR 5 and UV/UV/IR) were so much larger than those of
the other detectors that a very large bias in the data was created. The UV
detector was not included in the 5-second response footprint area averages when
it did not respond to the fire within 5 seconds. The tables show that, on the
average, the UV/IR detectors tested have a much larger footprint than the IR/IR
detectors tested. This difference is much Targer for the 5-second footprints
than for the 15-second footprints. These statements only apply to the average
values. In each test, one or more of the IR/IR detectors performed as well as
the average HV/IR detector. MNo comparison can be made for the UV and UV/UV/IR
detectors, since only one of each was tested.

A smaller footprint does not necessarily mean that one detector is not as
well suited for a particular application as one with a larger footprint. The
fact that one detector has a smaller footprint than another can be compensated
fur by installing more detectors, and the decision of which type of detector is
best for a particular application should be based on reliability, resistance to
false alarm stimuli, initial total system cost, and recurring maintenance
rosts. Those detectors with very large footprints, UV/IR 5 and UV/UV/IR, have
ar advantagoe over those with smaller footprints, because fewer of these
detectors would be required to cover the entire shelter, and this would pre-

ety result in lower initial system costs.

Pay-to-day changes in the environnent of the shelter can explain some of
the inconsistencies which show up in the data for the FOV test series. The
LRSU progran vegan in August and continued for a little over a year. The
seasonal differernce between the high temperature for the day can be as much as
80 "F. Duriag the winter it is not unusual for the day-to-day variation in the
hicr temperature oo be as much as 30 °F,  On most days during the year, the
Hiefterence hetween the high and low temperatures is usually 30 °F. Since the
(v detector, ore designed with components that may be temperature-sensitive,
Lieie cesponse tooa fire could be very different on a day-to-day or morning-to-
afternoon basis.

62




TABLE 8.

i

! Type of
¢ detectnr
lr______H_ -

All detectors

All detectors
non- 360 FOV

W/ IR

GV/IR,
non-360 FOV

IR/ IR
oy
W

3

i
!
i
l
|
;
!

15-Second response

MAXIMUM FOOTRRINT AFTAS (CLEAN L:R

[ES).

5~Secand

response

2641 ' 3614 7 lE

1592 | 1415 1082 © 1357
\ |

1137 F11er b 7 1zad

—
4
[
(%}

1417 13
3

1034 11

1717 12
1034 1

5923 11
J l
131 1)
A )

S

154

064

392

6/l
397

-/ /= - i T e 1 T -
15-Second -esponse ! 5-Second response
\ i T o i ! " B
C Type of | i ! i | ‘
Voretector 1‘1‘\1 R | L ‘\ e ‘ IAL S ) 154
. . : . ; 0 !
o - —— — 4 — B e L e
, .
1
-1 dgetertors ore = Ihi9 TLUs, Lan N iy TS B

e - . .
PN Ly J 1005
-~ 1 -~ I
LL‘)O el KRS 1 '
:
I T .
. .
P
Al e 50 .
N . .
¢ L N Y
.
e ‘ .
~ il YJ) L)v‘; ;
| .
i ‘ I
. —— I S
4

569 42 0 hes
\
4 i 1h
; s 5727
1

124 230 363

¥

. _

SV o




R

vr.

During the winter, the test area was al.o subject to temperature
inversions which trapped the smoke from the fires inside the shelter and
drastically reduced visibility. Wind was also a factor in the testing. A
plywood shield, 10-feet high by 12-feet long, was erected to protect the test
fires from the wind, but even a slight breeze would change the height of the
fire and cause it to lean over to one side. The shield was located 7 feet
upwind from the fire pan. This explains the one-sideness of some of the
footprint in Figure 9. A breeze could also cause large changes in the foot-
print areas, especially during testing at the larger radii. No testing was
conducted during high wind conditions. The timetable for this program did not
allow a delay in testing in order to conduct testing under similar environ-
mental conditions for all of the detectors. However, the test progran was con-
ducted 1n such a way that all detectors were subjected to the current test
before a different test series was begun.

5. Dirty Test Series

The dirty test series was conducted to determine the effect of Tong-
term exposure to the HAS environment on the performance of the detector. The
major factor causing degradation of detector performance was the presence of
contaninants on the lens of the detector. This effect was measured by
contaminating a calcium fluoride substrate and measuring the change in detector
performance caused by decreased visibility as the Jetector looked through the
substrate. Calcium fluoride was chosen because it has very low absorption in
the Uv and IR bandwidths. The performance of the detectors was measured using
a clean substrate. The performance tests were the same as those conducted
during the clean test series. The substrate was then contaminated with smoke
from burning JP-4. The sinoke was used to simulate contamination that may occur
From the exhaust of engines running while aircraft are in the HAS. The perfor-
rance tests were then repeated, using the dirty substrate. The test numbers and
their descriptions are given below.

2A1 Jetector looking through a clean CaF, substrate at a 1 ft2 pan fire

R4 vetector leoking through a clean CaF, substrate at a 4 ft2 pan fire

/Bl Detector looking through a dirty CaF2 substrate at a 1 ft2 pan fire

284 Detector looking through a dirty CaF, substrate at a 4 ft2 pan fire
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detectors of each type having a specific type of footprint area change for each
of the tests performed. The performance effect on the UV/IR detectors had no
consistent trend. The effect was also variable on the IR/IR detectors,
although there was a tendency for the dirty substrate to decrease the footprint
areas, especially for the 4 ft2 fires. There was & large performance
degradation for the UV detector with dirty sotics. Tables 19 and 20 <ummnariz.:
the data from Table 14 showing the effect of the dirty substrate on averaye
footprint areas for the different types of detectors. wWhile the effedt i
somewhat variable on the 15-second response footprints, almost all detector
types performed much better with clean optics when the S-second response
criterion was used. This eftect wis more pronuvunced on tne YVoIR gernector,

than on the [R/IR detectors,

Examination of the resulcs showing the offect of sudstrats Iortant -
nation an fnotprint areas of the iraividual UV. Ik and IR/IR detectors seems 1)
contradict the general maxim tnat UV detectors ar2 inore susceptible to contan-
ination than IR detectors. However, exanining the average fautprints «iow s
this effect to be true, altasugh UV/IR detectors were not as sansitive as '
UV detector. [he results show tnat ail detectsr types need a program ~t
detector front lens cleaning to ma:niain optimum performance, and that single-

channel UV .jetectars will tequire more Trequent cleaning than a JV/IR detector.
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In a related test series, optical substrates were suspende:d 1n ypera-
tional HASs in England and Germany. Before the substrates were hung, measure-
ments were made of the absorption spectra and optical quality of the sapphire
and quartz substrates. The substrates were retrieved after 170 days and the
measurements were repeated. The records from the pre- and posttest measure-
ments were then compared. This showed the amount of particulate contaminatiun
that would be expected during operation. These tests are discussed in detatl

in Section [II.

The data from the dirty test series seem to conflict with those in
the ambient environment section of the repor®, The data in the ambient
environment section of the report show that the JP-4 soot found in the HAS
environment has its greatest effect on UV in tne 200-245 nm region, the sane
region where most UV detectors work. However, the datd from the dirty test
series snow that there is stiii a signal strong enougn to permit the YV chan-
nels of the getectors to work., The perfarmanre will remain fairly stable until
the attenuation r2aches a luvel hign enough to cause the UV performance t) arap

dramatically.

6. Elevated Test Series

In the HAS application the 0FD will most likeiy oe mounted
approximately 10 feet above the flgor. The effect of the slight angle will he
to shourten ths flame front, thereby reducing the radiation propagating front il
1rea. These tests were conducted to aetermine if Lnis decreased visibility
Affeoted OFD perfarmance,  During this tesl series, the detectors were mounted
nn 3 tripod 10 feet above tae yrucad and pointed divectly across tne shelter at
"pa point where the tlooe aeots She wali.  The fiodd of view wis mapped us 1Ny

tne tosts e inw .

JA Goovclor v factare r by ceTor e naen stailation
Cotion owiin g 1 FtY par taee

i Tame an AL cooent oyt 4 bt e




Table 21 shows the performance paraneterc for tne derectors looking
at the 1 fte fire. The 15-second response footprint arezs ranged from 386 to
2559 ft4. The 5-second response footprints ranged from G to 1694 ftr<. All of
the detectors saw the fire at tne maximun range witnin 15 seconds except detec-
tor IR/IR L, which could not see tires more than 25 feet fron the detector.
Three detecturs, UV 1, IR/IR 1 and IR/IR 3, could not <ee firec at the maximun

range within & seconds.

rable 22 snows the perfurmance paraneters fur the alevated detectors
looking at the 4 ft? tire. The lb-secund response footprints range from 834 to
3614 714, winie the S-secont iotprint: renge fron 0 L) 3064 fte. All of the
detectors saw the Fire at tne maximun cenge witain 1b secoads, but detectors
UV L and T570r 1 could not see fires a' che nleximam ~angs within 5 seconas.
Jetectors UV P LS, UV/IR 5, GR/IR 3 oacd gV UV nad biind spots. Al of the

Shind wpot o Leve gt o, dnts on radic clese te the 3o ector.

Tatiie 23 shows the averaue t20rg int areas for the oosne and elevated
Pt oserces. 1T aliows a ¢irs:t cosparison o9t the footprini areus for the
Aitferent tyne, 0f deoocnars. e o0e average The wetectors had Garger toot-
grnts in the el vied positian thar o the ‘ower mounting position.  This s
stown 10 Tables Pd tocnugh 76, which sunmarize the resuits in Tanles 21 tnrough
230 Tebles 74 andt 25 show that the averege footprint areas are larger in the
#lovatad sousiting or are unchanged from tne Tawer niane position for all but
“nur o f the categor.es (29 totai). Table T6 U ows thet siwosl a1l af the

Porosioey rerformed In Cite eievated ousttion A woll @S ir opetter than in the
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B

TABLE 23. AVERAGE FOOTPRINT AREAS (FT#) FOR PLANE AND ELEVATED DETECTORS.

15-Second response 5-Second response |
T ‘ '_]' i
Type of ( |
detector 1AL | AL | 1A | 3ae | 1AL BAL | 1AG A
[ ’ N | ‘— ‘
| A1l detectors 1076 | 1176 | 1619 | 1621 | 765 | 850 | 167 1252
| A1 detectors, 033 | 1038 | 1149 | 1178 | 669 | 756 742 847 |
non-360 FOV | i | ! l ; 5 i
_ UV/ IR | 1156 | 1283 | 1597 | 1671 i 881 | 965 | 1168 | 1260
UV/IR, 859 | 1028 | 1193 | 1282 | 713! 819 | 868 | 977
non-360 FOV | i ? j i
IR/IR sl g 1100 | 1022 | 424 | 499 532 | 630 |
uv | 1023 ! 1105 | 1073 | 1123 of o0 U] U
UV/UV/ IR | 1702 | 1702 | 3859 | 3614 | 1433 | 1217 1 3064 | 3064
| | | 1 L
.1
L
1
]
81 *




TABLE 24. EFFECT OF ELEVATION ON AVERAGE FOOTPRINT AREA (15-SECCND RESPONSE).
‘ T
] Al i
Fire size, Al detectors, UV/IR ‘
ft2 detectors | non-360 | UV/IR | non-360 | IR/IR | UV PV/UV/IR
B o B |
h 1 EL>PL EL>PL | ELPL | ELSPL | Nome | EL>PL  Nome
| | i
4 None None ELPL ELoPL P PLEL Nonej PLOEL J
L o i
Notes: EL indicates elevated footprint area.

PL indicates footprint area i» fire plane,
None indicates footprint arcas within 5 percen. uf each other.

TABLE 25. EFFECT GF ELEVATION ON AVERAGE FOOTPRINT AREA {5-SECOND RESPONSE).
! At |
I Fire size, Al detectors, | UV/IR,
| fte detectors | non-360 | UV/IR | non-360 | IR/IR | UV "lUV/UV/IR .
— ]
z I~
o ELoOL EL>PL | ELPL | EL>PL | EL>PL | NA |  PLOEL |
: 1 CELPL LOPL PLEL | PLYEL PLIEL 5 NA | None |
S S _ | i f J
Notes: FL indicates «levated foctprint area.

PL indicates footprint area in fire plane.

Nore indicates footprinl areas within 5 percent of each other.




TABLE 26. TABULATION OF DETECTOR FOOTPRINT AREA CHANGES CAUSED BY ELEVATION.

|

15-Second response 5-Second response |

- T

Type of Fire size, No No ;
detector ft2 Elev> Plane> effect . Elew Plane> effect !

E W/IR | 1 1 11 ¢ e 1
CW/IR | 4 o | 1 ] 5 2 22
. IR/IR 1 1 | o 2 : 2 o o
| IR 2 | 1 o | ! 2 | o

Notes: Elev> indicates elevated footprint area was larger than fire planc
footprint area.

Plane> indicates fire plane footprint area was larger than elevated
footprint area.

No effect indicates fire plane footprint and elevated footprint
areas were within 5 percent of each other.

7. Hot/Cold Test Series

The hot/cold test series was conducted to simulate the temperature
extremes that would be seen by the detector in an operational environment and
to determine their effect on detector performance. IR OFDs generally use ther-
mopiles or pyroelectric sensors as detectors. These detectors are inherently
susceptible to changes in ambient temperature. The manufacturers of these OF0s
build in circuitry in an attempt to overcome this dependence. These tests were
designed to determine how well the various detectors handle this problem.

Durirg this test series, the FUV was mapped using the procedures
employed in the clean test saries. Both test series were conducted using 1 ft¢
fire. During the cold test the detector was mounted in a modified

retrigerator-freezer maintained at 0 °F. This test was labeled 5A. The hot
tests were Conducteu with the deteciors waimtad Sn an oven maintaineu ot

110 °F. This test is labeled 5B. Tables 27 and 28 show the performance
parameters for the cold and hot tests for each detector.

83
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Table 29 shows the average footprint areas for each type of detector
under cold, ambient and hot conditions. Test 1Al was used as the ambient
conditions tast. All of the 15-second response footprint areas were larger in
hot conditions than they were in cold conditions. The UV/IR detectors had
essentially the same 5-second response footprint areas under hot and cold
conditions. The IR/IR detectors had larger hot footprint areas than cold. The
anbient footprint areas did not tend to be between those of the hot and cold
tests. Some of the bias in the data can be attributed to the fact that the
360-degree FOV detectors are included in some of the ambient averages, but are
not included in the cold or hot test averages because they were not sealed
against moisture or would not fit in the oven. The cases in which the ambient
footprint areas are not between the cold and hot areas and which cannot be
accounted tor by the data bias may have been caused by the day-to-day changes
in the environment of the shelter, which may have caused changes in detector
performance.

TABLE 29. AVERAGE FOOTPRINT AREAS (FT2) FOR HOT, COLD, AND AMBIENT CONDITIONS.

15-Second response 5-Second response
Type of detector Cold | Amb Hot Cold | Amb Hot
? ! : I
| A1 detectors | 834 |1076 {1035 | 664 | 765 | 725
| A1 detectors, ;834 | 933 11035 | 664 | 669 | 726
L non-260 FOV ; | '
L UI/IR 883 |lls6 1192 | 805 | 88l | 794
LV IR, 833 | 859 | 1192 | 805 | 713 | 794
non-360 FOY i f t
TR/IR L 53 ; 812 | 966 | 428 | 424 | 592
i ©OMA (1023 | 296 | NA 0 0 ‘
VUV IR " NA (1702 | NA . NA | 1433 NA |
L ] [ l o J ]
Noire:  NA indicates no data were available.
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3. False-Alarm Test Series

The false-alarm test series was conuuctcod to deternine the response
of the detectors to light stimuli from sources other than fire. The light
sources were chosen based upon the possibility that the detectors could see
light and initiate a false dump of extinguishing agent from these sources
during their lifetime. The tests were conducted in the GAS with all of the
detectors inounted in the same plare on top of a metal harse 41 inches above tne

floor. The tests were numbered from 4.Al through 4.7Z and are described helow.

4.Al Vehicle Head Lamps (Day): Two single-beam (6014; nea

Tamps operating at 12 vV 0OC were mounted on tn2 front of a truck. The head
Jamps directly faced the detectors, and were spaced 45 inches apart from center
to center and 27 inches above the ground. In the first test the detectors
faced west with the head amps 35 feet away. Head lamps were flashed on and
off slowly (every 3 seconds), then rapidly (approximately every .30 second),
Next, the nead Tamps were switched from high to low in rapid succession. This
was repeated at distances of 30, 25, 20, 15, 10, 5, 2.5, and 0.5 feet from the

detectors.

4.A2 Vehicle Head Lamps (Night): This test was the same as
4.Al but was conducted between 10:00 p.m. and 12:00 midnight.

4.81 Frosted Incandescent (Day): A 100-watt frosted Syivania

light operating at 115 V AC was mounted in a drop-light fixture at eye level,
At 35 feet from the detectors, the Iight was turned on and left on. Next it

was turned on and off in rapid succession. The light was then waved back ind
Jorth.  Finally, it was left on and carried three to four steps closer ta the
detecinrs, All of these actions aere repeated at 30, 25, 290, 15, 10, 5, 2.5,
and 0.5 feet.

4.82 Frosted incandescent (Qay): This test was the vame .,

4.8l except that the voltage applied to the light was reduced to 57.5 V AC.

4.C1 Rough-Service Incandescent: This tust was the sane as

4 .31 except a 60-watt rough service Sylvania !ight operating at 115 V AC was
ased,
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4.C2 Rough Service Incandescent: This test was the same as

4.8l except a 60-watt rough service Sylvania light operating at 57.5 V AC was
used.

4.0 Fluorescent Light: This test was the same as 4.Bl except

that four Sylvania F40/CW fluorescent tubes were used.

4.E Electric Arc: A system producing * 000 V DC with metal
rod gapped at 1/2 irch was placed 20 feet from the detectors. Power was

applied for 20 seconds. This was repeated at 15, 10, 5, 2.5, and 0.5 feet from
the detectors.

4.F Vehicle Infrared Light: This test was the same as 4.Al

except red lens covers were placed over the head lamps.

4.6 Surlight: For this test the detectors were placed outside
the shelter and tilted to face directly toward the sun.

4.H Ambient Light Extremes: The detectors were placed in the

bed of the pickup truck parked inside the sheiter, Five minutes after turning
on the detectors, the truck was driven outside of the shelter into direct
sunlight.

4.1 Brightly Colored Clctk.ng: A man 71 inches tall and

weighing 150 pounds wore an orange safety vest and walked across the field of
vision of the detectors at a di.tance of 35 feet. He then ran dacross the field
2f vision, This was repeated at 30, 25, 20, 15, 10, 5, and 2.5 feet.

4.J FElectronic Flash: A Vivitar Model 365 electronic flash
was activated 35 feet from detector. This was repeatad 30, 25, 20, 15, 10, 5,
7.5, and 0.5 feet.

4.K Movie Light: This test was the same as 4.8l except a 300-

watt 115-120 V AC Sylvania flood 1ight was connected to a drop-light cord
withoul the reflector,
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4.L Red Beacon Light: This test subjected the detectors to

two different beacon lights. The first wa:z a 120 V DT light mounted on top of

a P-i3 truck. The second was an aircraft anticollision beacon light, nomen-

clature Aircraft No. 78366, S12268-A, FSN 6220-00-803-4610 Cont., No. DSA-400-

77-C-D461, 28 V AC using two Grimes A-70798-24 28 V 40 W 8032. At 35 feet from

the detectors, the lights were separately turned on and left on for 15 seconds,

+ then moved back and forth. This was also done at 30, 25, 20, 15, 10, 5, 2.5,
and 0.5 feet.

4.M Blue-g-een Dome Light: This test was the same as 4..

except that a 12 V dome light from a military police vehicle was used.

4.N1 Flashlight with Red Lens: [n this test, a model MX9%9:/"
Fulton flashliight with a red lens, powered by two Eveready batteries, dry BA-
30, NBA-030, DAABO7-82-D-G046 was used. The procedure was same as that usegd
for 4.81.

4.N2 Flashlight: This test was the same as 4.81, except usinj

the flashlight used in 4.1N1 was used without tne red lens.

4.01 Reflected Light (Gloss Colors): The detectors were
placed on the first level at the front of the shelter facing sunlight reflected

from a multicolored sheet of Plexiglas. The Plexiglas was red (331 in.?),
orange {270 in.2), and yellow (202 in.?2), and was located 35 feet from tin
detectors. After an initial period with fixed reflectors, the Plexiglas was
rippled.  The Plexiglas was then waved back and forth, This was repeated it
30, ¢5, 20, 15, 10, 5, and z.5 feet.

4,02 Reflected Light (Fluorescent Colors): This test was the

same as 4.01 except that the Plexiglas was painted equal parts fluorescent

yellow, fluorescent green, and fluorescent orange.
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4.03 Reflected Light (Glass Mirror): The glass mirror that

was used measured 240-2/3 in.2, The rest of the test was the same as test
4.01, except the mirror was not flexed to produce ripples.

4.P1 Chopped Light: This test used a 60-watt rough-service

115V AC incandescent Tight un a drop-light fixture. The chopping action was
produced by a three-bladed fan driven by a .5-horsepower, 1075 RPM motor. The
fan motor operated at 19 V AC, producing 72 rpn. The light was placed behind
and to the side of the fan motor. This test was done at 35, 30, 25, 20, 15,
10, 5, and 2.5 feet from detectors.

4.P2 Chopped Light: This was the same as test 4.P1, except
the motor operated at 22.5 V AC, producing 100 rpm.

4.P3 Chopped Light: This was the same as test 4.P1l, except

the motor operated at 30 V AC, producing 200 rpm.

4.Q Arc Welding: A gas powered portable Lincoln welder was
operated at 300 amp to weld a 5/32-inch steel rod to a flat sheet of steel.

The first part of the test was to strike an arc. The second part of the test
was to run a beud for 20 seconds. This was done at 35, 30, 35, 15, 10, 5, and
2.5 feat.

4.R_Acetylene Flame: A cutting torch with a flame length of

10 inches was placed 35 feet from the detectors. After the flame burned for

30 seconds, a 0.25-1inch sheet of steel was cut for 15 seconds. This was
repeated at 30, 25, 20, 15, 10, *, and 2.5 feet.
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4.S Security Personnel Weapons:

4.516. M-16 rifles were positioned 90 degrees from Lnh~
detectors at distances of 20, 10, 5, and 2.5 feet. Four 18-round magazine-
(every third round a tracer) were fired from each of the weapons. The weapans
were fired individually and simultaneously on semiautomatic and full automatic
settings. This test was done twice (day and night).

4.560. M-60 machine guns were positioned 90 degrees fron
the detectors at distances of 10 and 15 feet. They each fired five rounds

individually and then 30 rounds swmultaneously. This test was done twice (day
and night).

4.579. M-79 grenade 1aunchers were positioned 90 deyrees
from the detectors at distances of 1, 2.5, and 5 feet. They were fired
individually, simultaneously, and in close sequence, This series was repeated
three times during poth day and night,

4.538. 38-caliber pistols were positioned 90U degrees froun
the detectars at 1, 2.5, 3.5 and 5 feet. They were fired thres times
separately anu three times simultaneously. The test was done twice (day and
night).

4.512. 12-gauge shotguns were positiored 90 degrees fron
the detectors at distances of 1, 2.5, and 5 feet. They were firec

individually, simultaneously, and in close sequence. This test was done twice
“day and naght) .

4.7 Fiashbulo: An M-38 flasn bulb was activated at 3o, 30, /5
20, 15, 10, 5, 2.5, and (.5 feet from the detectors,

3y

4.U Radiation Heater (Operating at 1,000 watts): The heater
was operated at 35 feet fron the detectors and moved toward the detectors overy

30 sechnds in H5-fout increments, then moved ta 2.5 teet., The test was ropeatod
s f

with a cone Glozoil unit operating at 115 V AC, 660 watts,
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4.V Cigarette (Lighted): A lighted cigarette was held at 2.5
and 1.5 feet from the detectors.

4.W Book Match (Flare-Up): A full book of matches was ignited
at 35, 30, 25, 20, 15, 10, 5, 2.5 feet, and 5 inches from detectors.

4.X Quartz Light: A quartz light, 120 v, 500T3Q/CL/U, was
operated at 115 V AC in a lamp holder QF-500A floodlight, Catalog No. (5246-
005A, Code KF, 500 watts. The light was positioned 35 feet from the detectors
and moved toward the detectors in 5-foot increments. The light was held
stationary and then waved back and forth at each position.

4.Y Black Light: This was the same test as 4X but with a black
light {Tube No. Ful. 15T8Bl) from a Bug Wacker insect-repelling light.

4.7 Mercury Vapor Light: This was tne same -est as 4X, but
with a nercury vapor light (660 watts).

4.77 Lightning: The detectors were exposed to varied bolts of

iightning strikes before and during a rainstorm. The lightning was very clear
and the sky relatively cloudless for the first 20 minutes. Then the sky became
dark and heavy rain followed the lightning.

The false alarm tests can be divided into four differen: categories.
They are:

1. Light Sources and Light Reflectors
Tests 4.A-4.P and 4.X-4.7Z

Z. Firearm Discharge
Tests in the 4.5 series
3. Jtner Fires

Tests 4.0, 4.R, 4.V and 4.W

Fed

Heat Sources
Test 4.U
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they responded to is presented below:

UV/IR 1 No false alarms
UV/IR 1S No false alarms

Uv/IR 2 4.C.1 4.R 4.5-60-N  4.5-38-N
4.5-12-D  4.5-12-N 4.W
UWIR 3 4.t 4.R 4. W
UV/IR 4 4.R 4.5-38-0 4.S5-12-N 4.W
UVIRS 4.C1 4.(C2 4.D 4.E
4.K 4.pP1 4.p2 4.0

4,5-16-D

IR/IR1 4.C1 4.C2 4.9 4.K
4.1 4.03 4.R 4.5-16-0
4,5-16-N 4.5-79-D 4.S-79-N 4.5-38-D
4,5-38-N 4.5-12-D 4.5-12-N 4.7
4.U 4. W 4.X 4,7
4,77

IR/IR 2 4.R 4. W

IR/IR 3 No false alarms

uv 1 4.8l 4.8 4.(l1 4.(Cz
4.0 4.% 4 K 4.P1
4.p2 4.R 4.5-16-N 4.S-60-N

A listing of the individual detectors and the false alarm tests that

4.5-16-N 4.S-60-N 4.5-38-0 4.W
UV/IR 5 responded inconsistently to the following tests:

4.1 4.5-16-D 4.5-79-D  4.S5-79-N

4.5-12-N
UV/IR 5 was sensitized by the following t2st and false alarmed for no
no apparent reason after the test was completed:

4.5-38-D  4.5-12-N 4.W
UV 1 had inconsistent response to the following tests:

4.1 4,5-79-0 4.5-79-N
UV 1 was sensitized by the following test and false alarmed for no
apparent reason after the test was completed:

4.5-16-D
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UV/UV/IR 4.8l 4.C1 4.C2 4.0
4.t 4.K 4.P1 4.P2
4.Q 4.R 4.5-16-N  4.S-60-N

4,5-38-D 4.5-12-N 4.W
UV/UV/IR had inconsistent response to the following tests:

4.1 4,5-79-D 4.S-79-N
UV/UV/IR was sensitized by the following test and false alarmed for
no apparent reason after the test was completed:

4,5-16-D

In general, if a detector had a tendency to false=-alarm, the alarms
were most 1ikely to be in response to matchbook flareups, firearm discharge or
acetylene flames. All of the detectors that responded to the firearms did so
when the firearms were at a distance of 5 feet or less from the detector. With
the exception of detectors UV/IR 5, UV 1 and UV/UV/IR, all of the detectors
responded to the acetylene flame or the matchbook flareup at maximum distances
of 10 feet, with most of the responses occurring at distances of less than
5 feet. A significant nunber of detectors also responded to incandescent 1light
bulbs. Individual detectors responded to some of the different 1ight sources
or to some of the different types of fires. Most of the responses to the
various light stimuli occurred at maximum distances of 5 feet, although
detectors UV/IR 5, UV 1 and UV/UV/IR responded to many stimuli at 20 feet.
Installation of a fire protection system which uses voting to declare a fire
can eliminate many of the false alarms declared by the detectors. If a
detector only false alarmed when the stimulus was very close to the detector
relative to the distance between detectors, a requirement that two or more
detectors declare a fire (vote) before the extinguishing agent is discharged
would eliminate system false alarms, although individual detectors would
nevertheless false alarm,

Detectors UV/IR 1 and UV/IR 1S gave the same responses to the false
alarm stimuli. A)though one cannot draw general conclusions from the small
sample, it appears that the sensitivity of the detector might not affect its
ability to discriminate between false alarm stimuli and real fires. There is
a tradeoff, however, in that the more sensitive detector had much larger blind
spots.
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The IR/IR detectors as a group had the most resistance to false alarn

stimuli. This does not mean, however, that IR/IR detectors are inherently less
susceptible to false alarms. Detector IR/IR 1 was triggered by many of the
false-alarm stimuli. Detectors UV/IR 1 and UV/IR 1S had no response to false
alarm stimuli. The tests show that either type of detector can be designed not
to respond to false alarm stimuli by the manufacturer. Testing would have to
be conducted to verify that the instrunent had been set up to eliminate
response to false alarm stimuli. Another imethod which could be used to rule
out false alarms would be to progran the control box to require certain types
of responses from various numbers of detectors (voting) before initiating the
halon dump. Thus, those detectors which did respond to several of the false
alarm stimuli during this test program might be good choices for use in the HAS
FPS if they were adjusted to provide high levels of resistance to false

alarms,

9, Operational Aircraft Test Series

The operational aircraft test series was conducted to reveal any
problems that an OFD may have while operating near operational aircraft or
support equipment. The tests included determining the effect of aircraft
engine exhaust, navigational equipment, and radios. The tests were conducted
with the detectors mounted on a horse in the same fashion as in the false alarm

series. The tests are listed below with their corresponding test numbers.

6.A Black Powder Cartridge Start: This test was conducted at
Cannon AFB with an F-111 using a cartridge engine starter type MXU 4A/A. The
detectors were located 20 feet from the aircraft tail directly behind the wing.
The pilot ignited the cartridge and started the engine. This test was con-

ducted twice,

6.8 APU/-60: The detectors were located 20 feet directly behind
the portable APU at a height of 6 feet. The APU was started with the detector,
looking at the exhaust.

6.Cl HF Radio Tail/HF Radio Wing: The detactors were placed
15 feet directly pehind the F-111 aircraft tail and the HF radio transnitted

for 30 seconds. The detectors were then moved to a point 20 feet directly
behind the wing and the HF radin again transmitt=d for 30 seconds.
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6.C2 Attack Radar Normal/Pencil Beam: The detectors were placed

25 feet in front of the aircraft nose, 10 feet fram the centerline axis. The
attack radar was operated for 30 seconds in each mode--normal and pencil beam.

6.C3 Attack Radar (5-Second Increment) TF/Situation: With the
same detector positioning as in 6C2, the attack radar scope range was varied
for 5-second increments at radar ranges of 2.5, 5, 10, 20, 30, 40, 80, and 200
miles. The Terrain-Following Radar (TFR) was then varied in the situation mode

for the same 5-second increments and range distances.

6.C4 TF/BU Through Attack; ECM (IR Jamming): The first portion
of this test is the same as 6C3, put with the TFR operating in the attack mode
with back-up. Next, the Electronic Counter Measures (ECM) system of the F-111
was activated with the detector first placed 25 feet directly in front of the
aircraft, then 25 feet to the side of the aircraft.

6.0 Engine Exhaust: The detectors were placed 20 feet to the
rear and 10 feet to the side of the F-111 aircraft. All detectors were able to
view the engine exhaust. The aircraft engines were started and allowed to run

for 15 seconds. Then the engines were operated at various power levels up to
and including afterburner. Each afterburner stage operated for 15 seconds.

A listing of the individual detectors, showing which of the opera-
tional aircraft stimuli they responded to, is shown below:

W/IR'1  6.D
UV/IR 1S 6.D
UV/IR 2 6.D
UV/IR 2 was malfunctioning during the following tests:
6.8 6.C series
UV/IR 3 6.D
UV/IR4 6.0
UV/IR 5 6.0
UV/IR 5 was not used for the following tests due to power supply
problems:
6.8 6.C series
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UV/IR 5 was sensitized by the following test and false-alarmed for
no apparent reason after the test was completed:

6.A
IR/IR1 6.C2 6.C3 6.0
IR/IR 2 6.C3 6.0
IR/IK 3 6.0
bv 1 6.0

UV 1 was unable to be used for the following tests due to power
supply problems:

6.8 5.C series
BV 1 was sensitized by the following test and false alarmed for no
apparent reason after the test was completed:

6.A

UV/UV/IR 6.D

UV/UV/IR was unable to be used for the following tests because of
power supply problems:

6.8 6.C series
UV/UV/IR was sensitized by the following test and false-alarmed for
no apparent reason after the test was completed:

6.A

A1l of the detectors false-alarmed during the afterburner tests.
This is to be expected, since a rather large flame comes out the back of the
engine during afterburner operation. None of the detectors false-alarmed
during operation at nonafterburner power levels. Two of the three IR/IR
detectors false alarmed when in the presence of radar, while none of the UV/IR
detectors tested did so. Detectors UV/IR 5, UV 1, and UV/UV/IR were sensitized
by the black powder starting cartridge, causing false ilarms after the test wa;

comn]eted,

Once again these tests show that the OFDs should be able to be
adjusted to discriminate between false and real stimuli. The problem with
alarming during afterburner operation could be golved by installing a sound-
Tevel sensor which could detect afterburner operation fron the high noise

levels and prevent the detector from false-alarming,

The power output of the radar on the F-1J1 aircraft stationed at

Cannon AFB has been decreased to operate at a fraction of the power level of
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radar on aircraft stationed in Europe. Thus, the testing conducted during this
program may not have been truly representative. These tests should be repeated
on aircraft with radar operating at maximum power during qualification testing
for the final fire protection system,

H.  OFD SUMMARY

The OFD testing program for the HAS project was conducted to precisely
define performances and rate optical fire detectors.

As the test program evolved, it became apparent that no single detector or
type of detector was necessarily the best one for the HAS application, based
upon a judgement drawn from the FOV tests, false-alarm tests and full-scale
system tests. The true test of applicability of a particular detector for the
HAS FPS is its ability to discriminate between false-alarm stimuli and a real
fire of a specified size and type in less than 5 seconds. The OFD test series
showed that many detectors might be made applicable to the HAS FPS because of
the internil adjustments and changes which can be made to compensate for the
varioys false alarm stimuli or blind spots. Most detectors had an acceptable
FOV.

A1l of the detectors had larger footprints for the 4 ft? fires than for
the 1 ft? fires. This was counterbalanced, however, by an incidence of blind
spots for the 4 ft2 fires with 3 of the 10 detectors. This causes a potential
hazard, because if a fire were to erupt directly in front of the detector, it
would not be able to respond. Fire suppression systems which use these
detectors will require at least one detector (two or more if a voting system is
used) to cover the front plane of each detector in the detection system.
However, it is felt that the blind spots may also be eliminated by internal
changes to the detector, or may not occur if a growing fire, rather than an
instant fire (shuttered), is used for testing.

The footprint areas for the detectors were mapped for 5- and 15-second
response. All of the detectors except one had footprint area loss when the

response time available to declare a fire was lowered from 15 to 5 seconds.
Tha amcunt of footprint area loss was variable from detector to detector. The
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one single-channel UV detector tested was only able to respond to 13 percent

of the fires within 5 seconds. More testing is needed to determine if thic
is true for most or all UV detectors.

The testing with clean and dirty optics showed that all of the detectors
will require a regular program of front lens cleaning. In the testing
conducted, it was not possible to establish a time interval for all the
different types of detectors, although the testing showed that single-channel
UV detectors were more susceptible to footprint area changes than UV/IR or
IR/IR detectors.

The test results for hot, cald, and ambient temperature conditions were
variable. If the hot and cold results were compared, there was a definite
trend for all types of detectors to have larger footprints under hot conditions
than under cold conditions. The results for ambient conditions, however, did
not fall between the results for hot and cold conditions, making it impossible
to draw any other simple trends.

Mounting the detectors 10 feet above the ground generally either had no
effect on the footprint area or increased it. Thus, footprint areas measurcd
with the detectors mounted on a tripod should be reasonable to the design of
systems in which the detectors are mounted on a wall.

The test of the applicability of any detection system for a particular
application is its ability to avoid responding to false alarm stimuli. The
detectors were subjected to stimuli from a wide variety of possible false alarm
sources. The false alarm stimuli could be divided into four general groups.
The first consists of various 1ight sources, including a wide variety of Tight
bulb tynes, reflected 1ight, chopped light, and lightning. The second group
includes cigarettes, matches, acetylene torches, and arc welding. The third
group tested includes various security personnel weapons such as pistols,
rifles, shotguns, grenade launchers and machine quns. The last type is
ragiation heaters.

Generally, if a detector responded to any false alarm stimuli it w~as to

matchbook flareups, acetylene flames, or firearm discharge. A significant
number of detectors also responded to incandescent light bulbs. Individual
detectors responded to some of the various light sources or to the different
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types of fires. As a group the IR/IR detectors had the lowest incidence of
response to false alarms, although one of the IR/IR detectors responded to a
wide variety of false alarm stimuli. One of the UV/IR detectors did not
respond to any of the false alarm stimuli, indicating that any well-designed
detector with two or more channels can have good resistance to false alarms.
The one UV detector tested responded to a wide variety of false alarm stimuli
and would not be considered for the HAS application.

The detectors were exposed to an operational aircraft to determine if some
modes of aircraft operation would cause false alarms. They were also exposed
to black powder cartridge starters, APU exhaust, radio and radar signals, and
engine exhaust. A few of the detectors gave false alarms in response to black
powder cartridge and the radar/radio stimuli, but in general the detectors did

not respond to many of these stimuli except engine operation at afterburner
power levels,

The single-band detector should not be used in the HAS because it cannot
discriminate between real fires and false stimuli. It has been determined that
a number of activities in the HAS could be interpreted as fires without the
discriminating capabilities provided by a smart, multiple-wavelength fire
detector. It has also been determined that even dual-wavelength detectors can
be fooled by a combination of activities that take place in the HAS. Many of
these activities and devices have been simulated in the presence of the OFDs to
determine what the response of the detectors in question might be. However,
resources were not available to test the OFDs against all of the potential
false stimuli.

Based upon testing conducted during this program, several dual-wavelength
detectors can be considered as a:cceptable for use in the HAS FPS if the
following modifications are made:

1. The fire protection system utilizes voting by multiple detectors
before declaring a fire and initiating firefighting agent dump,

2. Any significant false alarm or blind spot deficiency is corrected,
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3. Some method of preventing false alarms resulting from afterburner
operation is incorporated into the fire protection system, and

4. The detector meets all of the requirements of the Purchase
Description (see Appendix H).

Detector UV/IR 4 is acceptable for use in the HAS FPS when the minimum
distance between detectors is 20 feet. Detectors UV/IR 2 and UV/IR 3 are
acceptable as tested for use in the HAS FPS when the minimum distance between
detectors is 30 feet. Detector UV/IR 2 was malfunctioning during test
sequences 6.B and 6.C. This detector must be tested to show that it will not
respond to those stimuli,

Detectors UV/IR 1 and UV/IR 1S provide excellent false alarm rejection,
but have blind spots for an instant fire of 4 ft¢. The latter small fire may
not be significant for the particular application. Detectors UV/IR 2 and
IR/IR 2 are acceptable if they can be hardened against radar. Detectors
UV/IR 3 IR/IR 3 could be considered as acceptable but they had blind spots for
an instant fire of 4 ft2. Again, the latter may not be significant for the
particular application.

The rest of the detectors are not acceptable as tested for this particular
application. Detector UV/IR 5 needs refinements because of its blind spots and
its response to false alarm stimuli at Jong distances. Detector [R/IR 1 needs
refinements because of its response to reflected light at 35 feet, lightning,
and radar. Detector UV 1 needs refinements because it does not respond to

fires within 5 seconds and gives false alarms in response to stimuli at Targe
distances. Detector UV/UV/IR needs refinements because of its blind spots and

its response to false alarm stimuli,

These results do not imply that many detectors could not be modified or
systematized and thus be made totally acceptable for the HAS application, or
would not be acceptable for other applications. Since many internal
adjustments can be made to OFDs, one may assune that many multiple-wavelenqgth
detectors could be adjusted and thereby be made acceptable for use in the HAS
fire protection system. To ensure accurate performance for an application,
validated data for the desired performance characteristics must he acquired.
The results of the test program show that many well designed multple wave-
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length detectors could proably be used for the HAS application if a test program
was conducted to verify that adjustments had been made so that the detectors
would see/ignore the appropriate type of fires (see Appendix H) and would not
respond to false alarm stimuli.

The footprints covered by the detectors govern how many detectors are
required to cover the entire shelter, but do not enter into the engineering
decision of which detector is the best for the HAS application. Several
detectors could meet the reliability and false alram criteria and would
therefore be candidates for installation in the HAS. The determining factor
is economic; the decision must be based upon total life cycle costs for the
detection systems. Assuming that the cost per detector is approximately the
same, those detectors wifh much larger footprints have an advantage over thosc
with smaller footprints because their intial system costs are lower.

As oreviously stated, the HAS environment is extremely complex and cannot
be fully defined for OFDs at this point. Before final decisions on detectors
can be made, additional data must be collected for larger and growing fires.
Oetectors are cortinually being improved. The most recent FOV and false-alarm
rejection data must be provided by the manufacturer and verified by the user
for each particuiar application. Although OFDs are the best choice of fire
detectors for the HAS, prior to full implementation of an automatic fire
suppression system in HAS the detector system alon, including the control
box, vhould be installed in several operational HASs and its performance
monitired for some specified period of time. This would permit the detector
system to be fine-tuned without risking a false dump of halon.

Une source of false alarms that is present in the Luropean HASs but which
is nct available to test in the Jnited States is an IR hamming device located
aboerd some aricraft. This device emits high-intensity broadband IR radiation
which mey saturate the IR channels of a dual-spectrum fire detector. These
devices are not generally operated on the ground. However, if they were

vperated while the aircraft were in the HAS, a false alarm might result.
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Another untested factor which may affect the performance of OFDs is the
high vibration and acoustic levels existing in the HAS. These may affect the
ability of tne OFD to discriminate between real fires and intense blackbody
radiation. These high vibration and acoustic levels may also have an impact on
the reliability of the OFD components.

The 1ink between the OFDs and the actual suppression system for the HAS 1s
the control panel. A failure in this singular component of the system could
immobilize the entire fire suppression system. For this reason, thorough
testing of the control panel should be conducted.
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SECTION VI
HAS FPS TESTS, RESULTS, AND CONCLUSIONS

A.  TEST DESIGN

Three HAS FPSs from three different manufacturers were tested at the

Headquarters Air Force Engineering and Services Center test site at Tyndall
AFB, Panama City, Florida. The purpose of the testing was to demonstrate the
performance of three different designs using commercially available fire pro-
tection equipment., The tests were designated Series A, 6, and C. Appendix A
contains the HAS FPS Test Plan. Instrumentation layout and data sheets are
contained in Appendix B. The proprietary design and reports of each manufac-
turer are included in Volume III (Appendixes D, E, and F) of this report.

Tests were conducted in a two-thirds scale, third-generation hardened
shelter. The shelter construction (75 feet wide by 80 feet long) was
identical to operational shelters except for two modifications. The front
opening to the shelter had a permanently constructed wall with two barn-type
dours neasuring 10 feet 3 inches by 17 feet 19 inches. The exhaust port
opening did not have the blast deflection "V* construction. However, this
constriction was reproduced by closing two heavy gauge steel doors 6 feet by
12 feet each to create the opening. Other minor changes were made to meet
each manufacturer's system requirements, e.g., nunber of halon cylinders,
piping, and detectors. A heavy gauge steel mockup aircraft with a footprint
equaling that of an F-4 Phantom jet was utilized during each test. This mock-
up 4% placea in the position that an operational aircraft occupies while
parket in the shelter, The aircraft wings were raised to a height of 7 feet
Yo :gual the wing height of an F-15. Four wing tanks were stored along the
side, uf the sheiter to simulate aircraft component parts actually stored in
th<e areas. Tha front doors were left completely open to simulate worst-case
~# nd conditions,

Juring each test serijes temperature, pressure, and gas concentration data
wese oo llect>d. The iocation of the gauges for each test are shown in the
figure Lepicting ea.h system test and instrumentation layout plans (see
“ppen'ix 4). The halon concentration data collected using the Perco Analyzer




were analyzed for several potential corrections. This analysis is described
under "Halon 1211 Concentration Measurements" later in this section.

Each manufacturer selected a different fire detection systen, contr,l
unit, discharge mechanism, and halon distribution system, as well as differen®
nozzles and tanks. Each system used Halon 1211 as the extinguishing agent,
and was designed to suppress any fire to a height of 15 feet. Two full-scale
fire scenarios designated Test 1 and Test 2, were conducted on each fire
protection system.

Test 1 was a two-dimensional, 165-gallon JP-4 fuel fire. This was accom-
plished by tipping over three open 55-gallon fuel druns simultaneously. The
drums were located at the rear of the mock aircraft and were tipped toward the
front of it so that the fuel ran under the aircraft. Ignition was by three
electrical glow plugs surrounded by alcohol-snaked rags located on the floor
at the nose and wing tips of the aircraft. Test 2 was a three-dimensional
fire that simulated an internal aircraft fire with running fuel in addition to
the floor fire. In Test 2, Series A, the autnmatic fire detection system was
disabled and the system was manually activated after a 27-second preburn oo
the internal fire and a 17-second preburn of the floor fuel fire., Tempera-
tures exceeded 1900 °F and the system was incapable of total fire extinguish-
ment. [t was judged that the preburn condition exceeded the r:nabilities of
any existing automatic fire protection system. Test 2 for ser .5 B8 and *
tests involved 20 gallons of JP-4 placed inside the aircraft, ignited, and
allowed to burn for 10 seconds before 165 gallons of JP-4 were spilled on thu
floor. As the fuel was spilled, the internal unburnt fuel was allowed t) flow
downwards to the floor. The detector units were armed prior ty the noint when

the fuel was spilled.
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B.  SYSTEM DESIGNS

For Test Series A, Company A used three dual IR detectors located in
? three of the four corners of the HAS. The detectors were located 15 feet
above the floor. The suppression system was a manifold system. Eight
cylinders of Halon 1211, pressurized to 360 1b/in? and weighing 400 pounds
h each, fed 20-foot headers and nozzle sections. Each cylinder had a liquid
level indicator to visually give halon quantity. The remotely located control
panel received the detector status and initiated the halon dump. Any two-

detector voting scheme activated the solenoid valves to all cylinders. The

control panel also had self-test and extinguishment inhibiting capabilities.
A bell warning for fire detection and a siren for halon dump were installed at
the control panel.

Company B used four UV/IR detectors for the Series B tests. Two
detectors were located on each side wall of the HAS, one 8 feet from the front
and the other 10 feet from the rear. The detectors were mounted 8 feet above
the floor, The suppression system was a modified manifold system. Four
~ylinders of Halon 1211, pressurized to 360 1b/in.2 and weighing 400 pounds
each, fed individual header and nozzle assemblies. The halon cylinders were
“loor-mounted, two on each side of the HAS, with four nozzles on each side
mount2d 10 feet above the floor. The nozzles were spaced at distances of 1/5,
2/5, 3/5, and 4/5 the shelter length. Each cylinder had a release valve and
fed Lwo nozzles, for a total of eight nozzles. The control panel received

the fire alarm signals from each detection and activated all release valves
syl taneousTy.

fompany C used eight UV/IR detectors. The HAS was divided into two zones
~#ith a detector in the corner of each zone, The suppression system was modu-
lar. Eight 250-pound and six 500-pound cylinders were used. All were
pressarized to 360 1b/in.? with nitrogen. Each cylinder was mounted head down
.3 feet above the floor. Two cylinders were mounted at the large door. Each

cylinder had twd nozzle heads connected on it. The discharge time for the
250-10und cylinders was 7 seconds. The discharge time for the 500-pound
cylinders was 14 seconds. An additional 53-pound cylinder with a 30-second

Jiscnarge time was used for the aircraft nacelle fire in Test 2. The control ]
panel munitored the detector signals from the two zones. A two-out-of-four
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voting scheme was used, so that any two alarming detectors from one zone would
allow that zone to dump halon. One additional IR detector alarin from the
other zone would allow a halon dump in that zone. The purpose of this design
was to dump halon only in the zone(s) where there was a fire. This would con-
serve halon and also lessen the personnel egress time for a single-zone fire.

C.  TEST RESULTS

A general discussion of the performance of the three series of tests is
given, followed by a detailed analysis of the Halon concentrations provided by
each of the systems. The general discussion includes performance of each
portion of the fire protection system. The halon concentration section quan-
tifies the performance of the different systems to inert the shelter.

1. Test Series A, Test 1 - April 11, 1985

The running fuel fire was detected within 2 seconds from ignition.
Within 4 seconds the fire was suppressed. High-speed film and video recording
showed that the fire grew to approximately 150 ft2. The maximum temperaturs
recorded was 270 °F (see Figure B-2). No damage to shelter or aircraft was
observed.

2. Test Series A, Test 2 - April 12, 1985

As previously mentioned, the automatic sensors were disabled to test
the manual operation of the fire system, and the floor fire was allowed to
oreburn for approximately 17 seconds. The temperature exceeded 1900 °F. The
maximun pressure reading was 0.62 over standard, or 23.9 1b/in.2. The
accuracy of this reading is suspect because the gauges are only rated at
500 °F. However, a 20-foot by 5-foot heavy corrugated stee! overprassure door
was moved outward approximately 12-15 inches during the fire burn. The manual
system functioned properly but was unable to extinguish the fire permanently.
Rescue vehicles were called upon to extinguish the fire. A visual inspection
of the shelter exterior showed noticeable cracking in the concrete caused by
the fire, although the structural integrity of the HAS was not jenpardized,
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3. Test Series B, Test 1 - May 23, 1985

The fire was detected in 3 seconds. Two of the four halon cylinders
discharged in less than 10 seconds. The other two cylinders discharged in the
next 1.5 minutes. Maximum halon concentration measured exceeded 8 percent,
The highest temperature recorded was 670 °F at 5 feet above the floor (see
Figure 8-5).

The fire was easily extinguished. The discharge/nozzle mechanisms
on two of tne halon cylinders malfunctioned. The videotape with audio and the
rapidly cooling thermocouple readings indicate that the fourth halon cylinder
actually discharged after the {ire was extinguished. The failure analysis
conducted by the vendor revealed that ball checks were missing from two of the
four discharge valves.

4, Test Series B, Test 2 - May 24, 1985

As previously described, this test was conducted with a 20-gallon
internal aircraft fire with a 10-second preburn and 165 gallon JP-4 running
floor fire. Hoods were placed over the arcing ignition source to prevent the
detectors from seeing the electric spark. The hoods may have been inadequate.
Tests done in Series C showed that UV under the hoods reflected off the water
on the floor. (The floor was hosed down before each test.) The instrumen-
tation was the same as in Test 1 except the gas sample elevations were raised
trom 1 foot to 5 feet and from 6 feet to 10 feet.

The highest temperature recorded was 1084 °F (see Figure B-15). The
fire was detected approximately 5 seconds after the ignition of the floor
fire. Again the halon cylinders discharged erratically, and two of the four
ball chacks were missing from the discharge valves.

The fire chief at the site as well as the videotape transcription
verified that the fire was not completely extinguished. AFFF from the fire
truck was used to extinguish tne fire. No apparent damage was done to the
shelter or mock aircraft.
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5. Test Seriec C, Test 1 - July 15, 1985

Six 20-pound evacuated tanks and five 500 cc evacuated cylinders
were placed as shown in Figure B-19 to gather atmospheric samples from which
halon concentration percentages were analyzed.

The fire was detected in 1 second and the small halon cylinders
totally emptied in 7 seconds. The large cylinders emptied in 15 seconds. No
thermocouples exceeded ambient temperature. (See Figures B-20 through B8-23.)

The fire detection was 1-2 seconds faster than anticipated as a
result of early UV detection from the glow plug reflecting off the water-
soaked floor. The fire was extinguished with no difficulty.

6. Test Series C, Test 2 - July 17, 1985

The test was conducted in the same way as Series B Test 2, with two
modifications: (1) a nacelle extinguishing unit was connected to the aircraft
to extinguish the internal fire, and (2) glow plugs were replaced with manual
ignition to prevent premature UV detection,

The fire was detected in 3 seconds after the floor fire was ignited.

The highest temperature observed was 160 °F. The fire was easily extinguished
with no damage to shelter or mock aircraft.

D. HALON 1211 CONCENTRATION MEASUREMENTS

Halon 1211 concentrations were monitored with two Perco Model 113 Gas
Analyzers in addition to grab samples used only in Test Series C. These Perco
instrunents, which employ thermal conductivity to measure the concentration
of Halon 1301 or carbon dioxide in air, can also be calibrated to determine
Halon 1211 at the 0-10 percent level. Each of the three independent channels
in the Perco instrument uses two glow-wire sensors functioning electrically as
heated resistors in a bridge circuit. One sensor is mounted inside an air-
filled "blind" cell. When this reference sensor reaches tnermal equilibrium,
it acts as a fixed resistance in the bridge circuit. The second glow-wire
sensor is mounted inside the sample cell. When this second cell is filled
with air, the temperature (and therefore the resistance) can be balanced
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against the reference cell. During the sampling operation, halon enters the
sample cell. Since halon has a lower thermal conductivity than air, the glow
wire sensor in the sample cell increases in both temperature and resistance.
The thermal conductivity of the gas mixture in the sample cell is proportional
*o5 the nercertage of halon in the mixture; therefore, the difference in resis-
tance between the sample and reference cell is a function of halon concentra-
tion,

The gas flow through the sample cell is discontinuous, so the sensor
resistance is measured for a stationary gas sample. This is done to avoid the
cooling effect of a moving gas. A 5-second timing cycle is used. The sample
is punped into the sample cell for 2 seconds. A valve then closes and after
3 seconds, the recorder arm, which is driven by the resistance imbalance
between the sample and reference sensors, strikes the paper. The cycle then
repeats.

The two Perco Analyzers were set on a table outside the test shelter. In
the Series A tests, each of the three ports on each analyzer was attached to
1/4-inch 1D Tygon tubing, approximately 18 feet long. The Tygon tubing was,
in turn, attached to an approximately 32-foot length of 1/4-inch copper tubing
(4.83 mm ID), which passed through a conduit into the shelter. This gave a
total length of about 50 feet for the tubing leading to each of the six
channels of the analyzers. In the Series B and C tests, the length of the
copper tubing was increased to approximately 48 feet, and the length of the
Tygon tubing was decreased to approximately 2 feet to give again a total
Tenqth of 50 feet.

The locations of the inlets of the approximately 50-foot-long tubes for
the Perco Gas Analyzers are shown in Figures B-1, B-4, and B-19, for the Series
A, B, and C tests respectively. For all tests, three inlets each were located
at two different heights above the shelter floor. For Test 2 of Test Series A,
the levels were 5 and 10 feet, For Test 2 of Test Series C, the levels were
6 and 10 feet. In the remaining tests, levels of 1 foot and 5 feet were used.
No Perco Analyzer concentration data are available for Test 1 of Test Series

~
[N

Prior to analysis, the Perco Analyzers were calibrated, using distilled
Halon 1211. Undistilled halon was found to contain sufficient oil to cause
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fouling of the flow meters used in calibrating the instrunents. The Perco
instruments were started prior to the test and allowed to run until the
measured concentration was well under 1 percent. The raw concentration data
collected are presented in Tables C-1 through C-29 in Appendix C and are
plotted as functions of time in Figures C-1 through C-15, to give concentra-
tion profiles. The analyses of the raw data are summarized in Tables 30-32.

The relative concentration profiles determined in Test 1, Series A seem
reasonable. The concentrations and hold times at probe elevations of 1 foot
are consistently larger than those at 5 feet. The faster concentration decay
at the higher elevation may reflect stratification resulting from settling.
The lower than calculated concentrations (Table 3) in this and certain other
tests are the result of inherent errors in the sampling system using with the
Perco Analyzer (see below), buoyancy, and wind effects.

The Halon 1211 concentration profile for Test 2, Series A is sharper
and the fall-off is steep than expected. Moreover, the curves are anomalous
in that Targer concentrations are observed at 10 feet than at 5 feet at the
plane nose and front right positions. These features result, in part, from
the increased buoyancy and air flow experienced in Test 2, Series A, because
of the large fuel burn and high temperatures which occurred. The effect on
the Perco Analyzer of the increased temperature in Test 2 is shown below to

be insignificant. Note that the large amounts of combustion products pre-
sent in this test increase the apparent Halon 1211 concentration (see

helow).

In the Series B tests, as expected, the concentrations observed with
the higher elevation probes were generally smaller than those observed for
the lower elevations. As in the Series A tests, the Halon 17211 concentr-
tion profiles were sharper and fell off more rapidly for Test 2, Series B,
than for Test 1 of this series. The fire in Test 2, Series B, was not
completely extinguished and the highest measured temperature of 1084 °F was
much larger than that observed for Test 1 (670 °F). This once again
indicates that buoyancy effects cause sharper concentration profiles and
faster declines.

Concentration data from the Perco Analyzer sre not available fur Test
1, Series C. The concentration profiles for Test 2, Series C, are not
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TABLE 30. SUMMARY OF RAW PERCO CONCENTRATION DATA, TEST SERIES A.

Time at
Max imum or above
concentration, | Hold time@ 2 percent,
Height, percent by minutes minutes
Probe feet Location volume seconds seconds
Test 1
H, 5 | Mockup nose 4.75 1:15 2:40
H, 1 | Mockup nose 5.15 2:40 5:40°
H3 5 Right front 4.95 1:30d 2:35
Hy, 1 Right front 5.35 3:00 6:50°
Hs E 5 Right back ! 4.40 1:35 2:25
He ) 1 Right back 5.40 3:10 5:25
T Test 2
H, i 10 Mockup nose 3.65 1:00 1:12 }
Hz 5 Mockup nose 4.35 0:20 0:32
Hy 10 Right front 5.40 0:20 1:32
Hia 5 Right front 5.20 0:18 1:10
H | 10 Right back 5.25 0:12 0:30
He 5 Right back 5.40 0:17 1:20

“Time during which the Halon 1211 concentration was no less than 1
parcent (absolute) of the maximum valye.

bYime during which the Halon 1211 concentration was greater than or
2qual ta 2 percent.

., -
. Loncentration dropped be] f - i i
this tioncent ghen recoegred. ow 2 percent for a 30-second period during

dZancentration dropped below 1 percent absolute from the maximum
viiue for 10-second period during this time and then recovered.

“Concentration dropped below 2 percent for a 10-second period during
this tmme and then recovered.
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TABLE 31. SUMMARY OF RAW PERCO CONCENTRATION DATA, TEST SERIES 8.
Max imum Time at
concen- or above
tration, Hold time,d 2 percent,
Height, percent oy minutes: [ minutes:
Probe feet Location volume seconds seconds
| 3
Test 1 | 1
| 1 o
1 | |
H, 5 Near mockup nose 5.00 ; 1:15 ‘ 2:20
Hz 1 Near mockup nose 7.10 | 2:43 3:35
| 5 Right front 5.70 % 1:15 3:10
Hy 1 Right front 7.00 2:45 3:30
Hg 5 Right back 5.65 1:15 3:05
He 1 Right back 7.50 ! 2:25 3:30
1 SR
Test 2| |
S+ o
Hy 5 | Near mockup nose|  2.40 | 0:30 0:10
Ha 1 Near mockup nose 5.20 i 0:22 0:45
Hy 5 Right front 5.30 0:18 0:50 |
1 . !
Ha 1 Right front 6.35 | 0:12 i 1:05 |
H, 5 Right back 2.85 0:30 i 0:22 :
. |
He 1 Right back 3.40 0:20 ‘ 0:23 :
— ’ ] L |

Time during which the Halon 1211 concentration was no less than
1 percent (absolute) of the maximum value.

b1 ime during which the Halon 1211 concentration was greater than or

equal to 2 percent.
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TABLE 32. SUMMARY OF RAW PERCO CONCENTRATION DATA, TEST SERIES C.

Max imum Time at
concen- or above b
tration, Hold time,d | 2 percent,
Height, percent by minutes: minutes:
Probe feet Location vo lume seconds seconds
Test 1
Hy 10 Near mockup nose 2.55 1:50 1:05
Hz 6 Near mockup nose 6.50 0:45 2:45
Hy 10 Right front 3.10 0:50 0:55
Hy 10 Right back 3.75 1:15 2:00
He 6 Right back 6.15 0:50 3:05

Time during which the Halon 1211 concentration was no less than
1 percent ?abso]ute) of the maximum value.

b_. , , ,
Time during which the Halon 1211 concentration was greater than or
equal to 2 percent.

unusual; however, the stratification appears to be more distinct. The
concentrations observed at higher elevations are much less that those
nbserved at lower elevations.

Halon measurements with the thermal conductivity detectors as utilized
suffer from several potential sources of error. One possible source of
error is that the temperatures of the reference and sample gases, in many
cases, are not equal. 1In most cases the sampled gas is higher in temperature
because of the presence of a fire. There are two possible effects of a
temperature increase. First, the thermal conductivities of air (Reference 3)
and Halon 1211 gas (Reference 4), as well as other gases, increase
significantly with temperature (Figure 10). Though log/log plots usually
provide the vest fits to thermal conductivity data, the data in Figure 10 are
very nearly linear and are fit well with the least-squares lines k = 0.09589T
+ 55.14 for air and k = 0.04383T + 12.62 for Halon 1211. Here k is the
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Thermal Conductivity, 106 cal/sec-cm-°C
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thermal conductivity in units of 10-® cal/sec-cm-°C and T has units of
degrees Fahrenheit.

The second effect of a temperature increase is that a higher temperature
for the sampled air will decrease the temperature drop between the glow wire
sensor in the sample cell and the air. These two effects work in opposite
directions (Equation (1)).

dq/dt = kA(dT/dx) (1)

Increasing the thermal conductivity, k, increases the heat flux, dg/dt, for a
given area, A, and a given temperature gradient, dT/dx. This decreases the
temperature and resistance of the glow wire and gives a low reading for the
Halon 1211 concentration. On the other hand, all other things being once again
equal, a decreased temperature difference between the glow wire and the sampled
air will decrease the temperature gradient, dT/dx, and the heat flux, dq/dt,
causing a higher resistance and an unrealistically high Halon 1211 concentra-
tion. The thermal conductivities are nearly linear with temperature and can
easily be calculated; however, the temperature gradient depends on the quantity
T -T, where Tg is the temperature of the glow wire. For very small values of
Tg, the dependence of temperature gradient (and thermal flux) on the gas temp-
arature is very large. On the other hand, for very large values of Tg the

dependence of thermal gradient on the gas temperature becomes small.

The glow wire in the Perco Gas Analyzer carried 52 milliamps of current
and rraches, a maximun temperature of approximately 150 °C (302 °F).* At this
relatively lTow temperature, the decrease in thermal gradient could be large.
in many cases, the temperature within the shelter during a test exceeded 300 °F
(Appendix B). The temperature of the gas reaching the sample cell of the Perco
An2lyzer after passing through a 50-foot tube was calculated as follows.

The heat transfer coefficient, h, for pipes of length L with laminar flow
can be calcuiated from

hD/k = 2{we /kL)1/3(u/u yo. 14 (2)
p W

all
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where D is the tube diameter, w is the mass flow rate, cp is the heat capacicy
at constant pressure, k is the thermal conductivity, and u and Meall aTe the
viscosities for the bulk gas and for the gas at the cooler wall (Reference 5).
Experimental data indicate that the pipe or tubing is sufficiently long. In
such a case, the fluid approaches the wall temperture asymptotically and the
log mean temperature difference is no longer different from the arithmetic

mean. For sufficiently long tubes, the formula
hD/k = (2/4ﬂ(wcp/kL) (3)

should be used (Reference 5). In transient heating over a short time, little
heat may be exchanged with the outside world and the tube temperature
increases. A stepwise computer calculation divides the tube into segments
which are sufficiently long for the fluid to approach the average tube temper-
ature and calculates a tube temperature profile for one package of gas at a
time. This procedure demonstrates that the fluid cools rapidly and that anly
the first portion of the tubing heats.

The tube segment length in which the temperature approaches the wall temp-
erature asymptotically may be estimated by combining Equations (2) and (3) and
solving for the value of L. Initially, the ratio of viscosity at the segment
inlet fluid temperature to the viscosity at the average wall temperature and
the thermal conductivity at the average fluid conditions are needed, as i
Equation (4) shows.

wcp/kL = L"(U/U )0.1%]3/2 /4)

wall

* Grassi, John, Peerless Electronics Research Corporation, personal
communication, 2 June 1986.
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After the length of the asymptotic tube is determined, Equation {3) is used ex-
clusively, and both viscosity and thermal conductivity cancel. A heat balance
is used to divide the gas into a number of oqual portions, which are suffi-
ciently small that the temperature of the first tube segment is raised to a
limited amount.

The outlet gas temperature at each segment is adjusted to equal the
average wall temperature of the segment. The average wall temperature is not
adjusted since it changes very little relative to the adjustment in the gas
temperature. The iteration proceeds for a single portion of gas, over several
segments of tubing, until the wall temperature is changing less than 1 percent
of the total allowable wall temperature change per portion of gas (now set at
10 °F). The next portion of gas is then introduced. The computer program,
TEMP, is given in Table C-30 ir Appendix C.

Calculations were conducted with several of the maximum temperatures given
in App2ndix B. Even for the worse case of 1900 °C, the gas cools to the pipe
temperature in 1,25 feet.

In these calculations, it is assumed that the pipe is not heated exter-
1ally by the fire owing to the short duration of the fire and the contact of
the pipe with the ground. The length required to cool the gas is so short that
even with an order-of-magnitude error, the gas reaches pipe temperature in less
“han 50 feet. Moreover, the thermal conductivity sample cell in the Perco
Analyzer is mounted in an aluminum block heat sink which will also cool the
gas. orom these considerations, it can be concluded that the temperature of
the qas sampled is, under these conditions, of little or no consequence.

The lower concentrations detzrmined for the secoad tests of both Series A and
B, wner: the temperatures were larger, is apparently due to buoyancy effects
fthe a3~ is more uniformly spread throughout the HAS) rather than to effects of
tempe-~ature on the thermal conductivity measurement.

Losncond potential source of error arises from the following., The instru-

cent ere refarenced against air (approximately 21 percent oxygen, 78 percent
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nitrogen, and 1 percent argon by volume, with minor anounts of water and cdrbon
dioxide), which is treated as a single pure component with a thermal conduc-
tivity of ka' The thermal conductivity, k, of the mixture of halon and air is
a simple function of the mix composition. If the volume fraction and thermal
conductivity of halon are X and kh' the thermal conductivity of the mixture i,
given by

k= Xk, + (1-x)ka (

(@a)
~—

Following combustion of hydrocarbon fuel, however, a significant amount of
carbon dioxide and water may be present. In addition, there may be a loss of
oxygen relative to nitrogen. Thus, the mixture is not a simple two-component
system (Halon 1211 and air). It now contains multiple components, and the
thermal conductivity will be a function of the thermal conductivity of ail of
the species present, which are Halon 1211, "air" (with the compositinon shown
above), along with extra nitrogen, argon, water, and carbon dioxide.

The thermal conductivities (References 4, 6) in units of (10-°cal)/(sec-
cm-°C) at 0 °C of nitrogen (54.55), oxygen (53.05), and air (54.22) are nearly
identical so that the depletion of oxygen by combustion has only a minor
effect; however, the thermal conductivities of carbon dioxide (31.70) and water
vapor (34.71) are intermediate between Halon 1211 (14.1) and air. Thus, the
presence of a significant amount of carbon dioxide and water will lower the
thermal conductivity measured and make the apparent halon concentration ton
high. To assess the effect, calculations of the maximum error in the halon
readings were completed.

The measured burn velocity of JP-4 fuel is approximately 3.0022 gallons/

ft2-sec (Reference 7). The estimated largest area covered by the 165-gallon
dumps of fuel in any of the HAS/FPS tests is 500 ft2. This gives a maximum
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burn rate of 1.1 gal/sec. The longest time for extinguishment was less than 10
seconds, with the exceptions of Series A, Test 2, and Series B, Test 2 in which
the fires were not completely extinguished. The Series B, Test 2 fire,
however, was essentially extinguished in 10 seconds. It is assumed that the
preburns of the small internal aircraft fire were insignificant. Thus the
maximun amount of fuel burned before extinguishment, except for Test Series A,
Test 2, was 11 gallons, or less than 1 percent of the total fuel. If the fuel

has the general formula CgH.,q, 165 gallons contains 11.4 pound-moles and re-
quires 137 pound-moles of 0z for complete combustion. This produces 91.2
pound-moles each of C0, and H,0. A l-percent burn requires 1.37 pound-moles of
02 and produces 0.912 pound-moles each of CO2 and H20. With good mixing in the
total HAS volume of 124,000 ft3, the concentrations of the components for a
l-percent burn would be 6.14 percent Halon 1211, 0.26 percent CO2, 0.26 percent
k,0, 1.49 percent excess N,, and 92,85 percent "air," by volume.

Tne effect of rhe change in gas composition owing tc combustion may be
asiimated as follows. The differences between the thermal conductivity in
units of (10-%cal)/{sec-cm-"C) at G °C of air and each of the other components
are Hilon 1211, 40G.12; carbon dioxide, 22.52; water vapor, 19.51; and nitrogen,
-0.33. Multiplication of each of these differences by the volume fractions
gives the cortribution of each component to the final thermal conductivity
rolative to air: Halon 1211, 2.463; carbon dioxide, 0.059; water vapor, 0.052;
and ritrogen, -0.005. Summing these gives 2.566 as the total contribution of
ail nonair components tn the thermal conductivity relative to air. Halon 1211
alone 2% a volume fraction of 0.0614 would give a contribution of 2.463. A
Comarison of the thermal conductivity contributions of 2.566 and 2.463 shows
that the appirent halon concentration will be 4.3 percent higher than it should
he, Tris figure i5 independent of the cccupation volumes of the combustion
gases and of the halon as long as the two volumes are the same. The percent
«~ror in the avpareat nhalon concentration can be calculated by multiplying 4.3
.« ent Ly the burn nevcentage. For example, if 10 percent of the fuel burned
oo fore etynguistment, the percent error in the measured halon concentration
wy i he 3 parcent. These results indicate that for all but Test 2 of Test
Sarier ., where therc was a long preburn and extinguishment was not achieved,
tro opecence of combustion products causes a negligible error in the Halon 12il
concentrgtion measured dy the Perco Analyzer.
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A third potential error source in the Perco analysis results from the
geometry of the collection system. The halon concentration increases rapidly
upon discharge and decreases slowly as the halon leaves the shelter. This
phenomenon gives a concentration/time profile. The profile measured at the
Perco Analyzer will resemble the actual profile only if the sampled gas flows
through the sampling line with a plug flow and if there is no diffusion.
Neither of these occurs. Thus, the concentration profile is flattened and
broadened so that the maximum concentration measured is too small. The inte-
grated concentrations over time for the measured and actual profiles would,
however, be the same.

The following analysis to correct for the absence of plug flow ignores the
relatively small amount of Tygon tubing present and assumes that the entire
sampling line consists of 50 feet of 1/4-inch copper tubing, having an inside
diameter of 4.83 mm. The sampling rate for a Perco Analyzer is nominally
1.5 liters/min; however, the rate measured in laboratory tests was 2.28
liters/min., This corresponds to a bulk flow rate of 6.57 ft/s. The Reynolds
nunber for air passing down a 4.83 mm diameter tube at this bulk flow velocity
is 670. Since this number is considerably less than 2100, the point at which
flow starts to become turbuient, the flow can be reliably considered laminar.
Laminar flow gives a much poorer approximation to plug flow than does turbulent
flow. The velocity distribution (Figure 11) across a pipe for fully developed
lTaminar flow is given by the Hagen-Poiseville equation,

v = 1 - (r/R)?] ()

vmax[

where vmax is the maximum velocity, r is the radial distance from the center
of the pipe, and R is the radius of the pipe (Reference 8). The bulk flow

is given by
vbulk : (l/z)vmax - (7)

At a bulk flow rate of 6.57 ft/s, the average transit time for the 50
feet of pipe is 7.6 seconds. The velocity and transit time of the fastest

component at the center is 13.1 ft/s and 3.82 seconds. There is some unex-
plained discrepancy between these calculated flow paraneters and those
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measured concentration profile (the raw concentration data) to give the concen-

tration profile corrected for the absence of bulk flow. The solution follows.

Divide the pipe into concentric hollow cylinders such that each cylinder j
is bounded by radii r; and ri-1 and carries a fraction fj of the total gas with
an average velocity of V.. The velocities are such that the average transit
time differs by 5 seconds for the contents of cylinders j and j-1. Integration
of the Hagen-Poiseville equation (Equation (6)) between ri-1 and r gives the

average velocity for the cylindrical shell bounded by these radii.

2 . p2 - (r% - r4
i 2(rj rJ_l) (rJ rJ_l)
V= Voax (8)
ré - r2
J J-1

A set of velocities, Vj jn multiples of Vmax is first chosen to give transit

times differing by 10 seconds from tJ.__1 to tj for flow down the 50-foot tube.
From vj-l’ Vj is calculated using Equation 4. VO = (0 and V1 is chosen to give
a convenient fraction of material. The fraction of material contained in a

hollow cylinder with inner and outer radii rj-l and rj is given by
= (ré¢ - r2 2 9)
F (rJ rJ_l)/R (

Now let Xi and Yi respectively represent the concentrations on the Perco and
corrected concentration profiles. Ignoring the time lag of approximately 5.58
seconds, one notes that the concentration megsured by the Perco Analyzer during
the first 5-second interval is given by 0.5X1 = Y FiVy1, where the coefficient
0.5 corrects for the fact that the bulk velocity is one-half the maximum velo-
city. The concentration measured during the second 5-second interval is given
by 0.5X, = Y FoVy Y, Ve In general, the measured concentration Xi is given
by

X, =Y

i 1 Y

Fivi + Y, F

oFiaVior FYaFiVio t - P YR (10)

The subscripts on the F and V terms represent cylindrical shells in the pipe
while the subscripts on X and Y represent time intervals. Zero terms resulting
from flow of halon-free air in larger cylindrical shells have been omitted.
These equations are a series of n linear equations in n unknowns for the first
n values of Y and they can be solved by appropriate means to give the corrected
concentration profile.




A program, FLOW, was written in BASIC to determine the corrected concen-
tration profile. The program (Table C-31, Appendix C) calculates the values
of Fj and VJ and these as coefficients of the Yi with the known values of X
entered as constants in the linear equations. The set of equations is solved
by matrix inversion using a method similar to the Gauss-Jordan elimination
method (Reference 9). The progran requires about 50 minutes for 50 data points
and about 8 hours for 100 items of data on a Zenitn 150 computer. Since the
primary interest is in the maximum concentrations and hold and decay times
attained, only the first 50 data points were used from the Perco Analyzer
curves, The final corrected concentration values were then multiplied by a
factor of 6G/47 to correct for the caiibration of the instrument to Halon 1211.
This factor arises from the fact that the instrument was field-calibrated for
Halon 1211 to factory specifications determined for Halon 1301. The factor
60/47 takes into account the difference in flows necessary to correct for
differences in thermal conductivity betws2en Halon 1211 and Halon 1301. The
input data were taken from Tables C-1 through C-29 in Appendix C and the
corrected data are presented in Tables C-32 through C-60. Summaries of the
concentration profiles (Figures £-16 through C-30) corrected for the absence of
piug flow are presented in Tabies 33 tnrough 35,

The correction for non piugfiow gives increases of 0.3 to 1.3 percent
(absoiute) in the maximum concentraticns observed. The peak profiles also
experience soie narrowing.

Correction for diffusion within the pipe during transit is much more dif-
ficuit than is correction for the absence of plug flow. As the gas flows, a
concentration gradient develops across the pine. Material in the center of the
pipe has tre largest longitudinal velocity, and therefore responds most rapidly
to concentration changes a: they occur in the test chamber, As the concentra-
tion of halon 1211 increases in the HAS, the concentration in the central
region of the pipe is higher than that in the outer regions. Later, when the
concentration of halon 1220 in tre [iAS i< decreasing, the gradient reverses.
The flow which nccurs *o equalize the concentration causes tne response curve
(the neasured concentration profile) to flatten. As a result, the measured

comcentrations are too low and the rhold times are too long., As Halon 1211
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TABLE 33. SUMMARY OF CORRECTED PERCO CONCENTRATION DATA, TEST SERIES A.
Max imum Time at
concen- or above
tration, Hold time,? 2 percent, '
Height, percent by minutes: minutes: ‘
Probe feet Location volume seconds seconds
Test 1 :
|
| !
H, 5 Mockup nose 6.74 ! 1:10 3:10
H2 1 Mockup nose 7.27 ; 2:40 >4:00
H, 5 Right front 7.13 f 1:45 3:10
Hy 1 Right front 7.66 | 2:10° >4:00
Hs 5 Right back 6.49 |  1:15 3:07
Hg 1 Right back 7.80 2.25 4:05
Test 2 ;
H, 10 Mockup nose 5.80 0:20 1:40
Hz 5 Mockup nose 7.07 0:05 0:40 |
Hs3 10 Right front 8.36 0:10 1:55
Hu 5 Right front 8.2% 0:10 1:20 '
He 10 Right back 8.20 0:05 0:35 i
|
He 5 Right back 8.24 0:15 1:25
N

aTime during which the Halon 1211 concentration was no less than 1 percent
(absolute) of the maximum value.

bTime during which the Halon 1211 concentration was greater than or equal
to 2 percent.

CConcentration dropped below 1 percent absolute from the maximum value for
one 10-second period during this time and then recovered.
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TABLE 34. SUMMARY OF CORRECTED PERCO CONCENTRATION DATA, TEST SERIES B.
Maximum Time at
concen- or above
tration, Hold time,? | 2 percent,b

Height, percent by minutes: minutes:
' Probe | feet Location volume seconds seconds
b Test 1
| ‘
He |5 Near mockup nose 7.06 1 1:05 3:00
Hz 1 jear mockuy nose 10.55 2:10 3:45
(] Hy 5 Right front 8.05 | 1:00 3:20
Hy | 1 Right front 9.87 | 2:20 3:35
Hy 5 Right back 7.97 l 1:10 3:30
He i | Right back 10.49 ! 2:05 3:30
. L ; | o
| } ‘
‘ Test 2
i
|
i i i
i 4 15 Near mockup nose 3.82 | 0:10 0:32
; Hz ; 1 Near mockup nose | 7.99 | C:15 0:45
Hy 5 Right front | 8.21 0:10 1:00
A 1| Rignt froa L 970 0:10 1:05
s 5| Rignt back L 4.23 0:20 0:50
. ‘ ] -
I Ho | i | Rigrni tack 5.31 0:10 0:40
i L 1 l L
3Time during which the Halon 1211 concentration was no less than 1
garcers {absolute) of the maximun value.
DTime auring which the Halon 1211 concentraticn was greater than or equal
to ¢ parcent,
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TABLE 35. SUMMARY OF CORRECTED PERCO CONCENTRATION DATA, TEST SERIES C.

Test 1
Max imum Time at
concen- or above
tration, Hold time,d | 2 percent,
Height, percent by minutes: minutes:
Probe feet Location volume seconds seconds
H, 10 Near mockup nose 3.63 1:15 1:50
. Ha 6 Near mockup nose 9.27 0:45 3:44
Hy 10 Right front 4.72 0:35 1:25
Hs 10 Right back 5.34 1:15 2:45
Hg 6 Right back 8.76 0:40 3:40

aTime during which the Halon 1211 concentration was no less than 1
percent (absolute) of the maximum value.

by ime during which the Halon 1211 concentration was greater than or
equal to 2 percent.

diffuses from parts of the flow having a higher concentration to parts having a
lower concentration, air is diffusing in the opposite direction. The flux for

diffusion of one gas into another is given by Fick's Taw,

J = D (dC/dr) (11)
L)
where D is the coefficient of diffusion and dC/dr is the concentration gradient
in the r direction. For a two-component system (air and Halon 1211), the over-
all coefficient depends on both components (Reference 10).
*
D = DIXI + 02X2 (12)
.1
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where X1 and X2 are the mole fractions of Components 1 and 2. The diffusion
coefficient and the mole fraction of Halon 1211 are much smaller than those

of air. Thus, to a good approximation, D = Dair‘ The diffusion coefficient

of air can be approximated from that of oxygen which is 0,178 cm?/second. The
concentration gradient within the pipe is not uniform, but it can be estimated
by inspection of Figures C-1 through C-15. At the exit of the pipe during the
rise period, concentrations of 1 percent by volune may be encountered in the
center of the pipe at the time that the bulk of the gas has a zero Halon 1211
concentration. This corresponds to a Halon 1211 concentration change of
greater than 1 percent over a distance of 0.24 centimeter (one-half the
diameter), or a gradient of about 4 percent/centimeter. The concentration
gradient is, of course, not constant with time. At the pipe entrance, it is
zero. A good average number to use at the start of a test is about 2 percent/
centimeter., Note that the concentration gradient for air is equal and opposite
in sign to that for Halon 12il,

The mass flux 1s civen by D (dC/dr) = (0.178 cm?/sec) x (2 percent/
centimeter) = 0.356 percent-centimeter/sec. During the 7.6-second calculated
bulk transit time, the concentration change per unit depth is 2.7 percent/
centimeter. To determine the actual concentration change, one must divide this
by the thickness of the layers., For a model consisting of two shells, the
Tayer thickness is 0.12 cm (one-fourth the diameter) giving a concentration
change of 22 percent. This concentration change is, of course, unattainable
since the concentrations never run this high. Moreover, this calculation does
not aiiow for a change in the concentration gradient as diffusion proceeds.
Nevertheless, it does indicate that for a worse-case scenario (the point at
whicn the concentrations are changing the fastest was selected to cbtain the
concentration gradient), large fluxes can aoccur. For concentration profiles
where the peak concentration is maintaired for same time (40 or 50 seconds),
the maximum concentration may be only affected slightly. On the other hand,
shaper concentration/time curves may be seriously affected. Though a number of
approximations were made in these calculations, it is obvious that diffusion
may affect the results substantially.
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A calculation of the effect of diffusion on the measured concentration
profile, as done for the flow correction, would be difficult and time-
consuning, To obtain some idea of the degree to which the Perco results re-
flect the actual concentrations, halon concentrations were measured, using grab
samples in addition to the Perco Gas Analyzers for Test Series C. The grab
samples were collected using evacuated steel bottles which could be cpened with
remotely activated solenoids following the halon discharge. Bottles of two
different sizes were used. The "A" bottles were 20-pound propane cylinders and
the "B" bottles were 500 cm3 stainless steel cylinders. For each of the two
tests in Series C, samples were collected in six "A" bottles and five "B"
bottles. The bottle locations are shown in Figure B-19. o

The concentrations were determined by gas chromatography employing an
HP-5880A gas chromatograph with a flame jonization detector and an HP-3350
laboratory automation system integrator. The capillary column had the follow- Py
ing characteristics: length 12.5 meters, ID 0.2 mm, film thickness 0.33 micron,
phase HP-1, cross-linked dimethylsilicone, phase ratio 150, retention index
1437.5, base/acid ratio 1.4, 4600 plates/meter, Hewlett Packard part number
19091-60312. The detection Timits and uncertainties in quantification of small Py
quantities were determined for isothermal chromatography at 30 °C with a 200:1
split ratio as follows.

Chromatographic peak intensity (integrated peak area, S) is proportional

®
to concentration (C) and injection volume (V). 1
S = KCV (13)
. . .
where K is a constant of prcportionality. Peak areas are determined from the 1
computerized output of the HP 5880A GC. The minimum peak integration area
measurable above noise is 0.05 (units of 1/8 microvolt-seconds) with an esti-
mated standard deviation of 0.02 (40 percent). With the instrument at its °
highest sensitivity (attentuation -4), an injection of 100 microliters of 1
methanol vapor at 24 ppm yields an area of 1.20. From this the minimum peak
area of 0.05 corresponds to a concentration of 1 ppm. The calculated uncer-
tainties for various concentrations of gaseous methanol and for selected °
gaseous hydrocarbon standards are shown in Table 36. ]
\
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TABLE 36. UNCERTAINTY IN QUANTIFICATION OF GASES.

Uncertainty, percent
Concentration, ppm Methanol Methane Ethane Propane/butanes

1 40. -——-- - ——--
2 20. 84, 40, 23.
4 - 43. 22, 11.

10 10. 14, 9 5.

25 1.3 10. 4 2.

50 | 0.6 6. 2 1.

100 0.4 1 0.6

- ]

In many cases, peaks which are too small to be detected by the HP 5880A
computer can still be detected visually. In this case the peak height (H) in

millimeters measur2d from the graphical output can be used. For small, sharp
peaks,

H=K'CV (14)

where K' is a proportionality constant, C is the sample concentration, and V
is the syringe volume. A 1 ppm solution of methanol in water gives peak
heights of 6 mm and 11 mm for injection vclumes of 0.2 and 0.5 microliters.
It is estimated that @ peak heiohkt of 3 mm could be detected. This indi-
cates that 0.5 ppm of methanol can be detected and quantified. The un-
certataty in quantification, however, is rather lage, For a peak of 3 mm,

th minimum peak height, the standard deviation above noise is estimated at
1 mm (30 percent error).

This work shows that gaseous hydrocarbons and methanol down to 1 ppm
zan oo agetected and quantified.
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St andards were prepared using 500 microliters of gaseous distilled Halon
1211, and the flame ionization detector response was determined as a function
of concentration for standards at 5 percent (3 separately prepared samples, 4
determinations total, average area 5.645 * 0.625 with units of 1/8 microvolt-
seconds), 10 percent (7 sanples, 1 determination on each, average area 10.24 +
0.66), and 15 percent (6 samples, 7 determinations total, average area 15.851 +
0.61). The oven temperature was maintained at 30 °C; the injector temperature
was 200 °C. The samples were run on three different days to determine instru-
ment stability. No variations resulting from drift were apparent. The
averages and average deviations are plotted in Figure 12. The data were fit
with a least-squares line to give an equation

C=(S-0.18)/1.047 (15)

for the concentration, C, as a function of peak area, S.

The chromatographic peak areas were determined for gases from the ygrab
sanples employing the same conditions as used for the standards. The concen-
trations were calculated fromn Equation (15). The results are reported in
Tables 37 and 38.
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TABLE 37. HALON 1211 GRAB SAMPLE CONCENTRATIONS, TEST SERIES C, TEST I.

! Sample ]Concentration,b !
i Time,d GC peak areas, percent by !
Bott]ei Location min:sec 1/8 uV/second volume
T T T
| |
‘ A, 15 feet, plane tail 0:30 [9.00,9.30 ‘ 8.57 + 0.14
A, |5 feet, right back 0:30 |10.37,9.06 [ 9.11 + 0.63 [
B, !5 feet, right back 1:00 [9.55,9.81 9.07 £ 0.12 !
. ! |
8, |5 feet, rignt back 2:00 |3.44,3.29 3.04 £ 0.07 |
| 1
A, |1 foot, right back 0:30 |12.28,12.97 11.89 = 0.33 |
i
A, (5 feet, right front 0:30 |11.09,11.48,11.63 10.72 + 0.20 |
. 35 feet, right front 1:00 |13.21,14.17 12.90 * 0.46
A, §5 feet, near plane nose | 0:30 |9.77,8.62,11.11,10.03 9.27 * 0.66
Gy {5 feet, near plane nose | 1:00 '10.66,10.79 : 10.07 = 0.06 |
| |
i B, '5 feet, near plane nose | 2:00 ---¢ -- :
| |
i Aud 1 foot, near plane nose| 0:30 |13.37,12.42,14.45 | 12.64 = 0.66
dTime from Halon 1211 dump.
bealculated from averaged peak area using the graph in Figure 12. The

jverage geviations are also given,

CSample unavailable for analysis.

YGC showed a large amount of other components present.
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TABLE 38. HALON 1211 GRAB SAMPLE CONCENTRATIONS, TEST SERIES C, TEST 2.

Sample Concentration,b
t ime, GC peak areas, percent by
Bottle Location min:sec 1/8 uV/second volume
C

Ae 5 feet, plane tail 0:02 6.50,6.70 6.13+0.10
Ay 10 feet, right back 0:02 0.40,0.36 0.19+0.02
B) 10 feet, right back 0:30 5.72,6.06 5.45+0.16
B, 10 feet, right back 2:00 1.67,1.46,1.76 1.38+0.11
A 6 foot, right back 0:02 3.74,3.83,3.87 3.47+0.05
Ag 10 feet, right front 0:02 3.20,2.61,3.03 2.64+0.21
Bs 10 feet, right front 0:30 11.64,10.32 10.32+0.63
A, 10 feet, near plane nose! 0:02 1.86,1.85 1.60+0.01
B3 10 feet, near plane nose| 0:30 9.47,9.75 9.01+0.13
B, 10 feet, near plane nose | 2:00 2.56,2.46 2.23+0.05
Ay 6 foot, near plane nose; 0:02 3.24,3.54,3.49 3.10+0.12

%Time from Halon 1211 dump .

BCalculated from averaged peak area using the graph in Figure 12. The
average deviations are also given.

“GC showed a large amount of other components present,




(S

Although there are few cases where a grab sample and the Perco results can
be directly compared, the large halon concentrations found in some samples
indicate that the Perco analyses may give concentrations which are too low.
This may be due, in part, to diffusion effects. The temperature data (Appendix
B) indicate that a temperature drop occurred upon discharge in Test 1, Series
C; however, the temperature decrease (to about 50 °F) would have caused only a
minor increase in concentration as determined by the grab samples. The correc-
tion factor, owing to gas density changes, would be about (460 + 50) °F/ (460 +
70) °F = 0.96, assuming that the chromatographic analyses were performed at
70 °F. Laboratory tests show that temperature changes caused by expansion of

. the sampled gas into the evacuated bottles are negligible.

The GC traces show the presence of peaks other than those due to Halon
1211. The retention times are similar for the non-Halon 1211 peaks in all of
the samples; however, the intensities vary widely. Samples Ay (1 foot, near
plane nose, Test 1, Series C) and A (5 feet, plane tail, Test 2, Series C)
show the largest amount of material other than Halon 1211. Similar peaks were
not observed for the Halon 1211 standard samples. The chromatogram for Sample
A,, Test 1, Series C, is shown in Figure 13.

Some of the additional peaks were identified by gas chromatography/mass
spectrometry (GC/MS) on an IBM instrument employing a l4-foot, 1/8-inch, stain-
less steel colunn packed with 10 percent SP 1000 on 100/120 Supelsupport. The
total ion current chromatogram and assignments for a typical sample, 0.5 mL of
gas from grab sanple Al, Test 1, Test Series C, are shown in Figure 14, The
splitter was turned off after the principal Halon 1211 peak in order to expand

the impurity peaks, and this change caused two Halon 1211 peaks to appear. The

peaks were identified from the instrument library with a tentative identifica- .1

tion of the alkane peak (from JP-4 fuel) as methylcyclohexane, Later work was

performed with a Finnigan Model 4600 GC/MS with computerized spectral matching

capabilities and a capillary column with the following characteristics:

length, 30 m; ID, 0.25 mm; film thickness, 0.25 micron; phase, SE-54 o

{"nonpolar"), 94 percent-dimethyl-5 percent-diphenyl-1 percent-vinyl-polysil-

oxane; J&W Scientific catalog number 112-5432. That work indicated that the

alkane was an alkyl-substituted cyclopropane, cyclobutane, or cyclopentane.

The identification of alkanes from GC/MS data is often difficult. ®
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Time in Minutes
Retention Time, Area Area,
Minutes 1/8 Microvolit/Sec Percent
0.66 12.42 38.748
0.77 5.42 16.896
0.82 8.08 25.223
1.07 2.35 7.345
1.15 1.09 3.406
1.26 1.52 4.745
1.46 0.55 1.721
2.02 0.25 0.793
2.40 0.36 1.122

Figure 13. Gas Chromatogram, Sample A4, Test 1, Series C.

136




Relative Intensity

40000

32000

24000

16000

8000

T

T

T T 1 T T T T T

1—Ha10n 1211

/

1

1

e 1 1 1 | 1 1 1

0 1.0

Figure 14.

2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0
Time (Minutes)

Total Ion Current Chromatogram for Sample Al, Test 1,
Series C.

137




SECTION VII
CONCLUSIONS AND RECOMMENDATIONS

A.  CONCLUSIONS

The HAS environment and operations have been defined and the potential
hazards are well understood. The challenge of developing an FPS for the HAS
has been great because the HAS is a semiopen environment having numerous
activities with potential for causing the FPS to false alarm. The HAS also
has numerous fire hazards including potential fuel spills, munitions, high
voltage electricity start carts, hydraulic carts, cartridge starts using black
powder, running jet engines, static electricity, human error and wartime
bombings.

To ensure fire extinguishment with minimal loss, the FPS system must be
able to detect and extinguish the fire in 15 seconds or less. Yet the FPS
must not respond tc false stimuli such as the aircraft engine afterburner,
electrical arc welding, acetylene welding, reflected sunlight, rifle fire,
vehicle exhaust, lightning, lighting, matches, cigarettes, radio, radar and
jamming transmissions, and radiant heaters. The research and testing con-
ducted shows these obstacles can be overcome and the design criteria met.

1. etection

The optical fire detector has proven to be the best choice for fast
fire detection without false alarms. A smart system that is microprocessor
controlled using voting is needed in conjunction with the multiple-
wavelength CFDs, to eliminate false alarming while maintaining fast response
time. The OFD test results showed that all of the OFDs were capable of
detecting 1 ft2 fires. For HAS application a 1 ft? fire is not large enough
to demand a system dump. Therefore the sensitivity of the system must be
adjusted and shown not to respond to this small a fire.

e Extinguishing Agent

Halon 1211 has been tested at full scale under fire and no-fire

conditions. It has a good throw distance, is effective in a semienclosed
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area, is clean, and will not damage aircraft components. The toxicity levels
are acceptable when an egress system is provided. Halon 1301 would present
higher costs, including costlier logistics, and the lower toxicity of the neat
agent would have to be tested for time to fire knockdown and the concentration
of decomposition products.

The HAS FPS tests demonstrated that the fire protection system described
in the Purchase Description is effective in extinguishing a severe HAS fire.
Test Series A, Test 2 dramatically demonstrated that early detection
(approximately 3 seconds) is critical. In this test, temperatures exceeding
1900 “F were reached when the extinguishing agent was dumped manually.

3. Suppression System

Three types of suppression systems were considered for the HAS:
manifold, modified manifold, and modular. The modular system offers the
highest degree of reliability and the most flexibility for the suppression
system in a HAS. Failure of a single valve would have comparatively minimal
impact on a modular system. The same failure would disable or reduce the
effectiveness of a manifold system. Also, a substantial leak in a single
agent tank would not necessarily compromise the extinguishing capability of
the entire system. A singular style modular system can be installed into any
one of the three sizes of shelters now being used, or any smaller sizes of
shelters or hangars that may be designed in the future without significant
hardware alterations or additions to inventory stocks. Finally, a modular
system can be configured in such a way that the HAS can be divided into zones
which are activated independently of each other.

4. System Performance
The control electronics play a critical role in ensuring high
reliability and maintainability. High quality components should be used along
with Military Standard Probability analyses to ensure high reliability.
Redundant parts may be warranted. Automatic checking of the system and
components should be incorporated into the HAS FPS. Automatic and remote
notification of system and component status should be incorporated. A

scheduled inspection and maintenance program for the OFDs and other components
should be strictly applied.

139




Y

'

=

5. System Design

The HAS FPS has been designed and tested to the conceptual proto-
type level. The next step is to design for developmental testing and evalu-
ation. A1l concepts have been proven functionally and are state of the art.
Subsystems and techniques requiring additional development are mounting
techniques, control box functions and reliabilities, escape system, detector
adjustments, inspection and maintenance requirements, fuel securing analy-
sis, nacelle suppression adaptability, wind factor effects, status self-
diagnostics, and remote notification.

B.  RECOMMENDATIONS

1. Environmental and EMI Testing
It is recommended that all subsystems of the FPS pass the applic-
able environmental tests of MIL-STD-810 as delineated in Appendix H, "HAS
FPS Purchase Description." Furthermore, it is recommended that the FPS pass
the applicable EMI tests of MIL-STD-461 and 462. The contractor should
perform these tests at a qualified envirommental/EMI test laboratory.

2. OFD Testing in Operational Environment

A major concern with the use of optical fire detectors is their
inherent potential to false alarm. Even though every effort has been made
to define the false alarm sources in a HAS, the possibility exists that one
or more sources could not be sufficiently tested to represent the actual
operational environment. A viable suggestion to avoid any oversight would
be to install OFDs in operational shelters. This type of testing would
remove the difficulties of simulating a HAS environment. The detectors
could be installed ir operational shelters. Fach detector would be moni-
tored by a data acquisition system that would recard any "event."
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3. Single Contractor
It is further recommended that a single contractor be made respon-

sible for all aspects of the system. This would include not only the system
desigh, but also the system installation and the system maintenance. The
reliability and the level of confidence in the fire protection systems perfor-
mance will be increased with a single contractor, total system approach.
By selecting a system contractor for the HAS fire protection system program,
the USAF will eliminate the need to integrate the fire protection system,
oversee routine installation, maintain and service the fire protection
systems, prepare integrated logistics documentation, and administer a number

- of contracts (instead of one). However, the USAF must ensure that more than
one contractor in industry can provide such capabilities,

Another major reason for the USAF to acquire the HAS FPS as a total
system is that the contractor has an inherent responsibility to assure that
the FPS reliability to suppress fires, as well as not to false dump, remains

.at a high level. To maintain this reliability, service and maintenance must
be supplied by an organization that understands the entire system, and
continues to provide continuity of components and spare parts over the life-
time of the system, worldwide,

The system contractor, therefore, should qualify the FPS as a system
and perform all associated program functions including integration, delivery,

installation and certification of hardware. The system contractor should
provide continuing maintenance of all installed systems to maintain
reliability and availability of the FPS.

4, First Article Testing .

It is recommended that First Article FPSs be installed in three HAS
configurations housing different aircraft (e.qg., F-4, F-111, F-15, F-16, and
A-10). Consideration should be given to the location of the HAS and the
influencing environmental conditions. For example, HASs which face directly ®
onto the runway should be chosen to test the effect of aircraft outside the

HAS. Shelters subject to high humidity or salt fog should be chosen as well.
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Also, shelters subjected to the conditions described in Section II, "HAS
Environment, General Description," including insect infestations, should be
included.

The First Article testing should last 180 days. The halon extin-
guishing system need not to be activated, provided a method of recording false
alarms with notification is installed. The major ccncern of the testing is to
determine if the fire detectors are alarming in response to false stimuli.
Continuous periodic inspection and evaluation should be conducted during the
test period. Complete FPS evaluations should be conducted during these
inspections, including fire detector self-test and inspection, system
mechanical integrity, halon leakage, control electronics, back-up power,
various alarms, safety devices, and sensors. Interviews with HAS operations
personnel should be conducted to determine if the FPS in any way impedes the
continually changing HAS day-to-day or ICT operations, e.g., multiple air-
craft, pantographs, ventilation, and other storage functions.

Two areas of special testing should also be conducted during the
developmental testing. The response of the fire detectors to the IR jamming
device of the European-based F-111s should be evaluated. If modifications to
the FPS are made to prevent responding to the IR jamming device, these modi-
fications should be thoroughly tested and evaluated. The second area of
special testing is during engine startup and operation. Vibration and perfor-
mance response of the fire detectors and electronics should be evaluated under
operational conditions. The response of the fire detectors to the heat and
flame produced at startup should be evaluated with each of the five types of
aircraft. Again, any modifications made to the FPS must be thoroughly
evaluated and tested as well as installed in all First Article systems.
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APPENDIX A

HARDENED AIRCRAFT SHELTER
FIRE PROTECTION SYSTEM

TEST PLAN

NOTE: The material in this Appendix is
published in its original format,
with no substantial text editing
or changes.
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HAKDENED AIRCRAFT SHELTER FIRE DETECTIUN/SUPPRESSION
TEST PLAN

section I - Introduction

1.1 Objective - The opjective of the test is to develop a Fire
Detection/Suppression System tor hardened aircratt shelters which
will detect and suppress any anticipated ftire within 30 seconds.

1.2 backyround - several hundred hardened aircratt shelters 1in
the Air Force inventory are used to store millions of aollars in
hardware. None of these shelters possesses an 1ntegrated fire
protection (detection/suppression) system, A research project
nas been under study by the University of New Mexico Engineering
Research Institute (NMERI) to analyze commercially available
systems and adapt them tor use 1in hardenea shelters., A series of
scale tests of aitferent aetection systems have been conducted at
NHbkI's laboratories. These tests inaicate that detection can be
accomplished within the time constraints of the shelter
potential.

1.3 Scope - The Hardened Aircraft shelter (HAS) ftire protection
system test will be conducted in three full-scale series, Etach
series will consist of two major fires and several small ones,
L, 4 ang 9 rLoot pan fires, 1Ine specliilc numper OL pan L[lres
will be aetermined by the need of each of three testea fire
protection systems. It is not envisioned that more than four 1
and 4 syuare foot pan fires will be necessary for each test
series, with one 9 syuare foot pan tire in each series, The
major tires will be a 150 gallon horizontal and a 125 gallon
vertical (internal) fire, All of the test series will be
congucted inside a 2/3 scale hardened aircraft shelter,
containing a mock-up of a fighter aircratt., The results of all
tests will be recorded with various instruments,
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section Il =~ Participating Organizations

2.1

Air Force Engineering and Services Center

Project Ofticer - Mr. Dick Vickers
Instrumentation - SMSgt Hollopeter
Engineering Support - MSgt Lavigne
Meteorology - Capt Messina

Public Aftairs - Ma] Heabery

US Army Engineer Waterways Experiment Station

Photoygraphy - Mr. Charles Ray

325 Combat Support Grouy

Security - MSyt Cunningham
Base Ops - MSyt watkins
Fire Dept - Mr. Stokes

Alr Defense Wweapons Center

Ground safety =~ Mr. Parsons

Det 5/39 ARRW (If Required)

Helicopter Support - Maj. Griftin

2021st Communications Sg

ATC -~ Capt Bruington

University of lNew Mexico Engineering Research Institute

{NMERI)

Principal Investigator - Mr, Ed Schaub/Dr.
Mr, John Centrone

Construction - Mr, Bill Dees
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section I1l - Description of Tests

3.1 Test Specimens - A single line drawing of the

second~yeneration shelter is shown in Figure 1. The shelter is
constructed of standara materials, i.e., corruygyated steel,
semicircular arches covered over with concrete, The floor is
concrete with a one inch slope. A 6 inch concrete dam will be
constructed around the perimeter of the shelter floor to prevent
any splllage of fuel to the surrounding ygyround. The interior of
the shelter will be lighted with ten 1500-watt lamps. The front
tace of the shelter is skinned with light-gauye corruyated metal.
Two larygye hinged aoors have been installed in place of the
standara slidinyg harcened shelter doors. This mocification will
not attect the test results as the larye tire tests will be
conducted with the doors open,

3.¢ Material ana structural Properties - Halon 1211 wil. e nne
suppression ayent used on all tires. The detection units will
ut1lize Intrared ana Ultraviolet trequency band. JP-4 will be the
fuel ror all tires, kach tire will be ignitea electrically.

3.3 Instrumentation and Photoyraphy - Each test will includge aata
on temperature, pressure, velocity, and ygas concentration. The
data taken w1ll be zeroea to the moment the electric signal 1s
sent tor tire ingition. Tne photo coveraye will be both semi-
nigyh-speea and normal-speed VLK, The photoyraphy will bhe
synchronlzea with the other data collection.

Sti1ll photoyraphy will be required in the form of color
slidgdes and black and white negatives to document tihe pretest setup
ang posttest camaye to the structure.

3.4 Test Preparation - The yeneral arrangement of a typical test
1s shown 1n Figure 1. Prior to each test series (3 each), the
structural component of HAS facility will be checked and necessary
vrepalrs made to suport each tested fire protection system,
Preparation for the inaividual test series will proceed as

tol lows:

1, ‘“ontractor—-installed tire protection system.

<, Install pressure gyages, ac-el2romet=rs, thermocouple
yayes, anad cables, Hook up yayes andg test for
functioning.

3. Position and protect cameras.

4. Take pretest still photographs,

5, Position fuel supply line for appropriate test.

6. bvacuate nonessential personnel to inside Third-
Generation shelter.
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7. Conduct final check of cameras and instrumentation.
8. Conduct countdown and ignite fuel.

9. Activate manual release of HALON if automatic release
does not function,

3.6 Posttest Procedures - Immeaiately following edch test
eveut, the folilowing actions shall Le taken:

1. Take still plhotographs of adamage in an unaisturbed
sltuation,.

2. Drain and wash down all unburnt JP-4.
3. Remove cameras ana proces 3 video immealately.

4., Check instrumentation reaaings.
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Section IV -~ Location and Site Description

4.1 Location - Tyndall AFB is located on the Gulf Coast of
Florida, about 10 miles southeast of Panama City, on US Highway
98. The location of the test area for the Tyndall AFB Test Pro-
gram is within approximately 20 acres of remote, little-used lang
in the SE portion of Tyndall Air Force Base FL (see Figures 2 ana
3y . It is approximately 7 miles from Tyndall main base, 3.6
miles from Mexico Beach (population 600) and 2.4 miles across
East Bay trom Allanton (population 400) in a 50-square-mile
area).

4.2 Site GeolLogy - The soil is characteristic of the coastal

lowlands of Western Florida where fine gray beach sanas are un-
derlaid at variable depths by the Atronelle Formation, This

material 1s very permeabie ana free-araining. The subgraae 135 4 ®
poorty gradea sanda and tie water table wusually occurs 2-5 foot

beiow the surface,

The water table in the area varies witl the season and may
be anywhere from 4 feet to just below the ground surface. Sur-
face drainage is normally in a southward direction into a swanpy ®
area south and east of the shelter test site, The only surface
water in the immediate area is5 from two small borrow pits re-
sulting from construction of the bomb damage repalr runway some
veare aagn anAa seasnnal surface water in the cswanuy area sontheast

of the test site.,
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Figure A-3. Test Location Plan.

3
.1
®

1
157 o




Section V - Schedule of Events

ESTIMATED

STARL ..

01 Feb
01 Fel
25 Mar
01 Apr
11 Apr
15 Apr
01 Apr
N1 May
13 Mavy
22 May
25 May
N1 May
15 Jun
22 Jun
08 Jul
11 Juit
22 Jun

85

85

85

85

85

85

85

85

85

85

85

85

85

85

85

85

85

ESTIMATED

01

30

30

C5

19

12

10

17

24

3

24

21

28

10

17

10

30

30

Mar

Mar

Mar

Apr

Apr

Apr

Apr

May

Mav

May

May

May

Jun

Jul

Jul

Jul

Aug

Sep

SOMPLETION

85

85

85

85

85

85

85

85

85

85

85

85

85

85

85

85

35

85

85

DESCRIPTIUN

Develop test plan, coordinate contractor-
installed fire protection system.

Pre=pare test slte/install instrumentaticn,
Company A install fire protection system.

Company A conduct small pan fires 1, 4,
and 9 square feet.

Company A conduct large vertical and
liorirzontal fires,

Company A remove fire protection systen.,

NMERI collect pressure, temperature acceler-
ation, and gas concentration.,

Company B install system.
Comrwany B small fires.
Company B large fires.

Company B remove system,

NMERI collect data.

Company C install system.

Company C small fires.

Company C large fires,

‘1
Comganz C remove system.
NMERI collect data
Complete preliminary analysts of test °
results., 1
Publish result of tests and develop a
generic specification for HAS fire detection
Supjpression system,

@
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Section VI ~ Test Organization

6.1 Operations - The field operations organization is shown in
Figure 4. Minor field modifications which affect any aspect of
this project will be coordinated and approved Ly the Test Direc-
tor.

6.2 Responsibilities - The overall responsibility for the
entire test program rests with the Test Director. In adaiticr,
he will be responsible for performance of the test event's
countdown coordination and procedures, ana any extraordinary
satety and security precautions during large-fire test aays. The
Test Director will delegate his authority where necessary.,
Specitic responsibilities relative to safety, security,
communication, instrumentation, photo, engineering suplort,
weather, and community relations are contained in the appendices,
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sMoyt Hol lopeter

Test Organization

Project Ofticer
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Mr. Vickers

Tech sup - Mr. John Centrone/

Ed schaub

weather - Capt Messina

Public Aftairs - Maj Heabery

Ground Safety - Mr, Parsons

Helicopter Support - Maj Gritfin

Mr, Grimm
Engineering
rhoto support
Mr. Charles Ray MSyt Lavigne

Figure A-4. Test Organization.
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 ATTACHMENT A

COUNTDOWN SEQUENCE OF EVENTS

1. PURPOSE: The purpose of this plan 1s to aevelop a realistic
countdown sequence of events to provide positive control of all
activities invoived 1n the ignition of large horizontal ana
vertical fires during the test program. The specific objective of
tnuls wplan 1s to ensure maximum protection of persounei ana
personal property.

2. PROCEDURES AND RESPONSIBILITIES: To minimize 1nterference
withh the flying schedule, large fires wiil be planned for 1200
local on the morning aeslgnated as the test aay. The events sliown
will be adhereda to Ly the OPR during the times 1indicated. T-nhour
will represent 1200 local time on the scheduled fire burn aay.
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ATTACHMENT B
COMMUNICATIONS PLAN
1. PURPOSE: The purpose of this plan is to develop a suitable
communications network for tihe test, The specific objective of

this plan is to provide the following:

a. Reliable communications between thie test site ana Tynaall
3ir “Torce Base, Florida.

b. Test site communications during construction.
T Dependable communications on ignition day(s).
2 PROCEDURES AND RESPONSIRBILITIES: Two~way radlos wilii. Le the

FpYr.tary metnoa of communicatlon on thue day!{3) ignition 1s
scheauiad.,

b Two-way raaios will be utilized on the test day to trans-
r.it all communications between the test site and all 1nvolved
dgencies., The following areas will be assigned hand radios: (See
Figure 3 for location).

Test Director
Checkpoint Alpha
Checkpoint Bravo

Ins trument Van

C. The events shown will be adhered to by the OPR dauring the
times 1ndicated. T-hour will represent 1200 local time on the
scheaquled fire burn day.
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ATTACHMENT C

SECURITY PLAN

1. PURPOSE: Assure positive control of personnel, eguilLment, and
velilcies arriving, leaving, and existing within the test area, ana
the safeguaraing against theft and sabotage of government-owned
equipment and materials.

2. PROCEDURES:

a. Control of personnel entering and leaving the test
area - An access [ist of ali personnel will be provided to the
security chief aquring the countdown segquence and fuel
1nstal.ation, This list will be updateda as requireqa. Names of
tli 1 ersonnel entering the site willi be checked against thue acress
LL-% to net=22rmlne admittancs approvad. Perzonas whose nanz Y4

Lot 05 ti.e access (1St wlil we aenled aamittance to the tesht area

uni=sn3 accompanied Ly cr vouched, for by tie Test Director or his
des lLJnatedq representative,

s General security - At the end of eacnh day, aili traiiers,
tuci sheas, ana equipment shali be lockea to preclude theft or
tampering, There will be no classified material onsite,

2 PLLPANCTRTLITTES -

a e The 325 SPS/SPO shall conduct perirodic ~hecks of the test
3lte area throughout the entire test series, The test <1 te will
L= restricted to authorized personnel immediately before and
atter test fuel burn. At the time of fuel burn, Highway 98
turouugte Tynadali AFB will not be ciosed to traffic.

L. All personnel are responsible for safequarding and
protecting of their inalvidual property and the government
jroperty entrusted to them All personnel shalli report to the
Te-t oirector (or his representative) any security infraction,
viosation, and/or theft brought to his attention.

T The Test Director or hLis cesrgnated representative 1s
responsitle for reporting, 1nvestigating, evaluating, vecording,

1a L hmltning such repcrts as are appropriate on all security
tatrect.oa2ne, vioiations, or t.efts, Ail sucl actilvity wiii ve
Tause Ly Zoordinated and accomplished 1n compuete cooperation witl,

e cihld . A mlil tary ltlaw enforcement agencl »s .,
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ATTACHMENT D
h SAFETY PLAN

1. PURPOSE. This safety plan establishes the safety areas for
the shelter testing site and all realated functions tlereto, to Le
conaucted at Tyndall Air Force Base, Florida, and identifies tiLe
agency responsible for each of these areas. All references to tihe
test throughout this safety plan will pertain to the t=sts to wa
congucted at Tyndall Alr Force Rase, Florida. The aetaijea safacy
rules which are applicakble to this project are gocumentedq herein.
Before any flre testing can be conducted at Tynaalil Air Force
Base, FiLorida, the Base Fire Chiet must be notified ana Lis
approval received., The following safety documents are appiicalb e
to thls test:

AFOSH Standaras
AFR 127-4

2. OVERALL SAFETY RESPONSIBILITV. AFESC /RDCS as Test Director .S
responsible tor enforcing the overali safety prograw for the test,
The Base Fire Chief or his designated representa*tive 1s the safety
ofticer during all actua. fire burns . The Test Director 1s the
safety officer for all other events at the test sit=, The T=zsz %
Dir=ctor will malntain close cooraination with the AlLr Defense

Woapuns Cenlet gLound Sdizly Uliilel U oali sali®ly uacigis.

3. SAFETY AREAS. The satety regquirements of the test Lave Laan
di1videa 1nto three separate and aistinct areas to tacilitate the
es tablishment of specific requirements for the different areas of
operation. The three areas of safety regquirements are diviaed
1nto three areas as follows:

a. General Safety.
L. Construction Safety,
C Fire Safety.

4. GENERAL SAFETY. The responsibility for general site safety
resides with AFESC. The authority to execute specific afety
directives 15 delegated to the Test Director. The Pubi1~ affair,
Dttice (AFESC/PA) 135 responsible for notiticafticr and Lubil-
c21z1ing the test (when appilica' ie).

a. Safety Briefing. The
personnel ana/or supervisors of
s
e

Test Director wiil vrief ajil AFEsSC
constructilion craws on the sufety
tiwzards existing within the ¢ L os1te, fuipervisacrs wili, 1t o tur-,

brief their jpersonnel on thes hazaras.,
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b. Visitors. Visitors shall not be allowed at tne test site
without approval of the Test Director or his authorized delegate,

Visitors shall be instructeu on applicable area satety regula-
tions.

c. Individual safety Responsibility. Careful attention to
the hazards on a construction site and the potential hazards
involved in work dealing with fire must be stressed in all levels
of responsibility. The purpose of the satety rules outlined herein
15 to present the most 1mportant elements in settiny controal lea
rires and construction, These rules do not cover all tne possible
hazaras or satety precautions necessaty at the slite, As new
oroblems arise, new safety measures will be established to cope
with them. In the interim, common sense must be applied to ensure
tnat satety prevails., This entire Safety Plan must be closely
fol lowed by all personnel and enforced by all supervisors. The
sroceaures contailneg herein shall pe acceptea as minimum stanaaras
4ntit 5uch time as the Test Director, with the concurrence of tae
sdase rire Chiet, authorizes deviation therefrom.

d., Vehicles., Speeds shall not exceed 20 mph when driving on
unpaved roads. beat belts will be used at all times while
vehicles are in motion. Speed within the construction area of the
test site shall not exceed 5 mph. When a vehicle is parked, the
handi brake will be set ana the transmission put in park or
reverse., '

e. Accident Reporting (Emergency):

(1) Scope. This standard procedure is intended as a
Julide to ensure expedient handling and care of personnel injured in
an accident or disaster. All "post-emergency" reporting and
investiyation of an accident will be performed in accordance with
application Air Force reguliations and is not considered to be
within the scope of this standard procedure.

(2) Responsibility. &Every person involved in this
program must be completely familiar with the emergency reporting
procedures established by this plan and must implement these
procedures immediately in the event of an accident. The Test
DCirector must familiarize all supervisors with this standard
procedure. The supervisor must familiarize subordinate personnel
with tne procedures established by this plan.

(3) Emerygencv Reporting Procedures. In the event of an
acciagent at the shelter test site, the followiny procedures will
pe rtol lowed:
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(a) The senior supervisor at the scene of an acci-
dent will direct appropriate first aid. Caution will be exercised
to prevent ayyravation of an accident-related injury.

(b) Tyndall AFB Hospital Ambulance Service will be
immediately notified by calling Extension 2333, The nature of the
accident, including apparent condition of injured personnel anc
the location of the test site, will be reported to the medical
pversonnel, The Test Director or, 1n his absence, the 35enior
Supervisor, shall determine whether to attempt transier of tie in-
jured to a hospital or to request emeryency ambulance support.

(c) The Test Director or, in his absence, the
Senlcr Supervisor, shal. determine the seriousness of an accident,
If the accident 1is not serious enough to require emergency
hospitalization or ambulance service, the injured person will be
taken to a aoctor or hospital by normal means of transportation,

£. First Aid. An adequate supply of first-ald i1tems w~iil ne
maintalned at the site, These items will be properly stored and
periodically inspected to ensure their adequacy in case of an
emergency.

g. Snakes. Personnel will be on the alert at all times for
rattlesnakes on the test site, Particular caution will he used
when moving stacks of construction material.

S. CONSTRUCTIUN SAFETY, Refueliny of eguipment will be «one at
the fuel storaye area. Eguipment shall be groundea auring re-
fueling. No smoking will be permitted in the fuel storage area
and proper siygns shall be erected to remind approaching persons of
the danyer.

a. Heavy Equipment Operation. Heavy equipment operators
will exercise extreme care in operating their equipment to ensure
their safety and that of personnel working within the con-
struction area. No repair or adjustment shall be attempted while
the equipment 1S running or in motion,

b. Fire Prevention Reporting and Emeryency Procedures.
This parayraph defines the responsibility for fire prevention and
reporting procedures related to the test,

(1) Responsibility. The Test Director will be
responsible for the implementation of the procedures establishe
by this plan., All onsite personnel must be completely tamiliar
with these procedures to ensure proper response to an emergency.

(2) Fire Prevention Procedures., The procedures listed
below are to be followed in an effort to reduce chances of an
uncontrolled fire,
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(a) One fire truck will be on standby near the test
shelter,

(b) The Test Director shall instruct all personnel
on the procedures to follow in case of fire, and the location and
use of available fire extinguishers.

(c) All engines shall be shut down with ignition
off, before and during refueling., Care must be exercised to ensure
tiuat the equipment 1is not so hot as to ignite fuel if it should Le
5311 1led during the refueling operation. Rubbish, waste, and
1aqus trial residue will be placed in metal drums, and removed from
the site when or prior to the time drums are full,

{d) Good housekeeping is essential to fire preven-
tion, Oil-socaked, greasy, ana paint-socaked rags will be deposited
1n the same cans. All cans will be equipprea with tight-fitting or
s2 1 =C40s1ng lids.

{3) Filling Halon Cylinders. The procedures to be
followed in tlhe handling and charging of test Halon cylinders are:

{a) Two personnel will be present during all Halon
trans fer operations.

(L) The transfer process will occur at Base Fire
HTdLLlON HNumuer uvne.,.

() Only three each of 1500-pound Halon sugpply
cylinders will be moved to Fire Station One at a time, The empty
cyiinders will be turned in to Base Supply.

(4d) Movement of the filled (transferred Halon)
cviinders will be conducted in accordance with esablished safety
procedures and regulations., These cylinders will be stored in the
Tl.ird Generation shelter unless off-loaded and placed in position
1n the test HAS.,
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ATTACHMENT E

ENGINEERING SUPPORT PLAN

1« PURPOSE: This plan aefines proceaures anada responsibilities
for providing engineering support tor this test program.

2. PROCEDURES: The descriptions of the test specimens, test
preparation, ana posttest procedures are contalnad 1n 3ectio!.
III. Thhe engineering support section is involved air=actiy or
tuaivecuiiy 1n most or this effort,

3. RESPONSIBILITIES: The engineering support section, in
conjunction with construction personnel, wild:

a . Move ana install mock-up aircraft from fir=e p12 rs me
Haraenea Arrcraft Sheltzr (HAS).

b Install fuel storage ana transfer system

Ve

Co Cons truct curbing, doors, and drain caps in HAS.

a. Install instrumentation cable duct from test to Thira-
Generation Shelter.

Proviane electrical surprwort, inc.uding lighting for
inside the HAS.

)

f. Provide equipment support, as necessary.

ge Collection of test qata: pressure, temperature,
acceleration and gas concentration.,

1. Miscel laneous items as the needa arises.

Ve
-~
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ATTACHMENT

INS TRUMENTATION PLAN

1. PURPOSE: Thilis plan aescribes the procedures and
responsibilities for instrumentation ana data collection for this
test program.

2 PrUCEDUPES: Fcr each of tie tests, over-gpressur=,

'I acceleration, temperature, ana gas concentration be will ¢oilecte:
1n the HAS structure, The instrumentation layout, gage
gescriptions, and locations are furnishlea separately.

3. RESPONSIBILITIES:

.. a . The 1ns
TiC

1 AC il s

t4
Q
-
t
t¢
-
ja)
Wt
e
A
v

trumen*ition section 1S responsilile

N
noLYoCcess, 1n<iudaing:
(1) Recoraing

(2) Digirtization

@
(3) Quality assessment
(4) Initial plotting
. (5) Corrections

(6) Anal-sls of resuits

L. AFESC will vrovide and/or install

(1) The gages and cable which will be proviaea Ly the New
Yexico Engineering Research Instltute (NMERI).

(2) Personnel supuvort for system setup and operation,
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ATTACHMENT 6

PHOTOGRAPHIC SUPPORT PLAN

1. PURPOSE: Both still and motion pictures are needed to provide
aocumentary records of the test. Such recoras include coverajge ot
the undisturbed site, construction and progress, and cther arcas
of yeneral interest, Also required is technical data photography
showlny results of the test events. This plan provides procednites
and responsibilities for the photoyraphic support needec for the
Haraenea Aircraft Shelter (HAS) Detecticn/ Suppression,.

2. PRUOCEDURES:

a. Cameras will be located in the northwest and southrast
cotners c¢f the HAS, They will be mounted approximately 2U
r2-.2 Nigh, Camerz locations for each of ©ie eveats sPal.
gqucumentea 1n the results of each test serices.,

b. Cameras 1in the test structure will recorc tne gyenerateaq
environment, Camera speeds will be real time for VCks and 20U
frames/sec ror lo mm. Protection for these cameras will be the
responsibility of the supplier. The cameras will be installed so
that they may be remotely operated from Third Generation Shelt=r,

~. The Test Director will edit all motion coverzue. All
ti1lm ana prints must be labeled, Date, time, location, anc event
number or subject title must be included in at least one view oOf
each scene or item, Photo records of site operations and
construction will be maintained by the Test Director.

3. RESPONSIBILITIES:

a., AFESC will furnish and install (as required):
{l1) Photo Plattorms.
(2) Power tor cameras and lignting.

(3) Power cable.

(4) Technical still [ .otoyrapny during construct ion,
b. Wks will provide:

(l) Cameras, film and timing Lenerators, control cable,
any lighting 1n addition to installed shelter lighting.

(2) Switch closure (relays) with desired timing tor
cameras start.
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{3) Photographers to set up, take gown, ana care tor
cameras and tiim.

(4) Technical still rhotography before ana after each
tes t,

(5) Processing, printing, ana editing of tilm.

() Systemn check out aina operation before each test
series,

e AFESC ana WES will work closeéely together to provide the
roatowliny for briefings ana reports:

(1) Eaited rcompllation of frilm from each test,
(2l As=Lullt tata [0 ail ..ot DU EL 10
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ATTACHMENT H

ME TEOROLOGICAL SUPPORT PLAN

1. PURPOS E: This plan describes procedqures and responsiblilties
tor the meterological suprort needea for the Haraenea Arrcraft
Sheiter Fire Detection/Suppression Test, Cooraination of severe
weather forecasts and ciimatological changes 1s requireda to Assur =
uniformity of test series,

2. PROCEDURES:

T

a. AFESC/WE personnel, through Engineering Swujport, wiil L
11rect contact with the Test Director Jauring each test series t.

provide "standaird"” weather ana forecasts. Forecasts and,y,or obseruve:

~weather will be provided to the test director at T-4:109 on each

sarys ftire test agay. Point weather warning (Ior > ra~.iorn 2a7 540,07
Ncrth latitude, 859Y28'35" wWes i iongitu e of thaunae L ors
nm will be provided to the Test Director wlith a winlmun oL 3

minutes lead time, The means of transmission wil. e wy _hocr- .
Engineering Support (2914) then raalo contact to tie test slt2,

3. RESPONSIBILITIES:

d e The Test Diraector wlll provide L7DsSC/WE w1t Wil to=Tac
test event scheaules, ana provide the CommuniTaticons L1k w12 tie
Tes T LOLAQUCTOr O €aCh larye L(ile tes L Jdass

b AFESC/WE wWilll proviae/arrange fcCr CilmatsiioglTal ~Ta1les,

weather advisorles and operational weather.
Ce. NMERI will operate a limitea weather station near the test

silte, Data such as wind speed, wet-ana dry-wulb temperature wi..
coy lected,
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Copy available to DTIC does n‘
pacmit fully legible reproducth®

ATTACHMENT 1

COMMUNITY RELATISNS PLAN

1. PURPOSE: This plan describes the actiun, needed Lo provide
unclassified 1nformation on the Hardenea Alrcraft Sheltar Fire
Tes t to residents and cfficlals of nearby comaunities ana to tona
f{1ade new medla representat.ves. The 1mpact f adaiticnal
rersonnel 1unvolved with the Tynaall AFE Test Program on ftle
CCmiiuNG Ties near the test area ody arcuse (dlterest ana pasS<ilgy
Ome MLSJLVINgS. Thereftore, onRlYy 1NICKrmALlOofn WwWhldl agquares ses
these L uncerns Sacula Le released. Whe:e pLossible, ocury aece,sar
test Informatlion shoula be provigea bona flae news nedl.ae.

3

[ty

1§%}

. PROCEDURES:

1. W23 Teaia r-pL 720 TLallveas wil | 52 ol o2wer S L :
[V S e L2 U et 2R E i es T s T m s L t S Ll Z
FI QN - Y

e The use ¢©f nongovernment alr~ratn for news meala Cver-
rge of t.e test event wiliil not Le ailowea, The test sS1te 13 wlt..-

LI wovernmeant-res tricteq 4dlrspace.

T 1f nractical, ~oordtnation of test scheanles wit!lo tle
te, ol cormmunity wil. wpe efte_tea bLefosre each even<t, Informatromn
.- A [l e ~ o L‘Q 3> _1.;3: o4 R N e

v v oe d PR AR WL ) v
LYoy

{

P N

el
GY L brierlngs, tLersonal conitac s, AanQ news releasse: tu Lag locald

N Teal .

‘. RESrONSIBILITIES

Fs News .eicages ana community relfations visits 1n connec-
ti1ui Wity rhe Test Program wlli be the res_,onsiulilty ot

AFE 5 FAL

[ AFLSC wili co0rdliate releas-s to [ocal media HSr medala
Ylwloos o relanang to talos project tth ADWNC /P AL N
4
.1
J
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APPENDIX 8

HARDENED AIRCRAFT SHELTER FIRE PROTECTION SYSTEM
TEST RESULTS

Three fire protection systems from three manufacturers were tested at the
Air Force Engineering and Services Center test site at Tyndall AFB, Panama
City, Florida. The three system tests were designated Series A, Series B, and
Series C. The test results and data are found in Sections !, II, and IIIl of

this appendix.

Instrumentation layouts for Series A, B and C are found in Figures B-1,
and B-4 and B-19, respectively. The remaining Figures (through B-23) are
time-temperature profiles of the individual tests.

NOTE: The material in this Appendix is
published in its original format,
with no substantial text editing
or changes.
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29" e 24" - 23" .

Notes: (1) T = thermocouple, P = pressure gage, and
H = Perco halon gas concentration probe inlet.

(2) Numbers in parentheses are elevations above floor.

(3) See halon concentration tables for 5C clevations.

Figqure B-1. Instrumentation Series A, Tests 1 and 2.
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75

T

15

4_ T11(5"), Tyo(12'), Ty53(19") 5» Hes
T8(26')8
T9(5'), @
© Tyo(12") T,(19") ©
37! Té(lz')‘
To (5")
Ti(5"),
T2(12"),
> — — Ora,
T,(26") Hl‘ ®H3’
H,, H,,
P1(26') /P2(26')
29" »

e 4 L
e (f§<:) e

— 0 —

82!

thermocouple, P = pressure gage, and
Perco halon gas concentration prabe inlet.

Numbers in parentheses are elevations ubove floor.

See halon concentration tables for GC elevations.

Notes: (1y 7
H
(2)
(3)
Figure B-4.
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Instrumentation Series B, Tests 1 and 2.
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thermocouple, P = pressure gage, and

Notes: 1) T
H = Percc halon gas concentration probe inlet.

i} 1}

(2) Numbers in parentheses are elevations above floor.

(S)

“ee halon concentration tables for GC elevations.

4) A = 20-pound propane tank grab samples and B = %00 cc 1
cylinder grab samples.

Trgure £ 19,0 Instrumentation Series C, Tests 1 and 2.
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AALON CONCINTRATION 74

NGTE: The material In this A mendis
vipiished oo s ovigrant fornay,
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TABLE C--1. UNCORRECTED HALON CONCENTRATION DATA, PROBE Hl, TEST |, SERIES A.

Time, Concentration, Time, Concentrat ion, Time, Concentrat ion,
s % by volume s % by volume s % by volume
5 6.10 205 1.45 405 0.35
&t 0.70 210 1.45 41¢ 0.35
15 2.05 215 1.34% 415 0.35
20 3.15 220 .20 420 0.30
260 3.45 225 1.05 425 0.30
30 3.65 230 1.15 430 0.0
.6 3.90 235 1.15 435 0.35
10 4.20 240 1.15 140 0.35
a5 4.40 245 1.10 415 0.35
50 1.60 250 1.00 450 0.20
ar 4.70 255 0.90 455 0.20
i 1.75 260 0.90 160 0.20
€5 4.75 265 1.00 4€5 0.20
7( 1.75 270 1.05 470 0.20
s 1.60 275 1.00 a75 0.ih
80 1.55 280 0.85 480 0.15
RA 4.45 285 0.80 485 0.15
an 4.30 290 0.75 490 0.20
95 4.25 295 0.75 495 0.20
100 1.25 300 0.75 500 0.20
107 1.20 305 0.70 K04 0.20
10 .85 310 0.65 510 (.20
115 3.35 315 0.60 515 0.20
120 215 320 0.55 520 0.20
i2h 3.25 325 0.55 525 0.:20
RT3} 3.15 330 0.50 530 0.10
N 2,75 335 0.50 5350 0.00L
SN 2.50 340 0.558 540 0.05
e 2.15 345 0.55 545 0.05
1o 2.60 350 0.55 550 0.10
1nr 2.50 355 G.50 RK5 0.80
1 2.10 360 9.50 560 0.60
Th 2.156 365 0.50 565 0.45
170 2.00 37¢C 0.50 R70 0.25
imn 2.00 375 0.50 575 0.156
10 1.85 380 0.45 580 0.15
NP 1.660 385 0.45 5R5 0.10
90 1.55 390 0.40 590 (.05
e 1.50 395 0.40 594 0.05
00 1.556 400 n.3k 00 0.0%
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TABLE C-2.

Time,
s
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TABLE C-3. UNCORRECTED HALON CONCENTRATION DATA, PROBE H3, TEST 1, SERIES A.

Time, Concentration, Time, Concentration, Time, Concentration,
s % by volume s % by volume s % by volume

5 0.40 200 1.45 395 0.50
10 1.90 205 1.40 400 0.50
15 2.95 210 1.35 405 0.50
20 3.50 215 1.30 410 0.50
25 3.75 220 1.30 415 0.45
30 4.15 225 1.25 420 0.45
35 1.55 230 1.10 425 0.40
40 4.85 235 1.00 430 0.40
15 4.95 240 1.05 435 0.40
50 4.95 245 1.10 440 0.40
55 4.90 250 1.15 445 0.40
60 4.90 255 1.20 450 0.45
65 4.90 260 1.10 455 0.45
70 4.85 265 1.05 460 0.45
75 4.50 270 1.00 465 0.45
B0 4.25 275 0.95 470 0.40
85 4.15 280 0.90 475 0.35
90 4.25 285 0.85 480 0.35
95 4.35 290 0.85 485 0.35

100 4.35 295 0.80 490 0.30
105 4.35 300 0.85 485 0.35
110 4.25 305 0.80 500 0.35
115 3.70 310 0.80 505 0.35
120 3.10 315 0.80 510 0.35
125 2.80 320 0.75 515 0.35
130 2.65 325 0.75 520 0.35
135 2.50 330 0.75 525 0.35
140 2.80 335 0.70 = 530 0.30
145 2.75 340 0.70 535 0.30
150 2.45 345 0.70 540 0.30
155 2.25 350 0.70 545 0.30
160 2.10 355 0.70 550 0.30
165 1.95 360 0.65 555 0.05
17¢ 1.70 365 0.65 560 6.10
175 1.50 370 0.65 565 0.05
180 1.50 375 0.60 570 0.05
185 1.65 380 0.60 575 0.05
190 1.65 385 0.55 580 0.05
195 1.60 390 0.50
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TABLE C-4.

Concentration,
% by volume

Time,

8

Concentration,
% b7 volume

Time,
3

UNCORKECTED HALON CONCENTRATION DATA PROEE 4, i’

Cenicentratwon,
¥ by volume

le.

5 1.0G 2.0 415 NI
10 2.65 215 S 30 1,570
15 3.20 220 ANE pLue
20 3.70 225 y )

25 4.u5 230 N
30 440 253 3. .65
) 35 4.7 244 3. .20
40 5.1 262 3. L {.<C
45 5.30 250 3. 185 1.0F
50 5.35 2E 35 2.8 A0 1.t
55 SLB0 260 R GE
60 ZO30 265 (L3 NN
65 4,34 270 [.5 3,60
T3 53.38 s 00 . FU
75 G505 24 v Gz G5
80 5.30 2. 15 G.0E
85 5.30 2.7 235 REESH
30 5.30 3.1¢ 500 SRRy
a5 5.3C 3.00 HUH .68
100 0. 25 3,00 SRR gL LU
105 L) 2.70 508 G.6D
110 5.25 £.50 £20 .55
115 5.25 JURR1TY) D2 .50
120 5. 730 T S
i 25 A A, ‘&5 L g 5
130 3.0 PVAR 15
133 Teal AN :
142 3.0 Ix " 4
Lah 5. 20 N : .
150 5.20 w0 - &
155 AU o i oo
160 sTRE N o -
165 LI 17 v
176 ALY B O e
175 3 OLA aon 3 X \
120 d.0n 200 Lo dH. ot
1828 S 500 T T SR
160 4, el NEEN LNk .
S o 4,95 407, 7 5 o
2¢0 RS GO0 o I
2GS L LY '
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TABLE C-5. [UNCORRECTED HALON CONCENTRATION DATA, PROBE H5, TEST 1, SERIES A.

Concentration, Time, Concentration, Time, Concentration,
% by volume % by volume

g 0.25 200 1.45 395 0.50
10 1.05 205 1.45 400 0.50
15 2.15 210 1.40 105 0.50
20 3.05 215 1.40 410 0.50
25 3.75 220 1.35 115 0.50
30 4.20 225 1.25 420 0.50
35 1.40 230 1.20 425 0.45 : R
40 4.45 235 1.05 430 0.40
a5 4.35 240 0.95 435 0.35 L
50 4.15 245 0.90 440 0.30
55 4.10 250 0.95 445 0.30
60 4.10 255 1.00 450 0.30
A5 4.15 260 1.05 455 0.30 »
70 4.15 265 1.00 460 0.35 ‘
75 4.20 270 0.90 465 0.40
80 4.20 275 0.85 470 0.40
55 4.10 280 0.80 475 0.40
90 1.05 285 0.75 480 0.35
96 1.00 290 0.75 485 0.30 >
100 3.85 295 0.70 490 0.25
105 3.65 300 0.65 195 0.20
L10 3.70 305 0.70 500 0.20
115 3.75 310 0.75 505 0.20
120 3.60 315 0.75 510 0.20
15 5.15 320 0.80 515 0.20 >
1130 2.75 325 0.75 520 0.20 ’
145 2.55 330 0.65 525 0.20
140 2.40 335 0.60 530 0.20
RE 2.30 340 0.55 535 0.20
1 2.20 345 0.50 540 0.45
e, 2.1 350 .50 545 0.35 »
PG 2.05 $55 0.45 550 0.25
65 i.95 0 0.40 555 0.20
170 1.85 .55 0.40 560 0.10
75 1.75 370 0.35 565 0.10
10 1.70 375 0.3 570 0.05
et 1.65 380 0.35 575 0.05 >
190 1.60 385 0.35 580 0.05
195 1.55 390 0.45
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TABLE C-6. UNCORRECTED HALON CONCENTRATION DATA, YHOBE HG, o7 I,

Time, Concentration, Time, Concentistinm, Tran, Concencratyon,
s % by volume 3 % by volume <} % DY voiume

5 1.60 200 4.8 335 oL
10 3.30 205 4.60 4L 1.5
15 4.15 213 .55 407 P
20 4.35 2i7 e 100 L
25 4.70 226 3.00 87 LG
3C 5.10 2253 2.95 420 ooad
35 3.05 250 2.50 425 S
40 549 255 (A Y [
45 5.35 243 1R Ll FUY:
£0 R, 245 025 iy pLol
55 5015 280 7N 445 S UREN
60 3.15 255 3,05 450 iy
65 .47 260 3. 35 AR LM
70 .10 265 §. 30 i ST
75 5.10 270 3.GO CRL IS
80 St AR 7.60 70 s
15 5.% 280 2.40 5 LT
0 5.1% LB .00 et :

95 Yoeh 26 2.7% iy AN
1006 caih YA N ST AL ¥
105 18 306 2.05 DL
110 SR 305 G4 G.5E
115 5.2 il 1 0 15
12¢ 5.20 K} 561 4 (FIY
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TABLE C-7. UNCORRECTED HALON CONCENTRATION DATA, PROBE Hl, TEST 2, SERIES A.

Time, Concentration, Time, Concentration, Time, Concentration,

s % by volume s % by volume s % by volume

5 0.15 130 1.00 255 0.15
10 0.50 135 0.85 260 0.15
15 1.35 140 n.80 265 0.15
2 2.50 145 0.75 270 0.15
25 3.55 150 0.70 275 0.15
30 3.65 155 0.65 280 0.10
35 3.30 160 0.55 285 0.10
40 3.40 165 0.45 290 0.10
45 3.40 170 0.35 295 0.10
50 3.00 175 0.30 300 0.10
55 2.85 180 0.25 305 0.10
60 2.85 185 0.25 310 0.10
65 3.10 190 0.20 315 0.10
70 3.10 195 0.15 320 0.10
75 3.15 200 0.15 325 0.10
80 2.80 205 0.15 330 0.10
15 2.50 210 0.15 335 0.10
90 2.15 215 0.15 340 0.70
a5 1.95 220 ©.15 345 0.50
100 1.85 225 0.15 350 0.35
105 1.80 230 0.15 355 0.25
110 1.70 235 0.15 360 0.20
115 1.50 240 0.15 365 0.15
120 1.25 245 0.15 370 0.10
125 1.10 250 0.15
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TABLE C-8. UNCORRECTED HALON CONCENTHATION DATA, PROBE HZ, 187 2, SERIES A.

T T T e e ——— e~ e

Time, Cocncentration, Time, Concentration, Time, Concentration,
s %X by volume s % by volume s X by volume
5 0.10 135 0. 60 25 S
10 0.55 140 0.54 270 .10
15 i.80 145 0.45 275 9.65
20 5.15 150 .40 280 0.0¢
25 4.35 155 .40 265 .50
30 4.00 169 J.40 290 0.00
| 35 3.85 165 0.35 208 .75
40 2.75 )70 630 305 6,55
a5 2.20 175 6 o0 905 SO
50 1.9 156 3.25 3L G. 35
55 .45 185 4.95 315 5. 08
| 50 118 180 Q.08 420 0,08
\ 65 1.00 195 Q.20 325 1.0
70 G.9% 200 0.20 230 9.5
7% 3. va 205 Q.20 (7 0.0F
80 0.75 216 0.20 40 .
g5 0.75 216 0.20 345 0. 2%
30 3.20 229 9.20 750 0. 20
) 95 88 L 0,20 355 0.10
100 L 230 5.15 350 0.05
{ 106 L 235 0.15 “55 5.05
| 110 1LOF 240 015 370 5.00
| 115 L. 85 245 9.15 175 .00
i 120 n 90 250 o0 W TN
125 .80 255 )
136 C.75 260 G.!
[}
t
]
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.A‘




TABLE C-9. UNCORRECTED HALON CONCENTRATION DATA, PROBE H3, TEST 2, SERIES A.

NE 2

Time, Concentration, Time, Concentration, Time, Concentration,
s X by volume s X by volume s %X by volume
5 0.85 130 1.30 255 0.40
10 2.55 135 1.15 260 0.40
15 4.30 140 1.05 265 0.40
20 5.25 145 1.00 270 0.35
25 5.40 150 0.95 275 0.30
30 4.90 155 0.90 280 0.30
35 4.40 160 0.90 285 0.25
10 3.90 165 0.85 290 0.25
15 3.80 170 0.80 295 0.25
50 4.00 175 0.70 300 0.25
55 4.05 180 0.70 305 0.25
60 4.00 185 0.65 310 0.25
65 3.70 190 0.65 315 0.25
70 3.35 195 0.65 320 0.25
75 3.00 200 0.60 325 0.20
80 2.75 205 0.50 330 0.20
85 2.60 210 0.45 335 0.20
90 2.45 215 0.40 340 0.20
95 2.25 220 0.40 345 0.50
100 2.05 225 0.40 350 0.35
105 1.90 230 0.40 355 0.30
110 1.80 235 0.45 360 0.25
115 1.65 240 0.40 365 0.20
120 1.55 245 0.40 370 0.20
125 1.40 250 0.40 375 0.15
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TABLE C-10. UNCORRECTED HALON CONCENTRATION DATA, PROBE H4, TEST 2, SERIES A.

Time, Concentration, Time, Concentration, Tiwe, Concentration,
8 X by volume 8 % by voliume s % by volume
5 0.20 130 0.35 255 0.20
10 0.30 135 0.385 260 0.20
15 2.40 140 0,90 265 0.26
20 4.40 145 0.85 270 3.20
25 5.20 150 0.75 275 0.15
30 5.05 1558 0.65 280 0.15
35 4.15 164 0.85 285 0.1i5
40 3.75 1656 0.56G 260 .15
45 3.70 179 0.40 285 0.15
50 3.05 175 0.35 300 .15
55 2.70 180 0.35 305 0.15
60 2.65 iB5s 0.30 310 .18
65 2.85 190 0.3¢C 3i5 . i5
70 2.75 195 0.30 320 3.1
75 2.55 200 0.25 325 0.15
80 2.35 205 0.25 350 0.15
85 1.35 210 0.25 355 C.:5
0 1.065 215 0.25 340 0.10
a5 1.40 220 06.25 345 G.10
100 1.35 225 0.25 RIS 0.249
105 1.35 230 0.25 355 .00
110 1.30 235 0.25 360 0.00
115 1.20 240 0.25 165 0.00
120 1.05 245 0.25
125 1.00 250 0.25
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TABLE C-—-11. (UNCORRECTED HALON CONCENTRATION DATA, PROBE H5, TEST 2, SERIES A.
Time, Concentration, Time, Concentration, Time, Concentration,
s % by volume s % by volume s % by volume

5 0.25 100 0.95 195 0.20
10 1.40 105 0.85 200 0.15
15 3.00 110 0.80 205 0.15
20 4.60 115 0.85 210 0.15
25 5.25 120 0.75 215 0.15
30 4.35 125 0.70 220 0.15
35 3.25 130 0.60 225 0.15
40 2.20 135 0.50 230 0.15
45 1.65 140 0.45 235 0.10
50 1.30 145 0.40 240 0.10
55 1.20 150 0.40 245 0.10
60 1.35 155 0.35 250 0.15
65 1.30 160 0.35 255 0.10
70 1.00 165 0.25 260 0.05
75 0.75 170 0.25 265 0.05
80 0.70 175 0.25 270 0.05
B85 0.70 180 0.20 275 0.05

90 0.85 185 0.20
g5 0.95 190 0.15
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TABLE C-12. UNCORRECTED HALON CONCENTRATION DATA, PROBE H6, TEST ¢, SERIES A.

Time, Concentration, Time, Concentration, Time, Concentretion,
8 X by volume 8 X by volume s % by voiume
5 .65 13¢ .95 255 .25
10 2.40 135 0.30 260 0.20
15 4.15 140 G.30 265 0.20
20 5.15 145 0.75 270 G.2C
25 5.40 150 0.65 275 .15
30 5.00 153 0.55 280 0.15
35 4.40 186¢ G.45 285 0.15
40 3.80 H 0.40 280 0.15
45 3.45 17¢C 0.40 295 0.15
50 3.15 175 0.40 300 0.15
55 2.95 186 C.40 305 C.15
80 3.1u 185 0.40 310 0.15
65 2.80 190 3.40 315 0.16
70 2.35 195 0.35 320 310
75 2.60 200 0.35 325 0.25
20 2.8% 205 0.35 350 0.20
85 2.18 210 0.35 335 902
a0 1.88 218 G.30 340 G.20
95 1.560 220 0.30 a5 0..0
100 1.40 225 0.350 350 0.10
105 1.%5 230 0.25 355 0.1t
110 1.15 235 0.25 360 0.05
115 1.10 240 0.25 365 0.0%
120 1.05 245 .25 AT0 0.05
17’5 1.00 250 .30 375 0.a8
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TABLE C-13. UNCORRECTED HALON CONCENTRATION DATA, PROBE H1, TEST 1, SERIES B.

Time, Concentration, Time, Concentration, Time, Concentration,

s X by volume s % by volume 8 % by volume
5 0.15 a5 4.15 185 2.20

10 0.45 100 4.30 190 2.15

15 0.75 105 4,50 195 1.90

20 1.10 110 4.70 200 1.60

25 1.45 115 4.85 205 1.40

30 1.70 120 4,95 210 1.05

35 2.00 125 5.00 215 0.90

40 2.30 130 4.90 220 0.75

45 2.60 135 4.80 225 0.60

50 2.70 140 4.75 230 0.50

55 2.75 145 4.70 235 0.40

60 2.90 150 4.70 240 0.30

65 3.00 155 4.65 ) 245 0.25

70 3.20 160 4.50 250 0.20

75 3.40 165 4.20 255 0.20

80 3.65 170 2.95 260 0.15
B85 3.85 175 2.05 265 0.15

30 4.00 180 1.95
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TABLE C-14. UNCORRECTED HALON CONCENTRATION DATA, PROBE HZ, TEST 1, SERIES B.
e e e P

Time, Concentration, Time, Concentration, Time, Concentration,
s X by volume 8 X by volume -3 % by volume
5 0.30 105 6.80 205 6.20 J
10 1.05 110 7.00 210 6.20 '%
15 1.96 115 7.10 215 5.20
20 3.05 120 7.5 220 4.60
25 4.30 125 5.35 225 3.0
30 5.65 130 6.85 230 2.20
35 8.50 135 6.85 235 1.60 °
40 7.05 140 5.90 26C .30
45 7.25 145 c¢.90 245 1.05
50 7.15 150 £.85 250 0.95
55 6.65 155 6.90 255 0.85
60 5.65 160 8.95 250 0.80 '
65 £.50 165 6.980 265 0.75 °
70 5.65 170 5.75 270 8.75
76 5.8% 175 6.75 275 8.70
80 5.90 180 6.80 288 0.70
85 6.00 188 6.60 288 G.7
90 6.10 : €.45 230 0.70
95 6,40 188 8.40 295 0.70 °
100 5,50 200 6.30 i
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TABLE C- 15. UNCORRECTED HALON CONCENTRATION DATA, PROBE H3, TEST 1, SERIES B.
Time, Concentration, Time, Concentration, Time, Concentration,
s X by volume s % by volume s % by volume

5 0.20 85 5.70 165 3.55
10 0.80 0 5.60 170 3.45
15 1.90 95 5.40 175 3.30
20 3.00 100 5.20 180 3.20
25 3.70 105 5.10 185 3.n5
30 4.40 110 4,95 190 2.95
35 4.70 115 4.60 195 2.90
10 4.75 120 4,30 200 2.90
45 4.90 125 4.05 205 1.90
50 5.00 130 4.00 210 1.75
55 5.05 135 4.20 215 1.20
60 5.40 140 4.15 220 1.15
65 5.50 145 3.95 225 0.70
70 5.50 150 3.80 230 0.10

75 5.60 155 3.70
80 5.70 160 3.65
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X by volume
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TABLR C-16. UNCORRECTED HALON CONCENTRATION DATA, PROBE H4, TEST 1, SERIES B.
Time, Concentration, Time, Concentration, Time,
s X by volume 8 % by volume 8

6 0.10 105 6.85 205
10 0.30 110 €.70 210
15 1.00 115 6.65 215
20 1.60 120 6.65 220
25 3.50 125 6.65 225
30 4.90 130 6.65 230
35 5.70 135 6.65 235
40 5.80 140 6.65 240
45 £.30 145 6.60 245
50 5.50 180 6.50 250
55 6.55 155 6.40 255
60 6.60 160 6.50 260
65 6.70 165 6.40 265
70 6.80 170 6.40 270
75 6.95 175 6.40 275
80 7.00 180 6.20 280
85 6.90 185 5.95 285
90 6.95 190 5.95 290

95 6.95 195 6.10
100 6.85 200 6.20

.



e W @ =m &

TABLE C-17. UNCORRECTED HALON CONCENTRATION DATA, PROBE H5, TEST 1, SERIES B.

Time, Concentration, Time, Concentration, Time, Concentration,

s % by volume s X by volume s % by volume
5 0.10 100 5.40 195 2.95
10 0.45 105 5.20 200 2.65
15 1.20 110 4.90 205 2.05
20 2.15 115 4.60 210 2.00
25 3.10 120 4.35 215 1.70
30 3.85 125 4.35 220 1.70
35 4.40 130 4.35 225 1.70
40 4.85 135 4.30 230 1.20
45 5.20 140 4.30 235 0.60
50 5.35 145 4.25 240 0.50
55 5.45 150 4.10 245 0.35
o 5.50 155 3.90 250 0.25
65 5.55% 160 3.75 255 0.20
70 5.55 165 3.55 260 0.10
75 5.65 170 3.45 265 0.05
80 5.65 175 3.35 270 0.05
85 5.60 180 3.30 275 0.05
90 5.55 185 3.20 280 0.05
95 5.45 190 3.10
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TABLE C-18. UNCORRECTED HALON CONCENTRATION DATA, PROBE H6, TEST 1, SERIES B.

LD

Time, Concentration, Time, Concentration, Time, Concentration,

8 X by volume 8 % by volume s X by volume !

|

:

5 0.45 100 7.50 195 6.15 _!
10 1.15 105 7.50 200 6.15
15 1.856 110 7.50 205 4.40
20 2.65 115 7.35 210 3.85
25 3.75 iz0 7.25 215 3.40
30 4.90 125 7.20 220 2.85

35 5.75 130 7.25 225 2.05 °
40 6.35 135 7.20 22 1.589
45 6.70 140 7.05 235 1.15
50 6.85 145 7.10 240 0.95
55 7.00 150 7.15 245 0.75

60 7.15 155 7.10 250 0.60 _

65 7.30 160 7.00 255 0.55 °
70 7.35 165 6.80 260 0.50
75 7.40 170 6.70 265 0.45
80 7.45 175 6.60 270 0.45
25 7.45 18N 6.40 275 0.45

90 7.4F 185 6.20

g5 7.45 190 6.10 .1

.1

.1

.u

[ X

|

o
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TABLE C-19. UNCORRECTED HALON CONCENTRATION DATA, PROBE HI, TEST 2, SERIES .

Time, Concentration, Time, Concentration, Time, Concentration,
s % by volume s % by volume s % by volume
5 .10 40 1.45 75 0.65
10 0.25 45 2.40 80 0.50
15 0.50 50 2.20 85 0.40
o 0.80 55 1.80 90 0.25
) 1.15 60 1.45 95 0.20
30 1.45 65 1.15 100 0.15
35 1.45 70 0.85 105 0.15




TABLE C-20. UNCORRECTED HALON CONCENTRATION DATA, PROBE H2, TEST 2, SERIES B.

Time, Concentration, Time, Concentration, Time, Concentration,
s % by volume s X by volume 8 X by volume
5 0.25 45 4.05 85 0.30
10 0.75 50 3.90 90 0.20
15 1.96 55 2.55 g5 0.20
20 3.45 60 1.60 100 0.20
25 4.65 65 1.00 105 0.20
30 5.20 70 0.70 110 0.20
35 5.20 75 0.50
40 5.00 80 0.40
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TABLE C-21. UNCORRECTED HALON CONCENTRATION DATA, PROBE H3, TEST 2, SERIES B.

Time, Concentration, Time, Concentration, Time, Concentration,
s % by volume s % by volume s % by volume
g 0.25 15 3.95 85 .45
10 1.15 50 4.05 90 0.30
15 2.00 55 3.85 g5 0.20
20 3.20 60 2.90 100 0.10
“5 4.70 65 1.80 105 0.05
30 5.30 70 1.80 110 0.05
35 4.90 75 1.10 115 0.05
40 4.20 80 0.70
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TABLE C-22. UNCORRECTED HALON CONCENTRATION DATA, PROBE H4, TEST 2, SERIES B.

Time, Concentration, Time, Concentration, Time, Concentration,
8 X by volume 8 X by volume s X by volume
5 0.15 45 4.75 85 0.80
10 1.30 50 4.65 30 0.50
15 2.40 55 4,95 a5 0.35
20 3.70 60 4.35 100 0.25
25 5.05 65 3.30 105 0.20
30 6.20 70 3.10 110 0.20
35 6.35 75 2.00 115 0.20
40 5.580 80 1.20
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TABLE C-23. UNCORRECTED HALON CONCENTRATION DATA, PROBE H5, TEST 2, SERIES B.

Time, Concentration, Time, Concentration, Time, Concentration,

s X by volume s % by volume s % by volume
5 0.15 50 2.55 95 0.30

10 0.25 55 1.85 100 0.25

15 0.60 60 1.65 105 0.20

20 1.10 65 1.90 110 0.10

25 1.60 70 1.40 115 0.05

30 1.95 75 1.00 120 .10

35 2.35 80 0.70 125 0.10

40 2.60 85 0.50 130 0.10

45 2.85 90 0.40
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TABLE C-24. UNCORRECTED HALON CONCENTRATION DATA, PROBE H6, TEST 2, SERIES B.

N

T

M

T

Time, Concentration, Time, Concentration, Time, Concentration,
s X by volume s % by volume 8 X by volume
5 0.20 45 2.90 85 0.35
10 0.45 50 2.10 90 0.30
15 1.00 55 1.70 95 0.25
20 1.55 60 1.45 100 0.25
25 2.10 65 1.00 105 0.20
30 2.65 70 0.75 110 0.20
35 3.40 75 0.55
40 3.00 80 0.45
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[ o
TABLE C-25. UNCORRECTED HALON CONCENTRATION DATA, PROBE H1, TEST 2, SERIES C.
Time, Concentration, Time, Concentration, Time, Concentration,
s % by volume s % by volume s % by volume
5 0.25 170 1.00 335 0.35
P 10 0.65 175 1.00 340 0.40
15 1.05 180 0.95 345 0.40
20 1.45 185 0.90 350 0.40
25 1.75 190 0.85 355 0.35
' 30 1.95 195 0.80 360 0.35
il 35 2.20 200 0.80 365 0.35
40 2.35 205 0.75 370 0.35
] 45 2.45 210 0.75 375 0.35
50 2.50 215 0.75 380 0.25
55 2.55 220 0.70 385 0.25
60 2.55 225 0.65 390 0.25
1 65 2.55 230 0.60 395 0.2
o 70 2.45 235 0.60 400 0.25
75 2.35 240 0.55 405 0.20
£0 2.30 245 0.55 410 0.25
R5 2.20 250 0.55 115 0.25
90 2.10 255 0.50 420 0.25
95 2.00 260 0.55 425 0.20
100 1.90 265 0.55 430 0.15
105 1.80 270 0.55 435 0.15
110 1.75 275 0.50 440 0.15
115 1.65 280 0.45 445 0.15
120 1.60 285 0.45 450 0.15
125 1.55 290 0.45 455 0.10
130 1.45 295 0.40 460 0.15
145 1.40 300 0.40 465 0.15
140 1.35 305 0.35 470 0.15
145 1.25 310 0.35 ' A75 0.10
150 1.20 315 0.35 480 0.05
165 1.15 320 0.35 485 0.10
16,0 1.05 325 6.35 190 0.10
165 1.05 330 0.35
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TABLE C-26. UNCORHECTED HALON CONCENTRATION DATA, PROBE HZ2, TEST 2, SERIES C.

Time, Concentration, Time, Concentration, Time, Concentration,

] X by volume 8 X by volume 8 % by volume

5 0.25 170 2.10 335 1.15
10 1.50 175 2.05 340 1.10
15 3.00 180 1.95 345 1.16
20 4.30 185 1.85 350 1.0%
25 5.25 190 1.85 355 0.95
30 5.80 195 1.80 360 0.85
35 6.05 260 i.80 365 0.95
40 €.30 205 1.75 370 1.00
45 6.45 210 1.75 375 1.00
50 6.45 215 1.65 380 0.9
55 6.50 220 1.85 285 .85
60 6.40 225 1.60 390 0.85
65 6.05 230 1.55 385 0.85
70 5.80 2358 1.45 400 0.8%
75 5.50 240 1.40 405 C.30
80 5.25 245 1.35 410 0.80
85 5.05 250 1.30 415 0.75
90 4.85 255 1.30 420 0.70
a5 4.55 260 1.30 425 0.70
100 4.45 265 1.25 430 0.60
105 4.05 270 1.30 455 0.60
110 370 275 1.20 440 0.60
115 3.50 280 1.25 445 0.60
120 3.30 285 1.20 450 0.60
125 3.05 290 1.20 455 ¢.60
130 2.90 295 1.20 460 0.60
135 2.75 300 1.1 465 C.60
140 2.65 305 1.20 470 0.60
145 2.55 310 1.20 475 0.60
150 2.45 315 1.15 480 0.60
155 2.35 320 1.15 485 0.60
160 2.20 328 1.15 490 0.60
165 2.158 339 1.1if
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r AL S e B R A T T T - - T -
TABLE C-27. UNCORRECTED HALON CONCENTRATION UATA, PROBE H3, TEST <, SERIES C.
——————————————————————————————————————————————————————————————————— ”
Time, Concentration, Time, Concentration, Time, Concentrat ion,
s X by volume 5 % by volume s % by volume
5 0.30 175 0.85 345 0.50 !J
10 0.70 180 6.80 350 0.50
15 1.25 185 0.80 355 0.50
20 1.95 190 0.80 360 0.50
25 2.60 195 0.75 365 0.50
: 30 3.05 200 0.75 370 0.55
‘ 35 3.1 205 0.70 175 0.50 : ®
' 40 3.00 210 0.65 380 0.50 1
145 2.85 2156 0.65 385 0.45
50 2.80 220 0.65 390 0.45
55 2.80 225 0.65 395 0.45
60 2.60 230 0.65 400 0.45
65 2.30 235 0.65 405 0.45 ®
70 2.15 240 0.65 410 0.45
75 2.00 215 0.65 415 0.45
B0 1.865 250 0.65 420 0.45
R5 1.80 255 0.65 425 0.40
90 1.70 260 0.65 430 0.40
95 1.80 265 0.65 435 0.40 °
100 1.50 270 0.65 440 0.40 ]
105 1.40 275 0.65 445 0.35
110 1.35 280 0.65 450 0.35
115 1.30 285 0.65 455 0.35
120 1.30 290 0.65 460 0.35
e 1.25 295 0.60 165 0.35 o,
130 1.15 300 0.50 476G .35
175 1.10 305 0.60 475 0.3%
140 1.05 310 0.60 480 0.3%
T4A 1.00 315 0.60 485 0.3%
150 1.60 320 0.60 490 0.35
155 0.95 325 0.55 495 0.35 @
GO 0.95 330 0.55 500 0.35
1R85 0. 335 J.55 505 0.35
171 0.85 340 0.565




TABLE C-28. UNCORRECTED HALON CONCENTRATION DATA, PROBE H5, TEST 2, SERIES C.

Time, Concentration, Time, Concentration, Time, Concentration,
8 X by volume s % by volume s %X by volume
5 .45 170 1.55 335 0.75
10 1.00 175 1.50 340 0.75
15 1.50 180 1.45 345 0.75
20 1.95 185 1.40 350 0.75
25 2.30 190 1.35 355 0.70
30 2.65 195 1.25 360 0.65
35 2.95 200 1.25 365 0.70
40 3.25 205 1.20 370 0.70
45 3.35 210 1.20 375 0.65
50 3.50 215 1.20 380 0.65
55 3.55 220 1.15 385 0.65
60 3.85 225 1.10 390 0.65
65 3.75 230 1.05 395 0.65
70 3.75 235 1.05 400 0.65
76 3.65 240 1.00 405 0.60
80 3.55 245 1.00 410 0.60
85 3.45 250 0.95 415 0.60
90 3.35 255 0.95 420 0.60
95 3.30 260 0.95 425 0.60
100 3.15 265 0.95 430 0.60
105 3.00 270 0.90 435 0.60
110 2.85 275 .90 440 0.60
115 2.65 280 0.85 445 0.60
120 2.50 285 0.85 450 0.55
125 2.35 290 0.85 455 0.55
130 2.2% 295 0.85 460 0.50
135 2.20 300 0.85 465 0.50
140 2.05 305 0.80 470 0.50
145 1.98 310 0.80 475 0.45
150 1.85 315 0.80 480 0.45
155 1.75 320 0.80 485 0.45
160 1.70 325 0.75 430 0.45
166 1.65 330 0.75 495 0.45
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TABLE C-28.
Time, Concentration, Time, Concentration,
s X by volume s % by volume
5 0.35 165 2.55
10 0.95 170 2.45
15 1.65 175 2.40
20 2.55 180 2.30
25 3.50 185 2.20
30 4.25 190 2.15
35 4.70 195 2.00
40 5.05 200 1.95
45 5.45 205 1.85
50 5.70 210 1.75
55 5.85 215 1.65
60 6.00 220 1.80
65 6.15 225 1.55
70 6.15 230 1.50
75 5.90 235 1.45
80 5.65 240 1.45
85 5.30 245 1.40
30 5.U0 250 1.35
95 4,95 255 1.30
100 4.55 260 1.25
105 4.15 265 1.20
110 3.75 270 1.15
115 3.55 275 1.15
120 3.45 280 1.10
125 3.40 285 1.10
130 3.25 290 1.10
135 3.15 295 1.05
140 3.00 300 1.05
145 2.85 305 1.05
150 2.75 310 1.00
155 2.65 315 1.00
160 2.60 320 1.00
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UNCORRECTED HALON CONCENTRATION DATA, PROBE H6, TEST 2, SERIES C.

Time,

Concentration,
% by volume
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TABLE C-30. COMPUTER PROGRAM 'TEMP’.

INPUT "KEEP ALL DATA THE SAME? (Y/N) <ENTER>";Y$

20 ON ASC(Y$)-T7 GOTO 40
30 ON ASC(Y$)-88 GOTO 240

40

PRINT "ENTER SAMPLE GAS FLOW RATE IN LITERS PER MIN OR CFM——ENTER O "

50 PRINT "FOR THE UNKNOWN VALUE."

60

INPUT "LPM= ,CPM= ", LPM,CFM

70 PRINT "ENTER GAS DENSITY AT AMBIENT;Lb/CuFt; AMBIENT TEMP, DEG F;GAS"
80 PRINT "SAMPL2 INLET TEMP, DBG F; GAS SPECIFIC HEAT, Btu/Lb Deg F"

90
100
. 110
120
130
140
150
160
170
180
190
200
210
220
230
240

INPUT "RHOGAS, T-AMB, T-GASIN, CPGAS",RHOGAS, TAMB,TGASIN,CPGAS

PRINT "In LN k=A+B(Ln(TAVGGAS+460)), ENTER ASB FOR THERMAL"

PRINT "CONDUCTIVITY OF SAMPLE GAS, OR ENTER 0,0"

INPUT "A= ,B= ",A,B

PRINT "ENTER TUBING DIAMETERS, Do,Di, INCH; RHOMETAL, Lb/CuFt; SPEC."
PRINT "HEAT , Btu/Lb DEG F; MAX TEMP RISE ALLOWED, DEG F"

INPUT "Do,Di,RAOMET,CPMET,DELT™AX ",DO,DI,RHOMET,CPMET, DELTMAX

PRINT "IN MuGAS=C+DT, DEG F, ENTER C&D, OR ENTER 0,0"

INPUT "C= ,D= ",C,D

INPUT "GAS SAMPLE DURATION, HOURS= ",TIMEGAS

GOTO 320

REM Hia is in Btu/Hr Sq Ft Deg F

REM TUBEBSEC is thc safe length of tubing for asywptotic gas temp.

REM DELTMAX is max allowed temp rise per package of sample gas.

REM NUMGAS is number of packages of gas.

READ LPM,CFM, RHOGAS, TAMB, TGASIN, CPGAS, A,B, DO, DI, RHOMET, CPMET, DELTMAX,C, D, TIM

EGAS

250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460

DATA 1.5,0,.07361,80,800,.26,0,0

DATA .25,.19,558.1,.0927,10,0,0,.0138889

PRINT "CHANGE ANY OR ALL OF THE FOLLOWING BY TYPING DATAl=pn.nn,"
PRINT "AND PRESSING <ENTER>, DATA2=nn.nn <ENT>, etc.,and then"
PRINT "TYPE {CONT} <ENT>: LPM,CFM, RHOGAS, TAMB, TGASIN,CPGAS,A,B,Do,"
PRINT "Di,RHOMET,CPMET, DELTMAX,C,D, TIMEGAS"

sTop

IF LPM THEN CPM=.0353%LPM

TAVGGAS=( TAMB+TGASIN) /

WGAS=CFMXB0XRHOGAS

IF A=0 THEN A=-9.2423:B=.805%

THCON=EXP (A+BX*LOG( TAVGGAS+460) )

PI-=3.1415926#

CPPRRFT=P1%(D0"2-D1"2) *RHOMET*CPMET /576

IF C=0 THEN C=.01655:D=.0000206

MURATIO= (C+D*TGASIN)/(C+D¥TAMB)

NGZ=( (MURATIO".14)*PI1)"1.5

TUBESEG=INT( 100%WGASXCPGAS/ ( THCON¥NGZ ) ) /100
HIA=2¥WGAS*CPGAS/(DI*PI*TUBESEG)
NUMGASX=WGAS *TIMEGAS * (TGAS IN-TAMB ) ¥*CPGAS / (CPPERFT*DELTMAX)
OPTION BASE 1

DIM TUBEWAL(250),GASTEMP(250) ,GASTOUT ( NUMGASX)
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TABLE C-30. COMPUTER PROGRAM ’TEMP’ (CONCLUDED).

470 FOR I-1 TO 100

480 TUBEWAL(I)=TAMB

490 NEXT I

500 FACTOR-TIMEGAS¥WGASXCPGAS/(NUMGAS%*CPPERFT*TUBESEG)
510 FOR N=1 TO NUMGASX

520 GASTEMP(N)=TGASIN

530 J=1

540 DELT=FACTORX(GASTEMP(J)-TUBEWAL(J))

550 TUBEWAL(J)=TUBEWAL(J)+DELT

560 GASTEMP(J+1)=TUBEWAL(J)-DELT/2

570 LPRINT J;

580 IF DELT<.01%DELTMAX GOTO 610

590 J=J+1

600 GOTO 540

610 GASTOUT(N)=GASTEMP(J+1)

620 NEXT N

630 GASTSUM=0

S4¢ ROR N-1 TO NUMGASX%

$50 GASTSUM=GASTSUM+GASTOUT(N)

560 NEXT N

670 LPRINT "AVG SAMPLE GAS TEMP AT PUMP=";GASTSUM/NUMGAS%
$80 LPRINT "LENGTH OF HEATED TUBING, Ft=";J*TUBESEG

690 LPRINT "TEMPERATURE OF HEATED TUBE SEGMENTS, DEG F IS:"
700 FOR M=1 TO J+1

710 LPRINT INT(10XTUBEWAL(M))/10
720 NEXT M
730 LPRINT "CFM= , TAVGGAS - ,WGAS- , THCON- "
740 LPRINT CPM, TAVGGAS,WGAS , THCON
750 LPRINT .
760 LPRINT "CPPERFT- MURAT10= ,NGZ~ , TUBESEG=" i
770 LPRINT CPPERFT,MURATIO,NGZ, TUBESEG
780 LPRINT
790 LPRINT "Hia= , NUMGAS%=  FACTOR , TIMEGAS"
800 LPRINT HIA,NUMGASX,FACTOR, TIMEGAS
810 LPRINT .
820 LPRINT "LPM- CPM , RHOGAS = , TAMB - , TGASTN=" '
330 LPRINT LPM,CFM,RHOGAS,TAMB,TGASIN
840 LPRINT
R50 LPRINT "CPGAS A~ ,B- ,Do= Di"
86G LPRINT CPGAS,A,B,DO,DI
1370 LPRTINT °
RR0 LPRINT "RHOMET:= ,CPMET - ,DELTMAX= ,C ,D=" i
890 LPRINT RHOMET,CPMET,DELTMAX,C,D :
300 KND
.-
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TABLE C-31. COMPUTER PROGRAM ’FLOW’.

10 DEFDBL B-Z

20 DIM A(101,101), R(101), v(101), X(101), Y(101), F(101l), IN$(50),
T1(101), IPIVOTX(101), T2%(101), INDEXx(101,2), PIVOT(101)

30 PRINT "INPUT THR NUMBER OF FILES TO BE SEQUENTIALLY READ IN"

40 INPUT NUMFIIRSX

5C PRINT "INPUT THR NAMES OF THE FILES TO BE READ IN"

60 FOR IS = 1 TO NUMFILESX

70 INPUT IN$(IX)

80 NEXT IX

90 PRINT:PRINT "NAMEBS OF THE OUTPUT FILES ARE THE SAME AS THE INPUT FILES + ’OUT

e

100 FILECOUNTX = 0

110 PRINT:PRINT "INPUT THE NUMBER OF DATA POINTS (MAXIMUM = 100)

120 INPUT PPX

130 FILECOUNTS=FILECOUNTX + 1

140 IF FILECOUNTX > NUMFILESX THEN 680

150 OPEN "I", #1, IN$(FILECOUNTX)

160 PRINT:PRINT "CONCENTRATION DATA BEING READ"

170 GOSUB 1440

180 PRINT:PRINT "SOLVE FOR VELOCITIES IN UNITS OF VMAX"

190 'vM = MAXTMUM VELOCITY IN FEET/SECOND

200 WM = 8.953026

210 'L = LENGTH OF PIPE IN FEET
220 L = 50

230 '™ IS THE MINIMUM TRANSIT TIME
240 ™ = L/WM

250 IT = ™ - 2.5

260 ’*SOLVE FOR THE AVERAGE SECTOR TIMES AND AVERAGE VELOCITIES
270 FOR Jx= 1 TO P%

280 T1(Jx) = TT + 5%xJ%

290 v(Jx) L/T1(J%)

300 v(JI%) v({JX)/W™

310 PRINT V(J%)

320 NEXT

330 PRINT:PRINT "SOLVE FOR THE RADII

340 R(O0) = 0

350 FOR JX = 1 TO PX

360 B = 2%(1-v(JX))

370 ¢ = (R(I%-1)AR(IX-1))%((R(IX%-1)*R(J%—1)) - (2 - 2%V(JI%)))
380 RR = (B/2) + (B%B + 4%C)/2

390 R(JX) = SQR(RR)

400 PRINT R(JX)

410 NEXT

420 PRINT:PRINT "SOLVE FOR THE FRACTIONS OF MATERIAL IN EACH SECTION
430 FOR Jx=1 TO PX

440 F(JX) = R(JX)*R(JX) — R(I%-1)*R(J%-1)

450 PRINT F(JX)

it
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460
470
480
190
500
510
520
530
540
550
560
570
580
590
600
610
620
€30
540
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
=10
820
130
$40
B50
BA0
R70
RBH0
190
900
310
920

TABLE C-31. COMPUTER PROGRAM ’FLOW’ (CONTTNUED).

NEXT

PRINT: PRINT "CALCULATE HALON CONCENTRATIONS, Y(I%), AT SOURCE
PRINT: PRINT "CALCULATE COEFFICIENTS OF MATRIX"
FOR 1% = 1 TO P%

NX=I%

FOR J%=1 TO N%

A(I%,J%) = 2%F(NX-J%+1)%V(N%-J%+1)

NEXT J%

NEXT I%

GOSUB 690

GOSUB 1340

OU$ = IN$(FILECOUNT%) + "OUT"

OPEN "O", #1, OU$

FOR 1% = 1 TO P%

PRINT #1, 5%IX,Y(I%)

NEXT 1%

PRINT #1,-1,-1

CLOSE

FOR I%=0 TO P%

PRINT X(1%),Y(IX)

NEXT 1%

GOTO 130

END

' SUBROUTINE MATRIX INVERSION

PRINT: PRINT "INVERT MATRIX"

DETERM=1'!

FOR J%-1 TO PX

TFiVOTe(s%) = 0

NEXT J%X

FOR 1% - 1 TO P%

PRINT IX%

'SFARCH FOR PIVOT ELEMENT

AMAX - 0O

FOR J% - 1 TO P%

IF IPTVOT%(J%)-1:0 THEN 830

FOR K¥ - 1 TO P%

IF IPIVOT%(K%)-1 = O THEN 880

IF TPIVOT%(K%)-1 > O THEN 1310

IF ABS{AMAX)-ABS(A(J%,K%)) >= 0 THEN 880
TROW%-J% )
I[COTGM% =%

AMAX -A(J%,K%!}

NEXT K%

NEXT J%

IF AMAX-0 THEN 1320

TPTIVOT%( ICOLUMX) - IPIVOT%(ICOLUM%) + 1
" INTERCHANGE ROWS TO PUT PIVOT ELEMENT ON DIAGONAL
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TABTE (-31. OOMPUTER PROGRAM ’'FLOW’ (CONTINUED).

930 IF IROWX-ICOLUMX = O THEN 1000
940 DETERM=-DETERM
960 FOR IX=1 T0 PX
960 SWA = A(TROWX,LX)
970 A(IROWK,LX) = A(ICOLUMX, LX)
980 A(ICOLUMX,LX) = SWA
990 NEXT L%
1000 INDEXX(IX,1l) = IROWX
1010 INDEX%(IX,2)=ICOLIMX
1020 PIVOT(IX)=A(ICOLUMX, ICOLUMX)
1030 DETERM = DERTERMXPIVOT(IX)
1040 ’DIVIDE PIVOT ROW BY PIVOT ELEMENT
1050 A(ICOLUMX, ICOLUMX)=1!
1060 FOR 1x=1 TO PX
1070 A(ICOLUMX, LX)=A( ICOLUMX, LX) /PIVOT(IX)
1080 NEXT L%
1090 ’REDUCE NONPIVOT ROWS
1100 FOoR L1 = 1 1O PX
1110 IF L1N-ICOLUMX = 0 THEN 1170
1120 T = A(L1%X, ICOLUMX)
1130 A(Llx, ICOLUMX)=0'
1140 FOR Lx=1 TO PX%
1150 A(L1%,1X) = A(L1X,LX)-A(ICOLUMX, LX) *T
1160 NEXT L%
1170 NEXT L1%x
1180 NEXT IX
1190 ° INTERCHANGE COLUMNS
1200 FOR IX = 1 TO PX
1210 L% = Px + 1 - IX
1220 IF INDEXX(LX,1)-INDEXX(LX,2) = O THEN 1300
1230 JROWX = INDEXX(LX,1)
1240 JCOLUMX = INDEXX(LX,2)
1250 FOR KX = 1 TO PX
1260 SWA = A(KX,JROWX)
1270 A(KX,JROWS)=A(KX, JCOLUMX)
1280 A(K%,JCOLUMX)=SWA
1290 NEXT KX
1300 NEXT IX
1310 RETURN
1320 DETERM = 0
: 1330 RETURN
1340 ’'SUBROUTINE MATRIX MULTIPLICATION
1350 PRINT: PRINT "MULTIPLY MATRIX"
1360 FOR IX = 1 TO PX
1370 SuM = 0!
1380 FOR J%= 1 TO PX
" 1390 SIM = SUM + A(IX,J%)%X(J%)
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% TABLE C-31. COMPUTER PROGRAM 'FLOW' (CONCLUDED).

1400 NEXT J%

'410 Y(1I%) = SUM

1420 NEXT I%

1430 RETURN

1140 ’INPUT THE TIMES AND THE CONCENTRATIONS, X{1%), MEASURED RY PERCO
1450 PX=PP%

1460 FOR K% - 1 TO P%
1470 INPUT #1, I%

1480 TF I1%<0 THEN P%-=-K%-1
1190 IF I%<0 THEN 1540
{500 INPUT #1, X(K%)

- 1510 T2%(K%) -I%

, 1520 PRINT I%,X(K%)

| 1530 NEXT K%

. 1540 CLOSFE

: 1550 RETURN

! 1560 END

?Q
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TABLE C-32. OOWRECTED HALON CONCENTRATION DATA, PROBE H1, TRST 1, SERIES A.

Time, Concentration, Time, Concentration, Time, Concentration,
s % by volume s X by volume 8 % by volume
25 0.00 110 6.15 198 2.62
30 0.18 115 5.90 200 2.70
35 1.27 120 5.85 208 2.46
40 3.63 125 5.89 210 2.13
45 5.29 130 5.81 215 2.02
50 5.36 135 5.18 220 1.99
55 5.42 140 4.33 225 2.12
60 5.74 145 4.13 230 1.95
65 6.16 150 4.46 235 1.96
70 6.40 155 4.31 240 1.80
75 6.64 160 3.58 245 1.55
80 6.73 165 3.23 250 1.33
88 6.74 170 3.27 255 1.57
20 6.69 175 3.61 260 1.59
a5 6.67 180 3.42 265 1.58

100 6.38 185 3.2 270 1.49
105 6.30 190 2.82 275 1.32
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TABLE C-33. CORRECTED HALON CONCENTRATION DATA, PROBE HZ2, TEST 1, SERIES A.

Time, Concentration, Time, Concentration, Time, Concentration,
3 % by volume s % by volume s % by volume
P4 0.00 110 7.19 195 6.83
30 1.11 115 7.19 200 .36
35 4.04 120 7.00 205 5.66
40 6.38 125 7.01 210 5.51
5 6.59 130 7.03 215 4.97
50 6.36 135 6.75 220 5.17
55 6.47 140 6.69 225 5.06
60 6.46 145 6.91 230 4.80
€5 6.66 150 7.00 235 5.04
70 6.97 155 6.97 240 4.60
75 7.06 160 6.87 245 4.27
!0 7.08 165 6.78 250 4.36
85 7.22 170 6.80 255 4.41
an 7.27 175 6.81 260 3.95
a5 7.23 180 6.81 265 R.27
100 7.21 185 6.72 270 2.75
103 7.20 190 6.73 275 2.72
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TABLE C-34. CORRECTED HALON CONCENTRATION DATA, PROBE H3, TEST 1, SERIES A.

Time, Concentration, Time, Concentration, Time, Concentration,
s X by volume 8 X by volume s X by volume
25 0.00 110 5.66 195 2.16
30 0.74 115 5.91 200 1.88
35 3.43 120 6.10 205 1.98
40 5.01 125 - 6.07 ...210 2.3}

45 5.52 130 6.06 B 215 2.29
50 5.64 135 5.87 220 2.18
55 6.18 140 4.87 225 1.91
60 6.75 145 3.89 230 1.86
65 7.11 150 3.56 235 1.81
70 7.13 155 3.46 240 1.74
75 7.02 160 3.29 245 1.77
80 6.88 165 3.93 250 1.69
85 6.87 170 3.82 255 1.43
90 6.87 175 3.23 260 1.28
95 6.76 180 2.94 265 1.43
100 6.12 185 2.76 270 1.54
105 5.73 190 2.56 275 1.62
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Time, Concentration, Time, Concentration, Time, Concentration,
s % by volume 8 % by volume s % by volume
25 0.00 110 7.39 195 4.89
30 1.85 115 7.39 200 4.49
35 4.33 120 7.39 205 5.68
40 5.25 125 7.29 210 6.4]
45 5.73 130 7.30 215 6.54
50 6.09 135 7.31 220 6.35 )
55 6.52 140 7.31 225 6.14 »
60 6.99 145 7.21 230 6.25
65 7.56 150 7.13 235 6.26
70 7.66 155 7.06 240 5.42
75 7.62 160 7.17 245 5.14
20 7.46 165 7.26 250 5.26
85 7.44 170 7.24 255 5.13 »
40 7.52 175 7.23 260 4.5]
a5 7.50 180 7.23 265 4.23
100 7.48 185 7.23 270 4.53
105 7.38 190 6.68 275 4.56
»
1
»
[ J
.1
.1
3
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TABLE C-36. CORRECTED HALON CONCENTRATION DATA, PROBE H5, TEST I, Suitlk> A.

Time:, Concent rat jon, Time, Concentration, Time, Concoentrat on,
= % by volume s % by volume N % by volume

25 0.00 10 5.68 195 0oAe
20 0.46 115 5.60 2006 SR 3
3n 1.89 12¢ 5.53 2045 Y
40 3.72 e 5008 200 voun
15 5.0} 30 3,95 A5 R
no 5.90 135 5.1 270 N4
a0 6.39 110 5,23 225 P.an
0 6.49 145 3.91 220 b9
£5 t.41 150 4,13 230 RST¢
7 6.14 155 1.51 210 P
75 5.7% 160 RO 45 Rt
() 5.69 165 KO o} LB T & &
2 5.73 170 2.06 R N
5.82 175 2,93 260 RS
an 5.81 180 "L RY 265 o
100 5.8 185 ! D70 [
105 5.88 190 2RO U7 o

——— . w4

.S

-,

v

e a™



n g

TABLE C-37. CORRECTED HALON CONCENTRATION DATA, PROBE H6, TEST 1, SEnikS n.

Time, Concentrat ion, Time, Concentration, Time, Conceniration,
s % by volume s % by voiume 3 %W by ovo ] ame

25

) 19 ] 45 £
30

18 200 R

.00 110

.95 115

-3 -3

DA T

35 .79 120 7.18 TR T
4N 72 ich 7.17 210 s
a5 .87 TR 717 2170 R
Y 6.95 135 7.17 220 IS
55 7.53 149 T 26 225 79
R0 7.80 145 7.25 236G oL 30
g T.73 150 7.24 235 ihL0n
77) 7.55 155 7.05 240 T AN
75 7.25 160 707 CAT, VAT
Ri 717 165 7.09 2R() 64
»F, 7.19 177 7.09 255 1.0A
i T.20 175 7.09 260 R
e To10 iR 7. 04 SO5 41

1 To10 RN} 7.09 270 v
TGN 7.20 190 . ae 270 I




TABLE C-38. CORRECTED HALON CONCENTRATION DATA, PROBE H1l, TEST 2, SERIES A.

Time, Concentration, Time, Concentration, Time, Concentration,
8 X by volume [ ] X by volume s X by volume
25 0.00 110 3.27 195 0.39
30 0.28 115 2.74 200 .34
35 0.89 120 2.50 205 0.28
40 2.37 125 2.43 210 0.31
45 4.26 130 2.41 215 0.23
50 5.80 135 2.27 220 0.15
55 5.54 140 1.94 225 0.18
60 4.63 145 1.54 230 0.19
65 4.82 150 1.36 235 0.19
70 4.83 155 1.26 240 0.20
75 4.05 160 1.04 245 0.20
80 3.84 165 1.01 250 0.20
85 3.94 170 0.97 255 0.20
90 4.43 175 0.90 260 0.20
g5 4.38 180 0.84 265 0.20

100 4.43 185 0.68 270 0.20
105 3.77 190 0.53 275 0.20
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TABLE C-39. CORRECTED HALON CONCENTRATION DATA, PROBE H2, TEST 2, SERIES A.
Time, Concentration, Time, Concentration, Time, Concentration,
s % by volume s % by volume s % by volume
25 0.00 110 1.00 195 0.37
30 0.18 115 1.10 200 0.39
35 1.00 120 1.19 205 0.31
10 3.20 125 1.27 210 0.32
45 5.36 130 1.35 215 0.33
50 7.07 135 1.33 220 0.25
55 5.90 140 1.32 225 0.26
60 5.04 145 1.23 230 0.27
65 3.45 150 1.05 235 0.27
70 2.64 155 0.99 240 0.27
75 2.17 160 0.74 245 0.27
80 1.7 165 0.60 250 0.27
85 1.32 170 0.56 255 0.18
90 1.18 175 0.50 260 0.19
95 1.20 180 0.52 265 0.20
100 0.89 185 0.54 270 0.20
105 0.95 190 0.45 275 0.11
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TABLE C-40. CORRECTED HALON CONCENTRATION DATA, PROBE H3, TEST 2, SERIES A.

Time, Concentration, Time, Concentration, Time, Concentration,
s % by volume s X by volume s X by volume

25 0.00 110 3.44 195 1.05
30 1.57 115 3.25 200 0.89
35 4.55 120 2.95 205 0.92
40 7.29 125 2.66 219 0.86
45 8.36 130 2.48 215 0.87
50 8.07 135 2.37 220 0.88

55 6.87 140 2.15 225 0.80 ®
60 5.94 145 2.03 230 0.62
65 5.16 150 1.81 236 0.56
70 5.15 155 1.68 240 0.50
75 5.63 160 1.46 245 0.52
80 5.71 1658 1.34 250 0.54

85 5.57 170 1.30 255 0.54 ®
90 5.02 175 1.25 260 0.64
95 4.44 180 1.18 265 0.54
100 3.91 185 1.21 270 0.54
105 3.59 190 1.13 275 0.55

L

.4

.4

J
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TABLE C-41. CORRECTED HALON CONCENTRATION DATA, PROBE H4, TEST 2, SERIES A.

Time, Concentration, Time, Concentration, Time, Concentration,
s % by volume s % by volume s % by volume
25 0.00 110 2.46 195 0.47
30 0.37 115 2.02 200 0.41
35 0.52 120 1.71 205 0.45
40 4.34 125 1.73 210 0.37
45 7.61 130 1.81 215 0.38
50 8.29 135 1.74 220 0.40
55 7.42 140 1.58 225 0.31
60 5.56 145 1.34 230 0.32
65 4.96 150 1.30 235 0.33
70 5.07 155 1.25 240 0.34
75 3.95 160 1.28 245 0.34
80 3.44 165 1.20 250 0.34
85 3.54 170 1.12 255 0.34
90 4.00 175 0.96 260 0.34
95 3.80 180 0.81 265 0.34
100 3.42 185 0.67 270 0.34
105 3.12 190 0.62 275 0.34
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TABLE C~42. CORRECTED HALON CONCENTRATION DATA, PROBE H5, TEST 2, SERIES A.

Time, Concentration, Time, Concentration, Time, Concentration,
s X by volume s X by volume s X by volume
25 0.00 110 0.91 195 0.31
30 0.46 115 1.21 200 0.33
35 2.54 120 1.38 205 0.24
40 5.22 125 1.34 210 0.25
45 7.64 130 1.13 215 0.17
50 8.20 135 1.06 220 0.28
55 6.05 140 1.18 225 0.19
80 4.00 145 1.00 230 0.19
65 2.39 150 0.92 235 0.20
70 1.76 158 0.76 240 .20
75 1.43 160 0.61 245 0.20
80 1.45 165 0.56 250 0.20
85 1.84 170 0.50 255 0.20
90 1.76 175 0.52 260 0.11
a5 1.21 180 0.45 265 0.12

100 0.82 185 0.46 270 0.13
105 0.84 190 0.29 275 0.23

255




TABLE C--43. CORRECTED HALON CONCENTRATION DATA, PROBE HE, TEST 2, SERIES A.

Time, Concentration, Time, Concentration, Time, Concentration,
3 % by volume s % by volume s % by volume
25 0.00 110 2.76 195 0.5]

30 1.20 115 2.31 200 0.53
35 4.31 120 1.81 205 0.53
10 7.08 125 1.76 210 0.54
15 8.24 130 1.68 215 0.54
50 8.12 135 1.46 220 0.45
R5 7.08 140 1.43 225 0.46
60 5.93 145 1.38 230 0.47
65 4.96 150 1.32 235 0.48
70 4.52 155 1.25 240 0.39
75 4.15 160 1.19 245 0.40
20 3.91 165 1.03 250 0.41
85 4.30 170 0.97 255 0.32
a( 3.77 175 0.82 260 0.33
4F, 2.97 180 0.67 265 0.34
100 3.58 185 0.53 270 0.34
104 3.54 190 0.48 2756 0.43
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TABLE C-44. CORRECTED HALON CONCENTRATION DATA, PROBE Hl1, TEBST 1, SERIES B.

Time, Concentration, Time, Concentration, Time, Concentration,
s X by volume s X by volume 8 % by volume
25 0.00 110 5.56 195 3.44
30 0.28 115 5.74 200 2.08
35 0.80 120 5.94 205 2.32
40 1.27 125 6.14 210 3.00
45 1.80 130 6.44 215 2.92
50 2.31 135 6.73 220 2.45
55 2.63 140 6.92 225 1.97
60 3.05 145 7.02 230 1.72
65 3.48 150 7.05 235 1.18
70 3.9 155 6.83 240 1.02
75 3.95 160 6.64 245 0.8¢€
80 3.95 165 6.58 250 0.66
85 4.18 170 6.51 255 0.55
90 4.31 175 6.53 260 0.42
a5 4.62 180 6.45 265 0.29

100 4.92 185 6.18 270 0.25
105 5.29 190 5.66 275 0.19




f
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L TABLE C-45. CORRECTED HALON CONCENTRATION DATA, PROBE H2, TEST 1, SERIES B.

Time, Concentration, Time, Concentration, Time, Concentration,

s % by volume s % by volume s % by volume

I °n 0.00 110 8.42 195 3.31
30 0.55 115 a2.58 200 9.35
35 1.88 120 39.09 205 9.47
40 3.34 125 9.38 210 9.09
45 5.05 130 9.64 215 8.84
50 6.95 135 9.92 220 £.82

! 55 8.96 140 10.02 225 8.68
60 9.99 145 9.86 230 R.57%
(S 10.52 150 9.65 235 8.57
70 10.56 155 9.48 240 6.75
0 10.16 160 3.51 245 5.84

} 30 9.17 165 9.62 250 3.56

. B~ 7.95 170 9.61 255 2.12
0 7.32 175 9.51 260 1.51
095 7.81 180 9.61 265 1.31
100 8.24 185 9.70 270 1.07
10F 8.28 190 39.59 275 1.04




TABLE C-46. CORRECTED HALON CONCENTRATION DATA, PROBE H3, TEST 1, SERIES B.

Time, Concentration, Time, Concentration, Time, Concentration,
s X by volume 8 X by volume 8 X by volume
25 0.00 105 8.05 185 4.99
30 0.37 110 8.00 190 4.85
35 1.44 115 7.79 195 4.70
40 3.32 120 7.43 200 4.46
45 5.02 125 7.11 205 4.33
50 5.87 130 7.00 210 4.11
55 6.78 135 6.78 215 3.98
60 7.02 140 6.19 220 3.95
65 6.88 145 5.73 225 3.98
70 7.04 150 5.40 230 2.15
75 7.15 155 5.43 235 2.07
80 7.17 160 5.87 240 1.29
85 7.76 165 5.76 245 1.35
90 7.85 170 5.37 250 0.66
95 7.75 175 5.15 255 -0.33
100 7.90 180 5.03
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TATTTTTTY

Time,

3

R0

10

a5

50

I 60
65

70

7

{4

f 85
h 90
: 215}
170

05

TABLE C-47.

Concentration,
% by volume

LOLLLELLILXIIOINON~OOO

CORRECTED HALON CONCENTRATION DATA, PROBE H4, TEST 1, SERIES B.

.00
.18
.53
77
.70
.96
.04
.86
.56
.25
.44
.35
.35
.49
.62
.84
.87

Time,
s

110
115
120
125
130
135
140
145
150
155
160
165
170
175
180
185
190

Concentration,
% by volume

260

J

9.
9.
9.
9.
.53
.27
.20
.24
.25
.25
.28
.25
.16
.98
.82
.05
.87

[<o]

DOODOLLDLOLLOTS O OQW

63
72
72
52

Time, Concentration,
s % by volume
195 8.87
200 8.8%9
205 8.52
210 8.10
215 £.19
220 8.52
225 R.68
230 8.27
235 8.10
240 3.17
245 3.15
250 2.4%
255 7.14
260 1.46
265 0.92
270 1.13
275 (.51

S

[ Y



TABLE C-48. CORRECTED HALON CONCENTRATION DATA, PROBE H5, TEST 1, SERIES B.

Time, Concentration, Time, Concentration, Time, Concentration,
s % by volume s X by volume 8 % by volume
25 0.00 110 7.81 195 4.66
30 0.18 115 7.72 200 4.54
35 0.81 120 7.55 206 4.50
40 2.11 125 7.48 210 4.35
45 3.65 130 7.14 215 4.21
50 5.07 135 6.63 220 3.97
55 6.07 140 6.17 225 3.47
60 6.72 145 5.83 230 2.46
65 7.26 150 5.94 235 2.55
70 7.67 155 6.00 240 2.13
75 7.75 160 5.93 245 2.22
80 7.80 165 5.94 250 2.29
85 7.81 170 5.87 2556 1.39
30 7.85 175 5.60 260 0.38
95 7.81 180 5.28 265 0.42

100 7.97 185 5.07 270 0.30
106 7.93 190 4.77 275 0.18




W

TABLE C-49. CORRECTED HALON CONCENTRATION DATA, PROBE Ht, TEST 1, SERIES B

Time, Concentration, Time, Concentration, Time, Concentration,
s % by volume s % by volume s % by volume
e .02 110 10.44 195 9.21
30 0.83 115 10.42 200 9.08
35 2.04 120 10.40 205 8.76
10 3.11 125 10.49 210 8.45
45 4.31 130 10.47 215 8.35
50 6.03 135 10.46 220 8.51
55 7.76 140 10.18 225 8.53
o0 8.86 145 10.02 230 5.29
5 3.54 150 9.97 235 4.62
7 9.85 155 10.09 240 4.23
~5 9.88 160 10.00 245 3.45
&80 10.01 165 9.72 250 2.20
135 10.19 170 9.85 255 1.48
40 10.38 175 39.97 260 1.13
95 10.39 180 9.86 265 0.97

100 10.42 185 9.67 270 0.75
1 10.47 190 9.33 275 0.58
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TABLE C-50. CORRECTED HALON CONCENTRATION DATA, PROBE H1l, TEST 2, SERIES B.

Times, Concentration, Time, Concentration, Time, Concentration,
8 % by volume ] X by volume [ X by volume
25 0.00 65 2.08 105 0.53
30 0.18 70 3.82 110 0.43
35 0.44 75 3.25 115 0.21
40 0.86 80 2.36 120 0.18
45 1.33 85 1.80 1256 0.14
50 1.87 90 1.38 130 0.16
. 55 2.29 a5 0.95
60 2.15 100 0.70
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TABLE C-51. CORRECTED HALON CONCENTRATION DATA, PROBE HZ, TEST 2, SERIES B.

Time, Concentration, Time, Concentration, Time, Concentration,
s % by volume s % by volume s % by volume
25 0.00 65 7.06 105 0.35
30 0.46 70 5.29 110 0.25
35 1.34 75 5.20 115 0.13
40 3.41 80 2.90 120 0.19
4 5.85 85 1.43 125 0.22
50 7.53 90 0.78 130 N.23
55 7.99 95 .55 135 0.24
60 7.60 100 0.39

o
[
<




TABLE C-52. CORRECTED HALON CONCENTRATION DATA, PROBE H3, TEST 2, SERIES B.

Time, Concentration, Time, Concentration, Time, Concentration,
8 X by volume 8 %X by volume -] % by volume
25 0.00 60 7.02 95 2.16
30 0.46 65 5.62 100 1.10
35 2.08 70 5.32 105 0.53
40 3.43 75 5.65 110 0.30
i 45 5.30 80 5.31 115 0.18
50 7.65 85 3.57 120 0.10
4 : 55 8.21 90 1.76 125 -0.01
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TABLE C-53. CORRECTED HALON CONCENTRATION DATA, PROBE H4, TEST ¢, SERIES R.

Time, Concentration, Time, Concentration, Time, Concentration,
s % by volume s % by volume s % by volume
s 0.00 65 7.55 165 .94
0 0.28 70 6.27 110 0.5°
35 2.37 75 6.31 115 G351
40 3.16 80 7.01 120 .21
10 65.12 85 5.87 125 0.1%

e 8.12 0 3.99 130 .17
50 9.70 95 3.93 135 0.ty
#0 5. 41 100 2.15 140 0.21

r?(;f; ®




TABLE C-54. CORRECTED HALON CONCENTRATION DATA, PROBE H5, TEST 2, SERIES B.

e [ /
Time, Concentration, Time, Concentration, Time, Concentration,
s X by volume 8 % by volume s X by volume
25 0.00 65 3.92 105 0.70 _d
30 0.28 70 4.23 110 0.48
35 0.43 15 3.56 115 0.40
40 1.03 80 2.25 120 0.29
45 1.87 85 2.06 125 0.25
50 2.62 90 2.68 130 0.20
55 3.06 95 1.76 135 0.05 o,
60 3.62 100 1.08 140 -0.01
.1
L
®
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Time,
s

20
30
<5
40
4%
£0

60

TABLE C-55.

Concentration,
% by volume

N W~ O0

.00
.37
.79
.72
.58
.38
16
.31

Time,
s

65
70
75
80
856
90
95
16¢

1
4
2
2
1
1

0.
0.

CORRECTED HALON CONCENTRATION DATA,

Concentration,
% by volume

. 30
01
.60
.Ul
ratt
.08

=7
~

IS

PROBE Hb,

Time,

S

105
110
115
120
125
130
3%

TEST 2, SERIES 8.

Concentration.
% by volume

.47
n. 3
.
n.27

LS

0 ‘11




TABLE C-56. CORWECTED HALON CONCENTRATION DATA, PROBE Hl, TEST 2, SERIES C.

Time, Concentration, Time, Concentration, Time, Concentration,
8 %X by volume 8 X by volume 8 X by volume
25 0.00 110 3.00 195 1.35
30 0.46 115 2.85 200 1.36
35 1.15 120 2.70 206 1.28
40 1.77 125 2.56 210 1.20
45 2.35 130 2.42 215 1.13
50 2.73 135 2.37 220 1.06
55 2.95 140 2.22 225 1.08
60 3.30 148 2.16 230 1.00
65 3.47 150 2.10 236 1.02
70 3.56 155 1.94 240 1.03
75 3.59 160 1.88 245 0.94
80 3.63 165 1.82 25¢ 0.86
85 3.60 170 1.66 255 0.79
990 3.58 175 1.60 260 0.81
95 3.39 180 1.54 265 0.73

100 3.22 185 1.38 270 0.74
105 3.16 190 1.41 275 0.75




TABLE C-57. CORRECTED HALON CONCENTRATION DATA, FPROBE HZ, TEST 2, SERIDS €.

Time, Concentration, Time:, Concentration, Time. Concentration,
< % by volume s % by volume s % by volume
25 0.00 110 .85 195 2R
R0 «  (0.46 115 6.58 200 TR
s 2.72 120 6.1 705 AN Vs
40 5.21 125 6.03 210 CLAT
10 .07 130 5.38 215 251
a0 .26 135 4.84 220 2,450
a5 R.79 140 4.64 EHIES) 2.4
60 8.90 145 4.38 230 2000

fe=N

.01 235

65 3.14 150 2
.34 240 AN

e 9.27 155

ECERA

T 9.15 160 .65 245 SR
Y 9.18 165 .54 25 R
a5 8.96 170 5.42 255 RUIREY

3.2K 260 PG

o 8.30 175

7.91 180
A7 185
I 190

w

15 265 PLbH
.92 270 1.8L

LB ST75 SLTh

-~ -

ot
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TABLE C-58. CORREBCTED HALON CONCENTRATION DATA, PROBE H3, TEST 2, SERIES C.
Time, Concentration, Time, Concentration, Time, Concentration,
s X by volume s % by volume s % by volume
25 0.00 110 2.42 195 1.13
30 0.55 116 2.28 200 1.16
35 1.24 120 2.13 205 1.08
40 2.12 125 1.99 210 1.09
45 3.22 130 1.85 215 1.10
50 4.17 135 1.80 220 1.01
55 4.72 140 1.75 225 1.02
60 4.57 145 1.77 230 0.94
65 4.26 150 1.69 235 G.8B6
70 3.96 155 1.52 240 0.88
75 3.89 160 1.46 245 0.89
80 3.92 165 1.40 250 0.89
85 3.55 170 1.34 255 0.90
90 3.12 175 1.36 260 0.90
95 2.84 180 1.28 265 0.90
100 2.65 185 1.29 270 0.90
105 2.44 190 1.21 275 0.90
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+ TABLE C 539. CORRECTED HALON CONCENTRATION DATA, PROBE #5, TEST 2. SERIES ¢

Time, Concentration, Time, Concentration, Time, Concentration,
5 % by volume s % by volume s % by volume
2 .00 110 4.75 195 2.07
30 0.83 115 4.60 200 2.01
a5 1.76 120 4.54 205 .95
40 2.49 125 4.30 210 1.84
15 3.11 130 4.06 215 1.82
50 3.56 135 3.84 220 1.66
55 4.03 140 3.54 225 1.69
60 4.42 1145 3.33 230 .62
55 4.83 150 3.13 235 1.64
70 4.87 155 3.01 240 [.65
75 5.05 160 2.98 245 1.66
B8O 5.07 165 2.74 250 i.48
85 5.26 170 2.60 255 .41
oo £ 34 175 2.47 260 1,43
a5 5.29 180 2.33 265 1.35

100 5.08 185 2.28 270 1.36
105 4.90 190 2.23 275 1.20

27¢




TABLE C-60. CORRECTED HALON CONCENTRATION DATA, PROBE H6, TEST 2, SERIES C.

Time, Concentration, Time, Concentration, Time, Concentration,
] X by volume s X by volume s X by volume
25 0.00 110 7.18 196 3.31
30 0.65 115 6.83 200 3.26
35 1.69 120 6.76 205 3.11
40 2.80 125 6.10 210 2.96
45 4,20 130 5.46 215 2.91
50 5.63 135 4.89 220 2.67
55 6.63 1anH 4.68 225 2.62
60 7.10 148 4.63 230 2.48
65 7.47 150 4.62 235 2.33
T0 8.01 165 4.38 240 2.19
75 8.29 160 4.25 245 2.14
80 8.40 165 4.03 280 2.09
85 8.57 170 3.81 255 2.02
90 8.76 175 3.70 260 1.95
a5 B.68 180 3.57 265 1.98

100 8.17 186 3.52 270 1.90
105 7.74 190 3.47 275 1.82
1
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