
AO-A009 316 

AN EVALUATION FOR THE LOCATION AND 
T YPE OF HAND PORTABLE FIRE 
EXTINGUISHER USED ON BOARD THE AH-1 
ARMY HELICOPTER 

James R. Jones 

Army Materiel Command 
Texarkana, Texas 

April 1975 

DISTRIBUTED BY: 

M 1 DEPARTMENT OF COMMERCE 

y 
M, «Mil*—' 



ecu wir y CL«sîtnc»TiON or tmi» ^oae rwhan d*» 

REPORT DOCUMENTATION PAGE 

. «OVT ACCCUIOM NO 

üs:,t 0-11^-02-0^-7^..09 
!*• TlTCÏ (mé SuHlilo) 

Al¡ iiV.LUA'x’Iüi; FOR THE LOCATIOîi AND TYIE 
0F IUÎD PORTABLE FIAN KXTIIJWISHER USED 
OL BOaRD THE iVH-1 ARÍ..Y HELICOPTER 

James R« Jones 

fr 

in 

PinroMHNa oroanizatiom namk and aoorcu" ' 

Safety ISnrjineering 
US.U C Intern Training Center 
Red River Ar~y Dcnot, ToxarVann. ty 

COMTNOLUNO erriet NAMK ANO AODttlU '- 
Dept of Safety Engineering 

Unlversity Graduate Center 
m „ll.J'-Intern TrainiTi^ Center - TTSAT.T'f! 
I* MONITOAlNO AOIMCV NAME à AOOñliK,l Controlling OIH.,) 

^01 

jU. DHTRI AuTlON ITATCMCNT (*i IÊt4§ ktpaH) ~~ 

Approved for Public Releases 

RECIPIENT'S CATALOO NUMOKR 

*' "W»0«TèÁemooCOVCRCO 
FINAL . 

•• riNrofUMNO one. report numokiT 

Sí 

1^KÏVWI«,S!,V,,'u'!Si/àT',A*“ 

It. NtroitT OAT I 
Narch 1Q71 

7Î NUNOIN or PAO I 

It. IECURITyTlÁm. (.1 Mili npMg 

ObWNORAhNi 

Distribution Unlimited 

117. DltTRIAUTION ITATCMCNT (■*/ (A* ak«lrMI In Blttk JO. II K**t) 

»UPPLEMENTARY NOTE* 

««.tsax- - 

I KEY WORDS fCwilImM an «in* IImtattary an4 IAmMO ir Mm7¡ 

■•pradiuid kr 

NATIONAL TECHNICAL 
INFORMATION SERVICE 

US Dopsrtmeet of Commerce 
Springfield, VA. 221SI RKB SUUKT1Õ QHK£ 

I !"v!I"ACT rCmMmm m •- imNWiy kr m-a -- 

ibis report evaluates various extin^uiahint? amenta for 

stjtos acd 

presented» Tho anni ^ i- ^ i.' discharge conditions are 

i jam n 1471 toinoN or t nov m it ootoctTc 

iii SCCURITT CLASSiriCATtON or THIS PASE (WlMn Data ãmltr*) 

.- ---- 



iv 
»CCUMITV CLASSIFICATION OF THIS FAOCrmi«i OMa Kntuné) 



F0HE.70RD 

The research discussed in this rerort was accomplished 
as part of the Safety Engineering Graduate Program con¬ 
ducted jointly bv the USAI C Intom Training Center and 
Texas AÙ*!'. University. As such, the ideas» concepts and 
results herein presented are those of the author and do 
not necessarily reflect approval or acceptance by the 
Department of the Array. 

This report has been reviewed and is approved for 
release. For further information on this project contact 
Dr. G, D, C. Chiant», Intern Training Center, Red River 
Armv Depot, Texarkana, Texas 7i?501, 

Approved: 

(J 

Department 
Ta nr», Chie] 
of Safety Engineering 

For the Commander 

-- --- 



ABSTRACT 

Research Performod by Jamos R. Jones 

Under the Supervision of Dr. V!, L. Johnston 

This report evaluates various extinguishing agents for 

their desirability during inhabitable helicopter cockpit 

fires and states the most desirable agent as being I&lon 

1301. Graphs illustrating the concentration of Halón I30I 

(£ by volume) vs. time (seconds) for tvro extinguisher 

discharge conditions are presented. The applicability of 

the Air Force design criteria for fire extinguisher place¬ 

ment in the Army AH-1 helicopter is evaluated. The util¬ 

ization of fire extinguishers in the Southeast Asia Con¬ 

flict indicates that locating the extinguisher in the hel¬ 

icopter cockpit is not necessary. Relocation is an alter¬ 

native to the total removal of the extinguisher and is 

recommended for safety reasons. 

V 



ACrûî O'.VLUDÜrSJ.'tílITS 

For sorvinn; as the chairman of my committee and offor- 

inf* many helpful sugestiona, I extend my anpreciation to 

Dr. W, L. Johnston. For serving as raembers of my commit« 

tee, I wish to thank Dr. R. L. Street and Dr. R. S. Morris# 

Gratitude is extended to Dr, Morris for his assistance 

during the evaluation portion of the project. I would 

like to thank Mr. James Elliot and Mr. Larry Orav-ford, 

AV3C0M, Maj. Logan and Maj# Garner, Ft. Rucker for their 

help in obtaining data for this project# I would espe¬ 

cially like to thank my wife, Linda, for her support as 

well as her invaluable assistance in the composition, 

editing, and typing of this paper# 

During the course of this work, the author was 

employed by the U.S. Army as a career intern in the AMC 

Safety Engineerin'-’: Graduate Program# He is grateful to 

the U.S. Army for the opportunity to participate in this 

pxyjgrnm# 

The ideas, concepts, and results herein presented are 
those of the a'thor and do not necessarily reflect approval 
or acceptance by the Department of the Army. 



CONTENTS 

Chapter Pa^e 

I INTRODUCTION...    1 

II LITERATURE REVIEW. 

III EXTINCHJISHINO .. 8 

Dry Chemical,...  9 

Carbon Dioxide 

Halof^enated Hydrocarbon.• ..  10 

IV HAZARD ANALYSIS...........  18 

V EXTIÎIOUISH3R USE AND NEED...... 30 

VI CONCLUSIONS AND HECOtfNENDATIONS..... 34 

LIST OP REFERENCES.     38 

vil 



FIGURES 

Figuro 

1 

2 

3 

h 

GOUClí¡TR/.TION vs. 
17 SECONDS. 

TINE FOR lOOfb DISCHARGE IN 

CONCENTRATION 
2? SECONDS, • t 

vs. TINE FOR 100^ DISCHARGE IN 

CONCENTRATION vs. VENTILATION RATE 

SîIORT DURATION DISONARES...... 

Page 

22 

2]jl 

25 

27 

viii 



TABLES 

Table 

1 HALON NUMBERING SYSTEM. 

2 PHYSICAL PROPERTIES OP AGENTS 

3 PHYSIOLOGICAL PROPERTIES. 

EXPOSURE LIMITS.... 

5 TIME VALUES.. 

Page 

11 

11 

12 

21 

lx 

-. 

__ 
uw*Éu.É*É«ÉaiaiitiiaÉiüial UMNMttferitfÉMaMfiMlk 



CHAPTER I 

INTRODUCTION 

An incident on board an Air Force Jet bomber involv¬ 

ing the advertant functioning of a hnlogenated carbon type 

portable fire extinguisher has prompted the Air Force to 

provide a design requirement prohibiting the location of 

hand portable fire extinguishers in single place and tan¬ 

dem seating two place aircraft. According to Amy Regula¬ 

tion AR 95-1 (1973), paragraph 3-28, "each Army aircraft 

will have a minimum of one operable fire extinguisher of 

the proper typo installed and available during all 

flights". Besides this difference of opinion as to the 

need for an extinguisher in single place and tandem seat¬ 

ing two place aircraft, different extinguishing agents are 

being used by both the Army and the Air Force for inhabit¬ 

able compartment extinguishers. 

The objective of this report 5s to evaluate the Air 

Force•3 doclcicn, stated in the Air Force Syctet Oonmcnd 

Design Handbook (AFSC DH) 1-6, prohibiting the location 

of a hand portable fire extinguisher on board single place 

and tandem seating tro place aircraft. This design cri¬ 

teria is directly applicable to Anty helicopters, in 



particular the AH-1G, AH-1J, and the now AH-1Q. Also 

various typos of oxtinrcuiohins agents will no investigated 

for the possibility and desirability of using n different 

type a'rent than the one prosontly used by the Army. The 

desirability of an agent is the result of both the toxic¬ 

ity of its compounds and its capability to extinguish 

fires* 

Chapter II covers the previous work done with hand 

portable fire extinguishers for aircraft use and the 

agents used in these extinguishers. The research and de¬ 

velopment done by the Air Force leadin* up to the design 

criteria stated in AFSC DH 1-6 will be reviewed. The 

Amy» a research and development will also bo presented in 

this chapter. 

Chapter III deals with the extinguishing abilities of 

the various agents, the physiological effects of the 

agents on the humm body, the properties of the agent in 

the undccomnosod and decomposed states, and the extent of 

damage caused to the hard1,vare of the aircraft. 

The doscription/layout of r.ho Cobra cockpit and the 

expected exposure concentration of extinguishing agent will 

bo discussed in Chapter IV. The accessibility and location 

of the extinguisher, the volume of the cockpit, the volume 

and flow diagram for the environmental control system and 

the back-uo fan, the discirna rato of the extinguisher, 
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and the toxicity of the material used for interior con¬ 

struction must also bo considered at this time. Prom this 

infonnation a hazard analysis can bo constructed that 

shows the percent concentration of extinguishing agent 

versus time after discharge with the ECS operating. 

Chapter V describes the past data on the extinguisher 

used in the AH-1 series of helicopters. Data from che 

United States Army Agency for Aviation Safety (USAAAVS), 

Port Rucker, Alabama, shows in-flight in-oockpit fires and 

the extinguisher use matrix; where data from the Aviation 

System Command (AVSCOfc), St. Louis, Missouri, shows remov¬ 

als of the extinguisher for various failure codes. AFSC 

DH 1-6 and Infonnation obtained with this handbook are also 

discussed. Chapter VI presents the results, conclusions, 

and recommendations for future research. 



CHAF TER II 

LIT3:UTtmiá R3VIE';/ 

With the adv?mcornent of the holiooptor* thoro has 

also boon an advancement in fire protection on board the 

helicopter. The concepts of toxic free interior materials 

and location of fuel and electrical lines are not new to 

helicopter design. The post crash fire has almost been 

totally eliminated by the use of the crashv/orthy fuel 

system. If & fire does occur in-flight, then an extin¬ 

guisher is needed that will ouiokly put out the fire with 

the least toxic by-products given off. 

The Air Force made the decision concerning the need 

for an extinguisher in the cockpit around Io1 5, From all 

indications, the decision was based on the foct thot there 

was no data shoeing that the extinguisher had been used. 

The major a roa for fine is the engine compartment, which 

connot be controlled bv the crew with a hand portable 

extinguisher. Twin engine Jets arc oouippod with engine 

extinguishing systems which are discharged when a vaming 

is received. Jets are also eouippod with an ejection 

system which removes tho crow from the disabled aircraft. 

The only previous work done concerning the 
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ext;inpjuishop in the Cobra was brought on by the "green 

house" effect of the closed eanony. The average tempera¬ 

ture of the cockpit when the helicopter Is on the ground 

with the doors closed and the sun shining was determined 

to be 203°P. This temperature caused the agent to reach 

the burst pressure of the burst disc in the extinguisher 

bottle. The result of the burst disc blowing was that the 

nozzle would fly off the discharge tube and travel around 

the cockpit. Various ideas were stated to eliminate this 

Problem. One was to use a different agent and another was 

to paint the bottle white. As to removing the extin¬ 

guisher from the aircraft, the Army has done no foxmal 

study at the present time. 

Due to the limited area of the Cobra*s cockpit, the 

physical, physiological, and toxic effects of various 

extinguishants must be considered. Carbon dioxide is one 

of these agents. 

According to the rational Pire Protection Associa- 

Mon's Pire protection Handtooic <4)« and National Fir, 

Codes (11), carbon dioxide has been used for many years 

for flarmable lleuld and electrical eculpnont fires. Its 

usase varies since It Is a nonoorbustible, nonconduetlve 

* Numbers in brackets 
List of Refereneos. 

refer to numbered references in the 
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ßas which spreads over a total area. Carbon dioxide is 

mildly toxic: it can cause unconsciousness and death if 

used in hirrh concentrations in a fire area. 

The dry chemical extininiishant was also d: soussed in 

the two books by the National Fire Protection Association. 

This agent has also been around for mnny years and in 

varied forms can be used on all classes of fires. Its 

toxicity l;as been rated as low but increased if taken as 

a direct shot, fho limitations of the agent are with 

electrical systems using contact points and relays. 

Kalogenated extinguishing agents are among the most 

popular agents used today. In l?h.7 Purdue University 

started the first systematic study into the use of agents 

superior to methyl bromide. Their report on Fire Extin* 

Swishing Agents, July 1950, lists numerous agents which 

were tested. These tests were mainly for the extinguishing 

capabilities of the various developed comrounds with little 

emphasis placed on the toxicity of the material, frmltion 

and Fire Suppression in Aerosnace Vehicles. September 

1972, deals more with the toxicity of the various Halen 

agents used. Some of the more widely used agents are 

Halón 1301, 1211, and 1011. 

The National Fire Codes (ll) and Fire Protection 

Handbook Uj.) combine all previous work completed on Hal- 

ogenatod agents. It was discovered that by changing the 
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chemical bonds on various elements, the extinguishing 

ability of these compounds were increased or decreased* 

Some changes even produced an added effect to the already 

burning material. Through these t':o books, complete 

guidelines are set for the use of different Halón agents 

based upon the environment. Chapter III investigates the 

properties of extinguishing agents in more detail* 



CHAPTER HI 

EXTIii(WISHING AGENTS 

Sinco tho throat of firo ia a factor sovemln& tho 

cafe operation and complotion of a mission for military 

combat aircraft, its provontion and control are critical, 

Tho boat moans of control is tho elimination of all threat 

of fire, but this is not a realistic rçoal. The next best 

thing is to utilize an a<ront tint has miiok extinguishing 

capabilities and low toxic effect. 

During past years tho toxicity of an agent wasn't the 

major concern, but rather tho capability of tho agent to 

handle the various classes of fires, whether Class A: 

fires involving ordinary combustible materials. Class B: 

fires involving flammable or combustible liouids, or Class 

C: fires involving energized electrical oouipmont. In 

recent years though, tho concepts have changed toward the 

development of an agent that offers both good fire fight¬ 

ing capabilities and low toxicity. Various agents must be 

evaluated for their possible use in the cockpit of the 

AH-1 helicopter serie,a. 

8 
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Dry Chemical 

A dry chemical nßent ia a mixture of powders used to 

extinguish fires in various materials. Regular dry chem¬ 

ical has a bicarbonate base powder and is recommended for 

Class B and C fires while multipurpose dry chemical has an 

ammonium phosnhato base powder and is effective for Class 

A, B, and C fires. 

Dry chemical is considered vor/ effective for use on 

flammable linuids and can be used on some types of electri¬ 

cal equipment. Its stability is acceptable at low and 

normal temperatures but since some of its components melt 

and become sticky at higher temperatures, an upper temper¬ 

ature limit of lI'.O0 P is normally recommended for storage. 

lh) 

The compounds that make up a dry chon icnl agent are 

considered nontoxic, but if a discharro of sufficient 

quantity was to occur in an enclosed limited area, a 

breathinr restriction would exist, /mother adverse effect 

is the "cloud" of disrersod particulate in the air that 

would reduce, if not tot a 11-/ restrict vision of the crew. 

.Then the powder settles out of the air the cockpit would 

need to be totally cleaned -nd all unsealed olootronic 

couipnent would need replaced or repaired. 
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Carbon Dioxide 

Carbon dioxido is an odorless, colorless, electri> 

cully non-conductIve Inert ftas that is a suitable extin¬ 

guishing agent. It has previously been used as an oxtin- 

guishant Tor use in inhabitable areas. The toxicity of 

carbon dioxide is considered mild, though it can produce 

unconsciousness and even death at concentrations in the 

fire extinguishing range. At the 9'j concentration value, 

loss of consciousness may occur within minutes. If death 

does occur from carbon dioxide, it is usually from suffo¬ 

cation and not from the toxic effects of the agent. Car¬ 

bon dioxide is a desirable agent for many fiL‘e situation^ 

but cockpit areas is not one. The fog of carbon dioxido 

can restrict vision, an undesirable characteristic. 

HaloTcn^tod Hydrocarbon 

Halogenntod hydrocarbon extinguishing agents which 

are desirable for cockpit use are dibromodifluoromothane 

(C3r2P2), brorr.otrifluoromothane (CDrP3), and bromochloro- 

motheno (C^BrCl). Thoso halogonatod i-onts exhibit the 

most desirable characteristics, at the present time, for 

the extinguishment of fire and the physiological effects 

on personnel v/ho come in contact with the agent. A halo- 

genated compound is one which contains one or more atoms 

from an element of the h^lo^en sarios, i.e., fluorine, 
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chlorine, brorin-', or iodine. 

To classify the halogonstod agents, a svstom of Halón 

munhors la uaod. The first dl~lt represents the number of 

carbon .atoms: tho second dielt, the number of fluorine 

atoms; tho third, tho n.ssbor of chlorine atoms; tho fourth, 

the bromine stone; snd the fifth. If any, tho number of 

iodine atoms. (!;) Table 1 shows tho halan numbers for 

the agents used in thia study. 

Table 1 

Halón Huinberina: System 

Halón Ho, Formula Nome 

1301 
1202 
1011 

C3rFa 
CBrçFp 
CK23rCl 

Bromotrifluoromethane 
Dibromodifluoromothano 
Bromochloromethane 

The physical properties of the agents arc shown by 

Table 2, 

Table 2 

Physical Properties of Aronts 

Halón Numbar 

1301 1202 ion 

l olocular .Vei-rht 
Boiling Point °F 
Froozinr» Point °F 
Liouid Density 

Lb/nal at 70°F 

1A3.9 
-57.9 

-270 Ji. 
13.i 

209.8 
76.1 

-229.9 
19.0 

129.1; 
1S6.0 

-123.7 
16. X 

(Values obtained fror.- AFSC OH 1-6, 1971) 
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The most doalrnblo anrent for cockpit use is one with 

hiçh extinguishins capability and low toxic effects. 

Table 3 lists some physiological properties of the agents. 

Table 3 

Physiological Properties 

Approximate Lethal Concentration 
FFIi! Volume for 
15 Minute Exposure Rate 

Halón No. 

1301 
1202 
1011 

Natural Vapor 

800,000 
5!l,000 
29,000 

Decomposed Vapor 

111., 000 
1,850 
l|.,000 

(Values obtained from APSC DH 1-6) 

The presence of toxic vapors of Halón agents can bo 

detected bv smell, irritation, coughing, and lachryxnation. 

Por Halón 1301 the natural vapors are slight and ethereal 

while the decomrooed vapors are acrid and irritating. 

iho natural vanors of Halón 1202 are heavy and ethereal 

with decomposed products being extremely painful to inhale. 

Natural vapors of Halón 1011 have a sweet odor while decom¬ 

position products are extremely irritating. (6) 

Underwriters» Laboratories, Inc, has established 

toxicity groupings for various agents and other vaporising 

liquids und gases. Bromotrifluoromothane has a Group 6 

rating, v/hich is the least toxic rating. A Group 6 item 
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is ono which will not produce injurv to human life when 

exposed to concontrat ions up to at least 20 percent by 

volume for approximately 2 hours. Dibromodifluoromethane 

is Group l| which is lethal or will produce serious injury 

when exposure to concentrations of 2 to 2 1/2 percent by 

volume for approximately 2 hours. Bromochloromethane is a 

Group 3 item which has the same definition as the Group If. 

items but the exposure time is for only about one hour. 

Those classifications are acceptable as a moans for rank¬ 

ing? various agents according to the toxicity, but the 

exposure concentrations and durations should not bo used 

as «nxidolines. 

Threshold limit values (TLV) and emergency exposure 

limits UiSL) are important decision factors for an inhab¬ 

itable cockpit fire extinguisher agent. Table ij. lists 

the TLV » s and £3L's for the halo^onatod agents of concern 

as stated by Bottcri et. al. (2) 

'.Then evaluating properties of extinguishing agents 

for use in inhabitable cabin areas, toxicity must bo the 

primary determining factor. Though the overall effective- 

ness of Halón 1301 is not quite as good as Halón 1202, 

its» toxic and physiological properties are far loss than 

Halen 1202. Since Hnlon 1301 is the best agent when 

toxicity is considered, it will be considorod in greater 

dopth. 
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Table 4 

Exposure Limits - PPM 

Halón No, TLV - 8 hour day EEL - 5 min. 

1301 
1202 
1011 

1,0001 
1001 
2001 

6o,ooof 
3,0003 

10,0003 

1 - American Conference of Governmental Industrial 
Hygienists (ACOIH) 

2 - National Academy of Science, National Research 
Council (NASArs) 

3 - Unpublished estimates that are used as tempo¬ 
rary rruidelinas by the Air Force 

Halón 1301, bromotrifluoromethane. Is a colorless, 

odorless gas with a density approxim tely 5 times greater 

than air. It is the lightest Halón arçent at nonnal tem¬ 

peratures and its extinguishing capabilities raneje from 

flammable liouids to solid combustible materials with the 

exception of some active metals* 

The natural V”por and decomposed vapor concentrations 

of the ardent must 're considered for the exposure to per¬ 

sonnel. Natural or undoeo’'nosed Halón 1301 will produce 

minimal central nervous system effects at concentrations 

below 6 percent by volume for exposure times less than 5 

minutes. Dizziness, Impaired coordination, and reduced 

metal acuity show up with exposures of a few minutes at 

concentrations between 6 to 10 percent, but these effects 

are not incapacitating at exposures less than a minute. 

Between 15 and 20 percent there is a chauce of 



unconsciousness and possible death if the exposure is 

prolonged. At concentrations above 10 percent the effects 

increase in intensity d':e to duration of exposure greater 

than one minute. At a duration of 30 seconds or less, 

there are no effects even at concentrations up to 15 per¬ 

cent. (11) 

The decomposed vapors of Halón 1301 are produced when 

the argent comes in contact with a hot surface of 900<>F or 

Creator. The percent of açent decomposed is dependent on 

the surface area of the fire. Tests show that the extin- 

Cuishmont of a 25 souare foot heptane fire in a 10,000 

cubic foot enclosure within 0,5 seconds produced only 12 

pom hydro *en fluoride. The approximate lethal concentra¬ 

tion (ALC) for hydrocen fluoride for a 15 minute exposure 

is 2500 ppm. Hydrogen fluoride is the most prevalent by¬ 

product given off by tho doComrosition of Halen 1301. 

Chapter IV will di?euS3 the coc’rrit volume and 

arrangement of eouirment that maintain a constant flow of 

fresh air. Different situations rill be evaluated to 

show what percent by volume of Halón 1301 mirht be expect¬ 

ed in the cockpit when tho extinguisher is discharged. 



CHAPTER IV 

HAZARD ANALYSIS 

Fire on board a helicopter can create hazards to 

crewmembers from the inhalation of both smoke md fumes. 

Concern is given to the breathing restrictions imposed by 

smoke and fumes bn . no consideration is given their toxic¬ 

ity since cabin material rill not produce toxic by-products 

v/hen burned. The major problem is the elimination of the 

fire with an extinguishing agent, so that the vapors of 

the agent do^t add to the already present hazards. 

Various components of the cabin area must be studied so 

that the effects of an extinguisher discharge can be 

evaluated. The cabin arrangement, the typo of ventilation 

system used, and the discharge rate of the extinguisher are 

all important for the evaluation of the extinguisher dis¬ 

charge and the agent concentration. 

The Cobra is a tandem seating tro place helicopter. 

The pilot sits in the roar elevated seat and the copilot- 

gunner rides in the front seat. Both the pilot and copilot 

have full flight capabilities of the helicopter. There is 

only one hand portable fire extinguisher on the Cobra and 

its located to the left and slightly to the rear of the 



17 

copilot's seat. The extinçuishor is accessible to the co¬ 

pilot while he maintains flight conflrraration, that is, 

v/ith seat belt and shoulder harness fastened. The pilot, 

on the other hand, has to remove his seat belt and shoulder 

harness and then physically move forward to be able to 

roach the extinguisher. This action by the pilot would 

require the copilot to fly the helicopter. At the present 

time, the extin-ulsher used in the Cobra is the standard 

Army one quart extinguisher filled with Halón 1301, 

The Cobra, like most Army helicopters, is ecuipped 

with an environmental control system (ECS). The ECS mixes 

cold air with hot air to maintain a desired temperature 

level within the cockpit. The output of the ECS is approx¬ 

imately 200 cfm. If the ECS becomes inoperable, a backup 

system consisting of a transmission driven fan uhat circu¬ 

lates outside air at ambient temperature is available. 

The backup system has the capability of 3$0 Cfm output. 

The air from both the ECS and the backup system is fresh 

air, not recirculated air. 

The mode of operation for cockpit temperature control 

of the ECS is as follows. The ECS mixes cold air, 390p 

dry bulk, with high temperature en~ine bleed air. The 

cold air is received from the heat exchanger located with¬ 

in the ECS. The pilot controls the rate of mixing for the 

desired temperature level as well as the cabin output of 



13 

the system. If "ait* conditioning" is not reouired and 

ambient air can be used for the ventilation purposes, then 

the pilot can select the backup or ambient vent system. 

The air for this system is ram air that is blovm through 

the coekpit oy a transmission driven fan. The pilot can 

control the amount of air that flows through the system by 

a flapper valve located in the inlet duct of the system. 

It is possible for both the output of the environmental 

control system and the ambient ventilation system to be 

shut off by the pilot. If this is the case, there is 

always air flow to the pilot*3 seat cushion, which is con¬ 

trolled bv a separate valve. 

Since the cockpit can be considered a vented enclo¬ 

sure, the effects of Halón 1301 concentration can be deter¬ 

mined, To obtain usable units, various values must be 

considered. First is the discharge time for the extin¬ 

guisher, which is a standard Army one ouart sise. Speci¬ 

fications call for a discharge time of 22*5 seconds at 

70°f to disperse 95# of the agent (3), For the worst case 

condition, the oxtin'ruisher would discharge 100;j of its 

contents in a time span of 17 seconds. Second is the 

extinguisher discharge rate, v/hioh is the ratio of the 

liquid density of the a-ent to the discharge tine. The 

liquid density of Halón 1301 is 13.1 Ibs./gnl. which is 

equivalent to 3,275 Ibs./qt. The discharge rate ecuals 
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0.1926 lbs./seconds. The rato of ventilation must also tos 

considered. For this i aper it v/ill be considered that any 

time the helicopter is operated, there is some type of 

ventilation used. Therefore the ECS displacement will toe 

used for calculation since its value is the lesser of the 

tv;o methods of ventilation. Also, consideration must be 

given to the situation when both the 3CS and ambient fan 

air are both off. The only ventilation air in the cockpit 

is that which is continuously forced through the pilot*s 

seat cushion since it is assumed that this air would not 

be shut off. 7/ith the 3G3 operating the rate of ventila¬ 

tion is approximately 3,3 cfs, while the value for venti¬ 

lation rate v/ith both the ECS and backup system off is not 

as easily obtained* A value of approximately N5 cu. ft. 

v/ill be used for all calculations involving the cabin area* 

To know the actual effects that can be expected to be 

received if an extinguisher is discharged in the cockpit, 

the concentration-time relationship is important. The 

cabin area can be considered a totally flooded ventilated 

area. From the Hattonal Fire Codes (11), an eouation was 

obtained for the effects of ventilation on tho concentra¬ 

tion-time relationship as follows: 

C R(l-e-2t/V) 

oTöTOrr* (M) 
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where 

C is the 
R is the 
E is the 

is the 
is the 
is the 

0.00391 

nrf»nt concentrntion# percent bv volume 
discharrra rate, lb./sec., ' 
ventilation rat-, cu. ft./sec,, 
enclosed volume, cu. ft., 
time, sec., 
natural logarithm, base, 2.71828, and 
correction constant for Halón 1301. 

Substitutin.î; into the equation the values for each variable 

v/e have for the ECS "on” situation: 

C = l'9#258(l-e“SfcA5* 

h Ü1.2) 
for tho ooncontration at o-oh timo t after dlsotiarr-e of 

the extinguisher starts (t0 s 0). 

Since extinguisher discharge rill stop after 17 sec¬ 

onds, the concentration-time relationship rill change. The 

nev relationship is f^iven by the equation ns follows: 

C = Coe-ETA 

v;here 
(U 3) 

°0 p3rooat*^nvoSrtrntl0n ^ °nd 0f dlscha^9« 
is the time after discharro stops, sec., 
is the fluent coneentrtion, percent by volume 
is the ventilation rate, Ib./sec., 7 voluwe# 
is the enclosed volume, cu. ft., 
is the natural logarithm base, 2.71328, 

T 
C 
E 
V 
e 

JYlth the ECS operating tho ecuación becomes. 

C = Coe-^AS 

where the concentration of aqent decreases 

increases. 

tk.k) 
as tho time T 

MttMMMÉÉÜWiaiMÉie. 
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Figure 1 illustrât os the concenti»' tion-time relation¬ 

ship from 0 to 60 seconds with the ECS on and ventilation 

rates of 1,2, 1,6, 2,l|., 2,8, and 3,3 cfs. This figure not 

only shows the maximum expected concentration at 17 seconds 

for each flow rato, b”t also illustrates the time that the 

concentration is between 6-10;'* and IG-l^f»« 

Table 5 lists the time that is spent within each 

concentration ran^o for each of the five flow rates# 

Table $ 

Time Values in Seconds 
(17 seconds duration with lOOfí discharge) 

Concentration Range 

Flow Rate, cfs 6-10< 10-151 Total Time 

1.2 
1.6 a 
3.3 

2J.5 
18.5 
15.5 
15.0 
15.0 

21.5 
15.5 
8.5 
6.0 
3.0 

t 
21 
18 

At a concentration of 6-10f', no harmful effects will be 

noticed if the exposure duration is less than or equal to 

60 seconds. For 10-15 '% concentrations, the maximum expo¬ 

sure time is 30 seconds. As shown by Table 1, no flow 

rate will yield an exposure time above maximum. 

Considering the case where the extinguisher still 

discharges 100^ but in a tiro span of 27 seconds instead 

of 17 seconds, equation k,1 becomes. 



Ä
 

F
ir

u
ra

E
 

1 
C

C
N

C
El

fT
F/

V
'T

TC
N
 
v
p
. 

T
I 

F
E
 

FO
H
 

1
0

0
<
 

D
IS

C
H

A
R

G
E
 

IN
 

1
? 

SE
C

O
N

D
S 



23 

C s 31.023(l-e-StA5î 
-2- (k.5) 

whoro R (discharge rate, Ib./soc.) is 0.1213. Eouation 

rer.ains the same for the cone entrât ion-timo relation¬ 

ship after the discharge stops. 

PiíTuro 2 illustrates the cone entrât ion-time relation- 

ship Cr m o to 60 seconds with the 5BS on and ventilation 

rates of 0.8, 1.2, and i.j ofs. For a ventilation rata of 

0.8 Cfs, it Is obsorvod that at 60 seconds the percent 

concentration of Halón 1301 Is above the 6;i level. This 

presents an undesirable situation and should be evaluated 

in more depth nhon lo» fio» rates are used <E Is less than 

or equal to 1,0 cfs). 

Por fio» ratos of 1.2 and 3.3 ofs, the concentration 

values are loss than those values presented In Table 1. 

Fisura 3 shops a/rent concentration vs. ventilation 

rate for constant times of 17 and 27 seconds. Values for the 

ventilation rate »ere substituted Into eruationa li.l and 

4.5 to obtain the concentr. tlons. The 15 ; concentration 

level »as chosen as a maximum permissible value since 

exposure timos for concentrations above 15--' can cause un¬ 

consciousness or possible death. The values of ventila¬ 

tion rato corresnondinrç to the 15:5 concentration Is approx¬ 

imately 1.2 and 0.3 ofs for discharge duration of 17 and 

27 seconds respectfully. The ventilation rates are the 
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minimum that can be used and maintain the 11# concentra- 

tion. 
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To obtain a more realistic idea of the potential 

agent concentrations in the cockpit during an extinguisher 

discharge a hypothetical situation was developed. The 

extinguisher wan discharged throe times for two seconds 

duration each with a five second separation with no agent 

being discharged. 

Figure li. shows the cone entrât ion-time relationship 

for this situation. Ventilation rates of 0.2, 1.2, 2,Jj., 

and 3.3 cfs were usod with ©quations K.2 and Ji.l,. when a 

total discharge of the extinguisher would occur in 1? 

seconds. It is observed that only a flow rate of 0.2 cfs 

will cause the concentration of Halón 1301 to exceed the 

level for a period of approximately 20 seconds. A 

flow rate of 0,2 cfs could be considered as a "natural" 

flow rate, that is, the normal leakage of air through the 

cockpit when the ventilation is not operating. 

All calculations in this chapter used either 95:¾ or 

100,1 extinguisher discharge with a 1? or 2? second dis¬ 

charge duration. When the extinguisher is usod for shorter 

durations (i.e. 8 seconds) than those presented here, the 

expected concentration of Halón 1301 will bo significantly 

less than that shown by Fimros 1 and 2. 

So far this evaluation has only been concerned with 
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the ECS operating. Another case that must bo considered 

is when both the EC3 and backup system are shut off. The 

pilot has the option of leaving his seat cushion ventila¬ 

tion on when the others are shut off. If this is the case, 

it is questionable whether the 1.2 cfs minimum value is 

maintained. ’.Then the extinguisher is discharged v/ith this 

condition existing, concentrations greater than l£;' would 

bo reached in a shorter time and the clearing rate de¬ 

creases as the ventilation rate decreases. 

Por a realistic evaluation of the hazards involved in 

the cabin area, all aspects loading up to an extinguisher 

discharge must be considered. Since the electrical system 

is tho primary area where fire can occur, it is the main 

area of concern, »’/hen fire does occur in this system, the 

smoko and fumes produced are in such quantities that vision 

would be reduced to near zero conditions. The standard 

procedure for this condition is to throw the main circuit 

breaker, then slow the helicopter to !*0 knots 6 mph) and 

open both the pilot*s and copilot's doors. This eliminates 

all power to tho electrical system and providos a free flow 

of fresh air through t^e cockpit to remove the smoke and 

fumes. If the extinguisher was discharged at this time, 

the c neentratien levels would bo far less than those 

reached with the SCS operating. 

Chapter V discusses the use and requirements of the 



firo extinguisher for the nast and present time period. 



CHAPTER V 

EXTINGUISHER USE AND NEED 

At tho prosont time there io c difference of opinion 

us to the need and placement of the hand portable fire 

extin,rçuishor for single place and tandem seating two place 

aircraft. The Air Force feels that it is not necessary to 

have an extinguisher located in tho cockpit of such air¬ 

craft. On tho other hand, the Army requires that all air¬ 

craft have an cxtinmishor accessible to the crew at all 

times. This difference of opinion can be more fully 

understood by looking at tho different types of aircraft 

flown by both tho Army and Air Force, 

The Air Force flies fixed v/inrred jet powered aircraft 

that are covered by their design criteria. Those pianos 

renuire a runway for landings and takeoffs which is prob¬ 

ably located at an Air Force base. Ground personnel arc 

present to service the aircraft as well as watch for any 

malfunction during start-up. If a fire should occur at 

this time, fire extinguishers are available for use. 

If a fire occurs during flight, tho action taken 

depends on tho location of the fire. For engine fires tho 

pilot has tho capa )11:1 tv 0f discharging tho engine 

30 
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extinguisher system which elimin-tos the fire and also the 

power. If the fire is located in the cockpit, the pilot 

can shut off all electrical power to determine if the fire 

is electrical. If so, he has essentially stopped the 

burning since the cockpit material will not sustain com¬ 

bustion. kihen the fire is located somewhere else on the 

aircraft, there is not much that the pilot can do to 

extinguish or control the fire. In the case whore the 

pilot cannot control or eliminate the fire, or he looses 

his engine, he must try to land the aircraft if possible. 

If nothing can be done to save the aircraft, the pilot 

uses the ejection system and leaves the disabled plane. 

The Army aircraft that could be included in the Air 

Force design criteria is the AH-1 (Cobra) series helicop¬ 

ter, since it is a tandem seating two place aircraft. The 

Cobra, being a rotor ring aircraft, has the capability of 

landing and taking off from almost anywhere. -.Then the 

Cobra is at its base of operation flight personnel are 

present at refueling and during the startup procedure 

watchii.g for any malfunction, such as fire. iThile on the 

ramp, flight personnel have easv access to fire extinguish¬ 

ers if the need arises. The problem exists with the Co¬ 

bra's capability to land at remote sites, as was the case 

in Vietnam to take on fuel. The extinguishers used by the 

ground personnel were not always within roach when needed. 
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so tho extiry^ilabor from tha cockpit had to bo used. 

Another case to consider Is v'hen the pilot Is forced 

to land because of a false Indication from a ram Inn; llçht. 

Tho pilot would make an emergency landing and shut the 

helicopter down. After physical inspection of tho area 

indicated by the ramin» lirçht, if no valid indication is 

found that a problem exists, then tho pilot can restart 

tho holioopter and return to base. As rooulrcd by Army 

regulation, there must be a fire «?unrd present when an 

aircraft is started. 

The Cobra, like most single online aircraft, is not 

equipped with an online compartment oxtinquishinR system. 

Since there ia tho possibility of landim? and shutting the 

Cobra down at a remote siçht, it would seem ironic to post 

a fire guard durine? startin'? and not have an extinguisher 

present. 

To determine the actual need for tho fire extinguish¬ 

er another factor that could be considered is the past 

data on extinguisher use. Lia in’, enanco action data col¬ 

lected on the hand portable fire extinguisher, FSN 

K2105553937# used in tho Cobra cockpit indicates 19 main¬ 

tenance actions reported to tho Reliability and Maintain¬ 

ability Improvement Technioues (itAII IT) Division, Aviation 

System Command (AVSCOÎ ), St. Louis, Missouri for FY 70. 

During this time period 1^8,559 flight hours were recorded 
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for tho AH-1G fleot, A maintenance action occurs when a 

component is removed from tho aircraft for any reason* 

At this time a failure code is assirpied to each removal* 

The failure codos for the 19 actions wore chocked to see 

if ¿hero were any removals for low pressure. There were 

six different codes recorded and none indicated low pres« 

sure which would bo assumed to moan that tho extinguisher 

had discharged* 

Assuming that the best failure Of'de was not used to 

describe the removal, data collected bv tho United States 

Aray Agency for Aviation Safety (USAAAVS), Ft. Rucker, 

Alabama was also studied* This data covered tho period 

from FY 71-FY 7>|. and indicated an in-flight fire with 

extinguisher used* Two cases occured for this condition, 

but upon further investigation by USAAAVS it was found 

that neither case involved in-flight fires nor did they 

involve tho Cobra. 

Chapter VI will summarize and conclude this paper. 



CHAFi'äR VI 

CONCLUSIONS AND HEC OMI ' END AT I OH S 

As shown in Ch?.ptor V, tho portablo extinguisher does 

not have a hißh uaa^o rate. From the mnintonance data 

obtained at AVSCOI.', only 19 actions in 153*559 flight hours 

v/ere recorded during FY ?0 for tho extia-uishor. None of 

the 19 actions indicated that the extinguishor vas removed 

for low pressure, vAiich would indicate a discharge. The 

data collected by USAAAVS for the time oeriod FÏ 71-7/i did 

not indicate any in-flight fire with extinguisher use. 

Since a fire in tho cockpit would generate a large 

cuantity of smoke, the primo concern is to rid the cock¬ 

pit of the sir ke. A fire which is not in the electrical 

system would be of such magnitude that the nortable extin¬ 

guisher would have no significant effect for the extin¬ 

guishment of this t'T>e of fire. 

It is concluded by this study that the Air Force de¬ 

sign criteria prohibiting the location of a hand portable 

extinguisher in tho cockrit of singlo place and tandem 

seating two place aircraft is applicable to tho Army AH-1 

helicopter. 

It is recommended that tho feasibility of locating 

3>!. 
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the extingulabor in an aooeas bay be studied, since there 

has been certain situations when the extinguisher has been 

used on the ground. The location of the extinguisher 

should be in such a place as to be accessible when the 

Cobra is laying on its side, as is the case after most 

crashes. 

If an extinguisher is to rerrain in the cooknit of the 

AH-1, it is recommended that Halen 1301 be used as the 

agent. As determined in Chapter III, Halón 1301 exhibited 

the best qualities of the agents studied. It has an 

approximate lethal concentration of 800,000 PFtf (natural 

vapor) for a 15 minute exposure rate and a 5 minute emer¬ 

gency exposure limit of 60,000 PPM. 

Figure 3 »hov'8 the oonoentratlon vs. ventilation rat. 

for constant ttees of 17 and 27 seconds. Using this fig. 

ure. It onn be seen that ventilation rates of 1.2 and 0.8 

ofs aro needed to maintain a oonoentratlon of 15¾ maximum 

for 17 and 2 ! seconds respectively. Figure 1 Illustrates 

the cono entrât Ion-time relationship during and after extin¬ 

guisher discharge for ventilation rates of 1.2 and 3.3 ofs 

for 100¾ discharge in 17 seconds. All this establishes 

the point, that with a ventilation rato between 1.2 and 3.3 

ofs and 100¾ extinguisher discharge In 17 seconds, no crew¬ 

member oil. receive an over exposure to Halón 1301. 

Firrure 2 sho^s the relationship, but for a 27 
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oocond discharge duration. At vont Hat ion raten of 1.2 

cfa or moro, there is no dnn^or of ovor exposure of Halón 

1301. When the ventilation rate is at 0,^ cfs there is 

noc sufficient flor to reirove the Halón I301 to the accept¬ 

able limit within 60 seconds, therefore, lo"' flow rates 

are not recommended. 

Ono problem mi-ht arise with the assumption that ven¬ 

tilation will be used, since the pilot has the capability 

of rerçulatinn all caoin voitilntion. Because all crew¬ 

members are reruired to roar Nomox (fire resistant) flight 

clothes and protective helmets, it is only lo-icnl that 

ventilation will be used to remove the stuffiness and heat 

inside the all -lass canopy cockpit. 

All calculations, nr^phs, and tables pertaining to 

tho concentrâtior-timo relationship were computed usinn a 

discharge of loo ' and anont. In actuality, if a cabin 

fire occured It would not be of the magnitude that would 

ro'-’iro a continuous dirchar-o of the extinguisher. 

Therefore, with a ventilation rate of 1.0 cfs or greater 

the concentration obtained in the cabin would not cause 

anv danger to tho crew. Figure k illustrates this point 

by shewing the concentr~tien received from throe two 

second duration discharges. 

The last conclusion concerning the potential concen¬ 

tration in the cab<n deals with the procedure used when 
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spoke is detected in the cockpit. The standard procedure 

is to cut the main circuit breaker for all electrical 

power and slow the helicopter to lj.0 kncts (K6 mph), then 

open both the pilot's and copilot's doors and proceed 

until the smoke is cleared. If the extinguisher was dis¬ 

charged at this time the concentration would be far below 

any level of danger. ’.That could be considered as an added 

safety factor is the fact that Halón 1301 is five times 

heavier than air. Any agent concentration that wasn't 

removed b'/ the large ruantitv of air flowing through the 

cockrit would remain at the lower portion of the cabin 

out of the broathinm zone of the crew. 

An assumption that was made before the agent concen¬ 

tration could be calculated was that the cockrit be con¬ 

sidered a totally flooded area. For the cockrit to 

actually be a totally flooded area there would need to be 

multiple discharge points for the extin^uishant, Since 

the AIÎ-1 has only one extinguisher, the cockpit would not 

be a totally flooded enclosure in the strictest sense. 

Therefore, all values of extinguishing agent concentration 

presented in the frrarhs of Chapter IV are higher than 

those values that w uld actually be received. 
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