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The airtanker has as the p r  tool for 

app l y ing fire retard ant onto wild ires. In 1973 , over 9 0% 

of the 18 mil l ion l itres m il l ion gal ) used in C anad a was ied 

by the airtanker 1974) . The c ost of d el iver this 

retard ant to the fires was 2 5 -5 0C p er l itre ($1- r ) , or 

between $4 and m il l ion (Grigel 1974). 

The effec tiveness of the airtanker in 

d ep end s upon many fac tors : 

retard ant 

1. d esign of the d el system 

2. airc raft and at the time of d rop 

3. airc raft maneuverabil 

4. vol ume of retard ant rel eased 

5 .  type of retard ant ied 

6. p il ot ac c urac y 

7. b d irec tion 

8. terrain, visibil ity and other d rop c ond itions 

9 .  the fire it sel f. 

The factor of p aramount rtanc e is the d es of the d el 

An effic ient system is essential for an effec tive retard ant 

d istribution p attern. 

The l ac k  of spec ific c riteria for retard ant d el 

systems and the avail abil of numerous typ es of irc raft for 

c onversion into airtankers have l ed to the c onstruction of a var 

of systems. o these stems are ine ic ient. Most 0 the 

system. 
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s to del s y s t ems t o  da t e  been 

t he initia tive of t he individua l  airt anker opera tor s in coopera t 

\<lit h  intere s t ed agencies. However,  l a t ter have t 

made a serious effort t o  ident i performance s t andards to 

e s t ablish and s peci ica t ions. 

This paper reviews current ret ardant del sys t ems in 

l a nd-ba sed air t a nkers u sed in Wes tern Cana da ,  discu s ses t he 

a s socia t ed "lith t heir u se, and makes r ecommendat ions for 

t he sys t ems.  

The concept of wa ter onto \<lildfires from 

aircraft tus in 195 4 fo1 a series of t es t s  in 

California a convert ed TBM 

s it \<las concluded tha t it was feasible t o  

bomber. From t his 

ter or 

corrosive fire ret ardant s wit hout t he u s e  0 container s ,  b u t  t ha t  

t his t ype of a t t ack \<lould not rep orces 95 5 ) ,  

The year, a Stearman sprayer \<la s equ wit h  a !�73- itre 

(l 2 5 -US t ank and s pec des ga t e. The mechanic 

17 .S x 2 0. 3  ( 7 xSin. ) t t he front 

and fitted \<lit h  rubber s to ensure yJa t er-t seal 

and Jensen 195 6 ) .  The result a nt 

over t hose ob t a ined 

Reviews 0 ear lier a t tempt s 
or fire retardan s a r e  presen 

s 

pa t ern 

iz 
Linkewich 

a 

us  , and 

r 
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Fol additional use of the Stearman, criteria for 

adequate tanking were established: 

Minimum tank capacity should be about 50 US gallons. 
The tank should be accurat calibrated and properly 
vented. One square inch of vent for each five square 
inc lies of gate area allows unrestricted flow. The 
gate should have a minimum gate opening of 175 
square inches for speeds up to 110 mph and 
tanks up to 200 US gallons. The gate size should be 
larger for higher speeds. A free swinging 
(hinges at leading edge), quick release door which 
can be closed in flight seems to be most satisfactory. 
(Ely 1957). 

ional use of the Stearman airtanker soon confirmed 

the need for larger loads. As a result, larger multi-engine aircraft, 

primarily of mil or , were converted into airtankers with 

multi-compartmented tanks. These included the TBM Avenger, PBY5A 

Canso, B-25, B-26, F7F, PB4Y2, and B-17. 

USE IN CANADA 

The abundance of water in many parts of Canada encouraged 

the use of float-equipped and amphibious aircraft (e.g., DHC-2 Beaver, 

DHC-3 Otter, PBY5A Canso) for aerial fire suppression. However, in 

water-deficient areas in Western Canada, the use of land-based air-

tankers was initiated. Small single-engine airtankers were introduced 

in the late 1950's and became the mainstay of land-based airtanker 

fleets. In British Columbia, the 2273-litre (500 gal) TBM Avenger 

as the pr airtanker; in Alberta, the 455-litre (lOO-gal) 

Stearman and 955-litre (210-gal) Snow COMuander became popular 

1-3). The 3637-litre ) PBY5A Canso 

2 All volumes are in Imperial Ions unless otherwise stated. 
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amphibian doubled as a land-based and water-based airtanker in both 

regions (Figure 4). 

In the late 1960's the 4091-litre (900-gal) B25 

was operationally introduced in Canada; the 3637-litre (SOO-gal) 

twin-engine A-26 and the 409l-litre (900-gal) twin-engine B-26 

followed shortly thereafter (Figures 5 and 6).3 In 1972, the 3637-litre 

(SOO-gal) twin-engine S2F Tracker and the 11 365-litre (2500-gal) 

four-engine DC-6B were operationally introduced (Figures 7 and 8), 

A summary of the airtankers available to deliver long-term retardants in 

Canada is presented in Table 1. 

Unlike in the United States, medium and large-capacity twin 

and multi-engine airtankers were not introduced into Canada on a 

operational basis until the late 1960's.4 There were several reasons 

for this delay: 

1. The demand for airtankers was limited and "JaS satisfied 

by small airtankers. 

2. Land-based airtankers, especially the medium and 

capacity models, were not widely accepted until the use of 

long-term retardants became established in the late 1960's. 

-_._-_._-------

" 

The A-26 and the B-26 aircraft as used in the airtanker role are 
essentially the same aircraft. In this report, the A-26 is referred 
to as having a two-compartmented tank with a 3637-1itre (800-gal) 
retardant capac while the B-26 is referred to as having a four-
compartmented tank with a 409l-litre (900-gal) or greater retardant 
capac • in areas where they are used at present. 

Size categories for airtankers in this report are: small - <2273 
litres (500 ), medium - 2273 to 9092 litres (500 to 2000 ), 
and large - >9092 litres (2000 ). Medium land-based airtankers 
(e.g., B-17) were used on a limited basis in British Columbia in 
the 1960's. 
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TABLE Airtankers Available to Deliver term Retard ant in Canad a in 1974 

0 1  Retard ant No. or tment 

Province Aircra t No. Capacity tments S i2 O\vller 
) 1 (gal) 

__ �._ .. �, __ ,_.�_ .. ,_�" .. _._,"_ .. __ �� __ .,._."_� .. _._._.,= ___ ��_. ___ , ___ ,_�_,_,� __ �._. _____ ._�._.�_u_�. ___ ��_ 

British TBH Avenger 10 500-500 ') 
L. 250-275 Conair Aviation Ltd . 

Columbia A-26 12 8 00 2 400 " II II 

DC-6B 4 2500 8 312 II " " 

PBY5A Canso 5 8 00 2 400 Fireman Ltd . 

�-".�-.-.--�.�.---,-,---��.--�,�.�-,",�------.--.. "--.-�-"'-'--"'�-"'-" ��'--��'"'�--�'-'--'-'-�--�--"--�-�"�� .... --.��--.--,.-... --.. -�� 

Alberta B-26 5 8 70-915 !+ 200-250 Airsprav 167 Ltd . 
\.0 

B-25 2 900 2 /.50 Northwestern Air Lease Ltd . 

PBYSA Canso 2 8 00 2 400 Avalon Aviation Ltd . 

"-.�,�.--�-�.-.�.=-�-�,---.. "--,-�.� .. -.--�,� .. -----,--��"�'�--'-'--'-��--�---�'--�'�'�'�-��-"-�------"--�"-"---�-----�.-,,-� ... --... ----.--., 

Saskatchewan PBY5A Canso 2 8 00 2 400 Norcanair Ltd . 

______ " ___ ·_M··�"�···" __ ·��·_·� ___ ���_·� .. � __ .. __ .. ��_,_·�"_' ___ '_�. _____ ��"� ____ � __ ��_"_"'��.'�'""_�_�_� 

l-lan ito ba PBY5A Canso 2 8 00 2 400 Hid west Airwavs Ltd . 

,-----.. -----... -.�,--�.-----,--�".-�.�'".�.--�.,��--*----,�-�'>.-"""-" ... -.. --.,-------,--.�--�,---,-.-.. --�."�---"--�---�---.-... -� 

Ontario S2F Tracker 5 8 00 1\ 200 Province of Ontario 

P13Y5A Canso 6 8 00 2 400 Province 0 

CL-21 15 1200 2 600 " " 

ound laml PBY5A Canso 5 8 00 400 Province 0 Ne\vfound land 

Brunswick Snow Command er 4 210 1 210 Haritime Air Servic 

Hetric equivalent 1 = 4.546 liter 
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3. The availabilit y o f  mod 

i mi ted in Canada . 
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res r ted the u s e  0 many t s a airt ankers u s ed 

common in t he United S t  tes. 

5. S t ra t s  c e 0 hand t he medium and 

i rt ankers were limi ted in s ome 

The lat int roduc t ion 0 t he medium and 

ir tankers into Canada was bene ial. The des 

se airc t ( i  . .  , size and shape of t he bomb t or 

s t ru c t u ral s and auxil l i ary s y s t  requent p revented the 

construc t ion of e icient retardant delivery s y s t ems. Dur c onversion 

t he basic c riteria e s t ablished f or an e f  icient drop and adequate 

neces sit vent in S t earman air tanker Here 0 t en neglec ted 

iency. In many ses, the mas sive size 0 t he Hable load 

t he rit eria to be i r i a 227 3-Iitre 

did no p rove e fective, 5 46 lit res or more ( 1 00 0  

Even t e ficient del s y s t ems were 

devel , t heir addi t ional cost  and maintenance s tandards 

competit i on \vit h  t he loH-pr ed but  inc ic ient s y s t ems dif icult. 

l i very s y s t em s  in t smal airtankers, p artie ar]y 

t he TBH Here succes s i ve y modi tr 1 and erro 

e 1 load (i. . ,  1136 2273 

l it res; o or 5 0 0  ilClble. 1 , ,vhen medium and 

i ai.r rs became dCC able 2, modi 
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"rooster-tail" fol the airtanker 

because of an inefficient drop system and vent 

14. a pat retardant distribution pattern resulting from 

load 

Several of these can be corrected through 

effective maintenance and supervision, but many are a result of 

ineffic in the tank des system, venting, or a 

combination of these. 

Tank Design 

The size and of the retardant tank are related 

to the des chara eristics and load ility of the aircraft. 

With the use of multi-compartmented tanks, the size of the individual 

compartments varies from 1136 to 2046 lit res (250 to 450 gal) 

(see Table 1) . Al the volume s for or 

stopp ire vary , the minimum effective increment is 

genera believed to be in the order of 1364-1818 lit res (300-400 gal). 

The of the tank is critical to load discharge. To 

minimize the effect 0 load erosion due to the tank des it is 

advisable to make the tank , increas door and reduc 

th and , and to the ,v1dth and he equal (Hawkshaw 

1970) . Evidence hat the of the tank determines the 

ini ial value 0 the 1 A tank can be too 

long, resu t in st out of the erial. A th 

ratio of 3: 1 and a similar head ) ratio are considered acc 

(S\Vanson and 1973 ) .  The of the bottom to the horizuntal 
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of the a irtanker s used at present are of mil 

or in. As a result, the des a the reta rdant tank in these 

a i rcraft is arge1y determined s ize and of the bomb 

or In addition, structural member s ,  tubes, and 

itt ith the a i r c r aft f dictat the geometry a the 

structural modifications necessary  r c onver s ion i nto an 

a i rt and the center-a restr i ctions must be c ons i dered 

in dete t fina l  des of the 

c annot be des ,,,ith optimum d 

As a result, many tanks 

character i stics in mind. 

rcra t such a s  the D C- 6 B  whi c h  utilize bel tanks a r e  exceptions. 

however,  

it 

i n  the t 
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t 

Most anks used t present rec are, 

r and a r e  not c onduc to favorable load 
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ros s-flow ports to 

s A i s  usual 

e most a irtanker s have 

ed s e 0 

rtmented tanks neces s itates 

rmit s aneous fi 1 

c overed a "iater -t 

7. (3-i n. ) male Kam1 0ck 

t load the baffl e  



Figure 11. The s su] f 

1.2� Interna e 



1 8  
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1 1  36S-lit r e  ( 2  )DC-6B may be equa when '1 0  
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tvlO 7. 6-cm ( 3- in) intakes, the retardant rom o ne intake 

l ow into four c ompa rtments .  

The lume o utput neces s i tates an in the 
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Ie t ,  and s ine many the reta inc! to r s  ed o n  he 

r s ide the p o r t) ,  the ank " fir st. 
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The doors on mos t  drop sys t ems are rec and are 

es sen t the bot t om of t he t ank or c ompartment ;  each c ompartment 

oor be from t he res t  of t he 

s ys t em. The doors on the orit y  of drop ems are at 

t he ou t bocud and open t o  a vert ic al posit ion. The e of 

t he open door is somet imes influenced t he angle of t he bot t om 

o the t ank to t he horizon t al .  The doors in mos t  sys t ems are 

el ec t iC81 ( solenoid) ac t ivated and may be mec hanical 

ical , or pneum8 t ic and c losed. 17 

show t he doors on t he drop sys t em of s everal 8irtankers; o t her doors 

a s hown in es 9 ,  10 , 12, and 1 4. 

Two mechanisms are u s ed for and c los 

drop doors h 197 2 ) . The lat c h  and free-fall mechanical 

u ses a lat c h  t o  hold t he door shu t . 11hen t he lat c h  is 

released, it her elec t rical r8ulically, or pneumat t he 

t he door 

relea 

or 

1 s open wit h  whatever as sis t ance is 

of t he load above it . A s hort int erval after the load is 

t he los jac ks ac t ivate to shu t t he door. The solenoid 

jac ks t hen lock it int o  position. The solenoid or jack s  

the door are ind the ones u s ed to c lose it . 

t he 

This ic is u sed on s everal TBM airt ankers 

) . 
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over-center uses t 

s i s t  of the door and 1 i t. 

ished the door 

t tivat arm o f  the over-center 

posit 

re 

o 

breaks the l ock and starts 

thi n  a short travel o f  the i nder. At thi s  s tage 

the door to f ree- 1 ;  however , systems t 

entire 

j st operate f a s t  to b 

the load to p r ovide ean unres ric 

t .  A short interval a f te t s 

ses , locks t door t l a s  por s t 

over -c er lock sys  on t A-? ir 1S shown 

j k mount on the 

mount in bu] 

Door 

p 

s Te 

The 

door or 

s t seal 

i \ j • 

rtant ye a ten 

or rubber seals 

t 

j k 

he 

he 

k 

ed 

ge 

1 8 .  
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A d oor whic h is water t pr events of b oth 

the thic kened and unthic kened r etar d an ts. With u nthic kened 1 

c onc entrate r etard ant, the d oor s shoul d  b e  when not in use 

to pr event d amage to the seals in subsequent d r ops. The c ohesive 

for c e  of the d ried r etard ant c an eas c au se the seal to separate 

fr om the d oor or tank. 

Defec tive seal s t the r etard ant solution, whic h may b e  

c or r osive , to d r  or fl ow onto t or runway s ,  pr esent 

hazard s  to other airc raft. 

Vent 

Good tank vent is essential for l ean r etard ant d r ops . 

\-Jithout te vent the air that repl aces the r etard ant must 

enter the tank fr om the b ottom, t the it r etar d ant. 

T his c r eates situation si.mi1ar to that of ,va ter out of 

inver ted b ot , and c ontributes to turbulence and instab il ities in 

he r etard ant mass. it fl ows from the tank, the r esu ltant 

d is rib ution pattern is c har ac ter ized of r etar d ant whic h 

cause d inuous ter n ontour s. 

Most irtankers inc or por ate some a venting int their 

u i'ile ry syst 

op f t 

he 

is, 

oad 

Static vents, which ar e usua in 

or s ,  C01nmon gur e  19 ). 1 

he t possibil ity of pr ovid 

o sure s 

the ir in the tank sc apes 

To faei itate 

liired in t 

hcse vent. 
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The "ram-a ir" vent syst i s  modi ation OF static 

vent This s yst rates scoops " t a ir i nto 

the tank dur the This s rapid a ir ernent 

and more compens ates f or the vacuum created the 

ex iting retardant. The scoops can be mounted , as on 

the B-26 20), or t can be activated short before the 

drop, a s  with the and A-26. On the TBN , the 

s coops are mounted on each s ide of the a ircra f t  a nd are connected 

to the top o f  the tank. are electrical when the 

drop syst is a on the f inal run; ir i s  then f orced i nto the 

top of each tank compartment 21). On the A-26, the scoops 

are connected a rod to the torque tube component o f  the 

drop When the drop system i s  f ired, the f ore a nd a ft scoops 

are ful in the f irst i nch that the door travels 22), 

Dur load the a i r  in the tank escapes the retardant 

level i ndicator ( see 5) . 

The vent syst on the DC-6B is mounted on the retardant 

tank" .t\ir, t louvres in the s ide of the be 

enters the compartments th one-way f lapper valves aced along 

the top of the tank res 23 a nd 24). Dur load the a i r  

escapes the retardant level i ndic tor ( s) a nd s pr 

loaded rcl ief " mounted on tank ( see F 16 and 23), 

The e f  t that proper vent ha s on drop is i llustrated 

in Figure 25. te. vent c retardant f low rate 

n a s; ster-ra il also f orms.s 

and s iz of the retardant s from the B-26 can also be 
the open rat o f  the drop doors a nd a tmented 
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Air louvre s  o n  the bell y-pod tank o n  the DC-6B 
vent systems. Louvres a r e  mounted on the for e  
each sid e o f  the tank. Note circula r  spr 

l eft hand corne r . 

and a 
ed air 

Fourteen S.2 -cm (6-in. ) d iameter ir vents itt wit 
top a e a ch sid e of 

the tank is sho"m. 
valves a r e  e d  on 

DC-6B tank. a portion 

air for 
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t ments rel eased at the same 
the retard ant mass, as in this 

from the DC- 6S. 
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shor t ( i.e. , approximat 0.) sec ). 

Al l of these fac tors introduc e  turb u l enc e and instab il ities 

and c ontr ibu te to the ear of the r etard ant mass. The 

physic s of r etar d ant 

instabil ities oc c u r r  

invol ves sever al c omplex 

b oth simul and in 

and Hel vig 19 7 3). Door shapes the 

ac c el er ation d eflec ts the fl u id and intr oduc es i 

( S\vanson 

fluid . 

instab il ities on b oth the fr ont and sid e sur fac es . The fr ontal , 

or Tay l or ,  instab il i 

the l iquid mass ( see 

c auses a effec t on the front of 

25) . T he emer g 1 sur fa c e  al so 

to the sides near the fr ont and bec omes effec t shor te:-

as flow r epl aces some of the d ec el eration. The itu d e  of the 

instabil inc r eases with time u ntil air pressure on the 

front sur faces b r eac hes the 1 

r eac tions that end in the 

id mass, c aus a ser ies of 

sive-l ike b reakup of the 1 

Rheol ogic al properties of c u r r ent u sed r etard ants r 

instab il ities and c ause formation of r d ts than 

w ou l d  be with water alone. The 

hel p establ ish the time to 

pr operties al so 

air c r aft vel oc ity or smal l er r el ease quantities b oth 

have the effec t of red u c  the time to 

wid th. Ther e ar e thr ee stages in the 

Hel vig 1974): 

1. a d  dur  

and l imit patter n 

proc ess ( Swanson and 

which l u id is r eleased 

c ontinuousl from the tank 
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2. a d e for mation phase c harac ter ized fr ontal are a  

e xpansion that c ontr ibu te s  wid th to the patter n  

3 .  a sud d e n  bre akup d u e  to 

after whic h the r e tar d ant 

straight d ownward (se e 

instabil ities 

e c tory is e ssent 

29 ). 

The u se of mul ti-c ompartmented tanks, par tic u l ar l y  in 

airtanke r s, provid e s  a var ie ty of d r op al ter natives.  T he c ompart

ments can be r e l e ased in salvo, in pair s,  ind ividu al , or sequential 

With these al ter natives, d r ops c an be mad e  whic h pene tr ate d e nse 

tr e e  c or whic h paint a , narr ow r e tard ant swath. 

Ac tivation of the ind ividu al c ompar tments in a sequ e nc e  

s the airtanker to assume the l ine- bu il d  r ol e . For e xampl e, 

with the -c ompar tme nted 11 365- l itr e (2500-gaD D C - 6B ,  e ither two 

5628- litre (125 ), four 284 1-1itr e (62 ), or e 1418- litr e  

(31 ) d rops can be mad e  in a tr ain c onE ion e 29 ) .  

These d rops e stabl ish a c ontinu ous r e tar d ant l ine at the 1.0 mm 

(9. 5 l itre s/9.3 . 04 - in. (2 . 1  gal /l 00 sq ft) ion r ate of 

231 . 6  y 16. 8 m (760 x 55 ft), 274 . 3 x 10. 7 m (900 x 35 ft), and 

396. 1 x 9 . 1 m 300 x 30 ft), r e spe c t  , fr om a of 

45.7 m 50 ft) and a . 1973) . 

the air tanker d r op he 

an almos unlimited nu mbe r  of 

and and the d r op sequ e nc e, 

patte r ns c an be e stabl ished .  



9. 
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Wit h t he sequent ial r el ease met hod , individ ual bul k  l oad s 

are d compar t ment s. load s resist erosion t o  a 

great er ext ent t han r et ard ant which is r e l eased from t he ent ire t ank 

t a r egul at ed fl ow rat e. 7 The t ank compar t ment s, however , must be 

fir ed uniforml t o  est abl ish a cont inuous ret ar dant l ine at t he 

d esiTed icat ion rat e. Inconsist ent ir resul t s  in a d iscont inuous 

r et ard ant ine 'tlhich fir e can bur n 30). Int er val ometer s 

and elect ronic ir d evices for aut omat ic sequenc of t he d oor s 

are used on Some air t ankers. T hese d evices ar e not foo f ,  ho\vever , 

and one oper a t or 0 air t ankers prefer s t o  manual oper at e t he 

syst em. Manual cont r ol is especial ef ect ive in mount ainous 

r ain and in pat fuel t ype s; t he pil ot can simul t aneously t r  

t wo or mor e compar t ment s t o  app heavier r et ar d ant concent rat ion in 

pat ches of or in uneven . , or hillsid 

MODIFIED RIGID DOOR 

d es 

7 

The mod jed r id d oor syst is ssent ial 

which t he r el ease r at e  is cont r ol l ed t 

mount ed t he b ot t om 0 t he t ank (F 

r d oor 

t he use of fl ow 

31) . 9 

On sever al B - and C-119 airc t in t he United St at es, smal l d oors 
r gates) whic l ose a head unct ion wit h 

oors. t ar d ant is "t r ail ed " d oor (s) "Jhen 
concent r at ion is r eq uired . T he r at e  of low d ecr eases as t he 

pressur e ) in t he t ank d r ops, r esult in a ont inuous d ecr ease 
T be st r eam of r et ar d ant is 

increment al sal vo d r ops. 
t ar d ant concent r at ion on t he 

t o  erosion t ban ind ivid 1 
syst has e 

IS. 

ens ion 
t he fl mv 

t ive. 

r at ions r . 
, vonalr 

inement ) 

J. Hm,Tkshmv, Fiel d Aviation Lt d . ,  Toront o, Ont ario. 





doors as qu kly as pass e to t low 

tors rol the rat a releas t siz 

of the ators it is that the sion rat can 

sed or d reased. A ti pr su 

emp in c unction with the flow ators to ur 

d t load exit and to additional control 0 the rate 

o flo\>J. 

i.ne 

The des 

h t 

is an ttempt to a er retardant 

ired icatLon rat (s ) more uni 

( tr ) the load. The overkill 1es ) undcrkill 

ray) situation so prevalent with the o o r id door 

syst theoretical minimized. The modi ied r door system 

is y tested in the S2F Tra airtanker 3 2) .  

PROGRES S RELEAS E 

progress releas syst a r tank; 

however, d sheet of fabric rather than openabl door is used to 

suppo t the load 1970). • the fabric is cut 

around its ges and aIls with the load. The at he 

h the 

s rd selected s p  

p o 

port 

is Ino 

in luenc 

ne is ut es he f 

1 bulkheads 

load from movi fonvard 

influence 0 

s and j s 

te and termines the 
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tor s whic h  fit i nt o  one 0 t he 
Tr acker t ank. 

S2F T r ac ker itt th 
syst em. 
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wet ness level obt ained in t he t er n .  shor t ( salvo) 

r ail) 

mad e wit h t his syst em. 

, o r  any r elease r at e  between c an be 

The progressive r elease syst em is d esigned t o  ideal 

load t r ansposit ion ( i . e . ,  t o  apply t he ent ire load u niformly). The 

wid t h  and of t he t ank are equal t o  minimize t he per imet er and 

er osion of t he r et ar d ant mass. The lengt h of t he t ank is four t o  

eight t imes t he wid t h .  Wit h t his t y pe of t ank and pr ogr essive r elease , 

t he load will have no int er nal c u rr ent s or t u r bu lence, will have a 

smooth fac e and sides, and will be point d ir ec int o t he airst r eam 

1 97 0). 

The Membrane Tank Syst em, whic h inc or por ates progressive r elease, 

has been inst alled on a Twin Ot t er air c r aft 33). The syst em 

c ont ains two 3. 65 m 7 1 . 1 c m  (1 2 ft by 28 in. ) r ec t angular t anks, eac h 

wit h a c apac of 1136 lit r es (250 ). The fabric ! ic membrane for m-

t he bot t om of t he t anks is pulled from r olls posit ioned at t he rear 

of t he airc raft and is secured and loc ked int o posit ion c 

When , st r et c hed , and sec u r ed by t he c , the membrane forms bot h 

t he bot t om and a por t ion of t he sid es of eac h t ank . Alt 

is oper at ional , difficu lt ies have been encount ered in obt 

t he sys t em 

a 

unifo r m  tud inal wet ness level d u e  t o  a non-linear rat e  0 c u t  from 

fro nt t o  bac k ( F  34 )  1 97 1). 

RELEAS 

The aft , or t ail, r elease sy st em uses pressu r e  t o  

r et ar d ant flow r at e. The ic al pr inc Ie assoc iated wit h r earward 
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33. He.mbrane Tank ed on Ott: ai 

re 34. 
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ec t ion o f  t he r et ar d ant mass is t he r elat ive r educ t ion o f  t he 

r et ar d ant veloc it y wit h r espec t t o  t he free air st r eam, whic h 

s t he format ion of lar ger and c onsequent mor e  st able s. 

However ,  t he main of r ear ec t ion is t hat it a 

modular t ank approac h. Pressu r ization is sinc e 

alone is insu fic ient t o  assur e  ad equ at e  flow from t he c ent er of t y  

t o  t he aft r elease point . 

A Modular Airbor ne Fir e ing Syst em (MAFFS) has been 

d and operat ionally used wit h t he Lockheed C -130 air c r aft 

(Cov ault 19 73). 10 The 11 355-lit r e  (3000-US ) syst em c onsist s 

of five mod u lar 189 2-lit r e  (SOO-gal) t anks t o  twin 4 S. 7 cm 

-in. ) exhaust lines; t he lat t er ad d about 189 2  lit r es (500 US ) 

t o  t he system's c apac it y . The exhaust lines ext end from t he r ear 

of t he C -130 when it s c ar go d oors are open, but fold wit hin t he 

air c r aft for flight t o  and from fires when t he c ar go d oors are shut 

(Figur e  35). 

of t he MAFFS lie in t he mod u lar t hat 

permit s it s onload and offl oad wit hout mod ific at ion t o  t he airc r aft ; 

t he syst em u t ilizes t he st and ar d USAF 4 63L c ar go load ing syst em . 

The MAFFS c an be t r iggered eit her from t he c oc kpit or by t he loadmast er , 

who monitor s t he t ank pressur es from a seat between t he two c hemic al 

sion nozzles. The syst em is r epor t ed t o  d eliver r e t ar d ant s at a 

more uniform r at e  t han is gener ally ac hieved by c ommer c ial fire 

1 0 

air c r aft . t he ret ard ant at d iffer ent pressur es c an 

The MAFFS unit c an be c ompat ible wit h v ir any twin or fou r -
t r anspor t airc r aft , inc lud t he Lockheed C -14 l Star lifter 

Ver t ol CH-4 7 helic opter . 
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e tions on an a rea up . 4  m a ) 3.2 km 

upon he o c oncentration des 

36) . Var ious pres sures c a n  e c oncentra ions  a 

. 8- 5 .  9 . 3 ( 1 -4 US per 1 0 0  s q  t) ( Covault 1 9 7 3) .  

1. 

2 .  

3. 

4 

6. 

t be d 

t 

kind 

a irt 

a 

s -

, the entire 1 1  3 5 5 -1i (3000-US ) load 

the tank valves a r e  nature of 

sts potentia lume s,  

requ ir ed for 1 on fi res. 

d systems i n  s a i rtanke r s  a r e  

Mod i ications are however, with some 

1 it tIe c an d one to inc rea se the effi e  short 

the enti re del s yst 

des of tanks i s  primar d ue to the struc tural 

t a irer a  t (e . g., B- 2 6  and A- 26) . Little c a n b e  

i y the tank design i n  these a i rc ra t. 

ts in many of the pres ent tanks are e to 

a c commod at he pumps used. 

The (3-in.)  male Kamlok 

The number 0 

to either the ank es 

s. 

o re an  

t (' 

r i s  the standa r d  itt for 

ler s used on 

or he 

t 

k 0 

vary 

rt rs 

ros s - 1 01,,, 

is 



36. 

u nit 
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inst al l ed in C -130 Hercu les aircr aft . 
t he two 4 S.7-cm ( 18-in.) 

U . S.D . A. Forest Ser vice. 

d isc 
Hercules air c r af 

Photo: C our t esy U.S. D . .  For est Serv ic 

Ret 
zzles. 
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d p pat erns. 

11 11 drops 

ions for ret t del not ava 

in t (e. "' DC-6B and S2F 

the latest opment in 

rs the DC-6B c r nt uS could 

should he mude to tbe drop system and vent 

ur y used. 

o handl 1 91 Ii res (350 

ir 

0- . ) 

( " "' DC-6B) 

Kamlok c 

Id he required 

s ( 

Kam1 

ers 

. " ' 

k 

B-26) should be 

er; 

d he equ with 

for loadi 

h1 of t 

paci 

t,-:o 7 

raft 

59} 

) 0 

6-cm 

mani 

i r 

bl . 

h 

Id 

d 

tors shou be or all irtanker " 

should s d 

(e.�g<>, f ) . 
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6. Tanks in all airtankers should c ibrat cer i ied 

meter pr r to each fire season. 

intermittent checked user 

modi ications (e.g., ballast 

indicators) have been made. 

ie 

erial, 

The capac should be 

det rmine if 

level 

7. Haximum times and rates-o should be 

established for doors. The doors should open to at east 

from the horizontal. 

8. The aircraft operator should maintain the drop system, inc Iud 

the door-clos apparatus, and seals at all times. Cleanup of 

retardant Is due to faulty seals and func t doors on 

both rt and limb-out route should be made the responsib 

of the aircraft operator. 

9. st for t vent should be established. 

venti system should rmit cl d and should pre e 

t short befo the drop syst 

o .  S s fo t performance 0 d 1 sys should 

be 

o 

o 

is 

t 

and enf orc user agencies& These can later be 

as i ieations if consid red essary. Static es 

and gat syst would serve to quantify the eapabiliti 

systems present in use Canada. 

ssis of the numerous rs and operators 

ae heir this t 

s 
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CAl"lADA 

ir Aviation 

Same as 

a c apac i of 590 (2,682 ) 

) V-b ot tanks ar e b l ocked-off to 

f t- bottom tanks ar e b l oc k e d -off to 550 (2,500 

inter nal ted and towar d s  tail --

s in e ac h  tank. 

Exter na ove r flow or ifice with spr 

point of c apac as in C onair A-26. 

.e . 

fr e e -fal l 

ha 

and c l os 

age 

Conair A-26. 

14 in. x 19 in. 60.7 x 8. 

) 

it ion 

ic al 

tube s  for 

Gate s ar e activ ated 

ttom has sol enoid 

c l osed ;  ) C onair 

and c l os 

tub e s  and ove r -c e ntre 

(35.6 x 30. 5 vent l ocated 

Vent c over s open outboard 

s and ar e e l e c tr ic al oper ated when s are armed 

C onair A- 6. 

ar e ic ative of progr e ss in of 

in Canad a. 
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( 9 0 9  1 )  

par t ial 

( B) 

5 4  

MODEL: S2F T r acker 

Ontario Minis t ry 0 

BY : ie 

C ONSTRUCTED BY: Ontario 

is 

( 3  546 

t s  and one 

external ted 

t ovlards t he 

LEVEL IND ICAT OR :  S 

t 

1 

pres sure sens itive itches are located at 

i te maximum and par t ial load volumes.  

LOADING Al"!D 

Resources 

o Nat u r al Res ou r  s 

wit h  ee 

t 

s centr e  of t he 

aircra f t  is a t  res t. 

ac t ivated ( re 

load coupler 

3- ( 7. 6  male 

coup one-vlay f \lalve is 10 each side of air a f t  

af t of the tank A 3- in .  (7.6 d ed t rans 

line t coupler s t o  compar t compar tment s 

are interconnec ted one or more sq. in. ( 103.2 sq 

Four 6 t 0 . 5  (1.8 x 

gates open 1 ver t posit on s 

t hal f - r ound b eaded t ank s - - Gates are individual 

elect r  t ivated and actuat operated 

t ub es. 

There t ,vo 6- . ( 15. dia. s t at ic s in 

t he top of compar tment s I, 2 and 3 Ie compar tment has four 

cover s are t o  b cons t ructed to r eplace lex- hoses over vent 

to eliminate retar dant over f low dur t ake- of f -- S negat ive 

pres sure 

sequence 

"FIRETRf,C " load mod f cation evice if ins 

Starboard f r ont 

s tarboard a f t  

t side compar 

9 0 9  1 )  of f er 

t ment d 

t ment #2 Similar 

f r ont a f  

t o  s s  

Vent 

t r onic t cont Is 

is " oor 

ins t antaneous - - Narr a f t cen t r e  

aircra t .  
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USE 

as DC-6B 

Conair Aviat Ltd . 

PHYSICAL ICS 

tank -- 8 

2,500 

sized 

forward and four af 

x 35 in. H (34 .9 

23 ft L x 84 

65 ) max c apacity external mounted 

S vi a l id d ivider between the 

s -- Each compartment 135 in. 

'vI x 88.9 cm Total tank d 

(7 . 0 m L x 2 . 4 em 1,1 x 88. 9 cm 

External overflow orifice with 

x 16 in. 

ions 

ivated stopper located at each oad -- Overf101,.J l ines are 

c onnected to 

l oad volumes or 

) LOADING 

l oad s on 

Eac 

either sid 0 

to port id e 

over-centr 

induced 

t 

s 7 and 8 icate full or partial ful1 

t tank sections. 

(7.6 

h sid e of t orward and aft sections --

f valve Load is ished from 

ferr way of a connect ine 

and 2 6-i . d val ve 

s. 

138 in. 21 In. (350. cm 53. 

hor zontaJ ) posit 

actuated torque tube 

gates seal 

teen 10-in. (25. ia. vents are l ocated 

tension 

tank -- Vent s are circul ar 

Vent c overs open inwards wit 

ram-air intakes al ong sid e 

ts pre-

se starboard 

d i  i 

ished 

selector tr 

s syst is H icient versatile. 
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LEGEND 

Schema t ic o f  Tank a nd G a t ing Sys t ems 1 

NOTE : 

Al l Dia grams V iew wi t h  F r o nt o f  Tank Facing Top o f  Page 

t ment Number G) 
B )  Loa d  Int ake ---.... f lOW D I RECTION 

C )  Vent s : Ram Air .. , e ,  R 
St a t ic , � , 5 
B - 26 Opt io na l  St a t ic 

D C - 6  C r o s s over Vent s 
. . . . . . . . .  

. . . .  " . . .  " 

D )  C r o s s fl m.J :  

G) 

o ne-Y'Jay valves 

r t o p  o f  compa r t ment d ivid er ( o pt io na l )] 

Load  Level Ind ica t o r  ( over fl ow )  : + 
Lo a d  Level Ind ica t or 1) :  t 

1 s ,  wind o ws ,  o r  vis ibl e l o a d  mar ker s in t a nk 

ga t e  o u t l ine : 

ga t e  a r ea is l es s  t ha n  bas a l  a r ea o f  co mpar t ment 

ba s ed u po n  d a t a  ga thered in 1974 . 
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GAT I NG SYSTEMS IN USE I N  C ANADA 

NODEL : as A- 26 

OHNER OPER./I.TOR S :  C on air  Avi at Lt d .  

SYSTEH DESI GNED B Y : Aero-Un i on C or p ' n 

- C ONSTRUCT ED B Y: C onair Avi at i on Lt d. 

P HYS I C AL Cl:IARt'\CTERl ST I C S  

9 00 , 091 maximum capaci 

s y s  

bl ocked of f t o  

800 ga . ( 3 , 63 7  ) -- 1',,10 ( 1 , 818 I) c ompar t men t s  -- Houn t ed 

and lev el wi t hin f us el age . 

LOAD LEVEL I NDIC ATOR : Ext ernal over f l ow or i f ice l ocat ed a f t  

of t ank - - A bal l v alve at t he t op of t he s t ar boar d c ompar t ment t s  

over f l ow - - A s t and c onnec t s  t hi s  con t r ol v alve t o  t he ext ernal 

or i f ice -- Bal l  v alve i s  

c able d ur oad 

l oad 

va 

) LOADING TRr\NSFER : S 

coupl er at af t end of s t ar boar d 

Two 6 in . ( 15. 2 d i a .  f 

s pr act ivat ed c onnec t  

3- in. ( 7 . 6  mal e 

wi t h  one-\vay f 

valves int er connect s t ar boar d 

and por t c ompar t ment s t o  s t arboar d t o  por t one- way cr os s - f l ow .  

) 10 f t  x 2 f t  . 0  m x . 6  gat e f or ms 

t he bot t om 0 compar t men t B ot h  s open outboar d t o  

f r om hor izon t al ( c l os ed )  pos i t i on - - Fl at es s eal again s t  knif  

of  t ank -- Gat e  c on t r ol l ed ica l act ua ed t or que 

t ube and over -cen t r  

) VENT I NG : Two 24 in. x 6 in . . 0  cm x 15. 2 r am- air ven t s  

at t op of f us e  air t o  f or e  and af t t ank s ec t i on s  

s i mul t aneous 

r od between 

at l oad r el ease -- Ven t s  are act iv at ed by a connec t  

t ube and ven t  cov er s .  

LOAD RELEASE : St arboar d c ompar t men t d i  

por t c ompar tmen t  f or s alvos or 

B ot h  compar t men t s ar e r el eas ed s i mul aneou 

i n it i al l  y ,  

i al ( t r a  

f or 800 

( 3 , 7 ) s alvo Gat e s equences ar e s elec t ed and t r  

" C l ean" , f i c ien t , vJel l maint ained t ank s v s t  Pneurnat i c  

gat e.s  t ins t an t aneous 
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SY 

NODEL ' 

Air spray 6 7 "  Ltd . 

Var ious c ompa n  

BY : As a b ove -=-=-���:..-;...::CC--=-=-

CtL\.RACTERISTICS 

, 54 6  1) max 

( , 091 1) -- Four 

ff 

avg . 520 2 ,  

for a nd 380 ( , 7 27 1) aft sect ions I tanks 

and l evel t ed C F-TF B  p ar t ial d 

for e a nd t sec t ions. 

ind ic a t  

INDICATOR :  Over f 

a nd a ft t ank sec t  

a c ent t o  l oad  

1'\,.,0 3-i n . ( 7 . 6  

id e One 

h 

t t a nk t o  

10\'" over or 

) 

i 

) 
( sea ls 

Some 

pr essure 

f 

user 

i 

t 

� r  d �  

d 

i n .  

o t 

i t  

ems s-

hol es a t op of t a nk sec t  

Four 1. S  
es wit h t or que tubes over-centr e  

CF - EZX op en 

All b u t  C F -EZX have 

CF-EZX h a s  f t sur fac e  

iab le inc 1ud r a m-a ir a nd s 

s open imvard when a c t iva t ed s 

t ensi in c losed p osit ion , 

l oad r elease or i of 

p er tment 

in. ( 30 . 5 x 14 . 0  

Va r iab l e  r e 1ea 

starboard r ear 

t 

t c ompar t ment t 

t h ese 

systems of Ae 

97 5. 

of 

r am-a ir vent s 4 

) 
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TANK AND GATING SYSTENS IN USE IN CANADA 

N i t c he ll B -25 

Air Lease L t d . 

V ar i ou s  

, 5 4 6  1 )  max imum c apac 

s of 5 00 (2, 273 1) -- i ona1 c apac i s  

, 27 3  1 )  t o  t op of c en t r al t ank d iv i d e r  -- T ank d imensi ons 

x 4 0  in . W x 80 in . H ( 182 . 9 e m  L x 101. 6 e m  W x 203. 2 em H). 

V i sual lev e l  c onfirmat i on v i a  fr ont 

at t op of fuselage . 

'\1";1) T RANSFER : T\vO 3-in . (7 . 6  em) male "Kamlock" 

s (st arb oard and por t )  at aft end of t ank with one -way 

v alv e s  -- C r oss-flow b e tween c ompar tment s ove r  t op of c en t r al 

t ank d iv i d e r . 

DROP Two 6 ft x 20 in . (1. 8 m x 5 0. 8 em) 

ic open out b oar d t o  9 0
0 

fr om hor i zont al (c losed ) posi t ion 

and ar e ac tuat e d  by t u be s  and ove r -c e n t r e  locking c apabili t y  

Flat flat rubber seal on of t ank. 

Two 12 in. x 9 in . (30. 5 em x 22. 9 em) st at ic  vent s  

loc at e d  t owar d s  t he front and r e ar of t he t ank t op on t he u pper sur face 

of t he -- V en t s  ar e cant  open to permi t air  r e le ase , 

ove r flmv, and air int ak e  d u r ing load ing and d r opping r e spec t ive ly. 

por t for 

LOAD RELEASE : St ar boar d gat e  opens init  

salvos or  sequ en t i al ( t r ain) d r ops 

simult an e ou s  for full salvo - - Manual 

t r  

, followed b y  

B ot h  gat e s  ar e 

sele c t i on and 

P ossible r e t ar d an t  t r a i l-off fr om open v en t s  t ake-off 

and c limb-ou t t h  ful l  t ank. 



6 

B 

O PT I O NAL LOADING PORT 

B 



, " 

1 i.nd i 

) 

f 

6 2  

L 

S T I C S  

9 00 

Tv10 

vJi th i n  

1 ( 4 , 09 1  

ua s i z e d  c omp a r  

t h e  hul l .  

INDICATOR : Ex t e r n a l  --------------------
a t  max imum t ank ty 

8 0 0  ( , 637  

s o  v i su a l  ad 

b u i l t  f r a n  end o f  tank f a c  c o c  

c a p a c  

T RANSFER : t er 

1 1  t ank in 1 8  s 

t ard an t c a n  b e  ec t ed 

ma l e  " Kam l o ck "  l oad Oup 

on  s t ar board  

ter  

Land i 

C r o s s - f  f r om t a r b o a r d  t o  

and 6 • x 1 0  in . ( 5 . 2  cm 2 5 . 4  

o 

n 

( D )  D ROP ---------- -- �-----� T\vo 6 4  in . x 1 9  . ( 1 6 2 . 6  

h u l l  o p en o u t bo a r d  t o  u l l  p o s i-

c on t r o l l ed a l  a c  t tub e s .  

Tv10 in . x 8 in . ( 3 5 . 6  em x 2 0 . 3  v e n t  

l e)];v p or t s  in i. d e s  f u s e  e a t  t ank in-

I mv , a i r  r e l e a s e  and s t a t  tmo s , 
L 

i n i t  

p o r  tment  Bo t h  

ion  

t.  

i z ed shor t - t  r e t a r d ant and 

s p r e s su r e  s 

a s are  emp 



3 

i e  

L t d , 

( 3  637 c a p a c  s i n t e r n a l  

t wo 4 0 0  , 81 8  1 )  c omp a r  s .  

Ex t er n a l  ove r f  i n  

c o n n e c t e d  t o  t o p  o f  e a c h  c omp a r t m e n t  a t  max . t ank 

l oa d  l ev e l  ind i c a t o r  a t  f r o n t  e n d  o f  

S l  0 it .  

p r ob l o c a t e d  a t  a f t  e n d  o f  t ank 

to s l o a d  ( 1 4 s ) P r ob e  i n t  rl i d e d  u 

t o  1 e a c h  compar s imu l t an e o u s  

r e t ar d a n t  b e  e c t ed e a c h  

L an d - f i  a t  p o r t s . 

Two 1 0 . 1 5 s q  f t  ( . 9  s q  o v a l  g a t e s  o p e n  

o u t b o a r d  i o n  a r e  t e d  a t  b o t t om 

on e i t h e r  s i d e  o f  t he c e n  k e e l  -- G a t e s  a r e  m e c h an i c a l  

a c  " o p e n  und e r  t l o ad i n f lu e n c e  - -

i 

o f  e a c h  comp a r  t h a s  a 14 i n . x 8 

( 6 o .  h i. s c o nne to t h e  o v e r  

p o r  s i n  s id e s  o f  t he t o  c on t i n u o u s  ( i c ) 
r r l e a s e , and I m,J V e n t - t o - g a t e  s i z  r a t i o a p p r ox ima t 

b e  d i  

d r o p s  -- s 

p i  

t Av c 1 



PI-lYS 

o 

i 

6 4  

o f  

r CL� 5 

Canadai r Ltd , 

BY : anadai r  Ltd , -----------------

it � 

re s 

6 ( 346 1 )  

s 

ivider -- Ab ove 

capaci t  

\vit 

i sed 

hull 

e d  over each 

Outb oar d o v e r f low top 0 

c o nnecto r s  at f 

gauges ar e also lo ca ted in 

wate r p ro b es located t 

I f o r  

ts - -

i v i dual 

t 

tardant can ected into tank wh ile -- Ther e 

b e tvJe e n  tank c " . 

31 i n .  5 4 . 9 x 78. 7 

gates ar located the 

ttOIll o f  the V- 1 the r  the central k eel - -

x 14 o p en 

n b asal tank d 

outb oard to 7l/) 
21 i n .  3 i n .  

s 

low p o r t  o n  e i ther side 0 

-- Vents are con 

( i e )  

s ( 6 3  i n .  x 5 6  i n . )  ( 

izontal . 

x 32. 4 

hu 1 at 

vent 

to 0 

o p en f o r  o ve r  low , 

and 

ividuall 

es ar e 

o is 

. 0  
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