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ABSTRACT 

Modifications to the CL-215 air tanker tanking were made and 
the Fire-Trac installation and Fire-Trac plus other modifications 
were evaluated and ranked in terms of drop pattern concentration 
distribution and pattern configuration. The relative differences 
l::etween the basic tank drop pattern and each of the modified tank 
patterns are discussed. The analysis deals with 19 water and 5 
'Ienogum drop tests for single tank payloads of 26731 • 

RESUME 

Des modifications ont ~t~ effectu~es aux r~servoirs de 
l'avion citerne CL-215 et l'efficacit~ du syst~me "Fire-Trac" et 
du "Fire-Trac" plus d'autres modifications A ~t~ ~valu~. Les 
r~sultats ont ~t~ class~s selon la concentration au sol et la 
forme de la zone arros~e. Le rapport traite des diff~rences 
entre la distribution au sol avec r~servoirs non-modifi~s 
comparativement a chaque essai avec r~servoirs modifi~s. Le 
contenu d'un seul r~servoir (2673i) A ~t~ largu~ A chaque essai 
et 19 largages ne contenaient que de l'eau alors que 5 
contenaient un ~ lange d' ea u et de produi t retardant "Tenogum". 





CL-215 AIR TANKER MODIFICATIONS IM~OVE DROP ,PATTERN 

The initial objective in the development of air tankers was 
to provide the forest protection agencies with an aerial system 
of suppressant delivery. In equipping aircraft with the tanking 
and associated mechanismS, the main concern was to have a system 
which would enable the pilot to eject his load safely on a 
specific target. Aerial suppression flourished and cascading of 
water and fire retardant materials gained acceptance throughout 
North America but the concept of a "flying bUCket" was not 
imprOlTed upon for many years. The trend waS to increase the 
payload (use larger aircraft) to enhance air tank~r capabilities 
but little was done to improve the tanking other than the totally 
new revolutionary approach undertaken by Field Aviation in the 
design and fabrication of the membrane tank. Altbough the 
concept of a programmed release of the payload gained acceptance, 
the user agencies were not convinced that the membrane tank 
system was an economical alternative. The next innovation to 
emerge from the Field Aviation workshops was the Fire-Trac 
system. Although this grill-work type removable installation was 
originally designed and built for use in the O:ntarLO Tracker air 
tankers, one unit was fabricated and installed in one of Quebec's 
CL-215 1 s (CF-TXB). The test series at St. Honor~, Qu~bec, in 
september 1974 was executed to determine the degree of load 
modification attained by using this Fire-Trec installation a:nd to 
determine whether other modifications would enhance the load 
redistribution initiated by the Fire-Trac unit. Tenogum1 was 
used in seven of the 30 tests to determine distribution changes 
between a viscous product and non;"viscoae water after passage 
through the Fire-Trac unit. Single tank capabilities (2673/ 
payload) were evaluated in all but three of the tests. 

The modifications, the screening attached to 'the Fire-Trac, 
the water head divider, and the vent· airflow controller, were 
evaluated individually and in different cOllt>inations, ho"ever, 
the Fire-Trac installation was present at all times. The effect 
any of these modifications on load redistribution wi thout the 
Fire-Trac was not determined. on-site determination of the 
degree of success achieved by using any of these installations 
was done by comparing the 0.1 cm application contour coverage. 

ITenogum, sold in Canada by 
blend of water soluble vegetable 
water yields a viscous gel. 

Charles Tennant & Co. Lt.d. , is a 
colloids which when mixed with 



lhe criteria used were the total length of the 0.1 cm contour and 
the portion of this contour having a minimum width of 9 m. For a 
more detailed analysis it was necessary to consider: the total 
area within the 0.005 cm contour; the overall length of the drop 
pattern within the 0.005 cm contour; the coverage (area) between 
the 0.005 cm contour and the 0.4 cm contour; the area within the 
0.05 cm contour; the area within the 0.1 contour; the overall 
length of the 0.1 em contour; and the length of the 0.1 cm 
contour having the specified minimum width (9 m) • 

Methods and Results 

The Forest Fire Protection service of the QUebec Department 
of Lands and Forests established a 61 x 244 m catch cup grid at 
St. Honor~, Qu~bec, with the interior 36.6 x 152.4 m of the grid 
having a cup spacing of 3.05 x 6.1 m and the periphery a 6.1 x 
6.1 m spacing. A field office was established adjacent to the 
grid to facilitate immediate weighing of the capped catch cups 
after each drop. The weights were simultaneously converted to 
depth in centimetres and entries were made directly on a grid map 
and were also recorded on tape. 

The air tanker's drop height above grid and its 
were 30.5 m and 1 as kmlh respectively for the 24 tests 
herein. 

air speed 
discussed 

In the text, reference will be made simply to Screen, Divider 
and vent to mean the screening attached to the Fire-Trac, the 
head divider, and the vent air flow controller respectively. 

During the trials the objective was to determine which 
modification maximized the 0.1 cmcoverage, that is, which one 
yielded a pattern having the largest area within the 0.1 em 
contour having the greatest length with a minimum coverage width 
of 9 m. On later examination it became evident that other 
garameters had to be considered in a comprehensive evaluation. 
Although it was desirable to maximize the area, the total length, 
and the minimum-width length of the 0.1 em contour, it was also 
1esirable to reduce or eliminate the peak concentrations that 
were so prevalent when the basic tank was used. Furthermore, an 
increase in total coverage was futile if this areal increase was 
primarily in the less than 0.05 cm application coverage. On 
~xamining the 0.1 em contour lengths it appeared that comparisons 
with an arbitrary acceptable minimum length of 50 m were a just 
reflection on the effectiveness of a given modification in 
redistributing the payload. Using these criteria, the follOWing 
ratios were deemed appropriate for inclusion in a rating 
equation: 
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Ratio of area within the 0.1 em contour (A) to the 
total area within the O.OOS em contour (B), 

Ratio of area between 0.005 and 0.4 cm contours 
(e, to the total area within the 0.005 cm 
contour (B). 

Ratio of area within the O.OS em contour (D) to the 
total area within the 0.005 em contour (B,. 

Ratio of length of the O. 1cmcontour (E) to the total 
length of the 0.05 cm contour (G). 

Ratio of . length of given width of the 0.1 cmcontour 
(F) to the total length of this contour (E). 

Ratio of the 0.1 an conto~ length (E) to acceptable 
contour length of 50 m. 

'Ihese areas and lengths are identified iil Figures 1 and 2. 
The drop pattern rating equation derived from these ratios, 

DPR = (~+ £ + Q + E + f + ~ )1/5, 
B B B G E 50 

numerically categorizes these patterns. Pattern. superiority 
l.ncreases as the value of the dim.:nsionless VPR number increases. 
'Ihe data used in the DPR determination and the derived values for 
each type of tank configuration are presented in numerical form 
in Tables 1, 2 and 3 and in pictorial form in Figure 3. The 
rating system ranks the individual patterns primarily on their 
own merits to determine which combi.nation of modifications yields 
the best overall distribution. some~egree .of notlllalization was 
obtained by incorporating SO m as the arbitrary standard for the 
O. 1 em contour length in the equation. 

'Io demonstrate the effects of deleting F/E from the,equation, 
9 m minimum width criterion, adjusted rating values {AOPR) were 
calculated and are also included in these tables and figure. 

The position 
and sample drop 
configuration are 
five cross-section 

of each installation is indicated in Figure 4 
pattern diagrams for each type of tank 
presented in Figures 5 to 18 inclusive with 

profiles appearing in Figures 19 to 23. 



Discussion 

Water Drop Patterns 

The basis of comparison for the percentage changes tabulated 
in Table 2 are the values derived for the unmodified tank output. 
These percentages indicate the degree of redistribution obtained 
by using the modifications singly or in combination. The only 
negative changes in Area B that occurred was when Fire-Trac plus 
Vent were used; the decrease in area within the 0.005 cm contour 
was 5 i. It (Area B) increased from 9~ for Fire-Trac + Screen + 
Divider to 4" when only the Fire-Trac was used but in spite of 
the area changes, the overall pattern length (G) variations were 
negligible in all cases, +4 to -8". Not only did this indicate 
that the area increase was due primarily to an increase in 
pattern width, but the time interval for the 2673 t load to exit 
remained relatively constant irrespective of the tank 
configuration. In the situation where Area B increase was 41 i, 
Area A (within 0.1 cm contour) and Area D (within 0.05 cm 
contour) increases were only 13 and 20~ respectively. The major 
increase in coverage unfortunately was in the below 0.05 em 
application range which is the relative ineffective application 
zone. The combination that produced the next largest increase in 
Area B (36~) was Fire-Trac plus Divider bu": the respective 
increases in areas A and D were 17 and 30~, which is not too 
impressive either. Maximization of Area A was achieved by 
incorporating all the tank modifications, !J3 ~ increase, but 
maximum increase in Area D, 52~, and in length E (length of 
0.1 em contour), 61', was attained when all 'but the Screen were 
used. In the ADPR ra~king process wherein no width limitations 
for the 0.' cm contour were imposed, the Fire-Trac, Divider and 
Vent combination ranked No. 1 (Table 3) but when the 9 m width 
criteria was imposed, it ranked No.3 (DPR). Fire-Trac plus Vent 
patterns ranked No. 1 on the DPR scale priwlrily because of the 
highest increase in length F (length of O. 1 cm contour having a 
minimum width of 9 m), i.e. 61~. 

The most striking evidence that the Fire-Trac installation 
was functioning and was modifying water bulk-flow was the lack of 
high concentration peaks for these drops. This is born out in 
the drop pattern profiles in Figures 19 and 20 where the peak 
maximum for Drop .25 (unmodified) was 1.540 em and for Drop .5 
(Fire-Trac) the maximum depth was 0.599 em. Coupled with this 
peak decrease was an increase of 28~ in the overall length of the 
0.1 em contour. The addition of the Screen to the Fire-Trac 
enhanced tanker performance as noted in the patterns by 
increasing area A by another 5i and lengths E and F by 5 and 37 ~ 
respectively. Area D was unchanged but Area B was reduced by 13 
~. By using the Divider with the Fire-Trac, no appreciable 
pattern improvements were noted but by including the Screen as 
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well, the overall length of the 0.1 em contour (E) was elongated 
by an additional 17~. 

The most important factor in payload manipulation proved to 
be the Vent. This airflow controller created a throttling effect 
1uring payload discharge such that a proqraullned release of the 
water was attained when it was used in any cOlribi..nation 'with other 
installations. The highest increases in areal;! A and D and in 
lengths E and F were recorded for those pa.tterns when the Vent 
was in use. The Vent was instrumental in providing the desired 
load distribution required for meeting the drop pattern rating 
criteria; consequently, its presence in the sys·tertl in ranks 1, 2 
and 3 in the DPR and ADPRratings is nOt accidental. Although 
the influx of air into the tank to displace the exiting water was 
restricted, the entrance rate did nct alter the time interval 
normally required for the 2673 loed to leave the air tanker. 

~he rating number separationE be~ween the respective DPR 
values for the different tank configurations identify four 
grout:ings: 0.808 - 0.820 for configuratio.ns ranked 'NO. ,1 and 2; 
0.771 for that ranked No.3; 0.730 -0.739 for those' ranked No. 
4, 5 and 6; and 0.66~ - 0.681 for those ranked No. 7, 8 and 9. 
~he spread between these apparent groups is 49, 32 and' ,37 units 
respectively, the within group spread is 12, 0, 9 and 16 units. 
The 16 unit spread between the DPR null\bers for those, ranked No. 
7, 8 and 9 indicates that the Fire-Trac afforded some measure of 
improvement but not as significant as when it was used in 
combination with modifications other.than just the Divider. The 
lack of notable differences among ranks No. U, 5 and 6 indicateq 
that, on the whole, using either combinatic;m produced relatively 
similar patterns but in reality one's choice would, depend on 
optimization of a specific application' concentration, greatest 
areal coverage and/or greatest length. 

By deleting the 9 m width criterion (F/E) f.rom the rating 
derivation, the new r~~k designations according to the ADPR 
numbers remained identical except for the reversal of ranks NO. 1 
and 3. The ADPR unit spread distribution confirmed ~hat any 
modification produced a drop pat. tern. which on the whole was 
superior to that of the unmodified tank. Fire-Trac and Fire~Trac 
plus Divider both rated 55 units higher than the. ADPR for the 
tasictank. Furthermore, the Divider. did not milke any worthwhile 
contribution unless it was used in combination wi th either the 
Screen and/or the Vent. 

Tenogum DrOp Patterns 

The expectations were 
jecrease when an inspissator 
would be relatively similar 
prime purpose of the Tenogum 

that overall pattern sizes would 
was used but load transformations 
to those for water drops. since the 
tests was to determine whether the 
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gravity-feed injector functioned properly and whether 
the Tenogrum concentration from 0.25J to 0.35' would 
adequately viscous product, only several one-of-a-kind 
made. 

increasing 
yield an 

drops were 

The drop patterns for Tenogum thickened water having a 
viscosity ranging from 536 to 864 mPa s (Brookfield, spindle No. 
3 ~ 30 rpm) when mixed in the ratio of 2.5 g Tenogum to 1.0 kg 
water (0.251) were reduced in total area from 10 to 35 % for 
unmodified to fully modified tank compared to parallel water drop 
patterns. Although the overall area had decreased, the area 
within the 0.05 cm contour (D), the area (A). and length (E) of 
o. 1 em contour, the minimum-width length (F) and the total 
pattern length (G) were not appreciably different. The areal 
decrease was primarily due to a reduction in pattern width. 
whether or not the minimum width criteria is applied, the 
modified tank out-performed the basic air tanker tank: the 
respective increases for areas A and 0 and length E were 16, 17 
and 341 countered by decreases in areas E and C and lengths F and 
G of 7, 6, 38 and 4%. The Fir'~-Trac, Screen, Divider and Vent 
combination modified bulk flow by reducing high concentration 
peaks from 1.08 cmto 0.599 cm and by utilizing this excess to 
extend the 0.1 cm contour. 

The advantages of utlizing these tank modification was 
further demonstrated when the mixing ratio for Tenogrum was 
increased to 0.351. Erosion of the more viscous gel (996 to 1128 
mPa s viscosity) was reduced, consequently the pattern for the 
unmOdified tank was very compact and the proportion of the area 
within 0.5 cm to 0.9 em contours was more than twice as large as 
when a 0.251 mix was used. Nevertheless, by using Fire-Trac, the 
peak concentrations were reduced below 0.5 em in depth and this 
volume was redistributed over the entire pattern. Inclusion of 
the screen, Divider and Vent with the Fire-Trac resulted in 
further improvements in pattern distribution: the 0.1 cm contour 
area (A) increased by 32% and its length {El by 68%; the 0.05 cm 
contour area increase was 29%; and the 9 m minimum-width length 
(F) of the 0.1 cm contour increased by 57 %. Much of the 
enhancement of the foremertioned was achieved by reducing the 
coverage in the less than 0.1 cm and greater than 0.3 cm coverage 
zones. Under the DPR and ADPR ratings the fully modified tank 
~erformance was ranked No. 1 (0.682 and 0.587) and the unmodified 
tank placed 3rd with ratings of 0.648 and 0.511, respectively. 

The modified tank improved the drop distribution as seen in 
the resultant drop patterns irrespective of the viscosity of the 
payload. 



Remarks 

Manipulation of payload discharge by the installation of 
simple flow controllers was an attempt to attain a programmed 
release of the load to best meet the desired ground distribution. 
The basic CL-215 tank deposits miniature mountains of suppressant 
on the ground as indicated in the longitudinal cross-section 
t:rofile. Any change in reducing these high peaks and spreading 
the excess material to deficient areas is a noteworthy 
achievement. Each of the installations that were tested had an 
impact on controlling load release and when used in combination 
with each other they provided some very encouraging drop 
l,)a tter ns. 

The three crude innovations that were used with the Fire-Trac 
1uring these tests have been replaced with prototype units and 
field use during 1976 should indicate effectiVeness attained by 
using these installations in air tanker CF-TXB. 
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TABLE I, DROP PATTERN RATING DATA 

,cONFIGURATION (":g") • I • • C ~ • tl • ~ , l' • lJ 
(m') tml) 1 .... 1 (ilia) (1ft') '.') (m') tIn') 10.1 1,,1 1.1 Iml 1.1 Iml 

WATER 

BASIC f .... '" ( lSI '" H·"S 5:se. 1049 ., ,. '" (24) '" .... 51.' ... '0 " '" 
(2") ". ". sesl '''53 .. .. 3:StU '" ... ,. •• .. " " . ". 

,.-.[ - TAAC '2l ." .. " 4!'1 lin .. o • , .. 
'01 ,., ••• '4a& "'15 53'4 ... , 1114 1150 •• •• n .. ,n .. , 

ftlllE - flue + SCAE£,. (1&) ... 441& 431t lUll •• ., , .. 
iI?) ... ." 00 •• 4"OT •• M 4341 II". 1149 OT . , •• •• , .. " . 

F'ltlE -TII"C .. OIVIOI!JI (10) ••• 40e, .. ,. I, .. •• ,. .., 
\121 ... ... !:S1S 470e 5324 4611 lUI tZ4' .. .. ,. n ... , .. 

FIRIE - TIIAC + lllENT , " ". 32.0 lISa 11.4 " .. ... --_. -.- .. , ... ••• " .. lUI SUI 32 •• 1087 IIr5 .. .. .. ,. ... '" 
-

F'AIE ··lRAe + SCR££N (20) '" 384. H.' 1111 ., >T ... 
.. OIV'OER (211 ... . .. '8.4 515O "4' 5l'U 1014 1095 .. •• .. .. ". ... 
,.,11' - TIitAt .. sellUN (If) '" 401$ .... 11'7 " ., ... -
t VENT In) 7., ". "'ne ,t01 "CO .... I,n 11t5 ." " .. •• , .. ". 
FIIU - TRAC .. 01""0£" (13) ... 4,e, 4141 143$ " •• , .. 
.. VIENT P4J ... '" .... .18' 45915 4ITI 1477 14~e n " " 

,. , .. ... 
r!,III" _ TJlA" : ~<:.[EN (II) ••• 4ua 411'1 lUI .. •• ... 
+ DIVIDE" t lIi·,n (~t ) ." ,., 4781 411Z4 4nt .,00 IU. IS44 7. " •• .. , .. , .. 

TENoeUM (o.la" 
BASIC TAffJ( 1211 '" )094 .... ••• ,. •• , .. 
fUll( - TAAoC t SCP£EN (291 ... .. " " I'SS 1124 " .. .. . 
+ OIVID£. + VENT ' . . 

UMoeU. (0.1''') . 
aAoSIC TAo".. lUI ." .... n .. , ... ., .. , .. 

-

1'1"[ - T""C , " ••• n'T ~nT lOse " " ,n 

I'IAE - TRAt t SCIIEEN (21) ... 35IS 3~IO lit? •• •• '" + DIVIDER t VEfIIT 



TABLE 2, 'trll •• '." ........ I ..... e ....... '01' ,ottln' t., _.'ie , ... ~eu.tI ... tIIMed Oft ., ...... U .... 
.. t. ,. tile .-041'''' .... . 

CONF'IUftATJON l wr .... • ...... .. t IMrMM 11 - r I ....... , 1M,.. .. I --I ,.,} 
1'10' (81"' ..... (",II 1'101 C.'. . .... 1<0. 1'10' t_1 ..., ".1 nr.) : 

- - - -.i,li------------ ._-_.j--_.-

8·''-,+C './It'" .n 34~3 "'" ... O. " ". -r---

----- +---FIIlE • TfiAC ••• " .015 .. .... .. "" •• •• .. .. • , .. , 
- - , - .0_-

~:R[ - TRIoe + SCREEN .. , .. ... , .. .'''1 " \14' •• ., " •• " ," • 
-

FIRE -TItAe t DIVIO[1t ... " 4705 •• ... , .0 124' '0 •• tt .. -,. , .. • 
_. F.IU - TRAC • \tun ... •• 528' -, 3264 -. 112a " •• •• •• ., 

'" -. 
F,RE - TA"C + SCREE ... . .. I. "50 • 31'2.' " 1098 ,. •• .. .. -0 .. . -8 

" :;lIVID! It -+---
~'Il[ - ''''''C t 5-(:ffUN ". " 3,or " .... " IUS " " •• .. " ... • 
t V[NT 

~ 

'FI~[ <. ,.11., + 011110£11 n, " 4385 " 437t • 0 14'. .. ,. ., •• , ... • ~ 

+ VENT --.. _-
----~-~-

FlltE - TltA' + seA([1I , .. .. ",24 " .... •• 1S4. • • •• " .. " <6, • < 

+ DIVIDER t VENT 

- -
flNOtu" <o.It"lCo) 

BASIC ,!ANIC on I - 3D'" .... ... •• •• ,. . 
FlltE - Tlu,e ... SCllffE" . " ,. .". -, 2833 -. 112" " 79 .. ,. -.. ... -. 
4- DIVIDEIt + VUH 

TO.O.UII lo.u", 
a.t.s,lc TAllltt .., 288& 2748 n. 41 .. ... ! 

I 
filtE • TRAC -.. -- US" '. :n_l .- , ... " ., .. " • ,.f .. 
FIRE - TRAC .. selllEflil .. - u .. " .. .... •• 12e" •• •• •• .. Of '" " + DIVIDER + V£NT 

- - .. -- L __ - _.-L. < 



TABLE 3. DERIVED PATTERN RATING VALUES 

(~~) RANK I RANK CONFIGURATION OPR -mf (OPRI AOPR il5JSIf (ADPR) 

WATER 

BASIC TANK (15) 0.660 0.499 
(24) 0.664 0.501 

(2S) 0.670 0.665 9 0.579 0.526 9 

FIRE - TRAC ( 2) 0.679 0.564 

" " ( 5) 0.683 0.681 7 0.598 0.e81 8 

FIRE - TRAC t SCREEN (16 ) 0.749 0.622 

" " (17) 0.711 O. np 6 0.574 0.598 6 

FIRE-TRAC + DIVIDER (10) 0.640 0.573 

" " ( 12) 0.700 0.670 8 0.590 0.581 7 

FIRE-TRAC + VENT (8 ) 0.869 0.726 

" " (9 ) 0.771 0.820 I 0.621 0.613 3 

FIRE - TRAC + SCREEN (20) 0.762 0.652 

+ DIVIDER ( 21) 0.717 0.739 4 0.640 0.848 4 

FIRE-TRAC t SCREEN (22) 0.837 ( 733 

+ VENT (23) 0.780 0.808 2 0.832 0.682 2 

FIRE - TRAC + DIVIDER (13 ) 0.814 0.709 
+ VENT (14) 0.728 0.771 3 0.670 0.889 I 

FIRE .. TRAC + SCREEN (18) 0.687 0.572 

+ DIVIDER + VENT (19) 0.777 0.732 5 0.669 o.no 5 

TENOGUM (0.25 %) 

BASIC TANK (27) 0.737 2 0.601 2 

FIRE - TRAC + SCREEN (29) 0.799 I 0.736 I 
+ DIVIDER + vENT 

TENOGUM (0.35%) 

BA SIC TANK (26) 0.648 3 0.311 3 

. __ .-
r

0682 FIRE-TRAC ( 3 ) 2 0587 2 _ .. .. _---.- r'--'''''' - ----
._------ --.- ~--- _. .._-- ------

FIRE - TRAC + SCREEN (28) 0.797 I 0.699 I ---- ------- ------ _._. 
+ DIVIDER + VENT 

.. 
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AREA ·A" AREA· B" AREA ·C· 

FIGURE 1. Areas represented by the symbols (crosshatched) used in the drop pottern 

rating (DPR) equation. 
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Figura 15. Resultant ranogum (0.25") .. ,."ern for tank ... Ipp .... with Fir .. Trac, SCr ..... 
Divider and Vent (contoun in em). 
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Figure 17. 

DROP 3 

le..,ltant Tenoeum (0.35") drop pattern .... tank ..,ipped with Fire-Trac unit 
(contour. in em). 
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