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1.0 INTRODUCTION
At the request of Canadair Limited, the N.A.E., Flight Research

Section has conducted a series of ground distribution contour measurements
with the Canadair CL-215 water bombsr. This report presents the resulting
contours for the total of five drops made on July 11 and October 22, 1968.
The tests were done in co-operation with the Forest Fire Research Institute

of the (Canadian Department of Forestry and Rural Development.

2.0 TEST PROCEDURE AND DROP_AREA

A full description of the test facilities, procedure, and data
analysis techniques is given in Reference 1.

For the CL-215 measurements, the test grid was expanded to 675 x
202.5 feet giving a total of 1163 can-stake units in rows spaced 15 feet
apart longitudinally and, for most of the pattern, 7.5 feet apart laterally.
The only exception to this was that each side row and the end rows had a

lateral spacing of 15 feet.

3.0 DESCRIPTION OF THE CL-215 TESTS

Each CL-215 drop was to be made with 15 degrees of flap at an
indicated airspeed of 95 knots at an altitude set by an N.A.E, helicopter
hovering beside the drop area. The first drop was made intentionally high
to ensure that the can-stake units could withstand the water load from the
CL-215 without damage. The other four drops were made at altitudes near the
desired 100 feet.

The first measured drop was a simultaneous two-tank release of all
1200 Imperial gallons. The ground speed measured from cinethsodolite films
indicated that this drop was made slightly fast. (See Table 1).

The tests of October 22, 1968 investigated mainly the "in-train"
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or split drops in which one 600 gallon load was released a short pre-
determined time before the other. For these tests, automatic timing was
not available so the spacing of the sequential drops was dependent solely
on the timing of the pilot.
| Drops 2 and 5 were in-train releases with a nominal cne second

delay between the 600 gallon discharges. Drop 2 was slightly undershot,
so that some of the water, up to the .04 inch contour in fact, fell outside
the grid pattern. Drop 5 was therefore made as a repeat of drop 2 and was
completely successful.

Drop 3 was another in-train release with a delay time of 0.5 seconds.
On this drop, five of the cups were either crushed or knocked out and the
pilot also slightly undershot the drop area.

A second simultaneous 1200 gallon drop was made as drop 4. For
this drop, and drop 5, the cross-winds had increased to about 9 knots. Some
of the finer droplets drifted laterally to land outside the grid area, as
is evident from the resulting contours of drop 4.

Figures 1 and 2 show the aircraft making drops 2 and 5 respectively,
each being a "1 second" in-train release. It would appear from these photo-
graphs that in drop 2 the starboard tank was released first, whereas in

drop 5 the port tank was the first to be discharged.

4.0 RESULTS

The plotted contours for the five drops appear in Figures 3 to 7.
Note that for ease of comparison the drops do not appear in the order that they
were made, but are presented in the order of increasing delay time between
tank discharges with the simultaneous drops appearing first. The contour

levels in inches of water are indicated by lines of increasing thickness
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with shading for contours greater than 0.10 inches. Peak densities measured
are also shown. In the few instances where cups were knocked out or
crushed, the locations are marked with X's. Ths x and y axes are positioned
for convenience only and do not indicate the edges of the collection grid
system.

The wind indicated by the arrow is that reported by the Uplands
Tower and was measured 33 feet above the ground about 3000 feet from the
test area. The "on-site wind" was measured by a cup anemometer 6 feet above
the ground adjacent to the test grid. Temperature and relative humidity
were obtained from sling psychrometer readings made at the time of each drop.

Altitude and ground speed were calculated from cinetheodolite
films of each drop. As stated in Reference 1, these are accurate to within
2.5%. Airspeeds were computed by algebraically adding the longitudinal
compenent of wind speed to ground speed. These were compared to the pilot's
reported calibrated airspeeds and the probable airspeed range was then indi-
cated on each contour figure.

An integration by Simpsons Rule was made across each row to
compute the longitudinal density distribution in Imp.gal./ft. (Figure 8).
These were similarly integrated to give an estimate of the gallons recovered,
which, when divided by 1200 gallons, gave the recovery factor reported on
each contour drawing.

Table 1 summarizes the drop speeds, altitudes, heading, and reported
winds for the 5 drops.

Tables 2 and 3 gilve the maximum lengths and enclosed areas of each
of the contours for all the CL-215 drops. These are defined and measured

as outlined in Reference 1. Ths lengths and areas of contours that ran off
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the grid pattern cannot be calculated exactly, of course, and are so

indicated in the Tables.

5.0 DISCUSSION

Comparison of the two simultaneous two-tank releases shows that
the patterns are approximetely the same length, despite difference in
altitude and airspeed. Also evident is that the ground distribution of
drop 4 was considerably distorted by the wind. From these observations,
it is probable that duriﬁg drop 1 the wind was near 4 knots, although the
Tower reported it to be between 4 and 9 knots.

In the "0.5 second" in-train drop illustrated in Figure 5 several
cups were crushed, even though the aircraft was not any lower than in the
other drops. Although weights are estimated for these damaged cups to
allow digital computation of the contours, it is probable that the crushing
of these cups and the slight undershoot by the pilot reduced the recovery
factor by 3 or 4 percent.

Comparison of the two "1 second" in-train drops in Figures 6 and
7 again displays the influence of the cross-wind upon the ground distribution
pattern. It is interesting to note that the highest percentage recovery of
all the drops occurred in drop 2, the one that was most seriously undershot.
The longitudinal distribution of Figure 8, however, indicates that this
slight inaccuracy probably only resulted in a 2 or 3 percent reduction in
recovery. As discussed in Reference 1, it is felt that generally the per-
centage recoveries are more influenced by temperature and relative humidity
than by wind drift. It is not surprising, therefore, that drop 2, which
had the lowest temperature and highest relative humidity, also had the highest

percentage recovery.
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Another interesting difference between drops 2 and 5 is the
distance between the peak densities - approximately 225 feet for drop 2
and 165 feet for drop 5. Dividing by their respective ground speeds gives
the following estimated time delays between door releases: l.4 seconds
and 1.1 seconds. A similar calculation for the "0.5 second" drop (No. 3)
gives 0.65 seconds as an estimation of the actual time between door
releases. It was not possible to confirm these estimates from observation
of motion pictures because of the difficulty in distinguishing the cpening
of the second tank in the spray from the first. Contour drawings are
labelled with the nominal or intended delay time between releases and the
longitudinal densities of Figure 8 have been annotated with the above
estimated times between releases.

The longitudinal distributions of Figure 8 show that the two
simultaneous releases, drops 1 and 4, prcduced simlilar distributions almost
400 feet long. The advantages of in-train drops are also evident. The
& second delay drop will probably be the best for most applications since
it displays less-pronounced peaks and a valley with greater densities
between them, Referring again to the contour drawings, it should be noted
that the two areas of peak concentration are almost joined by the 0.07 inch
contour in the % second drop, but, for drop 2 with the 1.4 second estimated
delay, even the 0,04 contour is broken.

The contour length data of Table 2 indicate, as previously predicted,
that the CL-215 simultaneous drops produce contours of approximately the same
length as the Canso water bomber. Furthermore, the areas enclosed by these
contours (Table 3) are considerably larger than those of the Canso, especially

for the greater depths of water.
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The measured contour areas suggest that an in-train drop, besides,
of course, being longer than a simultaneous release, tends to shift the
water distribution élightly towards the lower contour levels. This can
be observed in Table 3, where above the 0.04 level, contour areas for the
in-train drops are generally lower than those of the simultaneous drops;

below this level, the in-train drop areas are usually greater.

6.0 REFERENCE
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TABLE 1

CL-215 FLIGHT CONDITIONS

Magnetic Altitude Ground Speed Wind Airspeed Cal. Airspeed Reported
Drop No. Heading ft kts oM - Kts from G/StWind by Pilot
kts
1 070 118 100 100 @ 4 to 9 104 103
2 250 97 9% Calm 94 94
3 250 v 97 120 @ 4 94 93
4 070 95 96 150 @ 9 98 94
5 070 96 91 140 @ 9 94 91

Collection grid system aligned along 070-250




TABLE 2

CONTOUR MAXIMUM LENGTHS L

(ft)
Contour level - inches
Drop No. Drop Type
.005 .01 .02 04 .07 .10 « 15 .20
1 Simultaneous 386 335 309 192 159 113 94 82
4 Simultaneous 387 333 281 227 176 114 75 59
3 "} sec" in-train > 440 % | >394 * 355 300 249 179 111 55
2 "] sec" in-train > 520 % | > h24 % >392 ¥ | > 333 # 261 179 96 68
5 "] sec" in-train 542 430 389 321 225 17 117 55

()-Tﬂ #* Contours ran off end
L =X +4 of grid system
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TABLE 3

CONTOUR ENCLOSED AREAS

(sq.ft)
Contour level - 1inches
Drop No. Drop Type
.005 .01 .02 .04 .07 « 10 .15 .20
1 Simultaneous 37200 31000 21500 13700 8300 5100 2300 1170
4 Simultaneous > 44600% | > 33800% 22800 14100 7350 4100 1800 610
3 "% sec" in-train > 44700% | > 32400% 21800 12600 7000 4200 1800 520
2 "] see" in-train > 45000% | >35600% |>24200% |=>14000% 7000 3850 1500 770
5 "] sec" in-train 49000 33400 25000 13500 7400 3650 1550 530

¥ Contour ran off the test grid




FIG. | CL-215 DURING DROP No. 2



FIG. 2

CL-215 DURING DROP No. 5



FIG. 3 CL-215, DROP No. |

FEET
400 — FLIGHT DIRECTION
TOWER WIND
4 -9 KT
A0 =
005
300 —
SIMULTANEQOUS 2 TANK RELEASE
JULY I, 1968 I1:36 EDT
250 — TEMPERATURE 72°
REL. HUMIDITY 6l %
ALTITUDE s’
AIRSPEED ~ 104 KT
GROUND SPEED 100 KT
RECOVERY 80.0 %
ON SITE WIND 4 KT
200 GALLONS DROPPED 1200 IMP GAL
150 t—
100
50—
O ‘

200 FEET



FIG. 4 CL - 215, DROP No.4
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FiG. 5
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FIG. 7 CL-215, DROP No.5

FLIGHT
DIRECTION

500
450 (4
aoo |- ! , m
350
300
250

200

1 \ »
\ \ \ “I 6EC" IN-TRAIN RELEASE
150 P )
\ OCT 22, 1968 1235 EDT
TEMPERATURE 58°
REL. HUMIDITY &1 %
- ALTITUDE 98’
D J AIRSPEED 9l - 94 KT
100 |— // GROUND SPEED 91 KT
f‘ RECOVERY T8 %
/ ON SITE WIND 6 KT
( et GALLONS DROPPED €00 + 600 IMP GAL
l! \ X CUP KNUCKED OUT
| o)

o LY

i

|
0 50 100 150 200 FEET




IMP GAL /FT

LONGITUDINAL DENSITY,

FIG.8

~ O o

n

o

@

s

LONGITUDINAL DENSITY DISTRIBUTIONS

DROP |

SIMULTANEQOUS 2-TANK
RELEASE

100 200 300 400 500 600

DROP 4

SIMULTANEOUS 2-TANK
RELEASE

100 200 300 400 500 600

DROP 3

IN-TRAIN DROP
0.65 SEC DELAY

100 200 300 400 500 600

DROP .2

IN-TRAIN DROP
1.4 SEC DELAY

100 200 300 400 500 600

DROP 5

IN-TRAIN DROP
I.I  SEC DELAY

100 200 300 400 500 600




