







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































NATURAL SNOW TESTS AT DORVAL 1996/97 (DIFFERENT PRECIPITATION)

Test Date Fluid Fluid Fluid Fail Rate of APS Data /
No. Dilution Code Type Time Precep. temp wind Precip ‘
[min.] [g/dm*2/hr} [C] [kph] Type
108 Mar-06-97 neat C-100 4 27 35.9 4.2 18.7 BS |
110 Mar-06-97 std A-650 3 16 25.9 -3.9 20.9 BS |
11 Mar-06-97 std A-650 3 19 25.9 -3.9 212 BS
112 Mar-06-97 75% c-707 4b 27 247 4.0 22,0 BS
113 Mar-06-97 75% c-707 4b 29 24.5 4.0 22.0 BS
114 Mar-06-97 75% C-709 b 34 24.0 4.0 227 BS
115 Mar-06-97 75% C-709 4b 35 23.9 4.0 22.7 BS
116 Mar-06-97 neat c-107 4 30 25.9 4.0 25.4 BS
117 Mar-06-97 neat c-107 4 31 25.8 4.0 25.6 BS
118 Mar-06-97 neat C-108 4 52 26.3 -4.1 263 BS |
119 Mar-06-97 neat C-109 4 53 26.3 -4.1 26.1 BS |
120 Mar-06-97 neat C-108 4 53 26.3 -4.1 26.3 BS |
121 Mar-06-97 neat C-109 4 54 26.3 -4.1 26.2 8BS
122 Mar-14-97 neat c-107 4 15 41.2 -12.3 13.9 5G
123 Mar-14-97 neat c-107 4 15 41.2 -123 13.9 SG
124 Mar-14-97 neat c-109 4 23 45.8 -123 13.3 SG
125 Mar-14-97 neat c-109 4 23 45.8 -12.3 13.3 SG
126 Mar-14-97 neat c-100 4 24 45.8 -12.3 13.2 SG
127 Mar-14-97 neat C-100 4 25 45.8 -12.3 1341 5G
128 Mar-14-97 std A-650 3 6 62.3 -12.4 12.3 SG
129 Mar-14-97 std A-650 3 6 62.3 -12.4 12.3 SG
130 Mar-14-97 75% Cc-707 4b 7 62.3 124 123 sG |
131 Mar-14-97 75% C-707 4b 8 62.3 -12.4 12.4 SG |
132 Mar-14-97 neat c-107 4 17 42.5 -12.2 12.5 sG |
133 Mar-14-97 neat c-107 4 17 425 -12.2 12,5 SG
134 Mar-14-97 75% C-708 4b 17 421 -12.2 121 SG
135 Mar-14-97 75% c-708 4b 18 418 122 12.0 sG |
136 Mar-14-97 neat c-109 4 24 41.0 -12.2 12.4 SG
137 Mar-14-97 neat C-109 4 24 41.0 -12.2 12.4 SG
138 Mar-14-97 75% c-708 4b 27 37.6 -12.2 13.8 §G |
139 Mar-14-97 75% c-708 4b 27 37.6 -12.2 13.8 SG |
140 Mar-14-87 75% C-709 4b 30 37.7 -11.8 13.4 SG
141 Mar-14-97 75% C-709 4b 30 37.7 -11.8 134 5G
142 Mar-14-97 neat c-100 33 37.8 -11.9 13.6 Y}
143 Mar-14-97 neat c-100 4 33 37.8 -11.9 13.6 SG
144 Mar-14-97 75% c-707 4b 17 46.1 -12.2 13.5 sG
145 Mar-14-97 75% c-707 4b 17 46.1 -12.2 13.5 - 8G
146 Mar-14-97 neat c-100 4 3% 42.0 -11.7 14.2 SG
147 Mar-14-97 neat C-100 4 37 41.8 -11.7 14.2 SG
148 Mar-14-97 neat c-109 4 44 411 -11.8 14.2 SG
149 Mar-14-97 neat C-109 4 44 41.1 -11.8 14.2 SG
150 Mar-14-97 neat ¢-100 4 48 36.4 -11.2 12.4 SG
151 Mar-14-97 neat C-100 4 48 36.4 -11.2 12.4 SG
152 Mar-14-97 neat c-109 4 58 34.4 -11.2 12.4 SG
153 Mar-14-97 neat C-109 4 58 344 -11.2 12.4 SG
154 Mar-14-97 75% c-707 b 35 327 -11.1 12.1 SG
155 Mar-14-97 75% c-707 4b 35 327 1.1 12.1 SG.
156 Mar-14-97 neat C-100 4 43 336 -11.1 12.2 SG
157 Mar-14-97 neat C-100 4 44 336 -11.1 12.2 5G
158 Mar-14-97 std A-650 3 22 2717 -10.4 12.3 SG/IP
159 Mar-14-97 std A-650 3 22 277 -10.4 12.3 SG/P
160 Mar-14-97 neat C-100 4 67 300 9.2 13.3 SG/P
161 Mar-14-97 75% c-709 4b 69 30.0 -9.3 13.3 SGIIP
162 Mar-14-97 75% C-709 b 69 30.0 -9.3 13.3 SGIP
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APPENDIX M 5. ANALYSIS AND DISCUSSION

The greatest increase in Brix values occurred on the areas of the plate where a
very thin film resulted (at the 15 cm and 38 cm (6 and 15") line). Where the
fluid formed a bead at the bottom edge of the plate due to fluid surface tension,
the fluid was thicker and the increase in Brix values was generally less than
elsewhere, but still apparent.

The full strength XL54 fluid showed an increase of 10 to 12 points on the Brix
scale, about 30% in relative value.

The test on the 10% mix at -10°C resulted in some fluid still remaining on the
plate at the 15 cm and 38 cm (6 and 15") lines. This fluid had reached a Brix
value of 44 and 45, the same as that reached by full strength fluid at that
temperature.

For the 10% mix, the average Brix value (over 2 tests) for the fluid in the bead
on the lower edge increased by about 3 points, or about 50% in relative value.
The fluid freeze point for this fluid was lowered by about 2°C, from -4 to -6°C.
For the 2% mix, the average Brix value (over 2 tests) for the fluid in the bead

on the lower edge increased by about 4 points, or about 200% in relative value.
The fluid freeze point for this fluid was lowered by about 2°C, from -1 to -3°C.

5.1.3 Fluid Thickness

At 0°C, the bead of fluid at the lower plate edge decreased as fluid
concentration decreased.

5.2 Influence of Ambient Temperature
5.2.1 Area of Plate Surface Left Bare

The results for variable temperatures for the three concentrations of deicing

fluids are:
Ambient Temp. 0 to -5°C -8 to -13°C
Standard mix 7% bare 60% bare
10% mix 35% bare 75% bare
2% mix 95% bare 98 & 80% bare

The standard mix and the 10% mix show a strong direct relationship between
percent of area left bare and decrease in ambient temperature.

The 2% mix had variable results at colder temperatures preventing any
conclusion from being drawn.
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APPENDIX M 5. ANALYSIS AND DISCUSSION

5.2.2 Brix Value of Remaining Fluid

The data are insufficient to determine any relationship.

5.2.3 Fluid Thickness

For standard XL54 and the 10% mix, film thickness in the bead at the bottom
edge of the plate increased markedly with lower ambient temperatures.

Thickness data for tests of the 2% mix are inconsistent with the tester ability
to sample fluid for Brix values.

5.3 Influence of Condition of Plate Surface

Two tests were conducted to examine the impact of the condition of the plate
surface. In one test, a new plate with a shiny polished surface was used. In one
test, the plate surface was treated with Ice EX, a water repellent fluid used by
some operators to discourage the formation of ice on the wing during flight.

5.3.1 Area of Plate Surface Left Bare

Compared to the standard XL54 fluid test, the area left bare on the new
polished plate was 100% greater (14% vs 7%).

On the plate treated with Ice EX, nearly the entire plate was left bare at 5 minutes
into the test. [t is believed that the fluid immediately ran off the plate at time of
pouring. This test confirmed observations made during full-scale tests on a DHC
Dash 8 aircraft where the wing had been treated with Ice EX some time
previously. In that test, sprayed deicing fluid quickly ran off the wing, with the
only remaining fluid existing as beads, similar to water beading on a waxed
surface.

5.3.2 Brix Value of Remaining Fluid

The final Brix values of any fluid film remaining on the plate surface were
somewhat lower than those of the standard tests. This may be due to a lower
heat transfer (and resultant less evaporation) to the plate in these tests due to
rapid runoff of the poured fluid.

5.3.3 Fluid Thickness
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APPENDIX M 5. ANALYSIS AND DISCUSSION

The film thickness on the surface of the polished plate was about 25.4 um
(1 mil), somewhat less than thickness for the standard tests.

Thickness of the bead at the bottom edge of the plate was also about 25.4 um

(1 mil), the lowest value seen in this series of tests. This compares to a
thickness of 357 um (14 mil) for standard tests.

5.4 Influence of Amount of Fluid Applied
In two tests, the quantity of heated fluid applied was increased to 1.5 litres from
the standard of 0.5 litres to examine the impact of a greater amount of fluid
applied.
5.4.1 Area of Plate Surface Left Bare
In tests where 1.5 litres of fluid were applied, there was no difference in results
compared to standard tests using 0.5 litres of fluid.
5.4.2 Brix Value of Remaining Fluid

Brix values were consistent with values measured in the standard tests.

5.4.3 Fluid Thickness
Film thickness values of any remaining fluid film on the surface of the plate

were consistent with the standard tests. Thickness values for the fluid bead at
the plate lower edge were inconsistent between the two tests.

5.5 Influence of Slope

In one test, the plate was mounted at 2° slope to examine the effect.

5.5.1 Area of Plate Surface Left Bare

For the plate tested at a slope of 2°, the area of the plate left dry and bare was
about half of that for the standard plate tested at 10°, 3% versus 7%.
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APPENDIX M 5. ANALYSIS AND DISCUSSION

5.5.2 Brix Value of Remaining Fluid
The average Brix value for the plate at 2° was about 43, versus 46 for the
standard test.
5.5.3 Fluid Thickness
Film thickness at the 15 and 38 cm (6 and 15") lines was about twice that of -
the standard tests, 0.08 mm versus 0.04 mm. The bead at the bottom edge
was less thick than the standard test, about 0.1 mm compared to 0.4 mm.
5.6 Effect of Snow on Plate
Natural snow was carried in from outdoors and scattered on the plate to simulate
a snow contamination condition.
5.6.1 Area of Plate Surface Left Bare
The area of plate left bare was greater than the standard test, about 14%
versus 7%.
5.6.2 Brix Value of Remaining Fluid
The Brix values for any fluid film remaining on the plate surface were the same
as the standard test. The Brix value for the fluid bead at the lower edge was
somewhat less than the standard.
5.6.3 Fluid Thickness
Film thickness was the same as the standard test, with the exception that the
bead at the lower edge may have been thicker than standard.
5.7 Cold-Soaked Boxes
Two cold-soaked boxes (of depths 2.5 and 7.5 cm (1 and 3")) were tested to

examine the impact of their heat sink properties on evaporation. Box
temperatures were the same as ambient.
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APPENDIX M 5. ANALYSIS AND DISCUSSION

5.7.1 Area of Plate Surface Left Bare

Results of tests on both sizes of box showed slightly less bare surface than the
standard tests.

5.7.2 Brix Value of Remaining Fluid

Elevation in final Brix values from initial values were less than in the standard
tests. Brix values on the 7.5 cm (3") box elevated to a lesser degree than on
the 2.5 cm (1") box.

5.7.3 Fluid Thickness
Thickness of any fluid film an the surface of both box sizes was about the same

as the standard test. Thickness of the bead at the bottom edge was less than
in the standard tests.
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APPENDIX M 6. SUMMARY OF OBSERVATIONS, AND CONCLUSIONS

6. SUMMARY OF OBSERVATIONS, AND CONCLUSIONS

The numbers of runs conducted in this series of tests were not sufficient to confirm
repeatability of resuits, however some trends appeared to be sufficiently strong to
allow tentative conclusions to be drawn.

Principal observations were:

® Application of heated fluids at low concentration results in large areas of the
surface left bare and dry. Hot water and hot 2% fluid produced the largest
area of the surface in a bare dry condition (95%);

® Colder ambient temperatures appeared to result in an increase in the area of
the surface that is left bare and dry; and

® The freeze point of the applied fluid is depressed as a result of evaporation.
This is most apparent where the final fluid exists as a thin film on the plate
surface, but also occurs in the bead of fluid that forms on the surface lower
edge. For heated Type | fluids this phenomenon serves to provide an inherent
freeze point safety buffer in addition to the currently regulated buffer of 10°C.

Other observations were:

® The condition of the test surface influenced results. The polished plate lost
fluid more rapidly through runoff than the standard plate. The area left bare
was greater than in standard tests but the freeze point depression was less;

® Treatment of the surface with Ice EX resulted in a large area left bare and dry,
equivalent to results achieved by 2% fluid and hot water. Fluid films
remaining on the wing experienced freeze point lowering equivalent to the
standard tests;

® |ncreasing the quantity of fluid applied to the surface did not produce any
notable difference in area left bare or in final Brix values;

® A decrease in the slope of the surface resulted in a reduced amount of surface
left bare;

® Snow on the test surface did not diminish the amount of surface left bare or
the Brix value of the remaining fluid film; and

® The heat sink property of the cold-soaked boxes had the effect of diminishing
the area of the surface left bare, and reducing the rise in Brix values.
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APPENDIX M 6. SUMMARY OF OBSERVATIONS, AND CONCLUSIONS

From the foregoing, it can be tentatively conciuded that:

i} The foregoing tentative conclusions indicate that the proposed procedure for
deicing aircraft with a heated low concentrate fluid (having less than a 10°C
buffer) without an anti-icing overspray in conditions following the end of
precipitation may be a reasonable and safe approach; and

ii) It is possible that use of lce EX in conjunction with a Type | deicing fluid may
provide improved protection for the wing, as compared to the use of Type |
fluid alone. It is generally accepted that Type | holdover times are given
support from the heat transferred to the surface and that the fluids themselves
have limited anti-icing effectiveness. The combination of the heated wing
surface and the water repellent nature of this material may result in snow or
freezing precipitation sliding off the wing without adhering.

7. RECOMMENDATIONS
It is recommended that:

i) Further tests be conducted, on aircraft as well as on plates, to substantiate
the tentative conclusions. The real objective of these trials would be to
prove or disprove the viability of the proposed procedure.

The Spar/Cox camera should be used for these trials to provide an objective
and repeatable indication of condition of the test surface.

The test should give attention to plate condition, and be designed to use the
same plates to eliminate that variability.

i)  Trials in snow and freezing precipitation conditions be conducted to evaluate
the implication of use of lce EX together with heated Type | fluid. Fluids
mixed to low concentration should be included in these trials.

The combination of the heated wing surface and the water repellent nature
of this material may result in snow or freezing precipitation sliding off the
wing without adhering, and offering a holdover time greater than Type |
alone.

As the Ice EX treatment lasts for some time, this approach would not be
valid for operators who use a Type Il, Il, or IV anti-icing fluid, as it is
expected that those fluids would also quickly run off the wing, destroying
their expected holdover capacities.

G:\CM1338\REPORT\BUFFER\PLAT_DFT
APS AVIATION INC. AFi M'24 September 25, 1997

APS Avlation Inc.





