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3. ENDURANCE TIME PERFORMANCE

Table 3.3: Log of Simulated Precipitation Endurance Time Tests with Clariant

Test # Date of Test Fluid Endur.’?mce Time Preupltatlgn Rate OAT (°C)| Precipitation Condition
(minutes) (g/dm*/h)
NRC-95 19-Apr-04 Clariant Type Il (2031) 26.7 4.9 -3.0 Freezing Fog
NRC-96 19-Apr-04 Clariant Type Il (2031) 23.8 5.2 -3.0 Freezing Fog
NRC-103 19-Apr-04 Clariant Type Il (2031) 45.0 2.1 -3.0 Freezing Fog
NRC-104 19-Apr-04 Clariant Type Il (2031) 45.3 2.0 -3.0 Freezing Fog
NRC-87 22-Apr-04 Clariant Type Il (2031) 25.3 5.2 -14.0 Freezing Fog
NRC-88 22-Apr-04 Clariant Type Il (2031) 24.5 5.2 -14.0 Freezing Fog
NRC-81 22-Apr-04 Clariant Type Ill (2031) 43.3 1.8 -14.0 Freezing Fog
NRC-82 22-Apr-04 Clariant Type Il (2031) 44.8 1.5 -14.0 Freezing Fog
NRC-71 22-Apr-04 Clariant Type Il (2031) 25.2 4.8 -25.0 Freezing Fog
NRC-72 22-Apr-04 Clariant Type Il (2031) 24.8 4.7 -25.0 Freezing Fog
NRC-75 22-Apr-04 Clariant Type Ill (2031) 45.2 2.0 -25.0 Freezing Fog
NRC-76 22-Apr-04 Clariant Type Il (2031) 44.5 2.0 -25.0 Freezing Fog
NRC-7 19-Apr-04 Clariant Type Ill (2031) 9.3 25.5 -3.0 Light Freezing Rain
NRC-8 19-Apr-04 Clariant Type Ill (2031) 8.8 25.9 -3.0 Light Freezing Rain
NRC-15 20-Apr-04 Clariant Type Ill (2031) 13.2 12.5 -3.0 Light Freezing Rain
NRC-16 20-Apr-04 Clariant Type Ill (2031) 13.7 12.4 -3.0 Light Freezing Rain
NRC-29 21-Apr-04 Clariant Type Ill (2031) 10.5 24.6 -10.0 Light Freezing Rain
NRC-30 21-Apr-04 Clariant Type Ill (2031) 10.7 24.7 -10.0 Light Freezing Rain
NRC-35 21-Apr-04 Clariant Type Ill (2031) 13.8 12.2 -10.0 Light Freezing Rain
NRC-36 21-Apr-04 Clariant Type Ill (2031) 14.7 12.4 -10.0 Light Freezing Rain
NRC-23 20-Apr-04 Clariant Type Ill (2031) 13.5 13.2 -3.0 Freezing Drizzle
NRC-24 20-Apr-04 Clariant Type Ill (2031) 13.3 13.6 -3.0 Freezing Drizzle
NRC-55 20-Apr-04 Clariant Type Ill (2031) 27.5 4.8 -3.0 Freezing Drizzle
NRC-56 20-Apr-04 Clariant Type Ill (2031) 27.8 4.9 -3.0 Freezing Drizzle
NRC-41 21-Apr-04 Clariant Type Ill (2031) 13.6 12.6 -10.0 Freezing Drizzle
NRC-42 21-Apr-04 Clariant Type Ill (2031) 13.2 12.6 -10.0 Freezing Drizzle
NRC-47 21-Apr-04 Clariant Type Ill (2031) 23.5 4.9 -10.0 Freezing Drizzle
NRC-48 21-Apr-04 Clariant Type Ill (2031) 22.9 5.0 -10.0 Freezing Drizzle
NRC-67 20-Apr-04 Clariant Type Ill (2031) 7.0 76.2 1.0 Cold-Soak
NRC-68 20-Apr-04 Clariant Type Ill (2031) 7.3 74.5 1.0 Cold-Soak
NRC-61 20-Apr-04 Clariant Type Ill (2031) 24.2 5.1 1.0 Cold-Soak
NRC-62 20-Apr-04 Clariant Type Ill (2031) 24.3 5.6 1.0 Cold-Soak
Safewing MP 11l 2031 ECO
Table 3.4: Endurance Time Results of Clariant Safewing MP Ill 2031 ECO
OAT Approximate Holdover Times Under Various Weather Conditions
(minutes)
Active | Freezing \(ery Light |Moderate | Freezing . Rain on Cold
°C °F Light . Freezing - Other
Frost Fog Snow Snow Drizzle Soaked Wing
Snow
Sand | 27and | 455 | o5 46 | 39-48 | 21-39 | 11-21 |14-27 7-25
above above
below -3 | below 27
10 -10 0 14 120 25-40 | 34-42 | 18-34 | 10-18 (13-23|11-14 CAUTION:
No holdover time
guidelines
below -10 | below 27 | 120 | 24-45 | 30-37 | 16-30 | 9-16 exist
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3. ENDURANCE TIME PERFORMANCE

Two bar charts, Figures 3.2 and 3.3, provide the comparison between the
Clariant Safewing MP 1l 2031 ECO endurance times and the TC/FAA generic
Type | holdover times for freezing fog and moderate snow conditions,
respectively. In each bar chart, the endurance/holdover time (in minutes) is
provided on the “y” axis, and the test temperature (in °C) and rate of
precipitation (in g/dm?®/h) are provided on the “x” axis. Similar comparisons,
demonstrating the superior holdover time performance of the Type Il fluid, were
also produced for light freezing rain, freezing drizzle and rain on a cold-soaked
wing conditions, but are not included in this report.

0 C2031
B TC Type |

ENDURANCE / HOLDOVER TIME (MINUTES)
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TEMPERATURE (°C), RATE (g/dm?/h)

Figure 3.2: Comparison of Clariant Safewing MP Il 2031 ECO Endurance Times
and Generic TC/FAA Type | Holdover Times — Freezing Fog Conditions
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Figure 3.3: Comparison of Clariant Safewing MP Il 2031 ECO Endurance Times
and Generic TC/FAA Type | Holdover Times — Moderate Snow Conditions
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3. ENDURANCE TIME PERFORMANCE

3.4.2 Transport Canada and FAA Generic Type lll Holdover Time Tables

The 2003-04 TC Type Il holdover time table was produced based on the
historical endurance time results of the UCAR Ultra+ (66%) fluid tested in
1996-97. This fluid was never produced commercially. Currently, no Type IlI
fluids, other than Clariant Safewing MP Il 2031 ECO, are certified to
AMS 1428 as Type lll fluids. Therefore, the endurance time data of the Clariant
Safewing MP I1ll 2031 ECO fluid are the only existing data to assess the
performance of Type Ill fluid.

In May 2004, TC and the FAA indicated a potential desire to establish a
minimum performance standard for Type Il fluids, based largely on the generic
Type 1l fluid holdover time table that would be produced using the endurance
time results of the Clariant fluid. The performance standard for Type Il fluid
would establish the minimum holdover time values that all future Type Il fluids
would have to meet in order to be included in the regulators’ list of certified
fluids.

To make the values of the generic Type Il holdover time table (and potential
minimum performance standard) slightly more conservative, a decision was
made by the regulators to reduce the endurance time results of the Clariant
Safewing MP Ill 2031 ECO by ten percent and then round the numbers. If the
resultant time was below ten minutes, the holdover time value was rounded to
the nearest whole value. If the resultant time was above ten minutes, the
holdover value was rounded to the nearest whole “five” value. Using this
procedure, a holdover time of 9.4 minutes would be rounded down to
9 minutes. A holdover time of 27.9 minutes would be rounded up to
30 minutes.

The Clariant Safewing MP Il 2031 ECO fluid endurance time data was
presented to the SAE G-12 Holdover Time Subcommittee in Frankfurt in
May 2004, and the preliminary generic Type Il fluid holdover time table was
discussed. Following the Frankfurt meetings, TC and the FAA produced similar
Type Il holdover time tables for inclusion within their operator guidance material
for use in 2004-05 winter operations. The TC generic Type IlI fluid holdover
time table for use in 2004-05 operations is shown in Table 3.5. The FAA
generic Type Il fluid holdover time guideline for use in 2004-05 operations is
shown in Table 3.6. The only differences between the two tables reside in the
very light snow columns, where TC has a single value and the FAA provides a
holdover time range. Neither regulator will publish a fluid-specific holdover time
table for the Clariant Type Il product. Also, for the time being, the generic
Type Il holdover time table will not be considered the minimum performance
standard for Type Il fluids.
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3. ENDURANCE TIME PERFORMANCE

Table 3.5: TC Generic Type Il Fluid Holdover Time Table for Use in 2004-05
Winter Operations
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3. ENDURANCE TIME PERFORMANCE

3.5 Application Procedure for Type Ill Fluids

At the SAE G-12 Methods Subcommittee meeting held

in Frankfurt in

May 2004, it was agreed that the application procedure for Type Il fluid should
be the same as the application procedure for Type Il and Type IV fluids. Type lli
fluid has been added to the Type Il and Type IV fluid application procedures
table. The TC anti-icing fluid application procedures, which now include Type Il
fluid, are shown in Table 3.7.

Table 3.7: TC Type Il, Type lll and Type IV Fluid Application Procedures for

2004-05

SAE TYPE I, Type lll and TYPE IV ANTIICING FLUID APPLICATION PROCEDURES

Guidelines for the application of SAE Type I, 1l and IV fluid mixtures.

{minimum concentrations in % by volume) 23 & funciion of cufside air tempsrature (DAT)

Cutside Air Omne-Step Procedure
Temperature Two-Step Procedurs
{OAT) DeicinglAnti-icing
First Step: I'.'ieic-inE Second Step: Anli-'u:ina'
Heated water or
SPCETR) SED & hasted mix of S50
and abowve Heated” Type IAHAW Ty |, A1, 1ar 1V Type AN
with water
Heated sutable mix of
and above Heated™ Type LAY L (5 Type IAIAY
above actusl OAT
Heated suitable mix of
-25°C {-13°F) 10010 T‘*"’fumﬁfn'{'ﬂ 'ﬁ;:ﬁaﬁa“' 10000
and above Heated™ Type LAY B0 (5°F) Type IANAY
above actusl OAT
Type HAIAY fluid may be used below -25°C {-13°F) provided that the freszing point of the
Below -25°C (-13°F) fluid i= at least 7°C (13°F) below DAT and that asrodynamic acceptance criteria are met
Consider the use of Type | when Type IAIAY fluid cannot be used (ses Table §)

1 Tobe applied bafore firal abap fuid reezas, typically within 3 minutes.
2 Clean aircral may be anli-iced wilh unhieated Muid

ROTE

For heated NMuids, & Auid lamparalure nol less than 80°C (140°F) al the nozzle s desivable
Upger lemperature limit shal nol exceed Muid and aircrall manuleciurens” rrcommendalions.

CAUTION

Wing skin lemperalures may differ and in some cases may be lower than OAT; a stronger mix (more glycol) may be
needed under these condilions.
Whenever frosl of ice eceurs on the lower surface of the wing in the area of the fuel tank, indicating a cold soaked

wing, the SVED dilutions of Type IL Il or IV should not be used for the anti-icing step because NMuid freezing may ocour.

An insufficient amount of anli-icing Muid may cause a subsiantial loss of holdover lime.

This is particularly brue when using a Type | fluid migiure Tor the Tirst step in a lwo-step procedure.
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3. ENDURANCE TIME PERFORMANCE

3.6 Dilutions of Type Il Fluids

Dilutions of the Clariant Safewing MP IlIl 2031 ECO fluid were not tested in the
winter of 2003-04 because the airline stimulating the development of Type Il
was not interested in using them. However, when the Type Il test results and
tables were presented at the SAE G-12 Holdover Subcommittee meeting in May
2004, other companies showed an interest in using Type Il fluids in dilute form.
The following arguments were given for making Type Il dilutions available:

* It would create consistency between Type Il, Ill and IV fluid application
procedures and holdover time guidelines;

e It would reduce the environmental impact of Type Il deicing because less
concentrate fluid would be used; and

* It would reduce the cost of Type lll deicing because less concentrate fluid
would be used.

It is therefore recommended that dilutions of Clariant Safewing MP Il 2031
ECO, as well as any other Type lll fluid that may become available, be tested in
the winter of 2004-05.

3.7 Thermal Stability

At the TC Standing Committee on Operations Under Icing Conditions (SCOUIC)
meeting in Ottawa in September 2004, a concern was raised about the thermal
stability of Type Il fluids, especially since these fluids are also intended to be
applied heated to aircraft using Type | fluid spray equipment.

The current thermal stability tests included within AMS 1428 specify a
requirement to test the Type Il fluids at a temperature of 70°C. Because the
design of the Type Il fluid allows for the use of Type | fluid spray equipment,
which typically heats fluid above 70°C, there is a belief that the thermal
stability test requirements for this fluid may be insufficient. However, it is
noteworthy that the Type Il fluid thermal stability tests within AMS 1428,
which are of concern to some individuals, also apply to Type Il and Type IV
fluids. Type Il and Type IV fluids are typically applied unheated in North
America, but the scenario is vastly different in Europe where thickened fluids
are often heated for one-step and two-step de/anti-icing operations. Therefore,
investigations should not be limited to Type Il fluids.
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3. ENDURANCE TIME PERFORMANCE

3.8 Fluid Residues and Rehydration

The international aviation industry has grappled with anti-icing fluid dry-out and
re-hydration problems for several years. The problems are much more
pronounced in Europe where Type Il and Type IV anti-icing fluids are heated and
used in one-step de/anti-icing operations. As the Type Il fluid that has been
discussed in this report could be used heated in a similar one-step fashion, the
question has been raised whether Type Il fluid would cause similar fluid dry-out
and re-hydration issues.

In discussions with a fluid manufacturer, it was indicated that the Type Il fluid,
based on a low viscosity formulation, would contain fewer polymers in the
formulation, and therefore would likely have greatly reduced fluid dry-out and
re-hydration possibilities. The manufacturer conducted preliminary tests to
compare the dry-out and re-hydration properties of a low viscosity Type Il
formulation versus a high viscosity Type Il formulation (based on an identical
fluid formulation other than viscosity). The results indicated that the problem
was less severe with the low viscosity product.

Additional tests, perhaps based on the Buehler Test contained within SAE
AMS 1428, could be performed to verify these concerns.

American Eagle plans to conduct an operational assessment of Type Il fluid,
based on testing of the Clariant Safewing MP 1ll 2031 ECO fluid at three of its
stations during the winter of 2004-05. At these stations, Type Il fluid will
replace Type | and will be applied with conventional Type | de/anti-icing spray
equipment. All aircraft will be de/anti-iced with the heated Type Il fluid in a
one-step or two-step operation. American Eagle also plans to introduce a
rigorous “quiet area” inspection program to examine fluid residue and
rehydration issues for aircraft de/anti-iced with Type Il fluid.

Support should be provided to American Eagle in its operational assessment of
the use of Type lll fluid to replace Type | fluid.
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4. CONCLUSIONS

4. CONCLUSIONS

Several years ago, a need was identified for a de/anti-icing fluid that had longer
holdover times than Type | fluid but a lower viscosity than Type Il or IV fluid for
aircraft with slower rotation speeds and shorter takeoff rolls. These fluids are
referred to as Type Il fluids. In 2003-04, Clariant produced a fluid that was
certified to AMS 1428 as a Type Il fluid.

4.1 Type lll Fluid Spray Tests at DFW

The spray tests performed at DFW with Clariant Safewing MP Ill 2031 ECO
demonstrated that it is possible to heat a Type IIl production sample and spray it
through a Type | nozzle with enough pressure to deice and anti-ice an aircraft.
The consistency of the Type Il fluid applied with the Type | spray equipment
was excellent.

The measured viscosities of the fluid sprayed on the wing in the two tests were
used by Clariant to determine an appropriate viscosity at which to run
endurance time testing. To be conservative, the viscosity of the Type Il fluid
sample sent to APS by Clariant for endurance time testing was lower than the
viscosities collected from the spray tests on the wing.

4.2 Fluid Endurance Time Tests with Clariant Safewing MP [Il 2031
ECO

The endurance time tests performed with Clariant Safewing MP Il 2031 ECO
provided very good results. Although generally below the numbers in the
2003-04 TC Type lll Fluid Holdover Time Table (which was based on the test
results of UCAR Ultra+ 66%, tested in 1996-97), the endurance times were all
greatly improved over Type | holdover times.

4.3 Development of a Type Il Fluid Holdover Time Table

TC and the FAA produced similar Type Il holdover time tables for inclusion
within their operator guidance material for use in 2004-05 winter operations,
containing values generally based on the endurance times of Clariant Safewing
MP Il 2031 ECO fluid. The only differences between the two tables reside in
the very light snow columns, where TC has a single value and the FAA provides
a holdover time range. Neither regulator will publish a fluid-specific holdover
time table for the Clariant Type Il product.
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4.4 Type Il Fluid Application Procedures

At the SAE G-12 Methods Subcommittee meeting held in Frankfurt in
May 2004, it was agreed that the application procedure for Type Il fluid should
be the same as the application procedure for Type Il and Type IV fluids. Type lli
fluid has been added to the TC Type Il and Type IV fluid application procedures
table.
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5. RECOMMENDATIONS

S.

RECOMMENDATIONS

It is recommended that:

a)

b)

f)

TC encourage additional fluid manufacturers to formulate new Type Il
fluids;

Any new Type lll fluid formulation be evaluated for endurance times over
the entire range of conditions covered by the Type Il holdover time
guidelines;

Dilutions of the Clariant Safewing MP 1l 2031 ECO fluid, as well as any
other Type Il fluid that may become available, be tested for endurance
times during the winter of 2004-05;

The thermal stability of using heated Type Il fluid with Type | spray
equipment be examined;

An operational assessment for using Type IlI fluid in a one-step operation to
replace Type | fluid anti-icing be conducted with a commuter operator in
2004-05; and

An evaluation of the dry-out and re-hydration problems associated with the
use of single-step heated Type Il fluid formulations be performed.
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