




























































































2. METHODOLOGY 2.4 Equipment 

2.4 Equipment 

Figure 2.3 shows a schematic of the stand used for testing. Six test plates are normally
 

mounted on the stand and these are inclined at a 10° slope. Each plate represents a flat plate
 

. test, and during each run at Dorval with six plates, the intent was to test three different fluids
 

in duplicate. 

Figure 2.3 also depicts the size of a typical flat plate and markings on the flat plate. The 

plates were marked with three parallel lines, 2.5 cm (1 "), 15 cm (6") and 30 cm (12") from 

the top of the plate. The plates were marked with 15 crosshairs. These crosshairs were used 

in determining whether end conditions (see Section 2.5.2 for definition) were achieved. 

Photo 2.8 was taken outdoors at Dorval and shows six test plates mounted on a stand. Two 

plates (u and w) are equipped with AlliedSignal Contaminant/Fluid Integrity Monitoring 

System (CIFIMS) ice detection sensors mounted at the 15 cm line. 

Figure 2.4 shows the collection (plate) pan which is of the same size as a standard plate and 

used for measuring amounts of precipitation for the outdoor tests. Photo 2.9 shows the 

collection pans used for measuring precipitation rates indoors at the NRC. A new snow 

gauge, manufactured by ETI, was acquired and used to measure precipitation in 1995/96 

testing (see Photo 2.10). 

Sealed boxes (15 cm, 7.5 cm and 2.5 cm deep) were used for simulating a cold-soaked wing 

(see Figure 2.4). 

The ice sensors used in the 1995/96 season included four C/FIMS from AlliedSignal, one 

external optical area sensor by Robotic Vision Systems Inc. (RVSI) of New York, and an 

area ice detection sensor by SPAR (see Photo 2.11). The AlliedSignal and RVSI sensors 

were used primarily during the natural snow outdoor tests, and the SPAR sensor was used 

for a limited number oftests at NRC's cold chamber. Photo 2.12 shows the computer data 

acquisition installations inside the trailer at the Dorval test site. A detailed equipment list 

and specifications are included within the test procedures in Appendices B and C for the 

outdoor and indoor tests, respectively. 
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FIGURE 2.3 

FLAT PLATE TEST SET-UP 
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FIGURE 2.4
 
SCHEMATICS OF PLATE PAN AND SEALED BOXES
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2. METHODOLOGY	 2.4 Equipment 

In addition to the equipment at the APS Dorval site, data from Environment Canada's 

automated weather observation equipment installed adjacent to APS's site were acquired. 

Appendix D shows a typical listing of the data provided by the Remote Environmental 

Automatic Data Acquisition Concept (READAC). This information was acquired from the 

Atmospheric Environment Service (AES) on diskette on a minute-by-minute basis for the 

entire winter. The READAC equipment provides an indispensable means of monitoring 

meteorological conditions for test programs such as this. It consists of the following 

instruments: 

•	 Relative Humidity Gauge and Thermometer. 

•	 Anemometer and wind vane at a 10m height. 

•	 Precipitation Occurrence Sensing System (POSS): The POSS system (Instrument 

at rear of Photo 2.13) consists mainly of a Doppler radar set with a transmitter and 

a receiver as separate units (bi-static set-up). The system is aimed at an area a few 

centimetres above it where it measures the rate of fall of hydrometeors. The 

Doppler frequency shift of the returned signal provides the precipitation type, and 

the spectro power of the returned signal provides the intensity (light, moderate or 

heavy) and amount ofprecipitation. The output of the system consists of the start 

time, stop time, type, and intensity of precipitation. 

•	 Precipitation Gauge: The READAC precipitation gauge (Instrument at right of 

Photo 2.13) is a modified Belfort weighing gauge. A bucket is attached to a spring 

balance and cable pulley arrangement connected to a rotating shaft. The degree of 

rotation of the shaft corresponds to the amount of accumulated precipitation in the 

bucket. The total amount of precipitation is the only value returned by the 

precipitation gauge arrangement. The gauge accuracy is subject to thermal 

expansion and contraction of the weighing mechanism. It is also affected by 

freezing precipitation accumulating on the sides of the gauge and melting later on, 

resulting in a delayed and erroneous output. To minimize the noise and associated 
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2. METHODOLOGY	 2.4 Equipment 

error from the system, the gauge output resolution was reduced by Environment 

Canada from 0.1 to 0.5 mm (liquid water equivalent). 

•	 Belfort Forward Scattermeter: The Belfort Forward Scattermeter (Instrument at 

left of Photo 2.13) provides an estimate of visibility. The system consists of a 

Zenon bulb transmitter and a receiver both at an angle of22°C below the horizontal 

aimed at a 0.02 m3 sample volume of air 2.5 m above the ground. The transmitter 

illuminates the sample volume ofair. The receiver measures the amount of light 

scattering off the aerosols present in the sample volume ofair. The measurement 

is inversely proportional to visibility. The instrument output scale is in units of 

miles. The measurements output by the instrument at any time are the time 

averaged signal envelopes from the previous ten minutes of monitoring. 
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2. METHODOLOGY	 2.5 Test Procedures 

2.5	 Test Procedures 

Testing consisted ofpouring de-icing or anti-icing fluids onto clean test panels (which were 

exposed to various winter precipitation conditions) and recording the elapsed time for each 

crosshair to fail before the test panels reached the end condition (see Section 2.5.2 below). 

2.5.1 Protocol 

For the tests at Dorval, a test stand contained six test plates, each plate representing a 

flat plate test. During each run with six plates, three different fluids were tested in 

duplicate. When testing the new Type IV fluids at Dorval, two panels with Type II 

fluid were tested at the same time on the same stand. When the end condition occurred 

on the Type II fluid, a new test with the same Type II fluid was re-started immediately. 

The procedure for the natural snow flat plate tests was developed by the SAE G-12 

Holdover Time Sub-Committee. The major steps are listed below. The complete 

details ofthe actual test procedures are provided in Appendix B. Appendix C contains 

the procedure used for testing at the Climatic Engineering Facility during freezing 

drizzle, light freezing rain, freezing fog, and cold-soaked surface rain tests. 

•	 Synchronize all times. 

•	 Clean panels and start. 

•	 Apply (pour) fluids to test panels. Type I fluids are at room temperature 

(l5°C to 20°C). Type II and Type IV fluid are at ambient temperature. 

Fluids are poured using a single step fluid application. 

•	 Record crosshair end condition times. 

•	 Continue testing until at least 5 crosshairs have reached the end condition on 

each test panel. 

•	 Monitor weather conditions. 

•	 Clean panels and restart. 
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2. METHODOLOGY	 2.5 Test Procedures 

Rain on a cold-soaked wing can not be simulated using standard test flat plates. 

These plates do not provide the required heat sink effect (caused by cold fuel) 

necessary to cause ice formation at OATs greater than aoc. This effect must be 

simulated to assure test results are representative of cold-soaked wings. The top of 

the cold-soak box consists of an aluminum flat plate identical to the standard flat 

plate. A box shaped reservoir is welded to the bottom of the plate. The volume 

(depth) of the reservoir was decided on based upon the analysis contained in the 

related Transport Canada report TP 12899E. 

The cold-soak tests were performed at NRC's Climatic Engineering Facility. The 

ambient temperature was set at +2°C. The reservoirs were filled with Freezing Point 

Depressant (FPD) fluid and cooled using a liquid nitrogen cryostat. All box surfaces 

except the top were insulated with 2.5 cm thick rigid Styrofoam sheeting. Plate 

temperatures on top of the box were recorded throughout the test using thermistors 

and/or hand-held temperature probes. 

2.5.2 End Condition Definitions 

The procedure and the determination ofthe end condition evolved from the experiences 

of various test programs from previous winter seasons. Plate failure time is that time 

required for the end condition to be achieved. This occurs when the accumulating 

precipitation fails to be absorbed or ice forms at any five of the crosshair marks on the 

panels. A crosshair is considered failed if: 

•	 There is a visible accumulation of snow bridging on top of the fluid at the 

crosshair when viewed from the front. There should be an indication that the 

fluid can no longer de-ice or absorb the precipitation at this point; OR 

•	 When precipitation or frosting produces a "loss of gloss II (I.e. dulling of the 

surface reflectivity) or a change in colour (dye) to grey or greyish appearance 

at any crosshair, or ice (or crusty snow) has formed on the crosshair (look for 
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2. METHODOLOGY 2.5 Test Procedures 

ice crystals). This condition is only applicable during light freezing rain, 

freezing drizzle, ice pellets, freezing fog, rain on a cold-soaked surface or 

during a mixture of snow and light freezing rain, freezing drizzle and ice 

pellets. 

To better understand how the end condition is determined, Photo 2.14 was taken during 

snow conditions on painted wooden planks. The first plank closest to the eye has slush 

and has not reached the defined end condition, the second and third planks have slush 

and are starting to reach the defined end condition, and the remaining planks have 

clearly reached the end condition. 

H:\CM1283\REPORTIHOT SUBS\FlNAL 2.WPD 
- December3, 1997 

26 APS Aviation Inc. 



2. METHODOLOGY 2.6 Data Forms 

2.6 Data Forms 

Two forms were used by the testers to collect data at Dorval during the 1995/96 winter 

season. The form used to mark the failure times ofthe fluid over each crosshair on the plates 

. is shown in Table 2.2. A new form (Table 2.3) was developed to allow the collection ofdata 

relating to meteorological conditions during a test. One notable addition to the test 

procedure from previous winter seasons was the increase in frequency for measurement of 

precipitation rate using plate pans. One half of the Plate Pan Data Form (Table 2.3) is 

designated for precipitation rate measurements. The rest of the page is reserved for 

documentation ofmeteorological conditions and the changes in them which prevail during 

the test. 

Because ofcare in the use of collection pans for measuring precipitation rates is important, 

a separate form was developed for use in the cold chamber at CEF (Table 2.4). It has been 

observed that the placement (positioning) of collection pans on the stand is more critical for 

laboratory tests than for outdoor tests. In the laboratory, the rate ofprecipitation over a plate 

is reproducible from test to test, but is different from plate to plate. For outdoor tests, the 

opposite is true. The rate of precipitation is the same from plate to plate, but is not 

reproducible from test to test. 
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TABLE 2.2
 

END CONDITION DATA FORM
 

REMEMBER TO SYNCHRONIZE TIME WITH AES· USE RL..r,,_	 VERSION 3.0 IIVInter95196IIIYI~ 

LOCATION:	 DATE: PLAN # (see Attachment I): RUN#: STAND#: 

Real Time After Fluid Applied to Plates U and X: am/pm 

"TIME (After Fluid Application) TO FAILURE FOR INDIVIDUAL CROSSHAIRS (hr:min) 

RVSI Series # :	 Frame # : Time of Fluid Application: .. hr:min (y& Y) hr.minCN& Z) 

Plate U Plate V	 PlateW 

FLUID NAME CIRCLE SENSOR PLATE: u v w X y z 

B1 B2 B3 SENSOR NAME: ------------	 DODDODDOD 
C1 C2 C3 LJDLJDLJDLJDLJ 

0 010203DIRECTION OF STAND: DODDODDDLJ 
E1 E2 E3 DODDLJDLJDLJ 
F1 F2 F3 DODDODDDLJ 

OTHER COMMENTS (Fluid Batch, etc):	 TIME TO FIRST PLATE
 

FAILURE WITHIN OORK AREA
 I I I I I I 
TIME OF SLUSH 1st Y. Full 1st Y. Full 1st Y. Full 
FORMATION ON 

N I SENSOR HEAD
00l c=r=r=J c=r=r=J c=r=r=J 

Plate X	 PlateY PlateZ 

FLUID NAME 

B1 B2 B3 DODDODDOD 
C1 C2C3 DODDLJLJLJDD 
010203 DDLJDODDOD 
E1 E2 E3 DODDLJLJDLJD 

PRINT	 SIGN F1 F2 F3 DODDLJLJDLJD 
FAILURES CALLED BY :	 TIME TO FIRST PLATE
 

FAILURE WITHIN OORK AREA
 I I I I I I 
HAND WRITTTEN BY : TIME OF SLUSH 1st Y. Full 1st Y. Full 1st Y. Full
 

FORMATION ON
 
TEST SITE LEADER: SENSOR HEAD
 c=r==o c=r=r=J c=r=r=J 

File; g:\cm1283\reporNlot_6Ubs\PFORM2-2.XLS M:. Data Fonn Printed: 97-3-18 



TABLE 2.3
 

METEOIPLATE PAN DATA FORM
 

REMEMBER TO SYNCHRONIZE TIME WITH AES - USE REAL TIME VERSION 3.0 Winter 95/96 

LOCATION: DATE: PLAN # (see Attachment I): RUN#: STAND#: 

RVSI VIDEO CASSETTE #: Real Time After Fluid Applied to Plates U and X: am/pm 

VIDEO CAMERA (PANNING) CASSETTE #: HAND HELD VIDEO CASSETTE #: 

PLATE PAN WEIGHT MEASUREMENTS· METEO OBSERVATIONS-

i.l 

PAN 
# 

t 
TIME 

BEFORE 

(hr:min) 

t 
TIME 

AFTER 

(hr:mln) 

w 
WEIGHT 
BEFORE 

(grams) 

w 
WEIGHT 
AFTER 

(grams) 

COMPUTE 
RATE 

Ill.w"41 ~tl 

(g/dmz/h) 

TIME 
(hr:minl 

TYPE (Fig. 41 
ZR. ZL.S. SG 

IP. IC. BS. SP 

AMOUNT 
++. +.-,-­

CLASSIF. 
(See Fig. 3) 

Visibility 
(day only) 

If SNOW, 
WET or DRY 

TEMP 

·C 

WIND 

SPEED 

WIND 

DIR. 

..observations at begiMing, end, and every 15 min.lntelVll•. AdditIonal observations when there are significant cnanges. 

COMMENTS: 

-measurements every 15 min. and .t failure time of each test panel. 

WRITTEN & PERFORMED BY: 

VIDEO BY: 

TEST SITE LEADER: 

PRINT SIGN 

Fileg:\cm1283\rf:prt\hoCsubl5\PFORM2-2.XLS AtMeteo & Pan 







FIGURE 2.5
 
FLUID LIST
 

TYPE I (STANDARD> 

DOW 146AR
 
*OCTAGON ADF
 
*FG 1000
 
*U.C. ADF/2D
 
BASF AEREX
 
HOECHST 1732
 
KILFROST DF1 D
 
*TEXACO WD20
 
U.C. XL54 
Hoechst MPI 1938
 
ARCO + (95/96)
 
Kilfrost (95/96)
 
ARCO+
 
OCTAGON (94/95)
 
HOECHST (94/95-MPI 1898)
 
SPCA DE-825
 
SPCA DE-910
 

TYPE \I (NEAT> 

*U.C.5.1 
KILFROST ABC 
SPCA AD1 04 (new formulation)
 
*DOWFG 2000
 
OCTAGON 40 Below 
*HOECHST 1704
 
*TEXACO
 
*ULTRA - Type IV
 
ULTRA (94/95 & 95/96) - Type IV
 
SPCAAD-104
 
Hoechst MPII1906
 

TYPE" (50/50 DILUTED> 

OCTAGON 40 Below 
*U.C.5.1
 
*ULTRA - Type IV
 
KILFROST ABC 
*HOECHST 1704
 
ULTRA (94/95 &95/96) - Type IV
 
SPCAAD-104
 
Hoechst MPI11906
 

TYPE" (75/25 DILUTED) 

OCTAGON 40 Below 
*U.C.5.1
 
*ULTRA - Type IV
 
KILFROST ABC 
*HOECHST 1704
 
UL TRA (94/95 & 95/96) - Type IV
 
SPCA AD-104
 
Hoechst MPII 1906
 

* Fluid not commercially available 
1995/96 Fluids in italics 

TYPE I <DILUTED> 

ARCO+ 
OCTAGON (94/95) 
HOECHST (94/95) 
U.C. XL54
 
Hoechst MPI 1938
 
ARCO + (95/96)
 
Kilfrost (95/96)
 
SPCA DE-825
 
SPCA DE-910
 

TYPE III
 

*U.C.250-3 
*UCAR 

TYPE IV (NEAT) 

Ultra +
 
SPCAAD-404
 
SPCAAD-460
 
Kilfrost ABC-4
 
Hoechst MPIV 1934
 
Hoechst MPIV 1957
 

TYPE IV (75/25 DILUTED) 

Ultra +
 
SPCAAD-404
 
SPCAAD-460
 
Kilfrost ABC-4
 
Hoechst MPIV 1934
 
Hoechst MPIV 1957
 

TYPE IV (50/50 DILUTED) 

Ultra +
 
SPCAAD-404
 
SPCAAD-460
 
Kilfrost ABC-4
 
Hoechst MPIV 1934
 
Hoechst MPIV 1957
 

4 November 1996 
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2. METHODOLOGY 2.7 Fluids 

ManufacturerlBrand Glycol Base
 

UCAR Ultra Ethylene
 

UCAR Ultra + Ethylene
 

SPCAAD-404 Ethylene
 

SPCAAD-460 Propylene
 

Kilfrost ABC-4 Propylene
 

Hoechst MPIV 1934 Propylene
 

Hoechst MPIV 1957 Propylene
 

UCAR Ultra+ was shipped three times. The first batch, shipped"in January 1996, was 

recalled because it did not pass one ofthe Universite du Quebec aChicoutimi (UQAC) fluid 

qualification tests. The new second batch was shipped at the end of the winter and was 

subjected to limited testing. A third batch was shipped for the cold-soaked tests. Type IV 

Hoechst MPIV 1934 fluid was tested over the entire winter; however, UQAC subsequently 

advised Transport Canada that the water spray endurance test time was less than the 

proposed 80 minutes for Type IV fluids. Therefore, tests conducted with this fluid were 

removed from the data base. A new Type IV fluid from Hoechst, MPIV 1957, was shipped 

in July 1996 and used primarily for cold-soaked tests. 

Limited quantities ofType I and Type II fluid samples were also ordered from some ofthe 

fluid manufacturers. Type I fluids were used to conduct a few Type IV over Type I holdover 

time tests; and to conduct cold-soak holdover time experiments. During the outdoor tests, 

Type II fluids were tested simultaneously with the Type IV tests, allowing comparisons to 

be made. 

The fluids were received mostly in 20 L containers in the neat (100%) concentration. The 

addition ofwater to obtain either 50/50 or 75/25 mixes was carried out by research assistants 

in the trailer. This operation, while not a difficult one, raised some concerns as a result of 

the possibility of mixing errors. The procedure provided to the testers was as follows: 

H:\CMI283\REPORT\HOT SUBS\FINAL 2.wPD 
- December3,1997

33 APS Aviation Inc. 











2. METHODOLOGY 

Photo 2.2 
Environment Canada's Weather Observation Station at Dorval Airport 

Photo 2.3
 
Outdoor View of NRC Climatic Engineering Facility
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2. METHODOLOGY 

Photo 2.4 
Inside View of NRC Climatic Engineering Facility 

Photo 2.5
 
Sprayer Assembly Used to Produce Fine Droplets
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FIGURE 3.10 
DISTRIBUTION OF PRECIPITATION RATE - TYPE II FLUIDS
 

Simulated Freezing Drizzle/Light Freezing Rain Tests
 
1995-1996
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FIGURE 3.11
 
DISTRIBUTION OF PRECIPITATION RATE - TYPE IV FLUIDS
 

Simulated Freezing Drizzle/Light Freezing Rain Tests 
1995-1996
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3. DESCRIPTION OF DATA 3.2 Simulated Freezing Drizzle and Light Freezing Rain 

Precipitation rates for :freezing drizzle were in the 2 to 13 g/dm2/hr range, and for light 

freezing rain, in the 13 to 25 g/dm2/hr range. 

3.2.4 Distribution of Other Meteorological Conditions 

The only other meteorological factor which was varied during the freezing drizzle and 

light freezing rain tests was air temperature. The distribution of the air temperatures 

is presented in Figures 3.12 and 3.13, which show that the majority of the tests were 

conducted with air temperatures of -8°C or _9°C, and -2°C or -3°C. The few tests at 

-11°C and -7°C were conducted as part of the special tests requested by the SAE G-12 

Committee. 

H:\CMI283\REPOR1\HOT SUBS\FINAL 2.WPD 
- December3,1997

62 APSAviation Inc. 



FIGURE 3.12
 

DISTRIBUTION OF AIR TEMPERATURE - TYPE II FLUIDS
 
Simulated Freezing Drizzle/Light Freezing Rain Tests 
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FIGURE 3.13
 

DISTRIBUTION OF AIR TEMPERATURE - TYPE IV FLUIDS
 
Simulated Freezing Drizzle/Light Freezing Rain Tests 
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3. DESCRIPTION OF DATA 3.3 Simulated FreezinG..!!!JI. Tests 

3.3 Simulated Freezing Fog Tests 

3.3.1 Data Acquisition 

A total of 82 tests were carried out under simulated freezing fog in the 1995/96 winter. 

The majority of these tests were performed using Type IV fluid (see Figure 3.14). 

Type II fluids were tested simultaneously to compare with previous winter tests. A few 

Type I fluid tests were conducted at low temperatures below -25°C. 

3.3.2 Test Location and Fluids Tested 

All of the tests were conducted at NRC's cold chamber in Ottawa. The Type IV fluids 

tested were: 

• UCAR Ultra • SPCAAD-404 

• . UCAR Ultra + • SPCAAD-460 

• Kilfrost ABC-4 

3.3.3 Distribution ofAverage Precipitation Rates 

The average precipitation rates for freezing fog were computed from weight 

measurements taken with plate pans. Pans were positioned on the stand at every plate 

position before and after each run for two IS-minute periods. The distribution of 

average precipitation rate measured for the tests is shown in Figure 3.15 for Type I 

fluid, Figure 3.16 for Type II fluid, and Figure 3.17 for Type IV fluid. Precipitation 

rates for freezing fog ranged from 1 to 10 g/dm2/hr. 

3.3.4 Distribution ofTests by Air Temperature 

The other condition which was varied during the freezing fog tests was the 

temperature. The distribution of temperatures is presented in Figures 3.18, 3.19, and 
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3. DESCRIPTION OF DATA 3.3 Simulated FreezinG..!!!G. Tests 

3.20, for Type I, Type II and Type IV fluids. For Type II 50/50 and Type IV 50/50 

fluid, tests were conducted at approximately -3°C. For Type II 75/25 and Type IV 

75/25, tests were conducted at approximately -3°C and -14°C. For Type II Neat and 

Type IV Neat fluid, tests were conducted at approximately -3°C, -14?C, and below ­

22°C. 
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FIGURE 3.14 
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FIGURE 3.15
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FIGURE 3.16 

DISTRIBUTION OF PRECIPITATION RATE - TYPE II FLUIDS
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Avere g. PredpilllUon: 3 g1dm'/hr 
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FIGURE 3.17
 

DISTRIBUTION OF PRECIPITATION RATE - TYPE IV FLUIDS
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FIGURE 3.18
 

DISTRIBUTION OF AIR TEMPERATURE - TYPE I FLUIDS
 
Simulated Freezing Fog Tests 
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3. DESCRIPTION OF DATA 3.4 Simulated Rain on Cold-Soaked Surf!ce Tests 

3.4 Simulated Rain on Cold-Soaked Surface Tests 

3.4.1 Data Acquisition 

A total of 115 cold-soaked tests using sealed boxes were conducted during the 1995/96 

test season. The breakdown oftests, by size of sealed box and by fluid type, is shown 

in Figure 3.21. Tests with Type II 50/50 and Type N 50/50 fluid were not carried out 

because these fluids were removed from the holdover time tables because of their 

limited holdover time capabilities. 

3.4.2 Test Location and Fluids Tested 

All 115 tests were completed at NRC's cold chamber in Ottawa. The Type N fluids 

tested were DCAR illtra +, SPCA AD-404, and Hoechst MPIV 1957. Type II fluids 

tested were Octagon 40 below and Kilfrost ABC-3; Type I fluids were provided by 

Hoechst, DCAR and Octagon. 

3.4.3 Distribution of Average Precipitation Rates 

Precipitation for the drizzle and light rain on cold-soaked surface tests was produced 

using the same apparatus as was used for freezing drizzle and light freezing rain tests. 

Moderate rain and heavy rain precipitation was also produced using the same 

apparatus, but with different hypodermic needles and water/air pressures. The 

distribution of tests conducted as a function of the quantity of precipitation is shown 

in Figure 3.22 for Type I fluid, in Figure 3.23· for Type II fluid, and Figure 3.24 for 

Type IV fluid. 

Only a limited number of tests were carried out during heavy rain with precipitation 

rates exceeding 75 g/dm2/hr. In practice, fluid applied on a wing in this condition 

would probably be washed away quickly. 
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FIGURE 3.21 
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FIGURE 3.24
 

DISTRIBUTION OF PRECIPITATION RATE - TYPE IV FLUIDS
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3. DESCRIPTION OFDATA 3.4 Simulated Rain on Cold-Soaked SUTt.ace Tests 

3.4.4 Distribution of Tests by Avemge Surface Skin Temperature 

The ambient air tempemture was set to +2°C during the rain on cold-soaked surface 

tests. The tempemture on the test surface (sealed box) was measured with either a 

thermistor sensor or a hand-held surface temperature probe. The instrument was 

positioned above a crosshair marking located 22.5 em (9") from the top of the test 

surface (see Appendix C, Attachment IX). Most tests were started when the test 

surface temperature was -1 DOC. Several Type I fluid tests were started when the test 

surface was -5°C. To get the average temperature over a test, the final surface 

temperature was also measured at the completion of the test. 

Figure 3.25 gives the number ofType I fluid tests conducted as a function of average 

test surface skin tempemture. The number of Type II and Type IV fluid tests 

conducted as a function of average surface temperature are provided in Figures 3.26 

and 3.27, respectively. 
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5. DISCUSSION OF DATA	 5.1 Natural Snow 

precipitation (wet or dry) is illustrated in Figure H.l4 for Type IV neat fluids tested at 

Dorval in snow conditions during the 1995/96 winter. Similar charts were produced 

for Type IV 75/25 fluid (see Figure H.15) and Type IV 50/50 fluid (see Figure H.16). 

The following observations can be made: 

i)	 Most ofthe wet snow occurred when the rate ofprecipitation ranged from 5 

to 15 g/dm2/hr. Expectations were that wet snow would typically occur at the 

higher precipitation rates (>25 g/dm2/hr). 

ii)	 The wet snow cases generally occurred at warmer temperatures than did the 

dry snow cases (see related charts Figure H.3, Figure H.7 and Figure H.11). 

iii)	 The fluid failure times for the wet snow cases are generally longer than for 

the dry snow cases. 

iv)	 The observation iii correlates well with the following: 

•	 The higher fluid failure times are possibly a result of the warmer 

temperatures - fluid failure time increases as temperature increases. 

•	 Wet snow melts faster and is absorbed by the fluid more readily 

than dry snow. This could effect an increase in the failure time 

determination as called by the observer. At warmer temperatures, 

fluids exhibit lower viscosities. This would tend to facilitate 

wetting and/or mixing of precipitation with fluid at the interface. 

These observations are based on limited data from Dorval for one winter. More 

data are required to evaluate whether the character of the snow could be utilized to 

provide an improved measure of snow intensity and to evaluate whether wet snow 

is a more severe condition, perhaps approaching that of freezing rain. 
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5. DISCUSSIONOFDATA 5.1 Simulated Freezing Drizzle and Light Freezing Rain 

5.2 Simulated Freezing Drizzle and Light Freezing Rain 

Simulated freezing drizzle and light freezing rain experiments were carried out at NRC's 

Climatic Engineering Facility (CEF) at Ottawa. Past experience at APS and NRC helped set 

the parameters for the precipitation as defined in Section 2.3: rates for freezing drizzle ranged 

from 2 to 13 gldm2/hr with a median volume droplet diameter of 300 pm, whereas for light 

freezing rain, the rates ranged from 13 to 25 gldm2/hr and the median volume droplet 

diameter was 1000pm. This year's Type IV fluid data is systematically presented with data 

from previous years and are located in the figures in Appendix H. These data sets were 

combined because they were produced according to the same set of parameters. 

The tables in Section 1, which present the holdover times for the 1995/96 winter, show that 

all the holdover times in the cells of the freezing drizzle and light freezing rain category for 

Type I and Type II fluids were substantiated. For the UCAR Ultra table, only the holdover 

times for the neat (100%) fluid concentration were substantiated. The actual holdover times 

for the neat Ultra fluid were 50% higher than the holdover times ofneat Type II fluid. 

The results of fluid tests conducted on flat plates under conditions of freezing drizzle and 

light freezing rain were plotted on charts as follows: 

Ordinate Abscissa Sub-grouping 

i) Fluid failure time Rate of precipitation Fluid brand 

ii) Fluid failure time Rate of precipitation Temperature range 

iii) Fluid failure time Temperature Precipitation type 

The third chart format shows the proposed holdover time ranges as a function oftemperature. 

These charts were produced for the Type IV fluids (100%, 75/25 and 50/50), and are 

described in detail in the sub-sections which follow. The proposed holdover time tables are 

located in Tables 5.3 to 5.6 in Section 5.7. 
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5. DISCUSSION OF DATA 5.2 Simulated Freezing Drizzle and Light Freezing Rain 

Several tests during the 1995/96 winter were conducted with Hoechst Fluid MPIV 1934; 

however, this fluid did not satisfy the proposed water spray endurance test minimum 

requirement of 80 minutes. Therefore, all tests with this fluid in all dilutions were discarded. 

Data from Ultra tests conducted in 1993/94 have not been included because the Ultra fluid 

used that winter is no longer commercially available. In Appendix G, APS and UQAC data 

for freezing drizzle and light freezing rain are compared. 

5.2.1 Type IV Neat Fluids Under Freezing Drizzle and Light Freezing Rain 

Type IV neat (100%) fluid tests were conducted at NRC by APS during the 1994/95 

(only one fluid brand) and 1995/96 winter seasons. Figures H.17 to H.19 illustrate the 

data points from both seasons as listed below: 

Figure H.17 Time vs rate vs fluid brand 

Figure H.18 Time vs rate vs temperature 

Figure H.19· Time vs temperature vs precipitation type 

• Also reproduced in Figure 5.2 

The figures show both the freezing drizzle and light freezing rain test points plotted on 

the same chart, with the sub-division at 13 g/dm2/hr. 

The 1995/96 holdover time range for Ultra Type IV neat fluid (as shown in Table 1.4) 

was 22 to 45 minutes for light freezing rain and 45 to 90 minutes for freezing drizzle 

at all temperatures. This was based upon 1994/95 test data which showed that neat 

Ultra fluid holdover times were at least 50% better than the Type II fluid holdover 

times, consistent with natural snow. Figure H.19 indicates slightly greater holdover 

time ranges. For freezing drizzle, the new holdover time range proposed for neat Type 

IV fluid was 45 to 110 minutes for temperatures down to -lOoC. For light freezing 

rain, the holdover time range proposed was 30 to 60 minutes for temperatures above 

O°C to -3°C, and 30 to 55 minutes for temperatures from below -3°C to -lOoC. These 

proposed HOT changes are summarized in Table 5.6. 
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5. DISCUSSION OFDATA 5.3 Simulated Freezing Fog 

5.3 Simulated Freezing Fog 

During the 1995/96 season, simulated freezing fog experiments were conducted at NRC's 

Climatic Engineering Facility in Ottawa Past experience at APS and NRC helped set the 

parameters for the precipitation as defined in Section 2.3. This year's Type IV fluid data 

are shown in Appendix H by fluid type. Also presented are data from previous years, as 

these data sets were produced according to the same set ofparameters as this year's data. 

The tables in Section 1 containing the holdover times used for the 1995/96 winter show 

that most of the holdover time ranges in the cells of the freezing fog category for Type I 

and Type II fluid were substantiated. For temperatures below -25°C, the holdover times 

for Type II fluids were not substantiated. For both Type I and Type II fluids, the holdover 

time range for temperatures above O°C cannot be substantiated by testing. For these 

temperatures above O°C, the holdover times for the temperatures from O°C to -3°C should 

be used. For the UCAR Ultra table, only the holdover times for the neat (100%) fluid 

concentration were substantiated. The actual holdover times for the neat Ultra fluid as 

tested during the 1994/95 season were more than 50% higher than the holdover times of 

neat Type II fluid, consistent with natural snow tests. 

Tests were conducted in the 1995/96 season at temperatures below -25°C. At temperatures 

below -25°C, the viscous fluids (on flat plates) are thicker than at warmer temperatures; 

however, the failure mechanism is different. The fluids tend to become slushy as the 

precipitation accumulates on the plate. Because the freezing fog particles are very fine, 

slush forms on the top surface of the fluid long before, it forms on the lower surface. 

Whether this constitutes failure of the fluid on a plate needs to be addressed. The tests 

below -25°C are not reported here due to the questionable determination of failure. 

Freezing fog testing at temperatures below -25°C should be conducted with ice detection 

sensors such as AlliedSignal's C/FIMS. 

For the artificial freezing fog tests conducted on flat plates, three types ofcharts have been 

produced as follow: 
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5. DISCUSSION OF DATA 5.3 Simulated Freezing Fog 

Ordinate Abscissa Sub-grouping 

i) Fluid failure time Rate ofprecipitation Fluid brand 

ii) Fluid failure time Rate ofprecipitation Temperature range 

iii) Fluid failure time Temperature Precipitation rate 

The proposed holdover time range as a function oftemperature is shown on the third chart. 

These charts were produced for the Type IV fluids both neat and diluted (100%, 75/25 and 

50/50), and are described in detail in the following sub-sections (see Appendix H, Figures 

H.25 to H.32). 

Several tests were conducted with Hoechst Fluid MPIV 1934; however, because this fluid 

did not satisfy the proposed water spray endurance test requirements of 80 minutes, all 

tests with this fluid in all dilutions were discarded. 

Data from UCAR Ultra tests conducted in 1993/94 have not been included because the 

Ultra fluid used that winter is no longer commercially available. 

5.3.1 Type IV Neat (100%) Fluids Under Simulated Freezing Fog 

Type IV neat (100%) fluid tests were conducted at NRC by APS during the 1994/95 

(only one fluid brand) and 1995/96 winter seasons. Figures H.25 to H.27 illustrate 

the data points from both seasons as listed below: 

Figure H.25 Time vs rate vs fluid brand 

Figure H.26 Time vs rate vs temperature 

Figure H.27· Time vs temperature vs precipitation rate 

• Also reproduced in Figure 5.5 

The holdover time range used during 1995/96 for UCAR Ultra neat fluid during 

freezing fog conditions was 50% greater (see Table 1.4) than the holdover time range 

for Type II neat fluid: 
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5. DISCUSSION OFDATA 5.3 Simulated Freezing Fog 

• For above O°C 112 to 270 minutes 

• For O°C to -30°C 52 to 135 minutes 

These times were consistent with the times determined for snow, freezing drizzle, 

and light freezing rain and were supported by tests conducted under artificial freezing 

fog with neat Ultra fluid. 

New proposed holdover times were determined from 1994/95 and 1995/96 test data 

(see Figure H.27 and Figure 5.5) as follows: 

• For above O°C to -14°C 120 to 180 minutes 

• For below -14°C to -25°C 60 to 120 minutes 

For temperatures between O°C and -14°C, these figures represent an increase to the 

lower limit of more than 100%. 

The tests conducted at temperatures below -22°C should be reviewed to ensure that 

the failure call was satisfactory, and new tests utilizing C/FIMS ice sensors should 

be carried out. 

5.3.2 Type IV 75/25 Fluids Under Simulated Freezing Fog 

Type IV 75/25 fluid tests were conducted at NRC during the 1995/96 season. 

Figures H.28 to H.30 contain the data points as listed below: 

Figure H.28 Time vs rate vs fluid brand 

Figure H.29 Time vs rate vs temperature 

Figure H.30· Time vs temperature vs precipitation rate 

• Also reproduced in Figure 5.5 
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5. DISCUSSION OF DATA 5.3 Simulated Freezing Fog 

The holdover times during the 1995/96 season for Ultra 75/25 fluid (see Table 1.4) 

were left the same as the holdover times for Type II 75/25 fluids: 

• Above O°C 50 to 120 minutes 

• O°C to -14°C 25 to 60 minutes 

The zero increase was consistent with the other forms ofprecipitation when utilizing 

Ultra 75/25 fluid. Three calibration tests had been conducted during 1994/95 with 

UCAR Ultra 75/25 at low temperatures (-15°C) and high deposition rates 

(>10 g/dm2/hr). These tests showed that a factor of 1.5 applied to the Type II 75/25 

fluid holdover times would have been suitable for Ultra 75/25 fluid during freezing 

fog conditions. The 1995/96 test data confirmed this. The new proposed holdover 

time range (O°C and below) for Type IV 75/25 fluids in freezing fog was increased 

almost 100% (40 to 120 minutes) from the Type II 75/25 holdover time range. 

5.3.3 Type IV 50/50 Fluids Under Simulated Freezing Fog 

Type IV 50/50 fluid tests were conducted at NRC by APS during the 1995/96 season. 

Figure H.31 shows the plate failure time plotted as a function of rate ofprecipitation 

and by fluid brand, and Figure H.32 (and Figure 5.5) shows the same data plotted as 

a function of temperature. 

Three tests conducted in 1994/95 with UCAR Ultra 50/50 fluid showed no 

significant difference in holdover time compared to the Type II 50/50 fluids. 

Therefore, the Ultra 50/50 holdover time range for 1995/96 (see Table 1.4) was the 

same as the Type II 50/50 holdover time (15 to 45 minutes for O°C to -7°C). 

The new proposed holdover time range for Type IV 50/50 fluids was also left the 

same (15 to 45 minutes) for temperatures ofO°C and below. For temperatures above 

O°C, the holdover time range was reduced (from 35 to 90 minutes) to 15 to 45 

minutes. 
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5. DISCUSSION OFDATA	 5.3 Simulated Freezing Fog 

5.3.4 Type I and Type II Fluids Under Simulated Freezing Fog 

Several tests were conducted during the 1995/96 test season with Type I and Type II 

neat, 75/25 and 50/50 fluids. These data were plotted and are included in 

Appendix E to maintain records for future reference. The following observations can 

be made from the plots: 

•	 Several tests with Type I fluid were conducted at temperatures below 

-25°C. Test results (see Appendix E) show failure times within the 

holdover time range of6 to 15 minutes. The failure calls should be verified 

with an AlliedSignal C/FIMS ice sensor. 

•	 The few Type II tests conducted show that the present holdover time ranges 

are satisfactory, except at colder temperatures below -14°C for Type II neat 

fluid (third paragraph, Section 5.3). The questionable failure calls at these 

low temperatures must be reviewed. C/FIMS ice sensors should have been 

used for this evaluation, but were not available. 

The Type I and Type II fluid holdover time tables in Section 1 show that the cell 

values for freezing fog above DoC are not substantiated. It is not possible to conduct 

tests under freezing fog above DoC, however meteorological experts have indicated 

that this condition could occur. Because this condition does not occur frequently and 

the holdover time ranges below DoC are lower, it is recommended that the holdover 

time values in the cells at DoC and below be utilized for the holdover time range 

above DoC. 
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5. DISCUSSION OF DATA 5.4 Simulated Rain on Cold-Soaked SuTj'ace 

5.4 Simulated Rain on Cold-Soaked Surface 

Simulation ofrain on a cold-soaked wing was achieved through the use of test procedures 

identical to standard flat plate tests but performed on cold-soaked boxes. The method and 

validity of relating the boxes to a representative aircraft wing surface are discussed in two 

Transport Canada reports: 

• Methodologyfor Simulating a Cold-Soaked Wing, TP 12678E, and 

• Validation ofMethodology for Simulating a Cold-Soaked Wing, TP 12899E. 

The first report, prepared as part of the 1994/95 season, focused on a theoretical approach 

for simulating a cold-soaked wing. The second report, prepared as part of the 1995/96 test 

program, evaluated the approach for simulating a cold-soaked wing experimentally. 

Three boxes with identical surface dimensions but different depths were employed. During 

the 1994/95 test season, two boxes having depths of 15 em and 7.5 em were used. For the 

1995/96 tests, the third box, 2.5 em deep, and the 7.5 em box were used. 

The tables in Section 1, presenting the holdover times for the 1995/96 winter show that all 

the holdover times in the cells for the rain on cold-soaked wing category for Type I, 

Type II, and UCAR Ultra fluids were not substantiated. 

In the absence ofany data, the holdover times for the neat (Ultra) fluid were kept the same 

as the holdover times for neat Type II fluid. The 50% increase over the neat Type II fluid 

that characterizes the Ultra table (see Section 1) was not applied for the rain on cold-soaked 

wing category. 

Preliminary test results from the 1994/95 season (see report TP 12654E) showed that the 

SAE holdover time ranges as originally conceived were probably high for the cases of 

Type II 50/50 fluid and diluted Type I fluid. 
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5. DISCUSSIONOFDATA	 5.4 Simulated Rain on Cold-Soaked Surface 

A matrix (see Table 5.2) showing which charts were produced for the cold-soaked surface 

tests was developed. It shows that four charts were developed for each fluid type (I, II and 

IV) including the diluted variations ofthese fluid types. For each fluid type, test results 

are provided as a function of the most significant variables: 

Ordinate Abscissa Sub-grouping 

i) Fluid failure time Rate of precipitation Fluid brand 

ii) Fluid failure time Rate of precipitation Skin temperature 

iii) Fluid failure time Rate ofprecipitation Box depth 

iv) Fluid failure time Skin temperature Precipitation rate 

The data from the 1994/95 test season (see report TP 12676E) were combined with the data 

from the 1995/96 test season. Several cold-soaked tests during the 1995/96 season were 

conducted with the new Hoechst Fluid MPIV 1957. 

To ensure that the charts that follow are clear and concise, a description of some 

parameters (variables) is repeated below in a summarized format. 

Failure time on box:	 The same failure defInition as on a standard flat plate 

was used. 

Rain rate of precipitation:	 Four categories of precipitation rates were produced: 

i) < 13 g/dm2/hr Drizzle 

ii) 13 to 25 g/dm2/hr Light rain 

iii) 25 to 75 g/dm2/hr Moderate rain 

iv) > 75 g/dm2/hr Heavy rain 

The rates were measured with plate pans before and 

after each test. For tests conducted in 1994/95, 

moderate and heavy rain were not simulated. Limited 

testing was carried out under conditions ofheavy rain. 
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TABLES.l
 

MATRIX OF COLD-SOAKED SURFACE CHARTS SHOWING VARIABLES PLOTTED
 

Figure numbers given below 

FLUID TYPE Time vs Rate vs Fluid Brand Time vs Rate vs Skin Temperature Time vs Rate vs Box Depth Time vs Skin Temperature vs Rate 

I Standard Figure H.33 Figure H.34 Figure H.35 Figure H.36 

I Diluted Figure H.37 Figure H.38 Figure H.39 Figure HAO 

II 100/0 Figure HA1 Figure HA2 Figure H.63 Figure H.44 

II 75/25 Figure HA5 Figure H.46 Figure H.47 Figure HAS 

II 50/50 Figure HA9 Figure H.50 Figure H.51 Figure H.52 

IV 100/0 Figure H.53 Figure H.54 Figure H.55 Figure H.56 

IV 75/25 Figure H.57 Figure H.58 Figure H.59 Figure H.60 

IV 50/50 Figure H.61 Figure H.62 Figure H.63 Figure H.64 

Yo) ­

N 
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5. DISCUSSION OF DATA	 5.4 Simulated Rain on Cold-Soaked Surface 

Skin Temperature: •	 'This parameter was measured on the box surface, 22.5 

cm from the plate leading edge. 

•	 Temperatures were measured just before fluid 

application and immediately after failure using a 

hand-held temperature probe. For some tests, 

thermistors were attached to the plate surfaces to 

measure the skin temperature and these measurements 

were logged every six seconds. 

•	 Most tests conducted in 1995/96 were started when 

the skin temperature on the box was -1 DOC. 'This 

value was assumed to be the most limiting case for 

cold-soaked wings based on an analysis ofwing skin 

temperature data (see report TP 12899E). Some 

Type I tests were started when the surface 

temperature was -5°C. 

•	 The average skin temperature over the test period was 

computed and used in the charts described in this 

section. 

•	 The ambient air temperature was +2°C. 

The following general comments can be made from observation of the 32 charts 

(Figure H.33 to Figure H.64). More comments relating specifically to each fluid type are 

provided in the sub-sections which follow. 

•	 Over the test range and for each fluid type, the variable exhibiting the greatest 

influence on fluid failure time is rate of precipitation. 
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ATIACHMENT IT - TEST EQUIPMENT AND PROCEDURE
 

9)	 Ensure that the lighting is appropriate for video purposes. 

10)	 Ensure that the video camera is in fact recording. At the end of a test, 
rewind a few seconds and check that the test was recorded. 

4.7	 Plate Pan Measurements 

Measure the quantity (rate) of precipitation using at least two plate pans 
mounted on the test stand. Record these measurements on the Form (Table l.a) 
at the following times: 

•	 at the start of the test; 
•	 every 15 minutes; 
•	 when there is a significant change in the rate (intensity) for more than 

one minute; 
•	 after failure of each panel (measure only once if two panels fail at almost 

the same time); and 
•	 at the end of the test. 

4.8	 Meteorological Observations 

Meteorological observations must be recorded at the same times as in 4.7, and 
when there are changes in the type and category of precipitation. Significant 
changes in wind speed and direction should also be noted. 

4.8.1	 Type of Precipitation 

Note the type of precipitation (refer to Figure 4 for the codes). This is 
a subjective determination. If two or three forms of precipitation co­
exist, then note all of these. 

4.8.2	 Amount of Precipitation 

This is a subjective determination by the tester. Normally, this is 
determined by a trained meteo observer using visibility as a guideline. 
The symbols are as follows: ++ is heavy; + is moderate; - is light; 
-- is very light. 
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ATTACHMENT II - TEST EQUIPMENT AND PROCEDURE
 

4.8.3 Classification of Precipitation 

While many different classifications are available, a simple classification
 
. of ten forms of solid precipitation is shown in Figure 3. Use of black
 

velvet to collect the snow and inspect it, will facilitate the identification.
 

4.8.4 Determination of Wet or Dry Snow 

While this is usually temperature and humidity level dependant, 
determination of wet or dry snow could be determined by collecting 
snow in a dry plate pan on a stand not being used. If in the course of a 
test, the snow in the pan can be combined and formed into a "snow-ball", 
then this will be identified as wet snow. If the snow does not form into 
a "snow-ball" or if the snow does not even accumulate, then this is 
considered dry snow. Note that the time to form a "snow-ball", when 
collecting with gloves, should be less then 5 seconds. One other method 
to determine whether the snow is wet or dry would be to measure the 
depth of the snow in the pan and compare it to the liquid equivalent 
depth. If the ratio is > 10, then it would be wet snow. 

4.8.5 Temperature and Wind Measurements 

These can be read and recorded from the computer monitor at the site. 

4.8.6 Visibility 

Manual visibility measurements should be taken during daylight 
conditions. The markers to designate distance are those used by 
Environment Canada when these observations were being made 
manually. 

4.9 Video Organization 

The video equipment cassettes should be marked sequentially for the panning 
camera and the Hi 8 cameras. These #'s should be recorded on the data form 
at the time of testing. When these are full, then they should be marked as full. 
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AITACHMENT II - TEST EQUIPMENT AND PROCEDURE
 

5. END CONDITION
 

The plate failure time is that time required for the end conditions to be achieved. This 
occurs when· the accumulating precipitation fails to be absorbed at any five of the 
crosshair marks on the panels. 

A crosshair is considered failed if: 

•	 There is a visible accumulation of snow (not slush, but white snow) on the fluid 
at the crosshair when viewed from the front (Le. perpendicular to the plate). 
You are looking for an indication that the fluid can no longer accommodate or 
absorb the precipitation at this point. 

OR 

•	 When precipitation or frosting produces a "loss of gloss" (Le. a dulling of the 
surface reflectivity) or a change in colour (dye) to grey or greyish appearance 
at any five crosshairs, or ice (or crusty snow) has formed on the crosshair (look 
for ice crystals). This condition is only applicable during freezing rain/drizzle, 
ice pellets, freezing fog or during a mixture of snow and freezing rain/drizzle 
and ice pellets. 

As these determinations are subjective in nature, the following is very important: 

•	 Whenever possible, have the same individual make the determination that a 
crosshair has failed. 

•	 When making such a determination, ensure consistency in the criteria used to 
call the end of a test. 

•	 Under light snow conditions or when the precipitation rate decreases, snow may 
sometimes build up on the fluid and then be absorbed later as the fluid 
accommodates (absorbs) it. If this occurs, record the first time snow builds up 
and note (in the comments sections) that there was an "un-failure" at a specific 
crosshair. 

Under conditions of moderate to heavy snow or hail, coverage may be very uneven; 
over about one-third of the panel should be recorded. 
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AITACHMENT II - TEST EQUIPMENT AND PROCEDURE
 

6. END OF TEST
 

Run test at least lO% longer than the time to reach the end condition on the last panel. 
This will allow the sensor traces to be longer for analysis. Once the test has ended, 
restart the testing procedure and continue as long as the weather conditions warrant. 

7. REPORTING & OBSERVATIONS 

Calculate and record test data, observations and comments in the format of Tables 1 and 
la. Each test must be conducted in duplicate. Detailed defInitions and descriptions of 
meteorological phenomena are available in the Manual of Surface Weather Observation 
(MANOBS) - a copy is available at APS offIces. 
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5 
::=J ATTACHMENT IV ~ 

RVSI 

This system is named after the developers, Robotics Vision Systems Inc.. This 
system is hooked up to the testing stand, and includes a photo-scanner that relays 
information back to the computer to display on screen the state ofthe aluminum plates. 
The software runs in the OS/2 environment. The computer runs in conjunction with a 
gray power supply box located under the desk. 

This gray power unit also supplies power to heat the RVSI~the scaffolding at the 
test stand. 

While the RVSI is running, a main menu is displayed on screen featuring options to 
proceed with the tests. The menu options are presented in the following table. 

RUN commence scanning and reads data 

STOP displays" Compressing the image sequence. Please wait... " 
- after a scanning sequence was run, you have to go to STOP to compress the 
data. Once that has occurred, the program takes you back to the main menu 
and stores the data on the bard drive. 

TAPE to transfer the data to a tape backup, this option temporarily takes you into a 
'ellow screen. 

SHUT goes through the proper shut down sequence to exit the program. When you 
shut down the application, the computer displays some difficulty in 
terminating the shut down sequence where after a certain delay, when not 
reltisterinlZ any bard drive activity, it is safe to turn off the comnuter. 

Operating keys to select an item on the :MENU are as follows: 

- J,	 down arrow to scroll through the menu; 
- ~	 right arrow to select an option; 
- ~	 the left arrow will give you an instantaneous scanning 

and also exits back to the menu (in control panel) ifyou are in scan mode already. 
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ATTACHMENT V (cont'd)
 

TESTS PLANNED AT CEF 1996 (1)
 

COLD SOAKED BOXES
 

DRIZZLE 

Yariables: * OAT: +2°C 

* Skin Temperature: Range from -14 to 0 °c (get 2) 
* Fluid Type: SID Tl, OIL Tl, 11100, 1175, II 50,-IV 100, IV 75, IV 50 
* Fluid mfg: 3 different ones for Type IV, 2 for Type I & II 

(eg. UCAR, OCT, KILF, HOECHST) 

* Rate of Precipitation: Range from 2 to 13 g/dm%r (get 2) 
* Box Size (Height): 2.5,7.5 em. 

NUMBER OF TESTS 
BOX Type I Type I Type II Type II Type II Type IV Type IV Type IV 
SIZE DILUTED STD NEAT 75/25 50/50 NEAT 75/25 50/50 

2.5cm 8 8 8 8 8 12 12 
~--

12 

7.5cm 8 8 8 8 8 12 12 12 

LIGHT RAIN 

Yariables: * OAT: 

* Skin Temperature: 
* Fluid Type: 
* Fluid mfg: 

* Rate of Precipitation: 
* Box Size (Height): 

+2°C 

From -14 to 0 °c (get 2) __ 
SID Tl, OIL Tl, II 100, II 75, II 50, IV 100, IV 75, IV 50 
3 different ones for Type IV, 2 for Type I & II 
(eg. UCAR, OCT, KILF, HOECHST) 

Range from 13 TO 25 g/dm2/hr (get 2) 
2.5,7.5 em. 

NUMBER OF TESTS 
BOX Type I Type I Type II Type II Type II Type IV Type IV Type IV 
SIZE DILUTED STD NEAT 75/25 50/50 NEAT 75/25 50/50 

2.5cm 8 8 8 8 8 12 12 12 

7.5cm 8 8 8 8 8 12 12 12 

(1) include some Type II fluids simultaneously with Type IV for comparison and calibration with previous winters. 
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ATIACHMENT V (cont'd)
 

TESTS PLANNED AT CEl 1996 (1)
 

COLD SOAKED BOXES
 

MODERATERAIN 

Variables:	 * OAT: +2°C 

* Skin Temperature: From -14 to °°c (get 2) _ 
* Fluid Type:	 SID Tl, DIL Tl, II 100, II 75, II 50, IV 100, IV 75, IV 50 
* Fluid mfg: 3 different ones for Type IV, 2 for Type I & II 

(eg. UCAR, OCT, KILF, HOECHST) 

* Rate of Precipitation: Range from 26 to 75 g/dm%r (get 2) 
* Box Size (Height): 2.5,7.5 em. 

NUMBER OF TESTS 
BOX Type I Type I Type II Type II Type II Type IV Type IV Type IV 
SIZE DILUTED STD NEAT 75125 50/50 NEAT 75125 50/50 

2.5cm 8 8 8 8 8 12 12 

_. 

12 

7.5cm 8 8 8 8 8 12 12 12 

HEAVY RAIN * 

Variables: * OAT: 

* Skin Temperature: 

+2°C 

From -14 to °°c (get 1) 
* Fluid Type: SID Tl, OIL Tl, II 100, II 75, II 50, IV 100, IV 75, IV 50 
* Fluid mfg: 1 different one (eg. UCAR, OCT, KILF, HOECHST) 

* Rate of Precipitation: >75 g/dm%r 
* Box Size (Height): 2.5,7.5 em. 

BOX 
SIZE 

Type I 
DILUTED 

Type I 
STD 

Type II 
NEAT 

NUMBER OF TESTS 
Type II Type II 
75/25 50/50 

Type IV 
NEAT 

Type IV 
75125 

---~ 

Type IV 
50/50 

2.5cm -1 1 1 1 1 1 1 1 

7.5cm 1 1 
~. 

!! 1 1 1 1 1 1 

• It is anticipated that the fluids will not freeze under this condition. 

(1) Include some Type IT fluids simultaneously with Type IV for comparison and calibration with previous winters. 
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ATTACHMENT Va
 
FLUID APPLICATION PROCEDURE FOR TESTING OF TYPE IV OVER TYPE I
 

PRELIMINARY
 

CODE A CODED CODEC· CODED 

It=O Squeegee I I I I I Ii=O Squeegee 

t=O Apply XL54 from Jug 

I 
triO Squeege trIO Squeege 

trIO Apply XLS4 from Jug 

ItrlO Apply Ultra from JUdon Contaminated Type I 

triO Apply Ultra from Jug 

on Type I 

-10 Apply Ultra from Jug 

on bare Plate 

trIO Apply Ultra from Jug 

on contaminated Plate 

n 
I ...... 

N It=O 

t=O 

CODEE 

Squeegee 

Apply XL54 from Jug 

CODEF CODEG 

I I 
CODEH 

Squeegee 

-10 Squeege -10 Squeege 

ItrIO Spray Ultra I 

triO Apply XLS4 from Jug 

ItrI 0 Spray Ultra on Type I triO Spray Ultra on bare plate I 

ItrlO Spray Ultra 

on contaminated Plate 

on Contaminated Type I 

NOTES; 

* This test procedure is exactly the same as the standard flat plate test procedure.
 
** It is assumed above that the failure time ofXL54 will be at 10 minutes.
 
*** When applying Type IV from the jug, use 1.5 Litre in all cases.
 
**** When using garden sprayer, spray for 1minute.
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ATTACHMENT VI 

CEF DETAILED TEST PLAN (SAMPLE) 
FREEZING DRIZZLE AND LIGHT FREEZING RAIN 

RUN#: 
TEMP. : 

PRECIP. : 

1 
-3 DC 

ZD 

DAY: 
TIC: 

1 
300 min 

o IIV 1100 0/11/100 
o /IV /75 
o /IV 150 
U/I/STO 

K/IV 1100 K/IV /75 
K 111/75 
K/IV 150 

U IIV 1100 U IIV /75 
U IIV 150 
K 111/50 

o IIV 1100 0/11/100 
o IIV /75 
o IIV 150 
U III OIL 

K/IV 1100 K/IV /75 
K 111/75 
K/IV 150 

U IIV 1100 U IIV /75 
U IIV 150 
K 111/50 

RUN#: 2 DAY: 2 
TEMP. : -3 DC TIC: 150 min 

PRECIP. : ZD 

H IIV 1100 
H 111/50 

H 111/100 
H IIV /75 
H IIV 150 
H/I/STO 

U+ IIV 1100 U+/IV /75 
0/11/50 
U+ IIV 150 

S IIV 1100 (460 S IIV 175 (460) 
S IIV I 50 (460) 
S 111/50 

H IIV 1100 
H/II/50 

H 111/100 
H IIV /75 
H /IV 150 
H III OIL 

U+ IIV 1100 U+ IIV /75 
0/11/50 
U+ IIV 150 

S IIV 1100 (404 
S 111150 

S IIV 175 (404) 
S IIV 150 (404) 
S 111/50 
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ATIACHMENT VIa 

FLUID APPLICATION PROCEDURE FOR TESTING OF TYPE IV OVER TYPE I 

TEST 13 to 24 

IHI 

HI 

PLATED 

Squeegee 

Apply XL54 from Jug 

PLATEUU 

IFI0 Squeege 

IHI 

HI 

PLATE V 

Squeegee 

Apply XL54 from Jug 

PLATEVV· 

ItrI0 Squeege 

tr10 Spray Ultra 

on Contaminated Type I 

triO Spray Ultra on bare plate triO Apply Ultra from Jug 

on Contaminated Type I 

IFIO Apply Ultra from Jug 

on bare Plate 

PLATE XX PLATE X PLATEYV PLATEY· 

(') 
I­0\ 

HI Squeegee 

trIO Spray Ultra 

on contaminated Plate 

IIF10 Squeege 

tr10 Apply XL54 from Jug 

trIO Spray Ultra on Type I 

'HI Squeegee 

HI Apply Kilfrost Type I 

from Jug 

triO Apply Kilfrost Type N 

from Jug on contaminated 

Type I 

IIFI0 Squeege 

trIO	 Apply Kilfrost from Jug 

on bare Plate 

NOTES: 
* This test procedure is exactly the same as the standard flat plate test procedure. 

PLATEW PLATEWW 

IIFI0 Squeege 

triO Apply XL54 from Jug 

triO Apply Ultra from Jug 

on Type I 

PLATEZZ PLATEZ 

IIF10 Squeege 

IF10 Apply Kilfrost Type I 

from Jug 

triO Apply Kilfrost Type N 

from Jug on Type I 

i) It is assumed above that the failure time ofthe Type I which fails last is 10 minutes. At this time apply Type IV.
 
ii) When applying Type IV from the jug, use 1.5 Litre in all cases.
 
iii) When using garden sprayer, spray for 1 minute.
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AITACHMENT VII 

NRC COLD CHAMBER TESTS 
TEST EQUIPMENT CHECKLIST 

-
NRC Cold Chamber 

~ 
Make Hotel reservations 
Rent Van/Car 
Call Site Personnel 
Call RVSI Personnel 

Stand x 1 
C/FIMS Equipment x 2 
Still Photo Camera 
Tape Recorder with Mic.(voice) 
Weigh Scale 
Stand Video Camera 
VCR for Video Camera 
T.V. for Video Camera 
Pole for Video Camera 
Video Camera X 1 (Surf & Snow) + Access 
Reg. Plates (wing nuts) X 12+12 
Data Forms for plates and cold-soaked boxes 
Precipitation rate Data Forms 
Reports + Tables 
Cake Pans x 12 
VideoTapes 
Type I Fluids 
Type II Fluids, Type IV Fluids 
Clipboards x 3 
Pencils + Space pens x 4 
Paper Towels 
Rubber squeegees 
Plastic Refills for Fluids and funnels 
Electrical Extension Cords 
Lighting x 2 
Tools 
Box Plate Model x 12 
Cooling Unit for Box Coolant 
Coolant Fluid 
Insulation Jacket for Cold-Soaked Box x 12 
Stop watches x 3 
Storage bins for small equipment 
Thermistor Probes x 10 (P.Dawson's unit) 
Putty for Thernistors 
Protective clothing 
Refractometer 
Tie wraps 
Tags (Labels) for Fluid designation on stand 
Sprayer 
2.0 Litre Containers 
Sampling Data Forms for refractometer 
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Wall thickness 
(1/16' thickness) 

Side View Plan View 
111 0.5' Hales (x 4) 

I • 48.3 em (19') 

~~.. ~.~"~T 
(11') 

~I-.J--L 
27.94 em I. ~CM30CMi.I II 3/4' 

D........~
 
r- 3.SCM 

.....~ 

\ 

3/4'
 
Drain Plugs (x 2)
 

I
~ 

AITACHMENT VIII 

SCHEMATICS OF SEALED BOX
 
DEPTH OF 7.5 CM
 

SEALED BOX 

Profile View 

~ 
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ATTACHMENT VIII (cont'd) 

SCHEMATICS OF SEALED BOX
 
DEPTH OF 2.5 CM
 

. Profile View 

Wall thickness 

SEALED BOX 

(1118' thickness) 

Side View Plan View 
121 0.5' Holes (x 4) 

I.. 48.3 em (19') 

27.94 em 
(11') 

r- 3.5CM 

~H-'-

-..L ~ 48.3 em (19') ~ 
II . II 

-r-- I •
2.5CM. 43CM '­TI I30CM

1" I 

3/4' 3/4' 
DrBln Plugs (x 2) 

""'"""".. 

r- 3.5CM-l 
~ 
c 

~ 

1 
~ 
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