







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































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

Test Dato 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
163 Mar-14-97 neat c-100 4 70 30.0 9.2 13.2 SG/IP
164 Mar-14-97 std A-650 3 17 28.7 -10.4 12.3 SGNP
165 Mar-14-97 std A-650 3 17 28.7 -10.4 12.3 SONP
166 Mar-14-97 neat C-100 4 62 26.6 9.2 13.4 SG/P
167 Mar-14-97 neat C-100 4 63 26.4 9.2 13.3 SG/P
168 Mar-14-97 75% C-708 4b 52 18.3 -8.1 10.1 SG/IP/ZD
169 Mar-14-97 neat c-107 4 54 18.3 -8.1 10.1 SG/IPIZD
170 Mar-14-97 neat c-107 54 18.3 -8.1 10.1 SG/IP/ZD
171 Mar-14-97 75% C-708 4b 55 18.0 -8.1 10.1 SGNPIZD
172 Mar-14-97 75% C-700 4b 19 30.0 -8.4 10.2 SG/IP
173 Mar-14-97 75% C-700 4b 20 30.0 -8.4 10.3 SG/IP
174 Mar-14-97 neat C-100 4 54 21.0 -8.1 10.1 SG/P
175 Mar-14-97 neat C-100 4 55 20.6 -8.1 10.1 SGAP
176 Mar-21-97 neat c-100 4 114 6.6 -1.8 7.9 sic
177 Mar-21-97 neat C-100 4 117 6.6 -1.8 7.9 sic
178 Mar-21-97 std A-650 3 27 8.1 1.7 6.8 sic
179 Mar-21-97 std A-650 3 27 8.1 1.7 6.8 sic
180 Mar-21-97 75% c-707 4b 53 8.8 -1.8 75 SiC
181 Mar-21-97 75% c-707 4b 53 8.8 -1.8 75 SiC
182 Mar-21-97 75% C-709 4b 69 7.9 -1.8 7.7 s/Iic
183 Mar-21-97 75% C-709 4b 75 7.3 -1.8 7.7 s/iC
184 Mar-22-97 75% C-700 4b 52 4.0 -1.8 8.8 s/IC
185 Mar-22-97 75% C-700 4b 64 35 -1.8 9.1 S/C
186 Jan-22-97 std A-650 30 13.1 2.2 5.0 ZR/R
187 Jan-22-97 std A-650 31 13.0 2.2 4.9 ZR/R

File:g:\cm1338\reportihot_subs\967_SNOW.XLS

At: DIFF. PRECIP.

Printed: 12/11/97, 11:52 AM

D-16




SIMULATED FREEZING DRIZZLE AND LIGHT FRZ RAIN @ CEF FOR 1996/97

Test Test Date Fluid Fluid Fluid Fail Rate of | Ambient| Precip
Season No. code | Dilution| Type Time Precep. Temp Type
[min] |- [g/dm*2/hr] C]
1997 1 Apr-14-97 C-107 neat 4 53 6.0 -2.8 frz _drz
1997 2 Apr-14-97 C-109 neat 4 132 4.2 -2.9 frz_drz
1997 3 Apr-14-97 C-108 neat 4 117 5.6 -29 frz drz
1997 4 Apr-14-97 C-100 neat 4 123 4.9 -2.8 frz drz
1997 5 Apr-14-97 C-707 75% 4b 58 5.5 -2.8 frz_drz
1997 6 Apr-14-97 C-708 75% 4b 131 4.6 -2.9 frz_drz
1997 7 Apr-14-97 C-709 75% 4b 72 6.0 -2.9 frz_drz
1997 8 Apr-14-97 A-650 std 3 51 4.1 -3.1 frz_drz
1557 9 Apr-14-97 A-650 std 3 58 5.4 -3.0 frz drz
1997 10 Apr-14-97 C-508 50% 4a 99 4.5 -3.0 frz_drz
1997 11 Apr-14-97 C-700 75% 4b 70 5.1 -2.9 frz_drz
1997 12 Apr-14-97 C-500 50% 4a 20 3.6 -3.0 frz drz
1997 13 Apr-14-97 C-509 50% 4a 25 6.0 -3.0 frz_drz
1997 14 Apr-14-97 C-507 50% 4a 38 4.8 -3.0 frz drz
1997 15 Apr-14-97 C-509 50% 4a 23 5.4 2.8 frz_drz
1997 16 Apr-14-97 B-213 57% 1 12 3.6 3.1 frz_drz
1997 17 Apr-14-97 C-500 50% 4a 17 6.1 -3.1 frz_drz
1997 18 Apr-14-97 B-213 57% 1 15 54 -2.9 frz drz
1997 19 Apr-15-97 c-107 neat 4 43 10.9 -2.7 frz_drz
1997 20 Apr-15-97 | C-108 neat 4 63 12.7 2.7 frz_drz
1997 21 Apr-15-97 C-100 neat 4 92 11.2 2.7 frz_drz
1997 22 Apr-15-97 C-109 neat 4 - 97 13.7 -2.7 frz_drz
1997 23 Apr-15-97 C-709 75% 4b 57 103 -2.7 frz drz
1997 24 Apr-15-97 C-708 75% 4b 96 11.2 -2.7 frz_drz
1997 25 Apr.15.97 | C-700 75% 4b 37 11.5 2.7 frz_drz
1997 26 Apr-15-97 A-650 std 3 22 13.2 -2.8 frz_drz
1997 27 Apr-15-97 C-707 75% 4b 45 10.4 -2.7 frz_drz
1997 28 Apr-15-97 C-508 50% da 60 12.6 -2.8 frz_drz
1997 29 Apr-15-97 C-509 50% 4a 11 134 -2.7 frz_drz
1997 30 Apr-1597 | C-500 50% 4a 15 11.7 2.1 frz_drz
1997 31 Apr-1597 | C-507 50% 4a 18 13.6 2.7 frz_drz
1997 32 Apr-15-97 B-213 57% 1 12 10.1 -2.7 frz drz
1997 33 Apr-15-97 A-650 std 3 25 103 -2.7 frz_drz
1997 34 Apr-1597 | C-107 neat 4 37 133 2.8 frz_drz
1997 35 Apr-15-97 C-109 neat 4 91 11.7 -2.7 frz_drz
1997 36 Apr-15-97 C-100 neat 4 56 13.2 -2.7 frz_drz
1997 37 Apr-15-97 C-108 neat 4 80 93 27 frz drz
1997 38 Apr-15-97 C-708 75% 4b 89 12.4 =27 frz_drz
1997 39 Apr-15-97 C-709 75% 4b 52 13.3 -2.6 frz_drz
1997 40 Apr-15-97 A-650 std 3 27 114 -2.8 frz_drz
1997 41 Apr-15-97 C-700 75% 4b 28 13.8 -2.6 frz_drz
1997 42 Apr-15-97 C-107 neat 4 45 10.0 -2.7 frz_drz
1997 43 Apr-15-97 C-509 50% da 12 13.8 -2.6 frz_drz
1997 44 Apr-15-97 C-500 50% 4a 13 10.1 -2.6 frz_drz
1997 45 Apr-15-97 C-509 50% da 16 12.0 -2.6 frz drz
1997 46 Apr-15-97 C-500 50% 4a 10 12.8 -2.9 frz_drz
1997 47 Apr-15-97 C-507 50% 4a 20 11.4 -2.6 frz_drz
1997 48 Apr-15-97 A-650 std 3 20 13.8 -2.8 frz drz
1997 49 Apr-15-97 C-707 75% 4b 44 10.1 -2.7 frz_drz
1997 50 Apr-15-97 C-508 50% 4a 63 11.5 <27 frz drz
1997 51 Apr-15-97 B-213 57% 1 8 12.8 -2.6 frz drz
1997 52 Apr-15-97 B-213 57% 1 12 10.7 -2.6 frz_drz
1997 53 Apr-15-97 B-213 57% 1 13 10.7 -24 frz_drz
1997 54 Apr-16-97 C-108 neat 4 49 21.7 -3.3 frz_rain
1997 55 Apr-16-97 C-709 75% 4b 42 18.5 -3.3 frz_rain
1997 56 Apr-16-97 C-100 neat 4 43 213 -33 frz_rain
1997 57 Apr-16-97 C-707 75% 4b 29 21.1 -3.4 frz_rain
1997 58 Apr-16-97 C-109 neat 4 71 21.8 -3.1 frz_rain
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SIMULATED FREEZING DRIZZLE AND LIGHT FRZ RAIN @ CEF FOR 1996/97

Test Test Date Fluid Fluid Fluid Fail Rate of | Ambient| Precip
Season No. code | Dilution| Type Time Precep. Temp Type
[min] | [g/dm*2/hr] [C}
1997 59 Apr-16-97 C-700 75% 4b 17 220 -4.1 frz_rain
1997 60 Apr-16-97 C-107 neat 4 42 21.8 -3.3 frz rain
1997 61 Apr-16-97 C-708 75% 4b 50 22.6 -3.2 frz_rain
1997 62 Apr-16-97 C-109 neat 65 22.8 -2.8 frz_rain
1997 63 Apr-16-97 c-107 neat 43 18.4 -2.8 frz_rain
1997 64 Apr-16-97 C-708 75% 4b 47 21.9 -2.8 frz_rain
1997 65 Apr-16-97 C-707 75% 4b 27 21.2 -2.8 frz_rain
1997 66 Apr-16-97 C-500 50% 4a 9 233 -2.7 frz_rain
1997 67 Apr-16-97 C-108 neat 40 222 -2.8 frz_rain
1997 68 Apr-16-97 C-100 neat 43 224 -2.8 frz_rain
1997 69 Apr-16-97 C-700 75% 4b 17 22.6 -2.9 frz_rain
1997 70 Apr-16-97 C-700 75% 4b 21 21.0 -2.9 frz_rain
1997 2! Apr-16-97 C-508 50% 4a 32 20.7 -2.9 frz_rain
1997 72 Apr-16-97 A-650 std 3 16 22.1 -2.8 frz_rain
1997 73 Apr-16-97 A-650 std 3 15 208 -2.8 frz_rain
1997 74 Apr-16-97 C-507 50% 4a 14 23.8 -2.8 frz_rain
1997 75 Apr-16-97 B-213 57% 1 9 22.7 -2.8 frz_rain
1997 76 Apr-16-97 C-509 50% 4a 10 21.7 -2.8 frz_rain
1997 77 Apr-16-97 C-100 neat 37 224 2.8 frz_rain
1997 78 Apr-16-97 C-108 neat 68 15.1 -2.5 frz_rain
1997 79 Apr-16-97 C-707 75% 4b 33 17.6 -2.7 frz_rain
1997 80 Apr-16-97 C-109 neat 4 . 80 17.5 -2.5 frz_rain
1997 81 Apr-16-97 C-100 neat 50 17.6 -2.7 frz_rain
1997 82 Apr-16-97 C-107 neat 4 49 17.4 -2.7 frz_rain
1997 83 Apr-16-97 C-708 75% 4b 78 14.8 -2.5 frz_rain
1997 84 Apr-16-97 C-700 75% 4b 24 15.4 -2.7 frz_rain
1997 85 Apr-16-97 C-508 50% 4a 45 16.9 -2.0 frz_rain
1997 86 Apr-16-97 A-650 std 3 18 17.7 -2.1 frz_rain
1997 87 Apr-16-97 C-500 50% 4a 10 17.4 -2.2 frz_rain
1997 88 Apr-16-97 A-650 std 3 23 17.2 -2.0 frz_rain
1997 89 Apr-16-97 C-700 75% 4b 25 15.2 -2.2 frz_rain
1997 90 Apr-16-97 C-507 50% 4a 17 18.1 -2.0 frz_rain
1997 91 Apr-16-97 B-213 57% 1 16 17.2 -1.9 frz_rain
1997 92 Apr-16-97 C-509 50% 4a 11 15.2 -2.1 frz_rain
1997 93 Apr-16-97 B-213 57% 1 16 16.9 -2.0 frz_rain
1997 94 Apr-17-97 C-708 75% 4b 31 20.7 -9.9 frz_rain
1997 95 Apr-17-97 C-108 neat 4 40 16.6 -5.9 frz_rain
1997 96 Apr-17-97 C-700 75% 4b 21 21.8 -9.9 frz_rain
1997 97 Apr-17-97 C-109 neat 4 41 16.9 -9.9 frz_rain
1997 98 Apr-17-97 C-709 75% 4b 36 223 -9.9 frz_rain
1997 99 Apr-17-97 C-100 neat 4 51 16.3 -9.9 frz_rain
1997 100 Apr-17-97 Cc-707 75% 4b 27 22.7 9.9 frz_rain
1997 101 Apr-17-97 C-107 neat 4 42 17.0 -9.9 frz_rain
1997 102 Apr-17-97 C-108 neat 4 32 21.5 -9.9 frz_rain
1997 103 Apr-17-97 C-100 neat 4 42 22.0 -9.9 frz_rain
1997 104 Apr-17-97 A-650 std 3 16 21.0 -9.9 frz_rain
1997 105 Apr-17-97 c-107 neat 4 41 15.7 -9.9 frz rain
1997 106 Apr-17-97 C-708 5% 4b 31 16.5 -9.9 frz_rain
1997 107 Apr-17-97 C-700 75% 4b 23 15.4 -9.9 frz_rain
1997 108 Apr-17-97 C-707 75% 4b 29 16.8 -9.9 frz_rain
1997 109 Apr-17-97 A-650 std 3 16 213 -9.9 frz_rain
1997 110 Apr-17-97 C-100 neat 4 39 18.6 -10.0 frz_rain
1997 111 Apr-17-97 C-109 neat 4 33 213 -10.0 frz_rain
1997 112 Apr-17-97 A-650 std 3 16 18.8 -10.0 frz_rain
1997 113 Apr-17-97 C-108 neat 4 32 23.0 -10.0 frz_rain
1997 114 Apr-17-97 C-708 75% 4b 31 19.6 -9.9 frz_rain
1997 115 Apr-17-97 C-700 75% 4b 18 235 -10.0 frz_rain
1997 116 Apr-17-97 A-650 std 3 15 18.6 -10.0 frz_rain
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SIMULATED FREEZING DRIZZLE AND LIGHT FRZ RAIN @ CEF FOR 1996/97

Test Test Date Fluid Fluid Fluid Fail Rate of | Ambient] Precip
Season No. code | Dilution| Type Time Precep. Temp Type
[min.] | .[g/dm*2/hr] [C]
1997 117 Apr-17-97 C-707 75% 4b 26 24.6 -9.9 frz_rain
1997 118 Apr-17-97 c-107 neat 4 32 24.7 -10.0 frz_rain
1997 119 Apr-18-97 C-100 neat N/F 4.9 -9.7 frz drz
1997 120 Apr-18-97 C-107 neat 57 5.9 -9.7 frz_drz
1997 121 Apr-18-97 C-108 neat 4 N/F 5.4 -9.7 frz drz
1997 122 Apr-18-97 C-700 75% 4b 43 6.1 -9.8 frz_drz
1957 123 Apr-18-97 C-109 neat 4 N/F 5.7 -9.7 frz_drz
1997 124 Apr-18.97 | C-708 75% 4b 67 6.0 9.7 frz_drz
1957 125 Apr-21-97 C-108 neat 4 32 9.6 9.7 frz_drz
1997 126 Apr-21-97 C-107 neat 4 46 10.1 -9.7 frz drz
1997 127 Apr-21-97 C-100 neat 4 49 12.5 -9.7 frz_drz
1997 128 Apr-21-97 C-109 neat 4 35 12.6 -9.7 frz_drz
1997 129 Apr-21-97 B-213 57% 1 6 8.8 -9.6 frz_drz
1997 130 Apr-21-97 C-709 75% 4b 61 10.0 -9.7 frz_drz
1997 131 Apr-21-97 C-100 neat 67 11.1 -9.7 frz_drz
1997 132 Apr-21-97 C-108 neat 27 13.5 9.7 frz_drz
1997 133 Apr-21-97 C-700 5% 4b 32 9.7 -9.7 frz_drz
1997 134 Apr-21-97 A-650 std 3 18 13.4 -9.7 frz_drz
1997 135 Apr-21-97 C-108 neat 30 12.8 -9.7 frz drz
1997 136 Apr-21.97 | A-650 std 25 10.6 9.7 frz_drz
1997 137 Apr-21-97 C-707 75% 4b 40 12.7 -9.7 frz drz
1997 138 Apr-21-97 c-707 75% 4b - 38 13.1 -9.7 frz_drz
1997 139 Apr-21-97 A-650 std 3 25 10.1 -9.7 frz drz
1997 140 Apr-21-97 C-708 75% 4b 28 12.8 -9.7 frz_drz
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SIMULATED FREEZING FOG @ CEF FOR 1996/97

Test Test Date Fluid Fluid Fluid Fail Rate of | Ambient| Precip
Season No. code | Dilution| Type Time | Precep.| Temp Type
[min.] ~ [[g/dm*2/hr] [C]
1997 1 25-Mar-97 B-213 57% 1 7 5.9 -30.6 frz_fog
1997 2 25-Mar-97 C-109 neat 4 34 5.9 -30.6 frz_fog
1997 3 25-Mar-97 C-109 neat 4 31 6.7 -30.6 friz_fog
1997 4 25-Mar-97 C-100 neat 4 41 6.1 -30.4 frz_fog
1997 5 25-Mar-97 C-100 neat 4 40 6.8 -30.4 frz_fog
1997 6 25-Mar-97 C-107 neat 4 18 6.3 -30.6 frz_fog
1997 7 25-Mar-97 C-107 neat 4 18 7.1 -30.6 frz_fog
1997 8 25-Mar-97 C-108 neat 4 18 6.4 -30.6 frz_fog
1997 9 25-Mar-97 C-108 neat 4 17 74 -30.6 frz_fog
1997 10 25-Mar-97 B-213 57% 1 6 6.4 -30.5 frz_fog
1997 11 25-Mar-97 A-101 neat 2 15 73 ~30.3 frz_fog
1997 12 25-Mar-97 A-101 neat 2 14 8.9 -30.3 frz_fog
1997 13 25-Mar-97 A-201 neat 2 13 9.5 -30.2 frz_fog
1997 15 25-Mar-97 A-205 neat 2 15 8.8 -30.0 frz_fog
1997 17 25-Mar-97 B-213 57% 1 6 9.3 -30.0 frz_fog
1997 19 25-Mar-97 A-205 neat 2 19 6.1 -28.5 frz_fog
1997 20 25-Mar-97 A-205 neat 2 18 6.3 -28.5 frz_fog
1997 21 25-Mar-97 A-201 neat 2 19 6.5 -28.5 frz_fog
1997 22 25-Mar-97 C-109 neat 4 58 5.8 -24.8 frz_fog
1997 23 25-Mar-97 C-107 neat 4 25 5.9 2250 frz_fog
1997 24 25-Mar-97 C-100 neat 4 65 6.2 -24.7 frz_fog
1997 25 25-Mar-97 C-108 neat 4 24 6.9 -25.0 frz_fog
1997 26 25-Mar-97 A-201 neat 2 27 5.2 -24.4 frz_fog
1997 27 25-Mar-97 A-101 neat 2 20 54 -24.4 frz_fog
1997 28 25-Mar-97 C-107 neat 4 20 6.3 -24.8 frz_fog
1997 29 25-Mar-97 C-108 neat 4 23 6.5 =247 frz_fog
1997 30 25-Mar-97 C-109 neat 4 49 5.8 -24.5 frz_fog
1997 31 25-Mar-97 C-100 neat 4 53 6.7 -24.5 frz_fog
1997 32 25-Mar-97 A-205 neat 2 17 7.6 -26.0 frz_fog
1997 33 25-Mar-97 A-101 neat 2 15 8.1 -25.9 frz_fog
1997 34 25-Mar-97 B-213 57% 1 6 5.7 2243 frz_fog
1997 35 25-Mar-97 A-201 neat 2 26 46 -24.3 frz_fog
1997 36 25-Mar-97 A-205 neat 2 19 6.3 -24.4 frz_fog
1997 37 26-Mar-97 C-708 75% 4b 33 3.9 -14.3 fiz_fog
1997 38 26-Mar-97 C-109 neat 4 48 5.4 -14.2 frz_fog
1997 39 26-Mar-97 C-107 neat 4 52 37 -14.2 frz_fog
1997 40 26-Mar-97 C-100 neat 4 71 5.6 -14.3 frz_fog
1997 41 26-Mar-97 C-107 neat 4 48 9.3 -14.2 frz_fog
1997 43 26-Mar-97 C-700 75% 4b 73 4.1 -14.6 frz_fog
1997 44 26-Mar-97 C-108 neat 4 43 4.8 -14.4 frz_fog
1997 45 26-Mar-97 C-109 neat 4 68 5.7 -14.4 frz_fog
1997 46 26-Mar-97 C-108 neat 4 35 5.8 -14.4 frz_fog
1997 47 26-Mar-97 C-708 75% 4b 38 6.2 -14.5 frz_fog
1997 48 26-Mar-97 C-709 75% 4b 28 8.9 -14.4 frz_fog
1997 49 26-Mar-97 C-709 75% 4b 74 4.8 -12.9 frz_fog
1997 50 26-Mar-97 A-650 std 3 53 4.6 -14.7 frz_fog
1997 51 26-Mar-97 A-650 std 3 50 4.1 -14.0 frz_fog
1997 52 26-Mar-97 C-707 75% 4b 49 5.2 -14.7 frz_fog
1997 53 26-Mar-97 C-700 75% 4b 63 6.2 -13.5 frz_fog
1997 54 26-Mar-97 C-707 75% 4b 61 5.0 -12.8 frz_fog
1997 55 26-Mar-97 A-205 neat 2 33 6.0 -12.7 frz_fog
1997 56 26-Mar-97 B-213 571% 1 7 6.3 -12.7 fiz_fog
1997 57 26-Mar-97 C-709 75% 4b 47 7.2 -12.3 frz_fog
1997 58 26-Mar-97 A-650 std 3 7! 3.2 -12.7 frz_fog
1997 59 26-Mar-97 A-650 std 3 68 3.7 -12.6 frz_fog
1997 60 27-Mar-97 C-507 50% 4a 36 3.6 -2.8 frz_fog
1997 61 27-Mar-97 A-650 std 3 60 39 2.7 frz_fog
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SIMULATED FREEZING FOG @ CEF FOR 1996/97

Printed: 3:55 PM, 97-8-6

Test Test Date Fluid Fluid Fluid Fail | Rate of [ Ambient| Precip
Season No. code | Dilution{ Type Time | Precep.{ Temp Type
[min.] Jlg/dm*2/hr]  [C]
1997 62 27-Mar-97 C-500 50% 4a 22 43 2.8 frz_fog
1997 63 27-Mar-97 C-509 50% 4a 24 42 2.8 frz_fog
1997 64 27-Mar-97 C-508 50% 4a 94 38 2.7 frz_fog
1997 65 27-Mar-97 C-507 50% 4a 35 48 2.8 frz_fog
‘ 1997 66 27-Mar-97 C-509 50% 4a 18 6.0 2.8 frz_fog
P 1997 67 27-Mar-97 C-508 50% da 101 6.7 2.7 frz_fog
1997 68 27-Mar-97 A-650 std 3 42 65 -2.8 frz_fog
1997 69 27-Mar-97 C-500 50% 4a 18 92 2.8 frz_fog
1997 70 27-Mar-97 C-700 75% 4b 83 6.5 2.8 frz_fog
1997 71 27-Mar-97 C-500 50% 4a 24 34 2.7 frz_fog
1997 73 27-Mar-97 C-707 75% 4b 66 7.1 2.7 frz_fog
1997 74 27-Mar-97 C-700 75% 4b 58 8.1 =27 frz_fog
[ 1997 7% 27-Mar-97 C-708 75% 4b N/F 2.8 2.4 frz_fog
1997 77 27-Mar-97 C-708 75% 4b N/F 3.0 224 frz_fog
[ 1997 78 27-Mar-97 C-709 75% 4b 145 32 24 frz_fog
j 1997 79 27-Mar-97 C-107 neat 4 118 4.1 2.4 frz_fog
1997 80 27-Mar-97 C-109 neat 4 221 53 2.4 frz_fog
1997 81 27-Mar-97 C-108 neat 4 N/F 5.1 -2.5 frz_fog
| 1997 82 27-Mar-97 C-108 neat 4 210 5.5 2.5 frz_fog
3 1997 83 27-Mar-97 C-100 neat 4 228 72 24 frz. fog
‘ 1997 84 16-Apr-97 C-108 neat 4 N/F 33 -3.2 frz_fog
. 1997 85 16-Apr-97 A-650 std 3 50 6.0 -29 frz_fog
| 1997 86 16-Apr-97 C-109 neat 4 140 6.5 -34 frz_fog
1997 87 16-Apr-97 C-107 neat 4 155 7.0 -3.4 frz_fog
1997 88 16-Apr-97 C-108 neat 4 164 7.0 -3.4 frz_fog
; 1997 89 16-Apr-97 C-100 neat 4 N/F 5.7 -3.2 frz_fog
\ 1997 % 17-Apr-97 | A202 neat 2 36 6.6 212 frz_fog
i 1997 91 17-Apr-97 A-205 neat 2 26 77 212 frz_fog
1997 92 17-Apr-97 A-201 neat 2 27 6.6 =213 frz_fog
| 1997 93 17-Apr-97 A-205 neat 2 33 6.6 211 frz_fog
j 1997 94 17-Apr-97 A-101 neat 2 25 83 212 frz_fog
1997 95 17-Apr-97 A-101 neat 2 30 6.7 2211 frz_fog
1997 9% 17-Apr-97 A-202 neat 2 3s 6.3 212 frz_fog
( 1997 97 17-Apr-97 B-221 61% 1 3 8.5 -21.2 frz_fog
v 1997 98 17-Apr-97 A-201 neat 2 31 59 212 frz_fog
1997 99 17-Apr-97 B-214 71% 1 8 8.6 21.2 frz_fog
: 1997 100 17-Apr-97 B-231 5% 1 11 42 -20.9 frz_fog
i 1997 101 17-Apr-97 B231 75% 1 7 5.4 208 frz_fog
1997 102 17-Apr-97 B-211 68% I 12 4.9 -20.9 frz_fog
1997 103 17-Apr-97 B-211 68% 1 13 s.1 -20.9 frz_fog
; 1997 104 17-Apr-97 B-213 57% 1 10 5.1 -21.0 frz_fog
\ 1997 105 17-Apr-97 B-213 57% 1 10 59 21.0 frz_fog
1997 106 17-Apr-97 B-221 61% 1 1t 5.4 221.0 frz_fog
p 1997 107 17-Apr-97 B-214 71% | 11 5.7 21,0 frz_fog
f 1997 108 17-Apr-97 A202 neat 2 65 5.2 148 frz_fog
1997 109 17-Apr-97 A-202 neat 2 59 6.3 -14.8 frz_fog
1997 110 17-Apr-97 A-201 neat 2 44 5.8 -14.7 fiz_fog
I 1997 111 17-Apr-97 A-201 neat 2 2 7.4 -14.7 frz_fog
. 1997 112 17-Apr-97 A-205 neat 2 55 7.4 -14.8 frz_fog
1997 113 17-Apr-97 A-205 neat 2 48 7.7 -14.8 frz_fog
- 1997 114 17-Apr-97 A-201 neat 2 34 9.1 -149 frz_fog
{
|
}
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SIMULATED FREEZING FOG @ CEF FOR 1996/97 (NOT USABLE)

Test Test Date Fluid Fluid Fluid Fail Rate of { Ambient| Precip
Season No. code | Dilution| Type Time | Precep.| Temp Type
[min.] |[g/dm*2/hr] [C]
1997 1 25-Mar-97 A-201 neat 2 13 10.0 -30.2 frz_fog
1997 2 25-Mar-97 A-205 neat 2 14 104 -30.0 frz_fog
1997 3 25-Mar-97 B-213 57% 1 6 10.8 -30.0 frz_fog
1997 4 26-Mar-97 C-100 neat 4 47 112 -14.2 frz_fog
1997 5 27-Mar-97 C-709 75% 4b 84 10.2 2.8 frz_fog
1997 6 27-Mar-97 C-707 75% 4b 63 12.6 -2.8 frz_fog
File:g:\cm1338\reportihot_subs\967_FOG XLS
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COLD SOAK DATA @ CEF FOR 1996/97 TEST SEASON

Test Test Date Fluid Fluid Fluid Box BOX Rate of Precip. Average Skin Ambient
Season No. code Dilution Type Size fail time Precep. Type Temp Temp

(cm) [min.] [g/dm*2/hr] [C] [C]
1997 1 Apr-22-97 c-107 neat 4 25 76 7.9 drizzle -3.8 1.9
1997 2 Apr-22-97 C-108 neat 4 2.5 103 8.9 drizzle -4.3 1.9
1997 3 Apr-22-97 C-100 neat 4 15 61 8.1 drizzle -8.5 1.9
1997 4 Apr-22-97 A-650 std 3 2.5 26 9.2 drizzle -5.0 1.9
1997 5 Apr-22-97 Cc-707 75% 4b 2.5 41 10.4 drizzle -5.5 1.9
1997 6 Apr-22-97 C-100 neat 4 7.5 56 10.0 drizzle -6.5 1.9
1997 7 Apr-22-97 C-700 75% 4b 7.5 29 10.7 drizzle -8.0 1.9
1997 8 Apr-22-97 C-707 75% 4b 15 26 9.0 drizzle -9.0 1.9
1997 9 Apr-22-97 C-708 75% 4b 15 28 111 drizzle -7.0 1.9
1997 10 Apr-22-97 C-708 75% 4b 7.5 38 9.5 drizzle -6.8 1.9
1997 1 Apr-22-97 A-650 std 3 7.5 21 10.4 drizzle -7.5 1.9
1997 12 Apr-22-97 Cc-107 neat 4 15 64 7.2 drizzle -7.0 1.9
1997 13 Apr-22-97 A-650 std 3 15 19 11.0 drizzle -9.3 1.9
1997 14 Apr-22-97 C-108 neat 4 7.5 36 9.9 drizzle -7.0 1.7
1997 15 Apr-22-97 B-213 std 1 15 4 10.1 drizzle -4.8 6.0
1997 16 Apr-22-97 C-707 75% 4b 7.5 18 13.0 drizzle -8.9 2.5
1997 17 Apr-22-97 C-100 neat 4 25 60 11.4 drizzle 4.7 2.6
1997 18 Apr-22-97 C-107 neat 4 7.5 65 6.1 drizzle -6.8 2.5
1997 19 Apr-22-97 C-700 75% 4b 2.5 23 11.4 drizzle -8.1 2.4
1997 20 Apr-23-97 C-700 75% 4b 25 21 18.1 light rain -8.0 1.8
1997 21 Apr-23-97 C-100 neat 4 2.5 41 18.2 light rain -6.0 1.8
1997 22 Apr-23-97 C-108 neat 4 15 20 19.3 light rain -8.5 1.5
1997 23 Apr-23-97 C-100 neat 4 7.5 39 18.9 light rain -8.0 1.7
1997 24 Apr-23-97 Cc-108 neat 4 7.5 21 20.0 light rain -8.5 1.4
1997 25 Apr-23-97 C-707 75% 4b 15 23 19.3 light rain -7.2 2.1
1997 26 Apr-23-97 C-708 75% 4b 15 15 21.5 light rain -7.5 2.0
1997 27 Apr-23-97 A-650 std 3 2.5 15 18.1 light rain -6.8 1.8
1997 28 Apr-23-97 C-700 75% 4b 2.5 19 21.0 light rain -5.5 1.9
1997 29 Apr-23-97 A-650 std 3 15 13 19.8 light rain -7.8 1.9
1997 30 Apr-23-97 C-107 neat 4 15 25 22,5 light rain -9.5 1.9
1997 31 Apr-23-97 C-109 neat 4 7.5 65 19.3 light rain -7.0 1.9
1997 32 Apr-23-97 Cc-707 75% 4b 2.5 27 18.1 light rain -5.8 1.9
1997 33 Apr-23-97 C-708 75% 4b 25 50 18.5 light rain -5.0 2.0
1997 34 Apr-23-97 C-100 neat 4 15 32 19.8 light rain -7.9 2.0
1997 35 Apr-23-97 C-100 neat 4 15 37 22.5 light rain -7.0 1.9
1997 36 Apr-23-97 C-709 75% 4b 7.5 20 20.9 light rain -8.3 1.9
1997 37 Apr-23-97 Cc-107 neat 4 2.5 45 18.1 light rain -5.5 1.9
1997 38 Apr-23-97 C-700 75% 4b 7.5 20 20.5 light rain -8.9 1.9
1997 39 Apr-23-97 C-107 neat 4 7.5 34 20.9 light rain -8.5 1.9
1997 40 Apr-23-97 A-650 std 3 7.5 14 20.2 light rain -9.0 2.0
1897 41 Apr-23-97 C-108 neat 4 2.5 61 19.0 light rain -5.2 1.9
1997 42 Apr-23-97 C-700 75% 4b 15 20 21.5 light rain -8.0 1.9
1997 43 Apr-23-97 C-708 75% 4b 7.5 17 20.1 light rain -8.9 2.0
1997 44 Apr-23-97 C-707 75% 4b 7.5 23 20.2 light rain -7.0 1.9
1997 45 Apr-23-97 A-650 std 3 2.5 12 20.5 light rain -8.2 1.9
1997 46 Apr-23-97 C-707 75% 4b 2.5 ) 147.0 heavy rain -6.0 2.0
1897 47 Apr-23-97 A-650 std 3 7.5 4 125.6 heavy rain -3.8 2.0
1997 48 Apr-23-97 A-650 std 3 2.5 4 138.6 heavy rain -7.9 1.8
1997 49 Apr-23-97 A-650 std 3 7.5 4 160.2 heavy rain -6.5 2.1
1997 50 Apr-23-97 A-650 std 3 15 4 141.0 heavy rain -55 2.0
1997 51 Apr-23-97 Cc-108 neat 4 7.5 9 125.6 heavy rain -6.5 1.9
1997 52 Apr-23-97 C-100 neat 4 2.5 8 138.6 heavy rain -6.3 2.0
1997 53 Apr-23-97 C-107 neat 4 15 10 132.6 heavy rain -6.2 1.9
1997 54 Apr-23-97 C-700 75% 4b 7.5 5 160.2 heavy rain -6.0 2.0
1997 55 Apr-23-97 C-708 75% 4b 15 6 141.0 heavy rain -5.5 1.9
1997 56 Apr-24-97 A-650 std 3 25 5 60.6 meod. rain -6.0 1.7
1997 57 Apr-24-97 C-100 neat 4 25 15 55.7 med. rain -6.5 1.8
1997 58 Apr-24-97 C-108 neat 4 7.5 1 64.1 mod. rain -8.8 1.8
1997 59 Apr-24-97 C-700 75% 4b 7.5 8 58.1 mod. rain -8.5 1.8
1997 60 Apr-24-97 C-100 neat 4 15 12 54.5 maod. rain -8.5 1.8
1997 81 Apr-24-97 C-107 neat 4 15 10 65.4 mad. rain -9.3 18
1997 62 Apr-24-97 C-100 neat 4 7.5 15 64.1 mod. rain -8.3 1.9
1997 63 Apr-24-97 C-708 75% 4b 15 13 545 maod. rain -7.8 1.8
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COLD SOAK DATA @ CEF FOR 1996/97 TEST SEASON

Test Test Date Fluid Fluid Fluid Box BOX Rate of Precip. | Average Skin [ Ambient
Season No. code Dilution Type Size fail time Precep. Type Temp Temp

(cm) [min.] [g/dm*2/hr] [C] [C]
1997 64 Apr-24-97 c-108 neat 4 15 12 65.4 mod. rain -8.7 1.9
1997 65 Apr-24-97 c-108 neat 4 7.5 16 60.6 mod. rain -6.8 1.8
1997 66 Apr-24-97 Cc-107 neat 4 2.5 17 58.2 mod. rain -7.4 1.9
1997 67 Apr-24-97 A-650 std 3 7.5 6 64.1 mod. rain -7.3 1.8
1997 68 Apr-24-97 C-700 75% 4b 15 9 54.5 mod. rain -8.0 1.8
1997 69 Apr-24-97 C-707 75% 4b 15 8 65.4 mod. rain 7.7 1.9
1997 70 Apr-24-97 C-709 75% 4b 7.5 13 67.5 mod. rain 7.5 1.9
1997 71 Apr-24-97 C-109 neat 4 7.5 23 44.0 mod. rain -7.2 1.9
1997 72 Apr-24-97 A-650 std 3 15 6 56.0 mod. rain -6.8 1.9
1997 73 Apr-24-97 C-707 75% 4b 2.5 11 61.4 mod. rain -6.5 1.9
1997 74 Apr-24-97 c-107 neat 4 7.5 18 44.0 mod. rain 7.5 1.9
1997 75 Apr-24-97 C-708 75% 4b 2.5 13 69.7 mod. rain -5.5 1.8
1997 76 Apr-24-97 C-708 75% 4b 7.5 12 58.9 mod. rain -6.3 1.9
1997 77 Apr-24-97 C-707 75% 4b 7.5 10 60.2 mod. rain -8.0 1.9
1997 78 Apr-24-97 C-700 75% 4b 2.5 9 52.3 mod. rain -7.0 1.8
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COLD SOAK DATA @ CEF FOR 1996/97 TEST SEASON (NOT USABLE)

Test Test Date Fluid Fluid Fluid Box BOX Rate of Preclp. | Average Skin | Ambient
Season No. code Dilution Type Size fail time Precep. Type Temp Temp
(cm) [min.] [g/dm*2/hr} IC) I€)
1997 1 Apr-22-97 C-109 neat 4 7.5 23 10.4 drizzle -85 19
1997 2 Apr-22-97 C-708 75% 4b 7.5 19 9.3 drizzle -10.5 19
1997 3 Apr-22-97 c-108 neat 4 15 27 10.2 drizzle 9.5 1.9
1997 4 Apr-22-97 C-700 75% 4b 15 23 10.1 drizzle -8.0 15
File:g:\cm1338veportihot_subs\97_CSBOX.XLS
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APPENDIX E

EVALUATION OF TYPE IV TEST DATA USING
LINEAR METHOD FOR WINTER 1996/97






APS AVIATION INC. 4’5

1100 BOUL. RENE-LEVESQUE O., SUITE 1340
MONTREAL, QUEBEC, CANADA, H3B 4N4

Tel: (514) 878-4388 Fax: (514) 861-6310

To: Distribution List

Date: 27-Jun-97
Time:
" From: APS Aviation Inc.
Project No: CM1338.001 We are transmitting 38
Subject: page(s) (including this cover page).
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DISTRIBUTION LIST
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C.H. B. Carder (304) 747-4073 C. Blumenstein (612) 726-0988
C. Masters (609) 485-4005 C. Randall (918) 292-3901
D. Sicchio (315) 622-4500 D. Kotker (206) 234-4859
D. Rogers (901) 922-3183 D. Herman 43-1-70073539
F. Ross 44-043-4321463 F. Flood (905) 453-8757
H. Krause 49-696-966882 H.O. Ozau 81-3-3747-6498
K. Tamura 81-3-5757-7015 J. Bravo (901) 797-7861
I. Udo-Aka (937) 656-4378 I. Da Cruz 33-5-61933810
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I*I Transports Transport

Canada Canada

Centre de développement  Transportation

des transports Development Centre

800, bd René-Lévesque O. 800 René Lévesque Bivd. W.

6° étage 6th Floor

Montréal (Québec) Montreal, Quebec

H3B 1X9 H3B 1X9 ] ]
Tél. : (514) 283-0000 Tel.: (514) 283-0000 Votre référence  Your file
Télécopieur : (514) 283-7158 Fax: (514) 283-7158

Notre référence Our file

June 27,1997

SUBJECT: Type IV Holdover times as per Linear Protocol
Dear HOT Sub-Committee Member,

Attached hereto is the Type IV holdover time table generated using the Transport Canada
test data prepared for the SAE 1997 Deicing Conference at Pittsburgh (See Attachment
A). In accordance with the decision taken there at the June 10 meeting of the Holdover
Time subcommittee, Transport Canada has, in conjunction with APS, revised the data
analysis in accordance with the "linear protocol" procedure laid out in Attachment B,
which involves straight line fits to the data of the worst fluid to be accommodated in each
table cell. The resulting table has many values that are substantially lower than the
current Type IV holdover time table and will therefore require much discussion; for this
reason it will not be ballotted as originally proposed but will be reviewed at Chicago on
22 and 23 July, 1997.

The low values obtained for the new Type [V table are not due solely to one fluid, but
result from all the manufacturers new fluids as tested last winter. In developing the Type
| and Type |l tables, all the fluids were similar with the differences in performance being
obscured by experimental variations. The low values in the new table occur because the
various manufacturers have produced widely differing Type [V fluids, each of which has
been qualified yet has its particular "Achilles Heel". In producing the SAE Type IV table,
the worst feature of each qualified fluid must be accomodated to ensure safe use of the
Type IV fluid on a universal basis; that means for any brand, any dilution, any
temperature and any weather the holdover time of the worst performing fluid must lie
within the range of times quoted .

The data used to generate the precise time ranges in the Attachment A Table are
contained in Attachment C along with the straight line relationships used to interpolate or
extrapolate to the determining precipitation/ temperature conditions. Freezing fog was
only given a single time value rather than a range.

hotcovli.wb1
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We are currently pursuing a second approach which will be discussed in Chicago. This
approach uses a regression analysis that provides a power law relationship between
failure time and precipitation, similar to that derived from the UQAC laboratory tests, and
therefore leads to a curved fit to the data in Attachment C. This less restrictive approach
gives higher values than in Attachment A, but still does not do justice to the
improvements available in the new fluids.

In addition, separate HOT tables are being prepared for each fluid, partially based on the
regression approach (where the data are sufficient) and partially on a conservative
evaluation of the available data, the latter subject to review as further data are generated.
These tables will also be discussed at Chicago.

The North American regulatory authorities are considering publishing these holdover time
tables for each qualified Type IV fluid to accompany their publication of the SAE Table.
The tables will be referred to as "Fluid-Manufacturer-Specific HOT Guidelines" and would
be modified versions of the SAE Table containing values that would provide the benefits
of each fluid where it was significantly superior to the worst fluid. These tables would be
usable in those conditions where the pilots and ground crew know what fluid is being
used (this would require a change to the FLIGHT CREW INFORMATION reporting
protocol in ARP 4737A).

Should you have any comments on the above or the attachments you may contact the
undersigned

Yours truly

el

Barry Myers

Tel 514-283-0054
Fax 514-283-7158
Email myersbb@tc.gc.ca
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ATTACAMENT A

SAE TYPE IV CURRENT HOT'S

. "
L INEAR
Worst Case Fluid by Cell
Tww¥
Approximate Holdover Times Anticipated Under
OAT Type IV Fluid Various Weather Conditions
Concentration (hours:minutes)
°C °F Neat-Fluid/Water DREELE ot LiEUT
(% by volume) *FROST | FREEZING SNOW *“*FREEZING | LIGHT FRZ RAIN ON COLD
FOG DRIZZLE RAIN SOAKED WING
100/0 18:00 2:00-3:00 | 0:55-1:40 | 0:45-1:50 0:30-1:00 0:20-0:40
am 1. .
55,|E05F Ho-56| 30-45| (DHE3]
above | above 75/25 6:00 0:}‘-(2:00 0:20-1:00 | 0:20-1:00 0:15-0:30 10-0.25
" po o ) ) -
o | 22 @?H I5HEA)| 30-60,) 16-2F (4
50/5 : 0:15-0:45 |/(x05-0: 0:07-0:15 0:05-0:10
cokRction MAD | AETER D _
MAYERIAL EANEN 30|« uﬁ’g 18 u|¥ -1l uf
100/0 12:00 2:00:3:00 | 0:45-1:40 [' 0:45-1,50 0:30-1:00 |
gACE D ety
0 32 75/25 500 | 0:40-2:00 | 0:15-1:00 | 0:20-1;00 | 0:15-0:30 | ¢
o | 3 |58 00N (103,
3 | 27 50/50 3:00 | 0:18°0:45 | 0:05-0:20 | 0:07-0;15 | 0050110 |
a0 Ku@"ﬁg u @u:
below | below 100/0 12.00 2:00-3:00 | 0:35-1:15 | **0:45-1;50 | **0:30-0:55 |
e (30 30-60) 45 5 )
[w] !\ / .o iw
to to 75/25 5:00 0:40-2:00 | 0:15-1:00 m;go-;;ooa **0:10-0:25
] ATRE e
ol I GS3-0)a3: 4] (19-5]}
below { below
-14 7 100/0 12:00 1:00-2:00 | 0:30-1:10
to to @ -
25 | -13 _ Hi§ v
below | below SAE TYPE IV fluid may be used below -25°C (-13°F) provided the freezing point
-25 -13 100/0 of the fluid is at least 7°C (13°F) below the OAT and the aerodynamic acceptance
criteria are met. Consider use of SAE Type | when SAE Type IV fluid cannot be used.

¥ AMivded based ol ng

~> INSUREIGBAT aatas-ndT vsed

29 C_R\‘fek‘. -

O FikM

I ConsERVATIVE

A CoNSERVATIVE §
INSIGM FicanT
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APPENDIX G

STATISTICAL MULTI-VARIABLE REGRESSION ANALYSIS
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APPENDIX H

OFFICIAL HOLDOVER TIME TABLES FOR USE
DURING WINTER 1997/98

- Transport Canada
- Federal Aviation Administration






TRANSPORT CANADA

HOLDOVER TIME TABLES FOR 1997/98
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APPENDIX I

TESTING OF DE/ANTI-ICING FLUIDS FOR THE PURPOSE OF
SUBSTANTIATING HOLDOVER TIME TABLES AT THE
NATIONAL CENTRE FOR ATMOSPHERIC RESEARCH/MARSHALL
WINTER TEST SITE






Testing of De/Anti-icing Fluids for the Purpose of Substantiating Holdover Time Tables
at the NCAR/Marshall Winter Test Site; Boulder, CO, during the Winter of 1997

J. A. Cole, K. Knight, R.A. Rasmussen

Research Applications Program
National Center for Atmospheric Research*
P.O. Box 3000
Boulder, CO 80307-3000

OVERVIEW

The National Center for Atmospheric Research (NCAR) in Boulder, CO was funded by the
Federal Aviation Administration Technical Center (FAATC) in Atlantic City, NJ to test aircraft
anti-icing fluids during the winter of 1996 at the NCAR/Marshall Winter Test Site in Boulder,
CO. This field test procedure has been developed by the Holdover Time Working Group of the
SAE Committee on Aircraft Ground De/Anti-icing as part of an overall testing program that
includes laboratory tests, field tests and full-scale aircraft tests, which is aimed at substantiating
the holdover time table for freezing depressant (FDP) fluids know as de/anti-icing fluids.Holdover
times will be determined as a function of fluid type and concentration, snowfall rate, temperature,
humidity, and windspeed. The standardized testing method used establishes the time period for
which freezing point depressant (FDP) fluids provide protection to test panels during inclement
weather such as freezing rain or snow.

FLUID TEST SITE

The NCAR/Marshall Test Site is located in Boulder, CO at an elevation of 5,716 feet, with an
annual snowfall of approximately 80 inches. Fluid testing began in January of 1997 and lasted
through April 1997 (See Marshall Site Diagram and Event Summary List). The site was staffed
during all winter precipitation events by one or two people. These observers performed de/anti-
icing fluid tests and various weather observations.

TEST FLUIDS

Only fluids that have been certified will be included in tests. Fluid suppliers shall submit to the
test coordinating organization proof of certification for the fluids they provide. The following flu-
ids were tested at the Marshall Test Site: -

1) Octagon Type Il De/Anti-icing Fluid (100/0)

2) Union Carbide Ultra+ Type I/IV De/Anti-icing Fluid (100/0) - Ethylene Glycol/Clear
3) Union Carbide Ultra+ Type IVIV De/Anti-icing Fluid (100/0) - Ethylene Glycol/Green
4) Union Carbide Ultra+ Type I/IV De/Anti-icing Fluid (75/25) - Ethylene Glycol/Green
5) Hoechst Safewing Type I/IV De/Anti-icing Fluid (100/0) - Propylene Glycol

6) Hoechst Safewing Type II/IV De/Anti-icing Fluid (100/0) - Propylene Glycol

Page 1



EQUIPMENT & TESTING

The following equipment was used at the NCAR/Marshall Test Site during the winter 1997 test
season (See Instrumentation List and Precipitation Gauge Diagram)

Wind Shielded Precipitation Gauges (Automatic):

1)12” ETI NOAHII Precipitation Gauge with Wyoming Wind Shield
Sensor Type: Electronic weighing-type gauge
Collector orifice: 113.04 sq. in. (12 in diameter)
Capacity: Up to 12 inches of precipitation
Accuracy: + or - 0.01 inches (in calm or light wind conditions)
Sensitivity: 0.01 inches '
Power Requirements: 12 VDC, 15 ma average current

2) 8” Belfort 3000 Precipitation Gauge with Wyoming Wind Shield
Sensor Type: Mechanical weighing-type gauge
Collector orifice: 50.24 sq. in. (8 in diameter)
Capacity: Up to 19.5 inches of precipitation
Accuracy: + or - 0.15 inches of precipitation span
Sensitivity: 0.025 inches
Power Requirements: 12 VDC, 15 ma average current

Meteorological Tower (1 minute averaged data):

a. Wind Spéed & Direction - R.M. Young Wind Monitor @ 3 meters and 10 meters
b. Temperature & Relative Humidity - Vaisala HMP25C Temp/RH Probe @ 2 meters
c. Precipitation Detector - Vaisala DRD11A Precipitation Detector '

d. Snow Depth Sensor - Campbell SR50 snow depth sensor

Manual Precipitation Measurements:

Manual measurements of precipitation were made at 15 minute intervals with a 30 cm
Wide by 50 cm Long by 2.54 cm Deep aluminum pan that was coated with de-icing fluid to keep
snow from blowing out of the shallow pan. The pan and precipitation were weighed every 15 min-
utes on a digital electronic scale and then recoated with fluid before replacing outside (See Snow
Pan Measurement L.og Sheet).

Fluid Test Stand:

A apparatus was designed and constructed by NCAR for testing fluids. It consisted of a rota-
tional stand with 5-30x50 cm aluminum panels and a 30x50 cm snow pan. Each panel was
marked with lines at 2.5 and 15 cm from the panel top edge, with fifteen cross-hair points. If there
is any wind, the test panel was oriented such that the panels are facing into the wind at the begin-
ning of the test. The test apparatus also includes an air temp/rh probe, panel temperature and
windspeed sensor from which 1 min data is recorded. A video camera and halogen light are also
mounted on the test apparatus for time-lapse imaging of the fluid tests (See diagram).

Page 2
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Fluid Application & Fluid Temperature:

The fluid was poured onto the plates from plastic one-quarf bottles until the test panels are
completely saturated. Store the fluids in containers at ambient outside air temperature (cold-
soaked).

Videorecorder:

A Panasonic WV-BP314 CCD 570 line resoution B/W camera was used to record the fluid tests
on a Panasonic AG6730 SVHS time-lapse VCR at 4 second intervals.

Holdover Time Testing:

Set the timer on as the first fluid application starts. Note the time when fluid application is com-
pleted. Commence recording the test with a video recorder at time zero (0) and then at one (1) and

- five (5) minute intervals fro freezing rain and snow respectively until the test reaches the END

CONDITIONS. Record the elapsed time (holdover time) required for the precipitation to achieve
the test END CONDITION. In heavy precipitation, continue the test until the precipitation
reaches the bottom of the panel. Record the time for this event. See Ground Icing Log Sheet.

End Conditions:

The plate failure time is that time required for the end condition 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:

1) There is visible accumulation of snow (not slush, e.g. white snow) on the fluid at the
crosshair when viewed fro the front (i.e. perpendicular to the plate). The crosshair does NOT need
to be obscured (as was the case in the 199001991 test season), you are looking for an indication
that the fluid can no longer accommodate the precipitation at this point. OR.....

'2) This condition is only applicable during freezing rain/drizzle, freezing fog or during a mix-
ture of snow and freezing rain/drizzle. When precipitation or frosting produces a “loss of gloss”
(i.e. a dulling of the surface reflectivity) or a change in color (dye) to grey or greyish appearance
at any five crosshairs, or ice (or crusty snow) has formed on the crosshair (look for ice crystals).

As these determinations are subjective in nature, the following is very important: 1) Whenever
possible, have the same individual make the determination that a crosshair has failed, 2) When
making such determination, ensure consistency in the criteria used to call the end of a test, 3)
Under light snow conditions, snow may sometimes build up on the fluid and then be absorbed
later as the fluid accommodates for it. If this occurs, record the first time snow builds up and note
(in the comments) that there was “un-failure” at a specific crosshair.

TEST RESULTS

The fluid test results for the tests performed by NCAR during the 1997 winter season are sum-
marized in Chart 1, Chart 3, Chart 4 and in the table (Sheet 1).

Page 3



NCAR/Marshall Anti/De-Icing Fluid Test Apparatus

Video Camera

Light

Wind Speed 5

Data logge SN N\E&, ®

® '@@‘:@ Fluid Test Panels

P

National Center for Atmospheric Research

NCAR/RAP 05/30/97
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1996-97 Snow/Precip/Wind Events: NCAR/IVIarshallWin'ter Test Site

September 1996 Qctober 1996
Sun Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat |
1 2 3 4 5 6 7 1 2 3 4 5 ’
8 9 10 11 12 13 14 6 7 8 9 10 11 . 12
Rain(0.4in) E -
15 16 17 18 lg incL0i 20 21 13 14 15 16 17 18 19
Rain(0.5in) m\ggn;:l in) ' Rain(0.5in)
(G28kts)
22 23 24 125 26 27 28 20 21 122 23 24 25 26
Rain(0.5in) Snow(1.0in) | Snow(2.0in) Rain(0.5in)
29 30 27 28 29 30 31
Wind
(Gust:95mph, ’
November 1996 December 1996
Sun Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat
1 2 1 2 3 4 5 6 7
Snow(2.0in) Wind Wind Wind Wind Wind Wind Wind
(Gust:59mph)(Gust:61mph)(Gust:48mph )} (Gust:48mph}(Gust: 76mph)|(Gust:36mph}{Gust: 53mph)
3 4 5 6 7 9 8 9 10 11 12 13 14
Wind Wind Wind Wind © Wind Wind Wind
Gust:52mph)|(Gust:31mph){ (Gust:49mph) (Gust:51mph)(Gust:50mph) (Gust:50mph (Gust:63mph
10 11 12 13 14 15 16 15. 16 wing [17 wind (18 19 20 21
Fog Snow --> | Snow(6.0in) Wind  {(Gust:44mph)|(Gust:24mph) ~ Wind Wind Wind
(Gust:38mph)  Snow _ Snow(3.5in)| (Gust:25mph}(Gust:25mph (Gust:S5mph)
17 18 19 20 21 22 23 22 23 wind 24 25 26 27 28
Wind Wind Fog Snow(1.0in) Wind Gust:37mph) Wind Wind Wind Wind Wind
(Gust:59mph (Gust:40mph s,,ogv(o.s,-‘i,) (Gust:57mph)(Gust:43mph)| (Gust:48mph}(Gust:56mph)}(Gust:52mph)
24 25 26 27 28 29 30 29 30 31
. " Wind Wind
S =) X .. X
now --> | Snow(3.0in) Snow --> | Snow(3.0in) (Gust:42mph|(Gust43mph
January 1997 February 1997
Sun Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat
1 2 3 4 1
Wind Wind . Wind
. (Gust:49mph) (Gust:33mph (Gust 41mph)
5 6 7 8 9 1(/)% o Ai 11 2 3 Wind 4 5 6 [7 8
. . ctic Air iy Wind ’
Snow(2.0in) Snow Snow --> (Gust 51mph)(Gust 38mph) Snow --> Snow --> | Snow(3.0in)
12 13 14 15 16 17 18 9 10 11 12 13 14 15
i Arctic Air . - Wind
Snow(4.0in) Snow(4.0in) Snow(1.0in)| Snow(3.0in) (Gust 49mph
19 20 21 22 23 24 25 16 17 18 19 20 21 22
Wind Wind Wind Wind Wind Wind Wind Rain(0.16in)
(Gust:60mph)(Gust:6 1 mph)} (Gust 36mph} (Gust 30mph](Gust 38mph)  |(Gust 34mph)|(Gust 34mph Snow. Snow(2.0in) | Snow(4.0in) o
26 27 28 29 30 K) 23 24 25 26 27 28
Wind Wind Wind Wind
(Gust 64mph)| Snow(2.0in) |(Gust 41mph) Snow(1.5in) [ (Gust 39mph) (Gust 62mph Snow(3.0in) | Snow(1.0in) Snow(4.0in) Snow -->
March 1997 April 1997
Sun Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat
’ 1 1 2 3 4 5
Snow(3.0in) Snow --> | Snow(3.5in) Rain--> Snow(2.0in)
2 3 4 5 6 [7 i 8 6 7 8 9 10 11 12
wind Wind Wind Wind
(Gust 44mph) Snow(1.0in) [(Gust 35mph, (Gust 39mph)(Gust 34mph ) Snow --> | Snow(6.0in)| Snow(1.0in)
9 10 11 12 13 14 15 13 14 15 16 17 18 19
Wind
(Gust 39mph Snow --> | Snow(4.0in)| Snow(1.0in) Rain(0.2in)
16 17 18 19 20 21 22 20 21 22 23 24 25 26
Rain/
Rain(0.16in)| Snow --> [Snow(15.0in)| Snow(1.0in)
23/30 24/31 25 26 27 28 29 27 28 29 30
Wind Wind Wind Wind
Snow(1.0in) (Gust 43mph)(Gust 43mph (Gust 58mph)(Gust 39mph)

| Marshall Snow Totals for Sep’96 thru Apr 1997 = 93.0” snow depth (Avg for Boulder = 80" |
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NCAR/RAP Marshall Winter Testing Procedures

(1) Make sure Present Weather/Visibility Sensor PC’s are operational, logging data, and PC clocks = GMT.

(2) Snow Pan measurements every 15 minutes using 30cm x 50cm aluminum pans and fill in snow log sheet:

a) 1-pan coated w/ Anti-icing Fluid outside on manual measurement stand
b) Weigh snow pan every 15 minutes and record pan weight (grams)
¢) Measure Snow Depth inside SR50 Snow Depth Shield every 15 minutes (cm)

(3) Manual Visibility measurements every 15 minutes using utility pole markers.

(4) Snow Crystal observations every 15 minutes and videotape crystals using snow crystal box/video camera:

a) Note crystal type, size, riming, and aggregation size on log sheet
b) Make sure snow crystal video camera/VCR is working and crystal plate is cleaning off adequately

(5) Mobile CLASS sounding at beginning of storm and/or middle or end of event, as time permits.

(6) Mobile 2-D Video Distrometer van - Turn on data system.

(7) Anti-icing fluid tests on aluminum test panels:

a) Apply fluids to panel A,B,C,D,E and put out 30cm x 50cm snowpan coated w/ Anti-icing fluid
b) Pour 1 quart of fluid on each aluminum test panel (simultaneously if possible)
c¢) Note start time and videotape progression of fluid failure every 5-15 minutes
d) Note 1” failure time and then 6” failure or 5 crosshairs obscured, which is complete failure
- €) Weigh snowpan at failure time of each fluid type and fill in Ground Icing Log Sheet

(8) Video tape Precipitation Gauges every 60 minutes (Snow accumulation on gauges)

3 If you have: Multiply by:  To get:
Marshall Test Site DD 0000 @ = o L
[2] I'——l Fluid Test Panels @ in gggl o
7 & y m
Manual Snow [7] lf:m o2t aile
Measuremnents @ mile 1.609 km
m/s 2237 mph
8 mph 0.4! m/s
[ ] @ - ozp 29.;73 ml
@ Precipitation Gauges oz 0.0625 lbs
ml 0.03382 ozj
oz 1.805 in
e [4] @ 'F 5/9(F-32) c
'8 | . ‘C 9/5(C)+32 'F
i @) Ph: 497-2048 NCAR Snow Rate Definitions:
n = (1] Intensity Liquid Equivalent (in‘hr) | Approx Snow DeptH
Q
6 [5] - —  Crystal Video Light (S-) < 0.04 in./hr (< 1.0 mm/hr) 0.4 in./hr
[6] Winter OpsTrailer . Moderate (S)| 0.04 < 0.1 in./hr (1 < 2.5 mm/hr) | 0.4 in. < 1.0 in/hr
[3] Heavy (S+) | > 0.1 in/hr (> 2.5 mm/hr) > 1.0 in./hr
Fluid Testing Panels _
Snow NWS NCAR NCAR
1" Failure 1" Failure 1" Failure " Tailure 1" Failure Intensity Temp >-1°C
30x50cm I aht () J Vis>20km | Vis> 3.2 km
Snow Pan 6" Failure 6" Failure 6" Failure 6" Failure 6" Failure (> 5/8 mi) G125m) | >20mi)
04t010km | 08t02.0km| 1.6t03.2km
A B C D E Moderate | /160 <5s my |05 10 <125 mb ( o <20)
Heavy (+) V(lzsflg}:il)(m v(l:ofs(:ﬁ)km Vi?iéf:il)(m

Octagon ULTRA Hoechst

Revised: Nov 27, 1996
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LIQUID EQUIVALENT PRECIPITATION GAUGES AND WIND SHIELDS
B. Belfort Gauge w/Aluminum Alter Shield

A. 12” Manual ETI Gauge w/ Lexan Alter Shield
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C. Geonor Gauge w/ Steel Alter Shield

) SNOW
Steel Alter Shield |
o */
T _\l 1
\ [
\ / o
Lo o =
|
——5 _ P
.w

Geonor Model T-200
. National Center for Atmospheric Research
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NCAR/Marshall Anti/De-Icing Fluid Test Apparatus
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APPENDIX J

PROPOSED HOLDOVER TIMES SUBMITTED TO SAE G-12
HOLDOVER TIME SUBCOMMITTEE FOR PITTSBURGH (JUNE 1997)






SAE TYPE IV HOTs (DRAFT 97/98)

Approximate Holdover Times Under

OAT SAE Type IV Fluid Various Weather Conditions
Concentration (hours:minutes)
°C °F Neat-Fluid/Water DRIZZLE OR LIGHT MODERATE OR
(Vol%/Vol%) *FROST | FREEZING SNOW *“FREEZING | LIGHTFRZ RAIN ON COLD HEAVY RAIN ON
FOG DRIZZLE RAIN SOAKED WING COLD SOAKED WING
100/0 18:00 | 2:00-3:00 | 0:56-1:40 | 0:45-1:50 | 8:30-1:00 0:20-0:40
1:30 (Floso (oo ®| o35 O 1:10 L 0:05-0:20
above ] above 75125 6:00 0:40-2:00 | 0:20-1:00 ] ©:20-1:00 | 0:15-0:30 0:10-0:25
oo | 32 0:50 @ 0:25 (3 @ 0:15-0:50 (11) 0:05-0:15 (1)
50/50 4:00 0:15-0:45 | 0:06-0:25 : :
@) 0:06 (L) o:1o-o:2§: 0:06-0:20
100/0 12:00 | 2:00-3:00 | 0:45-1:40| 0:45-1:50 | 0:30-1:.00
1:30 (@|o:30 @) 040 @ 0:35
0 32 75125 5:00 0:40-2:00 | 0-156-1:00 | 9:20-1:00 | 0:15-0:30
to | to » 0:50 (3| 0:20 fo:2s @
-3 27 50/50 3:00 0:15-0:45 | 0:06-0:20 OeOZ-O:—iss
@] 006 () 0:10-0:29
below | below 100/0 12:00 0:35-1:15 ] **0:45-1:50
3 | 2z 025 ()
to to 75125 5:00 "0:20-1:00
41 7 0:25
below | below
14 7 100/0 12:00 | +60-2:00| 0:30-1:10 §
to to 0:20-1:00 | 0:20
25 | 13 )
below | below SAE TYPE IV fluid may be used below -25°C (-13°F) provided the freezing point of the
-25 -13 100/0 fluid is at least 7°C (13°F) below the OAT and the asrodynamic acceptance criteria are
met. Consider use of SAE Type | when SAE Type IV fluid cannot be used.
LEGEND
-0:46-1:40 Current HOT range.
0:30 Proposed HOT range.

Page location of data.

cm1338\present\pittsbur\HO1_TBLS.XLS
ACTYPEIV 97-5-22



SAE TYPE Il HOTs (DRAFT 97/98)

Approximate Holdover Times Under
OAT SAE Type Il Fluid Various Weather Conditions
Concentration {hours:minutes)
°C °F Neat-Fluid/Water DRIZZLE OR LIGHT MODERATE OR
(Vol%/Vol%) *FROST FREEZING SNOW **FREEZING | LIGHT FRZ RAIN ON COLD HEAVY RAIN ON
FOG DRIZZLE RAIN SOAKED WING COLD-SOAKED WING
100/0 12:00 0:20-1:00 | 0:30-1:00 | 0:15-0:30 0:20-0:40 @
0:35-1: 0:15-0:45 0:05-0:15
above | above 75/25 6:00 W 0:15-0:45 | 0:20-0:45 | 0:10-0:25 0:10-0:25
0° 32° 0:25-1: 0:35 0:03-0:10 @
50/50 4:00 % 0:05-0:15 | 0:45-0:25 | 0:05-0:15
0:15-0: 0:10 @
100/0 8:00 0:35-1:30 | 0:20-0:45 | 0:30-1:00 | 0:15-0:30
0 32 75125 5:00 | 0:25-1:00 | 0:15-0:30 | 0:20-0:45 | 0:10-0:25
to to
-3 27 50/50 3:00 | 0:15-0:45 | 0:05-0:15 | ©:45-0:25 | 0:05-0:15
0:10 ‘
below | below 100/0 8:00 0:35-1:30 | ©:20-0:45 |**0:30-1:00| **0:10-0:30
-3 27 0:10
to to 75125 5:00 0:25-1:00 | 9:48-0:30 | *0:20-0:45| **0:10-0:25
14 7 0:10 Q3)
below | below
14 7 100/0 8:00 0:35-1:30 | 0:20-0:45
to to 0:15-1:00 { 0:10
-25 A3
below | below SAE TYPE |l fuid may be used below -25°C (-13°F) provided the freezing point of the
fluid is at least 7°C (13°F) below the OAT and the aercdynamic acceptance criteria are
-25 13 100/0
met. Consider use of SAE Type | when SAE Type Il fluid cannot be used.
LEGEND
-0:46-1:40 Current HOT range.
0:30 Proposed HOT range.
Page location of data.

J-2

Transport Canada (Aug. '96)

CM1222\PRESENTA\OTT_OC95\HO1_TBLS.XLS
TYPE Il 97-5-22



SAE TYPE | HOTs (DRAFT 97/98)

Approximate Holdover Times Under

OAT Various Weather Conditions
(hours:minutes)
°C °F DRIZZLE OR LIGHT MODERATE OR
*FROST FREEZING SNOW “FREEZING | LIGHTFRZ RAIN ON COLD HEAVY RAIN ON
FOG DRIZZLE RAIN SOAKED WING COLD-SOAKED WING

above | above @ @ @

0° 32° 0:45 | 0:42-0:30 | 0:08-0:15 | 0:05-0:08 | 0:02-0:05 0:02-0:05

0:06-0:15 0:01-0:02
0 32 0:45 0:06-0:15 | 0:06-0:15 | 0:05-0:08 | 0:02-0:05

to to

~10 14
below | below 0:45 0.06-0:15 | 0:06-0:15

10 14

LEGEND
-0:46-1:4 Current HOT range.
0:30 Proposed HOT range.
Page location of data.

Tranport Canada (Aug. '96)

c¢m1283\reportihot_sub\HO1_TBLS.XLS
At:TYPE| 97-5-22



NEW SAE TYPE Ill HOTs (DRAFT 97/98)

Approximate Holdover Times Under
OAT Various Weather Conditions
(hours:minutes)
e DRIZZLE OR LIGHT MODERATE OR
°C °F *FROST FREEZING SNOW FREEZING LIGHT FRZ RAIN ON COLD HEAVY RAIN ON
FOG DRIZZLE RAIN SOAKED WING COLD-SOAKED WING
® @ @ ® ®
above | above 0:40 0:15 0:20 0:15 0:12 0:04
0° 32° 5:00 to to to to to to
2:00 1:00 1:00 0:25 0:25 0:12
0 32 0:40 0:15 0:20
to to 4:00 to to to
-3 27 2:00 1:00 1:00

below ] below @ @

-3 27 4:00 0:40 0:12 **0:18
to to to to to
-14 7 2:00 1:00 0:45

below | below |SAE TYPE Il fluid may be used below -14°C (7°F) provided the
freezing point of the fluid is at least 4°C (7°F) below the OAT and

14 7 the aerodynamic acceptance criteria are met. Consider use of

SAE Type | when SAE Type Il fluid cannot be used.

LEGEND

-0:46-1:40 Current HOT range.

0:30 Proposed HOT range.
4 Page location of data.

Transport Canada (Aug. '96)

J-4 REVISION |
cm1283\reportihot_subs\HO1_TBLS.XLS
TYPE HI 97-5-22
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APPENDIX K - FLUID DRY-OUT 1. INTRODUCTION

1. INTRODUCTION

At the request of the Transportation Development Centre of Transport Canada,
APS Aviation Inc. undertook a study to determine a potential test procedure for
determining the dry-out characteristics of anti-icing fluids during flight, and to apply
that procedure to a sample of fluids to determine their dry-out characteristics. The
statement of work for this study is included in Appendix A.

A potential issue has been raised by operators that some amount of anti-icing fluid
may stay on the aircraft during take-off, in quiet areas such as flap recesses. The
concern is that any such fluid will eventually dry-out leaving behind a residue. If
the fluid dries out to a sticky residue in an area where there are moving or mating
surfaces, the stickiness might restrict free movement.

The objective of this study was to establish a procedure to investigate the
characteristics of a film of anti-icing fluid exposed to flight conditions, to determine
the nature of the residue and how it changes with time. It was proposed that use
of a depressurization chamber enabling simulation of altitude and temperature
conditions of typical flight profiles could form the basis for such a procedure.

2. METHODOLOGY
This section describes test sites, equipment, test procedures and data forms, fluids
used, personnel and participants, and analysis methodology.

2.1 Test Sites

The study was conducted at the Centre de Recherche Industriel du Québec
(CRIQ), with some preliminary investigation performed at APS premises.

The CRIQ facilities include a large depressurization chamber which enabled
simulation of flight altitude and temperature profiles which was rented for these
trials.

Some preliminary trials to observe the nature of various fluids as they dried-out,
were conducted at APS offices in Montreal.

2.2 Test Plan

The test plan is shown in Table 2.1. Each of the tests included a climb, cruise

and descent phase. In one test (Run # 6), pans of fluid were exposed to ambient
laboratory conditions to serve as a reference for observations from chamber tests.

G:\CM1338\REPORT\DRY_OUT\DRAFT.WPD
APS AVIATION INC. 4’! K-1 November 13, 1997

APS Aviation Inc.



APPENDIX K - FLUID DRY-OUT 2. METHODOLOGY

2.3 Equipment

The decompression chamber was the principal equipment used in this study. This
was a Thermotron walk-in chamber, model W-195-CHMA-25-25, serial
number 4837. Photo 2.1 (photos are included at the end of this section) shows
the chamber with the door partially opened. Chamber instrumentation included
pen tracking devices to record pressure and temperature versus time, mercury
column, and a monitor to display planned and current test parameters
(Photo 2.2).

Because the chamber was not designed to control humidity, an instrument
capable of measuring relative humidity at the cold temperatures planned (-40°C)
was purchased. This was a Vaisala HMP 233 (Photo 2.3). This instrument
design allowed installation of the relative humidity sensor remotely from the
primary instrument and gauge, inside the altitude chamber. Photo 2.4 shows the
cable from the instrument through a port in the chamber wall, and Photo 2.5
shows the cable emerging from the port inside the chamber, and the sensor head-
mounted behind the table on which the test plates are situated.

TABLE 2.1
TEST PLAN FOR FLUID DRY-OUT
Climb Cruise Descend
Run | Time | Time | Temp. Alt Time Comments
min. | hc: min. °C 1000’ min.
1 0:20 0:20 -25 30 0:20
2 0:25 2:15 -40 35 0:20
3 0:20 0:20 -40 30 0:20
4 0:20 0:20 -60 30 0:20
5 0:20 0:20 -60 30 0:20 Test on water only
6 5:00 ambient | ambient Ambient laboratory
conditions
7 0:20 0 -25 30 0:15

Additional equipment included a scale, sample jars and Brixometer (Photo 2.6).

Fi G:\CM1338\REPORT\DRY_OUT\DRAFT.WPD
November 13, 1997
MM K' 2 APS Aviation Inc.



APPENDIX K - FLUID DRY-OUT , 2. METHODOLOGY

2.4 Test Procedures

2.4.1 Altitude Chamber Procedures

The trials involved exposing small amounts of test fluids in pans to typical flight
profiles represented by altitude, temperature and time.

For each test, the chamber was controlled to simulate a climb to altitude over
a typical time period, cruise at altitude for a defined period and then descent
over a typical period of time. Total flight durations planned were: one hour,
three hours and five hours. Chamber temperatures and pressures were
controlled and recorded over each of the flight stages. The relative humidity in
the chamber was not controllable but was measured with a probe installed
inside the chamber.

Sufficient sets of fluids were planned to enable examination of the effect on
fluids after flights of each duration as well as the cumulative effect following
a number of consecutive flights. A thin film (about 1.25 mm) of each fluid was
tested in disposable aluminum baking pans.

The initial test plan was to include examination of the influence on fluid loss due
to air movement as provided by a fan, however it was found that the chamber
design provided air movement over the plates equivalent to that intended to be
provided by an additional fan, and this was accepted as a standard condition for
all tests.

Figure 2.1 presents the initial test procedure. This procedure was altered
somewhat during the conduct of trials in response to trial results.

2.4.2 Investigative Procedures at APS Premises

These trials were conducted as a preliminary investigation to learn more about
the characteristics of fluids as they progress through the dry-out process.

Small amounts of anti-icing fluids were poured into aluminum and plastic pans
and exposed to ambient conditions in the APS premises. The fluids were
weighed and fluid concentration measured initially and at intervals over a
number of days. The nature of each fluid was observed as it progressively
decreased in volume, and observations of fluid residue appearance and fluidity
were recorded.

Fi G:\CM1 333\REPOR'!\DRY_OU‘!\DR}:;T.WSI;
A November 13, 19
APS AVIATION INC. 4 K-3

APS Aviation Inc.



APPENDIX K - FLUID DRY-OUT 2. METHODOLOGY

FIGURE 2.1
DRY-OUT TEST PROCEDURE

PROCEDURE

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11

12)

13)

14)

15)

Video and photograph the test set-up and results of the test.

Place the table and lighting in the chamber.

Install the relative humidity meter and place the fan in the chamber.
Weigh the pans when empty to establish the tare weight.

Pour 35 mi of fluid into the pans and weigh again, then calculate the
actual fluid weight. A variance of + 10% is acceptable.

Measure the Brix of the fluid before and after its test period.

Set up the trays and the relative humidity meter so they are visible
from the viewing window.

Record the relative humidity at the beginning of the test.

For the 1 hour duration step up to 30 000 ft over 20 minutes.
For the 3 hours duration step up to 35 000 ft over 25 minutes.
For the 5 hours duration step up to 35 000 ft over 30 minutes.

When the chamber reaches its goal elevation record the relative
humidity. If the relative humidity changes while at this altitude,
then record changes every 30 minutes.

Step down to the ambient elevation in the same manner as in step 8).

At the end of each test remove and add trays as outlined on the 7Test
Plan sheet.

Weight the pans again after each duration (this should be done in
the chamber to avoid condensation error). Calculate the final fluid
weight.

Examine any remaining residue and describe it in terms of quantity,
stickiness and adherence. Keep samples of any pans that have dry
residue firmly adhered in powder, scale or other form.

Take samples of any remaining fluid and label.

s mmrcane JITE

G:\CM1338\REPORT\DRY_OUT\DRAFT.WPD
November 13, 1997
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APPENDIX K - FLUID DRY-OUT 2. METHODOLOGY

2.5 Data Forms

Figure 2.2 presents the form used to collect data on each fluid as it progressed
through dry-out. This form was used both for the trials at the altitude chamber
and for the preliminary trials at APS premises.

The altitude chamber instrumentation produced pen traces for both altitude and
temperature and samples are shown in Figures 2.3 and 2.4.

2.6 Fluids

Fluids tested in the altitude chamber trials were:
* Hoechst MPII 1906 Type II;
» Kilfrost ABC-S Type IV;
» Octagon Maxflight Type IV;
» Hoechst Safewing MPIV 1957 Type IV; and
» Union Carbide Ultra+ Type IV.

Fluids tested in the investigations at APS facilities were:
» SPCA AD-404 Type IV;

» Hoechst Safewing MPIV 1957 Type IV; and
* Union Carbide Ultra+ Type IV.

2.7 Personnel

Tests were conducted by APS personnel. Operation of the altitude chamber was
programmed and conducted by CRIQ staff.

2.8 Analysis Methodology

Fluid weight and concentration were measured before and after exposure to the
simulated flight profile. Changes in fluid quantity and concentration were

calculated to quantify the dry-out effect.

Any changes in fluid appearance or fluidity were recorded.

G:\CM1338\REPORT\DRY_OUT\DRAFT.WPD
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2. METHODOLOGY

APPENDIX K - FLUID DRY-OUT

FIGURE 2.3
ALTITUDE TRACE
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APPENDIX K - FLUID DRY-QUT 2. METHODOLOGY

FIGURE 2.4
TEMPERATURE TRACE
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Photo 2.1
Decompression Chamber

Photo 2.2
Decompression Chamber Instrumentation
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Photo 2.3
Vaisala Humidity Sensor

Photo 2.4
Humidity Sensor Installation
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Photo 2.5
Setup in Chamber Showing Relative Humidity Sensor Head

Photo 2.6
Support Equipment
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APPENDIX K - FLUID DRY-OUT 3. TEST DESCRIPTION, DATA AND OBSERVATIONS

3. TEST DESCRIPTION, DATA AND OBSERVATIONS
3.1 Trials at CRIQ Altitude Chamber
3.1.1 Run # 1

Flight condition simulated;
climb for 20 minutes
cruise @ 9 100 m (30 000 ft) for 20 minutes
descend 20 minutes
temperature throughout @ -25°C

In this initial run, a delay of about 20 minutes was experienced following
pouring of fluids into pans and placing in the chamber until decompression was
initiated. During this period, the chamber temperature was lowered to -25°C.

Fluid weight after the flight showed a decrease ranging from 4% to 12%.
Because some or all of the decrease could have occurred during the initial delay,
the results of this test are not reliable. A subsequent test (Run # 6) was
conducted to determine loss in fluids exposed to ambient laboratory conditions
which measured fluid loss in the laboratory environment in the range from 15%
to 25% in a 5 hour period.

Relative humidity in the chamber varied in cycles between 60% down to 15%.
It was eventually determined that the cause of this variation was the
intermittent operation of the chamber refrigeration equipment. Each time the
cooling system turned on, frost formed on the cooling coils and relative humidity
dropped, only to rise again when the cooling system turned off.

When the test was completed and the chamber door opened, it was noted that
the walls and floor of the chamber were frosted.

3.1.2 Run # 2

Flight condition simulated; -
climb for 25 minutes @ -25°C
cruise @ 10 700 m (35 000 ft) for 2 hours 15 minutes @ -40°C
descend 20 minutes @ -25°C
total flight time of 3 hours

In this run, new sets of fluids as well as fluid sets exposed to Run # 1 were
tested.
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APPENDIX K - FLUID DRY-OUT 3. TEST DESCRIPTION, DATA AND OBSERVATIONS

Fluid weights decreased only 0.5 to 5.5% in this run, a lesser amount than in
Run # 1 despite the longer duration. This was assumed to be due to the colder
temperatures during the cruise phase. '

Based on this result, the plan to conduct tests of five-hour flight duration was
abandoned, and instead, tests of shorter duration but colder temperatures were
planned.

3.1.3 Run # 3

Flight condition simulated;
climb for 20 minutes at -25°C
cruise at 9 100 m (30 000 ft) for 20 minutes at -40°C
descend 20 minutes at -25°C
total flight time of 1 hour
The same five fluid types were tested in this run.

Fluid weights following the run showed a slight increase for four of the fluids
and a slight decrease for the fifth. '

Relative humidity varied during the run, with the largest swings observed during
the climb and descent phases. During the cruise phase, relative humidity varied
from 45 to 29% .

3.1.4 Run # 4

Flight condition simulated;
climb for 20 minutes at -25°C
cruise at 9 100 m (30 000 ft) for 20 minutes at -60°C
descend 20 minutes at -25°C
total flight time of one hour
The same five fluid types were tested.

Again fluid weights following the run showed negligible change from start point.

3.1.6 Run # 5

This was a test to determine loss of pure tap water under similar altitude and
temperature conditions. Water was placed in a pan, sufficient to cover the
entire bottom surface. Because of the greater surface tension of the water,
about 140 ml of water was tested.
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APPENDIX K - FLUID DRY-OUT 3. TEST DESCRIPTION, DATA AND OBSERVATIONS

Flight condition simulated;
climb for 20 minutes @ -25°C
cruise @ 9 100 m (30 000 ft) for 20 minutes @ -60°C
descend 20 minutes @ -25°C
total flight time of 1 hour

Weight loss during the test was approximately 4%. Crystals of frost were
observed on top of the cake of ice in the pan.

3.1.6 Run # 6

This was a test of fluid loss in the ambient laboratory condition.

30 ml of each fluid type was poured in individual pans and exposed to the
ambient laboratory condition. Pans were weighed several times to establish rate
of fluid loss.

Over a five hour period, about 25% of the fluid was lost, except for Ultra+
which lost about 15%. ‘

3.1.7 Run # 7

The purpose of this test was to measure fluid loss during the climb stage,
eliminating the cruise stage.

Flight condition to be simulated;
climb for 20 minutes @ -25°C followed by immediate drop to sea level.

In fact due to chamber limitations the flight followed a profile as foliows;
climb for 15 minutes @ -25°C
descend 15 minutes @ -25°C.
At the end of this run, fluid weight showed negligible change.
Table 3.1 presents a summary of these test results along with the test profile.
3.2 Preliminary Investigation at APS Premises
These preliminary trials were conducted for the sole purpose of providing
an indication of the characteristics of each fluid as it progressively dried-out

when exposed to ambient air. The ambient temperature was about 20°C during
these trials.
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APPENDIX K - FLUID DRY-OUT 3. TEST DESCRIPTION, DATA AND OBSERVATIONS

3.2.1 Hoechst MPIV 1957 Type |V

After three days of exposure, the consistency of this fluid had changed,
appearing to have separated into two components; one being watery and loss
viscous than the other. Within the fluid, white flakes at the bottom surface had
formed. These were scattered where the fluid was thinnest, but joined to form
a solid layer where fluid was thicker.

When the fluid eventually dried-out completely, the residue consisted of white
rubbery skin or flakes. The flakes had the appearance of a salt-like substance,
but when rubbed in the fingers, felt soft and rubbery. The residue was easily
peeled off from the surface of the pan. This fluid was the first of the three
types tested.

3.2.2 SPCA 404 Type |V

After three days of exposure, this fluid had become very thick and jellied. The
fluid appeared viscous and a skin had formed on the top of the fluid.

This fluid remained viscous and gluey over the period until it finally dried-out.
When the fluid had dried-out completely, the residue consisted of a rubbery
skin, which was easily peeled away from the surface.

3.2.3 Union Carbide Ultra+ Type IV

After three days of exposure, this fluid had become thin and watery throughout.
The fluid remained in a state of watery consistency while progressing toward dry-
out..

In a separate test of a larger amount of fluid, after an extended period of some
months, an oily substance still remained. This residue was not sticky but felt

like a heavy oil lubricant.

For all fluids, the Brix values progressively increased as the fluid volume
decreased during dry-out.
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4. DISCUSSION
4.1 Results of Trials at CRIQ Altitude Chamber
4.1.1 Loss of Fluid during Climb/Descent Stage

The test limited to climb and descent (Run # 7; climb to 9 100 m (30 000 ft)
and descend; total 40 minutes) showed no net loss of fluid.

4.1.2 Loss of Fluid during Cruise Stage - Effect of Temperature

Runs # 1, 3 and 4 had identical climb/descent times, altitude and cruise times.
A different temperature at altitude was established for each test {(-25°C, -40°C,
-60°C).

Tests conducted at -40°C and -60°C exhibited no loss of fluid. Fluid loss was

observed in the test conducted at -25°C, but due to the delay in starting the
experiment, this result can not be considered to be reliable.

4.1.3 Loss of Fluid during Cruise Stage - Effect of Time and Altitude
Results of Run # 2 can be compared to Run # 3. Cruise time for Run # 2 was
135 minutes versus 20 minutes for Run # 3, and altitude was 10 700 m

(35 000 ft) versus 9 100 m (30 000 ft). Temperature was -40°C in both runs.

Fluid loss in Run # 2 ranged from 0.5% to 6% whereas no fluid loss was
measured in Run # 3.

4.1.4 Loss of Fluid during Ground Stage

Fluid loss during exposure of fluids to ambient ground level laboratory conditions
showed fluid loss for four of the fluids tested at about 25% over a five hour
period. It is interesting to note that these fluids were all based on propylene
glycol. The fifth fluid (which was based on ethylene glycol) experienced a 15%

loss of fluid weight over the same period.

These rates of loss were considerably higher than those experienced at altitude
(Run # 2).

4.2 Validity of Experiment
4.2.1 Altitude Chamber

The relative humidity in the chamber changed markedly each time the
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APPENDIX K - FLUID DRY-OUT 4. DISCUSSION

refrigerating unit cycled on, in some tests ranging between 15 and 60%.
During the tests at -60°C the refrigeration unit operated almost continuousiy and
relative humidity then experienced a smaller excursion between 18 to 27%.

The high relative humidity values seen in the chamber on a cycle basis reflect
the properties of air at altitude where a very small amount of moisture is
sufficient to saturate the air. In this experiment, the air in the surrounding
laboratory and in the chamber prior to evacuation and cooling contained an
absolute amount of humidity sufficient to produce a relative humidity reading
(at sea level) of 30%. It is conjectured that when the chamber was sealed,
evacuated and cooled, the initial amount of humidity in the air could no longer
be supported, the air became saturated and water content was deposited as
frost on chamber walls and on the cooling coils. Fogging of the air in the
chamber did not occur. Any leakage of air from the laboratory environment into
the evacuation chamber would have tended to renew and maintain the high
relative humidity levels.

The degree of influence on results would depend on how faithfully the relative
humidity value experienced in the altitude chamber during test reflected real
relative humidity values of air at flight altitudes and temperatures. As noted,
during the very cold test (-60°C) the cooling unit ran almost continuously
producing values of relative humidity in the range between 18 to 27% , which
may be typical of real conditions. In that event, the extent of fluid loss
experienced during that test (which was too low to be measurable) would be a
valid reflection of an actual flight.

4.2.2 Aircraft Ground Time versus Air Time

The approach taken in these tests addressed fluid dry-out during flight. In real
operations, an aircraft may spend a significant portion of each day on the
ground during scheduled turn-around, over-night parking, and other down time.
Fluid residues on the wing would continue to dry-out during these periods, as
evidenced in tests in which fluids were exposed to ambient ground level
conditions.

Evaluation of fluid dry-out during ground time should be considered in any future
testing.

4.3 Results of Investigations at APS Facilities

The consistency of two of the Type IV fluids observed during these preliminary
trials (Hoechst and Ultra+) became fluid and watery after three days of exposure.
Although the fluids were observed for a period beyond this phase, it is believed
that the thin consistency of these fluids would have resulted in any fluid residues
running off the aircraft prior to reaching the condition of complete dry-out. In that
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event, the reported nature of these two fluids at complete dry-out is irrelevant.

On the contrary, the third fluid (SPCA AD-404) became very thick and jellied. If
this result was a reliable indicator of the nature of this fluid, then any residue of
this fluid remaining on an aircraft might persist until complete dry-out was
reached. At complete dry-out, the residue consisted of a rubber like skin which
was easily peeled from the pan surface.

5. CONCLUSIONS

Evaporation of fluid during flight at typical jet flight altitudes and temperatures
appears to be a very slow process. Fluid loss during ground time proceeds at a
faster rate and aircraft time on ground may be the principal influence on time for
fluid residues to dry-out.

The altitude chamber used in these trials was not designed to control humidity, and
relative humidity in the chamber experienced wide variations during the tests.
Although the inability to control humidity may have had some effect on the resulits,
observations during the very cold test when the relative humidity was relatively
stable and of low value indicate that the degree of influence was minor.

Observations of the nature of three fluids as they progressed toward dry-out in a
ground level environment showed that two fluids quickly become thin and watery,
which would promote draining of any fluid residues from the aircraft. The third fluid
became thick and viscous, which would discourage it from draining from the aircraft.

Any further tests of fluid dry-out should consider the use of humidity/temperature
control chambers to observe what actually happens to the fluid as it progresses
toward dry-out. While observing dry-out in a humidity chamber would promote an
understanding of the nature of the fluid, it would not provide a complete
understanding of the fluid life on aircraft surfaces in operation, and the time to
reach full dry-out. [n real operations, periodic exposure of fluid residue on aircraft
surfaces to precipitation would also impact the dry-out process.

6. RECOMMENDATIONS

Future trials to examine the nature of fluids as they progress toward dry-out should
consider the use of a humidity/temperature control chamber as simulation of the
impact of flight conditions does not appear necessary.
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APPENDIX L - COMPARISON OF SPECIFIC FLUIDS TO THE WORST CASE FLUID

COMPARISON OF SPECIFIC FLUIDS TO THE WORST CASE FLUID

The following figures (Figures L.1 to L.5) are of the same form as Figures 5.10 to
5.14 except that they indicate the percent enhancement the individual fiuids
exhibit relative to the worst case table on a cell-by-cell basis. Each figure shows
all cells for a particular type of precipitation.

As an example, consider the centre cell of Figure L.2, which compares the percent
enhancements of individual Type IV 75/25 fluid in the snow category (in the
temperature range of O to -3°C) relative to the worst case holdover times for these
same conditions. Only two of the five individual fluids exhibit average holdover
times greater than 50%, relative to the worst case table cell. According to the
intended proposal, only these two fluids should receive credit for increased
protection. Figures L.6 to L.10 show the fluid-specific tables generated from
these considerations. The holdover times in these tables which have been
credited with increased protection appear in large print and can be compared with
identical cell values from the worst case table shown in Table 5.4.
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FIGURE L.6
SAE TYPE IV CURRENT/PROPOSED HOT'S

Regression Method |

FLUID C-?00 SPECIFIC HOT TABLE

Based on > = 50% Superior Performance

Approximate Holdover Times Anticlpated Under
OAT Type IV Fluld Various Weather Conditions
Concentration {hours:minutes)
°C °F Neat-Fluid/Water DRIZZLE OR LIGHT
(% by volums) *FROST | FREEZING SNOW *“FREEZING LIGHT FRZ RAIN ON COLD
FOG DRIZZLE RAIN SOAKED WING
100/0 18:00 | 2:00-3:00| 0:55-1:40 | 0:45-1:50 | 0:30-1:00 0:20-0:40
138 47-87 40-60 37-57 31-110
abovejabove 75125 06:00 | 0:40-2:00| 0:20-1:00 j 0:20-1:00 | 0:15-0:30 0:10-0:25
0° 32° 66 22-42 29-61 17-28 16-34
50/50 04:00 | 0:15-0:45| 0:05-0:25 | 0:07-0:15 | 0:05-0:10
21 7-18 12-18 8-12
100/0 12:.00 |2:00-3:00] 0:45-1:40 | 0:45-1:50 | 0:30-1:00
138 33-61 40-60 37-57
0 32 7525 05:00 | 0:40-2.00| 0:15-1:00 { 0:20-1:00 0:15-0:30
to to 66 19-36 29-61 17-29
-3 27 50/50 03:00 |0:15-0:45] 0:05-0:20 | 0:07-0:15 | 0:05-0:10
21 6-14 12-18 8-12
below] below 100/0 12:.00 | 2:00-3:00 | 0:35-1:15 | **0:45-1:50 | **0:30-0:55
3| 27 74 2139 | 48-94 | 2843
o | to 75125 05:00 |0:40-2:00 [ 0:15-1:00 | **0:20-1:00 | *0:10-0:25 |
417 68 *15-29 29-61 17-29
below] below
14 7 100/0 12:00 | 1:00-2.00| 0:30-1:10
to | to 51 17-32
-25 -13
below] below SAE TYPE IV fluid may be used below -25°C (-13°F) provided the freezing point
-25 -13 100/0 of the fluid is at least 7°C (13°F) below the OAT and the aerodynamic acceptance
criteria are met. Consider use of SAE Type | when SAE Type IV fluid cannot be used.

* Insufficient data for fluid C-702, used fluid C-707/C-700

Firm
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FIGURE L.7
SAE TYPE IV CURRENT/PROPOSED HOT'S

Regression Method

FLUID C-?02 SPECIFIC HOT TABLE

Based on > = 50% Superior Performance

Approximate Holdover Times Anticlpated Under
OAT Type IV Fluld Varlous Weather Conditions
Concentration {hours:minutes)
°C °F Neat-Fluld/Water DRIZZLE OR LIGHT
{% by volume) *FROST | FREEZING SNOW **FREEZING LIGHT FRZ RAIN ON COLD
FOG DRIZZLE RAIN SOAKED WING
100/0 18:00 | 2:00-3:00] 0:55-1:40 | 0:45-1:50 | 0:30-1:00 0:20-0:40
138 47-87 40-60 37-57 22-51
above]above 75125 06:00 | 0:40-2.00} 0:20-1:00 | 0:20-1:00 | 0:15-0:30 0:10-0:25
oo | 32 66 22-42 2061 | 32-55 16-34
50/50 04:00 [ 0:15-0:45| 0:05-0:25 | 0:07-0:15 | 0:05-0:10
21 718 | 32-77 | 17-32
100/0 12:00 | 2:00-3:00]| 0:45-1:40 | 0:45-1:50 | 0:30-1:00
138 3361 40-60 37-57
0 32 75125 05:00 | 0:40-2.00] 0:15-1:00 | 0:20-1:00 | 0:15-0:30
to | to 66 19-36 2061 | 32-55
-3 27 50/50 03:00 | 0:15-0:45} 0:05-0:20 | 0:.07-0:15 | 0:05-0:10
21 614 | 32-77 | 17-32
below} below 100/0 12:00 | 2:00-3:00| 0:35-1:15 | **0:45-1:50 | **0:30-0:55
-3 27 39 21-39 28-60 28-43
to to 75125 05:00 | 0:40-2:00| 0:15-1:00 | **0:20-1:00 | **0:10-0:25 |}
14 | 7 36 *15-29 2061 | 32-55 |
below] below
14 7 100/0 12:.00 | 1:00-2:00| 0:30-1:10
to to 22 17-32
-25 -13
below} below SAE TYPE IV fluid may be used below -25°C (-13°F) provided the freezing point
-25 -13 100/0 of the fluid is at least 7°C (13°F) below the OAT and the aerodynamic acceptance
criteria are met. Consider use of SAE Type | when SAE Type IV fluid cannot be used.

* Insufficient data for fluid C-702, used fluid C-707/C-700

Firm

Change Based on Firm Number from Colder Condition
Increased Because Lower Limit was Increased

em1338\reportihot_subs\COL_TBLS.XLS
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FIGURE L.8
SAE TYPE IV CURRENT/PROPOSED HOT'S

Regression Method

FLUID C-?07 SPECIFIC HOT TABLE

Based on > = 50% Superior Performance

Approximate Holdover Times Anticipated Under
OAT Type IV Fluld Varlous Weather Conditions
Concentration (hours:minutes)
°C °F Neat-Fluld/Water DRIZZLE OR LIGHT
(% by volume) *FROST FREEZING SNOW FREEZING LIGHT FRZ RAIN ON COLD
FOG DRIZZLE RAIN SOAKED WING
100/0 18:00 | 2:00-3:00| 0:55-1:40 | 0:45-1:50 0:30-1:00 0:20-0:40
138 47-87 40-60 37-57 22-51
above]above 75/25 06:00 | 0:40-2:00] 0:20-1:00 | 0:20-1:00 0:15-0:30 0:10-0:25
0° 32° 66 22-42 29-61 17-29 16-34
50/50 04:00 | 0:15-0:45] 0:05-0:25 | 0:07-0:15 0:05-0:10
35 | 14-24 | 18-36 | 14-22
100/0 12:00 | 2:00-3:00| 0:45-1:40 | 0:45-1:50 0:30-1:00
138 33-61 40-60 37-57
0 32 75/25 05:00 | 0:40-2.00] 0:15-1:00 | 0:20-1:00 0:15-0:30
to to 66 19-36 29-61 17-29
-3 27 50/50 03:00 | 0:15-0:45] 0:05-0:20 | 0:07-0:15 0:05-0:10
35 | 14-24 | 18-36 | 14-22
below}] below 100/0 12:00 {2:00-3:00{ 0:35-1:15 | *0:45-1:50 { **0:30-0:55
-3 27 -39 21-39 28-60 28-43
to to 75125 05:00 | 0:40-2:00| 0:15-1:00 | **0:20-1:00 | **0:10-0:25 |
1417 24 *15.29 2961 17-29
below] below
-14 7 100/0 12:.00 | 1:00-2:00§ 0:30-1:10
to to 22 17-32
-25 -13
below] below SAE TYPE IV fluid may be used below -25°C (-13°F) provided the freezing point
-25 -13 100/0 of the fluid is at least 7°C (13°F) below the OAT and the aerodynamic acceptance
criteria are met. Consider use of SAE Type | when SAE Type |V fluid cannot be used.

* Insufficient data for fluid C-702, used fluid C-707/C-700

Firm
Change Based on Firm Number fr Colder C ition

cm1338\weporithot_subs\COL_TBLS.XLS
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FIGURE L.9
SAE TYPE IV CURRENT/PROPOSED HOT'S

Regression Method

FLUID C-?08 SPECIFIC HOT TABLE

Large #'s Based on > = 50% Superior Performance

Approximate Holdover Times Anticipated Under
OAT Type IV Fluid Varlous Weather Conditions
Concentration (hours:minutes)
°C °F Neat-Fluld/Water DRIZZLE OR LIGHT
(% by volume) *FROST | FREEZING SNOW *FREEZING | LIGHT FRZ RAIN ON COLD
FOG DRIZZLE RAIN SOAKED WING
100/0 18:00 | 2:00-3:00| 0:55-1:40 | 0:45-1:50 | 0:30-1:00 0:20-0:40
138 4787 |95-120| 3757 22-51
above]above 75125 06:00 | 0:40-2:00| 0:20-1:00 | 0:20-1:00 | 0:15-0:30 0:10-0:25
0o | 32 66 | 22103 [74-120| 49-74 16-34
50/50 04:00 | 0:15-0:45| 0:05-0:25 | 0:07-0:15 | 0:05-0:10
97 | 82 |53-100( 33-53
100/0 12:00 | 2:00-3:00] 0:45-1:40 | 0:45-1:50 | 0:30-1:00
138 | 48-94 [55-120| 3757
0 32 75125 05:00 | 0:40-2:00{ 0:15-1:00 | 0:20-1:00 | 0:15-0:30
to | to 66 | 19103 [74-120| 49-74
-3 27 50/50 03:00 | 0:15-0:45| 0:05-0:20 | 0:07-0:15 | 0:05-0:10
97 e82 [53-100} 33-53
below] below 100/0 12:00 | 2:00-3:00| 0:35-1:15 | **0:45-1:50 | **0:30-0:55
-3 27 39 21-39 28-60 28-43
to to 75125 05:00 | 0:40-2:00] 0:15-1:00 | **0:20-1:00 | **0:10-0:25
el I % | 21-48 | 2961 17-29
below] below
14 7 100/0 12:.00 | 1:00-2:00| 0:30-1:10
to to 22 17-32
-25 -13
below] below SAE TYPE IV fluid may be used below -25°C (-13°F) provided the freezing point
-25 -13 100/0 of the fluid is at least 7°C (13°F) below the OAT and the aerodynamic acceptance
criteria are met. Consider use of SAE Type | when SAE Type |V fluid cannot be used.
Firm

Change Based on Firm N er from Colder Conditi

cm1338\reportthot_subs\COL_TBLS.XLS
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FIGURE L.10

SAE TYPE IV CURRENT/PROPOSED HOT'S
Regression Method

FLUID C-?09 SPECIFIC HOT TABLE

Based on > = 50% Superior Performance

Approximate Holdover Times Anticipated Under
OAT Type IV Fluid Various Weather Conditlons
Concentration {hours:minutes)
°C °F Neat-Fluld/Water DRIZZLE OR LIGHT
(% by volume) *FROST FREEZING SNOW “*EREEZING LIGHT FRZ RAIN ON COLD
FOG DRIZZLE RAIN SOAKED WING
100/0 18:00 | 2:00-3:00| 0:55-1:40 0:45-1:50 0:30-1:00 0:20-0:40
138 |71-120185-1201 63-85 22-51
above]above 75125 06:.00 | 0:40-2.00| 0:20-1:00 0:20-1.00 0:15-0:30 0:10-0:25
0o | 32 66 | 36-63 | 51-83 | 17-29 16-34
50/50 04:00 | 0:15-0:45] 0:05-0:25 0:07-0:15 0:05-0:10
21 7-18 12-18 8-12
100/0 12:00 | 2:00-3:.00| 0:45-1:40 0:45-1:50 0:30-1:00
138 | 58-79 |85-120| 63-85
0 32 75125 05:.00 | 0:40-2:.00| 0:15-1.00 0:20-1:00 0:15-0:30
to | to 6 | 36-63 | 51-83 | 1729
-3 27 50/50 03:00 | 0:15-0:45| 0:05-0:20 0:07-0:15 0:05-0:10
21 6-14 12-18 8-12
below] below 100/0 12:00 {2:00-3:00| 0:35-1:15 | **0:45-1:50 | **0:30-0:55
3| 27 62 | 46-79 | 2860 28-43
to to 75125 05.00 | 0:40-2.00] 0:15-1:00 | **0:20-1:00 | **0:10-0:25 e
41 7 36 36-63 | 2961 17-29
below| below
14 7 100/0 12:00 | 1:00-2:.00| 0:30-1:10
to { to 43 17-32
-25 -13
below] below SAE TYPE IV fluid may be used below -25°C (-13°F) provided the freezing point
-25 -13 100/0 of the fluid is at least 7°C (13°F) below the OAT and the aerodynamic acceptance
criteria are met. Consider use of SAE Type | when SAE Type IV fluid cannot be used.
Firm

Change Based on Firm Number from Colder Condition

Increased Because Lower Limit was Increased
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APPENDIX M

DEICING FLUID EVAPORATION TRIALS






APPENDIX M 1. INTRODUCTION

1. BACKGROUND

This supplemental series of tests was conducted following discussions with a North
American carrier. This operator was very interested in the possibility of installing
a procedure for removing contamination following the end of a storm with a very
low concentrate deicing fluid, and without an overspray of anti-icing fluid. A
typical operating situation would be instances when overnight snow has ceased
prior to morning start-up, and aircraft wings require deicing prior to first flight. As
snow fall has ceased, there is no operational requirement for a holdover time. The
objective of achieving maximum economic benefits would be met only if the
concentration level of the deicing fluid was not limited by the current freeze point
buffer of 10°C as specified in SAE ARP4737.

To better understand the implications of this approach and any potential risks
associated with it, it was decided to conduct trials on flat plates to determine what
happens when a heated deicing fluid of a range of concentrations is applied without
a subsequent overspray of anti-icing fluid. Does the fluid film evaporate or freeze?
Is the result a bare, dry surface? What is the impact of evaporation on the
concentration of any fluid residue that is left behind?

2. OBJECTIVES
The objectives of this series of trials were:

& To determine whether a bare dry surface resulted from application of a heated
deicing fluid at low concentration; and

® To determine the effect of evaporation on the concentration of any fluid
remaining on the plate surface.

Variables considered in the trials were:
® Fluid concentration;
Ambient air temperature;
Condition of plate surface;
Quantity of fluid applied;
Slope of test surface;
Impact of snow on test surface; and
Use of cold-soaked boxes.

G:\CM1338\REPORT\BUFFER\PLAT_DFT
WFJ M-1 September 25, 1997
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APPENDIX M 3. PROCEDURES

3. PROCEDURES
3.1 Test Sites

These tests were conducted at the APS test site at Dorval Airport and in the
National Research Council Climatic Engineering Facility at Ottawa.

To eliminate influence of wind on results, tests at the APS site were conducted
inside the site trailer. Photo 3.1 (photos are included at the end of this section)
shows a test set-up inside the trailer, with a cold-soaked box mounted on a plate
stand. Initial tests were conducted at the APS site at ambient temperatures in
the range of -5°C or higher. Later tests were conducted at the National Research
Council Climatic Engineering Facility in colder temperatures near -10°C. In one
test, natural snow was carried from outdoors and scattered on the test plate.

3.2 Equipment

Principal equipment included in these trials was;
® Flat plates on test stand, mounted at 10° and 2° to the horizontal;
Cold-soaked boxes, 2.5 and 7.5 cm (1 and 3") deep;
Thermistor sensors, temperature loggers and software;
Brixometer;
Temperature probe;
Thickness gauges;
Kettles for heating fluids; and
Still and video cameras.

The flat test plates were buffed with Scotchbrite pads prior to test.

In one test, a new plate with a smooth polished surface was used. In one test,
the test plate was treated with BFGoodrich Ice EX water repellent.

Photo 3.2 shows plates with thermistor sensors installed, mounted on the test
stands.
3.3 Test Procedures and Data Forms

A test plan (Table 3.1) was structured to conduct trials at different temperatures
and fluid concentrations. Other variables were included on a one time basis.

The parameters for standard trials were:
e Flat plate used in holdover time trials, but with surface cleaned with

Scotchbrite pads;

G:\CM133B\REPORT\BUFFER\PLAT_DFT
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APPENDIX M 3. PROCEDURES

® Piate slope at 10°;

® Fluid heated to 80°C;

® Fluid concentration at 2%, 10%, and standard; and

® Ambient temperature in range O to -5°C and -8 to -13°C.

In preparation for test, thermistors (two) were mounted on the flat plates at the
15 cm (6") line. Plates were mounted on the stand at the desired slope. The
standard slope for these tests was 10°. In one run, a 2° slope was tested to
assess impact of different slopes.

For each run, the desired concentration of fluid was prepared, and then heated
in a kettle to 80°C. The fluid was poured on the plate and results were observed.
The pattern and extent of surface coverage was noted and sketched at 5, 10, 15,
and 20 minutes following pouring of fluid. Photo 3.3 shows a typical fluid/bare
surface pattern on a plate. Photo 3.4 is another view of the streaking on the
surface as it dries out. In this view, the bead of fluid at the bottom edge can be
seen.

Fluid initial Brix values were measured prior to heating, and final values for any
fluid residue on plates were measured (Photo 3.5). Some tests were rerun to
allow measurement of fluid thickness without disturbing other test parameters
{(Photos 3.6 & 3.7).

Cold-soaked boxes with depths of 2.5 and 7.5 cm (1 and 3") were used on two
test occasions to examine the impact of their heat sink properties. The box
temperatures were the same as ambient temperature {(not cold-soaked) for these
runs.

Data were recorded on Hot Fluid Test Form shown in Figure 3.1.

3.4 Fluids

Fluids tested were Union Carbide ADF at concentrations of 2%, 10% and
standard strength XL54. Water was used in one test. All fluids were heated to
80°C prior to pouring on plates.

3.5 Personnel and Participation

APS Aviation staff prepared and performed the tests, and gathered and analysed
the data.

G:\CM1338\REPORT\BUFFER\PLAT_DFT
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TEST PLAN FOR FLUID EVAPORATION TESTS

TABLE 3.1

TEST FLUID SURFACE FLUID

# # TYPE QUANTITY SLOPE COMMENTS
Litres

1 XL564 STD 50% 10° STD Base Case
2 XL54 STD 50% 10° Duplicate # 1
3 XL54 STD 50% 10° Brix Curve
4 XL54 STD 50% 10° Dye Test for Video
5 10% STD 50% 10° Concentration Effect
6 2% STD 50% 10° Concentration Effect
7 Water STD 50% 10° Concentration Effect
8 XL54 STD 160% 10° Quantity Effect
9 XL54 2.5 cm BOX 50% 10° Heat Sink Effect
10 XL54 7.5 cm BOX 50% 10° Heat Sink Effect
1 XL54 New plate 50% 10° Surface Condition
12 XL54 STD 50% 2° Slope Effect
13 XL564 STD 650% 10° Temperature Effect
14 2% STD 50% 10° Brix Effect
16 2% STD 50% 10° Duplicate # 11
16 2% STD 50% 10° Duplicate # 2

File: g:\cm1338vepart\buffer\PLAN.XLS
Printed: 26/09/97
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APPENDIX M 3. PROCEDURES

3.6 Analysis Methodology

Test data was entered on a Microsoft Excel spreadsheet for analysis. Processed
data was presented in the form of bar charts to enable comparison of results of
different test parameters.
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APPENDIX M

3. PROCEDURES

Test Plate with Thermistor Sensors

Photo 3.1
Test Setup

Photo 3.2

G:\CM1338\REPORT\HOT_SUBS\PHOTOS\AM3_1-2.WPD
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APPENDIX M 3. PROCEDURES

Photo 3.3
Surface Dry-Out Pattern

Photo 3.4
Surface Streaking
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APPENDIX M

3. PROCEDURES

Photo 3.5
Surface Measuring Refractive Index

Photo 3.6
Measuring Thickness of Fluid Residue
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APPENDIX M 3. PROCEDURES

Photo 3.7
Surface Measuring Refractive Index
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APPENDIX M 4. DESCRIPTION OF DATA AND OBSERVATIONS

4. DESCRIPTION OF DATA AND OBSERVATIONS
4.1 Trial Results

Table 4.1 presents a log of all successful tests conducted. The log provides
information on the parameters tested, (temperature, fluid concentration, plate
slope and condition) as well as observed and measured results (Brix values, area
of plate left bare, fluid thickness).

Table 4.2 presents a schematic view of trials conducted, giving the parameter
under test and the test temperature condition.

The extent of the test plate left bare of fluid was estimated subsequent to the
tests, based on sketched drawings of fluid coverage. The accuracy of both the
sketching process and the subsequent estimate of coverage were dependent on
the individual testers ability in performing these tasks. Any further trials should
examine this requirement and explore alternative approaches. Some scatter in
results may have been introduced by the use of plates in different tests whose
surface condition was not exactly the same. Test personnel were changed for
different test occasions which may have contributed to scatter in data values,
particularly for estimates of percentages of plate left bare and dry.

The initial fluid Brix values showed some variance between tests. This is thought
to be a result of the fluid heating procedure when some fluids may have been held
at a high temperature prior to pouring, longer than others. A greater degree of
evaporation would result, with related higher Brix values.
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TABLE 4.2
OUTLINE OF TEST CONDITIONS

Temperature
-10°C -5°C o°C
H20 7
2% 13, 24 6
5%
10% 18 5
XL54 25 | | 1,2
1.5L XL54 19 8
Boxes _ 9,10
Clad Plate 11
lce-Ex 20
Snow 21
Type O | 22, 23
Slope 12

cm1338\reportibuffer\Outline
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APPENDIX M 5. ANALYSIS AND DISCUSSION

5. ANALYSIS AND DISCUSSION

This section discusses and compares test results of varied test parameters. To
assist in this analysis, test results were charted in various formats.

Figure 5.1 presents information on extent of plate left bare at noted times following
pouring of fluid.

Figure 5.2 presents information on Brix values measured for the initial heated test
fluid and at selected points on the plate at 20 minutes following pouring of fluid.

Figure 5.3 presents information on fluid thickness at the 15 and 38 cm (6 and 15")
lines and at the lower edge of the plate, at 20 minutes following pouring of fluid.

The presentation of each of these charts enables a comparison of results based on
different fluid concentrations and well as based on different ambient temperatures.

5.1 Influence of Fluid Concentration
5.1.1 Area of Plate Surface Left Bare

In the temperature range from 0°C to -5°C, the percentage of plate left bare and
dry increases markedly as the concentration of the fluid is decreased. From
Figure 5.1, the results at this temperature range are:

Standard mix 7% bare 10% mix 35% bare
2% mix 95% bare water 97% bare

The tests on full strength fluid always resulted in a film of fluid at the 15 cm
and 38 cm (6 and 15") lines, as well as a bead at the bottom plate edge.

The tests on 10% fluid had no fluid film on the plates at the 15 cm and 38 cm
(6 and 15") lines at 0°C. At -8°C, a film existed at both the 15 cm and 38 cm
(6 and 15") line. A bead of fluid existed at the plate bottom edge at both
temperatures.

5.1.2 Brix Value of Remaining Fluid

In all tests, the final Brix value for any fluid residue on the plates was greater
than the initial value for the test fluid. The final Brix values for these thin films
were remarkably consistent across all tests regardless of the initial Brix value of
the fluid.
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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.
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