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Test Matrix MVD comparison PDI — FCDP

Wind tunnel & spray system PDI FCDP R::?g;'e
tunnc_el temper- air water duty date starting time | MVD Numt_)er date starting time | MVD Numt_)er |Emvo,il
velocity | ature | pressure | pressure | cycle Density Density
m/s °C bar bar % - - pm cm? - - pm cm3 -
40 -5 1.6 14 100 08.08.2017 12:26:21 26.6 884 04.08.2017 17:45:00 23.5 850 11,7%
40 -5 15 2.1 20 08.08.2017 12:30:20 28.1 221 04.08.2017 17:49:00 24.8 330 11,7%
40 -5 15 2.0 40 08.08.2017 12:32:06 28.5 485 04.08.2017 17:53:15 26.7 570 6,3%
40 -5 15 1.9 60 08.08.2017 12:34:31 29.3 405 04.08.2017 17:56:47 26.6 660 9,2%
40 -5 15 1.8 80 08.08.2017 12:37:11 29.2 447 04.08.2017 18:00:34 25.9 670 11,3%
40 -5 15 1.7 100 08.08.2017 12:39:26 27.9 1074 04.08.2017 18:04:09 25.9 710 7,2%
40 -5 15 1.7 20 08.08.2017 12:13:56 28.2 251 04.08.2017 17:30:56 26 320 7,8%
40 -5 15 1.6 40 09.08.2017 16:20:10 29.1 269 04.08.2017 17:34:00 26 590 10,7%
40 -5 15 15 60 08.08.2017 12:19:17 28.5 533 04.08.2017 17:38:00 26 660 8,8%
40 -5 15 14 80 08.08.2017 12:22:24 27.6 654 04.08.2017 17:42:00 26 700 5,8%
40 -5 1.3 3.1 20 08.08.2017 13:26:57 31.3 118 04.08.2017 19:19:51 28.7 170 8,3%
40 -5 1.3 3.0 40 08.08.2017 13:33:36 31.8 301 04.08.2017 19:23:30 29.5 350 7,2%
40 -5 1.3 2.9 60 08.08.2017 13:38:00 32.5 461 04.08.2017 19:27.07 29.2 420 10,2%
40 -5 1.3 2.9 20 08.08.2017 13:09:07 32.8 93 04.08.2017 19:01:55 30.5 150 7,0%
40 -5 1.3 2.8 80 08.08.2017 13:40:45 33.8 333 04.08.2017 19:30:42 29.1 420 13,9%
40 -5 1.3 2.8 40 08.08.2017 13:14:55 31.8 328 04.08.2017 19:05:28 30.7 320 3,5%
40 -5 1.3 2.7 100 08.08.2017 13:43:54 33.8 196 04.08.2017 19:34:48 29.1 410 13,9%
40 -5 1.3 2.7 60 08.08.2017 13:17:55 33 258 04.08.2017 19:09:15 30.9 380 6,4%
40 -5 1.3 2.6 80 08.08.2017 13:21:01 335 359 04.08.2017 19:12:37 30 430 10,4%
40 -5 1.3 2.5 100 08.08.2017 13:24:12 33.2 447 04.08.2017 19:16:12 30.6 430 7,8%
40 -5 1.3 2.0 20 08.08.2017 12:47:48 32.1 82 04.08.2017 18:08:00 28.2 160 12,1%
40 -5 1.3 1.9 40 08.08.2017 12:53:52 31 229 04.08.2017 18:12:36 28.8 320 7,1%
40 -5 1.3 1.8 60 08.08.2017 12:57:58 30.8 413 04.08.2017 18:16:19 28.4 380 7,8%
40 -5 1.3 1.7 80 08.08.2017 13:03:23 31.4 280 04.08.2017 18:20:07 28.4 390 9,6%
40 -5 1.3 1.6 100 08.08.2017 13:07:20 31.9 337 04.08.2017 18:23:57 28.8 420 9,7%




Wind tunnel & spray system PDI FCDP R:I[a:g;/e
e | e | |, | 2| owe | sngume | wvo | N e | g | w0 | et | g
m/s °C bar bar % - - pm cm3 - - pm cm3 -
30 -5 4.5 1.8 30 08.08.2017 14:01:12 9.4 1923 04.08.2017 14:32:39 10.6 2490 12,8%
30 -5 4.5 1.7 40 08.08.2017 14:04:03 8.8 2949 04.08.2017 15:37:44 9 1860 2,3%
30 -5 4.5 16 100 17.04.2019 16:02:59 8.5 04.08.2017 15:48:31 8.9 1170 4,7%
30 -5 4.5 16 60 08.08.2017 14:06:03 8.9 3088 04.08.2017 15:40:53 9.1 1720 2,2%
30 -5 4.5 15 80 08.08.2017 14:08:07 8.8 2238 04.08.2017 15:44:48 8.9 760 1,1%
30 -5 4.1 15 100 17.04.2019 15:42:42 8.9 04.08.2017 16:07:24 9.3 1800 4,5%
30 -5 4.0 2.0 20 08.08.2017 14:25:00 10.2 04.08.2017 15:52:38 9.4 1510 7,8%
30 -5 4.0 1.8 40 08.08.2017 14:27.06 10.3 2881 04.08.2017 15:56:11 10.2 2270 1,0%
30 -5 4.0 1.6 60 08.08.2017 14:28:59 9.6 04.08.2017 16:00:13 9.8 2180 2,1%
30 -5 4.0 15 80 08.08.2017 17:39:10 9.6 04.08.2017 16:03:50 9.5 1930 1,0%
30 -5 3.0 2.5 20 08.08.2017 14:35:14 14.5 974 04.08.2017 16:11:40 134 1370 7,6%
30 -5 3.0 2.4 40 08.08.2017 14:38:45 13.9 04.08.2017 16:15:40 14.9 1990 7,2%
30 -5 3.0 2.3 60 08.08.2017 14:39:49 14.7 2210 04.08.2017 16:20:00 14.9 2010 1,4%
30 -5 3.0 2.2 80 08.08.2017 14:41:50 14.3 2799 04.08.2017 16:24:00 14.8 2000 3,5%
30 -5 3.0 2.0 100 08.08.2017 14:43:53 14.3 1905 04.08.2017 16:27:00 14.5 2010 1,4%
30 -5 2.0 2.2 20 08.08.2017 14:45:43 20.3 637 04.08.2017 16:31:52 18 890 11,3%
30 -5 2.0 2.1 40 08.08.2017 14:48:16 20.8 1188 04.08.2017 16:35:44 18.8 1420 9,6%
30 -5 2.0 2.0 60 08.08.2017 14:50:10 215 1221 04.08.2017 16:39:38 18.9 1500 12,1%
30 -5 2.0 1.9 80 08.08.2017 14:52:02 21.8 1334 04.08.2017 16:43:26 18.9 1500 13,3%
30 -5 2.0 1.8 100 08.08.2017 14:53:40 20.8 1380 04.08.2017 16:47:16 18.3 1500 12,0%
Mean absolute value of the relative error: |Egcpp_pp;| = 4—152 'MVDFIE‘;’;;IZIVDPD” =7,7%

Standard deviation of the mean relative error: \/Z(lEMVD.i|—|EFCDP—PD1|)2 -39%
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Results of repetitive measurements

. coefficient coefficient coefficient
temper- velocity air water duty cycle mean of mean of mean of
ature pressure | pressure MVD L DVvo01 . DV09 S
variation variation variation
°C ms? bar bar % um % um % pm %
-5 30 4,5 1,8 30 9,3 14% 59 13% 16 28%
-5 40 4 1,8 40 10,0 2% 5,8 0% 19,8 1%
-5 40 1,5 1,6 40 23,0 13% 11,8 12% 38,6 5%
-5 40 1,3 3,1 20 28,2 2% 11,5 4% 42,9 1%
-5 40 1,3 2,9 60 27,5 6% 12,0 2% 42,5 3%
-5 40 1,3 1,9 40 21,7 4% 11,3 7% 42,3 1%
mean coefficients of variation: 7% 6% 7%




Test Matrix MVD comparison PDI — Shadowgraphy

Wind tunnel & spray system PDI Shadowgraphy Relative error
vt:IrclnTietly te;Fuprzr— preé'lslsrure p;lc\a/:;irre g;(fl):e date starting time MVD date starting time MVD |[Emvo,i|
m/s °C bar bar % - - pum - - pum -
40 15 45 1.7 40 08.08.2017 14:59:43 12.5 08.06.2017 19:24 12.7 1,9%
40 15 4.0 2.0 20 08.08.2017 15:04:22 13.3 07.06.2017 11:30 13.2 1,0%
40 15 4.0 1.7 40 09.08.2017 15:27:22 135 08.06.2017 15:44 11.8 12,4%
40 15 4.0 15 70 09.08.2017 15:28:44 13.4 08.06.2017 16:03 11.4 14,9%
40 15 3.0 25 20 08.08.2017 15:15:09 16.3 08.06.2017 20:56 18.8 15,6%
40 15 3.0 2.2 100 09.08.2017 15:15:33 16.3 07.06.2017 11:17 18.7 14,6%
40 15 3.0 2.0 100 08.08.2017 15:23:55 15.8 09.06.2017 10:01 18.1 14,4%
40 15 3.0 2.0 40 09.08.2017 08:59:13 16.5 09.06.2017 09:22 18.0 9,1%
40 15 3.0 2.0 25 09.08.2017 08:54:58 16.2 08.06.2017 17:35 17.0 4,7%
40 15 25 2.0 100 19.04.2019 09:16:05 18.6 09.06.2017 09:39 20.0 7,7%
40 15 2.0 2.0 100 09.08.2017 09:25:36 24.5 09.06.2017 09:01 24.1 1,7%
40 15 2.0 2.0 80 09.08.2017 09:23:14 23.4 07.06.2017 10:35 22.7 3,1%
40 15 2.0 2.0 40 09.08.2017 09:17:47 23.7 09.06.2017 10:14 20.6 13,1%
40 15 2.0 2.0 25 09.08.2017 15:30:57 22.7 08.06.2017 16:24 19.8 12,9%
40 15 15 15 50 09.08.2017 14:14:44 31.7 07.06.2017 13:14 27.0 14,8%
30 15 3.0 25 20 08.08.2017 14:35:14 16.5 08.06.2017 20:36 18.3 10,9%




Wind tunnel & spray system PDI Shadowgraphy Relative error
tunnt_el temper- air water duty date starting time MVD date starting time MVD |Emvo,il
velocity ature* pressure | pressure cycle
m/s °C bar bar % - - pum - - pum -
20 15 4.0 2.0 20 08.08.2017 11:48:16 13.6 06.06.2017 18:28 11.4 16,2%
20 15 4.0 2.0 20 08.08.2017 11:48:16 13.6 07.06.2017 10:23 12.8 5,9%
20 15 4.0 2.0 20 08.08.2017 11:48:16 13.6 09.06.2017 13:36 10.1 25,8%
20 15 3.0 2.5 20 18.04.2019 18:02:08 16.5 08.06.2017 20:17 18.9 14,5%
20 15 3.0 2.2 100 08.08.2017 11:58:52 15.8 06.06.2017 18:17 16.7 5,7%
20 15 3.0 2.2 100 08.08.2017 11:58:52 15.8 07.06.2017 10:15 16.4 3,5%
20 15 2.0 2.0 80 08.08.2017 12:01:40 21.6 06.06.2017 17:09 22.1 2,4%
20 15 2.0 2.0 80 08.08.2017 12:01:40 21.6 06.06.2017 18:06 17.2 20,2%
20 15 2.0 2.0 80 08.08.2017 12:01:40 21.6 07.06.2017 09:40 21.0 3,0%
20 15 1.5 1.5 50 18.04.2019 17:50:20 32 07.06.2017 12:55 29.0 9,3%
10 15 3.0 2.5 20 18.04.2019 18:02:08 16.7 08.06.2017 19:54 18.2 8,8%

|[MVDgcpp—MVDppy|
MVDppy

. 1
Mean absolute value of the relative error: |E5hadowgmphy_m,| ==X =9,9%

Standard deviation of the mean relative error: \/ZUEMVW'"EShad"ng”hy“’ oiD® _ ¢ 30
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* tunnel temperature at Shadowgraphy measurements, -5°C at PDI measurements



Results of repetitive measurements

. coefficient
temper- . air water number of | mean
velocity duty cycle L of
ature pressure | pressure repetitions | MVD .
variation
°C ms? bar bar % - pm %
15 20,40 4 2 20 4 11,9 10%
15 10-40 3 2,5 20 4 18,6 2%
15 20,40 3 2,2 100 3 17,2 6%
15 20,40 2 2 80 4 20,7 10%
15 20,40 1,5 1,5 50 2 13,6 7%
15 20,40 1,5 15 50 2 38,4 13%
15 20,40 1,3 1,5 100 2 31,6 5%
mean coefficient of variation: 8%




Test Matrix LWC Comparison PDI — Flow Rate

Wind tunnel & spray system PDI flow rate Relative error
tunnel water mean water
velocity | temperature | air pressure | pressure | duty cycle MVD LWC mass flow rate LWC |Emvo,il
ms? °C bar bar % um gm? gs? gm?® -
40 -5 5,0 3,0 80 9,9 0,461 51,6 0,514 10%
40 -5 5,0 3,0 40 10,1 0,392 40,5 0,406 3%
40 -5 5,0 2,0 80 8,9 0,136 18,0 0,174 22%
40 -5 5,0 2,0 40 8,8 0,113 13,2 0,127 11%
40 -5 45 3,0 80 10,8 0,491 62,4 0,637 23%
40 -5 45 3,0 40 11,1 0,459 45,1 0,464 1%
40 -5 45 2,0 80 9,5 0,232 27,8 0,273 15%
40 -5 4,5 2,0 40 9,5 0,214 20,6 0,203 6%
40 -5 45 1,8 30 9,3 0,163 16,0 0,156 5%
40 -5 45 1,7 40 9,0 0,158 21,9 0,212 25%
40 -5 45 1,6 60 9,5 0,113 154 0,151 25%
40 -5 4,1 15 100 9,5 0,115 20,5 0,201 43%
40 -5 4,0 5,0 80 13,9 1,046 130,6 1,438 27%
40 -5 4,0 5,0 40 13,0 0,625 79,8 0,860 27%
40 -5 4,0 4,5 80 13,7 0,886 116,6 1,277 31%
40 -5 4,0 4,5 40 12,9 0,662 72,8 0,783 15%
40 -5 4,0 4,0 80 12,9 0,712 99,8 1,073 34%
40 -5 4,0 4.0 40 12,4 0,521 63,1 0,671 22%
40 -5 4,0 35 80 12,6 0,687 83,3 0,890 23%
40 -5 4,0 3,5 40 12,2 0,478 58,0 0,614 22%
40 -5 4,0 3,0 80 12,2 0,591 71,9 0,760 22%
40 -5 4,0 3,0 40 11,8 0,454 50,1 0,525 14%
40 -5 4,0 2,5 80 11,4 0,808 57,6 0,598 35%
40 -5 4,0 2,5 40 11,1 0,301 36,9 0,379 21%




Wind tunnel & spray system PDI flow rate Relative error
tunnel water mean water
velocity | temperature | air pressure | pressure | duty cycle MVD LWC mass flow rate LWC |Emvo.il
ms? °C bar bar % um gm? gst gm? -
40 -5 4,0 2,0 100 10,0 0,281 40,1 0,400 30%
40 -5 4,0 2,0 90 10,1 0,256 35,3 0,353 27%
40 -5 4,0 2,0 80 10,4 0,304 37,0 0,373 18%
40 -5 4,0 2,0 70 10,2 0,243 31,6 0,317 23%
40 -5 4,0 2,0 60 10,3 0,247 30,5 0,307 20%
40 -5 4,0 2,0 50 10,4 0,293 29,9 0,302 3%
40 -5 4,0 2,0 40 10,6 0,234 25,7 0,261 10%
40 -5 4,0 2,0 30 10,4 0,172 19,3 0,195 12%
40 -5 4,0 2,0 20 10,6 0,185 18,0 0,182 2%
40 -5 4,0 2,0 10 10,5 0,075 6,8 0,069 8%
40 -5 4,0 1,8 40 10,0 0,305 28,5 0,285 7%
40 -5 4,0 1,7 40 10,1 0,222 21,8 0,218 2%
40 -5 4,0 15 72 9,9 0,118 20,1 0,200 41%
40 -5 4,0 15 70 9,9 0,135 19,3 0,192 30%
40 -5 4,0 15 40 9,6 0,136 13,7 0,136 0%
40 -5 35 3,0 80 133 0,726 79,5 0,863 16%
40 -5 35 3,0 40 13,4 0,578 58,3 0,634 9%
40 -5 3,5 2,0 80 114 0,404 449 0,466 13%
40 -5 3,5 2,0 40 12,3 0,394 32,4 0,344 14%
40 -5 3,0 5,0 80 18,3 1,090 107,2 1,290 16%
40 -5 3,0 5,0 40 17,0 1,160 92,1 1,083 7%
40 -5 3,0 45 80 17,5 1,209 112,6 1,336 10%
40 -5 3,0 45 40 17,0 0,971 81,2 0,954 2%
40 -5 3,0 4,0 80 16,8 1,059 89,7 1,050 1%
40 -5 3,0 4,0 40 16,1 1,114 71,9 0,830 34%




Wind tunnel & spray system PDI flow rate Relative error
tunnel water mean water
velocity | temperature | air pressure | pressure | duty cycle MVD LWC mass flow rate LWC |Emvo.il
ms? °C bar bar % um gm? gst gm? -
40 -5 3,0 3,5 80 16,0 0,781 78,6 0,904 14%
40 -5 3,0 35 40 15,3 0,792 66,3 0,752 5%
40 -5 3,0 3,0 80 15,4 0,821 88,0 1,001 18%
40 -5 3,0 3,0 40 15,0 0,662 60,1 0,678 2%
40 -5 3,0 2,5 80 14,3 0,630 64,8 0,720 13%
40 -5 3,0 2,5 40 14,3 0,597 514 0,571 5%
40 -5 3,0 2,5 20 14,0 0,221 30,9 0,340 35%
40 -5 3,0 2,4 40 14,2 0,449 67,7 0,751 40%
40 -5 3,0 2,3 60 14,1 0,506 80,0 0,885 43%
40 -5 3,0 2,2 100 14,6 1,158 71,1 0,795 46%
40 -5 3,0 2,2 80 14,4 0,810 83,4 0,928 13%
40 -5 3,0 2,0 100 13,6 0,528 76,1 0,858 38%
40 -5 3,0 2,0 90 13,8 0,477 62,1 0,682 30%
40 -5 3,0 2,0 80 13,7 0,472 56,4 0,618 24%
40 -5 3,0 2,0 70 14,0 0,561 59,6 0,657 15%
40 -5 3,0 2,0 60 14,2 0,502 55,7 0,617 19%
40 -5 3,0 2,0 50 13,6 0,462 53,9 0,589 22%
40 -5 3,0 2,0 40 13,9 0,581 42,7 0,486 20%
40 -5 3,0 2,0 30 14,3 0,331 28,3 0,314 5%
40 -5 3,0 2,0 20 13,7 0,151 16,8 0,184 18%
40 -5 3,0 2,0 10 14,0 0,066 7,8 0,087 24%
40 -5 3,0 15 80 12,5 0,404 35,6 0,380 6%
40 -5 3,0 15 40 12,9 0,328 27,7 0,298 10%
40 -5 2,5 3,0 80 18,7 1,274 96,0 1,164 9%
40 -5 2,5 3,0 40 18,1 0,786 66,1 0,793 1%




Wind tunnel & spray system PDI flow rate Relative error
tunnel water mean water
velocity | temperature | air pressure | pressure | duty cycle MVD LWC mass flow rate LWC |Emvo.il
ms? °C bar bar % um gm? gst gm? -
40 -5 25 2,0 80 16,6 0,694 65,9 0,768 10%
40 -5 2,5 2,0 40 17,0 0,466 42,4 0,498 7%
40 -5 2,0 3,0 100 24,9 1,104 110,7 1,490 26%
40 -5 2,0 3,0 90 251 1,353 106,3 1,435 6%
40 -5 2,0 3,0 80 24,4 1,156 103,2 1,376 16%
40 -5 2,0 3,0 70 24,8 0,952 95,1 1,278 25%
40 -5 2,0 3,0 60 24,5 1,319 86,1 1,151 15%
40 -5 2,0 3,0 50 24,9 1,422 82,3 1,107 28%
40 -5 2,0 3,0 40 23,7 0,856 69,9 0,923 7%
40 -5 2,0 3,0 30 23,7 0,506 44,6 0,589 14%
40 -5 2,0 3,0 20 22,4 0,326 26,1 0,338 4%
40 -5 2,0 3,0 10 23,4 0,186 11,7 0,153 21%
40 -5 2,0 2,2 20 20,2 0,371 25,7 0,311 19%
40 -5 2,0 2,1 40 20,7 0,647 60,8 0,764 15%
40 -5 2,0 2,0 100 231 0,939 94,0 1,323 29%
40 -5 2,0 2,0 90 22,4 0,746 78,3 1,013 26%
40 -5 2,0 2,0 80 22,1 1,299 80,3 1,064 22%
40 -5 2,0 2,0 70 22,5 1,000 73,7 0,955 5%
40 -5 2,0 2,0 60 21,3 0,756 81,7 1,037 27%
40 -5 2,0 2,0 50 22,2 0,870 69,8 0,899 3%
40 -5 2,0 2,0 40 22,2 0,588 55,9 0,748 21%
40 -5 2,0 2,0 30 22,4 0,425 35,6 0,460 8%
40 -5 2,0 2,0 25 21,0 0,354 36,3 0,372 5%
40 -5 2,0 2,0 20 21,5 0,244 21,8 0,277 12%
40 -5 2,0 2,0 10 21,3 0,117 9,3 0,119 1%




Wind tunnel & spray system PDI flow rate Relative error
tunnel water mean water
velocity | temperature | air pressure | pressure | duty cycle MVD LWC mass flow rate LWC |Emvo.il
ms? °C bar bar % um gm? gst gm? -
40 -5 2,0 19 80 20,0 0,785 86,3 1,072 27%
40 -5 2,0 1,8 100 20,3 0,964 92,1 1,149 16%
40 -5 1,7 18 80 27,0 0,888 75,6 1,044 15%
40 -5 15 35 40 33,0 1,288 80,3 1,211 6%
40 -5 15 3,0 40 33,3 1511 75,0 1,135 33%
40 -5 15 2,5 80 34,0 1,117 88,6 1,353 17%
40 -5 15 2,5 40 31,9 1,149 67,4 1,002 15%
40 -5 15 2,1 20 30,3 0,332 26,7 0,389 15%
40 -5 15 2,0 100 31,3 1,854 90,2 1,330 39%
40 -5 15 2,0 90 32,5 1,508 85,8 1,285 17%
40 -5 15 2,0 80 31,9 0,979 77,6 1,153 15%
40 -5 15 2,0 70 32,8 1,132 79,7 1,198 5%
40 -5 15 2,0 50 31,1 0,882 77,2 1,135 22%
40 -5 15 2,0 40 311 0,748 60,4 0,888 16%
40 -5 15 2,0 30 29,3 0,573 41,7 0,598 4%
40 -5 15 2,0 10 28,8 0,246 10,6 0,151 63%
40 -5 15 19 60 31,0 0,774 76,7 1,125 31%
40 -5 15 1,8 80 30,5 1,008 80,7 1,176 14%
40 -5 15 1,7 100 30,5 1,466 86,9 1,266 16%
40 -5 15 1,7 20 31,7 0,361 24,7 0,366 1%
40 -5 15 1,6 40 31,1 0,667 53,2 0,781 15%
40 -5 15 15 100 28,8 1,797 77,1 1,098 64%
40 -5 15 15 90 29,5 0,849 71,4 1,026 17%
40 -5 15 15 80 30,2 1,029 63,9 0,928 11%
40 -5 15 15 70 30,4 0,791 67,0 0,975 19%




Wind tunnel & spray system PDI flow rate Relative error
tunnel water mean water
velocity | temperature | air pressure | pressure | duty cycle MVD LWC mass flow rate LWC |Emvo.il
ms? °C bar bar % um gm? gst gm? -

40 -5 15 15 60 30,6 0,926 74,6 1,089 15%
40 -5 15 15 50 30,8 0,704 59,1 0,865 19%
40 -5 15 15 40 29,2 0,744 45,1 0,646 15%
40 -5 15 15 38 32,0 0,744 49,1 0,797 7%

40 -5 15 15 10 29,6 0,129 8,7 0,126 3%

40 -5 15 14 80 29,4 0,912 79,5 1,142 20%
40 -5 1,3 3,0 10 47,0 0,387 13,3 0,238 63%
40 -5 1,3 2,0 20 39,2 0,386 24,0 0,391 1%

40 -5 1,3 19 40 39,8 0,707 58,5 0,957 26%
40 -5 1,3 1,8 60 38,9 0,829 78,5 1,272 35%
40 -5 1,3 1,7 80 37,8 0,912 75,4 1,207 24%
40 -5 13 1,6 100 39,3 1,168 79,8 1,299 10%
39 -5 13 3,0 20 53,0 0,830 33,2 0,554 50%
38 -5 13 15 20 40,0 0,438 23,9 0,411 %

30 -5 4,6 15 100 8,6 0,072 9,4 0,115 3%
30 -5 4,5 18 30 9,3 0,205 14,8 0,183 12%
30 -5 45 1,7 40 8,8 0,192 14,6 0,179 7%

30 -5 45 1,6 60 9,0 0,165 15,5 0,191 14%
30 -5 45 15 100 9,0 0,723 19,3 0,238 204%
30 -5 45 15 80 8,9 0,130 6,6 0,080 62%
30 -5 4,1 15 100 9,2 0,191 17,9 0,222 14%
30 -5 4,0 2,0 20 10,5 0,309 19,1 0,246 26%
30 -5 4,0 1,8 40 10,3 0,470 29,5 0,377 24%
30 -5 4,0 1,6 60 9,8 0,295 24,9 0,313 6%

30 -5 4,0 15 80 9,6 0,469 19,2 0,240 95%




Wind tunnel & spray system PDI flow rate Relative error
tunnel water mean water
velocity | temperature | air pressure | pressure | duty cycle MVD LWC mass flow rate LWC |Emvo.il
ms? °C bar bar % um gm? gst gm? -

30 -5 30 25 19 14,1 0,533 21,7 0,394 35%
30 -5 3,0 2,4 40 14,1 1,021 64,7 0,908 12%
30 -5 3,0 2,3 60 14,7 1,232 79,9 1,135 8%
30 -5 3,0 2,2 80 14,3 1,183 80,5 1,135 4%
30 -5 3,0 2,0 100 14,1 1,097 78,6 1,104 1%
30 -5 2,0 2,2 20 21,0 0,639 29,4 0,473 35%
30 -5 2,0 2,1 40 21,3 1,086 68,0 1,097 1%
30 -5 2,0 2,0 60 21,8 1,488 83,2 1,354 10%
30 -5 2,0 19 80 21,5 1,504 88,6 1,433 5%
30 -5 2,0 1,8 100 21,1 1,526 92,6 1,487 3%
30 -5 15 1,6 40 30,0 0,973 50,2 0,923 5%
30 -5 13 32 15 56,0 1,255 28,5 0,739 70%
30 -5 13 3,0 20 53,0 1,390 29,9 0,686 103%
30 -5 2,0 2,2 20 20,0 0,639 25,5 0,324 97%
20 -5 5,0 4,0 100 11,0 1,365 102,2 1,906 28%
20 -5 5,0 4,0 80 10,7 1,218 98,5 1,823 33%
20 -5 5,0 3,0 100 9,4 1,225 70,5 1,259 3%
20 -5 50 3,0 80 8,9 2,207 66,0 1,159 90%
20 -5 50 2,5 100 8,3 0,796 45,1 0,778 2%
20 -5 4,5 18 30 9,7 0,367 18,1 0,325 13%
20 -5 4,0 18 40 10,6 0,492 24,9 0,460 %
20 -5 2,5 2,6 10 17,9 0,476 14,6 0,286 67%
20 -5 15 16 40 31,3 1,399 47,0 1,260 11%
20 -5 1,3 3,4 10 53,0 1,245 20,5 0,760 64%
20 -5 1,3 3,0 20 53,0 2,396 314 0,982 144%




Wind tunnel & spray system PDI flow rate Relative error
tunnel water mean water
velocity | temperature | air pressure | pressure | duty cycle MVD LWC mass flow rate LWC |Emvo.il
ms? °C bar bar % um gm? gst gm? -
10 -5 4,5 18 30 9,5 0,706 14,6 0,442 60%
10 -5 4,0 1,8 40 11,1 1,103 24,9 0,787 40%
10 -5 3,0 2,7 5 13,3 0,725 7,5 0,241 201%
10 -5 15 16 40 31,6 2,797 47,3 2,150 30%
10 -5 1,3 3,6 5 45,0 0,906 10,3 0,544 67%

. 1
Mean absolute value of the relative error: |E,oecyr-wrr| = =X

Standard deviation of the mean relative error:

]

ILWCrotcyt—LWCyFrl

=24%
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Test Matrix LWC Comparison RCT - Flow Rate

Wind tunnel & spray system RCT flow rate Relative error
tunnel temper- air water duty L MVD vn\;:fer: LWC
velocity | ature* | pressure | pressure | cycle date starting time | LWC (;glm mass ﬂwater [Euweil
) flow rate | 'OV rate
ms? °C bar bar % - - gm? pm gs? gm? -
40 <-18 4,0 2,0 30 01.06.2018 08:50:00 0,013 10 19 0,195 93,35%
40 <-18 4,0 1,7 40 04.07.2018 15:09:00 0,031 10 22 0,218 85,81%
40 <-18 3,0 2,5 30 03.07.2018 15:34:00 0,430 14 45 0,503 14,51%
40 <-18 3,0 2,5 20 03.07.2018 17:56:00 0,260 14 32 0,352 26,08%
40 <-18 3,0 2,0 100 05.07.2018 13:49:00 0,862 14 80 0,981 12,13%
40 <-18 3,0 2,0 40 04.07.2018 15:49:00 0,592 14 53 0,647 8,50%
40 <-18 2,0 2,2 20 29.05.2018 11:33:00 0,366 20 24 0,275 33,09%
40 <-18 2,0 2,0 100 05.07.2018 13:33:00 1,350 23 107 1,590 15,09%
40 <-18 2,0 2,0 80 05.07.2018 13:04:00 1,277 22 102 1,469 13,07%
40 <-18 2,0 2,0 40 05.07.2018 11:09:00 0,826 22 66 0,922 10,41%
40 <-18 2,0 2,0 25 05.07.2018 10:58:00 0,437 21 36 0,372 17,47%
40 <-18 1,8 3,0 20 03.07.2018 18:29:00 0,590 26 37 0,479 23,17%
40 <-18 15 1,7 20 04.07.2018 09:59:00 0,412 32 25 0,374 10,24%
40 <-18 15 15 38 31.05.2018 15:22:00 0,967 32 49 0,797 21,33%
40 <-18 1,3 3,0 10 04.07.2018 10:44:00 0,364 47 13 0,238 52,94%
40 <-18 1,3 2,7 20 05.07.2018 08:59:00 0,577 50 23 0,364 58,52%
39 <-18 1,3 3,0 20 31.05.2018 17:16:00 0,727 53 33 0,554 31,23%
38 <-18 2,0 2,2 80 01.06.2018 11:08:00 1,585 20 115 1,588 0,19%
38 <-18 1,3 15 20 29.05:2018 11:09:00 0,558 40 24 0,411 35,77%
37 <-18 2,0 2,2 50 29.05:2018 14:33:00 1,370 20 115 1,704 19,60%
36 <-18 2,0 2,2 100 29.05:2018 15:27:00 1,745 21 111 1,820 4,12%




Wind tunnel & spray system RCT flow rate Relative error
tunnel temper- air water duty L MVD VT:?GT’ LWC
velocity | ature* | pressure | pressure | cycle date starting time LWe (;glm mass water [Euweil
) flow rate flow rate
ms? °C bar bar % - - gm? pm gs? gm? -
30 <-18 3,0 2,6 15 03.07.2018 14:53:00 0,312 14 21 0,306 1,96%
30 <-18 2,0 2,3 15 03.07.2018 14:15:00 0,426 23 23 0,407 4,67%
30 <-18 1,3 3,2 15 04.07.2018 11:27:00 0,753 56 28 0,739 1,89%
30 <-18 1,3 3,0 20 31.05.2018 18:31:00 0,954 53 30 0,686 39,07%
30 <-18 2,0 2,2 20 29.05.2018 16:38:00 0,448 20 26 0,324 38,27%
20 <-18 3,0 2,7 10 03.07.2018 11:55:00 0,247 14 14 0,260 5,00%
20 <-18 2,0 2,4 10 03.07.2018 13:49:00 0,365 22 15 0,311 17,36%
20 <-18 1,3 3,4 10 04.07.2018 12:11:00 0,718 53 21 0,760 5,53%
20 <-18 1,3 3,0 20 31.05.2018 18:59:00 1,274 53 31 0,982 29,74%
20 <-18 2,0 2,2 20 29.05.2018 17:08:00 0,588 20 25 0,464 26,72%
19 <-18 3,0 2,5 30 03.07.2018 17:31:00 0,628 14 37 0,707 11,17%
10 <-18 3,0 2,7 5 03.07.2018 10:13:00 0,173 13 8 0,241 28,22%
10 <-18 2,0 2,5 5 03.07.2018 10:58:00 0,395 20 9 0,323 22,29%
10 <-18 2,0 2,2 20 31.05.2018 18:12:00 0,947 20 25 0,907 4,41%
10 <-18 1,3 3,6 5 04.07.2018 09:24:00 0,441 45 10 0,544 18,93%
10 <-18 1,3 3,0 20 31.05.2018 19:19:00 1,858 53 33 1,708 8,78%
Mean absolute value of the relative error: |E,orcyi-wrr| = 3—172 ILWC”’L"“;/yé_LWCWFRl =22,9%
WFR
Standard deviation of the mean relative error: \/Z“ELWC'”"Emeyl—WFRDZ =213%
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Results of repetitive measurements

. coefficient
temper- . air water duty number of mean
ature velocity presure | pressure Cycle MVD repetitions LWC 0 f .
variation

°C ms? bar bar % pm - gm? %
-17 40 2,0 2,2 20 20 13 0,355 8%
-19 40 1,5 1,5 38 32 8 0,962 4%
-19 40 1,3 3,0 20 60 7 0,647 11%
-21 40 15 1,7 20 33 4 0,424 5%
-21 40 1,8 3,0 20 26 3 0,588 7%
-19 40 3,0 2,5 20 14 3 0,272 7%
-18 33 3,0 2,5 30 14 3 0,521 22%
-18 20 3,0 2,7 10 14 3 0,256 13%
-17 40 4,0 2,0 20 11 2 0,013 4%
-24 40 1,3 3,0 10 60 2 0,364 3%
-20 40 1,3 2,7 20 50 2 0,533 9%
-20 38 2,0 2,2 80 20 2 1,658 7%
-18 30 3,0 2,6 15 14 2 0,293 8%
-18 30 2,0 2,3 15 23 2 0,419 5%
-23 30 1,3 3,2 15 60 2 0,749 5%
-20 20 1,3 3,4 10 60 2 0,716 10%
-18 20 2,0 2,4 10 22 2 0,366 3%
-17 10 3,0 2,7 5 14 2 0,174 0%
-17 10 2,0 2,5 5 20 2 0,321 12%
-23 10 1,3 3,6 5 46 2 0,443 19%
-24 10 1,3 3,0 20 60 2 1,766 8%
-19 10 2,0 2,2 20 20 2 0,949 1%

Mean coefficient of variation:

8%




Test Matrix LWC Comparison FCDP - Flow Rate

Wind tunnel & spray system FCDP Water flow rate
mean
tunnel temper- air water duty L Number MVD W:fer LWC
velocity | ature* | pressure | pressure cycle date starting time Lwe Density (Ff,glm mass water
) flow rate flow rate
m/s °C bar bar % - - g/m3 1/cm3 Um als g/m3
40 -5 1,6 1,4 100 04.08.2017 17:45:00 1,567 850 27 86 1,202
40 -5 1,5 2,1 20 04.08.2017 17:49:00 0,581 330 30 21 0,303
40 -5 15 2,0 40 04.08.2017 17:53:15 1,413 570 31 63 0,927
40 -5 1,5 1,9 60 04.08.2017 17:56:47 1,506 660 31 78 1,145
40 -5 1,5 1,8 80 04.08.2017 18:00:34 1,220 670 31 77 1,126
40 -5 15 1,7 100 04.08.2017 18:04:09 1,157 710 30 82 1,190
40 -5 1,5 1,7 20 04.08.2017 17:30:56 0,849 320 32 24 0,356
40 -5 1,5 1,6 40 04.08.2017 17:34:00 1,560 590 31 61 0,902
40 -5 1,5 1,5 60 04.08.2017 17:38:00 1,707 660 31 74 1,078
40 -5 1,5 1,4 80 04.08.2017 17:42:00 1,651 700 30 78 1,130
40 -5 1,3 2,0 20 04.08.2017 18:08:00 0,273 160 39 24 0,391
40 -5 1,3 1,9 40 04.08.2017 18:12:36 0,521 320 40 58 0,957
40 -5 1,3 1,8 60 04.08.2017 18:16:19 0,604 380 39 78 1,272
40 -5 1,3 1,7 80 04.08.2017 18:20:07 0,651 390 38 75 1,207
40 -5 1,3 1,6 100 04.08.2017 18:23:57 0,695 420 39 80 1,299




Wind tunnel & spray system FCDP Water flow rate
mean
tunnel temper- air water duty q L Number MVD water LWC
velocity | ature* | pressure | pressure cycle ate starting time LWe Density (Ff,glm mass water
) flow rate flow rate
m/s °C bar bar % - - g/m3 1/ecm3 pm /s g/m3
30 -5 4,5 1,7 40 04.08.2017 15:37:44 0,503 1860 9 14 0,172
30 -5 4,5 1,6 60 04.08.2017 15:40:53 0,482 1720 9 22 0,266
30 -5 4,5 1,5 80 04.08.2017 15:44:48 0,204 760 9 6 0,070
30 -5 4,5 1,5 80 04.08.2017 15:44:48 0,204 760 9 7 0,080
30 -5 4,1 15 100 04.08.2017 16:07:24 0,552 1800 9 19 0,235
30 -5 4,0 2,0 20 04.08.2017 15:52:38 0,498 1510 10 20 0,250
30 -5 4,0 1,8 40 04.08.2017 15:56:11 0,846 2270 10 31 0,399
30 -5 4,0 1,6 60 04.08.2017 16:00:13 0,760 2180 10 26 0,331
30 -5 4,0 15 80 04.08.2017 16:03:50 0,635 1930 10 23 0,289
30 -5 3,0 2,5 20 04.08.2017 16:11:40 0,777 1370 14 30 0,427
30 -5 3,0 2,4 40 04.08.2017 16:15:40 1,235 1990 14 70 0,980
30 -5 3,0 2,3 60 04.08.2017 16:20:00 1,202 2010 15 79 1,128
30 -5 3,0 2,2 80 04.08.2017 16:24:00 1,180 2000 14 78 1,100
30 -5 3,0 2,0 100 04.08.2017 16:27:00 1,155 2010 14 75 1,056
30 -5 2,0 2,2 20 04.08.2017 16:31:52 0,944 890 21 31 0,502
30 -5 2,0 2,1 40 04.08.2017 16:35:44 1,569 1420 21 69 1,113
30 -5 2,0 2,0 60 04.08.2017 16:39:38 1,578 1500 22 80 1,305
30 -5 2,0 1,9 80 04.08.2017 16:43:26 1,572 1500 21 87 1,404
30 -5 2,0 1,8 100 04.08.2017 16:47:16 1,424 1500 21 92 1,471




Results of repetitive measurements

temper- . air water mean coefficient

ature velocity pressure | pressure duty cycle LWC 0 f :
variation

°C ms? bar bar % gm? %

-5 40 4 18 40 0,592 4%

-5 40 15 1,6 40 1,173 40%

-5 40 1,3 3,1 20 0,396 18%

-5 40 1,3 2,9 60 0,780 4%

-5 40 1,3 19 40 0,652 13%

mean coefficients of variation: 16%




