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Appendix A
DATA REPORT

This appendix summarizes the wake vortex and wind measurements
made with the Lockheed-Huntsville LDV during the research program. The
logs for the LDV measurements showing the run identification, time of day,
estimated wind, and operator comments are presented on pages A-2 through
A-11. The cataloged wake vortex messurements are presented on pages
A-12 through A-253 in terms of the trajectory of the wake vortex with re-
tpect to the runway centerline. At the start of each new tape, the input
parameters selected for the VAD and Vortex Track program are given
for the wake trajectory calculations.
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DATA LOG OF WAKE VORTEX AND WIND VELOCITY MEASUREMENTS

CONDUCTED BY LOCKHEE

D-HUNTSVYILLE AT JFK

Tape !  Resid Time | Est. Wind
Arimuth Comments
JFK | No. | AC Type [Start Stop | {from)

—| orvAp - SRS
1 VAD  10:51 1 10:57 F Nw 120° total inc. angle

1 2 VAD ho:03 [§1:06 | Nw 60 total inc. angle

2 I | YAD 3:50 [ 03:5%4 NwW Very clear day; VAD scan heights

50, ':HI. 10, 80, 100, 200, 2%0

Z 2 147 3:56 [ 03:57 NwW Changed at three

2 B 707 3:56 | 04:00 NW

2 4 727 101 | 04:02 NwW ¢

2 5| DCio 108 [04:09 | NwW 20 4B input atten,

Z & | DC% 1IZ [ 04:13 Nw

2 7 T07 16 | O4:17 NwW

. 8 127 :18 | D4:19 Nw

2 3 T07 :20 | D4:21 Nw

2 10 T07? 123 [ 04:24 Nw

2 11 DClo &4 | 04:25 Nw

P 12 T47 :34 | 04:35 Nw Wind at or near run end; Teflon off
2 i3 VAD NwW

2 4] DCE j04:37 [04:38 | Nw :
P2 ks DCI0 |04:39 | 04:39 Nw

2 16 ] DCS 04:41 | 04:42 NW

2 17 TAT  [04:43 | 04:44 NwW

z i T47 04:45 | 04:46 NW

2 19 | DCs 04:47 | 04:47 Nw

F 20 107 04:49 | 04:50 NW

Z 21 VAD 04:55% | 05:00 NW See run 1

¥ 2 | VAD !ﬂ’!v:ﬂﬁ 05:013 Nw o Parity in 21st record




Ti'g' Run 1D Time Eﬂ. ’Hlnd!
1 Azimuth Comments
IFK | No. |AC T Start Stop {irom}
e 2 Sl Ranolll o W
3 T | VAD [ 15:00:25 | 15:0%:40] NW 40, 45. 60, 75. 100, 150, 200,
300 m at 1 rev. per altitude
3 2 747 [ 15:09:35 | 15:10:35] NW
3 30 707 [15:11:50 | 15:12:18] Nw 12 knots at 340°
3 4 TAT [ 15:13:40 | 15:14:45] NW Loocks good 1
3 5 TAT [ 15:24;00 | 15:24:55| NwW
3 € 1 4T [ 15:28:00 | 1%:24:5%] NW | 360 at knots
i 7 37 15:35:00 | 15:35:45 NW |
3 8 T47 15:37:05 | 15:38:05 NwW
3 9 | 74T 1%:40:30  15:41:3%] Nw
3 10 | 727 | 1%:44:40 | 15;4%:30] N-NE |
i 1 707 [5:46:00 § 15:47:00 N=-NE | <S knots = N,
3 12§ 707 | 15:48:55 | 15:49:40] N-NE | Calm
3 | 13§ 707 l15:51:00 | 15:51:40] N-NE |
3 14 T47 15:52:15 § 15:53:10 N-NE i
3 1S | 747 [ 1%:55:1% | 15:56:30] N-NE | Good! Low! Calm winds
3 16 | 747 15:58:30 | 15:59:30] N-NE
3 17 | DC-9 | 16:001:00 | 16:14:00] N-NE
3 18 VAD 16:04:45 | 16:09:00] N-NE | See Run | notes for steps
observed wind at = I m
horiz. comp. 707 pass
i 16:04:07 about record 57
3 19 | DC-9 | 16:11:30 | 16:12:10] N-NE | About Run 1%
3 20 | 707 | 16:14:30 | 16:16:15] N-NE | Good runt
3 i 707 [ 16:17:45 § 16:18:40, N-NE ! Freq. going about F. S,
3 2 DC-8 | 16:19:35 | 16:20:45! N-NE
3 23 | 707 | 16:23:30 | 16:25:00] N-NE | 360° at 8. Good one
Y | 2 727 | 16:26:00 | 16:27:15] N-NE | Good one
3 25 | 72T | 16:28:00 | 16:29:00] N-NE | Good one
y 26 707 | 16:30:00 | 16:31:10] Calm ]
§ ﬂ 27 DC-10 | 16:33:00 li:!-l:a‘.ﬁi_ Calm | Good one

A}



TaPel  RunID I Time JEst. wind
Azimuth Comments
IFK | No.| AC Typel Start | Stop | {from)
of VAD

3 28 127 16:35:00 | 16:36:00] Calm | Good one, came in high

3 e DC-10 [ 16:37:00 | 16:38:30 Calm | Good

1] 707 16:40:00 | 16:41:10] Calm | Good

3 31 T47 16:44:00 | 16:4%:00| Calm | Good

3 32 DC-10 | 16:46:30 | 16:47:30] Calm | Good

3 i3 DC-10 | 16:49:00 | 16:50:10 Calm

i 4 T47 18:51:30 | 16:53:30| Calm | Calm. Good! Real Good

3 is T4T 16:54:00 | 16:55:00] Calm

3 36 | VAD [17:57:00 | 17:00:00] Calm | See run | notes for steps

5 37 L-HLHI 17:02:00 | 17:03:30] <Calm

3 38 | L-10-11} 17:05:00 | 17:07:00 Calm | Calm

3 39 707 17:00:4% | 17:12:10 Calm | Calm

3 40 127 17:13:15 | 17:14:00 Caim | Abort run

3 41 747 17:15:00 | 17:16:30] Calm | Exceeded max. freq.

3 42 707 (17:18:00 | 17:19:00

3 43 DC-8 | 17:25%:00 § 17:26:20 0080 at 5 knots

3 44 47 17:27:00 | 17:29:00 Real good; hanging high

3 45 127 Missel§f TM

5 eI TO07 17:32:00 § 17:33:30

3 47 127 17:35%:00 § 17:35:30 007 at 5

5 4K T07 17:37:00 | 17:38:15 007 at §

+ i | Wheel 10:04:00 | 10;:09:00 222 m for Ist 30 or 31
records; 3IE m for rest,
Wheel range {f1) to side of
van {542)

4 2| Wheel | 10:33:00| 10:38:00 Wheel at 328° to side of
van. AJC turned on off a1
record 29 and on

4 3| Wheel | 11:15:00 | 11:20:00| 230° distance from wheel

- to van side
4 4 ! Abor 11:52:00 | 11:53:00 30 kHz BW to RE 3%
& 51 Wheel 11:55:00 | 12:00:00




Comments
1;""]" Run 1D Time Est. Wind e ?mrm :n“i?!‘ii:.
Azimuth ID 5); {2) Conditions clear;
JFK | No. | AC Type! Start Stop {from} gusty winds toward van from
of VAD W/SW {JFK ID 6}
+ t Calib 1 ; 12:02:00
P4 7 | Calin2
4 & Calib 3
4 9 | Calib4 12:03:00
5 i VAD [ 14:10:00 | 14:15:00] SE 3%, 45, 60, 75, 100 150, 200,
400 m at 1 rev/alt
5 2 14:15:00 | 14:25:00] 230 at 10} 2 rev/alt
5 3 Using 2264
s |4 14:25:00 | 14:40:00] 230 at 6 | 4 rev/aht
8 4 14:41:00 | 14:46:00 4 rev/alt
5 &  E4:46:00 | 14:56:00 2 revjali
s |7 14:56:00 | 15:11:00) 200% at 5| 1 rev/aht
5 & 18:52:00 | 15:17:00 220%at 5! 1 rev/alt
5 L] 15:17:00 | 15:27:00] 220 at 3 | 2 rev/alt
5 9 15:27:00 | 15:42:00 4 rev/alt
5 {10 4 rev/alt
5 |1t 2 rev/alt
s {12 I rev/alt
& t VAD [15:12:00 | 15:17:00| SW Alt: 35, 45. 60, 75, 100, 150,
200, 400 m at 1 rev/alt
& |2 747 [ 15:34:00 | 15:35:00] SW (280° at 18} azimuth 200%; |
data bad, need 280;
6 3 707 | 15:40:00 | 15:41:00} 290° at 16
513 707 [ 15:43:00 | 15:44:00] 290° at 16
& | s 72T [15:46:00 | 15:47:00] 290° at 14
& Y 707 15:48:00 | 15:49:00
& 7 DC-% [ 1%50:00 § 15:51:00
(3 ] 747 15:52:00 | 15:53:00] 290 at 6
& 1 M 15:54:00 | 15:55:00 Good run | oo iices blowing
& 1lo 707 15:55:00 Ll’.'r:.’ﬁi:ﬂ £90 at 15] Good run i in toward van

A

5



——

Run 1D Time s, Wind
- Azimuth Comments
AC Type Stan Stop {from}
of VAD| 1=
& § ] 07 15:57:00 | 15:57:00! 280 at llﬂ CGood run I Voitlaas Aians
s iz 27 15:58:00 | 15:59:00; 280 at 14 | Good run { intoward van
& i3 T07 16:01:00 ' 16:02:00 Good run |
& |14 707 | 16:03:00 | 16:04:00
% is DC-% J16:06:00 | 16:07:00 280 at 16 | Good*®
8 |k 707 | 16:08:00 IH:IH:M 280 at 14 | Low * most hits < 15°
6 17 747 | 16:10:00 | 1&:11:00 { Good run®
6 |18 70T | 16:12:00 | 16:13:00 | Good run'
% l 19 DC-106 | 16:15:00 | 16:16:00| 280 at 14 | Good run *
& |20 DC-9 { 16:17:00 | 16:18:00
& 1 21 707 16:20:00  16:21:00 Blew over fast
& |22 VAD | 16:25:00 | 16:10:00 Alt: 35, 45, 60, 75, 100. 150,
200 400 m at 1 rev/ale.
s 1 107 | 15:42:00 | 15:43:00
7 01 | VAD |14:00:00 |14:37:00| 320 at 18 | 35. 41 50, 60, 70 100, ‘00
] at 1400 | 300 m at | rev/uht.
T ' 30 at 18 | ar 1409
7 320 at 20 | at 1412
7 ; 330 at 12 | at 1424
7 330 at 20 | at 1428
7 330 at 17 | at 1432
5 i VAD | 10:01:00 | 10:07:00| 180 at 4 | Alt: 35, 41, 50. 60. 70. 100
200 300, m at | rev/alt.
& 2 1 OVAD [ 10:15:00 | 10:20:00 180° at 7 | Same alt. as above
N v | ms® | 10:53:00 | 10:53:21
8 4 10:55:00 | 10:55:21
8 5 10:55:5% | 10:56:15
& & § 10:57:40 | 10:58:00
% 7 § 10:99:00 | 10:39:20

i
i
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Tape; RuniD Time Et, Wind
1D Azximuth Comments
IFK| No.| AC Type Start | Step {tzem)
|_of VAD |
& | 8 | rs* | in:01:00 | 11:00:20
I & | ® | 11:02:00 | 11:02:20
i & |10 | 11:03:00  11:03:20
e 11:04:00 | 11:04:20
s |1 13:05:00 | 11:05:20
8 s 11:06:00 | 11:06:20
8 |14 11:07:00 | 11:07:20
8 18 11:08:00 | 11:08:20
) 16 C 11:09:00 | 11:09:20
s |17 D1 M0:00 | 11:10:20
" i8 1h:11:00  11:11:20
: |19 | | 1E:12:00 § 11:12:20
& |20 | PR 400 | 11:14:20
s fa | | 11:15:00 | 11:15:20
s |2 | | 11:16:00 | Hi:16:20
s |23 | 11:17:00 | 11:17:20
8 |24 | 1it:taem E1:18:20
s |25 | | 11:19:00 | 11:19:20
" E & t f
: &y | 11:20:00 | 11:20:20
s {2 | C11:21:00 | 11:21:20
" iﬂ ; C11:22:00 | 11:22:20
8 |30 | 18:23:00 § 11:23:20
s | i 1 | 11:24:00 | 11:24:20
3 12 | F1:2%00 1 11:25:20
A | ! 11:26:00 | 11:26:20
2 | s | 11:27:00 | 11:27:20
4 5 | 11:28:00 | 11:28:20
{3 ‘ | 11:2%:00 | 11:29:20

1
Range Scan



Tape Hun I Time Est. Wind :
n PSR Azimuth e —
IFK | No.! AC Typd Start | Seop il
| of VAD 4
b ! < ! i |
8 13 | RE” | 11:30:00 | 11:30:20
- s | | 11:30:00 | 103020
s |»nl 11:42:00 | 11:45:00 ,
40 | 11:45:30 | 11:48:30
8 141 | VAD [ 11:51:00  i1:52:30 | 200 ar 7 | Halt after 1} min, winds
» full scale |
# 42 1 VAD | 11:55:00 | 12:00:00 | 200" ay 7 | Shear running about 1.2
| m cycles; gw about 400 kMz
4y | rc" | 12oed0  12:17:00 Azimuth, 310%; left of Tower 2
& 44 12:44:00 | &l 7:00 Azirvuth, 243%; 1o right and top.
| Tower |
e «% | VAD | 12:56:00 | 12:00:00 | 200° ar 7
5 T | YAD | 16:29:30 | 16:30:30| 230 at 11 | Al: 38, 41, 50, 60, 70, 100,
200, 300 s st 1 rev/alt
L i DC-9 | 16:41:00 | 16:42:00 | 230 at 11 | Gone in & hurry } potais o
9 3| DCI0 | i6:44:00 | 16:45:00 Gone in a hurry | 280°
9 4 TOF | 14:47:00 | 15:49:00 Azimuth & 100°  Notice ari-
muth change
9 & DC-10 | 16:52:00 | 16:%3:00 Good but very short
3 T | 107 | 16:54:00 | 16:55:00 Good lved.
9 B | DC-10 | 16:5500 | 16:56:00 Good
1 | VAD | 114300 | 11:55:00 | 2207 Alt: 41, 50. 60, 70. 100, 200,
100 {SR 1}
i1 2 VAD P2 46:00 | 12:55:00 1 200 Ditto
I 3 I 3: 1% 00 ’ Ditto plane crash at = 1310
i 4 13:59:00 | 144500 300 m = 1.4 MMZ
i1 b T4:52:45 IS0 = &00 MHE
1 10— &00 M
it 100. two peaks
£ | 2010 up to 1.8 MHzat 200
1:!!11:!* Scan




Comments

T;gp Run ID Time I Est. wind
Sk Azimuth
IFK | No.i AC type | Start Stop tirom)
E ﬂ VAD E

e e —

13 | 1 | VAD [14:50:00 |14:52:00 | 220°

13 | 2 | VAD  [14:55:00 | 15:60-00 | 220°

3 | 3 | VAD  [1%:20:00 |15:25:00 | 220°

I3 1 4 | VAD  [1%:48:00 | 15:54:00]220°

k3 | 8 VAD  [16:19:00 | 16:24:00] 220°

1y | 4 VAD  [16:49:00 | 16:55:00 {220

13 | 7 | vap  |1041:00 | 10:52:00330°

13 |8 707 |1l:27:00 | 11:28:00

1 9 DC-9 FE:34:00 [ 11:36:00

i3 (10 | A 300 gluusm | 11:48;00

B3 000 | VAD  [11:52:00 | 11:55:00

13 J12 | DC-B | 11:58:00 | 11:10:00

13 |13 707 {12:02:00 |12:04:00

13 {14 727 112:08:00 |12:09:00

13 s 727 12:10:00 {12:11:00

13 6 | DC-9 12:13:00 §12:14:00

13 117 {700 12:16;00 | 12:17:00

i I YAD 14:32:00 | §14:34:00} 320

id 21 747 14:39:00 ! i4:40:00

t4 | 3 | VAD  [14:49:00 | 14:%2:00] 370 u2 10
id 4 ! 107 14:54:00 | 14:55:00| 330 at 13
id 5 ' 14T 14:56:00 | 14:58:00
B ETE iF - 747 14:59:00 | 15:00:00

14 | 7 727 15:01:00 | 15:02:00! 330 at 15
i4 s DC-9 15:03:00 | 15:14:00

14 | 9 L-1G- 1K 198:06:00 | 15:08:000 310 at 11
i4 10 747 15:10:00 j 15:12:00

|

Alt: 35, 41, 50, §0. 70. iﬂhi
200, 300 m

Alt: 35, 41, 50, 60, 70, 100,
200, 300

Airbus {France)

Alt: 15, 41, 50, 60. 70. 100.
200, 300

No gas — change prg,

Adt: 35, 41, S0, 60. 70, 100.
200, 300 m at 1 rev/alt

Laoks pretty good
Looks good




Eﬂ. "indi

Tape Run ID Time

10 Azimuth Commoents

JFK [No. | AC Type| Start | Stop (from)

of YAD ! B

4 (N 707 15:14:00 {15:15:00 0. K.

i4 12 DC-8 I5:16:00 {15:17:00

14 |13 707 15:20:00 |1%:21:00 Abort, see¢ nothing. {work-

! ing on processor)

414 707 | 15:22:00 | 15:22:00 Abort: nothing

14 15 707 15:25%:00 | 15:26:00 Notice 30 kHz bandwidth
14 I& 707 15:34:00 | 15:3%:00

14 |17 707 15:35:00 | 15:3¢ Looks good

14 |18 707 15:36:00 | 15:37:00 330 at 10| O. K.

14 |19 737 15:38:00 | 15;19:00 Best yot

14 | 20 707 15:40:00 | 15:41:00 340 at 12 | Good

14 |21 707 15:42:00 | i5:4%:00

14 ;22 DC-9 | 15:44:00 | 15:44:00 Not good

14 (2 DC.9 F5:46:00 | 15:47:00 Not good

14 |24 VAD 15:49:00 | 15:51:00 Alt; 35, 41, 50, 60, 70, 100

200, 300 at 1 rev/alt,

14 2% 747 15:52:00 | 15:%4:00 Azimuth wrong, bad run
14 |26 747 15:57:00 | 15:59%:00 {350 at 8 | Good! Best today

4 {27 27 16:02:00 | 16:03:00 Not very good

I4 28 107 16:05:00 | 16:06:00 !340 at 8 | Looks better

14 |29 DC-9 | 16:06:00 | 16:07:00

k4 : 30 | | 340 at 8 | Not a run

14 @ 3 DC-8 | 16:20:00 | 16:23:00

14 | 32 DC-9  16:23:00 | 16:24:00

14 |33 707 16:24:00 | 16:26:00 [320-10

14 | 34 DC-8 | 16:27:00 | 16:29:00

14 | 3% 727 16:29:00 | 16:30:00

14 | 1% DC-10 | 16:34:00 | 16:35:00 | 330 - 0%

14 |37 DC-8 | 18:35:00 | 16:37:00

14 | 38 747 16:37:00 | 16:40:00 | 340 - 10

4 |39 DC-8 | 16:41:00 | 16:42:00 | 340-10

A-I0




Tape Ruan ID l Time Est. Wind |
1D | Azimuth Coamments
14 |40 707 t6:46:00 ; 16:47:00 |330- 10
14 |41 127 16:48:00 [16:49:00 [330-8
4 142 | VAD | 1£:50:00 {16:55:00 [330 at 7 | Alt: 35, 41, 80, 60, 70, 100,
200, 300 st | rev/alt.
I4 |43 L-10-11| 16:57:00 [16:58:00
4 |44 747 17:00:00 {17:02:00 {330 at 8 || Lots of hits. but all bumped
14 |45 | 747 | 17:02:00 |17:04:00 | _;';:;&;" G0 nct undsrstand
14 |46 707 17:05:00 {17:06:00 (320 at 8
14 47 707 17:06:00 {17:08:00 ]
14 48 T47 17:21:00 {17:23:00
14 [ 49 707 17:24:00 {17:26:00
14 |50 DC-9 17:29:00 [17:30:00 | 320 at 12
14 | 51 127 B9:35:00 |17:36:00 320 at 10
14 | 52 707 17:40:00 |17:41:00 Not
14 | 5) 747 17:43:00 17:4%:00 Good run
14 | 54 707 17:46:00 [17:47:00 Good run
14 | 5% DC-8 17:48:00 |17:49:00 Good run
4 | 5 VAD 17:50:00 {1 7:49:00 Good run
14 |57 707 E7:50:00 [17:53:00 | 310 at 10 | Alt: 3%, 41, 50, 60, 70, 100,
200, 300 m at | rev/alt
14 |58 707 17:54:00 | 17:56:00
i5 1 YAD 10:50:00 | 10:55:00 {130 at § | Ali: 35, 41, 50, 60, 70, 100,
200, 300 m
1% 2 VAD 11:15:00 111:20:00 | 140 at 5 | 20 4B 5/N on wind, R04 in use
1s | 3 VAD 11:30:00 | 11:3%:00 : l
15 | 4 VAD E1:4%:00 § §1:55:00 Apparent shear or turbulence
at 30 m
15 4 VAD 13:49:00 [ £3:55:00 {160 at & | No wind above 70 m
i% 5% VAD 1 4:49:00 | 14:55:00 | 200 at 4 | R-13 in use
is 5 VAD 15:96:00{15:55:00 | 200 at 4 | Shear at 100 m
NHEY R i

A-11
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Appendix B
COMPUTER PROGRAM DOCUMENTATION

This appendix describes the computer programs developed and utilized
during the research program, The discussion of the off-line computer soft-
ware package includes flow charts of the basic routines and sabroutines,



MACED FLOW CHART OF vAD AND VORTEY TRACK PRODRAM

hl hpntun.
m-ll-—-lll:“-

B.2



ROUTINE ARLASK Fisds position  sod suban ity

e L LI
N/

!

Computs mad s bur gt veles ity possts of sons

L

¢
J - : {
%hwn“mnuu“ {l_l-)

Campuis i ¥ snd I posities

s Bew e peiad
call b e bl




ROUTINE BDOWN

Separates |6 bit
words written by
SEL computer

Enter
DOW

Separates 16 bit words written by SEL computer

Return

B-4



ROUTINE CENTER L bws vartbaen S
R o ELIEERFTTTT T

é e R S T T T ey !IH.

B.5

LT -]




L]

e e
Eatmeen Ve il
e e e et el

e B v less

LT [ ] !

[EH APERCT ) spowd o @ of Famil posnd

wd APERC T st enaly o0 & ol §ond oot
AR T e e gamsiing

_1 |




il
i
ii i
LI
i m

B.T7



o i

Wales iy

U o i e Wl e
ELSLR L R

& prans ruheel St ol T
il Peat bie theg Teetes

Catil Sty = pmits e

W e w8
o P e el e
EL RN o LN N AR

i D

LR




\ 4

o =

Dhwms pom. i mleatn # suvbam o6
L R T LT ]
- ELR - TR

B - -y

]

=

[ Commyguts wmgla 08 bad bs ha Sas babad 5o
PR e s b el e

i —— =

-

é P Pt oy gl vl by peatle Pes oiFrmiotns okl akstien

B.9

L f L R




|
m H
A 1] | Iy
S| I S YA By 0 g}
w_m i m_m_m m“ L |l |l N
; Hi | LE _ @ d n.l\.)

B.10



wo bR AR




Are
minimum
boundaries for
scatter plots
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ROUTINE COEFF

Lnter
COEFF,

Compute

E ¥ tnnEH Ilu]
- £ v unfrvena]

Fourier coefficient for N harmonics
where
{N-1) is harmonic namber
P is number of points
"I" in speed at point
o is azimuth for point

Return

to
WINDTR

B-13

Computes Fourier coefficients
of VAD signal



i

—ts
1 I;:.h"'h"‘m+—ﬂ-_4qh‘_-'l
- Ty
Far reausg oo eed loam
BLL o s
Tor svparamay (s b GEL
(2 )
[ |
A\
II & et P S ——
oy e iy
H
& - Ly ———
-

r'ﬁ- T —— "...._‘_:;_
s Vi asalyrer Irem mags Ma bs W

e ————————

[ ———— T e _—

Hulrlm-mw-mhn

e —————a

I

el L Ty [ ———

IThan oo waesd im U00 vorton dnton Som ol gariiis, |

T ——

e a—

B.14



i “ﬂ_ un*-- O R e W AL

B-15



[ ]
| = .;......l:..‘.:..ﬁ”‘l

U
" T
. s
|
| [:;-.L_:
SR i % = OFF
Sapaniing oo deis
|

B-16



~ b D

Ten

G be W9

5 2 R

T S

ﬁmmf
fjii
m.__._h._ |

il

Con e §N

B.17



1_.w G )
2 0
i
m .
M1 la] |,
H m_"
HoL
.-ll_“_w
{IH

“ |

=8
:  reetS e
b j | |
I I e e

1 B wbbbe g b s Nange

L T T T g




& shmage s

_

Tia

et pisiamde Bag (LOALTY b6 a5 i g s ol )

Bt o mensh pwiich Gag te sne WMigped]

B g GAROR ) ie wllanie Bers Lo Sl e " ay oesa Bl pobE peiale

B Mg ILAYED) be lasianda vhe loei reiailes fas & heigha
pep———r T T R T

B-19



4 =

B-20






{ e Wi

Com s VAN —

b, |
L
- S
L e ronmSuenn | B¢ Ve ¥imiade
LA L

B.22



Can W

G e 1IW

Mmiae ol WAD pmabs b e = e

l

B.23



Mhashert o Sanind fe pelnis S56 0N = S

Commnil mpeisas ol VD paietn

Beet Vb g b s i Rt UL
1

B-24






Cews 1I%

Obisia beight Tor aent paint

Yan

L

s in haighl i msm -u-u-ll

i
3
3

Set aaivath swile s Mag IFWICH) e
it b mad 0 gl

B-2b



P o A0 angle sel e ol maghst vule wy
B i

B.27




B.18



ROUTINE INPUT Read cards with parameters
to direct program operation

Read Title Card

)

Print Title

¥

Read Name List (DATA)

Print Name List (DATA)

Call For controlling
HANDLE program
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Are
printer plots
requested

Plot T vs V on the printer

No Adjust margins back to
standard graphs
Return
to
Handle
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ROUTINE PROFIL

Ster /

PROFIL

Project wind velocity vectors on to vertical
cross ranway and down runway planes

’

Campute wind at 41 altitudes power law

curve for plotting. Alwo project theas points
on the vertical cross and down runway planes

!

Fit & third.order polynomial to the 41 points
in the vertical cross iunway plane

}

[ Prist cosfficients 1o third order p-:lrn-mlll/

¢

Plot wind speed ve height

}

Plot wind direction ve height

'

Plot wind speed in vertical cross runway plane

i

Plot wind speed in vertical down runway plane

Plots wind profile as &

function of
SCA020 plotter

ghi on the



ROUTINE SFLIP Flip= sign of speed
of VAD to simulate
translator

Enter
SFLIP

Find peak of a 90° moving average

J

Uses the location of the peak and the
estimated wind direction to determine
the segment of VAD to be inverted

(sign reversed)

Print the upper and lower bounds on the u.mntj

}

Flip sign on the VAD segment

Call For plotting of VAD
HWPLT after sign flip
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ROUTINE SHEAR Computes and prints
wind shear

g DO through wind vectors

Compute SHEAR as a function of altitude in
ind speed
Wind speed of vertical cross ranway plane
Wind speed of vertical down runway plane

These are compuled based on average shear between
adjacent pairs of wind vectors, The shear is also
calculated from the derivative of the power law curve

j Print the resulting shears F

@ =
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ROUTINE SORT

Lainr
B0 T fortn poiats ae 8 levitinn of
mbamn iy B g
Isiiialine poisiers

Bad Nag v indicaie ne o Range s peisians

!

{ DO throegh sember of priats @

Reardar punters

i

Bt Moy v indiante & hbngs in poisiors

S
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ROUTINE STATS

:“"? Computes and prinls the sverages
STATS &nd standard devistons ol the wind
3 for sach helight Fepressnted

G o &

e — m—

Ialtialia e thi. wind averaging
program

Chach this st ade with previous
altitedes. Dats freem the sams
altitudes w "1 be averaged,

B.39



Caga ¥

Coant minules

Tea

Use angle interval comtered
eatirmated wind directions

Sum wind spesds and direchons
romputed by peab algorithm
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l

Print the accumulatied masans ‘jr

;

a5 3

v

Print header lor standsrd
deviatioas

CEEETD
- -
| BER=EE

End DO {

DO through the number of 1o
minutles Averaged

Prinl sisndatd deviations

for accumulated averaging
periods
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Comgule avera rtical speed
lr-ulh-mp.:h“ -

Prist revulis of the peab slgorithm i

Are

wind Averages
e bw orade, and ia
it time low the
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ROUTINE WiNDEW

Compuyled wind (rem VAD wsing & least
squag e curve Nl to & sine wave

Y=,
Y

E!Ihlhn ¥ gl b .

Sum to campule coslficients lar simollanesus squations

[E"'I"iq o 4 [Teoemp mg] u 1[2:-«1. l] Ca [E'ﬁ]
[Eeoem mn.q . lzm‘nﬂ] be [E"""I'] € e [E"l .—l.]
[Bm s [Sommd o3 - (E4]

To solve the above simultiansous equations for &, b and ¢
m which go to the sine wave squation v = ¢ + a cosll + b aind

Comput e
linrisontal wind spasd and direciion
Vartieal wind speed =

f Print horisantal wind spesd and divection
and wveriic

al wind speed

l

Compae

Frandard Cevialion of points
aboul dine wive

Print standard devialion aboul wine wave
namber of YAD poisis snd nembar of neros

Evalag ¥
/ ? { To rowtine STATTR for averaging
resulis from peak algorithm
Na

B-51




AR T L. 2

e

[--n_u w rertes ol wied speed

4

e n s el prase aaghie ]

N

ﬁ
U vt g ts eedage ol pwy ol ool Vel

‘I Poms seaslin of i Femnies n.-m-/




ROUTINE WINDY Finds wind velocity st
partioular altitede

:

Sa1 the three component
il-lillll_-r: ¢

Compuls harisonial
velodity for reguesied
altituds using powsr Fetarn
law rurve

C wie arimuih ol wind
for the reguesitd altitede
uslng polynomial curve

I

Trenslorm inte two
horizsomtal componenis

Compute vertical wind
spesd (or reguested
.:Hl using table
joakup

Returm
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ROUTINE WPROFL Computes wind profile
an a function of height

\ Enter /

WPROFL

I_Ht a power law curve to horizontal wind velocity at
varying heights using a least squares technique

i

Fit polynomial curve to horizontal wind direction
at varying heights using & least squares technique

:

Print coefficients for the power law curve
and the polynomial
Return



ROUTINE WRTZI Writes vortex tracks

on unit 21 for use by
Data Management program
\ Enter /
WRT2I

Compute Julian day

L

Compute start time

l

Deterinine anknown vortices 1o be sither
port or starboard depending on locatinn
ol known vortices
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dix ontinued

In addition to the (low charts presented on the previous pages, the
following library routines are used in the VAD Vortex Track Program;
FPLOT, SOLVIT and LSOPF. Rather than present detailed flow charts [or

these general library routines,. they are described below in terms of the
purpose, function and usage,

® Subroutine FPLOT

Purpose

FPLOT c¢ollects and stores dats as they become available, and upon
signal, produces a printer piot in practically any weirntiion and slze,
FPLOT should be regarded as a general purpose output routine for dis-
playing output data in graphical form,

Usage

CALL FPLOT(M], IPNT, AR, LR, ISTOP, NCU, NCMAX V1, V1)

Description of Parameterg

Ml is the sirqg of the main storage array, and il shouid
never be larger than 800, which corresponds to 400
points (o be plotted

IPNT is a counter initialized ~usaally [PNT » 0 - in the
calling program, It is incremented by 2 each time
5 new data noint is entered 0 AR

AR is the main storage array, It should be in a dimension
statement in the calling program, For example,
DIMENSION AR (800),

LR is an array of bytes used to hold the curve number.
It should be dimensioned for M1/2, The type declara-
tion LOGICAL®?] LR(400) should be in the calling program,



ISTOP is the flag used to signal that all data has been
entered, ISTOP=0 causes data to be stored. If
ISTOP=-1 and NCUsNCMAX the program immedi -
ately branches to the plotting section, If ISTOP=1
and NCU = NCMAX a data point is stored and then
the plotting section is entered,

NCU is the curve number for which data are being entered,
It must be a positive integer less than 2],

NCMAX is the number of curves to appear on the graph.  Thias
in the largest value NCU quhn-.

vi Is the horizontal coordinate of the data point to be
plotted,

v2 is the vertical coordinate of the data point to be
plotted,

ITiH causes the standard horizontal size of 120 positions

to be used. A positive integer will cause the horizontal
size to be modified, Maximum horizontal size is 120
positions,

1T(2) A 2ero causcs the standard vertical siee of 58 positions
to be used. A positive integer will cause the vertical
size to he modified, Maximum vertical sizeo is 238

positions,

T A z8ro causes the standard herizontal positive direction —
to the Fight —to be used, A | causss reversal,

ITi4) A noro rauses the standard vertieal positive direction -

Wp —tobe used, A } causes reversal,

LCIl 0 20)  Any symbols plac ed here will be ased as plotting
characters,

Nemarks

As many as 20 different curves may appear on & wingle graph,
A maximum of 400 points can be plotted an one graph

The number of points in each curve is arbitrary, but the total number
ol points must not be exceeded,

The order in whick the points of dilierent carves is computed ia
arhitrary,

The graph size is adjustable up te 120 x 238 positions,
The standard size in 120 x 58 posilions — one page,

The standard horizontal and vertical positive directions can be
independently changed,

B.57



Scaling of data (s automatic, the best even scale factor being selected
to maximize graph resclution within the available space,

A border of XXXXXXX is automatically supplied,

The background grid is arranged so that one of the major divisions

will pass Ihrn:;h zero, The background grid is marked only at the
intersections of the ma jor divisions

If the coordinate of gero appears on a graph, a solid line appears so
that this major division stands out,

Numerical values are supplied for all major divisions,
The program plots vertically or horizontally with equal ease,

When collecting data for several curves to appear on & single graph,
no plots are made until the signal is given -gnu last data point for
the last curve has been stored,

Should one inadvertently try to store more data than storage has been

set aside, data storage is bypassed, Only the data stored are used in
making the graph,

A curve with one point, or a curve of a constant can be plotted,
Stored data are undisturbed and available for later use,

® Subroutine SOLVIT

Purpose

Compute a highly accurate solution to the matrix equation AX = B
where A is an N x N matrix, and X and B are vectors,

!l-lln

CALL SOLVIT (A, N, M, B, X, ACC, MAXIT. IT, IN, W)

Description of Paramelers

N x N matrix of coefficients

number of rows of A

number of rows of array in which A is stored
right -hand side of equation AX = B

solution vector

X oETZ>
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ACC accuracy desired

MAXIT maximum number of iterations to be tried. (10 should
be sufficient.) If MAXIT = 0, no iterations will be
performed,

1T internal indicator set by program to:

= -] if matrix is singular
= 0 if convergence falled within MAXIT iterations
= k the number of ilerations it took to converge

IN to be set = | for first entry to the subroutine
= 2 for subsequent entries If A has not been
changed,
w Nx (N+ 5)array used as working storage.
Method

The Gaussian elimination method with partial pivoting is used to de-
compose the matrix to upper and lower triangular matrices, (These tri-
angular matrices are saved,) From the residual vector B - AX, a correction

vector is computed and added to X. The process is repeated until the re-
sidual vector is within the tolerance.

The initial scaling of each row, to bring the maximum element between
1/2 and 1, is done using factors equal to integral powers of 2 to eliminate
round off errors which otherwise might have been introduced.

The method is due to Cleve Moler, JPL, presented at SHARE XXV,
Chicago,

Storage Requirements

116 locations,

Restrictiona

In most cases, eight digits accuracy can be attained,
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W must not be used between calls to SOLVIT when solving for multiple
right-hand sides, Matrix A is destroyed,

Note

SOLVIT is only a driver for the deck SIME (entry points SIMEQA and
SIMEQRB): thus two decks comprise this subroutine, In addition, this sub-
routine uses the library subroutine LOG2,

® Subroutine LSQPF, LSQPFI

Eﬂ!tﬁ'll

This program will fit polynomials of order one through seven to n
given points {Hl. ¥) (X5, Yp), =ee m". Tn'l- by the method of least squares.

The order and spacing of the points is immaterial and the points need not all
be distinct,

Usage

a, CALL LSQPF (X.Y.K,N, M, C.IERR) or
b. CALL LSQPF! (X.Y.K, N, M, C, IERR)

Desc ription of Paramelers

X for both entries X is the first location of the block
of Il values {real array)

for both entries ¥ is the firsl location of the block
of '!l"I values ireal array)

o

for both entries K is zero if residuals are not needed;
is nonzero il residuals sare wanted linteger)

for both entries N is the number of points to be filted
{imteger)

for entry (a), M is the highest order polynomial desired,
The routine will compute polynomial fits of degree one
through M and return all coefficients, For entry (b),

the routine computes a polynomial it of degree M only.
F 4 < M < 7  linteger)

z 2z =
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C for both entries, C is the first location of the block
where the coefficients, standard deviation, and residuals
will be stored,

for entry (a), the dimension of C must be M{M# 5)/2 if
K=0, and M(M#5)/2+ N* M Il K /0, The coelfi-
cients, 3, the standard deviation, @, and the residuals,

R j are stored in the following order beginning at loca-

tion C:
in (y _ {Z) zZ) {2) _(2) (M)
lﬂ 3 ﬁl , » ﬁn ¥ ﬁl . lz . o § mmm, ﬁﬂ "

M) (M) (M) (1) o (2) o(2) )
ﬁ-' g IR hm , - “l . n: ™ Rz g WmEm- ““ , =mw
e RM, .. p!M
n

The location of A of polynomial degree P(1 <P < M)

is CiI) where 1= P(P+5)/2 = (P+1). The location of
HI of polynomial degree P(1 < P < M) is C(1) where

1= MIM$51/2 # NIP=-111.

For entry (b), the dimension of C must be (M4 2) o
K=0, and (Md24N) U K 40, The coefficients are
stored in C(1) through C(M#1), the standard deviation
in CiM+2), and the residuals in C(M+3) through
CIM+24N), {real array)

IERR {or both entries. IERR is the error flag: it will contain
0 if no error occurred, and some number if an error
has occurred, There are two reasons for an error:
one of the pivotal elements is zero, or an over{low has
occurred, (integer)

Method

The method of solution is as [ollows:

Given a set of n points, (X, Y}, we require sets of coeflicients, A
such that

P

LY
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is the best least squares fit to 'c‘i over all i, This is done by first normal-
izing the Kl to the interval (-1, +1) by use of the formula

X

N EEGE T )

We can then work In terms of Chebychel polynomials, T, . where

Tntl
= X

1 1
Ty, *2X7T,_,-T

T
k-2
for k = 2{l}p. We now seck t. such that

j
i 4 T 05)

j=0

gives the best least squares fit, The residuals, II:‘. are

k
rk a, (X P]-v.. %= 1np
o L b

The unbia ed estimate of the standard deviation of the k'™ order polynomial
fit is

o Bl

Resirictions

The value bf M must be in the range 2 through 7, Care should be
exercised in using this routine since considerable loas in accaracy of the
coefficients is sometimes involved,
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Appendix D
REPORT OF INVENTIONS

Under this contract the Lockheed LDV system was modified, calibrated
and tested in an airport environment, A base of wind and wake vortex meas -
arements were obtained, The contract objectives were met and no inno-
vation, discovery nor invention was made,
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