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ABSTRACT 

Design guidelines were developed for the installation of vertical black
out shades to alleviate glare and fluorescing phenomena caused by sunlight 
on and around console-mounted BRITE radar displays in Air Traffic Control 
Tower Cabs. Experimental shades were installed in the Gulfport, Mississippi, 
Tower Cab and were subjected to a 6o-day evaluation. Results demonstrate 
that vertical blackout shades can eliminate adverse working conditions 
attributable to sunlight at the radar approach control position(s). 
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INTRODUCTION
 

PURPOSE. 

The purpose of this effort was to develop a solution to adverse glare and 
fluorescing phenomena caused by sunlight on and around two console-mounted 
BRITE IV radar displays at the Gulfport, Mississippi, terminal radar approach 
control cab (TRACAB). 

BACKGROUND. 

Use of two BRITE IV displays at the radar approach control positions in the 
Gulfport TRACAB was hampered during late afternoon due to sunlight shining 
through the west windows, reducing contrast on the cathode-ray tubes (CRT's) 
and making them marginally usable, even with standard smoke-grey transparent 
window shades in use. The Southern Region requested that the National Aviation 
Facility Experimental Center (NAFEC) participate in an investigation to alle
viate this problem. This request was implemented under the NAFEC sustaining 
engineering program. 

DISCUSSION 

A solution to the sunlight problem was proposed following inspection of condi
tions within the TRACAB by Gulfport Tower and NAFEC personnel On June 13, 1978. 
The recommended approach involved mounting a series of retractable shades 
vertically from the cab ceiling, the lower portion of each shade to be opaque, 
while the remainder would consist of clear plastic. The purpose of having a 
series of shades was to allow for selection of shades as required for sunlight 
blockage during seasonal variation in sun azimuth. 

The inclusion of clear plastic in the upper part of each shade was to provide a 
transverse viewing area for tower personnel. Subsequent evaluation of the 
experimental shade installation demonstrated that the clear plastic section 
provided no significant benefits or use at Gulfport. However, this feature 
should be considered in the design of shade installations within other TRACAB's, 
particularly in regards to the local control position in relationship to the 
shade(s) location. 

Figure 1 details the installation of the three shades as located in the 
Gulfport TRACAB, each of which was fabricated 48 inches wide with the bottom 
30 inches consisting of black Tontine material joined to 54 inches (minimum) 
of clear plastic with sufficient clear plastic rollup at the top (8 inches) to 
insure proper operation. The shades are mounted on standard spring-operated 
rollers attached to 1- by 4-inch wood plates for ceiling mounting. The shades 
were centrally located within the tower in order to minimize field-of-view inter
ference, particularly in regards to local control. Angular positioning of the 
shades within the tower was primarily determined by the azimuth of the sun 
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during late afternoon hours and the East-West radar positions as shown in 
figure 1. The appendix contains an illustrative example for computing sun 
azimuth. 

For evaluation purposes, the West radar was not fully shielded during the 
winter months by the experimental installation in order to compare this posi
tion with benefits obtained at the East radar position. Figure 2 is a 
photograph taken on January 16, 1979, during overcast cloud conditions, and 
illustrates the improvement in protection from sun glare obtained with all 
shades in the lowered position. Figure 3 i.s a photograph of the three shades 
as mounted within the tower cab. 

Following the evaluation period, two additional shades were ordered for 
installation; a 4-foot-wide shade for installation at the location designated 
aseD in figure 1 to provide complete shielding during the winter months for 
the West radar position; and a 5-foot-wide shade with a 150 bias cut along the 
right edge for installation at QD in figure 1 to improve shielding during the 
summer months. The 150 bias cut was included to allow the shade to meet the 
window glass. 

DESIGN PROCEDURES. 

Facilities experiencing adverse glare and fluorescing phenomena induced 
through sunlight on or around BRITE displays should consider the use of 
some form of vertical blackout shades to alleviate this condition. Initial 
design entails the determination of angular relationships between BRITE 
radar location(s) and sun azimuth for June 21 and December 21 during the 
affected time of day. The preparation of a plan view of the tower 
similar to figure 1 will allow for the determination of shielding require
ments. In the Gulfport example, the dashed line CD parallel to the 2840 

azimuth delineates maximum summer limits, while the dotted line~parallel 
to the 225 0 azimuth shows maximum winter limits. 

In order to minimize interference between personnel movement in the tower and 
the shades, a compromise location for the shades may be expedient. This was 
done with the final installation at Gulfport by placing the shades adjacent 
to and in line with the staircase/bookshelf. Complete shielding of the East 
radar will not be attained during the week before and after June 21. 

Selection of partial or full-length blackout shades is dependent on position 
arrangement of the tower cab and field of view requirements. Interference 
with airport operations will either preclude installation of blackout shades 
or will result in marginal benefits. Any proposed installation should provide 
complete shielding for affected BRITE displays for 80 percent of the year 
prior to initiating procurement of shades. 
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FIGURE 3. VERTICAL BLACKOUT SHADE INSTALLATION--GULFPORT TOWER 
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RECOMMENDATION
 

Based on project results, it is recommended that vertical blackout shades be 
considered for installation in TRACABS experiencing adverse glare and 
fluorescing phenomenal on and around BRITE radar displays caused by sunlight. 

This effort was conducted in response to a fc,rmal request from ASo-5l0, dated 
May I, 1978, to ANA-4 for assistance under the Terminal Sustaining Engineering 
Program, Subprogram 144-170, sponsored by ARD-120, Richard Simon. The project 
number is 144-170-820 and the NAFEC Program Manager is Felix F. Hierbaum, Jr., 
ANA-2l0. This report concludes scheduled activities on this effort, although 
the following NAFEC personnel are available for consultation during future 
design and installation phases: 

Felix F. Hierbaum, Jr. Program Manager 
Donald M. Millar Project Manager 

These individuals can be contacted at: 

ATC Applications Branch, ANA-2l0 
NAFEC 
Atlantic City, N.J. 08405 
Tel. FTS: 346-2630 
Tel. Com: 609-641-8200 X-2630 
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APPENDIX 

DETERMINATION OF THE SUN'S TRUE AZIMUTH FOR THE TIME OF SUNSET 
AND SUNRISE FOR THE DAYS OF WINTER AND SUMMER SOLSTICE 

The true azimuth of the sun for the time of sunset and sunrise for the days of 
winter and summer solstice can be determined by use of "The Air Almanac" 
(reference 1) and "Sight Reduction Tables for Air Navigation" (reference 2). 
The procedure is outlined below and an illustrative example given. The proce
dure also applies to the determination of the sun's true azimuth at any time 
on any date. 

FROM THE AIR ALMANAC 

1. Determine the Greenwich mean time (G.m.t.) of sunset/sunrise for the win
ter solstice (about December 21) or summer solstice (about June 21) as desired, 
from the appropriate table. (Figure A-I shows the December table.) Inter
polate the time for your latitude using the December 22/June 22 COlumn. Con
vert your longitude to time using the "conversion of arc to time" table 
(figure A-2). If in west longitude, add the time conversion to the G.m.t. to 
get the G.m.t. of sunset/sunrise for your longitude. (For east longitudes, 
the time conversion is subtracted from G.m.t.). If the value is over 24, sub
tract 24 from it. If negative, add 24 to it. If you want to determine the 
local time of sunset/sunrise in west longitudes, subtract the number of hours 
between local time and Greenwich from G.m.t. Add if in east longitudes. 

2. Enter the page listing for December 2l/June 21 for the G.m.t. of sunset/ 
sunrise as determined for your longitude and extract the Greenwich Hour Angle 
(GHA) and Declination (Dec) of the sun. (Figure A-3 shows the December 21 
listing). Interpolate as required. Subtract your west longitude from the 
GHA of the sun (add east longitude) to determine the Local Hour Angle (LHA) 
of the sun. Round this to degrees LHA. 

FROM THE SIGHT REDUCTION TABLES. 

3. Enter the table for your nearest latitude (figure A-4 shows 30° N) with 
the rounded LHA and closest (rounded) declination. If both latitude and 
declination are north (or south) use "same name as latitude" portion; otherwise 
use "contrary name portion." Extract the listed az:l.muth (f), then convert 
this to true azimuth (Zn) as indicated in the upper left-hand corner of the 
table. The true azimuth will be accurate to within 1° with this procedure. 
Greater accuracy can be achieved by interpolating between latitude tables, 
LHA's and declinations. 
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56 '44., , ..
 , ,.
... 
, ,050 

Jo6 I 
J07 
J08 
J09 

J'o 
In 
313 I 

J'J 
J'. 
31S 

316 
317 
318 
31, 

J"O 
J'",..
 
J2J 
J24 

:PiS 
:P6 
:P7 
J,aII 

20 24 

20 28 
20 )2 

20 )6 

:zo 40 
20 .J.4 
20 48 
20 

20 

21 

21 
21 
21 
21 

:u 
21 
21 

21 

:11 

21 
21 

S2 

56 

00 

04 
08 
n 
16 

zo 
24 
28 

3Z 

36 

40 
44 

21..s 
21 52 

:P9 ; 21 56 

JJO 
33' 
JJ2 
JJJ 
JJ4 

JJS 
JJ6 
33' 
JJ8 
JJ9j 
J40 
34'...
 
J4J
 
J44
 

J4S 
346 
34' 
J48 
349 ~ 

.. 00 
22 0" 
22 08 

22 12 

22 16 

2220 

22 2" 

U Jo8 
22 JZ 
2a 36 

22 40 

aa 4" 
U 48 
u sa 
aa S6 

., 00 
23 04 
23 08 
2) 12 

a) 16 

350 i <13 JoO 
35. I 2J Z" 
352 ' 23 a8 

J!J )23 Ja 
354 I 23 36 ., .. ., .. 

2) ,,835'~I'
358 <lJ sa 
3.5• aJ 56 

The above table i.I for conveninR ellpn:asionll in uc to their equivalent in tim~; ira main use in Ihia Almanac ia 
(or the con~nion o( longitude (or application to L.M,T, (tJtkUJ if ~". ,ubtracled if ..arr) 10 give C.M.T.• or vice \'usa. 
particularly in lhe cue of lunrUe, auneet. elC, 

FIGURE A-2. CONVERSION OF ARC TO TIME 
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710	 (DAY 355) GREENWICH P. M. 1978 DECEMBER 21 (THURSDAY) 

0 SUNGMT 
GHA 1>0<. 

• . . . , 
1200 o 30.) 523 26.2
 

10
 300.2 26.2
 
20
 530.2 26.2
 
30
 800.1 26.2
 
40
 10 30.1 26.2
 
50
 1300.0 26.2
 

1300
 IS 30.0 523 26.2
 
10
 17 59.9 26.2
 
20
 2029.9 26.'
 
30
 2259.• 26.'
 
40
 2529.• 26.3
 
50
 27 59.7 26.3 

,.00 30 29.7 523 26.3
 
10
 32 59.6 26.3
 
20
 3529.6 26.3
 
30
 37 59.' 26.3
 
40
 4029.5 26.3
 
50
 42 59.4 26.3
 

1500
 45 29.4 523 26.3
 
10
 47 59.3 26.3
 
20
 5029.3 26.3
 
30
 52 59.2 26.3
 
40
 55 29.2 26.3
 
50
 57 59.1 26.3
 

1600
 60 29.1 523 26.)
 
10
 62 59.0 26.3
 
20
 6529.0 26.3
 
30
 67 58.9 26.)
 
40
 7028.9 26~
 

50
 72 58.8 26.3
 

1700
 75 28.7 523 26.3
 
10
 77 58.7 26.3
 
20
 80 28.6 26.3
 
30
 8258.6 26.3
 
40
 85 28.' 26.3
 
50
 87 58.' 26.3
 

1800
 90 28.4 523 26,3
 
10
 92 58.4 26.3
 
20
 9528.3 26.3
 
30
 97 58.3 26.3
 
40
 10028.2 26.3
 
50
 102 58.' 26.3
 

1900
 105 28.1 523 26.)
 
10
 107 58.1 26.3
 
20
 11028.0 26.3
 
30
 112 58.0 26.)
 
40
 115 27.9 26.3
 
50
 11757.9 26.3
 

2000
 120 27 .• 523 26.3
 
10
 12257.1 26.3
 
20
 12527.7 26.3
 
30
 12757.7 26.3
 
40
 13027.6 26.)
 
50
 132 57.6 26.3
 

2100
 135 27.' 523 26.3
 
10
 13757.' 26.3
 
20
 140 27.4 26.3
 
30
 142 5" 26~
 
40
 14527.3 26.3
 
50
 14757.2 26.3
 

2200
 150 27.• 523 26.'
 
10
 152 57.1 26.3
 
20
 155 27.1 26.)
 
30
 157 57.0 26.)
 
40
 16027.0 26.3
 
50
 162 56.9 26.3
 

2300
 165 26.9 523 26.)
 
10
 167 56.• 26.3
 
20
 17026.• 26.3
 
30
 172 56.7 26.3
 
40
 175 26.7 26.3
 
50
 177 56.6 26.3.... 14 59.7	 000.0 

AlliES VENUS-••• JUPlTlI-2.0 SATUIN 1.0 () MOON lot. - ..... 
1>0<. GHA 1>0<. N'

GHA '1" GHA 1>0<. GHA 1>0<. GHA . . , . , . . . . . . N 
26942.1 44 58 Sll 32 13909 N18 48 10349 N 7 59 103 12 N 5 13 . • . . 
272 12.5 4729 14119 106 19 10538 12 T2 1211 -03
27443.0 4959 144 10 10849 108 03 10 TO 12 M 00
277 13.4 5229 . 14640 . 111 20 . 11029 09 68 11 59 +02
27943.8 54 59 149 11 11350 11254 OT 

66 1154 M
282 14.2 5729 lSI 41 11621 11520 06 

M 11 50 06 
284 44.6 59 59 51332 154 11 N18 48 118 51 N 7 59 117 46 N 504 62 1146 OT 
287 15.0 6229 15642 121 21 12011 03 60 11 43 08
28945.4 6459 159 12 12352 12237 01 

58 1140 09
292 15.8 6729 . 16143 . 12622 . 12502 500 

56 11 37 10
29446.2 7000 16413 12853 12728 458 

54 1135 11
297 16.7 7230 16644 13123 12954 5T 

52 I1ll 12 
29947.1 T5 00 513 32 16914 N18 48 13353NT59 13219N455 

50 1131 13
302 17.' 77 30 17144 13624 13445 54 

45 11 27 14
304 47.9 8000 174 IS 13854 13711 52 40 11 24 15307 18.3 8,! 30 . 17645 . 141 25 . 13936 50 

35 11 21 1630948.7 8500 17916 14355 14202 49 
30 11 18 17

31219.1 8~' 30 18146 14625 144 27 47 

31449.5 9001 513 II 184 17 N18 49 14856N759 146 53 N 446 20 1113 19 
10 1109 20317 19.9 9231 18647 151 26 14919 44 
0 11 05 22319 50.4 9501 18918 15357 15144 43 

10 11 01 23
32220.• 97 31 . 19148· 15627 • 154 10 41 20 1057 25324 51.2 10001 19419 15857 15636 40 
327 21.6 10231 19649 16128 15901 38 30 1052 26 

32952.0 10501 513 II 199 19 N18 49 16358NT59 16127N4)7 35 1049 27 

33222.4 10731 20150 16629 16352 35 40 1046 28 

33452.8 11001 20420 168 59 166 18 34 .5 1043 30 

337 23.2 11232 . 206 51 . 171 30 . 16844 32 50 10 l8 31 

339 53.6 11502 20921 17400 171 09 30 52 1036 32 
342 24.0 11732 211 52 17630 17335 29 54 10'" 33 

344 54.5 12002 51133 214 22 N18 49 IT901N759 17601 N 4 2T 56 1031 

34724.9 12232 21652 18131 17826 26 '" 58 1029 35 
34955.) 12502 21923 1M 02 180 52 24 60 102. 36 
35225.7 127 32 • 221 53 . 186 32 . 183 IT 23 5354 56.1 13002 22424 18902 18543 21 
357 26.5 13232 22654 19133 188 09 20 

35956.9 135 03 513 34 22925 N18 49 1M 03 N T 59 19034 N 4 18 Moon', P. in A. 

227.3 13733 23155 196'" 19300 16 
~ . 

g457.7 14003 23426 199 M 19525 15 ~ ~u728.2 14233 . 236 56 . 20134 • 19T 51 13 u 

958.6 14503 239 27 204 05 200 IT 12 • . • 
12 29.0 14733 24157 20635 20242 10 o 5~ 56' 
1459.4 150 03 513 34 244 2T N18 49 20906NT59 20508N409 5 54 

57 30 

1729.• 15233 246 ~,8 21136 20734 07 12 58 29 

2000.2 15504 24928 21406 20'9 59 06 16 53 59 28 
22 30.6 157 34 . 251 59 . 2163T . 212 25 M 19 52 61 2T 
25 01.0 16004 25429 21907 214 50 03 22 51 62 26 
2731.4 16234 25700 22138 2IT 16 401 25 50 6) 25 

3001.' 165 04 51334 25930 N18 49 224 08 N 7 59 21942 N 359 27 49 64 24 
32 32.3 16734 26201 22639 22207 58 29 48 65 23 
35 02.7 ITO 04 26431 22909 22433 56 31 47 66 22 
3733.1 17234 . 26T 01 . 231 39 . 22658 55 46 68 21 
4003.5 17504 26932 23410 22924 ·53 33 45 69 20
4233.9 177 35 27202 23640 23150 52 

35 44 70 1937 '434504.3 18005513 35 2T4 II N1849 23911 N 7 59 2"'15N 350 39 42 
71 18 

4734.7 18235 277 03 24141 236 41 48 ~ nIT 
5005.1 18505 279 34 24411 239 07 47 .2 41 73 16 
52 35.' 18T 35 . 28204 . 246 42 . 24132 45 40 7. 15
55 06.0 19005 28435 24912 243 58 44 .3 39 

75 145736.4 19235 28705 25143 246 23 42 45 38 

6006.' 1950551335 28935 N18 49 25413NT59 248 49 N 341 46 37 76 13 

6237.2 19736 29206 25643 251 15 39 <IS n 12 
.9 36 78 116507.6 20006 29436 25914 25340 38 50 35 80 106738.0 202 36 • 29707 . 26144 . 256 06 36 

7008.4 20506 29937 2M 15 25831 34 52'" 
7238.8 20736 30208 26645 26057 II 53 33 

7509.2 2100651335 30438 N18 49 26915N 759 26323N 331 
~ 32 

77 39.7 21236 30T 09 27146 26548 30 
56 31 

8010.1 21506 38939 27416 26814 28 57 30 
8240.' 217 36 . 312 09 . 27647 . 27039 2T Sun SO 16~385 10.9 22007 31440 279 17 273 05 25 
8741.3 22237 3IT 10 28147 27531 23 Moon SO 15' 

15 00.7 SO 00.3 15 02.7 NO 00.1 15 02.5 0 00.0 14 3).7 SO 09.) Age 21d 

FIGURE A-3. GHA AND DECLINATION OF THE SUN FOR DECEMBER 21, 1978
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ILLUSTRATIVE EXAMPLE. 

Determine the true azimuth of the sun at Gulfport, Miss. (30° 24'N!89° 04'WL. 
for sunset on December 21, 1978. 

FROM THE AIR ALMANAC FOR JULY-DECEMBER 1978 

1. Using figure A-I, the G.m.t. of sunset at Greenwich for 30° 24'N On 
December 22nd interpolates out to 17:04. From figure A-2, 89° 04' west 
longitude converted to time is 5:56. Adding this to 17:04 gives 23:00 for 
the G.m.t. of sunset at Gulfport, Miss. 

2. From figure A-3, the GHA and declination of the sun for 23:00 G.m.t. are 
165° 27' and S (south) 23° 26', respectively. Subtracting 89° 04' west lon
gitude from the GHA gives an LHA of 76° 23' which rounds to 76°. 

FROM VOL. II, SIGHT REDUCTION TABLES 

3. Figure A-4 shows the table for the nearest latitude (30° N), range of 
declination (15°_ 29°), and name of declination (south). Using an LHA or 16" 
and a declination rounded of 23°, the listed azimuth (Z) is 117°. Following 
the convention noted in the upper left-hand corner of figure A-4, the true 
azimuth (Zn) is 243° (360°-117°). 
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