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A flight investigation wan made to determine the effect of 
distance flown in the icing region, antenna length, and antenna 
angle on the tension occurring in aircr&t antennae whUe in 
regions of aimraft icing. 

Theexpf3rimentalantennaswereoflengtha rangingfrom15to 
43 feet and were placed at anglee of O" to 64' with the airplane 
thrust &a. .Distancee up to 256 mile8 were flown in diveree 
icing conditions at true airepeede from 15'7 to 214 miles per hour 
and pressure altitudes at which icing conditiona were encountered. 

The results indicate that: The effect of ice formation on 
antenna tension increased with the angle of the antennas with the 
longitudinalaxis of the airplane. Themaxtmumtensionfor 
antennas having anglee frcm 0' to 15O wae 68 pounds, whereae the - 
ma-urn tension for antennaa having angles of 44O and 64O ua8 
274 and 436 pounds, rerspectively. 

IRTRODTETION 

The current use of irsproved airplane foe-prevention equip- 
ment has extended operationa in icing conditions and thus accen- 
tuated the need for protecting aircraft antennae against structural 
failures resulting frcm ioe acoretions. A flight investigation 
was therefore conducted at the HACA Cleveland laboratory to deter- 
mine the tension in airoraft antennas produced by ice formations. 

The investigation was conducted in natural icing conditione 
over a range of true airspeeda from 157 to 214 milee per hour and 
altitudes from 3500 to 9500 feet. Seven experimental antennas of 
lengtha wing from 15 to 43 feet were placed at engles of O" to 
64' with the thrust &a of the airplane. The effect of the 
following factor8 on the antenna tension w&a investigated: antenna 
length,includedauglebetweenthe antennaandthethruataxis of 
the airplane, and dietance flown in the Wing region. 
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APPARATusANDPFwEDuEB 

The location of the seven experimental antennas on the airplane 
is shown in figure 1; the length and the angle of each experimental 
antenna are also presented and are listed in the following table: 

Antenna Antenna 
angle length 

(m3) (f't) 
64 40 
44 42 
15 43 
15 32 
15 15 

8 41 
0 41 

Inasmuch as it was anticipated that the tension which would be 
imposed on the antennas would exoeed the breaking strength of the 
ordinary antenna wire, the experimental antennas used were of 
l/16-inch diameter, 7 by 7, aircraft-control cable. Turnbuckles 
and spring-tension units were mounted on the rear of the antennas 
(fig. 2) in order to impose a static tension of 30 pounds. 

The tension in the antennas was measured by strain gages 
looated at the front of the antennas (fig. 3). The &rain gages 
were temperature-cvnsating and were sealed in order to keep 
them moisture-free. Electrically heated anti-icing boots were 
installed around the body of the strain gages. A recording 
galvanometer indicated the tension in the antennas. The strain- 
gage system was accurate to f2 percent. 

Multirotating cylinders, as shown in figure 4, were used to 
determine the average droplet diameter, the drop-size distribution, 
and tbe liquid-water content. These cylinders were similar to 
those used in reference 1 with minor mechanical modifications. 
Pressure altitude and indicated airspeed were measured by service 
instruments and the ambient-air temperature was measured by a 
shielded resistance-bulb thermometer. 

A series of four flights was conducted into areas of pre- 
dicted icing. Table I presents the meteorological conditions for 
the respective flights. The values shown in this table are the 
averages of individual values recorded at intervals throwhout 
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each flight operation. The notation for the drop-size distribution 
corresponds to that given in reference 1, table I, page 6. The 
factors that made possible the existence and the suspension of 
supercooled liquid-water droplets encountered during the flight 
operations we presented in the appendix. 

RESULTS AND DISCUSSION 

Photographs of ice configurations on the 6', 41-foot antenna 
and the 150, 32-foot antenna are presented in figures 5 and 6, 
respectively, and are representative of ioe formations on antennas 
having angles from  00 to 150. Figure 7 is a photograph, taken in 
flight, of the ice formation on the 150, 32-foot antenna and the 
64', 40-foot antenna. The ice confQur8tion on the 6B", 40-foot 
antenna is~illustr8tive of confIgurations collected on the 64O, 
40-foot and the 44O, 42-foot antennas during most of the flight 
operations. 

The variation of antenna tension with distance flown in the 
ic5ng region for the antennas is presented in figure 8 for the 
four flight operations. 
64O, 

The shaded areas on the figures for the 
BO-foot and 440, 42-foot antennas represent the maxImum and 

m inimum tensions produced by whipping. The variation of antenna 
tension due t6 whipping for the O" and 150 antennas was Inslgnifi- 
oant. Figure 8 shows that, in general, for the 44O and 64O antennas, 
antenna tension increases considerably with the distance flown in 
the icing region; whereas, for the antennas of 150 and less, the 
varist%on of tension with distance is insignificant. The change in 
the slope of the antenna-tension curve from  positive to negatfve 
indicates that whipping of the antennas broke off ice formations 
and thereby temporarily reduced the antenna tension. 

The variation of antenna tension with antenna a-ogle for 
antennas of approx3mately 42 feet in length is presented in fig- 
ure 9. The tension values presented in this figure were obtained 
from  figure 8. Figure 9 indicates that the antenna tension 
incressed with increasing antenna angle for antennae of nearly con- 
stant length. W ith increasing angle, the antenna tension increased 
eight t5mes faster In the,44O to 64O range th8n ti the O" to 
15O range. The slope of the ourve for antenna angles greater than 
E" indicates that the required antenna strength increases rapidly 
as the antenna angle is increased beyond 15O. The investigation 
presented in reference 2 also reCOmsnd.8 a lim iting antenna angle 
of150. The variation of antenna tension with antenna, leugth 
at 8 constant antenna angle of 150 is presented in figure 10. The 
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d&8 were obtafned from figure 8 and indIcstf3 that the tenSiOn 
increases nearly linearly with antenna length. .The maximum ten- 
sion measured for each of the 8even exper$mental antennas during 
the four flight operations is given in table II. 

SuMMARyoF-s 

From an an8lysis of the tension occming in aircraft antennas 
during flights in regions of airorsft icing made for antennas with 
angles to the thrust axis of the afrplane of O", 8', 15O, 44O, and 
64O and lengths from I.5 to 43 feet, the following results were 
obtained: 

1. The tension in the 44' and 64' antennas increased consid- 
erably with distance flown in the icing region, whereas the tensian 
for antenna angles of 15O and less did not incregtse appreciably 
tith distance flown in the icing condition. 

2. The rate of change of antenna tension tith antenna angle 
in the 0' to l5O me was one-eighth the rate of change of 
antenna tension tith antenna angle in the 44' to 64O range. The 
slope of the curves of tension as a function of antenna angle 
begins to change appreoiably 8boVe 15O, whioh indicates that the 
required strength of antennas will increase rapidly if the antenns 
angle is increased beyond 150. 

3. Antenna tension varied approximately linearly with antenna 
length. 

4. The maxLmum recorded tension for the O" to 15O antennas 
w&a 68 pounds. The maxirmrm tension for the 44O and 64' antennas 
was 274 and 438 pounds, respectively. 

Flight Rropulsion Research Laboratory, 
Natfonal Advisory Committee for Aeronautics, 

Cleveland, Ohio. 
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APPENDIX- METEOROLOGICALEISI'ORYOF~G3TORERATIONS 

Flight operation 1. - This flight was conducted in a region 
having meteorological conditions th8t resulted from: (1) a conver- 
gence of several air masses; (2) the lifting of relatively warm, 
moist air over the upper cold frontal surface; and (3) an unstable 
condit-lon in the lower 4800 feet. These factors made possible the 
existence and suspension of supercooled liquid-water droplets. 

Flight operation 2. - Flight operation 2 was conducted in an 
area ahead of cold-front weather. The suspension of supercooled 
liquid-water droplets was enhanced by the following factors: 0) a 
strong convergent air flow in the deepening pressure system associ- 
8ted with the front; (2) a temperature inversion through which a 
strong vertical ascent of Bsturated air oCCUred; and (3) the evap- 
oration of melting snow plus an unstable lapse rate to the aloud 
base. 

Flight operation 3. - The flight was made into a region dom- 
inated by a deck of altostratus clouds caused by the overrunning of 
maritime tropic81 air over a quasi-stationary continental polar front. 
The flight ~8s oonducted near the northerm periphery of the precip- 
itation area, in which it appeared that nearly colloidal unstable 
conditions existed. 

Flight operation 4. - This flight was conducted in a 
convective-type cloud of limited geographical extent. Strong ver- 
tic81 8ir motion carried the cloud tops several hundred feet above 
the temperature inversion, which was conducive to the suspension 
of a Large amount of supercooled water droplets in the cloud. 

1. Vonnegut, B., Co, R. M., and Katz, R. E.: Instruments 
for Measuring Atmospheric F8CtorS Related to Ice Formation on 
AirpLanes. M.I.T., De-Icing Res. Lab., April 1946. 

2. Lfaller, George L.: Icing of Aircraft Antenna Wires. Jour: 
Aero. Sci., vol. 6, no. 1, Nov. 1938, pp. 27-28. 
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TABIXI -FIJG3TAIVDMEL%OROL0GICALVARlSLES 

slight r opera- 
tion 

Dietance PreeaLlre Ambient- 
in icing altitude air tmp- 
region @*I erature 
(miles) VW 

153 3500 26 
115 3700 25 
256 9500 20 
121 5700 21 

Droplet 
d&meter 
(microns) 1 r 2 

3 
4' 

.8 $ 0.25 
I3 E .30 
18 E .21 
I.5 A .26 

%ee reference 1, table I, w 6. 

TABLEII - MAXIMUM Al?rmNA TEPBIOB L 
I 

Flight 
opera- 
tion 

4 

r 
4 
4 
4 
3 
2 
1 

Arxtenna 
ten&on 

(lb) 
438 . 

Y 
274 

68 
57 
43 
56 
50 

64 
44 
15 
15 
15 

8 
0 

Ant e,d 
length 

et 1 
40 
42 
43 
32 
15 
41 
41 

National Advisory Ccmmittee 
for Aeroni4utice 
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Figure 1. - Location of experimental antennas on alrplane and angle and length of antennas. 
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Figure 2. - Turnbuckle and spring-tension unit mounted on rear of experimental antenna. 
I . 
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Figure  3. -  S tra .In g a g e  I nstsl led o n  front of exper imenta l  an tenna.  
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Figure 4. - Multi rotating cyl inder extended into air stream for cot lec- 
tion of meteorological data. 
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Figure 5. - Typ #ical ice fcmnation collected on go, 41-foot antenna durlng flight. Air flow from left 
to right. 
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Figure 6. - Typical ice formation collected on l5', 32-foot antenna during flight. View look ing aft. z 
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Figure 7. - Typical Ice formations collected during flight on 15’, 34-foot antenna and 64’, 4.0-foot 
antenna. View underneath antennas, looking forward. 
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Antenxla Antenna 
angle 
Ides) 

length 
(ft) 

z f: 
42 

A 
v :: 

ii 
15 

P 41 
V : 41 

(a) Flf&t operation 1; pressure~aititude, 3~%e~ t&e ' 
aimpe8d, 155 m iles per hoUr; ambi8Rbair hIpeP&Oue 

260 F; liquid-water content, 0.25 grams per cubic 
meter; 
M-foot 

average droplet diameter, 8 microns; 640, 
antenna not installed for the flight operation. 

Antenna Antenna 

0 40 80 120 160 
Distance f lown in icing region, miles 

(b) Flight operation 2; pressure altitude, 3700 feet; true 
airspeed, 177 m iles per hour; ambient-air temperature, 
250 F; liquid-water content, 0.30 grams per cubic 
meter; average droplet diameter, 13 m icrons. 

Figure 8. - Variation of antenna tension with distance flown in Icing 
region for experimental antennas. 
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NATIONAL ADVISORY 
COUHI TTEE FOR AERONAUTICS 

I Antenna Antenna 

Distance flown in icing legion, miloa 

(c) Flight operation 3; pressure altitude, 9500 feet; tmie 
airspeed, 214 m iles per hour; ambient-aFr temperature, 
20° F; liquid-water content, 0.21 grams per cubic meter; 
average droplet diameter, 18 m icrons; data for 44”, 
42-foot antenna not obtained owing to strain-gage failure. 

Figure 8. - Continued. Variation of antenna tension with distance flown 
In icing region for experlmental antennas. 



NACA RM No. E7H26a 23 

NATIONAL ADVISORY 
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I I I 
Antenna Antenna 

angle 
(ded 

length 
et1 ,, 

-0 40 80 120 160 
Distance flown in doing region, m iles 

(d) Flight operation 4; pressure altitude, 5700 feet; true ati- 
speed, 182 miles per hour; ambient-a3.r temparakure, 210 F; 
liquid-water content, 0.26 gram per cubfo meter; average 
droplet diameter, 15 m icrons. 

.re 8. - Concluded. Vat-ration of antenna tension with distance flow1 
in icing region for experimental antennas. 

Flgu 7 
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Figure 9. - Variation of antenna tension with antenna angle for anten- 
nas of AO, 41, 42. and 43 feet in I engt h. Distance flown in icing 
region, I I5 ml les, 

80 

0 20 40 60 
Antenna length, ft 

Figure IO. - Variation of antenna tension with antenna length at an- 
tenna angle of 15’. Distance flown In icing region, 115 miles. 
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