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AEROSTAT ICING PROBLEMS

B. Hanamoto

Introduction

Icing of structures and systems that are exposed to a cold environment

has always been r problem. Mechanical systems cease to operate properly,

the weight of ice on structures causes instability and failure, and, on

antennas, signal transmission and reception are hindered. Heat is a solu-

tion, but in many cases it is not feasible. Placing a cover over the

system has proved successful in the case of satellite communication

antennas. Another solution is to coat the surface on which ice forms to

control the formation or to allow easier removal once it has formed.

Several years ago the U.S. Army Cold Regions Research and Engineering

Laboratory developed a coating to facilitate ice removal from the walls of

navigation locke in the inland waterways system. This coating was also

used, with limited success, on satellite communication antenna dishes to

minimize ice buildup and to make ice removal easier. The basic coating

material is a long-chain block copolymer which reduces the adhesive bond

strength between the coated surface and the ice formed on it. Heat and

vibration were effective means for removing ice from the coated lock

walls. A warm glycol wash was effective on the antenna dishes when ice did

form, to keep operating downtime to a minimum and to keep the ice from

interfering with signal reception.

The Air Force Geophysical Laboratory at Hanscom AFB outside of Boston,

Massachusetts, recently asked CRREL to conduct deicing tests on a balloon

system which will be required to operate in regions where icing of the

surface can be encountered. The balloon surface is made of Tedlar, and air

and helium are the Inflating gases. The system will fly at various alti-

tudes while tethered to a ground mooring system. The margin between lift

and payload is narrow, and the balloon cannot tolerate much additional

weight due to ice buildup on the surface. Once ice starts to form, means

for removing it while the balloon is in flight will be needed.

This report describes the application of a coating to facilitate

shedding of ice from the surface of this system.



Test Procedures

Tests to determine the effectiveness of the copolymer coating on the

balloon were conducted in the CRREL Ice Engineering Facility. The Tedlar

bag was obtained from the TCOf Corporation of Columbia, Maryland, manufac-

turers of the balloon. The test specimen was a bag with hemispherical ends

and a volume of about 3.1 m3 (110 ft3). Half (one end) of the bag was

coated with the copolymer solution, the coated area being about 5.7 m2 (61

ft2). The surface was first cleaned with toluene and allowed to dry, and

the copolymer solution was then applied with a brush. On a small sample, a

one-coat application increased the weight by 7.3 g/m2 (0.15 lbf/100 ft2).

On the test bag the increase in weight was 9.47 g/m2 (0.19 lbf/100 ft2).

The total weight of the bag, filled with air to a pressure of 5 cm (2 in.)

water at a room temperature of 20°C (68*F), and with half the surface

coated, was 3.46 kg (7.63 lbf).

The bag was filled with air and hung in a coldroom where the tempera-

ture could be held constant at any value down to -23°C (-10°F). It was

hung from a load cell so that the amount of ice formed on or shed from its

surface could be measured. Bag inflation pressure was monitored with a

water manometer. Thermistors and the room temperature control dials were

used to maintain the desired temperatures during the tests.

To ice the balloon cold tap water (4.4°C or 40*F) was sprayed in a

fine mist onto the surface with the room temperature at two different

below-freezing settings. The icing system consisted of a water supply and

a syphon hose and compressed air supply connected to a Spraying Systems

Company air-atomizing 1/4 JBC series spray nozzle with air and water inlets

parallel to the axis of projected spray. The aircap in this setup produced

a narrow, full-cone, round spray pattern. The nozzle was held about 1 m

from the surface and the head was moved at about I m/s during spraying.

Icing was conducted at two temperatures, -4.4*C ± 1 and -2.8*C ± 1 (24*F

20 and 27*F ± 20). At both temperatures, the uncoated end grew a smooth

sheet, the spray hitting the surface and forming a film before freezing.

On the coated end, droplets formed on the surface, coalesced, formed

rivulets and flowed down the side. Both rivulets and droplets eventually

froze. The sheet formed readily on both the top and bottom halves of the
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bag. But below the midline of the bag, where the surface started to curve

under, it was difficult to form a smooth sheet, even on the uncoated end.

Attempts were then made to deice the bag. Two schemes were used: a

deflation/inflation cycle and an inflation/deflation cycle. Several

initial inflating pressures were tested. Following the cycles, a wooden

club was used to induce vibrations and shed the ice.

The first tests were made to obtain some idea as to what happened when

a deicing cycle was initiated. The effects of a change in inflation

pressure on the results were looked at, and icing procedures and tempera-

ture effects were determined.

Following these tests, a testing procedure was designed which best

showed the difference between the uncoated and copolymer-coated sections of

the bag when ice was formed on the surface and a deicing cycle performed.

This final test procedure was decided on after talks with George McPhetres,

the Project Engineer from AFGL. There were two deicing mechanisms on the

prototype balloon: an inflation/deflation cycle and a fairly high-frequen-

cy vibrator. The final procedure called for an initial bag inflation pres-

sure of about 5 cm (2 in.) water, icing for a total of 25 minutes on each

side at -2.2*C (28°F), followed by the inflation/deflation cycle. The

inflation cycle was continued to 38 cm (15 in.) water and then the bag was

deflated to about 2.5 cm (1 in.) water. Vibration was induced at this

deflated pressure by a tap with a club.

The inflation pressure, ambient temperature, icing time, and weight of

ice accumulated on the bag were monitored and recorded for each test. The

main item of interest was to observe the effect of the deicing method used

- the inflation/deflation and deflation/inflation cycles. This was to be

the basis for determining the effectiveness of the copolymer coating as an

aid in minimizing the icing problem.

Test Results

The results of all tests are presented in Appendix A. Photographs of

some tests and of the effects of the deicing cycle are presented in Append-

ix B.

In the first tests of the series the entire bag was iced, with equal

spraying time for the copolymer-coated and uncoated halves. Durig the
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deicing inflation cycle, cracks that formed in the ice sheet always

originated in the coated end. Since the ice sheet was continuous from the

coated end to the uncoated end, the cracks propagated into the uncoated

portion. During the deflation cycle, the ice sheet tended to lift off the

bag surface, starting at the crack sites. It appeared (by a change in

coloration of the ice sheet) that most of the ice lifted off the coated

end, but that only part of the ice on the uncoated end lifted. In many

cases, the ice fell off both ends of its own accord during the deflation

cycle, especially on the lower, undercurved part of the bag.

Tests were also conducted with only half the bag iced.

The final tests were conducted with a plastic strip placed between the

coated and uncoated ends during icing. After the bag was iced the strip

was removed and an un-iced gap remained between the two ends. A more mean-

ingful evaluation of the effectiveness of the coating could thus be made.

During Test 22 the first cracks appeared at 12.9 cm (5.1 in.) water on

the coated end and at 15.7 cm (6.2 in.) water on the uncoated end. In

Tests 23, 24 and 25, the first cracks appeared at 15.7, 15.7 and 15.2 cm

(6.2 and 6.0 in.) water on the coated end. The first cracks on the un-

coated end appeared at 23.8, 25.4 and 26.8 cm (9.4, 10.0 and 10.6 in.)

water during the same tests. As the pressure increased, multiple cracks

appeared, first on the coated end and then on the uncoated end with further

pressure increases.

During Test 22, at 35.0 cm (13.8 in.) water during the inflation

cycle, 0.28 kg (0.62 lbf) of ice was shed from both ends, with more ice

coming off the uncoated end. Upon deflation, more ice shed off the un-

coated end - 0.32 kg (0.71 lbf). At 4.4 cm (1.7 in.) water, 0.32 kg (0.71

lbf) of ice was shed from the coated end. All this shedding from both ends

was unassisted. Total ice formed was 3.79 kg (8.4 lbf). With one tap,

2.65 kg (5.8 lbf) of the ice fell off.

During Test 23, 0.62 kg (1.4 lbf) of ice shed unassisted from the

coated end during the inflation cycle. This was about 30Z of the ice

formed on that end. Almost none fell off the uncoated end. No more ice

shed during the deflation cycle. At 4.3 cm (1.7 in.) water, one tap re-

moved 2.90 kg (6.4 lbf) or about 82Z of the total ice formed. Most of the
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remaining ice was on top of the bag where the surface was nearly

horizontal.

Some ice (0.31 kg) (0.68 lbf) shed from both ends unassisted in Test

24 during the inflation cycle. No more unassisted shedding occurred during

the deflation cycle. With one tap at 1.3 ca (0.5 in.) water, 3.32 kg (7.3

lbf) of ice fell off, or 87%.

In Test 25 there was some self-shedding of ice from both ends during

the inflation cycle, 0.26 kg (0.57 lbf) or 10% at 39.0 cm (15.4 in.)

water. The ice sheet lifted off the surface when the cracks formed, as was

the case in all the tests. At 8.3 cm (3.3 in.) water during the deflation

cycle, imch of the ice on the coated end came off unassisted -- 0.67 kg

(1.5 lbf), or 32% of the total ice formed on that end. One tap dislodged

2.9 kg (6.4 lbf), or 82% of the total ice grown on the bag.

The results of these tests showed that the copolymer coat causes

cracks to occur at lower inflation pressures than on an uncoated surface.

Crack formation also breaks the bond between the ice sheet and the surface

and allows the sheet to lift. Multiple cracks, like a shattering of the

ice sheet, occurred on the coated end at lower pressure than on the un-

coated end. The amount of multiple cracking was greater on the coated end,

and since the cracking resulted in lifting of the ice sheet, more ice was

lifted off the surface on the coated end. More self-shedding occurred from

the sheet on the coated end during a deicing cycle. This must have

resulted from more of the sheet being lifted. After one inflation/defla-

tion deicing cycle, the vibration caused by one tap on the surface removed

most of the ice, at least 80% or more.

The combination of the inflation/deflation cycle and vibration appears

to be an effective deicing means, and the copolymer coating allows for ice

removal at lower inflation pressures.

Repair of Coated Surface

Two questions arose concerning repair of a balloon if a rip or tear

occurred: If the surface was coated with the copolymer could it be cleaned

so that the patch would stick? And could the patch be applied at low

temperatures? A hot melt adhesive system made by the Dexter Corporation,

consisting of the Hysol Model 4000 "gun" and Taylor Parker Company Type
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1975 adhesive, was used to patch small sections of the Tedlar material.

The glue gun was fitted with the standard three-hole 0.050 No. 197 SST

nozzle and the 298 FG thermostat with an applicator temperature of 232°C.

With an air pressure of 345 kPag (50 psig) on the gun, no problems were

encountered in extruding the melted adhesive at temperatures of -2.5*,

-8.0, -10.5 ° and -23.3 *C (28, 18, 13* and -10F). Laying a strip of

adhesive on the surface and applying and smoothing the patch quickly pro-

duced a solid patch on the tear. Subsequent layering of single strips of

the adhesive and smoothing of the patch over the entire length of the tear,

with adequate overlaps on all sides, completed the repair. Copolymer-

coated pieces of Tedlar were also patched. The patch area was washed with

toluene and allowed to dry for 15 minutes before the patch was applied. To

completely remove the copolymer film, the tear area was washed six times,

the wash pad being changed each time. A patch as strong as the original

material resulted after the torn area was cleaned in this manner.

Field Trials

Field trials of a prototype 708-m 3 (25,000-ft3 ) balloon were conducted

at the Camp Ethan Allen Training Center in northern Vermont during February

and March of 1983. During these trials, atmospheric conditions where icing

of the balloon would occur were expected. To test the copolymer coating,

portions of the balloon were coated in the field on two occasions. The

aerostat was moored to its ground platform and the copolymer was roller-

applied from a "cherry-picker" type hoist. The surface was not cleaned.

Ambient temperatures were -2.2° and OC (280 and 32*F) on the two dates.

It appeared that a satisfactory coat was put on. The left top quarter from

nose to tail and the top surfaces of the fins were coated, as was a section

of the vertical fin. The effectiveness of the coating is still to be

evaluated.

Conclusions

The copolymer coating causes a water spray to coalesce, forming drop-

* lets, before freezing when ambient temperatures are between -5.6* and

-2.2*C (22* and 29°F), the temperature conditions of the laboratory icing

tests. The average ice accumulation during a 25-minute period in the final
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tests (Tests 22-25) was 2.1 kg (4.6 lbf) for the coated half of the test

bag an 1.6 kg (3.5 lbf) for the uncoated half. The heavier accumulation

was no doubt due to the forming of droplets rather than a film on the

coated end. The most notable difference between the coated and uncoated

ends of the bag was the pressure at which cracks formed and the ice sheet

lifted from the surface. Crack formation started on the coated end at

inflation pressures of about 15 cm (6 in.) water. During these same tests,

cracks first appeared on the uncoated end at about 25 cm (10 in.) water.

Multiple cracks appeared with increases in the inflation pressure, more on

the coated end. Along with the cracks, the ice sheet lifted off the sur-

face at the crack sites. Much more lifting was noted on the coated end.

More natural shedding was observed on the coated end as the deicing cycle

of inflation/deflation was performed. After a deicing cycle, one tap was

usually enough to shed most of the ice.

Therefore, with a copolymer coating and a deicing cycle of inflation

from the initial 5 cm (2 in.) water to about 20 ca (8 in.) water and defla-

tion down to 5 cm (2 in.) water again, the ice sheet should form multiple

cracks and experience some natural shedding. Add to this a vibration cycle

and it should be possible to shed any ice formed on the surface. Without

the coating, a higher inflation pressure would be needed for crack forma-

tion.

The hot glue gun is capable of extruding adhesive down to an ambient

temperature of -23*C (-10°F) (the lowest temperature possible in the

laboratory coldroom). By laying one strip of adhesive and applying a

patch, followed by single strips of glue and smoothing of the patch, any

length of tear can be repaired down to this temperature. The copolymer

film can be removed by six washings with toluene and a sound patch can be

applied to a tear in the cleaned area.

Both laboratory tests and field trials have been conducted with the

copolymer coating on the Tedlar balloon. The laboratory tests reveal that

the coating holds some promise as an aid in removing ice formed on the our-

face. The field trials have yet to be evaluated. By combining the results

of the two, a scheme to reduce ice buildup and enhance ice removal from the

surface of an aerostat flying in the cold regions may be possible.
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APPENDIX B: PHOTOGRAPHS

Figure BI. Test data monitoring and inflation/deflation

systems (manometer, load cell readout and inflation/de-
flation valves).

Figure B2. Icing patterns, copolymer-coated surface left,
uncoated right, continuous sheet.
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Figure B3. Icing pattern, copolymer-coated surface.

L *

Figure B4. Icing patterns, copolymer-coated surface left,
uncoated right, continuous sheet.

18



Figure B5. Multiple crack formation from coated to un-
coated ends during inflation cycle, continuous sheet.

Figure B6. Multiple cracks, coated surface, continuous

sheet from coated to uncoated ends.
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Figure B7. Lift-off of sheet at crack lines; coated end,

deflation cycle.

I
Figure B8. Lift-off of sheet at crack lines; coated end,

deflation cycle.
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Figure B9. Lift-off of sheet at crack lines; coated end,
deflation cycle.

Figure BIO. Ice sheet lifted from surface (dark area
is lifted).
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Figure Bli. Ice sheet lifted from surface (dark area is
lifted).

Figure B12. After inflation/ldeflation cycle, Test 21.

22



i

-:,J

Figure B13. Icing with shield between coated and un-
coated ends.

i

Figure B14. Ice sheet with discontinuity between coat-

ed and uncoated ends.
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Figure B15. Inflation cycle, cracks in coated-end ice

sheet, 15 cm (6 in.) water inflation pressure, uncoated

end intact.

Figure B16. Inflation cycle, first crack in uncoated-

end ice sheet at 25.4 cm (10 in.) water inflation pres-

sure*
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Figure B17. Inflation cycle, Test 22, self-shedding,

left end coated, right end uncoated.

Figure B18. Inflation cycle, Test 23, self-shedding,

left end coated, right end uncoated.
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Figure B19. After inflation/deflation cycle and tap-

induced vibration, Test 25; left end coated, right end

*I,

Figure B20. Compressed air spray system, icing with

shield between coated and uncoated ends.
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Figure B21. Aerostat system moored to ground platform
at Camp Ethan Allen Training Center, Vermont.

Figure B22. Copolymer-coating of aerostat.
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Figure B23. Copolymer application with roller using

mobile "cherry picker."

Figure B24. Roller coating of fins with copolymer.
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Figure B25. Rime ice on aerostat tether line.
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