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ABSTRACT 

A study vas made to determine the feasibility of using high altitude 

plastic balloons to carry arrays of 100 lb and 1500 lb payloads at an 

altitude of 100,000 ft and have the arrays pass over a point on the earth 

at a specified time. The payloads vould have to be spaced 1000 ft apart 

and arrangments having loads on both vertical and horizontal axis vere 

investigated. The study revealed that the only array feasible at this 

time vould consist of five 100 lb payloads supported from a single large 

balloon. A tailored tapeless balloon similar to, but slightly larger than, 

balloons vhich have already been used vould have to be engineered. At 

least one balloon should be flight tested before proceeding vith the pro¬ 

posed operation. 

Launching the balloon from an aircraft carrier at sea vould provide 

the mobility required to fly the loads over a target point. Pour flights 

should be planned. By obtaining rate of rise and trajectory data from 

the first flights and relocating the launching point accordingly, it should 

ultimately be possible to fly the loads vithin 3.2 miles of the target 

point. The balloon vould be designed for an altitude of 100,000 ft on the 

basis of the HACA standard atmosphere. Actual altitude attained could 

vary from 4365 ft belov to 4625 ft above 100,000 ft because of effects 

from atmospheric variations, balloon volume variations and operational 

factors. To shorten the length of load train to facilitate launching a 

vertical array of loads, it vould be necessary to develop special reels to 

contain the load lines until after launching. The reels should be field 

tested prior to the operation. Suitable instrumentation has already been 
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developed for satiafying the flight termination, tracking, and recovery 

requirements of the operation. 

A suitable balloon design is not yet available for carrying a I5OO 

lb payload and associated flight gear to 100,OCX) ft. Payloads in a 

horizontal array would bave to be supported from separate balloons. The 

altitudes of the various balloons could be expected to vary approximately 

425 ft above or below 100,000 ft. The balloons would have to be tied to¬ 

gether to limit the horizontal spacing and small rocket motors would be 

needed to oppose the horizontal forces resulting from the weight of the 

tie lines. Suitable rockets could very likely be developed. However, 

in view of the altitude variation of the balloons ahd the extreme diffic¬ 

ulties in launching a multiple-balloon system, particularly from a ship 

at sea, horizontal arrays are not considered feasible for 1000 ft spacings 

at this stage of development in the field of high altitude balloon opera¬ 

tions. 
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I. INTRODUCTION 

In 1946 General Mills, Inc. undertook the development of high alti¬ 

tude plastic balloons in connection with Project "Helios" (Contract No. 

H60nr-252, Office of Naval Research). Project "Helios" became Project 

"Skyhook", the pioneer project in the successful application of plastic 

balloons to a vide variety of high altitude research. During the past 9 

years, General Mills, Inc. has remained keenly interested in the research, 

development, and operational activities associated with high altitude 

plastic balloons. Consequently, when the Office of Naval Research intro¬ 

duced a possible nev application of high altitude plastic balloons, they 

found that General Mills, Inc. was interested in the problem. Under 

Contract Nonr 1589(02), General Mills, Inc. has conducted a study to 

determine the feasibility of using balloons to accomplish the objectives 

outlined below. 

The object of the operation is to fly an array of loads at an alti¬ 

tude of 100,000 ft or greater, over or near a fixed point on the surface 

of the earth at a given time. Two sizes of payloads, 1500 lbs and 100 lbs, 

are being considered. Definite space relationships have been specified 

for these loads. Various acceptable configurations are presented in 

Figure 1. The preferred arrangement is shown in Figure 1 (a). The other 

arrangements are alternates (in order of preference) which could be used. 

In all cases the distance between loads should be 1000 ft. If 1000 ft 

spacing is not maintained, the separation must be known while the flight 

is in progress. The altitudes of the array must also be known while the 

flight is in progress. 
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The heavy payload must he command-controlled and will be made to fall 

safe. The speed of descent and Impact of the heavy load must be slow 

enough so that the payload will not be damaged or caused to malfunction. 

In case the operation Is aborted, It must be possible to predict an 

Impact point and to direct vehicles to that area for recovery. The minor 

payloads must also be recovered with minimum delay. 

The problems associated vith this proposed operation have been divided 

into the following seven categories: load, altitude, separation, trajec¬ 

tory, duration, instrumentation, and operations. Problems in the "load" 

category are associated vith getting the loads up to the desired altitude 

of 100,000 ft. The "altitude" and "separation" problems have to do vith 

keeping the array at the proper altitude and maintaining the required 

distance between loads. Problems encountered in getting the array over 

the desired place at the desired time fall in the "trajectory" and 

"duration" categories. Data telemetering, data recording, flight control 

and radio command control are typical "instrumentation" problems. The 

"operations" problem include getting the balloons into the air, obtaining 

performance data, and recovering the loads after flight termination. 

The results of the study are summarized in Section IX of this report. 

The various problems are presented and evaluated in Sections II-VIII. 

Some useful engineering data relating to the evaluation of the problems 

is presented in the Appendices. 
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FIGURE I 

PAYLOAD ARRANGEMENTS 
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II. LOADS 

A. Net Loads to be Carried 

In analyzing the balloon requirements to support the specified 

loads, there are two possible procedures. The first is to assume that 

a separate balloon will be used for each payload in the array. The 

other is to assume that one balloon will support several payloads 

wherever possible. For example, each of the five payloads in Figure 

1 (d) could have its own balloon, or all five might be suspended from 

one balloon. In Figure 5 (e), separate balloons would have to be used 

for the four loads on the horizontal axis, but one balloon might support 

both loads on the vertical axis. Carrying a .1500 lb payload to an 

altitude of 100,000 ft is a sufficient challenge so that it would be 

unwise to assume that a balloon for this load will also carry two 

100 lb loads. Thus, at least two balloons, and preferably three, would 

be required to carry the loads in the vertical axis in Figures 1 (a), 

(b) and (c). 

It will be necessary to carry flight instrumentation along with 

the payload. It is estimated that flight gear will weight up to 100 

lb when a single payload is carried on a balloon and approximately 

200 lb for a load train supporting five 100 lb loads from one balloon 

as in Figure 1 (d). 

Consequently, for purposes of this study, the balloon requirements 

for three load sizes were considered; these are 1600, 700 and 200 lb. 

B. Past Balioon Performance 

A 1000 lb payload has never been carried to an altitude of 100,000 

ft on a balloon. Heavier loads have been carried on plastic balloons 
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but to lover maximum altitudes. The heaviest load ever flown on a 

plastic balloon was carried on GMI Flight 797 on July 25, 1952. The 

load on the balloon was 2360 lb. The gross weight was 2931 lb. Gross 

weight is the total load supported by the lifting gas. It includes 

the balloon weight and all flight gear attached to the balloon. Un¬ 

fortunately, the balloon failed when it reached an altitude of 67,000 

ft. The reason given for failure was that the 200 ft per min rate of 

rise was too high for proper gas valving through the tight appendix 

valve used. A ll6l balloon was used. 

On an earlier flight, GMI Flight 79^1 on July 1, 1952, a load of 

1079 lb was successfully flown at an altitude of approximately 67,000 

ft for an extended period of time. A II61 balloon was used on this 

flight too. The H6l balloon can carry only 65O lb (gross weight) at 

100,000 ft. The balloon weight constitutes a large portion of this 

gross weight. The weight for a II61-A is 304 lb; for a II61-E, it is 

620 lb. 

Loads in excess of 16OO lb have also been carried on smaller bal¬ 

loons but to lower maximum altitudes. On GMI Flight 768, May 6, 1952, 

a load of 2057 lb was successfully carried to an altitude of 45,000 

ft and flown for an extended period of time. The gross weight was 

2321 lb. A GMI 734 EH balloon was used. On GMI Flight 7672 on May 

2, 1952, a load of 1820 lb was successfully flown at 45,000 ft on a 

GMI 734 EH balloon. 

More recently, the Air Force has been making repeated flights 

of loads of 2000 lb at altitudes of 80,000 ft using 128 TT balloons. 

The 128 TT is a tailored, tapeless balloon, the design of which penults 



use of higher rates of rise. Ascent rates of 800 ft per min have 

been xxsed successfully. 

Record altitude for a plastic balloon was obtained on (MI Flight 

1150, May l8, 195^. A 201 TT, 3-2 x 10^ cu ft balloon was used. A 

load of 400 lb was carried to 115,800 ft. This flight demonstrated 

that it is feasible to carry a 400 lb load above the required altitude 

of 100,000 ft. The time-altitude curve for this flight (Dwg. No. 

A-21519-C) is presented in Appendix A. 

C. Tailored Tapeless Balloons 

The record-breaking 201 TT balloon was a tailored tapeless bal¬ 

loon which assumed a "natural" shape when fully inflated. The natural 

shape is illustrated in the photograph of an inflated balloon pre¬ 

sented in Figure 2. This picture was made during a ground inflation 

test of a 128 TT balloon made of 2 mil polyethylene. In designating 

the balloon type, the 128 is the nominal diameter in feet and the 

"TT" means "tailored tapeless". Other types of balloons have other 

letter designations. A load of 4100 lb was successfully supported by 

the balloon in this test. In addition to the 201 TT and the 128 TT, 

General Mills, Inc. has manufactured and flown a number of other sizes 

of tailored tapeless balloons. These include the 150 TT, 134 TT, 

131 TT, 126.5 TT, 121 TT and the 6l TT. New balloons are being de¬ 

signed to meet the changing requirements of the different projects 

at General Mills, Inc. 

All of these tailored tapeless natural shape balloons are similar 

in that the same philosophy is followed in designing and flying them. 

It is also possible to design and build balloons of any nominal 
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Figure 2 

GM! Balloon Shape During Final Stages Of Inflation 

jet Shows Natural Folds As It Drapes Around Balloon 

Cone Angle 73° (G.M.I Photograph No. 8514) 



diameter to fit specific load-altitude requirements. There is, 

however, a theoretical limit to the load which can be carried on tape¬ 

less polyethylene balloons. The maximum allowable gross weight appears 

to be approximately 2000 lb. It is estimated that for a system with 

a gross weight of 2000 lb, designed for an altitude of 100,000 ft, the 

balloon would weigh approximately 1000 lb. This allows 1000 lb for 

the net load consisting of the payload and the flight gear. Obviously, 

a tapeless polyethylene balloon would be unable to carry the l600 lb 

load to altitude. To accomplish this task it would be necessary to 

develop a new balloon using a stronger material or using high-strength 

tapes to reinforce the polyethylene. General Mills, Inc. is now in the 

initial phases of a project sponsored by the Office of Kaval Research, 

under Contract No. Nonr 1589(06),to develop a balloon to carry I6OO 

lb to 100,000 ft. It is quite possible, however, that none of these 

balloons will have been flight tested before the spring of 1956. 

Balloon Recommendations 

In consideration of the time and expense associated with develop¬ 

ing a new type balloon, it is recommended that the balloon loads be 

adjusted to accommodate the currently available balloon sizes or new 

sizes which can be designed similar to existing balloons. The tailored 

tapeless design has been analyzed to determine the maximum load which 

can be carried to 100,000 ft without overextending this design philos¬ 

ophy. It is felt that a balloon large enough to carry 700 lb could 

be built successfully. It would have the following estimated charac¬ 

teristics : 
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Estimated balloon weight 710 lb 

2 mil polyethylene 

1,535,000 cu ft 

222.3 ft 

57 

l4l0 lb 

157»0 ft 

Balloon film 

Volume 

Gore length (incl. elongation) 

Number of gores 

Gross weight 

Balloon diameter 

It is strongly recommended that at least one of these balloons be flown 

experimentally to demonstrate its suitability before proceeding with 

fabrication of balloons for the intended operation. 

For the 200 lb payload, a 13^ TT balloon could be used. A number 

of 134 TT balloons have already been built and flown successfully. 

A 134 TT made of 1.5 mil polyethylene would carry 200 lb to an altitude 

of 104,000 ft. Typical characteristics of the 134 TT are as follows. 

Balloon weight 410 lb 

Balloon film 1-5 polyethylene 

Volume 805,0°0 cu ft 

Gore length (incl. elongation) 179 « 

Humber of gores ^ tailored and 2 straight 

Gross weight 

Balloon diameter 

610 lb 

I34.O ft 

Theoretical load-altitude curves for the 12Ô TT (Dwg. No. A-17440-A), 

134 TT (Deg. So. A-31W9-A), ISO TO (Deg. So. A-I8767-A) and 201 TO 

(Dwg. No. A-I594I-B) are presented in Appendix B. 



III. ALTITUDE 

A. General Discussion Concerning the Altitude of Balloons 

There are two aspects to the problem under study which require 

that the balloon position in space be investigated. The first is 

the 100,000 ft altitude requirement, and the second is the require¬ 

ment for 1000 ft spacing of the balloons in the array. The 100,000 ft 

altitude desired is a true altitude. Because of manufacturing varia¬ 

tions, atmospheric variations and operational errors, the true altitude 

will not be exactly 100,000 ft. It is important to know how much the 

altitude can be expected to vary from 100,000 ft. 

A 1000 ft spacing has been specified for all loads in the various 

arrays, as shown in Figure 1. Where these loads are to be uniformly 

spaced on a horizontal line a separate balloon would be required for 

each load. Consequently, the altitude attained by each balloon will 

determine the vertical positioning of the load attached to that bal¬ 

loon. Since both horizontal and vertical positioning will affect the 

spacing between loads, it is necessary to analyze altitude performance 

in connection with determining the feasibility of the 1000 ft spacing. 

Before proceeding with an analysis of past balloon flight records and 

the factors affecting altitude performance, it may be well to review 

briefly the pertinent terminology and phenomena associated with high 

altitude balloon flights. 

A balloon is able to support a load by virtue of the buoyant 

force restilting from the displacement of air by a lower density gas 

such as hydrogen or helium. If the floating altitude and the load are 

specified, it is possible to calculate the volume of lifting gas 
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required by assuming an ideal atmosphere and applying the ideal gas 

lavs. In balloon operations; the NACA standard atmosphere3 is used. 

In these calculations the gross weight, or total weight supported by 

the lifting gas, is used. The gross weight and volume are related by 

the following equation when the balloon is in equilibrium: 

(HI-1) 

where W = gross weight 

V * balloon volume r volume of lifting gas = 
volume of air displaced 

a = density of air 

g z density of lifting gas 

The altitude associated with such calculations is referred to as 

the theoretical ceiling. As is to be expected, this theoretical ceil¬ 

ing is seldom, if ever, attained exactly. The actual altitude varies 

from the theoretical because of the following factor*: 

1. Variation in balloon volume from the ideal volume 

because of: 

a. Manufacturing tolerances 

b Stretch of plastic film because of balloon loading 

2. Errors in weight determination 

3. Leakage of lifting gas out of balloon 

4. Leakage of air into balloon during ascent to dilute the 

lifting gas. 

5• Gas impurities 

6. Variations from the standard atmosphere 

7. Superheating of the lifting gas 



The extent to which these factors affect the altitude will be 

elaborated upon after presenting some actual flight performance data. 

B. Flight Performance Data 

A number of past balloon flights have been analyzed to obtain 

altitude data which would provide a measure of the accuracy with which 

an altitude of 100,000 ft can be attained. All of the flights studied 

had balloons made with a side duct appendix. Data on balloons with 

the bottom appendix were not used since these balloons are most suscept¬ 

ible to altitude variation due to air entering the balloon through the 

appendix during ascent. In order to provide quantitative data on flights 

of large balloons it has been necessary to include data for flights to 

altitudes less than 100,000 ft. 

Table C-l in Appendix C contains the data for a series of flights 

made with 134-TT balloons. The altitude performance data for the seven 

flights is summarized in Table I below. The attained altitude data was 

derived from records obtained with pres sure-sensing instruments which 

were calibrated to provide altitude information. The theoretical 

altitude data is based on balloon volume and gross load as given in 

Dwg. A-31^09-A, Appendix B. The difference in altitude was obtained 

by subtracting the theoretical ceiling altitude from the actual attained 

altitude. It was found that the measured altitude ranged from l400 ft 

above to 2700 ft below the theoretical ceiling. The absolute magni¬ 

tude of the difference ranged from 650 ft to 2700 ft. Four flights 

were below and three were above theoretical ceiling. 

Table C-2 contains the data for a series of 27 flights made with 

79H balloons. While these flights are all to lower altitudes than the 
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TABLE I 

ALTITUDE PERFORMANCE DATA 

FOR 13^ TT BAIjLOONS 

Balloon 
No. 

1 

2 

4 

5 

6 

8 

12 

Theoretical Ceiling 
Altitude, Ft 

95,650 

96,550 

96,800 

96,250 

96,400 

Maximum Altitude 
Attained, Ft 

96,300 

98,000 

98,000 

94,750 

95,000 

Difference in 
Altitudes, Ft 

650 

1,450 

1,200 

- 1,500 

- 1,400 

97,400 94,700 - 2,700 

93,800 92,800 - 1,000 
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desired 100,000 ft, the data is presented because of the number of 

flights made with the same type of ducted balloon» Three of these 

flights failed, leaving 2k flights which provided useful data. Since 

the 79N is considered to be a constant volume balloon, the attained 

altitude for these flights has been compared with the theoretical 

celling by means of Figure 3* ®e continuous curve in this diagram 

is a plot of the theoretical altitude versus gross weight. Each sep¬ 

arately plotted point represents the attained altitude plotted against 

the gross weight for the particular flight. Thus, the vertical dis¬ 

tance from the separately plotted point to the continuous curve gives 

the difference between attained altitude and theoretical ceiling. The 

measured altitude ranged from 2000 ft below to 1300 above theoretical 

ceiling. The absolute magnitude of the difference ranged from 100 ft 

to 2000 ft. Fifteen flights were below and nine flights were above 

theoretical. 

C. The Effects of Factors Contributing to Altitude Variations 

In the previous section the magnitude of the altitude variation 

from theoretical ceiling was shown- Now it becomes desirable to deter 

mine what, if anything, can be done to decrease the magnitude of 

variation. This requires an analysis of the factors contributing to 

the altitude variation. Some contributing factors have already been 

listed. These factors will be discussed in the following paragraphs: 

1. Variation in Balloon Volume 

Equation III-l relating gross weight to balloon volume and 

gas densities can be placed in a different form which will permit a 

calculation of the change in altitude associated with a given change 
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in volume for a fixed gross weight. From the ideal gas laws 

where 

/ = -¿L 
R T 

= density 

p = absolute pressure 

M = molecular weight 

R = universal gas constant 

T : absolute temperature 

Thus Equation III-l becomes: 

W = V 
BT, a R T g 

(in-2) 

(m-3) 

For purposes of this analysis^ Pg can be considered as the 

average pressure of the lifting gas within the balloon. This pressure 

is essentially equal to the pressure of the surrounding air, pa. There 

fore: 

or: 

W = V,JPa M& 
R Ta 

1 . .Mg. _ (ni-4) 

(in-5) 

The amount of "superheating" of the lifting gas will deter¬ 

mine the ratio Ta/Tg. For the height interval over which Equation 

IV-5 is to be applied in this analysis, the superheating will be 

essentially constant and the ratio, Ta/Tg, can be assumed to remain 

constant. Therefore, for a fixed gross weight the density will be 

inversely proportional to the volume. Consequently, if the actual 

volume, V, differs from the design volume, V, the balloon will not go 

to the theoretical altitude but to an altitude where the air density 



a X V 
V 

vhere £ a is the air density at the theoretical altitude» 

The shift in altitude required to produce this compensation 

in density will depend upon the temperature gradient existing at flight 

altitude when the balloon is flown. The magnitude of the shift can be 

estimated by assuming that the temperature remains constant with 

altitude over the relatively small height interval involved. 

For a natural shape balloon, the volume varies as the gore 

length cubed. An error of 0.5 per cent in gore length results in a 

1.5 per cent error in volume. For the 13^TT balloon with a gore length 

of 179 ft, an error of 0.5 per cent is O.9 ft. This O.9 ft includes 

the manufacturing tolerance plus the error in calculating the stretch 

because of loading. The latter is further complicated by the effects 

of temperature on the film. Thus, a 0.5 per cent error is considered 

to be a conservative estimate. At 100,000 ft, this 1.5 per cent error 

in volume will result in a 1.5 per cent change in density or a shift 

in altitude of approximately 325 ft. 

2. Error in Weight Determination 

Bie error in determining the gross weight of the system 

will depend upon the accuracy of the scale used and the care exercised 

in weighing the load and the balloon. With a good scale, a careful 

technician should be capable of determining the weight to within 

O.5 per cent. Referring to Equation III-5, and again assuming that 

Ta/Tg remains constant, if the volume remains fixed, the gross weight 

will be directly proportional to density. Therefore: 
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ja = fa X W 
V 

where fa = density at theoretical altitude 

V1 = true weight 

W = weight arrived at by determination of gross 
weight with scales ( W = W'+ Error) 

At an altitude of 100,000 ft, a 0.5 per cent change in density would 

be associated with a shift in altitude of approximately 100 ft. 

3. Leakage of Lifting Gas 

All balloons lose lifting gas because of porosity and dif¬ 

fusion leakage through the plastic film. The University of Minnesota^ 

reports that most properly handled balloons exhibit leakages of the 

order of 2 per cent per day or less when inflated with helium. Por 

*■11 rvm flights which are to remain aloft for extended periods of time, 

this loss is compensated for by dropping ballast automatically. Por 

short duration flights, such as contemplated in the operation being 

studied, it is not necessary to use ballast. Xnmediately upon reach¬ 

ing altitude the balloon will have to valve out the excess lifting 

gas needed to drive the balloon to altitude. The gas remaining in the 

balloon will continue to expend slowly because of solar heat trans¬ 

ferred through the plastic film. The "superheating" continues until 

equilibrium is attained. During this superheating period an additional 

amount of gas will be valved. Thus, leakage at a rate of 2 per cent 

per day ^-11 be insignificant as compared to this normal valving and 

will not affect the altitude for flights of one or two hours' duration 

at altitude. However, gross leakage because of rips or holes in the 

film must be avoided by proper handling if successful flights are to 

be obtained. 
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4. Leakage of Air Into the Balloon 

Experience has shown that open appendix balloons tend to 

take on air through the appendix during ascent» Mixing air with the 

lifting gas results in an increased apparent molecular weight» The 

effect of increasing the molecular weight of the lifting gas can be 

seen by examining Equation III-5 which is rewritten below: 

W = V £ i - J3s_ Jk 

W, V, and Nfe, remain constant for a given balloon» 

(III-5) 

Changing 

fa a small amount will not cauce Ta. __ significantly. 

p Tg 
sequently, if Mg is increased, j a will have to increase accordingly 

to satisfy the equation. Therefore, if the molecular weight increases 

because of air mixing with the lifting gas, the balloon will level off 

at a lower altitude where the air density is higher. 

A great deal of effort has been devoted to the problem of 

keeping air out of the balloon. In the fall of 1952, the University of 

Minnesota 5 applied the principles of the duct appendix to balloon 

design and this has proved highly successful in excluding air. The 

duct appendix is attached to the balloon near the top and extends down 

the outside of the balloon. For a balloon with duct appendix, 

leakage of air into the balloon is considered to be an insignificant 

factor affecting balloon altitude. For this reason, only balloons 

with the duct appendix were considered in the analysis of flight per¬ 

formance data. The duct appendix should be specified for the balloons 

to be used in the contemplated operation. 

5. Gas Impurities 

Impurities in the lifting gas will change the density of 
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the gas and, as a consequence, will affect the altitude to which a 

given gross weight can be lifted by a specified volume of gas. The 

effects of gas impurities can be analyzed in the same manner as were 

the effects of air leakage into the balloon in tbe previous para¬ 

graphs. Impurities which increase the molecular weight will lower the 

maximum altitude, and hydrogen, which lowers the molecular weight, will 

increase the maximum altitude. Helium Is generally used in ship-board 

operations and would almost certainly be used in the operation under 

study. Grade A helium is used with essentially 100 per cent purity 

so there is no need to consider the effects of gas impurities on bal¬ 

loon altitude. 

6. Variations from the Standard Atmosphere 

In balloon operations the load-altitude calculations are 

based on the NACA standard atmosphere. Altitude is usually determined 

by means of a pressure-sensing device and then the pressure readings 

are converted to altitude using the NACA atmosphere data. This pro¬ 

cedure introduces two factors relative to the balloon altitude which 

should be acknowledged. 

The first of these factors is the vertical shift in any 

given pressure level from the standard height as given in the NACA 

tables. The height of a particular pressure level is determined by 

the temperature characteristics of the air between that pressure level 

and the ground. Since balloon altitude as recorded or telemetered is 

based on pressure, this variation in actual height is not apparent in 

balloon performance data. Dr. Homer T. Mantis, meteorologist at the 

University of Minnesota, advises that this shift in the pressure level 
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may be as great as 2,000 ft at high altitudes. 

The second factor is the altitude variation resulting be¬ 

cause the actual temperature at flight altitude does not correspond 

with the HACA standard used in calculating balloon performance. Since 

the balloon altitude depends upon air density, this temperature varia¬ 

tion will cause a shift in altitude which will be sensed by the altitude 

instrument. The altitude shift resulting from a given temperature dif¬ 

ference (from NACA standard)can be approximated. 

Designating the standard (NACA) density at 100,000 ft as 

P8 and the actual density as fo, one can write 

f* 
assuming that both the standard and the actual conditions are written 

for the same pressure level. Since the balloon system was designed 

for a density it will not go to the standard pressure level, but 

will seek a level where the pressure and temperature are such that the 

density Using the ideal gas law and the differential equation 

for hydrostatic equilibrium in the .atmosphere, it is possible to obtain 

an expression relating density and vertical displacement. 

By logarithmic differentiation, Equation 111-2 becomes: 

The differential equation for hydrostatic equilibrium can be written as 

(III-6) 
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The temperature can be caressed as: 

where 

Also: 

T = T0 - az 

a = dT - lapse rate 
dz 

dz r - _1_ d (T0 - az) 
a 

(III-7) 

(m-8) 

(III-9) 

Therefore, 

or 

if 
/ 
iZ. 
/ 

M d (Tp-az) _ d (T0>az) 
aR T0 az T0-az 

(Vaz) (JL -A LLk 
^ aR J T0- 

(III-10) 
az 

Integrating between the limits of o and z gives 

M -1 

J o 
-(¾ 

-az aR (m-n) 

where the subscript "o" refers to conditions at a given height and 

is the density at a distance z from this height. 

Radiosonde temperature data were obt ined during GMI Flights 

1071 through IO83 made in the Galapagos Islands from September 6 to 12, 

1953 for the Office of Naval Research (Contract No. Nonr 875(00), 

Annex X). Ihe average of the temperature at 22 millibars on five days 

in this period was found to be-53°C* For the temperature soundings 

made in connection with GMI Flight 107^, the gradient was O.820C per 

1000 ft from 36 up to 22 millibars. On Flight IO83, the gradient was 

O.96 per 1000 ft from 38 up to 21 millibars. These values agree well 

with the gradient of 0.92°C per 1000 ft (3°C per kilometer) adopted 

by the International Civil Aviation Organization for the region above 

82,000 ft (25 kilometers). Using the gradient of O.92 and the average 

temperature of-53°C and extrapolating from 22 millibars to 11 millibars 

(99,852 ft) results in a temperature of °c (-29°F) • 
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The standard temperature at 100,000 ft as currently used 

in 'balloon engineering is -67°F. General Mills, Inc. is now planning 

to adopt the International Civil Aviation Organization standard which 

uses a temperature gradient of+3°C Per kilometer from 25 km and up. 

Using this value and the -29<>F obtained above it is possible to obtain 

the magnitude of z. 

where 

75° T° 
460-29 - 1-096 
460-67 

a > -0.00l646°F per ft (based on the ICAO gradient 
ofper kilometer) 

M = 29 

R = 1544 Ibf ft 
Ibm OR 

Substituting in Equation III-U gives z = -1,9^ ft. 

Thus, because tbe actual temperature at the 11 millibar level is 

.290F rather than -6T°Î (the HACA standard used in engineering calcul- 

lations) the baUoon uill go to an altitude 1,9W* « belo» this level 

in order to find the proper density. If the actu^ temperature is 

leas than the stand«*, the balloon will rise above the expected level. 

7. Superheating of the Lifting Gas 

It has long been known that the temperature of the lifting 

gas in a floating balloon my exceed the temperature of the surround- 

dag air because of sol« heating. radiation is absorbed by the 

balloon fabric or film aM transferred to the lifting gas by con- 

vection. This so-called "superheating" is usually not considered when 

«Uag load-altitude calculations. However, the superheating cum. 

tb. density of tm lifting gas to be less than the theoretical mine. 
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As a result the balloon will tend toward an altitude greater than 

theoretical because of superheating. 

Equation III-5can be used to estimate the upward altitude 

shift to be expected because of superheating. Combining the volume, 

V, with the gross weight, W, this equation may be written for two sit¬ 

uations with and without superheating. Thus: 

a 1 - Ma T&M (HI-12) 
Ma VJ 

where the primed values refer to the case with superheating. Without 

superheating Tg r Ta. Also, for purposes of this analysis the air 

temperature can be considered constant over the relatively small shift 

in altitude involved. Therefore, V = V ^ 6aB temperature can 

be expressed as Tg' = Ta'+© - Ta+£ where© is the "superheat". 

Consequently, Equation III-12 yields: 

c . _ (m-13) 

- £ ks 
The magnitude of this superheat has been investigated using 

direct aã indirect aroroccbee. The gas tesgieratnre has been measured 

directly. On GW night 462, June 4, 1951, sir snd gas temperature, 

mere measured at an altitude of 80,000 ft using shielded thermistors 

and found to be -58°F and -25°F, respectively. This results in& = 

33or. This value is in good agreement with .«lier data obtained by 

the Heu ïork University College of Engineering? during the period 

August 1949 to March 1950. for these flights at an altitude of approx 

imtely 40,000 ft, the measured free air «d gas temperatures show 

that pranged from 10 to 20°C (18 to 36 F, * 
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The University of Minnesota® has investigatedanalyzing 

the balloon performance when the superheat is removed at sunset. By 

determining the sunset rate of descent and by ballast dropping experi¬ 

ments they have obtained values for the percent loss of lift at sun¬ 

set of air displaced. For a 73-ft diameter balloon made of 2 mil 

polyethylene with one set of load tapes they report a 6 per cent loss 

of lift. Using Equation III-5 it is possible to show that £ would have 

been approximately 25°F to produce this 6 per cent loss at sunset. 

Using the value of#* 33°F obtained on GMI Flight 462, 

where the air temperature was -58°F and the lifting gas was helium, 

Equation III-13 can be solved to obtain the change in air density re¬ 

quired to compensate for the superheating of the lifting gas. Thus: 

A'= 11JL 
1 - ÍL- 4 402 

A 
29 1402+33 

JV : 0.988 fa 
Tto Increase In height necease to produce this change In density is 

approximately 260 ft. 

8. giimmAtion of Altitude Variations 

How that the individual factors have been analysed, it be¬ 

come possible to combine them to deteimine the total possible vari¬ 

ation from theoretical altitude. ®e various factors are su-«d up 

below. 
^ QOS ft 

Variation in volume ’ ■> ' 

Errors in veight determination 't' 100 ft 

Leakage of lifting gas 
None 



Leakage of air into balloon 

Gas Impurities 

None 

None 

Variations from the NACA 
standard atmosphere ^ 
(20ÔÔ + 19^0) “39^0 ft 

Superheating of the lifting gas -f260 ft 

+1+625 ft 
Total 

-4365 ft 

Thus the actual altitude can be as much as 4625 ft above or 4365 ft below 

the theoretical ceiling if no special altitude controls are applied. 

Fortunately, if the relative altitude of balloons in an 

array is the only concern, and the true altitude is not critically 

important, only the first two factors need be considered. This is true 

because all balloons launched at approximately the same time on any one 

day will be subjected to the same atmospheric conditions. Therefore, 

the altitude variation is reduced to * 425 ft in connection with dis¬ 

cussing the feasibility of the 1,000 ft spacing. Consequently, if two 

adjacent balloons are assumed to have a horizontal spacing of 1,000 ft 

and the variation in vertical position is "t 425 ft for each balloon, 

it is possible for the slant distance between balloons to range from 

1000 to 1300 ft. 

D. Altitude Control 

Having presented data on actual and theoretical altitude perfor¬ 

ce, the possible use of special control instrumentation to improve 

performance »ill now be discussed. Such altitude control is echieved 

by carrying 

valving gas 

expendable ballast on the balloon and dropping ballast or 

to cause the halloon to ascend or descend. Both automatic 
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and remote control instrumentation have been used to implement ballast¬ 

ing or valving. 

The simplest automatic system Is one In which a haro-swltch In 

series with a battery and valve system such as an electro-magnetic 

valve would control the flow of steel-shot ballast whenever the balloon 

descends below a pre-set pressure level. Bo control of maximum 

altitude is provided except by automatic gas valving through the bal¬ 

loon appendix at the ceiling established by the gross weight - volume 

relationship of the balloon system. As ballast is expended this ceil¬ 

ing increases. Howerer, In a properly operating system the balloon 

will tend toward the control level because of loss of gas through leal- 

age and diffusion. 

For flights which are not required to continue through a sunset, 

good level flight ha. been shown by the University of Minnesota? on 

73-ft balloons by employing dry 1« as ballast to compensate for lestage 

and diffusion losses. » a series of flights from «rot. AFB, Texas, 

the dry ice consumption was about 0.5 lb per hour at an altitude of 

proximately 85,000 ft. 

More elaborate altitude control systems employing both gas valving 

,d ballasting have been used. In 1952 General Mills, Inc, conducted 

program for the Navy Bureau of Aeronautics (Contract Order Bo. 

iOBK-25209) in which an experimental control system was built for 

meeting and maintaining ary of several possible altitudes. Altitude 

election and flight termination was acc^lished through radio control, 

ucceseful flight demonstration of the system was not ach 

ver, on *y 11, 1955, on «I night Be 1356, a radio-controlled 

♦ 
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Bystem was flown and the altitude repeatedly changed by alternate 

gas valving and ballasting. In this flight the gas valve and ballast 

valve were operated directly with a radio-control. The control of 

the flight was based on radio commands to the balloon based on altitude 

data telemetered from the balloon to the control point in a tracking 

aircraft. 

Data is not available on the accuracy with which the altitude can 

be controlled by the above methods. Since these methods depend upon a 

baro-switch or a bellowe-actuated altitude telemetering device for 

altitude sensing, this device is necessarily the limiting factor. 

Experience in calibrating such devices at General Hills, Inc. indicates 

that an error of at least * 0.5 millibars at the range of 10.68 milli¬ 

bar» (100,000 ft) can be expected with carefully calibrated instnmmnte. 

At an altitude of 100,000 ft 0.5 millibars is equivalent to approxi¬ 

mately 950 ft. The analysis made earlier in this report had demonstrated 

that balloons, manufactured in accordance with present specifications and 

launched at the same time under conditions where the gross weight ha. 

been carefully «asured, can be expected to attain the seme altitude 

within * 425 ft. Consequently, the use of altitude controls in an 

operation planned for the 100,000 ft height would be expected to impair 

rather than improve performance. An exception would be the us. of dry 

. nnrmai gas loss due to diffusion and 
ice ballast to compensate for normal ga 

leakage through the balloon wall. 
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IV. SEPARATION 

A- The Need for Connecting Links Between Balloons 

This section of the report is devoted to a discussion of the 

problems associated with dispersing a number of balloons to form an 

array with the desired relative positioning and spacing where the 

arrangement is not restricted to a single vertical line. Unfortunately, 

it is not possible to arrange the balloons and their loads on the 

surface in the desired pattern, then release them simultaneously «nrf 

have them arrive at an altitude of 100,000 ft in this same pattern. 

Variations in rates of rise will cause the balloons to change their 

relative horizontal positioning as they gain altitude. An example 

will be presented here to illustrate this dispersion during ascent. 

It is assumed that the integrated wind from surface level to 100,000 

ft is 5 miles per hour while the wind at 100,000 ft is 80 miles per 

hour. The nominal rate of rise of the balloons is 800 ft per min and 

the variation is estimated to be at least - 5 per cent. A balloon 

rising at 800 ft per min would reach 100,000 ft in 125 min and would 

travel 10.41 miles in reaching altitude. A second balloon rising at 

760 ft per min would reach ceiling altitude in 131.5 min and would 

travel 10.95 miles. During the 6.5 min interval the first balloon, 

now traveling at 80 miles per hour, would move an additional O.87 

miles for a total distance of 11.28 miles. Thus, the separation of 

the two balloons at 100,000 ft would be 0.33 miles if they were launched 

from the same spot on the surface at the same time. Therefore, to 

insure the desired 1000 ft horizontal spacing, it would be necessary 

to employ some means of tying the balloons together. 
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The simplest tie would consist of a length of line joining two 

balloons. Unfortunately, the weight of the line is sufficient to 

force the two balloons together unless some opposing force is intro¬ 

duced to keep them separated. A rigid connector would eliminate the 

need for this separating force, but a continuous beam 1000 ft long 

supported only at the ends is not feasible. Such a beam would weigh 

several hundred thousand pounds. A beam supported at several points 

by additional balloons could conceivably be developed but would be a 

very difficult system to fly. A "weightless" connecting device could 

be made from a length of tubing inflated with hydrogen or helium. If 

this tubing were made from 0.001 inch polyethylene, it would have to 

be 20 ft in diameter to support its own weight at 100,000 ft if in¬ 

flated with helium. However, a 1000 ft length of 20 ft tubing would 

be very unstable axially. It is highly probable that it would never 

inflate to a straight section but would have several kinks and bends. 

Furthermore, a system Joined by lengths of this tubing would be very 

difficult to fly. Therefore, the most promising possibility for a 

connection between balloons is to tie them together with a length of 

light-weight line and keep them separated by employing a horizontal 

force to oppose the horizontal tension from the weight of the line. 

B. Force Required to Keep Balloons Separated 

The magnitude of the force required was determined by applying 

the equations for a catenary having the supports on the same level. 

Hie equations used are presented in Appendix D along with a sample 

calculation. The results of these calculations are presented in 

Figure U in the form of a scries of curves. The horizontal tension 
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in pounds has been plotted against the length of the catenary in 

feet. Length here is stretched length. In making up the tie lines 

the stretch of materials such as nylon line vould have to be consid¬ 

ered. A family of curves vas obtained by varying the weight per 

foot of catenary. The distance between supports was held at 1000 ft. 

Since the horizontal component of the tension in a catenary is 

equal for all points in the catenary, it is also the horizontal force 

acting on each of the supports. This is the force which must somehow 

be provided if the balloons are to maintain the desired 1000 ft spac¬ 

ing. The curve for the 100 lb test nylon shows that the horizontal 

force can be less than one pound if the length of the catenary is 

greater than 1040 ft. As the catenary length is Increased, the slope 

of the curve decreases. This means that, for a catenary which hangs 

far below the supports, a small change in horizontal tension is associ 

ated with a rather large change in the distance between supports. 

Therefore, if the distance between supports (balloons) is to be con¬ 

trolled closely, the length of catenary should be about 20 ft greater 

than the desired 1000 ft spacing so that the distance between supports 

is not too sensitive to changes in the horizontal force. 

Figure 5 was prepared to show the relation of the horizontal 

force to the distance between supports. The length of catenary is 

1020 ft for all cases. The three catenary weights used are the same 

as for the three lower curves in Figure 4. If the 375 lb test nylon 

were used, the force would have to be 4.5 lb or more; for the 100 lb 

test, 1.4 lb or more. 
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FIGURE 5 

HORIZONTAL TENSION IN CATENARY 
WITH SUPPORTS ON THE SAME LEVEL 
CATENARY LENGTH - 1020 FEET 

1000 960 960 940 
X IN FEET 

920 



C. Methods for Forcing Balloons Apart 

Because of the low air density at 100,000 ft, only a few methods 

are available for developing a horizontal force. Three methods which 

could conceivably be used are discussed in the following paragraphs. 

1. Rocket Motor 

A low-thrust rocket motor could be supported from balloons 

at the ends of the array in such a way that the thrust could be used 

to force the balloons apart. A schematic arrangement is pictured in 

Figure 6. Hère the payloads form part of the array depicted in Figure 

1 (a). Hie rockets are supported from their own balloons so that 

there will be no danger of interference with the payload. A steering 

device would be required to keep the rocket directed properly. By 

using identical rockets the net horizontal force would be zero and 

the array would not be forced off the desired trajectory, (it is 

recognized that the thrusts will not be exactly the same, and a small 

net horizontal force will result.) 

The weight of each rocket motor can be estimated by using 

the following thrust equation given by Sutton.10 

where 

F = -+ (P2 - P3) A2 (IV-1) 
g 

F : thrust, lb 

w = flow through nozzle, lb per sec 

V2 = flow velocity at nozzle exit, ft per sec 

pg z pressure at nozzle exit, lb per sq ft abs 

r ambient external pressure, lb per sq ft abs 

Pi2 - area of nozzle exit, sq ft 
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FIGURE 6 

USE OF ROCKET MOTORS TO MAINTAIN 

HORIZONTAL SPACING 



Sutton^Shcwß that optimum thrust is obtained when the 

expansion ratio is one, i.e., 13/½ * 1. Assuming optimum conditions, 

the pressure thrust term can be dropped and onlor the momentum thrust 

term remains giving: 

(lV-2) F= 121 
g 

In order to obtain the relatively long operating time and 

the thrust control needed for the balloon operation, it would very 

likely be necessary to use a liquid propellant with a low operating 

temperature. Concentrated (85-90 per cent) hydrogen peroxide is such 

a propellant. According to Sutton10, concentrated hydrogen peroxide 

could produce an exhaust velocity of approximately 4,000 ft per sec. 

Beferring to the bottom curve in Figure 5, « 100 » test nylon were 

used for a 1020 ft tie line, the thrust would need to be 1.5 lb- B 

is conceivable that a system could be developed in which the total 

operating time for the rocket would not exceed two hours. With this 

information and Equation IV-2, it is possible to calculate the »eight 

of fuel required and estimate the total, filled weight of the rocket 

motor. 

Bearranging Equation W-2 and inserting the value, for 

thrust and velocity: 

.¾ X 32.2 . 0.0121 Ifc per sec 

or 7200 X .0121 = 87.2 lb for 2 hours, 

the rocket to be about 30 per cent of t 

total veight would be 115 to 125 lb- 

2 hours. Assuming the dry weight of 

cent of the fuel weight or 26 lb, the 

In searching for inforaation on a 
suitable rocket, the only data 



obtained for a lo» thruat rocket »as In connection »1th applications 

to helicopter rotors. Bergaosè1 describes a rocket boost system 

developed by Reaction Motors, Inc., and Installed on a Sikorsky BRS-2 

helicopter. The three rockets, one In each rotor tip, provide six 

minutes of operation at full pcwer during »hieb ti» 300 lb of 90 per 

cent concentrated hydrogen peroxide are consu«d. Each rocket veighs 

.hout o» pound and Is capable of providing a thrust of ho lb. With 

minor modification, the unit is adaptable to a thrust raeg. of 15 to 

85 lb. The dry »eight of the complete system is 67 lb- 

This rocket appears to be very similar to the unit de¬ 

scribed in a Reaction Motors, Inc. report received from the Office 

Kaval Be search for study. letter tran-itting the report con¬ 

tains pertinent information and is included « Appendix K. Bris 

rocket can provide a thrust of approximately 30 lb. It »eighs about 

one lb and has a fuel consumption of about 25 lb per hour per lb of 

thrust. 
The helicopter socket is not suitable for application to 

the balloon problem without modification. Ho«ver, »ith additional 

develot-ent »ork it should be possible to obtain a rocket for balloon 

propulsion »hieb would operate satisfactorily at high altitudes. 

It should be noted that 90 per cent ^ has a freesing point of 12. F 

smd, therefore, a special housing would be required to prevent frees- 

vi ooanpiftted with control of the rocket and 
ing. Additional problems associate 

steering the balloons would also require further work. 

2. iwiloon "Sea Anchor^, 

A second «thod which could conceivably be used to keep the 
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balloons apart is illustrated schematically in Figure 7. In this 

system, the lover balloon is floating in an air mus moving at a 

velocity less than that of the air at 100,000 ft vhere the payloads 

are floating. As a result, the lower balloon lags behind «md causes 

the payload balloons to spread out in the direction of motion of the 

system. The forces causing separation result from the aerodynamic 

drag on the balloons because of motion relative to the surrounding air. 

The equation defining various relationships for the system are developed 

in Appendix F. Using these equations and the data presented in Figure 

5, the required difference in wind velocity at the two levels can be 

estimated. 

Because of the low air density at 100,000 ft the aero¬ 

dynamic drag force is very small for balloons moving at low velocity 

relative to the wind. Since the magnitude of the vertical wind gradi¬ 

ent is not expected to be large, it is necessary to use the catenary 

which will give the smallest horizontal force requirement. Referring 

to Figure 5, it is evident that a force of 0.?5 lb is possible using 

100 lb tect nylon. 

Therefore, assume that the horizontal tension in the right 

hand catenary is 0.75 lb. Then from Equation E-6 and F-6: 

H5 = r2 = 0.75 

This value can be used in Equation F-9 to determine the relative 

velocity, V2 “ V3, at the upper level (assumed to be 100,000 ft). 

First it will be necessary to decide upon the balloon size from which 

to calculate the profile area, A2 • If it is assuD- d that the 100 lb 

payload «nd an additional 100 lb of flight gear are carried by each 
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WIND, Vi 

FIGURE 7 

BAU )ON "SEA ANCHOR" USED TO KEEP BALLOONS SEPARATED 



balloon, the balloon vill be of a size such that the profile area is 

approximately 6,9^0 sq ft. The air density at 100,000 ft using the 

MCA data is: 

/¾ = ËL - -gS-Bl X 29 . O.OOIO67 lb per cu ft 
RT 155^ X 393 

Substituting these values in Equation F-9 gives: 

O.75 ■ I/S X .OOIO67 X 6940 X 0.7 (V2 - V3)2 
32.2 

Assuming the anchor balloon, (a), to be 2000 ft below the 

others results in an air density/! = O.OOIII9 lb per cu ft. From 

Equation F-l, Rl = 5 R2 = 3*75 lb. If the same size balloon is used 

throughout, Ai = Ag = 6940 sq ft. Therefore: 

3.75 = 1/2 X .001119 X 6940 X 0.7 (Vq -Vi)2 
32.2 

Adding Equations IV-3 and IV-4 gives the required difference 

in wind velocity at the two levels, i.e., 

V2 - = 9*71 miles per hour 

By using the largest balloon now available as the anchor, 

it would be possible to obtain an area, for Ai of approximately 

10,000 sq ft. This area gives a relative velocity at the lower level 

V3 - Vi = 5«55 miles per hour 

and a difference in velocity at the two levels equal to 

V2 - Vi = 8.6 miles per hour 

Although the winds at 100,000 ft vary with the season and 

the latitude, Brasefield*"^ obtained data on rocket flights at White Sands 

Proving Ground during 1950 and 1951- The following values were 
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calculated from curves given in Brasefield's paper. 

East - West Component 

For period of April thru September: 

Velocity at 30 km - 20 mph 

Gradient at 30 km - 1.02 mph per 1000 ft 

For period of October thru March: 

Velocity at 30 km - 60 mph 

Gradient at 30 km - 2.29 mph per 1000 ft 

North - South Component 

Negligible velocity both periods 

In evaluating the "sea anchor" technique the following 

factors should be considered: 

(1) Based on the averages presented above, it appears that the 

required gradient is large enough to necessitate placing the 

anchor balloon prohibitively far below the others. 

(2) Variations in the magnitude of the vertical wind gradient 

will change the spacing between balloons. 

( 3) Because of variations in winds it would be necessary to 

measure balloon spacing by some method. 

3. Electrostatic Repulsion Force 

Bodies carrying like electrostatic charges tend to repel 

one another. The repulsion force is dependent upon the charges on 

the various bodies, the distance between them, and the capacitivity 

of the medium surrounding the charges. It is conceivable that the 

repulsion force could be used to keep the balloons in an array apart 

if they were joined by lightweight nylon lines. To determine the 
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feasibility of the use of electrostatic charges, a system of two 

identical balloons was investigated and the charge required on each 

balloon was calculated. By assuming a rate of loss of charge, it 

was possible to estimate the power and weight requirements for such 

a system. 

Calculations for determining the required charge are pre¬ 

sented in Appendix G. It has been assumed that identical spherical 

balloons 110 ft in diameter are used and that the balloon fabric will 

conduct electrostatic charges. The repulsion force required is 

assumed to be 1.5 lb, the same as for the rocket motor analysis. This 

force is necessary for a spacing of 1000 ft between balloons when a 

100 lb test nylon line 1020 ft long is used. It was found that, to 

produce a force of 1.5 lb, each balloon must be charged to a potential 

of 4,560,000 volts or a charge of O.OO85 coulombs. 

The equipment required to produce this potential would 

very likely be quite massive. For example, a Van de Graff-^electro¬ 

static generator built for the Oak Ridge National Laboratory in 1951 

weighs 19 tons. This is a 5>000,000 volt generator producing an 

analyzed beam of 4 microamperes. A 4.5 million - volt generator would 

be a large piece of equipment. Since it would be necessary to carry 

the generator along with the balloon to keep it charged properly, 

a Van de Graff generator could not be used. Other types of equipment 

now used to produce these high voltages are also prohibitively 

massive. 

Another requirement for an electrostatic charge to be built 

up on a balloon is that the balloon be conductive. Large balloons 
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have never been made from conductive material. However, polyethylene 

and Mylar films coated with a very thin layer of aiimimim are available 

and the balloon engineers at General Mills believe that a suitable 

conductive balloon could be developed using these new materials. The 

suppliers would have to improve their manufacturing processes so that 

wider sheets or tubing could be made available. Sealing techniques 

suitable for the metal-coated plastic would have to be developed. 

In summary, it appears that the use of the electrostatic 

force of repulsion between two charged balloons is not feasible at 

this time. 
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V. TRAJECTORY 

A. General Dlsatsslon 

Balloon trajectory is of importance primarily because the path 

vhich the balloon or array of balloons vill follow must be known if 

the balloon loads are to be carried over a fixed point on the earth» 

Trajectory is of additional importance in relation to the recovery 

of the loads after being released from the balloon. So, for recovery 

purposes the path followed by the descending load must be studied 

in addition to the balloon trajectory up to the point of release. 

Release should occur very shortly after the loads pass over the 

target. 

In past balloon delivery trajectory studies conducted by 

General Mills, Inc., the load delivery event has been initiated 

by a timer mechanism and variations in distance along the path of 

motion as well as variations normal to this path had to be considered. 

For the application discussed in this report, the time of arrival 

over the target point can vary because the initiation of the desired 

event or events can be controlled by observers at the time the 

balloon array arrives over the desired point. Consequently, the 

variation normal to the path of motion is the only parameter we 

are concerned with. Further, there is no requirement for the dis¬ 

tance from the launching site to the target point. This means that 

since the flight duration should be as short as possible to minimize 

errors in trajectory forecasting, the trajectory will consist essen¬ 

tially of the path followed by the balloon array as it ascends to 

100,000 ft. 
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It is assumed that the operation vill take place in the Pacific 

Ocean in the Tropics. In September, 1953, General Mills, Inc. 

personnel participated in a series of high altitude balloon flights 

launched near the Galapagos Islands, in connection with Contract No, 

Nonr 875(00), Annex X. In this region they found that the surface 

vinds vere generally from the east. However, the integrated wind 

vector from the ground up to about 80,000 ft was generally from the 

west. The magnitude was observed to be under five knots. Above 

80,000 ft easterly flow increasing with altitude was encountered 

with resulting high velocity movement toward the west. On the 

basis of these observations it is estimated that the balloon array 

will be approximately 50 miles to the west of the launching site 

at the time ceiling altitude is attained. Because the winds at 

the lower levels are very light, and because the winds at the 

higher levels are almost due west, the north-south component of 

the integrated wind will probably be less than 5 miles per hour. 

B. Variation in Trajectory Forecasting 

To provide the best forecast of the balloon position relative 

to launching site after rising to 100,000 ft, it will be necessary 

to obtain the integrated wind from ground to altitude using sounding 

balloons. Then, by determining the time of ascent for the large 

balloons, based on the predicted rate of rise, the position at the 

completion of ascent can be calculated. If sounding balloons are 

flown repeatedly prior to the operation, it should be possible to 

base the forecast on data approximately one hour old. (This is 

the approximate time required for a sounding flight.) 
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Variations from the calculated position will occur from three 
sources; 

(1) Actual rate of rise different from predicted rate of rise 

(2) Errors in measurement of integrated wind with sounding 

balloons 

(3) Variation in integrated wind over one-hour period between 

sounding balloon flight and operational flight. 

These sources of error are discussed in the following paragraphs. 

A value for the magnitude of the total variation in position is 

estimated. 

1. Rate of Rise 

The ascent velocity of a balloon is dependent upon 

several factors^ some of which are difficult to evaluate. The aspect 

of balloon physics related to vertical motion has been studied and 

formulas and charts have been developed in connection with investi¬ 

gating the rate of rise1^ . However, in spite of the good work which 

has been done, it is not yet possible to calculate accurately the 

rate of rise of a balloon system (balloon and load train) not yet 

flown. 

The rate of rise can be varied by changing the free 

lift (excess gas) used to force the balloon upward. Some personnel 

at General Mills, Inc. prefer to base the amount of free lift on 

experience with previous flights rather than to use a formula of 

questionable or limited accuracy. To obtain the best results, the 

adjustment of free lift should be based on a previous flight with 

an identical balloon system launched under similar meteorological 



conditions. Obviously, this is not possible when flying an untried 

system. In this situation, it is necessary to use the data most 

applicable to the new balloon and the Judgement of the operating 

personnel becomes an important element. 

Performance data for past balloon flights was studied 

in an effort to provide answers to two questions; (l) If initital 

free lift is based on presently available flight data, what variation 

in rate of rise can be expected?; (2) If identical flights are 

launched simultaneously, what is the variation? 

The first question is important in connection with 

the accuracy with which the trajectory of the first flight of an 

untried system can be predicted. The second question is related 

to the improvement in accuracy to be obtained by using the trajec¬ 

tory of the first flight as a guide in relocating the launching 

site for the second flight. 

Past flights most nearly approaching the contemplated 

operation were those employing 13^ TT balloons at altitudes between 

90,000 and 100,000 ft. Some data from these flights was presented 

and discussed in the altitude analysis section of this report 

(see Appendix C, Table 1). Data pertinent to the rate of rise is 

presented below in Table II. Even though the free lift was 

essentially the same for all seven flights, the rate of rise varied 

considerably. The average rate for the seven flights was 60I feet 

per minute. The spread between the minimum and maximum was 232 feet 

per minute which is 3806 per cent of the average. Such a wide spread 

introduces the possibility of a large error in a forecast based on 



the predicted rate of rise. This large error in predicting the 

rate of rise may occur on the first flight, but on subsequent 

identical flights made on the same day or the following day, the 

error should be reduced if the rate is predicted on the basis of 

the first flight. 

TABLE II 

Data on Rate of Rise of 134 TT Balloons 

GMI Gross Free 
Flight Weight, Lift 

No. lb lb 

Rate of Maximum 
Rise*, Altitude, 
ft/min ft 

Time and Date 
of Launching 

1230 

3255 

1262 

1273 

1279 

1306 

1317 

872 

838 

852 

833 

846 

953 

794 

76.5 

75.0 

76.6 

75.O 

76.0 

76.0 

71.5 

484 96,300 

568 98,000 

716 94,750 

635 98,000 

543 95,000 

705 92,800 

558 94,700 

0642 

0715 

0642 

0859 

0818 

5 Oct. 54 

12 Nov. 54 

22 Nov. 54 

19 Dec. 54 

29 Dec. 54 

0723; 9 Mar. 55 

092I; 15 Feb. 55 

* As determined from the time required to reach maximum altitude. 

In 1951, General Mills, Inc. conducted an operation 

on which identical balloons were launched simultaneously . Whereas 

the balloons used were only 25 feet in diameter and the maximum 
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altitude vas only approximately 30,000 feet, it is believed that 

the variation in rate of rise for these flights is indicative of the 

minimum vhich can be achieved in variation in rate of rise. The 

data for these flights is presented in Table m. it should be 

noted that the balloon type, balloon load, free lift and altitude 

vere essentially the same for all flights. 

For Flights 557 and 558, vhich vere launched together, 

the average rate of rise vas 820 feet per minute. One rate vas 40 

feet per minute greater than the other. This difference is 4.9 per 

cent of the average. 

For Flights 560, 561, and 562, the average rate vas 

858 feet per minute. The spread vas 25 feet per minute or 4.1 per 

cent of the average. 

For Flights 566, 567* and 568, the average rate vas 

838 feet per minute. The spread vas 50 feet per minute or 6 per 

cent of the average. 

The average rate of rise for all eight flights vas 

84l feet per minute. The spread vas 70 feet per minute or 8.3 i>«r 

cent of this average. 

Because the loads and altitudes for these simultaneous 

launchings vere less than for the contemplated operation and be¬ 

cause the 251-B balloon has an appendix valve as compared to the 

side duct currently used, one may not be justified in saying that 

the data is directly applicable to the contemplated operation. 

Hovever, it is doubtful that the performance obtained in these 

flights could be exceeded vhen using larger balloons at higher 
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altitudes even though the side duct appendix is used on the larger 

balloons. Consequently it appears that the difference in rate of 

rise of tvo identical balloons launched simultaneously or vithin a 

short time of one another will be from 5 to 10 per cent of rise rate. 

2. Wind Measurement 

Unfortunately, a representative value is not avail¬ 

able for the error in determining the integrated wind. The inte¬ 

grated wind is obtained from measurements of wind velocities above 

the point of observation. As the sounding balloons rises it also 

moves away from the point of release. Consequently, errors in 

measuring the angles of elevations and azimuth and in measuring 

the altitude (or the slant range) all contribute to the error in 

determining the wind vectors at various heights. A direct measure 

of the total error could be derived by obtaining wind data and 

down-photographs on the same balloon flight. A down-camera is used 

to photograph the ground below the balloon at regular intervals to 

provide accurate fixes. According to Dr. H. T. Mantis, such a 

flight is planned by the University of Minnesota group. However, 

as pointed out by Rapp16 , the error in measuring the wind increases 

with the height. Consequently, for any data to be directly applicable, 

it should be obtained for altitude and wind conditions similar to 

those existing at the time and place where the operation in question 

is to be conducted. 

A very rough estimate of the error was obtained by 

studying the results of Rapp who investigated the instrument error 

in measuring winds using both the Rawin set AH/GMD-l and the CPS-10 
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radar wind computer. Data obtained indicated that the magnitude of 

the error was the same for both types of equipment. For the Rawin 

2 
set AH/QtD-1 Rapp1^ reported an error variance of 2.96 meters per 

second2 {Rapp defines "probable error" as 2/3 square root of 

the error of variance, giving a probable error of 1.15 meters 

per second ) in the south-north component at a height of 8.5 

kilometers. The error variance in the east-west component at this 

height was 1.52 meters2 per second2 (probable error 0.82 meters per 

second). At this height the balloons were about 35 kilometers away 

and moving in a velocity of approximately 20 meters per second in 

a direction of about 35 degrees from north. Results indicated that 

the error increases at an increasing rate as the altitude increases; 

i.e., the error variance at 8 km is more than twice the error variance 

at k km. In view of this, one would expect the error variance at 

3O.5 km (100,000 ft) to be more than 3.5 the error variance 

at 8.5 fem* 

The probable error for the Integrated elnd «raid be 

In the nature of an arerage of the values at the several layers 

from ground up to the maximum altitude. Consequently, this average 

value »ould be less than the error at maximum altitude. It vould 

be dependent upon the actual trajectory of the sounding balloon. 

To extrapolate Rapp's data for higher altitudes and then apply It 

to a hypothetical trajectory Is admittedly unjustified. Also, 

detailed calculations are not «„ranted. Hovever, a fev manipulation. 

of the data do provide a very rough e.ti«te of the probable error 

in the north-south component of the Integrated «ind. 
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The probable error presented by Rapp amounts to approx¬ 

imately 7 per cent of the velocity at 8.f kilometers. The probable 

error is proportional to the square root of the error variance. Since 

the error variance at 30.5 km Is estimated to be at least 3.5 times 

that at 8.5 km, the probable error at 30.5 km vould be about 13 per 

cent of the velocity. Assuming the error In the Integrated wind to 

be 70 per cent of that for the wind at a height of 30.5 km, the 

probable error would be 9.I per cent. For purposes of this discussion 

a value of 10 per cent will be used. 

There is another factor which should be considered in 

discussing the intrumental error in measuring winds. The data dis¬ 

cussed above was obtained with land-based equipment where It was 

possible to operate from a fixed platform. If wind measurements 

are to be made from shipboard where the Instrument platform is not 

fixed, it is logical to expect that instrumental errors would be 

somewhat greater. Data is not available to demonstrate this point. 

Since the probable error of plus or minus 10 per cent is such a 

rough estimate, there is nothing to be gained by refining this value 

to account for additional errors from shipboard operation. 

3. Integrated Wind 

Dr. Homer T. Mantis, Meteorologist at the University 

of Minnesota, Institute of Technology, was consulted for information 

regarding the large scale variation in the integrated wind. Dr. Mantis 

is well acquainted with balloon operations and is serving as meteor¬ 

ologist for the University of Minnesota High Altitude Balloon Pro¬ 

gram and has served as a consultant to General Mills, Inc. It is 
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his opinion that a large scale variation of l/2 knot can be expected 

in the integrated wind for a one-hour period. It is possible to 

have extreme days in which the variation in a one hour period will 

exceed this value. However, by closely observing meteorological 

conditions, it will be possible to avoid operation on extreme days. 

By combining the three factors, i.e., variation in 

rate of rise, error in measuring the integrated wind, and the large- 

scale variation in integrated wind, the total variation in trajectory 

is obtained. For a trajectory which is essentially due west,the 

spread normal to the path can be obtained by using the north-south 

component of the wind when determining the effects of rate of rise 

and errors in measuring wind velocity. The one-half knot variation 

in integrated wind applies to all components. Thus, the variation 

either side of the predicted point resulting from each of the three 

factors is obtained as follows: 

(a) From variation in rate of rise: 

N-S component x ht x variation in rate of rise 
distance = rate of rise (1+ variation in "rate of rise) 

distance = 

(b) From error in measuring the integrated wind 

error in N-S component x ht 
rate or rise 

(c) From large scale variation in integrated 

wind: 

distance = large scale variation x 
height 
rate of rise 
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The height for the contemplated operation is 100,000 

ft. A rate of rise of 800 feet per minute can be assumed. In the 

previous paragraphs approximate values for other factors vere pre¬ 

sented as follows: (l) for variation in rate of rise, 10 per cent; 

(2) for error in the integrated wind, 10 per cent; and (3) for the 

large scale variation in the integrated wind, 0.5 knot or 0.58 miles 

per hour. The north-south component of the integrated wind will 

be assumed to be 5 milos per hour. 

Using these values in Expressions (a), (b) and (c) 

above results in the following distances: 

fiom variation in rate of rise. . . 

from error in measuring wind . . . 

from large scale variation in wind 

. + 0.95 

. + 1.04 miles 

.+ 1.21 miles 

Total.+ 3»20 miles 

This variation normal to the westerly path of the 

balloon presupposes that a pilot flight of an Identical balloon 

and load has been made to provide a good estimated rate of rise. 

For this pilot flight, the variation In rate of rise sould be 

larger, approximately to per cent as compared to the 10 per cent 

used, and the resulting distance variation would be correspondingly 

larger. The total distance either side of the target for the pilot 

flight could amount to plus or minus 6.31* miles. 

C. Balloon Guidance 

At present there Is no method for altering the direction of 
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motion of a high altitude balloon other than by changing altitude 

to enter a different wind stream. However, It Is quite possible 

that a method could be developed for propelling a high altitude 

balloon so as to improve the accuracy with which it would pass over 

a desired point. Steering could be accomplished by propelling the 

balloon in a direction approrimately normal to the wind flow. 

A suitable system would be one employing two oppositely- 

directed rocket motors aligned by meass of a device such as a gyro 

control, a sun-seeker, or a magnetic heading instrument. Hydrogen 

peroxide rockets similar to the one discussed in Section IV,C,1 of 

this report would very likely be suitable for propelling the balloon. 

A system which appears feasible would be to turn the rockets 

on and off by radio control. The balloon trajectory would be plotted 

continuously and corrected as necessary by use of the rockets. A 

pilot flight would provide a trajectory to serve as a guide. 

The error in positioning a balloon by this method would depend 

upon the error in tracking or spotting the position of the balloon 

and the skill of the personnel controlling the rockets. The error 

in tracking the balloon would depend upon the type of equipment used 

and the skill of the operator. The magnitude of error to be expected 

can be obtained from the performance of the Rawin Set AH/GMD-IA which 

is used with Radiosonde AN/AMT-4 to track weather balloons. It has 

also been used to track high altitude plastic balloons. This set 

provides elevation and azimuth data and slant range when provided 

with the ranging attachment. The error in slant range is + 17 yards 

and the error in azimuth and elevation (above about 10e) is approxi- 
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inately + 0.1 degrees vhen used by experienced personnel. This 

equipment is designed for mounting on a fixed platform and would 

not be suitable for shipboard operation. However, the error values 

would be of the same order of magnitude for shipboard equipment of 

the same general design with a suitable automatic leveling system. 

Assuming the balloon to be approximately 50 miles slant range from 

the tracking point, the 0.1 degree error in azimuth is equivalent 

to k6o ft. The personnel controlling the rockets would not be able 

to position the balloon this close to the target except by chance. 

One would expect the total positioning error to be at least 10 times 

this or approximately plus or minus one mile. This performance 

would be obtainable only after personnel became trained in the art 

of directing balloon flights. 
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VI. DURATION 

Flight duration is the total time which elapses between the moment 

the flight is launched and the time at which the released flight gear 

returns to the earth after flight termination. Flight termination is 

the time at which the load is released from the balloon. Thus the total 

duration is obtained by adding the time of rise to altitude; the time of 

floating at ceiling altitude, and the time of load descent on the recovery 

chute. 

A. Time of Ascent 

The time required to attain altitude will depend upon the rate 

of rise of the balloon. Rates in excess of 1000 ft per min are not 

considered safe. Rates much less than 200 ft per min are also avoided 

in connection with excluding air and prevention of trapping the bal¬ 

loon in an inversion. If the rate of rise is 800 ft per min, the time 

of ascent to 100,000 ft will be approximately 2 hours. 

B. Time of Floating 

There is no requirement for time at altitude. In fact, the 

shorter the time the better the accuracy of forecasting the trajectory. 

Consequently, the floating time should be kept to a minimum. Approxi¬ 

mately 0.5 hours should be allowed for the balloon to stop oscillating 

after reaching altitude. This time would also be sufficient for the 

balloons to arrange themselves in the desired pattern. 

C. Time of Descent 

The time of descent of the load on a recovery parachute will 

depend upon the size of parachute used for any given load. Parachute 

perfoimance curves for 28 ft, 32 ft and for 64 ft parachutes are 
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presented in Appendix G. Impact velocities and descent times for 

200 lb, 650 lb and 1600 lb loads using the above parachutes obtained 

from these charts are given in the following table. It can be seen 

that the time required for descent will be approximately O.5 hours. 

TABLE IV 

Descent Time and Impact Velocity for Loads on Parachutes 

Load, Lb Parachute Time, Min 

35 

21 

30 

30 

200 28-ft Flat 

TOO 32-ft Flat 

7OO Two 32-ft Flat 

1600 64-ft Flat 

D. Total Flight Duration 

The total flight duration will be 

Time of ascent 2.0 hours 

Time of floating 0.5 hours 

Time of descent 0.5 hours 

TOTAL 3*0 hours 

Sea Level Impact 
Velocity, Ft per Sec 

22 

36 

25 

24 
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VII, mSTRlMBITATION AHD OPERATIONS 

A. General 

The discussions In this section are based on the premise that 

a ship-based operation is to be conducted. It is believed that 

for the type of operation contemplated there are two primary con¬ 

siderations which dictate a ship-based launching. These are; 

1. The launching point must be capable of moving into the 

proper position to provide a trajectory over the target 

point. 

2. The surface winds relative to the balloon must be very 

low (less than 3 knots) during inflation and launching 

because of the complex system being flown. 

The latter condition can be obtained in ship-based launchings 

by heading the launching vessel with the wind. In a land-based 

launching it would be necessary to wait for days which offer both 

the necessary low surface winds and the proper upper air trajectory. 

Mobility on land is limited because of the launching site 

requirements. 

General Mills, Inc. has participated in previous ship-based 

operations. Balloons have been launched from an icebreaker, a 

sea plane tender and an aircraft carrier. The aircraft carrier was 

found best suited for balloon launching because of the large clear 

deck and the visual observation of the inflation by the bridge. The 

icebreaker was used because of the ice conditions in the region of 

operation. When using a ship with a limited area of clear deck it 

was found necessary to lay the balloon out in the form of a spiral 
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with the top of the halloon in the center. Other special techniques, 

such as top inflation of the balloon out of a special packing crate, 

may also be possible. However, even though the balloon is inflated 

satisfactorily a long load train may foul on structures above deck 

if insufficient clear area is available for the launching. 

B. Tracking and Recovery 

A suitable aircraft should be available for tracking the 

balloon and for spotting the loads for recovery. The aircraft should 

have radio direction-finding equipment for tracking the balloon by 

fixes on the 2 megacycle beacon. Standard air-to-ship communication 

equipment will be necessary for contact with the launching ship 

and the recovery vessel. 

To insure expeditious load recovery, a small vessel such as a 

destroyer, destroyer mine sweeper or destroyer escort should be 

stationed downwind at the estimated load impact point. It is 

advisable to deploy a motor launch or other small vessel for the 

actual pickup of the recovered load since experience has shown that 

larger ships are not suitable for this purpose. 

C. Flight Termination 

It is poBslbl. to terminate a balloon flight in either of tvo 

ways: (1) By cutting the balloon free ana bllcnring the load to 

descend by parachute, or (2) By reiving gas to cause the balloon 

to descend with the load. Since the balloon cannot be reused even 

though recovered, the first procedure is the usual practice for a 

flight of the type being discussed here. A very reliable device 

has been develop and used for a number of years for freeing th. 
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load from the balloon. This device employs an electrically actuated 

squib to drive a shearing member through the load line. The electrical 

impulse required to fire the squib can be initiated by a timer or 

radio command signal. Often radio control, backed up by a dual 

mechanical timer, is used to obtain a system with very high reliability. 

Pressure switches are also used to initiate flight termination if 

the flight first ascends and then descends below a given altitude. 

Flight termination instrumentation suitable for this application 

are fabricated and used by GMI on their routine research flight 

operations. One of the radio control receivers built by GMI is shown 

in Figure 8. The various connectors are used for the loop antenna, 

battery supply, and output to the squib. The device is flown on the 

balloon in a protective insulated container to assure proper operation 

under conditions of low temperature and rough handling. A horizontal 

loop antenna is used for decreasing the load line length for launching 

ease. However, the radio control is limited in that it is not 

possible to operate the receiver with a transmitter located directly 

beneath the receiving antenna since this is a void area for this or 

ary ether type of antenna ordinarily used on a balloon system. 

The receiver shown operates on a crystal controlled frequency 

of 6425 kc. It is triggered by an amplitude modulated carrier 

rlînaJ. using a 322 cps audio nota for 10 seconds followed by a 112 cps 

audio note within 3 seconds. The radio frequency to which the receiver 

is tuned can be changed by replacing the crystal with one whose 

frequency differs from the Intended frequency by 155 kc and retunlng the 

input stages. Receiver, can be designed for other frequencies as well; 

experience has shown, however, the 6 me frequency to be the most 

reliable and useful. 
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Radio Control Receiver 

Figure 8 

Code Sonde Altitude Beacon 

■ emmm 

Figure 9 



Flight termination can be effected by the use of a standard 

audio generator to modulate the transmitter at the audio frequencies 

necessary for triggering. A Johnson Viking 2 has been found to be 

a good transmitter for radio control. The audio section of the 

transmitter should be modified to accommodate a number of resonant 

relays. Thus, by matching the relays in the transmitter with those 

in the receiver, there will be additional assurance that the exact 

frequencies are used. The characteristics of the resonant relays 

are such that it is best to approach the resonant frequency from 

the low side. 

A variety of mechanical timers are used for flight termination 

depending upon the length of flight planned. Some of these are 

commercial time delay switches. Others are specially built devices 

using commercial clock movements or chart drives to actuate switches. 

Special precautions are necessary in cleaning and lubricating these 

timers to insure reliable operation at the low temperatures en¬ 

countered at high altitudes. They are ordinarily flown in insulated 

prote ctive containers. 

D. Altitude Telemetering and Recording 

The progress of a balloon flight is followed by means of a 

beacon which telemeters altitude information. The information may 

be received at a single control center or by a network. Receivers 

may be on land, sea or in the air. Present practice at General Mills, 

Inc. is to use code sonde altitude beacons. A typical unit is shown 

in Figure 9- This unit is flown on the balloon and transmits a group 

of Morse code characters which vary with pressure. 
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Most bsacons ara nada to transmit on a 2 -megacycla frequency« 

(Trequencias authorized for Navy balloon projects are listed in 

the following section of this report.) Deflection of the bellows 

moves the contact arm across the cylindrical contact drum which 

is rotated by a small battery-powered motor. A printed circuit on the 

drum generates the code modulation. lach unit is calibrated in the 

laboratory and is provided with a calibration curve. The technician 

monitoring the flight uses this curve to plot altitude as a function 

of time as the flight progresses. This instrument provides data on 

pressure altitude based on the NACA standard atmosphere. 

It is customary to fly an inexpensive recording barograph on 

every flight to provide an independent record of the flight altitude. 

One such unit fabricated at General Mills, Inc. is shown in Figure 10. 

Deflection of the bellows moves the pointer toward the rim of the 

smoked disc which is rotated by a clock movement. These units are 

also calibrated in the laboratory and the record traced in the 

smoked disc is carefully analyzed after the recovered instrument is 

returned to the laboratory. The calibration and the altitude trace 

can be seen on the unit shown. 

B. Frequency Authorized for Navy Balloon Projects 

Following is a list of the frequencies which have been author¬ 

ized for use on Navy balloon projects up to June 30, 1956. 

The nature of the transmission authorized for each frequency is 

also indicated. 

1638 kc - 2A2 
1676 " - 2A2 
1724 " - 2A2 
2025 " - 2A2 
3123 " - 2A2 and 6A3 
319I " - 0.1A1 
6155 " - 0.IA1 and 2A2 

67OO.5 kc - 2A2 & 6A3 
6933 " - 2A2 

6835 " - 2A2 
IO7IO " - 0.1A1 
40.54 me - 2A2 
133.38 " - Ao and 6A3 
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F• Balloon Load Train 

The analysis presentad in earlier sections of this report has 

shown that at the present time it is not possible to fly loads as 

large as I5OO lb to 100,00 ft. This eliminates the load arrays 

depicted in Figure 1 (a), (b), and (c). The arrangement shown in 

Figure 1 (e) would not be possible until a suitable is 

developed for keeping balloons properly separated from one another. 

Sven then, the distance between payloads would vary considerably 

because of the limitations in controlling balloon altitude at the 

100,00 ft height. Further, launching such a multiple-balloon system 

at sea would be virtually impossible. This leaves the array in 

Figure 1 (d) as the only possible arrangement. This array could 

be supported by one large balloon. Launching such a system would 

undoubtedly require careful planning and preliminary rehearsing. 

Some elements of the system would have to be fabricated and tested 

prior to the actual operation. 

A typical load train for flying five loads in a vertical line 

is Illustrated in Figure 11. Because of the extreme extended length 

of this load train it would be advisable to employ reels to hold 

the 1000 ft lengths of cable until the system becomes airborne. By 

using reels the length could be held to approximately 6OO ft for 

launching. The reels would be released by a pressure-actuated 

mechanism or a time-delay device after the system reached a suitable 

altitude. 
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The reels would not be capable of reeling in the cables once 

the load train became extended. It would be necessary to provide 

reels with brakes to limit the rate of paying out the cable. The 

cable diameter would be decreased progressively from the top to 

the bottom to minimize the cable weight. Nylon line might be sub¬ 

stituted for some of the smaller cable to reduce the weight a 

few pounds. However, experience has shown that reels of this 

type employing cable work much better than those employing nylon 

line. Nylon tends to foul on the reel and lock. Strength and 

weight data for small diameter corrosion-resistant steel cable 

and for nylon cord is presented in Appendix I. 

The termination timers and the radio command control receiver 

with its loop antenna should be placed directly below the balloon 

at the top of the load train. These items will be used in connection 

with separating the balloon from the load and for this reason should 

be mounted at or near the point of separation. The radio sonde 

for tracking should also be mounted at this point to keep the 

antenna away from the steel cable. The antenna on the 2 megacycle 

code sonde beacon for telemetering altitude is 2J0 ft long and 

the beacon should be placed at the end of the load train away from 

the steel cable. The barograph should be placed with this beacon so 

that barograph and beacon data can be compared. 

Four parachutes are placed in the load train for recovery purposes. 

During descent the major portion of the load would be supported by 

the 32 ft chute at the top of the load train. The three 12 ft chutes 

would support some of the load but their main function would be to 
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prevent whipping or oscillation of the long load train during descent. 

Experience has shown that severe oscillations can build up because of 

lack of damping in the low density atmosphere. The small chutes should 

provide the needed damping. To enable the chutes to open, the 12 ft 

chutes should be mounted in the load train so that the load is not trans¬ 

mitted through the chute. Performance data for parachutes is presented 

in Appendix H. 

Some consideration was given to the possibility of using a suitable 

parachute for each load and severing each cable Just above the chute at 

flight termination. However, with five loads to track down and recover 

rather than one, the recovery task would be more difficult. Also, the 

chances of losing a load would be increased. 

An approximate weight analysis of the load train is given in 

Table V. 

G. Lifting Gas 

Both helium and hydrogen are used as lifting gases in balloon 

operations. Helium is customarily used in Havy balloon operations— 

particularily ship-based operations because of the fire and explosion 

hazard associated with the use of hydrogen. 

The Bureau of Mines plants supply all of the helium used in balloon 

operations. However, all helium is obtained through the Havy Bureau of 

Aeronautics, Helium Branch. Since there are a variety of sizes of gas 

cylinders used in supplying helium, it may be advisable to request the 

assistance of the Helium Branch in scheduling the helium supply. When 

the ship to be used in the operation is known, the space available for 

helium stowage can be determined. On the basis of this infonnation the 
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TABLE V 

Approximate Weights for Load Train Shown in Figure 11 

Payloads, 5 @ 100 lb each 5OO.O 

Radio Command Receiver 10*0 

Termination Timers (Dual) 6.0 

Barograph 1.0 

Code Sonde Beacon I5.0 

AN/AMT-4 Radio Sonde 2.0 

Parachutes 

12 ft flat 3 @ 2.15 lb each 6.5 

32 ft flat 23.0 

1000 ft I/I6" cable @ 0.?5 lfc/100 ft 7-5 

1000 ft 3/32" cable @ I.60 lb/100 ft I6.O 

1000 ft 1/8 n cable @2-9 lb/100 ft 29.0 

1000 ft 5/32" cable @4-5 lb/100 ft 45.0 

Reels 2 @ 10 lb each 20.0 

2 @ 15 lb each 30°0 

Approximate Total Weight «0 
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helium supply people can ship the required amount of helium in suitable 

cylinders available at the time of the operation. The 22 ft higher pressure 

cylinders would very likely be best suited for the operation if adequate 

stowage space is available. 

It is assumed that one successful flight over the target is the 

requirement. To succeed it may be necessary to launch one or two pilot 

flights. A fourth flight should be planned as a spare. It is customary 

to have available at least 10 per cent excess gas as a safety factor. 

The gross weight plus free lift on each flight would be approximately 

1500 lb. Allowing for four flights and 10 per cent excess, 6600 lb of 

lift would be required. To provide this lift, 102,000 cu ft (70<>F and 

14.7 psia) of helium are needed. 
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nil. ktimatkd costs 

A. General Discussion 

Assuming that the proposed operation vould be carried out at 

sea, the major portion of the expense for conducting such an operation 

vould be associated vith government-furnished services and equipment. 

These vould include items such as launching and recovery vessels, 

the tracking aircraft, helium lifting gas, and upper air veather 

service. Also, government responsibilities associated vith the pay- 

loads vould be an important cost factor. No attempt has been made 

to estimate costs of such items. 

Hovever, there are certain materials and services customarily 

furnished by a contractor. Since estimates of costs of contractor- 

furnished items may be of value in evaluating the proposed operation, 

appropriate figures are presented belov. It has been assumed that 

four flights vould be made using the arrangements of Figure 11. The 

cost figures presented do not constitute a bid on the part of 

General Mills, Inc. and are intended for information purposed only. 

In making these estimates it vas assumed that the actual opera¬ 

tion vould be preceded by a developmental phase in vhich engineering 

prototypes of some of the unproved items such as the large balloon, 

and the cable reels vill have been fabricated and field tested. 

Techniques for launching the long flight train vould also be field 

tested during this phase. Costs for this developmental test phase 

vould be in addition to those presented belov, and vould amount to 

about 75 per cent of the total for the actual operation. 
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B. Equlpaent Costs 

I. Balloon 

157 TT, 2o0 mil polyethylene $3,000 

Pour I57 TT's $12,000 

2. Plight Instruments 

Badio control receiver $ 

Altitude beacon 300 

Recording barograph 75 

Termination timer 35 _ 

$ 810 per set 

Pour sets instruments $ 3;2^0 

3. Rigging and Parachutes 

* 

32 ft parachute 

12 ft parachutes (3) 

Cable 

Reels (4) 

Squib cannons, squibs, nylon 
line, insulated bags, etc. 

$ 50 

30 

I33O 

2000 

_ 

$3,460 per flight 

$13,840 
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4. Miscellaneous 

Receiver for altitude tele¬ 
metering $1,000 

Transmitter and audio generator 
for radio control 1,000 

Inflation and launching 
equipment 2,000 

$4,000 

TOTAL B $ 4,000 

$33,080 

C. Engineering and Operations Services Costs 

Labor and burden 

Subsistence and travel 

Packaging and shipping 

$ 9,640 

4,780 

2,000 

$16,420 $16,420 

TOTAL B A1ÏD C $47,500 
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IX. CONCLUSIONS AND RECOMMENDATIONS 

The objective of this study has been to determine the feasibility of 

flying an array of payloads over a target point by means of high altitude 

plastic balloons. For purposes of analysis, the general problem vas 

divided into six parts: loads, altitude, separation, trajectory, dura¬ 

tion, and operations and instrumentation. In summarizing the study 

results, the findings relative to each of these sub-divisions will be dis¬ 

cussed as they apply to the desired objectives. 

Whereas five arrays (as depicted in Figure l) vere originally pre¬ 

sented as being usable in the contemplated operation, an analysis of the 

balloon requirements has shovn that the arrays, including the 1500 lb load, 

are not feasible at this time because a suitable balloon is not available 

for carrying this load to the specified 100,000 ft minimum altitude. The 

load array of 100 lb payloads shovn schematically in Figure 1 (e) vould 

require five balloons. A proved balloon, the 13^ TT, is available for 

supporting the 100 lb payload plus an additional 100 lb of auxiliary 

flight gear at 104,000 ft. A balloon suitable for supporting both loads 

on the vertical axis could be designed and fabricated using the proved 

tailored tapeless design and fabrication techniques. However, techniques 

vould have to be developed for keeping the balloons in the desired positions. 

The balloons vould have to be tied together to limit horizontal separation 

and such a complicated system vould be fraught vith launching problems 

and vulnerable to malfunction. 

The most feasible load array is that in Figure 1 (d). It is esti¬ 

mated that, in addition to the five 100 lb payloads, it vould be necessary 

to carry approximately 200 lb of associated flight instrumentation and 
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rigging. There is gccd reason to believe that a suitable tailored tape¬ 

less balloon could be designed to carry this 700 lb load to 100,000 ft. 

Analysis shows that a 157 ft diameter balloon made of 2 mil polyethylene 

would be required. Tailored tapeless balloons, 150 ft and 201 ft in 

diameter, have already been built and flown successfully. However, these 

balloons were designed for smaller loads so it would be advisable to flight 

test a trial 157 TT balloon early in the program. 

A typical load train comprised of the five 100 lb payloads is shown 

in Figure 11. This long train would be difficult to launch and would re¬ 

quire careful preparation and planning. If the number of payloads could 

be reduced, or the spacing between loads could be shortened, the chances 

of success would be increased. For this reason, the array shown in Fig¬ 

ure 1 (c), with two 100 lb loads suspended below the 1500 lb load, would 

be easier to fly if a suitable balloon were available. General Mills, Inc. 

is currently investigating a balloon design suitable for carrying a 1500 

lb payload to 100,000 ft in connection with Contract No. Nonr 1509(06). 

If the results of this investigation are favorable, the vertical load 

array with one 1500 lb and two 100 lb payloads might be feasible. 

The sponsor has indicated that it is necessary to fly the loads at 

an altitude of 100,000 ft or greater. Balloon engineering design and 

operations are based on the NACA standard atmosphere, and, consequently, 

the 100,000 ft altitude has been interpreted as a pressure altitude and 

not a geometric height. Analysis of altitude performance possibilities 

indicates that the actual geometric altitude attained by a balloon designed 

for 100,000 ft may vary from+ ^,625 ft to - ^,365 ft. Most of this 

variation results from variance of actual meteorological conditions with 
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the HACA standard. If several balloons are launched in the same atmosphere, 

the relative variation in altitude is reduced to +425 ft of the 100,000 

ft pressure level. Currently available altitude control instrumentation 

is not capable of improving this performance. 

As mentioned in a previous paragraph, it would be necessary to tie 

balloons together in order to maintain relative positioning in a horizontal 

configuration. Unfortunately, the weight of the tie-line is capable of 

forcing the balloons together if no opposing force is incorporated in the 

system. Hydrogen peroxide rockets, electrostatic repulsion, and a balloon 

"sea anchor" technique were investigated as possible means for keeping 

balloons apart. The rocket appears to be the only feasible method, and a 

suitable rocket is not presently available. It is believed, however, that, 

with additional development work, an exisiting rocket designed for heli¬ 

copter rotors could be modified for this application. Low ambient temp¬ 

erature would very likely be an important factor to consider. Methods 

for directing and controlling the rocket would also have to be developed. 

Accurate trajectory forecasting is necessary if the loads are to be 

carried over a specified target point. By limiting the flight duration to 

the approximately 2 hours required to attain altitude, the error in fore¬ 

casting could be minimized. Factors affecting the error in forecasting 

are variations in rate of rise, error in determining wind velocities, and 

variations in the integrated wind. It is estimated that the first array 

of loads flown may pass as much as 6.34 miles either side of the target. 

By using the first flight as a means of obtaining rate of rise and wind 

vector data, it should be possible to reduce the error to - 3-20 miles. 

By limiting flight duration to the time required to attain an altitude 
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of 100,000 ft, the errors in trajectory forecasting would be minimized. 

Assuming a rate of rise of 800 ft per minute, the ascent time would be 

2 hours. The time required for the loads to descend by parachute would 

be approximately 0.5 hours. Thus, the total time in the air for a flight 

cannot be less than 2.5 hours. An additional 0.5 hours should be allowed 

for the balloon to level off at a maximum altitude, giving a total of 3 

hours required per flight. Time for balloon layout and inflation and for 

recovery is not provided for in these figures. 

The sponsor has indicated that the operation would very likely be 

conducted at sea. Launching from a ship will provide the mobility of 

launching site required in connection with flying the loads over the target 

point. Also, relative surface wind at launching can be controlled by 

heading the ship with the wind. A ship such as an aircraft aarrier with 

a large clear deck area visible from the bridge is considered necessary 

for launching the long complicated load train. To shorten the load train 

for launching it would be necessary to hold the 1000 ft lengths of cable 

on special reels which would pay out the line after the balloon was launched. 

A suitable radio control receiver is available for flight tennination. 

It would be wise to incorporate a secondary timer-actuated flight term¬ 

ination device. The safety switch for flight termination in the event of 

balloon malfunction required on all flights in the United States is not 

considered necessary for an operation at sea. Altitude beacons for track¬ 

ing the flight are also available. Because of the extreme length of load 

train, small parachutes should be placed in the lower sections of the load 

train to prevent violent whipping or bouncing of the lower loads during 

descent. These chutes would assist the main chute in slowing the rate of 
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descent. It is estimated that one 32 ft chute and three 12 ft chutes will 

limit the velocity of a 700 lb load to 30 ft per sec at impact. 

Because it would not be possible to conduct the proposed operation 

without resorting to equipment and techniques not proved in previous 

flight applications, it would be advisable to conduct some preliminary 

development work before attempting the actual operation. 

Two objectives should be accomplished in this developmental phase. 

The 157 TT balloon should be designed and at least one (and preferably 

more) balloons should be fabricated and flown before ordering balloons for 

the actual operation. A 157 TT 2 mil polyethylene balloon is sufficiently 

different from balloons which have been flown to warrant a verifying flight 

test. Cable reels suitable for containing and paying out 1000 ft of 

cable should be designed and tested. Properly functioning reels would be 

important elements in the proposed flight train. Preliminary tests would 

provide an opportunity to correct the troubles which inevitably appear 

in new designs. Launching tests of the reels might well be incorporated 

with flight tests of the 157 TT balloon. These launchings would provide 

experience for the actual operation. 

There is a third objective which should be considered for possible 

inclusion in the developmental phase. This is a small rocket motor system 

for propelling a balloon at 100,000 ft. This device might be considered 

desirable for improving the accuracy of flying the payloads over the target 

point. Also, if a horizontal balloon array is considered essential, the 

rocket motor would be required to keep the balloons separated. 

It is estimated that the cost of the contractor-furnished material and 

services for the actual operation would be $49,500 and the cost of the 

development phase would be an additional $37,000. 
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APPENDIX D 



SOLUTION OF CATSNARY FOR BALLOON TH LINE 

The diagram above shows the forces present for a section of a 

catenary. The equations defining the force relationships as develop¬ 

ed by Campbell* for the case when the points of support are on the 

same level a« summarized below. The following notation is used. 

* Camptwll, J- V., An Introduction to Mechanics, Tltwtm Publishing Corp., 

N. 1., 19^7p PP- 233-263 



X ■ span (distance between balloons) 

s ■ total length of catenary 

q * sag 

T ■ tension at supports (balloons) 

H * horizontal tension 

w « weight per unit length 

y** inclination at end 

c « depth of directrix below vertex 

u ■ a parameter s _x_ 
2c 

i . iM-H (b-D 3 . i (D-2) 
xu wx u 

£S . SaSjti (D.3) 2ä - tanh I (D-l>) 
X u s ¿ 

2T a cosh u (D-5) — = tanh u (1)-6) 
wx u 2T 

tan sinh u (D-7) « cosh u (D-8) 
T-wq 

T * H + wq (D-9) 

A sample calculation similar to those made in preparing the data for 

Figures h and 5 is presented below? 

Given: x “ 1000 ft 

s = 1025 ft 

w * O.OO9I lb per ft 

Unknown: H 



The parameter, u, 1b first determined using equation (D-l) and Table C* 

from Campbell for the function, sinh u 
u 

8 

X 

102$ 
1000 

1.025 

Blnh u 
u 

sinh u 
u 

sinh u 
u 

u ■ .386 (Prom Table C) 

The horizontal tension ia then obtained from equation (D-2) 

2_H a 1 
w X " u 

H V X 
2 u 

H 
Í.0091) 1000 
A 2'ViÉr 

H - n.8 lb 

* Campbell, op. cit., p. 35^ 





DEPARTMENT OF THE NAVY 
OFFICE OF NAVAL RESEARCH 

WASHINGTON 29, D. C. 
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Mr. Marvin A. Sandgren 
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APPENDIX F 



ANALISIS OF THE BALLOON "SEA ANCHOR" SYSTEM 

The arr igement shown in Figure F~1 represents a balloon system in which 

several balloons are tied together with nylon lines which hang in the 

form of catenaries. The balloon at the left end of the line is floating 

sufficiently below the others so that it is in an air mass which is 

moving at a lower velocity than that at the upper level. As a result 

there will be relative motion of air past all balloons» The aerodynamic 

drag will produce forces which will keep the balloons separated. By 

adjusting the length of the various catenaries, the horizontal separation 

can be made equal for all balloons on the upper level. 

The notation used in Figure F-l is as follows? 

R » aerodynamic drag on the balloon 

H = horizontal tension in the catenary 

V = wind velocity 

It is assumed that V2 is greater than V^. 

The horizontal forces acting at each support point can be equated as 

follows assuming that all balloons on the upper level are the same size. 

At (a), Rx = 5 R2 (F-l) 

(F-2) At (b), % *R2+ H2 = 5R2 

At (c), H2 - R2 + H^ = 4 R2 

At (d), H3 = R2 -f H4 = 3 R2 

At (e), =■ R2 + ' 2 ^2 

At (f), H5 = R2 (F-6) 

(F-3) 

(F-4) 

(F-5) 

The aerodynaxaic drag forces, R^ and R2 , e&fl he determined from the 



WIND, V2 

(b) (c) (d) (e) (f) 
R* O* Rt Ri Oi R* 

WIND, Vi 

FIGURE F-l 



V 

standard equation: 

vhere: 

At station (a) 

and at stations (b) 

* 

R = JLÜ A G, V2 
2 g. 

(F-7) 

f ~ air density, 11^ per eu ft 

g« - dimensional conversion factor s 32.2 

A s profile area of the balloon, sq ft 

Cd = drag coefficient s 0.7 for balloon 

V ^velocity, ft per sec 

Ii.sl_.iL 11¾ <v3- vl)2 
2 g„ 

lbm sec 

(F-8) 

through (f) 

R2. 1 
2 g 
f2- ^ Cd ^V2 " V3 ^ 

(F-9) 





SOLUTION OF POTENTIAL REQUIRED TO PRODUCE A GIVEN REPULSION FORCE BE- 

TWCTM IDENTICAL SPHERICAL CONDUCTORS 

Smythe* presents a problem in which it must be shown that the re¬ 

pulsion force between two equal spheres of radius "a", with their centers 

a distance "c" apart, and charged to the same potential V, is given by 

the following equation: 
oo 

F = 21t£ ^ (cothfi-n coth n^)csch nß 
n = ! (G-i) 

where coshß * _1_ _c  (G-2) 
r 2 a 

€ : capacitivity 

For air € Ä 8-85 * 10"12 farads per meter 

Equation (G-l) can be used to determine the potential required to 

produce a given repule Ion force betveen two DaUoons. For thle problem 

the balloons are asstmd to be spheres 110 ft In diameter; the center 

distance Is 1000 ft; and the required repulsion force Is 1.5 »• 

a equation (G-l), when V Is In volts and e 1“ farads Ier 1 
is joules per meter. Since the force Is given as 1.5 lb and since 

.loule . 0.102 kilogram 

1 meter 

orá 1 kilogram = 2.2 lb 

F . 1.5 = 6.68 Joules 
2.2 X 0.102 meter 

fcxt it win be necessary to evaluate a sufficient number of terms 

m the series involving the hyperbolic auctions. Ibe parameter, (3 , 

CM be determined from the definition, equation (0-2): 

... 



1000 r 9-09091 
2 X 55 

1_ _c_ . 
2 a 

2.8926 

The first 

n 

1 2.8926 

2 5.7852 

3 8.6778 

4 11.5704 

coth ß z 1.00617 

four terms are evaluated in the following table 

coth n coth nß coth|£-n coth csch np Lil 

1.00617 1.00617 0.00000 +1 

1.00000 2.00000 -0.99383 0.00615 “1 

1.00000 3.00000 -1.99383 0.0001741 

1.00000 4.00000 -2.99383 0.00001 -1 

n+1 
n th term 

0.00000 

O.OO6II 

c.00034 

0.00002 

Substituting the values for F, 6 and 2» ^ equation (G-l) gives 

6.68 : 2TÍ8.85 X 10”12 V2 (.00579) 

V - ( 6.68 X 1012 ) 
2 X B.85 x”0579 

V = (20.75 X 1012) l/2 

V = 4.56 X 108 volts 

The charge on a sphere of radius "a" is given by 

Q i 4 tfe a V coulomb 

; 4 tt X 8.85 X IO"12 X 55 x 4.56 x 106 (F-3) 
37281 

= 8.5 x 10~3 coulomb 

The work in joules is 

W = Q V 

s 8.5 x 10-3 x 4.56 x 106 

= 3.88 x 10^ joules 

W = .7376 x 3-88 x 10^ = 2.86 x 10^ ft lb 
or 
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TABUE I-l 

Strength and Weight Specifications* for Small 
Flexible Corrosion-Resistant Steel Cable 

Diameter, In. Type 

I/32 3x7 

I/16 7x7 

3/32 7 x7 

1/8 7 X 19 

5/32 7 X 19 

3/16 7 X 19 

*MIL-C-5^24(1), 18 

Minimum Breaking 
Strength, lbs 

110 

480 

920 

1760 

2400 

3700 

Approximate 
Weight, lb/100 ft 

0^16 

O.75 

I06O 

2.9O 

4 50 

6..50 

Steel (Corrosion- Tfeh 1949, "Cable; 
Resisting) Flexible, ^formed (For Aeronantioel Use) 



TABLE 1-2 

Strength and Weight Specifications# for Nylon Cord 

Type 

I (MIL-C-5040) 

II 

III " 

I (MIL-C-7515) 

II 

III " 

IV " 

V " 

VI " 

VII " 

VIII " 

Minimum Breaking 
Strength, Ihs 

100 

375 

550 

400 

550 

750 

1000 

1500 

2000 

2400 

3OOO 

4000 

5000 

Minimum 
Elongation, Yards per Weight, 
Per Cent Pound of Cord lb /ft,  

30 

30 

30 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

350 

105 

75 

110 

85 

50 

4o 

25 

20 

15 

12 

9 

7.5 

O.OOO952 

0.00317 

0.00444 

0.003C3 

0.00352 

O.OO667 

O.OO833 

O.OI33 

O.OI67 

0.0222 

O.O279 

O.O37I 

0.0444 

* MIL-C-5040A (ASG), 15 July 1953, "Cord, Nylon" and 
MIL-C-7515 (USAF), 27 June I952, "Cord, Nylon, Coreless" 
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