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Entrance to the new wing of the Physic1 Building, which hous•d the main facilities of the balloon pro­

ject. This pic,ur• is one of Hv•ml which appear on every camera film 1trip flown on the project. Token 

from a fixed place, angles to certain ~i1tinguishable features are known and used to calibrate the focal 

length for each camera in ord•r that balloon altitudes may be accurately determined from 'down' pictures 
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SECTION I PROJECT SUMMARY 

.. 

Inflation of a Mylar tetroon bubble prior to weigh-off. The g,on lnflotion ia p,eciHly obtained in weigh­
off when the ga1 ju1t littl the aum of the load weight, the w•ight repreaenting the free lift, and the entire 
balloon, moat of which i1 rolled into the boll at the lower right. 

1-5 



--------------------------------------·------

BALLOON PROJECT FINAL REPORT 

ONR Project Nonr-710(01), the High Altitude Plastic ~alloon Research Pro­
gram, was established December 13, 1951 and sponsored jointly by the Army, the 
Air Force and the Navy. The following report constitutes a final report on this 
program. It ici also Volume XVI of the series of reports published en this project. 
Since we became aware (on August 10, 1956) of the Air Force's desire to discon­
tinue their support of the project as of the end of August 1956, S"lme of the previous 
policies of detailed reporting of flights must be foregone in producing this final 
report. In all, throughout the project a total of 313 generally major or experimental 
flights have been carried out, in addition to 380 radiation temperature soundings. 
The Bights through Flight 250 are reported in the usual detail. Flights subsequent 
to this are . not reported in detail, but those flights particularly significant with re­
spect to recent objectives of the program are discussed in those chapters of Volume 
xv• to which they pertain. With this introduction we will attempt to review briefly 
the results of the project which we consider to be the most fundamental. 

The principal achievements of the project are summarized in pages 11-15 to 
11-37 following. The references give the approximate date at which each was 
initiated. Many of these developments have been previously described in detail, and 
references are frequently given to the reports in which the original work is described. 

At the time of the inception of the HA B program the physical properties of the 
flight of plastic balloons to high altitude were not understood in detail, and it later 
turned out that many of the important physical features of balloon flight were not 
even appreciated in principle. Part of the motivation for the organization of the 
project arose from the fact that while somtimes high altitude flights were quite spec­
tacularly successful, very frequently plastic balloons failed for unknown reasons. 
Shortly before the beginning of the project, a series of cosmic .ray fli~}, t.:; m New 

• Mexico were flown with very poor success, a large number of these fl i~hts failing 
at intermediate altitudes. It was the general objective of the project to study those 
fetaures of baHoons which would lead to better understanding of the physical prop­
erties of halloon flights and to the improvement of the plastic balloon as a vehicle, as 
,.,.,11 .,.,. •" ....l-.•"'_...,,..; __ .... .,_\.. I ....... ... : _ _ ...... a. ...... _ __ 1 _ _ .. . ....... ... a _ _ ... _ _] L - 11 ____ ll• ~ '-a. 
. . ... .. .. ., \. V .................. .., ,>U'-,U Ua,>i'-, IU1,l'<.,l \11V5)' a:i dllt;'--U::U UdUVVll UJ~lll, 

Among these features of balloon flight which were unknowns and problems 
were (1) why balloons sometimes failed to reach their predicted theoretical ceiling; 
(2) why balloons appeared to have a rise rate "constant" at all altitudes; (3) why some 
balloons descended at sunset while others remained aloft at night without ballast; 

• In preparation 

\ 
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(4) specific causes of failure at intermediate altitudes near the tropopause; and (5) 

great difference in stability between the stratosphere and troposphere observed with 

large ha1loons (e.g., Explorer JI). Much of the approach of the project toward 

obtaining knowledge with respect to the project objectives is indicated by the 

achievements in Section II of this report. Although it will not be possible to discuss 

the principal achievements of the project in detail, a brief outline will be given here 

of the most important of these results. 

At the very beginning of the project it w ,~::: realized that docume,ntation of bal­

loon flight would be an extremely important and necessary adjunct to the under­

standing of failures of balloons and to the determination of the flight characteristics 

of balloons. For this reason very complete records of every Bight were obtain~d, 

including general movies of the launching, still pictures of tn, aunching anti com­

plete documentation with respect to all equipment flown. Jue of the very fruitful 

tools throughout the work on balloons was the standard camera developed at the 

beginning of the project. Cameras of this type were used routinely to photograph 

the balloon (up pici:ures) in each flight, to photograph the ground (down pictures) 

and thus detem1ine the trajectory, and even on occasion to photograph the interior 

of the balloon by means of cameras hung within the crown. 

One of the most obvious problems to study immediately was the response of 

the balloon to buoyancy unbalance (free lift). In order to know the initial weigh-off 

with high accuracy, which would be required in order to correlate rise rates with 

initial free lift, it was necessary to develop launching techniques in which the bal­

loon could be precisely weighed off and launched under a variety of circumstances. 

This led to the so-called Minnesota launching method in which the balloon is pack­

aged in such a way that it is launched with a restricted bubble and inflates itself in 

the air. In order to package the balloons for flight in this way, it was necessary to 

ht.ng the balloon up an<l re-fold it into the threefold arrangement. In carrying out 

the operations required to do this, it was frequently found that the adhesive tapes 

which carried the load in the early designs stuck aC'ross the polyethylene and pro­

duced damage. This original weakness of the pressure-sensitive tape balloon kd us 

to carry out many of the early flights with double-wall balloons in which the outer 

layer of polyethylene coi1ld be torn hy misplaced tape without causing damage to 
d .. ;;; -- L _ _ ; __ T .. •·· --- -~ ., 1: .• ,.,.1 1-.~,.,..,..,..,.. •l.•~• ,, cnl11tinn othPr thi::1.1., thP rlo11hlP-W·'ll 
ll1Cc-,d~Ud1!11 • .1.\.'t¥(1-31 U.ll4',.\,.,,U,&.1'-# ... ,."--.'-'•,'-••----W-•"·"'· ... --- - ,. 

balloon would have to be found. 

Ori~inally, calculations on the stresses in the balloons were nonexistent, as was 

a balloon <lesign in which the stresses were readily calculable. A step had been made 

in this direction by General Mills, with the help of Ralph l 1pson, in the attempt to 

manufacture balloons with zero circumferential stress. The stress calculation was 

carried out to the best of our ability for the original cone-on-sphere balloon and for 
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natural shape balloons, In addition to this, the shape of zero-circumferential-stress 

balloons was determined for a variety of pressure levels with the aid of the REAC 

analog computer. In order to test the theory of balloon stresses aud to examine 

zero-circumferential-stress balloons, hangar inflations of large plastic balloons were 

carried out in the Weeksville Naval Air Station hangar. Since air and helium diffuse 

into each other very slowly at atmospheric pressure, it was necessary to carburate 

a mixture containing only a few percent helium into these balloons in order to cause 

them to lift themselves and a small additional load without introducing excessive 

lift when full. A standard 250,000 cubic foot balloon would lift eight tons on the 

ground if filled with pure helium, and would fail at a much smaller gross lift than 

this. The hangar inflation bore out the theory of stresses in a balloon very well. The 

cases in which failure took place occurred in the places and in the manner in which 

the stress calculations had indicated failure would occur. 

1n the early flights one of the phenomena frequently present and poorly under­

stood was the fact that balloons would not level abruptly on reaching ceiling, but 

appeared to climb very slowly for long periods of time from the region below their 

ceiling altitude to an altitude considerably lower than the theoretical ceiling based 

on the calculated volume of the balloons. ThP- up camera pictures, together with 

model tests, furnished the answer to this problem and indicated that a different type 

appendix would need to be invented. The contamination of the lifting gas in the 

balloon by the intaking of air through the appendix during ascent and the subse­

quent mixing of this air with the helium caused a perturbation to the Hight, making 

it difficult to predict or to understand quantitatively. Although air and helium do not 

readily mix at sea level pressure, the mixing occurs at a rate which varies inversely 

with the pressure of the gas. It could be calculated and verified experimentally that 

at an altitude of 100,000 feet this mixing of air and helium occurred in a matter of 

hours, thereby permanently contaminating the lifting gas. An understanding of the 

hydrostatics of b2lloons, which was acquired at this time through the calculation of 

families of natural shaped balloons, led to the knowledge that air would be sucked 

into ascending balloons. Since any contamination of the he1ium in a balloon has a 

deleterious effect, a number of appendix designs were attempted to eliminate the 

possibility of air intake. The one which was finally successful was the so-called duct 

ap~ntlix, whi~h not only eliminates the intaking of air in the balloon, but allows the 

realization of any of the family of natural shapes by making it · possible to fix the 

so-called zero pressure level (at which the pressure inside the balloon is exactly 

equal to external atmospheric pressure) at any desired position with respect to the 

apex of the balloon. The dud appendix comes out of the top of the balloon at a ~int 

above the highest region that the zero pressure level can reach in Hight and extends 

either to the apex or to some other point determined by whether it is desired to Hy 

the balloon a~ zero pressure at the bottom, super pressm e or subpressure. 
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With the introduction of the duct and the elimination of the complication of 

air intaking, the <'haracteristics of the balloon flight were immediately altered. For 

example, sunset descent rates, instead of being 50 feet per minute as is frequently 

observed in open appendix balloons, were very much higher - as much as 300 feet 

per minute, and showecl the qualitative behavior that one would expect to occur, 

such as the increase in rate of descent or decrease in rate of rise in passing through 

the tropopause, which had not been observed' on open appendix balloons. 

The introduction of the duct also brought into focus a number of other physical 

effects of great importance to balloon flights but previously not present or not 

observed. Among these should be cited (I) thermal oscillations, oscillations of the 

balloon about its equilibrium position at ceiling of amplitude of the order of 200 

feet and with a period of 5 minutes to 7 minutes, which could be understood theo­

retically on the basis of the compressional heating and expansional cooling of the 

gas as it approached an equilibrium altitude; (2) thermal bounces. The term "ther­

mal bounces" is used to apply to cases in which the balloon may instantaneously he 

moving very rapidly although it will ultimately reach equilibrium without valving 

gas. The most strikii , g example of the thermal bounce can he obtained by allowing 

a ducted balloon to descend at sunset and then, after an appreciable loss of altitude 

has occurred, ballasting by exactly the amount required to level the balloon off. After 

the ballast has been dropped, the balloon will rise at a very appreciable rate, for 

a distance as great as a mile, and abruptly level off with oscillations but at an altitude 

far below its theoretical ceiling. The physical phenomena that takes place is that 

the balloon descending after sunset descends at such a rate that the gas inside main­

tains almost precisely that superheat above the outside air which it had during the 

daytime. The superheat during the descent is produced by adiabatic compression of 

the ~as and, if hallast is dropped, the balloon must reach equilibrium by cooling this 

gas, which it does by rising abruptly, expanding the gas to the nighttime equilibrium 

temperature at rest. In any system involving ballasting of balloons, the existence of 

thermodynamic bounces is of great importance since it makes the control problem 

easier, always hounci11g thP balloon off the ballasting contact before adequate ballast 

has hcen dropped in a properly designed liystem. The existence of thermodynamic 

effects, in other words, introduces into a simple control system an under compensa-

.: .... __ , ...... 1 . : .. ..1 ,.,'h;,,1-,. ;.., '""""""'ntlv nut intn ,;prvo svstpms art1'fic1'allv 1'n order to make 

,a,,a• ,, ,,a n•••'• ""•a• ..... ••-~ .......... 1-... .... .. ... .. _, r - ... ·--· · . · · 

them stahle. 

The introduction of the duct system also allowed complete control of the balloon. 

Ballast could he dropped :incl the balloon would return to the theoretical ceiling of 

th£' system. In tlw <.'~!St' ot tlw open appendix balloon, one is at the mercy of the 

intake in air which c.'<mlamiuutt-s the balloon gas by a varying amount depending 

on the distance and tinw spent below the ceiling at which the balloon was full. In 
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short, the duct made the balloon a navigable device in the vertical direction, 

responding to valving and ballasting in a simple way. 

In the attempt to understand the relative magnitudes of the aerodynamic drag 

and the thermal change in temperature of the gas called thermodynamic drag, it 

was desired to fly balloons up and down through the atmosphere and to determine 

their response to certain gain or loss of lift at various altitudes. The first methods 

attempted to study this problem involved radio control of valves, tow balloons, and 

ballasting devices. Although a final system developed for this pm-pose was rela­

tively successful, it was found to be difficult to interpret the results in a ,satisfactory 

way. The solution of the problem was found to be a technique called the· step Hight 

technique in which a controlled balloon, cal!ed the lead balJoon, (read as the mineral 

lead - suggests the stability of the system) is used as a platform with respect to which 

one could measure the absolute value of the lift of a balloon, called the tow balloon, 

attached to it. The lead balloon time-altitude curve was programmed with a ballast 

programmer, and the tension existing between the tow balloon and the lead balloon 

was recorded and telemetered in a long series of flights which lead to the fonnulation 

of a satisfactory picture of the aerodynamics and thermodynamic drags. 

In the course of this study, a number of interesting and only partially expected 

results were obtained. To cite only one example of this, one step flight was made in 

which the tow balloon was inflated with methane gas rather than helium. In the case 

of the helium inflation, it had always been observed, as anticipated, that as soon as 

the balloon began to rise, expanding the gas, the gas would cool and thereby cancel 

out by its change in temperature a large portion of the initial buoyancy of the 

system. This change in buoyancy or thermal draJ?; increased as the velocity increased, 

approximately as the first power of the velocity. The dependence of this thermal drag 

on the lapse rate of the atmosphere and the lapse rate of the helium gas was under­

stood, and it was clear that if the lapse rate of the atmosphere and the lapse rate of 

the inflation gas were the same, the thermal drag effect would not exist. In the 

methane inflation the atmospheric conditions were such that the atmospheric lapse 

rate actually exceeded the lapse rate of the lifting gas of the balloon, which meant 

that as the system rose the atmosphere cooled more in the troposphere than the bal-
•1 

•. • . 1 1. • • 1 • 1 TL h c ~i.. • t-l. f- • t ,l r 
oon gas QIQ as tne annum:: wa:, uu..:1t::aScu. J. HC i"{;5lin Vl u,1::i \".';l~ u-:!~ !!l~.ea_ O! 

having thermal drag one had thennal lift, and the faster the system rose the more 

thermal lift it acquired. This produced a potentially unstable situation only stabil­

ized by the aerodynamic drag. This instability could occur frequently with low 

gamma gases in the troposphere. It points up, for example, a definite control proo­

lem with troposphere balloons inflated with gases, such as hydrogen or methane or 

ammonia. 

1-10 



_________________________________ , __________ ,... 

A striking result of the step flights, and one which turned out to be of great 

significance, was the magnitude of the buoyancy difference that the static balloon 

system had at different positions in the atmosphere. Once it was appreciated that 

this effect existed, it was rather easy to understand and evaluate the mechanism on 

the ba:,is of the partial clamping of the polyethylene or Mylar balloon to the atmos­

pheric infrared radiation, and the resulting change in balloon gas temperature at 

rest from that of the surrounding air. 

The step ftights, together with calculations based on the Elsasser summertime 

atmospheric radiation, led to the general conclusion that the balloon ran cold with 

respect to the air in the troposphere, warm in the low stratosphere, and cold again 

at very high altitude where the air temperature rises. The step Hight measurements, 

however, could only be conveniently carried out at altitudes of the order of 50,000 

feet, and for this reason another method to study this atmospheric temperature field 

was sought. The successful solution to this problem was the invention of the Mylar 

or polyethylene shielded black ball radiation detector. It was found experimentally 

that the equilibrium temperahire of a black spherical surface surrounded by a My­

lar shield very closely approached that of the balloon system. Because these light­

weight detectors could be flown on Rawin flights, the series of radiation measure­

ments were carried out with them through a period of a year with flights almost 

every night. It became clear from the study of these black ball soundings that the 

temperature of a black object in radiation equilibrium decreased steadily in the at­

mosphere, reaching an equlibrinm value somewhere above the tropopause. Since it 

is well known that the air at very high altitudes begins to warm again with increas­

ing altitude due to the absorption of ultra violet light by the ozone, it was clear 

that a great stability effect should occur at altitudes near and above 100,000 feet. 

This mesosphere stability was predicted to be as great as 20 or 30% of the gross lift 

of the system at altitudes of the order of 130,000 feet. One of the most recent results 

of the project was a demonstration by Mylar balloon flight to 130,000 feet and sub­

sequently to 145,000 feet, that this mesosphere stability does indeed exist, that it is 

necessary above 100,000 feet to balla!it the b~Hoon in order to take it to its full ceil­

ing, either day or night, and that the magnitude of the etfed <.-ould be as high as 25%. 

Since the measured sunset effect on Mvlar balloons ~as less than 6%, it is clear that 

descent in the temperature field can much more than compensate for the magnitude 

of the sunset on the balloon. This was also directly demonstrated by flights which 

leveled at a night-time altitude and climbed to a daylight altitude, or flew at an alti­

tude during the day and descended to a stable altitude at night. This result is of some 

importance since it means that aside from leakage, balloon flight should be pos­

~ ible durationwise until the material from which the balloon is made becomes de­

g,aded and thereby leaky. Following this series of flights, a quarter mil Mylar hal-
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I l ... loon was flown to ,m altitude in excess of any previously oLtained with plastic bal­
loons, namely 145,000 feet. 

In pursuing the problem of balloon shape, it became clear that a simple type of 
natural shape balloon could be manufactured by constructing a cylinder, clamping 
it at the ends, and allowing it to take on a shape in which the natural shape required 
a circumferential size at the equator less than the circumference of the original 
cylinder. In the balloon of this design, in principle, the tension of the material is 
all meridianal, that is from top to bottom, and is everywhere the same. Thf' bal­
loon may be ronsidered essentially as a rope which pidcs up the load, and the stress 
calcufations are quite straightforward and simple. \Vith a high-strength material 
such as Mylar available ,. a cylinder balloon appears to he a very desirable config­
urat!on for heavy load o.r:plications. The theory of the cylinder balloon was checked 
with moderate infiat, ms, a,1d it is believed that loads as great as 20,000 pounds 
could be readily carrieu oy Mylar cylinders. 

Frequently, the _ introduction of a complete cylinder adds enough weight to 
cause an appreciable altitude loss without gain in reliability with a light load, and 
for this reason the so-called semicylinder was introduced in which a portion of the 
balloon is natural shape with cylindrical ends of such dimension that enough ma­
terial exists to carry the load required. Balloons of this design have been used with 
reasonable success. It should he noted that the philosophy of balloon design ex­
pressed throughout the progress of the project involves the elimination of pressure­
sensitive tapes because of their unreliability. 

A recent design of t.he balloon manufacturers in which the pressure-sensitive 
tape is replaced by heat-sealed tapes was tested by the project and also appears to 
be a reasonable solution to the sticky tape problem. 

The ultimate design developed on the HAB project for very high-altitude bal­
loons was arrived at only during the last few months of the project but made pos­
sible the high altitude flights previously referred to. The design is called the Tetroon 
and is produced by taking a cyl:nder of the appropriate dimensions and sealing the 
two ends of the cylinder at right angles to one another. The load is attached by 
tying a rope to one of the four comers of the balloon. The tetroons flown on the 
project were flown without appendic~s since the altitude reached in most cases 
was high enough so that ballast was required to take the balloon to ceiling, and it 
was ufmecessary to valve gas. This simple design only involves straight seals in the 
balloon material, an asset with Mylar, and has only about a 20% volume deficit or 
3,000 ft.. altitude deficit from a spherical balloon of the same weight when operated 
as a zero-pressure-at-the-apex configuration. It was also found that the tetroon was 
quite satisfactory from a super-pressure standpoint, and model tests and hangar 
inflations of forty-foot balloons showed that the equivalent super-pressure of the 
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orde, of 25% of the ambient prt>ssure at ceiling =tltitude could be realized with a 

forty-foot tetroon. It can he seen, therefore, that in addition to the mesosphere sta­

bility, super-pressure stability can be obtained with tetroons and super-pressure can 

be used as a cushion in bringing the balloon to ceiling. The tetroon appears to be 

a better super-pressure vehicle than the super-pressure cylinders Hown in rather 

large numbers earlier in the project for constant-level meteorological trajectories. 

Because of the very pronounced effects _of air intake in balloons, an appreci­

able effort was expended by the project to determine ways in which air could be 

utilized to produce stability without introducing contamination to the lifting gas. 

This effort led to two successful designs of stable balloon systems utilizing air. These 

were called respectively the gaboon and the shroud. The gaboon has a large open­

bottom bag which hangs below the primary balloon system and which can in-take 

and warm air provided it is in a position in the atmosphere in which the equilibrium 

temperature is warmer than that of the surrounding air. The gaboon also allows 

warming of intak,.m air through adiabatic compression of the air during descent. 

The shroud is ba.sically the same except that it hangs o ·t.,r the balloon and is some­

what simpler to use operationally. It was shown that both the gaboon and the shroud 

were successful means of utilizing air without contaminating the helium and that 

they provide at certain times of the year, balloon systems which can stabilize out 

sunset or leakage loss of lift without requirement of ballast expenditure. 

It should be stated that throughout the project, in order to obtain the type and 

quality of information desired, a great deal of instrumentation development was re­

quired. Examples of this development are the high-altitude, precise Olland cycle, 

the potentiometers used to telemeter tension between the lead and tow balloon or 

between the balloon and gaboon systems, and the radio control equipment used 

to ballast and valve ha lloon devices. 

In short, it is believed that the HAB program has lead to ttle following: (1) 

basic understanding of the design factors, structurally, for plastic balloons; (2) a 

number of new balloon design configurations, i.e., the cylinder, semi-cylinder, natu­

ral-shaped family, tetroon; (3) a basic unde:rstanding of the statics of balloons in the 

temperature field in which the balloon flies, leading to the possibility of mesosphere 

stability; (4) by the introduction of the duct a balloon system which becomes navi­

gable in the vertical direction without the perturbing effect of intake in air; (5) three 

ways for producing extremely long duration flight, i.e., the temperature field, the 

gahoon and the shroud; (6) the constant level super-pressure plastic balloons; ("l) an 

understanding of the dynamics of the balloon system, including the thermal and 

aero drag, and the quantitative contributions of thermal and aero drag to moving 

balloons; (8) balloon systems capable of going to a region in the atmosphere pre-
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viously unexplored in detail, between l 00,000 and 150,JOO feet by the successful 

application of quarter mil Mylar to the construction of tetroons. 

In conclusion, it is the firm conviction of the project members that the prog­

ress made toward understanding plastic balloons has been achieved by applying the 

same scientific methods to this problem that characterize physics department basic 

research in other fields, such as cosmic rays or nuclear physics. The special contri­

butions to the art from the University of Minnesota Balloon Project came because 

of the atmosphere of free inquiry characteristic of University research, and make 

this program unique among balloon programs. 
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SECTION II PROJECT ACHIEVEMENTS 

The step flight gondola, containing some 700 Iba. of fin. steel sh@t ballast, i» prognamlMCI to control the 

altitude of the two-balloon system. Performance data, consistlnt of balloon, air and radiation temperatures, 

ambient preuuro, and lift of the balloon under study, called the tow-balloon (left), are taken tha'Ough a 

seriH of climbs and level flights, recorded internally and teletMtereJ to the ground receiving and Ncord­

lng stations. Thirty of these flights were made to study night, day, and seasonal eft.cta, and the per­

formance of differeat lifting gases. 
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PROJECT ACHIEVEMENTS 

1 DIMONSTIAJION Of 

INCOMPATAUILITY Of 

PIISSUII SI SITIVl ·TAPI 

IN PLASTIC l·ALLOONS. 

Pointed out one cf the principal cau .. s of balloon fail­

ure for early design1. 

Early 1952 
Vol. IX - p 41 
Vol. V - p 115 

2 INTRODUCID IOUTINI UP 

AND DOWN CAMERA 

TECHNIQUES. 

Photographs of the bi:illoon in flight for analysis of 

performance, Cown Cameru photographs for precise tra­

jectory itiformation. 

Morch 15, 1952 

Vol. VII ... ~ 14 
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3 DIVILOPID THI 

"MINNISOT A 

LAUNCHING 

MDHOD." 

Allows the balloon io 
be inflcrted with a 111ini• 
mu111 of exposed anat<ariol 
ond 111Gbts possible pre• 
else weigh off. 

Eorly 1952 
Vol. 1 - Sect. II 
Vol. VIII 

4 SUGGISTID 

THI POSSIBILITY 

Of THI 
"GIRDLE" AS 

AN AUTOMATIC 

APPENDIX. 

Auto111Gtically restrains 
the oxcen material in 
flight. 

March 1952 
Vol. Vil - p 16 
Vol. I - p80 

5 DIMONSYRATION Of 

STUILITY AGAINST SUNSR 

If PICT AT HIGH ALTITUDI. 

High altitude stabilitt 
later became on important 
phaH of ballooning. 

April 1952 
Vol. Vil - p 28 

Also observed prior 
to this by General Mills 
in proiect "Gopher." 

U-19 
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6 NATUIAL SHAPE IALLOONS 

7 

I 

Made quantitoHv• the Upson concept of aero clrcu• 
f.ntntlol streH balloons. 

Tlv1)ughout 1952 
Vol. I - S.ct. Ill 

THIRMODYNAMiC DRAG 

lntroJuced and expanded tho cu11eept of Th.rMOI Dro9, 

1952 to Pnti@nt 
Vol. I - Soct. IV 
Vol. V - Sect. VI-E 

AIIODYNAMIC DIAG 

0.ftlopff the th.ory of _,o,..drag and pr.tuc•d MHnt 

for quantitative calculations. 

1952 to 1955 
Vol. I - Sect. IV 
Vol. V - S.ct. VI-E 

9 THE INIRGY CONCEPT 

Demonstrated t►.ot many feotur.s of 
balloon behavior could lae predicted fro• 
the conservation of ••rgy. ••9· Critch­
field', Theorem. 

1952 to Present 
Vol. I-Sect. VI pp 60-63 

• P. 
watts 

LA..,, "•• ,,..,;;a,, .,, 

heat 
transfer l 

• 
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o pressure 
erence level 
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transfer 
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doy f looting level nicjlt descencing 



10 HIGH ALTITUDE RISE RATE UNDDIRMl'IID 

IY GROUND F Eli LIFT 

Careful meosuremenh showed that rogardleu of ground wei9h­

off, balloons attained a fixed riH rate in the stratosphere. This 
was lahtr sbown to be due to t•te temperature field influence. 

Vol. V 

Sect. VI A 

11 DUCT APPIN DIX 

-
• 

• 
- ~ 

- ---

4 

• • • • 
• 

-
•• • 
• -

• • 
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' • ,. 

Invented this apf)<1·ndix which positively excludes oir intake by the 
balloon. 

September 26, 1952 
Vol. VI - pp 69-75 

12 EFFECT Of All INT Kl 

Showed thot air intaking produced a large and uncertain perturbation 

in balloon flight. 

Lat 1952 
Vol. V - S.cts. V & VI 
Especially pp 169-176 

13 THERMAL BOUNCES 

The introduction of the duct produced the discovery of a new dy­
namic ~lt.nomeno of great im~ortanc~ in control of balloons 

January, 1953 
Vol. VI - pp 197-202 
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14 IADIO COMMAND 

.. 

U1ecf radio command to terminate derelict flight. 

, 

July 15, 1952 
Vol. VI - pp 21-29 

15 IADIO 

CoNTIOL 

OF VALVING 

AND IALLAST 

October, 1952 
Flight -41 

16 IAD~O CONTIOL OF TOW 

IALLOON AND IALLAST 

Tow balloon was cut by radio and ballast dropped on 
command. 

January, 1953 
Flight 56 

• 
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17 THIRMAL OSCILLATIONS 

The duct appendix 0110 mad• manifut 01cillotion1 (thermal) at 
Hooting altitude. 

Note: it oppean that the pr•cipitous ballar.ting required on the 
Explorer II flight waa the ,.,ult of a thermal 01cillation. 

October, 1952 
Vol. VI - pp 197-202 
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11 THE IALLOON AS A RADIO 

IILAY LINK 

--
'--' 

I The balloon was 1ucceufully uHd as a radio relay 
link b.tween the Beechcraft airplane and the tracking 
center when direct comlflunicath>n from the plane to the 
center could not be heard. 

19 SUNSET EFFECTS 

E valtJoted the magnitude of the 1unaet effect on polyethylene 
bal lon1 and mylar bol Ions.. 

1952 to Preaent 

20 HANGAR INfLATION OF 

LARGE BALLOONS 

Cc••;vpeU i•c;~ni'tuwa {vu• nw•d:t.-.v} ~c !;;;;.;:::- :::~!:t: 
and study the configuration and stresHs in large bal­
loons. 

1952 
Vol. V - Sect. IV 

May 12, 1952 
Vol. Ill - p 33 



21 CYLINDER BALLOONS 

Developed th. thury quantitatively and showed by 
exp•riment that cylinder balloons haJ gr.at potential for 
h.avy load applications with ,.odily colculabl• 1tres1H. 

1952, 1953 
Vol. V - S.ct. 111-C 

D-24 

22 THI If PICT OF AERODYNAMIC FORCES 

ON SHAPE 
The concept of "dimpling" velocity and its, effect on balloon 

shape. 

1952 
Vol. V - pp 182-184 

23 SEMI-CYLINDER ALLOON 

Addition of cylindrical ends to a natural dmpe balloon allowed 
weight economy ov•r th• cylindttr balloon whttn maximum loods 
are not carried. 

1952 
Patent application 

24 THI H''fDROSTATICS OF IALlOONS 

The ir1troduction of the duct allowed o whole variety of natural 
shape b,alloonr. with the shape determined by the pressure level. 

1952, 1953 
Vol. V - Sect. Ill 

.. 
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25 MODIFIED OLLAN CYCLI fOI 

PIICISIO PIISSUII MIASURIMINT 

., 

,-

-

--

--

The ambiguitlH of the originol Olloncl <:ycle were r•• 
111oved by cl.sign chanpa. 

• 
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I 
4 

' , 
j , 

j 
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~ 

1952 to P,.Hnt 
Vol. V - pp 272-211 
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FLT. 61 

•» • IIO UI 

26 IFFICT OF DUCT SIZI ON VALVING - OVIIV LYING 

w 

!he pouibility of overvolving with duds too small for th. balleon was demonstrated 

1953 
Vol. IX - Sect. II 

Fits. 60, 61, 62, 69, 76 

27 lfflCT Of DUCT SIZI ON 

VALVING • SUPIIPftlSSURE 

The necessary sir.• of duct to eliminate superprenur• 
was determinad by theory and exJariment. 

1954, 1955 
Fits. 137, 185, 188 

U-25 

-
-·--

UII llU 



21 DIRECT MIASURIMINT Of 

A LO N TEMPIRATUR S 

Allowed the determination of I er heot of l-olloon1 in 
motion and at rest-• verified the feecl-bo It theorem. 

1953 to PreHnt 
Mony fl i9ht1 •• 

S.e flight aum1110ry ,hee~ 

29 PIID IACK THIOIIM 

A useful ,application of the energy principl when aero 
drag i1 tfflCIII - tt .. balloon never changes its super­
heat (even at lunHt or 1unriu) unlHa it ballasts or 
valves. 

1953 
Unreport.d 

30 SUPER PRESSURE IALLOONS 

Developed ba1ic theory of super prenure balloons ond verified 
this by flight and model t.1t1 with mylar cylinder ballon1. 

1955 
Vol. VI - S.ct. VI-E 
Vol. VI - S.ct. Ill 

• 
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31 INVISTIGATION Of NH3 AS 
A LlnlNG GAS 
Sev.ral fli9ht1 wen, made with pure ammonia and with 

hel iuM-ommonlo mixture•. 

1951, 1952 
Flt,. 21, 24, 26, 27, 28, 42, 86 

32 INVISTIGATION Of CH4 AS 
A LIFTING G S 

ll-21 

The oxi1tence of "th.mal hft" with• low 1" gas was 
demon1trated on a atep flight . This can cauH unstobility 
in free flight. 

33 AUTOMATIC IALLAST WITH DRY ICE 
The limitotlon, and usefulness of dry ice as automatic 

ballast were inv.stigated. 

1952, 1953 
i=iigtm ;;;;, ;;,., ;.:;; 

April 1955 
Flight 218 

A balloon photograph, it• dry 
ice ballal\t and another balloon 
below launched at the some 
time. 

Texas, 1953 
Flights 107 and 108 
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34 

THI "LIAD IALLOON" 

TICHNIQUI 

Programmed control of o 
flight profile by ballasting o 
full balloon. 

35 

April, 1953 
Flight 68 

THI "STEP FLIGHT" 

TICHNIQUI 

The d•velopMiHtt of a 
method of tolt in; bcd­
loont in flioht l,y meos­
uri ng their lift relative to 
o " lecael bolloon. " 

1953, 1954, 1955 
Vol. VI - S.ct. VI amt 
F li9ht SufflffiOry Sheet, 

R-21 
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37 TIMPIIATUII FIILD 

36 °NATUIAL I 
9ALLOON" SHAPII 

WffH FAIIIC 
WIIGHT 

REAC coq,uter colcul­
ationa were mode of the 
fa111ily of notwal ahopH 
including the pel1urbation 
of fabric weight. 

1953 
Vol. IX - Sect. 11 

BecouH of infra-red radiation the balloon acq11irH o atotic 
buoyancy which ia o function of altitude ancl the meteorology. 
It hoa been shown on proiect flights that this ia o factor of 
major importance in balloon behavior. 

First demonstrated in Flight 80, July 3, 1953. Studied In 
detail up to ter11111inotion of the project. 

All step flights following Flight 80, a • di1cuaaion in this 
r•port. R•ported at Steering Committ::.e mNtings. 

I 
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31 CONSTANT LIVIL MRIOIOLOGY 

WITH su,a PIESSUII BALLOONS 

ll-29 

♦<11() 

A aeries of constant level trajectoriea w•re obtoined 
at 30,000 feet with auperpreaaure cyli r bollooHa, 

1953-1956 
Flights 85, 99 and others 
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39 MYLAR BALLOONS 

Demonstrated the feasibility of mylar aa a balloon 
material for h.ovier load, and Mgher altitudH. 

1953 ta 1956 
Flight Summary 11.ets 

42 DAILY R DIATION 

MIASURIMINTS UP TO 

10,000 fllT FOR ONI YIAI 

40 LACK IAI.L RADIATION DDICTION 
f Int showed the quallt.tive similarity of the radiation 

Mmporotu,. ond fil.• 1-.alloon fwmperatun cand •uttHted 
fflltteorologlcal ,ir-:.,t ~c :1t1c,'1s. 

1952 to Pr•••nt 
V,I. IX Sect. IV 

41 MYL AND POL TITHYI.INII 
SHIILDID BLACK ALLS 
TIM lncreaaed sensitivity of the l,laclt ball, shielded 

from forced con,ection allowed aoauNment of the tem­
perature field with greeter accuracy. 

1954 to Present 
Review of Scientific 
lntttrumHts July • 56 

A curvey of the hlm,.rahJn field became available 
for predicting the static: behavior of balloons in all sea-
sons at latitude 45 °. • 

1954 to Present 
RA Fits. 1 to 380 
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43 THI CONCIPT OF "IUOYANCY POTENTIAL" 

A th.oreticol opprooch qllowlng the prediction of behavior of 
"Gaboon1", ahroud1, ond bare bolloona in tlw te.,..rotw. field. 

1955, 1956 
Vol. XIII 

11-31 
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44 THI "GA OON" PRINCIPLE 

45 THIE SHROUD 

An auxiliary bo9, 11 Gaboon" hung b.low the balloon 
was used to Intake and worm oir to 1tobiliu the balloon 
agalntt aunut •ffocts. 

S.F•t•mbor, 1954 
to PreHnt 

Flight Summaries, also 
Vol . XIII 

An e1xtra canopy hung over the balloon UHi intoken 
:- • - • $• .... • .t .I ll lfl'/a _ I - - It 

cur to proauc:• snao11ny 1n 1n• 111omw ,..,,.,1 nw vuu,;, .. n 

dou. 

Jan., 1955 to PreHnt 
Flt. 205 WH the first test. 
Seo flight Summary aheots. 
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46 ICLIPSI FLIGHT 

A • ceuful flight conlecf out durl:,g o totGI eclipse verified the predict! n 
conce, Ing bolloo behavior. 

PresStXe 
MB 

Superheat 

June, 1954 
Flight 155 

47 .. ,ow DIR PUP, .. PLIGHT 

A flight was made to obaerve with Up Cofflltra pictu.H the extent of convec­
tion •or the balloon by exploding powder chorgea. 

Apiil, 1955 
light 217 

41 MISOSPHIRI STAIILITY 
T 9.-.ot 1tobility introduced by the worming of the air above 

100,000 feet was uHd to com.,.naate for sunset. 

1956 
Fits. 2n, 218, 290 

49 THE .. WEIGH-OFF" PLATFORM 
A roller tw• weigh-Ml was first introduced. Mod if ica-• tion1 of this are now in UH by moat groups flying high 

altitude bolloo111s. 

July, 1954 
Reported at Steering Committee meetingt, 

... 
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50 DlffUSION STUDIIS ON MYLAI 
Contract with Karl Kommermeler led to demonatratior of very low 

l.akage of Helium tlwo119h ylor. 

53 ILACK BALLOON 

1953, 1954 

51 IALLOON HAIDWAI 

Developed doub e ring end fitting• for uperpreuwe cylinder 
balloons and heavy load applicotlon1. 

19S3 
V11I. IX - Sect. Ill 

52 STUDY Of IALLOON LOIAN SYST M 

A theoretical atudy together with one flight indicated th. difficulty 
of applying Loran to balloon navigation. 

July 1953 

,,,.,,. _.;: • I '~~•,,. •~ • •; ~~ //1)! - • j- ,.__- ".. ! •:)~/-~ 

• ~ ·j) .. .. ' t ~.. • • • ' • ,. 

' ' ' . ' ' '·-" . ; 

A black polyethylene balloon waa flown through 1unriH to deter­
mine the maximum 1unriH effect. The polyethylene melted ahu 
1unri1e. 

July, 1954 
Flight 159 
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54 THI 111lADIATION WIND TUNNIL" 

Built o wind tunnel for testing rocliotion detector•. T~e ventilation 
and the te,.erature dlfftrence between radiation and air con be 
controll•d. 

1956 - Reported at StHring Committee Meoth,s, 

55 SIMPLI LAUNCHl~G l~lLIR 

Man-handled roller deviHd for launching moderate loads. 

1955, 1956 

Vol. XV 

56 SCALE Of Mt TIONI STUDY 

Analysis of th, mognitude of velocity fluctuations with different 
periods with par .:ular reference to th. •ffect on repr•••ntativenen 
of wind measure ,,ent1. 

... . ... 

1953, 1956 
Vol. VIII - S.ct. IX 

• ' ' ' 

57 HIGH ALTffUDI WIND SURVEY 

Th. nwan zonal wind computed from the trajectories was found to 

be consistent with the mHn prouure and temperature fiel,da. 

1952, 1956 
Vol. XV 
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51 COMPLITI INSPICTION 

The introduction of inspection t•ch11,iquH r•vealed many 
potential sourcu oi failure. 

1952, 1956 
Steering Ce>mmittee Meeting 

Morch, 1956 
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ACCOMPLISHID IY A All APPENDIX 

I LLOON IN THI 
TIMPIRATUII fllLD 

The mesosphere stability allows o tight balloon t•:., 

be taken to ceiling. In flight 302, 25~ exceu lih 
was required to re1111ch ceiling . 

A four day flight without ballast oboord showed 
the possibility of flight duration limited only by 
mutoriol survival. 

1956 
F Ilg l,t 302 and others 

1956 
Flight 290 



61 THI TUIOON 

A balloon dHign capable of very efficient use of 1110t• 

erlal which can be 111C1de with atrai9ht aea1111 with¼ mll 
My!~r. Thia c!.n l;:t . lcea poulble an altitlide of 1110Nt 

than U0,000 feet with a 100 pound balloon. 

1954-SMGII Tetroon Model 
1956- Lorge Balloons 

Flight• 289 through 310 

... 

• 
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Phete C:ourtHy • MlnMOpoll■ Sunday Tribune 

., Up camera" picture ~ tetroon under su,-rpreuure. 

Flight 307 
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62 THI IALLOON ALTITUDE RICORD. PLIGHT 314 
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In a post-pro;ect fligl\t September 7, 1956, a 160• Tetroon ,.ached a well-docum.med prenure ahitude of 
1.79±.05 millil,ors and a height of US,000±1000 feet m.1.I.. The illustrations show the loat minute patching of a 
hole, the taunching, the Time-altitude curve, end a down picture of Minneapolis taken from 1'0,000 feet. The 
demonstration of a mesosphere vehicle opens tt. door to this scientifically unexplored layer of the atmosphere. 
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SECTION III PROJECT ORGANIZATION 

An •ruh on in which experi-.nta are cone: lived, prepared,, conducted, and the reaulting data reduced 
and evaluated, i1 depHd.nt upon people to make it 90. The following pog•• pruent some of those,.. 
1ponaiblo for this work. 

- -- -------------- --
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PROJECT DMINIST A 0 
Throu repre ntativ in a steenng committe , th three rvi in th 

D partment of Def n e participated in the guidanc of the High Altitud Balloon 
program. This committee, together with other intere tt.d rvi personnel, m 
ev ral time yearly with the project t ff to be informed of it ,. nding , to revi 

it progress, and to discuss areas of further investigation. The Uoon m nuf c­
turer were invited to attend these project presentations made in steering commit­
te meetings held in Minneapoli . 

Steering Committee Members 

Anny 

Dr. Michael Ference 
Dr. Edward Fi ter 
Dr. D. M. Swingle 

Navy 

Commander M. H. Buaas 
Commander M. D. Ross 

Air Force 

Major Vic Cenez 
Major T. 0. Haig 
Mr. C. S. Tilton 

195 .. -1953 
1953-19.55 
1955-1956 

1951-1953 
1954-1956 

1951-19'52 
1952-1953 
1953-1956 
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Malcol111 D. Rou John W. S,.rlunan R.lert C. Cochran 

OFFICE Of NAVAL J1 SEARCH LOCAL FIELD REPRESENTATIVES 

1951- 1952 1953-1955 1955- 1956 

Richard H. INHM 

AIR FORCE CAMBRIDGE 
RESEARCH CENTER 
LIAISON OFFICEa 

1952-1956 

Maraholl W. Kieth 

OFFICE Of NAVAL 
RESEARCH RESIDENT 
R EPRESEHT A TIVE 

1951-1956 

- --- ----------

.. 

m-



PROJECT STAFF 



-

. -



• 



SPOOL TECHNIQUE UP WIND LAUHCH 

• 

MIMES A QUARTER MILLION 
WHATS YOURS? 

IN REFLECTION 

.. 

GOIHG UP 



m-.-s 

.. 



• I 

NACA STANDARD AiM P~ 

I • , ... GROSS LIFT 
t· 

IQO IQ 
Ji:, .i.,i..,;jl I I I 

~ ~ 

(I.Ill.) 

I I I 
<e 

LIFTING MEDIUM 

BUOYANT FORCES IN THE STANDARD ATMOSPHrJU - -




	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050

