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* „_ i.  *    ^ A<»L 

When the preceding psugress report waa written for the period leading up 
to 1 Jans 195*» the following items had been accouplisbsd. 

1. The theory of the super-pressure balloon, upon which the work under 
this project ia~ baaed, had noon formulated. The problems of uuper-heat, and 
tha apaelal properties of the onion-shaped balloon, had bean discussed with the 
balloon gPMBJ'at tStOnlv»raity of Minntgota daring * eo«f#r#«e« on the nubieet 
of wsper-proaauro' balloona. Matarlal requirementa for utrength and alaatle 
uodulua bad baaa derived. 

2. Certain materials and combinations of aatariala bad baen chosen for 
i&veatigetiom on the baala of tbalr properties at room temperature, and their 
tensile properties at low temperature had baaa studied experimentally with a 
pccrtabie oolA box enclosing tha Js>we of the tensile taatar. 

3. las program for tha development and taatlng of a eupesr-pressure balloon 
to aaat tha rafolred Objectives bad been built around four aajcr typee of 

a. A ayloa fabric corer containing a polyethylene or rubber bladder. 
TWO balloona or xaam type, ualng polyethylene bladders had been 
built and flown. In betk cases, tha polyethylene bladder had 
failed before significant lnttraal pressure bad developed. 

b. An onion-shaped cylinder Walloon of Saran or of polyethylene-oa- 
Sjrlar.' 0&s of this type of balloon constructed of polyethylene-on- 
nylar had baen built and flown. The balloon had ruptured near a 
fitting after being subjected to only alight Internal pressure. 

a. A sphere'of Sana. The production of this type of balloon awaits 
the completion of the mobile electronic aealor which la being 
developed under thie project. 

d. A sphere of polyethylene impregnated fiberglaa. The eonatruetion 
of* thie type of balloon awaits the produetion of a aatlafaetory 
bond between the polyethylene and fiberglaa, a problem which la 

attached by tha Bebeekamn Company. Seals la this halloo* 
be ordinary lap-type heat scale of tha polyethylene. 

Experiments with samples of polyethylene impregnated fiberglaa had 
shown the seels to be stronger than the fabric 

_ _ « » a S «-r *-l 1 ( •« »l 
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k. A measure of relative super-heat among "balloon materials had "beet ob- 
tained "by a laboratory technique using an infra~r«d lamp, 

5. One flight on a 25 foot open appendix balloor? h*d been made to investi- 
gate the relative upward and downward radiation during night time 

During the period 1 June to 1 August, which is the period covered by the 
present report, the following items have "been accomplished. 

1. Ten 1,800 cubic foot onion-shaped balloon* of Saras have been produced 
by Brown and Bigelov with their electronic sealir^ equipment „ One of thes« was 
laboratory tested and four were flown. The remaining five are on the shalf 
awaiting new type fittings. 

The polyethylene-on-Mylar material vas received and six 1,600 cubic foot 
onion-shaped balloons were constructed of it. One of these wa* laboratory 
tested, four were flown and the remaining balloon is on the shelf for study of 
dimensions actually produced, seals, etc. 

Modifications in the polyethylene bladder for the polyethylene-in -sy lot; 
balloon were made on two balloons which were later flown. 

The design work for the mobile electronic sealer for Saran film was com- 
pleted and the assembly of the first prototype is expected during tb« first week 
of August. 

CONFIDENTIAL 
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I.  EKG.LBKKKIHG STUDY 

A. Special Problem* of Super-Pressure Balloon Construction 

The series of flights conducted at Pierre, South DsJfcota, during the 
week 7 July to Ik July, which are reported in detail under Section III-B, 
emphasize the fact that the construction of a super-pr?.t»*urft "balloon present* a 
problem which is different qualitatively from that of constructing an open- 
appendix balloon. Not only must the "balloon be fabricated with the great**- of 
care to prevent any damage to the material or to assure that the seals are perfect, 
but the material itself must be hole-free to an extent heretofore not required. 
Although the gas permeability of the films being used is well on the aaf'i *ld^, 
calculations show that, if the areas of all the holes, from flaws or from damage, 
when added together, would amount to a hole which exceed* 1/32 of one inch in 
diameter, the super-pressure balloon of the si.i« contemplated will fail to meet 
the required flight performance. 

All of the balloons flown from Pierr,- expelled their free-lift gas, 
after developing only a fraction of the internal pressure for which they were 
designed, and descended after a short time, some imes without ever reaching their 
theoretical ceiling. (An onion-shaped balloon may develop an internal preesure 
before reaching its theoretical ceiling for reasons explained on page 10 of 
Report no. 1312 dated 1 June 195k). 

We feel confident that there are ways for manufacturing "balloon* vhich 
will meet the requirements as to gas tightness, and additional engineering talent 
has been enlisted to work on this problem. The major points of the program which 
they are pursuing are outlined in Section IV. 

B. Special Problems in the Construction of the Onion-Shaped Balloon 

The laboratory tests during which onion-shaped balloons were inflated 
revealed a problem involving the equal distribution of stresses around the 
circumference of the balloon. With the materials being used, the material 
thickness necessary, and the present gathering techniques, it appears that come 
meridional sections of material are taking greater stresses than others <. Tfcir 
is apparent in Photographs #8125, #$131 which show quite clearly that, v.d.Ie 
some material sags between the equator and the lower fitting, other material 
takes a more direct line from the fittirig toward the equator forming a ~hord 
connecting the outer contour of the balloon at two points. It would be expected 
that the material which forms the chord would be stressed more than that which 
billows out beyond it. Strain gages will be used to evaluate the different in 
stress which is involved here. 

A new fitting is being designed and a new technique for gathering £fes 
material at either end will be used in an effort to determine whether this 
feature is an essential part of the onion-shape cr whether it is a function of 
the ^.yya of folding used in gathering the ends cr the manner in which it i» 
held. 

C \Jt\ 
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The greatest care was exercised in installing the fitting to maks 
certain that the distance from one fitting to the other along one meridian was 
the same for all meridians and, since the main feature of the onion-shape is an 
excess of material circumferentially under all eonditicrs, *ome folds radi*.1 rig 
out from the fittings must he expected. Hovrever, if the meridional stresses are 
to he distributed uniformly around the circumference, these folds must not be 
allowed to assume more than their share of the stress. Although the materials 
and their thicknesses,which are being used, provide a design strength which i* 
somewhat greater than available information on super-heax indicates to be 
necessary, such design strengths are calculated on the assumption that the 
meridional stresses are uniformly distributed about the circumference. If j.arge 
variations in stress are unavoidable, the onion-shaped balloon, while feasible 
in theory, may not prove successful with presently available materials. 

By making a thorough study of allHaspects of the onion-shaped balloon, 
we hope to answer this question conclusively. 

Another feature of the onion-shaped balloon, as produced so far under 
this project, which may make a critical difference between the theoretical per- 
formance and the actual performance, was also revealed by the laboratory tests. 
In the major fold,which always develops during the inflation of an onion-shaped 
balloon, it was noted that the seals do not ruu directly from fitting to fitting; 
that is, they do not run in a true meridional direction, but rather they run 
obliquely from the fitting into the fold and out again.  It was also noted that 
when the stresses began to develop as a result of the internal pressure, the 
stress lines, indicating the direction of the stress, held true to theory, being 
oriented vertically, that is, meridionally. Thus the condition which the onion- 
shaped balloon was especially designed to eliminate was actually produced^ that 
i», the •c«uu> were subjected to transverse stresses. This condition is visible 
in Photograph #8133.  If there is no way of eliminating these transverse stresses, 
the main advantage of the onion-shape is removed, and balloons which depend upon 
this feature, as do the polyethylene-on-Mylar balloons, which have a polyethylene 
seal, cannot be expected to perform in accordance with the theory. 

By making a thorough study of all aspects of the onion-shape balloon, 
we hope to answer these questions conclusively. 

C. The Radiation Problem 

In a discussion with Dr. Barkley, it was decided that, if the radiation 
problem were to be studied thoroughly, the instrumentation itself would be a 
major project. With the balloon design and construction at its present state of 
development, it does not seem advisable to spend time on this project investi- 
gating the quantitative values of the effects of radiation upon a balloon which 
vc have yet to prove feasible. This project will limit itself to delineation 
of the factors to be considered, an investigation of the spectra of the materials 
used, and suggestions of where other Information might be obtained, or experi- 
ments that might be made, if deemed necessary. 

D. Comparison of Balloon Weights Sphere to Onion 

The polarized stress, which theory tellt us we should obtain in an 
onion-shaped balloon, is bought at quite an increase in balloon weight. Cal- 
culations show that for a given material and material thickness, and a given 
vcluse, the weight of an onion-balloon exclusive of fittings will be 1„78 times 
the weight of a spherical balloon with the same specifications. 

( I    \ r '' r • '•• i  l '-' 
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II.  BALLOON CONSTRUCTION 

The dimension* of the onion-shaped balloon* which have been made, t>cth with 
Saran and with polyethylene-on-Mylar, are as follows; 

Length between fittings = 23 feet 
Circumference = 663 to 683 inches. 

In order to protect the material in the onion-shaped balloons from the 
bolt which protrudes through the fitting into the balloon, a 2 to 3 inch length 

the bolt as it came through the wedge »ad preventing contact between its edges 
and the material when the balloon was folded. 

A. Saran 

Ths cylinders produced by Brown and Bigelow, using their straight hvr 
electronic sealer on Saran film and from which we made the Saran onion balloons 
by gathering the ends and attaching the fittings, proved suitable so far as the 
sealing operation is concerned. However, the use of a straight bar sealer for 
this type of work, in which the material must be drawn through the machine as 
successive overlapping seals are made to produce one seam, is not the most 
efficient way to make Saran balloons. It is, of course, limited to balloons 
which can, like the onion or any cylinder balloon, be constructed solely of 
straight seals. With the mobile electronic sealer which, at this writing, ij 
about to receive its first test, it will be possible to make Saran balloon* of 
any desired shape. Since the Saran seal is nearly as strong as the material, 
the electronic sealer will be applied to the problem of making a spherical 
balloon of Saran, in which the serious problems mentioned above will be avoided. 

B. Polyethylene-on -Mylar 

The one onion-shaped balloon of this material,which was brought back to 
the laboratories after the others of the same production run had been flown at 
Pierre, South Dakota, will be laboratory-tested and studied in an attempt to 
determine what modifications might be made to Improve its ability to withstand 
internal pressure. See Section IV-A. 

C. Polyethylene Impregnate d Fiberglas 

On 21 July 195^, ve wrote the Dobeckmun Company to inquire about th=- 
results of their work with the polyethylene impregnated fiberglas. At this 
writing, we have had no reply to our inquiry. 
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III. EXPERIMENTS EXECUTED 

A. Laboratory 

1. The testing of the tensile properties of Saran at low temperatures 
has gone forward since the reinstallation of the cold box on the tensile tester. 
Two formulations were tested: Q853.3 and Q853.7. Three samples were "broken of 
each formulation, for lengthwise and transverse direction, at 5°C. intervals 
from -M3°C. to -65 °C, making a total of 72 tests. The ultimate stresses re- 
corded show a considerable scatter  (Drawings A-16862-A, A-16863-A); however, 
most lie within a range of lU,000 to 23,000 psi. Since the weakest portion of 
the material determines the over-all strength, the working stress to be used 
cannot be over 13,000 or l!*-,000 psi. at the temperatures expected. 

There is a curious pattern in the data for Saran Q853.3. At -55°C. 
and -65°C. the ultimate stress appears to be considerably greater than at the. 
other temperatures. This could be caused by a set of non-valid tests, or 
possibly by a discontinuity which occurs at the point where the material 
fractures from cold brittleness. Evidence of this type of fracture was noticed 
in several of the lowest temperature tests. 

Ultimate stress of the Q853.7 formulation seems to decrease 
gradually from a maximum at about -55°C. 

2. On 21, 22, and 23 June, inflation tests of the three types of 
balloons, about to be flown at Pierre, South Dakota, were made. 

a. The Saran A517 onion-shaped balloon was inflated with helium 
until buoyant equilibrium was reached. The normal flight load of 12 pounds, 
consisting of the exact equipment being flown for pressure telemetering, was 
supported by the balloon when this weigh-off was accomplished. The balloon was 
then inflated to fullness with nitrogen to avoid increasing the lift signifi- 
cantly above that experienced in flight, so that unusual stresses on the balloon 
at its tie-down point would not develop. Photographs taken during the inflation 
test of the Saran balloon are numbered 8138, 8139, 81U0, 8lla. 

The balloon was very near its final shape when the first 
pressurisation was noticeable. Both the pressure telemetering unit and the 
water manometer were connected to the line leading into the balloon and were 
read periodically as the pressure was increased. The data taken at that time 
are recorded in Table I below. 

During the inflation, a large crease in the balloon extended 
from the top fitting down past the equator and was never completely removed. 
It may have contributed to the balloon's failure which occurred at that point. 
The crease or fold referred to consists of the excess of circumferential 
material which has nearly all collected at one meridian. 

CONFIDENTIAL 



Table I 

Code Mb, Water Manometer 

I(part of N) 983.0 
N 
NMU 983.7 
NMM 98^.0 
NMN 98^.5 
HMS 98^.7 
HMI 985.O 

1/8" 1/8" 
5/8" 5/8" 
3/8" x 2 = 3A" 
7/l6" x 2= 7/8" 
9/l6" x 2 « = l 1/8" 
9/l6" x 2 ' " 1 1/8" 

~ 5/8" x 2 = 1 l/V 

The "balloon used was designed to contain l800 cubic feet of 
gas. Pressurization occurred before that volume had been attained.  In efforts 
to increase the internal pressure, it became apparent that the material vas 
stretching, as an additional 200 cubic feet of gas were introduced without 
increasing the super-pressure beyond 1 l/k  inches of water. After this reading 
vas obtained, another 20 cubic feet were introduced and, Just as the new readings 
were about to be taken, the balloon burst. The tear was across gores near the 
upper fitting. 

The data indicate that a 10$ increase in enclosed gas was 
attained with only a 0.25$ increase in absolute pressure. Assuming the tempera- 
ture to be constant, the only conclusion to be reached is that the balloon"* 
volume was increased. This type of behavior in plastic films is known as 
"creep", and it was expected that it would be encountered to some extent in 
Saran but not to the extent eXpef ieiiceu. here. The experiment emphasised the 
fact that, for the testing of Saran super-pressure balloons, either small models 
must be made and the values obtained must be corrected for thickness of material 
and temperature, or the full size balloon must be flown in order to put it in 
an environment where the temperature will give the material the strength which 
is expected of it. 

b.  In the inflation test of the 15 foot sphere of polyethylene, 
in a 15 foot spherical nylon envelope, a reefing sleeve was used in order to 
control the distribution of the nylon over the polyethylene during the early 
stages of the inflation. Negligible static build-up was experienced. 

It was found that the polyethylene liner was not satis- 
factory as designed. Since the nylon does not act as a gas barrier, the two 
cells behaved as shown in the following sketch. The nylon provides no 
strength to support the load until the balloon is inflated well beyond that 
point retched on the ground before launching. As the inflation with nitrogen 
proceeded, it became apparent that modification to take care of two difficulties 
was necessary, (l) The orientation of the polyethylene with respect to the 
nylon at one pole of the balloon might not be the same as at the other, and 
hence a twist in the liner as opposed to the nylon would develop. As the 
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Polyethylene liner 

Nylon envelope 

Inflation of early-type 
polyethylene-in-nylon 
"balloon 

balloon reached full inflation, this could produce undesirable stresses.  In 
order tc remove this trouble, it was decided that future liners would have to 
he unattached to the bottom fitting and the balloon inflated through a duct, 
which would then he sealed said the plats fastened dovru The**? would then be 
no need for a gas tightness at the fitting connections.  (2) The polyethylene 
liner should be larger than that of the first models, that is, it should he 
larger than the nylon envelope which encloses it. The ones tested were already 
designed to he longer than the nylon envelope in fie lower section near the 
appendix, but during the last part of the inflation, with the balloon still far 
from full, the polyethylene appeared to be making nearly a straight line from 
the outer circumference down to the appendix, and the nylon had some slack. 
It was decided to have later polyethylene liners made to a diameter of 17 ft „ 

Before the inflation was complete, a hole was found to have 
been torn in the polyethylene near the appendix by the incoming gas. This 
fault will he removed by the modification mentioned in (l) above. 

The inflation technique combining the use of helium and 
nitrogen as described in (a) above was also used in the testing of this poly- 
ethylene in nylon balloon. See Photographs 8121, 8123. 

c.  An onion-shaped balloon made of polyethylene-on-Mylar was 
laboratory tested using the same helium-nitrogen technique. While the fittings 
were being put into the balloon during itt. manufacture, a tear was made into 
one gore from the opening along one keau necessary for inserting the fitting. 
In resealing the opening, it was therefore necessary to go around the tear 
with two bar seals which consequently made angles with each other and with 
the rest of the seam, as shown below. The balloon failed at this point after 
developing about 3A inch of water internal pressure. 

Seam 

\ Lower fitting 

~-\ 

Note defective jresm 
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fhe inflation waa-fcaind to be aaica simplified by the use of a 
polyethylene 'reefing sleeve• nade from 3*3 inch layfl&t materiel.    However, 
It is doubtful that the large crease, or accumulation of folds, cat re 
completely removed "by any technique, after the reeffusc "*leeve has been removed. 
Time end again,  the Material -was distributed by hand core n«enly aboa*  the 
crown of the- 'balloon, bat it seems te be. as. unstable  situation,    Ohless all of 
the folds are exactly equal, an impossible situation, the material will autc - 
matically distribute itself such that the excess Is all gathered, in one fold.. 
It appears that the slightest Inequality in distribution cause*  the larger 
folds, to sain material front the smaller ones ana.,,  in the end,  the largest  fold 
acquires all of the excess material.    Photographs cumbered ftLZ7, 6132.. Sl3%, 
and 8136 show the inflation test of the polyethylene-on-J^ylar balloon. 

B.    night 

The field trip to Pierre. South Dakota, where 12 beli©o<ES were flown, 
was planned optimistically to make certain that no data were lost due' to the 
balloons* passing beyond the radio horizon. Since all telemetering was. to be 
on *0 megacycles, this meant that the radio horizon vas essentially the visible 
jjorixon, and. we could not expect reception after the balloon had passed more 
than 100 "to 150 miles away. It vas thought necessary, therefore,, to have three 
recelrtng stations to record t*»* data from the balloons. One was located at 
the laawwbtng site at Pierre Municipal Airport-, another at Minneapolis at the 
General Kills Laboratory, and a third was located in an automobile which h*c 
been especially equipped to receive the signal. 'The automobile was to be 
located on the South Dakota-Minnesota border and to more north and south on 
that border tn. accordance with instruction* sent out from Pierre: on 6%2C 
kilocycles. Communications between Pierre and Minneapolis were also scheduled 
to be handled by radio -on 6%20 .kilocycles. After a few flights, the mobile 
receiving station was returned to Minneapolis to be called out only after a 
balloon might prove itself capable of floating; beyond the range of the receiving 
station at Pierre. This was never found!, necessary. 

On each flight, the balloon was weighed-off with the greatest precision. 
possible inside the hart gar at Pierre- Municipal Airport. With the exception of 
flight #1206, all. of 'the balloons were sealed after weigh-off with the 'intention, 
that the free lift gas be contained... 

Superheat in an oni on-shaped balloon might be expected to exceed that 
of a spherical balloon or any other balloon in 'which, there is no such, evcesa 
of material. 

1. Flight #1129 (A-21322-B) 

The first flight of a Saran onion-shaped balloon carrying pressure 
telemetering equipment iras characteristic of the majority of those to follow, 
launched in the early evening of the first day at Pierre, after the radio 
equipment and antennas had. been in-stalled, the balloon rose to an altitude 
which indicated that at that point it had a volume of 1V90 cubic feet, and then 
descended gradually to the ground, The entire flight .lasted only slightly 
more than three hours. 

i d. 
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Boring Its ascent, the balloon commenced to pressurize at that 
point -wiser© its •©lane was approximately 1,080 cubic feet. This wnt st 21,000 
feet MSL» The pressure telemetering instrument indicated that 'there it developed 
an Internal pressure of approximately 0.25 inches of water, and that this 
pressure 'was Maintained until 10 minutes after the balloon bad. 'reached it* 
maximum altitude of 30,000 feet, at which time It .had already begun its descent. 
Apparently this low Internal pressure was sufficient to 'expel the free-lift- gas 
from the balloon through some already existing bale.. Since the balloon was 
constructed of Saras A.517, which is not the formulation, which Is noted" for its 
cold brittleness temperature, it Is possible that flexing at the low temperature 
'region of the atmosphere canted the balloon to develop a leak, However, the; 
temperatures which it experienced were never below -35*0., end if the balloon 
had raptured, the tear characteristics of Saran are such that it is more likely 
that the balloon would hstwe split wide open, and descended rapidly. Since this 
was not the case, the balloon having descended at spproxiimtely 2~0 feet 'p~r 
minute, it is more likely that the free-lift gas was forced, cut. through a feel* 
which, was already in the. bailorr. ?.t tine of launching., 

2. Flight 11.30 {Drawing A-21329-B.) 

Temperature telemetering on. 'this flight of a lO-fcot spherical 
balloon consisting of 1.1 ounce nylon fabric enclosing a 1.5 mil polyethylene 
bladder, Indicated a super-heat of approximately 13 "C. during, a floating period 
of approximately xQ minutes at 32,000 feet. The data do not- indicate that the' 
temperature of the nylon -and of the helium within the balloon., which appeared to 
be nearlng equality during the floating period, ever reached the equilibrium 
condition before the 'balloon began to descend. It must 'be allowed, therefore, 
that the super-beat for a floating balloon under these conditions might be 
greater than that Indicated on this flight. Although the load was suspended. 
from, fittings attached at the equator of the balloon, and the only weignt aanging 
at the appendix: 'was that of the appendix ring, the balloon 'never attained, its 
theoretical volume. Since a similar balloon on Plight #11.77 noticeably exceeded 
its theoretical, volume when, under internal pressure', it might be assumed here 
that the fr<n""" never did pressurize significantly, but was able to exhaust its 
free lift, through a leak, so easily that the spherical shape was never attained. 

3- .Flight #1172 (Drawing A-2132Q-B) 

^temperature telemetering on this flight of an. onion-shaped balloon 
of Saian Q&53-3 indicates a temperature gradient in the gas within the balloon 
extending from the warmer temperatures .near' the top of the' balloon to the lower 
temperature's near its base, .Before' reaching its theoretical celling, but after 
commencing to pressurise (as indicated In the data from Flight #1129).? the 
balloon apparently split open suddenly before the' temperature of the gas had 
.reached its equilibrium condition... A maxisuai super-heat 'indicated .here was 
S*C. It should, be noted that the type of descent experienced on Flight 1172 
with a balloon constructed of Saran Q&53 material, is notably different from 
that of Flight #1129 «ith A51? Saran.. The interpretation, here would be that 
the balloon contained its pressure' well as it continued to rise beyond the 
point reached by Flight #1129, and up to the point of rapture, rather than 
exhausting Its free lift gradually through a hole which already existed., 

W'!w' Jl v ' i    __i  '.  *  "i  li 
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h.    Flight #1173 

This flight of a poIyathylene-on-Myiar onion-shaped balloon carry- 
ing a pressure telemetering equipment failed to pro-Tide any useable data*. The 
Bralisford actor ••topped running after approximately 2'S minutes of operation, 
apparently due to the depletion of the "battery power, A MAX k barograph carried 
-on the flight also was of little value since the trace on a. sacked di?c vas> 
destroyed 'by smudging during handling 'before the barograph was returned to the 
laboratories. 

5. Flight #11?% {'Braying A-21331-B) 

Temperature telemetering on this flight of a poiyethyiene-om-ffylar 
colon-shaped balloon which floated far approximately 10 adactes at it* theoreti- 
cal ceiling indicates s. superheat of spproxiasvsly 22. degrees,  In this case, the 
recorded data indicate that 'the gas within the balloon had reached its equilibrium 
temperature with respect to its surroundings» and that "the superheat .recorded 
•would be the- mart was 'to 'be expected, under these conditions.. The 22*C. figure is 
approximately one-half of the -value for superheat which has been used is the 
design of these ballcans. Since this was an onion-shaped balloon and since it 
'did reach its theoretical ceiling, it mist be assumed, that th» balloon vas under 
internal pressure during itr floating; oeriod; fox,, otherwise, its theoretical 
volume could, not have been attained,, especially with the load being suspended 
from its lower fitting.. This would indicate that the: polyethylene-on-*Eylar 
material has promise in an onion-shaped balloon and that the trouble lies in the 

•probleia of •»*-*".£ a balloon, which is absolutely hole-free, although in. this 
case it vas not quite so pronounced as in Flight #1172 with, a Saran ballots,, 

floating and for a short, time thereafter are in error for the gas vitMa the 
balloon, as well as they were apparently in error for the free air, although 
the record of the- gas temperature as shown is reasonable, while that of the .free 
air would be 'hard to explain. 

<&.,    flight #1175 

This flight of an onion-shaped balloon constructed of -Saran A517 
material and 'Carrying a pressure telemetering unit also failed to provide any 
data, due to the fact that the transmitter quit within 5 minutes after takeoff, 
Examination of the batteries in. the remaining pressure telemetering units 
revealed some we're not up to strength and these were replaced.. 

7- Flight #1176 C'Prawing A-21330-B) 

Temperature telemetering equipment flown on this spherical balloon, 
constructed of 2.5 ounce nylon fabric enclosing: a 1.5 mil polyethylene bladder, 
indicated s temperature difference of approximately 13*0, between the balloon 
skin and free air at the maximal altitude reached. 'She time altitude curve 
indicates that the balloon, burst at this point which was somewhat Short of its 
theoretical celling- Since 'the balloon was not recovered, it is impossible at 
this time to determine vhether or not the polyethylene bladder alone vas 
responsible for the failure, as it vas in another flight of this balloon type. 
The bladder in -his balloon was of a diameter 2 feet larger than the enclosing 
nylon envelope. 
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It is interesting to note that the temperature data obtained, frets 
the thermistors on the balloon agrees Tie 11 with the 'flight performance, which 
showed the balloon to be temporarily halted in its ascent toy an Inversion near 
the ground. 

8. Flight #1177 (Braying A-21327-B) 

The 1.1 ounce nylon sphere .flown, on this flight enclosed a bladder 
consisting of a 5"J gram Kayssa. "ballcon, asmfactured by the Holde" Latex 
'Products Co. of Patterson, H. J. The pressure teleaetering instrument rlovn on 
this balloon indicates that, at the level where the volume of the balloon was 
kkk  cu. ft.., internal pressure comae need to develop «nd continued to build up 
until a safer-pressure of 11 inches of water was reached.,. At this point, the 
balloon burst, Under this pressure, the nylon envelope stretched considerably, 
since the "fTfim altitude reached indicates a volume  e-f nearly 10G cu, ft.. sore 
than, the unstretehed volume of the balloon. 

Upon examination of the balloon after Its return to the laboratories, 
it was revealed that the nylon envelope 'had. been torn completely away front, the 
collection ring at the point where it was at+acbed, and the several tear* had 
propagated tip the seams 'nearly to the equator. '"She entire amount of damage 'to 
the balloon was limited to the lower hemisphere, as would 'be' expected, since 
.nearly the weight of the' appendix ring would •distort the shape, in "hat part, of 
"the balloon *»»*-<,«g it less than a perfect sphere, 'The load had been suspended 
from loops attached at the' equator of the balloon,. 

Of major Interest 'in the evaluation of the type of seam used in 
Joining the gores In the nylon envelope is the fact that none of the seams 
exhibited any signs of having been strained by the internal pressure, except 
where they had been torn as the curst section propagates.. A different type of 
fitting at the appendix, 'might make this type of 'balloon successful.. It should 
'be 'noted that the fact that the 'balloon containing the rubber bladder is the 
only one which withstood any significant Internal pressure would seen to confirm. 
the conclusion reached earlier that one of the uaaJ,or problems is that of 
producing, an absolutely hole-free balloon. 

9. 'Flight #1178 (Prawing A-21326-1)) 

The temperature telemetering equipmect flown on this 2,5 ounce 
nylon spherical balloon containing a 1„5 nil polyethylene bladder malfunctioned 
so that no data, on superheat were obtained.. However, -the altitude information 
was 'received and Indicated a 'period of floating of 21 minutes at theoretic-*! 
ceiling. The slow descent Indicated that the failure of this flight was due to 
a leak in the balloon, -and upon recovery it was 'discovered to consist of a fault 
in the seal, at the crown of the 'balloon, which, left a slit approximately 1,25 
inchis long at that point. It is impossible to say what type of flight this 
might have been had the polyethylene bladder been without this imperfection. 
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10. Flight #H"ij (Drawing A-21325-B) 

The data obtained froa the pressure telemetering Instrument flown 
on this onion-shaped balloon constructed of 1,5 mil polyethylene on 1 sail Mylar 
appears questionable. Since the balloon not ©cly went t? its celling tret 
actually exceeded it, it must 'toe assumed that it was pressurized considerafelyj 
for it is impossible to attain the true shape of an onion-shaped "balloon,and 
thereby to attain its full volume, without pressurizing the balloon. Here, 
again as in Flight #117% where a balloon of the saae construction was flown. 
and •where again the balloon arose slightly above its theoretical ceiling, no 
burst occurred. Flight #1179 further substantiates the conclusion that the 
polyethylene-on-Hylar aaterial in an onion-shaped balloon warrants further study. 

11. Flight #llS0 {Braving A-21323-"?) 

Toe telemetering data obtained fxsa this flight of an omlea-ahap'sd 
Saras balloon would seess to indicate that the balloon contained a bole at the 
time of launching since it did not reach its theoretical ceiling, and since the 
slow descent vould not occur had the balloon burst due 'to its internal pressure, 
'Here, a pressure' telemetering record shows small fluctuations of the interraal 
pressure tferoughout the flight, which can only be attributed to vibration of 
the pen arm which oust have bees resting on the border between two code sections. 

12. Flight #1206 (Drawing A-2132%-B) 

Temperature telemetering equipment flown on this onion-shaped 
balloon of polyethylene-on-Mylar material again Indicated a temperature gradient 
in the gas 'within the balloon extending from lower temperatures in the base- of 
'the balloon to -»rsicr tc^scraturcs scsr tlss top., The superheat Issdicated %"v 
data froa this flight. amounted, to a temperature difference of approziaately 
12*C. However, it should be noted that the free air temperature used for this 
caaparisan was that of the Weather Bureau observation at the tiae of the flight.. 
'The free air thermistor .had, been damaged during the launching. 

The superheat of 12s was aerely the —art—at superheat attained 
and was at the point of bursting.. It would be useful in determining the 
internal, pressure which was developed, but it was not an indication -yf  the. 
superheat to be expected of this type of balloon, since the 'balloon had. not 
begun to float and hence the teaperature of the bas within the balloon was not 
that of the equilibrium condition. 

lobe: In the reporting of the .analysis of each flight on. which "temperature 
telemetering equipment was flown, the super-pressure which was Indicated, 
by the superheat that was measured should be noted. 

CONFIDENTIAL 
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TV. EXPERIMENTS FLAMMED 

A. Laboratory 

Since none of the "balloon types which were originally selected for 
study under this project has proved successful in the form developed so far, 
new designs are "being pursued as reported below. This does not mean, however, 
that the types already under study are being discarded, but rather that their 
performance so far has indicated that certain problems such as gas tightne?* 
are more serious than originally realized, and that designs which offer a 
simpler way of overcoming this difficulty should be investigated. 

1. Onion-shaped balloons 

Onion-shaped balloons constructed of Saran and of polyethylene-on- 
Mylar will "be subjected to further laboratory tests using modified end fittings 
and variations in the diameter to length ratio, in an attempt to produce a 
balloon which will stand the internal pressures which onion-shaped balloon 
theory says are possible. 

2. Electronic sealer for Saran film 

Tests of an electronic sealer will be made to determine that its 
folding mechanism works properly to provide a lap seal, and to determine the 
proper running speed, power setting, and electrode spacing for production 
operation. 

3. Spheiical Saran balloons 

When the test runs for the electronic sealer mentioned above have 
been completed, spherical balloons of Saran will be constructed, laboratory- 
tested, and flown. 

k.    Cylindrical balloons 

Experiments are planned which will test several different forms 
of a cylindrical balloon roughly 8 ft. in diameter and kk  ft. long which would 
offer some advantages in overcoming the difficulties which have been en- 
countered with the other designs. With a diameter of only 8 ft., the pressure 
within the balloon would develop approximately the same stress in the balloon's 
walls, due to the fact that it is cylindrical rather than spherical in shape. 
However, this design offers several distinct advantages. The design being 
studied is that of a cylinder each of whose ends are sealed by one transverse 
•earn, except for one corner at which an extension of the material is formed 
into a small tubular appendix. The design shape for a shroud for this baxloon, 
in which two appendices are included for instrumentation purposes, is shown 
in Drawing A-l68l9-A. Productionwise, this design has the advantage of great 
simplicity, and also the most troublesome feature in the production of the 
other types of balloons - the attachment of fittings - is completely avoided. 

\ 
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An additional advantage is found in the fact that; unlike the 
other balloons, the suspension of a load from one corner will not cause a 
distortion in the shape which would produce a weakened section. Reference 
here is to the fact that, in both the onion shape balloon and the spherical 
balloon, the weight of the appendix ring or fitting, or either of these 
plus -the load, tends to increase the radius of curvature and consequently 
to Increase the tensile stress in the film in that section of the bailoor 
In a balloon of a shape shown in Drawing A-I6819-A, with the payload sus- 
pended from Mise corner, we are dealing with that section of 'the balXooc. ^hoee 
rudius of curvature Is already such smaller than, the major dimension, and 
which is not adversely affected by che suspension of the load. 

The -weight of such a balloon constructed of the heaviest material, 
Saran, would be approximately 19 lbs. and would be capable of carrying: a 
10-lb. payload at 42,000 ft. Four-mil polyethylene and thinner weights of 
polyethylene with nylon covers 

5. The scalloped balloon 

c-: 
tr-mll polyetnyj-KTuiic: 
•r 'with strengthening tapes will be test 

Another suggested design is that of a polyethylene sphere reinforced 
by tapes running merldionally from pole to pole In such a way that the 
meridional stresses are taken up by the tapes, and the circumferential stresses 
by the polyethylene which, under pressure, billows out between the tapes with 
radii of curvature which are small enough to prevent the stresses from eyeed- 
ing the limits of strength of the polyethylene, 

6. Sniper -pressure 

fteimcr th?   \^HnT»irjnnnr  tw»Tiirl nn»  "fevelc^ed earlier"  JS  the  TO *SCt. 
and recorded and described in Report #1289, p. 10, superheat comparisons will 
be aade to investigate 'the relative superheat to be expected from thr- 
nateriala actually used in the balloons developed so far under this project. 
Using a 1.5 mil polyethylene balloon as a control, specimens constructed of 
1.5 mil polyethvlene on 1 mil Mylar and of 2 mil Saran will be used in this 
experiment. 

B. Flight 

Additional flight experiments will, be made after laboratory tests of 
any balloon type have gained as much Information as can be gained on the 
ground and have indicated that the balloon type is feasible. Telemetering of 
altitude and either temperatures or super-pressures will be .made as in past 
flights under this project. 

¥„ F3TABC5S 

'The total of funds committed as of 31 July lf?5h was $33,377. Of this 
amount, $22,57** *a* labor and burden. Funds remaining amount, to $2.3,068, 
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PHOTOGRAPHS 

Photograph 
Bo. 

6*121 Early stage of Inflation of polyethylene -in-nylon ballocti. 

8l23 Mtadamm  inflation, of polyethylene-in-nylon balloon before 
ruptured polyethylene near appendix. 

6125 FUlly-inflated Saran onion shoving unequal distrlbutlnc of 
meridional stresses. 

6l27 Attempt to distribute the slack material uniformly around 
the crown of a polyethylene-Mylar balloon. 

8131 FUlly-inflated 'polyethylene-M&IMT onion. Some aaterial is 
slack, while other portions (note straight lines from 
fittings) carry stress. 

8132 Tap view of polyethylene-Mylar onion balloon fully inflated. 

8133 Polyethylene-Mylar onion pressurized to one inch of water* 
Hbte stress lines crossing seam at an angle in center of 
picture. 

8l3% Polyethylene-Mylar onion with one inch water pressure. 

8136 Polyethylene-Mylar onion being Inflated with reefing sleeve. 

8136 Saran onion Just before pressurization. 

8139 Partially inflated Saran onion showing the gathering of 
8lfcO excess aaterial into a fold. 

Sl^l Saran onion partially inflated. 
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Drastag 
So.. 

A-l68l9-A 

A-L6862-A 

A-16863-A 

A-21322-B 

A-21323-B 

A-21J2^-B 

A-21325-B 

A-21326-B 

A-21327-B 

A-21328-B 

A-213-29-B 

A-21330^ 

A-21331-B 

Hylon shroud for fully stressed cylinder halloon. 

Breaking stress of Saran Q853-7 at low teagperatures. 

Breaking stress of Saran Q053 -3 at lonr fcearptrratures. 

Time-Altitude and super-pressure curve for Flight #1129° 

Tine-Altitude and super -pressure curve for Flight #1X80, 

Tine-Altitude and tesperature data for Flight #1206. 

Tine-Altitude and super-press'ure curve for Flight #1179» 

Tiae-Altitude curve for Flight #1178. 

Tine-Altitude and super-pressure curve for Flight #1177. 

Tiae-Altitude and tenperature dat*. for Flight #1172. 

Tioe -Altitude and tenperature data for Flight #1130. 

Time-Altitude and temperature data for Flight #1176. 

Tine-Altitude and tenperature data for Flight #117*-. 
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Armed Services Technical Information Agency 
Because of our limited supply, you are requested to return this copy WHEN IT HAS SERVED 
YOUR PURPOSE so that it may be made available to other requesters.  Your cooperation 
will be appreciated. 
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NOTICE;   WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA 
ARE USED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED 
GOVERNMENT PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY INCURS 
NO RESPONSIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT THE 
GOVERNMENT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE 
SAG) DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY 
IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER 
PERSON OR CORPORATION, OR CONVEYING ANY RIGHTS OR PERMISSION TO MANUFACTURE, 
USE OP. SELL ANY PATENTED DfVENTION THATTKAY IN ANY WAY BE RELATED THERETO. 
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