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VWhten the preeeding progress report was written for the period leading up
to 1 Juns 195h, the following items had bsen accoumplisizd,

1. The theory of the super-pressure belloon, upom which the work under
this project is Based, bhad veen formulated. Ths prodlems of wuper-heat, and
ths special properties cf the onion-shaped balloon, had been discussed with the
balloon girci® at tié University of Minnesots during a eonferense on the subjiect

of saper-pressure dalloons. Material roquirmntn for strength and elastic

2. Cartaln materiials snd combimations of meterials hed deur chosen for
iavestigation on {22 besis of their properties at room temperature, and their
teneils yivpertias at 1ow temperature had beea studied experimentally with a
yortadle cold bex emilosing the jsws of the tensilis taster.

3. The progre= for the development and testing of a super-pressurs balloon
to meet the required ohjectives hai bBeen built around four msjor types of
Yalloom design.

a. A nylom fedric cover coataining a polysthylsne or rubbder bladder,
Two balloons of this type, using polyetiylisne biadders hed besn
wuilt and flown. In both csses, the polyethyienc bLlsdder hed
failed -ci'm significant intiraal pressure had desveloped.

. An mu-lmod eylindeor salloon of Seran or of polyethylens-oa-
FIS>. Ons of this type of balloom ecomstructed of polyethylems-on-
wmmmmltnunm The balloon hed ruptured near e
fittixg safter being subjected to omly slight interpal pressure.

e. A sphere of Saran. The produstion of this typs of tallosa awaits
® conpletiod of the mebile electronic sassler which is being
hvolapod under this project.

4. A sphere of polyethylenc impregnated fibergias. ZThe eonstruction

- of thied type of halloom awaits the production of s satisfactory
ool betveen the polyethyleme and fiverglas, a provliem which is
being attacksd by tae Bebsckmun Company. Seals in this ®alloon
would %6 orlimary lay-type heat zeals of the poiyethylens.
Rperiments with sasgles of puolyethylens impregneisZ liverglas had
shown the seals tc be stxonger than the fabric.
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4, A measure of relative super-heat smong ballooxn materialg hed beer co-
tained by a laboratory technique uesing an Infra-red lamp.,

5. One flight on a 25 foot open appendix balloon nad been made tc Investi-
gate the relative upward and downward radistion durieg right +ime

During the period 1 June to 1 August, whick i3 the period covered by tke
\ present report, the following items have Yteen accompliahei

. 1, Ten 1,800 cubic foot onion-shaped balloons of Saraz have teen proiuced
by Brown and Bigelow with their electronic sealinrg =quipment. One of thess was
laboratory tested and four were flown. The remaining five sre on the sh2if
avaiting new type fittings.

The polyethylene-on-Mylar materiel was received and six 1,800 cuble focot
onion-shaped balloons were constructed of it. One of these wks laboratory
tested, four were flown and the remaining balloon ix on the shelf for study of
dimensions actually produced, seals, etc. i

Modifications in the polyethylene biadder for the polyethyliene-ir-nylox
balloon were made on two balloons which were later fiown, ;

The design work for the mobile elecironic Sealer for Saran film was cow-
pleted and the assembly of the first prototype is expected during the firat week

of August.
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I. ERGIREERING STUDY

A. Special Problemz of Super-Pr2asure Balloon Ccnstruction

The series of flights conducted at Plerre, South Dskota, during k=
week 7 July to 14 July, which are reported in detail under Section III-B,
emphasize the fact that the construction of a super-pressure balloon pres=uts a
problem which is different qualitatively from that of comstructing sn open-
appendix balloon. Not only must the balloon be fa%hriratsd with the grestes- of
care to prevent any damage to the material or to assure that the seals e rarfect,
but the material itself must be hole-free to an zxtent heretcfore not requlrad.
Although the gas permeability of the films being used is well on the sef: 3ilde,
calculatioris show that, if the areas of 8ll the holes, from flaws or from damagz,
vhen added tugether, would smount to & hole which exceeds 1/72 of oo fnii in
dismeter, the super-pressure balloon of the giz¢ contemplated will fall o mast
the required flight performance.

All of the bealioons flown from Pierv: esxpelled thelr free-lift gke,
after developing only a fractioa of the intermal pressure for which they were
designed, and descended after a& short time, some imes without ever reaching wheir
theoretical ceiling. (An onion-shaped ballocn may develop an internal prersure
before reaching its theoretical ceiling for reasones explained on page 10 of
Report no. 1312 dated 1 June 1954).

Ve feel confildent that there are ways for manufacturing ballicous which
vill meet the requirements as to gas tightness, ard additionsl engineering ‘alent
has been enlisted to work on this problem. The major points of the progrsm which
they are pursuing are outiined in Section IV,

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

The laboratory tests during which onion-shaped talloons were infls:=id
revealed a problem involving the equal distribution of stresses arouxa the
circunference of the balloon. With the materials being used, the materisl
thickness necessary, and the present gathering techniques, it appears thai sone
meridional sections of material are taking greater stresses thar others. Thi»
is apparent in Photographs #8125, #8131 which show quite clearly that, %uile
some material sags between the equator and the lower fitting, other materisl
takes @& more direct line from the fitting toward the equstor forming a zhord
connecting the cuter contour of the ballocn at two poirts. It would be expsried
that the material which fcrms the chord would be stressed more than that which
billows out beyond it. Strain gages will be used to evaluate the differen~e in
stress vhich is involved here.

A new fitting is being designed end a new technique for gathering th2
material at either end will be uged in zn effort to 2etermine whether this
feature is an essential part of the onion-~shape cr whether it ig a functicon of
the *ypz of folding used 1a gathering the ends or the manner in which it is
held.
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The greatest care was exercised in installing “he fitting tc maks
certain that the distance from one fitting to the other along one meridiun wes
the same for all meridians and, since the main feature oI the onlon-shap= is an
excess of material circumferertially under all conditicrs, scme folds radis’iag
out from the fittings must be expected. However, if the meridional stresses sre
to be distributed uniformly around the cirecumference, these fclds must not b=
allowed to assume more than their share of the stress. A°though the materials
and their thicknesses,which are being used, provide a design strength which is
somewhat greater than available information on super-heat indicates to be
necessary, such design strengths are calculatel o the assumpticn that the
meridional stresses are uniformly distributed about ths circumference. It .erge
variations in stress are unavoidable, the onion-shaped ballocn, while feasitle
in theory, may not prove successful with pregently svailsble materigis.

By making a thorough study of all aspa2cts or the onion-shaped balloon,
we hope to answer this question conclunively

Another feature of the onion-shaped balloon, as produced so rar under
this project, which may make & critical difference beiween the theoreticul per-
formance and the actual performance, was also revealed by the latoratory tests.
In the mejor Zcld,which always develops during the inflation of an onion-shaped
talloon, it was noted that the seals do not ruu dirscily from fitting to fitting;
that is, they do not run in & true meridional direction, but ratker they run
obliquely from the fitting into the fold and out again. It was also roted that
vhen the stresses began to develop as & result of the internal pressurs, the
stress lines, indicating the direction of the stress, held true to tkeory, being
oriented vertically, that is, meridionally. Thus the condition which the orion-
shaped balloon was especially designed to eliminate was actually produced; +“hat
is, lie scams were suvjectad o tramaverse siresszss. This conditicn iz viszivle
in Photograph #8133. If there is no way of climinating these “ransverse strssses,
the main advantage of the onion-shape is removed, and ballocns which depend upon
this feature, as do the polyethylene-orn-Mylar balloons, which have a polyethylene
seal, cannot be expected to perform in azcordance with the theory.

By making a thorough study of &l11 espects of the onion-shape balloon,
we hope to snswer theez questions conclusively.

C. The Radistion Problem

In & discussion with Dr. Barkley, it was decided that, if the raiiation
problem were to be studied thoroughly, the ipstrumentation itself would be a
mgjor project. With the balloon design and construction at its present state of
development, it does not seemr advisable to speud time on this project invesvi-
gating the quantitative values of the effects of radiation upon & baliuon which
we have yet to prove feasible. This project will limit itself to delineaticn
of the factors to be considered, an investigation of the spectra of the materials
used, and suggestions of where other information might be obtsined, or experi-
mentl that might he made, if deemed necessary.

D. Comparison of Balloon Weights Sphere to Onion

The polarized stress., which theory tellt us we should odbtain in an
onion-shaped balloon, is bought at quite an increase in balloon weight. Cal-
culations show that for & givern material and material thickness, and a given
volume, the weight of an onion-balloon exclusive of fittings wili be 1.78 times
+he welght of & =pherical balloon with the same speci‘icatlons.
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II. BALLOON CONSTRUCTION

The dimensions of the onion-shaped balloons which have been made, bcth with
Saran and with polyethylene-on-Mylar, are as follows:

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

In o3der to protect the material in the onion-shaped balloons from the

bolt which protrudes through the fitting into the balloou, a 2 to 3 inch length
of '7/}\ inceh T D, +var\n tuhing was foastenaed to the inaide voRna thua nu‘rounﬁing

tubdng s =, tk
the bol as it came through the wedge and preventing contact bﬂtveen its wdges
and the material when the balloon was Ifolded.

A, Saran

Tkz cylinders produced by Brown and Bigelow, using thelr straight bLsr
electronic sealer on Saran film and fram which we made the Saran onion balloons
by gathering the ends and attacuing the fittings, proved suitable so far as *“he
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
afficient way to make Saran ballcons. 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, 1is
about to receive its first test, it will be possible to make Saran balloons 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 seriocus problems mentioned above will be avcided.

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
Plerre, 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 Impregnatcd Fiberglas

On 21 July 1954, we wrote the Dobeckmun Company to inquire about ti=
results of their work with the polyethylene impregnated fiberglas. At thiz
wr.ting, we have had no reply to our inquiry.
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I1I, 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 -40°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 & range of 14,000 tc 23,000 psi. Since the wegkest portion of
the material determines the over-all strength, the working stress to be used
cannot be over 13,000 or 14,000 psi. at the temperatures expected.

There is a curious pattern in the data for Saran Q853.3. At -55°C.
and -65°C. the ultimete stress appears to be considersbly 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 s 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.

&. The Ssran AS17 onion-shaped balloon waz infleted 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 1lift signifi-
cantly above that experienced in flight, so that unusual stresses on the balliocon
at its tie-down point would not develop. Photographs taken during the inflation
test of the Saran balloon are numbered 8138, 8139, 81ko, 81k1,

The balloon was very near its final shape when the first
pressurization was noticeable. Both the pressure telemstering unit and the
water manometer were ccunected 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 dbelow.

During the inflstion, & 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.
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Table I
Code Mb. Water Manometer
I(part of N) 983.0 1/8" 1/8"
N 5/8!1 5//‘8"
L) 983.7 3/8" x 2 = 3/k"
MM 98k .0 7/16" x 2= 7/8"
RMN 984 .5 9/16" x 2 = 1 1/8"
NMS 98y .7 9/16" x 2 " 1 1/8"
NMI 985.0 ~5/8" x 2 =11/4"

The balloon used was designed to contain 1800 cubic feet cf
gas. Pressurization occurred before that volume had been attained. In efforts
to increase the internal pressure, it became apparent that the msterial was
stretching, as an additional 200 cubic feet of gas were introduced without
increasing the super-pressure beyond 1 l/h inches of water. After this reading
was obtained, another 20 cubic feet were introduced and, jJust 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 aas vas
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 balloor’s
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 extenti experieunced here. The experiment smphasized the
fact that, for the testing of Saran super-pressure balloons, either small models
nust be made and the values obtained must be corrected for thickness of material
and tempersture, or the full size balloon must be flown in order to put it in
an enviromment where the temperature will give the material the strength which

is expected of 1it.

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 fourd 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 rc
strength to support the lo&d until the balloon is inflated well beyond that
point recched on the ground before launching. As the inflation with nitrogen
proceeded, it became apperent that modification to take care of two difficulties
was neceesary. (1) 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

CONFIDENTIAL
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Polyethylene liner

Nylon envelope

Inflation of early-type
polyethylene-in-nylon
balloon

ballocn reached full inflation, this could produce undesirable stresses. 1In
order t~ remove this trouble, it was decided that future liners woulé have to
be unattached to the bottom fitting and the balloon inflated through a duct,

wanich would then be scalsd and the plate fasztened Adown., There wonld then he
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 be
larger than the nylon envelope which encloses it. The ones tested were already
designed to be longer than the nylon envelope in tlie 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 msking nearly a straight line from
the outer circumference down to the appendix, and the nylon had some slack.

It was decided to have later polyethyiene liners made to a dlameter of 17 ft.

Before the inflation was complete, & hole was found to have
been torn in the polyethylene near the appendix by the incoming gas. This
fault will be removed by the modification mentioned in (1) above.

The inflation techniquz combining the use of helium and
nitrogen as described in () sbove 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
lavoratory tested using the same helium-pitrogen technique. While the fittings
were being put into the balloon during it: manufacture, a tear was made into
one gore from the opening along one sesrn 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, &8 shown below. The bslloon failed st this point after
developing about 3/4 inch of water intermal pressure.

P"ﬂ\.-"‘ﬂ ’..h‘:'»\"“"- 7 v

Sem M R I d 3 ] A =
Lower fitting -—¥ e ¥ b 4 :1“‘&L
——Note defective fesm




AT AT A
- G = \J!‘H aLJL_l‘d .i'\

The inflation wvas-Founi to be much simpiifi~d oy the use of s
! Polyethylene "reefing sgieeve” made fram 30 inch layfiet matsrial. Eowever,

t is doubtful that the large crease, or accumuiation of “olds, car te
completely removed by any techrigue, after the re=ing =iceve has been remsved,
Time and again, the materlal was distrituted Ty hand rore —w=nly aton? *le
crovn of the tallocan, but it seems tc be 50 unatable situstion. Unless ali of
the folds are exzctly equal, an impossible situstiice, the meterial will autc-
mtically distridbute itselif suck that the excess ia &alil gathered irn one foid.
It appears that the slightest inequality in distridution causes *ke larger
folds to gain meterial from the smaller ones and, in the 2nd, the largest 7cld
- scquires 231 of the excess material, Photographs pumbered $127, 8132, Sk,

and 8136 show the inflation test of the polyethyleme-on-Mylar balloor

B. TYliight

The field trip to Plerre. South Dakota, where 12 bello~ms were flowx:,
was planned optimistically to meke certain that oo dats were lost due to the
ballocns ' passing beyond the radfo horizom., Since all telemetexring was to e
on 30 megacycles, this meant that the radio horizon vas essentiaily the visibtle
norizon, and we o2 not expect reception after the belloon had paescd more
thac 100 to 15C miles awsy. It was thought necessary, therefore, to have three
receiring stations to record t%» datse fram the ballooms. One wvas located a*
the launching site at Plerre Municipal Afrport, ancther st Minneapolis at tbe
General Mills Laboratory, and & third was lccated in an automobile which had
- been especialiy eguipped to recelve the signal, The sutomoblile was to be

located on the South Dakota-Minnesota border and to move mortk and soutk on

ibat border in accordance with instructions sent out from Plerre on 6h20
kilocycles. Communicziions between Plerre and Minneapolis were also scheduled
to be handled by rsdio on 6420 kilocycles. After a few Tlights, the mobile

receliving station vas returned to Minnegrolis to be called cut only after a

Palloon might prove itself capadble of flomtieg beyomd the range of the receiwing

station at Plerre. This was never found necessary.

On each flight, the belloon wvas weighed-off with the greatest precisicn
possible inside the bhangar st FPierre Mumicipal airport. With the exceptiom of
Flight #1206, &1l of the balloons were sealed after weigh-off with the intention
that the free lift gas be contained.

Superhest in an cpion-shaped talloon might be expected to exceed that
- of a sphericzl balloon or any other balloon in which there is nco szuch evcess
of maierial.

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

The Tirst flight of a Saran onion-shaped balloon csrrying pres=ure
telemetering equipment was characteristic of the majority of those ts Zellow.
Iaunched in the early evening of the first day at Plerre, after the radio
‘ equipmert and antennas hed been installed, the bslloon rose to sn altitude
i which indicated that =t that point 1t hed & volume of 1490 cubic feet, and *then
’ descended gradnally to the ground. The entire flight lasted only slightliy
i more thep three hours.

v
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Duripng its ascent, the ballocn commenced w0 pressurize at thst
point wbere its volume was spproximately 1,080 cudbic feet. This was st 21,000
feet MSL.. The pressure ielemetering instrumsat indfcated that there it dev=loped
an internal pressure of approximately 0.25 inches of water, and that thia
pressure was maintgined until 10 miznates after the telloon hed resched its
maximg altitude of 30,000 feet, at which time Lt had eresdy begum 1ts descemt.
Apparently this low intermal pressure was cufficient to expel the free-iift gas
from the balloon through some already existing bole. Since the Daijoon wes
constructed of Saren AS1l7, which is not the formulstiorn which is noted for its
ccld brittleness tempersture, it is possible that flexing at the low temperature
region of the stmcephere caveed the belloon to develop a leak. Fowerver, the
temperstures which it experienced were mever below -35°C., and if the balloon
had ruptured, the tear characteristics of Sarsn are such that it 1s more likely
that the belloon would huve split wide upen and descended rapidly. Since tkis
was not ihe case, the telloon baving descended at spproximstely 250 fest per
minute, it is more liXkely that the free-1ift gus was forced cut +hrough 8 hole
which was already in the balloom =t time of launching.

2. Flight 1130 (Dreving A-21329-B}

Temperature telemetering on this flight of & 10-foot spherical
tallocn consisting of 1.1 ounce nylon fabric enclosing s 1.5 mil polyethylene
bladder, indicated a super-heat of approximately 13°C. during a floating period
of approximately 10 minutes at 32,000 feet. The dats 4o rot indicate that the
temperature of the nylon and of the belium within the balloom, which appesred 1o
be nearing equaiity during the floeting pericd, ever resched the equilibrium
condition before the balloon began to descend. I% mast be allowed, therefor:,
that the super-heat for s floeting balloon under these conditions might be
greater than that indicated on this flight. Although the load wae suspended
from fittings attached at the equstor of the balloom and the orly welight hanging
st the appendix wvas thmt of the appendix riog, the bWalloon never sttalnped its
theoretical volume. Since s similar balloon on FPlight #1177 notliceably exceeded
its theoretical volume when under Iintermal pressure, it might be assumed here
that the balloon mever did pressurize significantly, but was sble to exhsust its
free 1ift through a leak so0 easily that the spherlicgl shape was never atisined.

3. Flight #1172 (Drawing 4-21320-R)

Temperature telemetering on this flight of an onion-shaped talloon
of Sairan §853.3 indicates a tempersture gradient in the gas witkin the balloon
extending frow the wsiper temperaiures near the top of the balloon to the lower
temperatures near its base. Before reachins its theoretical ceiling, but after
commencing to pressurize (ss indicated in the dats fram Fiight #1129}, the
belloon apparently split open suddenly before the temperature of the gas had
reached its equilibrium condition. A meximuan super-heat indicated here was
8°¢C. It should be noted that the type of descent experienced on Flight 1172
vith a balloon comsiructed of Sarun Q553 material is potably different from
that of Plight #1129 with A517 Saran. The interpretation here would be that
the balloon contained its pressure weil as it continued to rise beyond the
point reached by Flight #1129, snd up to the point of rupture, rather than
axhausting ite free 1lif¢ gradunaily through s kele which almeady existed.

-
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bk, wight #1173

This flight of & poly=thylene-on-Mylsr cnion-shaped balloon carry-
ing & pressure telemetering egquipument feiled to provide any useable data. Th2
Erailsford motor stopped runring sfter approximeiely 25 minutes of operatiou,
spparently due to the depletion of the battery power. A EAX & barograph rsrried
on the flight also was of little wvalue since the trace on a smcked dlisc was
deatroyed by smudging during bandling before the barcgraph wae returned o the
laboratories.

5. Flight #1174 (Draving &-21331-8)

Temperzture telemetering on this Fixght of a polyethylene-on-Mylar
onion-shaped balloocn which flosted for approxdmately 10 minutes at ita theoreti-
cal ceiling indicates s superheat of approxima:ely 22 degrees. Tn thie cases, the
recorded data indicate that the gas within the balioon bad reached its eguilibrium
temperature with respect to its surroundiigs, snd that the superheat reccrded
vould be the maximm to be expected under these conditions. The 22°C. figure is
spproximately one-helf of the wvalue for superheat whick heas been used irn the
design of these balloons. Since this was an onior-shaped btellcon and since it
dfd reach its thecretical ceiling, 1t must be agszumed that th» btallocon was under
internal pressure during itc flceting veriod; for, otherwise, its theoretical
volume could not have been attained, especigliy with the lced being suspended
from its lower fitting. This would indicate that the polyethylene-on-Mylar
materizl has promise in an cnion-shaped ballcon and that the trouble lies in the
problem of making a balloon which is gvsolutely hole-free, salthough in this
case 1t wvas not quite so0 pronounced as in Flight #1172 with a Saran bdalloon.

T+ o wmeoesdhIa o soures thet +he +emraretnrra Mc@ﬁnm r'Tm'-‘Fncr the
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floeting end for z zhort time thereafter are in error for the gas within tbe
belloon, =8 well ag they were appaerently in error for the free air, although
the record of the gas temperatnre as shown is reasonable, while that of the free

#ir would dbe bard to explain.

6. Flight #1175

Tonis flight of an onicon-zhaped balloon constructed of Searap ASLT
mierial and cerrying s pressure telemetering unit aiso failed to nrovide sow
data, due to the fact that the transmitter quit within 5 mimtes after takeof?.
Examination of the batteries in the remaining pressure telemetering unfts
revealed scme were pot up to strength and these were replaced.

7. Fiight #1176 (Drawing A-21330-B)

Temperature telemetering equipment flown on this spherical belloom,
constructed of 2.5 cunce mylon fabric enclosing a 1.5 mil polyethylepe bladder,
indicsted a temperature difference of approximately 13°C. between the ballcsn
skin and free air at the maxfwm altitude reacked. The time gltitude curve
irndicates that the ballocn burst &t this point which was somewhat short of ita
theoretical ceilirng. Sirnce the balloon was not recovered, it is impossible at
this time to determine whether or not the polyettylene bladlder slone vas
responsibis for the failure, g8 it wvas in snother flight of this balloon type.
The bladder in this telicen wvas of a diameter Z feet larger than the encliosing
nylon envelope.
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It is interesting t0 note tbat the texpersture date obtalped from
the thermistors on the balloor sgrees well with the flight performance, which
showed the balloon %o be temporarily halteld in its ascent hy an inwersics pear
the ground.

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

The 1.1 ounce mylon spheTe flown on this flight enclosed & bisdder
consisting of & 72 gram Kaysas ballcon, mamifactured by the Molde” Letex
Products Co. of Patterscn, W. J. The pressure telemetering instrument riownm on
this ba*loon incicates that, st the level where the wolume of the belloon wss
% cu. ft., internsl pressure commenced to develop «nd continued to tuild ugp
til g super-pressure of 11 inches of water was reached, At this poimt, the
balloon burst., Under this pressure, the nylon envelope streiched considersbly,
since the meximm slititude resached Indicates 8 volume of mearly 100 cu, ££. maore

than the unstretched wolume of the twllcon.

Upon examication of the balloop after I1ts return to the laborsicries,
it vas revealed that the nylon envelope had bteen torm completely avay from the
collection ring at the point where it wse attached, amd the several teers had
propegated up the sesms nearly to the equator. The entire smount of damage to
the belloon was limited to the lower hemisphere, as would be expected, since
nearly the weight of the appendix ring would distort the shape in that part of
the belloon making it less than s perfect sphere. The load had been suspends3
from loops attached &t the equator of the talloon.

Cf major interest in the evalustion of ithe type of secam used in
Joining the gores in the nylon envelope 1s the fact that none of the seams
exhibited any signs of having been straincd by the internal pressure, except
where they had been torn &8 the burst section propegatec. A& different type of
fitting at the appendix mightl make this type of balloon successful. I should
be noted that the fact that the belloon contairing the rubber bladder is the
only ope which withstood any significant internel pressure wouid seem to cornfirm
the conclusion reached earlier that ore of the mafor problcams 1s thet of
producing an absolutely hole-free balloon.

9. Tlight #1178 (Drawing A-21326-D}

The tempersiure telemetering equipmernt flown on this 2.5 cance
oyion spherical balloon containing a2 1.5 mil polyethylere bladder malfunctioned
80 that no deta on superheat were cttained. However, the altitude informetion
wvas received and indicated & period of flomting of Z1 minntes at theoreticsl
ceiling. The slow descent indficated that the faijure of this flight was dus to
& leak in the belloon, and upon recovery it was discovered to consist of & fault
in the seal &t the crown of the belloon, which left a slit approximstely 1.25
inehas long at that point. It is impossible to say wkat type of flight this
might have been had the polyethylens btladder beer without this imperfection.
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10. Flight $11,J (Drawing A-21325-E}

The daiae ovizined from the pressure ielemetering instrument ficwn
or this onlon-shaped belloon comstructed of 1.9 mil pelyethyiene on 1 mil MylarT
appears gquestiomab®le. Since ithe balicon not oply wenl T its celiling but
actually exceeded it, it must be assumed that it was pressurized comsideratliy;
for it is impossible to attain the true shape of an onion-shaped belloon,and
thereby to attain its full volime, without pressurizing the balloon. Here,
again as in Flight #117Th where a balloon ¢f the same consiruction was flown
and where again the balloon aroae slightly sbove its theoretical «e2iling, n~
burst coonrred. Flight £1179 further substantistes the conclusion that ths
soizethylene-on-Mylar material in an onion-shaped balloca warrants further <tudy.

11. Flight #1180 (Drawing A-21%23-3)

A D . i B e

The teiemetering data coilained from this Miight of am onlco-shaped
Sgran balloon wvould seewm to indicate that the balloor contained a bhole at the
time of lgunching since it did not reach its theoretical celling, and since ihe
slow descent would not occur had the talloonm burst due to itz internal prezsure.
Bere, a rressure telemetering record shows small fZuctuations of the inter—al
pressure throughout the light, which can only bve attributed to vibtration of
the pen arm which must have been resting on the border between two ccde secticns.

12. Flight §1206 (Drawing A-21324-B}

Temperature telemetering equipmert flown on this onicn-shaped
balloon of polyethylene-on-Mylar material again indicated a temperature gradient
in the gn.s witkin the talloon extending fram lower temperatures in the *ase of

A%n Ve TV mm 15 weImer tom=poraturcs neer the fop. Tho qv-rm-—ﬁmnﬁb indficetad Tor

dats from this flight smounted to a tempersture d.fferenoe of approximstely
12°C. However, it should be noted that the free air temperature used for this
coamparison was that cf the Westher Bureau obgervation &t the time of the fligrt.

The free alr thermistor had bteen damaged during the launching.

The superheat of 12° wes merely ithe maximm superheat sttainei
and was at the point of burstimg. IU would be usefl ip determining the
interngl pressure which was developed, but 1% wes not an indicaticn ~»f the
superbeat to be expected of thie type of balloon, since the belloon hed not
begun to floet and hence the temperature of the bas within the ballioon was mot
that of the equili™rium corvdition.

Hote: In the reporting of the analysis of each flight on which temperature
telemetering equipment was flowm, the super-pressure which was indicgted
by the superheat that was messured should be roted.

“ y?\irf'—gr‘\r-—-‘
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IV. EXPERIMFNTS PLANNED

A, Laboratozz

Since none of the balloon types which were origirally selected for
study under this project has proved successful in the form developed so far,
new designs are being pursued as reported telow. This does not mean, however,
that the types already under study are being discarded, but rather that their
performsnce so far has indicated that certair prohlems such as gas tightpes=s
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 polyethylens-on-
Mylar will be subjected to further laboratory tests uszing moédified end Tittings
and variations in the diameter to length ratio, in an attempt to produce a
balloon vhich will stand the intermnal pressures which onion-shaped ballioon
theory says are possibdble.

2. Electronic sealer for Saran film

Tests of an electronic sealer will be made to determine that it
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. Spheiicel Saran balloons

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

4, Cylindrical balloons

Experiments are planned which will test several different forms
of a cylindrical balloon roughly 8 ft. in diameter and U4 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 distin:ct advantages. The design being
atudied is that of a cylinder each of whose ends are sealed by one transverse
seam, except for one corner at which an extension cf the material is formed
into & small tubular appendix. The design shape for a shroud for this bailoon,
in which two append’ces are included for instrumentation purposes, is shown
in Drawing A-16819-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 - 1is 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 1s 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
Pplus the locad, tends to increase the radius of curvature and conseguently
to Iincrease the tensile stress in the film in thet section of the baiicor
In a balloon of & shape shown ir Drawing A-16813-A, with the peylosd sus-
perded from ooe cornmer, we are deaiing with that sectiom of the ballcor whose
ridius of curvature is already muck smaller than the major dimensiom, and
which 1s not adversely affected by che suspension of the lomd.

The weight of such s balloon constructed of the heaviest matevial,
Saran, would be approximately 19 lbs. and would be capable of carrying a
10-1b. payload at 42,000 ft. Four-mil polyethylene snd thinner weigkts of

Polyethylene with nylon covers, or Witk sirengthening tapes, will be tesledc.

5. The scalloped belloon

Another suggested design 1s that of a polyethylene sphere reimnforced
by tepes running meridionally from pole to pole in such a way that the
meridional stresszs ure teken up by the tapes, and the circumferential stresses
by the polyethylene which, under pressure billows cut between the tapes with
radil of curveture which are small emcugh to prevent the stresses from exeed-
ing the limits of sirength of the polyethylere.

6. Super-pressure
Neing the labnratary tachnione develomed esarlioer in the praject

and recorded and described in Report #1289, p. 10, superhest comparisons will
be made to imvestigate i relailve superheat to be expected from the
meterials actually used in the balloons develioped so far under this project.
Using a 1.5 mil polyethylene balloom a3 a control, specimens construcied of
1.5 mil polyethvliene on 1 mil Myler ard of 2 mil Sarap will be used ir this
experiment.

B. Flight

Additionsl flight experiments will be made after laboratory iests of
any balloon type have gained as mich informmtion a€ cen be gaimed on the
ground and have indicated that the balloon type is feasible. Telemetering of
altitude and elther temperatures or super-pressures will be made as in past
flights urnder this project.

V. FIMAHCES

The total of funds committed as of 31 July 1954 wes $33,377. CF %his
smount, $22,57% was labor and burien. Funds remaining smount to $23,058.
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Photograph
Fo.

8127

131

8133

8134

8138

8139
8140

8151

Barly stage of inflation of polyethylene-in-nylon ballo .

Maximm infistion of polyethylene-in-nylon bellocn before
ruptured polyethylene near appendix.

Fally-inflated Saran onion showing urequal distributiorn of
meridional stresses.

Attempt to distribute the slack material uniformly arocund
the corown of & polyethylene-Mylar beliioon.

Fully-inflated polyethylene-¥ylar onion. Some material is
slack, while other portioms (note straight lines from

Tittings) carry stress.

Top viewv of polyethylens-Mylar oniorn balloon fully inflated.
Polyethylene-Mylar onion pressurized tc one inch of water.
NHote stress lines crossing seam at an angle in center of
picture.

Polyethylene-Mylar onicn with cpe inch water pressure.
Polyethylepe-Mylar cnion being inflated with reefing sleeve.
Saran onlon Just bafore pressurizstion.

Fartially inflated Saran onion showirg the gathering of
excess material into a fold.

Saran czicon partially inflated.
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Draving
Ho.

A-16819-A
A-26862-A
A-16863-A
A-21322-B
A-21323-B
A-2132k-B
A-21325-B
A-21326-B
A-21327-B
A-21328-B
A-21329-B
A-21330-B
A-21331-8

DRANINGS

Hylon shroud for fully stressed cylinder balloon.
Breaking stress of Saran ¢853.7 at low temperstures.
Breaking stress of Saran @853.3 at low temperatures.
Time-Altitude and super-pressure curve for Flight #1129.
Time-Altitude and super-pressure curve for Flight #1180.
Time-Altitude and tesperature data for Flight F#1206.
Time-Altitude snd super-pressure curve for Flight #1179.
Time-Altitude curve for Flight #1178.

Time-Altitude and super-pressure curve for Flight #1177.
Time-Altitude and tempersture data for Flight #1172.
Time-Altitude and temperature data for Flight #1130.
Time-Altitude and tempersture data for Flight #1176

Time-Altitude and temperature data for Flight #117h.
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‘Amed Services Technical lnformation Ageney

Because of our limited supply, you are requésted 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.

‘| NOTICE: WBEN GOVERNMENT OR OCTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA
" | ARE USED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED
t{ 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
SAID DRAWINGS, SPECIFICATIONS, OR CTHER DATA IS NOT TO BE REGARDED BY
IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER
PERSON OR CCRPORATION, OR CONVEYING ANY RIGHTS OR.PERMISSION TO MANUFACTURE,
USE OR. SELL ANY PATENTZED INVENTION THEAT MAY IN ANY WAY BE RELATED THERETO.
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