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SECTION I
ORGANIZATION

Personnel, space and equipment for the Balloon Project remain essentially
the same as reported in the first Progress Report. A few changes have occurred
in personnel; Mr. William Huch, experienced balloon designer has been added to
the senior staff as a consultant and the nominal Scientific Director now divides
his time between the Balloon Project and Los Alamos. In effect much of the
responsibility for the direction of the work falls upon Dr. Edward P. Ney and
Dr. John R. Winckler.

The current personnel falls into the following categories:

Experienced Research men (PheD)eeececssscsssesd
Assistant ScientistS..cecc:veccccrcercnnaces?
Junior ScientistS..cccecccscrccscccaccscnsns?
Research FellowB..ccececccscosscscccscsccseel
Research AssistantBS.cccceccccecscesoscsssccel
Electronics MechaniCB.eeeeeseseccascssasessslt
Engineering AssistantS...ccccesescesscessssslly
Statistical ClerkSecesececocessscecocscsssael
Photographers..csscecscccsescsscsscsscesscasesl

Non-scientific, miscellaneous,
etc.’ equj.valent..OOOOOIOIOOOOOO00.0.6
Totalooooow

The names and experience of the senior men are:

Charles L. Critchfield, Professor of Physics
Scientific Director of Project, Ph.Dy 1939 (half-time)

Edward P. Ney, Associate Professor of Physics
Alternate Seientific Director, Ph.D., 1947

John R. Winckler, Associate Professor of Physics
Ph.D., 19L46

Homer T. Mantis, Assistunt Professor, Mechanical Engineering
Ph.D., (Meteorology), 1549
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Gilkert Perlow. Research Associate, Ph.D. 1940

Raymond Maas, Consultant in Elsctronics and Instrumentation
B.E.E., 1948

William O, Huch, Consultant in Design and Operations
BS, (Aeronautical Engineering), 19L2

A complete list of laboratory and office personnel, in addition to the

five senior men listed above is as follows:

Leland Bohl, Research Fellow (half-time)
John Linsley, Research Fellow (half-time)
Kinsey Anderson, Research Assistant (half-time)
Robert L. Howard, Assistant Scientist

(Section Leader, Electronics Section)
Logan D, Gilman, Assistant Scientist

(Section Leader, Instrumentation Section)
Eugene Byrne, Junior Scientist
Willard Lewis, Junior Scientist
John Gergen, Junior Scientist
James Stoddart, Flectronics Mechanic
Wilmer Kurth, Electronics Mechanic
Robert Anderson, Electronics Mechanic
Phillip Erickson, Electronics Mechanic (half-time)
Sam Brinda, Engineering Aszeistan®
Charles K. France, Engineering Assistant
Donald F. Kruse, Engineering Assistant
Joseph LeClair, Engineering Assistant
Bernard Welinski, Engineering Assistant
Paul W. Chase, Engineering Assistant (half-time)
Robert E, Danielson, Engineering Assistant (half-time)
Evan E. Day, Engineering Aesistant (half-time)
Theodean Erickson, Engineering Assistant
Idar Anderson, Engineering Assistant
Lester Beckland, Engineering Assistant
Roswell Wahl, Engineering Assistant
Richard Hendricks, Engineering Assistant
Arthur Walseth, Engineering Assistant
Charles Wilson, Utility Man
Robert Newton, Utility Man
Irwin M. Fine, Photographer
Joan Markham, Senior Clerk
Shirley #hitmore, Senior Statistical Clerk
Ferdinand Ohnsorg, Research Fellow
Marlene Besaw, Secretary
Berton Atkinson, Draftsman
Ewald Eckland, Assistant Foreman
Rudolph Thorness, Machine Shop Foreman
Donald Hanson, General Mechanic
Charles Edwards, General Mechanic
Cecil Smith, General Mechanic
Roy Lahti, General Mechanie
Victor Hoberg, Sr. General Mechanic
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Winter operations have been made practical by flying from Pierre, South
Dakota . A mobile communications unit has been installed in 2 Navy trailer
van and used at Pierre. Prevailing westerlies prevent complete tracking of
sustained flight when launched at Minnesota.

The program on liquefaction of hydrogen and helium has been dropped as
unnecessary duplication in the face of the rapid progress being made elsewhere.
In addition, the present trend in balloon design is to minimize ballast require-
ments.

Data of value to the project were gathered on cosmic ray flights in Texas,
financed by a separate contract with ONR.

In general, the project is enjoying full cooperation on the part of the
University and Department Administration, the representatives of ONR and CAA,
the manufacturers of balloons and the hundreds of people who have found gear

and balloons apd have helped in their recovery.
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SECTION II
LAUNCHING SUMMARY

e

This section of the report will summarize our experiences with 55 launchings
which constitutes the mumber of flights made on the project to date. The launch-
ing method is described in detail in the first Progress Report, Volume I, pages 2-1
to 2-29., The method is still carried out as described in that report with a few
minor modifications which are necessitated by changes in the balloon design and
a few minor changes which were found to be advisable in the launching method it-
self, The spun aluminum girdle shown in Figure 2, Page 2-13, is customarily
covered with nylon cloth in the form of a stocking instead of taping transversely
with nylon tape. The nylon cloth has been found to give the proper frictional
coefficient so that the girdle stays on the balloon and slips smoothly down as
the balloon fills out during ascent. It was found advisable to protect the bal-
loon underneath the position corset found in Figure 5, Page 2-16 of Volume I, by
a layer of sponge rubber wrapped in polyethylene. This provides a cushion between
the stiff parts of tho corset and the canopy of the balloon which is secured down
over the inflation thimble by this corset. The sponge rubber cushion is attached
to the corset on cne end and falls off just before take-off when the corset is
removed, The invention of the duct appendix which is customarily installed dir-
ectly in the top of the balloon necessitated a different rigging arrangement for
packing. The suspension clamp shown in Figure 3, Page 2-1l, Volume I, is replaced
by a simple clamp which merely provides a feed through for the top rope. No
effort is made to hang the balloon by this feed through. The balloon is hung by
a harness connected to the point where the duct appendix is inserted. A discussion
of the method of inserting the duct appendix in the balloon will be found in another
section of this report where the duct appendix is describzd in detail. The changes
in the suspension ring can also be understood by references to Pages 2-21 and 2-22 )

in Volume I which show how the suspension ring was formerly used. The duct gppen-
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the edge of the duct;it is not a satisfactory point from which to hang the entire
talloon. Therefore,the use of the harness connected to the periphery of the point
at which the duct is inserted was used,

An experience with one flight which failed,because the top rope which used
to bte left long and was pulled through as the tov ascended,became snarled around
the suspension ring, made it seem advisatle to cut this rope short after the
balloon was erected. This is done by using a knot called a slippery sheet bend
which can be released from the ground by a side rope and which removes the main
tie rope from the balloon. Then only about 3 or L feet of rope has to pass
through the fitting as the top of the balloon erects and this avoids possibility
of smarling or catching in the folds of the fabric. These improvements just
described were made as a result of difficulties of one kind or another in the
launchings. A survey of the flights made to date shows that in the first ten
flights, there was a total of four cases of which failures of one kind or
another due strictly to launching technique resulted. In flights #10 to #20
there were three cases of failure. In flights #21 to #30 there were five, and
in flights #31 to #4O there were none. In flights #L4l to #50 there were none
and in flights #51 up to the present there was but one case of failure, which

was not a failure of apparatus but represented an error in judgement and is

All of these cases do not result in complete failure of the flight for
scientific purposes of the project but are listed because scmething went wrong
with some feature of the launching method. As pointed out many times, this
launching method is very suitable for the purposes of this project because it
enables one to weigh the balloon off as one does a vertical inflation generally

used only with smaller balloons. It was found that with a corbination of this
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launching technique with ihe use of a large windscreen available near Minneapoiis, =
launchings were very Selaom neiu up ovecause ol wiikae 5Lven walh the windeereen,
however, launchings must be limited to winds of less than 35 miles per hour bui
this wind speed does not occur very often. The weigh-off data has been analyzed
and it appears that the scatter of this data indicates an accuracy in weigh-off
of about # 2% of the gross load involved. (See Section VI Page 178 and Figure 3)
This scatter is obtained from an analysis of a large number of flights in terms
of the initial ascent rate as a furction of the measured weigh-—off. If one tries
to make an estimate from looking at the weigh off measurements and élso by com=
paring the weigh off at two points during the launchings, namely when the inflated
balloon was secured at both ends to the ground and weighed off and then when the
balloon was erected and weighed off just at the bottom, and considering fluctua-
tions in readings due to wind burbles around the windscreen, etc., one¢ concludes
that the measured values are within th% of the free 1ift. The free lift varies,
of course, from one flight to another tut free lift is something like 10% of gross
load so that the order of accuracy is from 1% to 2% of the gross load from this
consideration,

The expenses involved in the packing operation have been itemized and a
cost estimate made. The cost of balloon hardware, including a special bag to
wrap the balloon in once it is packed, corset, harness, inflation thimble, spec~
ially prepared automobile inner tube, the aluminum girdle, etc., total about $330.
This includes about 26 man hours of time in the packing which is probably on the
high side. There are some special items involved in this launching method such
as an antenna dropper to unwind the radio antenna once the balloon is in the air
and the cost of packed parachutes, etc., which probably brings the total cost up
to sbout $400. It is felt that this is a small expense compared to the loss of

flight due to inaccurate weigh-offs or the cost of keeping project personnel
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Experiences in the field wiin Lhis launchning meuh

4]

A joint operation with General Mills, Inc. was conducted at Pyote, Texas, in
July of 1952 in which three flights were launched in 10 days. Most of the 10
days were occuried in recovering gear and getting ready for the next flight.
The winter, 1952-53, launching site has been moved from Minneapolis to Pierre,
South Dakota, so that the trajectories would give us an extra day of flight
time and in some cases prevent the loads from being lost in the Great Lakes.
This operation has been carried forward very satisfactorily using simply

the facilities available at the Pierre Muncipal Airport. One of the square
hangars was used as a windscreen. Five series of three launchings each have
been made a2nd =2ch series conducted in considerably less than a week. So far
there were no hold-ups because of weather. A series of flights which are not
reported in this report were made in Pyote, Texas, in January of 1953, 1in
conjunction with the SKYHOOK project of Winzen Research in which the Minnesota

technique was used throughout for 15 launchings which were extremely successful.
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SECTION III-A
CONSIDERATIONS ON BALLOON SHAFE

Since balloons can be manufactured in any desired shape of closed
surface;it appears reasonable that there is a most desirable shape. It
is one of the objectives of the High Altitude Balloon Project to solve
this problem. The main difficulty is that the problem has never been
adequately formulated; hence the project is currently engaged in ident-
ifying the significant features that can be improved by changing the
design of the cell. Theoretical work on the nature of stresses un
static axially symmetric cells has been completed and electronic com-
puter runs on a large variety of given conditions have been made. But
it remains to deduce from field and hangar tests the relative importance
of the features that can be effected by balloon design. (In the following,
the distinction between design on the table and shape in the air must be
kept in mind.)

The principal quantities to be considered are the stresses. the
consequent strain or plastin flow, and the relationship between sur-
face area and volume contained. The consideratiors are on the general
shape not including appendices, valves, attachments, etc. Stresses on
the surface arise from sypporting the payload and the lower portions of
the belloon and from gas pressure. Those stresses that have a direction
which is tangent to the surface and that lies in a vertical plane are
called meridional stresses,Xm. If the balloon weight and differential
gas pressure can be ignoredlfﬂrﬂMi payload at a point near the bot-
tom where the radius of a horizontal section of an axially symmetric
balloon is _IL and 9 is the angle between the vertical and the tangent plane.

Henee,as one nears the bottom apex the stresses become very high and will
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exceed the strength of the film if its thickness does not increase also.
Hitherto, this difficulty has been surmounted by applying meridional 'load
bearing' tapes over the heat seals, thus relieving the plastic film near
the apex.

Tests at Weeksville showed that the meridional stress is rapidly
transferred from the tapes alone into the film. This is indicated also
in up-pictures in flight in which tapes often appeared to be wrinkled.
The safest assumption is therefore that the meridional stress is dis-
tributed uniformly over the surface everywhere above a few tens of feet
from the apex of a large balloon.

Curvature in a stressed surface produces an'inward' force per unit
erea. By 'inward' is meant: towards the concave side. In the balloon
this force is opposed by the difference in pressure of gas inside and

outside the balloon. If the 'inward' pressure created by the meridional

stress is nullified everywhere by the gas pressure, the balloon is said

to have a "natural shape". For a given ratio of balloon weight to gross
weight there is a doubly infinite family of natural shapes for one-cell
balloons, corresponding to the choice of the cone angles at top and bottom,
for example. Al such shapes have axial symmetry.

Since the pressure difference in a natural shape is balanced entirely
by the meridimal stresa, and since the balloon is concave inward in every
horizontal section, the circumferential tension is gero everywhere for those
shapes. It was to achieve no circumferential tension in the design that
General Mills, Inc, set out originally to find such a shape. The theory
was that it is better to have the faltric stressed uniaxially than to have
it stressed biaxially. Their success in flying very heavy loads may depend

partly on the more efficient stressing in the natural shape.
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Zero circumferential tension everywhere means that there is no ten- =
dency to stretch the fabric into a form of larger 'radius! /U at any
point. 1f excess girth of fabric is provided at any point along the
length of the balloon the fabric will overlap at that point. Hence,
during aécension most of any balloon tends to the natural shape for the
existing distribution of weight of fabric and for the particular payload
carried. Moreover, the curvature of the balloon surface is higher when
the outside pressure is higher and therefore the stresses are greatest
in the early stages of ascension. Consequently, there is little direct
relationship between the design of the fully inflated cell and the min-
imization of stresses except at the very top and bottom and at points of
discontinuity of curvature.

At the very top of a natural shape2f’w Lm = gross load, so that
In again diverges as /1— 0 at the top and the fabric must be reinforced.
In a flat-top natural shape / increases with the cube root of the distance
from the top. Balloons designed with a spherical top have a 'radius' /%
that increases with the square root of the distance from the top and the
circumferential tension becomes equal to the meridional tension at the
top. Thus, the presence of meridional tapes restricts rlastic deformation
in the direction in which they lie and permiisenlargement of the circum-
ference. The result is that spherical balloons tend to develop a flat

md All e P Y Py & - MLua) < Tadad -1 - -~
il this was evident on the fully inflated cslls at Wesksvills.,

top a
Since nothing can be gained by permitting a cell to stretch into a
natural shape near the top the conclusion is that it is better to design
the cells with more fabric in the crown so as to conform to a cubical
parabola rather than an ordinary one.
The principal difficulty with applying the theory of the natural e

shape is that the design depends upon the ratio of balloon weight to
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gross load. This ratio may be expected to vary with different uses of the
balloon and even varies during flight, if ballast is dropped. One has then
eliiler U0 MAKE COmpromises or piuduCe a Laiioun bilat aublomatically assumse

a natural shape. As mentioned above, the circumferential stress goes to
zero wherever there is excess fabric. To utilize this in design Winckler
suggested making a balloon out «f a cylinder of fabric of radius about

that (or a little greater than that) of the desired radius of the fully
inflated cell and of length equal to the total "gore length®". The cell

is completed by gathering the fabric together into folds and clamping

with suitable rings at top and bottom. If this is done with reasonable
care the cell will have excess fabric everywhere except possibly just at

the equator and the s trength per foot will increase inversely proportionately
Uo{@as it should. The remaining care to be taken in design is that of the
valving mechanism. This design was originally conceived to eliminate the
tapes which seem to contribute inordinately to solar super heat but it
automatically solves the shape problem for any load ratio and at all stages
of flight.

There is one danger in having excess fabric on the surface and that is
that the volume of the balloon then depends upon the pressure differential,
Hence, at ceiling, the valving superpressure might enlarge the cell and
cause it to overvalve by overshooting its ceiling for the natural shape at
This effect hae not an
sphere balloons are valved to operate at a sub-pressure, however, and it
seems that the warming of gas after the valving pressure is relieved is
more than adequate to compensate it. Obviously these points are subject to

more detailed experimentation and analysis.
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SECTION III-B

CALCULATION OF CYLINDER EALLOON SHAPES

The so-calied #cylinder balloon™ is made from a cylirnder of vallioon fabric
gathered together at each end. The cylinder is then inflated, and the shape of
the balloon depends only on the gore length (which is constant) and the degree
of inflation, so long as the radius of the balloon does not approach the radius
of the original cylindsr,

As the balloon is inflated, there will be a volume at the top of the ballson
where the pressure of the gas at each point exceeds the pressure of the outside
air at the same vertical height above the bottom apex of the balloon. In the
remainder of the balloon volume, the gas pressure will be less than the corres-
ponding air pressure. The former region can be said to have "super-pressure” and
the latter, "sub-pressure®™. The height above the bottom of the balloon of the
horizontal plane that separates the sub- and super-pressure regions is called the
"sub-pressure height®, and it is this length that characterizes the degree of
inflation of the balloor:, As the inflation continues, the sub-pressure height
goes to zero. If an appendix is put on the balloon, the super-pressure region
can extend down into the appendix, and the appendix will be collapsed below
the super-pressure region. The distance from the bottom apex of the balloon
(where the load is attichod) to where the appendix is collapsed is the "super-
pressure height®. The balloon could, of course, be super-pressured without

neé appendix by means of an appropriate gas fitting.

For a given gore length, the shape ard volume of the cylinder balloon will
be uniquely determined as a function only of the sub- or supsr-pressure height
(pressure difference head at bottom apex). This section of the repart presents
the results of a calculation of cylinder balloon shapes and volumes. The shapes

are described by giving the height of the balloon from top apex to bottom apexy
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the radius of the balloon at its biggest part, and the tctal opening cone

angle at the bottom of the balloons

Sub-pressure balloon

GORE LENGTH = S )\
HEIGHT
s 12 ___1_ PRESSURE DIFFERENCE ZERO
SUB-PRESSURE SUB-PRESSURE HEIGHT = PRESSURE
ARC LENGTH DIFF. HEAD AT BOTTOM APEX
T, SRS A 1_

Super-pressure balloon

GORE LENGTH = S )\

7 .

SUPER —PRESSURE HEIGHT = PRESSURE
J OIFFERENCE HEAD AT BOTTOM APEX
L

——-PRESSURE DIFFERENCE ZERO
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The volume is computed for each shape, and, for the sub-pressure balloons,
the distance along the gore between the bottom apex and the pressure difference
gero is computed as "sub-pressure arc length™. It is this length that determines,
for instance, how far from the bottom apex one would want to terminate a duct
appendix to get a certain degree of "sub-pressure®™ with its attendant volume
defect and cone angle. The shape and volume are given in terms of a balloon
whose gore length is one unit. The height, maximum radius, volume, and pres-
sure head at bottom apex are to be scaled up to the appropriate gore length.

The purpose of the following examples is to illustrate the use of the
curves:

(1) A duct balloon has its duct cut off 25% of the way up from the

bottom apex. The gore length of the balloon is 75 feet.

For a unit-gore-length balloon, the sub-pressure arc length would
be 0.250. From the curves, the pressure head at bottom apex would
be -0.205 (Fig.2). This corresponds to a cone angle of 68°(Fig.2),
a radius of 0.300 (Fig.3), a height of 0.708 (Fig.3), and a volume
of 0.103 (Fig.l). Thus the 75-foot gore length balloon would have
height a 53 feet
radius = 22.5 feet
volume = 43,000 cubic feet
(2) A cylinder balloon of gore length 90 feet is to have a 90° cone

angle at the bottom.

A 90° cone angle corresponds to a pressure head of -0.080 at the
bottom apex (Fig.2), which in turn implies a sub-pressure arc length
of 0,100 (Fig.2) for a unit gore length balloon. The duct should thus

be cut 10% up from the bottom, or 9 feet from bottom apex.
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(3) A balloon with an appendix of negligible length at the bottom apex

is to have a volume of 50,000 cubic feet.

A balloon of unit gore length and zero pressure head at bottom

apex would have a volume of 0,143 (Fig.l). For gore length S,

the volume would be
0.143 3

Hence,the gore length of the balloon should beS, = L1.5 feet.
(L) A balloon has a gore length of 75 feet and an appendix that

extends 45 feet below the bottom apex of the balloon.

On valving, the pressure difference head at bottom apex on a
similar balloon of unit gore length would be +0.600. From the
curves the volume would be 0.147 (Fig.l), the height 0.555 (Fig.3),
radius 0.360 (Fig.3), and total cone angle at apex of 141°(Fig.2).
The 75 foot gore lungth balloon would have

height = L1.6 feet

radius « 27.0 feet

volume = 62,000 cubic feet
In comparison with the balloon of example (1), this balloon is
bigger in volume and more oblate in shape.

The curves given below were calculated under the assumptions that there

is cylindrical symmetry about the vertical axis and that the fabric weight is
small compared to the weight of the load.

The fabric tension in a cylinder balloon is entirely meridional and is
constant everywhere on the balloon. If R is the radius of the cylinder from
which the balloon was made, then the tension per unit length in the balloon
fabric is:

L e
T=zwR =2
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where L is the load attached to the bottom apex and ® is the total opening cone

angle at that apex. A curve showing sec % is given.
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Derivation of Equations

With each shape of balloon there is associated a potential energy. The
shape that actually obtains in a cylinder balloon is the shape that minimizes
the potential energy under given boundary conditions. This is clearly a problem
in the calculus of variations. Thus we seek the curve, whose parametric repre-

sentation is 1L =z R(5) and T = T(9), that is an extremal to the variation problem:

S
) %z n®e ds=0
°
where the integral is proportional to the balloon's potential energy,nand 2

are as shown below, and the dot indicates differentiation with respect to tiie

arc lengthS.

J&

S=SAI L 2,

------ (Emmmmm oo ————g =0
For conveniente,3 =0 corresponds to the plane where the pressure difference
across the fabric is zero. Thus the pressure difference at any point is P z
where IB is the diflference in density between the outside air and the lifting
gas, The pressure difference at the bottom apex is Pi‘o- .

As stated, the variation problem implies that the arc length (gore length)

is constent. The variation is subject to the condition that '+ 2 "=/, and
that L (0)=n(sA)=0 and 2 (Sp) is given as 2o. Accordingly, our problem is

the minimization of the integral:
S)
. . 52
[
where K is a funotion of §, but does not participate in the variation. The Rulexr
equations for this problem ars obtained immediately as:
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( j!;(akri)—lfli‘i"=0

L}Etés' (zn*+2KE)-n'2=0

5 -2
Using the relation 2+ 2 =1, the equations can be written:

Kh-n22 =0 (1)
K2+nz2 =0 @)
K=0 (3)

The equation (3) gives K = constant.

The volume of the balloon can be obtained directly from equation (2)

[+

as follows: ,"

’ S»
S 2l 1= TrXJn.r'L?als

. + ’
V:—'ﬂ’\ﬂ-ai"[sz - '[:L’/%]o °

o
using equation (2)
S -2 Y
V= 2T & vids =-avk (2]

If the load (w P\/) is supported entirely at the bottom apex, then 2 (0) =0,and

AT KEGEN) =2TK s

1f © 4s the total opening cone angle at the bottom apex.

As a result of the variation, there is a boundary terms:
2 - ”~ * s)’
[(z-n. +2K2); }-PJKn.Sn,]‘

which must vanish., It does vanish by virtus of the conditions:

Sn=8als))=§2(s2)=0
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(The quantity § 2 (o) is arbitrary, but f (o) =0 and "2 (o) =0.)

The result of the solution of the set of differential equatiohs (1) and
(2) can be expressed as a family of solutions with parameter Zo (pressure
difference head at bottom apex) with unit gore length Sa=({, From taase
solutions, the volume, cone angle, height and maximum radius o>f the unit gore
length balloon can be obtained.

The solution of the differential equations was done with the aid of a

Reeves Analogue computer.
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SECTION III-C
\ CYLINDER BALLOONS

A critical study of the balloon shape problem has been carried out on the REAC
computer. A consequence of this study is that a balloon which has adequate material
in it will take on the natural shape and thereby become a balloon which has a zero
circumferential stress. It was this fact made evident by the study of the physics
of balloon shape that lead us to the idea of making a balloon without tapes and
having the load carried by the plastic itself. For such a balloon the question
was asked as to what shape or configuration one should begin with in order to
have the stress in the plastic everywhere the same. The answer to this question
turns out to be that a balloon which is made of a cylinder tied together at the
ends will have everywhere the same meridional stress and at the same time,if it
has enough gores in it so that it can become natural shape,will everywhere have
zero circumferential stress. There are various possibilities for such a balloon.
One can use the duct appendix cut at some position above the bottom of the balloon
as with the cone-on-sphere balloons and in this case one has a sub-pressure balloon.
If one brings the duct to the bottom of the balloon or if one has an open skirt
appendix at the bottom one may have such a balloon with so-called zero pressure
or with the pressure at the bottom of the balloon equal to outside atmospheric
pressure. Finally if one brings the duct well below the bottom of the balloon it
is possible to have a balloon which is a super-pressure balloon and which, there-
fore, is relatively independent of fluctuations in temperature provided these
t fluctuations do not correspond to more than the amount the balloon is super-pres-
sured, It is easy to see what the ultimate requirement on such a balloon is from
the standpoint of carrying a heavy load. Since the stress in the plastic is all

meridional and since it must 1lift the load, the vertical component ¢f this stress
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at the bottom of the ballocon must be equal to the weight of the load. Let us take
of LS' gore length
an evample., For a 25' diameter cylinder tied together at the ends,a balloon made
of 1-mil polyethylene material contains approximately 1 square inch of material.
The ultimate tensile strength of polyethylene is 2000 pounds per square inch and
consequently this 25' balloon will lift a load at ultimate tensile somewhere in
this vicinity. Because the cone angle is not zero but is more like 500 the
ultimate load is reduced by the appropriate geometric factor to about 1800 poundé.
It would not be possible to test such a balloon to ultimate as a sub-pressure
balloon or as a zero-pressure-at-the-bottom balloon because of the fact that its
volume at sea level is not large enough to lift the required load.

The first cylinder balloon made under these circumstances was tested at the
time of the Balloon Meeting held here at Minnesota,December 11 and 12, 1952, and
various members of the audience were invited to look at it.* It consisted of a
12' diameter cylinder with a duct appendix on the top and it was inflated behind
the lecture room. It took on the natural shape as expected and did this without
the introduction of any circumferential stress. The position of the zero pressure
level could be readily varied by raising the duct and allowing the balloon to valve
and the position of the zero pressure level was evident by looking at the balloon
to be the place where the curvature of the balloon changed its direction. Since
this preliminary test was so successful it was decided to go ahead and attempt
larger cylinder balloons and the next size which was studied was ome which wes
25! in diameter, 45' long. This ratio of diameter to length is such that one
can obtain natural shape balloons only for sub-pressure balloons since if the
zero pressure level is placed at the bottom,the diameter of the balloon is =ot
quite large enough to allow the balloon to take the natural shape without the

introduciion of circumferential stress.

*The polyethylene cylinders were manufactured by General Mills, Irc.
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Figure 1 shows a series of shots of the smaller cylinder inflated in the
lecture room. Figure 2 to Figure L show a similar series of sots of t he 25! }
diameter cylinder inflated in Williams Arena. These pictures were taken as the
inflation of the balloon is continued and the last picture corresponds to a balloon
lifting 570 pounds gross. The material carried the load very weli, in the absence
of tapes, and there was no evidence that any of the components of the system were
failing. Actually two tests were made with the 25' polyethylene l-mil cylinders.
One of these was a test in which tle inflation consisted of half air and half helium,

and the second consisted of an inflation cf pure helium (Figures 2 to Figures L).

Both tests were a complete success and it was felt that at least with this load which
. was well below ultimate in the material the balloon performed satisfactorily.
I Figure 9ghows the measured gross 1ift obtained for the 25' polyethylene cylinder as a
function of the duct length along the gore from the bottom to the zero pressure level.
As can be seen, there is a very large volume defect if the duct is cut short on a
i sub=pressure natural shape balloon as the balloon immediately begins to shrink at
the point of aaximum diameter if the duct is cut higher than the point at which
circumferential tension sets in. The comparison of this curve and the theoretical
results are given in Section III-B, and the result of the theory for this balloon is
shown in Figure 9. The comparison with theory is on an absolute volume basis
and the two curves have not been normalized.
One of the principal advantages of the cylinder balloon aside from its ease of
manufacture and cheapness of construction lies in the fact that tthe balloon material
I3 itself carries the load rather than having to transfer it to the tapes which then carry
it to the load. In order to utilize this property to the greatest extent it is desirable
to have a balloon constructed of material of as high a tensile strength as possible,

Polyethylene does nct really satisfy these requirements since its ultimate tensile is

R R

only 2000 pounds per square inch. Consequently we began to investigate the possibil- :3

ity of wusing Mylar, a material
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A group of visitors inspecting the 5,
duct on the first small cylinder.

View showing the zero pressure level

in the duct.

C.

its circumferential stress.

Examination of the balloon to determine D. Examination of the balloon to determin

Sec III-C Fig 1l
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A. Gross load equals 153 pounds. B. Cross load equals 253 pounds.

C. Gross load equals 303 pounds, D. Gross load equals 353 pounds.

Sec III-C Fig 2. A 25' diameter by L5' gore length polyethylene cylinder at various
stages of inflation with pure helium. The gross load 1lifted is indicated in each
photograph. Because of the slack matarial near the bottom the true cone angle of
the natural shape balloon is not necessarily the observed cone angle in the photo-

graph,
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B. QOross load equals 465 pounas.

A. Oross load equals Li5 pounds.

=

C. Gross load equals 471 -pounda. ne Dop view or .
l:tnt:l.at;od cylinder. Gross load equals

T1 pounds

Sec ITI-C Pig 3 , 25! diameter by L5' gore iongt.h
polyethylene cylinder at varioue
stages of inflation with pure heliup, The gross loed lifted is indicated in each
photograph. Because of the slack material near the bottom the true cone angle of
the natural shape balleen 1s not nmecessarily the ebserved cone angle in tho photo-

grsvh._
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Sec IIT-C Fig i  25' X L5' polyethylene cylinder completely inflated and 1ifting
490 pounds.
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developed by DuPont,which has an ultimate tensile of 26,000 pounds per square inch.
T™his factor of ten improvement in ultimate tensile, of course, means that a balloon iy
of approximately 1/10 the weight can 1ift the same load. A 25' by L45' Mylar cylin-
der was constructed and inflated in Williams Arena with pure helium.® The balloon
itsel® weighed approximately 6 pounds, was made of i-mil material and when the
inflat:on was complete and the balloon had taken on the natural shape for its
maximum diameter the gross load was 57L pounds. Even with this load, which
represented the maximum volume of the balloon, one was far from the ultimate
tensile in the Mylar material but it was felt that the general idea and the
possibility of using Mylar in such a balloon had been adequately tested.
Figures III-C5 to III-C8 show a series of shots of the Mylar balloon which
are strikingly different from the polyethylene in its marked transparency to
visible radiation. It is clear that one can see the stands of Williams Arena
through the balloon and when the inflation was being carried on,one had the
impression that the balloon was much like a soap bubble. During this test one
of the nylon lines securing the balloon to the Arena snapped and the balloon had
to rise approximately 2 feet before being stopped by a second line. The balloon
took a marked shock at this time and vibrated like a bowl of jelly but no harm
to the balloon was done and it was felt that the natural shape balloon without
tapes could stand appreciable shocks. It is well known that Mylar has extremely
good low temperature properties and therefore a hangar inflation on a Mylar
balloon is essentially the equivalent of a flight test except for the effect of
ultra-¥iolet or ozone which has
In addition to the hangar fests, four flights of 25' diameter by L5' long
Mylar cylinders have been carried out (flights #59, 60, 61 and 62). The first
of these four flights was a Mylar cylinder which had been inflated in the Arena
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