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SUPERPRESSURE COMES OF AGE

Flight Duration 

Record Established

A remarkable series of balloon flights that began 
early this year, conducted by the Air Force Cambridge 
Research Laboratories, ended recently with one that 
broke all known flight duration records for balloon 
vehicles. The record-breaking balloon remained aloft 
for 30 days, flying at an altitude of 66,000 feet westward 
from Bermuda, where it was launched 10 June, to a 
point in the Pacific Ocean some 1,200 miles north- 
northwest of Honolulu.

A similar balloon, flown in the same series, perform
ed equally impressively, remaining aloft for 19 days in 
a flight from Bermuda until it was cut down by radio 
command in the vicinity of Iwo Jima.

The balloons flown in this series were superpressure 
balloons, 34-foot-diameter spheres formed from 2-ply 
Mylar gores. The G. T. Schjeldahl Co., of Northfield, 
Minnesota, manufactured the balloons.

W hat are superpressure balloons? How do they 
remain aloft so long? How can scientists use them? 
Because superpressure balloons can float for long peri
ods of time at a level of constant air density, they appear 
to offer a wide variety of uses. Here is a report on them. 
(Another report may be found in “Aviation W eek and 
Space Technology,’ Julv 16, 1962, page 30.)

W H AT KEEPS THEM  UP?
A superpressure balloon is a tightly sealed sphere 

that has been slightly over-inflated for its intended 
altitude. Its skin consists of an extremely tough, in
elastic, impermeable film that compresses the super
pressured gas within a container of constant volume. 
Since the balloon’s mass and volume at flight altitude 
remain constant, its buoyancy at a particular level of 
atmospheric density also remains constant. In con
trast, a conventional zero-pressure balloon used for 
carrying scientific payloads has a skin that has relative
ly more permeability, much more elasticity and much
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less tensile strength. For such a balloon 
to achieve altitude stability, any excess vol
ume must be reduced by valving off some 
of the lifting gas, either through an appen
dix open at the base or through a duct 
appendix located elsewhere on the balloon’s 
surface.

Any deficiency in volume must be com
pensated for by a reduction of its weight 
through the release of ballast.

Temperature fluctuations in the atmos
phere, caused by daytime heating, night
time cooling, and variations in the infrared 
radiation output of the earth beneath the

balloon, result in significant volume changes 
in a zero-pressure balloon. If the balloon 
is to maintain its altitude level, it must 
adjust to the temperature variations by 
ballasting, but for long flights, the weight 
of ballast required would exceed the gross 
weight of balloon and payload combined.

The superpressure balloon, on the other 
hand, contains enough lifting gas to pro
duce about 15 per cent overpressure at 
floating altitude. This amount is calculated 
to ensure that the balloon will neither burst 
nor become underpressured from the tem
perature fluctuations during its long flight.
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This superpressure balloon (at left) is a 
prototype of the 34-foot-diameter balloon 
that established a new flight duration 
record. Film thickness: 1.5 mils (.0015 
inch). Balloon weight: 40 pounds. Mate
rial: two-ply Mylar laminate. (Courtesy 
of G. T. Schjeldahl Co.)

As long as the changes in temperature stay 
within predicted limits, and the balloon 
develops no leaks, the superpressure bal
loon retains its mass and volume, and as 
pointed out above, floats at a constant 
density-altitude. Thus the ability of con
ventional balloons to fly for long periods is 
limited by the amounts of ballast and gas 
they can carry. Superpressure balloons 
need no ballast and, ideally, lose no gas.

W HAT MATERIALS CAN BE USED?
So far, Mylar is the only plastic material 

proven satisfactory for superpressure flight. 
With other plastic materials, the excess 
pressure on the film at float altitudes mere
ly stretches the film and thus increases 
volume. The balloon then rises, the con
sequent increase in overpressure stretches 
the film still more, and the volume again 
increases, the process continuing until the 
film ruptures.

However, attempts are being made to 
develop other materials and laminates. 
The Dewey and Almy Chemical Division 
of W. R. Grace and Co. has designed a

polyolefin balloon with the advantage that 
it has only one seam, a circumferential one. 
The balloon is produced by sealing to
gether two flat discs of plastic, and then 
blowing the bladder into a spherical shape 
under controlled conditions.
HOW LONG CAN THEY FLY?

A perfectly fabricated superpressure bal
loon can, in theory, fly nearly indefinitely; 
the permeability of Mylar for helium is so 
low that it would take more than 100 years 
for a balloon with a 2-mil skin, flying at 
200 millibars, to lose its superpressure. The 
theoretical assumption is a major one, how
ever, for it assumes perfect seals and no 
pinholes. The Air Force-Schjeldahl method 
of laminating two Mylar sheets to form the 
balloon skin appears to have eliminated 
most leakage through pinholes and mole- 
cule-sized gaps in the film; ultra-thorough 
inspection procedures have reduced the 
probability of failure or leakage through 
the seams to near-zero. Researchers have 
yet to investigate fully the effects of ultra
violet radiation on film life, but it seems 
likely that flights of three months’ duration 
are possible with the fabrication techniques 
now developed.
W HAT PAYLOADS CAN BE CARRIED?

The chart below shows the sizes at se
lected altitudes for payloads of one, fifty, 
and five hundred pounds, computed on the 
basis of a designed maximum stress of

Payload 
(pounds)

Altitude
(feet)

Film thickness 
(mils)

Balloon diameter 
(feet)

Balloon weight 
(pounds)

500 50,000 3.0 60 240
500 70,000 2.0 75 250

50 50,000 2.0 28 34
50° 70,000 1.5 34 40
50 100,000 0.5 60 40

1 20,000 2.0 6 2
1 30,000 2.0 7 2.5
1 40,000 1.5 8.5 3.0
1 50,000 1.0 10 2.2
1 70,000 0.5 14 2.2
1 100,000 0.25 22 2.5

“Air Force superpressure balloon which flew for 30 days.
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10.000 psi under conditions of 15 per cent 
overpressure. No figures are given below
50.000 feet for fifty- and five hundred- 
pound payloads, since such payloads at 
lower levels would be hazards to aircraft.

HOW CAN THEY BE USED?

As the figures in the table show, the 
range of altitudes and payloads that can 
be flown with superpressure balloons is 
strikingly wide, encompassing loads in the 
moderate-to-heavy range as well as light
weight payloads.

In the moderate-payload category, those 
of fifty pounds can be carried at 50,000- to
100,000-foot altitudes on lengthy flights, al
though the 100,000-foot capability would 
involve a very expensive 60-foot balloon. 
Even 500-pound payloads can be carried 
in the lower stratosphere on flights of very 
long duration; during the winter months 
such flights can circle the globe several 
times, if desired.

In the lightweiglit-payload category, a 
one-pound payload requires only a 6-foot 
balloon for flights in the troposphere. A 
network of weather-observing superpres
sure balloons can therefore be visualized. 
The idea behind GHOST—meaning Global 
HOrizontal Sounding Technique—in which 
many hundreds of such small balloons 
would be tracked by satellite, appears to 
be a long step closer to realization, since 
the 30-day Air Force flight with a 50-pound 
payload called for far more demanding 
performance than is required under the 
GHOST proposal.

One obstacle to setting up such a net
work of superpressure balloons is the fact 
that in large quantities their electronic pay
loads would constitute a danger to aircraft. 
However, methods are being developed 
to produce electronic components in the 
form of a thin film, applicable to a balloon 
skin, that are no more dangerous for air
craft than a swarm of gnats.

Information Wanted for Piggyback Exchange
Some balloons that are sent aloft have 

sufficient excess carrying capacity to take 
on a piggyback passenger or two. And 
sometimes a researcher finds himself in 
need of a balloon vehicle to fly his experi
ment. In its function as a clearing house for 
information on ballooning and its scientific 
applications, future issues of this news
letter will list scheduled flights having the 
capacity for additional payload. This in
formation, however, like most of the in
formation in the newsletter, must come 
from “Scientific Ballooning” readers. Your 
help is needed.

We would like to have the information 
several months before a flight is to be 
made, so that the news can be published in 
time for those flying the balloons and those 
in need of balloon “transportation” to make 
the necessary arrangements.

While we are mentioning the need for 
piggyback information, here is a reminder 
that we also welcome—and need—progress

reports, flight plans and results, news of 
experiments with, and on, balloon vehicles, 
news of technical developments, and any 
other information or comment calculated to 
be of interest to the developers and users 
of aerostats.

CONFERENCE DATE CHANGED
The date of a conference on balloon- 

borne ozone and water vapor measure
ments, announced in the May issue of 
“Scientific Ballooning,” has been changed. 
Originally scheduled for the late summer, 
the conference is now scheduled for No
vember.

The conference will be held in Boulder 
for the purpose of planning a coordinated 
series of balloon flights to carry to strato
spheric altitudes the experiments of re
searchers interested in measuring ozone 
and water vapor.
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THE FLIGHT RECORD
STRATOSCOPE II

The fourth test flight of the Princeton 
University Observatory’s Stratoscope II sys
tem, launched on 2 July from Hope, Ar
kansas, ended prematurely after approxi
mately 25 minutes of flight when cut-down 
squibs fired, releasing the parachutes and 
payloads from the balloon. The system car
ried a dummy payload, of about 9,100 
pounds, including ballast, and had a gross 
lift of about 14,000 pounds. This compared 
with a payload weight for its previous test 
flight of about 8,132 pounds and a gross 
lift of about 12,150 pounds.

The accidental activation of the cut-down 
squibs is believed to be due either to a 
malfunction of the balloon-borne control 
package or to a spurious signal. To ob
servers on the ground, the system appeared 
to be functioning well; the additional pay
load weight apparently had no effect on 
performance. The system had reached an 
altitude of between 18,000 and 20,000 feet 
at the time of cut-down. At this height, the 
system is under its greatest amount of 
stress. The balloon was not destroyed, 
however, and probably turned upside 
down, continuing to rise to about 60,000 or
70,000 feet before bursting. It was recov
ered about 13 miles from the launch area. 
The dummy payload was also recovered, 
but the balloon instruments package has 
not been found.

A final test flight is presently sched
uled for December, 1962, from the NCAR 
Scientific Balloon Flight Station at Pales
tine, Texas.
SKYHOOK, SUM M ER 1962

This summer’s “Project Skyhook” pro
gram of the OfBce of Naval Research, 
under way at several launching areas, in
cludes 20 projected flights from Fort 
Churchill, Manitoba, Canada. Raven In
dustries is conducting the flights for sci
entists from the Universities of Chicago, 
Minnesota, California, and Rochester.

In a progress report, Raven officials said 
that eight flights were successful out of nine

The launch balloon of the dual-balloon 
Stratoscope II system, during inflation at 
Hope, Arkansas, before its fourth test flight 
on 2 July. (Courtesy of 'National Science 
Foundation.)

attempts. The eight flights were made with
0.75-mil, 3-million-cubic-foot polyethylene 
balloons flying for about 15 hours with pay
loads of from 400 to 450 pounds. Altitudes 
ranged from 130,000 to 150,000 feet. In 
most cases, timer mechanisms severed the 
payloads from the balloons, dropping the 
loads about 500 miles west of Fort Church
ill. On several occasions the payloads were 
cut down by telemetered command when it 
appeared that the flights were headed for 
rugged terrain where recovery would be 
difficult.

The vehicle for the unsuccessful ninth 
flight was a six-million-cubic-foot, 0.5-mil 
polyethylene balloon with a calculated 
gross lift of 826 pounds. Gross lift had 
reached 775 pounds when the balloon 
burst on the ground. (Continued on Page 6)
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From the Twin Cities area of Minnesota, 
a 5-million-cubic-foot, 0.75-mil balloon 
was successfully flown at 127,000 feet by 
Winzen Research, Inc. The flight carried 
the cloud chamber experiment of Dr. J. A. 
Earl of the University of Minnesota. 
A N IM A LS  FAIL TO SURVIVE

On 14 July Raven Industries launched 
the first of four NASA-sponsored balloon 
flights to study the effects of cosmic rays 
on live passengers: monkeys and hamsters. 
At the 127,000-foot float altitude the pay
load was exposed to about one-half the 
primary cosmic radiation effects of deep 
space. The vehicle was launched from 
Goose Bay, Labrador, and 50 hours later it 
landed 2,000 miles to the west near Edmon
ton, Alberta. The animals were found 
dead; project officials hoped that a necro
scopy would indicate the cause of their 
death.

Thomas Edwards, of NASA’s Ames 
Research Center, was program manager. 
The balloon vehicle was a 0.75-mil, 9-mil
lion-cubic foot polyethylene balloon with 
load tapes. Payload was about 500 pounds. 
AN D  IN ALASKA . . . .

Five high-altitude balloon r"ghts were 
made over a recent two-week period from 
the Fort Wainwright Arctic Test Station 
near Fairbanks, Alaska. The G. T. 
Schjeldahl Co. conducted the flights for 
the U. S. Air Force in a study directed by 
Dr. David Murcray of the Denver Research 
Institute. Infrared spectrometers were lifted 
to about 100,000 feet.

Each flight carried about 750 pounds of 
instruments and lasted six hours. The bal
loons, tapeless polyethylene with a volume 
of 2 million cubic feet, were tracked west
ward into mountainous areas by airplane. 
Personnel and H-21 helicopters of the 65th 
Transport Group at Fort Wainwright made 
the recoveries.
MORE HOT A IR

Ed Yost and Don Piccard, both of Raven 
Industries, stirred the dust of the past on 
Independence Day in Douglas, Wyoming, 
by staging a 26-mile balloon race from the 
fairground there. Each used a Raven “Vul- 
coon” hot air sporting balloon. Yost won.

Field Team Reports 
Natural Shelter at 

Glen Canyon Dam
A field team from NCAR recently sur

veyed the feasibility of launching heavy
load balloons from an unusual site: the 
bottom of a canyon in which the U. S. 
Bureau of Reclamation is building a huge 
water storage and power dam. The project 
is the Glen Canyon Dam, located in north
eastern Arizona, 13 miles south of the Utah 
border, at the funnel of the basin of the 
Upper Colorado River. The barren desert 
plateau above the dam was once unpopu
lated for many miles in all directions, but 
the town of Page, Arizona, has now been 
built a few miles from the east rim of the 
canyon to house construction workers, dam 
personnel, and visitors.

HEAVY LOAD REQUIREMENTS

An important part of the NCAR effort 
to improve the capability, reliability, and 
safety of balloons used in scientific research 
is a program to develop improved methods 
for launching balloons that carry heavy 
payloads. The static launch and vertical 
inflation methods usually adopted when 
heavy but delicate scientific instruments 
are flown require near-calm winds during 
the inflation period. Man-made shelters, 
such as the inflation dome projected for the 
NCAR Scientific Balloon Flight Station at 
Palestine, Texas, can provide shelter from 
winds. And so also can a natural depression 
in the earth if it’s deep enough and the 
right weather conditions prevail. The Glen 
Canyon study was made as part of a sur
vey by NCAR of such naturally sheltered 
areas, since present heavy-load launch 
techniques still require almost windless 
conditions.

Glen Canyon appears to offer the calm 
conditions and good weather the field team 
was seeking, and it provides two potential 
launch sites. One is temporary: a large 
earthen coffer dam just below the perm
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Glen Canyon as viewed from the west. 
A road tunnels at a six per cent grade for 
more than a mile from the plateau surface 
(lower right-hand corner) to the base of 
the dam (hidden below the plateau to the 
left of the bridge). A switchback road 
branches from the tunnel road down a 
rubble slope to the pumping station (right 
foreground).

anent dam, built to divert the river water 
around the construction area. This will be 
available for use only until work is com
pleted in the spring of 1964, when the first 
runoff will wash the coffer dam away. The 
other location is the high lift pumping 
station being built at a bend in the canyon 
about a mile downstream from the dam.
TEST BALLOONS FLOWN

Bureau of Reclamation officials at the 
Glen Canyon project cooperated fully with 
the NCAR field team. With USBR permis
sion, the team released three test balloons, 
one from the pumping station site and two 
the following day from the coffer dam. 
These test balloons were 28 feet in length, 
and they carried 450-foot flight trains. All 
three balloons rose free of the canyon walls 
and none encountered any turbulence or 
downdrafts during ascent. During the

launches, winds of six to eight knots were 
measured at the weather station at Page 
Airfield, located two miles from the canyon, 
but within the canyon during inflation and 
launch the winds were calm. As a further 
test, the NCAR team released several 100- 
gram pibals from the base of the canyon 
wall at each site; all rose smoothly without 
colliding with the wall.
CANYON  AREA WEATHER

Weather observations have been recorded 
at Page for only the past three years. The 
NCAR group has analyzed these records for 
the late fall, winter, and early spring, when 
trajectories are anticipated to be eastward 
for high-laltitude flights. The following 
percentages, based on analysis of the Page 
weather station data, represent the prob
ability of cloud cover less than 5/10 and 
winds of three knots or less between 1400
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and 1800 hours, when balloons launched 
at sunset would be inflated:

November, 52%
December, 51%
January, 65%
February, 35%
March, 31%

Since the terrain between Page and the 
Rocky Mountains 300 miles to the east is 
rugged, the Glen Canyon area seems best 
suited, during the winter months, for bal
loon flights of 12 hours or longer; such 
flights will carry east of the Rockies.

ROADS TO LAUNCH AREAS

Before the Bureau of Reclamation project 
was started, Glen Canyon, for balloon re
searchers, would have been as remote as 
the Antarctic. Before the project began, a 
190-mile drive was required to get from one 
rim to the other; now, a single-arch steel 
bridge with a 30-foot-wide roadway spans 
the nearly quarter-mile width of the canyon 
immediately downstream from the dam.

To reach the coffer dam ( and the power 
house at the base of the permanent dam), 
one drives down a road that tunnels from 
the surface of the east rim approximately 
above the high lift pumping station, entire
ly inside the canyon wall. The road has suf
ficient width and clearance to allow pas
sage of helium trailers and any other 
equipment necessary for a balloon opera
tion. The high lift pumping station is 
reached by a switchback road that branch
es from the tunnel road. Because of the 
switchbacks, large helium tank trucks and 
large trailer trucks cannot be driven to the 
pumping station launch area. Trucks of 
moderate size can negotiate the road, how
ever.

UPCOMING FLIGHTS
* Skyhook: About 20 flights have been 
scheduled for launching from Fort Church
ill, Manitoba, between 15 June and 27 
August, with Raven Industries, Inc., con
ducting the flight operations. Skyhook 
flights will also be launched from Sioux 
Falls, South Dakota, and Brownwood, 
Texas.
► Hygrometer experiment: An ONR- 
sponsored flight for the measurement of 
atmospheric water vapor will be flown by 
Winzen Research, Inc. H. J. Mastenbrook, 
of the Naval Research Laboratories, is con
ducting the experiment. A 1.25-million- 
cubic-foot balloon vehicle will be used.
► Two-continent flight: Three balloons 
will be flown from Calvinia, South Africa, 
and two from Faribault, Minnesota in a 
series of flights to be handled by the G. T. 
Schjeldahl Co., for Dr. M. W. Friedlander, 
of Washington University, St. Louis. The 
project is a cosmic ray study in which, by 
use of photographic emulsions, measure
ments will be made of the cut-off energy of 
incoming alpha particles as a function of 
direction. In order to have a calibration on 
the measurements, simultaneous flights will 
be launched from the two locations. Due 
to differences in longitude, the South Af
rica flights will occur at sunrise and the 
Minnesota flights after sunset.

The payload of 225 pounds, exclusive of 
beacon and command units, will consist of 
a Fiberglas sphere inside of which is a 
platform, held to within three degrees of a 
fixed magnetic azimuth, on which the emul
sions will rest. Flights will be on the order 
of ten hours at a float altitude of 110,000 
feet.
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