
E
"cS

I" ' I

£ 3

( S 3
e s

NATIONAL CENTER  FOR 
A T M O S P H E R I C  RESEARCH  

( B O U L D E R ,  C O L O R A D O

No. 12, November, 1963
Issued each March, May, 

July, September and 
November.

Program Started to Trace Causes 
Of Balloon Failures on Ascent
Scientific balloon flights can fail in a variety of ways. 

The scientific payload may fail to operate; the tele
metry, recording or command systems may fail; the 
payload may be damaged on descent; or the balloon 
itself may fail.

COMM ONEST FAILURE A  MYSTERY

In  descending order of frequency, failure of the bal
loon itself is due to: a balloon burst on ascent; balloon 
leak at altitude, which causes the balloon to descend 
before the mission is completed; destruction of the 
balloon by the wind during inflation; balloon burst in 
the launch arm; balloon burst on release from the 
launch arm; and balloon burst at altitude. Reasonable 
explanations are available for all these types of balloon 
failure except for the most common and mysterious 
cause of all: bursting during ascent, almost always 
between 40,000 and 60,000 feet.

ASCENT FAILURES INCREASE

The year 1963 has seen a major increase in balloon 
failures of this type: a number of failures at San Angelo, 
Texas, where modest payloads of air sampling equip
ment were flown; continuing failure on ascent of poly
ethylene balloons with heavy payloads at Holloman 
A FB, New Mexico, forcing a switch to Mylar scrim 
balloons for these heavy loads; a higher than usual 
failure rate at Fort Churchill on this summer’s “Sky
hook” flights; and four failures of this type at the 
National Scientific Balloon Flight Station at Palestine 
in its first two months of operation.

CAUSES HYPOTHESIZED

There are a number of theories for balloon failure 
during ascent through the region between 40,000 and
60,000 feet. Some of the more popular are:
—The cold tropopause: Polyethylene becomes cold and 
brittle in the region of the tropopause, and it shatters. 
—Balloon ascent rate: Ascent rates in excess of 800 feet 
per minute produce too high a stress on the unfolding 
balloon.
—Gore adhesion: Before the balloon has reached full
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volume, its folds hang loosely, and some of 
the gores stick together or become entangled 
because of the negative pressure at the 
bubble bottom. When the bubble expands 
to the point that the adhering segments of 
the gores must unfold to permit continued 
bubble growth, the gores rip.
—Damage by launch arm: If the balloon 
material is damaged in the launch arm, the 
balloon will ascend to 40,000 to 60,000 feet 
before the bubble equator approaches the 
damaged area, from which a rip can propa
gate sufficiently to destroy the balloon.

STUDY PROGRAM LAUNCHED

NCAR is embarking on a program to 
attempt to pin down and, if possible, correct 
the conditions that cause balloon failure on 
ascent. To test the launch-arm-damage 
theory, balloons will be retrieved after 
launch arm inflation, and tests will be made 
to determine the extent of launch arm dam
age. To test the gore adhesion theory, “Hi- 
Slip” polyethylene balloons (polyethylene 
impregnated with a lubricant) will be flown 
in competition with conventional balloons 
manufactured in the same group.

Statistical analyses will be made on all 
ascent failures to attempt to elicit common 
factors which may prove a clue to failures.

STATISTICAL RECORD NEEDED

Frank McCreary, assistant manager of 
the Palestine field station, will visit all 
the manufacturers and major balloon users 
in the next few months to assemble pertinent 
data on balloon characteristics and perform
ance for all flights made during the last five 
years. These data will be assembled for 
machine use, and statistical analyses per
formed. We urge the cooperation of all in
terested groups in these analyses. Results 
will be published and data made available 
to all.

We welcome suggestions from the readers 
of “Scientific Ballooning” who may have 
opinions on the reasons for ascent failures, 
especially if these suggestions are accom
panied by a practical plan for testing the 
failure hypothesis.
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THE FLIGHT RECORD Baiioon
specifications 

Flight (polyethylene 
operation unless specified 

Date Location Sponsor Investigator conducted by vol. in cu. ft.)

Sept. 9 Palestine, Tex. NSF M. Kaplon 
(U. of Rochester)

NCAR .75 mil 
6 million

„ n ” ” » ”

Sept. 13 Holloman 
AFB, N. M.

AFCRL H. Mastenbrook 
(NRL)

AFCRL 1.0 mil 
1.25 million

Sept. 16 Sioux Falls, 
S. D.

AFCRL D. Mureray 
(U. of Denver.)

Raven 1.0 mil
952.000

Sept. 20 Palestine, Tex. NSF M. Kaplon 
(U. of Rochester)

NCAR .75 mil 
9 million

Sept, 20 Holloman 
AFB, N. M.

AFCRL H. Mastenbrook 
(NRL)

AFCRL 1.0 mil 
1.25 million



Float
altitude

(feet)

130,000

108,000

90.000

134.000

109.000 

102,300

Flight Payload 
duration weight 
(hours) (pounds) Experiment

12V2 554 Primary gamma
radiation studies

580

3% 363 Water vapor
measurement

4 989 Infrared studies

26 Vi 600 Primary gamma
radiation studies

7Vi 360 Water vapor
measurement

3V4 428

Special
features

Burst on as
cent, 58,000'



THE FLIGHT RECORD (Continued)

Sept. 26 Seattle, Wash. Boeing
Co.

W. Sheldon 
(Boeing Co.)

Boeing
Co.

0.5 mil 
250,000

Sept. 27 Holloman 
AFB, N. M.

AFCRL Lockheed 
Aircraft Corp.

AFCRL 1.5 mil 
2.94 million

Sept . 28 Palestine, Tex. NASA K. McCracken 
(Grad. Res. Ctr. 
of S.W.)

NCAR .75 mil 
3 million

Oct. 1 Holloman 
AFB, N. M.

AFCRL Lockheed 
Aircraft Corp.

AFCRL 1.5 mil 
2.94 million

Oct. 3 Holloman 
AFB, N. M.

AFCRL H. Mastenbrook 
(NRL)

AFCRL 1.0 mil 
1.25 million

Oct. 8 Holloman 
AFB, N. M.

AFCRL Dubs 
(U. of Milan)

AFCRL 1.5 mil 
2.69 million

^Oct. 8 Palestine, Tex. AEC C. Frye 
(Case Inst.)

NCAR .75 mil 
9 million

» 9 ” » >» ” ”

Oct. 11 Holloman
AFB, N. M.

AFCRL .... Dubs 
(U. of Milan)

AFCRL 1.5 mil 
2.69 million

»> 15 ” » ” ” »»

Oct. 16 Seattle, Wash. Boeing
Co.

W. Sheldon 
(Boeing Co.)

Roeing
Co.

0.5 mil 
250,000

Oct. 17 Palestine, Tex. ONR R. Maas 
(U. of Minn.)

NCAR 0.5 mil 
100,000

” 18 » ft ” ” ”

» 19 »> »» » M -
»> 20 ” >» »» ”
” 21 >»

”

Oct. 18 Palestine, Tex. u. S.
Army

E. Pybus 
(BRL, Aberdeen 
Proving Ground)

NCAR .75 mil 
450,000

26 »»



108,000

106,600

124.000

108.000 

118,000 

110,000

111,250

110,000

108,000

97.000

90.000 
92,500
95.000

103,600

5 15 Low energy gamma
ray measurement

1 846 Recovery system test

11 Vi 282 Measurement of
cosmic radiation 
anisotropies

3Vl 773 Re-entry system

6% 430 Water vapor
measurement

28 651 Cosmic ray studies

9Vi

144.5Crab nebula

324.5

420 Cosmic ray studies

Burst on as
cent, 49,500'

Burst on as
cent, 40.800'

28 616

5 15 Low energy gamma
ray measurement

16 59 Zodiacal light
photographs

48 Burst on as
cent, 68,000'

8 75
9 70.5 
9 73

3 183 Water vapor
measurement

103,000 3 171.5



SC IEN T IF IC  BALLO O N ING

Design studies are nearly complete for an 
inflation and launch shelter to protect bal
loon systems during bubble inflation, plan
ned for NCAR’s National Scientific Balloon 
Flight Station, Palestine, Texas. Use of the 
shelter will reduce time delays in launching 
complex balloon systems and, in many cases, 
allow balloons and helium to be saved when 
launches must be aborted because of un
expected weather conditions. Thus, plans 
for the shelter reflect a basic purpose of the 
National Scientific Balloon Facility: to pro
mote more efficient, less costly, and more 
reliable scientific ballooning. Construction 
is expected to begin in late 1964.

The shelter is cylindrical, 140 feet tall, 
120 feet in diameter. A vertical hinge in the 
aluminum skin permits the shelter to open 
as much as 180 degrees in a motion that has 
led NCAR staff members to nickname it 
“The Clamshelter.” The shelter pivots 
around the hinge point, so that the opening 
can face downwind in any direction. Elec

tric motors drive the action, and standard 
railroad tracks both support the structure 
and anchor it.

The shelter, developed by Geometries, 
Inc., of Cambridge, Mass., will use a three- 
dimensional steel truss called a “space 
frame,” ivhich allows extreme rigidity in 
proportion to iveight. Mobile hoists in the 
ceiling icill support balloons until they are 
inflated enough to float. Inflation can take 
place with the shelter completely closed, 
with full protection from the weather.

Advantages provided by the shelter:
—A shorter period of reasonable weather is 
required.
—Inflation can, when desired, be completed 
hours or days before the planned launch 
date.
—If launch preparations are not too far ad
vanced, a balloon system can be returned to 
the shelter in the event of weather deteriora
tion or system failure, the balloon saved, 
and the helium returned to storage.



UPCOMING FLIGHTS

Dote Location Sponsor

Nov. Palestine, Tex. NASA

Investigator

C. Hemenway 
(Dudley Obs.)

Balloon
specifications 
(polyethylene 

unless specified; 
vol. in cu. ft.)

.75 mil
250,000

Nov. Palestine, Tex. NSF, 
ONR, 
NASA

M. Schwarzschild Launch balloon: 80.000 
( Princeton U .) 0.5 mil, 300,000;

Main balloon:
0.35 mil,

5.25 million. 
Schjeldahl GT-12, 
Dacron scrim and 

Mylar laminate

Nov. Page. Ariz. NSF Z. Sekera 
(UCLA)

1.5 mil 
250.000

Nov. Page, Ariz. NSF G. Kuiper 
(U. of Ariz.)

1.5 mil 
250.000

80,000

Nov. Palestine, Tex. NASA J. Arnold
(U. of Calif.)

.75 mil 
420,000

Nov. Page, Ariz. NASA M. Kaplon
I U. of Rochester)

.75 mil 
9 million

Dec. Palestine, Tex. NASA C. Hemenway
(Dudley Obs.)

.75 mil 100,000
250,000

Dec. Palestine, Tex. NASA T. Parnell
(U. of N. C.)

.75 mil 
3 million

Jan. Palestine, Tex. AEC G. Frye 
(Case Inst.)

.75 mil
9 million



Flight Payload 
duration weight
(hours) (pounds) Experiment Special featui

8 160 Micrometeorite
collector

12 11.000 Infrared
observations

4 350 Light scattering

4 350 Infrared spectrum
of the earth when 
observed as a planet

6 77 Dust collection
experiment

10 200 Primary gamma
radiation. OAO 
(S-57) prototype

8 160 Micrometeorite
collector

36 60 Cosmic ray studies

8 150 Crab nebula
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Air Is Ballast in " Sky Anchor" Concept
In the September, 1963, issue of “Scientific 

Ballooning,” H. H. Ash and Irvin Singer of 
the Republic Aviation Corporation de
scribed a novel technique for maintaining 
stable balloon flight for extended periods. 
A helium-filled superpressure balloon, at
tached by cable to a zero pressure balloon, 
was raised or lowered above the zero pres
sure balloon to vary the effective lift of the 
superpressure balloon, permitting the tan
dem system to fly without ballast at a con
stant altitude, despite the cooling at sunset.

This article proposes a modification of the 
technique Ash and Singer described. Rather 
than use the superpressure balloon to pro
vide additional lift, it is proposed that the 
superpressure balloon float tinder the main

AFCRL Holds 
Balloon Symposium

The Air Force Cambridge Research Labo
ratories sponsored a Scientific Balloon Sym
posium in Boston on 25, 26, and 27 Septem
ber 1963. Sessions included: Balloon Capa
bilities and Technology, Scientific Balloon 
Applications, Balloon Astronomy and Re
lated Stabilization Systems, Unique Balloon 
Types, and Scientific Balloon Applications 
and Types.

The session on Balloon Astronomy and 
Related Stabilization Systems, with John 
Strong of Johns Hopkins University as chair
man, was one of the highlights of the sym
posium. Russell Nidey of the Kitt Peak 
National Observatory presented a paper on 
“Orientation of Balloon-Borne Instruments”; 
Alvin Howell, Tufts University, described 
his pointing control system which has been 
flown seven times; Martin Schwarzschild, 
Princeton University, described Stratoscope 
II; Murk Bottema of Johns Hopkins ex
plained the “Bal-ast” tracking system for 
daytime acquisition and track; and J. Allen 
Hynek provided a spirited defense of the 
continuing and useful place for man on bal
loon astronomy flights.

zero pressure balloon, and thus serve as bal
last. A generalized equation for this “sky 
anchor” technique is derived and the means 
for flying this system at any altitude for 
periods of several weeks is discussed. 
OPERATION OF SYSTEM

The “sky anchor” system, illustrated be
low, consists of a zero pressure balloon in
flated with sufficient helium to lift itself, the 
payload, and an uninflated superpressure 
balloon connected by a fixed length of cable. 
The uninflated balloon has a scoop to cap
ture air during ascent. When the balloon 
approaches the desired flight altitude, the 
vent is closed, and the balloon begins to be
come superpressured.

As long as the air in the lower balloon is 
neither superpressured nor superheated, the ( 
balloon contributes neither lift nor extra 
mass to the system. But as the balloon be
comes superpressured, the excess of air over 
that required to fill the volume provides an 
effective ballast. The superpressure required 
must be sufficient to compensate for both the 
original free lift and the added lift from 
daytime heating.

Altitude will be higher during the day 
than at night because of the increase in 
superpressure. But some superpressure must 
remain at night to ensure stable flight. An

bat loon

bal loon

Z e ro  pressure

P ay lo ad

Superpressure
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additional technique to vary altitude at will 
is described later in this article.
THEORY OF OPERATION

Symbols used are as follows (symbols 
without subscript refer to ambient air at 
balloon altitude; subscript “b” refers to zero 
pressure balloon; subscript “s” refers to 
superpressure balloon):

V =  volume;
T =  temperature;
p =  pressure;
G =  gross mass of balloon system =  mass 

of 2 balloons plus payload plus mass 
of helium in zero pressure balloon;

k — constant for air defined by p =  kp/T;
AT =  superheat;
Ap =  superpressure;
p =  density;
pa =  density of displaced air.
At launch, the top balloon is inflated with 

sufficient gas to lift the system and provide 
free lift (fG ) to permit ascent, (G +  fG). 
Then at the desired floating altitude, we 
must add mass, to compensate for the free 
lift and for superheat in the main balloon. 
The added lift from this superheat is

. nn

Superheat lift =  - ( G +  fG ).

The superpressure balloon’s effective mass 
is equal to VspK and the increase in mass 
can be calculated:

Vs X kps V8 X kp
Vs ps V S />a — rj,

If the increase in lift, due to superheat of 
the main balloon and its free lift, is equal to 
the increase in mass of the superpressure 
balloon, we have

^ ( G  +  fG) +  fG

Vs X  kp8 Vs X  kp
•(1)

This manipulates to 
ps — p =  Aps

G T ^  +  f  + fATuN
T "  T / T 

For the following typical values,
Ts =  218° Kelvin,

k =  2.18 X  10~2 (-— -°K X l̂ ‘----
ft.3 X  millibars

+  ̂ • ( 2 )

ATb/T =  .05,
f =  .03, and 
ATS/T =  .08, 

we have
Q

Apa =  —  X  800 +  .08p, (3 )
* S

where Aps is expressed in millibars, G in 
pounds, Vs in cubic feet, and p in millibars.

This equation provides the startling an
swer that with the exception of the super
pressure due to superheat of the superpres
sured balloon, the amount of superpressure 
required to provide stable flight in a “sky 
anchor” system is independent of altitude. 
This attribute becomes important when con
sidering the practicality of making major 
altitude changes while in flight.

The stress on the superpressure balloon 
film can be expressed as

stress (pounds/inch) =  87rAp/1000, (4) 
with r stated in feet and p in millibars.

Substituting (3) in (4) we have 
16G

stress =  — -— h 7 X  10 3rsp. (5)

If we assume a superpressure balloon skin 
that can be safely stressed to 40 pounds per 
inch, we may compute the gross load, G, 
that can be carried at any altitude from
65,000 feet (50 m b) to 100,000 feet (10 mb) 
by designing to withstand the total stress at 
the 50 mb pressure level. On the following 
page is a table describing the superpressure 
balloon required to provide ballast for each 
of several different loads.

For the 5,000- and 10,000-pound loads, a 
stronger material than 40 pounds per inch 
is required for operation at 65,000 feet. The 
superpressure balloon represents a weight 
penalty of approximately 12%. This certainly 
could not be justified for a one- or two-day 
flight. However, for flight durations exceed
ing three days, the “sky anchor” shows a 
great superiority over a ballasted zero pres
sure balloon. Thirty-day flights appear to 
be well within the capability of the system.

ALTITUDE CONTROL TECHNIQUE

The altitude at which a “sky anchor” sys
tem will stabilize is a function of the amount
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Gross Film stress Film stress Superpressure Superpressure Estimated super
lift 65,000 ft. 100,000 ft. balloon radius balloon volume pressure balloon

(lb.) . (lb./inch) (lb./inch) (ft.) (cu. ft.) weight (lb.)
10 40 40 2 34 1

100 40 40 7 1,450 12
1,000 40 34 22 45,000 120
5,000 60 48 42 300,000 500

10,000 60 40 68 1,300,000 1,200

of air introduced into the anchor balloon. 
During the daytime, the balloon would nor
mally rise about 5,000 feet above its night
time float altitude. However, it can be held 
at nighttime altitude even during the day 
simply by pumping air into the balloon.

Conversely, altitude can be reduced at 
any time by this method. Rather than its 
superpressure increasing, the balloon will 
simply descend to a lower altitude and main
tain the same superpressure.

Similarly, removal of air from the balloon 
will not decrease superpressure; the balloon 
will simply ascend until superpressure in
creases to the original value.

It is thus quite feasible to control the 
flight altitude of a balloon over a wide range 
provided adequate pumping power is avail
able and flight level is held below the alti
tude at which the zero pressure balloon 
would be fully inflated.
TEST FLIGHT

On August 5, 1963, a “sky anchor” flight 
was launched from the NCAR grounds at 
Boulder. The top balloon was a 0.5-mil 
polyethylene balloon, 18 feet in diameter, 
and weighing 4 pounds. The “anchor” bal
loon was an 8-foot bilaminated Mylar sphere 
weighing 2.5 pounds. Payload was a 0.8- 
pound timer set for 72 hours. The Mylar 
balloon by itself could carry this payload 
only to an altitude of 47,000 feet. However,

the amount of air sealed into the Mylar bal
loon was metered to provide superpressure 
at 56,000 feet, with flight altitude computed 
to be 63,000 feet in daytime and 58,000 feet 
at night. The balloon system flew for two 
days at the design altitudes through two 
sunsets—a remarkable achievement for an 
“unballasted” zero pressure balloon. Failure 
to achieve the full 72-hour-flight time is at
tributed to gas loss in the zero pressure bal
loon, since it evidenced some gas loss priori 
to flight when held inflated over night. 
SU M M A RY

The “sky anchor” balloon concept permits 
flights for extended periods without the use 
of ballast. The system weight will be greater 
than that of a single superpressure balloon 
of the same load carrying capacity. How
ever, the “sky anchor” ballast balloon will 
be considerably smaller for the same mission 
than a single superpressure balloon. Futher- 
more, the same system may be flown at any 
desired level, and this level may be varied 
during flight by venting or taking on air. 
Leakage, which is a critical problem on a 
large superpressure balloon, does not cause 
any difficulty on the “sky anchor” system 
since lost air can readily be replaced.

The “sky anchor” concept permits the 
addition or removal of ballast using the only 
source available to a floating balloon—the 
air.
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