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Illustratmn S
Weather Balloon and Co 'tk







ML-307(*)/AP

ML-3OT(mi/ap

Figure 50, Pilat Balloon Target AfL-3071 A1 or
ML-307 AP ready for flight.

Stedus: Standard, Stoek Noo: TA1237. Refer-
ence: ThM 1-235,

Pilot Balloon Target NTL=30709AP represents
Pilot Balloon Targets MEL-307/AP, ML-307 A /AP,
and ME-307B/AP. Dilot Balloon Target ML-307
(/AP 1s n relleetor whieh ts atiached 1o a T00- or
#50-gram pilot halloon to assist in traeking it by
radar. 1t is composed of a combination of tri-
angular-shaped  surfaces construeted  of  hght,
paper-hacked aluminum foil supported by halsa
sticks; it weighs approximately (00 grams. The
targel folds into o flat triangle for shipment,
Pilot Balloon Tareet ML-307¢*) /AP s designed
to funetion best with Radio Sets SCR-584 (any
model), SCR-545 (tracking  eomponenis), and
SCOR-614 (any model).  The targels are packed
24 to a shipping container,
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Letter ey

Brig Gen E. O’ Donnell to
Commandmg General AAF
July 8, 1946 '
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Hieroglyphs
Charles B. Moore s
August 28, 1992 -
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Roswell Daily Record

“Harassed Rancher Who Located
‘Saucer” Sorry He Told About It”

[July 9, 1947]







W. W. Brazel, 48, Lincoln county

rancher living 30 miles south east
of Corona. today told his story of
finding what the army at first
idescribed as a flying disk, but
the publicity which attended hls
find caused him to add that if he
ever found anything else short ef
a bomb he sure wasn't going to
say anything about it.
,  Brazel was brought here late
‘yesterday by W. E. Whitmore, of
‘radip statlon KGFL, had his pic-
_ture taken and gave an interview
‘to the Record.and Jason Kellahin,
'sent here from the Albuguerque
"bureau of the Associated Press to
cover the story. The picture he
posed for was sent out over AP
telephoto wire Ssending machine
specially set up in the Record
office by R. D. Adair, AP wire
chief sent here from Albuquerque
for the sole purpose of getting out
his picture and that o! sheriff
George Wilcox,/to whom Brazel
originally gave the information of
his find.

Brazel related that on June 14
e and an 8-year old son, Vernon
were about T or 8 miles from the
ranch house of the J. B. Foster
ranch, which he operates, when

they came upon a large area of
brighit wreckage made up on rub-
ber strips. tinfoil, a rather tough
paper and sticks.

- At the time Brazel was in a
hurry to get his round made and
he did not pay much attention to
it. But he did remark about what
hehad seen and on July 4 he. his
wife, Vernon and g daughter Bet-
ty. nge 14, went back to the spot
and gathered up quite a bit of the
debris.

The next day he first heard
about the flylng disks, and he
wondered if what he had found
might be the remnants of one
of these,

Mondsy he came to town to sell

some wool and while here he went

to see sheriff George Wilcox and
“whispered kinda confidential

like” that he might have found !

flying disk.

Wilcox got in touch with the
Roswell Army Air Field and Maj.
Jessé” A. Martel and a man in
plain clottes accompanied’ him
home., where they plcked up the
rest of the pieces of the “disk”
and went to his home to try to
reconstnuct. it.

According to Brazel they simply

could not reconstruct it at ‘all
They tried to make a kite.out of it,
but could not do that and could
not find any way to putb it back
together so that it would fit.

Then Malor Marcel brought it
to Roswell and that wad the last
he -heard of it until
broke that he had foun
disk,

Brazel said that he did not see
it fall from the sky and did not
sec it before it was torm up. §0
he did not know the size or shape
it might have been, but, he thought
it might have been'about as large
g5 a table top. The balloon which
held it up, If that was how it
worked, must have béen about 12

a flylng

{eet long., he felt, measuring the.

distance by the slze of the room
in which he sat. The rubber was
smoky gray in color and scattered
over an ares about 200 yards in
diameter.

When the .debris was :gathered
up the tinfoil, paper, tape, and
sticks made a bundle abbut three
feet long 'and 7.or 8 inches thick,
while the rubber made ‘& bundle
about 18.or 20 inches long and
about 8 Inches thick. In all, he
estimated, the entire lpt would

he story

Harassed’Rancher who Located

‘Saucer’ Sorry He Told About It

have weighed maybe five pounds.

There was no sign of any metal
in the area.which might have
been used for an engine and no
sign of any propeliers of any kind,
although at least one paper fin
had been glued onto some of the
tinfoil.

There were no words to be found
anywhere on the instrument, al-
though there were letters on some
of the parts. Considerable scotch
tape and some tape with flowers
printed upon it had been used in
the construction.

No. strings or wire were to be
found but there were some eye-
lets in the paper to indicate that
some sort of attachment may have
been used.

Braze! said that he had pre-
viously found two weather obser-
vation balloons on the ranch, but
that what he found thiz time did
not in any way resemble either
of these.

“I am -sure what I found was
not any, weather observation
balloon.” he sald. “But If I find
anything else besides a bomb they
are golng to have a hard time
gett.lug me to S8y anything about
it "
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Interview

It Col Joseph V. Rogan with Irving
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Letter

Lt Col Edward A. Doty to Mr David
Bushnell
March 3, 1959







3 March 1959

Hr, David Dushnell

MDD

Alr Foreve Missile Development Center
Holloman Air Force Base, New Mexico

Dear Mr. Bushnell:

It has taken me much too long in answering your inquiries of
9 October 1958 but I hope this information will be of some value to
you in preparing a history of balloon operations at Holloman., Thanks
also for the three reports which you sent me.

Anpwering your specific questions, my EDMR to Holloman was 20
January 1948. I repoated in sbout 1 FPebruary 1548, I immediately
Joined the Electronic and Atmospheric Projects Section and remained
in this same basic organization through its various name changes for
xy entire tour at Holloman,

I attended the January 1550 Class at the Air Tectical School,
Tryndall Air Force Bass, Florida for sirteen (16) weeks and returned
to Hollomen Uy 15 Mxy.

On A July 1950 I was assigned Chief, Geophysical Reeearch Unit,
(Balloon) Electrenics and Atmospheric Branch, Technical Uperstions
Seotion, OLP oa Special Orders No. 152, par 24, This, I believe, was
the first dalloon organisation. On 29 May 1951, S.0. Fo. 111, par 8
redesignated me without change of assigrment as Chief, Balloon
Atzospheric Unit, Eleotronics and Atmospheriec Branch; Development and
Test Section Base Directorats, Technical Operetions. Then in S5.C.
No, 98, 13 November 1951, par 11, I was Chief, Balloon Sonde Sub-
Unit, Kleotronices and Atmospheric Unit, Development and Test Section,
Operaticns.

I was never the Holloman Base Weather Officer. Lt Colonel Maas
was assigned as Base Weather Officer and as head of the EXA organisza=
tion as a dual assigrment for a while.

There vaz a continuity of organiszation from the earliest balloom
activities up to the present. The name changed but the grouvp contli-
oued , The radar research astivities, ths Asrobee roocket atmospherio
investigations and the balloon activities were sponsored originally




by the Alr Force Cambridge Research Center and were administered
in a single organisation up through the time I left Holloman,

When I first arrived at Holloman, a New York University group
under Mr.- C. B, Moore with a AFCRC contrsct had been launching 20

foot plastic balloons since June 1947 from the North ares. I began
as their project officer,

I hope this has becn of scme use to you.

Sincerely,

EDWARD A, DOTY
Lt Colonel, USAF

AT De)- kX

—

(f’{/l (‘,{’S/} .
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Letter

Brig Gen E. O’Donnell to
Commanding General, USAAF

Subj: Change in Classification of
MOGUL, Item 188-5

July 8, 1946
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Report

Maurice Ewing for General Carl
Spaatz

“Long Range Sound Transmission in

the Atmosphere”
n.d.







LONG SASSE JQUND TEANSHITHTCN IN THE ATHQCPHREEE

A Eeport for Ceneral varl Spaatsg

srepared by Meurice Ewilng

1 TUYE SGUND SRANNEL IN THE OJEAR

Undsr a contract with the Puresu of thilcs, =e have
proved that there 12 a 2ound channel In the ocean thr ite
axis ot o denth of akout 4000 feet. Confirmrlings & nredletion
made by the writer, a four oound beomb fired &t this deptn
bes hLeen heard at & Jisztance of 2200 miies, uslng & hyirophone |
et the same depth as a regcelver. Inis range enormcusly :
exceads anything before achleved, and !s possible nrimerily |
because the source &and the rocelver are placed at the most
advantageous depth. The si.nal strength Indicates that
far zreater ranges can Le obhalined without change of equinment.

At & typical place in tha ozean, the spaed of
sound at tre surface ir 5001 ft/sec. It decresses to 4LBE ft/sec
a8t a Zeptb of 4000 feet, sni then increases to 5065 {t/smec
at o depth of 16,200 feet, Thie situation 18 ~jeseribed as
a sound channel with i1ts axiz at 4000 fest, bacause all sound
rays nre deflected domward at points above tkhe axis and uoward
¢t noints below it. Catailed caleulation of the bending of
the ray vaths due to cressurse and ternperature shows that sll
rays leaving & sound securce on the saxis in directions within
1 of the norizontal are refrroted back and fortk scross the
sxis and can travel unlimited distances without contact with
surface or bottorxr, hence the long rengesn. A #2imllar calculation
for & sound source near the surface shows that all rays mast
he refleacted st surlsce and bottom meny times in the course
of & few handred viice, hance the limited range of detection
of oerdinsry smllow explosions, and the occurence of sakip
distances.

The sound froxz an explesion et tha axls of the soum
channel has & duration of about 12 seconds per thoussnd miles
of travel, and ap unmistakabdle pattem of a zradual building
up to maximum iantensity with & very sharp cut-off. ‘This
last festure is of great importance beomuse it permits accurate
triangulation with a network of taree listening stations,
the rate of tm nsmission teling about one mile per second.

{Refersnce 1)



L —

I1 EXISTENCE OF A SOUNT: CHANNEL [N THE ATMIEPHERE

In —eptember, 1944, i1t oceurred to me that there
15 & al=milar sound channel 1n the atmosphere wlth the axis
at a height of sbout 45,000 feet, and that, with source and
receivor placed at this height, we might excesd the wuccepted
rang 85 &3 enormously as we hed in the ocean, in other words,
it might be veossible to detect found half way sround the weorld.

The fundamental date on this subject &8s revealsd during
2 hurried search of the litersture {mostly orior to 1630), #how
that, for s tvoical large exoloelon, there is audltliity from
C to 25 miles gnd Trom 90 to 125 miles, with a zone of silence
from 285 to 20 =ulles=. The sccepted sxnlanation of the total
collection of these datz 18 that the sneed of aound decroases
from about 1090 ft/sec at ths zurfece to about 270 ft/sec at
about 45,000 rfeet, a=d then incresses to sbout 1185 ft/sac
at adout 130,000 feet. (Referenca 2)

Thuz there i@ g =ound channel Iin the atmosnhere
with 1ts axis at e heizbt of atout 45,000 fesot, and 12 toth
sound rource and rtacziver are located at thir height, we
may sxpect extrzordinary rangee 2nd &ll the othor usaful
phenozena which heve been Tound in tha sound channel in
the ccemm . This mesns that the signeles will have highly
charscteriastlic {dentifyins features ani that they will permit
scenrate triangulation.

III PROBABLE RAZIKUM RANGE

The maxlimum renge for sonic signalling in the
atmospheric sound channel will depend primarily on the
absorstion cosfficlent, which 1s the rete at which the
scoustlecal energy i3 converted into heat by frictional losses.
Following kayleigh (Reference 3, p. 316), it may be calculated
that- the distance st which sound of frequency 50 cycles ner
second would be reduced in intensity by the fastor 7.5 by
the sffesct of friction alone 1s about 24,000 miles at seas level,
snd about 4500 miles at 45,000 feet. As these distances
are inversely proportional to the square of the frequency,
they would be one hundred times greater for sounds of frequency
5 oycler per second, whish have often heasn observed when
large explosions wers studied.




Se

It is imposalhle to make really detailed calculations
of the maximum ran<e withoui bvetter Infornticr ebout temperature
and sound velocity in locations from 45,000 to 90,000 feet,
for it 12 there that the greatest frictional losser will oceur.
Howaver, It ‘& safe tc ovredict that a bomb contalninz & {ew
sounds of TAT can he hegrd from 4000 to 5000 miles. The
chance that 1t could be heard to the farthost polint on earth
12 worth conalderetion.

T PFOSONTT MTLITAEY Ul 0F ATHOLSPHLRIC SOUND THANNEL

It is ny hellef that 2 large roczelt or jet oropul-
gion motor passiny the zxiz of the scund channel would also
be detectable by listening at several thousand miles, and
ssbject to location ©ty trifenzulation if heari by trree sultably
chosen statlons. In time of war thls trlengulsetion could
locate the leunching sitec cf the enemy, and In peace tlme
1t is conceivable that sulfably chosen llstening sistions
could monitor the entire world to detsct and locate any _
unusual rocket or jet prooulsion sxperiments, thus minimlzing
the danger of surerise attacks with secrel weapnpons.

¥ TYPrS OF LISTRNIRG S7TaT 10N

The most promising types of listeniny statlon
sccording tc uy pressnt knowledge would mske use elther of
the higher mountaine of the world or of free balloons to
gain adequate height. It i» unknown st present by how far
the receiver may be removed from the preferred helght without
prohibitive sacrifice of sounl chennel proverties. Howaver,
in the submarine sound channel we have had falrly good
reception with the hydrophons at 2000 feet when the axls of
the chennal was at 4000 feet. Bence, 1t 18 not beyond
reascn thet the taller mountsine might nrovide sufficient
altitods of themselves.

Small stratosphere belloons provided with radio
means for transmission of sound impulses to & rsceiving
station either fixed or modbile, probadly provide the moat
readily avallabls liztening erranament.

FERREr




V1 PRELIMIRAFY INVESTIGATICNE KECONMMENDED

8) Canvar publisted lilterciture [eor such lurther
inforortlon &3 cRn he zleancd from sound trensmlsslion tetween
source and receiver at the earth's surface sabout varial ion
of =ound velocltr and sound absorntion with altitude.

Alsc ceanvas meteorologlcal litsrature for better Inlormtion
atecat the stretosphers.

L) hselgn en offlcor tc sgarch confldential
publlications cn found renging and other related suhjects
for relevent Information. Trnis cfficer should aulso cellect
datz on sound rarglng ecuirment and nersennel in tho army
vhich cculd e actiemhlad for & wrolimizary teot.

c) Make & proliminsry wmessurement using about

tkree fcund rlﬁ€1QE units on ground as recelivere, and bombs
dropped cr rockeits fired urwar] from a hilch flying 9lqne,
=7 snti-airerelt snells sent aw wigh az posazitle as 2ources.
This will not e true found echemwnel trensmlcsicn, tut rather
A refinemsnt of the data cellaeted from audibllity cf largze
sxplosicnez. By »roaar interpratsablion of recerds from bomba
axploded at Invervals of a fex miles out te 400 or 500 milss,

811 of the besiz inforwation ¥111 he mede available. £yY use
of tectnigues which 1 heve veed for vears on scurnd trensamission
through ground and thtrovgh water, it Iz poseible to calculate
the puth followe2 »y ecch acun® ray, to find its highsst
arcent into the strstoschers, =nt to detsrmine the zpafficilent
of souns absorotion. '

d) A study of exiating publicatlona should be made
to determnine the so:nd sroduction of typlcal rocket and
Jet propulsion units in ordsr to have data about the intensity
2nd ths frecuency Zistributlion of these sources for ultimate
sstimeater of sound chermal renge.

If these dats do not oxiat, experiments should
be mde to produce them, for thay would certalnly be of
usa ln other comeastlions.

o) An ostimate of tne background nolese to be
axpectod st the axis of the sound cheannel should be mads.
In my opinlon, the princina)l contributors will be meteors,
possibly high-flying normal sir traffic, lizhtning, snd
anti~aireraft type artillery fire. A considerable bhody
of information could be collectsd on this subject without
oxpori-entation.

e




\ ¥y pninion !s thet Lhe tackgrasunt nolse wlll not

‘ Le aerioauly kizh wnless norwal traffl: hesinz to reach such
haichts that it w111 creste th- Sane tyre of dlaturdence uc
the orojentiles w-ich we are constiering.

£} deasuresente of sctral sovnd ehunnel transmisslion
vaing r small stratosphers halloon ecarrzing Bouad rocelvers
and a radis for treasmission U sound &lynsls to « recording
statlen should beo the next step In thiz Investigation.

VI CCNOLUTICNS
’ It i &y opinice thal the stratosvhera sound channel
, grould ke invesligated, for it nmu tne ﬂCtCluihlibl of military
Impertaznce., 1 velleve-%oah fiéa nllitery lugoritance dapends
| sreatliy LUpon rscrecy anac tnal Lioe lovesti_atlon fhoolid be
' staried In = gulet wav, restrictling wnowled.e cl the ournose
; el the werk to the smallest zeoszihl: . roup.

L. intergix Pc:c*t Xo. 1 Lonx cange Sound Iransmlission,
tvy Zzur{ce I¥in; ant J, L. nOTi8i, LON-rHCL NODS-ZuG3,

PR I

Tueauw of Irips, Xavy S ewsrtmeat, 1343.

2. .Ssadbuel ler EXnarimantalphysik, by C. sdelsser, pp 211-251,
Z¥V, ¥ Tell IuTtseliczmik, nlen = Barms, Leipsig, 1930.

X. Theory of Sound, by lord Fayleigh, vol. II, pp. 318-17,
; Yacw ITer ¥ Co., london, 1628,
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HEADQUARTERS FITZWILLIAM FCRWARD
c/o Commander, Task Group 7.2
APO 187, c/o Postmaster
San Francisco, Calif.

17 May 1948

SONIC BALLOON TEST, KWAJALEIN

Inclosure G to FITZWILLIAM FORWARD Report

The 7atson laboratories of Air Materiel Command arranged for one (1)
of ite sonic balloon teams to participete in the FITZWILLIAM project as =
mobile team to operate in the Central Pacific, at KWAJALEIN, GUAM and HICKAM
FIEID, HAVWAIX, in that order, changing location for each of the three (3)
explosions.

The purpose of this expleratory test was as follows: first, to deter-
mine if an atomie explosion's compressional waves are generated in the sound
¢hannel existing between 50,000 and 70,000 feet (such waves would conceivably
travel unirpeded for long distances in this channel without touching the
earth's surfece); second, to determine whether a sound plck-up unit suspended
from & floating talleon could detect compressional waves (possibly undetected
by similar sound units at the earth's surface) by virtve of the decreased
background ncise in the high-level sound channel,

Balloons were made of high grade plastic, were of tear-drop shape, and
were twenty-five (25) feet at their largest sea-level diameter. The sonic
unit was a combination microphone-transmitter which was suspended from the
balloon end picked up sound waves, transmitting them to a ground directional
antenna connected to a radiosonde receiver (standard SCR 658 air weather
radio receiver), The transmitted sound impulses were recorded on two (2)
Esterline-Angus reccrders.

. dribble constructed of a five (5) gallon tin incorporating a metered
jet to allow a predetermined spillage rate of high grade kerosene-ethylene-
glycol mixture was attached to the balloon. This was designed to counteract
the helium gas seepage thru the surface -osres of the plastic balloon. This
metered loss of ballast and controlled che rising rate of the balloon at 500
to 600 feet a minute.

Greund sonic equipment consisted of World Tar II sound ranging devices
utilized to pick up sound waves from an explosion traveling along the earth's
curface.

A radio receiver was used to obtain explosion time notification cede
signals frem the ENIWETCK radio station,

The balloon launching site had to have & down-wind clearance of about
1000 feet to lay out the 100 feet risers and cables to which were attached
the microphone-transmitter and dribbler units. Also the site had to be
sheltered from the wind to prevent damage to the balloon while it was being

ales




inflated. At KNAJALEIN g wind-break was constructed through the courtesy of
the 1slend commander, Captain Vest, USN. At a predetermined time, the balloon
nas inflated with a fixed amount of helium gas to raise it to an altitude of
from 50,000 to 60,000 feet where it flomted at a constant level. The balloon
was cautiously launched and guided until it cleared all ground cbstacles.
Electrical power for the microphone-transmitter was provided through wet-cell
batteries, especially constructed to prevent freezing. The balloon was tracked
visually by use of theodolites. Prior to the actual test on KWAJALEIN on X-day
(15 April 1948) two (2) practice runs were made to minimize chance of feilure
end to improve operating techniques.

The transportation requirement was for air lift to transport the team of
six (6) scientists and twelve (12) thousand pounds of equipment from BELMAR,
HEW JERSEY to KWAJALEIN, GUAM, HAWAIL and then back to BELMAR, NEW JERSEY. The
Air Materlel Command provided three (3) aircraft, a C-54, a B-29, and a B-17,
and crews, under the direction of Captain Stanley C. lewis, from the 41.9th
AFBU, MIDDLETOWN, PENNCYLVANIA. The C-54 was also utilized in carrying
Tracerlab personnel end equipment to KWAJALEIN and GUAM, Maintenance assist-
ance was afforded by the local base and tactical organizations,

The mobile team personnel was asrembled and partially trained at Watson
Laboratories. The team arrived at KWAJALEIN 31 March 1948; departed for
NCRTH FIEID, GUAM, on 16 April 1948; for HICKAM FIEID on 3 May 1948; snd was
scheduled to depart from HAWAII for its home stetion on Z plus one (1) day.

The balloon team and aircraft crew personnel were as follows:

BALLOON TEAM:

Dr. Albert P, Crary Q" clearance Physicist

Mr., Charles S. Schneider "Q" clearance Meteorological Engineer
Mr. Jonhn K, Alden "P" clearance Radio Engineer

Kr. John A, Moulden "P® clearance Radio Repeirman

¥r. Murry Hackman "P* clearance Meteorological Engineer
Mr. James Smith RP" clearance Meteorologlical Engineer
B=29 CREW

Captain Stanley C. Lewis Pilot (Flight Commander)

lst ILdeutenant Randall S, Kane Co=Pilot

lst Lieutenant Wm, L, Adams Navigator

W/Sergeant ¥, L, Halliday Engineer

M/Sergeant R. &, Kabaste Radio Operator

T/Sergeant R. A. Cox Ass't Radio Operator

T/Sergeant L, D, Moon Ags't Englneer

C-54 CRE¥

Captain John P, Clowry Pilot

lst Iieutenant Richard Mesher Co=FPilot

lst Lieutenant Chas. A. Lamana Navigator

S/Sergeant James Brau Engineer

S/Sergeant L. H. Campbell Radio Operator

Sergeant George L, Fretwell Ass't Engineer

=




B-)7 CREW

1st lieutenant Oren B, Dubell Pilot

1st lieutenant Thomas F. Carroll Co=Pilot

lst Lieutenant John Mertzen Navigator
Sergeant W, R, Rice Engineer

Time notification signals were required and provided in order to afford
sufficient time to make necessary launching preparations, and to position the
balloons just a few minutes prior tc the predetermined arrival of the explo-
sion sound wave., Headquarters FITZWILLIAM FCEUARD furnished ARPACAS 3-1 and

3-2 by offlicer courier, The team experienced no difficulty in obtzining the
time signals.,

Reports required of the team were a brief statement ss t¢ positive or
negative results of the tests, and notification of team movement to it's

several lecations, Reports of results were made to Headquerters FITZVILLIAM
FURWARD and to AFMGW-1,

Results of the KWAJALEIN test were as follows: balloon-borne equipment
results were positive and ground equipment results were questionable. An
accurate firal analysie and evaluation report vill be submitted upon Dr.

Crary's return to Watson lLaboratories, including an accurate determinatior of
results.

Due to time limitaticn end pending a thorough evaluation of results, the
followming recommendations, of necessity, shculd be considered tentative:

1. Before departing for field locations, a survey should be rade to
determine the best balloon launching sites, giving due consideration to
shelter from high veloelty and gusty winds, and sufficient clear space to
lay-out shroud lines and control cables thus affording clear passage of the
instruments which are suspended about one hundred (100) feet below the balloon.

2, That an SCR 658, radicsonde receiver be included in the team equip-
ment list., For these tests, &8 receiver had to be borrowed from the air
neather station at each location., This presented a problem because each sta-
tion had only one (1) receiver and it was needed by the station personnel for
upper air sounding operations. This necessitated selecting the beat possible
lJaunching site adjacent to the weather str ..on. Also, this precluded selection
of a site without a weather staticn,
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ATERIEL TSELT/TCR/gen
TSELT 18 June 1946

MEMORANDUM FOR: Major General Curtis Leuay

SUBJECT: HRelief of Major Re T. Crane as Project Offlcer for
MOGUL and TOREID

1. In compliince with General Spaatz' directive, I contactsd
Dr. Me Ewing at Columbia JUniversity on 15 June 1946 and discussed
the proposed relief of Major R. T. Crane as project officer on
projects MOGUL and TORRID.

2. Dr. Ewing was exceedingly plsasant and agreed to the relief
of Major Crane, asking only that it be done in such a way as to
cause as little embarrassuent to any of the parties concerned as
poasible, I advised him that the matter would be handled diplomatically.

3, I then discussad with Dr. Bwing the subject of & succsssor
to Major Crane and suggeswed to him that Colonel Marcellus Duffy, a
Regular Army officer and well=qualified on meteorologlcal research
and development work, might be made available for this duty. Dr. Ewing
advised thut he believed that he could work well with Colonel Duffy
if he is assigned to this work, It was further agroed that as soon as
a project officer is finally selected, a conference would be held with
Dr. Ewing and the new project officer and Colonel Maler and Colonel
Graul in order that there will be a clear understanding as to tha
objectives to be accomplished.

TOM C. RIVES

Brig. General, USA

Chief, Electronic Subdivision
Engineering Division
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Memo

Maj Gen Curtis E. LeMay to Maj Gen
L.C. Craigie
April 16, 1947










16 April 1647

lajor General L. C. Craigle
Chief, Bngineering Division
Air Materlel Command

Wright Fleld, Dayton, Ohlo

Dear Bill,

Attached is the actlon on your letter
requesting deferment of foreign service for some
of your people, I hops this solves your personnel
problen for the time being. I am still walting for
the atudy on Wright Pleld pacplo ordersd 4o school
this fall.

Sincerely,

CURTIS BE. LeMAY

Major Qeneral, U, S. Army

Deputy Chief of Air Staff for
Research and Development

Incl.
¥emo fr. A=), 14 Apr 47




Golona o CyuMale ~-1809

Ratentlion: Indefinite, Ko known renlacemant in the AAF,
Dutias: Chisf, Rlectronic Plans Sedtion, Electronic Subdivisiorn,

This officer should be retalned in his nresent assignmant due to the
background of knowledge and axperience which ha has with refersnce to

slectronic research and development as well as meteorclogical research
rnd develonment and the physics of the upper air. Oolonsl Maier has

completed all requirements for a Ph, D. degres from the California
Institute of Technology excent for six monthe residency. During the
nariod 1 February 1945 to 1 January 1948, Oolonel Majer had been
Commanding Officer of Watson Laboratories in chargs of research and

develonment of ground radar, radio and electronics nquipment veculiar
to the Army Air Yorces, vprevious to which ks was ln command of

various Signal Corps laboratorlies. Furthermore, hs has complate
tachnical knowledge and understanding of the -rojects beinz carried

on by Watson Labtoratorles and Qambridge Pleld Station, which can only

bs achleved by years of active perticipation in the actual research
and development of that particular type of electronic ground equipment,

Colaonel Marcel: 44 £{¥. 0-1837

Ratention: Indefinlite, No Xnown replacement in the AAF,

Dutien: Assitant Chlef, Electronic Plane Section, Electronic
Subdivislon. This officer has an axtenslve background end knowlsdge
in metsorological and electronic research and develonment, He is a
graduate of M,I,T, in meteorology. Colonel Duffy was llaison officer
from the Commanding General, AAF, to the Chief Slgnal Offlcer for duty
in connection with metecrological equipment for the neriod 1942-1946,
During this period he set up AAF requirements, standards and training
programs for weather aquipment and personally followed this equipment
from the laboratorises to its introductlon in all combat theaters,

From Septembar 1946 to January 1947, Colsnel Duffy was in charge of
apnlisd nropagation of compressional and magnetic waves at Watson

Lavoratories. At the prasent time, Colonel Duffy is monitoring the
uonar alr research nrogram for the AAF in addition to his dutiee as
Aseistant Chlef of the Klactronic Plana Section. With the Air Force
compating againat other servicas in the upper air research program,
guided missilas and meteorclogical ressarch, a comvetent, practical
and theorstical officer is consldersd sssential in the Plans Section,
Rlectronic Suddivision,

Colone) Raloh L, Waspell, 0-22339

Retention: Indefinite. No known replacesent in the AAY,

Duties: Chief of Onerations for Powsr Plant laboratory. In this
capacity he is responeible directly to the Laboratory Chief for the
nlanning and execution of the entire engine development program,
Spacifically, he is responsidle for supervision of the Rotating Rnglne
Branch and the Fon-Rotating Rngine Branch. 1In order to successfully
exacute his responsibilities, Colonel Wassell must coordinate and
approve the initiation of all research and development vrojecta for
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ABSTRACT

Systems of constant altitude balloons have been designed, developed,
tested and used in variouns types of atmospheric research. After
investigation and testing of several methods, a system comprising
of a plastic fixed-volume balloon, electrically operated control
instrumentation, and liquid ballast was developed.

This system has been used on several series of flights for carry-
ing instruments at constant altitudes, studying winds over long
periods at the 200 mb level, and investigation of neutron maxima.

Balloon launchings were carried out at various sites in the United
States by members of the project in coordination with representatives
of the sponsoring agency. Meteorological analysis of conditions

over selected stations in the Western Hemisphere as requested by

the sponsor was carried out by members of the Department of
Meteorology of New York University.

A. Introduction and Statement of Problem

Contract W-28-099-ac-2l1 between Watson Laboratories AMC was
entered into on 1 November 1916 to be carried omt from 30
September 1946 to 1 October 1548.

Services to be furnished were as follows:

Research, investigzation and engineering services in
connection with obtaining and furnishing experimental
data on pressure and temperature in the upper atomosphere,
to involve the following:

a. The securing of constant level balloons under the
following conditions:

(1) Initially a six to eight hour minimum time
for the balloon in &ir; eventually a forty-
eight hour time for balloon in sair.

(2) The altitude to be attained by the balloon
will be 10 to 20 km, adjustable at 2 km
intervals.

(3) Maintain elevation within 500 meters and the
frequency of oscillation to be such that it
will not interfere witb operation of balloon
borne radio equipment.
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b. The construction by the contractor of an experimental air
borne radio and associasted air borne or ground receiving
equipment which will transmit and receive information from
a mechanical movement introduced into the radio circuit.
The weight of the pick wp device and any required power
supply to be carried in the balloon will not be over 2 lbs.

¢. The contractor will fly the balloons, track them, and collect
the data on pressure and temperature to be transmitted as
the balloon goes up and at periodic interwvals at flight
altitude. These intervals to be determined by consuita-
tion. The accuracy 1s to be comparable to that of the
standard Army Radiosonde.

d. Interpretation of Meteorological data in connection with
project.

Five copies of reports of design and development phases were to
be delivered at monthly intervals. Resuvlts of meteorological
studies were to be transmitted as completed to the sponsoring
agency for use of Air Force scientific personnel.

On 27 February 19L8, Modification #1 revised the mumber of copies
of reports to be furnished to 25. Modification #2, of 2 April
1948, added the requirement of "Research Investigation, and
Engineering services leading to the determination of the dependance
of the propagation of sound on atmospheric conditions®, to the
contract. Contract finds were increased to cover this additional
requirement.

Under Modification #3 of 23 April 19LB,it was agreed that a

separate final report on telemetering from Balloon Systems would

be completed and transmitted to the sponsor. The time of performance
was extended to 1 February 19Lg and contract funds increased to

cover the increased period of performance by Modification #L to

the contract on 29 September 19L8.

On 28 October, 1948, the number of reports required was increased

to fifty (50) and the place for final inspection and acceptance
charged to Cambridge Field Station, AMC by Modification #5. Modifica-
tion #6 changed the allotment for funds to be used on the project.
The period of performance of the project was extended to 50 March
1949, by Modification #7 of 26 January 19L5.

Modification #8 of 8 April 1949, modified the requirement to that
of maintenance of one trained person in the field to carry out
balloon launching and tracking services in conjunction with Air
Force scientific personnel. Funds were increased to extend the
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period of performance to 15 March 1950, A final report on
development and testing of constant gltitude balloon systems
was to be submitted to the Air Force. Modification #9 revised
the delivery address for reports.

Modification #10 of 1 May 1950, increased contract funds to
continue field service and meteorological analysis work to 15
June 1950.

Modification #11 subsequently extended the period of performance
to the termlhation date of 31 December 1950 and increased fumds
accordingly.

Constant Altitude Balloon Systems

Development of a system to maintain balloons at constant al-
titudes for long periods of time was completed on 15 March 1949.
This development has been completely reported in "Technical
Report 93.02"(1) by this Research Division under "Section 1,
General®.

Essentially the system as developed at New York University con-
sists of a constant volume balloon of thin polyethylene which,
when filled with hydrogen or helium, furnishes the 1ift for the
system. (Because of the increased safety to personnel and equip-
ment, use of helium is to be recommended). The balloon is in-
flated with enough gas to balance the weight of the suspended
equipment, plus a certain amount of "free 1lift" which will canse
the system to ascend. When the balloon nears floating altitude
and becomes full, the gas comprising the "free 1lift" will be
expelled through an open appendix at the bottom of the balloon.
The system is then at equilibrium at an altitude fixed by the
balloon volume. The ratic of molecular weights of the 1ifting
gas and air, density of the surrounding air, and the total balloon
load are as follows:

vb (1- lq.s. ) da’ L

This state of equilibrium is broken, however, by changes in any
of the above variables. Basically, losses of 1lift due to leakage
and diffusion of gas, and changes of temperature of the lifting
gas cause a change from equilibrium conditions.

Any variations causing an increawe in altitude will result merely
in a valving of gas from the fixed volume balloon and a slight

increase in altitude. Changes in the reverse direction, however,
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mgt be compensated for by decreasing the load on the system
to prevent descent to the ground.

This decrease of load is carried out by dropping liquid ballast
as demanded by a pressure activated ballast control switch.
This switch completes a circuit through a relay operated
ballast valve whenever the balloon system descends to a region
of pressure greater than that of its selected floating altitude.
Ballast is thus dropped and the system returned to floating
altitude,

On fghts made on another project since the termination of the
development phase of this project, the ballast control system
was standardized to include a pressure displacement switch and
an electrically operated ballast valve. The displacement switch
(Fig. 1) consists of a standard temperature compensated

aneroid cell and pen arm from a radiosonde modulator

Fig. 1
Pressure Displacement Switch for Ballast Control



http://www.gl.iit.edu/wadc/history/roswell/report/p429.html

(Type E preferred); a rotating commtator of two segments,

an insuvlator and a conductor; a six volt 1 rpm motor; and

-a ghelf for the pen arm. Incalibration, the aneroid cell is
moved across the base by means of a screw which allows selec-
tion of varions altitudes for control.

Initially the pen arm rides on the shelf during ascent so
that the circuit to the valve remains open until the balloon
approaches floating altitude. Several thousand feet before
ascent is completed the pen arm falls off the shelf closing
the ballast circuit (Fig. 2) and cansing ballast flow during
the final period of ascent. When the balloon reaches control

DISPLACEMENT SWITCH

BALLAST COMMUTATOR

FLUID

ANEROID

FEN ARN

T SRPM MOTOR

RELAY OPERATED |

VALVE 6Y. BATTERY

|
|

BALLASYT GONTROL CIRCUITY

Figo 2
Ballast Control Cirenit
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altitude the pen passes to the insulator portion of the
commutator and ballast flow ceases. Whenever the balloon
system subsequently descends past control altitude, ballast
is made to flow, maintaining the balloon altitude at control
level. This system has been used successfully on over twenty
constant level flights maintaining altitude to close limits
for periods up to 60 hours. An example of a flight made
with this control is shown as Fig. 3.
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A review of this system by members of the University staff

has been published in "Transactions of the American Geophysical
Union?2§1 Earlier work on this development has been reported

by members of this Research Division in"Technical Report 93.01¢3)
and in the "Jonrnal of the American Meteorological Society"(l).

A manual for those interested in making use of balloon systems
of this type has also been published as "Section II, Operations”
of our "echnical Report 93.02%{1}, This report consists of a
discnssion of instrumentation for balloon systems, techniques
forlaunching and traddng, and telemetering from balloons as
developed and tested at New York University.

C. Telemetering From Balloon Systéms

The second requirement of this project was the investigation,
development, and testing of balloon borne telemetering systems.
The development was completed in June of 1948 and a final report(T)
of work accomplisted and recommendations made to the sponsor at
that time.

Two types of transmitter 'nits were suggested as a means of
accomplishing the telemetering of data from a balloon to ground
station receivers. A high frequency system, making nse of line-of-
sight transmission allows for accurate positioning of the balloon
system from two ground stations. The line-of~-sight characteristic,
however, limits the range of this type transmitter, and ranges

in excess of 250 miles are not to be expected with a balloon
system floating at LO,000 ft.

Three line of sight transmitters were designed for use in
balloon work. The first, the FM-1l, was designed to operate at
72 mc, using a conventicnal reactance tube modulator. Several
stages were included to deliver 1 watt omtput at the design
frequency. The unit was suite complicated and the required
input vower large due to the regnirement for several stages
to transmit at the high trequency. Fig. i is a schematic of
the FM-1 transmitter.

In order to overcome this limitation of FM sets, a two tube
transmitter was developed (Fig. 5). Variation in vacuum tube
resistance is used to modulate the oscillator plate voltage of
a self-excited oscillator in accordance with the sudio signal.
This provides the fregvency modulation desired. In order to
mainta‘n a stable center frequency and render the oscillator
insensitive to changes in snpply voltage, a neon tube voltage
regulator was included.
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Fig. 5
FMa? Trana-dtter




Output of the oscillator is both amplitude and frequency modulated,
the amplitude modulation being limited by a class "C" RF amplifier.
This wnit weighed six ownces, was fed by a plate voltage of 270
volts with a filament drain of LOOma. at 1.5 volts. The output
was one watt at frequencies from 25 to 10Omc.

Before procurement of a receiver with automatic frequency control
an attempt was made to develop a crystal controlled oscillator to
overcome the freqrency drift inherent in FM systems. This work
was abandoned when the controlled receiver was obtained. The
crystal control unit which was developed required extreme care in
taning in order that modulation be linear.

A miniature power amplifier, uwsing one dval triode as a push-pull
amplifier was constructed for use at 25 to 100mc with any of the
above mentioned transmitters. The antennae for these transmitters
was a half-wave vertical dipole.

The receiver found satisfactory for these systems was the R-2A/ARR-3
Soncbuoy receiver. This ugit employs Automatic frequency control
and will tolerate a drift - .35mc before retuning is reguired.

When SCR-658 radio direction finding equipment became available
work on these transmitters was abandoned and a LOOme transmitter
used. This system allows for accurate positioning of the balloon
systems by use of crossed azemuths from seweral receiving stations.

A transmitter using pulse time modulation was designed for use
with this receiving equipment. The advantages here are high
peak power with relatively low input power (and thus a high
signal to noise ratio) and simultaneous transmission of several
data channels at one frequency. This project was abandoned
before tests could be completed due to a modification of project
req: irements, but preliminary results indicated that this system
wounld be advantageous in AM or FM transmission. This system makes
use of short duration pulses ( .5 micro second) at a repetition
rate of approximately 10 kec.

For long range transmission of information an amplitude~modulated
transmitter was developed. (Fig. 6) This unit, the AM-1, is crystal
controlled, employing a 3A4 minlatrre tube in a Pierce oscillator
circuit as the crystal oscillator. This e¢ircuit does not require

an LC tank circuit and eliminates the tuning of this additional
stage. The RF amplifier is a 3A5 miniature dual triode tube.

The unit was designed to give 1.5 watt output with a 270 volt

plate supply and can be used with 380 volts to give 3 watt ontput.
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7ig. 6
AM=-1 Transmitter

Frequency ranges from 1.5 to 9mc can be employed with the AM-1.

The modulation of the AM-1l is effected by use of a triode modulator
(2-3A5) tubes) connected in series with the plate supply of a class
nc" RF amplifier. Variation of the plate supply voltage of the

RF amplifier caused bv change in tube resistance gives amplitude
modulation linear with plate voltage of the amplifier. By use

of this system modulation from DC to several hundred cycles is
obtained.

The receiver for this transmitter was a Hammerlund SP LOOX with
several modifications. In order to increase the signal to noise
ratio a crystal filter was introduced into the IF amplifier

eircuit to narrow the bandwidth. Bandwidth was also reduced by




decreasing the coefficient of coupling between the primary and
secondary of the IF transformers. By this reduction of bandwidth
to 3kc a 3 microvolt signal produced a 15.5 DB signal to noise
ratio, where at 16 kc bandwidth only 7 DB was obtained.

In order to obtain accurate reproduction of the amplitude of the
andio frequencv the AVC circuit was modified by adding a fixed
blas to the AVC diode of the receiver. This flattened the character-
istic of the AVC circrit and no change in amplitude of recorded
audio signal was detected over a six wour flight using a constant
amplitude andio signal from the transmitter. The signal was

tapped off at the ontput of the second detector of the receiver

and fed to a Brush BL 905 AC amplifier for recording. . The recorder
used was a Brush BL-202 double channel oscillograph. A gquarter
wave vertical receiving antennae was employed with a counter poise
ground. The transmitting antennae was a vertical half wave dipole.

In order to use the iM-1 for transmission of information from
pressure and temperature sensors a relaxation oscillator circuit
was incorporated in the system. (dotted section -~ Fig. 6). This
oscillator vsed one half of one of the 3A5 modulator tubes and
produced a blocking rate approximately proportional to resistance
of the sensor instruments. This information could be superimposed
on the reglar modulated signal and two types of information could
be transmitted simultaneovsly; one as am amplitude and frequency
change of the basic signal, the other as a frequency of pulses
superimposed on the basic signal.

The AM-1 has been wsed in balloon dontrol research to transmit
information on pressure, temperature and ballast requirements.

It was also employed to give information on Neutron intensities

in another Air Force project( ). In order to obtain information

on balloon position on a wind study project the AM-1 was used

as a beacon to be "homed in" on by the radio compass of aircraft(é)-

A system of diversity reception was considered for use with a
dual chammel AM-1 transmitter in order to increase reliabllity
despite atmosphwic noise. In the dual chammel unit a common
modulator was connected to two separate crystal oscillators and
RF amplifiers. In preliminary tests two receiver and recording
units were used.

For short range balloon flights the AM-1 was modified for use
with subminiature and acorn type tubes. In this, the AM-2, two
2E27 tubes in parallel provide excitation for the type 958A RF
amplifier. A circuit diagram of this unit is shown as Fig. 7.
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Flg. 7
AM=-2 Transmitter

In addition to radio direction finding with the SCR658 and beacon
transmission with radio compass, several other methods of balloon
positioning were evaluated. Radar positioning was successful
only if a target was attached to the balloon train. Generally,
the ranges possible with radar are not as great as those possible
by radio direction finding. For direction finding on the low
frequency AM transmitter some value was found in use of loop
antennae. Accuracy of this method is between .5 and 2 degrees
and is generally hindered by sky wave reflection.

A pulse time modulated transponder beacon at high frequencies
was found to be advantageous for obtaining accurate slant range
to the balloon. Preliminary investigation of use of Doppler
effect for positioning indicated that this method is not feasible
due to difficulty in measuring the low freguency differences
involved.
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D. Launching Services

During the course of the project balloon flights were split into
two general classifications, (a) research and (b) service.

Research flights were made to test balloon controls and telemeter-
ing systems developed under the contract. A full report of gheso
research flights has been made in "Technical Report 93.02 (1),
Section ITI, Summary of Flights®

Service flights were carried out by New York University personnel
in conjunction with technical personnel from the sponsoring agency
to test geophysical equipment developed in Air Force laboratories.
The requirements for these flights were launching and tracking

of balloons to float at specified altitudes for short periods of
time (6 to 8 hours). Becauee of this short flight duration,
simplified plastic balloon systeme were used, Balloons were
maintained aloft by vwse of constant fixed ballast flow, or ballast
was excluded entirely from the system. A typical flight using
constant ballast flow at a rate slightly exceeding leakage losses
is shown as Fig. 8.
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Fig. 9 is a typical flight with no ballast. The flight train for
these flights is shown as Fig. 10.
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Ballocon Performance When No Ballast Was Dropped

RELEASED AT ALAMOGORDO N.M., 2042 MST~ 9 JULY, 1948
RECOVERED AT VALENTINE TEXAS, 10 JULY, 1948
ESTIMATED DURATION {0 HOURS
Fig. 9
Balloon Flight Without Ballast
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With light weight pavloads, balloon systems of this type can be
lavnched by two or three experienced balloon men. The launching

18 carried out in a manner similar to ?h?t explained in Section II,
Operations, of "Technical Report 93.02(1 Y in that the balloon

is inflated in the lee side of a building or wind screen, (or in

an aircraft hangar if one is available, or in the open when winds

are light) with the eguipment train laid out downwind of the balloon.
The amount of gas 1lift is equal to balloon weight plus apvroximately
10% to cause ascent at 800 to 1000ft. min. 4 picture of inflation
of a 20 ft. diameter plastic balloon is shown as Fig. ll.

"

ice 11
Inflation of a 20 ft. Plastic Ballooa
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The following is a list of equipment needed for lawnching of
a single flight of this type:

(a) Lannching Equipment:

ea.set instrmctions (Operations Manual)

ea. elliptical shot bags (each filled with 100# of shot)
ea. LO' x6! Ground Cloth

ea. sheets polyethylene,.001" to 004", L' x Lt

ea. gas tank manifold with pressure gages and valve

ea. rubber hose, 1" I.D.,10' long with diffuser

ea. rubber tubing 1/2" bore, 1/8" wall, 8! long

ea. solution balance

ea. inflation nozzle, ML-196 for rubber balloons

[P SR ot S
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ea. tool kit complete with 2 sheath knives, 50' cloth
measuring tape, brass wire, 1" Mystic tape, volt ohmmeter,
pliers, screwdrivers, inflation tools, flashlights, crescent

. wrenches, soldering iron, compass, 2 open-end wrenches,

' 1-1/87 x 1-1/L4" openings, 14" pipe wrench, spanner for
helium tank valves, etc.

1 ea. theodolite ML-247 with tripod ML-78 (optional)

1 ea. recorder, brush oscillograph or other with amplifier.
1 ea. SCR~-658 radio direction finder

1 sa. chronometer '

(b) Flight Equipment:

2 to 5 tanks heliwm

1 ea. balloon

2 ea. rolls acetate fiber scotch tape

1 ea. appendix stiffeners (if appendix is to be used)
500# test nylon line

75# test linen twine :

2 ea. 350 gram balloon ML-131A (for wind sock)

5 to 10 toggles or hooks

1l ea. radio transmitter

1 ea. pressure sensor (and temperature if desired)
Payload instrumentation :

1 ea. banner, 3' x 6'

Data sheetis

Weight sheets

Reward tags (English, Spanish or other language)

| (¢) Termination Equipment

1l ea. flight termihation switch

1 ea. set rip rigeging

2 ea, cannons

2 ea. squibs (treated for high altitude}
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(d) Fixed Rate Ballast Equipment:{optional)

1l ea. orifice spinnerette, to give proper ballast flow

1 gallon ballast, compass fluid AN-C-116

1 ea. ballast reservoir (1 gallon capacity)

1 ea. filter 3' diameter, 325 x 325, phosphor bronze mesh
6 inches tubing (Tygon) 3/16" bore

Tracking of these flights was maintained by use of an SCR 658 radio
receiver with a LOOmc transmitter telemetering information from
the balloon system. Information received through the telemetering
circuit can be recorded on a standard weather station recorder,

a recording oscilloscope of the Brush Development type or by any
other convenient means.

Altitude of the service flights wais determined by nse of a modified
radiosonde modulator, an olland cyclg modulator (see p.88 , Section
I, General, Technical Report 93.02(1 }, or by computation from
knowledze of theweight of the balloon system and volume of the
balloon.

In order to keep balloon systems from floating in the air lanes,
a flight termin-tion switch was inclvuded in the circuit. This
switch is a radiosonde modulator modified so that all contacts
above 25,000 ft. are disconnected from the circuit. The pen arm
rides on a shelf during ascent to about 30,000 f%. and then falls
to the commtator (See Fig. 12).

Fig. 12
Flight Terminaticn Switch
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When the system again descends to 25,000, the pen arm comes into
contact with the commutator contact and an electrical circuit is
closed through a squib in the load line. The load line is cut
and the load on the system falls six to eight feet before being
caught by a supplementary load line. During this fall a rip
line pulls a hole one foot long in the side of the balloon and
the system descends using the partially inflated balloon to hold
the rate of descent to approximately 1200 fi/minute. This system
has been nsed successfully in over 100 flizhts.

A drawing of the rip assembly is shown as Fir. 13. The cannon and
souib to cut the load line are shown as Fig. Lu.
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In all,115 service flights were made under this contract from
varions government installations thronghovwt the country. 4
summary of these flights is listed in Table I (see end of text).

E. Meteorological Analysis

As one phase of this project, New York University agreed to prepare
analyses of winds and temperatures in the troposphere for dates and
localaties specified by Watson Laboratories,

The vertical distribution of temperature from the ground up to
heights of about 15 km at the time of any particular experiment
was estimated from the routine radiosonde ascents which were
nearest in respect to both time and space, to the site of the
experiment. If the time of the experiment was within three hours
of one of the twice-daily, standard hours of radiosonde observa-
tion, the temperature distribution given by such observation was
assuvmed to have existed (within the limits of error in the method
of measurement) at the time of the experiment. If the time differ-
ence was greater than three hours, a linear interpolation was made
between radiosonde observations preceding and following the time

of the experiment. Interpoclation in space was accomplished
qrdinarily by assuming a linear horizontal variation of temperature.
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! However, when weather conditions indicated a markedly dis-
continuons variation of temperature (i.e. a "front"), appropriate
subjective modification of the objective linear interpolation
technique was applied.

The vertical distribution of wind was determined mainly from
direct observations (pilot-balloon and radio wind-sounding
measurements) of free-air winds at weather statlons in the area
of each experiment. However, actual measurements of winds in

the upper half of the troposphere often are scarce or completely
lacking, and it was frequently necessary to make use of an
indirect method of estimating the wind at elevations greater than
5 ¥m. Charts of the distribution of atmospheric pressure(as
given by radiosonde observations) at selected levels between

S im and 15 km were constructed, and the wind direction and
speeds at these levels were computed from the well-known geostrophic
wind equation, which relates the wind to the horizontal distribu-
tion of pressure.

For -the experiments carried out off the east coast of the U.S.A.
between 1 August 1946 and 1 August 1947, it seemed feasible to
show the distributions of both temperature and wind in vertical
cross-section. This was due to the fact that these experiments
were made, and the reswlts of same recorded, within a fairly
narrow band centered close to a line between Lakehurst, N. J.,

and Nantucket, Mass., at which points radiosonde and upper-wind
observations are taken regularly. However, vertical cross-sections
of temperature and wind were abandened as a method of representa-
tion of the distribution pertaining to all subsequent experiments.

There were several reasons for this decision. In the first place,

the sites and character of later experiments did not fit into the
existing weather-observing network in a manner favorable to cross-
sectional representation. In the second place, experience brought
about the conclusion that the horizontal gradient of temperature

is usually so small that,within the area encompassed by an experiment,
the difference in temperature at a given level between points at

the ends of a cross-section 13 no greater than the average error

of the radiosonde measurements. Thirdly, it was soon realized that
the variability of the wind in space and time is such that an individuval
pilot-balloon or rawinsonde ascent is not representative of the
average vertical distribution of velocity during the interval
occupied by a single experiment. Furthermore, as mentioned above,

the wind at high levels in the troposphere often had to be in-

‘ferred by indirect means. Since the true wind uwsually deviates
somewhat from the theoretical geostrophic wind (the latter being
derived uwnder certain simplifying assumptions) and since the

geometry of the pressure field 1s subject to some uncertainty

owing to inaccuracies in the radiosonde observations, it became
apparent that the assignment of a single welocity value at any




21.

given point in a cross-section through the atmosphere was
misleading.

In order to avoid the suggestion of greater precision than was
warranted by the charagter of the information available, it

was declded, during the autumn of 19L7 to present the meteorological
diagnoses in a different form. Since that time, graphs (in lieun

of crogss-sections) have been constructed to show the vertical
distributions of the estimated ranges, that is to say, the estimated
extremes of temperature and wind on the whole or over a part of

the area involved in each experiment.

Since Avgust, 1950, the principal task has been the preparation

of diagnoses of conditions existing during experiments being con-
ducted regularly in eastern Colorado, western Nebraska and western
Kansas by the Industrial Research Institute of the University of
Denver. The design of these experiments necessitates a particularly
careful study of the available weather data and the exercise of

a considerable amount of synoptic meteorolegical judgment in the
preparation of the wind and temperature diagnoses.

F. Flights Utilizing the Constant Level Balloon System

After completion of the balloon control and telemetering development
phases of the project, the balloon systems were utilized under
Contracts AF 19(122)-L5 and AF 28(099)-10, between this University
and the Air Force Cambridge Research Laboratories. A brief review
of these projects 1s as follows:

1. High Altitude Balloon Trajectory Study (Contract AF 19(122)-45)

Under the terms of this contract the Research Division was
commissioned to launch and track constant level balloon
systems in order to study wind conditions at the 200 mb
level of the atmosvhere. Flights were to remain afloat
until they had traveled approximately 1000 miles.

In order to track the balloon systems, the AM=-1 trans-
mitter was operated at 17L6 ke, using the radio compass
from an aircraft to "home in" on the balloon and position
it at specified time intervals. Information on pressure
altitude, ballast flow data and balloon, free air and
transmitter battery pack temperatures was transmitted
throngh the AM-1 to receivers movnted in the aircraft

and recorded on brush recorders for analysis at New

York University.

A total of 22 flights (two of which crossed the Atlantic
Ocean and were recovered in Norway and Algeria) were
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made on this project. A complete report of these flights
and the g?uipment nsed is inclnded in "Technical Report
121.011( b this Research Division,

2. High Nentron Intensitv Study (Contract AF 28(099)-10)

In conjunction with a stvdy to determine the altitude of
maximum nentron density a modification was made on the
Constant Altitnrde balloon system developed under this
contract. In order to study nentron densities at two
different altitudes with the same set of instruments,
it was desirable to carry these instrmments throngh

a "stepped flight". The balloon system in this case
was to asc-nd to a selected altitude (say 45,000 ft.)
float there for one hour and then ascend to a higher
altitude (for example 65,000 ft.) to float for another
honr before descending.

The advantages of this type flight for Cosmic Ray stvdies
are that a given altitnde may be sampled for a long
enongh period of time to obtain statistically valid
results, and snch statistical sampling can be made

at several levels without the necessity of releasing
another balloon system and other set of neutron sensing
ingtruments. By proper design of equimment a fairly
wide range of altitudes can be sampled with "altitude
steps™ of almost any desired size.

The step effect is attained by release of a fairly

large amount of ballast at a fast rate set off by a
pre-set clock timer or a radio release activated by

a transmitter on the ground. The amount of ballast

to be released is determined from the standard altitude-
volyme load relationships wsed for constant-level balloon
flight. As a part of the final ballast release, the
ballast tank and its controls may be dropped from the
system.

If the level positions of the flight must be controlled
to fine limits, or if they must be of long duration

(more than two hours) it .is necessary to employ constant-
level ballast control over these portions of the flight.
However, if the level portions of the flight are to be

in the neighborhood of 1 hour duration, ballast control
during these floating periodes can be eliminaited, making
nse of the inherent stabllity of the plastic balloon
systems for short range constant level flights. It is
this latter method which was used by the New York University
growp in the study of Neutron Maxima.
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In this study four flights were made to study conditions
at altitvdes of 45,000 and 60,000 ft. A clock timer

was set to cause release of ballast after the system

had floated at the lower level for one hour. After
ballast was expended the timer cauvsed release of the
ballast tank to further reduce the load on the systems.

A typical flight of this series is shown as Fig. 15.
Further detail- on this stud¥ gave been given in reports
on "Neutron Intensity Study" 5 by this Research Division.
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Flight Release Altitude

No. Date. Point in ft. Recovery

EN-9 2/17/50 Vance AFB, Okla. 55,000 Washburn, Mo.

" _10 3/3/50 " " " 50 ,000

KN-1 L/25/50 Sedalia AFB, Mo. 50,000

"2 5/12/50 n noowu 55,000 Booneville, Mo.
v .3 5/26/50 " now 55,000 Warrensburg, Mo.
LR Y 5/26/50 " L 40,000 Concordia, Mo.

" .5 Hi. 6/2/50 " "o 50.000 Wapella, Ill.

" 5 Lo. 6/2/50 " "o 40,000

" .6 Hi. 6/20/50 " noon 50,000 Ashtabvla, Ohio
" .6 Lo. 6/20/50 " noon ;0,000

" .7 Lo. 7/11/50 " oo 10,000 Springdale, Ark.
% -7 Hi. 7/11/50 " “ 50,000 '

" -8 7/1L/50 " "o 10,000 loysville, Pa.
L 7/2L/50 " moom 50,000 California, Mo.
" _10 8/31/50 " " n 50 ,000

"1l 9/1}4/50 " L 18,000 Shelbyville, Tenn.
" .12 9/11/50 " nooow 145,000 La Monte, Mo.

" _13 9/22/50 n " t 52’000

LI I 9/28/50 " LI 18,000 Lorisianna, Mo.
" o-15 10/5/50 " nom 148,000

n 216 10/10/50 " noon 45,000

ma17 10/12/50 " L 45,000 Marshall, Mo.

" 18 10/17/50 " noon 5,000

"o-19 10/26/50 L LI 50,000 Dickson, Tenn.

In addition service flights were made from Watson Laboratories, AMC
Eatontown, N.J., for testing of items of geophysical egnipment during
the course of the project.

During June, 1949, service flights were made from Luke AFB,
Arizona, similtaneonsly with those made from Clovis AFB, New Mexico.
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1.

IN TRODUC TION

A,

Contract Requirements

On November 1, 1946 the Research Division of the College of
Engineering of New York University entered into Contract
W28=-099-ac-241 with Watson lLaboratories of the Air Materlel
Command. Under this contract the University was commissioned
to design, develop and fly constent-level balloons to carry
instruments to eltitudes from 10 to 20 kilometers, adjustable
at 2-kilometer intervels.

The following performence was specified:
1, Altitude to be maintained within 500 meters.

2, Duretion of constant level flight to be initially
6 to 8 hours minimum, eventually 48 hours.

3., The mccuracy of pressure observation to be comparable
to that obtainable with the standard Army radiosonde
(¢ 3-5 mb).

In addition to this balloon performance it was desired that:

4. A balloon-borne transmitter be developed for telemetering
of informetion from the balloon to suitable ground re-
ceivers.

5. Positioning of balloon during flight be determined by
ground trecking such as radar or redio direction=finding
or theodolite.

6. Appropriate meteorological date be collected and inter=
preted.

Following the first year of work the contract was renswed for

a l-year period, and in eddition to the provisions of the
original contract it was agreed that & totel of 100 test flights
would be launched by the University.

In September, 1948 & gecond renewsl of the contranct was efrected.
With this renewal, which expires in March, 1949, it is ex~
pected that the development of equipment will be concluded.
Further extensions &re under consideration whereby Few York Uni-
versity will supply stendardized flicht gear end flirht ser-
vice personnel for routine test flights.
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B. Project Facilities

To meet the requirements of the contract, & research group
wes built up and the following facilities were made aveilable;

1. Administrative section.

2. Engineering personnel were assigned to one or more of the
following groups:

(2) Balloon section

(b) Performence control section

{c) Telemetering section

{d) Analysis section (including meteorological and per-
formence date enelysis)

3. A small machine shop was provided tc msnufacture experi=-
menital models of equipment which was flown.

4, A field crew for launching, tracking and recovery of
balloons was established.

Work-shop, laboratory, office and storage space was pro-

vided by New York University (Figures 1 and 2). Field work
was largely conducted at Army bases and Air Forces installa-
tions. At ome time the number of full-time employees reached
26 with 17 part-time men on the staff at that time. Most in-
dividuals were celled upon to work in several departments
depending upon the urgency of field work, equipment preparation
or development work.

PRINCIPLES OF BALLOON CONTROL

Following preliminary investigations, two distinct principles of
achieving constanbpressure asltitude for free balloons were studied
in detail, The first of these is the maintenance of the balloon

at floating level by the use of & serve-mechanism or other con-
trol which causes the supported load to vary with the buoyancy of
the halloon. The second principle embodies the use of a non-
extensible balloon capable of withstanding & high internal pressure.

© With & fixed volume and & given load, such balloons remain at a

constent pressure level as long as the internal pressure of the
balloon is equal to or greater than that of the air at floating
level., A surplus of buoysncy ceuses super-pressure, but when the

ges is cooled relative to the air environment such & surplus is
needed to prevent excessive reductions in balloon pressure. When-
ever the balloon's internal pressure becomes less than that of the
air, it falle to earth. Such a balloon was used by the Japanese

for the fire bombing of the western United States during World War II.
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Fipures 1 and 2. Interior views, Research Division Shop.



http://www.gl.iit.edu/wadc/history/roswell/report/p459.html

To use the first of these principles it is possible to main=-

tain a condition of buoyancy by at least the following two me-
thods: (1) dropping & part of the load, as ballast, to match the
loss of lifting ges which occurs &5 & result of diffusion and
leakage; (2) replacement of the lifting gas by evaporation from a
reservoir of liquified helium or hydrogen. Of these two methods,
ballast dropping is most satisfactory from the consideration of
simplicity of control end safety of personnel. While the use of
liquid helium is theoretically more efficient, the smount and com-
plexity of control equipment adds much to the cost and also the
weight of air-borne equipment,

The development of non=-elasstic balloons which cen withstand high
internal pressure was investigated. Two designs which compro=-
mise extreme cost (required for balloons of high internal pressure)
with small wall strength, hence small super pressure, were tested.

At first, attempts were made to control balloon performence by using
buoyancy~load bealance techniques with elastic belloons, but the
difficulties which were experienced resulted in the development of

& third principle of operstion combining a non-extensible balloon
with & system of controls which can be applied either to & freely
expending balloon or to a balloon of fixed volume.

III. METHODS OF ATTACK

The work on the development of controlled-altitude balloons mey be
divided into three pheses, each one identified by the type of bal-
loon which was used. Concurrent with the belloon development was
the design and testing of cormtrol equipment required to meintain
the balleon at specific altitudes, Seme of the equipment instru=-
mentetion wes used on more than one kind of balloon, but in general
the problems and methods of attack are identified with one of the
three types of balloons.

A. Rubber Belloons

Following the example of Clarke and Korff, sassemblies of neo=-
prene rubber balloons were first considersd. Using these
freely expanding belloons it was necessary tc belsnce the load
to be 1ifted with the buoyancy given by arn integral number

of balloons. One or more accessory balloons were attached to
the &ssembly to provide lifting force to carry the train aloft.
With the gear et a predetermined aititude, the 1lifting bal-
loons were cut loose from the train by a pressure-sctivated
switeh, leaving the equipment at floeting level, more or less
exactly balanced. BSince there is no inherent stability in en
extensible balloon, any existing unbelence will cause the
trein to rise or fall indefinitely until the balloon reaches




its bursting diameter, the gear strikes the ground, or corrective
action is taken. Even if the extremely critical balence is inkially
achieved, there will be unbalence coccasioned by (1) bursting of
balloons due to deterioration in the sunlight, (2) diffusion of
lifting ges from the balloons, (3) loss or gain of buoyency when
temperature inside the balloon changes with respect to the ambient
air tempersture. This will result initially from radietive dif-
ferences, and after an amount of difference (superheet) hag been
established, changes in ventilation will cause chenges in buoyancy.

Two methods of attaching the payload to the clusters of rubber bal-
loons were tried., In the first of these (Figure 3) & long load

line was used, end short lines led from it to the individual bel=-
loons. The length of such arrays was as much &a 800 feet, and

this gize made them difficult to launch. The single load ring
array, seen in Figure 4, proved to be much easier to handle and

is recommended for cluster launchings. During ascent each of the
balloons in such an array ride separated from each other and no rub-
bing or chafing has been observed.

The controls which were associated with this balloon system were
crude and, in general, ineffective., They included (1) cutting off
balloons as the buoyancy became excessive and a preset altitude
extreme was passed, end (2) releasing part of the lead in the form
of solid or liquid ballast whenever descent occurred. The sensi~
tivity of these elastic balloons makes it difficult to control
their altitude with sny system of oontrols, and as controls were
developed it wes found more practical to change from freely ex-
panding balloons to non-extensible cells not made of neoprene. The
tendency of neoprene to decay within a few hours when exposed to
sunlight wes the most cogent argument ageinst doing more work on
altitude controls to be used with such a system.

Plastie Balloons

The next ettempts to control the altitude of a balloon wvehicle were
made using non-oxtensible plastiec cells, with an open bottom to pre-
vent rupture when expansion of the lifting ges is excessive. With

g fixed maximum volume, such & system has inherent vertical insta-
bility in only one direction. When full, there is & pressure alti=-
tude above which a given load will not be carried. The instability
of such & system is found only when an unbalenced downwerd force
exists. The development of controls and films for belloon material
procesded concurrently, but the choice of & nonwextensible plestic
film was made before the system of control was perfected.

The properties which were given most consiaceretion in the selection
of febric include (1) availability and cost, (2) ease of fabrica-
tion and (3) satisfectcry chemicel end physicel properties. Pri-
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Figures 3 and 4. Typicel rubber balloon arreys.
marily on the cost basis, an extruded film of plastic was found to

be supsrior to faebries such as silk or nylon with the various
coatings,
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The physicel and chemical properties needed in a balloon materiel
are: (1) chemical stability, (2} low permesbility, (3) high tensile
strength, (4) low brittle temperature, (5) high tear resistance,
(6) high transparency to heat radiation and (7) light weight.

In Table 1 the properies of 7 plastics and 2 coated materials are
given. From this data polyethylene and saran appear to be the most
suitable films.

Table 1
an Temper- | Perme- . Tensile 'Tear Re- Ease of |Stability to
Fabric ture Prop-| ability . Strength sistence Fabrica- lUltraviolet
- erties : l tion i
iPolyethylene; Good Medium § Low éGood Good Good
! |
Saran Fair Low ' High | Poor Fair Fair
i
Nylon Good Low : High }Low Good 'Good
i 1
Vinylite Very poor | Medium | Medium {Good Good Good
i ; i
Teflon Believed | Low High iGood Cannot Good
| good i be fabri-:
; j ceted i
Ethocellu=- | Good Very Low Fair Good Good
lose high
! Pliofilm Poor High Poor Fair Good Poor
lNylon or silk
f fabric coated
' fwith:
| Neoprene | Fair Low Bigh Feir Fair Fair
g
| Butyl Good Low High Fair Fair Good
! rubber
|

Having decided upon the proper febric to be used, en effort was
made to interest a number of companies in the fabrication end

! production of balloons. The first supplier of balloons made of
‘polyethylene wes Herold A, Smith, Ine,, Mameroneck, New York,
In these balloons, 4 and 8 mil sheets were heat sealed to form
a spherical cell open at the bottom. Load attachment tabs were
set into the febric and loading lires ran from these tabs to a
load ring. This method of supporting the load proved to be um-
satisfactory.

-lla




Subsequently, other companies produced balloons of one type or
another for us; the totel number and type of balloons purchased
ig given in Table 2.

Table 2

__Plastio Balloons
‘Film Type, Thickness Special Dnit ¥o. Delivered !

?Company ‘Diameter, Shape " Fentures Cost to Date
Harold A, Smith,Inc. .004 polyethylene  Prototype $150.00 4
: S-ft.diam.,sphericaq
. " " " L0m polyethylene | Low perme~ :
: 15-ft.diam.,spheri- ; ability 530,00 5
; cal | | |
oom " " " ..004 polyethylene | Low perme- ' 530.00 5
{ -16~ft.diem.,spheri- . sbility i
! ‘cal ; i :
General Mills Inc. .00l polyethylene iStressed ﬁ 20.00 256 '
1 ' ,T=ft.diem, ,tear- . tape type | '
drop . seam %
" " " 1,001 polyethylene : Stressed 126,00 175
. 20=ft.diam, ,tear- ' tape type
_drop | seam _
" " " . +001 polysethylene E‘Streased 1260.00 . 15
50-ft.diam.,tear- . tape type
drop seam
" " " +001 polyethylene . Stressged %900.00 i 5
: 70-ft.diam, ,tear-  tape type !
; drop seam
'The Goodyeer Tire & .004 polyethylene | Stressed  (475.00 10

Rubber Compeny,Inc. 20~ft.diem., egg- | tape type
| ‘plant * seam and low
i ' ; permeability

ﬁinzen Researdh,Inc. .0l5 polyethylene | Low perme- |[115.00 20
' 20=t.diam, ,tear= ability
“drop

- - - - - L od - - -l - - - - -L - - -

¥on-FPlastic Balloons

!
Dewey and Almy Chem~ J=2000 neoprene 3256.00 i 3
ieal Co. ,belloon with nylon Internel ﬁ
i t shroud of 15-ft. [pressure

| . N
: ;dlam.,spherlcal

;

Seyfang Leboretaies | Feoprene-coated Internal 550.00 ' 10
nylon 22.5-ft. pressure *
diem.,sphericel J $

g




Teardrop shaped polyethylene balloons were produced by General
Mills Inc. and Winzen Research, Inc., both of Minneapolis,
Minnesota, The General Mills cells were supplied in four sizes
with the diameters of 7, 20, 30 and 70 feet to cé&rry loads to
verying altitudes. A 20-foot ballcoon is shown in Figure 5.

Figure 5. 20'-Diameter, teardrop polyethylene balloon.

In all of these, film is .001" polyethylene, butt welded with
fiber tape laid along the seams to reinforce the seal, and to carry

-15-



http://www.gl.iit.edu/wadc/history/roswell/report/p465.html

and distribute the load. These tapes, which converge to the
load ring at the bottom, actually support the load (Figure 6).
An open bottom permits the escepe of excess lifting gas and thus
prevents rupture.

BALLOON'

LINES

LOAD RING

Figure 6. Appendix detail, polyethylene balloon.

On the Wingen balloons, which are made from .0l5" pelyethylens,
all but two of the balloons were made with similar fiber tape re~
inforcements; these two were produced without tapes and both of
them have been flown with no evidences of wusatisfactory perfor-
mance .

The eggplant shaped balloon produced by The Goodyear Tire & Rubber
Compeny, Inc. has been flown with setisfaction, but the exact
amount of diffusion, which is expected to be low from this balloom,
is not yet known,

Internal~Pressure Balloons

From a theoretical stendpoint the most satisfactory means of keeping
& balloon at constant pressure-altitude is to use a non-extensible

14w
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cell with very low diffusion through the walls and one capable

of maintaining super-pressure in excess of that lost with re~
ductions of gas temperature. Such a balloon could be sealed

off completely or & pressure-activated velve could be used to
permit efflux of the ges when the bursting pressure is approeched.
The neoprene-coated nylon balloon built by Seyfang lLaboratories
{(Figure 7) has been used with a valve set to prevent rupturing,

Figure 7. Yecoprene-costed nylon balloon,
two-thirds infleted.

The fabric has been coated with & metallic paint to minimize

the effects of rediation., Howsver, the values of superheet ob-
tained by the pgas when the balloon is in the sun have been of

the order of 30°C. The amount of buoyancy lost when circulation
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D.

or sunset cuts off the superheat is so large that it is not possible
to carry enough ballest to sustain the system under these condi-
tions. On the other hand, the loss of buoysncy through & sealed-off
Seyfeang balloon at 4100 feet MSL is of the order of 50 grams per

hour which is significantly less than the loss expected from a 20-
foot, 1 mil polyethylene cell in flight conditions. (With the appendix
aperture sealed, such a cell shows a loss of lift of about 40 grams
per hour when one-fifth inflated at ses level).

Cne other type of balloon which has been used as a super-pressure
balloon is the neoprene J2000 balloon of Dewey and Almy, surrounded
by nylon cloth shroud. The rubber balloon normelly would expand
until it reached bursting diameter, but when enshrouded, it is
limited to the wvolume of the shroud. The difficultlies in leunching
and flying this balloon are not unusually great, but on each of the
several tests which have been made to date improper handling has
been & possible cause of the early rupture of the balloon. It is
believed, however, that such a haelloon is not especielly suitable
for long flights because of the deterioration which occurs in the
neoprene in the presence of sunlight. Perhaps a shroud of material
which would filter out the ultravioclet rays would protect and
lengthen the life of such & balloon.

Despite the success of the Japanese silk or rice-paper balloons,
which were constructed on a super=-pressure principle, it is not be-
lisved practical at this time to develop a balloon of such strength
that it would sueccessfully withstend and retein pressure increases
corresponding to the temperature changes from night to day as the
superheat of absorbed sunlight is geined. The super-pressure with

2 neoprene-coated nylon balloon, for example, would be approximatdy
0.5 psi. That such & beslloon could be built is unquestioned, The
cost of production, however, appears at this time to be unwerranted,

Altitude Controls

Beginning with the arrays of rubber balloons which were first used,
verious systems of dropping bellest, both solid and liquid, have
been attempted with the aim of exasctly compensating for the loss of
buoysncy which 1s occasioned as the lifting gas diffuses or leaks
through the balloon. On the early rubber balloons only rough incre-
mental ballast dropping was empbyed. At that time it was decided not
to use sand as ballast since most sand contains some water which
mey freeze while aloft. Further, it is easier to control the flow
of a liquid ballast than it is to control sand particles. In the
investigations for a suitable liquid ballast the petroleum product
known commercially as Mobil Aero compass fluid was finally settled
upon., These investigations included tests of cloud point, freezing
point, and also density and viscosity over a lsrge rangs of tempera-
tures. The compass fluid is especially suitaeble for ballast work
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in high altitudes, since it freezes below =80°C and will flow
readily at low temperatures. Also, this fluid will absorb only
a very slight amount of water which might freeze aloft,

Basically three different principles have been used in the control
of ballast flow. The first of these is calculated constant flow;

the second is displacement~switch control; and the third is rate=-

of-ascent switch control.

{1) Constant Flow
In the simplest of the control systems, liquid ballast is allowed

to flow continuously through an orifice (Figure 8) at a pre=
determined rate. This rate is set to slightly exceed the ex-

T ) |
. 008 0 SECTION A-A

.’

o

RETAIL B

PERSPECTIVE WIEW'
TRUE SIZE

Figure 8, Orifice for fixed-rate ballast flow.

pected loss of lift of the balloon due to leakage and diffu-
sion. If this method is successfully used, the balloon stays
full because the gas remaining in it hes less load to support.
Therefore, the balloon will rise slowly as ballast is dropped,
mainteining equilibrium between the buoyency end the load. In
the General Mills 20-foot balloon, for example, diffusion losses
are sbout 200 grams per hour &t altitudes near 40,000 feet. The
balloon at its ceiling of 40,000 feet with a 26-kilogram pay-
load rises sbout 700 feet with eech kilogrem of ballest dropped.
This means that such & balloon using this constant-flow type
control will float at a "eglling" which rises et the rate of
ebout 140 feet per hour., Constant flow was first obtained by
use of the manual ballest valve shown in Figure 9. Due to
excessive clogging of this valve, caused by itsannular ring
opening, gate -type valves were tested, and finally the use of

o] Te=



http://www.gl.iit.edu/wadc/history/roswell/report/p469.html

simple orifices of wvarious sizes replaced the manual ballast

valve,
: DIAL
AIR vENT - : (Groauared
‘ > avery fwo degrees)
BALLAST DISCHARGE TO DISCNARGE TUSE OF
TUBE AUTOMATIC BALLAST YALVE
Figure 9. Manual ballast valve.

(2) Displacement Switch

The displecement principle in ballast control hes been used in
two different types of wvelves. The first of these, called the
"automatic ballast valve,™ used & needle valve, controlling
ballast flow by an aneroid cepsule to which the needle was at=-
tached (Figure 10)., The eneroid capsule was open toc the at=-
mosphere on ascent; as the balloon began to desecend to & region
of higher pressure, a minimum pressure switch was used to seal
off the cepsule and further descent caused ballest flow., (For
details aee Technical Report No. 1, Constant Level Balloon
Project, Research Division, College of Engineering, New York
University, New York, N.Y., 1948.

There are three undesirable features of this system. Greatest
is the effect of temperature changes on the air sealed in the
capsule, Seal-off pressure acts as a datum plane. Any in-
ocrease from this pressure causes compression of the eneroid,
end bellast flows proportionally to the difference from geal=-
off pressure. However, with changes of temperature of the
entrapped air, the activation pressure of the velve changes,
the floating level is thus also a function of temperature of
the gas in the aneroid.

=18~
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Batlast
Inlet Tube

o 5 Ballast Valve Seat
Face . |
4 g o
Tension Spring to _g\vmve Stem. Valve Closed

Open Baollast Valve ! by Comp. Force On Stem

Baliast Valve
Ballast Outiet

Anerord capsule closed
by sealing ot desired
gititude. Descent below
seolng olt. couses oner-
oid te contract, opening
ballast valve.

Tenston Springs ta
Close S5ealing Valve

Anerord Sealing Valve

Fixes pressure of anerowd
String holds valve capsule.
open unhl severed

by squib.

Figure 10, Automatic ballast valve,

The second undesirable femture of the automatic bal last valve
system is the lag induced by the use of & minimum pressure
switeh to seal off the aneroid capsule., This is in addition

to the lag of the aneroid itself, If e mercury switech is used,
the differential between minimum and seal-off pressure is about
8 millibars; with a less dense liquid, the operation will still
require about & Zemillibar difference, If the sealing is done
by & fixed pressure switch it is then necessary to predict the
altitude to which the balloon will rise. Failure to reach

this height would leave the aneroid open and useless. Deliberasts
under-~estimation of the ceiling causes & relatively lorg period
of uncontrolled slow descent before control begins.

The third unwanted feature is the waste of ballast which flows
during both descent and escent of & balloon whenever it is
below the seal-off elevation. Since the balloon is no longer
"heavy" when its downward motion has been arrested, flow
during the return to the datum plane is needless and indeed
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will ecause an overshoot, hence the unnecessary exhaust of scme
lifting ges.

The effects of tempereture on the eneroid capsule of the auto-
matic ballest valving system waeeliminated by the use of a
ballast switch which uses a vacuum-sealed aneroid, set to per-
mit ballast flow through & valve whenever the balloon is below
& given pressure altitude. In this system the minimum pressure
switch and the lag cesused by its usesre eliminated. This dis~
placement-switch control has the disadventage that the flow
which it permits is not proportionsl to the displecement of the
balloon below & datum plane but i1s constant through the velve.
Normally this flow is large to permit repid restoration of equi-
librium. A second diseadventage is the requirement of batteries
to supply power to the electricelly operated valve. However,
the adventage of eliminating the temperature effects on the

) aneroid compensate for these two comparatively minor disedvan-
teges.

In practice, the displacement switch has consisted of & modified
rediosonde modulator in which the stendard commutater is re-
pleced by a speciel bar which is en insulestor sbove & certain
point and & conductor at lower levels (higher pressures). Vihen
the &neroid pen erm is on the conducting section of the commu-
tetor, a relay opens the hallast valve., To prevent excessive
flow on #&scent, the pen arm rides on ar insulseted shelf above
most of the contact segment of the commutator (Figure 11).
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(3)

The pen drops off the shelf at & safe distance below the ex-
pected pressure altitude and ballast then flows until the
pressure pen reaches the insulating section of the commutator.
In order %o prevent the cvershoot mentioned es one undesirable
feature of the automatiec ballast system, the high pressure

end of the insulstor may correspond to the expected maximum
altitude of the balloon, any loss of 1ift due to impurities

or escape of lifting gas will cause the balloon to level off at
e ceiling within the ballast-dropping range. Continued ballast
dropping will result in the rise of the bellown. Thus, an over-
estimation of the ceiling is not as oriticel as in the case of
the previous system.

Rate-cf-Ascent Switch

With the displecement-switch control just described there re=-
main the problems of ballast waste and balloon oscillation re-
sulting from discharge of ballast during rises of the balloon
after a descent has been checked. To eliminate this, a ballasgt-
control switch acting on the rate of rise of the balloon is

put in series with the displacement switch to close the ballast
flow circuit only when the balloon is coming down or floating
below pressure nltitude, When it is rising, no ballest flow is
permitted. This "rate-switch" is seen in Figure 12,

Capillary

" Tube

Wax Seal

Volume
GChamber

Platinum
Wire Lead

Electrotyte

Pigure 12, Rate-of-ascent switch.




A glass flask is open to atmospheric pressure through a fine
capillary tube. With verious rates of change of pressure,
various differential pressures exist between the air in the

flask and the outside air. This pressure difference controls

the level of liquid in & manometer switch, filled with 24% hydro-
chloric acid. When the internal pressure is 0.2 mb more than

the embient pressure, the switch opens end ballast flow is stopped
even though the balloon may be below the floating level. (The
switch is set so that a rate of change of .l mb/minute ascting
for three or more minutes will open the switch.) By thus re-
stricting flow when the balloon is rising, balloon oscilletions
are minimized and ballast is conserved. A sketch of this opera-

tion is shown as Figure 13.

DISPLACEMENT SWITGH DISPLACEMENT & RATE SWITCHES

_Floating 1
Altitude H

Altitude

Bollast Flow

Time Time
—— —iin

Figure 13. Helight~time curve, showing
ballast control action.

Since the rate switch is much more delicate than the displace=-
ment switch, safety considerations have caused the combined con-
trol to be supplemented by & pure displascement switch control.
In this, the ccnducting segment of the pressure modulator is
divided, and only e limited pressure heicht range (set for de=
sired floeting level) is controlled by both switches in series,
If the rate switch is damaged at launching (by spilling some of
its electrolyte, for instance) or in flight (perhaps by evap-
oration of the electrolyte) and the balloon descends, simple
displacement control becomes effect when the high pressure
(lower altitude) segment of the conductor is touohed by the pres-
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sure pen. The switch circuit is seen in Figure 14,
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Figure 14, Circuit for ballast control with combined
displacement and rate-of-ascent switches.

Figure 15 is a theoretical height-time curve, showing when
ballest would be dropped using such & control and the re-
sulting balloon behavior., During ascent the pressure pen is
kept off the commutator bar until Point 1 where it falls on~

to the low-altitude conducting segment. (The shelf has been
set so that the pen will fell onto the low-altitude segment in
order thet & ballast signel will be received for a shortperiod
of time, indicating that the system is working properly. The
balloon rises and ballast flows until the pressure pen reaches
Point 2, the beginning of the region where both switches in
series control the ballast. As long as the balloon continues
to rise, no flow occurs. Should the maximum altitude be above
the control level , no ballast will flow until the balloon de-
scends to that point. Then, with both contrels operating, tHlast
will flow only on the descending and floating portions of the
flight below cortrol level. A second course is illustrated,
whorein the rete-switch has failed. There the balloon de-
scends to Point 2 end oscillates ebout this level, &s a rasult
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of displacement switch actions alone.
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Figure 15. Theoretical height-time curve.

(4) Rate-of-Descent Switch

It may at times be desirable to control & balloon merely btya
switch activated at any given rate of descent. This could be
accomplished merely by "reversing" the rate-of-ascent switch.
This type of control would prove to be quite difficult, however,
for & constant level flight. One flight, No. 97, was made

using a type of rate-of-dscent switch as shown in Figure 16. 1In

Position white___ . ____ I
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1
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g
I
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Figure 16. Rete-of-descent switch.
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this switch & circuit is closed when the rate of descent ex-
ceeds 1/5 mb/minute, allowing ballast to flow. The record of
Flight 97 indicates that good control was obtained for a four-
hour period using this switch. However, the instrument is so
delicate and susceptible to temperature effects that its use is
not advised.

E. Flight Simulation

To make laboratory tests on the control equipment just described, &
flight-simuletion chamber has been built combining & bell jer and a
temperature chember, A drawing of the temperature chamber designed
and built at New York University is shown in Figure 17. (Investi-
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Figure 17. Temperature control chamber.

gation of commercially sold chambers showed that the cost of pur-
chasing a temperature chamber of the size desired would be pro-
hibitive.) First designs called for the use of a freon refrigerating
system; however, use of dry ice as a cooleant proved tc be more ad-
ventageous, This chember, with its automatic control, can hold
temperatures as high as #1009F and as low as ~900F within %° for a
period of several hours. Dry ice consumption at -60°F is approxi-
mately 150 pounds for & 24-hour period.

It is possible, using a bell jar for flight-similitude studies,
to arrange switches so that the vacuum pump is turned off and on at
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the same time that ballast is normally required in flight. This
system simulates the effect of rising and falling in the atmosphere
and indicates the effectiveness of the controls which have been applied.

In order to simulate flight, it is necessary that three conditions

be mainteained within the system. The first is that a leak of air

into the bell jar is permitted at a rate of pressure increase which
has been observed during balloon descent., A large lag chember is
connected into the bell jar to supply the second conditioen which

is & delay similer to thet inherent in the control action on an actusl
balloon flicht, It is mecessary to properly adjust the wolume of

such & lag chamber t¢ ebtain the desired magnitude of control asction.

A third requirement is that the response of the vacuum pump must
correspond to that response which has been observed when & balloon
system drops ballast. In order to measurs this, the control me-
chanism has besn allowed not only to switech the vacuum pump on and
off but also to actuate the standard ballast-flew equipment. This
system may be adjusted so that the amount of pressure change which

2 single period of pumping produces accurately represents the amount
of ballast thrown off during flight.

The barogram shown in Figure 18 is an example of such & test, On
this test the rete-of-ascent ballest switch was added to the displace-
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/

Fhght Simihitude Record Of Pressure

A- Displacement Switch

Operating.
B- Diuspl. & Rate Of Ascent.
Switches Operating.

Figure 18. Sample barograph record.

ment switch after the latter hed operated for & period of six hovrs.
The combination of the two is seen to heve effected a reductiorn in
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the amplitude and frequency of oscillations induced by the servo
system. In fect, under the influence of both controls, oscilletion
is almost undetectable,

As & consequence of such tests, it is possible to prediect the type,
size and frequency of oscillations which the servo-control equip-
ment will introduce intec the balloon flight, This is especially
significent since it is known from flirhts on which no control equip=~
ment was included that oscillations do occur naturally within the
atmosphere, apparently &as & result of vertical celluler convection
currents. By nowledge of the frequercy of oscilletion ceused by

a2 given control system it is possible to enalyze oscilletions and de-~
termine which are caused by control end which are etmospheric. The
wiring diagrem of the flight-similitude system is shown in Figure 19,
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The vecuum system ig shown in Figure 20,
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Figure 20, FPhysical layout, flight-similitude system,

This equipment has beer used in testing instruments to be flown
end elso equipment which is used in the launching end prepesration
before relemse. For exsmple, the Du Pont 864 squibs, which have
been used in conjunction with the flight-termiretion switches end
elso for severing launching lines, were tested in this chamber and
found to fail when subjected simultareously to cold temperature
(-500C) and low pressures (10 millibers) elthough tests et either
low tempersture or low pressures alone produced no failures. As &
result of these tests, a new squib, the 559, hes been prroduced

by Du Pont and is used in current flights. Other equipment

which has been tested in the bell jar ard .the cold chamber includes
the Lange barographs and the Clland-cycle pressure-measuring in-
strunments,




F. Flight Termination Gear

The rate of descent when controlled balloons are falling after
exhausting all ballast is sometimes ms slow as 50 feet per minute.
This means that several hours might be required %to fall through

the lesnes of sircraft treffic, inecreesing considerably the hazard

to aircraft (admittedly very small). To minimize this possibility,
units heve been added to the flight train to ceuse a2 rapid descent
after the balloon system has descended to some critical value, say
20,000 feet. One such destruction system, using a flight-termination
switch, is shown in Figure 2l. 1t consists of e pressure-activated
switch, triggered on descent only, sn explosive charge used %to sever
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Figure 21. Flight termination equipment.

the main load line, & rip line attached to the balloon near the

equator end a snub line which takes up the strein after the load
has fallen a few feet.
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When the contact is mede, the load line is cut and the entire
weight of the dependent equipment is used to pull out a section of
the balloon wall. Through this rupture, the lifting gas can es-
cape, and the balloon descends, using the upper portion as a para-
chute, The rate of descent has been observed to vary from 600 to
1500 feet por minute when this system is employed.

For some speciel applications it has beer desirable to cause the
balloon to descend after some predétermined time, instead of waiting
for the descent to air traffic lanes. In these cases, a clockwork
switch has been used instead of the pressure-activation unit. When
docks are used they are kept free of lubricants which will freeze.
The best results have been obtained from the use of & Dow Corning
Silicone (DC 701) diluted with 30% kerosene., If this is not
available, it is better to send up & clock without any lubrication.
Given relatively loose mecharism (a cheap slerm clock) the differ-
ential expansion of parts which is encountered at low temperatures
is apt to cause less trouble thean does the congealing of standard
lubricants.

EQUATIONS AND TEEORETICAL CONSIDERATIONS

Development of & controlled altitude balloon has led to investigation
of many theoretical considerations applicable both directly and in-
directly to the description of verisbles encountered in balloon control.
Some of these relationships heve been derived directly from standard
hydredynamic or thermodynamic principles; others come from an empirical
study of results of laboratory tests and sctual balloon flights. In
this section we will investipgate these theoretical considerations and
endeavor to correlate them with sctual flight results. A more simple
investigation of the equations necessary for the launching and tracking
of & controlled altitude balloon is contained in Part II of this report,
"Operations."

We shall first consider the relationships which aid in evaluating the
elementary characteristics of non-extensible balloon flight and those
which are helpful in carrying out infletion and launching operations
of such balloons. Next, we shall discuss more complex considerations
involved in belloon flights,

A. Floating Altitude and Altitude Sensitivity

To determine the altitude at which a non-extensible balloon will
float we must consider the weight of the balloon system, the volume

of the belloon, and the densities of the lifting gas and the

air. [If the lifting gas is 98% helium (molecular weight

4.50 1b./1b. mol), the lift of a unit of pas will be 24.4 1b./lb. mol.
Similarly, if 98% hydrogen were the lifting ges, the 1ift would be
26.6 1b./lb. mol.] By using these three basic parameters, we can

obtain an expression for the molar volume at which the balloon will
float:
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(1) Mv = Balloon Volume x Gas Lift
' Gross Load

[1t may be noted from this equation that a balloon can float at
molar volumes less thaen that computed for meximum balloon volume
(i.e., when it is not full). However, under these conditions the
balloon would be in neutral equilibrium, since any vertical force
would cause it to rise or fall until & force in the opposite direc-
tion stopped it. This is also the cese with floating extensible
balloons.)

To convert from molar volume to equivelent altitude we must know
the pressure-temperature distribution of the atmosphere in which
the balloon will float, Since it is difficult to obtain an
accurate distribution for each flight, the atmospheric model as
drawn up by NACA standards hes been used., In general the error
obtained in using the NACA standard is not great, but if greater
refinement is desired, date obtmined from sveraged radiosonde ob-
servations over & given leunching site can be used.

From such knowledge of the distribution of pressure and tempersture,
we may plot a curve of molar volume vs. sltitude by use of the
following equation:

i £13 T 1013.3mb  f1>
(2) MV; = 359|b mol x273°K * Pz Ib mol

By use of such & plot we easily find the flosting altitude of e
full non-externsible belloon by use of equation (1) to find molar
volume, and then of the plot of equation (Z) to find altitude,

The two equations have been combired and graphed in the form of
an altitude vs. gross load chart with helium es the 1lifting ges
for various balloon sizes end wverious releese sites in the
"Operations” section of this technical report (Part II, page 108).

For the KACA standard satmosphere we may derive an equation for alti-
tude sensitivity by use of the molar volume-altitude relationship.
This 1s most easily done by plotting molar volume vs. sltitude on
semi~logarithmic paper, since the curve of molar volume vs. mltitude
from 40,000 to 105,000 feet (where & corstant lapse rate of zero

is assumed) is spproximately a straight line on semi-log paper.

The general form of the equation for this portion of the stmosphere
is y = aebZ where y is the molar volume and ¢ the altitude.

It is possible to determine empirically the constants a and b.
For example, using the molar volume at 50,000 feet, we find from

*369 £t° = Molar volume of air at stenderd conditions (273°K, 1 atm. pressure )
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the eguation 2500 ft.5/1b, mol = 26”0 where 50 is the expression
for altitude in thousands of feet., Similarly, et 70,000 feet
6450 = ae70b, and by solving to eliminate e, we find 2.58 = eéOb
or 20b = .95, and the constant b is equal to .0475. Thus, the
equation may be written:

(3) y = qe?04782

y was originally defined as the molar volume, equal (for 98% helium)
to:

_Balloon Volume x 24.4 . K
Gross Load w

_ K _ ae 04T E
In turn, W , where z is the expression for altitude

in thousands of feet. From this relatiorship, we may solve for
W, the gross load.

(4) W = %e—.qnaa
Way . -
(5) In(%2) 0475 2
or:
(6) nwW + |n-ﬂ- : - 0475 2

Differentiating with respect to W:

(7) %=_ﬁ£§_§ 1t where W is gross load in 1b.

We see that the velue of the constant a is unimportant here, and
the expression is independent of balloon volume, as long as it
does not vary with time. Included is the assumption that over a
short period of time buoyancy of liftirggas does not change.

Thus, we have an expression for A, the altitude sensitivity, which
is velid between 40,000 and 105,000 feet, Similerly, it is possible
to evaluate altitude sensitivity for operation between O and 30,000
feet., A in this range is equal to 31,400 ft./1b.

W
A plot of altitude sensitivity against load is shown on page 109
of the "Operations" section (Part II of this technical report)
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We mey use this equation to epproximete the rise of a full balloon
system when controlled by overcompensated constant ballast flow:

@ s

where 2 is the balloon ceiling, t is time, and W is totel weight
of the balloon system.

B. Rete of Rise

The equation of Clarke end Korff:

F’

dz . F__ £m
. 1) dt ° @72 G/ sec

has been used to obtain the relationship between rate of rise end
free 1ift lbr excess buoyancy) for a balloon system of any given
weight, For practical use, the equation has been modified to:

1
(2) de _ 1486 F/2 where F is free 1ift in pounds
at = G73 and G is gross 1ift in pounds.

Although this equetion was derived for use with extensible spherical
balloons, it predicts closely the performence of non-extensible

balloons while they are rising to fleating level. An average value

for the constent in equation (2) from actuel flights is 1600 ft./min(lb.)l/6

The deviation from this relationship, evidenced in severd flights,
may be due to severael variations from the assunptions upon which
the equation is based. This deviation has in general been an in=
crerse of rate of rise of from O to 25% at higher sltitudes.

. To explain this increese, let us first investigate the changes
which may occur in the free lifst. If any gas leaves the balloon
; because of leskege through the balloon or the eppendix, the free
lift will be reduced and the rate of rise will decreese (as it
does after the balloon is full arnd "levels off"), Therefore, this
variation may be ruled out whenconsidering rise before the balloon
becomes full.

Free 1ift will vary with changes of temperature of the lifting gas
with respect to the free-sir temperature. A chenge of this sort can
be caused by acquisition of superheat of the lifting gas, or by
temperature decremse or increase ceaused by adiabatic expansion or
compression of the lifting gas. (These items will be discussed later
in this report.) Actual temperature measurements during rising
portions of flights indicate that there is no appreciashle tempera-
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ture difference between the lifting gas snd free air. Evidently
the effect of ventilation &s the balloon moves through the air
causes the lifting gas to remain at a temperature approximeting
thet of the air, and the increase of 1lift dus to temperature
variation is small in magnitude.

Since changes in the value of free lift sppear incapeble of causing
any appreciable increase in rete of rise, other possible variations
such as & change of the drag, or fluld friction, effect must be
considered.

The egquation of Korff is based upon the assumption that the effect
of the change in Reynolds number and the change in size are of equal
magnitude, but in opposite directions. Therefore, these varisbles
are oliminated to obtain the simple engirsering formula of Korff,
With & non-extensible balloon, however, the change of dreg effect

is probably less than the effect of change of Reynolds number. There-
fore, it is likely thet the rete of rise would increzse with alti-
tude. The change in drag effect may be reslized by & decrease of
relative size of the flabby, unfilled portion of the balloon. Thus
there will be & decrease of the drag caused by flow of air past this
flabby portion as the shape of the bellcon changes; +the result will
be an increese in the rate of rise of the system.

C. Superheat and Its Effects

The effect of the heating of lifting gas by the sun's rays hes long
been of interest to those using belloons for atmospheric investigaticn.
In cosmic-ray studies using freely extensible balloons, this heating
effect was used to edvartesge in extending the length of flights.

These flights were often relessed at night using the heat sdded at
sunrise to replenish lift lost during the night by diffusion and
leekage.

In constant-level belloon work, using non-extensible balloons, the
effect of superheat of the lifting gas is more often a disadventage
then an sdvantage. The disturbance of the flight is not greest when
the gas acquires this superheat but may be disastrous when the super-
heat is lost. It is at this time that & lerge amount of ballasgt is
required to keep the balloon system aflost.

Let us investigate the effects of gein and loss of superheat on a
full, non-extensible balloon. We shell try to explain these
effects in terms of percentage loss or gein of lift of the balloon
system by use of simplified engineering formmles. First, the
generel formulas:

(1) Lift: L = Vb(da"dg) , wWhere

V, = balloon volume

dg, dg density of air and liftirg gas, respectively
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(2) Density: d = T

p, R T = pressure, specific gas constant, and
v tempereture of the eir or lifting gas

(3) Lets. - Ba . Mg
® Rg ( Mo)

At any two positions:

L| - VI ‘da' - dgl)

Investigating the pgein of superheat, since there is no change of
volume V1 = V2 and:

(4) AL = Lz-—l_l = VI (dOz -dCI.- dgz+ dg')

Assume now that the ballcon carries no internal pressure and that
the difference in lift does not cause the balloon system to pess
through any eppreciable atmospheric pressure difference (in the
cage where the balloon is floeting at 40,000 ft. MSL a charge of
1000 ft. would be only 9 mb, or a 5% chenge).

Therefore:
Pa, = Pop= Pgi= Pgp* P

Assume also thet initially the air and lifting ges are at the

same temperature and that the air pesses through no apprecieble
temperature change. Then:

T.u|= T°z= Tg'= 1.|

Then, meking use of our two assumptions and substituting equation
(2) into equation (4), we heve:

= | S W R
AL VP(ROT. RaT, Ryla, RgT,)

and:
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AL B Two = T
5 - ~9g2
(6) L, I-B( ‘Ez )

or, for smell temperature differences, we have:

(6)

AL B (ZXT)
L I-B \T
With inereasing tempersatures, there will be an unbslance in the
direction of greater altitude. While climbing to & greater alti-
tude the belloon will wvalve gas and come to equilibrium at & new

level., Thus the effect of gain of superheat with a full non-
extensible belloon will be a slight incresse of sltitude.

Investigating the case where an initial smount of superheat is
lost:

(7) AL = Vz(daa“ dgz) -V, (dul‘dgu)

and since the balloon volume will decresse with cooling of the
lifting gas:

Vv, = vl-;gﬁ (assuming constant p)
9

Therefore, sgain meking use of the sssumptions that:
and:

Combining equetion (Z) and equation (7), we have:

oo [ )]
' Tg\Raz RgT, R, T, Rng

= V| ( E___»P -2 _,_PB )
RaTg, RgTg, RaT, RgTg,
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(8) eV (] _|)

'l i 2,
} Then: | | ]
| AL . 7 (w-7)
Le l ( 1_1)
T, \ Rg Ry
(9}

i (Tile)

or for small tempereture differences:

e n e ——— T

() 4 - - g (4F)

é the negative sign indicating a loss of 1lift,

From this equation we may eppreximate the smount of ballast re-
quired to compensate for the loss of superheat of the lifting gas.
It is apparent, then, that the amount of superhest geined or lost

by 2 balloon's gas is of extreme importance to the control of the
f1ight.

For this reason a transparent film hes a definite advantage over a
reflecting fabric. For example, aluminum-coeted fabric balloons
floating at 40,000 feet have exhibited lifting gas superheat in

the neighborhood of 40°C.* Polyethylene balloons, on the other

hand, show superheat of approximately 10°C under the seme conditions,

Assuming & total weight of 30 kilogrems in the ballcon system, with
helium as the lifting gas ( B= + }, the following compensation
at sunset, or when superheat is lost, will be necessary:

Aluminized fabric:

AL . 400 -

T - (o) = 18B7%
Polyethylene:

A L(Jooy

A - (48 = 47%

*This will explein the repid descent of flight with febric ballcons and
will show the need for high rates of ballast flow at sunset with poly-

ethylene balloon flishts (see Part III, "Summary of Flights," of this
‘report).
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This relationship betwesn loss of 1lift and loss of superhest is
substantiated by analysis of Flight 94. From the raste of descent
the unbalance (using the equation of Clarke and Korff, see page 33 )
is in the neighborhood of 5 kilograms, Although there wes no
tempersature measurement on this flight, e previous flight of

this type indiceted a superhest of approximately 40°. By eguation
(10), with a gross loed of 52 kg., the unbalaence caused by loss

of all of this superheat would be 9.7 kg. It is believed thet
verntilation past the ballcor during & low velocity descent before
operation of the ballest mechanism caused loss of superheat. Since
this loss caused greater descent, and thus more ventilation, super~
heat was lost. An enormous rete of ballast flow would heve been
required to check descent.

Adiabatic Lapse Rate

One of the canses of temperature difference between the lifting gas
and free air during rise or descent of balloon systems is the
difference in lapse rates of eir end the liftirg gas. The sdiebatic
lepse rate is that temperature change ceused by adisbetic ex-
pension or compression of & gas during ascent or descent through a
given vertics]l distance. The actual lapse rate of the lifting gas
is the adiebatic lepse rete plus the effects of ccnduction and
rediation. The adisbatic lapse rete is defined as:

(1) LR = AL
p
YheTE: A = 2.39 x 10™ cal/ erg
Cp = specific heat at constant pressure
9 = macceleration casused by grevity

In the metric system for helium, { Cp = 1.25 o%,lg'm ):

. 980X 239x1073
LR = -="75%

LR = ~.57°C/, 500 #

—1.87*°C/km

or:

-

The edisbatic lapse rete for rir, ( Cp = 0_239__._.gc;|gm)

-3
LR = - 980 '0.2;399’ 0 = - 98 °C/ km

cori

LR = - 2'98°c/1000 £t

=38




The actual atmospheric distribution, however, does not indicete an
adiabatic lapse rate for air but rather a lapse rate which weries
with altitude. For the troposrhere the lapse rate of the atmosphere
averages =1.989C/1000 ft. It may be shown then that in the tropo-
sphere a rising balloon will get warm with respect to the air
(neglecting ventilation and radiation effects) st a rate of

1.98 = 57 = 1.4100/1000 ft. In the tropopause the lapse rate of
the atmosphere is zero., Thus the lifting gas (if helium) will

000l relative to the air at a rate of .579C/1000 ft.

Similarly, in the stratosphere, the liftirg gas will cool relative
to the eir at e rete of 2.24 4 .57 = 2.819C/1000 ft. This effect
is plotted as Figure 22Z.

TEMP. OF LIFTING
GAS OUE TO

ADIABATIC EXPAN-
SION WITH ALTITUDE

STRATOSPHERE

TROPOSPHERE—,

ALTITUDE

CRHARLESTC I, L o1yun

TEMPERATURE

Figure ZZ. lepse rate of air and helium,

Here, below point A, the lifting gas will be wermer than the air,

Above point A, the lifting gas will be cooler than ‘the sir. The

effect of this temperature difference on the lift (as shown in the

previous section) is approximately AL:=L AT |
T (-8B

Thus, as & balloon system passes through point A, it will have less

1ift then at release. This effect hes been observed on several

flights, where & belloon system slowed down during ascert through

& temperature inversiocn.

Since the effect of the sun in heating the 1ifting gas decreases

the effact of different lapse rates, the effect is not as noticeable
during the day es at night. At night the ballcon system mey pess
through an inversion, lose its lift, and remain at an eltitude much
below its estimeted floeting altitude until warmed by the sun's rays
at sunrise.




This effect adds to the stabillty of stratospheric balloon flights,
If & system in equilibrium in the stratosphere were to lose lift
and descend, the compresslon of the gas would cause an increase

of the lifting gas temperature relative to the air temperesture,
caueing a decrease in unbalance.

Similerly, an initial unbelance causing rise of the system would
cause relative cooling of the lifting geas and thus agein decresase
the unbalance. Hence, the rate of rise or descent in the strato=
sphere will be limited by the rate of heat exchange due to con=-
duction ard radiation, which will ecounteract this effect of
adiabatic heating or cooling.

Empiricel evidence indicates that there is a great deal more
stability in e stratospheric balloon system than in a similer
system floating in the troposphere. This "adiabatic stability” is
a principal reason for better performance of stratosphere flights.

Diffusion and Leakage of Lifting Gas

The 1lifting gas of e balloon can be lost by:

leankage through small holes in the fabric or film;

solution, migration and evaporstion through fabric or film;

true molecular diffusion through openings, such as the
appendix opening.

(1) Leakage

Volumetric flow,Q,of & gas through any given opening in the
belloon surfece may be evaluated ss a function of the area of
the opening, A; the pressure head causing the flow, kg and & co-
efficient of leakage,Cy.

(1) Q = CgAVv2gh where g is the acceleration
due to gravity

It would be difficult to evaluste the amount and area of holes
in the belloon surface. Let us, then, ccmpare the rate of
leakage at any given eltitude with leakage at sea level, rather
than attempting to evaluate the leakage at a given altitude.

First we shall compare the rate of leakege of & full balloon
et any given altitude with leakage of & full ballcon &t ses
level. Let us assume that the area of any opening in the sur-
face of the belloon does not vary with sltitude and that the
coefficlent of leakage is constent. Thus:

(2) Q ~ vh where h is pressure head in
feet of lifting gas




However:

(3) h = BB x 44
dg

where Ap is the pressure difference across the opening {psi)
and dq is density of lifting gas (1b./ft.%). Combining equa-
tion ?2) and equation (3):

/X
dg

The pressure difference across any given opening can be evel-
ueted in terms of: height above a known peint of zerc pressure
difference; rate of pressure change with altitude of the at-
mosphere (which, for eryv smell section of altitude is assumed
to be constant); and reio of the densities of air and the
lifting gas. Since the pressure difference across the appendix
opening is zero this is our reference point for eveluating
height. Figure 23 showvs this pressure relationship in graphie
form.

(4)

Lol
sl

Figure 23. Pressure difference across balloon.
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This relationship is expressed as:

(5) Ap = Az (—d&) (1-B8)
az Jgir

M

where B = _ﬂg' 1 Mg&Mq are molecular weights of lifting
gas and air, Yespectively.

Since, for a full balloon, A2 is constant at any altitude, and
B (for our discussion) is a constent:

(22
dz Jair

dg

(6} Q oc

The mess rate of flow 1ls equal to the density of the lifting
gas multiplied by the volumetric rate of flow:

(7) L = Qdg ec\/(—gg-)uir d

Since the number of openings will not change with altitude,
equation (7) expresses the relationship for mmss rate of flow
from e full balloon for any altitude. The leakmge at any
eltitude mey be expressed as a function of leskspge at ges
level:

@) :
La _( \dzlgir-2 dg; e

-&;) Qir-6 %

As an exemple, let us compere the leskage retes of a lifting gas
through a full balloon at sea level, at 40,000 feet snd at
100,000 feet.

ALtitude | (dp/d@)gir dg
0 1 1013
27 288R

0,000 1 18
1z Z16R
100,000 1 10.9
1380 Z2IeR




Compering rete of leakege &t 40,000 feet with leakage at
see level:

Lao 27 ._188 288

Lo ‘\/Hz 1013 218 ~ 0.243

Comparing rate of leakage at 100,000 feet with leakapge at sea
lavel:

Lico . 27 10.9 288 _
To '\ﬂaeo' 013 218 = 0044

Therefore, if leakege of & full balloon at sem level is krown,
it is possible to compute theoretical leskage at any altitude.
However, if it is not possible to completely inflate e belloon
on the ground in order to make & sea level test (if 1lift would
be great enough to rupture belloon or losd lines), & method of
comparing full balloon leakage with partially full ballcon
leakage must be found,

5 ¥

Let us assume thet it is possible to obtein results of =
leekage test for a bslloon inflated to a volume é.of fullbal=-
loon volume. Again starting with equation (1):

th o

R L =,

We see that in this cese the total erea of openings, A& is not
: constent but is a function of volume. Therefore, we have:

N (8) Q = AYh

We have shown that:

2
h Ap 44 - Arldzlair(I-B) .,
dg dg

Since we are compering pertielly inflated balloon lesksge at
see level with full belloon leskage at sea level the variasble
in the above expression is Az . This is graphically illus-
trated in Figure 24.
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FULL BALLOON

BALLOON § FULL

Figure 24. Comparison of pressure head across
partially and fully inflated belloons.

Thus, the relationship is:

(9) Qoc AVAZ
(10) ro-vg\/vi O‘V*

Since the density of the lifting gas is constant, we mey then
express mass leakege as:

(11) L ee V'E

And then, to compare leaksge of a full balloon with leekage of
a balloon 1 full:
x

£
(12) | L, = L_,I‘_(X)'
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Example: If & 20-foot diameter balloon 1 full were tested at

10
see level and found to heve a leekepge rate of 50 gm/hr. the
leekage rate of & full 20-foot balloon at ses level would be:

, )
L= 503 (10)% = 3405

The leekage of & full 70=foot diameter balloon et sea level in
this cese would be:

Li= 50 % [|o(%g.)3]§ =7820 GN/HR

Values for leakesge st several different altitudes for Z0-foot
and 70=-foot dimmster ballcons, assuming & leakege of 50 gm/hr.
for a 20-foot balloon 1 full at sea level are:

10

Altitude (MSL) 0 40,000 ft. |100,000 f%,

20-ft. diam. |340 gm/hr. | 83.2 gm/hr.| 15 em/hr,

70-ft., diam. |7820gn/hr. [1912  em/hr.| 345 gm/hr,

Another consideration is that relationship expressed by the
kinetic theory of gases regarding geses at low pressures. The
kinetic theory states that there is @ moleculer type of flow
across a thin diaphragm through openings whose dimensions are
of the order of the length of the mesn free path of the mole-
cules involved. Mass flow of the gas is then:

. .lig_
L= Ap-Aleh

is the pressure difference across the film

where:

Ap
A

area of the opening

dg = density of the gas in question

This relationship, however, becomes wvalid only at extremely
low pressures, and when considering ballcon systems at normal
floating levels the more common fluid-flow relationship will
control the rete of loss of lift through openings in the film,
It would be of little use then to investigate further the leak-

age of gas through openings by means of the relationships in-
volved in the kinetic theory.

-4 5~
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(2) Solution, Migration and Eveporation through Film

A very slight amount of lift is lost through sclution of the

gas into the balloon film, migration through the film and evapora-
tion into the atmosphere. The rate of this type of diffusion

is & funetion of the characteristics of the lifting gas and

the partial pressure invelved, Since the lifting gas is

assumed to be very nesrly pure, the pertis]l pressure is merely
the pressure of the atmosphere in which the balloon is floating.
This method of diffusion need not be considered when ex-
amining the loss of & balloon's lifting gas since it is of a

low encugh value to be insignificent as compared with the loss
of gas by leskage through openings in the filim,

Tests have indiceted that this type of diffusion through .001"
polysthylene has & wvalue of approximately 4 liters/heter%/day.
At sea level this is equivalent to 5.32 gm/hr. for a 20-foot
diameter balloon. At 40,000 feet MSL the wvalue would be
approximately 1 gnyhr.

(3) Diffusion through Appendix

VWie have seen that there is no pressure difference across the
open &ppendix of the balloon during floating. Therefore, the
loss of lifting gas through this appendix (except when the
balloon is rising and gas is being valved out of the appendix)
can be only by true intermolscular diffusion of the gas into
the atmeosphere and air into the 1lifting gas, The expressicn
for loss of lifting gas by diffusion is similer in form to the
expression for transfer of heat through a given distance by

conduction:
d dN
1X == D=2
(13) T Ddz dy dx
where:

Eﬂ! time rate of transfer of molecules of gas
dt  across the area dydx  in directionp

D = & coefficient of diffusion, dependent upon
viscosity and dersity of the ges involved (De c%l)

dN varietion of molecular econcentration with
z variation in directiong

dydx = the differential term for area.

Then, since & molecule of lifting gas has a given weizht, we may
state that:

=4 5=




‘ dw _ o N
I (4 gF = Kt
|
|

where K is & constent.

Te may state the relationship (13) in terms of rate of trans-
fer and area of the opening, a&ssuming to be constent across
the opening: 4

(15) M- _gpde

dt dz A

where:
3¥: mass transfer of lifting ges

dC. . variation of concentration of lifting gas
2  in direction #

A = area of opening

e

E=3

In order, then, to determine the rate of loss of lifting gas
by diffusion through the open appendix we must:

(a) determine the relationship between the coefficient of
diffusion D, end sltitude (or pressure and temperature)

CHARLESTGRE, L

(b) determine the loss of lift by diffusion through the appendix
at eny convenient altitude {i.e, at the ground)

(c)} derive = relationship between loss at the ground and loss
at any altitude.

However, determination of welid relationships to find diffu-
sion through the sppendix opening would require large scale
laboratory testing and then tedious derivation of mathematical
) equations, a study in research in itself. It was deemed mors
prectical to reduce or eliminate this type of loss of 1lift

by reduction of the sree of the opening by use of & relief
valve system as explained in Part II of this report, "Operations,”
PP 8.14,

F. Bursting Pressure end Appendix Considerations

Bursting pressure of 2 balloon ce&n be computed from the eguation:

(1) Ap:ﬁ’%ﬂt for failure of the febric or film,

where:

-4 T




Ap = bursting pressure (psi)

S¢ = maximum ellowable tensile stress of fabriec
or film (psi) (for safety Sf=1/2 Smox
where Smax= maximum strees in tension

t = thickness of fabric or film (inJ)

D= ‘'balloon diameter (in.)
ori
(2) Ap = 4 :;s for failure of seams
where:

Sg= maximum allowable tensile strength of seams
(1b./in.)

D=balloon diemeter (in.)

In genersal, & balloon should be manufactured so that any failurse

should occur first in the fabric or film and thus the tensile

stress of this fabric or film will be the factor in determining bursting
pressure.

Since the non-extensible balloons used in constant-level work by
the N.Y.J, group have been of the open-sppendix type, bursting

due to excessive super-pressure has not been a problem. Strength
of the balloon must be considered, however, from the standpoints

of back pressure induced during rise of a full balloon end pressure
distribution of the lifting pas itself inside of the balloon.

(1) Pressure Distribution of Lifting Gas

It was shown in the previous section that the pressure diff-
erence across any portion of the balloon surface may be equated:

.oz 30
(3) Apg = AZ =2 (1-B)

A plot of Ap against Aa would then be a straight lire at
any given altitude. Maximum sllowable balloon pressure--
equation (1)=-may be plotted as a function of A2 , rether
than diameter for eny given horizontal plane of the balloon
surface, # . Using this relationship, cutting eny horizontal
plane Z-Z across the balloon (Figure 25), the diameter of the
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balloon at any point z may be expressed as:

-

o o[@)- e 9T

r V2
(4) =2 DA!-—A;{,

! Therefore, maximum allowable balloon pressure at eny plane Z-Z
| will be:

4 S¢t .
(s) Ap = psi
:  2(DAe—Ae)V2
Equation (5) may be plotted in terms of bursting pressure and AR
for eny given diameter balloon. A streight line through the
origin and tengent to the plot of Equation (5) will indicate
the meximum sllowaeble(dpsd#) (i~B) for any civen diameter bal-

loon. Comparing the maximwm allowable (dp/dﬂmr with a chart

of altitude vs. pressure in the atmosphere will indicate the
l minimum altitude at which the balloon can be gllowed to be full.

| 1
; From sn sltitude-buoyancy table for any given diameter balloon, ke
‘} the maximum allowable buoysncy, or maximum allowable gas in- “]
| flation cen be obtained. :
' b
I Figure 26 is & plot of equations (3) and (5) for .001" poly- g
i ethylene (sf.-. 900 psi ) balloons of 20', 30' and 70! "
\ diameters. 2 g

r Y d
: 70 ’670 Diam. Balloon ;
; Q o

so— @

- 45t .
| e LA ey L
| soj— ¥ I I

d _ .
(HE).,;,("B’ = 256% 107 PSi/ft,

é}%’:ini& éolloon
v/ TN
(>

- 10
, » _ ! é g S .\\_

& D02 004 006 008 010 .02

A -1t

Fig. 26. Fig. 26.
Relationship d/AZ, for balloon. Graph of equations (3) and (5).
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We see that the maximum allowable(dp/d!)a(l-B] for a 30' diameter
«001" thick polyethylene balloon is 256XI0-3 psi/ft . Diyiding
by (1-B) we have the maximum el lowable:

s )
(dp/dz), = 238 X10" - 300 x 10 psi/ft-?
20.7 x 1073 mb/ft

This is comparable to en altitude of 18,300 ft. or & gross
buoyancy of 4850 1b., the maximum alloweble infletion of a 30!
diameter, .O01" thick polyethylene balloon from the stand-
point of pressure distribution.

Ir order to determine mathemstically the point of failure due

to pressure distribution we mey use equetions (3) and (5) mna
thelr derivatives:

(- 82 (%), -

_ 4S¢t
APe * ZDAZ-LZOE

Ap

at the point of tangency of these curves (T in Figure 26):

Aprs = Apys ond ('g%')'rs s (‘:%)1'5

4S¢ t
in equation (5), making -_Ef"' K and in equation (3), mekirg
(dp/dZ)q(i-B) sm , the slope of the line ApgsAZ-m
we have:
K
(58) Ape= (pAZ-pzf)vE
end:
(32) App=mAzZ

differertiating with respect to 2
dz ~ ~ 2 (DAZ-AZY
(3)  dp

=50=




Since 8t T, (%)s ® (%)s

K _ID=2A3)
m==% (DAZ-AZ2)3/2

ard, sirce at T, Ap,.= Apib

AZ. «— KOZy _ (D=2AZ7) | K
mesr 2 (DAZ,-AZ%%2  (DAZ, - AZ2)2
and: 2
E AZ, (2A2,-D) = 2(DAZ,~AZE)
AZ =30
Then:
K K
Ap, = g =
Py (%Dz_i%oz)a/z '@D |
N
m = (EE_) (1-B) = K(Z%D—D) - _lG_K_ :
dz jir 2(2D2- §p2y¥2 34302 4
Allowetle: )
GE) . _ 16K | 3]
z /air 37307 -8 ]
For the example atove, ﬁ
D= 30", S:=%% t:.00n , B: -8 = o0138 §
' Then: (helium)
dp) _ 16 .4 900 .00I . | .
(dz)air 332 T2 [30f 2 {1-0.38) psi/ 1

Allowable (dg) r 0.298 - 107% psi / ft
de /gir

= 20.55 mb/ ft

i'g This is comparable to en eltitude of epproximetely 18,200 ft.
| Thus the mexirum elloweble bucysncy for & 30' dismeter, ,001"
thick polyethylene balloorn filled with helium is 440 1b.

(2) Appendix-Cpening Considerations

As sn open-sprerdix, constent-volume ballcon ascends the
lifting pas will expernd due to the decremse in the pressure




of the surrounding atmosphere. Upon reaching the altitude et
wvhich it is full it will still have an unbalance in the
direction of irecreamse of altitude due to the excess buoyancy
cdusing ascent. This unbelance is greduslly decremased as the
balloon rises (with & fixed volume) intc less derse eir. Meene
while excess gas pressure is relieved by velving gas through
the eppendix until the balloon system 1z in a condition of
equilibrium. The porticn of the ascent after the bslloon hes
become full is known as the %levelirg~off" period.

The lifting pes which is velved out through the eppendix will
cause & "back pressure" inside of the balloon which rust be
transferred to the telloorn febric or film, In other words,
there must be a pressure difference across the appendix opening
during this peried to forece the excess 1ifting ges ocut of the
belloon. Let us enelyze this back pressure by the method used
by Picard, Using the rules of subsonic aercdynamics, Picard
suggests that air at sea level escaping at 1333 ft/sec. pro-
duces & beck pressure of 1 atmosphere and that back pressure
induced is proportional to the square of escape welocity of
the gas erd inversely proportional to the density of the ges
escaping., Volume of gas lost in ascent through 1 foot is,
within & remsonsble degree of accurscy:

(e) AV ¥ dp T+AT
AZ P dz T
AV 3
AZ - volume lost per foot of escent (ft.%/rt.)
V = bellcon volume (ft.l)
= pressure of free air (psi)
_:_p = pressure change with incresse of Z (DSi /1 )
2
T = tempereture of air (°C eabs.)
AT = cherge in air tempereture during rise (°C)

For escert in the troposphere this relationship will reduce to:

AV v F13
() AZ ~ 27,800 -

The velocity of escape cf fas, then:
(3) v=9 _V 1

dt 27,800 A,
V = velocity of escape of lifting gas (£t./sec.)

52
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Q.
™~

| — = @scent velocity of ballcon (ft./sec.)

.
-

| volume of gas lost per foot of mscent (ft.3/ft.
i 27800 & P (£e.5/1¢.)

>
Q

1

aree of sppendix opening (ft.Z)

The beack pressure ctused by this veloecity:

d

2 g

| (9) = 14 ) . —_—

| Bp = (—T333—) - 147 T

: Ap = back pressure induced {psi)
vV = velocity of escape of ges (ft./sec.)
dg = density of 1lifting ges at altitude

of balloon (1b./ft.3)

1]

dao

dersity of air at ses level (lb./ft.¢)

14.7 = pressure of air &t ses level (psi) 5

a

1333 = escape velocity of air to produce back pressure 4

of 1 atmosphere at sea level ( ft/sec) d

]

or, combiring equetion (8) erd (9) ﬁ

(dz _Vv ) ﬂ

(10) Ap = dt 27800 éo-— 14?—9- psi ¢
(1333} dao

As an exemple, let us find the back pressure induced in a 20!
diameter belloon with a 1' dismeter opening ascending st
800 ft./minute, &s it beccmes full at 30,000 ft. {dersity of

helium & 30,000 ft. - 398.282. 0 138 dg, )

| (0. 7 20® 4 ¥ a4
: = - . . ' - | -_p5|
Ap., 333 14.7 + 0.051=.275x | C
It is to be noted that equetion (5) can be errived et by more
sirple recorstruction of the stendard equation for fluid flow:

(11) 4V . ¢4 AqVzeh
_&Mf =  volume rate of flow (ft.3/sec.)
Cd z e cornstant of flow

v




@ °  the acceleration of gravity (ft./sec.?)

Ad = eree of the opening (ft.z)
h = heed of fluid causing flow (ft.)
sirce 144 Ap » We have:
h= =g
o 2
(12) . _ Y9 ( L dv) :
AP = Z88g \Tahg dt pst

where dg is density of the lifting gas (1b./ft.5).

From equation (7) we have:

dv _ dz V

3
t ° dt 27so0 It /sec

therefore:

(13) . _dg (1 dz vV _\ i
Ap = o83 (CdAG dt 27900) P

Comparinpg, equations{10) and (3) we see thet if the equations are
equal:

| } 14.7

2 2
2889 Cg4 333" dgo
If we let Cg =.978 , a reasonable value for the reletively
low velocity flew of gas through the sppendix, we have:
|

2
28800d

= 113.5 x 10~® ft-sec®/in?

14.7

———— = 114.8 x 107% ft-sec?/in?
13332d,,

Therefore, the equetions (10) and (13) are equel snd inter-
changeable.

It mey be noted from equetions (10) and (13) that for eny given
balloon, sppendix ares and balloor volume are fixed, and the
releted veriables mare lifting ges density, rate of rise, and
allowable beck pressure. For any given allowable bacl pressure
greater rates of rise ere allcwable at higher zltitudes (where
dg is lower).

Orce & flosting altitude has been decided upon or it has been
decided to carry # given load as part of the balloon system, we
can find & maxirum sllowable rate of rise. Ve must consider

=Ed=




the pressure distribution of the lifting gas and the internal
back pressure due to velving gas. To find meximum rates of
ascent for various balloons would necessitate & complicated
series of trial and error soclution. In general, it has bheen
more practical to determine & meximum rete of rise for normel
operating conditions for any givern size balloon by finding the
meximum allowable rete for the balloon rising to its lowest
normal operating level (i.e,, we will find the maximum allowable
rete for the worst normal opersting conditions and consider

it a maximum for all normel operating conditions. )

Let us take the case of & 20-foot diameter polyethylene balloon
of 001" thiclmess. Lowest normal flosting eltitude is 20,000 ft.
MSL. Let us assume thet the balloon will be full and begin
valving gas at 15,000 ft. MSL, Assume the appendix diameter

to be 3 foot. Using equatiorn (1) to find meximum allowable
internel pressure end assuming the criticel x-y plane to be thet

of meximum diemeter A€ = D/2 , we have:
. A4S¢t | 4(900/2):.00 . (075 psi
Apall. D 556 .0075 p

(Here we heve introduced a factor of safety by seying S¢ = 900/2
instead of 900 psi, the ultimete strength in tensiocn of poly-
ethylene.) Pressure distribution:

= d g = £9. 04 -
BPy, = AZ 35 (1-B) = £=-3.38:107%.862 =.0029! psi
Allowable back preéssure:

APpp = APg) — AP, = 0046 psi

Maximum rete of rise using equetion (13);

dZ _ [288 Apyge (27800
£ . (31290 gy, tHssec

g

100.7 fi/sec

6000 ft/min

It is evident from this calculation that the rate of rise of the
20-ft, diameter polyethylene talloon is not a critical factor

in bursting unless the open appendix becomes snerled anc gas is
not allowed to escepe.

Rate of rise and appendix openings are important from the stand-
point of balloon design. For operationel reasers it is importent
to have a rapid rate of rise, In order to make most efficlent
use of weight, the ballcon film should be thin, As mentioned




in the preceding section on diffusion end leakege the appendix
opening should be small. It can be seen that as we make one
of our conditione better, we must sacrifice et least one of
the others. Therefore, balloons must be designed compromising
rate of rise, belloon thickness, end eppendix opening. Methods
of decreasing the eppendix opening, except during the valving
of lifting gas, are discussed in other sections of this tech=-
rical report. In general they consist of means of applying

a delicate relief wvalve, capable of opening to a lerge area
with epplication of only slight internel pressure, and also
closing tight upon release of this internal pressure.

G. A General Equation of Motion

If we collect and relete the variables incidental to balloon flight,
we mey form & general equation of motion. This is most easily ex-
pressed in terms of forces acting upon the balloon system. We may
equate en acceleration term plus a drag or friction term against ¢
term to include ell other forces:

(1) mDz + n(D2l = IF

This is a differential equation of a type common in mechanical vi-
bretion problems, end solution for the varisble 2 would not be
difficult if relationships of the many veriables included in the
the terms N and XLF were simple. However, the complexity of the
balloon system introduces meny terms es perts of n and E?% .

We shall first state the more complex form of equetion (1) above
and then attempt to explain the variables included in esch part of
the equation. As will be shown, it is extremely difficult to find
a2 complete solution of the equatlon since many of the wverisbles
are in themselves extremely complex and at this time incapable of
acourate solution., Therefore, our discussion will be more of a
qualitative rather than a queantitative nature.

The general force equation is:
(2) ¥t +c £ADef 2 (AP - W 2 Form

The force due tp acceleration F = _Vi Dzi
where: A ¢

x

weight of the balloon system

[ =]
n

aecceleration of gravity

D# = &acceleration of the balloon system {(An
acceleretion in the direction of greater
altitude is corsidered positive.)
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The force due to friction or drag fp =~ Cp'ae' A Dz (This assumes
thet there is no verticel motion of the air in which the balloon
system is floating. We shall later consider ihe case where an
atmospheric force iz causing vertical motion of the air.)

Where:

P = mass density of the sir surrounding the
balloon system

A = projected area of the balloon on & plane
perpendicular to the relative velocity

Da vertical velocity of the balloon system
(Velocity in the direction of greaster altitude

is considered positive.)

CD = & coefficient of drag, dependent on Reynolds
number Np = DE’?P where:

d = dismeter of sphere (ft.)

T
. '

p = mass density of surrounding
! fluid ,1b. sec.®
T

FomaF

H = viscosity of surrounding fluid
(lb. s9c.) i
TE.2

LA

A plot of drag coefficient ege inst Teynoldes number for & sphere is
shown in Figure Zz7.
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Figure 27, Drag coefficient vs. Reynolds Number, for sphere,
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If a balloon is teardrop in shape rather thean spherical, the curve
would be modified so that the value of §_ , for a given Reynolds
number would be lower. In this cese the sudden drop in Gp

as Reynolds number increases (the change from viscous to turbulent
flow) would occur at a lower Reynolds number.

We have thus fer in our discussion assumed thet there is no verti-
¢al motion of the air surrounding the balloon system relative to

the coerdinete 2 . However, this is not necessarily the case

under ectual conditions. In meny instances vertical sir movement is
found in the atmosphere. Therefore, we must introduce & term to
ellow for this verticel air movement. In equation (2) this term
was indicated as tF, , the externsl atmospheric forece.

We mey consider this vertical air movement.in terms of a velocity DC.
Then the vertical welocity of the balloon system relative to the

gir surrounding the system will be the difference between the velo-
city of the balloon relative to the absolute altitude D end the
velocity of the surrounding sir relative to the absolute altitude
This may be equated as Dz-D{ , where D2 and DL ere both con-
sidered positive in the direction of increase of altitude.

The total force due to the drag, or friction will be:
- P 2
o* Faru® Coz A(Dz- Df)

where the notations are those used previously, except theat now
Ng = !m:.@;lﬂ . The relationship between N, and C,will be those

used previously.

F

The force due to buoyancy of the lifting gas Fy = Yy ‘.Fa—Pg')
where:

Vb-'— belloon volume (ft.2)

2P density of the air and lifting gas, respectively
9*' 9  (1b./ft.3)

_g_p _Pg
This ter lso b tated H = -
Whe:e= m may also be s ed as F Vb ( RCI . R Tg )

po pg = pressure of air end lifting gas
)
RO'RQ = specific gas constant of air and lifting gas
TQ,TQ = temperature of air and lifting gas
The chenges that will teke place in this expréssion are those due
to & temperature difference between the lifting pgas end the free
air, change in volume of the balloon due te loss of lifting gas,
change of the gas constant of the lifting geas due to dilution with

air, and (in the case of a balloon that will hold an internsl pressure)
pressure difference between lifting ges and surrownding air.
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Temperature effects were discussed previously in this report.
Those discussions on superheat and sdiabatic tempsrature change
will apply to the generel equetion. In general, temperature of
the free air and lifting gas can be measured to & fair degree of

aceuracy.

Balloon volume at &ny time is & function of original full balloon
volume plus the summation of all the changes in volume due to pres-
sure and temperature changes and loss of lifting ges. It will

also be affected by loss or gain of air by the balloon through
diffusion end intake of air through the appendix. The non-
extensible balloon will have a meximum volume and thus any cheanges
tending to increase the gas volume to & value greeter than the
belloon volume will result in a valving of the excess lifting gas
into the air, or (in the case of & balloon which will carry in-
ternal pressurs) @& pressure increase of the lifting zas,

It is for this reason that & non-extensible balloon is said to be
in a state of stable equilibrium in a direction of greater alti-
tude when it is full. EHowever, in s direction of lesser altitude,
and with the case of & pertially full floeting balloon, the system
is in & state of neutral equilibrium,

Compositien of the lifting gas will chenge dus to contaminetion of
the lifting gas by the entry-of sir into the belloon, either by the
flow of eir through the appendix opening or by diffusion of =2ir inte

the belloon. We may then modify our term for density of the lifting “¢
gas to include a term for the pure gas and & term for the contaminating f
air. Using the method of pertial volumes, we mey equate the density
of the lifting ges at eny time by:

py s P (Yo Yo )

where : Vb-Tg Rp Ra
Dg = pressure of the lifting gas
Vb = ‘total lifting ges volume

Vb = volume of pure lifting gas in balloon

volume of air in balloon

6<
[

specific gas constant of pure lifting gas

o
0
)

RO = sgpecific gas constant of air

. V]
Then, calling P Xp &nd -\-,ﬂ-s Xq (here we see thst since
Vb Vb
Vb + Vg = Vb, xp+ xo = ) we may equate:



The equation for the force due to buoyancy will then become:

: Pa WA, Xg
% [ AR
If the balloon is of the type that will cerry no intemal pressure
pas pq , 8and we may state that:

| X
o+ Vo R (R )]

Discussions of the contamination of the lifting gas are included under
the section on "Diffusion and Leskage of Lifting Gas™ of this report.

The force due to the weight of the system Fy =W The weight
of the balloon system at any time is a function of the original
weight of the system plus the change of weight of the system. This
change in the weight of the system is caused by the loss of ballast
and the weight of the system at any time ( t):

Wy = Wo— ZAw,
where:

the original weight of the system

™M
>
O’E =]

the sum of all the losses of bellest from
time at which Wz Wg until the time ¢

+
The value of the term zAWb depends on the type of ballast control. ,
With no ballast: o

z and W,:= W
p> Awy = O t” Yo
If a constant ballest flow is used:
i dw
R L
where: anwb dt

gfﬁ z rate of ballast flow

=  elapsed time from $=0 to t=t

If a preactical fixed opening type or pallast control is used:

whore Tawy = f SRV RS

t = time i
h 2 heed of ballast above opening i
Ay = viscosity of ballast fluid !

dersity of ballest fluid

> -
o
n !

erea of opening
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The ballast flow at eny time, &:
dw

g0 that: . +
2w, =/c,pbAJ£gh dt
where:

C. is & coefficient of discharge, dependent
upon Reynolds number of the flow through
the opening

In this equation only“z_‘.k' and A are constants (if temperature
effect on the opening A is neglected), Py, is dependent upon tempera-
ture of the fluid end h is dependent upon the shape of the vessel
containing the fluld and time t.

If ballast flow is controlled by atmospheéeric pressure:

‘
Ekob = é%‘;_l 1p,p , with a fixed valve opening ‘
¢ (open-or-closed valve) + 3

whe re tIZV'P‘; represents the time whern simosrheric pressure is
reater than the pressure of control. Here, sagain w
; d S R

dt F
With ballast flow proporté&nal to PP, : ‘
é:kob : é-—-—dbp (P-R) 1p,p i
where: 1
d(%'g) relastionship between rate of flow and
W pressure difference ( p- P ) where p >p.

If we include a rate of pressurs change control or a rate of ascert
control such that there is no basllast flow if rate of pressure
change is less thgn some velue -(%?. or rate of ascent is greater
than some value (3%) we impose thS'chndition for ballast flow in

the agove Ew{o ceses that for flow to occur P>R. » and 92 >(g£_)
cg dt ~ \dt
o F<@), ¢

We might also heve a control thet will open or close & valve on
rate of pressure change such that:

tAW =3 W t
120 b . dt ‘4 d
s25(80)




t
where %%> (‘d—L) is the time during which pressure change of
the air surro&nﬁlﬁ% the balloon is greater than s design value
of pressure chenge causing ballast flow.

The generel equation, then, indicates the relationships between

the veriables involved in balloon flight. The discussions in

this section of the report, "Equations and Theoretieal Considerations,”
attempt to qualitatively organize the relationships between these
variables in order thet a complete overall picture of the aspects

of balloon flight can be formulated.

It should be stressed that the theoretical relationships as stated
here do not lend themselves to simple insertion inte esn overall
equation which is easily solved, Rather, solutions of many of the
variables are in themselves complex, At this time 1t appears im-
practical to delve too deeply into such matters as "the variation
of diffusion and leakage through various typses of ballcons under
dif ferent conditions™ or "a study in the change of coefficient of
dreg or & belloon system at all points during its flight." It
has been more practical to generally state the reletionships in
unsolved form and concentrate the experimentel portion of the re-
search problem on such metters as actuel development of balloon
controls,

V. TELEMETERING

A

Information Transmitted

The need for a balloon-torne transmitter and some system of ground
receiving and recording was recognized early in the work of the pro-
Jject. The primary objective of such telemetering was to collect
data to evaluate the sltituce controls applied ‘o the balloon sys-
tem. Pressure, perhaps the most irportant date, was measured by

the use of radiosonde-type aneroid cepsules. A discussion of the
pressure modulstors used is given in the following section.

A second use of air-borne transmitters was to provide & beacon for
radio direction-finding. With proper equipment & belloon=torne
transmitter can provide & signel to guide an eircreft, homing with
& radio compass, or provide a position "fix" by the crossed azi-
muths of ground receiving stations.

In addition to these two very important functions of altitude
determination and positioning, telemetering systems were used to
detect and transmit tempersture deta and ballast flow deta, The
equipment used for these purposes is described below.
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Transmitters Used

(1)

(2)

72-Megacycle Radiosonde Transmitter (T-49)

The standard T-49 trensmitter of the Army Weather Service was
first used in project work, with & modified commutator bar
switching specially coded resistors into the circuit es the
balloon passed from one critical pressure to snother. The
operating characteristics of this transmitter mey be found in
the following publicstions: T.B. Sig, 165, T.M. 11-2403,
T.M, 1.-2404 and the Weather Equipment Technician's Manusl.

The defects which were encountered in the use of this trans-
mitter were principally (1) relatively short renge and (2)
unfitness for direction-finding using aveileble equipment.
Qur experisnce has beer that reception from the T-49 trans-
mitter by stendard equipment is not much ebove 80 miles under
good conditions. Vhen flights were made which traveled many
times this distences, the inadequacy of this trensmitter was
clearly demonstrated.

The problem of direction«firding is of major importence when
attempts are made to position end track the ballcon and its
equipment train. Since no standard directionsl receiver equip- 1
ment is eveilable for this use with the T=49, this transmitter
is of limited walue.

400-Megacycle M Transmitter (T-€9) fi

system as soon as ground receiving equipment for the letter was
available. By using the directional receiving set SCR-€58
with the T-89 trensmitter, the problem of directicn~finding
and positioning was attacked. A second adventage enjoyed by
this system is the improved ranpe attainable.

The T-49 trensmitter was abandoned in favor of the T-69 400-mo i
i
‘l

Our experience has been that an SCR-658 set in good condition
can receive a signel up to a renge of 150 miles, providing
thet the line-of-sight trensmitter is hizh enough to preclude
blocking by interveninp terrein. The use of two or more sets
to increase the area of & tracking net is discussed under
"Radio Direction-Finding" below.

The operating cheracteristics of the T=-69 system and the SCR~658
may be found in these publications: T.B. Sig. 165, T.M. 11-11584,

Pressure indicators were cbtained, as with the T-45, by use of
the modified commutator bar switching specially coded resistors
into the eircuit as the balloon passed from one fixed pressure
to another. A few special tests were made of a chronometric
system of pressure medulaetion. For & complets discussion

of pressure modulation metheds, see Section VI, A.
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(3) Low-Frequency Transmitter (AM-1)

A low=-frequency tramsmitter developed by the Electrical Ing-
ineering Department of New York University was adapted to re-
place or supplement the T-45 and T-69 transmitters. The
carrier frequencies used have been in the region 1 mc to

3 mc, The schematic of this set is shown in Figure 28, =as
operated at 3135 kc. The output is epproximately 2 watts,
and & typiecal sir-to-ground range is 300 miles, aelthough
reception of more than 450 miles has been attained by both
ground and air-borne receivers.
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Figure 28. Schematic diegram, AM-1 transmitter. E

Information is introduced in e manner similar to that employed
in convertional radiosonde transmitters: resistances are
switched into the blocking=oscilletor grid circuit. In the
case of pressure or ballast-count, fixed resistors causing
distinet blocking frequencies are used; for temperature, the
switch introduces the trermistor resistances.
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When this transmitter operates st & lower frequency, seay

1746 kc, the standard aircreft redic compass cen be used to
find the direction to the transmitter., WNo suitable standerd

equipment for ground direction-firding has been avalleble to i
the project.

Receivers end Recorders Used

For the T-49 and T-65 rediosonde transmitters, standard ground-
station equipment was used to receive erd record the signal. An
appropriate receiver (National 110 for the T-49 and SCR-658 for the
T-69) feeds the signal through a frequency meter and into & Friez
recorder, model AN/FMQ-1(). With this system, frequencies between
10 and 200 cycles per second can be recorded.

When the Olland-Cycle pressure modulstor is used, (see Section VI,
A,3) with low=frequency pulses indicating the completion of the pres-
sure or reference circuit, a recorder made by the Brush Development
Co. (Model BL 212) replaces the Friez recorder and frequency meter.
With the AN-1 transmitter, the usual ground receiver has been the
Hammarlund Super-Pro lodel SP=400-X. For seircraft operation, an
aircraft radio compass such as AN/ARN =7 is used.

Batteries Used

To extend the life of the batteries used with the T-49 and T-68
transmitters, experimental packs were developed using both dry

and wet cells. A typical "l2-hour" dry-cell pack for the T-69

was composed of:

ey T

fert

B supply: 135V--1 ea. BOOFL (especielly sssermbled for N.Y.U.
by Burgess Battery Co.) or 6 ee. Burgess
XX30 in series=--parallel

A supply: 6V--1 ea, Burgess 2ZF4 or 2 ea, F4H in parellel
C bies supgly: 45V tap of BSOFL or XX30 sssembly

Tith an AM-l transmitter, the input power required is &s follows:
"B" gsupply, 270 volts et about 300 millismperes; main "A" supply,
12 volts at 600 milliemperes; and e separate "A" supply for the
power amplifier, 1} volts st 200 millismperes. The battery pack
includes 8 Burgess XX45 or Eveready 467 in series--parallel;

2 Burgess 4FH batteries in parallel; and one 4FH, respectively.
This pack lasts about 20 hours in flight. Also ircluded in the
battery contsiner were batteries for euxiliary functions such as
Olleand-Cycle or program-switch motors, bellast-control relays,
end bring-down mechanisms.

The problem of operating at cold temperature was given much consid-
eration. Special cold temperature betteries were tried with in-
sufficient difference in performence to justify the added expense
end difficulty of procurement. In addition, it was felt that
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mass=production methods and quality control associeted with stan-
dard dry batteries gave greater assurance of satisfactory pe rformence.

Subsequent measurements made of the temperature inside the trans-
mitter battery pack showed that the tempersture can be meinteined
above ~10°C if the transmitter and batteries are housed in a box
insulsted with one=- to two-inch walls of Styrcfoam. This insulation
is effective even through long nighttime periocds when no solar
heating is added.

One type of battery tested in flight was a light-weight wet cell
(Burgess Type AM) of the "dunk" type, (megnesium 4 silver chloride},
These cells were vacuum=-packed to provide indefinite shelf-life.
Activeted by immersion in water just before release, they were ex-
pected to produce & constant voltape over a period of 6 hours to
overcome cold temperature effects. Those units used proved to be
rather wnsstisfactory and subject to erretic behavior. Further-
more the cost of the cells wes very great compered with ordinary
cells.

E. Redio Direction~linding

For ground stetions, when the balleon-torne trensmitter is e T-63,
the SCE~868 RLF set hes been used. With such & set the radio sig-
nal cen be picked up at distences up to 150 miles and good szimuth
bearing may be obteined {accurate to less than one degree), Although
the elevetion angle mey be obteined with equal accuracy when free
from distortion, angles of less then 13 degrees are usuelly affected
by ground reflection to such &n extent ss to render them valueless.

To extend the range over whichk such sets were effective, two or more
usually were used, positioned elong the expescted treck of the balloon
at intervels of about 100 miles, With two sets giving crossed azi-
muth "fixes" the position mey be determined. If the elevation

angle is mbove 13 degrees, it is possible to fix the belloon with one
SCR-658 (assuming the pressure altitude is krown).

For details of the maintenance and use of the SCR-658, see Viar De-
partment publication T.M. 11-1158A.

When aircreft are used to folloew and position the belloon, the use
of & radio-compess is found to be feasible, using the AN~l trens-
mitter at & frequency that is within the limits of the compass re-
ceiver. DBy homing on the signal end flying along the indicated
beering until the compass needle reverses, the balloon's position
may be found from initial distances of up to 500 miles. No eppre-
ciable cone of silence has been observed in recent flights which
used & transmitter operating at 1746 ke,

Redio compess equipment‘AK/kRN-Z is deseribed in U. S. A. A, F.
publication T. 0, 68-10,
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Vi, INSTRUMENTATION

A,

e e m e m e

Redar end Optical Tracking

Because of their limited range, ground rader sets end theodolites
were only of minor value in tracking belloons. Sets such as the
SCR-584, the SFM-l, end MPS-6 are suggested when the belloon is
expected to remein within the 60 to 80 mile range.

Altitude Determinstion

To provide accurate, sensitive and readable records of the pressure
{(altitude} encountered by the ballcon, varicus systems have been
tried. A modified radiosonde~type aneroid pressure capsule (Signal
Corps ML 310-/) hes been the basic sensing element, but three
different systems of modulation of the radio signel as & function
of pressure have been used.

(1) Stendard Diasmond~Hinmen Radiosonde Pressure Modulator

Seen in Figure 29, the stendard Diamond-Hinmer rediosonde system
provided first pressure sensor used. As the pen arm is pushed

-
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Figure 29. Schematic diagrem, Diamond-Hinman
radiosonde system.

across the commutator by the aneroid capsule, it falls on
alternating insuletors and conductors attached to three circuits.,
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By knowing the sltitude of release and counting the number of
switches from conductor to insuletor, the position along the
the commutator is lmown. This in turn is calibreted to give
pressure velues, from which the altitude may be computed.

This system was not sultable for floating balloons because

(1) only 70 to S0 discrete contacts are provided to cover the
entire atmospheric pressure range; this mesns thet the best
reedability obtainable with this system is about 210 millibars.
(2) When the balloon oscillates about a floating level, the fre-
quent changes from one contact to another give embiguous resdings,
since the number of discrete resistances used is limited.

For circuit details of this unit, see T.B. 8ig. 1656 and the
Weather Equipment Techniciar's Menual.

(2) Specially Coded Radiosonde Modulators

To remove the ambiguity of altitudes reported by the system
above, extre resistances were introduced into the circuits
of those contacts near the floating level; thus, each contact
gives & distinctive frequency and each pressure {altitude)
can be clearly distinguished.

In this system, there still remains the lack of reseolution or
sensitivity inherent in the modulator with 70 te 90 contacts.

(3) 0lland-Cycle Moduletor
To improve the sensitivity of the pressure measurements, an

0llard-Cycle (chronometric) pressure modulator was developed.
Seen in Figure 30, the modulator contains a stendard Signal

Figure 30, Olland-Cycle pressure modulator.
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Corps ML~310/ rediosonde snercid unit, & metel helix on a
rotating cylinder of insulating material, and a 6-volt electric
motor which rotatee the cylinder.

There are two contacting pens which ride orn the cylinder and
complete the modulator circuit of the transmitter when they
touch the helix. One pen 1s fixed in position anrd makes & con-
tect at the same time in sach revolution of the helix. This
contact is used as s reference point for messuring the speed

of rotation of the cylinder., The time that the second per (which
is linked directly to the asneroid cell) makes contact with the
spiral, is dependent on the cylinder speed and on the pen
position which is determined by the pressure. By an evalustion
chart, the atmospheric pressure cen be determined as a function
of the relative position of the pressure contact as compered to

the reference, thus elimineting all rotation effects except short-
term motor speed fluctuations.

The operation of this unit is described in detail in Section
II, "Operations,™ of this report, pages 54-63.

Some of the units flown have been made in the shops of the
project, while others have been commercially supplied. The
following specifications have been set up for performence of
the Olland-Cycle:

Pressure range: 1050 to 5 mb.
Temperature range: «30°C to =30°C
Accuracy: £0.2 mb.

Readability: 20,1 mb.

A number of tests have been mede ocn the accuracy of the COllend-
Cycle modulator, The tests were of two types. The first was
made running the unit at room temperature while the pressure
remeined constant, In the second, the pressure was varied from
surface pressure to about 20 millibers several times at diff-
erent temperatures. In tests of the first type, the maximum
variation of pressure for a given contaect pen pozition was

1,3 millibars in a series of 182 revolutions.

The most comprehensive tests of this #type were made with two
0lland«Cycles in the seme bell jar running for three hours and
ten minutes., Due to differences in spsed of revolution, differ-
ent numbers of revolutions were reccrded in the time intervsl,
138 being made by instrument No. L=-416 and 181 by instrument ko.
B=-501. No. L-416 was made in the shops of the Research Divi-
sion and used a Brailsford 6-volt (1 rpm nominal speed) motor,
hard-rubber cylinder with 8 turns per inch of .010" nickel wire
on & 3" aluminum plste base. No. B-501 was made by Brailsford
and Co. to Balloon Project specifications. It had the same
8-~volt motor, a paper base bakelite cylinder with 8 turns per
inch of .010"™ nickel wire and was mounted on a 1/16" sheet
aluminum freme.
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The following statistics for e given pressure (1001.8 miliibars)
were computed:
N.Y.7. Shop Medel  Brailsford Model

L-416 B-501
on the mesn 12.5% 34 4
within 0.1% of mean 25 % 50 %
" 0.2% " 41,5% 70.5%
" 0.3 " " 62.5% 85.5%
" o.M 75 % 0 %
" 0.5% " " 95.6% 100 %

Other conclusions arrived at as 2 result of this test were:

(a) Since changes of speed of the motors did not occur simul-
taneously in the two instruments, the speed changes probebly
are not due to slight changes in pressure or tempersture.

(b) Sensitivity varied from 0.1 to 0,9 millibars.

(c) Sensitivity increased with increase of rate of pressure change.

It was recommended as & result of these tests that the records
of flights when the balloon is floating be read to the nearest
two~tenths of & percent of a cycle, or approximately two-tenths
of & millibar, for high accuracy. When using the instruments
menufactured by Brailsford and Co., satisfactory accuracy will
be attained, if recessary, when the record is read to the
nearest one-tenth of a percent of & cycle.

In the second group of tests the pressure was reduced slowly
to about 20 millibars and increased to sea~level pressure af
different temperatures.

The most comprehensive series of celibrations wes made with the
first instrument made by Brailsford and Co. Two runs were made
at room temperature ( 229C), one et =100C, one at =30 to 379€C

and one at =66 to =§20C., On the last test st the lowest tempera-
ture, the unit was found to be completely unrelisble. The

cause of failure was the erratic motor operation at extremely
low temperatures. This had been observed previously during
flights when the Olland-Cycle was not thermally insulated.

The other curves wers plotted on 2 single chart in order to
study their spread (see Figure 31). The envelope of curves
thus obtained showed no regular temperature effect over the
range +229C to =-379C. In generasl, the envelope was less than
10 millibars wide although at some higher pressures it wes as
much as 12 millibars wide. The curves et low pressures fell
closest together end were all within 3 to 4 millibers apert
between 50 and 150 millibars and 6 millibars epart between
150 to 200 millibars,
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Figure 31, Tests of Ollend-Cycle performence.

Hysteresis at any one temperature wes the worst serious cause
of the width of the envelope of curves. However, this

error was minimized by the smoothness of the rotating cylinder
and the continuous motion of the cylinder under the contact
pen, Probably the necessary locseness of the bearings and

the joining to the motor gear train had a great deal to do with
the spread between different celibrations,

The maximum veriation of any one celibration curve from the
mean was about *3 millibers.

The following recommendations are mede for the use of the
Olland-Cycle modulator:

(a) The modulator should be mounted inside the battery box and
insulated so as to keep its temperature above -30°C,

(b) During the repid-rising portion of the flight the accuraocy

of the date warrants reading only to the nearest one percent

of & cycle, or about one millibar of pressure.

Tests on the sensitivity of Olland-Cycle modulators indi-
cate that although the accuracy is limited as indicated
above, small variations may be detected with the result
that it is valid to read the pressure record to the nearest
tenth of one percent of one revolution.
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When the Ollend-Cycle principle was originelly adopted, both
clocks and electric motors were considered for the power supply.
+In addition to the tendercy of clocks to stop st cold tempera-
tures due to freezing of lubricants and unequel exparnsion of the
parts, the movement of the clockwork in discrete steps limits
the accuracy of sampling. For these reasomns, electric motors
are preferred.

The motor now in use has been built to meet the fellowing spe-
cifications:

(a) 6 to 7.5 volt operation,

(b) 1 RPM gear train.

(¢) 20 to 40 milliamperes drain.

(d) Speed change at low temperature to be no more than 20%.

{e) Constancy of speed during any single revolution not to
deviate by more than 0.3%.

To check the performance of these motors at cold temperstures,
a sories of testswas run on the motors now in use with the
average case seen in Figure 3Z. The loss in RFM was more than

X r

RN

4 ] 8 0 12 14 16
Yoltage

Figure 32. Speed tests of Clland~Cycle motors,

desired, but the motors continued to operate 2t & steady rate.
As long as the speed of revolution does not very merkedly withe
in & single revolution, the error is not serious. 1In early
flights made at prolonged cold temperature, erratic performarce
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of the motor-driven units was observed; current practice is
to provide adequate temperature insulation.

(4) Barograph

As a secondery pressure unit, a clock-driven barograph hes been
included on many flipghts. The instrument (shown in Figure 33)

Figure 33. 5Smoked drum barogreph.

will provide up to 40 hours of pressure date if recovered.
About 70% of all those units flowm to date have been recovered.
The performerce specifications are as follews:

(a) Rotation: one revolution every 12 hours

(b) Duretion: 36 hours running time

(¢) Pressure range: 500 to 5 mb.

(d) Accuracy: £5 mb.

(e) Readability: 1.0 mb. or approximately .22 mm on the drum
(f) Weight: 1000 grams

(g) Time accuracy: 10%

(n) Temperature compensation between 30°C and -70°C

Instruments heve beern built by lLenge Leboratories to meet
these requirements (the time accurecy figure is questionable)
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B.

A description of the use of this barograph is given in Part II,
"Operations,"™ of this report,

Temperature Measurement

To interpret some of the observed balloon behavior, & mowledge

of the temperature of the gas and the ocutside sir tempersture was
required. The evalustion of "superheat™ effects wes accomplished
primerily by exposing & conventionel radiosonde thermistor inside

the balloon with & control thermistor meesuring the free-air tempers-
ture. Similerly, & thermistor wes sometimes instelled inside the
battery=-pack housing ‘o measure the tempereture of the batteries.

While this system was in use it was general practice to use the
standard goverrment service thermistors ML 376/AM (brown) and

ML 395/F¥Q-1 (white). The white elements were needed when the ex-
ternal temperature wes measured, since no adequate protection from
the sun wes available, Also, et floating level there is no venti-
lation te be had since the belloon is stationary with respect to
the air.

The resistance of the thermistors was switched into thé grid cireuit
of the blocking oscillator of the AM-1l transmitter, and by comperi=-
son with pre-flight ealibrations the audio frequency trensmitted

could be interpreted in terms of tempersture. To record the signal
after it was received, a fast-speed Brush Co, Oscillograph Model RLZ212
is used. (Due to the frequency response of the Brush recording
system, the circuit was arranged to give lower frequenciss then s
standerd rediosonde for the same tempereture range.) A sample celi-
bration chart 1ls shown in Figure 34.
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Figure 34, Semple celibration chert for
temperature measurements.,
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The temperature date obtained wes of considerable velue, especially
to determine the effect of insuletion of the battery peck. It was
found on most flights whers reasonable thermal insulation was applied
that the temperature of the pack remained sbove 0°C after several
hours of exposure at nighttime. The extreme observed was -§0°C.
Daytime flights had the added edvantage of heating from the sun,

The temperature of the lifting gas at the ground was ordinarily

found to be somewhat below the temperature of the air. This is due
to the extreme cooling encountered in the expansion of the compressed
gas ag it was fed from the tenks into the balloon. During the rising
pericd, in daytime, the gas gained heat, since it cools ddiabatically
less rapidly than does air (elso less than the normal troposgheric
lapse rate); at the floeting level a differential of about 10°C

wes common. A typical terperature trece is shown in Figure 35.
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Figure 35. Typical temperature record.

To permit the transmission of both tempereture and pressure data by
one radio channel, & peir of progremming switches have been de~
signed and flight tested. The first is the temperature switch (Figure 36,

|
L
|
\ Figure 36, Temperature progremming switch.
|
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which switches four elements into the trensmitter cirecuit in turn.
Recently & motor meking five revolutions per minute was used so
thet each temperature is trensmitted for three seconds. The four
elemente are the free-air temperature, the gas temperature, battery-
peck tempereture and a reference signal. This switch is supple=
mented by & master program switeh which alterrately places thse
temperature switeh and the pressure modulator into the trensmitter
cireuit. The present arrangement is to permit the temperature deta
to be transmitted for about one minute in every fifteen, In this
way representstive tempersature sampling mey be cbtained, without
meterially destroying the continulty of the pressure and ballast
data.

A second system of determining tempersature makes use of the smoked
drum of the barogreph. By edding a temperature-activated pen, this
unit mekes & record of the temperature encountered. Since it is net
the free-asir temperature nor the tempersture of the lifting ges but
rather the temperature of the barogrsph itself, the date obtained
hes been of little wvelue., Following the development of suitable
tempereture telemetering apparstus, this method was not used.

Ballast Meterig;

It is often very desirable tc Imowwlether or not bellest control
eéquipment is operating properly during flight tests. For this
purpose, two systems of bellast metering have been devised., It is
possible (1) to record on an instrument which is belloon-borne or
(2) to detect and telemeter information to the ground concerning
ballast flow.

Figure 37 shows the automatic siphon which has been used in the AM-1
transmitter circuit for the telemetering of such informetion. A
series of pulses of fixed frequency is transmitted whenever the
contact arm of the asutomatic siphon is filled atove a critiesal
level. The electrolyte used is non-miscible with the ballest and
rises end falls in proportion to the rise and fall of the msin arm
of the siphon. This main arm empties when approximately 3.5 grams
of ballast have been allowed to flow into it. As a consequence of
thie intermittémt filling and emptying of the lines of the siphon,
an intermittent signal of fixed frequency is transmitted whensver
ballast is flowing steadily. It is important that an electrolyte
be used which will not freeze at low atmospheric tempersatures and
will not boil at the low pressures encountered. After & series of
tests it was decided that a 24% solution of hydrochloric mcid be
uged for altitudes up to 85,000 feet. It is necessary to use
platinum wire for the contact points.

In order to record in flight the furcticning of the ballest control
system 8 bellast recording mechanism hes been developed in con-
juction with the Lenge Laboratories of Lexington, Kentucky. This
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Figure 37. Automatic siphon.

jnstrument has been added as e part of the baro-thermograph., A
cutaway sketch of this ballagt-recording instrument is shown es

Figure 38.
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Figure 38, Bellast-recording meter.
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Operation of the instrument may be déscribed as follows: The
instrument is ingerted in the loed line just sabove the ballast
sssembly by attaching the load line to the upper ring (A) and the
rigging from the ballest assembly to the lower ring (B). A canti-
lever spring (F) is set into an adjusteble base (K), which may be
adjusted for various empty ballast-assembly weights by changing the
setting of the adjusting screw (L). The lower ring is attached

to the cantilever spring, but can be adjusted for different ballast
weights by sliding along the spring (from G to Gy, for instance).
For light ballast weights the lower ring is moved away from the
base (K) (to the right on the disgram), and for heavy ballest weights
it is moved toward the base. Adjustments are made on the adjusting
screw (L) end the lower ring (G) before esch flight aceording

to the weights of the ballast assembly and the ballast.

The cantilever spring is attached to the connecting bar (E) at (H).
Thus the deflection of the lower ring is transferred through the
cantilever spring to the connecting bar and then to the pen arm
(C), which is pivoted about a fized point (D). The deflection is
recorded by the pen on & roteting smoked drum {B). In order to
praregt the pen from going off the drum, an adjustable stop is set
at (J).

The unit should be calibreted for meximum load (pen earm at C,),

a medium load (pen arm at C¢) and minimum load (pen arm at 02} before

each flight, A trace of ballast function will stert at the top of

the drum an¢ as ballast is discarded will fall toward the bottom

of the drum. By measuring the deflection st any time end comparing

with the calibration, the amount of ballast left in the assembly

at any time cean be determined. Since this instrument is a pert

of the baro-thermograph, the trace obtained upon recovery will contain
- information concerning eltitude, temperature, and ballast functioning

over the complete flight. After proper correction for time dis-

placement of the three pens has been made, the three types of in-

formetion cen be correleted to give & feirly complete picture of

the balloon flight, including reasons for wvarious types of motion.

It is expected that this instrument will be extremely veluable in
determining ballast control operstion over a long period of time,
especially after the balloon system ls out of radio reception range.
It also will give information that could not be obtained if there
were any failure of the sutomatic siphon meter or the transmitter
during launching or flight. The chief drawback of the instrument

is that information is dependent on recovery.

At the time of writing of this report the instrument hes not been
flight tested. Preliminary leboratory tests indicate that the in-
strument will live up to the high expectations placed upon it.
Since the instrument actually records the %ensile force in the loed
line during flight, it may also be valuable in analysis of the ac-
celeration forces induced during periods of balloon oscillation

in the atmosphere.
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Vil. CONCLUSIONS

Consldersble experimental work has been done in conjunction with the
study of balloons and controls. The description of operating pro-
codures and the use of specially developed equipment is included in
Part II of this report, "Operations," (bound separately).

A summary of the results of flights made to test equipment and controls
is given in Part III, "Summary of Flights."™ At this time the use of
thin polyethylene balloons with pressure~activated ballast controls

has been demonstrated effectively toc meet the contraset requirements.
Tests made on snother contract have found controls consistently active
over 24 hours with en average pressure constancy of 12 mb. at 200 mb.
Even greater ballast efficiency has been found at higher sliitudes
using the seme pressure-activated controls.
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