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Section I 

PII>~ SUDARY AND PIDlNOSIS 

The principal work of the Project during the period covered by this 

repo1·t can be divided into aeveral sections. The ti rat sec ti :,n, balloon 

physics, concerns flight constants flights, step tlighta and ~q>erature 

flights designed to study the balloon and the environment in which the 

balloon flies, The second geMral program might be called the cylinder 

balloon program, in which•~ have studied the prooerties or balloon With­

out tapes. The third aut~ivison would consist or the l(ylar program 

which, although not divorced from the cylinder balloon orogram, is con­

Aidered t~ be seoarate as it involves the development of a vehjcle for 

high altituo~ work using thP. plastic, Mylar. These various programs 

will be discuss~d 1n oraer, Each of these categories is treated in •very 

much greater det;u 1 in tht! report proper and the ow-pose of th1 s summary 

is to ind1c.1t€ in a few wo:-ds the significant contr1tutions of the ProJect 

dur1n~ this year. 

The prJgram of balloon physics began 1n the early perioo cf this 

rtpo~t sind 1s a conc,rnuat1on of flight c:.mstants flights originally intr:>­

duced on the Proj~ct to s• .. udy the response of the balloon to a change in 

free lift or to a change in buoyancy. The general oh1 losophy of these 

fli ~~h t.s was that one sh uld be able to s1 t on thP. r,roun<l and fly the 

balloon by remote control observing its response to dropping or ballast 

and t o cuttirir, f tow b,1111ous attached to it. A nurn~r of thf\se flights 

w';; rf' made ano several of th~se v.en· oul te 5uccessfu1. There w re, hoYtcvcr, 
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1neral tund•-~tll 11111. tat1oDI to t111ht1 of t,h1 I ,art llh10h f1nall1 

led u1 t,o abandon the tlipt con1tant.1 aort, ot tllpt, and 1ub1t.1 tute in 

1 \I place a ■uoh aore de1irable aana ot obt.aini-W thi1 intcr■ation. 

Thi principal clitticult,7 With the tli1ht con■tantl fii&htl cent.Nd 

around the probla■ ot radio controlltns the balloon after learninc bJ 
aan1 ot radio what the balloon •• doi111. In l1ne~t-ei1ht operation■ 

there ii little trouble in hlariJII traa the balloon and btiq able to 

tranait to it. A larp nuabtr or 11cond117 ditticult111 al•a,• dtttlop 
whlD radio control 11 atteaptld duri111 a balloon tl11ht. In th11 c111 

it ••• nec111&17 to control the c11tti111 ot thl tow balloon, th• ••l•• in 

the top ot th• balloon to ••l•• 111, and •arioua ballaat droppiftl aechan-
1-. A 1111pl1 or the kind or trouble which an•• with radio control 

but which 11 not inherent in the radio 1tNlt wa1 the failure in om 

flight ot tht val•• to open in th• top ot the balloon because or the 

generation ot noise by the valft motor which would block the radio receiver 

and cut otr the co-nd signal. fl,e !light constant, tlighta were plaguad 

by a nuaber or cl1tf1cultie1 of this sort ano the equipMnt waa, in general, 

COIIJ)licated enough 10 that, in spite of careful check-out betore flight., 

frequently parts of the equipment would fail and decrease the uaetulne11 

or the flight. Betore these flights were stopped, however, several flights 

were obtained in which the balloon was flown by radio control arxi so• data 

on free lift and drag were obtained from these flights. This data is dis­
cussed in Volwne IX, ~~ction VI, or this report. 

When it becam~ ev1dent that the flight constants flights were consuming 
more of the Project •s efforts t~an their value justified, we set about 

thinking on the problem of how to ortain information on the velocity vs. 

Confidential Inf~rmation 
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t, ..,, litt a, a t\mctian or al.Utudt tor a balloon bJ 1i11pler •ana• 

11• tinallJ hit upon the •thod whioh w no• call the 1tep fli1ht technique 

tor 1tud71ng balloon p1rfon11DCe. Thi1 •thod tr011 th• Yll'J first ••• 

•xtN•lJ 1ucc111tul and a 1ood deal of the P1'0J1ct effort ha1 been dttoted 

to proaoting th11 technique and to obtainirW data bJ •ana of it. It 11 

anticipated that thi1 work •111 cont1JIU8. 

In tri1f, the principle of thl step tli1ht 11 to carr, Ollt achanicaU, 

what one would lia to do to ••aure balloon pertaraanc,. IMllJ, to 10 

alons with the balloon, hold it at r11t at ,ar1ou1 point, in the atllolpher1, 

and thin cau1e it to riN and deaoend at a tiad rate ot riN at which ti• 

om would note th• chans11 in tare, occurring with re1p1ct to the balloCll 

at re1t. N• it 11 quite 1illpl1 to 1tate the probl• in U111 wa7, but it 

11 •oae•hat ■ore ditt1cult to 1nYent in practice a balloon 171te■ tor doins 

it, Th• 171tea whioh 11 ulld 11 to ti, two balloona attached topta r bJ 

a 1teel cable. Th• top balloon, called a tolr balloon, 11 a balloon whoa• 

properti11 are under teat. Th• balloon to which this teat cell 11 attached 

11 a balloon which 11 alway, c011pl1tei, tull and equipped with a duct, and 

a l('ndola which control• the p-011 ••1stlt ot the 1y1te■• Thia latter 

balloon 11 ct.ll1d the plattor■ balloon. The tlipit ot the plattona balloo:a 

11 controlled by chlllli~ the 1ro11 wight or the 171te■ bJ drow1111 ballaet, 

am 11nc1 it 11 al•tY• full ani va1,1,w om can preciaely detll'lllne the ti•­

altituda characteriatica or thi1 plattor■ balloon 1i11pl.J b)' deterlll~na the 

way in which the 1ro11 ••i&ht ot the ayate■ ia chm 1ed. As the plattor■ 

balloon detarld.ne1 the ti.Ill-altitude curYe, the tension With which the tos 

balloon pull• on the plattona ia •aaured and telemetered from a 17ste■ in 

the gondola attached to the plattor■ balloon. 

Confidential Intcna tion 
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ftl• pneral procedure in th•• tl11ht1 •• to inflate both balloon, 

an the ground 10 that, the 171te■ would lffll t1r1t at an altitude ot 7 or 

8,000 te1t. Th• tenaion to the tCJlf balloon would then bl ••11 detel'llined 

at thi1 altitude und it wa1 rr011 this altitude eaaent.ially that the fiight 

bl11n. 

After a lo~ enough ti• at this altitude for the ten11on to 1tabili11, 

ballast would he steadily dropped from the platform balloon 10 aa to produce 

a rise rate or, aay, 500 ft/min. AS this rate was established the tension 

measured to the to• balloon would first drop rapidly by an aa:>unt equal to 

the aerodynamic drag on the tow balloon ana then drop more slowly as the 

thermodynamic arag on the tow developed. It finally reached an equilibrium 

value which •Jula be rmuntallled as long as the system "M>uld continue t~ rise. 

\\'hen the platform ballo,,n' s ballast sto9s aropping, the system co1111 to 

rest quite r_, idly with the aerodynamic drag of the tow balloon diSappearinc 

first and finally the thermodynamic drag aisap9t'ar1ng and being evidenced 

by warming of the gas in the tow balloon and ini:reasing the tension measured 

between the two balloons. 1 t can be seen thl t in aadi tion to giving aero­

dynaaic and thermodynamic drag this technique allows one to determine what 

the weigh-off of the balloon is at different olaces in the atmosphere com­

pared wit11 its ground value. 

The very significant factor determined in coMection Wit~ the weigh-off 

at different altitudes was that the balloon gains freP. lift as it rises, 

durir1g the day, almost aa much as the value of the sun:Jct effect. That 1e, 

a balloon which 1s Wf!ighed of r neutral on the grourxi will firxi i teelf W1 th 

something like 7 or 8% frPr lift ty the ti~ it reaches the stratosphere. 

Much of th1 s warmir,g takes place as thf: balloon passes 1 nto the stratosphere 

itself and this account:1 for Ute fact that balloons do not slow down at the 

Contidentul Irformation 
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troropau1e a1 woulc be prtidicttd b) the ract t~nt their thermodynallic drq 

ahould increase by nearly a factor or two, in accordance with the change 

1u lapae rate or the ambient air. That tt:e uraf actually does increaH 

was definitely and clearly demonstrated on these flighte tut the increaN 

in drag waa compensatt-d f Jr by the 1ncrt:ase in frt-e lift due to the 

warming •1th al t1 tude. 

The steo flight! ha•,t alrt-! ady shown that the a"rodynalllic drag, aa 

we auspec-tf'd, waR an important factor only at low altitude,. At high 

altitudfls, wi U. larg i balloons, the controlling fi1ctor which determines 

tne rate of rise is the heat t..ransfer into the talloon, produ~ing so-called 

thermodynamic drag. Rasul t.a with step flights at night seem to show that 

the increase 1n free lift With altitude h not nearly so lar1e as it ia 

in the dayt,1• and that the sunset effect ahoulo very detini tely be a 

function or altitude, We felt that in the step flights for the tirat 

ti• we have been able to measure directly the behavior or a balloon at 

various altitudes at various rates of ri1e and have a scientific approach 

to the problem of describing the ■otion of a free balloon. The nomograph~ 

of thermodynamic and aerodyn•ic drag (Volum IX, Section V1) have been 

constructed on the basis of results from the step flights, but they should 

be accepted with some reservations Wltil more step flights have been per­

formed to determine whether the nomographs have to be altered tor tlighte 

during the day as compared With flights at night, and so forth. 

In addition to the step flight technique •e have studied the balloon 

physics problem by measuring the temperatures or the balloon gas and the 

outside air during flights in which the balloon. ia purposely made to undergo 

motione in which the thermodynamic drag will change c..bruptly. These tempera­

ture flights have been very successful and the resulteof temperature rneasure-

mPnts in ~-·neral h&ve been in agreement w1 th results of the step flights. 
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!hi cOllbimt1on 1tep tli1ht■ and te1p1rat,ve aa1UN111Dt,1 hat1 bNn 

carr11Cl out to11thlr, the t11p9rat,ure ot the 1u in the tow balloon 

blinl tel-ttrtd to the plattora which in tum nla,ed th11 intoraatian 

b)' tel-tenns to thl around 1tat.1on. Telll)Vature •a111N•nt 11 c011pl•­

•ntal7 to the t.enaion •a111N•nt. It 1hoa1, MOlll other th11111, that 

lqe t11p1ratun p-adientl in the balloon do not exist. 

The te..,.rature •anre•nt1 haft lhOlll'l that the 1a1 in the balloon 

cool• bllOII the equ111br1ua ••l• duri,w &■cent 1111 ... aboYt equilibriua 

•al• durinC de■cent, 11 would bl upected troa our prmoua work. The7 

ahow, turtheraore, that tht 1uperh1at or tht balloon 111 doe• not chanae 

at balloon nneet but that the balloon dt■cenda at th• rate r1qutnd in 

order to maintain th11 1Uptrheat apprcm•t•lJ con1tant. lhtn balla1t, 

11 dropped and the balloon under1011 an adiabatic bounce, leHliq ott at 

night, the temperature change1 atruptly II would be predicted tro■ the 

previous atudiea, and level• ott at the n11ht tia 1uperheat which turna 

out to be 1pproxiatel7 11ro. In other words, the te111p1rature •••ure•nt1 

have indicated that a polyethylene balloon, at r11t tloatin1 at ni1ht, haa 

a 111 teaperature approx1utely equal to the teaperature ot the out1ide air 

and that th11 teaperature 11 increaNd in the dqti• b)' the 1uperheat pro­

duced bJ the aunriae ettect. 

preciaely the required •un•t ballast and allmns the balloon to level utr 

below i ta tull ceiling. During thi1 proce11 the teq>erature ia mea11ured 

ao that the sunset etrect ia determined both in teru or the ballast re­

quired and in tel'III or the temperature change produced by day and night 

difference. It haa also been •aaured in step flights both for aunriae 

Confidential Information 
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and l\llllet. bJ ballaltin& the plattora balloon tu ktep it tr011 dt1C111din1 

at IWlHt and •••uri~ the tenaion With which the tow balloon pull.I on 

tht plattor■ throuchout a 24-hour period. Thi• tll&ht •• 1xtN•l1 

intere1t1nc and 1h01Nd that ttn11on uint&ined e11ent1all7 conetant throuah­

out th• aiddl• part, or the day and nisht •1th the 1unri11 ,rr,ct c0111111 in 

over a period ot about two hov1 and W1 th the eunNt ettect coaine in onr 

approxiaa ~ ly the AM length or t:1111. Apparently about a third to a halt 

or the solar ,rrect 11 produced by th, direct light ot the sun on the ~ol7-

1th7ler11 and the reMindtr 11 produced by scattered radiatior. troa the 

ground and t7 intra-Nd. 

Ont ot thl 1arli11t result• or the Balloon ProJect durin1 ite r1r1t, 

yaar ••• the ob11nation that a nuber or our balloon tailur11 •re caUHd 

bJ the pr111nc1 or the tape• on the balloon. Very rrequentl7 •• tound in 

packinc balloon, that tapes had pulled loose rroa their or111nal re1t1n1 

place an:i stuck in 10111 other place, pulling a hole, The 1-diatl 1olut1on 

to thi1 problt■ ••• the uae ot double wall "caet iron" balloona Which could 

have holes pulled in one layer or the polyethylene W1 thout de1tr0)'1n1 the 

1•• tipitne11. We did not reel, h0111ver, that thi1 ••• a 1at11tactol'7 

1olution to the proble■ and believed that the pre11nc1 or tape• in a balloon 

are dttini te~ detri•nt,&l. They create the ha1ard ot tat lure ot the balloon 

b7 tape ■ aticlcing Ami, in audition, increa11 the aunHt ettect becauae ot 

their blacine11 to solar radiation. We ori11nall7 obaened another detri­

•ntal ettect ot the tap•• which 11 extre•ly aer1,u1 at ni1ht. Thil etrect 

11 that at temperature, ot -~ or -30° the tape• do not 1t.1ck to the pol.J-

1th7len1 ami, it the balloon 11 1ubpr11aure, the outeide air preHurt will 
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tore, the botto■ portions or polyethJl•ne otf the tape, and de1tro, u., 
balloon. The difficulty with the tapes ie, in ~riet, that they are likely 

to stick wh•" they are not auppoaed to it the tapes are war■ , or it the 

plastic 11 cold thay -, not 11t1ck at all. It 11 very probable that the 

large mortality rat8 of balloons aac1nchng at ru1ht 11 due to the fact 

that the material aepara~s 1 tsf!l! from the tapes. During the day, no 

doubt, the tapes are quite warm aud therefore maintain their adhesiveness. 

ln the hope ~r Sllvin~ so• of the~e problems we have attcmpt.d to uee U°'e 

ao-c11lftd "cylinder• bolloona. 

'nle cylinder balloon is simply a tube or polyethylene designed so 

that 1t will always have enough circWllf'erential dimens1~n to elisinate 

circumterent.i~l stress, in whatever manner the ba.loon is used. T~e duct 

appendix introduced by the Balloon Project last year can be used to set 

the zero pressure level of the balloon to any hP-1ght that is desired, 

thereby deterrninin~ the ratiJ or talloon height to diameter. The tube of 

polyethylene is cathered at ~ach end and the duct appendix is hrollght out 

from the top of this tube. It is rel~tively ea9y to show that, starting 

nth a cylinuer of matf!rial, the requ1rement is satisfied that the meridi)nal 

temnon is everywhere the ta:ne anJ the plastic is stressed equally in a 

meridional directl'ln at all points. 'i c1linuer type balloon can be mal1e 

w1 th stra~ht heat seals and the ul t1ma te load c.-irryir,g capacity of such 

a balloon is very reacnly calculat,)d, as point~d :JUt. 1n thi3 r~port. 

A nwnber of flights of cylinuer balloons have been made to det~rmine 

the charact~ri ,qt1cs of their behavi Jr and most of these c1linuers were 

made of '~lar becau~e it was desired at the same t1me to test the feas1 bili ty 

~onfi aent Htl In.format1 on 
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l! constructing 1 ,.lar halloon. T,11 properties to be d1acri bed here, 

however, ~rer to cylir.ier balloons in iE»Mral arxi the -l•r program will 

be discussed separately. Although cylinuer balloons ~ave very obvious 

advantages f'or lifting large wei~~ts thf!y have some d1sadvantage21 ira flight 

pertJrunce which were d1 ac ,,vered in studying U,e flight ser1es starting 

w1 th Flight 6o. 

The f1 rat cylinder balloons were or volW11s approxima tel1 equal to 

the volwae of a 20-foot diameter iihapod balloon. ,',hen the first of t,heae 

eyli1'¥ier1 was flown, : t was observed to reach ceiling, acceleratinG as it 

rose (a characteristic ot free ball~on flight), and upon reaching c~1ling 

the balloon overahot, turned arOW¥i and began descending again at a very 

appreciable rat,. 'nlis behavior had not been ant1:ipated and no orovisiona 

had been made for stopping 1 t, so the balloon dr.scended 111 the way to the 

ground. It was imediately evident, or course, that the reason for thie 

particular behavior was that the slack volUIII present in a cylinder balloon 

allowed it to overehoot its full ceiling during the process of valving, 

In other words, the superpressure required tor valving u7 cause the 

balloon to swell up to such an extent that it may te~orarily rise to a 

ceil1ng above the ceiling at which it would be stable. In IJ doing, ot 

courae, it has ove"alved and, unless the warming or the gas tollo-ing 

the reaching of ceiling is adequate, the balloon can never be stable again. 

It 11 clear, however, that if the balloon reaches ceiling at a 111~• enough 

rate the •anung or the ga~ will be adequate to cause it to reac~ stability. 

It 11 interep,•~ng to note that all balloons must overshoot Jleir ceiling 

and the reason that they do not immedi& ely descerxi afterwards is because 

of the fact that the thermodynamic drag has produced a cooling ~f the gas 

Confidential Information 
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llllloh 11u rau.r 11a •1111 in tne bank in the 11n• that IIIINlll ot 

t?,1! ;a! osn pq tor 1.a, -11 U10UDt ot OYenalnnc Illich bu oocvr-4. 

Thi nbllquent, 07Under tl11ht1 ahOlld Ulat th11 indeed •• tna, that at 

a part.icular rate ot ri• a 07l1nder balloon would reach 01111111 ud leftl 

ott in a 1tabl1 111M1r. For the ratio ot balloon to duct di-• wtl1ch 

111 ulld 1 t tumid out that th11 rat, ot aJl)roach to c91lil'C •• 400 tt/ain 

and the t11- t, -· dilCOYeNCl "' tl.J1DI l\lbNqunt cylinder tliptl and 

equippinc th•• 111 th balla1t drop• lhich wollld bl •U•ated llhln tbl 

ballOOD 1ni tiallJ Oftl'lhot and d11C1nded I and would allOlr the balloon to 

approach ceiliDI aucce11iY1 tial1 at 1la.r and 1la111r rate,. 1 balla1ted 

balloon 171te■ would operate quite 111ll 111 tll a c7linder balloon but would 

han an initial expenditure or ballast while the 0•1r1hoot1rw ot the cylinder 

... btina c011p1naatld. Aside tr011 this tact no bid behaYior ot the c7lindlr 

balloon ••• obNntd and the ICrlar c71ind1r1 were indeed obNned to n1 

quite well. ~ such cylinder which •• launched rr011 lt1nneapolis landed 

in Buttalo, New York. 

le believe that we have demonstrated the tundamntal properties ot 

:ylinder balloons and also that they may be or so• principal iaportanc1 in 

aili tary applications because of their c~se or construction, a long tube, 

and because or their lar1e load-carrying properties and their probable re­

liabili t7 due to the fact that they do not have tapes to cau11 trouble in 

storage or in flight. 'nle point should be made, however, that lar1e cylinder 

balloons are aomwhat difficult to launch by the University or Minnesota 

method and a number of attempts were made to fly a polyet~lene cylinder 

without success. It should not be, however, a difficult problem to launch 
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I c/linder balloon tr011 a pla ttona, and tl11hta •• bJ HONll in hil 

Air Fore, •erk have 1hown that c7llnder balloon• could bl Nad11J launchlcl 

tr011 th• llobJ Dick covered •aaon. 

The -lar J)l'Oll'U ••• partly wedded, ••••• noted bltoN, to the 

probll■ ot c7l1Dllr balloon• and al IUCh hal been partially diacuallcl. 

P.ecau11 or the tact that Herb Shelly, Inc., or Farat111ton, llinneaota, 

had 1ucceastull7 Haled flat 1h1et1 ,.,f' ~lar •terial to11ther, • decided 

to work W1 th tht■ in produc1n1 experi•ntal t(Vlar cylinders tor balloon 

flights. Reports tro11 General 111111, Inc., who had nown aall N11pl11 ot 

lb'lar in re1ular flights, indicated that Mylar m1ht not be d11irablt tor 

balloon III terial since theN were 10111 deleterious 1ttect1 ob11rY1d in hi.sh 

altitude exposure. ·.,e telt 1 t was i11portant to SH whether Mylar could bl 

used and also to test a Uylar cylinder. Becauae ot i ta hich ratio ot ten1il1 

strength to censity,ltyl.\r does make it possible to consider a 1up1rpre11ur1 

ballot>n, and for tllis reason a program of lea1' testin& ot Mylar waa oripnated 

with Karl Kanunermeyer at th, University of Iowa thrqh 1ubcontract •i th 

General Mille, Inc. 

ffle kinri ~r fqlRr balloons flown waa the type described in the cylinder 

~rogr•, sl11ek M)'lar cyllnaers, as well as "infinite superpressure" cylinder• 

4,quipped w1 th a bubtler can and desigrad to operate under a auperpreasure or 

approximately 4 mb, It has been tound, in brief, that small Mylar c7l1nder1 

behave well and Hem to show no bad effects due to hi.ch altitude exposure 

over a period of at least 24 hours. It was also shown to be possible to 

superpreasure these small Mylar cylinders by an amount sufticient to make 

them float stably like a cork for a period or several hours. The leakage 

problem hu ah01m that ll_ylar i taelf ia good enough ao that W1 th moderate care 
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in handling one couldhope to apprOAeh dittus1on leuare or the •terial 

which would~ entirely adequate ror st~b111ty during daytime flight. It 

is very possible, howrver, that if on~ •err to surerpressure the balloon 

enough to eliminattt. sunoet effects, leakage •ould become so large that the 

ballast required to cornponsat@ for leakage •~uld he aft h1gh as sunset effect. 

This, however, haa not been de ternn ned and the S'1Pf'rpressure program 11 

proceeding, Another mett.'Xi of tlutting t.he cylirliers together, in addition 

to the Herb Shelly hta t seal , was introduced at t.he Uni v,rsi ty. It consists 

or gluing the Mylar with II p·ll,meru.ing glue. The gluP. ~ala have been 

shown to be very g~od at, low temperatures :ind have also be~ found to be 

adequately leak free to mak~ a good auperpreasure balloon. The lOlt tempera.,ure 

pr()J'ertiea of the Mylar, J:'lus the fAct that 1 t has high strerwth, should ••• 

1t an id@al balloon vehicle if it can be successfully sealed in prc~uction, 

This report also c onta1ns a sEries of nomographs which allow t~ cal­

culation or the "natural shape" balloon for aey c,>mtiination or load and 

material weight, 

One flight was made to test the feasib1lity of retransmitting Loran 

signals for locating balloons, ard this flight is dei-cribed, together With 

an analysis or this problem.• 1',e c~ncluaion is that it 1s not reasonable 

to expect to be able to ust1 Loraz1 retransmission for other than line-of-sight 

rebroadc.\sting, un.lesa the new lo• freq~ency Loran net is sometilll? set up. 

The limitation is simply iq->oeed by power bandwidth criteria. 

* Fl1~ht 82; Vol~me X, Section II. 
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Meteorolo&ical Section 

The meteorological work c:in he placed in two cate"oriea: 

(1) Study of meteorolog1cal factors affectjng ballJon oertorunce, 

and 

(2) Survey or the information gathPred on the 1mner level flow With 

a View to•ard predicting the c~urse of the balloon. 

'n1e primary contr1 butiona uootar the fi:-st category ar, the sti.w:lie1 ot 

the infra red flux in the atllk)sphere aro the computation of the irfra red 

heat1ng (or cooling) of tt'ie bAlloon fabric. At oresent this study seeiu 

to iooicate that the chanr,e rn in~ra red co()ling or. pol)ethylene fabric 

r..t 10,00< and )),000 feet 'll~· be ttie @quivalent or ~alf t~e effP.ct u! 

solar r~diation. 

!he work on wi.nd measure:nent, ~as c,msj fited of determinint' t'1e general 

seasonal flow ratt,: rn•·, at. higher 1t:ve.ls in the atmosohere, and a summary 

of the physical chara~terist1cs f the 'low at the floating elevat1on of 

t~e balloon. The one important c )nc lus1on from avai la~le data is that t~e 

tigh stratvsphere flow does not rnssess the large scRl~ velocity fluctua­

tions of the troposph,-re. lt is unhkely tt-ierefore t hat foreca..,ting 1r11l 

he improved by at ternpti ng to draw WP a t~er charts si nee t~ c flow systems 

would be too small t .o er tt?r u1 on a syr,opt1c map. 'Ille best forecasting aid 

at hi~h levels appears to be a ~onet~r.t altituo, balloon tra jectory 01 

several hours duration which w ulct be 1i:3ed unmodif1f-<1 to extranolate sub­

aequent trajectories. 
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Future lork 

Thi intra Nd calculationa are bli~ continued, the preaent ,rrort 

being directed toward cseterllining t~e seasonal variation. 

work on the variou1 scales or motion am the character11tic1 or the 

flow 1h01m by the constant altitude balloon t.rajector1e1 also continue,. 

l nuabtr ot hi1h level traJectoriea ude b~ the SKlHOOK project are no• 

availatle with better control or ti• and ca•ra operation. 1 nWDber ot 

lower level r11ght1 should aleo be a,ailablt shortly from the University 

1tudi11 or the 1upen,r1Hure balloon. 

Tht Project during the next period Ifill puraue further many or the 

1xpcri•nt1 diacua 11d in the preceding pages. The at.p tli&ht technique 

will be used very extensively arxi it 11 hoped to investigate the errect 

or various gaave 1 n the ball°"n other than heli WI. It •111 be recalled 

that an early reaul t of the Project was the s·"udy or the ertect 01· air 

contuination produced by sucking in through the tottom appendix in the 

ballo~, and thi, effect can now be studied quantitatively by introducing 

a known amount of air into t~ balloon on the ground • m causing it to 10 

thr~ugh a aerie a of steps. 

It will be nee111ary to 1nv1at11ate the warmin& or the balloon with 

altitude aa a function or the ti111 or year and to repeat the day and ni&ht 

flights and t\l study step flights at several different rates. The cylinder 

balloon program, or some modification ot the cylinier talloon progra whidl 

uaea balloons pr tially shaped and partially cylindrical, will be carried 

on because ot our tirm conV1ct1on that in order to have a reliable m:111 tary 

vehicle it is nece11ary to eliminate the tapes from the balloon,. The l(yl&r 
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prop'• ha1 bNn at.n•l7 1ncour .. 1ri ... and it no• appear• that DuPont 

Will bl producinl IJlar 1n larp quant1 ti•• in the near future. Illar 

balloon• 1hould alloa auperprtl"Ve tlipt1 which AN at a ftrJ conatant 

pNIIUN altiwde at l1a1t dunnc a part ot the da, not affected by 1u.n11t. 

A l'ylar cylinder Will probabl.J allow th• lifting ot vt'f'1 much lar11r load• 

than could have been conceived or W1 th shaped pol71th7lene balloon,. A• an 

uuple ot this we have ir, the ProJect lifted loo lbl on six-pound lfllar 

balloone. In addi t1on to theN advantape, the IC)'lar balloon development 

-, alla- tl11ht at Hf'J much hi&htr altitude, and thil will be attempted 

durinc the coming year because ot ow- belief that inve1ti11tion1 at new 

altitude■ and new latitudes "111 bring out tact, dlaperately needed by the 

11111 tary pro1ru1 if they are to be puraued on a sound baai s. 

Confi u ' riti al 1 uf')rrllJ t : on 
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FUOlfT SUIIWUIS 

(Y"li1ht1 56-100) 

Page II-16 

Flight 56 waa I radio controlled tlight constants flight launchtte. 

tron: Pierre, South Dakota, 23 January 19SJ, at 16)2 0111', It conaiGt,ed 

of a Win11n 73-toot double wall balloon and a General Milla tow balloon 

~to, 372-C. T~e plan of the flight waa to to• the large cell to an 

altitude or 1pproxi111tel.J 50,000 rt, cut the tow cell by racUo, thereby ob­

serv1111 a faat deacent followed by a slower uescent aua to the thlr■o­

d)'nud.c wanning or the 1••• After the ceacent rate had been eatabliahed, 

the plan waa to drop ballast baas producing a ballast t:ounce, and after 

the new rate was establis wd to drop a second ballast bag to drive the 

balloon to ceilina. After sunset had taken place it was planned to drop 

a third tallaat bag to compensate for aur,aet. This was the moat 1ucce11f'11 

or all the raaio controlled fli1ht constants flights which were attempted 

and it gave some ciata conc~rning flight behavior. ThiG data is analyzed 

in Volume IX, Section VI. 'M'le rough characteristics or the actual flight 

were 11 follows: The balloon aacended at the rate or approximately 

800 rt/min to an altitude or 50,000 ft where the tow balloon was cut by 

radio. Following this cutting of tile tow the initial descent wae through 

approximately 4, 700 ft during which time the balloon acquired throu1h 

ad:labatic compression its final equilibrium temperature. The balloon was 

allowed to descend until it reached an altitude or JS,000 rt, at which 

point the ballast bag was blown by radio and the balloon undernnt adiabatic 
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bounce, tinallJ lenlins ott. Whether th• balloon lew1l1 at tt-.11 point, 

or ha1 a slow d1ac1nt rate 11 not certain, 11ne1 the naxt blllaat bq 

wa1 blown too soon, becauee or a a11uncter1tandi111 or t~e rapidly read tei.­

•tered altitude ,to allow the rate to be •intained lon1 1no111h to be 

·certain 11 to i ta •&ni tucit. Followi111 the 11cond ballast drop the balloon 

bounced adiabatically 11ain tor 2800 re,t and then acquired a rate or 

a1eent or approxillately 134 rt;1111n. Thia rate or aacent, ••• slowly in­

creaaing and had acquired a val• or approxiaately 190 tt/mn wtwm the 

balloon hid reached 6~ ,000 rt. At this point the t1l1Nter1n1 which had 

previoualy been •o••hat erra~ic r11 led completely and no turthlr inforu­

tion on the balloon altitude ••• obtained. S,,ortly after it was certain 

that no more altitude data woula be obtained, the radio rel••••••• activated 

and the balloon was succ111rully blown down and larxJed near Wacondia, South 

Dakota. 

Conclusions 

Flight 56 wa~ a quite successful flig~t constants experiment in which 

the vertical motion or a balloon system was controlled from the ground by 

radio. Data on the rate vs. frAe lift of a hall01n in the daytime were ob­

tainP.d fron: t~e flith t and are analyzed :md disc 15s~d in Volume IX, ~ection 

VI. Because of di fficul tr of deciding r,reci se 11 what tt:c balloon was doing 

in flight, ·ne of the ballast bags was pr< maturely bl 1wn. If th1 s haa not 

happened more rdi~-ttle uata coula have been obtainea from the flight. Thb 

aemonstrates one of ttc srortcJmir.gs of radlo control, namely that it may 

bP. difficult to arcide soon enough what the precise beh&vior of t~e ballJon 

is and to act cr;rrectly in fl(?rforming the rJdio control op(?ratior,s. 
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Plipt S7 

ru.1ht S7 •• launched at lSlO Olff, 2S JanUU'J 19Sl, troa the winter 

l1unchi111 11\1 a Pierre ll&nicipal Airport. Thi• tlipt •• the t1r1t one 

in a Nrie1 to •••ure With thlrll11tor1 inlid1 the balloon the apatial 

di1tribution tJt balloon 1•• tell')er1ture1. The balloon ulGCI •• a double 

wall l11111n 73-toot cell exactly 11m11ar to thoH tlown on unr occ111on1 

on the ProJect. It 11 con1tructed With two la,1r1 ot one-mil •terial 

and .. 1,hld 273 pound• pacad by the 11nn11ota mothod. The therlliltorl 

were placed inaiae the balloon in droppers 111111.ar to the droppers uaed to 

lONr thl radio antenna tr011 the 1onaola. Th• thlrlli 1tor dropper ••• 111&l11r 

in 1111 and padded with tou rubber to protect the balloon troa d&aa1•• Th17 

art d111Cned to drop out the therai1tor on the end ot a roll or wire when 

the balloon haa reached 10,000 feet or 10 in the air. The therll11tor will 

thin tall down against the fabric but eventually hang tree 11 the balloon 

expands. The details and analysis of this temperature tl11ht and oth1r1 

will be round in VolW18 IX, Section V, or this report. 1'le flight and 

laur:ching were qui tP. successful. ffle balloon climbed with an initial rate 

or 809 rt/min, reached ceiling at 945 rt/min, arxt tle• ll vel rr011 1700 

until 2040 GttT, when 1 t began the usual pre-sunset descent. The ti•r 

blowdown actuated at 2220 and the load was released. It waa reco,ered in 

excellent condition. It w:e noticAd on this flight that the high altitude 

winds in the strato!phere wer, easterly which is quite the exception for 

this time or the year between the fall ano spring equinoxes when the wind 

1~ generally westerly all the way up into the stratosphere. 

The flight was recovered at Gann Valley, South Dakota, The gorxlola 

on this flight trarjsmitted oressure in the usual way using the :)lland Cycle. 
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The te~ratune, however, included an intra-red cietActor, air temperatW'e 

and balloon temperatures. Thea were r•curded in a SJ)eCiallJ dengned 

r,cord1f\G ur.1 t tor tt,11 purpose. Recovery or the gondola was tlNntial to 

cet the temperature reccrcs back. ln c0Mect1on with the operation or the 

flight it shoulQ be noted that the te1tperature record ahows that the 

tht:rnlistora were ace net the ball~.Jn tabr1c on the aacencun, portion and 

• sharp drop in t.m,erature ••• ob1ervcd whtn the thermistors cleared the 

fabric and huna free in the balloon. 

Conclusions 

The flight OJ>ftrAtion was completoly 1ucee1atul and tt,e recOYel')' 1ave 

a 1~ table record ,,r the thermintar Yalues throughout the flight. "4n­

cluaione derived fr011 ~e tcmperAture data Wlll te tound in Section V, 

VolWIII IX, or this report. 

Flight 58 

Flight 58 was launched 27 January 1953 & 16L5mom the ?ierre, South 

Dakota, iNnicipal Airport. The purpose or the flight was to measure flight 

constants rates or rise aoo de9Cent with various lifts using the radio 

control for valving and ballast droppiDG, The technique included a tow 

balloon to prvvide enough lift to take the load to about 55,000 feet, at 

which time the tow would be cut by radio command and the rest or the 

assembly would then descend and would be ballasted into equilibrium, 

thereby giving the ballast equivalent or a certain rate downward. From 

then on the flight was to be controlled by ballasting and valving. 'nte 

main balloon was a Jinzen double wall 73-foot cell and th~ tow balloon 

wae a General Mills, Inc. JO-foot talloon. The flight telemetered on 
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1746 k .~. and 1110 on 68)S K.C. The co .. nd r1c11ver operated on 341.S K.C. 

The ball111t ••• 1n t._ rorm or 1ncre•nt1 ana there ••• a ballaet atepper 

which woula cut in 1ucce11ion first, the tow ball:,on, t~n l' lba, 30 lba, 

)4 lt1, 26.5 lba and 2~ lba. ~ht CH ,1ht was launched W1 th acattored clouda 

and a 5-nrile/hr northwest wind. It had an av.rage r11e rate or 720 rt/min 

up to the altitude at 1'iich thtt tow balloon buret, at which ti• rac1io control 

could not be c011>!eted to releaae the tow. The tow therefore burst but 

reuined 11ttachtd t~ the assembly and the whole tl11ht cua oown aaa1n. 

Radio control waa not established 10 ballast could not be dropped. The 

low alt1 tude release actuated at about 1J20 anci the l~aa cue Clown on the 

parachute. The tow ~lloon bw-1t at 100 ab, a little below the th1ar1tical 

tow burst, and the a11111bly attar r111ff1 at 720 rt/ain dropped at around 

800 ft/min to 105 mb, at which ti• the rate decre111d to 320 rt/mn and 

re111ined constant at this value until bl~•down. Thia exhibit• the uaual 

adiabatie coapre11ion when e1esc1nding and Ule accompan,ing slowing down ot 

the balloon. 

Cone lu110na 

No flight constant data waa obtained and apin w have a tai lurt ot 

the radio coaand eyatem despite careful pr1tlight checkout. .1.t 11 thoucht 

that the failure or the command systam was due to the therll&l. delay relay 

whieh ie inll@rtAd between the resonant relay and the instrument to be con­

trolled and that this thermal delay relay could not heat up enough to close 

th, contact. 

Flight 59 

Flight 59 was made 12 February 195) and waa launched at 2200 Giff. 

It was the first attempt with a Mylar balloon manufactured by Herb Shelly, Inc. 
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Th• balloor, Wal a 1/4411 c7lind1r "1th laS-toot IONI deli~ned With a 

IIIUiaua d1ueter ot 2S tt. It 1111 equipped • ith a duct •M ch ••• cut 15 tt 

rr011 the bottoa. ~ balloon ••• tabricatAd into a cyl1na1r ulinc cl•p 

ring, at the top and bottOfll to coMt'ct to the duct and the hame11 r11pect­

i ¥1ly. The balloon alone weighed 11x poundsJ With all the tiJtture1 it 

wei1hld 29 pounds. The theoretical ceiling waa 6S,oooft.Thl blll:,on ••• 

eqUipp,d With a li&ht weight gondola and the air d 1 spliced n1 79 lbs with 

a trH litt ot 1).9, or the air dilplaced. The ball,on was weipu,d ott in 

the hqar at Pierre Airport and waa walked out into the open •1th a 13 mi/hr 

northw11t Wind and a ground temperatuN ot 30°. The balloon took .,rr into 

the air, but attPr rising a few hundred feet aettlea back to the ground on 

tho Alrport nroperty and wa! destroyed by ttc wil'Ki. 

rt is not cert~1n what was th~ cause of the failure. f.,ltt2r the 

h.dloon •ae weighed :,ff t,pavy ~r it. rm led at takeotr due tJ the low shock 

resistance of t~lar heat seals. 

Flight 6o 

Flight 6o was hunched 15 February 1953 at 1937 C!·.~T. !t was the 

second atte~t With a 1/la-mil tzylar cylinder ball:>on made by Herb ~ellj·, Inc. 

a was an exact dupli c,te of Fligtit 59 and the flight duration was set tor 

char:1ctcristics of' Uie r,~'hr cylinof!r b11.ll:>on. It was e11uipped with tele­

metering beacon, low lltHudc release, but no ballast cirop. On this flight 

the seals were inJivioually hnnd checked throughout and the entire ballJon 

w~s checked for holes 3nd all scr~tches ol:served were taped over. The balloon 

alone weigheo 6.8) lbs an<J was made With 25 gores and 25 SP.al&. The duct was 
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&110 llld1 ot lf1lar c ~ •• llldl or one tla t oheet rolled 1 nto a tubl and 

connected on 11all25 1xternall7. 1'111 tlight •• launched w1 th 73.5 lba ot 

air displaced am a tree lift or 10.91 01· air displaced. The ti.al-altitude 

curve 1how1 the rate ot rill 1'1'011 1000 to 400 ab waa 700 rt/min, an increalina 

rate or rise with increaaina altitude. Thi rate waa 750 rt/ain rroa 400 to 

150 ab, and from 150 ■b to the higheat altitude reached or 77 ■b thl rate 

waa 1100 rt/lllin, 1',e balloon reached 77 mb, wtrl.ch was " little hict,1r in 

pressure than the theoretical ceili'I or 73 111b applicable to a balloon ot 

8900 cut>ic feet. The balloon i1111111diatel1 ,tarted down again at 320 tt/ain, 

rt increased 1 ta rate at the troi>opauae ( 100 mb) to 1'50 rt/ain and reached 

the low altitude blowdown or 430 mb when the parachute releaNd. Calculat1 oni 

sh0119Cl that the duct was cut q\li te t-.igh and that the balloon actuall.J ezc1edld 

the theoretical c1illna tor thl duct aa actuall)' flown. The tilll-al ti tude 

cum 1how1 that the balloon spent approxiMtely ten minutes above the valvinc 

altitude becauae or i ta cylindrical shape ard the possibility of increaainc 

it1 volWDI, Thia oossibility or overshooting ita ceiling 11 characteristic 

or the cylinder balloon and not or the Mylar balloon. In this caae, the 

balloon descended rr011 77 mb to 88 mt and then leveled for a short time, 

about two minutes, and ~en started on down agu.n, It is assumed that the 

88 mb level ia the point where the balloon stopped valVing a~ at this point 

the wa"ming on descent took ov.-r and kept the balloon ~table ror :whila until 

a new equilibrium rate or )20 rt/min was establia hed, 

The conclu1iona trom this flight are concerned inherently with the 

behavior or the cylinder balloons. In this case • have a subpreaaure 

cylinder with a rather hip, ria~ rate. 1'11 characteristic or such a balloon 
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dlteftllllld fr• t.1111 tlipt 11 t,hat, it. will owv1hoot. it,1 theoretical 

oallilll and °""al" and ialdiatelJ ... 1111 aaatn, 1'1• re&IOII toi- thll 

11 that the •olua ot a cJlinder balloon -, be snati, increaNd •1th a 

.,.,,, ...i.1 nperpn■IVI produced bJ •aln-.. 

Plilllt 61 

F111ht 61 •• liailar to Pl11ht1 S9 and 6o and waa launched 17 P•bruarJ 

1953 at, 1951 air troa thl UD1•er1it7 ot 111.nne■ota Airport at ll11111apoli1. 

Ill uNd a Illar 1/4411 c7lind1r balloon 4S tt lq and 25 tt in d1111111ter 

witrh the bottoa ot th• appendix l5 rt above the balloon bott011 (balloon M-3). 

Thi• tlisht, however, carried two balla1t dropa to Nnd the bal.loon back to 

ceililll it it lhould d110end ini tiall,1 11 nipt, ~ did, The b.ulalt wa1 

•t to drop tour lbl at bu,800 tt and two lbs at 33,500 rt. The 1ondola 

••• one or the aull li&ht wei1ht variety that had been aeveloptd speciall.J 

tor thia flight. The groaa load waa S7 lbs, The balloon ns gi,en a tree 

litt or 6.6- ot the displaced air. The bAlloon alone weighed 6 lba but w1 th 

the fittings the packed we1iht was 11 lbs, 6 ounces, The initial rate ot 

rise to 450 ab ••• 467 rt/Jlin, Between 400 and 200 it was 650 rt/min, and 

between 200 and ceiling altitude 1 t was ~64 ft/min. 'nle balloon exceeded 

the predicted theoretical ceiling for the duct cut one-third or the way up 

the balloon,which was 83 mb,anc reached a top altitude or 76 rab. It turned 

around immediately and began to descend at 199 rt/min. At 100 mb it speeded 

up to 303 rt/min and reached the ballast level at 150 mb where toll?' pounds 

or ballaet were dropped. Thi! gave the balloon an upward velocity or 220 

ft/min and it wont back up to the new theoretical ceiling tor the decreased 

load which was 77 mb. It rounucd ott at 77 mt for about twenty minutes ard 

then be1an to descend again. The tRst descent is produced by sunset. The 
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delCIDt. rate -· 260 tt/ain don to 200 ■b, •hire the balloon alollld dOID 

am hid a ..,. .. ot 143 tt/ail! When it NIOhlcl thl IIOomd ballaat 1, .. 1 

whtN two pounds ot balla1t •n dropped. Thi• Nnt. t.hl balloon blak up 

acain "1th a Tariablt apeld and thl balloon ••entualq reached 195 lb but 

then •ttled IOIIIWhat and tloatlcl ott at an altitude bet•en 200 and 250 ab111btn 

the 1ipl wa1 lolt,. Thi tl1sht pattem 1xhib1t1 the - tn,1 ot in1tabil• 

1 t., 11 obll"ed on P'li&ht 60. la•lJ, that the balloon owrlboota it1 theo­

retical ceililll, Oft"alftl and btcOMI hlayY in delCtnt. Thi• blhmor 

111• to be characterilt,ic or 1Ubpn11ur1 cylinder balloon1 ~ the ri• 

rate 11 too hi1h, Arter the ti.rat ballast drop the r1• rat. •• 220 tt/ain 

and in t..,11 CAN the balloon apparenti, did not 0T1r1hoot 1 t1 theoretical 

c1ilin& very auch, but the exact 11 tuation hi" 11 contulld by thl ona,t ot 

sunset, which at a~ rate would cau11 the balloon to drop, Ont can 11tiaatl 

that the 1un1et. ,rtect on thia balloon 13 equivalent to bet•Hn one and two 

pounds of ballut, which w:>uld lllke the perc1ntq1 between two an-! tour per-

cent of the air displaced. There ii also a augeation that the balloon ••• 

leaky <iue to the tact t,~at it ~•ise w1 th a rather poait1 ve rate 'Jt 150 tt/m.n 

and then be1an to descenct aiain, but this behavior is not certainly attri­

butable to leakaie, as balloons in neutral equilibriwa below the ceiling 

are often observed to rise and tall durifli tligt,t probably because ot 

changes in the balloon teq,erature from radiation or air te~rature varia­

tions. Another uncertann factor in dett?r!Ui.niug the sunset rate is that the 

pre-sun~P.t effect was acting on the balloon before it reached ceiling the 

second time, wtiich means that it valved in accordance with a lower superheat 

which would decrease the apparc nt sunset e f feet. The f li~h t released by 
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low altitude releaee atter approxi•t«tl.1 16 hour• 10 ainutea or tligtit, 

The load larded tour nd 1,1 north or Itt:aca, ~ew York. 

Cone luaiona 

Tt,e Min eoncluaion from t,his tlirht 11 again about t.he in1tab1li t7 

or cylinder balloons with hi&h rioe rat.ea. Their Yoluae can incre111 above 

the theoretical ceiling vetenai,1ed by the duct and they can overval ve. One 

would conclude from this flight that ~ rate or 2SO ft/lllin riae rate 11 safe, 

and a rate of 864 tt/llin is too hi1h for thia !)r tjeular aabpresaure 

cylinder balloon and th1e size or duct. The Nc.Jrd cor.cluaion is that 

the IWlNt ettect is 10111what uncertain but it lies between two and tour 

percent. 

Fli&ht 62 

Flight 62 waa launched 23 February 1953 at 1622 Clll' from the Pierre, 

South Dakota, airport. It was another Mylar balloon identical with 

P'li1ht1 S9, 6o and 61. It wa1 a 1/4-mil l!ylar IM4 , 4S-f oot long cylinder 

balloon, 2S-root diameter, manufactured by Herb SheU,, Inc. Ho•ver, in 

this caN the appendix waa cut 10 teet, along the gore up from the bott011 

or the balloon. The flight waa equipped With the 1n111ll gondola with two 

ballast drop•, the first tour pounds and the aecorxi two pounds, set at 

4S,ooo and 34,000 reet re1pectivel7. The purpose was to teat the flight 

characteri1tic1 or the ~lar subpreasure balloon, particularly the 1tabil1 ty 

at ceil.ing. The gro11 load was SS pounds and 9.1J of the displaced air waa 

Nt in tree Utt. The balloon took oft With an initial rate ot Slo rt/min, 

speeded up uniformly and reached 820 rt,tm1n as it approached ceiling. The 

balloon reached axi.mum al ti tucie and w1 thin two minutes started down a1a1n 

w1 th a rate or 160 rt/min initially, slowing to 70 rt/min aft.r paHing the 

100 ■b re1ion. At 130 mb it began to speed up again, reaching 220 tt/llin, 
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and at lSS ab the 1'ir1t ball3at was r1l1a•d - four powlda or 1teel ahot. 

l'ollowing ihia the billoon roae ~hrouv. a noticeable bounce and acquired 

an upward ra•.,c -,r )80 !'t/lllin, w~aich 1lowfld to 290 tt/min at 100 ■b, and 

the balloon reached the new theoretical clilifli ind leveled tor 30 minut11. 

The talloon then be1an a pre-aunNt deacent anti after another 30 11inutA1 

speeded up to 1)0 rt/llin. It continuod to speed up, rP.ached 180 rt/min, 

and at 130 mb which ia apparently the tropopauae tor the day 1 t incnalld 

t:> 260 rt/min. It slowed a little bit to 208 tt/nlin and dropoed QIO pound• 

or ballast at 2SO ■t. It t~en bounced about 10 mb and went perfectly lnel 

until the sisnal ••• lost at about 2300 GMT, Prom the level portion follow­

ing the 11cond ~!'Cent ,ne can cnrnputt what. the ori£inal tt-.e,,retienl ce1U.ns 

should .,ave hten, and this cc•• out to be 70.S ■b, Therefore it ii readily 

Nen ~at the balloon overshot it! ceiling by 4 mb, at, wtad. ti• it over­

valved al'K! became heavy am descerded. This behavior is characteristic 1Jt 

all or the cyliooer tlir,hta where the ascent rate is too high. HOlreYer, 

after dropping ~• second ballast the aacrnt rate was 290 ft/min, which 

permitted the balloon to level Without overshootiI}G, or at least !:h!, warm1n1 

during!!!!! flight!!.! sLLffici~nt !:2, compensate !:h!, ov1rvalvin1 .!2 !!!.!! ~ 

balloon became stable. Thi a night gives a very good value r or t ht sunset 

effect on the )lylar balloon and the two pouncis of ballast dropped was exactly 

correct to compensate aunoet. This gives a sunset effect of J.J~ or the dis­

placed air. It is interesting t.,hat the saall bounce following the drop of 

ballast at sunset, which is about 780 feet in height, correspone1s to a 

temperature change from adiabatic expansion between , 751 arm l.8j. 1'111 

does not seem tc oo in close agreement with the percent b.tllast dNp in this 

particular cas~. 
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0cmcluei one 

Th• cor.cluaions, a1ain concerni,w the stabili t,y or the cybrder 

balloon or tile subpNsl'ure cylinder balloon, are that 8ro tt/ain 11 too 

hiah a rate ot r111 to bring the talloon to equilibriWI at ceilin& w1 th 

a balloon-to-duct di 1111~r ratio of So. However, 290 feet per 

minute 11 not too hi1h, ana the balloon Will be expected to level. 

Thi l\lnNt 1tf1ct 11 ). )j or the di splactd air on thl l1)'lar balloon at 

250 ab. The 1unaet effect value ot ).)j 11 1ut-1tant1ally lower than ttat 

tar • polyethylene ball,on, which 11 51 for the one-mil sirwle taped 

var1et7. The nnNt 1trect on the lf¥lar balloon was 11;a1ured at 250 ab. 

Fliaht 63. 

ru.1ht 63 w11 launched 2) JPebruar7 1953 at 2043 Giff from the P111Te, 

South Dakota, Municipal Airport. Th• flight wae made tor Ule purpose or 

•aaur~ balloon gas te""9ratures, •1th tive thermistors distributed in­

side the balloon to get balloon temperatures through sunset and throu&h the 

bounce produced by ballast drop. The balloon was a Winzen double wall 

l73-2llOOV-2S6 polfethylene. The temper,ature information ••• recorded in 

thl aomola. The thermistors •re arranged as follow11 one •a• in the 

c111t,er ot the spherical portionJ one on a level w1 th the center on each side, 

about ten ieei;, in iro■ the edge; one thermist-or waa held in the center of 

the lower portion of the balloon by a tie rope, 10 that prior to launchin1 it 

would be held in the center of the inflated portion and would !Df'asure the 

balloon gas teq,erature on the growxl. The flight was launched in calm Wind 

condition1, 3S-40°r,w1th claar aides. This flight was equipped with a 

ballaat drop to operate at 7S to 150 mb and sequenced to drop 2$ lb I ot steel 

shot at each ot th111 two pressures. It contained the usual up and down 
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c-r••· lo• altitude blOlldOIIII and pNll\11'9 tel••tenna on 17L6 K.c. 
Thi ti•-altit\lde chart 1how1 that the balloon had an aacent rate 

ot 598 tt/ain to 250 ■b, then went at 700 tt/llin to 90 ab. Thi rate da­

cnalld a little bit to 548 rttmn to ceiliJW where the balloon ne,•ted 

at 28.5 ■l for 70 minute,. PN-eunaet rat-I wa1 160 tt/llin, and it e1tab­

li1h1d SlO rt/ain atter sunset on the balloon and speeded up to 610 tt/ain 

by the ti• the balloon reached the balla■t drop at 77 11b. 1 .. diatllJ 

arter dropi,inc the l'allaat the balloon tounced upward 1410 rt 1111 thin 
established II downward drift or ho tt/ain. The adiabatic t111peraw" 

decrease on the bo1o.'1C1 was ~.8°, or "1- 11 3.~ ¥- tor tht ballaat 

drop is 4.8S. It. see• that as usual the chance 1 n tt11p1rature divided 

by the te'llperatur1 ii a 11 ttle lower than the fractional ballast drop. 

1'11 balloon co:itinued t,o descend at a gradually increasing rate ari! by 

0529 aMT •a~ ::iovinb at ~00 ft/min at the 200 mh levf!l. It decreased to 
00 ft/min following this, but at 0745 0111' it hit the low al ti tud1 
release anu t~c lo~ was put on the parachute, The signal was ottained all 

thd way t:> the .roWld, lllkinl; the ti•-•l ti tude record complete. Un­

fortunately, tJe flight at the ti• or this BWllfflll')' had not been recovered 

so none of the ten,perature data 1s llVa1latle. The !li~ht Will be an 

excell,mt one for the purpose if the equipment is found.(•) 

Cone 1 u3ions 

The conclus10ns are that this ·,vcrn a typical example uf the type of 

f11 bht wh1ct1 ~ias been flown ty this Project to study vertical n1 ght motion, 

the ?!'feet of dropping balls st, adiatatic changes in temperature, sunset 

(•) At the time of proofiIJG this section, thP. flight ~as been recovered and the data completely analyzed. It is included with otJ ,-,r temperature data iri Section V, Volume IX, of this r~p~rt. 
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rates, e+A:, inascuch II thiH ir.torffllt1on 11 available tr011 t~ t1•­

alti tude chart. Teq,eratur.. information, 1f 3Vailable when the gorxiola 

is recovered, will ht pre,sen+.,..d in another s,ct.c!. of this report. 

Fliiht (~ 

Flight 64 ,,as launched tt.e 2Lth of February 1953 for ttie purpose or 

r.1easurinl fl.it:,~it con3tant!J by raoio cJr.tro]lea b#lllast dror ar.d r:idio con­

t.rolled valv1~. 1'lc ff>tltt.<X. was to ra1~ a 73-rt. L.alloon :u1d ~ondola by 

dropped to levtl 1t, SJ tt.at Uu .. tdlast drop cor.-f• 0 t>~nu1~ to a ,1ven 

u,scent rate would be c.,tcrrllinec!. The r.-.-in balloon YtU a .~ir12,en oouble 

walled 73-!'t 1255 which weigt,ec 271 ltE, Th~ V!~~rt,t1cal cul1nr: was 

85 1000 ft. The telemeterinc transmitttr Jperalod or ~835 K,C., thr. ~o~r.ar.d 

rf!ctai v'!r operated on 61,20 i\. C., al')..; there was a ~eq·Jcr.ce c Jr:tr•nl bal.b st 

drvpoer· whi-::"·. n .: ulu dr,:, a series of increments. !he lallast drop~ 'N,.re 

33, Jl, JO, JJ and 26 lLr re~pcctively. The b~~loons were i:'lfl~ted ir. a 

lo~· overcAst, 28°F, at t~,e Pierre, South Dakota l~unic1ptl Urpcr t on the 

Joutheast side of the hangar. rt:e to" t.alloon ditplacc.ad 82,3 lbs of ~ r 

ar.c. t.he 11.air~ balloo1, (,64 1 bo. rt e :i~~scr.,t. :..y w~ s l"unc hed Without any dif fi-

assembly war comirl£ back to the gro:.m.i ,1£ain. At tt is t.i~ the t')W talloon 

wn~ cut lJose by comm1r1d and the main ta.ll •Jon settled t~ t.he gr >Jnci just 

"Jf!' H.e ~outheast end uf the air:trin Jri the~ ~H!e of a hill ana the gas 

rapidly left the ~Hoon. '!'~:(; balloon was rc.covt:rcd 1n per fret condition 
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10 that one n.1 able to determine the cau• or the taillll'I. It n.1 that 

the paok1n1 1l1t in the top ot thl balloon had not been Naltd and thl 111 

escaped throu1:h it. It ••• an openirw about 12-lb inchla in lencth. 

Corx: 1 u11 on• 

There •re no conclu1ion1 r~latiYe to the e11in pu~oee ot tlle flight. 

Fll&ht 6S 
ru,ht 65 waa launched 26 Februaey 1953 at l~O 0111'. It •• a duplicate 

or JPl.ight ~ and the purpoae ••• to •••ure tlisht con.et.ante w1 th toa 

balloon and radio controlled tallaat drop,. The planned duration W'11 11t 

tor 24 hours. The t.lloon •a• 125) double walled and wti&hed 272 lba. The 

det.1111 or the 1omola and ballaat drops are Juat like Fl11ht 6b. Th• tow 

balloon na inflated to lOS lb1 diSplaced air, arxi the •in balloon to 646 lb1. 

In this caH, due u, the tact that the helium trailer at Pierre had bec0111 

rnred, the balloon assembly was launched next to the helium tank car on the 

track at the Pierre, South Dakota, stockyard siding. A detailed check-out 

was •de over the command circuit from the airport d,wn to the Dtockyard, 

and all the apparatas wl\11 working perfectly by conunana control. The launchin1 

took place w1tt. soa,o turbulent wini but the laWlChin. went veey well. Arter 

the balloon waa in the air it waa tound that comand could not be established 

:o the a~~e?~ly rMe until the tow balloon burat. The entire aaaembly then 

returned to the ground. '!'t,e low altitu!a release separated the gondola from 

tha balloon anti also dumped the ballast packages,and the balloon came down 

on parachute and was recovered near Gann Valley, South Dakota. The cause or 

the failure could not be ascertained on the recovery of the gorxlola. 
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Conclulion1 

Then an no conclu11on1 conntctAd With VI• Min purpo11 ot th• tlilht. 

ftle rep1ated failure ot th11 t7P1 ot operation •kl• it bt&in to appear an 

illpractical -, to obta n the dtliNd data. 

P'111ht 66 

ruaht 66 wa1 launched 12 lllrch 195) at 16S8 Giff, Th• p\ll'J)oae ot th11 

tli1ht ••• to •11UJ1e th, ,rr,ct ot L'llonia on tlipt charact1rietic1 in 

thl winter, am the infiation w11 made with pure ••onia. The balloon n1 

a o,neral 111111, Inc. 116-rt diameter 122-1161-1 11ade or v111c1111 0111-ml 

material and with the duct added b)' the Un1Yer11t1 and constructed ot 5-tt 

di-ter mat.rial. T~ tli1ht ••• Nt up tor 36 houri •1th preaeure-operated 

ballast drop t" drop 92 lbs at 6o,800 ft ant 100 lta at 26, la> tt. The 

1161 balloon 11 designed trom the natural shape theory with zero fabric 

weight, It contains 42 10res, 84 load tapes and has a volume ot 711,000 

cubic teet. With ammonia i n!lation thi! sho~ld mean a theoretical ceiling 

ot 86,CX>O teet. 'lbe uaonia was boiled 1nto the balloon using the heat ex­

changer reported earlier and the steam Je~, and the inflation prxe.ecicd 

without difficulty. The balloon weight was )12 lba, am the launching took 

place on an overcast day in a temporature of ~°F with a 12-15 mile per hour 

south wind, The laWlching was from the wind!creen at the old University or 

Minnesota airport. The t1me-altjtude curve sh~ws that there was an initial 

acceleration up to 500 mb but that the rate was then constant, very close 

to 1000 ft/min, all the uy to 44 mb, at which point the balloon railed and 

the load r~turned to the ground. Tho load was released by the low altitude 
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rel••• •chan1 •• Th• par~hute opened aatistactorilJ, but the rcaaina 

or the balloon cue down With it. The balloon tapes lamed in a t,re, 

separaw frJrr. the gondola, apparently intact, but with very little material 

remaining on. The packll• was roturned in good condi t1on. 

Cone lu110n1 

The conclusions are that, like other 1161 nne-mil balloona, a failure 

waa encount.ered durina 11e1nt. Thi• IHIII to be charact.riatic ot th11 

tJl)I ot balloon and ditt1r1 in thi1 respect troa 73-tt balloon• ot Yariou1 

t7P11 which ha•e been tlOlffl under th11 Project. It ii not certain whether 

thi1 apparent wakne11 in the 1161 balloon 1a due to the 0111-all •terial 

or to 10111 detect in the conatruction which waken• the balloon near tilt top. 

Fli1ht 67 

rupt 67 waa lmnchtd 4 April 1953 at 1955 Giff. It -· tor tht plll'J)OH 

ot •••urine balloon gaa ttmperatur11, air te1p1rature1, and the earth intra­

rtd tt1p1ratu.re1 throqh nnaet. The flight waa •t up alaoat 1actl1 the 

- a, rli1ht 63, which i1 described in the lua&rf tor that flight. Five 

thtrm.1tor1 were placed in the buloon and a th1rmi1tor ••• placed in th• 

la111r part of the balloon 10 that it would bt in the center ot thl inflated 

portion on the ground. The other thermi1tor1 wtrt distributed tbroushout 

the tull7 inflated balloon at ceiling. 1'11 flight achedule •• aet up to 

haYe the balloon level at ceiling nll betore aun•t, have the balloon dtecend 

at 1un11t until 1 t 1ncount1r1d a ballast drop which would compensate out the 

aUDNt and keep the bal10011 level until it na cut dOlln bJ a tialr juat bttore 

aidnight. The balloon u11d wa1 a double-wall Win11n 73-tt cell l2S5, w1i1hiD1 

Confidential lntol'llltion 



PIP II•ll Ccmtidential IllfcnaUon 

rr5l lbl. TIii theanUoal 01111111 -· 8),000 ft, and t,bl ballOOD NIOllld 

80,500 ft,. Thi flipt, WU OGllplltelJ IUOClllhl. and thl data Wh10b •• 

noordecl in t.111 1ondola •• reoonnd in 1ood oondit1an. Thi balloon rOII 

at appraxi•tllJ 700 tt./mn. Thi t.eap1ratan data hi• been analJHCI 1n 

detail and 11 reported in anot.hlr 11et1on or th11 report, but in l\lall'J 

it n• tound that the balloon 1•• •• approm.aatel.y 10° cool.Ir th• th• 

air in the t.ropoaphlre. ,, thl balloon rON thrqh the 1t.rato1phln thil 

neaatin 1uperheat dlcNaNd and nachld aero at 70,000 tt. Th• 1Up1rhlat 

•• approZialtllJ 11ro de1ree1 when the balloon reached c1111-w. It 1up1r­

hlated bJ 16° with a tilll conltant or ten 11inut11 tolla"1• arn•al at 

ce111-w. 1'111 1uperhlat •• Mintained throqh 1un11t, and chan.na the poat, 

1unNt deecent,, until ballaat •• dropped, at Illich t1a the auperhlat 

dropped to approx1at•lJ aero dear•••• The aondola ••• recoveNd la½ ail11 

northeast or s1:, Charla 1, South Dakota. The flight 1ta19(l in the vicinity 

or Pierre durin& the dq, which lhowed that the Winda had definitely ahitted 

tollorina tile apri,w equinox to eaaterliea at hiah alti tude1. 

Cone lu1ioD1 

Thia waa a 1ucce11tul operation. The principal conclu11on1 re1ard1na 

balloon temperature, and behavior tolloWin& ballast dr~• nll be l\lllllriled 

in another section or this report. 

P'light 68 

Flight 68 was the first tlight in a pro1ram to measure tile conatanta 

in the equation of motion or balloons using a new approach. Previou1l7 the 

attempt was made to measure flight constants by means of a c01111Dand radio 

control system With which the balloon would be made to valve gu and drop 
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be]]Ut 10 that the fNI lift 1DTOlftd at, Yll'1CNI NUI ,,, r1• and ·-­

could bl •annd. llplr11nc1 With apprcmaat,i, twnt, tlilht■ in the 

radio cont.rol prop-u hal ConYinctd UI that IUCh a Jl'OIJ'• lhoul.d bl d1■-

cont1n111d blcauN or the larp nuablr ot tailur11 1n the t111htl and bee••• 

or the ..... r ..,unt, ot 1nton11t1on obtained. 11nJ ot the tailun1 IIIN da 

t.o cl1tticulti11 in the radio control 171t.e■ i taelr. Other failure■ wen d111 

to thl balloon or oUler in■trwaentation cl'i ticall.J in•olvld in VI• ru11tt, 

10 that all told the probabilit,7 ot a IUCCISltul tl11ht -· ••1 low. Thi 

nn approach to the probl• con1i1tld ot prt'Yidinl .1 lud balloon ar plat.ton 

to Which to anchor t hi ••hiclt to bl te■tld. Tht plat.fora would bl ■-t. 

throup a pr11eribed tilll-altitudt prop-u and the trH 11rt ot the tt1t 

balloon •annd bJ a tenai0111ter tel1•t1red back to the rec11 '1 DI po1Dt. 

Th• tia-altitude prop-u Nlected tor th• initial uperilllnt ••• a 11ri11 
' 

ot 1tep1 cabining a conatant rate or rill and a lift l portion, tolla1t1d b7 

another conatant rate ot riN and a l•••l portion, etc. 

night 68 •a• a checkout or th• plattor■ 1 t11lt. Tt,e prolJ'UI •• to 

le••l the flight 1ucce11ively at 20, 30, 40 and SO thoullnd ter.t and to 

connect the11 level portion• by conatant rise rat11 or 500 tt,/111.n. Thi• n1 

to be done by ■eana or a controlled ballast drop which would vary the ceiling 

altitude or the balloon in a prescribed ny. '!be initial 1t1p upward, would 

be :ude with th,t balloon nearly full, It would valve and level at the tir1t 

step. Thia would be determinod by the vol1.1111 of the balloon and the total 

quantit7 of ballast carried. In thia case, the load ••• 700 lba with a 

30-tt diaater balloon, and the first step occ,uTed at 10,000 rt. B)' ••na 

ot a timer, ball-aat would be released from the first set or ballast tanks 

in auch a way that tile ceiling altitude of the balloon would increase at a 
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rat. ot 500 ft,/llin. 1'111 required t,hat, tht balla1t bl dropped 1xp0111nt1all7 

but t,h11 •• apprOJd•ted ty •1111 or the proper htidlt. ot th• cont.a1111r and 

orifice 1111. Thi COllplet. detail• or the step tlilht• Will be found 1n 

Section YI, Vol\1111 IX, ot thil Nport. Th• tirat tli1ht in thil prop-u, 

liJ, ••• launched 11 April 1953 at 1538 arr. Tht balloon •• a General 111111, 

Irw:. 152 30-tt diameter, equipped with rayon r11uent tapea, a lpt~ial clup 

r1111 in the bottom to carry the load,alli a duct, appendix al\llinua clup r~ 

in the top. Thie balloon hid a 90° total cone qle, and the duct •• terlli.­

nated at th" botto■ or the balloon. The ballaat container• were hou11d in 

a true which alao carried thl in1tl'\lllltntation 1ondol• 

On thi1 rl11ht, altitude and air te111p1r1ture only were tel1•t.r1d. 

The ti•-alti tude cunt 1how1 that the platform did in fact behaYe exactl.J 

aa expected. The initial riH rate •a• 780 rt/llin to,,. r1r1t 1tep, where 

the balloon oecillated a little bit and then floated lewl. It then rose, 

after approximately one hour, at a ra~ of 520 rt/min at 20,000 rt. After 

the Ncond hour 1 t rose at 510 tt/llin to 30,000 rt. After the third hour 

it roae at 510 rt/min to an altitude a little leaa than 40,000 rt. Alter 

the tourth hour it roae to about 44,000 rt and floated level tor about an 

hour and then be1an to descend a little bit until the relea11 ti111, llhich 

waa at 2200 oarr. The ballut drops were accoq>l11hed by relea•i~ the end 

or thA ho .. which••• held up aboYe the liquid level. The hose contained 

an oririct or the proper size to give the desired tlow. Thia fiight 111rked 

the Cirst use or the temperatw-e transmitter which tele111tered the thermistor 

reaiatance by a aeries or pulse, comin1 at a rate determined by the reliatance. 

The pulee generator was calibrated With atandard resistor, tiescribtd in detail 
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1D t.1111 nport. N• te-.,eratve •mr•w wu del1ped nt.b tbl ult.tat. 

idN ot t.ran1alt.t1JW air te1p1ratun1 on all of Ula fl1ptl lllde OD t.ht 

Project. The n.11ht - lamohld on an onroa1t daf troa the UD1•1r11t, of 

11ln1111•a airport. fll• air te1p1ratun •1 )JO, and 111 •iad -■ cal.a. 

flit t111ht. pertorad Jut 11 upectld. In interen1-w feature of th• fi11bt 

n1 that the balloon could bl uNd a1 an ablolute gu thwm•tM• That 11, 

0111 could UN the •011.11111 and air preae\lN t,o calculate thl air t,e1p1rature. 

Th• t,eaperat.ure 10 calculated &IN9d •Uh the t.heN11tor1 to WitJun a •INI• 

Th• 1ondola •1 tftnta11:U, NCOVtrtd at lllnlil, ()ltario, Canada and both 

thl can• and thl inatruaeatation 1ondol1 •re ret.urmd in SoOd condition. 

Cone lu11on1 

Th• 1ucce11 or thi1 first tlilht in the n• 111'111 wa1 iaediate and 

ga•• prcaiN or 1UCce11 when the toa balloon could be connected. Th• 1i11pla 

ti•r device to drop the ho•• and the m,~thod ot producins rates ot riN bJ 

ballast drop •r• proved to be sound in principle. The therm.1tor transctter 

1a•• temperatures in very good agreement With those calculated uaing the 

balloon a, a gas thermo•ter. It wae concluded also that, by the changes in 

tension obNne:d bet••n the teat cell and platrorm while the plattont wae 

floating level am while t.he platform wae started am stopped, one could 

imiependently evaluate the increase in free lift due to altitude alone, 

the urod)T.aiiic drag force, aaj the thermodynuai c drag force at various 

altitudes and for various rates or rise. With this as a thesis, the instru­

•ntation was gotten under way for carrying the test balloon and measuring 

its lift while the platform followed the time-~ltitude program of Flight 68. 
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Flight 69 

Fli~ht 69 was launched 20 Anr1l l )~) at 161H GUT. It was a flir,ht test 

of a zero pressure ~lar cyhnoer IIM7A constructeo by Perb Shelly, Inc. 

T.,P. cylinuer was 25 fet•t long and thr c 1rcwnference -as 98 ft. The balloon 

and clamp ring f1ttir}f: were usea to gather t~ cyl1naer ano install a auct 

at the top. 1',e duct was run all thr way to tht • t ase of lh f' balloon, pro­

aucing the zero prPssure c na1 tion there. l'he t ottJm was cl a~u Wl th a 

small tire ano orlon ~irale. A ~slar 01aphrabm across the tire sealeo ff 

the talloon. The gonoola was set !'or 2L hours • rlO s wat~r tank heat t:al~t 

-as added. Aallast drop~ were proviaed wit~ t hr e ounos at 150 mt ,:uxi three 

pounds at 250 mb. Pes1des pressure, the air tcmper3tur~ aD.. th~ t emperature 

inside the gondJla wer~ tclemeterrd. This fli~t was CJns1uerPa nece~~ary t~ 

further investi~ate thf> flir,ht c ~ ·1racteri sties of t~e cyli naer balloons, as 

ttie ni ghts with suboressure cylin~crs srowel: that instabill ty c ulo te pro­

duced at ceiling by too higti a rise rate, at }Past wit.h this size of ballJon. 

~he theoretical ceiling was 58,000 ft anu the nir,ht was launcheo in a 10-12 

mile/hour wind from the University of Minnesota airport witr scattered cirrus 

clouds. It accelerated somewhat and a rJt•vea a rate of 560 ft/min, after a 

noticeable bendover at tre tropopause, anu reacheo precisely its theor,.,tical 

ceiling of 80 mb -here it floated level for just one h ur. It trrn tegan to 

aescend slowly and reached 187 ft/min at the 200 mb level. The tallast drop 

of three pounas at 2L~ mt sent the Lalloon up at 80 ft/min, t ut aue to SWlset 

t he balloon rouooed off, floate<J level for alout 30 minutes, Jnu then ces­

cended with increasing rate w1til the s1r,nal was lost at a bod OuOO G?/iT on 

21 April. The signal was received, however, by a portable recuruer ln the 
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tracking plane which maintained contact until the end or the flight. The 

load waa recovered at the US Araay Proving Ground at •di•on, Indiana. 

The air temperature values, when compared with the St. Cloud aoundina 

for the day, lie somewhat below in the troposphere, show a tropopauae not 

quite as cold, aoo agree quite well in the stratosphere. The tirat ballast 

drop tailed to operate at 150 mb, and the 1ecor¥i one alone was not enouah 

to comocnsatc for sunset plus the aescmt rate established betor, 1un11t. 

There was evidence on th1 s flight that. this was a leaky balloon, althou1h 

there was a level portion upon reaching ceiling, The balloon showed stability 

upon reaching ceiling w1th a square corner. Some trouble was experienced 

with the launching due to the winos· ano the bubble behind the w iJ¥i screen. 

Some fancy track work was necessary to get the gJndola in the air ar¥i the 

anteMa was knocked out of the aropper and unwourxi acro11 the ground. Thie 

cid not, however, apoarently damage the antenna. 

Conclusions 

The zero pressure cylirder showed stability upon reach1~ altitude with 

reasonable rates of rise tJ a much greater extent than a sub-pressure cylir¥ier 

balloon. There is evidence of leakage of helium in this flight. The exact 

sunset effect was not obtained due to the failure of the first ballast drop 

and the descent of the balloon prior to sunset. 

Flight 70 

Flight 70 was launched 27 April 1Y53 at 1828 GYT, It was a test of a 

superpressure ¼-mil Mylar balloon, cylinder type, 117 feet in circumference, 

Herb Shelley IIU9, It weighed 15.5 lbs completely fitted for flight, Thia 
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balloon carried a special VM'Y light-weight gondo.la With a l0.26o •1acycl1 

tran•itter With the timer set for 11.5 hours. The gross load was 21 lb1. 

The theoretical ceiling ror the auperpressure balloon, ror which exact gore 

length was L) rt, B! inches, was 87,500 rt with 21 lbs gross load. The 

flight was launched •1th the free lift added and the balloon t1ed ott. Thie 

balloon had been tested at a superpresaure or l mb by inflation with air in 

the arena. The free lift tt,en could be l mb at 19. 7 mb, or 51 or the air 

displaced, which was 26 lbs. This limited the free lift to l.J lbl. 'ntt 

actual free lift was 22.5 ounces which was 5.Lt of the air displaced. Thia 

rree lift was not that initially 1nserted into the balloon for the rollowi,w 

reasons the 011100,i was inflated w1th a free lift of a bout one pound and 

tied orr and launched. It took off, drifted across the old University Air­

port, and began to descend again, The balloon was caught and brought back 

to the Windscreen arxi addition1l free lift was put in. Thia time the balloon 

to~k off and went up to an elevat1on or about 1,000 rt where it remained level 

and then started to descerd when the sun was obscured by a cloud. It was ob­

served to drop to within a fn hundred feet or the ground, hovering over a 

farm to the~ of the airport. The sun appeared aga1n and the balloon rose-­

this time leveling at about 4,000 ft. It was observed from the airport that 

the sun was again otscured by a cloud arxi the balloon again started down. 

The launching crew took off after it and arrived at a fiela near the Twin 

Cities Arsenal with the balloon descending directly oown wward the ground, 

The balloon antenna dangled wjth1n two or three feet of the ground. 'n,e 

balloon then took off again and went up to 7,000 ft where it·leveled for a 

time and then started up again ano shortly afterwards failed ana the load 
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ca111 down on the parachute ~rd was recovered on the eaat shore or Turtle 

Lake. It was suspected that the balloon was damaged by military aircraft 

which were flying around 1 n the clouds in that vicinity and probably the 

prop wash rr~m one of these planes tore the balloon. 

Concluniona 

The conclusions are that in this ~~t1cular case the balloon was very 

sensitive to raaiati n effects which may be connected with its Mylar con­

struction ano which were definitely auociated with clouainesa. 1',e balloon 

rose ana descended as the SWl anp~ired and u:1 sappeared. The failure or the 

balloon was probably due to the orop wash from mi 11 tary planes which made 

repeated passes at it. 

Flight 71 

Fl1~ht 71 was launched L May 1953 at )237 0111', The purpose was to 

m~asure the flipht charactcr4stic of the zero pressure balloon, which in 

t~is case again wa3 a Mylar ¼-mil Herb Shelly ,U8. It was a 45-rt cylirrier 

with the duct cut at the bottom of the balloon. 'n'leoretical ceiling was 

60,000 ft and the flight t1me was set for 24 hours. The ballast was one 3-lb 

package which was fired at 150 mb with the backup at 250 mb. flie blowdown 

was set for 355 mb. The balloon was inflated and launched without undue 

difficulty and had an initial rat~ somewhat less than 500 ft/min, but at 

800 mb speeded up to 66o ft/min anu went up to ceiling from 400 mb at 684 

ft/min. It leveled off at 59,300 ft very close to theoret1cal ceiling am 

remained level for about 50 minutes after wh1ch it began a slow aescent. 

There was a very sharp increase in rate at 100 mb which, according to the 
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temperature 1ound1ng1 obtained on the n11ht and 1110 the weather bureau, 

coincided w1 th a break in the teaperature 1oundi'1, 111• balloon increaatd 

1t1 downward speed at th11 point rro■ 96 rt/ain to 300 tt/ain and c ... all 

the way to the grow¥1 •1th a r1na1 1p9ed or 556 rt/ain. The load and 

balloon were recovered in good corxi1t1on and •ere t-aun back rrr inspection. 

The balloon waa '!arerully gone over and no obvious hole• were tound, al­

thou1h 10111 tears were round that occurred on impact. Th• .. a1, were taken 

back to Herb Shelly, Inc., and ten or the teat tube a which on thi a rlight 

were provided on each gore tor preaaure teat prior to rli1ht •re then 

teated. Aside tro■ seal 7-8 which burst at 20 milli•ter1 the other, 111r, 

all equal to or greater than the minimum specification ot 50 llilli•t•r• 

11t up tor the unutacture or the balloon. Apparently this rli&ht did not 

cauM the material to deteriorate noticeably, at leaet aa revealed in th11 

burst teat or the seals, Th• ballast droppifll 111Chani• did not work, nor 

did the lo• altitude blowdown, and it was found on recovery that thia na 

cauMd by a burned out lead wire which connects the movable pen ana of the 

blowdown bellows with the squib circuit. So•how this arm became grounded 

arxi the wire was burned of r. 

Concluaiona 

The conclusions fro■ this flight are that again the zero preaaure 

cylinder was shown to bf~ stable on reaching ceiling in the aenae that it 

did not overshoot, over,al ,,e am descend ae did the sul:pre =eu.~ cylinder:. 

The rate of rise in Ulis case was nearly 700 ft/min. However, a loss ot 

lift was incurred after approximately 30 minutes, which caused the descent 

and eventual landing of the balloon. The Mylar did not deteriorate during 
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this exposure at, high al ti tudea for approximately four hour a. The balloon 

may have been leaq 1 n the porous sense but there were no obY1ou1 hol•• or 

imperfections viaable before fli~ht or afterward,. 

Flight 72 

Fli~ht 72 •as launched 6 May 1953 at 1511 Giff. The purpoae ot thh 

flir,ht was to repeat Flights 69 arxi 71 with the IC,lar ¼-ail cylinder balloon 

to check the bPhavior of those flights in which they wnt to ceiling and re­

marnr<i there a short time am t.hen ocscended. The theoretical ceiling ot 

thu= ~li,•ht was 59,000 feet. The balloon was I 118A mde by Herb Shelly, Inc. 

1 t was the same one fl own on ~11 ght 71 with four panel a replaced. The zero 

pressure lev~l was at the base of the balloon. The flight ti• was set tor 

1( hJurs ano the ~orx1o.A carried a 1638 KC transmitter, up and down c-raa, 

:mu 0rr. 3-lb ballast. paca<age. Th" rross load was 88 lbs with 5 lba ot free 

l ift, wh1c . was u.7% oft} ui~ilaced air. The goriiola, like that flown on 

~11,·ht!> '( .100 71, c 0nt.a1neu a wat.cr h~at ballast tank. ffle flight waa 

:lunch<!a from the Umvers1ty .irnott, clear weather with no wind, temperature 

~ -; >. Ori this fli ght tht' antenna was unrolled on the ground prior to launch­

u t' S J th · t a cJmplcte fh~ht record would be obtained. The balloon had a 

ri~e ra~ of 530 ft/min which was more or less constant up to 400 mb where 

the balloon apoartmtly opened a hole. It reversed and started down and the 

lov. altitude rt:lease cut the package from the balloon at 500 mb. The balloon 

and l ad were recovered at Waconia, Minnesota. 

Conclusions 

Conclusions from this flight are that the balloon, which had been repaired 

from the previous flip.ht, was defective, causing a premature failure. 
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Flight 73 

Flight 73 was launched lJ May 1953 at 1847 GIil'. The purpose or the 

flight was to measure balloon teq,eratures with therlli1tor1 at seven positions 

1ns1ae the balloon, t0 make ur temperature aBi earth infrared measurements 

during sunset aoo duri~ the therm>dynamic bounce following release of 

ballast. The halloon was a ,',inzen I 7J-2XlOOV-257, 72 .B ft in diueter. 

It was A aouble wall, one-mil cell with 1 duct awerxiix with wires and 

thennistors installf'd at packing time. The balloon was packed 31 December 

1952 by Hanson, Smith, Puch aoo others. The r. naola c nta1ned ah-watt 

transmitter on 16)8 KC, antenna dror,per, 0llanu Cycle, usual CAA safety 

devices, timers set for 10 hours,up and down catEras, anu a thermistor and 

infrared recording utfit for cycling amon~st the various thermistors in 

the balloon. It also contained a blinker beacon to meet CAA requirements. 

The theoretic al eel ling was 82, 6oo ft. The hall oon was launched from 

the University f Minnesota airport at Minneaoolls. The temperature was 

L5°F, about .5 cirrus vercast, and a NVI wino of 5-10 miles per hour. The 

flight u1splaced 95 lbs fair ana the free lift was ho lbs or 6,7% of the 

displaced air, the inflation ~diwn bei~ helium. The flight had an ucward 

veloc1 ty which did not chan 'e much. It starteci out at 822 ft/m:·.n, aropped 

to 741 above th~ tropopause, and reached 850 ~gain which it maintalned until 

it reached its ceiling of 81,400 ft very close to the theoretical ce1ling. 

The tr,eoretical ce11ing was rcachf'd at 2020 GMT ana the balloon then floated 

l P.vel for two hours, aft~r which it began a slow aescent which showeu a 

tendency to .increase, anu at t430 GMT it reached 76 ft/min. At balloon sun­

set it accelerated t > 276 ft/min ano r ach~a thP bal l~st-dronping altitude 
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or 7? mb at, 0152 OIi.i' l~ay 14. There •as evioence of a ballast drop, as the 

balloon bounced upward, but it then continued on oown at 168 ft/min, which 

is difficult to understand if the full 35-lb bag had been expendea at that 

time. The balloon continued down, ,mu accelera~o to 180 ft/min when it 

hit the backup b:\llast level of 165 mb at 02LL Gill', at which time there was 

very oe f mite 1 rxii cation that mor~ b,1 lla st was released. The balloon 

bounced again ano slowed aown to b2 ft/min. Inasmuch as the two ballasting 

altitudes were wi reu t scnara te rqw b. int,> •, 1t same 3)-1 b t allast bag, 1 t 

was eVldent that the fHst squ1b at htJ hi~ a .. t.ituoe fOlnt hao not dropped 

all of the lallast anu at the finn~ f tht sec na one haa uropped an addi­

tional quantity. one might as::;wne that tht· tJtal amount us uropped by the 

second ballast or1~, which oid not qui tr compensate the suns t effect as the 

balloon ~ad a rPsidual a~wn~aru v locity. One might also assume that the 

whole 35 lbs was not dr >rr,eu t•vt •n al thf) secona l •vc l anu th;1t the balloon 

therefore cont1nueu tJ ~t~ccnu at a ~uch l · wer rat~. 

The flight tcrmi nated by ti mer r , J ease at 413 GMT. The s 1gnal was 

heard all the way t o th ,r,unu ut the vd . 1ty seemed much to r igh for 

descent Jn the chute. It was asrumed that the load broke off the parachute 

and dropocd free t o the r,round. 4t the ti mP of wr1 tir}f?; t is report the load 

r~core-cr 
has not been recuvcrt!d anci tht· ua ta con tamed in the thermistor /1 s at ore sent 

lost. On tr.ls fJ ir,ht a series of exposures were maae tt rough thr ten-i och 

astronJmical tel •sc0pe on t of the Physics Ruilcing, JS the balloon wa~ 

nearby ver the ,rh'Hl C:ities. 
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Conclusiona 

No scientific oata waa Jbtained due to the fact that the gondola••• 

not recovered. The failure of the ballast drop to dump the ballast properly 

means that one haH t, h~ ~t1culous abut the way the squib is placed in the 

bottom or thr tallast bar, so that a largr hole is positively opened at the 

mo~nt or e"' losi on, 

Flip;ht 74 

Flirht 74 was set up for t~e rurp se of testing a Mylar cylinder balloon 

unuer sucemr~ssure c,nd1tions 1n flip.ht, The ball on was completed on the 

18th Jf May 1~53, and was cquiop~a with ri~s a~u seals on t~ end,as described 

in this report (~ee !:if'Ction III, Volume IX) by Pcrb Shelly, Inc., uooer the 

d.rect1on of W11lum Huch J' th18 . roject. The balloon was No, M-10, IC)'lar A, 

¼-mil thickness, 45' ;ore lcrwth cylrn1..f'r with 103' 10" circumference ani 

85' apperxil x mcanurea !'r m th~ t.op of the balloon. The flight r.as set up for 

a auration of 2L h urs anu c ntaineu a 1638 KC transmitter. The gondola con­

tained the usual ~-li ·ht anu saft! ty eqUl pmPnt aoo a ballast cropper which 

would drop three poune1s at 150 mb ano ano thcr three pounos at 250 mb. The 

gondola c ntarned a ,,atcr tank ..,tat ballast arxi the lainching was to be from 

the University r MirnP-~ota airr,ort. The gross loaci of this flight was 72 lbs 

c1nd trP inflation was made t~rJugh tre auct into the too of the balloon. The 

rn~hti .,n proceeded wit ut Ol "firulty but w ►,eri the balloon was erected it 

bcr,an to hl w a h> ut rn the wi na :jnu du t several c.telays thj s continued for 

about one-half h >ur. Jurinr a ~ust U e balloon rupturca along a seal and 

01.unncd on th gr una. The flight was t hen cancelled and the balloon was 
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taken back ror an analyaia of thP torn seu. The test tubes wh1ch wwe still 

in th"' balloon were used to preHW'e teat the aeals atll 1 t ••• found that only 

one ot the gores was below 50 aun, namely 125, which burst at 10 • ot super­

preasw-e. The balloon was then repaired on ~elly's table to use over again 

on the next flight. The conclusion from this fli~ht, which waa corroborated 

by flichts reported later, v,as that the stock re1istance ot the ~lar heat seal 

is very low although the pressure test is in a satisfactDry range. There were 

no conclusions regardinh the tehavior of the balloon at supcrpressure because 

of t.he cancP.llation or t},p flibht. 

Flight 75 

J'li,;ht 75 was lawiched 22 May 1953 at 1147 Olli'. It was an exact re;,tat ot 

Flight 74, 1n fact the same ball,nn was u:;ed which hau been returnctl to Shelly 

.100 rf'pai red f r t 1~ flibht. l t was repaircu on May 21 for the tli~ht n the 

22nd. The balloon was l nfla te<J tt · rough the c..uct wi t~,w t i nc1uen t am the trail-

ing end f the duct, which was one balloon height lon6er than the balloon to 

~rovide the superpressure, was la10 out on the t;rJurli prior tJ release. This 

ballo n was launched by the '"'1ch technique, that is, a loop v.as r,rmed into 

the cJ·li ri:er balloon a little telow the bubble by ~ar.s of some nlastic and 1 t 

v.:ts ar.chored through this loop through the torque wrench. The rcmainc!er 0t 

the balloon material was tied up nto the loop so that a weigh-off could be 

obtained. The weigh-off nr1s obta1ncd w1 th t.he gorXlola h angint_; from the lJop 

so that the complrte l:nu v,as airborne an<.i a very r ou value Jf ~ lbs free lift 

wa:= obtair.11d, The air a1tirlacec1 was 97.5 lbs, tht gross load beint 79 lbs, 2 oz. 

The ]aunching was carried out by walking the balloon up, usin: JeVPral loops ot 

nlastic, until tr.e load huc.1 bec~n picked up al'li the assembly was re leased with-

out delay. Unfortunatt:ly, the lonr:; ai ncmhx which hw1g ~ovm tel.:iw th_ bu loon 

and wtiich was wciGhtetl a l 1 ttk lit w1 th abuut a 5 or 6 oz weight, swung arouno 

when the balloon bt:came airborne, then wrappea arounJ the b,Hldola oreventi ut; the 
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ante Ma ball from aropr1ni' so t.h:i t, no rao1 o sir.ml was obta rnea anu, ot 

courat•, the f Jullng \l!' thea0mndl1 woulu ause the balloon to burst at 

alt1tude. 

The L>aa \\as not recovered so no recoros at all were obtaineo of the 

fl1 •ht ocrf->rr.w1ce of thu exoerimen t. 

~ll r,ht 76 

~light 76 ~as also a r peat f F.1 ir,ht 74, using a Herb !;helly l!ylar 

ballJon I ~!-12, ~.-mil '.'.ylar A, LS ft ror(' length w1 t h the one suoerpressure 

re1~ht duct apprndix. ThP balloon was 117 ft 1n circumference aoo w~1ghed 

14 3/4 lrs aoo was c Jmplf•ted 25 llay 1953 by ~erb .?1e1ly, Inc., ~1th superv1 sion 

by ~uch on the end assemblies. The ~ondola was exactly the SJ ~e as that 

flown on rli~ht 7L, contarned control instrumentation for CAA, up and down 

cameras, two 3-lb ballast urops at 1;0 and 250 mb respectively, al'¥i was set 

up for 2L hours. T~e r, r s ~ l Jaa 0.1 this flight "as dl lbs, ,nth 94 lt3 of 

a1snlaceu air, ancJ tn , ballo0n W'i!> laur.che<.1 by tile Jar~ t ec li ruque can- , ed 

out Jn F'll r: h~ 75 but ..,,it~ a ratt"l ·r hlgh WHll of 25 t o 30 miles oer hour from 

the northwest. r unc t e:r.· t•raturc ,..,a~ 58° mth cl<•ar skies ari.1 the launching 

v.as at t <· university J !' t.~H.nc sotn airport t ehno t ~e w1niJcreen. On this 

fli Pi ht ·he cuct ar;alll twisted arJuno t ~t:' gonaola, as it dia on ~li ght 75, 

tut t~1s time the radi si~~nal wa~ r(1Ct·1vect and a time-altituae curve for 

the t all~on was abtarnt'U up to c e11mg. I'hc ball oon uurs t upon r ·ac hing 

ceili~, t h :! load f ree fell ano nJ !.;.i hnal ,,a!i :)btained aft r this. rhe time­

al t1 tuae cu rvP sho"tts ar accelc r · t. m, • h( 1 r1.i t1a 1 rate te rng L20 f t/nu.n. It 

j ncrc~:;ed t o ()15 rn t h, · strntosnhcr c a11u !'rnally rcache<; 700 ju~t b ·fore 

r P.1chi ng ceiling . i' '.ne io,w ,v~:; r ecov ,reu late rn 19SJ hy a hunter at Rlack 

.. 
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R1 vez· ►'alls, IUconain, lt L1c beer1 conaidcrat,ly auagea by animals but the 

1nairationa were that tha p3rachute had not operru, which is characteri3t1c 

of some ,r the fl1~ht11 in which a balloon failure 1s cncow1tered at.ove the 

low altitude s~rety release alt1tude. A small fragment of the balloon was 

f ound With the load but not suffi c1ent t > pull out the chute when 1 t was 

S('Vered from the load at )0,000 ft altitude. 

Conclusions 

No conclusions can b~ made about the sunerorrs~ure performance ot this 

ralloon although t tie launch1nr; was all right. '" ' h t , r.iain conclusion 1s tJ'lat 

there is a fundamental 01ff1c ulty with the lorn· annNui x tra1ling tehino the 

halloon. It is orobably not a ~ooa operat10031 wca arJJ f Ven on experimental 

basis seems to be difficult t J ~t off the ~r .;unu s ·cr " ~:; f ully. 

Flight 77 

Flirht 77 was launched L June 1~5) in :u n t h ·r ;1tv.- ·1J t t .: flj, a supcr­

nressure Mylar cylinder, am,; .l t • .. as set up exactly lnc ~· 1,:1t 'II!. r.~lar M-13 

ball~on constructea ty Herb ~helly, Irie., Jr1 .. :urn.: J ,.ei ghrnr 16 l:s, 10 oz, 

was used. It was a LS-ft gore lcrn~tr ey lir1Ler, l 5 f t in ·jrcu:r.frrence, rmde 

of Mylar A with the duct anoNlOlX exteoowr 2, ft telo\, t "'c b;illo:rn t>ase. 

The instrumentati on was Just like that uneu ~·.>r ~·11 1ht 74 ar.~ 1rrluu"~ trans­

mitter on 1635 KC, ante11na dropper, up ~no t.o.m c ,1meras, safety c ntr .1ls anu 

two 3-lb ballast drop:; t o 'Jperate at 11~7 mr· ·,nL! ~S2 r.ib. It also c ::mtarned 

the water ballast and air te:nperature nuls ~cnerator to transmit t her:.n s tor 

rcauings in the air near the~ naola. The 1nfL1ti on medium wa s reliur.1. 

This flight was launched by the 'fuch technique similar t J t he o tr.t ' r M,,'l t1 r 

c~; lrnder balloons, and got mt tht~ alr allr1ght wj th a 15 mile/hour southt-·rly 
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wind am overcast cloud cond1t1ona. The appendix aid toul on the gondola 

but 1 t 11 not certain whether it waa sufficiently badly f oulea to cause the 

bal!oon to burst. The balloon apparently rose ror awhile am then stopJ>ed 

under the overcast at approx1J11Ately 10,000 rt. It was sighted by the Civil 

Defense network floating over western Wl acon1in but was found Ji aontha after 

the time of launching in the woods, five miles south of Clam Falls, liaconsin. 

The down camera was obscured ty the ta~led auct but the up camera took 

pictures throughout the fl1~ht. It also s~owed a record of the 0llana Cycle 

whic~ allowed construction or a time-altitude curve. n,, balloon rose at 

2L0 ft/min for about six minutes aoo leveled off at 3200 ft. It then floated 

between 3200 and 4100 ft for an hour afli a half, after which it descended at 

about 200 ft/min almost to the ~roWld, rose again at about 200 rt/min to 

3200 ft, dcscerxied again, rose an<1 finally aescended to the grourxi af~r a 

tJtal fli~ht time of two and one-half hours. 

Cone l usi ons 

Either up ana down drafts or rau1ation was responsible for this W1usual 

behavior. The ball on rose aria ucsceooed sev(•ral times before finally catch­

ing in the trees, This 1s the seconu case f this tehavior with a Mylar 

cyl1nder balloon. 

flight 78 

Flir,ht 78 was launcht>d 9 lJWle 1953 at 1045 GMT. This flight was the 

first at temnt wi tr the c mnlc t c ~ ep fli i~ht arran~emcnt of two balloons, 

followinp: th e :rnccessful fU 11ht >f the platform part of this technique flown 

on Flight c8. The nurnose f trl' flight was to measure the altitude warming 

r, onf i dcnti al 1 nf ormation 
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at equilibri\111 at variou1 altitude• up to S4,000 rt and to •uun the 

thermdynuic and aerod,naaic drq on the toa balloon at a nuaber ot 

ditterent altitude,. The techniq1&1 con1i1t1 ot 11ttir11 up a pla ttona 11 

carried out in Flight 68, using a JO-tt balloon with the altitude replated 

by the 1ro11 load or the ayste■• 'fttia 11 •de lar1e enough to chanp the 

tull voluae ceiling ot thi1 JO-rt balloon tro■ 10,000 rt to S4,000 rt. A 

ten1i0111ter •aaured the rorce on the tow balloon, when 1 t waa tl01tin1 

level, when it was movi~, ard when it was accelerating. The t01r balloon 

was No. 73-2XlOOV-303 Winzen double wall, 72.8 rt in diU1t•r, W1 th a 1tra11ht 

appendix on the bottom and no duct. The straight appendix was tied orr aa 

the balloon never reached its tull ceiling on this night. It was packed by 

Hanson, Smith and Hoberg April 29 and weighed 259 lba. The plattor■ balloon 

was a )O-tt diameter General 111111, Inc. cell constructed or 2-1111 pol.J­

ethylene numbered 301-C equipped with a duct appendix made or the lar1e 1i11 

red inflation tubing. It was equipped w1 th a top groDlllt and a bottom 

harness also equipped with a gronmet so that the load cable to the captive 

balloon could be fed down through the platform balloon. The bottom harness 

was an al uminwn clamp arrangement described 1n detail in the instrumentation 

sec ti on of thi a report and sutficiently strong to hold the heav7 load or 

800 lbs. This balloon weighed 63 lbs net. The t1nal ceiling with all ballast 

expendec! was 54,000 ft. The flight was set up for 8 hours. The gondola, 

which was carried by the captive balloon but was located down below the plat­

form, contained a JLlS KC transmitter and a newly developed pulse multiplexed 

·teremetering system. The ballast consisted of 484 lbs of Skelly •s• fluid 

which was released by dropping hoses to give the required time-altit\lie curve. 

This instrumentation is described in detail in the instrumentation section or 

this report. (Volume X, Section I.) 
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Tht tow balloon was packed by the Hnnesota •thod and inflated to 

a ~ro11 lift or )83 lba, allowing )) lbs or tree Utt which would therefore 

be the 1 n1 tial terasion reading, r anproxi111tely the ten non reading on the 

level section at 10,000 ft. The JO-ft balloon was inflated to 650 lbs, then 

transferred to the loaa a~ wci ,:hea off carefully to a free lift of 20 lbs. 

The technique of inflatin~ .,~ hanul1ng th~se balloons is aescribed in 

detail in the section on stc~, fllr,ht techniques (Vc,lwne IX, Section VI-A). 

The total air displaced by the cnt,1 ~e sj· s tem v.as 1225 lbs ana total free 

lift was 53 lta, g1ving 4,JS as thr percent free lift. Besides the gorxiola, 

which was carried by the ca~tivc balloon, ballast tank Ill, hose arooper 112, 

tensiometer Ill and 1nfrared br1age 112 were carried on the platform balloon. 

The fiight was made on a very calm c lcar morning because of the anti­

cipated difficulties in launching the tandem balloon arran~emfnt. In this 

case the laWlching was carried cut by remov1~ the corset from the captive 

balloon, pulling the diaphragm ripcord and then letting the captive balloon 

about 100 ft up in the air on a control line. In oraer to prevent the 

balloon from tWistin~ around the mooring cable tJ ttic pl.a tform, a rudoer 't'las 

used with a second control line. With the captive ball~on held up 1n the 

air over the platform, both balloons Y.ould then be rcleaseu. The procecure 

was followed as well as possible, cut it was not practical to control the 

balloon th1 s way due to lack of c oord rna t1 n between the various people 

holo1nr, linet:,. Powever, the balloons Wtirt: rE:lea8eci without accident except 

that w~en the ballast tanks we re S< ·ri t rn to the air the squibs fired ana the 

en tire instrumentation was cut loose !'rom the: ball >ons arxi fe 11 a b'Jut 6 or 8 

f(\et to the f~round, It was ascert:um:a that the low altitude release haci 
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been cocked probably by Jarri~ in the truck on the way out anc had not 

been inspected Just prior to launch. ~e to so• slight decreases 1n 

presnure, this device fired the squibs and cut the load loose. ~e ballast 

cans were damaged somewhat tut the other instrumentation was in good condi­

tion. The talloona ~ere recover~o at Colfax, iiscon11n. 

In settint' up thu operation the cnti re process of checKing out the 

gear, filling the cans With ~alJa st, taking the apparatus out to the airport, 

etc., was rehearsed the day before the flight to establish the necessary ti• 

schedule to make certain that th<·rc woulo be no hitch in the laWlching be­

cause of the need for a vrry low Wird wh1ch required that the launchi~ be 

made oromptly at sunrise, A number of serious difficul tieG were found and 

eliminated ty this reh~arsal. 

Conclusions 

The thinking ab:>Ut launching changed somewhat after this at~q,t, ard it 

was ceciaed next time tJ release both tallJOns from the ground t ,gether and 

put a shock cord on the 1·atle tetween trem to absorb t~e shock when the 

captive balloon was con!itrained by the platform, The complications of 

harYJli ng the captive ball'.)on from the ground Wl th long ropes were too great 

to be nrac tic al. 

Flight 79 

Flight 79 was launched 17 June 1953 at 1103 GMT. It was an exact 

repeat :>f Flirht 78 an{; used the st i flight techniques t ,J measure altitude 

warming, aerodynamic ano th,)rmodynamic drag on a 73-ft double wall 1-mil 

polyethylene hall'>on in t.,e dayti~. Exocriences with launching Flight 78 

hnd shown that laW1Chln1' to be unsatisfactory, ana in Flight 79 the two 
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ball~ona were Nleased aimultaneoualy from the ground, the tow balloon 

being the packed 7)-tt which was launched exactly as usual with the ll1nn110ta 

method, the other one being the almost f ull1 inflated JO-tt carrying the 

heavy weight ballast tanka. The tow balloon was weighed orr with aand ana 

walked out from the windscreen. The corset was then removed on the ground 

ana the balloon cut loose from the sandbags simultaneously with thl releaae 

or the platform balloon. 'nle launching was very smooth, both bal10011 rose 

at aoproxi•tely the same rate at first. 'nle tow balloon then got ahead or 

the plAtform, inflated its top, and extended itRel! very nicely aoo the flight 

was airborne. The tow balloon was number 73-2XlOOV-))6 With standard appen­

dix on the bottom which was tied oft. The tow balloon weighed 257 lbs. Th• 

platform balloon was a General Mills,Inc. type )01-C, JO ft in diueter, made 

of 2-mil polyethylene and weighed 68 lbs. The instrumentation was precisely 

the same as flight 78 except that a down camera was addftd to the tow balloon 

to photograph the platform balloon in flight so that if the two balloons were 

not in a vertical line corrections in tension could be naade for the angle of 

the cable connecting the tow to the platform. It was actually found that 

this correction wu very small after the initial stAges of the ascent. The 

total air displaced by the system was 1073 lbs, the free lift was 112 lbs, or 

8.15J. The programming of the ballast drop was such as to bring the balloon 

level at 10,000 to 12,000 feet, at 22, 33, 4L and 55 thousand feet, approxi­

mately. This calculation was made neglecting changes in the tension or the 

tow balloon, which in actual practice cause small deviations from this program. 

The program is the same as that carried out in the first flight, in which just 

th~ platform balloon was flown withoJt the tow balloon at all. The time-
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altitude curve for Flight 79 shows th,• 1ni t1al rise and leveling at 670 ■b 

or 11,<X>O rt. The balloon reu1ned level for 32 minutes and then be1an to 

climb at a rate of )LO ft/min to the next level step. The ballast flow 

stopped at 455 mb on this step. The balloon cont1nuea to rise due to war111n1 

of the tow to 4L5 ah or 20,540 ft. Actually this step was not quite la vel 

but aha1ed a continually upward trend or 50 ft/min anu the t1econd hose began 

to flow at 1238. The rate on this step was only 200 ft/min ana accordingly 

the balloon did not reach the next stt•p before the third hose began to flow 

at 0732, Thtt rate was then 540 ft/min which 1s clos( to the desired rate or 

500 ft/min and the third hose stopped 1 ts flow at 0752. The talloon continued 

to warm slowly, climbing ana reachi~ an altitude of 145 mb or 45,500 rt. The 

load was released by timers at 1518 on schedule, The time-altitude curve ia 

not that, desired except for part of the first and second stA!p, The rate waa 

supposed to have been 500 ft/min between each level portion, the level por­

tion extending for JO minutes, Apparently the flow through t te hose was low 

between the first and second steps ano also between the secona ana third 

steps, and the fourth hose did not drop at all, or aia not release ballast. 

It was thought that this anomolous behavior was caused by air which became 

trapped in the hoses and caused the flUid to fill the hosr below the orifice, 

thereby changing the characteristics of flow and decreasing it, The down 

camera pictures showed just when the hoses dropped and on the third drop the 

r:amera window became noticeably fogged, presumably by some of the "Skelly" 

fluid which had gotten on the window when the third hose came aown. It was 

plain that the fourth hose never did release and it was presumea that the 

plastic material froze ano was so stiff that it remained curvea up even when 
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the rel••• tab tell out ot the ho11t uropper. ~e time-al t1 tude curve was 

tele•tered and also recoraed in one or the down cameras, ano the two &N 

in rather r,ood agreement. Inspection or the tension-time curve shows that 

although there are some correlations with the t1me-altituae curve there s~~med 

to be " '"' !t!P kind of difficulty, for example, sticking or .jammin.? or the tensio­

aeter mechanism or cable. One can see the iru t1al i rx:rease in tension as the 

balloon reached its first litep arxi then went on to about 67 lbs maximum. Then 

there was a rather small decrease when the balloon began to move up from the 

first to the second st~p arli again an 1 nc rease when the balloon levc lea on the 

second step. From then on the tension 1 s approximately constant cespi te the 

tact that the balloon was movi~ upwards at 500 ft/nun at one point. It was 

obviously necessary to repeat this fli~ht ana no analys1s of the ter.sion aata 

could really te made with any guarantee of reliab1lity. The record ~as also 

obtained by the Green Pay, Wisconsin, station rn the ~alloon Project trailor 

and this record was essentially the same as thJt btained at the Un1versity 

Urport in the Twin Cities. The infrared uetector also gnve cata on this 

flight but the oata s) far has not been c orrcl:lted rnu exh1 \.-- i teci some rather 

eccentric behavior which lcaus o~ to mistrust it. Th~ balloons were re­

covered at Pillboro, Wisconsin, ana the gondola at Chilton, Wisconsin. 

Cone 1 us ions 

Flir,ht 79 showed that a real step forwara had been maoe in the launchinr, 

procedure and that the laurichrnv, was very simple when both balloons were 

launched simultaneously. The failure of the hose droppers wa!i ar,cJunted far 

by the fact that the r.:.>SE'?S were too small below t.he orlfice an:i th·1t air 

could be E:Vacuated so that liquid fl llt~d tht; whole tube auu this was CJ!'rl' ctcd 

in later f li r,hts. The reas rm for the f cD lure of Uu: tcns i me t t· r wa~ r10 t knowri 

on this flir,ht. 
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Flight 80 

Flight 80 was launched July), 195) at 1106 Giff, and was the first 

sten flight to give good data on the drags and warming effects aa a function 

or altitude. The flight was set up Just like Flight 78 with the ti•-altitude 

curve programmed by the platforra balloon with 1tep1 at 11, 22, 33, ~ and 

55,000 rt. The balloons used were a Winzen double-wall No. 73-lOOV-304 With 

a duct apoendix, bottom skirt tied orr, ana auct full length or the balloon, 

The duct is not needed for the step nights but this balloon was available 

and therefore was used. 'n\e platform talloon was a GIil type 301!, )0 1 diueter 

'fo. 4L equipped With duct aR)erxhx and the regular hameu. for 1tep tlight1. -

It was made of 2-mil polyethylene. The theoretical ceiling was 54,000 rt, 
maximum altitude reached was 50,600 ft. The duration ~lanned was five hours 

and the flight lasted for five hours. The instrumentation was just like 

Flight 78 except a down camera was included on the tow balloon like Flight 79. 

A cosmic ray countin~ tcl~scope was included on this flight to replace sand 

that had been used as a counter balance. One change was made in this flight 

over 79, na~ly the1t inst ad of hanging 100 lbs of sand on the tow balloon 

the tow balloon was given l6o lts of free lift so that when it picked up the 

gondola anu the lower assembly the net tension would read 60 lbs. In Flight 

79 the instrumentation gondola was carried by the t.ow balloon ana the lead 

balloon was ballasted with 100 lbs of sarxi, ana a free lL't of 60 lbs was 

added. The idea in Flight BO was that tJ,e tension in the caJle would now be 

16o to 200 lhs including the warming ana this would make the tow balloon more 

stable and kel?p it in po:.;ition better over the platform. As a result of this 

very large free lift, when the tow balloon \\'as cut loose from its mood na at 

the 1 a me hrng ti me along with the re lease of the lead balloon it got into the 
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air rapidly, spilled off ita canopy am went up aideWise with the canopy 

and the tow cable holding the two ends of the inflated lower blbble. How­

ever, by the time it rPached the 10,000 ft level the gas began to transfer 

to the top and finally the ballo0n erected in the proper manner above the 

platform. Apparently no gas had heen lost as the tension reading was the 

proper value to agree with the ground weigh-off. The total aisolaced air 

on the fiight was 1151 lbs, the total free 11 rt 213 lba or lh. 1•. The increase 

in free lift, or course,ia because the platform balloon originally has to pick 

up the inatrwnentation gondola at take-off. Thia gondola is aup,orted by tne 

tow balloon flight. About 100 lbs n>re free lift i a needed to lift this in­

strumentation gondola on the lead balloon. Thi details or the t1JDe-al titude 

time-tension curve, tensions, etc. are di scuased in other sections of this 

report. However, the time-altitude curve followed very closely the planned 

behavior, leveling oft on the first step at lL,000 ft, at the secorl'i step at 

25,000 ft, on the third step at 37,000 ft and (these values include the in­

crease in altitude due to warming of the tow balloon) on the fourth step the 

balloon warmed a ~reat deal and reached an altitude of 50,500 ft. Th~ fourth 

hose did not drop and so there were only four level steps on this flight 

instead of the anticipated five. However, the apparatus wcrked very well 

and the time-altitude and time-tension curves corrt:late in a very interesting 

maru1er. The tension is observed to drop sharply as the balloon begins to 

asce:¥1, then it dee eases more slowly, and finally reaches an equilibrium 

value prior to the end of the step. At the end of the step when ballast stops 

flowi~ the tension begins to increase as the tow balloon warms and it in­

creases above the value on the previous level step, shoWing the effect of 
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altitude •aratna. A• one aacenda into the 1trato1phere the 1ttect1 11t 

much larger, the aerodynaaic part ot the t\rag decr1a111 but the therao­

dynaaic increase,, and for this reaaor. the warlllJII becoae1 lar1er. Th• 

final value or the tension, which on the first steo reached a valm ot 
80 lba, was 116 lbl or a gain or J6 lbl d\11 to warming With al ti tud1 in 

the radiation field to which the balloon is exposed. Thus for the tiret 

time on this flight an effect which had been predicted a lon1 ti• betar1 

was verified experimentally, that the balloon, at least umer the condi tiona 

of radiation to which this night wae exposed, gained superheat W1 th altitude 
and this superheat would then contribute to the upward velocity or thl 

balloon it it were a free vehicle. The increase in velocity during aacent, 
that is often obae"ed is thus accounted for. In fact, it the balloon 111re 

weighed ott neutral on ttm ground there could be enough free lift gained to 

take 1 t all the way to ceiling becaun or this effect. Thi gomlola waa re­
covered 6o miles south of Green Bay, two miles weat or ~ool Hille, 1iacon1in. 

Cone lueions 

The important con~luaions from this flight are summarized in the 11ction 

dealing with step flight analysis, namely Section VI, Volume II, It waa d1110n­
r.trated that there is a large altitude warming effect which adds to the tree 

lift of a balloon under the conditions of radiation to Which this flight••• 
exposed, that the drag is largely thermodynamic as was expected, and that 

the aerodynamic part ~ets smaller as the atmosphere becomes more raritied. 

It was demonstrated that the step flight technique is admirably eui tecl to 

obtainifl the various kinds of drags am measuri~ the factors influencing 

a balloon in flight in a manner which is impossible by other methods. The 

step flight method measures the forces acting on a balloon while it 1e moored 
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and while it 11 moving up or down. It alao demonstrated that the launching 

could t-e accomplished without urxiue difficulty although on this flight the 

ract that the canopy slid orf indicated that probably the top should be allowed 

to inflate on the r.rouni most ~r the way before release; in fact th11 W&b 

carried out on most of the subsequent flights. The results or this step 

flight were ao encouraging that 1 t was decided to aevote a large &D:>unt or 

the effort of the project to such flights. 

FliRht 81 

Flight th was a temperature flight designed to measure temperatures or 

the balloon gas, outside air, infrared from the ground, and gondola interior 

temperatures. It was laW¥:hed on the 7th of July, 1953, at 1910 GIil'. The 

balloon waa a ,1nzen 7)1 double wall equipped with a auct appenaix ar¥i with 

the thermistor dropper installed inside the r,omola. It was launchea in the 

standard University of Minnesota fashion. In order to observe the temperature 

change in the gas durim~ an aaiabatic bouoce, the gondola was equipped with 

ballast drops which would occur when the balloon haa oescended to 76 mb and 

to 151 mb. At the upper tallastirn· alti tuae JS poun:is of ballast would be 

dropped. At tre lower ~allasti~ altitude 10 lbs could be drop?ed. Thia was 

the first flight equipocd witti complete wlemeterinr for temperature measure­

m~nta. It was extremely fortunate that the temperatures were telemetered in 

this .L'light, since tre load has ru vcr beer, recovered. In aooi tion to tele­

metering the temperatures they were also recorded on a multichannel temperature 

recorder. Tlie launching took phce at the University of Minnesota airoort in 

30 mile/hour wino. The balloon was held down at toth ends anu behaved quite 
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stably although the w100 was s hi~h that the r,rasa was blnwing down flat. 

The wim -as so h1~h that when too balloon was released it rose perhap1 

half the height of the windscreen ano took off horizontally across the 

field. The rate of rise was so low comparea to the horizontal velocity 

th~t 1t is likely that the balloon woula have struck a tree or other object 

had therf been such obstruction in the way. 'fowevcr, it flew off across 

the oart of the fiela where the p,rade -as favorable and the launching was 

successful. The 1nitial rate of rise was approximately 500 rt/min, which 

increased to aporoXimately 700 ft/min before the balloon reached ceiling 

with a squue corner. It appears that the balloon reached a ceiling almost 

LOOO ft below theor~tical ceiling 1n this flight. It seems impoesible that 

this large an error coula t c uue to error in the telemeterea altitude. Un­

fortunately, the honaola has never been recovereo to allow aetermina tion of 

the altitude from the down pictures. It is most likely that an error in the 

weir.ht of the E naola occurred in this fli ght, which accounts for the marginal 

weigh-off of the ball~on almost leading to a1saster with a very low initial 

rate of rise. The balloon began descenu1ng at grouna sunset at 70 ft/min 

and accelerated t.o JOO ft ,min at balloon s"'nset. It reacheo the upper ballast 

altitude at 0247, at whicr point it dropped 35 lbs of ballast ana rose rapidly 

after droppinr. ttus ballast, finally establishing after the bou~e an equilibrium 

rate of 139 ft/min. The rate slowed down somewhat at a pressure altitude of 

45 mb aoo by th<' time 1f t lowdown at 0514 the balloon had not reached its 

theoretical c~i linr, agarn al th ough it was still climbing. The 35 lbs of 

ballast represented 7.1% of the air aispl~~ed by the flight and therefore 

should have been more than aoequatc t o compensate for the sunset effect ex-

pected t~ be approximately 6'1,. That it was indeed adequate is eviaenced by 
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t.he fact that the balloon continuca to i-1 se aftt?r the ballast hau been 

dropoed. ThP. temperature measurements Jfl this fli~ht were quite successful 

and were described in Section V, Volwne IX of this r(:oort. The t;alloon was 

recovered at ~ev.port, Minnesota, tut the load has never bel'n recovered. 

r. Jnc l usi ona 

The principal sci~ntific conclusions reached fr m this fllpht baseo on 

the temperature measurement~ are uescribea in Sue ti or, V, Volur.ie U. The 

temoerature n ·asurellk!r.ts on ttiis !'lirht st-owt c conclusively that t hE: supt:r­

heat of ps in the balloon cocs not chan~ at sunset tut oof's cha~e abr\.lptly 

when ballast is uroppea and tht balloon riscs,allowi~ the ras to CJol ao1a­

batically auri~ the process. Thi~ fti~ht also uemonstrateu that the Uruver­

si ty of Minnesota launching method allowJ launching in relatively high winus, 

in a gusty·siwation. The wioo uuri~ this flight was approXlmately 30 mi/hr, 

This flight aemonstratcd tt'i~ ue:nra' ili ty 'Jf telemeterir1b informatfon on 

~'lights wherever coss1 ble. The seven :illoon t,?mperatures w~nch were measured 

on this fli ght we:'C tclcr,eterea on th, multichcrrnel telemetcrirn• system and 

the data would not have be en obtained hao 1t rJt been t~lemeter~a sjnce the 

gorxiola was never recovt.red, 

Fli~ht 82 

Fli ght 82 wau a fliF;ht uesif1nco to test a Lorar navirati0nal system 

was flown 10 July l 5 J on :i r.< 1 r1cral l.'111 s, I ..,c. 301-C 90° cone-on-sphere 

balloon equipped v.1 U a u uc t arr ernnx. The pla r nee uurat Lm of the f llr,ht 

was 11½ hours, the actual durnt.10n wa s fo,tr t ourR bccau~e of a very leaky 

balloon, The fact t.hat th e ba ll ' ' r was lf'aky wa !) susot!Cleo before t ·1 ku ff. 
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After inflation the balloon lost about four lbs or free Utt in 15 minute,. 

The balloon leveled below theoret1cal ceiling ano then descerwied to ballast 

level, dropped bnl.last, rose to ceiling and descended until the tlawdown 

warning came on inaicating that the flight was blown down because or reach­

ing the blowdown altitude. Very litt!e telemetered altitude aata is avail­

able since th~ altitud~ telemetering was multiplexed with the Loran signal, 

with the Loran signal being transmitted mo~t or the tiJII. The time-altitude 

curve was obtained from the ullaDJ Cycle record on the camera. The Loran 

transmitter was a lOOW transmitter, although it is not certain how much power 

was actually rauiated from the antenna. The write-up of the Loran test Will 

be f um in Volume X, Section II, of this report. The recovery of the gondola 

·1as at Stanwood, Io•R. The recovery crew reported that because or ttle large 

amount of power penerated by the transmitter when they ope1md the gondola, it 

was like reach1nr into an oven. Anpar ·ntly the heat generatea from the high 

powered transmitter may be adequate to keep the gondola warm at night. 

Concl usi one 

This flight represrnted a succes~ful Loran test. However, ihe balloon 

was quite leaky and aia not stay in the air long enough to give as lo~ a 

test as was desired. The results oft~ Loran test are described in Volume X, 

:,action II. 

Flight 83 

Flight 83 haa as its purpose to tc~t t~c performance of a large poly­

ethylene cyliooer balloon. A launching attemct ~as made on 16 July 1953 

with a General Mills cyliwer made of 1-mil polyethylene and equipped with 
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alwnJnwn tubirw n 1ncht':.; 1n:;iue c.aamct.er. Jt, v,as cqu1prwu wit,t a S4" 

~1, t wic th ,1uc t !'ror.1 th, top f the balloon all tht Y.a) t, > thu t a!itt. The 

and 25 lbs o!· ~tccl shot. ~he: L4!11 on v,Js paciwa .>r t~, , st.r1nuara Umvt-rs1ty 

talloor. nt:vcr r t ff t.h .~r uno. T~e 1 m till ~hase s r tt ,1 1ri1· at. Jr. r:.>-

rr . .1,anr ,1 v r y ur.:(rsJmt arG ww,i~luy b ut: ► lt:. Atparer~tiy when the material 

larr ,~ . .'.JS!i Jr r.att r1a 1r th · cylin ·er which was all preser it at one side 

Jf J .~ butt le. ..,hP cors t was rt·movec ~ati!"'factJr1ly l ut w en t he t.l ::ie 

came tJ ~ull the uiaphragm 1 t. :mn •a:·eu t be 1mpu:.,~·1Lle t.) r1p the uiaohrahm 

bec,.1use of the waj the ~ianhragn r.1pcor~ \',a~ er ta~lco in th e t?Xtrn matcrir1L 

It is po!;siblc t..h· t if one tJvk all • t i<ee~ the u1af"h ra,~m ripcJrd fre • of 

the 1r.:itcr1.1l cy li nucr Lall >ons c ,>Ulu bt: laur c hr:u by th 1 •• me tr. od. 

r.onc lusi :ms 

A cj·lirn .. cr · ~ .. bon 1s more uifficult to launch by the Umv~r~it)· of 

r,~ innesota launchinf method than is a ~;hnrcd ballJon, but it ir. likely tJ--:1t 

Sor1fic.;t :r t1nl lnf'orm~t i n 
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Fli rht, 81, 

FUr,ht rl4 \,as anothP.r attempt t~ l:iunch a cylirlJE?r balloon. The 

balloon used on thi~ flir.ht, which was attP-mot.eo ~n t) July 1953, was the 

same balloon used on t'lir,ht ti). It hnc ~een rt•onckec :u11 repaired after 

the attempt ~n ~-'lirht U), in wh1ct the b,,l l >Jn wa·· riopt.:d alo~ one gore. 

In th1s attempt, 1nr,teaa off lanninr, tJ JUll the uianhra,;m ripcord, as was 

u nc ~rn Fli,·ht d), it w·,s ~1.-u,ucu t o allot\ the tube aeflator to deflate 

the 1ru.cr tube iu fll,ht au~ tt1ereby cause the gas tran~;fer. The initial 

star.es Jf 1~·1'l thm Wt·nt a~ on Fli,:ht b), v.1th the t'Xt.ra mat£>r1al 1n the 

c~·lrn(; c. r t all::>on again fal mg over tJ the s1ue. i",licn the corset was re­

rT,ovcd, tr s extra ma ter1 al hun~ a own like a oony ta1 l ar u the balloon took 

of!' all r1 ,·ht with the extra material hanf~ing over the side. The tube ae­

~·lat:>r Joeratco iri flir,ht, tut when tt-,e inner tube: fell out the girdle slid 

up tre r ;i 1 n 111u cau~ht the rinrs ,1t the top wh1ch s, cureo the ouct thereby 

t :irir ,~ , r:· tht· ~uct and apflatrnr, tht• balloon at an altitude of aoproximately 

1 , ) , ft. .., e lc:nrt :ma uuratl n of the flit~ht was appnx1JT1ately JO minutes 

:mo -~' ba lloon c.:irr OJ\'tn rn ar :t. Paul, Minne~ota,complete with all of the 

r£>ar. 

C nclusrnns 

It i : imr s: ·i blc t) :illuw t.,e i-a~ tran~fer to take place suaaenly in the 

air y nr.i vin,: tht· tin~, becau~e th«. Lubblc Jr r,a~ will push the girale up­

warC!s toYiaru t he t op of the ballaon, thereby oestroying it. This is so:re~at 

!-ilmil~r t an expr.ri cnce ericJuntercu in one of ur early laW1ch1nr attempts 

in w~ Jch th•" drdle Sllpfwd off the top after the tire became loosened from 

:he r, :i role eur to fail ty tire <.-cflat r. This \,as another uns'Jcccssful attempt 

' • 
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t~ launch a large cylin~er balloon, this time unaucceastul not because or 

the exce11 fabric but becauae or the aeciaion to attt1111pt t,, try to let the 

top of the balloon erect after suddenly r,l,aaia., the preasure fro■ the 

ti re i naide the gi rdl1. 

Flight 85 

Flight 85 was a teat or a auperpresaure ll)'lar cylimer ade by Herb 

Shelly. The cylirxier was 32 rt lone by 14 rt in a1ueter, weighi,w l lb 

15 01. It was equipped W1 th a 10,262 megacycle tnnami tter an:1 Olland Cycle 

ana ti.Jle blowdown set tor five hours. The air displaced by the flight waa 

10,6 lts, am it waa launchea with 9,4S free lift. The launchi,w wa1 on 

2u July 1953, ~cause it was desired to obtain the behanor or thia balloon 

for five hours in rather high winds,it was decided to launch it west of the 

Twin Ci ties al'¥1 launching took place west of Murdock, Minnesota. 1'11 launch­

ing we1ther was unfavoraHe but the launch was attempted neverthele11, and 

because of rather high winds at launching some fluid was tipped from the 

valve ana the antenna was snappeci off. The balloon took off all right alide 

from this, but no telemetering signal was received ana the equipment was not 

recovered. Since this flight d1d not carry a aown camera, even recovery 

woula not allow us to ueterrnine its behavior, 

Cone luai ons 

A small superpressure cylinder was laWlChea but tecause of rough la\llCh­

ing condi tione the antenna was torn off ana no aata about balloon behavior 

was obtainea. 
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Flight 86 

Flight 86 had •• 1 ta ourpoec a night ti• step flight to determine the 

drags and warmi~ w1 th altl tude at night. It ••• launched on )0 July 1953 

at 0)02'Z. The platto~m balloon in ·~hia caae •• a General 111111 )011 2-mil 

polyethylene r11-nt tape balloon. It was equipped with a 27-inch flat 

Width duct appendix to the taae of the balloon, had alwn1num bottom fittings 

and ~rommet1 at the top anu bottom for the cable to pass through th11 balloon. 

The tow balloon waa a double wall Winzen 73-ft with no auct appendix tiea orr 

at the bottom. Since thia balloon is alway, held at a level telow ita full 

ceili,w, it 11 not neceaaary for it to have the ability to valve. In addi­

tion to the standard complement of cameras th1 s flight carried a camera 

hanging on the tow balloon wh1ch was to photograph the position or the plat,. 

form balloon below it. The ballast instrumentation consisted of the talks 

wh1ch carried 484 lbs or Skelly Sano which were caused to ballast by the 

droppi,w or hoses at pree1eterm1ned times curing the fli~ht. The night was 

to taave four steps each consisting of a 500 ft/min ascent foll owca by a LO­

minute level section. The level alti.tuaes were tJ be seoarated by 

approximately 10,000 ft. The air a1splaceti by the tow balloon was 486 lbs, 

that by the lead balloon at takeoff, 914 lbs. The inflation ana laurehing 

of the two balloons proceedea quite smoothly. The tow balloon was not 

allowed to inflate its top on the grourxi and apparently very early the tow 

balloon was damagca ano leakeo v~ry badly. The scheduled uuration of the 

flirht was 15 hours, the actual ourati~n was 35 minutes. The assemblage 

landed at Turtle Lake but w~s spotted, althou~h it was n1ght time, by the 

Reechcraft plane which very readily saw the flashing beacon. This flight 

had been equipped with a beacon flasher which consi st~a of four automohle 
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headlit~hts th nki n~ about Jnce cvury two srconds. The recovery crew drOft 

al~l'llt the roaa anu snotted the tllnker beacon off the highway. The plat­

form balloon ~as ha~i~ up in the a1r moorea hy the completely aeflated 

tow talloon. The recovery crew drove 1nt~ th€' spot where the balloons were 

cown aoo rullod uown the nlatform balloon, tylng the steel cable to the 

bumper of a car. The tow talloon was driven out from the rather inaccessible 

olace where it ~,c, nenea t J c mf' aown :mu tht• stake truck bro~ht to that 

position. It was nossiblu t:) null a own the tow balloon ana tran:;fcr the 

ballast tanks to the t,yuraulic hoist wi th~ut any uamage. ,jhen it was 

atte~ted tJ ueflat~ the olatf :-r ballJJn it became evident th:it, tJ'lis 

balloon hau been :a:nag~d by the steel catlt• r.h1ch pullldaown across its top 

uurin~ t~e nrocess of snaKinr, this balloon out of the woods. The tow balloon 

tore open anu fell to the ~rouna. :'he equinmt:nt was in cooo shane arli was 

flown on F 1r,ht 87. It antcars to e poss1ble to launch the steo fl1rht 

succ~ssf lly al thJugh in th1 ~ case t.he tov, tal loon somehow or Jther was 

~amaged. ~:,, uata v,as obtalm·o on this t'l1 r ht since the leaky tow talloon 

cau!.-icd ·r e as:,embly to come own in a very st')rt time. :.ubsequent examination 

o~ the tow ralloon 1n ~'.llliams ~rt•na revealeu a tiole ab e>ut 11 ft from the top 

J ' tre hnlbon w~1 1ch was ?"'robaUy responsi t le f or th e fa1lure. It, is possible 

that .his r le was nroduc,~c ..._~,en t he• knot was pulleo s«Jcurinr the U>p of the 

t- a 11 oon to t he i1round. 

i.•i: i•ht o7 wa~ ano ther att, :rnnt t o ~>t t.a j n a stcµ flir~ht at mght. It 

7 ft a :, , r • t )',·, : ·ii l Jr1 ;1m; a r~t rn ral :.!J J 1 • lU lE ' o0 cone-on-srhcre a8 the 

r, >1 !' iu (• t ial Jr !' orm:1U n 

• ' . 
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rl.it.fJrm balloon. The equ1pment that .. ~•:, flown on ~'11,~ht ti7 wa~ the sa1111 

r.rar that f'lew on Fli•~.,t d6 ,uth es:;ential.1.y no change. The tow balllDn 

01s~laceu Lti8 lls of :ur arli thr plat.form balloon n4 lbs at takeoff. The 

scheaulec durtAtion or f11 1·ht was l~ hours, the actual uurat1on \\as 12 hours 

l~ minut(•s. ,ooa ~;ita wcr, obta1nca boU Ly the '1n~apolls stat1on through 

t leme•.,l ri n,: ilfHl tt"c ,reen ~ay titati on thr~ wh t, · lemct.t.-r 1 nr.. '!'he tcris1 o­

meter anu llanu ,ye t! ~t 11 P rt ·c ~Uf>U Jn tht• cafflt!rar. in flir.ht ,vh1ch J.cre 

recovcreu. The fli ,ht c ·,me umrn at ~·tetson, ~arne, anu ~~antis, who ~a~ at 

·,·;ooos Polr, :.:·u,~achu!jt tt :, , w nt u t 1l.anr,or, L! ·nne, to loJk at He equip­

ment ir,a W : \na bacK t he 11 :·trur.lent.1t L> n c:L<!ras. It af. ears on t~lS flight 

ttat th~ fh hht ·,,as nJt t,r~:nnauu .y timt:r !:> Jr y lJ\\ alt1tuuc blJwuown. 

a was rf'porteu 'Y th !'rn ·t'r h:1 t ... ten ~. t S<l\', the a scmtlage ~- 1:-s t it con­

si st.ed o~· two r allJ ns. Ht' .. as :·rL•htcn<:u y tt .;c ta l >Jns -.,~ ,·,tnt back 

: olicy. : etwecr th • time t: r1 r··t ~a;, t} t::n ,m~ the ti me ~c re turnea with 

his wifti, th• t . bJlloun hau UJ !1ar;·ca reu. :-,c ballo n v,h ch ,,a·· present 

\\ith its equ : nm,nt ,;aR t he rl~tf,r:n hllo n ·1nu it ~au Grar, ,·ca t~e e up-

."1 nt acr.1s :; a fielu. Trc balloon ,·,ar- !'irall.,· c;ama,·•o SJ that it c;efhteci. 

The most li kc ly cxi, lanati on for the otserv· tion \.,.,,. :, h·1t the w~•Jlc as :,e:nbly 

C!lme cown to,·e:ther nnu th:..t n~·t1 r ~triking the rr und the tC>v, b :11l rJJn tore 

lo sc :ma ;i!.iccrided agair t ceilinr,. 'n'H.•rf' wPr :--fnorts latr r in t h is ~ay 

:na .cly cS mil~s S)Utr c ri r t f tJ Pangor, :Jaine, 1mp.1ct ro1nt. 

Tr e 1a me~ ri,: ,;~~ Fli ,· t 7 ~ r cct:oeu ~u1 L 1 :.;moothly anc -·.as c:u ·ried 

out Jr ;ilmo: t <' x·1 c tl:,· h<· s ·1:11: way J!j f-'11,~ht Li6. The >nl,y :. Jo1'.'1cation 

in th(! laurichnw techll)qu · .. a:; t.hat th< t,,y:.- balloon wa~J :ll lJ',Vf1u t 1lmo~· t 

..... 
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completely inflate 1 ta top on the :rourxi. The analysis of the aata fro■ 

this flight is diecuaaed in Section VI-, of Volume IX. In th11 flight 

only three of the four hoses aroppto. The fourth hose froze up and ai<l not 

a ump 1 ta ballaat. The data, however, showed drags and warming With al ti tUdl 

at night as well as a comnlete curve of tena1on chan1~e throutehout aunriae. 

Conclusions 

Scientific conclusions ~n th1~ flirht w1ll oo summarized in Volume IX, 

SPCtion VI-A. The principal oocrational conclusions were that the launching 

proceeded smoothly. The equipment worked well With the exception or the 

fact that one hose did not drop. The gear was recovered after 12 hours ot 

flight,in Maine. 

Flight 88 

Flight 88 was a superpreasure test of a polyethylene cylimer balloon 

lL ft long and 32 ft in c1rcumfercnce, made of 1-mil material. It was 

launched on 6 August 1953; the theoretical ceiling was 30,000 rt. Tho 

scheduled duration was five hours ana it was to be operated at aoproximately 

2 mb superpressure. It was equ1opcd with a bubbler at the bottom which 

would produce and hold the superprPs:;ure ora val virw,, aoo it was ir-, ven l lb 

free lift at launch. This r, ipresents 7.71, of the air dlsplacea. Unfortun­

ately, no aata are available on this flight s1nce the 10 megacycle trans­

mitter which was tuned t) the antenna on the ground and which was transmitting 

on the growxi became de-tunca after takeoff and oo telemetering signal was 

received. 

Corx:lusions 

No aata were obtained on this supcrprcssurc flif;ht uue to the fa.ct that 

the 10 mP,c transmitter became oc-tunca after takeoff ana transmitted no signals 

during the flight. 
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Flight ~9 

Flight 89 haa as its ourrose to test a Mylar supcrpressure balloon. 

The hallo n used was N0. M-18 manufactured by f•erb Shelly, Ine., or ¼-mil 

~lar anci weighed ) lt s 9t 01 and had been leak-testea aoo patched, It 

was flown on 12 \ugust 195) with the takeoff at 1957Z. The scheduled aura­

tion of the flight was six hours. The actual duration was approximately 

four hours. The telemetering took place again on a frequency o. 10,7 mega­

cycles With the transmitter havill?: been reworked to get away from the de­

twii~ trouble which occurred on Flight 88, The flight was equipped with 

a suoerpressure bubbler valve with the superpressw-e set at 2 mb. In order 

to launch the balloon it was 1nflated behioo the wiooscreen with both end1 

of the balloon held down to make it occupy as small a space as poss1ble. 

Inflation ana layout proceeded smoothly in spite of a trisk wind which 

forced the balloon to take off nearly horizontally, The transmitter worked 

properly on this flight. The balloon rose at a rather low rate of rise, 

aoproximately uOO ft/mint reached ceiling, never leveled ana be2an des­

cending at approximately 200 ft/min. The rate of descent lncreased somewhat 

as the balloon :·t1achcd lower altituaes aoo the equipment Has recovered with 

the balloon attached at Cateract, Wisconsin. In spit~ of the fact that the 

balloon must have had some leakage in oruer to oroauce this time-altitude 

curve, 1 t was not extr,·mely leaky, since the farmer oLserved that at 9115 

the following morning the balloon was still in the air, moored to the grourli 

by the antenna wire, There was erratic telcmetnring at, times on this fli~ht, 

presumably caused by the Jllanu Cycle rotor. 

r, cmfiuential Information 
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nata werf> obtairl:a un a flirht w1th a ?~lar talloon uesii~u to be 

supcrnressurec. At parcntly w~cn the balloon reached ce1 hng the !luocr­

prrs 1·ure oroaucea n lt aK :mu t.hc Lalloon uescenuea qu1 tt rao1dly. Thu 

t·li ~ht al s had an 31 wni num llano .ycle r11tor wh1 ch mi ~leha ved f r<>m tl me 

t.o time ana was resrons1rle for the fact that a c mplete t1me-alt1tuae 

curve wris not btainPd. 

Flirht u 

Fll c ht , 0 w~~ a !;HH;l • ste fllt~ht ues1t;neo t. measure at a constant 

al ti t.uae tt:e chana·t> s 1 n tt:ns1on sufferec y a mooreu balloon. ~he tow 

balloon ~~s a t.: uUe '"all ·.-.-1 nzcn '/3 ft, th~ ~ latf rm t alloon 1t as a GPneral 

:.~lls )OlF. :'he '"checulcu u.lration of tr· fll ;ht v.as 20 ours, the actual 

uuration war lL h urs 23 ~unut~s. Plowuo .. n t 1ok rlace Lj · mean:; Jf the low 

telcmeterin~ ·arrow uscc n stcn f'lights. 1t aia n t carr:, the alwr,inum 

cans witr. Skelly~ sir.re 1t wa " ~ ) S) J'ncu t L up 1r1u evel at rx1 cllt.itude 

anc stay at ~r a~,ov • this a t: tu<.!f'. In r~t!r tu r.:ake un he 'h'Cii'ht ~m the 

platfJrm ball in, w aa wei ,hts wne ~ urn~ >n thf- !lrm w. 1ch woulo n rmally 

carry tre baHast c:ins. Te launc~ ng rocceueu 5::i thly. It wa:;; witnessed 

by a number or the Mocy lJj ck f\1 r ::-urc , (' n lt"" r u~ht 0ut to the flight by 

Ma ·nr Vau~hn. In the cow-se of tt1c launchjng thl! tow b1lloon was again 

allowed to i r ~-1 ate 1 ts t p on th( · ,,r : n; ,wa aonare11tly t·ccaU!;C the aianhragm 

was not comr, tcly n ;i peo ut t )S r 'JC t; S!.i to k lon1;l'r t r an usual but aia not 

cau5e any ur cue amJunt f tr uble, ;mu ! oth J t' them took off. The fli,~ht was 
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·nr rt una te 11 , 

just tefore the t-alloon ru,rt,cu cc1liu1: t.hl· :.1 r•·JJm(·t r froze up an<. <.1c not 

pve any lnla ·ations aru-r Uw lall n rcachea cethnc. jor,ie information 

ab.Jut the maf~nitude =· tht· su, n sc ef ·cct can he obta1neo ty ~c charwe ir. 

al t1 tuce rr Jauced at s unn ~c. ·~tn •• ua ta l !; rn agreement w1 u , more prt:c 1 ·e ly 

l!t-tt rmined sunrist· effects )btarned ,nth sir. ·l, "tP. fll ·hts :1ut~equent to 

~11 ·ht 9,). necau~e, h wrvcr, f t f:Ji lure >f h~ ter siomcter cut: to 

fr('eze-up, tht a~1c r uri ost: )~ tt .1~ fli,•t t Ha:; not acc:- mpll shec. :'he equlp-

1".cnt was recovcrca at \".'t,itdall, '..'.id J ,'i.Ui, a·t.er 1t hau floatca n Lake 

i•j c 1 r,an for approxi :ni.i t- ly a ua1 • 

r. >re lu si ons 

This fli,,ht v.a~ aesii"r PU t::> rr.f1asur~ J ,t chanr,e in tu1u1 or Jf a bal bon 

flonti~ at l•)vcl alt1tuue thro ·r~ ut the uay. necausc oi' the fact that tr.e 

tensiometer froze up ju!Jt as h<' as: lmbly reached eel lir , tt'; l s result v,as 

not act: mr li shed. .iome c..:a ta r the ch:rni'~ in t ·ns1 on u r1 ~ V1c art of the 

day in "h l ch war nun~, takl'S lace ·,. rP 

tt;c chanr,e rn altituoc f tilt.. ,lssembly. Tri~, t.rnta vnll ~ CJ.i!;cu !>eo in the 

Section on steo flir.hts. 

Plight 91 

Flirht 91 was :i uayt1me !ittp fli~ht launched on 5 seotember 19r3 at 

1217 GMT. Tow balloon was a Ai m~en 7 3-f t uouble-wal 1, packeu in the standard 

Uruver!3ity of Minnc•ota marmer w1th Uwrmi:it0r ur pners installed. '!'he 

platform balloon was a 1er1l·ral .. :ills Type JOH' wiU t~w u~ual J atf rm 

alloon fi ttrngs. The purµ sc of t e flit:ht wa!;; t) mL'arnre aeMoynamic 

ard thermodynamic urags at a h1r,twr rate, namely 7SO ft/min, on a ·tep flif~ht 
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which hao two full steps after the first weigh-out step at 10,0CX) rt. 

The multi-channel telemetering was usea as usual in the step flight, arm 

the chMt~e in altitude was rrcxiuced by uroppinr, ballast with the hose 

droprer arrarlf?ement ano the alununum cane filled with Skelly S. The dura-

tion planNtd was 16 hours, actual duration was unknown, since the tele­

metrrinr si~nal was lost after 8 hours 15 minutes, In addit1,n to the 

telemetered tensiometer anu Jllarxi Cycle data, a therau.stor pulse generator 

anu a low-oowered transmitter h~ng from the tow balloon am transmitted to 

the platform balloon the measureo temperatures in the tow. These tempera­

tures were then relayeu to the grouna stat1on by putti~ them on one chaMel 

of the multi-chaMel telemetcrinJj system. The tow balloon uisolaced 6L9 lbs 

or air,the platform 1058 lts of air, at takeoff. A nwnber of pictures of 

Flight 91 (the launchi~) are included in the section on analysis '1 step 

flights. (Section VI, Volume IX) The la\.Vleh1ng proceeded very smoothly. 

The technique used on Flight 91 has now become standard technique on step 

flirhts. noth balloons are given some free lift before takeoff and are 

released simultaneously. Vlhen in the air the tow balloon, which has been 

given more free lift than the platform balloon, climbs above the platform 

and inflates its top on the first level step at 101 000 ft if not before, 

In Flight 91 the tow balloon was not allowea to inflate 1ts top on the 

ground but did this in the air. Because of the tension in the line lead ng 

to the platform balloon, as soon as the top began to inflate the material 

ti~oed over anu hunr, uown like a ponytail, Roth balloons ascrnded to the 

first level step with the top balloon not erect. Ha-ever, as soon as the 

balloon leveled on the first step the tow bal 1 oon as~umed this upper posi ti 1Jn 

and properly inflated Jts top, Tht! rt •mainuer of the flir,ht proceeded normally. 

Confidential Inform:.ltion 
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There were two level steps as planned. After the r1r1t we1gh-otr step at 

660 mb, the balloon rose at 700 ft/min and l~veled at )00 mb for a period 

of anrroximately an hour. It then began rising again according to the 

ac~edulc at slightly less than 700 ft/min ana f1nally leveled off at an 

altitude of aonroximrt taly 120 mb. The telcmetcrr.a terr.peratw-es were re­

layed through U. u,lemetl!ril'lf channel ~n the , liltform balloon curing the 

first level section at 660mb and durirw thP ascent between 6fO aoo )00 mb. 

Tensiometer oata were obtained t~roughout the flir,ht up to the time at 

which the balloon levelea at 1ts last step at 16LSZ. The nagn1tud1 of 

the total cirag is readily obtainea on t~ first step. On the secolli step 

because of the large amount of thermodynamic drag the time which the 

balloon 10ent cl1mbi~ at 700 ft/min was not adequate to aevelop the 

equilibrium of drag. After rrachi,w the top level step the tersiometer 

stopped giving signals, presumably because of the freeze-up. It should 

be pointed out that in the early Jesign of step fllrhts, such as Fli~ht 91, 

the tensiometer was exoosed to the env1ronment arxi coula get. quite cold, 

Co~lusions 

Fli~ht 91 was a successful two-step step fli~ht, giving drag data at 

the rate of approximately 700 ft/min. The flight behaved properly anc! gave 

data for the majority of the requirea time. Several factors became evident 

because of the telemetering in this flight. One was that the telemetering 

of tensions and pressures should be on a multiple tasis to avoid failures 

f the kina that ccurreu late in this flight when the tens1ometcr failed 

to ei ve data. The other factor which became apparent was that one should 

take pains to s~lect a frequency for individual flights which will guarantee 

that data is receivable at une or both of the telemeterin~ 8tations through-
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out the- total le~th of flir.ht. 'nli s can be acne, and in order to be 

consistent with receiVil'lf. the 1nformation it is necessary that one tly 

s~o f l.i r.hts only on those days when the radio propagation is favorable 

ano when the ionosph~re 1s giving god reflections. This can be deterllinetl 

in advarx:e by ut11izi~ the qureau of ~tandards prediction charta and by 

~etti~ the current situation on wrv t.ransmissions. 

Flight 92 

Flight 92 was a single-step fl1~ht lawrhed 16 Sep~ember !9S3 at 

0931 Qlfr. It v.a8 t be a s1n,: le-step 2L-hour 3tep flit11t to investigate 

tre changes in tension in a mooreo balloon throughout the 2L hours. The 

Winzen balloon v.a~ a d utle wall 73-ft, anu the platform balloon w:.s a 

~eneral M1 lls type )Olt:. The scheduled dt..ration of this flight was 24 

h0urs. 1'le actual uratlon was at least 21 hours and 35 minutes, the time 

o~ radio cont~ct. rlif'ht 2 was the fir~t flir,ht in wtuch we applied the 

nhil sophy of do tle telemeter1~ all imoortant pieces of information. It 

proved to oo a goou move. Pt Ollanu Cycle records came through ~ell, but 

onr tcnsiometer fa1lcd e· rly in the flight. The other tensiometer, however, 

telemeter a for thP. cnt1r time. The extra care taken :in connection with 

raci o rropa~at ion waJ also v.- orthwhi le j n th1 s fl:i ght, a~ we ma:intained 

racio c ntact f 1 1
• most Ue entire 2L h~urs. ~lnce thi$ was a s1nr,le-step 

fli ght it uia n t requ1re ary ~ sc <...rops and in orucr tote sure that the 

l<1tf rm balloon ~taye:o full t r u~nout tht.:: fUght the instrumentation con­

ta1neo a f (J llow-ur balla~t c ntr l f the type used bj- Howell on Moby Dick. 

This foll ow-uµ t alla::;t control c ul<.1 urop steel shot at any time the level 

Cor fiaential lnform,,tion 
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ot the system dropoed, The air aisp!aced ty the tow balloon was 6)1.i lbs, 

by the nlatform. 514 lbs. The analysis '>f t.he u.ta from thu fl 1ght, is 

conta1ned 1n Volume 11, ~cct1on II-A. 

CJnC lus1ons 

The nrinciplf' of u ublt1 tclemett-rinr. all important 1nforffldt1on on 

step flu:ht~ r aid ff in FliRht '~ ario will bf> fJU wed r,encrally in the 

future. Fli~~t,t Y l!.i A sucrc!·: ful SHlfle-step flight in wh1ch essentially 

all of the nertirwnt cata ttir ~h ut th• · fllrh~ wer received ty ne or 

the other t le~t,·rrnr tatLm5 >n Jue or mor, t, ·lemeteri~ channels. Thia 

flir,ht all ~s nc to ue terminr. the way in wh1ch the 8unrise ano sunset 

e!'!'ccts cor.te in ~uring flirht aoo ,-ives values for the rate !' (! hange of 

tension with respect tJ t1~e. 

F'll t~ht 93 ·.·,as a su~erpre.;sw·t> Mylar balloon test. lt was launched on 

2L September l '.1~ 3 at l 75u nL!T. It \\.l~ a Jm vers1 ty of ll:1nn !:>Ota :1 lue seal 

½-mil Mylar cyUrn;er Lalloon with a t·ore len,·th of 1) ft anu a circumfere~e 

of JL .. 2 ft. ':'he intenr cc aurnti on of thi 5 !'light was appro,umately four 

hours. The ctual aurat10n w·t•· L J/L hours. Tte air uJsplacea by this 

f'li r,ht wa:..i 12 .L l h n no it r.ar r:i c :i f' r ee lift of ane lb. It, was eqw ppt'd 

\\'l th a super res~ure ' ·bl,,. ler ,\ .J c h 1• '1 r 
"n ..i ~adi o con ta" t wa !C; 

mair1t:tined vd th 1 t on 1 • 71 r er,ricyc f ' ~ for thr • h ur. LJ minutes. The 

·~ e f'li1:ht rose at ,1 r at,1t:r 'l.,w rnt • >f rise, 1140 ft/nun, aoo l eveled 

Cor r1 t I t1al Ir !'ormati m 
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tor a superoreeaure balloon, nuaely actual atability around the r10at1r-1 

leYel. 'nle l>alloon roee at 1900 0lff approx1Mtely S 11b above the initial 

floating level or 400 ab. At 1920 it deacendecl about 7 ■b below thia leYel, 

rilin« back to 1 t again at 1930 and slowly climbin~ 5 mb tetween 19.30 and 

2025. At 2035 apparently the balloon lost its superpreasure and no longer 

showed its stable behavior, ~1ving a uescent at a rate or about 200 rt/en, 

which aoparently wae maintained all the W"!f to the v,round. We believe that 

it is extremely significant that a balloon floatirw in the troposphere 

below 30,000 ft demonstrated this extremely stable behanor auring the 

time in which it maintained superpreasure. Leakage tests maae on thil 

balloon in the laboratory prior to flight haa shown us t. hat it would be 

able to hold superpressure for approXimately two hours, wh1ch was exactly 

what was Jbservea auring flight. This was the first glue seal balloon 

macie at the Uruversity and we therefore took pains to study the c~naition 

of the balloon after 1 t was . eturned. Ali nine or the r,ores were examined 

and after being fl~wn, packed in a box, and returned, we were able to find 

only two tears in tt'E entire balloon. Ul nine of the glu2 seals were 

still intact and all seemed to show t-;ood strt>ngth characteristics. T~e 

center section of this tall:)on was cut out arxi 23 samples were taken to 

test for leakage. Sirre it was known that the balloon had some leakage 

before flight, aoo it showed it during flight, we were concerned in deter­

minin,r whether this leakage occurred in the seals or the material. or the 

23 saq>les, 13 were samples which contained seals and 10 were sa""les or 

the material with no seal . or these 23, 20 sa""les showed only diftusion 

leakage, three showed leakage in excess of diffusion. Two of these were 
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in the •terial and ona na in a piece of t,he material with a seal. Since 

enn thoae 1a111>lee w1 th 1eal1 on them contained 1110stly material in ter111 

or area, it seeu likely that the Rlue Sf'als were t1, , t and t.hat all the 

leakage obae"ed here was due to material leakage. 

Cone luaiona 

Flight 93 demonstrated that superoressure balloons can be made to 

perform stably even in an unstable atmosphere below the tropopause, ascend­

ing above ana aescenu1ng below but always returning to equilibrium altitude. 

This balloon for Flight 93 was a glue seal exoorimental ba:loon maoe at the 

University, aoo after recovery of the balloon the seals were all intact and 

testing for leakage determ1neo that the glue stals were very tii:mt tut that 

the material of th(' talloon, which was liylar almost two years old, showed 

aooreciable leakage which accowited tor the loss of superprt ssure after a 

period of two hours. 

Flight 94 

Flight 9L was desi~nea to be a four-step nirht fli ~ht. Vie had ob­

served in night Flight 87, which was a four-step night flight, that the 

drags were anpreciably less, at the same rate, than they were in the day­

time, and the purpose of Flight 9L was to check this data. Although it 

was ciesigned to be a fJur-step flight, the balloon actually went only three 

steos after the initial leveling off at '/00 mb. ln aciaition to tht, fact 

that only t hree of the four hoses dropped, one of the hoses that did tirop 

mu~t have been partially clogPed w1 th frozen material . because the rate of 

rise on the step Letween 1~70 and 310 ml> was appreciably les~ than the cal­

culated v.qlue for this ballast drop. The highest al ti tuae reached ty this 
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ru~nt was l~O ml, anu after noat.i~ at lBO ml for aooroximat.ely one hour 

•~e balloar. lf'~an aesef'nd1nr. as 1f both the tow balloon and lead balloon 

~ad tiJme leaka~~c. A tcns10n record was obta1n1'0 t~ N~hout the fli~ht, as 

\,ell as a time- l t1 tuuc rurvc, anu temoerat.ures werfl tf'lemetereu frJm the 

tJw ball on t.o the lead Lalloon anu thence t thl! f~rou1x1 bta t1on. This 

flirht 1s uiscussed Ht s~mr u••tail 1n tt"e analyses of the te:nperature 

fl1 r.hts, V lUllll; IX, Scct10n v. It 1s als cons1"1ered in Volume IX, .;;ec­

tiJn VI. Pecause of t.he freeze-up of one of the "'oses on this flieht, 

we aec1aed that, 1t was 1mncrativc that step fllt~hts be dlsc ,mtinued until 

a l:allast sy::tt,Pm had t·ecr ae~lJ'neo ut1llzinr steel shot, t.rercby eliminating 

the ooss 1 l:i 11 ty of !'roze r; ~-r11las t. 

C nclusions 

This fl1~ht rav~ thre~ ste sat anp~oximatcly t~e design rate. rwo 

of t.'-'e stPns ·:iere a t i,c ~r ncr ra tR, one st< n was at a ra thcr slow rate. 

It ';ave data on warrn1r1t· wiV' alt1tude at nir,ht a!i well a!3 urags of the 

balloon at, rught. It P,ave '· :nneratures IT:easureu at !ieveral place!> in the 

t1p tallJon a~ it wer t throur,h the sters. not the tow balloon aoo the 

nlatform talloon seemed to show s1mc leaka~e, but 1n 5pite of this it can 

be cons1uerea as a ~ucccssful mult1-ste . uir,ht step fli ~~ ht. 

Fli ght 95 ,,as a launchin,~ attt-!mpt carriea out on 2 Octocer 1953 with 

a la:--~ f. ~Jlyethylenc cylinuer b:11loon. The ball on was a General Mills 

tapeless cylioccr 120-ft r,ore l( 'U~th b;illoon with approximately the same 

volume as a ¼-mi.lli'>n cu ft 733, The larnchrng method that was tried was 

to attach the ~irdle approxim~ely 1/3 o • the way uown from the top of 

r,onfiU(1 ntiaL lnf'orm;1tj on 
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the bAll~on aoo tie tJ the ,:1rult• a Npe which c ulo te pti1~sed thro~h a 

r,rourxi pulley ano to II Vf'hicle, t.t'crcby allowin,~ Urn t·llloon to u, let out 

on this rope int.J t~c ,ur. The inflation t.ooK. lace U roUf'h a h:>se inserted 

in the balloon Just above the r 1 ral.- :.nu t.he wt i ~h-off c Juld be carrlf•o out, 

in t.he tie line t~at v.rnt un to the ,·1rale. Tnc balloon 1nf1~.tion w s 

carried to complet1 n w1 th wei~h-offs be int~ made on the tic-oo~n r c twet:n 

the ~1 rdle ana the tie-down stakes. \ftcr the Lalloon hau teer, erect for 

a short period of t1me it was nJticeo that the ub le v.a:j tecoming smaller 

anu the weigh-of!" showea a uecreasint~ tt•ns1 or.. Cvnsequent.ly, the l.aW1chrng 

was cancelleu aoo the ball Jon wa!.J Lr Ju 'ht taci< to ·,11 ll1ams ,\.rena for exami­

na Uon ana r<•:>air. It was f Juna that while • cinr w~irpea aboot in the w1r.c 

auri"IZ the launch1 n~ a ttrmpt ~n t-li ·ti t ~~ a hole hii~ acvt• lope a ,he re the 

uuct attacheu to the cyl1nacr, This hole wa5 repaired aw the s·me balloon 

was used on Fli~ht 96. 

Corx: lusi ons 

Because of the larr, 1 amount of ma t,eri al rn a cy 11 naer talloon, the 

launcliirij? met oa \Yhich was att 11pted on Flight 95 cau~ea the balloon to 

be sutjected to somewhat, mor aamaa1e than woulc have becu experienced by 

a shaoed balloon. This wino dama1~e cau!;cU a failure rn the balloon which 

made it necessary t ca:1cel the law1ch1 ng anu take the tallo .. rn bacK for 

repair. This fli,,ht, like oU l'r attemnts to launch large polyethylene 

cylirx.1,t.rs, has pointeu up the ~1f'f1culty of l aW1dll~: large cylinuer balloons 

because of the Vfiry 1'rP.a t amount of extra material in them. 

Confidf!ntial luformation 
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Flicht 96 

Pli1ht 91, •a• another 1t,te11pt to launch the 125-tt polytthylene 

cylirxier balloon which wa1 duapd in n11ht 9S. The flight •• equipped 

w1 th a pre1sure-controlled ballast drop conai1t1111 or 21 l ba, 20 lba, and 

19 lbs, which could be droy,ped when the balloon reached aititudes correa­

porlii~ to 65, 102, md 140 mb. The idea or this was to deterll1n1 whither 

the laJ'Re cylinder balloons are II unatable as the ••ller cylinders ha•• 

ap0eared to be. The launching atte11pt was carried out on I October 1953 

and was acc011pl11hed in the aue way that Flight 95 was attempted. The 

girdle was attached to the balloon om-third or the wa, down rrom the top 

and tied down bJ a long rope to the carryall which was able to control the 

position of the bubble. The inflation proceeded srnoothlyJ the caZTyall 

could let the rope out until the entire balloon was in the air lilti,_ the 

load. There was a moderate wind ot perhaps 10 knots, and we experi•nted 

ror about 10 minutes, letting the balloon up and pulling it back aown again, 

to show that it was possible to handle the balloon in th11 manner. The 

balloon was lal.llChed at 1752 OUT and began ascending at a rather high rate. 

Tt°'e average rate or rise between the grounti and 30,000 rt was 1,000 ft/min. 

Between .30,000 ft and 52,000 ft the rate of rise was 1200 ft/min, and the 

rate of rise was arproximately 1500 ft/min between 100 and 6o mb. When the 

balloon reached SL mb it burst and the load broke loose, free falling into 

the St. Croix river. The cameras were recovered al'li examination of the up 

camera pictures showed that in the several minutes preceeding balloon burst 

the diameter of the buuble had i~reased very rapidly and tile girdle appar­

ently was not slipping down. It is quite possible that the girdle became 

fouled in the large amount of material in the cylinder and could not slip 

off. The high rate of rise may have maae it impossible for the balloon to 
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val••• It 11 undoubtedly tr1.11 that the high rate or rile aggravated 

the situation ani cau•d the balloon failure. 

Cone l uai ona 

The large polyethylene cylinder balloon ••• succesatull1 launched b1 

the method or holding it with the girdle ana controllirw 1 t with a rope 

attached to a truck passed through a tie-down pulley. HoweYer, on reach­

ing an altitude or 59,000 rt the balloon burst, and thia burst appears to 

have been caused by the girdle not properly movi~ over the large amount 

or material in the cylinaer balloon. It was certainly aggravated b1 the 

exceedingly high rate of rise, in the v1c1n1 t,y of 1500 ft/min at, th11 

altitude. 

Flight 97 

Flight 97 waa an attempt to launch a large ¼-ml heat seal Mylar 

cylinder No. M-19 manufactured by Herb Shelly, Inc. The launching was 

carried out on 19 October 195). Although this balloon has the same volume 

as a ¼-million cu ft shaoed balloon, its weight, complete wit~ fittings, 

was only 93 lbs. In order to insure the best possible chance of success 

w1 th this heat Jeal balloon, the balloon was manufactured w1 th teat tubes 

on each seal, that is each of the htat seals had been statically tested to 

a tensile strength correspone1ing to one lb/inch. Tbe balloon was packed 

in Williams Arena by the standard technique and no difficulties were en­

countered. Thf initial stage of inflation proceedeu smoothly ana both ends 

of the balloon were held down in the conventional University of Minnesota 

manner until approximately one-half of the gross lift had been accomplished. 
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The top was then allowed to erect, which it did, apoarent.ly •i thout too 

much e JCk. Powever, the shock was su!f1cient to cauae failw-e ot one at 

th~ heat srals, anu the iMr.r bubhle was seen to be collapsing. Because 

it was obvious that orre the corset waa pulled the gas would simply eacape 

from uncer the canopy, it was aecided to atte"'1t to salva,~e the balloon by 

holdi~ the balloon on the rround. When this was aone the part of the bal­

loon rrevi ously securea by the corset rose very rapidly in the air and 

tumbled t:ack a own again with many br >kc n hflat seals. ,'le examined the heat 

seals very carer lly for shock strengtli and f Juno that all of these seals 

were very much inferior to the material. Or.ly a sli~ht shock was required 

in oraer to cause any heat seal in the ballJon to fail. It was apparent 

in tt-is test that the shock resistance of these ht ·at s, als 1s so poor 

that it is v1rtualy impocs1ble to imagine a ¼-mil large volume heat sealed 

cylinuer maue of Mylar w1th the present seal. 

Core lusions 

This te8t srowea that the shock resistance of the Mylar seals is not 

adequate t sustain even very moaerate launchHV; s.,ocks. ',Ye f Pel that 

this tiemonstratcd that a larr,~ volume ¼-m11 cylindrical Mylar cylinder is 

at the t"resent moment not f,·asible if constructed Wlth heat seals even of 

th'? best nre sent av a Hable quality. 

Flight 98. 

Fli~ht 98 took place 29 October 19S3 at 1729 Gtll'. Thls f ir,ht was 

anotht ' r attempt to hunch a polyethylene cylinder 125 ft long and 1-mil 

thick,manufacturca by General Mills. The balloJn was equippeu with a duct 

appendix fastened at the t p b,y a clamp ring 30 in in aiameter. The 

C n.fiuer1tl a1 1 uforma ti on 
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balloon aaa :set up to be a zero pressure natural ahape wi t,h the duct ex­

tenai~ all Uie way to the bottom. T~e botton, r1 tti nr. .-u double ring 

type w1 th a rolyethy lene tie- rr. The bubtle us secured ty claq:,ing the 

tire ana r 1rdle into the balloon. Th~ ba1 l oon as oroerud from the fflll!U­

facturer wa~ laiu across the nrole n!aced v,1t,h 1ts rlane 1n a horizontal 

positl\)n. The t1rc • .. ati tt,cn pusht.-u U.J nr, from t.ht: top ;mu inflatco into 

the r, irdle so th:£t t.hc ballo n r,rc!;:;eu int) the ;lrdlc, across the tire, 

and out again. The t1 • ar,~ ·1rcJlt: ,-ere c WA:C tea ty l uO-H r,;,-k n strrng 

to a small r:irachute. I;ur111 • lawac t 11 t: , t,1t-oown v.as e ff~cteu by p~ttin,! 

a rope or J, XJ-lb nyl m ·1r0 w1~ the ,:1 ·ale ,,h1ch r oae 1n a vertical plane 

as the bubtle erected. The ~as .,as feo 111 tt'lrou h a v cuur.; cleaner no!le 

clamped t o t~c auct ju!:t ato Vf' th~ ~rule att.1c hm( r,t o111t. ·rt-e v· cuum 

cuct \·,as not fastent:u tu the LalloJn ~bove the : irule. It, ·1wa!; a ttcmp teu 

1 ent; th of 3, ') )0-1 b .y l :1 \'1:,s f :J ··ter.ea t •J U"ie ,1ro le, l'eu t hrouP,h a oulley 

t t~~ carryall. The balloun c >ulu l, let up ~lowly 1 nto +.,he vn n~ unt1 l 

the loau hacJ cleared the grounu ~ The 11 nc w ulo t· c n be cut anu the balloon 

v; ulu Le far e n0ugti from the ~,roun~ ~) that the lo:,u ,, oull. not tooch. l'he 

i nfla t1 on am. wci ;;h-off wert accornr 11 ~heu ''" Lhuu t. ,ll y u1 ff1culty. The 

ba l l'.:> in . ;~ t; let ur a \,ay int t.ht: i ,lr1<. t J ~l !C 1 f tJ c : 1·c cri bt:a mcthoc 
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directly attr1tutable to the h1gt, local streaaea in one part ot thl 

cylinder about eight inchee trom the clamp ring. Th• pl1at1 in thl duct 

at the top had bern pulled out ard acYeral small hol11 had been made bJ 

the tapes. 1',e mun hole was one toot aquare. All Ult hol11 were r1pl1Nd 

and the balloon was reinflated. Thia ti• it was not let up in the aiJ' but 

waa launched by cutt111; the tie rope so that 1 t took to thl air much lila a 

conventional pla ttorm launching. '!tie crew or about five people held tilt 

gorxiola UKl fed it into the air as the balloon passed over at tairl.J hi&h 

speed. The balloon hnd a very low rill rate or approxiMtely 20 tt/ain, 

and leveled at about 10,000 ft tor approxiutely )) lllinutea, after which it 

began uescendi~. The load was released by the low altitude aatet, deYice 

am came down by parachute. 

Cone luaione 

Again the vulnerability of the cylinder balloon to Wini was demon­

strated in this launching, where the extra material in the cylimer caulld 

it to whip around to Ue extent 1 t was damaged and had to be deflated, re­

paired, ard reinflated. Annarcntly this repair at the launching site was 

not adequate because the talloon showed some leakage, staying in Ute air 

only 2t hours. A contributing factor to the fact that the balloon did not 

reach ceiling was the rather marginal free lift, which caused the initial 

rise rate of this balloon to Lt: less than 50 ft/~~n. Thie weigh otr error 

was probably caused by the Bernoulli force produced by the Wind coming over 

the windscreen. 

Confidential Information 
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Fli~ht 1>9 was larnched t '>Vem~r 13, l'.J~) from the rae• University 

Urnort. It was the r,rst test cell maue by Herb jtelly, l•c., on his 

contract t > proouce lOYf lca"ar,e l all:>um;. It hau been testeo 1n the labor­

.,tory anu \~as fouri1 to ~ave a ltnka,~e cl ~e to a1f fusion 1caure. The 

lau11ch1nr, took r lace u a ratht:r L'U~ty uay anu 1n U e fi.r~t at,t.empt to 

launch the t alloon kt!rosene fr m the ubLler can was ~Pl Hea anu tre balloon 

had to bt: broucht back to the ~augar. The bubllcr can ,,as f1Uea anu the 

before it r.ot off. The calculatca superprcs~ure voluioo uf t 1s balloun 

was 270 cubic feet. Its thcorct.1cal ct1lu .,~1th the ;rJ:;s loao of 9.tl lt:•, 

shoula have l ern 2U, 500 ft. The nurnost: of the fli,:ht was to check the 

stability f a ?.~yhr sunerprc!;:Jure b~lloon, anu the suoer~ rcssure was set 

for L mb. The l alloJn asc, rued \',l th a c , stant rate f rise of LOO ft/min 

t0 an alt1 tude of 51,0 mt, at which noint it bcg ·,n <Jt•scenoini~ at 11 0 ft/min. 

~is was well below its supernressure ceiling of u9S mt • 

The conclusion whlch must l.t! urawn is that. t ~ balloon r ptuced cue to 

damage nroduced ty the rnu~h launchJ ng . The baJ loon nu goooola were rc­

coverea five m:i les south of' Linustrom, lAinnesota. 

Conclusions 

No conclusions of supernrcssu,·e s ta bill ty w~re btained in th1 ri flight 

cue to the f~ct that the balloon burst before rcachinc ceiling. 

Co.d'iuential Information 
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night 100 

Pli«t,t 100 was another auperpreature teat of the "b'lar test cell. 

1',e ba!loon v.as a j-Glil Mylar test cell made by Herb fllelly. The balloon 

weir.hid two pounds 10 ounces. 1',e total load weir.ht waa five pouna1 2 ounce,, 

ana the frH li rt was one poWla. Telemewril1(: took place on 10 mgc. The 

sunerpressure bubller was set at 4 ri. 'nle launchi~ took nlace from the 

"'" Un1vers1ty uroort with the balloon bei~ inflated inside the hangar. 

Although the free 11ft ~•as 10% of Lh~ air dlSplaceu on this fhght, the 

rate of rise from the 1:rounu to )O,(X)O ft \188 390 ft/min. The balloon took 

superrres~ure v,e 11 aoo leveled 01' f at, 1920 Clfl'. It floateo abao lutely ll vel 

w1 thin an mb or t\,o, at least until 20tU when the tele•teri,w signal was 

lost, This balloon haci Leen previously tcstea for leakage in the laboratory 

arxi \·,as found to have a leakage corrcm>orx.l1n~ to dif~·uaion leakap,e. It 

should therefore be Vt!ry t1J~ht at the low te~erature at ceiling. It waa 

indeed quite free of leaks, since the load was recovereu iu the vie im ty of 

~t. Louis, r:1t;:;ouri. Tt11s is the down noint oreaicted from the high alti­

tude v,inus for th1 s day, assuminr that the ballo >n staye<l at superpreasure 

ce1li~ until lrou~ht u ;rn by sunst•t. The L millibar value of t.he super­

pres:rure set on thrn flight is not aoequate to superpressure out sunset 

cffc~ts, but is only adequate to take care of minor fluctuations 1n lift 

which occur throughout the uay. 

Corx:luuious 

This is auothcr succctisful exai:tple of a t.~lar superpressure cylinuer 

which sh()Ws high ~tab1 li ty. The talloon apparently floateu very near the stable 

superpressure ceiling from the launch1 n :~ ti~ of l 750 0111' until sunset brought 

it down in the v1cini ty of ~t. Louis. It is believed that the j-mil Mylar 

cylinuers can be made good enough to provide a very level. superpressure vehicle 

for use at least for perioos as long as 8 hours where sunset need oot be super-

pre:isured out. Confidential lnforma tion 
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