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Section I 

ORQANitlTION 

Page 1-1 

Per1onnel, epace and equip•nt tor the Balloon Project reuin 

ea•ntiall.J the - ae Nparted in the second progreaa report. Dr. 

dlarlea Critchtield has reauaed hi• proteaaorial duties and hi• poai tion 

aa director or the project has been taken over by Dr. Edward P. Ney with 

Dr, John R. Winckler acting as al tern&•. 

fll• current personnel tall into the following categories, 

Expertenced Research llln (Ph.D.) .................. 6 

Asaocia te Scientists .... . ............ , . . . . . . . . . . . 2 

Junior Scientiate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

Resea-rch Fellows . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

Electronics Mechanics . . . . . . . . . . . . . . . . . . . . . . . . . . . . S 
Engineering Aaaistant~ . . . . . . . . . . . . . . . . . . . . . . . . . 7 

Clerks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

St-. Lab Technicians .............. , . . . . . . . . . . . . . . . 1 

Non-scientific, miscellaneous, etc.,equivalent ... 7 

TOTAL 37 

The names and experience of the sonior men are: 

Edward P. Ney, Associate Professor of Physics, 
Scientific Director of Project, Ph.D. 1947 

John R. Winckler, Associate Professor of Physics, 
Alternate Scientific Director, Ph.D. 1946 

Homer T ,, Yantis, Assistant Professor of Mechanical 
Engineering, Ph,D. (Meteorology) 1949 
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Ralph H. Upaon, Proteaaor ot Aeronautical Enpneering, Conaultant during IUMP.r, I.E., A.E. 

Raymorxi Uaaa, Re1earch uaociate, B.E.E. 1948 
William F. Huch, Research Associate, B. S. ( ,eronautical Engineering) 1942 

A complet8 list or lnborator;y and office personnal, in addition to 
the six senior men listed above, is ae follows: 

Associate Scientists 

Robert Howard 
Logan Gilman 

Junior Scientist~ 

John Gergen 
Donald Hinze 
F. Willard Lewis 

Re3earch Fellows 

Leland Rohl - t time 
John Linsley - i time 
Ferdinand Ohnsorg 

Elec· .. rcnics !lechanics 

Robert Arxierson 
Phillip Erickson 
Donald Kruse 
Joseph Merkl 
James Stoddart 

EnginE!ering Assistants 

Idar Arxierson 
Paul Chase 
T. A, Erickson 
_Chrirles France 
Joseph Leclair 
Robert MPnn 
Bernard Welir&~ki 

Clerks 

Antoinette Cheslik, Sr. Clerk 
Robert Dahl - ½ time 
Ethel Gold, Sr. Clerk 
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Sr. Lab Techn1ci1DI 

Ro1a11nd larthia,ton 

Nan-ecientitic pereonne! 

Berton Atkinson - b-aftaaan 
Marlen Besaw - Secretary 
Harold C&rlson - Administrative uat, part ti• Charle Edwards - General Mechanic 
Glen Er1ek10n - UUllty Kan, t ti.lie 
Donald Haneon - Sr. General Mechanic 
Ct>dl Smi tJI - Gener 1 Mechanic 

linter operations are stil made trom Pierre, South Dakota, using a 
mobile coaaunieationa unit. Prevailing westerlies prevent complete tracking 
or eustai.ned tlight when launched at ltinnesota. "Step !light!" have been 
made sueceastull.7 duri~ the sumer at altitud s where the Winds are So to 
100 mile westerlies by launching from Minneapolis and recording at Minnea­
polis and at Green Bay, WiSconsin. The station ·~stad at Green Bay has been 
our portable •semi-" trailer station. 

Very successful balloon flights were launched from Pyote, Texas, urxier 
a separate contract with ONR and are described more iully in Volwoo VIII. 

In general, the project is receiving full cooperation from the Uni·,ersi t;y 

adtlnistration, represent,atives ol aNR arxi CAA, the ma11ufactarers of balloons 
am the hundreds of people who have helped in the recovery of gear and 

balloon~. 
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A. JPurther Calculati?nP or Balloon Shape• 
11 'ATURAL" BALLOON SHAPF.S WITH FABRIC IEIGfff 

Introduction. A balloon tailored to an arbitrary shape (e.g., sphere­
on-<one, ,tc.) will not necessarily assume that shape at ceiling altitude. 
There may he regions of excess fabric, resultlng in the balloon not asaWli~ 
its de,ign volllta. Thert- may also be regions where the fabric is being 
stressed circumf erent1ally (i.e., across the seams). The latter situation 
may be avoided by providing everywhere excess fabric, as is done in the 
case or a cylinder balloon. Ir the fabric weight of the cylinder balloon 
is negligible compared with the weight of the payload, the balloon will 
asaume a so-called "natural shape•. One may Wish also to eliminate the 
excess fa bric by tailoring the balloon exactly to this natural shape, thus 
keeping the circumferential stress just equal to zero. 

If the !aoric -ight of the balloon is not negligible compared with the 
payload, then the cylinder balloon assumes a new, more oblate shape. In 
this case, the cylinder balloon shape is not the shape to which one 110uld 
want to tailor a balloon of this fabric, since the excess fabric of the 

cylirder balloon now has weight which alters the shape. What has been 
calculated here is the "natural shape with fabric weight" and the resulta 
are applicable cnl7 to tha design or tailored balloons. The results are 
applicable also only to balloons in which the bottom of the appendix is 
near the bottom apex of the balloon (i.e., neither super- nor sub-pressure 
balloons.) 
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ffle shapes g1 nn here are baaed on the solution ot cerw.n differen­

tial equations. Each shape is characte~ized by a value or the "balloon 

fabric parueter ~ ", where 2: is a dimensionless parameter that enters 

the differential equations w en the effect of finite fabric weight is taken 

into ace unt. The me thod of obtaining the shapes from the differential 

equations was as r llows: 

Ni ne di fferent values ot l: were chosen, and f or each value the differential 

equat ion we Jolved using an l ee tronic analogue computer, the shape 

c ordinates being read ff of dials on the computer. (Tl-~ shape coordinates 

are givt!n to tour decimal places 3l though, because of electronic limi. tatione 

in the analogue computer, t he results are probably accurate only to within 

1%). These nine shapes were then normalized to give the shape coordinatAta 

r, z, s r or balloons ot unit gore length, where r and z give the profile ot 

the balloon am e is the distance of a point on the profile from the bottom 

apex (measured up along the gore): 

I 
------- -----i. ·-
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Each shape is characterized ty a value or~, where l: = 0 
corresponds to the so-cal lea "'weightless natural shape", and larger 
~ correspooos to the more oblate shape with heavier fabric weight. 
The proper value of I is uniquely determined by the following quantities: 

(l) V = volume of fully inflated balloon (cubic feet, 
(2) L • payload suspended from bottom apex (pour.ds), 
()) W • weight of fabric material per unit area (p unas/ quare f ot). 

The value of I'. as a function of V, L1 4J cannot be given in closed form, 
and so the relati n is expressed in the f rm of a nomogra h. Also given 
is a nom graph t determine the gore length SA as a f nction of V and £ 
(this S).. gi vts the factor by whic .:o scale up the coordinates of the 
unit-gore-length ballo n corresponding to£). A third nomograph is used 
to figure the gross load G, when L aoo I: are known ( this gives the total 
weight of the balloon fabric ae G-L). 

The use of the unit hapes and no ographs is disc ssed in the 
following. 

Using Nomographs and Tabulated Values to Determine Shape Coordinates 
One starts with the given conditions: volume (V cubic feet), payload 

(L pounds) aoo fabric material ( w pounds per squire foot). In order to· 
determine the shape coordinates it is necessary to determine two values: 

(1) Z = balloon fabric parameter 

(2) s~ - gore length. 

The value or ~ selects the proper unit-gore-length balloon and S ~ givea 
the factor by which to scale up the coordinates of this unit balloon. 

r_ is determined from Nomograph No. l (Figure II-1) by entering 
with V, L, tJ. and reading off the value or~, as is shown in the key. 
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Using the volua V and the value ot £ Juat deterllined, the •&lue 
or SA can be round from Nomograph No. 2. (Figure II-2.) 

'ntua, by picking the shape correspond!~ to £ and ecaling it up 
tccording to gore length S,\ , one has the aesired coordinate data tor the 
"natural shape 1r1 th fabric weight" correspording t,J the input col111 t.l ons 

V, L, t.J. 

One can determine the gross loaa G (1.e., the . ~yload weight pl a 
fabric weight) by entering Nomograph No. 3 (Fi ure II 3 Wl th L rxi l:. 

If the fabric weight ,., is very small, one •lll get es t1 lly 
1: = o, corresponding to the so-called "weightless natural shape" given 
in a previous report. The effect or non-negligible fabric weight (£) O) 
is to make the natural shape rm>re oblate. 

In selecting the unit-gore-length shape, if the vAlue of £ o tained 
from the nomographs lies 'tetween any two of the nine values or E f • 1ch 
shapes are given, one can, 

(1) Plot the two shapes given ard interpolate betw en them. 
(2) Choose the larger value of l; (this will mean th t the talloon 

will have volwne Vat ceiling but Will have a slight exces or 
fabric). 

(3) Choose the smaller value of E (this will mean that the balloon 
nll be taut & ceiling with no exce~s fabric but with circumfer­
ential tension and with a volume slightly less than V). 

The following examples illustrate the use of the nomograJi,s and the 
tabulated data. 
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•ants a 100, c ic r t balloon of one-mil poly 

ayload of lu0 Wl s. F'rom Noaograph No. l, we firli 

graph o, 2, using t = 0,15 and V = 100,000 cubic 

t t e shoul be A = 1,5 ru . From Noao-

r ph o. , Sl n g E. • . 15 a L • l pounds, the gross load or ttue 

us the fabric in thia balloon wi 11 ballo n wi 1 b-a • 56 pounds. 

Wligh 56 ounaa. ( e weight or the tapes, if any, is as umed t be in-

c uded in L : 100 pounds. ) l c 1~ the wut-gore-length talloon corres­

ponding t !: = 0.15, and using t e scale factor S,t = 91 S feet, the 

coordinate data can e ut into feet. Thus, for exam le, the height of 

the balloon •111 be 5 .1 feet and the diamet r f the balloon will be 

J. 9 eet. 

( ) A half-million cubic foot balloon or two-mil polyltthylene is to carry 

a load of 2L0 pounds. From N·mograph No. l, E = 0.275. ~om Homographs 

Nos. 2 and 3, using t = 0.215, we find S~ -:. 153 feet am G = 56o pounds, 

Thus the balloon itself will weigh 320 pounds. For the shape or this 

balloon one will have to interpolate between the shapes corresponding 

respectively to £ = 0.25 and £ = O,JQ. For example, the height of this 

balloon will be 89 feet and the diaaeter will be 110 feet. 
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be laced a 

ha es iven are flAt­

As can be seen fr 

r 

0 

d. 

C I Jr.'" 

r 

V 

be 

ay d r-

C ra ar t 

e ec d accuracy, e · t 

of se f a h , the 

in ut data are the volume, V, •he fa ric we1ght per unit area, ,.,, and 

the payload, L. Thus (for~ )0) t ball on shape obtai.Md is appropriate 

to only one value of payload. If the balloon is flown witr a lighter pay­

load, then at ceiling the balloon will develop circumferential streso. On 

the other hand, if the balloon is flown with a payload heavier tJian the 

design load, then the balloon at ceiling will not fi . lout comoletely, 
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and the1 e will be a volw:ie defect. In senera , 1. a cert-11 n amount of 

circumferential stress is not intolerable,then th value or L sea 1n 

the design would be •he maximum bad to be used on the talloon. 

ihen design curves are inferr d from the results given in the report, 

the most accurate value of the volume or the billoon 1s est obtained ty 

integration of the ~caled-np de ign curves by some ao r ria e 

The unit shape data is taken irectly from the c mputer. he nomo-

graphs iven in the reJort are rely fr c nvenience 1n sele tin ch 

unit shape is ~ plicable to the design conditions. n fact the nomo-

graphs were c nstructed entirely on the basis of the REAC results that 

are given 1n Table I, which tollcws. In cases where optimum precision 

is desired, or where the aesign values lie outside or the range encompassed 

by the nomographe, the table should be used. 

In ing t e ta le:,, the input data are c anbined to form the dimension­

less nwuber wV27, . With this number,the value of t that corresponds 

identifies which unit shape is applicable to tt design coniitions. 'Ille 

value of the dimensionless number V/S~, ~~n taken with the design volwne, 

g1 ves the gore length of ttie scaled-up unit shape~ The last column gives 

the ratio of gross weight to load weight and, in effect, d~termines what 

the total balloon weight will be accordin~ to the relat • on for t.Jie balloon 

weight I. 

W = L (~ - l) 
L 

Thus the table ea1 be U:Mtd to give completely the des1~n coordinates 

for a "natural shape" balloon. lgain, the volume of the balloon should 
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TABLE I 

L 

~ v/s~J wv2f3 0/L 

oO 0 .128 1.00 33.L) .os • 1)0 1.16 15.o6 .10 .133 1.34 9.15 .15 .13, 1.56 6.1.L .20 .138 1.84 L.L41 .,s .110 2.14 3.309 .JO .143 2.53 2.541 • 3~ .lLS 2.99 1.9935 .40 .148 J.52 
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probably be figured directly troa the tinal design curves tor the shape, 

rath4'r than takBn as the input design volume V. 

B. 0Jct App~ndix Size Calculations 

A design problern f some consequence is the calculation of the eize 

of aopendix to be used under a given set of circumstMCes. The discuseion 

of this problem will be separated into fur parts: 

1 - Inertial overshoot of balloons on reachillt; ~eiling altitude; 

ii - Altitude ~t wh c valvir.g occurs; 

iii - Calculations fr open appendices; 

iv - E.ff ct f skirts ?nd ucts. 

i. 

It will be convenient t refer to Figure u-4 to describe the sequence 

o events as a balloon approac s its "floatin alt1 tude''. At point@the 

alloon bee mes t.~ · t ; t ecause t 1e .oon still has free 11ft, it 

c niinue to rise. From@to@the free lift is decreasing ecause the 

now-constant balloon volume isplaces air w 1c is becoming more rarified, 

an effect only slightly ffset by the frtct that a small weight of helium 

is escaping thrrugh the valve. If G is the weight of dicplaced air arii 

l is the weight of helium in the balloon, then the rate of osing free 

lift, F, is 

dF d ["' 1" __,._ m, 1 d (,., M) ( l l) dG d : dt y - \• T' " 1j : dt ,.,_ - - r dt (1) 

since the eross weight W is constant, and the air is taken to be r ti:nes 

as dense as tr·e helium. If the balloon is rising at a rate v , then the 
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fractional rate or change in the weight or displaced air is Just 

(2) 

•raere Z
0 

is the atmospheric •e-!olding distance• ar¥1 is 20,000 feet in 

the stratosphere. Thus the free lift is being valved away at t~c rate 

(froa (l) and (2)) ot 

~ : - (1- ~) 0 fo (3) 

The ga! in A t~lloon rising at a constant rate will, in general, 

be at a different te~erature from that of the o tside air due to the 

''thermal drag" effect. As the balbon slows its rat of rise, the gas 

will want to r.ome to soce new (and higher) steady-state tt!mperature. 

~t because the "relaxation time" of the ga~ ( of order 15 minutes) u 
long as compared to the time interval in which overshoot occurs, it wi 11 

be as umed in the fol.:owing treatment that the temperature remains con­

stant during the inertial effects. Thus when the free lift is smdl 

and 

() - j) 0 - I • constant, 

dF _ W ,r or - - ro (4) 

The poi1. t@is tr.e point at which all of the free lift has been 

valved away {F • O, where F 1, understood to be the free lift not including 

the "thermal drag" , that is, F is the net buoyancy of the balloon in the 

dynamic situation). In a sense, point@is the "ceiling" of the balloon, 

though the relatively slow warming of the gas will produce some free lift 
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and the balloon •111 finally rise to@wh1ch is the floating altitude, 
1'iia section, however, is concerned only With the ei~ht by which the 
ball on initially over!hoots the point@ 1'le heieht at,v the point@ 
Will be called h. Thus at@(h • 0) there is no free !;ft (F • O) but 
the inertia or the balloon carr1e tr balloon on up a distance ~ h (the 
maximum vershoot) and the b3lloon at this point, having negative bu ya.ncy, 
starts down, "'he subsequent behavior of the balloon is deternnned by the 
com~tition between the slow warming of the gas and the loss of lift by 
valving during overshoot. 

The general expression for the amo~t of maximum overshoJt is ~ri vcd 
in Appenciix I by solving the differential equation of motion for a valving 
balloon. There are two limiting cases, however, in which the maximum ver­
shoot can be obtained more directly: 

1) Assume that th~ rate f rise, v-0 , is very small as the balloon 

starts to valve a~ In this case, the effect of aerocynamic drag 
Will be small, there Will be only slight free lift, and valvi~ 

will start very near the ceLing,@ Thus one would expect the 

kinetic energy, ½ w11c/, would just be expended in doing work in 
going the distance of the maximum overshoot, 6 h, against th 
force of negative buoyan~y, gG ~, that is, 

tih 0 

hv/ Jatdh=½,(4h)2 
(5) 

0 

so that the maximum overshoot would be 

'1h• [~] ½ V. 
Gg o (6) 
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Since [ ~; 1 i • o. )86 minutes for a helium-filled balloon in the 

stratoSt>hen= and ia independent of t~e size ana loaaing ot the 

balloon, it ~ that ~ maximum overs~oot !.! proportional to 

the~ or~ when that!!.!:.!!_! sutficient9· !!:!!.!• 

2) ,'!hen the rate or rise is ve~ large, the situation is revE:rsed, that 

is, the maximum overshoot is now 1nde en<lent of the rate of rise but 

is different for ciiffer nt size balloons. This c - be seen from tJ'le 

foll ting argw'lent: Eve th ug he ballo n is valving lift, it has 

a kirxi of terminal (non-transient) velocity aue to the aerodynwc 

drag force. Thus, not only 1s the free lift balanced by the aero­

dynamic drag 

F • K v 2 
( 7) 

wheze K is same cons t~nt, but s.rnce a q1.iasi q J_li bri m as been 

established, the~ of losing free lift must also be equal t, tte 

rate of losing aer dynamic drag: 

(8) 

The rate of losing iift is proportional t the upwards velocity of 

the balloon (Equation (L)) so that 

or 

dF _ ~ 2K dv ar - - ·Ta = v ar 

dv _ I ~--m:-
0 

(9) 

Equation (9) states that the balloon establishes a deceleration that 

is constant during valving anti so the upward inertial force will have 

the constant value 
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At. ttaf top ot the overshoot, this force Juat balances the torce ot 

negative buoyancy, 

so that, for great rates of rise, the maximum overshoot is 
w 

4h • m 
These results agre with the more general expression derived in 

(10) 

{11)• 

A pend1x I. The gener~l expression is plotted graphically in Figure II-5. 
It is the negative buoyancy developed as a result of this overshoot 

that drives the subseq :>t o,Lillati ns that s.:>ci mes (XCur u the balloon 

gas warr,s. 

The expression for inertial overshot has been derived unaer the 

assur.iption that t e balloon is freely valving, that 1s, that no a . reciable 

superpressure is built up in the balloon during the valvin~ time. With 

the sizes of appencices c ~monly used, it turns ut to be true that the 

valving super, ressure is indeed inappreciable (c.f. ~xample l in Appendix II) 

in t~e case f a tailcrea balloon where the volume is constant. The volume 

of a cyliooer ballo n, however, is somewhat sensitive to supe~ressure as 

can be seen frort the "volume defect" cu.-ve for cylinaer balloons. It is 

conceivable that a restricted appendix opening in a cylinder balloon could 

result in super-pressuring to the extent of expanai ~ the volume of the 

cylinder balloon so as to cause an overs~oot of size comparable to the 

inertial overshoot effect. ~J: a case is calcula tco. as Example 2 in 

Appendix II. 
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Appendu l - General F:Xl)ress1on ~_!, Inertial ershoot • 

Consider a balloon r1s1~ and va!vil1€ lift. There will be an 
up ards force on the ball n beca !e of the fre lift (net bucyancY) F, 

and a downwaro aerodynamic drag, Kv 2. In additi :: there will be an 
upward inertial force due ~o the dtc leration o~ l~sing lift. The -e 
ala nee, gi vi ug 

2 G dlf' F = Kv ♦ got ( 2) 
T 1s can be r.:iade int a d1f erential e~uat1 of~ tion by considering 
its ti"-e rat f change 

(lJ) 

where eauation (L) has be n used to evaluate the rate of valvin lift. 
If e~uat1on (13) is rearranged into the form 

dir d2Y" 
at dt2 

!!( dv"'♦ !g_ 
G at oro 

+ v U=o 

then an integrr1tion can be performed immedia ely, g1 ving 

fa 12[ Wg 2Kg d'1' Wg ( w~ 2Kg d,t,] 2 l2Kgj GZo -t G • at- GZo ln ~ + G • at) + ~ = constant 
The constant of integration can be evaluated by noting that on reach·~ 
point@with velocity1fo the balloon had no deceleration (d-t/dt • O). 
This gives 

This integrated equation relates the deceleration of the balloon to the 
balloon's upward velocity. The maxi.mum overshoot can now be evaluated by 
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t · r. ~a wh a 0 n l Ai t e t ;:> r 

t~ a l d e ' t - J 

y v rs u a a u t 6 h, l at 1s, 

a v .,h 
at = - r.-

f tr ct Ij • F.v 

t r-y, 7 ' V S 

~ '1 t 1~6h) + 2 
~ lr = 0 

ta e 

lnl 1al r s e 

V i 

-5. 

t l 0 r V r s 

xt , 

V S 0 (1 re uce 

resu i cases. 

A penaix 

By a lyin ne rn u li's princi le tote valvin o 

C n S OW t the volume ra te 

o I ra t • l ' ~ 

f escape of gas is 

cape = A f£ao lj ½ 
~gas 

t ('\f":a 

1r d 

(17) 

f 

(l ' 

'1 t e 

r 

f v;: ' 

·.-,· i :' 

) ' C C i 

a, or. ~ 

(19) 

w r A • s t smallest cross-sectional area of he a ;::iendn , /' gas is 

the densi tJ of the balloon gas be ing valved, and ~ p is t e pr ~s ure if er­

ence across t~e appen '1x open ·ng that is crivin - h~ valving. 
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f e ball I: i r1 sinb with vcloc 1 ty 1/ alli va rtn , e the 
v 1lume , , i S C n ta . .. r ,.,.,ng C rate at ch e atmoSJ: r1c 

1~ cc r as1 C 1-- w f va vi g 

er e l!a n 

d L)+ ~ (2 r gZ )! ( ti)½ ■ 2!. at 
(2 ) 

p z 
Ir re z lS ~in e 2 t "e-f 15 ce an r 1S e 
rat s ty t as Sl t • ,·, en t eq ili r iwn Vc'.l Vl 

35 en b 1 t u J r · va iv t r. V s es 00 

(21) 

r a tin t e fr cti na eq i riurr. v vin t o size a 
V city f t nc a. endix ening . 

A i d 1 ') ic 11 n .; 

er . At ra 0 rise 1 0 feet/ inu te, 
ace r in to e at. • .J[ (21 J t e a a up"' rac tiona ,,alving 
re ure f only 

4..£ ~) X 10- 6 

so that t he balloon 1 s really 11 freely valvin " 

Exa ple 2. A 5-fo t g re ength cyl1n er ball W) la have a vol'Lll1le 
(zer pressure ) of a out 900 cubic fe t . ~t ~ ra e - rise o:- 0 t/min , 
ano with an a, p noix only one foot in i 31retf:r, one wou la expect a f ractional 
superpres c•ure of 
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}'or a tu lorPd ballo,n t s v~ l v1 ~ res lV nP.~1l~1t @ 

p,ffect Jn t e vers t , ut t 1S pr, ssw·e rerre,.P.nl \.:or ~ heaa 

n f v. Y ld Cl rat t. ca r :> r. t xoand 

ntJ a r- r s ur ,. : t a r lr v:>lume (1 t lS 

r.as , 6 \'/ , ~ l ea / 1 ,; _ C h • 1/ ) nd t e 

ball n w l r Xl y 

l 
I;; • 20 , ~ SO feet 

a similar cy 1ooer ball ons on 

m versi t.r l, ts , 1, an ? . c inertial ers ot 

ex ected n . e sina 1 ballo ns 1 gi n by 1 ur - as 5 ·eet , so 

at f r c;ll e~ t d t r stricted v lv1 g .m 

l 

ii . Alti Ge at whi valving occurs . -------
e al ti t ude at~ 1 ~ valviru; first occurs is d t rmined by the 

rate f rise ana y th cc1lin alti tude of the bal oon. Aste alloon 

apnr0ache s its ceiling altitude t gs with i n is cold due to the ~iabatic 
~xpansion. It is conv nient to c siaer the ag as comoosed of aero­
dynamic plus therr.iodynam.c components. The thermodynamic drag 1·cpresents 

the cocling of the gas due to its expansion. AftP.r the balloon has leveled 
at ceiling the gas will warm with a time constaut o!' approx.imately fifteen 
minutes, thereby valving its ''thermodynamic drag " Since t~e warming takes 
place slowly the orifice required for valving the thermodynamic drag could 

in principle be quite small. 
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In order that the balloon shall haYe a rate ot 11 H at ceiling ~.t 

:auat have a tree lift equal to the awa ot the aerodynuic and thlrao­

dynaaic dra,s. Al was pointed out, the theraodynuic oart can be nlftd 

slowl7. The part or the rree lift which 1a equal to the aerodynuic drq 

must, howeYer, be Yalved promptly. The ratio or t~e pressure at which 
valving starts to the ceiling pressure tor the ballo n will be equal to 
the ratio or the air displaced, including the aerodynuic drag, to the 

air displaced at ceiling. The aerodynuic drag noaograph in Section VI-C, 

Figure VI-7, allows estimation of the aerodynamic drag as a function ot 

pressure, temperature, air displaced and vclocit1. For the purpose or 
calculJlting the valving altitude, we can approXiMte the equation !or 

the aerodynamic drag by substituting the stratospheric tempe ature 1n 

the exact equation 

(1) 

where PA is the traction that the aerodynamic drag is of the air displaced; 

p is the pressure in mb; ., is the velocity in rt/sec; G is the air dis­

placed in pounds and T is the stratosphere temperature. 

Une obtai.na 

p : .268 X 10-) A (2) 

p A also can be expressed as a tune t.ion of the distance in feet below 

ceiling altitude at which distance valnng begins 

h 
PA • 2.l x 1o11 (3) 

where h is the distance below ceiling in feet at which valving canmences, 
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2 .1 x l~ feet 11 the stratospheric scale height. Combining (2) and (J) 

(4) 

Expressing v in tt/ain giYu 

(4a) 

w1 th h in ree ; p in llillibars; G in pounds air displaced and v in rt/min. 

G (o)l/3 he factor p is proportional to the balloon vol ume aid p 1 a 

proportional to the radius or diameter of the cell. Far this reason 

equation (4a) can be rewritten, assuming a spherical shape 

In equation (4b) vis 1n tt/min, Vin cubic feet and h in teet. 

(4b) 

For a 22~ ,000-rt balloon approaching ceiling at 1000 ft/run, the 

above equation gives h = 580 rt. The fact that a balloon Qt, rt!' v• ~ ng 

so close to its ceiling is responsible for the very sharp corner on time­

altitude curves in which no air intake has occurred. The result of 

equation (4b) 1s shown in Figure n-6. 

After the aerodynamic drag has been valved, the slow valving of the 

thermodynamic drag does not produce much change in altitude because the 

change in altitude only corresponds to the weight or helium Which is valved. 

!o take an example, suppose the gas warmed 1->0 on a flight dieplacing 

500 pounds of air. The rract1onal chang• in pressure due to the valving 

of the gas aa 1 t warms would be ~ • 6 T l 
P T p 
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The corresponding change 1n altitude would be ,Oil (2,l x 1oi.) = 2)0 rt. 
Ir PT 11 the percent theraodynaaic drag on Nachinc ceiling, the 

change in alt1 tude due to the waraing will be 

h • PT 2,1 x 102 

111. Calculations for ~ ~,r¥iic!! 

ne can determine the valnng superpressure at a given rate of riae 
by equating the volume flow or gas out ot the appendix to the rate of 
r'lange of Yoluae ot the gaa in the riling balloon. 

F4uation1 (l), (2), and (3) relate the quantities determining the 
flow through the appendix. 

• P : i f°gf 2 

where: b,p • valving auperpressure (poWldala/tt2) 

/A- • now veloci t7 (ft/ aec) 

A: etfectiYe discharge average {ft2) 

V ■ gas Yolume (rt3) 

/g • density ot gas valved (#/ft3) 

(1) 

(2) 

(3) 

The rate or change of volume from (3) can be compared w1 th the rate 
ot change or tolume of a fixed quantity of gas mving up through the 
atmosphere. 
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dV V ~= y 
Ql, ho 

where V • ~lloon voluae (rt3) 

h0 = the atmospheric scale height in feet 

v • the rate or rise in ft/!lecor¥1 

Coabining (3) and (u) 

V v•;:;;;; A 
ho f~ 

and 

?a C I-)5 

(5) 

Equation (5) can also be expressed in terms of air displaced. If one 

observes that 

then (5) becomes 
2 

G 
V 

.A - V M G 
"'p - ------

2(28.9) h/ A2 

(6) 

(7) 

with d pin poundala/rt2; Vin rt3; v in ft/sec; h0 in feet; A in rt2; 

and G in pounds. Equation ( 7) can be rewritten 

where 1 p 18 in pounds per square toot 

Vis in cubic feet 

Mis molecular weight of gas valved 

G j_a air displaced in pound.! 

A is equivalent valvi~ area in square !!!! 

v 18 rate or rise in thousand f!et per minute 

h
0 is assumed to be 20,000 feet. 
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In order to decide on the a1ze hole needed tor val•ing ne uy ~ ~re 
(8) with t.he structural equation 

11. p • 21' T t • 21' • I T !S 
where T is tennle atrengt in pounds/in2, 

tis the film thickness in inches, 

.. , J ! the bAlloon dlameter in feet, 

j Pg 1 f' the bursting superpressure in pounds/rt2. 

(9) 

If the balloon 11 to be safe, d p must be some frac tlon F or the 
burst.in pressure 4p

1, equation (9) 

vv2ua Tt (J.78 x 10-10) A2 • F (24) D 

Since v ■ ~ ,r a3 ■ ~ 03 

one can write 10 MG 2 fP F : 1. 34 X D- n V d4 
where Fis the fraction that valving suoerprea!ure is or bursting 
superpressure, 

Mis molecular weight of valved gas, 

G is air displaced in pounds, 

Tis tensile strength in pound1/1n2, 

t 1a material thickness in inches, 

v is rate of rise in thousand feet per minu~, 

Dis balloon diameter in feet, 

(10) 

(11) 

(12 

dis eq'Ui.valent hole diameter in feet (usuaily assumed about 
.7 or actual dia.) 
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lt should be noted that in (12) Y 1s the ■olecular •1ght Jf the 
gaa valved. It a balloon can valve air Y aust be taken as 28.8. 

In most cases the 1rut11l va v.ng conchhon may correspond to valving 
a1r. fl,eretorc a us tul solution to (12) will be •1th M • 28. To take a 
specific example, consider a kyhook flight •1th Y • 28.8; G • JOO; 
T t • l (l-sil polyethylene); v • 700 ft/min. Solution of (12) gives F • 
S,67 x 10-6 ~- The val1111 1 tor F ginia the llini■um appendu she, ~ • 61i, 
For a 73-ft diameter balloon this indicates that the a pend1x should have 
an effective diameter of at l east 1.2 feet or an actual diameter of alout 
2.0 f~et in order not to exceed the bursting superpressure. 

Examination of (12) leads to several interesting conclusions. Balloons 
that intake a large amount or air Jrill have a lo• rate of rise which tends 
to compensate for valving the heavy gas (i.e. v2 decreases ax:>ro than M in­
creaaes). Balloons valv1ng pure heliua have high ratea of rise but Y is 
only 4. HoweYer, balloons that take in only a small amount of air ha,,e 
high v and high Mand may burst, 

Nomographs for the solution of equation (12) are i~luded for M • 28.8 
(valving air) and II = 4 (valving helium). They are Figures II-7 and II-8. 
The n0110graphs solve the equation for F = 1 and give effective appendix 
diameters, In practice actual apperxiix diameters should be l.S to 2 t1mea 
the values indicated. 

n truction~ !or use of hole size nomographs 
These two nomographs give the ratio of the balloon diameter to the 

effective appendix diameter for the case o! valving air and for valving 
helium. For open balloon bottoms, even with skirt appendices, it ia known 
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tha" air is taken 1n a it is belined that tt,e ur valving nomographs 

should t>, used to deter:t11 ne the ef cti ve h le diaweter in these cues. 

In case or a auct append.ix, since th~ ,As 1s taken fr m the top or the 

balloon, one can safely use the nomograph for valving hel1uc.. In these 

nomographs the diameter given for the appendu is the effective diameter, 

which should e 1ncreasca by at least 50i to tain th act al a pendix 

diameter. The rate f rise in a nomogra his given in feet / nu ute. The 

gross load is expreesed in po1 , s. CJ) J he • .xiuct o t e required 

tensile !trength of the mater .. al in pounds/in2 by the thickness of the 

~ter ·a1 expressed in inches. It therefore haste dimersions or pounds/ in 

and is comonly referred to as the surface tension force. Typical values 

for the bursting surface tension fore~ are l lb/ in for 1-mil polyeth lene 

•hie~ has a tensile strength of 1000 lbs/in2 and a t.hi·kness o~ 1/lCX>O of 

an inch, up to a value of a~~roximately 10 for 1-mil llylar which has a 

tensile strength of 10,000 lba/in2. The nomographs give solutions for 

the ratio or balloon diameter to the effective diameter oft ea en ix. 

C, Flight Experiences w1 th Cylinder BaJ loonr, 

The cylinder balloon was introduced at the time of the balloon r?Eeting 

at the University of Minnesota held at the end of the first year of the 

high altit~de balloon project. At the time of this balloon meeting a 

number cif peopl e atterxiing were able to see some of the balloon shapes 

obtained by satting the Ztsr p t,BbU n:, level with the duct at various posi­

tions :in a balloon which was shaped like a cylinder and had its ende si~ly 

tied off. A number of causes motivated the introduction of the cylirder 
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balloon. It waa believed and .. ~ proba ly tnae that the coat of production 
or the cylinoer s ould be appreciably lese tan the co~t or production or 
the shaped balloon. Slllce the heat seals are all straight seals, cylinder 
balloon!. can be made on a long table that does not have to have a curved 
design. However, the 0r1ncipal reason that we felt the cylinaer balloon 
should be tried was that 1 t allows one to dispense w1 th the so-called "load­
carrying" tapes curr ntly present in most varieties of polyethylene a lo ns. 
The experience of the balloon project with these load-carrying t apes was 
that t ey often stuck on the ball on in places where t ey cold later pull 
holes,opening the balloon up arxi causing a failure. This dif iculty was 
largely circumve,ted on our project by flying a l arge number of double wall 
balloons,in which case the sticking tapes could only pull ah le in the 
outer layer of the balloon. 

Still more recently, we attempt~d to weigh off on the grourxi for 24 
hours a tethered balloon, and this experiment was performed at a time when 
the outside temperature wa5 25 degrees below zero. The inflation had 
hardly proceeded when it was observed that the polyethylene was beginning 
to come off the tape, and when the zero pressure had reached to about the 
middle section of the balloon all of the p0lyethylene pulled off of the 
tapes at tht bottom of the balloon, rose to the zero pres~ure level, arrl 
opened holes creating a failure. This experience is wdoubtedly related 
to the frequently observed experience that night-time balloon flights fail 
be1ore reach mg altitude. It is very likely that in the daytime the sun 
keeps the tapes warm aoo therefore stick·y, whereas at night in the absence 
of solar radiation, the tapes can run essentially at the temperature of 
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the outlide air instead ot )0 or bO degrees aboYe 1 t. !xperi•nta are 

in progress to test this hypothe11s. 

n,e cyU nder balloon or course is a natural shape balloon aince 1 t 

has adequate material at. all points to diaal lo• any circWllf'erential 1tre11. 

It has, in tact, enough material to 1aa• 1 t the ultimate load-c,rrying 

balloon without circumferential stress, given a material •1th a definite 

ratio of tensile strength to density. Essentially, one can think of the 

ballo n as a long rope of polyethylene which must support the load and, 

aside from the saail geometric factor occasioned by the fact that the cone 

angle is not zero, this calculation allows one to determine the maxim\11 

load that a cylinder rolloon may carry. The cylinder balloon has at all 

points the same meridional tension and takes on a flat topped appearance 

peculiar to natural shape balloons. Like all natural shape balloons With 

circwnferentia1 slack, it can change its volume quite appreciab~y on the 

application of a small amount of superpressure am although this fact was 

realized by the mcm~rs of our proj ct a certain amount of flight experience 

was necessary before we determined to what extent this slackness in the 

natural shape balloon could leari to problems. A large number of cylirxier 

ba loons I1ave been flown for various purposes, some to study slack cylinder 

balloon behavior, some to study the properties of Mylar as a balloon 

material since Mylar could be sealed with straight seals in the cylir¥ier 

balloons much more readily than in the shaped balloons, and some flights 

were made to attempt to utilize tt. hi.~h tensile strength and density ratio 

of Mylar in obtaining a superpressure balloon. The flights which used a 

cylinder balloon in some way are the following: ,9, 6o, 61, 62, 69, 70, 

71, 72, 74, 75, 76, 77, 83, 84 85, 88, 89, 93, 95, 96, 97, 98, 99, 100, 
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In diecueaing the result! or these fl1ghta they are separated into 

aeverAl categories !lie first or these u the behavior of alack Mylar 

yl1 ndera, second the ehavior of auperpreasure Mylar cylinders. we 

•111 discuss the slack ~lar cyl1n ers f1rst. Figure II-9, w 1ch can­

t&1:l8 a aurzar-y of a number or significant cylinder flights (Flights 60, 

61, 62, 69 and 76), shows these flights n a contracted time and altitude 

scale. Ul of h se balloons were 20-tt diameter Mylar cylinders Wl th 

cue one foot in diameter. ~~e series of flights represented by the 

figure s ows the development f the unaerstanding of the flight character­

ietics or l(ylar cylinders. 

Flight W was the first cylind@r talloon flown 'f our Project and 

was tt\e fj rst ~ lar cylinder to be !loan. It was ~ i~:.!'.c tured by Herb-

5t:elly at Farmingwn, LtiMesota. It !howe a rather typical time-altitude 

curve. It was launched With a normal free lift that would have been usec 

for our polyeth,/lene shaped balloons rL this size, aro accelerat~d from 

700 ft/min near the growxi to approximately 1100 ft/min as 1 t approached 

its celling. It was observed to turn around with some hesitation on 

the downward part of the time-altitude curve and establish a rate of 

320 ft/m.1!1 which it maintained to the gr0und. It was evident tha.t the 

behavior of thls cylimer was occasioned by the fact that the size or 

the duct dictated, in order to valve the free lift, a certain superpressure. 

This superpressure, in turn, was able to increase the size of the balloon 

because cf t.'-,~ !'a."t ~hca~ th~ 'v'\il'Ullle of the natllral shape balloon chmges 

very r~idly with superpressure in contrast to the ~havior of a shaped 

balloon. It is obvious that at 1100 ft/min the superpressure required 
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to allow valving of the free 11ft gas •as 'DOr~ than enough to gre~tly 

overshoot 1 ta ceiling due to the tact that i ta volume incrcaSftd tefJre 

the balloon became neutral. However, at this time the balloon begins 

to shrink because the auperpressure diSaR)ears, and finds itself in an 

unstable situation from which it cannot rec ver unless the gas inside it 

can warm sufficiently to restore equilibrium. It is certainly true that 

there will be SOl!le rate of rise at which the overs~oot occurring will be 

compensated for by the warming of the gas after the balloon overshoots. 

This warming can take place veey rapidly becausft aftsr the overshoot the 

balloon begj ns to descend, compress 1 ts gas, and there by cause 1 t to warm 

ard become more buoyant. There is in Flight &J some ir¥iication on the 

time-altitude curve of the slowing down of the downward descent rate 

occasioned by this wart11.ng of the inside gas. The phenomenon of over­

shooting, as was pointed out earlier in this report, is not limited to 

natural shape balloons but must occur in the case of a 11 balloons. The 

fact that the balloons normally float level for approximately an hour 

at least after reaching ceiling is because of the warming of the gas, 

which can coapensate for the overvalving of a balloon upon reaching ceiling. 

In order to study this phenomenon in more detail, Flight 61. was pre­

pared and it was decided we would drop the ballast to create a slower 

descent rate after the balloon had undergone some initial overshoot. :Ve 

also carefully measured the gore length in order to determine the exact 

theoretical ceiling of the balloon, to be certain that the peculiar be­

havior was ~casioned by overshooting of the original theoretical ceiling. 

Flight 61 did show that the balloon overshot the theoretical ceiling, in 

this case approaching ceiling at 864 rt/min. It descended at approximately 
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199 rt/llin, aouwhat leas than Flight 60 because or the 1lCJ1Jer initial 

approach to ce1 ling. The ballast drop or 4 l bl prod Ce(. a 220 f t/flin 

rise rate. The balloon reached theoretical ce111 .. for the new groaa 

load and leveled very brittfly before SWlSet came upon it, producing a 

downward rate of 260 ft/min. The air displac~ on Flight 61, as in all 

of the aeries or slack ~~lar cylinders, was approximately ffi lbs, After 

descending to an altitude ot )00 ~b, the second bu.last drop of 2 lbs 

more than compensated for he downward rate, & "" finally produced leveling 

of the balloon after three more hours. We felt that 2 lbs was probably 

a good estimate of the swiset ballast but it was oot clear in this case 

since the sun set on the balloon just abou at the time it reached ceiling, 

The timing was indeed somewhat unfortunate in thi~ flight. One could not 

even te certain that the rate of 220 ft/m n was low enough to keep the 

balloon from overshooting, s·ncc in piiJ1ciple one could argue that the sun 

had set on it just at the instant the balloon needed to valve and thereby 

leveled it without the need for overshooting, 

It was therefore necessary to make anot~r flight of the t)--pe of 

Flight 61 which is shown, on the same figure, as ~light 62, The initial 

approach to ceiling was in this case 720 ft/min, followed by 160 ft/D'in 

rate of descent, somewhat. less than eit.her 61 or 60 because of the smaller 

initial rate of approach to ceiling. The 4-lb ballast drop p oduced a 

rate of rise of 290 ft/min, after which the balloon leveled at theoretical 

ceiling, demonstrating that with this duct diameter-to-ballJon diameter 

ratio a rate as high as 300 ft/min could be recovered from, whereas a rate 

as high as 728 ft/min occasioned overshooting of gr~ater mgnitude than 

could be compensated for by the warming of the gas, Sunset had occurred 
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on this fiight after approxia tely 30 more minutes and the balloon dea­

cended at a rate or 180 tt/ain. The ballast drop ot 2 lb• or 3.3J 

exactly COIIJ)f'na&ted for sunset and the balloon floated lnel tor a 

period of two hours. After this ti.me it found itsrlt in the uppe•· 

peninsula of llichigan passing between the two lakes, anc at approximately 

OL30 it began descending at a slow rate and reached cutdown alti tucle at 

0545. It h believed that this descent at the end of the fiight was 

occasioned by tho loss of infrared radiation as the balloon !,)Used into 

the region which was more covered with water than land. 

The fourt.h flight of th · s series was flight 69 wtuch waa i~ haded 

here to show that a cylinder bol~o n can be launchea ~ reach ce1 ing 

Without overshooting. It is interesting to note that in all the previous 

flights, 6o, 61 arxi 62, anti in a subsequent flight, 76, the time-altitude 

curve showed the charact£ristic increase in rate of rise as the balloon 

rose to higher and higher al~itudes. This wae not true of Flight 69. 

The initial rate of rise in Flight 69 is higher than in 62 or 76. However, 

69 shows a break at the tropopause and a decrease in rate in the strato­

sphere over the troposphere. Examination of the temperature soundings and 

weather situations for the days that these flights were made shows that 

the reason for a decrease in rate in Flight 69 was a decrease in infrared 

at high altitude caused by high cirrus clouds coupled with a stratoS!)here 

that was warmer than in the case cf the ~ther flight~. Because of this, 

it was not possible for the balloon to warm continuously and thereby to 

show the acceleration. This is of course in 1 ine with the thinking about 

the rate of rise of a balloon being determined principally by the temper­

ature field in which the balloon finds i tself--that is, the free lift which 
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1 t haa at re1t at all altitudes in the • tl:osphere together W1 th the 

combination or therllOdynamic and aerodynlJllic drag which the balloon 

~a in ■\)tion. ,Ught 69 is also interesting because or the fact that 

it shows a ~Ho-,11• effect, deacend.1~ after ap9r0Ximately &n hour or 

level flight. It now seems quite clear that the "Howell" effect, which 

was not Wlderstood for a long time, is undoubtedly occasioned lrJ some 

change in the buoyancy of the balloon, sometimes produced by a change in 

infrared radiation. Utxiraft or downdrllft at low altitudes will cause 

the balloon to descend and continue to descend after the period in which 

the balloon warm~ wp to its final equilibrium temperature. The step 

flights have stown t lte :act that, in the daytime as t~e balloon descends 

to lower and lower altitudes, it f1nds itself heavitr and heavier so that 

a ballocn that ~ 6ins ~o descend i s in an unstable situation in the day­

time. There appear to be certain portions of the at~osphere at r~ght in 

which thi s is not true, and certain portions of the atmosphere show the 

op~osite effect, namely that a balloon coulci descend gaining back free 

lift and reaching equilibrium because of thew arming with altitude charact­

eristic of that altitude and t he particular time of day. In Flight 69 the 

three-pound ballast drop occurring at 250 mb was more than adequate to 

compensate for the loss of lift the balloon suffered after reaching ceiling. 

It rose at 80 ft/min until ground sunset produced a downwa- d rate of approxi­

mately 187 ft/min, indicating here again tat the sunset ballast demard was 

approximately 3 lbs. It should be pointed out that in Flight 62 the 2-lb 

ballast drop produ~ed a thermodynamic bounce of the kind otservcd with 

large ducted ballo ns, only not as pronounced because of the fact that 

small ballJons have a somewhat Jarger fraction of aerodynamic drag than cb 

the large balloons. 
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It should be pointed out that cylinder balloons can be flown veey 

~uccessfullr provided one realizes their linlitations. In the Sfl!ries or 

flights described here, t 1e rat1 :> or balloon diaQSter to duct diameter 

was 20 to 1. Wi~h this balloon-to-duct diarieter, the balloons overshot 

ce iling by mo!·e than they could recover due to warming at an upward rate 

of Boo ft/min. They could, however, approach ceiling at 400 ft/min arxi 

be corm? stable. Since the valving SUJ:E rpres ure goos u the four th power 

f the ratio of balloon diameter to duct diameter, slig tly increasing 

the size o~ the duct will h ve a pr nounced effect vn t he rate at ffhich 

a ba loon can approach ceiling and become stable. i'fc have learned that 

General .4ills ha ~ wn a number of c;rlinder balloons with a diameter of 

45 ft and a 2.85-ft diameter auct, giving it a balloon-to-duct diameter 

ratio of 16. .Y'i th tr sc balloons they hav~ beeu aule to approach ~tiling 

at 800 ft/min and have the balloon become stable. This experience is 

defim t.ely in line with the cylirx!er balloon behavior that was bserved 

here and it should always be possible, by making the duct lcr gc enough, 

to have the balloon reach equilibrium stably at any rate of rise. \flen 

flying cylinder balloons with ballasting systems, one should be sure that 

the rates of rise are slow enough so that the balloon does not overshoot 

and does not overvalve. Cyli~er balloons have also been flown success­

fully in other projects, principally by Howell of TUS and in some of the 

Air Force work. 

Flight F,Xperiences w:i th Large Cylinder Balloons 

A number of attempts were made to launch large cylinder balloons 

to study their behavior at ceiling as companJd wi. th the r1r,aller Myl~ 
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cylinders. These atteq,ts brought ut a shortcoaing or the n1 versi ty 

launching mett,od when applied to a cylinaer balloon that arises because 

or the large amowit or pla:itic present 1n this balloon. Figures II-10, 

II-11, ard II-12 show varioue stages f he attempted laWlChll'l; or a 

cylinder balloon using the packed three-folding !Dethod. It can be quite 

clearly seen th~t cause or the large am unt ~r extra material on the 

cylinder this balloon becomes very cuml:ersane when ttiree-folaed. The 

extra mater: al falls down to one side ana when the alloon becomes a1 r-
borne the as tra,~fer from t tt m lev t tre top may ~ impossible 

because cf the grea weight of plastic hanging down like a ~igtail on one 

side. A modification of Winzen•s method was also attempted on a cylirxier 

balloon and this fli ht is shown on Figures II-13, II-14, and II-15. In 

this case ur girdle was used as a means of attachment of a r~ to the 

balloon, and was arrangeo to slide d wn later on in flight, as is the 

usual procedure. The balloon was not packed. To launch it one paid out line 
to cause the cylinder to become airborne downwind from the point at which 

the line pulley was secured. Fxami.nation of the pict\.:.res makes it clea-

how this roothod was carried out. Because of the single layer of poly­

ethylene exposed to the Wind, the upper bubble does get quite severely 

blown aoout, and Figure II-16 she,,; s a failure at the top of the balloon 

which was created during this launching attempt. The balloon was repaired 
and launched, however, and rose to an altitude of 5,000 feet, floAting 

there for several hours before descending. Although there may have been 

a small leak in the balloon, it is likely that this behavior was 

occasioned by too little free lift, probably produced because of the 

difficulty of weighing off in this system in the Wind. Our experience 
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Figure II-10. Inflatj.on of packed cylinder balloon in the horizontal position. 
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Figure II-11. The weight of the canopy shifting off center pulls the 
top of tl~ bubble down. 
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Figure II-12. The balloon is launc~ed in this conf1guration. The canopy 
being heavier than the gondola lowered the top of the bubble so the gas did 
not transfer properly. 
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Figure II-13. Letting the balloon up on the line. 
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Figure II-14. Wind billowing the lower two-thirds of the balloon. 
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F'igure II-15. Lowering the balloon after an observed loss of lift. 
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With t,hie mthod led us to believe that it was not an adequate &'Jlution 

to the launc~.ing problem tor lr ge cylinders and in tact indicated that 

1 t is not a very satisfactory launching system to ptr sue. There is 

ac· ... ually no fundamental problta:n 1n laWlch1ng the c7linder balloon rr m a 

latf'Jn:t and a nucber or cylirxiers ts ve been launched from platforms bi 

eneral •·11s. Our attempts to launch these by the methods indicated 

here were ccasioned because four desire to be sure of the ballo n•s 

.ree lift. However, because oft.he difficulty of launc i.ng a rylinder 

balloon by arr other cethod han the platform laWlch, it war decided to 

carry out these experiments in the future w1 th the ~la tform ard to accept 

the uncertainty in the initial free lif. 

D. 0pti1DUai D.imensions and Pressure of Cylinder-Tzye Balloons 

Introduction 

This study is concerntd primarily with a balloon designed as a 

cylinaer of wrlform material arouoo a vertical axis, the top arxi bottom 

edges being gathered into separate c~ncentration pvints which will be 

termed the zenith and nadir, respectively. Further limitations will be 

assumptions that the circumferential stress is zero throughout and that 

the fabric weight is smsll enough to permit neglecting it in a first 

approximation of the '118ridian stress. The fabric is assumed perfectly 

flexible but substantially inextensible in all directions. 

With these assumptions, it should be clear that the major results 

wil+ be applicable far roore broadly than to an actual cylirner balloon, 

since, within the limitations imposed, the only essential effect of the 

cylinder construction is to provide the same total section of material 
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around arv circuaterence, cut normal to the aurtace. Due to the ne1lact 

ot fabric weight, a turther etftsct ot this constant a.ction 11 to uk1 

the meridian stress the same at all points. 1'lua the aa• general re1ulta, 

with aecorQU)' differences to be ncted, can be had with: (l) a unifora 

cylinder nth or Without rreridian tapes; (2) a multiplicity of meridian 

tapes inter-connected by a shaped gas holdi{lg film or negligible weight 

and stres~ compared to the tapes; and (3) a circumferentially uniform 

stress-carry: -~ matf)rial whose thickness varies inversely as the radius 

of the designed shape. 

Any of these types will automatically produce a "natural" shape urxier 

the assumed flight conditions for which the design is set up. 'nle act~ 

balloon weight, however, may vary greatly dependjng on the pressure or 

gas head emloyed, on whether the envelo?e stress is a pri~ary ?araceter 

or an incidental result,and on how thd suspended load is carried (e.g. 

whether all at the b0ttom or prt of it transmitted to the top). The 

p~imary purpose of tlus st~dy is to determine the relative variation of 

balloon weight with gas head or pressu.."'e, while giving incidental atten­

tion to other effects. 

~~ept as othe?"Wise stated, the analysis will procEed on the assumption 

of an actual cylirxier as designed,wi th dimensions and parameters pertaining 

thereto anci with a required a_t~.tude am load to ce carried. For the usual 

bottom ~uspensio~ of the latter, a locally conical-botto~ and flat-top 

natural shape is ~roduced in flight. 
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Spbols (Fi -~e • -17) 

S - total length of cylinaer, o:- t!lendian length ot shaped 

balloon fro:n nadir to zeni t: , . 

R - r,dius or cylinder, or maximwn I oriz,ntal coordinate of 

sha~d balloon. 

A - axial length in flight, or s·.r ight-line • ~tance from 

nadir t~ zenith. 

e -
C-
w -

T -

profile angle, referred horizontal. 

un · t lift f as r r ss lift/v l = g (f0 - fg)• 

unit weight of cylinaer surface. 

meridian tension per unit of cylinder circumference. 

T/w = critical length of material. 

vol - enclosed v lume, assum~d all gas of uniform ~. 

surf - surface area of cylinder (also of a sphere). 

L - gross lift = S vol. 

Wt, - total weight of envelope cylinder. 

Wn - net susperxied weigi1t. 

h - height of gas zero-prP.ssure level below nadir. 

Other subscripts: J - lower (at nadir); u - upper (at zenith). 

Qptimum Dimensions and Basic Conditions 

F'rom reference 1@ it will be appa, ent, for the weightless envelope 

and other assumptions, that: (a) The profile shape is fully determined by 

s given ratio of the ga~ head~ to any other characteristic dimension 

such as the meridian or cylinder length£, and is independent of altitude, 

@ "Balloon Shape or Stress Analysis a~i Design of Thin, Axially Synmetric 
Fluid Containers", GeneralMills, Inc. Report, 30 Sept mber 1952. 
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unit lift, 11tc. (b) For ~"'Y given value of h/S, the opti~u.-n dimen,io~ of 

the cylinder sro establ1 shed by the ratio o~ R to S whict, rnak17:s R ju~t 

equal t~ thee uator coordinate Xe of the resulting natura: shape. See 

sec nd ar.d thira cl mn~ of Table II. 

T e timun v::ilue of h/ will be here ucrstood a~ that which in-

V )lves rr.in i mum envelope weight fr a given v lure aoo li~t, r ferred t') 

two differen ~jor condi ti ns: 

oying a minimum or g· v 1.1nit wcig~t ot ma~crial, uniform 

for the ass~~oct cylinder. 

II. A bal on in whi ch the e~velope mat~r:al is uniformly stressed to a 

max:Lnum permissi b ; va e. 

t :· cns, each with optimum dllinsions, .,-;j l r.i:,..; Le successively 

analy2.ed with the heli: of tt.c rt'sul ts from t e analog com,uter, ~ first for 

the condition ~/nu : 0 ar.d Su = O. 

Cace I: Given Mat€ r1al weitQit 

for any given unit lift, the g::oss lift will of course te cietcrmir.ed 

by the vclume; and for different V3lues of h/S, a given volune will be 

e cl osed by cylinders of varying dimensions of which the total surface will 

be 21i'RS. '!'he r lati ve envelope wei~ht wi 11 th re fore be given by the non­

dimension1l ratio: 

(U rr 1,3) 
2
~
3 

l'urf = 
2/ J 4 rr- vol 

adjust~d to give unity for a shaped sprere. 

(1) 

@ University of Mir~esota High Altitude Balloon Project Report, Vol. V, 
pp. IIl-A-10 - III-C-40. 
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Data for zero and f1ni tc values of h/S are taken fr m Rtsference ®, 

wit the zero value checked from Re~e,· nee (D. The ca~e of 'r/ = 00 is 

fr01r, ttie r.iat ematical the -:y f tJie elas ica 11s br ught out in H 1crence (l). 

P.esul ts for tt, ttom suspension are t la PC 1n a le II a lut.ted in 

irure II-17. Te r la iv rid1a tersion for is type is 1ven y: 

T T voll/ -
L 

int e at c 1 1 of Ta e ~I. 

vol 1/3 
(2) 

For given values of , w, a h , C se will ex eoo fr ma lower 

limit of size where ,' b • L to an upper llmi t where t e allowable env lope 

s tres • ~s reac ed aoo wh ~re Wb/'L is lea • ,'il t in t ese llmi t~ the 

envelope weit:;ht var1ec: as the tYto-thiras ower of the volume. 

For any given tension T er unit of circumference, t e e ad~ 

wnl • 2 ,; RT sin B,e 

and wnu = 2 rrRT sin Ou 

or for eu = 0: 

W £ • W ---- L • $ vol • 2 fTRT sin fJ 
n n 

As wb = 21rw RS, 

Wb S 
L = .J-s-in-~-

V/here ,l = T/w = stress/density of the material. 

(J) 

(4) 

(5) 

(6) 

As before, a non-dimensional criterion of envelope weight, good for 

any volume, lift, or material, can be expressed as: 
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s 
vo1if~t 

-- (7) 

alao t.a 'Jlated in Table II and ~lotted in Flgure II-17. 

For given values r J and / , Case II wi 11 extend from a lower 

limit of size, where the material thickness is a minimum arxi where Wbl'L 

is least, to an upper limit where Wb = L. nthin these h.ro! ♦..S the en­

velope weight varies as the four-thirds power of the volume. 

Effect of In~ernal usce1 s1on 

The type of envelope here 1nv st1gated is tJ-e eart-shape profile, 

F' ~g e II-18, produced by carryi half of the net load through an axial 

tension member to the zenith; other assumptions the same as before. his 

type has hitherto een investigated on the analog computer in a prelimin­

ary way, not in the same series as the others, and at only one pr~ssure: 

h = o. Hence the results are only roughly comparative, being subject to 

check and to an extension to other pressures and perhaps to other divisions 

of load. The following dimensional characteris ic are estimated from a 

shape in Rererence 3(1) which came close to meeting the above specifications. 

sin Bu • sin 01 = o.L7 

A/S • a.LS ; R/S • o.J6 

vol/S3: O.lJJ ; S/voll/J • 1.96 

For a given material, the index of balloon weight is then 

1.30 RS 
vo12/3 

: l JO X e36: 1.80 
.266 

Due to the equal division of load, the tension is half that given by 

equation (2) or: 

Q) Ibid, Vol. I & II, pp. 3~1 - 3-21. 
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INTERNAL SUSPENSION; EQUAL LOAD , 

TOP 8 BOTTO '1 

Figure II-le. 
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! voi l/3 = 0.5 
L 2 1Y X ,36 X 1,96 X .L7 

For A g1 ven a treas, the relative envelope weight 1 s again halt 

that giYen by equation (7), or: 

The above figures neglect the weig t f the axial member itself. If 

this member is the same mat.erial aoo carries t f) sam stre~s as the 

envel pe, t e latter figure fr a given stress must e c rrected to~ 

r1nal index of structural weight: 

2.0 (1 + .uS x ,u7) = 2,52 fr the zero pressure condition 

Comparison with t e bottom-only suspensi n s o d be still rnore favor­

able ot lower pressures. 

Secondary Effects 

'ith negligi le envelope wei t, the total net load Wn • L, ae 

hitherto assumei; but finite env . ope v,ei ht, of course, reduces this 

value by the increment \\,. The tension at any pcint l above the tot tom 

is then• 

T • WbJ 
_L _n-_R_s-in_e__ + wy (8) 

The tensile stress can be kept W1iform if desired by varying either R 

or the thickness in pro?ortion to T. The effect of including these 

fact r::, in t t: c · m_ utat on of relative envelope weight, shoula usually 

be small. The optimum pressure in Case I will be slightly raiFzd. 

Accordlllg to the elementary expression in Reference L(0, the relative 

(~) Ibid, Vol V, PP. vr-169 - 206. 
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temperature increment due to radiation should oe pr cortional to the 

three-quarters power or the envelope-weight criteria as here pretJenteo. 

Aa this superheat equation makes no allowance for change or shape, how­

ever, its direct anpl1cat1on in this case ie invalid. ~ more realistic 

solution a pears to be a variation in superheat simply in proportion to 

the 3/4 power of the envelope t: icknesa for a given ~olwne and altitude. 

!~is gives no variation in superheat for ase I. a value proportional 

to T in Case II. The lattt?r bri~s the pressw-e for minimum superheat 

slightly lower (more negative) than for minimum weight. ror a given stress, 

the internal-suspersion type will have definitely less superhe.t than any 

of the balloons in Table II; and, if designed for less p~ssure it •111 

have still less. 

With respect to leakage through holes, the only penalty of iooefiniiely 

reduced pressure is the increased surface for a given volume, and in Case II 

the decreased thickness. Evaluation of the latter effect must of course 

depend on tests of leakage v thickness arxi stress of a given material., 

which are for the most ~art yet to be made. 

A beneficial effect of high pressure is to stabilize the ift ar..d 

al ti hxie, particularly agains·~ loss of superheat. A !)ressure corresponding 

to h/S = 1.0 would take care of a temperature difference in the strato­

sphere on the orcer of 3°F. Thus to satisfy the full superheat condition 1 

with materials at present in use, would require pressures outside the range 

or this investigation, especially considering the increased superheat due 

to the increased thickness in Case II. The leakage would then also be in­

creased to probably prohibitive magnitude. 

The aerodynamic drag will be somewhat increased by increased pressure 
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and by internal suapenaion. While t>lie 1.nt'rt'alf! is uaually taYoratle, 

1 t ia probably or no importance in the strato~phe re, but uy be or appreciable 
help in daq,i nc lftOYeMnts in the tropoaphere. 

Analy1i1 has thue far be,n on the bas11 of a spec1f1c or design fullntss. 
Unlike a shaped balloon with spherical top, wh1c develops maxi~wn st~ss 
at less than ceiling altitude, tht n· tural shape always is Most stressed 
at maximum f llness. '!'he structural de$lgn must the~efore be based ~n the 

maximum possible 11 t ard pressure, u 1 akAv.e nd other c aracteris ics 

can be based on expec~d or mear. e fective conch tions. For a given lift, 

the stress at less than design altitude is rea ced in prop rt.ion to 1/si!' A.i, 
approaching a minimum as Ain Bi ap role es unity. For a small percentage 
fullness at low a.titude, the examnl f the in t>rnal suspension type 

therefore carries les! t an half the full de ign stress, s ilbject to speci.al 

effects, not ere c nsidered, ~uc . as due to instatility of the s rplus 
fabric. 

Concluding Discussion 

Assumine the cylincer-type construct1 n with all ex ~er al loa carried 
at the bottom and approxima ely equal tote gross lift, the f rst approxi­
mation of the actual envelope weight has ~en c.o~puted from the analog 
computer curves for two different cases: I. A g.· ven unj form thickness of 

envelope material; II. A given me. •:idian stress with the balloor. envelope 
adjusted to c~.rry this stress ThP diamet er o!.' tr.e cylir.der r~lative to 

its length is adjusted in each case to make the circumferential stress 

just zero witri no slackmater1al ~t the equator. For Sase I as srown in 

Figure II-17, the minimum er.velope area and weight is attained wit~ a 
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b t•, m as hca a~pr xica el.y O,; f the re len t\., ut the c\.rve 1s 

very flat showing only a out L1 inciease ir weig t fr a head of - ,15 

f the g~re l ngth or for infinite pres c. l t may noted tt,at t a 

curv is rl:)t.tea on a scale t at mk _ e va ue ty 4 r a rfcct 

sphere with su th s rface nd equal v lu.r.<· . A , ugh he we t f e 

cylinoer a oon is ~ m :- , this see'Tl.ine vanta €: e .J re is 

argely fir iti us since, with a nif surfac , any c ncen~ated 1 a 

w ul cau e ir..finite stress, and n spherica sh e wo le si le, 

s. rt f inf' ni te res ure. Ca re I ir.i ie s t 3 t t e . 1Vf> 1 o e 1 s unaer-

s tre sed. modification from the cylinaer for Case 1 s ulc. preferably 

he sought by which the g res would be tail red then tura ape a e 

and below Uie equator as far as will keep the stress within t~e a lowable 

limit. he c]linder shape can t en e us ,d for thf) remairung t.a:1ee to 

the top and bottom on the principle of ase 11. 

·/lhen U:e envelope thickn ss is similarly l~ep unif rm but adjusted 

to carry a given stress (Case II in Figure II-17), the weight variation 

with pressure head is much more carked. The minimum weight is now ob ain d 

with a gas he of -0.J times the gore length. For zero head at the 

bottom, the weight is alr~ady up 28%;for a positive head of O.J, it is 

761 0ver the minimum; and for a head of 1,0, the weight is multiplied 

3,2 times. An even lower pressure; is recommended by the decreased leakage 

and superheat thus attainable, the only important exception being the 

sibility of a pressure-stabilized type. 

For preliminary comparison, the relative envelope weight was computed 

for a heart-shaped profile carrying the total load equally aivided between 

the top and tottom, again on the basis of analog cornr,uter results for 
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negligible enve!ope weight and Wlth est1.matcd volume coefficient. Th• 

results thus far l'.!"C con1'1nf.d to the cylin(Jer type or equivalent con­

struction for the one case ~r zero bottoo pressure. For a given envellpe 

thickness, its surface and weight are ab>ut 5% more than tor the flat-top 

or bottom-only suspension, but it carries 37% less stress for the full 

condition and atx>ut 50% less for a small initial-percentage f llness. 

For equal stress in the f 11 condition, the axial-suspension type 

has an envel pew ight of ~h ess than for the otto:n-only suspension, 

but this saving is re ur.:ed to 20% if t e w_i ht f t e ana mem er is 

included and com utcd for ti'le same material as t e cnve e. Altho gh 

these f1gur~s are on the basis o equal lo d division as above n~•ed, 

the res·J) t is not thought to be so c.ri tic ally dependent on t 1 s equal 

ct ·vision as to re uire a pulley type suspension. Inf ct, equal load 

division is not necessarily optimum, the true opt1~wn eing probably with 

sliehtly less than half the lJad on the t p. Te axial mem er w1l, of 

course, be eliminated if the top load can actually be placed on top, s· b­

ject to a chfck of static sta ility. 

The axial suspensi nor aivided lo d will show st 11 greater ad­

vantage at the lower pressures. If furU. er w0r k is acne n t h1 s, it 

appears highly desirable on the basis of present evictence t o carry further 

the analysis or devel pment f this type at least t the extent of per­

mitting opti~um pressure to~~ ~stimat d, and investigation of possible 

difficulties in actual construction and operation. Axial suspension 

becomes of decreasing advantage at the high pres~ures ano woula probably 

be of little or no value in a pressure-statilized balloon. 
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The duct aooendu 11 well aui ted tor fixing the zero pressure level. 

It 11 thereby possible to achieve the condition 1n which thtt botto■ 

ot the balloon is under auction. Thia condition !3VI llini&111 envelope 

weight in case II or F1~re II-17. 

A acientitically ideal construction tor the major part or Ute gore 

length would be a material or varying thickn11ss as noted in item ( 3} or 

the introduction, with further modification to allow for 3uhatantial 

fabric weight. Such variation can now be had in sheet met , , arxi there 

may~ SCllle technique to make it feasible in pl· sties. For example, a 

thickness variation in finite steps woul be usable, in conjunction with 

appr priate tailoring of the gores, as al1~a y discussed in connection 

with C-1se I. The act al surface a ,d leakage will then be minimized a~ 

difficulty with surplus fabri. avoided. A clo ~ely sqti'valent constrlM:­

tion could be ad by means of tapes applied to a complP. ely shaped 

envelope, p~vided the tapes and a suitable a ttach1ng cement wi thc,ut Wldue 

absorption of raciant heat can be developed. 
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~ect1on I II 

f!LAR RALLOO~ M~P!.!ENT PROOP.All 

A. In1 tia ~lar Progran 

Te ohysical. ropertie o !,b'l r film have made it an attractive 

candidate for al n u e s e it:; 1ntroauct.i )n s~ t r e years ago. 

! · s i ly t: s are 11 C be ex r de thinner than any other 

l ., 1 c fi 1 I n ad ti ,;,n , 1 t ~ tren t . aoo od lJw te:noerature 

roperties. It co d xtru e with a . st no leaka e flaws and ad 

very l w as perrneab1 ity. _ e ain o s ~cle to overco,e was to find a 

meas of fabricating a hallo n f this material. If this coula ~ done, 

i cul be c ecke ton ot er qualities desirable in a fin . shed 

balloon. 'lte auun q est1ons rema1n1ng, which c ld be best answered w1th 

balloon experience, were t e effects of 1 ts low tear resistarce and its 

questi ned susceptibility to ultra-violet and ozone in the atmosphere. 

Previous attempts to heat seal Mylar had resulted ir. very weak, un­

reliable seams. Attempts to tape or glue the material were made, but 

the adhesives generally failed at stratospi .re temperatures. In January 

1953 the chance finding of a manufacturer who had successfully sealed 

samples of Myhr renewed interest in the material. By a carefully con­

trolled process, Herb-Shelly, Inc. of Farmington, \linnesota, had obtained 

a reasonably strong bond with their heat . eating method 

'nlis finding happened to follow immediately after the development 

of the cylinder balloon, described in the preceding report. In the cylinder 

design, balloon fabric is stressed primarily in the longitudinal direction. 
Since,the sealed panels can be placed with this orientation in a balloon, 
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the nly sties e , being in 11 wit t e seas, need n t involve thr 
seals. In theory, n str ~ s c ur across the seals. Actually, 
sl1 ht seal stresses ~cur becau.e f the irregular ties of t~e folds 
un er i flat ion and • n rd1 n r) an in of t fabric. T e ~~lar seal 
str adequa, e for t llcati n, and eff rts t ard a 

lar l1n er ba l n w re be i a ely. 

T e irst allo n ma ufact wa as res ·ure s a e rres ond1ng 
to as. a d ball1 n with a 00 cone a le. It ad a gore length of LO ft 
which, 1n volume, c rrcs onded t a cone-on-spher~ bdilo n fa roxirna ely 
20 or 25 ft in diameter. This alloon, wh ch was of 1/L-mil a ,erial, was 
tested f r its full r und in. lat 10n a successfully lifted ver 50 lbs. 
A icture ft is in l~tion, showin 

eluded in the last re ort.* 

c l1nder t lloon shape, was in-

Su sequent to th1s test an attem t wa !Dade to f y this ball on with 
a gondola attac ed. It \01.1s launched rom Pierre, uth Dako a, n a 15 mph 
wi .d, and after rising a out 10 ft it scended, w reunon he wind 
s redded some ~ t he stic. It , a lt at t e time t a one factor 
w jch may have caused t e descent was ama _e fr m t~e win wh ch buffeted 
it during launching. 

This flight was followed by a series of four of Jhe same type balloon, 
all of which were very successful. Not only did they prove Mylar to be an 
acceptable bal oon material, but from these flights the first performance 
charact~ri~tics of the cylinuer typ~ balloon were also obtained. These 
results are discussed under the individual flight repo ta. It was determined 

* Volume V, p. III-C-37. 
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from these flights th& the sunset effect on the qur ter-m11 Mylar 
cylil'¥ier balloon was appronmately two percent. 

In general, the program planned c nsisted f sub ressure, zero 
oressure level, and surerpressure cylinders. ne lar e 1.'yl r alloon, 
Skyhook size, was also planned. 

~ eAi in order was t~ constr ction f a allo n f • rune re 

length with the zer re :; t t e ba t ba 1 on . This 
add tional ressure e V lume fr m t at f t € s s e 
ba oon, ano res lted in a fatter n tural ape. ~ r ater a wa r 
vi ed t a C r.u oda te t e r se in rirc · t at t stres 
n tis ir~cti n w~uld not rntrod ced. y e t e 1rst of t e was 

being inflated fr a static t st rs, ne of t e seals ave way. 

sine the nly stress acros s a S 1S S i . t' e t etr ca 1 
fil i , it a eared t ere m ve ce a lo al weak s t in a se3.l. 
uallta 1v 1 t ts se 11 1 t , e stre 

of t . s ls ,as n t too consi t. - .. e t a o_ as n t t t e 
se ls w up to so ,e minim s r n t was nee e . 

he method devise t t s eac . s al 1 n a in a u-
facture consisted r ormin0 a t tu f the ma r1a 0 t e ac r<s1ae 

f the seal in t e balloon . i s was d ne b r ning a t . er seal tr 
1!1C es fr m the first. _ he on t'..l e thus f r . P. etween t s s ,as 
hel c-~ut at o e e .d . _he oth re v·~s _ !'l'"'tcd r · t . air . lh\, r.al 
r essure in th e t ub w ;i c as eci -:in ' a tea t. •J a, ly a r edeter mine d 

stress acros the seal. 

stress froM this ressu:e it wa s left int a~ oon . If it failed, 
another set of s alf; 'l'las mace a. d test .:c.. C'!l the / l - ml ta l oons , the 
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tested seal strength was 0.9 lbs per linear inch, or O.) yield strength. 

Ry exercising great care in the sealing operation, failures could usually 

be held down to 5 or lOj of the total number of seals. 'nlere wer, times, 

however, when for no a parent reason a run of seals would not stand the 

test. In extreme ca es _rogress was actually back,.ards in adding material 

to the balloon, as the test seals consumed more material than that teing 

added by the g od seals. T e r a son for such weak st als c uld not be 

traced t~ cilf .rences i n mater a, temperature, humiaity or other likely 

causes. 

Foll wing a series of fll ts of the zero res ure level balloons, 

some full superpressure hallo ns were manufact red. Tt,e flr t f these 

was teqt infla~d with air, and superpressured to aestr ction. This 

effectively r produces the forct is in fli ht becaJse t e superpressure 

ore es are extremely great co ared t th f O!'Ces from the i ft o! the 

as and the load. This balloon failed at an av rage ma erial str~ss of 

7000 si. (The yield point of ~lar is in the neig borh od of 12 ,ooo psi.) 

The failure appeared to be in pure lonei tudinal t nsion, breaking across 

two gores and then d wn a seal. TI,e torn edge across the ores had strain d 

enoug to show that it was at t e yield point wen it failed. 

B c1use it is impossible to load all the material equally by having 

all g re lengths exactly equal, the shorter lengths reach the yield pornt 

first and fail before all the material is at the y~eld point. Consequently 

failure occurs at some pJint below the average yield stress for all the 

material. Similar tests on smaller sized balloons have resulted in average 

stresses of from 6,000 to 10,000 psi. On the basis of this, the aesign 

working stress in superpressure balloons was generally taken as 5000 psi. 
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In 10111 25 balloons •de and t.ested t this working stress, none hne 

tailed, 

The next aeries or the 40-tt cylirxier tl1ghts ns With a 3lightly 

auperpreasured ballo:>n, The superprer1sure wae to be achieved wit~ a long 

duct which hung a half ba;ll on t,e1ght below the base of the ball on. All 

launchings or the balloons Wit.~ long aucts involved difficulties of one 

sort or another. One balloon apparently was stopped in a tempera ure in­

version, by moisture or by rad1ati n cooling, and did not ,et to ceiling, 

0n two others, the duct and gondola became twisted durin lau ching and 

prevented the balloon from valving at ceil11.g. Another balloon was 

whipped by the wind ~ring inflation and opened at a seal. 

About this time in the program the 250,00J c bic foot cylinder or 

1/4-mil ltylar was completed and ready fr rlight. This cylin:ier, 120 ft 

long arxi 80 ft diameter, was packed i the conventional manne for a 

University f l!.innesota type launc~1~ . o trouble was had in handling 

the thin material during packing. However, dl.lring inflation of the balloon 

a basic weakness showed uo. This came just after the balloon had enough 

ga to lift the top erxi of the packed balloon, and the top end was released 

so the balloon coulri stard erect, sti ll folded in thirds, over the bottom 

tie-cbwn. ·1/hen this was done it was otserved that helium was between the 

inner sur~ace (the lower third) and the second surf ce t .e center trird). 

The ·nner third wh1ch st.ould have been holding the gas evidently ripped 

from the slight action in tipping up from the horizontal position. 

Since the balloon was damaged and the gas actually outside, it could 

not be flown. To allow the gas to escape, the corset was loosened at the 

bottom, allcr,rjng the campy, which consirited of the upper two-thirds of 
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the balloon, to bl lifted bf the 1a1 10 it. could duap. Thia action wu 

ftl'J tut and pracUcallJ d111nt.ep-atld the balloon b7 lhred~ much 

plutic and aula. An aa-the-apot 1napect1on or a ll&llbor or •al• in 

thia balloon lhCJIIIICl t.hat they 119N adequately 1t.rona in 1t.at1c tenlion, 

bat. tailed readily under the lharp pull or shock load1,.. Thia •aknlas 

aee•d t,o be a liai ting tac tor in the ua, ot t.hi • type eeal on the larser 

balloons subject to lhock loadings. 

After the experience W1 th this balloon 1 t waa clear that ror large 

balloon, a ac,re suitable fabrication method, such ae with glue or tape, 

would Yery l1kel7 be needed. Further efforts With this heat seal were, 

therefore, confined to the smaller balloons. 

B. Film Leakage Studiee 

AaeUlling a unifora leak distr1bution in balloon tabric, the per­

cent-ie leakage ot an inflated balloon is a rwx:tion or the area diYided 

b7 the Yolume. The ratio or area to volume becomes increasingly great 

tor the smaller balloons, varying according to the radi ws to the two-thirds 

power. Slir,ht fabric leakage for these small balloons then becomes signi­

ficant. This is especially true when the small balloon is superpressured, 

in which case the pressure forcing gas through the leaks is much greater 

than the static head pressure. 

The first small balloons that were test inflated with helium under 

superpressure leaked excessively both in terms of the tested material 

diffusion and in terms of allowable leakage for a daytime duration super­

pressure flight. There was previous evide:1ee of small leaks associated 

with the heat seals. This was observed when seal test tubes were inflated 
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under water. How to detect the loca t.i on ot these and ot. er leaka in a 

finished balloon wae not an easy •tter. Attfllllpts to find leaks and 

patch them did not noticeably improve balloona WlOer teat. Techniquee 

tried were with a gas analyzer, and a sni!fer probe, the uae or alll"Onia 

wit a chemical indicator and also by simply smelling tor amnonia leaks. 

It quickly becue obvious that the leaks, being small and well distri­

buted, had to be eliJllinated frCE the start. Thi~ led to a joint effort 

on the part or Her ~helly, Inc., and • Kammermeyer of Iowa Uni w-rsi ty 

under subcontracts with the University of W., esota. 

The susceptibility to puncturing of the Mylar film by slightly rough 

~urracee or grit is brought out in their reports, which follow in this 

section. (See Appendices B-1, B-2, ~3, B-u.) With adequatA9 precautions 

in the manufacture, including dust control, five test balloons were made 

which showed that leakage could be held down to a mi.nimwn •hich was 

actually less U·.an material diffusion at higher pressure differences. 

A :nee ting was held with represent.a ti ves of the DuPont Corporation tD 

sa,a., and discuss the results of these studies in the attempt to see what 

could be done about getting the best balloon material from DuPont. The 

representatives said they were aware of the puncturing type or film damage 

from hard surra\.,es and grit particles. They had been working toward 

fault-free material. Their production setup was such that a continuous 

check of the Mylar was not feasible at that time, but they did have a 

progiam or inspection and quality control in their plant. It was their 

opinion that the 1/4-mil material was so thin it miiht always be subject 

to some damage. The experience with 1/2-mil material irnicated that this 

was thick enough so as not to be damaged by unavoidable minute impurities 
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or necessary handling. They 1t.ated that by 1xerc111~ great care in the 

manufacturing and hancling, 1/2-mil material could be produced pract1cal17 

fault free. 

It aA>9ared from this that a 1/2-mil material th1ckneaa, or pomn tly 

a light 1/2-mil (.356 to .u mil) would be the thinnest material that 

could be used on th~ small superpressure balloons. '!be 1/L-1111 c uld 

still be very ueeful in appl1c.:it1ons where minilnm weight is of great 

importance and minute leakage 1 secondary, such as in the case of a 

balloon tor an extremely high altitude. 
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APPENDIX B-1 1 Section III 

Progre11 R•pcrt fl ror June and July 1953 

to 

orr1c1 of Naval Reaearch 

by 

Karl Kammeraayer 

Contract Nonr 875(00), Annex VII 

~. outline ot proposed Work am Methods 

The pri.llary purpose of the work under this contract is intended 

to be a study of the porositJ of Mylar film. Por film without mechanical 

flaws, that is, holes or teara, the meaning of porosity would become 

that of permeability to gas flow . 

. u originally planned,Mylar film samples were to be submitted by 

General Mills, Inc. or the University of Minnesota, so t~iat oermeability 

to helium gas could be studied at low temperatures, that is, abwt -78°c. 

This temperature was considered satisfactory, even though it is somewhat 

lower than actually needed. However, it is fairly easy to attain with 

solid CO2 anJ therefore should simplify experimental work. 

In order to ascertain that, film s~mple s were sound, it was decided 

to test sample sections at room temperature ana compare ~he results with 

data which were obtained previously. This is obviously a necessary pre­

caution. It also saves a great deal of time which would go to waste if 
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un10Wll ru.111 ••re teated in the los teaperature apparatus. !.ow temperature 

teata are •ery tilll c onauainl. 

So• or the test sections were to contain heat-aeala, and poroai t7 

or per•ab111ty or such seal• are naturally of great interest. Again, 

it is desirable to test first a plain sect.ion or such a IUl)le to see it 

the film as such is sound before testing the seal 1 tselt. Then, a sample 

containing a seal should be tested at room temperature, al'¥i only it it 

shows a permeability value which 11 normal should the low temperature test 

be made. 

2. Samples Received 

The .1.ollowing shipments o~ samples were received. 

Ship•nt ll: 
(Received 7/3/53) 

Description: 

Shipment 112: 
(Received 7/11/53) 

Description: 

Shipment 113: 
(Received 7/20/53) 

Description: 

rroaa Herb-Shelly, Inc. 
Farmington, Mi.M. 

Two panels of 0.25 mil. ~br film saaled 
together by Herb-~elly. Seal w1 th pres­
sure test tube. Seal tested to o. 911/in. 
tensile. 

from Herb-Shelly, Inc. 

Part of one roll o~ 0.25 mil. Mylar film 
remaining from a roll which had been 
used to make a high altitude balloon. 

from Herl-Shelly, Inc. 

Six 0.25 mil. !zylar sample sheets from 
different rolls with identifying comments 
as f~llows: 

A. April 320 
CB 94075 11'2683 
25 "Mylar" A wt. 63. 7 
size 40 
about 300 ft. had been taken from roll 
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]• Same lhipment, different roll, re­
rolled once. 

c. Believe same shipment, different 
shine, harder to St>al, apparently 
i~rrect1ons {lumps) noticed and 
taped. Rerolled once. 

D. Olaer material rerolled once. 

E. Material furnished by Uni vers ty or 
Minnesota, over two years old. Re­
rolled on ana oft bent or broken core. 

F. Believed sue as E, but better re­
rolling - core unbroken. 

3. Testing arc Results of Tests 

Upon testing the first plain section (no seal) from the sample in 

the first ahipaent at room temperature, 1 t became apparent th at we were 

confronted by the problem of pin holes. 

As a precautionary measure we retested a sound sample of our own 

Mylar film samples and found the Gas Permeability coefficient! was 

,098 x 10-9 (std.cc) ~cm) at 27°c. This value 
(sec)(cm2)(cm Hg press. drop 

compares favorably with our published data (see Appendix for copy of 

publication (Reference l).* 

When the vadous shipments of Mylar film were tested, a qualitative 

test method had to oo used, as most film samples gave such high gas flow 

rates that the "rapid" ermeability tests (Reference 2)* could not be 

usad with a measuring capillary. For the purpose of the qualitative test 

* The two publications referred to were not reproduced in thi. s report, al­though they were in:orporated into the original Kammermeyer report. They are: (Ref 1) Ind. am Eng. Chem. 45 p. 1148; and (Ref 2) Analytical Chem. !2• p. 424. (May 1953 and March !953, respectively) 
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the capillary was disconnected from the tester and the w nt valve on 

the downstream side was opened. The ~as flow through he film was then 

observed at t~e vent valve (or at t~c ca~illary connection opening) by 

closing e1ther ne r the other, and wat.c ing the format. n ~r soap 

bubtlcs from soap solution at the other low pressure side operu.~. In 

a very short time the operator was 1n a poai U on to judge when a film 

wae flowing much too fast. If there was the least irr:iication that a 

film was tolerably slow, it was checked in the constant temperature bath 

apparatus using a capillary tube for volume rate of flow measurements. 

lhil~ a pers n familiar with testing of films can readily recognize 

when tt.e flow is greater t~an it should lE , 1 t is a good precaution to 

make a selenium sulfid•' print of the test specianen. Pir.holee arxi imper­

fections become readily apparent on sue~ prints. In order to eliminate 

the possibili+~ of ~avil'l€ mercury droplets getting under the film (thus 

g1V1ne a false inu1cation) the film can be "printed" in several different 

relative positions. 

[A selenium sulfide print made from a plain section (no seal~) of the 

~irst Shipment sample is shown in the Appendix (Exhibit 1). The p"'sence 

of nuJErous pinholes can readily be observed. The size of the dark dots 

indicates only relative size of holes, but not actual 1ze, as the time ot 

exposure determines ho• large the dots will grow J * Several other film 

specimens were tested by sele:lium sulfide printing and in each case the 

presence of pinholes was definitely established. 

* This print not reproduced, but see Plates 8-12 in Appendix B-u, this 
section, for typical examples of selenium sulfide prints. 
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The N1Ult1 or all teat• which •re actually carried out can be 

IU1111ari1ed al rollOWII 

or all speci•na teated only one•• round which na tree of 
pinholes. The permeability Yaluea obtained are: 

P x 1d' • 0.12 ~ltd.c~~c•) at SoPc 
(aec}{c (cm Jw) 

p X 109: Q.064 R at 2S°C 

PX 109: 0.0)0 " 
Thia auple waa obtained rr~m Shipment 12. These values indieatAI that 

this film was somewhat slower than our previous samples, but tor practical 

p1u-pose1 the dif rerence is not too significant. 

Sumaq or all te eta: 

No.or Qualitative Test 
S.S,le .!!!2!!.! Large lledium Slow Further test on slow tl01f 

{total Flow Flow Flow 
teated) - -

Ship.#1 15 

Ship.f2 15 

Ship.#) 

A 

B 

C 

D 

E 

F 

4 

4 

4 

4 

4 

5 

• very large hole 

6 

6 

l 

1 

H one very large hole 

4 

5 

2 

3 

2 

5 

4 

3 

L 

1 

2 

All 5 too fast f o'!" tester. Rates 
10 to 100 times or P. 

2 samples tested in tester. 1 sample 
about 30 times~- 1 sample satisfact-
oey f· 

Too fast for tester. 

Too fast for tester. About 100 tinEs P. 

Too fast for tester. 

Too fast for tester. 
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r.01~ lueiona z 

Straight Fila Saq,lea (No seal.a). 

At the present ti• the whole problem is obnoualy one or obtaining 

tilma which haYe no pinholea,or at .. east very few ana then only relatiYely 

emall ones. 

~ wonders it the naanu!acture or a 0.25 ail. file will permit the 

production ot flawless material. 

While the diaadvantag• or usir.~ somewhat greater thickness ie obvious, 

I believe consideration should given to thicker t1lma, perhaps 0.5 mil. 

Naturally, all eftort3 should first be made to locate a source of sound 

0.25 mil. film. It this proves unsucceaatul, the next step •oulo be to check 

if o.S mil. film (perhaps o.u mil. might do) could be obtained without pin­

holes. 

LOI' temperature testing has not as yet been carried out. It might be 

well to consider such a test,however, when more than one sound film sarq,le 

haa been round. 

Testing ot Seals 

Although all but one film section gave unsatisfactory pertoraance, 

a few test sections were prepared containing seals. Four samples from 

shipment #1 were tested as follows: 

One aaq:>le : 2 seals in the same sheet { si~le film thickneas) 

One sample: 2 seals in the same sheet (double film thickneaa) 

Two samples: 1 seal ( single film thicknesa) 

All qualitativ! tests showed very large to tremendously large flow 

rates. Thie would indicate that the seals were leaking as the rates were 

definitely greater than the one obtained on plain sections. 
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APPENDIX ~2, ~ct1on III 

Proereaa Report 12 tor August 1953 

to 

orr1ce of Naval Research 

by 

Kar~ Kammermeyer 

Contract onr 875 (00), Annex VII 

1. Film Testing for Porosity 

-. large number of producti n samples of 1/L mil Mylar film, as well 

as some th · cker films, were tested for presence or pinholes. The program 

was initiated by Mr. G, T. Sc jeldahl f Herb- helly, Inc., who visited 

owa City on August l, 195). For the most part the testing w rk was 

carried out by Mr. F.. N. Mitche 1 on August 10, 11 and 12, am by Mr. N. 

Horwitz on ugust 17 and l. hese men were ansisted by Mr. Paul UM 

of our staff. The raµia permeability tester in our laboratory gave ex­

cellent performance and made it possible to test the many specimens in a 

reasonable time. 

As it is expected that the detalls of the testing program will be 

reported by Messrs. Mitchell arxi Horwitz, it is not felt necessary to 

cover the results in this report. In a general way, the previously formed 

impression was substa1 tiated, that is, it will be rather difficult to 

manufacture 1/4 mil Mylar film fa soundness to satisfy balloon service 

requirements. Therefore, an investigation of 1/2 mil film would probably 

be justified. 
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2. Lo• Temperature Te~ting of ,~lar Pilm 

As the comprehensive testing program for porosity did d1sclot>e that 

a nwnber o_ una sect n were pres nt, it •as felt that a lo• tempera­

ture test with 1/~ mil f1 m was worthwhile. Consequently, some LO samples 

were screened on t e erm at1lity tester arxi one sounu section was selected 

for t~ ~st. 

he film tested wit ellwn was u Pont 1/4 mil Mylar A from bolt 

CB 2935-1)64. The actual thickness was measured as 0.000)0 in. using tt,• 

ardner Thickness age. (The sample was *Ll of the group of films tested 

by Mr. Horwitz.) After bringing to equilibrium at about So0c with a 50 psi 

pressure drop, the film was checked in the water bath apparatus at 27.8° 

anu 48. 7° C. he assembled flange w1 th the film was then transferred to 

the low temperature testing equipment to avoid handling of the film itself. 

The data which were obtained both at low te peratures and at the 

higher temperatures are summarized in Table I. 

At first glance,there is q ite a large spread of the values. Actually, 

the picture is not as bad as it looks. Due to the extr,emely small amount 

of gas which permeates, technique of operation becoaEs very important. The 

measurements are made with a traveling mercury plug in a capillary outsidt' 

or the low temperature chamber. Some vibration is neceasuy to prevent 

sticking of the mercury 9lug, but too much vibration may result in ilrp~ct 

movement of the plug as the pressure on both sides of the pug s~oula r€ma.in 

essentially the same. 

The values of readings 2, 3 and 4 appear to be closest to the true 

value and reading 5 is still a possibi.lity. However, the other readings 
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TABLE I 

Per•ability Determin,Uons on 0.0003 in. ~!!,!! 

Gas: Helium 

0 
Te~. c. Peraeab111 tz Constant x 109 • 

48.7° 0.190 (7 determinations) 

27.8° 0.808" (14 " ) 

-78.5° ._. 1- o.oooo628 

2- o.ooo~ 

3- Q.(XX))98 

L- 0.000439 

5- 0.000316 

6- 0.000103 

7 - 0.0000900 

3- 0.000116 

9- o.0001L6 

10- 0.00011.4 

11- 0.0000999 

12- 0.0000945 
Kammermeyer 

• For definition ot Permeability Constant refer to/Progress Report 11, 
Page J. (Appendix B-1, Section III) (Page III-84.) 

H This value compares with values of 0.098 (our own film at 27° c.) 

arxi o.o~ (Herb-Shelly film at 25° c.) reported p~viously on 
Pages 3 and 5 re:pectively of Progress Report . {4ppendix R-1! Sec.III) 

,Pages III-BL & rn-86.) 
.... The equipment is set up with "dry ice" as cooling medium arxi the 

thermometer reading remains essentially constant. 
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in our opinion are det1n1 tely too 1011. or cow-se, our deciaian -, ■eem 

10111what arbitrary. H011ever, a plot or the nluea on a 1/T versus 101 P 

graph 1ho• that the expected extrapolation would give a reading or 

about o.OOOW.. e r~ali1e that this is aoawhat or an iooi"ct way to 

prove a point as there is no assurance that a atraieht line extrapolation 

will hold. However, from ar~logy •1th prenoua work on polyethylene r11.a1 

and hellwa, I believe the concluaion is reasonably well justified. 

The grapl is presented in JP'igure 1. It wae originally 

laid out so that the temperature scale cuve"d a di.stance ot about 15 inches. 

This permitted the establishment of the slope or the line with conaidrrable 

degree or accuracy. 

Obviously·, it would be well to make at least a few aorP. low temperature 

determinations. 'nli! soould preferably be done wi tt, 1/4 rail (nominally) 

!ilm as difficulties in operation will increase materially when a thicker 

rilm i~ uaed. Nevertheless, if it is finally decided that 1/2 mil film 

were to be used it may be worthwhile to run a test with that thickneas. 

It ia ~ opinion that we will need only a very limited number of tests. 

In the first place, the permeability is so low that even a 100% v: riation, 
while objectionable, would ot oo too serious. Secondly, the tests are 

rather time consuming and the coat would not ju&ify running a great 1111Q' 

te1t1. 

). Selenium Sulfide Printing or Filu 

Aa the selenium sulfide printing method was again fourxi to be a 

helpful tool, copies of the procedure are attached to this report tor 
the eake or ready reference at a later date. 
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SELE.'ll tJII SUUIDE PRIHTHli 

Porosity testing by •ana or gaa permeation ahola whethlr or not 

there are hole a in a aample. It the euct location ot the hole is desired, 

a selenium sulfide print must be used. The uaetulness or this method aeeme 

t •l be limited to a search for the exact location of holes, since the long 

time necessary to make a print eliminates the method as a general teat 

method for evaluating r, lms. Thia report deecribes our experiences in 

using seleniUll sulfide prints to locate holes. 

The general condit.ion.s for this teat are as follows: a nercury vapor 

source above the film, and a treated selenium sulfide plate below. 1'1le 

mercury diffuse! through the pinholes in the film and reacts with selenium 

sulfide to form a black product. From the position or black spots on the 

print, the position of the pinhole can be established. 

As mentioned 1n previous reports, this process is patented by Dr. . W. 

Nordlander, 1n u. S. Patent 2,310.,111. . f large-scale use of the method 

were made, some arrangement would be necessary with the owner of the patent. 

PREPARATION OF TfST PAPER 

Selenium Sulfide 

The preparation of selenium sulfide was accomplished by following the 

direct1one from the literature. A flask was equipped with a gas-inlet, a 

liquid inlet, and a motor driven stirrer. In the flask a solution contain­

ing 100 mgs of A1Cl3 per liter was introduced. The solution then was 

saturated with H2s gas, and a solution o.f 7.5% selenious acid was added 

very slowly. A sticky orange-yellow precipitate was formed. The precipi­

tate waR washed with water and air-dried ~t room temperature. 
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Selenium aul.fide was alao otta1ned rroa Or. Nordlal'lier, or the 
General Electric Compaey, •ho is the ime ntor of the se leni WI sulfide 
printing process. It was similar 1n appearance to that prepared in our 
laboratory. 

Small particles or grit remaining on the piper teooed to punch hole 
in the plastic r11m. Dr.Nordlander wrote tat the method or preparation 
is very important in determining the suitability of selenium ulfide for 
making prints. 

The paper used was master copy duplicator paper which ia a glossy 
he&vil.y calendered paper. A small uount of powdered selenium sulfide u 
rubbed lightly onto the paper ri th a wad of cotton. A static charge holds 
the powder on the paper. Te more evenly the selenium sulfide is distri­
buted on the paper, the better the print nil be. 

The a..:>unt of eelen1um sulfide required was rot measured,but it is 
estimated to be in the neighborhood of l milligram per square fo t of p~er. 
Only a very light co·,er1ng 1s necessary. 

The sensitized paper shoula be stored in a place where it will not 
l'ec ane exposed to mere ury vapor~ 

The darkened areas on tre print are caused by reaction of mercury 
vapor w1 th the selenium sulfide. The most convenient source of mercury 
vapor is an amalgamated cop~er plate. Copper plates were ground smooth 
and amalgamated as follows . The plate was wet with a very dilute solution 
of nitric acid. The nitric acid acts as a flux, allowing the ~rcury to 
wet the surface. A few drops of mercury were then placed on the wet sur­
face, am spread evenly with a clean cloth. T~e plate is then washed and 
dried, and excess merc 1·ry wiped off" This leaves a vecy smooth, bright 
surface. 

Cor,fidential lnf ormation 



Confidential Pa..,rc 111-95 

Before a copper plate was obtained, an amalgamated plate was •de 

by maxing an amalgam or mercury 1r1 th copper powder. This amalgam was 

spread on a piece or card board which was covered 1fi th rubber cement. 

The amalgam hardened and sened as a source or mercury vapor. The only dis­

advantage or this was that the amalgam contained hard rough pr t1cles which 

somet1!18s penetrated the film which was being tested. 

The amalgamated plate was covered with filter paper for pro~ction, 

since mercury vapor readily diffuses through filter paper. The amal. gam 

gradually lost potency, and for best results the amalgam was renewed 

before each test. 

TESTING 

In the actual film testing there are several prec3u tions wh • ch must 

be taken. When the film is placed on the treated selenium sulfide paper, 

it is held in plece with drafting tape. The orientation markings on the 

film are continued on the plate so that when the film 1s remved, it may 

be replaced in the same position. The treatec! paper and the film are then 

placed on a thicks eet of plastic to prevent any diffusion of mercury 

from be low. The amalgamated copper plate covered with filter paper is 

then placed on top of the film. On the treated paper the following informa­

tion is recorded: film section number, location number, the time, and the 

date. A weight MY be placed on top of the copper plate it convenient. 

The whole assembly was placed in a covered bo made of galvanized 

steel in order to keep the concentration or mercury vapor low· in the air 

or the room. For the same reason, the plates should be stored in the box 

when not in use. 

With a freshly amalgamated plate,larger holes will begin to appear as 

small black spots on the treated film after about tour hours. If this film 

Cont1dent,1al Information 



Page III-96 Confidential 

11 left ror a longer length or time, the black spots will become blurred, 
l'l&king exact location of the pin holes more difficw.t. J.f the r11.m con­
tains •eey small holes, it may take up to 18 hours to get a print. 

nr. Nordlandrr awmt ions in his pater,t ~at the ti• reqU1red ror a 
teat uy be considerably shortened by holding the teaperature at 10°c. 
Above this temperature, a cha~e takes place in the selenium sulfide which 
makes it uselel! for this pull>Oee. ·,.e have not tried to make any prints 
at elevated temperatures; they were all made at room temperature. 

Attempts to make a close correlation or print size tor different 
times or exposure have not been aucceastul, due to some extent to plugging 
or holes, as described later. 

After about 18 hours, a curious pattern forms on the paper W1 th some 
films. Thia pattern does not ar.JP9ar with films which have not been tested 
in the porosity tester. For those which have been tested, a def1ni te 
pat tern is obtained siowing where the basket has coq:,ressed the film, and 
also other places where the r11m has been under stress. For this reasoo, 
the patterns are believed to be either strain patterns, caused by changes 
in the permeability of film when it is stressed, or due to differences in 
thickness due to plastic deformation. These patterns are easily distinguished 
trom spots which indicate the presence of holes in the film. 

After the tilm haa been tested, a black deposit will appear on the 
film and may r111 the pin holes. This deposit always appears on the aide 
of the film next to the amalgamated plate, but it has never appeared on 
the tilter paper between the plate and the film. 

Small holes in the film also become filled with this deposit, ard 
can be seen clearly. The exact nature or the deposit is not known. It 
may be po111ble that the selenium sulfide has enough vapor pressure, or 
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1111 decOllpON to give • •apor preaaure or H~ hish enouch to account tor 

the deposit. 

OOURCE o, ERROR 

7ne ■oat troublea0111 source or error 10 tar encount.-red is that or 

111111 dr~s of mercury findl ng their way under the print paper or unier 

the film in some •ay, cauaing a apot to appear Where no hole exists. Al 

a check, •hen a hole cannot be round by visual inspect1on, it is advi&4ble 

to run a sec ~ pint on a film. TtM, probability o~ two false spots 

appearing at tha sue place is small, so that any area which s~ 01u, a 

spot both tlllles almost certainly contama a hole. une source of error 

11. duplicate determinations may be that some or tt>e very small pin holes 

could have been tilled with thts black deposit while making the first 

print and would not print in the aecor¥i test. 
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l.0 P!NDII 1'-3, :iect1on III 

FINAL REPORT 

and 

Progr,se Report #) for September - December 1953 

to 

ffi~e of Naval Research 

by 

Karl Kammermeyer 

Contract onr 875(00), Annex VII 

This report covers data obtained on 1/2 mil Mylar film and in 

adaition presents a summary of previous work. 

1. Low Temperatui·e Testing of Mylar Fl lm, 

Previous work on 1/L mil Mylar film indicated that such a thin film 

cannot readily be produced with out having a certain number of small holes. 

This is a situat:on which one would expect. Therefore, the porosity of 

1/4 mil Mylar film will in general be ap reciable and thus nullify the 

film's normal excellent low gas permeation properties. 

Consequently, it was considered wortr.while to make some helium per­

meation tests with the next higher th ·ckness of film, that is, the nominal 

1/2 mil film, A section of such film was received from Herb-Shelly, Inc,, 

and the identifying label on tre wrapper contained the fol10Y1ing informa-

tion: DuPONT MYLAR 
Polyester Film 

Date: ~ugust 1L78 
Order: CB 3340 
Kind: 50 11 tzylar" A 
Size: 40 
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The film actually measured .5~ mils in thickness. 

rwo sections or •sound" film were eelected by screening a number or 

pieces on the rapid permeability tester. OUr expectat1ona U at, the greater 

thickness would reSllt in a lower inciaence or imperfections, •as borr• 

out in the scretni~ tests. Alt ough we tested a fair number of sections 

we did not find aey one sample whJch was WlSatisfactory. The ~lar sheet 

showed a nuai>er of "line" surface iq,ressions 1'hlch c ula be guide or 

roll mars, or creases, arxi we wanted to be sure that there wer, no breaks 

in thP. film. Aoparently, the markings did not h ve any deleterious effects. 

As in previous cases, we f urxi that it is rather difficult to get 

results with a completely satisfactory degree of reproducibility. We 

tested s veral samples in a qualitative manner, as we suspected that olr 

method used to vi rate the a C' capillary (Reference 2, Rept. #1) gave 

too great a spread in results. Py using an improv~d nv1brator" we were 

1ble t get cetter a reement tetween check runs on the same film sample. 

The final low t emperature ests were mace on two film samples. 

r~lium permeabilities were obtained for both films at -78.5° . (-l09°F.) 

and at ro m ternperatw-e. The results are sumr.arized in the following Table II. 

TABLE II 

Permeability Determination on 0.0 r Sh in. !'llar Film 
-aas:Helium 

oc. 

26.? 
-78.S 

oc. 

31.2 
-78., 

Film #1 

1,00011 

3.34 
s.1s 

Film #2 
11000/T 

3.285 
5.15 

* For definition of P, see Progress 
Report #1, Page 3.-(?age III-34.) 
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0.0882 (7 aeterminations) 
0.000364 
0.000264 
0.000281 
0.0001,37 



?age III-100 Conti aenti al 

These data are both interesting and vexirc. To be in proper per­

apect1 Ye, they should be compared With <Uta c1ven in T~ble I or Progrel8 

~port ri (P~e 3), and also should be plotted on Figure l of Progreaa 

Report ;2. (Pages III-90 and I I-9~, respectively.) 

The practical intery"'tatl~ of the f1rxi1ngs on 1/2 ·1 f1lm are: 

(a) that the film thicKness has no effect on the permeability constant 

(it affects the gas permeation directly, i.e., d~ubling the ttickness gives 

one half the rate of flow), ard 

(b) U.e permeability co atant curve presented in Figure l (Rept. f/2) 

is satisfactory for use. 

These conclusions seem to ne£lect the data obtained on Film #1. 

Actually, the pr~Pdure and the arran~ ment or equipment used to test 

Film 11 were such that there is some doubt in our mir.i regarding the 

validity or the data. Therefol1!, when we take into account all of t~he 

known factors and the over-all situation as it stands today,we feel that 

the above conclusions are justified. 

It would be unwise, however, to simply want to ignore the Wlpleasant 

fact that we did again obtain some values for helium gas permeability 

constants which were appreciably lower than the values which we have come 

to consider as standards. We must, therefore, concede the possibility 

that the average value of 0.00044 x 10·9 for the helium permeability 

eonstant at -78.S0c is some JO to 40 ti.Jlies a~ great as the "actual" per­

mabili ty constant. This could mean that the "normal porosity" or Mylar 

film is such that the "permeability" value of 0.00044 x 10-9 can bt ex­

pected from good quality film. Personally, I think this is th1 most 

significant conclusion. 
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At present, I do not reel that further permeability tests are 

necessary. or course, on princiole it would be •ell to look further 

into the discrepancies wt:ich we have encountered, and if 1 t is con­

sidered aeeirable to do so, we •cul.cl be in~reeted in carrr..ng out 

the necessary investigation. 

2. Summary 

The purpose of the work was an investigation of the heliwn per­

meability behaviour of Mylar film at. low t e~ratu~ s. For the sake of 

convenience, low temperature measuret!18nt8 were made at -78.5° C. which 

permitted the use of "dry ice" as control a?ediwn. 

As in previous work with thin plastic films, the problem of "µorositt! 

that is, the existerce of small holes (~chanical defects) was encountered. 

This was the case, however, only for the 1/h mil film. The 1/2 mil film 

appears to be essentially free of pin-holes. While we did not investigate 

a great ma~r sections of 1/2 mil film, we still feel that we can cake the 

above state~nt witr a fair degree of confidence. 

Helium permeability constants have been determined for both 1/4 mil 

and 1/2 mil film at room temperatures and at -78.S0c. Some discrepancies 

were encountered for different samples of the 1/2 mil film. rt is quite 

possible that similar discrepancies might show up if testing of 1/4 mil 

film had been more extensive. In any case, however, it is felt that the 

temperature coefficient curve which has been presented for the helium per­

meability constant is adequate for presP.nt purposes. 

The detailed findings and results have been reported in: 
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Progre~s Report *l for June and uly 1953, 

Progress Report #2 for ~ugust 1953, and 

Progres Report #3 for September to December 1953. 

The latter report forms the f1rst part of the present document. 

·vc Wish t express our apprec·ation of having ha the op.ortunity 

to artic1 ate int is work. 

Karl Kanmerrneyer 

Confidential Information 



Contiaential 
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THE EV LUATI N OF 

"MYIAR" 

WITH REGARD TO LEAKAGE OPERTIES 

FOR SE IN BALLOON APPLICATION 

Sul:mitted by 

HERB SHELLY, INC. 

E. N. Mitchell, Consultant 
Farmington, Minno sota. 

Confidential Information 

Page III-103 



Pa~e III-lOu 

U. st of Plat s 

Introduction 

Confidential 

TABU: OF CONTE?fl'S 

. . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . 

Pag 

111 

1v 

SUlllllary of First Testa by Herb-Shelly, Inc. • • . . . l 

Summary of "Mylar" Conf ranee w1 th DuPont . 

Sumnery of ooond Tests by Herb-Shelly, Ino. 

Pirst Tests by Barb-Shelly, Ino. . .... 

"!iy ler" Con! ren w1 th uPont. . 

. . . . . . . 
. . . . . . 

. . . . . . . 
. . 

ond Tess by Herb• hel y, Ino. . . . ..•.... 

App ndi x - t nogreph cport r ".fy lar" onfarenc 

Sonfidential Information 

2 

3 

4 

9 

l 

11 



j .
 



111 
nf i e tial 

Page III- .. 05 

LIST or PIA TES 

Page 

Plate l - Unopened roll or "My ar" . . . . . . . . • • . • . . 12 {aeleted) 

Plate 2 - Unrolling process used for Nyla!9 at I , .. • • • • • 13 ( aeleted) 

Plate 3 - Seleni l.ffl Sulfide Print ker • • • • • • • • • • • • 14 

Plate 4 - General Mills Penneability Tester • • • • • . . . . 15 

Plate 5 - Abrasion of "Mylar" by cr\lJ\pling • • • • • • • • • • 16 (dele~d ) 

Plate 6 - Abrasion or fi 1m by rolling • • • • • • • • • • • • 17 (deleted) 

Plate 7 - Abrasion or f11m by drewi ng over steel rod • • • • • 18 

Plttte 8 - SeS print showing good fi 1m • . . . . • • • • • • • 19 

Plate 9 - SeS print showing faulty film . . • • . . . . . • • 20 

Plote 10 - SeS print showing faulty fi 1m • • . . . . • • • • • 21 

Pla 11 - Se S pri nt of fi 1m after abrasion by rolling • . • • 22 

Plate 12 - SeS print of Herb-Shelly seal • . . . • • • • • • • 23 

Confidential Information 



Page I II-1 6 C nfi ~cnt1al 

INTRODUCTION: 

The r port oontainod herein dosoribos work don by 

Herb-Shelly, Inc. for The University of ~nn sota 

and the Office ot Naval Research under University 

of !Ainn sota purohaso ordor F-8762, Contract NOHR-710(01) 

by E. N. W.toholl and N, Horwitz at the St& e Univoroity 

of Iowa and the Univorsity of Minnesota. 

Herb-Shelly, Inc, 

E. N. Mitchell, Consultant 
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First aeries of teats bi,Herb•Shelly1 Inc. to determine 
leakage pr ope rt lea of " lar II H 1m. 

Purpose: 

Method r 

Results: 

We v(i shed to determine whether neir ¼ mi 1 
"Mylar" film had pin holes in it whon it 
was received f'rom Du Pont; the relative 
importenoe of leakage through pin holes 
es compared with leakage by diffusion, and 
whether pin holos were introduced into th 
film arter we reoeived it through handling. 

Sam~le e of ti 1m war taken from three rolls 
of t mil "Mylar" type A, and the amount of 
heli\lD which passed thrnugh them when tho 
film was aubjeoted to e pros ~ure differonce 
was m esured. Th~ equipnent used was built 
by GGneral !alle, Inc. and located in the 
laborlitory of Dr. K. Kammormeyer at ~h~ 
State University of Iowa. 

The samples taken trcxn ono roll indicated 
that there were no pin hol~s end that the 
gas paosed through by means of diffusion 
only. About half the ARmples from the 
ether two rolls did heve pin holes, and 
the remaining half did not. We oalculate 
that the rete of loakage of gas from a 
balloon under t:,pio&l flight conditions 
is 40 to 250 times fester through the 
pin holes than via diffusion. 

Conclusions: 
( 1) Extreme care in handling the fi 1m , 

was exercised; therefore, we conclude 
that some of the new "Mylar" does have 
pin holes when it is received from 
Du Pont. 

(2) The difference in the characteristios 
of the three rolls indicates that tho 
film reoeived fran Du Pont does not 
have uniform prop~rtie s wi.th re spe ot 
to leakage. 
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Conforenco with re re1ent1tiYe1 or Du 
resu ests. 

On August 17, 1953, a oonforence attended by the 
following people we held et the Uni verei ty of 
l.f1nne sota. 

Representing the balloon project at the UniYeraity 
of Minneaota. 

-~• Kieth, CC111Dander 
J. Sparkman 
Dr • E • P. Ney, 
Dr. J. R. Winckler 
W. Huch 

Representing DuPont DeNemoura, Ino: 

J. A. Ruby 
R. C. Krueger 
T. D. Mecca 

Representing Herb-Shelly, Ino. 

G. Sohjeldahl 
E. N. Mi tohell 
N. Horwitz 

Mr. E. N. Mitchell desoribed the results of the 
tests which indicated the existence of pin holes 
in the ¼ mil "Myler" fi 1m. The re pre senteti ve s 
from Du Pont stated that they could ship "Mylar" 
film which had passed more stringent tests and 
it was agreed that thitl s.lould be done and upon 
receipt or the new "Mylar", Herb-Shelly, Ino., 
would repeat the series of tests previously des• 
edbed. 
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Teato made by Herb-Shelly, Inc., on second shi?llent 
or "11yiar" 

Purposes To see if ~ho "Mylar'' f which hed 
passed the more stringent tests at 
Du Pont still contained pin holes. 

l&ethod: On August 21, 1953, Herb-Sholly, Inc,, 
reoeived from Du Pont 20 foot folla of 
t end ¼ mil "Uylar" film hi oh h&d 
pessed ore stringent te~t at u Pon. 
This i was taken to Dr. Kammermeyer' 
laboratory end teste1 as before, in the 
General Mills testing equipnent. 

Resu t SrunFl fr~ th f f t f ~ ch 
ro 11 oonte in d a erge m.mber of pin 
hol s, Sampl s from the rest of ech 
rol w re essentially fre of pin holes 
and re rented e substantial improv -
ment ov r the films u~ed in the rst 
set of tests, 
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DETAllED REPORT ON T:iE FIRST S!lUES JF TESTS BY HERB SHELLY, INC., to btttRMIHE tfihGE PROPF.iftts or "RfUR" FIUI. 
Objectina 

We wished to determine the extent to which hellm gee p111e1 through "Mylar" film. In particular we were 1ntero~ted in the following questions. 

a.) Does new "!iyl r" film hove holes in it when it 1a received fr~ Du Pont~ 
b.) If th enswor toe.) is ya, then h uniform aro d~ff rent aam lea or ")lyler" with respeetw mnber nnd size of hol s? c.) If th en5Wer to a.) 1 s yes, then et what rate does he 11 um gas pass through these hol s? Ho large ero the hol s? How does the loss of hcliu:n through holes compare with the loss of heli\ll'l through diffusio? 
d.) At what rat doe 3 he 11 . ba diffuse through "Myl&r" film •hich has no holee? 
e.) To whet ext nt &re holes ln roduced into the film through handling? 
f.) What is the effect of diffusion on balloon p rfonnance? Wh tis the effect of leakage through holes on balloon per­form no? 

M:3thod and esults. 

Eq ti pnent to meo sur th rate at whi h helium poss s thro• gh fi 1m s has be n bui 1 t by General ~ 11 e, Ino., ( See Plate 4) and used by Dr. K. Komnenn y r, at the "'ta e Uni er i ty of Iowa. This equiEEent, described in r f r n 1, ntielly m r s th tim required for th holitm, which sse throu h t h film to t ested, to fill e epillary of known volume at known t mp r eture nd pr ssuro. 
A method of loc ing in holes i n films w s developed by Dr. B, W. Nord lend r. (Se Plat 3) 

M:3rcury vapor is llowed to pes through the hol send r eact with seleni\.l'T\ sulfide placed under tho film. The r ea ction discolors tho selenium sulf'de and this locates the pin holo. (Se Plate 8-12) 
T~ answer th qu stions posed in thG previous section, tests were conducted at Dr. Kammermeyor's leborstory on¼ and½ mil "Mylar" type A •. Samples were taken from three rolls of "Mylar" which had never been remov d from their originel packing. (See Plate l)* Extreme carG wGs taken in the handling. For (l :n.mp n 1nrolling the iilm th rolls wera suspended in midair so that the film would not be subjected to the weight f the roll. (Sea Plat€ 2)* Piecos wertj cut from tho roll while it v,as suspended. These pitioes were then plecod on clean cardboard, and circular samples 24cm in dia­mator were cut out and placod in the Goneral Mills testing equip-

1. D. w. Brubaker and K. Krunmermoyer Analytic&l Chemistry 25 424 Mar ch '53. 

* Deleted. 
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ment. Samples · er o takon fr om the middle and both aidos of the 
roll and from posi ti one who di star,oe tram the end of the roll 
varied in 6 foot inte"ah tram O to 40 feet. (See f't g. l) 

40' - ------>> 

fig. l 

In theso tests hel1\ZT\ wee ploo don one s1do of tho film at a 
pr ssuro of 64.7 pounds pr squar inch, the oth r sido being at 
atmosph r1 ~ pres suro. The time r quirod for heli\.ln to pass through 
the fi lm end fill a½ CJT\3 vol\.11\ was m sur d. Fig. 2 shows th 
r sult of tests mado on 48 semples. 

5 

of 
Samples 

--Roll A 18 Samples 
.......... · Roll B 18 Samploe 
- - - Roll C 12 Sample a 

6 

5 

; l ___ :--
~ illlitii lilll hi id l I 

0 5 

; ""'"""""""""""""'" ... : 
10 15 20 

Fig. 2 

,- -
-1 

1- ---1' ij 
, .. """" " """ -11 -. __ ,, , , 

--·7 '· ,: 
I f f • • ff f lfl tl - ~ - -

25 30 35 40 45 

The first thing to note is that thero seems to b a natur l sub­
division at "t" approximately 20 seconds. We believe that eem plos 
ftrwhioh "t" is gre ater then 20 seconds have negligible hol es and 
tho holium passes by means of diffusion only. Conversely, ''t" l oss 
than 20 seconds indicat6s a sample with holos. 

It should be pointed out that for somplos with no holes, the time 
r ul d will v .r y until equilibrium insid e the quipmoht is sta-
bl" shed. This take s about 20 minut0s and in tho above t ests w0 did 
not fool it worthwhile to wait for this condition oxc 0pt in one or 
two cases. There for , although the dAt a is spre td from "t" equal 
20 to "t" equal 45, wo believe that had thG time bo0n taken in each 
case to esteblish equilibrium the results would havo beon more uni­
form. The offoct of not waiting for equilibrium is to give times 
which aro too short. In the f0w cs sos the gas we s allowed to come 
to equilibrium tho timo cropt up to a value of approximately 40 
soconds ond then romainod constant, Wo havo, thorefore, takon the 
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value or 40 1eoond1 to be the roquired time when the ,ample oon­toina no hole• and the gas pa1ee1 through by moans ot dittueion only. For samples with holea aquilibri\D is reached in a matter of aeconds, and, therefore, Do cc-rrectioD ii needed for the samples w1 th "t" leu than 20 ee00Dd1. Further evidence that the aamplea tor which "t" equaled 40 1e00Dd1 contain DO holea 11 that the per• meebility ooetfioiont oeloulated for these aamplea ia .085 xio-9 (std cc) ffli/ cn2 aeo en Hg preuure drop. Thie oanpared well with the value obtained previously by Dr. Kanmormeyer2 or .098 x 10·9. 
Disoue!ion of Results (answers to the questions previously posed) 
a.) EXISTENCE OF Jl)LES: Since extreme oere was exercised in handling the fi 1m and sinoo 33% of the sample a of ¼ ~4..1 "Mylar" had "t" less then 20 r1eoondi,, we conclude that the nu "Mylar" film does heve holes in it when it \s received 1\-om Du Pont • 

b.) UNIFORMITY: The leakage time varioa from loss than l second to 45 seconds for samples from rolls A and B. The sample8 fr roll C, however, have times which ere all graeter than 20 secoms. Thus, all the samples taken fran roll Care es­sentially free fran pin holes, but &lmost helf or the samplee from rolls A and B contnin pin holes. We conclude that dif­ferent rolls are not uniform in their leakage oharaoterietioe. 
o. and d.) IEAK RATES AND DIFFUSION RATE: We heve oelculsted tho vol ume of ges at ntmoephorio pressure and 27° C which passed per second through one cn2 of the film tested. The data was divided into the following groups ~nd average vslues computed for eeoh group, 

Group l All 36 &funples fran rolls A end B Group 2 All 16 swnple a fran rol 1A A e.nd B for whi oh "t" was less than 20 seconds. Group 3 All 36 semplos from rolls A and B except one very bed sample for which "t" was much less then ~ second. Group 4 All 16 samples for which 't" we s less than 20 seconds excopt ~he one bed sample mentioned under group 3. 
The r ason for subdividing the doto is thet we would like to see how e balloon would bshave if made of "overage" film re­ceived from Du Pont end how it would behove if made entirely of film with holes. We assume that group l roprosent average film and group 2 represents film ell of which has halos. Thero wa ~ one vory bad ssmplo for which "t 11 was approximately one tenth second. This high leak ret0 appreciably affects the aver­age for tho ontire group and we felt it would be of intorost to do tho calcul&tions including and excluding this ono abnormal se.rnplo. Groups 3 and 4 aro tho same es groups land 2 exoept that this bad sample is oxoluded. 

2 K. Kammermeyor 0Nf{ Prog. Report #1 for June s.nd July 153 Contract 875(00) 

Confidential Ir~or~Ation 

6 



:onfic! nt a: :'~ e II -11) 

Wo dotino v1 to bo the ~vereg vol\lT\ or holi\J'T\ et 27° C nnd 
745 mm Hg which puses per sec, por om2 throubh films in tho 
1th group, and vD to b the voluoe under the smi oonditlone 
which ~~asoa by ditruaion only por second per en through a 
tilm with no holes, The results ot the o leulation area 

v1 equnla 74,3 X 10•5 co/~2 a o 
V2 " 164,Q X 10·5 
v3 

II 27 ,2 X 10·5 

v4 
II 66.0 X 10·5 

VI) " 3,8 X 10-5 

It should be pointed out th t although th relative valu s r 
prob bly significant, the absolute luGs may bo in error by 
a footor of 2 or 3, 

In ord&r ~o get a rough idoa of th n\lDber of holos per cm2 in 
tha leaky sa ples nd also to vorify th t srunpl s with "t" 1 as 
than 20 seconds did hev holes~ n\lnber of seloni\l!\ Gulfide prints 
are made, (See Plates 9 & 10) We found that th ro wore approxi­
motely ,05 holes pr cc2 end th tan v rcge hol diomotor of ono 
sixt nth mil would account for the observed loak rete. 

e,) HANDLIKi: A sample of "Mylar" whi oh did not leak wee subjocted 
to oonaiderable orurnpling, (Seo Plate 5) then rt ted, It was 
found that tho sample still did not leak, On the other hand 
"Mylar" placed on a surfaoe which was not extromely snooth and 
olean and then subjooted to pressure was easily punctured, (Seo 
Plate s 6 & 11 ) 

f,) EFFECT ON BALLOON PERFORMANCE: We pose the fol lowing problem: 
If a balloon of vol\Jne Vend eroe A flios et e height such th t 
tho pressure is pend is filled with helium to a superpresauro 
6p how long will it take to lose e frection f of this super­
pressure if the balloon is mad of "Myler" typified by each of 
the ebovo groups? 

The oaloulation was made es follows: Whon a belloon has a super­
pressure of 1 millibar and flies et e height corresponding to 15 
millibars, one oan apply Bernoulli's oquation for an incompress­
ible fluid to the gas which esoepes frcxn the holes ~ecau o prac­
tically no expension takes place. One finds that 

where tr 

M.W, 
g 
R 
Tb 

is tho timo required for the balloon to loeo n traction 
r or its superpressure 

is the moleouler weight of the gas 
1s the frectional area of the film which is holes 
ia the universal gas constant 
is the temperature of the balloon 
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The pro lem then reduoea to finding g tran the deta obt ained 
trcn the General Milla equipnent. We know the amowit ot gu 
which comes through the holu in a given time. Therefore, if 
we oan find the velocity and denaity or the gu in the hole, 
we oan oaloulate the 1i1e or the hole end thua get g. The 
denaity and velocity of the gaa in the hole oan be obtained 
by applying Bernoulli'• equation to a oanpre111ble fluid under• 
going edl nbat1o expanaion. One find1 that a 

g :. 

Where tc 11 the time roquired to till the capillary with heli\lD 
Pe 11 the pressure in the capillary 
V0 11 the vol\De or the oapillary 
Tc i• the temperature in the capillary 
a1 11 the area or the sample 
Ptt is the density of gee in the hole 
V}i 1e the velooity of the gee in the hole 

The oel eul tion was done fore .lloon flying At 15 millibera, 
-1th one millibar euperpreasure. Ir ti ia the time required 
for the balloon to lose 10% of its superpressure when it 11 
ttli! de of meterh l rrcm the 1th group then 1 

tl eqU8h l.36 hours 

t2 " .6 hours 

t3 
ti 4.25 hours 

t II 1.54 hours 
4 

To find the corresponding time t o, a balloon which lost gaa via 
diffusion only we assumed that the amount of gas lo s~ is directly 
proportionel to the pressure difference eoross the fi lm and oxtra­
poletod the results obtained with the Gonerel Mille tester (et 
l.!p t,qual 50 lb/in2) to balloon conditions (6p equal l millibar), 
The result wa a : 

tD equals 163 hours. 

g.) OTHER TESTS: A few samples of½ mil "Mylar" were tested and all 
found free or holes. It was also round that theso samples were 
closer to .6 or .7 mi! then½ mil. 

A seleni\JJ\ sulfide print was mede of ono heat seal end e fairly 
large n\J!lber of pin holes were found elong the seel.(See Plate 12) 
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CONFERENCE WITH REPRESENTATIVES OF DU POtll' REGARDIMI RESULTS OF 
fHt TESTS blSckiB!b IN TPl FOREGOitt stl"riOR 

Confidential 

On August 17, 1953, a conforenco attended by the following people 
w11 held at the Urdver1ity or Mlnneaota to di1ou11 the problem or 
pin holes in "Mylar" fi 1m 1 

M. lieth 
Canmander J. Sparkman 
Dr. E. P. Ney 
Dr. J. R. Wlnokler 
W. IIM:h 
R. c. Krueger 
J. A. Ruby 
T. D. Meoca 
G. Sohje ldahl 
E. N. Mi tohe 11 
N. Horwitt 

Mr. W.tohell r portod on the tests described heretotore wbioh 
lndioeted that new ¼ mil "Myler" hed pin hole 1. rt-. IC,.ueger fran 
Du Pc.at stated thet Du Pont makes two types or ¼ mi 1 "Mylar": 
type A and type C. Type C is suujectod to a more seleotivo quality 
control program. The material we had tested was of type A. Mr. 
Krueger suggested that he sond us some type A ·Mylar" which had 
been subjected to the same quality oontrol stenderds as typo c. 
It was ag eed that this would bo done end th.et upon reoeipt or the 
new alfylar", Herb-Shelly, Ino. would conduct e aeries of teats 
identical to those performed before, and if this t'ilm proved satie­
faotory then Herb-Sholly, Ino., would proceed to use it in an attempt 
to make heat seals. Mr, Krueger estimated that thr~ugh use of their 
more seleoti ve qua 11 ty oontrcl program, they could ship "Myler" 
which would leek at rates pr obably not to exceed 2 or 3 times the 
diffusion rate. 

Mr. Krueger strongly urgod that ½ mil "Myler" bo oonsidorod and 
asked if there woul<1 be any interest in .33 mil "Myler" should 
uu Pont decide to manufacture it. Be felt there might be a oritioal 
thickness below which the probability of getting pin holes in the 
film rose rapidly. He sugge ated that ½ mil or even .33 mi 11 "Myler" 
might prove to be appreciably better than ¼mil in this respect, 
Hi stated that Du Pont had sane ½ mil "Mylar" whi oh we.a aw,tually 
oloeer to .4 mil and it was agreed that some of it would be sent 
to Herb-Shelly, Inc. to be tested along with the ¼mil "Mylar". 

There we s sane genera 1 di soussion on the status of the "Myler" 
program at Du Pont during whi oh the following informetion we.a 
obtained: 

Current Production 
I.) Semi-works plant of about 50,000 aquere feet which inoludea 

both polymer end film equipnant, located at Buffalo. N.Y. 
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2.) Produoti on 1 a nry low • in the range ot under 5000 
pounds. They aid that Herb-Shelly' 1 ltock ot too 
pounch wa1 more aderhl than Du Pont had in inventory 
at the pr11ent time. 

•• Pao111t111 

Bew plant 'being built at Circleville, Cl\1o, on a 600 aore 
plot. "111 be in production late next year. She ot plant 
and production rate ■ not mentioned. 

On direot question by Mr. Sohjeldahl, llr. Krueger said the 
prioe of ylar" film would not go higher than it ia at the 
present time. ltl-. Kn.aeger gueaaed that :naterial prieo would 
eventually wind up 5~ leu than the ow-rent prioo. Ile did 
not, howev r, epecifioally mention ga o. 

Mothod or Quality Contro sed et Du Pont 

Snnples ere taken et th be~inning and end of each mill roll 
and the enalyaia is besed on statistical mothode. 
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TESTS !ADE BY HERB-SHELLY, INC., ON SECOND SHIPME?ff OF "MYLAR" Fllll 

Purpose 

To eee i r the ¼mil "Mylarn rum •hi ch had been aubjeoted to the 
more rigid quality control teats at Du Pont wae appreciably better 
than the "Myler" teated r•vioualy (part II or thi I report). Aho 
to teat eame underehed mi 1 "Yylar". 

Method and Reeulta 

The films were teated u before by uling the General !6lla testing 
equipnent et Dr. Kamermeyer's laboratory at the State University 
or Iowa. The result, are shown in fig. 4 and 5. 

t-mil "Myhr" t-mu "Mylar' 

7r:,f. of the ae 
~ad" sample a ,, 
were from F1rat All from 
thrde feet Of first three 
tho roll IV roet of 
~ roll 

~ 

.r 
,. _J7__ 
I 

s 
r 

I 0 15 2., 1,- 3v JS" "0 ' /0 
Ii' Jo 

Fig. 3 Fig. 4 

Not counting the bed samples rran the first three feet or the f mil 
roll, the average time required for the heli\lll to leak through 1a 
33 seconds. Using this date to get en estimate or effect on balloon 
performance we oaloulete that a bdloon made of this quality "Myler" 
would lose 10% of its superpreasure in about 100 hours, Thie is to 
be canpered to 140 hours if the loss of heli\111 were due to diffusion 
only, and ½ to 4 hours if the balloon were made of "Mylar" similar 
to the first samples tested (part II). 
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PLATE 3 --- Apparatus for making Seleniu..'!l Sulfide prints 
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?LATE 4 --- Permeability Tester used for quantitative leakage tests. 
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PLATE 7 -- Drawing of "Mylar" to rooasure resistance to abrasion11 
I 
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PLATE 8 -- Seleni u..m sulfide print of good sample of 11Mylar" 
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PLATE 9 -- Selenium Sulfide print of bad sanple of ''Mylar" showing pinholes (circled) 
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PIA TE 10 -- Selenium Sulfide print of bad sample of "1.zy1ar0 showing 
pinholes (circled). 
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PLATE 11 -- Selenium Sul.fide print of good salll)le of "Mylar" which had 
been treated by rolling and made to leak. 
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PLATE 12 -- Selenium Sulfide print of seal made by Herb-Shelly, Inc. 
(pj.nhol ee are circled). 
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C. Superpreaaure TraJectorz Ralloona 

The tin test ballocna at the end ot the leakage study 1howed the 

small auperpreasure balloon to be a production poaaibili t7. Specifica­

tions tor a balloon capable or carrying a down camera at )00 ab were 

made. These balloons, of about )6o cubic ft, closely approxiaated the 

teat cells. They were to be made of 1/2-"111 material ano tested incil­

vidually for leakage rate and superpressure str •ngth. 

These balloons were made to a nominal 14-rt gore length. At each 

end, the double ring end fi ttlllgs were installed. Three-inch aluminum rings 

of 1/L-inch material were used for these. A! er the rings were in~talled, 

the measured gore length averaged about 13 1 2". 

In the manufacture of this balloon a bubbler can is clamped in the 

fabric at its base with a hose clamp. The trimmed fabric edge beyond the 

clamp is sealed with ~otch Kote, a Minnesota Mln1ng and Manufacturing 

sealing compound. n a similar manner, the top enc of the fabric is 

clamped and sealed. The balloons, complete with hame ss arxi top line, 

weighed about 2 lbs lh oz. 

The bubblor can serves as a safety valve in flight. The center tube, 

clacped and sealed to the fabric, is immersed in a liquid contained by 

the outer can Internal pressure in the balloon changes the levels of 

the liQuid and at a maximum pressure the liquia levels will change enough 

to allow the gas to bubble through and escap ~-n inJlation tube is also 

provided in this fitting to facilitate inflation of th~ balloon while 

there is liquj d • n the can. This tube it> sealed with a cork after inflation. 

Every balloon is pressure ard leak-tested at i:.he manufacturing plant 

before delivery. The maximum leak rate allowed is a superpressure drop 
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rrom L millibars to 1½ millibars in two hours. r the first 25 balloons 

teated, all but one met this speeirication. After this test. the balloons 

are deflated and boxed for delivery. 

By measuring the am ient nressure and temperature urxier test coooit ions, 

as well as the lift of the balloon, the volume C3n be quite accurately 

detenzunea. This takes much of the gJesswork ut of calculating the 

f oati11: altitude. A form has been devisea to compute conven1ently the 

weight to be added to brin the balloon an gondola down to the aes1red 

altitude. Because the balloons float accordi.rg to aens1ty alt5.tude, the 

pressure altitude will depen somewhat on at~ s heri temr~ rature. To 

date, the altitudes seem to come ut quite c bse by assuming standa:-d 

temperature. One peculiarity noted in some of the time-altitude curves 

is a slight drop in altitooe after an hour or tw~ of floating. ihether 

this is due to atmosphc ic con itions or balloon performance has not 

been determined. 

For the flight, kerosene or Skelly "S" solvent is used in the bubbler 

can instead of the water used in testing. Care must be taken in order 

that the liquid does not spill in inflation or laurx:hing. Ten ounces of 

kerosene limits the maximum pressure to L millibars 

The balloon is inflated through the small tube in the rubbler can, 

and a vertical weigh-off made. A l 3/4-lb free lift gives a rate of rise 

of approximately 500 ft/min. If it is necessary to infl.a te i limi ed 

vertical space in order to kacp out of the wind, the top may be tied down 

temporarily to the base of the balloon with the tap line. The balloon 

can be weighed off in this manner, and the top ia released just before 

launching. 
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Ot the 2S balloons teated and flown, two are km•n to have tailed 

during tile ascent. Thia is dirflcult to ac~ount for unleaa damage •as 

made durin deflation, packing, 1nfbti:m or launch1ng. With the ex-

ception of these two,the results have been very prom:ieing. ne balloon 

which barely made m1ni■um spec1r1cat1ons floated at ceiling altitude tor 

five hours, coming down in the latter part or the afternoon. Others 

have been obse"ed to come down f'tsr sunset. 

The i:iitial SJPerpreasure or u millibars is normally su!flcient to 

maintain good altitude control on these balloons during the daytime, but 

is not nearly enough to take care of sunset. To do this, something 1119 

15 milli hara superpressure would be necessary for this balloon system. 

Thia being greater than the material strength, changes in the direction 

of a larger balloon with thicker film, or a decrease in load, would ha\e 

to be made. 

D. Glue Program 

F.ncouraging flight results from Mylar balloons, except for low shock 

resistance of the seals, provided the incentive to keep on the lookout 

for other means of fabricating Mylar. Glues tried previously had oot 

held satisfactorily and the only solvent known for Mylar, carbolic acid, 

was too toxic to consider for this application. Pressure-sensitive tapes, 

which were heat-cured ai~r application, ehc.w•d promise Wltil they were 

given a cold test. At low temperatures these parted from the plast e 

material quite readily. 

It was not until August 1953, when a pouring resin ( used in our shop 

tor coating Olland Cycle drums) was tried as a glue, that it appeared 
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t1a1ibl1 to band 11)'1.ar nth an adhe1in. SUple lap 1tal1 i-1nch "1~ 

had a - strength stronger than the t-1111 parent material. They -■ed 

•ery good 1.n ahock loading■ and their atrengtl- waa not attected by ex­

tremely low temperatures. The resin seal had two qualities that, aight 

be considered <11aadvantageoua. The t1r1t • a that the peel strength was 

quite low. Under a peel force, one or the other of the two Mylar sheet-a 

would separate easily. The other bad quail ty was th9t 1f there was a 

buildup or ree1n, as between wrinkles of material, the thick resin woold 

be brittle after aetting. When folded 1 t 11>uld crack and Yery likely 

fracture the Mylar. Thick spots in the seal were consequently aYoided 

in manuiacture by using flat, stretched ma ten al. 

Shortly after this adhe~ ve •as found ,racili tiee were set up in the 

the Physics Building to glue to~ ther a lL-rt gore length auperpreasure 

eylirxier balloon. Ten eeais were made of th u length in an average time 

of slightly less than 30 minutes for each. This time included the laying 

out of material, mixing ~r the resin, application of t~e resin, and 

forming the seal. Th successive seals were stacked one on top of the 

other on the table,and were allowed to BP.t for 2L hours. As the resin 

is very fluid before setting, it conforms to sllght wrinkles in the 

material. An inspection after the s als were made disclosed several spots 

like this where the material was wavy. In some of these places there was 

insufficient resin to contact both surfaces arxi small channels or leaks 

resulted. These were plugged with additional resin. After these had set 

the ends were pleateci and the end fittings installed. The t.op end was 

closed by sealing in a cup of resin. A bubtler can safety valve was in-

.;, tc.:l ed at the lower erxi. 
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Under a 1uperpre1sure 1ntlat1on teat, the pre1sure dropped troa 

4.1 ailllbara to l .S ll1llibara in 2½ houra. In compari1an 11'1 th other 

teate this na good, With but alight l••kac•• Thia balloon was deflated 

after the teat and tlown on Septe■ber 21'. After climbing to altitude 

1 t leYeled ott and held a ••ry con1tant altitude tor two hours and 30 

ainutea. Thia balloon ••• aubaequently recovered and di! !uaion-te1Utd. 

SUplea of a number or aeala ahollld the11 to be excellent gas barriers 

after the flight. 

Et'torta were made in the direction of the pCE sibili ty of super­

pressuring out sunset by going to 1-mil material and a 22-ft gore length 

balloon. The process of asseai>ling these b llocr.s is illustrated and 

described in Figures IIl-lL t~ III- 37. (See E, this section.) Whtn the 

f1r1t l-a:11 balloon, designsted UM-2, was test-inflated, it wae noticed 

that gaa was being lost around the em fittings. Apparer. tly the rough 

handling required to pleat the ende and squeeze t em into the end ti ttinga 

had sepa ated some seals. It seemed that the loose flaps beyord the lap 

seal might provide a starting place for peeling. 

On the next balloon, UM-3, the adhesive ~as applied wide enough to 

include both edges ,,f inaterial. This made a more trustworthy seal. In 

inflating this balloon, one of the aluminum end fittings failed in a 

poor weld at about 4 millibars superpressure. 

The double ring end fitt.ings, which we knew had adequate strength, 

were used on ur: 4. The end saal in the re sin cup was made at the ~x-

tension of the material beyond the rings. The additional amount of plastic 

folding required for these was apparently too much for the glue seals on 

the heavy 1-rnil material and leaks resulted between 1ite rings aoo the eoo 
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fittings. In further efforts to prevent leakage in this r9gion, that 

part of the aeal which ••• woven through these ri~• was covered with 

tape to prevent separation or the 3lue seal. ~19 was only partially 

successful. 

To broaden experience in the development of gluea lar balloona, 

the Uruversity informed the balloon manufacturers o! thl. work ar¥i at 

the same time requested 1as on the manufacture of two large 225,000 cu ft 

balloons of ¼-mil Myl1 r.• F'or light load high altitude work, a balloon 

of this size would co . ete favorably •1th the 3 mi ll1on cu ft "Suue r 

Sky ook". F.ach could lift its CJ1n weight to appro:A.i.mately l 5, 0 It. 

The latively long settin~ time and low viscosity of the resin has 

given some trouble in r.anu.facturinJ?. Any resin whic runs onto Ule wrong 

fabric adheres well enougl to cause a hole upon separation. Also it 

there is t~c thick a layer of resjn it may crack upon foldir€ and fracture 

the material with the sharp broken edges. 

The use of adm tives to result in a more pliable resin is being in­

vestiga ed. Ear y tests st.ow an increased setting time for these mix­

tures whJch is not the most desirable from the standpoint of manufactur1n6. 

TJ,tn·e is anott-:er area in which adhesives MY be advant..ageous over 

heat sealing. So far heat seals have been successfully made only in 

straight lines. This has limited all balloo.ns to the cylinaer design 

Theoretically, a sphere can be superpressured twice as much as a cyliroer. 

A possible way to obtain a spherical balloon of curved seams i~ with a 

glue adhesive. This woulc mke possible a balloon with material stressed 

in two directions. 

* See Apperxii~ D-1, this section. 
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An order was placed with Gen ral ~lle r the manu!acture or two 
10-!t spherical talloons of 10 gores each. The dltvelopment ')r a 
aoheri:al ahape from flat eet a of non-extensible miter1al will result 
in lap sea1t18 wtiich Wl 11 always have wr1 klcs; t t is, t he two s eet& 
forming the lap •ill not lie flat Wl th reS!lect to each ot>ter. Thl a, of 
course, added to the di _fi ult1e of gl ueing with thP. slow-sttt1ng low­
vibeosity adheiive. Two spheres were made, am alth0ug somew at a tc'1y 
in appearance P,ave evidence what coula be expe~ted with the sphere 
balloon. l nder pressure it became bvi us t at this sphere, developt:d 
froc nat shee ~s , d not tecome stressed th6 way that a true sphere 
surface would. 'I'nrls.rerse wrinkles across the seams appeared which indi -
cated U.at the stress at this point was in only one direction. Actually 
theu, the theoretical #ldvantages of a sphere over thf. cylinde.r balloon 
could not be realizea with flat Yi)"lar film. A turst test of the first 
balloon occurr~d at a theoretical s t ress of 1,670 si in the fabric, or 
13% of the material )i eld strengt11. Failure occurred at the seams, so 
this does not represent t e material st ess limit. Judging on the manner 
of wrinkling, the upper strength linut with perfect seams woulc appear 
to be about 50% of the material strength. If this 1s true, there is no 
real advantage in going to a small spherical shaped balloon •1th a small 
number or gores, for the superpressure limit will be aporoximately that 
of an equivalent cylinder balloon. 
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APPF.NDIX D-1 

To: General Mi 18, Inc. 
ffice of Naval Res arch 

Herb helly, r.c. 
,1nzen Research, Inc. 

rr m: Department or Physics, niver ity of ·nnesota 

Page Il J-113 

ctober 20, 1953 

RF.PORT ~ ..,EALI~ MF.THOD FOR m.AR 

he University of ilinnesota in connect.ion ,nth their AB research 

c ntract has investigated various means of sealing polyester filJr., "Mylar". 

ecause of the }agh strength and the fact that ~lar can be extruded as 

thin as¼ mil, it possesses very great advantages for some balloon appli­

cations. In addition to this it has been shown to have low temperature 

properties very ml.Eh superior to polyethylene. In fact,the low temperature 

properties are so good that they are not a factor. 

Three methods of manufacturing balloons from Mylar are being con­

sidered: the heat sealing method; tapir~ with pressur sen~itivc tapes 

heat cured; and a glue seal utilizing polimerizing glue. The first rrEU°'od, 

heat sealing, is being ~tudied under sub-contract by Herb Shelly, rnc., 

Farmington, and at the rroment no final conclusions can t-e drawn on this 

subject. The method of sealing with pressure sensitive heat cured tapes 

produces a very adequate seal at room te'l)erature but unfortunately this 

seal does not have the required low temperature properti.es for a balloon. 

The principal purpose of this note i9 to describe the third metilod of 

s~a Uni, namely sealing with polimerizing glue. A number of seals have 

been made in our laboratory and one balloon constructed with these seals 

was satisfactorilyflown Wlder superpressure. The seals have adequate 
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strength ao that when test tube cylinder a were made ut1li11ng these 

seala, the failure ur¥ier pressure occurred in the Mylar rather than 

the seal. The seal is extreoel.y good at low temperature and C8n be 

irmnersed in liquid air without degradation. The only possible ais­

advantage of this seal is that •hen the glue does not completely cane out 

to the edge of the "ylar it has a relatively low tear resistan:e. How­

ever, its shock rcsistanc~ is high, its static strength is high ard we 

believe that it ie a completely adequate way t~ assemble Mylar into a 

balloon shape. A number of these glue seals ave bee tested for leakage. 

The one balloon which we constructed and flew was a ½ mil aiylar cylirxier 

flown under S'Jr~r pressure corresponding to a tension in the material of 

5000 pounds per square inch. The balloon floated stably at ceiling and 

was recovered and returned to us. Upon examination after return, the 

balloon having been undled into a box, we foond two tears in the balloon, 

presumably acquired when it landed. Neither of these tears was in the 

glue seals arxi, in fact, all nine of the glue seals on this balloon were 

intact after flight recovery and return to us. To make a quantitative 

test of the leakage, the center section of this balloon was cut out ani 

23 samples were tested for leakage. Thirteen of these sanples hod seals 

in them and 10 ·~re samples from the material itself. Of these 23 samples, 

20 showed leakage not exceeding diffusion leakage of the material. Of th, 

three that leaked, two were material and the tl ,ird was a sample which haci 

a glue seal in it. Since the samples test~d are about a foot in diameter, 

one would expect that if tht mAterial leaked, essentially as many leaky 

samples would be found with glut seals in them as without, so the indica­

tion we believe is that the leakage obtained on these sarr.p]e s is consistent 

with material leakage alone. 
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In our method ot application or this glue seal to cylil'lier balloon 

conatruction, the glue is appliftd in a line alone the material ant the 

next sheet or ma ter1al was flipped down over the glue ~al. The surface 

t~n~ion of the glue causes it to pull the material down and create a 

very transparent and continuous seal. he adhesive that 1s used is a 

bakeli e plastic n • BR 1877L With a bakeli te hardener no. RRR l 12 

which may~ o tamed from the Rakelite ompany, Boun tro k, ew Jersey. 

It is a p limer i1 ·~g material a1 mwst be mixed in tht following way: 

two and one-half parts of plastic by weight to on ar t f hardener by 

weig t. The seal must cure for 2L hours befoft\ the full transverse 

strf) ngth is acq •• red • 

.A.cr.ompanying t is note on seals i ; a re uest "For the construction 

of two 225, 000 cubic foot l mil Mylar balloon~". Th1s request for bid 

contains detailed soec1fications on this balloon, 
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Figure III-2. Launching sequence of a 45' Mylar cylincier balloon. Top 
portion of balloon is in±'lated through duct. Material is 
hela below bubble by a temporary tie to wr.ich weigh-off 
weight is attached. 
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Figure III-). After the weigh-off the temporary tie is reroved and the 

balloon is allowed to become vertical, controlled gently 
in a'hand-over-hand manner. 
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Figure III-4. The fully extended balloon is erected until it is over 
the gondola. 
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Figure III-5. The balloon and gondola are airborne. 
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~igure III-6, Sui,erpressure test of (M-7) a u5' cylinder ba. loon. The 
seal orient~tion indicated by the presence of the seal test tubes is in 
line with the tension forces from the superpressure. A..~ air inflation of 
1,10 mb produced a total longitudinal force of 2200 lbs in the 1/4 mil 
fabric before failure. This effectively simulates flight stresses for the 

same superprassure. 
confidential lnformation 



Figure III-7. The Mylar cylinder balloon of 14-ft gort length is shown 
inflated to a subpressure of . 15 balloon height. 
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figure III-8. With further inflation, the volume ircreases at .5 balloon 
height superpressure. The pressure level is evident by 
th,3 inflation in the duct. 
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Figure III-9. As the pressure is increased to two balloon heights, the 
final shape and volume are very nearly approached. 
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Figure III-10. The balloon is at a pressure of four h~~ights, or approxi­
mately one millibar at the ground level. To produce 4 
millibars superpressure at 300 millibars pressure, the 
duct length required is 300 ft. 
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Figure III-11. Four trajectory balloons are readied for flight. 
F.ach is weiehed down to float at a specific level. 
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Figure III-12. The 141 gore length balloon airborne with its load. At 
300 mb it will be fully inflated and held at 4 .mb super­
pressure by t.he liquid levels in the bubbler can. 
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Figure III-13. The surface of the small gluec.:. Mylar sphere sl _ows that, in 
the 10-gore balloon the tensile stress does not occur in both tiirections 
all over the surface. Ripi:;les down the seals indicate zero tension in 
this direction. Conseque~1tly, the full strength of the material cannot 
be u~ed in this case, and the efficiency of the use of the fabric is no 
greater than in the cylinder balloon. 
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Figure III-15. Near the free edge of Mylar from thl previous gore, a paper 
strip is taped in place. The edge of the paper serves as a guide in folding 

the Mylar back for the next seal. 
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Pigure IIJ-17 , ?1ter1al for the next gore is unreeled from tl",e Mll, cut. to length, and bped to the tal;le so that it laps the previously folded edge by ,i seam width (about ½ inch). This edge is then lifte-d up aLd folded back about two inches so the adhesive can b6 applied. 
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Figure III-19. A 3/8" wide rubber roller is first wetted with the resin, 
on a piece of paper (foreground), ard then is rolled over the Mylar edge 
to be sealed. 
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Figure III-21. tf!1e ends of each gore are n,arked with li.nes showing t~1e correct length, After all the seals are nade and have set, the tapes at the ends are 
removed and the excess rnateri3.l beyond the marks is cut away. 
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Figure III-23. To gather, the wire is woven in and out of the holes. One of the finished seams can be seen in the center of the picture. 
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Figure III-25. On balloon 2 and 3, the pleated fmds were p~t ted d1rectly into 
the end fittings. The paper carton around the top fitting c~ntains water to 
keep the tem·pcrature of the setting resin fro:n becoming excessive. 
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Figure III-29. The arrangement of the fabric under superpressure stress is shown. As the superpressure is increased from zero, individual folds straighten into alignment wit'1 very loud cracks and pops. The balloon ,lift at, this time is about 80 lbs. The total fabric tension, however, is about 500 lbs per millibar of super-pressure. 
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Figure III-Jl. The radial otress in the fabric is restrained by circumferential 
ring tension. The intensity of the forces is illustrated by the complete separa­
tion of welds in the top collar. In this fitting the weld was not nearly as 
strong as the rest of the ring. 

Confidential Information 



d 

figure III-33. Twelve inches of fabric are folded back over the first ring. 
An attempt is made to have the distribution of pleats at this fold as unifor:n 
as possitle so that the loading on tl:e pleats i~ More or less equal. 
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Figure III-35. The fabric is folded down once more and is then ready to be 
sealed to the bottom fitting. On this balloon the seal was made by potting the 
material in an annular cup. A hose clamp around the fabric has been used with 
more suecess. on later balloons. 
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Section IV 

RADIATION HF.ATIOO OF BlW)ONS 

A. Introduction &rd Statement or Problem 

Page IV-161 

The ettect or the r3d1ation field in which a balloon finds itself is 

to 8stabhsh the fabric temperature at some equilibrium value. Ir this 

tem~rature value differs fr m the a~tient air temperature, convective 

flow to the air results and 11m:its ~h temperatare excw-~ions resulting 

fro the attempt to reach radiation e :ilibri~. Since the fabric temper­

ature directly controls the buoyancy of the balloon, it is of the utmost 

importance to W1 erstand as completely as p,ssible the details of the 

radiation processes, and also c~ t e c0nvection process. The radiation 

effects are so predaninar.t as to rofo•.mdly affect ~ st ap lications of 

bal cons. Besioes the familiar change of ift at sunrise arx:i su. set, 

the worK of the University of · innesota project has demo~stratcrl tre "warminc 

With altitude" ~ffect. This t rm describes the changes f buoyancy with 

altitude due to the radi:ltion field on the balloon. The tffect de.:>ends 

on altituc!e, timP. of day,aro also the 5 :..u•Jn, ar.d 1,ta am tails. In 

order tJ un< erst.arxi the mechanism by which stability ( or instability) is 

produced in a balloJn at various heights in the atmosphere, the 0 xperi-

mer.tal ard t. eoreticc1l deta~ls oft he ,.,,arming with ~ltitude" effect f!lust 

be worked :1·1t 

F'urthP.r ')bscrvations that the drag force on a ve1·~ically rno11ing 

balloon when it is set in mJtion is very differe~t j~ the oay than at 

night C?.n be linked to the fabric temp£:rature and its differences day 

and night. Hso, seve!"al striking ef~ccts ,n :.~lar b3.lloonf:, where the 
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infrsred !":id~a 10n absorpt1 ,n 1 c- .Jw:'l ~o te large, ave beer. tser\·ed 

riods of fli · ht "her t. tallo n woulu f ".. n se n re or ~ e 

tis alsv oss1 le to introduce rad~at1 n-absorbing gasses into 

the balloon, such as ammonia. Ammonia-filled balloons have been fllght­

tested butte experimental an t eoretical details of the radiation ab-

s rpti n process f arr.mo ia a . ttier i rf rared a sorbing gasses in allo ns 

ave yet to e worked out. 

n this sect.Jon we shall summarize work on evaluation or the constants 

of materials and of the atmosphere which ar necessary for a theoretical 

ap roach. The results of direct ~asuremtnts fro temperature anu step 

flights are given in other sections of this report. 

B. The Heat Palance Relation 

The quantities which one eeds to know to solve arzy given problem 

are contained in the heat balance equation for the balloon, as given in 

Volume I of this series, Page 4-lL, and repeated here for convenience: 

where 

q = heat convected per second from the gas to 
0 the fabrj c, 

q • power absorbed by the fabric from the solar 
l radiation (A~ o.,~), 

q • pOlrer radiated by the fabric because ot 1 ts 
2 temperature ( A ~ 101'), 

q = power absorbed by the fabric from the terr~strial 
3 and atr.iospheric radiation (A~ lO_JA), 

l4 : heat convected per secor¥i from the fabric to the 
outside air. 

Cr is the specific heat of the fabric or mass m, and at superheat 9i, 

above the air temperature T. 

(1) 
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Ir ,,. conlider the balloon ratric to be thin, so that the intensity 

ot radiation 11 practically Wldiminiahed in passing through,* then we 

may wr1 ~ r or the power absorbed from the sun 

(2) 

E
8 

is the rts1ble flux (inc udes scattt?r d light from earth and clouds), 

•• the absor. tion coefficient or fabric for solar radiation per co of 

thickness divided by the aensity of the fabr ic , and m the mass. Similar y, 

f r the infrared radiation we write 

(3) 

where b is the radiation constant. Ae has the uni ts of em.1.ssi vi ey per cm 

or thickness divided by the denai ty or the aaterial in g/cm3. Equation (3) 

.-y also be written 

(L) 

where K • Ae • b • watts/g/ (deg K)L for tt.e material. There is also the 

relation 

(5) 

Ee is the flux of long-wave le~ th radiation present at the balloon's 

location, and .. the absorption per cm of the material divided by the 

density. Although balloon materials in general do not absorb selectively 

in the visible range, this is not true in the long wave infrared region 

near the maximum of intensity for earth radiation ( ~ ""- 10 µ). Therefore, 
I' 

in computing q3 the spectral distribution of the atmospheric radiation in 

* This is equivalent to assuming the differential absorption law 
dI = -~ Idx, 
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thi1 region must be known, as wel aa the absorption spectrum or the 
balloon fabric. fl\e spectral distribution or at1101pheric radiation 
depends on the corcentration of ozone, carbon dioxide and water •apor 
ard can be evaluated as descri~ in paragraph C-l. The relative 
spectral abaorptirt t7 or the fabric ~as been measured in the laboratOI)' 
with infrared spectrometers. The a ,erage absolute absorpt1 vi ty has 
been measured experimentally usi~ black body methods. 

The l ast ter!D, q4, limits the temperature excursions due to radia-
t1on, by convective heat exd°' ange with the outside air, 
pressed as 

,iay be ex-

(6) 
the exponent or 9i being that given by convection theory.* The constant 
H can be shown to be independent or altitude. It may be calculated 
theoretically but is best evaluated by experiments. 

In the following pages the values or the constants in Equation (1) 
will be assembled insofar as they are known at this tini;, and some 
illustrative calculations carried out for special situations in balloon 
flight. 

c. EXperimental values for_ the constants in the heat balance relation. 
l. The spectral absorption in the infrared region. This is shown 

in Figure I V- **for pc;.y~thylanei and My- ar films. Note that polyethylene 
has strong absorption bands at 3.5, 6,8, and 13. 7 mi.cram. These bands 

• See Volume I, pp. 4 8 to 4-19, of this series of reports. 
ff. Furnisle d by courtesy of Air Force Cambridge Research Center, from ?Deasuremen~ by Baird ,ssociates, Inc. 
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approxiaately coincide w1 th the n
2
o and co2 bande tor the atmosphere, 

and we would thua expect a polyethylene balloon at night. to tend toward 

an equilibriua temperature near that or the surrounding at sphere. 

The a~aorption between 6 and 13 llicrona (in the ata1>spheric window), 
however, Wlil tend to bring the balloon to earth-groW'l<1 te•r•ture. 
Unfortunately, n,ure IV-1 gives little 1nforut1oo in thi region, ae 

the 100% transm1 ttance point is arbi t.rary. n running the spectrum the 
perator adjusts the transmittance reading between 80 and 90 percent, 

with the sample in one beam of th& I .R. spectr meter at 2/A, and the 

acanning in wavelength then ie carried ut. he pp r base line t us 
includes variations of reflectance and scatt ring with 'Wavelength as 
well as true absorption. T~ obtain the necessary da a, equ:.valent rwis 
(like Figure IV-1) must be made over a range of f · br1c t 1cknesses, so 
that the exponential absorption may be evaluated at eac wavelength. 

The ~lar curves are strongly abs r ing in the a tmosp ere "window" 
regi n, aoo we w uld thus expect lar balloons t rWl warmer than the 
surr ur~ing air in the stratosphere. 

2. Averag_E: a n in t e infrarea region. The absorption of 
black body r·diation of temperature from -50° to 8o0c by films of Mylar 
and polyethylene has been measured by a substitution method using a 
vacuum thermopile as detector. The average absorption of black body 
raoiation by polythene in the waveiength barrl -16 microns ha~ bee, cal­
culated from a measurement of the absorption spectrum for that interval 
that was made available.* That calculAtion agrees with the neasurement 

----------- ---- - ·- ------ -- - - - - -- ------~-
* Based on I.R. spectrograph in Cr.em. Dept, University of Minnesota. Does not disagree wit~ Figure IV-1. 
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as •el: as may be expected. It was r und t at the abaorptlo by "Ylar 

does not vary exponentially w1 th thickness. The cor.iplExi ty of the ab­

sorption spectrum of ,Ylar for 2-16 f?llcrons ~BkPs that result lausible. 

Discussion r t od 

.\ straigt;tforward measw·ement n la bo y radiation 1 volves a 

black detector at some temperature d and a lack body at a d1rferent 

tcq,erature ,.., 8 • Enei ~, w1 , be ransferred be ween hem y raoiat1 n, 

and it is the spectruo of t}e r~t rad.i3t1 n that is of inter st. The net 

a sorption ( -t or -) by the detector w 11 be a geometric fact r times the 

difference between the black bocy spectra for the t~o temperatures. If 

one body is r.ruch hotter than the other t e contributions to the absorbed 

energy from rarious wavelengths Will be distributed essentially as in 

the black body spectrum for the higher temperature since the amplitude 

of the spectrum variPS as T4. 

5o to stWly black bocy rac1ation corresponoing to a given te:nperature 

neither the source nor etector (nor the environment, in practice) can 

have a temperature greater than that. 

The radiation temperature of a cold body can be measured wit~ a 

much warmer thermopile or other detector, but in the problem under dis­

cussion it is the spectrum of the net radiation between source and 

detector that. is important. 

!aaratus 

The source of radiation was a slit in a cylindrical copper shell 

blackened inside. The shell was furnished wi-th a heater in close thermal 

contact with it covered by electrical tape and aluminum foil except for 

t~e slit. The CJlinder was mounted on light bakelite supports inside a 
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heaY)' braaa tank opposite the detector, • linear thermopile (Cenco 81075, 
~O e,cpoaed iron-conatantan junctions). The heavy alUllinum theraopile 

housing waa mounted on a heavy copper shield with • e.lit to expoae the 

row or rree JW1Ctiona the same size as that in the~ urce and opposite 

1 t (Figure l V-?). , second copper shield 1fl th a slit was mounted directly 
1n fron• of but not t ouching the sourct,. Both at.ields were in good 

thermal contact with the tank. 

The thermopile e.m.f. was measured w t r a L & N type R galvanometer 

w1 th an L & N Ayrton Shunt set at .1 to give proper imp.1dance mater. for 

fast response at le expense of sensitivity. 

It was found necessary to evacuate the tank (gooa fore-pump) to get 

back adequate sensitivity. 

Samples of film c uld be Dk)Ved 1n the space between the collimating 
shields. A series of h e film samples and a copper slug f the same 
di nsions except for thickness could c ~oved into position between the 
slits from outside the tank ty means of a screw arrangement thr ugh a 

bellows vacuum SPal. 

T~ difference betw en galvanometer readings with nothing in position 
and the slug in position was taken as a measure of the net radiation 
through the slits. The difference between readings wit a film sample 
and the slug measured the rad1ati on t~ansmi t ted by the sa:nple. 

~or a measurement on black body radiation at some temperat,.ire the 
tank was completely immersed in a liquid bath inside a large ce~ar and 
the liquid brought o that ter.iperature. An alcohol-dry ice bath was 
used for temperatur s below room ~er.meratu.re. ~or higher te~eratures 
a water bath and heater were used. ~e system took atout ~n hour to come 
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to thermal equilibrium after an adjustment of the bath temperature. 

'!'he bath temperature wu meaaun,d With a conventional bulb thermometer. 

Ab:>ut half a watt was supplied continuously to the source heater. 

A constantan ead ran from the heater to a point on a copper collimator 

near where it contacted the tank. The e.m.f. between hater ani tank 

could be mea red t, give their temper,1ture difference. A d1 fcrence 

less than three degrees was found to glve sufficient radiation for the 

measurements,so the temperature of the raaiation was essen ially that of 

the atn. Six to ten run~ were made fo r each t emperatur an set of samples. 

Res lt~ 

Table 1 gives transmissi n of ~lar fil s of different thickness 

for various rl iation temperatures. The saoe results are shown in Figure 

IV-). Apparently the absorpti n ~glils to be exoonential at~ fficiently 

long wavelent hs, but at the shorter wavelengths characterist!C of Bo0c 
the variation with t ickness sug ests an absorption spectrum consisting 

partly of 1tr ng closely-spaced lines anci partly of windov, f r which the 

materi ~l is nearly transparent. 

The results on transmissiJn of polythene are given in Table 2 and 

Figure IV-L. The vertical scale has been displaced between the thret 

curves of Figure IV-4 since they nearly coincioe otherwise. 

For e:,p onential absorntl on, 

I • I (l-u) e - <rt 
o(l-tu) 

wr.ere u j s the !r ~tiGr.al reflection at each interface and <r is the 

absorption coefficient. 

Confider.tial Information 

( 7) 



+
-

;n
:1

:::
n:

::n
:-:

:r-
r-+

-ll
TT

H
-J 

L 
r-:

.tJ
 _H

t; 
r h

W
j•

P
 f !J

 it
 I H

 •
 t 

, ~
t-r

-.-
H

 t
+

1
• 

;t
m

 
•-

t+
 t.

±r
t-. 

1+
 t,

 :.1
 i 

d 
i1

:n
 d

 f
t 1

 d
 t

t~
 i-

1 
t' 

1 
.. 

H
·F

 
t'·t·

 ~ t
'j 

+·-
-.H

 +
~i

ll' r 
• •

 +·►
 

H
 
'l-.

 rq1
1
m➔ 

t !
 , 

i 
t:

u-
t 

.-~
. 

1.
.rn

 -
:t;

~ 
~-

1 
~+

J·· 
-h

-
_, 

:t-
t:t

.. 
.. •

 
-t 

.:
.[

lt
 

ti
-~

~
 

. .:
..t

t 
l 

~
. 

t 
~ 

..
 :

 
_;

_.
..

_ 
-.

..
!.

. 
I_ 

1!
:.:

 
t 

1·'
1

'· 
t j

♦
• 

·~
t 

i-!
t•

· 1
··

tt
 

. 
r.i

 
: 

. t
 .

. 
:t

i 
-

:♦-
t 

~ 
t t

 
•
•
 

+
 r 

..
 1 t

 
•,

 
J 

H
i.

 
h

f
 

H
 

lii
fft

ttt
H

-i 
iff

l+
W

#t
tt il

l l t
tl 1

1 I I
 liil

llf
fl 

nu 
Hh

 m
l nn

 -1t 
F

ig
u

re
 I

V
-3

. 

0 0 

·t
t +-

H
H

r .
 .,. 

l= 

+l
 

f~
i
 ~
 . ' 

:!.
t ..

 t 

1:f
f 

+-
i--

,.. 

' ~ 
' 

t 
I 
•
•
 I

. 
H

' 

t-t
:IH

t1
1:

-r 
E

m
 

~ 
flll

il1
11

H 
111

11 !
 111 

fff
ttt

ill
Jit

lit
llm

!P
ltm

 lh t
i4

~ 
l 

p
. 

+
 

a,
 
~
 

c+
 

1-
-'·

 
t:

 
o, 

-
t-

' 

t-
-t

 g, 0 .., ; c+
 ...,.
 

0 :,
 

·,-

H
li
 

l HH
i mn
 

-• 
h 

H
i-

H
+

+
I-

H
 +

++
-H

 H
 

t-
t ,.i
 

+
+
+
-
!
+
+
♦
+
+
+
t
 

th
:r

:1
1:1

 t-
H

 

m
m

+
~

t f
t.r

it
it

i+
t+

H
 

t"' 
t .. l
 ttt

~t
-m

t t
t:

t:t
:tt

-®
•·
H➔

 
~±

 

T
 •_·

-+·
+

t
• 

t-
1-

+
t 

+
 

,;t
;.;

: 
+

 

H
'I

+
 

Ii
 

w
rn

·•.1
-·•:

:1
· 

,:l1
=t

tl h
H

1 H
lU

 i t
t:

 t 
LfJ

fl 
, ......

 an
sm

is
ei

o
n

 o
f 

B
l0

r 

B
o

d
y
 
R

a
d

ia
ti

o
n

 
b

y
 

la
r
 F

i1
m

s.
 

~
tt

f 
,1

 
i!

t!
f1

·H
 

t+
 

::n
 rr

1n
· 

1 .
..

..
. 

: 

··• ,I
 

,. 

+-t
 

fL
U

.m
 

..
..

 
-

♦e
·M

+ ...
..

.... :
:t ..

 
;1

-~-1
-H

I,.,
_!,

-
+

•·
 

·-
, .

...
. 

--
-~
-♦

 
..J

...
 

-t
· 

...
...

. 
t4

 
• 

.,
._

..
 

i-
♦ 

~ 
♦
 

t--
~
 
+

.J
.~

 
I 

_
..

, 
_,

f.
 
➔
 .J

.-. 
♦ 

f 
' 

~ 

P
 ...

 
, t·

•➔ 
t 

, 
~ 

·H
 H

. 
tt

 +
 J

 ½
 i

 
L +

-t.
 L

P
 

t
t
t
 +

P:
t 

J::
µ:

t 
H.

11
 H

t~
 

rrf
lT

llH
W

 
l·

+
•I

H
•H

 H
-1

; 
! ~

.h
; 

~ ..
. i

.i.
 

!'·
'!' 

• 
'-

+
 

ft+
· 

H
-
tn

n
 

h
l1

 ;-
r 

+•
 

R
-r

t r
 

t-

1
u

 
't

 

H
• 

H
'T

: 

Li
l t•·
 

t·
• 
tf

 
~

·1
tr

 

,;
. 

l:.f
 

t
l
h

 

I!~ 
H

I·
 

r::
 

't
 •. 

LJ
Tf

tH
,-, 

; 
H

4
 

~~
-

If 

~
 

ij
 H

-L
1-1

 ~
I ~

-,1+
1 i

 t·
t •

·t
, f

t 
1

· 
t 

t •·1
 • ..
.. 

J 
·,r

l:t:
 t

1~
1n

 r
 r

t.
H

u
 n

i":
 H

U
H

 

,, 
11

· 

IH
t:

t 

I•
 I•
 ..
,J

H
+

 

. i f-
t 

H
i­ i"; f ~
 

•f
 

: '
t:f

_ 
! p

 lf-·1
1

•·· 
h:

1:µ
 

.. 
•.

• 
t 

l-,
 

l 
H

1
..(

.-l
f1

 

.iH
t: 

I
t

• 

,..
_ 

i~ !!
q

 
ti

+
-'

+
 

,. 

nJ
1t

 

IH
• I i~

-

I I•
' 

t •
 $ t

 
i t·t

 .f 
t %

':%
 t'.

 -S
.::+

"" 
~i

 1 !
 

I 
H

 
•I 
+

l 
: 

, 
• 

I 
• 

• 
i 

t 
-

r_,
 

I 
t 

i 
l 

• 
, 

,, 
J.7

 
, ..

 
• 

, 
• 

.,
. 

':' 
•
. 

, 
! 

f 
J 

tj
 I

l
l
:
~

 
'..

 
I' 

jt
 

!'
f·

 
• 

JH
 H

H 
W

l: H
il: 

H
"IT

flir
ni

ii""
' H--

!i+'ll
i"'t"! h-

+IH 

'I .....
 

-.
J 



,. 

__ .,. 

:~:;TI: 
, . .,..... .. 

,-4- ~r 

:r.-:::: l ?"~ •-t-r· 

~W= =~--++-L 

~J1t+ 

0 

.. 

. . 

c..,. 
0 

0 

~ 

-r 

- 72 

. 
:!:::tt:!:!:::!·:.:1!l::!i!:~::!:!!:::~::!:!! :!:!:t::! ..... * .......................... _ 

... 

. 

. 

I-

rt· i•t "-!' . .. , 
I 

~ 
,--;-:- ·:.~ 

·- •• ~- ·-.-+r-. ' . . . 

+H+ _;,.:_· ~_t~ 1+ H 

..,..t .. 

■ -
Tl r-;-rr m -

r-
UO!SS!WSUD.A,l 60,7 -

Confidential Information 

U) 
U) 

C 
.:,&. 
0 

s:. .... 

,.., 



Confidential ?~e IV-17.1 

(8) 

It loe10 (I/I0) is plotted versus t the intercept 11 log~~:~~ and the 

~1ooe -.LJLJcr. Table J gives values 'lf ,s-, A! ,.... -/ and u(%). 

Thickness 
:nils) 

.25 

.so 
1. 

Thickness 
(mils) 

1.0 
2.5 
L.5 

Table 1 

P/ylar T. - • smseion 

Radiation emperatilre 
(deg. C) 

-5 -25 -5 

.71 .66 .67 .ss .56 .57 

.Lo ·' J .44 

Table 2 

Polythene Transmission 

Radiation Ternperattre 
(deg. C) 

-So 

.85 

.Sl 

.11 

Table 3 

-10 

.94 

.Bo 
,15 

Characteristics of Polythene 

Radiation Temperature 
(deg. C) 

-50 

u (% reflection 

-lO 

ea interface) 6.5 
.-(m11-l) .026 
~ (mil) 40 

6.8 
.033 

30 
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.6L 

.56 

.46 

Lo 

.63 

.58 

.!.8 

20 

.94 

.Bo 

.. 7L 

20 

6.9 
.035 

28 

Bo 

.66 

. 61 

.51 
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For one set or meaaurementa single, double, and triple one-mil 
fo1la were used instead or toils ot different th1ckn~ss, 'n,e variation 
or transmission with n, the number of films of equal thickness t, is: 

n -n-t I : I (1-u) • 
n o{hu) (9) 

(10) 

So a semilog graph of measu.r d values of Ir/1
0 

for various number n of 
foils should be a straight line through the ~igin. (It has been assum d 
tha. the true absorption is exponential and that reflected radiation j s 
entirely removed from the team.) 

Fi ure IV-5 shows experiment~results. They sug est that a c mponent 
of t~e radiation amounting t about 3% of its energy is alant t t.Rl~y at­
sorbed ir. the first mil, The sl ~e of the be~t stra1ght line is .059. 
Taking a- : .035 from Table 2, \1

. = ,OS. 

If the same intercert (correspondiiag to 3% abrupt absorption) is 
subtracted from the curves ir. Figure IV-h: 

u = 
for T = 

.oso 

-50 

,053 

-10 

.osu 
20 de • C 

CA' ,CULATI"N~ Of\ THE POLYTfMfE INFRfutED ABSORPTIJN SPF,CTRUM 
Planck's f rrrrula for the black body radiation mstribut· ic 

c = the velocity of light, h = 0 lanck '~ constant, k = the Boltzmann 
constant. Let x, y re defined by x = T ~/c2, y = J/T5c 3. 
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C2 = ch/k = l.hJ cm deg., C3: k5/c3hu: .980 I 10-13 watt/cm3 aegS. 

Tt;en Planck's equation is y • 1/ ~S(el/x -1)] 

J 7(x)dx • TI' L/lS • 6.49L 
C 

Corresponding values of y and x are to be found in Jt: nke-Emde Funktion-

Pntafeln (1933' p uS. .Jet ~ ( A} • 1-t( A) where t is the fractional 

transmission f a sample as a function of wavelenctl'.. 'l'len the experimental. 

res~lts on absorpti n of black body radiati0n correspond to: 
d) 

.(( ))J(~ ,T)d A 
~ (T) • J (12) 

J(A,T)d~ 
0 

~ ( ~) is c1vailatle for the interval A = 2-16~ ( sample th ic knes~ 1-mil). 

The f llowinr integrals hRve been computed: 

116 t:P 

1 J{A,T)d)i/ J J(A,T)d~= 

2 o 

.400 T : -5o0c 

.$88 T : 20°c (13} 

(That is, LO% of the energy from a black body at -5o0c lies in the wavelength 

interval mentioned. For a black body at 20°c about 60% of the enerfS falls 

in that interval.) 

(lh) 
.173 T = 20oC 

(15) 

Observed values are 

Confidential Information 
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If it be assumed that the calculated values reprear.nt lOS reflection 

at the two surfaces or the sample and a remainder which is true ab­

sorption, t~e calculated absorption is: 

5.0% -5o0c 

5.6 % 20oC 

It is observed that the exx,onential absorption 1s: 

2.6% -5o0c 

3.S% 20°c 

Rut to make the observations fit the assumption about reflection one 

~ust assume that there i s an abrupt absorption of about 3% in aadit1on. 

'rhis "abrupt" at sorption is uoooubtedly the effect of the absorption 

bands. In the bands the absorption coefficient is much larger (see, 

for exa~le, th£' t11:> ~'Yl r curves in ~igure I V-1). The true absorption 

calculated is thus in satisfactory agreement with the measured ab­

sorption, constdering the approXimat e knowledbe of the spectral ab­

sorn tion of polyethylene. 

J. ~ Radiation. ~he sun as a source supplies 1.9 calo~ies/cm/:nin• 

at the top of the atmosphere. (.1)4 watts/~m2) Measurements show that 

polyethylene and Mylar absorb about 1%/mil i n the visibl~ region (black 

body at 6ooo°K to which the sun is equivalent.) 

Figures IV-6, 7 and 8 summarize the atrospheric absorption effects, 

which are principally cue to water vapor. These curves are computed 

from known abs0rption constants of the atmsphere for visible light. 

* See Smit hsonian Physical Tables, cg. 
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At t e surface t e energy fl ix 1ncr ases untll no n and then arops 

symmetrically until sun et. At 200 mb the full sunrise and sunset 

erfects d veloo in a ut two hourn. Balloons a o\Je 2 mb ressure 

he1 6 t ~r e se t t e f 11 1 rect r <U ti n ~sse tia y as s n 

as t. e sun's d1sc clears t eh r~zon at ~l'\Y ti. e f year. 

Fl rs IV-, 10, and 11* are exa les f the surf ce s r f. 

er var1 us cond1t1 ns eas n. F1 re V-12 su , r1zes t e f ctu-

ation t be txoecte n t es face fr l w clotai ss. 

t e a:-t . This e f ect may t 

depends on t e terrain as w 11 a 

c . u ec irectly as 3 

ball n al , i 11dP 

' but 

e 'eart et" 

effect should begin at t e time of groun s nset on th eastern riz n 

as seen from the balloon, and erds at ball n sw,set. There is a , le 

videncP th · t balloons in ere ons1stently 1 e lirt prior 

to sun et on the balloon. Fig re IV-13 and a le Lare a summary of 

earth-set effects on Fli hts 1-111. The effect ~35 a wide distribution 

but occurs most frequently J -L minrtes ef re alloon sunset. This 

is about ten minutes before gr und SWlSet occurs beloll' t',e bal ~n, and 

probably indicates that the s bstantial ort1on of round in shadow to 

the East has cooled th~ balloon fabric ap reciably. 

The oagnitude of the sunset effect on balloons is discussed else-

where in thi~ report ~ ( See Volume VI, ~ection VI, .?.rrl Volume IX, 

Sec ti on VI -A. ) 

* I. F. Hand, "Heating and Ventilating", January 1950, pp 92-?4. From 
Blue Hill Observatory Results. 
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I 4 ,..... 1188 ...__--+--+--+---+,-.--t---;,-----1~ ~ --+--~ t----t---t---4 

B 
0 

1.0 ~ 1080 
0 

0 0 ..__ ________ ......._ _______ ...___..____,____--"----'-----'--~ 
7 8 9 10 II 12 I 3 4 5 

AM Solar hme PM 

F11ure IV•llJnsolation on cloud­
leH days, March 21 and Sep­

tember 21, latitude 42° N. 
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TA!3IE 4 

Summary or Descent Data from Level 
Flights 

Begin Sunset on 
Flt# Date Descent lloon AT Notes --

9 4/23/52 152 CST 1930 cc:T 250 min. pen. 
10 L/29 19?0 1940 20 
l? 5/12 1850 200 7 
lL 5/22 1930 2010 0 
15 5/26 1910 201 &J 
20 6/12 1920 2040 80 
2L 7/8 2020 20LO 20 
27 7/23 1850 ~ " ?O 

7/2L 2 10 2 Lo 30 
28 7/29 16oo 2010 ?50 
31 8/12 1940 1950 1 Fl ing el ow ceiling. 
32 8/19 2200 19)0 ( -150) ti II " Lo 9/26 17LO ,.,_,1750 10 
L2 10/9 1710 1750 Lo 

10/10 1620 ? 

43 10/14 1600 c17LO 100 
h7 11/4 17LO ~1130 0 
50 11/22 1650 1720 30 
53 12/7 1630 ~ 1700 30 
57 1/25/53 2030 2130 (-.,rJ r ats little below 

theoret1c~l ceiling. 
63 2/23/53 2 350 G tll' 2LJO G rr 40 
67 L/4/53 2310 mrr 2440 GtT 90 
73 5/13/53 2220 GMT 26oo G.~T 220 
81 7/7/53 0040 GllI' 0240 GMI' 120 

Texas Series 1953 

103 1/21/5 3 16 0 CST 1830 CST lLO 
111 ?/l/S3 1740 CST 185 C ... T 0 
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4. Col'lt>utation ~ At,1l0spher1c ln:'rare Flux. The spectral uistr1-

b~tion of atmosn eric infrared ra. tiJn has been cm uted for a numb@r 

r caSi' , as l r ·lia:inary step in t c stimcttion of the warmi~ effect 

ft infrareo upon t e tallo~n. t ra l3tll'lb ease~ of the atm~s-

here 2J and r.o2) an tre oolyet ylene or 'zylar fabric absor selectivfly 

·n t e infrareds that the spectra energy d1st~1but1or is required for 

ttie warmiM c )IDO tati n. 

Elsasser* has given a mett-oo f gra hi al integration fr cm uting 

t e total infrared f u.x acr ss a orizon al surface in the atmosohere. 

', ile is treatrent s rec iveci s me criticism" it seems to be suffi­

ciently accurate fr a1 order-01-~agnituae coai?utat1on of balloon warming. 

El~~sser•s final res lts give the total flux integrated over all frequencies 

so that, although the following com utation is based on F,lsasser's data, 

it was necessary to construct separate graphs for every ~-pectral interval 

investigated. 

The ~thod may c better understood by first disc ssing Rlsasser•s 

method and then the m<X!.ific ti n employed. 

FJ.sasser ass\:mes a horizontally stratified atmosphere of inf1ni te 

lateral extent, for which case expressions for the absorption or emi~sion 

of a vertical beam will differ from the expression for total hemispheric 

flux by only a constant. Following the review by Goody and Robinson,,... 

the vertical flux emitted at frequency V by a thin isothermal gas layer 

*Elsasser W.M., 1942: ~eat transfer by infrared radiation in the atmosphere, 
Harvard Meteorological Studies No. 6, 1942, 107 pp. 

*~aplan, L.D., 1952: J. Met., Vol. 9, p. l 
itffGooay R.M. and Robinson c.n., 1953: QJRMS. p. 151 
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ot radiating •11 da, ray be written: 

dt,. = e, [1, <• + c1a) -1,, l•>] 
dt )I = e... )l: c1a 

Pac• IV-189 

(16) 

where B '1 is the black body flux. per frequency interYal and E JI 11 the 
emi11ivity ot the gas at frequency )'. The dowmra.rd flux rece1vttd at a 
horizontal surface from the gas above will be the 1ntegration of (16) 
performed over all rr 4uencies and over the total mass M above this level, 

J
d1 M 

F• I B lli dmd>' 'Y ) m 
0 " 

(17) 
The emissivity will vary rapidly with frequency and deoend to a certain 
extent n temperature and pressure of the gas ana it is necessary to 
introduce some empiriciso in t he evaluation of (17). Elsasser treats 
not E y but a transmission coefficient T which has been averaged over a 
sufficiently large spectral int~rval to eliminate rapid fluctuations in 
emissivity (i.e. molecular bands). The transmission coefficient Tis 
then found to depend principally on the product f the g~neralized ~b­
sorpticn coefficient and the path length, (lu), the function 1( JI) 
being given by Elsasser•s paper.* 

* The optical path length u is in units of grams cm-2• Elsasser show~ by a thenretical analysis that the fractional absorption over a small frequency interval 6. ll should, for single opaque lines and sums of lines, and for sir.iple band spectra (but with thin layers as ~asured in the laboratory), be proportional to iTI •h~re .-/ depeoos only on the line intensity, spacin~, and the half width of the lines. The function ./, therefore, characterizes the int~nsi ty of the square root absorption. The values of .L were tr.en determined from various ab­sorption measurements assuming the square root form for the absorption, (In some cases by estlJTlatcs of the half width and lJ.ne intensities.) 
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The evaluat1on or (17) tt,en in El.asser• notation will be: 

F : - ( _. ( u
2 

B ~ ;) T( .l !!) dud >' Jo Jul Ju (13) 

For a given atmoEphere u is a fUnctlon of temperature alone and it it' 

c nvenient to exchange variables m~king {l} 

ThJ.s can he integrated by parts 

F = -[a~ l di,?1

2 

+ 

O JT 
1 

B11 N dT (19) 

f-¼- dT (20) 

~ 

Since l is not a function of temperature by Elsasser• s assumptions, 

(20) is equivalent to 

J
Tl 

[,<u1,Tj° T + ;:: 
+ ro {Q(u2,T} dT 

F • Q(u,T) dT 

0 
c/ T2 

u: u1 at T: T1 U ■ u2 at - T - 2 

tP 

where Q:: I £ ~/,( dT 

0 

(21) 

The functions Qare computed in advance for different values of T 

arxi u, aoo a graph constructed w1 th ordinates, essentially, of Q and T 

w1 th isopleths of u. The final integration over any path representing 

the atmospheric (u, T) relationship is done graphically. The area of 

suet, a graph will be proportional to the flux. 

The modification here was to construct separate graphs of the 

function which will be called Q 1 , and temperature, where Q ~ is defined 
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as before except that the i.ntegration over Y 1s pertoraed over a 
relatively small intenal. 

;;,v,.l ~°f d" -- (2?) 
~ -ll, 

T e frequenc . .- interval used is of the order ,:,r ?O cm- 1. Values 
of Q "JI ce •. t red a s gnifica t oints in the YJater vapor spectrum were 
C')mouted, i.e. f or the foll wing values o'" )I : 

5 60o 2 -1 200, 00, 90( , 1500, 1 1700, l O, 00 cm • 

The atoospheric path-length, temperature rel t1ons 1p was plotted 
on eac of th~se graphs and both t~e upward and aownward coir.pone nt~ of 
the flux at these frequencies were computed from tt-ie area on the chart. 
The complete spectral distribution of the nux was t en estl.Jr.ated by a 
sroooth curve drawn through these eight points, intcrr,olation he1ng aided 
by referring Lo t he appro riate bl~~k body curve. 

To ill~strate,the results of the flux c mputation (t ie case for 1500Z, 
29 September 1953, Flight 94) computed from the ft. Clod, :.tinnesota, 
radiosonde for the h.vels 700 mb, 500 mh ar. • 200 mb, are given in Figures 
IV-14, 15 and 16. The soectral d1stribution of total verti cal flux across 
a horizontal plane (sUl!l of apward aoj dowrward c0mponents) is plott£d, as 
well as twice the black body flux at the temperature of the air at that 
level. At the two ower levels as anticipated, th total ~rt rarea flux 
(area unct€r t.he curve) is less tt,an the b. ack body flux at the air tempe :-·a­
ture, 1.}1il6 the actual flux is greater than the clack body flux at air 
temperatures in the s~ratosphcre. 
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The '.i nrr•rl!d computation was made for t~.e time or ,11ght 9L and tor 

several otter examples to illustrate the differc,ces oet•een seasons ard 

tr.e consistency from day to aay within the season; the 27th and 29th or 

July, 15002, of 1953 aere used to illustrate swr.mcr conditions, while 

10 and 12 January 1954 were used as exa~les of midwinter. 

As a check on the consistency of the computat on the total flux 

o tained by a numerical in gr! 10n of the curves for the spectral flu.~ 

distribution F 11 (for exa~le, ~gures IV-lL, 15 and 16) are given in 

Table 5 arxi c mpared Wl th the compilation of the total nux (swn of up 

and down) obtained from the original F.lsasser chart. 

TABLE 5 

Total flux intensity obtained from a numerical integration 
of the spectral flux distribution, £ f11 , 11, compared w1 th the 
total flux compute<! directly from Elsasser's chart (Watts, m-?). 

Level 2 F,,ll 11 Elsasser•s Chart 

Jan. 10 
Surface 3S9 375 
700 mb 347 369 
500 293 292 
200 223* 211 

Jan. 12 
Surface 343 357 
700 mb 322 331 
500 280 283 
200 2l()f- 208 

July 27 
Surface 824 8S5 
700 mb 655 6,8 
500 501 501 
200 332• Jo8 

July 29 
5~face 828 846 
700 mb 635 638 
500 Di> 498 512 
200 3334t 303 

* F JI curve smoothed to account for downward flux from H2o. 
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TAU 5, continueda 

v11ght 94, 1500Z, 29 ~nt 53 

70C.b 
500 
200 

591 
433 
292 

Elaa1ser•1 Chart 

6o8 
446 
299 

The numerical summation exterxied only to a frequency of 2000 cm-1 

and the neglect of the contribution from higher frequencies explains some 

of the differences between the first two columu r Table 5. On t._. 

whole, the interpolation of the flux distrib~tion for a limited set of 

points a pears satisfactory. 

D. Example& of ~at Balance Calculati_~ 

L The descent of ! balloon folloWing sunset. This is a good case 

to analyze, as much data is available from temperature measurements~ 

eunset descent rates. Before sunset the superheat of the fabric, which 

~ ~t therefore be the superheat of the helium as the balloon is in level 

flight, is about 16°. FolloWirib sunse , tl,e descent of the balloon obeys 

a simple el!l)irical rule in the stratosphere 

v = 818 B/A* 

where v = descent rate in ft/min. 

B = balloon weight in pounds 

A= weight of air displaced in pounds 

(23) 

This applies to large He inflated polyethylene balloons with thin film. 

liuring descent at constant velocity!, power is developed by adiabatic 

compression of the balloon gas. This polVer can be equated to that absorbed 

from the sun minus the change in raei.ated am convected power from the 

fabric due to a lowering of the fabric superheat on tiescent. In an iso­

*See Vol.\~~. VI-127, 
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thermal atmosphere, or ta\en one With constant tempe. ature gradient, and 

neglecting aerodynudc drag, the balloon gas superheat should remain 

ur,changed as the system is in dynamical eq lilibrium both before and 

after sunset, and measurements show this to be the case. 

The power develope<i on ducent 

p: gAY 

= 818 x g .t B (from Equation (23)) 

= 81e ft-lt s/min/lb 

= .OLO watts/gram. 

We now write down the heat balance 6quation (Eq. 1) as follows: 

a) before sunset 

o • o ~ ql - q2 + Q3 - qL 

b) after sunset 

O • qo- q2' + q J - qL' 

The t erms are as defined for Equation 1. (Sec. IV-A) 

~ubtracting a) from b) 

(24) 

(25) 

The atmospheric radiation absorbed {q3) is assumed constant befvre and 

after sunset and drops out. Using further the detalled definition of 

the various terms, as described in Part B, 

ql - qo • K [ (T + 9i) 4 - (T .- 9i ' )4 ] {26) 

+ ff [ 914/3 _ 91 ,4/3] 

or ql - qo = 4KT3 (91 - Q1•) + H (914/3 - gl,4/3) (27) 

Confidential Information 



Page IV-198 Conti de'lt.ial 

le now make the assumption that the convection constant !! inside the 

balloon (He to fabric) is i~ntic&l w1 th that outside (air to fabric). 

There is SQme theoretical justification !or this assumption. Then 

(28} 

and !! may be eliminated, giving 

(29) 

In this equation one may insert known values of q1, qA, K, T, ana Q, 

and compute 91', the fabric superheat after sunset on descent. Although 

this would be a very valuable number for practical application, un­

fortunately it may readily be seen that values of q1 in paticular, and K, 

are not well enough known to determine 91 1 • 
1,Ve therefore assume that 

91.• lies between 9i and o. The last term in Equation 27 therefore lies 

between 0 and 1. We as sign it tt'e value 1 (91
1 = 0), and compute q1, t e 

solar absorption, as an unknown. 

4KTJ : 4 X ~•5 X 5.67 X 10::3 X (218)3 
"r 

K 

• 5.76 x 10-3 watts/g 

q0 = .o4 watts/g 

4KT3 = 0.144 
qo-

with Q1: ?0° 

ql • (.144 X 20 ~ 1) .04 

= (2 .88 + 1) .04 = .155 

,rt.th E8 = ,134 watts/cm2 

which is equivalent to .26%/ rnil thickness. 
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fllia ii a ll&Ximua tigw-e. It Gi,) ei 1) O, the calculated a1 Will be 

further reduced. Note that the laboratory •able corrected tor reflection 

but not scattering is about lf/1111 (a1 • 4.~). 

2. !quilibrium Teq,erature or Film at Night. 

From Equation (1) we write 

Q2 = Q) (ignoring convection) (30) 

(31) 

(32) 

It can be theoretically shown that for a t ransparent rr.ater1al A8 = le 

,' • T: (~t4 (JJ) 

At 200 mb in winter 1Re find (See l"unnary o Uneful Inf rnation, 

Section ') 

Ee= .021 watts/cm~ T = 1J5° K 

In summer E
8 

= .031 T • 1990 K 

Both t~ese temperatures arc lower tr.an air temperature at 200 mb except 

under exceptional circumstances. Convection transfer will always limit 

the excursions due to radi: tion, and therefore a calculation of this 

kind may be used only as an indication of the direction of the effect 

unless convection is quantitatively taken into account. Furth 1·more, we 

have i 6nored the spectral distribution of the atmospheric radiation and 

the selective absorption of polyethylene in this region, and have used 
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the absorption coefficient a, determined with black body rao1ation. 
e --

At the present wr1tin; we have ••a1labl1 the spectral distribution of 

atmospheric radiation fr calculations (see ect1on IV -L), but the 

knowledge or t~e absolut spect:al absorptivity of pol.yet ylene fibers 

is 1 ot good enough at resent t~ make a comoletely valid comoutat.i n 

of q3. At lea t 1n the case of SWDtDer c nditions, it 1s rsi'le that 

due to the earth "wi rxio•" effects on the polyethylene, q 
3 

a:ay be 1 R: re a sec 

erough to ring T ~ air t.e perature (200-220 K are plausible a1r 

values). This eophasizes t e imoortance of careful investigation of U'le 

spectral ro?erties of all structurally usable 1 ms, in at~mpt to 

control film temperatures, and thereby balloon stability. 

E. Preliminary Infrared Flux Measurcoents 

In order to obtain some quantitative data on the ef €Ct of ground 

radiation on the ballo n, a device has been developed wh ch cant e retically 

!Deasure the equivalent black body temperature of the received radiation. 

The device is essenti .lly a simple therru.st r bolometer. 

Results from thes~ measurements are very meager to date. The initial 

model of infrared detector was flown in conjunction with tiie tempera ..,ure 

recurder on Flights 67 and 73. F1.ight 67 has been recovered and has given 

the only reliable data to date; Flight 73 has never been found! The infra-

rad detector was flown in 5ubsequent flights in conjunction with +he the~-

mistor pulse generator. Unfortunatel:,, the c},aracteristics of this instru­

ment are such that the shift of zero point in the detector invalidates the 

telemet,?red aata. (See Vol I, Sect. IB) A satisfactory telemetering system 

has now been designed but has not been flown in this series of flights. 

* Gondola froa Flight 73 later recovered. 
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'!'he infrared detector consists or three thermiatora mounted in a 

relatively m.11S1 ve block sue~ that two or the■ always reali n at thl block 

temperature trt,1le the t ird, thermistor C, attains the block temperature 

wit t e !t':ut ter c losE:d and S'ltne other temperature de~ndent on ground 

radiati n wit~ t~e shut ~er open. See Figure IV-17. Two models of the 

detect r have flown, the first, 2-IRD 1-540, uses tree ML 419/urr-u 

t ermist ~ , ~ s · lver c loride f1lter, an:i s s spendec outside t e gondola; 

t e sec rii, 2-I Jm 2-5L7, uses one n L19/,,utr-u ~ two Victory ~gineerinR 

type 51A2 bead t~errtist rs, a ,'iratten type 87 filter, and is ioou.nted inside 

t e go la. oth use two therm1st~s as sensing elemer.ts and one as a 

t er o:Je er f r meR urin the block te~rature. 

Arr:l...f-• J e tw sensing t . ermistors in a tridge c1rcui t prevents 

an. s. irt in zero pint due to char.ges in the a solute temperature of the 

det ct~r bloc . ACtJal y, beca se of slight non-unifor~jties in theri?li.stors, 

t e e~ s j t to me degree wit a chang i~ tc:r.perature. iith the 

s utter cl cd, lot r.er ic:tors A anc '9 attain t e block temperature, TA. 

After the shutter has been open for a tir.ie, rad:~tion causes tt rrr.ist r B 

to attain a new temperature, TA - 6 TA, and a new resistance, RA+ ~RA. 

T~e change in bridge output is then 

AVo 
--=------E 

If RA= RE with the shutter closed, 
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The characterietic or a therllistor can bl accurately •~••sed b7 

the relation, 

where R
0 

1a the reaut.ance at 

o<>c, T • 27 J0 , b u a conatant, and R 11 the reai stance at abaolute 
0 

temperature T. This p,11 
b 

~ R • - ? RdT, or 

To relate the thermistor temperature to the i11C1dent radiation, 

consider t>-e heat balance of the ele•nt per unit area o! the therlliatora 

a) it receivea .._., .. T
1
4 watts troca the ground. Rere, T

1 
11 the 

eftect1Ye black body temperature or the radiating surface •hose eai11inty 

is ,
1

, r 1 a the Stephan-Boltuann constant, and ~ 11 a geo•trical 

factor which takes into account the tact that the thermiatar 11 partially 

concealed in the bloeK. Since the interior o! the case 11 highly silvered, 

~ must be nearly unity. 

b) It receives /S ,1~TA4 watt• tro■ the block, whoae teq,erature 11 

TA and whose emi.seirity is•,• Rere, t' , another ge0111trical tactor, 11 

roughly o.S, aJ¥i * A is approximately o.C>J.. 

~) it radiates <r TB4 watts, where T8 is the therai1tor temperature. 

d) it gains (loses) heat by conduction to the block via the air 1n 

the cavi t;y. If t(' is a aui table conduction c onatant, this loss is k (TA - TB) • 

The conductivity strongly governs the temperature, ■ince if the cavity ia 

pumped dawn to approx:iaately 10-S 111n Hg pressure, the recorded temperature 
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Coatldent.1 al 

chanp bit.wen cond.1 t1ou or ahutter clONd and open increa•• bJ about 

tiYe ti••• Holreftr, tor pre11ure1 bit•• ataoapheric and about l • fw, 

t.hert 11 an1J a -u chanc• in 1ena1t.1YitJ •• •~ted tro■ 1•• conduc­

tion theo17. Om aay noa write 

T h = T 4 - LT 3 AT. B A A " • 
SU bet 1 tuting, 

It the radiati~ aurtace 11 at the sue temperature as the block, 

Tt : T1 and c1 T1 • O, 10 finally 

Over a>derate ranges or block tEllperature, T1, it ia sufficient 

to write 

~:A= C1f ·(~l l where c1 is a con1.»t&nt. 

kaki~ the further approximation that 

T14 - Tg4 ■ 4TA3 (TA - T1) 
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Pinally, combining expression,, the change in bridge-output YOlt,111 

between cond1t1on1 ot ahutter open ud cloaed 11 

On Fl.11ht 67, the detector caN hq in the outaide air and re•ined 

colder than the apparent ground teaperature. The expreaaion aooYe ••• 

used 1n the !ora 

For calibration, the detector ••• placed in a Styrotou box wttoae 

interior could be cooled by paHing cold dr7 air through it. 'Ite air 

eened the double purpose o: refrigerant and deaSicant to prennt toe 

from foMling on the sil•er chloride Window. The unit ••• pointed up 

and the top of U1e Styrofou box removed to allow ••wr-nta on the 

radiation tro11 a black surtace which waa supported a few inches above 

the box, covering th" solid acceptance a,wle of the Wirdow. Data was 

taken with the black body at 20°c and o0c and the detector operated 

between -S° alli -90", as ahCllll in P'igure IV-18, The effect of the ~ 
term is apparently not aerioua. 

During flight, the Yoltage output tro■ the detector was applied to 

a YaCUUll tube volt•ter which irxiicated on one of the two panel meter, 

on the temperature recorder. One ot the temperature readinl• in the 

sequence or readings (vol. X, Sect. IB) waa that ot the detector block 

temperature, the difference reading thua giYing the awarent ground 

teq>erature. 
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Rteulta tro■ ,11ght 67 are 1han in Figure IV-19. ilthouch the 

block teaperature Yar1c,d widely, the apparent ground teaperature po1ntl 

plot out a 11100th cune, the variations 110st likely resulting tr011 rapid 

ascent or deacent cauaing a difference in temperature between the block 

and the shutter. The apparent grourxl temperature 11 1hown to be rougt,i, 

-7°c during the day and roughly -17~ after sunaet, or a total diurnal 

change or about 10°. Thie change appears to be hl gher than one would 

expeet from theoretic&l coaputationa but ftlrther measurements will clear 

up the point. 

F. Summary of Useful Intoration 

l. Solar Constant, E8 
■ .1)4 •atts/cm2 

(subject to seasonal, diurnal and altitude effect■ as shown in text). 

2. Ra · ~ 

A = .288 cm-deg Wein Displacement Law 

4. !'dean absorption and emissivity of films: 

FRACTIO~AL ABSORPTION OR EMIS~IONS/cm/g/cm3 

_.Symb"--_o_l __ w_av_e_l_e~ng~t_h_R_e_g;...i_on ___ "t>' ____ l_ar ___ P_ol_y_e_t_hy ___ le_n_e _____ _ 

a e 

visible L.L (lab measurement) 

. h - · 1,.u ~ 2 . 9 ,:;::: l. 16 (calculated) 

infrared 
1 - 1sr 

- 5o0c 
rad:i at ion 

dens1 · y g/cm3 

217 2L.5 

1.)8 

,. Typical infrared flux in atroosphere at 200 mb. 45°Lat., up and down, 

clear skies. 

Winter 
.021 

Watts/cm2 

Summer 

.0.31 
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6. A s~rpti n of Atmosp tric as~s 1n ~ nfra re Reg1on. 

(fr m t aw, F. 1 neer1ng Exper1 me t ta ti n Re rt, 

ru. vers1 ty, June, 5 . ) 

co 
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o, 

C 
·:: 
Q 
0 .. co, 
.0 
4 ., 

100 
0 

HOO 

Solar Spectrum 

900 

2 4 6 7 8 9 10 II 12 13 14 15 )I 

-Infrared solar spectrum, from 1 µ, to 15µ. (bottom curve), with positiona and relative 

intensities of the bands of other known atmospheric gases shown on oth~r curves. 

Figure IV-20 
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ct1on V 

A A.LY r ..; 

A. 

A al o n :,a • r e s a 

el ad 

ec r, ry r. VPS a € 

tra ~ , ec . rr. a C 

ine in wtiic t e 

red into the gas 

ea a n ' form e1tt>era-

l io £: . ~ cat 

. er a re s o t.:i i na e 

f l n 0 the f l t , 1 • C . , rates o r !~ ar.:J aescent, 

► l. es f alt · t a a ring allast dr ;,s , et<'., r in the Ste f 11 :Yhts, 

r m d e f tow ~ oon free hf r m t e ers1 me er data. 

1Jeta1 ls • • 
3 at w, .owevcr, can be 0 t 1ncd onl y rom actual te""er-

ature !'l asuremcnts of the bal oon gas an uts1 e a1 . In adc!lt1 n, a 

d1 rflc !. me ure f he te, era tu..,..P r , C". tio 0 . ~ a ba loon provi es ... 

a gra hie l J s ra i~n a oon be in e ndent c eek on 

vertic.11 fligh c nstarits obtained from a ast, tensi n, and r i se ra ,., 

To d,te , ive fli ts ve been f v pe c i cally for the u.rpo. e 

of o tain ·ng 1 ect .easurements o balloJ l " er t ur e ~ • ~ e se a re 

F'liglts 57, 63, 67, 73, ::.ind 1. Two stfn f i h ~s, ·li hts 91 and 9L, have 

also included rreas urernents of t. e tov, tall on er era L1re. ther flights 

including measurements of air temreratures and te . eratures inside the 

gondola are listed in Table I. 

Evidence exists, based on observations of a1ps and rises in bal oons 

floating below ceiling altitt1c.e rlt night, plus t he equilibrium warming of 
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A LE I 

Temperature Instrume ts Flown, By Plight 

~liEh t ca ring Air 
Instrument _Temps . 

57 Rec. 2 

63 Rec. 2 
67 Rei" • 2 
&, TFC 1 

69 TPG l 

71 TrG l 

7'2 TP 1 

73 Rec. 2 

7h Tffi 1 

75 TfG 1 

76 TPG l 

77 TPG 1 

78 Tffi 1 - 79 T:'G l 

80 TFC 1 

81 TPG l 

83 TPG l 
8L TPJ l 

- 86 TPG l 

87 TFC l 

90 TPG l 

91 BTT l 

92 TPG 1 

94 HM' l 

95 T?J 1 

Rec .= Temp.-~ressur RP. Co aer 
TPG = Thermistor Pulse ~enerator 

PTT = Balloon Team. Telemeter 

-one la 
ems. 

1 
l 
1 
l 

l 

l 
1 
l 
l 
1 
2 
i 
1 
1 
l 
l 
1 
1 

1 
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the balloon gas •i th altitude,* that the infrared radia t1 oo fr\llll t.he 

ground and the atmsphere must be cJnsidered in th~ heat balance ~r 

t~c ball~on. In order to obtain some quantitative rneasurem nts of 1s 

raa1at1on, a aence was eve Jped wrHch in r1 .c1 _e can meas r~ t e 

t t-11 incident rad1At1on. Results r~m sue r.Jeasureruen s av~ r VP... n-

sr1tisfactory to date because f the di~ u ty f er feet~ a . u • ta e 

ransponder t m u lat the te le~ ten ng sys e::1 . 

or i ese asure as be oev er " l f own 10 SU ~C 1e t 

fl1 hts. 

. Experimental ~thods 

e eratt:.rc measuremerts r bot ball n s ard ts1 e air ve 

been made usi . w. i te t crr.ustors ...... A descr1pt1~n of their coating as 

been given by Rrasefield*8
, who quotes tests at Johns fopkins to show 

thdt t ey ave low eni ~ivity ir. the visi le and Jgh em1ss1v ty 1n the 

infrared. Averaging t e em1s vity ver the solar spectrum, he arrives 

at a r ·gure 0f ~ for the mea. emissivity in the visible. r own 

measurements in the 10-f' regio~ show them to be black, indistinguishable 

within about 10% from an Aqua-Dag coated thermistor. This color property 

(white jn the v· ' b A 1 blar.k in the infrared ) is desirable for air temper­

ature measurements since the absorption of sunlight is s:nall, and what heat 

may be so gained can be dissipate:d by radiation characteristic of the 

thermistor temperature. The thermisto~ are vulnerable to radiation from 

• See Sect. G of this report for discussion of altitude warming. 
H Freiz Instrument Company, type ML 419/AMT-4. 
~ J. Met. 2, lh7 (1948). 
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the earth, but thU is nearly balanced by the radiation to free apace 

at orc:li nary air temperatures. 

For measurements within the balloon gas, the situation is slightly 

worse. The fabric radiates to the therflllstor in the region where the 

thermistor is bhck. At won,t, the therao stor Wlll then read the fabric 

temperature. The effect lS .ot serious, however, for a number of reas""l~: 

a) the fabric is essentially transparent 1n the infrared.* 

b) the conductivity or helium is much greater than that. of air, 

clamping the thermisto~ tmperature more effectively to that of the gas. 

c) the fabric temperature in any case cannot be too different from 

that of the gas to be measured. 

In order to obtain measurements of the air temperature, one need 

only mount or suspend one or mor£ thermistors in such a m.inner that air 

ia free to circulate about the element, and at a sufficient aistance from 

the gondola so that radiation effects from this source are negligible. 

The two methods which ave been employed are 1) mwiting the thermistor(s) 

on the ends of 6-inch shiny wi.ree connected to a Lucite ,1ate which is 

susperxied at a distance of about five feet from the gondola on an aluminum 

pole (Figure V-1); and 2) dangling a thermistor below the gondola on an 

eight-foot length of fine twisted-pair lead. 

To obtain balloon gas temperattln!s at various points, thermistors 

are dangled on leads of approprjate Angtn f m points on th~ fahri~: 

Because of the extreme fragi 11 ty of the thermistor element, each is mounted 

on a wooden stick or lo• heat capacity and surrounded by a helix of wire 

* See Volume IX, Section IV. 
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A,r Th r Uor 

ln ro- Red Detector-... 

r igure V-1.. Flight 73 at launch , showing method of suspension of air 
thermistors on pole and infrand detector below the gondola. 
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~h1ch series t orPv nt ~reaka e by fo l lin~ ahainst the fabric (Cf. 

~igure I-2, Vol~me X, Sectior. I). is ~sembly is encased in an ~lum1num 

s~here, aro nd w, ch the a nate l t aa wire is w und, a~ 

the s ere 1s ~ e~~eo 1 t t e ba .on at s c a ;jSU:"O t t when 

.. e s aro t s re f 11 e th rm.st :- ha s 

f e 1n t~ ~l on as. for er t1 n o t t rmstor r ( r , 

SiP lum X, C l n . T emu st rs av ee wn 1n s ve 

OS _ ns Wl t 1n t 1 n · J Sl tl ns a. 11 s !'"atca 1 l ure -.. . 
'rw ty e f instru t use :neasure te er;\ u.ree 

n i t . e i.rst Ce , on ~li hts 57, 63, 67 , am 13 

is a device whi c h seq en • ally w1 ches he various therm1s ors t a 

vacuum tu V 1 tme er, w se ut e er s t ograp € . P rioaicall 

rec1sion res · st rs are swi:: ea int c1rcU1 t for se l!-cal i rat ion . 

. u ess the flig t depena n rec very of t ~ T e sec n 

e (' ins r ume t lS a h r ,ni st r e e t: 1S 1S ..,e, t a ly -

00 str re a l n sci la r .e ar1 s t r mist rs are 

wi ed, a w C r uces S' ace t 1n e v be w en t em 

. r opor ti na t r re sta c . .his • nstr urne t so 

a · rate r g fli 0 t by swi.tc · n in r c1si n res1stors periodically. 

t'or t e s ep li hts, t e ulse genera tor is used i 11 conjunct 10n w • th a 

ow pow r l - me trans, itt r ~ - c r ". st, e temperature inf rm ti n from 

th tow b lloon d tot e main go dola. A r eceiver in the go~ ol a then 

a pU e p re0 art er.iete r channel. For a com e e des-

cr i t • f bo th .e instr ument, see Volume X, rec t · on . 
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GORE N0. 30 

GORE NO. 45 

Figure v-2. 

LOCATION OF THERMISTORS 
IN BALLOON 
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C. properties or Thermistors 

The thermistors, purchased from Priez Inst.n.unent ,.orooration, have 

been found to be quite uniform. Ir ,for some avera e tt,erlllstor, t.he 

calibration is round to bt R = R5 (T) (Figure V-3), then all others tested 

are fowxi to fit Rk = ,}.kR8 (T), where ,l k is a number characteristic of 

a given thermistor lying within! 4% of unity. all ra ion of a thermistor 

can thus be ru.ade at a single temperature. Assuming ·\ = 1.00 for all 

the=-mistars leads to errors of only about 1°c al te,q,eratures below -10°c. 

For the understanding of balloon phenomena, temperature errors of 11s 

high as S0c mlght be tolerated if the di fercnce between balloon gas ani 

outside air can be determined to Wi. thin t 2°. ince forced ventlla tion is 

n~t feasible for any but the out~ide air thermistors, and then only during 

rapid ascent or descent, it was necessary to make some laboratory tests to 

see how large a temperature error would be made by fa1 ling to ventilate 

the thermistors. 'nlis was done in two ways. In the first way, a thermistor 

was mounted in a large metal bell jar which had two diametrically opposed 

Lucite windows. Light from a sealed beam lamp was allowed to shine through 

one window and to emerge from the otrer. Te incident Window was double, 

with cooling water circulated through the space between the panes. The 

thermistor lay horizontally in the light beam 18 irx:hes from the 18.1&4) face, 

the latter being outside the bell jar. !he radiation intensity was deter­

mined by a separate calorimetric measurement in which the beam passed 

through the window into a dewar nask of blackened water. In this way, 

the intensity at 18 inches was measured to be 0.13 watts/cm2, or very 

closely one solar constant (0.132 watts/c~2). The spectral aistribution 

Confidential Information 
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or t e test rao1ation fav rs t e red end the spectrum and 1s cut oft 

in t e ar irurared y the L cite ari1 tl' water. Ta le I give~ values 

ft te erature rise a ve room te peratur a, ient . 

ABLE II 

a , e r st r 
n. ant of Tung~ l~n 

tJ T (0 Ur ~To e 

e ta le, it is seen tha a t e h~ est al tj tude re onable 

1 C a alr t erature err r f a roxima ely 30 may be made, 

n a e e twee ~e i a air t erat e .. f a t 1°c. This 

Vt' t e lln 1 ts c ns1 erea satisf ct r: ' . _t ust n ut 

e th r mi r co ld a s los t .. ·a i tl on t t j r . Tis 

f r a re nse 6T is, per l ni rea f erau st r, u crT) lJ T. 

r t .ra r rises i '.n , t is s esr t .a 10-2 s 1 r onstant 

an 15 e ligi ble. 

e s con ~thod f or .. r::ri.n n era tu.re ris 1n t e a sence of I, 

t a~ t C t . r i t . e c . l j ~ as~ in , ae;urr .nt 

it anc m y t r e istaoce . 'h C rr twas 

- cycle Ar, a lied t r g a c J .dens r. IT'he , vo ..i..t ag c across th tr er-

m s r was me asured with a vac .et r y a c noenser. 

T r .s1 stance ~a s meas ec ya r C J , cte c... t r t e t r • st r 

trough a low-pas s filter. 

Confiae .. t a Tn m:;. tion 
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r 01 n t er r. 
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POWER iN MILLIWATTS 

Figure v-4. 
Using the thermistor dimensions (0.066 cm dia., 3.3 cm length) and the 
solar constant (0.132 watts/cm2), an emissivity of o.06 cor esponds to 
the abcissa shown((= 0.06) and gives an expected te~erature n.se in 
sunlight of 0.9°c in air at l cm pressure and about half this for helium. 
The data is roughly consistent with that of the previous measu ement if 
we take the emissivity as 15-20% for the incaroescent light spectrum, a 
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not unreasonable figure. Figure v-S s ows t.he time taken ror t}\e 

thermi:t~r to 48ach equillbriWD 18 aoproxiately one minute. This 1a 

., .. 
z 
12 
► 
C 
C 

~8 
i 
I[ 

C 

entirely adequate r r the present 

urpose. 

-• ...... ~~~~~~'+~~~~~ 

50 
TI ME (SEC.) 

f'igure V-5, 

100 

We may c nc l rle that the temoerature error w ~hout ventilation 

will be on the oraer of 1°c and that no correct1 n need be ap~li d to 

t e observed values. 

D, Flight unmaries o the Tempera t ure rli ts 

~ive fli ghts were l auncheo to obtain direct te! _crature measurem nts 

of the balloon gas. e first , t P.se, T1.i ht 57, was a straightforward 

flight wit. out ballast arops or unusua l be av1 r. re next four temper­

ature flights, 6), 67, 73, anu 1, were launched so as t reach ceiling 

in time to attain temperature equilibrium ef re th , balloon cescended 

at sunset due to lo~~ o solar raa1at1on, and droppea a known amount of 

ballast at a predetermineo alt1tuue t J cause a bounce in height with A 

subseouent loss of balloon superheat.* Flights 63, 67, ana 81 shov; similar 

behavior, Flight 57 indicates anomalous characteristics, a1n Flight 73 

. as never been recovered. R All of these flights used a \'1lnzen 1-mil 

double-walled 73-ft-dia. tapeo balloon. 

* See Volume IX, Sect. VI, C & D,for a disc'-.lssion of this type of response 
to release of a ballast increment. 

:ff Gondola from Fli ght 73. later recovered. 
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1. Flight S7 

Flight 57 waa launched fro■ Pierre, s. o., at 1527 Giff on 25 January 

19S). The grouoo temperature at launch was -10°c, but no reaa1~s were 

taken on tliia flight o!" ballo n gas temperaturer. prior to l 81.lnch. ~,ea~ure­

ments of air tumperature and or temperatures at p~1nt1 l, , , ano 3 in the 

ball on ere ta en aun~ flight. The balloon ascended with a slightly 

increasing rate or nae to a ceiling of 27 mb, ~ere 1t floated level 

until after the film j n th temperature rec~rd 1n camera had passed through. 

~1gure V-6 shows a c q,an son of the air temperature reaaings Wl th t.he 

temperature s r¥11ng from Rapid city at ap~roximately t e same time. At 

launch time, Rap10 C'i ty r po ·ted 12 .8°C on the groUJ'¥i. The co:nparison 1 s 

seen to be ~xtremely close, although the stations are 150 miles apart. In 

any case, tr.e comparison se"es only as a check on the accura ... y of the 

th rmistor r~adings. 

he balloon ,as and air temperatures vs time are plotted in ~gure V-7. 

Thermistor 1 was released into the gas almost from the start of the flight; 

t~e other two were released at a h~gher altitude. These points are indi­

cated on th plot by dotted lines; thermistor 2 appears to have fallen 

against the fabric am begins to read gas temperatures only from 1638 GMT on. 

The air temperature decreases as expected until 161L GMT when the 

balloon entered the stratosphere, afttr which it increases and eventually 

~tabiliz,aa a -5B0c Th r • star 1, which is near the top of the balloon at 

ceiling, but which is near the ce t.er of the gas bag during most of the 

ascent, is seen to follow the air temperature very closely, but to get 

steadily warmer than the air, maintaining a positive superheat at all times.* 

At the tropopause, it continues to get warmer than the outside air and there-

"''iis behavior has never rea~peared in any subsequent temperature flight. 
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fore 1 ta rate or ct,ange of temperature changes sign. ~·,hen th balloon 

st.ops ruing, the temperature rues r~ idly to about -:J. 7°, which rf!present,a 

a superheat, f almost Lo0 • 'ntercnstor 2, wtuch becomu free in the gas 

at 16)8 G~, follows a curve very s1milar to that of l ana finally reaches 

an eqUllibrium te.rature a ut, two degree:, w&1·cfr t an 1. Thermistor ), 

fN?e 1 n the ga~ af tcr 1649 GIii', warm.) at r ughly the same rate but reach ca 

an equilibrium temperature of ab t -3S0
, or a superheat of about 23°. 

Sioce no su seq ·ent flight t-as s wn suet- tremerxi s t q)erature 

ra 1ents within t ball n, it is most reas na le to s ose tat 

t ermist rs land 2 tecame electrically shortea, eitrcr in the balloor. 

r i the rec rdint instrument. he resistance corrr.soonc1ng t -15° i s 

about 16o kilohms, and to -35° is )Ju kilohrr:, these values agree · ng Wlth 

the paralleling of the two thermistor resistaoces. 

This flight was s~ccessful in that 1t pointed out sources of error 

to e av ided in subsequent flights, ana hat 1 t indicated the feas1bili ty 

of using theruustors for these rneasurernent:J. 

2. Flight 63 

This flight was launched from Pierre, .... D. at 2(t3 ~'T on 23 February 

1)5). The gr 1u.nc. tempc :·ature at launch was -o.S0c compared with a ~an of 

about + L .o0c for the balloon gas. The talloon gas reading was ot::tained 

by releasir.g thermbtor 7 into the gas just previous to erectioo of the in­

flated bubble and launch; the readin~s were recorded on one section of the 

recorcier interx:ed ior record·n~ rt a ·ngs from the in rar~d detector whieh 

was not ready for flight at this time. 

Flight 63 rose at ar. almost constant rate and reached a ceiling of 

27 .$ me at 2247 GMT, where it re:narned l~vcl until gro'.Jlld sunset at about 
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w t as t e r o o aus e v ria-

~jons at h g al it es are a o lo caus o t e relat v ly 1 n inter-

v 1 betw e air t eratur r ac!in s .. 

he lot of balloon gac an air t 1"''1.tU V ti i iv in 

flights. \lthough the qccurac • of t e recorder f~r high temperature is 

low, due orimarily to z·eading errors, the in ' tial superheat is seer t o be 

approximately +u .. o0
• Thermistor 1 is free in the gas from 1503 G~tr on, 

and shovJS the balloon gas temier ture rcmajning close t trat of t e air 
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but decreas ng at a slower rate •ith altitude ana remaining be.l.ow air 

temperaturt until ,. the tropopause. As the balloon ascends t r ugh 

tte stratosphere, the gas temperature apcears to warm somewhat,~ 1le 

the air tem erature r mains ao roxima ely constant, The 01nts at which 

ther .lstor 2 thr ugh 5 bee rr.e exoosed to the gas are ag 1n sown •1th 

da ed lines, Durinf? this a r rt1on of the asce t, from ab ut 2205 

to 22L MT, the gas temperatures sow wide var1at1 n w le s g .sts c n-

s1 era 1 :.ation of the as, s1 e rea i~ errors ca no nee ·.mt f r 

t P 1. ffere ces s - • 

~.it in twenty au.nutes after reach ng cel li al tuae, t ba l n 

has come to te ,peratur equilibrium, with a mean s erheat of t ♦ 21 °. 
Th s s perhea. 1s mnnt.;o. n ~"' t.h ha .loon floats lev l W1t:il r nd 

sunset at 2L O MT, "emperaturcs 1, J, and L during the 1 vel or 1 n o 

the fli ht seem t ave es:ie tially the same value ,whlc 1s lf f .rent fr m 

thats own byte . era ~es at ositlons 2 and 5. If e e a r tw 

positions are maintained warm because of, for exa:nple, t e sun s .J .ring 

on that art ular side of e balloon, new u d eXD ct pos1t1 n l t 

be at almost tile same e erature as tats wn at os tionr 2 and 5 

(cf. Figure V-2, tis section). It is not sufficient to as um t t 2 

anci 5 are reading h1g or that 1, 3, and Lare reading low because of 

calibratlon errors,sin e ~t balloon suns t, 3 ana Lare st1ll lo~est, 

but 1 as become approximately equal to 2 and 5. In adc ' tion, a:ter the 

expected, since earth radiation alone could not maintain any a recia le 

gractient. A tentative conclusion from these considerat:ons is tr.at a 

temperaturt: difference of at lea..,t 2° exists betv,een points 2 am .. 3, when 

pc:,int 2 is nearest the side of the balloon facing the sun. 

• Confidential In.formation 
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The behAvior or t ernistor 7 u t.his flight is quite s1gnit1cant. 

It was included in the fiiGht to ottain a Yalue of tte initial auperhea t 

or the balloon gas at launch. The therm stor was released into the 

b ttom third of t e balloon just previ us to launc nnd it -as expected 

that th~ t~ rai stor would be broken by the a • ial n of tt,e fabrj c during 

asce t. It ap arently ~u ·r~red no dama , owever, arxi gave readi~s 

t roug out t er ig t. igure V-9 ~ows t~is thermist r r~ading to be 

ap roximateJy o0 until just rev1 us to the alloon•s leveling at ceiling. 

As the cone at t e bot m of the oon opered during t e lat part of 

the ascent, the t ermist~r again tecame exposed t t e gae. Thia point 

is sown b the dashed ]inc at 22L7 OMT. Tether ~ r 1ameaiately asswzes 

a te perature of -U O and then •ar~::s with t e er t.her11Ustors, but att& n~ 

a-, eqUJ.llbn un ten erature about 7° warmer. At ground sunset, the balloon 

begins to descend and therm stor 7 aga1n bee mes enclosed by the fabric. 

This is reflected int e sue er. increase of L0 , fol owed by a grad,ial de­

crease t just elow air te rature as the abric at this portion of the 

balloon cools. 

Assuming tat thermis r 7 retained its carbonate coatin and was 

held dista~t from the fabric y the ½-inch radius of the _rotective helix 

(cf. Pi ,urP- I-2, Vol. l, ) , gas c nvecti n would mm ntain the th rmistor 

temperature & very nearly the fabric temperature, since the gas in this 

region of the balloon is thermally isolated. ~ne Cdn trus estimate the 

fatric tcm~craturc curing t c 1 v 1 flight a~ appr ximately -26°, o about 

10° warmer than the rooan gas temperature ouring level flight. This very 

rough estimate is not to be taken too seriously for a number of reasons: 

l) thermistor 7 is situated in a region of the balloon where the tapes 

are amt concentrated and one would expect this region to be warned 

Confidential Information 



Confidential Page V-2)1 

by solar radiation to a teq,erature gn»ater than the mear. tabr1e 

te'1perature. 

2) it is quite possible that some or all or the ca~t~nate coating n 

the thermistor was rubbed orr during the ascent, causi.n~ the 

ther~istor to absorb solar radiation more effectively. 

J) t e readings from osi tion 7 during level ~light are f m a 

position surroWl ed by gas, an· th ugh the t ermistor 1s again 

erclosed by the fabric ·ust after r und sunset, the fabric 

tempe ature in this r g1on might ave c a ea consicerably aur11ag 

the late afternoon as th zenith angle of the s n increased. 

It will wort while to at empt to ~asure fa r1c superheat by sus-

pen ill: a t~cra-.istor in such a manner that it is istant from tht fabric 

by about ne inc~. This wjll allow the as near t c fabric cla t~e 

t Mri stor temoerature y means of c n\""ect ion, and since th gas ter.iper­

at.ur at U 1-- is • nee c nnot be a . r c1a ly c..i iffe .. ent from th e a bric 

temp ature, some inaicati n of 

can be cbtained. 

The avior oft cr!:ll.stor 7 aft 

abr1c superheat anu mean tecpcrature 

ns_t is a pare t yin icative 

of thP. fabric tern e~ature in a r g1on where the abric no loner surr unds 

any lift gas. As shown, it drops fairly raoidly to a ut 2° below air 

tempe !"a ture and remains there for the dura tiou of the film :·ec rd. 

The temperatur behavior at positions 1 through 5 after grouoo sun-

set at 24 0 G, is ypical. eginning at 24 Gi~T, the bal oon temp~ra-

L~res graaually decrease, rE:prescntin!~ a graoual loss of super he t. At 

balloon !:iunset, this decrease increases its rate sorr.ewhat tut the total 

balloon superheat rema:ms almos at its uaytirne equilibriun value. During 

this period, the time-altitude curve shows the talloon to be riescendi, g, 

Confidential Information 
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the rate f aesceut increasing after balloon suns t. * At 113 GMT, the 

balloon as reached an alt1 tude J 7 m , and the ,·elease of a ballast 

increment f 25 pounds causes the hallo n to b WiCe ra 1dly upwa~c, in 

turn ausing the gas t c 1 y expansion. As shown in ~lRure V- , the 

&s tempera r rnr~ t.o u t n a ut 3 o. air temoerature, retainin a 

p 1tive su. re t. umerica r laticns olding betw en te .. erature, 

bal 1st, ad altitud rin t s nee are swnmar1zed int fol •in 

ta le. For a ion t c le 1 at 1 ns, s e r , t is sectl 

/lW 

2511 

h 

1181 
ft. 

tit 1oe C 

Te ta on o trn s 

Measurey 

as 

Te ... er t re ana 
-a la st Wlce, 

T ir .'ea red 
1JT/ T 

L.17% 

an e in 

Aer rag 

ter dro . ing allast, an 

L. 5% 

s er e t 

1s a n a n rn at t c uring this sl w desce t. F'or a ( scri t1:m 

f the r lations ol ing be ween tern erature and lt tu e c an e , s e 

art , th1 sect1 n. 

At 23 :MT, t e film i t e tem ratur _ recor i c· imra ha rW1 

tr r , ugh, w 11 before t e f . i t terni.na tion at 87 

3. Fli eht 67 

This flight was launched from ?ierre, .. . D., at 1956 G\fl' on 5 Apr · 1 

1153. The air temperature on the ground at laWlch uas 7 .8°, but the 

thermistor at the bottom of the balloon broke upon rdease into the gas 

ana therP. is, consequently, no ~asured value for the initial superheat 

*For a discussion of this effect, see Part G, this secr.~on. 
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on this flight. Ueasure•nta W9re taken at !1 ve points in the balloon 

and at two points in the utside ur, u •ell as measurement.a of inrra~d 

flux trM the ground. During transfer or the gas to the upper portion or 

the balloon Just after launch, acme or the balloon fabric draped down onto 

the pole a p orting the air t..,erm1st'.>rs. Alt ough neither of the two was 

broken, their readi~gs indicate ~hat nx>st proba ly they were forced back 

against the aluminum ole and c nsequently gave readings which are b th 

high and erratic during sunlight but wtu ch smooth out after balloon sun­

set. The erroneous te•r• tures do not a;, ear to be serious d ring as-

cer,t because or ventilation but are uooou tedly high by at ut 4° at ceiling. 

As shown in Figure V-10, tht air thermistor eadings during ascent 

GlVe values which he uniformly between air tertperatures recorded at 

Raoid City and St. Cloud. The balloon evidently floated in a region of 

rapid te""9rature c ange. 

The behavior of the balloon temperatures on tis ni tis very 

siJ1ilar to that s own in Flight 6). In rlgure V-11, T, errnistor 1, w 1ch 

is released into the gas shortly after la ·nch, s~ows the balloon gas to 

be colder tan the outside air until solDfwhat past t~e tropopause, wen 

the gas steadily warms. The points at whic thermistors 2, 3, L, and 5 

dropped free into the gas dre again sown with dashed lines. Therrni tor J 

apparently fell into the fabric and broke. The mean gas temperature when 

the balloon reached v lving ceiling at 2lu2 G•T appears to be -49.5°, the 

ca me a air t~ mnera.t e The gae warr,e aoo by 2200 GMT has apparer tly 

stabilized at about -32°, representing an equilibrium superheat of t 21.5° 

at a ceiling of 28 mb . The maxiaua temperature difference indicated is 

about 4° between thermistors 1 ana 2. This measured difference does not 

cor.ipletely ai!appear after talloon SW'lset, when the two still read about 
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1.5° to 2° ditterent. Thia w ,uld ap~ear to be a systematic error in 

the rea 1ngs, b~t wo:..tl.d still indicate a gracient of about 2° at ceiling, 

assuming that solar effects would not en ancc the dj fference readings 

because or, r r exanple, loss of cart nate c at1n~ n thermi.st 2. 

Similar to Flight 6J, t e as temperatures during e lat afternoon 

t>e,in lo decrE.ase slight y, arxi decrease s~mt•hat mor . r pidly af r 

alJI):> sunset., wh ' le stLl maintainint an appreciable s pE'rhe t. During 

,is ri , the balloon loses altitude ass wn in the tll'le-altitude 

curve. Al a p~ esure of 70 mb, the balloon drops )2.7 pounds of rallas 

and :>unce, rapidly upward, cooling the li!t gas by expansion. The eas 

tenm0 rature drops rapidly to &!')proximately -53°, wi tJ,i n a out 1° of air 

temperature, ass~ ,n. is upcrheat or 2° is t en maintained as the 

balloon conti .ues to descend. 

TM tee1perature relations holding durirlf this bounce are given in 

Tatle IV. 

dW 

32.111 

&i h 

158o 
rt. 

TABL.~ TV. 
Te~eraturc arxi Altitude Changes 
During B:?11ut Bounce, Flight 67 

Adiabatic Measured Tair !teasured 
hTgas ~ Tgas tJT/T 

6.31° 14.5° 219.00 6.62% 

4. Flight 73 

Change in 6W 
Aero rrag G 

o.2i 6.0J% 

This flight was launched from Minneapolis at 1847 OMT on May 13, 195). 

The air teq,erature at launch was 8.6°, and the gas temperature just 

previous to launch, measured with thermistor 7, was 19.4°. Thus, the 

initial sup~rheat measured .- 11 °. This value appears to be high, repre­

senting a superheat before the balloon gas and fabric have come into 
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radiation equilibrium with the ground and atmosphere.• tlea~,ze~nt~ ot 

temperatures at six points in the balloon gas and o! air tea;,erature at 

two points were taken, in addition to measurements or ~ound infrared flux. 

The gondola from t his flight free-fell eomewhere in the vicinity of Jump 

River, Wisc on in, and has never been recovered. Cr,nsequently, no t£Ljperature 

data is availabla." 

F1.i ·ht l was laun~ hed from Minneapolis at 1912 Gl'T ~n J 1y 7, 195). 

It included mea~.irements of gas t~. pe . ature at sir. oints, ajr temperAture, 

gondola interior te~perature, anc measurements of infraredground flux. I n 

. lace of t~c tempera t ure recorder, t,Y, ,anperat~re oulse generAt ors te le­

metered the temperature information on two c~annel~ of the comnutated 

transm.ittcr (Vol. X, cct. II). The temr,crAture data, as we l as the 

lland cycle pressu data were, however, recorded on a multichanrel 16-am 

record ing ca 111:ra (\ 1. X, ect. I). The flight re rr.a.rned in the vici.nit!r 

of MinneapoUs and al t i gh the gondola has never been recovered, a good 

telemetere ~ecord was obtained. 

At lau!'ld1, the air ten;,eraturc on the gr unc! was 25.5°, while the gas 

tempera~ure measured 2 .1°, corresponding to a superheat of -5.4°. These 

temperat1.res were ncasured by roding U crrnisto r 7 in the balloon and an 

air t t ermist r susp~rrlcd at five feet from the grourxi with a hr.Jneter. 

Th€ ri ul sf) gene rat or, ho ,e .; r , just after 1 a unch gave er roneauf re adj ngs 

which are high by a.s much as 30° initially. Sin,::e the Dulse generator is 

________________ ....__ _______ .., __ _ 
*Fora di:cussion r:f this ef.rcct, see ?~rt G, this section. 

-sc-~ '!''1e gcr.dola fr ,~m !"J irht 7 3 w:.1s later recovered. 



Page V-238 Confidential 

sensitive to leakate resiatarx:e, aaae effect dependent on a rapid ascent 

fr 1t the groW'Xi must be resp<'naible. This behavior or the pulfe generators 

has appeared in several subsequent flights, and has been attributed to 

sensitivity to moisture on th~ plugs a-id leads. Redflsigning of the pulse 

generator hu, eliminated this sensi U vity. 

Co ar1ng the temperature-altitude sounding from c. Cl aa wit t e 

ai ... temperature telemetered (Figure V-1?), 1 t becoU?es obviou s at in 

addition t the initial error caused y the a cent, the air cmpfrature 

readings are suspect by at least 5° in the strata~. here. Tr.is ea ~ 

from v ,e plot of al loon an ' air tfmperatures as well Figura V-13), w .. ere 

he ai r e perature points are not nly ad y scat ered b~t st-ow a larger 

decrease in temperature at sunset than one woul expect from he l ~ or 

altitooe. In addition, the measured Vdlue or superheat durin6 level fight 

is on the order of .5°, wr. ic ap cars to be unreasonable 1n view f the 

results obtain d from Flights 63 and 67. 

ASS'~:rin6 tr1at. the air thermistors are abnorrna ly eated during the 

day for s me reason, but decrease to near tt:e correct value after sunse t , 

one can estir.1at€ tr.e r:iean air te!Tlperaturc during l evel fli~ht at ceiling 

0 
as -53 . This value agrees reasonably well with t~ extrapolated tempera-

ture frJ~ the St. Clo~d sounding. Comparing the balloon gas temperatures 

with this assumed value gives a ·.1perheat of acout t 1~0 , which, although 

stjll low, is much closer to the vilues recorded on other flights. since 

the ball on t€moeratures were measured ~ith a different pulse generator 

from that which measured air temperatures, and apoear to be of tr.e expected 

order of magnitude, one is justified in taking some quant • tati ve r8~n:lt s 

fr0~ these assumptions. 
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Ccnfidential Page V-24) 

~cause or tile telemetering difficulty, air temperatures are readable 

ror only an hour after re:tching the eecond step at 30,()')() rt, and disar~ar 

until 1715 O!ff, w,e the flight had rloated level at L , r for about 

LO minutes. te .. erat are rr datle ~nly during the fir st nte;, at 

1:,5 ft and fr tho fir~t 28 min~tes of the ascent t~ the second step. 

A ~. in. igure V- L, the tern erature souncinc fr m Green n.ity, ·1sc nsin, 

agrees surprisingly we 1 with the air temperatures m Asured, oxcept in the 

region of 1)0 ~b, where rapi Winds ap ear to have existed. 

Figure V-15 is the plot of air ana balloon gas temperatures vs. tine. 

A~ shown, the equi librium supcrhea t n the ffret step • ~ + 1 °. ~c behavior 

of the gas curin~ the ascent t o the second step is characwr1st1c of the 

temperature fli 6hts p ·eviously dcscri bee. The gas re:?Lains c laer than tt-2 

outside air d~ing ascent and presumably warms after attaining equilibrium, 

as indicated by tho tcnsiometer. Only one gas thermistor is plotted in 

thj s figure, since t e balloon had not attained suf fi~ient altitude to c!ro p 

the other two by the t1roo the ter:perature telemeter failed. 

2. Flight 94. 

Flight 94 was launched from Minneapolis at 01)1 GMT on September 28, 

1953. Measurements of two bal!oon temperatures and of the outside air 

temperature were taken. At laJnch, the air temperature was 11.3° and the 

balloon gas tewperatwe at this time ~~s appar-~tly about 5°, giving e.n 

initial superheat of aoout -8°. Figure V-16 shows the behavior of these 

temperatures during the ti!De the balloon was held down prior to launching. 

Apparently, the balloon los~s heat quite rapidly after sunset due to radia­

tion to free space. One would expect this effect to be enhanced in the 

Minnesota lamchl.ng method because of the overlapping of several layers of 

~'"'nf'i rl,mt.; Al tnf ormation 

( 



Page V-242 Confide ntlal 

E, Flight Snmartea o! Te':f!ratw-e-lnstrumented Step Flights 

81g1M1ng •1th rlight 91, thermiatora were tlown in the step fiight 

to• balloon,• using a pulse generator connected to a low-!)ONr 10-mc 

transnu tter which relayed the te!D!Jerature infurmat n from ttE tow balloon 

down to a recoiver in tho gondola, •h1ch then keyed the ccxrmutated trana-

mi tter on one chanrel. Impractically long leads from the balloon tharmbt.ore 

to the gondola, and p:>ssi ble r ullnc f the weigh-of r c rtble by these leads, 

an, thus av ided. The tensiometer measurements, which &rf' considerably 

more accurate for measurements of the mean balloon gas sq,erheat, are 

relative only, since absolute values or the superheat d~end on an exact 

knowledge of the 1ni tial superheat. ~asm-orrEnt of temperatures serves 

also to point out po:;sible discre;.,ancies ~n tensiomE:te readinge. Where 

both tereperature and tension readm s are good, the ability of the thermistors 

to read the mean balloon temperature can be eval a ted. 

1. Flight 91 

This flight was launched from lirlneapolis at 1217 G~T on Sep mber S, 
1953. The air temperature at 1 u.~ch was 7.8° and the gas temperature 

rr.easurec 7 .L °, giving an initial superheat of -0.4°. 'nlese values were 

oensured using a ·,7heatstone bridge on the air ther~i stor 1~ ter flown in 

flight and on a therms tor suspended in position 7. During flight, 

temperat ~s were ~cas~cd at points 1, 2, and 3 in the tow halloon and 

in he outside air. 

The pulse generator used for ttlemetering tcrrpera·c.ures on this flight 

apparently perforrood satisfactorily during tJie entire flight, b~t an in­

correct time constant in the gondola receiver caused erratic telemetering. 

* See Section VI of this volume for a discussion of step flights. 
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Ccnficf nt1al Page V-241 

' he ballo~n 6as tecpcratures durizli a~~<' t show ~hlvi r :nmi!ar to 

t~c previou!il temperat1.&re night,: the gas rt-mains colder tha" the outsiCA 

air for s me tinr past the tr ~opause, ther steadily warms ana rca~hes 

equilj t riu~ a ut 2 nu s after attain e ceili •. 11 i?"g he a"su .. t · n 

hat the an trat s herir. air te□perature ; ~ -5)0
, the eas superhe~t ~t 

altitude i .- 1~'">, w h a muimu'TI 1ffer nee of 3 between thermi5tors L 

an • After b 1 0011 sunset, the su ert-1 at c reas~s sl ; Ll , anu at 

t e lasL dr at 024 ~!IT , o a~ ut )0 below air 

te er! ,ure , wtn ch at this 1me can e as~u t ~e accura e as plotted. 

T am unto a last dro - ed ,as mor~ than s !fic:ent to account fvr 

sunse t effect, w i c is reflected 1n 'co ~: th t1:u?-q titwie and tine­

t tl1)erature :urves. 

The numerical rs lts c ~ ri~ temperat:ires with ballast dr red 

are t( "H: r. in ~able V. 

TABLE V. 
Temperature and Altitude Changes 
Duri .0 Rallast Bounce, .'light 81 ~- <1h Adiabatic ~casured Tair Measur~d 

~Tgas .1 Tgas !JT/T 

3511 1900 7.6° 9.5° ?20.0° h.Jl% 
ft. 

Change in l1 \1 
Aero Drag G 

0.2% 7.lj 

This flight, which was the first to u~e the pulse generator for r!leasur­

ing ball Jon temperatures, indicated that the method was feasible but subj= ct 

t further errors. The desirability of having temperatures directly tele­

metered more than compensated for this, since otherwise no data at all would 

have been obtained from this flight. 
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balloon fabric, but meaaure•nt or taf4)tratw-es on a tied-down balloon 

over a 2h-hour period will give 111>re qualitative data. Thia will be 

reported on 1n a later volume. 

The tea:perature pulse generator, during the entire first step and 

somewhat paat having reached equilibrium on the aecorxi step at 19,SOO rt, 

indicates atmormally high temperatures for both gas and air. Frcm Figure 

V-18, it appears that the cause of the discrepancy slowly oisappears 

during the secorii step and that the temperaturee indJ.c 1ted at 0300 GYT 

are probably correct. The sounding points are plotted from this time on 

ard show close agreement with the Green Bay sounding at 1500 GMT. See 

Figure V-17. 

Both balloon thermistc rs indicate very close agreement.., a.Bi one would 

expect to find no great difference throughout the balloon Wlless a powerful 

heat source such as th! sun were present. The equilibriW!l value for the 

superheat at 20,000 ft from the time-temperature curve is + l O• AS shown, 

the ascent to the third step was very erratic, ana t~1s is reflected in 

the air and gas temperatures. From 03L7 to 0405 GMT, the balloon floated 

level at 29,000 ft with a measured equilibrium superheat of -J0
• During 

the ascent to the fourth ~tep, the balloon temperatures :how the character­

istic decrease with a subsequent increase after the balloon reaches equili­

briwn. The gas temperatures, however, continue to increase, a11ri never 

attain a true equilibriwn value. Comparison of the temperature curves with 

the time-altitude and time-tension plots shows that most probably the lead 

balloon began to leak some time after 0500 G!:lr, causing tte balloon system 

to descend, thereby compressing the ballo::m gas wj .. th consequent warMing. 
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Par.e V-2S.J ConfiC1e:1t1al 

Tt direct t . oeratu.rc ~aeuraments 1n t,h1s pr t1cular fllght proved 

useful in corrcctinr. an erroneous initial reading or the ten~iometer. 

The ea sured value of the initial free lift was 89 powids, but the ~\1111 brium 

tens1om ter readings at the first three steps show values of 59N, 61N, and 

65N, which would ino1ca te a large loas or S\;perheat. calcull tion or an 

initial free lift froc the measured e uilibrium superheat values and Ute 

t ns1ometer va ues gives a coITected value or 76.6/; for the initial free 11ft. 

Time 

TA9LE \'I. 
CalculA tion or I it al Free Lift from 
Temperature and Tensior. ala, Fllpht 94 

D(mb) F(#) ~a . 9 

Anot~er in ercsting result from Flight 94 is shown in Figure V-19, 

were the superheat is plotted vs. time. Te rate ot' loss of superheat 

during ascent is shown to very nearly C?nstant at -1.2°/1000 ft, even 

though the rates of ascent during the periods plotted vary from 19L ft/ci.n 

to u97 ft/min. This flight is the only one whose temperature points are 

both sufficiently a curate and plotted ciose enough together in time to 

iooicate this beh~viJr clearly, For comparison, the adiabatic expansion 

for ~elium is -4°/1000 ft, which sets a maxi~um. 
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P•P!lt V-2S2 Confidential 

r. Deacripti n or Results rroa Qt,her Tapen.tu.-e Measuremnta 
81ginning with Plight 68, all flights usi~ the 1tandard 1111 gondcla 

"4!re flown 1r1th one or more tem~rature pulse generators. Measureent.a on 
these tli r,hts included those or outside air temperature, tl'fllp.tratures at 
some point ;,f iut.erest 1ns, n t.h gondolA, in addition to measurements or 
infrared flux from the gr unc!. I 1 s or iaportance to have a good air 
teq>erature mea urement in the region .&.n which the balloon is floating ao 
as to obtain accurate values for the rat.€le of rise and descent as well as 
the lapse rate at a particular level . Temneratures inside the gondola were 
of interest t explain erratic behavior r some flight coq>onents. Un­
fortunately, the last of the three, measurement of infrared flux, proved 
to be c ~µletely unfeasi le with tis type of telemeterinP, circui t. A 
different unit has been developed wtnch Will perform adequately for these 
measureaJents and Will be reported on 1n a later vo ume. 

The te ~ture soufxijngs for all fights are s~own with the i e-
altitude curves (Volume nr, Section I. ) Viherever possible, compari~ n 
sounaings from nearby Vieat',er Bureau stations are 1rx: luded. 

It would be superfluous to plot out temperatures inside the gondola v. 
ti:ne. Luring the aay, tile interior teff1)eratures remain between t 10° and 
~ 30° and decrease to a minimum of -15° about an hour after rttidmghL. The 
points of measurement have included the free air inside the go1xiola, the 
structural members of the gondola or certain pieces of equ:i pm~nt Even in 
Flight 81, where the bottom of the gondola was exposed to the outside air, 
the temperature of the infrared detector case, which is thermally well 
connected to the gondola frame, has apparently stabilized at -20° at mid­
night. '"he gondola at this time floated at about 37 mb. 
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. Analysis of Temperature ~easurements 

Figures V-20 and V-22 are pl ts of the expected air arxi balloon gas 

temperatures vs. tloe o ring the tw types of flights which have been in­

strumented f r temperatu-e to date. 

In F1 ure -2, ty ifyin ~lig ts 6), 67, and 81, the grouoo temperature 
0 at la nc 1s arb1tra 1ly ta e as 5. A6 e balloon ascend! after launch 

at OHlO, t e air teruperature decrea uniformly to-Sc ~t t e tropopause, 

increa st -55° an t er. r ins c nstant trough t t~e flight. The 

all n ga, w 1c 1 t~ e 1n1t1a y as -1° an initia s re tor -6°), 
decre~ses with t e air ut at a tly l ~er ra e. At the tro pause, 

the as, at ug . t · 11 c r tha t e ::> utsi e air, begins to warm, main-

ui. n ng fl 8 a c . s ta t , a na t s t f) t f> r ynai i a c st t. s 

ra e ~r 1ncr a econ nu til the M 1 n beg1ns to valve off its aero-

namic arag,* we t e a war ' ra 1d y to an equ1l1brium vale of -36°. 

n l V f i. t t e aay, t e alloon main ins 1 ts 

e • 1 li bn u.m s· 1 r at, a r una s nset at 3Hl, t e balloon tegins to 

de ce d, and me re ses it rate 

occurs ab t 20 minutes la e 

escent at balloon sunset wh ch usually 

r a f Jght at O 00 ft.. r3 may regard 

t e ball)on syste durin , sunseL descent as a thermodynamical feedback loop, 

in wh ch, w n sol;,.r 1 ti n is r mo ca ana he ballo n •a attempts to 

coo , a inute lo""s of lift causes a descent w1th consequent c mpress1on 

and w;:n• g f lift ~as tc s~ch ~ d br e t,at t e _ roce~ ~ c rtinu us. 

The ball n thu~ aescends at suer a rate as t o maintain the supcr~cat it 

attained during level flight, ex ept for a s·nall 01..cre-1se re1ui red to com­

'Oensate for aerodyna:nic crag. Tr1j s aerod:namic ''frictJon'' r -·sults in the 

net loss of superheat 6 9b. At a predP.termine~ altitude,the gondola releases 

* ;-:ee Vol. IX, ~ect:i on n-c and D, for a discussion of balloon behavior during valving. 
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c~nfiaenti al 

a known amowit 'Jf ballast, 6 ! , whereupon the balloon, t anng now an excess 

lift, bounces rap1dly to a new altitude. Trree cases &f ly here, depending 

on tt-e amunt or ballast dropped: 

a) 1r the ballast dropped is less t an enough to cause the balloon to 

rise sufficiently such that eXPans1 n of the gas drives its te~~rature to 

air trr·perature*, the balloon Wl 11 retarn some superheat am nll continue 

to descerx:i so as to aintain this su~rheat. 

b) if t.h ballast d:opped is just surfi c ·Prt t dri ve the as te~era­

ture to air temperature*, the system is 1n equil1br1um at this altituae 

and will continue to float level ~til radia tion again drives the balloon 

u ,, for exa"?Ole, at the next sunrise. 

c) if the ballast dropped is more tan enough to drive the gas te~era­

t,ire to that of air*, the s perheat will become r~gative and the balloon 

will rise at such a rate t o .. 1aintain this negative value, until the 

balloon begins to discharge gas. 

The se three cases are illustrated by dotted lines in Figure V-20. The 

superheats in the non-equilibrium cases are nJt quite maintallled, again 

because of aerodynamic drag. 

The das~ed curve frcm launch to 2H20 r presents the equilibrium value 

of superheat for a ballo n floating level at an altitude corresponding to 

that reached by the talloon at this time. A clear idea of t~is quantity 

can be obtained from Figure V-21. 'n,1s curve was plotted from the tens10-

meter data on Flight 80 converted to superheat by assuming an ini.tial super-

*1n principle, the equilibrium temperature at night need not be air tempera­
ture, since infrared flux from the ground could· clamp the gas temperature 
to some higher value. Our experiments, however, with helium-filled poly­
etrylene balloons in the stratosphere seem to indicate that the night-time 
equilibrium temperature is that of the air 
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or escent af~e r s se , tee r1um v lue f er eat is t • t 

atta r.ed y the hallo n durin f ght in t e day; an af er ea~ 

ast r , the equilibriums r 1eat 1s that w ch e a O')n attained 

after av1ng b u, ceo t o ls ew a t tu e. ~ r calcula t1ons of thermo-

dyna:nic ra, a.tituae warm1n, a ra tu.re c anges dur.i ng ba ast 

bounce~, the f 1 owing relations olc rue~ 

(a) d ring ascent, t di f e ence etw en the eas red superheat and the 

equilibrium s per eat, fl 9
8

, j video y the mecm air temperature in the 

region c nsidered multiplied by the air displaced, G, • s equal t the 

thermodynamic drag: 

G d 9a - thermo drag. ~-
(b) during the descent after sunset, the dif:erence between the 

measured :,uperheat and the superheat rreasured at 1 vel flight, d B0, 

divided by the mean air temoerature in the region considered and multi­

plied by G, is again the thermodynamic drag: 

flQb 
o T = thermo drag. 

a 

Confidential Information 



Page V-2S8 Confidential 

(c) at tM ballast bounce, the difference between the superheat 

meas urea before and after the boance, 6 i = 9c - id, 11 equal to the 

percentage or the mass of air di aplaced dropped as ballast, llinua the 

difference t'ietw~en the ~rrnnt aerodynamic drag before and after the 

ballast drop. Qd in this expression can be positive or negative, as shown: 

9 - 9d " c = ~ - S aero drag di rre re nee. t. u 

Table VTII gives calculations which show the rela•ions bf.tween 

measured tempPrature s , trerm dynamic and aer ynan ic rags calculated from 

t e noai graphs, anu ballast drops for all flibhts whic h have c ntained 

te pera ure eHSurements. The values f th~ equilibriums perheat at 

various altituc.J s used in com tine ~ durinr, ascent were t3ken from 

Fig re V-21. After l~vel fl1ght, the equllibrium 8Joerheats were taken 

from the tc. perature data for eacr flight individually, s0 as to elinunate, 

as far as possi le, systematic errors. 

Figure V-22 repros f>nts t he expected behavior I' night-time step 

fli ·hts, as tYi if1ed by measurements on ~ights 91 anc 94. The air tempera­

ture decreases in steps correspondi ng to the bal loon altitude, eAcept for 

the last step, where the system passes t rough the tropo ause on the ascent 

to the last step. 'M'le ballo~n gas, on the ascent to eac~ stc , decreases 

v,j th the air, remai r.ing col er t r.an t c air, and after a s ort rrarrrj ng ti !le, 

~ttains an equilitr1um tc:np rature. 

The data on these two fll r,hts is not sufficient to provide quantj t ati ve 

temperature comparj sons v-i th te risj on r eauings for rea~ons previously noted, 

t ut assuming that the equilibrj um superheat chan ~E.!s only slowly at night wi th 

alti tuc.e, one can compute the thcrmodynaruic crag during ascents by assuming 

the equilibrium superheat to CE· that attained by the balloon at oquilibrium 

on the step. Values of thermodynamic orag so c ornputeci are giver. in Table VII I. 
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A. Step Flight Tee hniquea 
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Section VI 

VERTICAL FLIO Jff 

Pac• VI-261. 

Intr~ue"i". ~ly .r. the prvj -tit • rt1cogruaed that the conatanta 

which go into the equat:i on of vertical 110t1on of pla:itic balloons would have 

to be evaluate~ by experia,nts. It was obrious t tilt 1 t would be neceaaary 

to lll!asur the velocity at various alt.1tude · .. orres onding to a known free 

lift. It was also. :-a · se<l that due ' 1 the radia tion field~ present and 

the variations in Jtir t crroerature 10th al ti u..de t he ba lo n mi U g-in ,z 

l se f ree li!t as t~ altitude cha~ ed, an' t e gr nd weigh-off! nc would 

lead to c pletely wronG re ults if used in the g equat1 n. '4easurements 

n a c tinually ri3:ing balloon would not separate the altitude warmi.n~ froo 

the variou~ orag terms in the equation of vertical tiJ~ a ac~ordingly 

et ocs o. rt opping the bal on arx: we.ghjng ·tat var1ou ltit des •~re 

on., · dereci. 

The first a ro ch tote roblem of nea~~l e velocity corres-

. ond ng to kn wn free lifts at var1 s :.1 tuae s wa s by means of radio con-

tr lleo f 1ghts in wr. ·ch it was atte~tec to valv_ gas to level a rising 

La oon or to force a ballo n at equilibrium to oe sccnd. The ballast cir p!)ed 

by radio control woul~ give the balloon a known free lift an then ~asure­

□ent of the corresponding upward velocity would evaluate the flight constants 

at each level. A great deal of effort was put into t~e radio controllca 

flights on this project -- approYinatel r 19 flights ir all were attempted, 

in which a systen. Vias set up tQ operate the valve motors, ballast zequence 

dropoers which dropped fixed aoounts in a predetermined order by command-' 
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a al.. cut down tt,e rlight b• corunand. • L!any ci1ff1cul ties wera ~n-

countered wit t 1s syste'1l anc. o!lly ,,ery meager ir,format1on t1as ortarned 

due to fail r boos, ,. w 1c~ tte fa1lilre ' f the radJo circuit 

c sistP.tl. relja le wac only partially the cause. There was also 

a fW10amental 01 '"fi\; lt; ~. flying 3 alloon ty rem te c trul because the 

altitude data ca:D'3 in slowly and it was necessary to make decisions about 

r pping tal ast r Vr\lvin gas on the basis f in~uJficicnt data. 4 -

mes ; o , ressure read ngs were un:::erta · n for some rea~ n nd this compli­

c;.t.ed he lat er ~r tlem. ·li ht 56 is an exaaple of this situltion. On 

later flights in this radio controlled series, altitude warming was to be 

measured by use oft e tow balloon technique. In view of the known diffi­

culties, it was finally decided to cti sc1rd U,e radio co tr lled flight as 

a means or getting the flight constant data. Following tliis the 1~a of 

the step flight was developed and it was obvious from the start to be such 

as perior method that effort was hencefort~ cor~entrated n this technique. 

The principle involved was to provide a platf rm comp sed of a balloon 

of su_table size,for example a ,)0-ft diameter polJ9th1}.ene balloon, whose 

altitude could be exactly controlled to fit• pr~determined scheaule. Th• 

altitude control was obtained by dropping ballast and having thu balloon 

full at all times so that the pressure alt1t de was proporti t~ thl 

gross load re?Daining on the always full ba loon :he balloon to be studied 

would be moored (above) to this pla tfoni balloon by a cable arxi the lift of 

this "tow'' balloon woulo be measured by a tensiometer and the results would 

be telemP.tered. mhe pressure altitude, temperatures and other relevant data 

would also be telemetered. No radio control would be usedJ rather, nechanical 

timers and programmers would be included with the system to schedule the 

* See Volume V, PP. VII-207 to 338, of thi• aeries of reports. 
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release of the ballaat to control the Altitude. The desired form of ti.M­

altitude curve best. suited to evaluate the flight constants seemed to 

consist , fa number of steps in which the platform balloon firet valved 

and l8'1elled at a low altitude. Then the eucce siv steps where tre sy stetTl 

was lev l woula be separated cy portions in which the system rose at a 

constant velocity. 'n,e equilibrium weigh-off would be obtained on the level 

portion f the step 1r sufficient ti~e were all wed f<r the tow balloon to 

reach thermal equilibr ' um at th t level. he total drag would be determined 

on the risin~ ortion of the step y rreasur1n t e decrease in tension of 

the tow balloon as t e latf m allo n contr 11 d the altituc. twas 

also ant1cinated that the aerodynamic uro t ermo ynar.lic parts f the drag 

could be separated, as the aerodynamic art would come in rapidly as soon 

as the upward motion of the step was cgun ano the thermociynar.li c art of 

the dra~ w uld come in slowly as equilibrium Ylas established on the r1 sing 

part of each step and cold ten be separated 'rom the acr dynamic part. 

The euccess with which the thermodynamic ana a rodynamic drag and altitude 

warmir.fi ~an be eval ated from the step flight c~ves will bP. discussed in 

the results of the step flights. 

In executing the ste flifhts, the project was faced with aw ole new 

series of pr~blems. nc of these was the design of a SlU.t~~lc ballasting 

device w1 1ch would release gross load in the proper way to give thP. desired 

time-altitude curve. It was decided to apnro~ch the oroblem jn sections 

and to develop the platform by its,..•lf first. Accoruj ngly a ballasting scheme 

was worked out, as described in the Ballastjng s ction, ano a balloon selected 

for the platform (reneral Mills 30-ft diameter type )OlC, 2-mil 2u gore, cone­

on-sphere deslgn, with 90° cone angle equipped. with a duct appendix.) A 
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!light was made I n, '".._,. f.8, t.o prnvP. out t.he platform, ana was c .> .pletely 

succesatlll. The details of the ti•-alti tude curve and the inrormation 

obtained from it will. be uiscussed in a later sectl.on. The ohl style 

telemetering system which keyed a transmitter cirecU1 1th the lland 

Cycle was used to transmit pressure ana air temperature data on th1a 

flJ ght. Followi~ this sucressful to im,inr a co siderable Aroount o time 

was spent working out further problems. ne of these was a com. l ely new 

telemetering system which could transmit a nwr. er of di . feront ieces or 

i~ormation simultaneously. One needed to know the tens1 o in the tow 

balloon cable, the air temperature, prcs~ure and other te 1peratures in 

the tow balloon itself. 

The telemetering of te ruperatures from the tow balloon presented anot .er 

problem as no wires or ~onnections c uld be used between the two balloons 

because or the pos si bill ty of fouling the weigh-off cable. Ac roingly, 

a complete transmitting system was buii t to hang on th b ttom of the tow 

balloon, including a te . erature pulse transmitter and a cyclinc device 

to look at all the di~ferent thermistors in the tow balloon. This ciata w,a 

transmitted on 10 me to tre gondola hanging belnw the platform balloon 

where it was fed into the main telemetering system thr ugh a small receiver 

and transmitted back on the high powered carrier to the receiving point. 

The selection or the platform balloon depended on the range of al ti­

tudes desired. It was selected so that t.he troposphere and the lower portion 

or the stratosphere would be covered by the step flights reported in this 

series. It was decided to use for the tow balloon the 7 3-ft double-wall 

one-mil cone-on-sphere balloon manufactured by ftinzen Research, I~., which 

had been used in a great deal of the work of the project, and for which a 
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great deal or data on sunset etfects, riae rate, etc. waa aYalJ.atle. 

PUrther data on tHa aue balloon would t.hen be obtained on the atei, 

r ights tor cospr110n. Thia b&lloon had proYen to be •cry durable, very 

e·JCcesarul in flying ard to have lo• leakage. 

turth9r pro lem wae that or la\.WlC 1ng the assembly cona1sti~ or 

lloon •1th nearly a t usa pou.1ds or displaced air n th~ 

r uoo ano t ~ t • a loon• 1c was r large 1ze. ca se ')f the necee-

s1 t) f the inter ru c t.ir ca le, shock or sna 1 n la nc in~ had t be 

avoi..ed because of the oss1bil1 ty or damaginf the tensiomet~r dence 

carried in the platform ba loon. The la ·nc ing tec~niquea are deacr1bed 

in the oaragra hs be ow, a!' well as the systeos used r r ballasting. The 

analysis or t e n1ghta 1! also contained in t 1 s•~tlon or Uie re ort. 

tail of he 1nstrwnentat1on used on the step flight 111 ; nc' l ing the tele-

metering system, temperature system, etc., will te r u.nd in t e • nstrumenta­

tin sect.ion f is re t, · olume X, Sect10n I. 

It was surmised that the observed warming wntr alt1t.u e raig t artly 

the slaw onset of sunrise, a canp tat ons showed (see Section IV of thu 

volume) that t.Jie solar rad ation was increasin~ du.ring the early steps of 

a aytime flight. owever, it was necessary to launc~ step flights as soon 

after sunrise as pos~ible becau e of the need for low w1na coooit1ons. To 

s~ arate this diurnal effect fr m the a titude warm1r1f, several one-step 

SO kilo feet fli~hts ~c~e :::adc i~ whic~ the tow balloon WdS w~ighed oii 

through sw-1rise and sunset. It was realized that to be com!)lete the radia-

tion ef~ cts should be investigated throug~out a 2~-hour day, at a series of 

alti t.udes, anc at various se:isons of the year. The flights reported herein 

represent only a beginning of th· study. Table I presents a summary of step 

flights through Flight 100, giving he purpose and results of ten such flights. 
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platform balloon resolved itself into dropping the ball~st 1n such a way 

that the balloon would rise with c nstant velocity. If we assume the 

ap r x1mate exponent1al r lation between atmospheric eigl t and density, 

then the tot&l gross of the systems ould be c anged Y.poncnt1al y wit 

time to ac i~ve c rstant vel it . The ··rst a r ac was onsiu r 

t be avior fa tank o • liq id in ich the velocity of ef we o the 
T~en 

1 q d -..a s ort nal t o t, e e1 t e liq d. /th t, e- J e 

curv could be establ.lsh1trl y t urning n anti o f a valv to get the rising 

portion at the correct time. A num r of exp riments were c nducted in 

order t esta lJbh a viscous fl w f ef ux rm A tark whi h woula give a 

mass flow oroportional t pressure ead. ese experi1t nts w re n t 

successful as in order to establish t c visco s flow euch lonp, thin tubes 

would be necessary as t make the p ysicals1tuati0n imp actlrable. 

ne cons · ~rs a tank igure -1 

f fluid eight composed fa cyl riir1-

c4l reservoir o heigrt 6h and a hose 

H 

) 

r-J 
0~ 

Figure VI-1. 

of length {. The mas i sc arge rate of 

the orifice Q io 

dJn C -at= ·/',, ( (1) 

where C is the discharge coefficient for 

the orifice to te deterrtti nea by experi­

ment, a.. is tre orHice ar a, f the 

fluid density, and g the acceleration of 

gravity. The total gross ciropped is 
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6 h.A..f where A J s the tank cros.,-sectional area. Since the time-

~ titude sc~edule i: d1viaed into steps, a separate tank 111i1y be used for 
each, Wl t the tank :.irameters t o e auj s ted :;') th t r111t; eac~ step 

the mean rate is t~e same as the true exoonentlal er.ear and the total ross 

released corre ponds to the ch~r~e in ressure e1 t. 

r r true e nent1al ballast1ng (• = ross load) 

dw 
dt """" 

ile fr m e uation (1) 

and acc ordingly 
w : const. 11-

2 d w : cons t . J - d H 

This gives 

2 d: : d / as the differential relation t.o bf: 

satisfied. 

A~proximately then 

2 ~- - ~ W - H where wand Hare the mean values 

of gros~ and fluid height du.rung the step. r:e have, also, from the tank 

geometry, that 

~ VJ = f' .A /J h 

fl H = ~ h 

ff =t+-¥ 

The computation of tank heights and r.o se lengths begins ty selecting 
the altitude of the level secti,:ms o.f the flight. These were nominally 
lo, 20, JO, 40 and 50 kilofeet on flight 68, and were changed to lh, 24, 
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34, 4L and Su kilofeet for most other flights using this ballasti~ system. 

nee the tank size calculations had been mad it was easy to change the 

rise rate y adjusting the orifice size, or combine steps °lft'ere 10 kilofeet 

is insufficient to establish equil1brium on ascent (e.g. Pllght 91), As 

shown in Table II (Flight 6U),the air pressure, temperature, density and the 

corre nding weight or system at each altitude were computed from stanaard 

atmoso er tatl es. The volume of the platf rm balloon was takrn from manu-

~a turer' ata ard later evaluated ex.a tly from the exptriments. No account 

wa • ta en of can .es f tensjon caused y altitude warm1ng. Table [I givea 

c;~il · cm utations for fligh ts after 68. The ballast to e dropped during 

a seen t e mean weight curing all stir. , /j w/w ana ~ ~/H could then be 

dett-rrrdned. A correction has been maoe to the gross ~eight (-50 lbs) for 

tr.e free lift of the tow balloon. The ~ltituae warming was unk r.o wn at the 

be innin . n0wing the tank cross .ect:on, ( . 7 ft an .he density f 

the ballast liquici ( elly "S", f = 53,~ lbs/ft3), ~ could then be aeter­

mined and i knowing~- Te relative orJfice sizes were also deterrai.ned 

using relati on (1). ne of the~e orifices had tote set by tria l and error 

to give t e correct rate. 1n light 6 for examrle, on the f rst step at 

500 ft/r.un the r.iean rate had to be 195/20 = 9. 75 lbs/min. The calculations 

were also ca .. ried out for wat er to bP sed in laborat ry • c ·hjng of equipment. 

The can di~ens1ons ar.d orjfice sizes computed for step flight5 after 68 

arc giv: ·n :n Table IV. Labor::tory now te5ts on a t:,.-pical tank (#L, libht 68) 

are s. own ir. Figi re VI-2. The points ( experir.ientJ are seen to approximate 

quite well the de~ired eXl on~ntial curve ' straight line). The ratio of 

initiA.l to fl:1al flow ratio (6.6/l..l) is equal to the ratio of the gros:; load 

of the platform balloon at the beginninr- and end of the step (23L/lh5). The 
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TAHLE IV 

Can Dimensions fr ~tep Flights After 68 

Step opped Llq id rft ose ler.eth Orifice Time t o 
in wt-Kerosene in Can to orifice D1arneter Empty 
l C ft in lbs in rt n in . 

1L-2L 172 3.74 3.71 .216 20' 32• 

2L 34 I 128 2.78 2.57 .195 20' 39" 

)4-44 11? 2.WJ 1.1,ili .2o6 20' 40" 

L4-54 72 1.57 .88 .186 20 1 43" 

. 

Area of cans: .98 rt2 

Rate for lL-21 = 8.6 lbs/min 
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oriiice has not been adJusted. Te r lease or the Wlast •• &rted at 

each steo by dropping the r per , ose rrom a tiea-up posit 10n. The h?se­

d.-opping method was used to e lmlnate m1f!netic r ,nee ,arocll valves. J ow-

ever, this oet od wa not Wj t~out pro eos. e 1n le os s tecame stir 

at etrat ~here tenperature:i and did n~t stra.1 ghten • n rele;:\sed. ( hu 

!act wa lear d fr wn c ra p ot Tt-1s was corrected by intro-

duc1ng secllo of t iru er wal ed ose near e tank . as 6ylphoM were 

a triea , ut tended t r c na ea af er s me so; rtJlPr, t e 

ke l y "S" flu d bee D'.e. visco s at -75°C a soli ctt -80°c ard 1t was 

s sper Jea tat either t e freezin r t e c- Jly '~" or t e freeun r 
water c tam1 t cau'" 

ste flig ts C ntrol r 

atte t Fll ht ), in 

1 percent successr 1. 

steels ot bnl as 100 

d fail"Jr 0 heal ~st. low 1n erta n cases. Of the 

y the release f ll uid allast, only t e first 

. 1ch t e platforr.t balloo1 a ne was f wr, was 

ecause o tt1ese difflcul ties, a met od using 

a t1tu e s rv rnec aru sm was aeve opeo and has 

been used n rtcent fli ht. r1s oevice was f1 n after Fl1 ht 1 arx:i 

accor · ngly lrill te r~ rted ater in the program. 

Anot1 er poss1b e al te nat • ve to the straight c ns an hoses a sen bed 

above would be a sPries tf 3haped cans in wh ich the cross-sect1 n was 

varied as a rune tion of height in such a way as to t;ut:e into account the 

densi•ty lapse of the a t,,,osphere. This shape could also includP. the aero­

dynamic drag force on th~ b l lnnn if d•eired. 

Laurehing Procedure. Figure VI-3 is a sctiecatic of the comolete step 

flight assembly as it appears when airborne, The platform ba)lo,on below 

carried the ballast tank!. The instrumentation gondc,la is h,mg ins id~ 

these tanks on the end of the tow cable, and its weight constitutes the 
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payload or th~ tow balloon. (:.,efll "igure VI-4 ror detail.) The tow 

cable pae,es through a gas tight grommet in the bot to■ ot the pla trora 

balloon and out through a similar gromet in the top and then to the tow. 

The tens1ocneter connects the ball ut tra,nes to the tow cable just above 

t~e instrwnimtatlon gorxiola, an measures the unbalance or the tow. The 

cable teneio x e d~ this ur.balance by the instrume t gondola wei ht. 

In Flights 7 a!'Xi 79 the paylo d of the tv~ was hung directly on the tow 

balloon in the form of sand, and the cable tensi on wast en the t tal 

unbalance. It was observed on Flight 79 that the tension behaved in an 

anomalous manner and sc1llated cont nWllly. Accor ingly the cable tension 

was 1ncr as d n succeswive fli ,h s y tran r 1ng the payl ad tote 

bot tom f the cable. The in:Jtr~nta tion gondola fornerly hung n the 

ballast can assembly •ao transferred to tho t011 cable for this urpose. 

~nere higher rise ~~tes were investigated the tow un alance was made ichcr 

t allow larger cha1ges due to urag. ~r ct1cc finally ce red a ta 

tens J omet r range of 3 lbs and an unbalance of abo11t 100 lts. 

Thi re uired that t e platform halloon on launc~i, have en gh lift 

to support the instrumentation gondola in adoition to its r u r loa of 

ballast. The tow balloon on the other r.and, .ad to be launched with its 

net lift appearing as free lift, until it reached its position above t e 

platform and took up t e i trum nt loa.d. The total free li t of t· .e 

assembly thuc ahiays c,msisted of the net lift of the tow (aporoximately 250 lbs) 

plus the srr.al.l free ift given the platform to get it off the gtound (approxi­

mately 20 lbs). rt was found by experience that this free lift of up to 20% 

was not too high. 
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The launching technique ••olved 1nto the 1111plA procedu ·e ot 1nrlat1~ 

the t.~ 'lalloon.tt 11ml t&neoualy, connect~ t..'le tow balloon to t.he tow 

cab e w1 th a lengt f ehock cord an releae1ng tot toget r. T tow 

balloon was always folded ty t.he 1nnnot.a launc~nc t d so that an 

accurate we1gh- rr c uld be obtained. It • 1 r ~ on Flight that it 

t 11 b&lloon wu launched in the uaual way th~ •ery large trN li!t. ard 

c r.respond1ng high velocity surge ward ~Ill brue t't campy be tore 

it could be 1n lat . Fl1g t O went all the •ay t the 10, ft first 

lenl •i th the 1n.'1ated lower 1/) of the balloou }a,ld ,\) ~,onts . 'r'-~ t~• 

cable on one end and '·h«' a 111 d upoer 2/) r the alloon on the other end 

retained 1 t 1n tha posi t.1on. 'I\,e gas paseed into • top, owner, and 

finally erected the balloon properly •1 t out ca ge. f 11 ~ 1 a eXJ)f'r-

1enee, the practice was made ot letting the gas tra fer in the tow balloon 

while t t was on the ground and then releaain it qui kly before any Wlnd 

damage resulted t the fully extenced cell. V Z-) e th launc ings resulted 

from ol wing this procedur . • veral r ent nights, to be reported later, 

used a General ~.ills platform launch tor the to• (5~ u.r inrh lion balloon 

with similar good results. 

Pa or to the first step fiight (78) great diff culties •it the launch 

were anticipated. An elaborate scheme was devised arxi executed on thia 

flight for lllneuvering the tow balloon into position over the platform 

balloon using control lines from the ground Th,_ 111 P.!)S usually taken on 

the grour¥i to launch a large balloon by the Minnesota mett.od were then 

carried o it ./ these lines remotely with the balloon 100 rt above the 

grourxi, namely coreet release, diaphragm rip cord, top inflation, etc. 

Uthough this launching wa.s a failure for other reasons than the use ot 

Confidential Information 



t 

Page VI-278 Con.ti dent 1&l 

w, techniqua, it •• touaa t, be an unneceaaary c011plicat1on. rceaa• 

ot both balloona aiaultaneou 17 from the ;:-ourxi with the 1nt~d\."!t!""~ or 

a ahock cord in the tmr line wa1 found to be aiapler and superior 1n Hery .. ,. 
Bee UN ot the l&rp litt ot the platform 1-lloon, special riu101 

nd andline teehn1quea re d8ntloped. 'n\e are illustrated in the 

scheutic diagraa, P1rur• VI-4, and the photogra h, J'igure VI-5. The JO-rt 

diue er 2-ail balloon (OKI 1301-C) waa equipned •1th an aluainua titting 

at the balloon to Nf'lace the u1ual load harness. (Figure VI-6.) Thia 

titting aeeurely eluped all the tapes and provided rings for the eus­

per.aion ropes. The gaa ••• ad111tted to the balloon through an aluainwa 

tube on the center or this titting. The tow cable also ca111 dOlffl through 

th11 tube a :; own and through the nab er grOllmet. In t,he photograph the 

bottom of the duet appears in the upper right comer. 

The platter: t~loon waa 1100red by three blocks (l-A-A , JPigures n-4 

and VI-5) to the ground on the corners ot a )0-ft trian£le. The lift waa 

measured b)' a torque wrench with the balloon Acured by a single block. 

(Figure VI-7.) When the inflation had reached about ~ the balloon was 

maneuvered ov,,r the load using the three :locks. The ballast taw arxi 

inst.rwlent gondola were carried by a derrick on the back of t~ pro.) ct 

stake truck, and were aecw ed to the balloon by the hrness and the two 

snaps (B-B, Figures VI-1' and VI-5). 'nle blocks were than slackened and 

the three attachment snaps 1-A-1 were removed. 'nle inflation was continued 

until weigh-off was obtained. Then the entire assembly could be lifted 

gently ott the derrick hook anc! walked out into launching position. 

The infiation and weigh-off or the tow proceed•3d as in the Minnesota 
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Figure VI-5. Close-up of platform balloo showing special bottom fitt1ng and 
handling harness ti th three blocks secured by snaps to central rings (A-A-A) ar.;d 
snaps for attaching ballast tanks (R-B). Note inflation tube connected to side 
arm of aluminum pipe. A 500-lb aircraft type tow cable comes out of the pipe 
through grommet. In the upper right corne~ may he seen the bottom of tl'B duct 
with the \ie string securing it to the balloon. This balloon was approximately 
one-half inflated at ·the time the picture was taken. 
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launch •thod. Tne final weigh-oft was always made with aandbP~a aa 

permitted by the low wind conoitione chosen tor atep flight launchinga. 

JP1gure VI-8 ahon a atep flight ready tor launchi~. 'nle careet tws been 

remo,.·ed rr the tow balloon preparatory to transferring the gas to the 

top. The platform balloon 1 s alaoat eomple tely full and u supporting 

the ballast tanks and instrument gordola. The to• cable ana 8hoc:I( cord 

connect th£ two ball ons. Figure VI-9 shows the assembly in the air •1th 

the tJw balloon transferring gas to its top. The imoroved technique of 

transrerr1ng gas prior to release :1 ! ~t shoWT in Figw., VI-9. 

B. Analysis of Step Flights 

O! the step flights that have been madP up to the series ending at 

Flig t l ~ , four nights with level regions at a nUrJber of altitudes ave 

beP.n selected, and one flight as been selected which measurPd the t~nsion 

on the tow balloon t roughout a 2L-hour per1od,in order to show the diurnal 

effect Jf the balloon lift at a fixed altitude. These step flig~ts are: 

Flight 80, Flig t 87, Flight 91, and F.ight 94, and the 2u-hour constant 

level step fli ht is Flight 92. The flights have been replotted int. is 

section in a way which displays all of the p ~tinent data about the step 

flight in one series of graphs. All of the properties measured on the 

f li aht are plotted as a fWlction of altitude. Beg1Ming at the lP.ft of 

the graph is vel,city in feet per minute, followed by tension in ounds, 

followed by hours after s~nrisc or sunset, followed by temperature in 

degrees ~elvin. It is possible, then, by looking across these graphs at 

a fixed altitude, to determjne all the p::irameters of the system and to 

see how the tension behaved as a function of altitude anct rate, etc., in 

Confidential Information 



0 0 tj
 

►
~
 

.,
.1

. 

p.
. 

(!
) ::,
 

ct
· 

I-
'·

 
'1>

 .....
. - ~ 0 ~
 ~ c+
 

1-
·· 

0 ::,
 

F
ig

u
re

 
V

I-
8

. 
S

te
p

 
f
li

 
(w

e
ig

h
t 

o
f'

 
o

n
e

 
m

a
n

, 
n

o
 

y
e
t.

 
P

la
tf

.:
>

rm
 
b

a
ll

o
··m

 
th

a
t.

 
d

u
c
t 

is
 
c
o

ll
a
;,

s~
!d

 
c
lo

se
 
to

 
b

o
tt

o
m

 
o

f 
b

a
l 

b
y
 

th
e

 
ti

m
e
 
r
l
i
 p

,h
t 

~
e?

a 

a
t 

l 
fo

r 
o

o
n

. 
e

s
 

0
-

<a
 

::,
 

I"
->

 
ex

, 

-



~
 

0 ~
 

.....
. 

0
, 

C1
J ::s c+
 

!-
I·

 

111
 

t-
' 

H
 ~
 

0 1-1
 ~ c+
 

....
.. 

0 :,
 

F
'i

g
u

re
 

V
I-

9
. 

s
e
c
ti

o
n

. 
~

o
te

 
m

u
ch

 
fl

a
tt

e
n

 
c
a
rr

ie
s
 

a 
d

o
w

n
 

ca
n

:u
ra

 
o

n
 

so
.a

 1
1

 
ar

m
 

b
o

tt
o

m
 
p

a
c
k

a
g

e
. 

S
h

o
c
k
 
c
o

rd
 

,e
~

e
n

d
s
 

II "' CX>
 

-



It
 

,:
-)

 

0 ::,
 

I-
+

, ...,.
 

0
. 

CD
 

::,
 

c+
 

...,.
 

'1>
 
~
 

H
 

::,
 

H
) 

0 ';
I :3
 
~
 

c+
 

.....
. 

0 ::,
 

~~
 

• 
-/

t 
1 

1 
• 

r·
 
--

~i
 

-' 
' 

" i
 ~ 

- -
' 

"•
 

! 
. ,' 

J 
: 

j 
1 

'
•
'
 

~
l
\
·
,
,
•
,
,
,
·
,
 

:;,
.• 

. 
. 

I 
!
j
 

"
,
 

• 

-.
... 

. 
ll

 
• 

r 
.. 

·-
-

t 
' ••

 

••
 

1 
-~

 

F
ig

u
re

 
V

I-
1

0
. 

T
op

 
Y

ie
w

 
o.

f 
:;

,l
a
tf

o
r 

ta
?.

ce
n 

b
y

 
a

o
w

n
 

c3
.m

e
ra

 
o

n
 

t.o
w

 
b

a
ll

o
o

n
. 

p
a

ra
c
h

u
te

 
i.

f 
a

s
s
e

m
c
.l

y
 
fa

:i
.l

s
. 

D
u

c
t 

a 
c
a
n

 
b

e
 

se
e
n

. 
In

 
th

:L
s
 

T
Jh

o
to

g
ra

p
h

 
o

n
 

.·i
 

-~
r-

-
,· 

"-
-

,!
,i

"'
1

~
~

~
. 

. . 
y

~
•
 

a
p

p
e
a
ra

n
c
e
 

sh
o

w
in

g
 

th
a
t 

c
e
n

te
r 

o.
f 

e
a
c
h

 
go

!'"
e 

is
 a

 
s
e

lv
e

s
. 

T
h

is
 
is

 
p

r,
?
su

m
a
b

ly
 

d
u

e
 

to
 
in

a
c
c
u

ra
c
ie

s
 

se
g

m
e
n

ts
 

o
f 

f
in

it
e
 
w

id
th

. 

-
. 

. 
. 

\.
, 

" 
..

,,
--

,.
..

..
..

..
 

-=
==

-
-

0 1i;
 

a,
 

::
, .....
 

<
 
~
 

0
)
 

\J
l 

-



Page VI-286 Confidential 

these nights in which a balloon was essentially tied to a platform and 

its tension measured as a function ot t.he rate of rise ana al t1 tude. 

Consider .first Flight Bo, which 11 FigUJ·11 VI-ll. ~nation o.~ the rate 

of rise vs. altitude curve shows that approXimately a constant r,te of 

510 rt/min was maintained on the first step, 470 ft /m1n on the second 

step, and J&J ft/min on the third. f he acceleration characteriatirs of 

the double balloon system are shown by the way in whi ch the rate of rise 

changes with alti tooe, as shown by the vel ocity vs. altitude curve at 

the left. The solid tension curve b ►1ows the •ay in •h ch the tension 

between the balloons behaved as the rate of rise c anged in the way indi­

cated by the curve on the left. For example, the l west value of tension 

obtained on the first step, after the 1rutial leveling or the balloon t 

6oo millibars, was 58 lbs. It can be seen by the way the tension has 

been cha.ng;ng that equilibrium tension has still not been ob•ained. The 

fact that the tension sweeps down 1n an arc ~rom Bo lbs to 58 "'bs shows 

the very pronounced effect of thermodynanic drag. If the drag were all 

aerodynamic, as so n as the rate was e tablished, at approximately 58o 

millibars, the tension would have reached its 11D nimum and constant value. 

In contrast t o this, it car he seen that,.tl tho ah tte rate of rise is 

constant, the tension i s still changing by the time the bal ast now 

ceases aoo the rate begins to decrease at an altitude or approximately 

h70 millibars. The tension climbs as the balloon slows down ard inally 

reaches an equilibrium value of 93 lbs after the balloon has essentially 

come to rest and all of the warmng has take place. A similar descrip­

tion of the tension curve applies to the next step, in which the balloon 

was also in the troposphere with a somewhat lower rate and a somewhat lower 
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total drag. The top and third 1tep 11 quite 1ntereat1ng 1n rie• ot 

the fact that the rate or riee waa less, only about )70 tt/mn, but 

the total drag ot the balloon at th11 rate, irdicaLed by the dirterence 

in usnaion between approxi•tely 113 lbs and 80 lbs, is Yery much larger 

t~an 1 t was on t!",_ 8t .. ep below, in which the rate w s e•en higher. The 

reason ror this great in:reaae in drag 1 s very obviously 1ue to the tact 

tt'-at the balloon has no• entered the stratosphere al'li the thermodynamc 

drag has increaaed because of the constant lapse rate ir¥11cated by the 

t perature vs. alt,i tude curve , the extreme right. ne ot the ac st 

outstanding and somewhat unexpected results or this st flight is indi­

cated in the tension va. altitooe cw-ve by the d:>tted line. lt shows 

qui t,e clearly that a balloon which is eighed orr on the gr n1 at 76 lba, 

if it were to be weighed off at 6oo millibars would pull with a force ot 

Bo lbs, if it were to be weighed o!f at an altitude of 370 millibars it 

would pull with a force ot 93 lbs, and if it were to be weighed off at 

an altitude of 115 millibars it would pull with a force of 116 lba. This 

very pronounced "warming "1th altitude" is an evidence that during the 

daytime, ae in Flight 8, the balloon acquires lift as it rises to the 

stratosphere. This increase in lift with altitude coaw,s about because 

the gas acquires a higher relative temperature with respect to the outside 

air, and has been responsible fo obscuring the c ange in drag which 

occurs at the 'a e of the str.tcQp.'iara in conventional tL~-al t. ucif1 curves. 

It can be seen in t'11 ght 8o that al though too dr·ag goes up in entering 

the stratosphere, as is clearly evident in the tension curve, so does the 

lift that the balloon would possess if brought to rest because or the 

warming with altitude. V/arming with altitude should be an extremely impvrtant 
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factor in "balloon behavior" and the type or warnn ng evidenced in the 

daytime, as shown in Flight 8o, will produce a aeleterious effect on 

balloon performance. The fact that the tension 1rcreaaea as the balloon 

rises to higher altitudes means that a bdloon which loses some lift when 

floatine level at a given altitud~, as it descends will lose still more 

lift, s1r~e equilibriwn tension at lower altitldes has a lower value. 

The kind of warmi ng-with-altitude curve that would be desirable for stabl 

balloon performance would be one that does just the reverse of th t indi­

cated by "light Bo, namely, one in which tte tension ecreases at h1gt-er 

altitudes along the dot~d line corrf)sponding to the one drawn in t e 

Plight O data Such a balloon system woula be statically sta le, sirv=e 

loss of lift at increasing altitudes would be gained back on returning 

to a lower altitude. 

lllght 87 (Figures VI-12 and VI-13) was the next succe ef step 

fl ~ht and wae perfo:med at ni~ht. Here t e rate of rise nth r:rst 

step was about 470 ft/min, on the second about L20, and on t e ~ i.rd about 

6oo ft/min. The tension vs. al tit'1de curve on t, , nig t flight looks 

quite different from that i11 the ciaytime. At t e beginning o the f i rst 

etep, it can be seen tha the ten'ion s r d ,m abru tly fr 59 st L6 

lbs, and then i s almost at equilibrium throughout the step. ''his is a 

definite indication that the drag here was almost all a .rodynami c and 

there was essentially no thermodynamic drag on this step. The sam t ing 

is true on the secor¥i step, where the drag is som~what les bE!cau e of the 

lower rate, aoo is to a somewhat lessEr extent true on the third step. On 

the trird step the drag is somewhat larger but this is accounted for by 

the fact that the third step has a higher rate than the other two. 
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FLIGHT 87 
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UrJ'ortur&ii·1:ly, tta1s rliih<- never got into the etratoSJ:here becauae or the 

fact that the tropopause was so high, ap roxiately 150 millitara. n,, 
principal features or interest in this "light are the small t ermodynamic 

d:-ag tor a r1 sing balloon t night, aoo the ract that tt'e •armi ng-11'1 th-

al tit,ude curv looks quite dif erent from that or Flight O. Instead t 

incre sing steadi lJ 1L lt1 tude, the cune first a.rope from 65 lbs tD 

59 lbs, otn from the gr und tot o first step, and ten ire a • from 

this step to 150 millibars, 10 •h1ch the tennon has nt't!n to lts. 

Becau8e f this type of warmi~-Wlth-a t1tude curv, it is evi ent that 

a balloon launc d wit a marginal free lift at night c la very ell 

rise to an al tl tude between l m aoo the\ ino1cated ty the 111:inimum of 

the tension curve ,aonroximately 6LO millibars, and float there 1n a stabb 

ei tuation. U though the etep flights only r,a: ch al ti tU<JE.s s me•hat below 

100 rnillibars, independent data at night seem~ 1 rxiic te t ►1 at the tension 

curve at equilibrium, correBponding to tt" do ~d curve, • ul <.irop again 

from 80 lbs to eCJneth1ng in the v· iru ty o 6o lbs by the time an altitude 

of ap rox mately 2 millibars 16 re c ed. uch a tension curve rP.pre .. nts 

a stable situation above an alt tude r l mil ibars, in which a descend­

ing balloon can acquire lift by ing to lower altitudes. The extra olat1on 

of th, time-tension cu ve at eq ilibr1um to higher altitudes is based on 

flights in which balloons have een leveled at lower altitudes arxi ball~st 

ns ro_ ped at nieht. . u h ha.1100~ sy,tem ,nll ~t:.:-t off with an •1-1µce-

ciatle J'a e of rise, bu 11 will have an ever-ciecreasing rate arx1 may in fact 

level of ~ell below its theoreti al ceiling. It is beli~ved that this 

cooling with alt i tud~ above 100 millibars represents a percentage cha~e 

in lift of about, 3-4%, and is demonstrated on our Flight 42. 
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of thern.odynarnic drag in the stratosphE1re (as indicated ty the temperature­

altitude curve n the right) 1 s also in11cated in t h~ curve by the extremely 
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slow change of tension between alt1tudes of l?O and lJS ,nllibara, as the 
balloon war up. 'nle tt,ertr.Od:,nami c dra~ ro'" • ·1s11g balloon can be 

cqu1red r latively rapidly, since the rising l!o n can col 1ta gas 
b e nsion until 1t reach s t.he r per equilibnum emperature, rxi thi!I 

is r presented by t.he top step between altitudes of 290 and 190 millibars. 
A 11 n •hie is c rninG to rest, howewr, must get rio of t. ther odynarnic 

r b war in 1 ts gas at a ra e w h1ch aeperxis nly on the time constant 

f or c ction, which time is approx1a.ately 15 ininutes, 

e as tep f 1ght oft es veral step type of this s ries is 

ight lJ (f'i gure VI-15). This is again a nighttime s n1 ht, and in 

we] a 

pected, • c 1s res ons1 le fvr th~ erratic ~havior f the ve ocity vs. 
al 1 e. s,h •ever, s~ow the same principal characteris ics that were 
8 wn n ·li t 7, name y, that the t er odyna.r:ii crtg at rught in this 

altl ran e is uc le ronourx=ed than it is in the dayt1me. Ass on 
as all n tarts movin t e ten n ro v ry ra idly, showing qu1librium 
v s w 1c on w d expect if th tt·,e nnal effects he ba loon ,-ere oo t 
as 1~ rat st e aer dynamic ef ects. t sos ows the type of war:ning­
wit -a J l ude curv fun in light 7 at nig t, in whic h t e tcns1 n 1rst 
rops as t e alt ~ Cle l.Ilcr ases ana tt-en rises again. his again 1001cat.es 

a si tuati n • n w 1ch a bal oon coula be tra ped by loo in as m ch as 10 lbs 

free ift 1n ng from th 
0 roun to an alt1t~ e of a out 000 ml -11 ars. 

he data s far ~e , t indicate that i e balloon lo es lift in the 
first ort on of its ascent its lift wil re ch a minimum value in the 
regio near 60 mi ll" ~r~ ressure. t ! F' lip ht 9L again t we e una le to 
reach the stra osphere because of the very high altitude of the trooopause. 

Conficient:.a1- Information 
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The cune ot ,light 92 (Figure VI-16) shows the tension •asared 

in a t•o-bal loon 1t.ep flight type of setup, when the balloons •r• alloaea 

to float through a 2L-hour period. The alt1 tude wu main~ired by uai,. 

a toll01t-up talluting system of the type invented by H~ell at Tufte for 

lt:>Bf DICK work. Becauae of the ttimperatu e sens1t.1vity or this part.1c\.lar 

t llo•-up y~.em, the altl t.ude ,.urve is not perfectly smo th and oen n t 

at-eadil.y rise one • expect 1r the syst.eo •er • rking pr r y. 

The principal concluuona, t-owever, are not altered y tha fact, 11nce 

all that 11 required in a step flight ! that one precisely know the ti.me­

alti tude curve as well a:, the t1me-tS1si:n - · ,c. At ti.me 11)0 T t e 

balloon system had re chec its ceiling, as iradicated by the time-altitude 

cwTe, and sunrise occurred at 11 ,26. lt can be seen t.helt the tension roee 

at sunrise &1ad had risen froa b~ to 2:>B lbs after fin oura had e.apaed. 

With aome oacilbtior.s up and down, the teneion r m.ined coMtant unt1 l 2))0, 

at •~ich ti• sunset caused the te sion t o decrease t o a #inal nighttime 

valtu• 1 6 lbs. Comparison r the t1me -altitude curv6 an th t -kusi , 

cum on t.hia f light shows the fact that the thermody amic drag can deve op 

at •ery low rates. For eumple, consider the section 1650-1700 Giff. At 

1650 the balloon begins to rise with a very slow rate of rise, but Ute 

tension drops down immediate tr/ 8 lbs as soon as t ds rate o rise is 

\9Stabl1shed. Fol lowing through the ti.me-tension and ~ime-al ti tude curve-• 

one can see immediate reflection or small rate:; of rise in th,i changes r 

rates is essentially negligible, and the changes of tension re lected here 

are produced by cha~es of temperature of the inside gas. Tho balloon system 

in this night was quite t ight; the total solar effect,average or eunria,. 
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and 1unaet errecta, directly aeasured by t,he chanp in tenaion, wae 39 lba, 

and the leakAp was eat1•ted to be aix pounda through the period or alaoat 

2~ houri. The sunNt etrect uounts to ~.J; ut the daytia air displaced 

on this fllght., which ua-.d as a to• balloon a double-wall t-aped linun 

balloon. l ballasting system whic drops ball st to keep the ystem lnel 

uy ver 11 over-ballast. as ehown by the platform balloon's aunset 

ballut i cic ted on the top half or the cunes on f'l.1ght 92. Althouch 

the sunset effect wae only approxiutely 6S, the platform balloon expended 

lS.8J at SW'llet. Th1e over-ballasting ie probably characteristic of any 

ballasting system which can dr1 ve the balloon to ee111~ al1i al.low it to 

valve gas. For comparuon w1 th the sunaet effAct rneaaured on Flight 92, 

Tabl V al.lM41I"1zes the ~set effects •asured in si tuationa •here the 

balloon dld not valve gas, and for which the sun•t effect could therefore 

be c lculated. 

C. P4uat.1on1 of Motion and Nomograp a 

Flight 80 was the firs eucce sful step fl ght w c gave values for 

t~e drags at various altitudes at the rate r a ut LOO ft/min. As soon 

as this light •a nade, the data were anal.7ied in t~rms of the equat ons 

of motion of the balloon proposed earlier in the project s~e Volume V, 

Section VI). The aeroaynamic ag coefficients and the therm:>dynamic drag 

coefficients were deterau ned fran Flignt 8o on various steps; and, assuming 

the iuoctional iorm oi the equations previously quoted, thermoaynamic ar,d 

aerodynamic drag nomographs we:-e constructed. (Figu es VI-17 and VI-18). 

It should be pointed out that the aerodynamic drag coefficient bssed on 

the cross-sectional area of the equivalent sphe :re--that is, the drag coeffi­

cient calculated assuming that the balloon has a cross-sectior.al. area aqual 
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Confid-9nt1al Page VI-JO) 

tc,tJ; t. ta U., vl uf • .i ch i • equal to t, he ,o l\lal of t hll 

balloon t the l t1tude in quut1on-g1Ye8 a nlufl or Cd, the drag 

coerr1 ient, r approxi•tely . 27. hlS Taluc is not unreasona!-.1 3 anu 

1a or the val 11 s obt. ned t'>n t.hree s~pe. 

nc«. the or!ginal c nat.r·cL1on f these t• n?1110grar,hs, the7 aYe 

ed and pll d to various results o! o ~ st f 1 t . It s 

been ro th t the no r,ra h anona y well Wl t any 1 tuat1 n 

ln • ch the 11 n 1s 1 ing auring the aayt1me r descenuin t Ol t, 

ut t t ey f;ive 00 ::.g a t enr.od am C rag ror l ons • lC are 

aaccrii nr. at ght, ata is avail le or bal loon.s descending dur1rg 

t t pro ler.i 

a loo wh1ch 1 ascccdi~ in the :.i ... ht versus ne which l8 a ce ing 

un ng t h4' daytime , and fu ure " 

t i B tu1tt.i u. 

f he r oc t. , we hope, wi 11 clarify 

n o ra s, • ver, are ex re~ y ser n st ma t in what 

.e:-: nt t. Wlll req ire '.) r uce a g V ra e f rise fer a 

n s ste a a vc ti t u ~ 1n a ( OS e Wl a rt C ar 

la la . e use f t nomogra hs c nst ts ln the foll wing proceaure: 

f n 15 lV n a ve C ty , a ross l ad, an a res ure, it s p ssible 

wit t e aer ynamic dra nor.10 ra t VP f r t e percent aer dynami 

drag air d1splaced . sing th , ere, ynamic ar a omogra h, with the 

vr ss lMd, t e l~pse rt , and the vel city, i t is possible t so ve for 

t e p rcent thermodynatLic rag o air dis laced . The sum of th€se two 

p rcentages, thermodynamic ana aerodynamic, ives t c total perce t re uired 

t produce the specified rat e. lf ne is given the rate of ri e of the 

alloon, it is, o course, pos~ible to work backwards and infer fro.:n this 

ra te of rise what th percent aerodynamic and hermccyr.am1 c drags must have 

been. The thermodynar.lic drag noroograph is useful i n other ways, for example, 
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or~e Wished to know how ::\.Ch •:.rein. a 11 

reaehln« ceiling at a given rate, one know th t t'lis •arm~ ls related 

t.o t.he so-e11led t ermodynamc arag which the llo n h bet ore reac 1~ 

ce111n«. Fr ten m~. aph at a iven rate one can calcula at the 

reent t er odynand rag 11; ne kno•s thn t at is percent t. rmo-

dynamic ra wi l also be the 

in ba loon af r r ~ac 

1n li t • ic th 

ceiling. 

can uf r 1 

:"atur 

1 s u • s t.~e rce ta 1 

se 1t , r-v lves upon reac 

In usi~ t ~ nomo ra. hs, its ula • e,·~·•-~--zed that t ey a er t 

l w1t111n an ac uracy o. perhaps l S 1r a lied 

ri e curing the d· • or descend at rug~ t. A 1ca t eatme t 

1 itJ~tions or r1s1ng and d scend1ng alloons wi l hav to 

take into 1cc nt the difference ich oc urs for allocn nsi~ at 

night as pposed to a hallo n rising during daytlllE etc. A preliminary 

ndi of the eneral f ature s 1ch thie :Ja t emat1cal a scr1pu Wl 11 

need t av 1s irX!ludP 1n e section of n-diation eating of Ealloons. 

ction V, this ol e) 

Calculations concerning Fight 56, 

Flight 56 was the only radio-control ed fli ht co atants experiment 

that gave significan~ ata and this exper ·~ twas not omp et ely uccessful. 

~igure VI-19 sows the details of the interesting porti n of the tin~-~lti ude 

curve plo ted o a very large scale by plotting the pha e angle of tlle Olland 

y e directly and a .,tach ing a scale o~ feet to thi plot. hr.3 escent 

during daylight at the start of the graph is due to the cutting of the tow 
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at 1'8,000 teet. Th• balloon deacended at a rate of 5.30 tt,/llin until 

34 poun:11 of ballast are dropped bJ ttWt tir1t c01111nd operation. file 

balloon then boWlCes upwarde "')O rt, alowly rouJlia o!t ana deacendl ai 

88 tt/llin tor about 11x llinutes \11\til a i.~ond ball.ut ot 32 powds was 

drooped. The balloon th :1 bounc- -~ upward 298o rt and eatabhehea a m• 

up11ard ~ te of 16o rt nun. If • consider the temperature aounii~ 

for the day and the bounce r ll"1ring t.he NCOud last dr p, w r txi 

that the adi bat1c te ai,eratu~ cha~e waa l .6° so that t 11 repreaenta 

h.8j or the aabient temoeratW"e or 2'20° at that point in the ataosphere. 

fractional ballaat drop or the groas load is S.6S. The disagreement 

between these two or .BS 11 to be associated w1 th non-adiabatic proc-eaaea 

occurring in th• bounce auch as aerod,nallic drag arxi heat. cooiuction into 

t bal 1 on, ar-1 t e agreement is abo•1t aa goCAi ,u one o ~ ns in ex.amplea 

of is kirii 

now roceed t<, anal7i.e the rate, and ballast dropa 1n ten:s ot 

the flight constants nomographa (see Figures VI-17 anc VI-16). On the 

ini t1al descent ae have 69S lts or displaced all" and the oomograp h gi vea 

r r the rate or SJO ft/min Bi theraodJnamic d.ra1 and l.)S aerodynamic d.ra1 

which totals 64.6 or 65 lbs total drag. Thia ia n fall' agreement with 

the weigh-off values of -6o lbs tor the aain balloon provided there 1e no 

warming with altit\de, lowever, if tte warming with altitude is similar 

to that measured m !Wllller step flights this warlll1.ng wwld be 6.5% at this 

only 15 lbs heavy, so that tt-1 rate of 530 rt/min 1:s j n complete diaagree­

uient with thie negati va free lift. The downward velocity following the 

dropping or Jh pouoos of balhot and the initial bounce is 88 ft/min. 
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Then is 13 lbs which 11 practically entirely thermodynamic, the urodJnaaic 

drag being negligibly small at this rat,e. Therefore the c11rrere11:e in drag, 

according to the nomograJils, between tne descent or 5~ rt/m n and the 

descent follnwing ballast of 88 rt/aun, i a 52 lb! or d ag, wherea1 31' lbe 

of ballast was actually dropped. 'l't;ia 111, like t. l8 first ca~e, 1n serious 

disagreement. A cha11te 1n drag before and after the aeeorxi ~llast drop 

is such that he initial drag,wh1ch was juat calculated, waa 1) lbs. Then 

afte~ 32 lbs of ballast dr~, the rise rate is 160 rt/min, which si•e• 

23 lbs thermodynamic drag and .B aeroc!ynamic drag, or a total or 2L lba 

f dra~. The tot al change in drag ... s 2L plus 13 or 3 7 lba, which is to be 

compared with J2 lhe of ball st dr p. This ie not in such serioos disagree-

1~1 t as the pr vious case. ·;e next compare the Jverall change in drag from 

the initial descent to the final ascent anc -~ ti.rd that the total cha~• 

in drag is 65 plus 2L or 89 lbs and the total ballast drop is 66 lbs. Thi' 

is in rather serious dieagref,ma t. Thia flight is w 

flights in which the balloon •~s descending at night, for instance folloWing 

s set in ich just the sunset effect in ballast was rapped lrhi~h lerveled 

th~ balloon. These case! are found to be in excellent agreement with the 

flight constant riomographs for the nnodynamic ana aerodynam.:i c drag. It .ia 

therefore concluded tt·at the descent and ascent in daytime with the sun on 

the balloon are different than the descent and ascent at nighttime without 

the sun, wr i d1 is possibly d ·e tc the sut~rheat of the balloon wh1ch is 

higher • n the dr1ytime and there may ~ differences in ascent and descent 

because of the extra superheat. 
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E. Fundamental Superpressure CalculAtj ona 

Thia aection 11 inteooed to present the ultimate limiting si tu•tion 

which exit-~o for the case or a superpreHure balloon wh1e., is floating, 

either just carrying 1 tself, or carryi~ itself and sane load. It is 

rather interesting that it is possible to write two equat1one--onP ex­

pressing the at.rucbrll. rttlationsh1p betweea. the bw-stlng superpreseure, 

the tensile s rength, th thickness and radius or the balloon, th other 

expressing the fact that th balloon system 111u!t e buoJant-al'li y s:>lY1ng 

t~ese equations to get a third equation wh1c e reBses . fr ctlonal 

superpressure wh ch a balloon system can mainta n • t out. bur twg d 

still be able to flo t, carrying 1 ts load. The r sult1ng equation depeoo1 

orly on the atmospheric te~raturt, a on the eaking lengt of t e 

material involved, for a balloon which carries oad. For a lloon 

which carries a load, it also nApen son the air d1solaced n um.ts of 

the talloon weight. The soluti n of the e ua ad& to fr tional 

8\loe> ressure valuee for various materia sand various nf1 urat1ons . 1ch 

will be the ultimate obtainable for the balloon system. c ~ . ~ e :uat ans, 

(l), and (l)c, are the struct~Al equatloM expres5ing the tur-- "~ sup r­

pre ssw e uf t e lloon in terms of the t nsil st .. ~P.n t , the t h c e s of 

the material, and the radius at the equator f t e alloon, f a oflrfect 

sphere and fo a balloon made as cyljnd~r alloon ar.d given e 

so that it docs not develop circumf renti l stre s. 

Structural equations: 

AP : "T • t 
B -r-

f • t 2 t ·t 
11PB= - -r - R 

(1)
8 

sphere 
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r = mrjdian radiua o: cw-Yature ot infinite auperpre1eure 
cylinder at equatCM' 

R • racli ua or balloon at equator 

T - tene1le t.rength of material 

t : th1c kJ,eu of er1al 

£1 P8 = bursting ~uperpreasun 

he uoya cy e u t1ons (2)
1 

a ')care derived as follows: 

t.r.as of air d1 placed = Mass of ehu t ma of balloon ar.d load. 

~, V= !°He V •f°s · ~ \,/ 

<f,. - ,.o ,l V = r's · ii V 

p - ~ - 1-a 

Where f'A = dens ty r air 

f\e = density of hehwn 

f::J B = ene1 ty of balloou 

V = balloon volume 

MA= molecular we j gh of air 

li!Fe = l'lolecular weight of hell.um 

p • pressure at w ich the s qtem loats 

G = mass of ir aiepl.a ced 

W: mass of talloon 

R = universal gas con~tant 

M: temperature, 0 ab lute. 

Confidential Information 
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., '° t 
= :..' p 

R 

For a cyliootr it can te sho~n that 

where, in addition to the 1uant1ties 

dena1 ty of th 0last1c. 

S lvi equation! 1) and (2) si 

. re and cy1 nder, ives the rs lt~ng 

V 

(2) 
C 

ef , , I' p 

S O th 

F 1 a t .. frac t1onal a~rpre s e w 1c ♦ he al loon a when • t i 

being trf» sed o ul tim.te nd is floati a ressure P. It 1 

t 

1nterefit1ug that this frac i na uperpressure d •s ot de en 1r tly 

on the t ickn ss of e l on. t s, for example, the fractional cane 

in te~rature or t ba 1 

e balloon be ome el ck. 

stem wti1ch c r ' 11 w d w· u 

Equations (l)s and (2) c· be & o ved im ltan o s .., 

and (2)c, to give th 

is just buoyant, The result is 

For a sphere 

And for a eylirxier 

F: 

1perpres e a l o 

confidential Informati. on. 

as can 1 
C 

f r system that 

(3 C 
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The followi, g table pv s de.:;ign v l~s for the tensile strength, 

density, and the ratio of tensile . trength to dens:ty, for ylar aoo 

oolyethylene, 

Equation (3)
6 

and (3)c can be solved for ~ylar anci polyethylene: 

~~ateri l 

lar 

olyet yl ne 

T 
5 /1n2 

1 OOll/in2 

T es figures are rot the yield stre 

data, but are rather figures which hav 

fl 

T 
/° 

105 e.ound force - in. 
u as mass 

2. ). 1 u 

en i t mar act r r' 

tained y experience w1 th 

upe rpressure balloons en the gr . For ex le, an~ r cases 

\ylar cylinders have been tested d hav teen fund to fail at equivalent 

tensile str ngths of from 6, t l /in2. The figure 1 t-e ta le 

of 5,000#/in2 is deemed to e an up e~ 1in:it des · v lue, s s 

for olyet ylene. he value of the constant in Eq\ll tion ( 3) • 5 al 

ow, finally result.in in E ua tions (L 8 and ( )c w • e ress the 

'T r c+ • ona p rpr e all wsd or sph r s a c 1 • <.ler~, 1 h -
t=> 

f th tensile s th ensity ratio, i o. th reaking length, and 

for balloons wh • ch have a weight W and displa"'e the &Clount f • r o. 

at stratonphere mp ~ e of 2 ° K. 
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so 

Faphere: 2,26 x 10-
6 : • ~ 

f - l 1 .. X 10-6 =f I cyl nder - /J G (4) 
C 

r Fi nally substi t uting the v u s f r - f Myhr and lye hy ene i ve 
~ 

the ta le of value of F be •• 

Mat rial here lin l 

Mylar .2 .11 

1 • 31 

T is ta le i i te si mficant since VP, r for 

vario s s • tuat ions . Co Er the en ry or ::l r 'il lS 

~ ry means th4t the maximum superpressure wtnc c~ . e " t 8 

ylar spherical balloon which has no wei a n on i ex et t e 

wei t of the mater1a, that is~= 1, w ld be 2 . . 
poseihle , wit out exreeding the 5, 0 /in2 va 

centage s e· pressure for thiz balloon . i ' lar , 

not c,1rrying a .} 1 d will be a e ~rnperpres ure o 

t w 1 im-

r r-

lyet yl ne c 1noer 

Ji wen stres ed 

to ) /in . If t ' e Mylar sp erical ba oon fist r ferred t o were 

act a y carrying a l oad equal t the balloon we i ght, ; woul be ½, and 

the maximum po s1 e sup rpr sure o tainable w ld 11.3% I'\ ~ is 

o ys m. it should e empha ized that ese f • gures are t he maxi um 

va e one could ope to obtai in r ctic with t s alloon s stems . 

e fact that he balloon volume di.d ot enter j s not suror • sinB : given a 

value fr t e w igh o the load to be arried,and choosin a value for~ 

co · stent with · he su rpressure demanded will d ermine a floa ting 

Conf J.dential I r..f ormc, tion 



I 
altitude for th 

balloon r e 

system, s y, t 

If one • r t 

• 
a 

S C a 

t 

a 

s 

t ma a 

hrough suns w 

e aps t e o t 

cy rnder, 

20-ft iyl 

about 3%, 

Mylar cylinder. ~ • s 
• J 
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has been achieved with soall balloons in gettii^ the leaks/

/down to cbffusion leakage. The value of this leakage for 

is high enough so that the addition of supftrpressure to get 

effect increases the leakage to the point where the ballast 

pay for leakage may be as much as the surset ballast demr^ 

These flights with small Mylar superpressure cylinders,howe^ 

that it is possible to add a great deal of stability to a fH 

flight by providing enough superpressure. A moderate value : 

pressure, say 1 or 2^ of the floating prensure, is adequate \ 

very level time-altitude curve. Such a low value of the sup, 

be maintained for a period of 6-8 hours, a time adequate for 

purposes in studying trajectories at very constant altitude, 

soaie interest also to investigate the possibility of ballast.\ 

the superpressure in flight, and if the ballast demand is sir», 

will be stable but will climb as ballast is expended and the^ 

weight of the balloon system decreases. In the work of the
i

Balloon project it is very profitable to use superpressure t,, 

stability, but it appears that superpressiiring balloons to e,

sunset effect will be too costly in terms of ballast to just

tional conplicati on. It is possible, however, that several ^ 

be made in which the sunset effect is superpressured out, si^ 

the magnitude of the sunset effect on the balloon system by 

the value of the superpressiire.
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