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Section I. SHROUD THEORY: THE BUOYANCY POTENTIAL vF ~rhOUDED BALLOON~ 

Introduction 

altitude stability. Perhaos the most stra1e:;ht-forward is to proviut: ,1 

ballast aruuµiH5 uev ice t-iet to uroo .., .... ~..:..as t whenever the ba.u oori (, r seer.ct ' 

to a cer tarn nreset 11 i'loor 11 • '!'m s system has the <.hsallv antage, howevu· ; 

that t he ceHinG of t l,t, ~\y::,t,ern 1s r c3.1cuA every time ballast it-i l. J.'01-'' r.u 

th "~)ssit:1 1, 1 y Lh~ -L 1 : , t-: ccr:trols will "over ballast " ~na sena the balloon 

TI, I k uo °L,O cei1iug vvllere it valves gas , t:.r.r~ l"' r•s s.:,. :1 1-y irr. ,~r,.qsrng the u1ti1..ctte. 

ua1~a st need. For very long duration flights the constant expeno1t~re of 

ballast may requi re t hat the original ballast load dwarf the nayloac1 ry 

comparison. 

To S)me extr-r t, ~ ,._~rr. blloon may get stabil•,ity from 1 ts ouoyancy. 

notmiti al craracteris~ic . (The concept of tu. ,J j ~.u ,C J t->vuL.1!1,lc..11 l:.:i l,l~CL<I~ (;l 

below. ) For bare balloons the stability, if any, n ·orn U11 ~ 0 'J t1 rce is usu11ly 

small. On the other hand, the buoyancy poku~ial r,r·· 1rc1 c t en sties of shrouaec.. 

balloons sometimes makes it possible t 8 gain s talnll ty c,ven against J osse s 

0 ° lift as great as · those that occur ct L, suw:i"'L . 

A "shroud" is simply a canony uvE::i.' a 1. .1. 10 n1 . .t. t·, .1 • r•a s a 

neightod hem which is allowea to hang ooei i. ',' ; ,c ,al loon ins1oe valves iL_; 

li.f tinP' ~as i n the tteual way ( tr rour.h a uuc t paJ::,rnp out sH,e ; C u: •l_, c :· r1or :l \ . 

J' hr: volume between the sl,,roud and the balloon f 1l1s w1 U. air am. ... t h1 s air 

l" f')n t,"'~rut~~ lHt according to H~; r •'R!3SlJ_Y•c , superhei,t ·and. volume. 
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The central problem of shroud theory is to calculate the lift of a 

shrouded balloon system at various pressure altitudes and superheats, and 

to construct a buoyancy potential diagram on which the flight character­

istics of a shrouded balloon system can be summarized. This will be done 

after a general discussion of the concept of buoyancy potential. 

Buoyancy potential 

Buoyancy potential is simply a way of expressing the lift of a 

balloon system. It is defined in ~uch a way that the change in buoyancy 

potential is equal to the change in lift of the system, This leaves the 

buoyancy potential with an undetermined zero, just as in too case of other 

i. 
I 

potentials, A convenient zero is chosen arbitrarily, 

The lift of a balloon systam is equal to the weight of air displaced 

minus all the dead weight including the weights of all enclosed gases, In 

the case of a bare balloon, the weights can be expressed in terms of the 

weight of lifting gas in the balloo . , M, which is constant, Thus the 

weight of displaced air is y,r l tl, where a- is the ratio of the molecular 

T 

weight of atmospheric air to ~1o ~olecular weight of the lifting gas, Tis 

the absolute ambient air tempera\, .re ,and Q is the balloon gas superheat. 

The lift of a bare balloon Will be Mer !ti • M - W, where W is the dead 
T 

weight of the balloon and payloado Dropping the constant terms, one can 

write the buoyancy potential, P, as (1) 

so that, indeed, the change of lift equ,als the change in buoyancy ootcnt ial . 

(The zero of buoyancy potential has been taken to corresponu t o zeco super-

heat.) 

Confidential Information 
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Since both M ana a- are constar t in the a Lo ve example , it i s clear 

that a bare balloon can change its uoya cy potential only trough c ange8 

in superheat. If the superheat at a high alt1tuae i s less than it 1s at 

some lower altitude, the balloon will be stable against descent . However , 

the superheat during the daytime usually has a v~lue which is greater than 

any night-time superheat anywhere down through t he atmos here, which mans 

that there usually is no chance for a bare balloon to stay uo through sunset. 

A typical superheat situation is shown in Figure 1, and the buoyancy ooten­

tial of bare balloons is discussed further below in tre section on buoyancy 

potential diagr ams. 

Equat ion (1 ) would not apply if the balloon were to take in air when 

it descends , since Mr would then be effectively increased anct the buoyancy 

pot ential would be inc r eased even at the same superheat. In tre case of a 

shrouded balloon, this eff ect is capitalized upon to the greatest degree 

by using a canopy which can take in large amounts of air. The derivation 

of the buoyan 'Y potential for shrouded balloons can be expected to be some­

what more complicated srnce the system contains both air and helium, and 

the lift of the air depends on the pre ssure as well as on the superheat. 

Buoyancy Potential for Shrouded Balloons 

Again restricting the discussion to cases where no helium is valved, 

the mass of gas in the balloon itself r emainti euast nt. Tl1e we1 Ght, A, of 

air under the shroud wi1l not in general, however, be constant. \ ssuming 

the superheat for the helium in the balloon and air under the sh~ · .,ud to be 

equal, one can write for t re total weight, Gt, of dJsplaced air 

Confidential Inf ormatic,n 
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Solving this expressio or thew Jght 

write the total lift of the system as 

ir un e t . . s ua, on , can 

---+ '11 + 

Again dropping the constant terms one has for the bu Jyancy potential of 

shrouded balloons: 

(2) 

This is a remarkabl y simple r sult , consioering t hat the b ft of 

the helium balloon is altered by virtue of floating in the superheated 

air under the shr oud , and that the different SJze of the I elium balloon 

at different altitudes alters the relative volume available for air under 

the shroud. 

Shroud Volumes 

The derivation of the buoyancy potential for shrouded balloons is 

by no means complete with the above expression (Equat ion (2)), since the 

total amount of air displaced remains to be determined. The weight of 

air displaced, Gt, is of course the product of the out~ide air density 

times the total volume of the shroud. The volume of the sr roud will in 

general depend on the size of the helium-filled balloon and on the lifting 

power of the air under the shroud. The lifting power of the air is in 

turn proportional to the product of the air pressure and superheat. 

Figure 2 shows the balloon ano shroua when the system is at ceiling. 

(In the example shown, the balloon ano shroud each have 120-ft gore lengths, 
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10 FEET 
~ 

HELIUM 
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.....,--DUCT 

u---------,~--------'J, ... ...,_ __ CHAIN 

LOAD 

FIG. 2 - SHROUD AND BALLOON SHAPE AT CEILING ALTITUDE. GORE LENGTH 
IS 120 FEET 
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and the shroud is a cylinoer mac..1 i ith the sane iam r as e 1 b loon.) 

The v l um o 1r unuer th s r ouo is O. t1m s th volume o the elium 

balloon. In this s t total volume o the ystem : 1n epenoent of the 

air li t ' .. , th v lue of p (o = millibars res sur 

altjtude; rh t). 

Fi ure 3 sows h sh pe oft e o ts1de shrou hen the ba loon is 

very small and fort case h r ep has the value 400 mb-°C . Te ballo0n 

and shroud are each made of one-mil olyethylene, and the chain in the 

shroud hem weighs 20 pounds. It can be seen that the total volume of the 

sr'roud is very nearly the same as for the case with t he full balloon. For 

p9 << 400 mb-0 c, the volume of the sr oud sh inks anu uegins to depe d on 

the size of the helium balloon, i.e., on the pressure altitude. For 

pg> 400 mb- 0c, however, t he volume of the shroud remains relat1 vely con­

stant. Actually, a large range of p9 valuas neod not be cunsidered since 

it will be shown that the system tends t o move in such a 1ay as to keep 

the same value of pg, a value which is established at ceiling, and which 

in a typical case might be 25 mb x 16°c = 400 mb - 0c. 

The shroud shapes were calculated by forward integration of the 

appropriate differential equations , Trese differential equat ions are ob­

tained by considering the forces of gravity, pressure, and t ension acting 

on the fabric of the shroud. In making the integration, one must choose 

the proper initial conditions to insure that the solution represents a 

shroud of the proper gore length, that is, one must solve an eigerwalue 

problem for each value of pg. 

The fact that the volume of the shroud is independent of pG for 

the range of pG of interest comes about. because a p8 of several hundred 
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HELIUM 

BALLOON 

, ... ~.,__- DUCT 

AIR 

SHROUD-..... ..,, ... , 

u--------..;.-_______ ..(';..,__ CHAIN 

FIG. 3 - SHROUD AND BALLOON FOR BELOW CEILING ALTITUDE. SHROUD SHAPE 
CALCULATED FOR p8 HAVING VALUE 400 M~-°C. SHROUD ANO BALLOON ONE 
-MIL POLYETHYLENE, 120 FOOT GORE LENGTH AND CHAIN WEIGHT 20 POUNDS 
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mb-°C is s ff1c •nt t o s o t o th s r 0u o h t a 1 r e part of it 

becomes merel a strai ht c 111 er . I o er words , t p valu s of 

inte est are sufficient to "fill out 11 e shro a its ull volume . 

.uoyancy Potential Diagr ams 

In general, the buoyancy potential wi 11 be a function of both p 

and Q. If c .anges , a sys em will move in such a ay tat the net lift 

(and hence buoyancy potential) will ot change . Tis ·11 r equir e that 

the system move to some new oressure altitude t o e ain the uoyancy poten­

tial at the new superheat. Of co se, a ballast drop or l oss of lifting 

gas would require that the system aajust itself t o a new valu8 of buoyancy 

potential . 

As a first illustration, t ke the case of a bare helium-filled 

balloon. Th6 buoyancy potential ctiagr am is shown in Figure 4, As expected 

the buoyancy potentia l depends only on the superheat and is indepenaent of 

the pressure altitude. 

[nso plotted on the diagram, as aottea lines, are what might be 

typical r esults of a measurement of the superheat of the balloon gas at 

each altitude. These lines are taken f rom the "supe rheat-profile II shown 

in Figure 1. The ''superheat profile , " consisting of a 11day 11 line and a 

"night" line, is of course a property of the balloon material ana of the 

r di t io11 cund i tiuns in Lhe a L111u~phere, i::ind .i. l. woulu oe expected Lo vary 

somewhat from day to day, depending on atmospheric conditions. In particular, 

the night-time curve might be expected to show a seasonal variation, with 

positive night-time superheats appearing f requently only in the summertime. 
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~ 

w 
0: 
::> 
Cl) 
Cl) 

w 
0: 
Cl. 

+ 
ConJidential Information Page I -10 

1o __ """""'"""'T'""T'.......,.-r-,-r-T"""T""'T'""'T""T""T"""'T"""T"...,....,"""T""'1-,--!""""I-T'""'T""..,,_,.."'T""T".......,.-.-.~T"""T""'-.--"""""'"""'T'""T'..,._,.~-------.......... - .......... .-.-_,... ................ ....,...., 

I I I I I 

I I I I I 

I I I I I 
I I I I I I I I I I I I 1 1 11 1 1 111 1 1 111 11 1111 1 111111 11 11 1111 1 1 

l-+-+-4--+-+--1-4~+-l SUPERHEAT -15 -10 -5 0°C. +5 +10 +15 +20 
it-+-+-+--+--+-+-l-+--+--+--+-·f- '-4-t-t--+-t--t-; - t-t--+-t--t-i-t-1--+-++-i-t-t-t--t--+-i-t-i-+-t-+-+-lr-l-+-l-+--l-ll-+-+--1--4---4~1-+-+4---,-J 

t+++-+-t--f-t-"---+-t-H,-r-t-t-+-t--HH-t-t-+-t--t-i-t-t-t--t-+-H-t-t-+-t-+-t-tH--1-t--t-t-t-J-+-+--•-++~~ +-=- -

-----· ~' ·; _.. : 

- ~ .J....!....._ L ---

-- · ;_ ;__:::.: :_--~~~::::t::j:t :t=::=t:t:jl:::t:t::j:=t::=:::1::t::t::j~! =t::j:t:t:Jr:::t::t=i--+-+--+-+--t-t-t--l--+-+-l--l-l--l---+--l-~ --l---l---+--l-_.-__ ·_:•--=~'----

20 - --+- ... ----· 
--4--L.....-..-..- ~- 4

- · .. _t -

I \ I I I I 

t--t--+--+- - -+---+-+-!-,---1-t--+-+-t--+-t--+--;-1-1--;-t--t--t--t-t--t--t-t-t-t-t--t-,'rt--t--+-+-+--+-+--+-t--t--t-1-~--+--j-j1-1-+-~' 4--1-1-... --/-+- .. ,_ -- ~ -.'.-LL-
t--i--+-+-i'- ~--.... 1--r-i, r-t-+--+-+---t-1--+-+-+--1-t-t--+-+-t-+--t-11-t-t--+-1-t-1-1-+--+-+--t-1-+-+-+-+--t--1-+- +---+--1-1-+-+-11-~+-1-:LJ__ 1 

--·-1 1 - -~_J__ -

t---i-+-----+--+-.......;-~-----t--t-t-!-+---t--t--t--t-;~---t--t-f-li--+--t--+--t-t--1-+--t--+-- +-l-+--t--t--t-+-+-+-- -l-4--...... -lc- 1- 4---1-11-1,,- ;-_...._,.__+l -t--- l - '---· - Ll_L -
I I 

: I I 
\ 

-~----
11

-1------+--...-~' 1-+---t--+--t- t--+-..,_'-1- t---t--+--·t-t -+--+--+--t--11--t-+-+-... ◄>t-t--t-+-+--+-1-t- ...... -+-.....-+-if--+_._-+--+:- 1'-- r µ_ I___ - -~-L .!- -
~- f- • -- • --+- -

I 

I 

\ I 

30~-t--+-t-t------;-,...~' ~1--+--+--~~-,.....,..-~~r-r----~1-.--~_...._-t~~--:;.~=~:~~; ~~- ;1~-l~'-- 1-1---.:=:=j __ --+-~--~ -r--·- -+-- j __ ·--.-J-~~ 

I : : 11 O · I 
I 
I I ! 
I 

I 

j --4--I --W-
I I 

---l--.+- - --I :-- I 
I I :_ I 

t---i-+--1--+--+--,--+--~-f- • I : : 0~ II : +~~ L ~ : • 

t--1-+_._....._-t _ _..,_ __ -t--+l-+---,I'- ►-- t--+-....__+-!-t--+-t----il- - +-...._.-- ... -+--t-+-ll--+-+t-....._...-1-- ,-+-+-r--+-J-,_;,.--'--➔-;---r--- - 1 ~ . ____ ;_____:_: 

i FIG . 4 - BUOYANCY POTENTIAL +H- 1 1 

\i,___ . __ _ 
\ I 

\ I I I I 
I I 

i 

40 ~ DIAGRAM FOR A BARE - ,--H- , --1-- ·-('___.. ____ ;.._ '._._. _ _.:=-1 

~ BALLOON. GROSS LOAD 450 ::_ ::;::-..;:::i~:::i=-:.
1

':::.. ;=;:.....'=+;=-::__1::t:~~:--1-~ :--:--..=-':_..:::-..... -::---i+i----l-.-..:_++~1-+r-:::-+:- --r+ -l~= -_ • ~:-~ 

\ 
I .1 

I 

f-J- ~-----+- >-
·r .... 

50 § L8S. SOLID LINES ARE =1r:=t::::::;=t=t =::=t:t:::t=ll=:!::=::~=;tt__,:i ____ Z+-_ _.__+:t+--:---· _--... .J:--~+· ⇒-~::t~+t..~~-+--...... ~~ ~ --~ • • ~ 

~ BUOYAN CY POTENTIAL FOR - - -+ - - - i -r----::: ~~- : ::=,..--£ 

SO ~ DIFFERENT SUPERHEATS, ~ =-= - ==-- ~ ~ - : -=.-s-- ---~. ~~:§ 
~ DOTTED LINES SHOW ..__, 

== SUPERHEAT PROFILE FROM ==ci=-~8 - '......,..-- ~-~ .... -~ 
70 = -- r_ : .-= ~ - ·: -::- -~-• I =- "?7 ~ .-~ ;-•_ -: _ - . . -::-:: •· 

~~ FIG . I . ~-Fi ~ .L ~---= =~ :_ ~ ..:-= -· . __ _ . _ 

80 :=::::;..:.:=-,--;:-~-r~': • - -=:. .,.__ - -:- ~- -o- ~-= ~• • ~ ~ -~ •: ;__ =-==::--=f+ ?1:-=::-¥= ~~:: k --

= =.L•; - ... • -=~~-~--- - ~ -~ _ ±; ::±- ~± -_ __; - -:: _ _:_~- ------ ~-t-:_.: t -1- ~~1-.: - : ~ 

90 ~--: · · ·--=:=..:==---- -- : ;.... ~-~ --:J::=1 -:.,,-.:::_J~= •::3-.7-=-;= -=:- ~ ·-r·T - ~ j;.:: -- --.-_: ~-;. 

, _; ~- ~ .i::--.i:--; 1- -[ .:.~ ....;_~ ..:...E:3=:i::- ~ -,:'= ==L."R:!:- _ 0 i-~-~ -"--= 

1oor~=r1--:'.""'-:--:t-t-=--;---:-1--t,~~~~:::---tr~i=:t::~1...r=--r_~.~ =-::.=t:·=1'-'-;:;t;:fj,~-~± -~t:,=~~~-f-~~--~-:=:!=--i.~:'t·-:t~ ~- ~ -@_r ~t:ir=:-.c..:t; 1t1H.'T,-:'.~'.'::-~ 

i I i_ 
z 
a; 
% 

I I 
-4 

I -4 
I i ,,, 

I 
I 

' 

l-'-+--t--+--+-...... -+-+--+--t-f--t---t--t--t--t--;---!-t--t--t--t-f--t~ --t--+--t-...,---t--t--t--9--t--•r-t--t---t--t-f--t---t-W--+--+-t--t- t - 1--t--t--t--/i't-~1-;--t--t--t- , ____ -,-~ ~ 

J -l-+-+--+--+-+-t-+--t--+--t-+-l·--t--t -t--t-+-+--t-+-t--t- + -+-+--+-f--t-W---t--t--t-t--it--t--t--t-+-t--1-t--1r -t--9-t--t-+-+--t---+-~--t<- -r-+-f--t- t -+--- ,- f--l-,-Lt-

200 -- • - -· r 

11--4---+-+--+--+-+-l-+-+--+--+-+-l-+-+-t--t-+-I-+- -:--'-+---t--1--t-f--t-+--+--t--t-+-l- --t--t--l-+---it--t--+-l/-+--t-il-+---r--t-+---it--t---,t-l-+-+-.-,-+--+--+-..--t--+-I t-+-+--,.___,-+-+-1 

I 

, I , 
I II I 

300~_,.-+++-~-+-+-++-H-+-+-+-+-+-H-+-+-·+-HH-t--t-+-H-+-+-+-+-HH,1HH-+-+-+-1-irl1~-,--+ H-t----+ '"'.'1-:-1 ......
........ t-..,.~.......,,,_.'-t-+-...;1........--1 

! I , ,-+--- ·--+-ti --t ·--t 

:-r+-~ 
I 

5001-_ _.__-l--l---+~-........ -1--~-+-++-+-'-+--+-t-+-+-c--+-+-t-+-.._t-t--t---t--'--+-t-- t-t--t-:="i-'---1~---tt.--+--t _..._+--11--+---'-.-_~1----___ • _ _ -_-_____ r-_· ...... : c--~ ~::-:.:.}I:~T 

600 

700 

800 

--:_---. i -- .... .. --~ 

-- -------=r--~-.___.:__.-

·~ ~-~ . ~~=~-~ 
. ·--: ;.= -· ~ _: ·r- ­

.;._, __ •-:·_ -·~~ :3--1:= 

i:.:. -=b : -=x=-::t 
::;:::-sc";::: ~-

-50 
BUOYANCY 

: ·r-' ~- ~ ~ : ~ ~ : --~ ~ --~ 

_ ,- - t ~ -~: ---=-=- -- • - ~=~ 1-. [~_:r=t= 
• -:::i:=. -----·- ' --- . - t _,...:.- :::::j:: 

----:. .: ~ _-• 

·- .... . 
·- =-.~-;~ ~ ~:= ?---__ 

::-=-=:-:!=--:-~-::-

- f ;=- _::;::-.::.-· 
• . ...:-==E'""-=t: - t=:i - • 

I 

: J 

l; 
' ; 

-25 o0 c 125 +50 

POTENTIAL IN POUNDS = Mer T 



J 
--i., 

Co 'iu t al I orm· tio Pa e I-11 

The superh at pr ofile (w 1ch wil be t e s· me fo r a 1 s stems ma e of 

the s me balloon materia a oper ating in the s atmosph re ) soul 

be dish guis ed r om the uo a cy otential ia r m which is a pr opert 

of the particular balloon syst m is i depe den t of atmos heric condi-

t ions . The su erheat profile is plotted on the b~oyancy pote tial dia ram 

only to how how a system will act unaer some oarticular atmosp eric 

c ondi ti on .] 

It is clear from t .e ctiagram at , while the bare balloon at ceiling 

at night can gain buoyancy potential (l ift) by descendiru:: , it can never 

gain enough to get back the lift lost at sunset (i .e ., lost in going f rom 

the day profile to the night profile) . Act ally, apart from the effect of 

aerodynamic dra, the balloon 11 never chan e its buoyancy potential . 

Insteaa, at sunset for instance, the balloon will merely descend at a 

rate sufflcier t to develop a 11 thermal arag 11 superheat large enough to 

restore the buoyancy potential t o its original value . The superheat pr o­

files that are plotted apply only to the non-moving situations . 

The buoyancy potential diagram fo r a shrouded balloon is quite 

different from that for a bare balloon . Since th volume of the system 

turns out to be always constant, Gt is proportional top (the pressure 

altitude), and the buoyancy potential (P = Gt §.) will be tben just propor-
T 

tional to the product p9. The buoyancy potential diagram for a typical 

shrouded system is shown in Figure S. The dotted lines r ep:r ~ant the 3ame 

superheat profile as before, and it is clear that the shrouded balloon can 

easily go from the day curve tot he night curve by a small descent at con­

stant buoyancy potential. 
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Only a small range of buoyancy potential has been covered by the 

solid lines on the lot . he reason for sis that t e simple stra ight 

line r lot holds only or p 1 s of a certain size, namely t ose lar e enough 

to fill out t e srroud . The range covered is adequate, owever since t e 

original buoyancy otential is based on t he lift that the balloon had when 

it la~+ valved, i .e., at ceiling during the day . Ballast arops of course, 

will change the buoyancy otential, but large drops are somewhat compen­

sated for by the fact that the system will rise to ceiling and valve away 

the excess lift . 

The superheat profiles plotted on the buoyancy potential aiagram 

are intended merely to illustrate a typical situation. The pr ofile will 

vary from day to aay, as has been saia, anu there will be some nights on 

which the superheat profile is not oos1tive at any altitude (unue r this 

condition the shroud would have nothing to contribute 1n the way of static 

stability) . The sup er heat profiles an ply, however, only to non-moving 

situations, ana it is possible that even on nights with an all-negative 

superheat orofile the descent of the balloon might cause enough thermal­

drag warming of the air unaer the shroud to fill it out, thus co ntri bu ting 

a very large drag force to the system. If the descent rate could be slowed 

enough, of course, the balloon would still be in the air at sur~ise. 

With respect to a moving balloon system, it may be said that the 

system moves at sunset or sunrise along a li!le of equal buoyancy potential 

from the day curve t o the night curve, or vice versa. For a bare balloon 

system, this means the balloon tends to keep the same value of the super­

heat, 9, ~1ile for a shrouaed balloon system it 1s the value of the pQ that 
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tends to stay constant. Thus a bare balloon will stay aloft after sunset 

at an altitude (if there is one ) ,he re the night-time superheat is equal 

t o the daytime superheat at ceiling . A shrouded balloon system will des­

cent at sunset to the level (if any) w ere the value of o s eq al to 

t hat during the day at ceiling . 

A ballast drop on either system will lower the b oyancy otential 
along which the system moves . 

Response to Ballast Drop 

The response of ab lloon system to the dropping of an increment 

:f ballast is a convenient measure of the stability of a system . The 

responsiveness can be exp essed as the fractional cha~ge in pressure a1t · ­

tude per unit weight of ballast dropped . The less the responsiveness, the 
greater the stability. 

The ballast esponsiveness of a bare balloon floating below its 

ceiling altitude will deperd r. ' ., 0 perheat profile of the atmosphere. 

In most cases, however, a small ballast drop is sufficient to send tr.e 

balloon all the way back up to ceiling, and the system has little stability. 

This can be seen on the buoyancy potential plot in Figure 4 where the 

balloon must rise along a surerheat profile until it can lose an amount 

of buoyancy potential equal to the weight of ballast arop. Since these 

lines are nearly vert:i r,;:i,7, the sta ility is very small. 

In the case of the shrouctea balloon, the lin8s representing the 

sarrs superheat profile condition now have a very defirrite slope. In fact, 

if the supe rheat profile is very nearly aJ:ong a line of constant superheat , 

Confiaential Information 
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t e llast r es o siv nes s will be 

LI / = 1 
Ll B P 

Page I -15 

(3) 

where is t e fractio al c e in pressure a t1tu e as a es lt of 
a allast a ·o J L1 

diagram (P = ~t -). 

an P is et oyancy note tial as read f r om the 

D rin the day the system is a a 1 er alt1t de tan at ni ht J 

but since it is sually not necessar to drop sunset bal.ias on shrou 

flights, the system will maintain a constart vale of buoyancy potentJal. 

Equation (3) t ere ore shows tat shroudeo sys ClS ha e the s· me ballast 

responsiveness) ay or nigh Of CJ se, 1t 1s possible that the day ano 

ni ht superheat profi es i not have exactly the sloe, and Equation (3 ) 

would not strictly ho:d . Anot er limitation t J the use o Equation (3) is 

that the air under the shroud may not have the same superheat fr om top to 

bottom of the shroud . If) or instance , tre air near the ottom of the 

shroud had less superheat than the rest of the air 1n the shroud) the 

system would have t o rise further to valve heated-air 11ft equal t o the 

ballast drop, with the result that the ballast responsiveness woula be 

greater t han in the case of a constant superheat distribution 1ithj n the 
shroud . 

Di~cus'""ion and Cunclus.iunt> 

The important conclusion to be drawn from the calculation of shroud 

shapes ana volumes is that evu1 w1 th moaes t super heats a shroud re:nai ns 

full of air even though the inner balloon will be small at the lower alti-
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tudes. AS can be seen from the tuoyanc • pote t1al 01a r ams , this ma s 

the flight characteristics of a shr oude balloon stri ingly ferent 

f r om trose of a bar e balloon. A shroucted balloon 1thout ball st r apping 

provision may e t ought o as havin a 11day 11 altituae anc.t a "night" alti -

tude . One would expect a fairly definite day altitude ith some varia­

bility in the night altitude , particularly in the inter vhe ·chere may 

be no night altitude . For purposes of pr olon ed flight, it might ce 

necessary to provide a ballast drop for those nights on which the night 

altitude is unacceptably low or missing. Ev n then, the savin on ballast 

(and the reduction in tre overall gross load of the system) may ce quite 

substantial , since each night that the system stays up without ballast 

r epresents a permanent ball~st saving . 
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ADDENDUM TO "SHROUD THEORY " 

In the tex , a artic lar s rou 

was f ound hat his shro· woul be f lly open hen p 1s lag rt. an a certain value ( )min = Loo mb0c. 

s use as a exam e , a it 

The same a alysis a lies to a y shrou , tha is, a s rou th a dif erent ore len th and di ferent wei t . I scali up or down tee 
s r od 1n the tex, on ould o course find that the minimum p r equired to com letely fill out tee shroua would have a aifferent value . It 

Pappens that this - lue , (p )min' is a function o ly of , the wei ht of the shroud itself, and sA, the ore lengt h oft e shroud , in the follow­ing way: 

In computing the shroud shapes and volumes, 1 is f ouna that the only sigP.if1cant parameter is the dimensionless number 

where f is the lift per unit volume of the air under the shroud , The 
value of (3 is pr oportional to pG and thus the shape of a shroud is com­pletely determined by the number 

~ pg w 
The value of (p9)min for any shroud will therefore be 

(oQ) . = K ~ min st)3 
where K is some constant th at can be determined from the example in the text where (pQ) • = 400 mb°C, s ~ = 120 feet, and W = 150 pounds. Put­

nun 

ting in these values, one finds that any shroud will be completely filled 
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out when p9 is such t ha t 

r--- - ---- --·· -

; pg ? ( g)min = 4, 6oo , ooo w
3 

mb0c 
SA 

,_ --- - --· 

where Wis t he weight in pounds of the shroud itself an s~ 1s the 

gore length in feet . 

Page I - 18 

To be similar to the example in the text, the total chain eight 

in the hem should be sealed up accordm to the weight of the s r oud, 

giving 

Total chain weight= 0.134 w. 

The actual value of chain weight used is not critical t o the computation 

of volumes and will not greatly alter the value of (pG)min • 

In these considerations it has been assumed that the shroud cylinder 

has the same gore length of the balloon and is just large enough in cir­

cumference to cover the full balloon at the equator. This means that the 

shroud shoula have a circumference of 2 ;r s ~ for a gore length of s ~. 

The volume of the balloon at ceiling will te O .125 s-). 

As an illustration, consider a l/4-mil mylar bal loon and shroud 

with an 80-ft gore length. The weight of the shroua will be 26 pounds, 

the chain should weigh atout J .5 pounds, anu the shroud will be CJmpletely 

full when 

pQ ) (pQ) . = 240 mb°C. min 

The mylar balloon itself will weigh 26 pounds ano have a volume of 61,500 

cubic feet. With a payload of 50 pounas, this system would have a ceJling 

20 mb pressure altitude. The buoyancy potential diagram for such a system 

is shown on Figure 6. Such a diagram, as before, applies onl y to situations 
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in whJ ch pQ ( 9)min' as indicat 
stra1 t li s 

in tris cas exte do 1 • out f r om uJyarc ote ial o a out 10 ounus . 

ith any shr ou e sys em, the ni t - tim s r a N 
req ired 

to level the s stem without b llas 

where Bo is the da time sup rh at 

altitude, Pn· 

op a a ressure altituae , 

the aaytim cei l ing pr ssure 
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