UNCLASSIFIED

AD NUMBER
AD024204
CLASSIFICATION CHANGES
TO: uncl assified
FROM: confi denti al

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution authorized to U S. Gov't. agencies

only; Adm nistrative/ Qperational Use; 04 FEB
1953. O her requests shall be referred to
O fice of Naval Research, Washi ngton, DC.

AUTHORITY
19650228, DoDD 5200. 10

THISPAGE ISUNCLASSIFIED




PROGRESS REPORT ON /-
HIGH ALTITUDE PLASTIC BALLOONS
CONTRACT NONR=710(01)
JANUARY 20, 1953 to FEBRUARY L, 1953
VOLUME VIII
CONFIDENTIAL SECURITY INFORNATION

Copy OO



DEPARTMEW® OF THE NAVY
OFFICE OF NAVAL RESE/RCH

WASHINGTON 28,D. C. IN BEPLY RRFER TO

O ¢i61s" /P S

er e
's ',r;)c"

A\ -t

Reg. No. 3903201

Fromg Chief o Xavel Reeerrch v
To: Armel Bervices Techni-il Inforvetism sgency’

Sudbj; University- of in:esdtr Trogroes Tepnrt on Tigh Altitace Pistie
K Ralloons, Contrect lonr 710{N1), Volume VI}I; forverdiirg of
Incl; (1) Pive tonles 7% Prorress Revort on Tigh Altiiude Pl\on ®allocns
ctroet Nonr 720{01) Vauo Vi1l

1, Tive corles of rubject 01107 T"TIAL repsrt wwensveo ter the period cf
20 wnuarv 1283 to 4 Petrnery 1970 arc forwerded herevith., (Cony sumbers were
87,8 ,8.F, 7.6 ~nd &7,

T, Before ~nv o1 ileec confes, nr rerrafactiong ol somc eye {ilstributed,
priecr »r-iovel o, the v'ocuevt net He antsined Crom tile ofvlce, 1: vno?“e

g

thn the enclored Iive coni e nem ..’” ST ar s 7’1 r‘hvt‘ n's re}“est

[ TR

initieted now for a roreons ‘fIg ‘_n*v_j'f ‘6T 1 ad. itionnl cortes con ¥ HileT oy
th{a offlce,

7 /U/"/
N

Ay & 24
// VY S ﬂ'“” J
L ey .

- [ 1
G it b it

54AA-T124



CONFIDENTIAL page | {

PROGRESS REPORT ON
RESEARCH AND DEVELOPMENT
IN THe TIELD OF

HIGH ALTITUDE PLASTIC BALLOONS |

PSS 5%

This material contains information
affecting the national defense of
the United States within the mean-
ing of the Espionage Laws, Title 18,
U.S.C., Sections 793 and 794, the
transmission or revelation of which 4
in any manner to an unauthorized per- ;
son is prohibited by law,

Al e e e i, i e T A i

|
.|
4
1
1
.‘,?
|

CONDUCTED UNDER 4

CONTRACT NONR-710(01), NR 211 002 ;
FOR PERIOD 20 JANUARY 1953 TO u FEBRUARY 1953
WITH THE

OFFICE OF NAVAL RESEARCH

A s aa

AND SPONSORED MOINTLY i
BY THE ARMY, NAVY AND AIR FORCE 1

Bb WA A N I
B e T -

5

24

e =3

7 lone

gy B e
T S Tk

et Prepared by the

‘A Department of Physics 1
3 University of Minnesota j
'E R Minneapolis 1L, Minnesota

E}‘f ’ Copy No. 8 5

;

CONFIDENTIAL SECUKRITY INFORMATION

Ll o4 oue o
i
3

ot o A RGN




Confidential

PROGRESS

From 20 January 1953 to L February 1953

VOLUME VIIX

REPORT ON CCNTRA cCT #710(01)

CONFIDENTIAL SECURITY INFORMATION

Tsble of Contents

Section I - Introduction
II - InStrumeﬁtation
III - Electronics
IV - Flight Summaries
V - Operation Chart
VI - Time-Altitude Charts
VII - Rasonde Charts
VIII - Trajectories
IX - Meteorology
X - Dry Ice Ballasting

¥T - Cheracteristics of Time Altitude
Curves

XII - Twin Balloon Launch
(Photographs only)

Confidential Security Information

- ";\‘

RS
K'Q\?}‘ ‘

pEppr——" : i . G & = h RETHELT
3. feie . oot SR Alin § £ 8t Gl g Al 1 i p G s lt'l‘.‘.’\”-'h‘l‘iéj}L‘J};“?}‘B”:&h Vo ands if & '\'NM'% &'3'-

page ii

1
&
1
¥
|
!

pages I-1 to I-L

pages II-5 to 11-25 3
1

pages III-26 to III-28 i

pages IV-29 to Iv-10 i

Pages V-Ll
pages VI-L2 to VI-5h4

o e

pages VII-SS5 to VII-617
pages VIII-68 to VIII-B?l

pages 1X-88 to IX-99

pages X-100 to X-107

platibine.”

pages XI-106 to XI-113

pages XII-11l to XII-115

3

; .
s PR o e e
) fLaizites v O Loty 1000 S = ..ien

'
. .
31+ UL R S DTN TP U ¢
wtsp,



i

oy

——

Confidential Page I - 1

JOINT OPERATION WITH WINZEN RESEARCH, INC. FOR SKYHOOK FLIGHTS AT
PYOTE AIR FORCE BASE

Introductisn

The thirteen flights described in this report were made during a joint operation
with Winzen Research, Inc. of St. Paul for the dual purpose of carrying cosmic ray
scientific gear to high altitudes at a LO° geomagnetic latitude, and to give informa-
tion of value to the balloon ressarch program in the nature of flight performance of
the various balloons, meteorological trajectories, etc. The oreration was set up on
a couperative basis with Winzen Research through ONR with the understanding that the
balloons, including the packing, would be provided by Winzen Research to the specifi-
cations of the University of Minnesota. The University of Minnesota would furnish the

control instrumentation for the balloors including pressure telemetering by the Olland

Cycle method developed at the University. Down cameras to measure trajectories accurately

and the usual CAA safety devices and flight termination devices woula also be furnished

by the University. Winzen Research would assume responsibility for tracking and recovery

along with the University and would participate in the launching in order to become
familar with the lsunching method developed at the University. The cost of the balloon
and the necessary packing using the University of Minnesota launching technique would
be carried by the project SKYF™MK. Other costs would be assumed by the University of
Minnesota High Altitude Balloon Project and the Cosmic Rav Project as required. The
operation took place at Pyote Air Force Ease, Pyote, Texas. during the period 20 Jan-
uary 1953 to L February 1953. The balloons were launched from the apron near the first
hangar on the northeast end of the air field very close to the shed in which working
space was provided for the scientific apparatus. Helium was obtained from a helium

tank car on a siding adjacent to the launching area. The Air Force Base provided
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vehicles for the members of the project and housing facilities in the barracks. The ‘}

excellent cooperation of Lt. Col. Max L. Piper, commandirg officer, and various members

-

| of the base are ackncwledyed. Besides the 13 flights reported herein, two othar flights
were made by Winzen Research using the Minnesota launching techrique but using insirumeni-

ation provided by Winzen Research. These flights are reporied separately in a Winzen

ol oA L s N A e

report. The University of Minnesota Balloon Project was represented for all or part of

S

the operation by Drs. Edward Ney and John Wiackler; Messers. Raymond Maas, Robert Howard,

Charles France, Carl Ebneter, pilot, and Donald Hanson. Scientific investigators present

e v e ML,

included Nahmin Horwitz, Kinsey Anderson, Leland Bohl, John Linsley and Frank McDonald,

these from the University of Minnesota. Winzen Research, Inc. was represented by Mr. Otto

_’" FIL e .

C. Winzen, Vern Baumgartner, electronics chief; Herbert Ballman, electronic technicianj

Robert Clark, electronics technician; and Glen Hovland, pilot and camera man. Seven of

Mnn::.:‘

the 13 balloons were specified as double-wall l-mil type equipped with a duct appendix,
&3 experience on the balloon project had shown that this type of balloon was avwery reliable

wvshicle and some sacrifice in ceiling altitude was accepied iu order io use this heavier

TRRER AT T T

balloon which would increase reliability. Also it woulid give comparative data with
‘similar flights at higher latitudes for balloon flight information. Five of the balloons
were 1.S5-mil singlé wall where maximum altitude was a prime consideration. The other
balloon was a type 73L4-AH manufactured by General Mills, 2-mil in thickness and was
flown for balloon project information to compare with a similar balloon at higher
latitude. Duct appendices were used on all of the flights to study the performance of
the duct and to assure that the balloon would descend at sunset and to be sure the bal-
loon would reach its initial theoretical ceiling. The effect of the duci in excluding
air which might cause some increase in instability over an open bottom balloon was to

bs compensated for hy ballasting continuously by evaporating a cake of dry ice. The

results of this perticuliar form of ballast are discussed in this report. The details .
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(fw of the flights are presented in the balloon flight data chart and in the flight summaries,

but in general it may be said that the operation was very successful both from the balloon

T

stand point and the scientific standpoint. It was economical in time and expense and

|

i. valuable data was obtained on meteorological trajectories as well as cosmic ray data %
! and balloon performance data. Furthermore experience was gained in launching balioon:c é
; on a field trin. The balloons and scientific equipment were transported from Minneapolis ?
z to Pyote by commercial moving van under government bill of lading, which procedure turned %
! out to be extremely satisfactory. The equipment could be carefully packed by the movers %
! at each end and transported with a minimum of rougn handling, and in fact all equipment ;
i arrived at the launching site in perfect condition. Personnel went by commercial airline, E
2 in one of the balloon project vehicles and in the tracking planes operating under the é

University and Winzen Research. With the exception of one severe dust storm which held

S

up the operation one day, the period chosen for the operation gave very favorable weather

with clear skies most of the time and low winds at surmrise to favor the launching. The

e, e

g upper winds were also moderate and westerly and the flights which reached an altitude of

between 80,000 and 90,000 feet in general, dropped from 150 to 300 miles from the launching
site in an easily accessible part of Texas.
The trajectories and a discussion of meteorology are included in this report. The

report also includes a discussion of the instrumentation furnished by the balloon project.

_."'a‘ The description of the scientific apparatue and the results are reported as usual in the

; scientific journals and meetings of the American Physical Society in accordance with the

oy

practice under the cosmic ray project.

¥y
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Hitch~hike loads were flown on many of the flights for Princeton University, Univ-

ersity of Chicago, University of Rochester, and the Canadian National Research Council. ?

Also included is a section summarizing the principal characteristics of the time-

L Fg
TP e g T
o S T
s

altitude curves, in which these flights are compared with summertime flights at Mianescta..

Sr’
P
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Use is made in this analysis of the data obtained on step flights which constitutes
& very powsrful way to measure the effect on the balloon of the radiation fisld at
varioue altitudes and to measure the thermodynamic and serodynamic drags at various

s wil]l be Aissusssa in detail in & latar volume of this

]

Fales of riss. This teshni

gseries but because of its importance it has been applied to these flights and pre-

.

liminary resultes are included in this report, Seotion XI.
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' - Section IT @
L O B %
E INSTRUMENTATION 3
E The majority of the instrumentation flown on the Texas flights was new, the result f
1 of imnrovsd design on older apparaius; end therefore some of it was unproven in [light. %
3 The chart in Table I shows the equipment flown on each flight. |
} The Olland Cycles used were the type described in Volume Vl. These were the first
j flights made with this type of Olland Cycle and because of experience gained from them 1
{ immediately after the series further improvements were made in this‘instrument. The f
é need for a high impedence relay and high voltage between the pen arm and the rotor be- ;
4 came apparent when on several flights the Olland Cycle became stuck open by microscopic
1

dirt or possibly corrosion on the surface of the rotors. Flights 109 and 113 were very

¢
5}
%
H
3

bad in this respect, and the records of flights 101, 102, 104, 108 and 112 each had

sections of varying length obscured. Flight 107 evidenced the oppc=ite effect - the

relay failed to open properly on a faw cycles. This was probably due to a permanently

S A - AR s e

magnetized relay and the solution to this problem is careful adjustment of the srmature
core specing of each relay during preflight preparation. Despite these troubles, suf-
ficient altitude information was obtained on all flights,

The secondary Ollarnd Cycles listed in column 2, Table I, were cycles with special

circudtry to allow them tc be flown in certain pieces of cosmic ray gear so that their |
data was rscorded with the cosmic ray information. QOne of these cycles was recalibrated
in the laboratory inm order to check its reproducability after the equipment was returned.

It was found that after shipment to and from Texas, after it had been flown, after a

considerable amount of handiing and storage for three months, the calibrations were identi.

cal within the scatter of points about the line on the original calibration, or approximately

1Univ'eraity of Minnesota PROGRESS REPORT ON HIGH ALTITUDE BALLOONS covering period June
22, 1952 to December 15, 1952. Volume V, pp. VII-261 - 267,
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Flight
No.

101

1c2

103

104

105

106

107

108

110

111

112

- —— )

|

| -
‘ ‘ page II-6
i

Apparatus flown in balloon project gondola

X =

Z = Apparatus flown in cosmic ray gondola
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1/5 md at altitude,

The transmitters listed in column three, Table I, are discussed in another section
of this report along with telemetering results. The antenna dropper used on these flights
was the same discussed in Volume Vl. No modifications were made and in all cases the
dropper woriked without fault. All pressure-operated equipment, including droppers, was
tested after shirment to Texas and before flight in a special portable plasiic beil jar
designed ard built here.

The telemeter recorder used on all flights is described in Volume V2 and for the
most part functioned well. The pinhole in the camera used on flight 103 was too large
allowing considerable spread of the light on the film and while this reduced accuracy,
it still furnished a readable record. This camera contained the first flight film tele-~
metering recorder made and the other models were considerably improved. Probably because
of circuit inaccuracies no record was made on flight 101. In flight 112 the camera was
mounted directly in the cosmic ray gondola and no olland cycle record was made as the
proper circuits were not readily available. Unfortunately it was not possi*le to check
the circuitry on flight 101.

The cameras listed in colum 6 are the same as those described in Volume V°. On
flight 104 the film slipped in the camera for a bout tha last eighth of the flight amd
the first 1/5 of flight 112 was simularly faulty. This error is traceable to the tension
on the taks-up spring belt and results in an unreliable time base for the down pictures.
The trouble on flight 104 could be blamed directly on preflight adjustments, but the
camera on flight 112 had been used on one flight and on a film-load duration test, with-
out a carefiul mechanical checkvp such is regularly given between flights, and a lack of

perfect adjustment is understandable under those conditions. The other camerss worked

1pROGRESS REPORT ON HIGH ALTITUDE BALLOONS, Volume V, pp.VII-2LL - 247.
2Ivid, pp.VII-22L, 232 - 233.
3Tbid, pp. VII-22L, 231 - 233.
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Page II-0 Confidential

without fault and an adeéuate film was derived from every flight. '
The camera blowdown tlisted in column 7, Table I, is described in Volume . Flights )

101, 102 and 103 which used this method of timing exclusively did not come down as
expected and it was thought that the timers were failing, so the camera blowdown timers
were cut out on all succeeding flights. It was later found that the timers were in
operating condition but that the f ilm load had been made too long in expectation of

L a lengthy check out period, whereas actually the check out time, at least on the

camsras, was kept to a minimum.

.4 The clock work timers (columm 8) substituted for the camera timers were a pair

of Minneapolis Honeywell timers used previously by this project, which were incorpor-

ated in a box with a dry cell and a low altitude blowdown mentioned in Volume 12,

This combination was flown as a unit in a glass wool insulated bag external to the

- project gondola at the point in the equipment train where separation from the balloon

was to be made at blowdown. In &l) cases this blowdown box functioned as planned.

The flashers flown on flights 102 and 111 were new with these flights and consis-
ted of three No. 47 lamp bulbs connected in parallel m;xd enclosed in a thick plastic
container with a thin red plastic filter, which were driven by an electromagnetic
oscilliator made in the Physics Department shop and copied after the element in the
Dayco flasher mentioned in Voluﬁa V3. These flashers had a light output msasured at
6.5 foot candles at one foot, and an oscillation rate of 1% par second. A8 far as is
known these flashers worked well on these flights, On flight 111 the flasher was located
in the cosmic ray gondola for convenience.

The ballast dropper used on flight 111 was the pressure opsrated type described in
Volume . It worked during the flight as intended and released a load of cosmic ray
gear flowmn as ballast.

1 pROGRESS REPORT ON HIGH ALTITUDE BALLOONS, Volume V, py. VII-233
2 Tbdd, covering perivd Decembsr 13, 1951 to June 15, 19§2, Volume I, pp. 5-1, 5-3.

Ibid, covering period June 15, 1952, to Decesber 22, 1952, Volume V, pp. VII-208, 211. (‘)
4 L Tbid, Volume V, pp. VII-218 - 221. =
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The gondola frame (column 12) was a solid rectangle 12% square and 10* high topped
(‘ \i by a pyramid L45° in cross secticn, and was constructed of 1/16 x 1/2 x 1/2 aluminum angle

with corner webs. The gondola frame was encased in a four inch styrofoam box and this was

covered with a heavy canvas case with zipper closures and dyed iright orange. A metal

o~
o

oty

reward tag was riveted to this case and a Spanish translation fastened below it. This

assembly was used on &ll flights except flight 112 where all flight control equipment was

e

located in the cosmic ray gordola.

A block of dry ice wes flown on the flights indicated in column 13 as a ballasting

device. This block was contained in a special fishnet bag and hung within the field of

the down camera in order to record the amount of evaporation. There was a screw eye

n
I
¥
b
p
.
8
‘ g

fastened to the bottom of the gondola to allow the easy attachment of this dry ice.

The preflight gondola pictured in Figure 1 is typical of flights 101 and 103.

PEOTR < SNT S IN SN T py——

Figure 2 is the gondola flown on flight 102 and the gondolas flown on flights 104, 105,
106, 107, 108, 110 and 111 were similar to that shown in Figures 3 and 4. The timer
and low altitude release box is alss shown in thaese plictures. There are no preflight

pictures of the gondolas flown on flights 109 and 113, and there was no gondola on

skl R A R e e N

‘% flight 112, The wiring diagrams follow on the next few pages. They are intended to

show the various units included on each flight and the interconnections in graphic
form. Detailed circuits are given under the description of the individual comnonents

in this report and in other volumes of this series as footnoted.
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Figure II-1. Preflight gondola picture - typical of flights 101 and 103.
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Figure II-2.
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Preflight gondola nicture of gonaola flown on flaght 102.
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Figure II-B’I."-
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Figure TI- 3

Bt

110 and 11ll.

Figure II-l
Preflight 3 rdoias sigil o

similar o bLic

flewn in flights, 10k, 105, 106, 107, 108,
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Section III

RADIO TELENETERING ( TEXAS FLIGHTS)

The telemetering furnished by the U. of M., for the series of flights consisted of
single~channel C.W. pulse transmission. The information telemetered was the air pressure
at the balloon altituds as encoded by the Olland Cyclel mechanism.

The type transmi tter? used, in this series, consisted of a push-puli crystal- con-
trolled oscillator and a push-pull final power-amplifier stege. The peak power delivered
to the antenna’ terminals was approximately L-watts. Keying was accomplished by opening
and closiug the 90V D.C. supply to the screen grids of the final amplifier. The keying
relay was controlled by the Olland Cycle mechaniam, in this case, but this transmitter
could be used for telemetering any slow pulse~code information.

The frequencies used in this series of flights were 1638 K.C. and 1746 K.C. It was
possible to monitor two flights simmltaneously on these frequencies by tepe-recording
one signal and observing the other on the strip chart recorder in the usual manner.

Although the pulse-type signal is not at all ideal for radio direction-finder
tracking, ths transmitted signal was used on several occasions by the tracking plane
to locate the balloon.

A8 the slow pulse-code signal employed required only a very narrow band of fre-
quencies for transmission, the signal was receiveu in the same manner as C.W. code.

The audio-frequency output at ths receiver was fed into a narrow band audio filterj*

1 gniversity of Minnesota PROGRESS REPORT ON HIGH ALTITUDE BALLOONS, Volume V, p. VII-259
2 1p3d, p. VITI-351 and Figure VIII-7

3 Ibii, p. VITI-351

L 144, pp. VIII-3LS, 346 Fig. 3
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amplifier where a large portion of noise could be removed.

The transmitted power appeared to be adequate for good reception for at
least 90% of the total flight time during the series. The distances involved
were not long, but in some cases the balloon was over line-of-sight range.
The following page is a schematic diagram of the transmitter used in the 13

Texas flights.
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! _(—-l Section IV
FLIGHT SUMMARIES
Flight 101

The first flight of the Pyote operation was launched January 20, 1953, at

sions and it was desired t.o get as good an altitwuie as possible. To meet this

-—pn

spscific requirement a 1.5-mil balloon, Winzen no. 73-150V-266 with glass fila-
ment tapss and 2 duct appendix was used. In addition to Naugle's plate mover

{
/
i
i
1
%
é
H
K
1
0814 cST. This flight was to carry a cosmic ray plate mover with nuclsar emul- g
j
the balloon carried balloon project gondola #151 containing transmitter, antenna é

dropper, Olland Cycle, down-camera and camera blow-down with the usual low alt- :
itude release for cutting off the balloon if it descended below 30,000 fest to }

meet CAA requirements. Twenty-four pounds of dry ice was also carried as ballast. ® .

o S

A Geiger counter sonde was also carried as hitch-hike load from Princeton Univer-

sity. The Walloon was weighed off somewhat light although it was not realized .

that it was dangerously so until the flight had been released and the balloon rose i
into the stratosphere. The rate increased from an initial value of 910 to 1600
feet per minute and when the balloon reached ceiling the rate exceeded this. The
time-altitude curve shows that the balloon began an immediate descent wpon reaching
ceiling and descended to about 50 mb at which time it decelerated and leveled off

% : at about 70 mb where:it remained for the rest of the flight. The indication from

the time-altitude curve is that the high rate of ascent super-pressured the

¥ '
-

balloon enough to make it rupture near the bottom, probably where the cone-sphere

o

e
A

£ Junction occurs. This allowed an escape of gas and the belloon descended so that

s -
1

MG,
3

the 1ifting gas zero pressure level moved dbove this point. The balloon then con-

s
BACP

tinued to descend and air came in through the opening firally stabilizing the bal-

& . 2
RS ey

loon 80 that it leveled again. The balloon was found floating in the gulf near

Port Arthur, Texas. The apperatus was not found despite extensive air search,

Confidential Seewrity Information

Sty 26 L a0 Ty P AT b P . it i it cod LAl
A ey A0 I ) R L S A b Z’.“'El'dl Fain )

et S BV




‘ Page IV-=30 Confidential

.v.‘_,_'._ii

LT .

but was reported in about four months after the launching time in the city of Nemo,

Rl

Texas. The load upon recovery was in excellent condition but the time-altitude curve ’

did not meet ths rsquirement of the cosmic ray experiment, which was to investigate

the 8 spectrum of heavy nuclei in the primaries. These are not present at the altitude

at which the balloon floated for most of the day.

Conclusions
We are confronted here with a large increase in velocity as the balloon ascends.
It was suspected that there was a considerable ircrease in superheat as ihe balloon

gained altitude and that weigh-offs would have to be kept low at Pyote in order to

2 B i AL A P A i TR et R D e

insure the balloon having & safe velocity at reaching ceiling.

Flight 102

Fiight 102 of the Texas series was launched also on 20 January 1953 at 173L CST.
The purpose of this flight was to carry an smulsion stack with lead and paraffin for
24 hours at high altitude. The balloon used was a Winzen double wall #73-2x100~V-260
with glass filament tapes and duct apvendix. The balloon was weighed off with a free
1ift of 8% of the displaced air. Due to a failure of the Olland Cycle and
apparntly also of the down camera, no record was obtained on ascent. The Olland
Cycle came on when the balloon leveled foliowing sunset but it was then found that
tha balloon had leveled well below its ceilinrg at 86,000 feet. It floated at 70,000
feet (L7 mb) at a very constant level from 1900 until 0100 the next morning when it
began a very slow desceni. At 0500 it speeded up and went through the tropopause at
0700 and came rapidly down. The load with the balloon attached was recovered six
miles south of Peacock, Tsxas. It was found that the low altitude release had
operated but the squibs had not blown apparently because the wires leading up to

the sruibs had twisted off as the gondola rotated under the balloon. Some dry

Confidential Security Information g
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ice was still on the load and vapor was seen as the balloon descended. Despite the

;l(f} fact that the flight was shorter than anticipated and did not go to quite as high

i

an altitude it was a useful flight for the purpose and the plates are Lo be analyzed.

S

Concluaions
The balloon was weighed off with insufficient free 1ift for the purpose. In
other wcrds, the sunset effect was worth at least 8%,whichrwas-the ground weigh-
off, unleas there were changes in this free 1ift as the balloon rose dets the time
| of day. There is also indication on this flight that the tape construction on the
{ top of the balloon may have failed when the heat of the sun warmed up the tapes

4 the next marning permitting them to slide scmewhat and opsn a hole in the balloon

A e TR HRATES Sebek SRR Bs Do SRS e &

A top)because the descent at sunrise instead of the expected ascent is indicative

of a leak. The initial failure of the Olland Cycle was supposedly due to poor

contact by the reference arm which interrupted the circuit and kept the trans-

TR AL S A e

mitter on all the time. ~ t-at This corrected itself.

S WAL S S

Flight 103

Flight 103 was launched the 21 of January 1953 at 0832 CST and like flight

. —

102 used a double wall balloon no. 73=-2x100-V-258 made with #890 tapes with a duct
appendix. The flight was to carry a counter hodoscope constructed oy John Linsley

and the flight time was supposed to be 10 hours. The balloon was launched with a

free 1ift of LO pounds or 6.5% of the air displaced and it rose at 730 feet/minute

initially. At ceiling it was moving &t 1330 feet/minute but it reached the correct
theoretical ceiling, leveled off and remained level at 26 to 28 mb untii 1600 when
it began a slow descent. At 1820 it began a rapid descent at 292 feet/minute, went

through the tropopause at 1920 increasing its rate to 639 feet/minute. The load {

cut loose on the low altitude release at 2000 and was recovered at Altus, Oklahoma,

Just over the Texas border. In this case the termination timer failed to operate

Confidential Security Information

p i I, 0
; . oA
e PETE Tl -»}..,

Erenmddey e L et i LT A

Ba o 2V 0N P
(830 G e R Lo i gd
SRR o PR ORI vy L. .




Page IV-32 Confidential

but it was quite clear that the operation of the duct appendix brought the balloon 3

oo S RN |

down,ad X the load on the ground not very far from the point at which it would have
dropped from high altitude,

Conolusions

This is an excellent scientific flight in which the balloon floated levasl at

theoretical ceiling most of the day. There was a failure of the release timer which

was traced back to the camera blow down not operating but the load was recovered and

it is therefore a very satisfactory operation. The sunset rate of descent is approx- :
imately that observed in Minneapolis in similar balloons. The change in velocity at

the tropopause is also in agreement with expectation.

AT T U o3 iy i ;

Flight 104

g

Flight 104 was launched January 23, 1953, for the purpose of carrying a large

| cosm.c ray telescope furnished by Winckler. A double wall balloon was used, no. i

73-2x100-V=-269 and the theoretical ceiling was 81,000 feet which was reached fol-
lowing a good launching and ascent curve which reached 1200 feet/minute. The
balloon descended right after reaching ceiling from 26 to 35 mb where it floated
level until released by the timers at 1640. The leveling off may have been due

to the dry ice ballast evaporating. This was a very excellent scientific flight.

Flight 105

Flight 105 was launched January 2L, 1953, at 0755 CST. The purpose of the
flight was to obtain altedo and geomagnetic data with the Tersnkov counter of !

W.nckler and Anderson. The balloon was a 1.5-mil #73-150V-265 made with glass

v B b R RS T P R T
~ ¥ 3 iy e = |‘:

filament tapes. The theoretical ceiling was 84,000 feet. The free 1lift was

= B P o B >

weighed off to L.6% of the displaced air and the flight had a very satisfactory O
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ascent curve. After reaching ceiling it floated level until 1500 when it began a
slow descent until it was released by the timers at 1715. This was a very excellent
flight for the scientific requirement. The balloon was equipped with a duct appendix.
The flight carried actually two Olland Cycle instruments, one in a cosmic ray gondola
and one in the balloon project gondola ard wth of these are plotted on the time-
altitude chart. It is believed that the one in the cosmic ray gondola, in this case,
gives the correct readings from a number of independent bits of evidence about this
flight. This Olland Cycle indicated a pressurs which is two to three mb lower than
the one in the balloon project gondola. It is interesting that for the first two
hours of flight the Olland Cycles were in perfect agreement. Towards the end of
the ascent portion of the flight they separated and seemed to come together more
towards the end of the flight where it had settled somewhat. They also follow
together over a number of fluctuations particularly right after the balloon reached
ceiling, showing that often these fluctuations often observed in Olland Cycle records
are real and not associated only with the instrument itself. Thia flight carried

23 pounds of dry ice ballast,

Flight 106

Flight 106 was launched 26 January 1953 with a one day loss in time due partly
to instrumentation difficulties with a scientific load and partly to an overcast
condition. This flight carried the other Berenkov apparatus and used a 1.5-mil
balloon #73-150V-2608 with glasc filament tapes. The theoretical ceiling was 86,500
feet. The balloon had a normal ascent curve to about 67;000 feet where it apparently
opened a hole, began a rapid descent and came all the way back to the ground again.
The balloon was observed bhrdugh the theodolite and on the descending part was
swinging with a large amplitude of perhaps 230°. The load was eventually released

on the low altitude blow down and was recovered after an air search near Big Lake,
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| Texas. The balloon drifted on and was sighted at the San Angelo area where it was
spotted by an air force plane which established contact at 19,000 feet. The
balloon then descended and was picked up by the air force personnel. The scientific
apparatus was in excellent condition and was subsequently reflown on a later flight.

The cause of the balloon failure is not known.

Flight 107
Flight 107 was launched on the 30 of January, 1953, at 08L5. Intervening days
were occupied with several other flights sent up by Winzen Research for other
universities. Flight 107 used a 1.5-mil balloon #73-150V~263 with a ceiling altitude
of 88,000 feet and a plate mover supplied by Naugle. The balloon reached the theor-

eatical ceiling at 88,000 feet and floated nearly level throughout the day with a very .

T B ek X i e e ey g Y T

slight downward rata from 21 mb {-ak the start of the flight to 27 mb at the end of

-l

the flight. A%t 1731 it was released by timers. This flight is representative of the

best in SKYHOOK flights throughout the series. The balloon was weighed off to 10%

B T PR, s, T R AR« YR
.

of the displaced air and had a velocity, upon reaching ceiling, of 1120 feet per minute.
The flight carried 29 pounds of dry ice as ballast.

Flight 107 was one of & pair of twin flights which were launched simultaneously
on January 30. The plates have now been analyzed and data is being assembled. The

results may be described as completely successful.

Flight 108

Flight I8 was also launched the 30 of January and was the second member of the

twin lzunch.u. The pay load was a scintillation counter prepared by Horwitz and the
balloon was a double wall #73-2x100V-2L49 with duct appercix and nylon filament tapes.
This flight was weighed off to a free 1ift of 7% of displaced air and was an excellent

flight. It leveled off at theoretical ceiling and then descended from the initial (_), '
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2L mb to 28 mb by 1300, climbed back again to 264 at 1500 and then dropped to 33 mb
by release time at 1730. I4 is notewarthy that the two balloons in the t win launch
left the ground together and remained practically together up to about 40,000 feet,
where they were still separated by not more than one or two balloon diameters. At
this point flight 107 which was lighter in gross went on ahead of 108 and, as a
matter of fact, passed directly over it and photographed 108 from the camera tied on
107. This photograph is included in this report. (Figurs XII-2). Photos of the twin

balloon launch are shown in Figure XII-1.

Flight 109

Flight 109 was launched on February 1, 1953 at 0750 and was followed in one
hour by flight 110 of the same date. Flight 109 used a double wall balloon #73-2x100V-
270 with duct appendix and c arried Bohl's scintillation counter with theoretical
eeiling of 86,000 feet. TFlight 109 reached the theroetical ceiling of 83,300 feet
or approximately 204 mb where it remained very level from 0930 until 1200. The
balloon then began a slow descent and at 1620 had reached 50 mb. The signal was
loat at 1650 at 80 mb. The girdle catcher was inadvertantly left off of this
flight but the girdle dropping apparently did not damage any of the equipment. The
parachute was observed to open but both gondola and the instrumentation gondola broke
loose and free fell. This is believed to be due to the fact that the chute had opened
at low altitude. This behavior has been borne out in a number of othsr casss in which
the packed chute is opened by the low altitude release at 30,000 feet. From the
stretching of the load ring which was recovered and a broken 3,000 pound nylon rope
it was estimated that the acceleration of the chute opening must have been about 10 g.
The flight was a valuable one from a scientific standpoint despite the fact that the

balloon descended somswhat prematurely.
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Flight 110

Flight 110 wes launched on the same day as 109, February 1, 1953, at 0850 and

carried McDonald's cloud chamber on a 1.5-mil balloon, #73-150V-26L, with #890 -tapes
and a duct appendix. The flight did not show the large acceleration encountered on

some of the previous flights. It started at 775 feet/minute and reached ceiling at

:
|
|
1

933 feet/minute. It leveled at thoorstics) ceiling, floated extremely level through-

out the day until 1700. At 1730 the cut down actuated and the load desscended on the 4

parachute., It was recovered in good condition., This is another example of a very

e

excellent scientific flight. The free 1ift was 8.6% of the air displaced.

Flight 111
Flight 111 was launched for the purpose of studying the performance of a General
Mills, Inc. balloon, #73L-AH, equipped with a duct appendix. The Linsley gondola flown :

i
}
;}
1
)

was to be dropped as ballast following the descent after sunset. Theoretical ceiling

was 84,000 feet and the balloon reached 79,000 feet according to the pressure record
using the standard atmosphere. The folded bubble was too small to get all of the gas
in 1t su that the corset had to be removed and the inflation comple ted. However, every-
thing went smoothly and the flight was a good flight constants experiment for the
balloon project. The bailoon on ascent increased its rate from 288 feet/minute to

575 feet/minute with a slight break just ahead of reaching ceiling at 50 mb. The

flight was launched at 1410 and floated level from the time it reached ceiling at

1640 until 1819 when it began the pre-sunset descent. It established a rate of LLO
feet/minute and by 1840 increased to 520 feet/minute and again increased at the tropo-

pause to 760 feet/minute. After Linsley's gondola was dropped the ballan rose at i

1300 feet/minute but ruptured when it began valving and then descended at the same
rate. The signal was then lest. Linsley's gear was recovered near Big Lake, Texas.

The initial ascent curve on this flight has been analyzed to determine the alt-
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tituds warming uaing the dreg nomographs. This is discussed in Section XI. The ascent
rate at night after ballasting is in very good agreement with the values predicted by

these same nomographs.

Flight 112

Flight 112 was launched February 3, 1953, at 0813 aad vsed a double wall bal-

loon #73-2x100-V=-259 with §#B890 tapes and duct appendix. The flight carried the
second Berenkov gondola and had a theoretical ceiling of B8k,200 feet. It was
weighed off with a fres 1ift of 8.1% of the air displaced. In ascent, this
belloon accelerated from 590 feet/minute to 1000 feet/minute and floated level’

at 26 mb until 1510 when it began a very slow descent and had reached 29.5 mb when
the load was released by timers at 1710. Thie is a very excellent SKYHOOK flight

L,
(% I3

and the load was recovered in very good condition.

Flight 113

Plight 113, the last of the present series, was made 4 February 1953 and

S S s A S 5 A 0, A B N R RS SRS S S e B

launched at 0828. A double wall #73-2x100V-2L47 balloon was used equipped with a
duct and #3880 tapes. The retical ceiling was 81,700 feet. This flight was launched
on a cloudy day and rose at 730 feet/minute initially following a weigh off of L.5%
of the air displaced. Between 300 and 100 mb the rate was 580 feet/minute which
increased som what tc £55 feat/minute up to 60 mb but then curved off and leveled

considerably below theorstical ceiling at 33 mb, theoretical ceiling being 26 mb,

The balloon floated quite level from 1040 until 1230 when it began a descent with a
rate of about 200 feet/minute. The signal was lost at the Pyote Air Force Base

at 1447. The tracking plane lost the signal at 1510. The load was presumably

dropped from the balloon by the low altitude release. 11_'. was subssquently estab-

lished that the load snapped off the parachute much the same as flight 109 and
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that the load free fell. It was later recovered and the film record of the cloud )
chamber was in excellent condition. Snapping off of the parachute came about due to

the relesse at low altitude with the result of high acceleration. We have here
definitely a case of a leaky balloon but there are several features of this flaght

which are not clear. One is that its initial rate being higher than its final

rate on the ascending portion is not characteristic of any of the other flights.
The fact that it floated level makes the leakage presumably not very high but
was complicated bty warming during the period from 1100 to 1230, although this is
not certain. This is a rather long period for warming to take place,

The following pictures, Figures IV-1, 2, 3 and L, show various steps in the

launching of one of the Texas series.

LB T TN S TRAIPRE Sy

b
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Section IX

METEOROLOGY
Introduction

The series of cosmic ray flights made from Pyote, Texas, during January and
Pebruary, 1953, provided ten trajectories which have been analyzed to determine
the characteristics of stratospheric flcw, Four of these flights maintained a
constant altitude for the three or more hours considered necessary for a separ-
ation of motions with different period. Information on the longer period or large-
scale flow can be obtained from all ten flights; some of these flighte extend over
a sufficiently long period to be considered as two separate determinations of the
large-scale flow. Flight 101 as the result of balloon failure, floated near sixty
thousand feet for most of the day. Bscause this trajectory displays some rather
unusual characteristics which differ from the higher level flow, this trajectory
will »e diecussed separately.

The absolute elevations of the balloon were cetermined where possible from
measurements on the film and also by a comparison of film and theodqlite trajectories.
Thg results of the altitude computations are given in ine last portion of this
section of the report.

The differences which have been observed between the camera and the theodolite
trajectories are illustrated by plotting both trajectories for flight 105 on the
same diagram., The systematic departure of the two trajectoriss 1s readily apparent
and as discussed below, this difference may be attributed to the difference between
the actual balloon altitude and the pressure altitude.

Two contradictory sun shots were made during this flight. The azimuth used in
the theodolite plot was besed on the final sun shot which checks the azimuth deter-

mined from the film trajectory at this point. The altitude differences tend to
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{ obscure other trajectory differences. However, rather systematic departures in azi- Y
i muth can be observed in the earlier portion of the flight and this fact along with
the occasional jog in the theodolite trajectory (for example at 0940 CST) makes one
suspect that theodelite errors have been introduced by the temporary mounting of the

instrument.

The scale of motions

| The constant level balloon trajectories of the Texas flights (lat. 32°) showed
flow characteristics which are very similar to those observed at latitude L5°.
Flights of eight hours duration often appear to span at least a half period of

the largest scale of detectable motions., The trajectories also clsarly show

evidence of motion with periods of an hour or two which, as before, will be

called intermediate-scale. Four theodolite trajectories were of sufficient duration
at constant altitude to enable the relative *"power® in the various scales of motion
to be estimated. As cdescribed in the preceeding progress report} the velocities,
measured between observation fixes, were fitted by a linear trend for the entire
interval at constant aititude. The linear function is interpreted as the descrip-
tion of the motion of largest scale. Motions of invermediate scale are detected

by the regions of consistent. departure from the linear trend; the final deviations
from a linear fit are attriouted to motion of smaller scale and also to error.

In Table I are listed the results of the analysis of the four Texas flights.

For comparison the corresponding values derived for the stratospheric flow at

R

flow and entered in the same tatle. The average wind speed in these four cases

r e,
sosef}

|
|
!
l northerly latitudes (L5°) have been averaged for cases of easterly and westerly
|
i
s

was greater than that determined during either periods of east or west winds at

O i et e
P AR o

2

.
a

latitude 45°. This result is corroborated by “he data from all flights given in

tha following section. The wind fluctuations of largsst scale seem significantly

R e

Umand

g | larger than those at 45° but in view of the higher wind speed this result does not )

lPROGRESS REPORT ON HIGH ALTITUDE BALLOONS, Volume VII, p. II-119.
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neceesarily indicate a higher reiative variability of the wind. The wind fluc-
tuations of intermediate scale as before are quite large compared to the total ’j:
wind variation. The values for the fluctuations of smallest period imcludes the

error in position fix. 8Since there is reason to suspect the accuracy of posit-

ioning in this cass, it is difficult to attach much significance to the magnitude

of the small scale fluctuations.

Summary of the large-scale flow

A summary of the large-scale stratospheric flow was slso made following
more conventional methods of climatological analysis. From a consideration
of the trajectory errors and the effect of small scale motion, it was decid-
ed to require a fifty-mimute period with a constant altitude maintained with-
in a thousand feet for the determination of the wind velocity. In an attempt

to increase the amount of data the velocity was determined at the begimning i

& | and at the end of the longer trajectories, since these wind observations

i would be hours apart corresponuing to the conventional interval between upper
f{; ] air reports.
L'; | The results of these wind measurements are given in Tgble Il. The mean

wind vector for these seventeen cases is from 250° at 21.6 knots (11.2 m setl).
Some further significance of the observation of a mean southerly component of
the wind is gained by noting that the six General Mills trajectories of winter
SKYHOOK flights made in the Southwest all showed a scutherly component of the
flow in the layer 80,000 to 90,000 feet.

The relative variability of these observations may be describeal by the i 1
constancy q, defined by the ratio of the mean vector wind speed to the mean k

wind speed Vr/ Vgx 100, ong constancy for these cases was found to be 95% .

i
lmooka, C.B.P., C.S. Durst, N. Carruthers, D. Dewar and J,S. Sawyer, "jpper ‘iﬁ
Winde Over the World®, Meteorological Office, Qeophysical Memoir No. 88. '5;

i
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Table II
Measurements of l.arge-Scale Winds in Knots
Press

Time ALt Bast- North- Wind
Flight Date CST Thad f¢ west south speed
101 20 Jan 1000 89 26.8 3.8 27.0
103 21 Jan 1030 81 13.9 15.4 20.8
: 1500 80 20.7 16.8 26.6

104 23 Jan 1000 79 15.6 4.7 21.5
1330 75 19.7 15.6 25.1

105 24 Jan 1000 83 27.6 8.3 28.8
1230 8L 33.0 18.2 37.7

107 30 Jan 1120 86 15.9 0 15.9
1445 83 19.9 8.2 21.3

1430 80 23.4 2.6 23.5

109 1l Fab 11C0 (81)? 23.1 2.4 23.2
110 1 Peb 1130 83 23.1 79 24.5

1500 83 1h.b 13.2 19.

11 1 Feb 178 79 2.2 8.2 16.4
112 3 Pedb 1030 82 21.8 0 21.8
1500 79 15.9 13.4 20.8

Mean 20.03 8.06 22.8
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very nearly the same as for the Minneapolis casas of east winds which was 96%.
Tropospheric values of g are ganerslly much lower, usually less than $0%.

The data was examined for any systematic variation with altitude in the
layer 80,000 to 90,000 feet but none was detected. Only in the region 65,000
to 80,000 feet could a definite inocreass in wind speed with elsvation be estab-
lished. .

The one systematic variation of the wind which was observed, appeared in
the comparison between morning and afternoon winds. The ea.ley afternoon flights
showed a tendency to have a greater southerly component than the morning cbser-
vations. The vector mean winds for the nine morning and eight afternoon obeser-
vations are compared in Figure 1. If as assumed by Brooks, lec. cit., the wind
record can be sdsquately represented by s vector normally distributed about the
mean vector, the standard vector deviation may be derived from the constancy
q and the mean wind.

The values of Sv, the atandard vector daviation for the mornirng and after-
noon observations, are alsc given in Figure 1. Ons can interpret differences
between morning and afternoon winds as a possible indication of diurnal effesct

or merely a standing wave in the flow pattern.

Flight 101, possible anticyclonic flow about a low

The anticyclonic trajectory of flight 101 was observed in the lower strat-
osphere (about 60 thousand fset) and aince small complex flow patierns had
previously been indicated in this region the rather unusual feature of this
trajectory was not immediately appu'ent.' A8 may be geen from the sketsch on
the diagram of the theodolite trajectory, this trajectory very nearly describes
a semicircle of 18 miles radius from 1130 CST to 1500 CST. The speed along this
path was gurprisingly constant at 7 m sec™l, Ths centripetal acceleration of 15

2

x 10" “cm sec=< is more than twice the magnitude of the Coriolis acceleration of

6 x 1072 ca sec™? and is, of course, oppositely directed. A steady flow of this
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type could only correspond to flow about a low pressure center. As suggested by
!orl:rthol this result is equivalent to specifying that the zeostrophic wind field f)
for field of pressure gradient force)is linear. |
The possibility that the apparent centripetal accelsration is actually an

| observation of vertical wind shear cannot be entirely discountad since the aititwde

| of the balloon does not remain entirely conatant., The total vertical change in

balloon elsvation is less than four thousand feet, however, and the wind shear

would hLave the magnitude of 12 m sec™L ( or 23 kts) in four thousand feet,

certainly a large val ue of the shear in regions of low wind speed.

Conclusions
: i 1. large-Scale Flow. The analysis of the trajestory data indicates that

the obsorved large scela flow can be adequately repressnt:d by a steady wester-

iy current (from 250°) at about 20 knots. Superimposed on this basic current

are velocity oscillations with a somevhat smaller period and smeller amplitude

than large-scala tropospheric flow. The amplitude of the corresponding horizontal
oscillation is aimost an order of magnitude smaller than for tropospheric motion.,
Unless larger velocity fluctuations with long periods occur (which can only be
verified by a longer period of observation) the relative variability of these
large scale winds is less than in the troposphere and is approximately the aame |
as that determined for the stratospheric sasterly winds. |48

The flow at sixty thousand feet again saams to diffsr from the higher lsvel

flow. The type of trajectory shown by flight 101 suggests that the pressure

patterns in this region are small and change erratically.

2. Intermediate Scale of Motions, I% is difficult to compare the magnitude
and effects of intermedlate scale motions with either stratospheric easterly flow

or flow in the troposphere because of the limitsd data available. The affects of

1Forsythe s> G.B., 1949 "Exact Particle Trajectories for Non-Viscous Flow in a
Plane with Constant Coriolis Parameter¥. J. Met., 6 p.3
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intermediate scale velocity fluctuations will be appreoiabla for those cases with

' amplitude of about 2 m sec™}. Since the total wind speed i3 low and the velocity

flwtuations in .the'hrgut period of osoillations are not much larger than those

with intermediate period, the separation of large and intermediate scale of motions
in the stratosphere will be difficult. It is unlikely, for example, that it would

ever be possible to ohart these large scale stratospherio motions on a synoptic

sap because of Mgh value of the *noise®™ produced by intermediate fluctuations

(as w1l as the fact that the large-scaie motion is relatively small compared ¢o

the spacing between meteorological observations).

3. Small-Scale Motions. The motions called sasll-scale would be fluctuations
with periods of asbout 20 minutes. In the troposphere suck motione would undoubtedly
te attributed to thermal conveotion. While some correspondsnce between the small
fluctuations in the theodolite and the film trajectories does verify the existence | 1

of such motions, the accuracy of the position fixes does not permit a determination
of their magnitudse.

DETERMINATION OF PALLOON ALTITULE
The absolute altitunds wea commutaed £5 5 sunhaw of Lhe Taxas flights,

— e -

the altitude was computed in two ways:

(1) ¥rom measurements on the down camera photographs; and i

(2) Yrom the horisontal distance out to the film fix and the elevation angle | |
read by the theodolite.

This latter method is only possible where aocurate timing of the film was
available from the telemstered rscord oz the film.

The accuracy of both methods lsaves much to be desired. The quality of the
£41n was not uniformly good, possibly due to aimospheric haze. The cameras were
not always suspended perpandicularly, which introduces an error in both msthods.

The altitude oomputation from film measurements depends directly on the sccuracy
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of the base map, which for the Tsxss area was not entirely satisfactory. Only a

liamited number of computations could be made by thia method.

The accurscy of the second method was obviously da'creucd by the temporary
mounting of the theodolits; the elevation angle could be seen to vary during the
! day from successive sun shots. Another error in this method is introduced by the

| fact that the exact theodolite location is known only to within about a half-mile.

! This could cause an elevation error of about 1000 feet in values taken early in
the flight but only 500 feet srror in zome of the computationsat greater distances
out.

The resulis of the computation may be seen in Table III where computed abso-

lute elevation® are compared with pressure altituds.

The absolute altitude in all but one case (where it was equal) was lower

%

than the indicated pressure altitude. & certain portion of this difference may

be accounted far by the stratospheric temperatures which were loser than that

assumed for the standard atmosphere. In all casges the mean temporaturé in the

laysr 100 to 50 mb was below -65° C. If this same temperature departure is

TP QI Ly WS T

maintained in the layer up to 30 mb, the elevation of the 30 mb surface would
) deviate in elevation from the standard atmosphere by:

-

'“gi' 25.3 x 10/218 = 1.2 thousand feet
&

(Since the height difference is 25.3 thousand feet.)

The difference between the pressure altitude and absolute elewation in

flights 103, 10k and 107 is no greater than the error in absolute measurement
plus the deviation from the standsrd atmosphere. Herce no error in pressure is
detectable for these flights. The difference in the case of 110 is sufficiently

large to suggest an error in pressure of about 1 mb. (VLhe pressure reading is

too low.,) Flight 109 seems to:.be seriously in error although camera tilt and

lack of telemetered data hindsr a more complete check.
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» Table III
Computed Elevations for Some Texas Flights in Thousands of Feet

Tlev USL,| Press. Alt.
MSL
' 122 10230 79.1 81.3
210 1200 78.6 80.9
103 3 13:45 76.6 9.k
80 9225 76.1 80.9
143 10226 7.0 76.7
147 10330 73.6 76.7
187 11:12 73.3 75.4
104 195 11320 71.9 754 -
253 12320 73.8 4.8
363 143115 T2.9 74.8
(Project Gond. )(Cosmic Ray. Gondj '
128 9150 79.6 62.1 83.5
187 11305 80.6 81.3 83.4
105 300 13:00 8103 8103 8308
323 13323 780!‘ 8009 8392
108 10335 82.6 85.7
182 11347 82.9" 85.0
107 25l 13305 82.0 83.6
331 1} 125 82.2 83.4
109 200 79.3%% §6.7
133 11303 80.7 83.2
140 11:10 76.6 83.2
208 12320 79.8 83.4
227 12240 81.2 83.2
110 235 12:48 8.9 83.3
259 13310 80.8 83.2
260 13:30 80.3 83.8
326 14320 80.2 82.9
} 37 15110 79.8 82.5
P | b2s | 16446 77.3 79.0

# No calibration £ilm, used mams as 105
s Bad camera tilt
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‘ Sinco tha ttratocpheric fiow was quite liniln.r in .n theae rlighta, it { )
Sdi? g 5 G
almost proc.mdu the pouibi‘lity of arw great temperature ﬂuctuations in a

| deep layer and tharefocre the departure from the standard atmosphere should remain

almest donstent during these flights. The close correspondence of the pressure
| altitude and absoiute elevation in flight 105 therefore suggests that the pres- I
sure reading of tho teiemetered data waz too high. On this flight a pressure !
l reading was also mede in the cosmic ray gondola and these values of pressure I
were lower and are therefore assumed to be correct.

Flight 112 absolute elevation was computed using the position just before

blow-down. Ca®sra tilt and lack of calibration prevented film measurement and
g the lack of timing on the film exclude other position checks.
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Section X
| THE USE Of DRY ICE AS A BALLASTING AGENT

| In anticipation of the fact that balloons equipped with duct typs appendices
j mul:l be more unstable at ceiling altitude than balloons with open bottom appendices
! which céuid take air freely on descent, some sort of ballasting seemed to e nscessary.
The decision was made to include on each flight & block of dry ice hung in a net bag
below the gondola. The dry ice would be photographed by the down camera and the
rate of evaporation could be determined. It was anticipated from previous exper-
ience that the rates would be sufficient tu (oumpensate small decreases in 1lift due
to leaksge or other sources of unbalance. This section of the report summarises
| the results of the dry ice measurements during the Texas series of flighte. 4
typical down picture showing the appearance of the dry ice hanging in the net bag
is shown in Figure X-i. This photograph was taken during flight 103 from an alt-
titude of 82,000 feet at a geographical position of 32° north la titude snd 101°
west longitude. The evaporation of the dry ice can be easily seen in Figure X-2
whoroi. Figure X-2a was taken shortly before the belloon reached ceiling and Figure
I-2b was taken the following morning after sunrise. The amount of dry ice remain-
ing was determined by projecting the down pictures and tracing the apparent out-
lins of the block. The area of thistracing was determired and it was assumed that

the surface arsa of the block was proportional to this projectedraxeasasc@actninhshe
photographs. The mass of ice was then assumed proportional to the projectadreresalairen
to the 3/2 power. The initial weight of the block was known and a projected:exce.vas
measured very close to the beginning of the flight, at which point the uaaﬁnntl~
and the actual value wore normalized. Then the mass of dry ice remaining could be
plotted as a function of the time of flight. These plots are given in Figure X-3a

and b for all of the flightes in which dry ice were included. They are very closely

the seme in that there is a very rapid initiai loss of weight while the balloon is
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ascending and that dur ing the constant level part at ceiling the rate cf loss of ﬂ)
e i

ﬁight is uniform but much lower, The data given on the curvesare summarized in

! Table I. The daytime flights which had level sections between 60,000 and 85,000
feet give a mean rate of evaporation of 0.48 pounds per hour with the average
mass of dry ice between 15 and 20 pounds., FPFlight 102 which was a night flight
shows a considerably lower rate of evaporation but the mean mass was alsc consid-
erably lower,

i To derive an expression for the rate of evaporation so that the mass depend-

ence may be known we assume that the rate of evaporstion of masa is proportional

to the surface area:;

f ¥ -t "
‘ Upon integrating: ]
w3 2 ¢ tho,
at
t =0, H1/3 = y°1/3, 02 = n°1/3
and
¥1/3 - lol'/B - Clt (2)
Co = 301

Using the mean rate and mass from the data

OQha = 3 ° cl . 172/3
0.15 |

€, = yy/s = 0.02L3
For this series where Av. no 22 19.7 ’
/3 - 2,70 = 0.0243t (3) |

represents the mass as a function of time for thess flights, with M in pounds
and t in hours.

e o R TR e

With the value of C = 3 x 0.0243 = 0.0729 we may determine the rate for dry

s dl

ice in other sizes from equation (1). \ )
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Table I
DRY ICE RATES
T oo’ | atitade Vinitial 'Woeiling T i
101 60,000 2l 17.5-14.1 = 3.4 | 7 hrs | 0.48
103 80,000 25 17.1-1k = 3.1 7 hrs.]| O.LL
104 75,000 25.5 22-18.2 = 3.8 S hrs | 0.75
105 82,000 23 17.8-14s1 = 3.7 |8 hrs | 0.46
| 206 - = SR
207 85,000 27 22.7-19.5 = 3.2 | 7 hrs.| 0,46
108 78,000 2k 19,6-16.1 » 3.5 |7 Fkrs | 0.50
no. 83,000 ~— 21,1-18.9 » 2.2 |8 hrs | 0.28
Mean rate 0,48 |
Mean mass =17 1lbs |
Mean initial mass = 19.7 1bs
Night flight
102 70,000 6.8-4.5 £ 2.3 13 hrs} 0.

W - 0.0m3 W$2/3

As can be seen, tc meet a specific ballast rate with une block of dry ice
the value of M is set. However, if many pieces may be csrried, both the total
¥ and g% may be set independently.

The evaporation rate varies with altitude, as can be seen from the high
initial loss after launching. This is presumably the rewult of more efficient
convection at low altitudes where the air density, and also temperature, are

higher. The values given for the rate of loss are therefore oniy valid in
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the range 60,000 to 90,000 feet. ~
The evaporation rate at night on flight 102 is 0.18 1bs/hr, somewhat lower )

than the valus of 0.23 1lbs/hr predicted by equation (1). This shows that the

effect of sunlight on the dry ice is of the order of 25¢. It would not be

expected to be large because of the high reflectivity of the ice chunk. A

large part of the visible radiation absorption may be in the net bag holding

the ice cake.
The dry ice ballast hes the attractive feature of s guarsnteed rate of

evaporation with no mechanical devices. I} may be useful to compensate steady
losses in iift such as gas leakage. The fact that tlie rate of tallaating is

’ higher at lower altitudes is in the direction of producing etability in a

balloon. system and may be worthy of further investigation,

1
3 i
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Section XI

CHARACTERISIICS OF TIME-ALTITUDE CURVES
Racant studies on the HAB balloon flight program have lead to the conclusion
that the characteristics of the time-altitude curve cannot be explained without
invoking rounding of the balloon relative to the air in the daytime es it ascends
to higher altitres. The details of the altitude warming and the experiments which
lead to a direct measurement of it will be reparted elsewhere but this idea has a
bearing on the characteristics of the time altitude curves for the Texzs flights.
It has been shown by other means that analysis of time-altitude curves that in the
daytime, a polyethylene balloon of 2-mils thickness and with a asingle set of tapes
will acquire something like 7% free lift by the tims it has reached the stratosphsre
provided that it ia weighed off neutral on the ground. One consequence of this
altitude warming is that if a balloon is weighed off and is able %0 rise at all near |
L - the ground it should be able to reach ceiling provided that it does not intake &ip. -
' Therefore a balloon equippad with a duct such as the Texas series should be able to
reach ceiling in the dsytime provi(_i;d it takes off at all. In many of the Texas
flights in addition to the altitude warming there was some evaporation of dry ice
on the way up which le ads to a small additional increase in 1ift on the ordsr of 1%,
Thisi, however, is small compared to the warming with altitude which occurs for
natural reasons. In order to determine quantitatively the magnitude of ths warming
with altitude, it is necessary to know precisely what the drag of the balloon is at
& given rate, what the lapse rate of the atmosphere is and what the absolute temperature
is. These data together with the rate of rise measured from the time-altitude curve

can be used by means of nomographs which are included in this report to determine the

it o

free 1ift of the balloon at each point in its time altitude curve.

s o P o

The warming with altitwle produces the characteristic of the tims-altitude

curve j;that the balloon steadily speeds up until it reaches the tropopause. At this

A e > e e i
e 4
e “le
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point the thermodynamic drag increases and remains constant throughout the stratosphere
and presumably the warming with altitude ceases although at altitudes above 100 mb the ' “)
warming has not been directly measured but only inferred from the time altitude curve.

The normal characteristic of the time-altitude curve then is an increasing rats of

rise to the stratosphere and then a slight decrease or a leveli'ig off of the rate

of rise. All of the Texas flights sliowed this type of behavior. The free 1lift

which was very acourately measured in the Texas series usually amounted to some-

thing like 30 pounds free lift with air displaced on the order of 500 pourds. I

is believed that the frase 1ift could have been reduced very appreciably ard apparent-

ly was very much less than this on flight 111, which took off with an initial rate

of rise of sbout 240 feet/minute. Also because of the aliitude warming ons would e
like to avoid too high an initial free 1ift because in the stratosphere with the
additional free lift obtained from altitude warming the rate would be excessive
and the balloon might not bs able to valve its gas. This apparently is what
happened on our first flight, flight 101 in which the balloon acquired a high
rate of rise by the time it reached ceiling, apparently tore a hole in the ballomn
near the bottom; Jdsscended rapidly until it took air through this hole and then
floated level for a long period of time.
To show the magnitude of the altitude warming there is included in this report,
a computation sheet for zltitude warming on flight 111. The nomographs ussd to con-
vert rate of rise to thermodynamic and aerodynamic drag, and a graph of the gain in
free 1ift as a funciion of altitude on this flight is compared with that directly
measured on & day flight on the HAB contract made in the summertime at Minnesota. ;

These conditions which should be approximately equivalent to winter corditions at ' 5

Pyote AFB. It can be seen that the agreement betiween the directly measured warming ‘»;i
period and the warming for flight 111 inferred from the l.se-altitude curve is quite g
adequate and it should be considered that the warming with altitude is an effect 'j) | %

)
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COMPUTATION SHEET FOR ALTITUDE WARMING

which has been experimentally demonstrated and which should be taken into account

Flight No. 111
Date _February 1, 1953 Time of Launch 1410 CST
Location Pyote A¥B, Texas BExtrapol ated
LT Weigh~off 2.1%
Temp |Pressure Rate larse Aero Thermo Total Altituge
Altitude of Rate Drag Drag Drag Warnming
Rise
| 2750 800 240 =1.95 oK 2.3% 2.75 .65
2570 566 330 =1.95 1 .79 2.95 13.74 1.6
211° 100 460 -1.95 1.140 b1 .50 3.40
225 283 560 -1.95 1.90 5.1 1.00 }.90
218 200 680 =1.95 2.L5 6.1 8.55 6.i45
218 1k 5Lo =1L 1.L0 8.k 9.80 7.70
218 100 540 - 1.25 8.4 9.65 7.55
- 218 70.7 sS40 -.1l 1.10 8.4 9.50 7.40
e 218 %0 510 -2k | .99 8 lo.39 7:29
¢ 218 35l leko -l .86 8.h 1926 .26 |

aerodynamic drag nomographs.

as & function of altitude on this flight as compared with that directly measured

Figures XI-l and XI-2 which follow are, respectively, thermodynamic and

Figure XI-3 is a graph of the gain in free 1lift

on a day flight o the HAB contrect mads in the summertime in Minnesota.
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AERODYNAMIC DRAG NOMOGRAFPH :

P = PRESSURE IN MILLIBARS (ASSUMES STANDARD
B ATMOBPHERE )
P = PERCZNT AERODYNAMIC ODRAG OF AIR DISPLACED
v »RATE OF RISE IN FEET/MINUTE
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A. One twan erected. 2nd twin ready
for erection.

C. Launch and beginning of gas transfer. D. Gas transfer continuing.

E. Gas transfer continuing. F. Gas transfer nearly complete.

Pigure XII-1. Sequence during twin launch. The balloons remainecd together as in 106 until
an sltitude of about L0,000 feet. At this time 107 passed over 108 and chotographed it in
the down camers. Sse Figure XII-2.
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