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Section I 

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

Introduction 

The thirteen flights described in this report were made during a joint operation 

with linzen Research, Inc. of St. Paul for the dual purpose of carrying cosmic ray 

scientific gear to high altitudes at a U0° geomagnetic latitude, and to give informa- 

tion of value to the balloon research program in the nature of flight performance of 

the various balloons, meteorological trajectories, etc. The operation was set up on 

a cooperative basis with WLnzen 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 balloons 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 would also be furnished 

by the University. Unzen 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 launching 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 SKYHOOK. Other costs would be assumed by the University of 

Minnesota High Altitude Balloon project and the Cosmic T?av project as required. The 

operation took place at Pyote Air Force Ease, pyote, Texab, during the period 20 Jan- 

uary 1953 to U 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 acknowledged. Besides the 13 flights reported herein, two othir flights 

were made by linzen Research using the Minnesota launching techrique but using iuairumenl- 

ation provided by linzen Research. These flights are reported separately in a linzen 

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

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

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

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

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

C* linzen* Vern Baumgartner, electronics chief; Herbert Ballman, electronic technician; 

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

the 13 balloons were specified as double-wall 1-mil type equipped with a duct appendix, 

as experience on the balloon project had shown that this type of balloon was atery reliable 

vehicle and some sacrifice in ceiling altitude uaa accepted in order to use this heavier 

balloon which would increase reliability. Also it would give comparative data with 

similar flights at higher latitudes for balloon flight information. Five of the balloons 

were 1.5-mil single wall where maximum altitude was a prime consideration. The other 

balloon was a type 73U-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 duct in excluding 

air which might cause some increase in instability over an open bottom balloon was to 

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

results of this particular form of ballast are discussed in this report. The details 

:> 
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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 

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

valuable data was obtained on meteorological trajectories as well as cosmic ray data 

and balloon performance data. Furthermore experience was gained in launching balloons 

on a field trip. The balloons and scientific equipment were transported from Minneapolis 

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 rough handling, and in fact all equipment 

arrived at the launching site in perfect condition, personnel went by commercial airline, 

in one of the balloon project vehicles and in the tracking planes operating under the 

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

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 sunrise to favor the launching. The 

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. 

The description of the scientific apparatus and the results are reported as usual in the 

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

practice under the cosmic ray project. 

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- 

altitude curves, in which these flights are compared with summertime flights at Minnesota.- 
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UM is made in this analysis of the data obtained on step flights whloh constitutes 

a very powerful nay to measure the effeot on the balloon of the radiation field at 

various altitudes and to measure the thermodynande and aerodynamic drags at various 

r«ti» of rioi. This technique *ill be iisou 553d i« ditail in • lat»? relvs* of this 

series but becauas of its isportanee it has been applied to thsse flights and pre- 

lislnary results art included in this report( Ssotion XI. 
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Section II 

INSTRUMENTATION 

The majority of the instrumentation flown on the Texas flights was new, the result 

of iqprursu design on older- apparatus^ end therefore some of it was unproven in flight. 

The chart in Table I shows the equipment flown on each flight. 

The Olland Cycles used were the type described in Volume V . These were the first 

flights made with this type of Olland Cycle and because of experience gained from them 

immediately after the series further improvements were made in this instrument. The 

need for a high impedence relay and high voltage between the pen arm and the rotor be- 

came apparent when on several flights the Olland Cycle became stuck open by microscopic 

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

bad in this respect, and the records of flights 101, 102, 10U, 108 and 112 each had 

sections of varying length obscured. Flight 107 evidenced the opposite effect - the 

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

magnetized relay and the solution to this problem is careful adjustment of the armature 

core spacing of each relay during preflight preparation. Despite these troubles, suf- 

ficient altitude information was obtained on all flights. 

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

circuitry to allow them to be flown in certain pieces of cosmic ray gear so that their 

data was recorded with the cosmic ray information. One of these cycles was recalibrated 

in the laboratory in 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 handling and storage for three months, the calibrations were identi- 

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

University of Minnesota PROOHESS REPORT ON HIOH ALTITUDE BALLOONS covering period June 
22, 1952 to December 15, 1952. Volume V, pp. VII-261 - 267. 
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101 X X X X X X X X X 

102 X X X X X X X X X X 

103 X X X X X • X X X 

10U X Z X X X X X X X X 

105 X Z X X X X X X X XI 

106 X Z X X X X X      j X X X 

107 X X X X X X X X X 

108 X X X X X X X X X 

109 X X X X X X J X 

110 X X V X X X X X X 

111 X X X X X X X z X X 

112 Z z z X X 

113 X X X X X x     1X X 

1 

X = Apparatus flown in balloon project gondola 

Z = Apparatus flown in cosmic ray gondola 

O 
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£~'        1/5 mb 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 

1 
was the same discussed in Volume V . No modifications were made and in all cases the 

dropper worked without fault. All pressure-operated equipment, including droppers, was 

tested after shipment to xsx&s and before flight in a special portable plastic bell jar 

designed and built here. 

_2 
The telemeter recorder used on all flights is described in Volume V 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 oliand cycle record was made as the 

proper circuits were not readily available. Unfortunately it was not possible to check 

the circuitry on flight 101* 

The cameras listed in column 6 are the same as those described in Volume ir. On 

flight 10U the film slipped in the camera for a bout the last eighth of the flight and 

the first 1/5 of flight 112 was similarly faulty. This error is traceable to the tension 

on the take-up spring belt and results in an unreliable time base for the down pictures. 

The trouble on flight 10U 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 careful mechanical checkx*p such is regularly given between flights, and a lack of 

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

O 
PROGRESS REPORT ON HIGH ALTITUDE BALLOONS, volume v, pp.vii-2UU - 2U?. 
Jlbid, pp.VII-22U, 232 - 233. 
3ibid, pp. VII-22U, 231 - 233. 
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without fault and an adequate film was derived from every flight. 

The camera blowdown'listed in column 7» Table I, is described in Volume Jr.  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 

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

cameras, was kept to a minimum. 

The clock work timers (column 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 I2. 

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 all oases 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. U7 lamp bulbs connected in parallel and enclosed in a thick plastic 

container with a thin red plastic filter, which were driven by an electromagnetic 

oscillator made in the physics Department shop and copied after the element in the 

Dayco flasher mentioned in Volume V^. These flashers had a light output measured at 

6.5 foot candles at one foot, and an oscillation rate of li par second, is 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 operated type described in 

Volume T*.    It worked during the flight as intended and released a load of cosmic ray 

gear flown as ballast. 

1 PROGRESS REPORT ON HIGH ALTITTDl BAIJLQONS, Volume V, p*. VII-233 
\ Ibid, covering period December 13, 1951 to June i5, 1952, Volume I, pp. 5-1, 5-3. 
f Ibid, covering period June 15, 1952, to December 22, 1952, Volume V, pp. VII-208, 211. 
u ibid, 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 

by a pyramid U5° in cross section, 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 bright orange. A metal 

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

assembly was used on all flights except flight U2 where all flight control equipment was 

located in the cosmic ray gondola* 

A block of dry ice was 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 

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. 

Figure 2 is the gondola flown on flight 102 and the gondolas flown on flights 10U, 105, 

106. 107. 108> 110 and 111 were similar to that shown in Figures 3 and U. The timer 

and low altitude release box is also shown in these pictures. There are no preflight 

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

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 components 

in this report and in other volumes of this series as footnoted. 
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Figure II-l. Preflight gondola picture - typical of flights 101 and 103- 
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Figure II-2.    Preflight gondola picture of gonaola flown on flight 102. 
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Figure II- 3 

figure II-U 
Figure 11-3,1. Preflight gondc-ias sisiilar to those flcwr. in flights, 10h}  105, 106, 107, 108, 

110 and 111. 
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C 
Section III 

RADIO TELEMETERING ( TEXAS FLIGHTS) 

iir 

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 altitude as encoded by the Olland Cycle-1- aechanism. 

The type transmitter2 used, in this series, consisted of a push-pull crystal- con- 

trolled oscillator and a push-pull final power-amplifier stage. The peak power delivered 

to the antenna-' terminals was approximately U-watts. Keying was accomplished by opening 

and closing the 90V D.C. supply to the screen grids of the final amplifier. The keying 

relay was controlled by the Olland Cycle mechanism, 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 17U6 K.C. It was 

possible to monitor two flights simultaneously on these frequencies by tape-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, the transmitted signal was used on several occasions by the tracking plane 

to locate the balloon. 

As the slow pulse-code signal employed required only a very narrow band of fre- 

quencies for transmission, the signal was received in the same manner as C.W. code. 

The audio-frequency output at the receiver was fed into a narrow band audio filter- 

1 University of Minnesota PROGRESS REPORT ON HIGH ALTITUDE BALLOONS, Volume V, p. VII-259 
2 Itei4, p. VIII-351 and Figure VIII-7 
? Ibii, p. VITI-351 
* Ibid, pp. VIII-3U5, 3U6 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. 

1 

Confidential Security Information 

O 

ii*. .tite^^.-**^... .'^.i&a&'flfefcf;:->•' 



c %-l 
Onrfidsntl&i 

HI" 

h 

8^—it 

im 

o 

i I Confidential Security Information 

I-^:v -.Ukl.,..faieMft«j^ ftttjAift-.' \'..£MK& 

] Pag* 111-28 

ZA. 
UJ 

< z* Q 
^ 

— Q >» 

5j m 
* 

«•>• CM 
• * 

0 w 
•x •«H 

0 
0 z 

Q 
0 
2 

D SI- 
MS 

(I) 
* 
«- * 

• o 

i 2; 
do. 5 i i 
u. z 31 55 

tr*§ • o o 

Ulffl 
Q 

v3 
<*< 
i 

-4 
* W v. 

V) <** 1 <V k k* 

I 
M 

2 

s 
s 

&l;.-.y: 
••'•• ••••-•>' ittai 



o 

o 

Confidential 

Section IV 

Page IV-29 

FLIOHT SUMMARIES 

Plight 101 

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

08lU GST-    This flight was to carry a cosmic ray plate mover with nuclear emul- 

sions and it was desired to get as good an altitude as possible.    To meet this 

specific requirement a 1.5-ndl balloon, "Winzen no. 73-15QV-266 with glass fila- 

ment tapes and a duct appendix was used.    In addition to Naugle's plate mover 

the balloon carried balloon   project gondola #151 containing transmitter, antenna 

dropper, OUand 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 feet to 

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

A Qeiger 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 

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 upon reaching 

ceiling and descended to about 50 mb at which time it decelerated and leveled off 

at about 70 mb where«u 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 

junction occurs.   This allowed an escape of gas and the balloon descended so that 

the lifting gas zero pressure level moved fcove this point.    The balloon then con- 

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

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

Port Arthur, Texas.    The apparatus was not found despite extensive air search, 
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but was reported in about four months after the launching time in the city of Nemo, 

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

did not meet the requirement 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. 

5 

Conclusions 

We are confronted here with a large increase in velocity as the balloon ascends. 

It was suspected that there was a considerable increase in superheat as the balloon 

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

insure the balloon having a safe velocity at reaching ceiling. 

*-. 

i % 

Flight 102 

Flight 102 of the Texas series was launched also on 20 January 1953 at 173U CST. 

The purpose of this flight was to carry an emulsion stack with lead and paraffin for 

2U hours at high altitude. The balloon used was a linzen double wall #73-2x100-7-260 

with glass filament tapes and duct appendix. The balloon was weighed off with a free 

lift of 6%  of the displaced air. Due to a failure of the OUand Cycle and 

apparntly also of the down camera, no record was obtained on ascent. The 013 and 

Cycle came on when the balloon leveled following sunset but it was then found that 

the balloon had leveled well below its ceiling at 86,000 feet. It floated at 70,000 

feet (U7 mb) at a very constant level from 1900 until 0100 the next morning when it 

began a very slow descent. 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 squibs had twisted off as the gondola rotated under the balloon. Some dry 
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ice was still on the load and vapor was seen as the balloon descended. Despite the 

fact that the flight was shorter than anticipated and did not go to quite as high 

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

Conclusions 

The balloon was weighed off with insufficient free lift for the purpose. In 

other words, the sunset effect was worth at least 8jK;wh±c1rwas-the ground weigh- 

off, unless there were changes in this free lift as the balloon rose duetb 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 

the next morning permitting them to slide somewhat and open a hole In the balloon 

topybecause 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- 

mitter on all the time. :  T
1
 at This corrected itself. 

Plight 103 

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

102 used a double wall balloon no. 73-2xlOO-V-258 maae with #890 tapes with a duct 

appendix. The flight was to carry a counter hodoecope constructed by John Linsley 

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

free lift of UO pounds or 6.5j{ of the air displaced and it rose at 730 feet/minute 

initially. At ceiling it was moving at 1330 feet/minute but it reached the correct 

theoretical ceiling, leveled off and remained level at 26 to 28 mb until 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 
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but it was quite clear that the operation of the duct appendix brought the balloon 

down,«dJtibthe load on the ground not very far from the point at which it would have 

dropped from high altitude. 

Conclusions 

This is an excellent scientific flight in which the balloon floated level 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. 

3 

m 

Flight 10li 

Plight 10U was launched January 23, 1953, for the purpose of carrying a large 

cosmic ray telescope furnished by Winckler. A double wall balloon was used, no. 

73-2x100-7-269 and the theoretical ceiling was 61,000 feet which was reached fol- 

lowing a good launching and ascent curve which reached 1200 feet/minute. The 

balloon descender! right after reaching ceiling from 26 to 35 mb where it floated 

level until released by the timers at 161*0. The leveling off may have been due 

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

Flight 105 

Plight 105 was launched January 2h,  1953, at 0755 CST. The purpose of the 

flight was to obtain albedo and geomagnetic data with the Eerenkov counter of 

ITJickler and Anderson. The balloon was a 1.5-mil #73-l50V-265 made with glass 

filament tapes. The theoretical ceiling was 8U,000 feet. The free lift was 

weighed off to i*.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 l£00 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 art loth of these are plotted on the time- 

altitude chart. It is believed that the one in the cosmic ray gondola, in this case, 

giveB the correct readings from a number of independent bits of evidence about this 

flight. This Olland Cycle indicated a pressure 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. This flight carried 

23 pounds of dry ice ballast. 

O 

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 tSerenkov apparatus and used a 1.5-mil 

balloon #73-1507-260 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 through the theodolite and on the descending part was 

swinging with » large amplitude of perhaps -30°. The load was eventually released 

on the low altitude blow down and was recovered after an air search near Big Lake, 

Confidential Security Information 

^\MrM.^&iyf&\>.»-fa^ 



Page IV-3U Confidential 

Texas. The balloon drifted on and was sighted at the San Angelo area where it was 

spotted by an air farce 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. 

9,   .:• 

Plight 10? 

Plight 107 was launched on the 30 of January, 1953, at 08U$. Intervening days 

were occupied with several other flights sent UD by Tfinzen Research for other 

universities. Plight 107 used a 1.5-mil balloon #73-l50V-263 with a ceiling altitude 

of 88,000 feet and a plate mover supplied by Naugle. The balloon reached the theor- 

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

slight downward rate from 21 mb f:»fc the start of the flight to 27 mb at the end of 

the flight. At 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 10J< 

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. 

Plight 107 was one of a 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. 

mm 
ik 

W--\ 

Plight 108 

FlightD8Was also launched the 30 of January and was the second member of the 

twin launch.a. The pay load was a scintillation counter prepared by Horwitz and the 

balloon was a double wall #73-2xlOOV-2h9 with duct appercix and nylon filament tapes. 

This flight was weighed off to a free lift of l\% of displaced air and was an excellent 

flight. It leveled off at theoretical ceiling and then descended from the initial i^_) 
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2U mb to 28 rab by 1300, climbed back again to 26^ at 1500 and then dropped to 33 mb 

by release tine at 1730. It is noteworthy that the two balloons in the twin launch 

left the ground together and remained practically together up to about U0,000 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. (Figure XH-2). photos of the twin 

balloon launch are shown in Figure Etl-l. 

Flight 109 

Flight 109 was launched on February 1, 1953 at 0750 and was followed in one 

hour by flight 110 of the sane date. Plight 109 used a double wall balloon #73-2xl00V- 

270 with duct appendix and carried Bohl's scintillation counter with theoretical 

ceiling of 86,000 feet. Flight 109 reached the theroetioal ceiling of 83*300 feet 

or approximately 20$ ab 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 

lost 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 other cases 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 somewhat prematurely. 
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Plight 110 

Plight 110 was launched on the sane day as 109, Pebruary 1, 1953, at 0850 and 

carried McDonald's cloud chamber on a 1.5-mil balloon, #73-l50V-26U, 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 

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

out the day until 1700. it 1730 the cut down actuated and the load descended on the 

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

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

fe 

• 

;>'.-• 

Plight 111 

Plight 111 was launched for the purpose of studying the performance of a General 

Mills, Inc. balloon, #73U-AH, equipped with a duct appendix.    The Linsley gondola flown 

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

was 8U,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 H so that the corset had to be removed and the inflation completed.    However,  every- 

thing went smoothly and the flight was a good flight constants experiment for the 

balloon project.    The balloon 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 liilO and floated level from the time it reached ceiling at 

l6U0 until l8l? when it begAn the pre-sunset descent.    It established a rate of hhO 

feet/minute and by 18U0 increased to 520 feet/minute and again increased at the tropo- 

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

1300 feet/minute but ruptured when it began valving and then descended at the same 

rate*    The signal was then last*   Linsley1 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 warding using the drag 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. 

Plight 112 

Flight 112 was launched February 3» 1953# at 0813 aad used a double wall bal- 

loon #73-2xlOO-V-259 with #890 tapes and duct appendix. The flight carried the 

second c'erenkov gondola and had a theoretical ceiling of 8U,200 feet. It was 

weighed off with a free lift of 8.1$ of the air displaced. In asoent, this 

balloon 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. This is a very excellent SKX8Q0K flight 

and the load was recovered in very good condition. 
<»» 

O 

Flight 113 

Flight 113» the last of the present series, was made h February 1963 and 

launched at 0828.   A, double wall #73-2xlOOV-2U7 balloon was used equipped with a 

duct and #880 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 \\.$% 

of the air displaced.    Between 300 and 100 mb the rate was 580 feet/minute which 

increased sons what to 655 feet/minute up to 60 mb but then curved off and leveled 

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

The balloon floated quite level from lOUO 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 1UU7*    The tracking plane lost the signal at 1510.    The load was presumably 

dropped from the balloon by the low altitude release.    It was subsequently estab- 

lished   that the load snapped off the parachute much the same as flight 109 and 

L Confidential Security Information 

•Js*&k 
*•••*• '••  ' ••-••*• iV •  ^'"•v •:^-^-^v/'-^Y;'"-# 

IfafoSltf^-V-i,.-  •   •  -   ,.:•'-.  ..;,»•,.  • '••"Ji'Vft'^y'- 



page 1^-36 Confidential 

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 release 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 flight 

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 by 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 U, show various steps in the 

launching of one of the Texas series. 
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Section IX 

METEOROLOGY 

Introduction 

• 

The series of cosmic ray flights made from Pyote, Texas, during January and 

February, 1953, provided ten trajectories which have been analyzed to determine 

the characteristics of stratospheric flew. 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 flights 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. Because this trajectory displays some rather 

unusual characteristics which differ from the higher level flow, this trajectory 

will be discussed separately. 

The absolute elevations of the balloon were determined where possible from 

measurements on the film and also by a comparison of film and ttecdaiatft trajectories. 

The results of the altitude computations are given in T,ne 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 trajectories is 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 based 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- 

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 09h0 CST) makes one 

suspect that theodolite 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 U5°. 

Flight8 of eight hours duration often appear to span at least a half period of 

the largest scale of detectable motions. The trajectories also clearly 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 

1 
to be estimated. As described in the proceeding progress report, the velocities, 

measured between observation fixes, were fitted by a linear trend for the entire 

interval at constant altitude. The linear function is interpreted as the descrip- 

tion of the motion of largest scale. Motions of intermediate 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 

northerly latitudes (li5°) have been averaged for cases of easterly and westerly 

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

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

latitude U5°. This result is corroborated by the data from all flights given in 

the following section. The wind fluctuations of largest scale seem significantly 

larger than those at U5° but in view of the higher wind speed this result does not 

1PROGBESS REPORT ON HIGH ALTITUDE BALLOONS, Volume VII, p. 11-119- 
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necessarily indicate a higher reiatiye variability of the wind. The wind fluc- 

tuations of intermediate scale as before are quite large compared to the total 

wind variation. The values for the fluctuations of smallest period includes the 

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

ioning in this case; 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 also 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-minute 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 beginning 

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

would be hours apart corresponding to the conventional interval between upper 

air reports. 

The results of these wind measurements are given in Table II. The mean 

wind vector for these seventeen cases is from 250° at 21.6 knots (11.2 m sec"1). 

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 southerly component of the 

flow in the layer 80,000 to 90,000 feet. 

The relative variability of these observations may be described1 by the 

constancy q, defined by the ratio of the mean vector wind speed to the mean 

wind speed T   sx     The constancy for these cases was found to be 9$% 

^ooks, C.B.P., C.S. Durst, N. Carruthers, D. Dewar and J.S. Sawyer, wtjpper 
winds Over the World", Meteorological Office, Geophysical Memoir No. 88. 
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Table II 

Measurements of Large-Scale Winds in Knots 

Flight Date 
Time 
CST 

Press 
Alt 
Thsd ft 

East- 
vest 

North- 
south 

Wind 
speed 

101 20 Jan   1 1000 89 26.8 3.8 27.0 

103 21 Jan 1030 
1500 

81 
80 • 

13.9 
20.7 

15.U 
16.8 

20.8 
26.6 

10U 23 J«n 1000 
1330 

79 
75 

15.6 
19.7 

1U.7 
15.6 

21.5 

10$ 21* Jan 1000 
1230 

83 
8U 

27.6 
33.0 

8.3 
18.2 

28.8 
37.7 

107 30 Jan 1120 
UU6 

86 
83 

15.9 
19.9 

0 
3.2 

15.9 
21.3 

108 30 Jan 1030 
Ht30 

83 
80 

11.6 
23.1 

-6.U 
-2.6 

13.2 
23.5 

109 1 Peb 1100 (81)7 23.1 2.U 23.2 

110 1 Peb 1130 
1500 

83 
83 

23.1 
1U.U 

7.9 
13.2 

2U.5 
19.8 

111 1 Peb 1715 79 Xt+ea. 8.2 16.U 

112 3 Peb 1030 
1500 

82 
79 

21.8 
15.9 

0 
13.U 

21.8 
20.8 

Mean 20.03 8.06 22.8 
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very nearly the same as for the Minneapolis cases of east winds which was ?6£. 

Tropospheric values of q are generally much lower, usually less than 90£. : ) 

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 increase in wind speed with elevation be estab- 

lished. 

The one systematic variation of the wind which was observed, appeared in 

the comparison between morning and afternoon winds. The early afternoon flights 

showed a tendency to have a greater southerly component than the morning obser- 

vations. The vector mean winds for the nine morning and eight afternoon obser- 

vations are compared in Figure 1. If as assumed by Brooks, loc. cit., the wind 

record can be adequately represented by e 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 S , the standard vector deviation for the morniig and after- 

noon observations, are also given in Figure 1. One can interpret difference* 

between morning and afternoon winds as a possible indication of diurnal effect 

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 feet) and since small complex flow patterns had 

previously been indicated in this region the rather unusual feature of this 

trajectory was not immediately apparent* As may be seen from the sketch on 

the diagram of the theodolite trajectory, this trajectory rery nearly describes 

a semicircle of 16 miles radius from 1130 CST to 1$00 CST. The speed along this 

path was surprisingly constant at 7 m sec-1. The centripetal acceleration of 15 

x 10 cm aec"^ is more than twice the magnitude of the Coriolis acceleration of     •' 

6 x 10  cm sec  and is, of course, oppositely directed. A steady flow of this 
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type oouid only correspond to flow about a low pressure center. As suggested by 

Forsythe this result is equivalent to specifying that the geostrophic wind field 

(or field of pressure gradient force) is linear. 

The possibility that the apparent centripetal a ceele ration is actually an 

observation of vertical wind shear cannot be entirely discounted since the altitude 

of the balloon does not remain entirely constant. The total vertical change in 

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

would have the magnitude of 12 m seo"1 ( or 23 lets) in four thousand feet, 

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

Conclusion* 

1. Large-Scale Flow. The analysis of the trajectory data indicates that 

the observed large seals flow can be adequately represented by a steady wester- 

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

are velocity oscillations with a somewhat smaller period and smaller amplitude 

than large-scale tropospheric flow. The amplitude of the corresponding horizontal 

oscillation is almost 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 same 

as that determined for the stratospheric easterly winds. 

The flow at sixty thousand feet again sgsas to differ from the higher level 

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

patterns in this region are email and change erratically. 

2. Intermediate Scale of notions. It is difficult to compare the magnitude 

and effects of intermediate scale motions with either stratospheric easterly flow 

or flow in the troposphere because of the limited data available. The effects of 

^Forsythe, O.K., 19U9 *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 Telocity fluctuations will be appreciates for those cases with 

amplitude of sbout 2 m sec    •    Since the total wind speed is low and the velocity 

fluctuations in the largest period of oscillations are not ouch 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 chart these large scale stratospheric motions on a   synoptic 

map because of high value of the "noise" produced by intermediate fluctuations 

(as well as the faot that the large-scale motion is relatively small compared to 

the spacing between meteorological observations), 

3.    Small-Scale Motions.    The motions called small-scale would be fluctuations 

with periods of sbout 20 minutes.    In the troposphere such motions would undoubtedly 

be attributed to thermal oonveotion.   Ihile some correspondence between the small 

fluctuations in the theodolite and the film trajectories does verify the existence 

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

of their magnitude. 

» 

BBTEHMINATIOI,' 0? BALLOON ALTITUDE 

The absolute altitude was ee=put-*d for & number of the Texas flights, 

the altitude was computed in two ways* 

(1) Trom measurements on the down camera photographsj and 

(2) From the horisontal distance out to the film fix and the elevation angle 

read by the theodolite. 

this latter method is only possible where accurate timing of the film was 

available from the telemetered record on the film. 

The accuracy of both methods leaves much to be desired. The quality of the 

film was not uniformly good, possibly due to atmospheric haze. The cameras were 

not always suspended perpendicularly, which introduces an error in both methods. 

The altitude computation from film measurements depends directly on the accuracy 
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of the base map,which for the Texas area was not entirely satisfactory. Only a 

Halted number of computations could be made by this method. 

Th* accuracy of the second method was obviously deoreased by the temporary 

mounting of the theodolitej 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 nrror in some of the computationsat greater distances 

out* 

The results of the c omputation may be seen in Table III where computed abso- 

lute elevation? are compared with pressure altitude. 

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 cases the nean temperature in the 

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

maintained in the layer up to 30 mb, the elevation of the 30 mb surface would 

deviate in elevation from the standard atmosphere byt 

25.3 x 10/218 s 1.2 thousand feet 

(Since the height difference is 25.3 thousand feet.) 

The difference between the pressure altitude and absolute elevation in 

flights 103, 10U and 10? is no greater than the error in absolute measurement 

plus the deviation from the standard atmosphere. Hence 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. (the pressure reading is 

too low.) Plight 109 seems to-be seriously in error although camera tilt and 

lack of telemetered data hinder a more couplete check. 

O 

1  i a J 
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I Table III 

Computed Elevations for Soae Texas Flights in Thousands of Feet 

"Time tier M5L swm Press. Alt. 
Flight Date Fran* Mo. GST Film Msasurement* Film Fix HSL 

122 10t30 79.1 81.3 
210 12 tOO 78.6 80.9 

103 313 13tU5 76.6 79.U 
153 I6tl0 77.6 79.U 

80 9t25 76.1 80.9 
1U3 10t26 7U.0 76.7 
1U7 10*30 73.6 76.7 
187 lit 12 73.3 75.1*. 

10U 195 lit 20 71.9 75.U 
253 12t20 73.8 7U.8 
310 13t20 73.6 75.1 
363 lliilS 72.9 7U. 6 

(Project OoncL) (Cosmic Ray. Qondj 
118 9i$0 79.6 OCX 

at    rf 

187 llt05 80.6 81.3 83.U 
2U2 12t00 80.6 81.3 83.6 

105 300 13 too 81.3 81.3 83.8 
323 13t23 78.U 80.9 83.2 

108 10t35 62.6 85.7 
182 lltU7 82.9* 85.0 

107 25U 13t05 82.0 83.6 
331 1UJ25 82.2 83.U 

109 200 79.3** 86.7 

133 llt03 80.7 83.2 
1U0 lltlO 76.6 83.2 
208 12t20 79.8 83.U 
227 12sk0 81.2 83.2 

110 235 12tU8 78,9 83.3 
259 13tl0 80.8 83.2 
260 13t30 80.3 83.8 
326 Uu20 80.2 82.9 
37U I5tl0 79.e 82.9 

i 112 U25 !6tU6 77.3 79=0 

«   No calibration film) used •ams as 105 
«« Bad camera tilt 

vsmvm 
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Sine* the stratospheric flow was quite similar in all theae flights,. it 

almost precludes the possibility of any great temperature fluctuations in a 

deep layer and therefore the departure from the standard atmosphere should remai' 

•Trust (tnnfttwnt during these flights.   The close correspondence of the pressure 

altitude and absolute elevation in flight 10$ therefore suggests that the pres- 

sure reading of tho telemetered data wae too high.    On this flight a pressure 

reading was also made in the cosmic ray gondola and these values of pressure 

were lower and are therefore assumed to be correct. 

Plight 112 absolute elevation was computed using the position just before 

blow-down. Camera tilt and lack of calibration prevented film measurement and 

the lack of timing on the film exclude other position checks. 

O 
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Seotion X 

THE USB OF DRX ICE AS A BAIiASTIJG AQENT 

In anticipation of the faot that balloons equipped with duct type appendices 

•"•Wild be more unstable at ceiling altitude than balloons with open bottom appendices 

which could take air freely on descent, some sort of ballasting seened to be necessary. 

The decision was made to include on each flight a block of dry ice hung in a net bag 

below the gondola. The dry ioe would be photographed by the down oamera and the 

rate of evaporation could be determined. It was anticipated frost previous exper- 

ience that the rate would be sufficient tu toapenaate small decreases in lift due 

to leakage or other souroee of unbalance.  This section of the report summarises 

the results of the dry ioe measurements during the Texas series of flights. A 

typical down picture showing %he appearance of the dry ioe 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 latitude and 101° 

west longitude. The evaporation of the dry ice can be easily seen in Figure X-2 

where Figure X-2a was taken shortly before the balloon reached ceiling and Figure 

X-2b was taken the following morning after sunrise. The amount of dry ioe remain- 

ing was determined by projecting the down picture! and tracing the apparent out- 

line of the block. The area of this tracing was determined and it was assumed that 

the surface area of the block was proportional to this projected?ise&s&sesme&niAhmhe 

photographs. The mass of ioe was then assumed proportional to the projectmdraeefcafcaken 

to the 3/2 power. The initial weight of the block was known and a projeotoeaVex'ssavas 

measured very close to the beginning of the flight, at which point the measurements 

and the actual value were normalised. Then the mass of dry ice remaining oould be 

plotted as a function of the time of flight. These plote are given in Figure X-3a 

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

the same in that there is a very rapid initial loss of weight while the balloon is 
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CENTRAL  STANDARD  TIME 

Figure I-3a.    Evaporation of dry ice at high altitude.    The  initial rapid drop occurs 
at low altitude. 
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• -.„„ nf dry ice at high altitude. 
-3b. Evaporation of d>-y «• 
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ascending and that dur ing the constant level part at ceiling the rate of loss of 

weight is uniform but much lower. The data given on the curves are summarised 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.U8 pounds per hour with the average 

mass of dry ice between 15 and 20 pounds. Flight 102 which was a night flight 

shows a considerably lower rate of evaporation but the mean mass was also consid- 

erably lower. 

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

ence may be known we assume that the r ate of evaporation of mass is proportional 

to the surface area: 

ar 
dM = - C^/3 (1) 

Upon integrating: 

at 

and 

M1/3 a C^Og 

t.O, «V3. uV*.    C2 = 1^3 

^3 - Mo^3 . Clt (2) 

C0 s 3Cx 

Using the mean rate and mass from the data 

0.U8 r 3 . Cx . l72/3 

Cl s T?^3 = 0.02U3 

For this series where Av. If ^sf 19.7 
o 

M1/3 - 2.70   c 0.02U3t (3) 

represents the mass as a function of time for these flights, with V in pounds 

and t in hours. 

lith the value of C • 3 x 0.021*3 - 0.0729 we may determine the rate for dry 

ice in other sizes from equation (1). 

1 

O 
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Table I 

DRY ICE RATES 

Flight 
No. 

Level 
Altitude Winitial .Wc oiling T 

lba/hr 
rate 

lOx 60*000 2U 17.5-lU.l = 3.U 7 hrs 0.U8 

103 80,000 25 17.1-lU = 3.1 7 hrs. o.UU 

10U 75,000 25.5 22-18.2 .3.8 5 hrs 0.75 

105 82,000 23 17.8-lU.l . 3.7 6 hrs O.iio 

106   

107 85,000 27 22.7-19.5 = 3.2 7 hre. 0.L6 

108 78,000 2U 19.6-16.1 * 3.5 7 hrs o.5o 

110 83,000 »+** 21.1-18.9 * 2.2 8 hre 0.28 

Mean rate 0.ii8 

Mean mass = 17 lbs 

Mean initial mass = 19.7 lbe 

Night flight 

102 70,000 6.8-2i.5 = 2.3 13 hrs 048 

g = - 0.073 M2/3 

As can be seen, to meet a specific ballast rate with one block of dry ice 

the value of M is set. However, if many pieces may be carried, both the total 

M and £M may be set independently. 

The evaporation rate varies with altitude, as can be seen from the high 

initial loss after launohing. This is presumably the renult 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 only 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 lbs/hr, somewhat lower 

than the value of 0.23 lb»/hr predicted by equation (1). Thia shows that the 

effect of sunlight on the dry ice is of the order of 2$%.    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 a&y be in the net bag holding 

the ice cake* 

The dry ice ballast has the attractive feature of a guaranteed rate of 

evaporation with no mechanical devices. 1$ may be useful to compensate steady 

losses in lift such as gas leakage. The fact that the rate of ballasting is 

higher at lower altitudes is in the direction of producing stability in a 

balloon, iystem and may be worthy of further investigation. 

~) 
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Section g 

CHARACTERISTICS OF TIME-ALTITUDE CURVES 

Recent 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 altitudes. The details of the altitude warming and the experiments which 

lead to a direct measurement of it will be reported elsewhere but this idea has a 

bearing on the characteristics of the time altitude curves for the Texas 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 single set of tapes 

will acquire something like 1% free lift by the time it has reached the stratosphere 

provided that it is weighed off neutral on the ground. One consequence of this 

altitude warming is that if a balloon is weighed off and is able to rise at all near 

the ground it should be able to reach ceiling provided that it does not intake air. 

Therefore a balloon equipped with a duct such as the Texas series should be able to 

reach ceiling in the daytime provided 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 1B ads to a small additional increase in lift on the order of 1%, 

Thisli, however, is small compared to the warming with altitude itiich occurs for 

natural reasons. In order to determine quantitatively the magnitude of the warming 

with altitude, it it* necessary to know precisely what the drag of the balloon is at 

a 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 

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

The warming with altitude produces the characteristic of the time-altitude 

curve(that the balloon steadily speeds up until it reaches the tropopause. At this 
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point the thermodynamic drag increases and remain* 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 rate of 

rise to the stratosphere and then a slight deorease or a leveling off of the rate 

of rise. All of the Texas flights showed this type of behavior* The free lift 

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

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

is believed that the free lift could have been reduced very appreciably and apparent- 

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

of rise of about 2U0 feet/minute. Also because of the altitude warming one would 

like to avoid too high an initial free lift because in the stratosphere with the 

additional free lift obtained from altitude warming the rate would be excessive 

and the balloon might not be able to valve its gas. This apparently is what 

happened on our first flight, flight 101 in ehich the balloon acquired a high 

rate of rise by the time it reached ceiling, apparently tore a hole in the balloon 

near the bottom* descended 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 altitude warming on flight 111. The nomographs used to con- 

vert rate of rise to thermodynamic and aerodynamic drag, and a graph of the gain in 

free lift as a function of altitude an this flight is compared with that directly 

measured on a day flight on the HAD contract made in the summertime at Minnesota. 

These conditions which should be approximately equivalent to winter conditions at 

Pyote AFB« It can be seen that the agreement between the directly measured warming 

period and the warming for flight 111 inferred from the tiwe-altitude curve is quite 

adequate and it should be considered that the warming with altitude is an effect 
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which has been experimentally demonstrated and which should be taken into account 

when making balloon flight!• 

COMPUTATION SHEET FOR ALTITUDE WARMIN3 

Plight No.   Ill 

Date   February 1, 1953 

Location Pyote AFB> Texas 

Air Displaced     gOo 

Time of Launch     lUlO CST 

Extrapolated 
Weigh-off 2.1$ 

1 

Temp Pressure 
Altitude 

Rate 
of 

Bise 

Lapse 
Rate 

Aero 
Drag 

Thermo 
Drag 

Total 
Drag 

Altitude 
Warming 

275o 800 2U0 -1.95 .U5* 2.3* 2.75 .65 

257° 566 330 -1.95 .79 2.95 3.7ii 1.6b 

2U° IvOO U60 -1.95 l.liO lul 5.50 3.U0 

225 283 560 -1.95 1.90 5.1 7.00 U.90 

218 200 680 -1.95 2.U5 6.1 8.55 6.U5 

218 1U 5U0 -.Hi l.ho 8.U 9.80 7.70 

218 100 5U0 -.Ui 1.25 8.U 9.65 7.55 

218 70.7 51i0 -.Hi 1.10 8.U 9.50 7.Uo 

218 5o 5U0 -.11; .99 8.U 9.39 7.29 

218 ft*. fto -.U» .86 9t. ?T?6 7il6 

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

aerodynamic drag nomographs. Figure n-3 is a graph of the gain in free lift 

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

on a day flight on the HAB contract made in the summertime in Minnesota. 
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AERODYNAMIC   DRAG   NOMOGRAPH 
Page XI-112 
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A. One twxn erected. 2nd twin ready 
for erection. 

C. Launch ana beginning of gas transfer 

B. Weigh-off 

D. Qas transfer continuing. 

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

Figure XII-1.    Sequence during twin launch.    The balloons remained together as in 106 until 
an altitude of about 1*0,000 feet.     At this time 107 passed over 108 ana rhotographeu it in 
the down camera.    See Figure XII-2. 
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