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Introduction

In November, 1946 the Research Division of the College of Engineering
of New York University contracted with Watson Laboratories, AMC, to develop
and fly constant-level instrument-cerrying balloone. This is the third part
of the final report on the work accomplished and describes the experimental
balloon flights which were made.

In reviewing the flights a number of analytical comments mey be made.
In most flights one objective was the maintenance of the balloon at a constant
pressure level for as long as possible., On many flights balloon behavior
was affected by ingtrumentel controls of one kind or enother while on some
flights no controls at all were used.

Balloons of varying sizes and of different principles of construction
have been launched singly, in tandem and in clusters, On some, temperatures
were measured and on others the flight peth was an object of special study.
To explain certain cbserved flight data & careful analysis of atmospheric
stability has been made, while other flights have special significence be=-
cause they demonstrate the effect of superheat on the lifting gas or some
other feature of asnalytical importance.

Since over 100 flights have been made, it is diffiocult to tabulate the
important results obtained on each specific flight. To present the date
which has been collected each significant flight is presented chronologically,
with drewings and deteils where necessary, and & summary of the flight
results is given.

To render this informstion useful, an index has been prepared with re=-
ference mede to flights which show typical or important results in each
category.




Flight 51 Released from Alamogordo, New Mexico, 0517 MST, June 5, 1947
Recovered at Roswell, New Mexico

In this flight, a 65-pound load was lifted with a linear array of 28
350-gram rubber balloons. By attaching the balloons at 20-foot interwvals
along the load line, a total length of about 600 feet was required. The
train is shown in Figure 1. For altitude sontrol, three lifting balloomns
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Figure 1l: Train, Flight §

were out free at 35,000 feet, and the remaining load was weighted to balance
at that point. As a precaution against over-buoyanoy, three more balloons

-




were to be freed at 40,000, 42,000 and 45,000 feet. The use of sand bellast,
to be dropped in increments upon descent to altitudes below 31,000 feet,

was supplemented by an early model of the automatic ballast valve set to ex-
pend liquid ballast at 34,000 feet.

From the height-time curve of the flight (Figure 2), it will be seen that
the maximum altitude reasched was much sbove the predicted 35,000 feet. Also
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Figure 2

the rate of rise was greater than expected. Both of these svidences of ex-
cess buoyancy are attributed to superheating of the balloon by sunshine.
The real heizht is somewhat in doubt because the conventional rediosonde baro-

switch (Army type ML-310/)was used, and the pressure signal which was trans-
mitted was ambiguous at some points.

On this flight theodolite readings were taken until the balloon was 90
miles away from release point after 260 minutes of flight. 1In addition,
visual observations were taken from a B-17 aircraft which circled the bal=-
loon for most of the flight.
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Flight 7: Released from Alamogordo, New Mexiso, 0509 MST, July 2, 1947
Descended at Cleudoroft, New Mexico

Using a cluster array (Figure 3) of 13 350-gram rubber balloons and
four larger lifting balloons, & 653-pound load was carried aloft on this flight.
At 35,000 feet, the desired floating level, the lifter balloons were cut free.

Litter assambly -4 balinors
inflated to 3000 qm. ife.

Lifter cytoff at 35000

13 ballsars niated to 300 qm.

v LitAballoons intlateats
i 2|003mk.l’t.

Payload ( 3# wi)

45 me Radiosonde. Haavy dhuky

Batteries in black boves w tapped n
pelyethylens.

Ballast baroswikch.
Battast dropper assembly, 6 Aluminum
tubes ot granulated lead droppad by
descent pressire switch inkhe follows [
ul'ncremlntu .ll.
300gm- 34000 '| 400gm - 29,700 | 800gm - 25800°
2D0qm- 35,000° | 400 gm- 29,000 | 800qm - 25200
ZOUQM -32,000'| 600 gm- 28,000 800gm - 24,500
3004m - 34, 000 600qm-27400 [ 1000qm- 23,800
400gn 00,5001 6 00 gm-26,600' | 1000gm - 23,100°
1600ym 22,500

Figure 3: Train, Flight 7

When the train began to descend below 34,000 feet, lead shot was dropped in
increments to maintain buoyanoy.




This altitude-control system operated well enough to produce a height-
time ocurve (Figure 4) with one dsscent checked by ballast dropping.
much weight waa lost in thls action, and the train rose until some of the
Subsequent descent was not checked.

balloons were burst,
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From this flight it appears thet the inherent instability of freely ex-
tensible balloons is so great that no simple control will cause them to

remain at one pressure level.

Tracking for the entire flight period was mccomplished with a C-54
Two theodolite stations were opersted, one at the launching
gite and one at Wafford Lookout, a fire tower about 20 miles northeast of

aireraft.

the release point.




Flight 10: Released from Alamogordo, Few Mexico, 0501 MST, July 5, 1947

Not recovered

This flight was the first to use a large plestic balloon as the lifting

vehicle, The cell was spherical, 15 feet in diameter, and the walls were

.008" polyethylene heat sealed at the seams (made by Harold A. Smith, Inc.).
The eltitude control was an automatic ballast valve, pressure-triggered to

throw off liquid ballast,
in Figure 5.

Open Append ix

Fressure opsrated ballast valve
(Autometic) actuated by 30th contact
- of radsonde bareswiteh.

15" dia.-.008  thicK palyethylene
% Balloan, H.A.Smith In¢

A Reinforced blow-out patech tobe
openad by Tima-clock.

Bridte ot 9 nylon Lines, each 15O %
test, 13'tong, served toa thimble
and attached to remnforced patches
at alterncte seams.

Payioad

T4.5mc. Radiosonde with 20 and
fed antenna. Heavy duty ba

wn blaeK boves, pelyethylens
wrapped.

Plastic ballast Ressrvoir with
as00 gr ballast.

Figure 5: Train, Flight 10

The balloon rose to about 16,000 feet MSL and dropped back to 5000 feet
MSL where it "floated" for at least 4 hours, at which time radiosonde re-
coption failed. It is believed that the automatic ballast valve sealed off

The equipment train used on this flight is shown



properly at 12,000 feet, but the air entrapped in its aneroid was heated
and oaused the operating level to be at the lower value. This would
correspond to & superheat of 30°C above the air temperature,

lLater flights showsd that the type of load atimohment used on this
balloon was unsatisfactory; however, with proper rigging, cells of .008"
thickness were good vehicles as they usually showed very low diffusion and
gas lealmpge.

Near the end of the recorded data, the height-time ourve shows large
osclllations about & pressure plene (Figure 6), Three factors which probably
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contributed to this instability were:(1) the turbulent motion of the heated
air over the desert, (2) the changes in temperature of air in the anerold
valve a8 intermittent clouds shut off the sun, and (%) the overcompensation
caused by the valve-controlled ballast flow.

On this flight the first "destruction device" wag used for the purpose
of bringing down the balloon efter & fixed time to prevent excessive inter-
ference in air-traffic lanes. This particular model was a clock-driven
device which failed to operate, probably because of low temperatures causing
unegual contraction within the movement. Its action was to consist of de-
tonating an inflammable compound taped to the balloon, rupturing iteside and
permitting a rapid escape of the lifting gas.

-]le




Releaged from Alamogordo, New Mexico, 0508 MST, July 7, 1947
NWob recovered

Flight 11:

On this flight a 15-foot, 008" wall,
with a cluster of six small plaatic cells
1ift a total load of 35 pounds as high as

polyethylene balloon was combined
(g-foot diemeter, ,O0L" wall)} to
possible (Figure 7). The small

5'Dia.- 008" thick pelyetiylone
Bollcon. HA.Smith Inc. with rewforeed
; blowewt patchay toventgas when
fired by Barcswstch

Baro- switch sat to deflate large
Balloon when tran desconds b 10000".

. & GeneralMilts Bawsons, 200 cuit
D0 potyethylens.

Feyload

2 Undnru\lh‘teﬂ wetro Ballsens
for Stadra measwrements, 240" from
. center of small balloon tocenter
745me Radwsonde with 20 end o} 15 batloon.
fed Antenoe Black bettery box -

wrapped in polysthylene.

Plastic baliost Reser vor contams
3000gm butjas

VYalvate be actvated
by 43th centact on radwsonde,

Figere 7: Train, Flight 11

colls did not rise as fast as the large balloon; consequently, three of them
were inverted and filled with air.

With this loss of 1lift, the eltitude reached was only about 17,000 feet
MSL, and the automatic ballast valve (set to operate at 45,000 feet) wes not
activated, This flight demonstreated the need for a minimum-pressure switeh

-]l2=




to activate the ballast valve, A fixed ballast leak of mbout 400 grams
per hour was caused by e defective valve fitting end this was suffichnt
to maintain the balloon at nearly constant level until all the ballast was
exhausted., Following this experience, the use of & preset fixed leak was
employed on meny flights.

The very unstable "floating™ seen on Flight 10, when the automatic
ballast valve controlled the flight, is not found on this flight where the
vehicle used only a fixed-lesk contrel., This eliminates both the ower=-
compensation eand the serious effects of temperature changes on the aneroid
capsule, which are found when the automatic ballast valve is used.

The trejectory of this balloon (Figure 8) shows a very interesting de-
formation at the transit of the Sacramento Mountains. The anti-cyelonie

. Trajectory l ] ‘ | :
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. : slc-\u: o es | 1
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0w W X 40 0
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Fipure 8

curvature over the eastern slope suggests that the air stream at the floating
level was distributed by the terrain, and the deformation predicted by dynamic
theory may thus be given & physical illustration. The trajectory was de-
termined by aircraft and theodolite observation.

Another striking feature of the flight is the disagreement between the
actual flight path ard the trajectory which might have been estima ted from
routine upper-wind reports. Reports from 1 Paso, Roswell, Albuguerque and
White Sends were used for comparison with the observed trajectory. Except
for White Sands, none of these stations reported any wind from the WSW at or
near the floating level during the l2=hour periocd cqvered by the flight, At
White Sands a very shallow current was detected moving in the direction indicated
by the balloon flight. This clearly demonstrates the non-representiverness of
the ordinary pilot balloon observation.




Flight 12: Releesed from Lakehurst, New Jersey, 0714 EST, August 5, 1947
Recovered at Smyrna, Delawars

This flight saw the first use of several new items. The balloon was the
first .001" polyethylene cell flown; & 397 mo(7-69) transmitter was flown,
with radio direction-finding equipment used to track the balloon; a 3 mo
(AM=1) transmitter wes tested for the first time and the first model of a
mininum-pressure switch was provided to activate the automatic ballast valve.
The equipment train for this flight is illustrated in Figure 9.

20'dio. G M. .00 polywitylens ballsea
with incendiary patch on squator
for rapid descent balew LG,000 (MO~

2" stael ney for Launching Lines ~o X

Dectruction Baroswitch firas
on dascent te 460mbBlack box, (oaety;
o soverad wib piastie sheeting.

F69, Rawinsende (397 me),Heavy d
battery pack standard modulator,
no ventilating duet, white tempera-
ture ele ment, Z5ordinate humdity.

with. pressure from standard modulcl.u(ﬂs.
antenna through ringson 160 fsot para
thute shroud). Held taut by 6 ox Lead
wt. at bettem.

Overall Length: 257"

T-49-T&5MC Radiwsende, end tad
antenna, ®endara modulater, na venti- J
labing duct, whike temperature elemsant, |

25;::1“&2 hum:dity, squb in bollast valve T}

hired by B power supply of radiocende.
P Ballast reserverr with Autemetic

/  balast valve ptus Fixed rake
teokK trom adjustable needla valve
st teflow at 2 20 gmfhour

Mo mem prassore vwiteh astyates o
ballast valve when ballson descends
Ewd from manmum ptmwe,?.uarln
parsilal

Figure 2: Train, Flight 12

Measurements in the hanpgar prior to relesase indicated that 1ift losses
from leakage and diffusion were about 200 grems per hour, and in addition
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to the auvtomatic ballast valve system, & fixed-flow needle valve was set

to discharge ballast slightly in excess of the expected loss. Both systems
failed to keep the balloon afloat, and a slow descent from its maximum alti-
tude of 14,000 feet MSL resulted. The expeoted altitude of 38,000 feet

was not reached, and this is believed to be due to mixing of the air with
the lifting gas during rising. The bottom of the balloon was open with

no protecting skirt or valve to keep out air. Eince the thin febric would
rupture with an internal pressure of 0.017 psi, some form of skirt or ex-
ternal appendix was suggested for future flights.

Radio reception with the 3 me transmitter was excellent and far sur-

passed the performance of either the 72 mo or 394 mc tranmmitters which were
also flown,

Because of the low elevation angle of the transmitter, the single SCR«658
radic direction=-finding equipment was not of much use for positioning,
Tracking by aircraft wes satisfactory throughout the flight.

=15-




Flights 13, 14, 15, 16 and 20: Made in September, 1947, they had as their
primary purpose the testing of external balloon appendices to prevent ex-
cessive dilution of the 1lifting gas with air.

On three of these flights the loose polyethylene tubes twisted shut during
the belloons' ascent and ceused the cell to burst &s it became full. The
unsetisfactory models tried are seen in Figure 10, as well &s the skirt

jﬁrsmummn

L With Cordboord Stifleners

Experimenial
Appendix Designs

Figzure 10

stiffened with external battens which was developed on Flight 20 and used
successfully thereafter.

On most of these flights, radio dirsction-finding equipment (SCR~658)
was used, as well as theodolite and aircraft for tracking end positioning
the balloons, A system of 8ir reconnaissance and ground recovery was de-
veloped using & radio-equipped jeep to move cross-country at the direction
of the aircraft observer. Several satisfactory recovery missions were made
on these and later flights using this technique,
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Flight 17: Released from Alamogordo, New Mexico, 1647 MST, September 9, 1947
Recovered at Croft, Kansas

On this flight the first balloon made of .004" polyethylene wes launched.
The altitude controls were a fixed-flow needle valve orifice det to leak
at 100 grams per hour and an automatic ballast velve activated by a minimum-
pressure switch.

This flight reached floating level shortly before sumnset, and the
balloon took on superheat which was lost when the sun went down. This
cooling necessitated the rapid discharge of ballast ©® maintain buoysncy.
The operation of the automatic ballast valve at this time wea satisfactory
and restored the balloon to & floating level within one hour. Following
restoration a satisfactory floating performance was indicated for as leng
as radio contect was maintained (Figure 11), The need for & balloom~-borne

]

]
1 "
By | 2
. i
— T I
ol [ ,AA*.. B
4 ! ; I
- _ : ! !
3 Halght-Time ' e T
 FLIGHT NO.I7:
- RELEASED AT ALAMOGONDO, Neive MIco
- ScPToamck , 1947 | 1847 MST
Tr, ¥ el [} v

L Tﬁ_fmai.ir {miffl J M:ﬁ ®

Figure 11: Height~time curve, Flight 17

barograph was demonstreted by this flight which treveled more than 500
miles from the relesse point.




Flight 23: Released from Alamogordo, New Mexico, 0918 MST, September 12, 1947
Not recovered

A J=2000 neoprene balloon was enoased with a nylon shroud and provided

with a vyalve to permit gas to escape after a small superpressure (3" of
water) was exceeded., The balloon in its shroud is shown in Figure 12,

Figure 12: Neoprene balloon encased in & nylon shroud

If & "superpressure™ balloon is used, much less ballast is required since,
during minor oscilletions, the reduction of buoyency will not cause the bal-
loon to descend mas long as the remaining buoyancy is equal to or greater than
the load supported.

This balloon, and three similar ones (Flights 38, 66, 87), failed to achieve
any constancy of altitude. All four failed during the rising period or soon
after the shroud becams full. (The balloons were heatsd prior to release
to restopve elasticity.)



http://www.gl.iit.edu/wadc/history/roswell/report/p550.html

Flights 29 through 39: They were made from Alemogordo, New Mexico during
Fovember and December, 1947 to test ballast controls and to develop a
launching technique satisfactory for high winds. The period of data re-
ception by radio was too short in all of these flights to permit much evalua-
tion of the altitude controls. On three flighte (33, 35 and 39) a Fergusem
meteorograph was added to the train to record flight pressure; of 11 balloons
released, only theee three were not recovered.

On seven flighte the pressure signals received by radicsonde were lost
while the balloon was still rising; Flight 38 was a shrouded neoprene
balloon which burst as it became full; and Flight 39 was & polyethylene
balloon which burst at or near its ceiling t'cllowing & very repid rise.
(This was the first balloon to burst using a short external sppendix with
stiffeners.)

On the other two flights (30 and 35) a very short period of level flight
wag recorded hefore the balloon«borne radioc transmitter passed ocut of range.

Besides these two, several other ,001" polyethylene balloons probably
were maintained at constant or near-constant levels for several hours, as
can be seen from their points of recovery (Figure 13), One balloon was
seen descending 18 hours sfter release.
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Figure 13

On Flights 29 through 33 only a fixed ballast leak was used, set for
flews of from 300 to 600 grams per hour. Other flights used autometic
bellast controls. Although these fixed leeks seeme® to be sufficient to keep
the balloons aloft, there was no clear evidence as to what amount would be
needed for most efficient operation. The need for & system of ballast
metering was indicated in this series of flights.

-19-




Flight 41: Released from Indiantown Gap Military Reservation, Pennsylvania,
0956 EST, February 16, 1948
Not recovered

The balloon was of ,001" polyethylene and had & fixed-leak ballast
control set to provide a constant flow of 650 grams per hour. The principle
objective of this flight was to test aircraft reception from a balloon=-
borne transmitter. Using RDF equipment, two B-17 planes were able %o re-
ceive oclear signals from the transmitter et least 150 miles awsy from
it and were able to home in on the signal by using the radio compass. There
was a questionable zone of about a l5-mile radius beneath the balloon,
and it is probeble that this represented & cone of silence from the verti-
cal antenna, The balloon was near 40,000 feet with the planes at about
10,000 feet.

On later flights, using & frequency of 1746 ke, reception range was ex-
tended to over 400 miles and no cone of silence was encountered. By flying
along the bearing indicated by the compass until it abruptly reverses,
the position of the balloon may be determined. Visual observations confirmed
the presence of the balloon overhead.

On service flights made from thlis same base during this week, two new
pleces of flight gear were added to the train. The first of these wes a
cloth parachute, mounted upside down in the line to serve as a drag, acting
against bxcessive rates of rise. When mounted above the cloth identification
banner, this chute also acts to minimize swey and lateral oscillation of the
equipment.

The second unit was a new type of destruction device--a pressure-ectivated
mechenism by which & larpe hole is ripped in the ballecon upon descent into
the lenes of air traffic. In this device (Pigure 14) the equipment is per-
mitted to fall freely for a few feet, jerking a length of line through the
balloon side. After this fall, the equipment again is carried by the main
load line, and the ruptured balloon scts as & parachute to lower the gear
to the ground at about 1000 feet per minute.
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Figure 14: Rip-out line in place on balloon




FlifEt 43 through 51: In April, 1948 a number of flights were made using
. polyethylene balloons and fixed-leak ballast controls. Only four

of these flights were recovered. The landing points of these are shown in
Figure 15.
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Figure 15

Little is known positively about the floating levels since radiosonde
data was not obtained on most flights, and no barographs were available.

Three receiving stations at Alsmogordo,
used to position the balloon with radio
assuming & floating level corresponding
were derived. No aircraft tracking was
trajectories,

Roswell and Cerlsbad, New Mexioco were
direction=finding equipment. By

to the loed, seversl f'light patterns
provided to check these computed
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On these flights fixed ballast leaks of from 250 to 600 grams per hour
woere uased. These lenks were provided through round orifices rather than
through needle valves which had been in use previously. This improvement
reduced the possibility of ologging.

On Flight 43 the first model of an Olland-cycle pressure modulator was
flown with a modified T=69 (400 mo) radiosonde trensmitter. The results
obtained on this flight were not satisfactory, but later test proved
sucoessful,

The train seen in Figure 16 is typical of those flown during this period.
Yote the presence of the device to rip the balloon when descending into
air lanes and thus speed up its fall.

GM. 20’ Bolioon ——-

Flight Termination Switch —»-

Payload —————

Poyload ———

X Launching Remnant

- 15
—/
//A?ﬁ._____ao¢____—*J le 3 ol eyl L 3t

Orifice Ballast Assembly-~

! »
r b
N t/

Flight 16: Train, typicel of those flown in April, 1948
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Flight 62: Released from Alamogordo, New lMexico, 0958 MST, April 23, 1948
Recovered at Galseburg, Kansas

On this flight a .001" polyethylene belloon carried the first model of
the lLange Barograph and an improved Olland-cycle pressure modulator to gilve
improved radiosonde pressure data., The signal from the rediosonde was lost
soon after the release, but the barograph was recovered and the altitude
record is shown in Figure 17, It will be seen that the balloon rosetb a
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Figure 17

pressure such that the barograph pen passed off the chart, and several hours
of flight were not recorded, The slowly rising ceiling seen here was the
first long=period confirmation of the expected behavior of a balloon con=-
trolled by & constant bellast loss. The flow in this case was set for about
250 grams per hour, and the altitude change was sbout 400 fest per hour.
This rise of "ceiling" is somewhat larger than predicted and heightened

the interest in obtaining temperature measurements so theat the buoyancy be-
havior could be more exactly determined.
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Three other points of interest may be seen on this barotrace: (1) The
two very proncunced step effects found on the rising portion of the flight
at about 625 mb and 480 mb correspond to stable layers in the atmosphere as
seen from the El Peso radiosonde sounding taken at 0800 MST (Figure 18).
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Figure 18

(2) The clock of the barograph stopped after being exposed about 10 hours

at cold temperature. (3) During the floating period many small oscilla-

tions ere seen on the pressure record. Neglecting superheat changes, there

is no variation in the forces of the balloon system except the constantly
decreasing weight of ballast and the monotonic loss of lifting gas, and

these oscillations must, therefore, be attributed to some foree in the atmosphere.




On these three flights, mede in April and May, 1948,

fixed-lesk ballast losses were used to keep & .00L" polyethylene balloon

Flights 54, 56 and 60:

From the descent

points (Figure 19) and the radiosonde data which was received it is believed

that the ballast flows of about 300 grams per hour were adequate,

aloft, but no barograph record of pressure is available,
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Figure 19
On both Flights 56 and 60 a very light load was lifted, &and the floatin

level in each case was over 60,000 feet MSL,

g

Light winds were encountered

in both cases, and a reversal from Westerlies to Easterlies was experienced
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near the floeting level on Flight 60, With a relatively slight change in
elevation, the balloon pmssed from Westerlies (below) to Easterliss (above)
with the result that the balloon was still visible from the leunching site
(Alamogordo, New Mexico) at sunset, 1l4; hours after released. The finder
reported seeing the balloon descend 35 hours after release.

Since the ballagt flowing to maintain buoyancy would have been exhsusted
in only 5 hours, this flight provided the first evidence that such & bal~
loon in the stratosphere meintains buoyaney much longer then at lower levels.
The two factors which contribute %o this are the heat added to the helium
by adiabatic compression when descending and the aimirnished diffusion of
lifting gas at & low pressure.

On Flights 56 and 60, a three-station network was set up to receive
pressure signals on radio direction~finding (SCR-658) equipment., In
pddition, theodolites were used for severallours in each case.




Flight 65: Relessed from Alamogordo, New Mexico, 1907 MST, May 3, 1948
Rocovered at Northeast Pennsylvania

On this flight & barograph was flown, and a satisfactory Olland-cycle
pressure modulator was also used for over & hours to give height data. The
length of time of signalreception is significant, since the battery box
of the transmitter was not insulated, and there was no heat to be gained
from the sun during this nighttime flight. The .001" polyethylene belloon
was cbserved descending 22 hours later after traveling more than 1500 miles.

The altitude control used on this flight wes en automatic ballast walve,
activated by a minimum-pressure switch, and as evidenced by the barogram
in Figure 20 (l2-hour rotation), the balloon meintained its altitude for over
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NYU BALLOON PROJECT FLIGHT 55
Barograph Record Of GM. 20 Ft Balloon With

Automatic Ballast Valve
RELEASED AT ALAMOGORDO, N.M., 1907 MST- 3 MAY, 1948
RECOVERED AT NORTHEAST, PA, 4 MAY, 1948

DURATION 23 HOURS

Figure 20

15 hours before beginning ite accelerating descent. On this flipght re-

cord, marked oscillations are observed et three points. Despite the presence
of autometic ballest controls which might cause oscillatory motion, these
rises and falls must be attributed to atmospheric disturbsnces since the
magnitude of the foreces required to produce such accelerations is far

greater than any which could be supplied by the control eguipment,

-28-




rinte radiosonde date,
oon would move with

of the balloon flight was
gy at New York University.
The results of this comparison {Figure 21) show that
the isobars toward lower pressure.
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Flight E8: Released from Alamogordo, New Mexico, 2033 MST, May 10, 1948
S2ight oF y
Recovered at Val D'Or, Quebsc

A .001" polyethylene balloon was the vehicle on this flight carrying a
barograph as well as an early model of the Olland-cycle pressure modulator,
This flight was releaged et night with a fixed ballast flow of about 300

ramg per hour expected to kesp the balloon afloat. From the barogram
%Figure 22) (l2-hour rotation) it appears that the orifice did not permit
sufficient (if any) flow to meintain buoyancy during the first several
hours (perhaps the orifice was clogged or frozen). After a descent to sbout
33,000 feet at smri<ea floating level was maintained with 4 kilograms of
ballast avallable, The full flow rate could not have been maintained much
more than the ll hours during which the balloon was at this pressure.
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NYU BALLOON PROJECT FLIGHT 58
Barograph Record Of GM 20 ft Plastic Balloon With
300 gm/hr Fixed Ballast Leak
RELEASED AT ALAMOGORDO, NM.— 2033 MST, 10 MAY, 1948

REGOVERED AT VAL D'OR, QUEBEC, CANADA-24 MAY,1948
ESTIMATED DURATION— 24 I/2 hrs.

Figure 22

On this flight, oscilletions in the pressure record were seen. With
no control system which ocould cause such behavior, they must be attributed
to atmospheric motion,

The descent point was compered with that expected from analyses of the
pressure field., The results of & number of such eanalyses are shown in
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As on Flight 55, the balloon appears to have moved across the

iscbars, toward lower pressure.

Figpure 23.

Figure 23

Redioc direction-finding tracking (SCR=~658) was used during the first

This was made possible by a strong output
that no harmful effects were experienced in

367 minutes of this flight.

The need for
measurements ol the temperature of the batteries was suggested by this

ite the ambsence of solar radietion.

from the battery, indicating

the cold atmosphere desp
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Flight 63: Released from Alemogordo, New Mexico, 1116 MST, May 13, 1948
Descended at Alamogordo, New Mexico

On this flight a Seyfang laboratories balloon, made of neoprene=coated
nylon, was flown with a valve in the appendix set to open after en internal
pressure of 0,02 psi was built up. On an earlier flight (59) such a bal-
loon was flown with no valve but an appendix held eclosed with & rubber
band; it ruptured upon becoming full.

Both & constant bellast-flow orifice and an automatic ballast control
were used to keep this balloon buoyasnt. In addition to the ballast, =
surplus of buoyancy might have been acquired when superpressure was built
up inside the cell, Desplte these controls, the ballom begen to descend
after & short period of floating, and its descent was not checked (Figure 24).
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Figure 24

An anelysis of the acceleration which could be gained from a loss of super-
heat indiceted thet if the coated febric had absorbed redistion and gained
50°C over the outside air, the superheat thus obtained would be so great
that its suhsequent repid loss (as by ventilation) could not be compensated
for even with the ballast flowing at full rete. To improve the anelysis

of balloon flights, a measure of the temperature difference between lifting
gas and air temperature wus suggested.
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Flights 68 through 72: In July, 1948 this serles of flights was made without
ballast controle to determine the netural buoyancy of the Generael Mills, Inc.
20-foot ,001" polyethylene balloons. Of five such flights, only two good
barogreph records were cbtained, one daytime flight (70) and one night flight
(71)s In both ceses & nearly constant level was maintained for about four
hours at the highest altitude reached.

On the barogram of Flight 70 {Figure 25) a section of arrested descent may
be noticed, preceded and followed by a nearly constant fall. The cause of
this step is not epparent, although a check has been made of the atmospherie
structure of that day.
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NYU BALLOON PROJECT FLIGHT 70

Showing 20" Generol Mills Balloon

Performance When No Ballast Was
Dropped

RELEASED AT HOLLOMAN AFB, N.M—JULY 81948
D833 M3T — RECOVERED AT KENT, TEXAS

Figure 25

On Flight 71 marked oscillations are seen at the floating level and elso
during the descent portion of the barogram (Figure 26). Clearly these must
represent atmospheric motions since no controls of eny sort were in use.
There is no reason to believe that rapid changes in superheat occured, since
the flomting level was far above the oloud level. Also the flight was made
at rnight and no sunshine wes encountered.
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Flight 78: Releasged from Alamogordo, New Mexico, 1948 MST, July 14, 1948
Reoovered at Lincoln National Forest, New Mexico

The objective of this nighttime flight was to determine whether a
fixed ballast lesk of 100 grams per hour would sustain a 20-foot, .001"
polyethylene balloon at floating levels near 50,000 feet. From the Olland-
cycle pressure record (Figure 27) it appears that loss of buoysney due to
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ELIGHT 723
Released at Alamogordo,N.M.
July 14,1948 - [948MST.
Recovered approx. 50Miles SE.
of Hollomar AFB
July 15,1948 — 1B30MST.
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Figure 27

diffusion and leakapge is more than this. Indeed, the balloon with this
ballast flow did not remein at altitude as long as either Flight 70 and
71 which were without altitude controls.
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Flight 74: Released from Alamogordo, New Mexico, 1040 MST, July 19, 1948
Not recovered

This was & test of a single 7-fcot balloon made of .OOL" polyethylene,
carrying & 4-kilogrem payload. Omépart of the load was the first model
of an automatic ballest siphon used to detect and telemeter the amount of
ballast being discharged through an autormatic ballast valve.

The balloon flew st 7000 feet MSL across a heated desert areas and intoe
8 mountein pass whose elevation was about 6000 feet MSL, During the first
two hours its behavior was reported by redio, end the eccompanying time-
height curve (Figure 28) shows how the ballast valve operated successfully
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Fipure 28

to sustain the belloon, During this turbulent flight dbout 200 grams of
ballest were sxpended per hour, but the pronounced orcgraphic and convective
currents probably necessitated more control than would be required in a

more stable stmosphere.

The very useful information ebout ballast flow was reported clearly, and
the principle of the auto-siphon was used repestedly on leter flights., Small
variations are seen in the pressure at which the ballast flow began. Since
the belloon was flosting below the base of clouds, this represents the changes
of activation pressure which resulted from changes of superheat of the air
entrapped in the aneroid.




Flight 75: Released from Alamogordo, New Mexico, 1010 MST, July 20, 1948
Recovered at Hollister, Californis

In order to reach hipgher altitudes than was possible when Z20-foot plastic
balloons were used, a 70-foot, .001"™ polyethylene cell was flown on Flight
75. To determine the duration of buoyancy of this type of balloon no cone
trols were used. Despite this, the balloon remained eloft for more then 60
hours and successfully withstood the loss of superheat cccasioned by at
least two sunsets. From the height-time curve of this flight (Figure 29)
the very marked effect of superheat is apperent.
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Figure 29

The record of the barograph was not complete since the clock stopped each
night (clearly recording the lowest elevetion reached, however) and ran
dowvn completely after 56 hours.

Since the small external appendix with cardbosrd stiffeners was not
suitable for the lerge balloon, & new design with aluminum formed stiffeners
(Figure »0) was uvsed. This type of eppendix closer worked well on later
flights, and it is likely that the long duration of this flight may be attri-
buted in part to satisfactory closing off of the aperture., In addition to
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maintenance of the purity of the lifting gas, this balloon floated in &

region of very low pressure, thus reducing the loss of buoyanay by diffu-
tgion.
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BATTENS OF .032"-17ST OR 24ST ALUMINUM,
EDGES COVERED WITH MYSTIK TAPE, 3 BATTENS

120* APART, BENT IN FIELD TO FORM LIGHT
CLOSURE OF APPENDIX.

Figure 30: Aluminum battens for balloon appendix

A third fector contributing to the long flight wes the heat gained by
adiabatic compression of the helium during descent. In the temperature in-
version of the stratosphere this adiabatic hesting woulé add to the buoyancy
by superheating the lifting ges.

From this flight it becomes epparent that the control required to maintein
buoysncy at high levels is much smeller then thet at low levels. On the next
day, before Flight 756 had ended, a second 70-foot balloon was flown with
standard autometic ballast controls, snd this flight was never recovered. Pre-
sumebly the merked easterly flow then observed above 60,000 feet carried this
second flight into the Pacific COcean.

Rader, RDF and theodolite were used to track the balloon,




Flight 78: Released from Alamogordo, New Mexico, 2038 MST, July 22, 1948
¥ot recovered

This flight was the first to be made with (white) thermistors exposed in-
side the .00L" polysethylene balloon, inside the battery box and exposed to
the air., The flipght was at night and the belloon tempereature was colder than
the air temperature by about 50C during the short period of time thet the
temperature valuwes were telemetered. The stendard SCR-658 receiver and
Friez radiosonde ground stetion were used to record this data which was trans-
mitted by & T-€9 radiosonde. A New Yerk University AM-1 transmitter was
used to send out pressure data,

An automatic ballast valve, activated by a mercury minimum-pressure switch,

was used to control ballast flow but the cold temperature presumably caused
the mercury to freege and no ballast flow was evidenced. (A ballast-metering
siphon was part of the equipment.)

On subsequent flipghts, the minimum-pressure switch used am electrolite
which can withstand the cold nighttime temperatures of the upper air.

The evidence of the thermistor in the battery box is very encouraging,
since after four hours of flight the tempereture remeined above 10°C, This
was the first measurement obtained on the cooling of batteries and indicated
that no special cold temperature beatteries were needed if insulation is care-
fully made., The temperature deta and the height-time curve ot Flight 78 are
shown in Figure 31,
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Flight 79:; Released from Alamogordo, New Mexico, 1614 MST, July 25, 1948
Recovered at Alamogordo, New Mexico

This was the third attempt to use a coated nylon balloon, sealed off with
a valve in the bottom. From Figure 32, the height-time ourve, it mey be seen

o l TIME (MST)
Figure 32

thaet this balloon did not remain aloft very long but that a hiph degree of
superheat was generated in the lifting gas, despite the aluminum coating
of the balloon.

The mutometic ballast controls included in the flight equipment were in-
operative, and as soon as the balloon lost its initiel excess buoyancy (corre-
sponding to the super-pressure meintained behind the safety valve) it de-
scended. From the speed of the descent it was computed that an accelerating
force equal to 5% of the gross load (52 kg) was acting to bring the bellocn
dovn. This force was in turn derived from the loss of lift enccuntered when
over 3500C of superheat was lost by ventilation.
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Flight 80: Released at Alamogordo, New Mexico, 1126 MST, July 24, 1948
Recovered at Rincon, New Mexico

On this flight an automatic ballast valve activated by & minimm-pressure
switch wag used to support a .O0l", 20-foot polyethylene balloon. From the
height-time curve (Figure 53) it may be seen that the balloon remsined at its
maximum height for two hours, then began to descend slowly. A ballast meter
was in use, and no ballast tlow was recorded until the balloon descendsd to
about 30,000 feet. It is likely that the mercury minimum~pressure switch was
frozen at the higher levels, or that the sgquib which the switch controlled
failed to detonate until & higher pressure was reached.
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Figure 33

Following the activation of the aneroid capsule of the automatic ballest
velve, ballast was released in four separate blocks. With each flow of
ballast except the fourtn, the balloon was returned to the seal-off pressure
of the aneroid with no change in this pressure (321 mtz28,500 feet), The
fourth ballast-flow period lasted until the balloon had risern to 330 mb(30,000
feet) and ballast cut olf there. Since the sun had set between the third and




fourth ballast-flow periods, this rise in "ceiling" is attributed to the
‘¢ooling of the air entrapped in the aneroid of the .automatic ballast wvalve.
This decrease of pressure of 21 mb corresponds to & loss of 89C of superheat.
In each of the four periods of ballast flow, there was enough unnecessary
ballast lost to cause an overshoot when the balloon returned to its iloating
level. This excess ballast was that used during the pericd when the balloon
had begun to rise but was still below activation altitude of the autometic
ballast valve. The inefficient use of ballast was one of the major objections
to such a control system,

On this flight the ballast load of 3 kilograms was exhausted in only
three hours, indicating a lerge loss of gas from this particular balloon.
It is believed that the large initial acceleration provided by the rapid de-
scent of the balloon caused the restoring force, and the subsequent over-
shoot, to be very large, and the high ballast flow is probably much greater
then was the loss of buoyancy on this tlight.
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Flight 81: Released from Alamogordo, New Mexico, 0548 UST, August 6, 1948
Not recovered

The balloon flown on this flight was made of .004" polyethylene, and it
was eggplant shape about 20 feet in diemeter and 25 feet lonpg. The t'irst of
its kind, this balloon was made by Goodyear Tire & Rubber Company, Inc.

Only & short period of radio reception was cbtained, but during this time
the balloon rose with predicted speed (500 feet per minute) nearly %o its
predicted aititude (40,000 feet) and floated within 1500 feet of the 37,000~
foot level. Figure 34 is the height-time curve for this flight.
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Figure 34

Since the bmlloon aid not descend far enough below its maximum altitude
to activate the minimum-pressure switch and the automatic ballast valve, no
ballast flow date was telemetered wnile the balloon wes within the radio
range. This indicates a very low rate of gas loss through the walls of this
balloon.
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Flircht 82: Released from Alamogordo, New_Msxico, 0515 ST, August 10, 1948
Recovered a+t Roswell, New llexico

This flight was made with a 20~foot, 001" polyethylene balloon carrying
a load to 54,000 feet and sustained by a tixed-leak orifice control, ex-
pending ballast at abcut 525 grams per hour. With 4500 grams of ballast aboard
the balloon should have been increasingly buoyant tor 8% hours after release.
From the barogram (Figure $5) it may be seen that the ceiling did rise, at
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8 rate of 700 feet per hour (525 grams of ballast was lost each hour), for
about 7. hours, and then generally accelerating descent was experienced.

On this flight, redio reception was maintained for the entire air-borne
period of 11 hours, Flight 82 is a rood example of tlight using & single
fixed=leak orifice for altitude control by ballast dropping.
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Flight 86: Released at Alamogordo, New Mexico, 1542 MST, August 17, 1948
Yot recovered

The objective of this flight was to carry & standard radiosonde to a
high level; there it was to be released on a parachute and, at the moment
of relesase, the batteries for the transmitter were to be activated, To
accomplish this a pressure-triggered switch was rigged on a 001", 20-foot
polyethylene balloon. Below the baroswitch a standard T-69 radiosonde was
supported with a parachute stuffed into a case also hanging from the parent
balicon (Figure 36)., Two plugs were set to keep the transmitter circuit
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Fipure 36: ZEguipment train, Flight 85

open until the baroswitch fired the “cannon" which severed the supporting line.
Then the circuit plugs were to be pulled rrom their stops, and the paracnute
was ©o be pulled from its sock, supporting the radiosonde on its descent.

The tailure of this system to act may be attributed to the use oi & squibd

to fire the line=-cutter cannon. Subsequent tests at lower levels {where the

squibs work better) were mede with & satisimctory release and activation of
the "dropsonde."
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Flight 86: Released from Alamogordo, New Mexico, 0941 MST, August 19, 1948
Recovered at Valmont, New Mexico

This was the fourth flight made with a single, 7-foot, 001" polyethylene
balloon (Figure 37), carrying a light load to relatively low altitudes.

Figure 37: 7-Foot polyethylene balloon

On Flight 74, the automatic ballast meter showed that a ballast flow of 200
grams per hour was required by an autometic ballast valve on such a balloon,
Flight 84 was launched in August, 1948 with a low-altitude barograph and no
altitude controls to ascertain how long such a balloon would stay up. Using
radar and helicopter that balloon was tracked for nearly 2 hours at an altitude
of 12,500 feet with & load of 3 kilograms. 1t was still floating when lost.

On Flizht 86, a fixed ballast leak was used, set at 170 grams per hour.
After an early Tailure of the radiosonde transmitter, this balloon was followed
with a plane; a floating level of about 14,500 feet was mmintained for 4 hours,
with a rise of "ceiling®™ of about 1200 teet per hour.

This balloon was cbserved during descent and was still distended, indicating
that the lifting gas had been replaced by eir both before and during descent.



http://www.gl.iit.edu/wadc/history/roswell/report/p577.html

Flight 88: Released from Alamogordo, New Mexico, 1241 MST, August 25, 1948
Recovered at Lovington, Texas

This flight was planned to measure the diffusion and leakamge of lifting
gas through a 20-foot, .001l" polyethylene balloon st 40,000 feet. A fixed-
lesk orifice was set to flow at 100 grams per hour, and an autometic ballast
valve wag included to supply more ballast as demanded., This automatic valve
broke on release, and the flow of 100 grams per hour wag not sufficient to
keep the balloon and equipment up.

Temperature data on this flight wes obtained from thermistors inside the
balloon, inside the battery and in the free air. These data and the heirhte
time curve are shown in Figure 38. During the period irom 1400 to 1530 when
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the balloon wes slowly descending, the temperature of the gas increased with
respect to the free air temperature, and a differential of 159C was recorded
at 1530. With subsequent, more rapid descent, this differential was reduced,
presumably by ventliletion. The battery box temperature remsined sbove 10°C
after four hours aloft,
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Flight 89: Released from Alamogordo, New Mexico, 100§ MST, Aupust 26, 1948
Not recovered

On this flizht & 001", 20-foot polyethylene balloon was used to carry
g ballast meter to about 45,000 feet to determine the ballest requirements
at that altitude, using an automatic ballast valve., No record of ballast
flow was telemetered during this flight, but it is not lmown whether the
ballast meter was inoperative or the ballast valve itself failed--possibly
due to failure of & squib to detonate at the combined low pressure and cold
temperatures slof't.

From the height-time curve, Figure 39, it will be noted that the balloon
was in a near floating condition for about five hours after maching its maxi-
mum altitude. The total weight available on this flight was 2 kg, so & loss
of 400 grams per hour would have been required if the ballast was used
during this period.

From Flights 70 and 71 we know that a balloon has remsined for about four
hours at slightly higher altitudes with no ballast flow to support it; Flight
89, therefore, is not necessarily an example of the sction of the automatic
ballast valve control.

T A

HEIGHT TIME GURVE \

FLIGHT89 \
Released ot Alomogordo, N.M.

Aug. 26,1948~ I005MST \

\

[
o

N muumoffmmvtsm
\
./—/

{Oland Cycle Dato)

e

5

1100 200 1300 1400 1800 800 700 nOo oo
TIMNE (M.ST)

Fipure 39

-4 7=




Flight 90: Released from Alamogordo, New llexico, 1502 MST, August 27, 1948
Recovered at Roswell, New Mexieco

The .001%", 20-foot polyethylene balloon used on this flight was released
in mid-afternoon to provide a test of the sunset eftect on a balloon supported
by the automatio ballast valve.

From the height-time curve, Figure 40, it mey be seen that the balloecn
had attained a floating altitude shortly before the sunset and that the
action of the automatic ballast valve was sufficient to restore the buoysncy
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and cause the balloon tosgain reech a floating condition. The difference be-
tween the two floating lwels may be explained bv a consideration of the suto-
matic ballast valve and the minimum-pressure switeh which was used to seal

off its aneroid capsule. Since the balloon had not fallen far enough %o permit
the switeh to seal off the valve before sunset, this ection was accomplished
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during the sunset descent (caused when the superheated helium lost the sun's
heating effect). A further descent of 5 mb (500 feet at this level) was re-
quired to start the flow of ballast. By this time, the balloon had lost
considerable 1ift end in exchange had scquired a downward velocity of about
120 feet per minute. To check this descent a ballast tlow was required for
gbout 40 minutes, During the next hour the balloon was buoyant and climbing
back to the seal-off pressure of the sutomatic ballast valve, The ineffi-
ciency of this valve system is demonstrated by the ballast which was lost
after the balloon had regeined its buoyancy and had begun to rise, More
ballast was wasted than ims required to check the descent. Indeed, the
entire 3000 grams available was expended at this time, according to the evi-
dence of the ballast meter,

On this flight there was no apparent change in the ectivation pressure of
the autometic ballast eneroid betwsen the times when ballast flow began and
ended. This indicetes thet the ertrapped air had not experierced any signi-
ficant temperature change during the. two hours of ballast operation.




Flight 92: Released rrom Alamogordo, New Mexieo, U911 MST, August 51, 1948
Recovered at Ft. Stockton, Texes

On this flight an sutomatic ballast valve (with ballast meter) was used
to support a 20=foot, .001" polyethylene balloon. The automatic ballast valve
operated properly for ebout six hours, and 3000 grams of ballast was ex=
heusted soon after sunset. In this case {Figure 41) the floating level of the
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balloon was not seriously affected by sunset as was the case in Flight 90,

since the belloon had already descended to the activation level of the auto-
metic ballest valve. This descent followed about three hours of reletively
stable flight during which time no ballast wes released., The 5000«foot de-
scent represents the delay in operetion caused by the activetion of the aneroid
capsule by a minirum-pressure switch, added to the leg of the sneroid itself.
Following the initial mctivetion at about 38,500 feet, smell oscilletions were
introduced into the flight pattern by the mction of the automatic bellast wvalve,

Flight 92 provides & good example of the control of & balloon's eltitude
by the use of a pressure-~set automatic ballast velve., In such a flight there
is no tendency to rise to higher end hipher levels. The adulteration of the
lifting gas with #ir reduces the buoyancy of the balloon, and through the
ballest-velve control, the load is diminished to the seme extent so that
6quilibrium is meintained at the activetion pressure of the automatic bellast
velve's enercid. In this flight the amltitude constancy achieved was the best
of all flights made to date. For seven hours end 35 minutes this belloon was
held within 1000 feet at 38,000 feet MSL. (At this mltitude 1000 feet corresponds
to a pressure difference of 10 millibars.)
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The sunset effect resulted in a rise of about 500 feet (5 mb) in
the floating level of the belloon at 1830 MST. This seems to be due to a
change in the effective seal-off pressure of the eneroid capsule of the auto-
matic ballagt valve which wag the consequence of a decresse in the temperature
of the trapped air inside. The rise in altitude experienced corresponds to
a decrease of temperature of about 6°C, the superheat of the aneroid, which
was lost at sunset. This valve may be compared with the 30°C found on
Flight 10, On the earlier flight a black valve was used while on this flight
the equipment was polished eluminum, with & highly reflective surface.
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Flight 83: Released from Alamogordo, New Yexico, 0712 MST, September 1, 1948
Recovered at Neuves Casas Grandes, Chihuahua, Mexico

Thie daytime flight with a 20-foot, .00l" polyethylene balloon went up
with defective ballast controls; consequently the flight's main value 1z in
showing the netural stability of such a balloon without any eltitude con-
trols. As with Flight 88, which went to about the same height (40,000 feet),
this belloon remeined at a near-floating level for less than two hours
(Figure 42), It is interesting to compere this duration at 40,000 feet with
the four-hour duration at 50,000 feet shown on Flight 70 and 71, Probably
the effect of reduced pressure on diffusion of the lifting gas is a major
factor contributing to the longer floating period &t the lowser pressure,
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Flight 94: Released from Alamogordo, New Mexico, 1208 MST, September 3, 1948
Recovered At Villa Ahumada, Chihuahua, Mexico

On this flight, & fourth attempt was mede to sustain a Seyfang, neoprene-
coated nylon balloon., On Flight 79, a previous Seyfang flight, no ballast
equipment had been in operation, and so & careful record of ballast flow on
Flight 94 was desired, This was provided by a ballast meter., In addition to
this and the barograph and Olland pressure-measuring instruments, a thermo-
graph was algo pert of the equipment train.

The height-time curve (Figure 43) shows that the initial buoyaney sur-
plus of this balloon (for the most part due to superpressure held behind
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the safety velve) was reduced by diffusion so thet after one hour of floating
it began to descend 2%t an accelerating rate, After falling about 2000 feet,
the autometic ballast valve began to operate, and ballast was discharged at
the rate of Z0 grams per minute. During the descent, however, the strong
superheat which the balloon had acquired was reduced by ventilation.

The adiabatic lapse rate of helium is 2°C per kilometer, whereas air in
the troposphere warms up about 69 with sach kilometer of descent. This
moans that with each kilometer of fall, the lifting gas was cooled relative
to the air by an additional 4°C. The combination of inertias, loss of super-
heat through ventilation, and adisbatic cooling of the gas as it was com-
pressed, proved too great for the limited flow of ballast through the aute-
matic valve, and the balloon fell unchecked to the ground.

From Flight 79, it was determined that superheat of nearly 40°C ig built
up when Seyfang ballcons are flown in the sunshine, If this were lost, the
buoyency of the balloon would be reduced by one-sixth, and no satisfactory
control could be achieved by ballast droppirg.
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Flight 96: Released from Alamogordo, New Mexico, 0733 MST, September 8, 1948
Not recovered

Cn Flight 96 a ,001", 20-foot polyethylene balloon was used to cerry s
ballast meter to sbout 45,000 feet to determine the flow required at that
altitude using en automatic bellast valve. No record of ballast {low was
telemetered during this flight, but it is not known whether the meter was
inoperative, or the valve iteelf failed--possibly due to failure of a squlb
to detonate at the combined low pregsure and cold temperature mloft.

From the height-time curve, Figure 44, it will be noted that the balloon
wes in & near-floating condition for about four hours when the transmitter
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signal gave out. There is no way of telling whether the constent-level
flight cbtained was due to the natural buoyancy of the balloon or the action
of the sutomatic ballast valve,
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Flight 97: Released from Alamogordo, New Mexico, 0856 MST, September 10, 1948
Recovered at Duncan, Oklahoma

On this flight & ,001", 20-foot polyethylene balloon was used to test a
new type of ballast control. In this system, ballast flow was excited at any
altitude if the balloon descended at a rate equal to or greater than 1l milli-
bar in five mirutes,

The buoyancy record and the Olland-cycle pressure data cobtained from this
flight show & disagreement of ebout 10,000 feet (Figure 45)., ¥o explanation
hes been provided for this difference and the following evidence has heen
considered. The predicted floeting level was about 45,000 feet, in agreement
with the Olland-cycle radiosonde date., On the other hand, the balloon rose
extremely slowly and may have teken in air to dilute the lifting gas. In this
event, the floating level might easily have been reduced by 10,000 feet.
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Once at the floeting level, however, the balloon was maintéained within
1000 feet (or 1200 feet) of a constart level for over four hours. This in-
dicated that the control system wes in operation since previous flights
(88 and 93) at this altitude descended after about two hours of flight with-
ocut ballast,
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Flight 98: Released from Red Bank, New Jersey, 0948 EST, Cctober 28, 1948
Not recovered

On Flight 98 a 20-foot, .O0Ll"™ polyethylene balloon was used to test
radio reception using & new model of the Olland-cycle modulator and a T-69
radiosonde transmitter. Three receiving stations were used, with elevation
and azimuth angles as well as the pressure altitude recorded by RDF (SCR-658)
equipment. The trajectory of this flight (Figure 46), reconstructed from the
data received at the ground station, indicates that the balloon was more then
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17§ miles from the Nantucket stetion at the time the signal was first re-
ceived., This reception is much grester than may be expected from most
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SCR=6568 ground setswhen the T-6% transmitter is used. The signals obtained
were not very strong, and there was only en interrupted record of the pressure
height, From the height=time curve (Figure 47) it will be seen that a three-
to four-hour period of floating was recorded, &t an altitude near 50,000 feet
MSL. This is in good agreement with the results obtained from earlier flights
(70 and 71) st this level when no control apparatus was included.
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Flight 102: Released from Red Bank, New Jorsey, 1023 EST, December 9, 1948
Not recovered

Flight 102 was the first test given to e 30«foot, ,001l"™ polyethylene bale
loon menufactured by General Mills, Inc.; with this belloon a 30-kileogram pay-
loed was successfully lifted to 58,000 feet., A combinstion rete-of-sscent
switch and displacement switch was used to control ballast flow, but no record
of ballest was made since the bailast meter wes broken at launching.

Flight date was received by three ground stations, and the signal from the
AM-1 trensmitter {with about 10 pounds of batteries) was received for ebout
400 miles. This wes a good test of the distance to which a signal may be
transmitted by the AM-1 (N,Y.U) transmitter under daytime conditions. The
trajectory of this flight is Figure 48.
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In the height-time curve (Fipure 48) it is interesting to note the descent
which began shortly before sunset., Thers is reason to believe that this
fall was being checked by ballast flow. The normal descent after & balloon
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begins to fall is accelerating, while on this flight accoleration is evident.
With & loss of 109C supsrhest, and a limited flow ($00 grams per hours), it
would require two hours of flow to restore the bucyancy of the balloan.

This is a demonstration that more rapid compensation is required.

FLIGHT 102
Released of Red Bonk N.J.
Dec.9,1948— 1023E ST
/ GLLAND CYCLE DA

3
Thamends of Foot shove ML

=59-




Flight 103 through 1l11: These flightswre releaged in January and February,

949 from Alamogordo, New Mexico tc test the action of the combined bellast
controls (displacement switch and rate-of-ascent switch)., Receiving units
were stationed at Alamogordo; at Miami, Oklahoma and at Nashville, Tennessee;
aireraft were used both te receive the signel and also to track and position
the balloon by the use of the radio compass,

For the f'irst time on these flights, a progrem switch was used to permit
a single transmitter to trensmit three temperature signels as well as ballast-
flow data and pressure information. By Interrupting the pressure and ballast
data for short intervals of temperature data, all of this informetion was
tolemetered with the AM-1 (W.Y.U.) transmitter.

Airoraft reception of 500 miles was reported on these flights, but pround
reception was limited to about 250 miles, perheps due to mountains surrounding
the receiving station.

No significant data was obtained on four of these tlights, and on tweo
more the principal objective of the flight was defeated by the excessive gas
loss from the balloons.

From the height-time curves of Flights 103 and 107 (Figures 50 and 51)
may be seen that even with constant ballast flow (at 2400 grams per hour)

30§~ .
: FLIGHT 103
s Relsased at Alomogordo, N.M.
=por- Feb. 4,1949— 10I5 MST -
E OLLAND £YOLE DATA
H L [T
| : 1
Sl _
[~
x|

U A- A Temp.
P o-Bel. "
[ C-Bett. "

o
TEMP . -Deg.C
l

TIME-NST

Figure 50

-60=




S S—

= 1 1 1 i T

A= Ar Toemp.

FLIGHT 107
Releosed ot Alamogordo,N.

Feb.9,1949- G706 MST
OLLAND CYCLE DATA
1 I L]

B- Bellean Tamp.

' G- Battery Tomp.

b )
g . i
' TIME - M3T

; Figure 51

the balloon continued to descend. In both cases the token ballast flow on
the ascent portion of the tlight indicates that the controls were operstive,
but there was no test of efficiency since on-off operation was never per-

The temperature data of these flights is in generally good agreemsent with
that seen earlier with the ballocn gas being warmed by the sun to acquire
a superheat of 10° to 209C,.
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Flight 108: Released from Alemogordo, New Mexico, 1015 MST, February4, 1949
Recovered at Mountain View, Oklahoma

On Flight 103 a B-17 airplane was used to follow the belloon, homing in
on the signal from the AM-l trensmitter with the radio compass. There were
few clouds over the first section of the balloon's path, and very exact
positioning was obtainable. The compass needle reversed almost immediately,
and no cone of silence was found when the plane passed beneath the balloon.
™e fixes indicated on the trejectory (Figure 5Z) show how exactly the path
of the balloon may be determined when trecked in such a manner.
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Flight 104: Released from Alamogordo, New Mexico, 1123 MST, Feburary 5, 19549
Recovered at Hale Center, Texas

On this flight a stepwise floating level was achieved by the dropping of
weight from the 20=foot, .001" polyethylene balloon. From the height-time
ourve (Figure 53) the climb from 35,000 feet MSL to 47,000 MSL can be seen.
A time clock was used to start the rapid flow of ballast after about one hour
at the rirst level, Following the exhaustion of all ballast, the ballast
reservoir itself was released to cause the final rise of the balloon.

By the use of this technique, atmospheric sampling of any kind may be
conducted with two or more levels sampled on & single flight. Without using
any control to keep the balloon constantly at a given altitude for a long
time, the sampling steps should not be expectsd to be much longer than one
hour apiece.
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Flight 106: Released from Alamogordo, New Mexico, 0657 MST, February 8, 1949
Recovered at Ellsmore, Kansas

This was the first flight to clearly demonstrate the efficient action '
of a combination ballast controle-displacement switech and rate-of=ascent
switch--on & 20-foot, .00l™ polyethylene balloon. From the height-tine curve
and ballast-flow record (Figure 54), it will be seen that the ballast con-
trol was oparating at 41,000 feet MSL during the period of radio recsption _
from Alamogordo, New Mexico. By the time the second receiving station picked |
up the signal, all of the ballagt had been exhausted and the balloon wae :
falling. On this flight a high loss of lifting gas caused the total ballast
load of 600 grams to be exhausted in less than five hours. (Average used in
first two hours was 1700 grams per hour.)
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The descent point of this balloon was compared with thet predicted from a _
study of the atmospheric pressure patterns at floating level. Assuming geo-
strophic flow, members of a graduate class in meteorology at New York :
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University computed the points of descent seen in Figure 55, As in the cases
of Flights 55 and 58, the balloon appears to have moved across the isobars
toward lower pressure.
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Flight 110: Released fram Alamogordo, New Mexico, 0649 MST, Februery 11, 1949
4
Recovered at Kershaw, South Carolina

This flight had as its main objectives the testing of a Winzen Research
Inc. ,0015", 20=-foot polyethylene balloon, and further testing of the combina-
tion ballast control--displacement switch and rate-~of-ascent switch. Following
the initial ascent of this flight, a slow descent resulted from loss of
lifting gas. Three hours were required for a descent of 2000 feet to the \
pressure where ballast flow was begun. This &and the general flight pattern '
indicate the satisfactory nature of this Winren Research Inec. balloon, After '
ballast started, the valve stuck and a constant flow at 1800 grams per hour !
followed, The rising ceiling seen in Figure 56 is the typical flight
pattern for a balloon whose load is being steedily decreased at a rete in

excees of the loss of bucyuncy.

b T T e

RECEIVED AT

<~...__n£czln:o AT MiAMI, OKLA.
ALAMOGORDO i /
B 1
RECEIVED AT
20" Winzen Bollgon NTSHVILLE, TENN.
20 FLIGHT O
Releosed at Alamogordo, N.M,

Feb. ll, 1943- 0649 MST

Recovered ot Kershaw, S.Cor.
OLLAND GYGLE DATA

- ] I !Lm

Guliest velve shiek, Cavting
continug! flow & rive of balloen

l: 1 Z":'. 'E.Tf.‘._-_'.:‘ : e
ome | cho | _woo | e | o
Figure 56

On this flight all three of the receiving stations positioned along the
expected path were able to receive and record the pressure and ballast sig-

nal. No temperature equipment was flown.
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A comparison of the point of descent predicted from geostrophic flow
and that actually observed was made by members of a graduate cless of
meteorology at New York University (Figure 57). Using an airplane fix
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Figure 57

made during the flight the actual trajectory seems to have peen well to the
north of the "center of gravity" of predicted points of descent, and the
actual flight path was considerably longer than that predicted. Since the
pressure pattern at the eastern end of the flight was anticyclonic, this
seems to be in accordance with the icdea of super~-geostrophic flow associated
with entieyolonic systems. As in all the earlier cases where such a study
was made, the belloon apparently moved across the iscbars toward lower
pressure.
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Index

(A1l references are to tlight numbere.

The number of the flight on which s

particular instrument or principle was first demonstrated is underlined.
For example, airborne radio direction finding was first used on Flight 41,)

Adiabatic tempereture changes, 60, 75,

94

Airborne radio lirection-finding, 41,
103, 110

Aireref¥ tracking, 5, 7, 11, 12, 13-
20, 86, 103
Air flow
deformetion of, over mountain
range, 11
geostrophic, compared with ballcon
trajectories, b5, 58, 106, 110

Altitude sensitivity, 52, 82, 86, 110

Appendices (external) on polyethylene
belloons
first use of, 13
need for, demonstrated, 12
stiffened with cardboard, 20, 39
stiffened with metal, 75 ~

Arrays of rubber balloons
cluster, 7
linear, 5

Atmospheric oscillations, 10, 52, 55,
68, 63, 71

Automatic ballast valve

effect of superheat on, 10, 74, 80,
92

first activated by minimm-pressure
switch, 12

first use of, §

sunset effect on, 80, 90, 92

typleal tlight with, 92

Ballast meter
need for, demonstrated, 29=3%
use of, 74, 78, 80, 86, 89, 90, 92
94, 96, 102

Ballast requirements
with 001", 7'-diameter polye
ethylene balloons, 74
with 001", 20'~diameter poly-
oethylene balloons, 54, 68, 60,
80, 92, 106

Ballast requirements (cont'd.)
with .008%, 15'=diameter polyethylene
balioon, 11
with Seyfang balloon, 94

Balloons
flights using other than pelyethylene
neoprens-coated nylon (Seyfeng),
59, 63, 79, 94
rubber, 5, 7
shrouded rubber (Dewey and Almy),
23, 38, 66, 87
flights using polyethylene
001", 7' -dinmeter, 74
+001%",20! =diameter, 12
.001", 70! -diameter, 75
001" ,30'-diameter, 102
.004",20'-diameter, 17
.008",15'-diameter, 10

Barograph
longest record of, 75
need for, demonstrated, 17, 29, 30, 32
use of (Fergusson), 33, 35, 39
use of new model (Lange), 52

Buoyancy
chenges in, due to sunset, 75, 90
natural

Seyfang belloons in the troposphere, 79

7'~diameter polyethylene balloons
ir the troposphere, 86

20t=-diameter polyethylene belloons
in the stratogphere, 60, 96

20'=diameter polyethylene balloons
in the troposphere, 70, 71, 88,
83, 98

701-diameter polyethylene balloons
in the stratosphere, 75

Combination control (rate of ascent ballast

switch with displacement switch)
first use of, 102
typical flight with, 106

Controls
first use of
autometic ballest valve, 5




! Controls, first use of (cont'd,)
fixed needle~valve ballast leak,11
fixed orifice ballast leak, 43
minimum-pressure switch with auto~
matic ballast valve, 12
rate-of-ascent ballast switch, 57
: rate-cof-ascent ballast switoh
combined with diaplacement
switoh, 102
superpressure, 23
lifter balloons, 5, 7
‘ solid ballest, 5, 7
: superpressure, 23 38, 69, 63, 66,
79, 87, 94
' typioal flight with
automatic ballast valve, 92
| fixed bellast leak, 82
rate-of-agecent ballast switch
combined with displacement
switch, 102

| Deformation of air flow over mountain
; range, 11l

Destruction device
first use of, 10
first use of new design (rip-out
principle), 41, (Fig. 16

Dewey and Almy, shrouded rubber
balloons, 23, 38, 66, 87

Dropsonde, 85
Easterly winds at high levels, 60, 75

Fixed-leak ballast contrel
first use of, 11
typical flight with, 82

Flight patterns, typical

with polyethylene balloons and
automatic ballast-valve control,
92

with polyethylene balloons end auto
matic bellast-valve control
thru a sunset, 80, 952

with polyethylene balloons end
fixed flow of ballast, 82
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F typicel éoont'd

th rubbernfhlloons an cremént
ballast loss, 5, 7

Geostrpphie eir flow, compared with
balloon trajectories, 655, &8, 106, 110

Lange barograph
first use of, 52
longest record of, 76

Lifter balloons for altitude contrel, 5, 7

Meteorograph, Fergusson, Ei, 35, &9

Minimum-pressure switch
failures due to freering of, 78, 80
first uee of, 12
need for, demonstrated, 11

Olland-cycle pressure modulator, use of,
43, 52, 56, 58, 73, 97, 98

Oscillations in the atmosphere, 10, 52,
b5, 68, 63, Tl

FPolyethylene balloons
Tt-diameter, 74, T6, 84, 86
30'=diameter, 102
15'-dismeter, 10
20'-dismeter, IZ, 17
70'-diameter, 75

Pressure~-measuring instruments
barograph, 33
Lange barogreph, 52
Olland-cycle moduTator, 43, 52, 55, &8,
78, 97, 98

Program switch, use of, 103
Radar tracking, 75, 86

Radic direction=finding
airborne, 41, 103, 110



Radio direction=-finding (cont'd.) Trecking (cont'd.)
SCR=858, 12, 13~20, 56, 58, 60, 75, theodolite, é, 7, 11, 13=20, 56, 60,
78, 81, 58 75

Rate of rise, excessive, 13, l4, 16,39 Trajectories, 11, 65, 58, 103, 106, 110 \

Transmitters
Rul ba . i
bber balloons, S5, 7 % mo (AM-1) ’
first use of, 12 :
longest reception distance with, 102

longest reception time with, 92
te -
Seyfang, neoprene-coated nylon bal 397 (1-69) ‘

L)
loons, 59, 63, 79, 94 first use of, 12,
Solid ballest for altitude control, longest reception diatance with, 82
5, 7 longest reception time with, 82

Stepwise pattern of floating, 104 Typical flight patterns, see Flight patterns,
typical
Sunset effect
on automatic ballast wvalve, B0, 90,
92
on buoyseney, 5, 75, 90

Superhesat
effect on automatic ballast walve,
10, 74, 80, 92
effect on buoyancy, 75, 79
effect on Seyfang balloon, 59, 63,
79, 94 "‘

Superpressure balloons
Dowey end Almy, shrouded rubber,
2%, 38, 66, 87
SeyTerg, neoprene-coated nylon,
59, 68, 79, 94 '

Temperature measurements, need for
showm, 58, 63, 73, 78, 88, 103,
108, 107

Theodolite observation, 5, 7,11, 13-
20, 56, 60, 75 '

Tracking
aireraft, 5, 7, 11, 12, 13-20, 86,
103
radar, 86, 75
radio direction-finding
airborne, 41, 103, 110
SCR-668, 12, 13-20, 56, 58, 60,
76, 78, 81, @8
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THE BALLOON PROJECT TECHNICAL REPORT

Section 1. Introduction to Problem

On 1 November 1946, the Ressarch Division of the College of

\
1 Engineering of New York University entered into Contract No., W28-099-ac~241
; with Watson Laboratories, Air Materiel Command. Under this contrsct, the
! University was commissioned to design, develop and fly constant-level
balloons to earry instruments to altitudes from 10 to 20 km, adjustable at
2 km intervals.
The following performence was specified:
6. Altitude shall be maintained within 500 meters
be Duration of constent=level flight to be initielly 8 to 8 hours
minimum; eventually 48 hours
¢+ The nccuracy of pressure observations shall be comparable to that
obtkinsble with the standard Army radiosonde (: 3 to 5 mb)
Monthly reports have besn submitted to describe the progress of the
project, however, much data and details of technical nature were given only
in & qualitative way. It is intended to collect these data in this technical
report and to review at the seme time the total achievement of this phase of

the project,

Section 2. Method of Attack

A, Balloons

A survey was made of previous attempts to produce = constant-lavel

balloon; such aa, the experiments by Meisingerl with manned balloonsg, the
shrouded meteorological balloon developed by Dewey and Almyz. the Japanese
balloon bombss, and the clusters of meteorological balloons which have been

4
uged in cosmic ray investigations by Compton, Korff and others .
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Fram this survey and s study of aerostaties, 10, 15, 16 it appeared that

& non-extensible balloon is highly desirable due to the vertical stability
exhibited when such & balloon is full of the lifting gase: A non-extensible
balloon with no diffusion or leekege through the walle, which could withatand
& high internal pressure, would automatically remain at the density where

the buoyancy of the full balloon equaled the load. In practice, control
devices are needed to offset the leskage end diffusion of the lifting gas

and to correct for the motion of the btalloon due to diurnal changes of

the balloon's tempereture end to correct for vertical wind currents in the
atmospliere, It was decided to use a plestic es the balloon fabric, since
eveilable plastics have suiteble charscteristics, end are also relatively

inexpensive as compared to coasted febrics.

The desirable properties to be considered in the selection of a
plestic balloon material are:

e. Ease of fabrication

b. High tear resistence

c. Light welght

d. High tensile strength

e, Chemical stability

f. Low permeability

g« Low brittls temperature

h. High transparency to heat radietion

Teble I is aqualitetive-cheracteristics catalog of the film and
febrics investigated. The dete in the table are presented es epproximstions
because of the greet varistions of & given property with choice of samples

end test methods. From this study, polyethylene, nylon, saren, snd neoprene-




coated nylon seem to be most generally satisfactory.

Eighteen plastics

and balloon febricetion companies were contacted in an attempt to secure

fabricators.

Febrio
Polyethylene
Saran

Eylon
Vinylite

Teflon

Ethocellulose

Fliofilm

Nylon or silk
febric cosated
with:
l. Neoprene
2, Butyl
rubber

3. Folyethylene
4. Saran

Table I
Ease of
Low Temp. Permea- Tensile  Tear Fabrice- Stability to
Properties bility Strength Resistance tion Ultraviolet
Good Medium Low Good Good Good
Fair Low High Poor Fair Fair
Good Low High Low Good Good
Very poor Medium Nedium Good Good Good
Believed Low High Good Cannot be Good
good fabricated
Good Very Low Fair Good Good
high
Poor High Poor Fair Good Poor
Fair Low High Fair Fair Fair
Good Low High Feir Fair Good
Unknown -—

Unknown ==




Table IT shows the balloons which have been purchased trom those

manufecturers who expressed an interest in the problem.

Table II

Film type, thioclmess, Special Unit Delivered
Company dismeter, shape Features Cost to date
H. A, Smith .004 Polyethylene Proto- $150.00 4
Coetings, Inc. 3 feet diemeter type

spherical
H. A, Smith .008 Polyethylene Low $530.00 5
Coatings, Inc. 15 feet dismeter Permeability

spherical
H.A. Smith .004 Folyethylene Low $530.00 5
Coatings, Inc, 15 feet dimmster Permeebility

sphericel
General ¥ills,Inc. .00l Folyethylene Stressed $20.00 25

7 feet diameter tape type

Teardrop. seem
General Mills,Inc. .00l Polyethylene Stressed  $125.00 47

20 feet diameter tape type

Teardrop. seam
Dewey & Almy A spherical nylon $339.00 2

cloth shroud around
a neoprene balloon.

Cheinical Co.

Teble II is based upon final or modified orders in those cases where
the rapid progress of flight technique rendered certain features obsclete !
before the balloons on order were delivered.

Figure 1 shows the sphericel balloon &s originally designed. This
type of balloon was made of ,004 and .008 inch, heat-sealed, polyethylene.

It had several good characteristics, such as very low leakapge, but the method

of load attachment furmished by H.A. Smith, Inc., was not satisfectory. Of

the six balloons of this type which were used, two ripped free from the shroud

lines during launching.
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Figures 2 and 3 show the tear-drop cell of the stressed tarpe
design developed by General Mills, Inc. The film is ,001 inch polyethylene,
butt-welded, with scotch tape laid along the seam to reinforce the seal and
to carry and distribute the load. These strips, which converge to the load

ring et the bottom, ectually support the load,

The overloading of & @eneral Kills 20-foot balloon on Flight 12 et
Lakehurst kept the lower end of the balloon open during ascent. The
ceiling was greatly reduced by the resulting dilution of the helium with
air, On leter flights an unsuccessful attempt to minimize this mixing
was mede, using s 10-foot external eppendix pessing through the shroud
lines. This appendix foulsd in the rigging snd twisted completely shut,
causing the balloon to burst et pressure=-altitude. A modification with
a 10-foot appendix outside the shroud lines also failed in actuml flight.
Figure 4 shows this &ppendix construction on a General M lls ballcon which
is being inflated. The final style is shown in Figures 5 and 6. It con-
sists of & 2-foot external appendix stiffened with cardboard battens.
This is teped on the outside of the loead ring. It serves as a one-way
valve which excludes air during ascent but allows the extra helium to

valve freely when the balloon is full. ¥No external appendix can be used

vhenever the rate of rise exceeds 600 feet per minute, For optimum balloon
performence, it has been determined that: 1) the equipment load for the
Gereral Mills 20-foot balloon should be held under 30 pounds; 2) rates of
rise should be less than 500 feet per minute; and 3) for maximum altitudes
en exterral a ppendix is needed; hence the limiting rate of rise is sbout
600 feet per minute in this case.

Several experimental flights have been made using shrouded Dewey

and Almy neoprene ballcons, as well as small end lerge experimentel cells in
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Fipure 2
Teardrop, .0UL™ polyethylene
balloon, 20 foot in diameter,
designed by General Mills, Inc.



http://www.gl.iit.edu/wadc/history/roswell/report/p617.html

Figure 3
Twenty ft, balloon, showing
burn-out psteh 1in placs.
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Figure 5
Two foot appendix, stiffened, shown on a General
Mills ballon. The swollen inflation tube indicates
that the balloon is beinpg filled.



http://www.gl.iit.edu/wadc/history/roswell/report/p620.html

Figure 6
General Xills 20 foot ballcon in
flight with 2 foot stiffened appendix.



http://www.gl.iit.edu/wadc/history/roswell/report/p621.html

various cluster errangements. None of these have been too satisfactory
but further investigation will he made in the field of shrouded or oosted
films,

B. Altitude Controls

Given a balloon capeble of carrylng the instruments to 2 desired
altitude (the theory end computations involved are discussed in Section 3),
thers remeins the problem of maintaining the cell at a constant level. The
buoyancy of a gas-filled cell will decrease as the gas leaks or diffuses
through the balloon wall., To hold &n absolutely constant altitude, the
volume of lifting gas entrapped must be meintained in an stmosphere of
unvarying horizontal density, with no chenge in the total weight supported
by the belloon and with no fluctustions of the temperature of the gas with
respoect to the air, The best approximation to these conditions mey possibly
be schieved through the use of liquified hydrogen, which would be permitted
to eveporate st & rate in excess of gas leakage. I'he weight of equipment
required to control this evaporation rate appears to be prohibitive. Liquid
hydrogen, also, is not safe to handle,

Two precticel methods of keeping & baelloon at nominally constant
altitude have been devised, both using the liguid ballest dropping technique.
(Solid ballast, such as sand, does not flow well end is lisble to absorb
moisture which will freeze at the temperatures experienced et high altitudes.
Although a few preliminary flights were mede with desiccated sand, a highly
refined water-free kerosene-type petroleum product,compass fluid, wes found

to be more satisfactory),

In the simpler control system, ballast is dropped at & pre-determined
rate, aimed to slightly exceed the loss of 1lift of the balloon due to leskage
and diffusion. If this method is successfully used, the balloon stays fuil

because the remaining gas in the balloon has less load to support; therefore,
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the balloon can rise slowly until the balloon is sgain full and the
equilibrium is again reached between the buoyasncy and the load. In the
General Mills 20-foot balloon, for example, diffusion losses equel about
300 grams per hour; the balloon at its ceiling of 50,000 feset, with a
30-pound payload, risea sbout 900 feet with each kilogrem of ballast
dropped. This means theat & balloon, using the simple ballast-dropping
technigue, will float at a ceiling which rises at the rate of about 360
feet per hour, An idéalized flight of this type is shown in the $olid
ourve of Fig. 7., neglecting the oscillation shown at sunset,

The "manusl ballast valve™ which was developed for this simple .
control system isg shomm in ¥Fig. 8. This valve can be adjusted prier to
balloon release to &llow eny predetermined flow of compass fluid up to
2000 grems per hour. The filter housing and ballast reserveir used
with this valve are shown in Figures 8 and 10. This method is good where
1)} a slcwly rising ceiling can be tolerated, and 2) the flight does not
have to go thrcugh & sunset while at its ceiling.

For economy of ballagt, hence longer flight duration, it is desirable
to keep the constant flow as close ag possible to the totel loss of buoyaney
resulting from diffusion end leakage. This means thet whenever rapid loss ]
of buoyency cecurs, due to chenges in soler radistion, the manual ballast
valve alone will not sustein the balloon. When the balloon is suddenly
cooled, due to sunset or clouds cutting off ingolation (loss of superheat),
the heavy loss will start the balloon downwerd and only & rapid expenditure
of ballast will check its fall and restore its stebility.

The second type of baliast dropping control has been devised to
operate on a demand basis, when such a descent occurs. This control is
called the sutomatic ballast valve, Figures 11, 12 and 13 show the ap-

peerance end design of this pressure-actusted needle valve.
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Figure 9
Fixed rate, menually operated
ballast release assembly,
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When the mtmospheric pressure outside the diaphragm increases to
5 mb. sbove the internal pressure, compess fluid will be discharged at
the rate of 160 grams per minute under & l-foot head. WFhen the a utomatic
ballast valve is completely open (et 6.5 mb. pressure differential), 300
grems per minute will flow,

The sutomatioally opersted needle valve is held closed by = loaded
diaphragm until the balloon reaches altitude. This diaphragm is open to
the atmosphere until the balloon descends from the minimum atmospheriec
pressure attained., At thet time, en electricel contaet is made, firing
& squib which seals the diephragm mechenically from any further access to
the externel air, Thereefter, the capsule contains a volume of alr which
has been trapped at the pressurse and temperature existinget the time of
operation of the semling ewitch. When the embient pressure increases to
the point where the entrapped eir is compressed below this original volume,
the diaphragm will withdrew the ballast control needle valve zllowing
ballagt discharge to ococur.

Figure 14 shows the minimum pressure switch which makes the electrical
contact at the time of seal-off. 1t consists of & trapped volume of air that
is allowed to escepe through & mercury pool as long a8 the outside pressure
is decreasing. As soon ss the exterior pressure increases, mercury 1is
drewn intc the tube meking the seal off contact between two eloctrodes.

The dimensions of the air chamber and capillary tubing are chosen so
thet during operation the change in the volume of the air would be less then
cne one-thoussndth of the originel volume, The distance between the two
electrodes {one under mercury, the othe within the capillery tubing) wes
influenced by considerations of safety and sensitivity. If the distance is

less than 6 mm., shaking during launching is likely to move the mercury
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sufficiently to cense & short between the electrodes, firing the squib
prematurely. If the distance is too large, however, there will be too
great & height difference betwsen the time of minimum pressure and the
time the electrodes are shorted. For instance, e spacing of 10 mm. would
delay the firing of the squib until the pressure reached 13.5 mb. above
the minimum pressure, At an altitude of 50,000 feet, the equivalent height
(standard atmosphere) would be about 2300 feet. It is obvious that for high
level flights, a less dense end lower freezing electrolyte for the minimum
pressure switch will be needed to obtein the desired sensitivity of 2000
fesat,

By adding the pressure-sctiveted autometic ballast valve to the
manual ballest velve, the complete pattern of the sclid curve in Figure 7
may be achieved ideally. At sunset the repid cocling esmses descent which
cannot be compensated for by the menuel ballast valve, As soon as the seal-
of { pressure of the automatic ballest valve is exceeded by the etmospherie
pressure, ballast flow is begun, which restores the balloon to its celling.

The dashed curve in Figuwre 7 shows the action of a balloon when the
autometic ballast velve alone is used for control purposes., In this case
the belloon will sink slowly from its ceiling (where full buoysncy just
equels the load) to the level where the sutommtic bellast valve drops
ballest at & rate equal to the diffusion (the floor). It will be noted
that a flight which is controlled in this manner is less wasteful of
ballest and results in & correspondingly longer flight. The "floor"
determined by this velve varies diurnally as the temperature (hence pressure)
of the air entrapped in the diaphregm is affected by solar radiation. ihe

amplitude of this diurnal oscillation may be as much as 6000 feet, the night

level being higher then the dey level.




To reduce the effect of varying fluid heads and a corresponding
varietion in vaelve calibration, a ballast reservolr mounting was devised
+0 limit the head values. This ballast reservoir, after several modifica-
tions, consists of & spun eluminum tank with filter, mounted on 18-inch
legs. It is shown in Figure 15. The legs serve a£s supports for the other
control units and a head of at least one foot is provided by tubing to the
autometic ballast valve., L‘he capacity of the reservoir is approximately
five gallons. Figures 16 end 17 show the complete ballest release assembly.

One other system of altitude control mey be mentioned. This is the
method used by Korff and others™ to roughly approximate constant level
flights for cosmic ray investigations. A numberof meteorologicel balloons
are infleted until they willl just support the flight load. A few other balloons
are added to the itrain toc give & free 1lift appropriste for the desired rate
of rise (see Computations, Section 3). At some time after release these
"lifter" balloons burst due to over-inflation, or are released by & pressure
or time-sctivated mechanism. If the original balance was correct, and the
effects of superheat and diffusion cencel each other, the cluster of cells
may flost. When one or more of the balloons bresks, or leaks excessively,

the train will descend. &lthough this method was used in early experimental

flights it proved to be useful only as & stop-gap method of carrying gear

gloft for test purposes. No modifieation of this basic technique seems likely
to produce even & consistant flight pattern due to the uncertainty of properties
and behavior of these inherently unstable balloons.

C. Altitude Determinstion

In order to evaluate the performance of the basic control
apperatus, an investigation of pressure-measuring equipment and telemetering

gear has been made. The problems of measuring upper-air conditions in general
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may differ mearkedly from the problems of surface measurement. For example;
for any instrument used on a floating balloen, some consideration must be
given to the effect of solar radiation on its behavior. As mentioned in
the discussion of the automsatic ballast valve, this effect is especially
important in the action of any aneroid or other capsule which is not com-
rletely temperature compensated. Since the floating balloon will remain
within one parcel of air, rising end falling and moving sidewise as the
eir does, temperature extremes will result from radiation effects and lack
of ventilation. (me investigatorg hes estimated that the temperatures to
be experienced by such a body range fram -60°C after = night of radiation

to & maximum of +50°C in direct sunlight. Two ways of partially circum-

venting the undesirsble results of this feature are:

i1, Temperature compensation of the pressure capsule for some pre-set
pressure. JThis compensation is only complete at one pressure.

2+ A second method of reducing insolation effects is the use of
highly reflective shields.

The methods of height determination used so fer are not completely
satisfactory. Fressure-heights have been cbtained by 72 me. ard 397 me.
radicsonde transmitters with long-life battery packs. DLifficulties heve
been experienced in all long flights due to:

1, BSignals being lost due to excessive range or to power failure.

2., When the balloon begins to floet and height oscillations result
from the action of the automatic ballest valve, it is impossible
to identify the radiosonde contact (hence the pressure) using the
conventional baroswitch of the Diamend-Hinman type radioscnde.

These steps are now being teken to improve height measurements:

1. The addition to the flight train of a light-weight barograph,

- 11 -




This could provide up to 40 hours of pressure-~time data if
‘ recovered. At present, about 60 percent of the flights have
{ been recovered.
| 2. The adoption of a time-intervel or Olland-cycle radiosonde
! system for telemetering pressure data.

3. Expansion of the network of ground tracking stations equipped
with SCR-658 direction finding sets to lncrescss reception of
deta telemetered. Tigure 18 shows the area to the east of
Alamogordo, New dexico, and the probeble boundaries of flight
paths following release from the Alemogordo Army Air Base,

Teble III shows the prevailing wind data on which these probable
boundaries are based., Also shown ir Figure 18 are the desirable
locations for SCR-658 sets and the overlap of reception ranges
vwvhich could be expected, using stations st Alamogordo, Roswell,

New Mexico; Hobbs, N.Mex; end Rig Springs, Texas.

; TABLE III

AVERAGE WIND INTENSITIES IN BEAUFORT SCALE
AND WIND DIRECTIONS AT ELEVATIONS TO 10,000
METERS FOR NQVEMBER AND DECEMBER 1944 AND 1945

NOVELEER

Year  Surfees 1,500 3,000 ¥ 5,000 ¥ 10,000 ¥

El Paso 1944 N=3 NE-~1 WSW-5 W=7 -
1945 N-3 WSW=-3 WSW-5 W=7 -
Roswell 1944 S-1 WEW=3 W-4 - ——
1945 5-3 SW~1 WHW=5 W=7 -
Albuguerque 1544 SE-3 - W=3 W-6 W=-9
1945 N-3 - WNW=-5 V=8 W-9
Amarillo 1944 SsW-4 W-4 WEW-5 W=7 WSW-11
1945 SW-4 Svi-4 W=6 WNW=-9 -
Big Spring 1944 - WeW-4 WNW-4 W=7 Wsvi-9
1945 - SW-3 ¥i-6 TWW-7 -
Abilene 15644 - -~ - —— -
1945 - - - - Wa=10
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DECEMBER

Yoar Surface 1,500 M 3,000 M 5,000 M 10,000 M

El Paso 1944 N=-3 NNE-1 W-2 NW-1 -
1945 NNE-3 Vi-3 MNW-6 WNW-8 -
Roswell 1944 5-1 NW-3 NW=-4 WW-6 -
1945 SSE-3 WSW=2 WEW=5 WW=-8 -
Albuguerque 1944 ¥-3 —-— W -4 WHW-6 W-10
1945 N=-3 - NW=6 WNW=-8 WNW=-9
Amerillo 1944 NW-4 NW-4 WNW -6 WNW -8 Ww-8
1945 SW=3 W2 WNW=-5 WNW=-9 —-—
Big Spring 1944 - NW-4 NW-5 WNW=6 -
1945 -- WSW-3 W~8 WNW-7 -

D. Tracking Devices: Horizontasl

The flights made in the early part of this program were tracked
optically with theodolites. Coupled with the height deta, theodolite
readings provide e fairly relisble horizontsl locus of the balloon. FHowever,
even in the clear air of New exico, this method is useful for not more than
100 miles and, unless accurate height desta are aveilable, theodclite stations
provide useful deta for not more than 40 miles.

Alrceraft observations have been used with some success when the ceiling
of the balloon is not too great. It is expected that an inverted AN/APQ-13
raedar, mounted atop & B~17, will greatly augment the horizontel tracking
and will be of some value in determining height.

The most useful equipment for determining horizontal movement of the
balloons has been the SCR-658 redio direction finding set. Long after the
vertical engles registered by this geer are questionable (due to reflections
of f intervening terrain), the horizontal angles are useable. Used in sets
of two or more, or coupled with height data, these cbservations give good
positiona with distences up to 150 miles. Figure 18 shows the coverage a
network of four of these sets would provide, In contrast to the thecdolites

end aircraft observetions, these instruments are perfectly operative when
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the balloon is not visible due to heze, cloud cover, etec. Ground redar
has been used, when availeble, with fair results, particularly when radar

targets sre added to the flight trein.

E. Flight Terminetion Control

Due to the size and weight of the balloons and the flight gear,
the Civil Aeronautics Authority was sdvised of the testing program. At a
meeting in New York on 20 Merch 1947, the New York £ir Space Sub-Committee
prescribed a procedure which was designed to minimize the hazerd to air
traffic. Similarly, the Fort fiorth Sub-Committee established & procedure
for flights mede within the Fort Yorth negion of the CAA. Pertinent cor-
respondence with the CAA is included in the Appendix, Fart 2, Owing to
the size of these cells, & very slow rate of descent should be expected
after all ballast has been expended and the flight control devices have
ceased to operats. Thus & large belicon and several heavy pieces of
equipment might teke en hour or more to descend through the levels of
air travel, Despite the extreme improbability of mideir collision, it is
obviously desirable to teke &ll possible preceutions against such mishep
and current flights have the following safeguards: (1) Flights are released
on days when cloud cover is forecast to be light, thus permitting visuel
contact. (2) Notices to airmen are to be issued if the balloon is descending
within designeted regions of dense air treffic. (3) To reduce the time
involved in e final descent, a specisl device celled the "blowout patch®
has been developed. This is an igniting squib which is fastened to the
side of the cell, on the equator. Sealed in with the squib, which is fired
electrically when the cell descends below 20,000 feet, is & quantity of
gunpowder and megnesium. Whern the squib is fired, the incendiary patch

blows out, allowing e rapid escepe of gas through the opening. Since the
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pateh is on the equator, the cell does not collapse but serves as a
parachute to prevent extremely rapid fall and demmge to the instruments.
Figure 3 shows this pateh in position on a balloon., Due to premmture
firings, & time switch hes been bullt inte the circuit teo prevent misfiring
in launching. A rip device will be developed to replace the incendiary on

all future flights.

Section 3. Theoretical Relationships and Computations

A. Altitude-Density Kelationships

An investigation into the relationship between d ensity of the
atmosphere and altitude, with the seasonal and geographical variations
experienced,was made., The basic deta, mean serological soundincs, were
taken fram the Monthly Weather Review, 19456. These basic data consisted
of observed temperetures, pressures, and humidities for mltitudes from the
surface up to the bursting height of balloons, normally 50,000 to 63,000
feet. For altitude above this height, the highest reported temperatures
for the stations under consideration were used and the pressure data were
taken for the remsining altitudes up to 100,000 feet, from the N.A.C.A,
Standard Atmosphere7.

Density was expressed inversely in terms of pound molar volumes,
as this relates velume in cublc feet to buoysncies of gases of varying
purity, using fundementel deta. Using the simple ras lews, the moler
volume of dry air at each altitude was computed in the following menner:

Given: (1) The pound molar volume of any gas et standard
3

condltions=359 f+.




(2) From the mean sounding datae at 48,200 ft. (15 kom.)
over Lakehurst, N.J. (Jen, 1943).

Temperature :-59.500;

Prossure = 120 mb,

Tempersature Pressure

Molar volume x (observed) x (standard)
(standard) Temperature Pressure

(stendard) (observed)

= Molar volume at observed conditions.

559 x 273.2 = 59.5 » 1013.3

= 3
57513 56 - 2370 ft.

This is the mean pound molar volume at 15 km for Jan. 1943 over
Lakshurst, N. J. This volume data was computed for levels up to 100,000
ft. over several stations and may be found in Appendix 3, plotted on the
left hand side of figures 19 and 20.

B. Load-Diameter Maximum Altitude Relationships

Molar volume is related to buoyancy in the following fashion.
Using 98% hydrogen of molecular weight, 2.l1 1b./mol., and dry air of
molecular weight 28.76 lb./hol., a buoyancy equel to the difference,
26,65 lb/hol. (See Table IV) is available whenever one pound molecular
weight of hydrogen displaces one pound moleculsr weight of dry air under

the same conditions of temperature end pressure,

TABLE IV

Buoyency per Pound-lMol.

Helium (98%) 24,6 #/jmol, or
11.1 kg/#mol

Hydrogen (98%) 26,64 /fmol, or
12.1 kg/#mol
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The number of mols in a ballcon volume may be readily computed
by dividing the air density, expressed in molar volwme, &t a given
altitude into the balloon volume. The 1ift of the gas filiing the
balloon at any altitude is then equel to the number of mols multiplied
by the buoyancy per mol. For example: To find the lift of the gas in
a completely inflated (hydrogen filled) ballocn of 20-foot diameter,
at an sltitude where the pound molar volume is 1000 ft.3 (This is equivalent
to about 30,000 ft,):

Volume of 8 20=foot diameter sphere = 4190 fts.

Number of mols in sphere at this altitude = 4190 = 4.19 mols
1000

Buoysrcy = 4.19 mols x 26.65 #buoysncy/mol = 111.7 # 1ift given by
the gas at 30,000 feet.

In one step, this becomes:

Gross Lift/ﬁalloon = (Balloon Volume) x (Difference in molecular weights of
air and lifting gas)
Molar Yolume at a given eltitude

Conversely, the meximum altitude to which & given size balloon will
carry itself and a specified load cen be determined, as a molar volume, which
mey be evalusted from & graph of altitude versus molar volume. Such graphs,
computed ms in Part A of this Section, mre given in Figures 19 and 20, at
the left hand edge,

Hydrogen and helium 1lifts were computed for various molar volumes
for spheres of lifting ges with diameters from 7.5 to 756 feet., Figures 19
and 20 were plotted using the values computed. To use these figures to
determine the meximum altitude of a ¥alloon with a specified pay load, enter

the table with required buoyancy (belloon weight plus peyload}. Go vertically

to the diagonal line representing the balloon's size, and then read horizontally

on the left hand edge, either the melar volume or the sguivelent sltitude over
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sample stations. Figure 21 shows the calculated net lift of the General
iills balloons.,

C. Balloon Diameter-Weight feletionships

To facilitate design discussions, charts have been drawn up
releting the approximate weight of a balloon to its size and the unit
weight of the balloon fabrie. A ten percent increase is added to the
weight over that determined from the surface area to account for seams
and shroud lines. Figures 22 and 23 are these charts,

D Rate of Rise

It is impertant that the rate of rise of a balloon be neither

too fast nor too slow. For example, if a General kills' 20-foot balloon

rises faster than 900 feet per minute, there is danger of rupturing the
balloon when pressure altitude is reached. On the other hand, if rates
of rise under 400 feet per minute are chosen, since the free 1lift will
be quite low, there is danger of: 1) e slight error in infletion resulting
in the balloon's being unesble to lift the equipment, or 2) with a2 wind much
in excess of the rate of rise, the up-wind release failing due to the
dragging of the equipment prior to its being lifted by the balloon.

To compute the free lift necessary for a given rate of rise, the
equetion developsed by Korff4 is used. This equation is:

V= 412 (F)

(6)

where F = free lift in grams

V = rate of rise in faet per minute

G = gross 1ift in grams
For our purposes, we wish to find F end have modified the equation
to read:

- 18 =~
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P 2
F « (&f) x (G ) 3 (Approximate)

where G = gross load

A chart, Figure 24, hes beendrawn up, bassd on this equation, expressing free
1lift es a percentage of gross load, allowing the rate of rise to be approximately

predetemined.

E. Ballast Requirements

The emount of ballast which must be dropped through the menual
ballast valve to keep the belloon at its celling, can be epproximately
determined by the following measurements: & balloon of similar size and
construction is inflated end its loss of 1ift with time is measured with
correction for variation of tempermture. This inflation is not complete,
but ie of the same magnitude as that of a balloon ready for relesse,
approximately 14% of full inflation in the case of & General ¥ills balloon.
The loss of lift per hour, multiplied by a factor representing the increase
of the surface vwhich results from total infleation, is thus obteined, This
factor is the reciprocal of the fraction of inflestion raised to the two-thirds
power for a spherical belloon, end is epproximetely the same for the tear-drop
shaped General Mills balloons.

Field experience has shown that ballast leek pre-set to slightly exceed
the computed loss of lift is insufficient. A bellest leak of double the
computed loss of lift has usually been adequate. It is believed that increased
liquid viscosity and valve closure ceused by the colder temperatures of the
high atmosphere are responsible for the need for this higher ballast setting.,
An investigation into temperature effects on the ballest release systems has
been started.

The amount of ballast which must be released =t sunset to compensate

for the loss of superheat, may be computed es follows:
- 19 -
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AG:GxA_.%._x(l"K)K

where A G = loss of lift

G

gross load (balloon weight plus
equipment loed)

AT - mean temperature difference in

lifting gas before and efter sunset

]
n

free air tempersture

™=
"

specific gravity of lifting gas,
relative to sair

The specific gravity of 98% helium, diluted with air, and with
respect to eir, is 0,157, It may be noted that with a lower specifie
gravity of a gas, lower ballast corrections are required. Eydrogen, for
exanmple, requires half the ballast which helium requires for the same
temperature differential, At high altitudes, a difference of 40° may
be expected in the temperature of the lifting helium from dey to night. l
This would correspond to & loss of 1lift at sunset, on & General Mills 20-
foot balloon, of about 550 grems.

F. Internal Fressure

The meaximum intermel pressure which can be held within a

spherical conteiner is given by Timoshenkoa:

P=zsuxt

r
where 8, is the ultimate strength of the material
in tension, t is thickness of the meterial and r is the radius of the spherical
shape. Applying this equation to & polyethylere film, such as used in the
Ceneral Mills 20-foot belloons, S, at room temperature = 1900 psi., t = 0.001",
and r = 10 ft., giving the maximum pressure, P = 0,032 psi. This pressure is
equivalent to mbout 1.1 inches of weter, or 2,5 mb, This smell bursting pres-

sure necessitates proper inflation and load values to prevent the balloon's
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bursting at pressure altitude.

A series of forms which heve been used to facilitate computations
heve been dravn up. Lhey eare included in Appendix 3, together with a table
of altitudes based on the N.A.C.A. Standard Atmospheres, and other useful

reference tebles,

TAELE V
Glosesary
Equipment load: Weight of all equipment, rigging, eand ballest hung from
the balloon shrouds not including balloon or its integral
parts.
Gross load: Load on the gas at release (Balloon plus equipment load weight).
Free lift: Net lift of the balloon with the equipment loed atteched,
Gross lift: Lift of all of the gas in the balloon et release (Equals weight
of the balloon, equipment load plus the free lift). ;
Balloon inflation: Geas inflation to be given the balloon in terms of
initial lift of the balloon (equals weight of equip-
ment load plus free lift plus allowance for gas
losses before launching).
Floor: The locus of altitudes &t which a2 talloon will float when 1ift
losses are exactly compenseted for on a demand basis by ballast
dropping. In prectice, this is determined by the operstion of
the automatic ballest releasse and is some altitude below the ceiling.
Ceiling: The locus of pressure altitudes et which & non-extensible balloon
will floet when gas losses are slightly over-compensated for by
ballast losses,
Pressure Altitude: The altitude &t which 2 non-extensible balloon becomes |

- fully infleated.
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Pressure Height: The height ebove meen sea level as determined from
pressure measurements used in this work with the

X.A.C.A, Standard Atmosphere,

Section 4., Flight Techniques

The general techniques of preparing and leunching econtrolled altitude
balloons mre patterned after those of the smeller radiosonde balloons. The
treatment of large, manned balloons hes been studied, however, end informstion
of considerable value has been gleaned; es from the National Geographic Society
reports of the flights of Explorer 1 and Explorer 1111'12, and from the book
by Upson and Chandlerls. Fram these and cther studiesls’ 14’and from original
experimentetion with General Mills advice, 8 satisfactory technique of handling
controlled-altitude balloons has been developed.

A. Inflation

The lifting gas used for these large balloons has been helium,
The choice of ges was mede on safety considerations. Hydrogen, however,
hes several advantages over relium. 1t will 1ift 9% more then helium and,
due to its lower specific gravity, requires but 50% of the ballast release
thet helium requires to correct for disappearance of superheat st sunset.
Helium, on the other hand, leaks and diffuses et & rate but 70% that of
hydrogen. However, for long flights, hydrogen would probebly have more
over-all economy of ballast,

Infletion has been made through & low-pressure, diffusing manifold,
feeding from & number of helium tenks simultaneously to the balloon. The
smeller balloons heve been inflated inside & hangar, permitting very exact
weigh=-off of the balloon's free lift, thus predetermining the rate of rise
fairly well, The plastic balloons larger then 15 feet in diemeter have

generelly been inflated out-of-doors, as no hangar large senough for interior
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inflation hes been savailable.
The 20-foot Genersl Mills balloons ere inflated through & tube
in such & fashion that the gas collects in a bubble at the top of the
balloon. The tube is inserted by the manufecturer and is shown in Figure 5,
If this bubble is restricted, the wind camnot catch and meke a sail of it.
(See figure 25 for the sail effect.) The actual technique of inflation is as
follows:
In actual inflation the balloon is spread out on a ground cloth
which covers the launching teble and e balance. The balloon is
arranged so the upper 18 feet projects beyond the balance. Two
heavy (80#) elliptical shot bags (see Yigure 26) are covered with
polyethylene and placed on top of the balloon on either side of the
infletion tube. The platform is then made to balance. The lower
end of the balloon is weighed and then stretched out again dovn wind,
held down with sand bags and polyethylene strips. A weight equal to
the weight of the lower half of the balloon, plus the equipment weight
and the desired free 1ift is placed on the balance. Infletion is
started, taking care to get all twists out of the inflation tube
before allowing full ges flow. When the balance beam falls, in-
flation is complete (care must be exercised to guard against under-
inflaetion due to wind moving the belloon on the balance). The in-
flation tube is carefully removed, end the helium truck is moved clear,

All persomnel are now positioned for relesase.

B. Release
During the early portion of the experimental period, flights of
meteorological balloons in clusters were launched. The first flights were

made with balloons hitched one sbove another along e single strong loed line,
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Figure 25
General Mills 20 foot balloon
billowing in a five knot wind.
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With these snd subsequent rigging lines the followinpg technique wes used:
on all lines a strength test was made and a safety factor of at least ten
to one wes demended. Most of the lines used are of braided or woven nylon,
ohosen for its low weight-strength ratio. To facilitate handling of the
line sepgments each length is prepered with a smell hook on either end. The
knote employed are double carrick bends,

The total length of the early treins reeched as much as eight hundred
feet, making them extremely difficult to release. & system of restraining
the load line was evolved with two winches paying out restraining lines
while balloons and equipment were added to the load line. In this wey the
pull of the balloons themselves arnd the much greater strain caused by even
light winds was held by winches, When the finel piecs of equipment was

clear of the ground (ar when the entire flight line was under tension with

i o A e S TR e i . bt e Db e

the lowest element being held back) & gunpowder squib was electrically fired
to sever the restraining lines near the bottom of the balloon. Figure 27
shows the aluminum "cannon™ holding the gunpowder, the two winch lines and

a light line used to pull the restraining lines away from the load line after
firing. The load line has not yet beer. attached in Figure 27, but will be
fixed just above the "cannon".

When the restraining line is severed, there is danger of a pendulum
swing of the train causing the lower components to be dashed into the ground,
To avoid this amction, the lowest plece of equipment is usually held by a
member of the crew on the back of & truck. By driving downwind faster than
the surfece wind speed, the pull of the balloon can be resclved intoc only a
vertical component and the equipment may be safely released when the truck
gets under the balloon. |

With later plastic cell flipghts, this method of launching was also

used in cases of light wind. ¥When winds of sbout 5 knots are encountered,
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Figure 27
Aluminun "cannon" and launching
lines used to restrain balloon while
load is being ettached.
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the total strain on rigging lines and even on the halloon iteelf becomes
sxcessive. With the thin polyethylene film of the General Mills® ballocons,
such 8 wind force causes the balloon first to billow, sail-like, as ih Figure

25, then to tear.

To eliminaste surface failuree en days when the wind is not calm, the
following relesse technique 1s employed: The equipment train is laid out
parallel to the wind direction, with the balloon in the lee of a large build-
ing and the other components streteched out downwind. The central portion of
the balloon rests on & platform balance and the lower portion rests on a
sloping elever~foot table whose top is level with the platform and whose

bottom rests upon the ground, The upper portion of the balloon ususlly

lies on arother teble, level with the platform. &xcept for this upper
portion, the balloorn is held down on the sceles and sloping table by bags
of sand end lead shot, In eddition, one sand bag is festened to the lead
thimble of the balloon by & short line which is kept taut during inflation.
This layout is shown in Figure Z8.

When the balloon ig inflated, it is held down a t the weighing-off
scales by the shot bags. Fersonnel requirea for the launching consist of two
men et the hold-down shot bags (who 1ift the bags et the release signal), oné
man near the large sand bag (who cuts the line to the load thimble when the
balloon rises above him), one man at each piece of sensitive equipment on the
train (to support and protect the equipment wntil it is airborme), ore man
at the lower end of the hold down line (who fires the cannon severing the
last line wher. the gear is all safely lifted).

If each opsration is performed when the balloon is directly overhead
and if the train has been sccurately laid out downwind, the entire traim is
sent off with & minimum of oscillation of the load. Figure 29 shows successive

positions of the balloon and gear during release.
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T™is method of release is & development of the upwind release uged in
radiosonde flights in the U,8, Weather Bureau, with refinements first used
by General Nills Aeronsutical Research Laboratories and necessitated by the
larger balloon size end the number of components on each flight.

Using this method, successful releases were made at Alamogordo in
winds of 20 miles per hour with gusts up to 30 miles per hour,

C. Recovery

Much additional informetion on the behavior of the trein components

can be gained if they are recovered. Two methods of recovery are employed:
1) reward tags and 2) recovery by the balloon crew tracking the flight.

Reward tags sttached to several components have encouraged the finders
to protect the equipment and report its location., The teg end essociated
questionnaire ere included in Appendix 3. Total recovery of flights to date
is about 60/ of those relemsed.

When the location of the balloon is known by visual cbservation from
an airplane, or the landing arem is indicated by direction-finding gear,
recovery is atiempted by truck by the balloon crew or the crew et one of the
downwind stetions, Several successful recoveries have teen made of flights
of relatively short range. It was found in earlier attempis that the ballomn
equipment was & difficult target both in the air eand on the ground. Con-
sequently & colored cheesecloth banner (6 by 12 ft., stiffened top end bottom)
wes added to the train. It also is a convenient marker for theodolite stadia
measurenents, A barmer may be seen in Tigure 30. White banners seem to be
the most generally useful.

Section 6. Flight Summary

A summary of pertinent information on all flights mede to date is

included in Appendix 1 as table VII. 4Also shown bhere are flight train
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Figure 30
General Mills 20 foot balloon
in flight, showing benner and other
flight train comporents.
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diagrems, time-height curves, trejectories and photographs of signi-
ficant flights, grouped by flight nunbers. The flight numbering system
has been revised since its inception and now only those flights in which
an attempt was made to control the altitude of the ballcon ere included
in the summary. Excluded &re flights made to test speciel gear and
launchings which were not successful.

Flights A, B, 1, 5, 6 and 7 all made use of meteorological balloons
in verious arrangements and combinations. Esach flight included one or
more "lifting balloons™ which were to be released from the train when
the desired altitude was reached, the other talloons then theoretically
supporting the load at the constent mltitude.

Figures 31 and 36 show the two methods used to group the balloons
in clusters. TFigure 31 shows the linesr erray borrowed from cosmic ray
flight techniques; figure 36 shows the modified "Helios Cluster" in which
lines from the belloons are joined st a central ring at the top of the
load lire.

The Helics cluster was by far the easier to handle becesuse of the
simpler rigging and the reduced launching strains.

Flight 7 was the only one of this group in which anything approach=-
ing a controlied altitude wes attained., The previous flights failed to
level off when the lifting balloons broke locse. In flights 1, § ard 6,
where ballast dropping devices were included, the ballast either did not
drop, or the dropping did not have the desired effect. In flight 7,
however, the cluster rose till the lifters were cut off, descended until
sufficient bellast was dropped to ceuse the cluster to rise to & still
higher altitude. There several ballooms burst, resulting in a final

descent, The time-height curve for this flight is shown as figure 38,
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This flight pattern represents the best approximetion to constent
level flight that we have chbteined with meteorclogicel clusters.

Flights 8 and 11 each employed more than one polyethylene ballcon
in an attempt to reach higher altitude than possible with the single
balioons then available. Figure 39, 40, 41, 44 snd 45 show the type
and srrangement of balloons and their flight behevicr. In both flights,
the meaximum altitude wes not high enough to cause activation of the
automatic ballast wvelve. Consequently, there was no compensation for
diffusion other then the steady leakage of ballast through the imperfect i
seating of the valve., In flight 8, after one hour, this leak wes not 3
sufficient to meaintein a constent altitude, so the flight terminated.

However, in flight 11, constant altitude was maintained at 16,000 ft.

:.1500 feet for 7 hours until all of the ballast was expended. i

Flight 10, in contrast to flights 8 and 11, did reach an altitude ]
et which the sutometic ballast contrel was actuated, resulting in a
flight of perhaps more than 26 hours. Although the maximum altitude
reached by this heevy spherical cell was 15,000 feet, the ballest control
wes effective et & level of %000 feet. The expected difference between
sctivation level and operation level was probably exceeded because of the
temperature effect of the air entrapped in the pressure cepsule.

Figure 42 shows the traein, and figure 43 shows the time-altitude

curve for the 512 minutes of radiosonde datea,

The oscillations around 9000 feet during the last two hours of
data mey be attributed to the changing buoysncy of the balloon as cloud
magses intermittently shielded it from the sun's rays. An unconfirmed
report was received to the effect that this balloon wms still floating

26 hours lster over Pueblo, Colorado.
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Flight 12 was designed to overcame the difficulties erncountered
in flights 8 and 11, and, by the use of & thin tear-drop balloon (General
Mills balloon) to carry the losd to & higher altitude than flight 10.
To guerantee & predetermined constant bellast flow, the manual ballest
valve was added to the flight train, The minimum pressure switch
replaced the fixed pressure switch to activate the automatic ballast
valve, whether or not & predetermined activation altitude was reached.
Figure 46 shows the trein; figure 47 shows the time-altitude curve, which
exhibits & marked departure from the ideal. The minimum pressure switch
failed to opsrate or operated near surface pressure, effectively preventing
the cperation of the sutomatic ballast valve. The manual ballast valve did
not provide sufficient flow to prevent the gradual descent of the balloon.
Finally, the heavy load necessitated almost complete infletion of the
balloon at the surface, This distention permitted continual mixing of
air through the open bottom of the balloon, Instead of reaching the pre-
caleuleted 38,000 feet maximum altitude, this flight had & peak of 14,000
feet from which it slowly descernded. Since the blowout patch was set to
act upor descent to 20,000 feet, it alsoc failed to operate.

Five of the succesding flights (nos, 13, 14, 15, 16 end 20) hed as
& prime objective the development of a satisfectory eppendix to overcome
the loss of buoyency due to mixing during launching end escent. The types
cornsidered heve beer discussed in Section II, Part A of this report and
the (two foot) eppendix stiffened with battens, which was finally evolved,
is shown in figure 5. PFigures 48, 49 and 50 show the time-altitude curves
for these flights. ZEither short flight or limited radio reception curteiled
the trajectory data.

In flight 19, the danger to persanel of the blowout patch was
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drematieally demonstrated by its firing 50 seconds after release. Leunching
shocks caused the baroswitch pen-arm to fall off its shelf, completing contact
prematurely. 1In later flights, a time delay switch was placed in series with
the baroswitch to prevent s recurrence of this action.

Flights 21, 22, 24, 26 and 27, although carrying altitude control
devices, were flom to test gear for associated projects. Either no pressure
reporting gear was carried or the data from modified gear proved unrelieble,
Hence few performance data charts are presented.

Flight 21, using a late-model General iills 20 foot thin cell and
an autometic ballast valve, is lmown to heve lasted for ten hours, descending
et Mariette, Oklahoma,

Flight 22, included an eerlier model General Yills balloon with a
high rate of ges leaikage, and an autometic ballast valve. The ballast control
kept the balloon aloft, but for only six hours.

Flight 24, inecluding an asutomatic bellast velve, is believed to have
maintained constant level, :.I,OOO feet, for 122 minutes. It stayed aloft
for at leest 33 hours, when transmission ceased. The time-altitude curve
is shown in figure 51.

Flignt 27 employed & fixed rate of lesk rather then an sutomatic
ballaest velve. The manual control did not provide sufficient ballast flow,
accounting for the time-altitude curve shown in figure 52,

Flights 29 through 237 end flight 39 were undertaken to test the
downwind launching procedure, to try for higher constant level altitudes,
and tc determine the fessibility of using the General Xills thin cells for
frequent serviece flights. Flights 37 and 39 burst early. The former was

roeleased during a reainstorm and balloon failure occured at the seams,
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Fligiht 29, with a manual ballast velve, was released Just before
sunset on 22 November., It was observed descending 50 miles north of
Toronto, Ontario, Canade, 14 hours leter. JIhe average wind was 130 mph.
Radio receiption was for 69 minutes.

Of the other recent flights, satisfactory radio performence was
enjoyed only on flight 36, Before any more flights ere made, a bebter
transmitter and battery pack will be needed. Even on this flight the
signal was lost after 135 minutes, due to excessive range. The lest
plotted position was northeast of Tusumenri, R.M. This flight wes recovered
from Burlington, Iowa,

Time-height curves of this series are included in figures 53, 54
and 55, Despite the limited date, some results can be determined. For
example, flight 32 is believed to have floated for at least 70 minutes
within 1,000 feet of & constant level sbove 40,000 feet MSL.

Flight 35 also exhibited 32 minutes of constant-level flight before
the radio signal was lost. TFrom the remarkeble distances thet some of
the otners traveled (See flight summary Table VI, Appendix I) it is elmost
¢cortain that they floated for long periods.

These flights included s simple-filter menual ballaest valve essembly
(Figure 9) designed to reduce equipment weight and cost. The performance
of this equipment justifies its continued use for relatively short flights.

Considerable difficulty was experienced with the type of filter used.
Experiments are now being conducted to improve the filter.

Because of limited data received from earlier flights, mcdified
Fergusson meteorogrephs were added to the equipment train on flights 33,

35 and 39. As of January 1, 1948 none of these instruments have been

recovered.
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Flight 17, using a fifteen~foot balloon of .004 Polyethylene is
worthy of special comsideration. The thickness of this type of cell
eliminates much of the prdéblem of mppendix design since more internal
pressure can be withstood. Despite this factor, and the low permeability
of the fabric, balloons of this type are too heavy and costly to be used
for high eltitude flights,

The trajectory and time=-altitude curve of this flight are shown
in figure &6 and 57. This controlled-altitude flight demonstrates that
the autometic ballest valve combined with a fixed leak, will successfully
maintain constant altitude through a sunset, The balloon floated at 29,000
feet.t 500 feet for at least three hours, after which the excessive range
prevented further radio reception. Here again the necessity of a barograph
was demonstrated as the balloon was recovered from Fratt, Kensas, 530 miles
away. Two flights, 23 and 38, were made using the shrouded Dewey and Almy
J=2000 Neoprene balloon. Both of these flights were failures. Flight 23
(see figure 48) ettained a maximum altitude at 50,700 feet and began to
descend ilmmediately. Flight 38 (see figure 55) was observed from a B-25,
and the balloon was seen to burst within the shroud.

Section 6. Current Objectives

In order to meet the requirements for future flights, improvement
must be made in three phases:
1., Performance date for too meny flights have beer either uncertein

or of too short duration. Before more flights are undertaken,

altitude-measuring instruments must be improved and incressed.
To this end, four specific improvements are being urdertaken:
A. To supplement the pressure data received bty radio, &
lightweight barograph will be added to those flichy

trains in the future wher flights of more thsn & fow

hours' duration are attempted.
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B. The improvement of radio transmlitter gear; it is
plenned to utilize the thres megacycle transmitter
developed in the Electrical Engineering Laboratories
at New York University. In previous tests, this has
provided clearer reception and a longer range for
comparable weight than either the 72 megacycle or
397 megacycle units previously used. To provide
direction finding, 397 megacycle carrier signal will
also be transmitted which will be tracked by SCR=-658
sets. It is also hoped that & better light weight
battery pack can be developed for airborne use.

C. The Olland oycle time-interval method of presssure
measuring and dete presentation is being adapted,
with the following advantages anticipated:

(1) ™e direct interpretation of pressure data
in terms of the time interval el iminates the mmbiguities
inherent in counting pressure contects in the Diamonde
Hinman system. Used in conjunction with the Brush re-
corder operating &t medium speed, and with four turns
on & helix rotating once a minute, the pressure read-
ability of this system will be better than cne milliber,
(2) Under noisy conditions the recorded data obtained
with this system will be more readeable than the audio
signal now being employed., When only pressure dats is
being transmitted, this system can® more economicel
of power than is & system of modulated audio fregquencies,
(3) In ceses where data other than pressure 1is also

o . to be transmitted on the same redio channel, the pressure
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signals may be arranged so as to consume & very
smell portion of trensmission time.

D. The duration of radio reception and of positioning data
mey be greatly extended by appropriately equipped mirecraft.
It is intended to utilize a B-17 with top-mounted reder to '
search above the pleane for tracking. Depending upon the l
noise~level encountered, it may be possible to acquire
pressure date with & receiver in the planse. It may be
necessary to provide at least two aircraft for continuous

recoeption over long periods,

2. It is very desireble that the simplified light-weight ballast
control system for flights of less than 24 hours! duration be
perfected. The elaborate ballest assembly with the sutomatic
ballast velve will not be needed for the meny contempleted
flights which will be made with & useful 1ife of less than
eight hourss A lower-capacity reservoir with manual bellast
valve and filter provides & light-weight, inexpensive unit.
Tests are now being conducted to find the best design for these
components.

3. In order to float a balloon at & pre-selected maximum altitude
it is necessary to supplement the varistion-of-ballest with e new
height control system.

A. With a given belloon, end given total loed, it is
possible to forecest the maximum heipght, (See Section
III for the computetion.,) If various maximum heights
are desired, this maximum height may be veried by

varying the total loed, or varying the bouyancy of

the balloon through variation in balloon volume.
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The method used heretofore is variation of balloon
load through changes in the amount of ballast used.
However, there are upper and lower limits on the
amount of ballast thet can be used, due to the
strength limitations of the fabric. Also, the "height
sensitivity™; +that is, the ratio of chenge in altitude
to change in load, is not greet enough to provide suit-
able choice of heights,

B. Another atteck is to effect & change of volume by
making openings belcw the equator of the balloon.
The volume of gams conteained in the balloon envslope
is then obviously limited.

C. If this method of height control proves to be un-

satisfectory, still other control mechenisms will be

sought .

The three objectives, with their indicated subdivisions, will be
pursued to better effect control of the balloon altitude. A parallel
pursuit will be the investipation of other ballocon types and sizes, in
addition to the satisfectory General ¥ills Folyethylene models now in
use, Thus, plans for the fubture ineclude both the development of control
deviges currently under test end also & broed, general study of the besie
components of constant-level balloon trains from the thecretical as well

ss the operstionel viewpoint,.
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AFFENDIX 1
Trein Assembly, flight 6, (meteorological cluster’.e...ess.... Fige 31
Trajectory, flight Becessetessersnnsersoccsrnnssssansssenanaess Fige 32
Heipght-time ourve, flight Besecescccecrrsrarerossrersacssaaaess Flg, 33
Trajsctory, flight Becsccriscesrosttssssscssnssensessncessenssss Fige 34
Height-time curve, flight Bevescnrscccrccssnsnn nssnsesnsaeess Fig. 35
Trein assembly, flight 7, (meteorvlogical cluster)eicveseees... Fig. 36
Trajectory, Flight Teeieeceeencnrsvcnnesscetsscvssnsesconsess Fige 37
Height-time curve, flight 7.cseeeriieriverasionarsssnsssneeaes Fige 38
Trein assembly, flight 8, (General Mills Cluster).ssssessces.o Fig. 39
Trajectory, flight By,eeeceeivnnereriericnnscentsnninessseness. Pigs 40
Height-time curve, flight Beicevsvesrervecenscsnnsncensesesn.es Fig. 41
Train assembly, flight 10¢cseccerccncnccsvernaccnanecsnnseoses Fige 42
Height-time curve, flight 10..ecucrecincisvrcnccncnresnnseens Figs 43
Train essembly, flight llessscrsionescnccrseissenssviaenseness Fig., 44 I
Trajectory and height-time curve, flight lli.vsscesssssencsecs Flg, 45
Trein assembly, flight 12.s.ceessccsnscsasccescesscsaranssens. Figs 486
Helght time curve, flight 12..csectcrscroncocesnncancsrssceee Fig, 47
Height-time ourves, flights 13, 14, 16, and 23c.ceesessssesses Fiz. 48
Height~time curve, flight 15.ssceeitveccsrronnserasorsnnnnss. Figs 49
Height-time curve, flight 20.es.ccicieiaicncrsnssrvivssnnsses. Figs 50
Helght-time curvz, flight 24.secievtrisniaresrerececersesesss Pig, 51

Height—time curve, flisht 27'.!...C..t..--..t...llll.cllo-“... Fig. 52

Helght-time curves, flights 29, 30 end 32.veveessscercessncsess Fig. 53
Height-time ourves, flights 33, 34, 35 end 36essescpecasssens. Fig. 54
Height-time curves, flights 37, 38 end 39.cssesvessscnncsensss Figs 55
Trajectory, flight 17.e..cierictrecnnsessesnssnscncissniases, Figs 56

Height-time curve, flight 17.cecevevuiocenscrsenanscsasesasees Fige 67
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NYU BALLOON PROJECT

FL|9nt N)

- -
PATE B-5 -4 7

ED 48-39

—- LIFTER BALLOONS , 3 EACH,

BSUIFTER CUT-0FF, ACTS AT 35000°

TOTALLENG TH JFBALLOON TRAIN 585
(LESS LIF TERS)

E

AJ = 300% TEST NYLON LINE,

D

s

26\

MAND BRAILED LOBSTER TWINE
BEACH -200% TES3T NY._ONJ

CCANNON TOCU T OFFLAUNGHING LiNf 3§
SILK PARACRHUTE

T 72.0mRADIOSONDE WITH HEAV Y DUTY
BAT TERIES AND 25 ORTINATE HUMIDITY'

RESISTOR.
—— PAYLOAD (I5% v T.)

-
50 ._:‘f ~— BALLOON TO BURN OFF AT 45000,
4 —— BALLOON TO BURN OFF aT 42000,
11_4- a— HALF FILLED BALLOON TOBURNOFF AT
R S

40000
WPOINT PRESSURE SWITCH FOR 3 BALLOONS
ANDBALLAST
o SANDBALLAST IN9 PLASTIC TUBES TaTAL OF
5900qm BALLAST, DROPPED IN THE FOLLOWING
INCREMENTS ¢
500gm AT 31000
500gm AT 29000
700gm AT 27,000
700qm AT 25000
- 7004m AT 23000
. 700qm AT 21000 (2 EACH)
7009m AT 13000 (2 EACH)

PLASTIC RESERVOIR AND DRIBBLER 5ET -\'Y'J

e

34000
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Litter assembly - 4 balloons

60" iaflLated to 3000 gm. Lift. L
<«
-
715’ =
=
=
[J [I B/S Lifter cytoff at 35)000'.
90
i 12 ea. balloons inflated to 300 gm.
6

0 | uft,4ea balloons 1nflated
to2100gm. Lift .

Payload in picture frame mount
andtransmitter. (B*wt.)

| 45 me Rodiosonde Heavy duty

Batteries \n black boxes wrapped in

li | polyethylene.

S A A A R TR R AR R RN

Baliast bareswitch.
BaLLastdropper assembtly, [6Aluminum Fi G 3 6
tubes of granulated Lead dropped by
descent pressure switch inthe following
incre ments: '
300qm- 84000 400qm- 29,700 | 800gm-25800° | NYU B ALLOON PROJECT
2004 m- 33,000 400 gm- %zggg g’%ggm-%i\%%g
200 8 -82 OOG 6500 qm gm
300am- 31000 | 6000 m-27400" | 1000gm- 23,800 FLIGHT 7

40C thUSGO 600 ¢m- 26 600" | 1000gm- ?.BIOD Date:
: : 16009m 22,500 * 7*2“‘4-7 £ D-48-44
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10 Each-Conical General Mills
Balloons, .DUl"polyeth\,lene,T‘Lons

50
Payload and Transmitter
10
]
70
FI1G.39
20

74.5 me. - Radio sonde, Standard
Modulator,20 End fed Antenna [~

S NYU BALLOONPROJECT
Plastic Ballast Reservoir and
Dribbler, 5000 gm.of ballast. FLIGHT 8
EIU'/ Date
7-8-47 | ED-48-40
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15 dia.-.008" thick polyethylene
Balloon. H.A.Smith Inc.

Reinforced blow-out patch tobe
Open Appendix opened by Time-clock.

Bridle of 9 nylon Lines each 150#%
test, 13 long, served toa thimble
and attached to reinforced patches
30 at alternate seams.

I Payload in picture Frame mount,
and payload transmitter

! F1G.42

74.5mc. Radiosonde with 20 end
fed antenna. Heavy duty batteres
tn blacK boxes, polyethylene
wrapped.

_/

Flastic batlast Reservoir with

3000 gr ballast.
Pressure operated ballast valve

(Drlbbler) actyated by 30th contact NYU BALLOON PROJECT
of radiosonde bnrolswntch. F-LI G H _|_- lO

Date 7. 5-47| ED-48-42
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50’
7

10’

70
74.5mec Radiosonde with 20 end >
fed Antenna.Black battery box 20
wrapped in polyethylene. —L1

=

Plastic ballast Reservoir contains
- 3000gm ballast
Dribbler to have been actvated

by 45th contact on radiosonde.

5 Dia.— 008" thicK polyethylene
Balloon. HA.Smith Inc. with rewmnforced

. blowout patches toventcja.s when

fired by B/S.

Baro-3witch set to deflate large
Balloon should train descend to IQOOO'-

b oach. _General Mitts Balloons, 200 cuft

oor polyethylene.

Payload in picture -frame mounting.

F16G.44

Zea._ Underinftated metro Balloons
for Stadia measurements, 240" from

center of small balloon tocenter
of 15 balloon.

NYU BALLOON PROJECT

FLIGHT 1A

P 7-7-47 | E D-48-41
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20" dia. 6. M. .OUiupoLyethnlene balloon
with incendiary patch on equator
for raprd descent below 2.0,000" (460 mb)

2" steel rng for Lu.unc.h:ng lines /\._

T69 Rawmnsonde (337 mc),Heavy duty

battery pack, stan dard modulater,
na ventilabting duet, white tempera-
ture ele ment, 250rdinate humidity.

Estimated Length overall: '?.57’1

T-49-74.5MC Radiosonde, end ted
antenna standard modulater, no vent-
Lating duet, white temperature element,’
25 or}mate humidity, squib in ballast valve
fired by Bpower supply of radiasande.

HEAVY DUTY BATTERY PACK

Minimum pressure switeh actuatess_o
ballast valve when balloor descends
IEmb Fr‘om ™ma¥imum Prctsure;2.eqch
vsed in parallel.

19

15'

160’

25’

Heavily reenforced baroswitch Fires
on desce nt to 460 mb.Uses 2ea. 45volt
battertes in parallet. Black box, loosely
covered with plastic sheeting.

Hillmans trensmitter W/Fressure from
standard modulator. 3.135 MC (149’
antenna through ringson 160foot para-
chute shroud). Held taut by 6oz Lead)
wt.at bottom.

Batlast reservorr with Kollmann
ballast vatve plus fixed rate

teaK from adjustable neadle valve
set to overcompensate diffusion berZ,

F1G.46

NYU BALLOON PROJECT

FLIGHT 12
8-5-47 |[ED-48-43

Pate

.



M.-.._Pw nwin

%r

“prpe

T

?
e
*
: _
A
%
.
f

- S R o e -4
o;p . lew | @ ir,ea“ —— e
lw%‘/; . D IR B N N = Hm e
H N SN TR SR T B S :s.__.:w+||| U [ AR -*! ]
NG = e e : S — ot
i wl - e e ml {4 T - * .‘.iu_.r;i.m!. 1”,1”: :
8 18 DR O S S OO S SR S S 9 ESEE IR RN |
: : m m _EH‘.

!
|

H
+

|

]

\.qu.m. ATS
AMQ\ L5 .&(v.ﬂ .

P

mE u>_m .j
: _
1237084 N

- — i —

_
-

L
NOQT
NGR

hy
ﬁL

o 2

fik
"

_,

i

|
=
I
Lo
i

T"J:'__T"




(esooroy so34y segnupy) 3IWL
0% ool 0s 0 oS 0 0s 0 os
I " , T HHOE ] .w AP I A I e R

4
b
]

-

+ r—-—I—(
1

i
T
O N - S
e
T +
Il
I
A
]
|
&
4 1
l

i
R RE!
i
1.
J e R e B B
: i
4

: ! B JESNRSREY YRSESEESES USRS FRRNRY S5
et -+ yﬁ T + ‘W 1 - 1+
T

H-
T
1
]

}
M
i

I
T

t

|

}
t ™ T
T IRREN *1..4 IR
- : + i
—t ' i L B RPN H H
T "

B } 4
[ I i I By
i i
H
H

LT

0

i
1
1.—-
]
| i ST
IRaY
T-]-H
.
T
o
}_
|
s
_.,A_4‘;
1
=
:1\
1
i
- t

SO SPURSOl / }
30016!?!' ' '

1l

D

L
i
i
|
1

' ; f ‘44—..
MINESE
~9 . AT
-

]
~q
(7sw 9A°§v ?

|
_T -
|
|
|
)
R

S

ST s Rt~ m el sl e T IR SUS
. ....J.:'.rw...rmlu . I L) L ;[-| R _ !1._ R _l< .

P i R







(osDe/ay sozpr
00¢

sonuv}  IWIL
0st
TTTTTTT

T
T
i
| i
S ._
!
ﬁ -
T
T
i |
N |
ILL
I
T :
bl T
o L

T
1T .

S

| NEE

-




(osVRIRY 423y SOINU]  3NLL
00T

pSe -
T

sl
i

m..+ g S B [ O L 0 4 A_q =11 L - T TI T o T
1 v Tt H i H T

Tt P e PR T gy a
e . T e T T T T T S A S
(RN REEN N ; t U Y N Tl i INELNE 1) I B
k-1 11 T e I T T T T

I SR . B SRR R . 1T C
: f b N t T T T

N CTT : -+ [ e . . \ N S I

IgSpRgunEEERES e O T PR T

A 5 O I M : 1= L LA LS L

* * T N T '
PSRV N By S } - L] : R SRS 11 _
1 ¢ ; 8 T -
L L. - NS S i ! — L
- 1 - ! e k T -
Tl‘lru . REEREE N T R : ; R e -
Wr - uA]\Lx il b H . ; L 1T + 15
? ; . ‘ : T ]
IR A L A L 1 T RS oL - S
; P A ; 1 . L ¥
I SN EN RN .. [HER N i : .
n A H i ; ; B
R 0 Y e £ TP N H HEN| HY A
Sssap e : o TP _ .
HENRE | 3 i : LI ! | ; .M
5 + . e : [ : s : 1 |
REgNE I I e st o L LN mNN I W ;
] ' : 4 ! +
l, T T T 1] L gy
b -y 3 P ‘Iﬁv .
—— 4 -1 5 Wi F— T e I T
1 i T
H ! w : :
- 1] + Ll H 1T i L] i
; 1 T t Y
T H A
1= T k : |
' + 14 BRRN:
t ; ' T
H _.—. [ L T T i N 1 T T S lm
[ i _ i H H
[ [ L I [ FL
} H i L] !
Ll i ERBE 11 v 1 L ! - 4
_ Sk Sasass ‘ :
RN RN NI 1 L. I ; ! ﬁ ]
: =1 1 + T T
2 o el FARNR S B S S ; L L E L T H
H ! : H H i
A 2 IR R AT R IRRE m ! E HEE £3 FLTTE

, L L ; : v | |

NN R oy ] BRSNS JR A S B i B | AW ! I

H ' LT :
3 S R G s Mvi . N * T3 ; i QW ; ' : [ ” L] T LR
e -+ : } i + + 4 t —
b— T IR it Bt o + B T + —+r-1 P T T 4 b - + - 1 +

; 1 . I T

o IR 1L LT N A A I i T T il ; 1T g H I T
L + ! et . ; < ! ! et H ; : ! ;
1 L TR (S PR S [ S PO R NULE B N N S - . i L , ik 44 T 4 - v R
L1y ; i A : i , | : , :
[ 1 H —id I H - ' - Y S : S SR A A EENS S A AN R R ! R e S -4
i i ﬁ H - ; e ﬁ , i o i " = =
et - | : N S R w‘ S P ot bo. e bbb Lo Ll s a g B I H o el R i
R } I . — b - e " . o= ) ;
A 1 IR SR NI S T . 4 PR JEEL .- PR PR 4 ; i ' R | Lo PRI I
5N N S, ; . . == o S ey
4 [ iy pooce d I Y S S SR H s i - T R o e S R
L H T i n N H - T H
AR e ST S f.w,q [ o P [ AR _ i B RN R T B
t f t T T L gt ST . ST T . i
p | P - : I . ‘\_,ﬂmi‘ I il.. — N R I PANY S (VR S SR N (T S . - i—
3l A I T o fem V R | R L\.\.‘ LI - R RS - LR H - .‘ri . ] [Ep i
H— + ' + B * : o : —
[ ] - ' _h s : i R O H I I T I I e i Loila
- + + - . + - T : .q t
b+ R [ IV MR SEFYE S - i = U DSy VST U O SO0 S0 { AU (R L SN B B — = AR 4o et - — i — — - e - 4
I H H : - : :

T T - i T T H H T T T .
AN U 1 - 1 ] ] 41z LI I .q|||||m RN R ! P ! m o H
2 e e e N RN Ea R A ES M R S Eu nd T b an s A s e S e ST RIST Y oy SR T
LT N JR S R R . i1 : N | j i o T [ IR [

: -5 i s ; : R ; | -
N S I H [ 1 H i - N ! 4 ‘ H el N i
: F i i I i : : A T ¥ b
1 |3 T T + I -t f “._ﬁ_ H — = A.T t .




(osoaoy aaa4y sa3nuiy) AW
€ 0ge OONH 0S|

LI Rt S by A S L

S . |

e <]

el
4

T
.

" |
r\f R TR
1 —t+
: i
H H B
R -
i 1T T
I Ll : T
SITE ...w.._‘ ;, HL,
TTh L.W b
¥ +-T 3
T I TE
[P SR DO N ™
, = i
O 11 N
B o1 [N SRR BRI
- f b
- -
T [
e
[
}




05

[s]

6¢  1HOI

== I

b




. (eromsy m sy ) cepes

I L R el T

. [o]

.. wi}lp! :h‘_ ESAREEIE CEURNIE I NRRRRDUN NO : “ " B I°
ol ORI SEIMOY vE Y e lwarl o

b

i

1

|
T D o L
b - £ oo T

S

i

|

i

|

JJJI
RN
I|
o
bbb

|

]

. H
[T —_ . ; . oL . .
-—— - - H M
t t
. - } . i o H H ; "
e o ce e i, [ eei o PO B
~ H ; : M H '
H ; H ; e :
. [ [ =i i [
. . s . [
- | H . 4 | - JRF ERY. JOR—
. S B - P R s - B . .
‘ M i A B RN T ‘ T . T
i .- .. * o ) [~ M B
I ! i . M .
+ ; e T
b " i . H .
. . . s . R Do
i [ . : gL
N PO e e =
[ + -

e L]




{asvanau 2ayveaInuiw)) JWIL

(

—_
i dt R

uay

i B




(VY obgo%osd\w E?u mmE\_Q uoz«Fm_o
0% 0L 09

\\\\

\m:u\_
ntc.,ﬁ

>

T |o\m“m&wmm\\ \\\\\ \\\\\\\ : owcuEUanm,\\\ 8.3%0:%&1

” Lomv:sd\ L=
i
/

A _ | \Bk 344 _ o/

95514 ‘w_:u_mﬂ .

i
o

74 _{0% Spuo

P3Ny

| L W o

]

N

! ?3!&%&1 T . W .
S ww. b wm_\_uau uo &?mﬁ&é N o | oz
| o seandpv el gad LT g NENY

LS Ly LYEl'E vWILIIG %

(7S 9409

! ou.xu.z M3N oncoeosi.i v Qasvaiy

P O P . ,ﬁ <13
o HONHDS S eeeosdey \ o

2 103rQdd N 0TIvE NX

S cel T RS S e , s ,
s : . B _ -+ bo- T .., d‘“ . . ? - — .|., .m . - _ L .<.!4. PR - H . !
oo . R Rt . o RS JO) N VAR S N . i :
) , _ C o il . } N 1l BT H . 1 - .
3 L R R , : . : | . | W .,
N S ERERE V7 T B AN T
S Lo (g = et Lo I
_ o : or £ TTp . i i :
FIp— _ + g T .* ————— [
- . [ N + N H




(BSD3/3Y 4374V sagnuiy/

- 3NWIL

[0]s] o OSE 00E 052 00¢c QS| 001 QS
i ! 0 1.7 1 RS IR R T N
‘_ﬂ‘ — .Tl_.tiq e .4.._.. _____ . I T_l e _‘V\_TJ AU T TT
- i W T T T _ u I S
e T - ; - _
— : G
JREENERNY '] - B ESEACRRR ) DU U B O R N RS R O HE
1 o e e 3
W — ; - g . ‘ | ‘ QW -
_ R R 1 S i R A
: S A SRS S m ! I
e ” T u R 4 o ﬂ g o e o @{..v T
| M T sor T
T | | =1 trllm .
: : . T S e At I s T ™ ILW,L -
ﬂ e | Tag
L ; : , _ _ - w
j — —— i = ” - e =

;‘Wt_‘am HYIN om.nuau.um
27816 ¥IBN3La3C

AN IR S P

& d Pt - R
el S— —_
i H
e Coped * \

WYY AV QASYRIEN . S - et
2 S5 EREURYN MRS R A (RS A St
Eaete —— - :

.......

L LISNNG

JI N N
T U

[

S

o
! : v

, , |
T RN Ea g . =
S IR N _
T -  Ama =
: Sbapd . i s g . A
r S - . i _ i ;
-— - - - S




“ay/ud o1 uoTEnpi3P UcSTEg
TyIseep Jhi¢ FIWELAND UGTISEANOTF ©f END
PRASTT#Y HOTUNPRSURIY jO PUE PImACY
FHOLIEMISALL  '0an0q §F JeJ® OpwJe[oy 0042 F Lrgmes
w148y Feddoy ([ seyyw enbiendngry {0004 ‘upe zeg remm U IR 2epiod LT 3L i5R 50
Abio peyiodsd Usofreg -IUTHiom [es3 " ymung SME Y L1474 Liad -a1 Yita ] EE) PINT; vemdnoy STuCso TRy saeydyzedred Lgo0° OITxey mby L4851
~Uo3 SPRITATE Wiga 3EMTTS TSeewsEng | ootsT tremf upe ge arag Yol -eposuzl g grg | 9% %3 g ERCTA RN 2 grot mchwy | gty L 43 ¥ow 1|  oproSomaty Ltap 5 ol
el o001
falege T usol[wy o3 anp 31 Jo Exom
TEUOD[TNG STQTEUEgEe-RoR Jo LyffEq
o WeT[s3Te soya Ll CImasacy ¥5§ el u/ad 0gT
“PALERIE you #mA Torjued ¥PEITITH 41 0008t sr-3l - aepwy awey perig veapigye 1SR £060
emn]os Lo GCfjmlIofuY Jo YINT ©% #ug UL RIS ‘vpm Jepmosl bt i1 pmil tewd -dted 0" L safxey aty Avsl
"1} YooT[wq w[Mymusjue-UCu jesgy 0] 0587 cxem[ casa ze §6T WIEE ¥D0T oz 578 Ix gf -mod ‘aergqtdg LIFAL NS WISy Tndedsp T oprolomm IV Lymg ¢ [
TheE 0QUBE sepn Tw) [EISTTTEA I3 O
‘mwoc[wq ufww §1 ‘suco[ruy (ueeT] ,000E ¥uul Lt L o} jayF pway F Ut muoolieq IS IS0
3T 9 'HooT{eg sussdoex Aqqury rusy 008 3 rurm »-2 L3144 -8t R0 N i) 33 pr "sueatfeq js o)+ CRCFLIRT obpTxay amg et
W3R BTATRved uTnoyy IBTLE raeg ¥r| oiker ~xeg[ v 1l [ 347 govT| -ovposyr| -gimak yog¢ $9e | s°01 I3 o1} PIRLSUE dsan ¢ T 45t 1 0% wad 06E - 02 fmp g b
C00ZE Jepun [TRF %
a3 pimbyr M g uTwey dws sTmmoa
*eUOGTH Miwhk $§ *FUCG[TwY puw puse I3 g “susay am grpy Fuon reuLarm 18K 6050
28y ¥T ¢ ~Nuyoune] uo petwEsp 043 ‘u LU-E| Fub ®3fT n LO00UF #acA® JJD “spuDeoTpRy eordofotonyem aaTrey avy FrYes
-4p3 SPNIFITY  IRjAMscansUR uFYTy q08| ,000zL -xen L1114 #| “-opcang Tt T4 ot P 0y susellng 2y gl L ER LI wea® g5E = gz | opacEomery ounp )
DOGZE Zefan I
‘HN 45 o3 pynbil 3% NIy puwe uTnay fes >7maca
“emooTieg uyws | [Temscy| booIg depaoa € pum puwm 3y g 4wl ving Suoe seuCSTLEG 1ox ATEL
9z ‘tucoltmq a3y ¢ PRl Laseg vy R TE) 008 3 Tupm AT-0 | 305 #3317 =%4 30 n L) T 00008 sacan jyo SpUONOTREY tuagda[osasiem
LELLE ELE L I TR CFITTEELTR PN Y 1| 00085 ‘rey| cupm (L3 §os | -epoeul| -u3ta 301 ' | 46 0°CT| ana o3 suscilmg 31 ppe smgp | ot il 05E - 42 H
-Apydes aepa0a
POPUSINEP degy jaung suoolT®q swow { FRR L] R ) Y ajeey Awz ojumss
TT4eT Bant uiway uGoTTMq Upem 2( “U3TA 305 paddadp By AWV pung o ~UDOLTNG v T
*WuGoT[wq JENITT § -enbjuyaed Fuiysunag ‘ata 759 9370]  epiotua |  waocuy puscus oy 19RTINY spuosoTpg 193190 (9c s v | apmmariecang Tvel
200 *SuifFya acod oy enp eanpyeg yo| o.0ve “wwn suay L4 ¥ | -oposupl  uate you oK x| gy Jo suw3 ¢ 3 gt .ty LR ) wead 056 = #t ey Ty3ag TRy T
:
Tiie [Wké[ 10U PP Heo[{Wf ‘Uuallwq
O TT Jo #85) Rupyinz [RJededang w0005 T lsy 1ET
“ueortwq [wajdotododien wwid QG¢ wo.; " 3auay L0010 tepe Jus #3111 uavLy  JURLUY pucsoTpug t3c[vicepem ¥51
Wl regy  cpwor Rupouwivg waoTTRg ¥o( 0041 “xim| g ocute @ 141 $o i CvPesyg we N oy o auay fy g f LR i1 40 e~ 2 NI T TIeg [}
1jo Teawl 3du DPIP wuollwg CuCS (Mg
AP TL S0 aeay Bupyins [RGesedang WOulAE
“woorr®q TYapdoro oejem weal pgp moa TyMuan L000T tuim WA |Wmouy i DT, [CER: MICEI R
WET Mhag  -proy Supaus{¥q wo.[[wg yo| woose rxem] g owrmy oL ¥ yo YoB 19y N [ sucy 1 5 g wopr ¥ it0 wva¥ QSE - T “kw *naN ¥
L5y TTrd
wrze ont| tem ermam WorL | ¥ woll ¥ MINCD DNIQETINT IHTRET A
-quy1 4._ INVESND b Ao~ 1sN | mwwna | =yau-gEo ¥ NOLLT%Y 41T | LT LHoINa MWALLITY 4D HOOTTYE N " Honten SNRATTYR wrre T
wBIITYD PO TRt §  EOIIV NIl 0| IHOTUE | LIHOMTY [ OKIIORL | KONCHIqvY | K0T Tva ToHg| 1svTTval NOTLATHIS T LHOLITA, TYIGS AT LT whreTE N ENTLATR e PRI T ITy

SIHBINL ROECTTYE TFAYT-LNYISHOD QAN 40 AUYRAAAQS




> URMARY OFNYU COMBTaNT.vaVauw BALLULY FLlGHTS
v : “ ey shidtin | eaCairsi LUiky WELWMD | DEECAIFT1ON BALLAIT | FREK | MALLOGN | AADLOSONDE rn?um ALRCRAFT | FLIGHT| arTman W, LI & Ravuvany CRLTIVUS
:J.:; il :::un M“- ... [N [ o Rkl OF Tliune NRIGMT LiFr { LIFt RaCAPTLOM GBSARVAL |DUid. | CohJTAMKY | COMSTANT ¥ oL, «
AL I Luvin CONTRIL 1 Tiok £ |TioM Lavais uSL | 1ug 8iTs
i3l
1 7 vuly | Lmmogorie | 7 - veners: Mills 171 kg | TAS m 15.9 kg Drivbler g 1.3 | .2 W74 with | Theodo- 100K as0 23 min, u \ ok Balloons ured 1n clustar to obtain higher
1947 [Pring i 1 - 18" 008" Falye sgdioaopds Compars fluld I kg recorder 1ita 384 T34 min, 1800 i 14W00 eltitude. Jn high wind &t launching 3
on0m M ulilpst as- Fizsd leak onst. omall ballcons deflsted. TReFefers cludter
yebly 300 g, laron did sot rise high snough to sctusta alti-
tude control. Dribdler lsak and bmlloom
diffusion Both 300 gm/hr, Thersfora
15" balla~n ballson remained st cailing weti] wallest
was expanded.
] 3 hug. lakshurst 1= Genera) Mlls - | 4.1 kg 3 me trans- | 78.0 g Jutowstic sl ER 3.8 xg 2.8 100% Thaodo- L1 407 fﬂ =B ey, 14100 | 93f First flight witn large thin ballesn. Gpen
1947 Yev derusy | 200 001 Pely- milers mrnual ballest e Hi]iman Jite 15% min. |} 400 Smyrra, [wppendin caused helius diluties with sir-
on4 55T sthylane .7 m velves dnd SCH-458 Dala- cover over appendix thought to have cewssd
And2owonds winimm prese- re Walloon Fupture, tarminating rlight esrly
2.2 me urs ewitch B3 mi, |and low, Fiight oot successful as ballosx
Esdicaonds tast or altitude control test,
Ballast ue-
sambly
13 5 Sept. Lamcgordo § 1 Gerernl kille B.d kg ELEEE .2 g Jutomtic 16.0 3.8 8.0 1004 Theosdo- Hot 58 Mons Max, 27¢ct | of appandicss twinted around shrowd lines,
1947 Maw Mexico ] 20'.001% Foly- Augiosonde Ballast re- [1 [T g 1ice 200K | re- el {burst) Wit pravantisg valving of gaw 4% pressurs wlil-
be4T MST ethylans. 10 Data Gear leaes wpesnbly 5CH-438 | quired Smndw, tude. Both balloons burat within ¥ mimtes
appandizes inaide Ballast 1008 Burst LO 9 and gurr foll fres to dassrt. Resovery met
ahroud lines relesss over atiempied.
desert
14 & Sapt, { dlamogordc § 1 Generml Millr 4.0 %g 397 me 15.1 kg Automatic 5.0 2.2 17.3 oot Theodo- | Laat 53 Hone Wax. 49ce0' | 100€ Appendiz aguin twipted aroumd shrowd limes,
1947 | Vaw Mexico { 20" 001" Fely- Ballnst ra- X "™ kg 11ts 1008 ] 208 i, {burat} [T preveriing valving of gax ab pressurs
0613 MST wthylens, 1C' lsnae asrambly SCR-858 {L-8) north 41t3tude, where belloon burst. Desesnt
apperdin outeide w0k of Alamo-|retarded by Benner.
whroud 1ines Taleans gordo A
15 4 Sent. | Mam-gords | 1 Ganersl Mills 4.0 kg 297 me 15.1 kg Marmal bellest | 5.0 2.8 1.7 [asa Theodn- | Kat ra- Mors |71 min.  [Fas. 45800 of Tiret Might =ith large O. ¥. Welloom whieh
1947 | Kew Waxieo | 20" 001" Foly- Ksdicaonde vulve. Fixed T ] 13 win. 1ite quired [than | % 800" Gonst. di& nat barst dus to appamdiz. Relisve
1153 W8T #thylens. 1’ ba rats of leak 173 min. Agcurata [364 aanoet holer in ballosa dus to high wind ot lewmsh-
apoendiz cuiside 1000 gm/hr 5CH-858 | data not jmin. ing cauasd slow demzent artar presewre
ahraud lines. 364 min. | required height wra reached. Shows weed of shert
wpvendis g mutomstle ballant walve.
% & Sept- | Mlamogerdo |1 Gaseral Wiils [T 197 e 15.1 eg Mutomatic 3.2 z.4 1.5 frocg Theodo= | Not re- 30 Nome  [Max. J1TCC: Heurily loafed Balloon with taa wch free
1947 | Wew Baxico | 20" .00L Poly- Radioponde Pullast 173 kg kg 1ite 100K quired  in. | {(BuTst) 6 miles |11 {iaflated By volume sstimate Ll wimd),
oaze LST sthylene, 2' Data gear Aelvhny %= SCR=-430 A/e uned K Alamc-|High cacillmtions chbamarved after releuss.
wppendix tutsids Banner seably 100% to searc gorde Ballorn burst dus to blowing of f top weil
shroud lines Ballast for gear AAT below presaure sltitude. Bedloom c
relenes rrlling gear but was not
i 9 Sept. Aumogords | 1 B A Smith 8.4 kg 397 mc 11.3 kg 4,0 2.1 13.¢ FT3Y am1 Wot res festd- 1B min, |es. 29700" | Grors, ful comtrolled wltitwda flight
1947 | bow Mexice | 13* 004" Poly- Radiosonde " g s min. wa. quired  fueted | S0 Conat. Kaneer  |demonstreting witituds seatrals madgtadse
1647 X357 athylens with Lease ansembly night RO nre. 29100° | 555 wiled |sng BeighY through w aunset. Bullose
18 lead poimts W0 gu/hr fived flight descandsd nanr Groft, Xansas long after
buak pasaing sot of Rewwell's Mcaption rerge.
Hesd for & barograph shown,




U TR
apnoIge BPTA4NG NUBY
LTque e -yeq Yita xppasd
“peaeiadn: sum owef usya y3eduqout wq | 1w gz “upm U P Lrquessn vamey ETTR1 S IR «dw t susTdyys prg
03 Peacsd PRATEIAL FEA WITHA WIWP WInErsLf axaag umauy BUS 311 “upm n 13 -0 VLT -ueg aenm L3104 JT00* OF caruey mey | “iper
vyeey deyjpEeTRIY Uy 205 WETL [wetyssedy twong umoHNu[ -up amag | exnoy p | -opasug [ e z0 9 o7 ITyemo Iy EE R M 4 -wiady OE | [ 3 NTITa Twekep oprodommry | ideg g1 »
CHTR TR
L00ULE Lt
“popracad * pauan woot | cure TuTm gy uswe wi ggg ISA WK
S[UCEOT PRI 20 [0JUND SPALEIIE Of  UDELEE umouy H 3¢ posgnb L1 "t Ll 1] dvining a0 (e PoTXey My 1 ib6l
de} wucorIwq [worSelodoeien jo Ieuanpd s0| -upcrem| cumopz | amao|  -ni jen | ~apasyg orx s | et suoy oy gty el wieg 1 g rearfotosonyey 11 | opcoBommry [ rydeg ¢ st
spnasys RRERYNG ety
10001 Arqwenan -y Yyga Yppuad
pAITW awpiTEEURSy TR eawyd | CTe Ok [LOuCES 3 rurm wW OEZ Arquanay #94[ V[T Caw -de ,z susiiyse ISN ISE0
pouTemn) piv Builyes JXYSTI LT O pagATIY avrel - ity ._:h +*6E wanoy 7 Lil3d ‘UTE bl ] L1 -2 IERITH unq ‘Iegym -ATog TO0* 0t capxmy Amy ArsT
WOO[T¥q POOp  TEAFIOJEP JONELNGOW SpuGESTRWY | ‘wwwap fao.pu, t e 213 Foyey eTppiN | ToPoRYL e [ Tt Mo Fpyrminy F LAY 3 -sUway am BT BTTER Thavusg [ cpicJownty | <3deg gr +z
“uym S2T
"ERATLS 03 ANp pRoJYs Jo WPTRUY 18a0q uco[lwg L 0000% quiieaw | B59-HIS Liquassry jes7
wnesdotn pq3 sdwgasy  Cesvwmiojied wpeised - 3hlioy rEP | gy dtup | uvm gET Aqmesry samsy -Teq ‘aemueg 15X 918
~mg #A[%4 Oea{lwq yn0 MET[A “pelfuws savy L0005 T 0001 3 511 Peagnb 351 fupe b i -8z yEuLLeg ypuaraypEy Auty v dnsag | catmeg may | LbgT
43 PRABT[MY Usa{[wq pEpnoias Jo wedoz qudd ¥ v op hig 85 30N | -opeeqy (144 & 0T | w60 1 ¢ g iy 7 @'e m LeE 3 oyl Ppeprosye T epdotomery | vydeg g7 1]
sungd
“reputs i peaseeqe Jueseeg “im g0t o shum BpAOIGE RPTAIRD SN
SIS IF4E0anE o3 sap JFE U] 3dey ‘MK esoqw o1 4L7qmen -39 Yje xjpoed
eBaxvet YR Py Woo[TWq STAW plg  “yudEld ‘g ] pequile | CUIE 40 ATqmeesy srwey -0 awTag -6% g etk BN S50
TAjAseIang  CAUATEmsT 1ATAR 03 snp Jwed ELIELCY Bt o 3vl ] "ap z8t waoTTw "yl | a0 pepRa ] 3 -us ewileg Jeuvwy —L(od LTOD" 0T LR vt
Miyodas sinrtead oy uodywg doj AT o0t 10008 ~ven ay § wnagy anay 1| -cpossg —aal ey £ET LSk T3 a4 LPYRWLOY Ty 931 T3 W LI TN Tesvmegy 1 opaofomyTy | uheg ¥T I
taepay; g peaasago
WO ‘prAISEGY JUEIFY [WFLTUT AT spnoys
"FuTyIAnAL W0 wemaTes IeRiLRG Jo FuiaesiR | P scs *praino muny
s1etdwod Ja eipde 4y SU0OT[EQ B(ITN TREUsD Lae ] -390 U3fe ppusd
*RIN[ S0l pescadmp o3 $ny WITU [njeess fuiae AL L TUIR LG Fag 17 sney “uw ~dw g suo[iyie 15K YO
-bnd Loy ‘wuotyapapl i jes of anp seed ~jawm| peymmtisy nep oy o1 WITT | a0 POPTA Lol bl -ax pmIIN Jevung i15g o100° ,0f | covvem asy [ Lpe1
Tayiioded sunesssd oy  Wesywmg Ju) WP Fo0t .0008S "YMA of [ snoay |{rwaw jox | -cpoedl ~o4d yoy [- 34 0 1y g5 B I YOy Iy gzt aned vymg 1w oMM TeEaGep | opsodoemty | “deg TU Tr
.,,. . apnoJys
+RuTrFes Puiyowes aeiy® FUTINGT, Mo (WA ' 9/ oot Arquea SPIEING FUNY
desy jou pip awep 3 AL Jo ~uw eI -1 wIe xjpued
qIFY T peywd JpucEep L00G 9 ‘ute eynd perpyd asuwg —dn b sus[iy IEm PORT
=aINW SO pESY  URuyl BT 0001 4 (143 pedpab L1134 A o) 2y 1] [TSLTIRY .13 EoraTpwy 24104 LT04° 0B cafTeN A%y FRYs
~enapang - (edii pp) ssmersr puiadn Tajeseastg ya|.oves rysy| cumm g | dwag|  -wa qon | ropasyy €z €01 s1 LSS ~Teq [wtiiwg LEN = 6T o SUTT Tedsusg [ | opioSommyy | -udeg ot oz
43IN3ETF JNULING U papasd
yeypan derep cnoy oag CETUE Jwyl puw yIyed
JAOSOTY JO DO[ELJAUCTI#P JSTIRIXT LAl avel J¥oo1
PelTE ¢ BUTPUNT 'ATa0TN PAPUMZESP Uou TR pepunosd | BE9-uDE Alques wiutod peol gT
“4a8) (0Z 3O JUSIER Sl LEUTING Ul vsoiq aped o Eul R I [T YA sue{iyze SN 450
B[Oy CPUTA #3njaum WIT UF Pujnas[ Lq pesnwd acwery utm Yodver 531 N L -%d avelTW Jrwipng oF ey Aey Av6T
*H33TAE0ING JJOMING o URTIVATIIY Bnjwmdy 7031 - oy 0t| o peen| -opemy Yoot st | otz oy STAMmALRY LR R 103 wing I ysTag oy vq 1 | opacTomsry | rudeg o1 T
BT
s okif e s1Taet wr ¥ HotL 3 OMINCD DMITITIONT IRTRI1OMS ol
~avT 3| _Ixsis®od [aonviswod | swwnc{ -vawdsao 7 KOLLIYITY WTT | LTl Loty WALIZTY 40 XOCTTYR KO do EHOTY SMOOTTV s11s | wyrmd | vsemt
IANELTED ooy |y owumok | mmpidn |aHeTuU | Loveowre | sIOWML | moosoravd | NOOTTYE | wmed | IevTTYR NOILITMOSWD | JHDTES TVIOL | MOTLATwdEW | WocTTVE 40 NOIJITHIS®E SRDHONMTYT [ any xgvd | LHOTLS

BLUNITL HNOOGTTYE TFATT=INYLISNGD

ITA 7TUYL

nAN &0

iv¥YyRxENg




aeuuey ‘iTg
-menew  jEi
sarns [endme -req "yripsd
o *soLs —oreq gnousng
aeal am g1t ralua 40E] igdwaozonyem
. AFIopLeR) -1% 3y wasnddeg 15w YEBG
<ENTFE §T 3NOQY s2uWRE (LYY zi-n-: Poasand Jup fuya n 1 -e3v ‘ol ‘ueldesieq 0o yTey amy | el
w[Pue corymanly ‘INTTIF dejsvmeiuap | cer vay -y —ayy | amowiuy oyl geeggs “upm gg §roT | vetz T oG Apaitenn, 2 2vl| ueniwy i It 0¥ xppunddn 8 gp 1 | tpdoBaaer. | taog 62 €
uRE g5
Treasoy "
. opesis Sowyry WBII SOTTH 08V 3801 upm 591 #aTda ABuT 4euunq *L1a
- T e T aesg Y iTes A yuemics cage IETepesqy ey Tonumy  tuey zew 060
any3fuENE L C[1eas0y MO ER(]e i INOqE suxej ¥ay e 2y ] 11§ rejuieand LTIRYY a:s-u any LY61
topsedontTy WoL; BeTRE £ MTRIY gG0| tsederd cadugwy| -y | usouRvy LT B el ] e g £ +7 | oevr| Twocs| we ¥ piT ®x LtET LM ) ¥ipusdds g g 1 optofomeyy Taoy BZ 2
a0] £ walea APNT aeuunq LIy
Lu™ surtd Buy ‘ui2 pog TIG, TEnEN, ey —myadm 1ENLTWG 1ev t201
LT Suy -xom1y 4q s3i[op | FY ] =114 dbjutoand Qe 1 TAKOLNG LnG cIfRe, Aby L¥GL
ranve i YW L[1.0US PRTTN) Jeyifuul| SEREERd, amouup =8y | maeuyup| puncy oyl -ceul gy T°91 | ue%l Iyorg| mer rre¥ iz LI N 14 ~winq 'g9-r Ty w opaciamely a0y §Z i1
+xTpuedds W 0001 turE 9 LT T Teauny LT
J8 NINY 84 FNp pR1nUEGI  TEYL J 1 L b Y] - SUWTC PATTOROSYY g [wrnimy  tdey -mepsw $9a7[Eg Lew SEST
WEE Q009 PPLIFITY _-:_E.,BU TeLQUITRAY [UnUNnd T, rogmoaj cutl gy ["warou  Jupxomsy Ly urm bi T -154 depupand CEEs? = LR, L S Tipusdde ATy Ry L¥eL
100 w3sp gRnowy pewnsead WETL pooy| ewd [ATK. DOOSH  aeay | [ dwa | Pumos oyl BYI-95E | CuTW BRD oot [ oosz | Txogrg| wma ¥ op/roz By orgr|  -uina ey x4t o8 'y t | opdoTomar, | Tasy 02 [
~qdsiBosnq jo pusu saoys wWEIT, tudE ool
ungy weo{ PUTa #BUINL;  CIRATeIRS e 3oure [y
Iq (oo Fuyyowal ‘usTindedo ut jou
‘alul” U0 | 3RC uTAmy “LiT ‘2 m;nx kLLR SA[wA 3BWT hmnliunc 1 8011
9E36 TUIPLIY pratedgy cITE UF HITU|  oRIvang unya [ utm g - - ~aey wareg Creviee =
o h«! aeutivg _"-._“n-.. casumymip pual  imql. - yuef fuy | wiwaz “:?gn.ﬁ ” 3 _Hrw .__.”H?.a_ 4>4Taaowg N0 -.n._:-.p uils 2:._— =uy | Lvel
TN Moy peunesdd WETT) JuM[Tedke " L0 TS S8y [sinou v wioyl y8 - 059 “ug. g9 w41 | el Paogrg| wma orrEE ot M g -wang ‘eewp i ¥ rppusded g e 1 epsodomnip, | ao, ¥y 5
LG
™
LIZF A GTY
“uys 2%
cpicd
*peplaead epEceDTRNS ruge -oma 1y yIue ¥ gop 16N T¥SC
40 T0I3M0D BPAYT[R Oy 4997 Towimg i g2g|  peaynbed " HPTA n L1} dsuuwg LSS TIR4 1) LERL L T L¥ET
a0y suou{[wq (waploloscuism Ju leienty b 3] wiup Of o amag wuog| -oposyl -oud oy 1'% o't "oy L 1] E L IRANA el W L T [SEEICFLITU 20 44 spacSomety adeg 91 "
~eigio8)ep pearfieg
£04NTRpOR SpuONOTPEY  CPRUTTTER JeufTy
ATeatesscom puw punosd uesajeq PAIERIITINQ
usy3 uooT[wg - peddosp wua Awe3 smoa ELVC Aquesys wiufad pwoT T
hieys puncad of pepuedeep fyqdiey eanansad +utm| Fwel Jo s3md Jew{rwq ‘leu yifa susTiyie A 1750
o4 suBa UCDTTm “eALWA JRdITNQ ITIRM gég] pezgnbed I it} PANLE CeATVA —Umg CAe34TE —ATay .w0' LT oapTe ARy L1
=ognu Jo Aijessces Bupacys URTT) teyjauy ¥0 | ,GOsEE " Tl Lmag waoy; oy “umm Zsg [l stz iUy RITRG TErueg ¥ orUet +NURLY W ¥3 ¢zt wimmg y oy T optofiommty | “adeg 91 3]
LSTTVY
TLIE ONI | TSA STFATT (1341 ¥ nory ¥ TNYzHn? ONTQNTONT INTAZINNE T
-qurt 4 | _MAVISNOD|XOKYZSNAY  -vMpg[ -vALTEAO) ¥ KO TLINDM JATT | LTT]  LHOItA WILLILTY 40 HCOTTYE NT 40 AT 2NOCTTVE wils | WY | ANk
B TLTHD awrpoomy | 7 mmleen| oL Iwori|  Lovwsulv| ONINOVEL | sawosolove | ROOTTYE | R | LSVTTH NOLLITMOSTQ | IHOI®® Twinl|  WAILITHOEYD | HORTTAE 40 NDTLITRIENE ONDHINDYT | XY TIve | gHeTTr

N e O |

NOOGTTYR

ITA vl

TTAYT=LAFZENGD QAN §0 LNYRANMLE




.

T i s

TMAeR PV TTRaony -iewe
‘epaelomity ¢ ¥, 000 L peatedes spendpe Joat e[ [
eseg  prrdmmian jou Leacdosy  CpJeds U™ op -oynu ‘gazras
PRy JEE  sUTEIERCE WY L6 ‘4ERYTAIY -y satma 9w Jmouing
SRR §9 jeing 83 BOTING pRFARE ] ~aposyy Terwrem o ‘goTF ‘wdnadesoe o IR YEVL
(XI%/3) 00OT) ®9Ta o syes v yip fuesapmers Lt U ‘i Joat n ] SATHA OT3wER iRy unlieg b e | LT
we) WERG FETATAINS WITe Jouds OTRLJUT Lo autF [ oot"I¥ oy mw won| o959 uge o %0 [ whe | T oocg| ‘TOLE Sjosiseey i o9ret N T "oty xipusddr g gy T | opiolommyy by b *®
¥001
utm LIC
~eepd
remeINJ siojeN  MIBSY Of n0LE um 18 vt
PITLL  ‘wénp £ aay ao peiseq ®eol /%0 'my -33L ATEA 3pumoynl s weiu
=Toy “sWeld g3-g puw navatesns gGo=f L0 | wh0l ‘pov -opoeyy or ‘Baates ~umq *Arques Lt s o 08
Jagyowig ‘dacp simga<snd 0y peiIesqc sma  [TTeasoy go e e e (T 149 ”x 4 FL L™ Y - eETI 0D0g-p abyrhy asy [T %4
PUD RoaRE 37 38.nq wocTTM sueoky LER 0LS "B oy LT | ¥Su wet]| LTT-wss TupE OB it var | Fa0tp| 0o diomisesy A | ‘asjma {oa3 LEI B ™ T epioBoae iy s [
“3TaReg Alwmevwe oy
wear(w IUTPTSN EedBy Sh 4IM{Iw) pEW ¥oot vaTea Tvnuwm ~Twe Q3 3tas IEm a¥ST
BuiIwer 1 enp PTPU jo W SEITE @ (18] patxey asjy i e vpm Foo1 L] 1 wes el BT ~oinq pee *irhy may Y61
PAR ylary  CJessgE aiwd U] paswaley ppsodomely JO0ETST wuey |*uym gx ooy oF-95s rum gg 6*¥1 | ovox N opis | “awel ywisdon g nr -wang C4p-y LENM ripusdde o gy T sgdolownty g € “°
L ’
-wsq ‘yerpd
‘MTa LAl L1}
TpaenIng wor cr-u] dr-eat PRI puva LB
Jea0 3m0] [walyg gy oy LTpydus w.gf usys sunTd Juy| =oposyy wsany mad¥ -0Seg INoUang 45N ¥ECD
-(wq perasws erw SpeTa oT Ui FUIL'RLTIA Wy -1ausy ka Tuym L1 x W3tn el ‘eejaniing 1Ry may FL
JFiTm e FIIER [RJeusg Gifa WY | -eutpmmig acmrip “BRN {umouRvy |pAROS wOA]  GOT-BS9 | (¥R E{T 2| gy | aevg STawhaien g Fopcpr| vemamg g9y Ll ] avpusuds £ gn 1 | epaedemmty vesg z "
"uEm OET dpuny
- TTeasey *Syqmessn 1aw
' Ty Wk [wa TUAUG -y ‘wayias
- 3L ou ‘IILf -eree eIy
© [Tsasey LJO08 -opoeqy SATHA JORTIWQ ‘qdwiBessaqm 1ER 080
AvAR SIRITH; Ldwiie 48 JE31TERWRIY O PRJRACT > U o um 1 » 374 o 3oy weaniang S0p iy sey FtT1s
SRR BAYP #y XRTLS [eaRT juwasucs v -ed yay 00, 9% -usd 26 |wacunug seox|  e91-59 cupm a9t oL orL | W ots | Ty Jtoadessy L A 14 ‘anyva L0903 10y rrpusdde g gy 1 spelomniy AL I (13
BRG]
[~ 1[sasoy
TBEYERLL % pme Mg wenug cuelurg THeq LT BATRL [antiem avauy
Pacm ReE[TM s peonpea (3Rueage wmog - e L Hiqmeien Jevt
TeIEE M TUR PAEE 93 #RD AVTRITISEP RYim wa ~opoedy bATES aWT(mg =Twq ‘N33Las am oSt
Poreares MPTL PUv MITES HooTTHy aeyl wvrey tup i n 1 aprmma yny —oJey yRsuiny nay any LysT
SRR TR K88 PEIEAfLON 4aed Jnousng) tyay amauyuy -8y jusousun ewoy | gLi-B%9 ruie gy [ 311 LN 1 05| soLf Sposdesey 1 851 “Iviwa Todg LA pukdde g o 1 opzoSownty Tacy §F "
TAIE oNy | TN FIIAN NOTL Koz ¥ o INmIIR
. WYISHAS iawegennn | —runs | -Faartsee oLy art | aerr W' FOOTTY x n . SRooTVR rars | mel | oo
ML .%M._ 3 LYY PRTHiLi | mbru LOVHONTK l:w,aa wwotorave |mootr | T hivrier ﬂur._m.g DIV Y0l | MOLLADIYEWC | moTTVR 40 WL DRTINY"] | ONY Lve [ IHATU

SLHOITA KOOGTTYN TTANT-LNYLEAGY nid [0 SUYRRNF
TIFPAL




AFPFENDIX 2

Correspondence

Page

l. Abstract from: Air Coordinating Committee, New York Sub=-
committee on Airspace, Rules of the Air and Air Traffic Control.
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COFY
Abstract from:
AIR COORDINATING COMMITTEE
NEW YORK SUBCOMMITTEE ON AIRSPACE
RULES OF TE AIR AND ATR TRAFFIC CONTROL
385 Medison Avenue
New York 17, N. Y.
20 Merch 1547
¥. Y. Meeting No, 12
FROBLEM:
l. The Secretery cf the Subcommittee presented e request from the War
Depertment member in behalf of New York University for epproval to release free
hallocns from allentown, Pe. and lLekehurst, ¥. J.

DISCUSS ICN

2. The subject project is broken down into two phases as described below:

A. FPHASE I.

{1} The type balloon to be used in this phase of the
project will be 6 ft. in diameter, hydrogen filled,
encompassed by & nylon shroud with bleck and white
panels 24" wide. Redio instruments weighing approxi-
mately 3 lbs. will be suspended approximetely 50 ft.
below the balloon and equipped with parachute device
so thet upen separsation from the balloon, the attached
equipment will float down towards the eerth rather
than become a freely falling body.

(2} 1t is anticipated that two flights will be required in
this phase of operation, the relesse to be made during
weather conditions in which the sky is free of clouds
and the visibility at least three miles at all altitudes
up to 20,000 feet., within & four hour cruising radius
from Allentown, Pa.

(3) The balloon, during these flights, shall be convoyed
by suitable aircraft to maintain eir-ground commumice-
tions on the balleon trajectory and equipped to effect
destruction of the balloon at the terminetion of four
hours flight or at such time that the balloon may
become hazardous either to aircraft flight operations
or the persons or property of othsers on the surface,

{4) New York University will file a Notice to Airmen at
least twelve (12) hours in advance of balloon release
and a second notice will be filed at the time of release
with the Allentown, Pa. Airways Communications Station,
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B, PHASE 1I.

The type balloon to be used in this phese of the project
will be & 15 to 40 ft., dismeter plastic balloon, hydrogen
filled, Radio egquipment weighing epproximetely 25 lbs.,
will be suspended approximately 100 ft. below the
balloon. The balloon will be towed to high altitude.
levels {above 20,000 feet) by three auxilliary lifting
balloons fastened together with a 4 1b. weight. All
equipment attached to the balloon will be equipped with
perachute device so that upon seperation from the balloon,
the attached equipment will float down towards the earth
rather than become & freely falling body. Upon atteining
the desired altitude, the auxilliary lifting ballcons
will be released from the main balloon.

It is anticipeted that a8 maximum of ten flights will be
required in this phase of operation, 2 to 5§ releases to
be made from Allentown, Pa, &and 2 to 5 releases tobe
meide from Lekehurst, N. J, Relemse will be made during
weather conditions in which the sky is free of clouds
end the visibility et least three miles at all altitudes
up to 20,000 feet.

The range of flight during this phese of operation will
be between 30,000 end 60,000 feet, A psriod of six hours
will be the maximum duration of flight,

New York University will provide an operator for tracking
of the balloon during period of fligh%t and will furnish
informetion on its position to the N.,Y. Air Treffie
Control Center during period of flight.

New York University will file a Notice to Airmen at

least twelve (12) hours in advance of balloon release and
& second notice will be filed at time of release with
either the Allentown, Pa, or Lakehurst, N.J. Communice-
tions Stations.

Destruction of the belloon will be predetermined to be
effected over water where hazards are not presemt. Aerial
convoy will not be effected durinr this phase of operation
ineagmuch a8 balloon flights will be conducted in excess

of 20,000 fest,

3., The War Department member requests that balloon operations elong
the lines of Phese II be presented to the Washington Subcommittee for
clearance with all other Regional Airspemce Subcommittees, in consideration
of War Department plans to continue the Phase 1I type of operation from
White Sends, New Mexico, upon completion of the 12 proposed releases
described herein. The type of balloon releases proposed out of White Sands,
N. Mex,, will involve flight through other regions.
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REC OMMENDED ACTION

4, That the release of free balloons by New York University as
described above in Paragraph 2-A (Phese 1), Subparagraphs (1) - (4) inclusive,
be approved.

5., That the releass of free balloons by New York University as ‘
described above in Paragraph 2-B (Phase 1I), Subparagraphs (1) - (6) ‘
inclusive, be approved. )

6. That the Waghington Airspace Subcommittee present the Phase
II operation to other Regional Airspace Subcommittees for clearance, in
view of Vier Department plens to continue the Phase II type of operation
from White Sands, New Mexico.
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April 17, 1947

Mr, C. J. Stock, Secretary

New York Subcommittee on Air Space
385 Madison Avenue

New York 17, N. Y.

Reference: New York Meeting No. 12 Subject No. 26, New York Case #156
Dear Sir:

Receipt of the minutes of the above meeting are acknowledged with thanks.
However, on reading them, a discrepancy was noted. We believe the weather

conditions agreed upon for rhase 2 opsrations were not & cloudless sky, but
no céiling under 20,000 ft.

We realize that there might be occasions when the clouds present would
not constitute a ceiling. Yet, due to chaotic or unstable sky conditions,
our balloons might be considered an unseen hazard to aircraft.

It is therefore requested that we be permitted to fly these repidly
rising, high altitude balloons after obteining clearence on days
when there are no more then scattered clouds in thin layers up to
20,000 ft, and visibility greater than three miles.

This is an important point, as the phenomena which we hope to measure

is not a frequent cne and our chances to investigate the remote phenomena

are markedly reduced if we have to wait for cloudless skies and the phenomena
to coincide.

This would have been brought to your attention earlier., However, we are
unable, until yesterday, to confirm ocur impressions with the representatives
of the Army Alr Forces who were present at the meeting.

Yours very truly,

C. S« Schneider
Research Assistant
C8S:gm
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DEPARTMENT OF COMMERCE
CIVIL AERONAUTICS ADMINISTRATION

385 Madison Ave.
New York 17, N. Yo

New York University
College of *“ngineering
Research Division
University Heights

New York 53, N. Y.

Attention: My, C, 8, Schneider, Research Assistant
pear Mr. Schneider:
This is in reply to your letter of April 17th.

It i= true thet at N.Y., Airspace Subcammittee Meeting #12, we advised

you that the Phese II operations would be restricted to weather conditions

in which the sky was clear of clouds below 20,000 feet and the wvisibility

at least three miles at all altitudes up to and including 20,000 ft. Howeven,
it wes indiceted that these conditions were subject to concurrence and approvael
by the Washington Airspace Subcomnittee.

In order to expedite final epproval of this case, coordination was effected
with the Weshington Airspace Subcammittee immediately subsequent to our

Meeting #12. It was revealed as a result of such coordination that the :
Washington Conmittee felt thut the ceiling restriction was inadequate in !
the interests of air safety and required that & cloudless sky condition be 2
specified.

This informetion was relaysd to the members of the N.Y. Airspace Subcommittee
and they in turn concurred with this emendment in the interest of air safety.
The minutes of New York Meeting #l2 were amended accordingly.

gt s g e -

Yours very truly,

C. J. Stoek
Secretary, N. Y. Airspace Subcommittee
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AIR COORDINATING COMMITTEE
FORT WORTH REGIONAL AIRSPACE SUBCOMMITTEE
P. O. BOX 1688
FORT WORTH 1, TEXAS

August 21, 1947

Meeting No. 30

Time s August 21, 1947 - 10:00 a.m. to 1:30 pum.
Flace: Regional Uffice, CAA, Ft. Worth, Texas
Members Present: L. C. Elliott, Chairman

Lt. Col, Hall F, Smith, ¥Wer Dept. Member

Mejor Williams, War Dept. Alternate Member
Perry Hodgden, CAB Member

Commander Jemes Dougles #rbes, Nevy Dept. Member
Tracy Walsh, ATA Coordinator

Secretary: Paul H, Boatmen

EXTRACT COPY
SUBJECT PAGE NUMBER

III. OBSTRUCTICNS TO AIR NAVIGATICN

A,  WHITE SANDS, NEW MEXICO, PROVING GROUND - NEW YORK UNIVERSITY - RELEASE
OF FREE BALLOONS = CASE #111l.....0veruenncnaesnssnansse 3

PROBLEM

l. The Secretary of the Subcommittee presented a request received from the
New York University through the Yepartment of Commerce Member for approval of re-
leases of free balloons at the White Sands Proving Ground in Phase II operation
as outlined in New York Subcommittee Meeting No. 12, dated March 20, 1947.

DISCUSSION

2, It was first thought that balloons would ascend and descend within the
confines of the White Sands presently sssigned danger mrem dnd that no further
authorizetion would be required; however the Subcommittee was advised by the
University that balloons have been descending ocutside of the area in the vieinity
of Roswell, New Mexico. 1I%, therefore, appesred that there was a certain smount
of hatard to aircraft encountered in the descent of this equipment.

3. The Subcommittee did not have full information on the number of releases
enticipated and other pertinent details; howsver it mppeared the chances of collision
of aireraeft with thie equipment was very remote and due to the fact prevailing winda
in this area would ordinarily ocarry the equipment eastward, which would tend to carry
it eway from heavy trevelled already established civil asirweys, that this activity
might not be too objectionsble,
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4, The Department of Commerce Member stated that he felt it may be necessary
to effect some coordination with air treffic in the local El Paso area but that due
to the meager information aveilable, this could not be determined without & discussion
of nethods and procedures with the people who were actually going to do the work.

5. Thw Wer Department Member steted that he felt it desireble {0 stipulete
that local coordination should be effected with the Commanding Officer at Biggs
Field,

J(NOTE: At a meeting held in El Paso, Texas, on August 27, 1947, between

' representatives of the CAA and the New York University, procedures
satisfactory to the Commerce Member and the Commanding Yfficer at
Bigge Field were established).

RECOMMENDED AC TICON

6. That release of free bailoons by the New York University within the
confines of the White Sands Proving area be approved provided that:

(2) Locel coordination be effected to the satisfaction of the
Department of Commerce Member and the Commanding Officer at
Biggs Field to assure all precautions are teken to prevent
collision of aireraft with this eirborne equipment.
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COPY
AIR COORDINATING COMMITTEE
FORT WORTH REGIOFAL AIRSPACE SUBCOMMITTEE
P. 0. BCX 1689
FORT WORTH 1, TEXAS

September 2, 1947
MEMORA FDUM

T0: L. C. Elliott
Chairman, Ft. Worth Rsgional Airspace Subcommittee

1t, Col. Hall F, Smith, War Dept. Member, Ft. Worth
Regional Airspece Subcommittes

FROM: Secretary, Ft. Worth Regionasl Airspace Subcommittese

SUBJECT: Procedure for Release of Free Bamllocns in the White Sands Danger
Area

The writer met with Mr. James R. Smith of New York University emnd Lt. V. D.
Thompson of Alamogordo AAF, at El Faso, Texes, on August 27 to discuss procedures
to be followed during the descent of free balloons released within the White Sends
Denger Aree.

Mr. Smith advised thet he hed met with the Commarding Officer at Biggs Field who
had stated he desired no further coordination other thar what the Civil Aeromneutics
Administretion might require and that he would write a letter to Mr. Smith to this
effect. Mr. Smith will forward this to the Cheirman of the Subcommittee for the
record.,

Mr. Smith outlired their progrem, which consists for the most part of testing
various types of balloons. Their program will probably be of & flights per month
for the next & months, the first flight to be released on Sept. 6, weather per-
mitting. Westher minimums were agreed on as not more than 4/10 of the sky covered
or forecasted to be covered within the expected descent area {60 mile radius},

Balloons are trecked by VEF DF stations at Alemopordo and Roswell for the present
plus an aireraft. When the balloon descends to 20,000 feet, if not in the clear,
positions will be given every hour or so end will be put out &s noteams on Schedule
"AM from the Roswell AAF. This will serve to advise the Army Fields, the airlines,
and some itinerart traffic. In sny cese if the balloon is outside the assigned
danger area, notems will be issued when the balloons descend below 15,000 feet.

The balloons are for the most part 15 feet in diemeter end plastic. Suspended

from the balloon is & 100 foot one thousand pound test nylon line which carries

the airborne equipment. Relesses are usually made at dawn and the flight termirates
in an average of B hours time; it may be from 6 to 12 hours duration.

It is believed the notem procedure will serve to advise pilots of this mctivity
effectively enough to provide the desired amount of caution. It is understood
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the alrlines heve some instrument flights through this area at 20,000 feet; how-
ever these are for the most part at night and to the north of the expected balloon

track.
/8/ Peul H. Boatman
PAUL H, BQATMAN
Secretary, Ft, Worth Regional Airspace
Subcormittee
¢
0
P
Y
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PRESSURE IN STANDARD ATHMOSPHERE

(Accurate to .001 mm of Ha, .0001 in. of Hg and .002 of millibar)

Thermal Leyer Isothermal Layer
ft.per ft per
Altitude Pressure {mb) Altitude (b )
(feet] (mm Hg) (In. HQj* (mb) (feet) ([mm Eq)}* (In.Hq)* (mb)
=5,000 907.809 35.7404 1210,312 35,332 175.89% 85,9251 234.513
~4,000 876.533 34.5091 1168,615 56,000 170.375 6.7077 227.148
-3,000 846.130 33,3121 1123.081 37,000 162,430 6.3949 216.556
-2,000 B16.582 32.1488 1088.686 88,000 154.854 6.,0966 206.455
-i,000 787.879 31.0188 1050.419 39,000 147.632 5.8123 196.826
0 760.000 29.9212 1013.250 27 40,0C0 140,747 5.5412 187.647 110
1,000 732.823 28.8552 977.180 41,000 134.183 5.2828 178.898
2,000 706.634 27.8202 942.101 42,000 127.925 5,0364 170,553
3,000 681.114 26.8156 908.077 43,000 121,959 4.8015 162,599
4,000 656.344 25.8403 875.0563 44,000 118.27F 4,5776 155,015
5,000 632.308 24.8%40 843.008 31 45,000 110.848 4.3641 147.785 140
6,000 608.991 23.9760 811,921 46,000 105.678 4,1605 140.892
7,000 586.375 23.0856 781.769 47,000 100,750 3,92665 134,322
8,000  b64.444 2Z.2222 752,530 48,000 96.051 3.78l5 128,057
9,000 543.180 21.3850 724.180 49,000 81,571 3.6052 122,085
10,000 522.571 20.5738 696,704 36 50,000 87.301 35.4370 116.35% 175
11,000 602.6CG0 19,7874 670.078 51,000 83,229 3.2767 110,963
12,000 483,251 19.0256 644,282 52,000 78.348 3,1239 105.789
13,000 464,511 18.2878 619.297 53.000 75.647 2.9782 100.854
14,000 446.362 17.5733 595,100 54,000 72.119 2.8393 96,151
15,000 428,793 16.8816 571.677 %3 55,000 68,755 2.7069 91.666 225
16,000 411.786 16,2120 549,003 56,000 65,549 2.5807 87,391
17,000 396,332 15,5642 527.0686 57,000 62.492 2.460G3 83,316
18,000 379,412 14,9375 505.841 58,000 59,677 2.,34855 79,429 i
19,000 364.018 14,3314 485.317 69,000 56,799 2.23€2 75,726
20,000 349,132 13,7453 465.471 50 60,000 54.150 2,1319 72.194 285
21,000 334,742 13.1788 446,286 61,000 51.624 2,0324 68.826
22,000 320.836 12,6313 427,746 62,000  49.217 1.9377 65.617
23,000 307.403 12,1025 409.837 63,000 46,921 1.8473 62,556
24,000 294,429 11,5917 392,540 64,000 44,735 1.7611 £9.639
25,000 281,901 11,0984 375.837 60 585,000 42.847 1.,67S0 56.8568 360
26,000 269,308 10.6223 3£9.714 66,000 40,658 1.6007 54,206 i
27,000 258.140 10,1830 344,158 67,000 38,762 1.5261 51,678 E
28,000 246,883 9.,7108 329.150 68,000 36.95¢ 1.4549 49.268 ’
29,000 236,027 9.2424 314,677 689,000 35.230 1.3870 46,4069
30,000 225,561 8,3803 300,723 72 70,000 33,587 1.3223 44,779 455 !
31,000 215,473 8.4832 287,274 71,000 32,021 1.2607 42,691 :
32,000 205.7504 8.1005 274,316 7,000 30,528 1.2019 4£0.701 ;
33,000 196.3%4 727320 261,837 73,000 29,104 1,14588 33.802 .
34,000 187.381 73772 249,821 4,000 27.7:6 1,0924 36,992

35,000 178.705 7.,0353 233.2b4 86 75,000 26,452 1,0414 35,260 580
76,000 25.219 L0928 33,623
* Mgrcury column &t 0° ¢, 77,000 24,043 9466 32,085
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PRESSURE IN STANDARD ATMOSPHERE

e it

o

(Accurate to ,001 mm of Hq, .0001 in. of Hg ard .002 of millibar)

Isothermel layer

— N —
b - - e
.

Tt. per
' Altitude Pressure (mb )
L\ [feet) [mm Hg M {in.Ha M {mb)
v 78,000 22,921 9024  30.559
3 79,000 21.852 L8603 25.134
1.
; 80,000 20.833 L8202 27,775 735
| 81,000 19.862 W7820 26.480
. 82,000 18.935 L7455 25,245
- 83,000 18.052 L7107 24,087
& 84,000 17.210 L5776 22,945
b 85,000 16.408 .6460 21.876 935
! 56,000 15,642 .6158 20,854
t 87,000 14,913 .5871  19.882
;- 88,000 14.217 L5597  18.554
r 89,000 13.554 .5336 18,071
]
; 90,000 12,922 L5087  17.228 1190
) 91,000 12.319 4850 16.424
? 92,000 11.745 4624 15,659
r 93,000 11.197 LG408  14.928
. 94,000 10.675 .4203 14,232
. 5,000 10,177 .4007 13,568 1510
‘ 96,000 9.702 5820 12.935
, 97,000 $.250 L3642 12,332
‘ 98,000 8.819 L3472 11.758
, 99,000 8,407 ,3310 11.208
100,000 8.015 .3156 10.686 1920
;
}
}
i
g
p -
1]
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Basic Data for Computation of Molar Volume

ALBUQUERQUE, NEW MEXICO

January 1943 (Mean Sounding)
Altitude Temp. Fressure Humidity Molar
(101) (%) (up) % Voluge
ft.
1.620
(Surface) 4+ 3.8 838 45 449
2 Sed 800 46 483
2.5 6 752 45 486
3 - 2.8 706 48 be2
4 - B.3 622 51 587
5 ~14.6 546 50 631
] ~21.2 477 48 704
T ~28.5 416 45 786
8 ~35.7 332 39 872
9 =-43.0 312 - 983
10 -438.7 269 - 1140
11 -54.7 230 - 1250
12 =57.2 197 - 1460
13 =58.1 168 - 1690
14 =60.2 143 - 1990
15 ~61.6 122 - 2320
16 -63.0 104 - 2700
i7 =64,3 88 - 3170
i8 =65,.1 75 - 3700
PHOEN IX, ARIZONA
20 ~63 54 - 5410
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Braic Data for Computation of Molar Volume

ALBULUERQUE, NEW MEXICO

(Mean Sounding)
Lusust 1943

Altitude Temp. Pressure Humidity Molar
(XM) (°c) (Mb) % Volv.?.e
ft.
1.620
(Surface) 25,2 838 44 480
2 23.3 803 39 492
2.6 20.4 758 42 517
3 16.6 7156 48 641
4 8.8 €34 66 594
5 1.1 562 79 852
6 - 5.6 495 72 715
7 -11,0 436 56 803
8 ~17.1 382 45 896
5 -24.2 333 45 980
1o -31.6 290 - 1110
i1 ~39.4 251 - 1250
12 -47.0 217 - 1390
13 - 54.17 186 - 1560
14 =645 158 - 1780
15 -66.4 134 - 2060
16 -69.8 114 - 2460
17 ~70.0 96 - 2830
SANTA MARIA, CALIFORNIA
20 =58.1 58 - 4960
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Data for Molar Volume-Altitude Graph

Altitude, ft.  Molar Volume, ft.S Altitude, ft.
5,000 420 50,000
10,000 490 55,000
15,000 590 60,000
20,000 680 65,000
25,000 820 70,000
30,000 980 75,000
35,000 1230 80,000
40,000 1410 85,000
45,000 1750 90,000
95,000
100, 000

Moler Volume, ft.°

2200
2850
3700
4900
6200
7800
10,000
12,600
15,900
20,200

25,600

This dete assumes a constent temperasture (-60°C) aphove 65,000 ft.,

and below that sltitude is based on representetive pressures and temperatures

taken from Washington, Albuquerque, Fitisburgh and Lakehurst soundings.

Individual variations from semson to season, and from station to

station may be noted in the graphs at the left of Figures 19 and 20. These

varietions are at most about 10%.
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Remuneracion

Le materia ha voledo con este globo desde la New York
University para hacer investigaciones meteorologicas.
Se desea que esta materia se vuelva para estudiarle
nuevamente,

Con este motivo, se dars una remuneracion de

doleres norteamericancs y una suma proporcional para
devolver todos los aparatos en buen estado. Para recibir
instrucciones de embarque, comuniquense con la persona
siguldate por telegrafo, gastos pagados por el recipiente,
refir.ende al numero del globo .

CUIDADO1
FELIGRO DE FLAMA. HAY KEROSEN EN L TANQUE.

CeS. Schneider
Research Division
New York University
University Heights

Bronx 53, N. Y.

NOTICE

This is special weather equipment sert aloft on research

by New York University. It is important that the equip-
ment be recovered. The finder is requested to protect

the equipment from damege or theft, and to telegraph collect
to: Mr, C. 5. Schneider, Few York University, 18lst $t, &
University Heights, Viest Hell, Few York City, U.S.A, Phone:
LUdlow 4-0700, Extension 63 or 27. REFER TO FLIGHT #

A dollar (§ ) reward and reasonable reimbursement
for recovery expenses will be paid if the above instructions
are followed before September 1948,

KEEP AWAY FRQI' FIRE. THERE IS KEROSEFE IN THE TAMK.

(54)




CUESTICNARIO

Tenga la bondad de contester lo siguiente y enviarlonos para que
podamos mandarle a Ud. la remuneracion.

1. En que fecha y a que hora se descubtrio el glabo?

2. Donde se descubrio? Indique la distancia y diroeciom
aproximada del pueblo mas cercan¢ que se encuentra en el
mapa del sitio de descubrimiento,

3. Se observo bajar? Cuando?

4, Se bajo despacio o se cayo repidamente?

QUESTIONVAIRE

Please answer this and send to us so that we may pey you the
reward,

1. On what date and at what hour was the balloon discovered?

2. Vihere was it discovered? (Approximete distance and direotion
from nearest town on map?)

3. Vias it observed descending? If so, when?

4, Did it floet down slowly or fall rapidly?

(55)




WEIGHT SHEET Page 1. !
;
Flight Yo. Date :
Time :
1 Manufacturer . " )
Balloon  yiber _ duentity
Burnout Patch and Wires. . ' .
Shrouds . . . * » . .

Total Relloon Veight . . . . . . . . .

Launching Remnant , . . . .

l1st Unit. Serial ¥c.

description

Line length

2nd Unit. Serial Yo,

description

Lins length

3d Unit Serial No.

i

description

Line leng th

4th Unit Serial XNo.

description ;

Line lenpth

Banner description

Ballast assembly = description

Eallast , . » . . . - .
Total Equipment Weirght, . . . . . . . .
GI'OSS Load M . . . . . - . - . .




RATE OF RISE AND MAXINUL ALTITUDE COMPUTA TICGRIS

Flight ¥o. Date

Page 2.

Time

BALLOCN INFLATICN

Desired Rate of Rise . . . . f£t./min.

Gross Load . . .

Assumed Gross Lift (Gross Loed + 10%) G

¢ 2/3

Free Lift - F & (;%g)zea/s. . .

Equipmant 1@ ight . . . . .

Desired Balloon Inflation = Free Lift # Equipment Totel

Allowence for Leakage € gm/hr, hrs. waiting

Actual Balloon Inflation . - . . . v '

MAXT:UM ALTITUDE

Balloon Voiume. . . . . cu. ft.
Hoiium  11.1 g,/ mol
Gas Lift/mol ., . . . . Hydrogen 12,0 kg/mol

Molar Volume = Balloon volume X gas 14ft/mol
gross losd

CU. ft.
M&Ximum Altitude . . . . ft- Me S ol
Altitude Sensitivity . . . £t./kg.
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BALLAST COMPUTA TICNS

Page 3.

gms/hr

Flight Rao. Date
Time
Surfece Belloon Diffusion(Te®sured) . .
(estimated)
Percent Inflﬂtion. M . - . . »

Mll Balloon Diffusion: Surfece Diffusion x E - 1 . gZ/B
?a inflation

Ballast Leak {120% Full Balloon Diffusion). .

Automatic Bellest Valve Calibration

Estimated Ballast Duration. . . . .
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New York University
llesearch Division
: Balloon Project

Supplementary Information for Flight ¥o.

Release: Site date

time

Enceded Sownding Data:

Encoded Upper Winds

Release lipather

In-Flight Hourly Veather

Train Sketch in Folder

List Flight Records in Feolder:

Films Sent Cut

Remarks

Checked by

(89)




Transmitter Performance for Flipght ¥o,

Page 5

Release: Date Time

Site

Transmitter Type and Serial No.

Batteries: ! Type and Number

Open Circuit Voltages:

Voltages Under Load:

Reception at Station 71

Reception at Station #2

Reception at Station #3

Critique

(60)
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Ta
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9.
10.

11.
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WADC/WADD Digital Collection at the Galvin Library, 1T

The Roswell Report
Fact Vs. Fiction in the New M exico Desert

The Roswell Report was divided into five parts due to the large size of the
document. At the beginning and end of each divison we have included a
page to facilitate access to the other parts. In addition we have provided a
link to the entire report. In order to save it, you should right-click on it and
choose save target as. This is considered the best way to provide digita
access to this document.

[To continue on to the next part of this document, click herel

This document, along with WADC/WADD technical reports, and further
research materials are available from Wright Air Development Center
Digital Collection at the Galvin Library, lllinois Institute of Technology at:

http://www.gl.iit.edu/wadc|

WADC

Collection


http://www.gl.iit.edu/wadc/history/roswell/report/pt05a.pdf
http://www.gl.iit.edu/wadc
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