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Introduction

In November, 1946 the Research Division of the College of Engineering
of New York University contracted with Watsan Laboratories, AMC, to develop
and fly constant-level instrument-cerrying balloons. This is the third part

of the final report on the work accomplished and describes the éxperimental
balloon flights which were made.

In reviewing the flights a number of analytioal comments may 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 flighty balloon behavior

was affected by instrumental controls of one kind or enother while on some
flights no controlk 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 observed 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 analytical importance.

Since over 100 flights have been made, it is difficult to tabulate the
.important results obtained on each specific flight. To present the data

vhich has been collected each significant flight is presented chronologically,

with drawings and details where necessary, and & summary of the flight
results is given.,

To render this information useful, an index hes been prepared with re=-

ference made to flights which show typical or important results in each
category.




Flight 5: 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
S50-gram rubber balloons. By attaching the balloons at 20-foot intervals
along the load line, a total length of about 600 feet was required., The
train is shown in Figure 1. For altitude control, three lifting balloons

— LIFTER BALLOONS
o= —— LIFTER CUI=-0FF, ACTS AT 35000

TOTALLENGTH OFBALLOON TRAIN Ses'
(LESS LIFTERS)

DOOOOLOD

0¥ TEST NYLON LINE.

HAND BRAIDED LOB3TER TWINE
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0 |
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| /—-
“l
(0
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'.--—- PAY CAD (15w wT.) 1$%98.TOR.
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e
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INCREMENTS:
$00 1= A T-31000°

300+= AT 29000
T00gm AT 27000

7009 AT 25000

7004« AT 21000
70Oy~ A T 2,000 (2)
T00e AT 19000 (2)
PLASTIC RESER VOIR AND DRIBBLER SETA
— _W___ . Q‘DOO-

Figure l: Train, Flight §

were cut 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 ballast,
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 reached was much above the predicted 35,000 feet. Also
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the rate of rise was greater than expected. Both of these evidences of ex-

cess buoyancy are attributed to superheating of the balloon by sunshine.
The real height is somewhat in doubt because the conventional radiosonde baro-

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

On this flirht 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 bale

loon for most of the flight.




Flight 7: Released from Alamogordo, New Mexico, 0509 MST, July 2, 1947
Descended at Cloudoroft, New Mexico

Using & cluster array (Figure 3) of 13 350-gram rubber balloons and
four larger lifting balloons, a 53-pound load was carried aloft on this flight,
At 35,000 feet, the desired floating level, the lifter balloons were cut free.

Litter amembly = 4 balicors
inflated to 3000 g=. .:fe.

Lifter cut-oft at 35000.

I3 balloons inAlated to 300 gm.

Lift 4 balloons 1nflatea %o
2|003m. Lokt .

Payload (13#% wt)

45 mc Radiosonde. Heavy duty
Batteries in blacK boxes ‘a fapped i
polyethy lene.

Ballast baroswitch.
Battast dropper assembly, (6 Aluminum
tubes of granvlated lead dropped by
descent pressire switch in the Fol.lpwm,
incremaents:
3009 m- 34000 1 400gm - 29,700’ | 8009m - 25800
200 9m - 33,000° [ 400 gm- 29,000’ | 800gm - 25200
2009m - 32,000'| 600 gm - 28,000 800¢m - 24 500'
300gm - 31,000'( 600gm-27400' | 1000gm- 23 800
400¢ - 80,5001 600 gm-26,600'| 1090ym- 23 100"
1600gm 22,500

Figure 3: Train, Flight 7

When the train began to descend below 54,000 feet, lead shot was dropped in
increments to maintain buoyanoy.



This altitude-control system operated well enough to
produce a height-
time curve (Figure 4) with one descent checked by ballast dropping. ng
much weight was lost in this action, and the train rose until some of the
balloons were burst. Subsequent descent was not checked.,
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From.this flight it appears that 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 accomplished with a C=54
airocraft. Two theodolite stations were operated, one at the launching

site and one at Wafford Lookout, a fire tower about 20 miles northeast of
the release point.




Fligt 10: Released from Alamogordo, New Mexico, 0501 MST, July 5, 1947
Not recovered

This flight was the first to use a large plastic 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 altitude control was an sautomatic ballast valve, pressure-triggered to

throw off liquid ballast. The equipment train used on this flight is shown
in Figure Oe

15" dia.-.008" thick polyethylene
Balloon. H.A.Smith In¢

Remnforced blow-out patch to be
opened by Timae-clock.

Bridte ot 9 nylon Lines each 150 %
test, 1 long, served toa thimble
and attached to reinforced patches
at alternate seoms.

Open Appendix

Payload

4.5 mc. Radiosonde with 20 end
fed antenna.Heavy duty bat

In black boxes, pelvethyiene
wrapped.

Plastic bellast Re servolr with

J000 g¢ ballast.
Pressure operated bajlast valve -

Putomatic) actuated by 30N contact
- ot radesonde bareswited.

Figure §: Train, Flight 10

The balloon rose to about 16,000 feet MSL and dropped back to 9000 feet
MSL where it "floated" for at least 4 hours, at which time radiosonde re-

céption failed. It iz bYelieved that the automatic ballast valve sealud off

«]10-




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 a superheat of 30°C above the air temperature.

Jater flights showed that the type of load attachment 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 leakage,

Near the end of the recorded data, the height-time curve shows large
oscillations about a pressure plane (Figure 6). Three factors which probably

T

HEIGHT-TIME CURVE
FLIGHT 10

. | Released at AlamogordoNM A
Juy S, 1947-050IMST
bt o

Figure 6

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 aneroid
valve as intermittent clouds shut off the sun, and (5) the overcompensation
caused by the valve-=controlled ballast flow.

On this flight the first "destruction device" was used for the purpose
of bringing down the balloon after a 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
unequal contraction within the movement. Its action was to consist of de-
tonating an inflammable compound taped to the balloon, rupturing itsside and
permitting a rapid escape of the lifting gas.

o]l



Flight 1ll: Released from Alamogordo, New Mexico, 0508 MST, July 7, 1947
Nat recovered

On this flight a 16-foot, .008% wall, polyethylene balloon was combined
with a cluster of six small plastic cells (7-foot diameter, .001" wall) to
1ift a total load of 35 pounds as high as possible (Figure 7). The small

IS'Die. 000" thick
- polyethylone
Ba loon. HA.Smith [ ne. with rewnforced
. blowowt patches b\nnt,u whem
fired by Barosntch

Baro- switch st to deflate large
Balloon whean train desconds 10000’

eQ’

; . 6 General Mills Boums,zm:uft

a : 00t polyethylene.

4 T <
w'
il |
0 Payload

T 0‘

~ 2 Underinflated metre Ballsens
. : | (~ for Stadia meassraments 240’ from
| | /¢ center of small balloon tocenter

145me Radwsonde with ‘20'¢nd
Fed Astenne Black battery box

wrapped in polysthylene.

_ > of 15 batloon.

Plashc ballost Reserveoir contams

3000,11'“
Valve to be actvated

by 43th centact 0n radiwsonde.
Figure 7: Train, Flight 11l

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

With this loss of 1ift, the altitude reached was only about 17,000 feet
MSL, and the automatic ballast valve (set to operate at 45,000 feet) was not
activated. This flight demonstrated the need for & minimum-pressure switch



to activate the ballast valve, A fixed ballast leak of about 400 grams
per hour wag caused by a defective valve fitting and this was sufficent
to maintein the balloon at nearly constant level until all the ballast was
exhausted. Following this experience, the use of a preset fixed leak was

employed on many 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-leak control. This eliminates both the overe
compensation and the serious effects of temperature changes on the aneroid
capsule, which are found when the automatic ballast valve is used.,

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

Toedory, | gy |

1 0 s ©
SCALE C—wmw MLES | |

[
“‘l"[ | j | T

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

Another striking feature of the flight is the disagreement between the

actual flight path and the trajectory which might have been estimm ted from
routine upper-wind reports. Reports from il Paso, Roswell, Albuquerque and
White Sands 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 12-hour period ocqvered 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-representiveness of

the ordinary pilot balloon observation.




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

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

20'dia. &M .ml.pdﬁtb’hno balloen
with incendiary patch on equator
for raped descent belew £G000'(460=)

y iy steel nng for l.aund\m’ Lines i ' |
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Ewb frem marinym Prewewe, 2 ysed
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Figure 9: Train, Flight 12

Measurements in the hangar prior to release indicated that lift losses
from leakage and diffuelon were about 200 grams per hour, and in addition



to the automatic ballast valve system, a 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 1ts maximum alti-
tude of 14,000 feet MSL resulted. The expected 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. Since the thin febrio would
rupture with an internal pressure of 0.017 psl, some form of skirt or ex-
ternal appendix was suggested for future flights.

Radio reception with the 3 mo transmitter was excellent and far sure
pessed the performance of either the 72 mo or %94 meo transmi tters which were
also flMa

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




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 lifting gas with air.

On three of these flights the loose polyethylene tubes twisted shut during
the balloons' ascent and caused the cell to burst as it became full. The

unsatisfactory models tried are seen in Figure 10, as well as the skirt

[

T Unsatisfactory

-

Figure 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 and positioning
the balloons. A system of air 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.,




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 was launched.
The altitude controls were a fixed=f'low needle valve orifice st to leak

at 100 grams per hour and an sutomatic ballast valve activated by a minimum-
pressure switch.,

This flight reached floating level shortly before sunset, and the
balloon took on superheat which was lost when the sun went down. This
cooling necessitated the rapid discharge of ballast ® maintain buoyeancy.
The operation of the automatic ballast valve at this time was satisfactory
and restored the balloon to a floating level within one hour., Following
restoration a satisfactory floating performance was indicated for as long
as radio contact was meintained (Figure 11). The need for a balloon-borne

‘o ll ' -

TIME - /[Adnutes After Re/ecse)

Figure 11: Height-time curve, Flight 17

barograph was demonstrated by this flight which treveled more than 500
miles from the release point.



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

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

with a valve to permit gas to escape after a small superpressure (3% of
water) was exceeded. The balloon in its shroud is shown in Figure 12,
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Figure 12: Neoprene balloon encased in & nylon shroud

If a "superpressure® balloon is used, much less ballast is required since,
during minor oscillations, the reduction of buoyancy will not cause the bal-
loon to descend as 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 became full. (The balloons were heated prior to release

to restove elasticity.)



Flights 29 through 39: They were made from Alamogordo, New Mexico during
ovember 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 flights (33, 35 and 39) a Fergusem

me teorograph was added to the train to record flight pressure; of 1l balloons
released, only these three were not recovered.

On seven flights the pressure signals received by radiosonde 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 a polyethylene
balloon which burst at or near its ceiling following a very rapid rise.

(This was the first balloon to burst using a short external appendix with
stiffeners.)

On the .other two flights (30 and 35) a very short period of level flight
was recorded before the balloon-borne radio transmitter passed out of range.

Besides these two, several other .001" polyethylene balloons probably
were maintained at constant or near-constant levels for several hours, as

cen be seen frcm their points of recovery (Figure 13). One balloon was
seen descending 18 hours after release.
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Figure 13

On Flights 29 through 33 only a fixed ballast leak was used, set for
flows of from 300 to 600 grams per hour. Other flights used automatic
bellest controls. Although these fixed leaks seemed to be sufficient to keep
the balloons aloft, there was no clear evidenoce as to what amount would be

needed for most efficient operation. The need for a system of ballast
metering was indicated in this series of flights.




Flight 41: Released from Indiantown Gap Military Reservation, Pennsylvania,
0066 EST, February 16, 1948
Not recovered

The balloon was of ,001l"™ polyethylene and had a fixed-leak ballast
control set to provide a constant flow of 650 grams per hour. The principle
objective of this flight was to test airoraft reception from a balloon-
borne transmitter. Using RDF equipment, two B-17 planes were able to re-
ceive clear signals from the transmitter at least 150 miles away from
it and were able to home in on the signal by using the radio compeass. There
was & questionable zone of about a 1l5-mile radius beneath the balloonm,
and it is probable that this represented a 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 a frequency of 1746 ko, reception range was ex-
tended to over 400 miles and no cone of silence was encountered. By flying
along the bearing indicated by the compess until it abruptly reverses,
the position of the balloon may be determined. Visual observations econfirmed
the presence of the balloon overhead.

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

equipment.

The second unit was a new type of destruction device--a pressure-ectivated
mechanism by which & large hole is ripped in the balloon upon descent into
the lenes of air traffic. In this device (Figure 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 acts as a parachute to lower the gear
to the ground at about 1000 feet per minute. '
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Little is known positively about the floating levels since radiosonde
No aircraft

data was not obtained on most flights, and no barographs were available.
Three receiving stations at Alamogordo, Roswell and Carlsbad, New Mexico were

used to position the balloon with radio direction=findin

assuming a floating level corresponding

were derived.
trajectories,







On these flights fixed ballasgt leaks of from 260 to 600 grams per hour
were used. These leaks were provided through round orifices rather than
through needle valves which had been in use previously. This improvement
reduced the possibility of clogging.

On Flight 43 the first model of an Olland-cycle pressure modulator was
flown with a modified T-69 (400 mc) radiosonde transmitter. The results

obtained on this flight were not satisfactory, but later test proved
successful.,

The train seen in Figure 16 is typical of those flown during this period.
Note the presence of the device to rip the balloon when desscending into
air lanes and thus speed up its fall.
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Flight 16: Train, typical of those flown in April, 1948
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Flight 52: Released from Alamogordo, New lMexico, 0958 MST, April 23, 1948
Recovered at Galseburg, Kansas

On this flight a .001" polyethylene balloon carried the first model of
the Lange Barograph and an improved Olland-cycle pressure modulator to give
improved radiosonde pressure data. The signal from the radiosonde 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 rose o a
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(Barograph Tace Data)

1000 100 120C

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 cone
trolled by a constant ballast loss., The flow in this case was set for about
250 grams per hour, and the altitude change was about 400 feet per hour,
This rise of "ceiling" is somewhat larger than predicted and heightened

the interest in obtaining temperature measurements so that the buoyancy be=-
havior could be more exactly determined.




Three other points of interest may be seen on this barotrace: (1) The
two very pronounced 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 Paso 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 are 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 force in the atmosphere.



From the descent

nde data which was received it is believed

pressure is available.
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On these three flights, made in April and May, 1948,

fixed-leak ballast losses were used to keep a 001" polyethylene balloon
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that the ballast flows of about 300 grams per hour were adequate.

aloft, but no barograph record of
points (Figure 19) and the radioso

Flights 54, 56 and 60:
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Figure 19
60 a very light load was lifted

» and the floating

Light winds were encountered

and a reversal from Westerlies to Easterlies was experienced

ghts 56 and

i

On both F1l

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

in both cases,
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near the floating level on Flight 60, With a relatively slight change in
elevation, the balloon passed from Westerlies (below) to Easterlies (above)
with the result that the balloon wag still visible from the launching site
(Alamogordo, New Mexico) at sunset, 145 hours after released. The finder

reported seeing the balloon descend 35 hours after release.

Since the ballast flowing to maintain buoyancy would have been exhausted
in only 5 hours, this flight provided the first evidence that such a bal=-
loon in the stratosphere meintains buoyancy much longer than at lower levels.
The two factors which contribute to this are the heat added to the helium
by adiabatic compression when descending and the aiminished diffusion of

lifting gas at a 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
addition, theodolites were used for severalhours in each case,



Flight 65: Released fram Alamogordo, New Mexico, 1907 MST, May 3, 1948
Recovered at Northeast, Pennsylvania

On this flight a barograph was flown, and a satisfactory Olland-cycle
pressure modulator was also used for over 5 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 wes no heat to be gained

from the sun during this nighttime flight. The ,001" polyethylene balloon
was observed descending 22 hours later after travelirg more than 1500 miles.

The altitude control used on this flight was an automatic ballast valve,

activated by & minimum-pressure switoch, and as evidenced by the barogram
in Figure 20 (12-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, I948
RECOVERED AT NORTHEAST, PA.,, 4 MAY, 1948

DURATION 23 HOURS

Figure 20

15 hours before beginning its accelerating descent. On this flight re-
cord, marked oscillations are observed at three points. Despite the presence
of automatic ballast controls which might cause oscillatory motion, these
rises and falls must be attributed to atmospheric disturbances since the
magnitude of the forces required to produce such accelerations is far
greater than any which could be supplied by the control equipment.




A check against the trajectory and end point of the balloon flight was
made by a group of graduate students of meteorology at New York University.
By constructing constant-pressure maps from the appropriate radiosonde data,
the expected trajectory was computed assuming the balloon would move with
the geostrophic wind. The results of this comparison (Figure 21) show that
the balloon tends to move across the isobars toward lower pressure.

Figure 21



Flight 68: Released from Alamogordo, New Mexico, 2033 MST, May 10, 1948
Recovered at Val D'Or, Quebec

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

%rams per hour expected to keep the balloon afloat. From the barogram

Figure 22) (12-hour rotation) it appears that the orifice did not permit
sufficient (if any) flow to maintein buoyancy during the first several

hours (perhaps the orifice was clogged or frozen). After a descent to sbout
35,000 feet at sri<ea floating level was maintained with 4 kilograms of

ballast available, The full flow rate could not have been maintained much
more than the 1l hours during which the balloon was at this pressure,
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Figure 22

On this flight, oscillations in the pressure record were seen. With

no control system which oould cause such behavior, they must be attributed
to atmospheric motion.

The descent point was compared with that expected from analyses of the
pressure field. The results of a number of such enalyses are shown in




Figure 23. As on Flight 55, the balloon appears to have moved across the
isobars, toward lower pressure,

MAY 10-11,1948

Figure 23

- Radio direction-finding tracking (SCR-658) was used during the first
367 minutes of this flight. This was made possible by & strong output
from the battery, indicating that no harmful effects were experienced in
the cold atmosphere despite the absence of solar radiation. The need for
measurements oi' the temperature of the batteries was suzgested by this

flisht,
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Flight 63: Released from Alamogordo, New Mexico, 1116 MST, May 13, 1948
Descended at Alamogordo, New Mexico

On this flight a Seyfang leaboratories balloon, made of neoprene-coated
nylon, was flown with a valve in the appendix set to open after an 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 eppendix held closed with a rubber
band; it ruptured upon becoming full.

Both a constant ballast-flow orifice and an automatic ballast control
were used to keep this balloon buoyant. In addition to the ballast, a
surplus of buoyancy might have been acquired when. super pressure was built
up inside the cell. Despite these controls, the ballom began to descend
after a short period of floating, end its descent was not checked (Figure 24).
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Figure 24

An analysis of the acceleration which could be gained from & loss of super-
heat indicated that if the coated fabric had absorbed radiation 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 compensa ted
for even with the ballast flowing at full rate. To improve the analysis

of balloon flights, a measure of the temperature difference between lifting
gas and air temperature was suggested.




Flights 68 through 72: In July, 1948 this series of flights was made without
ballast controles to determine the natural buoyancy of the General Mills, Inc.
20=foot 001" polyethylene balloons. Of five such flights, only two good

barograph records were obtained, one daytime flight (70) and one night flight

(71)¢ In both cases a 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 apparent, although a check has been made of the atmospheric
structure of that day.
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NYU BALLOON PROJECT FLIGHT 70
Showing 20' General Mills Balloon
Performance When No Ballast Was

Dropped

RELEASED AT HOLLOMAN AFB, MM-JULY &, 1940
0633 MST — RECOVERED AT KENT,TEXAS

Figure 25

On Flight 71 marked oscillations are seen at the floeting level and also
during the descent portion of the barogram (Figure 26). Clearly these must
represent atmospheric motions since no controls of any sort were in use,
There is no reason to believe that rapid changes in superheat occured, since
the floating level was far above the cloud level. Also the flight was made
at night and no sunshine was encountered.
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NYU BALLOON PROJECT FLIGHT 7I

Barograph Record Of GM 20 F1I. Plastic Balloon Showing
Balloon Performance When No Ballast Was Dropped.

RELEASED AT ALAMOGORDO NM., 2042 MST -9 JULY, 1948
RECOVERED AT VALENTINE TEXAS, 10 JULY, 1940
ESTIMATED DURATION 10 HOURS

Figure 26
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Flight 78: Releaged from Alamogordo, New Mexico, 1948 MST, July 14, 1948
Recovered at Lincoln National Forest, New Mexico

The objective of this nighttime flight was to determine whether a
fixed ballast 'eak 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 buoyancy due to
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Figure 27

diffusion and leakage is more than this., Indeed, the balloon with this
ballast flow did not remain at altitude as long as either Flight 70 and
71 which were without altitude controls.




Flight 74: Released from Alemogordo, New Nexico, 1040 MST, July 19, 1948
Not recovered

This was a test of & single 7-fcot balloon made of .001" polyethylene,
carrying e 4-kilogram payload. Onepart of the load was the first model
of an automatic ballast siphon used to detect and telemeter the amount of
ballast being discharged through an automatic ballast valve.

The balloon flew at 7000 feet MSL across a heated desert area and into
& mountain pass whose elevation was about 6000 feet MSL. During the first
two hours its behavior was reported by radio, and the accompanying time=-
height curve (Figure 28) shows how the ballast valve operated successfully

Figure 28

to sustain the balloon. During this turbulent flight about 200 grams of
ballast were expended per hour, but the pronounced orographic 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 repeatedly on leter flights. Small
veriations are seen in the pressure at which the ballast flow began. Since
the belloon was floating 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.
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Flight 75: Released from Alamogordo, New hkexico, 1010 MST, July 20, 1948
Recovered at Hollister, California

In order to reach higher altitudes than was possible when 20-foot plastic
balloons were used, a 70-foot, .001"™ polyethylene cell was flown on Flight
79+ To determine the duration of buoyancy of this type of balloon no cone
trols were used. Despite this, the balloon remained aloft for more than 60
hours and successfully withstood the loss of superheat occasioned by at
least two sunsets. From the height-time curve of this flight (Figure 29)
the very merked effect of superheat 1s apparent.
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The record of the barograph was not complete since the clock stopped each

night (clearly recording the lowest elevation reached, however) and ran
down completely after 56 hours.

Since the small external appendix with cardboesrd stiffeners was not
suitable for the large balloon, & new design with aluminum formed stiffeners
(Figure s0) was used. This type of appendix 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 1lifting gas, this balloon floated in a

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

I20° APART, BENT IN FIELD TO FORM LIGNT
CLQSURE OF APPENDIX.

I

Figure 30: Aluminum battens for balloon appendix

A third factor contributing to the long flight was the

heat gained by
adiabatic compression of the helium during descent.

In the temperature in-
version of the stratosphere this adiabatic heating would

add to the buoyancy
by superheating the lifting gas.

From this flight it becomes apparent that the control required to maintain
buoyancy at high levels is much smaller than that at low levels. On the next

day, before Flight 756 had ended, a second 70-foot balloon was flown with
standard autometic ballast controls, and this flight was never recovered. Pre-

sumebly the mearked easterly flow then observed above 60,000 feet carried this
second flight into the Pacific Ocean.

Rader, RDF and theodolite were used to track the balloon.
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Flight 78: Released from Alamogordo, New Mexico, 2038 MST, July 22, 1948
Not recovered

This flight was the first to be made with (white) thermistors exposed in-
side the .001" polyethylene balloon, inside the battery box and exposed to
the air., The flight was at night and the belloon temperature was colder than
the air temperature by about 50C during the short period of time that the
temperature values were telemetered. The standard SCR-658 receiver and
Frie: radiosonde ground station were used to record this data which was trens-
mitted by a T-69 radiosonde. A New York 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 freeze and no ballast flow was evidenced. (A ballast-metering

siphon was part of the equipment.)

On subsequent flights, the minimum-pressure switch used em electrolite
which can withstand the cold nighttime temperatures of the upper eair,

The evidence of the thermistor in the battery box is very encourtging,
since after four hours of flight the tempersature remained above 10°C. This
was the first measurement obtained on the cooling of batteries and indicated
that no special cold temperature batteries were needed if insulation is care-

fully made. The temperature data and the height-time curve ot Flight 78 are
shown in Figure sl,
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Flight 79: Released from Alamogordo, New Mexico, 1614 MST, July 235, 1948
Recovered at Alamogordo, New lMexico

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 curve, it may be seen

] TIME (MST) |

— )
= = B0 ™00 )

Figure 32

that this balloon did not remain alof't very long but that a high degree of
superheat was generatecd in the lifting gas, despite the aluminum coating

of the balloon.

The autometic ballast controls included in the flight equipment were in-
operative, and as soon as the balloon lost its initial excess buoyancy (corre-
sponding to the super-pressure maintained 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 balloon
down. This force was in turn derived from the loss of lift encountered when
over 500C 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 f'light an automatic ballast valve activated by a minimum-pressure
switch was used to support a 001", 20-foot polyethylene balloon., From the
height=-time curve (Figure $3) it may be seen that the balloon remained 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 descended to
about 30,000 feet. It is likely that the mercury minimume-pressure switch was

frozen et the higher levels, or that the squib which the switeh controlled
failed to detonate until a higher pressure was reached.

bR I FLIGHT 80

Released at AlamogordoNM

July 24,1948 — 1126 M.ST

‘Recovered at Rincon,N.M.
July 25, 1948

Fizure 33

Following the activation of the aneroid capsule of the automatic ballst
valve, ballast was released in four separate blocks. With each flow of
ballast except the fourth, the balloon was returned to the seal-off pressure
of the aneroid with no change in this pressure (321 mb:=28,500 feet), The
fourth ballast-flow period lasted until the balloon had risen to 300 mb (30,000
feet) and ballast cut off there. Since the sun had set between the third and




fourth ballast-flow periods, this rise in "ceiling" is attributed to the
cooling of the air entrapped in the aneroid of the .automatic ballast valve.
This decrease of pressure of 21 mb corresponds to a loss of 89°C of superheat.
In each of the four periods of ballast flow, there was enough wnnecessary
ballast lost to cause an overshoot when the balloon returned to its floating
level. This excess ballast was that used during the period when the balloon
had begun to rise but was still below activation altitude of the automatio
ballast valve., The inefficient use of ballast was one of the ma jor objections
to such a control system.

On this flight the ballast load of § kilograms was exhausted in only
three hours, indicating a large 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
than was the loss of buoyancy on this tlight,




FliEEt 8l: 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 diameter and 25 feet long. The tirst of
its kind, this balloon was made by Goodyear Tire & Rubber Company, Inc,

Only a short period of radio reception was obtained, but during this time
the balloon rose with predicted speed (500 feet per minute) nearly to its
predicted altitude (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 balloon aid not descend far enough below its maximum altitude
to activate the minimum-pressure switch and the automatic ballast valve » NO
ballest flow data was telemetered wnile the balloon wes within the radio

renge. This indicates a very low rate of gas loss through the walls of this
balloon.
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Flight 82: Released from Alamogordo, New Mexico, 0515 MST, August 10, 1948
Recovered at Roswell, New dlexico

This flight was made with a 20=-foot, .OO1" polyethylene balloon carrying
& load to 54,000 feet and sustained by a tixed-leak orifice control, ex-

pending ballast at abcut 5§25 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 35) it may be seen that the "ceiling" did rise, at
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NYU BALLOON PROJECT FLIGHT 82
Barograph Record Of G.M.20' Plastic Balloon With

534 gm/hr Fixed Ballast Leak

RELEASED AT ALAMOGORDO, N.M.— OS5Il MST, 10 AUG 1948
DESCENDED AT ROSWELL,N.M.- 1630 MST, 10 AUG 1948

DURATION=- 11§ hrs

Figure 35

a rate of 700 feet per hour (525 grams of ballast was lost each hour ), tfor

atout 7. hours, and then generally accelerating descent was experienced,

On this flight, radio reception was maintained for the entire air-borne
period of 1l hours. Flight 82 is a good example of 1'light using

& single
flxed=leak orifice for altitude control by ballest dropping.
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Flight 85: Released at Alamogordo, New Mexico, 1542 MST, August 17, 1948
Not recovered

The objective of this flight was to carry a standard radiosonde to a
high level; there it was to be released on a parachute and, at the moment
of release, 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 harging from the parent
balloon (Figure 356). Two plugs were set to keep the transmitter circuit
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Figure 36: Equipment train, Flight 85

open until the baroswitch fired the "cannon" which severed the supporting line.

Then the circuit plugs were to be pulled trrom their stops, and the parachute
was to be pulled from its sock, supporting the radiosonde on its descent.

The railure oi' this system to act may be attributed to the use oi a squib
to fire the line=-cutter cannon. Subsequent tests at lower levels (where the

squibs work better) were made with a satisfactory reclease 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: T7-Foot polyethylene balloon

On Flight 74, the automatic ballast meter showed that a ballast flow ot 200
grams per hour was required by an automatic 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 a load of 3 kilograms. 1t was still floating when lost.,

On Flight 86, a fixed ballast leak was used, set at 170 grams per hour.
After an early failure of the readiosonde transmitter, this balloon was followed
with a plane; a tloating level of about 14 »000 feet was maintained for 4 hours,
with a rise of "ceiling™ of about 1200 teet per hour.
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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 leakage of lifting
gas through a 20-foot, .001l" polyethylene balloon at 40,000 feet. A fixed-
leak orifice was set to flow at 100 grams per hour, and an automatic ballast
valve was included to supply more ballast as demanded. This automatic valve

broke on release, and the flow of 100 grams per hour was not sufficient to
keep the balloon and equipment up.

Temperature data on this flight was obtained from thermistors inside the
balloon, inside the battery and in the free air. These data and the heighte-
time curve are shown in Figure 38. During the period trom 1400 to 1530 when

ELIGHT 88
Released ot AR
Aug 25,1948 ~ |34 MST.
Recovesed af Low NM.
Aug 26,1948 — 1515 MST
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Figure 38

the balloon was slowly descending, the temperature of the gas increased with
respect to the free air temperature, and a differential of 150C was recorded
at 1530. With subsequent, more rapid descent, this differential was reduced,

presumably by ventilation. The battery box temperature remained above 100C
after four hours aloft.
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Flight 89: Released from Alamogordo, New Mexico, 1005 MST, August 26, 1948
Not recovered

On this flight a .001", 20-foot polyethylene balloon was used to carry
& ballast meter to about 45,000 feet to determine the ballast requirements
at that altitude, using an automatic ballast valve. No record of ballast
flow was telemetered during this flight, but it is not known whether the
ballast meter was inoperative or the ballast valve itself failed=--possibly

due to failure of a squib to detonate at the combined low pressure eand cold
temperatures alof'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 afterreaching its maxi-
mum altitude. IThe total weight available on this flight was 2 kg, so a 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 remesined for about four
hours at slightly hicher altitudes with no ballast flow to support it; Flight
89, therefore, i1s not necessarily an example of the action of the automatic
ballast valve control,.

Figure 39




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

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 automatic ballast valve.

From the height-time curve, Figure 40, it may be seen that the balloon
had attained a floating altitude shortly before the sunset and that the
action of the automatic ballast valve was sufficient to restore the buoyancy
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Figure 40

and cause the balloon tosgain reach a floating condition. The difference be-
tween the two floating lewvels may be explained by & consideration of the auto-
matic ballast valve and the minimum-pressure switech which was used to seal

off its aneroid capsule. Since the balloon had not fallen far enough to permit
the switch to seal off the valve before sunset, this action 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 and in exchange had acquired a downward velocity of about
120 feet per minute. To check this descent a ballast rlow wes required for
about 40 minutes., During the next hour the balloon was buoyant and climbing
back to the seal-off pressure of the autometic ballast velve. The ineffi-
ciency of this valve system is demonstrated by the ballast which was lost
after the balloon had regained its buoyancy and had begun to rise. More
ballast was wasted than imas required to check the descent. Indeed, the
entire 3000 grams available was expended at this time, acoording to the evi-
dence of the ballast meter.

On this flight there was no apparent change in the activation pressure of
the automatic ballast aneroid between the times when ballast flow began and
ended. Thls indicates that the entrapped eir had not experienced any signi-
ficant temperature change during the two hours of ballast operation,



Flight 92: Released Irom Alamogordo, New Mexioo, 0911 MST, August 31, 1948
Recovered at Ft. Stockton, Texas

On this flight an automatic ballast valve (with ballast meter) was used
to support a 20-foot, ,001" polyethylene balloon., The automatic ballast valve
operated properly for about six hours, and 3000 grams of ballast was ex-
hausted soon after sunset. In this cese (Figure 41) the floating level of the

metic ballast valve., This descent followed ebout three hours of reletively
statle flight during which time no ballast was released. The °0000=foot de-
scent represents the delay in operetlon caused by the activation of the aneroid

Flight 92 provides & good exemple of the control of a balloon's eltitude
by the use of a pressure-set automatic ballest valve. In such a flight there
is no tendency to rise to higher end higher levels. The adulteration of the
lifting gas with uir reduces the buoyancy of the balloon, and through the
balle st=-valve control, the load is diminished to the same extent so that
equilibrium is meinteined at the activation pressure of the automatic bellast
velve's aneroid. In this flight the altitude constancy achieved was the best
of all flights made to date. For sever hours and 3§ minutes this balloon was
held within 1000 feet at $8,000 feet MSL. (At this altitude 1000 feet corresponds
to a pressure difference of 10 millibars, ) |



The sunset effect resulted in a rise of about 6500 feet (5 mb) in
the floating level of the balloon at 1830 MST. This seems to be due to a
change in the effective seal-off pressure of the aneroid capsule of the auto-
matic ballast valve which was the consequence of a decrease 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 wes used while on this flight
the equipment was polished aluminum, with a highly reflective surface.
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Flight 93: Released from Alamogordo, New Mexico, 0712 MST, September 1, 1948
Recovered at Neuvas Casas Grandes, Chihuahua, Mexico

This daytime flight with a 20-foot, .001l" polyethylene balloon went up
with defective ballast controls; consequently the flight's main value is 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 balloon remained at a near-floating level for less than two hours
(Figure 42). It is interesting to compare 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 & major
factor contributing to the longer floating period at the lower pressure,

FLIGHT 93 \
Released ot Alamogordo,NM \
Sept 1,1948 — 0721 MST
Recovered of Nusvo Caosos Grare

Figure 42




FliEEt 94: Released from Alamogordo, New Mexico, 1208 MST, September 3, 1948
Recovered At Villa Ahumada, Chihuahua, Mexico

On this flight, a fourth attempt was made to sustain a Seyfang, neoprene -
coated nylon balloon. On Flight 79, a previous Seyfang flight, no ballast
equipment had been in operation, and so a 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 part of the equipment train,

The height-time curve (Figure 43) shows that the initial buoyancy sur-
plus of this balloon (for the most part due to superpressure held behind
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Released at AlamogardoNM.
Sept 3,1948— |208M ST
Recovered at Villa Ahumada,

Chihuahua, Mex.
OLLAND CYCLE DATA
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Figure 43

the safety valve) was reduced by diffusion so that after one hour of floating
it began to descend at an accelerating rate. After falling about 2000 feet,
the automatic ballast valve began to operate, and ballast was discharged at
the rate of 20 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 6°C with each kilometer of descent. This
means that with each kilometer of fall, the lifting gas was cooled relative
to the air by an additional 4°C, The combination of inertia, loss of super-
heat through ventilation, and adiabatic cooling of the gas as it was com-
pressed, proved too great for the limited flow of ballast through the auta-
matic valve, and the balloon fell unchecked to the ground.,

From Flight 79, it was determired that superheat of nearly 40°C is built
up when Seyfang ballocns are flown in the sunshine. If this were lost, the
buoyancy of the balloon would be reduced by one-sixth, and no satisfactory
control could be achieved by ballast droppirg.



Flight 96: Released from Alamogordo, New Mexico, 0733 MST, September 8, 1948
Not recovered

On Flight 96 a ,001", 20-foot polyethylene balloon was used to carry a
ballast meter to about 45,000 feet to determine the flow required at that
altitude using an automatic ballast valve. No record of ballast {low was
telemetered during this flight, but it is not known whether the meter was
inoperative, or the valve itself failed--possibly due to failure of a squib
to detonate at the combined low pressure and cold temperature aloft.

From the height-time curve, Figure 44, it will be noted that the balloon
was in a near-floating condition for about four hours when the transmitter

FLIGHT 96
Released ot Alomog
Sept.8, 1948 — 0733 MST

Figure 44

signal gave out. There is no way of telling whether the constant-level

flight obtained was due to the natural buoyancy of the balloon or the action
of the eutomatic ballast valve.



Released from Alamogordo, New Mexico, 0856 MST, September 10, 1948
Recovered at Duncan, Oklahoma

Flight 97 s

On this flight a ,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 equel to or greater than 1 milli-

bar in five mirnutes.

The buoyancy record and the Olland-cyocle pressure data obtained from this
flight show & disagreement of ebout 10,000 feet (Figure 45)., No explanation
has been provided for this difference and the following evidence has been
considered. The predicted floeting level was about 45,000 feet, in egreement
with the Olland-cycle radiosonde data. On the other hand, the balloon rose
extremely slowly eand may have taken in air to dilute the lifting gas. In this
event, the floating level might easily have been reduced by 10,000 feet.

50
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Figure 45

Once at the floeting level, however, the balloon was maintained within
1000 feet (or 1200 feet) of a constant level for over four hours. This in-

dicated thet the control system wes in operetion since previous flights
(88 and 93) at this altitude descended after about two hours of flizht with-

out ballast.
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Fli@t 98: Released from

Not recovered

Red Bank, New Jersey, 0948 EST, October 28, 1948

On Flight 98 a 20-foot, .,001" polyethylene balloon was used to test

radio reception using a n
raciosonde transmitter.
and azimuth angles as wel

equipment. The trajectory

éw model of the Olland-cycle modulator and a T-69

Three receiving stations were used, with elevation

1 a5 the pressure altitude recorded by RDF (SCR-658)
of this flight (Figure 46), reconstructed from the

data received at the ground station, indicates that the balloon was more than
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SCR=658 ground setswhen the T=-69 transmitter is used. The signals obtained
were not very strong, and there was only an 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, at an altitude near 50,000 feet
MSL. This is in good agreement with the results obtained from earlier flights
(70 end 71) at this level when no control apparatus was included.

FLIGHT 98
Released at Red Bank N.J.
Oct.28,1948~- 0948 EST.

OLLAND CYCLE DATA
NO BALLAST WAS DROPPED
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Flight 102: Released from Red Bank, New Jersey, 1023 EST, December 9, 1948
Not recovered

Flight 102 was the first test given to & 30-foot, .001" polyethylene bal-
loon menufactured by General Mills, Inc.; with this balloon a S0-kilogram pay-
load was successfully lifted to 58,000 feet. A combination rate-of-ascent
switch and displacement switch was used to control ballast flow, but no record
of ballast was made since the ballast meter was broken at launching.

Flight data was received by three ground stations, and the signal from the
AM-1 transmitter (with about 10 pounds of batteries) was received for about
400 miles. This was a good test of the distance to which & 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 (Figure 48) it is interesting to note the descent
vhich began shortly before sunset. There is reason to believe that this

fall was being checked by ballast flow. The normal descent after a balloon




I

begins to fall is accelerating, while on this flight acceleration is evident.
With & loss of 10°C superheat, and a limited flow (900 grams per hours), it
would require two hours of flow to restore the buoyancy of the balloon,

This is a demonstration that more rapid compensation is required,

FLIGHT 102
Relsased of Red Bonk N.J.

Dec9, 1948~ 1023EST
CLLAND CYCLE DA




Flight 103 through 111: These flightswre released in January and Febrwary,
949 from Alamogordo, New Mexico to test the action of the combined ballast
controls (displacement switch and rate-of-escent switch)., Receiving units

were stationed at Alemogordo; at Miami, Oklahoma and at Nashwville, Tennessee 3

airoraft were used both te receive the signal and also to track and position
the balloon by the use of the radio compass.

For the f'irst time on these flights, a program switoh was used to permit
& single transmitter to transmit three temperature signals 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 information was
telemetered with the AM-1 (N.Y.U.) transmitter.

Alroraft reception of 500 miles was reported on these flights, but ground

reception was limited to about 250 miles, perhaps due to mountains surrounding
the receiving station,

No significant data was obtained on four of these t'lights, and on two

more the principal objective of the flight was defeated by the excessive gas
loss frcm 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)

. 2
FLIGHT 103

Releosed at Alomogordo, N.M.

Feb.4,1949— 1015 MST
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the balloon con‘Finued to descend. In both cases the token ballast flow on
the ascent portion of the tlight indicates that the controls were operative,
but there was no test ot efficiency since on=off operation was never per-

mitted.
The temperature data of these flights is in generally good agreement with

that seen earlier with the balloon gas being warmed by the
a superheat of 10° to 20°C, © € 4 un %o sequire




Flight 108: Released from Alamogordo, New Mexico, 1015 MST, February4, 1949
Recovered at Mountain View, Oklahoma

On Flight 103 a B-17 airplane was used to follow the balloon, homing in
on the signal from the AM-l transmitter 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.
The fixes indicated on the trajectory (Figure 52) show how exactly the path
of the balloon may be determined when tracked in such a manner,
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Flight 104: Released from Alamogordo, New Mexico, 1123 MST, Feburary 5, 1949
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 balloom. From the height-time
curve (Figure §3) 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 first 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 a 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 expected to be much longer than one
hour apiece.

40 I880gm BALLAST AS0EMBLY WITH
PARACHUTE OROPPED
FLIGHT 104 -
Released at AlamogordoN.M.
20 Feb.5,1948 — 1123 MST )
Recovared at Hale Center, Tex.
OLLAND CYCLE DA\
0 " (.
o
P3G 200 i230 1300 1330 SO0 1430
TIME (M.ST)
Figuro 53




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 control-~displacement switch and rate-of-asocent
switch--on a 20-foot, .001" polyethylene balloon. From the height-time ocurve
and ballast-flow record (Figure 64), it will be seen that the ballast con-
trol was oparating at 41,000 feet MSL during the period of radio reception
from Alamogordo, New Mexico. By the time the second receiving station picked
up the signal, all of the ballast had been exhausted and the balloon was
fallings 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.)

FLIGHT 106
In .- I Released at Alomogordo N.M.

BALLAST FLOW-gm/men Feb.8,1949- 0657 MST
OLLAND CYOLE DATA

The descent point of this balloon was compared with that predicoted fram a
study of the atmospheric pressure patterns at floating level. Assuming geo=
strophic flow, members of a graduate class in meteorology at New York




As in the cases

ty computed the points of descent seen in Figure 55.

i
of Flights 55 and 58, the balloon appears to have moved across the isobars

toward lower pressure,

Univers

Figure 55
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Flight 110: Released from Alamogordo, New Mexico, 0649 MST, February 11, 1949
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 Winzen Research Inc. 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 steadily decreased at a rate in

excess of the loss of buoyancy.

mm
..'. et RECEIVED AT

ALAMOGORDO ‘
] . ol

FLIGHT 110
Released ot Alamogordo, N.M.
Feb.ll, 1949-0649 MST

Recovered ot Kershaw. S.Cor.
OLLAND CYGLE DAYA .l

On this flight all three of the receiving stations positioned along the
6xpected 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 geostrophioc flow
and that actually observed was made by members of a graduate class of

meteorology at New York University (Figure 57). Us ing an airplane fix

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 idea of super-geostrophic flow associated
with enticyclonic systems. As in all the earlier cases where such a study

was made, the balloon apparently moved across the isobars toward lower
pressure.,
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Index

(A1l references are to flight numbere. The number of the flight on which a
particular instrument or principle was first demonstrated is underlined.
For example, airborne radio direction finding was first used on Flight 41.)

Adiabatic temperature changes, 60, 75,

94

Airborne radio Jireotianhfinding,.ély
103, 110

Alreraft traocking, 5, 7, 11, 12, 13-
20, 86, 103
Air flow
deformation of, over mountain
range, 11l
geostrophic, compared with balloon
trajectories, 55, 68, 106, 110

Altitude sensitivity, 62, 82, 86, 110

Appendices (external) on polyethylene
balloons

first use of, 13

need for, demoﬁtmted, 12
stiffened with cardboard, 20, 39
stiffened with metal, 75 ~

Arrays of rubber balloons
cluster, 7
linear, §

Atmospheric oscillations, 10, 52, 995,
68, 63, 71

Automatic ballast valve

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

first activated by minimum-pressure
switch, 12

first use of, §

sunset effect on, 80, 90, 92

typlcal flight with, 92

Ballast meter
need for, demonstrated, 2939
use of, 74, 78, 80, 86, 89, 90, 92
94, 96, 102

Ballast requirements
with 001", 7'-diameter
ethylene balloons, 74
with .001%, 20'~diameter poly-
ethylene balloons, 54, §8, 60,
80, 92, 106 |

poly=-

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

Balloons
flfghts using other than polyethylene
neoprene-coated nylon (Seyfang),
59, 63, 79, %
rubber, 5, 7
shrouded rubber (Dewey and Almy),
23, 38, 66, 87
f1ights using polyethylene
001" ,7'-diemeter, 74
001" ,20'~diameter, 12
.001",70'=diameter, 75
001" ,30'=diameter, 102
004" ,20'-diameter, 17
.008",15'-diameter, 10

fas =)

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
changes in, due to swnset, 75, 90
natural
Seyfang balloons in the troposphere, 79
7T'=diameter polyethylene balloons
in the troposphere, 86
20'=diameter polyethylene balloons
in the stratogphere, 60, 96
20'=diameter polyethylene balloons
in the troposphere, 70, 71, 88,
93, 98
70'=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

automatic ballast valve, S



Controls, first use of (cont'd,)

fixed needle-valve ballast leak,ll
fixed orifice ballast leak, 43
minimum-pressure switoh with auto-

matic ballast valve, 12

rate-of-ascent ballast switch, 97

rate-of-ascent ballast switch

combined with displacement
switch, 102

superpressure, 23

lifter balloons, 3, 7

solid ballast, 5, 7

superpressure, 23, 38, 59, 63, 66,

79, 87, 94

typical flight with
automatic ballast valve, 92
fixed ballast leak, 82

rete~of'-ascent 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 control
first use of, 11

typical flight with, 82

Flight patterns, typical

with polyethylene balloons and
automatic ballast-valve control,
92

¥%ith polyethylene balloons end auto

matic ballast-valve control
thru a sunset, 90, 92

with polyethylene balloons and
fixed flow of ballast, 82

F t tte .. typical t'd.
with g:bbor galloons an © I:ltr:.rﬂo:ngnd:
ballast loss, 5, 7

Geostrpphioc air flow, compared with
balloon trajectories, 55, 58, 106, 110

Lange barograph
first use of, 52
longest record of, 75

Lifter balloons for altitude control, 5, 7

Meteorograph, Fergusson, E_?_, 35, 39

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

Olland-cycle pressure modulator, use of,
43, 52, 55, 68, 73, 97, 98

Oscillations in the atmosphere, 10, 52,
65, 68, 63, Tl .

Polyethylene balloons
7T'-diameter, 74, 76, 84, 86
30'=diameter, 102
15'~diameter, 10
20'-diameter, 12, 17
70'-diameter, 75

Pressure-measuring instruments
barograph, 33
Lange barograph, 52
Olland-cycle modulator, 43, 52, 55, 68,
7S5, 97, 98

Program switch, use of, 103

Radar tracking, 75, 86

Radio direction-finding

airborne, 41, 103, 110




Radio f:'lirootion-finding (oont'd.) Tracking (cont'd.)
S8CR=-668, 12, 13-20, 56, 68, 60, 75, theodolite, 5§, 7, 11, 13-20, 66, 60,
78, 81, 98 76

Rate of rise, excessive, 13, 14, 16,39 I r*Jectories, 11, 65, 58, 103, 106, 110

Tranamitters

S me (AM-1)
first use of, 12
longest reception distance with, 102
longest reception time with, 92

397 mo (T-69)
first use of, 12,
longest reception distance with, 82
longest reception time with, 82

Rubber balloons, 5, 7

Seyfang, neoprene-coated nylon bal-
loons, 59, 63, 79, 94

Solid ballast for altitude control,
5, 7

Stepwise pattern of floating, 104 Typical flight patterns, see Flight patterns

typical
Sungset effect

on automatic ballast valve, 80, 90,
92

on buoyancy, 5§, 75, 90

Superheat
effect on automatic ballast valve,
10, 74, 80, 92
effect on buoyancy, 75, 79
effect on Seyfang balloon,légj 63,
79, 94

Superpressure balloons
Dewey and Almy, shrouded rubber,
25, 38, 66, 87
Seyf'ang, neoprene-coeted nylon,
' 59, 63, 79, 94

Temperature measurements, need for
shomn, 58, 63, 73, 78, 88, 103,
106, 107

Theodolite observation, S5, 7, 11, 13-
20, 66, 60, 75

Tracking
aircraft, 5, 7, 11, 12, 13-20, 86,
103

radar, 86, 75

radlo direction-finding
airborne, 41, 103, 110
SCR-668, 12, 13-20, 56, 58, 60,

75, 78, 81, 98
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THE BALLOON PROJECT TECHNICAL REPORT

Section 1. Introduction to Problem

On 1 November 1946, the Research Division of the College of
Engineering of New York University entered into Contract No. W28-099-ac=241
with Watson Laboratories, Air Materiel Command. Under this contract, the
University was commissioned to design, develop and fly constant-level
balloons to carry instruments to altitudes from 10 to 20 km, adjustable at
2 km intervals.

The following performance was specified:

a, Altitude shall be maintained within 500 meters

b. Duration of constent-level flight to be initially 6 to 8 hours

minimum; eventually 48 hours

¢c. The accuracy of pressure observations shall be comparable to that

obtainable with the standard Army radiosonde (:_3 to 5 mb)

Monthly reports have been submitted to describe the progress of the
project, however, much date 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 seame time the total achievement of this phase of

the projecte.

Section 2. Method of Attack

A. Balloons

A survey was made of previous attempts to produce a constant-level
: - = |
balloon; such as, the experiments by Meisinger with manned balloons, the
shrouded meteorological balloon developed by Dewey and Almyz, the Japanese
3

balloon bombs , and the clusters of meteorological balloons which have been

used in cosmic ray investigations by Compton, Korff and others .
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From this survey end a study of aerostatics, 19’ 1oy 40 it appeared that

e non-extensible balloon is highly desirable due to the vertical stability
exhibited when such & balloon is full of the lifting gas: A non-extensible
balloon with no diffusion or leakage through the walls, which could withstand
a high internal pressure, would automatically remein at the density where

the buoyancy of the full balloon egualed the load. In practice, control
.devices are needed to offset the leskage and diffusion of the lifting gas
end tc correct for the motion of the balloon due to diurnal changes of

the balloon's tempersture and to correct for vertical wind currents in the
atmosphiere. It was decided to use a plestic es the balloon fabric, since
evailable plastics have suitable characteristics, end are also relatively

inexpensive as compered to coated fabrics.

The desireble properties to be considered in the selection of a
plastic balloon material are:

a. Ease of fabrication

b. High tear resistence

ce Light weight

d. High tensile strength '

e. Chemicel stability

f. Low permeability

g. Low brittle temperature

h., High transperency to heat radietion

Table I is & qualitative~characteristics catalog of the film end

febrics investigeted. The date in the table are presented as approximations

because of the great variations of & given property with choice of semples

end test methods. From this study, polyethylene, nylon, saran, and neoprene-




coated nylon seem to be most generally satisfactory. Eighteen plastics

and balloon fabrication companies were contacted in en attempt to secure

febricators.
Table 1
Ease of
Low Tempe Permea- Tensile Tear Fabrice- Stability to
Febric Properties bility Strength Resistance tion Ultraviolet
Polyethylene Good Medium  Low Good Good Good
Saran Fair Low High Poor Fair Fair
Fylon Good Low High Low Good Good
Vinylite Very poor Medium Medium Good Good Good
Teflon Believed Low. High Good cennot be Good
good febricated
Ethocellulose Good Very Low Fair Good Good
high

Pliofilm Poor High Poor Fair Good Poor
Nylon or silk
fabric coatcd
with:

1., Neoprene  Fair Low High Fair Fair Fair

2o BUtyl

rubber Good Low High Fair Fair Good

$, Folyethylene Unknown -
4, Saran Unknown ==

|
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Teble II shows the balloons which heave begn purchased trom those

manufacturers who expressed an interest in the problem.

Table 11
Film type, thickness, Specieal Unit Delivered
Company diemeter, sheape Features Cost ~ to date
He A. Smith .004 Polyethylene Proto- $150.00 4
Coetings, Inc. 3 feet diameter type
sphericeal
He Ao Smith .008 POlyethYlene Low $530.00 5
Coatings, Ince. 15 feet diameter Permeebility
spherical
H.A. Smith .004 Folyethylene Low $530.00 5
Coatings, Inc. 15 feet dieameter Permeebility
sphericel
Generel Mills,Inc. .00l Polyethylene Stressed $20.00 25
7 feet diameter tape type
Teardrop. | seam
General Mills,Inc. .001 Polyethylene Stressed $125.00 a7
20 feet diameter tape type
Teardrop. seam
Dewey & Almy A spherical nylon $339.00 2
Chemical Qo. cloth shroud eround

a neoprene balloon.

Teble II is based upon final or modified orders in those cases where
the rapid progress of flight fechnique rendered certain fea&tures obsolete
before the balloons on order were delivered.

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

It had several good characteristics, such as very low leakege, bu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>