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ABSTRACT

In order to: successfully meet the Hollcman Air Developmen: Center
requirements designated by Test Directive #5182-HI ( Manned Balloon
Program), new launching and tracking techniqueas were developed., The
problems introduced by the half-ton payload are analyzed and solutions
discussed. A balloon shroud inflation system and the introduction of
grourd radie vehicles, a Balloon Tracking Comtrol Center and a D. 7, Loop

for recovery, are the primary inmovations.,



MANNED BALLOON PROGRAM
FACILITIES DEVELOFMENT REFORT

Project Requirements

To successfully 1lift a 7-foot diameter, 1.000-pound sphere to alti-
tudes ranging from 50,000 to 100,000 feet, MSL, on a non-extensible balloon;
to float the load at these altitudes tor durations up to 2L hours; and to
recover the lcad in as short a time as can be echieved.

Fre-Project Capabilities

Prior to the initiation of MX-1L50B, this Center had successfully
flown four payloads of over 500 pounds, the maximum being 855 pounds. The
maximum duration was 8L hours. A total of 150 plastic balloon flights had
been flown since 1950,

Problem Breakdown

A, The Vehicle

1. For the mirimum level, a 61-foct diameter, sphere-cone, 2.5-mil
polyethylene balloon weighing 175 pounds would be a logical candidate., It
would 1ift the half-ton payload to 55,000 feet, MSL., Another possibility,
especially with its superior transverse stress properties, would be the
66-foot diameter, natural shape balloon. Weighing 1AL pounds, the 2-mil
version would attain 52,000 feet, MSL, with the MX-1LS50OB load.

2. The largest polyethylene balloon, mow in existance, which has been
flown enough to be considered past the experimental stage, is the 1lé-footer,
The 2-mil model will achieve 83,000 feet, MSL, in the natural shape configu-
ration, or 86,000 feet, MSL, in the sphere cone configuration,

3. Basic interim level balloons would be the sphere-cone 72 ,8~footers
(65,000 feet, MSL) and 9 -focters (75,000 feet), in addition to the compa-
rable natural shape balloons.

L. Higher altitudes can be achieved by clusters of the afore-mentiorned
balloons, or use of cells larger than the 116-footer which are still experi.
mental items, or not yet in existence.

The following compares the qualtities of clusters, and "giant"
talloons,

a. Reliability: In most cases, the individual balloons of a
cluster being smaller will be more thoroughly tested vehicles than the giant
balloon. However, the need for a successful perfermance by several balloons
in contrast to the single giant balloon serves to equalize the reliabilities.
The advantage is seized by the giant bailoon, as the mmber of ballocns in

the cluster is increased. This advantage is demonstrated in the following
examples,



e e 4 AR

b, Efficiency: Because of the largc increases in surface area,
increasing the number of balloons on a single flight is less efficlent than
1 rereasing the total volume of « single balloon. As an cxample, a compari-
son is made hetweer ths experimental 1-mil, 178.foot diameter, “Super-Sky-
Hook" and a ciuster of L each l.mii, 117-footers, both besring tnhe 1,000-.pound
load,

Four 1i7-Foctors Sirgle 178-Focter
Total Volume
Cubic Feet 3,451,000 3,000,000
Total Veight
Pou nds 1,2k0 630
Maximum Altitude
Feet INSL 106,000 109,000

As amother example, consider a 2-mil, 1lLS5-foot balloon (hypo-
thetical) weighing about 740 pounds, which would carry the load to exactly
100,600 feet, MSL, and would probablv be not a great deal more trouble to
launch than a 700-pound, 2.5-mil, 116-fuoter. Compare this single balloon
with a cluster of three 2-mil, 1l17-footers, weighing a total of 1700 pounds,
which would only attain 97,000 feet, MSL.

¢, lLaunching Problems: Use of a giant size balloon introduces two
basic problems.,

(1) The top of the balloon, during inflation and launching, is
further above the ground, necessitating light winds for
even a deeper layer of air than usual,

{2) The size of the launching equipment must be increased. In
a cluster, however, the balloons must be tied together by
lengths of line at least 150 feet long. Consequently, after
inflation, but before the load is launched, the cluster
balloons will be even further above the ground than a single,
giant balloon, Furthermore, the rigging becomes complicated,
especially when more than two balloons are employed.

The launching equipment for the standard size balloons of
a cluster is already on hand but will be needed i1n duplicate
or more.

5. To be corsidered next is the structural strength of the plastic
balloons,

a, The load tapes: Two principal tyres of lcad tapes are used with
polyethyiene balloons, (1) One inch wide acetate fiber pressure sensitive
tape is rated 50 pounds test, and {2) Glass filament tape at 500 pounds test.
Checks at this Center have found these items to test as low as 15 pounds and
350 pounds, respectively, An early test for MX-1L50B, using a l5-fo t balloon

)



censtructed principally of fiber acetate load tapes; restlted in the tapes
peeling off near its equator, after about 900 pounds of gas had been valved
inmo the balloon. On the hasis of this experience, togsther with reports by
the University of Minnesota, the decision has been to order only contimous
glass filament tapes (preferably #890, Minnesota Mining Company) for MX.ili50B
balloons.

b, The polyethylene sheet: The best performances with heavy loads.
previous to this project, have been obtained using DE-2500 resin, double
.0Cl-inch polyethylene sheet, Equally fine performance, with laminated 2-mil
sheet of the same resin, has been obtained by some of the first !"X-1L450B
flights, Two-mil material, in general, is preferred so far because:

(1) The difference in floating altitude betweer a 1.5. and 2
e 2.0-mil balloon of the same volume 1s so small that the extra
safety factor and easier handling qualities of the 2.mil
balloon is preferred,

{2) Capacity data for 2.0-mil balloons (with contimous glass
filament load tapes) are kmown, as a result of tests conduct-
ed by the University of Minnesota., This Center has obtained
permission through Air Research and Development Command
Headquarters to use the Navy blimp hangar at Moffet Field,
California, to run maximum inflation tests on 3-mil ballocons,
On the basis of these tests, it is hoped to determine if the
extra safety structural safety factor on 2,5- and 3-mil balloons
balances the lower floating altitudes., In addition, compari.
son will be made between the breaking points of sphere-cone
and the newer natural shape balloons. Results of all these
tests will be discussed in a later report,

B. The Load

1, The parachute test gondola has already been received and assembled
at this Center. For the 20 successful flights required in Stage 1A, (Test
Directive 5182-HI), however, a dummy 1 ,000-pound ioad is iaquired.

2, At this time, three dummy loads have already been constructed and
flown by this Center,

3. The present dummy load (see Figures 1-3) is simply an alumimum
cylinder, with a sliding tray for instrumentation. The ballast reservoir is
10 cubic feet, with the filler hole opernings on top of the cylinder, In
addition, a rectangular section is located on top to contain the packed pars-

chute. The cylinder alore weights 170 pounds, and has a capacity of 1,000
pounds of sand.

L, Until 2 successful parachute system has been established for this
project, the dummy cylinder will be i'ecovered with standard 24 or 38.foot
parachutes with the sand being jettisoned initially., This process has not
been an easy one, however, and the problems will be discussed in detail in
the flight summaries, because it is felt that some of the incidents will be
of great interest to the Wright Air Development Center Parachute Laborztory
working on the final recovery system.
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U, Inflation aand Launching Techniques
1, Type cof Inflation

The three types of inflaticn employed by organizations f_ying non-
extensible balloons are:

a. The launch platform (Figure L ): This is the earlirst techrique
applied, and is gradually being replaced. FEmployed with a wind screen, like
the h0-foot struzcture at this “enter (see Figure 5), it is acceptable for loads

of 300 pounds or less. There are two principal disadvantares for heavier
loads, however.,

(1) The arms are locked near thc equator of the balloon, vhere
the stress (against the gas 1ift) is taken up by folds of the
balloon material and tape. The load on a non.extensible

polyethylene balloon is meant to be carried by the tapes and
harness cnly,

(2) Since the payload is located some distance from the bubblie
of gas prior to release, horizontal motion of the payload
is required in most cases, This is to avoid the pavliocad
from penduluming tovard the ground. 1In addition, there is

always the danger of shock on take-off, when the bubble finally
takes up the load.,

b, The covered wagon {(Figure 5)° One such device is located at this
Center, and i* is an excellent aid to inflation in stiff surface winds. How-
ever, it suffers the identical limitations upon release;as the 1lainch platform.
(5~e Sub-paragraph (2) above) The payload involved in MA-1LGOB cbviously can-
not be subjected to any of these launch hazards.

c. Vertical inflation: .ihis is an excellent technigue for heayy

loags. and is the system chosen by this Center as the basic solution to this
problem, The primary advantages are:-

(1) After inflaticn is completed, the balloon and payload are
already in the fimal relative flight positions, with the
center of mass of the helium directly cver the paylocad.
Consequently. witil no surface wind, the payload is lifted
vertically and smoothly., In the presence of 1ight wind.,
there is much less horizontal mction experienced than in
other techniques, and no take-off

off shock whatsoever.
)
(2) The stresses during inflation and before release are appliaed
to the parts of the ballocn, which were tuilt to nepoviate
these forces, mamely, the load tapes and harness,

(3) The technique employed in a perfect calm, requires less
layout preparations than any other technique.

The vertical inflation techmique had been emplcyed oy this Center
prior to the advent of MX-1L50B., At that time, (see Fipure 6) only two
elements of "hardware® wers empleved, Firse, 2 boom atb the end (f which

LS | (S
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load ring of the balioon was tied. Secondiy, a reefing clceth was employed to
restrict the gas to the top of the ballocen in a tight; round bubble. After in-
flation, the boom was raised, the paylecad positioned underneatn ii and iLied inte
the balloon. The reefer was then removed, and the ballcon cut free from the
boom. Final release was effected by severing the lines tying the paylcad to the
launching cart. The process was simcoth and direct with one principal disadvane
tage. Any wind of approximately 2 knots or more would commence to rctate the
ballcon about the vertical axis. In doing so; the nolyethylene inflation tube
would twist, and often terminate the inflation. The method therefore was too
hazardous to risk any flight in winds cf 2 knots or more.

2o In order to convert the vertical inflation technique described above
into something more versatile for use with MX-1L5C8, the following modificaticns
were developeds

a, A LO-fool diameter, 100-pound airplane cloth shroud cap, with eight
2,900-pound test hold down lines, was developed {(see Figure 7). Use of this cap,
in conjunction with the resfer, has already proved to more than double the sur=
face wind capabilities of the vertical launch. In addition. a further step is
being tzken to make the cap and the reefer ope continucus piece. 14 is hoped
that this step will allow the inflation capabilities to approach 10-knot surface
winds. Past statistics shcw that at dawn in the Tularosa Valley the surfaze
winds are less than 1Q knots approximatel: 90% of the time.

b. Tests have been made in an attempt to repiace the pelyethylene
inflation tube by a rubber or plastic hcse within the balloon. Such a techrique
would prevent the flow of heliwm from being quelched by twisting of the balloon,
In conjunction with these tests. an improved helium diffuser technique has been
devised by installing fine wire mesh baffles in the diffusers. This appears to
provide a nmore satisfactory gas profile during rapid inflations.

¢, In order itc speed the inflation process. a method of increasing
the pressure of the helium issuing {rom the trailer has been develeped. This

-

method is discussed in detail in the 23 May 1953 Test in the Appendix.,

The accuracy of the inflaticn is alsc an important, phase. The
ascent rate of the balloon mus* bte controlled carefully. since a rapid ascent

is the primary cause of ballocon bursts. Two steps have been taken in crder o
initiate f{arther control of this facter,

(1) A Roots=Connersville flow meter is being cbtained. Emplcysd
tc meter the volune cf zas leaving the helium trailer, it
will eliminate a iarge number of indeterminable variablies
which contribute errors tc¢ the preseni system. Some of these
ares

Temperature gradients within the helium irailer.

(b) Voiumetric variations of the individual helimm trailsr
tubes.,.

(c) Variations in the grade of helium..
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{d) Temperature changes sccurring during the helivm walving
prcocess,

(2) Command ballast techniques are soon to be adopted. With this
system. the ascent rate can be planned to be deliberately
slow, and adjusted during the ascent by dropping ballast; as
commanded from the ground.

d. A polyethyicne covered aluminum tube has been constructed to place
within the balloon appendix, during the inflation. This prevents thc harness
rigging from pinching the inflation tube.

D. Tracking and Recovery Techniques

In order to facilitaie +tracking and recovery of halloens and payloads,
three major steps have been takens

1. A tracking control station has been established in the new 6530th Test
Squadron (Special) Buildi.g at this Center.

2. Motor vehicles have been assigned to the Ballcon Unit (Holloman Air

Development Center) and have been equipped tc provide adequate mobile ground
tracking and reccovery.

3. A direction finding loop antenna system has been designed and will

provide a permanent long range tracking facility., These are described in detail
belows

a. Balloon Tracking Centrol Staticn

The need for a central station tc facilitate liaison with Center
supoort units as well as to coordinate and direct the various tracking devices
led to the establishment of the Balloon Tracking Control Station. The station
is in continuous operaticn througheut = given flight. It ic the duvy of Cperai-
ing personnel to keep an accurate log of position and altitude data. These
data are plotted and analyses are made of wind direction and speed. Actual
balloon performance is ccompared with weather data transmitted over Air Weather
Service teletype circuits and trajectory forecast revisions are made when needed.
Communications equipment (radie and telephone) is available Lo maintain contact
with the tracking aircraft znd the ground vehicles. The contrel conscle fer the
DF loop antennae is located here. Radio communications equipment consists ofs

(1) BC 61C Transmitter

(2} Hallicrafter Receiver

(3) Motorola Receiver and Transmitter
{4) AN/TRC-2 Receiver and Transmitter
(5) BG~6LO VHF Transmitters

{6) BC--639 Receiver



be A 9C-foot high "wind charg:r® vertical radio tcwer has baer
ordered. It will provide circular pattern in azimuth to be op=2rated with the
BC=610 to provide coverage cn 2229 kc (command separation) 1n additicn ta
other commurications frequencies. This equiprent will alsc be used to effsct
radio controlled ballasting.

c. Mobile Ground Tracking: Prior to July 1952, ground rscoveiy
accomplished by a Base recovery group., A% this time a limit of 200 miles radius
from this Ccnter was established for this group‘s recovery activities. The
Balloon Unit's requirements could not be met under this arrangement. Eficrts
were initiated for acquisition of recovery vehicles and recovery psrsonnel tc
be assigned to the Balloon Unit. In August, a one--ton panel truck was acquired
and preparations were made immediately for the installation of the fellowing
equipments

(1) ART-13 Transmitier

(2) BC-3u8 Receiver

(3) ARN--5 Compass Receiver

(4) ARC=3 Receiver and Transmitter (100-156 mc)
(5) Motorola Receiver and Transmitter

(6) Plotting Board and Theodolite

This equipment has been installed and test runs made. The truck
has not been used on actual filights because all necessary calibrations have not,
been completed., However. it is anticipated that it will be in operaticnal use
soon.

A second vehicle (weapcns carrier) has also bzen obtained and has
been ovntfitted with cemmunicatllions equipment of the rollowing typess

§22 Transceiver (VHF),
BC--348 Keceiver (1.5-18 mc), and
BC~191 Transmitter (HF).

This vehicle has been used on operationai fliights. However. ba-
cause of its relatively low rate of speed it is not completely satisfaztory as
a recovery vehicle under all conditions which are likely to be encountered.
It is felt that the fast moving panel truck maintaining communication with the
slower more rugged weapons carrier will provide a recovery facility far superior
to any previous method used. It must be remembered. however., that the trackin
aircraft in the final stages of a balloon flizht is the best insurance against
loss of a payload. Adequate communications at this time are essential.

S

A third vehicle {2-1/¢ ton van) is being equipped to aci as a
communications relay station betWween the other two ground vehicles ana ihe
Tracking Control Station. 1t is planned that a portable DF loop antenna ve
installed on this vehicle as a supplementary tracking device.
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Operating procedures for the wehicle are being worked out for
various flight durations and conditions. The vehicles will be eguipped to
sperate until the rmiss:con is completed,

Recently, five (1 Civilian, 4 Militery) qualified missile re-
covery men have bteen assigned to the Balloon Unit. The experience of these men
in recovery techniques ranges from twe to five years.

d. DF Loop Antennaes Six tracking methods have been investigated for
adaptability to balloon use. This study showed that the 1735 k¢ direction find-
ing loop antenna was the most practical device with respect to simplicity and
dependability, weight of balloon-borne instrumentation, range, and economy..

A prototype antenna has been constructed and tested on several
balloon flights. The information obtained from these tests led to the construc-

tion of a larger loop and control couscle. The theoretical range for this loop
is about 200 miles,

A shelter has been constructed on the roof of the new 6580th Test
Squadron (Special) huilding.and it is anticipated that the loop will be installed
and operating soon. Plans are being considered to convert this locp to automatic

operation. To complete the network it is planned that two more loops be located
at suitable sites to provide triangulation..



TLIGHT SUMMARY FOR 34%OB

Introduction

The requirements listed under Stage 1, Phase A, T. D. #5182-HI, state:
Develop dependable and safe launching 2nd liftinz techmiques for plastic bal-
loons which are capable of carrying loads of 1,000 pounds to altitudes between
50,000 and 100,000 feet, MSL. Holloman Air Development Center responsibility
vill be to perform approximately 20 successful launchings and flights of this
type.

A. The requirenents listed under Stage 1, Phase B, state: Holloman Air
Development Center responsibility will be to perform approximately 10 instru-
mented parachute descents from aititudes of 50,000 to 100,000 feet.r There
must be three consecutive successful descents with the ultimate recovery
systems, Tests under Stage 1 may be combined, whenever feasible,

The last two stages are not intimately concerned with balloon launching
development. (In this introduction, the primary concern is to define the
vehicle developmeni flights to be negotiated under Stage 1.)

B. The phrase "snccessful launchings and flights® must be discussed and
expanded with regard to the primary statement, "develop dependable and safe
launching and lifting techniques."

In order to make the launchings and flights "safe and dependable," the
safety factors mist be determined for various flight phases. This reguires
that inflatioms be made in ever-increasing winds until some velccity is ex.
perienced which prevents the inflation and/or a safe take-off. It required
that each type of balloon be flown at high ascent rates until the balloon
bursts. Only until the actual failing point for each vehicle phase is actually
encountered, can wve realistically state the safety factors. Consequently,

there are flights which fail, yet which must be considered successful if they
provide the information needed.

C. Also to be comsidered are flights which do not provide the initially
desired information, but result in the accumulation of other useful data,
Planning-wise, the procedure of declaring such flights successful (i.e.,
needed information was obtained although mot at the planned time) may not be
agreed with., However, because of the limitation of the mnumber of flights
(20-30) in this development stage, usefnl informatior must be considered,
regardless of the order in which it is accumulated.

D. In conclusion, it appears, with the limitation of the 20-30 balloons
which can be expended on the vehicle development phase, that. the most
practical goals should be:

1. To insure that all the safety factors are known for all the types
of balloons under all possible corditions.

2. To obtain concise data on floating altitude characteristics of each
balloon., (Actually, since this is a statistical problem, further informat.ion
will also be obtained from the later stages.)
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Flight Record

Flight #1 - HAFB.158, 28 July 1953

Program Stage: Stage 1, Phase A
Balloon:
Diameter 72 .8-foot
Thickness 2.0 mil
Shape Sphere-Cone
Weight 219 pournds
Appendix Skirt type
Mfg. Winzen
Payloads Dummy Cylinder 976 pounds

Inflation and Launching Method: C-2 wrecker with canvas balloon reefer

Free 1ift: 109

Surface Winds: 0.5 knots

Purpose: To check the ability of the varicus parts of this type balloon
to support a 1/2-ton payload.

To check the accuracy of the rapid inflation method.

To check the arrargement on the dummy load.

Results: HMaximum altitude: 9,000 feet, MSL

Flight duration: 1.3/4 hours

Discussion: There was a double locad ring on this balloon, One of the
rings broke before take-off; the apparent result of a weak weld., The remain.

ing ring was bent into an oval shape, but successfully supported the load
for the flight duration,

The launching and inflaiion technique was not being tested. It is a
rmiethod which had prcoved to be adequate only with surface winds of 2 knots or
less. This first flight had long been delayed becanse of abnormal surface
winds fcr the past month. Cn the morning of this flight the winds were very
light upon layout, but the synoptic situation indicated an increase very
shortly. Consequently, for the first time at this Center a ballcon was
laurnched before sumrise. The effect of launching the balloon before it ac-
cumulated superheat, in addition to a tfree 1lift intended for a slow ascent
rate, resulted in a slow rise tc approximately 7,000 feet, MSL, where the
flight leveled off. When the sun's rays finally contacted the balloon, it
began to rise. A short time later, ome of the safety circuits was activated.
This circuit had been set to effect flight termimation if the balloon did mot
attain 30,000 feet, MSL, 1.1/2 hours after take.off.

10



The completion of the circuit resulted in the blowing of 4 squib, whicn
began to dump approximately 800 pounds ot sand, [Eight seconds later ancthe:
squib was intended to blow the load line between the parachute and the bz .ilicoa,
thus effecting separation, As the sand was released, however, the ballocn
began to rise rapidly, gyrating wildly. This action apparently cut the sepa
ration wires and separation wds never effected. Finally, at approximately
5,000 feet above the gronnd, the balloon burst and free fell with the payioad
to the ground, the parachute never opening. It was a packed parachute witn
no dJdrag chute,

This sand-dump balloon separatiol. process is not something trat will be
exactly duplicated in the Wright Air Development Center phases, Hovever, with
a 150-pound man leaving th gondola before separation, a mincr variation of the
above problem might have to be reckoned with., What makes the above incident
even more notewcrthy, however, is the fact that the load suffered little
damage, despite the 5,000-foot free fall. The entangling balloon offered
censiderable drag on descent and cushioning upon impact,

Summarys The initial flight indicated that the load ring was a possible
weak link in the balloon structure,

It seemed likely that the balloon would have contimied to rise to floating
altitude, notwithstanding the salzty circuit. A release 15 mimtes laier
might have made the difference. However, the final lesson appears to bte that
in order to be safe, the actual time of sumrise must be accepted as soiid iine
of demarcation between normal, uninterrupted ascents and abnormal ascents,

The lesson learned, it might appear, is that such a flight with men aboard
need not be considered. There have been cases, however, of a balloon leveling
off at a low altitide under a temperature inversion., Most of these cases
occurred at launch sites other than Hollioman Air Force Base, which are frequent-
ed by strong frontal systems. Nevertheless, every possible source of hazard
shculd be considered in conmection with this project.

Flight # - HAFB_168, 16 September 1953

Program Stage: Stage 1, Phase A

Balloon:
Diameter 72.8-foot
Thickness 2.0 mil laminated
Shape Sphere-Cone
Veight 2Ll pounds
Appendix Skirt type
Mfg. Winzen

Paylcad: Dummy Cylinder 972 pounds

Inflation and Launching method: C-2 wrecker, reefing cloth, and shroud czp

Free lift: 119

Surface winds: 0.2 knots

11



Purposes To subject the shroud cap to a full scale inflation and launching
test.

To cbtain a preliminary check on the coizparative tightness of this balloon-
payload combination together with the use of the shroud.

To check the accuracy and efficiency of the "compensation partial" method
of helium inflation.

To obtain further information on the sand dump mechanism.

Results: Maximum altitudet 63,400 feet, MSL

Flight duration: 3.7 hours

Discussion: The surface wind was too light to evaluate the shroud in the
light of difficult{ inflation conditions. It was seen, however, that the balloon
was under perfecl controcl throughout all phases of the inflation. Considerable
difficul ty occurred during the process of pulling off the shroud. This had not
been the case during the pre=flight test on the shroud when there wac less gas
in the balloon. On the basis of this flight, a formal release device will be
developed for the shroud cap.

The ascent rate was almost exactly as desired, and provided preliminary
verification of the accuracy of the "“compensation partial®™ method. More
flights are needed, however, tc pass final judgment on the method.

The entire inflation required 37 minutes, compared with the 20 minutes
required for the "half tube™ inflation method. There was, however, an eleven
minute delay occasioned by the transfer of hose and pressure gauge to a
second helium trailer which contained the partials. The total time, therefore,
could be shortened to a more satisfactory interval by obtaining the proper
hardware to connect the pressure lines of two trailers.

Very comprehensive balloon performance data were obtained on this flight,
as the White Sands Proving Ground-iolloman Air Development Center radar net-
work tracked it throughout the flight.

The maximum aititude attained was 63,500 feet, MSL.. The theoretical
altitude from the graphs provided by the manufacturer was 62,900 feet, MSL.

A constant level; non-extensible balloon will ascend at some rate, wnich
increases with altitude;, and which can be to sowe degree, determined in advance
by the percentage of free 1lift. When the balloon nears fioating level, ascent
rate decreases so markedly that it often takes another hour tec attain the iaxai-
nun altitude. At thie top, the balloon either reaches a peak altitude and
commences to descend immediately, or else it le vels off for a while before
descending. These plateaus are hard to spot because of the pati.-
2f the altitude measurements, and possibly, because they rcaiss o
cccur but rarely. The telemetered altitude is not continuous,; the time and
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sczie of the sensitive barograph most often is imadeguate; and thne ballcons
are usualiy out of radar range by the time they reach floaling altilude.
However; a large percentage of the barograph traces {rum previous talicorn
flights indicate a positiwve peak; rather than a plateau.

This flight did demonstrate a platean for one hour. Jut of 35 flicghis
with good altitude data, oriy four others im addition to this one hawe indi-
cated z piateau.

The overall descent average after reaching floating was minus 530 feet
per hour (including floating) for 1.3 hours. This is well under the average
of mimus 1,000 feet per hour for L5 previously listed fiights of a1l types.
The most effective way to study the possible effect of the shrouwd cap on
the balloon material is to compare balloon performance with a2 similar flight.
without a shroud cap. The flighi selected was HAFB-111; 2 October 1952,
far Project Gopher. The balloon was ideatical; save for the fact thai it
was donble l-mil material irstead of laminzted. The inflation was wertical,
withcat the shroud, bui vith the same reefer. The load was 773 po.ngs
Hadar data were available, Both altitvde curves may be seen on Graph
Nos. 1 & 2.

In general, HAFR-J£8 seemed to be wore stable, and commenced its descent
twenty mimmtes later than HAFB-111. The overall descent walues carnnot be
compared because the Gopher flight commernced to ballast after 50 minutes.

321 of these factors indicate an altitude performance markedly better
than average, despite the apraremt rough contact of the shroud release.
This mipght be explained by the superiority of lamimated polyethylene or a
grzater stability, becanse of the greater mass of gas. Crly more fligcht data
with this 4¥pe of payload and balloon will ‘ndicate these possibilities.
In any event, the effect of the shrcud was definitely net detremental, and
the resulis are extremely pleasing.

The fellewinz sequence of events tock place at flight termimation:

Within ope to two minuies of the set time on the balloon “ormne ciock;
the sand began to dwmp through four each, tro.inch diameter holes in a
vlate, on ihe bottom of the ballast reservoir,

Twernty seconds later, with the sand still pourinz cmt, the
and paylcad were separated from the balloon bvw the blovine of a

parachite
ca
the 1lozd line,

UGN O

The Ioad free fell for 2 litile ¢ver thres seconds, before the 33 foot
cargo parachute deployed. Radar indicaied aboul 10,000 fe~t per mimute
fall at this time,

The sand was not completely dmped until 2 mimtes and ¥ seconds after
the parachute had deployed.

The time interval ITos the separation of the parachate and payload from

the balloon, until impact was 34 mimtes. The bailoor was 62,860 feet, HSL,
or 58,700 feet above the zrcund, at separation itime.



It was apparert that there must nave been well over 500 pounds of payleoad
when the parachute opened, tecaase 17 panels were Iocand o be damaged, with
ore shroud line oroken.

The firal load; of omly 190 pounds; however, was lowered successfully i
earth and landed right side up, with no damages whatever.

Sumzary: In gemeral. the flisht was highly successfil, providing a wealth
of data. The seeminely rough treatment applied o ihe top of the balloon during
ipe shroud cap release, campared with the satisfaciory bailoon performance
gives ample support Lo the reputed ruggedness of the 2-mil lsminated sheet
pelvethylens.

For shtort flights, this test provides a fine proof of the good working
trajeciories which can be obtained almost anmy time of year by picking your
altitude. {In this case the altitude was not picked. However, there is
ususlly some altitude, at any iime; where the winds are almost negligibie.)
The fiigsht was airborne for 3.7 hours; was visible from the base to the nzked
eye, a2lnosi until parachute impact, and the impsct was seen wilh 20 power
cptics.

Flight #3 = HAF3--170, 29 September 1953

Program Stage: Stage 1. Phase 2
Bailoon:
Diameter 72.8-foot
Thickness 2.0-mil1 laminated
Share Sphere—cone
wWeight 241 poumds
Lppendix Skirt type with cardboard stiffeners
Hig. Ninzen
Paylocad: Dummy Cylinder 1012 pounds

Inflation and I=2usnching Method: C-2 wrecker with boam, shroud cap. and
canvas ballcon rcefer

Free l1lift: 11.5%
Surface dinds: 1=3.7 knots

Purpose: To cobtain data on the floating azltitude characteristics of a
72.8-foot diameter; 2-mil ballooxz for a fairly long; daytime flight.

To test the shroud cap release systen nuzber one.

To obiain further information on the accuracy of the "compensaticn
pariial™ method of belium infilation.

To check the xoaified sand dump systen; employing cne 8B-inch diameter
orening 2t the bottom of the sand reservoir.



Results: Maximum altitudes. 6y, 90C feet, MSL.

Flight duration: 6.2 hours..

Discussions A good barograph trace and telemetered altitude data were cb-
tained for the entire flight duration.

The overall descent rate was 910 feet per hour, slightly better than
average, but apparently not as good as the first shroud flight (Flight #2),
without the formal release system. Looking at the data more closely. howzver,
we find that this balloon performance was actually better than that of Flight #2.

Flight Number Minutes on the Plateau Descent Rate Following
Flight #2 57 21056 feet per hour for 0,35 hr
Flight #3 130 1971 feet per hour for 1.9 hr

Summary: This flight; ccnsequently, was again extremely satisfactory. It
demonstrated the second longest plateau out of the 17C flights flown tc date at
Holloman Air Development Center..

With three cut of the six total flights indicating plateaus; having
ross loads of 1,000 pounds or more, the conception of greater stability
because of larger gas masses seems to become more likely.

A shroud release system employing lines which ran comple tely up and over
the apex of the shroud was employed. The release was still not satisfactory.
although it was considerably easier than using just the lines attached to the
circumferences as in the mrevivus test.

The "compensation partial®™ inflation system again provided & very satis-
factory ascent rate. This time, with only one helium trailer involved in the
inflation, the total inflation duration was only 26 minutes. This interval

is but 6 minutes longer than the average "half tube" inflation, the small

time discrepancy appearing justifiable on the basis of the former®s superior
accuracye.

Because of the unforeseen rigidity of a special cap covering the 8=inch
hole at the bottom of the sand reservoir, the sands did not dump. (Wires
supporting the cap were successfully blown, however.)} The 1,012=pound
load, consequently, was lowered to earth by two 2L-foot personnel parachutes,
flown side by side. The parachutes were not damaged; although they demonstrated
considerable twisting, and spilling of air during the descent. The bottom of

the aluminum cylinder was severelybent , but the ballast reserveoir was untouched,
and the instrumentation suffered little damage.
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Flight # - HAFB-17i, Z Gctower 1552

Frogram Stage: Stare 1, Phase &

Bslloon
Diameter F¥o~-foot
Thickness 2.0 @il Iaminated
Shape Sphere-Cous
Weight 337 pounds
Appendix Skirt type
Mfg. Winzen

Payload: Dummy Cyiinder 1,246 pounds

- ~ .

Inflation and Launrhing Mcthasd: O«=. <recker with canvas balloon reefer
and shrowd cap

Free lifi: 11.5%

Surface Winds: 0~2 knots

4

Purpose: To determine the adaptabilitsy of the current launching inflation
methods and hardware (reefer and shroud) relation to the 90-foot diameter,
sphere-cone balloon.

To obtain data cn the floating altitwde characteristics of a 90-footk
diameter, 2-mil, sphere-cone bailoon, for a full duration daytime flight
of approximately 10 hours.

To obtain further infomation on the accuracy of the "cospensation
partial® inflation system.

To ckheck the modification on the destruction device for removing the
cap cowering the Ywle 2t ithe Lottom of the sand reservoir.

Results:z Maximmm altitude: 55,080 feet, MSL.

Flight durations 1 hour, S minutes.

Discussion: The present reefing cioth was found to be approximately
10 feet too short and several inches too narrow for the 90-foot diameter
ballioon. As a result, anoiher reefer is being trilt which wiii fit this
balloon, and perhaps 116-footers. Revertheless, ihe fit was snfficient to

complete the Iinflation successfully.

The shrcud cap appeared to fit the 90-footer very well. In general,
the infiation did noi appear any aiore difficult than with the 72.B-fosters.

The baliocon burst before reaching floating, at an altitude of 55,080 feet,
BES5L. The overall ascenl rate was 792 feet per minmnte. MNormally, this would
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be cunsidered a good average for a polyetheyiene balloon flight. The ¢
highest ascent rate with tbhe MX-1L50B lcad was 780 feet per =minute on Fligh
Howsver; that iest included a sross load of 1,032 powrds. The 752 feet per
minute is with a gross load of :,583 pounds. With gress lozds over 2,007

pounds, Projeci Gopher encountered 14 ballcon bursts out of 16 attempis,

mot tly due to ascent rates previously considered average. These bursis occurred
at the basz of the stratcsphere where the coldest temperatures are epcountered,
It is worth noiing. consequently, that at 54,172 feet, MSL, on the previous

day a temperature of -72.% degrees Cenligrade was recorded at Holloman A:r Forcs
Base. This is 2 to i degrees colder than the brittle temperature of poiyethylene.
18 degrees colder than the standard aimosphere, aod 3}-5 degrees colder than ihe
average minimmm temperature aicft Jor the morth.

:

Upe of the aims of this phase; as stated in ihe flight summary intre-
duction. is i¢ learn the safeiy facior for ascent rates with the variocus
balicons. There are these possibilities; however:s

The bailoon burst becausz of the temperature being below the britile-
ness demarcation. 1If the ambient temperature had been jless than <70 degrees
Centigrade, the saze ascen' rate would have been safe.

Because of the large gross lcad, approaching Project Gopher dimensicns,
the ascent rate must Le lowered; no maiter what the temperatures.

Actnalily, of course; the ascent rate was a 1iitle crn the high side of
what was desired, namely S00-700 feet per minute. It wuld be advantageous
to fly another 90-footer ‘hrouch a similarly cold layer at 600 feet per
ninute.

The "compensation partiai®™ system still provided close resualts. The
1a5% three flights have varied only between 712 and 7952 feet per minute.

Sumsary: The main objective of the flight, to test the fit of the
launching "hardware®. was accomplished amd withont hoza-Riss the fiight.
The secondary objective was by fale replaced by an objective thai wonid asave
beer applied in 2 later fiight. Instead of floaiing altitude data, ascent
rate safety factor data were cobtained. The latter, of course, is just as
important. In the overall piciure; ithe flight was satisfactory suppiying
both auseful and sufficieni data.

Flight # - HAFB-172, 15 Sciober 1553

Program Stage: Stage 1, Phase A
Bailoonz
Diameter 72.Bfaot
Thichaoess 2e0 mil
Shape Sphere-Cone
Height 2i5 pounds
Appendix Tubular type skirt, 2 x I mil material
Kfe. Winzen
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Payload: Dummy Cylinder 1,042 pounds

Inflation and Launching Method: C-2 wrecker, with canvas balloon reefer
(unlacing type) and shroud ezp.

Free 1ifi3 117

Surface Winde: i=3J knots

Purpose: To test the new shroud ctzp release system. This method involves
the vnlacing of the cap which has been split into twe narts,

To test the aew reafing cloth, which also has been modified with an un-=
lacing device. t is felt that this methrd would eliminate possitile effer: -
of frictional damage that couid be alfected by the previous sliding mcefer
cloth.

To obtain floating altitude data for four or more hours in order to com—
pare the effect with Flight #3 of a clearer shroud release upon balloon per-

-
A AN w— oy
LT Ranie

Results: Maxiwmum altitude: 62,700 feet, MSL

Flight duration: 25 plus hours

Discussions The split cap release worked smoothly and efficiently.

The pew unlacing reefer, which had been construcied so that it would fii
90-footers and probably li6-footers; proved to he slighily large for a
72.8-foot Gopher type balloon. This made the unlacing process a very precise
tack. At one point during the inflation, the cloth was unlaced a 1ittle bit
too far below the base of the bubble, and the cloth feil down. Before the
next test, the lacing system will be modified to prevent such occurrences.

Complete altitude data are not available, because the barograph trace has
not yet been reduced . and the flight was only within radar range for 2-1/2 hours.
However, a double t}necdollte check after 8-1/2 hours of floaiing indicated

a descent of 5% feet per hour. This is much beiler than sverage; and, nore
impormmtw it easily exceeds the 710 feel wer howur descent of Fiight 53 for
only 4 hours of floating. This far, therefore, the split shroud cap reliease
resulis in considerably improved balloon performance.

Command separation gear was not om hand to be used, and the ciock cul-
z':e&m failed. The ballousn was sighted east of El Paso, 2h nours afier take— °

o = 1, o 5
£ TTooVery I ps

hus 3 ‘en achleved, the f1 ght =il o - SLETE

at leasi a %-hﬂur flnght of an upballasted flight wilth this sm.’e”céh.

. Y

Optical tracidng from the Ballonn Tracking Contrcl Center lasted for
11 hours.

[
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Summary: Since the barograph data is now available, this fiight
sidered a 10C% success, as far as accomplashing purposes are concerned, "o
trial of modified hardware was successful, and enough altit:de data were oG-

aired to indicste better ballocon performance with the miuirmum atrasive gualitie:s

of the modified hardware. The barograph data are needed for mere comcise details
such as plateau infcrmation,

This flight will actually serve the purpose of two flights. since cme or
two overmnight flights are needed on the 72,8-footer in this phase, The morning
position near El Pasc indicates (from wind flow information) that the flight
could rot have been lower than 50,000 feet, MSL; at this time. This indicated
a nighttime descent rate at least equal tc the daytime descent rate, and perhaps
less., In the only other records of overnight unb2allasted descent rates on hand,
six out of seven indicated greater descents at night,

Flight #6 - HAFB-175, 27 October 1953

Program Stage: Stage 1, Phase A
Balloon:
Diameter 116-foot
Thickness 2.5 mil
Shape Natural
Weight 596 pounds
Appendix Tubular type skirt
Mfg. Winzen

Payload: 55 galion drum, with 1,002 pounds
control package on top

Inflation and launching Method: C-2 wrecker with unlacing canvas btalloen

reefer, and shroud cap

Free lift: 7%
Surface Winds: 0-2 knots
Purpose:

To test the adaptability of the launching hardware and techriques
to the 116.foot diameter balloon,

To attempt a purposeful slow ascent rate; in accordance with Projeczt
Gopher experience with this size bailoon, arnd heavy payload.

To cbtain daytime altitude performance data with this balloon and payleoai
combination,

Results: Maximum altitude 81,600 feet, ISL,
Flight duration: 148 hours plus,
Ascent rate: 855 feet per mimte
15



Discussion: The shrowi cap seemed te fit the 11&-foot diameter ballcen
precisely. Actually, for gross inflations 200 pounds or mcre greater than
the 1700 pounds on this flight, i1t might have to be perhaps five more feet
in diameter. But for 1,000 prund payloads, it has now been established

that the present shroud cap will fit balloons from 61 to 116 feet in diameter.

Summary: The laced reeter appeared to it the big balloon precisely, in
diameter, being about 10 feet short in length. During the infiation, however,
a few of the loops hung up, right at the base of the bubble; ahout 120 feet
above the ground. This dilemma was solved by lowering the bubble with the
eight hold—=down lines, until the loops could be contacted from the top of the
covered wagon. At this time, there was approximately 900 pounds of gas in

the balloon. This event, again demonstrates the versatility of the shroud
cape

It had been decided to give this balloon orly 7% free lift, in an effort
L0 attain an ascent rate between 300 and 500 feet per minute. The release
was delayed for 3/l of an hour, however, and considerable superheat was ac-
cumulated. In fact, the flight actually averaged 1,000 feet per minute. up
to 40,000 feet, MSL. Mindful of the Project Gopher experience of 14 balloon
bursts out of the first 16 flights with 116~fcoters, the tracking aircrait
and vehicle were alerted for a burst when the flight entered the layers of
minimum temperature, near 60,000 feet, MSL. By the time the balloon attained
this lewvel; much of the superheat had been dissipated, but the ascent rate
was still 850 feet per minute. This was 60 feet ®r minute faster than the
burst experienced on Flight #5, with the 90-fcoter, and some 40O feet per
ninute faster than the ascent rates advised by Project Gopher., Much to cur
amazement, however, no burst occurred, and the ascent rate slowed prcgressive-
lywmntil it eased into floating level., Three radiosonde runs taken within
2ly hours of the flight, indicated that the minimum temperatures were varying
between 60 and 62 degrees Centigrade. This is warmer than the average of

6Ly for last October, and iZ degrees warmer than the minimum temperature, the
day the 90-footer burst.

No daytime altitude performance can be obtained until the barograph s
recovered. The trajectory on- the second day indicated the flight was between
55,000 and 65,000 feet, MSL. The flight was aloft over Key West, Florida,
on the third morning, which means the earliest probable terminztion would be
that eveaing. A 60-~hour flight on an unballasted balloon attestis to the
fact that the cell was exiremely tight,

In accumulating ascent rate safety factors, therefore, it is apparent
that the tem

Generals: The control instrumentation antenna snarlied on the edge of the
launch cart at take=off, and was snapped off. Consequently, nc telemetered
altitude data, or command cut-down was possible,

he flight was again tracked optica2lly until the sun set on the balloon,
a duration of $-1/2 hours, and down to a 3.7 degree elevation. Gensrally.
oplticel tracking is regarded only as a supplementary, temporary device. The
extreme visibility provided by the high altitude (4,100 feet, MSL) and desert
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skies at Hoilcman Air Development Center; however, converts the device into

a major tracking element. The six flights for this project, thus far, have
been tracked optically for an average of 5.5 hours per {light. The range

has been up to 150 miles. This is no mean statistic, when you consider the
equivalent tracking distances in the eastern portion of the country; a
balloon over New York City as seen from Baltimore, or a balloon over Cleve-
land as seen from Dayton. Actually, the most important result of this cpticel

capability, is that every one of the six flight was tracked for the entiretlies
of the intended flight durations,

Despite the factthat the balloon could not be tracked overnight, fore--
casting and communication capabilities resulted in the balloon being picked
up by 0900 hours; CST; on the second morning of the flight. The flight was
forecast to be in the area near Austin, Texas, at dawn. At 07CC hours, MST,
Bergstrom Air Force Base operations at Austin, was contacted. By 0800 hours,
MST, visual contact was reported near San Antonio, less than 100 miles away.
Negotiations had been initiated to use the MARS network on such emergencies,
and a trial run was provided. Information on the balloon was bLroadcast to
ham operators close to the trajectory. Throughout the day, positions were
reported to Holloman Air Force Base operations, through Carswell Air Force
Base, frcm Kelly Air Force Base, B-36s and other aircraft in the vicinity, and
MARS observers. The sunset position was given as near Ccrpus Christi, Texas.
The dawn position was forecast to be 200 miles west of Florida, between
Tampa and Key West, a NOTAM to this effect was sent out over the airways,
that night MARS operators in Florida were alerted. That morning an operator
in Key West actually did sight the balloone.

il of these details serve to provide a lesson for the final phase of
the project, on perhaps an overnight flight, with the floating laboratory.
In this case, although the balloon communication safety factor will be con=
siderably increased, even the one chance in fifly, perhaps, that communica-
tions would fail during the night; should be considered, in this case instead
of hazarding the dangers cffered by a bail out in the night; without the re-
covery personnel being close by, it would seem advisablie to wait until day-
light. Then with the capabilities just demonstrated, the flight should be
rejoined by the tracking vehicles amd aircraft, just after dawn.
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STATUS OF THE OPERATIONAL PUASE OF THE MANNED BALLOOW

PROGRAM AS O JANUARY 195L

1. ‘Balloon Summary

Received (and used) from WADC Successful Flights
8 each 72.8 footers 6

3 each 90.0 footers 1

3 each 116 footers 1

1 each 72.8 footer ground test

Supplied by HADC

1 each U5 footer 0
1 each 61 footer ground test
3 each 72.8 footers 0
2 each 92.% footers 2
1 each 9k footer 0

2. Shroud Inflation Techniquesg

a. Pre-~Shroud Flights Shroad Flights

1 success out of 5 attespts 7 successes out of 1l attempts

(2 failures due to instrumentation)

b, In total tests with the shroud, involving inflation only, there have
been 13 successes out of 16 attempts,

Cla Tgere have been three completed inflations of 116 footers, out of three
attempts {Figure 7). One had to be destroyed becanse of instrument failure, a

second was found to have been damaged by the reefer, and the third flew success-
tfully for more than 60 hours.

d. Maximm wind condition for a successful attempt has been in a 7-kmt

wind measured at an elevation of 20 feet with an estimated10 kmots at balloon
hibble height.

e. A new amd larger shroud, constructed of nylon, is in the process of
fabrication. It will be employed in an attempt tc keep the ballocn bubble on
the ground, during the entire inflation. Tt is hoped that this technique will
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increase iaflation capabilities tc at least 10 knote,
3. Actnal launching experiences

a, Out of 10 launching attempts, 9 have been successful, The single failure
was due tc urnder inflation, The payload, however, was undamaged in all 10 atntempis,

b. A new launch cart is being designed for the payload.

Li. The number of flights which can be designated successful, under the coanditions
of Stage 1 of T. D. #5182-HI, are ten,

5. The maximum payload weight has been 1,246 pounds. The average for the eight
flights, 1,042 pounds.

6. The maximum altitude for the eight flights has been 81,600 feet, MSL,

7. The maximum duration has been something in excess of 8 days. The average
of the remaining seven flights has been 7.5 hours,

8. Tracking and Recovery Techrmiques

a. Recently, a 2-1/2 ton van has been equipped to act as a commnications
relay between the other ground vehicles, the Balloon Tracking Control Center,
and the aircraft. Since the adopiicn of this system, there have been 12
consecutive successful recoveries.

b, A second radio panel truck and two radio equipped pick-ups are beirg
obtained, This will result in the use of five ground vehicles on tracking
missions,

¢, The priority use of two 1-20 aircraft (arriving 1 February) has been
granted.

d. All four attempts with the Aero Med command cut-down unit have been
successful. The maximum range has been 115 miles.

lad)
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APFENDIX

1., Problem: To check a proposed methcd of maintaining a rapid flow of helium
from the trailer during a vertical inflation.

a. It had been observed that during an inflation when 10 or more tit=s of
the trailer were employed, the fimal 500 psi of the gas from each tube would flow
out at an increasingly slow rate. It took, for instance, 11 mimtes on one test
to drain 9 tubes from 250 psi down to zero., Vertical inflations must be performed
during selected periods, vhen the surface winds are relatively light. Such periods
may bz of short duration and it is imperative, comseguently, that inflation rates
be greater than the magnitudes exhibited by the standard procedures,

b. The methcd proposed by the Balloon Unit as a solution to this problem wis
to employ double the amcunt of tubes needed for the inflation, As a result, the
tubes would only be valved out to the point where they were half full., Since
this value (approximately 1,100 psi) is well above the pressure where the in-
flation rate is appreciably decreased, the total inflation time should be pro-
portiomately decreased.

c. This solution is siaple and there was no doubt concermning its effectiveress
as a time saver, The only complicaticn involved was that of accuracy. %hen a
full tube of helium is emptied into a balioon, one can be sure that all of the
computed 1ift has been delivered. However, extraction of only part of a tube
pcses some problems. Suppose, for instamce, a tube originally contained 2,000 psi
of gas at T degrees Centigrade, and it was desired that half of this amount be
extracted. When the pressure gauge indicated 1,000 psi and the main valve is
closed, however, we do not know exactly how much lift has been extracted. Because
of the decrease of pressure of the gas within the tube, the temperature has also
dropped. Since it has not been possible up to mow to modify the (Mavy) helium
trailers with thermocouples, a fairly large source of error is introduced.
Special tests made a year ago with the use of thermocouples indicated an average
error of mims one pound per tube; and a maximum of mimus three. This, however,
was for only the valving of one tube at a time. It is probable that the tempera-
ture drop, and coasequently the error per tube, would be larger when 25 tubes
were being valved simultaneously. A two-pound deficit per tube, in a 25 tube
inflation, would almost halve the free 1lift in a 1,000 pound load inflation.

d. This source of error will be eliminated in the mear future by:

(1) Purchase of a summation flowmeter. The Bailoon Unit at present has
sent cut desired specifications to various companies.

Censtruction of a spring scale for measuring lift on vertical in-
flation. Bl:eprints have already been obtained., There is some
question of accuracy with such a device, but it should be able to
detect aeficiencies of 50 pounds or more.

e. For immediate use, a formila developed by General Mills Aerorautical
Research Laboratory was chosen for stucy. This formula predicts at what gauge
pressure the valve should be turned off, in order to extract the cxact mass of

gas needed. The "cut off" pressure is always lower than the standard computed
pressure, because of the drop in temperature. Actually, if the pressure gauge
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were watched for 30 mirutes after the cut-off, the pressure would climb back tc
the standard computad pressure, as the temperature of the tube recovered.

This formula was originally checked here a year ago with the aid of therme-
couples. This result was very satisfactory, (predictions were something iess
than within 0.4 pounis per tube), but the tesis were run on tubes which vere
drained individually. For MX-]J;SOB, consequently, it was necessary to check
the equation for many tubes draining simmltaneously. In order to accomplish
this, a ground inflation test was performed on 23 May 1953.

2. Test equipment employed:

a, Ore each 20-foot dlameter, 1 )-m11 12 pound polyethylene ron-extensible

b. One each platform scale
c. Ore each 200 pournd shot bag
d. Five tubes of helium at 2270 psi each
e. Onre each ground cloth
3. Test Procedures:

a. The balloon was laiil out on the ground cloth, and the 200-pound shot bag
tied into the load ring.

b. The 3-mil, red, S-inch diameter inflation tube (which was too smai
the diffuser at the end of the rubber inflation hose attached to the trail
was withdrawn, and a standard 10-inch diameter tube inserted.

1 for
er)

r
c. Five full tubes from the nelium trailer were opened imto the manifold,
and allowed to equalize for 30 mimtes.

d. At the end of this period, the pressure gauge and ambiemnt temperature
wcre recorded:

Gauge pressure 2,270 psi
Ambiert temperature 65 degrees F.
Time 0810 hc curs MST

e. The gauge pressure was corrected from the calibration curve:
Corrected pressure 2,250 psi

f. The shot bags wvere piaced upon the platform scale.

g. Gas was valved rapidiy into the balloon.,

h. Ye flow was cut off suddenly, when the tubes were less than haif



emptied. {The lower the pressure a partial is valved to, the less the error,
as all the lift curves converge toward zerc.)

i. The cut-off gauge pressure and the apparent readimg of shot bag upon
the platform scale were recorded:

Gauge pressure 1,390 psi
Corrected gauge pressure 1,375 psi
Shot bag weight 69 pounds
Time 0313 hours MST

L. Computations:
a. The total 1ift of gas inserted has been:
Apparent loss of weight of shot bags 200 pounds
mirus 69 pouinds
equals 131 pounds
Weight of balloon 12 pourds
Gross inflation equals 12 plus 131 equals 1i3 pounds.
b. The valving rate was 47.5 pounds per mimte, about the same rate that
1,000 pounds has been inserted intc a L5-foot diameter balloon, on a MX-1L50B
"hot! test, The temperature dropyconsequently, must have approached reality

as far as the rate of valving is concerned.

c. The original Gereral Mills equation is:

Cut rf£f pressure = 10,000 £..5 IP £ [(10,000 # .£ 1p)? ~ 20,000 FP

where IP sguals the initial tube pressure 1,375 psi FP equals the
recovery pressure, or that pressure which the tuve wiil assume after

the wlving ceases, and the temperature of the gas has recovered to the
same readirg indicated at the initial pressure reading., Cut-off pressiure
equals the pressure at which the valve must be turned off, so that a nass
of gas zquivalent to IP mimus FP at the intial temperature will have been
successfully extracted. In this test, this cut of{ pressure ( which was
in this case selected rather than computed) was 1,375 psi.

d. The fimal pressure FP, has to be derived by working backwards, with the
test data &nd standard 1nflat10n charts,

(1) Total 1ift inserted into balloon - 13 pounds

(2) Lift per tube, for the five tubes - 28.6 pounds
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(3) Lift per tube, with 13iial pressire and temperz‘ure{from the
jnflaticn charts) -~ 80,5 pourds

{L) Pounds 1ift of gas to be left in each of the five tnbes; in order
to attain the 143 pounds gross inflation - 80.5 mimus

28.¢ equzis
1.9 poumnis
per tube

{(5) The final pressure equivalent to this 1lift per tube (L}, FP,
obtained from the inflation charts - 1,L15 psi

e. DNow that all the wvariables in the eguaticn are acceounied ©
can be inserted to find cut how valid is the relmtlons}upc

[
= g
o]
pY
[
£
]

(1) Substituting in L. ¢, we have:

1, 375 = £ (10,200 4+ .5 (2250) ?.](10,000 + 1128)2  .20,000(1L15}
where K is the "validity" factor, or that mumber which the plirase
on the right hand side of the equation must be multipliec ty, to
obtain the correct cut-off pressure, for our particular test.

(2) sSimplifvine. let a = 1,375 ©=11 125 =228 300,000

so, a2 = 1,890,625 b€ = 123,765,625

o~
(98]
[

The equation mocw may be writien zs:

- b = (b -c) /2

:-<| )
i
o
J
Q

o

K
squaring %2
a2

- 2abK 3 cKZ = O
sy Ty 1/ 2
X = ab % (ab® . agc)"/‘ ~ ab ? a(¥? - c)ll_?_

c <

b (b2 . ¢) 1/2

Lt

olw

(L) Substituting the appropriate valucs for a, b, ¢, we find that
K = 1,015
| 5. Conclusicus:

a., The value of K is close enough to 1.00, that we might conclude that thne

equaticn is sufficiently valid as it stands. This is especially so when we

1]



realize that:

{1) The 15 tests made with the iundividual tubes a year ago resulted
in values of K with deviaticns from this new value, within tne
accuracy limits of the test instruments.

(2) These consistent answers have been obtained despite the posszibility
of sources cf error, like the plus or mimus 7.5 psi accuracy of
the pressure gauge, and the variatiors in tube temperztures tefore
the valving process and after the tube "recovery".

b. It seems reasomably apparent, therefore, that further ground test checks
on this corrective equation can tell us little more, and that the first few
successful ascents with the 1,000-pound lvad will nrovide the next data of
importance in relation to this problem,

c. The accuracy cf the eguation as it stands mow, therefore, must satisfy
but how accurate is this in a typical MX-1450B flight.

3

(1) Let us take a typical gross inflation:

Payload 1,000 pounds
72 .8-foot balloon 250
Free 1lift i o] (8.8% gross load)

1,350 pounds equals gross inflation

(2) At an average lift of 85 pournds per tube, this inflatiocn calls for
16 full tubes. With our half tube accelerated method, we will
use 32 full tubes.

(3) Valving the tubes inblu ilie balioon uvtil they are half emptied
would supposedly call for valving until the pressurs gauge reads
a little over 1,000 psi. DBecause of the drop in temperature, how-
ever, we have to valve to some pressure 50 psi or so less than
this as predicted by the corrective equation.

~~
p o
S~

Because of the limitations of our measuring instruments, one canmot,
however, justificbly apply a correction to the answer provided by
the equation. (As discussed in 5.a) If the equation says trat cut.
off pressure is to be 1,0C0 psi, that is the value which will Ye
employed,

But suppose that the K = 1.015, as calculated from the ground test.
was exactly right, despite the accuracy limitations with such a
small magnitude difference. On this particular flight, there would
be a discrepancy ¢f 15 psi. This does mot soumd like a bad figare,
for the smallest division on the pressure gauge is 20 psi. However,
multiply this 15 psi by the 32 vubes which are being erployed
simultaneously, and there will be a discrepancy of LY¥C psi, or 18
poundﬁ%of lift, at coom temperature. This would chamge ile free 1ift
by 1.5%.

Ny
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(5) The most important factor, here, of course is the 32 tubes being
employed, No mavter what the source of error is, the magnitude
becomes irportant when multipliad by 32. The pressure pauge, for
instance, would be responsible for calculation fluctuaticns of
plus or mimis 9 nounds of 1ift, 1In a comprehensive report on in-
flation techniques (1o oe distributed soon by 6580th Test Sguadron
{dpecial), Holloman Air Development Center), 15 sources of error,
all of a magnitude of not less than 0.2 pounds 1lift per iube, are
discussed., All of these become importamt w~hen 32 itubes are in
volved.

d. Summirg up, it can be concluded that the equation will probably provide
answers as accurate as any of the other inflation measurement techniques current-
ly employed. The limitations of these accuiracies; however, will become mors
importamt when magnified by the extreme quantities of gas to be employed for the
MX-1L50B flights,

£, Recomrendations

a., No further ground checks should be made with this system, unless some
method of weighing off 1,000-pound loads is obtained before the first few
actual balloon ascents. The ascemnt rates demonstrated by the first flichts
will provide the most important answers.

b. A method of measuring the 1lift by use of a spring scale, tied in
between the ground and the icad ring, should be initiated.
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