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TM 11-2405, 24 A pril 1944, is changed as follows:

2. Types
s ®

b. Piror Barroons.

* * * B Y # %

(2) The larger pilot * * * orams (8.53 ounces). The balloon
neck is made of relatively thick rubber, is about 214 inches long, and is
15 inch or 114 inches in diameter. Pilot balloonsare * * * and
ved (par. 4).

5 E &

3. Definitions (Superseded)

a. Free Lier.  Free lift is the actual upward force which causes
the balloon to rise. and it is measured in ounces or grams. (A means
of measuring free lift is provided by the selection of the proper cock
or nozzle.)

b. Toran Larr. Total lift is the gross upward force produced by
the hydrogen in the balloon. It is equal to the sum of the free lift,
the weight of the balloon, and the weight of the carried equipment,
if any.

5. Sources of Hydrogen Gas
% * e @ * * &

¢. (Superseded) HyproceNn GeNerator ML-303/TM. Hydrogen
Generator ML-303/TM is a cylinder 5 inches in diameter and 15 inches
long, with a threaded opening at the top for attaching an outlet tube
and a threaded opening at the base for attaching a calcium hydride
charge can. Two differen types of charge are used with Hydrogen
Generator ML-303/TM. Calcium Hydride Charge MIL-304/TM or
MI-304A /TM is a metal can containing enough calcium hydride to
generate 6 cubic feet of hydrogen gas for the inflation of a 30-gram
balloon. Calcium Hydride Charge ML-305/TM or ML-305A/TM
contains enough calcium hydride to generate 24 cubic feet of hydrogen
gas for the inflation of a 100-gram balloon.

Caution: Rescinded.

d. HYoroGeN GENErRaTOR SET AN/TMQ-3 (Added). Hydrogen
Generator Set AN /TMQ-3 consists essentially of four Hydrogen Gen-
erators ML-303/TM (¢ above), Manifold MI.-344/TM. four 6-inch
lengths of Hose ML-81, and Case CY-219/TMQ-3. The manifold is
a square, sheet-iron plate with a hole located in each corner to accom-
modate one Hydrogen Generator ML-303/TM. A tube, 11 inches
long, is welded to the center of the plate and is provided with four
branches located 7 inches above the plate. Each Hydrogen Generator
MI-303/TM is connected to the center tube by means of Hose MI.—81,
Hydrogen Generator Set AN/TMQ-3 is used with four Calcium

*These changes supersede TB 11-2405-1, 18 May 1944, and TB SIG 100, 28 September 1944,
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Hydride Charges ML-305/TM or ML-305A/TM or with Calcium
Hydride Charges ML-305/TM or ML-305A /TM in combination with
Calcium Hydride Charges ML-~304/TM or ML-304A /TM to produce
hydrogen gas necessary to inflate 350-gram balloons.

6. Shelter

* * * * * * *

b. InrraTioNn Smevrer S-13/TM (fig. 2). Iaflation Shelter S—
13/TM is a portable balloon inflation shelter made of 8-ounce canvas
duck which is mildewproofed and waterproofed. The shelter is
* *® % 9 feet (fig. 2). A D-ring is sewn to the canvas at the
center of each side panel and the back panel. A 35-footlength
of rope is provided to be cut into three lengths for threading
through the D-rings and fastening to the corner stakes to
prevent the sides and back from bowing inward.

¢. UNeacking InFraTion Suerrer S-13/TM.

* * * * * e
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(4) Laftoutthe * * * wrapped around it. The 35-foot length
of rope for the D-rings is packed in the tent roll.

* * % * * * %
FiGure 3. Imflution Shelter S—13/T'M unfolded.
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d. Erecring PorRTABLE SHELTER.
£ £ L] = # * *
(12) Cut three lengths of rope long enough to run from one
corner stake through the D-ring on the side or back panel and
to the other corner stake on the same side. Thread the ropes
through the D-rings and tie the ends to the stakes just tightly
enough to hold out the shelter walls (fig. 2).
(13) Finally, make the * * * gides and back.
# * #*® * * % *

7 Prepurofion for Inflation

Bavvoon Temperatures. Warm a cold rubber balloon before
mf!atl:m by gently kneading it between the hands, by holding it under
the garments, or by I\w‘pmfr it in a warm place for a short period of
time before use. (See par.20 * * * arming neoprene balloons.)

Note.—Loose talc used for preservation of stored balloons should be dumped out of the
halloon neck before inflation. The tale tends to clog nozzles and cocks.

3 * * * * * *
¢. PruparaTION OF SOoURCES oF HYDROGEN.
# #* * * * % %

(2) Preparation of Generator ML—185—(&) (hydrogen), Hydrogen
Generator M1L-303/TM, and Hydrogen Generator Set A?\,«THQ—.?
Full instructions for * * * with the equipment. Detailed in-
formation for the use of Hydrogen Generator ML-303/TM is con-
tained in TM 11-2413, 15 June 1944, which is packed with the
equipment. Detailed instruction for the use of Hydrogen Gene-
rator Set AN/TMQ-3 is contained in the revised edition of
TM 11-2413.

NoTE (Supersedeed).—Hydrogen Generator ML-303KM and Hydrogen Generator Set
AN/TMQ-3 are different from the other seurces because they generate hydrogen iwhile
they inflate balloons.

d. Precavrion. HYDROGEN MIXED WITH AIR FORMS
AN EXPLOSIVE MIXTURE. BE SURE TO OBSERVE THE
FOLLOWING PRECAUTIONS:

(1) Do not use hydrogen where there is likelihood of arcing
from electrical apparatus, or in the neighborhood of open
flames. Do not smoke in the vicinity of hydrogen.

(2) Ground the equipment so that any static electricity
generated in the equipment can be dissipated to ground with-
out danger of an electric spark which might ignite the gas.
This may be done by connecting all metal parts of the equip-
ment (from the cylinder or generator body to the hosecock
or nozzle) to each other by wire, and to a well-grounded object,
such as a cold water pipe. Use ground clamps or alligator clips
to make the connections of wire to metal. Use sandpaper on
the metal surface beforehand to insure a clean surface, which
is necessary for a good connection. If a cold water pipe is not
available, use the following procedure to obtain a satisfactory
ground:

(a) Space two ground rods approximately 20 feet apart and
drive the rods into the ground to a depth of approximately
4 feet.

(b) Measure the resistance between these two rods with an
ohmmeter.
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(c¢) If the resistance is 1,000 ohms or less, electrically con-
nect the two rods and use the pair as the ground.

(d) If the resistance is greater than 1,000 ohms, drive an-
other pair of rods into the ground to form two rows of rods
with the distance between each rod in a row approximately
5 feet. Connect each row of rods electrically and measure the
resistance between the two rows with an ohmmeter.

(e) If the resistance now is 1,000 ohms or less, electrically
connect the two rows and use the combination as the ground.

(f) If the resistance still is greater than 1,000 ohms, drive
additional rods in each row, still maintaining a distance of 5
feet between each rod and electrically connecting each rod to
the others in its row, until the resistance between the rows
measures 1,000 ohms or less. Then electrically connect the
rows and use the combination as the ground.

(3) A charge of static electricity may be created on the
clothing of personnel or on personnel themselves when heavy
woolen or fur clothing is worn. To guard against this, wear
a wrist band of metal which has a connected wire running to a
well-grounded object ((2) above). For convenience, the wire
running from the wrist band may end in a telephone plug
which can be inserted in a jack which, in turn, is permanently

grounded.
(4) Expel all air from a balloon before filling it with
hydrogen.

(5) Do not wear shoes which have exposed nails which
might strike against metal or concrete and create a spark.
Handle iron tools with care so as not to create a spark when
struck against other metal or concrete.

Caution: The generation and use of hydrogen is inherently
dangerous and only by exercising extreme care can the
dangers of fire or explosion be minimized.

e. Caracrry or Barroons, The average volume of gas required
for inflation of meteorological balloons, at normal sea level pres-
sure and at a temperature of about 70° F., is as follows:

Type of balloon Cuibic feet

* * % * k¥
100-gram pilotbatloon. ol S lo e e 212
& a # L * &

The cubic foot scale on the hydrogen regulator should not be used
to measure inflation, however, because the scale is not sufficiently
accurate. -
8. Inflation Ceiling Balloons
* s # % i 4 =

¢. Slowly open the * * * t{g avoid overinflation. When the bal-
loon just lifts Nozzle MI.-186 off of the supporting surface, im-
mediately close the regulator valve, for exactly at this point the

balloon 1s inflated to the desired free lift of 40 grams. (Nozzle
MIL-186 * * * weighs 1 gram.)
& * # £ E * o
Figure 4, change legend : () Hose ML81 to vread “@ Hose MI-81.7
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9. Inflating Pilot Balloons
TrirTtY-Gray Barnrooxs.
# #* * = % * *

(2) Inflating with Generator ML-185-(&:) or Hydrogen Generator
ML-303/TM,

% i * * 5 % *
() Toinflate balloon with Generator ML-185- (&), or with Hydro-
gen Generator ML-303/TM, refer to the instructions packed with the
equipment.
5 * * * S s *
On Figure 6, change “HYDOGEN CYLINDER” to read:
“HYDROGEN CYLINDER.”

10. Inflating Sounding Balloons (fig. 7)

Nore (Added).—Following is the proecedure for inflating sounding balloons from a
eylinder of hydrogen, Information about using Hydrogen Generator ML-185-(&) for
inflation of sounding balloons is contained in I'M 11-2400;: information about using
Hydrogen Generator Set AN/TMQ-3 for inflation of sounding balloons is contained in the
revised edition of TM 11-2413,

a. Determine proper nozzle weight.

(1) Nozzle ML-196 (fig. 42) alone weighs 1,500 grams, but it is
furnished with several separate weights of 100-, 200-, 400-, and 500-
nlnm sizes which can be added to obtain a nozzle \\msrhi of 1,500 to

2,700 grams in 100-gram steps. Enough of these separate weights
must be added to Nozzle MI.-196 so that its total w eight equals the
free lift required plus the weight of the equipment which the
sounding balloon will carry aloft. The following ist * * * the
extra loading.

t’) \Q‘Hlt\.illl}ﬂl' * * * ogpramsinall. Since the basic portion
of Nozzle ML-196 weighs only 1,500 grams, 800 grams must be added
by using a 500-gram, a 200- gram and a 100-gram weight. The 2,300-
gram * * * obtain proper inflation.

* % #* £ * * *

(b) During high winds * * * in this example. If a ballast
balloon of lesser weight than 400 grams is used, a free lift of either
400 or 500 grams should be computed, based upon the individual's
own judgment,

b. Insert the vertical spout of Nozzle ML-196 into the neck of the
sounding balloon, first making sure that the air is expelled from
the balloon.

* £ * * * * *

14. Night Use of Pilot Balloons
* % * * * *® *

b. LicaTing UNITS.

* # - * * * *
(1) Battery light unit.
* # * * + % *

(@) Preparing parachute. Locate the cord * * * when sus-

pended (fig. 12). Parachutes are now being manufactured with
the center cord already loose and the parachute ready for use.
e * * * * * *

AGO 1850 0




15. Use of Balloons During Precipitation
a. Preor Bartroons (Superseded). Rain, snow, or sleet decreases

the rate of rise of the balloon and results in inaccurate observations.

For this reason no pilot balloon flights are recommended during

precipitation.

% * * * * * *

16. Rate of Ascent

# * * * g P *
a. Criuine Barrooxs.
5 * * * * * *

(3) In some cases, an entirely different method, such as a pilot’s
report, or double theodolite measurement, should be used. For
example,if * * * bhalloon is required.

* # * * ¥ = *

Ox~e-Hunprep-Gray Prror Barroons, The 100-gram pilot bal-
]uun rises at a rate of approximately 320 to 330 yards per minute
and consequently requires less time than the 30-gram balloon for high
altitude flicht. The 100-gram balloon travels faster during the first
14 minutes of flight. The corrections to be added, using 320 yards
per minute as the average basic rate of rise, Jm the first 14
minutes are 22, 19, 19, 16. 16, 12, 12, 8, 8, 6, 3, 3, and 3 percent, respec-
tively. Altitudes of 100- -gram p110t balloons at the end of each
minute of flight are contained in TM 11-2411.

& #* & # & £ *

16.1. Normal Bursting Altitudes ( Added)

The normal bursting altitudes given in this paragraph are the alti-
tudes with neoprene balloons :it about 40° N, latitude in the spring of
the year. It may be found that lower altitudes are obtained in arctic
regions, higher altitudes in tropic regions; lower altitudes in winter,
higher altitudes in summer. For this reason, the figures qlmlw]
should serve only as a guide. Also, since some lots of balloons con-
tain a few “duds”, it is not expected that a// balloons will reach the
normal bursting altitudes.

Tumrry-Granr Bavroon., Balloons ML-50-A, ML-51-A. MI.-
64-A, ML-155-A, and ML-156-A will normally burst at 30,000 feet
when rising at a rate of about 600 feet per minute and carrying no
1!3:1".

b. Oxe-Huxprep-Gray Barvoow. (1) Pilof. Balloons MIL—-159-A,
MIL-160-A, and MIL-161-A have a normal bursting altitude of 45,000
feet when rising at a rate of about 1,000 feet per minute and carrying
no load,

(2) Radar target. A 100-gram balloon for carrying Radar Target
MIL-350/AP aloft is infl: :[c\:l so that, considering the wind prevailing
at the time of release, the balloon will attain the highest possible
altitude before passing out of the range of the radar set. ~ For aver: 1ge
prevailing wind in the temperate zones a free lift of 1.100 grams
usually is satisfactory for this purpose.

Taree-Huxprep axp Frery-Gray Barvoox. (1) Radiosonde,
Balloons MIL-131-A, inflated to carry radiosonde aloft have average
bursting altitudes which decrease as the rate of ascent increases. The
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following average bursting altitudes for different rates of ascent have
been found for properly treated balloons:

Jffr]fr of ascent Bursting altitude
feet per minute feet
11 W e R Nt e r e LS ) S Nt T s Sl 643, 000
AU 0 e S e e e e 58, 000
20 he s N il ey Br et g LS e R, 53, 000

(2) Radar target. A 350-gram balloon for carrying Radar Target
MIL-307-A/AP or MI-307-B/AP aloft is inflated so that, consider-
ing the wind prevailing at the time of release, the balloon \\11] attain
the highest pu'\h”}l(' altitude before I)rl"‘-“-llll"' out of the range of the
radar set. For average prevailing wind in the temperate zones a free
lift of 1,700 grams usually is satisfactory, which will carry the bal-
loon to an altitude of about 50,000 feet while it is still in the range of
the radar set. In general, it has been observed that for a given amount
of free lift, a 350-gram balloon for carrying a radar target aloft has
a bursting altitude slightly less than the bursting altitude of a 350-
gram balloon for carrying radiosonde aloft.

17. Care of Cocks and Nozzles (Superseded)

GeExerar. Nozzles ML-186 and MIL-196 require no special
maintenance because of the large air passage through them. No
lubrication is required on the nozzles, since there are no moving parts.
However, Cocks ML-56 and MI-201-A do require special mainte-
nance and lubrication when used with Hydrogen Generator MI-
303/TM. Any accumulation of dirt or foreign matter in the opening
of the cock causes a constriction of the passage and prevents a free
flow of hydrogen through the cock. The low pressure of Hydrogen
Generator ML-303/TM is not sufficient to blow the obstruction out
of the cock or to inflate the balloon if the passage is badly constricted.
The same condition prevails if the stopcock is not completely opened
while inflating a balloon. To prevent this condition, give special
ultmll_}nn to keeping the stopcock passages open and unobstructed,

. Causes or OpsrrucrioN. (1) Zale. Tale, placed on the inside
01 meteorologieal balloons to prevent sticking of the rubber, tends to
clog the cocks used for inflation.

(2) Grease. Dirt and dust adhere to grease used for lubrication
of the stopcock. The combination of grease and dirt obstructs the
opening.

(38) Lime. Sometimes an accumulation of hardened lime appears
in the cock, The caked lime is a chemical byproduct of air and the
solution resulting from the generation of gas.

(4) Dirt or dust. Careless handling or unusual weather condi-
tions, such as floods or dust storms, may cause an accumulation of
foreign matter in the opening of the cock.

¢, Creaning Cocks ML-56 axp MIL-201-A. (1) Inspection.
Check the cocks frequently to see that the openings are unobstructed
and that they permit a free flow of hydrogen. The cocks will operate
properly, if it is possible to blow through them freely, when the stop-
cocks are completely open.

(2) Disassembly. To disassemble Cocks ML-56 and ML-201-A,
remove the serew at the bottom of the stopcock and pull out the stop-
cock.

Nore.—When Hydrogen Generator ML-30353/TM is used, the cocks should be examined

daily or oftener if experience shows it to be necessary.
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(8) Cleaning. (&) If there is an accumulation of hardened lime
or other caked material in the cock opening, loosen it with a stiff wire.
Knock the loosened foreign material out of the cock by hitting the
cock opening down into the palm of the hand. Wash the cock in
clear water.

(b) If an excess of grease is present, remove it with Solvent, Dry-
Cleaning, Federal Spec. No. P-S—661a.

(4) Reassembly. Insert the stopcock into the cock in its former
position and tighten the screw.

d. LivericaTioN. (1) The following table lists the lubricat ing ma-
terial recommended for servicing Cocks ML—56 and ML-201-A :

Approved symbol | Standard nomenclature | Specification No.
AR sl L Graphited aoaeli s il Ly | U. 8. Army 2-64A.
b I Ay N e Oil, Lubricating, Preservative, | U. S. Army 2-120.

Special, |
E Up A re et L SR Solvent, Dry Cleaning_________ | Federal P-S-661a.
|

(2) Periodic lubrication of cocks is not required. Lubricate only
after accumulated dirt and grease have been removed.

(3) When lubrication is necessary, use powdered graphite (GA)
in small amounts.

(4) If powdered graphite (GA) is not available, apply a small
amount of special preservative lubricating oil (PS). Too much oil,
combined with dirt, is likely to form a greasy mass obstructing the
free flow of hydrogen.

18. Storage of Rubber Balloons

a. Keep rubber balloons in their original, sealed containers, and
store them in a cool, dry, dark place until needed for use. Rubber
balloons deteriorate in high temperature. Provide special storage
* % *® shape when inflated,

* * & * #* & *

20. (Superseded) Storage and Use of Neoprene Balloons

@. GeNeran. Neoprene balloons require different conditions of
storage and use than natural rubber balloons require.

(1) Neoprene balloons can be identified by the nomenclature which
is the same as for a rubber balloon of the same weight and color, ex-
cept that a suflix “A” is placed after the nomenclature. For example,
Balloon ML-131-A is made of neoprene, while Balloon ML-131 is
made of natural rubber,

(2) Neoprene balloons have been found to burst prematurely if
subjected to low or moderate temperatures in transit or in storage.
Even 6 months’ storage at 70° F. will reduce the maximum obtainable
Iilll.‘hiitlg altitude. Ne oprene balloons can be reconditioned. T lis i
done by heating the balloon.

b. Srorace. Neoprene balloons should be stored in their original
containers at a temperature of about 85° F. This storage temperature
1s not critical. Storage for several months at temperatures between
40° F. and 120° F. is permissible. Balloons stored at a temperature
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near 40° F. will require reconditioning, but if they are stored at a
temperature near 100° F., reconditioning may not be necessary.

¢. ReconprrioninGg Neorrexe Bavroons. The technique deseribed
in this paragraph has given the best results, and will be used in the
field. The treatment consists of boiling in water foer 5 minutes, as
follows:

(1) Prepare the balloon for heat treatment by first removing any
air that may be inside. Expel the air either by rolling up the balloon
or by sucking the air out of the balloon neck. Double the balloon
neck and tie 1t tightly with a shoelace or a cloth ribbon. In the case
of thin-necked 30-gram balloons. stretch the neck over a tube or
wooden cylinder, 134 inches in diameter, and tie the neck over the
eylinder. The reason for tying the neck is twofold: first, it prevents
air from entering the balloon, making it easier to keep the balloon
submerged in the boiling water; and second, it prevents water enter-
ing the balloon.

(2) The container in which the balloon is boiled should be about
the size of a 4-gallon pail. A 5-gallon oil can or a gasoline can will
serve the purpose very well. Carefully eliminate all sharp edges, so
that the balloon will not be punctured. Remember that a heated bal-
loon becomes extremely soft and may be easily damaged, even by a
fingernail.

(3) While the water is boiling, keep the balloon submerged in the
water, A stick with a handkerchief wrapped around the end may be
used to keep the balloon submerged. It is not necessary to keep the
neck of the balloon under water. Take care that the balloon does not
touch the portion of the container where the heat is applied, since
this may cause the balloon to be damaged by overheating. Keep the
balloon moving in the water to insure its being heated uniformly.
After boiling for 5 minutes, remove the balloon from the water.

(4) If boiling the balloon is impossible, any heating will help, even
if it will not totally recondition the balloon. The balloon may be
placed over a radiator, near the field stove, or wrapped around an
electrie light bulb with insulation between the bulb and the balloon
to prevent heating above 212° F. Another alternative is to lay the
balloon on the cooler part of Generator MI-185-(&) when hydrogen
is being generated and when the temperature is below 212° E, These
alternatives shall be used only if boiling water is unobtainable.

d. Carp anp InrraTion. Neoprene balloons become very fragile
when warm or wet. Always handle them carefully to a void abrasion,
tearing. etec. When using Balloon ML-131-A. it is recommended that
equipment, parachute, and Tine be prepared and ready to be tied to
the balloon before the balloon is inflated. This sounding balloon may
be allowed to dry, or may be inflated while still wet if it is not freezing
outdoors. Pilot balloons must be dry before inflation in order to ob-
tain correct lifts. Balloons may be dried in a warm room or near a
field stove. Inflate and release balloons as soon as possible after recon-
ditioning to prevent subsequent “refreezing.”

e. Starmary. (1) Neoprene balloons perform poorly when sub-
jected to cold (40° K.) for a short period or to moderate temperatures
(70° E.) for a longer period.

(2) Neoprene balloons may be reconditioned by heating, preferably
for 5 minutes in boiling water,

(3) Neoprene balloons are fragile and must be handled carefully.
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22. List of Balloons and Associated Equipment

Weight

Bignal Corps Dimensions and re-

y nniotic Toliy e
stock No. Item | Funetion I Colar AR
Grams | Ounces
. . e, .
TAIT... .. | Balloon ML- | Pilot........_.____ White._| 100 383 | Spherieal, 16-in. di
150— | ameter; neck 21s-3in.
1" | long, ¥4 in, or 114 in,
= | diameter.
TAI80._.._.__ | Balloon ML- | Pilot._....__......| Black... 100 3.53 | Bpherical, 16-in. di-
160— | | ameter; neck 21e-3in.
| long, 1% in or 134 in.
| | | | diameter.
TAIBL >0 e Balloon ML~ | Pilot......_.......| Red.. | 1C0 .53 | S]lh\’r:('a], 16-in. di
161— | | ameter;neck 214-3 in.
long, V2 in. or 115 in
| | | diameter.
|
S : s el ] DL ,
TA 1207-100.. Parachute (min- | Used with light- | ... 4 0.1 | Paper, approximately
ature). ing unit, 16-in. diameter.
. 4 M . | . | . .

23. Maintenance Parts for Inflation Shelter 5-13/TM (Added)
The following information was compiled on 3 March 1945. The ap-
propriate section of the ASF Signal Supply Catalog for Inflation
Shelter S-13/TM is:

SIG 10-900.1, Inflation Shelter S-13/TM, Fixed Plant Maintenance
List (when published).

For the latest index of available catalog sections, sce ASF Signal
Supply Catalog SIG 2.
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DESTRUCTION NOTICE

WHY—To prevent the enemy from using or salvaging any of this
equipment for his benefit.

WHEN—When ordered by your commander.

HOW

1. Smash—DUse sledges, axes, handaxes, pickaxes, hammers,
crowbars, heavy tools, ete.
9. Cut—Use axes, handaxes, machetes, ete.
3. Burn—Use gasoline, kerosene, oil, flame throwers, incendi-
ary grenades, ete.

4, Explosives—Use firearms, grenades, TN'T, etc.

5. Disposal—Bury in slit trenches, fox holes, other holes.
Throw in streams. Scatter.

USE ANYTHING IMMEDIATELY AVAILABLE FOR DESTRUCTION
OF THIS EQUIPMENT
WHAT—1. Smash—Generators, tanks, couplings, hosecocks, nozzles,
lighting units, ete.
2. Cut—Balloons, tubing. parachutes, ete.
3. Burn—Technical Manuals, balloons, lanterns, parachutes,
ete.
4. Hur"\,' ol .-(':|11.(’t'v—-.\l|_\' or all of the above ljil-i‘(‘r' after
breaking.

DESTROY EVERYTHING

SAFETY NOTICE

Hydrogen mixed with air forms a very explosive mixture that needs
only a small flame or spark to cause it to explode violently. Do not
smoke or strike matches near hydrogen, Make sure that all electrical
contacts are tight to avoid electric areing.

Place caution signs in con
SPICuous im_xll ons 1n 11!(! areqd.







SECTION |
DESCRIPTION

1. General

Meteorological balloons are used to determine the direction and speed
of winds aloft, to determine the height of clouds. and to carry aloft
equipment which will take soundings of the temperature, humidity,
and pressure of the upper air. The symbol (&), found in paragraph
50, refers to all models of procurements of the Generator MI-185
series.

2. Types
Three types of balloons are used in meteorological work; ceiling
balloons, pilot balloons, and sounding balloons. When in use, all three
types are inflated with hydrogen gas.
¢. CemiNe Barroons. Ceiling balloons arve small balloons which
ascend at an average rate of 360 feet per minute after the first 11%
minutes (par. 16¢). They are used in the daytime to determine the
cloud heights whenever the ceiling is approximately 2,500 feet or less.
(__'(‘i]il!;_" balloons are .~'II|I}1|]|-|| in two colors, in red and in a dark color
(black, dark blue, or purple to contrast with the color of the sky at
the time of observation (par. 4). Ceiling balloons, before inflation.
are approximately 314 inches in diameter and weigh about 10 grams
(0.35 ounce). The balloon neck is about 2 inches long and approxi-
mately 1 inch in diameter.,

b. Piror Bavrooxs. Pilot balloons are nsed to determine the diree-
tion and speed of the wind in the upper air and to determine cloud
heights at night if a ceiling light projector is not available. Pilot
balloons are supplied in two sizes.

(1) The smaller pilot balloons (fie. 1) are approximately 6 inches
in diameter before inflation and weigh about 30 grams (1.06 ounces).
The balloon neck is about 21% inches long and 114 inches in diameter.
The balloon is of one-piece seamless construction. Thirty-gram pilot
balloons are inflated to ascend at a constant rate of about 200 yards
per minute (par. 165) and are used for low-level observation (up to
30,000 feet). They are supplied in the following colors: white or
uncolored, a dark color (black, dark blue, or purple), red, orange, and
yellow to contrast with the condition of the sky at the time of
observation (par. 4).

(2) The larger pilot balloons are approximately 16 inches in
diameter before inflation and weich about 100 grams (3.53 ounces).
The balloon neck is made of relatively thick rubber. is about 214
inch to 1145 inches in diameter, Pilot balloons

1
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are of one-piece seamless construction. Some 100-gram balloons
have a mold mark near the center, but this does w;f weaken the
balloon. The balloons are designed to ascend at a rate of approxi-
mately 330 yards per minute. Sinee they ascend iaﬁtor than the
smaller balloons, the 100-gram balloons are used when observations
are of short duration or whenever an observation of the higher level
is desired without increasing the time of observation. They are sup-
plied in three colors; white, black, and red (par. 4).

Fieure 1. Thirty-gram pilot balloon, inflated and deflated.

¢. SouNpiNG Barroons. Sounding balloons are larger than ceiling
and pilot balloons because they are designed to carry ¢ aloft wnndmn'
equipment. The average sounding balloon is 2 to 3 feet in diameter
before inflation, w vnrhs approximately 350 grams (34 pound), and
has a neck about —}1»’; inches long and 1 inch in diameter. Sounding
balloons are always white since their visibility in the sky is not im-
portant. Usually, sounding balloons ¢ arrying meteorological instru-
ments are inflated to ascend at a rate of about 450 to (;[}U feet per
minute and will reach altitudes in excess of 50,000 feet before tlluey
burst (par. 164).




3. Definitions

a. Bavaxce. When a balloon is inflated just enough to float in the
air at release, without rising or falling, it is balanced.

b. Free Lrer. Free lift is the force required to raise the balloon
and its equipment over and above the point of balance and is nmeasured
in pounds, ounces, or grams, When a balloon has reached the point
of balance, any additional gas will cause it to rise at a definite rate.
As gas is added, the rate of ascent will increase.

¢. Toran Lrer.© Total lift is free lift plus the weight of the bal
loon and any equipment it will carry in flight,

SRITOR 14
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SECTION I
INSTALLATION AND OPERATION

4, Selection of Color of Balloon

The appearance of the sky at the time of observation determines the
color of the balloon which is to be used.

Waire or Uncororep Barrooxs, Use the white or uncolored
balloon when the sky is elear. A white or uncolored balloon is ob-
served satistactorily even when there is light dust, light smoke, light
fog, or haze in the lower layers of the atmosphere and when only a few
clouds which are not increasing are present. In the upper regions, the
balloon will appear as a pin point of reflected sunlight (d below).

b. Brack Barroons. The black balloon stands out most clearly in
an overcast sky with thick or thin clouds or a dense haze aloft. Re-
;_l';lx-llhm of other sky conditions, a black balloon will give the best
results in the early morning at sunrise or in the late evening at sunset
(when the sky is still sufficiently bright to make the use of a night
ii"itt unnecessary ).

Rep Banroons. Use a red balloon when the sky is partly cloudy
(iml provides either a blue or a cloudy background. . Use the red bal-
loon when conditions are indefinite or changeable.

d. YrLoow axp Orance BALLOONS. The yellow or orange balloon
is best used when very thin cirrus elouds or a haze partially covers the
sky. Some observers prefer a yellow balloon to a white one when the
sky is elear, and some observers prefer an orange balloon to a red one
in a partly cloudy situation.

e. SumMary. Color sense varies with individuals: the observer
chould experiment to determine whether his color perception is dif-
ferent from that outlined above. Learn to use balloon colors to the
best advantage. The general rule is the darker the sky. the darker
the color of the balloon to be used.

5. Sources of Hydrogen Gas

Meteorological balloons are inflated with hydrogen gas from one of
the following sources:

Cyrinper Frorep wrrae HyprogeN,  The usual hydrogen eylinder
contains about 190-cubie feet of hydrogen gas at sea-level pressure and
at a temperature of 70° F. Excess heating from any source will pro-
duce increased pressure of the gas within the container and will resuli
in a false lift measurement. Keep the container in the place where
the balloon is to be inflated since the gas inside the balloon must be



at the same temperature as the air in which the balloon is weighed
off. Keep hydrogen cylinders out of the sun.

b. GexeraTor MI-185—(&). Generator MI-185—(&) generates
from 90 to 100 cubic feet of hydrogen. Five pounds of caustic soda
(sodium hydroxide), 414 pounds of ferro-silicon, and 16 quarts of
water are thoroughly mixed in the generator by shaking. A full
cylinder of hydrogen gas is generated two hours after the cylinder
is charged.

¢. Hyprogex GExEraTor ML-303/TM (XO-1). Hydrogen Genera-
tor ML-303/TM (XO-1) is a cylinder 5 inches in diameter by 15 inches
long with a threaded opening at the top for a hose nozzle attachment
and a threaded opening at the base for attaching a caleium hydride
charge can. Two different charges are used with Hydrogen Generator
MI.-303/TM(X0O-1). Calcium Hydride Charge ML-304/TM (XO-
1) is a metal can containing enough calcinm hydride briquettes to gen-
erate 6-cubic feet of hydrogen gas for the inflation of a 30-gram
balloon. Calcium Hydride Charge MI-305/TM(X0O-1) contains
enough caleium hydride briquettes to generate 24-cubic feet of hy-
drogen gas for the inflation of a 100-gram balloon.

Caution: HYDROGEN MIXED WITH AIR FORMS AN EX-
PLOSIVE MIXTURE. Expel all air from a balloon before filling
it with hydrogen. Electrically ground the hydrogen cylinder and all
the metal parts from the cylinder to the hosecock or valve so that any
static electricity can be dissipated without danger of an electric spark
which might ignite the gas. Do not wear nailed shoes on a concrete
floor during inflation because they might cause a spark.

6. Shelter

a. PermanenTt Suarvrer.  Inflate balloons under a shelter since even
the slightest wind will hinder determination of the correct inflation.
Overhead ventilation should be provided for the removal of any
hydrogen which might collect in the ceiling. For sounding balloons.
the shelter should be at least 10 feet square with 8-foot doors on oppo-
site sides. If only one door is possible, locate it on the side opposite
the prevailing winds.

Nore—If a permanent shelter is not available, use the portable shelter described
below.

b. Porrapre Barroon INrrarioN SHevrer. A portable balloon infla-
tion shelter is made of 8-ounce canvas duck which is mildewproofed
and waterproofed. The shelter is 7 feet square and 10 feet high. Ti
is supported by four two-section poles and is guyed by four ropes
from the tops of these corner poles. The roof is given a slight pitch
by a 14-inch iron bar placed diagonally from the rear top left corner
to the front top right corner. The door is a two-sectioned flap which
slides on a eable to form an opening 7 by 9 feet (fig. 2).

¢. Unpacking AND AsseMBrLING PorrTaspe Barnoon INrFrarion
Suerrer. (1) Carry the balloon inflation shelter in its folded form
to the desired location (fig. 3).

(2) Unbuckle the four canvas straps on the folded shelter case, and
unfold the large side flaps.

(3) Unbuckle the two canvas straps now accessible, and unfold the
end flaps of the case.
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I'tcure 2, Portable balloon inflation shelter,

(4) Lift out the tent and the four guy ropes wrapped around it.

(5) Take out the four bearing plates packed loosely in the case.

(6) Unfold the small canvas flaps at one end of each group of shelter
pole sections packed in the large side flaps of the case, and slide the
eight pole sections from the canvas pockets and loops that hold them.

(7) Unfold the small flaps at the ends of the two curved roof support
rods; unbuckle the strap holding the rods and remove them.

(8) Unfold the flaps from one end of the four wooden stakes packed
in the center of the case, and slide the stakes from the pockets and
loops that hold them.

85') Unfold the flap from the end of each of the two groups of
Stakes GP-2 packed in the end flaps of the case. and take out the nine

stakes.
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d. Erecrine Porranie Smerrer. (1) Take the four large wooden
stakes, and drive one each into the ground at the corners of a 20-foot
Hl!“:l I'e.

(2) Assemble the two roof support rods (view A, fig. 2) by insert-
ing the plain end of one rod into the hollow-gleeved end of the other.
Match the holes in each of the joined ends, and insert the pin that is
chained to the sleeved end of the rod.

(3) Unwind the four guy ropes from around the tent, and lay them
aside.

(4) Unfold the tent. Place the roof support curve-up under the
roof so that the support extends from the rear left corner to the front
right corner (fig. 2). Fasten the support to the roof by the canvas
straps.

(5) Assemble the eight pole sections to form the four shelter poles.
Four of these sections have a hollow sleeve at one end and a pin extend-
ing from the other. These are the bottom sections of the shelter poles.
The other four sections each have a longer pin extending from one
end while the other end is plain. These are the top sections of the
shelter poles. Take one top section and insert its plain end into the
sleeve of a bottom section. Repeat to assemble each of the other three
poles.

(6) Insert the long pin of one shelter pole into the hole in one end of
the roof support and up through the grommet in that corner of the
roof, so that the pin extends above the roof. Likewise insert another
pole in the corner diagonally opposite.

(7) Slip the looped end of a guy rope over each of the pole pins
extending through the tent roof, and raise the two poles and tent
upright. Fasten each guy rope to a stake.

(8) Insert the long pin of a shelter pole through each of the grom-
mets in the other two corners of the reof. Slip a guy rope over each
protruding pin, raise the poles upright, and fasten each guy rope to
a stake.

(9) Put a bearing plate on the ground under each shelter pole, and
insert the pin through the hole in the plate and into the ground.

(10) Fasten the tent to the front poles by buckling the web straps
provided in those corners.

(11) Drive a modified Stake GP-2 into the ground inside the tent
beside each grommet provided along the bottom of the sides and along
the back of the tent. Fasten each grommet on the adjacent stake
hook, and drive the stakes further mnto the ground to tighten the
sides and the back of the tent.

(12) Finally. make the tent as secure and as windtight as possible
by piling earth on top of the flaps provided at the oufside bottom of
the sides and back.

¢. Using Porrasre Suerrer.  Close the sliding front sections, and
lap them over. Tie the web straps at the end of the outside laps
to the straps on the outside of the tent. Tie the straps at the end
of the inside laps to the straps on the inside of the tent.

Nore—Whenever a balloon bursts during inflation, immediately ventilate the
shelter.
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7. Preparation for Inflation

@. Batoon Temperatures. Warm a cold balloon before inflation by
gently kneading it between the hands, by holding it under the oar-
ments, or by keeping it in a warm place for a short period of time
before use. (See par. 20 for method of warming neoprene balloons.)

b. Requirep Equiepment. Couplings, hosecocks, nozzles, hose, tub-
ing (fig. 4), and a source of hydrogen are used to inflate meteoro-
logical balloons. The specific size of equipment required is determined
by the type of balloon being inflated.

¢. PREPARATION oF Sources or HyproGeN. (1) Preparation of hydro-
gen cylinder. (a) Tightly attach Hose MIL-81 (fig. 4@) to Coupling
ML—49 (fig. 4@)) or to Hydrogen Regulator MI-193 (fig. 7) if the
regulator is used instead of the coupling. If the joint is loose, fasten a
hose clamp, eord, or wire around it.

(6) Quickly open and close the valve of the hydrogen cylinder to
expel any dirt that may have accumulated in the valve opening.

(¢) Serew. Regulator ML-193 or the proper coupling onto hydrogen
cylinder, and tighten the connections with a wrench. All connections
have left-hand threads.

(d) Further preparation of inflation equipment varies with the
type of balloon to be inflated.

(2) Preparation of Generator ML-185— (&) (hydrogen) and Hy-
drogen Generator ML-303/TM (X O-1). Full instructions for sett ing
up, charging and using Generator ML-185—(&) are given in TM
11-2400, which is packed with the equipment. Detailed information
for the use of Hydrogen Generator MIL—-303/TM (XO-1) is contained
in the instructions accompanying the equipment.

Nore—Hydrogen Generator MIL-303/TM (X0O-1) is different from the other
sources because it generates hydrogen while it inflates,

d. Capacrry oF Barroons. At normal inflation, at normal sea level
pressure, and at a temperature of about 70° F.. the capacities of mete-
orological balloons are as follows:

Twpe of balloon Cubic feet
10-gram eceiling balloon 1. 6
30-gram pilot balloon 5.1
100-gram pilot balloon 21.3
350-gram sounding balloon 60 to 90

The cubic foot gauge on the hydrogen regulator should not be used to
measure inflation, however, because the gauge is not sufficiently
accurate,

8. Inflating Ceiling Balloons

a. Connect Tubing ML-188 (fig. 4) to Nozzle ML-186 (fig. 4%5))
and Coupling ML-187, and place the entire assembly on a table or
other support on which it can rest.

b. Pull the neck of the ceiling balloon over the plug end of the cyl-
inder of Nozzle MI.-186, and secure it there with two rubber bands
or with a cord tied with a square knot (fig. 5).

¢. Roll up the balloon to expel the air.

d. Attach Hose ML-81 (fig. 4(D)), which is already attached to the
hydrogen container or generator, to Coupling ML-187.

9




¢. Slowly open the valve on the hydrogen container (and the valve
on Hydrogen Regulator ML~193 if it is used. Do not open the valve
too quickly because the presswre will blow the hose off. For at least 1
minute, continue to inflate slowly in order to avoid overinflation.
When the balloon just lifts Nozzle MI-186, immediately close the
regulator valve, for exactly at this point the balloon is inflated to the
desired free lift of 40 grams. (Nozzle ML-186 weighs 39 grams and
4 inches of its tubing weighs 1 gram.)

7. With one hand, grasp the portion of the balloon neck which is
on Nozzle MI-186, and turn the balloon with the other hand so
that the portion immediately above Nozzle ML-186 is completely
twisted once or twice. Prevent that portion from untwisting by
liolding it between the fingers.

¢. Slide off the rubber bands holding the balloon on Nozzle ML~
186, and remove the balloon. '

h. Loop the two rubber bands several times around on the balloon
neck until they seal it tightly. The balloon is then ready for release
(par. 13).

(1) Hose MLS!. G Cock MI—201-A.

2} Nozzle MI1-196, @) Nogzzle MIL—-1806.
&y Cock MI—56. @ Tubing MIL-188.

D Coupling ML—4}Y.

Ficvre 4. Inflation equipment.

9. Inflating Pilot Balloons

a. Tamwry-Gram Barroons. Use Hose ML-81 and Cock MI-56 in
the inflation of 30-gram pilot balloons regardless of the source of
hydrogen used. Draw the balloon neck over the large end of Cock
ML-56 (fig. 4@), and fasten it with twe rubber bands. Open the
stopcock of Cock ML~56, and roll up the pilot balloon to expel the
air. Then close the stopcock,

(1) Inflating from eylinder ﬁﬁz-a’ with hydrogen (fig. 6). (@)
Open the valve on the hydrogen container, and allow a slow flow of
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gas to pass through Coupling ML-49 (fig. 4®) and Hose ML-S1 in
order to expel air from coupling and hose. Tf Hydrogen Regulator
ML-193 is used instead of Coupling ML—49, slowly open the valve
on the regulator also, and expel air from the regulator and hose.

(b) Attach the free end of Hose ML-S1 to the small end of
Cock ML-56. and open the stopeock of Cock ML-56 to start inflation
of the balloon.

(¢) Continue opening the regulator valve slowly to increase the
flow of gas into the balloon. Continue inflation about 1 minute or
more until the balloon just lifts Cock ML-56.

(d) Close the valve on the hydrogen eylinder (and the valve on
the regulator if the regulator is nsed), and then close the stopeock
of Cock ML-56,

(¢) Remove Cock ML—56 from Hose ML-81 to see whether the
balloon and attached Cock MI-56 will float motionless in the air.
[f the balloon rises, it has too much gas: if it sinks. it doesn’t have
enough. Add or release gas, as the case may require, until the bal-
loon and attached Cock ML-56 remain suspended motionless in the
air. The balloon then has the required lift.

(f) Put one hand firmly around the neck of the balloon on Cock
ML-56. With the other hand, lift the upper part of the neck, and
completely twist it once or twice.

(¢) Grasp the twisted part with the fingers, slide off the rubber
bands holding the balloon neck on Cock MIL-56. and remove the
balloon.

(4) Loop the two rubber bands around the twisted part of the
neck several times until they seal the balloon. The balloon is then
ready for ordinary daytime release (par. 13).

TL 7501

Ficure 5. Oeiling balloon attached to Nozzle MI—186.

(2) Inflating with Generator MI—~185-(&) or Hydrogen Generator
ML-2303/TM(XO0-1). (a) Attach one end of Hose MI-81 to the
gas ontlet tube of the generator being used. Attach the free end
of Hose ML-81 to the small end of Cock MI-56.

(6) To inflate balloon with Generator ML-185-(&), or with Hy-
drogen Generator ML-303/TM(XO-1), refer to the instructions
packed with the equipment.

581708°—43——3 11




(¢) Test for proper inflation, and fasten the neck of the balloon as
indicated in paragraph 9« (1).

b. Huxorep-Gray Bavroon. (1) To inflate the 100-gram pilot, bal-
loon. draw the balloon neck over the injector portion (the vertical pipe)
of Cock ML-201-A (fig. 43)). The usual 100-gram pilot balloon
should fit snugly on Cock ML~201-A. If the fit appears too tight,
streteh the neck so that it just goes over the end, and use a twisting
motion to slip it on all the way. Oceasionally a 100-gram balloon will
have a neck 114 inch in diameter, which fits loosely on Cock MIL—201-A.
A loose neck must be securely tied around the pipe of Cock MIL-201-A
with a 12-inch length of twine.

(2) The actual inflation of a 100-gram balloon is done by the same
method described in paragraph 9« for the 30-gram balloon, and the
test for proper inflation is similar. The inflation time, of course, may
be longer although a more rapid rate of inflation is used.

BIfOT L
BALLOON/ RUBBER
( BANDS |

/.COCK |

UBBE e

ERR%EH‘—”@* //1 COCK— J
HOSE ],?'-\1._.__ =4 ]
-:_;/” itk

 GYLINDER

>, VALVE HOSE
COUFPLING
HYDOGEN PILOT BALLOON
G (COLLAPSED
GYLINDER 2

TLSO700

Frevre 6, Inflating pilot balloon.

(3) When the 100-gram balloon is properly inflated and Cock
MI.-201—-A is removed from Hose MI-81, double a piece of twine
about 12 inches long. and lay it around the balloon neck immediately
above the portion that is attached to Cock ML-201-A. Slip the cut
ends through the looped end of the twine, separate them, and pull
tight. Wrap the ends around the neck again, and tie with a square
knot (fig. 40, I'M 24-5). Make certain that the twine has been [?IIHNI
tight so that the balloon is sealed. Twist the balloon once or twice,
wrap the twine over the twisted portion. and tie another square knot.
Repeat the twisting and tying. Keep the twine taut in all these tying
l'rp:‘]':ilium.

(4) Remove the balloon from the Cock ML—201-A. It is now ready
for release.
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10. Inflating Sounding Balloons tfig. 7)

a. Weigh off Nozzle ML-196 (fig. 4(2)).

(1) Nozzle ML-196 alone weighs 1.500 grams. but it is furnished
with several separate weights of 100-, 200-, 400-. and 500-gram sizes
which can be added to obtain a nozzle weight of 1.500 to 2.700 grams
in 100-gram steps. Enough of these separate weights must be added
to Nozzle ML~196 so that its total weight exceeds, by the amount of
free Iift required, the weight of the equipment which the sounding
balloon will carry aloft. The following list gives approximate weights
of equipment the balloon may be required to carry:

Weight

(grams)

Weigzht

Equipment /
i (grams

Equipment

Parachute, paper 100 Radiosonde battery 700
Parachute, eloth 200 Ballast balloon 1O
Radio=onde 700

Free lift needed : 500 grams if no ballast balloon is used ; 400 grams if a
ballast balloon is used. During sleet or moderate to heavy rain, an
additional Iift up to 200 grams is required to compensate for the extra
loading.

(2) As an example. a sounding balloon is being prepaved to carry
a radiosonde, a paper parachute, and a ballast balloon. The radiosonde
weighs 700 grams, the battery 700 grams. the parachute 100 grams, and
the hallast balloon 400 grams—a total of 1900 grams in weight. The
nozzle must weigh 1.900 grams plus 400 grams free lift. or 2,300 grams
in all. Since the basie portion of Nozzle ML-186 weighs only 1.500
gramg, 800 grams must be added by using a 500-gram, a 200-gram and a
100-gram weight. The 2.300-gram nozzle is then used to obtain proper
inflation.

() If rain or icing conditions exist or are l‘X[ll‘l'lE'll to exist aloft,
add 200 grams more to the nozzle to compensate for the extra weight
which might be acquirved by the balloon in flight under such condi-
tions. The additional 200 grams will make the nozzle weigh a total of
2.500 orams,.

(&) During high winds, the ballast balloon would not be used, and
consequently, the nozzle would have to weigh only 2.100 grams.  This
iz computed as follows: radiosonde 700 grams, battery 700 grams, and
free lift 700 grams (an additional 200 egrams has been included be-
cause of the icing conditions assumed in this example. If a ballast
balloon of lesser weight than 4 grams is used, a free 1ift of either
400 or 500 grams should be computed, based upon the individual’s
own judgment.

h. Ingert the vertical spout. of Nozzle MI—-196 into the neck of the
Srll[!ll“l]j_[' balloon while the balloon is still in its carton l{ﬁ]_". {60

¢. Attach Hose MI.-81. :l]'l'i’:i[ll\ attached to the h_\'||t'n;_\‘pl| {'_\']I]T]fii'l'
(par. Te (1)). to the other spout of the nozzle. This will prevent air
from entering the balloon when it iz unfolded.

d. Slowly open the regulator valve, if it is used, and the valve on the
|i_\'l]r‘lr;'<"1; contaimer. Allow the gas to flow Lo the balloon for about 3
nitnutes.
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¢, Close the regulator valve, If a hissing sound of oas leaking
from the balloon is heard. immediately twist and arasp the neck of the
balloon. Remove it from Nozzle MI—196, and take the balloon to the
open alr where it can be .'\:Ifi’]l\' deflated. Nevep ti"r'_,ffnfp a balloon inside
the shelter. 1f the balloon does not leak, continue inflation until the
weighted Nozzle MI-196 is lifted. Usnally the balloon is sufficiently
inflated in about 10 minutes.

/- Close the regulator valve and the eylinder valve, and remove Hose
MI1.-81 from the nozzle.

- - !
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Frcure 7. Inflation of sownding bellion.

Caution: Take care that the balloon does not rub or serape any rough
surface that may damage it.

7. Double a 6-foot length of cord, and place it around the balloon
neck above Nozzle ML-196. Slip the cut ends of the cord through
the looped end, separate them, and pull as tightly as poessible. Wrap
the ends around the neck, and tie a square knot. Again wrap the cord
ends around the neck, and tie another square knot. There is little
danger of cutting the neck with the cord. Pull it tight so that a good
seal will be secured.
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h. Remove the balloon from Nozzle ML-196. fold the neck of the
balloon back, and tie another square knot. Maoke certain that the
cord has been tied around the neck in such a manner that the balloon
I8 .\'('ff;('d.r.

#. Attach the parachute to the sounding balloon,

(1) Tieoneend of a 9-foot length of cord to the top part of the para-
chute to be used. (Usea single length of 16-ply cord or a double length
of 8-ply cord.)

(2) Tie the other end to the neck of the sounding balloon. Make
certain that there ave at least 4 feet of doubled cord between the bal-
loon and the parachute, and be sure that there are no tangles in the
parachute before tying it to the balloon.,

(3) Tie one end of a single 50-foot length of cord to the hottom of
the parachute, and tie the other end to the radiosonde.

J- The ballast balloon is tied to the radiosonde according to direc-
tions in paragraph 11.

11. Use and Inflation of Ballast Balloons

a. Use or Barvast Barroox. A ceiling balloon (par. 2¢) containing
about 400 grams of dry sand and inflated with air or hydrogen is used
for a ballast balloon m radiosonde flights. A ballast balloon slows
down the rate of rise of the sounding balloon during the first few
thousand feet of ascent, so that the radiosonde soundings of the im
portant lower levels will be more aceurate. The ballast balloon bursts
‘at an altitude of about 10.000 feet, releases its sand, and relieves the
sounding balloon of that weight. Consequently, the rest of the flight
is made at a faster rate of rise. Use a ballast balloon whenever pos-
sible. A high wind may make its use impracticable, and in moderate
winds the amount of sand used in the balloon may have to be reduced.

b. Barrasr. The eylindrical box in which a sounding balloon is
packed can be used to' gauge the correct amount of sand required for a
ballast balloon.

(1) Cut the sides of this box to a uniform height of 7 inch from
the bottom. This will provide a measure which, when filled and
leveled off with dry S:sia(lL will contain 400 erams of sand.

(2) Pour the sand into the neck of the balloon.

Nore—During the summer months and over isolated sections, water may be
substituted for sand. 1In inhabited areas, however, this might be dangerous to
life and property since water may freeze solid in the upper air.

¢, InvraTioN oF Bavvasr Banroon. (1) Attach the balloon to Noz-
zle ML-186 or directly to Hose ML-81 which is attached to the hy-
drogen container.®

(2) Inflate the balloon until it is about 18 inches in diameter. (If
a nonspherical balloon is used, inflate it until it is about 22 inches
long.) Learn to determine the exact size to which a ballast balloon
must be inflated so that it will burst at the proper altitude. Devise
some gauge or measuring stick for this purpose.

(3) Seal the balloon neck with rubber bands as described in para-
graph 9a(1) (A).

(4) Tie the neck with a square knot in the center of a 6-foot length
of cord.
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(o) Attach the balloon to the radiosonde by threading one end of
the cord through the ring on top of the radiosonde and tying the two
ends together with a square knot. 7'he ballast balloon must hang far
enough below the radiosonde so that the lower end of the antenna does
not touch it.

12. Use of Parachutes

The use of parachutes with meteorological equipment sent aloft pre-
vents damage to persons or property by falling equipment. When
used with the radiosonde, a parachute also diminishes the shock the
equipment receives when it falls to the ground. A recovered radio-
sonde ean be repaived and recalibrated for further nse. Do not use a
parachute when the equipment is expected to land in enemy territory.
A parachute is not used with a battery lighting nnit when there is no
danger that the equipment will strike anything of value.

13. Releasing Procedure

@. GENERAL. Release a meteorological balloon as soon after inflation
as possible because hydrogen gas gradually escapes through the rubber
even of a perfectly tied balloon. At normal inflation, a 30-gram
balloon loses about 1 gram of lift every 8 minutes, and a 100-gram
balloon loses about 1 gram every 2 minutes. Consequently, if release
of an inflated balloon is delayed for any length of time, the balloon
becomes underinflated and must be reweighed before release (par. 205).

b. Crmine Barroons. To release a ceiling balloon, hoeld it by the
neck, and let it go at the proper moment. Release it on the even minute,
and use a stop watch to time the release and the flight observations
(par- 16a).

¢. Prvor Batroons. To release a pilot balloon, hold it by the neck,
and let it go at the proper moment. Stand in the open, as near the
theodolite ' as possible. The exact moment of release is determined
by Time Interval Unit MI-138, which gives an audible signal every
minute. The signal lasts 5 seconds. The beginning of the signal
serves as a warning to get ready. The balloon must be released the
moment the signal ends.

d. SounpinG BarLoons., (1) Release by one operator (in ealm or
very light winds). (a) Hold the balloon by the cord that fastens the
radiosonde to it, and gradually pay out this cord as far as the radio-
sonde.

(£) Lift the radiosonde and let the balloon take it away.

(2) Release by two operators (during moderate or high winds).
() Operator 1 holds the balloon neck in one hand, and the radiosonde.
raised in flight position, in the other hand (fig. 8).

(&) Operator 2 connects the two black leads at the side of the radio-
sonde, and then tunes the ground station to the radiosonde signal.

(¢) Ground-station operator 2 takes the radiosonde, holding it up-
right by the bottom of the case.

(4) Operator 1 releases the balloon, maintaining a sliding grip on
the line between the balloon and parachute and transferring this grip
to the line leading to the radiosonde as the parachute rises into the air.

! Instruction in the use of the theodolite may be found in the following Technical Man
ualg i TM 1-2385, TM 4-240, and TM 11—423.
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(¢) The operator holding the radiosonde approaches the position
of the release of the balloon and follows the balloon as the line shortens,
running if necessary, until the radiosonde is lifted gently from his
hands by the ascending balloon (fig. 8).

(3) Release in wery high wind. In a very high wind, the line from
the parachute to the r: uhu-rm{la- should be ~|mlis=nwl to about 20 feet.
Heavy rub \u v bands are tied in this line (called “spanning a bight.,”
as .-||n\\11 i fllu. 5") to absorb the shock when the balloon lifts the
l'il(li().\(lllfli‘.

(4) Release in downdraft. Oceasionally a balloon may not rise
in a downdraft. Do not release the radiosonde if the balloon has not
risen sufficiently ; in this way all danger that the radiosonde will strike

—— -
SRR
— WIND DIRECT ION ——— - -
-
- -
-
s
-
- BALLOON WILL SWING UP AND OVER
P HEAD OF MAN HOLDING RADIOSONDE
r
td
-
-~
F i

~ BALLOON "ML-131
P

RADIOSONDE

AN WITH RADIOSONDE FOLLOWS BALLOGN TL7500
RELEASING IT AS BALLOON GAINS SUFFICIENT ALTITUDE

Freure 8. Method of releasing sounding balloons,

the eround will be eliminated. Z'%e radiosonde must be saved., even
if the balloon itself breaks mway and is lost,

14. Night Use of Pilot Balloons

a. Generarn. Thirty-gram pilot balloons, fitted with a lighting unit.
are used for night observation of wind direction and veloc aty.  If no
ceiling light projector is available, lighted pilot balloons may also
be used for the determination of ceiling height at night, since they
have a known rate of rise and can be timed by the same method used
for daylight observation of ceiling balloons (par. 164).

b. Lieuring Unrrs.  Two types of f lighting units,
eandle lantern, ave available for 30-gram [I!lu{ alloons,

ry light and
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(1) Baltery light unit. The battery light unit consists of a |
a bulb, and a parachute (figs, 10, 11, and 12).

(@) Preparing parachute. Locate the cord which extends from
the inside center of the parachute to a knot which joins the side cords
(fig. 10). Break this cord just above the knot. and turn the parachute
mside out, thereby furnishing a cord extending from the top outside
of the parachute. Take a short cord. and loop it around the battery

nttery,

TL 7502

FiGure Y. Spanning a bight.

(fig. 11). Tie the ends of this cord to the knotted lines which extend
from the sides of the parachute so that the bulb will hang down when
suspended (fig. 12).

(6) Inflating balloon. Inflate the balloon as described in para-
graph 9. Because of the additional load of the battery unit, the
battery and an extra 40-gram weight must be tied to Cock MI—56.
The balloon will be inflated to the free lift of 172 grams required to
maintain a rate of rise of 200 yards per minute.
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(¢) Final steps. Tie the top cord of the parachute to the inflated
balloon (fig. 12), and serew the light bulb so that it lights.

(2) Candle lantern set. 'The candle lantern set consists of a paper
lantern and a small candle packed separately. The lantern is packed
flat (fig. 13).

(@) Preparing lantern. Open the top flap of the lantern, and push
the lantern walls aside. Attach the candle either by sticking a straight
pin up through the center of the bottom of the lantern and into the
candle or by temporarily lighting the candle and letting a few drops of
the molten wax fall on the inside bottom of the lantern, and then
setting the candle in the soft wax which will harden and hold the
candle. Tie a 4-foot cord to the lantern handle,

BREAK CENTER
CORD AT THIS
POINT

TL 7503

Fioure 10. Parachute for battery lighting unit.

Caution: Do not light the candle where there is hydrogen or when
very close to the inflated balloon.

(b) Inflating balloon. Inflate the balloon as deseribed in para-
graph 9¢. Because of the additional load of the candle lantern,
weigh the balloon with the cord and lantern hanging from Cock MI-
56. (This maintains a free lift of 182 grams. The rate of rise is
decreased only 4 percent; this does not materially affect the aceuracy
of an observation.)

(¢) Final steps. Light the candle, and unfold the lantern (fig. 13)
by twisting and separating the cavdboard ends. Take care that the
lantern walls do not catch fire. If there is a high wind, it may be
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necessary to place the lantern in a wastebasket or bucket to provide
shelter for lighting the candle, Tie the cord from the lantern handle to
the neck of the inflated balloon. Push the top flap of the lantern
through to the inside of the lantern to permit air to reach the candle
flame.

NoreE—The burning life of the candle is only 40 minutes; release the balloon as
soon as possible after lighting the candle.

¢. Nigar Rerease or Bavnoons. (1) Hold the neck of the balloon
in one hand and the lighting unit in the other. Be sure that the cord
between them is fairly taut and untangled. If a lantern is being used,
hold the balloon down wind from the lantern.

TL 7504

Frovnee 11. Battery lighting unit.

(2) Swing the hands toward the wind, and release the balloon and
the lighting unit at the same time. A wind stronger than moderate
may cause some difficulty in releasing a balloon with lantern attached.
Link three or four rubber bands together, and insert them in the cord
at a point halfway between the balloon and lantern (fig. 9). This
arrangement will absorb the initial shock to the lantern. Hold the
balloon and lantern so that there is slight tension on the rubber bands,
and release both at the same time. Successful launchings in winds 25
miles per hour or over can be accomplished by this method.

15. Use of Balloons during Precipitation

a. Preor Barroons. Rain, snow, or sleet might decrease the rate of
rise of the balloon and might result in inaccurate observations, Pilof
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balloon ,f!u;/;h can be made during a light rain or snow with ver y Little
(;tffa’(”(( r’” !‘}H 'f.—\l"!f!"ff}” .f-l’.'r)‘(
Cemuine Barvrooxs. In very light rain or drizzle, ceiling balloon
1!0'||I-.t an still provide an estimate of cloud heights,
¢. SounpiNg Barroons. The ascent of soundine balloons with at-
tached radiosonde equipment can be made regardless of weather con-
ditions because no definite rate of rise is necessary in such observations,

TL 7505

FiouRe 12, Battery light and parechute attached to balloon.,
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16. Rate of Ascent

The following tables and formulas are based on average rates of rise
of meteorological balloons:

a. Ceiuine Barroons. The average rate of rise of a ceiling balloon
inflated to a free lift of 40 grams is 360 feet per minute after the first

TL-7512

Ficurs 13, Candle lantern light unit.

114 minutes. Use the following table to determine ceiling height after

timing a ceiling balloon flight :

Alti- Alti- Alti- Alti-

( mlillnrlr:}rrr.w ) | tude ( mlizltlllllt(v*] ds Uuliilllll:t(ru'i tude f'rnlilllzlalr:-m tude

\ = | (feet) i Yk (feet) (feet) % | (feet)
b = 130 || 2% 940 || 4% 1,660 || 6. 2, 380
A 200 || 2% 1,030 || 414 __ 1, 760 | 6% _ 2, 470
A = 370 [+ 2% 1, 120 || 4% 1, 840 || 634_ 2, 560
1 —Esk 480 || 3 L2108 TG ] 1,930 || 7 2, 650
144 580 || 3% | 1,300 || 5% 2,020 || T4 2, 740
1'% : 670 || 3% 1,390 || 5% 2, 110 2, 830
134 s 760 (| 3% 1, 480 | 5% 2, 200 2,920
v et : 850 | 4 1,570 || 6 2, 290 3, 010

(1) Use a stop watch (or a wateh with a second hand) to time a
ceiling balloon flight. Release the balloon exactly on an even minute,
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and note the exact time the balloon enters the cloud. Calculate
exactly the number of seconds or minutes this oceurs after release. and
use the preceding table to determine the ceiling. Some clouds have
smooth bases into which the balloon may disappear at once: others
have ragged bases. If the balloon enters one of the lower portions, it
indicates the ceiling more accurately than if it enters a hollow in the
cloud (fig. 14). If clouds are broken, the balloon may drift into
openings between the clouds and disappear. Such disappearances
do not indicate true eloud lll"[;_{'hl. W henever a measurement is doubit-
Jul, f'.f,uuurfl;rr.-"r'r’"f; release another balloon. and take another measure-
ment.  Repeat as many times as necessary, taking the lowest of the
several readings as the ceiling.

CLOUD HEIGHT NOT SO
ACCURATE IF TAKEN WHEN
BALLOON ENTERS-HOLLOW

ING
2D CLOUD HEIGHT IS INDICATED

MORE ACCURATELY IF TAKEN
WHEN BALLOON ENTERS BASE
OF LOWER PORTION OF CLOUD

TLT506

Ficure 14. Clond heights.

(2) Whenever very accurate determination of eloud height is re-
quired, employ two or more theodolites separated by some distance.
The height can be computed from the theodolite readings.

(3) In some cases, an entirely different method, such as a pilot’s
report, should be used. For example, if the ceiling must be known
to within 200 feet at an altitude of 2.000 feet, a more accurate method
than timing the ascent of the ceiling balloon is required.

b. TarTY-Gram Piror Barroons., (1) The rate of ascent of 30-gram
pilot balloons is determined by the following formula

7 .x( !l )

"=rate of ascent in yards per minute.

A" =the free lift or actual lifting force of the inflated balloon
E'X]J!‘l‘:“.‘%t‘l] 1 ounees,

7'=the total lift (free lift, 7. plus the weight of the balloon)
expressed m ounces,
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The same formula in metrie units is:

V=72 ( ;f{)”

V=the rate of ascent in meters per minute.

F=free lift in grams.

T=total lift in grams.
Cock MI-56 weighs 132 grams (4.66 ounces) which is the lift neces-
sary for a balloon weighing 30 grams (1.06 ounces) to rise at a rate
of 200 yards per minute. Therefore, the total lift for a balloon of this
size without any attached aceessories is 5,72 ounces.

(2) A pilot balloon near the ground will ascend faster than the
calculated rate of rise of 200 yards per minute. This increase in rate
averages 20 percent during the first minute after release, 10 percent
during the second and third minutes, and 5 percent during the fourth
and fitth minutes. Thus, a 30-gram pilot balloon with a free lift of 132
erams (4.66 ounces) will ascend at the following rates:

First minute, 240 yards.

Second minute, 220 yards.

Third minute, 220 yards.

Fourth minute, 210 yards,

Fifth minute, 210 yards.

Each subsequent minute, 200 yards.

¢. ONe-Huxprep-Gram Pror Barroons. The 100-gram pilot bal-
loon rises at a rate of approximately 330 yards per minute and conse
quently requires less time than the 30-gram balloon for a high altitude
flight. The 100-gram pilot balloon travels faster during the first
14 minutes of flight, The corrections to be added to the rite of rise
for the first 14 minutes are 22, 19, 19, 16, 16, 12, 12, 12, 8, 8, 6, 3. 3. and
3 pereent, respectively.

d. SounpiNg Barrooxs.  The rate of rise of a sounding balloon,
fully equipped with radiosonde and inflated to an approximate free
life of 500 grams, is about 450 to 600 feet per minute. Uniformity of
rate of rise is of minor importance for sounding balloon flights because
altitude is accurately computed from the radiosonde record

REMEMBER THESE POINTS

L. Differently colored balloons are furnished so that the balloon which
will contrast best with the appearance of the sky at the moment can
be chosen. Take time to consider the choice !

2. Hydrogen is highly inflammable. Be extremely careful when using
it. Lo not smolke near it!

3. Do not become careless in weighing off the balloon. Be certain that
it is inflated just enough to get the desired free lift. Do not under-
inflate or overinflate,  Get it right !

4. When tying off a balloon after inflation, be sure that it is tied tigh ly
enough to keep the gas in the balloon. Even a very slow leak affects
the rate of rise and may make the observations inaceurate !

5. Keep in mind the fact that hydrogen gradually seeps through rub-
ber. Do not inflate the balloon until shortly before the time to
release it.

24




SECTION 1l
MAINTENANCE

17. Care of Hosecocks and Nozzles

@. CLeaxing. Large amounts of tale, placed on the inner surfaces
of meteorological balloons to prevent sticking of the rubber, tend to
clog the hosecocks and nozzles used for inflation. Keep hosecocks
and nozzles clean of tale by shaking regularly. In extreme cases,
clean by inserting a thin flexible wire into the hosecock or nozzle to
loosen the tale; then shake out the tale.

b. Luericating. Use graphite or a paraffin-base oil to Iubricate
hosecocks and nozzles. NEVER USE OIL FOR LUBRICATING
ANY PART OF A HOSECOCK OR NOZZLE UNLESS IT IS A
PARAFFIN-BASE OIL. HYDROGEN REACTS CHEMI-
CALLY WHEN PASSED THROUGH MANY OILS.

18. Storage of Balloons

a. Keep balloons in their original, sealed containers, and store them
in a cool, dry, dark place until needed for use. Balloons deteriorate
rapidly in high temperature.  Provide special storage in summer. In
winter, do not store them in an overheated room. If a balloon has
been stored in a cold place, it must be warmed before using so that
the balloon will retain its spherical shape when inflated. '

b. Use balloons while they are fresh. Never allow an oversupply
to accumulate. Use the old stock before starting on a new supply.

19. Patching Balloons

Oceasionally balloons, when received from the manufacturer, will have
small pinholes. In some cases, such holes may develop during infla-
tion due to small air bubbles or other defects. These defective bal-
loons can be patched and used on days when clouds are low or a short
obseryation is anticipated for any reason. Use pieces of burst bal-
loons for patches, and hold in place with ordinary rubber cement.
Place patches on the inside of the balloon for best results.

20. Care of Neoprene Balloons

@. STORAGE. Neoprene balloons should be stored in place at a
WARM temperature from 80° F. to 85° F. Always keep a neoprene
balloon warm until the instant it is released in flight.

b. In¥ramion. Inflate neoprene balloons in a warm room. Connect
all associated equipment, and check the radiosonde before taking
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neoprene balloon out for use. All haste should be made to release a
neoprene balloon in flight as soon after inflation as possible.

¢. Warming Neorrexs Barrooxs. If a neoprene balloon is sub-
jected to cold or becomes eold in transit, it must be conditioned. that is.
it must be warmed before it is used. Remove the neoprene balloon
from its container, and heat the balloon near a stove to a temperature
of about 80° F, Make sure that the heat is distributed evenly over the
entire surface of the balloon. Inflate in the usual manner in an infla-
tion shelter.

21. Moistureproofing and Fungiproofing

Moistureproofing and fungiproofing will not be required for this
l’tilli})llll‘”l..




SECTION IV
SUPPLEMENTARY DATA

22. List of Balloons and Associated Equipment

The symbol (*) is used in this table to refer to the original model of
a series (as ML—157) and the model designated by suffix letter A.

| |
Foain Pinstion Oolor o _1__ Dimensions and
= & remarks
| = 2 |
| L 5
[ | |
TALT? Balloon M- | Ceiling Black, | 10| 0, 35 Spherical, 3%-in. i
LB7=(*) dark ameter; neck 20 in
[ blue, o1 i long, 1-in. diameter
TALTR M- Ceijling Red.... 10| .35 Spherical, : . i
158—(*). ameter; neck 2 in

long, 1-in. diameter.

TAL50 Balloon M1~ | Pilot 30| L o6 Spherieal, 6-in. diame
50-(* | ter; neck 244 in. long,
| 14-in, diameter.
TA151 Balloon MI- Pllot == eloote ot 30| 1,06/ Spherical, 8-in. diam-
51-(*) | eter; neck 234 in
| long, 1Y4-in.diameter
1
TALG4 ML~ | Pilot 30| L 06| Spherical, f-in, disme-

. long,

1}g-in.
| |
TAL75 M1, Pilot | Orange 30| 1.06; Spherical,
156-("). ter; nock . long
-in, diameter
TALTG Balloon M1~ | Pilot Yellow 30| 1. 06 erical, f-in. diam
156-(* | eter; neck 246 in.
long, 1M-in. diam-
TALTY Balloon MI. Filot SR -] White 100{ 3 Spherieal; 16-in. diam
1a0-1*) i oter; neck 23
7TA180) Pilot | Black | 100 13,58
|
TA181 Balloon M1~ | Pilot M AL Red | 100 (3. 53 » 16~in. diam-
161-(*) | neck 29-3
| in. long, Me-11
| dismeter,
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TAB4D

TARSN-187

TAUR]

TABEL

TABSE.

10

TATN-201A

TALI99A =186

TALIOBA-190

TA4

TALIOG
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TA1334

Balloon
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Item

49,

187,

ML

Coupling M1

Conpling M 1.

Hose M L-81

Hose

MI.-81

Cock ML-56

Nozzle

Nozzle
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A1

186,

P

M.

ML

A,

MI.

ML

ing |

arachute
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193
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132 |

Weizht

Ounees
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Spher

hai

if s
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for attachment of load

I-in.  di=
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1 Jong, rubber

10 feet long, rubber
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la i end for
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Consists of motal nozzle

arie acid and
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about 125° F

Paper

Consists of batters and

bulb

1fi-In. «
wer or ¢l




mal Corps

stock No Ltem
GM 18 Rubber bands
No. 16 or 18.
|
TA1028 Tuhing ML
188,
GZRS20,1 Twi

A8R22 Twine |

Wrench

weizht

1 Any cord of

Funetion

Color

off sour

wong  and
n pilot

Used for

SHSH

ra sonde

sounding balloon.
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Used to attach

ng unit

intern, and

ofT eod]

for
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ling
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