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Ln airship model made by the Goocdyear Rubber Compsany, was
filled with water and suspended from a beem and the delformations

of the envelope studied under the following conditions:

(a) Both ballonets er mpty ;

(b) Forward ballonet filled with air
(¢c) Rear ballonet fililed with air;
(d) Both ballonets filled with air.

Photographs were taken to record the deflections under each of

these conditions, and a2 study was made to determine the minimum
head of water necessary to maintain the longitudinal axis of the
envelope under .these conditions. Additional photographs were tak-
en of the model filled with air and after filling with water be-
fore any adjustment of tﬁe suspension was made., The form of the
cross section when filled with water was obtained by bending a
heavy piece of fuse wire to conform with the surface and then by
laying the wire on pasper and tracing the shape. The effect of fill-
ing with water on the length of the model was also noted.

Apparatus used.- As may be seen, from the following photo-

graphs, the model was suspended from a framework in front of a ver-
tical screen of cross section paper having lines one inch apart.

The tension in the cords was adjusted by screwing up the nuts on

*This report is a slightly revised form of the unpublished Report
#22, Construction Department, Navy Yard, Washington, D.C.
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+he 1/8-inch brass rods waich ran through the veam, as shown. in
the vhotographs. The lower ends of these rods were oent to form
nooks into which the cords were tied.

X cords on the end, both forward and

s

Corditions of Tagt.- S

rear were run to a single ring and fastensd. In this test they
were run through the ring in order to provide for adjustment of
each cord. The rings wersz held in place oy a wire, which mey be
seen in the photograph, and which was fagtened to the Ves, at the
end of the third cord from the end'on each gide., Waen filled with
.water an upward force was ererted nesar the stern at the position
occupied by the rudders and fins on the alrehin, The weight of the
fing and rucders on the full-sigze airship is 480 pounds. The

forces acting on the model are —31__  times those on the full-size

30, 18
e [ond
2irship; hence this upward force was made g%h%;, or 15.9 pounds,
. (@]

This forcs was measured by suprorting a stick at 1ts middle on &
knife edze and hanging a weight of 15,9 pounds on one end; while
from the other end, as is shown in the photograpghs, the stern of
the model was suspended. It will be noted that the moment exerte
by this force, tending to tip the stern up, is
moment of the rudders and fins on the full-size airship, and as ths2
cords were adjusied tc a length equal to approximately 36%35

times that of the full-size airship, the moment of the weight of
the model about the ends of the cords near the beam is
times the moment in the full-size airship; hence the moment sxerted

by 15.9 pounds is correct in this report. It may also be shown
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that the stress in the fabric cauced by this moment is the same ag
in the full-eize airsaip. The flat sticks under the band were
simply %o distrivute the force of the band in a way similar to tha%
in which the force of the fins and rudders is distributed in the

vll-eize airship, and to preveant the band meking a deep indenta-

1o

tion dn the model.

-]

he entire apparatus wae mounted on platform scales in order
to dztermine the change in weight under the various .conditions.
The pressures used were measursd by manometer tubes, as shown

in the photographs, and were as follows:

Pressure of air (air filled) 19 1/8 in., weter
" " water (water filled) 87 A " (approx. )
3 " air in forward ballonet 20 n "
i " gir in rear ballonet 20 " "

: " air in both ballonets
(used together) 15 " "

The precsure of the air when air-filled was made 19 1/2 inches
because about this pressure was necessary to straighten out the
wrinkles and give the model a fairly smooth appearance. It was as-
sumed that the same pressure would hold the ballonets in shape,
and hence it was used. Due to a leak in the connections when both
ballonets were filled the pressure had dropped to 15 inches when
the picture was taken. This was considerably in excess of the
water pressure on the outside of the ballonets, hence they must
have besn completely filled in all cases. One-quarter of an inch
of water was used as this was the smallest amount that would indi-
cate with certainty that the model was filleds A slight change in

the air pressure, occurrad constantly, due to the c¢ooling of the




air after compression and also as a result of leaks, caused the

waser level o change slightly, —equiring %that a slight head be

used to make sure that the nead did not become less than zero.

Conaidering tha’ the fabric in the model might take the form of

+hat in the full-size airship, a quarter-inch head, egual to a

probable increase of a 1/4" in the vertical distance from top %o

bottom of the envelope, was taken as zerc head.

Correction for Readings on Cross-Section Paper.- The lens of

the camera was kept at o constan:i disiance of 200 inches from the

screen, measured in the path of the light. As the distance from

1 xigs of the model to either screen was © inches, the actual
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dimenaions of the model may be determined for any point on it by

ading the dimension on the cross-section raper and reducing i%

’ A -9 S , .
by the ratio 2%%6; = ,955, If a greater accuracy is desired, a

correction for the inaccuracy of the paper should be made; the ac-

. Sl e LRI : : g
tual width being 1952 inches instsad of 30 inches, The oorrec-
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tion lengthwise will be by the same ratio, of course.

DISCUSSICN OF PEOTOGRAPIS.

Filled with Air.~ Fig. 3 shows the model filled with air and
was the first one taken, The model had stood for several days
filled with water, and it presents a much smoother appearance than
when first filled with air before standing filled with water. It
was found necessary in order to bring the model to a horizontal

position to support nearly the entire weight by the oords furthest

to the right of those which appear vertical in the side view. The




other cords were drawn up as far as possible without causing any

appreciabls tensicn.

Filled witn Vater (not adjnet ted) .- Fig. 4 shows the model

N £
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Fi1led with water, no acdjustmens cf the cords having been nads af-
ter taking photograph, Fig. 3. It will be noted that the stern
had sagged more than the prow and there was an off-set in the axis

urder the rear end of the belly band. The vertical cords toward

the rear were too tight, causing a narrow section to show from a

<

op view. It is not only the cords which took the weight when air-

5

r11led, however, that wers too tight as those jus t acead of them
appear equally stressed., The foremost of the cords passing through
the rear ring caused an indentation and for this reason thev were
removed from the ring before the next ricture was taken. The in-
dentations around the ballonet valves were due to the fact that the
cords attaching the ballonets to the envelope were %00 ghort.
vavy appearance of the sidss was due o the seam and most of these
waves did not extend much beyond the seam, The waves in the belly
band took the form shown accidentally, and did not indicate that

-

would nause a similar form on the full-size airship.

<1

the gcords

Filled with Water (adijusted).- The following adjustments were

nade before Haking photograph, Fig., 5. . Numbering from ths stern
No. 3 cords were teken out of ring and adjusted, which caused the
position of the ring to change' Neos.. 1l @ 2 were taken up about

1 inch; No. 5 was let out about 1/4 inch. The rear cords were not
tightened more because of the wrinkle which began to arpear just

undsr their urper endc and because tightening them threw the ccrds,




at B

whick arpeared in a vertical plane in the plan, more and more out

f +he vertical: The axls of thé model was, howsvef, straightened

a

Forward Ballonet Filled with Auxr.- The prineipal sffect of
filling the forward ballonet witk air, as shown in photograph, Fig.
8, wes to tip the forward end up and to broaden it, the broadening
veing chiefly due to the increassd tension in the cords holding
the ballonet. The model at the same time moved forward as is
shown by the increased inclination of the cords. Due to some pe-
culiarity in the lighting, the liquid in the tube did not register
clearly, but the pressure was about 20 inches of water. The ten-
sion in *he rear vertical cords was increased, as is shown by tae
tendency to wrinkle on the sides under them,

Rear Ballonet Filled with Air.- Filling the rear ballonet with

air, as shown in photograph, Fig. 7, had the same effect as that

. By

in photograph, Fig, 6, except that it was at the other end while

the dent under the beam toward the rear end which disappeared in

paotograph, i'ig., 6, resappeared here. The cords in the middle sec-

tion swmung to a vertical plane, those farthest forward taking the
greater tension.

Both Ballonets Filled with Air.- In this condition, shown in

vhotograph, Fig, 8, the axis was in nearly the same position as
with both ballonets empty, except that the stern was higher by

The cross—section at =zach end when the ballc-
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net at thaet end was filled was of this form.




It was noted from a plan view that the filling of elther of

ne ballonets with air distorted the stream line form considerably.

Force Exerted by Balilonste is of Prcper Magniiude.- That the

(o)

buoyancy of the alr in the ballonets is of the proper magnitude,

e 3633: times thes negative buoyancy of the ballonets in the
o L

11-size airship, is evident from the fecllowing reasoning. A bal-

onet from %the full-size airship immersed in water would have S09

in

times the buovancy in the opposite direction, but the ballonet in

the model has -1¢~Jm—~~— times the volume of the fulli-size air-
908 X 30.18
ship ballonet; hence the force which it exerts 1s

3 1
902 X =
g09 x 30.18 30.18

“imes the force exerted by 'the full-size airship ballonet; hence

the ratio is the same as for the other forces.
Relation of Stresses in Model to Thosgse in Full-gize Airship.-

: . 1
T reeson for makling the model <=7
The reaso or making ti nodel %0, 18

scale was that under this
condition the stress in the fabric when filled with water is equal
to that in the full-size airship when filled with hydrogen. A
proof of this isg given in the note following the data. The wsights
of the hulls, however, act in opposite directions in the two cases.
In the full-size airship it causes no tension on the cords and in-
creases the tension in the fabric on the top. In the model the

weight is taken by ocords and the stress in the fabric just outside

;h

of the velly band is increased.  This difference may be eliminate
by rlacing a rubbker tube filled with air inside the model. It was

impossible to place this tube inside this model, however, without
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ror necessary as the weight of the hull was very small compared
with the weight of the water, whereas in the full-size airship it
is much greater compared with the bucyanacy.

7-1 -

Action when Partly Filled.-~ In order to obtain additional data

making an apsriture in the envelope, which was not tnought desirable
to ald in deciding as to the pressure to be recommended, additional
tests were made as follows. Wate: was drawn from the water~filled
model with ballonets empty until the tail collapsed, dus to the
rudder and fin weight. This occurred when the level of the water

was about two inches below the inside edge of the belly band.

bring it to this level about 1/3 of the total weight of the water

was drawn off, On the following day this part of the experiment

the inside edge of the belly band before a collapse occurred. This
difference in results is explained by the fact that when the model
is only partly filled it is in an unstable condition. If for any

was repeated at which time the level was brought 3 1/2 inches below
reason the water starts to run toward one end, that end becoming

-

heavy sinks while the other rises, and the water rushes to the lower
end. The first day that this part of the experiment was made, when
a level of two inches below the inner edge of the belly band was
reached, the water began to run forward and a collapse occurred.

The second day it started to run in the opposite direction, a crease
developing under the rear filling valve which became 1 1/2 inches
deep before the water began to run the other way and a collapse

occurred.
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ction of Rudder and Elevator Forces.- It was calculated that

t 45 miles per hour and with the rudder at SOO, the force on the
rudders {or a model of thig size would be about 2/4 of a pound,

and the force on the elevators would be approximately the same for
this condition. However, as. the other forces are 30.18 times
those, correct to scale, for a model of this size, the rudder and
glevator forces must be increased in the sams ratio; hence a weight
of 22 1/2 pounds was used to reprasent the total pressure on the
rudders, and the same waight was used to represent the total pres-
sure on the elevators. The effect of hanging this weight on. when
with a head of 1/4-inch (ballonets empty) was to deflect the stern
about 8 1/2 inches. WHen exerted sidewise the deflection was about

ons foot. Under a head of 10 inches the deflection was about 3 1/3

de

n

h dowvn and five inches sidewise,
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Action with Rudder and Fin Weights Removed.- A head of 10

inches was then put on the model, and the rudder and fin weights
removed. The axis was not bent noticeably due to this removal, al-
though the inclination was of course changed. The head was then
decreassa and the axis gradually bent until at one-inch head it

had bent so that the stern was about five inches lower than with

oy

the 1l0-inch head, and it was also bent to the left about six inches
and there was a fold in the fabric on the left side and botitom about
1 1/4 inches deep under the rear filling valve.

Change in Volume with Pressure.— Under the 10-inch head the

weight was 483 pounds, an increase of about 4 per cent in net

. { . ey

weight over that for 1/4-inch head. However, thsre would be a much
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age 4in busyency .in the ful’l-slize &irship

head.

Crose sactions of the water-filled mecdel witlh 1/4-irnch head
ar2s snown on Fig. 1. As previcusly stated these were obtained fohg

a heavy fuse wire around the model. Ths tracing thus ob-
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d wae then resduced by the paniograph to the size shown in i

w

kyal
figure. 48 noted above, the form when the ballonets were
was with a valley on the under gside. As this was due chiefly to

the ballonet cords being short and would not occur to the same de-

e

gres
when the ballonets were filled, was made.

Lonclusion.~- From the above it appears that any pressure suif
cient to kesp the airship full may be used. No data was obtained
which could be used to determine to what extent the wind would af-
fect the deformation. but it appears that a pressure of one inch
of water would provide a suitable factor of safety, and therefore
this is the pressure recommended. Due to the negative buoyancy of

the ballonets, a pressure of about 0.4 of an inch of water in exce

of the pressure used on the hydrogen is necessary to equalize +he

o]

‘ pressure inside and out at the top of the ballonet. This differ-

D
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ably at least 3/4 of an inch to compensate for the weight of the

’ ballonet and for the tension on the cords.

n the full-size airehip, no reproduction of the cross sectiocn,

Si
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ce between air and hydrogen pressures should be increased to prob-




DIMENSICNS OF MODEI.

Dimension

Condition Pkt
i in inches
Siaar Fiilac i ok 61.4
_water filied, not adjusted: Bdod
Length* - wabes filled, adjusted . .t €1.0 _
rom specifications -
g ;
. X 180 ¥ 13 : 63.6
30, 18 "
alr fllled, acdtual, : 13.4
Maximum from specifications :
iameter A
Resanete b WEIN B X 13 18,8

0. 18




Data continued.

WEIGHTS CF lIODEL
(Including Apparatus)

: How . Presaure Pressure 1 Wedghl
filled : in Model' : 1in Bgllonets @ in pouids
Air e L g R r.one : 211
Water AL " : 478

P : 1i4 B Perwsidy 20 tne # 461
¥ : 174 %t Bear, 2040l o 455
5 : s (DR R - ik o Pl 439
4 : 10-in.head : none : 433
fn . o MG M . H] . Aok
et -~ . 4 LTSS R
[ . e . " 4 403**
*At point of collapse, first triel; level of water
2 inches below inside edge of belly band.

At point of collapse, second tria lievel of water
/8 inches below inside edge of bslly band.

Weight of water which model should hold, calculat-
ed from d;snlauer=nu glven in specifications

(77,000 ou. ft.) 00_x 62.4 - 175 pounds.
LD b

Teight of water actually held by model ai 10-inch
head = 483 1bs. - 311 1lbs, = 172 1bs.

Short Proof that Stress in Fabric in Model Ecouals that in Full~

size Airship.- This proof is based on the fact that in a mocel maae

exactly to scale throughout, the stress per unit area, in any num-
ber, is the same as in a fuil-sized airship, if the rressure per
unit area of the liguid remains unchanged at all points. This is
the casge, however, that if the head ol the water is rightly chosen,

both pressures are the same function of the height. This necessi-
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tates in addition that the liquid used in the model have a greata:
buovancy (positive or négative) than that used in the full-size
airship, and if the thickness of- the fabric in the model be reduced
by the ratio l, which is the scale of the model, the buoyancy of
the liquid used must be 1n times that of the hydrogen, but if it
be not reduced, the cross sectional areca of the fabric in any rlane
is n times ag great as it should be to cause the desired stress
with a fluid having a buwovancy n timss that of hyarogen. Hence,
in ordsr to ceausz the siress in the fabric of the model to equal

e airship, it is necessary to make the buoyancy

(S
a ]

that in the full-s
of the liguid p times as great as it would be if the thickness of
the fabric weve to scale. The ratio of the buoyancy of the liquid
to be used, to the buoyancy of hydrogen, is therefore n?Z. The

ratio of the buoyancies of water and hydrogen is 209, The scale to

gl Y 1 : X : L X 3
bz used is then —=— = _f;-i The negative sign is not introduced
909 30. 18
in connsction with the buoyancy of water in air since the model was

o

placed upside down, thus reversing the buoyancy.
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APPENDIX
STEENGTE OF CROW'S FOOT.

A test was made to determine the strength of a crow's foot

~
|

uch 2.8 is usad to fasten the rores on airchips and furaished by

1)

(33

he Goodyear Rubber Company. The arrangerent of the anparatus was
as shown on Fig, 3. The small ropes of the crow's foot were fas-
tenzd to the floor by means of a rope, and the fabric pulled up-
ward by means of a chain hoist. Suspension scales between the
crow's foot and the hoist were used to determine the force exerted.
The arparatus was tried without the wcod framswork akout the iron
pipe at first, and it was noticed that the middle fingers were tak-
ing by far the greater part of the load due to bending of the ripe.
In order that all four fingers migh%t be stressed to more nearly
the same degree the wood frame was made so that it supported the
pipe at all points, and with a piece about 1 3/4 inches by 3 1/3
inches across the back, as shown in the rear view to prevent the
ends being bent toward each other. However, even with this arrange-
ment, it was noted that the two middle fingers were under greater
stress than the others.

Failure occurred at 1135 pounds which gives, when the welght
of the frame is subtracted, practically 1100 pounds. The fibers
of the rope held securely, and it was only the fabric at the ends
of these fibsrs which gave way.

Testd to determine the strength of small crow's feet (about

inches x 3 1/2 inches) were also made. These were cemented to the

R s |
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fabric of the large crow's foot, and weights applied until failux
occurred. Severn tzsts were made and failure occurred at the fol-
lowing loads:

No. of Test b 4 2 3 4

5 6 7
Loed (14 1bs. ). 190, 190, 185, 185, 200, 180, 180
Average Load = 187 pounds.

The time taken on each test, except No. 7, was about 10 minuies.

| Lo Noy P, a doad of 18Q rounds was put on and 1l=ft for about 20
minutes, in order to ascertain roughly if time was an important
factor. In this test practically all the strands of the cords pull-
ed out, whereas in all of the other tests, excert No.6, only part
0f them pulled out while the others broke; the muuber which broke

verying from 1 to 3.







Rear view

Fabric
cemented
to iron 7joN
pipe -

Layer of fabric with rub-
ber on both sides. The

rope fibers were between
this and the wider pisce

~ Fabric spliced along
this line., ‘Fabriec on
other side at 45° to
this.
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Fig.
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\\\:\\\on top.
rTope ™ _"Rope fibers
“Point of failure

( 1/4" dia.
_Fastened to
floor

Scale approx. 3/4" = 1'.
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Arrangement for test of crow's foot.
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Fig. 8. Fore ballonet filled with air.
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Aft ballonet filled with air

fig. 7
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Fig. 8. Both ballonets filled with air.
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Filled with air.
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Fig. 3.
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Filled with water (not adjusted).

Fig. 4.

Big., 5.

%
RES 2
e AT
“ENEEE
|
BER AAEEE
B 7+ﬁ . ==l ‘ { { ! !
BESESEESE=S=c=====:-====85 = O , jei I
Filled with water (adjusted). 9273 A S



