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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS.

TECHNICAL NOTE KO, 87,

HYDROSTATIC TEST OF AN AIRSHIP MNOILEL.*
By the Asronautics Staff,
Construction Deparbtment, Vavy Yard.

An airship model made by ths Goodyear Rubber Company, was
filled with water and suspended from a beam and the deformations
of the envelope studied under the following conditions:

| (a) Both ballonets empty:

(b) Forward ballonet filled with air:

(c) Rear ballonet fiiled with air;

(d) Both ballonets filled with air.
Photographs were taken to record the deflections under each of
these conditions, aﬁd a 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 tﬂe suspension was mede. The form of fhe
sross section when filled with water was obitained by vending e
heavy piece of fuse wire to conform with the surface and then by
laying the wire on paﬁer and tracing the shape. The effect of fill—
ing with water on the iength 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-

ticzl 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*This report is a slightly revised form of the unpublished Report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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the 1/8-inch brass rods waich ran through the bean, as showrn in
the vhotographs., The lower ends of these rodd were vent to form
nooks into which the cords were tied.

Gorditions of Test.- Six cords on the end, both forward and
rear were run to a single ring and fastene&. In this test they
were run through the ring in order to provide for adjustment of
saoh cord. The rings wers held in pléce VY a wire, which may be
sevn in the photograph, and which was fastened to the Vee, at the
end of .the third cord from the and.on each slde. Wihen filled with
ﬁater an ﬁpward force was exerted near the stern gt the position

occupisd oy the rudders and fins on the airsghin.- The weight of ths

fing and rudders on the full—sizé airship ig 480 pounds. The

1
30. 18

2irghlp; hence this upward force was made

forces acting on the model are times those on the full-size

420
30.18°
This forcs was measursd by supporting a stick at its middls on &

or 15.9 pounds.

knife edge and hanging a weight of 15,9 pounds on ons end; while
from the other end, as is shown in the photograrhs, the stern of

the model was suspended. It will be noted tha’s the moment exeried

by this force, tending to tip the stern up, is EBT%EE times the
moment of the rudders and fins on the full-size airship, and as the
ocords were adjusied to a length equal to approximately 30}18

times that of the full-gize airship, the moment of the weight of

the model about the snds of the cords near the beam ie 50?182

times the moment in ths full-size ailyship; hence the moment sxeried -

by 15.8 pounds is correct in this report. It mey also be shown
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trhat the stress in the fabric caused by this moment is the same ae
in the full-eize airsnip. The flat sticks under the band were
s1mply to dietribrie the fowce of the band in a way similar to thas .
in which the forcs of the fine and rudders isg distrivutid in the
full-size airship, and to prsvent the band making a deep indsnta-
tlon in the model.

The entire apparatus was mounted on pletform scales in order
to determine the change in welight under the various :conditions.

The rressures used were measursd by manometer tubes, as shown

in the photographs, and wsre as followa:

Pressure of alr (air filled) 18 1/3 in. water
" " water (water filled) 1/4 v i {approx. )
f " air in forward bhallonet 230 n n
" " air in rear ballonet 20 n n

" U gir in both ballonets
(used togsther) 15 " "

The pressure of tke air when air-filled was made 19 1/3 inches
because ebout thls pressure was necessary to straighten out the
wrinkles and glve 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 conneciicns when both
ballonets were filled the pressure had dropped to 15 incheg wheh
the picture was taken., This was considerably in exocess of the
water pressure on the outside of the ballonets, hence they must
have been 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 filled. A slight change in

the air pressure, occurrsd constantly, due to the cooling of the

/
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2lr after compression Aand also as a result of leaks, caused the
waler level %o changs slightly, zequiring thet a slight hsad be
used to make sure shat the nead did not become less than zero.

Considering thai the fabric in the wodel might take the form of
thaet in the fulle-size airship, a quarter-inch head, equal to a
probeble increass of a 1/4" in the vertical distance from top %o
bottom of the envelops, was taken as zero head.

Correction for Readings on Grggs—séction Paper.-‘The lens of
the camera was kept at 2 constant disitance of 300 inches from the
goreen, measured in the path of the light., As the distance from
the axis of the model to either screen was 9 inches, the aotual '
dimensions of the model may be determined for any peint on it by
reading the dimension on the cross—section paper and reducing it
by the ratio -3%883 = ,865. If a greater accuracy is desired, a
correction for the inacouracy of the paper should be made; the ao-
tral width belng .lg%g inches instead of 20 inchea. The orrec-
 tiom lergthwise will be by the same ratio, of course.

DISCUSSICON OF PHOTOGRAPHS.

Filled with Air.- Flg. 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
was8 found necessary in order to bring the model to a horizontal
position to support nearly the entire weight by ths cnrdslfurthest

to the right of those which gppear vertical in the side view., The
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other cords were drawa up as far as possibie withoui.causing any
zppreciabls tension.

Filled with Tater (mot adjusted).~ Fig. 4 shows the model
filled with watez, ho.adjustmen% cf She cords aaving bsen mads af-~-
ter taking photograph, Fiz. 3. It will be noted that the stern
had sagged mors than the prow and there was an off-set in the axis
under the rear end of the belly band. Ths vertical cords toward
the rear wefe too tigﬁt, causing a narrow section to show from &
top view. I% is not only the cords which took the weight ﬁhen air-
filled, bowever, that were too tight as those just anead of thenm
aprear equally siressed. The foremost of the cords passing through
the rear ring caused an irdentation and for this reason ther were
removed fron the ring before the next ricture was_taken. The in-
deﬁtations around the ballonet valves were due %o the fact that ths
corde attaching the ballonets to the snvalope were too short. The
wavy appearance of the sidss was due tc the seam and most of these
waves Alc not extend much beyond the seam. The waves in the belly
vand took the form shown accidentally, and did not indicate that
the coxds would cavse a similar form on the full-size sirship,

Filled with Water (@djgsted).- The following adjustments weré
made vefore taking photograph, Fig., 5. HNumbering from the stern
No. 3 cords were teken out of ring and adjusted, which caused the
vosition of the ring to change' Nos.. 1l snd 2 were taken up about
1 inch; Wo. 5 was let out about 1/4 inch., The rear cords were not
tlghtened more becsuse of the wrinkle vhich began to arpear just

under their urper ends and because tightening them threw the cerds,
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wnick azpearsd in a vertical plane in the plan, more and moTre ouw
of the verticzi. The axis of the model was, rowsver, straightenst
considaerably in this way as may b2 noted.

Forward Ballonet Tilled wath Azx.- The principal effecy of

filling the forward ballonst with air, as shown in photograph, Fig.
8, was to tip the forwazd end up and to broaden 1it, tae broadening
being chiefly due %o the inoreaged tension in the cords holding
the ballonet. The modsl at thé game tiwme moved forward as is
shown by the increased inclination of the cords. Due to some re-
culiarity in the lighting, the liquid in the tube did not register
clsarly, but the pressure was about 20 inches of water... The ten-
sion in the rear vertical cords was increased, as is shovm by tae
tendency to wrinkle on ths 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
in photograph, Fig. 6, except that it was at the other end while
ths dent under the beam toward the rear end which disappeared in
pnotograph, ¥Fig., 8, reappeared here. The cords in the middle sec-
tion swung to a vertical plane, those farthest forward taking ths
greater tension.

Both Ballonets Filled with Air.— In this condition, shown in
vhotograph, Fig. 8, the axls was in nearly the same position as
with both ballonsts empty, except that the stern was highe: by
avout 1 1/2 inches. The cross—seotion at each end when the balle-

net at +het end was fillesd was of this form.
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It wae noted from a plan visw that the filling of either of
the vallonets with gir distorted the stream line form considerably.
Force Exerted by Bailonste i3 of Prcper Magnitudse.- That the
buoyanoy of thie alr in the ballonets is of the proper magnliuds,

i.s., 30118 times the negative buoyancy of the ballonets in ths

full-size airship, is evident from the fcllowing reasoning. A val-

lonet from the fulli-size airship irmersed in water would have S09
times the buoyancy in the opposite direction, but the ballonet in

the model has ———+— — %imes the volume of the full-size aiz-
908 X 30,18
ship ballonet; hence the force which 1t exerts is

1 1
X =
o908 908 x 30,18 30, 18

times tke force exerted by the full-size airship Dballonet; hence

the ratio is the same as for the other forces.

Relation of Stresses in Model to Those in Full-size Alrship.-

The reason for making the model 30118 gcale was that under tnis

corndition 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 is gilven in the note following the data., The weights
of the hulls, however, act in oprosite directions in the two cases.
In the full-size sirship it causes no tension on the cords and in-
creases the tension in the fabric on ths top. In the model the
welght is taken by cords and the stress in the fabric just outside
of the velly band is increased. This difference mar be eliminated
by rlacing & rubber tube filled with alr inside the model. It we.s

impossible to place this tube inside this model, however, without
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maxing an arsrture in the envelope, which was not thought desiratle
ror necessary as the weight of the hull was very small compared
with thé welgnt of the water, whereas in the full-size airship it
is much greater compared with the bucyanecy.

Action when Pazxtly Filled.—~ In order to obitain additional dsta

to aid in deoiding as to the pressure to be recommended, adiitional
tests were made as follows. Water was drawn from the water-filled
model with ballonets empty until the tail collapsed, dus to the
rudder and fin weight. Tkis occurred when the level of the water
was about two inches below the inside edge of the belly band. To
bring it to this level about 1/3 of the total weight of the water
was drawn off, On the following day this pari of the experiment

was repeated at which time the level was brought 3 1/2 inches below
the inside edge of the belly band before a collapée ocaurred. This
difference in results is explained by the fact that when the model
is orly partly filled it is in an unstable condition. If for any
reason the water starts to run toward one end, that end becoming
heavy sinke while the other rises, and the water rushes to the lower
end. The first day that thls part of the experiment was made, when
e level of two inches Dbelow the imnmér edge of the belly band was
reached, the water began to zun forward and a collapse occurred.

The second day it started %o run in the oppoeife direction, a crease
developing under the rear filling valve which became 1 1/2 inches
dsep before the water began fto run the other way and a collapse

occurred,
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tion of Rudder and Elevator Forces.~ It was calculated thet

— . e

2% 45 miles pexr hour and with the rudder at 300, the foxrce on the
rudders for a model of this size would be about Z/1 of a pound,

and the force on the elevators would be approximatsly the same for
thls condition. However, as.the other forces are 30,18 times
those, correct to scale, for a model of this size, the rudder and
elevator forces musi be increased in the sams ratio; hence a weight
of 22 1/23 pounds was us3G %o reprssent the total pressure on the
rudders, and the same waight was used to represent the total pres-
sure on the elevators. The effesct 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 defiection was about
one foot. Under a head of 10 inches the deflection was about 3 1/3
inches down and five inchees sidewise.

Action with Rudder and Fin Weichts 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. Tae hesad was then
descreasst and the axls gradually bent untll at one-inch head it
had bent so that the stern was sbout five inches lower than with
the 10-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 bottom about
1 1/4 inchgs deep under ths rear filling valve.

Casnge in Volume with P:eésure.— Under the 10-inch head the
'weight wag 485 pounds, ar increase of about 4 per cent in net

weight over that for 1/4-inch head. However, there would be a much
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greater mercentage inrcrsase in buoyency in the full-sizs &airship
due to this incrsase in head.

Cross seactions of the waier-filled mcdel with 1/4-inch head
ars snown on Fig., 1, As Previous,y'stated these were obtained by
pending é heavy fuse wire around the model. The tracing thus ob-
tained wae then reduced by the paniograph to the size shown in tue
figure. As noted above, the form when the ballonets were filled
was with a valley on the under side. As this was dus chiefly to
tae ballonet cords being short and would not occur to the same de- .
gres in the full-size airshin, no reproduction of the cross secticn,
when the ballonets were filled, was made.

Lonclugion.~ From the above it appears that any pressure suifi-
cient to kesp the sirship full may be used. No data was obtalned
which could be used to cdetermine 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 safebty, and therefore
thie 1s the pressure recommended. Due to the negative buoyancy of
the pallonets, a preassure of about 0.4 of an inch of watsr in excess
of the pressure used on the hydrogen is nscessary to equalirzs the
pressure Ilnside and out at the top of the ballonet. This differ-
ence between air and hydrogen pressures should be increased to rrob-
ably at least 3/4 of an inch to compensate for the 7eight of the

ballonet and for the tension on the cords.
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DATA.

DIMENSLONS OF MODEL

: Dimension

Sondition - Hle
in incheg

; gir filleid : : 81.4

Ty _vater fillec, nci % sd ushed: 61.1

Length '_water filled, adjusvwed : €1.9
from specifications :
— X :

25, 18 160 X 12 . . £3.8

: alr filled, actual, . 13.4
ngimum : from specifications :

diameter L. %315 x13 P 135

>0, 18
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Data conbtiaued.

WEIGHTS OF !IODEL
(Including Apparatus)

How : Pressure : Pressure : Veigh’
filled : 1in Kodel : in Ballonets : in pouads
AirT : 12 1/2 in. : r.one : 211
Vater : 1/4 v " : 476

" : 1/4 % : Forward, 20 in. 481

" D 1/4 " : Rear, 20 in. 455

" : 1/4 " : Both 15 in, 439

" ! 10-in.head : none : 483

1t M [T a— b4 ] : 422*

1 . ——— . n : 403%*

*At point of ocollapse, first trial; level of water
2 inches below Inside edge of belly band.

**At noint of collapse, second trial; level of water
3 1/2 inches below inside edge of belly band.

Weight of water which model should hold, calculag-
ed from dlsplacewant giV°n in specifications

00 =
(77,000 ocu.ft.) = 50, lgé 175 pounds.

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

Short Proof that Stress in ngiic in ¥Yodel Edualsa that in Full-
size Airship.— This proof is based on the fact that in a model made
exactly to scale throughout, the stress per unit area, in any rum~
ber, is the same as in a full-sized airsﬁip, if the rressure per
unit area of the liguid remains unchanged at all points. This is
the case, however, that if the head of the water is rightly chosen,

opoth pressures are the sames function of the height. This necessi-~
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tates in addition that the liquid used in the model have a greater
buovanoy (positive or négative) than that used in the full-size
airship, arnd if the thickness of the fabric in the model be reduced
by ke ratic £, which is the scale of the model, the buoyanoy of
the 1liquid used must be 1 times that of the hydrogen, but if it
be not zeduced, the cross seotional area of the fabric in any plaue
is n +times as great as it should be to cause the desired stress
with a fluld having a buoyancy n timss that of hydrogen. Hence,
in order to causs the stress in the fabric of the model to equal
that in the full-size airship, it is necessary to make the buoyancy
of the liquid n times as great as it would be if the thickness of
the fabric wesve to scale. The rafio of the buovancy of the liquid
to be used, to the buoyancy of hydrogen, is therefore n?2. The

ratio of the buoyancies of water and hydrogen ig 208. The socale to

gég = 30?1§ The negative sign is not introduced

in connection with the buoyancy of water in air since the model was

-~

bs ussd is then

placed urside down, thus reversing the buoyanocy.
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APPENDIX
STRENGTE OF CROW'S FOOT.

A test was made to determine the strength of a crow's foot
geuch a8 is usad to fasten the rores on airships and furnished by
the Goodyear Rubber Company. The arrangemert of the arnparatus was
as shown on Fig, 3. The small ropes of the crow's foot were fas-
tened to the floor by msans §f & rope, and the fabric pulled up-
ward by means of a chsin hoist. Suspension scales between the
crow's foot and the hoist were used to determine the force exerted.
The arparatus was tried without the wood framework atout the iron
ripe at first, and it was noticed that the middle fingers were tak-
ing by far the greater vart of tﬁe load due to bending of the pips.
In order that all four fingers might be stressed to more nsarly
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
inchee acress the back, as shown in the rear view to prevent the
endg being bsnt toward sach 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 subiracted, »practically 11C0 pounds., The fibers
of the rope held securely, and it was only the fabric at the ends
of these fibers which gave way.

Tests to determins the strength of small crow's feet (about 3

3

inches x 3 1/2 inches) were also made. These wers cemented to the
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fabric of the large ocrow's foot, and weights applied until failurs
occurred. Sever tests were made and fallure occurred atb the fol-
lowing loads:

No. of Test 1 3 3 4 5 6 7

Load (in 1bs.) 190, 190, 185, 185, 200, 180, 180
Average Load = 187 pounds.

The time taken on each test, except Nof_T, was about 10 minutes.

In Mo. 7, a load of 160 pounds was put on and 1lsft for about 20
minutes, in order to ascertain roughly if time was an important
factor. In this test practically-all +he sirands of the cords pull-
ed out, whereas in all of the othsr tests, except No.6, only par?d

of them pulled out while the others broke; the number which broke -

varying from 1 to 3.
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Fig. 2. Arrangement for test of crow's foot.
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