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A STUDY OF STATIC ST&31LI TY OF AIRSHIPS.

Introduction

.,

The SU-Oject matte~ cf this ~eport, submitted to the National

Advisory Committee for Aeronautics f~r publication, da~ls with

the study of static stahili.tyof airships and is subdivid~ inti _ _

two sections, a theoretical discussion and an experimental inves-

tigation. i —

The experimental work was carried out in the four-foot wind

‘\.- tunnel of the Massachusetts Institute of Technology, and the re-

-“.3 suite were originally submitt~ by the writer aB a thesis in the

~i course in Aeronautical Engineering at that Institution.

The author wishes to express his indebtedness to Professoz

Warner, head of the Aeron~.uti.calDepartment, for the helpful

sUQJgestionsduring the preparation of the thesis and to MesBrs.

Ober and Ford of the Game department for the valuable assistance

received in the -pe~formance of the experiments.

bSummry—.

The first section of this work deais entirely with the theo-

A.
retical side of statical stabitity of airships in general, with-—

---5 particular reference to conditions of equilibrium, longitudinal,

a
r
-.
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stability, horizontal fli+t.,

? speed and a discussion of tke

FHrectional. stability, critical

2eTersal of contzwls.
,

The second secticn, besi3es, tes’;fiof a pre~.i.minarynature

on the model alone, comprises experiments for tke deteri~i~ajion

Cf:

Effects ckieto change of tail area.

Effects due t~ chnge of aspect ratio .

Effects due to cban~e ~f tail form.

Effects due to change of tail thic-k-.ess.

In all these tests, IonSitudinal ati t.c~,nsvez~eforces On

the model at vericms angles of yaw aridangles o f tail ~etti.ng

were observed and the results and deduction derived therefrom are

k found in Tables III to IX and Figures 11 to ].9.
t

From the experimental data ve may summarize that:

#-=-

(1) An increase of area over the standard tail surface

is undoubtedly advantageous, probably more so for the hori-

zontal ~ta’oili.zers tha~lfor the vertical ones, while a reduc-

tion of area would be dangerous.

(2) simil~.r~yan increase of aspect ratio is highly rec-

0remended,while a reduction would be ur.wise.

(3) From the form poiilt of view a rectangular shaped

tail surface is far superior to the other ‘we, while the one

with balanced rudder is better than the standard shaped one.

(4) The results on the thickness expe~iments, at least

from an aerodynamic point of view, aze in favor of the thi~
A

.
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.-. nest section, tail No- 9 (Fig. 1.9).

Y P~T I.

THEORETICAL STABILITY OF AIRSHIPS.

An airship is in

i8 equal.to the total

Static Equilibrium.

3

static equilibrium when the ascensional force

weight, a condition ‘which takes place at an

altitude where the weight of the air displaced by the airship ie

just equal to its ‘atal weight. When this condition i~ fulfilled

the center of gravity and the center of buoyancy of the airship

lie on the same vertical line and the equilibrium condition is

expressed by tileformula:

* ~.F=pv

. where P is the air density at the altitude in question and V

d
is the displaced volume of air.

From this condition of equilibrium, the airship can

descend only by two distinct causes, namely, atriaspheric

or the discharge of ballast or gas respectively.

Statical Stability of Airships.

ascend or

changes

An airship in steady flight has three types of stability;

that of pitch or longitudinal stability, that of yaw or direc-

tional stability, and that of roll about the longitudinal axis.

-4 While these stabilities are all correlated in the case of an air-

-e
‘d
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plane, such, however, is not the case with an aizship, the three

types of stability being independent of each other. !?urthermre,

due to the fundamental_ properties of lighter-than-air craft, stat-

ic and dynamic stability are both true and distinct, since strict-

ly speaking the only real statical stability is that which exists

when the engines are stopped.

An airship is said to be statically stable if it tends to

return toward the initia~ condition of steady motion whenever

slightly disturbed from said motion. The above definition applies

to motion in which the longitudinal axis of the airship rroves

either the vertical or the horizontal plane and the following

discussion, applying to these two types of stability, will be

% based u~n tlneseassumptions

(a) That the

(b) That the
4

(c) That the

(d) That the

(e) That the

ascensional force remains constat-

total weight remains constant,

speed remains the same-

form of the airship remains unchanged

C.G. and C-B. remain fixed.

In actual practice, however, this is never the case; the

on

.

in–

itial static equilibrium is grad~lly chan@ng during ascent on.

account of the adiabatic cooling of the gas and on account of the

expenditure of fuel. The center of gravity of the gas moves fore

and aft along a line above the longitudinal axis of symmetry, due

4 to the mtion of the gas in the inclined position of the envelope.-x:..,

This r,otionwill be forward of the normal position when in an as-

---
-&
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tending attitude ard aft when in a descending one. These changes

will in turq produce also a slight variation in the aerodynamic

‘t moment due to

In rigid

is to a great

oiled silk at

the alteration introduced in its couple arm.

and semirigid types of airships this inconvenience

extent eliminated by having gas-proof diaphragms of

suitable intervals fore and aft; these diaphragms

permit the gas to diffuse slowly in case of excess pressure in

one compartment over.its neighbors, but they are still sufficiently

impermeable to prevent the uprush of gas when the airship pitches”

If we take an airship flying along a trajectory which makes

an angle $ with the horizontal, and its longitudinal axis makes

an angle a with the path, or an angle (0 + a) between the axis

and the horizontal, the airship will be in static equilibrium under

%
the action of the following forces and moments (See Fig. 1):

,. (1), Longitudinal resistance R = & V2

$ (2) Lift or lateral force Le = ~V2

(3) Pitching mment Me = [KJ~2) t.

These forces and couples, due to the dynamic reaction of the

air$ apply for motion of the axis in both the vertical and hori–

zontal planes, in so far as the envelope is a body of revo~ution

and giving as a result equal air reactions for the came inclina-

tion of the axis to the wind in pitch and yaw respectively>

In addition to the aforesaid, we also have a moment contrib-

uted by the lift of tail surfaces perpendicular to the p~ne of

# . motion as express~ by:

(4) M~ = (K.V2)a
.
d
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Other forces and couples in the vectica,lplane are:

(5)

(6)

(7)

(8)

(9)

6

The thrust T ~f the propeller parallel to the

axis of {he eavclo-peactiug c units below the C.G.

The ascensional force F acting upward through the

center of buoyancy of the enve2.ope.

The total weight W cf the complete airship acting

through the center of gravity.

A couple due to the propeller thrust = Tc.

The static righting moment due to the total weight

and the inclination of the axis with the horizontal:

Mg = T?h(e *a).

Longitudinal Stabilj.ty-

The following conditions of equilibrium nust be satisfied for

longitudinal stability, when the C.G. is asmmed coincident with

the C.B. (See Fig. l)-

XH=R+T=O

ZV=Ft Let Lt-W=O

Z’M=Tc ZLta~Me= O

With the skip on

(1)

(II)

(III)

an even keel (e = a = 0), and 011 further

assumption that F=W

Th~~., Je f Lt = O

and, ~e+Lt~+Tc=~ (IV)

J



ObseTviag that the etitic moment is zero, and that Me and

*: Le act always in the same direction> one of three passible condi-

tions may exist:

(a) If Me and le = O, then Tc is left un-~alanced.

(b) If & and Le are positive, Lt is ~e~tive and _

the airship would be unstable under the action of

three couples all acting in the same direction.

(c) If Me and Le are negative, Lt is Psitive and

Tt = Ke + Lta -

This proves that the airship cm. ~intain Static ~ilib~ium in. ._

horizontal flight only when the above condition is satisfied,

namely, by flying with a small negative angle Of incidence and ‘he

cooperation of the control surfaces.

In general, however, when e # O and the C*G. is below the

IV becomes:

Me+-Lta+-Tc-fi6=~

C.B., equation

for all angles

(1)

(2)

(3)

*

a~.dthe general equations becorile:

FcoB(@f Q)- 17COS (Q~a)=Le+Lt ;

normal to path.

R* Wsin (@ ~ a) = T ~ Fsin (~fa);

parallel to the path-

Tcf Wh(9*a)+-Me~Mt ‘O;

a.bouiG,B. of envelope.

Again, at the altitude whe~e ‘i?=F

equation (1) gives Le = -H

*
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al-soif a iS zero, ~e = C)

This is an impo~=ibility as l~:cgas +&e airship is under -way,

since from equaiion (2 ) T nmst atileafitba13jnce R and is invar-

iably acting at a distance c bslo-,Tthe center of bucyancy. The

only alternative left is that sclmepitthing

served to counteract -thethrust couple ~~.

is accmnplished by the ‘ail suxface couple

balanced by Le, ?&ich force introduces also a ne~ative enVelOpe

COUPIe Me, and the above conditions of equilibrium a~-ethus re–

established providing that
%

(e ~ a) does not become ~~~. Fcr

values of (6 +0) >0, and F = W, then me get:

Le = -Lt

T = -R, and

(4) TC + Me = ‘WQ (6 +a)* Lta

If, however, (8+ G.)<G, the iatter condition becomes:

(5) Tc+Wll (e- a) = Me * Lta.

That is, the static couple Eh (6 * a), wozks against the

thrust couple in a climbing attitude of the ship and with it in a

descending attitmle. The re~rerseis tne concerning the envelope

‘pitching mment Me; it be~ps to keep the nose of the airsb.ip in
-1

.

a climbing attib~de in t-ne.focrm case and vice--versa when

(Q+a)c8.
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To be sure, in horizontal- fli~ht bath Me antiWh ((3~ a)

disappear as a approaches zero; u.r,derany other condition, how-

ever, while both moments are straight line functions of a, the

envelope moment Me varies also wi.t’nthe second power of the speed.

A study of the above generai equations of equilibrium indi-

cates that the airship is mst unstable at zero angle of incidence;

it indicates alsa that any excess or lack of ascensional force must

be balanced by dynamic load, requiring that the airship must fly at

such an angle of incidence as to satisfy the condition on hand.

In the particular case when W > F, an equivalent amount of balla~t

must be disposed of if the engines should stop in order to maintain

equiIibrium; and vice-versa, when F > W, an equivalent amount of

K gas must be valved out if the engines should.

scent+

Directional Stability.
*

stop in a dynamic de-

If the above airship flying in longitudinal equilibrium is

caused to turn about its vertical axis by a certain deviation of

the rudder the resulting motion will be circular in a horizontal

plane and new forces and moments will appear which

exception of the centrifugal force, identical with

with in the longitudinal stability.

Looking at it from a different point of view,

- ship is now roving in a curved path the unbalanced

are, with the

those dealt

since the air-

forces acting

on it may be resolved into tangential and normal com~nents; the
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tangential component will be:

where r is the instantaneous radius of cvxvatmre of the path de-

termined by the intersectio-nof perpe-ncl.ic’~larsto the instantane-

ous trajectories of any two poii~t~ on the airship. It is obvi-

ous then, that as far .as the forces in the horizontal plane are

coneerned, the centrifugal force due to yaw and the thrust must

be in equilibrium with the ree.zitantair force, or

(1) : Ye + Yt + T sinv+ C.F. = O, normal to path=
k

(II) : T COSV + R = ~, parallel. to path.

and (III): Ne + Nt + T (C sin 0) = 0, in yaw.

4 Where T is the thrust when the longitudinal axis inclines

V“ with the path and the Z axis 0° with

is the arm of the new thrust couple in the

being, as before, the distance between the

the line of thrust.

the vertical; C sin@

horizontal plane, c

center of buoyancy and

In a way similar to that of longitudinal stability Ne and Ye

must be both negative; and since Yt must of necessity have the

same sign as the centrip%al force, to insure negative lie the

* angle of incidence Lust te negative (inside of the trajectory) and

the rudde~ setting ~ also towards the concave side of the path.
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Czitical Speed Gf .Lirships.

If the airship in quegtion, maaeuverjn~ at a ~ed v With

the controls in neutral position, werq left fxce while in motion

with its axis a].ongthe trajectory, it would take a drift angle of

about 20 degrees ia yaw*, and the yawing romeut causi~igzhis drift

is, in practice, counterba,lancedby the control in the vertical

plane, the rudder.

In the case of pitching rotion the Gynamic reversing moment

is partial~y ccunterbalanced by the righting moment contributed by

the total weight W at the C.G., h fe~t below the C.~.

It is evident then, tlnatif we take the above air~ip in

straight f1ight without tail surfaces, longitudinal static stabil-
%

ity is only possible as long as the static uprighting moment is

greater than the dynamic upsetting moment in pitch,

that is,: MS > ~fe

or : m-l‘5> KPWV2

where h is the distance of the C.G. beloi? the C.B. and 6 the

angle which a vertical in the plane of symmetry makes with thq

line joining these two points-

Since the left meaber is fixed for a given angle of pitch, and

the right Member varies with the square of the speed, there will be

a velocity V beyo-ndTk.icb, without the assistance of elevators,

4 the airship v;ouldbecome ‘~nstable; this is the so-called critical.——

* HunGaker, Smithsonian Miscellaneous Collections, Vol. 62, No s4.
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speed of the airship and expreseed by

If we now apply tail surface= to the envelspej the value of

K being a linear function of the tail surfa.cesinvG1’.~ed,and h

surely being proportional to the Iineaz dimension of the envelope,

it can be easily inferred that if such large area could be used.as

to make K approach zero, V would become infi~~ity;this is only

theoretically possible, as various mechanical reasons would pro-

hibit the use of both the enormous tail area and the great speed

as well.

Rate of G>ntrol Hotion.—

If the con.troisof an airship under way are suddenly shifted

from an original setting el to 92 in a short interval of time,

4 the air force acting on its surface is no longer that due to the

Soeed V’ of the airship, but to W the resultant velocity of V .

and of .U the velocity due to rotation of the surface about its

instantaneous center, the hinge-

That is,
w =%/w

where u= 11(g)

and 21 is ‘theradius of gyration of the mo~-ir-gsurfaces. The dy-

namic force due to this rotational speed u is

.
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and the corresponding couple abcut the hinge is:
. ..

while that due to the transla iional sped is:

. c~ = K~Av2

E-l%combined effeciive couple about the hinge is therefore the

s-ummationof these:

Cr= cl+-%

This resultant couple causes ihe airship to %vzn with an an-

gular acceleration around a pivoting point P (Fig= 2), so that

any portion

will have

of it, at a distance IQ from P, and of area A,

a velocity through space of 12(%)

an aerodynamic force of d9’f
~ (122) (~~,

a moment about

opposing the angular u,otion.of the airship
about point P.

The angular acceleration is not, ati ought not to be very

large due to the enormous inertia of the airship; the retarding

moment ~ on the other hand, which is zero,at the start, increases

to a maximum when it is equal to the couple Cr and the ship has

reached uniform angnlar moticn and finzlly dies out as soon as

the control couple Cr is dissipated+
.<

The outstaiiding feature of this zetardi.i~gmament is that it
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varies aa the square of the angular speed, but what is more impor-

tant, as the cube of tiledistal?ce ]2. This distance 12 is rrare-
?!

over subject to great change, -as the point P, for a given curvi–

linear path, moves forward of the center of buoyant y with ii]creas-

i.ngangle of yaw. Recent free flight experiments on a C-class

airship* by the National Advisory Committes for AeronaL?tics, have

indicated that the axis of the angular motion P mov~ as far for–

ward as the nose. Little i~ known so far concerning tb.e total re-

sistance to transverse ~tion or to turr~ng; what ever the nature

and distribution of this force, we

that the effect of these transient

considerably mare serious when the

treme position to the othez of the

u
to the fact that the stresses thus

are safej hawever, in stating

couples on airship hulls is

controls are moved from one ex-

vertical pl~e of symmetry, due

iilc~rrti.aze all ~eversed. The

danger of exceeding the maximum allowable stresses is undoubtedly

4 most pronouncd in the case of nonrigid and of semizigid airships

in which

sure and

mi1itant

the envelope has to stand stresses due to internal pres–

to bending moments as well. These facts indicate the

necessity of keeping the angular acceleration of airGhips

within allowable limits so that their enorrous inertia coupled to

the great distance of tail surfaces from the instantaneous center

of rotation may not give cause to such disastrous results, as

those of which the R–38 was probably a victim.**

* Report No. 20P, “A Determination of Turning Characteristics of
the C–7 Airship by Means of a Camera Obscura. 1)7
** The Briti6-h Aero”neutical Committee, upon the causes that contrib- ~
u.ted to the degtr-~ction of the airship R–38, says”:“The structure
was not improbably weakened by the cumulative effect of reversals
of stresses of ma~itude not far short of the fa~ling stress.n
(Aerial Age,w March 6, 1922. )
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PART IT.

Description of Mcdel Used.

A model airship of the L-33 type was constructed by the author

according to dimensions pre~iously used by the British Aavisory

Committee for Aeronautics. *

The model, 1/153 of the full size, with an overalI.length of

50.61tati a maximum diameter of 6.21twas built in two halves of

7/811laminae, hollowed out before asaemblirg, so that the weight

could be reduced to a minimum. The odd dimension of 1/153, instead

of 1/150 the full size, as previously planned, is purely acciden-

tal, being caused by six months of extra seasoning.

Drawings and characteristics of the airship model are shomm
L

in Fig. 3, and the lines tabulated in Table Ia. Tail units 1 to 9

inclusive, are indicated in figures following the radel. The se

d tails are all wade of white wood with the exception of set No. 9,

which is only l/16;!thick and consequently made of aluminum plate.

The experiments

Tunnel and Apparatus.

as previously stated were made in the 4-foot

wind tunnel of the Massachusetts Institute of Technology, the 8-foot

one being still under construction at the times A detailed de-

scription of the wir.dtur.nelhas been given by Professor Warner in

“Aviation,n of March 13* 1922, and needs no repetition heTe. The
%

airspeed was 40 M.P.H. for ail tests and calibration of this had

* F&M No* 361.
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previously been checked by-mear.sof a Chattock gage.

Tb,f+Pa’kr.ce.

An attempt was made to use the N.P.L. ‘mlance available but

the weight of the madel (approximately 9 lb.) was so great that it

raised the center of gravity of the whole system aridcaused the

balance to become sluggish aridinsensitive. It was therefore de–

tided to use a wire suspension balance of the r3ttingen type dia-

grammatically shown on Fig. 4-

The use of-this type of balance incidentally has two advant-

ages over the ordinary meth~d of suspending the model on a spindle.

F~rst, the resuits are more accurate, since the elasticity of the
.

b spindle causes the radel to vibrate and accurate readings are thus

rendered very difficult, while with the suspension balance the vi-

brations are eliminated ad the difficulty removed. Secondly, due
i

to the definite location of the wire attachments on to the model,

the positi~n of the resu].tant force is zeadily determined, while

in the spindle type of balance

obtaind in an indirect way-

Disadvantages, which are,

this determination can only be

however, cowon to both types of

balance are:

at angles of

s-drfacesare

sluggishness uad.erheavy mdels and marked vibrations

pitch greater tkn 10°, especially vhen the control

set at la~ge a~~es.

. Referring to Fig. 4, the airship model is counterweighed by

weights WI and i??. The fine wires a and b engage with balances

9
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A and B respectively. wire6 c and d meeting at o connect to

~ balance C. Wire e has its I.cwer end fixed to the flcor of the

-tunneland makes an angl Q of 45°

thus preventing any undesirable inotion m.d unnecessary vibrations

of the suspended rmdel.

From what precedes, it”is clearly sea that the dead weight of

the nodel is taken care of ‘OT”the counterweights and

that the balances .4and B carry the vertical component of the

d~ynamicload, co~responding to the crosswiud.fozce or lift; simi-

larly, candd are f1exible msmbers capable of taking

tension oily, and since wize e makes equal angles with- c and d,

. the pulls in tlnesemust be equal to each other and balance C

therefore carries the resistance in the line of flight, or the drag.

The inclinatioil of the model was adju~ted by sighting through
4

a protractor alongside of the tunnel on to the axis of the envelope,

care being taken tnat the drag wire remained horizontal at all an-

gles of pitch. The angles were set once and for all by means of

engaging nuts fastened along wires a and b, one pair for each

angle setting; the tire d was kept horizontal by properly locat-

ing the suspension pulleys f and g simultaneously to the proper

adjustments.

Reei Bt&nce of Wize Baiance.

The best way to determine the resistance due to the wire of

—
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the balance would have ‘DCen “~yd~tzhling on.all wires, care being
a

taken that no additional cira~due to interference is introduced by

the second Bet of wires. The e~ti~.drag intzod’icedby the latter

would then have corresponded to the wire drag aridmutual interfer-

ence of the mdel and wi~e ‘balanceproper. The precision of the

balance as a whole did not, hcwever, warrant such refined precis-

ion and resort was tliereforc -e to an empirical determination

of this balance dragt

The balance was so rig~ed that the model hung in t-nemiddle

of the tunnel when at an angle of 20° with the hori~onta~s the drag

wire remaining alwa~s parallel to -thewind direction, and that _@r-

tion of wire between stern and rearward counterweight varied from
.

horizontal to plus ox minus I.OOinclination* The resistance of

the wire in each case was figured on that part of the wire sub-

9 jetted to the action of the aizstream betmwen model and tunnel wall-

This was done for each attitude of the rmdeI.and was deduced from

avail-able experiments* on wire, the interferencee between” model and

balance was disregarded in all cases=**

* R&l!Nos. 102 and 307.
M ** This fact is partly just~.fied by previous e~eriments On similar

tests, in which, appr~~aching the ~del bY a wire ~ree ‘ime~ as
thick as that used for the suspension introduced, no appreciable
change in the resistance (Wf NO. 244, p.42).
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ac 1-”/24:
1 ti..

Total
resist.

R

19.0
—— +—
?G-2 21.3

57.8 10.2

I

76.2 \11,3 .791

.738

.939

.838
—

.79L

.795

.797

0

5

10

15

9.0 18 0

8?0 1648
74.4 l~+o

72.6 10.8

17-8
i

16.8

d8.2 ~49.8 7.4
—

70.8 10.5 6.2 14.4 15.8
I

In the preceding table, the intercepted length 1’ and 11’ ——

of the forward and Tear wire suspension

each case, m~ltiplied by the resistance

(3.76 g) and entered in columns 3 and 7

respectively, are, in

of the wire per unit foot

respectively. The factors

1.1/2+ 42 and l!~/2+ 4.2
It + 42 111 + 42

propo~ti~ns of these resistances carried the drag bal-are the

ante (See Fig. 4) . Taking the drag of the longitudinal wires

the model in the wind

RI and R~ we get tine

(practically constant for all attitudes of

tunnel) aa .08 g per foot and addihg it to

wodel ,total

‘d-low-n

of thedrag of the wire balance for each attitude

in the laBt column of the above table.

~nvel~pe Resistance.——

The absolute coefficients Cl and & per unit area and unit.

resistance R, the airspeed V, and therespectively, thevoIume
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density of air (2-37 x 10-s s3-ug/ft.3), the volume V and the Bx-

imum cross-sectional area A of the airship are related by the

formlas:

R=ClPAV2

and R= C2p VW3vZ

R in both cases being corrected for the s~rio-~s force on the

model due to the dkop in static pressure along the axis of the

tunnel.

Pressure Drop Correction.

The pressure gradient for this particular tunnel is repre-

sented, at any speed, by the equation:

P = -.090045V’1-88

where p is the drop in static pres~ure in Wunds Per square foot

7 per foot of zun along the axis of the tunnel, and V the velocitY
‘d

of wind in miles per hour.

Taking’ the volume of the rradelas 0.57’9ft.3, and 40 M.P.H4

for V, we obtain the total pressure drop correction to be deducted

from tie total drag to be

~.pv. 0.043 lb.

.

a



* N.A.CtA. Technical Note lto.204 2i

Dimensions of ‘33[;Class Airship Model.—

‘t TAELE I&-

4

Station x/Ii ~ !~
——

2
3
4
6

1:
12
14
18
23
25
27
29
31
33

O*O
0.042
0.208
0.354
0.687
1.080
1.49(3
1.910
2.325
3.160
4s210
4.630
5,040
5r460
5.860
6.280

35 6.710
3? 7.120
39 7.530
41 7*9~()
42 8.050
43 8.170

0.0
0.2s4
0.415
0.536
0.’719
0.854
0.543
o.$l&~
I.000
1.000
1.000 ‘
0.991
0.962
0.907
0.831
0.737
0.623
0 ● 489
0.329
0.158
0.076
0.000

x(in. )

1 *310
2.230
4.330
6.800
9.400
12*02
14.65
19.90
26.65
29.20
31.7’0
34.40
37.00
39.60
42.40
44.90
47.50 “
49.80
50.70
51-50

x=

d-=

D=

FULL SIZE L=

D=

SCALE OF MODEL: =

1.

d=

distance from nose

diameter

maximum diameter

196.18 meters (643.6 feet)

24.0 meters (78.7 feet)

1/153

4.22 ft. (59.6 in.)

0.516 ft. (6+2 in.)

0.0
2..160
2.620
3,380
4.530
5.37’0
5=950
6.230
6.30
6.30
6.30
6.25
6.16
5.71
5.24
4+65
3.93
3.08
2.08
0.99
0.48
0.00

Volume = 0.579 ft.3

Center of buoyancy at 47.4% of 1

C.B. to C.P* ~ tail sufaces = 23.25 in-
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Si&mificant Cha~acteristics of Tail ~rfac~,s.——.

Tail surfaces, whether app~i~d to submarines. airp’anes or

airships perform eractly the same functton, that of co~trolling

and steadying the mction of the craft to which they a~e attached.

Water vessels having two or mre screws have a.ttimes been steered

by the propeller alone, but up to the present time no other de-

vice has succeeded in supszseding the old system of tail surfaces

in guiding the vessel i~ its motion through the medium.

In the case of aircraft, 3s well a,sin the case of

due to the three dimensional freedom of motion of tlese

the problem of

main questions

(a)

(b)

The

statics,

controllability becomes very important.

submarines,

crafts,

The two

encountered in the design of cohtrol surfaces are:

moment should t-necontrols produce; and

HOW efficient~y is thiF moment pzod-~ced?

qumtitative question in itself is a simple problem in

the simplest case of whit> arises when the airship is

traveling wi ti~ its axis nearly -parallel to the trajector>’,in which

case ver-ylittle assi~tance is needed from cont~cl surfaces-

If, however, tle boiiy A3, moving in the direction of its

axis has its rue.derraved throu$h a sra11 angle D.IC Or $, the

dynamic press-m?e.actirg on it normal!.y to AC is, as shown in

Fig. 5,
P = ksV2

where k for s-ymmet~ical sections similar t~ the G8ttingen* NO.429

* N.A.C.A. Reports NOSA 93, 1~’:a~~ 182: IrCha~a.cteristies of Air-

foils. “

L-1
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Or the Eiffe~ Now 56, is q straight line function of the angle

up to 11° and 15° respectively.
t

This force can be resol-~edat the hinge into two components:

one parallel to AB, and the other perpendicular to it. The force

BA tends to retard the Kotioriof the airship while the force AF,

by introducii~gtwo other f~rces equal and dpposite to it at the

C.G. of the tidy, can be replaced by a couple 1F, producing ro-

tation of AB about the C.G., and a force F~, tending to move

the vessel laterally in the direction of the force. Thus, knowing

the s~ed of the airship’ through the air, 1 the distance from O

to the center of pressure of contiol surfaces of area S, we ob-

tain for the rotational moment about O

* M = l-clSV21

from which it is clearly seen that the only variables involved are

the area S and the distance t, both admitting variation within
J

constructional limits.

An airship is

helm to keep it on

to control motion;

the lateral.motion

most efficiently handled when it takes a small

its course, that is, when it responds readily

for, if equilibrium is not e~tabli~ed in time

caused by the unbalanced force F~ (Fig, 5) is

still further altered by tke reaction of the air at the lateral

center of -pressv.reof the airship while the center of gravity per-

sists traveling in the oliginal direction; the result is that the
+

an.wkr ~tion will increase or decrease depending .on the location

of the center of resistance; if the center of lateral resistance

-
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is back of the center of gravity

24

the tii=ection will be restored,

B but the sming will be increa~sd on the ccntra~y, hence the cooper-

ation of tail surfa,ces.

What

large fin

sible, if

the total

pzecedes demonstra~es in general the im-~ltance of having

surfaces and as far ba~k of the center of volume as pos-

o%her limitat~one Lad not to be conten~ed with, namelY,

weight allotted to

performance of the aircraf~.

weight of vertical ‘planes to

envelope, and the Imrizontal

On

of

this item consistent with the economic

Nobile*, for example, estimates the

be proportional to the swrf’aceof the

one~ to be pro~rttonal to the volume.

this assumption he deduces the total weight of the~e in terms

the airship volume (M’) to be:

W = (.043)V kg for empennage,

and W“= (.004)v kg for zudders.

The question of’neutralizing the Iateral fore e by means of

tail surfaces is mst pronounced in the case of an airahi.p flying

in a circullarpath, in which case, in ‘addition to the lateral. cOm-

ponent of the rudder, we also have to counterbalance the centrifu–

gal force ~ acting in the same direction and through the’C-G.

of the airship. And since constant angular velocity contributes

neither resultant force nor ‘rament**, the only alternative left is

to navigate the vessel at such an angle -the.tthe transverse dynamic

force just neutralizes t;leselatera2 corn~nents.
v * llGior~le d~l G.e-Di.OCiTi13,‘1Anno LIX, 1921.

** N.A.C.A. Technigal N~’teNo. 104, on .ienxlynamic Forces, by Munk.
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This is accomplished by flying the airship so that the cross-

“1 wind force is in opposition to the centrifuO~l force, that is,

with its nose ir.sideof the trajector~y. The theoretical value of

this angle, as deduced by

aw
R{k2 - kl)

in which k, is the addi tional I.ongitud.inal mass, and k2 the

additio-nalt~ansverse maes. Taking these mass coefficients as de-

duced by Lamb** for ellipsoids, for the fineness ratio 8 to be .029

and .945 respectively, then tlneirdifference is equal to .916 and

the value of a becomes proportional to

& 1
R ().316

L

where a is the arm of the reversing moment and R

curvature of the trajectory.

Crocco’ s Coefficient.

When the airship is deviated from its course by

the radius of

3n angle a,

a reversing moment is produced which will tend to deviate the air-

ship still further unless some external force is applied to pzO-

duce an equal and opposite couple. This is accompli-shed by the

contro~ surfaces which must be set at an angle a’. The ratio ~

is then a measure of the efficiency of the control surfaces and the

. information derived therefrom is that the smaller this ratio is the

* N.A.C.A. Technical Note No. 104, on Aerodynamic Fore’es, by Munk,
** ~~ No. 623, ~’Ti~elneTtia Coefficients of an Ellipsoid Moving

in Fluid. 11
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larger the efficiency of the control surfaces in question becomes.

Description and Disoositlon of Tail Units. ‘

9 to 12 inclusive, show dimensions and form of nine taillags.

units used, detailed characteristics of same being given in Table.

11. They are all streamlined with the maximum thiclmess at approx-
.

i.mately40% of the chord.

These tail units were so disposed on the airship model that

the center of figure of each stabilizing surface was at a distance

of 23~25 inches from the center of buoyancy or 47.25 inches from

the nose.

The ~ovable parts were attached to the fins by steel wires so

that they could be bent and thus set at any desired angle with ref-L

ere-nceto the fins; only two controls from each Get were so fitted,

those perpendicular to the plane of inclination, the other two con-

*
trols having been left integral with the fins.

The above dis~sition of tail surfaces is justified in part by

the fact that the center of pressure travel for similar symmetric

sections is the same for angles of pitch or yaw when the controls

are in neutral position.

k,
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Stabilizing Surface9.

.

Tail
No ●

1
2
3

1
4’
5

3
6
?

1
8
9

Total
area

8.48
6.56

12.15

8-48
8.48
8.48

12.15
12.15
12.15

8.48
8.95
8.40

Fixed
area

6,58
5-12
9.29

6.58
6.58
6.58

9.29
9.29
9.29

6.58
6.?3
6.48

Kova-
ble
area

1.90
1*44
2.~4

1.90
1.90
1*9O

2.84
2.84
2.84.,

1.90
2*22
1.92

T.U31E II-

AsFect
Ratio

——
2.61
2.61
2.61

1oo~
75$

150~

R~
R~
Rs

%
II5% ,R~
99$ R~

———

Ar%a
in $%
of 1

100
75

150

As
As
As

150
150
150

1$%
99

Maximum
thick–
ness in

/;?16
7/16
?/16

7/f16
1/4
1/16

Ts
TG
Ts

Control
form Remarks

Standard
If Area
rr group .

Standard Aspect
n Ratio
II group .

Standard Thick-
11 negs
]r group .

Standard
Bal.Rud. Form
Rectanga group

Note.- Tail surface NO. 1 is the standard adopted, as used on the

original airship; tail surface No. 3 was, however, used in the

third gToup, instead of No. 1, with the hope that the larger area

may help to magnify the presumed minute effects caused by changing

the thickness.

Determination of Drag, Lift, Moment and Center of pressure.

Referring to Fig. 4, showing the rmdel in equilibrium under

the action of the forces indicated, we have:

Lift = RA + RB
,,

Drag= ~

Mornento = XRA + z% – Y%
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Where M is the moment a,bou’cthe center of bucyancy of the

model due to the external forces ai-.dtending to deviate the air–
<

ship from its course, d:ag and lif~ ars the forces parallel and
#

perpendicular to the direction of the aj.rstream respectively,

w-nile R}.,RB and ~ are t’heforces ine~suredby the balances A,

B and C respectively.

The center of pressure through which the resultant R acts

is then found by ordinary ~tatics. T-~s the resultant force is:

R= r L2 + D2

the angle a = tan-1 L/IJ

and the point of application is at a distance a from the chsen

axis as given by

H

The above determinations apply to all tests in general; those
●

a tabulated for each tail su~fa.ce, however, were obtained by sub-

tracting the forces due to the model alone from those due to model

tith fins attached.

Similarly, by deducting the moments about the C.G. with ele-

vators in neutral position, from the corresponding inorentswith

elevators set at various angles, we obtain the moments Me.-to the

cofitrolsthemselves. Since the stabilizing surfaces were smet–

I rically disposed, that is, equal fins and equal cont~ols in both

. longitudinal planes, arid since no cars were used in the investi-

1 gation, these moments can be taken either for rudder settings <x.

.— —
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and angles of yaw, or as elevator settings and a.r..glss of pitch.

It ~st be noted here that if the re~~tant d-c forces

were plotted relatively to the ~del at vario”ds angles of yaw, ‘we

would fi-ndthat they would desc~ibe an en-~elopewith its apex on

the axis of the airship. *

FrOm simple static considerations it is evident that the

ideal PO sttion for this apex ‘,~o~ldbe the center of buoyamcy of

the envelope of the airs-nip. This condition, hGwever, would re-

quire so rmch fin a~ea as t-orendez the airship over–stable, an

. undesirable and impractic~,ble condition since a certain amount of

instability is desired for the sake of good maneuverability.

Precision of Results.
%

The results found, even after corrected for pressure gradi-

ent, still.remain subject to a variety of er~orsj the rest con-

*
ceivable of which are the following:

(a,)

(b)

(c)

(d)

(e)

(f)

Effects due to unsteadiness and turbulence
of airs-tream in the wind tunnel.

Effects due to limited dimensions of the
airstream; in this pai”tic’~la,rcase
section of the test chambez (4 ft.
is only 64 times that of the model
(1/2 ft. dia. )

Effects of boundary walls of tunnel.

the
dia. )

Probable geometrical dissimilarity due to
greatly reduced model proportions.

Improper correction for supporting apparatus.

Doubtful mechanical similitude between model

* ‘lTheoretiscbe und Experim.entelle Untersuchwngen an Ballon Model:
lenllby Fuhrman.
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and full-scale airship in the relative xotion
of the aiz past the model and past the full-
ficaleai?sbip.

Sources of error (a.) and (c) can be correcieii for, to .a fair

degree of precision, by proper estimation of the airspeed around

the model region for any particular attitude of the model. Source

(b) comes as an effect on the wind speed.in the tunnel due to the

presence of the rradelin the channel. As an illustration of the

magnitude of this error British investi~ators have found that with

the model at 0° and 5° inciclence,for’a wind of 40 ft-/see G, the

values of V2 varied betmecn -3A ant -3Z for the lower angles,

but for the 5° angle they found it to vary as much as -3$ ‘CO-8~*

All the above mentioned errors, with the exception of the.

pressure gradient correction, even though they are of a co%mensura–. s

ble nature, are nevertheless not likely to seriously affect %%he ‘

main purpose of the investigation and are therefore considered

k

beyond the object of this zesearch.

Discl~ssion of Results.

The most important feature shown by the test on the rr~del,

without stabilizing surfaces, is the low resistance at zero angle

of yaw, namely, 51 g (1.8 OZ.), giving coefficients:

RIP A V2 = &
/

.oe2373 ~ *2
(40 X 494)2= 0.0655

c1 = 3.

/
~ = R/~ V2~3V2 = ~ .002373( .579)W3

(40 X 4.4)2 = 0.0198 ‘
454 3

.
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Full line,mrves on ;Igs. 6, 7 a~ld~ are ~~lecharacter st~c

curves fo~ the tradel~:ithou-tstabilizing surfaces; angles of yaw
4

being taken for absc:ssae, drag and lift, and moments about the

C.B. as ordinates; the foxces have “~cenplotted in ~rams as taken
. —

from actual observation, ariat-hereversing moments dezi.ved there-

from are in lb.–In. units.
*

The curves show that the drag gzadl~allyincreases from a min-

imum at O0 to 171% in 1< of yam.

The lift curve sho~s a positive inc~easiag slope up to 10° of

yaw and a decrease fimm theze on, with a probable maximum lift

somewhere between 25° and 55° Gf ya’7. The reversing moment curve .

appears to ha~e reachd its maximum value at 25u of yaw..

b

From the performance

u representing the standard

Area Group.

curve9 of this group Gf tail surfaces

area, 1507& As and 75$ As respective-

ly, we observe that the lift in all cases varies, as we may ex-

pect, with the area of the tail units, and gradually increasing

with the angle of yaw. Tail No. 2, for example, with the controls

at 30° and an angle of yal,iof 15° furr.ished as much as twice the

lift of the model alone, while the smalle~t fu~nishes only 10~

Lm at the same conditio-nso

The reversing moments are alirost straight line functionB for

tails Nbs. 1 and 3 Then the respective contr~lG are in neutral..

position; tail No. 2 of this gzGup, however, is slightly convex

— . —
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upward with a maximmn value at 1.1”of yawt

As the angle of tail settirg irmrea=es all the reversing mo-
~

ment curves become convex uFward with an ir~itial amount varying

from O to 5.S lb.-in. for the largest of the azeas; the smallest

of the three areas with controls at K!0 has, however, a double

curvature ~~ith a general slope downuard to the right, ind.ieating

that the reversing moment tends to increase with the angle of yaw’

until the eirship finally becomes ‘Dzoadstde to the wind.

The ].atter fact is xoze mident from the curves of righting

moments due to the tails. With the excep’~ioi~of tails NO~O 1 and

3 at neutral, which reach a maximm value- at 11° yaw, the general

slope of these righting moment cu.r~es is upward to the ~ight>

while that d-~ethe 75$ A6 beginG to decline at 10° yaw’ even with
.

the controls at 30°, indicating as Baid before, t“~cinadequacy of

this particular set of stabilizing surfaces.

The drag

together more

The lift

15° yaw, with

Aspect Ratio Group.

curves in this WOUP of tail Wrfaces r-in bunched _

than in any other group.

curves have likewise the smallest variation, only at

controls at 30°,tail lJo- ~ constitutes 150% of Lm~

while with contro1s in neutral the corrtributions vary from 5C to

‘759$of iJ~.

,* The rever~ing moments have tne general shape, convex upward,

with maximum ‘~aluesat large angles of yaw and of co~.trol setting.

.
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The minirfium values with controls in neutral position are very much

like those for the area group, except the curve for tail No= 5
n

(the srnallest aspect ratio) ~hich a~most coincides with the curve

of reversing moments for the model alone.

From the curves of uprighting moments due to tails we observe

that tail NO. 4 (150$ Rs) is the highest of the three curvesj and

No. 5 (75%) has the lowest, never rising more than one unit above

the wment axis, while NC. 4 for the same conditions gives a ~xi-

mum effort of 4 lb.-in.

The explanation for behavior these tails is obviously

due to the fact that the surface of least aspect ratio, being .CIOS-

est to the envelope is ve~y inefficient, in the first place for

performing in an airstream which is more or less turbulent, and
.

secondly because of the well–known facts of aerodynamic effects on

surfaces of reduced aspect ratiO.*

● The reverse is true about tail No. 4, its greater aspect ratio

enabling it to extend more into the undisturbed airstream; fwrther-

wre, the center of pressure of these surfacefimay travel in such

a fashion as to favor tail No- 4 and disfavor tail No- 5-

Form GrouP-

Reference to the plots of performances for this group of s&-

bilizing surfaces, including the standard, a rectan~lar form, and

one with a balanced rudder indicates that the drags are practically.

the same as in the preceding two group s; 10@ of Dm being offered

* Wilson, ‘rAeronautics,” p- 16-

.
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n by the standard one at the greatest angles cf yar and control set-

ting, and only 50$ with the controls in neutral and 150 yaw.

FTOm the lift point of view’ the rectanc~la~ suria,ce (tail No.

8) is more efficient than either No. ,1 Or NC. 6 (balanced).

All

of NO- 6

The

mum when

curves of lateral forces slope llpvard with the exception

which declines whe~ controls are in neutral.

reversing moment on the air~hip i~ observed to be a mini–

fitted with tail No. 8 (rectangular) and in the vicinity

of 12° yaw; the other two set6 indicating a constantly increasing

reversing moment when controls are in neutral position.

The curve of restoring moment= for stabilizing surface No*8, —.-— —
is invariably htgher than either No. 1 or NO. 6, aal with the ex-

ception of a single point (30° control agd 15° yaw) at which the

curve for standard form emerges from the Test the ‘calanced rudder

type of stabilizing surface is next best to the rectanO~lar type.

Thickness Gzoup.

The curves of longitudinal and transverse forces for this group

of tail surfaces show that the drag is greatest for the thinnest

section (No. 9), and least for the thickest one (No. 2), similarly

the lateral force is greatest for the thinnest surface (No. 9)3 and

least for the medium thickness (tail surface No+ 7’).

. The reversing moment cuzves for tails Nos. 2 and 7 are very

much alike and almost parallel, while the one for tail No. 9 is in

all cases divergent and always above the other two.
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F-estoring moment c~ur~-esfor these stabilizing Eurfaces follow

the same trend as those of re~ersing moments; the thickest section,n

No - 2, being very nearly a str~~ighiline. ourve No. 7 Is slightly

curved to the right, and Ko. 9, the thinnest tail surface, is ap-

proximately 50~ more efficient than either of the other two-

The

6, ‘7and

(a)

(b)

(c)

main conclusions of the experimental data plotted in Figs.

8, for elevatozs at 1.OOmay be summarized as follows:

With the’exceptioa of the thirmest tail surface of the

thickness group, and of the balanced rudder type of tile

fom group, which mn approxmnately 59% higher than the

rest, for angles of pitr.ha’cme 10°, ali other tail units

give drags varyi% fzom 12 to 254 that of the model

alone at 0° angle of pitch, and from 50 to lC~~ that of

the model alone at 15° angle of pitch; in the whole

g~oup the g~eatest drag variance being in the neighbor-

hood of 254 the drag of the model alone.

The thirinest section of the thic-kr.essgroup (having a

surface 150~ of standard area) gives 50~ of the model

lift over that of the standard tai1 surface; the least

lift giving unit being the smallest of the area group,

75$ As, as migi~thave been expectedj (See Fig. 7).

The vital part of these experiments is clearlY illus-

trated in Fig. 8, giving the

with tail surface, and those

units themselves. In these,

ri~hting moments of model

due to the various tail

the thinnest section (15~

.
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Ast ) is 25% better ‘&an that unit of the area group of

the same surface,

The 50~ standard thickness

more efficient than that of the

R?lit ~S .Sl~ ghtly

statiard thickness of

same area up to 10° pitch, but falls beiow the latter

beyond that point.

,Conclusions,

The curves of slope of righting wment (Figs. 13, 14 and 15)

furnish a direct means of com~ring the effectiveness of the var-

ious tail units. The form group having no rational basis of com-

pari son, no attempt was made to represent these results graphi-

< tally.

With the control surfaces in neutral, for example, -these coef-

ficients indicate greater effectiveness for larger areas and great-
_-e

er aspect ratios, but the curves drop somewhat for the 150% Rs

when the control surfaces are set at 10° , presumably due to an ex-

cessive amount of turbulence generated by the elevators at high

angles. With the exception of all 15° elevator curves which are

more or less erratic, those for the area group a~e nearly straight

line functions of the area, the aspect ratio ones have the same

property for low elevator angles, and the thickness group indicates

best effectiveness for the 50% T~.

Figs- 16,=17, 18 and 19, representing collectively Figs. 6 h.

8C inclusive, give lift, drag and

tail surfaces for the same angle
.

moment curves

(P = 100) of

for each group of

elevator setting,
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BIBLIOGRAPHY OF PF2ZVIOUS INVESTIGATIONS

01:LIGETER-THA?N-AIR CRAFTS.

The most important investigations carried by different author-

ities, taken in chronological ordez, have been as follows:

1903 – ‘1The Effects of Atmospk.eric Pressure on the Surfaces of

Moving’ Envelop es=tl The results of these experiments

were carried out by the Italians, Finzi and Soldati, in

an attempt to discover the form of the solid of revolu-

tion which would offer the least resistance to rmtion

and also to ascertain the effect of atmospheric pressure

on various madels; they were published in 1903.

1904 - llTheDynamios of Diri.giblesl[was originated by Col. Renard

“u
in 1904 who created the first theo~y of stability of

airships.

1904 - CO1. CTOCCO seems to have been attributed the privilege

to “bringing the airship to a stage of maturity. ll This he

1907 accoinplished in various ~blicatio.ns of the ‘fBollettino

dells Societa Aeronautic Italianaj[tparticularly those

April and June 1907.

of

has

foT

1907 - Some work on

%0 been done by

date in hi6 early

the resistance of bodies of revolution has

M. Eiffel in his own laboratory and published

publications=
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. 1910 - Th@ most exhaustive work on the subject, however, has been

to contributed by George Fuhrman of the G8ttingen University

1911 in the famous llThcoretischeund Experimentelle UntersuchWgen

(2)

(3)

an Ba.llonl!odellen.1’ In this investigation he carried his

experiments on very thin, electrolytically deposited shells

of various streamline forms. On these madels the normal dy-

namic pressure on various points of the envelope was deter–

mined by means of fine perforatio-ns, one of them being open

at a time. The integration of the horizontal components

from the pressure distribution curve thus obtained enabled

him to obtain the form resistance, which, when deducted fTOWI

the total resistance measured by the balance, gave him the

surface friction of the mode~.

Other books and publications

Briti~h Advisory Committee

I have freely consulted are:

for Aeronautics Reports and

Memoranda, Nos. 361, 102, 307 and 623.

National Advisory Committee for Aeronautics Reports:

No. 133 – “The Tail Plane,” by Max U. Munk; No. 136 –

llDampin& Coefficient due to Tail 8urfaces,[1Chu-h’amer;

NO. 138 – “The Drag of “C’[Class Airships,[’ Z-, Smith-Hill.

N.A.C.A- Technical Notes Nos. 104, 105 aad 106, on

Aerodynamic Forces, by Munk. N.A.C.A. Technical Note No. 63,

by Nobile on Limits of Useful Load of Airships.
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(4)

.

(5)

(6)

(7)

(8)

(9)

(lo)

Q. (11)

>b- (12)

(13)

(14)

Hunsaker: “Wind Tunnel Expe~iments[l and ‘~Dynainical Sta-

bility. ‘l Smithsofiianliiscellaneous goIleciion, VO1. 62,

No. 4.

Bryan: “Stabilitv in Aviation. If.

‘Fiislon: “Aeronautics.l’

Lamb: “Hydrodynamics. 11

Brauzzi.: ‘Gours dlAeronautique Generale. lt

Bair~tow: lrApp~i@ Aerodynamics-’!

Bianchi: “Dinamica del Dirigible.’]

U.S.N. Aeronautical Reports (Construction and Repair)

Nos. 194, 150 and 161.

“La Technique Aeronautique,i’ June, 1911.

“Mctorluftsc’M_ff–Studiengesellsch=t, fl1~.nfterBand,

1911-1912.

lrMaximnnLimit of Useful Load of Airships,’t by Col. CrOccO

(“Rendiconti dell’ Istituto S’perimentalle Aeronautico,’l

Roma, September, 1920);

.

—
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Angle of yaw

Drag DI

Drag D2

Ibdel Drag

Balance Drag

Correct Dm

Front RI

Front R2b

Front Lift,

Rear RI

k
Rear Rz

Rear LiftQ

Total Lift

Moment (g-cm)

.

.

Data on Model Alone.

Airspeed 40 M.P.H.

TABLE 111.

00

73

143

‘’70

19

51

97

94

-3

95

105

10

7

-465

Measu~ed Forcefiin Grams

5°
‘82

153

71

18

53

76

136

60

60

14

-46

14

-f-4385

100
59

142

83

17

66

57

200

143

132

80

-53

91

+8418

15°
78

183

105

16

89

45

225

180

86

50

=36

144

+9823

Vornentsare taken about center of buoyancy assumed coincident

.riththe center of volume, and determined by the expression:

M=DIz+

where X = 1.348

y = 1.159

and ‘ z = 2.000

(See Fig.

Rlx _ Riy

cos a

cos a

si-na .

4) .
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. .

,
J.. ~vators .in.N6utral Poflition—.

Table of Longitudinal Forcee (grams)

TABLE IV.

Forces on Area Group Aspect Ratio GroupAngle
of
yam

o

1:
15

Model
alone

150$lmff ~“ 75% / Rs 75$As

50

R
131

51 5454 z
81

117

53
77

115 115

Lat ral Forces in Grams

I o I o I o
6: 58 27 63

0
49

155
268

0

1:
15

8
26

114
217

130 157 127 130
248 296 224 248

Table of Moments about C.B. (lb.in.)

-*41 O*OO
3.78 2.51
7.28 4.80
8,48 6.76

0.00 0.00
1.80 3.12
3.40 5.29
3.25 6.92

0.00 0.34
2.51 3.28
4.80 7.38
6.76 7*33

o
5

O*OO
2.68
4.35
4,41

10
+“ 15

Table of Moments Due to Tails (lb.in.)

00-41 00.41 00 ● 41 00.41
-1.27 -1.98 -0.66
-2.48 –3.88 -1.99
_l*7~> -5.23 -1.56

00 ● ?=1
-1.27
–2.48
-1.72

00.75
● 50

– .10
-1.15

00.41
-1.10
–2.93
-4.07

0
5

10
15

.

.

— —
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x
Elevators in Nmtral Po8ition

Table of LOngitidina~. Forces (gra~s)

T~L~ lV (cont.)

.—

01
5

10
● 15

7 0- 11 -4
14 63 63 30
91 130 126 132

144 248 158 280

Table of Momeiltsabout C.B.

157 142
2S6 313

(lb.in.)

124

Angle Nodel ~o~m ~rcnlp Thickness Group
of alone Rlld–
yaw Fs ~ ,~~~ Rectan– TsT 5~~

ml ● gular
— I J

o
5

10
15

0
& 5

10
15

0
5

10
15

~~ I 57 54 58
50 [ :; 57 50 61
72

I
‘16 77 72

115 ll& 112 115 18m5

Lateral Forces in Grams

%
95
157

–5
67

178
322

-.41 I 0.00 I 0.13 I -.12 I 0.00 I 2.14 I -.18
3.78 2.51 1.80 2.46 1;80 2.99 1.64
7.28 4,80 4.35 4.69 3.40 4.16 1*17
8.48 , 6.76 7.56 4.33 3.25 3.73 ~ 1.28

Table of Moments Due to Tails (lb.in.)

00.41 00.41
-1.27
-2 ● 48
-1.72

00*54 00.29 00 ● 41
-1.S8 -1.32 -1.98
-2.93 -2 ● 59 -3.88
- .92 -4.15 -5.23

2.55
-.79
-3-.12
-4.?5.

00.23
-2.14
–6.11
-? .20

——
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x EIevato~s Set at 10°

Table of Lor.gitodinal Fo~ces (grams)

TABLE v.

Angle Model Forces on Area Group Aspect Ratio Group
of alone
yaw As 15qo I 75$ Rs 75$ 15@

t
o
5

10
15

0
5

10
15

4

0

1:
L 15

0
5

10
15

52 57 67 54 5?
66 ?5 63 66

% 91 101 85 . 91
91 155 ~ 168 140 155

Table of Lateral Forces (grams)

7 30 35 30
14 59 % 75
91 137 205 127 1%

144 323 359 248 I 323

Table of Moments about C*B. (lb.in.)

–.41 -.92 -1.47 O*54 –.92
3.78 1-27 0.13 2.34 1.27
7.28 2.89 0.80 3.92 2.89
8.48 1.88 -1 ● 09 4.’?6

I
1.88

54
66
93

126

32
78

159
265

Table of Moments Due to Tails (lb.in.j

–1 .03
1.48
3.11
3.94

-. .51 -1.06 I-O*95 – ●51
–2 .51 –3.65 -1.44 -2.51
-4*39 –6.48 -3.36 -.4.39
-6.60 –9 .57 –3.72 –6.60

- .62
–2 ● 30
-4.17
–4. 54

59
68
93

141

58
93

180
318

-1.11
0.85
1.81

- .19

.70
-2.93
-5.4?
-8,67
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E7,evators Set at lCOw

Table of Longitudina~. Fsrces (grams)

TABLE V (Cont.)

o
5

10
15

52 1571 60 \ 63 I 6’? ! 62 I 65
54
67

-91

66 65 73 75 73 74
91 ~1 ~g 101. 96 114

155 [ 233 1-42 168 [ 150 188

0 I 7
5.”14

10 91
15 I

14.4

T~ble.of la:mal Forces (:grams}

30 31 45 48
59 64 107 91.

137 154 185 205
323 323 583 355

o“

1:
.L 15

-.41
3.79
7.28
8.48

0 1- .51
-2.51

1: -4.39
15 I-6.M

34
102
202
344

Table of Moments about C.B. (lb.in.)

-,92 -1.61 -1.85

F

1.47 ‘–2=00
1.27 0.33 - .08 0.13 - .08
2.89 1.83 1.66

1

0.80 O*66
1.88 2.72 , O*51 1.09 0.59

Table of Moments Due to Tails (Ib.in.)

-< 51 -1.20 –1.44

1

1-s06 -1.59
-2.51 -3.45 –3.86 3.C5 -3.86
–4*39 -5.45 –5.62 6.48 -6.62
-6.60 -5.76 -7.92 9.57 -7.89

39
115
255
418

-2.62
-1.06
–1.74
-3.07

–2.21
-4-84
-9.02
11.55

‘
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EZeVatOT6 Set at 20°
%’

Table of Longi Ludinaz Forces (grams)

TABLE VI.

Angle Mod el Forces on Area Group }Lspect Ratio Group
of alone
yaw As z5’~ ?5$ / Rs 75$ 150$

I1 ,
0
5

10
15

0
5

10
15

..

0
5

10
15L

o

1:
15

52
54
67
91

7
14
91

144

-*41
3.?8
7.28
8.48

58 73 58 ‘
$39 87 59 ;;
96 q,ag 91 95
14’? 204 129 147

TabI~ of Le.tera.l.Fozces (grams)

56 ‘ 105 i 45
101 162 7.03
170 ~ 248 164
338 ; 330 274

/

56
103
170
338

Table of Moments about C.B. (lb.ir..)

-1.72 -4.2Q -1.58
- ●34 -3.17 1.28
1.62 -2.13 2.86
1.98 -3.04 3.06

59
?2 -E
105 109
147 157

68 70
I-29

1:: 222
327 387

-1.72 -2.76
- .34 0.03
1.62 1.44
1,98 2.07

rabl.eof Moments Due to Tails (lb-in.)

-I*31
-4.12
–5.66
-6.50

-3*79 -1.17
–6.95 -2 *50
-9041 -4.42
-11*52 –5.42

-1.31
-4.22
-5.66
–6.50

-2.35
-3.75
-.5.84
-6.41

-3*73
- ●95
- .20
- .85

-3.32
–4.73
-7-48
-9 ● 33

.
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43

o 52
54

1: 67
15 91

0
5

10
15

0

1:
15

0
5

10
15

7
14
91

144

_*’Ll
3.78
7.28
8.4$3

Table of Lateral

56 29
101 99
170 ‘~Q7
338 534

Te.bleof

_l.7~
- *34
1.62
1.98

Table @f

Forces ( grams)

83 105 78
143 162 124
233 248 261
370 390 404

Moments about C.B. (lb.in.j

-4.66
–2 ● 01
0.14
0.51

Moments

-1.31 -4.25
-4.12 –5.79
-5.66 -7.14
-6.50 -7.97

–3.81
–1.91
-0.76
-0.51

Due to

-3.40
-5.69
–8 .04
–8.99

’71
91

136
221

110
182
309
514

-4.20 -3-66 -5.15
-3*17 -2 ● 55 -4.68
-2.13 -1.98 -5.01
-3.04 –1.61 –7.24

Tails (lb.in.)

-3.79 1 -3-25
-6.95 -6.33
-9-41

I
-9.26

-11.52 -10.09

–4.74
-8.46
-12.29
-15.72
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Elevators set at 30°

Table of Longi tvdi~w.1For;es (grams)

TJ2LE VII.

Angle Model Forces o~ Area Gro-dp I Aspect Ratio Group
of alone
yaw As ~ ;5G$- 75% Rs

o
5

10
15

0
5

10
15

0
5

10
15

0

1:
15

-U*41
3.78
7.28
8.48

I 67 f 84 I 56 ] 67
91 :1-02 73 91

lag 7.41 100 129
194 220 143 ‘ 194

Table of Lateral Forces (grams)

?5$

74
86

122
177

15$

77
93

130
183

106 I 77 I 71. I 1G6 I 63 I 61

15’7 1’78 102 157
22’7 288 172 227
373 438 284 573

T5.bleo

-3.75
–2.29
–2 ● 03
-z ● 39

Moments about C.B. (lb.in.)

-5.74 –1 *13 -3.75
–4.66 - .67 –2.29
_4,36 1.68 –2 .03
–5.63 2,91 –3.39

137 169
220 274
374 403

-3.92
_~ ● 49
o=~g
1.02

Table of Mbments due to Tails (lb.in.)

-3.34 I -5*33 -0.78 -3*34
-6.07 –s.44 -4.45 -6.07
-9 ● 31 -11.64 –5.60 -9431

-11.S7 1-14.11 -5.57 -11.87

-3=51
~5.27
-6.99
–7 .46

–3.84
–3.60
–2.37
-3.47

–3.43
-7.38
–9*65

-11.95

●

.
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* Eleva.to~fiSet at 3C0_ ———

Table of Longitv-dinal Forces (grams)

TABLE VII (Cont.)

.

Angle Model TOrm GTGUp
of alone
yaw

,~ ‘::%:-! I{ I I

0
5

10
15

0
5

10
15

0
5

10
15

0
5

3.0
15

52
54
67
91

‘7
14
91

144

-0.41
3.’78
‘7.28
8.48

67 73
91 ~ 91
129

i
q~o

134 157

Table of Lateral

106 84
157 146
227 237
3’73 365

Table of Moments

-3.75 ‘–4.29
-2.29 -2.72
–2.03 - :63
–3.39 –1.51

Table of 3!oinents

76
88

119
1’?5

48

Thicknes~ Group

Ts Sqo 12$

84 86 80
102 1.11 108
141, 158 164
220 223 262

Forces (grams)

77
17$3
288
438

about C.B. (Ib.in.)

-Z!C.B7 -5.74
-2 e59 -4.66
-2.12 –4.36
-2.12 -5.63

324
202
316
484

119
232
377
540

–6.45 –2.2’2
–5.93 -6,90
–5.79 .–7.53
–6.28 -9.60

Due to Tails (lb.in.)

–3.34 –3.88 -4.46 -5.33
–6.07 -6,50 -6.35 -8.44
-9.31 _7w9~ -9*4O -11.64

–11.87 -9 ● 99 -10.60 -14.11

–6.04

I

–2-31
–9.71 -10.68

-13-07 +14.81
–14.76 -18.08
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Slope of Ri~htinv Eemewt CqTes

r

Tail Unit O“ yaw

Stand. R~ –.41
150$ “3—ba
?5$ –.46

Rectang. _*43
BaI . Rud. –.23
F~ –.38

~“——

5 Yaw ;13° Yaw
i

–..!gJ~ –.36
-.30

I
PD—-U

–=45 ‘“3-*3
i

-.41 I –.36
-.65 –.33
-.36 –.16

-.Q -.35
“7’-*a -.4a

_.q~* -.15

-.33 -.12
-.22 –.10
-.11 +.13

●

49

15° lZav GTQ’Jp Remarks

-7-.6 Min. at 12.50
+.2.5 Area NO minimum
-.10 No minimum

‘2-.. Hin. at 12.5°
+-51 Asp. Rat. No minimum
+.10 Min. at 12.5°

-.31 ‘ IJoqinimum
-*E5 Form No minimum
+.31 Min. at 12°

.+.23 Min. at 12.&
+.26 Thicknes8 MI~. ~k ~i:~”
-.20 Max. at 11.5°
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Tail Unit 10° Yav

1~~ As -.29
As -*3G
75$ Ag -.32

R~ –.39
350~ -.q~

%?5, –.42

Rectang. -.33
Bal. Rud. --35
F~ ‘8—-”

T~ -.48
.

504 –.44
12&% –.31

-’*37
I –.12

-*3O I -.22
I

-.25 0
-.36 -.09
-.36 j -.~G

-.28 -.12
–<28 –+21
-*33 –.11

-.04 I +.20
_.~5 +.08
-.20 –.03

15° Yaw

+.57
+*35

-.03

.-.66
+.37
o

+ .48
-.05
-1-.47

+.25
-I-.48

+.09

I

O at 9°+

Area O at 11°
No minimum

O at 10.5°
Asp. Rat. O at 11:

0at15

Min. at 11°
Form No minimum

Min. at 11.5°
,

Min. at 5.5°
Thickness Min. at 9°+

Min. at 12°
i
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Fig, 3 Experiments on the Zeppelin L-33
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Fig. 4 General arrangement of apparatus
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Force diagram
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