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Envelope or Hull Length, Ft,

Maximum Diameter of Hull, F¢,

Lull Tinenecs Rctlo

Airship Turning Kadius, Ft,

Turning Paremetoer

iynanio Center of Hull

Conter of Buoy.ncy of Rull

Volume of iiall, ¥t3

Tot.1l Tnil Area (Bxposed Tail Ares + Hull Aren Included
between Opposite Fina), Ft2

Airship Teil loment Arm, Distunce between C,B, (or D,C,)
ard Flap Hinge Line, F%,

Freestream Valuolty Ft/Seo

Mies Usnsity of Air Lb Soe?/Ft4

Dynnr-ic Pressure, /0/2 VZ’ Lbs/th
Pitchinr Volooity, Rad/Sec

Yawing Velocity, rad/Sec

Angular Velocity, Rad/Sec

Augle of Attaci, Deg, or Redians

Auple of Attack at C,B,, Deg, or Rad,

Yaw Angle, veg, or Rudians

tate of Chense of Angle of Attack, I{ad/Sac
Ar;iler Accelera%ion, P.ad/soc2

Tail Dihedral Angle, Deg, or Rad,

" Non-Dimensionul Angular Velocity, %!:

Lift Due to Pitohing Velooity, Lbs/Rad/Seo
Kotary Lift or Lift Lamping Jerivative, Per ilad,

Fotury Lif% or Sideforce Derivative, Per {ad,
n/ "1/3 )

Y »

R

Lift-3lope of lsolated Tail, Per Rad

Per Rad/Seo

Xotury Piltching Moment o NDerping Nowent in Pitch
Jerivative, Fur Kad,

Rotary Pitohing or Yawing Moment Derivative, Per Rad
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The prediotability of airship etability und flying ocharactsristios
{8 nighly dependent upon the oorntribution of the rotwary lu‘t,‘
sideforvo, pitchiny roren., urd yuwing morons derivetives, .nese
derivitives, also roferred to ns the damping voefficients, are due
to the pituhing or yawing velocity of the uirship, S$inoce recent
L28%s on & non=rigiy airship (referonces 1 and 2) indioated sore
discrepancy batwsen thase messured valuee and those values used in

‘vreaent nirahip analyses, & limited technisal review and annlysis

of availrtle duta on rotary derivatives for uirshiips has been
performed und & modified method for ietermining suoh derivnlives
for use in predieting the statility and flying oharaoteristios of
airuhips ia preaented, Thia study has been performed under Dureau

of Nawal Woapons Contract NOw 60=02290,

The only rodern tests performed to obtain airsilp rotary cerivaiives
aro repor:od in References 1 and 2 and were corducted in 19.3«17 4,
All other tests of suuh & nAtUurg were uoohivucted in the approximste
sariod batween 1915 apd 1935, Thare were ['uur experimentsl mothods
utilized %o obtain the rotary deriveiivea for airrhips 4in the past
and they are '

(1) <he merodyuamio vseillulor in a wind tumel

}23 ocurved or bowed mouels in & wind tunnel

3) models rotrted uvn & whirling srm in o curved channsl
(4) fullesosnle turning trials of nirships

The mjority of test duta oonoerning rotery derivatives wers obtained
with the nerodynamio oscillator and primarily by British tests on
wodels of rigid airships prier to 1930, 7There are four teats utilising

ourved rodela for which data are avallable and only two tests, other than
the reocent tesls of Refevnces 1 anu 2, whioh utiliged tho whirling arm

technique, 34inoe the deriwetion of rotary effeots by utilisation of
full=sounle airship turning triale 1» mainly & correlating procese and
not an experimental reasurement of any rotary derivative itself it is
not canaidered of prire importance in this study,

In zeneral the correlation and ocorparison of all the available test
deta is not comsidered as ood as it ocould be, The data in very
limited in ita soope ap to the effeots of vnriuvus parameters (suoh

ae hull fineness ratio, tail size, and tail romont urm) on the rotary
derivntives, In anddition mioh of ths data for similar puraneters show
cui.8idorable scutter which may be due to experimental errora or inter-
aretation of the data, iuring this study it beoame epparent that all
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of tha various test mothods have thelr limitrtiors but that the
ourved model ar whirling erm tests yield the most reliable and
consistent results and data obtajlned from these testa ars more -
favored than the serodynamic oscillator experiments, Since approxi-
mately 70 percent of the data is of this latter type, which only
provides uirect measurement of the damping moment and not damping
forcos, it irrwuiately is evident that insuffioient reliadble data

of much olgnificance in the seops of the various parameters is
available far presonting a completely justifiable and finul method
for predicting the rotury derivutives for airships,

Nowever, within tihe time allotted by the present contruct an analysis
of the availulle data huu been perfa'med and & means of medioting :
the rotary dJderivutives nas besn evolved forr emall disturdances o
for maueuvers which Jdo not oxceed ungles of attack and angular
velooities beyord winloh the rotary derivatives are rnon=linear, The
mothod proaented is brased on the nssunption that the conatribution

of the hull and tail to the rotary effoots osn be individually added
and that the effects of ths car and othar appendaged are emmll or
Lugligible, 7ine prediction of the deriwmtives is a mixture of
tagorotictl &ud smpliridal densiderantions apd available test data,

ihe significunt rotary durivetive Jduta are presented in Figures 5,
6 n1d 7, of this repart, A oowpurison ls wade in the report of the
differences in the rotary l1ift and pitohing moment as predioted by
the method presented in this repart and as eetimmted in Reference 22
for the 2= alrship, Thete are cignifiocant differences in the
rotary 141t and especially the maneat, The vvaluutions point out
the need for furiher offort to be expendsd {0 amalyse and correlate
existing data anu Lhe reyuirement for more systemtie experimental
data in order to establish trends in the derivatives due to the many
vurisble paramvters, A bLriel disoussion of the type of tests required
ds given in Lestion VIZ of this repors,

«he rothoa procunted in this report is belloved to be nore rigorous
than thut pruvicusly utilizeu far modern ncuerigid airships but with
addivional offort and/or mcquisition of mere data the aoowracy could
to much etw.uoced,
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As & result of uny incidental disturbance, an airship will always
experience o course deviution involving esoh degree of freedon in

the plane of the disturvance, Iu any plame, the wirship is free to
tronslave Lotu efially and iransversely and to rotate about & norml
axis, The uitack mngle set up Ly the initial disturbance produces &
morent waloh lnitiates wn angular velooity, which inoresses the attack
ongle further aud which is resisted culy by a damping moment due to
reu.tion, In Addition, & transverse [orce due Lo the attaok angle
whioh 18 sugmenteu by & ummplng foruve due %o rotuvion causes a
transverse velocity whioch reduces the attaok angle, Also the resulting
drag lucrease uue to both the atuack angle and the rotation reduces
tho wirspesd, I the airship is dynumioally atable, the overall
ofrect of these motions i that the uttack angle 48 reduced to sero
mou tie airship tkkeu a new course whose dircotion makes an angle with
the arigiual course, Heetilinear dynamio stability is defined as the
quality of the airship which causss ths angular velouity and attitudd
Predulting trom an Anitial diaturdbunce of the motivn of the airship to
ducrease with time without beoelfit of ountrol wajustwent and with
relatively amall consequent course devistion, curvilinear dynamie
laveral stability of am airship 4s Jdelined as the quality whioh eauses
vie fli;ht path resulting froh an loitisl disturbauce to approaeh
ssymptooially a oirole of definite radius, Omly rectilinear dynamio
stability is oconsidereu in this report sinos the ocurvilinear radius
approached asymptotically oun be infinite and it thus follows thas
rouvtilinear Jymamic sunbility always Lmplies curvilinear dynamie

SuAlility as well, although the degrea or amount of stability in each

case night be differont, The wvarious combizations of airehip recti-
linear sud ocurvilinenr ctability and ins tability are i1llustrated
grepndoally An rigure 1, cvaluation of the oriteris fws dynamio stae
bilivy, therefore, involves & study of the nature and origin of the
aerping forves and moments whiech play suoh a large pari in determining
whe flying qualities of an airehip,

voldly, 8Lalically unswetle, the airship camnot (without being steered)
medntudn {ts origiual hesding, Instead, when cisiuruved, it will take
a ourvilinear path in the plane of the disturdanve, In faot, all
airship motion 4s to sume degree ocurvilinear, Furtwermore, the dypamios
of rotion ia the sirplest possiblo whan the ourvilinesr motion is
steady; i.e,, circulsr 1light, Cotsejuently, a study of dymamics of
airship motiup ray be caonveniwntly reduced to a study of the forces
and monents and the motions experienced in ourvilinear flight, A
clear physiecal pioture of the damping foroes and moments oan be gained
by considering their origin, An airship flying on a straight course
with an attack angle \strni:htepitched flight) will experiemse the
same Attuck angle at every point along the length of the airship in
the same reference plene, An airship flying with a veloocity (V) in s
cirouler path of radius (P), however, haa an angular velocity (.o = g.).
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trorm the nature of the motion, it is obvious that the airehip
eaperionces a continuous chanze in the effective attack mngle along
ite len’th, Tho direction of rotion at any point on the aulhig a
aistance (v ) af't of dynamio center (U,C,) makes an angle (tan” ‘.'%.ﬁ.) ,
with the uirection of motion at the D,C, In vther words, points

on the sirship aft of the L,C, experience laryer attack angles while
nointe forward of! the D,(, experience srmller attack angles than those
experienoced a* the U,C, ‘"Tnus, the damping foroces and moments may be
aefined respectively ns the differences between the foross and moments
acting or the uirship when on & ourved course and the forces and
moments soting on the uirship when on a straight course with the
Avtack angle at the L,C, being the sume in both cases, The ratio of
the forces (F) and tho momenta (¥) due to a small angular velooity
(\*) to the vwlue of (..») whioh produces them are ecalled the rotary

. F.e o) |

liowaver, it is more convenisnt to express thete rotary derivatives in
torné of non=dleons lonal coefficfents of the type (Cp and Cy Jo
iril “

: 1/3
That {ay I" . Cp ofp ¥ ¥ = KCFW ; )q I2/3
and M - Cy Afa V'BA/_3- (_CNM gl/i q 8

)
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A,

B,

ANALY ICAL

Accurate appraisal and evaluation of airehip flying qualities is
dependent on the ability to prediot the magnitude of rotary
derivetives, The investigstion of this problem haus been undere-
takon by wirious amalytio and experimental means, FPresent day
anslytic estimatas of the forces and mowents resulting from
rotary motion of an nirehip sre based upon the assumption that _
tho rotary, effeote oan bhe ;redicted by summing up the oontribution
of ench airship component, kKarly inveatipators at first thought
that the annlysis of simple potential inviseld flow might yleld
the basis far the Jdoterninstion of the contribution.ef the hull
to the rotary deriwatives by analytiocally determining the zonal
pressure distributions in oombined flows as presented in
referunoe 3, However, on integrating these sanal pressure foroes
over the length of a hull op body of revolutics the resultamd
lateral foree and morent are sers, Conssgusttly, tha resulws

of these thecretioal amalytio procedures are useful only when
axarining ¢he eerodynanic pressured ii curvelinedr f light which
thoush not the purpote of this report do represent cue of ths moet
stringent oconditions whioh should be contemplated when estimating
ihe Slresses to be owrried by the airship hull o envelops,

The rajor effoot of rotation is to osuse an inoreass in the attaok
snzle experienced by the tail which is theoretioally equal to

l¢.0), Then, using the pertiuent statio aerodynamio oharagter-
istics of the empemnaye the inoremental 1ift whioh produses a
change in the total lift und/or pitohing & oment may be oaloulated,
Tho oflwuts of dowmwasli on the erpeurape produced Ly the generation
of circulation along the hull ic generally negleocted as are the
orfouts of the orr, the vutriggers, the propellers and other
protuberances,

The precediny disoussion indicutes that the hull contributien to
the rotary lift and moment are not readily solwable by analytical
T8 anc test duto, walor does shuw & hull soutribution, must bde
rolied apon, The rotary oconiribatiorn of the tail Joes appear to
te calculable,

PR IMENTAL W THOUS

Several experimontal techniques have been devised and used to

mensure the rotary derivatives for vehicles or bodies moving in
n fladd mediuwm, The messurement of airehip rotary derivatiives
hnve besn performed in the past by three methods, the whirling
arr,; the aerodynamic osocillator, and by ocurved or bowed models,
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In adcition, these derivetives have been deduced, but no ot directlj
measurud, Sy observations nnd data talken during full-soule turning
trinle of come airships, Sinos this lotter rethod is mot a direct
mecsuroment of the rotary effects and 1s highly dopsndent upon
si-plifiod eyu-tions of motion and other measursl parameters it is
w0t 33tiliced i thic study excent for “wo or three examples for
whlch dnte wore rsendily awvnileable,

Bach method utilized to dotormine airship rotery effects has its
linistiorns nnd rossible inaccuracles, A complete svaluation of the
theory and applicetion of each experimemtal method is beyond the scope
of thic study and “haorofore only a briel dezcription and resume of

the vurious rethods 1s oresented i this report,

1. Tha 'v‘lirl...!r Ar |1

Some of the earliest attamnts to maensurs the rotery forces and
roropvs of o cdrohip were made by the Italicns on a devioe
mown o5 4 whiriing arm L0 which a sczle nodel is mounted on
the »nd of o r~diul arm whioh is forced to turn ir & circular
orbit of lmowr redius, The theory of the whirlin; arm is
rele<ively simple, In eurly experiments the forces and moments
wore f'irst measured (either by diroct measurement or integration
of pressures) with the model mounted or tho whirling arm of
imown redius and rototed in steady circular riotion and secondly
the same modal, if possible, wes tested in & conventional wind
tun el with the attack angle at the D,C, belr s equal in both
oases, The diffaronces batween the ‘wo meusurements of the
forcez ond momemts nre thun ropresentative of the rotary effects
ol the corfliguration and cnn be expressed by the previously
dofiicd non~dirensional coefficlents, However, portiecular oare
mMSt ta exerciied when determinirg uhe differences between the
Tio rersarements i orler th t locel verintions in the angle
of :t'uvw an. =loelity wra wcrountod for in the atalusis, In
tha wnlirlin: «rn expsrinonts reported in Rufarsncos 1 and 2 a
ciltorexrt approach was atilized based on nore rodern techniques,
Tne whirling arm was ermployed to obtain both the static and
rotury elfects of the ulrship configurations, This concept
corsistz =f testing the .wuel mountead at various radirl dietanger
fromi the center ol %t.w whirliiz; »rm w.ioh essentially ise
Sogcc b vl W rrreaver i, Jolont for «orange of turning
radli und angular velocities, Uatn obtained in this mamar vas
linsurly intorpolnted to zero turninz reilus or angular velooity
for detorminetion of the statio dorivntives, and the rotery 1ift
and movien® Slope #t or near zero unguler velocity could be
obt. fned by »lotting the date against the non-dimersionalized
eneuler velocity, Thnis method which elimimetes the need for

T

simenn,.  BestAvailable Coj:.
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determiring ‘ne eteiic derivatives from tests in & conventional
wid tuanel wiloh could result in differences due to turbulernce,
ieyrolds number, ture correctlons and other such effects appcars
to ve more rellabls than the early tests which were usually
con.uucted wiLi one rodel location on the radiul arm (i,0, ONG
vulue of iturning radius wuG angulur volocity),

iio.over, the wairling arm technique for obtaining rotary (or
stutic deriwitives) is subject to inaccurecies inherenmt in

the system, u8 in any system, which may or may not be corrected
for ir the data obitainea, One of the major diffioulties in the
whirling arm tecimique is the fuct thut the model is rotated
thru 1ts own wake aund the velooity and flow over tho model is
distorted until the patterns are yuite uncertuain und are not
representutive of free-stream oiroular flight, This together
with the difficulties in oorreoting for the centrifugal effects
on the i~odel, its balance system and instrumemtation introduces
errors which mey be quite large when compared vwith the
qukntitiss being measured,

Tho aerocyramic Qscillator

Tno principle or the verodynamic oscillater is well imown and
used extensively in the experimental determination of airplane
rotary or damping effects, In this system & model ies allowed
4o vsciliate about un axis thru its center of mass by a device
windeh supports the model at 4 piven attitude in a oonventional
wind tuccl wnd alluws only ono degroe ol freedom with a notion
which 45 elveiionlly rostoring, @ith the model urtificially
¢nllazted ond laf™ oo oociiisto with the taunel on, the rate

i Joeay of Lhe rig iltr rrplitude is neasurod, The theory
adorl, iy nne evelarblion of the experiment assumes that the
wovroudy raie olanh L. Ol curmoonant which 1s proportlionsal to
she uhosun Angle (@) nond tho sguare of the spumd (v), whereas
Lhe otiwr 1o roportic .al to Lhe product ol the unpgular veloclty
LUorothLoon () wad the szeed 1wselfy wnlle the whole must
0wl the somont o iror+ia (1) times the rugular acceleration
(& aa vho c:iesion & omoir o momont () of the wpperutu#, in
Gt Of nen=cinensloat s voelr lelunte, T.as cul Lo sxpresiec asy

1—. 1/3 k4 . " .. .
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Then, by opeerving the logarithmic decrement Iu, we may solve for
CM&J by the expression

21 1~ Mp
CH/“L) - -‘EVj__
( v )q ¥
may be determined by a repeat experiment wherein the model is

oscillated with zero wind tunnel velocity. In addition the rotary
effects of the apparatus usually must be determined and subtracted
as a tare value by oscillating the apparatus alone at the same tunnel
velocities. As the model is restrained to one degree of freedom the
rotary force coefficients (Cy 6 and Cxw) can not be measured and this
constitutes a major shortcoming of the method, There are basic aero-
dynamic errors associated with the oscillation method of determing
the rotary moment coefficisnts, The first stems from the definition
of a rotary moment as the moment dus to rate of rotation (@) with

the attack angle (a) remaining constant. In the oacillagion axperi-
ments however, (a) does not remain constant, In fact —p- = W

Consequently the rotary moment coefficient is proportional to the
logarithmic decrement only so long as it does mot depend on the attack
angle, A Second error arises from the cyolic variation of the angu-
lar accrleration. These variations intootiuce accelerations in the
airstream which has the effect of a variable additional moment of in-
ertia. As a result of thess errors, the oscillation method can yleld

satisfactory rotary derivative values only when the model oscillates slow-

1y and with small amplitudes sbout the zero attack angle., Other poss-
ible sources of error stem from a possible time lag in the tail con~
tribution, and as noted in recent airplane tests the possibility (as
noted above) of variations in the magnitudes of the rotary effects
with the frequency of the oscillation. It is also to be understood
that this rotary moment determined from the oscillator includes the
effacts of CMy Wwhilch accounts for time-lag effect of pressuresdue

. to sudden at“ack angle changes which in the case of a bare hull may

3

be mmall or negligible but the tail contributidn 4o CMs is the pre-
vously noted ime lagz in tal) contribution or downwash lag emd might
be significant. In the present analysis no allcupt 13 mald I sepai—
ate Cy,,, and CMs and it is assumed that the effects of CN; are negli-
gible 8’12 that thay are included in the total derivative,

Curved or Bowed Model Technigues

The measuremsnt of aerodynamic paramsters in curvilincar flight by
the method of curved or bowed models in a conventional wind tunnel
was independently derived by several people during the late 1920's and
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early 1930's. Refsrence / prescnts some of the data obtained in
Germany from an experiment on a 1/75-scale curved moisl of the LZ-
126 airship (U.5S. lLos Angeles), Refersnces 5 and 6 derive the
theory of curved models and present the results of an experiment
conducted on 1/64.64=scale nmodels of the non-rigid V-2 airship.
Ano'her derivation of the bowsd model theory is given in .tefer=nce 7
alons 'Ath data obtained on two curved models of the "Shenandoah"
rigid airshin.

The derivation of the theory and equations for bowed models is ade-
cuately reported in the ahove referencss and will not be raprated
in this report. In resume, however, the following discussion 1s
prescented, The rlemnant.l or zonal forces experienced by an airship
in eurvilinear flight ure dependent on the local attack angles, the
local surface areuc, and the local velocities, The continuous
chance in the local a*tack angles and velocities axperienced along
the length of an airship in curved flisht may be simulated by the
use of a curved or "bowed” model held in a straight airstream. The
two conditions which define the equation of the bowed axis are the
corformed transformation of all the local attack angles and the con-
servation of all the local axial lengths,

As derived in References 5 and 7 the resultant equation for the bow=
ed axis of. an airship represents a hyperbolic curve, However, Ref-
erence 8 reports the test reswits of a model airship constructed with
a circulal arc as the axis und Reference 9 states that the difference
in the model ordinates involved would have been smaller than the
tolerances which would be obtainable during manufacture, The use of
a circular arc model would allow possible savings in construction
cosbe -nd tims,

In order to obtain accurate similitude between the curved model tests
and actual curvilinear flight thelocal velocity variations must be
duplicated. The local velocities sxperienced by an airship in cir-
cular turning are proportional to the patii fradius of lie suwrface dle-
ment, The stern, of course, swings on a larger radius thun the bow
and is thus sxposed to higher valocities, Consequently, a suitable
linear velocity gradient should be imposad across ths tunnsl although
sone Livestigations indicatc only small differences in some of the
rotary effects with and without velocity gradients., Now, similar to
the whirling arm experiment the forces and moments measured on the bowed
model must be subtracted from the forces and moments on a straight

conrioenTiaL 3est Available Copy
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model with the mame attlack smg1= at the dynamic center to obtain
vhe rotery foress and moments from which the non-dimensional co—
afficionts may be calcw atec.o .

However, the analogzy between the curved model and cireular flight

15 somevhat strained in some respects. On the modlel, the lengths

of “he surfaces are slichtly different on the two sides and conse—
ruently “he locel velocitiers i1l have sliphtly different mrrnitudes.
Furthermre, in curved flisht, She air in the boindary layer is sub-
Jrctad to centrifugal forees not imposed on the curved modal. The
arror. inh ,rof ucad by th-se dlasinmilarities, however, have been provern
Yy cxpariment Lo be small and therefore probably neslisible,

Ancth. = source of mo~alble arror or discrepanciles which mi~ht be
mantdiond 1s the effect of the neltinz or screens, 1sad to obtain the
dusired volocity =radlont,on *ho Surbulence of the flows This, how-
aver, iz probably smill and the values can probably be adjusted for
this discrepancy. Soma investizators have objectad to the curvad
nodel e:-:pez‘imentJ on “he baris tha* a separate curved moiel must be
oullt for =2ach twr:dns radius or anjuler velocity to bs invastizated.
However, botil Jourjienxo (.eferenca '6) and Smith (Referenca 7) have
staloed vhait thelr calculations and taests have proven that this is not
necessary and that one curvsd model is sufficlent, However, since
soma soubs still exists as to the vaulidity of sone assumtlons used
in the Reference 6 arpuments and since ths eference 7 conclusion is
vased on only two xodsls of difrsrent curvature the writer feels that
within -he :cope of this study a definite conclusion cannot be reach-
ed on tiia use of one curved mo-lel to ootain tha complote range of

Lhe rotary derivaiives for u11 vasi bles involved, although it appsars
very possibla,

Comparative aAsliao.iity and Accuracy of uvhe Various Bxperimental

detnods

This 1 swu a di-enesion and cornpirison ot aetual dats but only a
uriel lisurtallon of the methods whizh anj.ear te be most uoomusiig
Tor Lk accurate determinaiticon o rotary derivatives, The many er-
rors a1, - correctd ons which are inherent or :mst b2 nide to damping
dats oLt .1. nd oy tha sevesmamle oscillator alony wdth ity dnabllity
Lo irvectly meannrs th 1":tu1‘.,' tforcas indicatas the noed for a better
neliod o far ns alrshlec dynades are concderned, It is possible that
ilh wcern egel, s ant acvance? techiniques Lhis 7 othod nicht yield

veiueu i Lha potury -oveert yithir acceptinle acouraclies .xluno‘u,héle
‘Best Available Copy

) LONF{QENT!A L ) B




SR 288 .35 .

PREPAREC BT
IHFCRED B

Cate -QveaRer vy

QL8

1500

GOODSNEAR

AIRCRAFT

pact 11

WD

pLs NO

10051

CONFIDENTIAL

tast of an airship mod«] on preosent oscillitors would require aodel
sises raosulting in vor: low usero’mamic loads which would further
reduca the prosubhle acraracinsg,

The whirlin; ara Lociinique as uhdiized in References 1 and 2 2ppears
4

tn bo ominy betler fhur o0 e hdriis s arm tests and rnuch mors useful
ot ocenurst e Bhan the ooroimecde oselll uor. Howuve thn inharent

A Flenlties T by robtutin: the molal in 1ts o.m wali, al=
thomh rob Insuraountuhlio 8til)l rom.dins a tajor problems  Reference 2
states “hah this offact is mi.idsed dus Lo the test velocity utilize

od althoush no rroof 1 _::rv;.mmt‘:i Lhht the minlidzed o Tecls are neg-
U~ivle, The cantrifusal corrections regiired for hirlins arm tests,

espsclally whern ;pressirs mousuraments are desired; also offer diffi-
3alties in data radiec’dnn or interseat. tica not found in the othar
Lpas o7 axparimentd nebnods,

12 technique of tha bowed or curve? model to obtudn alrshir rotary
effects apprirs 40 e the :p3t promising with regard to the relizbile
ity wnl accaracy of “ie datus The model (or models) can be tested in
conventisnal wind tunnels vithout naw or spsciulized esaipment or de-
vices oin re uiret.s Jorrections to the data due to test conditions
are essantially the sy a3 used in all wind tunnel tests, for which
an extrenely large amoun: of data is now avallablo. The only extra
item that mi:ht be co:sidered is the eflect of the curvature on arny
Lunnel «nll eorrections since at anjles of attack one end of the model

wo'ill b ouch closer i the tunnel wall “hin the other end. I a
serius 55 tests or furthar siudies can Tully support the contentlons
“hat on: curved model c-n be amploy-d to invas-i:ate the vari.lion of
the rot.r sierivatives »:ith 41l its variible parsmeters the major ob-
Jeetion o i Dowed modal Lechniqiz, nusely the cost and time involw-
ed in consiructing and testing models of varying curvature, would be
removed, I{ is true, of course, that evern if only ons curved model is
necescury it LAll cost slizhiuly wore % <iezign and build compared to
a siraltht model wihich in additionr, 3hoi1ld be built and tested a“ the
Az Lo, Ak b0l Umaes of airshl sodel testing, and especially
e Loy niolel fechind jus, he securacy of the data 1s oirten dependent
apon Ve AT e e e Batween 57101 measured nmumbers, so in the testing
0f o rueved snostratcht otel wall o Lhe snse scale and Losted in
*he saer bueml 10 7 Fo0ly 1 oartint Lo reduce all extrancons effects
TR e Y e 0 i e e loment, and o el scaley.

5

In corml v dor, 40 oy 2ac L =l ler L S tern Jhiriing are tac‘uw‘ gue
wnploy e dn LeTevenca L ond 7o B nathod ol curved 'n)(‘e7 ils ed
Ve

aml reported in lalaronces 5, v, 7 .md ¢ offer the bpest mathod for ex-
periment 11y detersininig the alrship rotary derivativas.
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v ATA ANALYSIS AND REVIEW

A,

INTRODUCT ION

The three methods which have been used to experimentally deter-
mine the rotary derivitives of an airship are the aerodynamic
oscillator, the whirling arm, and curved or bowed moiels. The
majority of avallable pudlished data has been obtained by tests
with the aerodynamic oscillator with a very limited amount of
data available from whirling arm and curved model tests, Un-
fortunately, practically all modsl measurements of airship ro-
tary derivatives were condusted during thes period between 1920
and 1935 without the benefit of modern techniques and equipment
to improve the data accuracy and standards of nomenclature and
methods. It is also noted that all of the aviilable airship
rotary test data (except one test) obtained by the oscillation
technique ware derived fro: British Reports and Memorandums

'published in the period between 1918 and 1926 and were almost

exclusively for rigid airships with fineness ratios between six
and ten., During this period many of the investigators utilised
varying methods of presenting their observed or derived valuses
for the damping moment coefficient with often 1ittle or no con-
cise explanation of the varying terminology and dimensions in-
volved, In addition, many of the investigations performed with
all three techniques consisted of tests of complete models with
the consequent loss of dirsct meamremsnt of individual hull
and tall contributions.

Although a search for rotary derivative information for airships
resulted in numerous reports and data which were available to
the contractor, the large variance in the magnitude of the re-
ported or derived rotary derivatives indicated the need for a
more thorough evaluation of these values, About ten (10) Yoars
ago Goodyear Aircraft personnel initiated a preliminary corre-
lation of available airship rotary derivative informatitn and
some data have been gleaned from these efforts, However, since
only one osr twC pl2i3 2f theas Aeta or ~orrelatine naramstaers
are available without detailed calculations or explanations of
the method and values used this data is only utilized when ab-
solutely necessary.

Therafore, since much of the available data showed much scatter

and some doubt existed as to its applicability, a complete re-
evaluation of the data given in the various reports, including
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itaferences 1 and 2, was initiated. One of the basic reasons for
this re—cvaluation was the form in which many of the rotary deri-
vatives have been expressed. For example, the rotary lift.slope

has been express=d as 2 numericsl value over the vslocity (i.e.

CL. = 100/V) with a dimenszional value of the slops per rad/sec.

This is not a nor~iimansionil form znd is mot conolstent with pros-
ent aerodynamic practice and nomenclature, In all recent airship
stability analyses this form has been non-dimensicnulized by multi-
plying the value by (V/# 1/3) of the full-scale airship being analyzed.
That this relationshiy; is spparently correct can be shown as follows.
The 1if. of an airshi: due o its pitching volocity (rotary 1ift)
can be expresscd in fadliar and normal airship notation conaistent
with ctandard engincering practices as:

.-’L h c
. () = v
T Ek ' L.’,l_,‘ 9/2 (VOl)w
where:

()L 1bs sec
7)—5") = 1if't due to ritching velocity, “';;3“"
w = pitching velocity, rad/sec
ch = rotary 1ift slope, per radian
6 . = density of air, 1b sec?/rth
v = froe stream velocit:y, ft/sec

Vol w ¥ = volume of hull or envelope, ftJ

Note: Genecrally the ritching velocity is given by q, but since
the dynumic pressure (also denoted by q) is in“roduced
later, (Uis substituted at this time.

Since the standard method of non-iimensionalizing air:hip statie
aorodynaic 11t is by the volume to the two-thirds power and the

dynamle pressurc i4 is apparent that the followin;, equality exists
for the above eyuation,
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2/3
CL, 02 V@ w = oy, e/ 2 () 7 Mo

Therafore:
) © , wl/3.07 R
AL ~ ;W ; //3
G |e— -
( . Lov Vv oo K a¥ w
( 5!1,) ! 2/3
» w = c oW (73]
\ w LUJ +
where !

¢, = C
L Lw\

' 1/3
)

arnd has dimensional wits of per radian/sec.

Thercfores

v
Similarly the rotary mnTent cen ve evpressed as:
- W/3) ) el ¢ 3
\Ow)(;,) CMU) p/2 V \V‘ )UJ ( )J q¥ w

! f ¥V N =
and c = C ! , = Oy
M(I.) MUJ - I; 3 / q

Identicel r-leations also exist for the rotary sideforce coefficient
(CYI.) wnd yaAne morent (Cnr). Thase then have been the generally
acceplol wiaho Of Comy A.il 4l Lo robury Jesivalives exprossed gs a
nunaric:l vilus over Vo into a ror=dimensional rotury derivative,
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Hovaver, some of the analyses madse for this report indiecate that it
“he model rotar dabt. is expressed as a number divided by V it is
not direcily annlicibla to nther full-scale airships unless it is
first comveried < the com-lotaly nor=dimensional form by use of the
originil model ¥ /3 or bar-inz this by sons other model scale
factor which =isht b2 datarmined, Therefore in the present analysis
all rotary Zarivitivaz are oresented in, or nave bean corwvarted to,
“he coiletely non-ifmansimal~slope form from orizinal data when—
aver sufficiant dati Crom 4un partleular report were re-'ily avail-
ablﬁo

after consideranls of fort hud boen expended in the attempt to re-
2valaitz all the old reported dats 1% HYecume ovident that 4he maznd-
tude ol the task (due in prt to the lack of rexdily avallable di-
mensi>:-1 date) could not be acromplished within the scope of the
present contractur:l study, Howdver suf ficient data hac been obtain-
od to chow soms trends and to determine some correlating parameters.

The majority of the rotary derivatives obtained b7 the aerodynanmic
oscill.tor method are obtiined {roam data presented in Reference 10
throush 17. The results of whirling arm experiments are derived
from da%a given in Refersrces 1, 2, 18 and 19, The tust data of
ourved or bowo! wdels is ;iven in Reforances 4, 6, 7, 8 and 9.
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B. DISCUSSICN AND PRESIENTATION OF D'ATA

1. Hull Rotary Bffects

&o

Lift Due to Pitching or Yawing Velocity

The effesct of hull fineness ratio on the rotary 1if% and
moment due to the hull alone is given in Figure 5 and includes
all airship data which is available for the bars hull econfig-
uration. 1I% should be noted that bare hull (or hull alone)
data in the case of rigid airships often refers to the hull
with the kesl car attached. However, although this alters the
hull shape somewhat it is felt that the effect would probably
be small and negligible. It can be seen from Figure 5 that
insufficient data exists for the hull rotary 1ift or side-
force to comrletely define its most probable value and vari-
ation .idth finensss ra%lo, This is due to the fact that the
oscilla“ior techninue (which amounts to approximately 70% of
all our available data) only ylelds the rotary moment effect.
In recent airship nstimates it has generally been assumed that
the rotary 11t and side force slopes are negligible or in-
cluded in other aestimates of 1ift slope. It is evident how
ever that the value should be estimated to have a value of
about .15/rad to .2C/rud for L/D ratios between L and 6 and
might os represented by the line shown in Pigure 5., It
appears feasibls tha® the rotary 1ift or side force might

have a definite variation or increase with fineness ratio,

The rotary 1lift cocfficient for the curved model of the V=2
non-rizid airship (Ref. 6) is much higher and does not appear
consistent with the other data, meazer though it may be,

This data point was evaluated from data obtained with the
model at approdmately 9* angle of attack of the CueBiy which- -
corresponded to the attack angls at the C.B. for which the
modal was bowed, This is the proper angle at which to evaluate
the data since then the nose would be at zero angle of attack
an {e qsually »ogorded 4o curviliness aollcw with increasing
attack angle as one would move aft towards the tall. However,
evaluation of the data-at agg = 0° ylelds a C; value of ap~
proxim.tely .l% which is more in line with othef plotted data
£ Figure 5, This again reverts to the old controversy as to
what attack angls should be used when evaluating curved model
and whirling arm tests, or is the data valid for all attack-
angles, This question could not be resolved within the scope
of the present analysis and therefors the value determined at

conrFioenTiaL Best Available Copy
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w;p * 0° is also sinm in Fiure 5, Until a-ditional test data
becomes avil.able 14 ap ears that the fuired line in Figure 5
represerts the be-t value to use for the 11t or sideforce due
to pitching or yawing velocity.

Momant Due o Pitehing or Yawing Velocity

The rosary momernt daa of Figure 5 shows considerable scatter

and diffarerces for hulls of approximately ihe same {inaeness

ratio and ever the same hull tested in both pitch and yaw, Par=
ticular attentinn i: browrht Lo the differsnce in Cp, and Cnp

for the 3-22 airshi; hull (Ref. 10). The value of Cp, is almost

3 timns the vilue of Cp. and this is Lselioved due to Ehe large
triangular keel which wds pirt of the bare hull model. Attention
is also dirscted %o the dabuy obtained from tha recent whirling arm
test- performed at Stevens Institute of Technology and rsported in
isfernnces 1 and °y In the first place thu value of Cp hull is
given in Reforencay 1 as ¢ nositive valus which is con‘crg‘ryu%o all
other airship hul)l data, Therefore the sign only was arbitrarily
chan:ed o negitive 1l .hourh it 1s recoznized that the arror (if
any) in sisn may hive originated where it would alse chunge the
numerical value. This is supported soaewha® by the Cp, value
which 13 pnegative znd nunerically ruch lower dut which appears too
low basai on other dati, anovhar disputed point 1s thit shown for
the whirlini: arm “ests 'n a modal of the "Akron" airship (ileference
19). This value was determine: at p = 0*, The Cnr at y = 10°,
whicn is “he angle of attack corresponding to the whirling arm
radius used, is upyro-dimately -.14 and shows better agreemont with
othe: datue

In an attempt %o obtuin some modern rotary derivative information
from alrplanes, a report of tests conducted in the curved wind
tunnel at NaSA Langley Field, Virginia 4in 1952 was obtained (Ref-
erenco 20), In thic investigation the effaoct of various fuselages,
teil sizes and tail location on the damping moment were determined
for a family of sirplane configurations. The fuselages vere hod!ar
of revolution having circuler-arc profiles and fineness ratios of
5, 6,07, and 10, However this fuselage data which would have been
very useful due *¢ the L/D's investigzated does not agree with our
wirshic dat4 except at L/ = 10, This is no doubt due to the dif-
ferencs in shapn (cirewlar arcs V.S. ellipsoids) and sannot be util-
1zed althoush two data points for L/D = 10 are given in Piqure 5,
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One is the measured value of [Fmﬁj lage at o = O and the
the o-her value is derived from the ggf?eggnce between the com-
"2lete model valie und the fuired value of tha horizontal tall
contribuation.

Asain, the scarcity of cubstantiating data over the full range
of hull finenn:s ra'.ios makes 1v mcbranely d1°ficult to dater-
mir~ the most proh=ila vilued of Cp oT Cnp of the hull. As
mizht be expectod tha valus ol the Aotary moment coefficlents
appe.T to Increise Ath increscing L/D althourn there s22ms 2
be 1n abript upsur-: o4 /0= 2 or 10, From *he data avuiludle
4% sppears th t tha fnired curva of rotary mczent shown in
Figure 5 is the beut pst imate that can be made for the airship
hull contribution to the rotary derivative, Howsever, it should
be noted that the data is scattered and cven 1 horizont:1 line
of C, (or Cnr) « .on from 1D = I to LD = 9 misht represent the

variation of the hull rotury wouaent derivative.

2. Tail Contribution ‘o Hotafy tifects

Generallw 1% has »eer conceded in the past thit the tall contpidbution

to the airshlp rotary 1ift could be calculated with reasonable accur=
acy. However, after workin; with some of the deta it became apparent
thet there was still much %o he desired in the prodictability of the
tall rotary effects. Siree the Qeforence 1 and 7 dat: hud rotary

14t sne momnt values for sever:l types of t-11c the tall oontributions
(inciuéing the hull-t-il interflercrce) were determinod from the measur-
od dat. anc compared wiith the celeu’:zted values derived from the follow-
ing semi-theoretical esuatiors:

. Pa AN (
r Cy - ‘(‘CLu,!t S 'ty 'np
q tail v VoL
. ’ e e 2 ;
Ca ol \/ L Tty T
(voL)
where:

(C; ) » isnlated 1ift-slope of tail (Fisure 2)
La't

Sp = tgil area (ing]uqinr hull area and effent of
dihadral), Ft<
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Ky =  tsil arm, 0.8, %o flap hinge line, Ft
o

. huo1-tail force interference factor (#igura 3)
"M =  hu 2-t:il ~wnmen interfercnce factor (Figure L)

Similar ncuations were use? for Cy, and Cp  but it should be noted
that sorme of tho ahove parameters VYary for the lon~iturdinal (pitch)
and later 1 (yaw) casase The nbove equations indicate thal the

rotury 1ift and mouent are proportional to thn geonetric wantities

s Ly S by
———2 and -, respectively.
VOL voL #/3

Ther~fore the mercured slopes of 2eference 1 and 2 are plotted in
Fivure 6 agauinch th:se non~dimensisral paramaters., Also showm in
this figure is %hs ratio of the measured slopes, evaluated from
Refarcnces 1 and 2, to the calculated slopes obtuined fro— the
above equiticns., These ratios are demoted as dy for the rotary
11f¢ (or sideforee) and dp for ‘he rotary nnmen% (pitching or yaw=
ing). The orisinal inteni wus to include all of the available adr-
ship data on L. dl-coniribitiens to ro*ary offetts in such a plot
but this is not noosivle Wiliin the scope or masnitude of this comn-
tracte The mv/or raason is the lack of information in “he 0ld re-
portc of e inciuded hull arer of tha varlious models and even
readily wceas=inl: data as tn “ha tall-sizes and locations from
witich this night be es=imited, This informilion can be oltained
but not without Lhe erpen’i.uure of consideredle researcih and effort.
For ‘nose reasong only the teference 1 and 2 data are shown in
Fijure &, Falred linas are drawn throuth the varlois parametars
but 1t 1is un“ortun.te that these tests were not exactly conducted
for evaiuatinz such variatlo s, If the tests had been conducted
with 2 >roater variation irn tail size and for various hull-fineness
catlo. (variatio. oi  £ts) more exact variitions of the t:il ro-
tary derlvatives Ath the seonqtric parametsrs could be obtained,
Jame of the scatter in Fizuras 6 could probably be reduced and
batter corralatlon obtained betwesen measured and caleulated values
sy . ra~avalviiion of the hull-tall interforonce factors T)p and

Iy, ~hich 13 bayond the scope of thids evaluation. The factors
utilized in th: calculated rotary effects were obtainad from past
correl.<ions of measurad and theoretical statlc derivatives, which
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were based mainly on rizid airship data, indicate that the

ar. measured and calcul-ed rotarv effacts could be obtainad.
Some ro—-oval:i.lion ol the hull-%2il “nt,,rfnrnnc factors has been
done or. Pive 12 of Heferunce 21 but this data has not bemconpared
with o}
ment ALk othor Aab. and the vacd hle parameters rhich oxiste

However,
the ran:- or variiblsc nd only constitute a small portion of the
total iirshi» ro*acy 4 ~r-va tive inforaition it 1a 21t that a cor-
relation showin~ 411 “he informition wmuld ba battar for the asti-

tribuiisn: ini'i;-'* crorodnntoelrs 10 rears ago bt the contraclor
are sho s in Ficurs 7, 1onc owdith Yhe cirrent Reforonze 1 oond 2 datae

dafin-d as tha ratio of *he naasure? robury effect Lo thae cdaulated
or theor:tizal rot oy
plot is i~ larre if‘(‘v

A1 % or neas i ‘,.1 a2 factoras Aardve’ from “he recen’ Raefererce
Dodat, WovﬂVn", pirt of il dizerapancy may exist Jdues Lo

ture of Lhe old °V’7”"iDnF vich 290d nobt be directly ciocked
onty ths finad resxilting eurve, not Lthe e dadations, ars availe
able -n' be

ily av

emphasize’ thet the L4l duwplng T:is*ors should ba plotbed acninst
the z.omatric ritlos 1tilized An Fisure 6 rather “han the hull fine-

Gvalui:tinn of 4he ileference 1 an! 7 dat.a indic.t: tha’ for all tail
confizuritiong th: wvarace differenc: batys:n d" nd 4] from piich
date 15 nerli -ibl- (d‘&/dl = 1,00) .;nr’ from yaw dat~ is appro dmtely
108 (d./2; = 1.10), % co . perer wAth an averge da/d ratio for

the other ol! duta of a1) types of 1,45, all of the nlothed t:11 damp=
ing force fuctor: asre. fairly vell ind h.ovee a vaiue of d; ¥ 1.3C,

CONFIDENTIAL \\

tnelude 1) of the recent non-ricid airship wini tunnel re-
Spo% checks of +the applicabilisy of these past correlations,

of Figuras 3 and 4 »r2 oo low and thus betber correlation

o

har recent 2a% . and has been ugaed without proof of 1ts agrea-

sincr tha eference 1 and 2 data ara not hroad enough in

of rotarr offact-, Therefore, the correlations of tall con-
o 3

7 plots the teil damnin: Tactors, dy =» n" do, 45 a function of
1 finenese r.wdo., T duamin: Totors Vv pravionsly boen
2ffect, N sinificant i-.2m observed from this
wonte fn il s of the foren (d7) and

(d- ) "1"‘,0" Lanal from o the ald duba ! the ralatively

1

case thy o corder e s B -7'71-"*"0 viard bHlas are not read-
d3able In vt biishe? ~ororts -n?! S Ar detersinion ecould
p‘:r“or-w’ within the aninitode of “.h_.J contrante Arain 1t is

120 et as noted proviously this was nol possible at this time.
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The t:il damine moment factors plotted in Figure 7 do not show any
*eonsiatent pattarn or acrecment, It 1s the .riters opinion that
much o7 the old rot~r; momen‘ dat- odbtiined by the oscillation tech-
ninue 13 of qunstionthlae vilte or correstnass and thit tha large
dlffsr~ne~ hetwarn dn. 2hd dy ¢ nnot be satislactorily explidined or
Justifisd at this tiqe. Alloin: 500 selsht for thia dat. 4% is
estiz-ted +hry tha d, faabtsr ©-ht be e~ual %o 1,40, Thare rd-ht be
some voriztion of thi3sa factors -dth finaness ratio hut 14 commot he
azcert:ined “rom “he pressnt dat-, axcopt as an educihed Juess or
suppo:itlon, Un&il fu-thar ~7frt i+ expended on thease prodlems it
appan=s that the hast valanes Jhet can ne utilized from thils annl;rsis
for escti-atin~ ro*tary Aderivasivag nr presant dav airshins is <hat
dl = 1,30 and d» = 1,40,

3o Comuents and O9-ervations

LT 9% -~ 4 . - - - H w
de QCihor Jontritn-n 4% Ui v Porcnr and Momonts

T -
.

L Rn e Iy saan ane e St tha wobary effantes nf nirshin

v, Tatoces s ot crmas nd other apmurtentancas have little or
neetirdnlae alffant sn tha potare 1474 sidaforce, and monents,
This Bas nnt alwayae hean mbatantitad Yy morlel tests nd especi-
111y o0 in the raennt chielins asen fasis 0f Referance 1 and 2,
Thasa Yants are otaed sing: the aonfi-urations tasted am those
LT an mpdarn naneriedd airshirs hile practically 1Y osher
At i Domortelt drchios wdith much Aiffer snt car or cordola
~mfiTur . iors,  Thess ad . shaw ear eortributions o tho rotary
187t Ari~h nra opmnatit s 40 cion (Airectior) %0 ~nd alnost 70% of
th2 hll e ntrinitison, HBreever, tha 22- sontribution %0 thae ro-
Lary cidalfnrea whish af -h% Yo aopecial o br annreciable Althoush
or »-ila dn sdsn i ondyr 20 4 WE of the hull contribulion. The
Aiffanmice in c.r yuw ant lteh affect, -hich s om-ouite ®0

thnt snticinmted 4o prabibly dua Lo tha A4f%arerce in bare hull
rotor~r 1474 ond sideforea in ~i'ch the rotary 14t 15 ap rodmato
Lr 20 o= sspa cre tar then the robary sidefores evan thosich <he
ady 0 Y taly symuetrioc 1, It sho’ A almo be notoad thah the
rotar 1004 and sy foran 2airihutions 0of 0 larrs car and a
w2 e s (Bark bedad e tha samy YY) ore sbant noual.  The
PoL-r i et anc ottt ion . of Lhe agra aras too o:':":‘:.*.r': o b

‘nf’njr.l‘K“‘!:’ 1,1’,13 ‘1"‘.',"().

Amother ftem Lastod and reported in Referencas 1 and 2 was the
g8ffert, n° g larra e¢"liptic»] radome (IRG-2 type) compared to a

‘Best Available Copy
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17 vodad oo the wabtur ont owepacil iy, in tha casa of cur effacta,
novior ol oo g Yl ren [ iteh and yar dat, Therefore,
Aiven el o e Mar nea ] and D oclr oandt rodona affect diota is
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Thepaforn, sines the 4ail es-tributlon is ths proedoninunt factor

In che pradiablg of ghye eatao s Aardratives o:“ sn ade-hi iV is
vary Imort nb oo e wnle o o asecest i AN mosh ‘n‘o') ble value
winh tha mroaatast weree,s roassinla, 3iued on the il \.:mlno
frcvnri, dy onld p’ottfﬂ in Fiowes 6 7 it appaars Shab
ins a” 411 the Sai2 T4t darmd f.ctors “rom
P CLE T SRS RS I SRR :f';l!‘?’. Ticay of 25 YTactor 3o in e ocsder of
1045, It ds beliaya? s bt n doviocion adchy Lo reluced furthar

IR RO TS BUIPCN L REE e s fustor

4000 PO I V. “. d .\..,u

e

A)—lh ‘,~'n1|—n /j ,w,‘ ‘t

(’“E-') ant the s af A morenlosine oo rie o no ot Lo

PN

.

Top TN v AR a 4 et oation 2 04 sta ) of the

The ma.imws vooclrldon (escluding ohe Hetuil) in magnitude of the
tall wwient daj.ing factors, ds, in Figure 6 at the same *2il seo~

... /T tt\.

retrlc is around 25% with un approximate ave

M AN
SR ArY] wd \ -g—.._~
. '3
¥
elrfae o “li.‘.‘uiul“. L the fadreas Cine e order of W oto 15%,
e -

cdevl Lior it rlchl Se redace. by a re-eviluation ol the -”H
"‘_-r; oo Inticars 7 the varloolon in otne b4l kement dargin
L g =

4

Dot Ll onaudhotor sevess,  Che facdmun varistion, trom che assume
el .u B0 Viauw 10 ds w Ge1L, 15 slizhily over 50% with an average
Gewl Lo Ureotnloviie of upyrosimalely C0 Lo $5%.  AS noted
Goove f‘,' STl potsnly Ul roducesd soliewhat by the use of

T 7375 23 the correlatdng parametler and By the reeov luntion

of ’r"M‘, Jdso, Lae amslirlole valie of sone of the old oscillation

toch w2 Lute . creviously tien noted and parbtially allowed for

In s stsbeo d, volae bub 10 iz jpossinle that sove of this data
v s Lty Lenored o Jarc us m2Carn non-rigid sirshivs

Lol rals et even wilithi che mesnituide of the
y-r-w':.. uz-...,,-;:.;; Ui Labte wid corcelating factors nrasented in
r S 5oL 7 owo Ll wllow e preciction oif f,he rotury List and
i 5itetarde o praoenn norerici! aireni;s within 21086 or lass but
f»-’f' .“n wlicndios o0 L retury wonentc wdent oe uore ilnscrourave with
po-siole errors as nigh .o 15 or 208.  he rotary moments, it is
bullevey’, wnuld provably be overestim:ted in maynitude rather than
underestiauted,
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“Although tho present mlyaia of airahxp rotary dert.nuvel (oased

on ourrently available tast data and reports) is not oonsidered
~aufficiently conplete Lo unequivogably state Lhat 't hay have beon
‘determined, it ia felt thut with -he utilizatior of “ha dats and .
communts presented in this raport the state of the art has been
advanced and the rotary 1lift, sideforce, and moments oan bo pre=
dicted with grenter certainty than h.s pravicualy baasn accomplishe

adl

Tﬁa following method 1o prasented as t.ﬁa be'aL moans davoloped
“under the scope and maznitude of this contract, to pradioe’ the
rotary 1if%, sideforce, pitchin-, momont and ,ymd.m moent

" The ttru basic assumptions that must be concedod aret

(1) The hull and tail rotary contributions can be directly
' added- after their individual contribution is detarmined,

(2) T™e mtw sffoctn of control gars, radom and othor pro-
: tubersncos is negliiinle.

(3) The rotary 1ift and pitohin moent derivatives of the hull

are equal to the hull nwy sideforde and yawing moment
derivatives, ad aro the tail contributions except for any
'ditrarmeu in the t.otal tadl ares involved,

The first atep 1s to nscertain the eanf,ribnuon of tha hull to
" the. rotary derivaiives: This is accomplished entirely on the

“basis of the avallable experimental data and thelr variation with ’
the hull ummu rauo a8 ‘yiven in !‘.lgure 5 of this report, The . -

valuas of CL .,q for the hull or snvelops are read from the

faired aurved at tha appropriate hull fineness ratio. In this :
. diacussion 4t is understood that even though only the longitudinal
(or pitohing velocity) derivatives are stated the equality of the
directional (or yawinz velocity) derivatives inmplies. their values
are squal for the hu.l and for the tail as long as the total tall
~ areas and tall moment arms in ;itch and yaw remain the same (m— '
eluding dihodrd dfoct.s). :

comoemam i
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__Tha pradietion o!‘ *he tnil con*ribut:lon to tha rotary derihuvu
ia based on. the pravisusly detined equa tion for the theoretical
rotary effacts plus the correl:ting dumping factors given in
Fiaure 7 an beaL retimaten tnaad on available data.

The tollowins aquitions yield the row,y 141y and lommt. eonu-i- _
nut.lona of tho airnhip uu.

' c“q_ﬂ- wil &-\%b I “

S e (2 7 _

Cm tudl ™ \ l“&% % IIA_ dz

) q.,.-. - . _‘1_.“0,,).&/3 g -
whcltu

{¢g,), = luolates Ladl LiFtlope based on \ theory and
o ut oxperiment (ngn

5 = Total tall ares (including wifeot of m«m;
. and’ inoluded=hull area)d, F~

(tg - 'h.tl arm, C,B, to flap hinge linu, ft

”p - '-liu.u-hﬂ foren interference factor (Nauro 3
Ty * Hull-tai) momet ;m.orru'cn« Lactor (Figure &)
L _- - Tqi'l‘orco damping factor (Figure 7) |

d, = Tail noment dampini factor (Figure 7)

'lct.u The gensral oqun.lon moraally would have a dthdrnl
, angle function (cos<7) as an integral part of the
equation, since most modern non-rigid airships have.

~ -tall confizurations other tham the conventional crucifora

. arrangement (+), Howevar, sines the dihedral function {e -

. modifiad for an invertéd Y-tail configur tion it i: more
convenient . to include the dihedr:l corrucuon in the valus
9p ‘which also includes any variition in na':‘ed tail areas .

ad, - hich ‘might "du‘ter 1n pitch and ysw ealculat.tona.
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i
’ o b ial! ftad! wmptrinution- have b2an ob a_inpd the rdualles
‘ are atded s nat.nd in ansusption (1) ‘ . R
Ml peta »°"q Chal L, a1
L - - S e ¢ .
mq , bOtu's). _ cmq Cbhull v'q_ tnil
It is appropriut.o at this tiwe Lo wduata the results of this uthod
compara! tn Lhs Paaeibe obtained provisusly for a reart nommrigid
alrshi , Tho corparison wi:)l be porformed for Lhe ZP3=3/ airship whose \
rotary o zriva*ivu ware onbimte-' hy othar me.ns nnd prnscnmd in Ref- l
_ erance 27, : ;j
, N
A H P
| 1. Envalone or Hull ' ' 'g %3
& hefgrence °2 Predintion , ! ‘
The mtw he iy for the ZI‘G—H alrsni: 1s givon in oo
L Refwrency 22 wn Joir.“ nog) l.giblu or s.nam.-% ‘or glsg~ o
whara _ ) i :
T -
_"q hull  jer, 22 o |
b _Preaon a8 P
From Pigure 5 at a finaness r.uo (x,/b) of Lu70 we ob= ‘
1t&1n8 _ ' B
6L .
YR _.7/
o ot Gomributien ‘
. - 19 KQA ﬂl"’ncc ‘- Pl‘(’d GEO . T ' 5 l t

Tno tul cont.ribut.iun to t.ha Nury 1 dorivauve i

R L T O — e ———




S ,t.oonﬁun e
s TN R L . AIQ\ HAF T o e ' 13071 -
‘ . : . : e i
IR e —— S - g
o : ' » L CONF'I')ENTIAL b
o !
b S astorndret Lo efervuve oo fron ihe follodny equations
i e L Sy oy Ty

i - vl { v \'
t Lo sl e T gy 3 /e

vierei

~ o ot v et

(G,) = 7e7h At Aspect Ratlo = 1,67
t. . _

¢ ——

uso w- (ine uding euhodm o:raoza and hu:u)
1’19.5 Pt

i
]

Vol = i,ib5,X0 l"'t'

(420) (129.3) . P
¢ .._iﬂz‘_.%_al 1,193/rad -
g tadl ztef 1,463, S

- T Prn n 5

| R N ”rlt 7?
P .f-c"qr“*-an,. i _; 4

“here al) Vol eusapt ;‘}'-? and dy are siven praviously . ' —.
and ars obbnlnd from Piguras 3 and 7 respactively of B ’ -.

this rapor!. end nave almroximbe valugw ofl ' o

';-'p . .50 at 31/51' - .I.O' , : _' o x 7_
dp = LB WD = w0 | P

n--"-J-l 9 x1.%
L tail .1»65. . -

- 0)96‘ Xlo}o
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2, Toi:) Ronury LAfL,

paed

efar e 20 ivaes CLO)‘ . = 1.193/rad

Loll
The present an:lysis wives (CLq)f (CL )

Lobal a1l * (Ol tas1
;) = 17 + .775 = .9L5/rad

q votal

'
1

Th- Reference 72 total rotary 1ift derivative is approximate-
1y 15 pore~nt nizher ° h n this obt:ined oy the method and values
AAven in thls recort,  lowmver, lnere are some detalls which
requir: clarifiz.sior. One or these 13 the use and value of
Np. “he suthor contends that it is lmproper and wrong to esti-
mate ro.ary ={fects mqen o tha lanlated tail lif*-elope with- i

out inc.’\xrfin», “he .ku‘.,‘ +~i1 ‘interference fuctor (" p). This §
factor 1is utili:-,ed ir. ‘Hefironee 22 rfor the stuetic tall 1ift !
darivative anu tion. Thlu than, brings up the question of the :
corroct valus to be used since tefernce 22 gives p= 67 _ !

and Ficure 3 sives "o = .50. The Ralarence 22 value for - p :
is darived %eom neferance 21 data and has not been verified or ‘
corralated wiih other modern -dr ,hip data, A8 an example of ‘
possible Aiftsrencas the values of /—- in »nitch and yaw for an }
L=tail wver2 det>mined fronm ‘iefernnce 1 -mr’ 2 data to be ap-
pro<imtely 0.58 and 0,68, respectively. The two values of

2 (o0 e .5¢) wore determined from model tests conducted on
pracsicilly Zdentical full-sc-le confizurarinns of an X-tail
corti curation in ,“"'h. I values of 'p = ,A7 and .58 were
use” in tie sras:nt antlysis of the tail contribution to the
rotary 117t thay would yield (UL) .. values of 1.038/rad and -
0.90/rad, *nsr)m"ﬂul‘/ These afts 10T completely valid though !
becanse ¢nanting whe value of g would probably (if done for
all av-ilable dats) lower the value of the t2il force damping
Sweoor (dp)e IUoap,oars Sab the et errect of changes in Tp
angd dyomishl be small, altiouth this is not completely sub-
shorsdated, ang T ','!‘{::‘!:t, s1:1ysis in the case considered !
(o.=T0 Afrsta o wn b ulill result in a tot:l rotary lift i
darivative To w0 *hy o onreviasly ostimated in Reference 22,

Best Availapje Copy

CONF ENTIAL

o e e T e P,




OUE BALET - cAalt 29
L GOODSVEAR ,
SO IS SRS S S R S O AIRCRAF Y en 10061
: HRE 18 "
~ CONFIDENTIAL |

B. PRRDICTED FITCHINS M) BNT DUS ©0 pITCHINT VLoILOCITY (Rotary Moment
Darivative) .

1. Envelope or Hull

a., nefarence 2 Prediction

c - = X =y w - 19/rad i
fq bl ger, 22 v 7 /3 :

b, Present Anulysis

From Firure 5 «t L/D = 4,70 we obtain:

== - ‘ ’ ¢
Cmq hull o-o/rad !

2. Tail Contribution

a. Jefercnce 22 Prediction

2 é
Cn e e T w oy -é
"q tail Ref.22 v (Vo1) v 173

. . _ 2.25 (4330) (179.5)2
q tall Ror a- 1,465,000 (113.6)

= 1,88%/rad

b. Present inalysis

i c e
| 1'0. t &T tB ¥ .
i . o : Go

"y tail y &/3

' y =~ 40 (from Fiecura 4)

d,, = 1,60 (Frem Figure 7 or this texh)
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| o 2,25 (4330) (179.5)" (.40) 1.60
‘ - — 7 S, .
| VM, tadl 16¢,L24,000 - .
! =~ .755 x 1.60 )
o = - 1.208/rad
7me . tall /

3-

Total Rotary Moment

[}

(Ci.'. ) )

q totzl

L) [
_(vmq) hull (Cmq tail

Reference 22 zives: (Cm!)tot<l = =,19 + (-1,898) = -2,078/rad
a

Present analycis Gives: (Cp ) = =,20 ¢+ (=1,70¢) = =1.402/rad

q total

Tue Lotul rotary pitchirnv, moment derivative predicted by efer-
ence 22 is almost 504 hithar thun that obtained by the present
ana’ysis, The same arzuments concernins 7j. for the 1ift, apply
to the moment factor (M) used harein. .ielersnce 22 zives )y
= .5, as #erived from Relmrence 21 data while Reference 1 and

2 data yield QM vailues of approximately .51 in pitch and 40 in
vaw, As noted before the velue of dy is directly dependent on
the vilue of 'jy but the reader is asked to recall that in the
avaluatlon of d, frow data of .eferenze 1 and 2 “ihera appeared
%0 be much smaller values of dp compaurod with other availible
dat:. Therefore, based on he latast modern non-risid airship
data the vilue of d, = 1,60 might be too high withou® any change
in "’M' Based on all considerations involvaed 1% i3 readily
“pparaat oA, whe present analysis, or any additiornnd revisions
te 1t, would probably predict rotary woment derivatives that

ara significantly lower ‘h:n thoce determined by the mathod
utilizad in Reference 22.
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VI VARIATION OF ROTARY DERIVATIVES WITH ATTACK ANG E , fNGULAR VAILOCITY, ‘

AND FLAP _iiFL.CTION

In any stuiy involving the anelysls of the airships motion other
than that in straight. piichad fiight or under tha effects of s5:.ll
disturbunces it i: necessary to know the effect of angles of attack,
flap deflection, and angular velocitins greater or less than those
near zero.

Experimental data obtauinad by the oscillation technique is generally
considered inadenuate for attack angles other than zero and since
wost, of these dat: did not even measure the rotary moment derivative
at anjles of attack these data are ignored. Although the curved
model tests conducted in the past included tests over 2 fairly wide

- attack angle and flap deflaction range they ware mostly conducted on

rigid airship modaels, which have somewhat different aerodvnamic char-
acteristics compared to modern non-rigid airchips, and were usually
built to curvatures which represented quite moderate curvilinear
motion or turning circles, In addition, there still exis‘s soune
doubt as to the validity of the application of these data to curve-
tures, or anjular velocities very much different than those to which
the particular rniodel was constructed,

Therefore, it appeara that it would e necessary to den:nd on rotary
data obtiined by whirling arm test:; to evaluate the effect of antle
of attacks, flap deflections and angular velociiies other than zero.
The only tests conducted with variuable angular velocity (i.e. turn-.
ing redii) are those reported in eferences 1 and 2. Ginca consider-
able effort was expended in the basic correlation and determination
of the rotary dorivatives at or near zoro attack angle :nd anqular
velocity it will not be possinle to present 3 detailed analysis of
these data within “he maznitude of this contract, However, a few
general comments are in order since these are essentially “he only
date by which the variation of the rotary derivatives with angle of
attack flap deflection and angular valocity can be determined.

It i3 not posaible at thls time to separate the tall alone coniri-
outions so the followin: comments apply to the completse confisurations
tested, Hull + Car + Tall, Tha angular velociiies in Refersence 1
wrd 2 are oxpressod in the nor-dimensional form of; q'= QV£ with

| Best Available Copy
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a ranve of vilues tested from
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q' = 2 .078 to 1;&00 which. corre—

spond t0 a ranie of R/L ‘rom 17.82 to 2.50, respectively, Gener-
11y “h. rotary 1i7% Cerivatives appear fudrly lincar (ror =:.+h
inttviiusl model conlicuriiion) with rasnect to ztback angles up

.
to ab Janst =5°,

Aimencionless anjyular velocitles up to ' = =,200
(/L = 5,0) a.? flap defloctions uvp o about =20°,

The rotiry

nitcohins moment derivatives are only linear for angles of attack of

tp¢, dimensionless antu
deflacti-a up Lo =10 or <1°°,

velocitiaes only up to ot = .1, and {lzp
Of wwoursa th: ring: of linearity

vardos a Wtle wish each confi-urstion :=nd the H-taill confisurctilon
i: practically liresr throwushout the a and q! range investizaseds

Beyond ‘he lincar ranges the derivatives or slopes vary sipnilicant-
1y wish *he sreatest chunges occuring at the highest a and 4! vatues.

Ral~r-nee 2 dat. ol

lincurity for i

veow rovary derivitivar

: i3 E 1 - s ~ L . , ~
o indieates anurodoataly Lhe S0 rangge ol

witih =« olizht tendoncy for

v - N Fa 'S . N I 2 < e PR
an 2cbenaion of the rarzo wilth respect Yo angie of attack.

Tharefors sirce a rodern airshis will usually have a ninimun R/L =

7.0 (' = .500) 4+ appears thot

larze vortion of zirship motlon

aldad) ses wo.ld ba conduct.d iIn the nOl":“liha-':" Tangg.e: of the I‘Otal:y
£ A
L a

derivativas,

Thus & further estansion or analysis of the Reference

1 and 2 data i3 desirable but no* within the scope of this report,

-

I+ 4+ the authors oninion that the Referorce 1 and 2 dat: ean be

willzed wiisth rea-cn.ble confidenc 4o obtidn the rotary derivatives
seyond their lineer ranze (smadl disturbances) and are the only
satisfactory dav. wv.llable st this time,

VII  CelLllI. o AND RUCOIXUNDATIONS

0f the four exgeriment l metiods usl

ed to obtuin airshin rotary

derdivatives, the whirling arm techinicue and the method of curved

or bowed models apucar to offer the Lo’ results,

The meager amount

of rat. obtained with thesne methods alo:r with sorme of the aersdynam-
ic oseillitor datu fomms the Lasils for Lhe cor hined theoraticel-
empirical :metinod developed -to predict the rotary derivatives of air-

.”‘hirlSo

Y1t agsoaned in

trie hull and i

Sevaloping b~ rolar: derivative mctho“dolozy that

sontributior e cun e addad to vach osbier il it !

the motary derivatives are equal in oiteh and yaw as lon7 as the

reometric paratveteres ramaln aporoximitely the same,
0! th2 hull con-rinsution is deterzined strictly from experimental

) CONFIDENTIA L
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The rurpose of the :commendatlons outliin:d herein is to resolve
discropancies in oxiuiing data and to provids a more accurate de—
tarnin:ition of the rotary effects on an airship or similar body.
The wethod evolved in this report is an improvement but leaves
much Lo be desired for a more accurate appralsal of ths subject
matter.

The determin.tion of a method to predict or define airship rotary
derivatives isPhase I of the contractors proposal to "Conduct
Analysis and Model Tests to Improve the ’redictebllity of Airship
Flylng Characteristies”, and tha contraetor was sranted the present
contract for this Phase, Phase II consists of the experimental de-
termination of tne additional mass and moment of inertia. Phase
III wouid utili:e the information obt:adned in the previous phsses,
in conjunction ith static aerodynamic charactaristics, to compare
the meticn of .in airship as obtained from analer cotputer solvtions
of ecuztinns of motisn with the motion of an airship as measurad
durlng flisht tasts,

If it is agreed that the method presented in tnis roport for pre-
dleting the votary derivatives for small disturbances or motions.

is adequate without further refin-ment, tests, or un:lyses and

thal the reference 1 und 2 rotary data for varions anijles of

attack ind anjular velocities ar: sulficlently reliable and accurate,
(Th: zuthor has previously stated that they are beslisved to be

the only rallable datu which car e utilized), +¥h: coniractor would
then feel thit ne is prepared tc enter Phase IT tests and preparat—

-1c- for Phaze III computer prosramrin-, I% has been rnobted in this

anelysis thit with additional affor® or tests, better rotary deri-
vative data misit be obtained vut it is also true that the rotary
derivative duta presente: are sufficient to provide acceptable in-
Tformation Tor Pnezse III, Some additional analyses might be concucted
curiny Phase III to improve tha data but it mizht be pointed out
that tha computer veluas usilized can be reudily charjed durint the
analog computer opar-tion in ordar td satisfy the compuier aquations
deveiopad and “he motion of the ~imul.tad adrshiz, This luster pro-
cess is ascantd dly a triel and .rror determin.uion of per.cueters
that setisfy btno ecuations of motion nd would rosulit In data that
could be used to correlate existing date. The cnmpuiter 4rial and
error tecanl inet so.'d csseanti lly serve as a variriostion (or re-
outtal) of “h rotars derivitivas predieted by the mathod outlined
in this rwort or co:ild indicate possible areas of discrepancies,
Thereforns 1% 1: velieved th.t work uhould comaence 13 soon as
possiile oon i e I and III of the contractors pro,osal
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