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By Frank S, Maelvestuto, Jr. and lawrence J. Gale
SUMMARY

Formulas are prosented for the calculation of the additicnal—
mass corrections o the mouents of inertia of airplaner~. These
formnlas are of particular value ‘n converting the virtua’ moments
of inertia of airplanes or models experimentally deteruined in
air to the true moments of irnertia. A correlation of additional
momeits of Inertia calculated by these Tormules with experimental
additional moments of iuertia obtained from vacuum—chamber tects
of 40 gnin~tunnel models indicates that the formvlas give satisfactary
estimations of the additional moments of inertia.

INTRODUCTIOR

In stability investigations involving free—flight tests of
dyramically ecaled models or of full-scale alrplanes it is necegsary
to know accurately the trus momente of inertia oi the model or
airplane. Tn order to obtain the true momen*s of inertia cf the
model or airplane the experimental moments of inertia, determined
by the pendulum method, must be corrected for the effect of the
surrounding air. The effect ol this ambient air on the apparent
moments of inertfa is usually emall but may be as large as 27 per—
cent of the true moments of inertia for airplanes with low wing
lcadingz.

The fundamental basis of the effect of the ambient-air mass on
pbodies undergning accelsration has been devsioped in rorerences 1
and 2. Roferences 3, %, and 5 present experimental data on the
effect of the ambient—air mams on the moments of inertia of Flat
plates ottained by swinging the plates as an intecral part of a
pendiulwa. Reference 3 preuents a mothod of corrscting the moments
of inertia of a full-scale alrplane for the arbient-air mass eflsct
by consldering the projected arsars of various components of the
airplans in planes normal arnd parallel to the plane of symmetry and
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epplying to these projected areasthe experimentally determined
adlitional moment-of-inertia corvectiona for flut plates of finlte
aspect ratio.

In the present paper, formulas are presented Ter the rapid
svaluation of the additionnl-mags ard moment-of-irncrila correc-
tiocas for airplancs that are swung &8 tn initecrsl vart of a pendulum.
The rethod proposed in the proceding revortad kas orrerally heen
conformed to with the exception thet *+he sxbicni-~ir mees elffect
for parts of the eirplarne guch as the fuge termined
theoretically frorm the roticn of an e1lipeoid in a three-dlimensionnl
potential flow. The method presented has becn »~:nlied to 40 complete
dvrnamic airplene modcls previcusly tested and the vesults hove
been compared with the exnorimentally determinsi values.

q
(o R"
[
7

SYHMEDIS

For convenience in defining certain cymbols, sketchea for
identifying dinensioral varts c¢f the alirplenc arc riven in firures 1
erd . The numerical valuers given In thesc firurca are for use
in an illustrative eyample that is subsecguently 1resented.

b sran of surface (includes span of fuz-laze bstween surface
panels; for vertical tail see £ip. 7(1))

S area of gurface (for wing end korizertal tail includes
area of fuselage betizer surface pancls)

A agspect ratio of surface (b°/S)
Cp root chord of surface
25
Cy tip chord of surfece (TT - Cyp
c mean chord of surface (3/t)
Y plan-form taper ratio of curfacs ({c./cy)
r dihedral of wing or horizortal tell in deareces

lerngth of fusclage (see fig. 1)

3

W geometric average width of fusgelage
d geometric average depth of fuselage
)/ comporient in plane of surfece cof perperdicular distance

between axis of rotatiorn and centrcid of area of surface
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'LfX

k

k?

fX’

fZ

<
7

distance from centrold of side srea of fuselage to axls
of rotation parallel to and in the plane of the X-axls
(conveniently referrcd to hereln as axias of X swinging)

compenent of dietance in the X-Y principal plane of
fusslage of the perpendiculer dietance between the
centroid of plan erca of frsslege and the axis of
rotation parallel to and in the plane of the Y-axis

distance from centroid of side area cf fuselage to axils
of rotation parallel to end in the plane of the Z-aris

distance from centroid of vertical-tall aveca to axis of
rotation perailel to and in the plane of the X-axls

component of distence 1n the X-Y plane of fugeluge of the
perpondicular distance betweon the centroid of
herizontal-taill area nnd the axis of rotation parallel
to and in the plane of the ¥ -axis

distance from centrold of vertical-teil area to axls of
rotution for 7 ewinging

component of distance in the X-Y plane from the centroid
of area of wing te avis of rotation parallel to and iIn
the plane of tre V-axls

coefTiciont of additional mass of a flat rectangnlar plate

coefficiont of additional moment of inertla of a flat
rectangular plate

taper-ratio correction factor

dthedral corrcction factor

Y2 ku cocfficients of additional mags of cqulvelent

ellipscide for motion along the X-, ¥-, and
Z-axes, resvectively
' cocfficients of edditional moments of inertla of
equivalent ¢llipsoids ebout the X-, Y-, and
Z-axes, respectively

additional mass of a body
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Ia additional moment cf inertia of a bedy

IX’ IY’ IZ moments of inertia about X-, Y-, and Z-bedy axes,
respectively

Ixa, IYa’ Iza total additional moments of inertla about

X-, Y-, and Z-bcdy asxes, regpectively

Iy 'y Iy ', I, ' total additional moments of inertia about X, Y,
a & and Z swinging axes, resncctively

P density of alr, slug per cubic fcot
Subscripts:

W wing

fus fuselage

ht herizontal tall

vi vertical tall

TEVELOPMENT OF EQUATIONS

Wings and Tull Surfaces

In order to evaluate the additicnal -mass correcticns for the
wings and tail surfaces of an airpleane 1t was assumed that thesc
surfaces were flat plates and that the addiiticnal -mass corrections
previcusly obtalned for flat plates (roferences 5 and 6) were approxi -
mately correct for the wings and tail ewrl«ces. The additioncl
mass of a wing or tail surfece In translatery motion may be deter-
mined from the following equation:

m = =+ kéeb (1)

where Xk, the coefficlent of additional mase plotted in figure 3
ag & functlon of the aspect ratio, has been obtained by averaging
the experimental results of NACA teste presented in reference 5.

The values presented in references 3 znd 5 frr = rectangular wing
end those of the present analysie arec ssgsumed to be accurate Tor

& tapered wing when coneldered as an equivalent rectangular wing

of chord =¢.
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The additional moment of inertia of a wing or tail swface
rotating about its chord at the midspen is determined from the
equation

0 552 2
Iﬁ:Kéka3 (_)

where k', the coefficlent of additional mcment of inertia

Plotted in figure L as a function of the agpect ratio of the plate,
has been cbtained by averaging the experimental results of NACA tests
rresented in reference 5. Application of correstion factors for

the effect of dihedral angle and taper ratic gives the following
equation:

I = g Dy Dy k5203 (3)

The correction factors for the eftect of dihcdral angle and taper
ratio on the velues of the additional mements of inertia for flat
Plates as given 1in reference 5 are presented in figurcs 5 =nd 6.
For rotation about a spanwise axis through the centrcid of
area of thc surface the additional moment of inertia is given by

I, - Z_g k153p2 (1)

where the aspect ratio used in detormining %! from figure 4 is
now 1/A,

For rotatlion about an axis displaced from the centroid of
area of the surface, the additional moment of inertia about the
axis of rotation may be found from the expression

t _ 2
Ia = Ia + mal

where 1 18 the c-mponent in the plane of the surface of the
perpendicular distance between the axis of rotation and centroid of

area of the surface. For exumple, the additional mement of inertia
about an axis parallel to the chord of the surfzce 1is given by

P pra2y3 O 0 2 -
I = % k#g<h? + T KE“by (5)
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Fugelage

In order to evolvate the additional -mase ond moment-of-inertis
correctlons for the fuselaze 1t mey be egstmed that the fuselage
of an airplane can be approximated in shape by an ellipscid and
thet the values of =23ditional mass end additional mrments of inertia
calculeted for the ellipsold are syproximately cciroct for a
fuselage which has the seme length and volume =zs the ellipsoid.
That is, the maximum deoth and the meximum widih of the equivalent
ellipscld are equal, respectively, to \/g d =nd (/—g— w of the
fuselage where d and w are values of the sverage depth and
width of the fuselags.

For a fuselage woving in e direction versilel teo one cf its
Princlpal axes in an Inviscid fluid, the additicnsl mess 1g deter-
mined from the equatirns of lincar mrmentum fo1r the eguivalent

ellirscid presented in reference 2. For wotion along the Y eand
Z princlpal axcs, the valuss of the additional mass in terms of
the average denth ard wldth of the fuselcoge arc ziven, respectively,
by

ma = pk fYL f‘w,\r,rj_ . ( 6)
and
ma‘ - p ‘ a "1 vaT’] ( 7 )

vhere k?Y and kf~, the cocfficlente of »ddi*d-==) mass for linear

wotion alemg the Y- and 7-axes, ere progented 't Tigre 7 a8 n
function of the finfnafs ratio in the wicw o and the marlimun
depth-to- width 1:51c of the cquivalont ek

The additional moment of imevtin Lwe rotating about
one of its prirciret wxes e duiowiost Trom the cqgantiono of
R ]

rotet el moerithom Do o tre age RN d s coented In
rofreorias 0 erAd . Fer robaticog b SRS (AT
respectively. the ~d3iti-m«l mee ote mey he cxﬁressed
In terms ~f the =zvernre width +nd denih fugelegn 28

ol -
I_r = g kth Lf wa \‘.-".5--. + A * (8)
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and
2 2
Lsc 3w
o] f
- k' T — —
IZ& =z k qufwd L + s (9)

where the cocfficicenta of cdditional moments of incrtia k'fY
and k'fz arc prescnted in figure 8 as a functicn of the finencss

rotioc in the plan view and the meximum dspth-to-width ratio of
the equivalent e¢llipscid.

For rctatione a2bout reference swinging rxes displacerd from
but parulleld, respectively, tc the Y and 7 princinnl sxes of the
fugslage the values of the additionnl momcnts of dnertla may de
obtained from equaticns (6) to (G) =nd the memant-of -inertia
trancference caquntion

n
I“' = L+ m 1
i £

Vi «

ne
(I 2 ?dé\
o ’ i £ 2
I, V= =Xt Loawd \ 70+ 3 )+ ok, L =) 1
and.
: _ P :’é*’e 3"'2\ ’ 2
. = ~ k', Lawd (= o+ ) o+ : : !
12 = 5 Fezked \u er) P(keyleils, > ()

For mction «long ani rotntion about the X princinal axis of
the airplane, calculstions and theory ghow that the valucs cof the
additional mass and additicnnl momonts of incrtis are relotively
smnll; accordingly, they heve nnt been ceonsidered in the followling
equations for tho ectimntion of the total additional mcments of
incrtia of the alrplanc abtout ites ewinglng uxes.

Complcte Adrplane

The evaluation of the edditional moments of inertia for a
comnlete airplane entnils the applicetions of equations (1) to (11)
to the various portione of the alrplane, vhich can be consldered
elther as flat plates or ellipsoidal bodies. For :ach pert of the
airplane the value of the additionsl moment of inertia is computed
ebout an axis through the centrold of area oif the surface and
parallel tc the corresponding rcference owlnging axis by applying
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the appropriate forms of equations (2), (3), (&), {(8), and (9).

The total values of the additional mcuents of inertia about the
reference swinging sxes are then obtsined by usirg the avpropriate
forms of the mement-of-inertia trensference formulas (equations (95),
(10), and (21)).

It has been found that,inasnuch as scme terms of the resulting
general equation for the complete alrplane are emall, approximate
equations for additional meoments ¢f 1nertia sboul each of the three
swinging axes may be written without sacrificing accvracy. These
approximate equations are:

o I AN 2 e
' - \L. . - s
IXa = Eg-kk DXDTS ﬂ)w + 0 (thLdeLfX (12)

+ ofk + ™, ?? 9\ ]
O( frnyWdT,f )fus N ¥ B L‘—'Y ‘/h* (13)
/Lfe 3W2)-
T7g = §wﬂ?ﬂﬂkh " % ) e
( 2 w0 ( 5” ’) )
+ o(keylevity, S ty (% 3l " (1h)

where, for convenience in making the calculationas, S/b 1is
substituted for c.

An 1llustration of the apnlication of tho procedure to deter-
mine the additional moments of in~rtia 1e zivan in the appendix
for a typical fighter airplane. The method of dctcrmining the
varicus dimensions and areas 1g indicated on figures 1 and 2. The
yalues of the terms left cut of the approximats equations are
algc given and it may be seen that these terms are negligible.
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Comparison of Experimental and Calculated Results

An estimote of the accuracy of the cguations (12) to (1)
used in calculating the additional moments of inertia may be
obtained by inspection of figures 9 to 11 in vhich the calculated
values are plotted against the experimental values which were
determined by swinging the models in a vacvum chamber as described
In reference 5. The agreement 183 good since the experiumental
errors may have been as high as 50 percent of the tiue values,
which were only a small percentase of the total values of the
moments of inertia measured with respect to the swinging ax=s.

A comparison of the experimental valuecs of the tetal moments
of inertia about the body axss with the additionel momente of
inertia sbout the axes of rotation is prescnted in table I. This
teble indicates that with a ewinging geer similar to the errange-
mert shown in figure 1, the additional moments of inertia probadly
de not exceed, in the majority of caeses, 25 percent of the true
moments of inertia about the body axes.

SUMMARY OF RESULTS

Formulas have been developed for the estimation of the sddi-
tional moments of inertie of airplanes or airplane models. A
corrclation of the experimental data on 40 models indicates that
the satlisfactory estimations of the values of the moments of inertia,
due to the ambient-air offect, mey be determined by means of these
formulas.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautica
lengley Fiecld, Va., October 15, 1946
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APPENDIX

EXAMPIE OF METHOD FOR CALCULATING THE ADDITIORAL
MOMENTS OF INFRTIA ABOUT THE REFFRENCE SWINGING
AXES TOR A TYPICAL FIGHTER AIRPLANE
Pertincnt data.- In order to 4llustrate tho use of the formulas
presented in the text, calculationg sxre prosonted for o typical
fighter alxplare. Filgure 1 is a sketch of the wlrplanc in position

for swinging.

Fertinent cocfficients snd dimcnsional drta for the zirplane
erc as follows:

Wing:
Arca, S, 53 2t . ¢ v i v i i d e i e e e s s e e e . 20
Snun, b, TL L 6 ot e e e e e i e s e e e e e e e e e e 36
Aspect ratio, A s e s e s s s 4 e 1 e s e e e e« 5.9

Mzen chord, &, ft (o/b) . e e e e e e e e e, B
Component of digtence in the X Y rlane from centreld of ares
of wing to Y-axis of rotation, y,, ©t . . .. .. .. 1.

¢

Taper ratio, A . L 0 L L 0 L o e e e e e e e e . L 16A
Di}w&-qu— P » 6‘2} ® & e« s s e 8 & e e & 2 et * 6 ¢ & * e e »
Additionl mas. ceofficicnt, k (from fig.

f-",'.’. x(. - f.f}\ . . . . . . . . - . . » . . . . . . . . . . 0095

N

Cd

Adértiemed arwrb--f-dne rt]f coci™ciont, ', for the
. . - n PN
Ko gdrs idieer o Tags btor A= 0090 0000 0. .. .. . 0,88
For e 7wl zoey, the rosdpreenl ol the crnect
[
roticy .0 to ugnd to giv oy vitSionel meomert-of-
.\/ S
Lresia cor flernt XY frm Soec b L0 0000 0L L L0412

.
Troxew ralls oo Lo, Dy (e el 5)Y L 0 L L L 0L L, 086
Dibliul correciien, Dpo 0 ' 9%

Fuseloes:
Leceah, Le, 1% e b e e e e e e e e e e e e e e e
Averwie width, w,
Averasye depth, d,
Distonacs feom eo
X-uxig of rrf*ﬁﬁ

. « . . . . e 3 . . . ¢ e . .

22.5
et t s s e e e e e e e e e e e s e 3000
3.5

.
" T e

of side arca of Tunclez
o O A <ta

Componeat of
srca of fusc

ctonen in X-Y plone frem controid of top
to Y-axis of rotatlon, e , ft . . .. b, 50
J

~
J-——’ -
o
]
(@]
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Fusgelage - Continued:
Distance from centroid of side area of fuselage to
Z-axls of rotation, 1p,, ft .. ... ... ..

Additional moment-of -inertia cosfficients
obtained from the width-depth ratios and
finences ratio of the fuselsge (tig. 7)
k
vK » * . L * . (] . [ ] L] * * L] L] . * L . . . L)

ku * e . ¢ @ *® o ¢ e s = s & s e LI ) . .

Additionel moment-of-inertia coefficients cbtained
from the width-depth ratios and finenecss ratic of
the fuselage (fi3. 8)

k' o s o .
k!fY s & 0 * e o & e . o @ *® e ¢ s e @ s .

£z

Horlzcentsl tail:
Area, S, BA Tt ¢ o v o v v v v v e e e e e e e
Sp&n;b,ftoou..--.-..-....-..
Arpect Tatlo, A 4 v 4 o v b e e v e s e e e e e e
Mcen chord, €, £5 (S/D) & v v v o v v v v v 0 o . .
Corporent of distence in the X-Y plane from centrcid
of' areu of horizontal tail to Y-uxis of
rotation, th S e s e s e s e s s s e s e e e
Additiensl rass ccefficlent, %, (frem fig. 3) . .
Additi~uni poment-of-inertla coefficient, k', for
tne 1 oawinging (from fig. 4 for
A=) e e e e e e e e s . e .

For the Y aowinging the reciprocal of the aspect

e & @ ¢ e . o e o o . s & @

/

ratio {¢1-\ ig used to give an £dditicnal mement-

VoWl
of -inersia confficlont k' from fizuro b, .
Toper xutio, A v 0 v 0 0 i e e e e e e e e e e e
Tuper-rutio correction, Dy (from fig. 6) . . . . .
Vertical tail:
Avea, B, saft ¢ . 0 v i 0 it e e e e e e e e
Span, b, L 0 L s s s e e e e e e e e e e .
Agpect 2eblo, A L v v b vt i e e e e e e e e e e
Meen chond, ¢, FHE(S/M) v v v v v v v v v v e .
Digtance frem centrnid of ares to X-axis of
rotation, ltX’ ft oo 0 e s o e e e
Distunce from centroid of area to 7 -axla of
rotation, ltz, A
Addlviconal mass cocffictlent, ¥ (frem fig. 3) . .
Additinual mowent-of -inertia cceffleient, k', for
X swinging (from fi1z. 4 for A 1.04) . . . . . . .

the

11

19.1

0.59

0.4
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Vertical tail - Continued:
For the Z sYinging the reciprocal of the aspect

ratio -+-) is used to give an additional moment.of-

inertia coefficient k from flgure 4 . . .
Taper rat 10 ’ x - L] * [ ] . L] L] . . . . . . - * L
Tapor-ratlo correction, Dy (from fig. 6)

X-exis,- The additional mcment of inertis adout the X awinglng
axis (shown in fig. 1) is obtained from the aprroximate equation (12)
as follows:

‘Ixaf (k'D DS %) )W + p(#fYL wdle ‘) (a1)

fus

Substituting the proper tebuleted values in equation (Al) gives

. 3.1% (0.002378) 1, anp) 2
It = 2t [(0.88) (0.86) (0.88) (220) (::6)Jw

+ [(0.002378) (1.00)(23.5) (3.50) (3.85) (1.7%)°]
- fus

i

(185.66), + (%) rpa

231 glug-Tt° (A7)

i

The volue of IX t Jdotormined experimeontally was 269 alug—feetg.
» a

The oxuct equation for the additionel momente of inertia
about the X swinging axle contains the followlng terms, a numorical
evaluation of which pives quentitics thet are indicutive of the
relatively emall magnitudes of thesr teorms:

2
i (s,

= i 3_'.13_(‘0_'.‘0_0_?378) (0.78) (0‘85”1)(31;..7)‘2(“ 5)‘
A 48 int

1.47 elug-ft° (A3)

"
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Eg (lf-’DxS?'b) vt

{‘3“‘1&('35??9?‘378) (0.41)(0.72) (20.2)2(%.6)

—
<3
<t

= 0.089 slug-Tt2 (ah)

on [ 82 0

N

- 2
; . L] —0 2 .
%3 1L4(0 ZQ?;({%) (0.59) (_ow) (1.3)2 [

i}

it

1.81 slug-ft° (a=)

Y-axis,- The =dditional m-ment of inertis about the Y ewinging
exie Esho wn in fig. 1) ip obtalned from the epproximate equa-

tion (13) as follows:
/ i
o (1| 37| o (kplovare, )]
t i k! b 4 T b o (Y Lowd e, )
IY,. L) k fYL'f wd \h o 'fus p( £7.-f iY P, fus
rpﬂ se 2\)—l
+ - = 16
!Ah (k b ZtY < ht (I‘ )

Substituting the proper tabulated volues in equation (A4) gives

S o .41
Ty, '{l%@ (0.89)(23.5)(3.40) (3.85) I(—@{T’"?" * "‘39‘“‘(3'85)9J

[(0.002378) (0.86) (23.5) (3.50) (3.89) (k.20) 7| _

~1us

s
L ht
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(18,9 oy + (32 7W) g + (83,5000

76 slug-£t° (A7)

The value of IYE' dztermined experiment=li; was 143 sluﬂ-fmet?.

T2 exact equation frr the additicnal momsnts of inertia
ebout the Y evinging axie contalne the 311 wing terms, a2 numerical
evaluation of which gives cuuntitiss that are inficative of the
relatively emall magnitudees of these terms:

PRI

> ihlo nuny R Ay
i';Ji~;f~41—3ﬂ~)(0.12)(0.86)(0.96)(Qsd)f’“1}‘

i

0
]

= 4,56 slug—ft” (A8)
-~ . . N _'
o f g X P, 002378 0L o0 (no0) - P e!
i ST SRR W & ~)“] >
3 Yy | i 39 BB
L I W
= 5,11 slng-rt” (85)
A
o R
48 (k‘DXD;b it

fl

2,1} 27378) i
3.14(0.002378) .

| (o (e () (3 (3
- & !

ot

ct

0.089 slu&;—ft2

g.- The additional moment »f inertia -
axia (chon in f1g. ) i3 cbtelned from the
a8 Tolliowa:
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2 - -
I, ' = 2 kt JL.wd I:’f‘_ :‘S;f> + D/kaLde le 2)‘
Z, 1-5 7, L 29t N Z Jfus
- . -
+ o (& 1 2)J (A11)
Lh \" P 2y

Substituting the proper tabulatel valuwes in equation (All) gives

(23.5)2 1
I, ! 3(9_99_?.31‘3)(0 ol) (23.5)(3.4)(3.85) | ——2 + .3 (3. u)]
e, ' 5 N .28 .
N 3 fus
I7 NAa © -~ \N & 2-‘
+ [(0.009378)(1.0&)(L3.,)(3.u)<3.85,(k9.1) qus
i
' 1k ~ ' S
+ \' ~(_9.._(E_3_'_7§) ! -59(2 =0.2) ‘“) (.67 :ll
‘{\ )+ L 24»[; ! vt
= (19.70) pyg + (20T.65) pyq + (61.63) 4
= 389 glug-rt° (Al2)

The value c¢f I, ' determined experimentally was 35 slug-feotg.
_Ja.

The exact ocu ition for the additicnal moments of inertia
about the 7 gwincing arxls contalng the follewing term, 2 numerical
eval uvw ol vhiicn gives a cuantity that is indicative of tha
relativoiv swell magritude of thisg term:

%‘(}"1”;'”&}

oy e
¥

= iﬁ—w~~lﬁfn*4~~(o.h1)(o.72)(eo.z)e(h.h)
i U :
io - Vt

I iy I
i PRI SRS e ek it S

D

i)

0.087 sluwr-0%57 (A13)
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NACA TN No. 1187

TAELFE I.- COMPARTSON OF THE EXPERIMENTAL TOTAT, VALVES OF THE MOMERTD

17

OF INERTIA ABCUT THE BODY AXES AND YHE ADDITICNAL MOMENTS OF

INERTIA ABOUT TR

OF W0 FIFE-SPINNING AIRPLANE MCDFLS

[Yalues are in gr-in,?J

AXIS OF ROTATION OF THFR COMPOUND PENDULUM

Alrpiane Model ¢ Tv ¢ 1 T
model scale IX Ixa E IY Ya Z 78
XSB2U-1 1/16 6,520 | 1160 | 1,082 208 | 19,217 | 2088
BT-9 1/16 5,280 77 7,452 b4 ] 11,260 | 1270
P-35 1/18 3,195 300 L,681 160 7,095 385
xosau-1 116 Lohh | 8771 10,190 | 859 | 13,234 | 1849
P-3hA 1/20 1,327 232 2,937 79 3,962 482
XS02U-1 16 5,188 890 16,369 sho | 20,361 § 2337
YFM -1 1/°5 8,51k | 1128 | 4,902 ! 535 | 12,556 | 1894
XS03C-1 1/14 11,566 | 1385 | 3%, 169 1291 | 41,396 | 3309
XSB2A-1 1/25 1,908 | 246 Lhi7 150 6,115 1 W5
B-25 1/26 11,266 522 ¢ 12,3%L 651 | 22,809 | 1601
XP -6 1/20 2,158 166 ?,th 114 £,0LT 395
XTBU-1 1/24 3,311 350 6,378 119 9,216 579
XP-47B 1/20 9,111 387 8,572 obh } 16,978 656
i -57 1/27 6,156 163 3,752 63 9,327 115
¥SB3C 1 1/26.83 8,694 831 | 11,232 729 1Q 0n8 R26
LP-59 1 /20 17,37% | 1181 | 32,307 735 48 451 1 2153
P -62 1/22 5,u02 h32 9,168 233 13,755 &hs
XF14C -1 1/20 7,695 595 9,686 368 | 15,9950 | 1694
KE2A -1 1/16 h,578 W36 7,h52 503 | 11,250 875
A-1T 1/15 17,150 | 2100 | 21,2565 720 | 3b,464 | 2733
XFUF -2 112 12,776 | 2540 | 31,149 ; 1725 | w1006 1 2740
IF .2 112 14,280 | 1700 | 32,882 | 1308 | 48,008 | 2830
KP4 1/20 b, 862 383 5,303 2458 9,k 779
YFSF. 1 1./22 4,hon 209 2,927 102 7,0LL 313
¥BT-12 1/1& 9,7 11320 1 16,305 6oL | 2h,506 | 1603
XBT-11 116 5,416 876 8,746 335 | 11,53% | 1202
XP-50 1/25 2,955 93 1,530 99 b 560 122
LTBF -1 1/e2 h,793 857 8,572 P51 1e,7en 958
P-39D 1/20 3,&17 137 3,992 GO 7,032 432
P-30 1/16 Ok 738 1 1k, s 180 | 20,301 | 1580
P-LoF 1 /20 3,304 274 £,190 82 7,980 hés
SKC -1 1/1& ik, 856 a5 11 ]Qu ko1l | 15, 3ou 1045
ASB 2wl 1/20 9,155 566 16,‘ s 463 | =k,856 | 1601

-39 1/20 13,915 | 1529 | 17,542 | 2156 § 30,135 | 2195
XP-75 1/16 20,309 | 1745 | 33,701 | 1089 51,829 { 361k
XP-71 1/?8 18,930 653 12,25 270 31,7, 3241
C -3 1/23.75 | 18,554 | 2764 | 25,517 a7o | 41,856 | 2uhl
XCG-16 1/32 0 801 707 z,0k3 350 4,688 752
Xc-82 1 /60 770 147 173 1hh 1,119 W5
SBN -] 1/18 3,587 heB | 6,001 239 9,741 es7
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NACA TN No. 1187 Fig. 1
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Figure 1.- Sketch of a typical model showing dimensions necessary for

the calculation of the additional moments of inertia. All dimensions
are full-scale values.



Fig. 2 NACA TN No. 1187
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Figure 2.- Sketch illustrating method of measuring the chords,
span, and area of the horizontal and vertical tail surfaces;

Cy = (—-258—> - C. where S is the area of the tail surfaces.



NACA TN No. 1187 - Fig. 3
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Figure 3.- Coefficients of additional mass for rectangular plates.
Curve is average of NACA 1933 and 1940 tests. (Reference 5)
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NACA TN No. 1187 Fig. 5
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Figure 5.- Variation of the additional moments of inertia of a
single plate with dihedral angle; A = 4 (reference 5).
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Fig. 6 NACA TN No, 1187
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Figure 6.- Dependence of the additional moment of inertia on taper
ratio (reference 5).



NACA TN No. 1187 Fig. 7
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Figure 7.- The variation of the coefficients of additional mass
key and kfz with the fineness ratio of an equivalent ellipsoid
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Fig.

Coefficients of additional moment of inertia, k' fy and k' ¢
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Figure 8.- The variation of the coefficients of additional moment
of inertia k'¢y and k' gy with fineness ratio of an equivalent
Actual length - Ls
Maximum width ’ 6
b1

ellipsoid
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NACA TN No. 1187 Fig. 9
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Figure 9.- Comparison of the experimental and calculated model values
of the additional moments of inertia about the X swinging axis for
40 free-spinning models,



Fig. 10 NACA TN No., 1187
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Figure 10.- Comparison of the experimental and calculated model values
of the additional moments of inertia about the Y-swinging axis for 40
free-spinning models,



NACA TN No. 1187 Fig. 11
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Figure 11.- Comparison of the experimental and calculated model

values of the additional moments of inertia about the Z swinging
axis for 40 free-spinning models.






