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NA'l' I ONAL ADV I SORY COivIMITTEE POR AERONAUTIC S 

for the 

j,rmy Ai r For ce s , Ma t erie l Comma::1.d 

AERODYNAMIC TESTS OF AN AN- M- 65 - AZON 1 0aO- POUND 

RAD I O- CONT;?'O LLED BO ,·r3 I N THE LMAL Ib - FOOT 

HIGH- SPEED TUN;TEL 

3y E . O. Pear son , J r. 

Tests wer~ !'!lade in he U:.h.L It - foot high- speed 
tunne l to determi::1.e t he L..e rod~'Tla.nic charocteristics 
of a 1 000- pound AN-l\j - 65 - ;"ZO;~ radio- controlled bomb at 
Mach numbers ran3ing from 0 . 2 to 0 . 6 . 

Over t he Mach nV-,"Pber range covered in t'h.e te s ts 
the hinge - mOMent coeffi c ::'ents , Y3.wing- moment coefficients , 
and l ateral-~orce coefficients exhibited no lmportant 
change s wi th iECrGasing speed . The drag cO'3ff'icients 
increased graduall , vli th j ncreasing riach nU'11bor but no 
sudden increases ""'ere obser vod . The, effec t on the bomb 
aerodynnl:d c characteri.stics 0':' antenna truts mounted 
on th.':'} homb t ai 1 '''''as four~d "'.:;0 be snaIl . 

The rudder and ai l eron oper'atlng mechanisms wore 
found to be cc.pa"ble of su . nl'ring se yeral ti!1es the 
required torques for maximum control deflections qt a 
Mach number of 0 . 6 at sea level . The o'Jeratlne; mecha­
nism is also adeqnnte for maximum control deflections 
at a Mach nUJnber of 1.0 Drcvic.ed th<.1.t no appreciable 
increa18s in ~inge -moment coefficient occur between 
r,r = 0 . 6 and M = 1 . 0 . However , Jecause of uncert:::.inty 
as to the value of the hjnge - momeD.t coefficient at or 
near M = 1. 0 , tha desIrability of providing more 
powe r ful contro l mechanisms was indicated . 

Te s t s h3. ve beer,. conGuc ted in the I,l,;AL 16 - foot 
high- speed t unnel to determine the aerodynamiC 
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characteri s ti cs of a 1000-pcmnci fU1- IVI - 65 - AZON ro.dio ­
controlled bomb . Measurements of rudder hinge moment, 
Y'lwj.ng l:lOmen-c, laceral torce, 2nd drag were maQ8 at a 
number of' tunne 1 speeds up to a lV13.ch number of about 
0 . 6 which corresponds to a speed of 670 feet per second 
at sea Ie ve 1 . 

Aerodynamic tests of a t wo - th:'rds scale model of 
a similar bomb were conducted previously at t~e Danie l 
Guggenheim /Urship Institute at A 1.<. I' on , Ohio . These 
tests, however , were maGe at low airspeeds and, there ­
fope , uncertain extrapoletions of the data to the hlgh ­
speed operating conditions were necessary in t~e design 
of the control mechani3ffi and in pe:t'formance computations . 

In drop tests of t!18 bombs it was found that , wl:ile 
some of the exper.lmental tombs performed satisfactorily, 
a large percentage of the proc'luct.i.on vers1.on failed to 
respond properly to th"3 control . The present invGstiga ­
tlon was undertaken principally to determine if the 
l ack of control of the productlon bombs was due to 
adve rse compressibility effects . It wrs also desired 
to obtain high - speod test data upon which to base pe r­
formance calculations and the design of the contr01 
me chani sm .• 

The investi3;ation wa s UIldertaken at the request 
of the Army Air Forces, Materiel Command . 

V free - stream velocj_ ty, .feet per second 

a speed of sound in ai r, feet Del' second 

M 1'.1ach nUlTlber (Via) 

p mass density of dlr , s l ugs per cubic foot 

q dynamic pressure . pounds reI' square foot (~pv~ 
M~I hinge mOLenc acting on one rudder, incl- pounds 

Posi tl ve hinge moments t<:md to cha~ge the 
rudder anGle in 0. posj.tive directton . (See 
sketch in figure 1 illustrating the sign 
conventions . ) 

.. 
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distance from rudder ~inge aX1S to trailIng edge 
of rudder , 4 .81 inches 

a r ea of one rudder , 0 . 232 s1uare foot 

hinge-moment coeffi.cient (MH/qSd ) 

yawing·-moment, pOlmc1-fe'c t 
Fosi ti ve yaw i ng moments tend to change the 
angle of sideslip in a positive direction . 
( See fig . 1.) 

area of maximt1l11 eros s se c ti on of bomb , 1.918 square 
feet 

over-all l enf,th of bomb , 5. 613 foet 

yawing-moment coefficient ( N/ qFL) 

lateral force , pounds 

l ateral - force coefficient (Y/qF) 

drag , T)olmds 

drag coefficien t (D/qF ) 

angl e of sideslio , degree s 
For positive 9.l'u~les the bonb nose is to the 
right of the line of fli~ht . 

rudder IlngJe v,,"tth respect to the neutral position, 
degree s 
For Dositive angles the trailing ed;c is to the 
l eft . 

The dimensions given above , together with other 
dimens ions w:bich mlgh t nrove useful , are oho#n in fig ­
ure 2 . 

DESCRIPTION OF BO~\m P !:~D APPhRATUS 

The AN- Nl - 65 - AZOI'J bor.1b consists of a standard 
~ - 65 bomb case to whicn 1 ~ fi tt.ecl a special tail unj, t 
equipped with movable control urface s and housing a 
control mechanism capable of bein3 operated re~otely 

----~---- - -
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by r2.di o . T'1e bO'1lb cEn 1)6 C 0"'1 troll.E:::o oni ~T in the l~ ft 
and right or azimuth ~ircctio~, he~ce, the designation 
AZON B.n b.bbreviation of "b.zimuth only . II /I gyroscopJc · 
control mechanicm operates V:w horizontal control sur ­
faces differentiallv as a:'leror ... s to nrevent the bomb 
frOlrl roll ~ ng in fllght. 

For these tests part cf tho control o.praro.tus ',vas 
removed from the tr.J.iJ and stra:1 YJ. -gae;8 equirrr.cnt for 
measurlnc; rudner h~nc:e "'lOMents was i.nstalled. Since 
t"'1.e ailerons and r"'J.dc,ers wer3 ide.:l ticE..I, hinge - moffio3nt 
data apuly equally to bOtl l . For this reason no provision 
was ~ade for measuring aileron hin3B mo~ents directly 
and th e ailerons were lockE'-d in tho neutrul posjtion 
throughont the tes t s . 

In order to fac~litate inJtallation and testing 
the bomb Wb.S l(lnunted in tLe tunnel ::1.11. B posi tlon 900 

in 1'011 ..!. ... rom its normal flight positJ.on so that rudders 
became elevators , y8.win.g mcme:lts b8came nitching momer ... ts , 
etc . The res 11lts throu gilO1...t the reY")ort, howe ve r , are 
given in term .... consiste'1.t witi.1. the f light ori'3ntation . 

The bomb was s lpported 0!1 the tunnel center line 
by means of a single v9rtical strut 8 inches i n chord 
and of' NACA section 16 - 0")9 . The strl1t was shielded by 
a fairing of tile s~me section to within aLout 10 i~ches 
of the bomb C3.3e . In addition , four O. 03U-inch wireo 
wero attacr,ed to t:18 bo;nb to Pl'ovide lat0 r&1 3upport . 
The wire s and i3Uppo~~t strut. N'3"['e .nounted nIl the balallce 
frame and. were included in tiD force meSS1J.re'11ents . A 
photogranh of the bOr.1b ins to.lleC:. in the tunne 1 t s shown 
In figuI'8 3 . 

The angle cf 9 iue s1: p of ere ":lomb was variable 
from - 20° to 20 0 thrOl..1 gh 1'1X<:3rJ. j ncreInen ts by means of 
an internal indexing n;echl.:l.nis~n while the ruG.de!' angle 
was continuousl:T va:.:'; cto18 from - 200 to 200 by mean.3 
of a slotted plate arrangement. 

As rGceived, the bomb tail was .f'itted w1th four 
struts 'Nh:cr: , i.n addition to serving as Draces Ior the 
tail surface 5, also 3ervecl 2,3 the radio antenna . The 
strIts may be seen ~n figure 3. 
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'!:EST FROC ED~JRE 

The test p:!:'oced:lre c onsisted of measuring ruddeY' 
hjnge moment , yawing mcment , lateral force , and drag 
a t a m.:unber of speeds up to 8. :Mach number of approxi­
mat e l y 0 . 6 for each combination of rudc.er angle and 
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angl e of sides l ip. In d t e rmin:::'ng the bomb charac­
teristics only the negat i ve range of sideslip angles 
( 00 to - 200 ) was inv3stigated in order to keep the bomb 
tail outside the wake of the support strut and !ts 
fai r ing . fJ:'he angular range of 00 to 200 was employed 
in dctermining the support-strut tares . The r ange of 
rudder angles tested ~as from -150 to 200 . Most of the 
test runs were Made '.'lith the antenna tail struts 
i n s t alled but a few runs were made with the struts 
removed for purposes of comparison . This informatio~ 
on the effect of the antenna struts was specifica l ly 
requested by the Ar my . The res llts throughout the report 
are given for tho struts - installed configuration unless 
otherwise specifically noted . 

During the tests deflections of the bomb in the 
direction of the air flow were measured and corrections 
to the yawing moment applied to account for the change 
in position . In addition , a calibration was later made 
to determine the angular deflections of bomb and rudders 
under the influence of the aerodynamic loads . 

strut t are :'orces were measured wJth the aid of an 
image strut mounted a3 shown in figure 4. Wire tare 
fo rces were determined simply by making measurements 
wi t h the wires removed . 

Yawing moment, lateral force, and drag data have 
been corrected both for tares and for the ~ngular 
defl e c tions of bomb and rudde rs under aerodynamIc loads . 

Corrections for the deflections have not been applied 
to the hinge -mo"nent data . As presented the hinse-moment 
coefficient is a'J01.lt 9 percent too Imv &t the greatest 
negat ive bomb and rudder angle and at the htghest tunnel 
speedfwhich is the extreme case . 

RESULTS AND DISCUSSION 

Curves of yawing -moment coefficient, lateral - force 
coef'f icJ_ent, and drag coefficient versus Mach nu.'1lbor are 
presented in figures 5 through I S. It should Qe pointed 

----
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out that the \II = - 0 . 5° and 0R.:= 00 C~lrves shown in 
figures 5, 11, and If 8.ce believeJ to be sliSl1tly in error 
due to friction in the balanc8 systew d'~ring t1J.at particu­
lar test rlffi. This is indicated by the scatter of the 
test. points D&rticularly at the lower speeds. 

Deri "ed curves of yb.'1.rinS P101l1"):n t, lateral force , and 
drag coefficir:mts verSU3 sideslip ang10 a re gi ven in fig­
ures 19, 20 , <ind 2:::" . Flgure 22 s11mls the latoral i'orce 
and drag coe .~i'ici,:)llts at trLn &8 a lunct:i.on of the rudder 
angle . ':[.1he effe ct of center-of-gra.vity locat.ion on the 
stabilitvand t rim angles of the bomb is sho',vn in fig ­
ure 23 . HingA - mom")nt data are pr0Jented in fi gure s 24 
t~1rough 31 . ::'igure;2 ~ s a :pllOtO:::;.cs.ph of a rudder after 
structural fa!lure has occurred . 

Y,'a"'liDg mOIl'1ent . - Yawing- moment coefficient data are 
presented In f:"gu::::,eo 5 t:hroug.h 10 . f'urint:; the tests 
yawing moments were measured ubout a point 22 .38 inches 
from the bomb nose. In tr.e data ryresented in t:re report 
t~1e moments were t!'8.Dsferred to a point 28 . 60 ir2.chcs 
from the nose of the bomb, which was the center-of­
gravity location ot sand-filled bo~nb s used in the drop 
tests , mentioned earlier in the report . 

The figures s how that the variatlon of the yawing­
moment coefficient with Mach number is small for all the 
rudder al ... gles and angles of s5.desLtp over tne range of 
speeds covered in t.tis investigation . Ficur0s 9 :lno 10 
show the varia ti on of yavling- morr.ent c oe!'fi ci3n t wi th 
Mach number with the antenna struts removed . FroJ.TI a 
comparison of these figures with figur es 5 and 7 it 
will be seen that the struts h8.ve nractically no effec t 
on the yawing- moment c08ffi cient. 

Lateral force .- Curves of lateral - force coefficient 
versus Mo.cb nlIDiber f or trw vaY' j ous rudder angles and 
angle s o~ side sli D are pre se~1toc5. in tigu:'e s 11 through 16. 
In general , the coefficient increases negativoly w_th 
in~reas:i..ng Macb. n1.1.'11'ner . The change j s sljg.c1.t , however . 
Figures 15 and 16 srevv the vari c: tion of lateral - force 
coefficient wt th Mach number ·d.th the antenna struts 
removed . As ~.n the caslJ of trw yavd.ng - lnoment coefficients 
the effect of the strut3 on the lateral-forcd coefficient 
is small . 

Drag .- 'Jlhe var:ation of 1reg c,oefficient wi th Mach 
numberIS shown in figure 17 foY' variou3 angles of slde ­
slip and rudder angles . Ne sudden increases in thl? drag 
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coeffic i ent oC8urred :'n the speed range of the tests. 
Curves for a few of t.he stde slip and rudder 8"1616S have 
no t been plotted in :'isurG 17 to avoid exce ssi ve con-
ge st i on and ovel'lappi.ng . C1..~rvo s of the dr&g coefficient 
versus Macb nurriber 1NL th the a.ncerma tail struts removed 
are given ir. figure 18 . A c011lparJsol1 of th::'8 figure with 
figure 17 sbows that ~or a sideslip ~ngle of -0.50 a nd a 
rudder angJe of 00 rf'nloval of the Stl'L,ts results in a 
de crease .LD t:J.e drag cc':) f:'i cient of 0 . 009 or about 5 per ­
cent of the minimum rag . 

Bomb cbar::lcteristi c s 0.8 a functloD of sid'3slip 
angle-:-=-Curves ofyaw1.ng- momeatcoef.:."icient, lateral­
force coeffictent , and drag coe ffi ci.ent versus the angle 
of sideslip are prese nted in fi gures 19, 20, and 21, 
respectively . ~hese c rves are cross plots of the faired 
yawing-m.oment , IBteraJ-fo ... 'ce, d.no. dl1 ag c00.:Cfici ent curves 
pre vi ously pre sen ted . Si.nce thE" va:eia ti on of the coeffi ­
cients with tIsch nU':lber was not approciable except for 
the drag coe fficien C OD ly t:be curve s for Ii }I~ach Y.l.u11lber 
of 0.6 are stown . It will be noted from figure 19 that 
the bomb stabili t y decrea3es slj ghtly a s the ane;le of 
sideslip approaches zero . At tho lclrger negative side­
slip angles and posi ti ve rudder angles there is also 
some decroase in stability with increasing angle of 
sidesJip . 

Trim conditions .- Figure 22 shows the lateral-force 
and drag coefftcienfs obtaining at trim for various 
rudder def'lections . It wi:"l be seen trat for the maxi­
mum rudde.2 deflection of 200 a.nd &t a T',:ach num~er of 0.6 
the bomb trims in an b. t ti tude fOur V'lh· ch th9 late l'al - force 
coefflcient is -0 . 422 and the drag Goeff:'cient is 0.360 . 
Reference to f Og re 19 shows t~at the corresponding angle 
of sideslip for trim is - 10 . 5 0 • 

Bomb maneuverablli ty . - The following table is Dre ­
sented to-illustrate roughly the magnJtude of the lateral 
deviations possible l.vhe n the bomb is dro;roed from di:'-
fe rent al ti tude s . It is as umed that the bombing ai l" ­
plane is flying at a constant indicated ai.r peee... of 
175 miles per hour and that the maximum bomb rudder 
defl ection of 20° is raaintb.ined over the entire flight 
path . The left - hand colu'1m gi ves the height above sea 
level which is 8.1so considered to b8 ground leve l and 
the right - he.nd colu'11l1 gi. ves the approximate value of 
the maximum lateral deviation possible whell tbe bomb is 
re l eased at the corrAspondin g altitude o 
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Altitude of releaso 
(It) 

5,000 
1 0 , 000 
15,000 
20,000 
25 , 000 

Ap~roximate maximwn lateral 
de viation 

(ft) 

600 
1600 
2.800 
)+200 
5 300 

Effect of c~anges in the center- of - gravity 
l ocatioTl .- Fi gure '-z:3show s t 'leefi"ect-"J.D on-Yrimangle 
aud stabi lity of a change in the center - of- gravity 
l ocation 2 incne S b a ckwa rd or for-ward fran: the 23 . 6 - inch 
point . A more re a r ward locgt ion of the center of gravity 
results in a reduction in stab ility and an increase in the 
angJe of sides lip for trim ¥it~ a cons equen t increase in 
the late ral-force coefficient . A location forward of the 
28 . C- illCh point r esults , of course , in tbe opposite 
effe ct . 

'Nith the Gat' IJresented yawing - rr!oment c oe ffici ents 
rn~y be transfer re d f rom the 2d . 6 - inch point to any new 
point by the relation 

= C + (Cy 
n28 . 6 . 

cos 

where x is the di sts- co fr an the 28 . 6 - inch point to 
tlte new noin l:; measured alon6 'cbe bomb l ongitudinal axis. 
The valLle of x is rosi t~. ve i ::-' the new Doint is to the 
r~ar of the 28 . 6- incb Doi n t and negative·1 f to t he front. 

Hj n ge mome nt .- Rudder hinge - moment da ta are presented 
in fi gures2~tFirough 31 . F'i.gures 24 t h r ough 27 show the 
variation of rudder hin~e -moment coefficient with Mach 
number ror var io'Js rl.'dder an2;les and angles of side slip. 
It ma y be S 38n t hat f or the smal l e r angl e s of sideslip 
and rudder angles there is little va riation of t he hinge ­
moment coefficient with Aach nlwber . The chan ge become s 
more pronounced for t he larger an~le s but is n ot important 
in any C8. Ge 0 ver t he r ange of speeds co verled In thG t e 3 ts . 
It i s clear t ha t any l O ~l s of control of J~he bomb a t flach 
numbe rs of 0 . 6 and be low cannot be a t tr :t but.3d to r adi ca l 
chanre s i n hinge ~oments due to compressibi l ity effects . 
Figure 28 shows t~1e vari a tion of hinee - moment coeff::'cient 
with rudde r angle faY' variou8 Rng l cs of sideslip a nd 

-- -- - - --, - . , ----_ .. -.---- - - -- , ---- --- --_. 
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Na. ch numbers . Pie;ures 29 and 30 snow t he variatIon of 
hinge - moment coeffI ci ent w.Lth Ma ch n U"fJ1be r wi th t he cnt e nna 
struts removed . li'Jgure 31 shows the val'iat"ion of hinge ­
moment coefficient with rudder angle for t h3 same con­
figuration . A comgarts on of these f i gures wi th fig -
ures 24 , 26 , and 20 shows tlJ.at the struts have no 
8.nprec iable effect on the rudder hinge -moment coefficient . 

From t es ts in t he LJAL Instrlwent Research Division 
on the rudder and aileron operating mechanisms it has 
bee n de termi ne d that t he maximum torque available fo r 
ho l ding the rudde"'s in 8. gi va n position is 200 inch-
DO mds . For a rudde r deflection of 200 and the co1're ­
~ponding angle of sideslip fo r trim of - 10 . 50 the to tal 
hi nge moment acting on both rudders a t a J\~ach nU'11oer 
of 0 . 6 at s ea 1 e ve~. is 52 inch- pounds . If it is assumed 
t hat no change in t 6 hinge -:norr:ent coeffi ci. ent occ ur s 
be tween M = 0 . 6 and M = 1 . 0 , the torque ~equlred at 
a Mach number of 1.0 is 145 inch- pounds. Such an aSSl.l.rnp ­
tion is sornewha t doub tful , hov-;e ver , and if appr ec i able 
increases in the :J.inge - l'!1urr.ent coefficient do occur, then 
at or near a r,ra c:J. num1)er of 1 . 0 at sea level the torque 
may be insufficient to maintain t he maximum rudder' 
defl ection of 200 • 

For the max i mum aileron defle c t ion of ±co and an 
angl e of s i deslip of - 0.50 thE; torque required fo~ one 
aileron a t a r,Ia ch number of 0. 6 at se a level is 11 inch­
pounds . A ssl.m~in6 as before ·::;1'1a t no change in the hinge ­
moment coe fTi clent occurs between M = 0 . 6 2nd 'I = 1.0 
the torque required at .. : = l . O is 30 ::"nch- pounds . The 
maximum ai l eron to que nva i"1. ab l e at the 60 deflection Nas 
de te r mined to be 40 :Lnch- po1lnds . i-l. 1 t hOUGh the a s s1.unp tion 
of no change in the tin36 - monan t coefficient between 
M = 0 . 6 and ~ = 1 . 0 is more re~sonable for the case 
o f the small ajleron deflection than for the larger 
rudder defl ect10n , t he margin of' torque a rai l ab l e over 
torque required at; the higher s peeds is not l a r ge in any 
case . 

It would thus a"!':mear desirab le from the foregoing 
considerations to emplo y both aile~on ana rudder 
oDerating me chanisms more conservatJ ve '!lith regard 
to torque a va j lable . 

Rudde r f a ilure .- During a routine insp8ction of the 
bomb upon c ompl etion of a test run it was found tha t 
failure of onB of the rud ders had occurred along the 

I 
I 
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spot-welded skj,n joint at the hinge axis . Up to the 
time the failure VIas d:!.scov3rod 33 test runs, each of 
ab o'ut l~5 minur.e s dnra tlon, had been compJ e tecl. The 
f ai l ure 2.pp'3ared to be due to fa ti gl' .. e . Pi g'J.re 32 is a 
photog:."aph of the b ro'.-cen rudder 0 

cm~CLJSION3 

Aorod"ynamic test3 cf a lOOO- pound AZ ON homb at 
Ma ch numbers ral1ging j''''''om 0 . 2 to 0.6 have inr1icatFld 
the folJowine conclusi ons : 

1. T"I1ere weY'e no uT'pr'3ciab l e compressi')llity effects 
on the Tu1de~ ~l,ge - mrnnent coefflclents , t he yawing­
momen-c c03f.~'icie :lts, or on tl..e l ateral- fo rce coefficients. 
The drdg coefficients tncra aae d ~radually b Jt no sudden 
incre a s e s occurred . 

2. Reinoval oi' t~lFl [<.ntr:mna stru ts rro"!11 the tail had 
only a slight eff'eet on t!":.e .::.erodyna:rnlc characteristics . 

3 . The torq'~0 S sU'Jp l i eel by tlle rudder and aileron 
operating meehan ..... f.'l"!1s 'ncr'e found to be ::38veral time s 
tho tOl'quea requIred Rt a J'vIc..ct. nl.l:rnter of 0 . 6 at s oa 
level for maXhLlll1 con+:':.'01 Qof'lecc5.ons . If."'1o ap:;reelable 
increase s in the bing'3 '- r." Om3n t coe f.1' ici ent oecur be twe e n 
M = 0.[ dnd M = 1 . 0, the available torque will be 
adequate at a Mac~ nlli~he r o~ 1. 0 . BecBvse of some 
uncer:; ~'i. :'J.ty reg3.rc.lng ~he hinge -r>lOn"en'~ coef / icient at 
\1 = 1. 0 J howe ve r, i t wou l appa a::- de sirable t o 8mploy 
I'udde:C' ~nd ai13.con O-P01'2t .L Ylg mec:ll?nis!:18 hav i ne grea t er 
a ailable torque . 

Lan g l ev Me~oria l Le r onaut ica l L~boratory 
IJation8.1 Aj '.ris orv Co:wni ttee fo r A.eronaut ics 

Lane;ley Fie1..d, V'J. ., JUl1.8 16, 1944 

Approved: 

Joh n Stf.l.ck 

r<~J r!/. /3~-Y1). 
Ernest O. Pearson, Jr. 
Aeronautica l En3ineer 

Chief of Compressibi lit y Re30arch Di vision 
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~'IGURE UWKfiTDS 

Figure 1 .- Sket c r:. showing sign conventions for angl'3 s, 
forces and momen t s . 

Figllre 2 .- Sketch showing 6imensions of A~-M - 65 -AZON bomb . 

Fi gure 3.- AN- r' - 65 - I~ZON 1000- :')olmd bomb installed in the 
16 - foo t hi.;h - speed tunne l. 

Figure L~ . - Se tur emp] oyed for de t~ rmining sup::;ort - strut 
t are s . 

Fi gur e 5.- Variation of ~T8.wil1g -l11oment coeffi cient vi th 
II;Iach number for several rudder 3.ngles \jJ = -. 5° . 

F i gure 6 . - Variation of y8W i ng - mo"IJ.en t coe ffi c ient ;'Ji th 
Ma ch number for severa:' rudder angles \jJ = - 10 . 50 . 

Figure 7.- VariattoY' of yawin:?; - moment coefficIent wi t h 
Ma ch nn .. mb3J' for several rudder angles \jJ = - 15 . 50 . 

FiglITe 8 ,- Variation of yawing- moment coefficient with 
T~ach nutn.ber for s everal rudder angl '9s \jJ = - 20 . 5° . 

Figure 9 . - Varla t iOD 0:' ;Tawing- moment· coefficient with 
Ma ch l11..l'11ber for severa l rudder angles \jJ = .50; 
antenna s trut s removed . 

Figure 10 .- V8.riat~ .. on of .rawing- moment coefficient with 
Na ch number for se vel'a l rudder angl es \jJ = -1 5 . 5 0 ; 
an t erola s t ruts removed . 

Figure 11 .- Variation of lateral - :Corce coefficient v:ith 
Ma ch number for several rudder angles 'V = -. 5° , 

Figure 12 .- Va r iatIon of lateral - force coefficjent with 
Ea ch number for sev3ra l rudder angles \jJ = - 10 . 5° , 

Figure 13 . - Varia t ion of lateral - force coefficient vith 
Mach number for several r'ldrer ang1es ,y = - 15 . 5° , 

Figure 14 .- Vuriation of la t eral - force coefficient with 
I'Jiach number for severa l rudder angles \jJ = - 20 . 5° . 

Fi~ure 15 .- Variation of lateral - force coeffIcient with 
~·~a ch number for se vera l rudder angle s 1.\1 = - .5 0; 
a.D tenna strut s removeo. . 

Figure 16 .- Variation of la t eral - force coefficient with 
Ma ch number for severa l rudder dngles \jJ = - 15 . 5°; 
an t~nna strut s removed . 



FI'}.TRE L3G~TDS - Conc l uded 

Fi~ure 17 .- Var iation of dr~g coef~icient with Mach numbe r 
fo r several an 7 1e 8 of s ides l ip unO. rudcer angles . 

Figure 18 .- Variat5.on 0:' dras coef.L~:lci':mt with IV~ach n umb e r ; 
dn t anna st~ut 8 re~oved . 

Fif3ur e 19 .- Varia-:ion of ya'Nlng- '":1or:en t coeLncient wi t h 
angle of .3 ice slir: fo_ se veI'8.1 r1..:dder ar.gle s M = 0. 6 . 

Figure 20 .- Variation o~ lateral- ~orce coefficient with 
angl.e of side slip for' se vorE,l ::,'uddel'" 8.ngle s 11 = 0. 6 . 

Figu re 2 1 .- Variation at dr ~ c00fficient with angle of 
sideslip ..':'or severa~ rudder 8.'.l.~le8 ~,: = 0. 6 . 

Figure 22 .- Drag an6 lateral - iorc3 coeff!ci0nts ~t trim 
versus the rudc'ler angle for se~Jeral I'!Iach nurnb3rs . 

:<'igure 23 .- 1Tariation of yawing-mor~ent coefficient v:i t '1. 
angle of sides ip fo~ three center- of - gravity loca t ions 
F = 0 . 6 . 

f'i gure 24, . - Var i::l t :.on 0:: rud ~1er h:.nse - :Tlomen t coeffic i ent 
wi t h I\:a c:'l num'.)"')l' for sevAral rudder angles '-V = - 0 . 50 . 

Fjgurs 25 . - Variation of rujd er hinge -~ornent cosf~icient 
with ~.Ta ch m.L'!l~·3r :fo::.' sever::...l J""nclder b.nglss \l! = - 10 . 50 . 

Fig ore 2t . . - VF,riat::'on 0:' rudder hinge -J:10men~ coeffi c Lmt 
lith L1ch nurn':Ai' for sevel'al ::''''udder angl es \lJ = - 15 . 50 . 

Pi gure 27 . - 1!ar:'a tion of' rude er hlr,ge - moment coe ffi cien t 
wi th r."a ch n'U..'1loer for se veral l"ldder angle S IV = - 20 . 5 0 . 

Fi~ure 22 . - Variation of rudGer ~lnga -,oment coeffic i en t 
v"itll rudder an51 e .for several i::>.rlsles of sideslip and 
r,:ach nu."llbc 1'8 . 

Figure 29 .- VD Y·iat:i.on o~ rud(~ er ll~:te:e -moment coefficient 
wi t h Va c h numoer for se ve:'al l"''..'.6.der angle s '..!J = - 0 . 5 0 ; 

antonn~ 3trut s removed . 

FiGure 30 .- Vari ation of rudd.er h.cnge - moment coeff'icient 
with l~~ach Dumber fo-;.' sevar8.1 ruCder angl e3 \J.r = - 15 . 5 0 ; 
antenn& strut s ren:oved . 

:<,i,crure 31. - Varia ti. on 0:;.' rudder h~.nse -~'~lOmen t coeff:" c ient 
wi t h r'uddel' an.Jle ; antenna stl"'u.t:s rcmoved . 

P "6ure 32 .- Rudder fai l ure . 
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