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1.0 T YK7o
ah ercdemnz4ic t&iiyaxid u7, %.rto1 chartir~t~c-Uzis '~the

o1 this docx:ealt. Datai are nresante-d for tlie x-2.3r awi for the
~i~'plus third stav-e.

Thi.-se lfitp are )xast4 or ribd tufnel tests, -.heiv data are asrai1-
a;1Q. -here n~ot avaIja>I~e.. LheornmicUJ estirrmat'-- haive b,-sn jade

for the ve-rijulc char.4ctcrizz~s.I

71i s h ntrm-!%drconfi,;uratior., Sor~e veh.5cle clharacter-
i! ti- ecialiar t;ý tht'_ coc.ti n ~r*. 3r~ sati3fnctory arA-411 be -jo-~i`ed T~or tn; i-al cuor-f urat~ion. Tz.c ~jjtip eA- j

;sier ,21-.Uvationx is SI~bJect to ' -~ood sp~eei brbke
locatl.on is3 still Vi~ be defirned. Znz v-ertical tail and -udder
sLi.e r~ay J.icrz.ase. T11e ele-vor confi--iration mj.y' change. Thepossibility of e~yu-metric defiecti-r. of' tne e2 avon for 11ol3, con-trol to r -dace ceu.1ings is ;kin- ý:-onsidered.I

T data prese.-ted wi1 be -'wŽioed as a~i-ior.al vtind tvi~nel data
are rcceiv-nd acd t-etter e~tim-ztA-s uf tMe vehxicle c-hsracteriztics
are made.I

Info'-.atior~ pressanted in thre dot-wzert is entiziatcd fo'r an ob-
solete corifiguxraticr., %ode1 6L,,1_2035. The doc~r~v.r- is b-cingreiezase to up-date da~ta row in the pobsesaior. *f Umi o-ast~ome I
andG asociatesI

saca !54ffA



~c~hrnce a~AC ~-69iY -1 -ier:Ln Syste- Dc.,cc-.ip:tiOn ofth

Dyna So..r Step I", R. L. Uaz~pbc-l, Novf-ca'-er 29,, 1960.1

R~eference b C119-FIR-1044O 'Dyna Soar I Config-u -ation Eva.duat ion
?. Wnd iiel Test Report Series II". Bell Aircraft

Corporation~, 'ýay 1959.

Re#2.Lerence c 'ACA TN~ 24C9 "Slarrary of Yethods for Calc-1ating
I Dj-naric Lateral Stability and Responlse and for Es-I -i~atir.;- L-iternl Stability Derivatives",, Campbell
I ~and M!c Kinney., Jtly 1951.

Reference d MAA T!! X - 287 "Theoretical. Stabil-ity. Derivstives
for the X-15 Research Airplane at Superso.-ic and
FtWpers~rnj.c Spe-ds Inclt:dirhg a Comparison viwit rind
Tunnel lResults, tralker and 7oblo~dicz, August 1960.
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S3.0 ---..-.- T "

3.1 The reneral arranP-:ent of the 144-J35 con:'iruratioc is shom on
Fi-ure 31 1 1. 7he confi-uration is sh.-m in th :amnufacttred
shape (referred to as the "cold" shape).

A hnat shield is sh:cm covarinr t-'e pilots -iUnd shield. This is
serarated fro: th. -Ilider at sup rsv:-ic speeds, The drag brake,
shown,~ on top the bo• is actuated at subsonic and lov.ý supersonie
speeds, onlý. The .-.ing tip extensiions, located on the vertical
tails, are extendcd at supersonic speeds. T e rudders are de-

flected outiboard only.

Mhe elevons are split in two panels. This -.,as done to reduce the
sensitivity of the elevons for roll control at transcnic and supei--
sonic speeds and at hi:h dynariic pressures when the elevons have
high effectiveness. In these flight conditions, roll comniands are
transmitted to the Lnboard panels only. If a continuous signal is
required by the adaptiv3 feature of tf e flight control t-ster, it
t--ill be transmitted to the inboard panel only to conserve A.P.[.
fu.el.

The inboard elevon panel is shorn to have a redged section to
elizi: ate possible "dead" zones in elevon effectiveycss at small
deflections at hyperZo:ic specds. This v.ed7ing is probably un-
necessary. T-e ele-.ron section of the inboard panel has heen. con-
sidered nodified to the same as that out~board panel for the data
in this document.

Elevon actuator housin.cs, not shown on the drawing, are located

on the upp.r -.ing surface. These are positioned at appro•i.mately
midspan of the two elevon panels and exctcn-.d fort-ard of the elevon
hin-e line. Acotuat-ors for the rudders are loca ed in the bottom
section of the vertical t iteil.

A more co. plete coniisPtion resented in Referece

S AZ- '5461133 1L7 No~ 02.-617
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3.2 ,,EIGI;TS JU1) LM_,TS OF IL.ERTIA

The desi:•i wetuhts and moeents of inertia for the glider vehicle
are presonted below.

For the glider alone (traisition section off):

Teisght=9600 lbs.

Principal Moments of inertia a;out C.G.t

ýr=l 3 600 slugs - f2 (pitch)

Ix = 4,000 slugs - fte (roll)

Iz= 2.,ooo, slu" - ft 2 (yaw)

The x pr ncipal axis -Is assumed parallel to glider water lines.

For the 9600 1b, vlider plus the third stage, Figure 3.2.1 Fives
the moments of jnertia d&ring third stage burning, aad the tei:hts
and the c.!nter of gravity locations at begi-.ikg and end of third
stage burning.

The c :nter of gra-vi,y location for the glider alone is shwn. on
FiureP 3.3.3 3IC.I

II

I I
7I I -T
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Acr•d�yna-.c data i. t*:-- docx at are pr' -ented on a fixed body
ay.,. syt -.. T',e axis system is shown on Fi.r'ure 3.3.-1 Def-
inition of angle of attack and sideslip and Vie si_:, convention
for the force and morent coefficients are also sho.-n. The sign
con':entions for control deflections are show., on Fi_•ure 3.3.Z,

Reference constants ý-:d glider alone center of .ravity location
are sho.-.i or. Fii-are 3.3.3 . Sor7e sijnificant aerody-amic con-
figuration constants are also presented.

%o 74
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WINLD V.ECTOI2
(FzLIGHT PATH)

I) THE WMUTuA,-iy PlElPtEN~iCULAI? X) Y) AND Z AXES
ARE iFIxED ON Ts-E AiRPL.ANE~ REGAR~DLESS O)F
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4.0 D!T7-ýLITIOV' OF SY~I!BOLS

SIT'r~olDefinitjc~n
a. c. aerodynamic center

AIR aspect ratio

b wing span

BS. body station

, .a.r. or M!.A.C. mean aeody..a.aic chord

Ce elevon chord

c.jr. or C.G. center of gravity
t

Cr wing root chord

Ct wing tip chord

U hinge moment

it incidence angle of wing tip
extensions

C moment of inertia in roll

Smoment of inertia in pitch

amoment of inertia in yaw

rolling moment

L lift force

Si pitching moment

Ni Mach number or pitching moment

n yawing moumnt

N normal force

p roll rate

q p1c .p d pressure In
P=S?

r yaw rate

W '546 k-3

t-- 4.1



Se or SE elevorn area

Sr or SR rudder are

St wing tip eytension area

SK wing area

V velocity

x force along X (roll) ayls

force along T (pitch) axis

cc. angle of attack

oKOL angle of attack at zero 1lft

ang-le of sideslip

50, aileron deflection angle

left elevon deflection angle

e- r right elevon deflection angle

elevon deflection angle. elevosýIp_ Ora• deflfcting wog--ther

rudder deflecticn angle

pitch angle

roll P rgle

-~ a.7 angle

ving taper ratio ''_

S~C rollin mccent, ooefficmet,_._

c). z)( t / • '2t,12) %

c t •C)t/b

C IL ac/
PAG

I



CL lIft Coeficiei6to L

C. pit-ek1-7: momenit coefficient !

zeri lift-

-' 
, Z 3

CSS

C12 yat.ing mcmnent coefficient,, ---.L.

0,U nor&--A frcme coefficl ant, L..
CN~

CN a

CZ axa'vc cofiiet

07y Wie force eGefficient, Tq5

* &f. AC 5C L

128-74 ).-
PACA 4.3



cy-

I - ~ cJ%-/ ý(ýAr

Chh ingre moment coe-fficient, I.JLI
Oho
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5.0 IrTiIWA T. cs- -Th-Y ":T) ý-n.3 (~1DR

5.1 StU.'ARY

Lon-itudinal stability and con.trol data are presented ir the
iollo~::ig sections for tie .44-2,-35 glider -configuration. Data
are pre-sent -d thro-rh the speed raige of the -lider. The elevor.
confi-uration of the 7lider has been modified frc.n the 344-2G35
sich that the inboard panel has : o wedging (same section as the
outboard4 par.el) for the data to be presented.

IbThe glider aerodynanic co.figration varies as a function of speed..
At. subsonic and superso: ic speeds, wing tia extensions, located on
tne outboard surface c! the vertical tails, are extended for in-
crealsed stability. At hypersonic spe-ds, the glider is subjected
to high tenperatur-s resulting in structural deformation. Data
are presented for these changes of confi-uration.

!'or.-al force, axial force and pitchinf' mormnt coefficients com-
prise the da-a presented in the following sectiors. The do a are
presented at the nominal cen' er of Pravity position of 43% of the
!..A.C. and a vertical c.g. location at vater line 125.

S-urmary curves of these coefficient data are presented on Figures
5.I.; through 5.1.7. TrizrLced aerodymanric center as a function of
Iach number ard trL~-ed lift coefficient is present-d on Figures
5.1.1 and 5.1.2. Normal force curve slope, at tri-=ed eleven de-
flection for a given CL, is presented on Firures 5..1I and 5.1 -7. A
minor amount of fairing was required to produce triese curves from
the basic data to be presented, except at 1!= 0.7. The data at
S=0.7 produce appreciable discontinuities in the curves and have
been faired out of the summary data.
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5.2 LWDIT.G SPEFfD

Basic stability and elevon effectiveness plots are presented on
Figures 5.21 and 52Z for the ri-der at a Yach number typical of
landing speed. These datla -..ere determined fro=. wind tunnel tests
performed in the A.P.C. 12-Foot Pressure .*ir:d Tunnel and the
Boeing Transo,.ic Wind T:-nol on a .15 scale -z.del of the 844-2 05
configuration. These data have been nudified to the 844-2035
conricLuration as required.

The change Ln stability and control effectiveness with landing
gear extended and in close p*-oximity to the ground is sho. on
Figure 5.2.3 . These data were determined fro,. wind tur-nel tests
ir the Boeing Transolic 7ind Tunnel on a similar configuration
& I modified for the present configuration. The incremental
effect of extending ti:e landing gear is showm on Firure 5.2.4. It
was assumed that proxizlty to the ground would have little effect
on these increments.

Axial force coefficients as a ' nction of anrle of attack are shown
on Figures 5.3-1 ant 53.1Z at !! =.26 which is ty-ical of landing.
The axial force Lncrenent due to landing gear extensior. is shown on
Fia-ure 5.2.5 . Uxial force is assumed to be unaffected by the
presence of the ground.
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5.3 SUBS 0EC - T sW:.C S PE -DS

Basic stability and control effectiven ess data are presented on-
Figures 5.3.1 through 55.10. Data are shorn at ,'ach numbers of 0.5,
0.7, 0.9, 3.95, and 1. '5 for both: the wing tip extensions retr',cted
aw.d extended. The data are present-d in this fashion and for the
various i..ach n-umbers due to the aipreciable non-linearities of the
aerodýy.wzics. The data are based on resulJ4 s of wind tunnel tests
in the Boeing Transonic 7-ind Tunnel and prelimiinary results of
tests in the L.R.C. 16-Foot Transonic rind Tunnel.. Due to the
preli:-irary .wa ure of some of these data, sor.e modification to the
characteristics sho..n can be anticipa-ed. The turnnel data were
modified to the current con figur-tion by empirical and theoretical
analysis.

Data shown at :'=0.7 show discontinuity .tith the oth-r data as a
function of :'ach number as discussed in the surmary. These trends
of the I. =0.7 data r-ere corroborated to some degree by the two
tunnel tests mentioned. Further testing will be done to define
th-se data better. i

Axial force data as function of angle of attack are shorm on
FiTure 5.3ml for the glider with winr tips extended and on Figure
53 Ia for wir- tips retracted. These data are for the glider in
tri'mied flight.
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5.4 SUPi-,303; IC

Longitudinal stability and control characteristics at supersonic
speeds for Mach numbers of 1.C, 2.0 and 3.5 are shorn for wing tip
extensicns retracted, Fi-ur; 5A.4 throurh 5.4& and for wing tip
extersi-is extended, Fi-ures 5•4. throtgh 54.3. These curves were
derived from wind tunnel tests perform.1ed in the Boeing Supersonic
i.id Tunnel. The 814-1058 glider confic-u-ation :as tested with
variations in rodeýl components to give paranetric data. The
parametric data were corrected by theoretical methods to obtain
predictions of pitch characteristics on the 844-2035 configuration.

Chord force coefficient data for the glider in trim and with wing
tips extended are shom on Fig-ure 54.7. Data with the tip ex-
tensions retracted are shomn on Figure 5.4.8.
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5.5 iryi'?s:!:Ic SPEDS
Longitudinal stability and control charact-ixstics for the '44-
2035 qllider confirL-ation. are shown on Figures 5.5.1 through 5.5?.
Data are shovi on Figure 5.5.1 for a Mach number of 8 and the cold
shape glider. This assumes the glider Lo have the manufactured,
or Jig shape, coni,-uration. Data are sno,-:. on Finirfs 515.Z and
55.3 at a Each nwaber of 8.0 and 22.0 for tha "hot shape" glider.
This assumes that the glider has assumed its maximum structural
deforrie tion due to thermal effects.

The daa presented are based on wind tunnel tests in the folloidng
facilities:

1) A.E.D.C. Tunnel B, M = 8.08

2) J.P.L. 21-Inch Hypersonic Tunnl, M=9.5

"3) L.R.C. 11-Inch jypersonic Tunnel, U=9.6

4) Boeing a-Inch Hotshr t Tunnel, 11=16 and 22

These data were corrected to the present configuration by theoret-
ical methods (Modified Newtonian Flow Theory and Shock Expansion
Theory, particularly for elevon effectiveness). The incremental
effect of the "hot shape" glider was determined by Mzodified

c Newtonian Flow Theory.

The effect of altitude or Reynolds number change at a constant
Mach number is not included, Work is currently in progress in
th-5s area. Some variation of characteristics between V=8 and 22
car, also be anticipated, Wind tunnel tests are currently in
progress to define this variation. |

!

%Chord force data as a function of angle of attack for Mach numbers |
S"f 8 and 22 are presented on Figure 55• . These data are for the
glider trimmed at the various angles of attack.
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5.6 SPEED B:I-JYS (DFMl BRAKE)

The incremental effect of extending th'3 speed brakes on longi-
tudinal stability is shown cn Fipure 5.G.4. Data are shown at
the three Mach nurbers where test data have been obtained. The
test data w:ere obtained in the Boeing Transonic and Superzonic
V.ind .-jxels a:d have been modified to the present config•uration.
Further study of speed brake location, to mininize trim and
stability chan-es, is being conducted.

The incremental effect of the speed brakes on axial force is zhowi
on Figure 5.6.Zat supersonic and low speed.
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5.7 ELEVON AS AXLTROQ1 PITCH COUPLING

The effects of symmetrical elevon deflection for roll control on
pitch stability and triim at subsonic through supersonic speeds are
shorn on Figures 5,1. ar:d s5.Z. The data were esti.-ated from
limited wind tunnel data and can be subject to major revision.

At hypersoric speeds, the chan-es in pitching moment and normal
force are presented as functions of elevon deflection and angle
of attack for one elevon deflected. Test data have shown that the
deflection of one elevon has a negligible effect upon the flow
about the o:-her elevon at hypersonic speeds. Therefore, the effect
of aileron deflection cmrn be obtained by adding the individual
effects of the two elevons. The increments in normal force and
pitching moment due to deflection of one elevon are Fhown on
Figures 5.71 through 5.78 for M=8 and 22. Elevon pitch trim re-
quirements for various roll control deflection are sho'mn on Figure
5.7.3 for M=8 and Figure 5.7.6 for M =22.
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5.8 PO TARY D.E-'II'AIVES

Thevit~ d~.pn~ :~rvatveC fsh-;rn oni Fi:--re 5..1) was
obta-ined fro-n: NASA repo~rts of sA-. ±Lar ccnfic'urat.io.xs. T.ese data
-were also cwvared -.-'h linear theorv .wnic:h vas !fou.id t1o In- in
reaso:.a~1e a reement at suiper~o:.ic speeds but was -n-aily double
the e:.-pirical value at s':-bso: ic speeds. Pecent wind tuzinel data
w~ere runi shormingheefet of an-vle of ai.-.ack an~d oscillation I
i'reque-ncy o- Cnand. Cm. at low; spe--d ir. the L.'.C. Free Flight
7.1nd Tunnel. 7fiese data are currently being analyzed. Additional
anaiytical and test -v:ork is bein - -or-,e and is plai ned wo define

* I the necessary rotary derivatives furthcr.
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5.9 ETSVO,'J il'rq !!O:' tTT CHA2.ACTERISTICS

C IVariation of C a and Cm&b vith 1ach number is shown or. Fir-,re 5.9.1 •
These data were obt3i:n2d frcm puTblished n.A.S.A. reports on si•ilar,
configur itions.

rind tu:.nel tests in the A.2.C. UtLitary Wind Tunnel have been
cor:pleted recently and further testing is planned to define tnese
characteristics better as a function of' '.ch nuvber, angle of attac
and angle of elevon deflection.
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... ic~:..effect. .c : tip e-tenin located on tý.- ý-er-
.-call zaia s-, 0-1 Litc~. moment an,)d : orm-i forct? eofi% J~i,3

s:.Or. -102 OI n 5l.. These data are basie .1 on trsts pt
for.cdin ~ A ~iC. .2eho =u~re w''inid Tur-ae1 and the B3oeing

Trao:.cand Tz.r~ -Thnels. It tas assumted tht t-he
ti~cxtnsi ~o1d av~or.y scorday effec~tls on. ele-von eff-ec-

tiv'-ness. TedataL obt~ained -,.ere not vri~th the precise tip ex-
tension cow~-w'at u '- for the Z---2035 ~-1icier, -o,-.sequentlv some
variation in the iLncrements shorm may be articipatted.
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6.0 L'2TFAL - DI7--TI,";'L S:A":TT'Y A C' ?'iOL

The predicted force, moment, wnd directional cor.trol effective-
Pss charncteristics are included i, this section. The data are

gro-:ed ir tne follo.---Lng areas. A list of the data in each area
is presented at the frent of each group.

6.1 Lateral - Directional Stability Characteristics

6.2 Aileron Characteristics and Fffectiveness

6.3 Rudder Characteristics and Effectiveness

6.4 Roll and Yar. Rotary Derivatives

The characteristics are presrnted for the 844-2035 configuration,
Figure 3 1.1 . The re'erence dire:sions on which the characteris-
tics are based are shown on Figure 3.3.1. All characteristics are
presented for cc ventional body axes fixed in the vehicle.
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- 6.1 LATT.AL - DIR?,TIO:,AL S'ATiLITY CHA'A1T7EfISTIGS

The lateral - directional stability is ,.resented in Figures G.A
throu-h 4ý14for landin.g s.pe-d to.high hyp-rsonic spe.od. T.he yvx-
ing no-'ent, rolling mo-e;.t, and side force ar- presented versus
sideslip angle and angle of attack at representative 'ach numbers
in order to show- the non-linearity of the stability characteris-
tics. The stability dcrivatives Cyra , C.0 , a: d C'6 are also
presented versus M!ach nwmber in order to indicate the interpolation
betweein !ach nurbers (Figures 4.% , (.. , and e,.-. These de-
rivatives are presen-"d orn- for zero sideslip, and because of the
no:-linear rature of the stability characteristics, should rot be
used for large sideslip angles. Stability characteristics are
presented for wirg-tip extensions both retr cted and extended from
landing speed to 3.5.

The stability characteristics are presented at representative speed.
correspondinr approxi-rately to wvind tunnel test spe-ds, namely,
L = 0.25, .73, .95,, 1.C5, 2.", 3.5, 8.0 a.d 22.0. The landing speed
data are based prix-arily on low speed teat's cn a sin:ilsr config-
uratiorn at the AFL 12-F ct Pressure Tunnel, test 122, and pre-
Urinary data from B57T 619. Effects of Reynolds number (altitude)
w ere shlomn to be small. T e stability atc(-150 ar:d f greater than
120 ras extrapolated. The incremental effect of extending the
land .n• rear and extending the speed brakes is shorm on Figures
c..7 and . . ?:o data on the influence of the ground is currently
available; however, any effect of the oround on yaw.ng roment and
side force will probably be negligible, with the major effect a
snall reduction in aileron effectiveness and roll due to sideslip
(dinedral effect).

The transoric characteristics were estiLated fror prelhir. ary data
froi B3'-, 623 on a similar glid-r configuration. The data have
been extrapolated to the current confi•u-ction on the basis of
body shape, vertical anil size, location, and planforr, and fold-
don wint tp size. Thje static s'ability is c-rrently ninim=u in
this sp'ed range.

The supersonic stability characteristics were obtained from tests
in the Boeing Supersonic 7ind Tunnel at Iach numbers 2.0 and 3.5.
Since C v, , C x , and C,< are quite linear with P in this
M.ach n=nber region, data are presented for M= 3.5 only (wing tips
extended and retracted) on Figures (..ZZ.and ..(2. These Figures
are representative of the variztioe of these coefficients versus
OB ttrotghout the superso::ic re-ion. Figures (,.%s throurh C.2jo
present C n , C• , and Cy. versusQo for '=2.0 and 3.5, and
for win.F tips extended and retracted.

Iaterl'.1 - dircctior al stability -t low hypersonic speeds were ob-
tai- ed from wiTnd tunel z'sts on the nolel •44-20C5, a similar

d(..
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confi-a~rat ion, at E.a'h. nv--b-rs aIf.. (FCZ PAC 13)1 and 9.6,
(IZ.1-Ireb, 7'-st 4.7 in air), The dat-a havre brer. adjl.utea=- for

vert-ciil tail s~e) planforzm and cant angle (F'irure,3.1. I ). Mhe
results are preseated in Figure&4.-3.

kvpb y'rso!Ic speed datz were obtaint-d at 11ach 17.8 (UC U1-
Inhe, Tiest 47 in heli,=) and 11ach 1S a.--d 22 (7:S'? 006). The
heLiuxm da-A -..ere obtained on a =rriei ident&~im to the low hy-.
perzo.-ic speezndl h oshtd-,hwvr weree on a
cone-c~ylinder lbody con f-I-'urti.ox., ar4 adniit-Ional ctrrect~ions Ihad
to be mado for the body shape. Th.LS Uas per-Ccrevi by cornparinjg

* the co!:e-cvia-inder and&42A) body e"'ec s ,!t "ach ý;1.6 awid ad jrvt-j
the !Yach 22 data artcordiingly. ýi!iure 4a .%Ls l~ ateral-
dir-rctk'al stability clharactraistics at nigh1 hyjpesonic speo-s,

* j ~Charac'eristics ~t anZ1cs of attack abov2 200 were d3xtrapolated'
fr-*. lower i!ach. nm~bar data,

onRe inozateal is drcurrenly avalabe- omn th charrzuenitcs of ti-
t--Ae (i.e., PReynoleca nwnbcr) va-r-lat-1on7 at hiah hyper-sor~ie vc s?~ i~r~toi s urentl avi leo he irfT Stenc .of atil
data b-ce--e availlable, it is assw~ed that tne 'effect of" altitude

t4l2 hi., ne.-I I;ble on C,. C1 and i;, * The primxary eff-~t I
of aititud.- will brc to i~rcrpzse boundari layer thirIes-,. :low-
evý--- the areas t'f the glider that a~-e lmost importantI ir. estab-
liahing directilma.1 stability i--e the griider for-e-bdy and vs-r-
Ua Itail; reionom which are not '>xvected to have as~rIz~icnt,

C.boundnry --~~ruh aso of sn-ort, bar~ndswy"Lan~r r-s

la~arerowt bpca

BAC 1545 t 2

NO -



- -- - - ------ -

f-~1

7- 1

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __9_ _



--------- - --

--- - -- - - -

------ -- .. .-- --

. -. ............

7.1- _7 T -t7....

-- - -, -----

-1.......- ~ '17zI

1 772
I I t<ijii 

4
j

__ __ _ __ __ _ ,AtV .Lioj. --o --c r34



I -- - A

* 3 3L

. .... .. .

2~. ... .... i

3- 4--



Inv'

*~~. ... 6. .. .....

*- -- ----- -

-- -- -- ----

---- -~6~ ----- _ _ _- -

* ~ ... . ... . * I-

* 7 7

4 -I-o-

__ ~ ~ ____ _____7-_.

r i-~J,

I I ~ ....... ...

____ ___ ___ ___ __ _ i~ ___99
2 - WA SA -o3P



-. i

I :�.t -�

* � -

- - IF'4  _ __
________ :3

a.:
4 £

I 1 1 3 I ' I

3 a I -1---.----. 3 8 j
�1 3 * t.- I �

- S____

S --- S.- I 3 1� 4 j I _______

- I.!�II� :
3. �7TT

:�i.:�.i
__ 2

-.-- __ £ f _I. L ___

-t
__ 4il LA ±�:4A-4 ± t=�

-. 
F 3 _

.5 I I 5 5 :.J � 3
-* 

4 � f� --- r-----r--?- '---I----

��-.zL � 3 -� S

%, ________

C � S'L4 ____________

F 1 ft
I I -v--- 8

S S

L.a .-.. *T1Tizr

I ' i -I-- I j � ��-���1�����.
_______________ I .-.-.---.t---. I I j

* 1 3 i iF�7Y� 17L 1� .�,

1 1 1 1
�TF�I F'�?��

S _

____ ____ I ' lii � -i---:---� � I ii
1 £ _____ _____ ______ ____________

3 * 3 � � 2 �
[.:..�........; 1 1� - I.

I * I * I
* 3
* I *

_____________ _________ * I

100



-i
4 4 4 4 �1

4 4 4
4........S * ---.-- 4---. - 4

4 4 4 4 , 2
4 4 4 4 4 4

- ---- 4 -.-- - - -'--4--- -4----. -. -4 - 4 2 4 *41
�4�4�4�

4
j 4444.4-44-4 7-...

44 4 4

- .4 � - :1

� I JVI
I 4I . I

4 4 1 i�i4�i ti-il
j I

_______ I

* . -� - :. ___ 1
-444-4444 4444�44-44-44444-444�444.44444 444� .li494 4* 44 .- � : ' �47�4J

� j. I 4 4 4� 4 1- -- �-4V�4-����*�44 lJi/1k4 � lIh�3� -�-� '�t...4) - - -
- t -- 4---.- - -4 -

44*44
4. - * 2 - V 4

_____ 4 - 1* r
4 4 4 4 4

_ L�LI:.144144 L 2 L K
I ' 4 ' I

4 � 4 4 4 1
4 4 4 �

4 2 4 4
I I a I

4 244-14- I ..4 L � I �
-4-

______ 4 a1�-1 I
4 L

�I 44
� J *j t4.444-___ 1 4 1 � 4� 1- L2{ t I -4

__ ___ 17 444
4474444, 44 4 4 4 4 1

14 ----4--1s4  -4 -4444444444444�44 _ _ 24 :-;-. -2- .�--- 4 4 -I-��--�----� 4444 4.4444 4 - 4 - 44. _________________________________________244-�S(&'----- I � t-- .:4 4 f 4-.---- -- � - .44-444-4?. -4-:
444 4444444444444

1117 j� 7-jT.iL:44[4Z�.4--4-4-,-----.-4-- 44-4-444�444�4444444444444 44 -. 4 t--:-44:-j 4 a c:-.-- :1--:.� 1 44______ ___________ L.LLrA__________________________ 44 I .i� 4S442 -�"�- ;TTT*44*.4 I � ..- '1' f4 44
� a'" -�min. a mUm urn em.

4- 7� L�L�a")r' .4-f-
4- 1 � 1 �_ _ iffijj:�:

-4-I' 44*4 -�4 �- 4 444-.444-4--444.4.4�-4�-4 4444444-4L4�444444*4�*44444444-44-'t - . 4 4 4 �44 - _______________ 1
4 4444 4 _______

,±-43 4 - -
-44-. j4444�.�444-.4444444.4.��4444  . 4-. * 4 - - � ----4--114 �4�4-. IaltfI



. ........ .

-7-4

d de

£ I42934--

A 3
. .... -- 1 1I' ----

2. F-T 7 7 : 1:!

CIS-

=7 4 3

-1~~A

IOZ-



-~..............

J 4 -- -I - --- --

.J*-.
4

-. I

......... .. r i4 ..." ~~~

~ I -jI t

*_ V ........ .- A

% 1 -1 T-

.... ~~~~-4-. .. .......... ~ ~ _ __

ri=* A

44 ID

___-7-771

4- -- 4--7

'1'% 4:. i J0AA A 15



... w -.. ....

[+0 0

I- - -. -- -- - : - . - ; -

[ --. -- : - , - -

-: _-.. .. . ..... .~.... . :

L4 Ji

_ L

+- .". . 1_ 0 _ . .

_ • _. . 1. ..._ --. . . ._ __-

S.... . .. . ... . . I -. ... . . . . I ; ... :. . .

Il + " : +:_ t : . . -4

. ___. , . . .. _ .. .. .. .. ... .. . . . o.. .... :
.: ___.___ -_ _ --I

4..- .... . .. - .. -.. *. . ._ .

1 4 + : . . ; : - .

1... .. ..__, .. .. __-*-.• .

1-1"L 1.=--- - -- -" .
- : ; .: |104



- -- ------ -p.- --- ~- -lop-

... .. :.. . ..

IýT I Z- LAEP4 DgoETOI

5T.Ab tY . LIA
:-*lA TiP PIr-.C



- - ���1

C 0
t

I I

I'll,
I

I
I
I
I

IK
S -.

99" K
�4Tx

4 1 If

� t � j�JI 4t� -

o
� :

1 0
I �oi

.cJ - - - - -

0I 
.4 0 -��:

- C) 0 0 '5* t)

* I .-a-�---- I. *
*

* C

U

C'
I-

106



- - - - -~ ---- t - 4_

thI

F,:<
C3 c 2I A 1A1L8 4

-111

q87

-1 ADI

107

9 4094 -as OAC IJ-I



Imp-1

1wo1 -o

-~~~~~~~~ L..4j -74 ad 1 I2i-i~~i~T

-71T 771

---_ _ -------- 71
:Li7, 1 2:24-51,27j;-

I _

-1---- du



I- -

tj

J-14

- --- --- ----- 3 V T

ma

71 -*t:------ -

- ; ---------- 
-- -----

F7 4 -4 L

VIA

-A-4-

1 -09

-,-- ý= 4a



- "Do- --

jj4

1 7 .7 4: I

'I% - ----- ---

~-11L

----- --- -- '0-------



- w: 
-

7. 

. I 

4 -

-
4. . .......

-1 ~ I , 1 ; - - i -- ----- -- i ' t 
I

A- ------
ij-- -

-1'.771'

fto -1- fz



F. • •, . . 2 . . ;•

"( ." ,. .. .. . . . . . . .... . . . . . .:.. . . . .

I . . .I .+

- -rI - - . .. . - - - . . . - --. -~ --_-i- --->_ . --.-_ -

_ . . -. . 7\ - . . . . . . - I.--.-.. . . .

'1• -\ 1-

-• --. -

• • " ":- -_- -.- : , _.• _- "_ -_ . ... -__ -- -- -.-- --- . ... .'

:V i- _ _ 
C ' ' '" " V

:- •r 1 --" • - * .. -

" -"" - °' . : 
I "

aI . + .. ,. ,

-- : I : -

" : ½ : ::- : L:

Li -_ _ _ _ _ __ _ 
_ _

- • - :. + . , . :1..



-��; �-v
��'�1

4

-4

* . - - 1 ,

I

* - .. * * . - 3 I

- - 0 0 - I
:0 * .*OK.: -- � L... � - - - - - .- 0

- 4.J I! - : - 3

- ;--- ji� : ___ -J
* - - - - -,

- .- I

- -. . * - I
- - * -:. -- - - - A -I

* - - - I

* - - - - I

�4.h - -

- I

- - .. - I I

* �1
* * . -v'*�'

S. -- - . ------

*.. .-- - - I

- * IL
S2 -*-. .* - -- a

I I

� -

r- - -

-� * -, I
- C' 0

9-- ti II � I I .�TH
-- L..I � �

__________ F�_G.q
* RK*? I2-�*�� �a-...�wn- ..-.. �..,- Se�4 -

* -

7 *� - - sri� �L11Y c I�CXER�5T�C�i -

* a:, � O�-8i74
I - . * I I

* - * -* I. * 4. 3

4�AI 7ON�a *�S S�Z *��1



• _- = = • • |i • £w - - -

,I. . .: ." ., -" ".

Y-0

" "* .I-i . . . .. . . . ... .

. .. ....... .:.. ..

L.. -0ui- -o. ....- _.

I - .. I .

.- • :-. .... . . . _.• . ..

I .. . . - . •" .. . _..-_. - . ..

-. .... • . . : . . . ..'.: . .. . . . .

J7_ _ I ; ":" . ;. " .7..

-" i " -.

_ I _ IIII. :I - . . --- II...

L "-- -.- 1-14 -- " --.-



�p�UFWpEUNWqPWP�,� ,r� -

-t

.4

- .. - -- U .

�0

II) .*7 i-+.�j I -
.� .. �

.1:
I

I

.........
-J

I-

. -
..---....................- 1

-
.'* -. . �.'4 1
. . I:. *1* . I. . . -I

.j:x: 7 .� ±.............

___________ IFI'�G.I�_ RKI� -- �-2'7�-- . T�AL � 1 � AL - �A4I
* . . 5TAz�zAJ1Y C CThRIStIC5 --

____ -�wip 1iG TiP-S EKFE�N DEED- 1�2.-6u74'

vj�aQ�J .
-a---

115- �.S P�. .S' -
* .a.g.t *..- '�



-iw..

_____________________ _______ ______ � i�

- -�- -

. - . - .

. . . . -

J . . -

I-K - - �

I . . . . .I- �--�------......-. ----.. ��-.--------. -

h ,.-- - �-

'-3--
IL, - .---------------- �-------. --- �---.-----� -r � - - -

1114) F 2.o�> - I - - -

� -N
., - 4-- - ., - -

#.- -=-- -

V�'ZLK.�. . -
. . 1�

4 -. - a -

f.

t . .. -.

- a - . . -
I ----------------- :--------- -
I*. - . . -

(a. *0
4 -- --

I' :.�.. 6

_____a'k7�.17' -� � - - - - -.

ri��i�i
__ -; -



N-..

* a . a a

....-.- �. --- a.

-- . a- a . - .1

0: - 7.
�---- -

1.�

- -. *. .�I.. . . -

* . -. --- '-x

a . - a . I

- - - - -. a -. '-�.:

- - a . . . . . .
- ---..-

I - a . * *,

S.-.. .-.-.-----.-

- . .. - . - - a a . . - -. - a

L

- . a-

( - a. 4 �-

__

--. a . ..-. a-a', 

-'a'

I a

-0-.-. - a aa �
a aa.,

. a . I I

U�9wo� __ a - a -� a

I * j a

.---- �

(�rTSdA�AZ�Z�A
_____________ sr��un c�i JtiL� �

- - a
____________ *VVING TIPSRET4-�AC]i7EtJII __

* ____ _____ IYZ-E174a a *. � a

-. � M9S aa-

4.!4
-



. . . 2

S 
.

t 
.. , -

1,:

.owuJ� .. ..

______________

_______________________________

.-

C K .�....

- 2:2

I7Li777..2 ... - -

. . I -

.2 ;.:. :
2 -.

2 - 5! i-- ... a..--

* - S S

I �

j4 U (3 ... , . Od �
____ ______ *

t -

I -----..-.-

* S

S $

_________ I . . . . . 2

* I'

- .. . S ...Lu 7 K ______
* S . S

.1�18



* .. 1 *

.I~O--Ex-------!
1~ ~~~0 .

_ _2 n



I -

Ti 1' 3

K ....

r:. .. -

A�h.
1A8 -

�- rjj'j g.:. .- -

K-
5-

L

�IUN� . p
-� z;.- 7277. §� --

.........

LiiH>
I ;. . .

-= - � .L.ji...� - i..______ . 3

- . . S

* . . I

2�� . . *

* I . . I

�.? -

U C I .a
I "r.:.:.r.�.: -I'. I *�*4j�. *.

I -.------.---.- ,----.-.-- - - -- -

* 1 2 '.
r . 5

I . S

(=j. .. I . .

Ij

*1*� . - �.z.........
I �. . Ii

* . . S S

-- 1�O



71Y

In-

......... . . . . . . . . . - - . . . .

* ,~Avg * M

".9ta le too



71F

77: -. 77__

-. ....... .. ...
I~~~~~... ........--- . * 4

----- . ..--- - -- -

... ... ... .... .. ..

d mi

I___

~3.4

UU4 - * -

_ * ~ A



I V ---

-- T-. . ~ . . S

.. . .. .. . ...

I~~ --A~ ~

I' N

x_ _ _ fi 17 7

4

155

12I



7-- ýi-;

I T i jI Ti ~

Inn-. ..... .... I

-i- ~ H -------- r --- L . Z

4 *1i - 1 -

I-- ---------

4;p,

r:=:iLII A11~r-
C Il

rALC :tifi~o
-ctjp4 =;)AMC %.-I I:ri4. L

Cmf=-
--I A _aftv oti.

BOIN A-*-N COAARYVA

I cg am,



- -~7 -.---

"d

o V7 -
7 .

-p - - *~ - - -- ----- .7 -- _f.

:T-- -4 f i

--------7i :Y- A :. .

Q i

Cb1 .4j.
Arl '71

BiIN ______ I CtW 4K

--- I-,-"



A-~

-.. .. ... ...

1 -4

....... ..

.... .. ........... ..-..-

- -~~~~-- -. ------ -- . _ _ __ _

- L ... .. .. .
* -- :7-

IA,

I 7T-

--- -- x- -

T-r

. . . . . . . . . .

.. ._....... .. --- - --
.. . .f......

APO__ - BOEING AIRPLANE: COMPANY PAG



.~ .- .i ...... ..... .. ..

I 7-- 7-T---47----

"44-

-: - . - -- & - -----

-itsI

.. ...... - 7-2 ::: :i ... j - -

7 -T - .....

OF i 44 H IiL

. .. I .. . ...



~~~~~- ---------- - - - . -*

S - . A2

I ~ ~i't~'~7

7-±

4ca1 1
______4 -. ~ ~ ::A ~

- --- --- - -----

-- - -- ---

-- -v ------- t i
-:7A

.. . ... ..

---- -- - ---- 4--

--- -i I ----- -
- - - - - ------- -

----- .... i i. ~ ...
.... .. . .. .. .

------ ----

i~t~F~ Z4 ~ :7___ 77:3:71

JI i
- ~2'-- I l i ti~i iii7 7L ... ...._-<~ A4---I~

-~-- ~ * j : :- - - -----

.. . .....



..w .. ..... .. . . .

. . . . . . . . .

7:' 
- -.- T ,~.

.. . .. ......... ' *.

. . . . ... ....

X.~

- - -- --- ---

I ~-*-4-----T;C-1--- I-I j--
T. 7

4 -... ..- .J ......
1 

4
-- ---T -F- - ----- -------

-TI

flt .. ..

T-:~ ... ..... I L ..... .... ...

........... L... ..... I . . . 3*

.. ...- -----

___BOEING AIRPLANS COMPANYt

tit- _________



71i Fj i II

Z( 
. ...

-- ------ --

- I--:- - -

... ...-------

... ... . .

71 n- -7-

I-7

7-I

!- 
-

7T-4-
* a



------- - - -_ _ _ _ _ _

- 9,0 4-

21 4

N A I ---

IN:

--- - ---- 7-
T-4

- ~q * F77 2

.< \ V ~?F-.,- 7- -i ---

;7- Tt- 1- i-- J

~ .4" XIL3-L
I__5I3 2arl4i



m tT I

4 -A-

... .. .. ... U - * jF7*

~zJzzi ...... .....

U*l

-4.

-- --- - - --- -T - i

::T. .. . ... ...

7'.

:7. - - - --- - -

.. ... . . .. . .~.... .. ....--

.. . .. . . ... . .....

Trfi 1 1 :~::::WOW:.



r -- - -- - -

I V..~l..IJ
I-:: I ..-.-----.

I__ .4. -i - F4

_ _7__ .74: .I ....

_ _ - N- 
ILH

v -, - -- - -- ---- - i-

-4 -- - ----

_ _ _- ------- ---II F I---.

... .. ..... i :-r . 1

.. .. .... ---- --

1 1%

It 7
U t ~ 'Wi _,.3

SA 
let;



Itt7

--..... .......

H. .tii

rr77
4LL7

.. .. . ..... .

..d ......3
.... .. .. ----------

______134



1- N N"'

-LI
- - - --- - --

44 7~ i-

.. . .....

135 p~hM.O sit

447 34I47-01 V^.VC13



- V.. .w

..... .L ..

tAAC Z. -:

T kt

......... .

----~ ----- 
.. . ... .

C - .W17r -4-447

7*7 .. ........

- ------- -- --- _ __--
.~~. _1 .. I_ _ _ _ _ _ _ _ _ _ _ _ . ... 1-

~~4*..~ T_ -iiiT1 T

1L36



_ _ 2__ - -

--- -------..
I -:I

----- 7 Z - - ---

-n 7_1I

* -7------J e

. ~ ... .. 4 . .....

... .I . -.. -

-. A A .. ... ...

-r I

*A------
.:rr-I I Ij

'' 3 4041 jIiL~ f -WSOCIOI1



1~ 
-1

We Aileron effecetiveness c6ata for the F-44&--M5 cnivuratio? are

presen ted in Firux-es ..2Sthrotugh c.A.4. Suvasaiy cwtr s' of Cp,~
CIýi-d CyS, versta .ýach number are preseit~ed oc~ Fii~yz c.v

c..zfmno(,-?:rta show t~he 'varigtlo ~-ttrzepr. t' Lah r2tberal "~re
detailed data are presented on 1'ig~rca 4..tbrough "'A

The data prsseanted are based o. wind tu:njvl date' on sir-ilir co-, igc.

AU data af- bssA4n-ofi mrsta wth 130 swmyt cievon hi.-ge f
Uraio:-, r3 adotht exe)to ledeon~ of the Vv~x14:-regionwr ctheturtio

estaLlist'Ad preciacly; cow*euzertly C-A aa Cy m~ay be *:lanced
then mr..ne tunrez. tA S"he8-20A35 configuration beio-to t&v~:I-.
able.

The hypersaric allero: Jisracv-erisics arG presorted for beth
s--rfac~s defleeted syrmetrically *bout ý&e of 0 and -300 and also
for one s-evom def) -s.ted throqugh a rangt! of 10P to -450 vrale the
Other4 is at 00 deflcia ','%e fthej urfact..deflectedm data are
pr*ecnto- :L,- ord~r t- i far~iliti-te -?etixatimn of the effects of ta-
Pletinf; tCm aihero=~ uneqTW31y.

Thn~Io c of altitude (i.e., 1ie~nolds riveber) or alleror. Wefc-
Ulyer~is k i~it.iar to tic offeet on elevon effeat!-veness in -itch.

Aileron efffpctiye',u~ss is i t1lueticed by a thiikeaing iiawdary laywr

C t~ ineeaike Klttude ztich ejcrrascs zns% e'C-;tiverevs. Rg

however, wA4 at tUts tim-e it is arsL rsd that #i~croi cticracterie-
tics should note be chgroged airAIfi~c~taty emthe2 i1.
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6.3 RUDDR CýARACTFrIISTICS AEI FFFfCTIWIEES3|

RMider effectiveness data for the 844-2035 configuration are
prezentcd in. Fif-ur.s G.43Utiro';gh (.61 . Sumnary curves of C ni
Cy( , and C g versus i;ach number are presented on Figures 4,.%

and (o.45; :.ore detailed data are present d on Figures 6,4(o
throcgiz •(.5 . The data presented are based on wind tunnel data onr
sitilar configurations adjusted to the dimensions of the 844-2035.

Landin. speed rudtder effectiveness is based on prelir.inary data
from B•.T 619. Transonic and supersonic effectiveness hre ob-
tain.:d x rom. rind tunnel tests of a model 814-1047 at Y =.905,
2.0 and 3-5. The hypersonic characteristics are pr.-sented for
V = 8, based or a model sisilar to 814-103C0 at AEDC-B (test BAC 8).
These characteristic3 are currently considered to apply for higher
hypersonic speeds. The effect of altitude (ieo, Reynolds Lumber)
is assumed to be negligible.

o- i

1.57A&AC 1h 6 L ,
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IVIV
6.4 ROLL AND YA": ROTARY DMIVATIVES

The roll and yaw. rate daxping derivatives are pr-sent-d on
Figwur-s ...% and t..& for various angles of attack at landing speed,
and on Figures ..%4 and Gzs for various Yach numbers. The landing
speed de-rivatives are presented in the forn that they would be
obtai.ed froe rotary-derivativ'e uind tunnel tests. The derivatives
presrit- d vtrsus :ach nixn.rber inc2 ude a theoretical estimate of the
co:ntribution due to rate-of-change-of-sideslip. This estim.ate is
ir.clided in order to permit use of these rotary "erivnitives for
root-solutions and simulator studies where rate-of-change-of-side-
slip :ay not be desired. Further study may alter this -stir.ate
significantly.

The landing speed rotary derivativws are based upon preliminax7
Langley Research Center rotary derivativ- test data on a model
of confignuration 814-2002, a model of the NASA Space Ferry (similar
to the Dyne Soar rlider), and the Bell-Martin Phase I Dyna Soar
glider (Reference 6 ). The data have been correlated by theoret-
ical coz putations rhich are based on steady rolling or steady
yawir-rg (Referencec).

The rotary derivatives versus Irach rumber, Figures ý.6-s and
were obtained froz. Figur-s .• and . for landing speed, and the
variation with Mach number was obtained from theoretical formulae
and rotary derivative tests of the 1-15 airplar.e (Reference d ).
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7.0 GLIrD.-R =j Thi_¶;SiT ICO SECTION

The addition of the third siage rocket and transition section to
the glider moves the center of tgravity rearward and changes the
glider pitch and yar. characteristics. These effects arc reflected
in the longitudinal and lateral-directional stability data shown
in Figures 7.1 through -7.13 . Wind Txnnel data available for
pitch characteristics were ýsed from U =.1 to M=.; at lower and
hirher sperds, theoretical esti!.ations were necessary. The lateral
directional data were estimate," The reference centers of gravity
for the moments were those for che instant of ignition of the third
stage roceet and at burn out after 19 secor.ds of rocKet burnif g.
The c.g. Loves forward 8.8% m.a.c. during third stage pow-ered
fi.f. gt. Prcsent plans include r.odifying the transitiuon shape and
length fron that snown to reduce the zero lift pitching mosent and
to increase the gilder static stability at transonic speeds. The
effect of change of shape to reduce the zero lift pitching moment
has been estin.ated and includod in the data shown. The effect Of
length increase stability has not been included.
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7.1 rui :CIDrI:L STA7-RITY UT CDOX.rflOL

The addition of the tian3ition sectiCoa to the plider creates pos-
itive zero-lift pitchin7 roment and reduces the vehicle normal
force. This el'fect is most prevale.t at subsonic and transorie
speeds, dir-inishing at super7c',ic speeds. The lincrements of
normal force anod pitching rnorient for various angles of attack and
IYach nunbers v.dit no eleven deflection were determined from wind
tunnel tests of an early e'onfi;'uratior and rodified to re.ect
the current confitýuration, Data -rere avaiable for a -an7e .,f
speeds from 9 - .7 to V =3.5. These ircrements rerp added to the
gIider-alone data.

The data reflect th'e 66 inch treisition length tested rather than
the 55 inch length shown in Refer.r.c L 0. The transition ler.ngh
will be established from aerodynamic and performance requiremcilts.
The 55 kich length repTesents a logical separation pleme from
structural design comsiderations since the pressure bulkhead for
the he~at blast diaglraw is located in that region. However,
sufficient static stability may not be evailable from the 55 inch
transition section.

Two center of gravity locations are shown on the plots In Figures
"I.1 through -. 8 . These are: (1) the initial cent-r of gravity
at the instant of separation from the second stage and (2) the
center of Cravity at rocket burnout.

Lines of corstant elevon deflecticn and constant angle or' attack
are shown only for the initial center of gravity location at .562
m.a.c. 'ther fore and aft center of gravity, locations can be rep-
resentAod on these plots by a rotation of the vertical (C") axis.
This rotation is shoa for the center of gravity at rocket ournout
of .474 m.A.c. The vertical center of gravity location 3s assumed
fixed when the C, axis is rotated to represent a different fore
and aft can .er of gravity locaticn.

The following method can be used to determine the amoimt of rotatie
of the C,. axis recuired to represent other center cf gravity

locations. (1) Assume center of gravity travel linear with barn
.:me (t).

------- 4.14

Then determine the center of gravity location in present m.a.c.
for the tire (t) desired as shoun in the sketch atove.
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(2' Shif~t tlh C,,ax~.s to rellect the center n(L gravity lnec±uion

Z.upe: S-ý.tift the center of gra-fity 2 p-,rcent m.a.c. forwai'd.
(1) 1 cbcatd on the C pI alt. th point altk Co.1.o and .32.
(2) Dr m a line Vbroixen the point Ppnd the origin .]ishoý,,r in the

sketch be1'm.
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2 LA".':E7 L ADDi~rTIOIA-L C7Ak IL1Ti A'M CDO:7CuA

PQz--res Te) a: d 7.10 f£or the ef'*ects" of~ pun'e of atta&~, foLidi:.V wivi
tip extensions, anti cc-nter of jEravity localUlon 131heoreticil es-
timati-mr, for the e:Tects of the transi',lion section were added t
ths- gUder-alone st~a,)ility der.vnatives, The datza represent the
C-lider p-lus transition secc~ion aerod-yr-..-ie character-istics reasop."

* a-bly well for 150 sideslip. The data show~s tie foli down tipi*
the dam, a ej~tend--d, position to "=2.5. The precise speed to
*L'ich t:h.. fmeding lzip rdAll be eut-nded is to be deterniined.

*The ei facts of rudder de-flection or. the glider p~lus tram~tion
di'-ectio-ial ch1aracLe'-istics are shorn ii. Figures iaI thra~igbh 13
for t..o angl.as %)f akttack. The ef~ectivencss differs from the
glider-alone ch.aracberisticz becaivse of the center of gravit:y
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