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The peneral arrangen.ent of the %44-2335 conlireration is

Firure 211, The confiruration is shom in the zanufactured
shape (referred to as the "cold" shape).

A n~ab shield is shiwn coverins tle pilots wwind shield. This is

serarated from the 1ider at sup rsoric speeds, The drar brake,
srovm: orn oo the vody, is actuated at subscrnic arnd low supersonice
speeds, onl®, The iing tip extencions, located on the vertiecal
a2ils, are extendcd at supersonic speeds, Toe rudcers are de-
fizcied outioard only,

The elevons are split in two panels, This vwas done to reduce the
sensitivity of the elevons for roll control at transcnic and superw-
sor:ic sgeeds and at high dynaric pressures when the elsvons have
hizh effectivensss. In these flight conditions, roll comnands are
trensmitied to the intoard panels only, If a continuous sigmal is
required by the adaptive featurs of tae fligit contrel zrstem, it
will be transmitied t0 the inboard panel only to conserve A.P.7.
frel.

The inboard elevor panel is shown tu have a wedged section to
eli~i:ate possible "dead" zones in elevon efieciivercss at small
deflections at hypersoric spesds. This wedring is probebly un-
necessary. he elevon section of the invoard panel has teen cone
siderod rodified to fthe szme as that ouithoard panel for the data
in this docurent,

Elevon actuator housincs, not shomm on the drawins, are located
or the uppar ving surface. Toese are positioned at approximately
nidspan of the two elevon panels and extic:id forvard of the elevon
hin-e line. Actuators for the rudders are locz ed in the tottom
section of the vertical t-il.

A more corplete confi~vrsiion is presented in Refer:rce &
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VEIGHTS AD EQUEITS OF ILERTIA

The desirn weishts and moments of irertia for the glider vehicle
are prescated below,

For the glider alone (%transition section off):
Teisht =9600 1bs, *
Principal loments of Inertia about C.G.t

I,=12,600 slugs - 152 (pitch)

Ic = 4,000 slugs = £t° (roll}

I,=21,000 =luss ~ £t2 (yaw)
The x principal axis s assumed parallel to glider weter lines.
For the 9600 1b, rlider plus the third siage, Figure 3.2.1 gives
the rmoments of inertia dering third stage burningz, aad the wei-hts
and the c:nter of gravity locations at begirming and end of third

stare burning.

The c-nter of gravi.y location for the zlider alone is showm: on
Fizur: 333,
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ATRODTIANIC DATA AUD REFERT £ COLSTANTS

e . e W M we g

Acradinatic data in the docw ot are prosented on a fixed body
| axis systen, The axis systen is shown on Fiiure 3.2.1 . Def=-
inition of angle of attack and sideslip and the si:in convention
for the force and morent coefficients are-also shown., The sign
conventions for conirol ceflections are shown on Firure 33.2 .

Refarence constants and rlider alone center of rravity location
are showm or Fijure 3.3.3, Some sinificant aerody:.amic con-
figuration constanis are also presented.
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WIND VECTOR
(FLIGHT PATH)

NoTeES

1) THE MUTUALLY PERPENDICULAR X, Y, AND Z AXES
ARE FIXEL ON THE AIRPLANE , REGARDLESS OF
FLIGHT  ATTITUDE. :

2)ANGLE OF ATTACK IS MEASURED N THE AIBFLANE
PLANE OF SymMETRY (X-Z PLANE), BETWEEN THE
AIRELANZ  X-AXIS AND THE PROJECTION OF THE
WINC VECTOR INTO THE X-2Z PLANE.

3)ANGLE OF ZIDESLIP 15 MEASURED IN OR PARALLEL

- TO 7HE PLANE DEFINED By THE AIRFLANE Y -AXIS
AND  THE WIND VECTOR , BETWEEN THE WIND
VECTOR AND THE PROJECTICN OF THE AIRPLANE
X-AXIil{y TO THE AENE-~DEFINED PLANE.

g

4)For THE OvynA Soae E44-2035 CONFIGURATION,
THE X-Y PLANE IS PARAL:TL ™ Tug FLAT, AFT
PART OF THE WING UNDERSURFACE.

:-'716.3.3_.11
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DIRE CTION (USUAL..Y HORIZONTAL) OF %-AXIS
A'T SOME ARBITRARY REFERENCE TIME.

M aa L e g

YAW T e,
F XC’ i T A-Sr
X ":n i ® -~ X
C 27 W j
|

DIRECTION OF X-AXIS AT
SOME REFERENCE TIME. Y VIEW

ROLL

’ DIRECTION OF Y-AXIS
*I~C A AT SOME REFERENCE
\ TIME / :

.¢

1.
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AERODDYNAMIC KEFEEENCE CONSTANTS :

WING AREA, Sy =343.24 FT* ’
EFFECTIVE SPAN, b= 236.7 IN.
ASPECT FEATIO, R =113
§ ROOT CHORD, Cp = 406.1 IN.
TiP CHORD 4, C; = I0T7.8 IN.
ELEVONS ¢
FULL ELEVON APEA, Sg=./4 Sy
INBOARD PORTION AREA, E; =.097Sw
CUTEBOARD PORTICN AREA, E, =.093 Sy
C FIQ.333
- — : eEvisEn | T
- o 1o il b REVISED : DATE
—— ; —- AERODYNAMIC REFERENCE :843-03
b - - CONSTANTS § PERTINENT - i
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4460 DrEIUITION OF SYUROLS
. Symbol Deriniticn
a.c, ‘aerodynaric center
AR aspect ratio
b wing span
B.S. body station
T, m.a.c, or M.A.C, mean aecody..amic chord
Cq elevon chord
Cefie Or C.G, center of gravity
cp wing root chord
ct wing tip chord
i hinge moment
iy incidence angle of wing tip
extensions
C I moment of inertia in roll
Iy monent of inertis in pitch
I moment of inertia in yaw
2 rolling rment
L 1ift force
n pitching mozent
M Nach number or pitching moment
n yawing moment
| | normal force
P roll rate
q Pi Jut2 -or dynacic pressure in
PSF
r Yaw rate
< ('

. , 8 sem %
saene | ™ C2-8173\

Lot gy 2
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elevon area |
rudder area

wing tip extension area

wing area ‘

velocity

force along X {rcll) axis
force along Y (pitch) axis
angle of attack

angle of atiack at zero 1if%
angzle of sideslip

aileron deflection azgle
left elevon defiection angle
right elevon deflection angle

elevor deflection angle, elevons
deflecting sog-ther

rudder deflection angle

pitch angle

roll axngle

yaw angle

wing taper ratic .{rt_

rollins moment ooefﬁ.cient,-.!-’._..
= 3i/aphyy) §Owe
= 3/ 3oy
=y 20

o/ )

S S VAT
ac.n,/ 38q

)

8
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[ - ¢y, 146t coefficient, QsI: —
N Dy
} Cn pitching ro: ent coefficient, 'E -
Cn Pitehins moment coefficient 3% T
¢ zers 1lift -
' o 3 ;
Cmq = S ~w/ 6‘&(./20
t : cfdgg = écﬂf‘/ AX ;
o i = 3w/ i) |
Gy Sa = a‘:'ml‘a Sa
Cn Se. = e(""'f’ s e
’ : Ca yaring monent coefficient, _%_K___
k ’ Cnp - %’:‘.q/ °{Pb/2.\;) % wb
f Cur = n/ 3k
[ ; ’ Cn Sa. : = 3w 3%
: (/ Cn Se ) = ac""/ ééu
) 0
= 4
\ Cn g ) / 65-
: %a = S/ 3(Boyy)
 ; Cy normzl force coefficient, K
Cx : = v é@‘é/a.\') |
Cg S;a = éc“/ S %a
Cxq = M/ 3®e/a)
cx/__ ' ax:al Sorce coefiicieat, .__xg_
Gy i side forcs ccefficiert, Y/g ,:J
%e AL
Cya Sy ABe/0) -
! [
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= 3/ y%a
= 3G/,
= 3/ 3evan)
= /2o /)

hinge moment coefficient, B!
G

= Sh/a % seCe

ln/3se
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5.1

IOUSTTOTCAT STATILITY AND £ rROL (SLIDTR)

SWI'ARY

Lonritudinal siability and cortrol data are presented ir the
foilowing sections for the T44-2.35 glider .confijuration. Data
ars prasent-d thorouh the szeed rarge of the rlider, The elevorn
coniiuration of the rlider hasg been modified fro: the 8£4-2035
such that the inboard parel has 1o wedgirg (same section as the
outboard parel) for the data to be presented.

The glider aerodynaric corfiguration varies as a fuiction of speed.!

+ subsoric and superso:ic speeds, wing tip extensiors, located on
whe outboard surface cf the verticel tails, are extended for in-
creaSed stability. A%t hypersoric spe-ds, the glider is subjected
to hich terceratur~s resulting in structural deformation, ta
are presented for ithere changes of coxfizuration,

Yorral force, axial force and pitching moment coefficients com=
prise the da a presented in the following sectiors., The de‘a are
presented at the romiral cen‘er of sravity position of 437 of the
%¥.A.C, ard a vertical c.g. locatior. at vater lire 125.

Svrmary curves of these coefficient data are presented on Fisures
S..y through 5.1.7, Trired aerodynanic center as a function of
neh number and trimred 1ift coefficient is present-d on Figures
5.11 and S.1.2. HNormal force curve slope, at tri-med eleven de-
flection “or a given Cp, is dresented on Firures S..6and 5.1.7. A
minor amount of fairing was reguired to produce tncse curves from
the basic da‘a to be presenied, except at ¥=0.7. The data at

¥ =0,7 produce appreciable discontinuities in the curves and have
becen faired out of the summary data,
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LANDING SPEFD

Basic stability ard elevon effectiveness plots are pressnted on
Figures 5.21 and 522 for the rlider at a Yach number tyovical of
larding speeds These data were determined fron wind tunnel tests
periorred in the A.K.C. 12«Foot Pressure Tind Tunnel and the
Boeinz Transoric Wind Tunnel on 2 .15 scale ~odel of the 844-2 05
configuration. These data have been nudified to the 844-2035
confiruration as required,

The change in stability and control effectiveness with landing
gear extended and in close proxdnmity to the ground is shown on
Ficure 52.3. These daia were determined fro:n: wind turnel tests
ir the Roeing Transoric ¥ind Turnel on a similar configuration

a 1 modified for the present configuration. The incremental
effect of extending tie landing gear is shown on Fifure 5.2.4, It
vas assumed that proxirity to the ground would have little effect
on these increments,

Axial force coefficients as a ’ nction of anrle of attack are shomm
on Figures 534t anu 5342 at ¥ =,2€ which is tyoical of landing.

The axial force increnent due tc landing gear extensior is shown on
Firure 5.2.5, Axial Torce is assumed t2 be unaffected by the
presence of the ground,
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SURSONIC ~ THAIGINIC SPETDS

Basic stability and control effeciiveness data are presented on
Firures 5.3t through 5310, Data are shovn at lach mumbers of 0.5,
0.7, 049, 0,95, and 1,35 for boti: the wing tip extensions retricted

nd extended. The data are prescnt-d in this fashion and for the
various lach surbers due to the aspreciable non-lirnearities of the
aerodyrazics. The data are based on resul‘s of wind tunnel tests
in the Bosing Transonic Tind Tunnel and preliminary results of
tests in the L.P.C. 16é~Foot Transonic ¥ind Turnel, Due to the
prelinirary na‘ire of some of these data, sor.e modification to the
characteristics shown can be anticipa‘ed., The turnel data were
modified to the current configuration by empirical and theoretical
analysis.

Data shiovm at !=0,7 show discontinuity with the oth~r data as a
function of 'ach number as discussed in the swmery. These trends
of the 1¥=0,7 data were corroborated to some degree by the two
tunnel tesis mentioned, Further testing will be done to define
thrse data better,

Axdial force data as function of angle of attack are shorn on
Firure 53\ for the glider with winc tips exterded and on Figure
5312 for vir- tips retracted. These data are for the glider in
trimmed flight.
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SUPERS0IIC

longitudinal stzbility and control characteristics at supersonic
speeds for Mach numbers of 1,{, 2.0 and 3.5 are shovn for wing tip
extensicns retracted, Firures 544 through 546 and for wing tip
extersims extended, Fi-urecs 4.4 through 54.3, These curves were
derived from wind tunnel tests performed in the Boeinz Supersonic
Ti:d Tunnel. The 814~1058 glider confiru-ation ras tested with
variations in rodel components to give parametric date. The
peraretric date were correctzd by theoretical methods to obtain
predictions of pitch characteristics on the 844~2035 configuration.

Chord force cecefficient data for the glider im trim and with wing
tips extended are shown on Fipure 547, Data with the tip ex-
tensions retracted are shown on Fipure 5.4.8.
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55 HYPERSO!IIC SPEEDS

lonpgitudinal stability and control characteristics for the 44~

3 2035 slider confipuration are shown on Figurss 55.1 threugh 55.2,
Data ara shown on Figure £5.1 for a Mach number of 8 and the cold
shape rlider., This assumes the glider to have the manufactured,
or jig shape, confizuration, Dsta are snovn on Firures 55.2 and
553 at a Yach nuzver of 8,0 and 22,0 for thz Phot shape" glider,
This assumes that the glider has assumed its maximum structural
deforr~tion due to thermal effects,

The da.a presented are based on wind tunnel tests in the following
facilities:

1) A.E.D.C. Tunnel B, ¥=8,08
2) J.?Ju a-mdl Hyp?l‘sonic Tui‘mel, u=905
"3) L.R.C. 11=Inch Yypersonic Tunnel, ¥=9,6

4) Boging 44-Inch Hotshrt Tunnel, M=16 and 22

These data were corrected to the present conufiguration by theoret-
ical methods (Modified Newtonian Flow Theory and Shock =xpansion
Theory, particulzrly for elevon efiectiveness). The incremental
effect of the "hot shaze" glider was determined by lLodified
Newtonian Flow Theory,

The effect of altitude or Reyrolds number change at a constant
Mach mmber is not ircluded, Work is currently in progress in
this area. Some variation of characteristics between 1'=8 ard 22
car. also be anticipated. Tind tunnel tests are currentlr in
progress to define this variation,

Chord force data as z function of angle of attack for Mach numbers
~.f 8 and 22 are presented on Figurs 554, These data ars for the
glider triamed at the various angles of attack.
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5.6

SPEED B‘JmIB (DF.AG BM)

The incremental effect of extending the specd brakes on longi-
tudinal stability is shown cn Fijure 5.6.1. Data are shom at
the three lach nurbers where test data have been obtained, The
test data were obtained in the Boeing Transsonic and Superconic
¥ird .arnels ard have been modified to the present configuration,
Further study of speed brake location, to minimize trim and
stability chanzes, is being conducted.

The incremental effect of the speed brakes on axial force is showmn
on Figure 562 at supersonic and low speed.
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57

. effects of the two elevons., The increments in norrzal force and

ELEVOYN AS AILYRO PITCH COUPLING

The effects of symmetrical elevon deflection for roll control on
pitch stability and trir at subgonic through supersonic speeds are
shown on Figures 57. ard s72. The data were esti-ated from
limited wind turnel data and can be subject to major revision,

At hypersoric speeds, the chan-es in pitching moment and rommal :
fcrce are presented as functions of elevon deflection and angle :
of attack for one elevon deflecteds Test data have shown that the
deflection of ore elevon has a negligible effect upon the flow :
about the other elevon at hypersonic speeis. Therefore, the effect
of aileron deflection csn be obtained by adding the individual

pitching moment due to deflection of one elevon are shown on
Figures 573 through 5.78 for U=8 and 22, Elevon pitch trim re-
quirements for various roll control deflection are shomn on Figure
5.73 for ¥=8 and Figure 5.6 for ¥ =22,
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5.8

vative, Cr.o {shom on Firure 581 ), was

orte of siri-.zr ecnfiguvrations. These data
inear theory waich vas found Lo be in
reaso:able arreezent at supersoric speeds but was nzarly double
the e:.piriczl value at s'bso:ic speeds. Pecent wind tuinel data
were run showingz the effects of ansle of at-ack and oscillation
freguency oo Cma and Cen 38t low spe-d in ike L.".C. Free Flight
Tind Tunnel. Tnese data are currently being analyzed. Additioral
anaiytical and test work is beinz “one and is plained,to delfire
the necessary rotary derivatives Turther.

obtained from ‘2A.A re
ware also compared Wi
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5.9 ELEVON EINGE MO'TYT CHARACTERISTICS
( Variation of Cy, and Cn5 with lach number is shown on Firure 59.1, !

These data were obtzinad from published N.,A.S.A. reports on sirilar
cor.fipurations.

Vind turnel tests in the A.R.C. Unitary Vird Tunnel have been

R cor:;pleted recently and further testing is planned to define tnese
characteristics better as a function of ifach nurber, angle of attack
and angle of elevon deflaction,
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5,1C VTG TID TXTTNSINS
e incromental effect of wing tip extensions, located on tie vore
tical zailis, on piichin. moment and :rorm-l fore~ eoefficienis is
5n.owW: on Firures S!0)and 5.10.2, These Zzta are base. oa tosis page )

forted in tne

Tracmsonic znd Sipemsonic Ting
tip cxtensie would rav- only
tiveness.

tension con“i~uratizn for the C..-2035 rliger;
the incremenis shown mzy be articipated,

bl e
ER s

variztion

-,

secondary effects on olecvon effec=
re datc aobtained were not wiith the precise tip exe

1

L.7.0, 13-F00t Pressure “ind

SALN2A S,

Twnnel and the SBeeing

It was assumed that the

~or.sequently some
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6.0 LATFRLL = DIRFCTITAL STATILITY AMD €2 7ROL

Tre predicted force, mormernt, and directional cortirol effective=
‘o33 characteristics are inclvded ir this section, The data are
groued ir tne following arcas. A list of the data in each area
is presented at the frent of each group.

6,1 Lateral - Directioral Stability Characteristics

6.2 &4ileror Characteristics and Fffectiveness

6.3 PFudder Characteristics and Effectiveness

6.4 Roll ard Yaw Rotary Derivatives

The characteristics are prescnted for the £44-2035 configuration,
Figurc2!.1 . The reference direi.sions on which the characterig-

tics are based are shown on Fizure3.3.3, All characteristics are
presented for cc: verntional body axes fixed in tine vehicle,
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6.1

LATERAL - DIRFCTIONAL S”ARILITY CHAMACTERISTICS

The lateral - directioral stability is _resented in Figures ¢.\
throurh ¢.24 for landirg szesd to.high hypersoric spe~rd., The yav-
ing mo~ent, rolling ro-e.t, and side force ar~ presented versus
sideslip angle and angle of attack at representative ¥Yach numwbers
in order to show the non~linearity of the stability characteris-
tics. The stability d:rivatives Cvna , Cygp , a2 Cyy are also
presenied versus lach number in order to indicate the interpolation
between lfach nuvbers (Figures (. , ¢.2 , and ¢.3)s These de-
rivatives are dresen ~d onlr for zero sideslip, and because of the
no~linear ratire of the stability characteristics, should rot be
used for large sideslip angles. Stability charzcteristics are
preserted for wirg-tip extensions both retr cted and extended from
landing speed to Y =3,5.

The stability characteristies are sresented at representative speeds
correspording approxirately to wind turnel test spe~ds, narely,
L=0.25, .70, 95, 1.05, 2,7, 3.5, 8.0 errd 22,0, The landing speed
data are based prirarily on low speed tests cn a sinilar config=-
uratior at the ARC 12«F ct Pressure Tunnel, test 122, and pre-
lirirary data from BT®T 619, Effects of Reynolds rumber (altitude)
vwere shovn to be small., T e stability at=15° ard B greater than
120 wzs extrapolated. The ircremental effect of extending the
landing rear and ex*ending the speed brzkes is sinown on Figures
.7 and (.8 « o data on the influence of the ground is currertly
available; however, any effect of the ground on yawing woment ard
side force will probably be regligitle, with the major effect a
srall reduction in aileron effectiveness and roll due to sideslip
(dinedral effect).

The transoric characterisiics were estirated fror prelirinary data
fron BTTT €23 on a similar glider corfiguration, The data have
been extrapolated to the current configu-ction on the basis of
body shepe, vertical *zil size, location, and plarforr, ard fold-
dovwr. win~ t.p size., The static 3'ability is currently ninimur 4in
this sp-ed rarge.

The supersonic stability charzcteristics were ob*ained from testis
in the Boeins Svperzoric %ind Tunnel at Mach numhers 2,0 and 3.5.
Sirce Cw , C g , and Cy are quite lirear with 8 in this
Yach nurber region, data are presented for ¥=3,5 only (wing tips
extendad and retrzcted) on Firures (22 an? ¢24. These Figures
are represerntative of the varisrtioc:. of these coelficients versus
£ thirovghout the supersoric rerion., Figures (\S throurh (.20
present Cnpg , Cgp , and Oy, versusA for '=2,0 and 3.5, and
for wing tips extended zand retracted,

later:l = dircctioral stability -t low hypersonic specds were ob=
taired from wind twnel =sts on the nodel J44-2CC5, a similar
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confi~vration, at Naech nuzbers of &.48 (AFDC-2, PAC 13) and Q.8
(12" 1l-Inch, Test L7 in air}e The data have beer adjusizd for
verticzl tail sire, planfora and cant angle (Firure3.(.{)e The
results are prescated in Figure ¢.33.

-

Hirk hyporsoric speed datz were obtained at Yach 17.8 (LRC 1l-
Irch, Test 47 in helimxm) and Yach 15 and 22 (ST 006). The
relium daa were obtained on a =riel identizal to the low hy=-
cerzoric soeel model, The hot shol da-a, howev-r, were on 2
cone-cylinder hody confiruration, ard addaitioral currections hzd
to be made for the body shape. Thas was pericrzed by cocparing
the core-cyiinder and §.4~203% body e’lec's at lach ©.6 aid adjvat-
the ¥ach 22,7 data arcoruingly. Wizure {Agsiovs the latexsad -
directicral stzbility charzetaristics at nigh hypersonie speeids,
Characleristics =t anglcs of attack abov: 200 were uxtrapolsted
f2or lower ¥ach numbor data,

Fo informaticr ia currently availahle on the iniiuence of alii-
tiie (i.e., Reynolds nurber) variation at hich hypersoric =peeds
on the lateral - dircc. ioral ferre-romert charscteristics, Urtil
diata beccze availzdle, it is assured that tne affect of altitud
w1 ba nerligidleonCyy, , Cy and Cv . The primary eff-ot
of aitituds wili be {0 ircrease boundary layer thicluess, llow-
ev-r. the arsas 72 the glider that are most imporiznt irn estab-~
1ishing directiona? stzbiliiy are the glider fore-bedy and ver-
viezl {aily repions which are not oxpected to have sigrnificant
boundary layer crostn becatse of short buundary laysr ruis.
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T RUSICA

B R LR

ATLIEROY CHATACTERISTICS A0 FrPECTIVENSSS

Aileron effectiveness cata for the £4/--2035 sonviguration are
presented in Fipures (.2Sthrough ¢.f2. Suwmary cwves of Cpg ,
c“&. end Cyg, versus ach number are presented ou Fi,uvrr3 (.25,
-26810 (. A Tto show the variztion :simeen *ie Uach r.:rbersy more
detailed data are presernted on Fipursa &.5§ throughk L.AZ.

The data prssented are based on wind turnel dats on sicilar co:.ﬁ.g-i
uratio-3 adjuated to the direncions of the 844{-2u35 cuafiguration.
A1l da*a a-: basag dn sonfigurations with 109 swept cievon hinge
lincs, wish tre ercaption of ihe t-ares:ie¢ region whiere the hirgse !
1lins &g wvept. The effacte of ain e rirg s¥e=p have rot been
estallishad preciscly, corzsquertly C. aid C. may be clianred

vhea Wl tuare: Gata on the 8442035 configwration becowr avnll-
able.

H
£

The hypersoric cileror wharacteris.ics ave preserted for beth
s:rfaces deflec’ed syrzetricsliy sbout e of O and =30° and also
for ons 2Zevor defl~.ted throagh a rargs of 1P to ~459 vhils the !
othar is at 00 defleciios. ‘vhe Yone-surfagr-deflcected® dats are
prazcnted 15 order 4o fzrilitcte <stiration of the effects of de-
flecting e ailerons unequally,

The atzct of altitude (i.e., Remolds nuzber) or aiferon efface
tivereas sax nirilar %o the offect on elevon effectiveness in pitch,
Aileron aflfectiveress ig irfluenced by a thickeninz vowadary layer
with increasing sltitude which dwerrases vas efartiveress. tHigh
bypersonic speed hci~uhot data shiw litil~ change in offectiveness,
however, ard at thts tixe it is ggsirsd that allcrom hicrscteris~

tics sh:ould not be chanred sisnificiatly «ith & tiirde,
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RUDDER CHARACTERISTICS ALD FFFPCTIVENES3

Ruidder effcctiveness data for the 844-2035 configuration are
pre.,entcd ir Fi"ur :36-943tnrovgh 6.51 .
YC

. Sumnary curves of Cn§
A, s and C g i

v
versus lach nusber are presented on Figures & 43,
t{u‘g‘« £ .51,

and (,45; nore detailed Gata are present 4 on Figures ¢.4¢

The data prssented are bzsed on wind tunnel data on
sirilar configurations adjusted to the dimensions of the 844-2035.

Janding speed rudder efiectiveness is based on prelinirary data
from BTWT 619. Transoric and supersonic effectiveness nere obe
taincd 1rom wind tunrel tests of a model €14-1047 at ¥ =.905,
2 0 and 3.5.

The hypersoric characteristics are pr-sented for
=€, based or a model sirilar to 814-1030 at AFDC-B (test BAC 8).
T?xese characteristics are currently corsidered to apply for higher
hypersonie speeds.

Tre effect of z2ltitude (i.e. » Reynolds r.umber)
is assumed to be negligible,
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(A

ROLL AND YAY ROTARY DERIVATIVES

The roll and yaw raie danping derivatives are present~d on

Figurcs «.S% and .83 for various angles of attack at landing speed,
and on Fijures .54 and ¢ss for various Yach numbers, The landing
speed derivatives are presented in the forn that they would be
obtaired fror rotary-derivativ- wird turnel tests., The derivatives
prasent-d virsus !‘ach nuamber inciude a theoretical estimate of the
contribution due to rate-of-change-of-sideslip. This estimate is
ircluded in order to permit use of these rotary ‘erivstives for
root=-soiutiens and simulator studies vhere rate-of-change=of-side-
slip : ay not be desired. Further study may alter this -stimate
significantly.

The landing speed rotary derivatives are tased upon preliminavy
Langley Rescarch Center rotary derivativ- test data on a model
of configuration £14-2002, a model of the NASA Space Ferry (similar
to the Dyna Soar glider), and the Bell-Martir Phase I Dyna Soar
glider (Refererce ). The da*a have been correlated by theoret-
ical cosputations vii_ch are based on steady rolling or steady
yavirg (Referencec ).

The rotary derivatives versus liach rumber, Figures (sA and 6.5,
were obtained fro: Fipur~-sé4.52 and (33 for landing speed, and the
variation with ach number was obtained from theoretical formulae
and rotary derivative tests of the X-15 airplare (Reference d ).
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7.0

GLIDFR WITH TRANSITION SECTION

The addition of the third stage rocket and transition section to
the glider moves the center of gravity rearward and changes the
glider pitch and yaw characteristics. These efiects arc reflected
in the lengitudinel and lateral-directioral stability data shomn
in Figures 7.1 through 1.3 ., Wird Twnnel data available for
pitch characteristics were used from ¥ =1 to M=35; at lower and
hi-her spe-ds, theoretical estirations were necessary, Tne lateral
directional data were estimater, The reference centers of gravity
for the moments were those for che instant of ignition of the third
stage rocret and at burn out after 19 secords of roeket burni: g,
The c.g. roves forvard 8,8% rm.a.c. during third stage powered
fl.¢ht. Preosent plans include rodifying the transition shape and
length from that snown to reduce the zero 1irt pitching moment and
to ircrease the gi.der stztic stability at transonic speeds. The
effect of change of shape to reduce the zero lift pitching moment
has beer estirated and includod in the data shown, The effect of
length <. increase stability has not been ‘included,
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IONGITUDIIAL STAZITITY ANE COLTROL

The addition of the ‘ranzition sectlcn tn the glider cieates pog=-
itive zero~1ift pitchinr roment and reducesihe vehicie rormal
force. This effect ismost prevalent at subscnis and transorie
spreds, dirminishing at supersw.ic speeds. Thc increments of
normal force amd pitchins rioment for various angles os° attack and
Yack numbers with no elevon deflection were determired from wind
tunnel tests of an early confisuration and rodified to reflect
the current confijurction. Data were available for a ranze of
speeds from ¥ = ,7 to ¥=3,5. These ircremenis vers added to the
glider-alone Jata,

The data reflect the &6 inch transiticn length tested rather than
the 55 inch lensta shorm in Referance @, The transition lernghth
will be established from aercdynamic and perforzance regquiremcits,
e 55 1.ch length reuresents a logiczl seperation plzne from
structural dgsign considerations since the pressure bulkhead for
the hrat dlast diashram is located in that region. However,
sufficient static stabiiity may not be svailable from the 35 inch
transition section,

Two center of gravity locations are shown on the plots in Figures
<.t through 1.8 . These are: (1) the initial cent-r of gravity
at the instant of separation from the second stage and (2) the
center of sravity at rocket burnout.

lines of constant elevon deflection and constant angle of atiack
are shomn only for the initial center of gravity location at 562
R.3.C. “ther fore and aft center of gravity locations can te rep-
resente. on these plets by a rotation of the vertical (C, ) axis.
This rotation is shomn for the center of gravity at rocket curnout
of 474 m.a.cs The vertical center of gravity locatior 15 assuned
fixed when the C, axis is rotated to represent a different fore
and aft can.2r of gravity locatidn,

The following method can be used to determine the amownt of rotatiod

of the Cy axis required to represent other center cf gravity

locations, (1) Assume center of gravity travel linear with burn
tine (t)o
i

o € - SEC. 19

Then determine the center of gravity location in present m.a.c.
for tne time (3} desired as shown in the sketch a-ove.

BAT 1548 1.3
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(2; shift the C\ axis to reiiact the center of gravity locziion

for *he tine (¢ ),

Trample:

S$hilt the center of gravity 2 percent m.a.c. forwaid.

(1) Jocate on thie Cuviln, plot the point al (Y1.0 and (.= ,02.
(2) Draw a line through the point and ithe origin i) sho': in the

sketeh bslmwy,
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TATETAL ALD DIRCCTIONAL STARILTITY AMD GOUTRCL

S4atie dirgetioral stabilit ocaav-uteristics arc uresesisd in
Firures 1.9 a: 4 {50 £or the eflects of anrlie of attack, foldirg wing
41p extenzions, ana center of graviiy locatien. Theoreticnl es=~
tisatiors for the e’fects of the tiansidion gection were added to
the glider-alone stability derivatives. The datu recreseat the
¢1ider plus transition secsion asrodymaniec characteristics reasors
2tly well for 350 sideslip. The data shows the 951G down £ip in
the down, or extendsd, positien to l1=2,5. The grecise speed to
which the folding tins will be ext -nded is to be determined.

The eff2c%s of rudder deflection on the glider plua trancition
directio.ial characte-istics are showm in Fifures 7.« thraagh™13
for two angles uf aitack. The effectiveness differs Tvon the
glider-alore claracteristics bzcavse of the center of gravity
lcc» tion 1
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