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FOREWORD

This report presents an integration of the
advanced glide vehicle concepts which have developsd
at Convair-Astronautics in the course of their REA
studies, The report is presented to stimulate
discuseion concerning the merits of the concepts
propesed,
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1,0 [NTRODUCTION

Initial investigations of hypersonic gliders centered around their
use as vehiclea to carry payloads over long distances by flight through
the atmnsphers. These vehicles vere tn be rncket bonsted to high
velncity within tne atmosphere, and, by airborne flight at a 1ift
to drag ratio of the order of six or more, intercontinsntal ranges
may be attained. However, the pure ballistic missile has super-
seded this application of the hypersonic glider and interest has
therefore been directed toward its use for manned return to the

earth from satellite orbits, N RS
/ ’ L A s - Lo - ) ~ P ! - L /.'“
Tus principle advantagen.of the glide vehicle over the-pure - - v

drar re-entry vehicle for orbital re-entry, lie in the reduced re- '
entry decelerations and the potential maneuversbility of the glicer
whicn will permit more accurate landing. The maneuverability will
in prinr.iple permit ygroater latitude in the conditions for the
fnit{ation of re-entry when urbitrary landing areas are specified.

While the rlide vehicle porpesses the forepoing operational
advantages over tne drag vahicle, {t must he competitive In sli
areas. In particular, for a given usefu load, the pross weiyht
of the glide vehicle must compare favoratly with the gross weight
of a corresponding drag re-entry vehicle sinco this weight must
initially be hoosted into orbi?., While the plide vehicle may
nerforn & mcre extensive mismionn such as nontrolled lanaing, it
is esveatiasl that tne weignt nenalties for such sophistication
be realized and svaluated in terms of their worth to the overall

minaion,

In order to ansess their relation tn esach other, nome comparison
of the basic characteristics of these two vehicles is in order. As
vith the drag re-entry venicls (NASA Mercury type) the design of the
glider 13 largely di~tated bv aerodynamic hea'ing conaiderations.

It ‘s found that if re-raalation from the surface is ignored, the
total heat transferred to the slide vehicle exceeds that transferred
to the drag vehicle because of the reduced deceleration and correspond-
ing ertendec time of flight at high velocity. If this heat is to be
ahaorbed by heat aink or mass loss vhere, in either cass, the heat
protection systom is chararterized by a crosa cooiant hsat capacity

in terms of Rtu per pound nof wolvht,then the glider wouid require more
poundn of heat protection than tne Jrag vehicle. However, it is
vithin the desipn canebilify of tne glidar to achieve surfuce heat
transtfer rates lov encugh that the heet mzy be re-radlats¢ by surface
tanperatures attainatle with vresently available structural materials.
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In general, this requires the design of a low wingloading vehicls.
It should be noted that similar techniquae for radiation cooling

can not bs readily utilised with the pure drag vehicle unless
enormous light weight drag surfaces are used to provide decsleration
at very high sltitudes., The structural design problem for the glide
vehicle is tharefore concerned with producing a lightweight 1lifting
structure which compares favorably with the correszponding structure
and heat protsciion system for the drag re-entry vehicle.

With respect to maneuverability, the pure drag vehicle is clearly
quite limited. Maneuversbility derends primerily on the lift to drag
ratio of the vehicle. If long range gliding flight is not of mejar
concern, then modest 1ift to drag ratios of 0.5 are sufficient to
achieve the reductions in heat transfer rate required for the glider
and supsrsonic lift to drag ratios between 1.5 andi 2,0 will provide
adequate maneuverability, Surface landing will require subsonic 1ift
to drag ratios of approximately 3. O.

i The remainder of this report will diacuac}éotail dosign qnqgidg;g; )
i tions pertinent to the development of re-entry gliders, ,In the following
section, asrothermodynamic affects relating to such v.hicloa will be
considered and specific configurations described., Structural aspects
are then discussed and the concept of a lightweight pressurized structurs
is introduced. The basic elaments of this structure are analysed to the
point whers approximate structural weight estimates can be made.

fma - = —— r——— - — —
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2,0 Aerothermodynamic Design

Heat transfer estimates for re-entry gliders have drawn heavily
on nose cone technology. Ir general, this technology has utilixed
the Newtonian flow approximation to establish the local inviascid
flow on the body and seni-expirical heat transfer drte to determino
the heating conditions, These approaches have been satisfactory for
nose cones because they are simple geometric shapes of a rotationally
sy=metric naturs, Glide vehicls configuretions are considsrably mcre
complex from an snalysis standpoint since in order to produce any
1lift they must be either unsymmetric or unsymmetrically oriented.
Neverthsleas, the direct application of the foregoing analysis
techniques has been mede to glide vehicle components with detailed
flow features considered only to the extent of the gross affacts
estimated by Newtonien flcw., By way of explanation, it should be
noted that Newtonian flov assumes that the oncoaing flow impects
directly on an inclined surface, losing all of its momentum normal
to this surface in the process. This loss of momentum 1s converted
to body surface presssure and the fluid ia assumed to flow past the
inclined surface with its original tangential component of velocity.
The actual details of the flow such as the presence of shock waves
or expansion waves is neglected. The principal justification for
this type of analysis is its agreement with experiment for simple
shapes,

2.1 Conical Plov

In view of the shortcomings of Newtonian flow in providing a
basic insight irto the flov phencmenon, it appears desirable to
investigate a flow model which provides more information on the
flow ita»lf, Such a model ia provided by the flow about a conical
vody. Fer this body, ths oncoming flov is dsflected by s conical
shocy atiached to %the cone apsx. Solutions ts this type of flow
have teen obtained for the case wners the cone¢ is aligred with the
flow direction. They show that the flow properties (velocity,
pressure and temperature) are constant along radial lines emanating

from the apex,

If a body is considersed which consists only of the lower portion
of such & cone, (See FPigure 1, Page /) the body will have the shape
of a dolta wing with a curved lower surface. The basic features of
this configuration arc sstablished by the cone angle o and the
meridion angle @. The sveep angle A may be calculatad from the tue

FCPV NG A-7021
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giver angles 8, and #. To a first spproximation, the flow about
such a body w be conical arnd identicil ta the flow about a
complete cone, Sincs low pressures will exist on the upper surfacs,
thers will be a local expansion around the edges OA and OB of the
body. Thus the lsedirng edgez willbeina region of expanding locel
fiow with th: fluid flowing around the edge of the body. Uader these
conditionm, the aerodynamic heat transier to the lceding edges will
be of the same arder as that on the rumainder of the lower surface
and no special consideration would be required in this area., It
will te noted that ths sweepr angle A has no specisl significence

&3 far as heat transfer is concerned for this cacs, since the basic
heat transfer would be governod by the cone angle 8,. This is in
contrast to the Newlonian analysic which makes no aliowance faor
cross flcws and would therefore consider the swept edges GA and OB
to be stegpation lines vwith nc prsvious surface flow history. With
this type of analysis, these odges would be subjscted 20 high local
heating and would require blunting to reduce ths hes? tranafer alcnz
the entire lerding edge.

¥With the assumption that the flow over z portion of & cone is
tc a first sporoximation identical to the flow over the entire cons,
some useful properties of such a body can bs investigated in terms
of the cone angle 6, and the meridion angle #. Por conical flow
with the baszic cone axis at sero angle of attack, the surface
pressures are constant., The 1lift to drag ratio of the sharp conical
configuration of Figure 1 can then be obtained as the ratio of surface
area projected on a horizontal plane to that projectec on a vertical
plane normal to the flow, Ths horizontal projection of the surfsace
area of a conicel segment characteriszed by cone angle 6., meridion
engle # and basxe radius R (Sea Pigure 1) is;:

ay = B2 Sin g

Tan 6, (1)
The surfxce area projacted on a wartical plane is:
A, =R% ¢ (2)
The 1ift tc¢ drag ratio becomss:

A 1r
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The sweep back angle 2 is given by:
vy —
Tan“ 8,
TLese proporties srs tabulated for variocus cone angles 9 and
meridion anglez Z in the fullowing tables.
Cone half angle
Gg = 250
# LA Py
15° 2.120 6.3°
5% 2.080 10,.32°
350 2,01 14.05°
8 = 35°
;' g LA P\
oo 1.428 0
3 15° 1.415 8.55¢
i i 250 1,383 14.07°
3 350 1,340 19.25°
5 R, = 45°
¢ LA P
o° l1.02 0
150 0.988 10.6¢
25¢ 0.97C 17.4¢
: 35° 0.938 24.4°
B - 55°
? L/p A
i
; c® .700 0
15° 591 12,25°
25° 679 20.30°
35° 656 28.05°
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These tables show that L/D is a strong function of the design cons
hall angle 6, and is much less deo ent on meridion angle § within
the range shown. Por § = 90¢, 2B % = 0,636 so that for a balf

cone, the L/D is raduced sutstantially,
2,1.1 Conical Plow With Angle of Attack

The foregoing discussion ccvered the case of a conical
body of the configuration shown in Pigure 1, when this body is
operated at an angle of attack < equal to the basic cone half
angle 8,. The flow field generated wvhen the body of Pigure 1 is
at angles of attack greater or less than G, is wore complicated
and does not lend itself to rational analysis. Some insight into
this situation may, however, be obtained from theories and sxperi-
mantal data on complete cones whose axes are at an angls cf attack
with reepect to the flow. In this case, the inviscid flow over the
body is no longer pursly radial and there are cruus flow components
W at right ungles to the radii froz tho cone apex. These cross
flow components are proportional to Sin # and are therefore small
in the vicinity of & = 0 and & = 180°. This is born out by tests
of cones at high angles of attack where it is found that the surface
pressure is reasonatly constant for meridion angles # betveen O and
250, Typical test dats from refersnce 1l ars reproduced as Figures
2 and 3, Page 8. These figures show that when the cone
axis is aligned at an angle of attack A’ of 8./2 or less, the
surface pressure along the conical gonerators corresponding to
# = 25 is between 94% and 96% of the pressure alcng the generator
at # = 0. In this case the angle of attack of a cone segment of
Figure 1 would be o = 8.+, The dats shown for ¥ = 155° would
correspond to & = 2°cnthe lover surface of a conical segment such
as Figurs 1 vhen operated at an angle.of attack -~ less than @_.
Hers it is also seen whenol'is equsl to 6./2 cr less, the aurfaco
pressure is practically constant over a meridion angle Jf Z5°.
Thus, it can bs concluded fron thess tesss on complete cones that
the surface pressure over a conical segment within 25° of the
vertical meridion olane is essantially constant for basic cons angles
of sttack o equal tc #./2 or less.

2.2 Aarodyna=ic Configuration

The discussions of Lucticn 2.1 can not be construed to present
a rigorous discussion of the flow abcut ¢cne segments of the type
chown in Figure 1, nowever, if they are sssumed to repressnt a first
approximaticn, some conclusions can bs dravn. These are:
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1. Meridion angle ¢ should be approximately 25¢° o maintain
fairly uniform pressures ovar the lower lifting aurfece
at all anglss of attack.

2. The basic cone angle 6, of Figure 1 should be approximstely
half way bstwsen the expecied range of angls of attack.

For u vehicle angle of aittack ranging from 15° to 55°, these conclusions
give the following parameters:

i

!

| 8, = 35°

Z g = 25

!

; For hypersonic £low (above M = 8) the stream is not able to Zlow

around the les side of the body and so the upper aurface ia of
little consequence. Por thia came, it will be considersd to bs a
modified half cone which is faired into the base. Thres views of
thiz configuration ars shown in Figure 4, Page 10,

2,3 Vehicle Configuration

|

|

|

i From previous data (reference 2) it has been found that a wing

| loading of 20 pounds per square fooi is required to reduce surfacse

| tenperatu~ss to an acceptable level, It will further be assumed

| that an overall vehicle weight of 3000 pounda will be considered in |
i the remainder of the investigation. These data, together with the

] asrodynamic configuration data yleld the following vehicle character-
I

i

|

!

|

iatica:
9, = 35°
g = 250

Wing area = %%99 = 150 sq. ft,

f
Base radius R = f A = U5 1,

1
Sin dJConz ¢+___5.......
Tan™ 6,

y S UU
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Langth ¥ = R =
gt Coaz ¢ + 1 24.5 ft‘

2
Tan OQ

Span ¢ = 2R Sin @ = 12,26 f¢,
Svweep angle A = 14.07°

Normal radius at base r = = 17.7 ¢,

B
Cos 8,
The configuration and dimensions are shown on Figure 4.

2.4 Aerodynamic Heating

Previocus analyses (raference 3) have shown that the maximum
heating and therefore the maximm temperature will occur at a flight
speed of 80% of orbital velocity. Since this is the maximum, the
heat tranafer and temparaturs distribution vere estimated only for
this condi’ion,

The nose blunting requirementa are sstim«ted to limit the maximm
stagnation temperature to 2500°F when opsrating at an angle of attack
of 55°, They assumsd the bhedy to be equivalent to a cone having a
half angle 8, of 55° and resulted in a nose radius of 0.77 feet.

The resulting temperature distribution over the lower surface cf the
body is shown in Pigure 5, Details of these caiculations are presented
in Appendix A.

Pigure 5 shows that temperatures above 2,00°F occur over less
than six inches of the body and temperatures over 2000°F are limited
to the first foot. The gresatest proportion of the body is at a
temperaturs less than 1500°F, The nosse temperature can be further
raduced by increasing its radius with corresponding incrsasos in
vehicle drag. At lover angles of attack, the roses temperature will
be proportionately higher than the body surface temperatura because
the nose pressures would be proportionately higher than the body
surface pressures, However, this does not preclude flying at lower
angles of attack and higher lift %o drag ratio since at flight
velocities removed from the velocisy for maximum heating, the
increased percentage of nosé heating can be tolerated,

- —
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3.0 Structursl Dasign

The structure proposed for the vehicle shown in Figure 4
conaists of a membrane type body prassurized to a pressure somswhat
above the expected body surface pressures. The forwvard nose ssction )
is compartmented and prossurized to a higher pressurs to sustain the '
pressure gradient in this ares. A triangular fremework supported by :
internal columns and beam columns rsacts the collapsing load of the !
outer pressurized membrsnes. The payload which is assumed to be
ssparate from the structure described above is supported by beams
spanning the triangular framework, This structural arrangement is '

shown in Figure 6, Page 13.

3.1 Structural Loads

3.1.1 Preasure Loads

The maximum lower surf’ace pressure during steady glide at
hypersonic velocity will approach the basic wing loading as the
relief due to flight centrifugal force decrsases. The structure
is also designed to sustain transient load factors or 1lift accelera-
tions of 3.0. Under these conditions, the maximum surface pressure is

PB‘&X =3 x 2 = 60 psf.

In order to provide a suitable margin of excess pressure, )
an internal pressure of 120 psf gage is used on the mar jority of the i
body. i

The forward cocmpartmented ssction may encounter gxternal preanur1a
as high as 900 paf. FPor this case, the internal pressure vas assuned

to be 1100 psf gage. Thess gage pressurss ars assumed to be referenced

to the static pressurs on the lower surface of the wing. Thia then leads .
to the following burst pressures:

Nose section i
1100 paf (occurs at large angle of attack) :

Body section . !
120 psf !

]

The action of the internal pressure will lead to compressive :
loads in the struts which is proportional to the distance aft from the i
nose (actuslly the apex of the basic sharp cons). This load is
distributed alony the two leading edges and its magnitude is shown in i
Pigure 7. It will be seen that the load varies linearly up to 164 pounds
per inch of leading edge 2t the rear of the vehicle.

FORM HO &.702 }
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s Inertia loads

For the present analysis, the payload capsule is assumed to
veigh 2500 pounds with this load concentrsted at the mid points of
. its supporting beams. Applying the transisnt load factor of 3.0, the
| beams must bs designed to support a load c¢f 7500 pounds distribution
over them., The loads used in the analysis are shown in Figurs 7.

Compression load due to internal pressure
0 to 164 1b/in distributed as shown

n cmmmes  m e s e -t ——

Payload inertia load
7500 1b. total

"

MAJOR LOADS USED IN RE~ENTRY GLIDER
STRUCTIURAL ANALYSIS

S FIGURE 7
E

FGPY %O A1021
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3.2 Structural Weights

The characteristicas of the various structural components are
estimated in Appendix B, The summary of these in terms of structurel

welghts is presented below.
Comporisnt,

Leading edge
triangular

frane

Beans to
support
payload

Columns
Porward of
Payload
Columns aft
of payload

Nose cap,
Cone & fwd,
bulkhead

Lover skin

Upner skin

Dimansiors Material
2.0" in Diam

0.040" in wrll steel
L6 feet long
2.5% x 6,0 aluminum
.030" side parels

.050" cap strips

1.5% Diam,
0.040" wall
15 feet total

aluminum

4,0" Dianm,
L028" wall
55! - total length

aluminum

Cone-,88 ft. base
radius, .77 ft. fwd,
radiusy 2,28 ft.
long,sphorical end
closures-,015" thick

colunbium

Sector of circle
24 radius ~ 29°
are -~ 0,010 in,
thick

columbium

Sector of circle
24' radius - 45°
arc - 0.008 in
thick.

solumbiwm

Weight

41,6 1b,

69.1 ib.

3.4 1b,

23.1 1b.

13.0 1b,

69.0 1b.

86'6 lb.

Total Structural Weignt

305.8 1b.

3

e

[

e e e v -- e

FORM KO A-7021

“‘m&'@fxn TR
2




R

)
N

CONVAIR || ASTRONAUTICS rase 17

——

reront_AR~G~002

m

3.3 Pressurization Weight

While no detailed analysis of' the pressuriszation system
requirenments was made, the gas required to fill the vehicls at
sea lovel pressure was calculated as well as the weight of a
presaurs vessel required to contain the gas. Thes results are:

Welight of air 37.4 1,
or

Weight of helium 5.2 1b,

Storage bottle weight 44,0 1b,
(titanium)

Total weight of boitle and gas:
Air 81.4 1b,
Helium 49.2 1b,

Prom the foregoing figures, the total of the major weigni
components is as follows:

Total Weight
Air pressurization 387.2 1t.
Helium pressurization 355.0 1lb,

FLPYND AT
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4,0 GConglusions

The preliminary anzlysis presented in sections 2.0 and 3.0 Andiesie
that a glide vehicle of the type shown in Figure 4 can provids s jaylesd
of approximetely 2500 1bs, for a gross weight of 3000 lbs. This vehicle
has a wing loading of 20 pounds per square foot and a maximum temperature
of 2500°F at the stagnation point, The tempsrature over the greatar
portion of the body is less thaa 1500°F.

The major objective of this report is to establish dusign feasibility
rather than to present complete design details, For this reeson, many
immortant design aspects such as aerodynamic triz and aerodynzmic control
have been omiited. In addition, careful thermal analyses of the tempera-~
ture distribution in the internal structure may eliminate the use of
aluninua,

In order to offset these omissions, simple and readily analysed
internal structurss were employed and the mombers wers conservatively
anslysed. It is believed that more efficient siructures can be
designed within the above noted weights even when more accurate
internal lemperatures are used.

fosuMNZ A0
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APPEZNDIX A

Asrothermodynanic Design Details

1.0 Nose Blunting

The nose blunting and body temperature distribution were

: estimated for the condition of maximum heating which occurs at

! 0.8 orbital velocity, The 1ift due Lo aerodynamic force rasults
from s constant oressure acting on tne lows™ surface (conical

' flow assumption). The body is oriented at an angle of attack of

55° end for the established wing loading, the surface pressure

required to support tnc body may bes calculated as follows:

; ' Ak Cos = Ll i ‘“orb)z.! (A1)

H vhere

Py = Wing pressure - psf

A =ding area - 3q. 7t.
i i 4 = Angle of attack . i

W = Vehicls weight

] : u = Plight velocity ft/sec

é Usrp = Orbital walocity £t /sec

Solving for Py, inserting ths sppropriate quantities and noting that
¥

rd 20 paf,

If the prsssure al the nose stegnation point

is P; thea the prsssure at any other location

awey frcx the nose is given by (see skstch) \\\k

_ ¥
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;

P 2 1 2 E

5. =Cos” 8+ == 38in" @ A2) 5

Since Py corresponds to the value of equation (A2) when € = (90° -of) '

o]
Pd = Cos? (90° - 550) 4 -—-—2 Sin2 (90° - 55°) = 0,671
1 Mo

and the noss stagration pressure 1s

= 32,0
17767 7 én = 18.7 puf

M. Romig in rofersnce 4 gives the following expression for stagnation

. point heat transfer
. . P
( 5 q = 0,0145 MxB 1 y -E— (53)
Ry
where

Heat transfer - Btu/ft</ssc

Ko
n

Mo = Flight Mach number

P.. = Ambient pressure befora nose shock wave pounds per square
foot abs, :
; RR = Nose radius - feet E
f But f
; P 1 M 5 U2 (A4) ;
5 = “‘"“"2‘ ~ 1+ T K ~ AM Ad '
: i Po(. 1‘*TH1 OC. o< f
2 i 5
: 2 .
vhare M, the Mach number after the ahock is small so that T My can ;
E be neglected. ;
3 1
s ;
- |
] L e — ]

FORM KO A-7C241
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Solving equation (A4) for By and substituting in equation (A3) gives

_ 2,0 /P
q = 0.0145 Mog — (AS)
V¥Ry

by the maximum allowable temperaturs for re-radiation. On the aasusp-
tion that this can have a maximum valus of 2500°F, q is 36.7 Btu/ft</ssc
and using this value in equation (A5) the value of R, can be determined {
for the known flight condition. That is for Py = 18,7 psfa M= 21 2, |

!
i

; The heat transfer rate q which can be sccepted by the nose is governad
]

!

!

;

' Ry = C.77 £+,

|

i

| 2.0 Body Surface Temperatures

The temperaturs distribution over the remainder of the body was
: calculated assuming the configuration to be similar to a blunt cone
| with a half cone angle of 55°, The wethods used are outlined by
‘ Lees in reference 5.

3.0 Optimun Angle of Attack at Maximum Heating

) While the angle of attackelof 55° was chosen somewhat arbitrarily
to minimize the diffarence betwesn the stagnation pressure P, and tae 1
body surface preasure Py, the absolute value of P, is irn faci the
governing parameter (equation A5). PFor & piven uing loading, W/A .
an expression for Pj ir terms of W/A and o€ can be obtained by solving !

equation A2 for Py ana substituting in equaticn (Al)
2 . |
’ W Cosol
| =y |- (A6)
orb
P
;f  Cos? (90 -ol ) = Sin? ot (A7)

e e e e SN
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Solving equation (A7) for Py,asubstituting in equation (A6) and
solving for ncse stagnation presasure P; gives

W 2 1

Py == l - (-2.....) —-——‘-2—-—-——-—-
14 Sin® &t Cna &.

L Uord

For Py to be & mirimm, Sin® ol Coscé should be a meximum, Differsntiating

and setting tho reault equal to zerc

Sino |2 Conl ot smzocJ =0

4,0 Blunt Body Lift to Drag KHatic

The 1ifi to drag ratios given in section 2.1 are for sharp conical
sagusnts. The addition of the blunt spherical cap adds an approximately

—— v . = —————— ey

{
!

(48)

conatant presaure drag to the drag {orce described in section 2,1 (ie
the projected area on a vertizal plane normal to flight direction).

This additional drag was estimated by integrating the Newtoniaa
pressure forces on the nose and adding these to the body surface ‘
pressure forces acting in the drag direction, '

tabulated below,

o L/ Blunt Body
15 2.707
25 1.920
35 1,344
45 0.25%
5 J.672

FORM X0.A.762-1

The results are
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APPENDIX B

Structural Design Details

The basic structure is described in section 3.0 and FPigure 6,
The appliml loads are discussed in paragraph 3.1 and shown in
Figure 7. M.1lizing this information, limited estimates were made
of the aizs ol structural elements required to carry these loads,
In genaeral, conservative estimates wers made to allow for itenms
Laiek & wora detailed investigation might uncover. The analysis
of the grincipal structural slements is presented below.

1.0 Lesding Bdge Support

The leading edges act as a beam with a distributed load increas-

* ing uniformly to the maximum value of 164 pounds per inch. This

l distributed oad is reacted pericdically by the compression struts

| supporting ths tvo leading edge beams, The leading edge beanms are ;
circular in cross section and bacause of tho high teaperaturs were

i assumad to be steel with an allovzble stress o of 20,000 psi, These ]

' leading edges will have the same temperature disiribution as the '

X lowar surface shown in Fipure 5 and start about 3.0 ft. from the
! stzgnationm point. Since ths lesding edges are continuous over many
| supporta, a single span was approximeted by the relations for a

I fixed ended beam. In this cass, the maximum bending moment is

!

= ol ,
| 1 |
1 vhere
i M = berding moment - in-lbs.

3 q = load - pounds per inch

1 = span between supports

Preliminary calculations indicate that & tube of 1.0 in radius and
0.040 in wall thickness will lead to a low weight structure, For
thess dimensicna, the allowable span betwsen struts is given by

12 3TE2-(r-ar)2]£
rq

’ ¢

14.25 inches

1
|
'
$
|
:
!
]
: .'
. o ————— . —— e e B
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when the distributed load q is 140 pounds per inch. The actual span
between bLeem columns was taken to be 10,7 inches for purposes of
strut and team deaign so that the stress would be less than 20,000
psi. in the leading edgs beam, The leading edges are sach 23 ft. i
long and, with the dimensions selected, their weight is !

Wt = (2) (23) (2T) (1) (.040) (.3) (12) = 41.6 pounds, i

2,0 Payload Supporting Beam Columns,

The payload wiil constitute most of the weight of the vehicle
and should therefore be located in the vicinity of the center of
pressure. The center of pressure acts about 2/3 of the distance
aft {vom the nose and for this analysis., ths payload was assumed
to extend over a distance of 8.0 ft. starting 11,0 ft, aft from
| the noss, This payload is supported by beam columns 10.7 inches
on canter which also support the leading edge beams described
above. As the bsams are 10.7" apart over an 8 ft, interval,

3 there are
E -
} 6__ =
g (. .67 - 0 Beams :
] The maximm load supported by sll beams is the payload (2500 1b) ?
; times tha lcad factor (3) so the load on an individual beam is ;
: 2300 x 3 = 835 1b,
: 9
f
1 Only the beam of maximum span was analysed. This is an aluminum
3 bsam with a span of 10 ft. Since the payload wvas assumed to act
at the center, the maximum besam banding moment is '
' “Pyl=85,0x12_
{ M 5 X35 5= X 5 = 25,000 in. 1b.
3 At thea station where this beam is located, the combressive load is
3 140 pounds per inch so the column load is ;

3 P = 140 x 10,67 = 1492 pounds

A number of configurations were analysed but only the final version
is described below

A FORM NO A-702-
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| Y
! = 2
‘ Ixx 2 x (2.5 x .050 x 3.0)
| 2 5 i 2
' _i_.'k + 3 2(.030)(6<)

= 2,43 in®

-
q

X e p I, = 2(6 x .0%0 x (1.25)%)
é” 1l 3
3ol +3 (2)(.050)(2.5)
Ly 1,~l 4
= I, =0.692 in
.;50” 7
| Note: The 1/2 inch fianges on the top
and betiom caps are neglected
Y for both Iy and Iyy.

Foestihe AT02Y

Bending stress in bsam at extreme fibers

.Hic_ = -‘—2-2192.0)—{2&-0-)- = 30’%0 psi.

r =24
tIxx
where
v = shear
Q =fyda
t = thickness

Q=2x {.030)(3.0){1.5) + 2.5 x (.050)(3)
0.645 in3

=85 = 175 1.

-
1

- kAm——r 3 ¢ - ——— .
- —— b oy —— - co u - = ry————— o =
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The critical shear streas for stiffened panels is given by

——————— — — i 2 o ——

which exceeds the applied shear stress of 1850 psi,
beam as a column,

23_2_3__1_1_1:' 87x'102 2.:52).

Pe 35
12 0

FGRM NO 4.702:1

= 16,700 1b.

Ts =K
where
E = Young's modulus = 107 for aluminum
t = Thickness of panel §
b = Stifferer spacing - see sketch ’
4 = Poisson's ratio :
K = Constant depending on stiffener spacing - function of a/b E
j
a = Beam depth. :
|
Sritferners Sy :
o — LA A Beam
(‘,S [~ T4 1 \
) }
For a = b = 6,0 in, X = 9.4 and i
9,87 x 107 (,030)2
T s = 9.4 x & P = 2120 psi
crit 12 (1-.3%) (36) :

Strength of the i
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Since this is large compared to the applied column load, beam o

column is satisfactory.
Column load about y-y axis is given by
2
LA R™

Pe = % = 4720 1b, which is nearly three times the
1 applied load of 1500 1b,

Although the stiffeners nesd only be lccated at 6 inch intervals,
beam weight estimates were bassed upon 4 in. spacing. With the
foregoing dirvensions, the weight per foot of the beam is

[12{[3.5 x .050 x 2]+[6 x .030 x 2f4+ (1 x .030 x 6)(3)(2)] 0.1
0.96 lb/ft.

wt/ft

Although the romainder of the beams are shorter and have & lower
column load, they were assumed to have the same weight per foot &s
the beam analysed above. The nine beams have a minimm length of

6 ft. and a maximm length of 10 ft, for an average of 8 fest. With
the veight per foot above, the total beam weight is

vt =9 x 8 x 0,9 = 69,1 1b,

The selection of aluminum for this application may not be feasible
unless radiation heat transfer can be limited by a very low emissivity
finish on ths inner surfaces. In any event, titanium would be satis-
factory but might introduce veight increases in the beams of 50%.

It would also be possible to use a truss structure surrcunding the
payload which should reduce ths supporting structural weight. Time
did not permit analysis of this more complicated structure,

3.0 Compresaion struts

In addition to the beam columns of section 2.0 there are purv
compression columns forwvara and aft of the payload. These vere
estimated using leng column critical buckling criteria. PForwvard of
the payload, the comprestive load varies from O to 55 1b/inch of
leading edge and the columns vary from O to 5 ft. in length, Forvard
of the paylomc, the span of the leading adge beams can be increased
to 20.0 inchos because of the reduced compressive load resulting from
the smaller rradius of curvatuve of the lowar skin, For thisspan, the
atross in the leading edge beam is

& = 15,500 psi

1
i
Yo el e - e )
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when the distributed load is 55 1lbs. per inch, The longest column
has a lcad of 1100 lbs. (55 1bs. per in, times 20 inch span), Por
this case a circular aluzinum colwsn having the following dimensions
vas satisfactory

D = 1,5 inches
t
I= %’- [(.75)4 - (.71)4] = 0.059

0,040 inchss

W2 7

—E1 _ (9.81007)(,099)
P, = = = 1316 pound
¢ L2 (60)2 °

The distance to ths nose is 9 7t, and with columne at 20 inch
intervals, there are 5 1/2 or 6 columns with an average length
of 2.5 £t,

wt = 77 (1.5)(.040)(30)(.10)(6) = 3.4 1b.

-Columns may not be required in the forward closed compsrtment but

they wvere included for waight purposes.

ATt of the payload, there is a distance of 4 ft. to the rear
of the vehicle whers columrs ars required toc support tne leading
edge beams, Here the conpressive load goes up to 164 pounds per inch.
The columns were taken 10 inches on centers so that five of them ere
required. While the maximm load is 1640 1lb., the longest column
{12 ft) was designed to support a load cf 3000 lb, and columns of
the same cross section were used at the other locaticns. An aluminum
column with 4.0 in diameter and 0.C28 wall taickness was selected
for this case

-

1= 1.':"_. '_(2.0)"‘ ~ (1.972)‘_] = 0.63 ir.,%
_T2e 1 (9.8m)(100)(,6 )

Por 7 *jzrﬁ—- = L“"%{ZZ?%L*"21 = 3,000 ib.

Thsre are fivs columns with an averags lengih of 11.0 ft. The resulting

veight isg
wt = 5 x (11 x W){2 W) (2.0)(.028) (.1} = 23.1 it

Fya% NO A-7C2-1
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4,0 Noss Compartment

The forward noss compariment is a truncated cone with heniapherical

end closures and has the dimensions shawn below.

O 8725 [+ Radius

O 77/F Radus
. g /K{

- —— -

-

ba—2 28/F —

From saction 3.1.1, the internal prexaurs exueass the extarnal
presaure by 1100 psf, PFor the apher.cal cap at a texperature of
2500%P, ths xzilowsble stress la 07 = 2346 psi.

Cap thicknes:s i3 tisn

Por ths conical saction following the cxp, the ‘ewmperaturs is down
to 2000°F with sn allowskle stress § of 11,700 psi, AL the rear of
this section, the ninfmsn thickneax is

= Pr = 115G L8753 (12) - 5.6 i
t = T x SRR G.00705 in.

The weights vere estimates ou the basis of 8 constsnt thickness of
0.015 in. for cap, conical section «nd rear closurs. The tfotal
veignt is 13,02 1n.

FURM NC A T02)Y
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5.0 Lowsr Skin or Mexbtrane

The lover skin atarts 3 ft. from the nose and extends to 2, ft.
frox the nose, Becauss the temperature and radius of curvature vary
over this distance, ths skin was divided into sections. The tempera-
tures uded was that at the beginning of the section and the radius of
curvature was that at the end of each section. The thickness wvas
obtained frow

t =

W

where

P = Internal preasure = 120 psf (.833 psi) from section 3.1.1 '

r =5 tan 35° where s is Jdistance from nose to end of section
in gusstion.

2 —— - oy

v

. ¢~= Allowable streas.

% The results are¢ tabuisted below

3 { - ! Sacticn Tenpsrature Stress Thickness Thickneas used .
{ - 3 to 5' 1670°F 16,100 psi  .0029 in. .010 in.
3 5' to 9' 1500°F 20,000 psi  .0037 in. .0LD in.
[ 9* %0 12' 1370°F 20,000 psi  .0048 in. .010 in,
' 121 %o 16'1300°F 30,000 psi  .0041 {n. .910 in.
] 16t ta 20t1240°F 30,000 psi .D051 in. .G10 in. ]
? 20t te 24711190°F 30,000 psi  .0060 in. .010 in. ;

3 4 minimm gags of 0.01G ia, waa used at ali stations to give the
4 ’ following wsight.

Wt = £€9.0 1b,
; €.C Upper Skin or hembrane

i The upper msmbrasne is a Lalf cone except near the rear of the
veniclse. Becauss of its much amaller radius of curvature, the
stresass are quis low and it was assumed that a minimum gage of

0.008 inches could be used. Por easze of calculsting it vas essumed
that the actual sres would be spproximeted by a ccns that went all

the way to the rear with no end clesure. FPor this shape and tnickness,
the welight is 58 follows:

- ' Wt = B6,6 1bs.

fCAW NO A.70241
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7.0 Pressurizing Gas and Gas Storage Bottile

The internul volume of ths vehicle was taken squel to thst of a
half cona extenaing to the snd of the vehicle., Thls volume it
45 cu, ft. and requires 37.4 pounds of sir or 5.0 pounds of haliiun
to maintain the 15 psi absolute required to pressurize tie vehicle
at sea level, Since tha initisl internal pressures are very saxll,
thie gas must be stored aboard the vehicle. 4 sphers 21.24 in, in
diameter is requirec to contain either gas st a pressure of 2500 psi
using titaniuz with a stress lavel of 70,000 psi, this requires a
wall thickness of 0.19 in. and Lhs bottls weighs 44 1b,

SrNLANNY
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