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(Figure 1)

The Delta Body Orhiter Configuraticd provides - basis for the soluifon to.many of the key Space
‘Shuttle tecknology problems. The Delta Sody vas evolved to oeet the shuttle technology requirenents,
is a legleal resilt af 1§ years of evolution, permita efficient space ghutile orbiter ‘desigpa, im an
effictent 1ightveight lov.risk design approach, and is & Potential candidste for the Space Smmtle
Urtiter configuratiom.

l
' -E
THE DELTA BODY
A POTENTIAL SPACE SHUTTLE ORBITER
SATISFACTORY VISIBILITY.
- ,'r',
LOW LEADING
EDGE TEMPERATURES
MULTIPURPOSE FINS
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EPACE, SEUTTLE TECEMVIOGY SEQUIFEMENTS - (OHFIGURATIDN RELATED
(Figare 2)

Aerodynamic Perforsance - The technology requirementa of today's Space Skuttle Orbiter have not

chaaged significantly from those whieh led to the evoluticn of the Deifa 3ody Comcept. Those related
dizectly to the orbiter copfifurstion are indicated here. Rypersonic L/D a ixportart to croga range

cApABAlITY. Delts Bodies (or 1ifting Sodtes) can develop Mypersormic L/D veluea as high me 3.0 %n
prectical configuwrations, Subsonle L/D eatablishes Terty efficicocy and zintoum approach gitde peth
for landing approach. Present Delta Sody designs exhi¥it substnic L/D vaiues of 5.8, entirely
sdcquste for spbsoric performance. Laoding speed 1s letaruined %o & large exzent by “te subeonic
trizmed 1Ef% capability of the orbiter. Present Dalta Zody desighm show High tri=med 11£% valyes
resultisig in lending speeds mot slgmificently different from corpeting designs,

Satisfactory Flight Charmeteristics - Aerodymasic stabllity ~ud tetrdl eharmcteristics are
determdned prisarily by the inherent skape of the configrmtion., Modern Telts Body designs exnibit

serodymaric stability sad control fn all three axes {stabilisy) Cirougheitt thelr atobspieric iigrt.

The resulticg Seodling gualittes dve, ia gesersl, quite acceptable as Cemomsirated 1= the, 14ftizg
body Tlight tests at Zdverds Afr Forse Base, Calffsrmie. ViS{BIMty ‘8 & result of o speelfic
deeign arprosck, Presest Delta Sody designs for 4he Szece Ebutile orilter have been tailorsd to
¥rovide sccertable visibllivy for ell flrgh chates.
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{Flgure 2, Cont.)

Lov Ioert Yeight - A driving fadtor that led %o the evoluticn of Delts Body orbiter confiprations
iz the requiremeat for a wampact destgn of low wetted sres. The pesult which bas Arectly folloved 1a

4 design of lov structural weight smd lov thersal protsction @yttem veight. Thia latter factor is
banced by the b
ates,

of ehock impingement and flov interfercuce with the{r associated Migh heating

Righ Propulsive Efficiency - With their sowpact shape and high volmmetric efficisncy, the Delts

Hodied are matyursl propellant carriers. This eads to high &' values and, with proper armangwment,
sinple tank gegretries.

Tue Delta Eody design iz particularly well sulted for the Space Shuttle orbiter Lechnology
Fequireoents.,

%
SPACE SHUTTLE TECHNOLDGY REQUIREMENTS ,
CONFIGURATION RELATED Bs
@ AERODYNAMIC PERFORMANCE =y
‘ - HYPERSONIC UD
) - SUBSONIC UD oy
o - SUBSONIC Sos
@ SATISFACTORY FLIGHT CHARACTERISTICS
~ STABILITY AND CONTROL
- HANDLING QUALITIES
- PILOT VISIBILITY

® [OW INERT WEIGHT

- LOW STRUCTURAL WEIGHT
~ LOW TPS WEIGHT :

® HIGH PROPULSIVE EFFICIENCY. !
~ HIGH &'

= [EFFICIENT VOLUME
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{Figure 3)

o fectors most of &1l Yed to the evolition of the Delta 3ody desigh appromch. These vaye:

. The desire to imeresse leading ddge sveep argle ard radine t0 reduce
serpdynamic heating levela end 4o wduce shotk Ixpicge~ant,

2. The desire % have a slmple tompact corfigurition of =mimtoum dpesrt welght,

Thesie deaires started {in ihe late *$0's) the pearch for a conflguration vhich vould cochine these
features into & configuration with satisfactory flight charscteilstics,

Singe thet fime the seaveh has proven axtremely successfyl with s variety of configareticn
evplutiobs. Three of these are presently undergolsng flight testa at Edvards Afr Force Seme vith s
frequency of flight vperations oot significestly lese, at tizee, than ihat proledted for the Space
Shattle 1teelf. A vast saouwnt of flight experience add familiarity exists, a8 a Tesult of these
programs.  dypersonic flight of & 14fting body vehicle has also deen decvnstrated thivugh f1ight of
3 *he-5V-3. Fligbt with a Delta Zody orblter would not be & nev experience.
.-

DELTA BODY SPACECRAFT DEVELOPMENT
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(Ftgure 3, Cont.)

“he Delta Body concept and 1%s sdvantageous features have teem incorporated into derigns for a
vide range of hypersonte L/D values (1.1 for the .10 0 3.0 for the DL and PUL series), The

inherent advauteges of the Pt are mot restricted 1o & glven L/D rangs. g
The Delta Body coucept Is versatile ard proven, L
Ib .
o
. &
TELTA BGDY ORRITER. CONFIGURATICH EVOLUTTON
J
o From the rich backgiound of design informtion extsting for Delta Eodies, mttention vas focused L E
{ jhr Lockheef 1n 2968 ou the evoiutfion of an fmproved crbiter design $0 meet the rigorous requiresents _:f..'é

of & powsred orbiter stage In a reusable Lmmch syites. The result has been s design of improwved
sercdyusmic performance Vith a Tealistic ansves for edch deglipn requirement. In particular, {sgrove-
mests BEave Been mchieved in configurmtion shapleg vhick allow the design to explott its sdvantages

af valwetric effictenry, 1w heating rates, sod compact size,

.

The modern Daita Body orbiter exploits its Inhervht advintnges of volumctiie efficlency und
campect size vhile previding impreved nerodynamie chuructericten,

DELTA-BODY ORSBITER CONFIGURATION EVOLLTION

HIGH HYPERSONIC UDM.AX 2.3 LOW HYPERSONIC /B L1~ L.5)
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FARNETRIC TSIIIG
{Pogure )
The dsvelopment of the Delta Sody. orbiter has been supposted xod pubstaneiated 7 extansive wvind
turmel testing., lockhred has jerformed over 3,000 heurs of eerodytecdic ard Seyother—odymamic festing
.on Delts Body configurations, Meny tests have been perforoed or paremetric wmristions of Piomising
cocfigumtions. Tests such as the one indicated have explored the saciaticrs of ‘every ey ceasetrit
elenent. tnciuding bidy crosa-section shape, body camber, lefding edge Sweep, leadirg cige radius, Iio
shipe, fin eize, fin oriectation, conirol surface size, control surface ghape, pod oontrol surfacs
orientation. These pammmetric test dsta have been supplacented with comprrmble thermodymente,
paterials, struchural, and desigi data 1o mthieve o conplete data bank'sf desizn informstion for the
Delta Body Orbiter,
An extensive parametric-data bark exists for the toafident develormest asd mssesscens of <he
Delta Body crbiter.
PARAMETRIC WIND TUNNEL MODEL - DELTA-BODY
o LIV 7FT BY 10 FT SUBSONIC WIND TUNNEL
o TEST CONDITIONS
MACH NUMBER = 0.24 .
ANGLES -OF-ATIACK = ~10° —w=+30"
SIDESLIPANGLES = 40" —a=+10°
o TEST GURATION
. 307 RUNS, 76 HR OCCUPANCY
Q » CONFIGURATION PARAMETERS
- FIN
ROLECHIT
TOE-IN
AREA
LEADING EBGE GEOMETRY
WASHOUT
CENTER FiN
RUDDER DEFLECTIONS
BoDY
CAMBER
L.E. RADILS
BOAT-TAILING
ENGINE NOZZLES
TRIM FLAP DEFLECTIONS
Finst 3
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DY PARAMETRICS
(Pigure 6)

The vealth of parsneiric dats for the Delta Body bas been systemitically sxamitwd %o idemtify :
design trends sbd effect design {mprovements. Iuportant design trades mre known and the cowdiguration '
@en be readdly modified o echieve a desired change In sercdynamie’ or deiign charmoteristics, In Ehls
azner every lice, conbour, and angle on the configuratioo 18 selntted to provide the Yest comblnation
Rl system chamcteristics. In eddition to the acrodyosmic paraveters shown, bimilar thermodynamte
aod desizn purmoetric data exist.

T AN IS

The sbaded squares irdicate the more significant trades.
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AERGDYNAMIC CONFIGURATION PARAMETERS FOR THE BODY
D PITCH YAW s _ ¢ ) !
. __MAX| sTABILITY stagiLiry [*AXerrim m& L
U} SuBlHYH  sUB[HYP suswyp [SuBlivP| susfwyp  [sus[HYP o
§ sweep P -1 11— * _ ".""_ . s €
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I PARRNETATCS
(Figuze T}

fhe paramet;yic data on the serodynande charsctesiztics of soe Delty lody oriites hsve ghoum tia
Tirs to '~e ¢iTective 13 providing & wide TALge of seTodymas{s charsciexd=tics, The Mos yarw trp
oultlple purpdses of providing lateral-Yreciiomal sisk: Itty, lonpitufinal szabllity, ddrecteomal
contrul, and 24P augmentation thrvush their "end -.;:w_.e“ elfect on the afs uwper Yody. Perforsing
the dual purposes of fizs and wings, the surfatces coxld appronristely be caliad “ings™,

AERODYNAMIC CONFIGURATION PARAMETERS FOR THE FIN

PITCH YAW - EFFECTIVE ¢
L2ax SIABILITY | stagiiry [ %erp, DIHEDRAL -

susfHYd  suBlHYP SUB{HYP | SUB[HYP SUBIHYP  [SuBlHyP
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[ELTA PODY OFBITER TERED VIEW B
(Figure 8) '
At wxazple of the facily ¢f Delta Dody designs suitable for Space Shuttle orbiter coufiguration R
1s shown in the three wisw figure, The compact deeign exploita the wolumetric effictescy of the
Delta Body concept Wy providing anple volume for design Flesdbility in the internsl arrangement, -
with overnll dibecsions gmaller than competing designs. The configuration shown ‘can ‘be ‘packaged to -
serve a3 & two-stage or stage-and-ons-half orbvlter. Thie eonflguraticn 48 under study io the Lockheed :
‘Study of Altersate Space Shuttle Concepts under Contract HAS §-26362 for George C. Marshall Spece L
Plight Center. - E
Present designs employ & lover swface tTim flap with trailing elevons, ‘These surfaces provide
plteh trim and comtrol and roll coutrol far high spesd flight ani for lov axigles of attack {up o B
mecimm 1) durlag lov speed Ilight (landing). & set of upper »utface flaps provide far pitch St
4rin and dontrel and adied roll control for trwnscnic sod subscnic (landing flare) flighe, Rudders b
and yav daopers provide divectfonmal gtakility and control thioughont the flight range. In sdditioo, oA
difrerentiel Tudder Betilnga can be Acliectively employed to improve stadbility snd perforwmence >
charscteristics. X
A design tall-étrape angle of 22° 1s provided t6 permit s wile range of landing attitodes. The *
Sose Becticn 1s sbayed to provide acceptable pilot visIHLlity for all land g i tudes,
Practical efficient Delis Eody crbiter designs have been dsfized and aie deing evaluated. fi :
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STATIC STASTIIYY

(Prgure 3)

The perodymanic [lexi¥ILTy of the Delta 3ody oriiter hms percitfed the shsermace of 3 si=ple
growndrule £ {18 dervdymamie development. Thmt grousd rale nc “lewsrel or posiiive acrofpmastc
stability id adl three ates (sTabilisy) throughowvite fequired cerodymesic f14ght spectm= with
asrolynanic trin and costrol”. This ground rule is essestial <o the selesilon of early Zesign congepss
to sssure that'during the final development of the confiziration, sdequate perforoance and kandling
qualities can be provided without undue sophistieation in the f1:ight tontrol =ed stabilisy sugmestatisz
syatem., With this ground rule, Ssjor configuratisn ohasge: 5 curTeet feliciencies digcyvered late in
the development program (vwith the associsted incremtes in develorment cost) cen Se mvnlded, TN
Deite: Body design approach persits afherenge to this ground rule withous large weight pemaltifes. THis
is due to the facts that () s large portion of he icherent serodymAric FTELLIAEY is provided Wy
effective Yody sbaping snd (2) the fing (or "Fings™) serwe sevews] purposes (Mreetional stebidity,
longttudinal sta®ility, directional control, longitudinal tTia, 25d 11Tt sugmentation through thesr
effectiveness as en? plates) - copsequently, the stabllity is estabiiched by addimyg s relatively
spall sét of aeTodynamic surfaces.

The moves shav that neutral or Better piteh amd yaw stability has been desipgoes irvo. the Delta
Sody orbiter for al] ewticipated T1ight conditicns and for far a’t certer-of-gravity locaticrs
chiraéteristic of Sgace Shuttle orbiter (in this dase a Stage-ani-One-Ealf orditer).

The Delts Body concept permits Jdecign with three sxio zerodyssaic sinbility amd conirol, reducing
dovelopment risk, and schedule slippege duc to laie configuravicy [ixes during the deve lgpment prognis.

It is not neceesary (vith the Delta Body concepr) to saerifice sevodymemic stability o semteve o
compact orbiter design.
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UNAUGMENTED SURSONTC SANDLING GRBALITIES
{Flgure 10}

Paremeter plane enalyses of the Delts Body orbiter comcept has indlcated that the confi gurntion
2110 have excellent handlirg gualities vhen compared with most sf the relative herdling qualities
criteris, the ouly major exception being that of the damping in Duteh roll., This deticisncy may be
eteon o the Space Shuttle brifter coneepta wiere thelr dirsctional-to-roll stabllity ratic is lov
84 13 the Toll inertis-to-yaw imertia retio. The serodysamic Tlexibility of the Delts Bedy design

offers several solutione to this deficiency, such s2 darping by aileron deflscticn {aod/or yaw
Aarpera),

The Delta Body orbiter is presently being simulated by Lockbeed wnder comtraét to NASA Manned )
Spececyaft Genter (MAS-9-11459) to further werify the concept Handlirg charmrterieticr during
low speed flight.

Level 1 finodling quality characterigtics ose predicted for ths Dolte Pody orbiter for most lurge

trancport category criteria. Aerodynsmic deslign flexibility orl'fers cures for fzy deflciencies vhick
Ay exist,

2

UNAUGMENTED SUBSONIC HANDLING QUALITIES

# 30 DEG ROLL IN 2 SEC Ba VS ROLL RATE LEVEL|

DE CRITERLA RATING*
LONGITUDINAL
o SHORT PERIOD DAMPING RATIO LEVEL
_ NATURAL FREQUENCY — LEVEL 2
» PHUGOID DAMPING RATIO  — — LEVELI
LATERALIDIRECTIONAL
o + ROLL ROLL MODE TIME CONSTANT _ LEVEL |
N MNATURAL FR'EQU,ENCY - LEVEL|
s DUTCH ROL DAMPING RATIO  — UNACCEPTABLE
T [REQUIRES
ALGMENTATION)
CONTROL :
* LANDING APPROACH YERTICAL V5 ANGULAR LEVEL ) "r
T ACCEERATIONFORMAX b
PITCH CONTROL, _ i
» SIDESLIP TRIM FOR 30 KNOTS ATRIM VS AILERON DEFLECTION _ LEVEL }
51DEWND I ‘
H

"HEAVY TRANSPORT, CLASS 111, MIL-F-87858 (ref. 2)
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MFODIMAMIE PERFORMANCT
{Flgure 11)

114

The configuratios sbovn i3 Figure 8 hai bees configured io provide wross-renge fegebilizy Sfap o
1500 zautical miles., The Teguired —avimm lift-todras mtio of 1.7 bas Leea rrovifed Tor Lypersonts
Aight corditions.

For zubsoaic flight the paxticye subaopde 1ftito-dreg tatic had, wmtil recently, Leen cotservazive-
Iy predicted-at 4.5, & valus provern adequste for the pover-off laodings durlag the TASA Flight Resesrch
Cemter 1irting body Flights. Recent wind tunnel test data indtests cemsidermbly higher 1iftio-irps
mation. The data indicated shov e Saximm trizmed 1{ft-to-dimg velue Of 5.85 nt 14" angle of attack,
Tiis extrepolates t0 a free fght value of 5.8. (AL Lftito-drag ratlo values indieated ‘are for
the aerodypantcally trimmed cuse.)

The high sybacnlc 1ift-to-dreq mtios result partially from the sgproach uged to trim the Tehdcle.
The lover suifice trim Tiap and coztrol surfaces are deflected upwand o ehieve trim, and effectively
stresmlise the flov owey the large bese ares. The BEPATERT acridynanic bese area i5 thersfore sreatly
reduced fram that of the metun) bese ares. Consequently, irim iz achleved vith refuced sxial force
and fmproved L/D veluee in coutrmst vith the trim lomses assortated vitn wiaged bidtes,

The ocrual Sperating ranges Gf angle of attack are indicated for the subscnte and hypersonic
regines. The subsonic rangs provides adequate approach contro) and landing flare tapatility. Tee

- bypersonic rangs perziis modulation of the contiguration's £ToEs-range capability ta_achieve high of
Nk W E
J 1ow- crose-range values (0.6 <L/D 5 1,7),

Ibe Delta Body bas & high perfomance capability and cperational flexinility,

AERODYNAMIC PERFORMANCE

FULL SCALE VALUES
2 or i~ RECENT WIND TUNNEL TEST DATA
= :
T sk SUBSONIC FLOW
O
— - -
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g2 e
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IELTA EODY/DELTA WING-EOUY CEOMETRIC COMPARISON,
{Figure 12)

4 coeparison of configurstions reveals that the Delra Body configuration 15 smalleér B lemgth,
fpen, snd height than e cosparable base-line Delts Wing-Body orbiter presertly wnder stidy in the
Fasse B progrsm, The larser cross-section ares of the Delta Body ia eppayesat {in the =nt view,
Fotentially more fawvorabls visibility characteristics are attzilutsble o the Delta Body design with
its steep nose angle, although o oimiiar gogls [2 possibie oo o revision to the Delts Ming-Body desigh.

Tee Delte Body sonfiguration provides o compant Space Shuttle orbiter design.

DELTA BODY/DELTA WING-BODY GEOMETRIC COMPARISON

DELTA BODY

DELTA WING-BODY
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LAIDEIG SPESD AND ATCITUIE COMPARTISON
{#2gure 13)

Prelininary cooaideretions of landing speeds and attitude show Little difTerence Betreen Delta
Sody end Delta Ving-Body walurs. Fevent wind tuimel Gata verr used 1o tocpute the Tespective lasdizg
apeeds, ke 'miues shovm reflect weights for the tuo-ctage Space Shuttle ortiter lsnding with te
payload in,

Zxperience vith the 11fticg bodies at the NASA Flight Researcn feoter indicates *he »llota’
preferente %0 land st speeds high erdugh to provide good esntrol Tather than nizizum speeds.
Consequently, 1t {8 resscnmble to exbect that the Spave Shuttle crbiters will lezd at speeds of

-approxizately 180 knote avd at Attltuded” near 15* angle of stiack, The Delta 3ody denign hes provided

scple pilot vislbility for the required leriding conditians.

Flight tests et the Flight fecesreh Cepter would suppeit the acéeptance of “huse eharacteristics:
for Space Shuttls cperations.

The Delta Zody landing conditdons ave acceptable For the Space Shutsle operaticns and essemtialy
equivalen: to-those of the Delts. Wing-Body.

128

LANDING SPEEDS AND TOLICHDOWN ATTITUDE COMPAR ISON

TYPE VA1 TIRE LIMITS

s HLLLLLLLELLY,
= \ )
E A
Z \ DELTA BODY
z DELTA WING-BOD '
§ \ TAIL SCRAPE
S 50 7 -l
2 TAIL
= SCRAPE
=
S
-2
{ NOTE: GROUND EFFECTS NOT ADDED {
1] ! ! !
0 5 0 15 20 25

ANGLE OF ATTACK AT TOUCHDOWN  {DEG}

e 13
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Tne relstive toupartness of the Delta Dody ﬂesisa results
‘of tie conffguretion end the design steps taken to empioy that volime.

COMPARISON OF VOLIME VARIATION Wrid LENCTH
(Figure 34}

from the {nhereot wolioetric
Cauparms v.'.t.h the:

A T

efficiecty
Laseline

Delta Wing-Body configuratios shovn in Tigars 12, a Delta Body fuselage sackaged :‘or he Two-stage

Shace Shuttle drbiter is 39.k o (129.5 fe=t) 1an5ucmpa:tdﬂthmhﬁju{lﬁaifm}1m

rusélage of the Delta Wing-Body baselize.

Of gopsideratle importance is the fast that the stall Delta Body 3ize hax beem achieved i le
employing nou-integral internsl tanks of oo greater somplexcity thas simple
cToss ssection.

e total volumes of the ccafigurstion compire closely. The Delta Zody is seen to mve little

wousable voluoe, In revent designs, B0 percent of the awatiable volume 15 occupled, leaving afple

access fov ipspection, mpaintenance and repalr.

conicel tanks of circalsr

-

3

g

FUSELAGE MOLDLINE VOLUME — m

L=
—

-

:

1
FUSELAGE MOLDLINE VOLUME

§

COMPAR[SON OF FUSELAGE VOLUME VAR IATION WITH LENGTH

100, 000 /
B
80, 000 ]
]
76,000 / e
| 5-200-5 DELTA-BODY— "NOTE: FLAGGED SYMBOLS
0H0 DENOTE TOTAL . '
o / / CONFIGURATION -
50, 000 VOLUME v O
40,000 / / - ‘ -
/‘hm-m_ WING-BODY o
30,000
13
10, 000 / /
. H
i} _—.—’—/—/ E
) 100 200 :
FUSELAGE LENGTH (FEET) !
v L i L A | i !

0 2 30 40 N &
FUSELAGE LENGTH {METERS)
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YoLUMETRIC IFFICIENTY COMPARTECTT
(Flgure 15)

A significant advertage of the Delsa Tody desigs 13 113 rediced vette! azen
the required volume for the Space Shuttle orbiter, &n index of =erit 1k he ratip of yolioe cortalned
PeT unit of vetied srea gines wetied ares 1s directly related o structmral (snd thermal Froteciioe
system) velght. Receut total volizie munbars for the Tuo-Stage Deltas Sody orbiter, the Delta Wing-Zody
“ith tip fins, end the Delta Wing-Body vith o center fin ouly are 2,28 o3 (93,402 023, 2,36% 5°
(8h, 241 £03) mnd 2,532 =3 (89,485 red). recpectivety, '

r‘r.z), 2,087 0% (22 b2 -r:?_) » and 1,860 " (20,019 rt:’). The rmtios are fncidted in the Tlgove. T
efficiebey of the Delts Sody Tonfiguration is sees to e 108 o 3% grester than the Delta Wing
configuration with correaponding canter fin and P Sl conftgurstisng,

TeCepOATY 1o tontain

Surresponilog writey Tesn npe 1750 {18150

Ihe increased erficlency of the tentep Tioned Deltd Wing

ng-Hody configuration over the Delta Wing-
Body with tip #ina 1x achieved at the axpense of reduced directional A stabiiity at hyrersopic and
Supersenie speeds.

Body striture and ving anq fip surface ymit veights are trpieally 37.4 ;'.s;faa (3.5 poumds par
Equare foot). The potentisl differences in the Delis Body and Dalts Wirg-Budy inert veights due %o
Teduced surface aToa are therefore 1,876 kg (%,14071b) (center £1n} and 5,761 kg {12,700 1b) (sip

fins) 1n favor of the Delth Body. An equivalent savings in therzal protection ayaten welght is
obtaired with the Delta Body.

The redured surface area of the Delts Body conf

lgirition ten Tesult fn =educed Siructural and
therza) protsttion cystém weights.

VOLUMETR IC EFFICIENCY COMPARISON
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PEAK TWPERATURE ISOTEERMS . IELTA EODY
{Pigure 16}

The sasdth contours of the Delta Body result in lov .sercdynanis beating rates and correspopdingly Ty
low surface teapermtures. This is & vect Tesult of the inberent Delts Body philosophy of svept 1
leading edges a5d large leading. edpe radif.

The contours shov a distinct abaence of shock impingement apd 1te asEocisted high heating rates.
In addit{on, there f3 & lack.of high temperature gmdlents, Comsequently, the design of the thermnl
protectilon systen for the Delta Body would e simplefied as ‘tompared to the TPS syatem for the Lelta
Wing-Body with 1tz potential ahock impingements and high leading edge temperutures.

One feature of the Delte Body i the relative insermitivity of hesting Alstributlon and level vith
angle of attack {uvien the. trajectory 1z constrained to not exceed a glven temperature T = 1533° K
(2300° 7)1, The resulting temperature ddstributicns for ‘the 200 sautical xile cross range (o ae52%)
and the 1500 nwitical nile cyoss rénge {or m 25"} trajeciories are shawn to be quite sindiar, again
simplirying the TIPS deaign exd providing a verssiile design. Inmudation requiremcots incremss vith

:J time of rlight-{cross-renge).

o
The Delts Body design results in ng gliock impisgement, low iemperature levels and simplitied i
theroml protection system requirmments.

PEAX TEMPERATURE |SOTHERMS. ~ DELTA BODY

I i
1000 3 a
200 NM CROSS RANGE 1500 RM CROSS RANGE ? i
NOTE: _ - .
TO CONVERT TO %%, %% ~ XY -+ &59.67 !
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SURFACE TEMPERATURE COMBAMISON
{Figure 17}

With only the nove cap (C.5% of wetied srea) experiencing high tecperature levels (T > 164h5 X,
2500° F), the Delta Body d¢9ign offers maxt=ws 5 reusability otential waing extersal imsulstion
or setallic materials presently under 'dm.'.iomt.

Competing systems imvolve significant areas {wp to 5% for the Delts Ying:Body) vith temperatures
grester than LEM4* K {2506° F). Although anlatives asd tertatn Mgh temerature terials allov
conisideration of fnitial flights at these teperdtures, the desiTed degree of reusability (106 £iAghts)
15 joopiardized. lack of reusability can serdously increase operational costs,

The Delin Body offers maxirmm =

abIlity potential for the Spece Smmttle orbiter theroal protec-

zion s_ys‘!‘.em.
SURFACE TEMPERATURE COMPARISON
T> 688K [2500°F )
8% (1000°F 1 < T-< 16440 { 2500°F)
5857 (600°) < T < RI°K (1000°F)
1000

i

Wi,

%

* SURF%_CE_AREA

W
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DELTA  STRAIGHT DELTA DELTA  STRAIGKT DELTA
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ONE -AND -OIE FALS-STAGE ORUITCR PRIMAKY STRICTURE ~ [ELTA BODY
{Fzure 18]

The compact =ize and large body cross-secticns of the Belia Body ortiter desizn affords oeoy
sTTuntursl advaptages.

¢ lovw tody lice loads {uge plumimm for primary sStructure)
* Short load paths (mass coneemtrated aft)

® Inertisl und aerodynamic loadinge tend 4o paxtimire vhere the zvallable
fuselnge cross sectioo caximizes (Yow line loads)

® hedoced asrodynamic surfaces vith nigh line losde

& Nonintegral tanks ’

j  Thesesdvantages-are-isherent fo the configuration-and-a¥ford-adventages—to-ei ther the—two-gtage
N F or stage-and-oue-bslf ortiter desighs.

The Pelta Body has meny Peaturss vhich coptridute o lov strustursl weight and reduced design
complexdty.

EEL e s e R e e T e T
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PRODUCTION SEMIOWR - ITLTa Ty
{Fizure 29}

The st=plified stractural design Teptuves of the Delta Body sritter w21y rermlt develoment exd
manufacturing %o proceed on a nodular dasis with po undpe corplexity required %o coordinate the
syst.m elesents. This {3 tTue for elther the tup-stage or stage-and—cne-talr orbiter desighs.
Avnt.m}ntcxml tarks, the structursl systew sad propulsion systien. developmmnts can proceed
mht.iwly Mnt of cach other. This showld greatdy simp¥1fy developoent mnd schedulisg. In
addition, m facorporaticm OF technology advasnces into ome of 1oe gydtema (tanks for ‘.m‘t.a:me.) cho
Preceed withi no (mpact oo the other (body structure).

The Delta Body design can reduce development rick.

DELTA-BOBY MAJOR STRUCTURAL BREAKDOWN

MAIN PROPOULSIGN ENGINE {REF}
THRUST STRUCTURE:

UPPER FLAP

RUBDER
FIN “
AFT SECTION -
L)

MID SECTION—, —
PAYLOAD SECTION '

PAYLOAD
BAY DOOR

CoRByT
LH, & JET FUEL TANK —
ASCENT LOX TANK: _J
INTERTANK STRUCTURE
LANDING GEAR DOORS

> CREW.CABIN MAIN LAND ING GEAR
T o NOSE SECTION N—IET ENGINE
‘Q‘\wnmuc GEAR DOOR IET ENGINE SUPPORT STRUCTURE & TPS
NOSE CAP FRONT LANDING GEAR

Figuir I¥
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TSLTA MODY/ISLEA WING-20DY COMPARISON » TWY STAGE OREITER
(Figure 20}

The Delta Body design spprosch 15 seen to have msny potential advantsges over the contemparnry
Delta Wing-Body desizn spproach. This comparlson reflects the tvo design approaches. being worked to
the sanc ground rules (Thase B) snd ta yeasoriably comparable depth. While the characteristics of each

M R em | e Wi b T T rn o ek, et 3y KR ke e

design sre axpected to charge with further dcfinition, the relutive fentures are not expected to

change cignlficantly.

Properly expioited, the Delts Body desigm can yicld an efficlent Space Smuttle orbifer.

DELTA 300} /DELTA MING-20UT COMPARISON THOSTACE DRRIITR

TELEA FODY IELTR WING-BOUY (CEWIER FIR)

sTZX: LEWGTH, 485 m (159 £t} 521 m (I71.0 )

{o¥FRAIL EPAX 0= (583 re) 272 % (91,5 Lt}

IDRNSTONS) yEroer Naa {364 8 wzn (KR

BRY 7. ok, 305 wg (207908 1) 100603 xg (226400 10}
ouRE 268 23 (gaboz Y o 2 (Buds 2%}
WETT=ED z c ad 2
A, yrso st (18835 o) 16 o (20029 )
- At 0.711 9,593
’ TEERMOPYRAMICS) Predittatic, Mo Siwwck Imptngmaent |Flav Interference and Shock
= PIOM mcsf'ms sre Irpingemesit om Leading Fdgw
TEMERATURES Total Burfare (Exgept Hoee Cap 14 of Surface Aren Above 26U K
' 0,LEL). Lesk Than 1L K (=2500" 7).
{2500° )
1FADCY; EDGE 2 £13533° X [#3c0” P) T2 3977 % (3160 B}
VELOCTYY 180 Foots 18 Lot
(POVER 0PF)

MINDEM GLIE SHIPE 9,907 (1/ = 5.8 g {L1/D - £.5)

SIRXTLITY ANl exis merbdymamie irim, ecomurel, M rectinnally imatafile (_nt.suc)
azd static stability st g, # requird typersonlc/mperoonts
réfuired th t nervdyrazic tey fa Atabie)
flight replne., _ k] fypanie
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COMCLUDDNG XBMARES

The Delte Sody orbiter 23 & potemtial camdilate For the Sphoe Thutile oriiier. The sdimdtinges
of usipg the Delts Sody design epproach sx¢

1. Bow shock irpisgemert and flov ixterferszce. is zvolded

2. Ooly the gose cap sees surface Serperamares stcve 2ELLY ¥ (35e0° 7,
therefore the TPS can be fally reusable with 2e Sroposed tateripls,

l!
{
H
i
:
i
i

3. Stetic aerodynmanic stability and cenircl is preTided for all three mxes
during atoospherie flight - the tonTiguratis: ias sufffelent perodimiomic
- perioroance.,
5, Low structmwl weight is sehteved vithout regorting o integral tanks.

5. The concept provides s simple Zevelopmesi/pssufeétiring soproach,

5. Fifiteen years of YLeckgrouxd evplution supports the contept.

7. The Delta/Body Space Siuttle orditer will perform the Space Shuttle missiom.
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