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TRE GELTA IODY - A POTENTTAL SPACE SHUTTIZ ORETIVR

(Frpare 1)

The Delta Body Orditer Configuraticd provides B tasis for the solution to.many of the key Spece
‘Skyttle techuoiogy problems. The Delta Sody vas evolved to meet the shuttls tochnology requirenents,
is & loglead nmt af is years of evolutlion, permiis efficient apace Bbuttlie orpiter desiges, is an
smns..ﬁ Lightuwight lou-risk design approach, and 18 a potential candidate for the Space Shrttle
Urtiiter coafigaration.

=i

i

THE DELTA BODY

A POTENTIAL SPACE SHUTTLE ORBITER

SATISFACTORY VISIBILITY.

“) HIGH VOLUMETRIC
MULT | FURPOSE FINS
« DIRECTIONAL STABILITY
+ LONGITUD INAL STABILITY
+ SUBSONIC LIFT
* PLANFORM AREA
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EPACE SEUTTIE TECENOIOGCY REQUIFEMENTS - [CNFIGURRTIDN RELATED
(Figure 2)

Asrodynamic Perforsance - The technolsgy requirenenta of today's Space Stwttle Orbditer bave not
chaaged ‘significantly from those whLeh Jed to the evolution of theé Delts Zody Concept. Thode related
Aimectly to e orhiter conlipuratiom are indieated berw. FRypersonic LD i twportant to eross ronge
capatdlity. Delts Badies [or 1ifting bodtes) can develop Mypersomit L/D viaduea as high ms 3.0 in
practieal iénfigurstions. Subsople L/D sstablispws Terry efficispsy and zinievm spprosch giide path
for IanAtTg aypTosch. Present Delia Tody dmripns exhivit subetoie LD vmiees of 5.8, entirely
adequiste for subecnic perfor landing speed 19 2eteruined %o a large exsest by ke pubscoic
trirmed, 158% capmbtlity Of the orbiter. Present Delta Sody desigis show High tri=med 1ift velues
resultizg in lerding speeds mof sigmificently different rom coppeting designs.

Satisfactery Flight Charecteristics - Aerodyuamic stabilfity ~=d todtzol charmcteristics are
deterained Trisarily by the izherent shspe of the confizusmtion, Moderz Telte Body designs sxihibit
serodmarit stability and omtrel in all three ares (5tabllity) tirougheit theii athospheric TlAgDt.
The resulirg Mandlisg qualfities ire, in geseral, quite acee_:iaue as'e.emmm iz the M4TUiCg
body flipht testa at fdvmrds ALr Forge Fase, Californis.  ViS{bility is & Trewlt of & speeific
drptge Lrproact. Presest Delia Jody deslgns for the Spece Shunile oriiier iave beed tailorsd o
pravide sccevtahle vialbllity for all flighy phaies.
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{Flgure 2, Camt.)

Low Toext Yeight - A driving fa¢tr that led to the evoluticn of Delts Body orbiter sonfigurations
iz the hrequirement for a campact design of low vetted srem. The resilt viilch bas directly followed ia

& design of low structural weight mod lowv ther=al protection system wolght. This latter factor [z
baneéd by the ab
mtes .,

of sbock impiogement and flov interferendce with their sapocisted high heating

Eigh Fropulsive Efficiency - With their covpact abaPe and high volumetvic cfficisncy, the Delta
Bcdise are matursl propeliant carriers. This leads to high 3' velucs and, with proger arrmogwoest,
sinple tank geowetries,

Toe Delta Eody deaign is parhiculsrly well sulted for the Space Rutile orbiter Lechnclopy
Fequircoenty.
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SPACE SHUTTLE TECHNOLOGY REQUIREMENTS

CONFIGURAT ION RELATED

& AERUDYNAMIT PERFORMANCE

, - HYPERSONIG LD
:) — SURSONIC UD
' - SUBSONIC
® SATISFACTORY FLIGHT CHARACTERISTICS

— STABILITY AND CONTROL
— HANDLING QUALITIES
- PILOT VISIBILITY

» [OW INERT WEIGHT

- LOW STRUCTURAL WEIGHT
~ LOW TPS WEIGHT

® HIGH PROPULSIVE EFFICIENCY

~ HIGH &'
~ EFFICIENT YOLUME

Figure2
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9

figas 3

™o fectors most of 511 Yed ta the eyoletlmm of tbe Delsa Jody Zesisn approach. Tase vere:

A, The :desire to im¢resseé lending cife sweell argle ard radipe 40 reduce
perpdynamic heatiag leveln and $0 rvduce shock fupicge=sat,

2. The desipe %o have a sizple tompact confipurition of miutmm ipert welgnt,

Theste deglivs started {in the late 'S0'g) e seareh for a conflguraticn which would tombine these
features into & configuration with satisfactory flight charectoilotics.

Sinoe thef {ime the search has proven extresely successfiyl with a variety of chnfigaretics
evolutichis. Three of these are presently undergolag flight tests at Edwards Alr Force Smse with s
frequency of fiight operations oot significartly less, at tizes, thAan ihat projected for the Space
Strattle dtaels. A a4t amount of f1I1ght expeyience nnt fomilisrity exists, as a rTesult of these
programs. Jypersonic flight of & lirting body vehicle has also been desvinsirated thivegh f1ight of
the-EV-5. Tlight with a Delta 3ody oriiter would ot be & pev experience.

e

DELTA BODY SPACECRAFT DEVELDPMENT

DL-SERIES

CALENDAR YEAR
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{Ptgure 3, Comt.) Y.

The Delta Body ooficept and 1is sdvantageout features have teen incorporated into fesigns for a
vide ange of bypersontc L/D wmiues {11 for the EL-10 %o 3.0 for the DL nod, POL series), The

izberent aivantsges of the comcept are Dot rStritted to A glven L/D tnge. ;
£
The Delta Body concept is versatile and proven. e
-4
ib .
4 -
.
: 5:
TELT, Bt CRRCIER. CONFIGURATION EVOLUTION
(Figare &) g
b
P Fron the rich beckmound of design ioformmtion extsting for Delts Bodies; attention sms focused JTE
. Jor Lockhesd te 3968 ou the SVOIUTIOD Of an IIprowed: GYBites AsELim: to meet the rigorous reduiremests- s

A

of & pestered orhiter stage In & reusable Imunch gystes. The recult has beam s design of improved
aerodyoazic perfoymance with & Teslistic sosver far sizh design requirement. Io particular, Lugrove-
wentx Have been pehieved in configurmtisn shaping vhish allow the destgn o explott its sdwantages

af valwmetric effictency, 1o heating rates, sod compact size, '

-

Tha modern Dalta Body erbitcr exploits ite Inheredt advintoges of volumctrie officiency ond
compart size vhile previding dmproved perodynemic churucteristicn,

DELTA-BOPY ORBITER CONFIGURATION EVOLLITION

HIGH HYPERSONIC UDMEZ.R Low HYPERSONIC LD 1 ~ L5

SUBSONIC THROUGH
WYPERSONIC TEST

Frgrwt
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PARNETRIC TeSITiG
{Figure 5)

Tuw develspomnt of the Delta Body. crbitcr has beco. supported 2od pubETACTlated Ty extensive viznd
tumel testing. Lockheed bas gerfOrzed over 3,000 houm of merodyteaic acd serorheresdpmemtis testizg
on Delts Body configurations, Many Bests have been jerforoed oz parametrfc waristions of micoisicg
configuraticns. Testa such as the ota lodicated have explored she fariations of every wey gecceiric
elsment . Incinding Tody CIoBR-sectinh shape, body cambeT, Jepding wdpe Sieep, lesdirg cige rmddus, Tl
shape, fin eize, fin sriectation, ectfrql surface size, control surface shape, cod comtrol surfacs
orlentation. These parmnetiic tesdt data have been supplemented with camperable th Bymante,
materinls, atructural, and design data to achieve p cosplete dats bank of desigs inforostion for the
Deltes Pody Orbiter,

An extencive paramermic dnra Bask sxists for the toafident divelopmest asd of she
Delta Body crbiter.

PARAMETRIC W(IND TUNNEL MODEL - DELTA-BODY
o LIV TFT BY 10 FT SUBSONIC WIND TUNNEL
o TEST GONDITIONS
MACH NUMEER =024 .
ANGLES -OF-ATTACK = -i00 —==+30"
SIDESLIP ANGLES = 400 —e—+10°
o TEST DURATION
. 307 RUNS, (76 HR OCCUPANGY
: d o CONFIGURATION PARAMETERS
- FIN
ROLLQUT
TOE-IN
AREA
LEADING EDGE GEOMETRY
WASHOUT
CENTER FiN
RUDDER DEFLECTIONS
Boby
CAMBER
L.E. RADIUS
BOAT-TAILING
ENGINE NOZZLES
TRIM FLAP DEFLECTIONS
Fungrd
g
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IODY PARAMETRICS

(Plgure &}

The weallh of parsaeiric dats for the Pclta Body b6s been syitemitically examined {0 identify
deglzn trends &nd erfecy desigo {mmovemenis. IMpArtARt dedlgn trades mpe Knoen snd the couflguration %y
gen be 7eadily modificd ty achiewe a desired change in aercdynamic: or design charmdteristics, I this -
meser every lice, contour, and angle op the configuratiod 18 selected to provide The dest combiration N %
ol system charmctertstics. In sdiitios to the aerodyssmic pavametess shoun, sipt1ar thermodynamie ,1‘.;
and desizn parmmetric dats exist. d;

The spaded sguater iciicate the wore slgpifleant trades.
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AERODYNAMIC CONFIGURATION PARAMETERS FOR THE BODY

U, PITCH_ YAW _ c v ol
. Ywax| smaitity | smerry P¥emm  FHEETIE ly -
3 usfHvel  sug[Hve susluve [ susluve | sushwyp  (susfave L G
b} swee? -~ . . ) - g
‘(‘JMBER i + - * bl = - bl e tE
$L.E RADIUS $l V- - - - o
A BASE AREA - |- e - - . - d
i ‘e
4 ROLLOUT - i - - -= Do i
4 DENOTES INCREASE § DENOTES DECREASE B CONFIGURATION DRIVER
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FIU PARMETRICS
(Figere T}

foe parmmetyic it op the serolypacie charatteristics of toe Jelty Joiy orelter Sove choun tie
Ting to be efTective i providisg o wide cange of serodycasis chaTagtaTiziics. The fMng aerw the
anltiple paphses of Freviding lateral-trectiual stability, lonmituiinal sTabllity, livesttssal
coptrol, and 114 srgmentation thrtugn their Tend Finte” effect to Che alt urper Mody. Terforsicg
the duel purgoses of fizs end wings, the surfages couid. apprasristely be talied “Zings”.

T

AERODYNAMIC CONEIGURATION PARMMETERS FOR THE FIN

PITCH YAW }am(,
o STABILITY, STABILITY TRI
su:s[rmvi sua]m susfnye s_un[mfp
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DELTA RODY ORBIER THREE VIEW
(F1gure 8)

At wxasple of ‘he faxtly of Delta Body doslges sultable for Space Shuttle orybiier configuration
1s shown Lln the three wvisv figure, Tie coapact design explolts the volumetric efficlency of the
Delta Body comoept W providing ample volume Tor design Fledbility in the internsl armssgecent,
with overall &ibecsiops gmaller than competisg designs. The configuration shown can be packnged to
ser7e a3 8 two.stage or stage-and-ona-half arblter. hip eoofiguration 48 under study io the Lockheed
‘Study of Altersate Space Shuttle Comcepts umder Conteact MAS 8-26362 for George €. Marshall Space
Flight Cepter,

Pressnt designs empleoy & lover swfsce tTim flap with trailing elevons, These surfaces provide
pltch trim ant comtrul aod roll coctrol far high speed fligit ani for lov sxgles of sttack {up to
exximm 3/} durisg lov spesd Tlight {Issding}. A set of upper -urface flaps provide for pitch
rim amd cootrel and asged rell contral for wnic sod wibaonic {laoding flare) flighc, Rulders
and yav édamperi provide dlrectfonal stadility and émtrol thitmghiut the flight rasge. In sddition,

s uifrérentiel rudder sotiicga can be sclectively etmployed to lmpmve stability snd perforoehce
- .l' . .. I uu.

A derign tall-écTape angle of 227 i providced i permit s wide rmge of lsoding attitodes. The
Sise Becticn 1s ebaped 1o provide scceptable pilot vASTHL1Ity for all landfey altitudes,

Fractical efflicient Delis Eody crbiter deslgns hore been déficed and mie Peing svaluaied.

DELTA BODY ORBITER THREE VIEW
8.5m
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STATIC STASTLITY

(Prpee 3)

The mercdymamic [lexiMlity of the [elta Body oriiter das per—itfed the sheervasce of 3 ci=nle
grousdrule £n its servdymamic develemmest. That goumd Tule o5 “Hewsrel 5T poalzive aeroSymamtc
stability i all three wtes (5Tabillsy) toroughowsihe requized cerofyzesic f4ght spertm=m with
seTodynanic trin and contrvl”. This ground mule is egsestial o the selemiion of parly desism oomsepts
o aspure ot during the fload devilorocot of the conflpiration, sdequate pech and kaning
fualities can be provided vithont undue sophiszication fn the f1:zht tvotrol =ed stabilicy sugentatiss
ayaten, With thia ground rule, Sajor confipuravicn chssper 1o eirrest deliefenciss discivered late in
iYe developpent Program (vith the azcoriated imtremfes in develorment tost) cen ¥e avelded. e
Delte Body OesSlgs ATDPIOAGE Deruits. adherents ts this Dyeusd mile wHibthows Terge weight penaltles. This
in dne t the faote that (1) = large portion of the inherwst ssrodymamic atability is provided Ly
effactive boly shaping and (2) the finm (5r "Tings") serre several purposes [Mrverforal stebiity,
longttudinal atability, divectional control; laogitudinal irim, and 14f% suguentation through thesr
effectiveness as en? plates) - eonsequently, the stabllity is e.s:a'biisked.byim:g & relatively
small sét of aeTodynamic gurfaces.

The curdes show that nsutmal or better piteh amd yzw siabiiity has been dpodgred icto the Delta
3ody oriiter for all anticipated {1ight comditicns and far far 124 center-of -gravity locatiorns
hivacteristie of Sgace Shuttle orbiter (in this déase s Stage—srd-One-Ealf orbiter).

The Delre Body concept per=its csign with three sxin serofynsnic sinbility mml com: rol, seducing
dovelgpment Tisk, and schedule clippege duc to fate conflguracicu [lxes during the d¢veiGEEal PINETS.

It iz not necezsary tvitn the Deita Body concept] to secrifice aerodynemie sTapility o schdeve g
compact orbiter design.

£is
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Fig

{Fgure 10}

PArtmeter plane soalyses of the Delta Body orbiter comcept hmn indicated that the configuration
¥11) have excellent handlitg gmiisies vhen compared with most 3f the relative hasndling qualiiles
eriierit, the ooly major exceptlon beifg that of tie dazping 15 Huvch roll. This seficiency uay be
coeoon to the Spetce Smmtle ardftey coscepis vhers thelr dirsctiozal-to-roll stabllity ratic i3 lov
a3 {g the 1ol) fvertis-to-yav imertla retis. The serofyoamic flexibil{ty of the Delts Body dealge
offers severnl solutfoes to this deficlency, such es darping by aileren deflaetion {and/or yav

darmerd),

The Delta Body srbiter is presestly being simulnted by Lackheed under somtract to NASA Manned
Spacecyaft Genter (UAS-9-11459) to furiher verify the concept Amndling charmetsristicr durlng.
low spetd, flight.

Level 1 kncdling qualfvy charscteristics re predicted for the Pelta Body orbiter for most lurge
IYaOEpert category criterie. Airodyrumic design flextbility or'fers curgs for any deficiescies whith
Ay exist,
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UHAUCMENTED SUBSONIC HANDLING QUALITIES

MODE CRITERIA RATING*
LONGITUDINAL
¢ SHORT PERIOD DAMPING RATID LEVEL!
. NATURAL FREQUENTY _ LEVEL 2
» PHUGOID DAMPING RATIO  —  LEVRLI
LATERALID| RECTIONAL
» ROLL ROLL MODE TIME CONSTANT __ LEVEL!
N NATURAL FRECREENCY —_ LEVELI
¢ DUTCH ROLL DAMPING RATID ~ —__ UNACCEPTABLE
[REQUI RES
ACMENTATIHON)
CONTROL,
* LANDING APPROACH YERTICAL V5 ANGULAR LEVEL}
T ACCRURATIONFORMAX
PIYCH CONTROL _
» SIDESLIP TRIM FOR 30 KNOTS BYRiM VS AILERON DEFLECTION _ LEVEL|
51DEWIND
30 DEC ROLL IN 2 SEC 85 VS ROLL RATE LEVEL

"HEAYY TRANSPORT, CLASS 111, MIL-F-8785B (ref. D

Fguire 44
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AEFODOUAMIC FERIORMAITE
{Floure 11}
The configorwtion sbhown in Figure @ has dees configured o Frovide srosa-renge epabdlisy o uwp =z

1500 zAutical ziles. The reguired cawime lifi-tood=as ratio of 1.7 has been provissd <o hyzers
flight conditicma.

orta

Fer svhapniz f4ght the paytom sobasnde 14Mitndreg matio had, il recently, besn eoccerveTi-m-
ly predicted At 4.5, = valis proved adequste for the paver-off labdicge durlng the [ASA Fllghy Fesesrzh
Center 1i9%ing body Flights. Recest wind tunbel tést data indicats comsidesmhly higher 1ift-to-ireg
ration. The data indicated show e maxtmm trizmed 1ift-té-dizg velue -6f 5.85 nt 14 angle of attack,
This extmpolatca to a free flight value of 5.8. (A2 Liftito-2rag setle velues iodicated are for
the aerodypauically trimmed cese. )

The high fubsonlc LiTLTO-Arsq Tetios result partially fran the soproech used to trim the Tehicle,
The lover surfice trim flap ard sontiel surfacec ave deflected upvand o achieve triz, snd effcetively
stresmline the flov owey the 1arge base sres. The apparent serodynanie tese ares ix therefore sreatly
redilced from that of the metis) bese aresn. Consequently, trim 12 achisved with reduced axial Torce
and fmproved L}D velueg ip coutyast with he trim lomses assoctated with witged bodtes,

The parwdl dperating ranges of eogie of wtteck are indicnted for 4he $ubmonic esd hypersoptis
cgizes. The subsonic yange Movides adequaote apyroack comtrol and Landing flare capability. Tee
nypersanic Tange permits moduleitien of the sonfiguration's cross-renge capability ta_achieve bigh of
low. crossmmnge values (0.6 < L/D -5 1.7),

The Delta Body kas & high perférmance gapebility and epermtional flexibilivy,

AERODYNAMIG PERFORMANCE
FULL, SCALE VALUES
2 o ¥ o~ RECENT WIND TUNNEL TEST DATA
T stk SUBSONIC FLOW
2
o e 0.2 R - 6xI0°
Zo T MRP « BV Lo
% 2 NORMXL DPERATIONAL RANGE

Ul irm
-

1 _1‘ 1 |
RGN
@ yap - TRIMMED ANGLE ¥ ATIACK

) TR
D . .
s g2 /—NORMAL OPERATIONAL RANGE
Z o2 — _
: = : HYPERSOMIC FLOW
e S M- 20, 1 6l km (200,000 FD
(=] . - TR
=30 ! 1 1 J""“" B e
. ] ] . _
53 T & W W

S'TRIH ~ TRIMMED ANGLE OF ATTALK
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IELTA BODY/PELTA WING-ZOIY GEGMETRIC COMPASISON.
{Figure 12)

A cooparison of configwrstions reveals that the Delta Body configeration {5 smallss 3 lemgth,
fpen, sod height than o corparable base-line Delts Wing-Bedy orbiter pressstly.urdsr stidy in the
Thare B progyea, The JATSer Gross-Bection ares of the Delts Body {a spparest 4n the end view.
Fotentially mare frworable vis{bllity characteristics are attriimtable to the Delta Body design with
1te ctesp noak sngle, although o oixilnr angle s poselble oo o Tevislos to the Deltn Hing-Body design.

The Deltn Sody configuration provides o compact Space Shuttle orbiter design.

DELTA BODBY/DELTA WING-BODY GEOMETRIC COMPARISON

a

Fiyar 2

DELTA BODY

DELTA WING-BUDY

T T e

b
b
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LAIDEG SEEeh AND ATTITUIE COMPARISON
[Fimme 33}

Preliminary copaideretions of landing speeds and attitude show 1itile diflerence Yetwesz Delts
Sody nnd Delta Wrg-Body valuss, Recent vind titnel deta were usad 10 coTpute the respective laniicy
speeds, The vmiuecs shovm reflest weighte for the tzo-ctage Space Shuttle oxbitey leading with o«
paylosd in.

Syperience with the 11fting bodiea at the HASA Flight Zesearch femter ladicates the pilota’
preference. S0 land At speeds high enoUgh to provide godd esBivl Tather thun Ninmicuw spesds,
Consequently, 1t i# rvesonable to expect that the Space Shuttle eriiters will lemd at speeds of

approxi=ately 150 knote and at attitodes near 15° angle oF etiatk, The Delta 3ady design hes provided

ssple pilot vislvility for the required loandtny cionditiens.

Flight tests at the Flight Recenyeh Center vould
for Space Shuttls opeTations.

Thoit Lthe adteptance of ‘hese tharscteristics:

The Delta Body landing conditions are acteytable for the Sgacs Shunzle operasiens azd essemsially
squivalent 0 thaae b the Delts Wing-Body.

125

LANDING SPEEDS AND TOUCHDOWN ATTITUDE COMPARISCN

FYPE VIII TIRE LIMITS

350} ALLOILIOL L L O L LIS L L LI T,

200} \ :
\ DELTA BODY
DELTA wmc.-aoo>\

[TA-IL
SCRAPE

TAIL SCRAPE

VELOCTY AT TOUCHDOWN (KNOTS)
g

TL‘ NOTE: GROUND EFFECTS NOT ADDED {
0 ! ! !
0 5 10 15 20 25

ANGLE OF ATTACK AT TCIUCH_IJ(JWH {DEG!)

Taqure 13-
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COMPARISON OF YOLIRE VARLATTON VITH LINGTH
(Flgaxre 14}

™ reletive sobwhetness of s Delts Sody de51gn results from the ioherest wolizevrie sfficiecey
of tBe conffguration and the design steps. taken to ewploy tbat Volume. Ceapariag with the Baselise
Delta Wing-Body configurmtiod showm {u figpore 12, & Delta 3oy fuselage packaged for =he nwo-stage
Space Shattle orbiter 4s 39.0 m (129.5 feet) Yong a5 comparsd with the 8.3 m (L38.3 eet) loog
fuselagr of the Delta Wing-Pody baselime.

Of topsideratle importante ia the fach that the siall Delts Body 3ize has been mchieved wkile
ecploying noz-integral intersal tanks of no greater domplestty thas siegle conicel tanks of cireaiar
cTose -gecticn.

Toe total volumes of the confimmation compise tlosely, The Delta lody ¢ sesn to Mve 1ittle
wuseble voluee, Jno revent designs, BO percent of the avatiable volume {5 occupled, lsaving asmie
access Tor {pspection, malntenance ‘and Twpalir.

3

COMPARISON OF FUSELAGE YOLUME VAR IATION WITH UENGTH
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VOUMETRIC TFFICTENCY COMMARTECI
(Flgere 15)

A significant advaciege of the Delta Sody desigs 11 1%a sediced wetzeyd aren necespary %o cortain
the reguired welume for the Space Sbuttle orbiter. An fndex of w2Tit iz she railo of volume coptalned
Der unit of verted ayes pluct wetied ares is fdwestly yeltted o strsctwsl {apa thermsd sroteciise
systen) welght. PRecent total voluhe mmbers for the Tuo-Stage Telts Bodr orbiter, the Delta Wirg-Zody
with t4p o6, sod the Delta Ving-Body vith & center fin-ouly aie 2,58 0 (93,2 £3), 2,36h &

{ B, 2uy 213) omd. 2,%52 e (89,485 F’ts'}‘ feocpoctively. Curmecpundiag ity smetm nne | 700 o LA
i}, 2,087 _n_z (22,452 £27), end 1,860 - {20,029 rt:“). The watlop are indlestud Is the ffgaew, Ta
efficiency of the Delis Bedy sonftgurstion 15 sees %0 he 101 to 35% freater than the Delta Wing
sonfigaration with corresponding ténter fin and tip fip conflgurstisng.

Ine iDcreassd eTTiSlency of the tenter {inned Deltd Ving-Hody conflguration over the Delta ¥ings

Iody with p £8n2 s achleved st thy axpénce of reduced divectiopnal yaw ctabiiity st hyparcouic and
superzopit seeds.

Body atridtuve and ving and fig surface Wnft veights are typically 3.1 kg/s2 (3.5 pounds per
Equare foot). The poRentisl differtncet in the Pelis Dofy and Delte ¥lng-Body Mmeri veights due %
reduced gurfece area sra therwlors 1,876 kx (4,310 18} (center fio} wnd 5,76L kg [12,700 1) {tip

fins) in fawvor of the Della Body. Ao equivelent savings im therzsl profectlon system velght is
chtaired .vith the Delts Bady.

The reduced sarface erea of the Delts Body conllpgution can vesult iy ~edueed sirueticoad and
thermal protaettios cyctém weights.

VOLUMETR IC EFFICIENCY COMPARISON
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PEAK TWERLTIRE ISCTEERMS . IELTA 20DY
{Pigure 16}

The eith comtours of the Delta Body result in lov eercdynanic beating rates asd coTrespendingly
lov murface temperatures. This is & #irect result of .the inherect Delta Body ihilomspby of swept
leading efges s0d Inrge leading edge Tdii,

The centouT® show a distingt absence of shock impingement apd 1ts aseocisted high hesting rates.
In sddieion, theare S a Lleok.of Bipgh temparwturs gredients, ‘Fonseguantly, the desiga of the thermnl
protection system Tor the Delta Body would e simplified as ¢ompared to the TPS syatam for the [elta
Uing-iody with 1ti potential shock implugements and Righ lesding edge terpeistures.

One resture oOf the Delts Pody 18 the relative ipsepsitivity of heating dlstribution and Ievel with
angls of attuck {vhen the traject@ry i constraiped t0 Dot azomed a glven temperature T = 1533° X
(2300" 7)]. The pesqiting tecperature Alstributicns for the 200 pawtical =ile cross marge (o ar52*)
and the 1500 pairtical mile cyees g {or s 25°) trajeciories are shawn to be gmalte similar, agstm
simplifyisg the TS dealgz and providing & versatfile dasign. Inmiation regyremests insresss vith

W of TLight- {croos-repge).

ot Delts Body desizn resuits in a0 shork fwpisgement, lov Lemperaturs levels and simplitied
theroml protection gyrtem requirements.
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PEAX TEMPERATURE ISOTHERMS — DELTA BODY
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SURTACE TEWPERLTURE SOMEANIZONW
{Figure 17}

Vith only the noee cop (0.5% of vetted drea) experieacisg Nigh terperature levels (T »264° X,
2500° ¥), the Delta Nody #esign offers aaxiom 25 reussbility potectial oeing exsernal izsulztion
or cetallic muterials presently wnder deveiopment.

Ctmpeting systems invelve significant areas {(Mp %o 5§ for the Delts Wingiody) vith temperatures
groater than LEW4* K (25007 F). Although ablatives nnd certaln high tewpernture :mterials ollov
cotisiderwtion of Luftial flighiz at these tevperitures, the decired dagree of reusability (MC f2ightx)
15 joogardized, Lack of reusability van sexdiéusly increase operational costs,

The Delin Body cffers maxirmm =
Tion sysiem.

aiIlity potential for the Space Shuttle ofbiter theymal protece

‘SURFACE TEMPERATURE COMPARISON

T 5 166K {2500°F)
811%K (1000°F ) < T-< 1644°K { 2500°F )

585K (5001 < T < 81K (1000°F)
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ONE-AMD _ONE-FALS -STACE ORUTMCR PHOMAYY STHUCTURE .~ [ELTA oMY
{Fizwre 18)

The ocrpact size and large body cross-secticos of the Pelta Body ortiter design affords neny
sTTurtursl advantages,

¢ Tow body 1line loads {yuse slumimim for primary structure)
* Short load peths (mess concentrated aft)

* TInertial mnd aerschymanit loadings tend o Diximize vhere the avalliable
Tuselage Crofs Secticn waximizes (low line loads)

® Bediced serodynsmic surfices with nigh line losds
s Donintegral tonks i

:} ) Thtseadvantages-are-inherent fo the configurationand-afford-adwateges—to-w ther the-two-giage
S or stage-and-oue-nslf ortiter desighs,

The Daita Body has memy Pemtursg vhich coatyibute 39 Iow stmstuwsl veipht and reduced desipn
complexity.

Fapare 38
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PRODICTION STEAKDOWR « ISLTA DY
{Frewe 25}

The simplified straeriral destyd Tentuzes of whe Delta o2y oritter w21l Tevoit develizmeat ecd
oamfecturing to procred oo a podular Yasis vith po vadue coepledty reguized to coordimae the
s'yst.en cleocats. iz {x irie for cither the Sibestage or stagé-and-sone-Salf orblter destigos.
Avptguas%uwgml tanks, the structural system ond propulsfon systen develommnis can proceed
-‘-"ﬁlﬂi_wlr irdepeadent of cach other. This ehould greatly siampify developeent and scheduling. In
adalsion, :.hc LocoTporativn O technology advasces Intd tre of ‘:e sysvema (tonks for 1mce'} tin
proceed With 5o Lrpact oo the other (body structire).

The Delta 3ody decign ear reduce Jeveloprent risk.

DELTA-BODBY MAJOR STRUCTURAL BREAKDOWN

MAIN PROPOULS 10N ENGINE IREF?
UPPER FLAP
WP\, mRUST sTRUCTURE

RUDDER Y
T SECTION—= (15
ol 0

MID SECTION
PAYLOAD SECTION

PAYLOAD
BAY DOOR

) _/I-jojnalr v
/ 1, & 36T SURL TANK —]

ASCENT LOX TANK _J

-ZELEVO& . '

LANDING GEAR DOGRS

(P CREWCABIN MAIN LANDING GEAR
¥ ' NOSE SECTION JET ENGIKE
LANDING GEAR DOCR JET ENGINE SUPPORT STRUCTURE & TPS
NOSE CAF FRONT LAND ING GEAR

Fapure |*




L5

CELTA MDY/LSIRA WING-20D7 COMPARISON « TWY SPAGS ORETTSR

The Delps Pody Aesign approach 15 sorn o Nave many potential advantages over the roplenpornry
Delta Wing-Body Qestzn Approach. Thi: comparison refiecta the two desigm aphroaches belng worked to
the Bame ground rules (Fhase B) snd to resscblly comparable depth, *hile the characteristiocs of each

(Figure 20}

i s T i T T N

design axe oxpected to thaszs with [urther definttion, the relxtive {entures are ot expected to.

change signlficantly.

Properly expléited, the Delts Dody 4eSifT can ylelf an efIicient Space Shuttle gridter.

IELTA BOITY/TELIA VING-200T COMPARDYON TW0.STACE ORRTITR

{ovERAIL PAN
iR} HEILT

IELTA FODY

TEITA VON-10bY (CWTER FIX)

43,5 m (159 1t}
Mo a (5083 1)
1.1 =2 {364 18}

521 m (171.0 )
*12 8 (97,5 1)
7.8 {563 )

PRY T, 94,305 kg (207008 1b) 100853 yx (22640 1b}
ToLoE 268 =3 (g3hg2 od) 2 (Bads 13}
WETIED a . 2
e o F (18835 0 o & (20ty o)
-) 1 0.711 0.658
L TESTRLDYRANIOR /TPE Predictatle, lo Shoey Impingensnt |Flow Interferente apd Shock
YIOM FIEILD & S Empiugesesit mEIg-r!-iumgl
TEMPERATURES Total Burtase (Except Hoee ! % of Surfwce Aren Above 1647 K
’ 0, bE4) . Lenk Taan LOLL® ?’ {2500 7).
{2500° 7)
1FADTY; EDE T §2513% X {730 P) T2 2977 X {3t00° B)

VEIORTRY
(POVER 0FF)

130 Faots

180 Koot

VINTEM SITE SHIPE

9.9" (WD - 5.8)

5° (L/D » £.5)

TIRETLITY ALl welp meradymanie frim, comurel, | Mrectinoally imatatile {_nt.stl.:?
and statly stabilivy ot o, # re w:fmmt
required throughout aerndyTamic 1 in ptablie)
Slight regime, I
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Figury @

A MR g = 1 T

O V)

— o



SH.I1

it s R o ok T i o

1%

LES

CORLUTDG IB4TKS

The Delte 3ody orbiter Li & potemTia) comitiate ror e Sphoe Snutile orriter. The pdvmitnges
of sning the felts Body desion pipreash nee

1. Bov pheick irpisgesert and flow isterférsmee 15 2volded

2, Ooly the pose cap aets surface. tecpernTaves Atove pIsRILES (250_0"3‘}-,
thereforse the TPE can be fally reusatle with e croposed saterlols.

3. Static asrodynamic stability and contrel i previded for all three exes
duying atoompheris flight - the tonTiguroilon 1as surficlent perodympsmic
- periormance.,
b, Lo structuml weight is schteved withowt reserting Yo integral %anks.
5. The concept zrovides a simole Zeveloppesi/mRousestising svproach,

6. Tifteen yeers of Beckgroond evplutlion supports the Contept.

7. The Delts/Body Space Smttle orbiter will perform the Sgace Shuttle missicn.
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