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HE DELIA H3DI - A POEHTIAL ETACE SHUTHZ QHBITER 

Ihe Be l t a Body O r h l t e r Configurat ion provides a toaaiB for t h e so lu t ion t o many of the Iter Space ~;_ 

Shut t le technology problems. Bie De l t a Body T B * evolved t o n e e t t h e s h u t t l e technology M q n l i t a e n t s , ' " ^ j -

1 B ft l o g i c a l re*\l l t OlT 15 years of evo lu t ion , p e m l t s e f f i c i e n t apace s h u t t l o o r b i t e r designs, I s an jj1:-

a££lc lent ligJrtwtiB&i lo^i-r isk design approacti, and I s a p o t e n t i a l candidate f o r the Space Shut t le '... l'& 

Orolter ceafigantica. i'' "it 
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THE DELTA BODY 

A POTENTIAL SPACE SHUTTLE ORBITER 

-SATISFACTORY VISIBILITY 

LOW LEAD INC 

EDGE TEMPERATURES 

MULTIPURPOSE FINS 

. DIRECTIONAL STABILITY 

- LONGITUDINAL STABILITY 
• SUBSONIC LIFT 

- PLANFORM AREA 
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SPACE sHomz OTCEHOLOGY seanzEWDns _ CCBFIBOM£IBH REUISD 
(Figure 2) 

Aaro&TSaBlC PerfQiganee - the technology reojiireneata of today's Space Shuttle Orbit*r ha-ve not 

chMged significantly ^ I o m ttOB« vhl'eb Jed to the evolutloo of the &elta 3ody Concept. Djoae related 

directly to ti» OTnit*r configuration are Indicated here. Hypersonic L/b la Important to cross range 

capability. Delta Bodies (or lifting bodies) son develop hyperaosle L/D values u high u 3.0 In j * 

practical configurations. Subaoalc L/0 eat&blisSEB ferry efficiency end alnlana approach glide path 

for landing approach. Present W u Body denies exblSlt subsonic L/D vnl«i of 5.5, entirely 

adequate for Subsonic perforaance. Landing awed 19 JeteralBed 'JO a large (Ktnt by the subsonic 

trioaed l i f t capability of the orblter. Present Delta 2otSy deslgaa shov high trl=ed lift values g 

reBultlsg in landing speeds not significantly different from coEpetlnf designs. 

1 

Satisfactory Flight Characteristics - Serodyoaslc stability -sd control characteristics are 3 

detamaned jriaarlly by the inherent shape of the configuration. Madera Eelta Body designs ejcfliWt *5 

aerodynaiole stability and control in all three axes (stability] throughout their atsosBbsric night-

The resultlcg Stuirtllig qualities are. ID general, quite acceptable as deaeaairatcd 1= the. liftine, {3 

body f l i g h t t e s i s a t Sflvards Air Force 3ase , C a l i f o r n i a . V U l t l l l t y I s a r e s u l t of a spec i f i c ffl 

design approaeS. ? r e s e a t Delta 5ody aes lg s s for t!ie 5s«ce EfctfUle D r i l l e r iavc been t a i l o r e d t o 

p r o v l i e acceptab le v i s i b i l i t y fo r a l l f l i g h t p h a s e s . 



(Jlsure 2 , Coot.) 

low Inert Height - A driving factor that led to the evolution of Delta- Body arbiter configurations 
Is the requlresient for a ctnpact design of l e * vetted area, ttit result vtdch has directly followed la 
a design of loir structural weight aad lev theiaal protection system weight- This l a t te r factor Is 
enhanced by the absence of shock Impingement and flou Interference vita their associated Ugh heating 
rates . 

High Prcpnlalve Efficiency - With their ecopnet shape and hl&h voluDetric efficiency, the Delta 
Bodies are natural propellant carr iers , lhis lead* to high X* -values add, Wth proper nrnmgeaeot, 
staple tank geometries. 

•"-ft' 

The Delta Body design Is pa-ticttlBrly veil suited for the Space Shuttle o r t l t e r fceeoaoloBy 
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SPACE SHUTTLE TECHNOLOGY REQUIREMENTS 

CONFIGURATION RELATED 

• AERODYNAMIC PERFORMANCE 

- HYPERSONIC L/0 
- SUBSONIC UD 
- SUBSONIC C, 

• SATISFACTORY RIGHT CHARACTERISTICS 

- STABILITY AND CONTROL 
- HANDLING QUALITIES 
- PILOT VISIBILITY 

• LOW INERT WEIGHT 

- LOW STRUCTURAL WEIGHT 
- LOW TPS WEIGHT 

• HIGH PROPULSIVE EFFICIENCY 

- HIGH A' 
- EFFICIENT VOLUME 
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(Figure 3) 

7no factors moat of a l l led to the evolution of the Salts 3o0y ieslgs approach. 2 ( t t v*re: 

1. Tr-e desire to. tore-ess leading edge sVeeP angle srd raiiiiiB W reduce 
aerodynamic heating lerale and to reduce shook l-!pi=ae=eat, 

2. The desire to have a simple compact eotfiguratloB of =±=isun inert -.rel^t. 

Oieae desires started {in the la te ' 5 0 ' B ) tile search for a configuration nfcich vonld ccrfsiaa these 

features Into & configuration '1 th satisfactory flight characteristlca. 

SISIM tftftt t i n tile Search baa proven extremely successful vith * variety of configuration 

evolutloaa. Cine of Uieoe are presently undergoing flight testa a t Edwards Air Force 3ase vith s 

frequency of flight operations sot slgnlfioattly l ess , s t t l=ee, than *Jiat projected for the Space 

Shuttle I t se l f . A vast aaouni of flight experience and familiarity exists , as a result of these 

Frosrams. Hypersonic n i g h t or a l i f t ing body vehicle has also been desonstratei through mflh t of 

the-SV-5. Flight vjttk a Delta Body- arbiterueold not' fce a nev experience. 

DELTA BODY SPACECRAFT DEVELOPMENT 
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8 (Figure 3 , Cont.) 

Die Delta Body concept sod. I t s advantageous features have iteo Incorporated tato assigns for a 

vlfle range oT hypersonic L/D valves {1.1 for the KL-10 to 3-0 for the DL emd PDL aeries). Tne 

Inherent advantages of the concept u i out restricted to a slvea t/D range. 

12* Pelt* Body concept Is versa t i le and proven. 

DELTA B?cr oRanEB. connsusATiDn Erotuncm 
(Jlgum 4) 

-"'A ? I ™ *** rt<* *>«Ckgrouod of dc*lga lofotmtloD existing for Delta Sodlea, attention « u focused 
t ^ /TT Xockfceea-la jg^g o& the evolution of 10 ligrCTgd. orbit* r defcign-ieL.uet-'tbe rigorous-regutreBents 

of a pewemd, orbitex stage In B reusable launch system. Die result has bees * design of Isiiroved 

eerodyooaAe perToimance vita a r ea l i s t i c an«uer for each design requirement. I s particular, lapro™-

neots bare tera achieved la configuration. •haplng vhlch sllijv the design to exploit i t s advantages 

of volmatrit: efficiency, low heating ra tes , sod eoopac* s i t e . 

Die modern Delta Body orbltcr esploita i t s inherent ettvantoges of voluoctrle efficiency and 
eanpaet slKC vhili providing Jwprcvcd acmifarntmtg chumctcrlctlcr.. 

DELTA-BODY ORBITER COrflGt) RATION EV0WT10N 

HIGH HYPERSONIC U D ^ £ 2 . 5 ) LOW HYPERSONIC UD (1-1.51 

D 

SUBSONIC THROUGH 
HYPERSONIC TEST 
PROGRAM ^n 

L5-ZCO-5 

B*«» 



(Figure 5) 

S M JtevdopoeD't of the Delta 3ody orbiter h u been supported Bad BUfcsiaEtiated '37 extensive «S=d 
tusnel tast ing. XocJchnd baa perforaed over 3,000 hour? or eerocv'SBaic B£d seratteiaodynaalc t e s t i s 
on Dolts Bsdy eoniiauraMons. Many testa have been perforaed on parKsetrfc variations or promising 
configurations. Seats: such aa the on* Indicated have explored the variations of every soy geometric 
eleaent Ijirlvdl.ng body craBB-aection shape, body camber, leading edge sweep, leading edge radius, fl= 
shape, f in alze, fin orientation, control surface a l ie , control surface shape. End control surface 
orientation. These paxoBetrlc tea t data have been suppleneoted ulth casparable thersocysael e 
aa te i la la , s tructural , and design data to achieve a coogilete dots bask of design information ftr the 
Delta. Body Ortl ter . 

As extensive parametric data BarJt exists -or the eonfldent developsent and »sses;=ent of the 

Delta Body orbtter . 

P A R A M E T R I C W I N D TUNNEL MODEL - DELTA-BODY 

+ 10° 

• LTV 7FTBYtOFTSUBSONICWlNDTUNNa 
• TEST CONDITIONS 

MACH NUMBER • 0 ,M 
ANGl£S-OF-ATTACK - - K T -
SIDESLIP ANGLES - HOT -

t TEST DURATION 
307 RUNS, 176 HR OCCUPANCY 

• CONFIGURATION PARAMETERS 
FIN 

ROLLOUT 
TOE-IN 
AREA 
LEADING EDGE GEOMETRY 
WASHOUT 
CENTER FIN 
RUDDER DEFLECTIONS 

BODY 
CAMBER 
L I . RADIUS 
BOAT-TAILING 
ENGINE N3ZZLE5 
TRIM FLAP DEFLECTIONS 



S3W PARAfflTRICS 

(Flsure 6) 

The v«a th 61 p&iooetric lata, for tbc Belt*. Body WW been systematically emmtnefl to identify 
iwlsn trends and cnec t design laprovnaeats. laporttmt design trade* are known and the contliiuratlQn 
can. be readily codified to achieve a deslRd change i s aerodynamic or design etaiseterlft lca. la this 
sanecr eveiy line, contour, and angle on the configuration la aelected to provide the V s t eEobination 
Of syatcD c t anc te r l s t l c s . In afidltloB to the aerodysanlc paraaeten thwra, alal ia* tbeiaodynnale 
and design parametric data BJdst. # 

The Shaded Equates indicate the more i lp i t f icsn t trades. 
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AERODYNAMIC COW IGU RATION PARAMETERS FOR THE BODY 

-J 

U"MAX 
PITCH 

STABILITY 
YAW 

STABILITY ^ T R I M 
EFFECTIVE 

__DJH|DRAL ^ 
5UBJHYR SU8 HYP SU8 HYP SUB HYP SUB HYP SUBlHYP 

i SHEEP 

• 
- - - - - T II •CAMPER T - • - - - -
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1 | ROLLOUT 1 - -
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(P-ffin 7) 

&B paraM-tric data oa t i e aeroajaaole characteristics of -== 3elt4 Joiy Griller b£.ve Efccaa the 
riE« to be effective Is provliilos a aM» ra=Se of aerody=e=l= cS*rM«n; t l ca . ^Se ~=s *er™ *!» 
sul t ip l* jwapo™ of proviciag lBteral-directional smbillt-j, lonatftrflMi SialllHy, Hi*=tISSal 
control, » d l i « ouffacotatloo th iou* the i r "enfl plrte" effect w -M af t -JEpCr Dojy. ?c*fDi^lr<5 
the dual purposes of fins and wings, the surfaees cnuli. ap?ro?rIa!«iy t e called "rings"'. 

AERODYNAMIC CONFIGURATION PARAMETERS FOR THE FIN 

U DMAX 
PITCH 

STAB L1TY 
YAW 

STABILITY " " " ' n iM 
EFFECTIVE 
DIHEDRAL • i . 

SUB HYF SUB HYP SUBJHYP SUB HYP SUB HYP SUB HYP 

*5*EEP - • i - - - - - -

vASPECTRATiq * * i - - • -

•AREA T - - •H~ 
iTOE-IN * • - - - - -

^ROLLOUT * t 4 t k * • 
+ L E . RADIUS 1 - _ - - - -

4 DENOTES INCREASE ^DENOTES DECREASE 0 CONFIGURATION DRIVER 
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DELIA BODT OHBTEfi THEE V E » 

(Figure 8) 

Alt t m n p l e of the f ac i ly Of C e l t s Body d e s i g n s s u i t a b l e f o r Space S h u t t l e a r b i t e r conf lgur t t ion 

i s shewn la the t f t r w viev f i g u r e , Ihe compact design e x p l o i t s tile volumetric e f f i c i ency of the 

Bel ta Body concept Try providing anple volune fo r design f l e x i b i l i t y In t h e I n t e r n a l arrangement, 

with o v e r a l l dioenslons s n a l l e r T*"*" coupet lng des igns . E ie configurat ion shora can 1>e packaged t o 

serve u s two-stage or s tage-and-one-half o r b l t e r . Thla conf igura t ion l a under s tudy I D the loefcheed 

Study of Al te rna te Space Shut t le Concepts under Contract HAS &-2$3&2 fo r George C. Marshall Space 

n i g h t Center. 

I g-T*2fcz£.?r "̂ 

. - ; • 

Present designs employ a l o v e r surface t r i o f lap with t r a i l i n g e le rona . Qiese surfaces provide 

p i t c h t r im and con t ro l and r o l l con t ro l fo r high speed f l i g h t ami fo r lew angles of a t t ack (up t o 

randw.w WD) during lou speed f l i g h t ( l a n d i n g ) . A s e t of upper surface f l aps provide fo r p i t ch 

t r l a and control and added r o l l con t ro l fo r t ransonic s a d aubaonlc ( landing f l a r e ) n i g h t . Rudders 

and yaw caapers provide d i r e c t i o n a l s t a b i l i t y and c e n t r a l t b roug luu t the f l i g h t r ange . In add i t ion , 

/ ^ d i f f e r e n t i a l rudder s e t t i n g s can he s e l e c t i v e l y enployed t o t h r o v e s t a b i l i t y and per la raeaee 

' ^ / c h a r a c t e r i s t i c s . 

I 

A dealga tal l . -«crape angle .of 22' I s provided to p e r o l t a v ide range of landing a- t t t todea. 

ae#* sec t ion i s cbsped t o p ro r lde acceptab le p i l o t v i s i b i l i t y fo r a l l Innrtlng a l t i t u d e s , 

•Oa 

P r a c t i c a l e f f i c i e n t Delta Eo6y o r t l t c r des igns hare been defined and a r t being era lusEed. 

DELTA BOOT ORB ITER THREE VIEW 

4s.S(n 
1159 FT) 

J 

4.57 m (I5FTJDIA -18.3 m l » FT) IG 
CARGO 

- BAY 

' • J u F M 



a » aerpdypa=lc fl**lMlily of tee Crlta 3sJy Driller hM perzitted ^ e 3bse-j»3C* of 1 s*=«Ie 
jrouadrule in Its aerodyMBic developaees. a n t groii-j rJ le ;s "aeiKrti 5r positive icrodyr.esic 
st*btUty in a l l three axes (s tabi l i ty) tiTVugJiuu- L̂ -.E required "^-nrtyr»-.i r n igh t ipectr-.= vlth 
aerodynaslc t r l a Bad control", Tula ground njlt! Is essential t o -.he selection of early design ecssepts 
to assure tHat'during the final development of the ODQilguratlQE, adequate perferaerxe and haadllrg 
quali t ies eon be provided without undue sophlstlentlon In the flight control ecd s tabi l i ty t u ^ e s i w i s s 
syswu. With' this ground n d e , aajor configuration cha.ige* to e-irreet deficiencies disrsvered Late in 
the developeeat program (vlth the associated increases In develojaeat east) ean Se avoided. 2i e 

Belt* Bofly ctealgn approach peratts aaherenee t« th i s ground rale viiheu; large '--eight penalties. S i s 
Is due to the facts that [l) a large portion of the inherent aerodynaele atabil l ty is ?rovided V 
effective body shaping and (2) t i e Mas (of "•< Dgs") serve several purposes (directional s tabi l i ty , 
loegltudlnal Stability, directional control, longitudinal t r l a , asd l i f t ausamtation through their 
effectiveness' as end plate's) - consequently, the s tabi l i ty i s established ty adding a relatively 
roril set of aerodynamic surface!. 

She curves show that neutral or better pitch and yau s tabi l i ty has been designed into th* Delta 
3ody a rb i t e r for a l l anticipated fl ight condlttena and for far art ee=ter-«f-gravity locations 
cbaracterlEtle of Space Shuttle arbi ter (in this eaae a Stage -and -Oo*-Ealf orbl ter) . 

Tlw Delia Body concept pemlts Ocslen vlth three axin uero^yaaale s tabi l i ty and c c v r o l . reducing 

licvciojHKnt r isk, and schedule slippage doc to late cooflgusaciiaL Tlxcs during the dure lopsent prosr^n. 

I t i s net necessary (vlth the Delta Body concent) to sacrifice serodyneaie stabil i ty to aenleve I 

ccopact orbiter design. 
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UKMJfSQHSl) SUBSONIC SAIIDLIrJC QUALITIES 

{Figure 10) 

Parameter p lane analyses of tBe Delta Bony o r b t t e r concept baa indicated t h a t t h e configurat ion 

•-1U have exce l l en t * " M l ' " i q u a l i t i e s ifhen con^iared with most St the r e l a t i v e bowtling q u a l i t i e s 

c r i t e r i a . , the only a a j o r exception being t h a t o r the d a t i n g in Dutch r o l l . Thin (lefi=teney nay be 

cocoon t o the Space Shut t le a r b i t e r concepts vfcere t h e i r d i r e c t i o n a l - t o - r o l l s t a b i l i t y x9Uo ia lov 

as I s the r o l l l o e i t l a - t o - y a v I n e r t i a r a t i o . She aemdyoaml? J l c x i b m t y Of the Delta Body dealgc 

offers s eve ra l s o l u t l o c s t o t h i s de f i c iency , such as damping by a i l e ron def loe t lno (and/or J*v 

damper*). 

Ihe Delta Body o r b t t e r Is p r e s e n t l y being simulated by LocKUeed under eotrtraet t o HASA Haaaed 

Spacecraft c en t e r ( a n s - J - l l ^ ) t o f u r t h e r v e r i f y the concept Handling c h a r a c t e r l g t l e c during 

lo* speed, f l i g h t . 

Level l handling q u a l i t y c h a r a c t e r i s t i c s a r e pre i l lc tea Tor the Delta Body O r b t t e r fo r Boat itti%e 

t r anspor t category c r i t e r i a . Aerodynamic des ign f l e x i b i l i t y oi ' fers cores foe any de f i c i enc i e s which, 

say e x i s t . 

J 

MODE 

UNAUGMENTED S U B S O N I C HANDLING QUALITIES 

CRITERIA RATING* 

:•> 

LONGITUDINAL 

• SHORT PERIOD DAMPING RATIO LEVEL! 

t PHUGOID 
NATURAL FREQUENCY 
DAMPING RATIO 

LEVEL 2 
LEVELI 

LATERAL/DIRECTIONAL 

• ROLL ROLL MODE TIME CONSTANT LEVELI 
NATURAL FREQUENCY LEVELI 

• DUTCH ROLL DAMPING RATIO UNACCEPTABLE 

CONTROL 

• LANDING APPROACH VERTICAL VS ANGULAR 

[REQUIRES 
AUGMENTATION) 

LEVELI 

i SI0ESLIP TRIM FOR 30 KNOTS 

SIDEWIND 

t 30 DEG ROLL IN 2 SEC 

ACCELERATION FOR MAX 
PITCH CONTROL 

*TRIM VS AILERON DEFLECTION 

6* VS ROLL RATE 

_LEVEL| 

LEVELI 

•HEAVY TRAN5P0RT, CLASS III. M1L-F-6785B (ref. 3 

fnntU 



1 
(riSUTB 11) 

The configuration shown in Figure 0 has bcao eonHgiared to provide srOSs-ranEe capability af ra -= 
1500 cautlcal a i l e s . "Ox reqsireii -wxlnun l l f t - to-drs£ ratio of 1.7 has been provided -of hyjer-osi: 
f l ight conditions. 

Far subsonic fl ight the MiOs™ Subaonie l l f t - to-dreg ra t io sad, untlJ reeently, been conserve;ive-
ly predicted a t It.5, & ralUe proven adequate for the ptwer-«ff landligs dttrfag the ZlAEA n i g h t Sesearch 
Center l i f t i ng tody flights. Recent vlnd tiSinel t e s t Sata indicate considerably higher llTt-^to-lrag 
r a t io s . Hie data Indicated show a -ann—n̂  t r imed l l f t - to-drag value of 5.65 a t lU" angle of at t ick, 
Tt&a extrapolates to a free fl ight value of 5-6. [All UTt-to-drag ra t io values indicated are for 
the atroaytvmlcally trlCTPl case.} 

3hB high subsonic lift-tO-dreS ratio* result par t ia l ly {MB the tpproach used to t r i o the -rehitle. 
&e lower eurfaee trim flap and cOBtiOl surfaces are deflected upward to achieve t r i a , and effectively 
Streamline the flou over the large base area. The apparent aerodynaole base axes Is therefore greatly 
reduced f r m that of the actual base area. Consequently, t r i a is achieved Tith reduced axial force 
and lsairoved l/D values In eotttraBt with the trim losses associated vith vinged bodies. 

Hie acrsttl Operating ranges of angle or attack u t Indicated for the subsonic sad hypersonic 
rcgiaes. The subsonic rang* provides adequate approach control and landing flare capability. 2:e 
hyperaonlc TaHBB persi t* modulation Of the configuration's eross-range capability to-achleve =l£b or 
low.erM*~iange' values (0.6 £L/D'« 1.7), 

E>e Delta Body has a hlfih perTonmnce capability and operatloned f lexibi l i ty . 

I 
a 
a 

3 

§ 5 

AERODYNAMIC PERFORMANCE 

FULL SCALE VALUES 
RECENT WIND TUNNEL TEST DATA 

SUBSONIC FLOW 

(M- -0.24 RL R f f 

M R P - 7 8 * 1 ^ 

. - 6 x ID6 

NORMAL OPERATIONAL RANGE 

TRIM 

TO 3 « * 50" 603 70° 
- TRIMMED ANGLE ** ATTACK 

NORMAL OPERATIONAL RANGE 

HYPERSONIC ROW 
M • ffl, h • 61 km 1200,000 FT) 

M R P - T O T L ^ _ 

TRIM 

30° 40* 50 3 M? 70° 
- TRIMMED ANGLE OF ATTACK 

fiwrtll 
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DSITA MEf /RXI* wmo-ffiPI CEOfBOTIC COWAIOSOH 

(Figure 12) 

A ccHpaiisan of conf igura t ion* reveals t h a t the Del ta Body configurat ion I s s n a l l e r I D length , 

span, and b r igh t than a eoeparable b a s e - l i n e Delta Was-Body o r t l t e r p r e s e n t l y under study l a the 

Phase B s n g n o i , IS* l a r g e r c r o s s - s e c t i o n a rea of the Del ta Body la apparent In -the end. viev. 

P o t e n t i a l l y nore favorable v l s i M l H y c h a r a c t e r i s t i c s a re a t t r l i m t a h l e t o the Bel ta Body A M I p i « l t h 

I t * s teep neat ang le , although a s i m i l a r angle la p a s i l b l e as a r ev i s ion t o t h e Delta Ulng.Eody des ign. 

Die Delta Body conf igura t ion provides a compact Space Shu t t l e o r b i t e r des ign. 

0 

DELTA BODY/DELTA WING-BODY GEOMETRIC COMPARISON 

DELTA BODY 

DELTA WING-BODY 

F%nU 



(Pia-jre 13) 

Erelioinaxy eonaideTatlons of Turn'4"; speeds Bad attitude she« U t i l e difference bets«e= Delta. 
Body Bod Delta Wing-Body values, Recent visa tunnel data - « « used to eo=pute the respective JaSii=S 
speeds. C M values sacra reTlect -Jeigfits for the two-Etags Space Shuttle ffirtlier 1i"'MT1t; v i t a —t 
Fayload in . 

2xperleo.ee vith the l i f t ing bodlea a t the W£A Flight ?-t«etnil tenter indicate! the p i l a u ' 

preference to land a t speeds nlgi enough to provide good efflrtrol n t t c r than alzLcum Speeds. 

Consequently, i t i s reasonable to expect that she Space Shuttle or t l ters v l l l land at speeds Of 

BpprgjcUwtely 160 toots and a t atti tudes near 15* angle of attack. Ihe Delta Body design baa pmrfdei 

ssple p i lo t v i s ib i l i ty for the required landing condition*. 

Flight t e s t s a t the Flight ReeeaWa Center Would Support the acceptance of these characteristics 

far Space Sbuttla operatlODs. 

Bw Delta aody landing conditions are acceptable for the Spacs Shuttle operations end essentially 

eqjilvnlent t o those Of the Delta UI=E-B°dy-

LAND1NG SPEEDS AND TOUCHDOWN ATTITUDE COM PAR ISON 

10 15 2 0 Z5 
ANGl£ OF ATTACK AT TOUCHDOWN (DEGl 

' i imtb 

2xperleo.ee


COrFAHISQN OF TOLU*E VABIAHOK WT3H LEMCTH 

(Figure 1U) 

She r e l a t i v e saunseta tss of the Belts.' 3ody deolga r e s u l t s f too t t e Inherent v o l o e t r i e ef f ic iency 

of t a e configuration and the design s t e p s taken t o efflploy a r t v o i c a e . Cowparins with the base l ine 

Delta Vlne-Sody configurat ion shovn l a f igure 12, a Delta tody fuselage packaged fo r =h* w o - s t a g e 

Sp»=e Shut t le orfclter I s 39.U a (129-5 f ee t ) t™B " Cospared * l t l l the 18.3 a (153-J f « * ) 1 O O 6 

fuselage of the Delta uinS-3ody b a s e l i n e . 

Of ooesideranle i ^ io r t ance I s Use f ac t t h a t the a s * l l Hel ta Body S i t e has been scbleved Wille 

ecploytng noa-lutegxal I n t e r n a l tanks of so g r e a t e r OomfleXity than s i n g l e eoolce l tank) of Circular 

crass s e c t i o n . 

1 t» t o t a l va l ines of t h e conf igura t ion c o ^ a r e c lose ly , Ike Delta Eody 14 seen t o IBve l i t t l e 

unusable volune. l a recen t i e s l g n a , 60 pe rcen t of the a v a i l a b l e v o l ™ le occupied, leavtttg asjile 

access Cor Inspect ion, maintenance and r e p a i r . 

o 

COMPAHI SON OF FUSELAGE VOLUME VARIATION WITH LENGTH 
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VMIMKSIC smcrETicr co.*jaisc? 
(Figure 15) 

A significant advantage at the Delta Sody design 13 I t s reduced --etted area .-»eesoery to canto'..-. 
the required voli=ae for the Space Shuttle urt l l ter . An index of serl t is t*e rat io or to lme BOctai.TCd 
per unit- or vetted Area since vetted SJ»« U d i rec t ly related to' structural (end tberaal protection 
systen) ''elEJn* Recent tota l voluns nuohers for the Tuo-Stage l e l t * Sad? arbi ter , U« Celt* Ui=g-3ody 
vi ta t ip fine, end the Delta Vlng-Body vith o center fin only are 3,5*8 a3 (93,tys n}), 2,3&< 3-
«Jlt,a>ii f t 3 ) nnd E.532 a3 (SS.'iaS f t 3 ) - respectively. &.rrc=poiilI;« A i t r t nn-^: ;T>.- 1.750 >=•" (m.py; 
ft J , S,007 O (B2,Wi2 ft ) , and 1,8&! W (ao,03,9 ft'"). Ihe mi 10s aire In^test!*] ia thu rijurv. 3n; 
efTlcltBcy Of the Delta Body configuration Is sees to be 10% to 25J greater than the Delia Ving 
configuration vith enriwpondlna center f in ana Up fin eonftsurstions. 

TV- Increased efficiency of the center flaned Delta Wing-Body configuration over tb# Delta, Wing. 

3a3y vltB t ip fins Is achieved a t the expense of reduced directional ynv s tabi l i ty a t nyjerBOOlc asd 

supersonic speeds-

Body structure and' wing and flc surface Unit velghto are typically 17.1 jgfa (3.5 poinrijj per 

square foot}. The potential difference! I s the Delta Ibdy and Dilto 'Jlag^asdy Inert veigitB due to 

reduced surface area. a r e therefore 1,676 kfr-(fc,lliO-»). (center f in) and 5 I T 6 L 1 « {12,700 lb) ( t i p 

fine) in favor of "Kfle Delta Body. An equivalent savings in tBerssl projection systea Height Is 

obtained with the-Qeltft Soly. 

Ihe reduced surface area of the Delta Body configuration Can result in reduced 2tractur*l and 
theraal protection cystea yelghts-

VOLUMETRIC EFFICIENCY COMPARISON 
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PSAK lEtfEHATUKE ISOEEBMS - BLTs HJIrr 

(Figure lfi'J 

Hie saoath contours of the Delta Body result In Ion aerodynaole '•"•'-< "g rates (cad corres?ondlnaly 
lou surface teaperatures. 3hls Is a direct result of the Inherent Delta Body philosophy of swept 
leading edges and large leading edge r a d i i . 

Ibe contour* show a distinct absence of shock lMpingement and I t s associated high beating rates. 
ID addition, there la a lack of high tenp«rature gradients. Consequently, the design of the thereml 
protection sTatea for the Delta Body vould "he simplified as compared to the IPS system for the Delta 
UlBg-Body with i t s potential shock Inplnpenents and high leading edge tcaperttBTM. 

One feature of the Belt*. Body la the relat ive lnsensit i*l ty of beating distribution and level v i ta 
angle of attack [vben the trajector/ i s constrained to not exceed B given tespemture T • 1333° X 
(2300' F)L The resnlt iss tespenture di«riDutlons far toe ECO nautical s i l t cross range [a » 52*) 
and the 1J00 hanticttl nl le cross rang* {or « £5*} trajectories are shown to he Quite s iai lar , again 
slnpllfytag tJw IPS design and prnndlng ft versatile design. TninilntloB requlreneots increase vi ta 
Use-of flight.-(erDos-rscge). 

THe Ifelt« Body design resul ts In DO shot i Uplagement, low temperature levels and simplified 

therml protection systeo requiwaents. 

PEAK TEMPERATUSE ISOTHERMS - DELTA BODY 

TO CONVERT TO °K, °K • 15/9H°F * «"».671 
" • f t i t 



T 
5UHTACE 3E*E1UT13SE COffilUSOi! 

(Figure IT) 

Vith only the nooe cap (C-5S of ---etted a rea) experiencing Sigh t ecpe ia tu re l e v e l s (7 > i S ^ ' K, 

2500* F ) , U n Del ta Botfy design o r r e r s aurtnitn ffiS r e u s a b i l i t y p o t e n t i a l as lng e x t e r n a l Insu la t ion 

or c e t a l U c a a t c r l a l a p r e sen t l y under developneot. 

Coupotlag sy»tens Involve s i g n i f i c a n t a reas {up W 5$ fo r tee Delta '-'log-Body) v l t t i t e ^ e r s t u r e a 

g r ea t e r than lfift* K (2500* 7 ) . UUKRien a b l a t i v e s and Certa in h i g i teopeiBture s a t e r l a l i a l lov 

cons idera t ion at I n i t i a l f l i g h t s a t these tempera tures , the desired degree of r e u s a b i l i t y (KC f i l g h t s ) 

I s Jeopardized. l a c k of r e u s a b i l i t y can s e r i o u s l y increase opera t iona l c o s t s . 

B i t Del ta Body of fe r s BaxiziuB r e u s a b i l i t y p o t e n t i a l for t h e Space Shu t t l e o r a i t e r t i e m o l p r o t e c 

t i o n s y s t e n . 

SURFACE TEMPERATURE COMPARISON 
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ONE-AKD-OtE-a*t?-StWS OSSHEH PKiaAfiX SEIUCUHE - DELTA BfflK 

(Tigure 16) 

The ecnpaet s l i * sad l a rge tody c ros s - sec t i ons of the Del ta Body o r o l t e r des igs affords E*OJ 

s t r u c t u r a l advantages. 

3 

• tow body l i n e loads (use alumlirjm for primary s t r u c t u r e ) 

• Short load pat&s (BOSS concenteated a f t ] 

• l a e r t i s l sod aerodynanic l s ed i ags tend t o lamlm te v h t r t the a v a i l a b l e 

fuselage c ross s e c t i o n r—"MM y ( lev l i n e l o a d s ) 

• Reduced aerodynamic surfaces v l t h high H u e . loads 

• BonULtegrBl taoKB 

Tftese-sdvexitages-BTerIntercut l o tfce- «ni r i s^ ia t io t i -Bi id-aJ ' ro iTi - ( id«ui t«gw-to-e l ther - t ie - two^ta«e 

o r s tage -and-Qoe^ii lf o r h i t e r des igns . 

Bie Helta Body has aenjr f ea tu res Thicli e o a t r i t a t e t o lou s t r u c t u r a l w i g h t and reioeed design 

e o f l w d t y . 

ONE-AHIKM-HAlf-STAGt ORBtTER PRIMARY STRUCTURE- DELTA BODY 

&3Z 

J 

r~ i . l i 

r~i.li


(Figure 19) 

Tie' E l i i dmed Btraeturxl Assign ;e»tn«« of t i e Delta 3 o ^ ar i l te r -Jill peftdt drralGf=e3t e=d 
nanufarturtng to proceed on a aodular basis vlth no lafiue CaspliXliy re#jl™d to coordinate the 
syatea eleoeats. Bilt is true for Tit ter the two-stage Or stage-and-OBe-=alf orbiter desl^is. 
Awaiting Integral tank?, the structural system and propulsion jystea developaonts can proceed 
relatively independent of each other. Ihla should greatly sisplify developnent and sehedullos. la 
addition, the incorporation of technology advances into1 tee of tse syeteaa (tanks for instance) ea= 
procetd vltii ao intact on the other (body a t n i c t u n ) . 

3»e Delta Botly design can reduce •levfelopnent rink. 

DaTA-BODY MAJOR STRUCTURAL BREAKDOWN 

MAIN PROPOUISION ENGINE IREF1-

THRUST STRUCTURE' 
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INTERTANK STRUCTURE 

-NOSE CAP 

-CREW CABIN 
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S 
ESLIA 93DT/ISLIA WEIC-SpD* C0HPA3USOH - T-D S I « Z OBBTIEB 

(Figure 20} 

Die Delfa Body design approach I s Been t o have natty p o t e n t i a l advantages over t h e contenporary 

Delta. Vlng-tody Assign ftpproaeh. Tills comparison reflects t h e two design approe*b*s being vor tea t o 

the HJOE ground Jules (PSase B) «uJ t o ceasoo ib ly cooporable aepth. ' Jhi le the cfcaractcrtBtics of each 

design a t* expected to change v l t h rurtfitrr de - f ln i t ion , the r e l a t i v e fea tures aje not expected t o 

c.-ianae s i g n i f i c a n t l y . 

Properly explo i ted , the Delta BodV des ign can ylelfi an e f f i c i e n t Space Shu t t l e o r t l t e r . 
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CraCLUEEB HEttHKS 

" i e B e l t * 3ody o r b l t e * 14 i ? O t t a t l a l ea=U-Iate f a r fte = ? a « Shut t le o - M t e r . i « t iVs^taSM 

of us ing t h e t t e l t a 3ody design t ppwach s r t 

1 . Bo« shock lgpiBgesect and f lov iflterfereEOe i s svolfied 

2 . Only t i e cose cap see* surface iecperaTJ ies i i c v e l£JJ(* X (3500" ? ) , 

t h e r e f o r e the I S can be fu l ly rausahle with •&.* proposed m a t e r i a l s . 

3 . S t a t i c aerodyaanle s t a b i l i t y a=tt c g a t r o l i s p res ided for a l l t h r ee axes 

du r ing a tnospber lc f l i g h t - the conf igura t ion ! a s s u r f i c i e n t aeroiyita.nie 

performance. 

H. Lou s t r u c t u r a l ve igh t I s achieved v l t h o u t r e s o r t i n g t o i n t e g r a l t anks . 

5 . The concept provides a s i=5 le Se-jelopBeBt/oaoui'tctarlng approaeS. 

6 . F i f t e e n years of background evolu t ion supports the concept . 

7 . The Se l ta /Sody Space Shut t le o r b i t e r w i l l perTora the Space Shut t le miss ion. 

1 . "Space T ranspo r t a t i on Systen Technology Sys#ofllu=T, HSSA CI X-53&76, SASA I*uiB HeE»arch Center, 

Cleveland, Ohio, J u l y 15-17, 1970. 

2 - " F l y t n a d u a l i t i e s Of P i lo ted Airplanes*, K i l i t a i y Spec i f i ca t ion J U L - J - E T S S S X A S C ) , Acs- 7 , # ; • 
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