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APPENDIX B

'Characteristics of Lockheed L-1011"
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- Noveihbey

uckheed SP 1A strategic reconnaissance aircraft (tuo Pratt & Whilney J58 turhojet engines

considerable camber on tho wing-tip louding-
p({m-

Kach main unit of the trieyels landing guae has
theeo wheols,  The reain units reteact inward
o the fuselags, the twin nc):sc-\\-h» 3 forward,
The power plant emmprises two Pratt & Whitney
JTHED-2013 (J53) turhojot engines, cach with a
thrust of 32,5001 (L47 0 kay \n(h ut'rvlburnin,,.
A ]‘\l&,ﬂ movable centre. b(nl\’ shoek-cona ts fifted
at the front of cach nacclles At tho rear, aft of
the four- ring eftechuroer flune-holder, i3 a ring
of suck-in doors for ecoling and aren wdu( Hon ut
low speeds, and o variable.sren final nozzlo,

On May I, 1663, USAF pilots set up thece world
vecords and six interoational elass records in
two  YIR-12A aiveraft, from  Fdwards AFB,
Calitornin, ol Raohe Stephens and Lt Col
Dounicl Andre oehiov TOW0Z mph (3,331-007
fanh) over n 15725 ki courso at untimited nliitede,
and a sustained beyeht of 8 TOL R (24,162-008
m) in horizonts & Waiter 370 Daniel
mud Major Noel 1,643-0453
mph (2644200 ]‘m‘\) over a 200k elosed eireuit.
Major Deniel arid Cape James P, Cooney averaged
1, l)h‘a 501 iph ,A\ 005 kimb) over o 1,000-kin
nxn pdd e nmm, withoa 2,000 ke payload, an nb,()lum
world record, wd quulifytig al=o {or records
\\nhnm ])'1\1“1\(1 and with 2 1,000 ke paglond,

o JU0 km pud 1L000-Kin el 'r{ «nmnl nu,l(l
i Luaten be the
NNAT bJ{ i

ah Tin (16
107 &5 in (32
1S {4 6 in (8-64 1)
Ll)bl( €0 L1011 (MODEL 183 STAR
In Jnnluu‘) 1066, Toekhoed-Colifornin beyan
a sty of future reauiveraents in the shoet/
taediunm-haul eivhiner mocket, Tha d 1 which
emergad, kpnown as the L=l D (Lockheed Maodel
103 PrisStar), was infhueneed by the prablished
yeguireents of Amervican Arlines, whao' speeitiod
optimun puyiosd-range performwnce over the
Chicago-Los  Anucles route, coupled with an
ability 1o take off from comparatively short
ranways with full payload.
The oviginal de centred around a Lwin-
turbofun contiguration. D ions which fol-
lowed with American domestie carviers led Lo
the oventual seleetion of o three-enuined con-
iruration, and the Holl-Toyes BT bigh
Ly -pass ratio turbofan was rhnwn a3 power plant.,
In June JOUSR the L-ioll " Yar woved Lo tho
prostietion desi Aruction ol the
tirst aiceratt beoan daring 1969, wivh rollout
sehvduled Lor September, 1970, fiese (light in
1070wl FAA cortification and
troduction into sevvies in Noverobere 1971,
Orders aned options for IS8T aiveralt have heen
received, as follows:

Iastern Aie Lines 50
Delta Aiclines . B
Novtheast Awlines 3
Trans World Aivlines 44

Air Molding 30 el 10 for A
Carnede, 2 tor Aie

Jamaiea)

Fimnee groups i

Fven: Theeeturbolfin commereinl transport.

Wines: Cantdever low.wing monoplane, Npe
Loekheed m‘mlml seetions, Aspeeto vatio G005,
Chord R w0 HG ) at root, R 3 i

{2 omy at (.l‘ Dhedral at traihpgeedyes
TR on ineer wingss, 207 onthoasd, weep.
hack nt qunrter-¢ dord 35, The wing eonsinls
of w eontresection, passigs throush the lower
fuseloge, and an onter wine panct on caeh side,
i of convention ‘l fuil s construetiong with
whiminivn surfaces, sibsanl spars, aond oitereal
el k. ll_\\lx.mii-'uil_\.w wed phniniam
atterons of conyentiona] rohox o edn-
strnetion, with honeyeomb teattinueedge, o in
pibicard (Bipleapecd) and outhonnd {lowspied)

"(llulh o nmh \\mn. nperite L conjundtion
n 1 [ IR N A | LI | [ AR

SlasbiNg Cprang

with atterburners)

Lockheod on-Y!’ the tandem two-seat training vevsion of this strategic reconneissance airerafl

and aluminimuhéneyeomb,  Fowr alumininm
leading-edge shats outhoned of engine pylon on
cach wing, Theee Krueg e flaps
inboard of engine pyla chwing, e
S eltainium alloy castings und sheer metal
fairt six gpoilers oo the upper
ach wing, two inboard and four Boaed of
the  high-speed  aileron,  consuruceted  rom
boanded shect-metal tapered Jwneycomhb,  No
trim-tabs, uht controls fully powered, Kach
control  surfaee. system iz conwolled” by a
multiple  redundant, seevo systemc that s
powered by four independent and separate
hydraulic sources.  Thermal de-icing of wing
leadding-edge slats by engine-bleed air,

Fuserace: Senwi-nmouocoque structure of aly-
mintun alloy. Constant eress-seetional  dia-
mwietee of LO U Tin (547 1) for mast of the lenzgth,

Jowding utilized in skin joints, for atis
skin-duublers at joints and around openings
Baprove  fatigue  lifeo Skios and steiogers
suppoited by frames spacod at 2000 (0-51m)
intervals,  Uhese feanmes, with the execplion of
wain frames and dovr-cdyge members, are 3 in
(T 62 ) deep ab the sides of the cabin, inereas-
ingr progressively to a deptlo of Uk (15-24 em)
at the top of the fuseluge and below the floor,

5

an Usre: Conventionsl eantilever structure,
conzisting  of  variabledncidenee hopizontal
tailptane-clevator assermbly and vortical i aud
vudder.  Primary loads of the Hin are enrried
by a foursspar box-heam strueture, with l;ll\
slnwml @l approx 2040 (U3 1-w) eentres.
rudder, which 75 Intwo segments, compri
forward and altspavs honeyceomb teatlingodizes,
hitnge wnd aetuator back-up rvibs, sheet metal
formers. box surtaee pancls and deodingedage
fairings,  Blevators are of similue constracetion,
Treus nembers for the taitplaoe cantre-=eetion
ave built up frowm foraed nne et radid seetion s
Outhourd of the contre-scetion, ronstraetion s
sititar to that of the fin box-beawm, lending. and
i cdgres, The  efevators nre indaed
biechinnienlly to the tailplane netuntion ceare, to
modify s camber and thnprove it elivefiverss,
No -l Controls are Tuily povwered, the
hydrantic evo petuntors receivan power from
four independent - hydroautic sou .ounder
control of aviente flight cowieal svstem. Cone-
trel teel is provided, with the Toree pradicnt
sehedulod naa funetion of thipht conslition, Nu
dedeing cquipment,

s

Haidraodivallysretractable trie
evele tyvpe, nn\hw «d by Menasen Manubfaetar-
. T - \\ln el mnts i tandent onench asan
peveds twinswheels on nose gears Nose-whoeels
vetenet dorwnrd into fusehon Mamm wheels
retract mward into fuselvge wheelwelles Do
plheuntic srnds an e ol wosn Lasedoge
penr, B P Goodreieh Toeged sdiimminin alloy
wohweels of wplit construction, with hy destheatly -
ettt hiealiew o nntsonl

Attecaatial

rfuee of”

Acvcoantonarion: Crew of I3,

50 4 20, ypo v HI pre:
{to y
Gparatiets
for ma
tubceless by i
155 1h/sq m (1
stestable

sure 150-163 iblsy i
wirt- o medinme
75 b/zeg in (123 kefend)
Nosw-wheels envey
< UL Py pe VIL pressar

Nose-wheel anit

cach side,

Powenr J ax s Threa-Tolls BRoyee RRBL2TE23.02

tirbofan enueiaes,  coeel raded o
FTT0 by st wo cogines aunmded
in pods on pylens under the swings, the thied®
monunted in the renr fuselnge at the base ol the
fin,  Two integral feel tanks in oeach wing:
inbowrd Lank capedity - 7,787 U8 gallons
Ao Hitres), outboard tavk capacity B
U galions (11,700 Hives Totul tael capeeity
23,500 Us callons (88,200 Hives). Pressuro
refuelling points in i leading-cdges. Gl
cupacity approx -6 US gullons (334 Jiteesh

Piest-cless md

coneh mixed avectomodation for 2 passengers;
with o wassimun of 343 i ail.ceonomy con-
fiourntion,  Alteenative  inter mul'uh wealingg
capacitios wre provided hy s o vight seats
traeks which perunt G, 8 or 9-abreps [SREETSN
with two full-length aisles. U ml-.:.i,u_u s gabley.
Seven lavatoricz are provided, twe farward sl
five att, Throe passenger qlmn s of ihe tawned.

opening plug Lvpe on ench side of the fussluge,

one pair Unnunlm.:‘l\' wle ot dight deek, o
pitir forw and of wing, one pair ait ot wing. Vwa
ciergeney oxit doors, o each side ol fuselage,
at rear o cabin, Baggage and freinht cotmpart-
nients beneath Toor, ebile ta acveommadate vight
containers totatling 2. (1 (7108 ) ol
7:“:0 cu ft (2124 ne) of bulk corgo.

l\ll‘\\llllu)(lllll

AP aar

sy L ('nn(lx(mmn" and
\\wum, Wit we-biced  aie tor
cowbined with 4.,-‘\'rh‘ relrigeration,  Pres.
surisation fem mnindains equivelent ot
S0 (20 ) conditions tu 2000 .Il
(12,500 my, Foure dnde p- n(h nl 3000 hl=g
(210 kefend) hvdraulic systems provide powes
Fir 1l prigues flight u»n(u)l siurfees, n-un,x[
brike power, Inulm«r gonr peliaction aml nos
Wheel stecrinn, ete. Bloetrieafay=ton i lwlv :
four 110200V 100 efs seaerators, one l'll_l.llh
ehgire and one deiven by the AP, whieh o
sited i the nft fuselicge. APU provides ool
vid dretheht power, to an pititade of 34, oo 1
(1 G producing both <hait and pevetinatie
power for uidisntion by the cfoetrie, enyian
mental control wd hydeaufic systess,

FLeerrroNns s ovieareve: Standand coonps
ment includes two ARING o VY conn
mrnication transeeivers, two VHENC SETVHT
navhratlion sy-teimns, two APINC o interrogi?
ormnta, an ARTNC GG wentber e sastetn,
twao ARINU J30D wir tratlie control e pronsd-

8 partind proviaon for oo dund collaon

nestone dhreo vertien) oveos, ol Tol fihined -
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lockhveci fotel L. 10‘1 Tristar bigh-density transport (three Rolis-Roycp RB. 211 turbofan cngines)

NN, BNTEENATS

T3 m)
o)
m)

iy

i overall
bt overadt
QRIS

R{HAE TELT (L m)
ek A6 6000 (3007 1)
A W TORE O (23 m)
Ve cmper daoes {68) 3
Hiooht 6 din (193 m)
oith 3G (107 )
'

b sl 15 i Lin (4-60 1)
v teeney prnsenger doors (2)

bt G 0in (1-52 1w
ALRTIN 2t Odn (0-83 )
ekt Lo silh 1a e 3 in (460 30)

Fovage e freight comparunent © doors
R el anel contre):
it H L 8in (1
vith A 10 (-
iotoosatt St 7w (262

«and feeight compartment doors
‘ 44 Gin (1
: 3L 8in (1
G170 (292 m)

She ot will
AN
evedindis

AL
flight

IR TR AN
‘ deck and underfioor

135 £t 5in (41:28 1)

Max width
Max height
Floor area
Velume
Birenge holds,

184t 11 ju (577 m)

S 2 (219 u)

D 3T s fu (217012 PF)

16,000 en fL (403 nf)
containerized

Vehumne s cu ft (7055 nf)

Freighd hold, nnderfioor, bull eargo:
Volume A0 cu b (21-24 pi)

winderfioor

Arnas:

Wings, gross 3,755 seg U (34883 1if)
Ailevons (totral) 6 sep fi (743 1F)
Trailing-cdgn flaps (Lolad) 268 sq (2660 )

Leading-cdize flaps (toral):
Yoboard Kroeger
Qutbonrd slats

Spoilers (totol)

70 sqg fu (6-50 n?)
118 sqg ft (Ju-46nr)

-3 )

IFin Slu oy
tudder -8 nT)
Tatlplane 10 0

WeiaHTs AND 'l' OADINCGS:
Mannfacturer’s empty we l"h{,

Qperating cuapty weight 2
tax paylond
-0 weight

E] m).(}ﬂo h {l\s
411,000 15 (1ui,

Mux “zero fuel” weight
May landing weizht
Max wing loading

308,500 (13
348,000 1 (15
Tiso ihfsq ft(

Denvomtaxncr (estimated, at max T-0 wei;
Maux ovel s puml at 30,000 4 (9,145 m)
o8 mph (936 kmh)
Maw diviug .‘:gu.‘c-d (~Huclma! limitations)
Mael 0-95 or 500 mph (806 kimh) CAS
Max cruising speed at 35,000 {6 (LU, h:“ m)
AMaeh (-85
Teon eruising speed at 35,000 fu (10, b T0m)
Mach 680
Staling speed (tvke-off (onﬁvrmuhnn)
’ 148 mph (233 kinh) BAS
Statling speed (eruise configuration)
1qu m)xh (306 k
2,500 ft (

nh) BAS
min

tate of elimb at S/L

Service ceiling 35,0()() ft (10 mj
1.0 run ]394 v (2,638 m)
1.0 to 35 0 {107 m) 9,835 {i (2,807 )

Tanding from 50 JL (35 m) 3,805 {8 (L EST g

Landing run 394 L (700 m)

Yange wiih msy fuel and 40,000 W= 18,115 kg

“payvioud ab Mach 085 3,915 wiles (6,300 k)

Raunge with max pn.\lond (206 Pussengers,
5,000 Th-= 3,270 ky cargo -

. 8,287 miles (5,290 km)

[ hl'! ED-GEORGIA COMPANY

F st Vot didve, Mariete, Georgia 50060
LR FGeorgin's main bul tding al Marietta
6ot uml 1= believed wo lm tho lm'{. st
)\""lwtm{- plant unsder one rosf in the
‘ 'xr Tdl m cvurent production on its
. ‘;‘ soave the o140 Heveules tarboprop
: the detstar Tight jet transport and e
v Bisvy dogistion transport,

‘( ordered into production anywhero
vaothd,

;uc:-:m: MODEL 362 R

(.»uo,

ERGULES

$G.171

0 oaad Wi . o1

B o

of dosignati G-130, €0 i'iD and LG-130

ferne Corps desipnation: K6

G Guard Gesipnations: L
EE RPN
LR
b v

\r',

ied Lo speeeiticn tion fasued
Tactieal e Conunnnd o H151,
o ““l“!l(d‘d ths firat - produastion
VR “”\'\ in \4:‘)1\ s, and
S by of Cnd Co1B01S was nia-
. Ay v ”“ these haesde verstions and
e 10 nts for hp\rml uties cun be
R WifBR June's.  Latee versions of

the Invpest

J6-130,

eshp £56-37A turhoprop engines and two 1,360
S rallon (:llu litred mx(h'[\\mr' el tandes,
Normal max T-0 we it i 155,000 10 (708140 ke,
Pake-off at overload pross weight of 175,000 1
(79,880 kr) increnscs.the pangre end endurance
capabilities, with certain aperatnye resty jons at.
U‘ Bigher weipht. Totid of 485 ordered for
e I Ahbeary Awelift Connnnud {1303, Tattical
A Comnmud (213), U Navy (12), US Coast
hined (1), Causdian '\rmn «d Forees (24), Daninn
Air Foree (17), Turkizh Alr Foreo (5),/thvilinn
A Foreo (1), Swedish Aie Foree . Sutadi-
Arabion Air Porce (9, Poval Austealinn i
Foree  (12), Argentine A Foree (8), UnAw
Acrospuee Boseun and  Recovery Sepviee (1)
and  Norwegian Al Foree (6). st (L1500
fliw o 20 August PG Deliverios bepan in
Aprlb paes,
FEC-T30E,
Coust. Cuned,
G-136F (formerly GV 11U
dution with Us Navy,
withoaf wndern

Specinl version of G300 for US

Seven fur transport
Similar to RC50E, bat

 pvlors wed interoal vetuelling
equipnient,  AUW 135,000 B (61,235 ki),
WG-120E, MWoenther e version
tl ll\ H:'. ll,\ Al

A PR . - trin

reconti

A-T turhoprops. ],qmppu] for in-flight refuching
to service bwo jeb ajrereft simultaneously. ‘,uhm
vefiicling equipinent ean bo quickl
jostalled aud reraoved,  Two C-1304°s loas
USMC in the Sumer of 1457 for flight
tosts,  The  produstion  innker  ver o1,
flown ou January 22, 1060, has o tanlings capae 1! v
of 3,600 US "ulhm: (135,620 hHires) in its corgo
cotnpartuent,
ul erud ullm" al )4‘)11\}1.) (547 Lmh) aud 1rang-
for 31,0001 (11,060 k) of lnul at Y, 000 L (7,620
m) at a refuc llm ¢« speid ot o mph 571 luub)
with normal xmh(my reserves. Nornal evew of
five Lo aeven,

G-130H. Basieally o C-130E with mare power-
ful *engines, TH6. A3 tur wprops rated  ab
4,910 - »hp for tnke -off, bt Haited to 4,508 e<hp.
l'l\"' defivered {o lm\nl New Zeatund A Foree,

HE-130H, - Lockhond wus awarded two initin
contracts in Soptember 24933 for this extended.
pangze air search, rescun wud recovery vi Hon to
bo utilised by the Awionpaee Koeseno nnd Hecovery
Hervieo of the USAE for aerinl recovery of
porscunel or equipunnt amd other duties, Tha
US Const CGuard subseguently ordered three, New
fulding nowrmounted reeovery system albie
possibla repeated pic) ups hum wound  of

[ 2 A T . PO A VAU | DRV 3N by B PR}

Ablo to dy 1,600 miles (1,600 Km) -
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TRNY v

¥ OO NEY

=20 CALIBRATIO N ﬂ“”*&"ﬁﬁ% D PERFORR

AT Ap)

FRATING

SEA LEVEL STATIC CUTRUT

THRUST-los.

TSRC Ib/hre/ib

42,000 .

[4+]
[
I

A

MAKIMUIR CONTINUOUS

37,5300 .

fa
83
i3

RAMIMLI OLIME

37,300 323

!

) G567
4

8336 tbs.

338,100 ‘ IR

(Includsd in engine price and dry waight)

Provision for Mourding an d \k

ancl

IR IO O Lh-“ 4 igh H rassure Rotor Qonrbox

e Contred Uit







. ESTIMATED PERFORMANCE DATA

STANDARD ATMOSPHERIC COMDITIONS FIXED AREA JET NOZZLES 1009 RAM RECOVERY

45,000

2:-,_%
40,000 =¥ L
o
Q“’&,i
@ . :
£ 35,000
TAKE-OFFR PERFOIRMAMOE Armbisnt
TR - SR s E) _ Temperatire
CEGEA LEVEL . 3 30,000 o
(2 T QOO
b i
= 25,000 T
u T 3207 F
20,000
0 0.1 0.2 0.3 : 0.4 0.5
MACH NUMBER
40,000
£

85,000

30,000

e

“\‘ )&:’“s,'i'k}{!%\!‘éui"fi COMTINUGUS - AND

25,0007

MASINUM CLUMVE RA

20,000

NET TRRUST ~—— ibs.

15,000
L
v i
10,000 35,000 fi. s
i .
: 45,000 ft.{ 2 :
5,000 e, ‘ {
0 0.2 0.4 0.6 0.8 1.0

MACH NUMBER

35,000
30,000
i
= 25,000
. P
e o vrenie v s s o
MAMIMUM CRUISE RATIMNGSR o 20,000
B
T
i ) .
o N 15,000~ -
B h . . ’ . L, 3 o
k) L 16,000 : s %
= o : 000 , 5,000 6.5
5 050 45,000 .l 2 o e
00 :
0 0.2 .4 0.5 0.8 : 1.0

MACH MUMBER
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GUARANTERFD CaLIERA THON ““‘mﬁag HERFGRMAL “i.»
| PRRTY A womarned Y o0

' _ v ' , SEA LEVEL STATIC OUTPUT

AHA‘!‘%N@. | ‘ o THRUST-bs. TEFC s /hr /b

TAK

O ; 45,5060 0.385
hiahiNce (‘/IUWI CONTIRUDLER

500 0.337
38,500 0.337

MAKIMUM CRinse , 38,500 0.3382

MAMIMUM ¢

A

T 0 Thrust of 47,000 bs, avallable to 86° 5 with water injsction
(40 b, incraasa in weight for water injection equipment).

‘Lx»} f“ ' I “"Zmijm

87710 the.

" : e 128,27 : -

v opn
A A ,ﬂ,&u?‘k

[\
Lo ‘%" 1A Y
fémg SVIELEY

Ul

mment Including:

+ u~5 Hentor, Fue! O ﬂi}r,;:c;h; ’

PeH

&

= Troatment in Fan Bischar

Aoos Walls

Exhaust T hﬂ"mmnuMa- Bl F" saure Probes
Ew.,m.am-x Spinnor '

\) ‘avis

Lhc Following Accesserios
O e Tahy

or Maounti
SEUFS Fmim‘ .
20tor Tag

1 an Alternator on the i igh
»zr"‘ur and Low k*mz BUPE







SRFORMANCE DATA

STANDARD ATMOLPHERIC CONDITIONS - FIXED AREA JET NOZZLE

10095 RAM RECOVER'Y

50,000

45,000

& 40,000
Ambient
Termparature

00

T PO P

25,000 : b=

20,000 "
0 0.1 0.2 0.3 0.4 0.8
’ MACH MUMBER

40,000

35,000 -

-30,000

. 25.00C
R, @ TSFC
MAFIMUM CONTINUOUS 2 - )

AND ] L 20,000 prmememsssminn s 15,000 1, o

PAASGMLIN CLIPAR MATINGS

10,000

5,000 fr, e

i
45,000 4. O D .
0 0.2 0. 4 0.6 0.8
MACH NUMBER

q

-3
Gwanaptt

U

5,000

o
=
o

40,000 ; - :

35,000 =%

0,000

o 25,000

oy 2N 0] Tty
SATINGS 5]

+
[t CTSFC) ’6
L zo,000
- . 15,000 it i

i3]
15,000 -
28
30,000
a5,
45,000 o Epareammramis s

5,000 b
0 0.

n

0. 4 0,6 0.8 1.0
MACH NUMBER '
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R R I oy e
Leading particulars

Overall Compression Ratio 27:1

By-Pass Ratio i : 5:1

Max. Take-off Thrust , 40,600 Ib.
(Maintained to 84°F.)

Max. Cruise Thrust 9,267 b,

35,000 ft. 0.85 Mn.

Specific Fuel Consumption
(at above condition)

Max. Basic Dry Weight - 6,353 Ib.

Associated Equipment

0.628 tb./hr./Ib.

— Fan Reverser

-— Hot Stream Spoiler

— Pod Cowlings and Systems

— Noise Reduction Nozzle

WS - BASIC

[ - o O TR, x:,v;i

3, corrns e e ETITT RAET

e 28,7 ]

ST ORISR

BTAKE 1o e
plasETER 8 &
1 N TR A B et

N.B.No allowance has been made in the performance quoted on this sheet

for the effect of air off-takes or duct losses.
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Y
’ . . 'y
l\(_)LlS
(i
i
\ROYLE
PEREFQRM A!ﬁ%@m i um,ﬁu DFET. PRESSURE
ALTITUDEISA CONDITIORNS, N @‘ LOSSES.
' Q'G?M MAXIMUM
RATINGS: RECOMMENDED
0661 b, FLIGHT MACH CLIMB AND MAXIMUM
' Ry, © . NUMBER CONTINUOUS
g, MAXIMUM _
SPECIFIC RECOMMENDED W
: 064 -f CRUISE '

FUEL
CONSUNMPTION
“’)./hi"./ﬂ). 062

0-60

e f; R A ey T o
R e e e e e \
o ' ’ i
B,

. NOTE:

5000 6.000 7000 "~ 8000 . 9000 ' 10,000
: NET THRUST — Ib.

This performance does not include internal losses
of the by-pass stream downstream of the

fan outlet guide vane exit

g






Rt

RLAN

BB 21123

OVERAL L COMPRESSION RATIO ) 27:1

BY-PASS RATIO 5:1

MAX. TAKE-OFF THRUST 38,400 Ib.
(Maintained to 80°F.) ’

MAX. CRUISE THRUST 8,970 ib.
35,000 ft. 0.85 Mn. . .

SPECIFIC FUEL CONSUMPTION 0.624 Ih./hr./1b.
(at above condition)

MAX. BASIC DRY WEIGHT 6,353 Ib;

ASSOCIATED EQUIPMENT -~ Fan Reverser

— Hot Stream Spoiler
— Pod Cowlings and Systems
-- Noise Reduction Nozzle

DEMIERSIONS - BASIC ENGINE

1287 ——
B [wmmw-..m_w_w»f,
{ G ascen e AR ST AT RN e,
!
B
INTAE 12 P S LI ]
sapan 3 « ‘ L TRy
BIAMETER & g, ‘ o -
e, .

N R s it g o

.*a:
. :xz
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() DESIGN 1

PRELIMINARY DESIGN
AIR BUS

Specifications

a) Cruise Mach Number M
b) Number of Passengers N;r
¢) Range R
d} Field length X

First Estimates @

Given above specifications, the first estimates of the proposed
design are arrived at based on comparative studies. One would expect the
range of values for the following parameters to be:

Cruise Altitude hC 30,000 to 35,000 ft.
fake off Wing Loading (w/ 95 to 125 1bs/ft02
S
TO
Ratio of take off weight W. .
to payload weight ro 3 to 8 depending on range

g ) WPL

As a first approximation, to be evaluated subsequently, the
fuel consumption during take off and subsequent climb to the cruise
altitude Is assumed as 0,03 wTOo

The ratio of the thrust available from the engine during cruise
at the cruise altitude, to the maximum static thrust at sea level may be
estimated from engine performance charts.

For example for the RB 211=23 engines
Lapse Ratio, T
v <Tr“‘> = 8970 = 042336
at M= 0,85, SSL° 38,400

h= 35,000

First estimate of the ratio (H) at take off

. T TO
Since (L) = <ﬂ>
D T
er cr
23 7 - 1 ]
B - oo, -wm
cr T0,2336 T 0

SSL






e

Based on a study of existing aircraft the ratio <£) ranges
D
from 14 to 15, This value depends, amongst others, on.the aerggynamic
cleanliness of the aircraft, the optimum design of the wing to reduce
induced drag and compressibility drag, the size of the fusilage etc,

Assuming (L) = 14, which figure will be arrived at accurately
D/ ¢
later on during the design,
(3@ = b = 3.3715
0 L.1524 _
(I) = 002966
W T0

This value is seen to compare favorably with that for the present .
generation aircrafte

The payload, which is that part of the aircraft weight associated
with its earnings, is related to the number of passengers and the cargo.
y ) v 1t is taken that,
[ A

= J;
WPL 240 NP

The figure 2h0, consists of 160 1bs. as the weight of each
passenger, 40 1bs. as his baggage and 40 lbs. as cargo per passenger,

Assuming (qu>

o) =5
Y.
Wro = 5(240N,)
TSSL = 00,2966 wTO
The ratio TéSl would give an indication of the number of engines
Tmmé required on the aircraft.
SSL/Engo

WING GEOMETRY

The following parameters are chosen as contributing to an
optimum wing design '

ol
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Aspect Ratio AR = 7
Wing Sweepback on the 1/4 chord line A]/q c = 359

Taper Ratio (Ratio of tip chord

to roof chord) _ . A= C, = 1/3
CR
The NACA 65 series airfoil is selectedfor its design C
L value,
Tow profile drag and fairly high Critical Mach number.
The wing thickness ratio <£> is to be selecteds We proceed
as follows, c .
Selecting (W/ > at beginning of cruise as 100,
S
and the induced drag efficiency factor as ke ©3% To oA
calculate C, and C
L Di
Assume CD (The zero left drag. of the aircraft without effects

0
o . of compressibility) as Cy = 0,015, This is a representative
! 0]
- ) figure for this type of aircraft. We will arrive at this
figure accurately later in the design.

D = DO I Di + A CD .
“Compe
EQM = 1 knoQing CL. calculate CD
(5)" -
L
cr

and hence A C
D
Compo

Using the charts and explanations supplied for compressibility
(wave) drag rise one calculates the (E) permissible at the
. c
cruise Mach number under consideration.






s ]‘I‘ R

, EST IMAT ION OF DRAG RISE BEYOND THE CRITICAL
) MACH NUMBER M.

-

The following procedure, using the accompanying charts based on wind
tunnel tests, may be adopted for the prediction of drag rise beyond the

critical Mach Number.

From the wing geometry the following quantities are known:

a) Sweepback angle of the %jc Tine, A % c.
b) Aspect Ratio, AR,
c) Average streammise thickness ratio, ﬁg)av

t ) (;E;)i c dy
@ =
oav. f cdy

d) Wing design 1ift coefficient, CL
, i

C, and (&) are local.va1ﬁes

T~ , at station vy







3)

L)

5)

At the values of wing (E) and A ﬁc read from Figs, | and 2 the

. av.
values of Myp at f1ight CL values of 0.2 and 0.4 .
Corresponding to the wing design 1ift coefficient CL read from Fig. 3
4 i .
the values of (AMDD) at flight C. values. of 0.2 and 8.4 .
‘camber

For the given aspect ratio AR of the wing, read from Fig.3, the values

of (AMDD) at flight C, values of 0.2 and 0.4 ,

L
AR
The corrected MDD value is then obtained , at flight CL values of 0.2

and 0.4t as the sum of quantities from above..

M o= M + (AM_ ) + (AM_ )
DDcorrected Db DD camber DD AR
Use drag rise shapes of Fig.5 for given sweep angle and find ACD
corresponding to AM = Mcruise - MDD at flight CL values
corrected

of 0.2 and 0.4

MDD values at flight CL values other than 0.2 and 0.4 may be estimated

by interpolation using Fig. 4 . At these other values of C , AM

camber

and AMDD may be obtained from ng.3, interpolating if necessary.

AR : : ,

The drag rise ACD at A“ Mcruise" MDD . at CL value other
. corrected :

than 0.2 and 0.4 may be obtained by inetrpolation of ACD values

from Fig. 5

Note: Tailored Wing -~ represents wing with camber and twist

distribution representative of.present wing planforms.
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APPENDIX E

‘hetimation of Parameters based on Generalized
Degign Charts'






ESTIMATION OF PARAMETERS BASED ON GENERALISED DESIGN CHARTS :

| (_W

One can arrive at the values of the various parameters, such as,
T , t ! . .
3 )TO’ ( i )TO’ hcr,-AR, A'/hc’ xS, (CF, etcf, based on comparatlve studies
and emperical relations. It is evident that these values have been tentatively

fixed and are subject to variations.

However, these values significantly influence the performance of an

aircraft such as take off, landing, climb, cruise, range, and cost.

If at this stage, a study is made of the influence of these
parameters on the performance requirements, one could confirm the choice of
these parameters, or alter them suitably.

This task is performed with the help of generalized design charts.

GENERAL [ ZED DESIGN CHARTS:

These charts may be constructed to study the influence of

“various parameters on performance.

The parameters used to set up functional relationships, depend
on the discretion of the designer. it is suggested that design charts be set up
My and () ' '
$'TO W TO
functional relationships.

using ( as the basic parametric variables to set up the

Consider now the various performance requirements.

l. Landing: :
While the major airports may have landing fields 9000 ft. or
longer, it would he necessary to use smaller fields in covering the range

in stages. Hence a landing fie1d'1ength of 6000 ft. is chosen.

The landing distance specified by the F,A.R, is the horizontal

- distance on the ground required to glide over a 50 . obstacle, touch down

and roll to a stop.
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A o . LANDING DISTANCE

) . =
[ % | Xy z
¢ X, J

Assuminé the glide angle to be small, the change in the total

mechanical energy of the particle from positions A to B is equal to the work

done in moving through the distance AB.

Length AB ~ X

50
W, .2 2 _
25( VA - VB Yy +50W = F. X50
VA '
I
‘ 2 a g
Let VA= .30 VS and VB =1, 15 VS , whwre VS is the stall|ng‘speed of

the aircraft with full flaps.
W

8L1 (=) C - Maximum 1ift coefft. with full flaps
2 STL L , v
Ve = b MAX | :
o C . o
LMAX - o - Density ratio. _
a ~ Deceleration on the ground
(% Lo Wing loading during landing.
W L .
Also F=D and_F ~ 3

The total landing distance X, = X__ + X

L 50 g
W W
X = .L; rqsmi‘é.:?_‘; + 0;& 4 6.~£;,!‘_‘..__
MDD LTS 4 T T
MAX ' MAX
Using a safety factor of 06 98 recommended by F.A.R. ,
W ’ Wy
N ()
S i 3] S e (1)
=5 Ei -5 C, *83.3) 927 o7 C,
MAX - "MAX
. KnoWing X, =6000, and assigning values for (%), o, a, Cl . ,the landing wing
: "MAX

loading(g)L can be calculated,

The ground deceleration a= 7 to 12 ft. / sec2 depending on the landing

surface and the effectiveness of reverse thrust mechanism.






N

A value of 10 for ground deceleratlon seems both feasible and

not - too large for passenger comfort. (~) for landing may be taken as 5.5

The maximum 1ift coefficient for the swept wing without flaps
can be had from figure, for given sweep and (%)ﬁc ratio.
 This value 'is increased by 5% by ' the leading edge flaps and
slots. _
The trailing edge flaps (trlple slotted) furtther augments this
flgure by a factor of i. 82 for a flap deflection of 45°,

However a. CL not in excess .of 2,57 may be used .in above
calculations. MAX '
(%)L is the maximum permissible désign landing wing loading

and is obtained from above relationship (Eq. 1 )

If one assumes,as is the recommended practice, that this (~)

, S°L
is reached when % of the total fuel is.used up ( or jettisoned for emergency
landing), : { o WFA

Moo= W = W= W (1 - 4 o)
L T0 3 T0 3 WTO
W
Wy W f
(5) = (&gl b )
TO
W
W ),
)5 we o T (2)
| f
I'"':g i
W T0 ,
To calculate Wf ; consider the Breguet range formula.
. T0 :
v C[ | R =~ miles
R= ¢ g In(g) | '
D 2 V ~ m.p.h.
2 o :
Xy = C -~ Tdbs./tb./hr. (T.,S.F.C,
() 39| CLoV e )
W 2
(o Bl !
(S) 1481 &6 M CL
o5
v = gt x 301w (S
52
Vo= 761 M ()
. C 05 W
. M LS I .
R=76t g &) In(y) R - miles
‘ D 2 .
M C. 5 W .
Ro= 661 E'EE (gﬁ tn (W”) R - nautical miles
' 2






¢)
L

R ¢ p e = |

Yy S HE §)

W;) = e 7 L 7 e (3).

2

wl ~ Weight at beginning of cruise

wz. = Weight at .end of crujse is taken. as when 75% of fuel

has been used up.

WI = .97,WT0
Wy = Voo 75 W
) = el (1)

2

I~ <75 %
TO
From (3) and (4) we have,
R Y-S

W, 661 M C '8

G )= 1333 =-1.293 e b (5)

TO .

Yy ' ’ W
(= ) can be evaluated from (5) and used in (2) to find (=)
WTO ‘ S°TO

This (%)TO is the maximum design take off wing loading permissible.

.
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2. Take=off !

A functional relationship between the parametric variables,
(lg-)TO and (v\};—)TO can be establishedvfor take-off performance of the aircraft.

= xg e X o X e
The take-off distance consists of the ground run Xg’ the tran

~sition distance Xt’ and the distance to clear the 50 ft. obstacle XC .

= X+ +
XTO Xg Xt XC

The accufacy of predictions of the take-off distance by
analytical methods, depends on the validity of the assumptions made in the
calculations. This , and the fact that piloting technique plays a part in
the actual distance required for take-off, makes analytical predictions suspect.

For preliminary design purposes, use of Take~off charts
based on a study of commercial turbojet aircraft is recommended.

For the present design the take-off field length of 6000 ft.
is multiplied by a factor of 0.75 to.account for failure of one engine during
take-off. Corresponding to this length, from the take-off chart read value of
k=M WLl |
ST ¢, @

TO ,
o , the density ratio is taken as 0.926, to account for a

hot day condition,

CL is taken as 0.75 CL . CL is the maximum or stalling

T0 MAXTO MAXTO

value of 1ift coefficient, with L.E. devices and flaps taken to be set at ZFO,

In addition "' Ground Effect' could augment the value by about 0% .

For the value of K from the take~off chart, knoing ¢ and C

et - W _ Lo’
and assigning values folr (E)TO , values of(? oo Can be calculated.
: T P .
These values of (-\i[-)TO are increased by 10% to account for reduction of thrust on
- W T, , , )
a hot day. A plot of the parameters ‘§)To Vs (W)TO is drawn for the take~off

performance of the aircraft.
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3. Weight: »
| - A functional relationship may also be established based on
the limitations imposéd by .considering the weight of the aircraft.

The Weight of the aircrft consists of the following breakdown.

i) Structural Weight  =sememmmmme- ————— WST 1bs.
TTIIPAY Load 0 e o o s v o e o sn v e BT
ii)Pay Load WPL
ii1) Fuel Weight, SyStem =mm—ememmmmmoowno— wfs "
iv) PowerPlant Weight ==msmeccocmecmonn~ W L
PP
v) Fixed equipment —  =r=resmescmaeanmo. WFE " '
. : . e ./‘_.3 /‘/
vi) Miscellaneous. = =swmmecmcmwcoammmcon- W, . no 006D PV
. Misc ] LN

Hencg, WTO: WST+ wPL+¢wf+ wpp+ WFE+ wMisc.

W “"037] )
Wer = WTO[:,9?!§ +0.538 (3) “ar Kt
| C

The above is an enmperical relationship for the structural weight, based on a

study of current jet transports.( Ref: Corning, p.2.29 ). The correction factors,

Kyp» Koy and K, may be read off the charts provided.
AR” t) A
¢ WPL = 240 NP . This is based on the number of passengers N

“with 160 1bs. as passenger wetght Lo 1bs. as his baggage, and 40 ]ba. per passenger

as cargo.
' wfs = [,0175 wf The fuel and system is estimated at 1.0175 times
the weight-of fuel wf . ) ) R C CD - +5
¢ g 661 W T &)
Weo = 10175 ( ) W 10 a4 g = 1333 = 1.293 e L
TO TO ‘ '

It the engines operate at ‘their rated thrust at thc cruising altitude,

Cp L '

EL = 97(W) 0 where L is the lapse ratio of the engines.,

RoCL T ok

Hence, W = 1.0175 WTO[; 1.333 ~ 1. 293' "6E1 T $97 W
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“Note K = K KtK

W = 1.3385 N W
op = 1+3385 N

The power plaint consists of the engines, controls and starter, tail pipe,

Eng=-Dry

thrust reverser and other accessories. The factor of 1.3385 is used to account
for these items,. '

The fixed equipment includes furnishings and service items for
the passengers, which.is estimated at 160 Ibs. per passenger, the flight crew =
memhers and stewérdesses . They may be rated,on:an average, at 200 1bs/ member.

.WFE = 160 NP + 200 NC

Addition of the above items, after rearrangement, gives the:-- .
the following expression,

i g7 LR EL T
Mo [_mo.uon ~0.16 K =0.538K’ (3;’-) + 1,316 ¢ 061 M97WTO% ] = HOO 4200 Ne+ W
For. each (%)fo, knowing thrust of the éngines TSSL’ calculate
WTO and solve for-(%)TO, substituting values for R,C,M,L,G,é,NP,NC, wppand Ke

ARt A

c

A plot of the parameters (ﬂ and

T
510 1o
the aircraft gives a limitig boundary, on the generalized design chart.

based on the weight of

For each wing loading then, the corresponding thrust loading
is the maximum attainable for the aircraft under coh$ideration, If the engines
have been selected, for a given (-;’S-)TOJ TWTO is known ,hence the wing area and
geometry are known at the corresponding (gJTO
It is now possible to Tay out the aircraft and from the

lay out one can estimate the profile drag of the configuration.
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L4, Cruise performances

e . . ik U i
c To establish the relationship between (S)TO and (W)To‘ggttng

cruise, (EL) ratio during cruise must be known. Then from the relationship

C - SRREIH

b _ LTy (T - ey
T —'.97(W)TO "(W)TO can be calculated. The ratio c, is
dependent on the aerodyramic characteristics of the aircraft.

At the beginning of cruise when the aircraft weighs 0.97 W

>

W, ' 2 ) . . . W
0‘97(S)T0 =148 & M CL , from which fgn a given (S)TO’ C, can
be calculated. CZ
. ‘ B “.me
Cp= w7 e

ACD the compressibility drag rise can be calculated at this CL,

o
Mach No, for the particular wing Cg) ratio,
= +
CD CD + CD. ACD
. o i o

o However CD is dependent on the wetted area of the aircraft
(skin friction and form drag®dependent on the Mach No and Reynolds No. )
CD “values of 0,018 , 0.015, and 0.017 are selected and-using. these sugceSsivglyy
on cah calculate the relationship between (%)TO andT(%)TO . The plot of this

relationship on the generalized chart indicates the (W)TO necessary at each (%)TO

to sustain cruise at each of these CD values. As the wing loading varies, the
physical characteristice of the aircraft varies giving different values of CD ,
' o

“and the particular wing loading with its Characteristic CD value that absorbs

the rated thrust is the desired wing loading. °

To select this wing loading CD values have to be computed
- 0
based on wetted areas from the aircraft lay out,
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Estimation of the profile drag coefficient CD :

" The profile drég, or the zero lift drag of the components,
wing, fuselage, empennage, etc., ﬁay be summed up to obtain the total CD
of the aircraft. Interference effects must in addition be taken into
account. The profile drag consists of both skin friction and form'drag.
Use of turbulent boundary layer skin friction coefficients effectively
accounts for both these . _ »

The estimation of the profile drag, based on the wetted
areas or the exposed areas of the aircraft, requires a layout of the
aircraft in three views. The wing geometry peing known, the wing
planform can be drawn. The length and diameter of the fuselage are
dependent on the payload k passengers and cargo). The horizontal tail

area is about % of the wing area. The vertical tail area is about-% of

© the wing area, These values are representative of transport category

‘aircraft. Nacelle dimensions can be arrived at from the engine size.

Having estimated the wetted areas for the aircraft, the

profile drag ccefficient may be computed. The procedure indicated in the

following pages is fundamental. The nomenclature and graphical data are

from a report on drag evaluation by North American Aviation Inc.
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may be read from figure,

in the estimation of the zero 1ift drag, it is here proposed to
consider the ''three view diagram'' of the aircraft from which the wetted
areas of the various components may be estimated., ' '

At the relevant R.NO. and M.NO. the skin friction drag coefficient

A suitable form factor is taken for each

component which would account for surface irregularities and roughness of

the body and interference effects,

The form drag of streamlined bodies

is effectively included by considering skin friction coefficients with
turbulent boundary layer.
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APFPENDIX F

'Center of Gravity Determination Techniques'






N

' AE38I R " Design | N Fall 1970

Center‘of gravity calculations and Lavout of the Airp]ane;

The center of gravity location for va%ious loading conditiods
must be determined in order to ascertain the c.g.travel and to establish
limits thereof. |

For 1qcating the ¢.g. position, the weight is considered in
five categories. | |

1. Structural weight W

S

2, Fuel weigh{ o We
-3, Power Plant weight ' wPP
L, Fixed Equipment Weight Wep
Sﬂ Pay load w§lght wPL

l. Structural Weight:

The weight of the structure is evaluated by an empirical relation
as

[l - . | l’!, —'37
_ws..wTO[.164 .538 (.s) ] Kar Ki/c K,

The total weight of the structure is further subdivided into .

five component categories as:

Component - Weight of Component/Weight of Structure Component .

LAl UL _ » T c.g. location

Wing - Lo . .22 MAC forA = 35°
V'\“/

Fuselage - .31 45 length of Fuselag

Empenage .08 o N .25 MAC of tail

. : : surfaces

Nacelles - .05 B _ .40 length of

' : nacelle
lL.anding Gear | _ 16 o T ~ .10 MAC behind most

aft airplane
c,g.‘]ocation






2., Fuel Weight pius'assoéiated pining and accessories:

W

f

We oo
= 10175 (=) Vg

TO
The ¢.g, of the fuel systeﬁ weight may be taken at the c.g.

of the fuel tanks..

3. Power Plant Weight:

Wop = 1.3385 Weng qry Neng

The c,g, of the power plant 1s located at the c,g. of the engines.

v

L, - Fixed Equipment Weight:

W.. = 160 N, + 200 N. + ,045 W

FE P C T0

This equipment is used to service the passengers and the crew.

. It consists of items such as seats, coat racks, air vents, air conditioning,

etc, The c.g. of passenger associated equipment is located at the passenger

- seat, The c.g. of crew equipment is located at the crew seat and attendant

equipment is located at the attendant's station,
Miscellaneous items such as Instruments, radio, radar, etc. not
covered under other categories are estimated as .045 WTO‘ These may be -

assumed to have a c.g. location at the instrument panel in-the cockpit.

5.. Payload Weight:

! = Ol
hPL 240 NP

The payload weight is subdivided into three‘cétegories:






ggigggﬁx“ o - 'wéight" | ' é.%; locatién
Passenéer | . 16d NP - at passenger seat
- . Baggage i ' | - 1+0'NP at c.g. of baggagecoHmpartments
. Cargo ; 1‘ f go N‘P at E.g. of cargo~co%p$rtﬁéﬁts‘

The airplane c.g. location is determined by the relation
W, x,
S BN
cg zwi

n

X

The distances X and x are measured with respect to some :

datum line (usually the nose of the airplane) . Location of the airplane
c.g. for any loading condition and arrangement may be determined in

tabular’ form,

- | ' _— : Distance from M, = W, x,
Item ~ Welght (Wi) datum (x.) inches N bl
) 1
A .Y X WXy
B WB XB WB xB

'\*Jlng wWing (x-cg‘ + e'fMAC)l 'wwmg(xcg + a MAC)
,La?dlng_ wLG . . , (xcq + .}0 MAC) WLG (xcg +».10 MAC)
gear . N
1 i ' . ;o - : . -
Nacelle Ync (xcg 6 NAC)_ WNAC(XCQ & NAC)
Z W a X, : W x
z 7 Z FARN 4
\) | - T w_i _ ' | oz wi %i—*'.wWing'(xcg + a MAC
4 W LG(Xcg+ 0 MACH W,

_'(xcg” Syac)

a = distance from cg Iécation to Wing cg location in decimal fraction of MAC

T AT L o e ATy T P ATPWE S
0

s s e e s Ghnem e o






T

@

. From this table ; )

a8 MACW . + .10 MAC W W

- i wing LG -.5NAC

X
cg S - N -
' z wf wwing wLG wNAC

Z W, x NAC

This establishes the location of the airplane c.g. with

respect to the datum line and may also establish the location of the

. wing with respeét to the fuselage.

For longitudina1 stabiiity of the airplane,'the most rearwood

'position of the c.g. must not exceep .30 MAC under any condition of

loading and arrangement. For longitudinal éontro],.the allowable c.g.‘
travel must be restricted to the limits .ZOMAC.< c.g9, < .30MAC;

To fix the wing with respect to the fuseiége, consider tHe
conditfon in which the afrp?ane‘fs empty of all pay.iogd;i.e.,passengers;
baggage,and cargo, but is other»wise-complete?yv]oaded, f.e.,fu]l fuel
)oad and full comp]ement'of crew. Find the c.g. location for this . |

condition as explained above. Set the wing with respect to the fuselage

by locating the c.g. for this éonfiguration at ,QO'MAC'of the wing,

Now investigate the c.g. location for the fully loaded airplane,

i.e. full fue]'Toad,}full passenger load, full baggagejand full cargo

load. Determine the c.g. location for tHis fully loaded condition without

specifying the baggage and cargo stowage location i.e.,without specifying

X baggagé + caféé; !n_this condition, the c.g. location for the baggage

and cargo arrangement necessary to equilibrate the remainder of the
distributed weight and result in a c.g. location for the airplane which
lies within the limits .20 MAC < c.g < .30 MAC can be.easily determined

as

b v

ITO XCq N ITO«baqqaqencarqo xTO«baqqage—-carqo

X
cg T 4
baggagc + cargo baggage + cargo

e e ot 4+ sy AT 3t 1 i e ARy







" with respect to the station x

By distributing the baggage and cargo stowage éompartments_

: R  the desired location
cg baggage + cargo
of the airplane c.g. in tHe fully loaded.configuration‘can be achleved.
As a check, the c.g. Tocation for the empty plane with only
the crew and 25% fuel ioad.should be determined. This must be within

the 1imit .20 MAC < c.g. < .30 MAC,

A layout of the airplane is made to facilitate the weight and

-balance calculations. If this layout is made to scale, the distance of

the various items from the datum Tine, X can be determfned by measure-
ment on the drawing.

In Fhfs layouf.the general arrangement of passgnger:seats,
aisles:‘attendants? stations, crewvstations,’gaIleyé, Iévatories, éoat
racks and overhead racks is specified for the high dengity configura~
tion, The fuée\age is‘méde to enclose thisAarrangemeﬁt as a circular
cylinder with a rounded nose séction and a tapered aft séction sup-
porting the tail. |
- Since the tail has not been sized'a? this time, an estimate
of its size and configuration i§ requfred. This estimate will be |
refined when stability and control of the airplane is eva]ﬁated.

The wing planform has already been estabﬂshede Location

of the wing position with respect to the fuselage is made during this

weight and balance evaluation as descfibed.

Location of the fﬁel tanks in the wings Is approkimate at
this time. More specific establishment of this item yi]l bé.madéA
when the wing loading is considered. The main criterion for fuel tank

location is that it should be as close to the airplane c.g, as possible

e s b S 2 KA s Pt S g3 Sy 3 S






)

sinée fuel is.consumed during flight and an off c.g. location would

"~ cause continuous movement of the airplane center of gravity.

Nacelles and engines are set in approximate location at

. this time. Wind funnél studies of interference effects of thrust and

- drag are'requlred to establish the final location of these items.

In the tricycle configurations, the main Iénding gear must
be foéated'behind the most aft airplane c.g, position. This location
can be taken as.10% of the wing MAC behind the most aft_aiﬁplane c.g.

P i

position,
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AFPPENDIX G

'Estimation of Downwash Techniques'






) LSTimATION  OF DOWAWASH AT THE TAN:

/6 = p/:f,mcz PRol  TRAILING EDGE oF
/QboT. CHoRD TO (a.c) oF TAIL:

~

HEIGHT oF (4»9 sF TAL  ABoVE
wive Chorp PLANE .
- B, = BN of TRALLING VORTEX SHEET
e AT TAIL | .

'
oo

a = HEle4r oF (d <) oF TAIL /;gaw_

TRAILING VoRTEX  SHEET PLANE AT 777//_'
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APPENDIX H

'Velocity-Load Factor Diagram Construction
Techniques'
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Velocity-Load~-factor diagram [(V—nY diagram]

- The various loading conditions for an alrp]ane are usually represented

on a graph of the 1cm|t ]oad factor , .n, plotted agalnst the :ndlcated

ajrsEeed, V ThIS dlagram is often called a V-n dlagram, or a V-g

dlagram, since the load factor, n, is related to the acreleratlon of

gravity, g. in such dlagrams, the lndtcated alrspeed is -used, ‘since al!

airloads are pronort:onal to q. The value of q is the same for the air-

density, p , and the-actual airspeed at altitude, as it is for the standard

" sea Tevel density, p o and the indicated airspeed fi.e. -

‘where

- v

The V=n diagram is, theréfore, the same for all altitudes if the indicated

~airspeed is used.

‘The aerodynamic forces acting on an airpliane are in equilibrium:with
the forces of gravity and inertia. In symmetric maneuvers, if the airplane
has no angular acceleration, both the gravity and -inertia forces will be

distributed in the same manner as the weight of the various jtems of the

- airplane and will have'resultants acting throuch the center bf'gravity»of

the airplane., The vertical component of the resultant gravity and inertia force
is the force nW acting at the center of dgravity of the airplane. The
toad factor n is obtained from a summation of vertical forces

C, q§w=nW~

A £ A

A U e B % s
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.coefficient might be obtained at Higher speeds. For C

whence
' C -
; L Po Sw Vi'
2w
The maximum value of the ~lift’ force coefficient_CL'; may be

. a max

. attained at various airplane speeds. For Tevel flight at a unit load

factor; (n = 1),the value of'Vi_corrésponding.to C . would be the
- , L a. max o
stalling speed of the airplane. In accelerated flight, the maximum 1ift

obtained at
a ‘max- :

twice the stalling speed, a load factor of four (n = L) would be de?eloped.

this follows from the Condition

V2 L _ 2w ] P
i stall €. P
. L. e
. a  max
“and '
~ CL. o5 V¥
g —2maxow i
2V
( Vi \%
Y; st'a—-.z"!'
~for
Vi = 2vi stall
2V, o . .\2
n'=(' i stall) -l
Vi stall

Since it is possible to obtain high angle of attack and high 1ift

coefficients momentarily in a pull up,a force coefficient of 1.26 C

a max

represents the highest angle of attack for which the wing is analyzed.

e A
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velocity Vi’as_the line OA in Fig. lQ-l. This plot represents a l}miting
condition  for symmetric'maneUVers of the airplane since it is possible

. to maneuver the air plane at epeeds.and load factors corresponding to points

speeds and load factors cprresppnding to points above or to the left of

‘ fng load factor for which the airplane is designed. This load factor

nspeed for the airplane. This value is set as the maximum permissible

The value of the 1oad factor, n, may be plotted against the airplane

below or to the right of this line, but it-is impossible to maneuver at

the line, because this would represent angles of attack greater than the °

stalling angle.

The Tine AC in the figure represente the 1imit maximum maneuver-

is determlned from the speCIflcatlons for whlch the airplane is designed.
(1t IS not practlcal to desngn the alrp1ane structure so that It could
not be overstressed by violent maneuvers in this range, therefore, the

pxiot must :estrrct maneuvers so that he does not exceed thvs load factor.

h The line CD in the figure represents the limit perm}SSIble diving

speed for safety and controlability of the airp]ane. For transport
alrplanes this is the compressablllty llmlt for controllable flight taken
as M * 05 or any demonstrable safe velocity beyond V .

" Line 0B corresponds to llne 0A - except that the wing !s at a negative

" stalling angle of-attack’and the air load is down on the ang. The relation

for line 0B is:

~C ' ,
o 2 max P o Sw V%
| oW
where G is the maximum negative 1ift coefficient for the airplane.
a max _
No momentary excess of = CL is anticipated in this case.
a max

The l:ne BE corresponds to the 1ine AC, except that the limit load

factor specified for negative maneuvers is cons iderably.less than that






dive velocity ponnt at n= 0 to complete the envelope.

for positive maneuvers and terminates -at the velocity Vc; 

The line ED is drawn from the cruise velocify V¢ tinearly to the

The alrplane may, therefore, be maneuvered in such a manner that
ve]ocxtles and load factors correspondlng to potnts within the area.

0 ACD EBmay be attained, The most severe structura] loading conditions

are represented by the corners of the diagram, points A B C D E., "Points

A and B repfesent the positive: high angle of attack (+HAA) and negative
hlgh angle of attack (- HAA) conditions. Point C representé the positive
Tow angle of attack ’+LAA) condltlon and Point E the negatlve low angle
of attack (-LAA) condition. The high velocity zero angle of attack

condition occurs at point D.






Gust_Loadsf

a) The airplaq;;fs aséumed to be subjected to symmetricaf'vertfcal gﬁstsb
in level'f]igﬁt.i The resulting 1fmft load factors must correspond to the
g conﬂitions determined as»félléws:

(1) Positive (up) and negative  (down) rough air gusts of 66 fps at .
VBimust be cohsidéred ét a1tftudés between sea levej.and 20,000 feet, The
* gust velocity may bé»réduqed linearly-from 66 fps at 20,000 feet to 38 fps
at 50,600 feet; | | . | o

(2) Positf?e and negative gusts of 50 fps at V; hUSt be considered
at altitudes between sea level and 20,000 feet. The gust velocity mayAbe
reduced linearly from 50 fps at 20,000 feet to 25 fps at 50,000 feet.

(3) Posctlve and negatlve gusts of 25 fps at VD -must be conszdered
at altltudes between sea level and 20,000 Teet The gust velocity may
| be reduced ltnearly from 25 fps at 20,000 feet to 12 5 fps at 50,000
feet.
~(b)  The fo1]oWing assumptions must_be'made:

(1) The shape of the gust is

Ude ' 21Ss
U= —= (1 ~ COS )
2 N 25¢
where '
s = distance penetrated Into gust (ft);
€ = mean geometric chord of wing (ft);
and
Ude = derived gust velocity referred to in paragraph (a) (fps)

(2) Gust load féctors‘vary linearly between the specified conditioné 8’ to
G, as shown on the gust envelope. in Fig, 10-1,

(c) In fhe-absence of a more rational analysis, the gust load factors




CJ



6.
N must be cdmputed.aé follows:
K : Uy va
ne= 1+ _S.—.E.—-——
498 (W/s)
- where . ?
0.88yu
| 5.3 ‘MQ S .
2(w/s) ¢
b = -———= airplane mass ratio; :
9 pCag

Uje = derived gust velocities referred to in paragraph (a) (fps);
p = densify of air'(slugs/éu.ft.);
(W/S)= wing loading {psf);

_,f-> B _ € = mean geometric chord.(ft.);
g = accéleration.due'to gravity (ft/sec.2);
V= airplane equivalent speed (knots)- and
a= s!ope of the alrplane 1ift curve CL per. = - |
radian if the gust loads are applied to the wings and horlzontal
tail surfaces stmultaneously by ~a. ratlona1 method. The wing:
1ift curve slope CL per radian may be used when the gustvioéd.fs

applied to the wings only and the horizontal tail gust Toads are

treated as a separate condition.

Note |
'VB may not be less than the speed determined by the intersection of
thé line representing the maximum positive 1ift C . and the line repre-
a max

: /) ," senting the rough air gust velocity on the gust V-n dlagram, or /n ) V ’
\\ (3

whlchever is less, where -






(1). Ng is the positive airplane gust load factor due to gust, at .
speed.Vc and at the particular weight under consideration; and

(i) VS is the stalling speed with the flaps retracted at the particu-

lar weight under consideration.

(2) V,_ need not be greater than V

B c*

Note 2
One factor that tends to reduce the gust load factor on swept

back wings is the wing flexibility. A wing in flight tends to bend along

its elastic axis. The spanwise flow- parallel to the elastic axis of a

swebf wing has a vertical componentvhich-fends to reduce the angle of attack,

Thfé reduction in angle of attack.decreases'the CL and’therefore the
effett'of thé:gust loading, This reduction in gust load factor can be
determined after the'Wing is designed,-butAit requires a lengthy~and‘
‘rigorous calculation. For preliminary design pufposesva reduction fn,

foad factof of 15% is recommended for wfngs with 350 sweepback and

aspect ratio of betweenA6_and'8. Hence for this wing.

‘ v K Udevia .
. r.]'zx 85 (1 + 1}98 W
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APPENDIX I

'Load Calculatien, Structural Desigh and
Analysis Techniques'
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LOAD CALCULATION, STRUCTURAL DESIGN AND ANALYSIS

‘:'Ta bé abfe fo @égfgh-a stfucture, such as tHevairplane wing, it is
first necessary to study the various maneuvers the aircraft is likely to
pérForm,land pick the most critical among tHesé. A study of the V-n diagram,
which has on it load factor 1{mitatiéns for maneuvers and gusts as required

by Regulating agencies for the category of aircraftjyieldé boundary points,

and the loads occuring at these critical boundary points would be the most

severe, each producing a critical stress at different locations of the
aircraft,

The F.A.A. Regulations are deemed sufficiently stringent and if met

_ proves the airworthiness of the aircraft.

.ﬁonsjderingAsuch a point on the V-n diagram, one proceeds to evalute
the Toads on t%e aircréft. |
Cbnsider é mane uver in the symmetric.plane such as a pull out yieldihg'
a load faétqr n ‘at a velocity Vf‘
If the méneuver is a balanced maneuver such that the rate of pitch
is consténf, then the total 1ift is thatvoccuring both on the wing and tafi

and the total moment about the C.G. is zero.
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MC;G = Mwb + Mt;»= 0
Mo = Mo -+-c;n, @, gsc +.CL gsc (h - hn ) + CT qsz
W @y w A w
‘ _ s - - z
Cm T Cm , * C-m» Gyw ,'w) Ay % (h hn )+ CT =
“wb "0, oy w c
. w b )
, . . s z
=L - Cm 'w +.dw‘[aw(h-hn ) O 1+ Cr =
[e] o, w o C
W b o b
mdb) )
qu = aw-[h - (hnw - " V] = a, [h - hn bl
wb ) W
C. =C =-C 1 +%¢
n m m w - T
Oub o, o c
. - 4o ) - °
cme cmo ch [h - h Wb]
wb .
Cm = Cm .+ Cm = 0
' wb t
4. S .
S, =T = CLt
t .Cc .S
z ZtSt ,
c --C i +C_—+*C (h=h ) - c, =0
m m W T L n L
o) o c w wb c S t
w b
S
t
¢, =C +— C
L Lw S Lt
CL qs = nw

’The'ineidence of the wing iwlis set equal to the angle of attack of
wing at its design 1ift coefficient, and the 1ift cbeffiqieﬁt Eequired'during
cruise falls close to the .design 1ift coefficient. One obéerves that the
equations used above ignores drag moments and fis Qalid for small angles of

attack, One can however, proceed in exactly identical fashion if large






Kol

angles are involved and set down equations for total moment equalling

to zero. The effect of damping on the wing during pitching would also

be important. For a preliminary investigation, the above analysis is

deemed sufficient,
From preceding analysis one isolates the lift acting on wing and

tail, CL and CL . The spanwise 1ift distribution on the'wind can then
W t

be estimated. (NACA: TR921 de Young & Ha}per). For a-wing without twist
the additional 1ift distribution along span is found (Cz ). The loading
due to 1ift is then Cz tq in 1bs./ft. of span, ° -

| From.the loading jiagram the shear and bending moment distributions
along span can be found.

In the same p?ane as the 1ift lbading, are the inertial ]oading'due
to distributed weights and concentrated weights. These include wing
sfrqctural welghts, fue].Weight and weight of engineg.

Normal to this'plane, in the direction of the‘felativé wind is the
drég:pléne. In fhé drég plane, along the sbén the profile drag, iﬁdu;ed
drag and compréssibility drag are distributed. We Have in addition
concentréfed thrust forces and inertial load distributions if load factors

along this direction are involved.

The profile drag distribution may be éséimated as 2 Cf K C q/ft. of

‘span.

Cf - skin friction drag coefficient based on Reynolds Number

Corresponding to M-A'C‘wing exposed

K - form factor
“C = local chord

q = dynamic pressure,
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The local induced drag coefficient can be estimated aS‘CZ €,
. a
where ¢ is the downwash at the trailing edge in radians

-That is, Cd. = Cz e -
i a
b G, .
and ¢ = —2% - —2 ' » the difference
a 21T cos A
wooo B
B .

in angles between angle of attack locally and the angle 6f attack of an

infinite span yawed wing producing CL at the Mach number in question .
a .

A, = tan-l ( —EEE—A)
B B

" The drag load distribution due to induced dfag = Cd; C q/ft. span.
._'Compressibi]ity drag,'if flight is.ét a Mach.numberjbeyond.the |
drag divergent, depends -on the loca] value of Cz .

Load distribution in the 1ift plane and drag plane being known
along with concentrated forces in these planes, shear and bending movement
distributions can be found. Integration of loading diagram would yield
the shear distribution. Further fntegration would‘résult in bending
moment distribution along spaﬁ}

Note must be taken of the fact that if Vi is to be constant (no
load factor in drag plane) the drag must be matched by the thrust. If
thrust is Tnadequaté this.wou1d result in an inertial.loadiﬁg in the drag

plane opposite to the direction of acceleration.
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N.A.C.A. REPORT  TR92I John DeYoung and Charles W.Harper.

THEORITICAL SYMMETRIC SPAN_LOADING AT SUBSONIC SPEEDS FOR WINGS

HAVING ARBITRARY PLAN FORM

¢, C

]

‘The span ]oadfng coefficient ——2—

o Cav

may be read from the f0llowing charts.

b "= span Charts are provided for values
Y =  semi span station - of M= 0,0.383,0.707,and 0.924
C - chord at stationy . ) ’
Cav- Average chord
_CL =  Wing 1ift coefft.
C] - lift coefft. at station y of the wing-
: -vC] c
For each value of M, for the taper ratio of the wing, read ~—~—Se
_'agaihst values of AB-apg, BA/k ¢ Cav‘

AB = tan ( tan AL) , where A= 35 and B= ¢’(|-M ) . B : o R ;

A - Aspect ratio
( wing sectiop,per radian)

'B'z"':r"COSAjB

‘at any spanwise station ) = -

- b/2
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