
NRC - CISTI 
J.H. PARKIN 

BRANCH 

~:-; 2 9 1995 

ANNEXE 

FltfR~WitdLT 



. ; • 

LONG RANGE ARRO\l 

P.R. 7-1 Appendix 2 

PROJECT RESEARCH GROUP 

Prepared ey ~ ,1= 

Date CS~VT ~/S7 

Approved ey ::z«:::: 
na te J~,,,,-M z 

7 

~. 

'• 

C 
z 
(') 

r 
)> 
CJ) 
CJ) ,, 
(TI 

CJ 



•• -
I1'DEI 

Pages 

Introduction . . . . . . . . . . . . . . . . . . . . .. 1 

Evolution ••.•••••••• • • •. 

Basic Modllication for Long Range Arrov 

Long Ra~e Arrov • • • • • • • • 

G. A. and Dimensions 

Preliminary Performance. 

Mission Profiles 

S1JJDI?l8l"f • • • • • • • • • • 

2 - J 

4 - 7 

• 8 - 25 

8 - 9 

. 10 

•• 12 - 25 

•• 26 

. ) 

C 
:z 
0 r·­
;i:, 
CJ) 
(l) ,, 
rrl 
CJ 





• -
EVOLUT\ON 

5TUDY 1 -
ADVER'5E C.G.> C.P., 4.MAIN U/C 
.CONDITION~ 

,--
1 

~ 

STUDY 2 -

-, 
I 

_j 

STATIC MARGIN MAINTAINED 
AND MAIN UNDE12C.A~RIA~ E 
A(C~ODATING 

f"\G. 1 

-. 

~ 

C: 
z 
() 

• J;> 
en 
CJ> -,, 
-rr1 
0 



EVOLOTIOR 

Prior to expoaiDg the Long Range Arrow features a brief su111111111·7 on the noluilon 

of studies is presented• 

Stildz. l 

The placement of the raajet wing tip pods and additional wing area created u 

adYerH 00-CP-U/Ccc:abiDation. Thi• neceaaitated NlocaUnc the main undercarriage. Flirther 

it vu telt (b7 the StreH Office) that the preeent deaign could nner cope vitb a ta~:t 

weight 1n nceH or 75 - 80,000 lb. 

Careful conaideration of the abon and other probleM prcapted an noluilon t. 

Stug 2, vbicb repreaenta the Long Buige Jrrov Propoaal. 

Studz. 2 

iD!t p!,a~t of tbe _naj~t pode and addiilonal ving area maintained the atat1e 

S. • ■-1-:tud tile ffloeatioa-ud cc:ablaatlon of~ uin undercarriage vitb the ra,~ 
- --- ,.., ___ ~ - --

P.r} ~ \ lff:!•l~;;_laa tbe "90ftl of tbe Min diaa«!~tae•.! ot_1tudy 1. Tbu8 we now ban the 

tMae~Nlatb• 011-CP-.J/.l..placaenta U ' oa tbl!Jm,v 2. 
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. - . 
BASIC MODIFICATIONS Fa? LONG RANGE ARROW 

ITEM 

UNDE~CARRIAGE 

MIXED FOWER 

REMARKS 

(I) UNDE~CARRIAGE REMOVED AND SFAC.E USED Foe FU£l ~20C0 L8S 

(2) UNOElcCAl2'.12JAGE INTEGRATED WITl-1 RAMJET P'(LON S, 

AND RELOCATED TO THE INN~ AND ouTEQ WIN~ 

T'<AN5FG'cT JOINT. 

COMBINATION OF TLRl:30JET AND RAMJET POWER. 

PROVIDES A LIGHT AND EFFIClt:::NT SYSTE\V1 

CAPABLE OF ExTeE~l~LY ~i~H PERR)Rtl\AN(J 

)NG?EASED FUEL I lcAMJ~T l--Cl),S Sl:ic:\IE AS f"ULl .. POOS DU\21NG. 

C.12UI SE - o..)T. 

DRAG l::'.E:Ol.J(..TI0N I U) ADDITION CF CANARD 

(2) IN(l<EASED WtNG. AREA 

(3) INCl<EA~ED ASPECT ><.AT10 
C 
z 
() 

r 
l> 
(J) 
(I) ,, ,,, 
0 



• - • 
BASIC MODIFICATIONS OF LONG RANGE ARtlQW 

UNDERCARRIAGE 

It has been established that the take-off weight of a Long Range Jxrow is of the order of 

105,000 1~' and it is very unlikely that the present main undercarriage scheme can be develored to cope 

with these loads. Further the redesign should be capable of a potential take-off weight of much more 

than the immediate 105,000 lb. requirement. 

MIXED POWER 

A plausible solution would be to: 

(1) Rpmove the existing undercarriage and utilize the sµice for fuel storage. 

(2) Integrate the main undercarriage with the P7lons which support twin ramjets and ar:e 

located at the transport joints of the inner and outer wirlg. The bulk of the incr:eased 

veight ~ld J:,e concentrJted at the undercarriage thus keeping other structural 

cbang• to• lllln!mua. 

A high supersonic performance ~~y be achieved without sacrifice of subsonic capability by 

the utilization of mixed power plants . . 1li1s principle when applied to the Avro Arrow results 1n ,, . 
increased performance at altitude. It, is therefore recommended thata 

(1) A pair or 36" di11J11eter raJDjeta straddle each pylon-undercarriage structure. 
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The preceding three basic modi!icaUons vould in effect reduce the drag at M 2.5, 90,000 ft. altitude 

Profile Drag - 4900 lb. 

Induced Drag - 6950 lb. 

Trim Drag - 1230 lb., totalling lJ,080 lb. and reduction of over 9,000 lb. 

It should be noted, however, that the subsonic drag, at M = .92, 40,000 rt. and w= 22,000, increases 
p 

approximately from 6,660 to 7,000 lb., a small subsonic penalty to pay for attaimnent of a 90,000 ft. ceiling. 

(1) ~ 

It is intended that the canard be used as an additional trim control at supersonic speeds only. 

At subsonic speeds it would be retracted into the 4 rt. nose extension. The aircraft controls 

in all other respects could function essentially the same. It is felt that the additional 

canard air loads induced into the fuselage can be adequately catered for by increasi~ the 

skin thic~ess. 

(2) woo ma 

The incre••~ wing area ma7 be obta!ned by utilizing an entirely new outer wing or a lesser 

•we-~k mg!,. Tbe reaulting incn-eued Up chord {rrm 52.085 to 102 in.) also proYides !or 

a •£h_aUft~r wing. It la bovffer uticipated that acme re-nmping o! the aileron and aileron 

control uy be neceaa&J'f • 

(3) The addition ot 10 rt. to the exiatJ:nc apan 1-lcreases the aspect ratio !raa 2.04 to 2.55 there­

by resulting in a substantial reduction in induced drag. . . .... ,. 
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LONG RANGE ARROW PROPOSAL 

~~-t ~~~~s) 1-
.... o '-"'OERcAR'<'._l~El!I 

)llit<l "II"" 
CAM .. RD "~EA 
!LSVA.TOQ A.Rl!A 
AILl'RON ARe:.A 
P~ Alt~A 
R.U00t!'l M.e-A 
3tPC 1"'1"4 MZ.eA 

ASP&c.T RATIO ~-L.£~'9'TM 

ESl1"1AT•O • 
Z:.•Q;o P.V9L.WEl"M,-
ltlTW0JAL ,.-I.ML 
....,.,lit) ,-u,oL ""°'_,...,. 

I 
I 
I 
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(l''\ 

LDMG. RA~~ 

ASiZ.ROW 

1410 FT'-
~..,-• 

ICC. ,--r 
8" ,.,.. 

11' f'T' 
!IO FT' 
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z.M .., ..,. 
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l OT, 000 Le!,, 

' I 
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RETI?AC.TABLE CANA~D 
IN 48 ., NO:IE El<TE"1510N 

,-.x-::c,~:) 

INC~EA":)ED WEIGHT 
WNCENT~ATED OVE~ 
..,AIN UNOEii::.CARR.IAGE' 
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TO 2UPOE~ 
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Pst_tt'I a,._.,., T0'3,itll\l.9\ ~~, --- ~ - -· 

_______ ----
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LONG RANGE AVOO ARROW PROPOSAL 

TABLE 1 

AR'KOW 2 ~G ~NGE A~'e.OW 

WING· AREA 1225 SQ FT. 1410 SQ.i=T 
CANARD Ae..EA NIL 32. SQ. FT 

ELEVATOR AREA IOto <3Q.FT. IOG 50. FT 

AILERON Al<,E"A GG SO.FT 88 SQ. FT 
FIN AREA 170 SQ. FT I 7 2. SQ. FT 
SIDE FIN ARE.A NIL 90 SO. FT 
RUDDER Al<.EA 38 50. FT 50 SO. FT 

ASPE.CT RATIO 2.04 2 .55 
SPAN so FT 60 FT 

LENGTH 4 TI, AOOEO 1b NOSE 

ESTIMATED :- ,. 
ZE'RO FUEL WEIGHT f 4. 5 I G:, LB'$. 50,500 L8"S). 
INTERNAL FUEL !~ .4 3 'o LB'S 27,500 LBS 
PODDED FUEL 

.. 
29.200 LBS 

T.O WEIGHT 107,000 L~S 
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LONG RANGE AV1<0 Ak?k?OW 

PRELIMINARY PERl="ORMANCE ESTIMATES 

TABLE Z. 

1. ASSUMPTION~ ~ Cc = C O 1 + 6 Co. ,. .023 +.00338 
Q lb /1.!<R.P,'H r'OO"i, 

Z. CLIMB DATA 
W IC.1-l FONtR • LB 

41.000 78,520 1.5 20,000 TJ+ABtl:::-1 17,450 

50,000 77r;,50 I. 5 10.000 S.770 
c;.o.ooo 73.'-50 I. 5 7. . G..~70 
4-/ ,000 8QC:00 2 .5 130, 70,400 
50,000 79,COO 2.5 \OS, ., 5Q4(X) 
,o.ooo 79. 2.5 42.. ,, 22, 
70,000 19.000 2 . 5" 27. II 14.bOO 
ea.coo 79.a::t::) 2.5 ~. ~ "3,4"30 

5. CRUl'5E DATA 
IAll lTUr"lF WE'lt;HT M G NOTe 

70,000 79,(X)() 2,5 1 
10.(XXJ 70.CDO 2.5 • 1.5 $LJ~TAINED 

S0.000 80.0CC 2 , 5 J 
800QO 70,fXYj ~.o 1.5 50$TAINED 

90.000 '10.CXX) '3.0 l 
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LONG RANGE ARROW 
~UBSONIC CRUISE OUT 

INTE"RN AL FUEL c ~400 LBS > PLUS c ':l 200 LBS IN RAMJET POD5 

MISSION ~1 

5 MINVT 
E'S C°"'16ATIAT M • 2 I AND ! 
p.lSTAINEt) 2,5 c; MANOteUIIQE' AT ,:-U 
L PDWerQ !l'TH Ae • .. J)~ 

~: -
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MISSION NO. 1 - LONG RANGE INTERCEPTION 

This constitutes a subsonic cruise-out followed by 5 minutes 

combat at Mach 2, 50,000 ft. altitude, and sustained 2.5 g manoeuvre 

at full power. The return radius consists of a Mach .92 climb cruise, 

15 minutes loiter at 50,000 ft. altitude and a landing vith reserve 

fuel for 5 minutes loiter at sea level. The operational radius o! 

this mission is 900 nautical miles. 
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LONG RANGE Af<ROW MISSION *2. 

~UB50NIC CRUISE OUT 

INTERNAL l=IJE"L 25,400 Le&. PLUS 29.~00 LBS I~ QAt,,\JET POO~ 

~ .ooo "T AT "'1•2 

MA~OEU\I I: 

ln000 l'T 

~'-

q,Z 

r5±\\Ae ~,~E o•Sl ':,,-

Ae»·H~J) 

I 
I 
1--

__ c.LMe V'"~" §!f'.'!:JJ'~ "'• ·-

~ J 
I 

ACCREl?ATEj TO 

M • 1.5 A/B I.IT 

11-7---t----+--+-----l-----t---,-

(._ -:: LOrTF~ A.T 
- :-_:._,:,~ 1'!5 M,NVTE~ 

-;.:, 5Qooo FT 

I 

I ~ ~ I I I 

_J 

I 
I 

I p WITH iESER.VE 

:/ FCfi!! -~ I Tl!1I:. /ff L . 

OUT~O RADIUS - 350 NAUTICAL 1-11LE~~ RACllU5 - 9~ ~ MILES 
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MISSION NO. 2 - LONG RANGE INTERCEPTION 

This mission constitutes a subsonic cruise-out, followed b)' 

5 minutes combat at Mach 2, 60,000 rt. altitude and 1.5 g sustained 

manoeuvre at full power. The return radius consists of a Mach .92 

climb cruise, 15 minutes loiter at 50,000 ft. altitude and a landing 

vlth reserve fuel for 5 minutes loiter at sea level. The operational 

radius of this mission ls 950 nautical miles - somewhat more than on 

Mission 1, because of 5 minutes combat at a higher altl tude. 
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LONG R.ANGE AR~OW MISSION # 3 

SUBSONIC. CRUISE OUT 

INTERNAL FUEL '25,400 l.85, ?L\JS 29.200 LBS IW RAMJl:T PODS 

~0.000 FT -------- --;:- ----
tA• ·°:I·':..-

e a,..c.~.f' !..----
,...--- .... , 15 MIMUTe~ 

c~Ulj --- '----~1 LOITER AT 
(Ll>"8--- ,-., ~C\000 FT ... --

I 

- - -· I 

37,000 FT. 

- - - --

~e>C~ ~e 
I I 
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I 
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- r 
I 
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I I 
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T0&5 so...e I 
LAr ,0 Wm< RE5E 

I I RVE 

E,.L. 

::/ AT 500 F 1/FUI 
L FOR 5 MIN !TE$ 

! 
: LO TER AT 5.L 

'500FT .... 32 I 

2.ao ,,u1 

OUTBOU"'-10 Q.AOUS - 920 NAUTICAL MILE'S RETUR.,_ R.l'JJIUS - 920 ~AUTICAL MILE '5 -
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LONG RANGE AQQOW MISS/ON ~ 4 

SUBSONIC CRUI S E OUT 

INTERNAL F UEL 2. 5.400 LBS, PLUS 2 9 . 2 00 LBS IN RAMJET F'ODS 

5.:,_000 ~ J · - -
i ,-.A • . 9< ---.::-.--':j ,s ,,mw 1:'i, LOITc~ I e ,.._cv- "' ---I i 

:E:
,0,s_g. ___ ----- ..._ ___ 

I i c., u >A.!,>~ -- .,. AT !:lO, )00 FT 
I r--- r 

I 
' I I 

~ ? I -- ---- .- - - - ·-
c.l\MB (J2dl 

~ ').J \ ,.. 

I 
I 
I 

31,000 FT ...--- I I 
I I 
I I I I I I 

ii I 

--- ~ ·------J --

I 
I 
I 
I 
I - - -

' I/ T0:'>5 SOI B I 

I AT 5000 T 
LAND wm RES~!;: M ... 9-z. I 

5,000 rT ; FUEL F<e. I.AINUTES I 

&.L.. I :; LOITER Ar ~L. 

2 e o N.M. 

0 UT 80UNO RA0\U$ - 9 10_ NAUTI C A L MILES RETVl2N 0:ADI\JC. - 910 NAUT\C.AL MIL~~ 
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MISSION NO.~ - HIGH ALTITUDE TOSS BOMB 

This mission consists or a 690 nautical mile cliJRb cruise at 

Mach .92 folloved by a descent to 5000 rt. altitude and a cruise !or 

280 nautical miles, immediately after which the banb is tossed. The 

return radius consists of a climb to economical altitude, a Mach .92 

climb cruise, 15 minutes loiter at 50,000 ft. and a landi.Dg with fuel 

reserves for 5 minutes loiter at sea level. The operational radius 

o! this mission is 970 nautical miles. 
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LONG ~ANGE Ar2r20W MISSION * 5 

SUBSONIC CRUISE 

INTERNAL FLJEL 25.400 LBS, PLUS 29.200 LB<:. IN RAMJET F'ODS 

S\,000 FT - >-
-

i.---L---
~E p.l~ ~ 

~ 

~ ----~ nooo FT 

~-'-· 

RANt=;E - 254-CI NAUTICAL MILES 
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70.000 ~T 

~e..oc::o J:: T 

?,7_000 ~ T 

-
LONG !<ANGE AQQOW MISSION# 6 

'SUPERSONIC. DASH AND C.OM BAT ATM• 2 . 5 

F"EL 54. "PO LBS 

I fP '{' Mo f'"co I 
h ,o r u=, "'~tt 

, M.2.s 

I 

f.5., ~i\N.)lic ~&"-------t------t-------t--,--

1 
I 

I I I I ! I I I -- -
I 
I 
I 
I 

11 1 ' l'' ,e --r- '~ ----- (- -- - ~ IS Ml~ UTE'f:, LOIT""ER, 

- - - - AT 50.000] l="T 
r­, 

r---

40 MINUTE'' 

LOll"E~ A T 

30 ~41 000' 1::-,: 

~ 

- 1- -· 

ACCE LE ~ATI 

TO M •I Z.5 

H----1----- + ---+- ---- - -l 
I 
I 
I 
I 
I 
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I 

I 

·r----i - - - - -1 

.- I I I I I / I I --i-·- --r----
1 
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, '/1 I I I 
... L . r::: ... , ~ --- 1 J'25 N.M. 1 R.ETUl1.N RAOll.lii r 

LANO w1n-1i 1<:E$El1.VE 
F"UEL F~ '15 ~IN\JTE': 
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LONG RANGE AQk?OVV MISS/ON *7 

80.000 FT 
suPEgO"-IIC DASH AT M-2 5 , ANO COMBAT AT M ~ 3.0 

,~ M••-

~ 10 o INUTE5 COt.41 fAT FUEL !4.c;;oo LI s AT ~• ~ .O ANO 
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SUMMARY 

The philosophy behind this proposal is to make every possible use of the engineering that 

bas gone into the Avro Arrow I, II and III. One might argue that the proposal calls for substan­

tial redesign and it would be better to start at the beginning and design a new aeroplane. How­

ever, 1n the consideration of overall econany and time, it is felt that utilization of the present 

engineer!~ systems and airframe center portions 'WOUld indeed be worthwhile. 

In conclusion, some of the highlights of this study are listed below, 

and finally, 

(a) Avro Arrow hardware and systems used with minimum modification commensurate 

with M = 3 capability. 

(b) Most of Mk. III developnent would be utilized. 

(c) Provision for installing mixed fuel operation. 

(d) Most of added weight concentrated over redesigned and relocated main under­

carriage capable of develoµnent for higher T.O. weights. 

(e) Jet pods capable of containing much more than 29,200 lb. of fuel. 

(f) Area rule application could reduce parasitic drag. 

(g) The Long Range Arrow ls a means of prolonging the life of the .&vro Arrow and 

extracting the maximum amount of return from the current and immediate future 

Arrow investment. 

- 26 -

c.: 
z 
n 
r 
► 
Uv 
1(,/) 

-11 

m 
0 




