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LONG RANGE ARROW PROPOSAL

INTRODUCTION

The potentiality of an airplane lies in its flexibility, i.e. being
capable of fulfilling a variety of mission profiles. If we are to be able to develop

the Avro Arrow to its fullest extent we must:

(1) Arrange for more power to increase Mach mmber and altitude.
(2) Arrange for an increased fuel load for increased range.

(3) Arrange for a higher take-off weight to accommodate (1) and (2).

In fulfilment of the above conditions a carefully proposed configuration
is shown in Figure 2. The changes are more than minor modifications, but it is felt

that the increased potential of such an Arrow will be well worth the effort.
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FVOLUTION

1
\J ]
STUDY 1 - STUDY 2 -
ADVERSE C.G,CP, +MAIN U/C STATIC MARGIN MAINTAINED
CONDITIONS AND MAIN UNDERCARRIAGE

ACCOMODATING
Flg. 1



EVOLUTION

Prior to exposing the Long Range Arrow features a brief summary on the evolution
of studies is presented:

Study 1
The placement of the ramjet wing tip pods and additional wing area created an
adverse CG-CP-U/C combination. This necessitated relecating the main undercarriage. Further

it was felt (by the Stress Office) that the present design could never cope with a takeroff
weight in excess of 75 - 80,000 1b.

Careful consideration of the above and other problems prompted an evolution te
Study 2, which represents the Long Range Arrow Proposal.

Study 2

The placement of the ramjet pods and additional wing area maintained the statie
margin the same, and the relocation and combination of the main undercarriage with the ramjet
p&lons resulted in the removal of the main disadvantages of Study 1. Thus we now have the

same relative CG-CP-U/C placements as on the Arrow 2.
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BASIC MODIFICATIONS FOR LONG RANGE ARROW

INCREASED FUEL

DRAG REDOCTION

ITEM REMARKS
UNDERUARRIAGE (1) UNDERCARRIAGE REMOVED AND SPACE USED FOR FUEL ~2 000 LBS
(2) UNDERCARRIAGE INTEGRATED WITH RAMJET PYLON'S,
AND RELOCATED TO THE INNER AND OOTER WING
TRANSPORT JOINT,
MIXED POWER COMBINATION OF TURBOJET AND RAMJET POWE R

PROVIDES A LIGHT AND EFFICIENT 9YSTEM
CAPABLE OF EXTREMELY HiaH PERVORMANCE

RAMUET FOLS SEEVE AS TFLLL PODS PURING
CEUILSE - ©OT.

a) ADDITION OF CANARD
(2 INCREASED WING AREA
Q) INCREASED ASPECT 2ATIO




BASIC MODIFICATIONS OF LONG RANGE ARROW

UNDERCARRIAGE

It has been established that the take-off weight of a Long Range ‘rrow is of the order of
105,000 1b. and 1t is very unlikely that the present main undercarriage scheme can be developed 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 1b. requirement.

A plausible solution would be to:
(1)  Remove the existing undercarriage and utilize the space for fuel s torage.

(2) Integrate the main undercarriage with the pylons which support twin ramjets and are
located at the transport joints of the inner and outer wing. The bulk of the increased
weight would be concentrated at the undercarriage thus keeping other structural

changes to a minimum.

MIXED POWER

A high supersonic performance may be achieved without sacrifice of subsonic capability by
the utilization of mixed power plants. This principle when applied to the Avro Arrow results in

increased performance at altitude. It is therefore recommended that:

(1) A pair of 36" diameter ramjets straddle each pylon-undercarriage structure.

SSVONN

ssma

L
m

i

d



INCREASED FUEL

Additional fuel can be carried in:
(1) Ramjet pods 29,200 1b.
(2) Outer wings 6,000 1b.

(3) Former wheel well 2,000 1b.
thus increasing the fuel load to at least 19,438 + 37,200 = 56,638 1b. It is noteworthy that the Long
Range Arrow mission profiles to be shown later are based on a 54,600 1b. fuel load and a 105,000 1b.

take-off weight.

DPAG REDUCTION
A drag estimate of the Avro Arrow 2 showed that at M 2.5, 90,000 ft. altitude and W/P = 250,000 sq-in.

the drag components to be: -
Profile Drag - 4,080 1b.

Induced Drag - 11,080 1lb.
Trin Drag - 6’%0 lbos tota].ling 22,120 lbo

Profile drag is relatively a 'fixed item' and any large improvement of it was unlikely. Therefore

the reduction is more probable in the induced and- trim drags. Consequently it is recommended that: ;

(1) A canard be added to provide supersonic trim, 32 sq.ft., L.E. at station O. ¢

(2) The wing area be increased from 1225 to 1410 sq.ft. (outer wing increased).

(3) The aspect ratio be increased from 2.04 to 2.55.
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The preceding three basic modifications would in effect reduce the drag at M 2.5, 90,000 ft. altitude

Profile Drag - 4900 1b.

Induced Drag - 6950 1b.

Trim Drag - 1230 1b., totalling 13,080 1b. and reduction of over 9,000 1b.

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

P
approximately from 6,660 to 7,000 1b., a small subsonic penalty to pay for attaimment of a 90,000 ft. ceiling.

(1) caNARD

It is intended that the canard be used as an additional trim control at supersonic speeds only.
At subsonic speeds 1t would be retracted into the 4 ft. nose extension. The aircraft controls
in all other respects could function essentially the same. It is felt that the additional

canard alir loads induced into the fuselage can be adequately catered for by increasing the
skin thickness.

(2) WING AREA

The increased wing area may be obtained by utilizing an entirely new outer wing of a lesser

 sweepback angle. The resulting increased tip chord (from 52.085 to 102 in.) also provides for

a much stiffer wing. It 1is however anticipated that some re-vamping of the aileron and aileron

control may be necessary.

(3) The addition of 10 ft. to the existing span increases the aspect ratio from 2.0, to 2.55 there-

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

\NNEE WING

-RESKI NEDl
PYLONS  SUPPOR T C\t'\LITH HEAVIER
RAMJIET - FUEL PODS i}

AND UNDERCARRIAGE U/

LONG RANGE : :
ARROW e
WING AREA 14i0 FT* c‘l
CANARD AREA 32 FT S
QETEAQTABLE CANAED PO$| 10
e el iy - IN 48 “ NOSE EXTENSION '~ uNC'-‘11';-"Jf‘-’\-t"?ﬂ
FIN AREA 7@ FT
RUDDER AREA 0 FT*
JIDE FIN AREA 820 BT
ASDECT RATIO 2.55
SRaN 6o T
LENGTH 4'ADDED TO NOSE INCREADED WEIGHT
Bl CONCENTRATED OVER
ZeR0 KUEL WEIGHT | 50800 1e5. MAIN UNDERCARRIAGE
INTERNAL FUEL 27438 LBs,
PODDED FUEL 29,200 LBS
TO. wWeEreHT 10T, 000 LBs,
NEW OUTEE WING
12 FT* ADDED
TO RLUPDER
: -SIDE FINS ADDED
Lo AT TOTAL AREA JOFT"
r—r"—' [ eenn— 2
B <icniiiis 0 ume ——— -
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: L U LENGTH REDUCED
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LONG RANGE AVRO ARROW PROPOSAL

TABLE 1

ARROW 2 LONG RANGE ARROW
WING- AREA 1225 9SQ FT. \410 SQ. FT
CANARD AREA NIL 32 SO FT
ELEVATOR AREA 106 SQ.FT 106 SO. FT
AILERON AREA 66 S4.FT 88 SQ. FT
FIN AREA I TO SQ FT |72 SQ. FT
SIDE FIN AREA NIL 90 SO.FT
RUDDER AREA 38 SO FT 50 SO.FT
ASPECT PRATIO 2.04 2.55
SPAN 50 FT 60 FT
LENGTH 4 FT, ADDED TD NOSE
E STIMATED -
ZERO FUEL WEIGHT 44516 LBS SO.500 LBS.
INTERNAL FUEL 19,438 LBS 27,500 LBs
PODDED FUEL 29,200 LBS
T.O0 WEIGHT 107000 LBS
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LONG RANGE AVRO ARROW

PRELIMINARY PERFORMANCE ESTIMATES

TABLE ¢

1. ASSUMPTIONS ECp = Cp o .+ NCo,

ARROWS FOoDS

=.,023+.00338

2. CLIMB DATA

ALTITUDE WEIGHT WM< | RIC ryme] FOWER | Ak~ LB
4,000 |78520 | I5 |20000 |W+BtRY | 17450
50000 |77.650 | 1.5 | O.000 BT70
G0.000 |79 50| 1.5 7300 & G710
4),000|80000| 2.5 13052009 70,400
50,000|72,000| 2.5 |05, 200| 56400
0,000, 79,000 2.5 | 42,500 -« 22 800
70,000 79000 2.5 | 27,300 | 4,00
80,000 79.000| 2. 5 6400 2430

3 CRUISE DATA
ALTITUDE] WEIGHT | M G NOTE
70000 |73,000 | 2.5 1
70000 | 70000 | 2.5 1.5 SUSTAINED
8D,000| 80000| 2.5 |
80000 70.000| 2.0 = SUSTAINED
90000| c0.000| 3.0 ]




LONG RANGE ARROW

The Long Range Arrow lends itself to a variety of roles:-

(a) Long Range Supersonic Interceptor - could be a threat to the

Mach 2, high altitude bomber.

(b) Reconnaissance Arrow - which with greatly improved performance
is provided with a very useful Mach 2.5, 90,000 ft. altitude
dash for evading potential enemies and positioning prior to

the observance and photographing of target areas.

(¢c) Tactical bomber should the need arrive.

A variety of missions demonstrating the flexibility of this Long

Range Arrow is shown in the Long Range Arrow Missions 1 to 7, following.
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LONG RANGE ARROW MISSION #+1

SUBSONIC CRUISE 0OUT

INTERNAL FUEL 23400 LBS , PLUS 29200 LBS IN RAMUJET PODS

5.M\Nu1'ies COMBAT’AT M=2Z
AND SUSTAINED 256G MANOEUVRE
AT FULL POWER (T)aaBa =)
50.000 FT AR AR : e~ TN NS
cROIHE_BACK B =="" _——_ Y 15 MinuTES
CAWMB === » > LoITER AT
T —— /) 50,000 FT
e
]
< !
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o [EN > = =" :
37000 FT r/ i
|
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|
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|
)
]
|
I
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|
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|
[
|
|
' =
| =
LN e B} P
: hetliod
i
| LAND WITH RESERVE -
; FUEL| FOR 5 MINUTES e
I / LOITER AT S.U. oy
s <D
QUTBOUND RAIUS = 900 NAUTICAL MILES | RETURN RADIVS = 900 NAUTICAL MILES
{




MISSION NO. 1 - TLONG 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 e¢limb cruise,

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

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

this mission is 900 nautical miles.

-13 -

a31341SSVYTIONN



LONG RANGE ARROW MISSION #2.

SUBSONIC CRUISE OUT

INTERNAL FUEL 25400 \BS PLUS 29200 LBS W RAMIET PODS

el

60000 FT :
2 S5 MINUTED COMBAT| AT M:=2
I |AND SUSTAINED LSG| MANOEUVRE
| |AT PuLL PPWER (TIHAB 4+ RJ)
i
]
]
t = Sz - — -
) acy AT MZZZ =77 "< s mmuTeESs
! _cume ¢enst = C____HAlrorrer AT
g --’| saococo FT

W
ACCELERATE| TO

& F cume CBY
. 37O FT [___—-——’— M=1L5 A/B L\T

ke E e s |

LAND WITH RESERVE
FUEL FOR MINUTES
LOITER AT L.

™\

S\,

OUTBOUND RADIVS - 950 NAUTICAL MILES RETURN RADIUS — 950 NAUTICAL. MILES




MISSION NO. 2 - IONG RANGE INTERCEPTION

This mission constitutes a subsonic cruise-out, followed by
5 minutes combat at Mach 2, 60,000 ft. 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
with reserve fuel for 5 minutes loiter at sea level. The operational
radius of this mission is 950 nautical miles - somewhat more than on

Mission 1, because of 5 minutes combat at a higher altitude.

= I -
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LONG RANGE ARROW MISSION # 3
SUBSONIC CRUISE OULT
WTERNAL FUEL 25400 LBS, PLUS 29200 LBS \N RAMJUET PODS
2000 FT —
z (){\,‘__‘2"—":——~:\ IS5 MINUTES
nae BRE=-T e __\ LO\TER AT
me_ 523 =i’
- 50000 FT

QuMB_

2.9%.

CLMB CRUSE 2 — [CEAL

17000 FT. ’—/"

R T G ——— ..__‘

e
f
!
I
f
[
f
f
I
!
)
!
I
!
!
!
)
t
|
|
1
[
1
l
1
t

LAND WITH RESERVE

FUBL FOR 5 MINUTES
(]

LOITER AT 9.4. -

TOSS BOMB
AT 500 FT

:
a
o
S

o

280 NM
RETURN RADUS -920 NAUTICAL MILES

SOOFT M

S.L.

OUTBOUMD RADIUS - 920 NAuTICAL MILES
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MISSION NO. 3 - LOW ALTITUDE TOSS BOMB

This mission consists of a 540 nautical mile climb cruise at
Mach .92 followed by a descent to 500 ft. altitude and a cruise for
280 nautical miles immediately after which the bomb 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 landing with fuel
reserves for 5 minutes loiter at sea level. The operational radius

of this mission is 920 nasutical miles.
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§2000 FT

37.000 FT

S.L.

LONG RANGE ARROW MISSION = 4

INTERNAL FUEL 25400 LBS, PLUS 29200 LBS

SUBSONIC CRUISE OUT

IN RAMJUET PODS

e | — e
w “ T _MEZ=F 7T _~—=K) i5 MINUTES LOITER
5E B‘—K'—‘— \ 4=
LB (R~ ~-=12/ AT 50,000 FT
= r
r q
| ] )
: s : P Ue A I §
B cruEE VT Lo - " ]
— | i |
! |
]
! |
! ]
i ; l
l \
I i
|
0
1
M i
[ I
[ |
| |
| i
| |
b | ]
.' TOS5S BOMB :
TR B e il | | LAND win{ RESERVE
ke | |/FUEL FOR § MINUTES
| | 1/ LoiTER AT sL.
280 N.M.
MILES RETURN RADIVUS ~ 970 NAUTICAL MILES

OUTBOUND RADIUS - 970 NAUTICAL
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MISSION NO. 4 - HIGH ALTITUDE TOSS BOMB

This mission consists of a 690 nautical mile climb cruise at
Mach .92 followed by a descent to 5000 ft. altitude and a cruise for
280 nautical miles, immedistely after which the bomb 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 landing with fuel
reserves for 5 minutes loiter at sea level. The operational radius

of this mission is 970 nautical miles.

.19 -



LONG RANGE ARROW MISSION + 5

SUBSONIC  CRUISE
INTERNAL FUEL 25400 LBS, PLUS 29200 LBS IN RAMJVET PODS

5,000 FT ——

My
MBS CaﬁfL&'—
__5’_\/

7000 FT f/’/

RANGE - 2540 NALTICAL MILES




MISSION NO. 5 - 1ONG RANGE FERRY

This mission consists of an economical Mach .92 climb cruise
between 37,000 and 51,000 ft. altitude, and represents the ultimate
range with no reserves on landing. The ultimate ferry range, based

on 54,500 1b. of fuel is 2540 nautical miles.

- 01
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LONG RANGE ARROW MISSION * &

SUPERSONIC DASH AND COMBAT AT M=2.5

FPEL 54, 600 LBS
10 MINUTES COMBAT
M? ATWM=25 AND sUsTANED
70,000 FT Ma2.5 N i 1.5] @ MANQEUVRE.
[}
|
!
|
|
|
|
| :
R 3 :
sl ‘
|
| 5 ‘
X AR S = = &
48000 FT - R = L (,-———\;1 1S MINUTE S LOITER
~———"3 AT 50000|FT
I | i
60 MINUTES | 1
LOITER AT i |
38-41,000] :
ACCELERATI i
37000 FT TO M= |25 :
|
I
|
a |
1
|
|
|
|
|
)
)
1
|
|
|
|
]
1l |
o t
|
| S
| LAND WITH| RESERVE &4
| | FUEL FOR |5 MINVTES
! / LOITER AT SL. —
S, | v}r“
250 N-M‘J 325 N.M. RETURN RADIVS o
! 575 NM. 'm
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|
|
4

[
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MISSION NO. 6 - U.S.A.F. LONG RANGE INTERCEPT MISSION MODIFIED

This mission consists of an economical climb cruise for 250 nautical miles fol-
lowed by a 60 minute loiter at 38 - 41,000 ft. The aircraft is then accelerated to
Mach 2.5 and climbed to 70,000 ft. at which altitude an approximately 280 nautical mile,
Mach 2.5 dash 1s executed, bringing the out-bound radius to 525 nautical miles. This is
followed by 10 minutes combat at 70,000 ft. altitude, Mach 2.5 and sustained 1.5 g man-
ceuvre. The return radius consists of a descent to 48,000 ft. altitude, a Mach .92
climb cruise followed by 15 minutes loitef at 50,000 ft., and a landing uith'reserve
fuel for 5 minutes loiter at sea level. The operational radius of this mission is 575
nautical miles. The deviation of this mission from the requirement is dash and combat

at Mach 2.5 in lieu of Mach 3.
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LONG RANGE ARROW MISSION =7

EUPEIE\’SVIONIC DASH AT M-2.5 AND COMBAT AT M= 30

80000 FT
AN 2"(/,’&7 10 MINUTES coM@aT FUEL 94.coo LS
AT M- 3.0 AND
I SUIJTAINED 1.4
: MANOEUVRE
f
[
|
[}
|
|
}
|
|
'
|
: ; AP ~<J5 =
48,000 ¥ e |— ,—_‘,‘, \S MINUTES LOITER
60 MINUTES / ~-_’// AT 50009 FT
LOITER AT -
38-41.000 FY| |
\DJ & |
= t
m=.9C — ACCELERATE i
DIESS. b ’/_ To M{s2.5 |
|
|
|
|
|
|
|
|
ST
L]
|
|
|
|
|
1
I
: LAND WITH RESERVE
| /FUEL FOR 5MIWNUTES
I/ LowTeER AT |s.L.
SuL A L
250 N.M. 325 N.M. RETURN RADIVUS
575 N.M,

175 By
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MISSION NO. 7 =~ U.S.A.F. LONG RANGE INTERCEPT MISSION MODIFIED

This mission consists of an economical climb cruise for 250 nautical miles
followed by a 60 minute loiter at 38 - 41,000 ft. The aircraft is then accelerated
to Mach 2.5 and climbed to 80,000 ft. at which altitude an approximately 280 nautical
mile, Mach 2.5 dash is executed, bringing the out-bound radius to 575 nautical miles.
This is followed by 10 minutes combat at 80,000 ft., Mach 3 and sustained 1.5 g man-
oeuvre. The return radius consists of a descent to 48,000 ft. altitude, a Mach .92
climb cruise followed by 15 minutes loiter at 50,000 ft., and a landing with reserve
fuel for 5 minutes loiter at sea level. The operational radius of this mission is
575 nautical miles. The deviation of this mission from the requirement is dash at

Mach 2.5 in lieu of Mbcﬁ 3, and combat at 80,000 ft. in 1lieu of 70,000 ft. altitude.
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SUMMARY

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

has 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, in the consideration of overall economy and time, it is felt that utilization of the present

engineering systems and airframe center portions would indeed be worthwhile.

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

(a)

(v)
(e)
(a)

(e)

(£)
end finally,

(g)

Avro Arrow hardware and systems used with minimum modification commensurate
with M = 3 capability.

Most of Mk. III development would be utilized.

Provision for installing mixed fuel operation.

Most of added weight concentrated over redesigned and relocated main under-
carriasge capable of development for higher T.0. weights.

Jet pods capable of containing much more than 29,200 1b. of fuel.

Area rule application could reduce parasitic drag.

The Long Range Arrow is a means of prolonging the life of the Avro Arrow and
extracting the maximum amount of return from the current and immediate future

Arrow investment.





