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INTRODUCTION
The Avro Vulcan will, by ﬁhe present defence

- policy, reﬁfesent the last generation of manned
bombers and if Vulcans are to be mainizined
operationally intc the early 1970's then it is
essential that the aircrafi's potential be
developed to its limit. The following proposals
cutline ways in which the Vulcan can be adapied
to carry more scophisticated weapons and also
incresse the operatiomal range to about 5,000
nautical miles.

| This brochure summarises the development
proposals of previous brochures, discusses the
insﬁallation of additional fuel tankage and the
insta&latién of stand-off missiles up to 46 f£t.
iﬁ length. The weight and centre of gravity
changes involved by these modifications are
summarised,

Fig. 1 shows diagrammatically the locatiocn

of ail the proposed modificaticns, three view
general arrangements of the aircraft being given

in Figs. 2 and 3.
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SUMMARY OF PREVIOUSLY PROPOSED DEVELOPMENTS

The following table summarises the proposals

for the development of the Vulcan made in previous

Avro brochures and noites where action on ihese

proposals hes becen taken.

Description Reference Date Remarks
Enlarged engine | Avro Brochure Nov.'56f To be fitted to
air intskes. I.P.B., 65 the eleventh

Pars. $.2.3%0 ¥k. 2 sircraft.
Pour tyre main Avro Brochure Nov.'56] Allows for -
' undercarriage. I.P.B. 65 increase in
Para. 2.5. A.U.¥%. to
225,000 ib, &
reduces L.C.H's,
Developmeni
work is at
present proceed-
ing on this
scheme.,
Outer-wing Avro Brochure Nov,'56
integral tank. I.P.B. 65
Para., 2.56.
Installation of | Originsily out- | Nov.'56] The enlarged
R.C. ¥, in en=- lined in a tail will be
larged tail end letter to M.O.S. fitted on the
fuselage {(17426/007/R) production
structure, end Avro line to 11th
Brochure I.P.B. |Nov.'56{ M¥k. 2 aircraft.
65 Para. 2.7- The previous
{Por Mk. 1 10:aircraft can
Instn. see be retrospect-
I.P.B. 69). ively modilfied.
Rear crew Avro Brochure Jan.'57
“gjection. I,P-B. 67
Installation of I.7.B. 68 Peb.'57
Biue Steel
Hissile on Mk.]
aireraft.




AVRO VULGCAH B. WX, 2

SUMHARY OF DEVELOPMHENT PROPOSALS

SECTICN 1. DESICH

i Bxtra fuel for 5,000 n.m. range

1.4.4. Bomb-bay fuel

The Vulecan Mk. 2 will heve two alternative seis
of bomb~bay fuel tanks which are fitted by special
orders

These are:~
{a) Ténks $ailored to the installation of the Blue
Danube and Yellow Sun stores. The capaciity of these
tanks is about 1,000.gallons.

{b) = Tanks tailored io the installatiocn of the Blue
8teel stores; these tanks have s capacity of about
34300 gallonss

The following should be noted:-

i}l Avro Brochure I.P.B. 65 (Hov.'56) also contained
pﬁoPpsals for integral tanks in the outer wingé, These
tanks are considered in conjunction with the bomb-bay
and dorsal tanks, (see next para.), when discussing

the fuel requirements for a 5,000 n.m. 8till air

TANge.

2) Tanks compatible with the installstion of L6

3. long missiles could be the same or similar o

those for the Blue Steel missile, but until the
configuration of the missile and the size of its
associated eguipment is finalised = more detailed

assessment is not possibvle.

1.1.2s hewvised canopy contours with dorsal
“Tuel tank

Wind tunnel and flight tests on the present
Vulcan canopy have shown that in its present con-

figuration it is responsible for an undesirable
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drag increment, possibly of the order of 3% of the
1if§/%rag retio. Transonic wind tunnel testg have
now produced & revised canopy shape which wi}l
materially reduce this drag increment. )

In increasing the fuel capacity of the air-
craft still further. it is desirable to provide fuel
forward of the C.G. to counter-balance the exira
fuel in the integral wing tanks. Advantage has,
therefore, been taken of the proposed canopy
alterations to extend it aft and falir it into the
existing dorsal fin. The extra ﬁalume made avai1~
gble in this way will accommodate some 800 gallons
of fuel. The extra fuel, is, of course, carried
without any increase in the frontal area qfftﬁek
aircraft, with only a slight 1ncrease‘in skih'}
friction drag and with no reduction in critieél“
Mach namber and consequently shows considaraﬁle'
advantage over a similar amount carried in_éxﬁenaal
wing mounted tanks, .

The proposed canopy alterations could be
carried out without re-design of the cockpit
rail and without modification to the present D.2
pressure cabin unit. The present dinghy stowage
under the canopy could remein unaltered, but some
modification would be required if it were to
efficiently utilise the space avalilable under the
revised canopy. New canopy Jjettison tests would
bé required, as the whole of the present canopy is
jettisonsble, but only part of the revised canopy
above the crew and dinghy would be released. The

aft portion would be & fixed structure housing
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T
o

the extra dorssl tanks. {See Pig. L).
Alternstively, ii wonid be possible to
anticipate a regquirement for improved escape for
the rear crew members in the event of ditching ox
a wheels-up landing by increasing the size of Ihe
cut-cut in the pressure cabin. ‘The dimensions of
this cut-out would be similar to those given in
the study on rear crew ejeciion {AVRC Brochure
I.P.B. 67) and in fact ejectiocn seats for the
rear crew merbers could be fitted at the same
time or at a later date withoud furthev structursl
changes to the pressuve shell if required.

Any change in the size snd shape of the

»

ship would necessiiatle

¢

gut-out in the pressure <
new static strength, pressure and fatigue tests
and a revision of the dinghy stowage arrangements.

1.1.3. Fuel Systems

It is not intended 1o saffect the {uel mster—
ing of the basic fuel system when the additional

el tanks are installed, The bomb-Lay fuel tanks

=

will form & separate system which will be tapped
in to the main fuel supply lines, Similarly ihe
integrsl outer wing tenks and dorsal tanks
togzether with any exira fusclage tanks availsble,
{ see paras. 1.2.2. znd 1.2.3.), will form a third
geparate systeu. This will avoid the various
tanks being interdependent upcon one another.

Tt is desirsble to reduce the losd on the

centrz section as soon as possible after take-off
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in order to increase the allowable normal acceleration
factors. Consequently the procedure Ior using fuel
will be to take - off with all systems working and
ﬁheﬁ)to switch off the main fuel system and the

dorsal and integral tanks and to use the bomkb-bay
fuel. After the bomb-bay fuel is consumed the

dorszl and integral tanks will te switched on and

-

then for the remainder of the flight the main
system will be used.

1e1.l:e Summary

The fuel capacity of a developed Mk. 2 Vulcan

can be summarised as follows :-

Blue Danube or Blue Steel
Yellow Sun

Basic sircraft fuel

capacity - galls 9,290 9,290
Bomb-bay tanks - galls 1,000 3,300
Integral wing tanks- galls 1,250 1,250
Dorsal fuel tanss - galls 300 800
TOTAL - galls 12,340 14,640

Weight et a specific

; density of 0.77 1b. 95,018 142,728

M

These guantities refer to maximun capacities,

for details of guantities for various roles see

para. 1.4 Complimentary to the atove the capacitiy
of the No. 1 fuel tanks can be increased by 250
gallons each if the fuselage is extended by 4 ft.

as outlined in para. 41.2.3. of this brochure, or

an additional fuselage tank of 225 gallons canacity

can be installed if the vertically retracting nose

undercarriage is adopted as outlined in para. 1.2.2.
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{see alsc Fig. 6).

The performance caﬁabilities of the Vulcan ¥k. 2
when utilising the above fuel capacities will be
found in Section 2; para. 2.4. |

142, Instaliaticon of larger stand-off missiles

121, General

Fig. 5 shows the space avalilable beneath the
Hk. 2 Vulcan for the insitallation of stand-ofi or
similar missiles. The Blue 3Steel migsile, which
will be fitted to all Nk. 2 Vuleans, is 35 ©i.
long, but a considerably greater length is available
at the expense of only small modifications to second-
ary structure. The nosevheel unit fitted to the
¥k. 2 aircraft is some 14 inches shorter than the
¥k. 1 nosewh: el unii and alsc incorporaies provision
for & pre-retraction mechanism giving & fﬁrther
reduction of 15 inches, The effect ¢f the new
nosewneel is to enable the nose of the missile to
be extended forwards by about 36 inches, the
modifications to the aircraft being confined to
the secondary structure in the botitom of the
fuselagze and the nosewheel doors.

t is also possible to extend the aft end

of the bomb bay by about L' 3", the exact amount
depending upon the depth of the bomb relative %o
the ground clearance. Similey small modifications
to secondary structure would be reguired.

It is therefore possible for the Vulcan Mk. 2
to carry missiles up to 40-42 1. long without

other then minor modifications o light sitructure.
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The length of the next generation of missiles
afterlslue.Steel is stili in doubt, bubiit would
appear thﬁiimprovements in missilexperformance may
_be obtained by increasing the length up to,say,

46 ft. Two alternztive schemes are proposed for
modifying the Vulecan tc accommodate missiles of
this length; these schemes are discussed in the
following paragraphs,

1.2.2, Verticslly retracting nose undercarriage

The present Vulcan nose undercarrisge retracts
aft and therefore limits the forward extension
availéble for the missile. An alternative means
of retraction is propesed for missiles beiween:

38 ft. and 46 ft, in length. A forward retracting
undercarriage was originelly suggested in Avro
brochures I.P.B. 65 and 67; the retracted leg
was, however, then houssd under the rear crew
floor meking their present means of entryand -
exit no longsr possible, This meant that the mod-
ification also reqguired ejection seats for the
TEAY CTew, and alternative normal entry and exit.
In order to avoid ithe complexity of these modifi-
cations an alternative method of retracting the
nose undercarriage has been develcoped; this is
depicted in Fig. 6.

The main prineciple of the scheme is to provide
a linkage that will retract the wheels in an approx-
imately vertical difection and so0 avold the large
fore and aft length normally swept by the retracting
leg. The meain reaction points have been retained

but the main reaction peint is now disengaged from
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the aircraft on redrachtion by hydrauiically operated
pintles. The top of the leg is then rotated aft
with the nosewhesls trailing asnd 1ifting vertically.
The retraction paih is controlled by radius rods,
which only react trimming loads undery scceleraiion
and drag conditions and do not react the lsnding or:
braking loads; the latter'are teken by the main
drag strults attached to the pressure bulkhead. The
loads on this undercarriage are thus reacte&.in_a
similar manner to the present ¥k. 2 unit and
retrospective fitment can be easily accomplished.
The No. 1 fuel tanks gbove the undercarriage
bay are not affsected by the change, but new under-
carpriage doors and medifications to the structure
at the aft end of the ncsewhesl btay are regulred
to conform %o the contours Gf the nmissils, In
order to facilitate the retraction of the leg,
its lengih has been reduéed and the aircrafi sisbic
incidence reduced to 2%as against 32° om present
¥x. 2 sircrafi., The pitching power of the elevons
will easily asccomuodate this change in incidence
and the nosewheel raising speed will not be
spprecigbly increassd. Furthermore,the shortening
of the leg reduces iis weight and sisc improves
ground clearance at the rear spar, thereby facilitat-
ing the loading procedure for the missile which 18
offered up to the aircraft from the recar.
This shortened leg alsc makes it possible io
fit éﬁ asditional fuel tank of spproximately 225
galls., below the No. 1 tanks at the aft end of the

present nosewhcel bay. This tank can be used in
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conjunction with the proposed integral tanks in the
outer wing of the sircraefi, (3ee Brochure I.F.B. 65

parae. 2.5.)

132635 Bxtended forward fuselage

An aliernative method of providing the required
stowage length for missiles of up to 46 £%. in length
is to extend the fuselage forward. (3se Fig. 8). The
reguired length can be achieved by the introduction
of a L £t. extension piece of fuselasge at the rear
pressure bulkhead Jjoint. As this existing joint is
forward of the wing/fuselage intersecticn, the extension
piece can easily be introduced both during manufacture
of the aircraft or retrospeciively if required.
Purthermore, most of the services passingvthrough
the pressure bulkhead already have joints at ihis
staticn, which again facilitates the installation
cf the extension piece;

A rumber of advantages,in addition to the extra
stowage length,result from this modification. The
extra volume éan be used 1o increase the capacity
of the Ho. 1 fuel tanks by 500 gallons which in turn
could be used in conjunciion with the proposed ocuter
wing integrsl tanks, and in additicn extra space is
glsoc availsble for new equipment. Furthe?ﬁore, the
forward fuselage can be rotated ncose-dcown through some
3° relative to the wing, thus materielly improving
the pilct's view.

The existing ¥k. 2 ncse undercarriaze can be
retained alihough new drag struis and undercarriage

doors will be reguired.
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1 o 2sbis Installation of a typical 46 ft.
Stand—-off missile

Pigures 7 and § illustrate the installetion of
a typical 46 ft. long missile. Figure 7 shows the
vertical retrascting nose undércarriage and Figure 8
the same missile installation with the extended
fuéelage. The particulsr missile illustrated is
one designed by the R.A.%. and known as Type L 2
bhut the versatility of the Vulcan is such that
missiles of a variety of configurations with lengths
of up to 46 ft. can be installed.

The missile is located on the longitudinal
centreline of the eircraft and its fore and aft
position is determined by the need to provide
retraction clearance for the nose undercarriazge,
tpgether with adeguate teil down incidence. The
minimum desirable tail down incidence is 14° with
the main undercarriage fully compressed, and this
is shown in Figures 7 and 8. A typical missile
weight is 25,000 1b. and the centre cf gravity
relationship between the missile and the aircraft
is acceptable, the changes in trim when the missile
is released being small and easily controlled by
the suto-pilot.

The lower boom of the centre section front
spar has already een cranked on the ¥k. 2 aircrafi
to cater for the Blue Steel missile and this
structure remains unalitered for the lsrzer missils
installations. The cui-out in the secondary
fuselage structure forward of this front spar and

below the No., 2 fuel tanks will,; however, require
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modifying to suit the contours of the missile,

If it is necessary to run the éngines of the
missile prior to its release then some steel or
titanium-reiqforcing on the underSiﬁﬁ'of‘th& aircraft
aft of the rear spar will be required; '

The missile will be loaded into the Vulcan
from the resar of the sircrzfi. If upper fins sare
fitted to the missile it may bernecesséry to detach
these prior to installing the missile belog.thé
bomb~bay; the fins can then be revfitte& to the -
migsile from the bomb-bay. Apart foﬁ.ﬁhiS“nO

special provisions are required to mount the missile
‘underneath the vulcan.r | |

The wing span of the missile shown here is
such that the wings foul the preséﬁt B.A.T.0.86,
units, and a revised location for thé rockets
would be required if operation with these units
is required.

Additional fuel tankaze can be instzlled in
the bomb-~bay but the number and shape of the tanks
cannot be finalised until the eguipment required to
operate the missile is known; However, unless the
dimensions differ considerably from Blue Steel
gbout 3,300 gallons should be available.

1.3, Intezrated missile installafion

15357 @ Iintroduction

The present combinatlion of the "V¥ bombers
and stand-off missiles is not as efficient, asero-
dynamiceally, as could have been achieved-if the
aircraft had been specifically designed for this

purpose, Thus in the case of the Vulcan, although
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the large ground clearance enables the Blue Steel
and other projected missiles to be loaded without
recourse to pits or ramps, the aerodynamic com-
binstion gives a2 higher dragz than would have been
obtained with a fully integrated instellation.

Current research into high Mach number
missiles indicates, for instance, that a possible
snape is the narrow delta planform with a flat upper
surface. An investigation has, thercfore, been
made into the feasibililty of modifying the lower
surface of the Vulecan in the region of the bonb-bay
snd the engine bays and making it capeble of carrying
this type of very high performance missile with the
minimom of installed drag. Figs. 9 and 10 show
‘these modifications and illustrate the mounting of
a hypothetical 45 ft. long narrow delta missile.

Ko qﬁantiﬁative data on the drag of such an
integrated installation is at present available,
but it is intended to initiate a programme in the
Avro wind tunnels to investigate the aerodynamic
cnaracteristics of the Vulcan modified in this way

and equipped with a range of iypical missiles.

1.3.2, Structural alterations

The strucltural changes required to achieve
the flat lower surface are ocutlined in Fig. 1O,Ithe
method of modification depending on whether iﬁ is
to be embodied in the aircrafi during menufacture
or whether 1t is té be carried ocut retrospectively.

The area beneath the bomb-bay will require

a new fairing in place of the bomb doors and an

external fairing will be reguired on the lower
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surface of the fuselage forward of the front spar.
¥ew engine doors will be required and the engine bay
ribs must be deepened te produce the flat surface.

The only fixed portion of the aircraft that
reguires basic alteration is that in the region of
the jet pipe tgnnels between the rear edge of the
engine access doors and the wing trailing edge.
Pnis involves re-design of the formers or the
building of a light superstructurc upon the exist-
ing structure,

The aircraft can still be used as a carrier
of ballistic vombs by removing the fixed flat faip-
ing covering the bomb-bay and fititing conventionsl
bormb doors shaped to conform to the new lower
-surface.

1.4. Weight snd centre of gravity<condiderations

1.1.1. Present weight and C.G. limits

The standard Vulcan Mk. 2 aircraft has been
designed to a maximum all-up weight of 195,000 1b.
st a normal acceleration factor of 2.7. This weight
is made up &s followsf—

Basic operational weight, '
including crew 90,761 1b.

Weignt of store (Blue Steel) 15,173 1b
Yormsl fuel (9,290 gallons) 71:533 1b.
Bowh-bay fuel (2,280 gzllons) 17,533 1b.

195,000 1b.

The associated C.G. limits are 0.247c to 0.291%c
(13L4,8" to 153.8" aft of datum).

Different weights must be quoted for the first

10 and the 11th and subseguent aircraft since the new
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fuselage D.3 section containing the R.C.M. eguipment is
first introduced at the 11th aircraft. ¥or simplicity,
the weight of Window (1,267 1b.) is included at the same
stage, although provision for it is made on all Mk, 2
aircraft.

The basic operational 2nd full load weights when .
carrying 3,300 gallons of fuel in the bomb bay tanks
end a nominal instaslled store weight of 16,000 1b. now
become :-

Basic operational Weight for

weight full load
1st 10 aircraft =~ 1b. 91,599 204,542
11th and sub-
sequent aircraft - 1b. 91,038 208,248

1.4.2, Extended aft C.G. 1limit and revised main
undercarriage geometry.

The regquirement for a 5,000 n.m. range has necessit-~
ated & greater fuel capacity thsn is given by the normal
and bomb-bay tanks, and the general trend is for the centre
of gravity of the additicnal fuel to be aft of the C.G.

Thus if the aircraft without R.C.¥. and window is loaded
with a total of 13,970 gallons of fuel by utilising the
integral wing and dorsal tanks, then the C.G. is a¥ 154 3"
aft of datum, i.e. 0.5" aft of the present aft C.C. limit
(See Tavle 4). However, this C.G. position is quoted with
undercarriage down,as required by R.D.(A) form 13, On ret—
raction a forward shift of arproximately 1" in C.G. position
will take place at A.U.W.'s in the region of 210,000 1b.

The present limit wss based on theoretical estimates of
the stability of the Mk. 2 wing and recent wind tunnel, and
to some extent, flight tests have indicated that the air-
craft ié some 2 - 235%¢ more stable than anticipated. It is,

therefore, possible to extend the aft limit by sbout 2%¢T
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8.56") without affecting the flying gqualities and
this enatles ﬁore of ths additionszl fuel capaciiy in
the wing integral tanks %o e utilised. Thus it is
possible t¢ use sll the normsl bomb-bay, wing integral
and dorsal tankage to give a total fuel wvwolume of
1h,64C gsllons without exceeding the new aft limid;
reference to para. 2,4 shows that this gives & range
of 5,450 n.m. {see Table 5).

Trhis extension of the aft C.G. limit must
howevey be sccompenied Ly & modification to the
Zeonetry of the mainwheel units teo maintain adeguete
lcad on the nosewheel. At the present aft limit the
percentage lcad on the nosewheel is ebout 5% and at
the extended limit is reduced to less than 3% which
is insufficient to ensure adeguate ground handling

cheracteristics.

An irvestigstion into the possibility of rotating
the present main unit further aft about its present
point of rotation has been made in conjunction with
Hessrs. Dowlty Bouipment Limited, and it is found that
a further 10 inch resrward movement of the mainwheels
can be obteined. This involves the replacement of
the drag struts, down-lock mechanism and actuating
jacks and also some modification to the bogie
geometry to ensure equsl loading of the front and

rear wheels. This modification could,'ﬁﬁerefore,

be easily introduced by retrospective action..
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163 Zifect of increasing maximum all-up weight
on allowsble normal accelerations.

The following Table 1 shows the values of normal

acceleration factors n, and Dy, - for various all-up

1
weights. The normal acceleration available is depend-
ent upon the z»ortion of the structure which first reaches
limit stresses under the particular configuration of
loading appiied. Thne values of n1‘are based on the
bending stresses in the invoard sections of the outer
wing and centre section siructure, and those of n, on
the bending stresses in the wing outboard of the main
fuel tanks. In general n, is sensitive to loads
carried on the centreline of the zircraft and to the
total weight of the aircraft, whereas n, is almost
directly proportional to weight.

It can be seen from Table 1 that n, 1s more
critical than n, for the extreme loazdings considered.
Assuming n = 2.7 to ve met at the present design weight

of 195,000 1b., n, reduces below the normal overlead

2
value of 2.5 to a value of 2.39 when fuel for 5,000 n.m.
range is carried; the minimum value of n, is 2.354L
when 211 the available tankage is utilised (14,640 galls).
Structural tests will shortily be commenced on ithe
Mk, 2 structural test specimen aircraft, and it seens
reasonatle to expect that the weight at which a normal
acceleration of 2.7 may be applied can be increased
from 195,000 1b. to 208,000 1b. with only minor rein-
forcements to the structure. Teble 1 also shows the
normal acceleration allowable 1f the structure is
developad to a normal acceleration factor of 2.7 at
208,000 1b., and it can be seen here ihat n, and n,

are never less than 2.5 for the cases considered.



TABLE 1

OVERLOAD CASES WITH BLUE

STEEL MISSILE

LIMITING NORMAL ACCELERATION FACTORS

For

A.U. W,

Full Factors to

Full Factors to . Remarks
details 1b. Design weight of 203,000 1b.
see 195,000 1b, ‘
table.
Limiting Normal Limiting Normal
Acceleration Acceleration
Factor Factor
n, n, n, N,
2 195,000 2,78" 2. 70 2, 0P 2.88 Design case
201, 542 2452 2457 2476 275 Basic overload case 1st
10 aircraft,
3 208,248 2.4l 2 B2 20 270 Basic overload case with
; enlarged D.3
i 221,097 2,56 239 2,98 2.55 5,000 n.m. range case.
N 216,410 2. 77 2,43 %2.07 2.60 5,000 n.m. range case but
ne R.C.M, or Window.
5 221,820 2,60 234 2,88 2450 Max. range case, All
: tanks full, 5
. - S y oenenl)
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SUEMARY OF DEVELCPHENT PROPOSALS.

1.l Summary of weight and C.G. cases.

The weight breakdowns and C,G,.positionﬁ of.the
14th and subsequent aircraft are summarised in the
following Tables 2 to 5.

The fuel capacity utilised in making up the
design meximum welght of 195,00C 1b. is 11,292 gellis.
without R.C.M. and Window, and 10,870 galls. when this
equipment is carried. In both conditions the centre
of gravity lies within the normal limits (See Tsable 2).

The breakdown with full bomb-bay fuel itanks
(3,300 galls,) is aﬂows in Table 3 and under this
loading, with R.C.M. and ®Window included, the C.G.
is outside the normal aft limit. {See para. 1..4.2.)

The weight breskdown for the developed aircraft
with increased fuel capacity and carrying a 16,000 1b.
Slue Steel weapon is shown in Tables L and 5. Table
Iz shows the aircraft 1oaded for a range of 5,0C0
nsuticel miles. When R.C.¥. and Window are not
carried, 13,970 galls. are required at an A.U.W. of
216,410 1b. If this equipmeni is installed, the
tankage increases to 14,150 galls. and the A.U.W. 10
221,047 1b. Table 5 shows the aircraft with all
availsble fuel tanksse utilised. (14,640 galls.),
giving an A.U.%. of 224,820 1b. with R.C.M. and

Window installed.

a). All the C.G. positions for the developed
aircraft are based on design studies only, and it
is therefore advisable to allow a tolerance of some

+ 0,5" when considering any particular configuration.
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b)l. All the C.G. positions gucted are with
undercarriage down as reguired by R.D. {A) Form 13.
A forward movement of the C.G. of approximately 1"
takes place upon retraction of the undercarriszge

when the A.U.W. 1is in the region of 210,000 lb.



TABLE 2

ITEM

NORMAL CABSE

Basic Operational Weight
Store (Blue Steel)
Window

Muel
normal

bomb~-bay forward tank
centre tank
aft tank

TOTAL FUE

TAKE-OF® HEIGHT

No With
RcCobﬂ. R.Cl]‘l{l Ga]-lSO
9,290 9,220 !
1,700 1,580 %
302 - !
11,292 10,870 I

11th & Subsequent

11th & Subsequent

Airceraft Alrcraft
No R.C.M. or With R.C. M. &
Window Window
Wte(1b) | C.G. in. } Wt.(1b) CuG. in.
2,054 143.65 94,038 152,25
16,000 16,000
- 1,267
71,533 13533
1%,090 12,162
2:323 -
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LTEM

OVERLOAD CASE

Basic Operational Weight
Store (Blue Steel)

Window
Fuel
normal
bomb-bay forward tank
centre tank
af't tank

TOTAL FUEL
TAKE-OFY WEIGHT

TAKE~OFY #«IGHT WITH R.A.T.0.G.

9,290
1,700

560
1,040

12,590

11th & Subséquent

11th & Subsequent

Alrcraflt Aircraft
No R.C.M. or With R.C.M. &
Window Window
Wte(1b) § CuGe in.j wWt.(2b) | C.G. in.
92,054 143.65 9,038 152,25
16,000 16,000
- 14267
115553 71,533
13,090 13,090
8,008 8,008
204,997 152,06 § 208,248 156,67
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TABLE U

NS

LITHASOTEAL T

Development Development
Alrceraft Aircraft
NO IQUCIM. OI‘ With R. C-Knv l&:
Window Window
ITEM
Wt.(1b) CeG. ine.| Wt.(1b) Colls 3fie
OVERLOAD CA3E (5,000 N.M. RAKGE)
Basic Operational Weight 92,3841 143,63 5,825 182,16
Store (Blue Steel) 16,000 16,000
Window - 1., 2b67
No With
QC.M R.C.Pﬁ. G&llS.
Iuel
normal 9,290 9,290 H 71,533 7145535
integral tanks 14250 1,250 o 9,625 9,625
canopy tanks 800 800 . 6,160 6,160
bomb~bay forward tank 1,700 14700 7" 13,090 13,090
centre tank 560 560 " liy 312 L, 312
aft tank 370 550 L 2,849 L,235
TOTAL FUEL 13,970 14,150 "
TAKE~OFF WEIGHT 216,410 154434 221,047 159,36
TAKE~OFF WEIGHT WITH R.A.T.O. G. 223,770 | 156476 } 228,407 | 162.56
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TABLE

Development Development
Alrcraft Alrcraft
NO IZ.C!}‘J. or \Vith i‘{. Co}‘-‘i-. &
bET] 3 T4 11l o
ITEM Window Window
Wt.(1b) | C.G. in.] wt.(1b) | C.G. in.
MAXTMUM INTERNAL FUEL CASE
Bagic Operational Weight 92,841 143,63 9, 325 152.16
Store {Blue Steel) 16,000 16,000
Window - 1,267
Fuel
normal 9,290 L 71,533 71,533
integral tanks 1,250 " 9,625 9,625
canopy  tanks 800 L 6,160 6,160
bomb-bay forward tank 1570 @ 13,090 13,090
centre tank 560 E l,312 by 312
alt tank 1,040 " 3,008 8,008
TOTAL FUEL 14,640 H
TAKE-QOFT WEIGHT 221,569 15721 2214, 820 16414 35
TAKE~OFF WEIGHT WITH R.A.T.0.G. 228,929 160,46 232,180 164,143
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SUMMARY OF DEVELOPMENT PROFOSALS.

1.4.5. C.0. limits with larger stand-oi'il misusiles
installed.

The weights of the sircraft are outlirned in Tables
6 and 7 for the two alternative modificatiocns reguired
to install missiles of 46 f%t. in length. Table 6
shows the aircraft with the vertically retracting nose-
wheel and Table 7 the sircraft with.an extended forward
fuselage. In the former case it would still be desiravile
toc extend the aft limit of the L.G. ranze, but in the
case of the extended forward fusclagze, the normal C.G.
is forward of the present aft limit, Conseguently,
it would not then be necessary Lo move the main wheels
aft if the forwerd fuselesie were extended, 25 the extra
four feet between the nosewheel and the C.G. only slightly
reduces th: percentage nosewheel load.

The above limits are associated with A U.%W.'s in
excess of 230,000 1b. and this necessitates reduced
normal acceleration factors. It would also be desirsble
to introduce the four tyre undercarriage originally
proposed in Avro Brochure I.P.B. 65 at this stage to
maintain the undercarriages sirength factors and reduce

the L.C.N. values,



TABLE 6

Development & Development
Alrcraflt Alrvceraft
Ho R.C.He orp With R.C.H, &
TP EM Window Window
1
W (1) C.G. ing wWt.(1b) bl Txe
SUPER _OVERLOAD CASE (LARGE STORE R.A.Z. MISSILE TYPE C)
with vertical reiracting nose undercarriage. l
Extra 250 gall, fuel tank under No. 1 tanks. :
Basic Operational Weight 93,161 2. T3 96,145 151.23
Store 25,000 25,000
Wiindow - 14267
Galls.
T'uel
normal 9,290 " 13933 £1:533
integral tanks 13250 " 24025 9,625
canopy tanks 800 i 6,160 5,160
bomb~bay forward tank ] o (O " 13,090 13,090 |
centre tank 560 i I, 312 i, 3182
aft tank 1,040 i 8,008 8,008
Fuel under No. 1 tank 250 B 1,925 1,925
TOTAL RUEL 1L, 890 &
TAKE-OF? WEIGHT 232,81 | 154.23 | 236,065 § 158,21
TAKE-OF® WEIGHT WITH R.A.T.0,.G. 2L, 1T 187143 i 243,425 & 161.24
"‘M<Lm’_:
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TABLE 7

R AR e

‘Development

Alrcraft

- el

Development

Alrcraft

No R.C.H. or

With R.C.H. &

ITEN e SO W
Wto (1b)} C.G. in} Wt.(I1b) | C.G. in.
aUP“h QVERLOAD CASE (LARGE STORYE R.A.E, KISSILE TYPE C) i
wiltn u ~extension in Lorward fuselaze, and extended
10, 1 tani\an ! . B o :
33510 Opcration&l Weilght 93%,245 135,59 95,229 1h4.25
Store 25,000 25,090
Window _ - : 1,257
Fuel Galls. X ;
“nermal 9,290 . " 71’5‘53 ' . 71:.!:933
integral tanks 1,250 i 9,625 ?’025
canopy - tanks 800 Y 6,150 5,160
bomb-~-bay forward tank 1,700 H 13,090 - 13,090
- pomb-bay centre tank 560 T Ly 512 T 1,
af't tank 1,040 " &,008 8,008
Bxt'da No. 1 tank 500 8 3,850 7,850
TOTAL FUEL 15,1&0 !
TALE-OFF WEIGHT | 25l,82l 7 1473 238,075 151,37
TARE-OFY WEIGHT WiITH u.A p Ry P §'2u2,1ah.§ 1) w 4 i_2L5 L35 154, 59
e 3
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SECTION 2. PERFCRM ANCE

2.1. Introduction %

The previous section of this brochure detalls
various lines alonz which the development of the
Vulcan Mk. 2 can proceed. The effect of these propossls
on the performance of the sircraft is discussed in the
following parsgraphs, the range-altiiude character-
istics of the standard k. 2 aircraflt carrying
Bluez Steel beinx uuoted 2s a datum for comparison.

2.2, Rnzine data

The Vulcan ¥k. 2 production aircraft will de
eguipped with Bristol Olympus Hk. 200 engines, aach
giving 17,250 1b. thrust under ses-level static
conditions in an I.8.A&. stmosphere. (This rating
is now referred toc as the B.,01. 7). The effect of
engine development is not discussed here gince it
nas been covered in previous brochurss and the

ineremental changes will be similar in all cases.

2.3, Performance of standard Vulcan k. 2

A

zd in this

1

]

mhe range/sltitude performance guct
brochure is basad on the following assumptions:-

1. 3Blue Steel carried all the way.

2. ¥o R.C.¥. or window carried, with exception

of fixed provision.

L&)
165]

Anzines fitted with con-di nozzles but no
infra-red suppression.

L, Takxe-off with full tenks and climb to cruise
climb altitude.

5. Cruise 50% of ocutward journey at economic

eruise conditions at T.M.H. = 0.873.
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6. Open up to maximum continuous rating and
cruise-climb at T.M.N. = 0.873 for remain-
ing 50% of outward journey and firsi 50%
of return journey.

7. Throttle back to economic conditions at

T,%. 0., = 0.873 andcruise~cliimb for remainder

off fiight.

pert

HOTE: This £light plan assumes arriving cver base

yith empty tanks, i.2. with no fuel reserves, but
no allowance has been made for the distance travelled
onn the descente.

The normal internsl fuel capacity of the Hk. 2
aircraft is 9,290 galls., and a further 3,300 galls.
is available in bomb-bay tanks. The tsake-off weight
under these conditions is 204,597 1b. and the still-
air range is l4,700 nautical miles with a half range

height of 51,250 ft.

by

4. Performance with increased tankage (See ¥ig. 11}

N

The Air Staff requirement for a still-air range
of 5,000 nautical miles (no allowances) can be met
under the assumptions of paragraph 2.3. by an
additional 1,170 gallons to the ncrmal and bomb=bay
fuel, providing all tan<age is internal and causes
no inecrease in drag.

Jeciion 1.1. discusses the various ways which
fuel cen be located without causing the C.G. to move
outside the normal limits; the most convenient
arrangement is 2,630 gallons in the bomb-bay
(forward tank full), 800 gallons in the extended

canopy and dorsal and 1,250 gesllons in the outer
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wing integral tanks. This gives a capacity of 13,670
gallons which is 1,380 gallons in excess of normal
plus maximum bomb-~bay fuel and gives a range of
5,000 n.m. The extra 210 gallons above the figure
quoted earlier is due to the increased drag of the
extended canopy and dorsal fin. The take-off weight
is 216,410 1b. and the half-range height 50,400 ft.

When the tanks are filled completely the range
of the asirecraft can be further increased beyond
5,000 n.m. In this condition, however, the centre
of gravity at take-off is behind the aft limit,

(see para. 1.4.2.) but if the Pull tankage of the
aireraft can be utilised, then the range is 5,150
n.m. and the half-range height is 50,200 ft.

Flight planse showing the performance of the
Vulcan Mk. 2 with the above increased fuel tankage
are shown in Fig. 411 compared to the basic aircraft
with normal tankage plus bomb~bay fuel. The results

are further summarised in Table 8.

2.5, Carriage of the R.A. B, type 'C' Missile

The effect of carrying the larger R.A.8. type

' miesile as en sliernative to Blue Steel has been
considered. OCarriasge of the missile in a2 seml-
external position causes sn increase in drag from
two scurces, the basic drag of the missile itseif
ard the unfavourabtle inierference drag of the
cexbinations.

Although the profile drag of the missile can
be calculated without much difficulty, the inter-

ference arsax, and nence the totel installed drag,
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of the missile is not amensble to calculation.

At the present time no wind tunnel tests are
available from which to obtain measurements of the
interference drag of the combination; conseguently
an attempt has been made to estsblish the drag of
the missile instsllation by using the same inter-
ference factors as determined from high speed wind
tunnel tests on the Vulcan fitted with the Blue
Steel missile.

The still sir range of the sircraft when
carrying the R.A.B. type 'C’ missile is 4,700 n.m,
with a corresponding half-range height of L7,900 ft.
This performance is achieved with all tanks com-
pletely full and the take-off weight is 232,814.1b.

2.6. Integrated missile installation

The combination of missiles such as Blue Steel
or- R.A.B, type 'C' and the Vulcan Mk, 2 gives rise
to large drag increments due to missile/aircraft.
interference. Considersticn of the possible design
of new znd advenced missiles indicates that their
general shape may be very amengble to integration
with the Vulcan. For instance, one possible configura-
tion is the narrow delia planform with a flat upper
wing surface and, as discussed in para. 1.3, & modifi-
cation to the lower surface of the Vulcan would enable
this type of missile to be attached with no apprecisble
gaps or other sources of large interferenée effects.
Such an integrated design weould show a consider-
able reduction in drag when compared %o the present

Blue Steel instsllation. No quantitative data on
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the drag of such an insisgllation is yet available
but it is intended to initiste 2 programme in the
Avro wind Iunnels to investigate the aerodynaanic
characteristics of the Vulcsn modified in this way
and eguipped with a range of typical missiies.

A provisional assessmen® of the performance
of the Vulcan when fitted with the hypothetical
missile shown in Figs. 9 and 10 has been made,
assuming that the welght and the profile drag of
the missile alone sre identical to those of th
R.A.R. type 'C’ missile. The flight plans for these
two cases are shown in Fi.. 12, and it is seen that
the eliminstion of interference drag is worth some

300 n.m. range and 1,000 £t. in half range height.

2. 7. Summery of performance
The range and altitude performance discussed in
the preceding paragraphs is summarised in Table &

overleaf,



 Bummsry of Performsnce ~ L Clympus Mk, 200 (B.01, 6) engings (17,250 1b, S.L.8.T.).

Cenfipguration

Froduction ¥k. 2

(11th & subseguent aip-

#ith dorsael tank and
wing integral tanks

With dersal tank, wing
integral tanks and for-

craft) ward fusclase tank.
Fuel basic 9,290 9,290 95290 2,290 94290
Capacity { Borb-beay 34 300 2,630 5 300 3,300 %, 300
Galls, Doresal - 8GO 6500 800 BCO
Wing integral] - 15 250 1,250 1,250 1,250
(“Forward fus?f - - - 250 250
Lage
Fuel weight ~Ld 96,903 1075569 112,728 114,653 114,653
Welpght leass fusl .
& store ~1b. G2,054 oz, 8441 92 , LA 93,161 93,161
Store Blue Steel Blue Steel Blue Steel| R.4.1. 'CF Intesrated
_ missile missile
Store weight s 16,000 16,000 16,000 25,000 QB,QOO
Hangar weight ~11 4 201,997 216,140 221,569 232,014 252,614
31111l &ir range =N Iy TGO 5,00 55150 Ly 700 D000
+ range height s 51,2506 50, 100 50,200 47,900 L8, 60O
anarks Pull tonks and Fuel for

present aft C.G,

5000 netne
atill-air
TENLE,
present
aft G.G.

cibini.

#ull tanks ¢

ind extended af
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GENERAL ARPRGT OF AIRCRAFT WITH EXTENDED FUSELAGE
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BOMB BAY FUEL TANKS

FlXED STRUCTURE
WHICH CANNOY
READILY BE
;\K)DiFIED.

FLOOR POWER
COMPARTMENT,

FIXED STRUCTURE
| WHICH CANNOT
READILY BE

| MODIFIED.

REAR- m| SPAR

D
 PATH OF 1 R —
VERTICALLY e g & iy |
RETRACTING (WITHOUT PRE-RETRACTION) wy I
NOSE U/C. I )
(DOWTY) _PATH OF MK.2 NOSE UK. y
(WITH PRE-RETRACTION) !
: GROUND LINE, _RETRACTING NOSE ufc,
> GROUND LINE. MK.2 NOSE UIC. VERTICALLY |

GROUND LINES SHOWN WITH BOTH
NOSE & MAIN U/C. FULLY COMPRESSED.

BASIKC BLUE STEEL * 35 LONG,
LENGTH CAN BE INCREASED BY*
LAIRCRAFT WITH EXISTING MKJ NOSE UfC.
2AIRCRAFT WITH MK.2 NOSE UJC. WITHOUT PRE- RETRACTION
JAIRCRAFT WITH MK.2 NOSE UfC. WITH PRE-RETRACTION
AAIRCRAFT WITH VERTICALLY RETRACTING NOSE U/C.
OR EXTENDED FUSELAGE.

#ENTAILS LOWERING MISSILE BELOW BOTTOM
BOOM OF REAR SPAR, DEPENDANT ON MISSILE
TAIL DIA. AND REQUIRED GROUND  ANGLE.

AVRO VULCAN B MK.2 SPACE AVAILABLE FOR MISSILE

BELOW BOMB BAY

AN
\GROUND LINE 128 INCIDENCE.

ABSOLUTE MIN. ANGLE.

REAR,
By 4-3.0 TO 39-85'%

FWD.

BY 65 TO 3565
gy 12 TO 40-105°
gy I3 1O 42-1'5
gY 46 TO 46-75

10° DROP ANGLE

1

o i 2 3 & 5 6

SCALE-FEET
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AVRO VULCAN B. MK, 2

SUIARY OF DEVELOPMENT PROPOSALS.
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