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INTRODUCT IO

This brochure is submitted in reply toa
reguest made in a letter from the Resident
Technical Officer [Ref. V/03/1/3247) dated
19th November 1956.

At & meeting held at Mesars. A.V. Roe & Co.
1td.'e Chadderton factory on the 20th Japuary
1957 (Minutes Ref. V/01/7/4196) to discuss
Blue Steel inatallations on bnth Nk. 1 and Hk. E
aipepeft, "the firm demonstrated that it would be
possible to ecarry the store on the ¥k. 1 aircraft?
However, as the lower boom of the centre section
front spar is not cranked on these aireraft, it 1s
not possible to submerge the migsile as much a8
on the Nk, 2 pircraft, and this has an adverse
effect upon the airerafi's perfiormarce.

The all-up-welght of the giperaft with Blue
Steel installed end bomb-bay fuel tanks is 190,163
1b. To mchieve this weizght together with an
axtension of the aft c.g. limit will require some
flight development,

Wind tunnel tests show that the lower position
of the Blue Steel missile on the k. 4 aircraft L
will .not effect the emergency cscape of the
rear crew members, at speeds uwp to 250 kts. E.A.B.

This brochure outlines in Seetlon i the
proposals for the Wk, 41 installetion. The
performance of the sircraft is presented in
Section 2 and in Sectiorn I an assessment of the
man hours reguired to complete the 'ﬁlngé i;g_i:ﬂ

been made.
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Introduecticn

The location of the misgile under the
aireraft i= restricted By a2 mumiber of
factors. Its Torward limit is controlled
by the arc swept out by the noae under-
eorriage ofter retracticn (Fig. 1). The
rearward extent of the micaoile is dictaoted
by the neesd to maintain an adequate tail-
dowmn ground angle for the sireraft, te-
gether with the consideration o C«f.
relztionshlip betwesn missile and airerart.
The wertiezl relationship between the
migsils ecentre lins and the bottom contre
1ine of the aireraft is dietated by the
clesrances reguired between the nmlsslle
and the gircraft struciures

At tho front cpor there are some
%.,8in, of subsidisry structure baneath
the bottom boom. It would bhe posalble to
nosition the miosile to within 1 in. of
tie boom, but this would cntail 4 moedili-
eation forvard of the frant spor to the
Humber 2 tankt acceso doors. It would,
however, not affect the fuel tanks or
aystem in any way. Wind tunnel tesis
predict that the raising of the missllc
towards the oireraft Dy 3 in. would
alightly reduce the overall drag of the
gireraft and missllec combination and

hence slightly improve the performence., [
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e [istad into tha boub-bay il Nod. 198

wonro fnecopporatad. Tols madification is

ut rooent exclusive o k. 2 aix s

To modify voar end of boulo-buy Lo cgrriage
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Misgile Pogition

The conslderntionz of the previous
parafgranh hove led $o 2 loecation of the
misglie in the positiczz chowmn in Plge. 2,
wihich 1s 1dentliecal with the position
adopted on the develooment inetallatlion
on the Mk. 1 Vulean now being designed
by Mesprs. lielligells Litd. ., under sub=
contraet to Messre. A.V. Roe & Co, Lid.,
{Vleapons Research Divisien).

This desipgn wne not originally
intended to De of a standard resguired

for sroduction gircraft, and the desipn

of the installstion will thorcofore reguliro

mroduetianising.

Bomb-Bar Fairings

The present Helliwell instellation
retpins thoe outbonrd noriions of the
bemb dogrs and rezlzaces the inbeord
porzicnz by fairings tailored to the
contour of the missile. Whilst this
ghould be satisfoctory forr the irinis
gireraft, it is considered that the
drag can be reduced by a more sophistic-
nted form of fairing. find-tunnel tocts
are beinr put in hand to determine the
contours of such n fairing,

Equipnent

The mnjority of iths ecuizment

instellations cosential to the use of

tho Blue S5teel rdiesilo can be comnon

/
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Sor Toth K, 4 and . 2 alrerpfi, sltiion
tha lengtl of the connections to the miceile
#7111 be Qifferent due to the two positiens of
the miszile. Similarly, the mein supzort beam
and crutches will be different in gech coze,
Zong Reage Tuel Tarks

The three bocb-bay fuel tenks shows in

Figs 2 have o total net eapocity of 1,384 gells.
The Tortard two tanks hnve: o cfﬁ“ aity o 1,120
galls. and 372 pallce. respectively and are both
of eirenlar crosi-gection, The rear tonk bhos &
capaclity of 392 galls. and haz an ellipiical
cross—-section. All three tanks have coanstant
scetions. The all-up-welght of the airernft is
190,163 1b. with thoss tanks £11 and the siroraft
ean be opernted with certain provisions at this
weight (mes Pora. 1.3.).

These tan¥s gro feoigned soeeificplly for
the Vulesen B. Mk, 1 Blug Steel installation silth
the R.0.¥. in the bomb-baoy. 2Somb-bry fuel tanks
that sre comon to both ¥i. 1 arnd Mk, 2 Blue
Steel instnllntions and the Blue Denubse
ingtallation are at present being desipgned and
will be the subjeoct of & separate broghurs,

These tanks do not allow for the carrizge of
the R.C.H. in the Domb-bay.

B,C,l. Installistion

In Fig. 2 the prnpcsé& arrangzement of the
R.C.M. units iz illustreted. This installation
wlll be the subject of another brochure
NTnetallation of R.C.M., units in Avre Vulean®

(I.P.B. 6%) at present being preparci.

A V.ROE&CLLIC
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1T woeichta and C.G.

The Pollowing teble outlines the welght

eguipment aye inntalied Iin the

chgnges invoelved vhen Dlug Glecl and R, Gl

Tolean B, Hiz. f-

ITEM

WEIGHT (1b)

Aiperaft Bagle Weight (less Crew) &

Eomove:
Bormb Doors
Adds
Falring
Bomb Bey Fuel Systen
Bomb Gegr

Crew

etk

Ravised Alreraft Bagis WHeight

ISSUE N©
DATE

Add:
Disvenssble "Windew"
Fixed R.C. M,

Detaenable I2,C.34.

Store [Blue Steel)

Areopaft Weipght less Fuel

Addd
Full Formel Fuel 3,290 golls

Pull Bomb-Bay Fuel 1,534 galls

Sl B

Alrcraft Take-off Weight

£ opigtol Qlymoua H.01. 10 EZngines

B2,118

+ BOO

12491
1,150

+

+

+ 4,000

85,114

= 1,267
+ 702
+ 1,708
+15,173

1':":!}, '123?

+71,555
+104,507

————

160,163

4

/

A.V.ROE&C2LTE
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Tha variatlon of the centre of gravity
with pll-up-weight is depicted in Fipg. 3.

It will Le sesn thait when the Blug Jteael
misaile, R.C.H,. cquipmert and Domb-bay

feel tanks are installed an extenslon of

the aft c.g. limit is reguired. The present
aft limit is 0.3509c and to cover the stove
cace it ia desiratie to extend the aft c.g.
1imit to 0.315c.

Hoyaver, i the aft Lomo—-bay fuel tark
of 392 galls is deleted then the rearmmra
movement of the c.g. is restricted to 0.31lc.
This loss in fuel reduces the range by 110
N.Ms but inereasss the tapget bheight by 150
feet {Figs., 6 and 7 respectively).

The implications of the sxténsian of
the aft c.g. limit from 0.30%¢ to D.313c
may bte fairly externsive and will involve
modifications to the sirerait control aystem
and atntomatic statlility devices. Por examnle
the elevetor artificisl fesl box will have to
Lbe stiffered up in order that the coefliclent
K ecan be incressod in the equationi=

Stick force P = & + K "'i) 2
1040

whare vi = indicated mirspeed

? = elevetor angle.
This will ensure gatisfactiory maEnoeuvring
gtability (1.e. stick force/g").
with regards to static stability, there

iz & posgibility that the stick force to

A.V.ROE&CZLIE
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change speed at hizh E.4.3. may become zero
or even slightly negative. This effect is
probatly due to wing twist but the full imp-
lieations have not et Leen fully explorsd
and this effect mey not be critical.

The effect of the extended arl't C.g.
1limit upon the auto-pilot will not .e
gignificent provided the elevator feel toX
s gtiffened up as described above. Theare
mey be & compromise on the forwerd c.g.
performance but this would only be imporiant
under the comtined effect of high weight and
forward c.gi & cosbtination which will not
erise.

Failure of the pitch domper is not
gerious at & c.g. position of 0.315c ot a
low weicht and conseguently et high welightis
the walue of 0.319¢ is not likely to cause
any concern.

Runaway of the Auto~Trimmer at an aft
c.g. of 0.315c ooy necessitate lower setting
of the cut-off acceleromoter (1.7'g' ot present).
Thig would not cesuse embarassment to the pilot
under normal cruising manceuvres but ecould
poagitly cause the auto-trimmor to cut out
under evesive cction but here azain the
#4111 implicetions have not el Tedn

invaestigated.

A V.ROE&CELIE
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The effeect of incressing the all-up-
weight to 190,163 1t. upon the menoeuvring
performance of the aireraft will sossilbly
restrict the atteinstle normal =cceleration
by 105. This can either be accepted, or
eovercone Uy incrsasing the power ol tne
elevator P.C.U's. At take=off the nocewheel
raising speed can L2 maintained &t the same
percentage of the unstiecx speed es gt the
lower all-up—welght of 157,000 1b.

The meximum weizht 2t whienh a Vulcan
3. ¥k. 1 has flown is 167,000 1b., and a
fl1ight develorment programme will be reguired
to incresse the all-up-weight to 190,000 1b.
Thig is recuired for roles other than the
carriege of Blu=z Steel, and it is recommended
that an airceraft ghonld te allocated as sooh

a8 possible Tor these tests.

AV.ROE&CRLIZ
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Load Factors

1.8.1s Flipght Mangeuvres - i
Juciors on Biing Structure

At the overlood nil-=un-usight of

190,183 1b. the Yulegn 3. k. 4 can be
ppornted succassfully, but with cortaln
nrovigisng, It is cagizntle te uso the
bar=-hary fuel firat 09 will be azen from
the Fallowine tables. These figures cre
btaged 1mon the aspumtion that the air-
eraft centre of graviiy is constent ot
0,309¢. In nractice the c.g. will be

eft of this 1irit ot veizhtes vomard of

ol

140,000 1b,. az alrendy dlscusaed An
Porete 1.7. This moann that the 'g'
Talnes quoted are -egnindistic and that
in fect alightly hipher "g' volues could

e achieved.

Parmissitle factors. Low speed pull-oui case.

eirht [Fuel 4n Fuel in
Ba. h-3a) Bomb-Bay
uped Tirst |used last

After take-ofl | 183,563 2,46 g 2.3 &
Start of Cruisze | 179,063 2.69 g 2.6 g
161,7C0 2.91 g 2,50 g

AV.ROE&CEL®
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CARTIAGE OF RBLUE STHEL

Tea yreizht and pargs =0 fWoica LAS gpeclills
antion foctors of 2,7 '3" and 3.0 'g' can
bemah GO0
o= 2. n = 3.0
teight zange Welght Range
i 1b. NaLls 1bs Nelis
k :
Bomb-bey fuel | - -
uged first | 178,000 2358 143,000 1,000

Bomb=bay fusl
uzed lest | 143,000] 1,597 114, 500

ISSUE MO
DATE

The above factcocro a based uponh wing bend-

b=

ing strenmgth, Limitati-ns duac to wing
gurfpee prossures are siown in Flg. Le
Lasever =5 will De sesn ile present Tlight

Tegperce of the Valean . Hi. 1 precluces
the wing surface sressurss Tronl hellg
critleanl.
1.8.25 Tole—gfT

When operating at an overleod waight

of 190,153 1b. the maln nndercarriage uniis
and pupporting structurs cin mect o normal
accelorntion during talie-ofl of .50 ‘g
before cxeeceding the cobdl loading on the

undercarriage and ihis = considered savis-

[

factory. The lead clossilfiention nuriber
will Be 79 at a tyre precaure of approd-

imetely 240 1b/sn. inch. THIS is the

macimen permicsibles prosEUrC of the tyres

-

{bunlop LC OGES ) . (’.',fuﬂ all-up-weiat of
195,000 1%, of the flight refuelling air-

popf™t oah arlr bhe et with toe jike 2

A V.ROE&CZLIE
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fgin underearsiane tyres {Dunlop DC 0O24T)

&

w.ich gave g aaximes pormiccible pressure
ef 260 1b./5s. inch. These tyres are

toe same aizse &8 these for the M, 1 aip-

eralt, )
1e8e3. Zpermency re-lond gt Take—of'f
welisht

5

Iin the evernt of anh emergency re—land

affer take-off &t cn A.U,7W. of 190,163 1b.

[

it

o mazximm rote of descent thot ean be
met withoui excesding the design case for
he main undercarriane units 1s 8.1 ©t./seec.
conpored to the gircrzft specification
reguirement of 4.8 ft./sec. at take-off,
Wwith repgard to the nose undercerriage
uni advaniage ¢ean . be tokxern of the rear-
ward e.f. positlion sssocloted it £t over-
load weicht and under these conditions the
nese ulidercerriare loeds Wil not exceed
those ocoteined during ocperation ot the
nsupl all-vp—woizht of 160,000 1b.

1.8.14, Ground manoeuvies

The ineresse in load on the main mmder-
earriage units for these cases is approx—
Inately 1. Now gince the roserve factors
on the widercerrisge unitis gré-in the main
about 1.0 and similarly far the structure
the turn and swing case givea resecrve
2, 1t iz elear that tho

gireralft canrot meet 150 Sround SIAnROAUTE

o T R 3
pnfes ot 195,103 1bs wihout the regerve

AV.ROE&CRLIE
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fore, easentizl that wnon operating at the
overload weight all violent ground mengeuvres
and excessive usce of the aircralrt brokes

should be avolded.

A V.ROE&CELIR
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2.2

Fepft nog

Introdaction

ek

A9 the Volesn i0c. 4 18 not fiticd
with o crenked Tront sper the miseile
muet be mounted lower, relative to the
fuselage, thar on the Mk, 2 aircraft.
This invelves an additionnl drag
penalty wilth & conseguent deterloration
of the airergft soerfopmance with the
normal fuel capacity of 5,250 gallons.
With additional fuel in the bosib-bay,
howerer, 8 substantial poart of the range
logs can be regaired alibiengh there is s
eongiderable loss in the npll 2an;

e

!

eruising altitude,
Drog Aosumpticons

The drag of the bapie Vulean Mk. 1
iz bezed on the lateat flight teat
regulis and modifled for the addltionpl
drag of Blue 3teel. Fig. 5 shows the
effaet of Blue Biteel on the totnl drag
of the aireraft at a Hnch number of
0.87 when the mizsile is positioned
13% ft. helow the Vulean fuselago.

The inecremcnt of Arog due to fitting

Blue Steel mary be erxpressed as 57 lb. at

1=

100 ft./50c. 8% Sea Level, including
interference cffects. This is appronriate
to a 3 increese in the nrofile drag of

the gireraft.

A.V.ROE&CRELEE
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The Dlue Steel drag is Ttosed on high
speed turmel tests in the R.ALE. 10" x 77
high speed wind tunnel while furiher tests
have been made in the Avro low speed wind
tunnel. The wind tunnel models were, in
both ceses, attached directly to the Tuselage
without modificztion of the lines to provide
Leiter Tairings. Turther model tests and
design effort will attempt to improve the
attachment of ¥lue Steel to the Vulcan
Tuselage by modifications to the bomb doors
combined with suitable serodynemic Talrings.
Thus, although the wind tunnel drag measure-
ments heve been used tuLEEtimate the aircraft
performance it is more likely that the final
draz of the missile when fitted to the Vulcan
Mk. 1 will be lower than sssumed in the
oresent performence calculztions.

Engine Data

The performance of the sireraft is shown
when using four Bristol Olympus B.01l. 104
engines. The engines are sssumed to operate
at moximum continucus eruising power through-
out the [lizht and the railings apnlicatble
are shown telowi-
Take-of'f performance — oea rel

Nominal ses level statiec thrust-1h. 13,000

Maximum gontinuous power st M = 0.5/
at 000 £t. corrected for intake
gfficiency. i

Thrust 1b. 24527

A.V.ROE & C? L@ﬁ
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Specifie Fuel Consumption 1b/1t/hr. 1.077
Low pregsure compressor R.P.IH, 6,470
Turbine Entry Temperature % 1,140
Jet Pipe Temperzture °C 530

Cruige Perforoance

The eruising perlormance of the Vulcan
lite 1 when carrying & Blue Steel Hisslls
hng been estimoted for & cruising ioch number
cof 0,87, Bmall improveicnts in range and
altiiunde could e achleved by flying et a
Heech number between O.854 and 0.85, buat since
the general comparison would still held, the
affect of wrying tné eruising gpeed hos notl
beer considered in the present anelysic.

Pig. 6 and 7 show the effect on range
end altitude of incremsing the fuel capaclity
off the girergft. This is pos=sible sinoe the
external mounting of Hlus Steel allows
additional fuel taniagze to be fltied in the
bomb-bay. In the pregent scheme three tanks
ara fitted ecapable of holding 4,120, 372 and
392 pallons respectively. It can be ogen
frog Fius. © and 7 that, using the maximmm
fuel eapaeity in the bomb-bay, togotiher with
the normmal sireraft fuel a substantipl parts
of the range loss due to the additional
weight and drag of Blue 3teel cen be recover-—

ed, There is, however, & considerablc loss

i

in half range sltitude associsted with the

fittins of Blue Steel. This grows progress—

=

ively worse && the fuel, and hence all-up

xu

A.V.ROE& C2 LIR
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weight, of the aireral{ 1o iporansed. Using
the normel fuel canasity thers is a 640 n.m.

pgg of range and 3,380 ft. less in half

b=F

range altitude, fue o fitting Dlue Steal
cocmarsd to the standerd aircraft carrying
g 10,200 1%, bomd internolly. Fig. & shows
typiepl f£light plans for the cleen aireralt
and tho aireratt carrying the Slue Bteal
wiasile, for tha letter ease vwo Ifuel

sapasities have Lean chnsen, d.e. the

The range and aitituds performance i

sumnarised iz the following toblet-

Conflpguration 3till air lleight at

renge - half range-
noaticsl Teet
miles
Olear. Alreraft with
interoally carried
10,000 1k, Tomb
(5,299 galls) 3,692 na,100

Aroraft with Blue
Stesl aond noviasl Tuel

{0,290 zails) 3,030 45,020

S+eel nnd maxiimum el

Ly 130

[N}
-

i
[
(% |

(14,174 salls)

ISSUE N©
DATE
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2.5.

If the Blue Gteel is relsased st half
range the total stdll air range may be
further increased over that shown in the
table above. A bLriefl ostimate shows that
the range would inerease by 450 n.m. in
the normal fuel case.

c igon with Yulcan M 2

The ¥k, 2 Vulean has & tetter Blue
Stes]l instellation than is possible on the
Mk. 1 due to the cranzed front spar,
Furthermore the larger engines envisaged
are more capable of ghsorbing the increased
weight and drag of the missile. The range
penaltics are therelore not as great, The
taeble overleaf compares the performznce of
the Vulcan ¥k. 1 fitted with four firistel
Olympus 104 engines operating nt maximum
continuous power, with that of a Vulean Mk. 2
fitted elther with four Bristel Olympus 6
engines or with four Rolls Royce Conway 11
engines at maximum continuous power,
In both cases o Blue Stecl mispile is carried
throughout the flight and maximum fuel

capacity is assumed.
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AVRO VULCAN B . 1
CARSTAGE OF BLUE STEEL
Aircraft Type Hke 1 Mk, 2 Mk, 2
I o - 1 i
Engines Eristol Eristel Holls=Hovoe
Olympus Olympus Conway
3#':'111{”-[- BIDI.I E Rlcﬂi 11
Hangar wt.=1lb. u190,153 19L , 101 14l , 592
Still air
range .. . =h.m, 3,505 11,290 L4595
% increase in
gtill agir
range over Mk.d - 201 28.8
Height st half] '’ .
Tange o =Tha bk ;130 51,320 51,490
Inereage in
heizht aover
k. 4 -t = 15190 723560

modifications.

The improvement in performance due to using
the k. 2 aircraft may te itemised to show the

individusl benefiis to te obtoined from varions

table.

This is shownl in the following

% change in | Change in |
Parameter Change - - stil1 adrp half range
' range height-Tt.

Change in Blue Steel
ingtalletion from Mk. 1
type to Mk, 2 type. +;§.D + 1800
Change to Ek. 2 planform ; :
and welgzht less fuel. + kb0 + 2500
Change in engines from
B.01.10L to B.0l. 6 0 +. 3000
Change in fuel capaciiy
from k. 1 to ke 2 + T.dp - 150

ISSUE N2
DATE
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AVRD VYULCAK B. HMX. 1
CARRIAGE OF BLUE 3TEEL

Sectisn 3 ~ Man Ffiours and Time Scale

ISSUE NO

DATE

Common Design ané Experience from
the Tiltman Langley Vulecan B. Mk. 2 10,000
Blue Steel Inotallstion

Common Design and Experience from

the Helliwells Vulcan B, Mk. 1 5,000
Blue Steel Installation for

Flight Testing.

Additional Design Time required to

complete Production Installation 26,000
of Blue Steel in Vulean B. Ek. 1
Total h'i .Dﬂ":l

The sbove surmarises the breakdown
of the estimated design efTort reguired to
corplete the Blue Steel installation for
production on a Vulean 3. Lk. 1. 4&As will
be seen 15,000 man hours will be accounted
for by the other two sub-contracted
installations. Thus & further 25,000 man
hours are reguired to complete the
producticn lnstallation,.

The build up of draughtamen to cover
these 26,000 man hours is depieted in Flg. 9.
The maxirmem nusber of men that cen be
efficiently employed is 15 and it would
therefore be possible to complete the
design in 10 months. If an instruction
to proceed with this modification was
received in April of this year the drawings
could be completed by Mareh 1958.

The above figures relate solely to
the Blue Steel instellation and do not
inelude R.C.H. or bomb-bay fuel tank

frateilollinse.

Han
Hrs,

Hrs.

Hra.

Han
Hra.
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FIG. 5.

AVED VOZDAR

2
CARRTAZT OF RLUE STEIL

VARIATION OF C.G. WITH WEIGHT

WITH BLUE STEEL MISSILE
AND BOMB BAY FUEL
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AVEQ VULEAS B, 311X,

FRIETT AT oy TEITE ST
Bt G R T 1 LR A

Li57.

ISSUE N2
DATE

NORMAL ACCELERATION FACTOR 7L

t 1.4 - - } i .I N ..I_._._i_. - .. 1.'

PERMISSIBLE UNFACTORED MNORMAL
ACCELERATION IN SYMMETRICAL PULL-OUTS.

b s r~ ' T T e T T | T |
| PRESENT FLIGHT | NOTES
| LIMITATIONS C.G.ASSUMED TO BE AT |
. - , AFT LIMIT Le 0-309F. |

o —___CRITICAL CONDITIONS
T BASED DN WING BENDING.
CRITICAL COMDITIONS
==—=BASED OM WIN§
5URFACE_PRESSURES,

|
. |_ S
1]
.Eﬂ&'-LI.E_,_!r_

F.w

2-3
| |
| ' |
28—
; | ' '
i i i
- |SPECIFICATIQM FACTOR 2.7
.9 T _| :_....._. L —
: i

e ) o SIISRELE F] S

25— r i |

| I“Jl|

oy, N L .
{nle ha 120 120 WMo 150 &0 17g 180 130 00

AUW, — THOUSAMNDS OF FPOUNDS
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ISSUE NO
DATE

THEIST OR DRAG

RELATIVE DEWSITY

VARIATION OF LIFT & DRAG IN THE
STRATOSPHERE WITH BLUE STEEL MOUNTED
COMPARED TO CLEAN AIRCRAFT
MACH NUMBER = O- B7

70,000 i

0, 000

3f, 200

40,000

; )" AYAILABLE
! || TH BUFFET
' TWRESHOLD
|:|:.|' = E‘!E':

20,000
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_ 02

0,000
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CARRIAGE OF FLU=S STEEL

3;"5]!

ISSUE NO
DATE

MEIGHT- FEET

EC,000

56,004

50,000

45,000

40,000

35 000

50,000

FLIGHT PLANS
CRUISING MACH NUMBER =0-87

————— BASIC VULCAN WITH 10,000LB. BOMB
VULCAN WITH BLUE STEEL

B-Ou- 104 ENGINES OPERATING AT MAX.
CONTINUOUS R. P M.

HALF RANGE i
HEIGHT 4800 FT |- L’-e‘*"‘“ / '
7 o

'J\

0 Looo 2 000

3080 KM
3565 NM.
5680 W

ETILL AID PANGE,

_STILL AR RANGE
STILL AR RAMBE

3000 4,000 - 5,000
6TILL AIR RANGE - HAUTICAL MILES
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FIG. 3.

AVRO VULCAN 2, K. 9

DESIGN PLANNING CHART
ESTIMATED MAN HOURS -26,000
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