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~ ©1.0 INTRODUCTION

These notes give the preliminary performance estimates that
have been made for the System 606A V.T.C.L. fighter-bomber
project and 21so 2 brief explanation of the drag, weight
and engine cata on which the estimates are basea. (A pre-
phase I proposal for wind tunnel tests and study has already
been presented and the technical report, AVRC/SFG/TR255, on
41 this weapon system study due under Contract AF33{(3016l1) is
Eoasi being prepared.

A general arrangement drawing of the project is shown in
S Figure 21. It will be seen that it has a circular planform
gries with 2 wing section which is ‘symmetrical about the vertical
S 0 centre line. The basic propulsion unit is 3 reverse flow
3 turbojet engine in which the moving parts rotate about a
vertical axis. The main units of the turbojet are a single
sided, single entry centrifugal compressor, twelve raaially
h spaced combustion cans and an axial flow_tip turbine. The
SRR exhaust frem the turbine is ducted radiaIly cutwards to a
- propulsive nozzle system situated around the wing periphery.
This nozzle system is also used for control purpcses, and %o
_produce an annular jet downwards for vertical taxe-off. Six
. ramjet units are provided as a secondary propulsion system to
improve the superscnic performance of the aerorlane. These
- units are situated in the fairing behind the main engine
“ intake and zre fed from a separate air intake which is parti-
ally closed in subsonic flight.

PRINCIPAL DIMENSIONS AND WEIGHTS

Span (diameter) - 28t 10w
Wing Area - 653 sq. ft.
Thickness-chord ratio at centre line = 3.47%
T.Q;W. | - 20,000 1b.
Fuel Weight - 7,500 1b.
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.0 DERIVATION OF THE AEROPLANE DRAG
?:J(a) ‘Subsonic and Transcnic Minimum Drag (Cp,)

The subsonic and transonic drag was derived from model test

data reported in AVRO/SPG/TR186. Two models were tested, a
double intake version (Model No. 1) and a single intake

version (Model No. 2). The drag measurements of Model No. 2-

were used as a starting point for the drag analysis since
this model was roughly similar in configuration to the pre-
sent Project. Figure 1 shows the results of these tests
where -

Curve A is the minimum drag with a 'straight through
duct! intake

Curve B is the minimum drag less the measured internal
drag of the intake : _

Curve C is curve B plus a measured afterbody drag of an
intake fairing.

_ In the present scheme six ramjets are situated in the fairing

behind the main engine intake and when these are operating

the afterbody drag will be considerably reduced. It is rea-
sonable to expect therefore, that Curve B approximates most
losely to the drag of the present Project. "2y SRR

Hawever it will be noticed that this drag is about the éame,
or®lightly less, than that measured for the basic wing (see
Figure 2) over most of the Mach number range. .

It is concluded that the actual drag curve (model scale)

" will be some where between curve A and curve B and a guess

was made as to its probable variation with Mach number using
the test results as a guide. A ccrrection was then made for
Reynolds Number effects to give values which apply to the -
full size aireraft at an altitude of 36,000 ft. and the curve
was further modified to allow for the increase in drag due to
the ramjet intake 8ystem. It was assumed that this increase
would be of the order of 10% to give the final estimated drag
curve shown in Figure L.

(b) Supersonic Minimum Drag (Cp,)

The supersonic part of the drag curve given in Figure L was

derived from model tests reported in AVRO/SPG/TR168. Figure
3 shows the CD, versus M for the basic wing which has Dbeen
obtained from the results of these tests with a correction
for Reynolds Number to correspond to the full size aircraft
at 36,000 ft. It was assumed that the total aeroplane Cpg
followed the general shape of this curve so a constant drag
increment was added to these values to account for the drag
of the intakes etc. This increment was arranged so that the
final drag curve 'tied in' with the transonic values.
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(¢) Drag Due to Lift (Cpj)

From the test results on 2 subsonic model (see AVRC/SPG/TR12)
it was possible to derive an approximate relation for Cpj
in terms of Cp2 as follows -

P Cpy = 0.312 Cr?

j which was found to apply for a fairly wide range of jet
¢ - coefficients. '
The transonic and superscni:z variation of Cai/C 2 yersus M
is shown in Figure 5 which has been taken from AVRO/SPG/TRL68.
(A slight modification was made to these values to apply to a
typical jet coefficdient Cj = C.1 for use in performance cal-
culations).

' 4.0 ENGINE BATA

The propusgion unit is essentially a dual system consisting

ok of two sections, the prinecipal features of which are as

.+ follows -
' {a) The Primary Propulsion Unit

. Is a simple centrifugal flow turbo-jet engine with 2 pressure
ratio of 421 and a maximum cycle temperature of 1150°K
(16119F), The design mass flow is 308 lb./sec., giving a
sea-level static thrust of 17,000 1lb.

(b) The Secondary Propulsien -

-~ Consists of six ramjets with a total combustion chamber
inlet area of 12 sq. ft. and a nozzle outlet area of 8 sq. ft.
-The propelling nozzles are assumed of the fixed area conver-
' %ent type and the operating combustion temperature is 1750°K
26910F€.

The estimated performance of the primary propulsion unit 1is
shown in Figures 7 and 8 where net thrust/ambient static
pressure and fuel flow/ambient static pressure versus Mach

e

g - . Number are given for three engine ratings. Figure 9 shows

T gross thrust at sea-level static conditions versus combustion
chamber temperature. The estimated performance of the secon-
dary propulsion unit is shown in Figure 10 and 11 where net
thrust/ambient static pressure and fuel flow/ambient static
pressure versus Mach Numbers are given for 1750°K combustion
chamber temperature.
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4.0, ENGINE DATA (continued)

In estimating the performance of the propulsion system it
was assumed that,

S (i) ..Since the primary propulsion unit is a simple cenctri-
s " fugal flocw turbojet engine, an accurate estimate of per-
formance could be obtained by scaling a typical turbejec
engine of the same pressure ratio and maximum cycle temp-
erature, the thrust and mass flow being related only to the

. square of the linear dimension. For this purpose daza on
the Rolls-Royce "Nene" was used in conjunction with the
intake pressure recovery curves shown in Figure 6.

e
M
v

ure recovery is somewhat better than that

The higher p su
ts of a 1/12 scale model reported in AVEC/
1

T
achieved in ¢
58RDZ-161L2). The improvement assumed
is expected to r t from eliminating the sweepback at the
'+ sides (Fig. 45 in tye above report), particularly in view
“1 - of other tests resulgs of similar configurations, e.g. NACA
RM L.52.J.02 and L.5%J.07.

o The lower pressure recovery assumed a pitot type intake.

£ Total thrust for the dual system is shown in Figure 13 for

= both assumptions. Since the ramjec system ls providing the

.majority of the net thrust for supersonic operation the &

. simpler pitot. intzke is probably preferable for the cembri-
- fugal engine and Is,found to cost about 5CCC ft. of eceiling
and some 7% supersonic range. Performance given is however
based on the higher assumption.

For the internal loss in turning into the central sick, the
initial diffusion is about 35%. Assuming sonic flow in the
mouth which represents the worst condition and the lcss
factor of 0.2q shown in the tests reported in AVRO/SEC/TR177
(E.D. No. 58RDZ-136143), 2 loss of 3%% of total head resulcs.

‘4% has been used to allow for the initial diffusion. In the

*. static case the intake is assumed to be relieved to prevent
a greater loss and (depending on the design) the assumption
may prove too severe for this case. Suitable areas for pre-
liminary design were determined from a static design roint
calculati®n as follows: '

TARLE T ASSUMED EFFICIENCIES

. ir Intake Pressure Recovery P2/Py (internal) 0.66
R Combustion Chamber Pressure Recovery P./F3 0.9%
Cutlet Duct and Mozzle Recovery Pg/Ps 0.95
Compressor Efficiency 0.78
Turbine Efficiencr 0.85
Compressor Fower Input Factor ¥ 1.C35
Compressor Slip Factor 0.935

: SECRET




PTORI

13¥D13S

PEOT Tngeen (%)
£80TAI8g PSXTHd  {7%)
quUeTd Jemod  {€)
Jedn Sutpuel (2)
aInaonIas  {1) :

; *sdnoa? FUTMOTTCJ
aya ut usa1d eae saySTeM 3ULUCHUICOD DRLEBWILES UL JO STTEIL(Q

%f JO SSOT JBENJJTD TBUJISIUT UE YA Jeyaedol ‘pounsse Sem g

- 8an8Ty JO £IsACO8I sanssedd Jo9y3Ty 8yjz jJe &1qeded COSTE 39TUT
qECJY] STQETJEA E PUE EAIE 93T2N0 PBXTJ YITM SUOTITPUCD |
PSUDY BN UTESGO O PITBJISRT SEM Ol YoE) JYQWEYo

*o1dwexe J0FJ Y5 TWH

DUR IO TS$T WH YOVN JO MeTa ur weasds 33[mwed ¥ I0J OTISTTESL .

3Qq. 09 PRASTISQ ST Pue ‘ZT °andT4 JO ydesd ay3 fq umoys se i .
Q00 03 GZT"0 WOIJ JuTAdea *ON UJEY A1qus pue g3 09 ¥ig wWoaF -
- Suiiaea ssoy aansssad Te103 8yj up S5 [nssx uoradunsse STYL

*J9QWEYD UOTASNQOd ay3 04 2sTUT ayl-
1€ aanssadd OTWEUAp 2ys sI Cb pue .hmm>ﬁpum@mmh aanzrJadwsg
pue aansssad Te20% 23TAN0 aua aJde ‘il pue tg ‘A1sazadadsadg
sanqjezadwel pUE aJansssad Teacl A8TUT 8Yy3 8aE ¢ TUuE 23 sasy

AR 2

. » - .

1- &5t +o€= €3~ 23
€£q usATE Sem JISQUEYD

UCTISNQUOO AJEPUODIIS &Yl ICJ JOI23BJ SSOT eanssaad syl (TT1)
4 s :

T
10 9SnJy] SU3 SSTeJIDUT SNYY PUE sJnaredsduw

32 J9gWEYD udoTaASng
-wod Uy astsgcul ue atwxsd prnod fpestns TI

*ATUN AJBWTIJC &4l JO J3O-9Eq =
1 &4 ST U3ISSDP 9U3

UOTyM JO0J ‘3uTiocs epElq 2EYL § sanBT4 woly peaou eq TIEM JI
nLa OTI%EY 21Sse g MTZZON ~
£*GLE voay 4sTang oTzzoy #L133833H -
2 2eto ‘o yory 2ong JuiM
*utr *bs 0€2I1 ES2JIY 22ug 3utd TEIOL
SHES* D *ON yoel 29T2N0 TEIDEY SUTIGIT .
£10°¢ OT2®Y 2JNsSadg SUTQINT ¢
Jo €°5il doaq eamneasdwsl SUIQINT &
do 0STT sanietadws] J8quEy) UUTISNQUOD 78
*ut *ps CS11 ¥aJy snTnuuy 387ang 1os5s531dwod = 4
Se1*o *oj udEW 219T3In) TETPEY _
‘ut *bs gozT EoJYy Sninuuy 38TUl
¢8%°0 (35Tul Jossaadwo)) oy uysexR TETXY %
*oss/*aJ cont psadg dy], 2cssaxdwoy
Jo V5 esTy sameJadud],
1% 0T1®Yy aanssagyg Jossazdwo)y U3 TEST.
*o88/°QT LOE MOTJ ssey JTy HETSe(
SANIVA NDICEC II ¥I9vd Pl mf
(renutiuod) yIVE mszzm_.Owéwm

133035



S80TAJSGS POXTJ
* Jueld JIamMod
Jeen Jurpue]

2IN10NJIY G PWEITJITY

:SMOTTOJ Se pozlJewmns aq Aew s3y3Tam HmuOH

V101 : : waw
*o12 Tany Tenpisax ‘IT0
(qusweuldE) PEOTAE]
‘ °nd
% 10Ttd
peoq Injesp - m muopu
TYLOL S

asEaTsad quog

UOT1EOTUNUMCD % UOTIESTABU [OJ3UOD BJITH
fousSisws % JuTUOTATPUOD ITE BUTYSTUINJ
SOTJ3098TH -

squaWNI2SUT

uoTq039q0ad 8aTj

SO TABWUN3U]

sToaqued SUuTATd -
S3DTAJSC DPOXTH - d msohu

TVLOL
sadtd umm.
sqalwey
sToJaucd % suldue TednjFIaua)
uogeTnsul
wegtig Tond
qUETd J8Mog - € n:o&&
_ Jaesn Jutpue] Hmuow 3
Jesn Suipue] - 2 n:Ohu
TY10L 9

Aous3utauod -
5 1d3{20)
gsuea pue projiuew dil
saanjoniys Jaddf ¢

sqTy .y

SutuasJTa§ PUB SUTAS

F mwwﬂmoMLuw ST Qﬁbhw

13¥D13S | suam/ous/ s




R gLl Lo ety LRl s LR Al
e LR AR SERATE O 1 GRS O O e SRS

SECRET

AVRO/SPG/TR276
WEICHT ESTIMATE (continued)

.~ Useful Load
. Gross Weight
~ Useful Fuel
. Gross Weight less Useful Fuel
' Armament
' ‘Gross Weight less Useful Fuel & Armament

8,900
20,000

7,500
12,500

1,00C
11,500

w‘ﬁThe basic material for the aircraft Structure is assumed

- to be steel although some use may be made of titanium and

. problems.

specified above.

. light alloys wherever possible, The simple, radial struc-
' ture and lack of @w®Mcrances presents no unusual design

" The most critical area is expected to be the mechanical
design of the turbine blades, blade attachments, and rotor
. spokes. A preliminary investigatlon of this area has been
" performed in AVRO/SPG/TR275 and is submitted in conjunc-
tion with this report. The investigation shows that,
“‘although care must be exercised in the proportioning of

- the various components, sufficient latitude exists within
‘the stressing limitations of the materials available for

a sound design without exceeding the weight allowance

In estimating the above weights 2 synthetic estimate was
first made making wide use of .031" steel for skins and
similar associated structure and bringing out a weight of
3,226 1b, for the complete aircraft. This was compared -

- with the outer wing of PV.704 for which the estimate of
3,631 1b. given in AVRO/SPZ/TR71, Issue 3 (I.D. No. 58RDZ-
- 11196) represented a complete detail design for an all

.. steel structure. The weight/sq.ft. of this structure was

 7.5% contingency to the symthetic figure.

. 635 1b.  However it incluced a large amount of detail

- structure for the outer wing combustion system. A 15%
 improvement on this to a specific figure of 5.35 1lb./sq.ft.
 is c8tsidered not unreasonable and this involved adding a

_{With regard to the power plant the synthetic estimate
- brought out a figure of 2,640 1b. for the centrifugal

 engine,with an all steel rotor weight of 900 1lb. estimated
. on the basis of the preliminary stressing reported in

TR275. This was considered low and was increased by a

16% contingency to 3,06C lb. to give a specific weight of

+welght saving from the airframe engine integration.

SECRET

C.18 which was considered reasonable in view of the evident

Fixed services at 2,540 1lb. is not very much greater than on
-+ PV.704(2,310 1b.)largely due to the very large weight
~saving on controls, for which the present estimate was
. based on the Avrocar; the relevant weights being ad justed
.- to the new design and perimeter. In electrics a basic
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_“power SUPP1Y of fwo 12 KVA alternators was assumed ade-
= quate to drive e radar and all other services and the
. 'system synthesis§d having regard to percentage weights
rfor similar systéms. Fire *ontroL navigation and com-
. ‘munication was based on the General Electric Company's

. tBantam' system.

The drag versus ¥ach No. has been plotted in 'non-dimen-
'sional' form in Figure 13 together with the thrust curves,
- The maximum speea versus altitude as derived from these
-'plots is shown in Figure 14 for an aeroplane weight of
5,250 1b. Twe basic range profiles have been calculated
iand are summarizea in Table I (which is for a superson.c
cruise- at approximately 80,000 ft.) and Table II (Wnich is
for a subsonic cruise at 50,000 Thete

Plots of acceleration and climb performance are shewn in
“Figures 15 to 19.

cure 20 illustrates some typical mission profiles.

: the propulsion system of
the Progect maks 1t suluable for attempts at boundarv layer
© control by surface suction. It is shown in AVRQ/SPG/TR269,
#that if a fullry laminar boundary laver could be achiaved,
_the maximum L/D would be of the order of 20. A bombing
mission profile assuming that an L/D of this magnitude is
possihle is shown in Figure 2C.
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TABLE I

" T.0.%W. 20,000 1b, Fuel available - 7,50C 1lb.

' Fuel Time  [istance
Engine Usea Taken Gone
5 ~ Phase Conaitions 1b, min. N.A.M,
k.Tﬁke-off and Transition Max. rpm 220 1.0 0
o Max. rpm s
] 0.9 Wo Ramjet 230 0.7, 5
§?5ubéonic Climb 2t M = 0.9 Max. rpm L00 1.7 Th
Sea Level to 36,090 ft, = No Ramjet
,E%éhsouic Supersoniz Acc'tn. Max. rpm - 1118 2.1 30
M= 0.9 to 2.3 With Ramjet
t? "2 turn into Supersonic  Max. rpm L30 o T R g
imb M = 2.3 to M = 2.5 With Ramjet
completing turn at 45,000 ft.
rs Climb at M = 2.5  Max. rpm 525 1.7 38.0
to 80,000 ft. With Ramjet
L 25 95%Max. rpm 3757 29.8. ‘osf12

With Ramjet

lescent and Landing -—

TOTALS 7500 374 806

e 0 TABLE II
nge :Summary (Subsonic Cruise)

1 T.0.W. 20,000 1b. Fuel available = 7,500 lb.

Fuel Time  Distance
Engine Used Taken Gone
Conditions 1h, min. N.A.M.
Max. rpm 290 b S Cag i
“. n. yvny =3 . &Iax. r m
: TFLAC~81e-aElon to M = 0.9 {3 famjet 2130 0.7 5
. Subsonic Climb at M - 0.9 Max. rpm 620 L.0 32
S.L, to 50,000 ft. No Ramjet
909Max. rpm 5610 152 1338
R No Ramjet
géhgent'and Landing

.reserve fuel) —_ 730 _— —_

TOTALS 7500 1577 1275
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