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10. DESCRIPTION DF WORK

l, The inclosed reports have been submitted by AVRO Adrcraft Ltd under contract
AF33(600)-30161 in econnection with USAF Project 1794. The primery purpose of the work
accomplished under this contraet was to determine the practicability of developing a
vertical take-off, supersonic vehicle exploiting the contractor’s design concept. The
wark was limited to studies and tests of those problem areas definaed sc meior cres,

2., It ie recuested that a technical evaluation be made of the results of the work
acoomplishad under this program as presented in the contractor's reports, The Surmary
Report and those on Ground Effects, Intake & Exhaust, Performnco and the 1/6 Scale
Model Test have not yet been received but should be delivered by the contractor prior
to 1 Jul 56 and will be forwarded to you as received.

3. The evalustion should include:

: a. Comments on the technical aspscts of the program within the scope of
—~ . |responsibllity of your laboratory, perticularly in defining problem erees and in
suggesting solutions to existing problems,

b, A substentiated statement as to the practicability of developing a weapon
system based on the design concept proposed by AVRO,

c. The recommendations of your laboratory as to ithe extent &nd nsturs of
further USAF support of this program,

4., The Project Office, RDZSBA, will afford any assistance required in the conduct
of your evaluation and a Project Review will be given by the contractor at Wright-
Patterson AFB following submission of =ll reports,
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10. DESCRIPTION OF WORK

1, The inclosed reports have been submitted by AVRO Aircraft Ltd under contract
AF33(600)=30161 in connection with USAF Project 1794. The primary purpose of the work
accomplished under this contract was to determine the practicability of developing a
vertical take-off, supersonic vehicle exploiting the contractor's design concert. The
wark was limited te studiez and tests of those protlem areas defined as major omes,

2, Tt is recuested that a technical evaluastion be made of the results of the work
accamplished under this program as presented in the contractor's reports, The Surmary
Report and those om Ground Effects, Intake & Exhaust, Performance and the 1/6 Scale
Model Test have not yet been received, but should be delivered by the contractor prior

to 1 Jul 56 and will be forwarded to you as received,

3. The_ovaluatiom should ineludes

a., Comments on the technical aspects of the program within the scope of /
responsibility of your laboratory, particularly in defining problem eress end in

suggesting solutions to existing problems, -

b, A substantiated statement as to the practicability of developing & veapon /]
system based on the design concept mroposed by AVRO,

¢. The recommendations of your laboratory as to the extent and nsture of /‘/
further USAF support eof this program.

4., The Project Office, RDZSBA, will afford any assistance required in the conduct
of your evaluation and a Project Review will be given by the coniractor at Wright-

Patterson AFB following submiszion of =ll reports, .

CONTINUED ON REVERSE SIDE [ |

FOR USE OF RESPONSIBLE CRGANIZATION 3

11, INITIATOR 12, SECTION CHIEF 18. CHIEF Responsible Orgn or Rep)
x ' 4
Wthore K. twtx cj MATYELL: CBlonel, USAP

V. R. Stephens, Mafor, U Chief, Bombardment Aircraft Div

T RS T T e ey

oren cooe RDZSBA exv 31324 | oren cope EXT - [Pir of Systems Management
= FOR USE OF SUPPORTING ORGANIZATION
14. ESTIMATED COMPLETION ) 18. PROJECT ENGINEER OR PLANNER 18. CHIEF (Supporting Orgn or Rep)
DATE
- ' DANIEL D. McKEE, Col. USAF
MAN-HOURS Chlef, Ai{ctaﬂ 'Laborator_y.
ORGN CODE ExT Directorate of Laboratories

CLOSING ACTION

21. CHIEF (Responaille Orgn or Rep)

17. REASON: 20. CHIEF (Supporting Orgn or Rep)
_J COMPLETED l | CANCELLED

18. DATE COMPL] 19. mM/HRS EXP DAN'EL D. MCKEE Col. USAF

| B ¢ |Chi boratory ¢

De.o..

NCLASSIFIED

l

McGregor & Werner Midwest
Daytor, O. luuM Nov. 195§

oo L. ..o

boratorie$

15 SEP 54

86RDZ~18/88- 2/



> 7 /0 / e - /
= ;-A,‘ = : v ) g~ ] e j
- ACTION REQUEST AND COMMENT SEERT VA TG -~
T From wcoesp-2 (Date n p !
WCISY 323 L 5 £ 7 WoIsat l (3 eae J6

The follwing data are in--from EVALUATION A.’@ REQUIREMENTS SECTION for
acessary action by your dbranch:

Priority /C Project Engineer = g,/j /éé,a 4

Y = b

IDC or SEC No. . J79 -

0 o , e _|From e, Dete
hrr‘*co_l i . e e ¢

.irplone or Missile No. Prepared by

egort No, lDated "~ |Branch Chief

— 2 uumu,u/A%g&agﬁmﬂﬁzﬁ ]

S A g *ayzl P AP A e ot Zo =Py &

2,
4
Vi gl ﬁ—“‘l 7 ﬁ/‘ﬂw m ey %Z.;' oL
{ d &
4«‘/ Al /V.J,é‘,é." ;
h » '/ B

LML A

. (Contimie op blapk gheet) J

WADC-O Form 322
(17 Jul 53)

UNCLASS: =T



/’ \ W A—/ Al et Vo
+ NON REQUESTIAND coMUmNT sErpm 4R
‘\

FI‘Otn AlJQ, N p-2 mte /3 346

The following data are in--from EVALUATION AND REQUIREMENTS SECTION for
:cessary action by your bdranch:

() | edeado A "/A;(// LZTd 'ﬁ; Z
g { ‘
20 or SEC No. /7 7+ Priority g Project Engineer 2 .~ , 7/{,}’&/
B o o o= i From Dete =
WCTSO 1 -/ LS| ,
Airplene or Missile No. - Prepared by
Dated Branch Chieh_“_:.;\

seport No.
[OCGNS
/'9{ w L4 20 74:/ 74/ /C”‘mlrL{g /M..("L\.‘_l

,zézi

L ‘11_444‘_/' 4@ Z,./ ”é % «f//x:{. fg//; R sl / Ar b

Loty 5

/'JA ”, é‘ féM ,m /‘/i :‘J/p R v /
f ./M(/,// P i =

/0 ’
A N Z{Lg Ll L

ay
k—rlg_/ Ll JAALL O : '..‘lll“'-‘. ol & I/A-/ il ) T T

WADC-O Form 322
(17 Jul 53)

L1V E Py

(Contimue on blenk sheet) J



rollcow-up

o ) reg4A. 27

ACTION REQUEST @ EVALUATIONS AND nE-UIReM=NTS ¢ QPERATIONS OFFICE

i ¢ | FRGM | DUE DATE DATE
"’I‘S%I 2@&5 ° 7 | WISD{ ¥ s 7w 56 13 Jun 56

Th{lfollowing data are available for nescessary astion by your branch:

(U) &Ewaluation of Praject 1794 Reports
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The following data are in--from E’VA..UATION AND REQUIREMENTS SECTION for

.ecessary action by your btranch: v) '/MA f 7 70.4/ » o /’, cjh};
’A./’/ Z’/ -_Lv{,_, ,.ﬁ, .f, oy o

-2/' —,0‘ 17 Lo ks
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'DC or SEO No. Priority Project Engineer ,
0 — From ﬁ
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L' - 1 e M. e ° =
irplene or Missile No ‘/7’> };z )70 Prepared by ,6‘%;:9 / -,
eport l\ao, e Aelor, & Dated Za / Branch Chief j |
g — Y

on the :anlosed reports are as follows:

a. ID No, 56RDZ=13T71l; = No comment
ce ID No., 56RDZ-13716 - There are indications tht considerable difficulty was ex-
serienced in the measurement and dafinitelmf air flow into the model intake and in the

static calibration of the propulsive jet, This directlv infl i initd

of drag. Interpretation of this data should be compared with that made by the MIT Na
hy TCLSH

S

d transition with positive lift (Jg = 1.0) are shovm in Figure Fij of AVRO Tech
Jnnm:*xn&fm + -

tion control problem is contained in the Performance Summary Report ID No, 56RDZ-13713
However the pe*fomance is descnbed only for tHe

under takeof f and 1anchng procedures.

no d:Lscuss:.on of the "hystere51s" the pitching mcoments and hft for the hoverlng
It seems that a statement on the control of this cond:.tlon, v

cond:.tlon has been found,

sented by the contractor in support of the control analys:.s appea.rs to be correct when

spot—checked against sinmilar data coampuied by WCISH,

2

HANS K. DOETSCH .
Chief, Subsonic Projects Section
Wind Tunnel Branch

Aircraft Laberatory
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‘ollowine data ere available for necessary action by your branch:
] e ; I E, ‘ :
Ll 2ol o Can W lr ) 7% R 0lZ
s ! 2 7

/

v v

utNe /79 % Suge-Project Engineer X7 [F £ . Joo .. -

,COMME NTS

NCLSD-2 R WCL3R=1 DATE /9 5 uy 195
F.L.au-g
=Vt

avd|
raft or Misaile Designation Prepared by /§
“/

Tt Nr Revised Branch Chief ) X omoalrm

ne. L, rnuerson

l. The ..erodyrzmic Design of rroject 1794 has been reviewed from tne standpoints

of design potentiel =nd tea:nical feesibility.

i I Ictentisl
In =ssence, the desizn consists of a circular planform lifting surface with
5] ru.m i )
a larze ducted fan after-h-lhal. ensine, The configure.on has no zerodynemic stabil-
1Zavion or control surfscess. 3uzbility and control ere provided through directicnal

aced on tuose factors wh:ch rrimerily determire performance ceapability =

nerely, lift-draz ratio, sgecific fuel consum

Tue L/D of a circuler planform wing at surerscnic speeds wou:d not be

-

Lejog in the order of 7. = prorerly desizned swept wing should be nhizher, theorstical-

[™_about 10, for an 2srect ratio of .5 with the same Cpoe™

,,,,, S——_ s &

& Based on the IIT surersoric wind tunnel tescis, Witk and without airflow

simulation, the ov:rall .Vx0O desizn shows 2 meximum L/J value (untrimred) ~f 6.3

:m @“@ U NCL (Continue gm blank sheet) |
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(Contd - Fage 2)

.nis value was obtained by making extensive assurptions and corrections to the wind-

tunnel data.. The procedures used sre open to cornsiderable doubt, rarticularly as-

coneerns momentum and base drags. This will be discussed in more detail under the-

-

internel flow corments.

Trim drag for this design at supersonic speeds should be low comrared to-

*
conventional errengements since the aercdynamic center nearly coincides with the-

center of gravity at the geometrical center of the airplane, Values of trimrmed L/D-

max for current suzersonic designs at the same Mach number (M = 2) are in the order
of 3¢5 to 4e5e issuming that the aero lift drag measurements were as much as 1C07%
in error because of questionable assumptions end data reduction procedures, the max
L/D for the AVRO design would still be 4.5 It is concluded, therefore, thot the zmx
L/D max of the 1794 configuration should be at least equel to that of the best con-
ing itself is not

ventional wimx xkxmm designse =n~prarently, although the circular wing

s good as the conventicnal wing alone, tie additional dragg items such as fuselege,

fu

tail surfaces, etc. are sufficiently detrimental to convectional designs to reduce
the L/D mex to less than 1/2 of the wing .lone values whereas tke 1794 desizn does
not suffer as badly with the eaditior of orly the inlet islznds, It =s.ould be noted

that fpecsuse of the low wing loading inherent with tiis type of design that the higzh

L/D can te obtzined only at very haigh altitudes.

{ Subsonic L/D has not been eval uzted but would undoidbtedly be very gcor

corpared to conventionel arrangements due to the low astect ratio ( é).

PSSR
————
—~ 2
/" / g - i
7~ ,J‘A--‘_y_, ot ,’,,-’_»‘g.\-»/,-«‘," 't
(‘[7 F " —5Fg-velues of’aprroximetely 2,5 at 35,000/and }4 = 2.0 nave bzen estizated
‘A )
)
f A8 & Y s
* for this design. These values are sligttly nizher tha‘izurrent efterpurning engires
| and offeri ro potential in this arsa. The higher values are cdue mzinly to lower
\ 4
tailpipe tempersztures and should be ro .ghly com;ereble to conventional ensines at
V4
A the same exhaust temperature,
iim————
e . 4

AN i g i
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47 Thg manner in which the engine is arrenged in this vekhicle is such that a
lerge cercentage of the internal volume is used for the engine. with the horizontal
fan arrangerent, large engine mass flows can be handled for less frontal area than
required for conventional ducted fan engines., The structursl unit wing weight is
estimated to be same 207 lower than conventional winzs because of the circuler arrange-
ment end distributed weight. The result is tha:t thrust/weisht ratio shcould te very
high comrered to normal errangements. It is felt tlLat this factor is the one cut-
stending adventage that this design has as a supersonic vehicle zand should permit

much better altitude capebility tian is possible with normal designs. Contrac

er “ormance estimstes (unvelidated) indicate ceilings.:of over 85,000 ft, et M = 2.0,

th the crude nature of data available, a quamtitative rerformance eveluation is not
L

/
[ _—~»ossible., ine altitude carability, however, ap;ears to be in right order of magnitude,.

7%

]
7

Muspuu!i:v-'
.
-

-
The large thrust/weight ratio permits VIOL carabilitye. Tze ground cushion

e i

effect wherin 1lift is actually greater tLan turiist has been demons:irated on & model

sis and is considered rezlistic,

e

ﬂé::::f-- “‘In-summary. this ty_.e of design is considered gomyaréble Lo contemparary

arranger-ents as concerns Suyer53329~_17_;av =fid SyeCIflc fuel consumztion and

V...
- LT

- . T, . -
superior in thrust/weight ratio:,/ﬁé'an aircraft, theémWy-—-if should have comperable
P i s S

enge potential, higher thluUde and sreed capetility plus the horizon%al‘TEOL feature,

dvera” =
= » it-%3 considersd to re;resent, rotentially, & sizeable step forward in state

G

e ~VRC design, 2lthough sound in concert from a ..echenics standpoini, poses

i



design ;rinciples.be revised. The two msa jor develorment protlems (eside fram the
prorulsion unit which is not treated here) are exrected to be th= artificial stability
and controi and the internal flow systems.

é"?; Conventional design practice to date has not accepted the compliete artificial
stability concept for mam cerrying vehicles. Assuming, however, that this change im
thilosophy is acceptable, it is envisioned that a me jor effort will be required omn °
stability to satisfy the entire flight regime. It must be recognized that detail

: : i .
B.p‘rziemfcﬁzae;i]ﬁr;cixar:;fg-é:ve%g;megnt that cannot be solved in a prac .1;351511;/‘.3/1&1?1)”6 3
4 A major factor in the performance capebility of this design is the efficiency
of the internal flow system - inlet, difiuser, jet exit and the external dreg
considerations associated with these items, Although AVRO Rerort 22 irdicates &
fairly optimistic picture of the internal flow counsiderations, detail examinetion
of ths data raisesseveral juastions,

( {) The determination of the inlet rem drag is in juestion because of the

rather severe pressure distributions at the measuring staticn during some of the runs,

~
~

Reverse flow in one of the inlets is also & possibility for sorme of the runs. &Irrors
in inlet mass flow cause errorg in the aircraft drage..
k2.> £lthough no data &re presented to show the inlet capture erea ratio,

it grrears tiat the maximum capture area ratiQ of the testis is consideratbly telow

tne estimzted value. The accuracy of the inlet spillege drag is therefore in jugstion.

= = . o = e N e = e
o = / -
redifiss - included, and () the dats e czesr—o T2 _rese
50 ilet. .

P

= S
nted fgr no wes: Ilow

‘?‘/ﬁi It is not understood how the jet thrust values were ..ezasured during the

actuel tunnel test, nppérently they were obtained by diffcrences in drezgs with end
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#2-

Contd - Faze 5)
Wwithout external eirflow. Tris method mizzt yield considerable error,

Wpether or not the internal flow problems cen te sclved in e reascnable
menner cennot be definitely ascertained at this time. Considerable detail testing
will be required perticulerly as regards inlet pressure recovery and losses in the

labynrinth ty:e diffuser. Here again, as in the cése for stebility and control,

detail problems masy arise that cenrnot be solved in a prectical manner even though

the fundamgntel concept is sound.

R

/

[

|

1ts relative

large exient urop
¥ protuberzpce or external

effects cn the supersonic L/L.

(]

as yet, If these it

y rerformerce potential would suffer. DJownwerd visTbelijty, with th

internel volt

I

3 - £ B > . | -
e CGlld o TOF ‘-"rv:rv = T pe3 u;,..u.z]—ba—r"f‘nssar‘ °

‘4?4/7

Ml K ped o
K\,/ B-cause cff the rcraft's dependence on zower for statility and contrel,

should & comrlete power failure or exhaustion of fuel occur, it would be impossitle
to maxe a forced landing. whetaer suflicient controllapility would exist, even with

razn air at .igh forward speeas, ©o enacle the pilot to establish favorable e jection

ccnditions is juesticnable,

A
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vehicle &nd, wh;ﬁ ¢corzbine




vy | ' Iy M

U(/’ Au. 10N REQUEST SEERT ol
9 om D- Date —_
WosM D a3z bw g ﬁl.%c_*z.s - (3 v 5%

The following data are in--from EVALUATION AND REQUIREMENTS SECTION for
necessary action by your branch:

(J) zﬁ«.%_f__%;z// (234 %/&ﬁ

2 R AT SR DY A G bt

= = 3 2 : . 3
FID or SEO No. /79 Priority  , . [Project Engineer % 77 7/44‘/
g From e 1smag + | Pt 9 rune 6 -
WoTS 202 P\
Airplene or Missile No. Prepared bYLt.J H Hei}/%}éﬁ . P
teport No. Dated Brench Chief {? W '

COMENTS

et A

P

ol e b p

. . A7 ‘P4l ;.
% w*f g el ,r/‘i”//"' ’;Mf

drerptrnge s

. ’ S .
"ijlij w 4.*’-&’»—-& /‘__,_4“4‘4 g j#“, S ‘ V",.K., /’J/V&:)‘p‘ Z A
iz o8 anlown %, gt d

v a

In view of the 0 - i hi i
will not be required. It is anticdpated that lighter. more campeact landing

conventlonal aireraft t;\.ros and wheels. );Lcw»-e,\ W ij_

WM&M

(Contirmme op blapk shset)

WADC-0 Form 322
(17 Jul 53)

UNCLADSITIE]

i NS a... ' ~.) —_— T

s

P T



: ) A
) Y /{?:ﬁ_ulfk—!/

— F

e AuIION REQUESYT AND COMMENT

Cosuflos e o oa |0 B0 i3 d. &
The following data are in--from EVAIUATION ANDC REQUIREMENTS SECTION for
necessary action by your branch: .

(W) Gsdaton 7 LvswA 1714 Lot
J 7 g

RE or 3EC No. /794 - Priority ] & Project Engineer A . 7/4‘4, »:%;
= = = 7

° WETSO Fm&w-—// g /f.////cfz bl
Itirplane or Missile No. /Z/Dc&, /77¢ Prepared b)&ﬁaéf/; SR

levort No. ' Dated Branch Chief g’ ¢ !/

— ' / . [
COMVENTS . - .
rz-ﬁ <2

s b cae Mo A S @ WELSD=T M; 2

/u//iﬁ,«.«w_/u %/ Lee /m&&.«éa/

yal

/@444% W/?W CFo s 2 T

L/ ,AZf 41&44h—’422-¢1fr Ln e o e 7L 4¢(¢av
/‘/7‘ JM e % P ‘%Jf"lz/ %" ﬁ”M ‘."3'-""“""4/

Ll g Zice piaod L "?25452;« éz:lag.edm4 .5,521
: &

ST o ym— G e ) M e B R T NS

-
e ;'!y-!"‘.-r"'r".:‘ Aozt

R e

B T

(Contime on blapk sheet)

AADC-0 Form 322
(17 Jdul 53)

Fare e

=<~k



7 . s & »
i / 9 : | 19 (37
= f ACTION REQUEST - EVALUATIONS AND REQUIREMENTS - QPERATIONS (FFICE

f

he following data are available for necessary action by your branchs
I8 1s requested that gomments congerning

Coples of report can bde odtained rro-°wcmn
WCISQ Project Engineer

e

scount Nre IB! (l ‘)
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4 ACTION REQUEST - EVALUATIQNS AND REQUIREMENTS = CPERATIONS (FFICE

rd
Vel 1L 2 34 5 6 7 FRCH%’ DUE DATE 16 Jul 5§ DATE 1\ Jwmn 56

.e following data are available for necessary action by your brenchs

Evaluation of Project 1794 Report s I”t is requested that gomments goncarning |

Copies of report cau be odtained from WCISD}

;conat Nro | 179 (1-C) WCLSQ Project Engineer 14 B. A, Va)

COMMENTS

) WWCLSD~“;?X FRM WeSom-y DB 1o G,y 5%

.rcraft or Missile Designation Prepared byf% il 9;:’.. e

acs o

part N:QPM., 1797 Revised Branch Chief }fw //Z f ~
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WCLSD=2
'Q WCLSM 1 2 3 4 5 6 7 FR(M XIE0X DUE DATE 15 Jul 56 DATE 14 Jun 56

‘he following data are available for necessary action by your brenchs

- . It is requested that comments concsrnin
Eveluation of Project 1794 Report s the evaluation be sent to this office. -

Copies of report can be obteined from WCLSD

scoant Nro 1794 (1-C) = WCLSQ Project Engineer 1t 5. A, Weber

COMMENTS »

Q WCIso-1 FROM 't/ c /L SAq -DATE 1 3 %M{ e

ircraft or Missile Designation | / & ;é Prepared by ///JK 7/;,,//_7, /&%

—
spart Neo /3741 ;o ;tf., Revised —— Branch Chief e
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- ACTIQN ReQUEST @ EVALUATIONS aND RE-UIREMeNTS @ QPERATIONS QFFICE

* WCLS 1 2 3 4 5 6 7 |FROM WCLSO-1 | DUE DATE DATE

The following data are available for necessary action by your branch:

ccount No, e b WCLSO Project Engineer.
. 'a COMMENTS m
0" WCLSO-l _ FROM CLSY-=5- DATE 2 June 1956'\
ircraft or Missile Desiguation \oo . .. | FPrepared by%?:o&w/ﬂ;fj;pgé
eport No. S6RDZ-1371h - -- - Revisedljun 56 | Branch Chief "H, A,‘@-ﬁ' “el
l. The refere report ¢ ts_of des tion for & ra

saucer type aircrart; The aircraft is to be powered by a Ducted Fan Ram Jet type
engine, The power for the compressor (fan) will be produced by a group of turbo jet -
~engines developing a total of 9000 lbs thrust. The cutput of the Ducted Fan Engine wil

be between 17,800 and 32,750 lbs thrust, There is no information concerning noise im

the report.

2, Since the noise produced will likely be very high, a moise investization B

should be carried on during the eslv plannine staces $o elsminste costly changes later
If the noise level in the aircraft is high enocugh it may ceuse stru tural failure,

equipment malfunction, and be injurious to the occupants, It is therefore recommended

that noise estimates be made and steps be taken to qualify the structure and eq ipment

for reliable operation, Also steps should be taken to insure that the cockpit ncise
level is within the reguirements set forth in Part A, Chapter5, Seation 7.1 of HIAD,

10th Edition revised up to and including 1 April 1956,
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