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THE NEED ••• 

REDUCE RUNHAY LENGTH 

ELIMINATE RUNWAYS 

U :TRCDUCTION 

ACHIEVE DISPERSED BASE OPERATION 

THE MEANS ... 

LENGTH REDUCTION 

WATER INJECT - bFTERBURNING 

DRAG CHUTE - THPJJST REVERSAL 

ELIMINATION 

THE PRODLEM. 

VTOL & 
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TUPJ30PROP 

TURBOJET 

ROCKET 
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GCOD SUPE:1SONIC L/D 

GC'OD INTAKE RECOVERY 

HIGH T:IBUST LEVEL 

H:TEGRATION OF POWER PLANT & AIRl'RiU'iE, HIGH VCLUMETP.IC EFFICIENCY. 

AIRCRAFT ~·lEIG~T EMPTY 
AIR MASS FLOW 

AVRO A/C 13,000 LB 
·1,000 LB/SEC = 13 

F-104A 11,269 = 70 
162 

B-58 47.827 = 74 
648 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
PRESENTAT[ON ON 

USAF PROJECT 1794 

TITLE: AVRO v.tRTICAL TAKE-OFF AIRCRAFT 

CONTRACTOR: AVRfJ AIRCRAFT LIMITED 
MALTON, ONTARIO, CANADA 

PROJECT 
OFFICE: NEW DEVELOPHENT OFFICE (RDZSBA) 

BOHBARIMENT AIRCRAFT DIVISION 
DIRECTORATE OF SYSTEMS MANAGEl:E!IT 
HQ ARDC, WRIGHT-PATTERSON AFB, OHIO 

FOR: AIRCRAFT PANEL, USAF SCIENTIFIC ADVISORY BO.iUW 

DATE: 20 AUGUST 1956 

PLACE: LOS ANGELES, Ciil.IF. 



HQ AR.DC, HRIGET~P;.TTERSCN AFB, OHIO 

COL. J.C. MAX1,iLLL 
CHIEF, BCNB A./C DIV., DIR SYST~1S EGT. 

MAJ. W.R. STEPHENS 
ACTG CEI:U, NE'..-1 DVJ. , BOMB A/C DIV 

WADC, :iRI C:HT-PATTERSON AFB, OHIO 

}!AJ. R.Z. NELSEN 
WIND TUN!\EL BR., ACFT LAB 

LT, B .H. PAIEWOh'SKY 
FLIGHT CONTROLS LP..B 

MIT 

MR. E.E. COVERT 
NAVAL SUPERSONIC LAB 

AVRO AIRCRAFT LIMITED, CANADA 

MR. J.R. DOUGLAS - CONTRACTS ADMINIST.?..ATOR 

MR. J.C.M. FROST - CHIEF DESIGN ENGINEER, SPEC PROJ 

MR. T.D. EARL'.- CHIEF AERODYNAMIST, SPIC PROJ 

BACKGROUND 

CUR:IBNT STATUS 

DESIGN COI-:CEPT 

PERFO RHAN CE 

TESTING 

STUDY RESULTS 

AF.DC EV ALU.AT ION 

FUTURE PROSPECTS 

PRESENTATION OUTLINE 

MAJ. STEPHENS 

MAJ • . STEPHEHS 

MR. FRDST 

MR. FROST 

MR. EARL 

1/ill. EARL 

MAJ. STEPEENS 

HAJ. STEPHENS 

UNCLASSIFIED. 



COMPA.~Y ORIGINATED P~OGRAM 1952 

TOO EXTENSIVE FOR RCAF 1954 

USAF EVALUATION 

ATTRACTIVE POSSIJILITIES 

NO NATURAL LA¼S VIOLATED, JUT FACTUAL DATA L-.CKING TO 
DETERMINE TECH FEASI3ILITY TO ESTABLISH MILii'lillY 
POTENTIAL. 

CONTRACTUAL 

CONTRACT NO. AFJ.3(600)-.30161 

HAY 1955 - JULY 1956 

$7851 000 FIXED PRICE, NON-?ROFIT 

ANALYSES AND TESTS TO DETERMINE PRACTICABILITY OF JEVELOFING A 
FLAT VTOL, SUPERSONIC AIRCRAFT. 

BACKGROUND (CONT 1D) 

PRACTICABILITY INVESTIGATION 
MINIMUM EFFORT INVEST OF MAJOR PROBwfS 

DEFINED BY: 

ARDC EVALUATION 

SAB REPORT 

NACA REVIEW 

PROBLEM AREAS: 

GROUND CUSHION EFFECT 

STABILITY & CONTROL 

INTAY..E & EXHAUST SYSTEMS 

AIRCRAFT PERFORMANCE 

PROPULSION SYSTEM 

JUN 54 

NOV 54 

JUL 55 

Iii .,. , 
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VISITS TO AVRO 

29 FEB - U.S. 1:;.. VY 
BUP..EAU OF AERO & crm 

23 K.A.Y 

OFFICE .SECR;~TARY OF DEFENSE 

OFFICE SECRETARY OF AIR FORCE 

HQ NACAM HQ USAF, RCliF 

13 JULY 

GEN'S BAEER & l-i!TCHELL, H<:;, Ji.MC 

20 JULY 

l'iR. HORNER & MR. HURLEY, 0. ASST SECY AF 

PRESENTAT::: ONS 

HQ ARDC, HQ USAF 

C00RD COMM DEPT OF DEF 

SAB PANELS, EGLIN AFB 

COIJTACTS BY 

22 JUN, 28 AUG 

25 JUN 

12 APR 

DEFENSE RESEARCH BOARD, CANADA 

RCAF 

BRITISH MINISTRY OF SUPPLY 
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EVALUATION OF RESULTS INDICATES PRACTICABILITY OF DESIGN CO NCEPT, 
TENDS TO SUPPORT CO!!TRACTOR 1S ESTil-1ti.TES, POII:Ts OuT PRDBLU1S TO 
SOLVED. • 

AVF.f) FUNDED PROGRAM 
DESIGN & Fri.BRICATE ONE RESi.ARCH AIRCR.iu<"""T 
INITIATED JAN 56 - FIRST FLIGHT 1958 

TO 

REDUCE DEVELOPMENT TIME 
ESTAB RIGHTS TO DESIGN CONCEPT 
DEMONSTRATE CC. FAITH IN PROJECT 

NO COST CONTRACT EXTENSION 
MAINTAINS ADMINISTRATIVE ARRANGEMENTS 
PROVIDES USAF ACCESS TO COMPANY PROGP..AM 

- - - - - - - - - - - - ~ - - - - - - - - - - - - - - - - - - - -
TEST PRCGRJ.J-1 

PURPOSE: 
TO POOVIDE FACTUAL DATA AS oASIS FOR DETERHINING PRACTICABILITY 
OF DEVELOPING A WEAPON SYSTEM, 

LIMITATIONS: 
FUNDING CUT TO MIN EFFORT LEvtl.; ONE YEAR PRCGRAM PRESCRIBED; 
NACA SUPPORT DENIED. 

INCLUDED: 

HOVER & IOW SPEED TESTS AT WADC 

460 HRS, 20 FI' TUNNEL 

580 HRS, STATIC CAL & TEST 

MACH RANGE O .O TC O .4 

MODEL: 5 FT DIA REFLECTION PLJJ-rE 

HIGH SPEED TESTS AT MIT 
90 HRS, NSL TUNNEL 
MACH RANGE 1.5 TO J.O 
MODELS: STING, IT:TAKE, 18" REFLECT PLANE 

TEST RIGS AT AVRO 

ANALYSES 

GROUND EFFECTS MODEL 
CONTROL SHUTTE:R 

EXHAUST SYSUNCtA~Sl f H:D. 
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AIR CUSHION EFFECT (Dwg) 



PROJECT 1794 INTAKE PRES3URE RECOVERY (Dwg) 

UNCLASSlFt ED, 
RM&m~r 



PROJECT 1794 VARIATION OF MAX L/D RATIO ',.'.I TH Ml.CF. I-:R (Dwg) 

UNCLASSIFIED, 
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U1\.!CL~SSl F1 Ef1 

CUR.::U:NT STATUS 

PRACTICABILITY INVEST COMPLETED & FNALUATED 

CONTRACT EXTENDED ON NO CCST BASIS 

MAINTAINS ADEINISTRATIVE AEU;J;GEHENTS 

PROVIDES USAF ACCESS TO COMPANY PHCGP..AM 

PROVIDES MUTUAL AGREEMENT TEST PROGRAM 

AVID R~SEARCH ACFT PROGRAM 

DESIGN & FABRICATE mrn AIRCRAFT 

INITIALLY SUBSONIC - MOD TO SUPERSONIC 

INITIATED JAN 1956 

FIRST FLIGHT EARLY 1958 

PUB.POSE 

REDUCE DEVELOPMENT TIME 

ESTAB RIGHTS TC DESIGN COI;CEPT 

DEMONSTRATE CO FAITH IN PROJECT 

FUTURE PROGRAMS 

RESEARCH AIRCRAFT DFNELOPEENT 

PUBPOSE: 

CORRELATE TEST DATA & VERIFY THEORY BY FULL SCALE FLIGh'T TEST 

INVESTL1.GE AERO & THERMO PROBS TO INCLUDE: 
VTOL & STOL 
ARTIFICIAL STABILITY SYSTZMS 
CONTROL BY JET RUCTION 
JET FLAP EFFECT 
HIGH S.·EED, HIGH ALT FLT 

FLIGHT T::::ST EQUIP & SliBSYSThliS 

ESTABLISH Bii.SIC DESIGN CRITERIA FOR DEV OF O?~UTIOHAL 
\TKA.?ON SYST:::MS 

1st SERVE AS GROUND TEST BED 

UNCLASsr:IE!t 
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· UNCLASSJf1£Q 

AVR0 PROJECT PV 704 

DESIGt~ ~ E:\NDFACTURE ONE Ri.SEARCH A/C 

35.3 FT DIJUillTER 

13,750 LB BASIC WEIGHT 

2 0, 000 LB NO fll':AL GROSS WT 

27 ,J22 LB t-:AX GROSS w"T 

PE?J'Cfil'. ANCE: ( C0IITR.ACTOJ. 1 S EST) 
INITIAL DRY 

MAX SPEED M=0.48 

CEILING 24,000 FT 

RANGE 400 N .M. 

AS H0DIFIED 
A/B (l 700°F) 
H=l.74 

85,000 FT 

700 N.M. 

CRUISE 

INCLUDES: 

M=0.45 a 20,000FT H=l.70 a 80,000 FT 

COMPONENT & SUBSYSTEM DEV 

PROPULSION SYST TEST & QUALIFICATION 

TOOLING (EXCEPT CHANGES) 

FACILITIES (EXCEPT ~IND TU1~IBLS) 

USAF PROGRAM 

ADDITIQI.1AL Ti::ST & ANALYSIS TO: 

FILL GAPS IN MINIMUM EFFORT PRCGRAM, SuPP0RT PV 704, USAF 
RESEARCH AJC PRESENTATION 

INCLUDE: 
SUPER, TRAlJS & SuaSONIC WIND TUNI:EL TESTS 
COMBUSTION SYSTEM DEV FOR SUFlliS0NIC A/C 
SPARE ENGINE PURCHASE 
STA13ILTIY & CONTROL ANALYSIS 
PROPULSION SYSTEM "OFF DESIGN" ANALYSIS 
APPLIC ATION STUDIES 

DESIGN & Fi,BRICATE !TtlO RESEARCH A/C 
J5.J FT DIAMETER 
15,750 LB l3ASIC WEIGHT 
20,000 LB !J0RJ~AL GROSS 'dT 
32,800 LB M.AX GROS:: ~l'T 



l' S.'.,F FP.CGR.AM ( Cont I c ) 

PERFOill~NCE: (Contractor 'S EST.) 

MAX SPEED 

CEILI!-:G 

CRUISE 

RANGE 

TURN ACCEL a 60 1 000 FT 

M=2.94 

94,000 ft 

M=2.2 a 90,000 ft 

988 N.M 

5.2 g 

COMBINES VTOL OR STOL HITH HIGH ALTITUDE, HIGH SP~D PERFC?J/J~NCE 
TO OFFER A ii'EAPON SYSTIB POTENTIAL NO OTHER KNOWN .:.IRCRAFI' POSSESSES. 

SUCCESS NOT ASSU ~_ED - MANY DIFFICULT ? ROBLEr<S TC 3:; SOL.JED 

ARTIFICIAL STABILITY & CONTROL 

PROPULSION SYSTEM 

INTERNAL FLOW 

HEATED STRUCTURE 

NOISE & VIBRATION 

INCREASED USAF SUPPORT IS WARRANTED 

NEXT STEP - RESEARCH AIRCRAFT PROGRAM 

DATA INSUFFICIENT TC INITIATE H/S DEV 

STUDY & MODEL TEST AI.CNE INCONCLUSIVE & 
TIME CONSUMING 

FUTURE OUTI.COK 

APPLICATIONS CF A NE1,.J COIJSEPT 

FLEXIBILITY OF VTOL & STOL 1.•!ITH CUT.STANDING PERFOF~: . ..,NCE 

UNICUE: 

HELICOPT=:R TYPE MI SSIONS 
SP.IP 3 ASED AIRCRAFT 
ARMY A:SRIAL FIGHTI NG VEHICLE 

CONVENTTONAL: 
SPECIAL Ri:CON W/S 
I NTERCEPTOR 
FIGETER-30Jvl.B O:i TACTICAL nm~BER 



COIJCLUSION 

COLBINE VTOL OR STOL :HTP. HIGH ALTITIJDE, HIGH SP~.:::D PERFCill·JtNCE 
TO OFFER AN UNIQUE ',JEAPON SYSTEM POTEI:TIAL. 

SUCCESS NOT ASSURED - MANY DIFFICULT PROBLEMS TO BE SOLVED 

ARTIFICIAL STABILITY & CONTROL 

PROPULSION 

INTERNAL FI.OW 

HEATED STRUCTURE 

NOISE & VIBRATION 

USAF PROGRAM JAN 57 - OCT 58 

AID PROGRESS OF AVRD FUNDED PROGRAM; 

PROVIDE DATA & INFO FOR USAF DECISION; 

ACCOMPLISH INITIAL STEPS FOR USAF RESEARCH A/C PROG; 

STIJDY APPLICATION TO imAPON SYSTEMS 

\ \NCLASSlFIEO,, 
Ll&'2WJl&Jj 
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PROJ:C::CT 1794 DRAG & T}:R.UST VS MACH NR .3 5,000 E'T ( !..l ' 'G) 

56RDZ-20807 

U NCLASSf r.! E.Q 
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AVQO VfllTJCAL 
TAK£ •OrF Al QC~A~T 
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USA~ PQOJ[CT 1794 

L 

t'#IYTflACTtJR: AVl20 All2Cl2A~T LIMITED 
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·uNCLASSIFIE[J 

BACl<'1ROUND 
COMPANY ORIGINATED PROG-RAM 1952 

TOO EXTENSIVE FO.R RCAF • 1954 

USAF EVALUATION 
ATTRACTIVE POSSf B ILITI £5 ~ NO 
NATLIQAL LAWS VIOLATED SLIT 
FACTUAL DATA REQ'D TO DETERMINE 
PRACTICABILITY~ MILITARY POTENTIAL 
LACKf NCr, . • 

CON TRACTllAL 
e CONTRACT NO. AF 33(600)-30161 MAY 

IQ55 -JULY 1956- $ 785,000 • 
e ANALY~ES ~ Tf'STS TO D[TERMINE 

PRACTICABILITY OF DEVELOP ING A 

-----... 

•· • fLAT-V.lO,L<'<'~~E,&~0NIC, A/ C . ~IJ02'-.Ru1 



UNC[ASSJFJEIJ 

CURRENT 5TATU5 
. 

PRACTICAB1LITY 5TUP1f5 f TE5T5 COMPLfTfO 

·COYfRJNq ~ 
AIR CUSHION EFFECT 
5TABJLJTY t CONTROL 
f NTAKf f EXHAUST SYSTf M5 
A/C Pf~FORMANCE 
PROPULSION 5YSTfM 

J NCLUDING ~ 
SUPfQSONIC TEST5 AT MIT 
H0Yf~ ~ LOW 5PffD TESTS AT WADC 

EVALUATION OF RESULTS 

~ NO COST, ADM IN. CONTQACT EXTfNStON 

AVQO FUNDED FLT. TEST A/C PROGQAM 
• • Jf.t7i~~fttETh~ 



@CtASSIFIEO 

CHARACTfQISTICS • 

DE,lbN ... 

--. -:--.... .. .....__ 

... 

FLYt N'1 POWEJl PLANT 
CUlCULAf? PLAN FOflM • ~fWUND CU,HION 

EFFfCT FOR VTOL 
OUCTED FAN· ~AMJET PROPUL~ION SYSTEM 
CONTl20L SY Ol~ECTION OF EXHAUST '1ASES 
STABILITY ·BY AJZTIFICIAL MEAN.S 
U.SE OF JET FLAP EFFE er 
Z7,000 LB WT; 35 FT, VIAMETER 

PE1'FOQMANCE (~ ~) 
FLAT' VTOL 
SPEED= MACH 3 'W' 4 
CEILIN'1= 90,000 ti:r J00,000 FT, 
CRUISE= M: Z @ 85,000 Ft 
RANC,E-~ 1,000 N, Mf,@ W'1=Z7_000 LS, 
CLIMG: ~ MIN, ~ 73,000 FT, 
Ur tf hf0 <' rr-r Eil ~ 



------- UNCtASSlf 1£0 

P~OJECT 179~ CRAG t TH~U5T v, MACH NO. 
55;000 FJ: 

~c,ooo~---+---+--4------1--~,___...,...----+-~-+--+--~ 

SQOOOt----+----+---+------NE-T-THR..1-US-TA_._T_l70_,,0°-F--+---...-~-----+-~1----t 
1---+---+---+-----+- MAIN COMBUSTION TEM PiRATURE ---+--i------lf---11 

f 10, coo~-----..------+----+---: ------
1 ----+--~: ~-..J...--4----l 

.,__ 
~ b0.,000 .__+---......____ _ __;__ _ _,._ 
-. LB. THRUST AT 22'f0°F • 
~ 
~ 50,000 ~----+--~-----

< 
~ 

~4QOOO 
~ 

TOTAL PR~ 

,,o 2,0 ~o 

• 

FLt4UT MACH NO, UNClASSf Ff E[J 
_,,.,,. .,,.5,1(07:- 201 Oj 



t'ROJECT 179 4 VARIATION~ MAXIM UM 
LIFT/ DRAG RATIO WITH MACH NUMBER 
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PROJ fLT 1794 INTAKE PRESSU~E 
RfCOVERY 

.,_____ _ . • • • · . ···~-=--- ..... 

j 

0,9 UPPfR ;AIR INTAKE - 1· : 
AVERA6E OF 3 ~EADS ! 

o.s LOWER AIR INTAKE / - I ' 
o.7 AVtRA(,E OF 3 HEADS - • 

O.b 

0.5-
NORMAL 
SHOC-K~---

i ' 

L5 2.0 2. 5 3.0 
MACH NO 

UNCLASSIFIEQ 



DNCLASSIF JEU 

WHY?? 
GOOD SUPERSONIC L/o 
GOOD lNTAKE RECOVERY 

/HIGH THRUST LEVEL 

/INTEGRATJON Of POWER PLANT Jk 
AlRFRAME)HIGH VOLUMETRIC 
~FFICJENCY. 

Al RCRAFT WEIGJ.IT (EMf'TY) 

AlR MASS FLOW 

AVRO A ic l3!000 Jb. = J 3 
Y' • t ,ooo H~ec 

F-104 A 

5-58 

t 1,269 
162 

47,827 
648 

UNCLASSIFIEQ 
a -rr-.1ttai 

= 70 

= 74 
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+, O O O -aCll.....,_ ______ -__ -== ____ ==(I=) c=o=-=Nv=£N=r=,o=NA=L=~=-=rncorm A~r~o~ l 
200 MP~ LIMIT 

~out MEf MODS OF OBfAlklNG 
iA. N001Al,.tl2000LS VERTICAL 
l,;l~T j_MC ~ROUND £FFECT) .. 

/ (2) CONV£1ZT.lPLAME {TURSO CDNTRA l'JlOP) 
_/ APP!lOl 500 MP~ LIMIT : 

. FUEL CONSUMPTION IN GAL/HR 

(.3) DUCTED FAN RAMJET 1000,2500 HPM 
Oil LIMIT£D &Y AERODYNAMIC UEATIN' 

(-41 DlltECT JET LIFT GA, TVRSlftE' 1500,WII 
CAPAl31Ltf\' PROBABLE 

~ 

I 

• 85 660 1780 0 -+.· ---,---:p=---,===-=-=r,;--=-::;.;:-=--·-=.:,:·-==~ 

0 S,000 ,Qooo ISOOO 2QOOO 25000 :,0,000 
\.I O RSi PO\\'Gn 

lJNC[A!S,, 1[[1 

• 
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FUTURE OUTLOOK 

APPLICATIONS OF NEW C0NCtPT G!VlNG -
,-'f~L~~IP,ILITY OF VTOL ¼'l'0LITSTAMDltlG 

PERF0RM~JlCE ~ 
CONY£NT10t~A.L :. 

SPECIAL R£CON. W~AP0N £Y'STEM 
INTERCEPTOR • 
FlbHTE R BOMBER- TACTIC~.L BOM Bf R 

LI~~ f Q LIE: 
H£LfCDPT£R }vil~S10t1C: 
S~JIP BASED A/C 

w1eiJi. ARMY A£RIAL FIG~TING VE!-IICLE 

,, . 

1JNCLASSIFlEll ~L ~D 1. ~ tJ g;;-,, - -
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UNCLASSJF JED 

PHASE 
TIME J< ~ D PRO. 

PERIOD FUNDS FUNDS ··- - . ... . . • f 

PRACTICASJLtTY INVEST. J: jg f'~!~~~ FY54~ 

AUG 56 
;;o COST EXTENSION JUL 51 

MAY 56 
AVRO R£SEARCH A, t J,: JAN 58 AJIRtJ FflhfJEfJ 

~y 57 ~2,000,0DD 
USAF RESEARCH A,'C '.2) FY 58 . 6J)OO,OOO -

WEA.SYSJ, PJ.IASE I FY 59 

t'!I£ SPST 



STRUCTURf CUTAWAY 

TRIM 
~ETERING VALVE 
FLAME HOLDERS 

UPPER INTAKE 

ENGINE ACCES5 PANEL 
PILOT'S CANOPY 

FLIGHT CONTROL $HUTTER5 

EN41NE A\R INTAKE 
MM-VIPER 8 E~INE 

OUTER 
WIN4 

LOWER INTAKE 

TURBINE 

INTERNAL AIRFLOW DUCTS \JNCLASS\f \E{l IMPELLER • 
------------ ----~--------d~~~~~--
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EN'-1\NE~ 
COMPRESSOR 

HOVER 

u·NcLASSIFIEll 
FF"Bfl 


