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lc'" h ropls o tht Df of 13 J‘nlv 1956. th‘ mnaing comment s are submitted.
The project has been revieved from the m.ndpointl of design petential and teclmj.ul
foesidlity. (TLSSTFID) o - e A

2 !Ml/Dofaoirulrphnfm vi.ngat mrm&g speeds would not de

axpemd to be as od u e properly designed swept ving. Wind tunnel tests of the
wing alone at MIT (AVRO Reperd a)mmuoummcunwm(m alene)
being iz $he order er 7¢ -4 properly designed swept wing should be higher, thedreticale
1y edout 10, for em aspect ratid of 3.5 with the sams Cp . Based on the MIT super-
senie wind tunnel tests, with and without eirflow simla¥ion, the overall AVRO design
ghows & maximum L/D vadue (untrimmed) of 6.3. This velne was cbtained dy meking
extensive essunptions and ecxrreciions to the wind tunnel data. The mwrocedures used
are open 0 consideradle dcubt, particularly as conserns mcmentum and bese drags.
“N\g will be discussed im more detail under the intermal flew gomments. Trim dTsg

tor this desizn at superscnic speeds shculd de low ecmpered to ®onventional arrange=
ments sinse the sercdynamie eenter nearly coincides with the center of grevity at the
geometrigal denter of the eirplane. Values of trimmed L/D max for current supersonie
designs et the same Mach mumber (M = 2) are in the crder of 3.5 to 4.5 Assuming thet
the zero lift drag measuremeats vere as much as 100% in errvor because of questicnable
assumptions and date redustion progedures, the max L/D for the AVRO design wmuld still
b6 he5. It i3 cmcluded; therefare, that the 1/D mex of the 1794 emfiguratiom should
be at least equal to that of the best mtionax designs. Appmrently, although ths
eireuler wing itself is not as god as the corentimal wing alone, the additicnal L
drag items such as fuselags, tail surfaces, ste. are sufficlently detrimental to
ecnventional desizns to redice the L/D max t0 less than 1/2 of the wing elone vel ues
whezeas the 1734 design does not suffer as dadly vith the sdditiem of only the inles
isisnds. It should be noted that becsuse of the lov wing loading {nherent with this
type of design that the high L/D can be obtained omly et very high altitudes, Sub-
gomie L/D has not been evalusted but would undoudtedly be very poor compered to
eanventional arrangements dus to the low aspest ratio ( j,_) (SERET)

3. Specifie Tuel Consumption viiues of Apmximtdy 2.5 at 35,000 £ and X = 2.0
have been estimmted for this design. These velues sre slightly higher than for currens
afterdurning engines and offer no potential in this aresa. The higher values sre due
mainly to lower tailpipe temperatures end should de roughly eoxperable to samventicmal
engines at the seme exhaust teperature. (CONFIIENTIAL)

R e -t

4 The manner ia whish the engine is arranged in this vehicle is such that a
“Thge pereentags of the internal volume is used for the engine. With the horizontal
1wl arrangement, laxrge eneinc mass flowe can be handled fur less frontal ares than
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*(0) Projest 1794 Ivaluation®

MQuired for éanventiocnal dusted fan engines. The structural unit wing weight is
estimeted to0 be scme 20% lower Shan sonventional wings becamse of the sireulay
szrengement and distriduted veight. The result {s thet thrust/weight ratio -iwdd
be very high compared t6 ncrmel arvangements. It is felt that this factor s the
one cutstanding sdvantags that this design has es s supermnis vehigle and sheuld
permit mgh better altitude damuility than is sfdle wvith sormal designs.
Contrastor's perfamante estimtes (wmvalidated) indicate ceilings of over 85,000
o, st M = 2,0, With the arude nature ¢f data evailable; a quantitative mtm«
evanlation is not possivie. The- mmu uplunty. m. apmc h bc u N
right order of mgnitude.. (mr ST T g 77 we i , &

So The large mmc/nmt r:tio pu-uu m apabmty. m peuad sushica
effest muuﬁuMMﬁntmhumamtduc
model basis anxd is cauidcﬂ muau. (mnm) L

6. The AVRO duign. nrlhough m& is «nuyt from a mxu utandpoun.
poses scms rether severe development problems and requires that sertain ouwrrestly
ascepted design prineiples de reviseds The two ma dsvelopment roblemi (asile
fram the pmropulsion ugi$ whigh is mot treated here) are expested to be the
artificial stadility m emtrol na tho mhnal nev cyates (&mn)

'™ Ooanntianl duicn Miu to d.ntc hu 1ot acoepted the mloso
artificial stadility eomeept f man earrying vehicles. Assuming, however, that
this change i» philosophy is acoeptable, it is envisioned that a msjor effart will
be required on stadility to satisfy the entire flight regime., IV must be reccgnizad
that detail rroblems may evolve during development that cammot be solved in a
motlm mannere Afn 5

. b- ‘ao hrgc nuo-dm uuunu p.-med dnring trnsitieu ﬁth positm
142% (3¢ = 1.0) sre showm in Figure P-4 of AVRC Techzical Report Mr, 12, volums 2.
Note that a mare eomplete disgussion of the hovering ¢to trensition samtrol predlem
is emtainsd iz the Perfurmence Summery Repord ID Nr. SERIZ-13713, under take-cff
and landing prossdures. However, the performande is described only for the type
of trensiticnel comtroel used during the test. In the reviev of reports to date,
no discussion of the *hysteresis® in the pitehing moments and 14f% for the hovering
condition has been found. It seems that & statement on the eoantyel &ring the
beginning of transition should be made. The basie data presented by the contractw
nmammmzmw-.wnwmcmmm.m cbeehséassinst
similar date gsomputed by the Airerufd antcy _

é. Beczuse of thc nrmﬁ'- dependenés on power for mbuity v.nd
ecntrol, should & ecmplete power failure ar exhaustion of fuel ogeur, it would de
impossible ¢t make a foreed landing. Whether sufficient econtrolladility would
exist, even with ram air at high forwverd speeds, $0 enable the pileot to establishk
favorable ejeetica cand:.um is cquestionable. e = )

4. A major fasctar in the performenge capadility of m- t!eedga 1:
efficiency of the inteznal flow system - inlet, diffuser, jet exit and the oztcml
drag ecnsideraiions associated with these items. Although AVRO Repcrt 22 indicates
a fairly optimistiae picture of the internal flow cansidersticns, detail examination

? the data raises seversl questicmse
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‘U) Projest 1794 Eval uatian®
(1) The determinatico of the inlet ram drag 1s in question because
: of the rather severe pressure distributicns at the measuring
statiom during scme of the runms, Reverse flow in one of the-
wwet - .. .. inlets is also & possidility for same of the runs. I_x-rorl 5
: um-tuunuummsuthamctndnt L4

- kL
SRR

,,,,,

e 7 {2) “Although mo data are presented 30 show the inlet sapture srea
Creims owe -,- o TB830e 4% appears that the meximmm ¢aptuye erea ratio of the’
oL some e v .. tests {8 eansideredly delow the estimated value, The asawr

3 somsh . . o€ the inlet spillage drag is Shereforg Sm questiom. -
,° o (s) ¢ is ot undefistood how the ‘jet thrust values were messured

during the actual tunnel test. Apperently they were obtained
- by differenses i» drags with and without oxtml airﬂev.

i Tals method nigst yleld ocnefdersble eveps C C

g

Pbaliin, (4) The intake jessure recavery m-v- shiown 1: the rapc-u ie’
o i - misleading since;

- (a) The measuring station is well ahead of the engine fage.

N

Far

T e (), Hot all the tubs readings vers ineluded.
. : (t) The data appeared to be promtod for ne ws ﬂw
"~ going through the inlet.

vhether ar not the internal flow problems can be solved in a reasmadle mannep
cannot be definitely assertained at this time. Consideradle detail testing vill
be required partisularly as regsrds inlet pressure recovery and 1osses in the
labynrintk typs diffuser. Here again, as in the case for stability and eonirel,
detall rodiems mey arise that cannot be solved in a rra¢tigal mammer, evem °
though the fundsmental concept is sound. :

7. The suascess of the Project 1794 eomfiguration is dependant t0 a large
extent upon its relative serodynaxi¢ slsanliness. Addition of any rrotuberanse
or external stores would de expecied to have layge Jdetrimental effects on the
supersonig I/D. No considerstion has been given to armament, equipmens, oy
external fuel capscity as yet. If these {tems must de urz'xed externally because
of the limited available internal volume, performange potential would suffer.
Downwerd visidbility, vlth the 'Fruent mangemt. is pocr and a perimpe vin

mwobabdbly be negessery, \o®lAZI) -

8. The weights and volume for a fire control system are taken from a documemt
dated 13 July 1956, cutlining the results of a study effort by Bughes Airerafs
Company and the Remo - Wooldridge Corporation t0 estimete the requirements imposed
on an intergeptor aireraft in the 1960 - 1945 time period. The study indicated
that the component weight would be 2055 1bs and the volume required is 41 cubie
feet. 0Of this amount, about 8 cubdisc feet of radsr components, as well as a }0°
diameter antenna dish must be loeasted in the front of the aireraft. Ths weights
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*(0) Projeat 1794 Eveluetion®

«24 volumes given 2ere are for the fire eontrol system alone., Additicnal spage
must be ovided for the missiles, unless they are t0 be carried extanally. Far
an external installation, it is estimmted that the additicms)l weight (ineluding 2
nissiles) will be adeus 1500 1bes Thus the weight of the dasis aireraft ¢ fire
eontrol systez + missiles is neerly 352,000 lbs,- In addition to the weight pemlty
imposed on the aireraft, there will be a sudstantial redustion in maximam vol«ﬂy
and g¢cmbat ¢eiling due to these componexnts whigh, beesuse gf the limited imtermal
volune, mugth eomshon be e¢srried externally on $he present ¢nfigratiom. Instels
latien of only thet equipment negessary $0 maks g day fighter of the sirersfs wamld
ingrense the gross weight by abous 1300 1bs insluding enumition: This axmsuent
is the eame as that found en the FelOjks Simse & largs pereentage of this equipe
?;tn?hmmw.mmmﬁmunmunp'ai.
m 7 % v -t o A TR £

% sy oragher %, e 7.3 -0 N4 : %
- 9e nw the 1anding geer u m n'ntioned in uy of tho mmm'-
rtporn. 4% 18 believed that there will be Ro problem. In view of the VIOL and

m-tmmumuacmm-.uumuzpmmmngawugm

s mla e g ‘ LA P B BeocomE o SN

- X8 Anumrwdmtmmu. of the emfiguration de
eanductod at elevated tayperatures. The projlem 2rea is the outer pertion of
the wing which ecantains the afterburnerse. Wien the aftarburner texpematizre
approaches 1200° K (1700° P), the durahility of the exhaust deflesting vanes
and the amu h chana thc.‘.r poctﬁon may pon & nthu dtrﬂcnlt pouu
(sxmm) 7
: n. At munt, 20 Lnruuua is -uihno m ﬂa Pluster o uu-azia
¢haragteristies of a configurstion smugh as thig airgraft. It is believed that .
sonsiderable vibration may Pesult as & emssquense of the camplex propulsion
system duct gonfiguraticns. Besause of the large thrust cutput of the engine,
z(toiu 1x;duud vihra‘tima are an hpcrtant tntc alsoc. It 1: mgested thata
SEGRER : :

~ '-: u Tbmmmdepnawrew«e‘wtemn
numl thecretiocal flustter anzalysis on the aireraflt or develop s method by
vhigh the configuration could be adequately scaled in a dynamically -imilar
.-.aod.el tc be tested in 2 vind $unnel.

T e a special program be initiated teo stuay the vibration aspects .
of th! aireraft, including vitrations which may be excited 23 a cmaquenu of -
ccwls: mpnldm systen duet sonfigurstimse =

6. The contraster investigate in detail; | " g

(1) mc singls degree-gf-freedam flutter of the sl;gtta' vaneg

{(2) Pemel fluttes. EE

/
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-(0) Frojeet 1794 Eveluaticn®

(3) The effect of heating (deth infernal end external) am the
alreraft’s strustursl rigidities and the resultant effect

on acyoelastis charscteristics.

12. Sinee the noise prodused will prodadly be very high, a noise investigatioca
should be sarried an &uring the esrly planning steges %0 eliminate costly changes
‘laters If the noise level in the aireraft is high encugh, it may esuse strustural
feilure, equipment melfunetion, and be injwrious to the oecupants. It is thero-
fere recoomended that noise estinetes be made and steps de taken £o qualify the
strugture and eguipment for reliable operetions Also steps should be taken %o .

ingure that the cockpit noise level is within the requirements set forth i3 . - .

Paxt A, Cha 5S¢ Seetion 7.1 of AIAD, 10%h Edition revised up to end including
1 Aprdd 1356, (SEGRET) -

. 13. The dats supplied as wejght sudstantistion is insuffigient to check the
oversll validity of the structirsl weights for the Projest 1794 airereft. Based
on membrene snalysis {(Foppl and Heney) the skin stresses would be aprroximetely
50,000 pai. AS an operating temperature of 1200° F, the 300 series stainless
steels have a stress for rupture at 100 hours of 28,000 psi. Yor an assumed
skin Shickness of .043, the operating stress would be 27,000 pal; therefors, it
~mnpeers that a minimm of .043 ineh steel skins would be required in the cuter
-ang. This results in en outer wing weight whieh {s 1200 1lbs heavier then the
contractor's estimete. The immer wing weight was found to be slightly less than
the eontradtor's estimate, As $ime did not permit further veight irnvestigaticm,
the other weights must be agsepted. Thus, the alreraft structwre will probdbably
be 1100 1bs more tham that givem in the reports. Singe the outer wing life is
limited to less than 100 hours,; even this weight may be unecnaservative; however,
it should bde adequate for the research aireref$. (SEGET)

14, The center of gravity of this eireraft will not bde in the ceater of the
circular planfuem (exsept in level unsseelerated flight) becamse of the shift
of the fusl center of gravity. This effeect can be reduced, but not eliminated
by daffling. It is reecomended that the contrastor investizate the effests om
the C.G, shift due 30 fuel shifting. (SERET)

15. Although Projest 1794 showe gonsidersdle potential am a superscnie

high altitude vehicle, there are many problems whigh must be solved before a
pregtical vehiale can be obtained, The ma jor questionadle development areas are
stedility and control and internal flow. Also the eddition of equipment necessery
to maice & weapons system of the aircraft will tend to degrade its performenge to
that of conventional aircrefts The combined high speed, high altitude and VTOL
capability gives this uircraft a potential which no other known sireraft posseases;
however, there are many diffieult problems which must be solved before such an
aircraft can de developed, If these prodlems ever cam be satisfactorly solved,

the aircrsft may not heve the performance capebility whiech the camiraetor proposes.
~¥ar a weapcns system, it is doudtful if the aireraft possessee any great advantage
Aer conventicnal aireraft other than the YIOL eapebility. (SECRET)
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‘U) Prejeet 1794 Evaluation?

26. This DF i3 elassified SECRIT because it emntains
perfozrmance and
design informatim assoeiated vith Preo 1
( ) Jeot 1794 whiek is classified SECHEY,
A L4, o
w3 p-2 3173
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ROWARD H. SCdWau iy
!g “hiaf, Plans & (peratio
cireraft Laboratory
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