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DEFENCE RESEARCH BOARD
MEMORANDUM

Ottawa, Ontario,
11 April 1958.

S4/GS

Avro VIOL Alroraft

I forward herewith a copy of a report prepared by
this Directorate giving an assessment of the Avrocar for
the "Aerial Jeep" mission. Although the method of analysis
exmployed wes of necessity espproximate, it will be cbaserved
that the resulis are in substantlel numerical agreement with
such company performance claims as have basn published.
However, there are a number of significant omissions from
the .4Avrocar brochure, and it is on these pointas where the
deficiencies of the design bscoms apparent.

In our view, the Avrocar does not represent the
most efficient solution to the "derial Jeep" rols,
Accordingly, insofar as Canadian interests are concerned, we
would like to see these directed towards other more promising
means for aschieving a VIOL capability.

Further analysis is in progress with a view to

assessing the usefulness of the Avrocar prineciple in the
supersonic regime,
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It iz stown that the Avrocsr iz inferior, us a hovering vehlele, to all other
typer of ViDL devices except for dirzot jet 1ift types suech as the Holls Foyce
Flying Hedstesd, It iz sleo descnstrated theit in forward flight over the asrial
jeep zpaed ranze this inferiority versista, These conelusions rest on fundamsntel
isws of phyales; the charsctaristics are icherent in the design and cammot be
ovorcose by refinements,

The consequence of greatest significence to the opevetor 1s that the fwel
comsumption is remarkably high. 4t full ltekeeoff weigbi the dislance coversd in
g iypical wisefon with full tanks is ouly of the crder of 12 miles, even if no
alicvence for fusl reserves is mede,

It is pointed out that other rossible econfiguretions for the serisl jesp
miselon ars. conpidersbly supericr in this respect.

Certain othar reservations eoncsraing the avrocar are also indicated,

From discusaicns with Canadian Army officers 1t hes besn sstablished that en
serial jess operating "in the nap of the earth” will be eonfinmed Lo o speed range
of O=5C mph, with 25 mph as a typlesl fizure., This is econfirsed by the roquirements
of the U3 asriel Jeep ppecification, and by ome's natural supectation that Tlying
in end out of rround ecover at minimur clesrance helghts cennol be corried out at
high speedz,

Csaleulations based on meumentun theory bave been zade %o indlcete the Avrocsyr
perforzance over this speed range, These caleulations do not replace detailed
performance analysis, but eonstitute a first approximation thereto. However it is
exphasized that the results check quite well with the few performence figures given
by avrc in ihe bdvrocer brochure, In this connsction it should be noted thet the
trechure range figures do not relar to seriasl Jeep cperation, tut to operstion at
the most fevoursble ereodn, which are much above these posplible for flylng ln ground
covery in coma coges they refer to flight et 20,000 £t. which is gcarcely an Avsy
wigsion,.

Dacic considerations of momentum and energy have besn used t¢ caloulsts the
1ift obtainable per horsspower for a thruste-supported vehisle., This quantity,
usually eslled the powsr loading, is & functicn of the thrust (or weight, since
thrust-wsicht in the hover) por age.ft. of disc sres, The dise srea in the erea
of thas eircis swept by the helicopter rotor or propellers in the cuase of the
AVRECCAR the intake port aren is used,

Tbe results are shown in fig.l. Typical operatisg ranges for bolicopters and
rropellers are shown, as well a3 the point reprosenting the avrovar, The latter
does not fall on the curve begnuse of favoursble dust effsets which have been
ailowed for,

Bote that for the cxpenditure of 1 hersepower the typleel helisoptar produces
xzore than 10 pounds of 1ifty a propeller-powvcred VIOL airereft produces 4~5 pounds
of 14f4; vhileo the Avrocar producss losm than 2 pounde of 14f%. For vehicles of
given weight the relstive fuel flow with equally officient engines is directly 3
proporticnal to these numbers, At itz maximum groos weight tbe Avracsr in free
eir hoverirg will use fusl at the rats of nsarly 500 galloms per houry close to
‘he ground this fuel flow will fall about 203 sccording to HACA data., Allowing
for the reducticn in welpht as fuel is burnt off, the full tankage of 148 gallons
will perait spproximately 20 mirutes hovering time. The brochure value of 50
mirutes refers to s licht wsipht cess, b




Yoverins (cont'd)

\-;;

It Bhould be noted thnt werlsl jeep deslyns having disc loedings between
rropolier and hellcopter valuss would une sbout one quarter of the fuel required
by the ivroecar in hoverlng.

Eoryord Fiioht

Whila avro figures confirm the very high fuel flows feund for the hovering
case, the Company clslines that the Avrocar makes use of "efficlent wing 1ift® in
forwerd f1izhe, thus piving it & considersble sdventege over certaln other
designne Unlculations huve shown that ovsr the aerlel jJeep speed yange, engine
1ift is gotually much more efficlent than 100F wing 1ift for the ivrocar,.
ficwever 1t wst also Tound that by dividing the welight betusen engine end wing
1ift in the optinum way (& "block beox® would presumsbly be roguired to select
this s.de of flisht in practice) an imgrovemsnt was thocyetically possible cover
aither purce wing It or pure engine 1ift. Further investigation zhowed thet
very 1littls of this pain could Ye reslized in practice, becsuse the augle of
attoer btecamo Impossilly larpe.

ihs powor required for flight at variows forward speeds was then c¢sloulated
subject to ths comiltion that the angle of attack is the lesser of the optimum
value or an arbitrary valus considered to be & reasonsble limit., This is
rresented in fig.2. The significent feature of the result is thut the power
regulred remsins at high levels throushout the speed range of intersst, Flg.2
rolates to free air operation; soxe favoursble effuet dus to ground proxisity
»ay be expoected to rerein in forvard flight. In the hovaring case Avro claim a
33/ deereass in power roquired dww io this effect. KRACA data show a decrssse
af this wsount over the degreded level prevelling in free alr, snd hslf of this
awrount if degradetion dus to bass suction does not coour, Thus a 208 decresse
In power regudred may be sssizned as en upper bound in the forward flight case.

4% o mean opeed of 25 mph close to the pround the fuel flow rate is
spproxizately € rallens per mimate at maxfmum gross welght. The muximum tenkage
of 148 gellons would zive an endurance of about 25 mimutes with no allovance for
reserves, i1hic corvesromie to a distance aovered of 10k miles, Haking sllowance.
for fusl bwneoff incresses Lhe distunce covored to just over 12 niles,

The milesze per gallcm 41 0,C841 this iz hetter expressed es 12 gellons
per nilel _

although speeds heyond 0 mph are out of the serial jeep range, caleulations
were extended to check meximue speed and eruilse perforzance at the most favourable
spoexit.,

A maximum speed of the corder of 300 mph was estimatod; the broshurs value
is 3460 sphe This firmuwre deponde erdtically on the zero lift drap coefficient,
and the nethod of trivmdng. Fo cluim s made for accuracy since detailed analysis
iz pecossery. " Zither figure ip far in excess of wsrial jeep requirexeunts,

The alnlmum pover speed is spproximately 130 zph and the corresponding power
reguired is 1500 i, Ho ground proximity asllowence is mede in this cuse since
it would b2 neceswary to malntain adequate ground clearsnce at this speed.

The speed for beat rance la approximately 200 zphe At this speed the power
required is about 1870 HF. Using eppropriste specific fuel consumption values
indicates s fusl consumpilon of about 0465 spg (1.55 gallons per mile). This
is markedly betler than the low speed fusl consumpticn; however it 1s emphasized
that ibis high speed crulse aission is distined from that of the asrial Jjeep,
ard thaet VICL aireraft of other configurations desigped for a high spesd cruise
mission cculd schiove ruch better fuel economy.
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These fipures indicate a maximus range in high speed sea level crulse of
just undsr 100 miles. Allowance for fuel burn-ofi would increace ihe valus Yo
scuewhat over 100 miles, %ho Avro brochure value ia 120 miles, which ig in
sudstantizl spreement. '

Pavlosd end Wei

ihe svro brochure gives the cuply welght as 1920 1b., and tho fusl weight
(full t&nhs) 1660 1b, The moaxlmua gross weight is given zs 5650 lb, Crew
weight is 2 x 180 e 3{( 1b,

ihe cress weipht {igure is limdted by the VIOL requirement, and is closely
corfirmed by the present caleulaticns, 'The indicsted peyload is thus 5650 -
1920 = 1060 = 380 & 2310 1b. This figwe is considered dublous for two ressons.

Firstly, the outstendingly bigh fuel consumption 1isits the range in the
serial jJeeop role to such an extent that greatly inoreased tenkege would be
.negessary to perform even a modest mission. & 25-mile radive mission would
necessitate qwdruplin;r the fual loed, which would meke the payloed negative,.

Soeo vxllg, the eumptly welsght figure is so such below those currently achieved
in geronsutical practice as o racmire dstalled justificuticn. DVeducting the
jmoun bare welght of ths ongines laaves & totel of 1,000 1be, cr 1735 of the
gross welizht, to cover structure, votor, ducting, pnoumatic and electrical
systemn, sgulpment, tankage, controls, trapped liquids, ets,

For comparison, the HiUi=; belicopter which is of coxparablo gross welight,
bes btare {useluge welzht of slmozt this awouni. This figure gxglpdez rotor,
eniine, enrine sccessories, transuissi n, fuel system; underearrisge, furaishings,
instrusents, radic, electricsl syaten, ete.: it iz the weight of the empty
strustural shell,

Careful weight stulies ore necessary before sny conclusions csn te drawm,
but on priza fecle evidence the trochure poylead figures rust be heavily
discounted,

It 4z wdmltted by tho Company ihabt the Avrocar is longltudinelly and
directionally unateble. Their soluticn is to fn9tsll automatic stabilizing
eculpmente It 15 pot sugzested that this is not a fesaille sclution, although
zore thun the simple roto sensors belng comsidered by the Compeny is likely to
te net-ssarysy the problem 1s & difflicult one, It remains to be seen if adequate
control cen be maintainsd with the otsbilised system, Welght, cost, ami
complexitly cre further sspects roquiring consideration.

Carza Sog a‘

Host of the space within the vehicle envelepe is ococcupled by propulsive
mzchirery, fuel tenks, and ductss spsce for curge is restrioted and of awkwerd
stepes The curgo spece is also remote from the centre of pravity, making
careful balance of load esseniialy this i3 & drauback under field conditions,.

Adrvortability

The present vehicle design does not appear to lend itself to sizple bresk-
dowe end ecsenbly for tramsport by air, It muy be possible to overcoss this
objecticn by redesign. :

Cost

Tke rkigh Inntalled powsr which it is necessery to provide in the Svrocar
iz Mkely to mske the cost per unit high, :(The operating costs ars high because
of the fuel consuapticn characteristics alraady discussed,
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A3 s further consegusnce of tho basle difficulty of the Avrocur design -
i13 bizh dice losding e 4he velocity of the effluent puses is very high. This
ray leed to opersticns) difficultics: concealszent in ground cover is not much
use if the vehicle is horalded Ly a dust storm, The possibility of smsll
pebbles being earrisd into the mechaniem must slso be lnvestipgaled,

Conclusion

The Awrocar auffers from a number of very serious dissdventages for the
serisl jeep rols. Moot of these stex from a single cause -« the excessively
high dise londing of the design. The vehicle's designer has stated that he haas
investi-zted this matter and that the Aviccar &n 1ts present configuration has
tre optinus disc loading poasible uith this desipgn. :

14 is concluded that other configurations laraiihg thexngelves to more
favourable valuaes of this criticel parmester should o investipated for the
aerial jeep missiom, '

| Prepared bY:

The Directorats of Engineering Research /
" Defence Besaarehngem, o ! /6 “"‘Q/ 145%
©. | Gttewa, Ontario. '
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Millimetors. 18 = 25 em.
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