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AIR vmmr.ns Or THE PAST

The aoroplane is a natural ocutoone of soientific investig-
adions. Negleoting the theory of evolution, man firat noe

quized condrol over land and ssa BOtion in various names,

twh as walking, swimming, eailing orude ships, by animal

drawn land vessele or ohariots, eto. What slse wan there f
for hin %0 40 but to want mastexy of the air? He could go

on land, on sea, and under dea, 60 that alr vebioles were

logieal outcomg of progressiveg sinds.

Nagurally the fires means of propulsion on lamnd was obtadn-
ad by hand power. Man soon learned that sanimals could be
used with greas saving of his wwn energy, @6 the developa~
ot of animal drawn vebieles went on. With the introduotiom
of mashinery-- most nasably the stean egine— meshanioally
sperated angines soon nupuidoa the older comstruotions.
The fizet fov engines were very ineffici ent asoording to
our present day standards; aevertheleas they pressted a
marked ohange in methods.

This same thing happened with ships, the old galley ship
being prohadly the best example of a combination of sall
and hend power before stean enghkien ware infroduced,

Now what is more natural than $0 bave air vehicles follew-
ing the saze routing? In the aixr we have sone few diatines
: types which are}

1. The lighter-than~aix craf¢
2. The helloopier

3. The ormithopter

4. The sexoplansy
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1. The lishta-tha.n-ulr type, Or balloon, was the first witn
which man succeeded in sustaining himgelf in the aix for aon
otémnlt periods of time. The ensential e¢lements are

ta}' Srede 6&6@10& by something lighter-than-aiy

(k) Eeavier~than-aiz savelone. | .

These must be so adjusted shat the 1ifting foree ia sufficie
nt to overooms the weight of the envelope. The first of this
type was non~dirigible, OF merely dedgned for astension and
flokation in the aly. This left it %o the mevey of the pré~
vailing wing, so that it was reslly of mno practicel impoxt-
ance for loeomtm;-_- scnetings un' had t0 be spet walling
on & favorable wind. It has been euggested that at dWferent
heights in the atmosphere the wind dizedtion changes. With
this verified 1t ﬁ;ﬂght be popsidle t0 rise t0 the helght
giving the best available direotion, Shus prooeeding to the
desirad destinmtion, It 13 redorded that balloons were uced
~ by the Chinsgse 2%t the corxanation of the Dapexer To-Kien, at
Pekin, in 1308, and it was there stated o be a oustom, s0
_that the first wes probably mwh earlier.

A fow years aftyr Osvendish published his results on the
weight of hydwogen {1768), Tibexius Oavalle inflated soap
bubbles with this gea: they floated upward until they burat.

The fixet balloons are generally ascribed to the Nonigolfied
bzothera , who producted their apraratus in 1763, Thelr method
was to have 2 large paper bag with & hole at the basa. They
then lighted a five of ohopped straws undernesth i%, and, of
course, the balloon soon rose. 3irTange 1e say, m_a[ct. the




Montgolfiere did not realize for some time that the 1lifting power
was due to the heating of the air, and not to the smoke.

It was &8 matter of only a few weeks after this that hydrogem
balloons were used. These developed until it was thought ex-
pedient to have engines installed. This wae a great forward
gtride, as the behicle was noc longer left to every whim of the
wind God. 8¢ long as the engine pull was more powerful than the
force of the wind the operator had oontrol. In any ordinary wind
now dirigible balloons are quite safe, as they can attain a
gpeed of 60-mtles per hour without difficulty.

Although these have been successful 1t is evident to a thinking
man that there iz vexy little future for the balloon., It requires
costly material, has great bulk, is unwieldly and has great cost
of i:pkeep. It affords probably & better spectacle than the
aeroplane, but its ugefulness is nearly at its Senith. The
common gas used was hydrogen, but due to its inflammabllity
modern tendency is to replace this with helium making the initial
cost still higher, and increasing the volume of the balloon.

2. The second type of sir vehicle is the helicopter. This utiliszes
the 1lifting power of propellers &0 as to rise vertically. It is

& heavier-than-air maochine. There has always Deen sOme oontroversy
about this type, a8 safety does not feel entirely satisfied with
relying wholly on the engine. If the engine stopped there is
really nothing to0 keep the maohine from falling abruptly. True,
the propellars themselves may be utiligzed for this purpose, but
these are generally not puf-



fielents. With finoreasing depmdadbility of engines this is he-
coming an ¥norsasingly important branch. It would bedome even
more A0 1f an arrangewent ocould be continued for stopuing
quick descent. This might be accomplished by & sudden opening
of o parashute, by quick opening of sdjustible wings, or bp
blagte of alx oxr other gas downwards. The perfestion of any
of those would inorease the feeling of respe¢t tosards the
helicopter. A oontinuation of thie principle ls given 5t &
later part of the thesis.

The combination of the helicopter and the aasroplang 1s very
puccessful relatively, se in the Bertin, and it 1s this oome
biration which will prebably survive all others foxr oity use,
although perhape not for eoomomy ian full flight,

3. The third type mentiomed is ths ornithopter, which tries ¢
to {nmitate Dird aotion, ie. by flapping wings. It wes sxpeched
that bDeoauae birds have perfeot mechanigm that {his should be
zimed at in praotice. Aowegver, thig does not seem to fit man-
made articles. Mants greates power is obtained by rotary
ofleds8, s -xaupled in looomotives, ships, zeroplanes, eto,

As the omithopter followe bird and insest aotion it would
be expected that it wea the first type of heaviar-than-air
sachine invented, History goes bDaok a long way with attempte
to make A susoeacful one, but the fizet to produwse susten~
tion of any apprediable amount was Degen's in 1808, when, by
vigorously flapping large very oonoave winge he managed to



Tiego B4 feet in the air. He was helped in his riping by a
balloon, or by comntexweights passing over a pulley, which
11fted 80 1ba.

The Hergrave machines of Sydney, susiralla, about 1891, emplo
yed 2 comhination of the erxnlithopter and the aexaplane as he
ussd the flapping wings for propulasion only.

The oznithopter so far bas not proved sucoessful; the only ones
tRkt heve besn a0 are modeln.

4. Our next type is the aeroplane. This has proved very suce
cecsful in practice, ror sises varying from models to ®hose

carrying 8 or 9 passengers {In Britain there are aexroplanes

otrrying 24 petples) Ae early as 1910, the Rregnes ¢arried

8 passengere.

Bwcessful seroplanes have bean in use for a lémg sime,dut the
fizrst flight of a man earrying power- propelled asercplane was
in 1890, when 2 mashine designed by Clemgmt Ader flew for =z
distance of 184 fent.

The ornithopter wae a logieal outoome of slow, flapping, wird
flight; a6 there is the asroplang the swooessor of guick bird
soaring., This phenonenon of aoaring &= 1ittle understood st
present, slthough various theories have been put forwazd to
explain it. One viaw is to hold that rising ourrents hold the
birxd up} anothay is that the bird uses the internal smergy of

e



$he wind . It is qulte probabie, or at least possible, that
the real solution lies in combining the rising current idea
with thas of gliding slowly from a higher to & lowsr plane.

The propeller notion, of oourse, is wholly uan-made, with
no analogy in anture of whitch the author 1a aware. Tals 42
probably due to Ats impoasibility, as a propellex requires
two asgparate parts for oparation. Otherwise the whole animal
would have 40 Xeep revolving at tha msame speed ag the pro-
pellar. Thia animal has never yst Decn found, but it is ocle-
2rly shown in the case of falling leaves; the whole lgaf
turns round Tepidly, tius stopping sudden descent. This same
prinoiple is sometimes used in the helicoptezrj—e.l. having
the propellers turned round by the force of the wind, or as-
caending 2ir currents, thus ra__uxa:.ng the desoent.,

The problem of indefinite scering is coe whioh should be in~
vestigeted as thoroughly as possible, as it bas been held |
by meny very able acientists that it is practised by birds,
If zan could devise 8 mnohine whereby he o0uld travel over
the ocemns and sontinemss with no power exsepd that necessay
to 1if% him up, present day vehicles would nearly all be
soxapped, thus adding still more to the sorap heap of the
univarse.

Gliders were used for many years before the idezs of motor pre
pulsion was thought of. Quite marked suesess with sowe of the



3atest of these wan found. s.g. the Lilienthel glider of
1891, in which he performed very many auwcessful glides of
saximan length 1000 feet and maximum speed of 22 mlles per
hour. Probdbly the first real sucogse was the experiment

in Califomnia. A glider, designed by Profsssor Montgonexry and
montited by Danliel i!a;lmqy_, wes ralsed 4000 feet by a balloon,
A% this helight it was cut locas, and the glider began to
descend, Under aomplete oontrol sll the time, it was finally
brought to rest on the spot deaignated. The spped attalned wa.
estluated t0 Teach a maximum of 68 miles an houx, vhlch ut
that tize was truly remaxkeble, |

It is rather strange that efter the developaent that las
taken place in the seroplane there should still be the interess
felt in the glider, but even yeobt there is a great amount
of work being done on this apparatus. It might be duet to
the hope of disgovering perfest streaw-line form, with con-
sequently a nearer approach to bird scaring, or it may be
that interestoed amateurs with neither the oapital nor the
ambition for meroplane fiight are sttevpting to establish
it as a aeparate uechine from the seroplans, for fipancial
or other coneliderrtions. In spite of the sudtessea these
have mede thers would ceem t¢ be little future for theo
glidez as a Pehivle for the everaje san. It needs & h ight
to start from, unless it be firat towed, and canmnot q,m,

cessfully for any great length of time. This is constanily
improving, but 1t is not possible (or at lesst highly improb-



able) that zen coudd ultimntely attialn somring flight. Sith-
ocut this the giidar would mve to demdend so oiten during &

long txip that it would b tampractiocal, as oonpared with the
| aaroplans. The ultimmts speed 18 low, and does not agvae in
2ogord with present day idesa.

It mey bLe noted here that a 30-miles per hour wind on ground
generslly meane 8 B50-miles per hour wind wp zloff, so that
this »8y be utiliged by pliders -~ by firgt rising te an enor-
wmous helght, grozter then usuelly etterpted with gliders, then
employing the wind to propel them on thelr vay.

Gliders bave been of widely varying forms. The earliest cnes nat-
urally tonk biyd form, the popular bixd being the det. lowadays
the glilder follows monoplane cesdgn, oné thus soering birds. A
fev are biplane, a:nd soke are double monoplanes, ut in general
they axe engineless acnoplanes.

The Adexr *avion® of 16897 was one of the first sercplanes to fly.
It was of a bat-like form with twin nropellere, and, juiging
Irom 1%e groot angle of inoidence it mugt havae requiresd great
power 30 txavel at any moderale speed.

The 7right biplane of 1803 wag a converted glider with & 18 H,P.
motor. The pilot wes placed cut in fromt, exposed to all the
winds and the cold At the height renohed, It might Le noted that
the Yrights had no great suocess with thelr zachines until after
FProfessor Montgomery of California bad published his articles on
wing warping. The Trighis produced & |



type of working very simllar to this shortly after, this belng
not &t all 1like that specified in their patent. A lessan learnt,
presusably, fron which they profited wmduly.

~In 18908 the Santos=Dumont dox-kite was flown, It had o long
body in front with practically nothing behind the cperator, snd,
of course, was not very stable unlese flying in the same direct-
ion as the wind.

in 1907 & grenat many machines were put on trial. The wost im-
portant of thsse were the "rights, Voleon, Faruman, Avio, Bleriot,
R.Z.P. et0. It is peculisar that nearly all of the aeroplanes
built round this tizme were of the “Canaxd* 4¢ype, i.s. bad the
longitudinal etabili-ing surfade plzoed out in fromt of the
machine. This was used by some mechines as late 8g 1913. Prob-
ably the a.tght of the oontrols gave a heartening effect to the
pilot.

The real drzwbock €0 the *Canard® Lype is ¢r follows. '1:“.13 mein
surfees In this g the tall suxlace whioh hec %0 be set at a

lees angle of incliencs than the forwexd stabilizing: surface.
Thiz means that $7 the main surlsce 1s set at 5C to give 1ift,
the forward astabdlizer must be vel at say 16°. This gives &

rery poor lift=arift ratio and aconeegquently pror efficliency st
present dey spesds. With the 10w spesds of ihe firat aeroplane
this wog not noticed 60 =ash, but 86 epesds inozensed the "Canard®
type had %o glve way to the rnresent model,



It wes in 1906-1808 that the biggest advance:z were wade. The
tiplans was 2 Igature of 1908, but 80 far it has not been
developed to any great axtent, The Eleriot mechines were grect~
1y lmprovod about this time, and in 190D cawe in model i)
which is the prototype of all nis later suovesses. He also
brought out the "parssol® type, so named beoauss the wings

ars plaed sbove the observer, giving him & cleazer view of
the W.

Frzon Blexriotts sype XY t¢ the present dony there hae decn neo
merked isprovement in momoplane design, ¥2ch part bes been
improved, as for example, shape of wings, lmproved bullding
material, better angines, more gffioient oomtrol, etc., but
in genersl, ths shape i1a the same now as $he 1809 aom.

Is it not rather petullisr thet monoplanes suould develop
quiokly in a few yeors from & very ozude i&agtaning to thig
Blariot model and then stay with thip forn for abaut 18
years longex? It 1a an otwious deduction that this ia not
the best shape possible. The biplane is prscticslly a xep-
1ica of the monoplane in ohmraeteristics, so they sre both
treceted &8 one, If this 1 not the best solution of the
prodiem, then what is? This will ba discussed &8 1ittle latex,



THE PRESENT

Bearly every one has seen seroplanes within the last few
Ye2rs, 80 it would be & waste of time to descride them. The
prevailing types are mxmioplanes and biplanes, descriptions

of which ocan be had from any aviation megazine or book. One
marked tendency is to enclose everything poseible — thers are
pragstiocally no maohines of the present day which have bodles
not enclosed, wnless, perhaps, & few experimental ones built
for economy. This sekes a neater looking maohine and, altho-
ugh incerecsing the welght slightly, lmproves the efficiency
by supplying a stieanm line fora instead of numgrous staye and

oxoss baras.

Propulsion is obtained by engine varying in H.P. from 18 to
1000 {The Napier Cub). Of what particular advantage is this
variation? The automobile of todey bhac power plants varying
fron about 10 H,F. t0 100 H.P., &pproximately, but the
average 1s fairly standaxd round 230 ¢o 40 H.P.

Would 1t not be an ascet in aeroplanes design to standardise
the power plants for pleasure oraft in a 1ike manner?

In the automobile the gasoline engine is the ons most coa-
nonly used, but there ars other types in use, e.g. eleotrie
motors and steanm engines. Similarly in the aeroplane, although
the gas. engines in use in most canes the stesnm engine also has
besn used. A zemarkably light construotion of suoh 1s that
designed by Hiram Maxim in 1894. It welghed 1800



pounds without water, and developed 363 horsepower, or
about B-1be., per horsepower, This has been consideradly roe

duced in gome of the latest French steam power plant de-
aigns.

It may be noted that moat of the recent advantes have been
nade in France. With the developmant of gteam turbines the
uag of these might be advaniageous due to the pweﬁ abtained
for light weight, but, so far, for smell power they have
proved quite inefficient. '

Thae clactric moto? has not Be-n anplied t¢ the zeroplane
with any sucGess, cue 0 the weight involved, the lowest yet
reoorded, we Lelleve, Yelng 1n excess of &~1lbB. ver horse~
power. The geropline gascline motor 1s very desldedly lower
than this, verying from 1.8 to Z~1bs, per horse power
generelly. Varicus o0ther methods heve be-n used,

Qomprecssed aix, enclosed in stesl oylinders under high nresw
gure, has becn used with models, but, on ascoumt of welpght

{t has be:n practically dropped from aeroplans work. Indasd
any nmethod of c¢reating presaure of a gas then suddenly letting
it expand uvnder o surface would mmks the surfacy rise. Thus
ohenical aotion could he usad. Verioua other devises ave dig=
cugsed in thas later pert of the thesis.

To disouss possivle future develaopments of the sertplane in=
tellignetly, and to put forth predlations requires a knowledge



of the essentisl points of stability in deeign. If these
&res not satisfied, the seroplane, no mtter bow well it may
look, is w'to faiim, 20 that a few notes m stability
here would e advisable,

The etabllisy of an aeroplane can be divided into 3~closses
(1) Longitudinel stability.
(3) Latersl etability
(3) pireotional stability.

This is pretty well worked out in aeroplanes. It has be-n
understood by most, if not all, of seroplane experimenters,
snd very few have overlooked 1t entirely.

It can be sxplained b reforence to the dlagram, A ip the
1ifting surface of the aeroplane. At the noxmal angle 'AY

—
S S
¥ '_ ’ ) B

it i outficient to 1if¢ the whole mmohina. B is the tall ox
stabilising surface, set $0 produce no lift at the normal angle.
If the maohine were to pitoh nose upvards as shown in seomd
sketeh thro' angle '6¢, the centex of preassure of $A' zculd
move forwaxd, which . 411 tend to inorecse the pltoling. The
$81]1 surxface B, howewer, comes Into play. It nos has an angle

6 and oousequently a 1ift, tending to swing the tall



4

wpeards snd restors tha normal position, Similazly for s nose
domn effect. The toizl 11ft on A as the meohine pltobes nose
weaxds will not inoresss much aa the speod will slow dovmn
&ue to the increrned resistance. This is the principle mostly
used in pragtice.

It o Teonized thet the angle of incidence of the Sall surfade
should be set a8t @ less angle than thmt of the sein surfsce,

ae just explained: but 4t doea not weunt that it must be cet

2t a lons angle with raspeot t¢ tiie Oentoer line of the maohine,
for tha aly passing the min surfaces iz dallentsd dosnw pds,
thus alfering the angle with whioh it mesta the tail, If tuls
defleation be sufficient the tall asd mein surfaces may be

sat 8% the same engle. This gives a *Reletivaly smller angle
of inolidence”,

The following method is sometimss used. IT firection of motion
! 1s ns shown, and wings tipped
beok, then the soms effect fa

obtained.

If the centzr of hecd reglatance ia above thoe omitey of gzrawity
of the mohine an end on quat wil: tand to throw up the nose,
and during its dying sany to Gip the nose, thus ex2zporating the
novenmts dis t0 the stabdlising force. This is objectionadle.
2% the centexr of hesd resistance is below



the oantexr of gravity the forces will oppose the stabiliz-
Ang offest. This is dangercus. It is obviocus then shat the
conter of total hend resistanse of the paohine should be
as noarly &s possible in the same horisontal line as the
center of gravigy.

TO ensure that the machine takes up ite natural gliding angle
11 the engine were t0 0top it is necesnary %0 have the Senter
of gravity & little in advance of the center of 1AL, 20 as
to give the nose~heavy offe0t required. If the conter of
gravity ware behind the oenter of 1ift, the mashine would
slow up, turn verticsl and fall straight down.

The maximun effioiency is obtained from the propellexr when the
thrust ie horisontal. 1t is therefore desirable to hmwe the
shrust hoxisontal and a 1ittle below the senter of dzift to
ovexoome tha nose-heavy effect when flying., Immediately

the engine stops the meohine naturally takes up its gliding
angle sa abave, leaving the pilet free from this worry.

§3) Laberal stabilivy
This ia the form of stability whioh ensues that an even keel

is attained on removal of dlsturbing foroes. If the wings
aze placed with & dihedral angle, 28 showmn, this is obtained
provided that the oenter of gravity of the mashine is not
too high. |

In the normal position A the
sashing is stadle. If it is



+11ted t0 B there is a greatsr
\AL/' leagth on the right than an the

left side, 80 that there iz &
,\ greater 1ift, the 1ift varying
| | with the horizontal camponent

of the wing surface. This therefore brings back the machine
to an even keel. If the engine stops when the mechine is as

at B there wlll be & greater roalstanve to downwayd motion at
the right than at the left, sc we have stability as before.

I the machine tilted as =hown
the canter of 1ift ¢ L will
change. The vertical line for
the 13ft tarough ¢ 1, will meed
the center line of the machine

{ on which the aoenter of
gravity rat 1ie) at 4 C . As
befors, 1f C.U. ig below H.C. stability will result, but if

it ia above, ihe mashine will cepsise. If the C.G. 18 too low
the machine aots like e penduluwm, but this is not dangerous, so
iz prefexable to the other. It will be noticed that if a gust
of wind Ylows from the Tight X vill be raised up and Y lowered,

as X bae & posltive angle of incidence and Y a nogative one.
Thie could be corrected by putting a fin or vertioal plane
belov the center of gravity. The fin could be mmde large enough
to counteract the side forxce. The keel surface should be equally
divided sbove and below the horizantal turning axls,



oShexwish o gust of wind would blow the heavy side over.

If an aeroplang bad not this stedbility it would be deflented
from 1%s oourse by every gust of wind, which is By no means
& desirable feature. An end-on gus$, of course, does not
altexr the gourse, bdut & side wind will give increased resist~
ande to the unshielded wing. This wind also will tend to tum
round the body, pins, eto.,

It Ls obricus, thergfors, tbat the line of aotion of the
total resvltant side pressure must aot through the dmter of
gravity of the mechine. This results in mere bodily motion
didevays and eliminates the tumning effest. 7his is & highly
satiafactory state wndl) it is realized that the center of
side presaurs varies with they dirzestion of the gust. Complete
balance ynder all oonditions is thavefore imposeibdle.

If the center of side pressure is forward of the oenter of
gravisy the nose of the maohine will turn with the gust, and
the aaohine will xywun with the wind. This will momentarily
roduce the alr speed, whioh is dangerous, On the other bhand,

if the ocemter of slde pressure is Dehind the cmter of gravity
she nose of the maching will turn into the wind and thus

sdause en instantanecus inoresee of speed, whioh 45 gquite & uf'a
madterT. It is therefore desirable to have the latter effess I.e



slways t0 have the center of side pressure behind the 0. of
gravity. This could de helped by having keel surfase behind.

A muoh more ifmportant aspect arises when the maghine is turn~
ing wnder the astion of the rudder. If the Iudder is tumed

, =9 shown ia eketoh, a foroe
e Presguye
l, R will a0%. This will make
) —
§ ) ) the maohine move a little
Ic‘:.,u"ri{:uci*\/g\ .16."‘“7'. thus causing a
- erjee ., .
side pressure to act. The

turning effe0t due 10 thess +two forces causes ths mashine

%0 revolve, which immediately introduwes the aotion of the
centritugal forcs through ths center of gravity. When the
three foroes ao¥ing are in .qumw the maohine turns steadliy
and, on removal 9f R, the others disappear.

Suppose now that the ognter of side pressure 1s in fromt of the
g of G. Immediately R acts the thres foxces tend to meke the
mashine rovolve and there are no balanoing foroes, so that even
if R were taken 2way the machine would still keep revolving
faster and faster. It should s8le0 bas noted that 2o the turning
increunes the oenter of side pressure movee forward, thus

ingreasing etill more the couple applied.

This affeot is obtained even withous the rudder. Suppcss the
maohine is banked, L.e. has one side risen bigher than the
other ,~ then if 1t slips downwards wa heve the alde pressure



aoting, and also the ingrtia of the maching. The tumning of

the machine reculiea noYe 8ir spesd for Lits new path, and

1f this Sa not oblainable frxom the meohine it wust be takem
from gravity; thus we have the deadly spirel nose dive. 1t

iz owiously neveseery then to have the side pressure kapt smll
end to heve the G, of precsure of the vertical fing behind the
C. of G. of tho maching. Vertical fins sbove the C. of G.
should bs avoided as they are declidedly dangerous £0r the reasmm
above. It should be noted that if the fine ars placed too fer
bagk & greet force on the rudder will be nedsssary tc keep
equilibrium, eo that some judgment should be used in determining
its position.

such then i3 a simple saplanation of the gssentlals of aeroplane
design. *s now oome t0 & discussion of future machines.



LUIUVRE.

The mathematioal astudy of asroplanes is not an exaot soimoce,
oxoent in some very few narts the foxmulae used is asroplang
design ere empizriocal: even our master matheticians are content
to socept these in preference to thelr unproved theoretioal
omes. If suoch then is the case, is 1t not mush better to treat
this subject in the light of previocus pexformances than to
apply theoretiosl formulue in parts and practical knowledge
at other plaoces? duch is our method of dealing with the
subject.,

The power—-driven aeroplane of today has only been on the market
suscessfully for a very few yoars. It is as yet only in its
infancy, and is wtill regerded in somm quoriers, as & olever
experinental pisoe of work: fortunately thia feeling 1» not
prevalent in intelleotual cixoles. But we tldnk the public
should realise that the Aeroplans is the probable vehicle of
the future, or at lenst, some ¥ranch of power driven heevier-
than=ai? nmachines will surely supercede tt_un preaseit day l10co-
mnotive, street cars, automoblile, ete,

For 8 long time after the introdwtion of ssroplanes the mere
mantion of the subjest wnas sufficient to bring an 1oy ehill
to the.beok of the listensr, with thoughts imcediately con-
jured up of & dare~devil pilot steering a shaky monstrosity
ekywerds, end the swiden dropping to earth frou a trsmendous



height, with Alreful results. This feeling is stil} surpris -
ingly popular. The same seniiments wers f4lt at the intro-
auotion of the steam locometive and the automoblle, though,
of oourse, in & much less degree. But these feelings show
the ingrtias of the publie~ it takes a long timg for 2 new
1den to zoek in.

(ng of the main enemles of aeroplang advanss is this came
trait of feaxr, which, to 2 certain extent, is a habit of
mind, A a0 example, during the first few yezrs of the
autonobile At was looked on as a death-dealing instrument:

es a matter of fact, oomparing the pesaengex- miles of

auto, and horaas dramn vehicles the latter iz responsidble [
for far more fatalities than the former. SUCh is the oase
mith the aeroplane and the auto. Except in cases of warfare
the seroplane has far fewer fatalitims per passenger- zile
than the automodilke, but $0 say s0 t0o an auto. driver merely
gets a pityying look. To see 0f an assroplane crash in the
pepers 1a quits an event, and 40 11t up one without seelng
three or four asuto. crashes 4o &leo guite an event. Femiliar-
ity with ordianery travel soon breeds contempt of its danger.
Thus, although tens of thousands of people are killed per
yeoar by sutos, nc more 18 thought of riding in one than is
walking round & i:lmk. If the aaroplane wers brought more into
publie notice with actual stetistics on accidnets se com-
pared with other modes of travel it would very quiokly pick up
trade and popularity. This does not mean, however, that the

asroplang
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is not dangerous. .I% is, but relatively 1t is not.

There are some very sound reasons for predioting that air
vehioles are the mesns of losomotion of the futurei— these
are an follows, |

(1) XInitial oost of light aeroplane is mich less than thet oi
motor car. |

{2) Upkeep per mile of travel is less.

(3) Bighs> speed 18 obtained for sameg pOwer. |
#ith a light plane of type explained in (§) 83 miles per
hour was obtained.

{4¢) The automobile operates on one plane only, but the air
hes an infinite number of planes, thus oongestion would be
avoided t0 a great extent.

- (5) The wear and tenr of roads would be less, thns road
wkeep expenses would fall, and thsrefore 3hose ttmes palid
by privats auio. owners would practically be eliminated. Of
course, oomerolial cars might still be in use, and thewe
would have to bear the buxden of road upkeep. The anoumnt
pex person would be very little more than now.

(6) The weight necessary for passenger Carrying is denidedly
reswoed from autos, which weigh from 1000 1bs. upwards,
neglecting passengers, while the light monoplanass go from
300-1ba. up., It is trus that the motor car ias used for more
than ons or $wo passengers, dut wery often, as with co.upke-
1t s used for this purposs only.
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(7) similar to (3), but not quite the same; the gasoline and
oil ocoonsumption per mile with good soaring light plane would
be much less tuan with auto. With en English 1ight plane 874
miles per gallon of fuel was obtained. Autoncbiles give gen-
erally 20 miles to the gallom, although some give & 1little

BOX 9
(8) Inoxeased safety. This hee already be-n explained.

{9) Inoxessed comforst. There would be comparatively little
dust or exhaust geraes Irxom vehiocles in frong,

{(10) Increnaed pleasure in surrounding soenery. Is it not true
that we enjoy the viaw from the top of a mountain better then
fron the bottom}

{11) Grest cleanliness of the atmosphere due $0 prastical
elimination on ground level of the refuse of gasoline motors.

(13) with more sdvanced knowledge of bixd sotion and on intemal
snd extexnal characteristios of the wind, it is probable, and,
indeed, a certainty, that nearer approach of aeroplane flight to
bird searing can be reached with corresponding loss in fuel ox
increzse in economy.



‘has begn s2ld to show why sviation iz the probde
‘mode of travel.

(13) wAth th.s‘_tm' of aeroplane the suthor has deeigned,
seroplanes oould Yo used in sitics, lotling house tops a0t

as landing and starting fielde, instead of having autes.
strewn all round the business centers. Instead of tdls, they
could be pafked at the side of the strest as autas, are at
present, as sipest cors would to a gread extent De out-of-date.

(14) Due to the various factors maintained, an inozesse in
health would ooms naturally.

These Teasens sould be Yept up for a long time, but mmgh
g future

The firat zequiﬂta is wings, if an attempt at scariang is
to be wade. (Later om we will dicouss designs neglecting
wings)

8ince wings axe & necsssity, let them firet of 51l be aa

siople as possible. L.e. let there be ohly one plane. Alse
will ‘be required & place for the pilot to eit. (In the firet
case, for simplicity, we negleot any passengers). To have

him sittimg down in the epen would be unplensent, so we

shall cover him up much ag is done in the present aeroplane.
The xeeult As as én ceroplene mimus the tail. The shape of
the body will be much llke & .shﬁn, beok first. Ivwas fnmerly

o et R AR IR e i e s




shought that having o pointed fromt was an advantiage in reduoling
zir reslstance, but thia les been proved m fallacy. The renson
for thie is porelibly thet the hody oarries in fromt of it a
c¢one of &ilr which remsing therg just as an integral prri of the
body, thus doing eway with the neceusity of having a polinted
nose. Thare baog to be & mgnias of propulsicni. Let us take for
thie = sme)l gasoline engine of lignt welght, and a propeller.
This propeller cun be put elther at the front ar the re r of
the uaching, but for the 2iret design 1t 1¢ deairadble to bave
it at the Toux. The zecatn for thlse will be plain shex the
revsreing geer is explained.
¥e now have the result shown,
To contzol the machine we munt
havé & rudder and s slevator.
ey Thlis s where standard practios
Prore e is very deoldsdly chamged and
Amproved. ¥ith the present day

|‘:‘3e~t

Moes. [P

aeroplanes the conirols are as
shonn. The smell vertival plans A 1s the »uddaer, which givas
the dlreotionsl cantxol, while # 18 the elavator. Novw instend
of baving one plane A, lat there
be two, sode little distance
A apers, and let these be of tri-
angulax form. We than have soag~
thing like thia, looking from the

Teazx.



Simllarly, instesd of B, Lot twe horisonial planes be
i 1 used, WAk She samy dletance
R R Betwee them as the helght of
plans A. We then have this, &
squere looking from the back, or
fail of maohine . From the oide we see A.A. 89 triangle
almilaxly from above we seo B.B. as triangles. Itabould
| 5 be bomis in Wnd that bi-
A planes have besn developed
aminly t0 ci‘u R greatar
14f8ing power pez sq.foot
of horizontal ares, and thms
rodumg the grose welght per
8g« Lo0% of surfacs. It As
then evidnt that if the four
surfacgs are used as rudders 3 mores efficient tall 14f%-
ing curface ia otained. As thess are not w0 far fyon
the main planas and omter of gravity ss is umnal, a
greatay fozwe would be nesded %o hold them in position
when Surning oF elimbing, but with two planes 8s A A, the
~ foree an esdh would bs Malved and would counterasd this
effent,

i

17 we now fasien these t0 the maohing we got the followirg
zesuls., The wethod of fasteming shem %0 the msching is of
NO CORENMWISS An $he sosntime. They would probedly have %0
te fastaned to the Dody, but for oonveni moe ve show thea

fixed %0 the wings.

e e s s eA— . o



The mahineg ie now a pusher
T Bonoplane, éﬁpmo vaning gesy
) | engine Decesaities suOk as oll,
gasoline, #10. are added, we
aze now ready 0 atard, What
sdvantage, you mey ask, hes this inoaensed oontrol sres given?
The Tsasomsd are thess.

If the aeroplame 3a goin) to move forward, the four Srisnge
ular plates aye opm, 88 shown above. Wish the engine stapt-
o the noohine would move forwerd, and ag the right tSiag the
B plates would be moved wwards s)ightly, and the aerxroplans
would 7ise from the grownd. ¥ow all these Sziangles sre sush
Shat they oan eiSher be Moved separstely, o She twe A's oy
$wo B's moved Sogether. 1If the diyection nesds $¢ be changed,
A is used, Nok i sll four are moved inwards ti11 Shey west,
the result 48 2 #losed hdhow aquare pyzamid, The propeller
is contimmlly turning, but the air from it is bDelng pushed
into the pyramid, so that instend of pushing forwazd, the
propeller is pushing the maghing dackwarde: if a quiok stop
is regquizes onoe the meohine bas touwhed the ground, the
pyremid osn be foymed and the aeroplane stopped practiscally
2t onbe. This is & 4eclided As:el.

It the plans wers scying 2t 1%s mximun speed 42 the eiy
snd 1% oamg suddenly on %0 pone Statadle like a Ohureh



fSower it would be able %0 slov down the masbhineg suffieieily
%0 -tum away oy twm upwards. Oare should bes taken, however,
o slowing down in the aix that shs speed 4oes Dot got Le-
low the minfiuue apeed, otherwies the seroplans would drop.
This oould De yeotified by tumning the machine verticslly and
using it es helioopter. Then again a sudden slowing down is
dangerous while in the ei¥x, 50 perhens after all it would
not be advisadble %0 use 1t mach vhen 2t & height,

If automcbiles were Dullt whihout Dmkea what havoe would

be wroughs: no car sould go 2t a greeter sposd then one

or tw0o milew per hour in 2 oity, otherwige an 200idmmt would
be bound %0 take plaoe at atpest ccmers. If we wanted to
stop a¥ some partiocular ploge we would need $¢ shut off the
engine or put it itnto neutrsl, and coast along until the
maohing storred. Thie would Le #n intolersble state of affalrs
and, tc uwe, 1s loughedle. Yot thie is the case with the
modetn seroplans. It has 1o Grakea, and 19 allowed to ocoast
unsil 4¢ stope. The method of stopping ig to "benk” the
plane, or loser ths tall, thus piving o ;rentey herd resistanss.
with ordinayy plunas this is not suffiolient to stop is

within an ordinayy swwmr-a0re flold, “ith gome of the best
14ght planes reoently tecsted at lywmpne, in Britain, they

managed to



stop in TO-yands, or about 810 feet, and to riee in 210
yarda or E30 feed, thene are quite amattephionsl, A good
it more oould de socomplished in this dlyeotion by a
Faleing of the year oentrols, tims allowing a grecter
banking effect on the grownd; unless exceptiomally
great Danking wers made it would not be equivalemt in
aRy way %0 tbe effeot of the revexsing eomtral siresdy
desoribed. Care must be $aken that the zaising of the
contyols does nod give wore keel surface above than De-
low the lougli¥wdinal l_zga of motion,

But gquiok miopoing 12 not dhe mly funotion of this

spparatus. It oan De proved that if instend of & square

pyssmid, u hemisphers is uasd, the beokwerd velooity E
attained would be 33 1/3%, but 304 could be expevted

with gond shepes.

it

BIROER ABB. a

& Assuns AR ™ 0P« 6D = propellex

Q

_ \ If AXD were & sui-sphers,

-— . €  and msohine woving forward
D

/ &% Sen foet/se0. With oone
K A701s opemj let us elose thess |
and see what happens. Let tho beokwarddspeed = X fesd/nee
The »eiative velooity of air and meshine is now {(10-X)

- feet/aw0.. The aix is coupletely reversed and brought to
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s standstill, if perfect medhanism. Yor maximum effiocl moy

X = ) where V= relative tolume of air and mchine

+*+ 10 =~ X = V.. For mximna efficlency, -22-3-Es = X

«*e 3X 3 10, or X ® 33 1/3% of forward maximum speed. But

this sbepe of reversing mechanigm does not conform to best
prastice in asroplane design. The elevators should nos be

plane trisngles ; othervise the 1ifting power of these

world be very greatly reduced, so that it is advizable

to nodify tids by using curved surfaces like the main wings.

The rudders z2Te not extraordinary, and if made of plane

surfaces would be no great change, ag they do no lifting,

The shape would now bs this,

0 would be approximately ald-

way between D and E, 90 that |
ench elevator would move nsarly

A
4

the sams amount. The curved
surfaces AD and BE could be 4
made of ctandard design for
t2il surfaces. The ocurve BC

1ias made in such & way that

when BE 1e¢ fully closed 4t will
coineide with BO, Similarly for AC. The chords AD and BE *
would De set at o canller angle of incidents $han the main
117%1ing swxtfece, for longitudianl siability, se expleined


ss.de

ir ohapter relating to thnt Lranch, Althouwgh this design
18 a1l right from o theorstical point of view, the
probability ig thet elther the elevators or the ruiders
wonld be toc smell, 28 1t would be presuming too smch $0
zasume that they should be equal. If the rwdders are too
small compsred with the elevators the diffioulty oan be
got ovei' in the following manner, If AB end FE were
gimilay, as in the fixss
= ozee, them OC snd DH, the
perpendiculars aa to the
swivel AF would not be
equal in length and on
elosing the rudders the
pointd ¢ on eadh would
not toush. This could be
rectified by having AB longer then FE suwh that when
fully olosed M E vill lle on a plane parallel to AF.
If the elevatore naed to be nede lmmger then the ruddsrs
the same process could be followed.

JIP\-“

We have now settled the shape to a certain extent, 8o we ocan
pzoceed to the oaloulation, using apsroxizate welghts. Far
these it would be acdvisable to use figures similarxr to those

in use for materials, structures, eotd., as it is the
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intention «f the author $o0 make his predictions om present
day perfestiom, and not on some fanoiful figures whioh
ney never be realiszed.

The motor devided on for first consideration is the
Darm!. which welghs 68-1be. and de¢valops 38 H.P.

The declision was made on account of lightness. Othex
machines oan be designed with = heavier and more powerful
engine, wt. of engine « 86-1bs. With cil, gasoline, eto.
for say 3~hours journey the weight would probably be |
brought up %0 round 130-1be. Welght of propeller and hub
‘equal 10-1bs. Total engine welght » 140-1lba. for I-hours
journgy. Gross welgit ¢ weights of enging + psssenger +
seating + body + wings + instruments + landing ypear +
oontrols + reversing gear.

Accoxding to O. D. Hansoom in Kent's Mechanioal ¥ncineerts
Handbook the following figures give zpmoximate valuwes.
Yelght of body S-lba.

¥t. of wings with bracing e 1-1b./sq.ft.

This is for a plane heavier than ours, 50 we Can AsAUMS
.8=1be./ s8q.f%.

Felght of equipment « 4% of gross welght.

veight of leading gear = 6% (maximam) of gross wéight.
FTelght of tail struoture including pine and fudders

equal 1.2 {meximm) 3&?8-,8(;.:00*.
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Grose welght » 140 3 1680 +10 + 10 + wings &+ 104 of groas
whighs + tail structurs.

Assume that the mechine 1ifts 7~1ldbec. pear sg.ft. of wing
area. (The Bristol monoplane 2ifts 8.5-1bs. and the
Loswing N 8 monovlene 1ifts 9.9 1bs. /sg.ft., 30 T-1bs.
per sg. £t. ip 2 TernonesWle nccwaption)

Assume teil struoture weighs 20-1bs. . + S0rose welight

equal 140 + 160 + 10 + 10 + (.8 x UXp-BE) 4 20 5 340 4
.11 Gz, Wt..

«*e Gross whight o _-‘,5?.-:,430 lbs.

?h;l.a inoludes prssenger of 160 lba. welght .°. nst weigh

engine, oAl, msoline for 5 hrs. = 270 1bs.

It wvill be reelized thet this 48 cutting vaery close to the
l1imits attainable, aog 1'6: sefety and to pacify any scoffers
we shall raiss the grose welght to 480 1bs., or an increase
of 30 lba. over our caloulated welght. Surely this aocounts
for moze than the slight errors due to lnagcuracy in average
figures of aaroplanes.

From the figures given sbove, the wing ares = 3§ = 66 sq.ft.
appFOX. wh. Of winge = 66 x .8 » 53 1bp, If aspest ratic = 7
then 7 3% 66 «*. d° = Ded3. .'. d .= 3.07% Span = 7x 3.07
equal 21.5'. 1%, wing ig 213 feet x 3 fhet.

o e Wing ares = 21.5 x 3 » 64.5 sq.feet.

e Lift e gpow s 7.1 1ba./eq.ft.



This $s & light momoplans, and to ua;'ry 7.1 ibe/sq.ft.

is perhaps asking too much of the flimgy wings, so we
shall increase the wing ave: t0 80 sq. feet. This inoreses
the wi. &€ wings to 83~1Das.

If sspect raslo e 7

? &% 80 43:@- 11043 »  i°. d £ 3,38

VIng epEn = 3.38 x 7 = 83.7¢

'« Ting ie 24 feet x 40 inches.

This gives a 1ift of ﬁ%—lg z 5.9 1bs./eq.ft., The gross
#eight bas to be inocreused to 470 lbs., due to increase in
wing area. The 11ft /horse powsr = -%’g— =# 13.4 1lbs.,

The 1if% obiainable in some British light planes is BC 1bs.
per He P., B0 no difficulty would be experienced in ocblaining

13.4 1bs./H.F.

It should be taken into acoount that the British and the
French are somte yeors in advance of americas in light plane

design.

Lift = Ky AV = > 470 1bs.
¥hare Xy = Coafficiant for the mechine
A =~ area of wings.
V = relative veloolty in feet /saec. of wind and meohMin-
Ky is nearly independent of A § V 1f the angle of incidenoe
remain constant.
Lifs = L = Ky AVS
DTALS @ D = KAV
From® Asroplane Design®



by ¥. S. Barnwell, for a load of 5.9 lba./sq.f$.

Ky for & monoplane = .00207 for minlmux speed.

e La .00207 x 80 x ¥ = 430 1bs. say.

e o V3 2 2000 oo ¥ = 53.8 £t/se0.

.*e minimun speed = 378 miles per houx.

It may seem that the high agpect ration ig unhecessaly -~

it weg chogen for economy ik flight. Less fuel would be
necessery for this machine then with a §5 ; 1 aspest ratio.
The latter 1s the aversge for momoplanes, 2nd gives a higher
veloocity soquired due $0 the lessened head resistance. It is
obrioua that elther one could be ohosen, depending on the
ultimete result desired.

The authoxr has decided, for first estimate, to compare with
aonoplanes alrendy designed and verifled as t0 speed, |

Wing span 34 feet.

Lecgth overall 18 feet and 2 inchet.
®ing chord 40*

Wing seotion similar to ¥artin No. 2
¥ing area 80 sqg. ft.

Weight smpiy 330 1bs.

Cruleing range 300 miles.



Span 31 fest. Langth 18 fLerct.

ing area 114 sge f6°8. Useful load 220 1bs.

¥elght with 168 H,P. Vaslin otor 275 1ba.

Totel relght 495 1de, WS, of fusl 35 lbs.

Crulaing range 3 to 4 hours.

High apesd 74 miles / hour.

Vith a grogs wh. of 495 1bs, ard a motor of only 16 H.P.
tiic mechine atteline ¢ spoed of 74 miles/hour. 17 the gToOss
velght be reduced t0 470 lbs, and the power inorerased
to 38 H.P. 1t would germ fai.rly rlausible to assume that
the aspsed would be inoreaaed Yary apnzeolably.

The resistance varies aporoximately zc the squoze of the
velocity, 20 §f the reslstance at 74 dles por hour for e
szth plene iz the srne, than the graed abizinsble cith
the lexger engine would be 74 x\:@ = 110 Y.V, I8

a2 matter of fact the resiztance of the Aviz sould prob-
ably be greater then tuat of the other due to its lazger
sing ares and tail. Howewaer, aven 1f ¢hdls speed ware nod
Toalized, and anly 100 E.P.H. oould be got, 1t would |
be culte suffioient for the purposs for whiob it wns
designad. Zut thiz is all the funotion required of an
seroplane, —~ balng able to riece off the ground 2nd to
fly 24 a2 Zeaponable padce tosazds the desized destination,



Another sample of this nature is the Cerman monoplzne
*LUdet Colbxi®, the ganeral informmtion on wvhich is as

fellewss

Srar 42 feet 10 inches. Aelght € Leet.
Lenpth 18 feet. “ing aroce 135 sqg. feet.
Telght esmpty 330 lbe.

weight loaded 550 ibs.

Cing loading 4.1 1bs./aq.ft.

Tnzine &30 CC Towglas.

Fuel cepoeity 4 Louds.

Specds 785 to 31 miles/hour.

Climb to 3300 feet in 8 mdnutes.

Renge'w, 300 miles.

Fower loading 30 lba./H.P.

Jow we come to the bellicopt-r prineiple. 1nis is,

by baving

propsllere o other rotating elavente on verticle uxes, to

cnable the machine to rise perpemdioularly to the ground.

The helicopters of todey are of many ~néd varied designs.

The main drasbecok peams to be thet no rellance crnx e put

cn the mechine if the enging wers $o etop; with some the

enoracug propenara zot 88 ths safegurxd ageinst falling,
while with one of %he bast (the Rerlinar), the lifting

s0Tews 2re on the wines end tall of the machine, whic. is
in reality & combination of aeronlsne and hellocepter. It
is of practisally siandard txiplane design except for the

1ifting sorews.
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ne of the mmin objestians is the tremendous power nedsssery

to 11f% the saohine against the resictanvce of the wing ares
and body. Would it not be a decided advantege if the whole
$riplane ocould be turned on snd, and let the wings plarce the
sir instesd of presenting a biank wall so it} This of course
is not practiocal with any of the modem $ypes, but with the
design submitted a fov pages befors the tall is not long encugh
%o present any difficuldy. Fheels or =xids ocould be piasted
behind tha rudders 50 that the machine oould stand nose up.

The choxrd of the wings was made 40 inohes, and the total length
vould be undar 8-fest. (ne diffioulty in wsing thie conetruction
is that the propelisr sost efficient for taking the eceroplang
hoxiszontally would not be ths bect for vertical flight. A com-
promige wonuld have %0 be made.

The Berliner HelicopSer wedghs 1950 1be. with pilot snd fuel
for 30 minutes f1ight, and bas & 330 H.P. engine. (Taken fron
the #ld=-Novenber igsue of Mechanica)l maglneexing of 182¢).
The t¥o air eorews ars 15 feet diamctcr and turn at 560 R.P.K.
e see some difficulty in the slxe of propellexs. If they were
to be greatly reduced in a2ize the sfficiency would fall, but
1% would materially help our casse. It is obvious that the
Berliner gives a 11f% of about B 1bds./H.P. The other design
would need & 11ft of about $£0- or 13.4 1ba./u.r.



The resistance to vertioal motion is greatly deorsnsed g

tuat 2 higher rate that $+1bs./H.P. could be expected. The

very high rate of 13.4 1bs./H.P. might not be reashed at

the same rzte {0 speed as the Barliner, but a 1ittle sacrifice
of o few feet/vec. in varticsl Tlight is 4f very little con-
6eQuUeRCe wWhen i axtrems simplicity and economy are considered.

1f Demblanc®s hglicopter hed not been wrecked before its
figuren were verified we might have been tempted to teke his
onloulstions to show the poseibility or our own. Whith his
meghineg, the gross welght = 2640 1lbs., and the power of the
engines = 110 #.P.. .

Sorars s FE0 = 24 Jve./u.p. rhic s & Tesult far in
excess of what would be required for our own design, but

of aourse his propellers would be much more efficient due to
thelr enormous sizes. Damblang estisated Lis initial olimbivg

Bpeed at 10 itt,‘”o

The various other bellooplers ar¢ 0f too complicated a design
%0 be at all a commercisi pwcess, aslihrugh they may bs noxe

effcotive for thelr purpose.

I1f we zacumae that our design could be used as a helloopter we
con parform a few onloulations to see whai :ight De sxpevtad
with regard to spaeed, atae. Led the proepellcr be



4 Tee® in diameter. Taking as Jur sukhority *ieol
gagineering®, Teble 3, page 740 of the Md-Novembyr.
losue, e have the following.

Horse power svellable. = 35. J
This is cur totel, but all of this is nﬁt vanted £
50 We can sesume thot the H.P.H. are thyrottled m te 900.

‘

Take -;-: bn o 940 Wig@@ fzom teble). -

Se PR, ||

e %L %6 %15 o 940

P = power Yex

¥ ® Xeve. per sesond.

? = thiust o bo overooms.

D= da. of prepelles

V = velogtty in fest/seo/

Prom table, sle .269 for -f % An = 940.

" Vaa 4262 X 15 X & & 16,14 fect/ second.
o'+ Our wodhne can anm vartieally et 2 speed Lf 16 feet
par Spomnd. This ie rather wam, ag the prop :}.er ie 60
small thag %he figures used would probebly not r y too
closely. However, it givee an ldon of what migh
1a thic Yine.

It is ene of the ezsential mmmzm in mﬁ. loall flight that
the propellers ahould bo large, while withs norizatal f1ight
very laxge propsllers are usuilly avoided. The dh. of &

4 foet chooen is possibly too suall for vertical fiight, bat

' | . _fmuié mave

i b=
ERECE S N




in flying upwards. If this be too big for She R.P.M, of

the motor it could Ye gerred dowm by 2 simple chain and
sprookets to the regmuired spead. The zize of yudders and
slevators would them have $0 be 3lightly inore2sed, although
not necensazily to 8 fect square.

These figures above have been worked out for vertical flight
only. I% 1s the general prastice of helioovhers to rise in

2 vertiocal direstion without any preliminary eside motion or f
foxward flight. wWith the combinatinn helicopter and seroplane
the 1ifting power would be very aprreciably inoreesed by
firet running along the ground angd attsining a horiszontal
velooity. This would have the same effeot as rising on =a
steop 8Ngle after lesving the ground. With our design thias
natter As oaglly attainable, as we only need to rest the
machine st an angle with respeot to the horxizontal or
vertical. The thrust of the propeller could be resolved

into its horizontal end vertiecsl components, the horizontal
part sccelerating the maching slong the ground until $he
15£% is sufficient to ratse the machine. Thin method of
Tising in a2 very steep angls would probably give better
Tesults for this type of aeroplane than vartio=l flight, as
it would very likasly be moTe stadble, a:d much more easily
brought into the horizantal plane in the 3ix. There might

be some difficulty in deteraining the various faotors for
stabiltiy for this cosbination but we have no douvbt that a



way oould be found wWitimately. IS is evident that with an
angle to the vertical of about 10° the 1ifeing power dus 40
the propellers is approx. 14s vartioal 1ifding power x €08
10% but to this must be added the 1if due t0 the versisal

- gomponant of the wind pressure of the wings, whioch my be
quite considerable with favorsble wing shapes. Sinoe

sin 10% o 1737 there must Do quite & big foree pulling
hordxontally. The best angle oould be obtained by srial of

~ the maghine. With 18% to vertionl, loss of ity < ¥

pov horisonts) somponent 35 of 11f8. 7The ¥ighting of the
aeroplane in the aly would bg moxe readily aceomplished with
dhe four stesring planes than with the %wo ordinavidy presem
50 no fear Need e held o this acoowmt. It miat be takmm
into agcoount howaver that on changing from horigzontal to
vexsioal motion She emter of preagure on the wings is moved
olightly forwayds at fizst and the saroplane Sends 30 Surn overx
If the omtex of pressure colnpldes with the center of gravity
then the asroplanes would spin rowmd & horigomtal axis thxough
*hias point. If she center of pressure is bolow the center of
gravity we capsise probably. The variation rapiived for the
two perpendioulsr motions might De ubtained by caloulasion:

if nod, 4t eould be reosified Ly having movable whights,
slthough thia paeetics Ls Dy no means %0 De resommemded. If
the pilot manted $0 loop-the=loop the same ALIZioulty would
be found with this aeropleng o with any other, exog@dt that

NP

e = dmm— k.



dus 30 Lts neayness 10 the C.Pressure the tall strwolure
would have 90 bg altered.

Skablility 10 meiniained in the sape mannegr a8 shown in a
previous shapter, nothing emiymordinary having teken plecs
in this line.

For soonony, and reasons explained lster, allerouy have
e loft out of oanaideration.

e have now eoEpleted the rough Mp of the mebing, and
we 2¢% down our estimates Of the probable results.

Ting span w=~ 34 feot.

Ohopd w-werem 40 iDOheR.

¥ing arete~—m 90 sq. £%.

Cross welght imoluding pas gngex of 180 1bs, oll and gss~
oling for 3«nouzrs,~~——= 47 lbas.

1118 = 5.9 lba./sq.f%.

Power J4ft & 13.4 1ba./N.P/

Nod welght z 218 to 846 lba., withous pasceager oil or fuel,
Aotually oslsulated, net wt, x 316 1bda.

Total lemgth Wmdes § fe~t., :

Prebable speed range » 3% to 100 siles per hour forwarxds.
(%i%h the quiek stop-ing device the minimus gpeed need nod
be very iow).

Maxizus speed beokvards s 22 miles /hour.

Tertioal velooity = 18 4./ wes. oalmulated.

probadly omly 10 £%./ set. 10 renlisy.



Powex naecescarxry foxr this olimbing = 30 H.P.

Power of engine = 35 H.P.

%t. of engine, dry = 86 lbse.

Two cylinder Darrascq itypee.

It mugt De sdmitted toat thls conforme falrly closely to stand-
erd design in the matter of 1312, weicht, ete., but it %1l De
seen that there is a general nll rownd improvement due to it
lightaess, bigu horse power for & iven wt., and its culok rie-

ing, etop.ing and reversing principle.

o gight show a few figures to derive the probeble spsas nece
anoazy to stop tbe maghine after touohing the growmd,

Assume that the apeed on slighting 1s 25 miles per hour. This
is quite within zessom 2s it 1411 have been stopred sligntly
bafore touchiny ground. On touchiny assume that the engine is
suddenly agoelarated up $o its maximum; 32 miles per hour is

obtainable backwards,

~ %e have then to find out what 'distnnca would be traversed fox-
wied Lefore the machine would come tO rest,

32 miles /hr. o 32,3 feet/sec.

fesistance must be R, wvhere R x 32,3 = 35 x 550,

« % R= £97 1be, This P ie Gue to tail alone. With half of
wings, etc., &n ume einlmum of R 600 1lba,

Now force s Yase x agoelerntiom.

*e 800 x 33.3 3 470 X

. @ O‘< = 41.3 fﬂﬂt/.ﬂzo



35 miles /hr. » 36,7 £3./ ses.

+*+ Time 10 cone 10 rest s It » .59 seeonds,

"« Dietanoe szaveled o & x 41.3 x .80% & 16.4 Leet.

+°. After towhing €round all the spse Nedessazy for
running &s -~ 30 feat. Thio i3 & 2out mayked advantage
over the erdinazy plane, whish requires fyom 8500 yarda
wpward to staxs and about 80 yards ¢p 240 feo% upwards
to stop. How many accidents would have deent avoided bad
thio beet fitted Defore? If a pilot stops within 20 feet
of e« hedge he guierally imagings he hoe just ecsvaped Lfrom
Kingdom coms, How would he fesl if he only Soushed ground -
thers?

At the Teoend 1ight aeroplane mesting a% Lympre, Ingland,
the fixetd prizas for quick starding and stopping were

given foz approximately 210 yards and 70 yaxds respetiively.
Thess are very saoeptional, the genaral mumbexing muoh
Mgher than this.

The Tesistanoe we fognd $0 be about 60C 1bs. IS mmy seem that
this 1s a tzenendous foxce and would be beyond the operstor’s
oontrol in hamdling. Suffisient leveinge conld de brought
into play howerar %0 enable hixm %0 Bove esoh cmtyol. As he
only moves two at & timg the zeslstance offered to the

£irst w0 wonld be considersbly less Shan thia, and it $a
only with the last two that the big pressurs would be
Toquired.



Then 6108¢d tharve would be fouyr
foyces F aoting %0 ocouterdalaes
e the resistiane. Lo% © = angle

. shom, -
.  « 1Each foree scgounts fox 3180 1ba.
o e XTI P 48 in the cenler of pressure
of the txiangle, we have, 150 x X

ocuals? x Y.

If P As An the ommter of preseurs 0f txiangles, then both foroes
sst through one peint.
o' -} z Tan © .

'« 180X Xe Rx X Smne
e P > -é&%

The lasger © 1a the amller is She forve,P =0 that a sulteble
valwe oan be found from this equation.

Now if P does nck uot through the O. P. of She triangles, thm
180 x X2 P x Y but o is mot z tsne . If it iz e triangle
then the oenter of preseuzs 4s 1/3 of the hslght from the bass.
IS P 10 set a8 say § the height, thm

m:-,'! ase o P:-’- sine

c'. 50 onsc » -E- .zne. ‘

[ m

v o P o= muppe : .
1% oan be seen $hat as P 4is pushed farther away f;m th
binge Sowards the opan the smller beooass the fores nes-

ORBARY,




Thus et the apem, 150 x §-cos c = P x X sine
| CePw o , which is the mnimm value
of P.

It woulad therefore seem desizable to huve the forcee placed

40 2@ to 20t through the 2ped: on second thoughtsthe additional
levorage will be found to exawtly countervalance this advangage
80 it merely comes to a debate on whioh would bs preferable
high leverage and 1om preassure or low lrexage with high

prensuRe.

If At 12 deolided t0 mave a high leverage than it would de
foolish to obtain it by placing P st the apsx. The calculat-
ions shown abowe would dDe equelly appliceble if the leverage
were obtained in the control lever with p sscting through

the center of pressurs of the trisngles. The increased F would
give the sams thing as the inorensed lererage, Thus with a
reduction €f foroe of 8:1 or an inorease of leverage of 100%,

180
Fp= ~gme # 2. 0F PR
With © = 45% , B » 75 1bs., whioh iz ocasily obtainsble

F} = foyoe on lever before being inoreased to P by leverage



reduction. P of oocurge, as before 18 at cante. of pressure
ana 142 -£2- .

With P at ocenter of pressure a muoch stronger construotion
for the same welght of mat riel is obimined, as bending

mok pments are reduced to = minimum, Even with this, however,
a fairly aimg construction would be required.

The most nctadle immpdiate offeota of this is that oity
dwsllers gould use aercplanes, if houses were bullfl with
flat roofs. This only takes care of the landing, and to use
Toofs we mist be able to get off into the air in as smll

& 8pace. The helicopter principle alresdy explained does
avay with the necessity for a pitarting field.,

It is surely then no great step from this to thy predidgtion
that aviation will be the main method of travel in the near
future. ¥ven if the demign submitted 158 not workadle for
some reason or other not notioed Ly the designer 1t i
evident that very shortly & cuccessful design will be man-
ufaotured which will) serve the same purpose.

All these figures heve been worked out for a momoplang.

The sate process would be employed in calculsting the various
fastoza foxr & biplane. Indeed it would seen prefexable to
have a biplang, as this would allow a reduwotion in wing



spread. If the gpen wore readuced from 24 feet tc 18 fest
great eoonomy in space would be entailed, which ig very
deairadle for our purposge.

Let us consider now what would bhappen if we used a2 biplane
instead of a mmoplane.

As we have already oalculoted the welghts for a monoplane
the gross welight will be readily found for a biplane.
Gzoas wt. of biplane » wt. of wonoplane - wt of moncplane
wing b #%. of biplene wing + addisionai struts. = 470
minus 84 ¢+ two wings + struta., Yor ordinary biplanes the
10ad per sq. 4. of Wing surface varies from 4 to 13 1bs.
It would seem reegonable to take 5-1bs./sq.ft. for our
case, as this is ensily obtained. Wt. per sq.foot’s, 7-1bse.
for biplanes. Jtrute welgh less $hum 20-1bs.
... Gross weight = -%ﬁ- x 496 lbda,

.=. 500 1bs,

This inoludes pilot, Tusl, oil, etc.. Leaving out these

three we have, Net welght = 275 1bp, .

(For the monoplane the corresponding wt. was 235 lba,

The area of the wingas from the above = Qggga__n: 100 sq.f$.
If the uprer and lower winga are of equal shape sand area,

we have then 50 aq. fest for esch plane. If aspest ratios 7
88 before, 7% » 50,  .°d = 3.67 fect. 74 = 18.7 ft.
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s » Ving epretd » 18¢ feet
" ohord = 23t 8* = 33"

LiZ%¢ pex 3q. foot = S5=lbs.
Lift = Xy AV3 ¢ 500 1bs.
Units a2 before.
For 5 1bs./sq.ft. Xy maximum = .00149 at 58 ft./cec.
o o FOor minioum velocity V

500 = .00149 x 100 x V2

.‘t Va - — 5 = 3350
- m
o.o V - 5?.8 fto/BaO.

= 40 miles /hrx.
o o Uinimum velooity = 40 miles /hour. The maximum velooity w
will probably be about the same as that caloulated foxr the
monoplene, f.e. 100 miles / hour. The result for the biplang
now obtained ntc the following:

Eing ayYea «——- 100 sq.feet.

* span 18 Zeet.
* ¢hordg —~—-== 32 inches.
Life 5 1bs./ sq.ft.

pPower 1ift——--— 14.3 lbc. JH.P,

vinimam gpesd--~ 40 miles / hour.

gross welght—-— 500 1lba., inoluding pilot of 160 lbs., oil
end gasoline for J-hours. journey.

Not weight » 250 to 380 lbs., inoluding pilos, o1l and fuel.
Total length under 7 feel.
The other figureswill de the smme as for monoplane.



Compaxe these figures with those of the biplane buils dy
liewt. D. B. Phillips.
Wing epread 18 fect.
Speed developed 115 miles per hour.
Cruising apesd 90 =miles per hour.
~ Hep Lawremce 3-0ylindex 60 H.P. radial engine.
Fusl for é-hours at full thkrottle or 53 hours at cruising spesd
450 miles oruising radiua.
Landing spead 50 miles pexr hour.

¥ sight,lezs engine, 305 1ba.
" of engine 175 1ba.
" * pilot 180 1bs,
“ * fuel 120 lbs.
Total welght sarried 780 1bas.
¥ing seotion U.S.A. 27.
Upper wing 36*
Chord, lower wing, 30%

Climb 800 ft./min. to celling at 12,000 £%.
Faotory of snfety 6.

casoline capacity 322% pmilona.

011 » 9 quarts.

My, Fasig and Mr. Turner of Wilbur Wright Field designed
8 light biplang with the follewing oharacteriatice.
78 ou. in. Indian Chdef engine, fitted with a Thor rsduoticn

ge2,.



Span 18 feet. Chord 40%, Aree 119 sq. ft.
Took off at 30-38 4.P,.H.

Welghed 475 lbs. gross.

 #ing loading 4 1lba./sq.ft.

Fower " 23 1bs./H.P.

Hr. Snyder's mechine is as follows:

Biplanae. gpan 31¢ 70 Chord 3¢ 9%,

Area 147 nge ft. welght empty 314 lbs.

4. £u11 E00 lbs.

tngine was Indien chief running at 2500 R.P.M.

{hedn driven redwotion geer to 1200 F.P.M. at propeller.
It can be seen that our own design compares favorably with
these, and theses have Deen tested out.

It would perhaps be advantageous to see $0 what extent light
rlanes oan go. Mr. ¥ix of Chicago designed a biplane, the
dimensione of which ere s follows:

Span 13 f%. Aren 84 sqg.ft.

Gross welght 360 1ba,.

Indian S-valve racing motor, driving propeller direct at
3700 R.P.K.

with & small machine of this sort aerial navigation becouwes
es suto. driving. The arex ocoupisd is just the same a»m that
for an auto, and 1t oould atop just aw quiokly with our



speocisl device. It is muoh ezaler handled, 2s one men eould
114 ¢ were such a thing desixed. If the wings were made
rguovable the whole machina ocould be parked inside the
houggs

One Carman plane has wings which cen be rewoved and hitehed
t0 the side in two minutes by cne men. 7hat &n aaset in
storny weather 1f no garage is availablel No more tiresome
spreading out of the wing and Lody oovers and lashing of
oontrols at the slightest sign of rxain.

It would now be beneficial to calculete the size of rudders &

elevetars spproximately.

(1) we shall first consider the mcnoplane. Aocording to Kemtts
.-‘-‘.-iec_hze-.n!.cal mginecrt's Handbook, an uverage of 8 monoplanes
wag takan, and 1% was found that the horizamtal tail
surfeces consisted of 14.8%0f wing area. The wing area
of mmoplanasd was 80 sg. ft.

o'« A rea in borigontal tatl suxfaces = 80 x -%3—
equal 11.8 aq. fest.

This ig 4n two pleoes, 80 oach would have say 8 sg.ft.

A AR i 4-Tget, or the same size aa the
propellez. +°% W s &: 3 feet.

This essuwngs thet tho txiangle form

< is uased. Any other shape would be
oaloulsated in much the same way.
From the same table, the arer in the
Pran. vertical tall surfaces « 6.1%




of ving area = ,068]1 x 80 = 4,88 sq. ft. If triangles are
used, then sach 18 4 x 1,32 feet. The two horizomtal tall
surfooes are 3-feckt long and the vertiosl emes about 14

fecte These obviously would mnot do, co we can toake an everage
end meke gach approximately 3% feet long. It mat be
obzexved that %the upper horizcntal tail surface iz longer
than the lower as chown on 2 previous page, e£0 2 feet for
thene ig the memn of the two,

{3) For aingle sesater hiplanmes, ths srec in horizontal tall
surfeces = 11.8% of wing «res = }gﬁ x 100 = 11.8 sq.ft.

as befoze.

« '+ Sams size of horisgontal tall surfeces would do here,
Arer in verticzl tall gurfsces = 4.4% of wing aree

equal 044 x 100 = 4.4 8g. I,

’rh&a'givaa two triangles of 4 faet x 1.1 fest, A compromisge
for the Diplane would therefors Le triangles of 4% x 3¢ ,05¢
or 4% x(2¢ ~ ¥ )apt. Thic would obwiously not do, as the
triangles would juat barely cbose, which would require an
infinitely great force to do. It must then be obvious that
the tail surfeces would have 10 be increased fox the Diplans
up tc what they were for the monoplans, 2a this is about
the minimum which could be used. Of omcs; this has all
best done ascuxing that t¢the base of the square pyramid is
equal %0 the dia. of the propldex, but this is not necessary;



the area of the talil surfacses oould be made lower Ly reduding
the sige of the base and keeping the helght the scae. In

this way the calculeted biplane tall surfece siges could be
aocomodated at ths epense of a slight loes &in quiok etopping.
This refuction would lessen the force on the cntrols and
lighten the whole resr end, which 1g 2 desirable matter.

sofar we have gsettled a feuw of the points in the rough deaign
of a2 wmonnplaue and bipleps, using e single propeller drivea
by a amall 36 H,P. engine,

when aviation wee in ite infaney 1t was the ganeral thing

to beve 21l planes 10w powered for ths simple reason that
toat wern 2l)l thet wes available, Being underpowered they
were dangerous; g0 that 1t was ocustomary to add more power,
forgetting mntirely the light plane., This was the easiest way
out, but in the last ye=r or two etonomy and oommOn sense
have taken a hand, and light plenes of 10 o 20 R,P. have
bemn developed with remarksble success. It is in thizs cheap
artiole thet comueroial succees will ultimutely be attained.

1 we want more pawar then 35 A.P. and thus greater speed,
7o Can increnes the power of the englne and uwse two propel-
lers. It is the genersel practice 1# aeroplane work waare
two prdpellera are uvsed, to heve twin engings. In helicopser
howerer, 1t i culte often. the oace that two propellers

are run fronthe sawe engine.



with some, the propeliers are 2 ddstance spart and are

driven by chain or belt ou vertiocal axea, while others

aTe on the ssme uxis. If the engine used were of the

ordinary {ixed type and the propellsrs rotated in the

serxe direction, then theve would be & tendency for the uzaghine
%0 turn round. Thie would be balamced in & great degree LY
any wing surfaoves opposing the wotiom, but this disturbing
foxce is not at all deaizable. |

This is overcoze in pmuci by having ong wing "wached in®
f.0. by increzeing the angle of incicdence; the other wiang
may oe "washad out* or dsoressed. The increesed 14f% due
t0 the "uwash-in' exactly countarbalances the tedanoy to

rotate.

It is obviocus that for proper equilibrium the propdllers should
revolve in op.-osite direstiona. For both propellere to give
| a Torward motion taay must be sat 80 that the blade anglea
Are opoosite in value, as shown in
{ sketoh,

=),

7o opply thig principle to ocur
. seroplane necessitates (1) Thaet
b cne of the propellers at lesst
(>— be at the back 80 that the re-
Yerzing gear may operate perfectly.
{2)That they connot be om tne ohe shaft; one can eslther be




Driven by belts, ohainsg, Or gearing, whioh Ainvolves addition-
al walght.

(3) If thexe 1s one at the fromt then it must be considerably
sEaller than the rear ome, or it miet have a oluteh.

The explamation of these faots is aimple,

(1) is self explanatory. If one were not at the baock then
the current of alr going through the propeller would very
11kely bes ocnasliderably diverted from its oourse before it
reathed the rudders, eb0., and the stop;ing pover would

be greatly zeduced. If very quick stopping were not required
as, for instance, where landing space were avallabdble, then
placing the propeller in fromt might be desirable, as 1t
would greatly reduce ths prs.sure on the controls, and
would allow & reduction in weight of the rear membders.

{(3) is obwviocus.

(3) folloms from (1). If the front propeller vwere as big

2 the rear one then there would de a grecter foroe pulling
forward than there would be pushing beokward, (unless the
engine were stopred), 80 the maobine would keep on running
fexrwaxd along the ground. To remove this diffioulty the
forwazd ome could have 2 cluteh which would be relensed on
resching grownd, thus allswing only the back one tO operats;
oF the fromt propeller eould be made smaller than the rear
one o0 that the bdackward pull 1; mwoh the greaterz.

It should be noted that faor quicker and better domtrol can
bs obtained with this triangular form than usually, if



11 the propsller is at the baok. 'l'h. full force of the air
coming from the propellers plays on the ruddexs or elevators,
»0 that the alightest mOvenent of eifher would ruult‘tn a
big foros on the tall.

I the Tear propellexr were %0 20t in the sems horizontal line
es the oenter of 1if¢, then the other propeller would give the
thrust nedecsary to pull the nose hsavy machine up to its normal
level while flying. It hag already boen sexplained in chapter

on stability why the resultant propeller thrust should be below
the center of 1ift. The amoumt obiained in thie manner mey de
excessive, but the cmter lines of the propellers eould be
moved to any desixed plade by sultable driving mechanism. Since
the oluteh would only be used on stopping it occuld have a devioe
for holding it in position while flying, thus relieving the
pilot of anxiety in this respeot. But 1t would seem that if it
is t0 be used for thia purpose only it would probably be dip-
carded, and the engine stopped for landing, trusting that the
0losed tail surfaces would offer great emough resistance with-
out the halp of a propellex. The landing distance in this case
would have to be inoreased.

Fozr stopping by denking,{as in present-day aeroplanes), the
aTea oxposed t0 the alx for this purposs is roughly the
{axen of wings X sin ©) ¢ resistance of body, tails, eto..
The latter is negligible for cur very rough caloulations, so the
former gives R o< 100 x sin 15° say.

© = 15° » angle of incidmce.



100 = wing area in sq.fs$.

o« 1 R X 28 sg. feet, for 15° angle..

R = resistanoce to motiom.

Instead of offering a plane surface to divert the air through
(15° x 2) we now offer a oloaed area of 18 sg.faet ¢ this
resistance already obtained.

{It will be noted that 1f angle of incidence is 15 the wind
w11l be diverted roughly 30° for a flat surface. For the
ourved surface of an aeroplane wing this is not so, but we

agsume the surface flat for ocur oalculations).

The air in the one case is driven downwards, while in the other
the direotion is fowweards with reaultant resction backwards.

The probability is that the reasistance to forward motiom would
be increased many fold, and the inorease in resistance varies
inveresly as the distance required for atopping. Thes exaot
amount of reaistance i1s wmobtainable until the aeroplane has dbeen
actually drawn and built, but this merely indicates the trend

of thought.

After all our other assumptionsit 1s now quite in ordsr ¢o

take up the case of the asroplane where the reversing gear

doss not completely 0lose. Unleaz reveraidility is required,

or very quiok stopping essential, it oyght to be quite sufficient
to close it only partly. This would allow a sironger rear end
for the same weight,



and would allow a grenter leaverage for the same hand movewent
on the controls, thus making the phlot's job easier physiocslly.

If we have each triangle moved inwarda for 157 there should
De spprroximately the same resistence as that offered & plane
of the same area sloping upwards at 15, so that by varying
the angle we can stop in the distance required, from 20 foet
upwards t0 the present day requlrmf.

#e have an analagy o this in the automobile.~ elther it can
be stopped within 20 fest by the emergency tumks oz it can be
allowed to coast ungil motion cemses. This finighes the design
of the fizst Aype.

in a1l of our peevious work we bave left cut the allerons which
ylay such 2 big part in aeroplane control, It wés not our inteat
ion 40 do so from our mohine, the putting off merely being for
the resaon that we are now in a mxh better position to discuas
and understand more 0lecrly any alteration. We shall desl a
l1ittle moxe thoxoughly with thia.
A BC iz a ving section.
B C 13 allerom which 1is hinged
to the main surfaoce 2t B. By
f‘é\ moving C up and down we oan get
b inoreased drift or incrensed
1if¢, whichever we :ant. As &

mattexr of fact, both poaitions
give increased drifs, but the




rasto -33{3. 1a all we want. The aileron on the other wing is
opezated in the opposite direotion to this one, 80 that it is
susy t0 gain lateral comtrol,

After all we have saild, howevor, on qulok stopping, it is
olwious that relying on 2 ploping shape t0 give resistance
is not the best thing %o do. The following 1a a suggested
oonstruction for special ailexcma,

Let the uain surfedce be contimued

its fnl1l length, &and let thes allerm
s De stirely sepsrate wing, smller
than usual, and located below the
mein aurface. If it 19 in its

proper positicn it aotg asg a
smell 1ifting suzfece. If we now
vant resalatance on the one side we can pull P upwards and olose
the end of the wing, 1.0. D moves 0 A. It will be obvious
that the incresse in resistance is tremendous, very many tinmes
what 10 usunlly attained. Ths other alleron at the same time
would be moved in the opposite direstion, giving inorecsed
11f%.

=

The grectly inoreased resistance might not be nesessary, so the
area of ths uileron could de out down, thus inoreasing its
strength. At the same time if the resistance 1s wanted large,
the area of ths rear controls for quiok stopping need not be

80 large


surfp.ce
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&s the silerons could be used for this purpose, ( sssuming that
they oan be mwaed in opposite Or in the sams dirsctions). If
the Tear controls are kept the same &ren, then they need not
be entizely olosed to stop, thus agein reducing the welght and
the force nesessary by the pilot.

It is obvious that by a little judiciocous plamning we aan get
a very sffiocient combinstion Letwoen these two retarding
seohanisxs,

The advantages arxre very ewidemt. Our whole cmqtmtxon is now
of & maching wnlike any yet attempted. As with all radioal
inventions the oppositions t0 its use will be very strong,

tut if due comsideration be given to it very deoided merits,
1t will be realiged that it zapresents a big stride towards
better aeroplanes.

¥e have a fow cases in mind where immgination plays a stronger
pars than resson.,—— flights of fanoy with enough common sense
behind them to avoid the ludicroua.

For this last fifteen yenrs or more it has been comuon prastioe
for yomgsters to saks paper gliders or darxts abo.t 8 to 12
inches long in the fallowing shape approximately. Some are
\‘ T joined at A while others
are quite locae here.
The only difference soems
$0 be that the looss ones

~ have not the sanmeg



stablility nor do they glide a0

faz as those that are fixed.

I$ may be that if a few stays

ox stxuls were provided to keep
the sides a fixed diatance 2pzrt that the gliding would be
improved. s.g. sec sketohiThis certainly goes agsinast
oommon glidey praotice, but it mus
\v/ I/ be admitted that most aercplans
woYkers are vexy averse to leeving
standsrd practice for the simple

Teagon that they know the preemmt
QM.‘ If a few original

idess wvere proved wesrkable the
inertia of the pudlie, and even of
the aeroplane axroxrts, would clowly be overcome until thease

new 1dess took thelx place beside, or completely superaecded,
the 014 ones. The aeroplane hes pacsed through various gtages
of this, e.g. the 0)ld bat-like form wes changed to the box-
like type, then the btiplane, triplane and monoplane,etc.,
The wings of 21l these differed to nome extent, s0 it should
not coms as & shook to ehange them stil) a 1ittle wmoxe.

After the unquentioned sucocess of roughly made paper gliders
of the forn gshown, is it not possidle that man~carrying gises



should prove of as moh value ? Whem ocompared with wodels of
the same sizne made in standard glider form {(monoplane uewmlly),
it can be ssen that the standard one has possibly a little
more stability dug t0 Lta relatively complicated design znd
controle, but the other mmkes up for this in its emootimess

of f1ight and speed attained. Emah gozmes to rest gracefully and
without jar,

The design for man carrying sise, of coures, would have to be
altered t0 sulit the conditions impoged on $%. Since the span

is relatively small, to overcome the tendency to turn rowmd

due to the rotation of the propeller, the "wash-in* would

bave to be incrensed beyond reasamsble limits, thusz redusing the
-%%E;t ratio. It would then seem advissable to use the two
propsllers rotating in oppoasite direotions.

The construotion might be as
shown above, This would entall
8 vexry frall and relatively ex-
padtc support foxr the fromt
propellery, s0 the following

would ba praeferable.

\O
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Have the shaf$ driving the iront propeller operated direotly
from the engine. (Radigal Type). To it would de fastemed

Bpur gear A, which meshes with a seoond spur gear B revolving
round a stationary axis in an emtension of the engine oasing.
This in tuzn is in gear with an amnular ring C whioh mast
thexsfoze fevolve in the opposite direction t0 A. To O 1
attashed the wings of the propeller M. It should be noted that

C Tevolves moxe alowly thed A, .'. N must be increzsed in sige .
K 1s prevented fronm coming off by the ring behind N.

The author does not muggest for a minute that thig is the
beat ocamstruotion possible. He only wishaes to show that two
propllers on the one shaft are quite within reason,

¥ith this generasl oonstruction the head resistanoe would
be oonelderadly reduced, Slmus allowing s greater speed
but less affioiency in gliding.

As a combination hellooptexr and aeroplane this would probebly
offer ag many advantages as would be possible in one machine,
due t0 ite lightness, xigidity, ocompuoctness, speed a20guired,
etc.. On the other hend the span 48 so short that the 1ift
may not be big enough £t ordinsry specds to keep the machine
in horizontal flight wmless & very laxge angle of incldenge
were obtainable. This could be ¥eriod ot will, and the mchine
oould be moving horisontally althovgh the propeller may be
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tilted at 20° to the horisontel, but as the efficiency of the
propaller is & minimus when the thrust is horisonial this is
not desixable. Alsc with the inorecsed angle of incidence
there would be increcsed drift, thus lewering the speed of the
machine and comsequently the Sifgp ¥atio. The 1ift would
poseibly incxease but not so much proportionately as She arifs,

80 -&b fells. In that case we woild increese the aspest
ratio a little. It might be advantageous to have oncof the
propellers nt the baok, The construotion would then be as

| shoma. This is also a very light,

~_ ] =
q:l compaot strong aeroplane, and 1t
] would probebly be mush more effioclent

than the last mentiomed. It should
be boxne i mind that in the iast
two cages the aress of the Tudders

and elegvators would have %o be

inoreased dug to thelr closeness to
the oenter of gravity of the machine. It will be notioced that
birde have long narrow wings for fast sowring, and short bhxoad
ones for slow fNapping flight, The divergences of sach type,
however, are so graat that we ars led $o think that acgtual
shapes 1a of 1ittle cansequence 80 long as the aspedk ratio e
kept constant.
Yo DOw coma to 8 much better meshanical couctruotion $han
any yet shomm.



The form wmost favorable 10 progress through the air is the
slongated pear~like fozm, blunt end foremoes. Then let

us meke &8 body of thie type. Fox propulsion, as there axe

no wings, we must have two propelliers. First let us oon=-
sidexr the case of Loth propellers in from$. Ve have a

very compact machine, but we have absolute dependency om

the engine, vhioh uust therefore de of a vexy high grade.

To emsume that the machine is absolutely dependable it

would be 2dvieable to rvn it at & mxh smaller epeed than ite
oaximas, Thig always keeps a certain reserve in hend for
emergencies. Sinoe there ic no wing surfoce 10 support the
sachine, the propellers would heve $0 Lo tilted at an engle
to the horizontal, thue aprlying hoxisorkal and vertical
pulla. I% ia then a combination helicopter and sexoplane.

By baving the angle to the horisomtnl increased to its mazisum
of 90° we have the complete helloopter.

8ince the propellexr thrust is nefer horisontal,(and therefore
less efficient), it might be possible to bave 1t permanently
set at an angls t_a the body, thies angle being the minimum

that the propeller would requiTe to e pet at to 11f% the
machine from the growsd. If & w angle of thrust to horisontal

T~ then 1if% = thrust x ein &
5 .




If the welght & the machine and pilot s adbout 330 1bs. then
the thrust obtainadble would have to be & greet deal more,

{(if a reasonsdle specd ie required) unleas the maghine is set

at & very stesp anglas. Thig would entuil s ma0h more powerful
engine tlan with the sercplanes already deaoribed, thus bringing
up the welght. Put cn increses of even 00 1lbs. in wiight would
81411 keep the machine in the light alir vshicle olases,

If the thrust were pet permangatly as shown, the air resistance
of the body would be greatly dscressod. Mechanical diffioulties
would come in here which wnould probably overccms the benefits
recelved. IL ol be ssen that 1if 1% ware 3wt 8o, the reaistanee
to motion bhorizontaliy would ba decressed, ut versiocally would
be inoressed very siightly. As the verticel motion is only a f'w
fTeast/saec., the added resistance would be negligible when the
great .renistanoe due to horiszontal flight 1s so greatly rcdmuﬁ.

The propeller glzgs would nesd t¢ be large 8u already explained
in the chapter on halicopters.

AS there 1s no gliding aotion, ordinary muddera snd elawators
could be used, & revoersing mechaniasm Deing prastically useless
in the air. If in addition t0 flying this were s0 fashioned
that it could be used for land travel, then the reversing pear
would play a big part in its functions. As 8 matter of feol thie
mashine would make & very presemtable substitute for the



automobile, but as this thesie deals only with aviation
that branch will not be expanded.

The asoond one to bea ooneldered is where the propsllers are
set at oproaite ende ~f the body. The mechaniocal construotion
w#ould be easter ae the amulsr gear of the other type would
be eliminsted, There would be a little difference in aost,
and the engine power would probably be the same. The resy
rropeller would give a 14f¢ing power to the reaxr and which is
not =0 rsadily attainable with the former construction, thus
sdding stll} more to the advantagea of the latter.

So fazy the discucsion of these two types has only besn for
horizontal and vartioal flight, but now there oomes the
guestion of stopping. How ocan we stop safely with this mschine?
There is mo gliding slowly {0 earth here. This is the one real
difficulty that would de found in remlizing our Cissign as a

somnarcial vabiocle.

It might be accomplished by having the body 3 a very light
aluzinum structure, and, instesd of having the sovering fixed,
have it uzade in the general forxm ol a parachute, folded up to

give the gsans elongated peer like form, Waen desoent ie required
the propeller could be tilied upmards, and thus also the nose,

and the parachute could be opened. This would only need to be
done if the engine had sbaclutely stopped; if not, then it could
De Tevolved at a slightly less spedd than recuired to 1ift the



maching, thus regulating the speed of dropping. It would
Goem that thig gives a ressonadle solution of the 4iffioulty.

An extension of the pexr-liks construction principle leads us

t0 the queation, *Why should the body not turn round?® If some
Bethod were foumd %o hald the engine stationary there would be
no repascn shy the whols maohineg should not turxn. As the con~
struction is that of a gurface of revolution, little resistance
to tuming would be emperiented: in addition, the many stabllising
force for the ordinary plane would be greatly reduded. With a
rotary engine the oylinders oould be fastened directly to the
propellers and body, thus leaving only the difficulty of holding
the ocrankshafs. The pilot of course would heve t0 be put in a
non=-revolving oheir. Elther he could bs sunpvortad by roller
Dearings, the rollers rumning in a groaove in the body, or else
he ocould be attached in some way tc the stationary orankshafg.

This can be oarxrried 2 step fuxther. Why heve a body at all?
Let the body be replacad by big wings rotating round the pipot
at the canter of gravity. In this we can have a minioum of
mechaniss with a maxizua of output.

%e now come to 8 fow designe for which the author g not re~
spcasible. One of these is to have the body and wing as one
nlece. That la, to have the wing thiok enough 80 as t0 have

4> the pllot, passengers and engine
"F all inside i%,as showm,




The design scen was nf this general foxrm, with the lower aide
prastically of the same shape as the upper. This of course, is
not praotical, as 1little lift would be obtained. If the body

were sheped like & wing, this oonstruotian might be poscible .

Another type 18 to have a rocket motion, i.e. to be propelled
forward w.blasta of dynamite or other masans. This mny coex
absurd at firat glance, but it has been proved suocessful
vith models and vith instrument carrying slzee. It Lis flequently
used to find out the properties of the upper layers of alr.
‘ rouﬁd the esxth, It has even bean proposaed to shoot a man in
one ¢f these to the moom, by having auccessive discharges vhen
the foxos of the last had been spent. A urofezsoxr of one of our
foremoat collegaes asked if any one would be willimg to ke the
attempt—-— he had about 20 answers in the affixmetive. Sonme
daxre=derils would do anything. We 4o not now yet 4 a weuns
of returning to earth has been found. A auch more Teasonable
fidet is being worked on in France at present. To stop suddam
descent ohdﬂcal nmeans 18 used to give out qulek blasts of
Zases below the machine. 50 far it hems proved fairly successful,
If it were sbsolutely reliable for this purpose, what then would
prevent 1t from Deing used a = a memnas of propulsion? In thls
respevs it resemblee the lasct design olosely.

Quite a lot of work latsly hes been done on pllotless acroplanes,
with remerkable miccess. A successful fleet of these might cheap-
en tranasportation 1f the cost of operating were found to De

leas thak the gasoling
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and oll, and the pillot's pay. (therwish there seems to bs little
in this exoept in warfars. 17 oiher aemlanns wera very Jsnger
ous it would have a greater seope, but with the safeiy now attain-
od 1ittle future can be¢ axrpected with the pilotless seroplene,
4t lanot, as a parsenger carrying vehlicle. It is interesting to
note, woeever, tLat il un aeropisie goesd ulgh enough iato ihe
air tae denaity of tuls fally &0 alsc must the resigtance %o
flight, Thus with & ateep pitoh of the propellar euoraoug apeeds
say Le accomplished, providing the nedessayry oxygen raguiresents
for pllo$ and pascengers are aveilable. #hy not have a variable
pitch propeller w0 Opesruie at the wvarious heligits reached?

Although it may not be claimed as a pire alr vebicle, still the
following is wundoubtedly one taking passengers through the aix.
& train, surrounded by steel hoops, end ocarrying ita passengers,
is guppoxted high in tlhe 2ix at the firs} atation. The next
station is meTely & short tunnel, which is oomposed of & great
Eo. of Ansulsted wires running roumd a dia. 8 little larzger than
ths gheel hoops on the txain. As the current is switohed om in
the seoond station end off st the first e foroe is orented
rulling the train towards the second gtation or sclencid, imilarly,
as it pascer (2) the 3rd is switlhed on and 2 off. The eneed
attalned would be enormous, dbut ac also would $he cost. This has
Doen tried, we belleve, with a model, and has given satisfactory
results, though not what was anticipated.



The preceding desigua are & few of those in 2ich mary veople
are intarested. Yo feel sure that ang will gurvive as a
suoceasfivl venture.



