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AIR VEHICLES OF THE PAST 

The aeroplane i s a natural outcome of scientific investig

ation*. Neglecting the theory of evolution, man first ao-

quired oontrol over land and sea notion In varioua nanee, 

euoh as walking, swimming, sailing crude ships* by animal 

drawn land vessels or chariots, etc. what else was there f 

for him to do out to want taaatery of the alrf He could go 

on land, on sea! and under dea, so that air vehiolee were 

logical onto one of progressive minds. 

Naturally the first means of propulsion on land was obtain

ed lay hand power. Man soon learned that animal a could be 

used with great saving of hit wwn energy, BO the developm

ent of anlnal drawn vehicles went on. With the introduction 

of machinery— aoet natably the stena engine— aeohanioally 

operated engines toon superseded the older construotions, 

The first few engines were very ineffici ent according to 

our present day standards; nevertheless they presented a 

narked change In methods. 

This same thing happened with ships, the old gall if ship 

being probacy the best esanple of a combination of sail 

and hand power before steaa engine* were Introduced. 

Sow what Is more natural than to hare air vehiolee follow

ing the saae routine? In the air we have some few dlstinot 

types whioh axe( 

1. The lighter-than-air craft 

23. The helloopter 

3 . The ornlthepte* ^ 3 7 8 0 

4. The aeroplane 



1. The light er-than-air type, ox balloon, was the f irst with 

which nan succeeded la sustaining himself la the air fox oon 

elderable periods of time. The essential elements axe 

(a) apaoe occupied Tagr something light ex-taaa-aix 

(b) Heavier-than-air envelope. 

These muet tea ao adjusted that the l i f t ing force i s sufflele 

at to overcome the weight of the envelope* The fixat of this 

type was non-dirigible, ox merely designed fox ascension and 

flotation la the a ir . This left It to the mexoy of the pre

vailing- wind, ao that i t waa really of ao practical import

ance fox locomotion;- sometimes days had to be spent waiting 

oa a favorable wind. It has been suggested that at different 

heights in the atmosphere the wind direction changes. With 

th is verified i t sight be possible to rise to the height 

giving the beet available direction, thus proceeding to the 

desired destination, i t i s recorded that balloons wars used 

by the Chinese at the coronation of the usperor Fo-Klen, at 

Pekin, la 1306, sad It was there stated to bo a custom, so 

that the f irst was probably such earllex, 

A few years afttf Cavendish published his results on the 

weight of hydrogen (1766), Tiberius Cavallo inflated soap 

babbles with t a l i gas: they floated upward until they burst. 

The f irst balloons are generally ascribed to the Jftmtgolfiei 

brothers, who produced their apparatus la 1783* Their method 

was to have a large paper bag with a hole at the base* They 

then lighted a fixe of ohopped straws underneath i t , and, of 

course, the balloon soon rose* Strange to say, however, the 
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Hontgolfiere did not realize for some time that the l i f t ing power 

was due to the heating of the air , and not to the smoke* 

It was a matter of only a few weeks after this that hydrogen 

balloons were used. These developed until i t was thought ex

pedient to have engines installed. This was a great forward 

stride, as the *>ehicle was no longer le f t to every whim of the 

wind God* 80 long as the engine pull was more powerful than the 

force of the wind the operator had control. In any ordinary wind 

now dirigible balloons are quite safe, as they can attain a 

speed of 60-miles per hour without difficulty. 

Although these have been successful i t i s evident to a thinking 

man that there i s very l i t t l e future for the balloon. It requires 

costly material, has great bulk, i s unwieldly and has great cost 

of upkeep. It affords probably a better spectacle than the 

aeroplane, but i t s usefulness i s nearly at i t s Zenith. The 

common gas used was hydrogen, but due to i t s inflammability 

modern tendency i s to replace this with helium making the in i t ia l 

cost s t i l l higher, and increasing the volume of the balloon. 

2. The second type of air vehicle i s the helicopter. This ut i l izes 

the l i f t ing power of propellers so as to rise vertically. It i s 

a heavier-tban-air machine. There has always been some controversy 

about this type, as safety does not feel entirely satisfied with 

relying wholly on the engine. If the engine stopped there i s 

really nothing to keep the machine from fall ing abruptly. True, 

the propellers themselves may be utilized for this purpose, but 

these are generally not suf-



f l e i eat. With increasing dependability of engines th i s i s be-

coming an increasingly important branch. It would become even 

more ao If an arrangement oould be continued fox stopping 

quick descent. This might be accomplished by a sudden opening 

of a parachute, toy quick opening of adjust ib le wings, ox 1*> 

blastB of a i r or other gas downwards. The perfection of any 

of these would increase the feeling of respect towards the 

helicopter. A continuation of th ia principle i s given a t a 

l a t e r part of the t he s i s . 

The combination of the helloopter and the aeroplane i s very 

successful relat ively # aa in the Bertin, and i t la t h i s can** 

bination which will probably survive a l l others for oity use, 

although perhaps not for economy in full f l igh t . 

3 . The th i rd type mentioned i s the ornithopter* which t r i e s * 

to imad.tate bird action, i s . by flapping Rings. I t was expected 

that beoauae birds have perfect mechanism that th is should be 

air>ed at in pract ice. However, th i s does not seem to f i t man-

made a r t i c l e s . Man's greates -poy&T i s obtained by rotary 

affects , as --xaiapled in locomotives, ships* aeroplanes, e tc . 

As the ornithopter follows bird and insect action i t would 

be expected that i t was the f i rs t type of heavier-than-air 

machine invented, History goes hack a long way with a t t e s t s 

to make a successful one, but the f i r s t to product susten

t ion of any appreciable amount waa Began* s in 1300, when, by 

vigorously flapping large very concave wings he managed to 
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r ise 54 feet In the air . He was helped In his rising by a 

balloon, or by counterweights passing over a pulley, which 

l i f ted 90 lbs . 

The B&rgrave machines of Sydney, Australia, at out 1891, emplo 

fed a combination of the omithapter and the aeroplane as he 

used the flapping wings for propulsion only. 

The omit hop t ex so far has not proved sueees&ful; the only ones 

t » t have be<» ao are models. 

4. oar next type Is the aeroplane. This has proved very mice 

ceBsful in practice, for si see varying from models to these 

oarrylng 8 or 9 passengers (In Britain there are aeroplanes 

carrying $4 people) As early as 1910, the Bregnet carried 

8 passengers. 

Successful aeroplanes have been In use for a long tine,but the 

f i r s t f l ight of a nan oarrylng power- propelled aeroplane was 

in 1890, when a maehine designed by Clement Ade* flew for a 

distance of 164 feet* 

The ornithoptex was a logical outcome of slow, flapping, Bird 

fl ight; a® there i s the aeroplane the etseeeseor of quick bird 

soaring* This phenomenon of soaring i s l i t t l e understood at 

present, although various theories have been put forward to 

explain it* one view i s to hold that rising currents hold the 

bird upj another i s that the bird uses the internal energy of 
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tlie wind • It i s quite probable, or at least possible, that 

the real solution Ilea in combining the rising current Idea 

with that of gliding slowly from a higher to a lower plane* 

She propeller action* of oeurse* i s wholly nan-mad«# Kith 

no analogy in nature of which the author la aware* This i s 

probably due to i t s impossibility, as a propeller requires 

two separate parts for operation. Otherwise the whole aniaal 

would have to keep revolving at the ease speed as the pro

peller. This animal has never yet been found, but i t i e c l e 

arly shown in the oase of falling leaves; the whole leaf 

turns round rapidly, thus stopping sudden descent. This same 

principle i s sometimes used In the helicopterj-e.i . having 

the propellers turned round by the force of the wind, or as

cending air currents, thus retarding the descent. 

The problem of indefinite soaring i s one which should be in

vestigated as thoroughly as possible* as i t has been held 

by many very able scientists that i t Is practised by birds. 

If san could devise a machine whereby he could travel ever 

the oceans and continents with no power except that neeessay 

to l i f t him upt present day vehicles would nearly al l be 

scrapped* thus adding s t i l l more to the scrap heap of the 

universe. 

Gliders were used for many years before the idea of motor pre 

pulsion was thought of. Quite narked success with some of the 
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l a t e s t of these waa found, e.g. the Lillenthal glider of 

1891, in which he performed very aany suooeasful glides of 

oarLmum length 1000 feet and maximuai speed of 23 miles pex 

hour, prob&bly the f i r s t real success was the experiment 

in California. A gl ider , designed by profeesox Montgomery and 

mounted by Daniel ISaloney, vrcs raised 4000 f*et by a "balloon, 

At t h i s height i t was cut loose* and the gl ider began to 

descend, tinder complete oontrol a l l the time, i t was f inal ly 

brought to res t on the spot designated. The speed attained wa 

estimated to reach a maximum of 88 railes an hour, which at 

that t ine was truly remarkable. 

I t i s rather strange that after the development that has 

taken place in the aeroplane there should s t i l l be the interest 

f e l t in the gl ider , hut eveu yet there i s a great amount 

of work being done on th i s apparatus* I t sight be duet to 

the hope of discovering perfect s t reaml ine form, with con

sequently a nearer approach to bird scoring, or i t raay be 

that interested amateurs with neither the oapital nor the 

ambition for aeroplane f l ight are art t e s t i n g to establish 

i t as a separate machine from the aeroplane, for financial 

or other considerations, in spi te of the successes these 

have made there would eeom to be l i t t l e future for the 

glides as & teh io le for the average man. i t needs a h ight 

to s t a r t from, unless i t be f i r s t towed, and oannot f .̂ eu<}* 

ceaefully for say great length of time. This i s constantly 

improving, but I t i s not possible (or at least highly improb-
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able) that lasa could ultimately a t ta in soae*in& f l igh t , wlt&-

out t h i s the g l ider irould hare t o deadend so often during a 

long t r i p tbat i t would be Itapx&ctioal, as ooapared with th$ 

aeroplane. Tbe ultimate speed i s low, and does not o©ai@ in 

aocord with present day ideas. 

I t J8&y be noted here that a SO-allea psr hour wind on ground 

generally Means a 5G-adX<ss per hour wind tap aloft# so that 

t h i s »i*y be u t i l ized by gliders- - by f i r s t r is ing t® am enor

mous height, greater then usually a t t e s t e d » l tb g l iders , then 

employing tha wind to propel the® on thei r way. 

Gliders have been of widely varying foras . Th« ear l ies t once nat

ural ly took bird form, the popular bird being the bat . nowaday* 

tbe glider follows monoplane design, and thus eoarliig b i rds . A 

few «x« biplane, and son© are double oonopla&ea, but in general 

they are engimelsas monoplanes, 

The Ader "Avion" of 1897 was one of the f i r a t aeroplanes t o f ly . 

I t was of a bat- l ike f ore with twin propeller** and, Judging 

/rota lfce great aagls of inoidince i t oust have recjulred great 

power to t ravel a t any nodsr&te speed* 

Th« bright biplane of 1903 was a converted glider with a 16 K.P. 

jaotor. The p i lo t waa placed out in .front, exposed to a l l the 

winds and the cold a t the height reeehed* I t ndgirt be noted that 

the Wrights bad no greet success with the i r maohines un t i l af ter 

Professor Montgomery of California bad published Ms a r t i c l e s on 

wing warping. The Trights produced a 
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type of working very similar to th i s shortly after* th i s being 

not a t a l l l i ke that specified in their patent . A lesson learnt , 

presumably* irom which they profited unduly. 

In 1906 the Santoa-Buitont box-kit© was flotm. Xt had a long 

body in front with pract ical ly nothing behind the operator* and* 

of course* was not Tory stable unleae flying in the same direct 

ion ae the wind.. 

In 1007 a great many machines were put on t r i a l . The isoet Im

portant of these were the " r igh ts , Voieon, Farat&n* Avro, Bleriot* 

I-.";.P. e t c . I t i s peculiar that nearly a l l of the aeroplanes 

bu i l t round th i s time were of the "Canard" type* i . e . had the 

longitudinal s tabi l i s ing surface placed out in front of the 

machine. This was used by some laaohinea as l a t e as 1913. prob

ably the sight of the controls gave a heartening effect to the 

p i l o t . 

The reel drawback to the "Canard* type 1B KK follows. The nain 

surface in th i s i s the t a i l surface which has to be set a t a 

l e ss angle of incidence than the forsaxd s tabi l iz ing surface. 

This means that i f the raain surface la set at 5° to give l i f t , 

the forrard s tab i l izer raust be eel a t say 15°. This gives a 

very poor l i f t - d r i f t ra t io and consequently poor efficiency at 

present day speeds. ? l th the los speeds of the f i r s t aeroplane 

t h i s seas not noticed so aaa&h* but as speeds increased the * Canard* 

type had to give way to the present model. 



Xt *&e in 19Q&-18G9 that tlie biggest advances were taade, The 

txtplane was a feature of 1908, but 00 fax I t ha® not been 

developed t o any gxsat extent. The Bleriot machine** were greet-

ly i p r o v e d about t h i s time, and in ISIS came in aodel £2 

which i s the prototype of a l l Ms latex sue cesses. He also 

brought out the "parasol* type, so naaed because the wings 

axe plaoed above the observer, giviaag him a clearer vie* of 

the ground. 

from Elexiot 'e type 3d to the pimwt day there has been RO 

smxked improvement i s monoplane design, saoh part has been 

improved, as fox example, shape of v.inge, iimproved building 

s a t e r i a l , bet ter engines, iaore efficient control , e t c . , but 

in general, the shape i s the same now as the 1909 awdel. 

I s I t not rather peculiar that monoplanes should develop 

quickly in a few years fxo» a very crude begtaaiflg to t h i s 

Bloriot model a»d then stay with t h i s foxa fox about 15 

years longer? I t i s an obvious deduction that th i s i s not 

the beat shape possible. The biplane i s pract ical ly a rep

l i e s of the monoplane in charac ter i s t ics , so they axe beta 

t rea ted as one* If t h i s Is not the best solution ot the 

problem, then what i s? This will be diecuBGed a l i t t l e l a t ex . 



THE PRgSEHT 

S early every one has seen aeroplanes within the last faw 

years, so i t would be a waste of time to describe then* The 

prevailing types are monoplanes and biplanes, descriptions 

of which oan be had from any aviation magazine or book, one 

marked tendency i s to enclose everything possible — there are 

practically no aaohinea of the present day which have bodies 

not enclosed, unless, perhaps, a faw experimental ones built 

for economy. This makes a neater looking machine and, altho

ugh increasing tha weight s l ightly , improves the efficiency 

by supplying a atnaam l ine for» instead of numerous stays and 

oross bars* 

propulsion i s obtained by engine varying in H.P. fxoa 16 to 

1000 (Tha Napier Cub)* Of what particular advantage ia this 

variation? The automobile of today has power plants varying 

from about 10 H.P. to 100 H.P. approximately, but the 

average i s fairly standard round 20 to 40 H.P. 

would i t not be an asset in aeroplane design to standardise 

the power plants for pleasure craft in a l ike Banner? 

In the automobile the gasoline sngine la the one most odn-

monly ueed, but there are other types in use, e.g. electric 

motors and steam engines, similarly in the aeroplane, although 

the gas. engine * in use in most oases tha steam engine also has 

been used. A remarkably light const ruction of such ia that 

designed by Hiram Maxim in 1894. Zt weighed 1800 
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pounds without water, and developed 363 horsepower, or 

about 5-1 be. pex horsepower. This has been considerably re 

duced in soac of the l a t e s t French steam power plant de-

signtt. 

I t may be noted that moat of the recent advances nave been 

made in France. With the development of steam turbines the 

use of these might be advantageous due to the power obtained 

for l ight weight, but, so fa r , for email power they have 

proved quite ineff ic ient . 

The oleotric mot or has not be?n applied to the aeroplane 

with any suooesa, due to the weight involved, the lowest yet 

recorded, we believe, being in excess of 6~lfc8, VGT horse

power. The aeroplane gasoline motor Is very decidedly lower 

than t h i s , varying from 1.8 to 3-lbs. per horse power 

generally. Various other methods have be n used. 

Compressed a i r , enclosed in steel cylinders under high pres

sure, has been used with models, but, on accoimt of weight 

i t has been practical ly dropped from aeroplane work. Indeed 

any method of creating pressure of a gas then suddenly le t t ing 

i t expand under a surface would nrJ^ the exirfaow r i s e . Thus 

chemical action oould be used. Various other devisee are die-

cussed in the l a t e r part of the thes i s . 

To discuss possible future developments of the aeroplane in -

t e l l i gne t l y , and to put forth predictions requires a knowledge 



of the eaaanti^l points of stability ia design. If these 

are not satisfied, the aeroplane, no setter now wall i t say 

look, ia doomed to failure* ao that a fee notes on stability 

here would be advisable. 

The stability of an aeroplane can be divided into 3-clasaes 

(1) Longitudinal stability. 

(2) Lateral stability 

(3) Directional stability* 

\ * / liMBmrHnnt BlMlMlFTiffir n roflnWWnin^niwKi* 

Thie la pretty se l l worked out in aeroplanes. It baa be n 

understood by most, i f not a l l , of aeroplane ea^ crimen tare, 

and very few have overlooked i t entirely. 

It can be explained by reference to the diagram, A ia the 

l i f t ing surface of the aeroplane* At the nor ml angle »&• 

AT~" = = r ^ & 
1 ^ 

i t ia sufficient to l i f t the whole machine. 3 la the tail or 

stabilising surface, set to produce no l i f t at the normal angle. 

If the taacbine were to pitch noee upwards aa enoan ia sec cod 

sketch thro» angle H*% the center of pressure of «A* would 

move forward, which i l l tend to inore&ee the pitching. The 

ta i l surface D, however, cornea into play* It no« baa an angle 

6 and oonseouestly a l ift* tending to awing the tail 
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upwards and xoetoxe t&a normal posit ion, s i a i l a r ly fox a nooe 

do.vn affect . ffe» t o t a l l i f t a i A s o the ueohina pitches naae 

up^xda n i l i not inore a« «t»& as tUe ap^ed wi l l slo«r dosn 

duo to the Incra- G«d real stance. Ttiia i s th« principle raostly 

used in pxsstiQd* 

i t i s r© uixad tha t th© angle of incidence of the t a i l auxfan© 

should be set a t a l e s s angle than timt of the to&in auxface, 

as Just «xrlained: but i t does not ®#m. tii&t i t aust be eet 

at & 1«SB angle with xaapsot to th# offit^x l i ne of the machine, 

fox tbm aix passing the ixxin suxlaoes i s deflected doms rda, 

time altexlng the ancle with ahioh i t •»«%• tim t a i l . If t h i s 

d e f l o o t i ^ be sufficient the t a i l and wain surfaces »3r be 

set a t the aaas* ©agi«* "hie givee & "Keletively stoellex an^le 

of irtcidance**. 

The fol'owlnti method i s amaetiaes used. If fii rect i on of station 

^^__—t^^ *• • • •&»!•# «ad ®isg# tipptdt 

^ ~ ~ " ^ \ beok, than the eats© effect i s 

• ' —--^J tMatomAm 

It the cent x of &®B4 raeistraice i s aUgr® tba cantor of gravity 

of the :naohin« 201 and on 311st will tm$ to tarow up th@ uose, 

-'lid flaring i t s flying aaay to dip. the nose, thus «R&gff«E*t3ag th« 

jsoveiaonta <Su# to the s tabi l is ing foxe*. Thia i s objectionable. 

If the e«i t^r of fca&d xeel stance ia belo» 
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the canter of gravity tha forces will oppose the stabillz-

ing effect. Thia la dangerous. It la obvious than that tha 

oenter of total head resistance of tha machine ahould be 

aa nearly aa possible ia tha aaaa horizontal line as the 

center of gravity. 

To ensure that tha machine takes up i t s natural gliding angle 

If tha engine ware to atop i t ia necessary to have tha oenter 

of gravity a l i t t l e la advance of tha center of l i f t , ao aa 

to give the noa©-heavy effeot required. If tha oenter of 

gravity 19x9 behind tha center of l i f t , tha Machine would 

alow up, turn vertical and fall straight dona. 

The maximum efficiency la obtained from tha propeller when tha 

throat ia horizontal. It ia therefore desirable to hs*a tha 

thrust horizontal and a l i t t l e below tha center of drift to 

overcome tha nose-heavy eff eot when flying. Immediately 

tha engine stops tha maohine naturally takes up i t a gliding 

aagla aa above, leaving tha pilot free from this worry. 

03) lateral f ^ M l ^ y 

Thla ia tha form of stability which ensues that aa even keel 

la attained oa removal of AiBturbing forees. if tha wlnge 

are placed with a dihedral aagla, aa shown, thla ia obtained 

provided that tha 0enter of gravity of the maohine la not 

too high. 

In tha normal position A tha 

maohine la stable. If It ia 
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t i l t e d to B there I s a great ex 

length on the right than on the 

l e f t aide, 00 that there I s a 

greater l i f t , the l i f t varying 

with the horizontal component 

of the wing surface. Tale therefore brings back the machine 

to an even keel* If the engine stops when the machine i s as 

at £ there will be a greater resistance to downward motion a t 

the r ight than a t the left* so we have s t ab i l i t y ae before* 

If the aaohlne t i l t e d ae shown 

the center of l i f t 0 L will 

change, the vert leal l i ne for 

the l i f t through C I. will meet 

the center l i ne of the machine 

( on which the center of 

gravity must l i e ) a t U 0 . Ae 

before. If O.tt. I s below M.O. s tab i l i ty will result* but i f 

i t i s above* the machine will capsise* If the 0*0. I s too low 

the machine acts l i k e a pendulum, but t h i s I s not dangerous, so 

i s preferable to the other* I t will be noticed that If a gust 

of wind blows from the right X will be raised up and 7 lowered* 

as x has a posit ive angle of incidence and T a negative one* 

fhie could be corrected by putting & *i» OT ver t ica l plane 

below the center of gravity* The fin could be aade large enough 

to counteract the side force* The keel surface should be equally 

divided above and below the horizontal turning axis , 
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otherwlsa a gust of wind would blow the heavy side or ox. 

* * * AftiiiiBgSiWiiiiWfPw mi mmwSsusiJUL 

If an aeroplane had not this stability i t would be d«fl«otod 

from i t s oourse by a*exy gust of wind, which i s by ao aeons 

a desirable feature. An end-on gust, of course, doss not 

alt ex the course, but a side wind will give increased reeist

ance to the unshielded wing* This wind also will toad to turn 

round the body, pins, etc., 

It i s obvious, therefore, that the l ias of action of the 

total resultant side pressure muet act through the aienter of 

gravity of the machine. This results in mere bodily motion 

sideways and eliminates the turning off sat. This i s a highly 

satisfactory stats wntil i t Is realized that the center of 

aids pressure varies with the direction of the gust. Complete 

balanos under al l conditions i s therefore iapossibl*. 

Xf the center of sids pressure i s forward of the center of 

gravity the aoss of the machine will turn with the gust, and 

the machine will run with the wind. This will momentarily 

reduoe the air speedy which i s dangerous, On the other hand, 

i f the oenter of sids pressure i s behind the center of gravity 

ths moss of the machine will turn into the wind and thus 

cause an instantaneous inoreaee of speed, which i s quits a safe 

natter. It i s therefore desirable to have the latter effect I . s 
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always to hate the o enter of side pressure behind the 0. of 

gravity. This could be helped toy haying keel eurfaoe behind. 

A much »oxe Important aspect arises when the machine la turn

ing under the action of the rudder. If the rudder is turned 

-s shewn la sketoh, a foroe 
^ t t u r i 

R will act. This will sake 

the machine move a l i t t l e 

aide-ways, thus causing a 

wide preeBure to act. The 

turning effect due to these two foroe* oauaea the machine 

to revolve, which immediately introduces the action of the 

centrifugal force through the oenter of gravity. When the 

three foroea aoting are in equilibrum the aaehlne turns ateadlf 

and, on removal of R, the others disappear. 

Suppose now that the oenter of side pressure la In front of the 

0 of G. Immediately R acts the three forces tend to make the 

machine revolve and there are no balancing foroea, so that even 

i f R were taken away the machine would s t i l l keep revolving 

faster and faster. It should also be noted that ae the turning 

inereases the 0enter of side pressure moves forward, thus 

increasing s t i l l more the couple applied. 

This iff set i s obtained even without the rudder. Suppose the 

machine i s banked, i . e . has one side risen higher than the 

other ,» then If i t slips downwards we have the side pressure 
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act ing, and also the Inertia, of the machine. The turning of 

t he Machine requires uora a i* speed for I t s new path, gad 

i f th i s i » not obtainable faros the Machine I t aaet be tak«i 

from gravity; time se have the deadly spiral nose dive. I t 

i s obviously neoeseary then to have the s ide preaexure leapt email 

and to hurt the 0. of pressure of the ver t i ca l f ins behind the 

G. of G. of the machine. Vertical fine above the C. of a* 

should be avoided as the? %?e decidedly dRngexoue fox the rerscm 

above. I t should be noted that If the fine are placed too fax 

baofc a greet foroe es\ the rudder will he necessary to keep 

equilibrium, eo that some judgment should be need in determining 

i t s posi t ion. 

Such then i s a simple explanation of the essentials of aeroplane 

design, *e n<m OOEIG to a discussion of future aachlnea* 
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The aath©n»tioal study of aeroplanes l e not an oxaot science, 

eroept in come very few parte the formulae used ia aeroplane 

design are eapirical: even our master aathetielans are content 

to accept these in preference to their unproved theoretical 

ones* If such then i s the ease, i s i t not much better to treat 

th i s subject in the tight of previous performances than to 

apply theoretical formulae in parts and practical knowledge 

at other plaoes? finch i s our method of dealfiig with the 

subject. 

The power-driven aeroplane of today has only been on the market 

successfully for a very few years* It i s as yet only in i t s 

infancy, and ia s t i l l regarded in some quarters, as a e l ever 

experimental piece of work: fortunately this feeling Is not 

prevalent in intellectual c irc les . But we think the public 

should realise that the aeroplane ia the probable vehicle of 

the future* or at least, some Wrench of power driven heavier-

then-air tsachine will surely supercede the present day ldoo-

motive, street care, automobile, etc. 

For a long time after the introduction of aeroplanes the sere 

mention of the subject was sufficient to bring an ley chi l l 

to the-haek of the l istener, with thoughts immediately con

jured up of a dare-d«f i l pilot eteering a shaky monstrosity 

skywards* and the sudden dxoppla^ to earth from a tremendous 
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height, with direful results . Thte feeling Is s t i l l surpris -

ingly popular. The same sentiments were fe l t at the intro-

dootlon of the steam locomotive and the automobile, though, 

of o our so, in a much less degree* Bat these feelings show 

the inertia of the public- i t takes a long time for a new 

idea to soak in . 

Que of the main enemies of aeroplane advance l e this same 

tra i t of fear, which, to a certain extent, i s a habit of 

mind* As an example, during the f irst few years of the 

automobile i t was looked on as a death-dealing instrument: 

as a matter of faot, comparing ths passenger* miles of 

auto, and horse 3rasm vehicles the tetter I3 responsible f 

for far more fa ta l i t i es than the former* Such i s the ease 

t?ith the aeroplane and the auto, Except in cases of warfare 

the aeroplane has fax fewer fata l i t ies per passenger* mile 

than the automobile, but to say so to an auto, driver merely 

gets a p i t t i n g look. To see of an aeroplane crash in the 

papers i s quite an event, and to l i f t up one without seeing 

three QT four auto, crashes i s also quite an event. Familiar

i t y with ordianary travel soon breeds contempt of i t s danger. 

Thus, although tens of thousands of people are kil led per 

year by cutos, no more i s thought of riding in one than i s 

walking round a block, i f the aeroplane were brought more into 

public notice with actual s tat i s t ics on accidnete as com* 

pared with other modes of travel It would very quiokly pick up 

trade and popularity. This does not mesa, however, that the 

aeroplane 
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la not dangerous. It la* but relatiTely I t la sot* 

There are aoae very sound reasons for predicting that air 

v enisles are the means of locomotion of the future*— these 

are aa follows. 

(1) Ini t ia l cost of l ight aeroplane ia much leaa than that ot 

motor car. 

(2) Upkeep per mile of travel la leaa. 

(3) Higher speed la obtained for same power. 

with a l ight plane of type explained in {$) 32 miles per 

hour was obtained. 

(4) The automobile operates on one plane only, but the air 

haa an inf inite number of planes, thus congest ion would be 

avoided to a great extent. 

(5) The wear and tear of roads would he leaa, thus road 

upkeep expenses would f a l l , and therefore those tames paid 

by private auto* owners would practically be eliminated. Of 

course, ooramerolal care might s t i l l be in use, and that* 

would have to bear the burden of road upkeep. The amount 

per person would be very l i t t l e more than now. 

(6) The weight necessary for passenger carrying la deoidedly 

reduced from autos, which weigh from 1000 l b s . upwards, 

neglecting passengers, while the light monoplanes go from 

200-lbs. up. It la true that the motor oar la used for mox« 

than one or two passengers, but very often, aa with Com̂ fee 

i t i a need for this purpose only. 
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(?) Similar to (2 ) , but not quite the same; the gasoline and 

o i l o on sunpti on per mile with good soaring light plane would 

be much lees taan with auto, with an English light plane 8?i 

miles per gallon of fuel was obtained* Automobiles give gen

erally 30 railee to the gallon, although some give a l i t t l e 

more. 

(8) I nor eased safety. This has already b e n explained* 

(9) Increased comfort. There would be comparatively l i t t l e 

dust or exhaust gases from vehicles In front* 

(10) Increased pleasure in surrounding so en ery. Ie i t not true 

that we enjoy the view fro* the top of a nountain better than 

fron the bottoat 

(11) Great cleanliness of the ataosphere due to practical 

elimination on ground level of the refuse of gasoline motors. 

(12) With more advanced knowledge of bird notion and on internal 

and external characteristics of the wind, i t i s probable, and, 

indeed, a oertainty, that nearer approach of aeroplane flight to 

bird searing can be reached with corresponding less in fuel or 

increase In econoay. 
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(13) With the type of aearoplane the author has designed, 

aeroplanes oould be used in c i t i e s , le t t ing house tope aot 

as landing end. s ta r t ing f ie lds , instead of l̂ AriBg autoe. 

etrewn a l 1 round the business canters . Instead of t h i s , they 

could be $&&£& at the side of the street as autos, are a t 

present, as atseeet ears w®uld to a great extent be out-of-date. 

(14) Due to the various factors maintained, an increase i n 

health would come natural ly . 

"T&m® wm&m& &$*&& b#-gip§,iip fiw a l^Bg ' t lw^ tet e&giKgii 

.lias been said to .ifem wD$r a¥iatlon i s the probable future 

mode of t r ave l . 

fa a w 0@m̂  .to t&e Awtoi of mTtmlmm* 

The f i r s t requis i te i s icings, i f an attesspt a t sor,arirjg i s 

to be.&&&&» (Later #m W will disouso designs naglc^tirig 

Since wings are a necessity, l e t thesi f i r s t of a l l be as 

simple as possible* i . e . l e t there be t§af'#&# plane. Also 

wil l be required a place for the p i lo t to s i t * (In the f i r s t 

ten% f®r gissi&Jl&ity* we ngg&get msf pa®&e®§#r®)* fe.ftagre 

liim s i t t i ng down in the opm would be Tonpleasont, so ^e 

shal l cover him up much es I s d*mo in th^ present aeroplane. 

The resul t ia as ill aeroplsne minus the tail* ' The shape of 

the b@if *f i l $e oafth Ills* & .©twall* bse& f i r s t * | ^ s & formerly 
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thought that having a pointed front iras an advantage in reducing 

a i r resistanee, but thia has been proved a fallacy. ?he reesoi 

for t h i s i s possibly t h t t the body carr ies l a frost of i t a 

eone of a i r which regains there Just aa an integral psr t of the 

body* thus doing ©way isith the necessity of having a p a i n t s 

£i08e. Thare lms to be a i&enns of propulsion. Lat us take fc* 

t h i s a asmll gasoline engine of l ight weight, and a propeller. 

t h i s prop al l er mm fee put ei ther a t the front ox the re r ef 

tiie si&QMn*, but for the f i r s t design i t i s desirable to have 

i t a t the rear* The xof-ecrj. fox tMe will be plain «hen the 

reversing gear i s explained. 

We now have the resul t shown. 

To control the machine we nsuet 

have a rudder and an elevator. 

This i s where standard prac t i se 

ie very decidedly ohanged and 

improved, f i t a the present day 

aeroplane the controls are as 

sho*n. The snail ve r t i ca l plane k i s the rudder, which gives 

the directional control , nai le 3 i s the elevator. Sow instead 

of having one plane &» l e t there 

be two, some l i t t l e distance 

apar t , and l e t these be of t r i 

angular form. We then have aoae-

thing l ike th is* looking fro* the 

rear . 

VI >r-*CS . 
XO 

"be^r 

fr— 

* 
pR-OPE-LLE-K. 



Slnllarly, Instead of B, lot two horizontal planes bo 
aMBJtpWSH^ wawji w/eja V • • ^ p OB^Ba^^ajp 4^ew 9w W O w p i W WP 

between the* at the height of 

plane A* w« than nave tbie t a 

square looking from the baefc, ox 

ta l l of sBOhlne. From the alia we see A.A, &e triangle 

elidlarly f*on above we see B.s. as triangles. It should 

1>o home la "tad that M-

planes have bean developed 

wataly to give a greater 

lifting power per sq.foot 

of horiaontal area, and thus 

reduce the groec weight pot 

eq. foot of surface* It la 

then evident that if the four 

surface* are used aa mddgre a mora efficient tail l i f t* 

lug surface la obtained. Aa these are not oo far from 

the wain planes and oenter of gravity aa la usual, a 

greater foroe would bo nesded to hold then la position 

when turning or climbing* but with two planes aa A A, the 

foroe cm each would bo halved and would counteract tola 

effect. 

If wo now faoten thoao to the machine wo got the following 

result. The aothod of fastening the* to the aaohlne i s of 

no consequence la the meantime. Thar would probably have to 

bo fastened to the body, but for convenience wo aaow then 

fixed to the wlnge. 

A 

A 

I i 



faa nachine 1« no* a pusher 

monoplane. suppose naming g«tt 

angina neoesaltiee such aa oi l , 

gasoline, eto. are added, as 

are now ready to etart. What 
advantage, yon nay ask, has this inos*Kaed octroi area glvenT 

The reaeona are these. 

If toe aeroplane i s goinf to mew© forward, the fow triang

ular platea aye open, aa afcowji above, wtta the engine start

ed the oaohlne would Move forward, and at the right time the 

B pleteo would toe moved upwards alightly, and the aeroplane 

would *ise from the ground. Bow all ihwe trlanglee are such 

that they can either toe awed separately, or the two A*a or 

two B*a moved together. If the direction needs to toe changed, 

A la used, Hot i f al l font are moved Inwards t i l l they aeet, 

the result la a olosed hoMrow square pyramid. The propeller 

la continually turning, tout the alt from i t i s toeing pushed 

Into the pyramid, ao that instead of pushing forward, the 

propeller la pushing the machine toaokwardsi i f a quick atop 

la required once the machine has touched the ground, the 

pyrandd can too formed and the aeroplane stopped practically 

at oneje. this la a decided asset* 

Sf the plane v%x* &m%m a* Ita «axlmua speed la the air 

and It eame suddenly on to some obstacle Ilka a ohuroh 

w 
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tower It would bo able to slow down the naohlne suffiolefttly 

to turn away ©* turn upwards* Care should ba taken* however, 

on slowing dona In the air that the speed does not get be

low the minimum speed* otherwise the aeroplane would cur op, 

This oould bo rectified by turning the machine vertically and 

using I t as helicopter. Then again a sudden sloping dona la 

dangerous while In the a ir , so perhep® after a l l I t would 

not be advisable to use i t rtuch when at a height. 

If automobiles were built wfethout brakes what havoc would 

ba wrought: no oar would go at a greater speed than one 

or two mile* per hour in a c i ty , otherwise m aooldent would 

be bound to take place at et»eet corners. If we wanted to 

stop at some particular place we would need to shut ott the 

engine or put I t into neutral, and ooaet along until the 

w&ohlae stopped* This would be an intolerable state of affaire 

and, to us, la laughable. Yet this i s the ease with the 

modem aeroplane* It has no brakes, and la allowed to ooaet 

unt i l I t stone* The method of stopping i s to "bank* the 

plane* or lower the t a i l , thus giving a greater head resistance. 

with ordinary pluttss this i s not sufficient to stop i t 

within an ordinary seven-acre field* . ith &wm of the best 

l ight planes recently tested at Lyrapne, in Britain, they 

managed to 
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•top la ?0-ya*ds, or about 2X0 feet, and to rite In 810 

yards or 630 feet, these axe quite exceptional, A good 

bit nore eould be aeoo«*>liehed in this direction by a 

releing of the rear controls, tbus allowing a grater 
^w^we^*w^MiW'flpeiH« w W w ^ w ^p ^^flMi ^HW&MW ^HK ee^w*^^^P^*ww S* ^••iwiWi'^w^w'^v ,^p^w^^^e(sp^••^w^^W^^I^»»*-*^JP 

great banking were made i t would not be equivalent in 

ear *ay *® the effeot of the rerexBlng eontrol already 

described. Gay* oust be taken that the raising of tne 

control* does not give tsore koel aurfaoe above than be* 

low the longitudinal line of aotion. 

But quick stopping i s not the only function of thie 

apparatus. It dan be proved that i f instead of a square 

pyraaid, a heodephero i s used* the backward velooity 

attained would be 33 l/H, but 20$ could be expected 

with good shapes. 

OT wlHWffiitiiWr imiigHMLtifflLiiiMTOii AXsa^lSm* , _ _ _ _ . 
ABHT pyraadd 

Assume AS > OS* ©D « propeller 
If AKB were a sead-sphere, 

and machine soring forward 

at ten feet/s so* with con

trols open* let ue sloee theas 

and sse what happens* Let the baokwarddspeed « X f est/sso 

The relative velooity of ait and naohine Is now (10*X) 

feet/sso. . The alt Is ooapletely rsratssd and brought to 
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a standstill* i f perfeet mechanism. For sari SOT effioienoy 

X » J y where V » r el at IT a vjolura© of air and Machine 

• *• 10 - X ~ ?••• For fflftrt wan efficiency, J £ - g J k * x 

. • . 3X« 10. or X * 33 l /3$ of forward maximum speed. Bat 

th i s shape of reversing mechanism does not conform to best 

practice in aeroplane design. The elevators should not fee 

plane triangles ; otherwise the l i f t ing power of these 

would toe very greatly xedtissd, so that i t i s advisable 

to modify this by using curved surfaces l ike the main sings. 

The rudders are not extraordinary, and i f ss.de of plans 

surface© would be no great change, as they do no l i f t ing , 

The shape would now be th i s . 

0 would be approximately aid* 

say between D and 8, so that 

each elevator would move nearly 

the sane amount. The curved 

surfaces AD and BE could be 

made of standard design fox 

t a l l surfaces* The curve BC 

i s raade in such a way that 

when Bf i s fully elosed I t s i l l 

coincide with B0» Similarly for AG. The chords AS and BE 

would be set at a smaller angle of incidence than the main 

JjCSMMnMwtfBHUN^ 

lifting surface, for longitudinal stability, as explained 

ss.de
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in chapter relating to tint branch. Although this design 

i s a l l right fro® a theoretical point of view* the 

probability i s thrt either the elevators or the nsMers 

would be toe small, as i t would be presuming too aach to 

assume that they should be equal. If the rudders are too 

email cohered with the elevators the difficulty oan be 

got over in the following manner. If AB and Fi were 

Similar, as In the f i r s t 

caee, then 00 and DH» the 

perpendiculars on to the 

swivel AF would not be 

equal In length and on 

closing the rodders the 

points C on each would 

not touch. This could be 

rect if ied by having AB longer than FS suoh that when 

fu l ly closed Bto* s Till l i e on a plane parallel to AF. 

If the elevators need to be trade larger than the rudders 

the same process could be followed* 

We have now settled the shape to a certain extent, so we cam 

proceed to the calculation, using approximate weights* For 

these i t would be advisable to use figures similar to these 

In use ttxx materials, structures, etc*, as i t i s the 
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intention <f the ant nor to aake hie predictions on present 

day pexfe&tion, and not on some fanciful figures which 

may neve* be realised. 

The aotor decided on for f irs t consideration i s the 

Darraci, which weighs 66-lbs. and develops 35 H.p, 

The deeision was made on account of lightness. Other 

Machines oan be designed with * heavier and more powerful 

e&giae.wt. of engine - 66-1 be. with oi l , gasoline* etc. 

for say 3-hours journey the weight would probably be 

brought up to round 13CM.be. Weight of propeller and bob 

equal 10-lbs. total engine weight * 140-lbs. for 3-houre 

journey. Gross weight = weighte of engine «f passenger * 

seating + body ¥ wings • instruments + landing gear + 

oontrols + reversing gear. 

According to 0. D. Hansooa in Kent*s Mechanical mgineer»e 

Handbook the following figures give ap^Boxlaate values. 

Weight of body 9-lbs. 

f t . of siiags with bracing * 1- lb. /sq.f t . 

This I s for a plane heavier than ours, so we oan assume 

, 8 - l b s . / sq . f t . 

Weight of equipment - 4$ of gross weight. 

Weight of landing gear m Gi (m&ximm) of gross weight. 

Weight of ta i l structure including pins and fudders 

equal 1.2 (latuiiEiuia) lbe./aq.foot. 

13CM.be
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Grose weight » 140 *•160 +10 +• 10 + wiage 4- 10% of gross 

weight + t a i l etruoture. 

Assume that the iwohlne l i f t s 7~lbE. per sq . f t . of wing 

a rea . (The Bristol Btottoplene l i f t s 3 .9- lbs . and the 

LoewAng M 8 saonoplene l i f t s 9.9 l b s . / sq . f t . * so 7-1be. 

per so. f t . i s a repsonsllc aesuaption) 

A3sum© t a i l s tructure weighs 20-1 bs. •*• .SOross weight 

equal 140 * 160 + 10 + 10 + (.8 x S l ^ I $ . ) + 20 m 340 * 

•11 Or. f t . . 

.*• Gross weight* v * | ^ ^ . 4 3 0 lbe . 

$ uia includes passenger of 160 lb s . weight •* • net weigt 
» -. 

engine* o i l , asoline for 3 hrs . * 270 l b s . 

I t wil l be real ized that t h i s i s cutt ing vary ©lose to the 

l i m i t s attainable* so. for safety and to paciiy any scoff era 

we shal l ra i se the gross weight; to 460 l b s . , or an increase 

of 30 lbs . over our calculated weight. Surely t h i s accounts 

for more than, the alight errors due to inaccuracy in average 

f igures of aeroplanes. 

From the figures given above, the wing area & - 66 sq . f t . 

approx. wt. of wings « 66 at .8 m 53 l b s . If aspect ra t io a 7 

then ? a2» 66 . • . d2 - 9 .43. . ' . d r 3.07* Span - 7x 3.07 

equal 21.6*. 1*. wing i s 3 l | feet x 3 feet. 

. * . Wing area r 21.5 x 3 * 64.5 sq.feet . 
• 460 

• • Lift m 05̂ 15 * 7.1 Ibs . / eq . f t . 
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This i e t l ight monoplane, and to carry 7.1 l b s / sq . f t . 

l e perhaps asking too m»h of the flimsy wing a, BO we 

sha l l increase the wing ax© to 80 sq. fee t , ^hls increases 

the wt. «f sings to S^-lba. 

If aspect r a t i o * 7 

7 d2a 80 d 2 r £ & » 1U43 . ! • . d i 5.38» 

?ing span - 5.38 x 7 r 23.7» 

. * . Wing l e 84 feet x 40 laches f 

This gives a l i f t of : ^-gj r~- * 5.9 l b s . / s q . f t . . The gross 

weight has to be increased to 470 lbs* due to increase in 
470 wing area. The l i f t /horse power * —35- * 13.4 l b s . , 

The l i f t obtainable in some Brit ish l igh t planes i s 80 lbs* 

per H# P . , so no difficulty would be experienced in obtaining 

13.4 lba./H.P. 

I t should be taken Into account that the British and the 

French are some years in advance of America in l igh t plane 

design. 

l i f t r *y AY3 s ^ > 470 l b s . 

Where Ky - Coefficient for the machine 

A - area of wings. 

V r .relative velocity in feet / s ea . of wind and raachin 

Ky i s nearly independent of A & V i f the angle of Incidenee 

remain constant. 

t i f t • t - Ur A13 

Drift m D - X^AV2 

Froat* Aeroplane Design" 



by F. 3. Barnwell, for a load of 5.9 lbe./sq*ft* 

Ky for a monoplane - .00207 for cdaiiflua. speed* 

.* . X. m #00207 x 80 x V2 r 480 lbs* Bay* 

• *• 7 s » 2000 • *• V - 53.8 f t /eeo. 

.*• minimum speed s 3?& miles per hour. 

I t may seen that the high aspect ration I s unnecessary -

I t was chosen for eoonoay ia f l ight* Lees fuel would be 

necessary for th i s maohine than with a 5 ; 1 aspect r a t i o . 

The l a t t e r la the average for monoplanes, and gives a higher 

velocity acquired due to the lessened head resistance. Zt l a 

obvious that either one could be oho sen, depending on the 

ultimate resul t desired* 

The author has decided, for f i r s t estimate, to compare with 

monoplanes already designed and verif ied as to apeed* 

y.Hf„ i&dwest l i g p , Monoplane. 

wing span 24 feet* 

Length overall 13 feet and 2 inches* 

Wing chord 40* 

Wing section similar to Martin Ho* 2 

Wing area 80 sq. ft* 

Weight empty 230 lbs* 

Cruising range 300 miles. 
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sM.mt&JSMM —wrtin 
Span 31 fe«t» t»e«g*a 18 feet* 

?iing area 114 GG. f» t . Useful load 220 lba . 

weight with IS 8*p. vast in notox 275 l b s . 

t o t a l weight 495 lba . m* of fuel 35 l b s . 

Cmlaing range 3 t o 4 houra. 

High speed 74 ol lee / hoax. 

ritfe a gxous wt. of 4@5 l b s . sad a raotox of only 1© H.P. 

ti t le sKohiat a t t a ins e speed of 74 milea/boax. If the gxoas 

s t igh t be reduced t o 470 l b s , and the power increased 

t o 25 B.P* i t would ae rn fa i r ly planalble to assusse that 

the speed would be increaeed very appxeoiably. 

fixe resistance varies e.] roxinctely &E the squaxe of the 

veloci ty , eo U the resistance at 74 miles p©x iiour fox e 

each plane i e the saoe# thou the g^eed ebtaia&bSe c i t h 

the laxgex engine would be 74 xvfjf « 110 M.P.H. i»8 

a aat tex of fact the resistance of the Aria would prob

ably be greater than that of the other due to i t s larger 

sing area and. t a i l . However « evaa i f t h i s speed ware not 

xaalixed, and only 100 K.P.H. could be got , i t wotdd 

be qui ts sufficient fox the purpose fox t?Moh i t M S 

deaigsad* But tMs i s a l l the function required of an 

aeroplane, — being able to r iee off the ground and to 

f ly a t a reasonable pace tosaxd© the dealxed destination. 
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Another s&ople of t h i s na tu re l a the Genaan monoplane 

"Ldet Coibxi*,
t t a e general information on which ir> as 

fo l lows ; 

Span '62 fee t 10 inches . Height 6 f e e t . 

Xiength 18 f e e t . **ing a rea 135 sq« f e e t . 

Yeight ©fipty 320 I b e . 

71 e ight loaded 050 l b s . 

v'ing loading 4.1 Ibe . / s q . f t . 

Bagine £00 CC Douglas. 

Fuel capaci ty 4 house. 

Speeds 75 to 31 miles/hour. 

Climb to 3300 fee t in 3 ndautee. 

fc.an#e'«. 300 ni i les . 

power loading 30 l b s . / H . F . 

5ow we coiae to the he l icopter p r i n c i p l e , f ids i s , by having 

propelled© oar other ro t a t i ng elements on v e r t i c l e axes, t o 

enable tbe nachin* t o r i s e perpendicularly t o the ground. 

The he l l eop te r s of today pro of mxxyL ?nd var ied d e s i r e . 

The ffiain drawback seems t o be t h r t no re l i ance can be put 

oa t h e mefeine i f the engine were t o s top ; with eome the 

enoritaous p rope l l e r s aot as t he safeguard against f a l l i n g , 

whi le with one of the heat ( t he B e r l i n e r ) , the l i f t i n g 

screws e re on the winps end t a i l of the machine, whioa i s 

i n r e a l i t y a combination of aeroplane and he l icop te r , I t 

i s of p r a c t i c a l l y standard t r i p l a n e design except fo r the 

l i f t i n g screws. 



One of the main objection* I s the tremendous power necessary 

to l i f t the naaohine against the resistance of the wing area 

and body. Would I t not be a deoided advantage If the whale 

t r ip lane could be turned on end* and l e t the wings pierce the 

a i r instead of presenting a blank wall to i t ? This of oouxse 

i s not pract ical with any of the modem types, but with the 

design submitted a few pages before the t a l l la aot long enough 

t o present any difficulty* Wheels or skids could be placed 

behind the rudders so that the aaehlae could stand nose up. 

The chord of the wings was made 40 inches, and the to ta l length 

would be under 8-fe*-t. Cne diff icul ty la using till a construction 

i s that the propeller laost efficient for talcing the aeroplane 

horizontally would not be the beet for ve r t i ca l f l igh t . A com

promise would have to be made. 

The Berliner Helicopter weighs 1950 l b s . with pi lo t and fuel 

for 20 ndnutee f l igh t , and hae a 220 H.P. engine. (Taken from 

the Mld-lovea&er issue of Meohanlcal s&gineeKi&g of 1S24). 

The two a i r screws are 15 feet dianetox and turn at S60 K.P.M. 

e see some diff iculty in the s i s * of propel lers . If they sere 

t o be greatly reduced in else the efficiency would f a l l , but 

i t would materially ^©lp our case . I t I s obvious that the 

Berliner gives a l i f t of about 9 lbe./H.P. The other design 

would need a l i f t of about §|§~ or 13*4 lbs./H.F« 



The real stance to ver t ica l root ion i s greatly decreased so 

that a higher ra te that 9-lbs./H.P. oould be expected. The 

very high ra te of 13.4 Ibs./H.P. ndght not he reached a t 

the same ra te to speed as the Berliner, but s. l i t t l e sacr i f ice 

of a few fee t / t ee . in ver t ical f l ight i s $f very l i t t l e con

sequence v«hen She sxtren* simplicity and economy are considered. 

If DBiablano»e helicopter had not been Krecked before i t s 

figures were verif ied we might have been teopted to take his 

calculat ions to ohow the possibi l i ty or our own. Whith hie 

machine, the gross weight - 2640 l b s . , and the pcmer of the 

engines s 110 H.P.. 

.* • Lift & " ^ % " - 3* lbs . /H.P, This I s a resul t for in 

excess of what would be required for our own design, but 

of course his propellers would be ranch mora efficient du« to 

t h e i r enoxoous sizes* Daatolano estimated his i n i t i a l climbing 

speed a t 10 f t . / s e e . 

The various other helicopters &r# of too complicated a design 

to be at a l l a ©o*aa»erciaj. »ucce»s, although t^«y nay be more 

effective for the i r purpose. 

If we assume that our design could be used as a heliooptcr we 

can perform a feu calculations t o see what roight be expected 

with regard to speed* e tc , Let the propeller be 
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la flying upwards* If this be too big for the K.P.M. of 

the not or It could be geared dom by a simply chain and 

sprockets to the required spaed. The size of rudders and 

elevators would then have to be slightly increased, although 

not necessarily to 8 feet square* 

These figures above have been worked out for vertical flight 

only. It la the general practice of hslioop&ers to rise in 

a vertical direction without any preliminary aide notion or f 

forward flight* With the combination helicopter and aeroplane 

the l i f t ing power would be very appreciably increased by 

f lrat running along the ground and attaining a horizontal 

velocity . Thia would have the same effect as rising on a 

steep angle after leaving the ground. With our design this 

Batter la easily attainable, as we only need to rest the 

laaehlne at an angle with respect to the horizontal or 

vert ical . The thrust of the propeller could be resolved 

into i t s horizontal and vertical components, the horizontal 

fart accelerating the machine along the ground until the 

l i f t la sufficient to raise the machine* Tans aothod of 

rising In a very steep angle would probably g ive better 

results for this type of aeroplane than vortical f l ight , as 

i t would very l ikely be more stable, and much more easily 

brought into the horizontal plane in the air* There might 

be some difficulty in determining the various factors for 

atabiltly for this ooabination but we have no doubt that a 
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any oould bo found ultimately. It la evident that with an 

angle to the vertical of about XQP th« lifting power dua to 

tha propellere la appro*. i t* vertical l ifting power x ooe 

10°; Hut to thle auet be added tha l i f t dua to tha Taxtloal 

component of the wind pressure of tha wing a, anion nay be 

quite considerable with favorable wing ehapea. Since 

sin 10° m .1737 there aoat toe quite a big force pulling 

horizontally. The beat angle could be obtained by trial of 

the machine. With IS* to vertical, loee of l i f t <£ 3£ 

&es horiaontal oospoaent 25$ of l ift* Tha righting of the 

aeroplane la the air would bo more readily aoooapliehed with 

tha four at earing plane* than with the two ordinarily preeent 

ao no fear need bo bold on this aoootnt. i t anot be taken 

Into aooount however that on changing from horlsontal to 

vertical motion the canter of pressure on the wings ie moved 

ellghtly forwarda at flret and the aeroplane tende to turn ©wet 

If the center of pressure ooinoidea with the canter of gravity 

than the aeroplanea would apin round a horiaontal axle through 

thia point. Xf the center of pxeflsure ie below the center of 

gravity we cepalae probably. The variation q u i r e d for the 

two perpendicular sot lone adght bo obtained by calculation: 

If not, It oould bo rectified by having movable weights, 

although this practice ia by no noana to bo recommended. If 

the pilot wanted to loop~thc-loop the aamo difficulty would 

bo found with thle aeroplane aa with any other, except that 
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due to It* noarneaa to too 0.pressure the ta i l etrueture 

would nay* to be altered. 

Stability i s Maintained Hi the aaoe manner aa ahown in a 

previoua chapter, nothing extraordinary having taken plaoa 

la tola l ine. 

For economy, end reeeona explained later, ailerona have 

bean left out of consideration. 

w« have now ooapleted the rough deaign of the oaehine, and 

wt aet dawn mm eatlmatea of the probable reeulta. 

wing span — M feet. 

chord *•-*•*»»*»*» 40 inohea* 

flag area—- 80 aq. ft* 

arose weight including pas anger of 100 Iba, oil and f&a* j 

ollne for 3-noura,--»~-~ 4?0 Iba* 

U f t * S.9 Ibe./eq.ft. i 

power l i f t * 13.4 Iba./M.p/ 

Hat weight * 213 to 246 lba., without paa;«iger oil or fool* 

Actually ORlaulated, net wt. - 316 lba. 

Total length uad«* d f «et* 

probable apeed range m %ik to 100 nileo pay hour forwarde. 

(with the quiok atop ing device the minimum apeed need not 

be very low). 

iiaxiaus apeed backward* * 23 milee /bony, 

vertical velocity ~ IS ft*/ aao. oaloulated. 

probably only 10 ft*/ eeo. In reality. 



power necessary fox t h i s climbing = 30 R.P. 

power of engine • 35 H.P. 

f t * of engine* dry => 86 l b s . 

Two cy l inder Darraoq type* 

I t oust be ada l t t ed t ha t t h i s conforms f&lrly c losely t o s tand

a rd design i n the matter of l i f t , reis&*# e t c , but i t wi l l be 

seen tha t the re i s a general a l l round improvement due t o i t a 

l i g h t n e s s , high hox&e power for a s ives w i . , and i t s qulolr. r i s 

ing , stopping and revers ing p r i n c i p l e . 

We lfig&t snow a f ev f igures to der ive the probable space nec

essary t o stop the machine a f t e r touching the ground, 

Assume t h a t the speed on a l igh t ing i s 35 miles per hour. This 

i s qu i t e within reason as i t u l l l have been stopped s l i g h t l y 

before touching ground. On touching aeimrae t h a t the engine i s 

suddenly acce lera ted up t o i t s maximum; 22 wiles per hour i s 

ob ta inable backwards. 

1© have then to f ind out what d i s tance would be t raversed for 

ward before the machine would come t o res t* 

22 o i l e a / h r . r 32.3 f e e t / s e c . 

Resis tance oust be ft, where H r. 32*3 r 35 x 550* 

.* I R - 597 l b s . This R i s due t o t a i l a lone , with half of 

wings, e t c , ae uate minimum of R 600 lbs* 

How force * ''G.ae x aooelera t i rm. 

. ' • 600 X 32.3 « 470 x < 

.* . ^ s 41»3 f e e t / s e e 2 . 



m olles /lay, * 36,? f t . / see. 

.*. Tim© to coaie to rest * xfo * # 3 9 *«®«»4«* 

/ . Dietanoe travels** § x 41.2 x .S92 » 16.4 feet. 

• .After touching frotmd all the epaoe necessary fo? 

running i s • 30 foot* Tbis i s a aost naarksd advantage 

over the ordinary plane, which requires from 800 yards 

upward to start and about 80 yards an 840 f e*t upwards 

to atop, HOW aanyi aooidents would have boon avoided had 

this been fitted before? If a pilot stops within 80 foot 

of a hedge he generally imagines be has Just esoaped fton 

Kingdom come. loir would he feel i f he only touched ground -

there? 

At the reoent light aeroplane aaating at Ly»p»e» England, 

the first pries* for quick starting and ©topping were 

given for approximately 810 yards and 70 yards xespeotively. 

These ate vary exceptional, the general numbering sutib 

higher than this* 

The resistance we fqfnd to be about 600 lbs* It any sot* that 

this ia a tremendous foroe sad would be beyond the operator^ 

control in handling, sufficient leverage oould be brought 

into play howe**r to enable him to nova each control. As he 

only mv«B two at a tint the resistance off ay ad to the 

first two would bo considerably lata than this, and i t i s 

only with the last two that the big prsesurs would be 

required. 
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when oloaed there would be font 

fastest P aoting te oounterbalanee 

the teeietanoe. to* © r taglt 

* • S»oh foree accounts tm ISO lbs* 
. ' . If p le In the c inter of pressure 

of the triangle, «• Have, ISO x X 

equals P x f • 

Sf P i t ill the o enter of pressure of trianglee, then both foroee 

tot through mm point. 
t 

• *. ISO % Zm P x X t t & e 
o • j ypL 

* * *•» fey& 

The larger e ie the aaaller le the f o*ce»P to that a euitable 

•alme eta be found from this equation. 

Sow i f p does not aot through tat 0. P. of the trlanglee, then 

1 5 0 x X * p x Y b u t j £ ie not r tane . i f i t ie a triangle 

then the center of pressure i t 1/3 of the height from the base. 

If P i t tot at say i the hefegbt, then 

150 x -£ ooee * P * -§~ time 

« . 50 0Ot & * «§- tin © 
* * BOO 

• * r ~ """HKe 
I t oan be tote that &a P i e pushed farther away from the 

hinge towards the open the t n t U t * beeoaee the force net-

ee&ary. 
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Thus at the ape*, 150 x § - ooe e - p x H sin e 

•*• p » & @ » which i s the ndninun value 

of p. 

I t would therefore seem desirable to have the foxoes plaoed 

so as to act through the ape*: on second thought* the additional 

leverage will he found to exavtly counterbalance this advantage 

so i t merely comes to a debate oa which would be preferable 

high leverage and lev preaRuro ox Ion larerage with high 

preseuxe. 

I f i t i s decided to have a high leverage then i t would be 

foolish to obtain i t by placing p at the apex. The calculat

ions shown above would be equally applicable i f the leverage 

were obtained in the control lever with p aetlag through 

the center of pressure of the txlangles. The increased P would 

give the sane thing as the increased leverage. Thus with a 

reduction <ff force of 8:1 ox an increase of leverage of 100$, 
» ISO * © AV 75 
*x * "«»© * ** ox Can© 

With a x 45° , Fi « 75 l b s . , which i s oasily obtainable 

*% s force on lever before being increased to p by leverage 
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reduction, p of course, as before i s at center of pressure 

and 14 r "fifna • 

With P at o enter of pressure a much strong ex construction 

for the same weight of mat -rial i s obtained* as bending 

movements are reduced to a minimum. Bran with this , however, 

a fair ly strong construction would be required. 

The aoat notable iamediate effects of this la that oity 

dwellers oould use aeroplanes. If houses were buHti with 

f la t roofs* This only takes care of the landing, and to use 

roofs we oust be able to get off into the air in as saall 

a apace. The helicopter principle already explained does 

away with the necessity for a starting field* 

It I s surely then no great step from this to the prediction 

that aviation will be the main Qsthod of travel In the near 

future* Sren i f the design submitted i s not workable for 

some reason or other not noticed by the designer i t i s 

evident that very shortly a successful design will be nan* 

ufaotured which wil l serve the e&ise purpose* 

All these figures have been worked out for a monoplane. 

The same process would be employed in calculating the various 

factors for & biplane* Indeed i t would seem preferable to 

have a biplane, as this would allow a reduction in wing 



spread. If the spa* were reduoed from 24 feet to 18 feet 

great econongr In apace would be entailed, which la very 

desirable for our purpose, 

Let us consider now what would happen If we ueed a biplane 

instead of a monoplane. 

As we have already calculated the weights for a monoplane 

the gross weight wil l be readily found for a biplane. 

arose wt» of biplane = wt. of monoplane - wt of monoplane 

wing f» nt. of biplane wing * additional at rut a. * 470 

Minus 64 + two wings + etrute. For ordinary biplanes the 

load per sq* ft* of wing eurfaea varies from 4^ to 13 lbs , 

I t would seem reasonable to take 5- lba. /sq.ft . for our 

case, aa this i s easily obtained. It* per 8q*foof».7-lbo. 

for biplanes. Striata weigh leas than 20-lbe. 

• . arose weight - ••*§§ m 496 lbs . 

\ s 500 lbs . 

This includes pi lot , fuel, o i l , e tc . . Leaving out these 

three we have. Hot *«i$ht « ffiTS lbs* 

(For the monoplane the corresponding wt. was 235 lbs . 

The area of the wings fro® the above ^ Qroaa wt r 100 ao.ft. 

If the upper and lower wings are of equal shape and area, 

we have then 50 sq. feet for eaoh plane* If aspect ratio » 7 

as before, 7d2 r- 50. . 'd - 2.67 feet . 7 d * 18*7 ft* 
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• • wing spread* 18& feet 

* ohord - 2« B* - 32" 

Lift per aq. foot • 5-lbe. 

Lift » Ky AV2 « 500 lbs . 

Units as before* 

For 5 lbs. /eq*ft . Ky aaxtnun g .00140 at 58 f t . / s eo . 

•* • For minimum velocity V 

500 - .00149 x 100 X V8 

•*• V s - 5 r 3360 
7~Q0T4l 

. * . V r 57.8 f t . / s e e . 
- 40 miles /hr. 

.*• Misiwua velocity = 40 al ias /hour. The naxl&ttm velocity v 

wi l l probably be about the same as that oaloulated for the 

monoplane* ! • • • 100 adlee / hour. The result for the biplane 

no* obtained are the following; 

wing area —•—•- 100 aq.feet. 

« epan •• «-» •••• 18| feet . 

• ohord — — 32 inches. 

Lift — —— 5 lbs . / sq . f t . 

power lift— 14.3 lbs . /H.P. 

Minimus speed—- 40 miles / hour. 

Croes weight 500 lbs.* Including pilot of 160 lbs.* o i l 

end gasoline for 3-hours, journey* 

Vet weight m 250 to 280 lbe.* including pilot* o i l and fuel. 

Total length under 7 feet . 

The other figureswill be the sane ae for monoplane. 
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Coapare these figures with those of the biplane bull* by 
Lieut. D. B. Phillips* 

Wing spread 13 feet . 

Speed developed 115 miles per hour. 

Cruising speed 90 adles per hour* 

Has Lawrence 3-oylinder 30 H.p. radial engine. 

Fuel for 4-hour B at full throttle or 5& hours at oral sing speet 

450 miles cruising radius. 

Landing speed 50 Biles per hour* 

w eight, less engine. 305 lbs* 

" of angina 175 lbs* 

• • pilot 180 lbs . 

» " fuel 120 lbs* 

Total weight carried 780 lbs* 

Wing section U.S.A. 27. 

Upper wing 36* 

Chord, lower wing, 30* 

Climb 300 ft./min. to ceiling at 12,000 ft* 

Factor of safety 6. 

Gasoline capacity 22^ gallons* 

Oil • 9 cuartR. 

Mr* Faslg and Mr. Turner of Wilbur Wright Field designed 

a l ight biplane with the following characteristics. 

76 ou. in* Indian Chief engine, f i tted with a Thor reduction 

gear* 
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Span 13 feet* Chord 40*. Area 119 sq. f t . 

Took off a t 30-35 M.P.H. 

Weighed 475 lba . gross* 

Wing loading 4 lbs . / s q . f t . 

power " 23 Ibe./H.P. 

Mr* Snyder*e machine i s as follows: 

Biplane. Span 81 • 7« Chord 3 f 9". 

Area 147 eq. f t . Weight empty 314 lbs* 

Wt. fu l l 500 lbe . 

Unglne naB Indian chief running at 2500 R*P*M. 

Chain driven reduction gear t o 1200 R.p.M. at propeller . 

I t can be seen that our own design compares favorably with 

these* and these have been tes ted out. 

I t would perhaps be advantageous to see to what extent l ight 

planes can go. Hr. Six of Chicago designed a biplane* the 

dimensions of which are as follows: 

Span 12 ft* Area 34 sq . f t . 

Gross weight 360 lbs* 

Indian 8-valve racing motor, driving propeller direct a t 

2700 R.P.I . 

with a snail machine at th i s sort aer ia l navigation becomes 

as auto, driving* fhe area occupied i s jus t the same as that 

for an auto* and i t oould stop jus t aw qulokly with our 
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special device. It i s such easier handled, ae one man could 

l i f t i t were such a thing desired. If the wings were made 

removable the whole machine oould be parked Inside the 

house* 

One German plane has wings which can be removed and hitched 

to the Bide la two minutes by one man. What an aeset in 

atoriny weather i f no garage i s available I Ho aore tixesons 

spreading out of the wing and body oovexe and lashing of 

controls at the slightest sign of rain. 

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

elevators approa&aately. 

(1) We ehall f irst consider the monoplane. According to Kent's 

Mechanical engineer* a Handbook, an average of 3 monoplanes 

was taken, and i t was found that the horizontal t a i l 

surfaces consisted of 14.8 £ of wing area* The wing area 

of aonoplana^ was 80 sq. ft* 

•* • A xea in horizontal t a l l BUT faces - 80 x -^f^-

equal 11*8 aq. feet . 

This i s In two pisoea, so each would have say 6 sq . f t . 

AB i s 4-ioet, or the same s ize as the 

propeller. • \ DO a ^t - 3 feet . 

Tliis assumes that the triangle fora 

i s used. Any other shape would be 

calculated in ouch the saae way. 

From the saae table* the area In the 

vertical t e l l surfaces m 6 . l£ 
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of wing area • .061 x 80 - 4*38 en. ft* If triangles are 

uc©d, then each Is 4 x 1.32 feet* The two horizontal t a l l 

surfaces axe 3-feet long and the vertical ones about l i 

feet* These obviously would not die* BO we oan take an average 

and make each approximately 2 | feet long* It moat he 

observed that the upper horizontal ta i l surface i s longer 

than the lower as shown on a previous page* so 3& feet for 

these Is the asaa of the two* 

(2) Fox single Beater hi plane a, the area in horizontal ta i l 

surfaces s 11.8% of wing area - \wF x 1 0 ° - n * 8 aq.ft . 

as befose. 

• *• Same size of horizontal ta i l surfaces would do here* 

Area in vertical t a i l surfaces - 4*4$ of wing area 

equal .044 x 100 r 4*4 sq. ft* 

This gives two triangles of 4 feet x 1.1 feet* A compromise 

for the biplane would therefore be triangles of 4* x 2* .05* 

or 4* x(2* - £*}apt. This would obviously not do, as the 

triangles would just barely oftose. which would require an 

inf ini te ly great force to do* It must then be obvious that 

the t a i l surfaces would have to be Increased for the biplane 

up to what they were for the monoplane, as this i s about 

the ainlona which oould be used* Of course, this has a l l 

been done assuming that the base of the square pyraadd i s 

equal to the dia* of the propliex, but this i s not necessary; 



the area of the t a l l surfaces oould he watte loner by reducing 

the sine of the be so and keeping the height the s&ae* In 

t h i s way the calculated biplane t a l i surface sizes oould he 

accomodated at the expense of a slight loss in quick stopping* 

This reduction would lessen the force on the controls and 

l ighten the whole rer-r end, which i s a desirable trotter. 

sofa? we hare se t t l ed a few of the points in the rough design 

of a monoplane and biplane, using r single propeller driven 

by a small 35 R.P. engine* 

when aviation «as In i t s infancy i t was the general thing 

t o have a l l planes low powered for the eiaple reason that 

that W&B a l l tha t was available. Being underpowered they 

were dangerous; so that i t was customary t o add acre power, 

forgett ing entirely the l ight plane* This was the easiest way 

out, but in the l a s t year or two economy and common sense 

have taken a hand* and l ight planes of 10 to 20 R.P. hare 

been developed with remarkable success* I t i s in th i s cheap 

a r t i c l e that commercial success will ultimately be attained* 

If we want *aore pa\fer then 35 H.P. and thus greater speed. 

we can Increase the power of the engine and use two propel

l e r s* I t i s the general pract ice in aeroplane work where 

two propellers are used, to have twin engines. In helicopter 

however* I t i s nuite often, the case that two propellers 

axe run frov^the e&me engine* 
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With sou©, the propellers axe a *i stance apart and axe 

driven by chain or belt on ver t ica l axes* while others 

axe on the sa»e ax i s . If the engine used wexe of the 

ordinary -firted type and the propellers rotated In the 

eejae direction, t he , thcvB would be a tendency fox the raaeMne 

to turn round. This would be balanced in a great degree by 

any wing surfaces opposing the wot ion, but th i s disturbing 

foxce i e not at a l l desirable* 

This i s overcome in practice by having one wing "washed in* 

i . e . by increasing the angle of incidence; the other wing 

may be * washed out" or decreased. The increased l i f t due 

to the *wash-inw exactly counterbalanoes the tendency to 

ro ta t e* 

I t i s obvious that for proper equilibrium the propellers should 

revolve in op/oeitc direct ions. Fox both propellers to give 

a forward motion thay must be set so that the blade angles 

Are opposite in value* as shown in 

T sketch. 

fo apply t h i s pr inciple to our 

aeroplane necessi tates (1) That 

k one of the propellers at le»st 

r~^]33Iiiz==»--===^^^^^)) be a t the back so that the r e 

versing gear may operate perfectly. 

(2)That tiiey cannot be on the one shaft; one can ei ther be 
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Driven by belts, chains, ox gearing, which involves addition

al weight. 

(3) If there la one at the front then i t must be considerably 

•Bailer than the rear one, or i t oast have a olutch. 

The explanation of these facts i s simple, 

(1) i s self explanatory* If one were not at the back then 

the current of air going through the propeller would very 

l ikely be considerably diverted from i t s course before i t 

reached the rodders, etc . , and the stop ring power would 

be greatly reduced. If very quick stopping were not required 

aa, for instance, where landing apace were available, then 

placing the propeller in front might be desirable, aa i t 

would greatly reduce the pre. sure on the controls, and 

would allow a reduction in weight of the rear members. 

(3) i s obvious. 

(3) follows from (1). i f the front propeller were aa big 

as the rear one then there would be a greater force pulling 

forward than there would be pushing backward, (unless the 

engine were stopped), so the machine would keep on running 

fsruard along the ground. To remove this difficulty the 

forward one could have a clutch which would be released on 

reaching ground, thus allowing only the back one to operate; 

or the frost propeller could be made smaller than the rear 

one so that the backward pull i s much the greater. 

I t should be noted that far quicker and better dontrol can 

be obtained with this triangular form than usually, i f 
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i f the propeller i s at the bank. The ful l force of toe air 

coming from tbe propellers plays on the rudders ox elevators, 

00 that the slightest movement of either would result la a 

big force on the tai l* 

If the rear propeller were to act in the same hoxisontal l ine 

as the center of l i f t * then the other propeller would give the 

thrust asoessary to pull the nose heavy machine up to I ts normal 

leve l while flying* It has already been explained in chapter 

on stabil i ty why the resultant propeller thrust should be below 

the oenter of l i f t * The amount obtained in this manner any be 

excessive, but the oenter l ines of the propellere oould be 

moved to any desired plane by suitable driving neehaaisn* Since 

the olutoh would only be used on stopping i t oould have a device 

for holding i t in position while flying, thus relieving the 

pi lot of anxiety in this respeot. But i t would seen that i f i t 

l a to be used for this purpose only i t would probably be die-

carded, and the engine stopped for landing, trusting that the 

closed t e l l suxfaoea would offer great enough resistance with* 

out the help of a propeller* The landing distance in this case 

would have to be increased. 

For stopping by banking,(as in present-day aeroplanes), the 

area exposed to the air for this purpose Is roughly the 

(area of wings x s i n e ) f resietanoe of body, t a i l s , e t c . 

The latter i s negligible for our very rough calculations, so the 

former gives R cx{ 100 x sin 15° say. 

© 9 15° - angle of incidence. 
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100 =• wing area in s q . f t . 

.* 1 R o < 36 eq. f e e t , for 15° angle. . 

R r reelstance t o motion. 

Instead of offering a plane surface to divert the a i r through 

(15° x 2) we now offer a closed area of 16 sq.feet f t h i s 

res is tance already obtained. 

( I t w i l l be noted that i f angle of incidence i s 15° the wind 

w i l l be diverted roughly 20° for a f la t surface. For the 

curved surface of an aeroplane wing t h i s i s not ao, but we 

assume the surface f la t for our ca lculat ions) . 

The a ir in the one case i s driven downwards, while in the other 

the direction i s foawards with resultant reaction backwards. 

The probability i s that the resistance to forward motion would 

be increased many fo ld , and the increase in resistance varies 

inverealy as the distance required for stopping. The exact 

amount of resistance i s unobtainable unt i l the aeroplane has been 

actual ly drawn and b u i l t t but t h i s merely indioates the trend 

of thought. 

After a l l our other assumbtionsit i s now quite in order to 

take up the case of the aeroplane where the reversing gear 

does not completely c lose , unless revers ib i l i ty i s required* 

or very quick stopping essent ia l , i t ou£ht to be quite suff icient 

to c l o s e i t only partly. This would allow a stronger rear end 

for the same weighty 
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sad would allow a greater 1 ©average for the sane band moveaent 

on the controls* thus making the pilot*a job easier physically. 

If wo nave each triangle moved Inwards for 15° there should 

bo approximately the same resistance as that offered a plane 

of the sane area sloping upwards at 15°, so that by varying 

the angle we can atop in the distance required* from 20 feet 

upwards to the present day requirement* 

we aave an analogy to this in the automobile.- either i t oan 

be stopped within 20 feet by the emergency brake or i t oan be 

allowed to coast until motion oeases. This finishes the design 

of the f irs t type* 

In a l l of our previous work we have le f t out the Ailerons which 

play such a big part in aeroplane control. It was not our intent 

ion to do eo from our machine, the putting off merely being for 

the reason that we are now in a much better position to discuss 

and understand more e l early any alteration* We shall deal a 

l i t t l e more thoroughly with this* 

A B 0 i s a wing section* 

B C i s aileron which i s hinged 

to the main surface at B. By 

aovlng 0 up and down we oan get 

increased drift or Increased 
c 

l i f t * whichever we ant. As a 

natter of fact* both positions 

give increased drift , but the 

* r a 2 s a ^ 
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l i f t ratio - | H | i la a l l we want. The aileron on the other wing la 

operated in the opposite direction to this one* ao that It la 

eaey to gain lateral control. 

After a l l we have said, however, on quick stopping, i t la 

obvious that relying on a sloping chape to give resistance 

i s not the best thing to do. The following i s a suggested 

construction for special ailerons. 

Let the taain surfp.ce he continued 

i t a full length, and l e t the ailerai 

lA be entirely separate wing, smaller 

than usual, and located below the 

main aurfaoe. If i t la in i ta 

proper position i t acts aa a 

aaall l i f t ing aurfaoe* If we now 

want resistance on the one aide we can pull p upwards and oloae 

the end of the wing, i . e . 0 Korea to A. It will be obvioua 

that the increase in resistance ia tremendous, very many tinea 

what la usually attained. The other aileron at the same tine 

would be moved in the opposite direction, giving increased 

l i f t . 

The greatly increased resistance might not be necessary, ao the 

area of the aileron could be out down, thus increasing ita 

strength. At the same time i f the resistance ia wanted large* 

the area of the rear controls for quick atopping need not be 

ao large 

surfp.ce
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as the ailerons could be used fox this purpose* ( aesuaing that 

they oan be moved in opposite ox in the same directions). If 

the rear controls axe kept the same area, then they need not 

be entirely closed to stop, thus again reducing the weight and 

the foxoe necessary by the p i lo t . 

It i s obvious that by a l i t t l e judicious planning we oan get 

a very efficient combination between these two retarding 

neohanissis* 

fhe advantages axe very evident. Our whole construction i s now 

of a Machine unlike any yet attempted. As with a l l radical 

inventions the oppositions to i t s use will be very strong* 

but i f due consideration be given to i t vary decided merits, 

i t wi l l be realised that i t represents a big stride towards 

better aeroplanes. 
M |(||| {1 1T| |H| . M e 

We have a few oases in aand where inagination plays a stronger 

part than reason.— fl ights of fancy with enough common sense 

behind them to avoid the ludicrous* 

For th is last fifteen years or isore i t has been common practice 

for youngsters to oaks paper gliders ox darts abo t 8 to 12 

inches long in the following shape approximately* 3one axe 

" ^ = 1 m A Joined at A while others 
^ ^ ^ ^ ^ 

"̂""'̂ - 1 are quite loose here* 

The only difference seems 

to be that the loose ones 

have not the same 
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stabi l i ty nor do they glide so 

fax as those that are fixed* 

It may be that i f a few stays 

ox struts were provided to keep 

the sides a fixed distance apart that the gliding would be 

improved, e.g. see eketehiThis certainly goes against 

common glider praotioe, but i t sme> 

be admitted that aoat aeroplane 

workers are very averse to leaving 

standard practice for the simple 

reason that t | e f know,, JMi^ttfffJlt, 

dj^gnvw^*. If a few original 

ideas were proved swrkable the 

inertia of the publio, and even of 

the aeroplane experts* would slowly be overcome until these 

new ideas took their place beside, or completely superseded* 

the old ones* The aeroplane has passed through various stages 

of this* e.g* the old bat-like form was changed to the box

l i k e type, then the biplane* triplane and monoplane,etc., 

The wings of a l l these differed to some extent* so i t should 

not come as a shook to change them s t i l l a l i t t l e sore* 

After the unquestioned success of roughly aade paper gliders 

of the form shown* i s i t not possible that nan-carrying sizes 

• ^ 

¥ 
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should prove of as such v-alue T When compared with models of 

the same also nade in standard gild ex form (iwnoplane usually), 

i t can be seen that the standard one has possibly a l i t t l e 

more stabil ity due to i t s relatively complicated design end 

controls, but the other aakes up fox this la i t s smoothness 

of f l ight and speed attained. Sash comes to rest gracefully sad 

without jar. 

The design fox oan carrying s l se , of course, would have to be 

altered to suit the conditions imposed on i t . Since the spaa 

I s relatively snail , to overooae the tendency to turn round 

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

have to be increased beyond reasonable l imits, thus reducing the 

"drift r a t i o * I t w 0 u l d ***** • • « • advisable to use the two 
propellers rotating in opposite directions. 

The construction might be as 

shown above. This would entail 

a very frai l and relatively 

pensive support fox the front 

propeller, so the following 

would be preferable. 
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Have the shaft driving the front propeller operated directly 

froa the engine, (Radical Type). To i t would be fastened 

spur gear A, which aeshes with a aeeond spur gear B revolving 

round a stationary axis in an extension of the engine easing. 

This In torn I s in gear with an annular ring 0 which mast 

therefore tevolve In the oppoelte direction to A. To 0 i s 

attached the wings of the propeller M. zt should he noted that 

C revolves more slowly than A, .* . H oaast he increased in e l s e . 

U i s prevented from coming off by the ring behind N. 

The author does not suggest tat & minute that this i s the 

best oonetruotion possible. He only wishes to show that two 

propellers on the one shaft are quite within reason. 

With this general oonetruotion the head resistance would 

be considerably reduced, thus allowing a greater speed 

but lees efficiency In gliding. 

As a combination helicopter and aeroplane this would probably 

offer as many advantages as srould be possible in one machine, 

due to i t s l ightness, r igidity , eoHg&otness, speed acquired, 

e t c . . en the other hand the span i s so short that the l i f t 

may not be big enough at ordinary speeds to keep the machine 

in horizontal f l ight unless a very large angle of incidents 

were obtainable. This could be varied &t wi l l , and the machine 

could be moving horizontally although the propeller any be 
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t i l t e d at 80° to the horisontal, but as the efficiency of the 

propeller i s a atnieuo when the thrust i s horizontal this la 

not desirable. Also with the increased angle of incidence 

there would he increased drift , thus levering the speed of the 

machine and consequently the* | | f f $ rat io , the l i f t would 

possibly inorease but not so such proportionately as the drift , 

so <4* fal ls* In that ease we would increase the aspect 

ratio a l i t t l e . I t might be advantageous to have one of the 

propellers at the basic* the construction would then be as 

shosm. This i s also a very l ight, 

coapact strong aeroplane, and i t 

would probably be won more efficient 

than the last mentioned* It should 

be borne in mind that in the last 

two cases the areas of the rudders 

and elevators would have to be 

increased due to their closeness to 

the center of gravity of the machine* It will be noticed that 

bird* have long narrow wings fox fast soaring, and short bread 

ones for elow flapping flight* The divergences of each type, 

however, are so great that we axe led to think that actual 

shape i s of l i t t l e consequence so long as the aspect ratio l a 

kept constant* 

fie now come to a amen better aeshanical couotructlon than 

any yet shewn* 
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The farm most favorable to progress through the aix Is th» 

elongated pear-like foria, blunt sad foremost* then l e t 

us make a body ox* this type. For propulsion, as there axe 

no wings, we must have two propellers. First l e t us con

sider the oase of both propellers in front, we have a 

very coapaot machine, but we have absolute dependency on 

the engine, which uust therefore be of a very high grade. 

To ensuse that the machine i s absolutely dependable It 

would be advisable to run i t at a much email ex speed than its 

ta&xiBttUB. TMs always keeps a certain reserve in hand for 

emergencies. Since there i s no wing surface to support the 

m&ehine* the propellers would have to be t i l t ed at an angle 

to the horisontal, thus applying horizontal and vertical 

pulls* Xt i s then a combination helicopter and aeroplane* 

By having the angle to the horizontal Increased to i t s anrtsflim 

of 90° «e have the eoaplete helicopter. 

Sinee the propeller thrust i s nefer horisontal,(and therefore 

l e s s eff ic ient) , i t night be possible to have i t permanently 

set at en angle to the body, this angle being the minimim 

that, the propeller would require to be set at to l i f t the 

machine from the ground* If 6 « angle of thrust to horisontal 

thesi Mft r thrust z sin ©• L^m 
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If the weight off the aaohine and pi lot i s about 320 lbs . then 

the thrust obtainable would bare to be a great deal more, 

(If a reasonable speed i s required) ualeae the machine I s set 

at a very steep angle. This would entail a such more powerful 

engine t&an with the aeroplanes already described, thus bringing 

up the weight. But en increase of even £00 lbs* in weight would 

s t i l l keep the machine in the l ight air vehicle class. 

If the thrust were set permanently as shown, the air real stance 

of the body would ba greatly decreased. Mechanical diff icult ies 

would come in here which r.ould probably overcome the benefits 

received. It c&a be seen that i f i t were set so, the resistance 

to motion horizontally would be decreased* but vertically would 

be increased vexy s l ightly. As the vertical action i s only a t*m 

feat / sec . , the added resistance would be negligible when the 

great resistance due to horizontal flight i s so greatly reduced. 

The propeller sizes should need to be large aa already explained 

in the chapter on helicopters. 

As there i s no gliding action, ordinary rudders and elevators 

could be used, a reversing meohaniflm being practically useless 

in the a ir . If in addition to flying this were so fashioned 

that i t could be used for land travel, then the reversing gear 

would play a big part in i t s functions. As a natter of fact this 

machine would aake a very presentable substitute for the 
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automobile, but as this thesis deals only with aviation 

that branch will not be expanded. 

The second one to he considered i s where the propellers are 

set at opposite ends oS the body* The mechanical construction 

would be easier ae the annular gear of the other type would 

be eliminated, there would be a l i t t l e diff ereiaoe in soet, 

and the engine power would probably be the same. The rear 

propeller would give a l i f t ing power to the rear end which in 

not so readily attainable with the former construction, thus 

adding e t i l l raore to the advantages of the latter* 

So far the discussion of these two types has only been for 

horlsontal and vertical f l ight , but now there oomes the 

question of stopping* How can we stop safely with this oaohineT 

There i s no gliding slowly to earth here. This i s the one real 

difficulty that would be found in realizing our design as a 

oommorclal vehicle. 

It night be accomplished by having the body of a V9if l ight 

aluninua structure, and* instead of having the covering fixed, 

have i t saade in the general form of a parachute* folded up to 

give the same elongated pear l ike form* when descent i s required 

the propeller could be t i l t ed upwards* and thus also the nose* 

and the parachute could be opened* This would only need to be 

done i f the engine had absolutely stopped; i f not, then i t could 

be revolved at a slightly less spedd than required to l i f t the 
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machine, thus regulating the speed of dropping. It would 

seem that this gives a reasonable solution of the difficulty. 

An extension of the p err-like construction principle lease ua 

to the question, "why should the body not turn round?* If some 

method were found to hold the engine stationary there would he 

so reason why the whole machine should not turn. As the con

st ruction la that of a surface of revolution, l i t t l e reel stance 

to turning would he experienced: in addition* the many stabilizing 

force for the ordinary plane would he greatly reduced, with a 

rotary engine the cylinders oould he fastened directly to the 

propellers and body, thus leaving only the diffioulty of holding 

the crankshaft. The pilot of course would have to be put in a 

non-revolving chair, either he oould be supported by roller 

bearings, the roll ere running in a groove in the body, or else 

he oould be attached in some way to the stationary o ranks haft. 

This can be oarrled a step further. Why have a body at all? 

Let the body be replaced by big wings rotating round the pipe* 

at the center of gravity. In this we can have a minimum of 

mechanism with a maximum of output* 

i?e now come to a few designs for which the author i s not re

sponsible* One of these i s to have the body and wing as one 

piece* That i s , to have the wing thick enough so as to have 

~t—y the pi lot , passengers and engine 
1 * 

-*~ a l l inside i t , a s shown. 

-t 
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The design aoen was of this general form, with the lower side 

practically of the same shape as the upper. This of course, i s 

not practical, as l i t t l e l i f t would be obtained* If the body-

were shaped l ike a wing* this construct 1 no might be possible . 

Another type l e to hare a rocket notion, i . e . to be propelled 

forward by blasts of dynamite or other means* This may sees 

absurd at f irst glance, but i t has been proved successful 

©lth models and tit.lv instrument oarrying sizes. It i s frequently 

used to find out the properties of the upper layers of air . 

round the earth. It has even been proposed to shoot a man In 

one of these to the moon, by hawing successive discharges Jhen 

the force of the last had been spent* A prof esse* of on» of our 

foremost colleges asked i f any one would be willing to ftake the 

attempt— he had about 30 answers in the affirmative. Some 

care-devil a would do anything. We do not know yet i f a means 

of returning to earth has been found. A much aore reasonable 

idea i s being worked on in France at present. To stop sudd an 

descent chemical means i s used to give out quick blasts ol 

gases below the machine. So far i t has proved fairly successful. 

If i t were absolutely reliable for this purpose* what then would 

prevent i t from being used a s a means of propulsion? in this 

respeot i t resembles the last design closely* 

Quite a lot of work lately has been done on pi lot lees aeroplanes* 

with remarkable success. A successful f leet of these might cheap-

en transportation i f the cost of operating were found to be 

l e s s than the gasoline 

tit.lv


and o i l , and the p i l o t ' s pay* Otherwise, there saeas to be l i t t l e 

in t h i s except l a warfare* If other aeroplanes were very dsager-

ou« i t would hare a great ex so ope, but with the safety now a t t a in 

ed l i t t l e future oan be expected with the pi lot leea aeroplane, 

a t l ea^ t , as a passenger carrying vehicle. I t i e interest ing to 

note, however* that i f &a aeroplane ^oes high enough into the 

aix the density cf th i s fall* so also must the resistance to 

f l ight* thus %ith a steep pi tch of the propeller enorasous speeds 

a&y be aocoisplishedV providing the neoeeeaxy oxygen xaqulreaents 

for p i lo t and passengers axe available, 8ny not have a variable 

pi tch propeller to operate at the various heiguts reached? 

Although i t aay not be claimed aa a pure a i r vehicle, s t i l l the 

following l a undoubtedly one taking passengers through the air* 

A t r a i n , surrounded by steel hoops, and carrying i t s passangers, 

i s supported high in the a i r a t the f i r s t station* The next 

s ta t ion i s merely a short tunnel* whioh i s composed of a great 

so* of insulated wires running round a d ie . a l i t t l e larger than 

the s t ea l hoops on the t r a i n . As the current i s switched on in 

the second station and off a t the f i r s t a force i s created 

pull ing the t ra in towards the second stat ion or solenoid* similarly, 

as i t passes (2) the 3rd i s switched on and S off* The speed 

a t ta ined would be enormous, but sc also would the cost . This has 

been t r i ed , we believe, with a model, and has given satisfactory 

r e s u l t s , though not what was anticipated* 



foe pxaoediag designs axe a few of tbose in vhloh Busty r»«opl« 

axe int exeat «<I. W# fsel sure that oae will suurrlT** aa a 

mwemt&vH vmtuxe. 

t 


