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CONDITIONS OF SUCCEBS IN TIE DESION OF FLYLNC ACHINESS
3y O, Chanute,

1898,

After many centuries of il irey, it is believed that

ro at lasS within measurable distance of success in

\erial lavigation; that there will be twe solutionsg,one with

igibie balloons, which will chiefly be used in war, and

other with dynsmic, birdelike mmchinos which will poseeos

h groeater apeod and usefulness that they should prefeore

iy engage the attontion ef sesurchers.

.~

> 4 Paad -
i have, of iates yoaras, cxperinonted with six fulle

man, coprising three dife

Md gliding machines carrying

orent types, and having reacghed some definite opinions as

ne conditions of eventual succeas with power driven

chinesy, it is ventured to state thom briefly for the benefis

of other exparimenters; for, final success will probably

come through a proceas of evelutlien, and the last success~

fal mnan will nood to add but i1ittle te the progreas nade by

18 prodecessors.

It i3 true that the mest irportant caponont of the

future filying machine will de the very 1i-ht moter,. It i

ilack of this which has hitherte forbidden dynamie flight

restricted dirigible dballoens to inerfficient speeds,

it 18 alwo true that dynsmic fiight is impossible unless

otability be adequate, The progress nade in 1ight meters
groeat; Maxing Langlej

ithin the last ten years haa been ver,

n — > 4 5 i 7 i
Hargrave have produced stoean engines woi hing dut about
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Five Eilegrmmes to the horae-powar, and hundrods of ingenie

ous an

e new Liproving the gns ongine o rapidly that

there ia good hope that we shall soon Lo in poscossion of =

rrime nover which ahall arproximate in lishtnoss

p

N6 motor

o~

useles of birds, which are bdeljieyed to weigh but 3 %0 9

tilogrammes per horse-power devoloped,

Liained until we haye thoeroushly mmstered

equilibr

so constantly puts 18 inte irrogular

Sut oven

1" 1 ‘i".

with a very light noter, succoss camet be
roblen of
e alre, This fluld 12 g9 oy wive, the wind

wition, that it impoascs

reat difficulties even won « bird, endowed as he is both

vith an exquisite organisation, with 1
heredita
hat I have

inanis.te artificial machine must L

| 2

i .E)iilﬁy in the

skille It i to this ene rollem o

levoted all my aticniiony, in the belief

foe=inntinet and with
 oguilibrium
that an

ndowed with automatie

ndiry, and that experi~onis indio

iis esn be aghioved.

ipraratus at different points and w

the peaition of

The wind

the conter of pressure,

is constantly in a Lugmoil; it et
nEiog, o ~148 changos

thus cayprenising

the equilibrims. 70 re-ostadblish the Latter requires either

that the center of gravity, (or weicht) shall

shifted Lo

correapond, or that the suypperting surfaces Lhe selves shall

de ghirfted, thus bringing back the ce

the conter of gravity. Birds apley

ar of nrossure over

: ~ ®1 . >4 e
both mothods; they shift

4
the weight of parts ef their bodies, ¢r -hay shift oither ihe
poaitien or the nngle of their wings, It 1s belioved that

anly the ahifting of the wings is apen S0 une for an artie

fleial w

paraluse.

4
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%t is Anforred, iherefere, thatl inventors "ho begin

2ing wpon an artificial nmeter, and who endoaver L0 o=

, ctegplete £l ing machine at onoce, are begimning at
4 4 £

:am Swo very Lpeortant

roang oud, o leaving bolipd

r e \3?,11}1&?3”.

lot, That e arraratug ahall pessess suleoratie

stabllity and safetly undor all circirnslanoced.

anfle That the soparatus shall dbe 20 1ight and

amll as o be easily centrelled in the wind by the porson=

al strength of the cpeorater,

The genoeral atability in the line of flight, the

-

stearl cnis be obtained by » raider, butl the sutomatie
. v v

ogquilidriwm rust bde scoured in two direciieons; Tirst trane-

vorsely Lo the spparatus, and secendly fore and afs, Vary

700d resgults nhave Leen sutonatically obtained Tor the Sranne

verse atability by imitating the attitude of the avaring

birds, the underlying principle of vhiech consiats in a

slight dihedral angle of the wings with oach other, eithar

wpward or downward, but the very best spplicatien of this

principle is noet yet evolved, nnd 1§ requires nore experi-

wniing, Lyperinenters have found but litile ficlly

in securing stadility in this transverse direction, but 1%

must be worked out nere thoroughlye

The longitudinal oquilibrium is, however, the most

pregarious and Lrpeortant. I haye Sested three metheds of

securing i%km.« toomtionlly.

Firat, by sesting the Sall at a slight wpward angle
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with the supperiing swfuces, 99 as Lo change the angle of

incldence of the latter through the action of the "relatiy

wind® on the upper or lower surface of the tail. This is

known as the "Penaud® tail; it is susceptidble of great im-

provement in detalls of construction, as haa been adundantly

proved, but it is not yet certaim that it will counteract

1l movenents of the center of gravity in neeting sudden

wind gusta,
Secondly, by piveting the wings at their roots, se

that they may swing dbackward and “orward horizontally, thus

bringing back autematically the coenter of pressure over the

center of ravity, whenever a change occurs in the ®"relative

vind®, The so=called "mltiple-vwing® gliding nachine was

of this iype, and it reduced the . evenent of the aviater re-

quired to moet wind gusts to adbout Z5 millimeters. It can=

noS, however, Lo sald iis constructien 1s perfected,

Thirdly, by hinging vertiecally the supporting surfaces

te the main=Crame of the apparatug, »0 that these surfaces

shall change their angle ef incidence auteratically when re-

quired. This last wethed has only been tested in nodels,

(1598). The oiher two -wetheds have beon wPpiied to fulle

ve given such satio=

sized nachines coarrying a man, They

factory results that neot ihe alightest accident has occwrod

in two years of oxperimenting, but their adjustuent has not

yot reached the consumation originally aimed at, 1,0, that
thea Lvlnzor on the gliding machine ahall not need to move

at all, and :hat the ayparatus shall autanatically take

care of itself undor all circumstances except in landing.




Bulletin Bo.mu -lie

I shall de glad to furnish mere mninute deseriptions
to those who may want 0 repeat these exy oriments, or to ap~-
ply the principles teo —achines of their owm. The stadility
of an apparatus is the very first thing to werk out before
it is atterpted to upply an artificial noter. ™his o-:mnot be
toe stromgly insioted upom, and the best way of acoomplishing
this pre-roquisite is o eyerinent with a full-sized glide-
ing machine oarrying a nane, This utilises the Over reliable
force of gravity until such time as the autonatic equilibrium
is fully aitained. Then, and not till then, 1t becenes safe
o apply a notor,

Vhen artifrieial power cones to be spplied, it is
prodbadle that the best moter to use atl e beginning will be
found to bo o cﬂr;»r‘”‘digh‘ engine, swplied from a reservoir
upon the apparatuse This not a prino mover, phut it is reliadle
wnd easily applied. it‘. wiil probadly afford a flight for but
a fow seconds, but this will enable "he aviator to study
the effects af the motor and propeller on the oquilibrium of
his nnchine. Vhen this is theroughly nscartained another
motor may be substituted, such as a sloan Or & gasoline one
gine, which will preduce lomger (lichts, butl this will re=
quire long and ceatly ex-erirentiing to obialn a 1light and
reliable engine.

Another most importantsequisite is that the first

apparatus vith a moter shall be of the amllest dimensions

which it is possible to design, wnd shall U orefore oarry omnly

ont nan. This is requisite for four reasonss lat. in order

to keep down the relative wolight which inoroasos as Lhe cube
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f the dimensions, while the supperting surfaces incrense

o proximatoly as the square; and. In order to zecure adequate
centrol of t&g acparatus in the wind] 3rd. To diminish the
power required for L.e netor, and 4th to have as litile in-
ertia us possible to overcume in landing, The whole & sratus
should be 80 light and mmll that the aviater shall earry it
about on his shoulders and contrel it in the wind, This omn
ens3lily be accomplished with a gliding muchine, My doudbleo=
iecked machine was of agple sirength, #sith 12,5 square neters
of suwyorting surfage, welighing 1l kilograms, and carried a
sanl porfectly on a relative wind of 10 reters por second, It
ahowed an expenditure of 2 horse~powsry obtained frem gravity.
It is belicved that a power machine can bve built with 16
Square nmaters of carrying surfage, and a weight of 41 kile~-
rams, which wiil carry a mun and » meter of horse-power,
if the latterwith its propellers and shafts 400 net weligh
more Lthan 95 or 6 kilograms per horseo-powers., In fagt this has
been done with a copressed air netor machine, bul the appa=~
ratus thus far has preduced doudtiful results, in consequencs
of defects in the moter. It is firmly dbelieved that it will
be a great nistake o begin experivents wiih a large and

weavy machine, for it would probadly bo smashed wpon its
first landing, before ita jossibiliities could be ascertained.

Tna 8§ sod First ained at ahould de about 10 mnetors

per second, and to achieve this the fellowing are goed pro-

yurtionlg
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Sustalining suwrfanes 0.5 aquaure motere per cileogran,
staining swfaces 3,00 square rotors par Horge-power,

dquivalont hoad auwrface 0,20 square reiers por horge~pownr,

doigght sustained 230,00 kilogrums per horae-powar,

U CORUZE JCT

the pgeneral arrangement and detalils of censtiruction

will conform of cowrse, te L e particular design %o De

naled by ey arimonter, but s20mo useful hinte mny de

iven, Thare nned de no hegitation as Lo the materisls e

orploye The frane sheuld be of wood, which although woaker

te -

than bamboo ia noere roliable and rormits the shaping of the

-~ o

spars 80 ng Lo dininislh Lhe hoad resistanco, It has deen

found by oxpearinoent that the desat ¢roass-sectiion resebles

that of 'ma figh, with the greatest thickneas about one-third

af the distance Croem the front edgej this reduces the re-

sistance to co=afficients of onoe-sixth to onoe=tenth that of

a plane of equal area, while a round section, such as that of

bumboe, gives a cowofficient of about one=half, The apars of

w frese can hoat be Joined teogoether with lashings of glued

twine or with very thin asteal tubing, preferadbly silvered or

nickeleplated, The stays or tension nmanboers should be of the

bost stool wire, also nigkeled-plated and olled Lo prevent

rust, A vory Lrportant detall, not yet worked out, consiosts

in connocting the wires to Lhe framework so that they shall

il alike, The swperting surfaces should preferably be of

balloen cleth or Japanose silk, vwnished with twe or three

coata of Pyrexelone (celledion) vwnish shiich possesses the
Property of stwinking the fabric upon drying, 960 as Lo nake




mlletin Neo.XXIXX

it drum=lilko,

{ A good regipe for this varnish 15 as rollowsse

Take 60 grame of cun ocotton Wo.l dwypen it with aloohol %o mwie

it salle %o handle, «nd 4issolve it in a bLottle contalining a

nixture of 1 1iter of aloohol and 35 iitors of sulphuric

o~ -

rther, “hen well dizselved, sdd 20 ranme of castor oil and

10 grumm of Canada Dalsam, This is %o bDe xept in a corked |

can, nnd poured in @ammll quantities into a anuger, whonoce it

is arrlied thinly with a flat bruah. Two coats will genere

sufficient, It dries vor -’;.:ir:!;ly. glues together

3,3.1:{ ne
111 the laps in the fabrie, and shrinks it in drying).

An expeditious way of fastening the swrfaoes to the

frane consiots in stre@ching t em ns Cight as pessible and

then deubling them bagk arcsund the spar, the flap 80 rade

is then fastoned terporarily with pinej the rirst ocoat of

varnish will ziuwe the surfaces tegother, and the pinse may he

»ithdrasn if desired,

Althou it 19 preferableo thatl same of Lthe rear

orting surfaces and the

portions shall de flexible, the su

fracewvork mast beo sufficiently stiff notl to change their

renaoral shape when under motion., This indiocates bridge con=-

struction for the fraswerk and therefore the swper-irposing

of surfaces. Vory little suprorting or parachute action will

de lost by this, for even wWhen strugk at right angles by the

vind, Thibaut found that a square plane placod behind anether
whe length

of equal sise, and spaced at a distance equul %o
at on the

of its side, still experienced a pPreusure of 0.7
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front plane. The swporiing suwfaces will of course de are

ched in the directiomn of Tlight in accordance with the pragte

ice inangurated by Lilienthal, whe showed that they possegw

sed at angles of incidence of ° degrees, five tince the

1ifting power of planes. It 1s not prodbadble that success will

be nchieved An Aorial Savigation with flat sustalining mure

£

faces,

In prepertioning iths purts the facotor of safety for

static loads should generally bve 3, never less than &, and

preforadbly 6 Tor the parts subject Lo the nore irportant

¢ way g they are

strains. These are o be caeputed in the own

whal Lthe sup)ors

for bridges, with the differenee, hovever,

(en the :dr), is %o be considored as uniformly distridbuted,

the load ia Lo Lo ascuned as cancontirated at the center,

and
It is not believed that it 18 practicadle to calculate the
st dbo

strains dus to possible shocks upon lwunding. “hej

taken into consideration in a general way, but “he utmost

s

efforts will be made %o avold Lhem,

™he sustaining power will calculated in the nanner

zivem by Lilienthal in Hoododeek®s “Taschenduch fur ‘;'lngtucp

1008 not, however, Tully explaln

) niker und laftechiffer®, le

how to gcaloulate Lhe rosistance; Whis consiasts of the ®driree

plus or minus the

B

or horisental conpenent of normal pressure,
‘. ‘rA.-‘VQ

3 » “ . » 9
tangential preasure, and of the "head resistance
we moter Af any, wnd DOQ of Lthe operator,

)

franeowork, of ¢
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As an example how Lo compute this I ray zive the saleulations
for the "multiple wing® gliding mmchine of 1296, which wagn
constiructed before experiments, showsd how the head resistanos
could be further reducod by adopliing Leller cross-~sections

for thae Tfrunowark.

Dinensions Eauara Co=alti= &qn!f&#
e 30T p!inn ¥o. zillimeters Hotors cient lie= lent sq.

-

Pront odge of
9'1!1(:.......10

dain Ving
AriiS. soceoceesll

Hiba of tap
ASTODlan®ec e e 0d

Poata of %op
ACTOpLlante ¢« e o

Fosts counoet~
ing front ¥ingsé

Poats oarry=
ing pivotscee sel

‘urved prow
: 10008ccccacsd

rent bow
DraceBeccoso oo

.ear bhow
‘:raco.........z

Cross struts
DOW & Frors@ecees

sear wing
DragBsenee ood

Budder DIranos, .2

Hudder struts,..s

S54C

L2.,70

19.00

(,4. .)o

) B 70

14,70

12,70

12,70
12,70
12,70

04-4661

«U20064

JUBEIL

«12990

+JOBA3H

. 0‘ ) 'l’l 7

BB8H7

JORL306

01702

« 10840
030906

+LOA592

| "
Sy W5

/3

('.':-tbkﬂ continued on naxt ;-7‘\80)0

<141 28

QO( 1:,2.)

+OR5064

03097

«04332

«01045

«O6TL7

«00619

00712

03613

JOBGLS
00032
- 00404
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‘! “re L Qeeid - b m
Desoriptian No, Hillimeters leters ciont Le- leont 83,

- R aidld "“m a sﬂ'l

Wire astays
l NeterBeeee G000 x 1,27 07747 1ie1/2 11620

Spring wire
atays 8 netors 8000 x 1.27 ,010106 1-)/2 +OL524

LA000F MW ril‘.\'.',acﬁ 1300 x 1,00 «00780

Jundry proJoct-A
138 ;-'*.r?.s....o¢o aﬁsr 00119(3

Aviator®s bo_\’h" . Sy S50

in order to oalculate the reslistance, we nust first

ascertain the requisite speed for sup ort and the consegaent
*drift®, The front wings measure 13,34 square neters and
carry all the woight, thay are set at a positive angle of

degrees, for whigh the Lilienthal nermal co-efficient I
is 0,546, Using the wall known formula U=k @ v"-qcosoc in
which ¥ 12 the woight, k the alr co-efTiciont, 5 the surface,
v the veloeldty, \‘\ who Lilienthal co-efficient (0.11) amd o

the angle of incidence, and oslling W a6 kileos we have for

the pupports
o 860,11 x 13,54 X'a x 0,546 x co® 3.. and

A8 008 3%, 9986, we have for the spoods

86
'Vo X AOe¥ .- e Y0 ™ 10,37 mur..

Mence we have for the fromt wings: lieg tansular preassure

Oell x 10.372 e 11,029 kilos. per square meter. Normal proge

sure at 5% 11.829 x 13,34 x 0,040 = 86,16 kilograns.

AR

|
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LAft at 3% 806,16 x 0,9986 =488 uileg .
Drift ® ® 36,16 x Sine 3® =451 kilegrans.

he Tangential pressure upon the fromt wings is sers &t

3%, The ®drift® on the roar wings, which measure 2,74 sq.
a

meters, and wore set at.negative angle of 3°, coensiuts in the
prodquot af their surfage by the rectangular pressure, nultie
piied Ly the difference betwmeen tho tangential pressure,
(Lilienthal’s © ) which at this angle is positive, and the
horisontal component of ihe normal (Lilientahl®s q) which
1a negative at 3%, the latter bLeing obtained by =ultiplying (l
by the sine of 3®, ¥e have thercfores

IMrift rear wings - 11,829 x 2,74 (0,042 « 0,242 x 0,05213)
- 0,98 ke

T™he head resistance is the uportant faotor, and
depends wpon the sfhnmpes vhich are adopted Tor the framing to
svado alr resistange and to secure low go=efficients, It has
to be caleulated in detall, and the table herewith given
recapitulates the various elements of the area of head re-
sistance of the multiple wing machine, reduced by co-effici-
ents to an equivalent area for further calculations,

The reotangular pressure for a speed of 10,37 meters

xilos
per segend being 11.829,per square meter, we have therefore

for the whele rosistancesd

1,889 x 13,94 x 0,046 0,08833 = 4,01 kilos
Drift front wings 1l. ! 2o s

Drift rear wings 11.829 x 2,74 (0,043 - 0. .
Tmim mmm‘ At M.ceevccoseccccccccscces = 0.00 -
Toad resistance 11,8239 x 1,007 ccceccvcncocnce o

Total resistuno®.cecee Iiﬁfgg

As the apoed is 10,37 maters per seeond, the power

reguired to overcome this total rosistance 183
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Powar 18,30 x 10,37 = 190,28 kilogravmoters or 2,53 horos
wer, wd a8 the walsht i 86 xiles o ‘1o of deopcent an

&13. "1)“‘?21}‘- o 2% L RS u/’:

1A%
Mk;;}.ﬂ --&&-—5. =

'y 3 -
g @t b 4 i - ; - -
36
) e > » * S 20 X X
in ) " 0 act Lhie " nLus lidag menoral vy at thia
t 3 anm ¢ 4 o~ ) —y oS M - " -
& rl " . ‘ -'LJ' e T ’“ 0. 4 e .1(..,‘{1; Va A e _1 :(’ '1 »\:4 4 :

AT - < - A ¢ » Y |
48 0%ANg proDROLy due Lo an ~poending wind along the hille

didea, and fally verdfying this —ode of calculaling the roe

sistanco,

I the ®double-diecired® \4ing ci.ine, in which the

franing was bLotlor dosigned, the Togisbance wns caleul (ted at

li,46 kilos, and 1t sorved o= 0wer in gilding in ustd

-~
-

Rir. By @ pLioying e8silil Leliar croos ecLions ol Fa0oworkg

and @82 ecially by placing the aviator in » origsontal ;osition

the head resisptunce coul i bo redugced by s’ ilenst ene=third,

Put Lhis purticular atiitude of Lhe mar "ould involve some

risk of accident in landing, nd is oconaldered io .o “o0 dane

orous to be employed in prelisinary expeirlrenis, It will he

[
[
¢

F 4
~—

noticed in the table “hat L e regisinnge of .he

Mmile ilheoretically, being cy-

given a co=efTicient of lel/Z,

jAfndrical, thelir co=afficient should be ~boutl L/2 Thin al=

wxperience®, wire stags produce undue JrFro-

lowance is based upon

robabdbly due Lo Lhe “"aet thal "Ley vie

L

aistance, and ¢ is ia

brate like vielin stirings #hen Lhe » Jalus As undor ra id

motion, and thus produce a greater rogsistance than that due oo

their rounded cross-sectiion,

The power reoquired will be seen &0 differ veory materie
ally fron that indicated by %he formula rccnn.:].{ r‘;ropo.od in
Pranee, which 1is basoed upom tho assuamptiion tha he to::l
vin: surface, in square moters, nultiplied Wy the co=effi~

cdent of alir resistance ( 1.0, the nunbder of kilogrwumes
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carr i”d by “h “q Anre ‘ﬁtﬂr. nt a Wf‘("ﬁd or ana Mur }"ﬂl‘
¢ apparatus in xilegrames; dividod by the square of the

power oxerted by the meler in kilomrwwws, or, X 8 ™= pd

from which in our own oase we would 4Araw:

OouxIS.Mx?z-M"’,or

\ _‘ ‘5
z l/: T ® 056.4 klgn,

or 8.78 herse-power, which i3 more than three times the
power calculated by the mothed here given und tasted by
agclual oxperivment and measuring,

It nuat be remenbored, however, that the 2,53 and
the 2 horse-powar, which hnve been found sufficient teo sus-
tain 36 xilogramea in the air, are the gat horse-power
abaorbed by the gliding mnechines, vhen a propeller and a
motor are added, it will bde ‘n0ccaur;,' to allow for the loo=

ses in efficliengy incident to those adjuncts, and 80 provide

about twice the power at tie engine which i injleated by

A\ safe rule af ap=-

N

he reogistance nmuliiplied by the aspoed.

LER B

proximation wilil beo teo allow that eush noninal horsownower

at the engine will sustain 20 xilogrwrmws, and thatl each

kilograsme of the total weight of Lthe « ratus will re-

iy

quire 0.13 square neters of surface Lo sustain 1t at gspoeds

of about 10 meters per sccond., When grouter arceds bscone
practicadle and safe, [the surfuces nay DO reduced delow this

20 that at 20 mosters per accoond they nay be but adout 0,09
3 . : y { o) . - 3 0 L 3
square woters por kilo., instoad of Who 0,15 square nolors

13 1 4 | nit reducing the
per kile above indicated, and thia sould pel
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hoad area of Lhe Traming, bul unless the go-efficient for

wiator®s body was in some way reduced the resistance and
power required would be greater, Legause of the higher spend,
ihose are Lhe conditions and considerations which

ericents wiih fTullesized gliding machines, carrying a rualy

wmve thuz far indicaled as necossary Lo observe in ordesr te
MH1eVe auccess wilh a dynanic flying achine provided with

Wwior, The most iuportant of thom aresg

FIRST?, -hat he nutomatic cquilibrium und safety
ply a

» ad

ahall first de secured defore an oattlopt

motor, and
GZCRD, that the gpparatus shall bo "mdoe as sall

wnd 1ight as posaible, so that thoe avialor neay sustaln its
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AlL PLOPILYAGS By H.Ce Vogt,

~

(Copy of a carmmunication to London "in inocering®, fore
'fm;'fiod by Nr. Chanute, Oct, 13, 19046, soe nlulleiin XX,
43).

A3 noat of thoe exparinonts porformed with the aire
ypellor wmare Lrought defore the Dritiash Association in
weptanber 1888, A& published in the "Ingineer® of Septem-
ber 28, 1888, and lr\: the ®*Industries® of Oectober 5, 1888,
0Te 18 no reason to repeat all this here, bLut rather to
pregent only $he conclusions drawn ro- those experinents,
A nuwdber of articles relating to LU:is were sudsequently
ed in moat of Lhe leading !nglish technical fournals,
Dat all these are collected in the®Stomnghip® published at
£ Custon lHouse Chambers, Leit), Ucotland, wnd need not de
revroduced cither. The intention in this paper being only o
present a sonersl view of the most Lrportant faots.

then the idea of the airepropellier or revolving

-

saile, fo: o use of ahips was Ciret originated, 1 inage

.

o £

inod that 18, working in the elastic alr, ousht to De more
efficient than the water propoller; cxperironts proved, how-

ry e - # o e
ever, that the results cano as noar as csnsible %o the nwme,

that 188 vhen a wuter propeller is ot h ndy, yielding a cere

AT r b ¢ » {
tain thrust at a certain power, then a two=bladod alreproe-

Iﬁllor Jiﬁh 6 times the i‘;mﬁtnr wnd 11 “h ite '1foch rﬂd aOOl.l

N . y that of the wmtier
to something about the half or two thirds tha :

A : ¢ - ! mhat analler numb oy
propeller, gives the sane thrust at a somowa

. = £ a8 and the
of revolutions when the cngine peower 1s the sw

weather calme
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As soon as there 1s wind, this power is utilised, if the
piteh of the alrepropoller is changed accordingly (but eof

course only when this propeller is nounted on n ship, oot

.

when nounted on o balloon driving with the wind)., The windg,
when stralght against the course, doos some harm although
not very muuch; suypose a storm blowing with the spoed of
B0Ce, nnd let us also consideor = apuwed of 60 feot
rer sec, zZivom te he points of affort of the revolving
salls in which the ;'oin:i; ‘he whole pressure is concentrate

ed, $hon the result is exactly «o wheon salling 4 points from

the 7ind with stationary eails; in the cowrse of a _ear in
our latitude, thore is not a wind strong cnoush to prevent
an alrepropeller, drivem with only one horse-power, Lo e

straight against 18, and 3 points from the wind its power is

<
again, Let us for the snke of cetimating the influence of

the natural wind consider the same blowing with a speed V,

and let the points of erfort of the revolving sails possess

a speed W, then in a two=bladed propeller, as in the skotch

below (1), one blade will Do working ngainst a connent V.,

of $ho natural wind, while (2) the eppoasite blade will be
oth biade:

working with the anie; the acgregate influence on

will therefore be respectively a function of3

(We V)2 (0 =V)5 a(w= v?)

the considerable influence

€ the nalbe
from whioh expresaion 0

g o »
ural wind is seen, Bven when the blades are nosing the hore
the natural wind 18 rroat

izontal positien, the influence of
o cod

the normal pressure dej onds nuch nOFre on LOo

“ZC“‘” .
of the air, than on the angle of incidence, we only noed
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renamher that an angle of incidence of 1;9 gives a normal

pressure which is half as rsreat as when the anglé of incie

dence 13 90%, Quite 80L of the different wind direetioms,

when salling in a circular path, are a benefit, wheroas

nearly 205 4o soemo harm %0 the pProgress.
The boast material for raking an airepropeller is

thin steel plate which enables the highest efiicienay to de

reached, but it is eften a nere chance to hit the hest shape,

a true mathematical scrow surface is for instance very ine

ferier, vhereas a shape, such that gegtions Shroush the

%

a a0 al

trong® wing is very succesaful, The nly fesature in this

shape reserbling that of a screw is, that sections threugh

the bdlades, parallel with the axis, should have thoir
angles witlh a plamo perpendicular to the axis, decroasing

propartionately with their distances from the axis, IS being

so 4ifficult to obtain correct shapes in asteel plates, it 1ia

recormended Lo 18 canvas covored with ollskim in the fol-

lowing maumerse y = 3y 18 a yard fixed in ite middle perpen~

dicularly to a shaft A, the tweo sails § are stiffoened by
rut &in pocicets in the salla,

moans of thin bebdbers or boons,

which nre fastened to tho asdid yard y =7 hy ~eans of buttons

fitgh of the sails

working in a groove made in the yard; the

can be resulated by means of elastic shoets &, 5 are stays

e whole system is turned hy moeans
is

to suppert the yard Jy.

. * 4 - .
of o orank ¢ an a connecting rod e the vertioal engin
to th

‘s |
R

indicated by B;
daecause tho

sroatest inrl
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Just take plaoce éf\cn the salls are perpendicular. Yor the
sake of ned straining the leeches of the sails too ruch,
axtra Jeoches nrc fastoned dDetween the neks of the said
boons, A close fil between the anils and the yard y -y is
casential, alse the canwvas should be doubled or tripled
according to the asirength required and covered with oilskin
or coulcheue 56 maiko 1% w8 Lpermesble for the alr as pos-
53DAle and as socth as poacible to reduce friction.
Propallers both in air and mater work by creating
a rarefaction by diminution of rressure or vacuum on the
drag or rear side of their bliades; thic vus denonstrated
by deading a Sube frexn the rear of )i ide of L.e blade
i alrenro;ellor te the hollow shaft on which i8S (Tor

Wain corrmunie

-

:.)ii‘ "JT:O”, “"';8 o.mtod. -J:\'f, x‘(,l}.o . .;)IM‘.‘

PN N

f‘-auna with & guage; noarly the shele thrust was hus  oun<

to result fram the rarefaction on the roear side of Llhe

4 -~ge 4 - - -, t
blade, The two agents in speration Lo create this rareiac

iom are, first, the suctiem from the rush of alr over the

drag or leeward side of blade, Second, the contrifugal

{
forge. As the preasure on tho thrust mide of a revolving

propelier biande docreases from tho Lips towaris the center,
the air nmust, vhen the ghape is corroct, nove inwards to-

sards the lower pressure noar the center with » aspeed pro=
portioned to the difference in pressire betweon tho outer

the centrifugal force ¢ winot

and inner parts of a blade;
therefore rarefy tho alr om the

but exactly the opposite Lakos place

thrust aide of a blade;
‘he drag side ef a

o
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proepeller bhlade, whore the centrifugal forge therefore as-
siate in rarefying the alyr, Somethiris like a little storm
center is thus created in frunt of the propeller wherewith
there is obtained, as 1t wereg a crasp on the ocean of alr
in fron€ of 1%, and a high  momentum of air is brousht in
tion towrd the propeller; part of this air pasces thro
nd 18 then acted wpont by the thrust aides of whe dlades,
he rarefaction 13 so intense at high opoeds that the air

is evon literally drawn towards the propeller, An experie

ment relating to the influence of the rarefactiion is pube

h

lished ipn the "Enginoer® of VWob, 6, 1891, and more completo-

1y in Lhe ®iteanship® of March 2, 150, It is there explain-

od in what manner the efficiency of a mall two=bhladed

Ztoed propellar wolghing 0,35 pounda, dismeter and sverago

pitch ene foot, area 25 square inches, wns determined, the

s 0 being found to ascend 200 feoet into the alir, when

driven 70 reveluiions per asec,
The deternminatien of the efficiency is too intri-

cate to enter on here, buti one curious phenamenen, nanely,

negative alip, 1s sasily denonstrated. The mament of In=

ertia I of the arwmll propeller was 0.0002, and the angular

velocity ¥V at 70 revélutions por s0c. was 440 rt, par sec,,

se that the energy L/2 P¥R bocawme 1/2 x 0.000% x (4402 ) =

116 foot ;'mmdl.‘ the whele of this aenergy could not, howey

be used in flying wp; because Lhe
when the highest point wne resched, corregponde

/2 Y - 1/2 x 0,0012 x

-

sropoller hovered at 13,0

revelutions,
ing to an amount of energy oqual teo

aTas - ' ar LB ey

2 7y ) o - f ’ v -
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disposal Tor 1lifting the weight 1o consequently 110 «4,.3

or about 112 foolt=pounds, The propoeller, weighing 0.35 pounis
consumed, in Tlying up to a distance of 200 feet 200 x 0,30

= 70 footpounds, or about 63 per cemnt of the ensrgy stored

in the propeller; the meghanimm threugh which the revelutions
7ore imparted teo -itie propeller consumed considerable work

in Triction ete; o0 1% was found throuch experimont $hat a
nan had o develop adout 130 fooltpounds in a single pull te
give the propeller 70 revolutions rer seo. The spoed was
easlly measured and amounted to ~ore than 100 feet per sec.
especially while rising betweon 30 and 130 feet fran the
ground, whilch distance wns passed in uch less than one see.
vhereoas in accordance with the average piteh, equal to one
foot, the speod should not have axceeded 70 feol per sec.,
the negative slip wao therefore consideradble in this oase,
uhen measured in relatiem $£o the syerage pitgh, but whon alre

propellers wore used for Adriving doats, and coneequently

had a caparatively groater registance to surmount, the
positive alip bocane often 5 tines groater than with propel=-
lers in wnter ans #till the officiency was adout 69, thus
phowing that the slip had nothing %o 40 with the efficiency
.or & propeller,

To prove nogative slip in the air An another mamner

Major Elasdale underteck the following experimenti~ A pro=

peller was constructed with blades of such ahupe, that their

thrust sides became parts of a plame perpendicular on the

shaft, while the drag sides formed an angle with the thrust




Bulletin No.,XXIIX -7e

side, the figure shows a section through & blade, the shaft
A.

"halng x;ox;romt.‘ by A, the Thrust side; perpendicular te
the ahaft, by $, 0 that itas pitch is equal to xeroe; a pro=
peller of thie type gave a thrust noearly as groat as vhen e
thrust side € decame parallel o the drag side 8, the dlade
revolving as shown by the arrow,

When a propeller revolves quickly, the rarefagtion
often corresponds to a difference in progsoure of several ine
cheo_ot wntor, and the currents producod by centrifugal
force seem %o prevent the alr from stiriking the drag side,
which it would 4o when negative slip ocours, Mr, Phi'lips
had formerly montioned the sane axporiment and explained how
he drove a beoat with a similar propeller and as the pitgh of
the thrust side wan ogual tb r;oro, the negative slipy wae
infinite in relatiom 0 that side,

#hen an aire-propeller is required for amy purpose,

it has already been mentioned, that its dimmeter should be

about ¢ times the dlameter of a propelluy in water, determin-
ote.

ed for the ssme thrust, but area, pitch, revelutions,
oan alse be found directly fram a medel ex erinent by means
of the following formulas two ships, or, in the case to De

considered, twe propollers are said %o move with corres ond-
ing spoods I and h, when I/h = (n/a)1/2, where D and 4 are
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sinilar lineal dinensions % H and h are the speeds of
sinilar points on the propellers, for instance at their eir-
cumferences; under these conditions of speed, the thrusts

T and ¢ of the propellers, with areas A and &, are in the

relations T/t = A x W/ a x n¥ = »® /4% frem A/ = D%/0%
(2/)%/° results the important squatiea: 1) A/a = _—ﬁ2/3
2 d by means ofp_/i ﬂnobt&tn%-(;’fﬂl’ 20 that
Wk = (0/8)Y 2given 8} /= 2/t Omnien 1o the sccond ime

;/ortamt equation; the two ey mtlonlrgﬂt - (!fi)z/auu_l g/h -
(rﬁ) ure derived under the assurgptieon that the thrusts
vary proportienately with the area and with the sguare of
‘he speeds, and we are now able %o find the revelutions,
area, dianeter, cte. of any propeller, when we know the
qualitites frem the nodel, Let ii, for instance, be reguired
Lo construct a propeller able to yield a thrust of 1000 pounis
which i3 the resistance of a ahip of about 1000 tons at a
speed of 4 knots; them to determine its muber of revelut-
ioms and the peower required to drive it, a model experinent
is necessary. To this snd a two-bladed air-propeller quite

5 feet in diameter, 4 square feet area, pitch 2/3 of the

dianeter was driven by the power of & nan to 4.5 revol Lions

per see¢. md gave a 20 ft, boat a speed of 4 feel per sec.

in calm weather, the resistance of the boat or Lhrust ef the

‘propeller at that speed, being 9 pounds, and the brake horao-

power on the shaft became 1/5 herse-power which consequently

corresponds to 45 pounds for each horse-power, The area A

of the large propeller (which strietly speaking shoull mnove
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vt & corregponding spoed %o be of the sane vfTiciency) is

thong ,
;Z/:‘ a“ ~
A®a M’ s She aron a of the nodel is a * 4 square

feot we geot,
A= 4 (2000/9)Y % 4 x 23 » 92 square feet for the ares
) Large propoeller, intended for a thrust of 1000 pounds,
d a8 the area of the model propeller is 1/5 of the disk
Jea, the sane must Ho the cane with thoe larger sindlar proe
sller, vhorely its dianeter becarms 54 feot, The veloeity
in the circumference of the amall propeiler was 75 feet, tho
velocity in the large sinilar rvrc;poilor will therefore de,
- h(;/t—)vo ] ?S(_l’m);))l‘/c ® 73 X 1,19 = 104 fcot por sec.

which corregponds 0 2,2 rovelutions por 200.

¥hen the corresponding aspoeds Cor nodel and larpe
propuller are termod h and H, and the thrust of the nodel
propeller is 40 pounds per horse-poway, (hon the pewar Lo
drive the large prepeller is, (M)!I;’h, and ws Wh =
(_;_M’vc ® 2,19, we obtain the horse-power ogual to 22 x
2.19 = 48, nh‘ut is to say, the herse-power is 48, if the Lwrpe
ship noves with & cerrespending spoed Lo that of the nedel,
which 48 4 = 2,19 = 8,76, or quite 0 knots; ss the large
ahip 1s only intended for 4 knots in calnm woathor, the pover
will be senewtat reduced; nmoreeover, the efficiengy ef the
iarge propoller is greater than that of the mmller, whiah
2100 tends %0 reduce the power, Of groater impertance, hows
ever 1s the fuet, that the resistance of the alr varies at &

mugh higher powor than that of the asquare, especially when &
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yrface® revolves round an axis in its own plane (when the sponnt
the points of of fTort of a surfage, rovelving round an axis
in its own plane, equals that of the swme surface, wvhen moving
Ltor 4 straight line ;-'zr-_mxuoul-.rlj on its own plane, then
registance of the revolving surfaces is about 3 tines
gecatar on account of the rarefaction produced throwh oontrie
ugal force, T™he resistance also increnses nore than Proportig-
A1ly with the increase of the aroa when the speed is uwaltere
od; it is not Aifficult to take those ratters into considere
wtion, but 1% nakes the fermda more carplicated than is
suitable for this paperj let it thorefore be sufficient teo
power in Lthis case would De loss than 40 horae=
0ouar ald 2,8 revolutions per soe, WIld scarcely be reached
& that powar with a grealer dismeter than 20 feet,

Soveral woper inents were nade with beats furnishod
with rovolving sails or alr-propnllers as wpliained in the
wrticle reforred to; the largest of theoe was with a big
steam launeh belongsing to the Regal Decigpard in Copenhagen
wid furnished with an airepropeller 230 feef in dimeter, Ay
of them of course could haye deen used as unit or nodel for

.

the axmrple given, but whan o« nodel exporinont is require!

it i3 not alwys cenvenient 9 4Arive a proj oller with stoun

that purpose, It 13 net AirfTioult al all for a nan O

drive a very l1i/ht boat to a apoed of 4 ots or ahout 7 fe

per seg. dut the medel alrepropeller to be tegtod runt be

rexoved to different doats until one is found which offers tha

the reoquired resistance at agoertain apred. .
v H.C. Vogt, Holakeinsgade,’l,

m .
openhagone.
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RADEE 10 NELL.
Salgazy, AARcria, Cahada, Nove D, J204i-Faving heard that you

meouraged and expurinented in Asrial Navigst lon, I therefore
venture o subnit %0 ;oo wvalusd consideration an Adea whieh

I 'appened S0 observe while experinenting #ith kites, Your are
well aware that if an asroplane could maintain its position

in tho alr as steadily as a well conatructed kite the seloerge
of Tfiying would be alwmost solved, Theam the sues tlﬁ wint kcopn
its flying ®so0 porfectly; the reasen I saw for £ was this,
hat the power as applied to the kite was notl only in a fore
vard diregtion hut alse dowm, Now if the flying line ifspartie

s foree that is ale® down as well as forvard as illustrated

in drawing I, wy net put an engine and prepeller, the propeller
exerting its foree An precisely the smw direet iom as the rl. -~
ing 1ine in drawing Ne.IX. That I base ny theory mllu this,
that as far as I can gather that in the latest asroplanes for
exsmple the *"June Hug® of Nr, 0.0, Curtiss, the ;»omltl npe
plied parslilel or neardy o0 W ihe planes,

How Af o kite wan Lo be flowm you would not attagh the
flyiog line to *X" in drawing I, you knew that the kite would
under mo cirocwsstances fly, yot you are pplying the power on
& parallel o the plane, But if you wished a succeasful flight
you would fastem the flying lime, in other words the power,
te the ceorregct apet on the bhridle, Then Wy sheuld not a pro-
peller placed so as to exert its feree in the sume direction
as the flying Adne, do the sane work and ko@p the kite afloat.
I am writing you Dr, Bell from having heard that you are &

firm suppertor of Aerial linvigation and your highly walued o=

» ~) o 4 c’.‘
pinion would bde vary much = x‘:x el .‘1f, od F. Tander.
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