{* o
3‘,‘;' : % & ) )
o ~OTICE: THIS MATERIAL MAY 3,5
" PROTECTED BY COPYRIGHT LAW
S (TITLE17 US CODE)

BuET TYrPe oF alkPlalil rUn sldlicum
LalDILu auD GELLIAG adsal
DILaliCES

by

L. Takeuchi

- D D A W e AP wr ww o W > -

Submitted in Partial rulfillment of the Requirements
for the
Degree of
WASTER. OF SCILLNCE
from the

kassachusetlts Institute of Technology

Signature of authoreeee. . tiioennss

vertification by toe Departoent of

‘hysics (aeronaubical Engineering)




CONTBu Lo

ﬁaév.
Introductiviam==mm-mommmm s e i
Jart L
L :quaticn fer landing
istance when e:mngine
1s ghut c¢ff, —=--c-mmmemmmmem e U
Z The landiag aistauce
of varible ving aref-------——-=--- by,
S The landing distanege
of tihe monopleane sand
the biplane . equiped
by the HDandley fages
vlotted derofoil.-------ccmcmmea- C
{The landing o. ‘the monoplaie
witihh flep is includew)
Part £ Hdeversiple pitch propeller—-—----- id
< Hegative thruct o1 reversitle
pitca propeller.—----m--memeoeamao- 1o
ot maXipum L Tl L retic
o Dackard bthrust o. nexative
pitch prepeller =t nax,
1irft ¢oezzr, oI tihe bladesS---~--=-- L
6 The laucing aistence ox
Liplene witn roversitle
pltca progeller———mmmmmmemee e i



*
obTubTolcontineusd !
Sage
7 Conclusion for thac
lending digtacg=—----"-mmmmmmmm e b3
111 The best type of acroplane or
minimum getting away uloltailtg-—-----eemm--- Z0o
¢ Rough calculation of gettirg
eway 4l btauce op Ubual type
cI meroplarie--mcmmmm e e PAY)
9 The gettiag awey disbteance oi
the other type of seroplang-------c-ceeeee-- aU
{
{al {al) typec of mo.opleig-----m-ev-eoan oU
(%) vlotted wing--------oomommomom - -=-31
{ci woncplane with flap--==c-mewac—ae—--3)
{d! Aercplene equiped by
variable pitco propeller--------—-- S
2o Ccnelusion . for eat type o minimum
getting eaway distance ----cmemmmmmem e 26
1+ Cenclusion for best type or minimun
lasnding ana minimum getting away
Cigtente =—mmmm e e m e



Rest Type of Aeroplane of Minimum
T.anding DNistance

Best Typve of Aeroplare of Minimum
ftetting Away Distance.

Introduction.

Turing the past several years mechanics and performance
of airplanes have bheen studied exhaustively, Rut the éubject of
minimum landing and also minimum getting away distance hgs not been
treated theoretically except, "The Tanding of Aerovplanes! (Rritish
Advisory Committee Report for Aeronautics Yo, 666) by Glauert and
"T.anding Run and Get Away for Standard Airplanes", by 7leﬁin, ags far
as I have known,

Roth Mr, flansrt and Mr., Xlemin treated the Landing
distance mathematically, but did not touch the best tyne of airplane
which has a minimun landing distance and minimum getting away
distance. As Mr, Glauert said in his report in the development
of ci#il aviation,increasing importance will be attached to the
eass and safety of landing. This is one of the most important
reasons why this subject is discussed in this Thesis.

It has heen a pretty long time since variable camber,
variable arsa of aeroplane wing and reversible pitch propeller were
suggested for improving the landing conditicn of aeroplanes., Rut
these schemes'for improving the landing distance have not been
touched by any one, In this Thesis the best type of airplane of

minimum landing distance and best type of minimum getting away
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distance will be treated taking into consicderation the variable
camber, variable arcsa of aerofoil and reversitle pitch airscrew,
It is a well known fact that any aerofoil which gives
the greater 1lif%t gives the more improved landiné.
Therefore the Handley Page's Slotted Wing will be

discussed because this form of wing has greater lift coefficient

than those of any other which are existing,
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1. Landing distance of aesroplane when
the engine is shut off,

1. TFquation for landing distance when
Fngine is shut off.

For the practical method of landing an aercolane it
may te repressnted closely in the following manner,

The aeroplane crosses the edge of the aevodrome at
Height ho, sufficient to give the necegsary clearancs over trecs
or buildings and glides down to Eeight ho at a constant apeed W,

The elsvator control is then used to flatten out the
flight path until the speed has fallen to the stalling speed Vo
when the aeroplans heging to settle on the ground and eventually
is brought to rest by the drag of the airforces and of the friction
of the under carriages and tail skid. The distance from thse edge
of the aerodrome to the place at which the aeroplane is stopped,
may be more useful for practical landing than the distance from

the ground at which the airwlane is touched to the position at

1‘
;
[
B
ct

he plane is stopped.But for simplicity the usual meaning
1

of the landing distance, that is, the distancs after the aeroplane

touchss the ground will he discussed as the landing distance.

~

Consider tne cass of a landing with the sngins shut off in which
o

Ci

Y
.

e

)

t

¢ pilot flattens out after a dive, places his machine in a stall-
ing attitude and gradually losss spzsd, until the wheels and skid
touch the ground simultansously.

The equation of motion after touching the ground then
becomee, assumning the attitiude is constant and to be that of

stalling angle of incidence.

AT S e S N N
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w Weight of the machine
Gravity

speed of the machine

1'<§LQ

surface ar=2a of the wings

U

frictional coczfficient of the ground

RN

l1ift coefficient of the wings
Ko total drag coefficisnt
ﬁ% i.e. drag coefficient of the wings

Plus coefficient of plate x equiv.area of body

LN

T.et Vo be the stalling velocity of the machine and Rui~

No = fg% then the equation (1) becomes

L = A el )

. - V=
Intesrate the limit AL=o v= V, [ 4= 4 °

/= ._Zn.-z-:——ég——/;ﬁ—-————--~[2/
z;//\a/“) 2
In this case of the engine being shut off the landing
distancg is the function of stalling velocity, ratio of jﬁ_and
i.e.\,and frictional coefficiznt of the ground,
The above szquation sasily shows that this length will
be made shortsst when stalling speed i.e. landing speed is least

and )\ ,is largest, grear o

Friction of the ground could e made, if we nade/special
scheme by which a grsat fricticon on the ground would e given,

Rut this scheme iz not practicnal hecause the ground nmust bhe



sericusly injured.
Therefore we have two metheds of imnroving the landing
distance,

(1) One is to increasc the wing
area when abou®t to land,.

(2) The othar is to increase the
naximura 1ift coefficient when landing.

L)

The ferner means the variabls wing arca the latter

)

meane variable camber wing and Handley Page's Slottzd Wing., All
above m8thods have not yet heen put into practice owing to the

mechanical difficulties in their apwlieation,

2. The Tanding Tistance of
Variahle Wing Areas

Three possibls ways of enlarging the wing area when

landing are:

(a) The wing of the machire which flights as =
monovlane consists of two parte which can be
segparated gradually. The wing area of a biplane
increases about twice when landing.

(b) A part of a wing is folded in*to the fuselage
while flying in the sky and it may bhe nulled
out from the fuselage when landing,

(c) The tip of the wings are telescopic in
direction of the span and may be pulled out to
the greatsr area when landing,.

Py (b) and (c) metheds the wing area can not be inecreassd so much
that the landing sneed is decrsaced effsctively. If (a) can be

realized the landing speed nmus a grzat deal,
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Therefore (a) is the only worthy one to he considered.

Tor convenisnce sake the monoplans which can he separa-
"

Cu
ted into/biplane when landing

=
1

i1l Y& called (a) tvpe mencolane,
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Pefore the compuitaticn of tlhie landing distance whe=n (a

{ype monoplany is rsalized, the landing distance of a biplane

must ke calculalted., As Mr, Clauert, R,A,P, 10 biplans of zero

=
i)

staggsr will be adopted for calculating., At stzlling speed the
rag cosfficient being increassd 0.012, mcan fricticn cogfficisnt

-~ -

: ~ - - Ty o o [OPUR L o o ] ~ 3 = AP = ol gy o 3 &
o tns ground has vbeen cstimatzd as 0.0ﬂa for whesels and 0,50

I3

for talil skid. Assuming trnat one sixth of the tosol weighas

Tiste on the tail sxid, tns valusz adopted for

A= 250K, oesys
> ‘4 - e

Kp=0069 +F (0-069)=0-08

/
assuwzing ths body resistance 1s the one forth of wing rusistances

at stelling aviitude,

KRe

S0 438x09¢% =o0F0S5
wasre 0,94 ig ¢fficiency of biplane sfiect,
.(pg/'
)\0: ~—‘i————’": 0./6
°o - §65 4
Mo =

=ole 22
_ - - 2&¢. s
Take gorep.hz 584 ao /Ze sz;Aszj,h,nce,<
4 = _Fait Qe sp. 62423 §
2;—'. o= £ _« - 2Xx32(0./60—-77 —‘—/-(—7~

ad4 ¢
= 382 fd re

v

£ v Feiee i . s P PP P, I -y e
If we tTak: g ROl uaalis: Wltn UNE sask woligual a8 Tag

PO

will e used for a moncplanc., It will bs assuimed thas (a) T/pg

monoplanwy nas =the follouing property
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| W= Weight of total usual biplane

W =—=Weight of wing (15% of total weight of the
machine)

W, muExtra weight for mechanisms to separats the
HMonoplane to a biplane
80 percent of wing weight

The gap cannot be so great as usual biplane if
(a) type monoplane would be applaced therefore

gap is assumed 75% of the chord of the wing

which has 80% of efficiency of biplane

effect

Vo= stalling speed of the machine as & biplane

Tctal weight of (a) type monoplane

- /5" ~0
- W-+ /OOWX%
= /.08 W

' /[
. /"3n7?f§%””92§i?4 Where A is the area of the monoplane
wing.

/' .
Therefore 77%?-7€-: ;?Jz

&7 7;”#-327‘,:_3,2\87“‘/"/,{145)/%//@(_

The stalling speed of the (a) tyve moncplanc is
=\

43 fest pe¥ e wnd.
The Hody resistance of the monoplane may be approximately

o
=Y

the sams as the usual bhiplane withr the samz arza of wings whs
A

thae machin: becomes thas hinlan So we get the drag coefficizsnt
i €

and 1ift coefficien®t for the (a) tvpe monoplans taking 0.80 az a

biplane effect efficiency for 1ift when landing,

Il

¢
Ao = 0.069 x 24m1/4 x 0.069= 0 /56

P P
A =0.437 x 2 x 0,8 = 0,699
N 0.15_6 — .223

I

]
O



fd.§¥ of %the landing distance is cut down by adopting an (A) type

monoplane,
3. The landing distance of the Monoplans and She Biwlane

gqu 1psd by the Fandley Page's Tlotfed Wings and the Variable

Camber of Wingaz, Mr. TFandlcy Pags designed very peculiar acrfoils

o

with slete whiich can he opencd as shown on figure 1,

Figure 1.
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the slots clescd practically all the advantages of the crdinary
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(a) (51A) Biplans

£

Secticn {91A) has the secwion wisth the slot clossd ans

under side gap fillsd up being with a R,AF, 15,
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(514) has the leading sdge of the a’t main asrofoil wit

rT-
o
N
)
[WH
(o]
oy
(-.'.

Phillins sntry as shown in Tigure 1 and the maximum 1ift coeffic-
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ient is .increascd from 0,52 to 0,88 at 20 degre
of 74 osrcent, and 1ift drag ratio is higher with thz slot open
all angles above 12 degreces of angle of incidence

Fxtra weight of squinment adepting (51A) for an asro-
olane wing may be ssgtimated under 255 of the total wing weight,

’ If !51A) asrofoil can »e used as *the wing of a biplane,

@

ts landing distancs will be computsd as follows, assuning th
landing is donas at 20 degrees of angle of incidence,

Tandlsy Pags's many binlans combination tests have
gshown us that with the necessarv bislans correction the slottad
monoplane can he apnlied to fthe hinlans,

T Weight of (51A) = 1,25 w
Wg = 1,04 W

NEY landing speed of ths plane

Lo W=k PU A

/ﬂzzzdrag cosfficient of Wings +o0. 0§91 %

=0-/239

The : r diastancg s ——r-——5— 7 —
The landing distanc ‘ZZO /?7 2) Z;yé - 2§4M

284 feet is the required landing distance of (51A) tyne of bi-
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(b) R, A, P, Bionlans with flap along all lsngt]

BRiplane of R, A, T, 9 upper wing with flap 0.385 of thes chord and
lower wing has no flap. The British Advisory Committes Report
for Aesronautics 1913;1914 shows us that the increase of lift
coefficient is very much less in the case c¢f the biplane,

It nmight bhe exnactad that increase of 1lift coefficient
in the biplane would te half that found in the case of the mono~-
plang, actually the increass is only about one third and for
larger angles of flap than 15 degrees to the chord no further
increase of 1ift coefficient is obtained,

As flap 15 degrees to the chord 1ift is maximum 0,625
in its value at 15 degrees angls of incidence where

In no flap, maximuwa 1ift is 0.57 at 15 degree angls of incidence

R4
Vo5 Vom0 r sl

The landing distance may be shortened roughly loﬂ'which is not

where 4/b=4g

so effective,

R.A. P, 15 bivlane with flaps extending along all length
both upper and lower wings was tssted in Wational Physical
Taboratory in Fngland hut the report 1is not in cur hands
yet, Howegwer we can prezsuwac fromths arore resudts that biplanes
v*t laps extending along all lsngth, hoth upper and lower wings,

canrbt be expectnad To impreve so much as a monoplane with flap

extendinz alony thz wholz length,
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(¢) B, A, P, 13 Yonoonlane wiih

extending alcng all length, Prow Tig, 2 we get ths drag and
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1ift coefficient of monoplane R, A, P, 13 with flap settled zero
degree at the atalling angle o7 incidence which is about the
same performance as with no flap,

/Kp, = 0.0693 plus 1/4 0,0693 = 0,0866

K.= 0.505

N 0.0866  —=0.171

~ 0.50b
/T = 12

I

i

etalling spced of this monoplane may he not lzss than 45 m.p.h,
becauvse the 1ift coefficient at the landing speed ig not as
great as usual machine, Assuming the landing speed is 45 m.p.h.
= 66 fsst per gecond, we can calculate the landing ¢istance as
290 fest uging the ahove given data.

If we regulate the flap so that at the stalling spezd

¢ chord at 45 degrees then stalling attitude

it is inclined *tc th

is 7 degrees of angls

51 Qf incidence whers the 1lift and drag
cocfficiznt of the Wing are 0,775 and 0,1830 resnectively.
/(0;29.1850 ‘j‘l"‘ﬁ' 00693 = 6.200
Aemo 775
/\4’:.258
etalling sneed

. 2
532 2ELE = 2p s fect,
The landing distance = F#( z258—72) 474 2 /éu/-

The experiments of R, A, ®, 9 with flap 0.22 of the
chord were made in ¥.,P.T./ which ars shcwn on Tig. 3. Apvlying

the same treatment fo the R, A, T, 9 monoplane with flaps 0,22
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cf bthe chnord ext=zuding along the whels longon e landing distance

<06 feen can be obteained as 10 degries ¢f angle 0f incidence and

T o \ - =7 3 el L - P T Jrap—— P | Vi em [ o PN
flap 6CY degree to the chord whure stalling specd Lo D2.6 fest

pcr sec, and tiwe monoplanc with thie same flap 30 degrees To the
chiord at the stalling spesd has the stalling sneed 03,05 fest per
second and its landing distance is computed as 253 feet,

(e) Slotted aerofoil with flap R,A.7. 9 Monoplane

Figure 4

S[O‘ﬁ'q_d W{Mj
with Flap. ro —1
/C—“\““ﬁt—a - 0.3 //

.shﬁmd°ywkgjlgo

0‘6 [ R'AFﬁ *
o4
02

7
i

~la 0 Jo 20 230°

Azsuming the flap is regulated at 18 degrees to the chord when
the machine lande at stelling ensod, Tler /Q = O.Qlﬁ'at 18
degre«s of incidencs can e sgoar on Fig, 4 Drag coefficlient is
neitne: given nor suggestved 4n uvhe Handlzy Pags's announczment

~ S S P B T : - W e e b en P ™. At ey te e omooe o
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1le degres=s ¢I lnclidince, Therzfore slotted acyarcll wiiitn ilui)S
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little greater than the flap aerofoil.
Fstimate 4/ = 4
fif;:.Qlﬁ and drag cosfficient
of the wing is 0,229 therefors the drag coefficient of the machine

Koy = .25

_ 256
A=—grs- = .280

V,x .916 = 0.604 V5
Where 0,604 is the R, A, F, 9 1lift coefficient at stalling speed
75/;- 34.2  m.p.h. = 50,2 e
The landing distance computed in the same manner is sbout 230
feet, If 3 slothted wing with flap inclined to the chord 20

degree at stalling speed is used as an asroplane wing then stalling

speed is 45,3 feet per second and the landing distance can be

reduced to 210 feet,
Il Reversivle Pitch Propsller

The variablz pitch proneller has hegn suzggestzd as a
brake to reduce the run of an asronlans when landing and thus to
gnahle it to be mades in a small landing ground, In this case
the hlade would »e given limits of variation sufficizsnt to allow
them to he reversed and exsrt a backward thrust, Thus when the
asronlane touched the ground the blades would he resversed and
the =ngin2 ovened out to chtain the maximum rsversad thrust,

T.et us consider whether any annreciable braking <ffect
can Mg obtained hy running the sngins on ths ground whilz the

.

laer can he reversed so that it may zive the maximum

[¢1]
[

pProp:
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that is backward thrust,
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As an axampls taxs the opro

pa—,

ogllzsr No, 17 of Dr, Durand's
report No., 14 for National Advisory Committses for Aeronautics of
U. 5. A,
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eter of 9.5 feet. and

perty Fngine having a maximum speed of

The // n 4 ratic (whare i/ is speed of the machine; n

y is
[T T o Sy L L 4 - - 3
aumher oF revoluticn per minutsz; D dianectsr) at 2 antsd of 110
v 3 “ H
MmN, 18 110 x 1.46 - 0.62
27 .4 x 9.5
T g T - . - LR ~e n o ad=} - 3
The thrusst ecoxfficient from Plats X in Dus 's reoort is
0.525 and thz thruet ic zivan hy the formuls
T = Zp:7%a
- S/ oo
Where A da fhe density of ths adr on $he sround
A4’ = 00,0782 Ihe, ner cuh, foot
Usine ths fornula
the Formula
- o e i s ) /! 4o X TT x2 7% _
The power under ths corndition ie =3>o — 3258 h.,»n,
Tis i=s the limit which Libert:r can work cut. Narntive thyust

I B

£ mamm =Y 3 L o 3 e e . 3 ey A~ T Y o, 3
O vroneiisr Ig dnvastizated exnerimantally and iz r2oertzd in
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the Advisory Commitiee Report No, 30 and Fifel's "Influence de la
Valeur ¢t de la Variation du pas Obtenue par le Decalage des
Pales", in his "Etudes L'lelics Acricnns", Bui these arve nut
iicablz to the Ceversibl. pitenr propellsr, Expurimsntal

regults of medels of negative pitch propellers in wind tunnel or
thcse of full sized nugatlive pitch p:opells: have not Hsen
given henceg 1t is very difficult to calculabte the backward
thrust of nwgasive

coumpute precisely Tihesc thrust withwui knowing of 1lift and drift

o3 e T .- i 3 e I N P ry oo o= I TR T I Rl
cocfficicnt oFf the scctions of The blades at tie ucgative angls

Piten Propeller
Tz »pU0opeller agdepied above has the foclicowing propaerties:
tfficiency =-- 73.8 percent at

inrdst -- 920 1lbs 110 n,p.h,
Torgug == 1140 lhs, foot 170C r.p.m,

semolsd on 2/3 vadius then we aave as mean drift to lift rabtlic
of ths bla 1A i tra waliie ar that o TR T Ut <
 the tlade 1/10 1n its valug so that Jiaw Riopeslisy cIlicaisucy

has 0.7338 pereent in its =fficisncy ab whs given conditicons.

LR

fa i < g
[z 76 °

gfificicsney = Zan (60 +4+9 = 0,73

X -
{ i

anglz 0of incidence 1s assumsd as 3°
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Gorep = /[°°+W/ -

7

2T Rw = 55 o Phjaee

Wher R- gPaa&i‘woz TM/@WL

Thruss T = 920 1lhvs.

> L v ® Adeesb’
= (LeCoa 16° - 2L g 16°)($5 0 40c6") As
Wh ootz &Ayis deveglopsd arza of the prouvsller

Aéc mean 1ift ccefficiznt of the propellzr
' $20
o d Z - - ":0'003

/4’ ¢ 3o6p00 ¢

A is ahout 9 square foot

mean 1ift coefficisnt

LO000330 in 1n, foo

[

-~
w3

(¢4}
]
.
jot
3
'™
ct

0
- 0,14 in abhsolutz unit

X
heck - ™ aumnt i TOUE - ¢ t - ¢
Check foir ahovs assumptlon Torque _[pcc(ﬁ/{_fzc Aslt" )5S Oac/g%/f

e 2
-l T00300 g R ¢
(2o gy 0z lf* Mssosecns )40
= 1050 1bv, foot
1050 1h, foot is a lit:le less than 1140 1lbs, foot dut
\pea? 2nouizn for ahova rough assmntic

Check

. . - _ , . .
1t of asrofoll R, A, T, A ot mcontive ancle of ireidenecs aheould
43 . : an] 3 PR R o - Fo R N - & Fal . JR h)
comaidaerad, 2.AF, A 18 the only ons of the asrnfeoile of which
- S o ~ : R T LR S . N Y.
Trcteriagticre fov naoative =snsls of incoidence ors Yrnomm

Tho walus ¢of ths 1ift rcoxffici ot and 1ift to A= watip
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In Bairstow's Applied Aerocdynamics p.p. 128 the author

le im-
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says that egmall camher of the under surfaces ig of

n

(

portance for the ghape of the curve although a modification known
as R, A, P, 6a has been used on many occasicns and differs fron
R, A, ¥, 6 only in the fact that in the form the under surface
is flat, Pig, 7 showe ug that lift to drag ratio is the maximum
in its absclute value ( -3.6) at - 5 degree of incidence; It is a
very clear matter that we can get the greater maximum 1ift to drag
ratic in absoclute value than <«3,6 using the flat under surface
and the considerably gfeater value at least than - 7 which is
the maxirur 1ift to drag ratic of flat plate that carn he ex-
pected,

A good. degigned reversible pitch propeller will have
a meximum 1ift to drag ratio over the =10 in absclute value of

angle of incidence,

4
nsgativ

(4]

Fstimating rather low valusz -7 (in absolute) will be
used as the mean maximum 1ift to drag ratio of the negative pitch,
propeller which may he at a negative few degress of incidence say

[~]
- £9.
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for negative pitch pronellzsr. For the proveller which was anplied
before that is No, 17

f = 16° and angle of incidence

py - . N
ig 37 2t 110 m.p.h. and 1700 r.p.m,., Therefore if the

&

propeller
. . ra® .

vlade is twisted {8 about the axis perpendicular to the pnrovneller

shaft then the angle of incidence becomes = 5C when the speed of

the machine is” 40 m.p.h., that is, stalling speed of the machine

Hy

and at the full speed of the engine,

Torque for the negative pitch propeller it will be
Q= AL (Fems=int) It R
=003 94,2 TR
On the other hand the propeller has the following torque at 110
m.,n.b, and full speed of the engine,
- (75l AL 16°) Le ALR TS
=0.293 x4, 2o R &

ol 039&l TR
' =3 _‘.2_932&7'/{&

/
but _éE.is estimated abous 1/3 from Fig, "7
v/ c
(. ! . ‘s
Therefore ﬁaj'<.27 img the torque ratic at full speed of the

w

ngine. Torque correspcnding fto the maximum 1lift to drag ratio
cf negative pitch which is very much less than that of the usual
type of propeller,

teh nropeller, it is so

'-J-

In this cass of revaersibl.

(8]

»

Tar from Tull wutilization of sngineg power to usgs angls of negative

incidencs corvegponding te the marimum 1ift to drag ratio,



Negative Pitch

9, Backward Thrust of ‘
the Maximum Lift Cogsfficient of

Propells» at
The Blades,

Greatesr negative 1ift cosfficient of R,AF, 8 ig =3

but greater 1ift coafficient and less drag coefficisnt can be
clearly sxzpected hy good shapsed asrcfeil for nsgative pitch pro-

o

pellsr, At first we will try to estimate the ncgativs thrust using
the same 1ift and drag coefficiznt of R,A,¥, 6, The torque can bhe
roughly estimated at the following formula at the condition of a

revolution per minute iz 1700 and speed of the machine is 40 nm,p.h.
K ’2
Q"= AR (logmd = Anb )0 569 7%
tt where 0,369 is the 1ift coeff,
=9 x 3,15 (.870 - ,105) 0.369 x 0.00237 (550)°
X(Sec., &)X
= 5710 1bh, foot

Thrust T" = A, (/. g + Dcd.'./é) (535~ J-cc.t{o)z)f 6.00237

7x (-3 Sicofos 34305 6°%) %X 30 30wp Xo-0 0zl 7]

X

2620 1bs,
2 N
Brake Power —= f WV D> ReX 2""'/1/,
-~ _ !
- pPNE D Q, xzrly
g’ is density of air
N & N! are rsveolution of the proneller

H
1
1

"LD is the diameter of thz nrongller
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994 r.,p.m, is the sneed of the negative nitch nronellsr when 358

horss power of the esngine is worked out and when its angle of in-

cidencz is corresponding to the maximum 1ift coefficient of

ct

he

Therefore the negative thrugst which can be nut out from

358 horse power is given by

7,/; 2690( /7ﬂ)
—~895 1hs,

full power of the Liberty engine revolution of the negative

nitch propellsr hecomes ¢ 7% X Sﬁiﬁig' - 559 Vo3

-
—

If

35F

1030 r.p.nm. and then the thrust hecomes 960 1ltrs,

the machire is at rest, then #1:0 and toraue and thrust are

calculated as the following values,

[ L p—— $ 3 ¢ -~ 2N
Negative thrust which can b

and

We

3
&%)
5:)

Torque
Thrust

7040 1b, foot at 1700 r.p.m,
2390 1hs, at 1700 r.p.m,

-
"
-

sut out when the machine is at rast

(u
.

when the engine power is utilized fully is as follows,
Thrust =762 1lhs, where nrowv=lley revolution
952 per minute
e
av

havs arrived/such coneclusion about the bhackward thrust of the

ive pitch nroveller when ths angle of incidence of maximum

1ift coefficient of the blade is used.

The backward thrust = 960 1bs, at 40 m,p.h. of the
machine gpeed,

the backward thrust- 7060 i1ns, at the resi of z“he machine,



6. The Tanding Distance of Biplane with
Reversible Pitch Propeller.

In the front ﬁage we know that 400 horse power Liberty
engine can work cut abcut 960 lbs, of the negative thrucst at stall-
ing speed of the aeroplane while the propeller speed/;gouu 1030
revolutions per minute,

On the other hand when the machin: is at the rest, nega=-
tive thrust reduces tc about 780 1lhs, while ths propeller revo-
lution is about 960 psr =minutle,

A 400 horae power machinz may usuzslly he ahout 4500 1lbs,

te total welght,.

(W

in
Thsn

4500 lbss=tctal weight of ths machine
860 1lbec=Negative mean thrust whil:zs landing,
The landing distancs can cormuited hy apvlying the following

be
fornula. _?Z_%?‘C - ‘Kf S ri— 4/ W- /Lz/f/f 7)) = Thrwat

st

Where % = friction cosf., of the ground

Integrate the shewd differaential equaticn and we can get
- 0 (/‘ U‘L
Tanding distance = —— -
2 JQ st = 4 W+ e
70' = al
Kz Tl
whgre /\o‘-' /,Q. and V., o /J/ A/a.uu(
| TR, L5
s =7
1 . di=ta Vo / 7\0 +
or landine distance = — 5 .., ) -
anrding zj(/\\o‘%} < 4 - T
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By substituticn of the

Vo =

/
A

I _

|

<

860
4500

Ths g distance

- 59 6% /

landin

9

=0.,192

0 /57 *+ /72

Feto. /?7—a 78

=1450 x log, 1.23

il

1450 x 0.0969
= 140 fsxzt

140 feest isg thz landing distance.

Conclusion fer

7.

o

2 o122 *+/92

+h =

Ling

Tn ] A e
1¢0- -y

following numher in the above equation

Distance,.

The landing distancs of usual type of biplzne as well
as monoplane with variabls area of wing; with all kind of variabls
cambher of wings and Finally ths landing distancs of biplane with
roversibls pitel proopellsr have Yecn comnuted, For zasy coaparing

¢ distancss, Tollowing
Tne 0o »nlanss

No. 1 Usual R, A, ¥, 15 binlane

tablz

Landing

is nads.

No.
No.

(a)_ type monoplane
('5,’:—3. sictted wing mononlare

RAT, Dipkan: with flaps

2
3
No, 4
5
6

e d D
No. R.A.F. 13 monovlans with flap
No. Slotted Aa?ofoi’ "7‘1 £1lan
._-."l

R
No, 7 R

- ’-"..\ — -~ » - b A
LAFE, L;l¢1ﬂ .1th revirsivtle
- ki
itelr propeller
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Nc, £ menoplane in the sky and bpiplane when landing has s very
good landing distance which is only 210 feet,
Wo, 2 is cnly one possitle methiod by which the landing
distancs, can ¢ lgploved sffsctively whsn we only cousidst
the limitc of vaviable wing arca, Fowever, 1T i3 aliosh lie

. 4T - e LIm. S 2™ g IR - b em e IR VI . P o T
POSBiITLs add Wil Vv @Lways dalflcuilb natl o weiepladi. il Uiz 3KY

D I
NaTINEG Zooe periofmance can Te ssparatzd 1m0 hipl d;u/uS¢A“ SonE

zghanicms, No, 2 is/p;stty good ecnems For imoproving the land-

ing distance only theovetically but is not at all good for

P ln

practical ap-lication on account of ths great 4difli

P

ultizs of

C

mschaniems.,

No. 3 and No, 4 do not sco nmucxh improve viw landing
distance: as shown on the above table,

Fo. 5 is pretiy good imprcving of the lanaing distancs
and this schens can be acecomplished with ne 2ifficulty and almost

without extra weight for mschanism., Thsrefore, monoplang with

flap extsnding along wuole lengtn of the wing is a good and

L oy e o
for any points oI visw,
i = b - .2 % ey Vo s L= W
Ne, # 28 alpo cng cf the good schzmecs but some diffi-
- L. H . i~ . - e e vy . W e : - e ey - - - P T
culiy and alsc 3Cme cobtva woighnts Doy slat-moclianicil must e

accompanizd, Tuzrofore, Wo, & which is wonopians with flap along

H

all lsngth of the wing is Dbetter than No., 6 which is slotted

wing with flap,
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Mo. 7 the biplane squiped by reversible pitch propellzsr gives us

a wenderful result which is only 140 fest inm landing distance.

It is supposed that much praciical and thsoretical

-

work remains to be done before full nossibilitss o¢f btlhe reversidble

< - Lo e PR b IS e A ra— =Ty . R B R § o =T .
pitch propellisr can be vealizsa, Howevsr, fhe rializasion of ths
-~ P T T 1. e N 3 -y ey S o3 PR ——- w4 b e o vay
reveraibls pidch propellsr dis nut unexnsceted in tie ncar fuburz wit
am qer s b7 + . - PR AN \ o NSl e
¢ without som= sacrifics ifor propellsr efficisucy.

Therefcie, ws get the firal conclusicn that the revsrsible
pitcl: propslier can improv: the landing distance more than any
0ther pchems,

Tr. asroplanc with reversible pitel oreveller is ths

flap along all ths langth of the wing is the next to the former,
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1ii  The 3Best Lype ¢f Aeccplenc of

Mininmum Uetting Awey Llistance.

ct
(O]
=
=]
I_l
[
m
ct
',.
<
in]

LT i: much more difficult toc get ithe exact dst

¢t the getting awsy lcagth becauge tac atiituds o tae

prepeller varics during tae ruun.,

e

z is cleaﬁy a2 ceries of best

b
(@]
=
o
<
o
H

<
B
o
O 4
o)
P .
=
o
et
5
o
H
o
s
o)
H

0

attituds fo. getting awey curi.ig tag run,

At sny rate , when the mechine starts oii , tne esguaton

Woav 0

—_— - .(\..V N -z{W— x v)
—— >
2 L

the moticn is the sam: a

0]

that previou

n
'..l
e
@
B
Ls}
I“"
o
o
Q s
B
2

~ie  btarust o th:s prupeller, The Irictionsael ccefficient
cf the zground is very smeil 1n this case because as soon
es the machine starts of: ta. skid <oes not teuch
tne greund wiless tiae center @I gravity of the machine
15 Very cacxward.

iherefcre we can put as a constent v.ud which was used as

vhe fric.icnal coefficizat of ta neels,

(¢¥]

10 Bclve the eguaticn thrust must be writicn as some functicons
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ngnee the getting awsy distance varies a&s square oi the
setting away speed , it is ver, efficient to reduce thet
~peed but in this case of getting eway tne reduction of
becasds e i~
«:at speed will i..troduce the dengerous accident, any sero-
p.2i€ Dbecomes unstable under certain limit oi the speed

salle tais limit is not so counciderably low.

8 Rough Calculasion of Getting away
Disvance oI Uéual type of Aercplane.

+3¢ aercplane of 400 brake horse power Liberty engine .;
Lus Lctal welght is 45001bs and stalling speed is 40 miles
pur hour; t{the propeller of 17 of Doctor Durand is 9.5 fee.
isd 1ts diemeter ; will be used for calculaticn of the getting
=8y distance,
Lv Wwill be assumed thet as soon &s the mechine starts of
€ propeller tarust li.e becomes ia the level, aud total
wreg to 1ift ratio L7 ie i/ = 0.l4,
% the conditions of. . “.w

) sSpeed= 40 m.ph. — Oc.6 feet per second.
revolution oi the propeller L1570 r.pm

; 2602 r.P.S.

.ne propeller o 17 type of Doc . Durand has the iollowing



properties wnich were shovwn on Jhe [fig.D previousiy.

v/a) = C.255

4 = 5.0
{1 = 6.9
5.,5549,040.0764
sae  torque = 1320 1lbs It,
1009 )
649, 045,8540.0701 7
ne tarust — — 1609 1lbs

ine brake H.P. _ = 995 horse power,

m e

arust L will be used e L1050V 1lbs, during the run , hecauss

.ae thrust 1s a liffle les. at the degging part of the ge.t

s awy run, The getting away distaincs of the machine is cog -
culated in the above rougi assumptions.
The req., distance is egyual to
2 e a e
50 . 0hil . B LO0I=0 s Jodnt 50U
log
B4l Vedx=Js00) /0 1500=0 4 LgidHO

or La7vloxgi4?7
or 240 feet

movicet 1:c thne gettiag away distancc oF the macaine using

a
9]

oile some assumption..,
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-

un the above computaticn LSuu 1lbs. may be & little too
greagﬁ aé the mean valu: of the thrust during the getting
wey run, but this is little importeat for ihe purpose of
compering the types and findiné?gne best type or tae mechi.e

of minimungeting away distsa..ce,

¢ The Geiting Away Distance of

The Otner Types ox Aeroplanes.

{a)Ths Getting Away disteaancc or la) Tyﬁe'

of lonoplane waich can be Separated into

Biplane,
ia) type of monoplaune which can be sepsrated into Dbiplane
reducss the gettins awey speed about 22U % while total drag.
-v0 1ift ratio is little different compered with anusual
vwpe of the acroplane ,
Therefore the getting away uistance were conciderably
reduced if (a) typs of mcnoplane e=w could get away as a
giplane « DBut it car ‘not be realized because not only
the mechanics for tc separate monoplane into biplene is

veory daifficul . cin itself,but such small speed tends



vne machine touunstable.

&) type of monoplane is znot worthy to be concidered in

his problem,

(b) The Getting Away Distance of

olotted Wing Aeroplane,

olotted win, monoplane ca:x reduce tie g etting awsy spced

wbout 20% in 1ts value but drag to 1lift ratio becomes

more than i 5 which willbe secen irom the previous figure.
4LXE L3 15vJ=v. QD14 500

TH The req. distancs = log |
64{0.2-0.08) 1500-0.344500

= it0 e t.
ihe distence i: conciderebnly snort, but aclai ty;pe of mono
wonoplans great cutiiag ofx the zgetting awasy speed iatroduce

wil w.stable condition.
i We can expect that ¥a) typs or monoplane's gettiay aws, ..

wistauce 1s shorter tvnair 4icv feet, )

{ci K. A.F.lo wmonoplene with Flap

N 1 Lxtending all Tae Lengta,
{Flaphs 9.2z of the chord 6V degress %o t..e chord
at getting awsyspeed)
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In this case Epercent ..decreesing ol getting away specd
cuts off the distance but nte increesisg of e drag to lifw
rotio elcungates ths distance with graet deal, because drag
tolift i< increased to v.2o whicih will be see. from the

figure ,

The reg. distanc:z is

‘2‘ Py hY b -l L
06,2423 LOUU=B0
log

or 2oefest,
Z.A.F.9monpilane of slotted wing with flap giVes about ths
same lzngth of getting away dista..ce,
Ths si Jdistance ci getiing away discussed: .on this persgi

{c) 1L greater than tnat ol usual type of aeroplanc,

{d) The Getting Away Distance of The
Usual Typeo of Aeroplanc bguiped by
Vari able Piten Propeller,
By variaeble pitch propeller , we cai get the greater
thrust at tihe low speed oi the mecaline , because
angle 01 attack ca. be used Ior tne blades st vwhica
ratiois vry xreat aud revolutioa mustbe

5
iicreascd with & couciderable amount, but tarust is propo-
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rtional’ : to _s,uare of numbér of:revolution.
Rough estimatiocn of increasing oithe thrust with will
be tried which a var.abie pitcia propeller csa mekes.

ihe thrust oif a propeller is given by

integration of ldL.cosP-dD.sin?
where dL aanu dv are lift <force and drag of
the element of .he blades;ckis the angle ox
~ speedof tine machine

tan
R 2M.K.revolution p.s.

vut for tas range of very slow speed of the machine as

wurceng Jhe getting awsy rw: the angle is very smeall and

we cail put (dL.cos¢ - dab, sin#)the elcment thrust as only

uwL,

Ly the seme resason the elementtorzue can be put  as RﬁDTJLé)

spproximately during the run.% =oaf neer =Lk ab S wnd of 1B
4>= 3%*T73 wedd bz Bk A [Re o vt

sor easy and gquick calculetion of the thrust , the same

=Ssumptions as the previously applizd ,ie all the srea of

Jeprepeller bled:s were assembled at two third of the radius

We kxmew already that this: assumption hold good because
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1t cnecked pretty well,

siow this assembled eares is inclioed to th: plane or

.. 7TrTotation at about 20 degrees in u-sual propell er , -
wsed as

axing the safe side Lo degrecs will be/@ne iiclination

of the sres of the Dblades.

e 1ift coefficient of propellersblace—aerotfoil haes 0.56

in absolute wunits when the mean of the several aerofcils

lgBritish Advissary Commitee Report are taken. at lt degrees

of angle attack while 1ift to drag ratio is less than 5

1 the everage,

va the other hand at - . & degrees of angle of attack, mesn

1ift éoefficient is JU.28 whil

(6]

1ift to r dras ratic is
Sracter than 17 in evry aerofoil examined ia bhational
fhyical Labvolatory, taking tune safe side 16 will be used

s the ratvic,.

if a variable pitcih propeller is used when getting awesy and

whe best angle oi incidence & degrees 1is utilized for

(1))

el propeller blades.

then at  the same revolution tae tarusts and the torgues

D

of the twe Xind of propellers cain be compered as follows

[«



00

Thrust or varia. type 0.2¢c
= = V.2
Thrust or usual type Q.56

et same rev,

Torque o:r varisa. type

Torgue of usual type 7(9{5@%Q3 B
02 8//é tﬂ"o‘zg/yé +'2?X‘0.5‘Z‘___’_[__
0 58S £ 56X T T34 56052 T 5L

therefore revciutons of the two kind oi propeller are

at \same rev,
(F: \_73")(—5—',,——3 =004 2

siven in their ratic when tne Same. power o1 engine is used

nev, 01 varia type
— (cube root oz 512): L.73 af Stmu power .

Rev, of usual type
rinally thrust rotic of the two is given by

Thrust oif varia. type

- J.oksquare of 173 = L.50
Thrust of usual type ’

where the same power of cnglie and tae same
e .
propeller, but variavle pitcin and iized pitceh

type are compered,

wacn a veriable pitch propeller is used , the thrust

Q
o)
|
O
lo}

.ucreased  Su% during the getting Pwme away rua.

in resl variable pitch propeller , the increesing of tae

[T54



thrust at” .low speed may not be so much as $0 % , becuase

Z3 % . > of increasing in its revoluticns will bresk the
propeller . But it is & clear matter that the increassing p
percentage ef the thrust when variable pitca prcpeller is used
15 greater than 2umdecegect Len Mot o2 clcreqid
‘when the- 1ncreasing anpunt.is - assumed only 15 % oif an usual

ype of propeller , the getting away distance is calculated

us 187 feet winich is short emough .

eo' Counclusion for Best Type ox

4 sinimum Getting Away Distance,

ihe sheticn of the length of getting away otferes less

alfficulties iu commertial flying , since for getting e awey
4 T ‘f‘

Jaere can be abetter selection oI Igroung . It ic clear that

.he distance of landing is more important iz commertial

Llying then tnat ot getting away distance.

i becreasing o. getting awa,; speed is one of the most effec-
tive metaode to get short getting awey distance , but it
is not good sieme for +tine practical application.

{al type of mo..oplanes gives vefy short distence but
this typé mey never be used for reduciag the setting
ag? distance,

Slotted wing type of aeroplane is only one good iype i



-

in meny types oiwhich can reduce tie getting away speed.

[4Y]

Variable pitch propeller reduces the length of gettig
away run very well witnout cuttin, oitf the speed.
Therefore the aeroplane equiped by & variabiz pitch:
prepeller i:s tne best type of aeroplane Ior minimum

distance of getting away ruun.



{] CONCLUSLION ¥Ox BioT TyP. OF MInlMUk LANDING
AND EINIMul GETTING AWAY UISTANCm,.

L Reversible pitch propeller { including the veriwble pitch)
gives minimum distence of the landing and also minimum.
getting away while all practical c&hibtion S are
satisféctory.

2 Variable wing area reduces the landing distance , but it

is not good for practical reasons ; this acneme gives
very snort getting away distance , but not good for ihe
same reasons.

% Variable camber of wing:

{a) Slot.ed wing gives & little better ls.ding -
length than an usual type oi aeroplene ; aud the
getting awey distance 1is pretty short , but
veriable pitch propsller is better twuaa oun account

oF—the
of tas prec.icel IreesCuis,

17 2lap erutiGasy 2Ly 8.l Tox lingon of monoplane

<

wiilg reduces tie distance very well ; but has

the very bed getting away distance.



TH5 AsOPLANs SwoIPED BY ARuVasolsLs PITCH PROPELLER
{ INCLUDLsG A VARIABLE PITCH) o Tew Biod U¥Pn OF fTims
WelCH  His MINiMUL LANDING AnD ALSU WMINIBUs: GATTING

AWAY DIoTANCE WalLe ALL Tid PHACTLCAL CUlDIZIONS ARE

SATILFACTORY IF suCd Kisw OF PROPALLER WERE REALIZED.

oS
A FE A s
,:’L " ‘,‘/Iw,lf‘ Ll saﬁ_w
!
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Hith 6 slotted n.A.0 18 wingthe 1ift cocfficient

incidencel4 degreé.

As already mensioned , the haadley Pages slotted
sencplane can be applied to biplane celculatiocn as
the ucual type ol wing.

Lxtra weigut of equipment Ior 6 slotted Hendley
Fages wing mey be estimated under the total wing veignvg,
Take the extra weight as the totel weight of R.ALF,

biplane win_,

1, -~ -~ ~ & 1y - T e
V, = bhe landing speed of the plene
2
1 = — 37
Lo d _Z.L\Lég £
2
gy
oo AN Y &
= Lell ¥ :S S
vihiers Y i. correccticno o1 the
© piplanc effsct
VZ 5 o
—_ ie
5 ) ; e
Lol
R 2
_ \JQU-LbVo
i £ -~ T , b v T ]
therefore V,= J.obaV, — 22,0 m, p.h. = <5 feest per se



-d ]

the value cf 1ift tc drag ratic of & slotted wiag
ig not ziven but we can estimated 1ift to dreg restio
is 5 from the figure wioica shows L to D rastio of the
S s8lotted ana 7 slotted.
.L.t'-";’6 Je VUV
lTherefore £, = i, + ’
5} 4
= Usdi
“he landing rundistaics "
JABRZ o & JeLJ%
= log
bLi{v.2u9=-0.12)  20.12
— 1ob feet
b e 1 3 h) Fe 3 1 . :
Lt sims that tie sbove computaticn is nct correct in
the practical case beceause 45 degrce of iacidence is toc

muc: inclined %o be Xep

When the machine la .dc with

¢ body musi be inclined t¢ the ground over

and ac scon as the

t during tue landiag

than =0 degree skid tcuches the ground
the machine rotates rather repidly abcocut the skid untii

is ruaniag,

Therex

(&)

(0

r= the

beccemes lces

ot

nan these or at 45 deree of

under carriadges touch the ground wnile the mechine

fol

rag coefficients

incideilce,
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The experiments of Haundley Pages wings show us taat
when the number of slctus 1is increased the vzlue of
L to v ratic is flettened at greater angle oi incideces
then 10 degree.

And  treir meximum difference 1s only “one”
at the range of large augle of incidence, While the
body resistance is pretiy small que.tity in this case,
and tihe body resiséence nas little tafluence.upon the
landing distance,

The diiference 1 of Ltec D ratio mekes

P o

5ﬁi} 0 percent différéﬂce ol landing distance,{If
we take L to » ratio.as 6 in its value then we get
117 feet as the landing distancs.)
At any rate the landing distance of this
type cai be e:timated as =& little over t.an 100U feet,
The landicg of this type may be pretty diffi-
cult but nect impossibdbly difficultAbecause the contro-

ebility is very bad at suci smell.speed.
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The Uistsnce of viviaz and Flatteniag out,

.When an scroplane lends , tac aeroplane acrosses the
cuwZe of the sercdrome at height o whick is sufficient
wolzht to give clcarsnce over the trecs and vuildings .
=id then the plane glides with constant speed or dives
~1th variable speeds to the height Hg-

LSO feet may be high enocugh Ifor o in usual; and
He,is rather arbitrary, because iois dependiang upoinr the
verformance oI the maccine and alsc the pilot.

The heavy enc high speed machine is needed to be
ilattened out at niginer position, and ligat aand slow speeu
wachine is ccntrary tvo the foruer one,

if . flette.ing out the mechine is done graduslly
wsiich is a.. usual and better taan suadenly iflattening out
vnen the patu of the aeroplane ic curvea from the straigz..
+ined gliding cown or diving path.

The curved patii may be some what different from a

circle but i. can be assum-d eas & circle while th.
centirpedal fcrce 1s created by iacreasing the 1ifst

<oefiicient of .the aeroplane due t¢ increasing the

wilgles of incidence of the wings,



The machine'glides or dives with the path inclined to
the horizontal from A to B while fhe engine is st.-
ottled doﬁn near to shut oiff,

At B the pilot begines to flatten out his machine
until the macnine touches the ground at which the machinc
has a licﬁle-vertical spced , especially a sxilful pilot
let his machine elmost no verticel speed when his mechine
touches the ground. |

Vertical speeu 1is negiegibla smell when compared
with the horizontal speed, consequently the path is tange~

ntial at C to the ground.

Vi

A
/]
H

Therefore oC
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angle BOC =6 tine zngle between the patn
anu norizountal.
R — xecse,F no
or mh::b/ssiégw
horizontal distance ot -BC = BUE Ksin G,
- dco*e°
The horizontal distance is ounly function of €. when Ho
is given,.
Deeper diving angle gives the shorter herizon
tel distance ofdiviug , but tae deeper diving creates
the greater speed at B anda hence the t-Speed of the mech.ine
a. C may not be decreased to the stalling speed of the
mechine which iz most important factor oxr the landing
runing distance. the large gliding aigle cutts distances
herizontal distances of gliding and flattening ougiéf%ug
increases the runing distance whea the height of L is

given,



Lnen
a o
- = = buu feet
Z 3inée . L0

<
S TS

1—- distance BU = — Sl4 feet

* 5740

. TI( cn "o N <)
horiz., distance BC= cucotid = suu feet
nSsuming the angle of incidence is not sc much different

.rom the ncrmal one and taking the drag ccefficient is
awout tine sane andAis changed by cunly speed; the speed at E
v« be obtained as follows.

V“J du, 0 2

— wsind0 _shAu

- - b
g at

total resistance

Fut 5 A= W

l Voé‘knormal speed
or

wuodu o
— Ws1nd0 _  sodu’?

Cy

.. 2 &
— isindo =AW us Vo

lntegrate the awove equation using the limites

u- u at 1= l,and u= V,at 1=0



T 2 : B ,-\o
vV, 8indo __>\v
logn, AN + Eag T2 "—"-‘; 11
Zg N 51030 _ Au?/ Vs
. . 12
or indd o - ag)lﬁ/vo
—_ 4

51030° _ AW, VO

or
2

v e aal
( \ -~ sins0® _ Sin3e® - N .
Tr . 5 l V‘
v éébA 2/ e w-P.l& '..L"+ p,‘nﬁ_

By substituting N\= 1/ 6 17 314 feet & Vo 990 =132

—
b —

/Y = Lo
If we take 3 as the normasl angle of incidence, then
wie angle of incidence of K.A.IF'.15 biplane isvzoat B which is
calculated from the diffence of 1ift coefficient by using thse

suvllowing formu:ws

2
\ A ,
Weos = KYA Vcosé,
_". \-Z
= KfA (%al.l4)
where s,1is the 1ift coefficient
at 3 augle of iucidence,

A R
a71s the sngle of iumcidm-
ace at B ,

w;‘-& hnd - 066
L7158

From the above egquation we get Z°as a the angls or incidence

o - B-
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- 4% o
Ceantripetzl force for tihe circular _mobion is

W vt WA2300
g~ 5324600
goxtis ™ Vb
1£|V - =& _ 152 teet per sec
n_ 600 feet

= L.2W
Therrefore the load due to 1lift during the flattening
Jut at the given conditions is a little over than 2W.
Any aeroplgnu is strong enough to be loasded by 2W,
From the above calculation we get following
;esults.‘
U= 115 Vo gtB
load due to lift— 2.3W
angls of incidence atB = 2
Now %e have to celculate hou much speed o0i the mechine
can be reduced at C by flattening ou.. R.A.F.15 usual type

w11l be applied ot firct ior computetion of the speed atC,

(a) The Spced of L,A.E Biplane
after Flattening out.

The equation of motion along the path during flattening
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out becomes

W du 2
= Wsing__ { GA+ bW)u
g 4t
© 1s the sngle between tae path
and horizontel
wheres
Cp 1s drag coefficient of wings
vl is body resistance
or W du ;C 3 o
= Wsine o +Diu
eroal o

apis the 1ifv coefricizsnt of
whers the wiigs at the normal angle
of incidence

Vois toe normal speed

or u du v Co R
— gine {b + ) u
E5 ro ol
ée;_z,o at B e k=o
lo=9 atC  L=d=24"

1T we assume the i.climaticn of the pata iz linear

~uncticunof the .  length of the patu, then

0 = <0 (L. _ L)

QL
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where 314 feet is the total length of the
path:Wwhen o= 80 feet and diving engle is
30%at the be.ging of flattening out.
In the above equation K, andV, are known and coanstants
«iid 2180 D can be assumed as & constant approximatery,
But C,the drag coefficient of tine wings is changed by angle
vi incidence, therefore i1t is necessary that the dragcoeffick-
it Cpis writven byfuction oi angle of incidence or the léngth
2% the path.
We can see easily tnat the drag coefficient
surve of R.A.F;fging between 2 and 14 degrees of iuncidencse
whicn is the useful * rangs for this calculation, is repre-

sented by a kind of sxponential function.

@x

Cp = dL

o a.ip are consttante

Whone

N

X i. angle of ineidence betweenz
andi4 degrees.

angle of Cp :

incidence {lbs ftesec.. uaits).:. A 3
Q° . Jediuull94 UedQUULS4 —,
3: Jevundlads n CJ.120
4 UedUUuUa oL " 0,140
e OvQ0004 ¢ n O.id0
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angle of - 8
incidencs Cyp
£g° 0.0000656 U, 0000194 0.150
10° Q0. 300086V " J .149
ize 0.000L09 " 0.144
14’ Q.000149 n 0.145

The drag coeificieat can be represented by
O,z 0.0000i94e 746X

_ The constants 0.0000194 and O.146 have not been
obtained by least square methode , but they hold pretty

good between the angles 2°to L4,
We have to chnange x ‘tiae .angle of incidence o the
lengtin of the path,
Cp = 0.0000194 e
0.292 1 0.00z6:8
= 0.000019%4 e
Cat
-C 8

dow the equation of motion during flatteuing out

becomes : .
N q-rgL
U Qu o i ) { ce }
= sin{s0 (i _ L/staf_ v,
g dal { / [ vtv )

and sind0( 1 _ £/314) beocmes .
Dedu _V.Juuizll spproximatery,

put

2
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Cz"’CjL
‘i'* cle . ; ;
{ by____Udlz ta_8al)dl
ey o ¥

This is & Bernoulis equation which cen be integrated

using the intexgrating Ifactor of
Ca %l
c, e (
fzgfb s a1
2 £LV2 )
c.tcl
c, e
or 2g1 bl 4 )
e c. & V2
2 '“Z >
Then the equation becomes
c:+gl - c.+cl N
ge Mavs o s T |
2'5”( bl’" AT 2 > dU+ bbé( E * Uz }il
e Giyle LYo
c.+cl
ce -
- < /
2g | ol
g ~ +
- ﬁe —57 \la-ab)al
or c.+cl Czt+ gl
ce ce
e e ] ol .} [
d(U zgl bl 4 —. ) a~6( ol + “—Tjﬁrr“‘“)( o
¢ A = ¢ Cis¥l a—al)dl

The left hmaid side of tne apove equaticn is
the exact diilferential wihich can be integrated dirsctely

put tihe rignt hand sids cai a0t be integrated directely.

chg;
If we can expea.d e ac a series of | cz¢§lJ then the
ri_ht hand sidc cza be integrated but uafortunaters



2 7o {at 1o 514 ) = e end the series isc uct . "

converged when it is expanded

c

uless we express (U, by some other functions of 1
the equatica of motiogguring the rflattening out can not
be integrated.

C,wilil be expanded by gquadratic equation of aagle
of incidence ie by ( 8+ bx+ ci) where s, b audcare cousua
nts auw X..1s @& variable represending angle oi iuncidece
in degrees,

We caan fiad constants s, b, ¢ using the least sguare
me thnode,
The result is shown as follows,
C Z 0.0000LL 0.0000065x 3.00000056x

The computation

a v UedlUluliPe — a
L . Jeduuiiv o 8+ <bT 4de
"o JeUuuudSL & + 4b T Léc
g J.Ju0U656 = a«x bt Sée
moiJt Ueuuuodu = B+ b+ Ludc
R VeoUJLvY = 84 L2DT lade
molde Cevuoley — a+ 14b + L9C¢

From the above & egquations we cazx get the following



-S54 -
& normel equations

%O.UJSZL = Doa, 6u9b T 677ve

|0, 0597

6Jua y O7IUD+ 27=00uC
Solving the above equaticng simal teaneusly ,

e obtaine

[@)
1
o
.
C
(@)
(@)
<
C
P
[\”]

C = C.0J5uuIBE

- . - —— . - . > e A e M . S WD 4 . s . - - —

Upls eXprecsed by quad.aticequation with pre .ty presice,
Since the coefiicient or x* is very small =21d has a little
stffect on U,, ths term can be 1ewfecued witih sbout tae
~ame presics if we odkd = 1ittle corr:zction on the coeff-

tecient of x,

VIEVRVV VNI JVANIVIIVAL 1%

will De used aos the equation wiicn can be written as@
functicin of lengthcl the path

C = 2.0000+Lt J.uuuudbid

taV)
=+
——

— 3.00U0846+ U.ouuuuuntl

————

put
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of motion

then becomes

£f,+£1 .
= (b4 __ ____) u
%ﬂﬁ
U dl = 2gla, - %;)dl

This is a Beluoulis equation waich cen be integrated

uSing the integrating factor,

e}

, £+l o
JZg( b+ }dl
he integrating factor " KV 2
1+ £1/2
2&1 bl )
= e av
1+£f1/2
 2ginl ik )
d{ U e KV% /
2
g1+ £l/2
21l ___ 7 )
= Szlarall e v / a1

vii tne above equation

entiar aud expounential of the

expended in the series ..
because 2g (bls )
e BV

left hand side

rignt nead side

Ty A
VoL
— e

at 1= 34

is exect difi

can be

mich 1o integrated easily

)]

£
LSe

t

b=
{

assuming the body resistance is(W//Ls) at normal speed
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By inte_rating efter applying the expantionof expo-

uential the equation of motion Ybeccmes as follows,
1+ 117" Z :
2ol + )
U e sV
/ 2 2z, Qﬁ/z'kf%/
V32
- . 5‘/ 4,
2 / 3 / "71/ ]"/ \
i O AR
\ 5V /
cubstitute tine limites | @
1=0 b

2

® 2 2 s )

Uz V =(90X1.15) =23000

1z 3is
U= U

V&-??S‘.:’zﬂ 23000~ 7839

U - —
( Uelis Le27
e
Tnerefore u 7 L5z feet per seccond  after flattening
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(b)Gliding and Flattening Distance

T

vy

of R.A.r.15 Biplane.

The above calculaetion suggests us thatl when an eeroplae
is flettening out from height of about 130U feet to  the
grouna after diving with a great inclined angle to

the horizomntal direction, 1its specd after Iflattening
out 1s still very higher than 1its stalling speed.
Therefore it is clear that +otal landing distance

{ including gliding , flattening out, and landing

run distance) is made shorter when en aeroplane glides

at great eangle oi iumcidence —— but at . less
anngle of incidence corresponding to the stalling specd.
cesequantry with & little larger speed taan ths
stalling speed.
If an aseroplene glides at & large angls of imcidence
but & little less than the stalling angle oi incidence
then total drag coeftficient ic not so much changed
and we can use an aversge value o £ coefficients,

If we can use @ costant value as tae drag cceificis—
nt taen the squation of moticn can be integrated
very easily and result is more simple,

Zquaticns of moticn during flatteaing out are

Woudu _ 2
! - QW - ;’-’BAu along the path
J g al
| W dae e

; WAy T ‘ 35 a1 ;
—— = (W -sa*)  perpendiculer,the path
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wher. , u is the speed ; e is the angle of
flight path to the horizontal at any
instant.
It is covenient to use a subsidery speed V defined by
Wi KAV
Finelly we assume a&s . shown on the froat page that a
mean value of X, & and &, may be used , and cosequetry
e mean value of A\mey be used for the drag to lift ratig

Then the two equations are writen

;U du u?

D —— =8l - R )

. Al X<

L wPae u?

( —43(l - )
al V2

Eliminate V from these equations

du 2 4@
u_.__ﬁs')\u =g e -X)
dl dl

2
°T  » udu §AGAO= gle -A 14l
As vbefore the angle cof the ineclinatiocn of the path tc¢

the horizn ntal is assumed -that it. . is defined by



Using the in.egrati ng factor

2764 | ZA@O‘( {
2 3"‘{ ﬂ(/u-2+22\,%{-‘:low )= 2 237040 7.) Al

Interatiag
2)%[ 260 4
o ' sy
2——7’)(6:[ z Jg & 2(60"/\ -2 .0_—7::%—0(4
£ = xe, J e xol
— 7, N e

B, £

@ZIT ~+ 2(7-'}7‘7‘3')\’52—2
’ ‘-?@ (27

it

Applying the limits

{ u_ u at 1. L) and {u—- u,, at 1 _0)

Z? @9 2)\(90 2)\0«'
? Wo = {W - = T AR

~

B 2 A <

= zj {(400 ~A)2A e Z; - Ji—(—'/:’i‘)i&)* %Qx‘xg



or

uli 4 2A\O) = Up= -\l

Therfore
2 2
1= uo = u {L 4 2AO)mmm (L)
The heignt of flattening out is
2
-/ 2
Bz |ulxtand® _[eal = gif - £/a)

From the equations(A) and (B) the length of the path
and the neight of flattening out can be required when
an aeroplane glides at greate angle of incidence and
cosequentry witn a small inclinetion of the peath %o
the rme=w=— horizontal.

The speed u is & little larger theun the stal-

ing speed and the sSpeed w is tae stalling speed with

whnich Lhe acroplane lands on the grouand.

Kehottold piplane which was used for cslcula-
tion of landinz run distence has the propertics at

the stalling angls of incidence as shown below.

- P I
JelW7 Ueid

!

stalling speed £ 40 m.p.a.
If the aeroplane glides down at 10 degree of ineid-

ence at which the maczine has 53.5 m.p,i. as the speed
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end C.ic ag she drag

Then
u, = Sc.b6 feet per s:c.

U =— G7.4% feet per sec,
the inclination of the path at the
begging of lattening outv = tano.ls
— 10 degree o 9,10 in radiun
| Z 0.13%
The required distance i.

2,

2
(67.2) =86.60 1L + 2% 0,16X .15

l\,IH

3 I N i
ax:;l-’:a X UQ-LQ

1

The required height for flatteming out o

b)

=1 2 J.lc 3uu = a7 feet

If the R.A.F15 biplanc glides with 1U degre of inei-
dence from the edge of tae aserodrome at wihicn the mach-
ine is 1lUU feet height Ifrom the ground , and taexn

flattening out from the neight of 27 fset to the groud
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tne total landing distance is requird as follows,
The total landiag distance

gliding distance » fiatteniu,- out distance

+landing run distance

410 feet + 30u feet + 32J feet

10 90 feet

The Total lending Listance of
The #&eroplane with Flaps (0R2 of the
chord of monoplane)

The monoplane with flaps which is ajusted 30 degrae
to the chnord at the stalling spesd 53.5 feet per sec.
has the drag to 1lift ratic 0143&;?at stalling speed.

1f the aeroplans glides at 10 dgree of
incidence, then its apeed is expected as o5 feet pe
sec., and drag to 1lift ratioc a little larger tnaJ JeZ D

Applying the formulse {(A) and (B), we zet

&

L2500 =S4ud
%: ib
= "¢ feet
D= 9,7 feect
‘he +total landing distanc

G860 Tfeet + 70 fezt 4+ 2335 feet

555  feet



