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Note on loncitudinal stability and trim changes at
specds noar the speed of sound |

- by -
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By conzidering a typical ..iror.a't design at both low suhsonic
and high surersonic speeds, where its acrodymamic characteristics can be
rougly calculated by simple theory, same indications of the nature of the
changes in longitudinal stability nmd trim of an aircraft to.be expected
on passing throuzh the specd of sourd are cbtained, ' It is shomn that:-
(1) The lonpitudinal stability will increase at supersonic spseds by -
as much as O,L6C aft movement of the neutral point, | 0f this, 0,253 fs due
to aft movement of the acrodynamic centre of the main wing, ahd-the -remaindsy
to the disappearance of thc downwash at the tailpl and the changed
slopes of wins and tailplanc lift curves, | R

(2) with present day aircraft and wing sections.n nosc<down mament
must be expected cn passing from subsonic to supersonic speeds, It is
estimated that this may require up to 7° of ncpative elevator to correct
in a typier! case, lethods of minimising this ehn.ngo by choice of tafl-
setting =and of wing section are discuseed, i e

(3) If this change in clevator engle is not ap-lied by the pilet. the
aircraft wiil trim at superaonic speeds at a mﬁ’ negative urg W
coefficientrourhly ~0,1 if no chanee in elevatar anflc is made,

The majority of cxperiments have so far bebn :ade at kigh sube
sonic spceds, s0 that they examine only the beginning of these changes,
They show, however, increases in longitudinal ntability and in nose=down
mament of the same sign and of the seme order of masnitude as wondd be
expected from the present estimates, i

1. Irtroduction g j -

i The whole mnse of spceds of aircraft movin: throurh aif u.nAbg
divided into threc distinot rdrimes, The lowest speeds, up to the point

. where shock-mves first appear in the flow, have already been examined

extensively hoth by experiments and calculation. The hiphest specds, where
the fiow is cverywhere supcrsonic, have also bern studied a reat dc-:],' et
although knowledpe of the flow charactoristics is by no msans ey

a fair amount of consistent experimental: anl theoretionl work has!boen' done

The intermediate rerion, norr the specd of sound
Yiach mumbers of ‘0.7 an! 1,3) is provins the moet ASfficult s‘.’aztm“;:th
experlinsentally an! thecretiorlly, Dy the use of highenpeed wind tu;m els
and by dive tests on high specd aireraft, the lower part of this region
is now beiny explored, Tarpre changes in the asrodynamie charnoteristy
of aircrafti,2, oceasicmally jJanperous in their offects, are being fou::.
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Chief among these effects, on complete aircraft, is a incresss in
theth‘lgnndmincmnin;_v_nm-dmdunge of trim of the aircraft as the
¥ach mumber increaccs. |

|
The present report considers this change of trh:' which is one

of the most dangcrous features of flight at high Mach r, by exsmining the
difference between the longitudinal moments of typical & at Wm
low subsonic and very high supersonic lmdn i,0, at the ¢ sides of
trensition region near& = 1. It is shown, in fact, that with current
desimms of aircraft a nosc-down trim change is inevitable in this transition
region, and that appreoiable nsgative clcvator angles are u‘quirod to
counteract it, This conclusion is cléarly of considerable imoortance to
aircraft designed to fly "at supersonit speeds, and methods 'of mindmising the
chanpe are indicated, These may have scme application to the diving of
subsonic aircraft into the fransition reyion, althoush of oourse the over-
all ochariges casential in reaching supersonic speeds may be marked, in this
region, by other chanpes fram the formation and movement of local shoek

waves, '
2, Thin aerofoil the at subsoniec a crsonic spoct

- 1
A sumary of thin aerofoil theory at spescds well pbove and well
below the speeds of sound is piven in Appendices.I and II,  With the
potation uscd there, i.e. with the asrofoil extending fram x = =1 to
X = +1, and'with cos O = =x, thc following aerodynamic characteristios at
infinite aspect ratio are obtained:=-

e a

Quantity l S\':bsonic Supersonic

Slope of 1ift ogeff- 2nx ﬁ'l_!'- hx
.icient curve, ‘tf/chg T kot n$ -1
opg (1 - cos 0) %

Angle of :cro.'u!‘t, :;:-'r . 0.
Ko i ]
Aerodynamic centre | Quarter chord, x = =% | Half chord, x = O
position l |
1 g - ' il
Moment coefficicnt 20
about aerodynamic !_71-!-.! ﬁ(cm ‘ < e J:TY. sin 2040
contre - cos 9)W l § i3
i i s i e e J =

To apply these exprezsions to conmventional aircraft, the effects
of the vortex system producced by the 1ifting acrofoil have to be taken into
aceount, it subsonic specds the slope of the 1ift curve is reduced by the
trailinp vortices, and a dowrwash proportiom) to the wing 1ift is gemerated
behind the aerofoil. At supcraohic apeeds it has been demonstrated that
the trailing vortex systen is confined to two 'Nach' cones issuing from the
- tips’, Further, the shock waves extenl cutwards froa the aerofoll so
far (aceording to the simple theory of Apvendix II, they extend to infinity)
that the dowrwach recultine fro: the bound vortex is extruioly - small, In
the following estinatea the effects of the voirtex systen at suporsonic speeds
have therefore been neplected.

It i first nccessary to cvaluate the expressions above for aerofoil
characteristics, for the specinl cases of acruoils in cowcon use at present.
This is done, for ncrofoils of "comnventional” and"low~drap® oentre-lines, in

the following sections. H Gk
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21 Comentionl wine sectims - SE5E
The reneral oubic cmtnoum considered by Gluhﬂ.u

represertative of the older forms of nerofoll; in the no“t!.,al-of )

Appenux I it ray bLe wr:lttem- p . RN ot 2 R
y-Ra- =2)(2 -). Ax) - A%

where , h arc nrbitrary c.amt-mts. NI . RA '. i

Special cases of tMs eypt. of' 'acrof‘on are dauimd vd.ih‘ -_0_'_ .
and A= 8/78 The first of these mves & ciroular aro cemtre<lime;’
nlue% /7 rives an acrofoil with caistant centye of preseure, i.e.

‘0, and ir emplayed in the acrofoll R,4.Fe 34 T&.herom—!c :
chfracteristics of the reneral cuve nm of ‘these' two 'speaisl curves, are
given in Tabls I. The value of h used in any pnﬂanlr application {s -
dependent upon the 1ift.ccefficient at, whioh the aexofdll is’ kequired ‘to.
_ operatc most errieicntly; definine: this 1irt oo‘ﬂ'tciem, cw, as that ag.

which the flow ia tancentinl to the -pmmr-nne-n m ;uung Qdao (no
Appendix I), we have for the ecncral cubi g=" :

- ’

Crp =Th (l'é)atlw ld\nmbers. b "-..

This has decn used fo cxpress the no-lu‘t angle and the Me amd
a\xpersonic noment  coofficicnts 1n 'Pnkle T as & funotion-of ct.D‘ S

2.2, Low=denp sections =R sivd

In the nore modsrm lowldmf- mctiona the oontu-lm is ohonn :
to pive unifcmm londing over a ffaction "a* of the chord from the leading
edes, the leading then falline .off to zero at the trailing edpge. The
-:l.mplost case of .this type of lobdins, and the ape most 1ikely to be
employed on hirhespced-eircraft (bécause it pives the lpwest exoess
velocity on the upber surface forf n siven 1ift éceffiocient), is that with
asl, i,c, unifora londing over the vholo chord, mlmd.nn a corstart
vllocuy increment, “; = 'l s -0n the upper surface at the th nn

ooefficicnt; and it is easily.shom that the design 1ift co.fﬂetm, Orps
is then b (at low i‘nch mmbsr) and the equation of the acrofoil is
given by:~ .

2 (9

.# lop cot ¥  with the notation of Apreniix L,
Characteristics of this acrofoil arc alao piven in Tabls X,

2,3, The nerofoil with flap | i

The characteristics of $he thin aerofoil with hinged flap have

already been caleulated by Collar” for both subsonio and supersanio

flow, They re included in Table I in two formas; relative to a chord-
1ine joinirne leadine and trailine odres, such as would be used in a
suersanic double-wedre acrofofl having ns camber-1ine :two streipght

1ines at an anglo; and also relative to the chord of the unflapped

ortion of the wing, a fom which would Ye apnlicable to control surfaces,
von the scoond Torm it is scen that the effectivanesa of a control is
much reduced at superaonic speeds, if we conpare the change in 1ift with
changine control angle with the chanre with incidence, For typiocal .
aileron anl clevator (or rudder), with T (control chord/total chord) = o.a
anl Ouh respectively, Collar cives thc fol winp changes of 1ift-
coofficient withe{ nulﬁ (control anrle):-

1

A 2
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Coeff. | Su value Super- L...M......lm £z 02 _ | Elevater R = (
::;em x J14 (infinite Supe; cf w F

aspect ratio) -l x J14f x .fjis-j x x U
Vi 2 o 6.28 !
oy, m N 6,28 L 5

= -1 ¢ ;

*2 2m- &coe” JE L 3.39 0.8 4 65 1.6
46, + 0 70 ik i
ak : /

It will de seen that thesc firurcs prescnt a stron- case for the use of oontrol
surfaocs ‘occupyine a :uch larecer fraction of the =ain surface chord, and even
of all moving surfaces, at ouperaonic and pecresupersonic speeds,

3. Homent chanpes in passine through the speed of -sound
3.1.  General rel-tions for lemrit %

Consider now ar aircraft with itz C,G. at k.c, behind the lcading
oedre of the main chord o, It is assuped that the mament: of the aerodymamic

ferees arourd '.h«': ({‘1(‘-. arc ba&xiced by the 1ift on an all-rovine tailplane of :
tail volume f = "n oy v, at ar anglc 1’« to the wing M

The chanre in on parsine throush the sp-:d of sound is cdtainc as tol"
and the corre 1nr change in clevator angle 7 oAn be obtained by -llppl.ytm
by .n_l as given in parn, 2,3 abowe,

2

i At sudaonic apcedn, the pitcidne mcmnt coet“'.lehm. &ue to alr forces
on the main wing is piver by :=

G, = ¢ ¢ (x -dg, Cp, » main ving 11t coefrictent.
This must be balanced by the mgnent duc to the tailplane, \vMoh is.at an

incidence

C, 36
= e . 7, ~ &S
whore a i3 the slopo of “the €. ~& owrvc for the miin wing, ani€ 1s the down=

wash at the tailplane duo to Yhe mrin wing’ “Ifa' ia the .I'I.opc of the taile
plane Cp curve, ths tail-lond conf™icicnt 1 thus elver bdy:

Gy * (x -:E_VL=‘_'ﬂ' [c;‘(%; = %g':‘ sy ’,] -:-...........(1)

whenco

>

q-: s -‘o * 'c_?_ c‘l W ":er—a} ....:(2}

Ya

SNe

G 28914

ey g




.
. ' :
0

3imilarly at supersonic spocds, the tail lead coefficient is given dy:-

G * (=105, ™ [01/1 o-q,] IRV e SRS
and "T' _c_v_:T . cr‘[-k-v;-i- - %] csssecececes (b)

-Here the dowrwarh at the tailplane has been ne-lected, for the rcason piven
in para,2; and tho acrodymamic ccentre is assumed to be at 0.5 c.

3.2, Mmerical values for the tein chanca in typioel aircraft
In cquations (1) to (L), the values of &, ond C . are those given
‘o

in Table I. To obtain numerical values for the trim chang:, it is neccssary
fo substitute typical valucs for the remainin~ quantities. "he following
waluos are represcntative of alrcraft of to-dny;=

tail volume V = O.4

%ail aspect ratio = 3, so that 2’ = 3.8 per rodian (i = O)

wing aspect mtto‘= €, 80 that a = 4,8 per rsdian (i = 0)

dowywash at tail € = ) so that 4 & o. i = 0).
g fl'% S &y % o

At supcraonic spreds a = 8' = » 80 that it can be assu-2d, with

suffioient accuracy for the rresent rourh estimates, that.

Va' ’1-1.'-."' (subsonic) = Va' ,'); =1 (supcrsonic) = 1.6

With these values of the constamts, cq-.mti(lms (2) and (L) bocome:=
Subsonic: 1.5?,1, = -1.6‘0 + (:!:° 1 -3 . Jl-ﬂz [k - Q&g -‘
Supersonic: 1.6%), = G.',,J; palh M'“ﬂ v

A 8i t fact in thesc equn is that st a fixec value of
Cp,d1 = ¥ (subsonic) or C JN° =12 (supersonic) the values of d,, are
oonatant in cach rérime, recardicss of the sctual Mach meider.

T'ow substitutins from Table I, the chance in ‘ is htadned in
terms of the design Cp (cm) of the section, the lift coeffiolient at

subsonic specds, and the 1ift coefficient (:12 at superso-ic speeds, To

simplify the result, a further approximation can be made, by vaine the fact
that tre marrin of lonritudinal stadbility at subsenic snecds ia normally
small, A sufficiently representative rosult is obtained if k ia assumed to
be 0,4, so that the stability marsin is O,Chc at subsonic specds and 0,5¢.

st supersonic sneeds, (The very larpe marcin at superaonic speeds say be

s serious diffioulty in providine rood comtrel; but may de offrat in practioce
by tha fact that the ranre of 1ift coefficient required in sma’1l), With
this assumption, the chanve in tailsetting ia:-

(1) Ciroular are centre-line

A 1), (rediane) = Q135 Cpp = G5 G Ix}q + 0,04 . '1:5
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(2)  gonstant .. centrecline (udsPolh)
A’), (redians) = -0.186% - 0.5 t:.!,2 =1l o.a..chﬁ:r
(3) - Louctrap section _2_-1; ,asl0 - '-
& A‘)T (radians) = 0,102 Orp = - 0.5 OLzﬁo 0.0b o,qf?
(4) gentre-1ine wmw:;_ummu. .
A?,. (redians) = -0.159 G jy ~ O5 cnzm"o.u ch‘h g
It is clear from these fipgurcs that on passing through the in

d‘lo\mdachmeeortmhnmtobooxpoctodmmnmhs:gl
aircraft, and this will always be inauehl direction (at normmal 1

eoetﬂctents i,e, poaitive values of Q’&) that & more megative
tailsetting or elevator angle will be though the low-dreg
section with constant chordwise loading shows some advantape over the
yemining designs of aerofoil, there iz not a prut deal of difference
between them,

. A typical »resent-day ngwm- such as Spitfire has a wing ludp
ing of about 30 1b./3q. £f. and rcaches its highest llach mmber at sbout
30,000 f¢t. It 4s usunlly fitted with wines of oawcnumu section very
1ike (2) above, with a waximun cember of about 2: chard ldvlu °I.D = 02,

ot . : The 1ift eoefficicnt in level flight is 0.67 x 1077, where Wy

18 the wing loading and p the relative pressure (O.3-at 30,000 f8), If
such an aircraft is aceclerated through the speed of sound, the change in
tailsotting to be expected between the twe tho u
region (say i) = O.71 to M, = 1,22, 80 that s O

v will be as follows;:-
A"T(dcmea) = <2,13(from Cpp tem) « O, NN(from cn'. c!') 22, 8heseeq (6)

This applies to level flight; the second term will be somewhat veduoed in
s dive. If the elevator ansle to trim is sero at high subsondo speeds,

as 1s usual 4n aircreaft desipns, than a nepative elevator angle of mm
=7° will be required for trim at aupersonic speeds (using the valus of

:1 ziven in para,2.3). This change in elevater angle can be ma to
about ~4.° by choosing the t-nmtw 20 that the clevator u‘h to trim s

sero at supersonic speeds,

In fact, however, an aircraft designed to achieve superaonio
specds will have a large w{u- loa d.m; (to satisfy the requiremenmts of
large power and low drag coefficient) and for atrength reasons will
operate at high altitude. An aireraft with a wing loeding of 50 lb./-q.n. X
paulmthm—hthelpeodoflmnwooom,ﬁnhﬂc‘l-o.
=07, ae 0,12 at Xy « 1,22, Vith a wing section
of (&) ab the change“in tailsetting required will be

Aq, s «9,1 cLD « 1,9 deprees. ,1-...o..............00000100000(7)
Thus yith a design Cpy of only O.1, clevator angles of =7° (swpersonio)

aba
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or +4° (subsonic) will be required as “above, Even with sysmetrioal wing
sections, a change equivalent to 4.8 degrees of slevater at w qmd-
or 2,6 demcs at subsonic tpeeda is necessary, .

N The above rough cstinates have mg_lected the | inﬂu-m ot‘ ﬂu Mlls‘
;*1iching moments, to simplify the picture, In fact “.‘1"'

is ot sxpected to nodiry greatly the values of, .‘i-tod in ?. st (7).

It will be seen from Table I that in all the umre

aerofolils except the constant C.P, type, the valae: of 1.. Mo

flow differs only slizhtly from the value of C., f;! -1 14n mude ﬂwn

Thus in cqu.xticm(ﬂ the change i.n,l. due %o ehnnge i.nc“o is nluny

nerligible compared with that duc to changes in no-11ft angle €6 and in
;oroqvmmic centre, The same is likely to hold true in the asse of the fuse-
age,

ke Reduction of the chence in trim .

Some methods of peducing the change in elevator ‘:,“’",‘:‘
ssing the specé of sound are cbvious from the re

t is clear, for im:nnce that a mmaller change in clevatar angle required

if the tailsetting is ehoacn to give jero eslevator at supersonio speeds, rather

than at high subsonic speeds, This jmplies that the elevator angle ckn{

about +3 or +4 degrees at tpceds Just below the shock-stall,

Hodification of the wing section to reduce the trim change is alse
pessible; tut here care is necessary to cnsure that such modification does not
conflict with other requirements, Fram the strength point of view, for W
it is clear that the tail 10ad should be as srall as pouiblo throughout,
that each side of squations (1) and (3) should be reduced to the nindowsi’
possible value, Further, as will be discussed in mare detail in pare.S, the
beginning of the transition rezion is marked by the foywmation of shock waves

on both upper and lower surfaces, and these probatly have the est affect
on trin when the wing incidence is very nesr the design angle Appendix I),
i.e, when the 1ift coefficient is 3 '

Lt

For this reason, although equations (5) = (7) show that th'
ohangeq‘. oan be reduced tc zero by designing the tmin wing seotion
negative’cambar, so that Cpp = =0.07 (equatiom (6)) to <022 (oqmm (7)),
yet this is not 'recamended. It would conceivably lead (o a strong ind
change of trim on reaching shocksatalling speeds, diappou'lng later as t!n
aircraft accelerated to hircher Mach mmbers,

Of the threoe reguirements for which the wing ncum mt be.
designed, viz:- a zero trim change, =0, |
smallast pouiuc t lond
desipn 1ift coefficiemt om spregpriate to baginning of
shock-stall,
the best solution of (a) and (b) only is that riving negative for this
will result in positive values of o"o' which will offset the mgative

nament fran the fuselage. A sclutiom of (a) and (o) can be cbtained, for
any family of acrofoils, by choosing the parameters of femily to .ttd)
d’rsomcq\mtim (5} ﬂthmmﬂ;hnlmadcu.cnzum«
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For exmaplo, if the trildhnp- 4z to be N?M‘Kl.-&n e
and iy = 122, and G at ¥y = O.7) 18-t0 be Squid ""?f'! A A

squations (5) pive, vrifhk s O lge ." B o o] ; +
B R N e R e ol

- an cLDc \
As CHO ant % are proportioml to Cpp, this oqmu;m rives. a. ogntrecline

shape, the ordimntes of which are directly propurtiondl ko'c-_fp. "If & ouble
form 1s chosen, this equation bocames, with the notation d‘ T.Ab:_lo Ir- |

3o () i () wme

which gives A = 2,43, The corresponding scction is quite wmsual, with
a reflexsd leading edge instead of the nore usual reflexed treiling edge. It
is undesirable beoause of a very larpe tail load at subsonic speeds

(c, 1 - xlz = =1.3x Cyp) although st supersarde specds this reduces to
(-]

a norml value - Table I shows that at mumﬁolp.‘dl%'hﬂn same for
all members of the cubio femily,

The above discussion is sufficient to indiocats that there is
considerable scope for the design of asrofoils which will permit of smeoth
transition from subsonic to supersomic speeds in flight; i.e, which will
permit the requirements of .small tail-loads, serc trim change from subsenis
to mpersanic speeds, and rmallest possibls disturbance of trim during the
transition period, t~ be mutually satisfied.

ﬂl.oq.tto...o.o....ullloto.l.'...ooo:ogo05.!.!...{..‘ (8) : :

on with L8

As statod in pare.l, sxpsrimenmts to the present have been | .
largely cincentrated om the region of o speeds where shook-eavee are
Just foiming, -i.e. on the lorer boundaries of the trensition regiom. IS is
ofintmnioobnm,ho-nr that the changes which the above e
theory would indicate, through ine trensition ".2';:‘.‘“‘"
m-acttoo. Thus it has been demonstreged on a;
- M mibers well above the oritical Mach mmber at which shock installing
first occurs, there is a promcunced nose-dgem change of pitching memest
requiring seyerel degrees of ‘negative slevator to gl ommpares
the change in clevatar actuwslly foud in the initial shock-stalling peried
with the predicted chanps over the whols 'trénsition vegion, The indicatioms
are that the change may sctually be greater, at soms stage 'nser M = 1 than
the fiha) supersonio value, 3 .

Occasionally dives have been made on presemt-day alrora$t in which
the pilot's strength ves insufficient to counter ths!trim change. .Although
very few records arc available of such flights, for cbvicus reascms, the
pilots descridbe the aircraft ar apparently adopting an stiitude .uviu a
negative 1ift coefficient - this is deduoed from the negative "g* apd from .
the fact that loosc objects fly up above the pilofa* heads. This
to trim at mepative 1ift is in acoord with the deduetivna above; in faot the
airoreft consicered in equation (6) would trim itsell, if mo in
clevater angle werc made, at a 1ift cocfficlent of 0,13 at supersonic speels,

A final »roint shom by the experimental evidence from
tumels is the very pronounced incroase in longitudinal stability which
aceampanics the shock-stall, Accordine to pare. 3.2, an increase in stability
equivadent to 0,46 © ovemoent of the neutral point {s to ve expected at
swerasonic specds; 0,25 & due to aft movement of the acrodymamic osntre, and
the remainder fraa the ‘isappoarance of the downwash at the tailplane ard the

H :
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chanped sloves of the win~ and tailplanc 1ift curves. Increases in

stability equivalunt to 0,26 & aft ioveuent of the nuutral point have
already becn cbscrved on a Tyohoon mode) in the L A.F., high speed tunne

17

at a !"ach Bunbcr of 0,75, nnl cven greatcr movementa have been found on

o Spitfire

stability an! trim changes on the airernft are peneral

nodel,

Thosc facts suzreat that in spite of the extremely oomplex
mture of the flow 4{n the transition rerion noar M = livlcmwdlml

of the same sipn,

and of the smic order of msrnitule, as mipht be expected if steedy transition
fran subsonic to supersonic flow were taking place, |

I3

. N
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aer - o
Following Birrbaws’, we ropresent the asrofoil by a owrve imn -
the (x, y) plane extending from (-1, O) oo(u o). Asmming that y is
small, and that the flow aromd the acrofoll is that produced by &
distridution of wruelty along the asrofoil
'zsﬂ =2 th sin n O ecceebessssscscnsestcosncssscsee (1)

where V is the specd of flight .

and cos 0 s -x,

then the disturbance velocities prothocdby the acrofic’l at lilm
arc given by

_llmzuh..v -ém z-‘lh'”‘“ (¢ for wpper surface,

« for lower)

perpendicular te x axis: ; = ¢ !."oclne.

The cireculation distridution (1) is enly possidle if the flow
is tangential to th: acrafoll surface at the lcading odge; this requires
the stream velocity V to have an initin) angle *1 to tha x axis,

piven e J'g 20 rveeuerrerressnaasescnse (8)

This angle is usually ozlled the gptimum angle of incidence for the asve-
foll, The flow in this condition oan be found from the deundary conditiom
st the aerofoll murfuce, vis:- .

v 4% -g'; o
whence %-1“. Jg 8 R0 48 .icieccecceccecncncee (3)

!hvoleetvmrmnrhuh ('gll) to the firet ordar, so that the
murmwmwuathticv!c(mc the chard = 2) s given

mmn rmq/iev'c - ..t',.u! % I‘n

'l‘hun !hn left eoafﬂehnt ut the qf.h\- uridtnao % is given by

1 .
-32 i.\ndnno sin@ae
]
- Wiy

- G 25920
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The no-1if¢ angle,f,, is given by

et

‘o ¢! °(1 = —:11" 4 ke {

3 ’lr jg (1 -cen®) a0 it e )

Again, by integration of the nermal force, tke ;;i_tohlm menent sheut mid-
cherd at the optimm inetdmco(‘ is piven by

1
x)
G malf-chord * ¥ I-\‘r X -

|
>3 2{%31:\:\00“0.1:\01!0
.L ’

b 4
%

Age

Thus the pitching mament coefficient about the quartsr-chord, whigh is

independent of incicdence, ia given by bt
- B i

S quarter chora * T fp -1 C L
. .

-1} f ﬁ(cu?ﬂ-cu 0)40. 2escosag (5’ !I.-

° 1 ,..

* ]

The solution above apriies to uncomprissidle fow (i = 0). For eampressidle |[&
flow without shock, Slauert has shown small pressure changes (such as are [‘5,-
considered abovu) teo be increasvd by a factor ]_1_,._ . ™nis results im e
1 -« u* ,'.‘n"'-

the values of C,, C,, found above being ~ultiplicd by the pane fastew, whilss |/

the incidence of. a¥id gf. remain unchanged,
o t

Auvert ivi- RSB H&Qo. Qi -
is being sent gors i
=1 Catwgcry '.' Britian nirerafe —onebre—andepreopebies 11 o
Lo e .HA .

or

e Doriinions air firec:
he H.RCu CoS, 7R,
5- Z!.‘.’Cu (thr- et )

Go  “BoBO~{dhs—tyeids ourivn Enlassye
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AIMEIDIX 11 \
Thin aerofoil theory - supcrsonic specds

A%t supersonic apecds the aimple theory of ‘ckeret, ss outlined . .
vy Tl\vlorl‘, cen bo employed. By this thcory, the pressure at any point
of the surface of the thin acrofoil (subjuct to the conditions detailed in
Ref.4) is given by:- : E ¥

Pressure = cv’p/m )

where 8 is the angic which the surface ma"-s at the point, with he tnitial
Vv dirbetion. For the linc mer “oil extowline fram (=1, 0} te (1, O) as in
, Appendix I, we have: - . : HoE 17 SR

.on upper surfacc ﬁ -of ié s |
L whoreOk 18 the incidence of the
on lower sur’nce p AL - % * xeaxir

Hence the local 1ift at ‘he point x is given by

2
v2 :
b 2ﬁ3_1 (& - 2% per unit length ' ?

and the Yift corfiicicn.
7 1 ' T 1

. e S . SR
> ‘r"f’z % « 5 g _g'dx'

-Jﬁi—.."""""un"u"”h;(ﬂ

Thus the nlope of tho 1ift curve is JT"I—, ~nl the angle of zero 1ift is
- o ' ; :
The moment cocf!icient about mid-chord is:- i

1 na v (&_é')xu

‘

% migecrora © " TpveL, 121
2
1
sj}' ' ‘I‘x% AX 4 sreesesrecnssee (7)

=1
Thie is independent of *L' i.¢, the mid-chord is the acrodynamie cemtre.
Equation (7) mny te written in thc two alternative forms:-

v 2 |
1
O midechora * Lufa T -jy Pl fg g o
= o

13- G 28922
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