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Summnary

This paper sets out the method now used by the author of
applying the polygon method! to the calculation of the canpressible
subsonic flow round two-dimensional aerofoils., Tebles have been
constructed which can be used for all aerofoal shapes, putting the
polygon method on the same footing numerically as Goldstein's
"Approximation ITI"? for incampressible flow, However the polygon
ucthod has the advantage over Approximation III that it can be applied in
the following cases which are beyond the scope of Goldastein's method:-
(a) the "high subsonic" gwithout shock wave) compressible flow cbout
conventional aerofoils, b} the low-speed flow about very thick acrofoils,
€.8., in reference 3 it is aepplied to circular cylinders, (c) the flow
sbout_symmetrac acrofoils between either straight or constant pressure
wallsj, (d) flow in asymmetric chammels, and (e) more difficult problems
of the flow ebout serofoils in the presence of one or two constraining
walls (to be published). A method of calculating lift and moment
coefficients, and thecir rantes of change with incidence (a) 18 also
given in the paper.

As an exemple the velocity distrabution and the rates of
change of the laft and moment coefiicients with o« are calculated for
the aerofoil R,A,B,104 at values of M_ (ilach nuber at infinity) of O,
and 0.7, for various values of the incidence, a. The wvelocity
distributions for zero incidence are found tc be in fair agrecment with
the corresponding experimental results. The results at incidence are
in satisfactory apgreement wath the experimental results, not for the
seme incidence, but for the same 1ift coefficient. Tt is found, for

exampie, that at Mgy = 0,7 the theory for a = 0.8° agrees best
with experiment for o = 4.0°, when the lift coefficients are

approxinutely the some.

Definition of Symbols

{x,y) z = x+ iy, ( = v =1), the physical plane
(@) Ww = ¢ + ib, the plane of equipotentials (¢ = constant)
and streemlines ( = oconstant) for zero eirculatien
{q,8) velocity vector in polar co-ordinates for zero circulation
a angle of incidence measured fyror: the zero 1lift angle

(QQoem)/
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Definition of Symbdls (oontd.)

(QG:BQ) velocity vector appropriate to cngle of incidence o
U velocaty at infinaty
L = log{U/q)
3 distance measured along the aercfoil surfoce
2Ty, 2Ty leading end trailing edpe angles respectively
Gs’&a symmetrical and antisymmetrical parts of © on the avrofoll
surface
de\
1/R = = | -] , the curvature of the aerofcil surface
dS/U:O
M Mach number
1 L
o] = (1 - EF)a (subsonze); = (i® - 1)2 (supersonic)
©Q as & suffix to denote values at infinity
PsP the local and stegnetion densitics respectively
1
g
r = (1 -1) p/p = PRl my, = PRSP
(n,y) elliptic co~ardinates aefined by ¢ + in 4
= =22 cosh (n + iy), the nerofeoil surface 1s 1 = 0,
when ¢ = =~ 2a cos ¥
La the length of the slit representing the aerofoil in the
(1) plane
Cp pressure coefficient for campressible flov
C pressure coefficient for incanpressible flow

6 = ((]/U"Jl)'
1. Introduction

This paper se¥s out some advances in the application of the
suthor's polygon nethod’' of calculating the two-dimensicnal inviscid
canprossible flow about asrcofoils in unbounded streams. The polygen
unethod for incompressible flow is based on an exocct intepgral equation,
which can be readily solved by a rapadly convergent iterative process.
The corresponding integral equetion for compressible flow i1s derived an
reference 1 with the aid of an approximation due to von Karman®, A
full discussion on this point appears in scction 4 below, where, on the
basis of experaimental evidence, the author suggests a nodification of

the Kérman-Taien lew reloting Cp and CP .
o)

The polygon method can be applied to a variety of two-
dinensional fluid motion problens, See references 3, L and 10; a
report will be published scon extending the method to flow in doubly-
connected regions.) The integral equalion on whish it is based

(equation/
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(equataon (13) below) 1s in fact the ca?gugate equation to thot used in

the "exnci" methed of aerofoil designa’
and 3 of this report, which were originally constructed to facilitate

This means that Tables 2

the calculation of the flow about o given aerofoirl are eanlly useful in
designing acerofoils to have a given velocity distrabution™,

The principal effect of incidence on the boundary conditiorns is
to shif't the front stagnation point along the aerofoil surface, and thus to

reverse the flow darection over a suall region of the boundary,

TFron

this consideration the author has developed a new method of caleoculating

the contribution to the sclution due te incidence,
given in the next scction, has the advantage over the nethed given in
reference 1 of being applacable to more difficult probloms of the flow

obout aerofoils in the prescnce of one or two constraining walls.

2. The Basic Equations

On the ossumptaon that

1t has been shown,

r + 18

where r

cnd B(YE) is the

r

n o= ng,
thet for zero circulation (see roference 1, 312),

i N . 4 . ax
= - j o(y™) coth z(iy" - 1y - n) dy™,
2%

=1

! % U
= | (1—1119)25.10{_3-) ,

J a=U Cé/

3

value of ©® on the aerofoil surfoce,  Since

0(y*®) = 6(2n + v¥), an integration by parts results in

1 yis
T+ 19 = - - /‘ log sainh (iy® - iy - n) do(y®) .
LS yiz-ﬂ
It ic a sumple yotter to deduce the effect of incidence on
this equation. The L.E. (front stognation point for zero incidence)
be at ¥ = 0O, then, sance on the acrofoil surface

vill be assuned to

$ = « 2a cos Y, the T.E, (rear stagnation point For nll incidences)

The effsct of ancidence on the stapgnation poaints
18 to leave the rear stupnotion point unchoanged in position (Joukoweki
Condxtion) and to shaft the front stapgnation point around the asrefeil
surface.  Supposce that placing the aerofecil ot an incidence a, which

wvill be at y = =.

decreases 9 y¥)

-

by an amount a 1n - & < y© € x, twves the front
stapnation point from y = 0 to y = - 6. Then an the interval

-8 £ Y® { 0 the flow direction on the acrofoil surface will be
reversed, 1.0., 9 - ¢ will be increased by an amount{ = in this

range, Thus the inorement A8, to 6(y™) duc to incidence is gaven

vy

Thais nethod which is

ese (1)

vee (2)

ees {3)
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~a, =% <y £ =5

-0, 0<€y € =,

o = i\ﬂ ~o,-5<y £ O

Substatuting this result in equation {3) we fand

’

1 ainh %(n + iy + 18)
Ty + 38, = T 4+ 18 - - 4~ iR + % lop mmmmmmmmes—mmes e .

* sinh 2(n + iy) J

Since by defination
¢ + mco'lIJ = - 20 Gosh(n + iY), o (LI-)
n = ¢3 18 at infinity in the physicel plane, Thus lim ¢q = U,
e=>cd
and so fronn (2), 1in r = O. Thus applying lin to the equatioa
T == T} =200 .

for r, + i€, we obtain r,, = 1, = 0, 840 = 8.,+ o - 56, ond since

the flow at infinity nust be undisturbed by incidence, % = 2a. Thus
the equation for r, + i, reods

sinh %(n + iy + 210)
Tt A0, = 1+ 0 +d0 - log sommoeomemmeomo oo ' ves (5)
sinh 2(n + iy)

in oltcrnative proof of equation (5) not based on equation (3) is given
in reference 1,

Equation (3) can be expanded in powers of e ", then, since
from (4),

: +1 -3
$+imp = -a SOSE FEE PR
we find
pid n + iy1 i T B .
o R R E R A ST [ v ao(y%)
CyFeon 2 ) 2 y¥aen
3
a . % i 1
- e / e @8(y*) + O wammrmem |
x($ + im B) - é 4 im P
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q 1
Now zero circulation implies that log - = Of —ee-owm- \) near
U ¢ + 1mﬁp/
infinity (c.£.87.4 in reference 12), and since lam (r + 18) = 16,

M=K
1t follows from the above expansion of r + i6 that

]

/1‘ cos ¥ ao(v¥) /:: sin ¥ ao(y¥®) = ./ﬂ a(y*) = 0,

CyFeex VT y¥zon
eos (8)
and
1 pis -
e_}_ = ——-/. Yde(yh) . cen (?)
2% ¥

Equations (6), whaich are equavalent to the condition thatv the aerofoul is a
olozed contour, are required in the numerical application of equation (3)
to & givern aerofioil. An alternative method of establaiching them is gaven
in refercnce L4,

Fainally, since by definztaon

¥
dp = qds , dY = == gdn,
Po
then on the aerofeil surface
]
sU 1 ¢ U y Usiny
- = - ‘[ - d¢ = f —————— d.y ] " (8)
2a 2a g @ 0 q

where n is distance measured normal 1o a streamline, and s 1s distance
measured along astreamline. In equation (8) the origin of s has been
taken at the front stagnation point. Equations (1) to {8) are the basic
cquations of the polygon methed.

3. Numerical Solutiou of the Basic Equations

The asrofoil surface is W = O, when from (&), n = 0, and
= -2acos Y. eee (9)
In the lamit as 7 -> 0, equations (3) and (5) yield

1 T
r = = =~ [ log san #{y* - y) a8 (y®), «+o(10)

= =7
and/
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and ;
sin zly + 2a)

_______ T EED

H
i
e}
]
—
O
]

When € is continuous

A8 = am e =- Ay

i.e., fron equation (9),
Z2a. sin V‘ .
de = -] eermcm——— ay.* -00(12)
\

ds
vhere R (’: - - is the radius of curvature; otherwiss suppose
de |

there are simple discontinuities 75 at \,/j in 9; then (‘10) can be
expanded: -

1 [2a x [ U L - .
PR f -- | sin y log sin #(y" - y)dy®
T Uc/ o

- -5 7 logsin 3(v, - ¥), ...(13)
7 J J J

in which ¢ 1s the aerofoil chord. For suplicity only the L.E. and
7.E, discontinurties (27, at ¥y~ = O, and 21, at ¥y = =x, see
Tapure 1) will be consadered in this report.,

D £ % [ -
Ul

}Rq Rq ] equation/



equation {13) can be wratten

e . sn 27 - V)
r(ty) = - f ]c log san 2(y* - y) sinz(y* + y) D log ----roooomons ay"
s

! 0

2Ta 2Tb ;
- --= log sin ¥y - --- log GOs ZY.
b T

Now the range (O,x) 18 subdivided anto (¥,, ¥, vt Yo oor Yoo Yy )
where vy, = 0, y, = =, such that it can bs cssurcd, with nepligable

error, that C and D are constant and equal to their md-range values in
each intervel; thus 1f matrices A, B, C and D are defincd by

1 yi+1- .
Ay =-- j' log sin 3(¥® - w)/sin 2(¥* + vy, 1, k = 2, 3 .on -1,
i yi
/ 2
,—_--logsn‘xyk i = 1,k = 2,3 ¢emn -1
T
! Vi1 1/ s 1 -
By (=-- log san 2(y* ~ yp) san 2(y" + yJay®, 1, k = 2, 3 .. n -1,
K4
Yi
== - log cos ¥, i = n, x = 2,3 +on-1
\ ™
/ , 2a ‘cU( el
= E| -- -—-Y-J.)---\-y.L) 81n Y, 1, i = 253 eon=-1
Uc qu 1+z Ry 12 1+3
C:L J'—f- —-Ta 1 = 1,
= -T'b 1 = 1N
\
, 2a ol cU
Dy =l ] Cmm (ygyd) + == (= v 1)y sin vy 1, 1= 2,3 «emn -1,
Uo Rg q
where
|
vied = 2y * vop)s

then/
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then the cquation for r oon bs written

n n-1
r{tyy) = = 2 OBy 7 2 DyAy, k = 2, 3 weum - 1. voo(14)

1= =

x
/! log cin z% at has been tabulatedB, and so there 1a no diff-culty in
0

caleuleting Ay and B,y for a given subdavision of (0,%). TFor a
symretricel acrofeil R(v¥) 34 an antisymmetric function, end so

/Pa clJ
D- = O, c = - - Sin Yl+,12_, i = 2, j »e 1 - 1 . III(15)
Je Rq

4 small modification needs to be made tothe above scheme. For
& rounded-nosc aerofeil, D(y) is antisyrmetric an the neighbourhood of

y = 0O, and so instead of assuming that Dy 13 a constant, 1t is
better Yo wrate Dz in the form A siny an (0,A), where A 1s the
value of ¥ at the end of the first interval (A = A,). Then af

D, end Aék 2re redefined by

1
Da = A sin 3,
and
1 A _ sin Z(y® « y)
A = = mmmmmen- / sin y¥ log —~—=womromromn dy*
“ T sin T\ o sin Z(y® + Vk)
. 1
1 sin gy, - »)
. 1 1
IO -~ {2 sin 2{yy + M) s 2(yp - M) log —~=-mommmemn + A 812 vy,

R gin A sin z(yy + 1)

equation (14) remains unchanged in form,

Suitable matrices A and B are gaven in Tables 2 and 3.
In thesc tables (0,m) has been subdivided anto
(0°,6°,12°,18%,24.°,30%,,0°, .., 160°,170°,180%), and vy, has the values
3°,9%,15%,21°,27°,35%,45%, ... 165° and 175°, These tables,vhich arc
elso used for aeroforl design®, should be quite sufficient for all butl
the most unusual aerofoil shapes, The intervel 1s reduced near the
nose to allow for the greater rate of change in thas neighbourhood,

With/
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W1th the detfimations of C and D given above, 2t readily
follows from equations (6) that ror an aercfoil with only the L.E, and T.E,
discontinuatics in 6,

i
.[ C cog y dy

= TH—T‘b
0
o
/ C day = 'ra+'rb
0
4
[ Dsinydy = 0.
0

Now a given closed aerofoil does saticfy these cquations exactly, but when
the aerofoil is replaced by an approximating cne for whaich C and D ere
constant in small intervals, there resulis

n-1i

Gl [sin YJi ool(']6)

it
-5
"l
1
-
o

i=2

-1
L ocy [yl

Ta'{' Tb 110(1?)
1=2

i

n-1
Zl Di [QDS y]i
1=2

1l
o

’ eeo{18)

{where [X]i 15 the Jump in X 1in the ith 1nterval), which are not
necessorily satisfled by the piven values of r,, 7y, and Dy. Those
equations must be satisfied however, otherwise the approximating aerofoil
will not close. This is ensured by using the first two cquations to
define T, and Ty, completcly ignoring the actual valucs of these

angles. The last equation can be satisfied by adjustang the value of D, .

Now since the values of C; and D, in (14) are unknown ot the
start of the celculation, sase iteration is necessary to obtuain =
solution, If a solution /U = o/U(y) 15 ossumed, (usuelly o/U = 1),
then equation (8) cnobles s(y), and hence fran the given acrofoil
co-oranates, o¢/R(y), to be caloulated. D, and C4 then follew From
their definitions, and equations (16), (17) and (48), Eguations {14)
and (32) (see p.43 below) then ensble ¢/U(y) to be calculated, thus
conpleting one ateratzon. A typical example is shown in Table 5, whore
three iterations proved sufficient to complete the solution.

b/
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k. Discussian of the Equation for  r: Rules foz Calculating Cp from Cp
0

The fundamental approximation leading to the solution given by
equation (3) is that n can be repleged by n_ in the differentaial
equation for r in the (p,B) plane1 »  Thas ls a better approximat ion
then that used in lineor perturbation theory, viz., f = {3, for, fron the
usuel caupressible flow eguatacns, it cen be shown that >

v o 9
P = B.':-:: J‘l -Mgc 14w M, 6/ﬁ:a'*' 0(53) ’ ve {19}
2
= b+ 0(1,1306)_,,
and
no= m, f1 - 3o + ”M:a B/B:oq- 0{82) 2 20)
= o+ o(m;us) )
where § = g/U=~1 ond v a8 the ratio of the specific heats, The
approxinotion {equation (1)) was first applzcd by Kdrmsn® to the
differential equation for ¢ in the (r,0) plane, It leads, in
Karmén's analysis, to the conclusion that
r % 1Dg(U/qi) nao(z’f)

vhere qi 18 the velocaily of the corresponding incomgressible flow about
the sore aserofoil. Equation (P1) can be deduced directly from
vquations (8) and (13). Frem (8) 1t follows that

7 sin vy
c/a = /' ————— ay,

where © an the semi-perimeter distence, Thus, since o/c  ls constend,
the mean value of sin ¥/(qc) is independent of M,. This is also
approxuately true of the local values of sin y/(qc), and thereforc of

the local valucs of sin ¥/(gR). Consequently the right hand side of
equaticn (13) 18 spproximately independent of M ., ond since from (2)

r = log(U/q;) when I, = O, equation (21) follows. From equation (11)
1t follows thnt approximation (21) a1s alsc applicable to an aerafeal at
ingidence,

Now for reasons he did not give, KArmén used approxanoticon (1)
in equation (2) to find

5 np
Ir = f - dL
o Po

-

Lop
rLQ/. '-.-' dl‘! n.l(22)
¢ Po

i

i.e./
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1e
| g a ¥ |17/ ag
|
mﬁ,[ P 3o - ) -
0 2o/ | q
where 18 the velocity of sound at a stagnatiorn poant By ignoring

a
terms O?q/ac,)4 Xormédn then found

v [/q\a
r = —m.alog(q/U)+--; I ,
2\ \U/
and so frar (21\,
a, i/ng, g
S R [
U U

The well-known Karnman-Tsien result, va. ,6

1 CPo
Cp = mm mmmemme T a e s
fo 1 - B
1 + ==-ee- C-po
ZBW
1 1 - Boa
or C., = -=0p = wewmeae c.2 + ofc )a,
p ﬁ pO 2BC93 pO PO

also follows directly from (21) and (22) Thas may be ohown as follov
Iv 1., easmly establ.shed that

p R
e = o1 -MEE 4 08P,
Po Po
and 6 = -0 {1+ -J:ﬁ’;?pl + O(C;) »

thus fren (22} and (26)

~ = i ] 0 Ca
B0, i1+ acpl + 0O p)

From equation (21)

;
r = log(U/q) = -5 log(4 - CPO) = -ngo i1+ ?g‘Cpo} + O(C;O)

equation (25) now follows from equations (27) and (28)
Vhile/

(23)

(24)

(25)

(26)

(27)

(28)
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While perhaps it may be "consistent" to use approximation (1) in
deriving equation (22}, it 1s unnecessary, as equation ?2) can be
integrated directly to yield

V6 VE -8 VB4, 1 -G 1+D
I = em 10g | mmmmmem emmeeee + 7 log | —mmmmm wemcen ] ’
2 VE - V6 + P 1 -8 1+ B
or in terme of G {use (19) and (26)),
1 1 v o+ 1M, .
r = ?EB;;, CP 1 + :?'Cp 1 + —-l-;—— é‘; + O(Cp) .

From (28) ii then follows that

1 1 (v +1) M . .
¢ = = - ——— - 3t ere——— - -= |G o(C - X
A U ¥ R v/ 2

Equations (24) and (25) lead to very similar results, as they
are both derived from equations (21) and (22); some comparison is made
between them in reference 6, Apart from the above mentioned “"consistency",
which appears to have no more than a formel significance, there are no
theoreticel grounds for preferring equetion (25) over equetion (29). The
agditional tern in equation (29) roughly doubles the coefficient of
Cp, &b Iy = 0.7. For the exanmple shown in figure 12b of reference 6

equation {29) would clearly give ruch closer agreement with experinment
than equetion (25), but the suthor has found that in a number of cases the
expurirental values of G, 1lie between the resulfs calculated from (25)
and (29)., Figures 2 and 3 illustrate this point,

The curve shown in figure 3, due to Laitone, and introduced only
because it has been published recently wathout disoussion of its merit; was
caloulated from!

1 22+ {v - 108, .
o 2 e € o emememe—an c—lg?
P

3, Po hishe Fo

It is clear from the figure that this equation is of little value.

The experinental evidence suggests replacing equation (2) by
the average of equations (2) and (22), i.e., by

L P
T o= / #Hn + m) - 4L, ,» (30}
¢ Po
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end this will be done in theé remainder of this paper. Equation (29) then
becones

1 1 @ + 1)1
C, s == Cp ===z |1 = Buw mmemeem - ”5 + 0(Cp_) « -oo(31)
[5:,3 © Qﬁcs 8 53:)0

Equation (31) 1s thus "scoi-empirical®, but no nore so than equatzon (24).
Athough (30) can be integrated exactly it 1s quicker in practace to usc
nurerical nmethods to cbtain the relation

r - r - ) Ill(32)

which is aset out in Table 1 for M. = 0,5, 0,7 and 0,79. A small
supersonic patch wos experienced when calculating (32) at }@L‘= 0.79.
For this region P was redefined empirically to be (1\’

5., Caloculaticn of Lift and Manent Coefficients and their Rates of Change
with Incidence

The lift coefficient is defined by the conteour integral
1
j{Op cos O ds

C

where ¢ 15 the aerofeil chord. Thus, 3ince

1 cos © - 2a U cos ©
-gos 0 ds = --m-- A¢g = | == |sin y| ==--==- dy,
¢ caq Uc g
2a b3 U cos ©
Cp, = =| -~ f CP BIN Y | —==rme- ay . oo 32)
Uc q
-
w Ucog @ »
In this expression ——————— can readily be deduced as 2 function of

q
¥ when the zero inc:Ldence solution has been caloulated by the method of
scction 3, while which 18 2 function of Yy and o, oan be calculated

by using (11) and (52) to determine (g /U), and then

G = =mw {1 = cmrmm M2 L =) -1 -7 seo(3h)
P DI‘I?Q o

2 { v - 1 qCL2 v/(v-1)

Samilarly/



Similarly the equation

2a 7 b4 ¥y U
Cy = - / Cp ~co8 ® + -sin b |~ siny dy, eeo{35)
Uc } c c q

enables tho nouont cooif'ricient chout the leading edge to be calculated.

From equations (11) and (30) it follows thet

> 1
——————— = ewmmemcmem o -~ cot(3Y + @),
8o, ffog,+m) U op
and since fron (34) it can be deduced that
®p 9@ P

—————— 03-2----

8(g,/U) U

H

then s
oC 2 2n 9,
-2 R e | cot(%y +a) .
[7: Beo mo,+ 0 L]

Thus differentiation of (33) and (35) with respect to o yields

\ 2
acy, 1 /ha xf 21, \ /o \ /Y 1
——— T = (—- ‘/ —————— - - cos O |sin y cot(zy + a) ay , ...(56)
oa B:5 \Uc v \Be,+ I U g
and
BQM 1 [ ba = an,, Qg U\/x ¥ ,
——— T == | == / —————— -- - i -cos 8 + - 5in 0 ) sin y cot{zy + a) dy.
g P \Uc o g + /N U g /\¢ e
e (37}
The function
/qa, _ &y,
x - = | e
\ U The + 1

is given in Teble 1 for M¢, = 0.5, 0.7 and 0.79.

Ror/
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For a symmetrical aerofoil at zero incadence equations (36) ond
(37) reduce to

aC b {La T Zpe \/ 9
L I j' /f ------ - cos 6 | cos® 2y dy, .oe(38)
da, Beo \Uc / VO \G%0+ n/\U
and
Io & [l xf on,\/q\/x ¥y .
- = - - '[ ------ - - COS8 e + - Sin O cos ‘:}Y dy. noc(39)
do, Boo\Ue / 70 \Bc+ nf\U /e o

For thin aerofcils (38) yields approximatcly

aCy, 2r [La
3a B \Ue

which is the result given by lineer perturbation theory.
6. An Example: Aeroforl R.AE,10L

Theco—ardinatesB and various derived functions for thas
gyrmmetrical aerofoil are set out in Table 4. Coluwnm 4 is the differcnce
between the perimeter distance and the x co-ordinate, both measured fron
the leading cdpe.

The calculatzon of the rncampressible flow at zero incidence is
s¢t outun full in Teble 5, the columns of which will now be discussed.
The assunption

q = U, oo-(&.O)

13 equivalent to assuning that the aerofoil is a flat plate; i.c.,

s = x, Equation (8) then yiclds
xU ol
- = 1=-c08Yy , -~ = 1~-coan = 2, ees{81)
20, 20
and s0
£ il
- = —2-(1"008)’):
c

frem which column 1 1s obtained., This column wall, of course, be the
same for all aerofoil shapes. Since the acrefoil is symetrical, fron
equations (15), (40) and (1), Dy = O, and C; = z(c/R)siny.

v "G/R"/
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"o/R" is obtained from Table L, or fron e greph, o/R v, x/c. The first
and last entries in colurn 2 are ~7, and »Ty, which rust be caloulated
by using the remainder of column 2 in equations (16) and (17). Columr 20,
Table 5 is of assistance an this caloulation; [y]; 4is 0.1045 rad. (6°) up
to ¥ = 27° and 0.1745 rad, {10°) for ¥ > 27°., Column 3 follows from
colurn 2 and Table 3 - see equations (2) ard (1&), while the deraivation o?
coluns 4 and 5 i3 obvious. Colurn & is obtained by integrating column 5
(see equation (8)). Fran the last enfries in colum k4, Table 4 and

columm 6, Table 5, 1t follows that

= 0.5382, eeo{l2)

end hence if column 6 is multiplied by this number, column 7 resulta,
Colurm 8, which 1s derived from colurm &4, Table L4 and colum 7, Table 5,
oarpletes one iteration. From equations (15) and (42)

e\ U
C: = 0.5382} -)f- sin ¥/,
NTAN

which can be caloulated from coluwm 5, Table 5 and Table 4, The
calculaticn now proceeds through the next iteration in an obvious way,
The finzl sclution is given by columns 15 and 18, Column 19 gives the
values of ¢,/U given in reference B and calculated by Goldstein's
Approximation III,

The only daifference in the compressible flow calculations is
that log{U/qi) is replaced by r and therefore logarithm tebles are
replaced by tables like Teble 1. A good approximation to start the
iteraticn is r = log(U/qi) (equation (21??, and so column 17 of Table 5
becomes the first column (ladelled r) of the compressible flow calculaticn.
Iff +this is done one iteration is usually sufficient. A further point
is that, i1n view of the inaccuracy of equatazon (1) near stognation points,
1t is sufficient to take the entries for ¥ = 3° from the laest iteraticn
of the incompressible flow calculation, The solution at M = Q.7
is given in Table 6.

Also shown in Toble 6 is the scheme of celoulation of 3Cr/da
and 8CyRa, at M, = 0.7, « = 0. In this table column % is derived
from colwm 1, column 5 from column 3 and Teble 4, column 4 from column 3
end Table 1, while column 8 is obtained fran column 2 and Table 4, The
integrals of colums 7 and 9 are shown in the table. Then from
equations (38) and (39) 1t follows that

8G;, 4 flha b
mme = eef == ] X 17367 = meeme- x 1.1200 x 1.7367 = 10.895,
da Bo\Uc 0.7141

and
80y hoflLa
T @ em | = x 0-“—565 = 2.86h .
da, Ay \Uc

Thus/
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Thus —,_ D = = 0.263 .
aCL 10.895

The results for Ii,, = O, 0.7 and 0,79 arc set outin Teble 7., The
experimental results given in this table are taken from Figures 8, 9 and
10 of reference 9, All that can be concluded from these results is that

CL
for acrofcil R,AZE 104 <. ————— > Jaes between the valus given hy

4 e}cp-
linear perturbation theory and that given by equation (38). It appears
from Pigures 6, § and 10 of reference 9 that boundary layer effects are
very coamplex for this aerofoil,

Pagures 4 and 5 show the theorctical and experimental velociiy
distributions at M = O and 0.7. A compariscn has been made between
the theoretical and experamental values at approxunately the some values
of Cp. The satisfactory apgrecrent indicates that it is the circulation
(or position of the front stagnation point) rather thon the incudence,
that deterimines the veloecity distribution over the front half of an
aerefoil.,

% will be noticed from Figure 5 that the theory overestimates
the values of ¢/U, particularly near the nose, It appears frem the
fipure that af this error could be eliminated from the zcre ilnecidence
result the error in the results at incidence would be largely eliminated,
In other words, provaded that the comparisons are made at the same wvalues
of Cr, cquation (11) (piving the incidence contribution) 1s more acourate
at hagh Mach numbers than equation (10) (givang the thickness contributicn).
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TABLE 1

anc:)

r = I‘(q/U)D X = =mmm—-

Dey+ 0

I, = 0.5 L., = 0.7 M. = 0.79
q/U r x 10% X r x 10% X r x 10% X
0,72 2956 0.992 2573 0.959 2314 0.919
0.76 2457 0,992 2125 0,962 1901 0.525
0.80 1988 0.993 1707 0.965 1519 0,931
0.8 1545 0.994 1317 0.970 1165 0.939
0.88 1126 0.995 953 0.975 838 0,949
0,92 731 0.997 613 0.982 535 0.962
0.96 355 0.998 296 0.990 256 0.978
1.00 0 1,000 4] 1,000 0 1.000
1,00 0 1 .000 0 1.0C0 0 1,000
1.02 -171 1,001 =140 1,006 -120 1,013
1.0k =335 1,002 -276 1,013 ~235 1.029
1.06 -500 1,003 ~LOK 1,021 -343 1,047
1.08 -£58 1,005 -532 1.029 ~447 1,069
1.10 -813 1.006 -653 1.038 ~5h.3 1.095
1.12 -563 1.008 -770 1.049 -637 1.128
1.1k -1110 1,009 -882 1.061 724 1.169
1.16 ~1253 1,011 -989 1.076 -804 1.222
1.18 -1392 1.013 -1092 1.092 ~-879 1.296
1.20 -1528 1.015% -1190 1.110 -9hé 1.412
1.22 -1661 1.017 -128M, 1.133 -1001 1.669
1,24 4791 1.020 =1373 1.159 1054 1.505
1.26 -1917 1.022 ~1457 1.192 ~1412 1.316
1,28 -2040 1.025 -1537 1.232 -1175 1.198
1.30 -2161 1,028 ~1611 1,284 -1241 14110
........................................... dovmmm e e r e e ————.—

TABLE 2/



e O A A e T e e e T e e A T PR e N G e e S A R R e S e T B W W e s e e M T e M R e R e A -

Y 30 9 Lw 2027 | 35 | 45 | 55 | &5 | 75
3. 3611 284, 160 128+ 98 T4 57 45 37 31
9| 2421 928 ¢ Lyn! 305; 2281 171, 128 102 83 69

15 1361 474 110971 607 hak| 298§ 220 173 | 140| 116

21! 96| 305| 607! 1205 698 | 4521 322! 249! 200 164

27 731 228 L4 698 128L| 675 Mh3| 333 | 265| 216

35 | 93] 286! 499, 761 :1152 1986 1135| 7B6| 605 | 487

45 | 71 215 | 368| 539 7h2 |1135] 2103|1232 | 863} 673

65 ! 561 170 288| u15. 557 | 78612321 218511301 | 924

&5 | W6 1381 234 33h| uh2| €05| 8681301 | 2244 | 1346

75§ 381 1150 1930 2741 361 | L8711 673 924 | 1346 2276

85 | 320 961 161, 228 299 399 S543| 719 959;1372

95 | 27 80 ¢ 1351 1917 2491 331 LL5; 578 745 976

105 | 22+ 67 113| 159, 207 275| 366| 471} 595{ 753
115 19 561 9hy 132" 711 227} 3011 384 L79| 595
125 1 151 46! 76| 108 10! 184| 24| 309| 38L| L79
135 | 12 3% 61 86 111§ 146} 193 | 244 | 301 | 366
145 | 9, 28 461 651 Bh| 11| 146! 184 227! 275
155 | 71 190 33 46| 591 781 102) 429| 1581 19
165 L 12, 19 271 35| A6 61 76 oL { 113
175 1 4; 6: 9. 12 15 20 25 31 37
- - bt e ater bk adent -}'— i“- g L
85 ; 95 | 105! 115 1125 ;135 [ 145 | 155 | 165 [175
R

3 26; 20¢ 9] 151 13[ 10 8 6 L 0
9 571 W8 4O{ 34 27| =22f 17| 12 7 2

15 97 811 €8 56 L6 36 28 20 12 kL

21 137, 1M4{ 96| 79| 65| 51 90 27( 16 5

27 1791 1491 124 103{ 8| 67| 51| 36! 21 7

35 3991 331, 275| 227, 184| 46| 111 | 781 46| 15

L5 543 b45 ! 3661 3011 2u 1 492} 146 102 61 20

55 ¢ 7194 5781 L71| 38k 3091 2hni 18| 129 76| 25

65 | 959‘ 5105951 479l 38| 301 | 227 458{ 9n| 31

75| 1372 976, 753 595 | ! 366] 275 191 | 113] 37

&5 | 2293 11381 976! 745 81 Wub| 331 229¢ 135} L5

95 1381 | 2293 {1372, 959 | 719 543| 399| 275 | 161 53

105 | 976 | 137212276 | 1346 924t 673 LB7 | 331 193 63
115 51 959 11346 22411 4304 | B68] 605 | w051 23] 76
125 | 5781 719 24| 1301 | 2185i1232| 786| 508 288 o
135, | Lh5 | B43 ¢ 6731 B68 | 1252 | 2103 | 11435 | 669 ( 368 118
145 { 3311 399+ 4B7| 605| 786111351986 | 995 | 499 | 156
155 ;2291 275! 339 405, 508t 669{ 995 18161 7831 225
165 ' 1350 1611 1931 23k 288 368{ 499 | 783 |4542 | 402

175 L 45y 534 631 761 9% | 118 1561 225| Ko2 i 915

- 1 ot S T 8 AL S e S i S e e i S s e e e e e e e b
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TABIE 3: B x 10*

- ) - . - B R A T T T M e e W sty e e e e WA

01 - 123191116203|12963|10838 | 9262 | 7650 | 6115, 4919 3955i 3160
326330 25467 4755| 1376} 1144 976} 805 | 643 5170 M5y 332
9 L1710} 1755, 2168| 1523; 1207 | 1012 | 826| 655! 525 422 337
1511362} 13761 1523 19929 1390|1099 | 872{ 682, 543| 435 347
21 1 4137) 11Lhy 1207 1390} 1890 | 1299 } 956 727 572| 455° 362
271 97| 976: 1012} 1099| 1299 1 1811 L1417 | 797, 614 L84 384
3511339} 13:31 1379] 1458] 1603 | 1890 | 2605 | 16271 1472) 902, 703
10721 1094 1139} 1215 | 1332 | 1627 { 2489 1529] 1090 83k

860 862, B877| 907! 9551026} 1172 | 1529) 2407| 1461 ¢ 1034
651 691] 693; 70hi 725t 760! 809 902 | 1090} 4461| 2351 ' 1416
751 553f 554 B621 5791 6051 64| 709 | 83h 1034 1416° 2315
851 L436] L37v L) 458 479 507 5601 6521 788, -998! 4390
95| 339| 340! 36! 357| 37 3981 M| 514 617 762’ 081
105{ 2581 258! 263 273, 2881 308] 34| LO5| L8B! 600! 754
115 190] 190 195! 203} 216 234 | 265| 318/ 388 L0 600
125§ 1341 134} 138] 146] 58| 474 | 202 ] 248! 310] 388+ LB8
135 88 89, 92i 100 114!| 125} 451 493 249 318 405
1451 B3 5hi 57 64| Thy  B7( 111 151 2021 265 3bk
P 370 K71 60| B2, 120] 168 228, 301

165¢ 10} 100 131 20¢ 29| 42| 6k 100 146 203. 273
i

|

|

P
\n
<
~J
o

5 M 20 33 5k 90! 135 1911 260

19 551 1071 178 302, 504 7631 108L' 1474

|
s T i FU R b oo
851 95 | 105 | 115 | 125 | 135 {145 | 155 | 165 175 180
L A e e - r——-——r—ﬁr—r-v—rr&T ——————————————————————— ———— r —————————————
| ‘ | | ‘
0} 2497, 19400 1474| 1084] 763| son| s02| 153 55/ gl -
3| 2620 2040 155! 44kl 80y 53{ 32{ 16 6 0! o
9! 266! 207 158; 1170 83 55 3. 18 8 3 2
15 274 214 164, 122, 87 60 38 22 12 71 6
211 287 224L 173| 1300 94, 66| k| 28 17 12 1
271 304 239 185, 140: 10Q4 75 52 36 25 19| 19
35) 5600 kb1 3441 265 202| 154 | 144 820 64 54| 53
h51 6521 514, 405 31B| 248 193 | 151 120 100, 90| 88
55! 788! 617) u8B| 388 310 2uB| 202! 168! 1u6] 135] 13
65' 098] 762 €00, 480 368 318| 265( 228 203 191‘ 150
7511390] 984! 754 600/ LB8| A4O5i 33L&, 301! 273 260, 258

85| 2298] 13811 981 762 617 51k ki 3901 357 31 339
95| 1381| 22981 1390, 998, 788 652 5601 LO7! LS8 L3911 L36
105 9814 13901 2315 1416 1034, B3k | 7091 628; 579 555°' 553
15| 762) 998} 1i18| 2351} 14611 1090] 9021 791| 726 95| 69
1251 617) 788 1034{ 14611 2407 | 1529 | 11721 10001 907 865! 86O
1351 514 652; 83L1 1090i 1529 | 2489 | 1627 . 1288! 1139 1077|1070
15| L) 560 709 9ozl 1172§ 1627 | 2605 1767) 1458 1351, 1339
1551 3901 i97i 628, 797, 1000 1288 | 1767 2775] 1978] 1732 1708
165 | 357, 458y 579. 7261 907, 1139 | 1458 1978’ 3049 2359 | 2284
175 3k) 391 555, 95| 86511077 ;1351 17320 2350| 3676 | 3821
180 | l 49195 6155 57650f 9743,1296319941 | -

1940} 2097 3160, 3955

i |
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P -

11 842
12.776
13642
14452
15.215
16.960
18.522
19.945
21.256
23.617
25.709
27.592
29.307
30,881

3 L
c/R o~ x

68 O
12 .
L
61.1 170
48,0 ) 3
39.0 {2
L.

27 41 5,3
21.2 g:ﬁ
6

1505 ;.8
12.9 1%.0
9.5k g 2
6.+28 2:2
4,88 7.1
1,085
2,50/ 72
1.98/g 4
8.3
(BT g:g

TABLE 4: Co-rdinates of R.AE.104L
6 I 2
x/c (1 + y/x tan B’)ﬂ 10° x/c | 10° y/c
_____________________ | PSS FR
0 320 L8 .556
0.009L, 340 19.082
0.0079 360 | 49.488
0.0089 380 49.775
0,0100 400 L9.946
0.,0109 420 50.000
0.0119 L0 {49,937
0.0128 450 49,756
.0138 480 L9.454
0.0148 5G0 49.027
520 L8 468
0.0176 540 L7 .769
0.0198 560 L6.917
0.0215 580 L5.892
0.0236 600 Ll 650
620 43113
0.0306 640 | 1.370
660 39.473
0.0L05 680 37452
700 35.331
0.0553 720 | 33,128
710 30.861
0.0749 760 28.545
780 26,193
0.,09,7 800 23.849
_____________________ I U

-ZZ-

5w | 5
I
¢/R |s - x| cos 6
0.31 1,000
0.30| 223
0.30] , [1.000
v 1.000
0.29]
0.29] , 11.000
0,31 . |1.000
0.35/ . {1.000
0.3 . 10,999
0.5L "
0:71}- 9.3 0.998
0511 577
0.38 Q'5 0.996
0.31 5'6
0.25{ 5’5 |0.995
o5l 947
o 9.8
0.16 0.994
0.1 9.9
+12110.0
0.05 4153
0.05 1077 | 0.993

TABLE L (Contd.)/



TABLE L (Contd.): Co-—crdinates of R.A.% 404

1 2 3 4 5 6 1 T 2 ! 3 iy 5 &
40% x/c | 10® y/c {c/R |5 - x|cos 6 |x/fc (1 + y/x tan 8) { 10° x/c | 10® y/e |c/R |5 - x| cos 6 | x/0 (1 + y/x ten O)
100 32.336 8.7 820 21437 | O | L4 ¢
120 35945 | 0.81 8"9 €.993 0.1242 840 19.055 { O 10°7 0.993 0.8423
140 274222 [ 0.68 9’0 860 16.673{ © 10“9
160 39.224 9’1 0.996 0.1637 880 14,292 | O 11°o 0.993 0.8817
180 40,992 | 0.51 9°2 900 11.910| © 11'2
200 L42.556 | 0.46 9'3 0.957 0.2031 920 9.528 | © 11‘3 0.993 0.5211
220 43.936 | 0.k2 | 573 90 7a86 | 0 )
240 45,149 | 0.38 o 0.998 0.2426 960 Lo76k | O 4 1.6 0.993 0.9606
260 46,208 | 0.36 n 980 2,382 | O H‘?
280 47.124 | 034 " 0.999 0.2820 1000 0 - 110,994 1,0000
300 47.905 1 032 | g 3
__________________ IS IS SN VN N S SR S NS N

TABLE 5

-GZ_



TABLE 5: Caleculation of Incompressible Flow about R.ALE.10L

1 P 3 A 5 I 7 8 9 10 11

Y34k x/c Cs log U/qi o/U |U/q sin v s/c/(2a/Tc) s/c x/c Cy log U/q| /U

0 0 -1 0469 Lo 0 - 0 0 0 -1.5411 - 0
3 10,0007 | 3.270 0.7298 | 0.482 0.108 0.0047 0.0025 || 0,C008 | 7.020 0.7705 | 0463
3 10,0062 | 2.40 0.1293 | 0.879 0.178 0.0197 0.0106 i ©,0059 | 3,090 0.0899 | 0. 914
15100175 | 1.330 [ ~C.0170 | 1.017 0.255 0.,0423 0.0227 4 0.0165 | 1.485 | -0.03%4 | 1.040
21 [ 0.0333 | 0.772 | -0.0637 | 1.066 0.336 0.0732 0.0393 || 0.0321 | 0,817 |-0.0761 |1.079
27 100545 | 0.518 | -0.0836 | 1.088 0.418 0.1127 0.061 0.053 0.528 | -0,0918 | 1.056
35 10.0305 | 0,316 |-0.0938 | 1.098 0.523 0.1789 0.095 0.087 0.325 | ~0.1008 | 1.106
45 | G147 0.209 |-0.1014 | 1.107 C.639 0.2802 0.151 0.142 0.229 {-0.1090 [1.115
55 | 0.213 0.176 | ~0.1069 | 1.113 4 0.735 0.3582 0.193 0.184 0.197 | -0.1443 } 1.121
65 | 6,288 G.151 .| -0.1096 | 1,116 0.813 0.5357 0.288 0.279 0.149 | ~0,1139 | 1.121
75 { 0.370 G142 {~0,11141 | 1.418 G.865 0.6819 0.367 0.358 0138 | =0.1142 | 1,424
85 | 0457 C.149 | -0.1111 [ 1,118 0.892 0.8350 0449 0.440 0.181 | -0.1136 | 1.120
95 | 0.54.3 0.196 | =0.1101 [ 1.117 0.892 0.9907 0.533 0.524 0.170 | -0.1136 | 1.120
105 | 0.5628 0.215 | -0,0970 [ 1.102 0.877 1.1487 0.618 0.609 0.276 | -0.1093 | 1.116
115 | 0.7141 0.080 | -0.0624 | 1.064 0.852 1.2986 0.699 0.689 0.103 | -0.0722 | 1.075
125 [ 0.787 | 0.017 | -0.0289 | 1.029 0.796 14423 [ 0,776 || 0.766 | 0,033 | -0,0353 |1.036
125 | 0.854 0 -0.0005 | 1,001 0.706 125733 0.847 0.836 0 -0.0025 | 1.003
145 1 0.910 0 0.0248 | 0.976 0.586 1.687%4 0.908 0.897 0 0.0260 | 0.974
155 | 0.953 0 0.0528 | 0.9L8 0447 17777 0.957 0.946 0 0.0582 | 0.944
165 | ©.983 0 0.0925 | 0,922 0.277 1.8415 0.991 0.979 0 0.1008 | 0.904
175 | 0.998 0 0.1712 | 0.843 0.103 1.8746 1,009 0.997 0 0.1878 | 0.829

180 | 1.000 -0.1100J %0 0 0 1.8798 1.012 J 1.000 | =0.1210 & 0

TLBLE 5 (Centd.)/
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TABLE 5 (Centd,):

Caleulation of Incompressible Flow cbout R.AE 104

i2
U/g sin ¥
_____ .

O -
31 0.113
91 07
151 0.249
211 0.333
27 | o.1x
351 0.518
L5 | C.63
55 | 0.73
65 { 0.810
75 | 0,862
85 | 0.889
g5 | 0.889
105 | 0.865
115 | C.844
125 | C,792
135 | 0.705
145 | (.589
155 | 0.448
165 | 0,266
175 | 0.105

180 0

et s s st e s s ek . B

13 14
____________ o]
s/c/(2c/Uc) | s/e
UL

o C

0.,0051 0.0028
0.0200 0.MM08
0.0420 |0.0227
0.072 0.0391
0.1115 10,060
0.4769 C.096
0.277h 16,150
0.3965 |0.215
©.,5308 0.287
0.6782 10,367
0.8310 0449
0.9861 [0,533
1.1391 0.615
1.29C0 |0.697
14327 0.775
17,5633 | 0.EL5
1.6762 0.906
1.7683 0.956
1.8323 0.991
1 .BEEL. 1.009
1.8716 1,042

=0.1106 [1.117
~0.1120 }{1.119
-0.,1432 ||1.120
~D.1131 f1.120
-0.1137 11120
=0.1101 |}1.117
=0.,0729 §i1.075
-0,0358 |I4.,037
-0.0028 [|1.003
0.0257

C.0580C

0.1006 !

0.1876 ]| 0.829 |

£3 o !

19 20

q/U [sin y];

0

- 001 O'll-5
0.914 0.1034
1.035 0,101
1.074 0.0977
1.093 0.0933
1,105 0.1428
1.112 0.1732
1.115 0,4C00
1.117 Q.0737
1.118 0.0L51
1.118 0.0152
1.118 ~0.0152
1.114 -0,0451
1.07h ~0.0737
1.0%5 -0,400G
1 .00 ~G.,1232
0.974 -0.,1428
0.950 -0.1580

- -0.1684

- -0.1736

0o

15 16
x/c Ci
0 1]-1.5215
10,0008 1) 7.020
0.0060{] 2.950
0. ME5]{ 1.455
0.0319f 0.822
10.053 1| 0.528
0.088 || 0.323
0,121 || 0.231
0,206 0,176
0.279 0.149
10,358 0,138
0.0 | 0,143
0,524 j 0.170
0,607 0,281
0.687 0.105
0.765 0.034
0,034 0
C.895 0
0,945 0
0.972 0
10.997 0
1,000 i-OA210

—— e iy e e o =

[ Wk S A e T W L R e g e i S T W e = P - e e o = £

s ke

0.0475
C.1000
0.1232
0,1428
0.1580
0.168L
L 0.1736
0.17326
0.1684
0.1580
0.1428
0.1232
0.1000
0.0737
0.0451
0.0152

"QZ"



TLiBLE 6: Caloulrtion of 90p/0a , 8C,/8a at M = 0.7

B o o o o T e B e T "

1 2 3 4 5 6 7 & 9
Solutienat | [ ] LTI
M = 0,70 A B ¢ D
Y e S N = = = =
" x/c q/U\ cos® y/2 o/U cos 6 X LAxBxC x/c {1 + y/x dy/ax} AxBxCxD
________________________ b e e o = e _..-..-'_-.-—..._-_-..-——-—--_._-——}.----....-.._.......__......__._...._..._-‘......._____.....-.._.__.._...._....._.._.._...__
0 F 0 0 1.0C0 0 - 0 0 0
3 0.0008 C.470 1,000 0.1 0,949 0.134 0.007 0,00¢1
9 0.C067 0.883 0,994 0,737 0.975 C.714 C.013 0,009
15 0.0477 1.051 0,981 0.977 1.017 C.375 0.02). C.023
21 0.0337 14110 C.964 1,070 1.044 1.C77 0,037 0,00
27 0.054 1.139 0,944 1.1k 1.061 1.116 0.060 0.067
35 C.087 1.156 0.909 1.142 1,073 1.4 0.090 0,100
L5 0.140 1.176 0.852 1.165 1,084 1.076 O 0,155
55 C.2Ck 1,178 0.785 1,474 1,09C 1,005 0.207 0.208
65 0.275 1.180 0.710 1,179 1.092 0.914 0.277 0.253
75 C.352 1,181 0.629 1.184 1.09 0.812 (1,351 0.285
85 C.h33 1.179 Cu5L3 1.179 1.091 C.698 0.430 0.300
95 0.516 14178 0.458 1.178 1.090 0.588 0.510 0,300
105 0.597 1.167 C.37 1,165 1.082 0.1,68 0.603 0.282
115 0.676 1.,11C 0.288 1.104 1.0 0,332 G.679 0.225
125 C.755 1.053 C.214 1,046 1.018 0.229 C.758 0.474
135 C.827 1,005 C.147 0.998 1,002 0.147 0.827 C.122
145 0.889 0.967 0.091 0.660 0.992 0.087 0.889 0.077
155 0.941 0.927 C.l47 0.921 0.983 0.C43 0.941 C.040
165 0.977 0.878 0.017 0,872 0.975 C.014 0.977 C.01L
175 0.997 0.790 0.Co2 0.784 0.965 £.0C2 0.997 0.002
180 1.00C 0 ¢} 0 - ¢ 1,000 0
28flc = 0.5600 I = 1.7367 [ = C.4565

—98-



TABLE 7: Values of

- 27 -

aCLﬁa. 5 aCm/@Cb and aCK\/aCL

My
-
acCy,

o,

| 0Cn
Theoretical e
) da

0Cx

-

8Cy,

aCy,

-

o

aCp

- -

da

Linecar
Perturbation

9Cpy

. oCy,

Experimental

e S e
1
1 @
¢

o))
O QJ
H 3]

[

-
T
)
t

65780

1:809

0,267

6,780

1.809

C.267

5.7

197

C.29

K.

Q.7

10,895

29864

C.263

949

2,533

0.267

2.5

0.79

17475

L.512

0.258

11.058

2'951

0.267

10,9

3.1

0.28
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