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SUMMARY

The local linearization method for axisymmetric flow is combined with
the transonic equivalence rule to calculate pressure distributions on slender
bodies at free-stream Mach numbers from .8 to 1.2. The method can be used to
determine the aerodynamic loads on pareholic arc bodies having either
circular or ellipticel cross sections. The method is particularly useful in
predicting pressure distributions and normal force distributions along the
body at small angles of attack, The primary applicaticn of this method would
be to establish trends for the flow variables as a function of geometry, and
to evaluate configurations during the preliminary design stage. The equa-
tions discussed in this paper may be extended to include wing-body combina-

tions.




INTRODUCTION

The purpose of this paper is to describe an approximate procedufe for
determining the pressure distributions at free-stream Mach numbers near unity
for a number of slender bodies both non-lifting and lifting. The quality of
results will be demonstrated by comparison with experimentel data, The
analysis is besed on the small disturbance theory of inviscid transonic flow,
and makes use of the approximetions of slender body theory, the transonic
equivalence rule, and the method of local linearization.

Results are presented for several bodies having identical axisl distri-
butions of cross-sectional area and various elliptical cross sections.,

Angles of attack included in these comparisons range from 0° to 6°. The
examples chosen were selected to enable comparison with existing data
obtained in wind tunnel tests.

In addition to &« description of the method and s presentation of the
basic equations used in the derivation of the working equations, the
computer program listings and input instructions are included as an

appendix.
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SYMBOLS

a Speed of sound

-7,
c Pressure coefficient

P w 2

7 Us
CN Normel-force coefficient, FN/qS
d Maximum body diameter
F‘N Normal force

2
M_(y + 1)
k T
o«
L Length of body
M Local Mach number
o) Locel static pressure
Py, Free stream srtatic pressure
r Radius of body
S Body cross section area
dCN
s i Product of reference area and normal force coefficient
derivative
t Planar vody thickness
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Subscripts

i, 4, k

Free stream velocity
Yelocity components
Perturbation velocity components

Cylindrical coordinates where x extends in the direction of
the free-stream velocity

Total cone angle, in radians

Angle of attack

Ratio of npecific heats

katio of mgjor to minor axis length for an ellipse

Free stream density of air

Thickness ratio /4

Perturbation velocity potential

Denotes partial derivative with respect to x; %%
32
Denotes second partial derivative with respect to x; 5
Ix

Free stream ccaditions

Dummy subscript used in index notation

Stagnation conditions
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Superscript

Denotes total derivative with respect to x



PRESENTATION OF EQUATIONS

The equations to be presented here assume very small perturbation
velocities compared to the free stream velocity U, . The equations of
motion are then simplified by neglecting small terms in the perturbation
velocities. The Method of Local Linearization described in ref. 1 is used to
further simplify the equations and combines with the transonuic equivalence
rule to give approximate solutions to these equations in the transornic flow

regime.
Small Perturbation Equations of Transonic Flow

The equations of motion for steady frictionless flow are given in ref., 2

asg:

Ju g
u—i=a2-5ux—:,i,.j,k=1,2,3. (1)

v J axJ

i

The speed of sound is related to the velceity components by

b i = 0 (2)

where ao denctes a reference condition.

Expanding and substituting the velocity field, defined by



1
u, v (3)
u; = v,

where u, v, w are amall perturbation velocity components, into equations
1 & 2 and neglecting terms containing squares of the perturbation velocities

yields the equation:

2, du v W u_ v 3w
(1 -M) + + = (Y+l)——-+M &y = 1) 5= (5 + 52
axl Bxe 8x3 U, axl U, 2 3x3
o ¥ (ax g; )+ M (G g; ) (1)

3

Retaining terms on the right hand side of eq. (4) containing Bu/Bxl ,
and dropping all other higher order terms yields the small perturbation

equation valid for subsonic, transonic and supersonic flow:

(-1 3 +g;’ 22 (v + 1)
3

du
5—— (5)

C:ls::

We shall assume the flow to be irrotational and isentropic so that a

perturbation velocity potential ¢ exists, where

__9;_ _B 3
i Bx ’ 8x3

Thus, the equation for frictionless, irrotaetional flow with small perturba-



tions becomes:

2 +
2 5% 3% | 3% ) M, {y + 1) 30 3%
- M + + — =
o 2 2 z ] ax 2
Bxl ax2 3x3 oo 1 Bxl

Consider a body-fixed Cartesian coordinate system as shown on figure 1, where
X5 X5 Xq correspond to the body axis x, y, z. If the origin is located
et the nose with the x-axis directed rearward and aligned with the longitu-
dinal axis of the body, the pressure coefficient can be written (ref 1.);
S 1 2
C == (¢ +ad ) -={(0°+
P U, ¢x z U2 ¢y ¢

oo

2
z)’

(7)

where the subscript notation is used t¢ denote derivatives,
The Method of Local Lineerization for Axisymmetric Flow

Approximate solutions of good accuracy for axisymmetric flow with
M® 1 past a wide class of slender pointed bodies may be obtained by
epplication of the method of local linearization. A discussion of the
development of the method and the resulting equations follow.

Equaetion {6) can be rewritten

A oy * ¢yy +¢,,=0 (8)

where

A

tr

l -M ~-%ku



:
i
%

i
f
1

and

k= M2 (y + 1)/U,

If A varies sufficiently slowly, it can be considered as a constant in the
initial stages of the analysis. The equetion is then reduced to the 3 - D
Laplece equation for which a solution is known. This resulting solution fo-
the velocity component u is then improved in the following menner. By
differentiating the solution for u with respect te¢ x and replacing the
previously assumed constant XA term eppearing in the Laplace solution by its
actuel value a non-linear ordinary differential equation regults. This
differential equation may then be integrated numerically.

This method results in the following first order nonlinear ordinary

differential equations in u/Um. For M_< 1 the following equation results:

d(u/Uw) St (x)

— = S fn (1 ~ 2 - ku) + E'(x) ,
for 0< x< &
where
oy L S (x) S 1 st (x)-s" (£) 4.
E(x) = S oty ¢ TS f Tt (10)

For M_ > 1 the following equation results;

d (u/U) 1y
= 2l g 0 - 1w k) ¢ B (), (11)
) = M {x) . s_|, .1 X s (x) -8"(£) d (12)
where H{x) = o in hnx2 K g'  —F £, 12



for 0< x< £,

For M, = 1 the following equations result;

If u< 0 we have

‘1 a ('U-/Uw) g (x)
' I = " n (~k u) + Pé(x) , (13)
o S'ix) S{x) 1 8" (x) =s"(£) \

Pp (x) = - gy v vy £ xoE o - (14)
Ij If u > 0 we have

d (u/Um) ree

= = & T 1(Tx) n (k u) + Pf'l (x), (15}
and
- " X 1" ot
PH(x) = 3 g:) n iai;cg *'é%? 6{ 8 (;)--E (E) aE (16)

To solve these equaticns it is necessary to define & value for u
at some point along the body in order to evaluate the constant ol inte-
‘ gration. The initial value of u may be defined in several different
g : ways. If there is no experimental data available for the particular body
under consideration then there are two classes of cases to be distinguished.
One class includes the forepartc of bodies with & convex corner, such as a
cone-cylinder, for which the necessary condition is supplied by the fact

i that the velocity must be sonic at the corner, that is;

I o)

! 1-M

| % = T-:; (17)
w M _{y+l)

! 19
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The other ineludes smooth bodies for which a value for u cannot be
spexified a priori. The procedure to be followed in the latter case is to
find that point (x) along the body which satisfies the condition S"(x) = 0.
The solution to Laplece's equation at this point will be input as the initisl
u, Numericel integration must progress in both directions from this point.
The local linearization program which was developed performs this integra-
tion and provides initias)l conditions as required.

Tae local linearization progrem solves equations 9 through 16 for
u/U_ using trapezoidal and thr Runge-Kutta integration techniques. The
progrem then computes pressure coefficients using eguation 7. A listing

of this program and sample input/output ere included in the appendix.

The Transonic Equivalence Rule
The transonic egquivalence rule first stated by Oswatitsch
(vreferences 3 and 4) relates the flow around s slender body of arbitrary

1

cross section to that around en "equivalent" nonlifting body of revolution
having the same longitudinal distribution of cross-sectionﬁl area.
Following the development of reference 1, the general solution

for the flow over a body can be written

€(x,y,2)=U0_(x+o0z)+¢ (x, ¥, 2) (18)

and the pressure coefficient is defined by equation (7).
From slender body theory:

b = ¢, + &(x) (19)
where ¢2 is the solution of the 2-D lLaplace equation for the actual body

shape, and g (x) is & function of the cross sectional area distribution.

11




Using the equivalence rule the potential can be written
$= 00t P "%t (20)

where ¢2,u is the angle of attac: solution from Laplace's equation, ¢2,t
is the thickness solution from Laplace's equation, ¢2,B is the solution
to the 2-D Laplace's equation for the equivalent body, ¢B is the
equivalent body contribution.

Consider the application of this method to the case of a body having an
elliptical cross section. The equivalent body will be & body of revolution

{circular cross section) having en identical S(x) distribution.

The equivalent body potentisl solution is:

) U
¢2,B = E; S*' fnr + 2U_ar sin 6 , 7 (21)
and
u i 2
Vi) = o 2 =2 s St
g'(x) = 5 [(cp)B + 37 An (ﬂ R ' (22)

The thickness solution is obtained from the potential solution for the case
of an expanding ellipse. Physically it can be interpreted as the effect
of passing a body through a plane of fluid normal‘to the path of motion.
From reference 5 the solution for a uniformly expanding circle in
terms of a complex potential, W, is:
W=rV log & {23)
Where Vr represents the velocity at which the radius of the circle is

growing, and £ is the complex variable in the transformed plane. The

12



relationship between £ and o , the complex variable in the physical plane

is
Py
£=%[0+(02-32+b2)2] (24)

where E =Y + iZ and a and b are the length of the major and minor
axis of the ellipse, The quantity roVr can be written
dr _ _ dr dx

r.dT=r -_—=r r' U | (25)

but, S' = 2mp ¢!

therefore
- S'Uw
r 2=

rV

(26)

The relationship between r, and a and b, is r = /&b, Now

W(E) is the complex potential defined by

W(E) = ¢ + iy

vhere ¢ 1is the perturbation potential in the equation for Cp.
Substituting equations 24 and 26 and into equation 23 yields the thickness

solution for an ellipse

t
u_s o O + (02 —a
2 2

2 .2.1/2
* o) (28)

where R.P. denotes the real part of the potential function.
Similar analysis of flow over a cylinder (ref. €} yields the expression

for angle of attack effects:

13




2
) U0 2 2. .21/2 (2 + v2)/ (29)
¢, o = BP0 == - 0= (¢° -~ a" +1v°) + 3 5173

' o+ (62" + bv°7)
The constants a and b in eq. 28 may be related to the cross sectional
area of the ellipse, S = Teb and A =32,

Differentiating eq (28) with respect to x yields:

T U { 2 2 2.1/2 [

2,t w o IS' An Jo+ (g - a" 4+ b°) . -
el = — — .
e RP. z— 5= \ 5 (30) :

Substituting for o, where o0 = rele yields,

2 U, o - -t
=2k - g p, = {s“ i |E (204 (elze-x+-i-)1/2 ‘_

. .
+ S E_'_ + in ele + 812 - A+ 1/A (31)
r 2
Differentiating ¢2,t with respect to ¥ & 2 yields,
34)2 t U°° reie 1 (32)
Sy S RPe oo 8 1Y e 572 16 £ 126 2 .2.1/2
{re -a +1b°) re  + (r e " -a"+b")
and
. (33)
3¢2 N U, rele 1
52 - BePe dzp 8 W - ST TI75 | T 16 2356 2.5.1/2
(r° e -a +b°) re  +(re -2 +1b")

1k !
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In the angle of attack soclution for an ellipse, r = 2 ; b , and A = % .
form the two relationships between a, b and r.
Differentiating eq 29 with respect to x yields:
99 iU o . . 1/2
2.0 b i0 i | k{1-)\)
————— = - -
™ R.P.{2 r' e e +1+l +
(34)
L
. 1/2
i6 i2e | L{1-))
e + (e + m—

Differentiating eq 29 wit: respect to y and 2z yields:
ag il o i6 2
By2 2= RP 5 |-l- Bpr———s - g u; NNV

{r7e -a" + b°) [%e + (rfe " -a+p%) ]

k3,10 {(35)
(reie . (rzeize_ae + b2)1/2) (rz e129 _ EL2 . bz)l/’j' :

and
3¢2 a iU.moc ireie ,hre _
e - RPe et - e 5 T F 16 .2 180 2 . 5.1/3

(r e "=a"+b") [re +r° e -a 4+ b°) ]

(36)

- i hr3 eie

) . . ~
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With the derivatives of ¢ defined sll of the terms on the right
hand side of equation T can be eveluated except the pressure coefficient
distribution on the equivalent body CPB. This date must be input from
either experiment or from the local linesrization program previously
diseugsed. Evaluation of equation 7 is performed in the Transonice
Aercdynamrics Program. These results may then be integrated to obtain
values for lift, drag, and pitching moments on slender bedies. GSince the
aerodynemic loading, 1ift and all lateral forces and moments may be
expressed in terms of differences in pressure between peints at the same
longitudinal station, these quantities depend solely on ¢2. A listing of

the Transonic Aerodynamics Program with sample input/output appears in the

Appendix.

APPLICATIONS

The bodies chosen for analysis fall into three categories, bodies
of revolution, elliptical bodies, and planar bedies. All were previously
tested in wind tunnels and experimental data for comparison were readily
available. Data for four models tested in the Ames 1lL-Ft Transonic
Wind Tunnel at Mach numbers from .8 to 1.2 are presented in reference 7.
Configurations were analyzed and comparisons with experimental data

are shown in figure 2 through figure 6.

16
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The body chosen initially is a body of revolution with axiel location
of maximum cross-sectional area at x/% = .5, and a fineness ratio of 12.

The radius of the bhody is given by

hVﬁ-rMAX {x - xg)

VcosEB + Ae sin2 6

r(x,8) =

, (37)

where Pyax = 3.0.

Figures 2a and 2b show the pressure coefficients computed by the local
linearization program, and experimental data from reference 7. The data
shown on Figure 2a at M, = 1.0 are in good agreement up to the location
x/& = 0.7, where & shock occurs. The results shown on Figure 2b at M, = 1.2
are in good agreement over the entire body. Both cases were run with initial
conditions obtained from experimental data, Figure 3 shows the differences
which result when the initial condition is derived from'experimental data
and when it is calculated using the solution et the point where §"(x) = 0.
The major difference between the results obtained using a computed u, versus
an experimentally determined value is a shifting of the curve along the Cp
exis.

The second body chosen for analysis was a parabolic arc body of elliptical

cross~section., The body radius is given by eguation 37 above.

7
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The Transonic Aercdynamics Program is used to calculate angle of
attack variation over this body with A = 1, Experimental data was used for
the equivalent body at zero angle of attack. Comparisons with wind tunnel
results are shown in figures ha and 4b with Mach number equal to 1.0 and 1.2.
The pressure coefficient, Cps is plotted versus x/% at an engle of attack
of 6°.

The agreement between computed and measured results is not good for the
M, = 1.0 case. The general trend of the data is correct, however, the

analysis predicts lower velue of C, over most of the body. At M_= 1.2

P
the agreement is better although the anelysis continues to underpredict
CP‘
Figure 5a shows reéults for a configuration with X = 3 at Mach number
equal to 1.0. The equivalent body pressure coefficient is again obtained from
experimental data. The same configuration is shown in figure 5b at 6°
angle of attack. This analysis was done using the local linearization
program to predict the equivalent body pressure coefficient used in the
Transonic Aerodynamic Program. |
For the case at o = 0 the agreement between computed and measured
data is good. The analysis predicts slightly lower values of CP over the

forward portion of the body. Since measured date was used to obtain CP
B

the sudden increase in CP on the rear porticen of the body caused by a
shock is reflected in the computed results.

For the case at o = 6° the agreement between computed and measured
data is not as good. The data at © = -90° shows better agreement than that

at B = +90°, The general trend in CP is predicted but the computed values

18



are consistently lower,

The final body chosen for comparison is the planar body shown in
tigure 6a. The elliptic cone hes & major to minor axis ratio of 16.5 and
is compared to the model tested in reference 1. Shown on figure 6a are the
computed data for a circular and an elliptical cone with identical cross-
sectional area distribution. Also shown is experimental data for the
elliptiec cone. As can be seen the agreement is quite good over the forward
portion of the body; however, as the base of the cone is approached, the
calculated pressures are higher than measured. This is probably due to wall
interference effects as cited in reference 1.

Results for the elliptic cone at o = 4° are presented on figure 6b.
The pressure coefficient distribution along two meridonal locations on the
body are shown., The data at © = +90° represents the windward meridian and
the 6 = ~90° the leeward meridien. 1In both instances the theory predicts
higher pressures than measured. The reason for this could be the same as

cited for the o = 0° results.

CONCLUSION

The approximete method presented herein represents a useful tool for
establishing the variations of pressure and veleocity along the gsurface of
analytic bodies. The method will appropriately reflect the effects of geometry
changes on the locsl pressure coefficients. The computer solutions require
minimal input and short computation times consequently the method is well

suited to the analysis of configurations during the preliminary design stages.

19




T

In this context the quality of sgreement between computed and measured results
is acceptable, The procedures by which these solutions have been obtained
are not restricted to the particular examples selected for display in this

paper, but possess much greater generality.

20
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Figure 1
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APPERDIX
Local Linearization Program

Computer Program Input/Output - All input data are input according to the

NAMELIST type format. In columns 2 through 7 the name $ DATA is punched.
Column 8 is left blank. Beginning in column 9 the variable names which are
shown below and their values are punched. Each variable must be separated
by & comma and the value of the final varisble must be followed by a $
sign. If optional variables are not known, they need not be punched. The

variables may be punched out to ecolumn 80 in any order.

Variable Definjtion
X0 Initial value for X along body
Optirnel
CP Pressure coefficiernt et XO
A Geometry Variables
B Appearing in body defining
C expression R = A(BX + CXD)
D
G Ratio oi specific heats
M Mach number
EXAMPLE:

$ DATAM = 1.0, X0 = U8, CP = 0., A= .071, B =1,
C=-1,D=6.03 G=1h, §
If more than one case is to he run, then the input data for the seccnd

case may be placed immedigtely after the data for the first.



The cutput consists of a listing of the input paremeters, Mach number,
Initial station and corresponding velocity, and ratio of specific heats for
the medium. In addition, the equaticn defining the body shape is shown.
The variation of velocity v, pressure coefficient CP, and body radius R,

are also shown versus the longitudinel coordinate X.

[ab]
L
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LOCAL LINEARIZATION PROGRAM.

PROGRAM TAP 1 (INPUTOUTPyT s+ TAPES=INPUT ,PUNCH)
THIS PROGRAM DETERMINES TRANSONIC ALRODYNAMIC CHARACTERISTICS ON

BODIES OF WEVOLUTION USIN: THE

METHOD OF LOCAL LINEARIZATION,
NAMELIST ZDATA/MeX04UO2AsRsCeDeGoCP
REAL MoK

DOuBLE VAR(2) +CUVAR(2)

ODIMENSION U{S2)+X(S2)+UVER(2)

COMMON /DER/CUVARWWARJUER My X0+UQ

COMMON /FC/ AeBeCoeDrGeR Py

PI=3.,14159265

xC=100,

READ(SsDATA)

IF(EOF+5)2+3

stop

IF (X0 oNE 100, )PRINT &

IF(X0,EQ.L00,)PRINT S

FORNMAT (1HLle® X0 IS INPUT TO THIS PRULKAM. UQ IS CALCULATED FWROM C

1P INPUTw)
FORMAT (1H1+#X0 AND UQ ARE CALCULATED BY THIS PROGRAM#)

IF(X0.EQ4100.) GO 70 10
U= (=CP=R1l(Xx0)*»2)/2,
G0 10 11

CALCULATE X0 AND U0 IF NECESSARY

CALL XUQ{X0+UQsM)

PRINT 69 MeX02UQ2GoA9B+Cop
FORMAT (LIH +*#*MACKH NUMBEK =#3sF 6,435 %X0 =#9E)6,8,5X92U0 S#,e16,87

1 IH s #GAMMA =%,4Elo.u//
2 IH s #R(X) = ®3FS,2,4H * (9FSalollM # (1=X) ¢ sFSe29)0H ¢ ()
J=X)R®eFS5,2¢1H))

CALCULATE X AND U VALUES ALONG THE BOLY
CALL XU{UsXeN)
PRINT OUT XoReR19S9S1eSP0uUeCP

PRINY T
FORMAT(///71H oLlSXouX By SK, U3 LUK, #CPRyISX s #RO 9 LLX1#R1®9]4Xe#S o,

llaXe®Sivglan,u52%)

VG 8 I=1N

E=X(1)3 RO=R(E)S RID=RLI{E} % CPD=CP(UL])E)}
SUzPI®R(E)#a2

SID=2.*PI*RIE)*R]1 (E)

S2D=2.#PIMIRIEIRRZ(E) + RI(E)®a2)

PRINT 94EesULI)eCPDsRDsRID,5D9S51Ds520
FORMAT{1H +BE16.8)

PLOT S951e52 V5. X AND U VS5¢ X AND CP VS. X

CALL PLOT(XeUsN)
ORIGINAL PAGE IS
AF POOR QUALITY
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cccccoc

cCCc

13
14

15

16

G0 10 1

END

SUBROUTINE XUQ (X0sU0 M)
REAL MK

OIMENSION XI(52)eYI{(52)
COMMON /FC/ AeBoCrDeGrKoP]
EPS=l.E~15

CALCULATE X0 X0=X SUCH THAT $2(X)=0
X0 LIES BETWEEN +02 AND .98
BISECTION

X550

52x=0.

S52P=52X

X=X+a01

S2X =2.*PI®(R(X I*RZ(X ) + RL(X Yeng2)

IF (ABS152X) 4 LTEPSIGO TO ¢

IF (S2X®S2P+GEL0.) GO TU 1

AI=X-.010

X2=X=4005

X3=X

S2A1=2.*PI*(R(X1}¥R2(X1) .+ RI(X]1)an2)

S2X2=2.*PI®(RIX2)*R2 (X2) + R1(X2)##2)

IF (ABS(S2X) ,LT+EPS)IGO T0 ¢

IF(S2 X2 «LT,0.}00 O &

IF (82X1 oLTe8)060 TO b

Ki=x2

xé=(X3e*x2l /2.

60 702

IF(S2 X1 2LT4040060 TO 3

X3=x2

Xe=(X1+X2) /2.

G0 10 2

XU=x2

IF (XO.GE.OZ.AND.XO.LE. «98)60 TO 8

PRINT 7+X0

FORMAT(1H +23Hna® X0 OUT oF RANGE wew/
1H +%X0 = #3E]lb.8)

sTop

CALCULATE U0

IF(MeGEL14)G0 TO 13

D0 v I=lesl

Al{j)=tI=1.)®,02

IF(AQWLE«XI(I)=e0l 0R X0ar:ToXI(I)+,01) GO TO 10

X1{)X)=X0

YIC([)==2e*PI®(R{XQ)®RI(XGY ¢ I *RL(XO)I*R2(F0))

60 T0 9

YICI) =2 *PIR(R(XIC(ID)IOR2(XIC(I)) o RI(XI(I)DI®@2)/AHS(X0=-XFL(]))
CONT INUE

CALL TRAP(YIsXx1eNsuQ)

GO T0 le

XI1{11=0.

DO le I=2¢5]

XICI)=X1(I=1)+Xx0Q/50.

DO 15 I=1+50

YI(])=2*PI®(RIXICIII®#R2{xI(I)) & RIAXI(L1DY#R2}/{X0=XI(]))
YI(S5]1)==2.,#PI#{(RIX0I#RI(XN) ¢ I, #R])(A0)#R2(X0))

nN=51

CALL TRAP(YIsxXIeNsUOQ)

U0=UQ/(4e"3,14159265)



ME | UNN

END

SUBROUTINE XU(UeAeN)

EXTEKNAL DERSUB.,CHSUB

HEAL MsK

DOUBLE CUVAR{(2)+VAR(2)

DIMENSION VER(Z2)sELE L (2)oFLE2(2) 9x (52! 2U(52)
CUMMON /DER/CUVARVARSUER Mo X0sU0
COMMON /FC/ AvBeCrDoGoReP
ELELI(]1)=.,001

ELE2(1)=.00]}

KaMen2# (], +G)

e @ e e Rl e I - e e -

INTEGRATE FORWARUV

cocc

; i=0
| 11=0

g VAR (1) =DBLE (X0)

;; VAR (2) =DBLE (UD)

i Cl=,015625

: 1 I=1el

: CALL INTL(I1e1l909Cl 9.02009IERRsVARYCUVARIDERWELELIELEZVELTIERRVAL
‘ 12DERSUB»CHSUB )

| XC1)=SNGLIVAR(1))

! ULI)=SNGLIYAR{2))

t IF (DABS(VAR(1)=,980) «GT4e0001D)GO TU |

o 2 J=lel

NNENTS

X{50=9 ) =h{]=4J)
K- US0=Jdd)=u(I=3d)

INTEGRATE BACKWARDS

__,ﬂlr;
cc

1=50=]+2
11=0
VAR (1) =DBLE (X0)
VAR(2) =UBLE(U0)
CiI==,015625
3 i=]=-1
j CALL INTIC(IIsle09C]l +e02404vIERRyVARICUVARYDERIELEYIYELE2JELTSERRY
i 1AL +DERSUB»CHSUB y0)
1 X{1)=SNGL(VAR(]1))
ULL)=SNGL(VAR(2))
lF;gABb(VAR(I)-.OED).GT..QOOID)GO TO 3
N=§
IF(leEQal) GO TO 7
KK=0
DO 6 J=1950
KE=KK+ ]
AKK)Y =X (D) -
6 UIKK)=U(J}
7 NZ:?: U
CU NUE ORI
RE TURN igs PU!‘H;LQI:QAGE IS
END - FALITY
SUBROUTINE DERSUB
REAL MoK
DOUBLE CUVAR(2) +VAR(2)
DIMENSION DER(2)+XI(52)9Y[(52)
COMMON /DER/ CUVARSVARSIDERMeX0sU0
COMTON /FC/ AsBeCoDoaGoRoPT
N=9
U X=SNGL (CUVAR{1)}}

- — e B - A e i e e e



pasessl

| Ay WL P Sl

cecce
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U=SNOL (CUYAR(2))
S = PI®R(X)eng
SL = 2.%Pl*R(X)*H) (X}
SE = 2.,*PI*(R(AI*RZ(A} +» pli(Xx)ne2,
SI = 2,PIY(RIX)IPRI(X) o F.*KL(X)#R2(X))
SHU=2. PR (RIX)TR4(A) ¢ L aRLIXI®RI(R) o 3,¥R2(AR)*82)
IF(M=1,) 2v1s7
1 IF(UeGELQe) GO TO 7

M EQUAL TO 1 AND U LESS THAN -

CALCULATE INTEGRAL FOR USE IN DERIVATIVE EXPRESSION
DELTA=K!50.
EXTEND LIMITS OF INTEGRATION FOR U o+LT.0
IF(XeGTeXD) GO YO 11}
DELTA=X0/%0,
60 10 13
11 DELTA=X/50.
13 COUNTINJE
DO & I=1»51
XICI)=(1=1,)*DELTA
IFAReGToXI(])=eO0leAND Aol TeXI(I)e 01) GO T0 S
SCI=2*PI*(RIXI(II)IOR2(XI (L)) ¢ RYULRLI(L))2n2)
YI(E)=UUX=K1 (D) ®"S3 = 52 + S21)1/7(x=K1{]1))»u2
60 TO 4
S YI(])=54
Ritl)=x
4 CONTINUE
CALL TRAPIYIoXIeNsSUM)
CALCULATE uveErIvallvE
DER(2) ={SI®ALOG(~K®U) ¢ 57 ¢ S3I*A 0O(S/(4%PI#A®(]l,=X))) + S2%S}/5
1 = S2%(le=2e#X)/7iXu{]l ,=X)) ¢ SUM)/s{&e¥pP])
RETURN

M ESS THAN )

CALCULATE INTEGRAL FOR US;r IN UDERIVATIVE EXPRESSION
2 DU I3 1I=1451
AltE)=(]=l.)e,02
I (R oLEWXL(I)=eULloOReA oaToX1 (1) 4e01) GU TO 4
Xitpy=x
YI1(1)=Su
GO TO 3
6 S2I= 2*PI«(RIXI(I}IIPRE(XT(I)) ¢ RLI(AIL(I))0eE2)
YEC(L)=(ABS (X=X (I} )I¥S3 = g2 o SZ2IV/(R=X]{])) a2
Yiil)=¢ (A=XE(I) )83 = c2 + S2I)/(A=XJ(]})vayg
3 CONTINUE
CALL TRAP{YI ¢XIeNsSUM)
CALCULATE DERIVATIVE
ABAz], = M##2 « K#\
IF(ABALLT«0,) PRINT 20+ABa
20 FORMAT(]H +%ABA = #4.tL]6.8)
IF(ABA-LT.O.) ABA==ABA
DER(2)=(SI7”ALOL( ABA) . S3RA QO S/ (G ¥PIRK# (1 4=X))) ¢ S2%S5]1/5
1 = S29(je=2.®X)/7lAR(] =X)) + SUM)/(4.¥P})
1] = S2%(1e=2.8X) /(A8 (] ,=K)) = SUM) /(4.%F])
QAl=53%AL0GABA)
@2=53%a 0G(S/ (4 P[RXe(]l,.X)))
W3=52%5]1/>
Wu==S28 (le=2e 28X}/ {X#(]a=X))
PHINT 1299X9Q19Q20U3eQue5M
129 FORMAT(1H +bE)6,.8)
RETUKRN



cCCCc

M GREATER THAN 1
OR M EWUAL TO 1 AND U GREATER THAN OR EWUAL TO 0

CALCULATE INTEGRAL FOR USr IN DERIVATIVE EXPRESSION
T Al(L)Y=Q,

UELIASK/SO.

VO 9 [=2»51
8 XLCI)=X1(I=1) ¢ LELTA

U0 9 J=]e50

S21= 2*PI*(RUXI(IIINRE(XT(L)}) o RI(AI(]1))He2)
9 VI U)=((X=X1(1))*S3 = 52 & S2I)/(x=R1(]))neg

YI(51)=S54

CALL TRAP(YIeX1oNoSUMN)

CALCULATE UVERIVATIVE

ABAsMR#2 = ), + K®Y

IF(ABA.LI.O.’ pRlN' 2°lﬁaﬁ

IF(ABALT.0,) AHBA==ABA

DER(2)253  *ALGO! ABA y/lao*PL) o

1 53 #ALOG(S Z{u 2PIeXR82) )/ (4, #P]) o
2 52 #(xeS] gt VAL R RS ) e
3 83 /(2.*P]) o

4 SUM/ (2.%F1)

RE TUKN

END

SUBROQUTINE TRAP{YsXsNeSUM
DIMENSIUN X(N}oYIN)
SuM=0, .
U0 1 IzsceN
1 SUMSSUMe(Y{T)eY(l=1))dX(1)=X(i=1))/Z2s
KE TUKN
ENL
FUNCTION RiX)
COMMON ZFC/ AsBeCsDrGoKoeP
EXPONENT CHECK
IF{UaNE<Qe) GO TU |
R sA*{B*(l.=-X) ¢ C)
60 T0 2
1 R=AR(BaXeCexea]))
1 RsA®(H®(le=X) ¢ CH{ly=A)%ul)
2 CONTINUE
RETUKRN
END
FUNCTEON R1(X)
COMMON /FC/ As8sCsDeGaKeP T
EXPONENT CHECK
IF tUeNEeOas ANDeDoNELl,) G TO |
HlzeAwg = A9C#]
GU 10 ¢
1 Rls=Atg=AsCaD® ()= )4® (D=}
1 RlI=A®(BeCoused(LD=],))
2 CONTINUVE

RE TURN ORIGINy,
FUNCTION K2{X) Lity

COMMON /FC/ AsbBeCoDaGoisPT

~EXPONENT CHECK
iF(U.NE.G'.AND.DoNE-l.oAND.D.NE.a.) 00 10 |
REZSASCRD® (P=],) :
GO 70 2

.1 HEZ=A%CHUS(U=]1,)%(]l,~X)?**(n=2,)

1 R2=A%CPUT (U=],)%A®S (D=2,)

2 CONTINUE
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END
FUNCTION R3I(X)
COMMON /FC/ 4eBeCrDoGeRoPT
EXPONENT ChHECK
IF (DeNEeOeosANDeDeNEol e s ANNeDoNE 22, s ANU U eNE ¢ 34 ) 60 10 1
Ris=ASCeD® (D=] () *(U=2,])
60 TO 2~
| RI=A®CrO®(D=]1,)8{D=2,)%X%8n{D=3,)
R3=-A'C'D'(D-l.)?(0-2.)'(1.-K)*'(n-3.)
CUNTINUE
RETURN
END
FUNCTIUN R&G(X)
COMMON /FC/ AsBeCoDoGoK P
EXPONENT CHECK
IF(UeNEeOos o ANDeDoNE ol o ¢ AND oD eNE 224 e ANU gD eNE s 34 e ANDaDaNE w4 s}
i1
R4=ARCH*O®(D=1,)9(D=2.)%(Da3y)
G0 TO 2
1 Ra=ARCHD® (D=1 ,)# (D=2 ) # (D3, ) ® A28 (D=4,)
1 RezAMCHDR (D=l )0 (D=2,) 0 D3 )*(Lowk) R (D=4,)
¢ CONTINUE
RETURN
END
FUNCTION CP(UsX)
COMMON /FC/ AsBsColeGeKoPI
CPR==2 ,4y=R] (X)nag
RETURN
END
SUBKOUTINE CHSUB
RE TURN
Enb
SUBROUTINE PLOT (AsUsN)
VDIMENSION X(N)sUIN)
Re 1 URN
END
sDATA M=1e0rX0Ze4BsCP=0e9A=.0T7125e8=19==1oU=64039G=1e4> %
SDATA M= leZ9X05e569CP=0s0A2eUT]12%994B=19C==L20=640390=1e4y $

B

GO TO

o7



X IS INPUT T7 THIS #20piaM, L)
NACH AUMBRER =1,7""" ¥l =

[% CALCULATED FRES CP

=¥ TINGANI=)

TNPUT
L™ = ~1.82Zcl12

GAMMA = 1,470:""NIE+(
RUXD = WCT %  La07 % {1=X) ¢ =15 € {1=X)%* 6.73)
QUTPUT
X 1 co F
2.CCOC00C0Z=02 =3,020765306=02 4.53387436E~02 1+425C0000E~03
4.CCCOD0DMNE~"2 =2.742831785 =22 5,17800823E=12 2.84959974E~03

6,0C000000F=-002
B.CCOOCICHT="2
1.0CG00000 =0 1
1.2CC000007 -1
laallQRO0ML -1
L.60000C0ONE -0 ]
1.8CLC2NINEF=-]
2.0C000C0ON -0 )
2e2CLOUCCINT =]
2:4CC000C0L=-0s1
2+ 6CCCEGT0--"1
2.8C0G00007 =51
3.02CC00CTR=1]
3.2C000000°=-1
3.4CCCO0CE-"1
3.,6C0000005=01
3.8Co000007-"1
4.CCO00Q000E~N]
4 2CLO0GIMNT =71
4.4CC000005 -0
426000200 =7 1
44 BCCONQDCNE=-"1
5.0CC00000% =21
5.2CC0%002F "1
5.4CC00000F -7 1
S.6CL00GC02-~-"1
5.BCC00000--01
6.MCC0A0DTT=1]
6.2C000000L-001
bGataCoB2CICO=11
6. 600000007 =01
6.8LC0CM0NE-"1
7.CCCO0030F=11
f.2C000000nNE0~0]
T«4CCO0000F-01]
T.€CCOQCNTI—"1
T.8CC00000¢ =01
B.CCCONONHT - ]
8.2C000000207 -1
8.4C0000007-01
B.eCCOQCC A"

8.80000000F=-01
G.0CCO000°F~= 1
9.2C0300000=-31
S.4fCOCnNGE=31
9.£CCO0000 =101
F.8CI03coNE-"1

-2.73521334%2=-02
=2 L€ DTRr=-N2
“2.6C5822 108 =02
~2.5%41.,52 4+ .2
~2+517V2433=-02
~246R823223780 =02
"2.‘0454323 ]"'""2
-2l luBllF=-0¢
23722534 )5 =32
~2+33236116E~-02
-2 2RBLIGEYE -T2
=2e223H1820-02
=2415%829050-22
=24075435595=92
~1eiTle (L T3E-"2
=~le 34339194 =32
-1.£37355%3Lc-02
=-1e495315726-=02
~1.26171bEE=02
-3 758376002 -02
=L alE3122105~-01
~1a33281129E-013
3.16456805%~013
TaaB25492 142=-13
1.1933571 3602
1723857 =-02
2o 1BTL32T05 =02
24TAZ232%61 =72
33330034 T =02
375669957 -72
H4e545402E-02
5¢3T7426693F="2
el 3G30NTIT-02
£ a1l 770392FR— 2
Te72706122=-=02
Re g Talllwn—2
V35849031 ~072
le*12c%25312—-.1
1.0A1 30655 =01
1e13443233=-01
1el62970458=3%1]
Leld" 14350801
le &06Tuo8E -7 1]
Re & T11595%5-132
G50 T492 n=-"2
4,149 )71896F =02
~le314563 371

44963 TT430F =02
Ged1lGHe L THE-T2
4, TC4GOLAYBE-N2
“enlC3EGTIH~-22
4526703 T6E-02
4 o452 5%3T6L =2
443035 LALF-02
4431442506602
4.2418cl15F~02
.l61 72720602
40693594712
39594 7145(-02
3.32624135E-02
3e562GG53626-02
3.4621512%6-22
3215364740 =02
249125435802
2541609108 =02
2eTRII3I222K-12
153769017 76-72
J e BIGIIE-T 3
(JI

~4 o TC4Te: 11573

=l «7TG5H9357E~-02
-2+E55G0T8BRE~-02
~3.57513661E=-722
—H+5645%599F~02
~540L3157326E-02
~b«. 78130082802
~BaC 179531 TE-02
~Ge3G2T1118E~02
=1 .NT757%621F-"1
-1e22607330E-G1
=l.38477T736E~01
-1.95094436E-01
-1 ..72303231¢c-01
=1 ..86330503%=-G1
-2t 12438430~
~d e 2IWLEHETL4F=(]

~238521029F=C }

~E oW T1262F-01
—253744A735-01
=2 %6375 565F~"1
~2+181645CHE-01
~14523239346F-01

H42435650%0-03

ORIGINAT, PAGE IS
0F Fooi GuALITY

He2T4G96S4F-013
3285568259 -3
T.124533515-03
de54587036E-03
4974494251 ~03
la 13588688 -(2
1. 2822693 1L-02
1.4245€5 %9t -0 2
1.566728)4t~72
1 7CEESHSE6FE-2
1.85023615L~-12
1.%516851 88 -02
2.132493]1 3c-17.2
2.272606685-02
2.41134373C-22
254955858 -0 ¢
CEBLOEECBLE-NZ
2.82160731E-02
2.G53295345-"2
3J.N84556585-0D2
3211550723 =-22
3334675403 -02
3.4734¢25 -2
3.5668T095L~-32
3.6T4CT1599F ~122
JaTT476T28E~02
3.BOESESTCSE~0LZ
3.94763148F=-122
4. ClE850LCT6L-02
4,076 28854%0E-2
4.,12C83637:-02
4,14867242% =02
4,15817253f~-02
G4 14T712153E~12
4,113724G70-02
45327059 -"2
3.9648€68542( -02
3.844¢CEST1L-"2
3.63930978E~012
3.4%505653c~-352

o 2OTSTLH3F-32
2.91378BL 1 4F =52
2e63TS32%68 -2
2e245514CT7C~-02
1.73129347F-"2
1.26G€ 76458 -02
6. 74637236513
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TRANSONIC AERODYNAMICS PROGRAM

! Computer Program Input/Output - All input data are input according to

NAMELIST type format. In columns 2 through 7 the name and INPUT is punched.
Column 8 is left blank. &Reginning in column 9 the variable names which

are shown below and their wvalues are punched, Each varieble must be
separated by s comma and the wvalue of the final variable must be followed

by & $ sign. The variables may be punched out to column 80 in any order.

Variable Defipition
MACH Mach number
i CPB(1) The array of pressure coefficients for the

: equivalent body of revolution. These values
H are required from £ = 0.05 to X = 0.95 in incre-
ments of ,05. Dimension of the array should

be 17.
ﬂ ITRIG = 0 If A # 1, elliptical cross section.
| =1 If A =1 and body of revolution to be run
" at o # Q.
LAM Ratio of major to minor axis of ellipse
A= a/b. ‘
| ALPHA Angle of stteck in radians.
| THET (1) Velues of © around body at which pressure
i coefficients are fesired in degrees.
NTHETA Dimension of THET{l) array.
EXAMPLE:

ﬂ $INFUT MACH = 1., CPB(1) = .15, .1, .05, .02, -.01,
£ -.04, -.06, -.085, -,00°, -,1, -.1, -.1, -.1, -.1, -.,01,
.05, .01, ITRIG = 0, LAM = 3, ALPI\ = 1,047198,
THET(1) = -90., -40., -0., hO., 90., NTHETA = 5, §
If more than one case is to be run, then the input data for the second

case may be placed immediately after the data for the first.

1 oh




All parameters used in this program are complex end in the form
A + iB, The real or imaginary parts or both maey be zero. This reserves

space for the values when they are not zero. The built-in functions for

i handling floating point are integer computations which have a complex

counterpart.

TS T -

TET R

Gl Tl

= g

AR el

st g i e R
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Output

The output consists of a listing of the input parameters, X, theta,

and the real and imaginary parts of CP'
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_TRANSONIC AERODYNAMICS PROGRAM

PROGRAN CURP(ILFPLT sUUTPUT s TArES=INLUT o TAPEE=0UTHUT)

AL LAMoMACHLAMLsLAMC oL o3 o LAMG JLAM/ oL ANY

COMIFLEX AspeCollobvF Gt nastaCPat JT o2V 2ElTZ{2%92)2ALPHEWC]
ICUPDsFLAMISLAMOELAMe TLAMerFol e CTHSUWhsUsPsustleSe TV

UIMENSIUN CPBIlcS) 2 THET (2 Yy enl il (25) s LusT(H) 9+ (2)
ECUIVALENCE tw (1) eLP)

NAMEL IoT/Z7INPUT/MACHCPD oL AM [ TRIG ALFRAWTHET 91 THET A
CF VATA Wlln ALFheasy Fuw - AACT wO'Y

1TRLL=1 ey
ITulo=g 0

Cl=CMPLX(Uansls)
KEiu (S IHrUT)
IF (LUFe5) 100D

WRITE (o INPUT)
ALFPHA=ALPHAY 0] 74533
ALPRLI=CMFPLA(N s 8LPHA)

PREINT 7TeMALRHeL AMIALHHA
FURMAT (LHL o 15X o0 X R0 L Ao ¥ T LTAReUXa#CH wEAI ¥9U e # (P TMaAGH 4 20X ¥MACH

1 WU = 9EloR/ZIH sHaXe> e = #oF lr /7111 snaXevALFHA = Ster lh oM/ /)
IF{lTRlGebwal) FRILE vy
FURMMAT (LR spaxeo(l DATe wrld ALPHA=0 Fur v XACT BODY®//Z)

LaMi==LAM+ |, /LAM
LAMZ=L AN/ (LAM« 1, )
LaMy=]l./{LAM+14)

LAMG=G % (]l =L AM) /L], +AM,
FLAM=CMPLALL AMG ¢ 4)

SLAM=CMPLALLAML sV ,) ORKHNHIiPAGE
EVALUATE £®#ITRE 1A AND &= [2THcTA OF POOR QUALﬂéE

pDU 23 JslenNIHFTA
THET{D) =TT J)4e 0174553

THe Ta=TnE T (J)

iUTHET =2« UvTHF T {J)

EAT (I =CMPLAICUSLTRET A «SIRITHETAY Y
ElT¢{d)=CHrL X (CCO{TUTHET) o213 TOTWET))
SINTIIY=SINITHET LU) )
COsST{N=Cun(THLET (J))

CAnliNUE

A VArRIES FRUA L339 T4 W85 N STeErS F «uS ¢ 1 = CUUNIFR FOR X
A=U,

=0

A=A+ .05

i=le]

IF (AeGTaleaw)) GO 1C |

e e gl Al e



CALCULATE Moeklonéd

Ri1=R{PRIME)
kRe=rR{DUUBLE PRIME)

ceceocrccce

M4 )220%X

Hl=al2¢en

Ke=0.

ALKSUWSALOGIKR®R)
HOUL=R]1®k{

Trsyl=sda 1oyl
Cruul=CMFLA (RS v ,)
CIKSWlsCMPFLAITRS W] sU,)
LAMT =gt Atz ) #8020 (2 8. WA 3) i g
ELAM=CMILALLAMT 1V, )
LAMY ==l RFLAMs i R/IAM
TLAMZCHMPLAILAMSG e}

L
.
DU 90 JslesnNTHFTA
™
ASE[TLJ)*CouRT(EL L) ¢FLAM)
(™)
HTao® (L 1T (U)o CouRTIEL T2 Uy +HLAMY )
L
CleerusinT(Y)
C2=r*CliaT (L)
C=CMPLAL(CLC2)
L
DECOURT IR RYE T2 (U rLLAM)
L%
El=s(Z,¥n®LLAMZ+LAM ) ) ooy
t=tMFLA(ELs(a)
|
FCoukT(R¥REEJTA(J)+TILAM)
L
Gl=r*CLaT (W)
Gezr*SINT L)
OECMPLX oLy ™)
.
Hl=sW#RzeR1#KN]
HECUMPLA{HLYY,)
L™
AR ¢HRALFHI#(=Cl=C/l=E/ (ol (I ep) =b¥C/ o (e 1T (Y es) 1)
w
BH=KHYRLI2 (Ll /(RYELI (JYor }) 2 {CleL/F)
CCPRu=CMPLA(CPH{T )Y vue)
L
CPEALPAHIRR LM (g e /A=A =2 e gL LG (RE)=LTHROSUWI=Z o PRI FCLUL (R) ¢ H¥A RS
1+CHSUL =2 HALPHAY LAASE ) = (o 9RALPHT =¥ Al #m L * (G/U=(E#D 30}/ (O (¥
IEET U +U) IV eRem ¥ UUF+OG) /P Lo/ (R¥FEVT (U)ol ) ) )R pm(RAS ) B2
TRETA=TRE{ (W)
CP=CP+C(CPFD
<
PRINT alesAsTHET (S eN{ldeag2)
47 FURMAT (IR sutbln,8)
Su Cuin] INUE
LW
[
L

IF (MU (leTt)adestenl
ag PHRINTG ToMACHLAMsALFHA

LU TO a8 ' i




et - o At

& NPUT
l'luCH
wrA

LM

1iHlO
ALPHA
I AET

w{META
dr. NU

{1

Oelb*ule

Qe lSE+00 Us)EeQuo UsSE=01.
=0ebE=Uly =QeBbE=Nle ~Yus9F=01,
=0,lt*u0s =0elE*G0r =rele=Ul»

Dale

0.0!
0.09

0.0 0400 Ualy Ueris
DeIE*UL

O

QsLUES00
=0, 15/079F¢Qls =0, 09B13L+00Uy
Qe 0elo» Uelye Ve

O0e0s QUalsy Ua0s Qary

S

URIGQVAL PAGE IS
OF POOR QUALITY

Ueot=0Le elbeul

Dels 0Q,69813E+00,
Vel 0.0! OQQO
Qeds Uels 0ol

e i o e T ot T T B e e N BT e R W D

Qedb=Uly =Colb=01l9 =0,ub=01l0
=Uelitdle -0 le+0Uy =0,1E+00

Uue U 00

Ouu'

Galo7079 401

U.Uo

0.0’

0_,Uo

0.0



QUTPUT

S.U0000000L=0¢
S.U00UGQ00E~-U¢<
S«00000000L-04
S.UQ00U0QGOE=02E
S5.000U0000£ ~0¢
1.v00V0000E=~0OL
1.40000000E~01L
1.00000000-014
1.00000000E=014
1.0v00U0000£=01
1.500V0000t-01
1.20000000E=01
1.50000000L=-01
1«200UN000E~01
1.200U0Q00E-01
2. U00UC000E=DL
EOUOOUOOOOE-OI
2.0000UQU0E=DL
2.v00uUUQQ0Lt =01
2evi0U0000L=-01
2+50000000E~-01
2.5U0U0000E~01
2.50000000: =01
25000000001
2.20U0V0000E=-QL
3.00000000L=01
3.u0000000E-01
3,U00000008-01
3.v00V0G00E -Gl
3.000V0000E=-01
3.50000Q00E~01
3.50000000c=-01
3,500u0Q00:=-01
3.0V0UU000VE=UL
3.2020G009G0~-01

Theia

«]1,57079000L+0"
-6,98130000e =01
0.
6,94130000L-01
1.5TU790000 0.
=1, 570790000
~6,98130000L-U |
0.
H5.981030090=01}
1.57079000c0r
=1.,5707%000+0"
-6, YElS0000E=01]
Q.
6,98130000c=0}
1057079000L‘Gﬁ
=1,570790Q0Q0Gc*0.
b 9813000 -0 )
Qe
6,94130000-=-01
LTI Q0e+0
=1,5707¥000c+0n
~heWH130000L=01
0.
6.,98130000uL=01
1.97079000w+0"
=1 PTUTIYU0L*01
-6093140000L‘01
0.
6.78130000E-01
1,570/9000L+(
-l1.57079000L +0G".
=H,9H130000c -1
0.
6.98130000L-01
1.957079000c ey

CP REaL

4,.,5288524¢ar=-0¢
H,ub9)0E09c ~Ue
l.390u726lt =0l
13822000 =U01
loatit}mh 334y =0l
L, uUshavbor-ye
2.61374048L 02
Y977 wilive-pe
9,1902372/8-02
F,231 20109 -yl
~PeUl LoDt ~ue
“le3lU7bMVaL~-0C
4,9905 742+t =0l
G4eul7217T%0L~Ue
SelDlalTybt=us
=, 32450190 -0
=3, 32315396k ~ud
leY91F 9334 =02
163 R3BYLFE~02
Ze 3820350 =y
~b. 3616603k «ic
=5,4lurraeuE=-L2
=l.136|8h00br=U¢
=1l.198a%545: =02
~4ah212bd L =u3
“3.05019b0ct. =02
=599t 8]l S99k =U2
wly 6973l 0 =2
=4, 16478809t ~02
=J,eHl68349cE =)<
-, (HHIVA44YL -y
wH, 8652 lE =07
b, aub63blut-U¢e
-h,2191482ct~-02
=5 ,a7h1% 310 =0¢

CP IMayp

0,00435] 9o =ng
J. 4HI24tUnt ~0¢
-~l.06920110F =02
=5, 3300307 =2
-t 00376 2Hak =t ¢
4, L2859 Tul =3¢
2e.l50Z20mnB4r =012
= l3dbaynbot =nb
=3,46U94 190t =012
~4,59437495F =n¢
21991 092E=¢e
Y, elcTridar =64
GO IIBAGYF =04
=2, V19776400t =0¢
=2 FLUKZS 4 =2
1,13%Hd43/F =02
~1.7567baBLF -]
le77lu9] vt =01c
~7.14960u3lor~03
=], 0abab 4 2F = ¢
—3,41410ubur =]
=l.ia8902l0k =042
2.4087 5489 =gz
H,abbbuUSlIE=DS
G ,2933700895F =9,
=-l.02e920%ut =n¢
=], uRLIZ4DZL} =u2
3,udd322l3r=ne
1l a495c 379/ =n¢e
1./0123090F =02
-2 06948140k -012
~2.0h37Tunl Ll =e
3,56U0u%69F ~ii¢
2.304Y100ut ~0¢
2o lalBavan) =, ¢



4.0000U000L~01
4. 00uU000E=-01L
4eU00UU0UOE=0L
4 0U0VULO00QE=-0L
4490000000L-01
4+50000000=-01
4.950000000E-01
4.20000000L~G1
4.200V0000t=01
Q-bUOdUOOOE-Ol
5«.U00vu00QQE~-CL
5.0000u0060c~01
5.u00UU000E=OI
5.,00000000e~-01
5.00000000t-01
S.500U0000E=01
5.200u0000E~G1
5.920000000E~-01
5.50000000E~01
5.20000000-01
b-OOOUUOOOE‘O‘
6.u0000000E~UL
6,000u0000L-01
6.,u00u0000E-01
6. 0Q0VOQ00E-0L
6490000000 -01
6+2000000CE-01)
6.950000000E 01
6e50000000L=-01
6. 50000000E-01
7+40000000L~01
7.00000000£-01
7«00000000E=-0)
7.00000000L~01
7.00000000c~01

el

=] +BTVTH0QOL+ O~
=6,98133000t.=01
0.
HeFHLl3v000E=0 |
1.957079000c+0"
“]eH7079000ce0n

~Ho 98130000t =01

0.
698L3U0V0E~01}
1.57079000+Gn
w]leDTUTH0UYE 0
-6, 28130000 =0
0.
6.98130000c=01
1.57079000+0r
«l 37079000 +0r
=b,95130000c~0
O.
H.HE130000c =01
1.3707%000c+0-
=) 27079300 +0r
=h,98l30000c=0]
0,
6.98130000t-01
1.579790000c+¢"
=1.9707Tv000pc+0~
=h, 9383000y =-01
0.
6,98130000t-01
Lao7TUT900QL*(
*1enTUT7T9000L*0r
-5,98130000-01
0.
6.28130000L =0}
1.57u79000kL+0

Lk hpal

=1 JUARYRGILSE =y
=1,u71700kat -0l
=9, 629yt -ud
=N, 863151 0ar =02
~d.2833ychi -y
“l.04318801t =yl
=1,06579720iz=¢1
-9,9]1532800c ~u¢
«9 L9y 3Tb/L=-y s
-9, 105720030 ~ue
=) 078N Iuq=U]
-1,1187034/=u1
“1.12015%vsut -0l
=1 49243703 =yl
=l 034903001
~l,02450250 3t =01
-1 ,080~141 3=yl
w]l 151723334 -01
-] 1392m0 Y9r =}
=l ll0=1937e =01
-3.,0830215¢c3t~ue
=l,091lra5c9t~UlL
“l,idRp0d%9r 4]
1l 87a4yoit=01
=L, 7R Toa L=yl
=, 245¢5815% -2
=l udlnlivve=ul
-l,22311800=ul
-] 24940407 =0l
«] .59 0l -0l
~9 4 3h54.0575¢=0¢
=-l,U2}= 30 -01
=1l.,d02130b7r =1
-1.,32101<c)e=-ul
~l.39374b73 -0l

CF 1Magp

=3,24328) 74t =02
=3,1858%cTut=(¢
S a4yl fe =g
2478930 29uF =02
3.580H265F ~¢
=44, l9491321F=u¢
=3,9237TL9T3E =3¢
J.oB3alTlaer =ue
3.490431 301 =2
4,017972300t =ii¢
wy DluTu0alr-ng
=3,1091} sBar-De
S,8506Y504149F =g
S nlitonadr=-ne
4,21231711F =g
-4, ,0l00 3109 =02
-3 ,089998H3F =ug
d.BY8924009F =i ¢
J.Y38495509¢ =2
4 ,9H82 4230
-4 420T7237T9F =n¢
=3, al029%23L =~
3, d6bhosy iy ~yc
J. 800 Tuehsr —ie
4, 378898 3F =02
=-4,9909% 780t =02
=3,039920b7F~0<c
2,bbls4T8ub=0¢
JH84]0755F =0
d.08407a79 =07
=3, 108Y43308F =02
=2, 388789y =02
c.l7b80]lar=-ng
3.,uB580 715 =g
J.0873550ur =2



“

'

:

7.50000000c=01
T+50000000E=01
750000000+ =01
7.200000V0E=-01L
7+9U000000E~0C1L
He0U0VUQ00E~04
R-U00VU00QE=QI
BeU00UOQOUUL=01L
8.“00”0000&‘01
H.U0000000t~01
Heo00U0Q00E=01
820000000t -01
B.%0000000L-01
B.20000000c~-014
Hao00U00Q0E=-01

THET~

=]1.,57079000L+0n
-6,98130000t=0])
0.
6,98130000t-0]
1.,57079ugyLr+Q-
1570790008 +0r
-8.9813b000t'01

6,94130000c=-0)
1.570790008+0n
-1057075000t.05
=5,98130000c-01
0.
6,98430000L=-0])
1.9TU79Quut+0y

Cr wEAL

=3,222922%6L =43
=1.20537069.=0¢
-4 ,0293262¢ck =07
=5, 03973740 =-02
-, BUH | LI =-07
S5¢590140Jd1lt ~-U2
44 10649650 =02
1.5450)0eor «le
3,cl3nyluilc-04
B, l3nnpybechy =03
10037|l“¢6L-01
Fe222¢ 1004t =02
holOY] 34908 -02
3.9977420ar =02
2.84343Lt38g-0¢

Ck IMao

2  JbbhdelHF ~0¢
=] u0bdlalwk =2
I ,39940934F =2
¢, 3024ublul =0¢
Lo /630] ToF =g
=5, 309957l =-03
3,839 0c230F -3
d, 01 6030E =0y
1,40%0 18254 =02
5.4807651F=ny
Lo19201K1fF =ng
Y,50040390+ =~y 3
b .99 ThakF4lr =13
2 NTHHGHBYSF =g
=1 ,cd8)ul]BE =N
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