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FOREWORD

A finite difference computer program has been developed at NSWC to calculate
the inviscid and viscous flow fields for blunt or indented nosetips for reentry
vehicles at hypersonic flight. This report describes the development of the
computer program, illustration of numerical examples and the operating instruc-
tions.

This work was supported by the Reentry Aerodynamic Program of NSWC at White
Oak and monitored by Drs. A. M. Morrison and W. C. Lyons.

i The author would like to thank Dr. Paul Kutler of NASA Ames Research Center
for providing a copy of the-,computer code and the instructions for its operation.
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.i

NOTATIONS

a Speed of sound

S'a",be Parameters used in temporal differencing, Eq. (3.2) and (3.6)

A, B, K, L,

MN,P,Q Jacobian Matrices, see Appendix A

bn, Cn  Coefficients appeared in Eq. (1.17) and (A.1)

CN Courant number, Eq. (4.5)

Cp Pressure coefficient, (p - p)/ pw Uo

Cp, Cv Specific heat at constant pressure and volume respectively

e Total energy per unit volume

E,F,H,R,S,T Functions of U

AHT, HT Error in total enthalpy and total enthalpy respectively

ijGrid index in E and n directions respectively

SI Identity matrix

J,K Maximum grid point in E and n directions respectively

J Jacobian of transformation from (x,y) to ( ,n)
Zm Row and column of a matrix

L Reference length

M Mach number

n Number in time integration

r, Normal distance

p Pressure

Pr Prandtl number

q Total velocity, or (u
2 + v2)

qs Shock velocity

qsn Velocity along - constant line

Rn Radius of corners or turn used in defining body geometryn-1 to 4

Re Reynolds number

RN, RN,Rs Nose Radius for the sphere portion

S Arc length

"""7
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st Stanton number, )JP To T!E -1 iT/I-i
RPr Too Too a(f /L)

t Time

T Temperature

u,v Velocity components in cylindrical coordinates

J, v Contravariant velocity components, Eq. (4.1)

U Vector of conservative variables

x,y,* or X,Y,f Cylindrical coordinates in the physical plane

XPn,YPn Control points for, n = 1 to 7 nosetip geometry

Ys Thickness of shock layer along body normal direction

8 Clustering parameter, Eq. (5.1)

8' Angle between shock normal and = constant line, See Fig. 2

On Angles used in defining body geometry, n 1 to 3

y Ratio of specific heat Cp/Cv

Matrices in block tridiagonal system, Eqs. (3.11) and (3.12)

6 Angle between shock normal and x-axis, see Fig. 2

6'nDistance of deformation from sphere to the indented nosetip shape
along a ray

.. o Shock standoff distance at axis of symmetry

Internal energy of a gas, Eq. (2.3b)

CE, I Explicit and Implicit dissipation coefficients respectively

e Angle between axis and = constant line

IC Coefficient of thermal conductivity of a gas

P First and second coefficients of viscosity

-' n Coordinates in the computational plane

P Density

." Eigenvalue

T Time after transformation

T ,T ,Txx yy xy

T Viscous stress terms

Subscripts Superscript

Free stream condition * Intermediate solution in
1 Upstream of shock time integration
2 Downstream of shock
w Wall

Values at shockIValues at body
Stagnation condition
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I tRODUCTION

Because of ablation, the nosetip of a spherical body undergoes continuous
change during re-entry. The shape of the nosetip has a great influence on the
flowfield over the entire body, i.e., the nose region and thus the afterbody. In
order to predict the flowfield about indented nosetip shapes that are likely to
occur during the reentry, considerable effort has been expended in the numerical
simulation of hypersonic flow over indented nosetips.

1- 5

Among the many numerical schemes intended for indented nosetip calculation, an
attractive one seems to be due to Kulter et al,1 who solve the unsteady Navier-

*" Stokes equations with the thin-layer approximation for nosetip of arbitrary shapes
*" at zero incidence using the implicit factored numerical algorithm of Warming and

Beam. The steady solution is obtained asymptotically in time and both viscous
and inviscld flowfields can be computed using the same computer program.

The obvious reason for choosing implicit scheme is that it is more efficient
for viscous flow calculation and one expects flow separation to play an important
role in nosetip flowfield simulation. A research code was then obtained from
Dr. Kutler of NASA Ames Research Center. First, the code was applied to compute
nviscid flow over sphere (or sphere-cone), results compared well with experiments.
When the similar calculations were performed for a series of four indented
nosetip shapes reported in Ref. 7 and 8, surmountable difficulties were encountered
during the course of computation because of the presence of small radius expandion
corner and concave compression turn in these nosetips. It was later found that a

" special calculation procedure is required in order to obtain reasonable solutions.
Example to demonstrate this special calculation procedure will be given and
the code was modified accordingly to do the job. All inviscid results for indented
nosetips are described in Section 5.

1. Kutler, P., Chakravartly, S. Rs and Lombard, C. P., "Supersonic Flow Over
Ablated Nosetips Using an Unsteady Implicit Numerical Procedure" AIAA Paper
78-213, Jan 16-18, 1978.

2. Taylor, T. D. and Masson, B. S., "Application of the Unsteady Numerical Method
of Godunov to Computation of Supersonic Flows Past Bell-Shaped Bodies," J. of
Computational Physics, Vol. 5, 1970, pp. 443-454.

3. Moretti, G. and Bleich, G., "Three Dimensional Flow Around Blunt Bodies," AIAA
Journal, Vol. 5, No. 9, Sep 1967, pp. 1557-1562.

4. Widholf, G. F. and Victoria, K. J., "Numerical Solution of the Unsteady
Navier-Stokes Equations for the Oscillatory Flow Over a Concave Body," Lecture
Notes in Physics, No. 35, Proceedings of the Fourth International Conference
on Numerical Methods in Fluid Dynamics, Ed. R. D. Richtaryer, Boulder, Colo,
Jun 1974, pp. 431-444.

5. Reeves, B. L., Todisco, A., Lin, T. C.,and PallOne, A., "Hypersonic Flow Over
Indented Nosetips," AIAA Paper 77-91, Jan 24-26, 1977.

6. Beam, R. M.,and Warming, R. F., "An Implicit Factored Scheme for the Compress-
ible Navier-Stokes Equations,' AIAA J., Vol. 16, No. 4, Apr 1978.

7. Ragsdale, W. C., and Morrison, A. M., "lAP 202 Heat Transfer and Pressure Tests
in the NSWC/WOL Hypersonic Tunnel," 1980.

8. Yanta, W. J., "Indented Nose Flowfield Tests," WTR 1329, Naval Surface Weapons
Center, White Oak, MD , Jul 1980.

9
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Later, viscous laminar flow over a sphere-cone with isothermal wall was
calculated and results for heat transfer rate compare reasonably well with
measured data (within experimental error band) but are higher than that predicted
by boundary layer calculation. Then, calculations were performed for laminar flow
over two of the indented nosetip shapes under investigation using the same special
calculation procedures as used for inviscid calculations. Solutions obtained were
not satisfactory as compared to the measured data for surface pressure and
separation region (also negative heat transfer rate were found in part of the body
surface). For turbulent flow calculation with the algebraic turbulence model of
Baldwin and Lomax, it was found not possible to obtain a converged solution for
these indented nosetip shapes. Finally, attempt was made to repeat the hemisphere-
cylinder results given in Figs. 5 to 8 of Ref. 1 and was not able to duplicate the
temperature field as shown in Fig. 7 of Ref. 1. With all the difficulties in the
viscous flow calculations, which are described in detail in Section 6, it was
decided that a reanalysis of the complete calculation procedure must be performed
and all the viscous subroutines must be rewritten. The analysis is given in
Sections 1 and 2. The boundary conditions given in Section 3 are the same as
described in Ref. 1, but the initial condition has been modified.

The modified computer code has since been applied to compute laminar flows over
a hemisphere-cylinder with adiabatic wall and a sphere-cone with isothermal wall.
New results for the temperature field of the hemisphermBcylinder case are compared
to the available solution given by Viviand and Ghazzi, who solved the full
Navier-Stokes equations and that given by Kutler et al.1  The dubious statement
that temperature is a mesh dependent variable as given in Ref. 1 does not appear
in the present results. New results for the heat transfer rate in terms of
Stanton number for the sphere-cone case are compared to the result obtained with
original code, the experimental data and a boundary layer calculation. Surprisingly
good agreement is shown for the heat transfer rate between the thin-layer and the
boundary layer calculations as expected. All the new results are described in
Section 7. The entire code has since been rewritten for the convenience of
applying to indented nosetip shapes described in this report. Simple operational
manual and the computer proprm are given in Appendix D. Due to the termination
of support, no further calculation has been made for the indented nosetip shapes
with the new code. Also no investigation of the behavior of turbulence models
with the new code has been performed.

Since the nosetip flowfield calculation is to provide a starting solution for
the afterbody calculation. Thus, a coupling of the nosetip code with an existjIng
NSWC supersonic marching code for inviscid calculation has been carried out.
Examples are given for a very blunt cone at Mo = 9.8 and an indented nosetip cone
at HM 5.

9. Baldwin, B. S., and Lomax, A. M., "Thin-Layer Approximation and Algebraic Model
for Separated Turbulent Flows," AIAA Paper 78-257, 1978.

10. Viviand, H., and Ghazzi, W., "Numerical Solution of the Navier-Stokes Equations
at High Reynolds Numbers with Application to the Bound Body Problem," Lecture
notes in Physics, No. 59, Proceedings of the Fifth International Conference on
Numerical Methods in Fluid Dynamics 1976.

11. Wardlaw, A. B. Jr., Solomon, J. M., and Baltakis, F. P., "Supersonic Inviscid
Flowfield Computations of Missile Type Bodies," AIAA Journal, 19, 7,
pp. 899-906, Jul 1981.

10
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CHAPTER 1

GOVERNING EQUATIONS

The time-dependent compressible Navier-Stokes equations in the cylindrical
coordinates (x,y,*), Fig. 1, for axisymmetric flow can be written in dimensionless,
conservation-law form for a perfect gas without external force as follows12 :

" + E + F + (F +  ) / y f  x + 5y +  (1.1 )

where

- p - pu 1V - [1 - [01
U Pu E= p+pu2  , uv H 0PV pe] /uv / P+Pr2  'p

e (e+p)u (e+p)v

0 0 0
Txy Txy

P KTxy v yl rT ffTyyl" O]KC + U T +v V X CY+ U -%Y + V'To 0

and

Re =Re _

r = I /Ko

T = (X + 20 u + X v + X!
Kxx x y y

T = (U + v)
KY y x
-- = (X + 21 ) v +,u + Xv

yy y x y
T (X +21) L+X(u +v)y K y

12Peyret, R., and Viviand, H., "Computations of Viscous Compressible Flows Based
on the Navier-Stokes Equations," AGARD-AG-212, Sep 1975.

. . . .
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Y

A BOW SHOCK
0 B INTITIAL BODY

cb/ B' FINAL BODY
C AXIS OF SYMMETRY

N0 OUTFLOW BOUNDARYC INITrIAL "X

177
Y A

D

IC

B'

C - FINAL X
B, B'

a. PHYSICAL PLANE b. COMPUTATIONAL PLANE

FIGURE 1. COORDINATE SYSTEM

In Eq. (1.1), the reference quantities used to nondimensionalize the flow
variables are: the length L, the velocity awivA, the density p., the viscosity V,
and the thermal conductivity K,. The time is nondinemsionalized by VV L/a ,, the
total energy per unit volume e and pressure p by p. (= P.ag/Y) and the viscous
stress term Txx etc. by V6 a, /(LUY). For perfect gas, the equation of state gives

p = (Y - 1) [e - p(u2 + v2)] (1.2)

and

e - p[e + (u2 + v2)] (l.3a)

e f Cv T (1.3b)

Equations (1.1) and (1.2) provide 5 equations for 5 unknowns, i.e. p, u, v, e, p
(or T). It should be pointed out that the momentum equations and the energy
are of parabolic type and the continuity equation carrys the hyperbolic character.
Therefore, the system of the N. S. equations is of hybrid parabolic and hyperbolic

12
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type [12].

A mapping between the physical plane and the computational plane (Fig. 1)
is accomplished by the following independent variable transformation:

T = t, g = (t,x,y), n = 'I (t,xy) (1.4)

Applying Eq. (1.4) to Eq. (1.1), one obtains
1

:-:LU + EE: +  Fln + H =  (RE +  Sn + T) (1.5)

wher

U = 5/o

:.: E = (E:t U + E;x " + Ey ') / J

y

F = (mt U + nx  + rvl -)/j

H = (F + H)/(YJ)

R - (Ex K + Ey S)/J

S =O + ny )/J
~T = (9 + T)/Y J)

with metrics of transformation given by
(x Y - Yn xd nt (yC x T -xy )J

Ex = YTlJ ' Ix -YEJ

(1.6)
J' xMny x l

E Yn -Y xn

In general, the metrices of Eq. (1.6) are not known analytically and must be
determined numerically at each step of integration procedure.

The viscous vectors may be rewritten as follows:

0

I x xx +  y XY
R or S=

).X Xy y y
I ce, +UT + VT) + ( )y+ Uy + v (1.7)

X(W ) x xx x1y xy y

13
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where ( ) - for R and ( ) = for S.- Ando0

T jy (1.8)

:." K-
L~ce~i+u'ry +vT~
T yny j xy yy

with

T = _1 (u T_ +u V +y
Txx 3 TI (r x + u3 Yx T(q v y 3 -- y

Ty ffi u + ) u + V + T v)

ty = (y v +fy vq) - - X Tj + l r
X V~

3 i 3 x xTI(& V +n I u + Ti u+

2 4 vT -U'(& u + + x u + & V + yV ) + y3 .x X fl y 3 TI

In Eqs. (1.7) and (1.2), the Stokes hypothesis, i.e. 3X + 2v = 0 was used.
Equations (1.7) and (1.8) may be rewritten by separating terms with flow
variables differentiating with respect to & and n as follows:

R -R + R2  (1.9)

S = S1 + S2  (1.10)

T =T + T2 (1.11)

where

0

b2u& + b3v, - c6 &v

b- b3u+ bv c& v  (1.12)

bsc +- (b 2 u + b3v)u + (b3u + b4v)v - c6v(uFx + v~y)

14
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- 0

b8u( b v
r bu b(1.13)

R2 o$2 J J." .So +  lV()

b7CO + (b8u + bV)( + (b u + b11v)v()

where f ) - r or R2 and ( ) = for S2.

0

... C2u n + C3 v. C6xV

Sl 1 C~u~C~v-C(1.14)

C3u n + C4 v. -6rlyV

c +(C 2u + C3v) u + (C u + C v)v C6v (u rx +V

0

1 (T1 (1.15)
T1 y' 2jjTy vTn - 2 P

y

7r + V [TrL(UUn + vv) + n - vuy)] 2 v

7 no T

0

y + xv)

T"j1 (1.16)|T2 =y 2l-

bc+ iVz (uu~ + 4 vv) + U& (uv~ 2 vuQ

15
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where 42
he2 = P (Tnx  + y ) 3  ' 3 .-nx Iy

n 2  2 ( 2 2

C4 = 1n +n C5  Pr x y +

2 1 YK
C6 =-.13 , c7 = ny

2 1 x 2  b3 = 3 "Ex Cy (1.17)
b- P (&x 2 + A 2 ) b _ k x y2)

4  3b 5  (Pr x y

b 6 "k &, b7 - (txnx + yy)

2" 4

bl - 2 xn3y + C-ayin x  bl=xrx +-

3yI

Equations (1.5) are the governing equations to be solved with the boundary and
initial conditions described in section 4. When thin layer approximation is made,
i.e. a ( ) a ( ) for all diffusion terms, then one sets R = R2= S2 = T2 = 0.

1-.6

!': 16
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CHAPTER 2

NUMERICAL ALGORITHM

The numerical algorithm described in this section is based on the work of
Ref. 3. It is intended to solve the full Navier-Stokes equations, Eq. (1.5).
However, the thin-layer approximation will be made at the end.

Rewritten Eq. (1.5) as follows:

U + E + F +H- R(U,U) + Rluu) + S(U,U)
t i 2( in~~ ri

e

+ S2(UU¢)n + Tl(UU n) + T2 uU 1 ] (2.1)

A single step temporal scheme for advancing the solution of Eq. (2.1) is

An aSAT a Aun + AT a U n + V AUn-i +
1-+F T at 1+ b a§T TTV b-'

o( I V)AT2 + AT3] (2.2)

where U U(nAt) and AUP = Un+l - Un. Substituting UT from Eq. (2.1) into
Eq. (2.2) one obtains

AE + -AF+AS1+ AS2  - an+

' + -E+ + R

T1 n

R J
e

+ AT ( E +R+R2Fn n

+ 1 + V Ri eja R. e) 2 A3

+ er+ AU + 0 [( -) At2 + AT3(2.3)

17
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where E'~ - E(Un+), AE En+ l - E. A local linearization can be achieved
by the Taylor series expansion:

= En+1 (= E)n (Un+1 - n+0

*: or

AE n = AnAun + 0 (AT2). (2.4a)

where is the Jacobian matrix. Similarly,

AFn = Bn  ,jn + 0 (,&T) (2.4b)

AH n _ Kn IJn + 0 (At) (2.4c)

AR n T alln + (--1 /AU + 0 (AT2 )

• L-n jjn + pn AU+ (AT 2 )

iL n Mn + (PAU)n + 0 (Ar 2 ). (2.4d)

where
P, L (;R )n pn , n

ASn Mn AUn + (QAU)n + 0 (AT2) (2.4e)

Wihere as ( i fl Ql():2 n a( )1 n Qn.

&Tn N ' AUn + (W AU)n + 0 (At 2) (2.4f)

18
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where

UIaT n 3aT n
N1  k' Win'Wi

A na N n Aun + (W2Au)n + 0 (AT2) (2.4g)

where

(aT "2  = aT )\ n

-a (!T - W2 ) nW 2 aury

The cross-derivative terms are treated explicitly

A -R " + o (+ f 0A) (2.5a)

ASn An1 +0(T2 (2.5b)

All the Jacobian matrices are given in Appendix A. In the analytical
derivation of Jacobian matrices for viscous portion, it is assumed that
transport coefficients are locally constant, i.e. V- -K& -= Kn - 0.

By substituting Eqs. (2.4) and (2.5) into (2.3), one obtains the
spatially factored form:

19



NSWC TR 82-286

a "A L " 'e 2 2) n  )n

[( Re (N,

-- n"" I + A n + (NI +W ) u

S +-- e rI -Re en  I I n
t n n  Tn

= TR ~ SnT
TT'+ Lk Eb+ ) +(-Fn+ -Hn+ R

+ - (AR )n (AS)n + b

+ 0 [VA-~.-b) &r2, (a-- a) AT', AT'] (2.6)

where a" has been introduced in the coefficient of the cross-derivative terms

for notation convenience. 3 For second-order-accurate schemes, a" should
be set equal to a'. However, for the first-order-accurate scheme (a' ; I + bW )

* it is consistant to set a" equal to zero. Now, Eq. (2.6) has the same
temporal accuracy as Eq. (2.3) but is linear in AMG. In practice, Eq. (2.6)

.' is implemented by the sequence

:, i ana i ( )n n 1 N, ,)n] Ao~n

V (A ReJ Re l e 2 2&Jpl L 1  W~ U

= RHS of Eq. (2.6) (2.7a)

{: a'gr n(B!±....\ + K(N aUfnl (2.7b). *" b - T" - QR l " (N'I n

From now on, it is assumed that the thin-layer approximation is applicable.

Also the first-order-accurate Euler implicit scheme (a' - 1, a" - 0 and
bl - 0) is chosen for the time integration. As described in Refs. 3 and 6,

it is necessary to add the fourth-order explicit dissipation terms in order
to damp high-frequency growth and thus serve to control nonlinear instability.
Also the addition of the second-order implicit dissipation terms will extend
the linear stability bound of the fourth order terms. Therefore, the final
form of Eq. (2.7) for thin-layer approximation of the time-dependent compressible

20
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Navier-Stokes equations using Euler implicit time differencing scheme may be
written as follows:

[+ ATAA C V (JvA~J) AU*" A -r [E + Fn+ H ~ (SI + Ti)

-[ [J1( ) n Kn -£E[ lci~ (j-niJ.n (.a)

U* (2.8b)

The spatial derivatives appearing in Eqs. (2.8) or (2.7) are approximated
by three-point second-order-accurate finite difference

Y (f ft AEj,k & J+,k - ij1,k) (2.9a)

V A - 2fjk + fj-1,k) (2.9b)
".-. V A~~fjJk = (f),k 2 -- (fj+1l, k ,k f-k ) (.b

(VA4) 2 fj,k = 1 (f~j+2,k " 4fj+1,k + 6fk " 4fJ-1,k + fj-2,k) (2.9c)
-A&

With the finite difference approximation of Eq. (2.9), a block-tridiagonal
system of the differenced equations is formed. It should be noted that
Eq. (2.9c) is applied to the RHS of Eq. (2.8a) only, therefore will not
affect the block tridiagonal system (use parabolic extrapolation for J = 2
and (J-l)). For the F - sweep, one obtains

4jlAU * ..l + rj AU * + 'j +1 AU (RHS)1, j 2 J (2.10)

where the (RHS) is a column matrix which are computed with known flow

* variables over 1he entire grid points and *,r and * are 4x4 (m x 1) matrix.
As described in the next section, the boundary conditions at the axis of
symmetry and the outflow plane are imposed implictly. This is done by

21
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modifying the coefficient in the matrix at j = 2 and j J -1, thus
Eq. (2.10) will produce a bock tridiagonal system as follows:

p ."

2  3 f (RHS)2

42 r3  *4 Au (Rs)3

-- " ... "' .. ".. : = R 3  (2.11)

J3 rj2  oj-l AU (RHS)

J -2 ~ J-2

(,T2-qJ) J-1 AUj 1  (RHS) .-1

-1
,r I2  1+ T A2 - C 02 J1-2) I for m = 1, 2, 4

AT n +F -
r2  (--A2 + 2 (J 1 1+2) I for m = 3

r j = (1 + 2eI) I, J = 3.... J-2

n 1 n
r i = I +ATA - 2cI( I J j-1) 1

- - AT _ (JAl Jn)l n I, J=3 .. J-2j-1 2 j 1 I j J"1

- *J~ =  Aj+I- cI(J~ Jjl , J-2 .... JI-2

Equation (3.11) applies to k from 2 to K-i. The solution of the block
tridiagonal system is obtained by the non-pivoted LTJ decomposition method.

Once AU* are obtained, it is ready to perform the f-sweep. As described
in the next section, the boundary conditions at the shock and the body surface
are imposed explicitly, thus the flow variables in these two boundaries
(k - 1 and K) are updated first and treated as known. The block tridiagonal
system is

22
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SA AU
1 r-2 2

'~ -3 rK1n -

.AU AU
r3 3

(2.12)

where

.2 I + AT .- Qk k- 2 -

'- -A'T rn 1 n *,Qn + W n  C J1 n k2 - -K4--T'[k-1 k I k-i/ I I k-k-

;.: e-1 c3 r Z n  njtin An 2
K+1 2 -- L'k+l - k+l*Q'k+lI "l (kk k+l 1, k. K-

K-2 AU2 + .

m.0

AT n ATB n~\. n n(W-1 )1n
2,B - 2R (Mll )  "1 - i 2

AT.B1n2- ATn n +Wj n( _ e (j-1 j )n I

2 K 2 (M Q nK~. K1 K. u2 -

.. Equation (2.12) applies to j - 2 to J - 1. The same block tridiagonal solver
:"is used to solve (2.12). This completes one full integration per time step.

23
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CHAPTER a

BOUNDARY AND INITIAL CONDITIONS

As shown in Fig. 1, one would like to compute the flowfield enclosed by
the four boundaries A,B,C and D, where A is the bow shock, B is the body
surface, C is the axis of symmetry and D is the outflow boundary. In
implementing the boundary conditions, one intuitively expects implicit
boundary conditions to. be more stable than explicit one. However, according
to many authors1 3 ,14 15 this has not been their experience. Since treating
the boundary conditions explicitly is far more simpler to implement than to
do it implicitly, the shock points and body points boundary conditions are
imposed explicitly according to the method described by Kutler 4  and are
briefly given in the following.

3.1 Shock Points

The flow in the vicinity of the bow shock is assumed to be inviscid and
the Rankine-Hugoniot relations are satisfied or the shock is tracked. Since
the final location of the shock must come from the solution, so it is allowed
to move. A quas4 steady propagation of the shock is assumed. The pressure
behind the shock is first determined by integrating the energy equation in
nonconservative form as follows:

2
P -up -p -pa2(u + v C + u T x +vfl + ) (3.1)

T x ~y n x ny y
where

u + u +  v,
t x y

t x y

Because explIcit method is used, the time step ATs for shock integration,
Eq. (3.1) is restricted by the CFL condition (CN = 1), or

ATs = (0.9/amax) (3.2)

where Ua is the maximum of the eigenvalues of the matrices A and B of all
the nodelxpoints at shock wave, or

aI, 2 
f ko + ukl + vk2

2 2 (3.3)
a3,4 k 0 + Uk1 + vk2 - a(k2 + k2 )
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where for A: kor 0ts k, txk k 2 = Ey; and for B: ko = t' k= I  x, k2 ny;

and the constant 0.9 is a safety factor which must be less than 1. It should

be noted that AT, is different from the AT used in the integration of the
interior points, this means that the calculation cannot be time-accurate.
However, this does not prevent one to obtain steady state solution.

Knowing the pressure, the shock velocity can be determined as follows

(see Fig. 2):

y

q2

8 x

0

FIGURE 2. NOTATION FOR SHOCK POINT BOUNDARY CONDITION

qs - a.Mx - Ul (3.4)

where

= . (y + 1) + (y- 1)

Ul = qcosS

a. (Yp..po)

The shock angle 6 is a function of the metrics

'" 6 = ta-l ( - y rx 3 5
d tan - l/n shock (3.5)
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where ny and nx are defined in Eq. (1.6). From the Rankine-Hugoniot relations
the density behind the shock can be determined by

P2 =  + Y-) / ( I +- _2 (3.6)
P2 VP. Y / \Y+1 1)

The velocity components behind the shock in cylindrical coordinates are:

u2 = q sin 2 s + u2cos6 (3.7)

v 2 = q sin6cos6 - i2s in6

where

2 ff 2(1- Mx2) a, / [(Y + l)Mx] + Ul"

The value of e can be obtained from Eq. (2.3a) with known P2, P2, u2, v2.

Once the shock velocity qs of Eq. (4.4) is known, the new shock position at
time T + AT can be determined by propagating the shock along a = constant
line, or equivalently in the n direction with a velocity.

qs.= qs/cosa' (3.8)

where a' = e - 6 and e = tan-I1 (Ex/y). This determines the new x and y values

of the shock points and subsequently the new x and y values of the interior points.

3.2 Body Points

The tangency condition for inviscid flow at the body surface is imposed
explicitly using Kentzer's1 6 scheme through characteristic analysis (see Appendix
B) to yield the following equation for the pressure time derivative on the body:

= r tT I ur xT v iy xa{2+ny2p -iP
PT - fr [ + y2 (Tit) T  + u (nx) T  

+  V (T)y) T  I + a A +jy2p n ip

-pa2 (Exu + yv + nxun + Tyvn + )

+ vo a [nx(PU uE + xP ) + Ty(PUV + EypO) (3.9),4 + 2 2 xe l(V
x y

where

t x y

=l t + Uqx + vny E 0

16Kentzer, C. P., "Discretization of Boundary Conditions on Moving Discontinuities,"

Lecture Notes in Physics, published by Springer-Verlag, No. 8, Sep 1970, pp. 108-113.
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In the numerical code, the time derivative terms were neglected and the time step
was modified by a safety factor of 0.2 for stability reason. The stagnation
pressure was enforced at the stagnation region (J - 1 and 2) as follows:

25 p 16
A "(P - + pt)/6.254,1 9 3,1 9 t

27(,10
B- 4(p3,1 - Pt A)/9 (3.10)

. A B

P Pxz (Pt -8 
+ 4 )

where p _ is the prnssu'e at point (J,K) and Pt is the total stagnation pressure.
It was Sund, Eq. 3.1a nelps to speed up the convergence process.

Once the surface pressure is determined, the remaining variable on the body
surface are determined by the following isentropic relations:

b  
(Pb/S)

I/Y

Y (pt Pb

(3.11)

Ub q b cos 6b

vb q sin b

where

S P'-I y2M. 2 _ (y-.)]/(y+i) Y~ 3.2:.P -1 (y+ )M 2/[(y-l)M.2+2 ] 1 . Py (3.12)

PlY C

is the stagnation entropy, Pt, Pt are the stagnation pressure and density,

Y

Pt- 2(Y+l) 2  -i P
{[2yM.2 - (y-.)]/y+lP}f(

Y -) (1

-wl (3.13)

=.Pt [1 + 1( _) 2

.;.
Pt 2 ./

* and 0b is given by
S

b  tan-1 (- body (3.14)
eb x ta bodyfn
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with n and n defined by Eq. 1.6.

To simulate viscous flows, the no-slip boundary condition requires (1.15)

i.-- 0
when the body surface is not moving, Eq. (3.15) also implies u = v = 0. To
determine the surface pressure, it is assumed that the normal pressure
gradient over the first 3 grid points above the body surface is zero, or

1 Ffr(rx+I 2 y2)p1

2+ y)p + (nx2 + n ]= 0 (3.16)
(nx + ny)

Similarly, for an adiabatic wall boundary condition, the temperature may be
determined by

(Ex x + Eyny)TE + (nx2 + ny2)Tn = 0 (3.17)

The E and n derivatives in Eqs. (3.16) or (3.17) are differenced using a
second-order central difference formula for the E-derivatives and a three-
point one-sided formula for the n-derivatives. This results in a tri-
diagonal system of equations which can be solved to yield the pressure and

* temperature. For a constant temperature wall, the temperature along the wall is
" kept constant at its initialized value throughout the entire convergence

process. Once pressure and temperature are known, the density is determined
from the equation of state.

3.3 Plane of Symmetry

The axis of symmetry line is bypassed by choosing the first two E
*constant lines to straddle the axis or stagnation streamline. The plane of

symmetry boundary is then enforced by the reflection principle. The flow
variables are either even or odd functions with respect to the plane of
symmetry, or

p(l,k) - p(2,k), v(l,k) = -v(2,k)
(3.18)

u(l,k) = u(2,k), e(l,k) = e(2,k)

The boundary condition at the plane of symmetry is imposed implicitly.

3.4 Outflow Points

Since velocity at majority of the grids in this plane is supersonic, a
simple linear extrapolation of the conservative variables is used. For those
points near the surface, the flow is subsonic there, thus some error is intro-

*duced. The supersonic outflow boundary condition is imposed implicitly, or

Q(J,k) - 2Q(J-l,k) - Q(J-2,k) (3.19)
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3.5 Initial Conditions

To start the calculation, an initial flowfield must be provided. In the
numerical code, two starting methods are provided: (1) starting the calculation
with a sphere at a given free stream Mach number or (2) reading in, point by
point, the shock and body locations along rays (F = constant lines). For the
indented nosetip shapes described in this report, the calculation always starts
from a sphere and let the body gradually deformed to the desired shape by giving
a set of values for 6 along each ray (see Fig. 1). For sphere, a good guess for
the shape and position of the shock is made based on known spherical blunt body
solutions as follows:

o a 0.78 {[(Y-1)Moo2 + 21/[(Y-l)Moo2 11
o2

Yb - 2.376 - 0.1834M + 0.01036M 2 , 3 < M. < 10

- 1.576 - O.0018(MK - 10), MN > 10

Ps = yb/[2(1+6o)]

Y= = 2Ps(Xs + 60) (3.20)

where 60 is the stand off distance at axis of symmetry, y and P are empirical
constants as a function of Mach number and y5 and x. are the shock position. As
one can see a parabolic shock shape is assumed.

Once the shock and body locations are determined, the flow variables along
the shock are obtained by assuming a zero shock velocity and applying the
Rankine-Hugoniot relations. On the body, a Newtonian pressure distribution and
isentropic relations are applied to provide the flow variables. The equations
to implement the initial flow variable on shock and body are listed in the
following:

On shock:

ps - {[2Y(M. sin Os) 2 - (Y-l)]/(Y+1 P,

Ps (Y-1)(Mosin 0.)2/[(Y-1)(M. sin 8)2 + 211 po
(3.21)

U a fl-2(M&2 sin2 8 - I)/[(Y+I)M 2]} q

Vs  {2(Moo2 sin2 e5-l)cos ,/[(Y+l)?)H 2 sin s]1q,.
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* At stagnation region

," 
S - Y11 .2V 2 - (Y-1) /(Y+l) Y 3(

(y+1)M.2/[((-1)M 2+ ]  o

1(3.22)

-21Y-1S{ 2_ [ (Y+I)M2. I POO
. .t 2

~~t/Or = 1+(3-1)M 2I P-0.

P.e

On body:

P= po[(_ 1)(l.0 - 1.02 sin 2e + 0.12 sin4e) + 1.1

Pb (Pb/s)
12Y P t Pb I

b (-1) P b (3.23)

Vb = qb sineb

The flow variables at each nodal point within the shock layer are linearly
interpolated. In order to maintain a constant total enthalpy for the initial
flowfield at each nodal point, a modification of the interpolated valocity
components is made

ui -u ( /q)

(3.24)

v i v i (j/q)

where

2Y /p [- /Pt I
'Y-1

'/u, 2 + v 2
q i "
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CHAPTER 4

INDENTED NOSETIP SHAPES AND COMPUTATIONAL MESH

4.1 Indented Nosetip Shapes

In this report, the series of indented nosetips as shown in Figure 3 are of
primarily concerned. These shapes are composed of arcs and straight lines. Three
portions can be identified: (I) expansion corner near the flat nose, (II)
compression turn and (III) expansion shoulder. The detail description of the
models is given in Table 1. It should be emphasized that these nosetips present
serious computational difficulties because of the sharp corners and convex and
concave curvatures. Experimental measurements of bow shock location and surface
pressure for model 1 to 3 are reported in Ref. 7. Also velocity and density
data have been obtained in Ref. 8 for model 4. Numerical calculations will be
compared to these results.

I E 3 , .. Table 1 Description of Nosetip Models
-
e _RV Model Para- Subscript n

& luster 1 2 3 4 3 6 7

3A4 'XP./L 0.053 0.077 0.379 1.506 2:.474 3.140 3.906
1 VP/L 0 0,676 0.715 1.10 2.037 3.274 3.651 3.990

""L 4.320 0.062 5.369 1.000A Jp o.eq 52.00 38.00 7.000

P XPn/L 0.038 0.069 0.572 1.475 2.712 3.378 6.144
2A 1s 2 YP /L 0.569 0.615 0.906 1.692 3.274 3.651. 3.990

, _ L, 4:320 0. 062 3.137 1.000
06.. 60.00 38.0 7.000

XP,/L 0.025 0.064 0.,4 6 .454 .,929 3.5,5 7.631
3 YP0 /L 0.463 0.514 0.717 1.388 3.274 3.651 3.990

- 3. /L 4.320 0.062 2.134 1.000
p-o

+,  
g 6 8 .0 0 3 8 .0 0 7 .0 0 0 •

' XPn/L 0. 0.263 0,830 1.693 2.099 2:.506 5.225
t YPn/L 0.266 0.642 0.848 1.60 2:.386 2 .69 3,000

1 1n/L a 0.400 1.385 0.533
I U .I I.5 2. 3A U to 43 U U pdo 70.00 27.50 7.000

FIGURE 3. NOSETIP SHAPES

4.2 Computational Grids

As shown in Figure 1, the computational grids are formed with constant
spacing rays. The first two rays (J-l and 2) must straddle the axis of
symmetry. Hence

Ae - emax/(J-l.5) (4.la)

% e- (J-l.5)*A6
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To deform a sphere to the indented nosetip shapes, the distance of deformation 6(0)
. must be calculated for each ray. Expressions for 6(e), x(e), y(8 ) are given in
*Appendix C.

The distribution of points along a ray between the shock (xs,Ys) and the
body (xbY b ) is given by

:"; ~k)= 1+ +1 1-b 0/+1 1-b1(k) -1 + [ (4.2a)

where

b = (k-1)/(K-1) (4.2b)

and $ is. a free parameter. A uniform distribution of grids is obtained as a
and a strongly clustering of points near the body surface is obtained as 0 * 1.
Table 2 gives the first 6 values of A(k), k-1,7 for B = 1.01, 1.005 and 1.001.

TABLE 2. MESHES USED FOR HEMISPHERE-CYLINDER AND SPHERE-CONE CALCULATION

First 6 points
Points

Mesh B O.lYs nl/YS n2/Ys n3/Ys n4/Ys n5/Ys n6/Ys

A 1.01 12 .0025 .0055 .0093 .014 .0199 .0271

B 1.005 17 .0011 .0024 .0039 .0058 .0081 .0109

C 1.001 20 .0003 .0006 .0011 .0017 .0024 .0033

D 1.005 17 .0011" .0024 .0039 .0058 .0081 .0109

The distribution of a(k) once initiated is kept unchanged throughout the

calculation even though the grid points may vary at each time step as the shock
/. or body location varies. For inviscid calculation, uniform distribution of

point across the shock layer is always used with B - 105 in Eq. (4.2). The
clustering of points near the surface must be used for viscous calculations.

" 4.3 Criterion for Convergence. The convergence of solution is judged by the
. convergence of shock speed. From experience for smooth nosetip, when the

non-dimensional shock speed reaches 10-3 to 10-5, all the flow variables remain
essentially constant and the residue of the solution, which is given by the RMS of
Eq. (2.7), is in the order of 10-5 to 10- 7 over all the grid points. The shock
speed does not converge monotonously, it will oscillate but decrease in the averaged
magnitude. For all cases computed for smooth nosetips, a converged solution may
be obtained in about 300 to 1000 time steps depending on the mesh selected.
In general, the convergence rate slows down rapidly for a strongly clustered mesh
such as Mesh C; see Table 3 for the hemisphere-cylinder case.
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TABLE 3. CONVERGENCE RATE FOR HEISPHERE-CYLINDER

Number of Time
Mesh Integrations Shock Speed Remark

A 300 .51 x 10 4  C - 75 and final€E - 0.02 and

ej B 3 CE for all cases.

B 600 .68 x 10 "4  Mesh C starts with
CE - 0.1 for 400 steps.

C 1000 .16 x 10-2

For indented nosetips, the convergence of shock speed becomes very slow when
it reaches the order of 0.01 with long oscillation cycle in both inviscid and
viscous calculations. Under such conditions, the flow variables near the body
are essentially unchanged for over a few hundred time steps and calculations are
then considered completed. The residue may go up to 10-3 in some grid points.

4.4 Time steps

*. The time step AT used for each time integration is determined from the input
Courant number CN according to

'&T" CN(45'- Ar = Cli
"max

where Umax is given by Eq. (3.3) and is the maximum of the eigenvalues of the
matrices A and B over all the interior points. For inviscid flow calculations,
the allowable value of CN is 2 for both smooth and indented nosetip calculation.
For viscous flow calculation, the allowable Courant number is problem dependent
and also related to the dissipation coefficients used. For smooth nosetip laminar
flow calculations EF - 0.02 and ei E 3CE are used and a CN of 75 has been achieved
(can also run for CN = 150 if let CE = 0.1). In some situations, a larger value
of E is required at the beginning of the convergence process and may be reduced
afterward as the flowfield gradually approaching the final solution. For
indented nosetip laminar flow calculation, CN has been reduced to 50 or 25 in some
part of the calculation. The CPU time required for the integration is about
0.000851 per time step per mesh point using CDC-7600 computer.

4.5 Dissipation Coefficients

Experiments about the effect of adding dissipation terms on the solution were
conducted for the cases of sphere and hemisphere-cylinder for both inviscid and
laminar flow calculations. For these smooth noses, no significant difference
between the solutions with CE - 0.02 and 0.001 (c, e 3eE) can be found. However,
if let CE - CI - 0 the solution diverges. Thus, for smooth nosetip CE = 0.02 is

* used for all calculations. For indented nosetip calculations, it is necessary
to have a larger value of cE in the order of 0.2 to 0.4 in order to have a
solution. No assessment about the influence of the dissipation terms on the
solution can be made at present time. How good the solution is can only be judged
by comparison to experimental data for the indented nosetips. More discussion
about the effect of dissipation are provided at the presentation of results.
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CHAPTER 5

INVISCID FLOW CALCULATIONS

* 5.1 Code Verification

A copy of the research computer code described in Ref. 1 was obtained from
*NASA Ames Research Center, referred to as K-C-L code. The inviscid portion

(mainly contributed by P. Kutler) of the code is first verified for the case of a
sphere at M. = 5.96. Grid points of 6 (normal direction) x 10 (streamwise
direction), 12 x 19 and 12 x 32 have been used and results obtained for surface
pressure agree well. The total number of time steps used in each calculation
is 600 and the final shock speed (normalized by free stream sound speed) reached
is ift the order of 10-5 to 10- 8 which is considered to be sufficiently small for
the results to be judged as steady state. The maximum total enthalpy error in the
flowfield varies from 0.7% for the 6 x 10 grid to 0.1% for the 12 x 32 grid; this

*- relation is almost linearly proportional to the grid points used. Therefore, the
code seems to behave consistently for sphere. Next, the effects of explicit
dissipation terms used in the numerical scheme is examined. The value of CE is
varied from 0.4 to 0.005 and the resulting surface pressure agree to the first

* two digits. When CE - 0 or > 0.6, the calculation diverges. Thus, the effect
of explicit dissipation on the calculated results for flow over sphere is small.
As will be discussed later, they are not so small for the indented nosetip. In
the above calculations, the maximum Courant number is 2.5. The results obtained
with 12 x 32 grid are compared to the work of Inouye and Lomax17 and the measured
data of Baerl8 for the surface pressure as shown in Fig. 4a and to the measured
data of Sedney and Kah1 9 for the density distribution as shown in Fig. 4b. The
agreements are seen to be satisfactory except for p/p. = 5.2 in Fig. 4b. It
should be pointed out that the calculated result for p/p. = 5.2 agrees well with
the numerical results of Shubin et al* who solve the steady Euler equations in
conservation law form with an entirely different numerical method.

17lnonye, M., and Lomax, H., "Comparison of Experimental and Numerical Results for
the Flow of a Perfect Gas About Blunt-Nosed Bodies," NASA TN D-1426, Sep 1962.

18Baer, A. L., "Pressure Distribution on a Hemphisphere Cylinder at Supersonic and
Hypersonic Mach Numbers," AEDC TN 61-96, Arnold Engineering Development Center,

*1961.

19Sedney, R., and Kahl, G. D., "Interferometric Study of the Blunt Body Problem,"
Ballistic Research Laboratory Report No. 1100, 1960.

~*
Shubin, et al., private communication.
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5.2 Special Calculation Procedure for Indented Nosetips

Difficulties arise when apply the code to compute the flowfield around the
indented nosetips given in Fig. 3. In order to represent the nosetip shape
reasonably well, a sufficient number of grid points must be located in the areas
where the body geometry changes rapidly. The code fails to carry out the
computation with both the starting methods provided. These two starting methods
are either to deform from a sphere or to specify the locations for the initial body
and shock. Only with a coarse grid, for example 12 x 19, can a solution be
obtained with the body not well represented, particularly near the nose tip. The
solution obtained then suffers an error of the total enthalpy in the flowfield
as high as 20 percent for a severely indented nosetip. Such solution is obviously

*i unsatisfactory.

Experience indicate that the problem always occur at the shock boundary and
results in a shock speed which continuously increases as the time progresses and
finally leads to the breakdown of the computation. One of the reasons that the
code behaves in this manner is perhaps that the shock boundary points are
treated explicitly and in a quasi-steady manner (it is not time accurate); thus the
starting flowfield must be sufficiently close to the final flowfield in order for
the computation to carry through smoothly. A fundamental improvement of the
algorithm is to incorporate an unsteady shock boundary condition and to make the
entire calculation time accurate with implicit treatment of shock and body
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boundary conditions. This requires considerable modification of the code (in
fact, a new code) and is not persuaded in this report. The alternative approach
would be to proceed slowly by gradually approximating the body geometry and this
has been successfully accomplished as described in the following paragraphs.

The optimal procedure for computing the flow about an indented nosetip is to
.? obtain a solution with a coarse mesh. Additional grid points are then added in

areas of rapid geometry variation and a new solution is obtained using the previous
one as a starting guess.

The calculation made for Model 2 at M6 = 6 is used as an example to demonstrate
the procedure. To begin with, a coarse mesh (typically 12 x 19) for sphere with
equal angular increment rays (i.e. i constant lines, the first two rays have to
straddle the axis) is used and a calculation is performed with the body being
guadually deforming in time along each ray to the desired nosetip shape. The
surface pressure obtained is plotted versus the arch length as shown in Fig. 5 by
the broken line. The intersection point of the ray and the body surface is
numbered along the body as shown in the sketch in Fig. 5. This solution is poor
because the expansion corner is apparently missed and the maximum error in total
enthalpy is 11.87%. An obvious cause is an insufficient number of grid points in
the stagnation region and around the expansion corner. New rays are added which
contain the same number of uniformly distributed grid points between the body and
and the shock. All of the original grid points are kept where they are. The flow
variables at the new grid point are interpolated from the flowfield solution just
obtained. Thus a new initial condition is obtained to continue the calculation.
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!i.FIGURE 5. PROGRESS OF SURFACE PRESSURE AS A FUNCTION OF ADDING GRID POINTS

found after adding three more rays (denoted by #20, 21 and 22). The error in total
Senthalpy also reduces to 5.09%. The same procedure is repeated by adding ray #23

(the end point of the circular arc of the expansion corner) and #24. Now, the
'? surface pressure looks like flow over a corner. In order to represent the corner

" ,. -
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better, the #25 ray is added in the middle of the circular arc. This addition is
seen to catch the minimum surface pressure of the expansion corner. At this
point, it is felt that the body geometry is well represented. A further attempt
to add rays between #24 and #7 fails to obtain a solution. This part of the
calculation is most difficult and time consumming. Each addition of grid points
requires about 600-1200 time steps to guarantee that the solution will converge.

At first, it seems that the solution obtained with 12 x 35 mesh is sufficiently
accurate as shown in Fig. 5. Surprisingly enough, when three more rays (#26, 27
and 28) are added at the expansion shoulder, the surface pressure there changes.
Further addition of rays in the downstream of #28 does not have a large effect on
surface pressure. Yet the addition of rays in front of #26, i.e. #29-33, are seen
to catch the details of a process of recompression and expansion and recompression
again. A further increasing the number of rays between #29 and #28 will change
the surface pressure locally, but the general trend of the curve remain the same.
The addition of rays between the compression turn and the expandion shoulder will

* - not present any difficulty in obtaining a converged solution.

* * Next, the effects of explicit dissipation used in the code is examined. This
is done by reducing the value of CE. As shown in Fig. 5, the minimum value of
CE required to obtain a converged solution is 0.2 (or SE/At "\' 25) and the difference
in surface pressure between CE = 0.2 and 0.3 is small. Quantitative comparison
of results with and without the explicit dissipation for the indented nosetips
investigated in this paper is not possible because of the lack of a solution with
C= 0. However, Wardlaw *has calculated a midly indented nosetip at Mw - 5

using MacCormicks's explicit method without explicit dissipation. The K-C-L code
has been run on the same configuration with CE = 0.2 and 0.005 (5E/At -. 1). A
comparison of calculated surface pressure indicate that the CE = 0.005 run agrees
better with Wardlaw's surface pressure calculation. There is~a maximum of 8%
discrepancy between the CE = 0.2 and 0.005 solution in the location with large
flow gradient.

The procedure used to carry out indented nosetip calculation can be summarized
as follows: (1) Use a coarse mesh for a sphere to start the calculation and
deform the sphre along each ray to the desired nosetip shape. (2) Add new rays
(a few rays at a time) to the critical areas featuring rapid variation in
geometry and obtain a new converged solution. (3) Reduce the value of the
explicit dissipation coefficient to the minimum value producing a converged
solution. This entire calculation sequence requires a net C P U time of about
15-25 minutes on a CDC 7600 computer.

5.3 Flowfield for Indented Nosetips

Following the calculation steps described in the previous section, the
* inviscid solutions for the series of nosetips given in Fig. 3 were obtained and

results are present in the following paragraphs.

5.3.1 Comparison of Surface Pressure and Shock Location
The inviscid solution, flowfield pictures and the measured data for Model I to

4 are presented in Figs. 6 to 9 respectively. The degree of indentation

increases with the model number. Model 1 is the least indented nosetip. As seen
*

Wardlaw, private communication.
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from the flowfield picture (not shown), the flow remains attached over the
expansion corner (0.679 < S/L < 0.725) and separation occurs near the compreision
turn (1.36 < S/L < 2.5). Good agreement of surface pressure (Fig. 6b) between
numerical solution and measured data up to S/L 'I 1.3 is obtained. After the flow
separation, a sudden increase in the measured surface pressure can be easily
understood by the concept of displacement thickness which suddenly thicken the
body at the point of separation. Since the separation bubble is small, the
difference between the calculated and measured surface pressure is also small.
The compression turn is covered by the separation bubble, hence the slight expansion
and recompression before the expansion shoulder as predicted by the inviscid
solution is not given by the measured data. It is difficult to identify from the
flowfield picture where the flow reattaches, but it seems likely that the flow

* reattaches before the expansion shoulder (4.3 < S/L < 5.0) because of the good
* agreement obtained between calculated and measured surface pressure after S/L = 4.0.

The comparison of experimental and computed shock locations is in good agreement
as shown in Fig. 6a. The inviscid solution gives a thinner shock layer as expected.
Also shown in Fig. 6a are the subsonic region and the sonic lines.

The results for Model 2 are given in Fig. 7. Experimental data indicate that
the location of separation and the surface pressure are sensitive to the Reynolds
number, which accounts for the wide spread in experimental measurements. The
flow separates from the downstream of the expansion corner (0.566 < S/L < 0.628).
The compression turn (1.2 < S/L < 2.5) is submerged in the separation bubble. The
flow probably reattaches at S/L k 4.0 and the expansion shoulder is located at
4.4 < S/L < 5.2. Because of a larger separation bubble in this case, the difference

*. between calculated and measured shock location (Fig. 7a) and surface pressure
(Fig. 7b) in the separation region is increased also. The subsonic region
associated with the compression turn also increases in this case.
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The results for Model 3 are given in Fig. 8. Experimental data indicate
that the flow separation occurs either before or on the expansion corner
(0.465 < S/L < 0.53) to form a large separation bubble. The compression turn
(1.1 < S/L < 2.16) is fully submerged in the separation bubble. The flow
reattaches near S/L - 4.0 before the expansion shoulder (4.6 < S/L < 5.4). The

ameasured surface pressure is seen to be nearly constant in the forward portion
of the separation bubble (i.e. 0.53 < S/L < 2.0).
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The most severely indented nosetip of this group is Model 4. As shown by the
holograph of Fig. 9a, the flow is separated immediately at the beginning of the
expansion corner (0.266 < S/L < 0.75) and the separation region extends all the
way to the expansion shoulder (3.42 < S/L <*3.95). The compression turn is
located at 1.35 < S/L < 2.52, and is fully submerged. Therefore, good agreement
between inviscid solution and measured data for surface pressure (Fig. 9c) can
only be found in the portion of stagnation region and for S/L >, 3.5. The
comparison of shock location (Fig. 9b) is also poor. A further analysis of this
case using the concept of effective body will be described later.
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5.3.2 Contour of Pressure and Density and Velocity Vector

Plots of the inviscid solution for the pressure, velocity vector and density
distribution in the shock layer for Model 1-4 are shown in Fig. 10. The range
and number of constant pressure and density contour are given in Table.4.. From
the pressure and density contour plots, it is seen that there are no strong embedded
shock or slip surfaces in the shock layer for all the models. On the velocity
plots, it is interesting to see that in the compression turn area the velocity
magnitude distribution toward the body surface first decreases and then increases
to form a retarded velocity regime. As the degree of indentation increases, this
retarded velocity region also increases. For Model 4, part of the flow in the core
of the retarded velocity region reverse its direction to form two vortices. One
would generally not expect inviscid flow solution to behave like this, but such
solution should not be excluded either since all the boundary conditions are
satisfied. Whether the explicit dissipation (like effective viscosity) is solely
responsible for the resulting velocity field is not clear. Nevertheless, the
appearance of the retarded velocity region does suggest that a flow separation is
likely to occur.

TABLE 4. VALUES FOR PRESSURE AND DENSITY CONTOUR

No. of / P/P.
Model No. Contours From To From To

1 10 2.51 48.06 .71 7.33

2 10 1.61 46.72 .51 7.46

3 10 1.74 32.61 .67 6.74

4 20 1.17 32.46 .62 6.34

4
I
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5.3.3 Effective Body Analysis

The concept of an effective body to replace the separated region or the
displacement thickness of boundary layer is examined for Model 4. The effective
body is defined as a new body for which the calculated inviscid surface pressure
agrees with the measured data for the original body geometry. Because the
separation bubble is so large for Model 4 that the new body will have the same
order of coordinate perturbation in both x and y directions, therefore a further
assumption that the pressure is constant along the normal direction of the
original body (a boundary layer like assumption) within the viscous layer is made.
The new body is then obtained by trial and error until the surface pressure matches
with the experimental data as shown in Fig. lla. In Fig. llb, a comparison is
made between the effective body shape and the edge of separated region obtained
from the flowfield picture (Fig. lla). Also included in the figure is the
measured shock location and the computed ones using both the actual and
effective body shapes. Good agreement is obtained between the effective body
calculation and measurements. The implication of the effective body analysis is
that the separated region may be considered as a solid portion of the body and
inviscid solution for the effective body give a better flowfield than does the
actual body.
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5.3.4 Mach Number Effects

In actual flight, the freestream Mach number is higher than what have been
calculated. To see the Mach number effects on the surface pressure distribution,
the M. = 14 case is compared to that of M. = 5 for Model 4 as shown in Fig. 12
and no significant change is shown. The procedure used to obtain M = 14 results
is by continuously increasing the freestream Mach number (the sequence is
M." - 6,8,10,12,14) starting from the M.= 5 solution obtained previously without
changing the number of grid points.

1 4 2 4 5

"- I

-- 14

"iFIGURE 12. CALCULATED SURFACE PRESSURE COEFFICIENT AT DIFFERENT MACH NUMBER

~5.4 Coupling with Afterbody Code

A coupling of the inviscid nosetip calculation with an existing NSWC
afterbody codell has been accomplished. An initial plane flowfield data is stored
in tape with the appropriate format to be accepted by the afterbody code. Two

li examples of this type calculation are given in Fig. 13 and 14. In Fig. 13, the

• surface pressure distribution for a blunted-nose-cone (LAM) at M=9.8 is
compared to the experimental data. The initial plane is located at x/RN = 1.3
and calculation covers a body length of 30. The agreement with the experimental
data is satisfactory. In the same figure, a sphere-cone result is also plotted,

I'<'..,this shows the influence of nose shape on the afterbody pressure distribution.
In Fig. 14, the afterbody pressure distributions for model 4 at M = 5 are

.. plotted for two different initial plane flowfields obtained previously; i.e. the
[ real body and the effective body. The pressure-and the axial velocity at the

initial plane x = 4.32 in. are also shown in Fg. 14. As shown in Fig. 14, the
influence of initial plane flowfield on the afterbody pressure distribution is
limited to about 4 in. downstream. The agreement with cxperimental data is not as
good as the previous example. The obvious reason is that the noset p flowfield
his not well calculated because of flow separation.

rhdv44
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CHAPTER 6

PROBLEMS IN VISCOUS FLOW CALCULATION USING KCL CODE

6.1 Sphere-cone
To verify the code for viscous flow calculation based on the thin-layer

approximation of the Navier-Stokes equations (or thin layer theory), laminar flow
over a sphere-cone at M. = 5.92, Re = 106 and Tw/T. = 4.4 was computed. The
grid used was 32(J) x 28(K) with 8 1.005 (Eq. 4.2). The steady state solution
was obtained in 400 time steps with a Courant number of 75 (the non-dimensional
shock speed is in the order of 10-3). As shown in Fig. 15 the calculated results
for heat transfer in term of Stanton number over the surface is compared to the
measured data reported in Ref. 7. Also plotted in Fig. 15 is the boundary layer
calculation using Cebeci-Smith's boundary layer code 20 as given in Ref. 7.

It is seen that the K-C-L code gives higher ST value up to 30% than predicted
by the boundary layer theory. It should be pointed out that for the hemisphere-
cone case, the flow is fully attached and the surface pressure agrees well between
the inviscid solution (obtained from an existing NSWC code2 2 and was used in the
boundary layer calculation) and the laminar solution given by the K-C-L code.
Therefore, one would expect good agreement in heat transfer results. As described
in Section 7, after a major modification of the K-C-L code by rewriting all the
viscous subroutines according to the analysis presented in Sections 2 and 3, the
new results indeed agree well with the boundary layer calculation.

An algebraic turbulence model developed by Baldwin and Lomax9 was incorporated
in the original code. To test out the turbulent solution, the final laminar
solution with CE = 0.1 was used as the initial condition. It was found that the
turbulent calculation would not converge if the implicit discipation terms are
set to zero, i.e., CI = 0 (Note that although Ref. I mentioned about the imposing
of implicit dissipation terms, but these terms were not appeared in the code

* . received). Only after the implicit dissipation terms were added into the code
with CI = 3CE, the shock speed converges well. For hemisphere-cone, a turbulent
solution was obtained in 200 time steps with the non-dimensional shock speed in
the order of 10- 3. As shown in Fig. 15, the Stanton number increases significantly
for turbulent flow as compared to the laminar solution. No measured data is
available for comparison. It should be pointed out that the values of surface
pressure obtained from the laminar and turbulent solution agree to two digits.

A minor modification in the distribution of CE values has been added into the
code. Instead of a uniform distribution of CE over all the grid points, it is
linearly reduced from CE at the shock (k - K) to O.lCE at the body (k 1 1). This
is done for viscous flow calculation only and will help to show the real viscous
effects because: (i) the true viscous terms are important in the area near to the
wall and (ii) the flow is essentially inviscid at the shock where more dissipation
is needed to smooth out the oscillations of the flow variables there. When CE is
linearly reduced, it is denoted by c' to distinguish from the uniform one. For
hemisphere-cone, the effects of e are seen to be insignificant on the heat transfer
results as shown in Fig. 15.
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6.2 Indented Nosetips

The calculation procedure used for inviscid flow over indented nosetips as
described in section 5.0 was also applied to calculate viscous flow over indented
nosetips. Model 1 and 4 were chosen for this investigation.

Laminar flow over Model 4 was first calculated. The calculation started with
a grid of 24 x 32 (CN = 150, CE = 0.4, CI = 0) for 400 time steps to obtain a
laminar solution over a sphere at M = 5.0, Re = 8 x 106/FT and Tw/T. = 5.4. The
sphere was then deformed to the shape of Model 4 in 1800 time steps. The grids
were then increased to: (A) 58 x 32 and (B) 56 x 48 in another 1600 time steps
each with the final values of CN = 50, CE = 0.1 for (A) and EE' = 0.3 for (B).
The calculated surface pressure and shock locations from these two solutions are
close as shown in Fig. 16. This provides a self verification of the results.
Since grid (B) contains more points in the n direction, its solution is used for
comparison with the measured data as shown in Fig. 17 and 18.

Unlike the hemisphere-cone, the turbulent calculations for Model 4 encountered
serious difficulties. Large amplitude oscillation of pressure in the flowfield
quickly interrupted the computation. The value of CN was gradually reduced and the
value of CI was increased (CE' = 0.3 was maintained). At CN = 2 and CI = 6, it
was possible to run for 200 time steps with the non-dimensional shock speed
converging to a value of 0.04. The shock speed then starts to increase slowly
but steadily. A further increase of CI up to 12 would not help to obtain a
converged solution. Thus, the solution before the shock speed started to increase
is shown in Fig. 17 and 18 for comparison.

Fig. 17 shows the comparison of shock location between calculations and
experiments. The inviscid shock layer is thinner around the indented region as
expected. The laminar and turbulent solutions for shock location are almost
coincide and fall in between the inviscid solution and the measured data. The
primary separation bubble indicated by the laminar solution is smaller than
observed experimentally. The laminar separation point of the primary separation
bubble is at the downstream end of the expansion corner, but the flow picture
(Fig. 9a) shows that the flow separates immediately at the beginning of the
expansion corner. In general, the effects of turbulence is to move the separation
point toward downstream and the separation bubble will be smaller. This fact
suggests that the discrepancy shown in Fig. 17 is not because of turbulence effects
but from some other sources which are not correctly simulated in the numerical
solution. Also the laminar solution indicates that there is a secondary separation
bubble within the primary separation bubble as sketched in Fig. 17. The secondary
separation bubble was not reported in Ref. 8.

In Fig. 18, the surface pressure distribution obtained from the inviscid,
1laminar and turbulent solution are compared to the measured data. It is noted

that the viscous solutions compare better with the measured data than the inviscid
curve. The region around the expansion corner S/L 1 0.26 - 0.7 where the inviscid
and viscous solutions are seen to agree well (i.e., no flow separation) but are
lower than the measured data. The dip in the pressure curve in the region
S/L A, 2.5 (where the secondary separation bubble starts) is not shown by the
measured data.
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FIGURE 17. COMPARISON OF SHOCK LOCATION BETWEEN K-C-L CODE SOLUTION AND
EXPERIMENT FOR MODEL 4
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The most troublesome result obtained from the K-C-L code for Model 4 is the
heat transfer rate. For S/L > 0.68 (after flow separation) the heat transfer rate
becomes negative which is not realigtic.

For Model 1, there is a sharp expansion corner with a radius of 0.062 inch.
Three grid points were used to cover the corner as was done for the inviscid

.2, calculation and a total grid points of 33 x 32 were used for the viscous
calculation. Only laminar solution can be obtained. As shown in Fig. 19 and 20,
while the inviscid solution agrees reasonably well with the measured data for both
the shock location and the surface pressure, the laminar solution is very poor.
The reason is that the flow separates immediately after the corner and form a
large primary separation bubble as shown in Fig. 19. Within the primary separation
bubble, there is also a secondary separation bubble around the location of
compression turn. As a result of the primary separation bubble, the laminar shock
layer becomes thicker near the separation bubble and thinner afterwards as compared
to the measured data. The surface pressure obtained from the laminar solution looks
entirely wrong as shown in Fig. 20.

It was not possible to obtain a turbulent solution for Model 1, not even one
like that of Model 4. The obvious reason is that the laminar solution is too far
off from the measured data, which is assumed to be close to the turbulent solution,
therefore the starting flowfield is too poor to carry through the calculation.

With all the troubles in simulating the viscous flowfield, particularly the
temperature field, an effort was made to repeat the results given in Fig. 5-8 of
Ref. 1 for a hemisphere-cylinder with adiabatic wall at M. = 2.94 Re. = 2.2 x 105
and To = 293 0K. It was found not possible to duplicate the temperature results
given in Fig. 7 of Ref. 1 with the K-C-L code, but the obtained surface pressure
and shock shape do repeat well. Therefore, a reanalysis was carried out for the
entire calculation procedure as shown in Sections 2 and 3 and also all the viscous
subroutines were rewritten. As given in the next section, a significant
improvement of the results of temperature field is obtained.
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7

Moo =6, Re = 27 x 106, Tw/T., =4.78
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0 EXPERIMENT •
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FIGURE 19. COMPARISON OF SHOCK LOCATION BETWEEN K-C-L CODE SOLUTION AND
EXPERIMENT FOR MODEL 1
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M_ 6, Tw/T c =4.78
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SEPARATION E 0 27

42-
W6 CALCULATION

CL- INVISCID

28- LAMINAR 27

%

14-

EXPANSION COMPRESSION EXPANSION
CORNER TURN SHOULDER

1.33 2.67 4.00 5.33 6.67 8.00

S/L

FIGURE 20. COMPARISON OF SURFACE PRESSURE BETWEEN K-C-L CODE SOLUTION AND
EXPERIMENT FOR MODEL 1
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CHAPTER 7

VISCOUS FLOW CALCULATIONS USING THE NEW CODE

A modification of the K-C-L code by rewritten all the viscous subroutines has
been accomplished and calculations were performed for laminar fluws over a
hemisphere-cylinder and a sphere-cone using the meshes A, B, C and D given in
Table 2 (section 4.2). Comparison of results is described in this section.
Because of the termination of support, calculations for indented nosetips and
incorporation of turbulent model have not been carried out.

7.1 Hemisphere - Cylinder

The results for hemisphere-cylinder with adiabatic wall at Mo of 2.94,
Rew of 2.2 x 106 and To of 293 0K are given in Figs. 21 to 23. Figure 21 shows
the temperature distribution T/T over the body surface. It is seen that the
results obtained from Mesh B and C agree quite well but not that given by Mesh A
which provides not enough points in the viscous layer. As shown in Table 2, the
distribution of mesh point differs significantly between Mesh B and C and the
solutions agree well (temperature is a more sensitive variable than other
variables). Thus, it is necessary to provide sufficient grid points to resolve
the viscous effects near the surface, such as that given by Mesh B or C. Also
plot in Fig. 21 is the solution of Viviand and GhazzilO who solved the full
Navier-Stokes equation and slight differences are found in the area near the
shoulder between his and the present solution. It was unable to produce the
results of Kulter et al as given in Fig. 7 of Ref. 10 from the copy of computer
code supplied by him. The result of T/T given by Kutler's code using Mesh B
is shown in dotted line which is obviously wrong. Kutler et al also indicated
that temperature is a mesh dependent variable, it seems not so as seen from the
present results of Mesh B and C given in Fig. 21.

The temperature profile at three stations obtained from Mesh B and C are shown
in Fig. 22, the agreement with the solution of Viviand and Ghazzi at slightly
different station (given in parenthesis) is good. The shock shape and surface
pressure are plotted in Fig. 23. It is interesting to note that these two
quantities are not as sensitive as temperature and all solutions, including the
one obtained using the K-C-L code, agree well.

7.2 Sphere-Cone

The results for sphere-cone with cone half angle of 9.75 deg and with
isothermal wall of Tw/To - 4.4 at Mw = 5.92 and Re. = 106 are shown in Fig. 24-26.
In hemisphere-cylinder calculation, it is noted that Mesh B gives as accurate

*" results as Mesh C but with much less computing time, thus the same value of
= 1.005 is chosen for sphere-cone calculation. In order to compare heat transfer

with boundary layer calculation, it is important that the surface pressure used
in the boundary layer calculation must be consistent with that obtained from the
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I'i FIGURE 21. SURFACE TEMPERATURE DISTRIBUTION FOR HEMISPHERE-CYLINDER WITH

~ADIABATIC WALL AT M. - 2.94, Re. fi2.2 x. 105 AND To =2930K
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AY - 0.04626 AY- 0.01678 AY - 0.01224
SIRN - 1.5704 SJRN - 0.8064 SIRN - 0.382

1.0 11.6) (0.8) (0.4)
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1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8
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* FIGURE 22. TEMPERATURE PROFILE NORMAL TO SURFACE AT DIFFERENT STATIONS FOR
HEMISPHERE-CYLINDER WITH ADIABATIC WALL AT Mw 2.94, Re.~ 2.2 x 105

AND To =293
0 K
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FIGURE 23. COM4PARISON OF SHOCK LOCATION AND SURFACE PRESSURE FOR HEMISPHERE-
CYLINDER WITH ADIABATIC WALL AT Nm 2.94, Reo = 2.2 x 105 AND
To =293
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2.0
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FIGURE 24. COMPARISON OF SURFACE PRESSURE USED FOR BOUNDARY LAYER CALCULATION
AND PRESENT SOLUTION FOR SPHERE-CONE WITH ISOTHERMAL WALL OF
Tw/T -4.4 AT M.o - 5.92 AND Re - 106
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FIGURE 26. COMPARISON OF TEMPERATURE PROFILE NORMAL TO SURFACE BETWEEN PRESENT
SOLUTION AND BOUNDARY LAYER CALCULATION FOR SPHERE-CONE WITH
ISOTHERM4AL WALL OF Tw/T. = 4.4 AT Moo =5.92 AND Reo = 106
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present solution. In Fig. 24 a comparison is made for the surface pressure
between the present solution and the inviscid surface pressure solution (using
a blunt body code developed at NSWC)2 1 used in the boundary layer calculation.
The agreement is excellent except at the shoulder where slight difference is
shown. The Stanton number distribution is given in Fig. 25. It is seen that the
agreement between present solution and the boundary layer calculation is
surprisingly good up to the shoulder, from there on slight difference is shown.
The solution obtained with K-C-L code gives overall higher values of ST. Because
of wide spread in the experimental data, all calculations seem to fall within the
experimental error band.

A comparison of temperature profile at several stations between present
calculation and that of boundary layer calculation (Station given in parenthesis)
is given in Fig. 26. The agreement is good. At station S/Rn = 1.4, i.e.
the shoulder, again the difference is larger. The good agreement of present
calculation with boundary layer calculation for the temperature field is a good
check of the code since the surface pressure distributions in both cases agree
well.

I

21Courant, R., and Hilbert, D., "Methods of Mathematical Physics," Vol. 2,

Interscience, New York, 1062, pp. 558-605.
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CHAPTER 8

SUMKARIES AND RECONMENDATIONS

1. Extensive applications of the K-C-L code, which solves the Euler or
Navier-Stokes equations with thin-layer approximation, have been performed
for inviscid and viscous flows over smooth (hemisphere-cylinder and
sphere-cone) and indented (given in Section 4.1 or Fig. 3) nosetips at
hypersonic speed. Comparisons of calculated results and measured data are
made for surface pressure, shock location and heat transfer rate.

2. The inviscid portion of the K-C-L code works well for smooth nosetips. For
indented nosetip calculations, a special calculation procedure has been
developed in order to run the code and reasonable solutions for surface
pressure are obtained as compared to the measured data when the separation
bubble is small.

3. The calculated inviscid flowfields for the series of indented nosetips under
investigation indicate that there is no strong embedded shock or slip
surface within the shock layer for the cases investigated. The most serious
aerodynamic problem for this series of nosetips is flow separation, which
requires a solution to the Navier-Stokes equations.

4. Because of the poor results of the temperature field given by the K-C-L
code, a reanalysis of the complete calculation procedure has been carried
out as given in Sections 2 and 3 and all the viscous subroutines have been
rewritten.

5. The modified code gives good results for the temperature field as demonstrated
* .for the cases of laminar flow over hemisphere-cylinder and sphere-cone. It

is believed that the modified code can provide reliable prediction of laminar
flowfield for nosetips without flow separation.

6. In order to predict indented nosetip with large separation bubble, it is
necessary to extend the present code to include: (i) a solution to the
full Navier-Stokes equations with considerable more grids available to cover
the separated region and (ii) a good trubulence model (to be searched and
tested) since the flow is likely to be turbulent after separation.
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APPENDIX A

JACOBIAN MATRICES FOR A, B, K, L, M, N, P, Q

The Jacobian matrices used in Eq. 2.7 are listed in the following:

k o kI 2  : 0

k c ko-k (y-2)u + : -k(y-1)v : k(-1)
u (k1u+k2v) kIU+k2v +k2u

* . (A.l1)A or B - k2c 1- k1v-k2 (Y-l)u : ko-(Y-2)k 2v : k2 (y-1)

v(klu+k2v) +ku+k2 v* :

* n

(klU+k V) .(""-c k -  i('e -c dk 2 -  .ko +

(2ci- ) (Y-1)(klu+kv)u (Y-1) (klU+k2v)v: (klu+k2v)1 : 21 2 2

where cl = (Y-1)(u2+v2) and ko, kI and k2 can be found in Eq. (4.3).

0 0 1 1 0

1 -uv " v :
-v2  0 . 2v " 0

. •. . . : -- (A. 2)

v[lc-(e+p)/P] " -uv(y-l) -(e+p)-(y-1)v 2 : 7V
*- .p

A-1
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0 * 0 040

V( )X o0- )x o

Lor M C6 : 0

Jp : 0 • 0 (A.3)

2v[u( )x+, 1 -v( -[u( )1+2v( 4 0

where ( ) = for L and C ) - r for M.

0 0 0 .0

()2u-()3v 0
2 )3

-)(j): :()5+ •2 ()v+ 4

-)3 u - ( )4 v  : ()3 • ()4 • 0

p or W j- - "". :..

- )5 (c-  ) - )5u+ ( )2u  -()5 v + ( )4v :  )5

-( )2u2-2( )3uv: +( )3v +( )3 u .

-( )4v2

where ( ) = b for P and ( ) = c for (.

o . o . o S

0 * 0 : 0 : 0

.10 0 :0 0
N -- :_:._ : (A.5)

3c6v : 0 : -3c6  0

2 25 5"
C6  -d~vn - d2un-2c 6v

A-2
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0: 0 0 :

Npjy : (A. 6)

0 5 5
342VE u

where d 2  Vn fo N1 and d 2 = x for N2

0 0 0 :0

-(d lu+d2v) dl d2  0

1 -2dlv : 02 1  :0(A.7)
W1 or y2  JYP

u2+v 2 :4
2d( - : -(c 7 -dl)u -(C -- iI1 )v C7~

-dl(u2 +i V2) : 2

-d2 U

where for w d =1Jn y d 2  ]=i 3 c7 ndfr, d 1 I X ~,d3 b6

A- 3



NSWC TR 82-286

APPENDIX B

DERIVATION OF EQ. (3.9)

To obtain Eq. (3.9) through characteristic analysis is briefly described in
this appendix. The background of characteristic theory and characteristic
compatibility conditions may be found in Ref.B-I and their applications in fluid
dynamic may be found in Ref. B-2.

Equation (1.1) for inviscid flow is

at +,WE x + Fy + F + H =0 (B.1)

It is preferred to change the dependent variable from U to Q,

p
=(u) (B.2)

The resulting equation is

Q + Box+ CY+ DO 0 (B.3)

where

0 u 0 lip
(0 0 u

0 yp 0 u

0 v 0 0

Co 0 0 v 1/P
0 0 yp v

YP

B-1
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The characteristic matrix for Eq. (3.3) is

Ao* 1 X2' X3) X1  + X2Bo + X3Co

X-. °  
2P X3P 0

N 
I"0 o 0 2/P (B.4)

0 o O/
0 X2YP 3YP GO

where ao X + uX2 + VX 3  
(B.4a)

With the transformation of Eq. (1.4), Eq. (B.3) becomes

O + BIQ + CIQn -Do (B.5)

where BI =t I + ExBo + Ey CO

C1 =t + nxBO + ny Co

The characteristic matrix for Eq. (B.5) is

Al (Xi' X2' X 1 + X2B I + X3C1

= X1 +X2Ao (t' xl y) + 3A (nt'nx'n)

A (XG~ + Xt~ + ntX XY + X +T1

= Ao (ll X2' X3 ). (B.6)

Hence

'1 +  + X

X 2 X 2 + X 3 (B.7)

~3 ~y 2  y+

B-2
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The characteristic condition is

det. A* 002 [a - a 22 + X3
2 )] = (B.8)

CO 0 (B.8a)

0 = + ai 2
2 + A 2  (B.8b)

The characteristic curves O(T, E, n) corresponding to the four distinct
characteristic conditions of Eq. (B.8) have slopes:

l = t + UEx + VEy (B.9a)

1,2

dT 1,2 = nt + Unx + vriy (B.9b)

i-2-for aO°  0 and

_ 
a2

E = + u x +Vy -o [(V&x2 + y2) A2 + ( xx+ y y) A 3  (B.lOa)

__d a2
,4 Int + uTIx + V 0y - xEx + ny~y)X2 + (nx y (B.I0b)

a

for o = + ai2 + X32 on the boundary n - 0, the physical boundary condition

requires I = t + UI x + v 0 E 0, the slopes of (dn/dT), 2 are zero and that

(d i)3,4 = x + E+ yy) + 2 + + y2 )X3]. Hence, the

admissible characteristic conditions are 1, 2 and 3 (see sketch)

Sketch of Bicharacteristic

Direct ions 0

B-3=±a42+ i

:i; B- 3
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To obtain the compatability conditions corresponding to the three admissible
" characteristic conditions 1, 2 and 3, one finds the left null vector ti, k2 and t3

by requiring

SA =0 (B.11)

Then,

t" (0, X3 "y, - X3 nx, O) (B.12a)

.2 = ( p, 0, 0, p) (B.12b)

nxyP nyYP ,j (B.12c)

a n2 + nY2  a/-2 + n__ 2

where the case of XA2 = 0 and A3 0 0 is considered. The compatability condition is
then obtained by

21 • A (1,0,0) Q + 1 " A (0,1,0) Q + 9 • A1 (0,0,1) Q + 2k D = 0 (B.13)x y 0

It is noted that the compatibility conditions for X, and Z2 are the equations for
a fluid particle or streamlines,

For £1:

fly (ut +uu +vu +-)+ ( +V V+y+ p  +vV +Y =o (B.14)

which is automatically satisfied when the momentum equations are satisfied, and

Pt + (Pu) + (pv)y - (p + up + Vpy) 0 (B.15)

,. which is the principle of constancy of particle entropy. Thus Eqs. (B.14) and
(B.15) describe a particle path. The last compatibility condition is

P = -- a ( +t +uT + Vny )

x yPr +FyV +xU +yv) -p -n

ap + n aY x(pu + PXp) + ny(pavc + yp)] (B.16)

x y
4 Therefore, the pressure on body surface can be integrated. Once the pressure is

obtained the rest of the flow variables may be determined by the isentropic
relations as described in section 3.

B-4
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- APPENDIX C

CALCULATION OF 6 FOR INDENTED NOSETIP SHAPES

For indented nosetip shapes given in Fig. 3, expressions for the body point
(xb(O), yb(O)) and distance of deformation S(6) are listed in the following.

Given: control points (XPn, YPn), n = 1 to 7

Rn: n = I to 4

8n: n = 1 to 3

The centers of circular arc for expansion corner, compression turn and
expansion shoulder are:

X01 - R1 (for flat nose R1  a)

X02 = XP2 + R2 *cos B1

X02 = YP2 - R2 *sin 81

X03 = XP3 - R3 *cos a,

Y03 = YP3 + R3 sin B1

X04 = XP5 + R4 cos $2

04= Y 5 - R4 sin B2

Let the center of the sphere-cone be located at (X0 0 , 0). The
value of Xoo (radius for the sphere) must be greater than XP6. Then the On for
each control point are given by:

61 f tan- (YP1/(XOl - XPI))

62 = tan-1 (YP2/(Xol - XP2))

63 - tan-1 (YP3/(XO 1 - XP3))

64 tan-(YP4/(XO 1 - XP4))

5 m tan-l (yP5/(I - XP5 ))

86 - tan -(YP 6 /(XOl - xP6))

C-I
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To find the value for a given e, the expressions are:

XOfiY)
/ (j(xY~s

* x,,P

//R 3  
Y,0"-.

-:- . N. "".,o

0 (4,,e.)e4)

0<e<e 1 : XbB-AT

A=X tane8

B =x01 cos2 6 + x 0 sin2 e

c = (i + 2 
-R 1

2) cos26

''<':~ ~ =1 (X~e +~s A~ )

A= X0 0 tan -Y0

B = (X02 + A tan 0) cos 28

C = X2,2o+ A2 . .R2
2) cos2-

C- 2

". . . --
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" 02 < 0 < 03• X = (XP2 + A tan ai)/(l + tan 0 tan 6,
)

A = Xoo tan - YP
2

03 <0<04: Xb B B+/B2 C

A = Xoo tan 0 Y03

B = (X0 3 + A tan 0) cos
20

C = (X0 3
2 + A2 - R3

2) cos2e

O4 < < 05: XB = (XP4 + A tan a2)/(l + tan 0 tan $2 )

A = Xoo tan 0 - YP_

0 5 < e < 06: XB=B -V

A =Xoo tan O-Y04

B (X04 + A tan 0) cos 20

C = (X4 2 + A2 - R4
2) cos20

06 < 0 < em: XB (XP6 + A/tan a3)/(l + tan 0/tan a3)

A Xoo tan 0 - YP6

The corresponding Yb and 6 are given by:

Yb = (Xoo - x) tan 0

= Xoo [1 - (1--&o)/Cos 0]

Therefore, a sphere-cone with nose radius equals to Xoo and cone half angle
"C = $3 is used as the initialized shape and let it deformed to the desired
indented nosetip shape.

I."

.

rC-.
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APPENDIX D

PROGRAM DESCRIPTION AND OPERATING MANUAL

This computer program contains one main program called NOSETIP and twenty four
subroutines. The main program NOSETIP serves as a flow chart as given in Fig. DI
which also describe the structure of the computer program. A brief description
of the function of each subroutine is given in Table D2. A listing of important
Fortran symbols is given in Table D3 and the complete listing of the program
follows.

The operating manual is best described by the input data cards for different
cases that the computer program can handle. This is given in Table D4. The
corresponding examples, seven all together, and the output data are separately
described immediately after Table D4.

D-1
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INITIA-] Three different intializations:
(1) Fresh-start; (2) Restart; and
(3) Adding mesh points. Called
subroutines: CTXY, ETATB, GRID,
JACOB, SHAPE, INTERP. Print out

. Initialization input data and free stream
of conditions.

Flowf ield
F UTPUT (1) Prints out starting flowfield.

EIGEN Determines starting step size

RHS Computes starting right hand side
of Eq. (2.6).

RESIDU Print out starting residue
information.

SHOCK Advances shock points explicitly.

BNDRY Advances body points explicitly.
Called subroutine TRIB.

Integration
of INTEGR Integrates equations. Called

Equations subroutines: RHS, RESIDU, DISSIP,
EFCON, ABMATX, LBLTRA, LBLTRB,

LUDEC, BTRI, VSMATB, VSRHSB

JACOB CHANGES MESH AND COMPUTES new
metric terms.

EIGEN Computes new step size every 25
stens.

L End
No of Run

Yes

1OUTPUT (L)l Prints out solutions or stores data:
(1) Flowfield information
(2) E and F conservative variables
(3) store solution for restart on

Output of tape 2
Information (4) store solution for afterbody

calculation on tape 3.
(5) Residue information
(6) Heat transfer information

' FIGURE DI. FLOW CHART

1D-2
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Table D2. Brief Description of Subroutines

Subroutine Function
*: Name

ABMATX(J,K,I): Computes coefficients for matrix A(I=1) and B(I-2) as
given by Eq. (A.1) at nodal point (J,K)

BNDRY: Advances explicitly the body boundary condition in time
see body points in section 3.0.

BTRI(IL,IU): Solves a block tridiagonal system of equations. IL and
IU denote the starting and finishing indices.

CTXY(XAA, YAA, Obtains (x,y) 6 and be values corresponding to a
DED, BF, CT): given e (=CT in radian) value for the nosetip shape

described in Appendix C.

DISSIP: Computes the explicit dissipation terms.

EFCON(J,K,I): Computes the conservative flux terms given by E (with I-1)
and F(with 1=2) at nodal point (J,K).

EIGEN: Computes step size for given CN by Eq. (4.5).

ETATB(ET,CF,KMAX): Computes the mesh distribution in n direction according
to Eq. (4.2a) with CF =

GRID: Sets up a grid in the physical plane at the starting
of a new computation.

INITIA: Initializes the flowfield and prints out the freestream
conditions and inputs.

INTEGR: Integrates the system of equations in time. First
sweep over direction and then n direction.

INTERP: Interpolates the flow variables when more grid points
are needed at the beginning of a continuation run.

JACOB: Computes the matrices given by Eq. (2.6).

LBLTRA(K): Computes all the block matrices for all J arrays in
sweep, see Eq. (2.11).

LBLTRB(J): Computes all the block matrices for all K arrays in
n sweep, see Eq. (2.12).

LUDEC(A): Computes L-U decomposition elements, for 2D problem
A is (4 x 4) matrix.
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OUTPUT(L): Prints out results and other information identified by
L (see operating. manual).

* RESIDU: Computes residues at each nodal point.

* RHS: Computes the terms in the right hand side of Eq. (2.6)
without the viscous part.

SHAPE: Reads and writes the control parameters for the nosetip.

SHOCK: Advances explicitly the shock boundary condition in
time, see shock point in section 3.0.

TRIP: Solves tridiagonal system of equations.

VSIMATB(J): Computes all the viscous terms in the block matrices
for all k array in n sweep, see Eq. (2.12).

* VSRHSB: Computes all the viscous terms in the right hand side
of Eq. (2.6)

D

D)-4

4 ." .. .i . • ..... .. .. . . . . . .. .. ...
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Table D3. Listing of Important Fortran Symbols

Fortran Description Principal Common
Symbol Defining Block

Routine

A(J,4,4) Matrices for ,j-1 or OL in Eq. (2.11) LBLTRA COM4
of (2.12). ji LBLTRB

AB(4,4) Elements for matrices A or B, Eq. (A.l) ABMATX COM3

B(J,4,4) Matrices for Fj or r: in Eqs. (2.11) or (2.12) LBLTRA COM4
LBLUiRB

C(J,4,4) Matrices for iPj+l or :+l in Eqs. (2.11) of LBLTRA COM4
(2.12). LBLTRB

C1 ~ lAt.C

Cp Re 2 /  VSMATB VISC

C2 1l(At/R') C3/J

C3 1(At/Re) C4/J

C4 1 (At/Re) C5/J

CS -(At/Re)- -J
P 3 Y2

C6 1 1 (At/Re) - fly
2 p y

C7 1 (At/R e) 1x

CC x stretching parameter in cone portion GRID COMI

CF 6 in Eq. (4.2a) ETATB COMI

CINF free stream sound speed INITIA COMI

CMUKAP (w'l) (T) 1.5 (CVISMT + CVIS) VSMATB VISK

CN Courant number, Eq. (4.5) INITIA COMI

CS 1 (- ) VSMATB VISC

3. te ) (2j)Dnx V
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CS3 *~(At/Re)( Tj1f V

CS4 ~ (At/Pe(-- ')(lxu + nyV)

*CS5 'S(At/R) (l/Py2j)rjx

CS6 'W A/Re) (/py2j)n
y

CS7 -- IA n-I J
Pr 2 Rej y

CVIS ll0/T,( 0K) INITIA COMi

*CVIS1 CVIS + 1. INITIA COi

D(80,80) j JACOB COM2

DT AT EIGEN COMi

DETL(80) Deformation S(O) *FACTB FACOB COMi

DETT(80) Deformation 6(0) GRID COMi

EIINF ./ INITIA COMi
Y-l

ENT Entropy behind shock front, (pt/pl)y INITIA COMi

*0ET a(k), Eq. (4.2a) ETATB COMi

ETING Free stream internal energy of the gas INITIA COMi

FACTB Fraction of deformation for current run INITIA COMi

*FACTT Fraction of total deformation INITIA COMi

GAM Y INITIA COMl

GAIMi1 (Y-1) INITIA COMl

G AMP1 (Y+l) INITTA COMl

GAMlI lyINITIA COM1

D- 6
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H At/2 EIGEN COMI

HTINF Free stream total enthalpy of the gas INITIA COM

IAFBD =1, store data for afterbody calculation INITIA COM

=0, do nothing

IGEM =0 uniform points on sphere for sphere cone GRID COMI

=1 read in XB, YB, XS, YS

=2 read in PH(J) and DETT(J) for arbitrary
body shape

=3 uniform spacing for TH(J), calculate
DETT(J) and determine XB, YB for indented
nosetip.

=4 read in TH(J), calculate DETT(J) and
XB, YB for indented nosetip.

IPRT =1 detailed printout from EIGEN INITIA COli

=0 do nothing

IRI =1 read starting flowfield from tape 1 INITIA COM

=0 do nothing

IT time step for current run INITIA COM

ITER total time steps for current run INITIA COMI

ITF =1 printout heat transfer information INITIA COM

=0 do nothing

ITRAN No. of stations at cone portion for 0 INITIA COM
to go to

ITS accumulated time steps from fresh start

ITWA = 1 Isothermal wall

= 0 Adiabatic wall

IVIS = 1 Viscous calculation

= 0 Inviscid calculation

IW2 = 1 Write results on tape 2

= 0 do nothing.

J Index for direction INITIA CON1

JM JMAX-i INITIA COMI

D-7
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: JMAX Maximum J INITIA COMI

JNM Value of J at junction of sphere and cone. INITIA COMI

*-. JWRIT Station with vertical flowfield data to be OUTPUT None

" stored for afterbody calculation using
. SWINT.

K Index for n direction INTIA COMI

* KM KMAX-l

' KMAX Maximum K

KRES Interval for printout residues in K-plane

LIP Number of time steps to complete the body
change in current run.

OMEGA Body radius; when IGEOM = 3 or 4, this
value is recalculated by subroutine shape.

. 0 for adding mesh points.

PINF Free stream pressure p, INITIA COMI

PRD Prandtl number

PRT Turbulent Prandtl number

' PT Pt. total pressure, Eq. (2.22)

PTORT Pt/pt, Eq. (2.22)

Q(80,80,4) Vector U INITIA COM3

QINF Free stream velocity of o INITIA COMI

REY Reynolds number, Re. (-) INITIA COMI

REYIN Read in Re = poo q00 L/Vw INITIA COMI

RINF Free stream density, P. INITIA COMl

RR(80) 1/p VSMATB VISC

S(80,80,4) Intermediate values of U vector RHS COM3

SINF Free stream entropy Sc, INITIA COM3

SMU Coefficient of explicit dissipation, cE DISSIP COMI

SMUIMP Coefficient of implicit dissipation, eI  LBLTRA COMI

D-8
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TAU Accumulated time, E At INTEGR COMi

TC(80) + (u 2 + v2) VSRHSB
p

TH(80) e array INITIA COMI

TM Cone half angle in deg INITIA COMI

U U

V v

X(80,80) x JACOB COM2

XB Body mesh points GRID

XEX(80,80,I) I = 1, Ex I = 2p n JACOB COM2

XEY(80,80,I) I = l, Ey, I = 2, q y JACOB COM2

XMACH M. INITIA COMI

XS Shock mesh points GRID

Y(80,80) y JACOB COM2

YB Body mesh point GRID

YS Shock mesh point GRID
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A LISTING OF COMPUTER PROGRAM

* 1PIUCRA# N0STIP(INPUTOUTPUIT.TAI'Fc;3INIJTTAPEAzoUITPUTTAPFITAPE2q
ITAPE79TAPE8)
COMMON/COM1/JMAE ,KMAXJMoe(.4,MArH.GAt4.6AMM1 .CN.DTS4U.JC4;.PRT9

1 IPPTH.OMEGA.IT.TAU.JTERokNT*l'TORT.P1.FRJNF.O!NFCINIFPT.ITS
S 2 1541 IW2.IAF$0.I6IO#4,TM.1VISITQANCFICCOJN'4,PFYPkOCVIq.CVISIe

3 TWA* ITWA9L IPoKRES9SMJIMP*HTINS iFTINF 9.;INF9EI IIlF.tYINqSlM(40) 0
4LETT('.0) ,DETL('.0) .tT(40) .Th(405 .ITFFACTIh.FACTTRYNLPRTU4
COMMON/COM2/X(.O.40),Y(040)JiFE(40,4,9e),EY(40'.0,?lf(4O,4U)
C(JMmON/COM3/Q('.O,4O.4) EF E40.4).CI'.0.40,4) .61'.) AEI'..4) VEC(40.4)

* 10 COMmON/VISK/C4UKAP(41 TURMUI(40.40)
C INITIALIZE FLOWFIELD

CALL INITIA
C PRINT OUST STARTING SOLUTION

CALL OUTPUT11)
15 C OLTFRMINE STEP S17E

CALL EIGEN
C COMPUTE RESIDUE INFOR'IATION AT START OF tXECUiTIflN

CALL RNS
CALL RESIO

20 C INTFGRATE EQUATIONS
(10 I IzITSoITFR
IT=IT.1
CALL SHOCK
CALL BNORY

25 CALL INTEGR
CALL JACOB
IFCmOD(I.25).fQ.0) CALL EIGEN

I CONTINUE
C PRINT OUT SOLUTION

30 CALL OUTPUT(l)
II(IVIS.of.0) GO TO 4

C PRINT OuT HEAT TRANSFrER IFORMATTON. ITFzo WITHOUT HEAT TRANSFER
C CAL.. =1 FOR STANTON 40o ONLY, uP TEMPERAT1URE FIELD ALSO

IFIITF.E.0)* GO TO 4
* 35 CALL OUTPUT (6)

4. CONTINUE
C STORE STARTING SOLUTION FOR AFTFOBODY CALCULAYTION
C IAFhsDxI FOR STORAGE OP STAWTIN6 nATA9 =0 OTH4FRWISE

IF(IAFtSO.sEO.0) GO TO 3
40 CALL OUTPUTS'.)

3 CONTINUE
C STORE SOLUTION ON TAPE FOR RE$IAPT
C Iw~zl FOR STORAGE OF SOLUTION ON TAPE2 FOP RESTART9 =0 OTHF~wUSF

IF(lw2.vo.0) Go TO 2
*45 CALL OUTPUT(3)

* ? CONTINUE
C OUTPUT DETAILED PESIOJE INFORMATION
C PRINTOUT LOOP FOR KzltKMAXtKRES AND F*Olq ALL JoKRES IS AN INPUT

CALL RIIS
so CALL REsInU

CALL OUTPUT(S)
STOP
INU
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SUtiPOUTINE ABiMATX(JtKol)
CMMON/CMI/JMAXKMAXJMKMXMArM,(AM6AM1,lCNOTSmU.ICO~.Pi4,
I WPRTHOMGAITTAiJTFRkNTPTR.PINF ,INFOINFCIF,PTJTS,
2 lI .IW?,1AFBD. IGEO'4TMIVlS. ITPhNCFCCJNM4PFYPN).CV1qCVIS1,

5 3 TWAsI TWA9 I PqKRESSMJ IMP HT I NF ,FTJINf vS!NF9E II jFRtYIN, ;Il"4(o
4ULTT(40) ,OETL (40) ET(40) 9TH(4) . TF9AC T.FACT T.EYNL),PPTtJP8s
CoMMON/C0M2/X(40,40),Y(40,40),XFY(40940e),XFY(4040?)f)(40,40)
COMMON/COM3/Q(40940,4) ,EF (40,4) ,q(40,'.094) ,5(4) ,AB(494) .iVFC(40.4)
COMmON/COM4/A(409494),9,(409494),C(409494),hD(40.4,4).

10 1tLI(40.4,4),AX(4Uo AY(40).MX(40),PY(40)
Coo.FUkM JACOSIAN MATRICES AT A 61VEN .J-K NODE POINT. A 4ATPIX IF Ix1,
C B MATRIX IF 1=2.

XA=0.
YY=XEX (J.K, I)

15 /Z=XEY(JoKtI)
kI=1.0/Q(JqK,1I
U=Q(J9K,2) *RI
V= (JK*3) *RI
SS=GAMMI *0.5w(U*U.V*V)

20 T=YY*U+Z7*V
w=6AM* (J9K94) *RI
AM (1.,1)=XX
AM (1,2) =YY
AM (1,3)=ZZ

25 Ab(194)=0.0
AM (2,1)=YY*SS-U*T
AB (2,2)=XX-YY~ (6Am-2.0)*U*T
AM (?93) =-YY*GAMMI*V+ZZ*iD
AM (2.4) =YY*GAMM1

30 AB(391)=ZZ*SS-V*T
AM (3,2)=YY*V-7Z*GAMMIOU
AB (393)=XX-ZZ* (GAM-2.0) V*T
AM (3,4) =ZZ*GAMM1
AM (4,1)=T*(2.0*SS-W)

35 AB(492)=(W-SS)*YY-GAM41*T*U
AM (493)=(W-SS) *ZZ-bAM411T*V
AM (494) =XX*6AM*T

C*.*ADD SOURCE TERM IMPLICITLY
IF(JCS.EGOoOR.I*EQ.1) RETURN

40 YI=DT/Y(JtK)
UD(K9I9I =0.0

UD (K, 1,3)=
UJO K, 194) 20.0

45 UO(K92,I)=-U*V*Yl
UD (K,292)=V*YI
Ut)(K,2t3) U*Yl
It) (K .294)=0.0
tID(K93ol1)=-V*V*YI

50 UD(K,392)=0.O
UU(Kt393) z2.0*VOYI
Ut) (K,3,4) =0.0
LjD(lK.4. )=V*(2.0*SS-W)*YI
UU(K,49?)=-U*V*GAMMI*YJ

55 U)D(K9493)=(W-SS-CiAMM1OV*V)*Yl
Ut)(K9494)=V*GAM*YI
WE TURN

E ND
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SUBROUTINE HNORY
COMMON/COMI/JMALKMAXJMKMX1ArAM(,A441 CN.DTS4U.JCI~.p*T,
1 IPWTNOMEGA. IT.TAD, ITERkNTIPTRT ,IINF .R4F ,OINFCINFPT. 115,
2 IN1,IW2,IAFBDICEOr4TMIVIS.ITPANCf 9CC9JNA4.PFY9PkD9CVI~oCVI9

5 3 TWAI 1TWA, IPKRf 59sMtJMPtsT IN oF rINF9 STNFU INFoftYIN S114(40),
40IETT (40) DE TL (40) 9L T(40) , TH (40) 9 T T ofACTh 9F ACTT ,REYNLD PPTOWHE

COMMON/COM2/X (40 940) 9 (40 40) 9 FX (40 40 e)Xf Y (40 40 9 21 F,4f40 0
COMMON/COM3/O(4094094) .EF(4094) .q(4U,40,4) G(4) ,Ai(4.4) .I.VEC(40.'d
DIIMFNSION P(4093),PXI(40),PFTA(4l).U(4O,3),UXI(40),LJETAI40),

10 IV(40,31,VXI(40IVLTA(401,R(40931
DIMENSION T(40,33,BD1ACi(40),DIAf,(4O),AnIA6(40),PIGHT(40)
DIMENSION DUMMY(4O)9DCON(4)9CflO'(4O)

C... DATA ClC29C3/-3.094.o0-1.0/ ThIS SET DATA USED FOR 3 POINT
Coo. ONE SIDE) DERIVATIVF APPROXIMATION AT Boy RmINDAPY

is C... DATA C1,C29C3/-2*092.O.-0.O/ TmIS SET nATA US-70 FOR P POIJNT
COO. ONE SIDE) nERIVATIVF APPROXIMATION AT oOy RntINDAPY

DATA C1,C29C3/-3.O.4*09-I.O/
C...USE REFLECTION TO SIMULATE PLANE OF SYM*fTkY AT J=2

0O 12 K=1.KMAX
20 Q(j(1K9I)zQ(2eK,1J

0(1 .K92) :OE2vK,2)
0(1,Kq4) =Q(2,K94)

C...USL FIRST ORDER EXPTAPOLATION TO SIMULATF SUPERSONIC OUTFLOW
25 C0..800NLJARY CONDITION AT J4AX

0O 1 N=194
DO I K=19KM

I 0(JMAXKN)=(2*U(JMKN)-G(JM-1,KN))
IF (IVIS.EQ.0)G0T014

30 C...APPLY VISCOUS NOSLIP BOJNOARY coNnrTION
C ITWA=O FOR ADIABATIC WALL S ITWA=l FOR ISOT4FPMAL WALL

DO 15 J=1,JMAX
DCON(J) =XEX (J, 1,1)*xEX (J,1 2) .XFY(J, 191)'XEY U, 1,2)
ECONIJ) =XEX(J. 1,2) **2.XEY(J,1 .2) *2

35 D0 15 K=193
P(JK)=(O(JK,4)-Oo5O(O(JK,2[**?.O(J.K.3).O?)/Q(JK,1)I
>*D(JtK3*GAMMI

15 CONTINUE

40 Ceo.SET UP COEFFICIENT MATRIX FOR TRInTArvONAt INVEPSION
DO 16 J=?.JM
bDIAG(J)=-DCON(J)
VIAG(J) =C1*ECnN(J)
AO1AG(J) =DCON(J)

45 16 CONTINUE
DIAG(2)=DIAG(2)-DCON(2)

Coo*COMPUTE WALL PRESSURE
DO 17 J=2,JM

17 PIGHT(J)=ECON(J)*(-C3*P(j,3)-C2*P(j92))
50 RIUHT(Jm)=HIGHT(Jm)-OCON(Jm)OPt.IMAXI)

CALL TRIB(UDIAG.DIAG.ADIAGOUMMY.RIGHT,2,JM)
DO 18 J=2,JM

IS1 P(Jo1)RIGIT(J)
P(1#1)2P(291)

55 C...COMPUTE WALL TEMPERATURE FOR AOIbATIC WALL
IF(ITWA.FO.1) GO TO L1
00 19 J=2,JM

*19 IH()EO()-CTJ3)CTJ2l
Id(,HT(Jm)HIGNHT(JM)-UCONIJM)T(IM.Ax.1)

ho CALL TRI8(HOIAGOIAGADIA(iDt9'MMY.RiGHr,?,JPJ
DO 20 J=2,JM

Z0 T(J,1)RIGIT(J)
T(191)=T(291)

21 CONTINUE
65 CoosCOMPUTE CONSERVATIVE VARIABLES

* DO 22 Jz1,JMAX
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IF (ITWA*EQ.0) TWA=T(Jtl)
71ITWA
P1=PlJ, )

70 RI=P1/T1
1)1=1. 0/ (Jo1)
O(J,1,1)=R1*DI
009,192)=000
009,193)=0.0

75 O(J,1,'.)=P1/GAMMI*DI
22 CONTINUE

RETURN
14 CONTINUE

C...APPLY INVISCID BOUNDARY CONDITION
80 C...SATISFY TANGENCY CONDITION USING CHARACTFRISTIC EQUATION

DO 3 K(=193
DO 3 J),*JMAX
Z1 .0/0 (JoKol1
P(J*K)=O(JtKol1)*DfJoK)

85 U(JK)=O(J9K,2)*Z
V (JoK)=Q(J9K,3) *Z

3 P(JK)=(E2-0.S*R(J. )*((I(JK)**?.VIJ,()**2) )*CAMMI
C...COMPUTE P-XI, U-XI*V-XI, P-ETA9U-FTA9 ANJD V-ETA fERIVATIvEq

90 DO 4 J=29JM

lUXIIJ)=(U(J.1,1)-U(J-1q1))*0.b
4 VXI (J)=(V(J.19i[-V(J-I91) )*0.5

PXI (1)=-PXI (2)

VAI (1)VXI (2)
PX1(JMAX)=(3.0*P(JMAX,1)-4.fl*P(.IM.1).PIJM4-1,1))*0.5
IJXI(JMAX)=(3.0*U(JMAX,1)-4.0*U(Jm,1).IJ(JM-1,1))*0.5
VXI(JMAX):(3.0*V(JMAX,1)-4.OOV(jM.1).VijM-I,1))*0.5

100 DO 5 J=1,JMAX
PETA(J)=(-3.0*P(J.1).4.0*P(J,2)-P(J,3))'0.5
kETA (J) = t-3. 0.U WJ1) +4.0.UC(Jo 2) -11 J3) )*..S
VLTA(J)=(-3.0*V(J,1).4.0*V(j,2)-V(J,3)[eO.5

5 CONTINUE
105 l

IF(!T.EO.ITER) WPITE(69102)
102 FORMA7I.*0FROM SUB. BNDRY*)

DO 2 J=19JMAX

CI58=SQRT(GAMOP(Jtl)/R(Jo1))
110 ?=1.0/SORT(XEX(jol,2) **2.AFY(Jol,2)0*2)

LiBAR=U)(J,)*XFX(J,1,1I.V(J,1)*XFY(JI,1)

115 >XEY(J,1,2)*(XEY(J,1,1)*PXI (J).P(J,1)eIlt4AP*VXI(J)))
I *(V(Jt1)/Y(Jg,1J
PTAU=CPH/Z*PETA(J)-R(Jol)*CRH*?.(XE(J1,?)(IETA(J).XFY(J,1,2).

31 VLTAIJII-EE
P1=P(Jtl) *PTAU*0T*0.2

120 IF(P1.LF.0) Go TO 9
10 CONTINUE

IF(J.GT.2) GO TO 11
A (P(4,1)-25.*P(3.1)/9.0.16.0*PT/9.0)/6.?5

125 P1=PTfA/B.0*8/4.0
11 CONTINUE

PI=u(PI/ENT) *(1.0/b;AM)
OlzSQRT(2.0OGA4/(iAMM1OARS(PTORT-P 1/Ri))
IFIABS(XEY(Jol92) )-0.000001) 696,7

130 6 THLTH=1.570796327
60 TO 8

7 THFTB=ATAN(-XFX(J,1,2)/XEY(J,1,p))
8 CONTINUE

Ijl=ol*COS ETHETS)
135 VI=O1*SIN(THETB)
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THETHDzQO .0-THE T13'7. 29578*
IF (IT.EQoITER)

140 )VXI(J),VETA(J),IJ(J,1),v1.v(J1',.VlTTunlEF

101 FORMAT I. J=*, 12,4X,8Fl3.5./,9XRFl3.5,/99X9PFl3.5,

0(J,1 .2)zP1*UI*DI
*145 G(J,1,3)=RI*Vl*DI

2 CONTINUE
RE TURN

9 WRITE(69100) IT9JqPl
150 P1=ABSIPl

GO TO 10
100 FORMAT(* ITER=', I4.3X,*J=*, I2,3X,*RlzeE 12.4)

E~ND

SUBROUTINE BTRI(ILtIU)
COMMON/COM2/X(40,4OI*Y(40940),XFVE40,40,?),XFY(40.40,2).o(40940)
COMMNON/COM3/O(4094094),EF(4094I.',(40,40.'d,(,(43,Ad(494).HVFC(40'.)
COMMON/C0M4/A(409494),9j(40,4,4).C(409494),HD(40,4941,

5 ltD(409494),AX(40),AY(40),HXU40),PY(40)
COMMON/LUD/ LllL21,L22,LJ1,L32,133,L'E1,L42,143,L44,VI.V?,V3,V4
1 U12,Ul3,149U2?3,24YU34
01MENSION H(494)tF(40,4)
REAL LllL21,L22,L3lL32,L13,L41,L42,L43,L44

10 LUIIVALENCE (EF(1,1)9F(191fl
C INVERSION OF BLOCK THIDIAGONAL ... A989C ARE 4.4 RLOCKS
C F IS FORCING FUNCTION AND SOLUiTION TS OUTPUT IN F, 3 IS nVFRLOADE)
C BLOCK INVEPSIONS USE NOWPIVOTED Lj mlCUMmOilTION
C IL AND IU ARE STARTING A4JD FINISHIN6 INDICES

is IS =5 L +1
I = IL
00 11 N=194.
DO 11 M=194

11 IrINM)8(INM)
20 CALL LUDEC(H)

01 =V1*F(Io1)
02 =V2*( F(192) - L21*DI)
03 =V3*( F(193) - L31*nl - L32*n2)
04 = V40( F(194) - L41*0I - L4i?*n2 -L'3*3)

25 FI194) = D4
F(1,3) = D3 - U34*D4
F(192) = D2 - U240U4 - U23F(I,3)

* F(191) = DI - U140U4 - ul3*F(fol) - t)12*F(It?)
1)0 12 M=194

30 01 V1OC(It1,M)
U2 = V2*( C(1929M) - L21*01)
03 =V3*( C(1939M) - t.31*Dl - Li?'D2)
U'. = V4*( C(I.4,M) -L41*01 - L'.?*02 - L'.3*D3)
R(1949M) = 04

35 t(1939M) = 03 - U34*04
H(1929M) = D2 - L1240D4 - LI?3*H41939M)
m1(l,1,m) z DI - U14*D4 - (130bCT,3sM) - UI2'B(1929m)

C,.,FOi-WARD E.EEP
12 CONTINUE

40 00 13 1=1S59gW
IR = 1 -1
00 14 N=194
P(19N) = FfIN) -A(I,'jI)*F(IRs1) -A(IN923*Ff10,2)
1 -A(I9N93)*F(IR93) - A(I,'J,4)*F(IQ.'.)

* 45 001'. M=194
m(q)= B(IoNoM) -A(I9Nql)*B(1Q,1$M) -A(IsI,?)*L8(IP,29M)

*I -A(IvN93)*H(IR,3,'I) - AIN4*(R4M
14. CONTINUE
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so CALL LUOEC(H)
DI = V1*F(191)
o2 = V2*( F(192) - L21*Dl)
1)3 = V3*( F(I93) - L3lfl)1 - 132.02)
U4 = V4*( F(194) - L41*01 - L42*fln L430D3)

55 F(I.41 =04
* F(Iv3) = 03 - U34*04

F(192) = U2 - U24*)C - L?3.(I.ll
F (191) =DI - U14*U4 01JI30I(191) -t1~ I
IF( I- IU)16,13913

60 16 C0ONTINUE
lhO 15 M4=1,4
U,)1 Vl*C(Iq1,M)
D2 = V2*( C(I.214) - L21*(J1)
133 = V3*( C(I,3,M) - L31'O1 - LIP*D2)

6s U4 = V4*( C(I,49M) -L41*nl - L4P*Uk~ - L43*D3)
11(1,4,14) = 04
ej(I93,14) = D3 - U34*D4
11(192,1) 0 2 - U24*D4 - U23*8(T*39M)
ti(1,l1t4) = DI - 1114*D4 - 1J13*B(T,39M) - U12*H(192r4)

10 15 CONTINUE
13 CONTINUE

C ... BALK SUBISTITUTION
IT =IL + 10
00 21 11 = IS91U

75 1 = IT - 11
Ip = 1+1
U0 22 N=194
F (19N) = F(IN) - 1(l tNt1)*F(IP,1) - LS(I 9N92)*F(IP92)
1 -b(I ,N,3)*F(IP93) - B(I tN94)*F(IP94)

80 2? CONTINUE
21 CONTINUE

RETURN
F NO

I SUBRPOUTINE CTXY(XAAlYkAtDLD,lFCT)
CUMMON/HOTH/XO I 9O2,XD39XO49YO1 9YO29Y039YO49qa I.Lq 9P]1 .0;19

lP3,w4,CTI ,CT2,CT3,CT4,CTSCT6,AnoAdO)Y
COMMON/XYPS/XlX2,A3,X4,X5,X6,X7,YlY2.Y3.Y4.vcovLN'

5 C TIlS SUB1ROUTINE CALCULATES X9YvAF AND DELTA FAD~ A r'Vt~t CT

P2=2.ATAN(1.)
IF(CT.GT.CTI) Go TO 2
Azxno*TAN (CT)
0=1 * TAN (CT)0'2

10 H=(XO1.A*TAN(CT))/U
C=(XOI**2+AO*2-R1*2) /Q
A11j-SURT ()**2-C)
If (R1.GT.10.) X=O.
6O TO 10

-P ? I(CT.GT.CT2) Go TO 3
A=XOO*TAN (CT )-YO2
U11.*TAN(CT)**
fi=(XO2*A*TAN (CT) ) /
C(XO2*02.A**2-R2*2) /0

3 IF (CT.GT.CT3) Go TO 4
AI=XOO*TAN(CT) -Y?
X(X?.A1*TAN (SL 1) /( 1. *TAN (CT)*TAN (SL1))

?s (OU TO 10
4 IF(CT.GT*CT4) Go TO 5

A=AOOOTAN (CT) -YO3
01.*T7AN (CTI*

H=(X034A*TAN(CT) )/Q

30 X=F.SGRT (B**2-C)

GO TO 10
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5 II (CT.GT.CT5) GO TO 6
AlzxoO*TAN (CT) -Y4

35 X=(X4.A1OTAN(SL2))./(1.*TAN(CT[OTAN(SL2))
GO TO 10

6 IF(CT.EQ.P2) GO TO 11
Azxoo*TAN (CT) -YO'4
Qsj .*TAN(CT)2

40 H=(x04+A*TAN(CT))/Q
C=(X4**2A*2R4**2)/Q
XzB-SORT (S*2-C)

10 BF=(XOO-X)/COS(CT)
DE D=XOO-RF

45 Y=(XOO-X)TAN(CT)
60O TO 12

11 X=XOO
Y=RHODY
DEU=XOO-Y

so50 ~
12 CONTINUE

XAA=X
YAA=Y
Pt TURN

55 END

I SUbROUTINF DISSIP
COMMON/CON 1/JMAX.KMAXjM.KM,.EMAH.A~triAMM(NTSMU.jCSPIT.
1 I RT9HO0ME GA 9I1T TAU I FR ENT9'TOT P FINF NO90INF 9C I NV 9PT I1TSO
2 IRI 9 W2 9 1AFBD,9IGEOM9 TM, 1V IS,911JPAN 9CF 9C N FY9OktVIS VIS

5 3 TWAITWALIPKRESSMJIMPHTIN FTINF,'INFETINFEYIN51'4(41()
40E 7T(40) 9DE TL (40) 9IET (40) 9TH (40) oT TF 9F ArTt F ACTT 9REYNLO PPTI PO
CO4MON/COM2/X(4040)Y(4040)FX(4J,4l.?iXFY(.O,4O.2).P(40'O)
COMMON/COM3/Q(40,40,43.EF(4094).q(4094094)oG(4).A (44)'VFC(4094)

C...SMOOTH IN THE X AND Y DIRECTIONS ANDU ADD SMOOTHTN, Tt'W TO S ARRAY
10 c,., DATA ClS.C2SC3SC4S/-2.095.09-4.D.1.0/FOP LTNFAR tXTRAP AT SHOCIf

Co.. DATA CISCSC3SC4S/-1.0,3.0,-'A.IJ,.0/FOP PAPAB EXTPAP AT SHOCK
C... DATA ClBC2BC3B.C4I3/-2.0,b.0,-4.0,1.0/ OP Lih*AR EXTRAP AT BoOY
Co.. DATA ClBC2B.C3B.C4B/-l.0,s.0,-a.O.1.0/Fu)R PAPAH EXTHAP AT HO(DY
C.. DATA ClOC2OC3OC4O/-2.0,5.0,-4.u../FOP LINAk ExTPAP AT OUTFLO

15 C... DATA ClOC2OC3OC4O/-1.O,3.0,-I.U,1.0/FUR PAPAR EXTRAP AT OUTHtOW
DATA ClS.C2SC3SC4S/-1.0,3.0,-3.O,1.0/
DATA ClBC2BC3BC4B/-1.0.3.0,-I*0,1.0/
DATA ClOC20,C30,C40/-2.0,5.0,-4.U,1.0/
KMM=KM-l

20 JMM=JM-1
C.9oSMOOTHING IN XI DIRECTION

DO 4 N=194
DO0 2 K=29KM

C...USE LINEAR OR PARABOLIC EXTRAPOLATTON FOP J=jm
25 CoooSEE DATA STATEMENTS ABOVE

S(JMKN)=S(JMKN)-ShiU*0.125*(r1O*O(JMAXKN)*D(JMAXK3.
>C20'0 C *1,I( N) @01JMK) C30'O( JMM .K N)V( JUNK
>C40.O(JM-2,KN)*D(JM-2K))/D(J4,K)
DO 2 J=39JMM

30 2 S(J.KN)=S(JKN)-SMU*0.12b'(Q(J-2,K,'I)*U(J-2,K)-4.*Q(J-I .KNI
> D(J-1,K).6.0*0(J9K,%I)*D(JK)-4.0*0(J.1,KN)*n(J1,K).O(#2K,:
> O(J*29K))/D(JtK)

C C... SMoOTHING IN ETA DIRECTION
DO0 I J=29JM

35 CosoUSE LINEAR OR PARAHOLIC EXTRAPOLATION AT BoDY AND SHOCK(
C...SEE DATA STATEMFNTS ABOVE

C2R*Q(J,2,N)O(J,2)*C3B*0(J,39N)*U(J,3)+
C4A*O(Js4vN)*O(J'.fl/D(j923

40 S(JKMN)zS(JKMN)-S4U*0. 125E(i)S*Q(JKMAXN)fl(J'MAX).
C2S.O(JKMN)*D(JKM),C3SO(J.(N*D(JKMIM)#
SC4S*Q(JKM-2N)DJvCtM-2))/O(J.KM)
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DO I K=I*KMM
I S (JKN)=S(JKN) -SP41JOO. I25 (O( ,K-2,N)*U (J.K-?)-4.0*0(J.K-1 ,N)

> U(JtK,2))/D(J,K)

33 4 CONTINUE

C...COMPUTE SMOOTHING FOR J=? RY USING~ SYMMETRY CONDITIONS
DJO 3 K:=?,KM

so ~ ~~~ CoNTINUE ~ l-M*015(-.*(IKl*DIK*600?gq

3 CONPTINE FCNJK

1 lpiRTHOMEGAIT.TAUITERiENTPTOn1,gPItFP'iF.OINFCINFPT.ITS,
2 IH1 ,xW?,IAFHflILOmoM9VIS,1oANCFCC9,)6Ju,PFY,"IOCVT ,.CVI51,

5 3 TWA.ITWALIPKWFSSMJIMPgt1TINt ,FTINFSIN1FEIINFRLYINSIM(40)9
41LTT(4)L)FTL(40),ET(.0),TH(40)4TTFFACTti.FACTTREYNLflPPTUPR
COMMON/COM2/X(4O4U)Y(4040)XF(404l9e')ZFY(4094l,?)f(

4 094O)
CommON/COM3/O(4014O,4),fF(4094).1-(4094094),G(4),Ad(494)qHVEC(

4 094 )
(JATA HVFC/160*0.0/

10 C ... FO'M FT CONSERVATIVE, VARIABLES (1=1) ON F CONSERVATIVE. VAPIABLES
C ... (1=2) AT A GIVEN NOUt POINT

*=Q(JgKgl)
P'1.0/w
tIO0(JK,?)*R1

is V=U(J9K93)*RI
POJ=(AMM1O((JK4)-W*.S*(U*UV4V))
AX=O.
YY=XFX (J*KI)

20 CAPtjVzXX+YY*U+Z*V
U (1) =*CAPUV
U (±) =0(JK,2) *CAPUVYY*POJ
C,(J)=Q(JK93) .CAPUV+Z*POJ
t,(4)=0(JK,4)*CAPUV+(CAPIJV-XX)*PJ

25 C... SOUJRCE TERM IN ETA-MOM. EON. FOR AXISYMmFTRIC FLOW
11 (CS.E0.0.OR.I.E0.1)RETURN
YI=DT/Y (Jot()
HVLC(K.1 )=(JoK93) Y1
H-VEC(K2)Q(JKp3)*Y10U

*30 EVC(K3)U(JK3)Y1V
HVEC(K,4)=(G(JK,4) .POJ)*V*YI
RE TURN

SUBROUTINE FICGEN
CUMMON/COMI/JMAX,KMAXJMIKM.XMArHCAM9r,AMMI*(cNolTSmUt,jCqPkT,
I IPPTHOMFCA, IT.1ALJITFRENT9PTARTPl .FPI'4VOIN; CINF9,T, T,

5 3 TwoAITWALPKPFSSMJIMPi-TIN*FTINE.: 1i.efIllFOkEYIN,SnMt(40),
4DETT(4O),DETL(4.(jET(4)T1(4)1TttACTH.F~TT,EYNLpT1b4H
COMMON/COMA(94oY(nO,O),F(449e),XiY(4094O.t?).A(40.40)

C ... COMPUTF STEPSIE f,IVtN COUIRANT NUMPR
10 IV(!PRT.GT.0) WRThol~lno)

sI(;MAX=0.0
SIGMIN=10.E.100
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00) 1 K=19KMAX
D0 1 J=19JMAX
Wd=I.0/Q(J9K, I)
ti0 (J9Kv2) *PI
V=CJ(J9K93)*Rl
XX=,AMOGAMMI1*( ( J. I,4) r *.50 (iliU.VCVf
IFAxx) 2.2.3

?WRITE(E6,103) J9KqQ(J9K94)9PJU9V.XX
XX=-X"

3 SPSND=S0RTIXX)
XIAXFX(J,(,1)
XIY=XEY(J9K,1)
E TAX=XEX (J9K92)
ETAY=XfY (J9Kv?)

S I A=A8S;(XE *U4X IX+V*X IY) SPSNI)*cURT (X IX*02,z lY**?)

qIGAH=AMAX1 (S1GAqSlib)
S1(,AHMAMIN1 (SIGA9Slb3)
IF(SIGAI.GT.SIGMAX)GOT04
GOT0O5

4 SIAXSIGAB~
JA I GMX:J
KEIGMX=K

5 C6NTINUE
IF (SIGAIM.LT.SIGMIN)601O6

6 SlbmIN=SIGABt4
,)f ICMN=j

t El CMN=K
7 CONTINUE

IP (1PR~T.EQ.O) GO 10 1

1 C ON T INU
OTI=Cri/AHS(SI6MAX)
vWR1TE(6,1Oe)SIGMAXJE1MXKF6m,SIGMI JJIMN~i(EUPNCNoflT

100 F0PMAT(*0e,3X,*J*,4XeKe. 1X**51('A*,iX,*SlrRp*)
101 PO'-mA T id,, 52F 12.6)
'U? O.4WAT (*0e,0SlGMAX=*,E1O.4.3X*.I=*,Ib,3X,*K=*.!5.3A,*',TAW!N=*.

A .3xo*J=eI5,3A9e.(=e, I')3X.4CN=*,E10.43X,0D7=4S.E10.4)
103 V "A# (*OeNE GAT lVF SOPI IN P (,EN A~T J=O. ],?** K=*t1293X ,*F/J=*qEl 0.4

> 93,j* J/RegE10.4,JXveu=o, l0.4.4X,0V=e.L1O.4,3XOUISCPM=*.E1O.4)
Kt TiOk4

'IJMWOUJIE t TATH IfToLF910~AX
I Mf NSI4N JJI (.3) JJF (3) .01(3) w ii() .0011 (3),onOXF(3) ,FT(40))

.AIA J)I (1) .JJI C?) JJI C ) .JJF Ii) JJF (2) *JJF (3)/I ,18,43.17.4?.48/
I). " A XX I I) .X XI 1' 9 XXI 13) / 0.,(I0. 1 i. u. b4/

sPmj = ((MAX-1
w =(CFl.)/(CF-1.)

IoL AC I I.KMI
t = 0.

,T(((MAX( 1.
DO(I 2,KMI
(-JAC W l-1)~OTAC

t A I.-FTAC
AR(, RAT**EX

I F l(K) 1.*CFe(1.-Ai(()/(.AkC,)
-tE TUPN
F NI
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4) 1 ,UkROUTINE GRID
COMMON/COMI/JMAtKMAXJM1Q4,XMAH9t6AM.&AMMI ,ENDTSMU.JCr.oPRT.

I IPRTvHoOMEGA* IT97AU I TERt NT9P'TnWrTPN 9PJNI; INFoCINFoPTo ITS*
2 Il,1oW2,IAFBnoGEOMTM, IVISI1PANCFCCJNt4.PEY.PkDCV19.CVI1.1

5 3 TWA.ITWALIPtg(RfSSMJIMPHTINFFTINF.SINFEIJNFREYINSI'4(40).
4OETT(40),DETL(4O),ET(40),TH(4)TTFFACT.FACTTREYNLPTIIRS
UOMMON/COM2/A(4O,40).Y(40,40)AFXI(404,21)EY(409fi.?),f(4O,40)
COMMON/COM43/O(4O,4094) ,EF440,4) f,'(4U0.'.) .6(4) .Ad(494) ,IVFC('.0,4)
COMI4ON/BDTN/XOl ,XO?,X03,X04,YOI .Y02,YD3.YA4.SLI .SL2,SL3.PI02 R?

10 lk3,R'..CT1,CT2,CT3.CT4,CTSCT6.xntwO)Y
C THIS SLJNROUTINE DETLH&41NES X ANfl Y FOR GkTO POINTS

PI2=29*ATAN( 1.)
PI:2.*PI2
DTR=PI/18O.

is TM= (90.-TM) *DTR
JNMI=JNM-1
TH(JNM)=TM
JNM5=JNM. ITRAN
DTH=(IP-TM)/FLOATI4ITRAN)

20 JNMP=JNM~l
TMM=P I -TM

C FOR SPHERE PORTION
L)THMIINwTM/ (FLOAT (JNm ) -0.5)
UThilO.5*DTt4MIN

25 DO 51 J=19JNM1
51 TH(J)=(J-l)*DTHMN-DTI

C IGEOM=O UNIFORM POINTS ON SPHERE FOR SPHLRF-CONE
C IOEOM41 READ IN XB*YBtXS*YS
C IGEOM=2 READ IN THIJ) AND DETTIm FOR APhITRARY NOLJY SHAPE

30 C IGEOMv3 UNIFORM SPAC146c FOR THEE.q CAL. LFTT(J) A4U DETFPMINE THE
C Xb AND YB FOR INDENTED NOSE
C IGEOM=4 READ IN TH(J) ON NOSE ANfl CAL. DETT(J) AND FINAL XR AND Y8

IF(IGEOM.EQo0) GO TO 41
IF(IGEOM.EQ.1) G0 TO 3

35 IF(IGEOM-3) 4?.43943
42 PEAD(5,102) (TH(J) ,Jz1,JMAX)

READ(S,102) (DETT(J),JzI9J4AX)
102 FOkMAT(OF1OSS)

WRITE469103)
40 103 FORMAT(/,2XOREAD IN THUE) AND fFTT(J)*,/,?0X,*J*,bXoTH(J).DE6OFE

I*,SX9*DETT (J)*)
00 104 J=1,JMAX
WHITE(6,105) JTH(.J),DETT(J)

105 FORMAT(19X,1296X9F6e2.99XFbe3)
45 TH(J)=TH(J)*DTR

104 CONTINUE
G0 TO 41

43 CONTINUE
C READ AND WRITE CONTROL POINTS FnP NOSETII' S4APF

50 CALL SHAPE
IF(I6EOM.NE.4) GO TO 201
RLAD(5q102) (TH(J) .J2IJMAX)
WRITE (6,203) (TH(J)vJwI9JMAI)

203 FORMAT(?X,.READ IN TH(J) IN nEbQFE FOR iNnE4dTFf NOSFTIP*9/*?OX9
55 IOF~o.6)

00 202 JxlJt4AX
202 TH(J)=TH(J)*DTR
201 CONTINUE

WRITE (69304)
60 304 FOR#AT('0*9*INDENTF0 I0SFTIP ShAPEO,/,?2X,*J*,lX.*THFTA.10OX.

0O 61 JaltJNM
CTxTH IJ)
CALL CTXY(XAAYAADEDWFC7)

65 DETT(J)sDEO
CTT=CT/DTR
wRITE(69303) JoCTToBFIXAA*YAAoUFl

303 FONMATE2OX,1395Flbo5)
*61 CONTINUE

D-19
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?o 40'1 CONTINUE
C NODY POINTS FOR SPI4EH~wCONE

WRITE 469306)
306 FOWMAT l*0*9*COOR0INAT~b FOR U4d1T SrlE4E-CONEr*9/)

DO %a Jz1,JNM

A(Jo1331.-COS(TH(J) 3
Y(J,1)zSP4(TH(J) 3

IF(IGEOM*EQ*0) DETT(J)=0.
WRITE469303) JvTH(J3,4SHA(J9I3,Y(JvI)

so 58 CONTINUE
DTI*IIN=TH(JN43 -TH(J04M)
110 56 J=JNMPJMAX
THlJ)PTHi(J-13.0TN
IF(J.GEoJNMS) TH(J)=PI2
U)ETT(J)=OETT(JNM)/(COS(TH(J-Tl(JNNJ)))

a5 X(Jtl)z0TtHiIN*C0S(Tmm)*X(J-191)
Y(Jgl)=DThMINSIN(TM43.Y(J-I .13

C STREAMWISE COORDINATE STRETCHING ON CONE PORTION FOR J1 GT* JNM
DThMIN=CC *DTHHIN
WRITE169307) Jo TH(J),X(J*I)9Y(J,13.DETT(J)

90 307 FOkMAT(2OX9I39F15.5.15X93F15.5)
56 CONTINUE

C SHOCK LOCATION
XMZ=XMACH*2
DLTO=(GAMIM1XM2,2.)/((GAM*.. *XM2100.78

95 IF(XMACH-2.5) 21922922
21 WRITE469191)

191 FORI4AT(IHO#*NOT READY FOR MINF LFSS THAN 2.S*3
6,0 TO 81

22 II ExmACH-1O.) 23923924
*100 23 YX1=2.376-0.1834*XMAC4l.0.01036*x#.2

G0 TO 2S
2?4 Y!ll6090018*(XMACH-10*)
25 PIbYXI*'2*0.5/(1.+DLTO)

UO 7 J=2,JI4AX
105 IFlTHfJ).EU.P12) GO TO 71

TCII=TAN(TH(J))
CGC=E (J, 1) .Y Ii 1/TCU*.DLTO
Y (JKMAC) -PHj#TCB*bORT(I(PBITCS) .2.2.*Pb*CGC)
X(JKMAX)UA(J,1)-(Y(JKMAX)-Y(J,1))ITCH

*110 60 TO?7
71 YiJKNAX3uSORT(2.*PS'(X(J,13.DLTI))

N IJ9KIAX3=X (J913
7 CONTINUE'

XAl9 K#AX)=XN(29KMAX)

115 Yll*K0MAX)u-y(?9KMAX)
WRITE 46,701)

701 FORmAT(/,O0STARTING BODY AND 6OW SHOCK LOCATIONS*./)
w141TE46932SI

125 FORAT(159*RlX.A18yB,18X,*.18lXY,*16X,TITA*9I'XJ*)
120 DO 9 J219JI4AX

X (Jgl)uxIjol)*OMEGA
yV I ,3 Y Ijqj) O94GA
N IJ9KAX3UA IJ9KMAX3*O4IEGA
Y IJKMAX)mY IJKMAX)*O4FGA

125 wRITE16,12.) X(J.1).YlJ,13,XlJgMA),yJKMAX)THEJ)3J
124. fOkMAT(5F20o6.I5)
9 CONTINUE

IFIIGLOM.EO*0) GO TO 64
FACTAmG.

130 C FACTA IS THE FRACTION OF DELTA Al READY OLFORME09 FACTS le. TilE FPAC
C Of DELTA TO BE I)EFORME) IN THIS PUNt FACYTTFACTA*FACTS

READ(59102) FACTO
F ACTTmF ACT A.F AC TA
WRITEI6,305) FACTAPACT89FACTT

*13S 305 fOI4MATIOOO,'.N.FRlACTIDN OF DELTA PREVIOUSLY DONEu.tFS.?,lSX9
let MACTION OF DELTA FOR THIS RUNz.,P5.?,/95X9*TOTAL FRACTION OF

21*LTA COMPLETCDz*,tb*29/)
00 63 JxloJtMAX

63 DETLIJ3UDETTIJ)*FACTB
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*140 64 CONTINUE
3 CONTINUE

* C FILL ETA COORDINATE STRETCHIING ARRAY
CALL ETAT8(ET9CF9KMAX)

C DETERMINE X AND Y FOR GRID POINTS HETwEEN HODY AND SHOCK
145 IFIIGEOM*EQ*1) WRITE(69106)

106 FOWMAT(/,2X9*READ IN XB(J),YEB(J~,XS(J3,YS(J)'./,Z0A.*J*,5X.*X8(J)*

C 0 5 JzI9JMAX
C HEADIN X09YBoXSoYS

150 IFIIGEOMNE. 1) 60 TO 4
READ(59102) XBYIBXSeYS
WRITE(69108) JXfiIY89XS9YS

108 FORMAT119X91294FI0.3)
6O TO 6

155 4 CONTINUE
XS=XfJtKMAX)
YS=YIJ*KMAX)
XIhux(Jo1)
Y8=Y(Jt1)

160 6 CONTINUE
[)AX=XS-x8
DYYZYS-YB
DO S K=1,KMAX
ETA=ET(K)

165 X(JoK)=XB.DXX*ETA
Y (JK)=YBDYY*ETA

5 CONTINUE
81 CONTINUE

eE TURN
170 ENU

I SUBHROUTINE IN171A
COMMON/COM/JMAXKMAXJMMXf4Af4.e, ACAMtI CNOT,5~mUoJCSR0Tv
1 IPRT9H90ME6A9IT9TAU, ITER, NTIPTflRToiINFqPINFelINFCII'FPT. ITS.
? INI4IIW29 IAFHD,1IGEOMoTMp IVIS9 It0AbNqCF9CCJNIqPf Y9PDCVT',CVISl 9

5 3 TWA9 ITWA9LIPKpFSqSMJIMPHTINf ,FTINF 95INFoE INFoRLYINStM4(40) 9
4D1.TT(403,OETL(40.oIET(40),TH(40),TTFFACTetFACTTHEYNLD,PTI.'h
COMMON/COM2/X(40,40),Y(40,4)AFX(40409e)JFY(404,?'3,f(40940)
COMMON/COM3/O (40940O 4) .ET(40 ,4),"(4O. 40 .4) *(4) .Ad(494) HVFC (409
COMMON/COM4/A(40,494) ,f(409494) .f(40.4.4) .HD(40.4.'.).

10 1J(40.4,4),AX(40),AY(40),HX(40),PY(.O)
COMMON/VISK/CMUKAP(40) ,TU14MII(40,40)
DATA AX/40.0.0/,BX/40.1.O/.AY/40*../.hY/40*I .0/
DATA TURMU/160000/

4*4C THIS SUHROUTINE INITI&LI7ES THE FLOWF JEL)
15 P1=4.*ATAN(I.)

READIS9108) JMAX.KMAX, ITERIP4T 1R1?, IAFBD
108 FOkMAT(SI5)

C JMAX=TOTAL PLINTS IN J-ARRAY9 KMAXzTOTAL POIN~TS IN K-ARRAY
C ITERwTOTAL INTEGRA71O04 STEP~S

20 C IPRTzl FOR DETAILED) PRINTOUT IN FIGEN. =0 OTHERWISE
C 7141=1 READ DATA FROM TAPE19 20 nTHERWISF
C IW~z= WRITE DATA (ON TAPE2 FOR RFSTAHT. =0 OTHERWISE
C IAFRDGI STORE STARTIN3 DATA FOR AFTERi900Y CAL., =0 OTHERWISE

READ(S*I08) JNRIGEOM9LIP9KRES.TAN9IVIS
25 C JNM=JUNCTURE OF SPHERE ANU CONE. LIPf NO. OF STFPS TO COMPLETE THE

C DEFORMATION, KRESzPRINTOUT INTE.QVAL 14 K ARRAY FOR PESTDtiE INFOPOAA
C ITRANxNo. OF POINTS OVER WHICH THETA 3FCOMFS P1/29 MUST 14F LT.J4AX
C IGEOMWO UNIFORM SPAC14G ON NOSE. =I REAU IN XR9YdvXSqYSq
C z2 CAL. DELTAS AND FINAL X89YP. u3 PLAl) IN OELTAS

30 C IVIsz0 INVISCID FLOW9 =1 LAMINAR FLOO
JM=JMAX- 1
KM=KMAX-1
REAO(Sv107) XMACH.(,AMTM.OMEGAEMklCFCC9bMJ.SMIIIMP

107 FOIk4AT(7FI09O.2F5.0)
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3S C XMACHcFREE STREAM MACf NUMBER
C GAMin RATIO OF SPECIFIC ttATS. TM-CONE-(AI;TfRmOOY) HALF-ANGLE
C OMEGA= RADIUS OF SPi4ERE-CONE* a l FOR ADD14G POI4TS
C CNzINPUI COURANT NO.
C CFzSTRETCHIN6 PARAMETER(SETA)FOR GRID POINTS IN K

40 C SMUzEXPLICIT DISS. COEF.9 SMUIMPzIMPLICIT DISS. COLF.
-WRITE469102)

102 FOIMATfI*,2X9*AXISYMNETRIC FLOW OVEN NOSFTIP,/)
WRITEl6.103) XACHGAN.TM.OMF6A.IN1,IW?,IPRI.IAFDIlnm

103 FORMAT(*0*,2A,*MACH NUM#BER z*9FR.29/93X9*QATIn OF SPECIFIC HEAT .
45 1,FS.29/,3X,*CONE(AFTERbOOY) HALF-ANGLE w0.F7.392X,DGRFFS*9/93Xo

?*OMEGA =.,F7e395X9.(O4EGA.bT.09nflEGA IS THE RADIUS OF SPHERE-CDNES
2 IF IGEOMz30R4 OMLGA VALUE IS RFCALCULATLn~t/*2IX9*1N SUP. SHAPFS
3OMLGA=0,MORE RAYS TO dE ADDED)*,/,93X9lk1 94*912,5A9*( I FOR REAP

4TAPFIS 0 OTHERWISE)**/93Xt*IW2 2*9129SX9*l1 FOR WPTTF ON TAPF.?
s0 5S 0 OTHERWISE)** /93X9*lPRT u*.12v5X.*l I FOP DETAILED WRITE OUT

b FROM E16ENS 0 OT-4kRWISE)*9,3A9OIAFbn z*tI?,SA.*( 1 FOR
7STORA6E OF STARTING DATA FOR AFTFRNOOY CAL.S 0 OTHERwISE).9
S/93X.*I6EOM 2*9I?.5X9*l 0 FOR UNIFORM SPAC14(. ON 40OSE S I FOR PFAO
9 IN XS.YB*XSoYS S ? FOR READ IN Th(J) ANDi DETTIJ) 5*9/917X*

S5 I * 3 FOR CAL. DELTAS AND FINAL XRoYd WITH 041FORM 7H(JIS 4. FOP PEA
20 IN TH(J) AND CAL. FINAL XgoYb)*)
wRITEI69207) LlPIVIS.CF*CCIrA,KESMSlt~miIMPCN

207 tWkMAT(oo*g ?X*'LIP z*91*5x.*( 0 FOR WITHOUT SHAPF CHAriGF S
3N FOR SHAPE CHANGE C04PLETED IN N' STEPS)*9/v3X9*IVIS z:*vI?,bE,(

60 40 lP INVISCID FLOW S I FOR LAMTKIAk FLOWI**./,3X9*CFIRFTA3...EI?.5
S.S?.,O( FOR UNIFORM SPACINb SET Tn 100003*9,,3X*OCC z*9FS.?9SX9*f
65TOFTCHING FOR POINTS BT. JNM*ITDAN A4O JMA)*9/93XY*ITPAN u*ol?o

.1 75X**(MUST HE LT.JMAX-JNM FOP THFTA TO flO TO PI/?) 0 9/3X9KRfS a**
012*X9(INTERVAL IN K FOR RESIOIIF INFOkMATION)*/93X,@FXPLICIT PITS

65 951. COEF. x*,F5.39/93X9*IMPLICIT 01551. COEF. z.,Fb.39/93X,
1*COIJRANT NO. z*9F8.291/)
WRITE169208) JMAX*KMAKJNMoTTEP

208 FOHMAT(*0O,2XOJMAX=*,T5./,3X,*MAXze.T%./3X,*JN4.e.I5.SX,
I *(JUNCTURE OF SPhfRE AND CONE)*9/.3X#*ITFP =*q1495Xq*(TIME STEPS

70 2FOk THIS RUN3)
GAI#41 EGAM- 1
(,AM1J*l .0/GAMMI
ITT=O
TAU=0.

ITS=1
F ACT 1=0.
F~ACTAzO.
FACT88O.

80 JCS=1

PINFul.

CINFzSQRTiPINFOGAM/RI*F)
(JINF=XMACH*CINF

a5 IFfIVISEOe03 GO TO 9
C READ CONSTANTS NEEDED FOR VISCOllq FLOW CAL.

READ(59I04) REYPRlD.P4T.CV1STwA.1TEA.JTUN. I F
104 FORMAT(SF1090931S)

C RLY=FREE STREAM REYNOLDS NO.. P~fl. FREE STREAM PRANOTL 4O.
90 C PkI. TURBULENT PRANDTL NO*. CVIs.CONSTANT IN SOUT'ELRLANDoeS LAW

C tOR VISCOSITY. TWAx WALL TEMPERATURE
C ITwAzI ISOTHERMAL WALL. u0 ADIANATIC WALL
C ITURal TURBULENT FLOW, 20 LAMINAP FLOW
C ITEIl PRINTOUT STANT04 NO. ONLY* 22 PRINTOUT T-EIELD ALSnozo No H

95 REYINOREY
RLYNLOmREY/OINF
PRTuIRbuPRO/PNT
CVISI*CVIs.
WRITE(6,105) PEY9PRD9PRT*CVISITWA9ITUR9ITF

100 105 FORMAT(.*.fl.X*RE .*qEl5.69/93XqePH z*9Fb.39/3X*P(TjRp.) =*OF
18*39/,3X**CVIS a 110/TINEIKELVId) 0*9F8.J9SX9*I CONSTANT USED IN S
2UTHERLANDOS LAW OF VISCOSITY )*9/93X9*lTuA 2*oT?,5A*( 0 Fop ADIAI
3ATIC WALLS I FOR ISOT-IFRMAL WALl.)*v,/v3Xv*ITUP w*.IkbX9*( 0 FOR LA
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4#4INAR S I FOR TUR8ULfT)*9/93X9*TTF ='.Ie9S~v*f I FOR PRINT OUT ST

105 5 NO, ONLY S 2 PRINT OJT T-FIELU. ALSO)*,//)
IF(ITWA9EQ9I) WRITL(69106) TWA

106 FORtAT*0*92X9*TW =*FS.3*//)
9 CONTINUE

C SET UP CONSTANTS AT FREE STREAm
110 WHITE(69109)

109 FOkMAT(*0*9*FREE STRL4M C0NnITIO'So)
(IINF8OINF
VINFuO.
HT ItF;AM/GAMMPNF/RINF*O.SOPIF*O2

11s ETINF=HTINF-PINF/PINF
SINF=PINF/RINF**6AM
LI INF; .,'A1M1*PINI /WINF
WRITEIE,,100) PINFRTNFOINFC1NF.UINFVINF4TINIF*ETINF9STMF9El INF

100 FOI4MAT(*O',ZA.*PINU (P~fSIHE) Z..fai.49/9sv9*PINF(L)ENSITY) ='.FN.4,
120 2/,3X90OINFfTOTAL VLL.) z*9F54.4,/93X9*AINF(S;OIINn SPLED) x*oFH*49/9

33A,*UINFIU COMP.) x*9F8.49/s3X9'VINHV CUMP.) =*,Fb*4,/9
4 3X9*mTlNV(T. ENTHALPY) =*sF8e4,,',3X9*ETINF(T. SPEC. FN
4ERbY') w*vF8.'../v3X9*SINF(LNTPOVY) Z*vI~494/,3X9*EIJNF(TNTFRNAL FNE
6HRiY) W*tFS@49//)

1I'5 CALL LTAT8(ETCF9FMAA)
wNEITE 469 112)
%RITE46,I11) (ET(K)9Ku1,KMAX)

112 IOHMAT1.O*92X9,NORMALIED DISTANCL FRDM BOD0Y TO SHOCK*)
III FORMAT(20X*1OF1096)

130 XI2.0'GAM*XMACH"2-AMM)/(GA4.1.03
X2= (6AM#. .) XMACN'.k/(Ateml*XMA(Ce1"I?2.0)

wl:X2*RINF
tNT=Pl/RI1"GAM

.4135 PTu(1wO/xl)**(1.0/GAM41IE(.5(6M*.)*MACH*I?)"(GAM/GAMM)'PTNF
* )XX=1 .0'0.5GAMIl*XMACH"*2

PTORT:XA*PINF/HINF
W~HITE(69117) PT

117 FOIkmAT(/,ZXv'STAGNATI3N PRESSURF ikTx**F'1.41
14.0 C CHECK FOR FRESH START OR CONTINIIATIoN

IF(IR1.EQ*1) GO TO 22
CALL GRID
CALL JACOB

C...INITIALIZE 0 VECTOR TO FREE STREAM VALUES
145 00 1 K1,vKMAA

DO I JU19J#4AX
D1zI.6/D(JK)
O(JvKo1)=RINF'01
0(J9K,2) .RINF*UINF'DI

ISO U(JoK*3)=RINF'VINF'Dl
O(JK,4)x(PINF*GAM1I.*RINF'OINF"?'*0.5)'DI

CeeoSET S ARRAY TO 0 EVERYW-IERE
DO I NzI94
IS(J*KoN)=O.0

155 C...INITIALIZE FLOW FIELD FOR BLUNT bOflY PROBLEM
6AMP12GAM.1 .0
DO P Jz29JMAX

9 IF(ABS(XEX(J9I,2))-O.OOO001) 69697
6 TtLT=0.5*PI

160 60 TO 8
THETzATAN (XEYIJvl9?)lXFX(J9I.e))

ft CONTINUE

KzKmAX
SANf=0.5'PI-ATAN(-XFY(J.K.2)IXEN IJ9i(2))

165 xXzxmACH*"2*SIN(SANG)*'?
PS (2.00GAM'XXGAMMI)IG/A#4PI*PINF
RS=rAMP1'XX/ (GAr4M1'XX#2.0) 'RINF

a' ISz(1.0-2.0'(XX-1.0)/3AMPI/XMACm*'2)'21N1
VSz?.0*(X1.0)*COS(SANG)/(GAMV1*MMACI4"e'SIN(SANG))'OINF

170 g.HaPINF*((PT/PIF1,).(j.-1.?SINTNF)**?0.1SIN(THFTJ"*4)#
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(JbaSQRT (?.*6Al/GAMMl*AUSiPTO41-P/WHi)
YYu.PI*0.5-TH.ET

176 tld=AOS(QB*C0S(YY))
VtmaOB*SIN(YY)
UO 2 K=19K#4AX
YzFTI()

180 41kSSuPBVyy* tPS-P")
'IS wENOR9+YY*(RS-pO)

* OVELNZSORT (2.O*GAM/GAMIAS PTAPT-PRESVPHf))
UVELm:U14YY* (U5-UN)
VVEL=VH+YY* (VS-yB)
OVELOSRT (UVEL*oeVVEL*'2)

IDS IATzOVELN/QVELO

190 C SYMMETRYUVL*U

19S 1(1,K,)u-(29)3

205 00SIN 14

1En ((Y(J9g)9Jvl9JMAX)9Ku1,KmAX)q

I ((D(J9K)9Jx;1,JMAX3,KIsK4AX)9
1 (((XEX(JKN)J1JMA.K1,9K4AX),N1,o?),

210 1 (((XEY(Jei(,N),J=1,JMAX),Kz1,PKeAX).Nu1,2),
I ((EO(JKN),JslJ4A(),K=),lKMAX)9N=1,d.),
1 J14AX.KMAAEMAChGA4,ITTAUFA(TA, (DFTT(J) ,J=1,JMAX)
XMACHUOINF/CINF
I TSuIT * 1

215 ITE~mITER*IT

110 PORMAT4*0090STARTING SOLUTION tbAq REA) FkOM TAPE*)
C CHECK FOR OPTION OF AXDING POINTq

IF(0.EGA.EQ.O 0 GO ?~ 3
220 C CHECK IF FURTH4ER Dk.F04HATIOM IS @,IELZIE)-

IFILIP*EO 0 G TO ?1
C FACTA IS THE FRACTION OF DELTA Al $EADY DtFO~twED. FACTR 14; PIE FRAC
C OF DELTA TO BE DEFORMED INy THIS PUNv ?ACTTOVACTAACTB

READIS*10?, FACTOF225 FACTTaFACTA#FACTO
WRITE46,30S) FACTAgFA^TU#FAC~t

V'305 FORMAT(*O*94X@FkALTIGN OF DEL70k PHi;VlnUba lOF.r.?,I
l*FlIACTION OF DELTA FOR THIS RJN-*.eFi.P*/9SXo*TTA.. FRACTYON 0F
20)rLTA COMPLETEDu** of So I/)

230 CALL JACOB

V.. ~ ~ ~ ~ ~ ~ v 306 SUJuSW4J-1.OT((,)X(-,)A'X1(JI-(-.)*

24 CONTINU
SU'2EQT(p9)**Y2102
001 J3J#A
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WI4ITE(69113)
113 FOWMATIO*,9ARC LENGT4*)

WRITE (6,114) (SUM(J),J829JMAX)
114 FORMAT42OX,1OF1Oo53

'-. .24S b.HITE(69401)
401 FONMAT(/9*OSTARTING FLOWFIELD INFORMATION,9/3

RE TURN
END

I SUOROUTINE INTEGR
COMMON/CO1/JMAXtgKMAXJMogKMXMAwGAM9.AMbi1 CNDT.SMUJC~.PRT.
I IPRTshOMEGAITTAUITERENTFTAHToP1NFRINI oGINF.CINFPT, ITS,
2 IR1.IW2,IAF0D,16EOMTMIVISITR*NCF.CCJNMqRFYPRO.CV1S.CVISl,

5 3 TWA.ITWALIPKRFSSMJIMPHTINFFTIN.SINFEINFREYINS)M(40),
4DETT(*03 .DETL (403 .ETI40O3 Th(40) .TTF.FACTbFACTTHEYNLPPTURB
COMMON/COM2X(4,40)Y(4040)XFW(4040i2) XFY(4094092)fl('094O)
COMmON/COM3/0(4094094) ,EF(4094) .q(4094O,4) .6(4) ,AB(4.41 .MVEC(4094)

Ce..COMPUTE FORCING FUNCTION AND STORF TEM4PORARILY IN S ARRAY
10 CALL RMS

CoesCOMPUTE RESIDUE EVERY 25 STEPS To CHECK( FOR CONVERGENCE
IF(M00(IT92S).EQ*O)CALL RESIOU

C ... ADD FOURTH ORDER DISSIPATION To SMOlOTH SOLUTION
CALL DISSIP

is C.**SOLVE FOR 0-BAR-BAR
DO 1 Kz29KM

C...FILL ELEMENTS OF I.H*DX A FOR BLOCK TRIDIA60NAL INVERSION AT EACh
C...K TM LEVEL

CALL LOLTRA(K)
20 C*..INVERT BLOCK TRIDIA60NAL. MATRIX AT K TM LEVEL AND STORE SOLUTION IN

C...S ARRAY
CALL OTRI(29JM)
DO 1 1.31,4
DO 1 Jw29Jm

25 1 SIJ9K9L)4EF(J9L)
C..SOLVE FOR 0-OAR

DO 2 Jz2,JM
C ... FILL ELEMENTS OF I.H*DY B FOR BLOCK TRIDIAGONAL INVERSION AT EACH
C...J TM LEVEL

30 CALL LBLTRB(J)
C...INVERT BLOCK TRIDIAGONAL MATRIX AT J TM LEVEL AND STORE 50111TION IN
Cee.0 ARRAY

CALL BTRI(29KM3
DO 2 L.1,4

35 DO 2 K=29KM
2 Q(J9K9L)wEF(KL)*G(J9KL)

TAUuTAU*DT
.9 RETURN
* END

SU*SROUTINE INTERP
COMMON/COMI/JMAXKMAXJMKMXMACH.GAMGAMM1 ,CNDTS'EUJCSPRT,
1 IPRTHOME.GAITTAUITERENTPTflRTPINFPiNtOINFCINFPT.ITS.
2 IR1,1W2,IAFtlDIGEOMTMIVISI11ANCFCCJN4.RlYPkDCV1S.CVISl,

5 3 TWAITWALIPKRESSMJIMP.NTINF.FTINfSINFEIINF.REYINStUM(40),
4OETT(40)'.OETL (403 .ET(4O) ,TH(40) ,ITFFACTF,,FACTTREYNLO,*PPTUPB
COMMON/COM2/X(40940) .Y(40940) ,XFY(40.'.O,2) ,XEY(40,4092).fl(40,40)
COMMON/COM3/0 (40.40 .4),EF (40 .4) .q(40, 40 .4) .4).AB (4.4) HVEC (40.4)
COMMON.#BOTM/XOI.X02.A03.XO..YDI Y02.Y03.Y04.SLI.5L2.SL3.P1.PZ.

* 10 IR3,R4,CTI.CT2CT3CT4CT.CT6XflORODY
DIMENSION P(40)qYA(20)9XA(20)THAD42O)
DIMENSION XZ(40) .YZ(*O) .QZ(40.4) DZ(40) .LTZ(4O)

C THIS SUBROUTINE INTERPOLATES-FLOlW VARIABLFS FOR NEw GRID POINTS
Pl.ATAN(19d*4.

Is DTRmPI/1SO.
P28O.5*PI
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PEAOE5,100) JAAoJlXoKlM
100 FONMAT (315)

JF(JAA*EQO GO TO 51
20 WRITEI6. 138)

138 FOI4MATM*0INFOR#4ATION FOR NOSFTIP SPIAPE*)
wkItTE469200) JAAtJIX

200 FOI'mAT(*0*9*AODING GRIDS IN J-ARPAY9 4o. OF RAYS 9*912,1OXo*JIX *

IA te) a
PS C READCTINPTVLE FJATE OB DE

u*.F7.?.SM,*X (THAB.4,SoJ*YA u.,
101 40MT$FOO

C EDADWIE OTO ONSF. OEI HP

00A9 uJ.19
CTuT)THAD( I3)(M()T(J4)

3S XAKuXJK

65 CONTINUE

45,TH(a lU-TM (2)

JMA*)AzSRXEJ1KA3(11)?Y(lKl)E11)

00 12 JsJ.KMAX

XEJTA(I)-ST1(l))(HJ-H.P

JFaMAJA*JAF

RtJACoKEJK1DJV
60 UYuJlKs,2)J%

UJ(JFF,*Dj~K/EV) (1
lhu(J~IC.33/OJ.K'

4 OJltQ(tNI=3Q/0 J bF.(. 1
6S 3 CONTINUE 30EF7,.1

TH*I JK .4*01 , 1

Th~ion-D-26
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EJdvQ4JdF9K,43 *U(JUF9K)
EJA=QiJFF9K94)*D(JFFoK
JFI.6E.JIX) Go To lb

90 IkJ=RJ -RATA* (RJ-RJB)
UJUJJRATA* (UJ-UJB)
VJ=VJ6RATA*IVJ-VJb)
LJ=EJ-RATA* (EJ-EJO)
60 TO 16

95 IS PJ=RJ-RATEO(RJA-RJ)
)J=UJ-RATE* (UJA-UJ)
VJ=VJ-RATE* (VJA-VJ)
FJEJ-RATEO (EJA-EJ)

lb 1(JK)=0(JK)-RATA*(D(JK)-D(JSF.K))
100 01jl./0(J*K)

O(JtKtl)=RJ*Dl
0)(JK,?)=UJ*Q(JoKol1
U (JgK*3)=VJ*U(JK, 1)
0CJ*K94)zEJ*OI

105 5 CONTINUE
Js=J
(60 TO I1I

12 CONTINUE
11 LONTINUf

110 JMsJMAXa-1
1)O 17 K=1,KMAX
DU1 18 N=1*4

115 1K)U2K

17 Y(1,K)=-Y(29K)
DO 301 JzlqJmAA
DO 301 K=19KMAX

120 DO 301 N=194
301 O(JKN~zO(JtKtN)*D(JKI

CALL JACOB
D0 302 J=19JMAX
DO 302 Kzl*KMAX

125 DO 302 N=194
302 O(J9KN)=Q4J9K9NV1D1J9K)

Kul
DO 8 J=1,JMAX

130 HkcJ(J9K,1)*O(J9K3
Usg(JK92)*Z
Vu0(JK,33 *Z

8 P(Juz4E-0.b*Ro(U*2V*2)*GA4IM
135 WRITE46,13b)

136 FOkMAT(00*SURFACL PiESSIJRE D1qT~IaurION ArTER A)UING DOTNTSO)
WRITE46,1Z2) (PUJ) Jx19JAX)

122 FORMAT(20M.1OF1Oo5)
v RETURN

140 51 CONTINUE
C ADD OR/AND REARRANGE 3RID POI4Tis IN K-ARWAY WITH 4Eo VALUF CFI

READ(591011 CFI
WRITE469202) KIMt CFI

202 FORPOATI*OSONEW GRIDS IN K-ARRAY. ND. OF POINTS =091395K.*NEw STRe~
145 ITCHING COEF. ueFI0.4/9SX9oNORMA1I ZED DIbTA4CF FR3M BODY TO 5-40CKO

2)
CALL ETATBIET#CFtKMAX)
00 54 l91,KAX

* 54 ETZ(I)ETII3
I50 CALL ETATB(ET9CFlqKIM)

WRITE(6,203) (ET(K)oKa1,KIM)
WRITE (6,204)

204 FORMATISX9*THE OLD VA..UES ARM'
WRITE469203) (ETZ(K)v~wl9KMAX)

155 203 FORMAT(10X*I0V10.4)
00 52 Jul vJ?4AX
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DO 53 KulI.MAX

YZ (r.) y qKg
160 DZ(K)OD(J*K)

DO 53 N1,94
53 OZ(K9N~z0(J,cN)

D0 55 K=29KIM
Y DO 56 Mw2*KMAX

16S 56 IF4ETZEM),6E.ETqK)) 63 TO S?
57 RATExIETZ 1ET(K/ (T2't).E ri (#A-1))

X(J9K)=XZ(3-AT*k(lM3-CZEM-1I,
YEJ.KkUYZIM3..RATEOEYI(M)..YZEm.iI
1)EJ.K)xDZEMI-ATE*.3Z(M43.ZEm-11)

IoRM1QZ M-i)Z(M-1

LuOZiM.? /OZ (M, I3

VMxQZtM933/QZ(Mel 3
175 VMluOZ(M-1,3)/QZE4-191)

EMu)Z4M943SDL(M)
t~lwQZ(M-1,4)*uZ 41*)
Hz (RN-RATE' ERM-kMI))
Ux (Um-RATE' (UM-UM0)

Igo vc(VM-RATE*EVM-Vml))
* F =(EM-RATE' (EM-EMl))

OEJ9K,133R/D(JqK3
u(JqJKq2)=ULIOOJ9K,1)
((JJK93)=V*Q(J*K,1 I

185 U(JK*4A3E/O(J*K)
PlaEE-0.5'R*U*2*v"*23 IGAMMI

S5 CONTINUE
52 CONTINUE

KMAX=KIM
190 K~uglA-I

CALL JACOB
121 FORMATE12F1O*5)

RETURN
END

3 SUIbROUTINE JAC0I3
COM#4ON/COP41/JMAA9IKMAAJMI(M.X4ArNobA&I,6AMMI ,C~,DTS4Ioj*CoPRT9
I IPRTMOMEGAITTAJeITERENTPTOT'I'JFPIiF.AIN'CINFWPTI1'~,
2 Ikl,1w2,IAFbDIGEO',.rMIvIS.1 IfaNIFC,,JNqtPFY.-.'~,CVle*CVISI9

5 3 TWAITWA.LIPKRESSMJIMPNT1IV.FT1FSIF,5JIT!NF, IEY1NSiimE40).
4UETTE40oDETLE403,ET(40),TH(40).TFFCThFCT.Ri--f4LDn.9TUR
COMM4ON/COM2lEAO4040Y(400)F)1(9409?a)UE.Y(*4lop3.fl40,4)
COtM4N/C04f3/OEA4043 ,EF(E'.94.3.440.O.943,jE4) ,A4I(4.tdHVEC44O.)
DATA IFLAGIO/

10 IFELIP*EQ*O) GO TO 13
IF EIFLAG.EQ.1) Go To) 11
00 26 J=19JMAX

* 26 LETL(JI=DETL(J)/(FL0ATELIP))
WRITE(69101)

15 101 FDRMAT4*0ODY SHAPE CIANGE BEINr INSTITUTED')
11 CONTINUE

IF(IT6ITS*GE.LIP*O".IT9LT.ITS) n*n T3 13
0.0 14 JsjJMAX
IF(A8SEAEJ,13-XEJI(4AA)).LT.1.0r-663 TO. 15

20 SLPuEVEJ,1)-V(JKMAX))#(X(J,1)-vEJ9 (MAX) 3
ODsSORT (SLP0*?*l103
00 TO 15

16 CC8o.
DD-1*0

25 60 TO 17
IS CCuleOD

OuwSLP/OO
1? coo INUE

*XE '141EJo X'DETLI
30 YE3.a,'w IJ 01O'Dt TLE(J)

00 1,, --2,KH
ETAxET EK)
X(J.KksEXE 'JKM4AX3-X(J,1l)3ETA.A.,,1l)
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14 Y(J.KS=(Y(JKMAX)--Y(J,1,)*ETA*YU.11)

35 13 CONTINUE
JMM=JM- 1
K14M=K4- I

C,..CO'4PUTE X-XI AND Y-XI, DXl AND Dt.TA = 1
DO I KwlqKMAX

40 DO 2 Jx2,JM

2 AEX(JK,1)=(Y(JIK)-Y(J-1KI3)*O.5
XEY(J,1,1)=(-3.0*X(J.1).4.O*X(J,?)-XIJ3K))*U.5
XEY(JMAX,19)(30*(JMAX3C3-4.f*X(JM)*X(J.MMK))O.

55 3XEAJMAX,19)=(3.*Y(JMAX)4..Y(Jmo)Y(JKl)@0.5
C...COMI'UTE X-XA AND-TA-x N T-

DO 4 K=29KMA

PII.(XEX(JK,1)YJl)2[-XY(JK)'iCx(JK,2))

60 D I I =1
IF(IFLAG.EQO) Go TO 7

C...ADJUST CONSERVATIVE VARIAB1LES HA$Fn ON NEW MESH
0)0 6 N=194

6 U(JKtN)=Q(JtK#N)*D(JK)/UlI
65 7 CONTINUE

C...THE GEOMETRIC JACO,3IAN IS DEFINLU HLkL AND STORED IN ThlE D ARRAY
D(JoK)011l
XEX(Jil,)=XEX(JoKtl)ODl
XEY(J*K,133-XEY(JgKtl)*DI

70 XEX(JK92)=--XEX,%K%2$*nI
5 XLY(JtK92z3EEY4JK923'DT

C...REFLECT METRICS AND DEPENDENT VAkTAULES AI4OUT PLANE Oif SYMMETRY
IF(IFLAG*EO.0) GO TO 8
DO0 9 K=19KMAX

'75 DII1K)=fl(29K)
XEX(I K,1 3u-X( 2,e'1)
XEY (1,g()rXEY(29Kl1)

XEY (19K .23 -XEY (29K.l(
s0 00 10 N=194

10 0(J(1K9N3=Q(29KvN)
9 O(lK93)z-0f29K,3)
8 CONTINUE

IFLAG=1
a5 RETURN

END

I bUIRouTiNE LBLTkA9'3
COMMON/COMI/JMAKQAXJM.KMoXMAECH.GAMGAMM1 .CN.DT.S'4U.JCSPRT.
1 IPHTIlOMEGAITTAUITERENTPTDNTP1NFRINF ,QINF.CINFPT.ITS.
2 IN) ,IW2,IAF80,IGEOMTMIVIS.ITIPANCFCCJN'I.PFY.PW0,CVISCVIS1.

S 3 TWAITWA.LIPI(RESSMJIMPHTINf ,FTIN~ISINFEIINF,*LYINSIM(403,
4DETT(40),DkrL(40otT(4o3,PTH(40).TTFFACTdFACTTREYNLr),PRTURH
COMMON/COM2/X(40940) .Y(40.403 ,xFY(4O.4O.9) XEY(40.'.O.2) .(40,40)
COMMON/COM3/O(4094094) ,FF(40,43 ,q(4094O,4) ,G(43,AB(4943 ,HVEC(40,43
C(*4MON/COM4/A(40,4.4) .8(40,494) ,r(40,4,43,HIID40,4.'d.

10 lt)D(40o4t4)oAX(40)gAY440)tfJX(40)oRY(40)
DO I Jul.JMAX

CeeeLOAJ HLOCK A MATRIIX 1LVALUATED AT NJ Tti LEVEL FOR ALL J INTO HI) ARRAY
CALL ASMATXIJ K91.1
DO0 I M=194
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15 00 1 L=194
1 HDfJ9L9t4)zAd(L9M)

C..,FIIL OFF-DIAGONAL AND DIAGONAL ELFmENTS BASFnO fN A 2-ND ORnER
CeeeCENTRAL DIFFERENCE

DO0 2 J*29JM
20 SM1USMUIMP*0(j-1 ,K) /D(JgK)

00 2 MR194
00 3 LzI,4

25 I8JL9M)=.0
3 C4J9L9M)*HD(J+1,L9M)*H

C...SET 8 ON THE DIAGONAL HEPRESENTIN(, THE IDENTITY mATiRIX ToO rNE
A (JMtM) MA(J.#4,M) -5t4

30 CfJqMqMR=C(JqMqp4)-SPI

ftQ9II)x8(2,1.13-S,41 9I
35 ~b(292.2)x8(292.2)*ASM1 9?

0(2*3.3)mBf29,333 .5P41)

SP1=SMUIt4PeO(J.1K)/OJ,9K

50 5 $(JL,#43(JLMI-SI'0CJLH
AIJMM)A8(JMM) .SP

H (JMM)mBIJMM)-?.SP1

4S.FL FOCNGFNCINFi$S RA

55 DO 7 J=?.JM
00 % L=194

7 H(JqMqM=S(JKMqM-**P

PETURN
END

StUbPOUTINE LBLTNHO(J)
1 C4)MMON/COMI/JMAXKMAAJM.KMXMArH.GAMGAMM1 .CN,0TSMUJCRP4T,

I IPPTH,0ML6A, TTAU, 1TERLNTqgPTnWTPINFRTNF ,OINFCINFPT.ITS.
2 IHI ,IW?,IAFBI~GEMTMIVIS1PANCFCCJN~t4.FYPKO.CVI~,CVISl.

5 3 TWAITWALIPKiRESSMJIMPHTINI.FTINFSNFEINFRYINSl1t4(40)9
40E T T (40) DE TL (4 0) tT (40 ) 9T H(4 0 T T F FAC T t9F At T T RE YNLn9PRTUp8

COMMON/COM,/A('.O,4,4) .H(409494) ,ri4O.494) ,14(40494),
*10 U(044AX4)A4OoX4)Y(0

rio 1 K(19KMAX
- C...LOAD BLOCK B MATRIX EVALUATED AT N TH LEVEL FOR ALL K INTO HD APRAY

CALL ARMATXfJ9K92)
DO I Mul,4

15 no I L=194
1 HD1K9L9M)vA81L9M)

C,,.FIIL OFF-DIAGONAL AND DIAGONAL ELFmENTS HAsE) ON A 2-ND ORDER
1)0CNTA DIFFERENCE
DO.CNTA DIFFERENC

20 SM1=SMUIMP.OJoK-U/D(JoK
K SP1.SMUIMPO(JoK.1 )/D(J*K)
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DO) 2 M14,
00 3 L=194
AIK,L*M)=-HO(K-iLM) *H

25 h(KoLtM)=09O
3 C(KtLtM)HD(K*1,LtM)*'I

C...SET H ON THE DIAGONAL REPRESENTING THE IDENTITY M4ATRIXC TO ONE
A (KgMtM)sA (K*Mt.O-SMI
H (KtMM)zl.#2.*SMUIMP

30 CtIKMoM)=C(KgMgM~)-SPI
2 CONTINUE

C ... ADD SOURCE TERM IMPLICITLY. UD RLPRESENTS THE ON/DO OF SOURCE TERM
IF (JCS.EQ.O)60T05
DO 4 K=2,KMAX

35 DO 4 M=194
DO 4 L=194

4 lH(KLM)=8(K.LM).UD(KL9M)
5 CONTINUE

C...ADD VISCOUS TFRMS IMPLICITLY
40 IF(IVIS.CT.0) CALL VS'IATH(J)

C...APPLY BODY B.C. IMPLICITLY FOR NOSI IP VISCOUS FLOW
C ... FILL FORCING FUNCTION FROM 5 ARRAY

DO 7 K=29KMAX
00 7 M=194

45 7 EF(KoM)=SCJoKoM)
RETURN
E NO

SUOPOUTINE LUnkC(A)
l)IMFNSION A(494)
C(JMMON/LUD/ Li1,121,L2?,L31,L32,t.33,L4i,14?,g-43,L44,V1,V?,V3,V4,
I U12,U1l3,U14,U23U2491J34

5 REAL Ll1,L2lL22,L3lL3L',I,3,L4I,-4?.L43,L44
C SUBROUTINE COMPUTES L-U DECOMPOSITTnN ELEMENTS

Lii = A(191)
VI = 1./LlI

(112 = V1*A(1*21
10 IJ13 a VI*A(lo3)

014' = VI*A(l,4)
L21 = A(2*1)
L22 = A(292) -L21*U12

V2 = l./L22
i5 u123 = ( A(293) -L21OU13)* V2

1124 = ( Af294) - Lkl*LJ14)O V2
L31 = A(391)
132 = A(392) - L310t12
L33 = A(3*3) - L31L)13 -L32*LI23

*20 V3 = I./L33
U34 z ( A(394) - L31*U14 - L32*tII4)* V3
L41 = A(491)
1.42 = A4492) - 141*0112
143 = A(493) - L411J13 - L42*Uiel

25 L44 = A(494) - 1410014 - L42*lJ24 -L'r3*U34
V4. = 1./L44

RE TURN
END
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SUbROUTINE OUTPUT CL)
COMMON/COM/JMAPKMAXJMKMXMACH(,AM4,cAMM1 ,tNoflTeMU9.JCqPPT,

I IPRTh.OML6A, ITTAU, ITERINTI'TflTPli?FoPINF ,OTNFCINFPT. ITS,
2 IH1.1W2,IAFbOIG6EOMTMIvis,1 rPANoCFeCCJMPFYPknCVI~,CVISI.

5 3 TWAITWALIPKHE'SSMUIMP.iTINFFTINFSlIFEINFRYINSII4(4O),
4ETT(40),OETL(4)ET'.O),T(40)11IFACTVACTTRYLPPTII1H
COMMON/COM2/X(40,40),Y(40.40),XF(40940,)XkY40,40,P),o(40940)
CO#440N/COM3/0(4094094) ,EF(40.4) ,9(4094094) @(4) ,Ad(494) .HVFC(4094)
OIMENSION kHO(4O,4O),SL(4O).CON(A),CP(40),RCP2(4).ONAl(40).

10 ILP(4O)9XSLSO)9YSL(50O)
DIMENSION DCON(40),ECiN(4O),TP(4l.3),P(4093)
DIMENSION kD(4093)sDRtD(40q3)9W(4l,3)
DIMENSION PHI(3),C13),CZ(3),CPHT(3),UO(40,3),VO(4093)
nATA FLAG/I./

is 10 TO (l9?,39495.b),L

C OUTPUT FLOWFIELD DATA
IFIFLAG.EO.O.) Gq TO 118
READ (5.119) (LP(It',Iz1,KMAX)

20 FLAG=O.
118 CONTINUE
119 FORiMAT(8011)

SUM (2) =SORTOX (2, 1) .2.Y 0293) *2)
DO 11 J=3,JMAX

25 11 SUM(J3=SUM(J-1) .SQHT( (X(J,1)-X(J-1,1) )*'d.(Y(J.1)-YIJ-1,I) )**2)
PMS=O .0
PEHiRMXzO.0
KSL= 1
SUM(1)z-SUM(2)

30 DO 10 K=1,KMAX
IF(LP(K).Eo.0) GO TO 131
WRITE169120) K

120 FO~RMAT(*O*,*SECON0 INDEX=..139/)
IF(K-1) 303,3049303

35 303 CONTINUE
WRITE (6,117)

117 FOkMATO. IST*,4X,*P/PINF*.4X.*RO/RINF,94A,*U/GINF,5SXOV/QINF*.SX.
N*S/SINF*,4X.*HT/HT INF*sSX,.tACH.,8X,*CP'.9X..XO,1OX,*Y.,7X.

40 GO TO 309
304 WRITE46,301)
301 FORM4AT(* IST*94X9,P/PINF.,4Xo* S *94Xq*UOQINF*9SXq*V/QINF*9SX9

**S/SINF*.4X,*HT/HTINF*,5XOR/RIo,8X.*CP~o,9,*X*.10A,*YO,7X.
**E I/El INF*)

45 309 CONTINUE
131 CONTINUE

DO 66 J=19JMAX
ENO0(JKv4)*0(JK)
RHO (JtK) zO( J .10. ) *O JoK)

s0 Uz0(J.K92)/OfJ9K.1)
V.z0(JsK93)/0(J9K,1)
PAAGAMM1*(EN-RHO(JK) *0.S*EU*U*V*l)
CPP= (PA-I * #(0.bO*GAM*XMACH*'2)

ENTPOZPA/RMO(JtK) **GA'4
55 NTzGAM/GAMI4M*PA/IeNO(JKIO.S*(U*I.V*V)

SS=SORT16CAM*PA/RHO(JI())
Ciluu/QINF
V1.V/OINF
MT1 mHT/HT INF

60 EIRx(PA/RHO(JI0))/(GA4MI*EIIKF)
PERRzA8S(HT-HTINF)*100.0/HN1I'F
IF (PERR.6T.PERRMX) PERRPV4EPR
PmSzRo4S#PERIJ**2
SL (J) uSQRT (U*I*V*V) /SS

65, IF(LPIK)*EQ.O) G0 TO 66
IF (K-i) 30693079306

*306 CONTINUE
r a WRITE469121) JiPAHMO(JK),UlVl.kNTkOMISL(J),CPP.X(J.K).Y(JK)

19LIR

D-32



NSWC TR.82-286

70 60 TO 308
307 WRITE(69121) JPASUMIJ)L1,V1,tvK.TRU,'411,NO(JK),

I CPP9X(J.K)9Y(JqK)vEI4
121 FORMATII3,I1E11.4)
308 CONTINUE

75 66 CONTINUE
UO 10 J=3JMAX

1 LE.190fl GO TO 12
6O TO 10

s0 12 JSL=J
JSL.4=JSL- 1
COEFu(1.0-SL(JSLM))/ISL(JSL)-SL(ISLMJ)
XSLIK5L)uX(JSLMKI .COEF*(X(JSLK)-X(JSLM.K))
YSL(KSL)=Y(JSLMK).COEFe(Y(JSLOK)-Y(JSLM.K)I

85 KSL:KSL.1
10 CONTINUE

III FORt4AT(00*90 SONIC L14E LOCATIONi@./l
KSL=KSL-1

90 00 122 K1,9KSL
122 WRITE(69110) XSL(KhtYSL(K)
110 FORMAT(* XSL=*tEll*493X9*YSLz=.FI1.4)

RMSuSQRT (RMS/JMAX#'KMAX)
WRITE469107) PERRMX9R4IS

95 107 FORMATfO*** PEPCL4T ERROR IN HT=*9FI?*4,3X,* RMS OF PERCENT ER
2RON IN HT=*oE12.49/)
TOGm2*2. /GAM/XMACH**2
00 61 Jz1,JMAX
P0=0 (J. 1 ) *D (J,1)

100 EllO(Jv1,'d*O(J9I)

V=Q(J9I93)/O(Jvlol)
PA%6AMMI*(E-RG*O.5*(U**2*V**2)
CP CJ) wTOGM2*(CPA-I.)

105 RCP2(JIzY(Jsll*42
61 CONTINUE

SUM2=CP(2) *RCP2(2)
IFIJMAX-I) 64963962

62 DO 65 Jz29JAX
N110 SUNI=SU42

SU#2SU92.0.5*CRCP2(J)-RCP2(J-1h) *(CP(J3.CP(J-I)
RH=YJAX91)

65 URAG(J-1)SIM1/R4**2
63 DRAG (JMAX IzSUM2/PB**2

115 WITE(69164) DRAC'EJMAX)
* 164. F0sMATf1X9*PRESSJPt URArv 2*9SX9F13,iOI

64 CONTINUE
mE TURN

2 CONTINUE
120 C OUTPUT E AND F CONSERVATIVE VARIAMI ES

WRITE C6,1031
103 FOWMATC'0*937X,.CONSERVATIVE VAPTAbLES*)

DO 7 K1.9KAX
WRITE469104) KC

125 104 FORMAT(*0O,*Kz*912,#//4XOJ,6X,.ti*, 10EOF2*,10XOE3.,1nx..E4e,
2 lQx,'FI*,IOX,*F2*, 10XOF3*ol OAF4*,/)
DO 7 Jzl9JMAX
CALL EFCON(JoK1l)
DO A N1,94

130 8 CON(N)RGIN)
CALL EFCON(J9K92,
D0 9 Nzj.'.
NN=N#4

9 CONINNImGEN)
135 7 WRITE46,105) J,(CONfNIN=1,S)

105 FORMAT(15,SE12'.)
RE TURN

C STORE DATA ON TAPE? FOR RESTART
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3 CONTINUE
140 WRITEM? (N(J*K)oJz1.JNAJoJKzloVMAX3,

I (lYlJ9K3,JzI9JMAX)9KxlKmAX)9
I l((DJvK)9Jz1,Jl4AX)9K=lKMAX)v
1 (E(XEXIJKN),JalJMAX,IrzI.K4A)t'aI,2),
1 ((REYIJKN),JaIJMAX),Vu1.g"IAXJNzI,2),

14S I (t0EJKN),JzlJMAX).K=,KMA)Nn1,E.3

WRITE469113)
113 FORMAT(**SOLUTION 4lAS K~EN !)TfREL) ON UTSi(')

RETURN
I50 C STOPE INITIAL DATA FOR AFTERUOUY CAL. USING t4SWC INVISCIn 30 CODE

4 CONTINUE
READ(6,100) JWRIT
WkITE469401) JWRIT

401 FORMAT(*0*,'OATA AT JuO.1392X'* IS STOPED FOP AFTEWBODy CAL.*)
* - 15 JaJWPIT

NCUKMAX
MCZ3
27x(J,1)
ATTACKO0.

160 ACII=XMACH
YAW=0.
6AMMASI .4
PI NF= .
t'INFu1.

165 P141.3. 141592
NbASwO
NTEsTuO
RRXsO.

170 FYz0.

17S FNZ=0.
FYiuO.
FAZx0#
plXZ=O
MYzsO

ISO mZZZO
nPhzu2'*ATANIIl*)
00 3S 14.1.MC
JzJWRIT

185 CI#4)=YIJtKMAX)
CZIM)PIY(J*1KAXY(J-1IMAXfl/(X(J1,tMAX)-X(Jl9*KMAX))
CPHI M)=0.
DO 31 Kz1IKMAX
JA=J.1

190 IFIEIJA9K)eLT.ZZ) JzJA

PD(KtM)uYIJoK)
ORO(KtM)O4GJKtl)*) (JI()
VQ(KN) =0.

195 EN3QtJ9K,4)*O (J.I()
tAzQ(JKv3)/Q(J9K9I)
VAzO(J9Kv2)/Q(J9K9I)
R1zY(J1 .1(

200 E10Q(JIK,4)0O (JI9K)

Vl.QlJIvK,2)/O(JI9KI)
IATIOS(7Z-X(JK3)/(fX(JI K)-X(JK) 3
UA=UA*RATIO*(Ul-UA)

r05 VA=VA*RATIO*(V1-VA)
fNmEN*RATIO*(El-EN)
DR0EKjM3SDRO(K9M)#RIATI0*(fl1.DlO(vqN) I
RoDIK.M)sRDI(tdIRATIO(RI-RD(K9Ml)
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UQ(KCM)=UA
210 W(KvM)=VA

P(Im)x(GAM-1.)*(EN-DRO(KM).0.u.1*UA*UA*Va.VA))
IFIM.6T91) 60 TO 31
WRITE469101) KP(KM),DROKM)WqKM)V0Ic,,tJO(q)PD(Kt')

* 101 FOMMAT(*0*,*KU0,I2,2X.*PRESSE0,V1U42X,0DEN4Su*,E10.4,2X,
'4 215 10AM VELU*oE1O*492X9*CIRCUM VEL=.,E1O.492X90RAD VEL*EI~o492X9

2*ROa*9E 10.4)
31 CONTINUE

-:100 FORMAT(15)
ZF(X(JWRIT9KMAX).LO.ZZl 60 TO 34

220 C(V4)xPD(KMAX9M)
CZIN)a(Y(JlKMAX)-Y(JKMAX) )/(A(j)1,KMAX)-X(J.KMAX))

34 CONTINUE
IF(m.GT.1) 6O TO 3b
WRITE469302) Mq'I(m),C(M)qCZ(M),CPmI(M)

225 302 FONMATl*0*,15s4(?X.E1O.4)9//)
35 CONTINUE

I'-1
WRITEMT NC.MC.ATTACKoYAWACH(,ArAIHF.OINP*pNO9g77,
I NGAS9 N~t.ST9 RPX..

230 2 FN9 FY. FA9 mx, myt M79 FNZ9 FY7. IA7. 4A1. MY?* MZZ,
3 (P111(M). C(4)9 CZ(M)t rpIM0I1) m x 1 0 0
4 ((RD(NM).UQ(N.M),V01NoM),W(NM).P(NM),LIRO(N.m).
5 m a 1 MC), N = 1 9 NI')
R~ETURN

235 C AUTPUT DETAILED RESIDUJE INFORMATION
5 CONTINUE

IF(KRES.EQ.0) Go TO 33
WRITE(6oll4)
DO 32 K=29KMtKRES

240 wRITE(6,115)K
wRITE 16.116) (JS(J.K,1),S(JKe),51jK,3),S(jK,4),JU2.JM)

32 CONTINUE
33 CONTINUE

114 FORMATlIHOT4SOOETAILED RESIDUF INFOR"ATIO4*,/qT45928fIH0))
245 115 FORM4AT4111 97h0*oStCOND INDEX z*0.4)

116 FOHMAT(I 914q4E15o7,2X91494FI5.7)
RETURN

C OUTPUT HEAT TRANSFER INFORMATION
6 CONTINUE

260 REY=REYIN
CMUIJzITWA*01 .5)*CV151f(TWA.CVIS)
TSTAG=1. .0.5*GA#M1I*XMACN**2
CCC400/ REY*PR0* (TSTAG-TWA))
WRITE (6,221)

255 221 FORMATI*00,DISTRIbUTION OF STANTUN NUMBE~R*)
WRITE169220)

220 FOHmAT(.0e,2X,*je,1SX9eSe,1SX.*ST*,18X,*T1',1AX.*Te0 .1SX.*T30 )
DO 69 J.1,JMAX
ECON(J)=SQRT (XEX(J.1 .e)**2.XEY.i, 1,2) *2)

260 DCON(J)v(XEX(J91,1)* XIXfJ.I ,2).XLY(J,1,1)*XFY(J,1,2) )/ECON(J)
DO 69 KI=13

1 *U(JK)*GAMMI
TP(J9K)uP(J9KO/D(J9K)/(JK9I)

265 69 CONTINUE
D0 79 J=2,JM
TNN=OCON(J)*0.5.(TP(J.1,1)-TP(J-1,1) )'ECON(J)*(3.TP(J.1)*.TP(J
1 q2)-TP(J93))*0e5
STzCC*TNN

270 WHITE46211O) JSUM(J),STTP(Jti),TPIj,?I.TP(J,3)
218 FORMATIISo5E20*6)
79 CONTINUE

IFlITFeE~o.) PETIJNN
0O A9 J=29JM

275 wRITE4695O1) JSUMIJ)
wRITE 16,502)
00 99 KzIKMAX
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P.JK.4iQJK4.-.S*((j,K.2)**2.fl(J.f(.330*2)/O(JK,3))

280 TJOuPJK/D(J9Kl/O(J9K9I)
SJKs(XEJtgO-XEJ,1))*O2IY(Joi(3-Y(J.1) **
SJI(USQPT (SJ()
UJKwQ(J9K923/OQ(J*K*.
VJ.(UQ(J9K933/O(J*Kol)

tJMACI4SSORT ( (JKo**d*VJs(**2) /SLIV)
wwT~lE t6.SP3)tKSJK.TJKPJK9hJ4ACH.UJKoVJK

89 CONTINUE
501 FOIMAT(SX,*JUOISI0oA*S/LxO,F$.4)

290 502 FOfMAT(8X9OK*,'A.*NOW4AL UISTANrP,910K.*1FMPFRATU~k..10X,
I *3PESSURE*O.*rACI NO.*.1O~.**I-VELOCITY*91i(.*V-VIELACTTY*3

RETURN
295 END

I SUBROUJTINE RESIDUJ
COMMON/COMIJMAXKMAXJM'H.XA4(,AM4,AMMI.('NoflToUJCc.oP6.p
1 IPRT.NOMEGA.IT.TAU,1uEPFNT9g-TnwrPINF*.qtoINFeCIN..)TITS,
2 IN1.IW2.IAF8DIGuOMTMIVISIlPaN.CFCCJNMpRYoe.k.OCVI%.CVISI*

5 3 TWAITWA.LIPKRk'S.SMJIMPMTINFTINFSINFEIINFRkLYIN%,9d(40).
4DETT(403,DETL(40)ET40)T(40)yTFACTt,FACTTeEYNLlPPTIJiR
COMMON/COt42/X(40.*03 ,Y(*O03 ,AtFXI'.U.409i-3,mgY(4094O.?3.u.1(40,40)
COMMON/COM3/0(4094094*)EF(4094)o*04'.)((4)Ad(49)IiVEC(40*)
PSDMAX=0.0

10 kSUTOTw0.0
01234=0.0
DO 100 J&2.JN
00 100 K=29KM

is DO 5 =9
QLP*NTuS (J9K9L) *?
RSDSORSRSDSOR#QLMNT
11 EOLMNT*LT*012343boTO5

20 J123*~4NT
* K1234%K

L 123*L
5 CONTINUE

IF (RSDSQR*LTeRSDMAIIGOTOI0
* 25 PSD#4AX=RSDSOR

JRESDUaJ
KRE SDU*K

10 CONTINUE
WSDTOTzRSDTOT .RSDSQR

30 100 CONTINUE
PSOM4AX=SORT IRSUMAX)
RSDTOT=SORT IRSDTOT 3
012348SQRT (0123*3
PERCNT=RSDMAX/RSDTOT*1 00.

35 WkITE 46.2003 JRESDU.KkESDU.RSDM4AXRSDTOTog'ERCNTJI23*K1234,L1234.
1 01234

200 FOfM4AT(* RESIDUE INFO4NATION*.9X,2I5,3F10.5,OSE'I.*.0*,3,*.*,12.

RE TIRN
40 END
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SUBROUTINE IW1S
COMMON/COM/JMAKMAX.JMIM*tAr,.46AMGAHMM .CN.DTSMoiJ.C~PRT9
1 IPRT.14,OMFGA9 IT 9TAU I TFRokNT0TlNT 9PItF skiNF 9OINF 9CINF9PT9 ITS,
2 IR1I1IAFHO.ItEOM.TMIVIS.IrPAN.C* ,CC.JNMRFYP9kD.CVIq.CV1SI.

53 TWAITWALIP.KESSMJIMPHTIN~.FTINFeSI.EINFRLYINSIM(4Oh
40E7T(40)tDETL(40)ti:TI40)*TH(40).olT 9FACTH*FACTT*REVNLDPPT(tI
COMMON/COM42/X4.40oY(404).AF(404Oi),1.eokY(40.40,?,l(40940)
COMMON/COM3/O(40,4094) .FF(40943 .c(4OC.O.4) ,G(4) .Ai(494) .HVFC(40,'d

C... DATA C1,C?9C3/Ie09-1.O9../ F~ik ? IP014T 0N~FSInD DIFFFOENCING
10 C.se. DATA Cl9C2,C3/1*5.-i?.O,*../FOk I IPO1NT ONESIOO UIFFER.ENCING

DATA CloC2,C3/i.U.-1*.O../
Co..THIS SUBROUTINE COMAPUTESTHE RIGHT HAND rIUF OF THE LDELTA FOlRM
C.. .EQIJAT ION
CooeFORN E CONSERVATIVE VARIAiBLES.AN) nflFtERNCF, STORE IN THE S ARRAY

is DO I K=2,K#4
DO 7 JzI9JMAX
CALL EFCON(JoKol)
DO 2 N=194

2 EF(J9N)=6(N)
20 C ... CENTRAL DIFFERENCE E C0~4SERVATIVE VAkIAdLE

DO I N=194
DO 1 J=2,JM

I S(J.KN)=EEF(J.1.N)-EF(J-1.N))*H
C ... OWM F CONSERVATIVE VARIAOLES AND nIFFERENCF. Ann TO PREVIntUs S

25 CoooARRAY
DO IS Jz29J4
DO 4 K=19KMAX
CALL EFCON(JoK*21
DO 4 NzI94

30 4 EF(KvN)=G(N)
C...CENTRAL DIFFERENCE F C0ISERVATIVE VARIABLE

DO 3 NzI94
00 3 gKu~oKM

35 3 CONTINUE
IS CONTINUE

C...COMPUTE TURBULENT VISCOSITY COEFFTrILNT IF NFCFSSARY
C IF(IVIS.EO.1.AND.ITUkH3.F0.1) CAll. MUTLJR
CeeeADD VISCOUS TERMS TO RIGHT HAND SyrIE

40 IFIIVIS*E~o.1 CALL VSQHSH
RE TURN
END

I SUlbROUTINE SHAPE
COMMON/COM/JMAXKMAXJ4.KMXMArH(AM,AMM1 ,t.NDT.SMUJCcsPT,

I IPRTthoOMI6A* IT 9TAU, I TFP ot~NTPTAt(T WIfINPI NF,0INFoC INF *PTO I TS.
2 IHI ,Iw?,IAFsfl. ICEOM.Tm, IVIS. IgohNCf'CCJN4.EYP~oCV1I;,CVIS1,

S ~3 TWAITWA.LI~oPSSMJIMPhTINkFTIN.SINFEIPFRYINStM(4O),
40ETT(40) ,DETL(40) .ET ('.01 TH(40j ,TTf , Ac:TtFAf'TTHEYNL.PTIOH
COMMON/HOTH/AOl ,XO2,xO3.X4)4,YO1 ,YUeY03.104.SL 1 SLeSL1.P1 ,*29
lR3,R4,CT1 ,CT2,CT3LT4CTSCT.KflflRdJIY
COMM4ON/XYPS/A1 ,X2,A3.A4,X%,X6.AT.~YIy2,Y3,Y'.y9Y,YVY

10 C THIS SUBROUTINE READS AND wRITe.S CONTkOL PARAMETERS FOR NOSETIP S
C

READIS9121) XloX2tX39X49X5,X6,A?
121 FDNMAT(AFI0l

C
15122 FORMA42A10F10.6)

C
REAM95121) YlY2*Y39Y49YSY6*Yl

C
WRITE (6. 1311

20 131 FOkMATI*009 5X9*X AND Y VALIJFS FAR THE CONTROL POINTS*)
WkITE469122) XlvX2vx3.J(4oA5,A6.E7
WRITEIE,,122) YI9Y29Y3,Y49Y5.Y69Y?

C
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REAO(5.121) RlR290R3,4
2S C

WRITE (6,132)
132 FOkMAT(*O* 95X.ORA~iIUS FOR CIRCulJAR ARCS*)

WRITE469122) R1,R29939R4
C

30 REAn(5*121) SLl9SL2#5L3
C

WRITE469133)
133 FORMATl*O',5X9*ANGLES FOR STRAIAHT LI'4FS*)

* WRITE(69122) SLlvSL29SL3
3S DTRu3e14jS9265/180*

SLExOTPOSLI
SLkaDTR*SL2

4.0 SL3=DTR*SL3
XOe)(2*R2*COS (SI I)
YO2=Y2-4R?*SIN(SLI)
k03zX3-R3*COS (SLI)
Y03zY3+k3*SlNf5Lll

4.5 X04unXS*P4*COS(SL2)
YO4=YS-R4'SIN (SL2)
WRITE (6,13'.)

134 FOI*ATf*OO,5X9*CENTERS FOR THE (CTkCULAR ARCS*)
WRIME69122) XOjYOj9KO2qYO?qX03qY039KO49Yfl4

50 RCONEMY6/COS (SI3)
XUO=Xfi#RCOE*SIN (613)
0MEGAzXOO
iWRITE46*422) XOn

422 FOktHAT(*OO,'XOO=NtW O0eETAz*fl.4)

CTI MATAN(Y1/(XOO-Xl))
M!~ =ATAN(Y?/U(OO-Xe))
CT3 -ATAN(Yl/()(OO-X3))
CT. 2ATANfY41WxM-A4)?

*60 CIS zATAIJ(Y5/(X0U-X2))
CT6 =ATAN(Y6/'(XQO-Xb))

* WRITE(6,135)
13'j t0MAT(.fl*,'THfTA VALUES FOR CUN~THOL POINTSO)

,'YITE(6,122) CTl9CTkvCT3,CT49Cl5,CT6
65s RETURN

E ND

1 %sUdROUTINE SHIOCK
V CO"MONCOM/JMA,'KpAJMKMoXMA.MAM,AMM41 ,.NofT.SP"UJC",vPRT,

I IPPToHOKf(.A, ITJAUIefotT,7T Pt,,.1Milmi,*,ONFCINFoTITS,
? El ,JIW2,IiAFWI)lbtn.,714, VIS, I*NC,CCJNt.IJvPHDCVTqCVISI9

s 3 TWAITWAL!P,,kSfJ~p OPhTJNFINFJVEINE[FtYINse,.4(40),
4I)ETT('0),I)TL(4O)tT('.),TH('.)1TF.FACTb,.FACTTRENL.PPTIlH

0,I4fNSION P('.093)o,Al44O).IFTA(4fiIU(4O3),UEJ(40I,(*tTA(4O),
h. 10 0 V('0,3),VXI('.0).VETA(40),rd'.Ol).PTAU(4U)0TS(.u).XST(4l),YST(.0)

-~ IDATA XSTYST/4000.'0*0.U/
C...COHPJTE THE FLOW VARIAOLES ONE Htq,4m INTEROVAL UFLOW SMOCK

RSO.0
-~ OSEmO.o

is JMMuJMAX-2
KF"qug(AX-2
DO0 3 IKuJ93
00 3 Ju),J#4AX
Kg=KMAX-3*K

20 781.000(JqBKoI)
P(JqKjwO(JqKKI *DfJqA()
U(J99)wQ(J9KK.k)*Z
V(J9K)UC(fJvKK93)*Z
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E~zU(JoKK94100(J*KKI
25 3 P(J.K)u(E2-0.5*I4(JIO*(U(J.K)**?.V(JoK**?) )OGAMI

CooeCO.4PUTE P-Xl9 U-Alt P-ETA, U-ETA, ANDJ V-ETA DlERIVATIVES
00 4 J=?.JM
PXI (J)v(P(J.193)-P(J-1*3))*0.S
UXI (J)u(U(J*1,3)-U(J-193) )*0.5

30 4 VXI(J)8(V(J*1,3)-V(J-193))*0.S
PA! (lib-PXl(2)

VA! (11V1I (2)

PXK(JMAX)in(3.0*P(J#4AA,3)-4.0*P(.1JM.3).P(Jt4N,3))O.5
3S tliI(jAxl3.0'U(JMAX,3)-4e0.U(.JM,3).U(JMM,3t)O0.5

VX!IJMAX)=(3.OOVIJMAX,3)-4.0*V(JH,3)*V(JNM,3fl00.5
DO S J=1 ,J#AX

U)ETA(Jl=(3.0*tljJ3)-4.0*U(J,?) .II(J.1) )*O.5
40 VETA(J)z(3.0*V(j,3)-4.O*V(J,2).V(J,1))*O.5

S CONTINUE
IF(IT.EO.ITER) WRITE(691001
DO 10 JvlvJV4AX
K=K MAX

45 xE.TmO.
I~tARSaETU(J,3).AEA (JK.1 ) V(J,3)*XEY (JK,1)
VHARuAET#tU(J,3)OAEX(JK,2) .V(J.vA)*EY(JK.2)
RCS=GAMOP (J,3)

Ceo*DETERMINE SHOCK TIME STEP
50 SPSNOUSORT(GAM'P(j93)lR(J,3))

ETATz-(XEX(JK,2)*AST(J).AEY(JK,2)OYST(JI)
SIbAzAAS(I*,AR).SPSND*S0RT(XEX(J.K,1)**?.AFY(JK.1l@*2)
SIGRzABS(ETAT.VBAR) .SPSNO*SQRTIXFX(J9e(,2)0*2.NFY(JK,2)@e?)
SIGARzAMAXI (SIGAtSIGHsl

55 nTS(J)in.90/SiGAb
IF(JToEO.ITFR) wRPITt(e.105) J9STEAA,5lIh9UTS(J)

V.. 10 FORMAT(* Ju*,!2,3A,*SlbAu*,El3ocJX,.SIc6ba.,il3.6,JX9oDTSu. 13.5)
Him-CS*(UI(J)AXt(J,9(,)*VXIIJ)*XLY(JK,1).UTA(J)OAEx(J,(,rs

I *VFTA(J)*XEY(Jt(,~lt(iJ,3l/Yt )*K)))
60 Ceo*DETEkt4INE PRESSURE AT S40CK EPLI(TTLY

11 PETA(J~zP~j3.oTS(Jl *(-UbAR*PxT IJI-V9AR'PET*(J).d)
10 CONTINOF

Ce..FIgL HOUNDARY POINTS FOR PRESSURE
PETA(1) =PETA I?)

65 PETA(JMAX)uP.0.PFTA(J'41-PtTA'Jen-1)
CoeeS.IOOTN PRESSURES AT SHOCK USING knlIINTN ORDER SMOO0THING

S#US20.5
00 14 J=39JMM1

14 PXI(J)=PETA(J)-s9US*0.125*(PETA.j-2)-..0oPETAJ-1)..6.0.PFTA(Jb-4.0
70 *PFTA(J*l)*PFTAIJ~e))

PXI(2)uPETA(2)-SMUS*0.12S*f2.0OPFTAE2)-3.0OPFTA(3).PETA(4))
PXl (1)=PXI (2)
PA! (JM)zPETA(JM)-SM4USO*125'(PETA(JM-)-..0ePErAtJ44*S*O*PETA(JN4)
)-2.0*PETA(JMAA))

75 PA! (JMAXI=2.OOPXI JM)-PAI(J$MI4
00 1 J=19JI4AX

C ... DETERMINE SHOCK ANGLE UELTAinARCTApq-lETAv9FTAX)
U)EtTAOATANI-XEY(JK,2)/XFX(JKtP)I
S02SJN (DELTA)

so CD=COS(DELTA)
UI TuGINFOCO

IF(P2eLF*0*0) 60 TO06
ZaGAm*1 .0

a5 XF4XzSORT(0.5/GAm@(P2/PINFZGAq4))
OSECINF*AMX-U1 T
P(IUP(J*31
ROUR(J93)

90 VhiuVIJ93)
E8=PIS/GAMM1 0.SORh* (U3O*2'VBO*2)
u27u2.0*(1.0-xmA'*2)*CINF/((GAMt*1.0)*EMX).UIT
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R2uRINF* (P2/PINF#GAmMMI/ 1 .o.rAmml/ZPi?/PIWn
U2=OINFOSD**2*u2T.CO

9S V2=OINF*SP*CU-U2T*SO
E2=P2/6AMM1 .O.50P2* (U2**2*V2**2)

Coo.COMPUTE PTAU
PTAU(J)=IP2-PRJ/DTS(J)

C...COMPUTE CONSERVATIVE VARIAB4LES AT %H1OCK
100 KOK04AX

* Dlal.0/DfJoK)
O(J,g(,1 zR2*6I
O(J9K,21 zR2*U2*Dl
G(JsK93lu42*V2*0I

105 O(J9K,4J=E2*OI
C ... OEflWtINE AN6LE OF XIzCONST LINE WITH X-AXIS

KzKMAX
IF(AHS(XEY(JvK,1))-O.OOOO0jj 7.798

7 TIETAl.57079633
110 60 TO9

A CONTINJI
ThE~ih=ATAN(XEX(Ji(j)/fXFY(Jog(l))

Y CONTINUE
C ... COPPUTE SHOCK~ SPELkD IN X ANI) Y DIQFCTIO~q

115 H4ETA-THE TA-LTA
(SE=QS/COS (6ETA)
!F(AHS(O)SE) Q6. AtiS (OSFM) ) JtS=.l
IF(ARS(OSE) *Gko A1S(2SEM) )0SEM=EnSL
RMS=RMSCiSE **?

120 XST(J)z-SE*COS(TitTA)
YST (JI OSE*SIN(THE TA)
THI.TAzTHfTA*S7.e9S 18
LELTA3DELTA*57.2'DS78
Hf TAzbfTA*5i .2VS74

* 125 IF(JTvEO.ITER) WRITE(69101) JT.4FTAOELTARETAE.X,1J1)TU?ToSE,

*PTAU Ii)
C.. .PROPACATE SHOCK

XtJ.K~ax(JoK) .XST J)*)T
130 Y4J9K)zY(J9K)*YST(J)*DT

Coo.ADJUST OTHER GRIO POINTS
XHUX(J,1)
YOZY(.11
DXAmA 4J9KMAX)-Xa

135 0YV.VIJ9KMAX)-Ya
D0 2 Km29KM
ETAxET (K)
XIJK) m X14 # OXX*ETA
YIJoK) a Yd # OYY*fTA

140 2 CONTINUE
I CONTINUE
RMS=SQRT (RMS/JNAX)
WRITE469102) R0iS9JQS9QSEM

100 FORMAT (00O.'FROM SUB* SHOCK*)
145 101 FORMAT(O0'*JuOIZ,4XoTFTA*F.IO'.1X.O(ELTAu*,EIO.4,1X.*BETAao,

0E10.4,/99A.'MXu*.El0.44X,*1i11woE10.4,3x,*I,?Tc*,E10.4,?X.*QSEa*,
0 E1O*,2X,.AST...E1O.4,2X,.YSTu..E10.4./.9X,1IFl0.4I

102 FORMAT(* RMS OF SHOCK SPEEU*oEI?.di3X.OJaO,13,3X,*MAX SHK SPOu*,
El£2.4)

IS0 RE TURN
6 CONTINUE

KOKMAX
WRITE46o103) J9P2tP(Jv3)vPIAU(Jl
WRITE4691041 IMARVHARPXI(J),UNT(J),VJI(J),PFTA(J),UFTA(J),

* 155 VETA4J),RCSXEX(J.K,1),XEX(JKP),AEYIJ.K,1hoXFY(J.K,?),V(J,3),
)Y(JK)

104 FOH#4AT(SF1SeS)
CALL OUTPUTM1
CALL EXIT

160 103 FORMAT(* NtGATIVE P~RESS* AT SI4U(CK J.*9I293XOPNw*9C10.493Xq
S*POw*9EIO.493X9*PTAUw*9FIO.4)
END)
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SUNPOJT!F. TJIH (AMvC9X9 vNL~ftl'l

A (14L) C (fjL) /0 (NL)
F (NL) F(NL)/t"(fLl

5 NLPI:; NL * I
Do I J =NLPI* NiU
Z = 1. /(h(J) -A(J)*N(J-1))
A(Ji) C(J) *Z

I F(J) m (J)-A(J)*I(J-13V*Z

10 IIUPPIL z NU + NL
110 2 JI NLP19 NU
J = NUPNL - AI

2 (JI=F(J)-X(J)*F(J1l)
RE TURN

I sIHRIOUTINE VSMATH(J)
( 'UMMON/COMI /JMAX *KMAX JMqsMXMAr9(iAM(AH~M1 9.CNqflT 9MUs JCq9PfT s

I 1PRT ,Hoomf(,A 9 1T 9TAtI ,J o T nwT 91e, 114 9P INF 90IN 9C INF 9PT 1TS9
2 INI1IW.IAF1OI6EUMTM,!VI',1 bOANCf.CCJN'4.WFY.PHDCVJq.CVIS1.

5 3 TWA,!TWA,1IPKFSSMJIMPMTI.kFTIN&c.INFEINFRY1N,4;4.I4q'0I
4OETT(40),D)ETL(4.),tT(4.OJTHi(4O),?TFIACTti.FACTTRt.YNLIo.PPTURB

CUMmON/COM?/)si4U,4U),Y (40 .40) .X (40,411,2) ,JIY (40,409.?) .fl(40.40)
COMMON/CUM3/O(40,40,4) IF(40,4)s.c(40,40'.) q(i(4) ,A:i(494) ,I-VEC(40,4)
COMMON/CO44/A(4,4s.4),940,4)f('U44)H(404,4).

10 £110 (40,4,4) ,AA(40) ,AY(40) tbX)(40) .DY(40)

IC7(40) .TC('.0) ,CSI ('0) ,CS?('.O) ,(.(4U) ,CS4('.O) CSb(4U) .CqA(403,
2CS7 (40) .RR(40)
C(IMMON/VISK/CP4UKAP(40) ,T(IMU(4.0.&0)

15 LiATA PRTNFPT.03,T3/lo.3 33333l33393333:33333J*666666666
C...SET UP CONSTANTS 14ELULU FOR ADDINA VISCOU'S TFRf-S OF S ANI)
C...T MAIpICFS IMPLICITLY

HRE=O .*DT/WEYiL)
(GPW=GAM/PRD

20 C
D0 10 K=1.KM4AX

Ce..AOO NC)N-AXISYtMMFT.IC VISCOOS TERMr, OF S MAlPIX IMPLICITLY
C THESE TEPMS ARE OF SECU'JD DERIVA1Ivt TyPt

PIsI.0/r)(JqKI)

CMUKAP(K')= (TT**1.b) *CVISl/(TT.CVTS)
(MU=CMIJKAP (K., +TUI4IU (JK)

30 (KAP=CMiiKAR(K)+TURMU(JK)*PRTUI4
* l,PRK=CiPk*GKAl'

()Y=I./Y (JgK)
IJJAC=MI* /0(J9K)
CMUJAC=Gt.IJ*1)JAC

35 FY=XEY(JtK,?)
fA=XfX(J9K,9!)
F YS=EY*FY
EAS=EX*FX
FXY=EX*EY

4.0 CI (K)=GMIIJAC*(FWT*EXS*EYS)
C2 (K) UGMJAC*EAY*03
C3(K) z~t'UJAC* (EXS.F PT*E YS)
C'.(K)=GPPK*JAC* (tAS*EYS)
PR (K IzRl

CS1 (K)UCMUJAC*OY
CI (K):CI (K)*RR(K)*2*

C3(K)uC3(K)*kP(K) *e.

s0 C41K)=C4(K)*kR(Kl't%
CS (t( I3*CSIIK) OFF K)Y( JoK)
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Cb(K)*EY*OJAC*RR(K) /Y (J*K)
C7(K)ufX*DJAC*NH(K)/Y (JoK)
CSt?(K)=C5(K)*V(K) *LX

55 CSJ(K)ZC5(K)OV(K)*tY
CS'.(K) uCS (K )(U (K)* +(K )*FY)
CSb(K)zCS(K)OEX
CS6 1 3 C's( 3VY

60 10 CONTINUE
c

L,( ?0 K=29Kt4AX

#4S n0(,K,2921=C1(KR)
HO)(K9,2. 3) C? (KH)
MV (K .2.'.) :.

ML)(K *392) Ce(KH)
*70 HID(Ic 393)=C3 (kH)

HDI (K v 394) =0
IU(K,4,I )=-(C4(KH'*rc(Kp) *CI(KIo)*U(Kk)**22.*C?(KR)*U(KR)*V(KR).C3
1 (KH)*V(KR)**de)
H)(K42)=-(C4I)C(R))*LJ(K)C2(KR)*V(KR)

*75 Hr(K,4,3):-(C4(KP)-C3(KR) )V(KN).C2(KP)*U(KQ)

IFHK*FOKAX) 60 TO 20

lU(K2,)=-(CI(KP)*U((P).C2?(KP)*V(KP))
so UU(K92t2)=C1(KP)

00 (K 9 93) =C2 (KP)
UEO (K 92 94) C0.

IP01K ,3,2)zC2(KP)
85 110 K 93 93) =C3.(KP)

ID (Ks,394) =0.
IIU(K4,1)=-(C4(KP)*TC(KP1.Cl(K).U(KP)**LJ.2.C2(KP)*U(KP)*V(Kp),C3
1 (KIJ)*V(KPJ**2)
1Ji)(K4,)=-(C4(KI')-CI(KP)?*11(KI"),C2(KP3*V(K(P)

* 90 hi)(K43):-(C4(KPj)-C3(KP) )*V(KiJ),C2(tcP)*U(KP)
l'D (K,4,4=C4(KP)

LI) CON T INUE
u)O 30 K=?,KP4
Kk=K-1

DO0 31 N=294
D0( 31 fo4194

1,(I%,NM)=t4(KNvM)+ -1D(KPvN9M),IL(KW9N*M)

*100 C(K*NqM)=C(KoN,,4)-UD(,(NvM)

30 COrJT!NUF
C...AOO AD~ITIONAL AAISYP-METRIC CONTOTPUT104J TO S MAIPIX IMPLICITLY
C...TI.Sl. TERMS ARE OF F1WST DFHIVATIVF TYPE

105 DO0 41) K=1,9MAX

H) (,K92.2) =0.
iiD(K .2,3) 3-Cbci(K)
HMO(Ks3. 1 =CS3(K)

110 PA(9 9)0

949?~ 3.) z-CSA (K)

till (< 4*3) z-CS4(K) -(S3(K1
115 40 CIIPIIN1t.

110 41 I=?qK#6
lot 41 N:?,94
00( 41 14=1,3

120 CIKN9M1C(K9N9M)-MI)(K-1,NJ,M)
41 CI1rTIN1I*1
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C...AW) THL TERMS OF AXISYM4E&TRIC MATPTA T IMPLICITLY
Co.FIRST ADD) TERMS OP RATIJL 001 0 VtCTOiR

on 60 K=29KM

Kk=K-1

130 uOD(K,2,1)=-(C6(K)*(Kk.C7(KR).V(KR))
ViD (KL'92)=CblKP)
tOr) (K,292)=C6(KW)
HlO(K,?,3)=C7(KP)

13S tO(K,9.,33 CT(KR)

135 ML)IK9294)-O.
HOi(K,3*,1 2*C)K)*(P
IIU(K,3, )=-2.*Cb (KH[*V (KR)

iD (K9,39?)=.0
140 tUO(K9392)=0.

ilL,(K,3,33 :2.*C6(KP)
)D (K,3t3) =2.C6(Kk)

+*UIKP)*V(KP)/3.

ISO th)(K42)=-(CS7(g(W)-Cb(KR) )*UIKP)-T3*C7(KRJ'V(KR)
tD(K,4,3)=-(CS7(KP)-FQT*C6(KP))*V(KP)C(KP)*e(KP)

DO (K ,4 4) =CS ( KR)

00 61 M=194
A(KNM)=A(KNoM) .UD('(,NM)

h1 (.(KNgM)=CiKgNI)-HD(K*N*M)
H (K, 3, 1)=:8(K, 3, 1) .*CS (K)* (K)

160 H(1\9393)=H(K93v3j-h**Cb(K)
.(K4 , )sH (K .4,1) 4. *CS (K) V(K)**

m(K,492)=d(K,4,2) *5.*C7 (K) *DV/3.

60 CON4TINUE
165 ftk

SUHIOUTWE VSPHSi
COtMfI(N/COMI /JMAX.I'MlAXJM, ,*XMAC.HGAM,(,AMM1 ,CNOT ,SU.IC,PHT,
I 1PtOTH,0MLGAtIiAUITEPENTOI'TANTPINFPI'* OJNFCINF*PTITS,
2 lIW~ 12,1AF80,IC.EomTHIVISI PANCFCCJNMRFYPkDCVI~,CVIS1,V 53 TOA.ITWALIP.KREbSMJIMPHTINFFTINI.SINF, IINF.RtYINSm(40),
40t T T(4 0 ) DE TL (4 0 ) kT ( 4 0 )TH (4 U I TF FAC T b9F;C T T .WE YNL n. PRT UPH
CtLMPNON/COM?/X(4O.40),Y(4O.40),AFX(40,40.?),XFY(4,4,?)fl(40940)
CO)MMON/COM3/0(40,40,4) ,EF(40,4),C (40,40.4) .G(4) .Ad(494) ,iVEC(40,4)
C(MrON/COM4A(4044),8(409494),r(40,494),ND(40,4,4),

10 l'D0('0,494).AX(4u) ,AY(40) .Ilx(40) ,RY(40)
COMMION/VISC/U(40) .V(40) ,CI (40) .C?(40) .C3(403 .C4(40) .CS(40) .C6(40).
1C7(40) ,TC(40) .CSI (40) ,CS2(40) ,;(40) ,C%4(40) ,CS5(40) .CS6(40).
2CS7 (403 9HR(4O)
COimmON/VISIK/CMUKAP(40) ,TUjRmU(40,40)

i5 DATA PPRRfkT.o3311*91333333333.33o3333333333339*6666666V6666
00 1 Ju1.JmAA
00 1 K.1.KMAX

I TURMtUIJ*K)in0.
liMEz=0.500T/llEYNLD

20 GWH.GAM/PR0
00 30 J=2,JM
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DO 31 K=19KMAX

* 25 RR(K)=Rl

TT=gQ(JK,4)*R1-0.S((K*2*V(K)o2)i*GAmMI.l
CMUKAP(K)=(TT**1.5)*CVJS1/(TT.CVyS)
GMU=CMUKAP(K) .TURMU(JtK)

30 CKAP=CMKAP(K)TUkMU(JKI*PRTUN
(iPWK=GPR*(GKAP
0Y= ./Y(J*K)
riJAC=HRE/D(J*K)
GtUJAC=GMIi*OJAC

35 EY2XY(JI(,2)
EX=XEX (JIK,2)
fYS=EY*FY
EAS=EX*EX
E)CY=EJC*EY

40 CI(K)GMJJAC*(FRT*LXS*EYS)
C2(K)=GMUJAC*EXY*O3
C3 (K) uGMUJAC* iExS*PRT*EYS)
C4(K)=GPRK*DJAC*(EJ(S#EYS)
TC(K)=O(JK,4)'R1-O.b)*(U(K),.2.v(K)*2

45 CS1 (K) =GMUJAC*0Y
CSS=-T3*CS1 (K)*V(K)
CS2(K)=CS1 (K)OEX
CS3(K)=CS1 (K)*LY

s0 CS7 (K)=GPFkK*UJAC*LY
31 CONTINUE

00 41 K=29KM
CS (K)=(TC(K#13-TC(K-1) 3*0.5

55 C7(K)=( V(I.)- V(?(-1))*0.S
CS5(K)CS?(K)*(U(toi*C7(K)-T3*V(K)*C6(K))
CSh(K)=CS3(K)*(U(K)*CS(K).FRT*VtK)eC?(P))

41 CONJTINUE

f60 C(3(3 Ull3*4.* J(?)- U(3)'P*O.S

C5(KMAX[*(3.*TC(KMAX)-4.*TC (KMi)*TCU('4-1) )*OO5
C6(KMAX)=(3.* U(KP4AX3-4** U (KM)+ tJ(K4-1))*0..5
C7(KMAX)=(3.* V(KMAA)-4.* V (KM)+ V(Kki-1))'0.5

*65 00 32 K=2,KM
KP=K.1

C5FKPKP=C51(KP)*T3*Y(JIKP)
C5KRKR=CS1 (KR3T3*Y(JoKR)

*70 SP2=C1(KP)*CA(KPJ.C2((P)*C7(KP)-C5KPKP*XEX(JK,2*V(KP)
SR2=C1(KR)*C6(KR3.C2(KR)*C7(KR)-CSKRKR*XtX(JK,2)*V(KR)
~FF(K,2)=SP2-SR2
SP3=C2(KP)*C6(KP).C3(KP)*C7(I(P)-r5KPKP*XLY(jK,2)*V(KP)
'R3=C2(KR).C6(KR3.C3(KR)*C7(KR)-C5KRKR*XLY(J.K,2[*V(KR)

*75 EF(K93)=SP3-5R3
SP4=C4(,rP).CS(KP3.(CI(KP)*U(KP).r2(KP*V((P))*C6(KF)
I .(C2(KPJ*U(eKP).C3(KP)0V(KP),*C7(KP)-CS4(KP)
SR4=C4(KR)*CS(KR).(C1 (KR)*U(KR)*C2(KR)*V(KR3 )*CAi(KR)
1 *(C2(KR)*U(KR)*C3(gKt)*V(KR))0C7(IKR3-CS4(KR)

80 FF(Kv4)=5P4-SR.

T4z(CS7(K)*CS(K).(CS5(KCS6(K3-T3*V(K)*2/Y(JK))*CSIIK))*29
EF (K92)=EF (i(2) T2

85 FF(Kv33zEF(Kv3)#T3
EF(K*4)zEF (K94) T4

32 CONTINUE
C

Va 33 Kz29KM
*90 00 33 N22,4
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30 CONTINUE
kFTlIRN

LN
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Table D4. Input Data Cards

Card No. Format Parameters

1 815 JMAX, KMAX, ITER, IPRT, IRI, IW2, IFABD

2 815 JNM, IGEOM, LIP, KRES, ITRAN, IVIS

3 7F10.O, XMACH, GAM, TM, OMEGA,
2F5.0 CN, CF, CC, SMU, STJMIMP

, , , , , Stop here for inviscid flow over sphere-cone and follow by * , * , ,
last input card, Example 1

4 5F10.0, REY, PRD, PRT, CVIS,
315 TWA, ITWA, ITUR, ITF

- * * * * , Stop here for viscous (laminar) flow over sphere-cone and
follow by last input card, Example 2

Data cards 1-3 are always needed for any runs of inviscid
*. * * * * * calculation. Card 4 must be added for any runs of viscous * * * * *

calculation

The following data cards are needed for doing arbitrary
, * , * , nosetip shapes with cone afterbody. For simplicity,

examples are given for inviscid flow only. For viscous
flows the same additional data cards must be included.

.. * * , , If IGEOM = 1, read in XB, YB, xS, YS for arbitrary * * , , *
nosetips shape, Example 3

(4)1  8F10.5 XB, YB, XS, YS for each J

* (4 + JMA) 1  Followed by the last input card

If IGEOM = 2, read in Th(J) and DETT(J) and LIP for the
•* * * * * nosetip to deform from sphere-cone to the desired nosetip * * * * *

shape, Example 4

D-46
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(4)2 8F10.5 TH(J), J 1 ,JMAX

* . (4 + JMAX/8)2

(5 +JMAX/8) 2  8F10.5 DETT(J), J =1, JMAX

(5 + (JMAX/S5)x2)2
Followed by the last input card

If IGEOM =3 or 4, read in control points for the nosetip ****

shape.

(4)3,4 7Fl0.O Xl, X2, X3, X4, X5, X6, X7

(5)3,4 7Fl0.O Yl, Y2, Y3, Y4, Y5, Y6, Y7

(6)3,4 7F10.0 Rl, R2, R3, R4

(8)3,4 7F10.O SUl, SL2, SL3

For IGEOM =3 uniformly distributed TH(J) in the nosetip*****
portion, then the last input card follows. Example 5.

If IGEOM = 4, read in TH(J) in the nosetip portion, then ****

the last input card follows. Example 6.

(948F10.O TH(J), J -1, JMAX

(9 + 4

* * * * Note: when only a fraction of the total deformation is done** **

for this run, read in FACTB before the last input card.
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(9)3 8F10.0 FACTB

or

JNAX(10 +- )

* * * * * For adding points., OMEGA - 0 and IR1 - 1 after reading , * * , ,
cards 1, 2 and 3 the 4th card is

4 315 JAA, JIX, KI

When nore rays are needed, JAA 0 and KIM E 0. Read in

the THs for each added ray. Example 7

5 8F10.O THAD(J), J - 1, JAA

Followed by reading control points for nosetip shape:

6 7F10.0 Xl, X2. ..... , X7

7 7F10.O Y1, Y2, ...... , Y7

8 7F10.0 RI ...... , R4

9 7FI0.O SL1,....SL3

Followed by the last input card.

* , , , , When only increase or change points in the K - direction
Then JAA 0 and KIM 0 0. Example 8

5' F10.0 CF1

Followed by the last input card.

Last input card controls the output of flow variables at
* * * * * each K line. LP(K) = 1 prints out the flow variables; * * * * *

LP(K) - 0 skip printing

Last 8011 LP(K), K = 1, KMAX

When starting data is needed for afterbody calculation, let
* * * * * IAFBD - 1. A data card for JWRIT must be read in after the * * * * *

last card. Example 8.

Final 15 JWRIT

:. : D-48

.' .. . - . , .,- , .. :. '. . x.. . . . .. . : .- . -.. - - . -.. . . -~ -



NSWC TR 82-286

.0-4

a fq a I- a

U1 Zo- a

UB.;

#A a cc PC

ty : i~m h

*3 oA ii. us
:W 094 4 -0

66 S O ly 4;t
; o-u ZI 14 -i

lii1% o. NJ Z J-
a :0 *o;a

fA~ 00-2.. -0

1, - 1U.. Ih.i 6 -9 z 1 r

Obb . 0 *0 * a -4jim* 1 02C SW h

on~ ~~- U* -- 04-w 00 in - 66

74msz .0!!. : u -



NSWC TR 82-286

---- -- -

S. Cal o0 eooo 0 0 c w ID .. 444..z4.-4-44
00oi ... . .. . . . .. .0 0 0 0 00 0 0 0 0

OURWIh 
hh a~khiihIJhi.h1Jaweees 0e ~e p- C', a e A N O09m

ZZ2 0.0 000 ---- - --- - - -- -

04 . ..... .....4.4.4...

N fl* S * * .4 4 4 **vt* 4

* NEI0 0000..0000..

H -LWWWWW WWWWW wWw"

44

eoocoocooooecoec 0000000000

a~wwhhww www wwwwwm 4444444444
Vwiiihhhhiiiihhhhiiiihhh

................ NM .4 0000 00,0000000

IeeP.00CIAOf-0C0000IE-IA-

fm ----------------------

@0 44. . . . . . . .. . .0 0 0 0 00 0 0 0 0

* P. aawa~wwwuwwwwww,.wawwwa.
Zooom %0.0 4mp 09 0g 

gg 01000M0
of nE% 0 0 0 0 0 0 0 o o c 0 0 0 0 0 0 0 0 0 0

P. ~ ~ ~ ~ M 00 ----------------------------

. fu n *. **4.. .. . ..
N~ ~~~~~ ~~~~ .4 4iiiiiiiiiiiiiiiiw .D. PC. . . .. . .

P. Vi4 UC4----- -----------------.. ih uhih ih i iih i

N0044 4444 *g * I 00Ne e~I~PnwOuP

-j tip; .00000 .... 00a. m-NZ
* -u ~ 00 e000 .00 000o ooc.4-000000000000fu

FA4ZI1 4 4 4 44 4 4 5 gs 0 00 0 0 0 0 0 0 0

* .A kihhW Ih huhiiWiiW. Z6 4 4 44 4 4 44 4 1

- ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~F 420OAI .N.~0I~4e4ACh~iiihh~iihW~~~h
*~~~~~~~~~~~ %O -. 4.eIP-f mimmO'MN0-U 0-~~CC~elf-0el4~0 e14*m4PP Vtt-elI EC C-0 i 0

o- -4~-N~4 C0.CElP
*~~o N4444. ..... ... 4 -- N P P PIP 1gfN-

* 0 P.4 S44 . .... 4 .4.D*.50



7.. . . . . . . . . . . .

NSWC TR 82-286

z fila t N J l 1- It -I lt %V

*~~~~~~~~~~~~~~~~~~~~ *. * 0 .* * .. *..** . .** .* . . **

----- M SCO ----- - -- - 00------ -- - -- - -

*eeoeo ooeeeoeoc e oo o o eo0o 0000 m00r00000000000 mm

... .. .. ....w~ww WW W k *.....J~djwmw, 4** **w wu ** **.ww .. 4* ** w. . .

.. * **.. . .* * . *. **** . .*.* *.. **... . . ..* . *.*.

cooooooeoooee
**O O* ....... ** *4****4* 4*

f------------ ---00 0 0 0 -------------------- m cc 0.0aCc

000c c0@0~-------------- --c0 0---~-- - ---- 0 0 0 0

Oo c c o oo c o c c 0000oc00000000WW 000000jwuww wWW WW~ 00000000000

z..... ............. *** ***** * 4 * * * 4 ** *
SUWWWW aWWWWW (Jww IaI W wwwJh..AhwwwUt 5wgwwwwwweaww

* a.a. a.a. a.. a...... ... a . ... . .a . .. a .....

T~cec ~ O c 00.000Z.0 0 0 0
; . *4****4 **4e.4 w~ w 4*WW w. * a * 4 4 * * a !ia. . . . .
OOM04MW Ing P. P. 0 a e- W a W W WWh IaJWWW -WWWInWWWW

N0 0 00 0 0 00 0 0 00M00 0 0 00 0 0 00 0 0 O0 00 0 0
%0000000000000000~~~~~1000 ,0 0 0 0 0 0 00 0 0 . 0 0 0 0 0

~~N r @@ @ @ @ ?@ @ O ? @ U. 00 0 00 0 00 00 00 0000002

M OCUP-AMM4 la 29~Nr~a~~Nr001 No ~ 4lJ0aO
4I~ Nek Nry f M~sse m USi~lfn m 44l a5

O @ *@O@@O @. CP @ 00000,o 0 ooeoo wo : 000 - I 0 0 000M,0I0
emg. . ... 4.0a4** . zee . .. .

*~~~~~~~~~~~~~~~~ ... .a .. a . .. a. a*aaaaaaa* aaa a** a.a a .

ft rl W I.a& 0z sm O

c~c OO O~o cc o~~oooo oo coo oo c 0 00 0 oDoo51:



NSWC TR 82-286

x -i.1 WPM

...-...- -- --- -N

kH&. fl I0I x

oo -

mwl 0 'a IIII * . 0 1

OR~ w 3

*~~~i hii hi 11WbJ

- - ------------- 00------------
........ z....... ....... *....I

-7. .- - - N; .. .. . - - - -- -- - N

- ------ ~~-- - --------- - - - - -~

1--17- - ---- ------ - - -o --a

loftWWWWWW : Vi .hiIhihiUwW w VV Id wt W ii hJi of a! ! t tU1U1UU0

-t "~- 0z uRO - ,N I 0-3 -hi3 - 3 3--
I--L --I - ----.-IOU--- ---- V

0 0 a 0 00 0.002702 9 9a 9a a .

NvO

**.ooo..... ... * 3U IU
oooe ooo o.00 000 00

1.00000000000 D-000



NSWC TR 82-286

I IL

ID 00C

4 U
IIr

o

a, Cm n N t MDm~m k PmN 14O
ONfnft" (0' 4 CD w4 10O u'

0WM - 4 a A;;Y
4 0 4ao s : 1 CO 0 I

to soI 0 i
* ft t

W UI 0 in

elI in zzz

*0000000000004 oaecooooooo~~ O@@@0000

111,101,11,11,10i gg g g is i i s. llIi i i ie ,
Wh~ii~ii~h~iiiW* UhihhhhiihhiiiihhhhPiiiihhhh 0 Uw hihhiihiiwhihihhihihhih

s1-p 0 WeSS V ii a.sses
IL IL 55 TIV5 ar 5

(A hi A L94 tog oh otot oo% 0

'A Uli 0b
oM-W oM W --- -- 0 -W 0 -

it -t ft -t itwi 6i ti t1. a wl ti .i i tl 6i .i t. ti .i

U0 K1I 0,K K 11 Uj, 1 'A~~ VIA~ .. U UU UU U U U

~~D-53



NSWC TR 82-286

o 0

4 I 0

*- 0
*

w* .. .. .. .. .. .

o 0

.° o f

ItU

..- . .. .

* -.-

S0 init 0

........ ... 00..0.00:=.. . ........ ooo c@0o00

N0154444P5 *40N...644r..0US l 4NN.-.N64. 44-4-sSS..40A oeu

N 46 OO#* 0

.l'., .- 0 8* ...... * 9* * .. .

5',. 4 ,, 4

1-'° ICICIt--45IM1

evfu14t Uy NU U 45U CU Ae4- I-I I-K NUN a W w r nM C 0VN N - Ur

111 Op, ~ X~55~ 2: :zO e4; PUIAI 0 1 01,0S

h"* " m ,,,m ° ,,,,,,,. ,., '0, . ... . .. - , " " ,... . . . ..

0@0@

W4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 * * * * 4444 4 9

39 it39 9 w19 9 w x : x3c U.C 1.c4K -aI'. .04 a 4,-m I 40C U in

W- --- 4-- OR 44 N4 W W 0l N W -------------n00 1t- -)
-~~ M' &a mam * * ** ** a*

~ ***~**~~** D 54



NSWC TR 82-286

Ia y om.n tf lo 141- ;4I Sb. . C C ,
zoe~oooooo~oe~ooOImmO 2c Z~oo ~ O~ e o e &00 0 000

WWS~~hJ~h~hJW~hJWIJW~iA fuJ W b~i. b . I& h S W a
00~S0040 40AM I.O or C. -04 IS-~ -.CZrV0-4

0,: 40ti O4. 1 m dm 0tft P- N M M M'QS4 W V...- 4 Ic 4 f" m f
Tict4~% . . . . . . . i .1 1

X!X W V W** . * *W W WW t W **UA ***WW ***SWW W * * 5 S *** .S * **.

V .-- va--t W In--- - - 01'a--------------------------m-- - m-
00 00 00 00 00 0 0 0 0 0040 00 0a 000 00 M 04! 000000mn00

*~~~~~~~~~~~~ .. .. .. .* **S* .* **** S * * * . . . .. . . . . . .. .

IWW WJWhW WW W W W W W W60W W WW 06 WWWWWWWWWWLO* *WSIW IL aJWWWWWW~~-ooe-aCD M. oefq!emI.S1 Moe O0 N N F40~1 & m fKM C504a 4PWOflIIW
N~i44~--.sA0~1QA54CFO 000 4- -40 t4 4-4 .4

4-Aa4..C-4 - 4 N flf-S----~lPE4m 0 -4-m
.m s .s .sa..ga ..

AWhJW W WWWWWWWWWWW .WWWI WWWIJ bUW O .J WWW W

OUNN000 RA 4N -------- - r- a, 00

0 400000~ 0 W000~ 000 0000 00 0 0 0 0 0 00 40 00 0 0 0

WWWa.g.al.WOWW WWW. WWW IU LWhlJW a1WWWW .WWW UIajWWWhWWWWWW
%00M5M...f a.404 0000( E44400UPUO 4tJ0 0 :3O4 1 M-O fl

E ~ ~%0 00AJ- &%-U)4 44 4 f4(1,M IC?00D 00

~WWWW~hWWW~~hWW!WWW ~tWWWWWWWWWWWWWWWW w wieWhJW

% 00000000000000000000n 0 000 In..00 M 000 0 0000 0000

2444 mf **4*4 4*4 4444*%o
WW~~uWWWWWWWWWWWWWWWWW ~ ~ 1 InWWWWWW~JW~WW N.WWWW~~~~~C 1 m-- - - - - m;t~I10= 4 f51~-4o . 4

**444.04*440 f44. . ; .s14rN~o9 -oO 0 40t14 J0.41

25 1.. NO44 444 4 16101 ;:4444

WWWWSJWWWWWWWWW WWWWY .- WWZWWWWWW..l WWW.WWW M-WWWWWWWWWW
V4 00O 0 Q0 04I MNOO 00 @ Q4 t-4WU. t 0 ) U -C a s 0 0C - -

%444p4~S 0 E J - 0 N OQ4 00 . 9 4.C0 44-UP F.s~as -~~44V-4 00o -.S)0 OVA@9~ I-Uf..* 4 ~ u ) 0
59S tf~ 9 tii04P ccW~ IV 14 t59P5
o S 47 '2 n

-~~IL WWW WWW, Ow-WW WaWW W W UJ W W W W IWWW WWW t www!Ww Wo ~ ~~~ t~4 %009(145 w44M-0-09MM0oJ 409
'2& Tit-00 4Vmf--N-e-**

S....M "'A5 *S' inS 0 55 agS S S * SS bS 5PO* SS

:NIHm ==242

0005-----f----------f,.0 n -- a0- - - ------- S
00 0 0 0 00 0 0 0 0 Z0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

f-s ** ** *** ** ** 4 ** 44 4e 444 *4 *4 44 4 D-55. ..



NSWC TR 82-286

Ali04 -wtw FWAWN ww 9 tw~

hJ. F_ toh.h m s S iSIJa20 0
* ~ ~ o Z I. #* *.. . * . ... . .

000a 0 0 A V. 0 M w00000ow 00 ooOO4m ew o oo oo fo0 oof 00

~W W m W~f ~ J %I: hWW W
In ~ ~ 4 *e e o j. 4Ifin4l i g Clm 0v W

* @@0@00@0@@~~~~~C- 00 0 0 00 0 0 0 000 00 00 CO 0 0 0 000

* 094-4 4
ot V: * t .* 1 *C ** C* C***** ...... C% M C * a** ***CC

00000000 000000000000 00 0000000000000:00 00

on, %5'0 .PfO 0# '049 %--x
0010 A016000 00000df4ip 0 4Pde@ U50tQ 0

* 0 0 @~ 0 .. 00 000 ~ .... ..... C . 000 0 0019.0

O nooo ZOOOOOOO 00 000000000w000000000 200ww w

in x XUlSiMMIA X'0 00 in.Ck"904#Um9 (~i Z0t0f-..0 0 -a P Ini00400Ub0* ~ d*@0000000*0400 %000034-400~0t ~ j~f

00000 00 U O @0 0 0 0 0 0 0 0 -. 0 0 0 0 0 0 00 0 -0

1001600 00 IM0000400000 0 0 0 0 hi0 00 0 0 00 0 0 00 00

~~~io~~0 0 ~ '00 - 9 50

F- 44MOv l We OW

* 0 00 00000- ;; m K 9. 0 0 0 0 00 000000on Ni 100 0M0 040000 0 a. 0
*~ ~ ~ ~ ~ ~~~~~~1 01.C.C zagX C..CCCC C. Z06 ... C C C C C

40 00

W~WWWWWW4 fWW ~~ W~ ItC.

D-565



NSWC TR 82-286

a, ~f0 0 F 0M 190.. P Incu
40900. PM4 ~ 0M 190 - in-

-In 0 ..- 9 Q .054 0 M0&1 M M
ooeOOOOOe0eo7OM 0In9-1In.0PM Nc0 4 P. N a- P

... 0 .0O OE N Mtn 4 ONm . . . . . .
4-l P.Fl . .0 - 0190 a. In .0v ses ag f, .e , Ia

.0.N 0 U cu(v -- 0.-.-.-

000000cco 000000000o 00
s1s 111sl 1 i I s Il I s 1--- c N- W-- - - -L Ni WujhW hJI& hi WJWWWWJWWQJJ ww

U.& U .L ww I )w wIJ IP. &.4 .- 059t0 I C, C M
4N0419000It4. ftI0N~ P .0449 n 111 100f

MnN @40 10 .- P.N(P-M04 a N0~4 -9190 c F0- 0 P- a 0PIn 90
wn w N Mn - 40 P. PN M19 40 c 0

O-t5.I .N .4. -. . . I . . . -

Co 0000000C~c 007700000 00

ca------19 F 09- 94 A N 90 M44P.ommrJ 4 P- N InM 0 -

n- P In. 194 C% 019-.-N 14 In I N44C&0 in 04,4 a00. l1VlM 0 0 aP-4 0 .0

en 4Nen0~ It-It ; nD N N 49

00 00 C 00000c C 000 C. . . . . . * a* C 01
... .. .. .... C $if5 II' SIll I 5

WA 1.1W WL LI W ww U51.L.J W Wa W W W wih W
OQN 4-P.P.1 alin9 CnP0I P

4NOMO& N410N4 90 in -. N MNMMNNM'M 44MMMMNMM191 4M

~~~~~~~ 90P.O'0nn,~ egs se, IS S SS S

0PM nP. N N0-.P.-.N9 OP.0

* *'* * * **wwww ww **** 0 a- M040NaI0- 0.0P.nN n0 I Nl
W0940d)0 N aN 4N C 40 0a40 A W..4-..0 0I-.N40 00In

N P- 1 14 4 0-N9I.P0 0 = t: l2s 558 555 115 t mat0IS 1 1FI

V M o..... . . . . . . . . zo 5IP9.9n.*(9n.1IP91I

00- - - -- 00 00 -- .0 P.0 0

P. In 20--

0-0 .0 c00Ca0 99909000 2 76 1. 0 0 0 0 0 0 0 0 0 0 7
99900000 09999900 - 0 !08 585 555 555 555 u05

ft 0 0 a a M 7,c VC,0 rIP.& 4 N - c ft
a: 4 LP " 1IE.4 4P. o-0.C s- m~ 90
LA) #ooo oo oo ni P. 1. N 34) cy 1.C5 fn s N4 00 N a 04

WW W W W WW0W W 0. 40 W & I- PN19In -t9M4 0- ,a in 0 0P

459.0nNIn.0IN94N91 W C 1

* .. I ** **I I*I i1C 59 N NN 4 MM19NNNM19M mm1

.0 4N~ aN0 I(IS SI Mals l s IS&&CM-
00 0 0 0 00 0 00+ We W4NW 4) (P I9 M m N M 419 i t

wn.. w.0PIn9-PN4-.00P 94-.0I.05 In9.-..-1 4
M40459.54D0-i NU - 04.00 9I~PO~ -M c P. 0 P.9a, MN4 ;N9

P. -- N N " 4-o os N1 NM 59i9n911111 199l-- - -1M-----------N - -

55 I I I

a0 0 000 0 00C0000 0 - lt uuc
00 00 00 0 00 00 00 59 NN N N 41 N NN N 5

WWWWWWW hiw ww w~ MWW W W 00 0 0 0 0 0 0I- 5 : 05z : Iw ONm0~ 55 5I55I

P.01.00M.-nN~0-19 I..0.0O4P-. - P. P.04P.0. -4 .0 a p....0a01 M 90
NN 17 i1944nnn0..PPPP P4 29. n00.1 I0 N 100 LAN 9 00- -Io 0n. 0 19IM

Se 0 05--N7 a.I..-N95 -N

00 00 0 00 0 00 0 P.go..* *~* *

4 PP.0 4 into4 F-(N.- a0.0N 0 0 000000000M000000000 00
19099199599599199MNNNN P.MM NN ftMM NN M mga g g e u e s

* .I *~ I* ** *I * 40 P. WIIJWWIW. W1.w WWWWZW ZW WW
U~~~ ~ #.I.IN000- ft 40 ;-N9n.-0 c:;a&790N0 ='N

0 0000 000 00OC mt z CF.OONP-I04 M9054m C41 4).
j ..J 00 000 # 0 * a hi A~ 4 In194Nmn17. 10 09N9049 P 99" Mf (

000000000000000000 WW W W Nhhhhh 40 4N. p-.@4P p- NMOO9n0'0N. 4-
00 000 00040 40Doh .00 4I9IM.0044 P. Mt. 19n 19.0 ( 0 N M 95M 0In4. 4D N

-. 90I04-.19P.9PP.I!In-O ;%t Nl nP.9. wi - 0I r~.4 -. 4 I--NP ' - -

-w I. I

0 Nhl)WON low N NN In OD00N 0 N 4 0 rd4 4D N4

D-57



NSWC TR 82-286

cL~.C CCCC~ cC-CCC ccccccccccc c cc c c.O c c ccQc c Q c c Q

" loses, ' lise set e. . 6l61#1111 g ggssee, gill

o.M....- Ti fl S ! 01o nv; * M oJ.5JW 4 0 UF' 0 No5 -0 .F_ Fa 4 ft F_ C
0@.J4U~P5A 4-UoO 0 U~lp.C 4C-44...5 l 0 a~-N M M C-

a 4 0 0 o~ 40 459(%j~'.N ON I.O &CON&CU M -Nl~V. wec*

-~~~44Om M4 0 oP. m4~5IUt1 0 N1)4 4 m5f t-lft

86le186 1I lessees 5551111 Igloo15 eg1egge1g sege

ONIUM 010 ft 0 04 0 44 m 4-NUCct@~u4
wwM'O4QN o0 0 0 M a 4 9 .- 0 : M.0* PU0P ogF. lA 0 1AF 04M.
't cocu 4* in Mo ON -O =.P20.p-M4 *405tOfOf5 0ol0 UfU4NO4 MM&45~

gigs$ I I Ilile lolls still I flss es I so

* mOe~s~flJN M4M~E~J MM E4NNN~NN M5I5M5eMlJ5J5Ifj M ftJdENiE% MMeMs
ecoceco coc0000O0 aoca07ro0 7?oeoeooc aoeoacoo 00CC
Ieg1gs seesIi$s m oesaInI I eel gessasmel else

90IfNIM.OW 00U.5J M ,01o- o NZ o.aaao- a 0f lo 0 0 t4 P_ .-N 9 . 0 7 M 0IMOU
IC : -0 0 &01 Itfl U 0 No~ M-.M0-145'. I.*0onm 4 4MO& we@ e4a P 0

Mo0e -@ # fl6,4P0 4t - - -04.. P-0 .0coo@ N OC-6%J11*45' MO&UO
4D 4 m en - 0l 0 P.M a05'd4 t- '4l6N - @0 - ft f.a. ft.-1i N 01104 M M

MMIII NIJA M~l55J 144 5'JPJE'J 5444 fldCfli P.t* l1UEmA 55t4

CD-e5tP -0 do I 10054000 I 0MMNa -- 0 0 Msi~fJ 4 4fl4 o 14O 4 P M 4 0N F.- ; w
c0.cJU044 wofl4U1100 MIMftMV~-4mmU -fte0&tOMOC OWQ44moUI0 omr-ft
M tfINaa9 nc 04*6NJN *P-P05 *S5OJ4-J0Ne-0@ w--0.0 M-0 we~a&4Ms_-N~ 0j4

*P 0400 am1 4 ; F.e- g 4 m o% 4.0100P. o 05f-ON N P_ 1 P 4 cp N1%t- 5P.P. P.
orsoo PM42 nW -0m111- NOa 4-1 A 9 -4oo(PINN~4 oopoCe~OMO F p4Ita

los ts @$e e11#81se $$Iloilo Iloilo 481g 1111 Is

Uw M U U
IsM0" pKMm 0

* -- -- i - --- i - --- sa --- w ---- s

lu40 040E0-OOM 0 4 -0 e-M-4DPNo-we-0 04-M4 WO 0 4

~p.0~fl. %M5M45'4OMIU MMMMMM.-0p 4MMM4NNNg M44M c5'C4'4n~sr-

OU-0 400(%SA@C0 o 0,-1 4 r- o. a 0 0 e-NQ-.0Q .-.m Je-5'l 0041
0-4 0 -- M -FleP-M---o l5l40-.N M~-'4-5'0M5 NOM-M MM4O-P .Lg.

* .* *.* . .*** . . *' .1 % . . . . .* * . .

M, f, s N yNNN M nMC NJIM N M )4M N N 44uM5 in M PlMM N N N M *444MnMJt% M I44
* . 000000 0 00 00 0 0 0 00 0 0 000 00000000.. a . 0 000.

lnOeslo,1 -. 00 No-A 4MOMN0.f NNN. MO .l0 Wf10.
* 44-M s-of- M-M nMl- MOM A N0 C0 F 0M' NM M a - MM4 1000

o o *OA-1s~ e-MOO-U2epMg *xMp-O:;00 *.-.-.,npwsnn gp0-04ON0 $000~
MOMO1-n40 M514ft00 NY mM4M0P' 4ON00f0e P-M4--0 a 4 A

* M~~OP0000e .-. 5104AO 4MOAM *044 EMe5Jll000

M in ) o M l I M , 4 in ~M VN N4- M 0 NN Me-...-(l MM440MAI. N -- 5.JU

100 we e ee

X0MA~nNN5% &4M5 ov%5%5oA M4NM5a 00, a. J5.WON 00109NJ~d WON aPts 40i

In0a N 4 a-sf a~n (4011No-a Nt0-40111ft- N .04
-e-04.M 40 ... M4 - --- ne-e---- 45

~ *.. S **S S S* ** * * ** * * *. .D-58. .



NSWC TR 82-286

xwI- C

x W W

4 -

-. 9 -40

- 1- 0

-.1 4

CL LL C2 I -4

4 1- _j 0

0.~I xI. --

o~~ I- 0. -
I IV

w C;n hi w r K4
L; I t'. 1-az 4j0 (

ct 0.- .4 J A Xzu0 )

-4~ 0 - C9
W0O z

0 .J C-' z.46 6. 0. 0
*j 0 4A 0. 2 w 6.. w-J 7 m 4

SW N-0:0 4 - D&T w

I..) 0 ,.J x-.0 .1r m4 or
0 . O - I. 1u 01 - U- IL..a

LL 44- Z 0 0 % ..

In G0 z 04C

4W w:I..i D * a- ZX1-Z 0
a1 a. , m x oii . 9,:: 0 ILR~

Zn in 3.ZIf) 0 0)cc 0 6f:oI-l'W K
N4 Wc omfWOI- 0 t4A 1-I. LL 0 7 '.1

I 0 0 D-2 U U6 P.0-
I..IW 0t 1-IO- 4 W02

a- ONC h 010 0
0n OJD Ai -z m. u- ca in 4W Cu f 00

to 9- *0 S04 I IL. P- t00..-- 0 -a_42R 6.J a3.n Z; 0. ;.I'- % 1- I"

11- 04 4 z 1
*X:W *00 1mI p -m0 a 1h..J um a 4J

000 -. w3 :20 u.0 a. 0W0 * W0 49 a. U

In ~ j) j. su &M - -f* . -

- No 1. 60 ~.D-059



NSWC TR 82-286

10 CCe00 c O CC 4D CCC 0 0 C O

m -I - -t -r-%,I w* d It * * *4 *4 ** * 444 * * 4
In ItCC. .A .~ .& . .~ .4 . .~ .n . .4 .4 3. .J . I. . .4 .M 3.3. .M .M 3M 3.4.3.

0N .. C0 E C E C O U It

U40. w I .. ..... . .. .U.. .. . ,U

SIN N
00 00 00

Cl I. . . . . . .. . . * . .

1coo
000 NNC.- N 35 C 0

An n lC m4- 4 I ~ ,, 0 mN -------------

-4- .. . . 4*C****** *..........................

4 I I .IlW S Owll m It.. r) f-fmmm...4.4

0~ C C ---- &M CC N~~ m .- W 443

NP-C ~ ~~I 0. O N 0 C N . #

01 m4 00 0 C C 0 In 0 ~ 4

aC. ac oc oc4m4 cc cc co co c
lt~~~~C .0 .44 4 .** ** * 4 .*.**.*..* .*

........................

m~0 30 00 0 00 0 00 0 00 0 00

-N ftC a,~PE0 MCU44444

-C0 CE a0
co oo o coc,0o oc c oc c cc c

CCC 6...U . ***W **W *******wk&W ***WW *****w* i L W 6

33ifl
N Ulf NAi Mi 55 555 r
MJ3 N t Z* **04 4 4 4 * 4 4 4 * *

34.0NV 0000000.0000 aa000 0 0 0 0 0
a4W 33333 3 3J4JMM ~ J4.JM.3

aU' P. I" M A - 0 a 0 ---a-a-------a--o----a-----

0.00.000
1000 C NNn

InN~.. LS0000coo0,00o0,000000000&

It 3D 0,30 0 00 0 0 00 0 00 00I0 0 0
N 0 C CON I - 23 3 1 1 4 4 4 .. 4 4 4 4 4

2~ z~ eocc IA 03 0 N P4 3 NS.C C C C C

c 0, 0 0 0 c c - - - - - --It-

40 03,J, -cM 4

a 6 - 0 1# *I'* 0 4C *00 0#00 00 0001 0 00 00 0
uzI- U 3I *I' 3M p xw- I4IWWW3WWWWW W W Wa~j MWW.

0 04 A Not- Ot -0004 U IA0 4 44 4U4

S3-3- *'~ . .f- . . . . . . . . . . . . 4 ~ * ~

D-60



NSWC TR 82-286

-MI

ZCO CICC OCCO Co ftCCCCG CC
.4 L 4 U U. 4 LL U.4 444t W4 444 LL 4L LLt &&44 & WLLWU

- h i ri hi 1- hi hi rh a Cl 0j- bbbhhhi.bbs ib

* 4** * * 4*** 1*** ........... *

v 3 N C 1. MC N N 00 all MI Ot O il N
mE ~ ~ ~ ~ ~ ~ .U ,E 0 a C C N N tC N££ 0 C 0

ai a
OCOC-----------COCCIO-.

4 4 4 0 c C C - It M l C Na,4 N

xh C
9 - 4Nta 00MMZ AI C0 c0.0&00T,0NCIn FP

4C C C CC C C CC CC0C C C CC
11-0 N c m l~ r M a c M M 4 r c f- M & c ;:

V4 hihh-hh-bb-hu-JJ-hh-hhihM jihiihiihiihiihii
.U.N .0 . . . . . . . . . . . .C . . . . . . z NMM - 1MN Ill0~.~0 C4NC~tC~~tMM tMCO flMMMmMN

Ccl~l tM N~~t I~C~N~~'CLC I
- - - - - - - - - - - - - - -3CCN CC~IEU4 t~t t

z4 . . . . 4 * *U

Nmzow-c4
a0J PICC- - ,-N- - N- - - - t - - - - - - - - - -- M0 3 ( L . 0.a.2 QI

t aC, C 0InCnC ooCCCcC C C C 0 0 0 0 -a,.

Ajsj
le x XS 3cCiM x X MXUU:9 3O V. 4

o, c oc o
ZCC . O C C C C C C C C C C C I4 I* 444444444#4#+44

$.am m M N t I% 4 O N
0.m af 0.MN14 0 NaJUNNMMMM

.~~~ N. . . ...............

a C0aa gm m um I

M~~~~~ WCN f C W. N 0 C CN MC ENN .LL a11 N w

K~ .. -t.t .r.z.zz.x.
0,~ Nininw winIIwaIJIIw wIIAUIIRVI

CY 0 Olan w ~ w w w w w

& -M
CCCOCOCCC OCCCCCOA000000000

b-OCC CCCC C CCC C000 000D 000
coo *4444ic x44394be x 39 w3c w whi w w0

C~ ~ ~ I I.P - H XCC x---
9L t A am F Nc 40 w #A0 0 0oN NwJ w 0NMNC tn0tn

Nu t NNNNXN

S------------------ ------------------1£ C N N C



~f r r r r. . -L

NSWC TR 82-286

20 0eo c c 0C .c .c .c . c c.c .ccOOaC=0OCC F..oC

ILLAILJIILLUL . I LL .& w LL.. k -WL LL tL U.? L L .U LA LA LL LI 6 LA

44 44 444 444 4 44 ' ~ 44pj *= 15.CN4CLt5.M
* ca CS *C C *A *, *4*C- C) C A CC ** tCt wrCP wCw0

accacoocooa 0000o
cooococ aaocaoa aaoaco cacaoW.I * 0 *** *** *w ****

*4COOCN-NCOCN5C
o-:pC-tN **tt4:eCCtCgccccc C C Ct cC C Ct0'CO

44il4CC r1~ w0 0 t44,N wr4Ji uiwtCw wL"LaQ w w-
* i a lwWp- N N

".0ONEN~N~tM~tCOCM.03cc No0c CcC00 Cc, CODcc ccCM

-m .AYP*M CNpMC0 .N MM4 ICC C

ac occccO c~c ccco-ccoc eccecoce
cc c cc ca c c cc c cc~ Cccc 4. zC 4OOC 4O 4 44C 4444O

C.ww ALw WWUAAWAUALI~WkJlaj.,W6w wf W Lu. i1 UN .z cs nmr4 CC&j

M '' C.P C C C

~44 444 444 44 4 444 . 4 4 I 4444444 444~~

.X . .M .. .M.a .a. . . a.J.Jj..aJJuJUa M a J M J. J d A J

% ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t a, I OC-0I .* N 4- 1-sSiS C 44t C NA 0 l 0 N ) M ,N O4 Mr t If 0

C-.0%J AOCO4MNN xac~ ZS 1tt5.mO7 NNaNa, J'm4x
00A m0MC AMtC - 4Nn~ r,~r U4nC mN . M Mfn nrmOn f cMf

NALALILALALALIACJALIL.IWAL2A-ILNLAJALJA..M 4).~t.A 31. C)NCC OJOCYAC.4 0 4t 0 Mto4

C* * ; 4 CC . ..C .C CC. . . . . . .

140 0 00 0 0 00 0 0

v-4 oo o0 0 00 000#0 0~0 4 444i4404444444 + 44 4

I aON4I..MO. i .NM*C1C -. .-. MC0.-. .C .I-.pn .1 .I u~' . iN*.V:rc.taN tc.

V-1N I riN f ry(V i Ntv 5.r N IVN fl , fuN NM0Nu
a %i 44CN mflZ ~ 7 C..A AEN futO ^I fu fu N v N N N N ,; ; ZCZNN

ac o co .oc o NN N Nx 7t"M MM M M M M PM M M M

ma ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ -- o mo0N000000000000MNP TC Ma,4N . 44 N

ALl 00 0 0 0 00 0 0 0

5.N(NOM5.--0C10

D-62-NNMMMNN-



%: NSWC TR 82-286

&L-------L----------
"2 ' 000 00 00 0 0C4 000 00 &0 't 000!!r tC , -

'A0000 00 0 0 *00 00o In 00
0000 00 In F, * 44 4 44444"44444444z*4*f LAeu 1 0

w4f4n.......a o- v z1
IA~tLLA

P.I .. ... .. ..

0000 I
U w * 0 *O ~ - - - - - -

44444444. ...... ............

Q a0 0 N 0 0 c00000Q c cc c oc c
Oe oeoccoc OCCO @0 000 000 000 000c OO 00

II, 4 44 44 4 44 44 4
WWWMh4kJI no

00A'N0'0

0 0c c cc: 0 c c . . . .

C TCCecCoC *OCC CoCC CC CCCCCCCCCC

WW~hJWI.JWI.J W w IWW ~ l ~ .

~0U~G.-%MM' U001m 4M? N 4,t0 n C4o
,a4 T r P O 2 m*u*m M D' , , 4 cr 0 " 1-

M 3 M %J ooo13 44 44 204. N-I f0O
fllIJlJIJ~JtIIJ- - - - - - - - - - - -0.g.Ir.r.44.4.

.. .. .. .. . .. .. .. . .. .. .. .

000000 ------ -----

NQ0. AJ A -c. Ncc ItmAtJ0 x0 04- N 10 21 m .Cflf'.4 0 fl-m 0
000 cy z. 0 M

000000000~ Ic 0000 --- -- 0 000 000cc
*~~ ~ .00 0 0 .0. 20 0 0 00 0 0 0 O CC CC C,

WWWI 6.~
4  

Mw

%~~~~~c 00 C0~..0A *-024Ddl-
z . - 0 4 '

ofH-

ww..w wwww 0 tr CAI. inW W.in% 0%

cu .... .... ... . .... . .. .4. . . . .

041000 40 0 00 0 a000 a00 a0D0a000a000

*4 #4 0* 4 4 4w . . . . . . 4 w 2.. . . . . . .4

INPN~A 'C N t. r.4444444-..N... xPCIc acK

~ 4L WWWII~D-63WW



NSWC TR 82-286

F sis F- s E e es US s- Cc N ir. A.5 er f .4 - e 5

-S Ul I-. mf Wf Lt' mf C' cc 5 It p-44444 m' a Ix. ift 4

0.. 0 fn D m I 0 4P w

41

000=

- - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - -
a c 00000000000000cc 000000 ec 0000

N4 M 44 M04U', 7.CN

w 4t~MN fs ~ 0 0 N

0 I,

in cur N0L D a0 c.

ly 404 'n m Ipf J -T5z

a
aS a444*4 444444 44440* 4*44N

000COCTO4 444 444 4*4 *4

utof(A(0if00(r0 0iW#A 0 . N

h. -v l

D-64



NSWC TR 82-286

h A 4

en2

Of

aa

ha w2 -.

1- I- ,

ha~ 2
w za.- ha.9

To c 4 I .

& 0 n SZ
a- a.

ft 0 Z I

cc 016 16 gA

0 w coWO--, Za. mb

h. 4- - b.-

h ewa w I.~. 2 Z,T2,. 0:T AZT !t

X 2 W 4 UIIO &I 0 a % wt
0 0' f". 044 010P inI e

0 01- a C w _ L

v- ;:O C c.r A5 1I gaI. ~1. a ft re
44 ILh~

01 .a w 0.VI en40~ e a h aI w 0t0o.4 1-

m~ 0- 1-3 ha " w

4j 0. a.Va
f0t. rVI p01%-M00

4 1204111.

D-6



NSWC TR 82-286

IV
ow 000

fl-~I 0 *u * a- * *

-~~f - .ftf8

* fn

000000

to ~00*
F. P. . l. c &.

r 4t Ic

ft~~~ 2A 1040

P. n-el 9! lit tlCt. t

&f&O at-0 0 0

IA . . .0111.0I
3c eaw 1 - - - - N N M M 4 onk

0- %0*A 0 000

z e a 4 * & *. . . . .
zoo ONM

am 0 0

ft -0' In 00000

w~~~ 000000f"PO

:00 000 00 00T00 0 , .. .
FA V. c .4esNoeee0O *O0 C

*0 -m IAA Ic

cr~wp2 000000

* I.... L.. V IL a .. . ..

a r W -W- a I- . 4 A x @

UW %.00 ft -00
;6t.t O l~t-Ot~ II0 @

&O(o 0 N 0 & f..A 0ftAiaA * ll~~ff

ba 000 u.IOfV-11C0IONI ** o- .
CIA a0 . ** .* ** * * * *

- 1100 I .- AjIJ~iAftfft~ltftt N

00 e~D-66



NSWC TR 82-286

-------- -------- 10 a n nI n II 1f - - - -

.. ... . 0. 0 - 0 .i ...... ... . 4* * ** *

0 0 00 co @0 o aCe cco a
ca~P-*e.:g:gn0004100f000040

* ... . . . . . . **** ***. . . 4 4 44

---------. .- .ce.c.e.-. .-- - --.
ee eeee ee e ecceoccecec Ce WcWecec
.. 4. ... .:x 1444- 4 4W4W.44.44e

evehi~i~~.J~J %M WhW~.~hhh~iU

ee@O~e~eO 0 eeeccec

omeocceocee c .oe o o~ .e .ec
4444... 4... 44 4TO.44 44 4 44.

u!Whi *Whiihi&hWvaWv 7 IJWWaWtWWWh~k hWWhih hWhiI&

~ OO@ 00000C 000,000

i044 4 45 A 44 0 t-464McNr
v 4* * 4 . . .. 5 C C *. . . .* a M 40. D w c .3. . .3. 1 - .**D.3

@00O@ 000cc 0 c coa e

eco ee eec ee -4 -. e e~ c - -cmc ONc%4

----------------------- ---- -IJ -j .JJ ,.5 ---- --- -O. - -- -
C00 O o 0 O@ @jV W00 0 0 0 000v000e0c2Kw W00-lw c IKIWC t S

.4....44 .44D-67 4



NSWC TR 82-286

c-to : -00

hi40Nt-Acm 4 ct- * wme

Sa.00. .00 . . 0 0 . -. . -. 0 . .. AI

* 4 *4 44 ** * * 44 44

ft o ao o oot-0ogt-NI.0 000.0-rt

W w 41A0----------Al Al b to m mm mk)

a c . . . . . . . *. . . . . 4 . * . 4.. *

40

000 ........ 0.00..00 0

Al .0 to 64-iAA.0i 0A4 -0 . @

hi4~~ ~O 40 00e- 0 000
a-. 4 4 em

0.h ihih ih h ih i ih i ih ihih ih

0N000. 00-4 m44.100 0N:: cc *c * 44N-A NIAS
00 NO 4.14 MOO t- a.4. AlgLA

-. a t- F. 0 . c & - 'AD-V7 .4MAt. . %' . . .

-.. w 4443444444X.4.4.4P444444 m . m

hir3 IL N Al NN1A N N NO.4. M N N N M ft

IAL
Meo r4- 1-t-A.4 4 I 4.mft PtF4Usm~ r. 4

EU. ..0
..............................

4 ..-It~~~~~~W L 0@060@0@6@6

vi ini - f.. A W f

m mO O @ 0 0 6 
0  

0 4 44w4 4 4 4 4 44t4 4 4 44V4I4 4 44L

2 66 60 6 00 @@ O -nhh~ih~h~bD-68kgks.



NSWC TR 82-286

ccof fl S 0Il...0.

WkJwwhhJawwhwaI.SJwhwwhJwwwhJ www wwwwwwwwwwwwwwwww
00t00dUc~flJ..NN-.f tflJMt.. e--. e~c~t ncwe# *es~, om e - e-OMen--om

*0 I

0 0 0 00 0 0 0 0 0000 00 00 0 0 0 0

0 JW.J W WW W W hkW aanswwwwwwwwwwwwwwwwww

rW O in afl CP-C M .. 0t@ C 0 rse m Iww onj-eoui--ce m -oo-r

~-~0 000 -0 000------00000,
00 0 o o o o o o @ * o o o o o oo1o
44.4..4..444.4.4444 444444*44*4*4.4*4444c

0 chW~JW W W W h~JJ a WkWW W 6J.JW WW WW W
u2!CTm.-CCCmIC IA rG

00 000 00 000 0 000 00000000000000000000~c V

uWWhWhf WWJWh Wjw www IwW whw V;Kw!www~!Www

it Itt N

:2 ~ ~ ~ ~ ~ ~ ~ ~ ~ -0 00ccecc0--------0000 0:000cccecccc :
oW Icc IcIcc.cZccIccccc*

CO.4 4.. 4 4. 4 4 o4 *4 44 44 4444LPW4.w W wW WWW !! 4WW
0 ~ ~ a I z cceNf-c n!2c-Po

Z...4..0..0..1... ... 40. C

so cceme co"coD ~ fWr4w w w Ia0 00 0 00 0 00 0 0

&c &w,.irnwrneIr I:Ife: le:ecNt.C: -

.4 * ~ 4 4 4 4 44 4 .. . . * ..*.............t 7 1

*e 0Mcn Or nr-mcsr-@o.e2m

* I,
00 0 0 0 00 0 0 0 0 000000000 Ocooooc.0 .0.0,000.0 0 0 h. 00 00 00 00 00 00 0244*44~D 4C4o44 44 4 2.4. ... 0.. 444 44444 0

.awWWuwhJ hwwwwwwwwwWW a-wIwwwwgaawwwwwwwwwwwwww @0

44. . .. . . . . . . . . . .4. ....... .. .... . . . .4. . NM
c I-. P

OL r 4 1 CF a 1%. . . .or.t . . . . . . . . w
ccc~t ft:c e c e cc c-t ~ c~ c c ~ c ~

4-4 44 444 44 4*4 44 * ~4 4 ... .. ...D-69 il



NSWC TR 82-2 86

- N0 N1,-CM
.I* 2O aM0S n iIn In

ru C P.N C CN

Ine- - N N f N

me gee

1" MN. N NN
c coc c

Int I a , 

ItI

oMr IN 8c N W Nt Na

11 1g III

Ct It - I M

* r; M ONn.m-*6m

Mr me, ge

CI 000 0 000o

ges. 3

o: No*U o M 4:! *Cm!El

c - H It

em" C C
N t M Xe- a

WWWWWWWWWWWWWWW~~kr W. W W WI cl lN WCOS-sNOssL
7 W h PtaL~a 4

fg ShiWC-sMMWIf
40 Ir vCWOCCvCat IIt ~ ~ ~ ~ ~ ~ ~ Z If pUo Iccao.WIfIfv / I Wec

3K ~ ~ ~ ~ ~ ~ % PCII'e.a.IC..a.. . a. I a

hi N * Q7MN0e



NSWC TR 82-286

0 WE

U, 01,

ct U. M
m fu W

f- M.4

hi 10

(-2
W4

z a .41x

I 0.0 XM n
*o 0-0 - 0

Mo 0 0 4* ~~~ * -4N
CU f"0

11 o cu . -

Inn I-

04.0 hi 0 0A,% o. I c

0-" 0.40
10~ W W % NO I 0 - 1

ey hiC S-h"0 20 @4. ' U t - U A0
0 00.0 00.- 0 4 W cc .
WE: 0000 n Io zo-moz

1.A 4 Is o 4 U. t 00 w

'CCUi0 @0 :400 W v 0 42
0~ "4 -WO 0 . a -. m

00 Is0 IA) q . 0

CLW 0 . O- 0 4 z mia01 . U* .11. .j0.. . U. &. * Zh
* , 0- 10;04 4. 00. U0-I Wa f cc 00o0 -0 a- 0- Z hi 0-. on.WIA 0* 0U) moo ow£ hi UZ

i;.T4 zw u0 so W.~
a 4 0 000. in~ 00 000

o~ in . I 0 2 I 0.Z0
0~~~W e M;OMS0 TZ.0 1 h z ~ -" 1

11 CW b 0.04l 4K 0 .. t111 hiW FA
@0~a u M. @0 4 0 0 0 00'w0 10

-n, 0 a 4 000-. x1 hIL.0 0.
hi*01 4. .~ 0u
200 00 0 Oi- 1 -.- h

cc 0. 0440 W. - 0hJ000 0
cc11@@ hi 4c0 0.0 Ion u. 0h 0 00 @04 A

0 PA 0 *IV - -0. 00.00 00. 0 0 0 W h.4 1 Z

In001 -- - -a U - -o. W k. 0 6101') I .
W 2.000 -"a* U P

4J - I : 0- W hi 0N 0 xo IL zJ." z
himo 10.0 0 0 .. 0 "II.-

IKwIo o -9 u I U z - *U 94 W r;0@4 0It @@ Ci 0- -4 U O U i 2 ".4 US -4

D-71



NSWC TR 82-286

000 0 0 0 0
#. #* *4 * *

*c 0

- C . .. .in

Pm in &WWWW :AJL.JWWihih
NC 00 0 0 0N.. . . .1cu *0 0 N P_ P.

A *M *

10000 0 00 0

SC F.-N NU )
P*Z * * * C4 4 M + *- -

n 4 0 00000000a 0 0 00

OW M O CI CY ONWN
N) a 41 .#NNC.t.A04* N C 1 00 IL

00 C . *4** .*
c: -: M7 -- - --.--1---7 ... .z 4,0 .

cp ai , nA3 *N t444 4 . A ,-
# ON _ );

U,000 0 0 M

w SC
0~0 0 9oo0 o 0 mooa oa aao

I.,~~co 2- .OO CO 0 000

O- 00 0 00 0 0

N00 ---0
Nl to b O OO O o O

NL *
.0 LL) z W WNPW ~

a P- ci,- w w'P.f33#&3330D000

- hi a * * . . . . . .ig .4* *

U.. 0 NN-NNCNMP1N
ZOO 00000CONU)O M NO j

w 0. 0 N w x h.i~ww w w w
0~4 0 - OC O.- COOC OMI )3OM6D

N U, N *3 UP1 N4~0CM3 )N0M 0NM
0 ~ ~ ~ ~ ~ ~ ~ ~ w 4 2 %N-t.Mo

N ON N 0 ~ N N *0. ).. N040 ,NP iL)NOD-N72



-74

NSWC TR 82-286

4~4~* 444 N. 4... 4... 4* 44 :4

NUINLISUO4Mo N e' . 0o o020 0N- 04

-4------ 00 f-o*f
AM co c m~O ~ o oo ~ ~ o~ -y

000000.G 4 0 CN O 3I.f40 0
ocooco=040 moo ~ o oo o O~~ cpI.

00
000 In

ocooooac 000 0 0 0 0 0 0 0 0O
ui I 0 ** * *94N.

wWLLJWiwwww (LWWWIJU lIJ jU
00-4400, 4.~ 0 m' Me-i0

1n4 a,.P.I t-0 (I
LnNIA'o m LN . 0 4 *O 40P Inm

-4--- - -- --- 4-4- -.. a N 0 .

4:0-4444*~.4NA..~

NN M* (P

.0 .. .T OO .o .T C20 00 0 . *.. . . . . . . . .

:00000000 0 000 a a a a M 0 cc 0 I- *000000000

00000 V4a 0 0 0 0 0 0 0 0000 11 nf N iWL WiI
0000000 000000 00 0 0 0 0 , 2.-4 N to

. . . .. 0 ru nNPm i 0

oo oo o 40-0 oo 0 00 00 00 0 000 Wg 0
+ + * * * + 0+ Z * * T ,4 *4 * +, + .*4*4 6- InN 0 am 0a 8 v

a iLwL.I *-WW I I I I * 0 0 0 00
%0i4l nL n ni - r- m A mC=0 vmw - m a. LAALILL L

ooN00,02 a N a IAD-40.flWLN-40.04-f

.Ic mx.z eI r~ z
a ~ LA Lw IA CA LA (A o i

a LA. Z4K~w

*4*4IISLww 25 S44*444444444444444 wLwA w.xz w wzK

*OcogO4A %00-424 9m N 04D OL f 4 m CP i t-NNNN:NN

NN-"4000 - -4NN ~~ LAL
:0 0. -- - wU NN SU

00000 00 00 00000 000000000
wwwwwwwT wwwWW WWWWW w444444 4w ww0wwww 7 x---00:0:#00M444* m.. .4 4 4P... 00 0 00 0 0 - 0i w 1-)W4 WWW

1.- 4F.- mmm % - o:0w - N. 4C. 1m1 r -MM0 ,7 a T .y -' * ro- .A :to-00AI,M ND0 rZ 4w~0Ni
1'-.. . .. . . nNNNNNN NLIO4 - ~ 4

0NN~mo 00*-40f

0000.. .. L. - - - . . 1.. 11 - X . .4.

00000 00 Z0 0000 00000 0000 00 N NNUIN gENI 5

*,to MLE. In in 0 0 P04 .1i It00 ItN 1- oo ooooooacw
C* & &A IL &lO &

O**4 **'A 1L4 0i in 0 a.
N-I-4-- CD LL N N NN N N NNpN N a[J~i~JW~4

-NLi~L4- Ono4~ J0 4~i - w 0 Li 0000000LiLII~i.

.0P44440 .. ~qMPLNNN- -- u 0. LA 0000000000

PLEA400 ji j 4N14L j j j L14A4.0
0

w 0 ;A 0 0 0

D-73



NSWC TR 82-286

ow NO Nor 0 F. we * 0 *O -r a- inO*l

t tl , .t t .77

3 0 000000M000 000 MO OMSOO oOOwoOOOOOOw

~~t _OP-~v 1040l 0,Nift-.,0w
OO!O*r-_M0.I..0. Mf aN*

0 000 -0 00 -- --

Oama
00 0 000 C, C, cco oo

00 00 00 00 00 00 0000 00 000ON*oo O

4* ***.............
~~W W1j~ 5U~~i )W &) 'K 10 I 1

in in F~~.. . fy .M CD: M.. . . . . . .

ib0 00 00 00 00 00 0 a ZO O ODO Q I. 0 0 - - ~ 0 00 0

a. 0 000 0 0 0 0 0 000Z O O0 0N0 0m o0 0

%O 0 0 004000 0 0 x 0(.fl,.000 0000g, f Cp p ,0
-- - -------.. ~--00ooo0..'

IL Z 00 00...-.. 0 0 0

CL NOmine OOOO~fMoOr-4oal i0 ~ 4. . . . *4 00 0* 2. *.*Of 04 MN amp *MNIO OO O O O O OO O C

N Cu(,

*.'000*000 C a0000000000?

14 . . . . . . . . * ** 'KKK

1 0oo00 a 000 00000 00:00

0 N0 N.fl. * o0 4)op . N00 0

o S . .. . . . . *.. . ..

*~~00 , ON OT M VA00 00ttu f' M0 0 Oo o o o o o o o 0

00 0 10 N 0 40 4) M 0 M N 0

(A v0 N. . -4 N- - - -yNNNC yNC
p00000000000 000000

Ag 000#0* *00 #U# 4 # * 0 +00 0 A coc
IA .A +AI #~d # # ' N

OM 00 -;a
U)~~~~ .- NN N N N N N. . . ... 1 .. .1 . *NN % N N e I N -------H. Cm 4. lioo o oo o o o 0 'i .oo.oo. .oO . .

gin Z Z,* * * *. * * * * w
P4 ~ ~ ~ W W~JahW ww W W ~ ~ J 40 0 W J h W W W W a I J J~ . I

* G 2 N~ d 000 A 0 @ ... 0I A ~ .. P. 2 0 0. .0 N N U 0 J'D- 74r-



Li"77
NSWC TR 82-286

- W 000 P ;mmmo r- Pa* o,*Alz. S- o........0

Mo~~~ fn !1 0;aP. mmd 00
04 Ad4 P.O Ad

----------
41 ------00000 00000 00000 00 P O Ad0 &lOi

mom***4 4 4 44 ** *O.04AP-

h PIC 0 0 4 0, 0 01 4 E F A P, Ad Ad a, P4 md N A-

00000000000000

1,01%g.e., *2 N mO 0

0 4 OiN 4 CF, 0 NOVO 0 ino-r. - . d.in.d...
0 .O0~-0 P.m * al Z ab 10 4; 1 C46FF 6 1A1 1
in -7 n 'a _ C. aP.44CA n9 ,P.4PO0Oiii..d

ET ** . . ..0 . .TO CIO O . a . .. . .

0000000 0000000000N T 1 00dtJ.
0 : .46...... 44* N4 40 00000000~

WWW~hJ.JWWWIJWWWW~hiW4i a a a mama

3~~CC-9.9.CO9.-P. OCO CO Ngioh~dihhh
OC C 9.- 0F . 0i 0 . . 4i . O .4 C F d ~ n .
0w w w ww w w ww w HE- min 4 .0 .d.n04C4i AFAp.9

*c i .0 adaadiN
-- -- w 0w 000000000 0 a a P. d

U w w Cw w w Cw W w 4. F, . I4 . Ad - 1d T I~ in 00

%4nir mp4,A~-.OdnCdAd94 000Lt 0 wO:000000- C - - -. .. in i 0 DNo o- 4 F_ seasN

A0 * * * . . . . . . . .. . 0 . hhhhsiiah

--- - do a 0a. -Ad FA P.
00000000000 1 0 Adn..9 .iP

14. 4.44* .... i#. I' - nPdn9.
UhiLJWWaJWWWWWWWIIJWwh hi - Ad,9.d6FdP

1 .. 4 ** * * . . . . ... m .

url o oo oo o oo o 0l 0P4 a

D-C75



NSWC TR 82-286

00

o -z

-- 1-.

0* hi4

0- 1

& xc

v 2 I

c- I- 2

U. Z- I
CL OkC U
to

a .2 ILI.

.Iz a I -

2 -4*. ..

0 hiU 00 8

IA~1 U0, 00

U0 1- E CL L I VIEl Os ccp 0 KO w : yf

hi in - 0 2 @4 8-it1

,:C;C~f. wI J M 0 c -7c-z -
Z. ~ ~ h LLIi U kac a c *f fI

Ou IL t& UC C %ful

oe~~ A.. 04l -w8
00

4j u1 - US S, L

w to .ID I 09 0 JCTI1-o
w ~ Ii9- II- 0. w 1 =04 I

A. m. 2h 9 .-. A.LIL i

01-N hih v~iO- A. j jI-h.ww L:

CUhi ul. Z.j u0 A. 2*u r. w w w:1"1

NNM 01- rI-76 4 h t-



7- _ 
T

NSWC TR 82-286

It

-moo NM411P OP00. 4" E~ 4 
1
. O

No. . ......

N ~ ~ ~ ~ ~ t M 41 0 440.M4~£P. P4A

.0 4 , 40 0 A in0P1 A P1 - .- otoaooCooacInceIn

F. 0

Ilw 40 a C a N 1w V_44

17N i inol4co 4t-0 r- N
M0 dM~0 0 n a e NCh

10 P: .lA 011 I 4 10a

4 ~ I Ndt NN-fN."4U1.C

M MM 07 f"MMC Nf

-0 GO P-- 0 UN N- 44CD M CP in

-00 a a( CO E*VI O.CO l
a I- le w a 111..mw eamP

*1 -1 .
C. AlP P1 N .PN 410Ai 4PPal

A C C -0

Ncac 4a0 L 4. U 4 PC0 - . a a C A r .. 4 0

3a. X l N 't 4r 0C I _3
Co N- P1

C .11 -M

* I Al Ix Nl* 44~ N..1 Al Cl@0 l 1l

NN* 2 .0 hi C~l4.0 0O~.14a1N4 z ~~-00Al M~f~r-0NFOCT2C k tI M04 Nc.O M -r a, _C~4..e ~ . NM 4

000~~~~1 C!C . . ./ . ..00.PC:@10N A N l

000 00 0 4a1110NAl00P1~4i1Al0 ~ * *. . . . * * *Ig.

-D-7
0[ es avilbl copy.~ C



NSWC TR 82-286

410 miW W I)W J Wi~a~aWW ii.WWWWWAWWWSIJWiJI

610 4 In In tIlNN INMCWl %NNG.04NCl40OO0EN
-~~ . 0 .- O0.0A.~iA-.0udlii4-P Ie~U~j.00,C...d

N =4 c oO a O o c o o o o ccz000zz00 C, C 0lll 000000000~

am hWhiWiiWhiWW WWhiih WJ.W huiW. hihi W~iih

InI
r,0 0 - - - - - - - 0 0O ~ 0 0 - -

m &1 hi WWWWW WWWi WW~ihWWuj W iIAhhWWW W..I. WWWii

0.0~P-o N . ON: A~ N4 0I1i~4 In4~i
.~~~~' ANS. 04 6.01A .N AC M 0"it MM 4&N

Eu. 10 ~ ~ ~ . ~~ . ~ ~ ~ . ..... . ... 4. ...

---- 4----000 0000 00 - --- --0000000

op..W W W WW W WW W W oo oo oo oo oo oo o ooo oo l 00 00 00
90 444444 14M44,04.4aa4449 t!V

It .. . .. .. .. ..... . . .... .. .. . .

V~ I.4-4--4-4--4-4-4444444-44 - -44 44 4 4 -4 4

-~ ~~~~~ *00 C O 0 M 0 r 0 4 4C 4 C ~ i 0 T a t
AL- 0 u * * ' IL tf0 M O 0 l O S. M M .g 2 N N N t . 4 0 0 E 0

N it . .0 C. OX t OI t7M7 I fVIi 0 C ' 10 It o 0 I
Itwririto077A.ft a : -HO- -

mC C C 0 0 0 0 0 0 0 ZC C CC CC CC C C
-. W W W WW W W W 4- 4. .4 .... 444 44 !tw 4444 g44.4444444444W

.in ,m m o II~L iiS Ik I PkIN w C, cc: Vj fub Wikl.i tt tfi .bk in
C 9CWCDWCCI DWC W 4D 400 00 0 CD z 0 e 00 c0 N 2 a

N m

MillIL 0000000000000 cc 000 0 .,..qo co coo 0 ~ 000 00c0

.4 4-WWW4iWWIW4WWW W W W W III !! 44W LW W W W Wi.L J cWwh

Coo 20CCO O o~OMM 2 *a a0 MMMM42mcmc100'aNN aN cm-
NM * -1O 4 D~4 4 7 .. . . . . .

omt 2 ZIIS4c4** 4*444**S I

.Ou I.-MNOOMOO0-0ij'0MMMMM W00 M..WWWW 'WU OMWWWWWNO

000 ~Cif0Om0I4.0 00OI000. XG, cc, m0OcN I
OWNN . AJ MM NN 0 0 M. N M.MMM MM M

M 0~ InA 44-44D44 4n440444N *1** a* 4
WIW MO 

0

NO4 7M N
itM 2C'' NN-.tCC C CO C C ce e C -6olz c zeeoeeee

4 ~ P~ ~ ! 'O 'i 0 00S.000000£0 00000

It -N N N N o f4.f. ..NIV4V4N 44444. .N N.N N.f.'Y. . N. . N.. .t. .N
6-~~~~ et0o 7 ; v~

- 2 IthIWWc IbJ.WW W kWWSIWWWUi. W&W 0 &W1,61 la. WW .W W k WJW IU
a 0 - t-M O O C 0N~- M N .- de. or el tte-t mtN.

0 IC- : - 7t * 14%.t :M U iM L :

cU C: W t. -N N O O A 7t A i . . .ft In W.ItOON a aVCtENON
cX I ir ftal-O.N0~ .M.-- t .. Cl ow OM CO"-a ~

D-78



NSWC TR 82-286

Za.

00o
4.-
hIMC

I-4%J hi w

Nk It

Cj 0

lo M. .4.

ab IA 4A A m

@02 z

m &. 4LI LU W &UI L9LI 1Uc
I #

OWL W N. 4 l
P- I- MN -041 iaO ,4WLuaI

c0 a 40 Ma
N0 aN N 4l wO 1f 14Za 0

NA 2 UZ ?- S

C 3. 00 00

C W) 0 4 W
fu j 19 39 Iacaaaaa aa0 a

00 WhI .f PCU 0,O.AP
00 A C004mmiVt v- w ~ ~ 0~il~ 0 #A4AA 0

v ;0911 IIIII MIL111 1. £9

00 hi ID-79



NSWC TR 82-286

~* 4 444~44444 4.4 . F 444444 4 4 4 a44 *4 44
0w~ w J 10 0 -LI toASm r 0 M 1 w A 4 r-

'o oo

~M "i "i" W wa ww 1.a..ILww

3---------:!---NNCVNMIino4 Te

NN-o- - - -- - - - - - - - -0000

c. -- -" -~ - --4 o .4 1 4 0 wl o4 U c floin

........ h............... . . .

coo*e co oo o oc o

AW~jWW W .4A J AS A W W. Ah J 4 A JUJJ A) PNWL. MWW & JI J
NN 4- 0ODJI0 40 0 M~.. flu 70 PM- 2i 0 14n~j- 9 ; '

. . . . . . . .* . . . . .. . . . . . . ...

------- ------- 0000-00 ---------

00000000000008000000

Z.J.&L ~ jJ..J,
%N .f .,-00 J 0* A 'K iw6)1ww jAA

44N 444**A# *+* #

www .4 W J ww'wwLjfm 0
-NN 00000 00D000 0

%c c 0 00 00 f00 0 00 N0 000 MJ 'S G I0- 0M1i N~

*~~~~ . . .. .4* * . . . .* . . . . . ... . . ..

co -.J---

-.... wwww ~wwwJ lW4 I.JJW.WWW.

1000000000000000000000 mN.ll

T .4......T..i. .444 4.5 z. I. .4. . . ... . . .

* *.. . . * # * * . # . 0 + 4 *.. . . . . 3
0.00 O T:.4T cS0

QNLO0OW 000000000000000www 0000000000000000000
... c aO~o~o ce~e~oO e 1 000 0000 00 000 000

N Z444 444 444 444 *44 N .. ..
0- w 4.. J.J.J.J.J.00000

1D-3



NSWC TR 82-286

0 4

0
U 41

o 0
41 4a

WA C)

41 1.'
wa,

f, 0.

to . 0
-K4

In 0

04.

-H $
41 %V.

41 0

7Z Ca , 

a.lay
t- *a c

o

a a x, It

o V.ff~ 0 toi.%0W rW 00Wt n 00 w zg
3. ).0-- - o o~ . -w ). a . 0 . v4

o-c JWWcoW-oJ -0 - - 0 -3Mr4 4 c

*~ ~ # * * . * * " tD IA 0

INPSN itNI. M H U H M K B t- o FW 13 ..Nz
f, o R, t 0

-~1 d) ~v

C..4Jl4..



NSWC TR 82-286

0 z

A z

1: %L 0

aX X I

zo 0! 0 Z
A -9 u.04L .

0 x- x.VWoC I
4

4 Z ; zIi
A xx A N1w 0 mAI

lz Xz ; w
o ;A - ZZ x. A

ui Z A A ' 4c
0 IL * *1

0 M Z A -Z-u
-,i 0 o -W4 U 

Br-Oah !4 ;, lJ M .zxjxf
Z 4 M8 Vf

_j A-4. .J L49wC *F

'A A 01 z
.82

zA "oZ 4 a - a -

W12 x N x SI o@ 4 .
ZO 0- 2 4 @1- w :'l I 0 00 C

UK x _j. - Nl .w

oXI IL 040 o l V

Him@.Z .N 0 OW z AU-; -

UL0 A ZN V) V) .LL 0a
4&C -tuDO 0- -

OX~za X8fl ;) A. D*

4 JW 4 IN -C
a. -B aU Z.. -z z M .U

XW%2. Khi N K A) x ~ _j
.811 ~ ~ ~ ~ x w.XX. 3 0.*iZ ~

2 4 a. ii. Zt Ki

4W 0 OZOD-82



NSWC TR 82-286

*--Paz ------- -- - -d No4 MAM n N---
-.............. **** ***** ** *

0 .Z . . . . l

0cNNNO~)NNI'voW)9 420004-45 :OOU w oofn g '

0000 0N00

t~~ * . .
3.------------------------- 0 a~ _,0 , V- ----- -------- ---

coocao eco cca oo

-a a. J d J A *gc JAdJdMJ~ AJ d

p~4.)

Z~occ c cc c cc c o 4.)

zoo co* o=oc o oX~

o1- 0 xx't ' Z

OOOO= ccoc0 cco -"Sy 77. V0 0- A = -o m 00# 00t.0v

. .JJd . MJ. dJ . 02...

Z #
w~N N )~ N J N AiA K. . j j. j

AAAAA~h~nn7.".
cc~ ~ Acccccco.--- a WN v v N W cccc

Z**** **.*.t* ma av Ns N.. C .m.m..u.v.Z

n It
a A ,x fn r- 4 ) - D -cc c c c c c o Gcoc

*~ ~ . .. .. .-- - . .l . . 0. . .J . . .0 .. I ttt i .0'..

00.0.V~. 100 C, CVG

Ol *0...00.'D *O .00 "av 7n 1Z l
. . . . .. . . . . .

N a 4

n,, A A V A -- #

16 r . .. . Vt . .. .-8t

NI.'



NSWC TR 82-286

442 000: . W At

A* w .w .a.e .; w W . .~ w* *a

0~A0 do~ 00 0

* .1u I . .. ..

0 00C,0000 0 0 0.00000

>:! -) . o0 0.JN8"I!lAJO8-

- *#* -- --------

00 *. ~. . . . . . .. . . . * 1

w *w : A1 Ja .444444...4 4444444.844 w4.w4.

rn

-000
-'0 0 0 00 0 0 0 0 0

-A2 IIIII loll Nil Nil. it4444444. ofJ N4f4f4s4fofitN4f4fofIf* 44444 * 1I
3 aC :3a n33za azani iA tj nA .

Ic 9 Ic9 W 4 - IcIf - - - - - - --9 - --9-l-c-f-I-4:e. d . . . . . . . . . .. . . . . . . ..
0000000000000 0 00 000 000 0000- 4 4 4 4 4 4 4 4

.9 I. I,, a s l s t ,- ='7 N z J

If 11 ad 11o tA 0 o 1 f0 N '

*.. . . . .* .* * .# .4 t.

of a.A A A A A) !'W W AUSM a AtIaA'AAAA'AJSAA

3D 2.1- 31 .x 8- 0 -p v 0, -n cu o oI . .5A0
084 2 0 2 228P8PPNPPP888P 04 99441'41111.....-

-j 0t-
'Ngasessesess ISe555UlW l4u N r

~~A W. A) A0000W0W000000 0 W

'L 03 0 0.0 0 %0 0 0 0 0 0 0 2. Co. %3.0x 3.x9x*xe0.2..-.1

z f a *- O A 00 S V 0 2 149. 2.8P.# 0 D3 2 A JL. . 0WWWA
9 2092r-.4 z0 - 8 -0 - 1 4 x..4 xcxI0 *D r

14 N AJ a-991
%10,%u .M A i w 6I 11491%46N9%A6414M. uP. U. 'A. %. l. 0 0 00"y 0,

* . . . . . . . . . . . . . . . . ~ 00 0 00 0 00 0 00 0

a.- RIxzz a-az Z L ~ x t -Vn41' .ma
*a A-, X ZZ U) z J44X4WX44% 44448*J844844 4..84

2145H5551555fl1N 15N5N51115N111D-84 ~ *



NSWC TR 82-286

- n ~ 0 '1 M In - A NI M * 7.e - Z

000- - - - - - - - -

- u A~f )7 -) - - - - -0u fn 0- #

00 .1A Col 0. 00 1

0~-t' 0 4 A 0 C,0

- A v- -- ~ V ) ID

Ut *00030 N7..0N00*00

03 00 * V ~4 3*- ~)- - AA
0~~~~ . .N . . . . . .V-00. . .1

A

NAP V0- 4-)V. 3 Z V0

0C 0 00

A3 0 30 3 33 3330 - 4.14 aj4 ' 1 1a j

2; 1- 1 7.733 Q 000 *3 NJ3330N30 z
.- 3 0 7. .03 0 0 300 V

t--.7.0 -... 0A

U3030303ID0003 00v00 4 4

t tP I 4t 14 *Y *7f1" - .
fl-- 0C8---7=3-.A A.3-.aV-0z

. . . . . . . . . . . .

-K V J

II AIt0441 1 A I 10 A 1. 441 ItI

zoo0 04N037 ~ ~ r 0 J2 W 4 ~a'
0 M 03' n N 1 08*x x 2 '0

Z.. .--------- , ..- - --- 3 33 .IJ Ax

produced4111.4u.4.1lJ.4 fro3m3 33 3 3 3 £
3V 0 7. 3 33 l NZsV* .availabl *,...* .D-8



NSWC TR 82-286

0*

o o

Z0 IL

w w z
4 0
Z- aa o x
hi

W 4m I.-1 0 .- W r z
0) l-4

; om 1-

0 -9 41
hi MW P.

ow WO "V0 0 -

0 a az -O Z
Nw 0 K r -9 A

ry cym -M0ww 0 1-. 0

0 MS U. hi 1Po0c

%z =4. IL

hiS 0.

* ao hi 6CL Wl- 0 W .U
ow 4~ 2 3j00 U.

'.D (Jn em0 hi- 0 - 7 1
InW .02 0 4(A wW - 0

4M Z.P- -i M - 4 2 & 04w
wi :. D-- I O .- xWwz

0 44. U 0Z- 0

00 u. ILa 0) a0. ai 20
i-rn f". ozz L

.0 in o, 0I- 01- 102 -1

U)41.. 4l M- ZLad

'U0v l-WW 0 (A 0
a K W i m) z. 040-4a
x I&..W I- 9b ZK0 -K - . -

U)i 0. o a o a b0 cc. W
-z0 hihi 4 hO- On 14 a 0-IL t

91 f, otl aiZ0.Kt J NO 0. aW hi-c a - -
y (N 00 0y 0 0-0* g-Z hi 00- j x 0 a n .1

Mi) 0 -U0. 0 I hiU

04~IL 2 K0Z

0D-864U 0-0 0



NSWC TR 82-286

N0 0

* 0 0

0 0 0 n-n0t
*0 0 o0 t I l

a . .

0 0

M 0 0 ON(.07'CUw o
in 0 0 0 ONm 49 (

em 3. 1

* 0P 0 0 -pO O M -: o
.0 P0 00,

An 1 .0 *b 0 N N N . O

.0 0 In 0 41 * 0 f~ N E 0

.0 10 bN 61 ..J 100N 1NOE NQ. O 00

.0 0 o 0 a
cc 000

cm 40 NO 0 0
P* 0 '! ;; '

.0V4

OM .0 Cy, N ma0 0 0 m
C, 00 0 In 0 0 i M0-0O.NI 050 %1le

* 00 CD am t 0n 0 FA ~ l E O i. 
a0 0 flJ 0 0i 0 0 c

O* 6.-r * a 0 ai* . . :. IN ItIIt It

.0 ~~~ W1. .0 4 0
U E*vI, 0. -0 a a *Z~

x~~~ ~ ~ ~ (Pa C 10 N 0 0 e

.0 0 .0 a0 o 0w 0 aCP 00N
coo N4 .0 N 0 0 =NS AJ I .4t *.NZ 0. M 0 0 N.450-...v1

va* *o 0a N I.. 00M54 N05.0 0SN

0 00 i **. . . . . . .
(A N*at P N 1 4 % 0 - -

N- 00 0m N 0 ft-ly .0u 0 -z 0 0!(p
Nm N o00 0 O 0 0 NOw 0

me 4.0jc'y 1 1 0 0(P0 - 0 a

0, *03 L& CC
w -m 4z m cy cc .N NO .

.0 00 0 0 1 0 0 *i NN I A. 0 04 N N
U- 00 0 0 w w 0 S 4 .00C- NE 0 0

w JO 1. 0 2 0 * * .a . .

Id5 zA -9 £ -de 0.
-W #A 0-W . a 3. 0 a

Z. 0L Z0LC 1
000 00 0 0 N 0A 0 4

'a0 z.. 0 0 NOOO I- ooo'AoAooccoooo

NL IL - ZL 49 z Z. NN * . .- N S O. - P
I& N6 IL 0 wA N a -C aNP1144w w P

Nz "ON N c 00.00 lOL.OO 2MP1~~ ON .00 00 0 i4 2
05 -N " 00 aJ0 us a I 00 00

0-.~~~ z1U 20 II0 4 ~ N a4ao~

0*P10 0 00 NO.0 P1 OD -870



e NSWC TR 82-286

z- -- - - - - - - - - - - - - - - - -

zoooooooocoo Zoo 4 0oo.oeo

a-a* o u t 0 0 k*0En'n 3. . in0r

Iq V!QOUNGA f. . ....*.*..

0*S .......
W EqW W W W

Cy, 00O..-.f p.m .a q*@. N

I0 0

I.WWWAhi J.IWWWE.J W W JhJWW WUJ WIJ WWhWiWh
In P. N-M . OMM M* 0 3 2 = O* N O0 1 'D in

.0 42Q S @0 0 c"a oo 10- Zm -O ,-o o o t-

k" I IW WWJI.J L W hWjW "I Jh

oa - -- - - -- - - --0 0.. - -
46 X * T OO O~~ oooo

fu WW WWW WW iII~~ WWWIw WUWLJ W IJ.

4- 0 0It N- ------------------@0 zooooooooooooooooooo 200 1o~ e300 00
ly L....... *. * * M.MMM * 4* * . .. ..

S-IA~~ M-iihW1J J.JU 4W . .. hi ih
41 . . . . . . . . ..

a~oooooooooooooo j 00 00000000000

* ~ ~ . . .) .haa . . . . . . . . . . .j. . .

00

in "n VI I I*mn .*.* ool m 2mA I is7AA7m7n
V M4 0 ccp-S-Q do,-- c ON 0s o O

* m ~ ~ -O.4~NO4MOMMN flo..

* ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ V .- Vttt t .... . . . ....

o, C, 0.N~.-@ O0 0O00 00 c 00000TTO 0 00 0

It2 0 In 'n a-- oo o o e a e o o o o0 v 0 0 0 0 0 0 0

-. 10 r, Ei amqaIV MNNN 0 0cNmm 444 MQQ 0 M A N q 0 J A MM 4

I- - N. . . . %%r! . .~ A O 0 0 . . .0 A 4 .P 5

z 0 t . a,

o.ia a 4~ 0 00000000000000 Z000O00O000000000
no Id *****I * I 10 04 # 0 . .0.* ** *. *... .. .* *

441b~~~~~~~~~ -2 WWW W W hJJZba W W w jjWW
5-1-04 :: r Vi M..N-. oNfO- A- MMO0~0NOMM

$AU 4 z m MPC NM.

UU4 4ILS cc 004 N ~ t.l 0. -
- 

0'a - O e.a1 B

*~3 N4 $- z - M4 64 4N *. bt .. 0 A M 4 4 0. ,Nm6p..sZ P.N -

b.b. IJ . . .. .. .. . . . . *... I

zz a
00" U 4 W -U 1

0- 1s x- hi WW WW4A45 v4@AJ Wq41l41-00 IL W UV IA4B-0O.0...NW W 4W WNQ
lb I. - . CL -- ------ Nid 0 ------------------- ---

49 ",o ''S ::P. '*, " , "D0 mm

wr *ot!!



NSWC TR 82-286

WMN 0 t* NOO00 M- (P -. 0-.0m
W a z M tn:NIF. 40 4 inIn #

3. &0 o- f m. .0O4 @0 omma Ono

000000000000000000900,

ILL 4* *4* 4* 4 4

N .. . . . ..*. ..MO M to0-7 '

N~~PN 00 0 0 0 0 00to 00000

cc 44 44 4 *444444*4ww

P.-0 4N N 0 NN N . 0
- -.#Pi O 0*.0 i 0n4

3c-. .N ............ e ...

0 e cc C000000000000*WW WW*WWW4*WWW W
No 00 cC.0 W 00000000 00 00 00

0 0000! -NNq. N0 Mef M M4 M
NNNfl eq o, N0 0 07

- 0 00 00 000 00 00@0

hi4 -) %0 0 F- .NO4N4,OZNN, &7 Cc, :

co 0.

C, - -000000$4 00000P000N0M o000 0
In %C-,44....400 :..n. *..4

AA W0 0 0 0 0 W hj W W AiihMihihiaiooc =--WOO *hiW I I 1 4
0

+
0

#0* + *

F4 40 4 4 '4 M Z oooooo ooooo

-0 . a N eq eqoN= -N -- -- -- - - ---- -- --

N' 4 SN NO N Nt 4. .. *.. ...... .....

u~~~~ ~~ z--oa o - K a 4 4 C* CL C 4 C * 9MMI
hi 4.0*ao oo cc ...W .I.Iwww."*low)(

W 01O - a fN uuu N 'L ~ NM W 0il
Z&O 61 QSr z 0 Z00000.'.IWW0jjt3n0 00

hi W .0 0 0 00 0 0 0 00000000

DCm % . 1 z. z z l x l r3 A .. oo O e0ooo o
0 . IAZ zz x. . . .. . . . N

1N44 444 hhi.hii.JihhD-89~ih~ihh



NSWC TR 82-286

S ~AlV! 2.09

000000A on0 0
's 0 0s& An

3-- in 0 M 01 aF- 0 4 AM;M 0 00-
olsom 0-*0 0 tn AM) in

0 CF. M 4 P-0 a 0 0 nn *nAM0a

teAl ls4 A

~~~~~~ C,4l.%51-f.
I0A~f1I1

00 L000000000
00Slush in

00 -- -- -- -- -VitthiuNO V h0&iADAM
0000000 0000000 0000:40 = 0l11

* * * * * *cc* * a* * M0 *Oi P1Mo

Al44 44MNN- M4 u04 -6lll -

000000- r. 0 :0- X~ -

004MO -0 10 0 04 4 106401 l.

0z 000000000000000000in . . . . .* .

44444M000TTTA, :O63, 7A 000000000K*

00 00 -. -W - - -A0- 00 ZM .0AP
0000000000000000000 0 * 4 - - -*-O

44 .4 a0 0a.. *1is 2 9 &. a, - f-..l1M:0hhhhhiiiiiiihhhhhhh hi - -lM-A2.-.M l-&
tt . . . . . *1..-Al334 . . . . . . . A C4nM

00 4A 4 P. !4 w4 3 4 in f" * 0 0! * a

A, 01, Mn4 M*.

N~ 00000- - - -000MC00 0 M Qnn

AMAP-- MM A2ot0

b-hiihihhihiihiihihhihiihiihi.MW 2 4 K

on .4 10 In 1 0 V_ @1
K A) 3* *. 0 f 4 't

Za 315 ..A04-0-4-O-414P

4 * * 0 A, 0 4 n O ~ n1 l ~ n *i A, +* * * 4 T* * T .ac-----

iN3044i403M004 wi-i OA0 a

0 ff -. 000 00000al

0. 00 0 00 0000 N0 C000 1 )- 3- hi P.MMMNOO
z~ 8 * 4 4 4 * 4 4 4 4 4 * 404 0 4~

hiiiiiiihhhhhhhiiii.hh .f . . . . 01Pt , We -AWe

All0A~MM~M LW W W W WW W W W W us1 z 40 MMA OM F *M a M-MOOP
ON -M Io.NMas fi 00N0

000 00 0 .e 00090000n

f b 0 000 '0 000 000 0000.j.JJ 00 A -l -l -flA - -
24.444444 4444444n4 -----------------------------n. hi 01 0 00A0000
hiiihh~ihhiiihhhiiih.J-hh -0 0 00 0 0 - -. - -56--5555KK K IfM

@--.00O0P.11lP.P.40Jl00-4D 44 4 4 444901 hhhhiuh~h

%l11ml4-.M l111 l040..O~in MO~- hi-iiiihhhh h 4-- -* A 0 - - -



NSWC TR 82-286

0 I a

54*n

1- 
1K.~ .4

a. w

MD~ 1&.4 00 0L ol. .'
04 3 1 0.
K 0 FA54*'C ' o

X*O 0 Q4 .
o10 niW 1- z .. 1U

*I a
In emIn2 w

*' z4 CClO 14
W% 0 MIb 1 &

4L -L *c- 0 - S 00 1
14.tu P," 3K U Q

. $-a In ~ Uf

344 ;S2 4 - -

OS X W- 0w-
P %a 14, 0 Ixcc 4.- a 141L a 0 ulb %

InS 3g. 4 0 200CS
o~ Z. 0

PC- I 0- u45-

$44 Oot~ 0 in -In.-

0~:W , * 'aK ' -K

g~2, ;g.S~ I, V,4

WE~ 0 -Il - 4N $- 5* #J

41 #A xI K WII.-0 0 a~ M
NI -2,. 0.. f0 4 O- O A 0

Od 000* w(

Id 0 4 s-s-~jDS h.491 .



NSWC TR 82-286

C*.
E

-~~~f -S.I~D bt

Ou P. ft~

M4 4 fu to~a

F- o~ *F-000

ini
ew Cu - WUII

In ftm- ~

IA .l in inpp

0ft

IA00 00 ft f Of F

00 In 4 . .C .0

ft OF- 00 Cm 4 Ad i
SA- 041 t

4~~i ftm 40 ft F- 0

im o P. 000 at

eI P4P, f Mk.00

C l M y s 3C * K C
F- 00,D 0N to 4 1 5ftt 00 0 mS F- 0yF

F- P4 94f 0i 0 *1 U 0 0
ft F-0 tOt UOh00

F-U 4 A 4 We e 4

4.~I a 0 IA
fu1 00 0 u1f4O 0

- 0 0 0 0I0EU0-o l
0: cc4 F- 0r 0 z.CP inft.

lo F- 00, 0! 0n F- 0-f CPO fF-
AOAO -0 fto 000 0-4 PI .

*~~~~1 2S F ~ft P A
II. z 3. 6- P-I- a0

05-o W~l ft 00 0Tt~ M ftO .
IA. IA '0-. 4 0 0 -IF 04

0~~~~~I 00 0 ~. . .m
29 3-- 3. 0. 1.1 s- IF ft

2 .~ . * W 4h: 49 Q I-
0 *1 *0- 0 4 S F-0@F

OF- ft 0-C S i 400 Y ~0 D-0 2 0C**ftI4



NS. .R 82-286

V-44

*~T TOOT *........T...

WhJUWhiWW W h WWWh~JWWWh W WWWWWWWWW wWW WWWWWw
xv w % xe tw V9 W W I.- w WFP 4.S0 244 *. I00to 3A2lzmNO. mo0.IrJ0- P0f~ - 19 U4 or.0. MN 40fl.IP.

*~I---IPm-. g F.4I ;l~p : C a 0 * C a a.0. a,
0 * * * * 4 **** 4 ... . . .TV% GOV!44. t4 *

o.... o...o oo~a .oo @ oooo...........a@

&n 4I p- 0i p-?

n-~00---------------------------------- --

OwoOvtw eeoOOva owvvvvv esp..000 40 000000000000

0~~ ~ IA A Wh
*U-,',AI 0 0 @U N e 94i.P.I al00Nd0fl V7~

-E~..-nA.00oi~P-0Pt.-, ae*Pjo ~@d4'P@*000E
0~~'0G.~.. 4 ~ *a

* ~ ~ ~ ~ ~ ~ ~ ~ w I..p . 4* 44 * ** m.. ........ *
= 0 , 10 b

.......... "W CIIw lid W4 4w4W4wV444I4tlet444wI4444a~~d

0004 Fl40004IA'J %mm 4
el 4 f . @0y. I

* ** * *4** ** 4444 4444 *44* *44 4444** 44 ****

---- --- --- --- 000 .4C000 00~~--- ---9-3



NSWC TR 82-286

ir-Mt- 0- ~- - -------- m--M

tn

-go
00lN 00- - --- - - -

Im WWWWLIAAIAAWWWWWWWWWWWWAWWWU

----- 00----- 000I-ON
0mf .01 r 4 0 000 00 0 0 0000000- F

N . &-WWWLWWWWWWWWWWWWaAww~ww

----- 0-- O..-a :Q: 0 0
4) *00 000 00 00 000 00 00

In me PO.,MWuI.
%U404p~~-- a0=11t4U

00 000. Z'l00 @OOOOOO00OOOO

~~~~ 17 O# O:T. .b .. .. .. To ## 0,6 pt 00 - - - ---------- -
:J * 1- 0 @ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

V L U kgnW ~W W A W W W W W W W

W~~@ 000 000 'D 10 In4 00 in 04 N 0)0 (00 00010-0000000 00OOP. b;; i 0 00 Omam- M44 i

N: 22K4OTO T . . .*) .I. . .~ 0000000000000000

*0~~IA N 4ES~e00C.J40 .. . . . . . . 6 e * ~ ~ N . . a, N A* 0 1 0 0

J18 V 0 ( 4
OHM***NNW* INN*94v *w IK

o~l *U g. a~ 4,0 ,0 ~ q -se s in 00*.NOP-*N
OV t oi e

1  
W W W W t -w .e-aa0 1.-1*4 I VI m m 44

* e e e e e e * g . gV, . 0 0 00 0 0 0 0 0 0000 0 0 0 0 0 0 0 0

4W ;wceIA 1 1IA 1 N, !2

**.... **... .D-94



NSWC TR 82-286

a&-- a--- -- -- o- -- h.
tXXV0. So ,- Noooec ~ cc T000 00012;$P- 00ccc

.................. *......

%@@flP-O NN MI ONO -0-I*- P.

aca

2 0000---------- - -- -.....-----------.---

0000104 ec coc oeo cc 000 000 00 000 000 00C3

4~~~ .- . .Q .. .- .0 .~ .J . *.0 f

00 .. 4.00:;999zAz v ----- 0 I -N -N O ~

www wwW*Www w w WWWW WWWWW hJI W

@0 0 0U .0N07lN4-io 0 a,
NNNMMFd~ m 44 -- 4 .. E M - *4 c440i

* . ... 0 * * * a.. . . . . . . . . . . . . : V . . . . . . . .

Xa .a . *.4.A 44~ *4* ***** .... a.. ; N. a Nr a. .oa. CDZ
%Q0W 14W 0 WW & M.AaWWWWW&I AWWW WW h0hA& 0J OWWWW MmW WW

MUS0M;00IIf00Qp4a
*-IJ Vp ... * .... . . .0 0 ~ 0 0 - j * F . *0P ... o .....

0U00*.40 ~ %P4*-I50M.UclMM 4IF5 P40P~N.0 45f5FAN

000 00 -- ~------- - N!--a NZ M2 0.. ------------------0 4
. .. ... .* .** .** * It** . . 1 7 1* * . . * naa a~

Ec -*0I5J. 0@4-P0-F3"c NAF-* O08O .t0-UN'.5 _,;mo 4 0,-.

00ac0
h. . . 00 0 0 0- 0 0 0 --------- aca..c

tacoc ooa*O O OO O ~ C - c o e c o~c c c c c c
seem * La.. a aa a.... -. a.** ** a.a..* a waa w

s-As MWJ~WWWWWW WiA.hJ MH M,06WW WaWW W5II. WWW W

1,0 44r04UcC. ONOM-C ON 4NOEMO-
e@M*~M0*0CfP' TA*0~~l4FM0.M.

%010-.oD F0 AE U 0 4' %-MOc-4 400 0* 4

CL 0.c~c O cO c O@ 00 f lu5a P.0 N 0 Ira- 1000, .9a000
IL. 11 00 04 0 0 P4, O.000 PO.4@ 0O00@ O1cO"oxc?!

TO , My .. l n....a**.a* .a*.. .... a . . .. .

*y in4I sP 0C'0NM -a0 M
-~e N. c Nc Noc N ec0000 0 0 0 0 0 0 0 0 0 0

cc eec cc cc ~c D-900



NSWC TR 82-286

oe eg Wi a

P. 00;0O P. 44N
-3 N NomadO N

M a e *

* - fiN ii 0 fNN NN N

10 -420, 'SOON
M- 41 P P. N-fl

;: a sac

* 0 'CO fNN N-- N 4

NO P. @ N 4NP.'C P

U' 00 1~0- PN P. .
z at .. N--.N

0 1a 1O 1 I11 S

gags. 66It

o- -0.O*N'C
*=-m P, g~o, 4 4M lot'

0* M
hi A Nd I A ZP. a 9 iN~

N 'aO In aeN 99M - iN

N
ASIVANI

'A0

Ic ~ ~ ~ ~ ~ ~ ~ P 31 399 wwNN w4K KKItK 3 ww 31 4

D-96~*000000



NSWC TR 82-286

0 4

w -M

IV

4 -,I a&

hi Z L

0S -4 - 0

In Z m

a mi -o us -9

C o.. w oi0

o 0 O 4 .zI
a i' W 2 A-

oago

- 4 4 0 0 0 9 ma

w ~ -4*e 48 c I.W -
IA ~ ~ ~ W~- 0. - !: tv

fne us j. g ;IK l

0 (o; W.- Z 04r .J
cc 0 s 0 u A z

2~. 44 U-
x 20 S1 mO W 2 t 0P

14 h 0 0h. 0h. OO W O -0 a F
au Os 0-- U zs i

z i &- 0 sI .
.40O 0 0- -w 1-

arS b-- h 0 0
in 115 'IL 1=2 zjs

do w2 2Z. USC 0. N- . : w

k.~ @ -s-. a- K w UK
v 0h0 4W aso .0 M U ,

4Wm 020 2 h.h.
0z N0 hi cc 0:;!3 A- zS a a I-

* 0$4U40 en WWh. X!Os
osS 03144 UU hi w

00 0.00 4 0 s- 20 0 40IL

- 0 4 wD-97K. s. ~.h .



NSWC TR 82-286

*****************************************w

* A.W WOO 4i l 1 W s

.o o o o eo o o o o 1004NO0

FA- Al ILLn Whwww wwwww~hwwhwhw ww hl. w w~h
I* dl 0. X4 X :;N:: Sn Ou .01 4FANMC

I. MM N 40M : " zv N.m 1 00 f 4 a f C
* me

4 en P1d 4- o- in nm0tv n o to

t2 -l Al 0* 14 A- 40 04 m *040 F_ 0- C, NL"
4 ~ ~ ~ 1 60 A- A-- -ll.0.IlO4AIAI1lA 4lA

4~ 0 * 4 10 *. . . .. . . . il: I m 10 .W W W W W W"JW W W c" 1JISJWinWW
4 In3 4 v* U* 0. 04 a40 C a * I r 1j0 4 4

b, in* 1& N0 f" M," F_ C M M 4.0 1!

4 ~ ~~~~~ Iw 4 Ao- -- - -0 0
* 1; 4 40 00 0 0 0 0 0 00 0 0 0 0 0

* m 4 QA _awwwwwww.Jhwl.J wwW.hwwww mmm.wwia=
4 0 * * * '4~~. .%A:4Al * - 00 0 . 0: 0 : : .t b- P A 0 l

W tn %I a S4 0 * A0P*4 4 4 A 0 Z A 0 N-M
* . 14 444A-0P10.-. 44000A-4m~ln224

0 411AllPP)*4*4~l-A-44mm......

* 4 P1In *
on No4--------------------- -- -- -- -- ----------

4 U 0 4 20 0000 0C0 00000In

44 * .AWWWWW W wW-a bIwkDwk.J.WI.ww AWWhWWhWhj
m~~W M a. Z 0 0 0 0 0 0000 44M OX-r

A- a Or- A 04 AV, to I
Or. 004 P1 4

-U 0 alA 04 PImcfnl h.00 000 000 0 -0000 bo oo
A- U *. T 0 2. . .*. . 4 * *. . .......

x Oft-Sl*** * **** .* .* * . . . . . .
01 Wc C., It 0

* 0 40 A4-
C .C CIl Al 4om: ee oe oo o mo ltn=e ---- mW .

P. o& * 0 in a. Z.NOO O O OO O OO O N0 0OM

0 ..p 0: ;0 '-... * . . * . l i2 £.....

00 1z w*00@4-Am*4

W0 4. . . .41 *. .* .

z _000 7gm-

I00 It 0- .-

O~ 0

'w a geO z P0 00 0.0- 00 0 4 _ a a J 4 2#
w OM0 M p 0 F po4MP.; ! 0 00***********************

NOW 0 W !2 N f"*inCl

aD-9



NSWC TR82-..286

00 00 000 001%00 meo omoofuo oof-

.. . . .. . . . . . .. 7T

".!w 01 .W-.WW. Wh h3-0JWWh~~~~w~h
M.A*0(JOASN 0 0 4S, 0,40 @ Pn4

It It It It ItA~

* C.* ** * *. C* * C . . . . . C C cC

-Jw - w w I -- - - - - - - - --

00 00@ ~%0 0~

:01 t! :00
. C C C C C .C* . .C C* C .4 CC . .

3-0 00000000 m0 o o ooooooo

02 -NaIAP Wo* -t~t -i0 In In -0
ADAD**0-~nj Nj..... - NADAD

.. .. .. .. C: . . . . . . . .

vOe o-.oooo.~ 0 o 0- 0.0
05,00000000000lan 0 0P a, 0~ O~ aC O @0

. ...... o...P. ....

a..ooo.w n P.Ogw;ww wwwwooowwoOoooo

.ooooooooooooM 0. h.11 .....~c o~00

S-4--~S'JP-P-A juWwww =!wwwwwwwwJW
"0. In 0 a 1 m x em" 7 100 A w 0Mar.o0

yPI CSP 0,A m W Z Z - 0 ***M -
C~~~~~~~I It~~*C * C CCCCC~ * C

~~~. w. w N JS.NWWWWW WWWIfWt..WWW
0..CAD#O:*wo d,&& oIn 0 + S*+ #

# as~m 0 n : owN . F 0 .. w w w ww w w w
woe MN& -0 Ineyeavv.i

.0*4" M In inqICpm~~ S0D155 OP. 4"AM*~

c oC CCCCC cC CCC C * * * C C * * C
30 00 0 00 0 00 00 0 00 00 0 0000www w w w - A J jjjJ j-jj jA
no 00000000000041 -- - 0

-o; ;N I.i NcC wo M0 m -b .3 .)
0,4ntS9EInN-In0n Ck in CCC Cr C(VX a Co CIF C; C004 N*AJ00*0InO~~~~~~~AD0n %00M1dAM0I hIJ.~h hh~JSJSWWIt...r

c o c a ww ww ww ZW W W W W W W w w~ h W ohh W W W J.J...J .J

w 90. A A ~ D. C I S USA o. In U SUS Sa

""In-.0-CS&WwwMw.wC0AIw* wwwAD Ew-. * 4M S G w) ~ ) )

*~ .0. .D . .4 .. ...0

D-99



NSWC TR 82-286

:IL w w!W w

00....

Al - ----- www 04 Al

in . .

In,

a-00000000000

I- - 0114.....

Al Al 00.- I o0 00

00 N fu in . .

0i1- *4w444w****

cu c fuinQ L 1 :- -- - -- - --

on m -n0 'x .

0 0 * 0 00 00 00

1 ~~i 00 #. Al a- 0 a Al 0W

z a -ina 01310a 40 ."', ; Avvvo ininin

z- '00 0 0004444 . . .

CD Z X Z X Z u *wwhhiwwwi % oo ooo oo~P.Al~flU~l-*lIOin N.0N00a00 P.
9K 4 1,M e oA G P m*I

0 t t 00 It

a 00

tv cu 8 a a a 0 A* . .E . . .w ww ww

hiww w ww w w w w wW W W W W a 000:00000004
a 00 4 F F;z M0 0;;M U 0 # 4 n 4UU 4 * 44 xx " * Z00000

hi P. * e i wM VM . . . . .. .
Z AfIAfUIfIlNl.ilf m m :...oo0ooooooo

~~ ~ 000000Cc,00

moo~4£44 !3!!! w w....4.*

%A ~ ~ ~ ~ ~ ~ i 0 AZ ZZ Z 0Z 0 0IR0 L 4.WL4IAf WVIVIIM1 AVIA V 0A # Mw w .. N
V..).~~~~~A~ 3-00 21 V - .I.-)1 " ).3

CL a a L

~~ 4 4 ~~t 040 ~~ 0 * w . 1 . .
m w . 0Q0606 a P- 0 t- m 1 0 ;:I 0 m a o I'..00.Aloolwl )-

In~n~naflwWInlInl a a al'I-fwt4~~~~~ m n* a***

A A A J J j j-1 Aj jj JJij - - jj w :!WC tAo Q A #A 0 4 d *0N U #A~

0~~~ 0 0 oAu A A Ai AA AvA4 oU ,4 oV 0V p C x z z x x
w VIC0 0 00 0 0 0 0 00 0 0 0 0 PC 3Kf~ljIl&~lfUI x ,cx-P4t 1 4xNCP C3Cx Cu .

D-100I40N~0



NSWC TR 82-286

*ME a aa IJO E M UII I~ I N M m 0 a, No0mN0M0ua

* . P; o.1 o on * '

o~~ a a0 a 00 0 0 0 0 0 0 0 0 000 a 00 0 000 0 0

000c I f04ccm ,0 0, 00 1 no45, NN1 P 1 0 : Z

a a 04o

*O0~~N:-Um500% ft-.M.*MMOO0l0 w10P P * P-t.a0Ill 4 Am m 4 In40

10 % MP: 0 0 4 a M* am-00E cjw IElJo0 0051E:*I:0- &-- In*

N NNmmm4* 2- A ~La5 - t 4 me 2 m NM 14.o a- M *. AD - -N N N mM**
. .. ............ . ... .. .. ...

4) - NmO*P-M m00Uu*MmP5100-aOUMO 00.***N 0 4 m v

p 000C4 0 m0 0--------------00-----0....

NOMwSSS*P-0.WONinmO - NNN511W-.NO OIISNmO"*O 4M 5 M - P N M N-. *0OD-O
MP I1n . UUOMI*O51.OONN - N01P0.05-sS0i0*

0O 00 lJ c, cA E N .. 1%1*cKclc -KM - - - - - - ~ 1: E J 1 N. - - E N

h. 0 0 00 
0  

0 0 h.0-0--. 0 . .
00 0 0 0 wo o o c o e o o o o w 20 00 0 eeooocooooooo w w w ww w t~w w"w l W W!! www!

hi hi hi hI hi hia h i i ihihNh i ihih h i ihih h i ih h i Jo i ihih h i ihih h i ihih i i
000000000~~jp.4 ZOOLSUNNNONS50NP Z*U.000MO-MO.Ns

000000000 t~ I 0 . . . . 00 000-~ 5 .~ .-.- P .0 0 . 0 0 0 000000. . ...

---- zo c--0000v00000---I-00.0 0zc, Z z; r00-~-,a a----------z
a.. . . . .. . . . .** *

S-swww S-iww w ww w ww w w
0 7 g !A924aF- 0P -

0000 000 Ih OOOO OOO OOO0000 00 i03 0000 000 000 0mm

hiihhihhh 4iiiiiiiiiiiiiiii~hhh hiziaii:icih:j.hihhQhi.ia, ihihhiiN
.0.0115155: ..0 M O . 5 5 0N. US 0 . .H .10 .00 . . .. . . . . .. .

0000 000 ~ OOOP-510.-MN550*515E ~ **-OP.NOP-.-MOOU*NO

000000000 'MW 0ji.*.05J10 *N0.0 (110300* .... 0OM5ISIwSSPSOO51SM-00wwww
inM N N NN M M M N in inin i &X iMinMnMNNNNN.-

00000---a - 44oo oo o o oo o o -o a N: P t-m No a 0 *:;

. . . . . . . . .. . .. . . .. . .. . . . . . . . . ... . .
ILI~~ ~ ~ ~ Ij6 ju jII-w6 dwwwwwwwwwwwu UIIIwWL jU ~ jwI jwL jwwwIIL

0000 000 0000000000000000000l a N 0 00000000000000000000amooge.4M 00000000 %. 0 ) 0 0 0 0 0 0 0 0 -v InN ! odla r i oa m00'at)0et0000f

hl i i i ih h h h hi i i i i i i i i ih h h h h h h h h h a a 1, 4, 't C P.1 o m a Nhihi ihi
r-r - 0 0- am.O mNNO mS*Om 40 I q mX 5 Nv p 00 0 fl *015NPNOwA &

0P-~..Mlim '.0N*1i..s00.mm 4oogmOMO.'0t-00
II500M~~~~liOOOOP -M N OLSP- N NO1-O .... .0 N 00. .. MP

a a a a a .00 a.-N *tU** M M *ISO c N'JN*oo.000oo~lo cc ca o*m cc a o a o a a

--------- -------- --------- -------- --------
lo o oo aa.41 o. zOO O O C c.0000 Zc. O O0 C C0 0.00000

hiiiiihhhh #hhhhhhhhW~iihhhhhh mhisjhiihihihiihihihiihihihihihihih
wv a, a N Mp.- *a l 4 0r'S0.No.m* o N

I p- 4 a.* C o0 N 44a- ! M0 ' N N Ot0.U'001a00P0
4 .0o* l-sss' c m a maJ15ICS"PSUzmmp0StN

m ~ ~ 'N. . . . . . . . . . . . . . 0 o m

NA- - U aNNlNNN1NNNN' U 112 It 1NEJItN.NNNNNNNNN

00 00 00 I- 00 0 0 0 00 0 0 0 0 p- 20N0000000000000000000

hico g t-.** x** * ** * * * hi 0 L* ** ** ** * m
hiiiiiiiih S Aiiiihh a hhhhiiiiiiiih .iiiiihhhhhhhhoiiii~hh

24 ItMU O NS 15 OSO it 515.* O M *.N0h

MM*N* * N N . .* N N M S M N - - - 0 * **N.-NiMMNN..

Um in-p U in-o

I N N 04 m Nmm mS - N:

D- 101



NSWC TR 82-286

44

0

*

4 0

100
0~~~~I V ooa&-M0
lu~~~~~ 0y&4 DaI

.~~~~ ~ ~ ~ . . .... ....

a

09S IZ

-MOON

U,

-~~~~i -- -



NSWC TR 82-286

w 3-

x -x

r c .

A4 Zt-A 04 W c

X a .2 oC )

w WC wa 0 Zuoo Z
LA z

0 01-00
WU~ w

w .'K zu
"4 ILx w4 _n C

-JX 0. o

z 4L0- c 0x- !:z 0 j

.1. 4 u w S.

_j a t 1 0 u 0 c- Z
C ev5 3 04 xw. c ow fZ

$4 4, -1.10 ;0 -

00. v .Ii o%3 v) 0 I.C4

'IM4u x(

W Oa~ cI- tK-j

x u.U I.- c oc w :IQ

Z O 3-103 wo



NSWC TR 82-286

u- - Icr : PP

-r IuI & .L,

ceoeCC, ocoo-c-oc- CCCC COeO

INCC . . .. .. ..

CCOCC0 00000 000000 0000 0 000

&r. .*.* ) 0 - c CCM ~ '1 4

go N N

In a l m * *j ** * ** a a ITIn 0aIn

an~~~~ 44 U 4 tA 00 4 O

.a .. . . . 4: LIZN. . . . . . . . . .

Al 0.00 "1tC ~ - - 010C; Z; 5 g g g g - - -

wl Ai I" W l*** w** ) l* 11 W*****A

4 041

* ~ ~~ . . .4C0C~~an.CCNta .

.C . . . . . . . O

IN, 00 -

V,00000 o 0 0e01 = o=Qoce -3300C0..00

e..

u t o o o o o o o o aXoo C D o 4 m aN n

LA 0f0. . . . . . . . ..W
ul aU. 0 0 0 0OTOC 000 0 co wo c00 00 0000

In .,vl OO C CO.00 0 ... 1.0 0C 0000 CL W W11wWZ;M .WL
; 04Wow-!l a.o 0 0 0 0 00 0 0 00. .n n *o P * .t .

- . z...*..,*..... easeNIm 10

000- 4.0A

If0000000000G6

00 -o z :3 mt 0
C0W W 0 000 1- 0 0 m'CZ

to Ml. 4 W-f
j- 2 -Or0 P-C-44 O - N

_.a j 0U 4~C01e~0-1O '0 C A '

MU- C - wL -L D- f L Vr4NN(vNN Nr NN^

W 6-0 00 0 00 00 0 00

b - anW IL 'COlN -W

*z t 2o.. Iwa el zo -c LUj wN w IN 0 N rlNN-o N
-a- a a P. . 2...............................

7z;~ 0 - 0

Lt41 Ut 0t -

D- 104



NSWC TR 82-286

MCC0M00 ccn

t,. ,,.W .

OD4 4£ NNC
M- & M. N z a Cm

Cw k. w' 44i US Uj

o ccc a co

of- N oil .0 NU'

WWWIWWmJWM

99 *4 9 In-.

1 0.

.- s-0400000000a

COO 2 00 0 *A 04CO
.99.*.9. 00 z0a01

*A l U'NNOZMW I" fNIf1

M-O N ' O N cw a .&3 M0 .C .Q

00000000 0 -.

*00 O NC N 9

It 1 1 "

0 Lp P00 000 0 FIIz NNV31 . - ,
- 0 m 0 0 0 0 0

Ni 142Wl 13 sI N~ W Xli £0000000000 tr

tIE (7.N M N - 7 N 000 0N

0 700 0 N *14Jlooog~ht.JggzdWIIIWWWW-*

oNN N j 0S0#NNN*tN

WW W Z00000000.41 9

fu. at ( C N C. lux &

00 00 0 4041AIV IZN0 0w o 'wOI ~i 0
w9.9 . O C XCMM31 3M cMP Kfl

14.14.1W1414 l.J41 1 4444 4444



NSWC TR 82-286

QI.*ZCc, c z; z z z Z; g g 0

z ZZ 9;; ;:;Z 0 Z

0 ,0 , LL t . L L &

h 0 000 1OwO1LLU U o . oU.U U oe o4 3 I i o . 0 o 0
IIoVoooil c oo ooo N44z44 4444a4 44444
;: z* *N n P Z 144444 4 M 44p4D4n44*4

kr.~~ 0 oPr aL e r r Lc ' LC.c ek

N cc w 4 ' cc4 0 4 CMM4 -M0C

WWWW wWW .JL ~ L. . . . . . . .4 . . c c

4~~~~ N4 N 44 4 4 4 I -1 n

o. WW WW .. t. Ww .. W4 WWW AJAJ Ai.JWM W P-ce4..

%NNW"), X4fD 404LtU(on ---- c Jo- - -OooM-0-- - - - -- - - - --M 40cla, N0 M0 1,4 Nr-c- ,rL

%o coo w- ~ o
cc 'o

~0Nt ~ ~ O~ 0 -00P

444444 ** .4-2444 14

.. .. .. . ..... . . . . .

do I000 00N 4 00 0 00? 000 7n

...............................................................................

-K-

~aw ww0 00 0 00 0 0 tp 0 z 0OO OO0e4oo
.. o~ 0 00 0 00 0 0 0 4C -0000000000000000000 . J.

V4 M 17, 40 W0.0 3. NU9P. 4 0 % N O 0 ~ - tJ- .-om Int
440 C 4 NN CNN.DO~o

LC...........................2

I 00000 000000 000000

www M01wNwtILw0.wwwwwwww M N 01

4 0 *rzC~

U P 0 11 J j-

o U 0D-C106



NSWC TR 82-286

00o 0 t 00000

1 0 fui 4 It I, - t - l

9 4 4 0 4 4 11 I I t C .

- fJ

8.8 1# 81 If. ItU. U If 11 1.. of 1.

I.-I

OD4

U

C-

-8 -j ~ ~ -A -j I - A -J A1

(1- j c K c x -C x K x x -C

11 , 01

ft *1-

on 4 m O84 N 4 . 0 l' 4 4 OD N 
Z j 0) Nr -S00 4 ' ' .4

U T8 #0 #l #n 84 4 4 4 4 4 4 I

24ft~m *M- 90 8I 88 *8 8 88 8 88 88 88 Z8 Z8 Z

o 3. 3w. 3. D. 3. 3. 3. 3. 3. 232.k w. . z
In . 4 1 0 4 z 4 4 a C
1 4 4 4 C4 4 '4 4 4 4 4 4

:z o; 3. I0 .i I
o @ 0 0 # 0 0 0 0*1 0 0 . -4

-w w w w8 w1 c. - t I 8o 11 it of1 if . 1 ItU. f
0~ ~ ~ vt an m~ 0 04 4 m 4 N2P 4 P N 4 D b. C A ( A ( P 0In t 0 4 n N LA

IV0- - - - - - --u 0 -N 1,4 '0 0 0 .0 4 %A f

****t .. *P .I*****4 It , w w wNw4w* *

0 0 4 . . . . . .0 0 0 0 0 g IA 04 0 N0 D 0 = 0j

-A -A8I~ . ~8 0 0s 0t 0t 0 of 0 0 0

m IK* 1 4 XK K W C 0 0 C x .0 Ne z x ft x

Dt- 84 N107I 4 f 4



NSWC TR 82-286

DISTRIBUTION

Copies Copies

Director Commanding Officer

Strategic Systems Project Office Naval Air Development Center
Attn: SP-2721 (R. Stanton) I Attn: Technical Library

SP-27233 (E. Katzin) I Warminster, PA 18974
Department of the Navy
Washington, DC 20376 Superintendent

U.S. Naval Academy
Commander Attn: Head, Weapons Dept. 1

* Naval Sea Systems Command Technical Library
Attn: SEA-62R41 (L. Pasiuk) 1 Annapolis, MD 21402

Technical Library 1
Washington, DC 20362 Superintendent

U.S. Naval Postgraduate School
* Chief of Naval Material Attn: Technical Library

Attn: MAT-032 (S. Jacobson) 1 Monterey, CA 95076
Technical Library 1

Washington, DC 20360 Commanding Officer
Naval Ordnance Station

Commander Attn: Technical Library
Naval Air Systems Command Indian Head, MD 20640
Attn: D. E. Hutchins 1

Technical Library 1 Commanding General
Washington, DC 20361 Ballistic Research Laboratory

Attn: Dr. W. Sturek 1
Commander C. Nietubicz 1
Naval Weapons Center Technical Library 1
Attn: Dr. W. H. Clark 1 Aberdeen Proving Ground

Lloyd Smith 1 Aberdeen, MD 21005
Technical Library 1

China Lake, CA 93555 Commanding General
ARRADCOM

Commander Attn: Technical Library
David W. Taylor Naval Ship Picatinny Arsenal
Research & Development Center Dover, NJ 07801

Attn: Dr. T. C. Tai I
Technical Library 1 Commanding General

Washington, DC 20007 U.S. Army Missile R and D Command
DROMI-TDK

Office of Naval Research Attn: Dr. D. J. Spring
Attn: Dr. R. Whitehead 1 Redstone Arsenal

Technical Library 1 Huntsville, AL 35809
800 N. Quincy Street
Arlington, VA 22217

'" (1)I



NSWC TR 82-216

DISTRIBUTION (Cont.)

Copies Copies

Arnold Engineering Development Virginia Polytechnic Institute
Center and State University

Attn: Technical Library 1 Attn: Dr. C. H. Lewis
C. F. Lo 1 Department of Aerospace

USAF Engineering
Tullahoma, TN 37389 Blacksburg, VA 24060

" Commanding Officer North Carolina State University
Air Force Armament Laboratory Attn: Dr. F. R. DeJarnette

" Attn: Dr. D. Daniel Department of Mechanical and
Eglin Air Force Base, FL 32542 Aerospace Engineering

Box 5246
USAF Academy Raleigh, NC 27607
Attn: Technical Library

- Colorado Spring, CO 80912 The University of Tennessee
Space Institute

Commanding Officer Attn: Dr. J. M. Wu 1
- Air Force Wright Aeronautical Technical Library 1
* Laboratories (AFSC) Tullahoma, TN 37388
* Attn: Dr. J. Shang

Wright-Patterson Air Force Base Applied Physics Laboratory
OH 45433 The Johns Hopkins University

Attn: Dr. L. L. Cronvich 1
Defense Advanced Research Technical Library 1

Projects Agency Johns Hopkins Road
Attn: Technical Library 1 Laurel, MD 20708
Department of Defense
Washington, DC 20305 Raytheon Company

Missile Systems Division
NASA Attn: Technical Library
Attn: Technical Library 1 Hartwell Road
Washington, DC 20546 Bedford, MA 01730

NASA Ames Research Center McDonnell-Douglas Astronautics
Attn: Dr. P. Kutler 1 Co. (West)

Technical Library 1 Attn: Technical Library
Moffett Field, CA 94035 5301 Bolsa Avenue

• Huntington Beach, CA 92647

NASA Langley Research Center
F| Attn: J. South 1 McDonnell-Douglas Astronautics

Technical Library 1 Co. (East)
Langley Station Attn: Technical Library

Hampton, VA 23365 Box 516
St. Louis, MO 61366

h'2

L-" (2)



- ..-..- - -

NSWC TR 82-286

DISTRIBUTION (Cont.)

Copies Copies

Lockheed Missiles and Space Martin Marietta Aerospace
Co., Inc. Attn: Technical Library

Attn: Technical Library P.O. Box 5837
P.O. Box 1103 Orlando, FL 32855
Huntsville, AL 35807

Honeywell, Inc.
Lockheed Missiles and Space Attn: Technical Library

Co., Inc. 600 Second Street
Attn: C. Lee 1 Minneapolis, MN 55343

G. Chrusciel 1
C. Louis 1 Rockwell International
B. Wong 1 Attn: Technical Library
W. Coleman 1 Missile Systems Division
Dr. Lars E. Ericsson 1 4300 E. Fifth Avenue
Technical Library 1 P.O. Box 1259

P.O. Box 504 Columbus, OH 43216
Sunnyvale, CA 94086

Raytheon Company

Nielsen Engineering and Research, Attn: S. Pearlsing
Inc. Spencer Laboratory

510 Clyde Avenue Box SL7162
Mountain View, CA 95043 1 Burlington, MA 01803

General Electric Co. Defense Technical Information
Attn: R. Whyte 1 Center
Armament Systems Department Cameron Station
Burlington, VT 05401 Alexandria, VA 22314 12

Science Applicatione, Inc. Library of Congress
Attn: P. Murad 1 Attn: Gift and Exchange Division 4
680 E. Swedesford Road Washington, DC 20390
Wayne, PA 19087

EG&G Washington Analytical
Vought Corporation Services Center, Inc.
Attn: Dr. W. B. Brooks Attn: Technical Library
P.O. Box 225907 P.O. i ox 552
Dallas, TX 75265 Dahlgren, VA 22448

Hughes Aircraft Kaman Sciences Corporation
Attn: Dr. J. Sun 1 Attn: F. Barbera 1

Technical Library I J. Forkois 1
Missiles Systems Group P.O. Box 7463

. 8433 Fallbrook Avenue Colorado Springs, CO 80933
Canoga Park, CA 91304

Sandia Laboratories
Attn: Dr. W. L. Oberkamft I

Technical Library 1
Albuquerque, NM 87115

(3)



NSWC TR 82-286

DISTRIBUTION (Cont.)

Copies

Internal Distribution

* 120 1
K22 1
K24 1
K22 (McNatt) I
K22 (Brown) 1
K22 (Dorsey) 1
K22 (Mungiole) 1
K K24 (Hill) 1
K24 (Yanta) 1
K 1.24 (Voisinet) 1
E431 9
E432 3
R44 (Hsieh) 25
E35 1

-°

L

(4)



FILME


