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FOREWORD 
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. Engineering Cente-r. Huntsville. Alabama for the Air Force Flight Dynamics 
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were developed under Project 1370. -Dynamic Problems in Flight Veh.cles 

Task 137004. "Design Analysis."  Contract F33615-75-C-3125.    Capt. Gerald 

Van Keuren, AFFDL/FYS. is the Air Force Project Engineer. 

S  T   K.  Chan was the principal investigator for the study including com- 

puter program development under the supervision of M. R. Brashears.    The 

authors are grateful for the assistance of the following Lockheed-HuntsvUle 

personnel:   V. Y.C. Young, for the invaluable technical discussions and A. J. 

Jordan for aid in computer program conversion. 

The authors submitted this report in July 1975 as an AFFDL technical 

report to cover research performed from April through June  1975. 
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\.    INTRODUCTION 

The aim of the present study was to develop an efficient and accurate 

numerical algorithm for the analysis of steady transonic flow over nonliftine; 

thin airfoils.    With this objective, the present formulation is therefore based 

on the small disturbance but nonlinear transonic potential equation for in- 

viscid, compressible fluid. 

It is well known that two major difficulties exist in solving the transonic 

flow problem:    (1) the governing partial differential equation is nonlinear, 

and (2) the equation is of mixed elliptic-hyperbolic type.    Because of these 

difficulties, numerical procedures must therefore be used, with provisions 

made to properly account for the above transonic effects.    Among the numer- 

ical approaches,  the finite difference relaxation technique is the most well 

developed and widely used in recent transonic calculations.    On the other 

hand, the finite element technique, in spite of its tremendous success in the 

field of solid and structural mechanics, has never been attempted until the 

present investigation, obviously because conventional finite element technique 

is invalid in solving mixed-type equations.    This difficulty, nevertheless, was 

successfully resolved by a special assembling technique devised for the super- 

sonic region, while the major advantages of the conventional finite element 

method are retained.    These include the complete flexibility in element ar- 

rangement,  its effectiveness to cope with complex geometric shapes and 

boundary conditions, and the ease with using efficient higher order approxi- 

mations.    For these reasons, the present approach appears to be superior 

in solution accuracy and computational efficiency compared to other existing 

numerical techniques. 

The present numerical algorithm is developed using the concept of finite 

elements   in  conjunction with the  least  squares   method  of weighted residuals 

L-™--'- ■■*- —    -VirffiriitiiiT r-'-— - - -■- -'   ■ ■^^"■----■■■hViMlilMtililVltlliMliii'fiiiiiiiiii n 



'-■»»....^MMIIJ. j i. ,A mn<<\mmmmmmmm!iemmimmmmmmm!mißi'iimmm 

The   basic   element   presently   used  has   a  cubic   expansion  for  the   per- 

turbed  velocity  potential  inside  the  element,  with nodal  unknowns   repre- 

senting the function itself and the two perturbed velocity components.    The 

resulting system of nonlinear algebraic equations is banded, although non- 

symmetric.    This system of algebraic equations is solved by direct iteiative 

procedures. 

The theory and numerical procedures, together with the usage of the 

c omputer programs, are discussed in the following  sections.     The theory in- 

cluding the small disturbance potential equation with its corresponding 

boundary conditions and the related secondary unknowns are summarized 

in Section 2.    The numerical procedures employed in the present approach 

are discussed in Section 3.    These include the finite element formulation 

based on least squares, elements used in the computation, special considera- 

tions for the supersonic region, treatment of boundary conditions and a de- 

scription of the iterative procedures.    In Section 4, the two parts of the 

computer code, namely, STRANL-I and STRANL-II are described separately, 
in the aspects of scope and flow chart, description of variables,  subroutines 

used, and finally input and output. Two sample cases are given in Section S 
to demonstrate how to use these computer programs, which are listed in the 

Appendixes. 

: 
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2.     THEORY -ASSUMPTIONS AND BASIC EQUATIONS 

The objective of the present study was to develop an efficient and ac- 

curate numerical algorithm for the analysis of steady transonic flow over 

nonlifting thin airfoils.    With this objective in mind, the formulation was 

therefore based on the small disturbance but nonlinear transonic potential 

equation for inviscid, compressible fluid.    The embedded shock is assumed 

to be weak and boundary layer effects are neglected.    These assumptions 

render the small perturbation theory possible and lead to the following 

mathematical problem to be solved. 

Differential Equation 

1   - M2    -   M2   (1 + ?) «^ 
00 00 .1 6 + 4> =   0 y   ,xx ,yy (1) 

Boundary Conditions 

(1  f u)   ff   -   v 0 on the airfoil 

y ^    =   0 at infinity 

v   =   0        on line of svmmetry 

(2) 

(3) 

(4) 

where 4   = perturbed velocity potential function, u,v = perturbed velocity com- 

ponents in the x- and y-directions, respectively,   M^  = freestream Mach number^ 

y   = ratio of specific heats, taken tobe 1.4 for air, and g = function of x defin- 

ing the geometry of the airfoil.    Equation (1) is in dimennonless form and the 

SWWflPiPii 
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x-axis is aligned with the undisturbed flow direction.    The dimensional (with 

primes) and nondimensional quantities are related by 

4' x y' ,    , 
x   = — •    y   =   c     and   * - u   c 

00 

where  c  and U^ are the characteristic length and speed, which are  currently 

taken as the chord length and the freestream speed, respectively. 

Figure 1 shows the flow field, together with the steady transonic govern- 

ing equation and corresponding boundary conditions.    Because only nonlifting 

thin airfoils are being considered, the airfoils are necessarily symmetric and 

hence only half of the flow field is depicted and analyzed.    As the figure shows, 

the flow tangency condition on the airfoil is retained in its nonlinear form, as 

defined by Eq. (2), and is to be applied along the actual airfoil surface. 

Another approach is to use the linearized boundary condition and apply it 

along the airfoil chordline, as commonly adapted in most existing finite differ- 

ence codes.    Apparently, use of the nonlinear form  is more accurate when 

the magnitude of u  becomes non-negligible.    On the  other hand, use of the 

linearized boundary condition could enhance solution convergence somewhat 

as the nonlinearity now exists in the governing equation only.     Extensive 

studies and comparisons are certainly required in order to assess the two 

approaches.    In the present computer code, the nonlinear form is used unless 

otherwise specified through an input control key, in which case the linear form 

will be used.    On the line of symmetry, as is well known, the Neumann condi- 

tion of no normal flow is to be imposed.    For the far field, because only a finite 

domain can be treated in the analysis, the condition of no disturbance at infinity 

is assumed to be valid on the outer boundary which is usually taken as a few 

chord lengths away from the airfoil.    Numerical experimentations indicate that 

a flow region with H > 2c and Li>4c is generally required to yield solution with 

adequate accuracy.    For flow with higher freestream Mach number, the flow 

region should be extended somewhat to account for effects from the enlarging 
supersonic   pocket. 

 _^V';  
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For the problem of lifting airfoils, the entire flow domain mus«  be con- 

sidered.    In this case, an asymptotic  solution including at least the circulation 

as unknown should be applied   on the finite outer boundary.    This is part of a 

current study conducted for AFFDL and will be implemented later. 

Once the flowfield solution in terms of the perturbed velocity potential 

has been obtained, all secondary unknowns can be calculated subsequently. 

These include 

a    = y-i 

M   =   V 
a 

2 2 
(U      -   V   )   + oo 

U 

M 
oo .2 

oo 

1/2 
(5) 

(6) 

P. 

o ^   +   (1 
U l 

oo 

1 + ? M2 

y 
y-i 

0        2 2 
x/t2   \ u J.   v 

oo    u2 u2 
00 oo 

2u 
U 

00 

(7) 

(8) 

In the above, U     =1, the normalized freestream speed, a = local speed of 
oo 

sound, M = local Mach number, V = the total velocity, p = local static pressure, 

p    = stagnation pressure, and C    = pressure coefficient. 
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3.    NUMERICAL SOLUTION PROCEDURES 

The concept of finite elements in conjunction with the method of weighted 

residuals (MWR) is the basis of the present numerical procedures in solving 

the small perturbation transonic flow equation.    Of all the MWR methods, the 

Galerkin and the least squares approaches were investigated (Chan  et al., 

Ref. 1), of which only the latter approach was found applicable to mixed flow 

analyses.    The success with the least squares formulation is attributable to 

the resulting matrix being positive definite and well conditioned.    This approach 

was therefore incorporated in the present computer program, with numerical 

procedures described in the following   subsections.    These include the finite 

element formulation, element description,  special considerations in the super- 

sonic  region, the imposition of boundary conditions and iterative procedures. 

3,1     Finite Element Formulation 

The finite element method, in conjunction with the least squ     es method 

of weighted residuals, is used herein to solve numerically the small perturba- 

tion transonic equation.    In this approach, a set of locally defined trial func- 

tions with undetermined parameters is assumed as the approximate solution, 

and the integral expression for the square of errors committed by the approxi- 

mate solution is formulated.    Then the integral of square errors in the entire 

domain is minimized with respect to the undetermined parameters to yield a 

system of algebraic equations.    In actual computations, the minimization 

process is performed at element level and then an assembling process is 

invoked to obtain the system of algebraic equations.     It is these processes 

which enable us to take care of the supersonic pocket with convenience and 

success.    This special assembly technique is described in Section 3.S. 

Written in the usual manner with repeated indices implying   summation, 

the approximate solution has the following form 

—"• ■^ffitninH-aiiMMi   iBi . -..«^ .:;.^.^M.._.   
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1  r l (9) 

in which N.'s represent the shape functions and (^.'s are the undetermined 

parameters at nodal points.    The residual then becomes 

Yi        !  |  1   - M2        M 
I oo 

(1 + y) N.       *tl N. w +   N. iro U.     (10) 

from which an integral expression for the square errors is obtained as 

//• 
R dA (H) 

Upon the minimization of X with respect to the undetermined parameters, a 

system of algebraic equations in the following form is obtained 

S.. ^     =   0 
lJ    j 

Herein the banded system matrix S.. is defined as 

(12) 

S..   =   /TP. Q. dA (13) 

with P. and Q. determined by the following expressions 

Q.   =    [l  -M2     - M2    (l+y^N,       rf,   I   N. +   N. 
J I «J oo    v '     k.x rk J      j,xx j.yy 

and 

114) 

>     =   Q.  - M^    (i + y)N 
i i oo ' ' 

^1   N. k,xx   rk     i.x (15) 

As stated earlier, the system matrix is obtained by combining appropri- 

ate contributions from all the elements.    The element matrices, in turn, are 

evaluated effectively by numerical integration to avoid the tedious and error 

■ 
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prone algebraic manipulations.    The one presently used is a   7  point 

Gaussian quadrature, which can integrate exactly a quintic polynomial in 

the element.    It is to be noted that although the system of equations,   Equation 

(12),is homogeneous; it does possess a non-trivial solution once the boundary 

condition on the airfoil is imposed. 

3.2     Element Description 

The basic element used in the present program is the nonconforming 

cubic triangular element developed by Bazeley   et al.   (Ref. 2).    Also used in 

the program are quadrilateral and trapezoidal elements constructed from 

these triangular elements.    These three types of elements can be mixed and 

used freely in the entire flow region except that only trapezoids   should be 

used to cover adequately the supersonic region in order to enact the special 

treatment discussed later. 

The basic triangular element is shown in Fig.  2, which   at each vertex 

has the function itself and its two first derivatives (velocity components) as 

undetermined parameters.    This type of element was adapted mainly because 

boundary conditions of both Dirichlet and Neumann types can be imposed with 

3   (^3)u3,v3) 

2    (^2,u2,v2) 

1  (4> i-ui-vi) 

Figure 2   - Triangular Element with UnJ^termined Parameters 

iüiüiM^to^ •"-"---■'■■■--■-■ -— ■- 

gBa""^-^i«-fc»- -ii n-ii-i-.-ii-nii.T-(i'iiir-iitiirM 



***mm m^mmmii^msi^s9^9^mmf^ii^^mFTW^mm9^mammmg^mmmmK. 

equal convenience.    In addition, because velocities at nodes are treated as 

primary unknowns,  secondary unknowns such as local Mach number, and 

pressure coefficients,  etc. can be computed directly without resorting to 

numerical differentiation and thus assuring higher accurac/.    Furthermore, 

the use of higher order elements can usually improve computational effi- 

ciency as evidenced in most finite element analyses. 

In the element, the approximate solution is assumed as 

^e   =   N. (/>.    (i   =    1 to 9) 

in which (/   's are the nine undetermined parameters of $  and its first deriva- 
i 

tives at the nodal points as shown in the figure and N.'s are the corresponding 

shape functions, which are expressed in terms of area coordinates. 

Defined in the following are these shape functions and their first and 

second derivatives. 

Letting 

a.  = x.y.   - x. y. 
i        fk        k7j 

i      ' j      'k 

c.    = X,     -  X. 

A = area of triangle l-Z-3 = (b.c.   - b,c.)/Z 
J ' «I 

a = 0.5 (c^-Cj) 

ß = 0.5 (b.-bk) 

Hx = biVk+VkCi + bk^J 
Vc.^+ 0.^ + 0^ 

Hxx = ^Wk + Sbkbi + ViV 
Hyy^^Yk+Vk^^iV 

10 
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with i=(l,2,1). j = (2, J,l), k = (l.\,Z), then one has 

for l={l,4J), i=(l,2,3)l 

N i, xx 
(2A) 

7T  l6^1"^^2^! 

N 
^.yy (2A) 

1 [6c2
i(l-2Ci) + 2Hyy] 

for i=(2>5,8)>   i=(l,2,3) 

N^q^-c.^+aH 

f, XX 

(2A) 

for «=(3,6,9),  i=(1.2,3) 

11 
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N'- w= ^F (2c'(b^k" bkV+ 4Ci(2AHi + ßHvy! 

The undetermined parameters are arranged in the order of ^      u  , v   , «^     u 
•I X JL M M 

v-,  0    , u   , and v,. 

Quadrilateral and trapezoidal elements as shown ir   Fig.  3 are also used 

in the present program, the former in purely subsonic flow region to save 

data input and the latter in the mixed and supersonic flow region.    The ele- 

ment matrix for a quadrilateral is obtained by combining appropriately the 

matrices for two triangles, while matrix for a trapezoidal element is 

a.  Quadrilateral Element b.   Trapezoidal Element 

Figure 3   - Elements Constructed from Basic Triangles 

12 
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obtained by combining and averaging contributions from four triangles, two 

left-running and two right-running triangles.    The averaging process is de- 

signed to remove the bias effects inherent in the quadrilaterals presently 

used.    In any event, the present program is coded in such a way that the com- 

puter is given the jurisdiction over which type of element to use, according 

to the flow behavior in the element.    Of course, it does no harm to use trape- 

zoids where the usage of quadrilaterals is considered adequate, except that 

computation time will increase slightly. 

3.3     Special Considerations for Supersonic Region 

As is well known, the finite element method iü a powerful tool for solv- 

ing problems governed by elliptic equations.    However, for problems governed 

by either parabolic or hyperbolic equations, the conventional finite element 

assembly technique must be modified so that the proper influence of solution 

in time (or time-like direction) is considered.    For the present problem, 

the x-axis is a time-like direction which implies that the solution at the up- 

wind station will determine the solution at its downwind station but not the 

contrary.    This consideration leads to the well known upwind influence finite 

difference operator (backward finite difference).   An equivalent technique in 

finite element analysis has been devised and applied to solve the transonic 

flow equation. 

Consider the rectangular element sketched below with upwind station I 

and downwind station II, each having two nodal points.    With the element type 

chosen, the element matrices can be constructed in the usual manner.    How- 

ever, before assembling the element matrices into the system matrix, the 

coefficient of the 

Flow Direction 

z1- 
I 1 

I 1 
I I 

I 11 

13 
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first term in the transonic equation should be evaluated 

C    =    1   - M2     - MZ    (1 + v) u 
00 oo 1' (16) 

The sign of the coefficient   C   being positive, zero, or negative will define the 

equation as elliptic, parabolic or hyperbolic.   If  C   is non-positive for all 

nodes in the element, the rows representing the improper downwind influence 

on solution at an upwind station are ignored during assembly.    This feature 

is taken care of automatically in the program, requiring only a little care 

with the nodal arrangement in the element.   In the anticipated supersonic re- 

gion, element node points should be arranged in the order as indicated in the 

above sketch, starting with the upper left corner node and proceeding in counter- 

clockwise direction.    On the other hand, if the sign of   C   is positive at any of 

the four nodes, no special assembling ie invoked.   As stated earlier, only tra- 

pezoidal elements are to be used in the anticipated supersonic and mixed flow 

region, while triangular elements and quadrilaterals consisting of only two 

triangles are considered unsuitable because of their bias nature.   However, 

these two latter types of elements can be used effectively in the subsonic flow 
region. 

3.4     Boundary Conditions and Iterative Procedures 

As stated earlier, the imposition of boundary conditions for the present 

problem can be carried out conveniently because the elements presently used 

have function value and two first derivatives as primary unknowns.    The asso- 

ciated boundary conditions thus can be treated as the essential type, i.e., having 

prescribed values.    Standard finite element methodology is therefore followed 

by assembling first an unconstrained problem and then modifying the matrix 

equations accordingly.    More specifically, on the outer boundary the flow is 

assumed to be undisturbed and hence the corresponding unknown parameters 

are set equal to zero.   On the line of symmetry, the velocity component v is 

also set equal to zero.    On the airfoil,   the nonlinear form of flow tangency on 

the airfoil is imposed by replacing the algebraic equation for   v  by 

14 
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dg.u     -   dg. 
dx    i        dx (17) 

in which u   and v. are unknown parameters at node "1" on the airfoil.   When 
i i 

the linear form is desired, the corresponding equation becomes 

v. 
i dx 

;i7a) 

and is applied along the chordlins.    The selection between these two approaches 

is made through a control key in the input. 

In the present program, no special efforts have been devoted to treat the 

leading edge and trailing edge singularities.   Any rigorous approach should 

consider also the invalidity of small perturbation theory in these regions, 

which is certainly beyond the scope of the present study.    Nevertheless, these 

regions are relatively small and the flow is usually subsonic in nature, which 

implies any error committed is generally localized and becomes less impor- 

tant elsewhere.    For non-blunt airfoil such as a 6% thick circular arc, using 

half of the actual airfoil slope at each respective place in the computation seems 

to work well.   However, for blunt airfoil such ao NACA 64 A006, a finite slope 

near the leading edge,  say 1% behind the airfoil leading edge, could be used in 

computing the vertical velocity component at that point.    A still better approach 

is to use very fine elements in that region and treat the leading edge as a singu- 

lar point.    In practical computations, however, an element with its area ap- 

proaching zero might create a new numerical problem because all shape func- 

tion derivatives involve element area as divisor.    Therefore, caution must be 

taken in using extremely small elements. 

With the equations properly assembled and boundary conditions imposed, 

the system of nonlinear algebraic equations is finally solved by iterative pro- 

cedures in the form 

S.. {J) (t,(n)   =   L. (18) 

15 
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to solve for the solution  (/r'  at the n      iteration.    The function   (^ is, in turn, 

defined as 

0   = e^^-1) +  {i-B)t(n-l) (19) 

in which   G   is a relaxation factor in the range  0 < 0  <  1.    For subsonic flows, 

9   is usually taken as unity; for flow in the transonic regime, however, it has 

been found that the use of an under relaxation factor is retired.    The value of 

9   should decrease from unity for barely critical flow to 0.4 or even 0.3 for 

supercritical flow.    The optimum underrrelaxation factor generally depends 

on the freestream Mach number and the mesh being used.    At the present, no 

systematic investigations have been done in this regard, and therefore its value 

should be selected by numerical experimentations.    Generally speaking, a 

smaller under-relaxation factor will make the solution more stable but at the 

same time tends to slow down the rate of convergence. 

Equation (18) is to be solved subject to certain prescribed convergence 

criterion.    The one presently used is that the relative change of local Mach 

number between two consecutive iterations should be less than a prescribed 

small number for all the nodes in the flow field, that is 

M(n) -M(n-1) 

M (n) < e 
(20) 

Numerical experimentations indicate that a solution with adequate accuracy 

is generally obtainable with   r in the range   0.01 <    e <   0.001. 

; 16 
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4.    PROGRAM DESCRIPTIONS AND USAGE 

As stated earlier, the present computer program is capable of analy- 

zing steady transonic flow over nonlifting thin airfoils by solving the small 

disturbance but nonlinear transonic potential equation.    The numerical al- 

gorithm is based on utilizing the finite element technique in conjunction with 

the least squares method of weighted residuals.    To solve a particular tran- 

sonic flow problem, an appropriate finite element mesh must first be set up, 

followed by using the numerical procedures summarized in Section 3.    Thus 

the present programs are separated into two parts —the first part which gen- 

erates the necessary mesh information from a limited number of input cards 

and the second part which carries out the analysis with element mesh gener- 

ated in the first part.    By doing so, the generated mesh can be fully inspected 

for its correctness prior to the analysis, and storage required in the second 

program can be accordingly determined to suit each particular problem.    These 

two programs are designated STRANL-I and STRANL-II (Steady Transonic 

Flow by Lockheed, parts I and II, respectively) and are described in more de- 

tail in the following. 

4.1     STRANL-I 

4.1.1      Scope and Flow Chart 

This program reads in a limited number of input cards and generates mesh 

information such as element nodes, nodal coordinates, boundary nodes and air- 

foil slope, etc., to be used in the second program.    Additionally,  the present 

program has two options — one for renumbering the nodes to yield a smaller 

bandwidth and the other to plot the generated mesh for quick inspection.    A 

schematic flow chart of the program is shown in Fig. 4. 

17 
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(      Start j 

Read TITLE 

lOPT (Control Keys 

I 
Call MESHBW 

(Generate mesh infor- 
mation from a limited 
number of input cards.) 

Read NIDS, NID, VAF 

(Boundary nodes and 
airfoil slope) 

Yes 

' 

—<C^IOPT(ll) = 1              J^— 

I 
NJNT(l) = I 

(Retain original 
node numbering) 

Call         OPTM 

(Renumber nodes 
to reduce bandwidth) 

1 1 

No 
C^IOPT(12) = i   7^: 

Yes 

' 
C-.ll         MPLOT 

(Plot generated mesh) 

' 
" 

| 

Print Output Data 

Punch Output Data 
(or store on tape) 

Back to Start for Next Case 
(Stop if EOF read) 

Figure 4 - Flow Chart of T-TRANL-l 

IS 

1 

IMM^WfelMM^ ■     ^ —.^-.  ■ ... 



•-—"w—^^—■"- ~    jihiimMimmgii.imM^^t'mm^^^ '«"'■i !■ -"«J mv^mi^^m^mmm 

The prof-ram as presently dimensioned requires approximately 42g words 

to run and ran arcommodate the following maxima; 

• 200 elements 

• 180 nodal points 
• 50 nodes for each type of boundary conditions 

• 10 nodes connected to any node in the mesh 1 

4.1.2     Description of Variables 

TITLE 

IOPT 

NDEL 

X 

Y 

NJNT 

MEMJT 
NEWJT 
JOINT 
JMEM 

NIDS 

NID 

VAF 

NEM 

NPM 

Array used to describe the problem 
under consideration. 

Array containing the option keys which 
are activated when read in as "1."   Pre- 
sently there are two keys in the program, 
IOPT (11) for node renumbering option 
and IOPT (12) for mesh plot option. 

Array containing element node points. 

Array containing the x-coordinate of 
nodal points. 

Array containing the y-coordinate of 
nodal points. 

Array containing the new nodal numbers 
if node renumbering option is executed; 
otherwise it retains the original nodal 
numbering. 

Arrays to provide adjustable dimensions 
used in subroutine OPTM for node renumbering. 

Array containing the actual number of 
boundary nodes for far field, on the line 
of symmetry, and along the airfoil surface. 

Array containing the nodal numbers for 
each type of boundary nodes mentioned 
above. 

Array containing the airfoil slope for nodes 
on the airfoil surface. 

Maximum number of elements allowed. 

Maximum number of nodal points allowed. 

19 
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NCN 

NEMN 

NELS 

NPS 

MAXN 

NBW 

Maximum number of nodes connected to 
any node in the mesh. 

Product of NPM with NCN. 

Total actual number of elements. 

Total actual number of nodal points. 

The maximum difference in nodal num- 
bers between two connected nodes. 

Full bandwidth of the resulting system 
matrix. 

4.1.3     Subroutines 

MESHBW:    This subroutine is called to generate mesh information in- 

cluding the following:   array of element nodes, total number of elements, x- 

and y-coordinates of nodal points, and the maximum difference in nodal num- 

bers between two connected nodes.    In generating this information, a small 

amount of input cards is required, which will be described under Section 4.1.4. 

QPTM:   This subroutine is called, when desired, to renumber the nodal 

points so as to yield as small a bandwidth as possible.    The algorithm first 

establishes a table containing the nodal numbers connected to each of the no- 

dal points, and then considers each node in turn as the origin of the new num- 

bering system to search for one resulting in a smallest bandwidth.    In conse- 

quence   this  subroutine generates an array of pointers relating the original 

numbering scheme to the new numbering scheme.    This array is to be used 

in constructing the matrix equation, and is used again to refer back to the 

original numbering at output time.    Using this method, one need not worry 

about the bandwidth problem and is unaware that any renumbering has taken 

place. 

MPLOT:    This routine plots the mesh generated together with the origin- 

al node numbering, using the CALCOMP plotter.    Correctness of the mesh can 

thus be checked quickly prior to running the second program. 

20 
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4.1.4     Input and Output 

All input and output are referred to the original numbering scheme, with 

input in the form of punch cards, and output in the form of printout and punch 

cards.    If subroutine MPLOT is called, the mesh is also plotted for the con- 

venience of inspection. 

Input 

Input cards to this program should be prepared and provided in the order 

described below. 

A. TITLE CARD (7A10,A2) 

Col.  1 -72       Description of the problem under study 

B. OPTIONS CARD (4012) 
Col. 22 Punch "1" if node renumbering is desired 
Col. 24 Punch "1" if mesh plot is desired 

C. ELEMENT CARDS (1615) 

These are cards supplied to generate element nodal 
numbers in groups.    One card is needed for ea^h 
group of elements whose nodes are related in a 
regular pattern.    The number of elements in a group 
can vary from one to any positive integer number, 
depending on how the nodes are numbered origin- 
ally.    There can be as many cards as required to 
generate the element nodes, and a blank card is 
added at the end to terminate the process. 

Col. Description 

1-5 Number of nodes per element.    Punch 3 for 
triangular elements, and punch 4 for quadri- 
lateral and trapezoidal elements. 

6-10 Number of elements in one direction (called 
first direction). 

11-15        Number of elements in the other direction 
(called second direction). 

16-20        Increment of nodal numbers in the first 
direction. 

21-25        Increment of nodal numbers in the second 
direction. 

21 
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26-30        First nodal number in the element 

31-35        Second nodal number in the element 

36-40        Third nodal number in the element 

41 -45        Fourth nodal number in the element 
("0" for triangles) 

As stated before, element nodes are presently ordered in the counterclock- 

wise direction, and the upper left corner node should be taken as the first 

nodal point in an element located in the anticipated supersonic region.    This 

is required to enact the assembling process correctly in the supersonic pocket. 

For example,  to generate element nodes for a mesh shown below, three 

input cards are required:   one card for the first 12 elements,  second card for 

the next two elements, and the third card for the triangular element.    The 

three cards are: 

4 4 3 4 1       2 1 5 f. 
4 1 2 0 1     18 17 21 22 
3 1 1 0 0    20 19 23 0 

(Ended by a blank card when all elements are covered) 

4 8 
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D. CARD FOR TOTAL NO. OF NODES (15) 
Col.  1 -5 Total number of nodes for the entire 

flow region. 

E. NODE COORDINATE CARDS (315,  5F10 0) 

The x- and y-coordinates of nodes are also generated 
in connected groups. A connected group of nodes are 
those falling on a straight line with a constant ratio of 
nodal distances and constant increment in nodal num- 
bers as well. The intermediate nodal points can thus 
be generated by linear interpolation. Again, the pro- 
cess is terminated by encountering a blank card. 

Description 

Node number of the beginning nodal point. 

Total number of nodes on the line. 

Increment of nodal numbers between two 
consecutive nodes. 

Ratio of distances between three conse- 
cutive nodes. 

x-coordinate of the oeginning node . 

y-coordinate of the beginning node . 

x-coordinate of the end node. 

y-coordinate of the end node. 

Col. 

1-5 

6-10 

11-15 

16-25 

26-35 

36-45 

46-55 

56-65 

For example, to generate the coordinates for the nodes depicted below with a 

constant distance ratio of 1.2, the input card should read as 

2 5        4 1.2 x2 y2 x^ y ]8 

10 

23 
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F, CARD FOR NO. OF NODES ON BOUNDARIES (1615) 

Col. Description 

1 -5 Number of nodes on the outer boundary 
(called NFARF) 

6-10 Number of nodes on line of symmetry 
(called NWAKE) 

11-15       Number of nodes on the airfoil surface 
(called NBODY) 

G. CARDS FOR BOUNDARY NODES (1615) 
(a) Nodes on the outer boundary (NFARF entries) 

(b) Nodes on line of symmetry (NWAKE entries) 

(c) Nodes on the airfoil surface (NBODY entries) 

H.    CARDS FOR SLOPE ON AIRFOIL (8F10.0) 

Airfoil slope for nodes on the airfoil surface (NBODY 
entries) 

Output 

The output from this program is in the form of printout, punch cards, 

and also a plot if the mesh plot option is invoked. 

The following items are printed in the order as described: 

• Title of the problem under study 

• Control keys specified in the options 
card 

• Total number of elements, number 
of nodal points, and the full bandwidth 

• Element numbers and element node 
points 

• Nodal numbers and their correspond- 
ing x- and y-coordinates 

• Nodes on each type of boundaries 

• Slope for nodes on the airfoil surface 

The above items except the first two, together with the NJNT array relating 

the new node numbering to the original node numbering, are then punched 

and saved as input to the second program (STRANL-II). 

24 
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4.2     STRANL-Il 

4.2.1     Scope and Flow Chart 

This program carries out the analysis following the numerical procedures 

described in Section 3, with any mesh information generated and supplied through 

the first program. In summary this program solves the small perturbation 

transonic potential equation via the least squares finite element technique.   The 

embedded supersonic pocket is taken care of by a proper assembling scheme 

and the resulting system of nonlinear algebraic equations is solved by direct 

iterative scheme.    The present program has three options, one for inputting 

nonzero initial guess of the solution, one for computing in the same run solu- 

tions for higher Mach numbers) using results computed for lower Mach number 

case(s). and the last one for selecting the form of boundary condition on the 

airfoil.    A schematic flow chart of the program is shown in Fig. 5. 

The program as presently dimensioned requires approximately 160g K 

words for the program itself and can accommodate the following maxima: 

• 200 elements 

• 180 nodal points 
• 50 nodes for each type of boundary conditions 

• 84 in full bandwidth of the resulting matrix 
equations 

4.2.2     Description of Variables 

TITLE Array used to describe the problem under 
consideration 

IOPT Array containing the option keys which are 
activated when read in as " 1."   Presently 
there are three options: IOPT(l) for con- 
tinuation for high Mach number cases while 
using existing results computed for lower 
Mach number, IOPT(2) for inputting non-zero 
initial guess (referred to the new numbering 
system), and lOPT(3) for selecting the linear- 
ized boundary condition applied along the 
airfoil chordline. 
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(Start    J 

Read TITLE 
IOPT (Control Keys) 
IVGIV, ZTEST, RMACFl 
(I'roblem parameters) 

IRES = 0 
(Initialize the iterations) 

Yes 

Read Input Gene 
STRANL 

rated from 

L-1 1 

Yes 

Move Airfoil Nodes to Chordlin ae 

No 

Print Mesh Information, etc. 
Also, Redefine Mesh Information 
According to New Node Numbering. 

Set Actual Size of the Problem 
NEQ,NHBW 

Read        S(I,NBW) 
(Initial guess) 

SLP(I) = 0.0 
(Initialize previous 
step solution) 

I 
IRES = IRES + 1 

Back to Start for Next Case 
(Stop if EOF read) 

Solve TPDE 
(Transonic partial 
differential Eqtn.) 

Figure 5 - Flow Chart of STRANL-II 
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l 
Print Computed Results 

L 1 
Call FPLOT 

(Display C    on the Airfoil) 

Update Solution 
SLP, RMLP 

Figure 5 -(Concluded) 
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NOD 

S 

SLP 

X 

Y 

RML 

RMLP 

COF 

NJNT 

NIDS 

NID 

VAF 

AR 

LR 

NEM 

NPM 

Array containing element node points 

The resulting system matrix with main 
diagonal terms stored in the column 
numbered NHBW.    After solving, the 
column numbered NBW contains the 
solution. 

Array containing the solution obtained 
from rexalation procedures.    This solu- 
tion is used in generating the system 
matrix to solve for the next iterative 
solution. 

Array containing the x-coordinate of 
nodal points. 

Array containing the y-coordinate of 
nodal points. 

Array containing values of local Mach 
number at nodal points for the current 
iteration. 

Array containing values of local Mach 
number at nodal points for the previous 
iteration. 

2 2 
Array containing values of M     + M 7 b oo oo 

(1 + y)u evaluated at nodal points. 

Array relating the new node number- 
ing to the original node numbering 
schemes. 

Array containing the actual number of 
boundary nodes for far field, on the line 
of symmetry, and along the airfoil,  re- 
spectively. 

Array containing the nodal numbers for 
each type of boundary nodes mentioned 
above. 

Array containing the airfoil slope for 
nodes on the airfoil surface. 

Array to store values for use in sub- 
routine FPLOT. 

Another array to be used in the sub- 
routine FPLOT. 

Maximum number of elements allowed. 

Maximum number of nodal points allowed. 
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NCM Maximum full bandwidth allowed in the 
resulting system matrix. 

NA Maximum number of nodes allowed on the 
airfoil surface. 

NRM Maximum number of equations allowed. 

NELS Total actual number of elements. 

NPS Total actual number of nodal points. 

NBW Full bandwidth of the  resulting system 
matrix. 

NHBW Half bandwidth of the resulting system 
matrix. 

NEQ Number of equations in the resulting 
system of equations. 

ITGIV Cut-off number of iterations. 

ZTEST Small number used to check convergence 
based on the relative change of local Mach 
number between two consecutive iterations. 

RMAC Freestream Mach number. 

SQMAC Square of the freestream Mach number. 

Fl Under-relaxation factor with  0 < Fl  < 1.0. 

IRES Number of iterations. 

POT Perturbed velocity potential. 

UPT Perturbed velocity component in the x- 
direction. 

V Perturbed velocity component in the y- 
direction. 

U Total velocity component in the x-direction. 

PRATIO The ratio of local static pressure to stag- 
nation pressure. 

CP Pressure coefficient. 

DELM Change of local Mach number between two 
consecutive iterations. 

4.2.3     Subroutines 

NEWK:    This subroutine is called in the main program to generate system 

matrix for the entire flow field by assembling appropriately the element 
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matrices.    The elements are,  in general, a combination of triangles, quadri- 

laterals and trapezoids.    For a 4-node element, this subroutine also deter- 

mines either to treat it as a quadrilateral or as a trapezoid, depending on the 

local behavior of the governing equation being elliptic or otherwise.   Subrou- 

tine EMQT is called to generate the element matrices. 

EMQT:   This subroutine generates element matrix for elements in the 

form of triangles, quadrilaterals and trapezoids.    Element matrix for the 

later two types is obtained by combining appropriately (and averaging for the 

last type) contributions from triangular elements which ar 2 in turn evaluated 

in subroutine EMTC. 

EMTC:   This subroutine evaluates the element matrix for a triangular 

element by numerical integration.    The one presently used is a 7-point 

Gaussian quadrature, which can integrate exactly a quintic polynomial in the 

element.     Shown below are the locations of these Gaussian point? with their 

corresponding weights  shown on page 31. 

ctj = 0.05961587 

= 0.47014206 

= 0.79742699 

ß2 = 0.10128651 

.. 
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Points Area Coordinates Weights 

a 1/3 1/3      1/3 0.225 

b 

c 
"l 

ß, 

ßl       ßl 

«l        ßl 
0.13239415 

d 

e 

f 

ßl 
a2 

ß?. 

ßl       «l   ] 

ß2       ß2 

«2       ß2 
0.12593918 

g ßz ß2      a2 

DERV:   This is a subroutine called by EMTC to evaluate the first and 

second derivatives of the shape functions at a Gaussian point, based on the 

expressions listed in Section 3.2. 

BNDEQ:     This is an equation solver for banded nonsymmetric system of 

algebraic equations, utilizing the direct Gaussian elimination scheme.    In this 

solver the system matrix is arranged in a twisted form such that main diagonal 

terms are stored in the column numbered NHBW and the right-hand side vector 

is in the column NBW.    After solving, the column numbered NEW contains the 

solution vector. 

FPLOT:    FPLOT collects and stores data as it becomes available, and 

upon signal, produces a printer plot in practically any orientation and size. 

It should be regarded as a general purpose output routine for displaying out- 

put data in graphical form. 

Description of Parameters 

Ml 

IPNT 

Size of the main storage array, and it 
should never be larger than 800, which 
corresponds to 400 points to be plotted. 

Counter initialized —usually IPNT = 0  ■ 
in the calling program. . It is incremen- 
ted by 2 each time a new data point is 
entered in AR. 
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AR 

LR 

ISTOP 

NC 

NCMAX 

VI 

V2 

Main storage array.    It should be in a 
dimension statement in the calling pro- 
gram.    For example, DIMENSION AR(800). 

An array of bytes used to hold the curve 
number.    It should be dimensioned for Ml/2. 
The type declaration LOGICAL*! LR(400) 
should be in the calling program. 

Flag used to signal that all data has been 
entered.    ISTOP = 0 causes data to be 
stored.    If ISTOP = -1 and NC = NCMAX 
the program immediately branches to the 
plotting section.   If ISTOP = 1 and NC' = 
NCMAX a data point is stored and then the 
plotting section is entered. 

Curve number for which data is being en- 
tered.    It must be a positive integer less 
than 21. 

The number of curves to appear on the graph. 
This is the largest value NC will have. 

The horizontal coordinate of the data point to 
be plotted. 

The vertical coordinate of the data point to 
be plotted. 

4.2.4    Input and Output 

Input 

The bulk of input to this program is provided through STRANL-I in the 

form of punch cards.    To run several cases of various freestream Mach num- 

ber but using the same mesh and boundary conditions, three additional cards 

should be furnished for each case to be computed.    These cards should be 

provided in the following order 

A. TITLE CARD (7A10,A2) 

Col. 1-72     Description of the problem under study 

B. OPTIONS CARD (4012) 

Col. 2 Punch "1" if it is a continuation in 
computation from one Mach number 
to another. 
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Co]. 4 

Col. 6 

Punch "1" if cards for nonzero initial 
guess is furnished in the input data. 
If so, insert them following those 
generated from STRANL-I. 

Punch " 1" if linearized boundary condi' 
tion along the chordline is desired. 

NOTE:   As seen in the flow chart, when IOPT(l) = 1, the last two options become 
inoperative. 

C.    PROBLEM PARAMETERS CARD (15, 3F10.0) 

Col.  1-5        Cut-off number of iterations. 

Col. 6-15     Small number used to check conver- 
gence based on the relative change of 
local Mach number between two con- 
secutive iterations, usually taken in 
the range from 0.01 to 0.001. 

Col. 16-25   Free stream Mach number 

Col. 26-35   Under relaxation factor with the value 
of 1.0 for subsonic cases, and decreas- 
ing for supercritical flows. 

For the first case of the run, punch cards from STRANL-I are placed after 

the above cards.    For subsequent cases using the same mesh, three addition- 

al cards as described above are required for each case. 

Output 

The outpat from this program include printout,  referred to the original 

numbering system, and punch cards as well for the cases whose solutions 

are convergent. 

The printouts are in the following order: 

• Title of the problem under study 

• Convergent limit 
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Control keys specified in the options card 

Total number of element, number of nodal points, and 
the full bandwidth of the resulting  matrix equations 

Element numbers and element node points 

Nodal numbers and their corresponding x- and y- 
coordinates 

Boundary nodes for each type of boundaries 

Slope for nodes on the airfoil surface 

For each iteration, the computed results at all nodal 
points are printed.    These include the perturbed velo- 
city potential, total velocity components in the x- and 
y-directions, the value of M^   (1 + 2.4 u), local Mach 
number, the ratio of local static pressure to stagnation 
pressure coefficient, and finally the change of local 
Mack number between two consecutive iterations. 

For each iteration, the value of C    along the airfoil 
is displayed graphically. 
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5.    SAMPLE CASES 

Two sample cases are presented herein to demonstrate the usage of 

the computer programs described in the previous section regarding input 

and typical output from the programs.   The two problems are flow over a 

NACA 64 A006 airfoil analyzed with a coarser mesh and flow over a 6% thick 

circular arc computed with a finer mesh where the nodes are renumbered 

to reduce the bandwidth. 

In computing a transonic flow field for a given airfoil shape with the 

present programs, the following  procedures are generally followed: 

• A desired mesh is sketched with each node assigned a 
number. 

• Based on the mesh sketched, an appropriate set of input 
cards is prepared and supplied to STRANL-I to generate 
the required mesh information in the form of punch cards. 

• The above punch cards, with three additional cards for each 
case and cards for non-zero initial guess if available, are 
used as input to STRANL-II to compute the flow field. 

• During the execution of STRANL-II, results for each iteration 
are printed, and for solution satisfying convergent criterion 
the solution is saved in the form of punch cards for possible 
later use. 

The following paragraphs describe in more detail the input and output 

for the two sample problems. 

5.1     Flow Over a 6% Thick Circular Arc Airfoil 

This problem was analyzed using the mesh shown in Sketch 1 which 

consists of 154 elements together with 170 nodes.    Note that a relatively 

regular mesh is adapted in the anticipated supersonic region while the 
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remaining elements are arranged rather arbitrarily.    Also, the nodal points 

need only be numbered according to convenience, as the node renumberxng 

option will be invoked to renumber them to yield a smallest bandwidth.  With 

the present mesh, although a little more effort is required in preparing xnput 

cards to the STRANL-I program, the elements are considered to have been 

used more effectively than a regular mesh.    Summarized below are the input 

and output to the STRANL-I and STRANL-II programs for the present problem. 

5.1.1     STRANL-I 

Input 

The necessary set of input cards is listed on the next three pages. 

Note that both options for plotting mesh and node renumbering are to be 

enacted, and the final mesh will have nodes on the actual airfoil surface 

rather than on the chordline. 
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Output 

As stated before, output of this program includes printouts, punch cards 

and a plot for the generated mesh. 

Printouts and punch cards for the present mesh are listed on the next 
1Z pages. 
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PRINT OUTS FROM STRAIN-I FOR CIRCULAR ARC AIRFOIL 

STEADY   TRANSONIC   FLOW —rtESH  6 —15<»  ELEMENTS,170   NODES 

a_a.j)-Q_c.(j_c-o_j-3 i-ü-o-a-o-o-a-o-3-3 

40.   OF   ELEiENTS=   15^     NO.   OF  N00ES=   170 FULL   BANOMIDTH=     Sk 
r 
i 

ELE.   NO.   AND   ELEMENT   NOO-S 

i 31 21 26 & 
2 6 1 2 7 
J 11 6 7 12 
<♦ 16 11 12 17 
5 21 16 17 22 
6 26 21 22 27 
7 7 2 3 8 
d 1c 7 8 \i 
9 17 12 13 18 

1J 22 17 18 23 
11 27 22 23 28 
12 S 3 <♦ 9 
1? 13 8 9 1<» 
1H 13 13 1«* 19 
15 23 18 19 2«» 
16 26 23 Zk 29 
17 9 k 5 10 
18 Ik 9 13 15 
19 19 !*♦ 15 20 
20 2H 19 20 25 
21 29 2% 25 3fi 
22 26 27 32 0 
23 27 28 33 32 
24 28 29 3<* 33 
25 29 30 35 3k 
26 32 33 36 0 
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27 33 34 37 36 
28 34 35 3d 37 
29 3b 37 kQ 3« 
30 37 38 hi 40 
31 39 40 (»3 i»2 
32 41! 41 44 43 
33 42 43 46 <f5 
34 43 44 47 46 
35 45 46 »»9 i*8 
36 46 47 5Ü 49 
37 46 49 53 52 
3d 49 50 St* 53 
39 4B 52 51 D 
<*0 51 56 55 ü 
kl 51 52 57 56 
<*2 52 53 58 57 
<*3 53 54 59 58 
kt* 55 61 63 0 
t*5 55 56 62 61 
46 56 57 53 62 
«♦7 57 56 64 63 
t»d 58 59 65 64 
49 61 62 67 66 
30 62 63 68 67 
51 63 64 69 68 
52 64 65 7C 69 
53 6t 67 72 71 
54 67 68 73 72 
55 68 69 74 73 
56 69 7Ü 75 74 
57 71 72 77 76 
53 72 73 78 77 
59 73 74 79 76 
60 74 75 83 79 
61 76 77 82 81 
62 77 78 83 82 
63 78 79 8<4 83 
64 79 80 85 34 
65 1 5 86 87 
66 13 10 87 88 
67 21 15 88 92 
63 25 2Ü 92 37 
69 3C 25 97 133 
70 3-3 30 103 HO 
71 38 35 11Q 117 
72 41 38 1.17 124 
73 44 41 124 131 
74 44 131 138 47 
75 47 138 145 50 
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7b 5(j 145 152 54 
71 15^: 158 59 5% 
7« 158 163 65 59 
79 163 167 70 65 
80 167 170 75 7ii 
81 170 169 80 75 
bl 169 168 85 80 
83 87 86 89 90 
84 88 87 90 91 
85 88 91 92 Ü 
86 9vi 89 93 94 
87 91 90 94 95 
38 92 91 95 96 
89 92 96 97 0 
90 94 93 98 99 
91 95 94 99 130 
92 96 95 100 101 
93 97 96 101 102 
9*» 97 102 103 0 
95 99 98 104 1-5 
96 100 99 105 1J6 
97 101 102 106 137 
98 102 101 107 1-8 
99 103 102 108 139 

100 103 109 110 a 
101 105 104 111 112 
102 106 105 112 113 
103 107 106 113 114 
10* 108 107 114 115 
105 109 108 115 116 
106 llu 109 116 117 
107 112 111 118 119 
108 113 112 119 120 
109 114 113 120 121 
110 li5 114 121 122 
111 116 115 122 123 
112 117 116 123 124 
113 119 118 125 126 
114 12Ü 119 126 127 
115 121 120 127 U8 
116 122 121 128 129 
117 123 122 129 130 
118 124 123 130 131 
119 126 125 132 133 
120 127 126 133 134 
121 126 127 134 135 
122 129 128 135 136 
123 130 129 136 137 
124 131 13d 137 136 
125 133 132 139 140 
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126 134 133 140 141 
i27 135 134 141 142 
12a 136 135 142 143 
129 137 136 143 144 
130 138 137 144 lf5 
131 14(i 139 146 14 7 
132 141 14Ü 147 ua 
133 142 141 148 U9 
134 143 142 149 13U 
135 144 143 150 151 
136 145 144 151 152 
137 147 146 153 154 
13a 146 147 154 155 
139 149 148 155 156 
1<*0 150 149 156 157 
iki 151 15Ü 157 158 
142 152 151 153 0 
143 154 153 159 15Ü 
144 155 154 160 161 
145 156 155 161 162 
146 157 156 162 163 
147 156 157 153 a 
148 160 159 154 165 
149 161 16b 155 166 
150 162 161 166 167 
151 163 162 157 0 
152 165 164 158 169 
153 166 165 169 170 
154 167 166 170 0 
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OLD  NODE NEW NODE *(I) Y(I) 

1 167 0. 0. 
2 168 .51531E+00 0. 
3 169 .98db3E+0y 0. 
d 170 .l<*1.15E + (/l 0. 
5 166 •isoooE+ai 0. 
6 161 0. .3M0OE + U 
7 162 .51833E4-00 .2d272E*00 
8 16 1 .99bluE+0Q .19Qo0E*(i0 
9 l^-d • ldi9<*E-f01 .ld3l6£tGJ 

10 165 .1810JE*01 .iüaOOE+KO 
11 153 0. .70a0'J£4-G0 
12 15d .5212dE^00 .57399E*»;a 
13 155 .9955 7E+00 .<*5931EU3 
Id 156 .l(*272EtQl .35d96E4-0Q 
15 157 .ld2üaE+01 .263D0£ + tja 
IS Idd 0. .tl0Ü0£+0l 
17 ld5 .566l^E+00 .89&C7E+&J 
13 ld6 9lü557E+0i .71865it00 
19 ld7 .ld872E«01 .5öi*29£*öa 
2a ld8 .ISbOüE+ai .d3aoo£*ca 
21 13d 0. .15J00£+CI 
22 135 .6l7*3E+00 .l2299£tGl 
23 136 .113>d£t01 .100d6Em 
2d 137 .15613E+01 .8167a£*0J 
25 138 .1920aE+Ül .66a00£>03 
26 122 . 5'aU3aE*0C .200Ü0£+tl 
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tk 1 .35885e+01 0. 
65 6 .3200ltEm 0. 
d6 160 .2ÜOOOE + 01 0. 
87 159 .2U000E*01 .10dOOE«-CO 
as 158 .23003E+01 .22000E*üa 
09 152 .2G500E*01 .57260E-Ü2 
9Ü 151 .aQ500E<-01 .lOU30E*Cli 
91 150 .2a500£+01 .213B0£*Ü0 
92 i*»9 .2lj50aE*01 .350D0E4-C9 
93 143 .2125dE*ai ,13150E.-C1 
9<» 142 .2125SJE*01 .11316£+00 
95 141 ,2125QE*C1 .233l7-:*b3 
96 140 .2l25dE*01 .37718E»O0 
97 139 .2i250Ei01 .55a0OE«-G3 
98 132 .220DaE^01 ,19220E-01 
99 131 .22000E+01 .117W2E+00 

IdO 130 .22000£+dl .23526E+03 
1J1 129 .220Q0E+01 .376&8E+C0 
102 128 .22000E401 .54637E*Ca 
103 127 .22000E+01 .75liL0£ + ü3 
10<» 121 .22750E*01 .23940E-ÜI 
105 120 .22750£*01 .11418E*C3 
106 119 .2275dE*01 .22246E4-C3 
107 118 .22750E+01 .352itlE*üa 
iaa 117 .2275ae + 01 .50834E+C0 
109 116 • 22730E+01 .695U6i*00 
110 115 .22750E^01 .920C0E*C0 
111 110 .>i50aE+01 .27310E-Ctl 
112 109 .2i50üE+01 .12124E+C0 
113 ica .23503E+«1 .23395£*C0 
11<* 107 .2350JE+01 .36921E*0a 
115 106 ,23500E+01 .53151E+00 
116 105 .2i500£+01 .72628EHa 
117 104 .2350aE*fll .96b00E4-Cü 
lid 103 .2't250E+01 •23330E-C1 
119 99 .24250E+Q1 .12708E*C0 
120 98 .2425UE+01 .24438E+Ü3 
121 97 .242iQE4-01 .38515E+C3 
122 96 .24250E+01 .55t»Ca£*Ca 
123 95 .2^25J£*ü1 .?5676E«00 
12<i 94 ,2425'3E*ai .lOOOOE^Ol 
125 90 .25Q03E+01 .30QOOE-01 
126 69 .25000E«01 .12970E*00 
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5.1.2    STRANL-II Program 

With the present mesh, three cases of freestream Mach numbers are 

to be computed.    These are 

M       =   0.806 
00 

M      =   0.861 
CO 

M      =   0.909 
00 

(Subcritical) 

(Barely Critical) 

(Supercritical) 

Input 

Listed below are typical input cards to the STRANL-II program to 

compute flow field for the above cases. 

STt-ADY   STATE   SOLUTION   —   CIWCULAW   AWC   - 
0   0   0 

b     0.00b O.Ö06 1.000 

(Insert cards generated in STRANL-I) 
STEADY   STATE   SOLUTION   "   Cl^CULAW   AKC   - 

I 
8 0.01 0.b6i 1»000 

.STEADY   STATE   SOLUTION   —   CIWCULAU   AWC   - 

1 
12        0.01 0.909 0.500 

-    170   NÜÜES   —   M»0«ÖG6 

-    170   NODES   —   M«0«ö61 

-    170   NODES   —   M«0»90V 

The above cards indicate there is no non-zero initial guess furnished in order 

to compute the case M     = 0.806, while cases with higher Mach nupiber will 

use results computed for lower Mach number as initial guess.    In all cases, 

the nonlinear boundary condition on the actual airfoil surface is to be used, 

as suggested by IOPT (3) = 0 in the options card. 

Output 

The output from this program includes printouts and punch cards for 

the convergent solution(s). 
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The printouts are in the following order: 

• Title of the problem under study 

• Convergent limit 
• Control keys specified in the options card 

.   Total number  of elements, number of "odal Point8' 
and the full bandwidth of the resulting matrix 
equations 

.   Element numbers and element node points 

.   Nodal numbers and their corresponding x- and 
y-coordinates 

• Boundary nodes for each type of boundary 

• Slope for nodes on the airfoil surface 
.   For each iteration, the computed results at all nodal 

poTnts are printed, together with a P"^r P ot di«; 
playing the pressure coefficient on the airfoil surface. 

The above items except problem parameters and computed results 

have also been printed in the STRANL-I program, but are repeated here for 

completeness.    For brevity, only results for a typical iteration are listed on 

the next five pages for relerence. 

5.2    Flow Over a NACA 64 A006 Airfoil 

This problem was analirzed using the nnesh shown in Sketch 2, which 

consists of 120 quadrilaterals with 150 nodes.    For .his particular mesh,   t 

is apparent that nodal numbering along the shorter (verticall direction yield. 

the smallest bandwidth and, therefore, no nodal renumbering is required. 
Since .he present mesh has a rather regular pattern, less inpu. cards are 

required.    The procedures described for .he circular arc airfoü problem 

also applied here.    For brevity, only the input cards to bo.h programs and 

some typical printouts from STRANL-U are listed here for reference.   Agam. 

.he nonlinear boundary condi.ion on .he ac.ual airfoil surface is .o be used In 

computations for all the cases. 
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The cases to be computed are: 

M     = 0.825 
00 

M     = 0.875 
oo 

M     = 0.900 
oo 

M     = 0.940 oo 

(Subcritical) 

(Barely Critical) 

(Supercritical) 

(Definite Supercritical) 
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INPUT CARDS TO STRANL-II FOR NACA 64 A006 

STtADY   TRANSONIC   FLJW—NACA64A006—MLSH   5   —M=0«b2b 

(blank card) 
6     0.005 0»Ö2l3 1.000 

(Insert cards generated in STRANL-I) 

STtADY   TRANbüNIC   FLOW NACAfc)4A006 MtSH   b—M=0.b7b 
1 

Id      0.01 0»b7b                 O.bOO 
STtMüY TRANSONIC FLOW—NACAb4A006—M£SM b—M = 0.S*00 

1 
12   0»01 0.9Ü      O.bOO 

STLAUY TRANSONIC FLOW—NACA64A006—MESH b—tA=Q»V<*0 
1 

16  0.01 0»^^0     0.400 

64 

■ - 

lliatiliiii iiWIitffilrliiliüifr" - ^'^■■^'■^W'MWiiir'rttritrniMi-  ":'a^t^'-"---''--t--jai.iii«(MiWii^ 



■.   ».M.lJlJJWJ.l.. J,|MJ.W|| '.■   » "I  V)* 

fei 

ip tn in in \0 
C3 U U  U O 
I I   I   I   I 

LiJ liJ UJ UJ UJ 
c» ^, ^ »* M 

PJ o .* ^ o 
K N>  ^O  «-< 3^ 

in in in in ift ip \0 «1> i^) »o 

I  I 
111 UJ 

co & 

I   i   I 
UJ UJ UJ 
\D *> €* 
Ift *0 •* 
IP PJ iO 

I PJ < 

10 1ft 

t  I 
UJ UJ 

. N *4 I 
I IP PO I 

in IP 
«r   0 

t    I 
UJ UJ 
n ^ 
O» PQ 

to J- 
•   •   •   •   • •   •   •   • 

o o O O 13 <3 «H ^ri^xcij-^JPOtNJoro« ■H O  -^t  ^  •* 
I III 

t   *  -*   *  ■» 
a o o i3 & 
I   I   I    I   I 

Ul Ul Ut Ul UJ •«• ^ FK« 
CP >-> €3 O* ^ 
(T ^ (M J" tO 
.♦ ifi  IO <P  3 

4-  * ^ J- J- 

wiwonmroNW« 
it       •   i   i   i   • 

i l 
1 UJ UJ 

j «o a« 
* (£ (P 

» • • 
r in JT 

l l 

i i 
UJ ui 
in K 
(P fv 
IP J 
(P tP • 

I  I 
UJ UJ 
IP «) 
«H 9 
« «0 
K* nj • • • • 

i e> «o a» > 
I I 

(T « fM 
O K «VI 

W W m « M 
n -^ O O o 
I I I • I 

ro rn 'o rt w      nipjNnjN 
■—» .^  r^  '-> r^ SOOOn 
I     •     I      I     I •     III! 

pj rvj ru M eu 
O f-1 C» »3 « 

«4 «4 »4 M ftJ 
rs o r» o O 
■    I    I    *    • 

•4 «4 (\J M M 
O f9 C3 a O 
I     I     •     I     I 

m tu pj <M ro 
^ o c» -^ «^ 
•   i   i   i   • 

UJ UJ lU UJ Ui        UJUiUtUiUi UJ UJ  UJ I luUiUiUJUJ        UJUjUJUiUJ       UlUiUJUJUi       luiuiwuitu        uitutMU-tM 

S55S5   S^StS   JSSSS   SSSSS   Ä5#5t   ÄSS5S   SS5K^ 
iSSsS sssss SSSSK s&sst äääSS Isäla a«*3* 

I I I I I I I I I I I I • ' ' ' ' 

a 

a 

I    I    I    1    I    I    I    •    ' 

foooooeaoocioi 
I   I   I   I   I   I   I   I   I   i   I I   I   I   I   I   I   I   i   I. I   )   < I   I   I   I   I   I   I   I   I 

K fc^ •i^K_K-p^Mni*4^njh*ro>B<p(Pr-n"iP''0^-*'pta 

ipmutipu>tn^iftiP^iftifttft^^^»ft^^^^^tr,Wtf,UNlfll^irinU)'0v0in,Ain*0 

i 0^ 1ft Ift (SI (^ nj ^ K O* tfi <-   .    .     - 

tfiiPiPiPifttpmiPlPift 

u 
o 
u 

in jr u\ -» 
o o o V 
I  I  I  I 

UJ UJ UJ Ul 
(r « a> « 
SCP U) 4> 

N 9 «0 
\i> UJ o (P 

* ^ -» * 
a o o o 
I   I   l   I 

UJ UJ UJ UJ 
9 O Pi (P 
^ IP v4 O 
rj K au 
<P M * H 

www W 
O  CJ O  C9 
1*11 

UJ uJ UJ UJ 
us m ■* its 
^ a v4 «0 
J* in ^o cp 
K. (p rr» o 

«O f» CMPJ 
0 o o o 
1 I I I 

UJ UJ UJ UJ 
P. «an • 
\0 N. 1A iO 
rs. J> JJ ift 
^ 3 »O O 

M CSI Pi CJ 
e *> ca o 
I I  I I 
UJU UJ UJ 
U) o • w 
CP IO m io 
W fw PJ *4 
on <o >o 

v4 PI PiPI PJ 
o o e o a 

I   l   I   l   I 
UJ Ul UJ Ul UJ 
CP O <P ^ • 
m ^ «4 «4 N 
N. J- IP N. •* 
PJP. \0 H « 

T4 <M PJ (\J      I 
o ra £J o 
I I    I    I    I 

U| UJ UJ UJ 1:1 
•4 «  IP UV  Ui 
J   (p  P-   ^-   '!> 
f^  ^   tP   ff*   ^1 

o F> oj ro "^ 

m a o e» r> « i I 9 PI «4 -H I 
I 

> ^ «4 PI m 
•   I 

aav4pj^ ^«i-*njCP*4»4» »fOWMWo^iO-frMHO^fOiftro 

M 

•- 

U 

» tt  ..T ^3 CD o o o 

O       Ul UJ 
3       *r» o 

J UJ nj 
i a e» 

UJ UJ 
f- p- 
m o 
o o 
C9 o 

ocooooaoeo» octocsooooaeaAooaeoooeooe 
4-   ^   «   4>    I    I    I    11*1    I    I    i     14-1     I    II     l    +    l    I    tl    l-fl    I    I    I     1    ♦ 
iLuiUUJUJUlUJUJUJUJUJUIUJUUJuJliJUJUJuJUJUIUJUJUJUlJUJUUUJUJUfUJ 
SS^o^S«o<PofyP.*4oPüoift<y«wwow*w«*ofo«iP«jo 
^|^C>Olvm(P(PlPOIPlPlP«M- •■-■"-  -'■ -■■ ^ ■'•■• ^ ^   -♦ ' * ^' -   ■* ™ <* « 

O O O O K t "" """ "" ~    '" "" 

aiftpj<nf)Pia^iw(\im^D^'T>T^ui«j u- ^ u« 
oift*4\Oo<p4ONt0tna<teMK J-MfPom 
   •>.• At iki iA  .M ** •.    &• Ai «n *■■» ■«> ^. tti _* A fn es  ^ 

UJ U UJ Ui 
UN ff> « J> 

oooo-4«4coK«ff»ff»iAaUMM^<»Mo*nH»Oo-4opj»flifto;Jro^ifj.*'vi^a 

,.......• • • • • • • • • •••••J:J:*J!J;J 

J 
UJ 

M 
z 
o 

tu 

* j- * * * 
3 .3  I => ^ 
I I  I  •  I 
Ui UJ UJ Ui UJ 
H r*. ro o^ v3 
.* (T> .» .* o^ 
U\ O N *4 (M 
i^ An ^ m »•» 

(3 O O O O O ■ 

IO ro M M w '\|  r\j nj CM If» PIPI m M w pj M PI pj ro PI Pi M PJ ro 

J   LT»    ?     3 ■ i »•J   a   ■« O   - » F  «   ft   J   ■"> r;.> is M   5   fl 
1   1    I   I , 

UJ UJ UJ 111 UJ Ul UMiJ UJ ui Ul Ul UI HI  UJ Ul   U Ul Ul ul 
^4 O O O (7* p.  v4 v4 O P« <M M O (P "4 (P (P «0  ^  CP 

«J fO «13 -t M ii) «H <o CP «i) PJ  T4 ^0 0) «M to a to <^ in <r4 IP  (P P>   IP 
p. vD Ift «O <P « * <^ xD H 

.4   f «^ 4« in ■ft »0 IP  -4 -* 

pj PI m PI 9« 
i   i   i   i   i 

O IP IP IP  ^  -M 
1  1 1  1  1 

0,v4,4*4«4IPOf>'0«M«4P- 
1     |     I     I     1            1     1     1     I     1 

o in •*- w PI «o 
T i   i   I   i 1  1   1  1 1 

CD 
X 
3 
Z 

T 

a 
o 

6S 

.i..i.,.b:.....,:..v,:....J.J„.-^.,a«a^^..M.^v-M;..i.,^aai» 



i.-wuiiuuw.    ",.       ^.^"»iwn.wmmwuuwmimm-MiwvuMKWi    .   II    W^*<^^^^mmmmmmmBmiB^W99Km*l****n9** 

* * s t 
a CJ t-i w < 
I    i    I I 

Ui UJ UJ UJ t 
^J  vT   M ^  ) 
r\i (P N. in < 
M »D in IT» i 
tVJ  K>  vO *4  . •     ••••••• 

1 W  J1 *  J1 

< O ui O Ci 
I  I  I   I 

I UJ UJ UJ Ui 
' jh i» 0 ,# 
■ >i) K in -^ 
KT* CT» f" « 
I ^4 O ^D <J0 

I     I 
ÜJ UI 

o u o 
I I   I 

UJ UJ UJ 
fo (T ,j 
l<v O  C\J 
80 K» (VJ 
ro ^- o» 

PO M ^ ^ ^ 
u o 0 o e 
i l l I l 
UJ UJ UJ UJ UJ 
<r K e (u v4 
.* in ro rj o 
o ra K K> e» 
c\j o j- ^ ro 

o o o tJ o 
l 

UJ ui 
in *» 
(\j in 

«0 •* 

I 
UJ UJ 
(Vt j- 

r* ro 

-# in 

T ^ KO M P^ 
. , 1_( O CJ O 
I  I  I  I  I 
UJ UJ UJ UJ UJ 
«r vO •< ,» m 
r^ H n «4 ni 
in o ^ N tX> 
nj w in ro «-I 

o c» o o o • 
I UJ UI 

i K in 

UJ UJ 
m * 
N. IM 

I 'J D 
t  I 

I UJ UI 

0 e 
1 I 
UJ UJ 

tA ro 
ff« M 
fM O 

m pn ^ M * 
u u o a - 
III« 
UJ UJ UI UJ 
•? ^ v4 <r . 
i\j rj in a> 
-^ IM .» -H ' 
e *4 CJ ui • 

I    1    I    I »III* 
r- -r* ■ i nj - 

i   i   I   i   I i   I   I   i   I 

W W «4 «4 fM «4 «4 rvi ro r\j «4 »4 *4 PVl ru •4  ^4 »4  ,4 OJ ^  T4  *4 ^ 

ra TI es r» f^ r» a 3 o "» f» o f» «a a r> ^ rs C3 O r» tn O O O 
1     1     1     1 

1    1    I    1    I 
U,   U    UJ U.   UJ 
IT   -ß   vf  -H   -f 
Jt    J   O  O    ■» 
<r. (T M M « 
^ fr K. ro iD 

111 III UJ  UJ UJ Ui UJ UJ UJ UJ UJ UJ UJ Ui UJ ■ 11 UJ UJ UJ UJ UJ Ui UJ UJ 
in N j> ifi 
a) CM K «fi 
n CO « ^> 
in 0s <J* *o 

e (M «n tO « 
(P -» in po K 

.t OJ cr» UJ PO 
Ä» OJ ^ PO o» 

f* wo a er cr 
(T -» <VJ -^ <o « in N T4 jr 

O »J> CT» PO PO 
«H in in tH f\j 

O a) ^ <r rvj 
in o -* -* f> 

ro ,4 tn T4 ^> 
*4 UD tf* W <H (T (M  J   -J  CM 

1  1  1 1 1  1  1  1  1  1  1 

•   ••••• 
e» rj CVJ »4 N tvj 
i   l   l   l   l   1 

o r1 w *4 ^ ^ 
1   1   1   1   •   1 

a ro ro (M «4 to o 
l   1   1   1   1   1   1 

^ PO CM ^ 
till 

»   I 

I «0 .* t 
I 

t O r» (=9 

•   •   •   • 
i^(ro-H4-o(M(M«3rM' 

*4«4*4^(M »«*4-4' 
09000        o o rt : 
•   •III       I 

     _ _     ... U» UJ UJ 

CM         JBOfwCMÖ* POWmW»4 MPOO 
m        ^**fti(J««> esin-HCTCM (MOO 
^4         POCMPOPOPO iO*Pw«OM K'OO 

co^ mina>(MPO c\j » IH in -» ro^n^ •  •«»•••••••••••••• 
•^»cl^^p«<M«r1ln^^^^»Oe>u^lnJ■ 
I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   •   I 

c» r. o ea CD 

^J U.    liJ  hi 
4- ro « 

UJ 

IT» w & PO 

• • • 
in in m us U^ 

rs i-i m » J < ^ 

roJoK j>KinrMini^^o»N'«o'>J»^o*o*>W' 
lii UI UJ lit  UJ IU UJ UJ UJ tiJ UJ UI UJ  UJ UJ UI UI UJ UJ UJ UJ UJ UJ UJ ui ui 

Jl:ji)Söfvj»iwa)^ ^■H«^W«'H0S«0^S*5S£?1-*Ä 
V41MJ>4,fOrvinT4N-*s>*vAN.«>*4*0*or«-'H(^^<0^'kfc-*l'J 

in in I 

i0 v0 

inin^ininminin jr^inininm-J". 

o C3 
soooaooo'snoesa 
i   +   iliit+*t»t' + 

UJUIUIIUUJUIUJUJUIUJUJUJUJ ig UI 
o^cr»'T>T4foofMin\D-»tnc* a» 
ao^K^vOHo^traoooa K K. 
opoMioro^tasOcM-»«^«» «o in 
^r»*riJ'-*-*'*,3c!a0»inj'J- r> «J 

■ 
<i»«40*o,»(y>(rcr»4H(J»(ro>fT»T4 

O C3 -H r4 C3 O a 
cs o o es "i cr> o 
+ + I | 4- 4- ♦ 
UI UI UI Ul UI w UI 
P0 K «4 O O •» «H 
m (\j fo a <H ID « 

PJ(\jPO-3rM0ijrOPOC»f^CMN. 
a<Din.j*«4oc3C]ii)-+*4*4a 

o <-« «4 «4 a 9 i 
o> ^ a a o es c 
+   i   l   i   ♦ ♦ 
UI UI UI UI UI UI I 
<H 4- (7> O 0) v4 I 
(M PO  f3 O «4 O I 

t r4 ^4 O O O O ' 
) o o o 
■   •    I   4- 
I UI UI UI 
t ** CJ -J 

i^oa^onionoacs^oaa'. 
I a CJ ^1 V3  H 

ui ui UJ 
o> in o 
fO fM 0) 
r*» *4 <* 

I     I    4-    ♦    4-   +    I     »4- 

d K  ^ CM «4 «4 C3 
in o »o 
<o * (U 

UJ UI 
a) CM 
«O (M 
a in 
•M »4 

s. <i> a N. 
«o «o o in 
»■■« « J- M 

♦ ♦ ♦ 
ui ui ui 
e in « 
CM <i> «0 
n e « 
CM «4 a 

I     •    ♦   4-   ♦ 
UJ UI UI UJ UJ 
CM o m « in 
er o in (M « 
in o ki> in o 
K  ^ CVI CM M 

0» J- 

■H*4T4<J»CI»OST4H -r4«4'(rCr»*4<4W-r4<POsT4T4H*40»<T»'H H^T4ff»(T>*4*4H-4<J*0»*4HI*4W'P 

v40w4«4«4i4HOci^W«4v4e»OOT4v««4OOO 
CJOClC:OCJC^C10e-»C30CJ0QOCS«iirtC' 

UJUJiilUJUJUiUiUJUJUIuJUiUJI 

v4eooo«4«4Deoev4^eoea*444aaeeH«4eceo 
fcoOooofcCJCicsoocarteioejOO^oOOCJt.ooe. t 

«is88tS«SISsö«ss«B8««a3öis«=!»«S«i8S!figö««!sasa 
(n'-^f««.<p*'*»'*l*4'3«>»4ff,«»»4'-l'^'-0'3'OCVIW 

j ä ^ !3 # i« £ S S R!« S S S « » : 

•    ••••••••••*••••-■ 
•D  -H ■H 

g5£jr=ÄoiMßwoÄSao«<rro«jaj*(MtMr3^o»Mii^«"u»'-'«^1' 
.■a«3nt*iPOPM-4C»in«',,^p«cMra'ö«,*PO*vi-4N.t>J-*»l'»-4<n<r)^>'o*4   * 

•4»4ffv«0T4^T4,4(ra5-4*4*4T4(P«-4T4*4»4m'O^4-r<W*40»«»4^'4'H^ 

(M CM 0i CM C 
if a e> o i 
i t   i   I 

UJ UJ UI 'Ü l 
K CM CT «  ( 
po ^ in m •" 
CM O iD «  < 
ff» h-  ,*  -»  ( 

CM (M CM (M (M 
C3 O O D O 
I     I     I     I     I 

UI UI Ui UJ UJ 
u er o to ro 
(M O n T4 H 
(V 0* « «4 K 
j- m -t -f ao 

(M CM M 
o o o 
I  I   I 

Ui UI Ui 
m «c i0 
(M a a 
(O K W 
J O* PO 

PO CM CM (M CM 
O (3 O a O 
I     I 

IM PO 
t0  »4 
a » 

a CM 

I   i   i 
ui ui ui 
ri Ps. «J 
ff> <P *t< 
in v>4 <r 
O P0 ^ 

CM ro ro 
o o o 
I I I 

ui tu ui 
r*. (M 9 
CM in ff1 

CM CM 
O O 
I  I 

UJ UJ 
o m 
«4 CM 

« (M O CT» O 
o CM ro .* ^-i 

fMCMPOPOrO        fM(M(MrO"0 

I   I   I   I   I 
ui ui ui ui Ui 
to ■# *4 ■* n 
K in m ^ CM 
A» M <r po w 
rw N- ^ m po 

tOinPO^O   *^J-»0*40CMIMfOfM»40in*4CMM*4CT(MlpK. 

I     I 
uiui i 
J" ro p 
tO N- c 

«4 PO T4 CT ( 
IM tr ro in 

i   «  •   •  • 

i  t CM «» in 

l   I 
tu Ui I 
w j- ■ 

CM fM CM CM tO 
o o o o a 
I    I    I   I    I 

UI UJ UI UI UJ 
(M 3 ff* in ro 
« vö (M in ^ 
IT  O «> r4 ro 
a ro «D (M <M •  '••••• 

CM CM CM CM M 
o CJ o ^ i 
I  I I  t I 

Ui UJ 'H UI J 
4D 10 CM   ^ >- 
ON N s£ f 
<r CM rv j» ■■> 
o m (0 CM >^ 

in o in .*win*-ioKvO,**M<ooP».KvO.* 
I   I   I   I   i       I   I   I   l   I       I   l   I   i 

a tu ., O ö ..» O O   J» O I_J o O u «J O C3 (9  O 13 O O O (3 
n ooooooooooo o o a (J o o oooaoaoo « 4- 4>   ♦ 4- +   4-   4-   4-   >   4-   4- 4- ♦ 4> ♦ ♦ 4. 

■iJ UJ 111 ui IM ui UJ ui UJ UJ UJ ui ui UJ ui UJ ui ui UI •U UJ UI UJ UJ UJ UJ UI 

* K «OOinCMOP^CMO ^ »4 M in iD C3 ON-vO^OOtPPO 

^ M c» oin^^tniöo« CM K i-l 
<r> ■f o e> K j- -r« o n CM a K- PO »4 a inrocrinfMocTvD 

J i> 13 LJ C3 o u rl c) G3 o o O W »4 O •J 9 o 

4 ♦♦♦♦♦♦ ♦ T ♦. .♦. ♦ .♦ .♦. .♦. .♦. .♦. .♦. .♦. .♦. .♦ .♦. j i j i 
i0 O O (M  ' 

m in « 

* ♦ ♦ ♦ ♦ ♦ 4P ♦ ♦  ♦ ^ * * "^  T, * ^    . T. 7. 7* T, uiujuiuMüuiuiuiujuiUJUJUiUJUJujuiuiuiuiUiiijL 
»Dvfl»OorO«4J-'O«0ONT4\OOfs.OOPO*Oin(MO« 
oMT4oincrff»'ooo.O^O»4W^r)ro^«CT»nje»i_„ 
(MNWocMcr^cr^o^NflO^J-o^./onjCOeirfiinnjroi 

•   •   •   • •   .•••• •    •    •    • •   •   •   •   • 

IMCMMMfO        (MCMWIMPO        CMWfMCMPO        fM CM CM CM «O 

-'■>   O   ^ 
•     I     I     t     I 

ui uj ui ui 
in ro o N 
r* 4- m 4^ 
^. K PO CM 
^o in »M ■* •   *   «   • 
j ro CM « 
I   l   I   * 

5 "3 O 
I I I I I 

UI Ul UJ UI UI 
(9 ro «4 «e IM 
O* PO PO PO NP 
vD  CT P-  ^0 PO 

ui UJ ui ui ( 
N- n3 in ^ I 
^i ro ro in i 
tr a ro tD i 
i^ m ^ w 

Ui Ui 
ro ^ 

ro <0 
CM A 

M M CM CM P0 
O O  ^  i» <l« 
I  I  ■ I  I 

ui ui iu ui ui 
in K j- s. in 
ro <P in tr» H 
o ro *4 to r- 
* in m -4 ro 

to ro « w ro 
-   • O vJ '9   -J 
I  I I  I  I 

UJ UI Ui UJ Ui 
i0 H M M K 
in *4 in o N- 
PO «-4 N N  *4 
^ «« «» O N- 

ru CM ro ro ro 
vj» o ra ■■? '■> 
i i   t   I   I 

ui ui ui ui Ui 
f^ CM o ro  o 
■H  W « «0 «4 
ao co PO ro «4 
c^  *■ m P^ ^ 

1 M CM CM P 
i e» n ' 9 . 

i   i   i 
i ui ui ui i 
i r» in M i 
I A PO o I 
I «H P0 <0 ) 
* fM »M *4 • 

CM M CM CM "O 
o ■:» v  -J ■ 

lüiü 

m a» 
in ro 

t 
Ul 111 ('■ 
ro «0 n^ 

KOI 
•fl Al  M 

•   * 
ij'^pocjBoPoroni^N.» 

I   i   l   l   t I   l   l   I   I 
w4  Jt C.   .<T4^in'HO'T4*4KMT40PO 

it I     I     *     I 
Ponjv4,»oininro(M»j 

(0(y«o'^,M,o-*in^r,p^t)(r •3r4(MPoj'in\0N<oa*Of4ftiro^ 
^.tu^inLninininu>inininK0i0v0i0ii>i0\0\O\0v0rs.KKKK- 

iDP*<o'Pij^w'O^in\0N'<Dff*u,HPJr'-*w^*0p^'<>','J H 

KÜi*1.h.NKP*.«>«oao,:o»««>«o««o(ro»(rffvcp(po,a»5*(ro-* 

66 

fa...^.. ..^^^^..^.^.^^-^^. 
'^^^^'^^^^^^  i S li^Wi^ftifff^yatitr ...r.,..;..;;. .•.■,.,..-.vi. 



^n-.-»" ^■.nw u" m^fc^^ßumtu'i/mtMi •m. 'JMUUW.. niwuim.^ LI    II   .MIIIIUIILim 

• I 

U UJ 
IT K) 

eo n 

I I I 
UJ tiJ UJ 
K» er e 
<o T^ ■ J 
M ^ « 
vD T) J- •  »  .  • 

I « CP fO «J 
I  I 

r* m ** . 
o o o I 
t I I 
UJ UJ UJ I 
-» IT .* i 
\£> ci rn i 
in h- flf» I 
*•< in iC < 

< -» ^ f« 
t O O i3 

I  I  I 
UJ UJ UJ UJ UJ 
IT f* *D e (r & to (O r») Cl> -» <x> * tn M 
CO t» PO hw o 

J ^T -» J U\ 
o o o e o 
I I I i I 
UJ UJ UJ UJ UJ 
♦1 en jf K IT 
-» IA * w a» 
w o •< « o 
*4 N rj 4n ^ 

I   I 
UJ UJ 

I I 
UJ UJ 
K c 

K ry * ^ fo 

JNmKCMoinw«m<Hoa>i^<0Nivjann 
>     ♦     • 
i ro to 

ro (T- «> f-4 (\J 

I     I 
UJ UJ 
CM tr 
K. u 
in ■» 

I   I 
UJ UJ I 

if* ro . 
vo jr . 

■» * 
O O 
I      I 

UJ UJ 
■H to 
O UN 
-» J^ 
M *4 

-» in t 
19  Li I 
I      I 

UJ Ul I 
m «o t 
■* v - 
r» o* » 
*4 PJ r 

•   till 

«a si r» rs en 
CVJ M f\l  W ^4 
O O O O  C3 

«4  >4 (\J ro (Nj 
O  -3  13   C3   O 

lu Ui  UJ UJ  l*i 
(T un u> J' iu 
o m vD « o 
W  ^   ^  T)   -J 
•* to in to *-i 

UJ UJ ku UJ UJ 
er. (M ao O) -H 
in -H er ro in 
iD ^ ^ o* * 
^- ro <r ro ru 

Ui UJ  U. UJ UJ 
•£ to ro in a* 
ro «Q N. J (M 
r» ^ o ^3 m 
K ^ a n ro 

ü po M ro cy ^4 r? 
I   l   1   1   1   1   1 

iT M «- CVJ «-I Ci 
1   1   l   l   1   i 

^ W K •» J- c 
1    1 

a ~i o t 
i 

a rs a o o 
i 

fNj fvi c\j t\j M      f\jrvi(\i(\iro 
rsoooo       aoorto 

UJ UJ ui i 
O C\J <r4f 

N. «o ^ r 
wo^in^t^     öojcvio.»     ^mKä>f\i     VtrömNe 

I UJ UJ UJ Ui UJ UJ UJ 
IN W U% 0) W» K N 
, in jr ao <* K o K, 
i h- in CM (M rj ro «■* 

UJ UJ UJ UJ UJ UJ UJ Uj Ui U< 
^■ro«H(\j« ^in^iM«) 
oroT<i\ou> cr * N. (T^ M 
o w N. --» in N. tj» UJ rj a« 

rj . t(rnio^i^H«-i*4incier«Kio<«-c»«4«4^T4(rrHoc»ooc^o 
* > I I I I I I i I 

HO W O .-» 9 W ri H H «J a H 
o •r» rs o o o a c^ 

1   ♦   ♦   ♦ ♦ ♦   I    i I    1   ♦ ♦ 1 
UJU UJ UJ UJ UJ UJ UJ Itl K J- C»  (\i rvi * nj o 
e*4N K. iD * o ^ K. (T <T« o o 
o^in^a*ao<oirt<MK H o 
> •* -i ^ U3 r> ^ K. m T» o « -» 
(^HH«Hv4H<PCr<^(r*4^t9 

 "— -  -" ■— r— -' ^" -" ~" M" *»■ •■* "-» •» »•* '-* r-» !•» w> JF -T .T J ■* _T «V 

2 JJJ^52351'^??'^J':5'?1,fc.,u.•.,?•.':,^.^^•.•;,: ■:':•:•;':•:*': •:•-•«•«- .» - »> ^ ^ « K K « « - « ^ ^vv ^ «ww « «w ^ ^ « « „•« ^ ^ «• ^ « „• ^.; ^ ^ 

■J- rw 

a o i 
I I 
UJ UJ < 
• (\J < 
<r cy i 
CO go I 
N * r 

t • • 
- K. \0 t 

(M nj ru f\i nj 

o o o o o 
I I I I I 
UJ UJ UJ UJ U.1 
hO CS «4 CÜ u? 
in m o o a 
■J3 * -» er» in 
in c» w m fo • • • 

CM (\j nj (Nj (\j 
c» u o a o 
I I I I I 
UJ UJ UJ UJ UJ 
fo oo ro ro N 
« oj ro N K. 
H N ^o j) ro 
«o N- m tn ro 

stON-K-Ujrooinininin -Too 
(■III        t   l   l   i   i 

AJ N (M AJ fO (\| <V  C\J »o ro ro nj ro in ro fo 

I'll 
O O o o o o o o 

1   1   1   1 
UJ IU UJ UI 

o o e e 

UJ U UJ UJ UJ UJ U UJ UJ UJ Ui 'iJ 
in vo H o 7»  -H PJ K- 
-» ty eo « N. ^t a vo «4 (T «0 nj (\i CM in nj 

to N M in *4 ^ w in «o ^ ^ in 
CT <\| w a» < J  ^t M  v0 ^  ^ -H 13 o ^ ro <r •  «   •   •   • 
H ro ^ ro o 

1   1   t   1 
O -* H M M a 

1  1  1  1 
es ro in eo *4 a 

I   1   i   1 
a <-« h- <H «4 

l   l   1 
0 0 0 0 0 0 0 

o rs -J O o 
0000013000 + ♦ * * * 4- + ♦ 
UI UJ IxJ UJ UJ HI Lil UJ UI 
r» o ro tr> -T f» O ro f"* 
o ^ "0 in ■* K O M H 
o r^ « N. ro in CJ ro w 
■3 »H »H H O o o c» 

W4900<HtHt-4^UO^tT4«<l 
OaoOOaOC3c3Brinpt 
♦   ♦♦♦III 

^°^Ü*?**HWU''H'^,H^«H.3^(TH^HT^O 
ooaoo^oaoo^ooo 
.• ♦ • I  I I  I ♦ T i  • i  i ♦ 
lUUiUJUJUJUJUJUJUJUJUJUJUJUJ 

* ■ o o ro vo in in o 
o H o iH o a o 

I   f 

•   •   •   • 

^^lÜiÜ^lH^^^^^^w^^t^wujuJUJiuuiujujiiiujuj 

52SS2mT5^0^*,^'i,ooin^ÖJ'^CJ^-*^^^c^e»Hoöo 

HH'H*-«(y*(r(ro»HHoo»o»a'(ri-i(rcn<ro»crH(r^(rfln<r»H(rCP(^<r(r*J 

UJ UJ ui UJ ui iu 
o Ti r» o «T» o 
rj i •«   ^ o   "5 O 
o o o a cj o 
^ ^i o u o o 

PJ M «SI f\J f\j 

•   i   l   i   i 
"i 'ii UJ ui io 
«5 M nj j> w 
N in in K «^ 
j j^ ry o oj 

cj 'M M ry cy 

I   i   I   I    I 
UI UI ui UJ HI 
« «o o ro io 
^ « * -t in 
ry <7> a» iy cy 

■M ty fy fy fy 
■» e» *-> r.t 'Z» 
I   I   I I   I 

(U UJ UJ UJ ill 
N N o ry K 
in K jr- o fy 

I O O <D «O 

nj N M fy ft* 
^1 CJ    .13    3 
I I     I     I     | 

UJ UI UI UJ UJ 
H J- « H ^ 
xD 4- <o in (T 

M ry cy M cy 
C>  "l 3     3  ft 
I     I I     I      I 

UJ UJ UJ UJ IU 
in cr H v£ ry 
cr «-t o <o N 

rjNftityro      roiofOioj- 

f    I   I   I    I 
UJ UI rü UI UJ 
o (T- (NJ o ry 
'0 ro ro ^ or" 

U UJ 

S V» M £     ? .A £ S! SI      2 T ? ^ 2     ~^«^cy     oOMno»D     i^wroniu     Äro 
•   .*••    •   •   . ^   »*    .^tV? ^«^-«CT       m+'O'Oj-        ♦♦M*!-.       ^ ^, 

o«K%D-»^oioN.iD^-Me3ininin^fuororoPow^o^*3^wvOoH<M 

I   i   I 
UJ UJ UJ 
.» N. cr» 
*4 \D r- 
H tn o 
«4 m K. 

(y*-4(rooooon(^> 

a a a o o a a 

6 7 

KiUiMI mi >-;.;»-;...;^:v-...'■.   :,:. 



F"* ij^^mgßt^i^immiigm '^   ^^        ,   »-i-'--4-.uw-j«!r 

XX-»KXvx + KXVX+XKXK + XXXX + XXXK*XXXX-fXXX>< + XXXX*XXXX + XX 

x 
X 

2 

H 
X 
X 

X 

5 
X 

♦ O 
* 

X    > 
X  * 
X UJ 
x m 
x in 
X <B 
X • 
X CM 
X 
X o 
X Ul 
X ♦ 
V 'Ü 
X u 
X r-> 
X r. 
x   • 
X (VI 
X 
X o 
X Cl 
X 4. 
X IU 
X rt 
X IfN 
X  IK 
X • 
X -xj 
X 
X Tt 

:j 

< 
u 

xxxxxxxxxxxxxxxxxxxxxxxxxxx+xxxxxxxxxxxxxxxxoxxxxx 

I 1 1 1 1 
kj UJ Ul UJ 
o -J Cl ■a 

<\1 
I 

68 

lUkMUMUMMIiMiMlilkM IIIMM lull I m^-^v^-—-^"^-—^^"■"--^■^•^■-'> .^i  .-^-^  ., 



(»uiwiiiu   ii..wj.«i..ii        ^.(.-v.^i..! ji   .U4»aiuiuj|iiutiwi».n ■   mi   Jini  mi ill        i «nrap^pw) 

«^ 

: 

i. 
Appendix A 

FORTRAN LISTING OF STRANL-I 
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Appendix A 

A FORTRAN listing of the source deck for the STRANL-I program is 

presented in the following pages.    The program, as presently configured, 

required 428K words to execute. 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

1_ 

c 
c 

c 

c 
c 
c 

c 
c 
c 

1 
MKOÜkAM   MAIN( llJH'üT=6btOUTPoT=lJl .PuNCH = tji3f TAlJLt5=lNlJUT. 

1 TAPL6=üuTPur) 

OLNLUATL   tJ-U 
Dlfi    PWt.L.LNF    P 
IUPT( 1 1 ) = 1       K 
I UP T <12)s i 
THE   P«CKJWAM   A 
2U0   £LLivlL.NTs» 
SO   NODES   FOR 
ULVt-LUPLu)    AND 
tXCt-PT   SUBROU 
CART. GL-HiRY V 

I'ILOH LüNjIiillNG UH TRIANOLLb ANO UUAURI LATEWALb 
KOUKAM HAb T*U UPIIUNb 
LNUMbtR NODLb TO YItLU bMALLtW öANUwiUTH 
CALL l^lPLUT TO PLOT ocNLRATLU MEbH 
b PKEbtNTLY ÜlMENblONEU ALLOWb THE FOLLOWING MAXIMA 
lüU NUOEb.lO CONNECTING NODEb TO ANY NODE. 
LACH TYPE OF BOUNOARY CONDITIONS 
COULD bY STl_VENb CHAN OF LOCKHEEU-HUNTSV 1 LLL , Ai.A . 

TIlMh MPLOT WHICH IS COÜLÜ ANU SUPPL1 EU bY 
ANfvEUWÜN OF AFFOL.« WR1 GHT-PATTEH^ON AIR FORCL bAbE 

DIiViENblON Ti TLE( 8) « I OPT (20) . NOEL < 200 «4 ) .MEMJT ( IB00) 
DIMENSION X(iaU) »Y( ISO) «NJNT( IbO)«NEWjT( löO)»J01NT( lüü ) •JMEwC1BÜ) 
DIMENSION NIÜS{3).N1D(3.50).VAF(bO) 
EOUlVALENCE (WIÜS< 1 ) .NFARF) , (NlDb(2) .NWAr^E) . (NIDbO) .NbODY) 
DATA NEM»NPr/l»^Cl'4»NEMN/200» 180» 10« 1800/ 

READ ANU OENtKATt MESH INFORMATION «ETC. 

10 READ(b.8ü5)(TITLE«I).1=1.8) 
IF(E0F(5))2o00»50 

-JQ CONTINUt 
HEAD(5.820) ( I0PT( 1 ) .1=1.20) 
CALL MEäHBW ( NLM » NPM . NDEL » X . Y . NEL^«NPij . MAXN ) 
RLAU BOUNDARY NUDES AND AIRFOIL SLOPE 
HEAD b2b. NlDb *S> 
00    120 1=1.3 
NS=NIDS(I) 

1^0 READ B25. (NID(I,J),J=1,NS) 
HtiAD 830. (VAK ( I ) . 1 = 1 .NBODY) 

EXECUTE NOUE KENUMBERING AND MESH PLOT OPTIONS 

IF (IOPT(ll) .EU. 1)  GO TO 140 
DO 130 1=1.NPS 

1JÜ NJNT(I)=I 
GÜ TO 150 

140 CALL OPTM(NPM » NtM » NPS.NELb.4.NCN.NEMN.MEMJT.NE*JT.JO 1 NT. 
1 JMEM.WDEL.NJNT.MAXN) 

IbO CONTINUt 

IF ( I0PT( 12).EU.1 )  CALL MPLOT(X.Y.NDEL.NPM,NEM.NELS.NPS) 

COMPUTE FULL BAiMDWIDTH AND PRINT OUTPUT DATA 

Nbw=6*(MAXN+l) 
PHI NT 910. (TITLE«I ». 1=1.8) 
PRINT 820. ( IUPT( 1) . 1 = 1.20) 
PRINT 920. NELS.iMPS.NBW 
PHI NT 930 
DO 220 N=l.NELS 

^^0   PRINT 82b. N.(NDEL(N,J).J=l,4) 
PRINT 9Jb 
DO   230    1=1.NPS 

230   PRINT   940.     I . IMJNT ( 1 ) . X ( I ) . Y ( I ) 
PHI NT   951.    (NID( 1.I ) . 1 = 1.NFARF) 
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PKINT 952« 
PMINT 953. 
PWiNT 9'ö5» 

(NID(2«I).1=1.NWAKE) 
(N1D(3»I)»I=1«NbODY) 
(VAF(I)•1=1.NBÜDY) 

C 
c 
c 

PUNCH   OUTPUT    L>A1A   TO   bE   Ui>ED   Ab    INPUT    TU   i.TWANL—II 

JbO 

ÖÜ5 
tidO 
625 
8JÜ 
B^O 
910 
920 

930 
935 
940 
951 
952 
953 
955 

20Ü0 

NtLStNPS.NbW»(NIDS«I).1=1.3) 
((HDLL(ItJ).J=l.4).1=l.NELS) 
(X(I)»Y(l).I=l,NPb) 

(NID(I«J).J=1»NS) 
<VAF(I).1=1.NBODY) 
(NJNT(I).1=1.NPS) 

PUNCH Ü25. 
PUNCH Ü25. 
PUNCH 840. 
DÜ 350 1=I«3 
NS=NIDS(I) 
PUNCH 825. 
PUNCH 840. 
PUNCH 825. 
GO 10 1^ 
FO«MAT(7A10,AÜ) 
F0RMAT(40I2) 
FORMAT (1615) 
FORMAT (8F10.0) 
FORMAT (IPSElO.S) 
FORMAT(1H1.2X'7A10.A2//) 
FORMAT I 1 HO,-NO. OF ELEMENTS=' . I 4 . • 

'   FULL BANDWIDTH=«.14//) 
«•OELE. NO. AND ELEMENT NODES«/) 
'•OOLD NÜÜE«.»  NE* NODEi. 6X.•X(I)•.12X.•Y(I)•/) 
<16. 110.2E15.5) 
(»ONoDLS AT FAPFI£LD«/(20I5)) 

UN LINE OF SYMMETRYi/<2üI5) ) 
ON THE AIHFOIL«/(2015)) 
ALONG NODES ON A IWFÜIL•/<8E 1 5.5) ) 

NO. OF NODES^ . 14- 

FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FURMAT 
FORMAT 
STOP 
END 

(»ONODLS 
('ONODtS 
(«OSLOPE 
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c 
c 
c 
c 

c 
c 
c 

c 
c 
c 

SUBROUTINE MESHBW<NEM,NPM«NOEL»X«YtNELS«NPS»MAXN) 

GENtWATt MESH INFORMATION INCLUDING ELEMENT NODE ARRAY« 
NODAL COOROINATtS« AND MAX. UIFFERENCE IN NOÜES 

01MENSIUN NDE L(NEM,4 >,X(NPM) . Y(NPM) 
DIMENSION IDUMP(4).DUMP(A) 

10^0 FOHMAT(1615) 
llbO FORMAT (3I5,5F1U.0> 

GENERATE ELEMENT NODE NUMBERS AND THEIR MAXIMUM DIFFERENCE 

DO 100 N=l«NEM 
DO 100 J=l«4 

100 NDEL(N.J)=0 
NELS = 0 
MAXN=0 

iüO READ 10Ü0» NPt.,KEl »KEJ.KDI .KDJ. ( IDUMP« I ) » 1 = 1 «4> 
IF (NPE .iU, 0)  GO TO 129 
J1=-KDJ 
DO 124 J=l«KEJ 
Jl = Jl + KQJ 
J2 = Jl - KDl 
DO 124 1=1«KE1 
NELS = NELS + 1 
J2 = J2 + KDl 
DO 124 K=1»NPE 

124 NDEL<NELb.K) = IDUMP<K> + J2 
DO 126 I=l.NPE 
DO 126 J=I«NPE 
NDIFF=NDEL(NELS»I)-NOEL«NELS«J) 

126 IF (IABS<NDlFF) .GT. MAXN)  MAXN= IABSCNDIFF) 
GO TO 120 

129 IF (NELS «GT. NtM)  GO TO 300 

GENERATE NODAI- COORDINATES 

READ 1020. NPS 
130 READ 1150. NOtNNI»NDI «RATlO»(DUMP(1).I = 1 .4 ) 

IF (ND »EQ. 0)  GO TO 140 
TEMP2 = UO 
IF (NN1 .LT, 3)  GO TO 135 
Jl = NNl - 1 
TEMP 1 = 1.0 
TEMP2 = 0.0 
DO 134 1=1.Jl 
TEMP2 = TEMP2 + TEMPI 

134 TEMPI = RAT1Ü*TEMPI 
135 TEMPI = (DUMP( 3)-DUMP( 1 ) l/TEMP«: 

(DUMP(4)-DUMP(2))/TEMP2 TEMP2 = 
Jl = ND 
TEMP3 * 
TEMP4 = 

0.0 
0.0 

DO 137 1=1.NNl 
X< Jl ) = DUMpd ) 
Y(Jl ) = DUMp(2) 
Jl = Jl + NQl 
TEMP3 = TiMp3 + TEMPI 

TEMP3 
TEMP4 
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ILMP^ ^ TfcMp* + TtMP2 
TIMP1 « WA1 I0»TLMH1 

I I / n.MMi.' « HATIU»TLMPÜ 
CU TÜ I JO 

140 IF <NPS .OT. NPM)  GO TO 400 

P*1NT
N
EKRÜ« MtSSAGE IF DIMENSIONS FOR ELEMtNTS OR NODES EXCEEDED 

300 PWINT JIO« NELS»NEM .MP.WI-I.I&J 
JJÜ FORMAT COTOO MANY ELtMENTb • ,bX, • NEl_b= • . I 4 . 5X . «NEM-• . I 4 ) 

CALL EXIT 
400 PRINT 410« NPbtiMPM 
410 FORMAT MOTOO MANY NODES«. 5X. .NPS= - . 14 . bX, • NPM= • , I 4 ) 

CALL EXIT 
END 
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c 
L 
C 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

SUBMOUTINE oPTM(NHM.NfcM.NPS.NtLStNPt«NCN.NtMN.MEMJT.NEWJT. 

1     JOINT. JMLM»^L)EL..NJNT.MAXN) 

WtNUMbtK THE NUULb TU REÜUCE UANUWlUTH. wlTH NJNT CONTAINING THE 
NLw NODAL NyMUfcKS (LOCATION IN AKWAY HEHWLSENTS THE OLD NODAL NO.) 
NHM = MAX. NO, UF IMUDES.   NHS^ACTUAL NO. OF NUDES 
NEM=MAX. NO, OF tLEMENTb.   NELb«ACTUAL NO. OP ELEMENTS 
NHE=MAX« NO, OF NODES AMONO ALL THE ELEMENTS 
NCN=EST1MATED MAX. NO. ÜF NODES CONNECTED TO ANY NODE 
NDEL = ELEMENT l^OUt POINTS 
MAxN=MAX. DIFK. BETWEEN NODAL POINTS IN ANY ELEMENT 
MEMJT.NEWJT,JOINT.JMEM ARE INTERMEDIATE WORKING SPACE 

DIMENSION NDEUNEM.NPE) .NJNT(NPM) .MEMJT(NEMN) 
DIMENSION NEWJT(NPM),JOINT(NPM),JMEM(NPM> 

ESTABLISH NODtS CONNECTED TO EACH OF THE NODAL POINT 

DO 10 J=l.NpS 
10 JMEM(J)=0 

DO 60 J=l.NELi 
DO 50 I=I.NpE 
JNTI"ND£L(J.I) 
IF (JNTI .EQ. 0)  GO TO 60 
JSUB=<JNTI-1)*NCN 
DO 40 I I-1«NPE 
IF (II .EO. I)  GO TO 40 
JJT = NOEL(J.I I) 
IF (JJT .EG. 0)  GO TO 50 
MEMl=JMEM( JNH ) 
IF (MEM1 ,EQ. 0)  GO TO 30 
DO 20 1U = 1.MEM1 
JP = JSUB+II I 
IF (MEMJT(JP) .tU. JJT)  GO TO 40 

20 CONTINUE 
30 JMEM(JNTI)=jMEMtJNTI)+l 

NP0S = JSUB+JMEM(JNTI ) 
MEMJT(NPOS>=JJT 

40 CONTINUE 
50 CONTINUE 
60 CONTINUE 

DO 100 1=1«NPS 
IF (JMEM(l) .LE, NCN)  GO TO 100 
PRINT 90. I.NCN 

90 FORMAT ( «OERRüR.^.NODE« . 15. • 
CALL EXIT 

100 CONTINUE 

HAS MORE THAN'.15«'   CONN, NODES') 

C 
C 
C 
C 

120 

THE ORIGIN OF THE NEW NUMBERING SYSTEM IS LOCATED AT EACH NODE 
IN TURN TO SEARCH FOR THE ONE WITH SMALLEST bANDWIDTH 

DO 160 IK=l,NPS 
DO 120 J=l.NPS 
JOINT(J)=ü 
NEwJT(J>=0 
MAx = 0 
1 = 1 
NEwJTC1)=IK 
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GO   TO   145 

i   : 

JOINT«IK)=1 
K=l 

1J0 NE\«( = NEWJT( I ) 
K4 = JMLM(N£.W) 
IF (K4 •EU*  0> 
JSUb»(NtwJT(I)-1)«NCN 
DO 140 JJsl«K.4 
JPsJSUb+JJ 
K.5 = MEMJT< JP) 
IF (JCINT(t<5) «ÜT« 0) 
K=K+l 
NEwJT(K)=K5 
jOlNT<Kb)=t< 
NDIFF=IABS( I-M 
IF (ND1FF «GE« MAXN) 
IF (NDIFF .GT« MAX) 

140 CONTINUE 
IF (< .EQ. NPS)  ÜO TO 

145 1=1+1 
GO TO 130 

I50 MAxN»MAX 
DO 155 J-l.NPS 

155 NJNT(J)=JOlNT{J) 
160 CONTINUE 

RETURN 
END 

GO TO 140 

GO 
MAX 

TO 160 
sNDIFF 

150 
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c 
c 
c 
c 

c 

bUBHÜUTINt MPt-Or (XC«YC.NÜÜt:«NNiNt«NtLb»NPb) 

UbE CALCUiviP PLOTTLW TO PLOT GtNERATt-D MtbH 
CUDt-U bY CAPT. OtWWY VANKLUWtN OF AKKUL. WWIOHT-PATTLW5ÜN AKU 

Ü 1 MENS1 UN XC ( IMN ) . YC ( NN ) t NUDE ( NE , 4 ) t XP ( 7 ) . YP { 7 ) 
DEFINE PLUT S1ZL AND PLACE PEN IN INITIAL POSITION 

DO 5 L=l«NPS 
XC(L)=XC(L)#8. 

5 YC(L)=YCtL)»8. 
CALL PLOT(0.0»-J^Ot-a) 
CALL. PLUT( 1 ,0»3»0«-3) 
DWAW EACH LLEl'lENT IN TOWN 
DO 10 I=l«NELi 
NPE = 5 
IF (NODE(I.4).EO.O)  NPE=4 
NPp=NPE-l 
DO 9 J=1«NPP 
XP(J)=XC(NODElI•J))) 

9 YP(J)=YC(NODE(I»J)) 
XP(NPE)=XP(1) 
YP(NPE)=YPC1) 
XP(NPE+1)=Yp(UPt+l)=0.0 
XP(NPE+2)=YP(NPc+2>=l.0 

10 CALL LlNE(XP.YP»r<iPEt 1 »0»0) 
WKITE NODAL NUMBERS AND FINALLY END THE PLOT 
DO 20 L=l«NpS 
PLrFLOATtL) 

20 CALL NUMBEP(XC(L) ♦YC(L) •.l'*.PL«0.-l ) 
CALL PLOTE 
WETUHN 
END 
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Appendix B 

FORTRAN LISTING  OFSTRANL-II 
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Appendix B 

A FORTRAN listing of the source deck for the STRANL-II program is 

presented in the following pages.    The program, as presently configured, 

requires  177RK words to execute. 
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I.   '•^•f«mw.«<iH|»u:!Jpj-lilMi.ilu.lJJVW«'U.<flu.lltJM-JJ IH.U. Jl.UJBIl IBUIUIJIIHIPJIU. I.IJ.L  . 

PtVOCWA.^i   iviAlN( i.N|rJUT = ob4ÜUTHUT=l Jl , PUNCh^O'o . T APLb= 1 NPUT . 

1 TAPL6=UurHür) 

C 
C, 
L 

c 
c 
c 
L 

c 
c 
c 
c 
c 

c 
c 

c 

«.TtAUY    IrtANSU^K.   l-uo*   Ai^Ai-Y^l^   uY   hllslTL   tutWt-NT    .ItTHUU 
0-.I1MO   LLA-J I    ovJoA,\u-i   A 11 H    Fkl AisiOuL-M.^   ANP   LiuAUWlLAFtHAL   tUti'itiMTj 
lwpl(l) = l«    Ui»t   KtbOLTb   ÜF   PPtV 1 üUb   CAbt   Ao   STAWTINü   bUUUTIüN 

WH I Ub    Trit   (JTricK   üPTlÜN    lb    IGNUKbU 
loPl(H)-l»    PLAU    IN   Nüis-ZtWu    IwlTIAL   GUL_bS 
luPT(3)sl«    APHLV   LlNEAWlZtU   DUJNUAHY   CUI\U 1 T 1 UN   UN   GdükUl-lNL 

rMt    PKOOKAi.i   Ao   PUtStNTLY   UlMt-NblÜNtÜ    ALLOWb    TitLSb   .«lAXlMA 
20n   tUt'ltNTSi    loO   NUÜtS«    ^0   NwUtS   »" ^W   t-ACH   TYPL   uh    ÜUUNÜARY   CüNü. 

i-.AXf    FUl-u   0A1NI A/lJTh   s   a^ 
uUVt.LbPLJ    ANU    LJDI-L;   PY    i.rLVLN-=    CHAN    Oh    LULKHLt J-HUN I JV I L.i_i_ . AU A . 

UlMtNblUN    I I fuLt 8) • lUPT(üO» «NUU<2ÜU»4> «i>l'j4Ü»b4) • Jl-H(b40) 
UllvicN->IJiM   A( iöO) . « 1 ibU) »HHL' lu^) »KMUPt ItJU) »C^ < 1ÖU) INJNK Ibo ) 
DlMLNbl^N    NIDbli ) »NIU( b.bU ) « VAI- I bO ) t AW( I UO) 

LOGICAL   l-K ( 50 ) 
L-^Ul VAi_L-iM(_ti    ( iUu»o< 1 ) »iil-AKH ) » (.NlUä(2) tNwAiVt) • (Nlüb(3) »NÜÜUY ) 

L>ATA    NLi-nNHiVl .I<C.'I»IMA/20Ü» lUü«b4«bü/ 
DATA   Pl/J. l4l39^6/«GAi'iMA/l .4 0/ 
NrtMs3*WPH 

1 Asti*NA 
CuNbT = 0.b1MGAi-i|.l>\-l .Ü) 
[_XP = -GAKMA/{GA:-'1I-1A-1 .Ü ) 

KL.AU   TITue.«    C>JNri<uu   KLY^«   AND   PKOoLtH   PAwAi'itTtHb 

luO   KLAUC b»oÜb ) ( T 1 TL.L( 1 ) « 1 = 1 »b) 

It- ( LuK (b) }do00t 10 1 
iQl    LONT1WUU 

KtiAJ ( b'b^J ) ( IuP ft 1 ) » 1 = 1 «ifO ) 
KUAU   ü30«     ITüI V»ZTt.bT.WMÄC»Kl 
PKINT   ylO»     ( T I TLtl 1 ) • 1 = 1 «b) ./LILL.T 
PrxIlNlT    BdÜ«     ( loP i I I ) • 1«1 «SO» 

li<^b=0 
kFT=l»0 
iiUMAC=Wi»lAC»#^ 
IF    (lOPT(l)     »LW«     U       LÜ   TU   3b2 

ktAU    ANu   PHIMI     r'ltbrt   UATA»    bUUNUAUY    iMUÜl^J«    AINU    AIKFUIL    ^LUHL 

KUAU    b^b.    NELofKFbtNbiv. ( Klbb I 1 ) » I = 1 »b) 
KLAU    diib»     ( (i\|uDl I • J) «^-1 »4 ) • 1 = 1 «NLLo) 

KEAO   BAU.    (X(1)♦Y<I)»I»l»NPS) 

üu    11U    1=I«3 
NbrlJIQjl  I   ) 

110   PLAU   B^b»     (Nl i-MI »J) »«J=l 'Nb) 
NLAU    bAO.     (VAK(I).1=1.NbÜÜY) 

i 

: 

. ■ .■. 
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———— 

: 

\ilÜ   KtAU   Ö2b«     (NJ^Ti 1 ) • Ist *NPi>) 
C 
C 
C 

I»-     luPT(J) = l»   AHPLY   LlNhAWlZLu   UUUNUAUY   LuNülTluN   UN   t_MüWüL 1 ML 
ÜlHl-^Wlbi-    APPLY    i^UtNL If-^EAK   tjUU^UAKY    LUI-JJlTlON    VN   AlN^uik.    SU>^ ALI. 

If      (lüPl(J)     .l^t.     1)        bü    TU    11t. 
UU    11b   J=1tNbOÜY 
1-NlU(J.J) 

11b    Y(1)=0»0 
1 lt.   <_ONJ INUt 
tiUO   PKINT    yiiü»    NtLbtNMb.NB* 

PWIIMT   yjo 
DU   ^20   N=l,NtLS 

2c;0   PWINT   825»    K» ( N0U(N« J) . J=l «4 ) 

' 

MO 

PWiNT 93b 
UO 230 1=1 
PW1NT 940« 
PWINT 9bl. 
PWINT 9b2. 
PKINT 9ü3» 
PWINT   9bbt 

NP'o 
I »iMJNT ( I ) «X( l )»Y( 1 ) 
(NlÜ»i»I)»I«i»NF API- ) 
{NIU( 2« I ) » 1=1 «NWAKt.) 
(NiD(J«1> «1 = 1»NbüüY) 
(VAF(I).1=1tNBOUY) 

c 
c 
c 

PtDtFlNL. ivILSri DATA« £TC» Üb 1NG Nt* NÜDAL NüMofcKlNG bYbTtw, 

DO 238 N«l«NtLS 
Du 238 1=1.4 
1K (NUDdM« I ) «EU. 
KK-NÜD(N»|) 
NODdN. 1 )=NJNT (K.N) 

<LJ8 CONTlNUt- 
DD 239 1=1.3 
1S=N1DS(I) 
Du 239 J=l . lij 
I<;K=N1D( 1 » J) 

239 NlD( 1 « J)=NJNT (K.K) 
DO 243 1=1«NPS 
PMLP( 1 )=X( 1 ) 

2«; 3 KML( I )=Y( 1 ) 
DO 244 11 = 1 ,NPS 
1=NJNT( I I ) 
X(1)=WMLP(I1) 

,-44 Y( I > =PML( 1 1 > 

0)  GO TO 238 

C 

c 
c 
c 

c 
c 
c 

HALF BANDWloTh AND NDMOEH ÜF tUUATlüNb 

NHBW=NBW/2 
Nt;Q = 3*NPS 

KtAD NUNZtWO INITIAL OUESS OW PkDCEED WITH ZEPO SOLUTION 

IF (I OPT(2) .NE. 1)  GO TO 250 
PEAD 840« (S< I »i*ÜW ) . I = 1 «NEU) 
OU TU 29b 

2oÜ DO 260 1=1«NtU 
280 SLP(I)=0.Ü 

ITEHATIONS ST"KT HtPE AND CHt.i-K.tD IF ITUlV IS tXCEEDEP» IF SO« 
PPINT FAIL TO CD^Vt-PtL AND PPU>_tt.D TO NLXT CAbL. OTHLPWlSE« 
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UUNl 1NUL     TO    1 ILKATL 

270 

c 
c 

t'0'.j    lt%'f  ij- lULb+ 1 
1»     < IkhS    .OT.    ITblV)       GO   TO   600 
f-URMUUATt   SVSrtf-l   Ul-    ALütUWAlC.   tUUAlluNS 
UU   t'öb    I = i INEVJ 

tOb   MI.J)=u,Ü 

CALL NEWK ( SQMAC . iMWM, NCM . INLU . NbW , NEW . NfeLS . NUU . SUP . fa, COF . NPM , X . Y ) 
IMPOSE L>. C. t-OH   KAHFIELÜ, L i Nh OK SYMWhTkY, AMU ON AIRFOIL 
00 ^74 1 = 1 ,NP"AR|- 
lt33*NlU(1♦I)-3 
OU 272 11=1,3 
lt.= le+i 

DO 270 K=l«NBM 
S( IE;«K)=O.O 
b(It.NHUW)=1.0 

c'/^ CONT1NUL 
UU   280 1=1tNwAkc 
1L=3*N1U(2,I) 
DO 27Ü K=l ,MtJW 

^ /'d S( IL.K.) =0.0 
2Ö0 S( IEi.NHüW) = l . J 

00 2öb J= 2 tNBODY 
lc: = J»NID(3. J) 
DU 282 K=l,Nyw 

2d2 S(IE«K)=0»0 
S( It. ,NHLiW) = 1.0 
IF ( IOPTO) .^t. 

2öb b<IE.NB*)=VAr(J) 
CALL bAiMULU SOLVcW TO SOLVE THL 

CALL   ÜNÜEU<S»iMR.>'l»NCM»NEUtNHBW) 

1)       b( It;»NHb*-n=-VAF( J) 

bYSTLiVi   OH   EQUATIONS 

C 
C 
c 

HKINT COMPUTtU KtSüLTS 

2^b PkiNT 970. RKAC.RFT 
PKINT 975.  IKtS 
00 JOb 1=1,NPb 
J=NJNT(IJ 
1 I=J*NJNT( I ) 
POT = 3( I 1-2.NBW) 
UHT=b{11-1«NOW) 
V = S( 1 1 .NLiW) 
U=UPT+1.0 
USQ=U*U+V*V 
AbQ=CÜNST*(1.Ü-USU)+1.o/SOMAC 
WVIL{ J)=StJWT(^SO/ASU) 
PWATIÜ=(1.0+C0Nbr*RML(J)**2)*»EXP 
CP=-2.«UPT 
COF( J)=bU|VlAC*( 1.0+2.4+UPT) 
DELM=HML(Jj-RnLPIJ) 

JQb   PWJNT    97Ö.     I .P0T.U.V,C0F(J).kf/lL(J),PRATIO.CP.ÜELM 

DISPLAY   PHtsSUHt   COEFFICIENT   *-P 

PKiNT 9bb 
iSTOP=0 
IHNT=0 
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^ 

c 
c 
c 
c 

UO   320   J=l»NbUDY 
IF    (J   .tu.   NtJOüY)       ISTÜP=1 
I=NID(3.J) 
UPT=S(3»I-1,NbW) 
V=S(3«I«NB*) 
CIJ = -2.*UPT 

->cL0   CALL   F-PLÜT( lA.IHiMT.AW.LW, ISTüP. 1 . 1 .X( 1) tCP) 
IF    ( IPLS   .LT.    2)       0.0   TO   3Ö2 

CHECK   COiMVLWUt-lXiLt«     IF    SO.    PUNCH    CONVLPOLU    bULUTION    ANu 
PKOCLLU    Tu   NLM    tAit.    OTHLPnuIbL»    CPUATL   ^OLCTlON   ANU   CONTIN^L 
TO    1 TLPATt. 

UU 340 1=1.NPS 
PCTk-=l .0-hi|.(LP( I ) /PML( 1 ) 
IF (ABS(PCTF) .LT« ZTEST)  GO TO 340 
WFT=F1 
CU TU 3Ö2 

3^0 CONTINUE 
PUNCH Ü40.  (b(I»NbW).  1=1.NEU) 
GO TO 100 

3Ö2 UÜ 380 1=1.NPb 
3öb WMLP( I )=WML( I) 

RF'TC=1 ,Ü-RFT 
UO 390 I = 1 »NE^J 

390 t.Lpl  I )=WFT#S( 1 .NBW)+PFTC*bLP( 1 ) 
GO TO 265 

600 PI-MNT yü0 
GO 10 IUU 

6üb FORMAT(7A10,A2) 
U^O FORMAT (4012) 
Heb FORMAT (1615) 
UJO FORMAT (lb.3KiO»0) 
b^o FORMAT (IPfaEiO.i) 
V1Ü FORIVIATC 1H1 .2A »7A10^A2//,  CONVERGENCE Lli-iIT =»»F6.4//) 
V'clC   FORMAT (1H0,-NÜ. OF ELEMENTS= • » 14 . •  NO. OF NUOE^-'.U, 

1 •   FULL ÜANÜWIDTH=«♦14//) 
^30 FORMAT ("OELt. HO*    AND ELEMENT NOOES«/) 
935 FORMAT (<UOLn NUDt•.•  NEW NODE«. 6X.■X(1)•,12X.•Y<I)•/) 
940 FORMAT ( 16. I 10 .ZElb.f1;) 
951 FORMAT («ONODLS AT FARFIELÜ•/(2015)) 
y'.j2 FORMAT («ONODLS ON LINE OF SYMMETRY « / ( 20 I 5 ) ) 
953 FORMAT («UNoDcb ON THE AlhFOlL•/«20 IS>) 
yob FORMAT («OSLUF'E AOONG NODES ON AIKFOI L«/(öL15.5) ) 
WO FORMAT «IHI, -MACH NOi>iBt-R= • . F 6. 3.5X. «RtLAX. t-ACloK =«.Ft).4/) 
9/5 FORMAT < 1HÜ.4A»-I>10. OF I TEFiAT I ÜN= « . I 4/ 

1 1H0,7A »-NÜUE« .ÖX. «PHIT' . 1 IX. «UCUM« . IIX. •VCOM« , 
2 i2X. «COF-» 1 IX. • LMAC« .MX. « P/Pu • . 1 3X . • CP ' . 1 1 X . »ÜELM»/ ) 

97Ü FORMAT (U0,lP8clb«4) 
(•OFAlL TO CONVERGE IN SPLC1F1LU NO. OF ITERATIONS') 
( 1H1 ) 

:; 

yuc 
9Ub 

20uü 

FORMAT 
FORMAT 
bTOP 
END 
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bUBWOUTINE   NEWK( SUMAC tNHM.NCM.NEU,NBW«NEM.NE.: 

1 CüEF,NPM«XtY) 

-b.NOD»bLP»S« 

C 
C 
c 
c 
c 

<!t02 

404 

408 

410 

4^5 

4b0 
4dO 

Ct-NEHATL    iYSTLM   MATWIX   UY   ASbtWbLClNO   CUNTK1 bUT IONS   FKÜM 

ALL    IHt   LUtML^Ti 
ijUBWOWTlNtt   EMuT   CALLEU   TU  GLNEkATE   tUiMtNl   MATWIX 

UlMLNblON   COtK(NPM).X(NPM).Y(NPM>.XU»4)«YU(4)'PM<12>«BB<12'12) 

UlMENblüN   NCUtNtM«4) •b(NHM'NCM) .it_P<NHM) 

NHBW( = NBW/2 
DU   480   N=l »NELS 
11 = 1 
IF    (NODlNtA))    ^02«402«404 

NPEI-»3 
NTRS»1 
GO   TO   410 
NPEL«4 
NTRS»4 
12^0 
DO   408   1-1*4 
NIENOD(N«1) 
IF   (COEF(NI)    »GT.    1.00) 12=12+1 
IF   (12   .EQ.   0)       NTRS=2 
IF   (12   .EO.   4)       11=3 
DO  425   1=1«NPüL 

Nl=NOD(N«I ) 
XU(I)sX(Nl> 
YU( 1 )sY(Nl ) 
DO   425   J=l»3 
IS=3*(Nl-l)+J 
IE=3«<1-1)+J 
PM(IE>=SLP<IS) 
CALL   EMUT ( XQ f YU . PM . SQMAC »BB. NTRS) 

DO   450   1=11«NPEL 
NR=3*(NU0(N,I)-l) 

IE=3*(1-1) 
DO   450   11=1.3 
NKxNR+1 
IE=1E+1 
DO   450   >J=1 »NPLL 
NC=3*(NÜD(N,J)-1)-NH+NHBW 

JE=3»<J-l) 
DO   450   JJ »1.3 
NC=NC+1 
JE=JE+1 
S(NR.NC)=S<NR.NC)+tiB< IE.JE) 

CONTINUE 
RETURN 
END 
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C 
c 
c 
c 

bUBKOUT 1NE. EMU T ( XU. YU «PMU » SUMAC «EU « NTHS ) 

OtNERATt MATK1X FUW A UUAÜH1 LATEKAl. UH TWIANULE 
bUßWÜUTlNL EMiC CALLFü TÜ (iENtWATE MATW1X P UW A bAÜC TR1 AN&L-t. 

DIMENSION EQ(12»12)»ETCg««)tXU(4).VU(4)tXT(3» »YT13)«MP«3«*) 
DIMENSION PMU( 12) «PMKg) 
DATA MP/1 «^.BOt^t 1 •2t3«4*4t 1 »2/ 
FTOR=l.0 
IF (NTRS .EQ. 4)  FT0R"0.5 
DO 100 I=ltl2 
DO 100 J=l»l2 

100 EU(I.J)=0«0 
DO 150 11=1,NTKS 
DU 105 I»l«3 
N1=MP( 1«1 I ) 
lTa3«<1-1> 
IU=3*<N1-1) 
ÜO 102 Jal«3 
1T=IT+1 
lUs IU-t-1 

1Ü2 PMT(1T)=PMU(IU) 
XT( I )sXU(NI ) 

105 YT<I)=YU(NI) 
CALU EMTC(ET»XTtYT.PMT.SUMAC) 
ÜÜ 130 K=l«3 
NR = 3*(MP(K, I I )-l) 
1E=3«(K-1) 
DO 130 KKal,3 
NW=NR+1 
ie=iE+i 
DO 130 L=l,3 
NC=3«(MP(L.II)-l) 
JE=3»(L-1) 
DO 130 LL»1,3 
NC=NC+1 
JE=JE+1 

130 EO(NR,NC)aEO(NK»NC)+ET(IE,JE)*FTOR 
IbO CONTINUE 

RETURN 
END 
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c 
c 
c 
c 
c 

SUBROUTINE EMTC(A.XL.YL»PEL»SÜMAC) 

tVALUATt. ELEMtNT MATRIX FOR A TRIANGLE BY GAUbMAN OUADRATURE 
SUBROUTINE DtKV CALLED TO EVALUATE SHAPE FUNCTION DERIVATIVES 
AT THE GAUSSIAN POINTS 

ül MtN^ I ON A(9»9)»P'9)»Qt9)»NPt5)«B<3)»C<3>»*H3)»YL(3)»S(3)« 
1 DNX(9) »DNXXCg) »DNYY(9) .Ptl-(») 
UlMENblUN ElNl(3»7)»WT(7) 
DATA LMAX/ 7/ » w T / Q•^^•5 « 3*0• 1 32JVA 1 b« 3*0 • 1 £:bS»J^ 1 b/ 
OAjA EINT/J»0»3 433333J«0»05y61ba7.J*0»470l^^0ö»0«0by615b7. 

1 3»0.^70l4tüb»0.0by615b7.0.7y74i;6yy»3*0. 1012bbbl « 
2 0.7y7A269y»3*0.10l2B6bl»0.79742699/ 
DATA NP/1«2,3»1»Z/'GAMMA/l.^O/ 
00   2 1=1.9 
00 2 J=l.9 

2 A(I.J)-0« 
00 4 1=1*3 
J=NP(1+1) 
K=NP<I+2> 
li( I )aYL( J)-YL(<) 

4 C( I )=XHK»-XL( J) 
AWEAs0.5*lB(2)»C(3)-B(3)*C(2>) 
CSTl»l.0-SOMAC 
C5T2=SQMAC*(1•O+GAMMA) 
DO 100 L*!»LMAX 
DO 10 1=1*3 

10 S( I )«EINT< I«L) 
CALL DERV < AREA♦b »C » S « DNX *DNXX * DNYY) 
U=0. 
UX=0. 
DU 30 1=1*9 
Usu+DNX(I)*PEL( I ) 

30 UX=UX+0NXX(I )*PtL( I ) 
ALPHA=CST1-CST2*Ü 
ÜU 40 1=1*9 
PCI)=ALPHA«DNXX( I> +DNYV( I ) 

40   U( I )»P(n-CsT2*UX*DNX( I > 
'i(ElGHT=WT(L)*ARtA 
uO   60    1=1*9 
CST = U/EIGHT*Q( I ) 
DO   60   J=l*9 

60   A(I*J)=A(I*J)+CST»P<J) 
1U0   CON'INUt 

RETURN 
END 

86 

m m iiiiMilliiMMMiiiiiiiiiiiiiiaimMimiii m fcii^ltiMaBtink   ■ 



■ J, ^»i.uji»in,.„ JLMiii^yju mmw .I.IJB   .i..  WIIJ    .1 I WW^PiBfP»«^"^ 

C, 
c 
c 

^oo 

300 

bUBWOUTlN -:   DtKV( AWtA.b.C.S«DNXtDNXX.L)NYY ) 

tv/ALOAlL   bHAPL   hONCTION   DtWlVAlIVt^   Al    OAUbblAN   POINT 

UlMtiNblON   U(3)»C(3)»S<3) «DNX(9) .ÜNXX(9) «ÜNYYCy) tNP(5) 
UATA   NP/1 *^«'i»l §2/ 
TW0A=2.«AWfc;A 
TWOASU=TWOA»*2 
ÜO   200    1=1.3 
J=NP<1+1) 
K. = NP( 1+2) 
S1=S(1> 
S0=S(J) 
SK=S(K> 
bl=B« I ) 
bJsü(J) 
BKaU(K) 
C1«C< I ) 
CJ=C(J> 
CK=C(K) 
i>lSU = bI*SI 
ülS03BI*Bi 
C1SQ=C1*C1 
ALFAxO»b*(CK-Cj) 
B6:TA«0.b*(Bj-BK.) 
HX = BI»SJ«S< + BJ*bK.*Sl+BK»Sl»SJ 
HXX = 2.*<SI«BJ*BK + i>J»BK*BI+SK*BI*BJ) 
HYY=2»»<S1*CJ*C^+SJ*CK*C1+SK*C1»CJ) 
CSS=6.*SI*(1.-SI) 
CS=6.»( l.-2.*SI ) 
'. = 3*1-2 
DNxiL)=Bl»CsS+2.*HX 
0NXX(L)=Ö1S0*CS+2»*HXX 
DNYY(L)=CIS0*CS+2«»HYY 
CS=CK*SJ-CJ»öK. 
L=L+1 
ONx(L)=2.*BI*S1*tS+TWÜA*SISO+ALFA*HX 
ONxX < L ) =2. »B I SU*CS+<* • »B 1 *TWOA*S 1 +AUFA*HXX 
DNYY(L)=2« *CISQ*CS+ALFA*HYY 
üi) = BJ»SK- äK»SJ 
L = L+1 
ONx(L)=2.*BI»SI*aS+BETA*HX 
DNXX(U)=2.«B1SU*ÖS+BETA*HXX 
0NYY(L)=2«*ClSU*tJS+^.*Cl*TW0A*Sl+bETA*HYY 
DO J00 I=1«9 
ONx( 1 )=LJNX( I )/TW0A 
ONXX(1)=ONXX(1)/TWOASQ 
DNYY(1)=ONYY(I)/TWÜASÜ 
RETURN 
END 
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C 
C 
c 
c 

SUBROUTINE BNÜtü(A,NRMAX.NCMAXtN.IT£ftM) 

EQUATION SOLVtR FOH BANDEO NON-SYMMETRIC SYSTEM OF EQUATIONS 
SOLUTION STORLD IN THE LAST COLUMN A( 1,2*1 TERM) 

UlMENSION A(NKMAX.NCMAX) 
LER0=l.E-6 
PARE = CEWO##^ 
NuNUs2*ITERM 
NtJM = NbND - i 

C      BEGINS ELIMINATION OF THE LOWER LEFT 
DO 1000 1-1, N 
IF ( ABS(UI.ITLRM))  .LT.  CERO)  GO TO 410 
GO TO 430 

^10 IF ( ABS(A<I,iTtRM))   .LT.  PARE)   GO TO 1600 
PRINT 420t A(ItlTERM). I 

420 FORMAT (• WARDING. ILL-CONDI Tl ÜNEU A-MATRlX. Axi,t;i6.6.« I = ».l4) 
4J0 JLAST = MINo(1+1TERM-1, N) 

L = I TERM + 1 
UO 5Ü0 J=I• JLAiT 
1- = L - 1 
IF ( ABS(A<jtL))   .LT.  PARE)  GO TO 500 
B = A(J.L) 
DO 450 <=l_. NÖND 

450 A(J«K) = A(jtK.) / B 
IF (I  .EQ.  N)  GO TO 1200 

500 CONTINUE 

l- = 0 
UFIRST =1+1 
IF (JLAST  .Lt..   I)  GO TO 1000 
DO 900 J= JFlRSTt JLAST 
L=L+l 
IF ( ABS<A(j,ITtRM-L))   .LT.  PARE)  GO TO 900 
DO 600 K=ITERM» NBM 

bOO A<J«K-L) = A(J-L»K) - A<J.K-L) 
A(J.NBNU) = A(J-L»NBNO) - A<J»NBNO) 
IF (I  .GE.  N-ITERM+1)  GO TO 900 
DO 800 K=l , L 

8Ü0 A(J.NBNÜ-K) ■ -A(J.NBND-K) 
900 CONTINUE 
1000 CONTINUE 

C      oACK~SUBSTlTUT10N 
1200 L = 1TERM - 1 

DO 1500 1=2, H 
DO 1500 J=l, L 
IF (N+l-I+J  .GT.  N)   GO TO 1500 
A(N*1-1»NBND) = A«N+1-1.NBND) - A(N+1-I+J«NBND)»A(N+1- 1 ,ITERM +J) 

1500 CONTINUE 
RETURN 

C      PRINT THE ENTIRE MATRIX IF ZERO ON MAIN UiAGONAL 
1600 PRINT 160) 
IbOl FORMAT '« COMPUTATION STOPPED IN BNDEO BECAUSE ZERU APPEARED ON 

1MAIN DIAGONAL.    THE MATRIX FOLLOWS.«) 
DO 1602 1=1, N 

1602 PRINT 1603. (Ali.J), J= 1 , NBND) 
1603 FORMAT (1OE12.4) 

STOP 
END 
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SUBWOUTlNt FPLOKMl t IPNT.AR.LW« I STOPtNCNCMAX . VI t V2 ) 

P^INTEW PLOT FOK DISPLAYING COMPUTtU RESULTS 

LOGICAL   LM(2 ) »LN< I2Ü)»LPtA»•LX(4) «LPt 1 ).LC<2Ü) 

INTtGEW WI (2) .ST(2).SG(2) 
UlMüNbloN AR( i^l ) »N» 12U> «WHO« 30) «^C 19) • 1 UFH I £) * 1~>VI Z) *^F H Z ) • ^f-i: 
l.In(?).li>o(?).ll(<»).IP(4)»lM(4).IX(4». lW(b02> • IA( 23U) 
t^JUIVALLNCL < IP» 1 ) »LPC 1 ) ) • » IM« 1 ) «LM« I ) > « (LNl 1 ) iNi I ) .WHO» 1 ) ) • 

1 ( 1X( 1 ) «LXI 1 ) ) f (l<a2Ü«MI ( I ) ) ' (Nbfa'WI (2) ) 
DATA (2< 1 ) •I = X>ib)/l« «Iküö« l*b« l>7b«£:*t2*b«3><J«b<4««4.bo>«b»i 

1 7 . , Ü . t • J . / 

UATA <ISP(l)tl = 1.2)«<IX(I).I = l»4)tUP(l).l = 1.4)»(lMlI)«l = J»4»/ 
1 lO.bt'. »lHX.4»lH+.4*0/ 
DATA ID< J)•ID12)»ISG( 1>♦ ISG<2)/I20«5e«1t-l/ 
DATA LNlI).I ItLC( 1 )/l .B0.50»0«1.1H0/ 
IF(ISTOP)I73tl72.172 

172 J=lPNT+2 

IK(J.GT»M1)G0 TU 173 
IPNT=J 

AW(J-l)=V1 
AH( J»=:V2 
DO 10 K=l*4 

10 IM<K) = NC 
J=J/2 

LH(J)=LM<2> 
173 IF<NC.LT.NCMAX)RETORN 

IF(ISTOP.EQ.OlRtTURN 
DU 171 1 = 1 .2 
RI( I)«I0( I ) 
SG( i) = ISG( I ) 
IF( I I (I ).Nb.O)Rl ( i ) = I I( I > 
1F( I I(I42>.EQ*1)SG( I )=-SO( 1) 

171 ST« I ) = <WI< I ) + l-SG< I )*<Rl<I)-l))/2 

IF(R1( 1).GT.120)RI ( n=120 
IF<HI<2).GT.238)K1<2)=238 

N2o = Nie 3/6 
N120 = 6* N20 
DO 3 I»1,2 
AM1N=AW(I) 

AMAXxAR(I) 

DC 7 J=I.lPNTt2 
AAi=AR(J) 

IF(AMlN.GT.AAi)AM1N=AA1 
7 1F(AMAX.LT,AA1)AMAX=AAI 

IF (AbMAMlN) »LT» «000001)  AMIN « 0*0 
IF    (ABSCAMAx)    .LT.    «000001>      AMAX   =   0«0 
R=AMAX-AMIN 
IF    <ABS(R)«LT'l.t-^.AND.AbS«AMAX)tLT.l«E-9)    R=1.0 
IF    <ABS(R> •LT«l.t-9.AND»AMAX.LT.0«> P = -AMAX 
IF    ( AbS(R) •LT»l»t.-9.ANU.AlHAx«GT.0. ) R=   AMAX 
DO   22   J=l«15 
B = AL0G1Q(R/<RI( I )-2>/Z<J) ) 
M=B 
IF(B.LT»0)M=M-1 
C=Z(J)*10.*»(M+1) 
B=AMIN/Z«J)/1U.»»«M+1> 
lUti 
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25 
3 

101 

IF(B.LT.O)I1»I1-1 
IF< (RI ( I )-2-»-Il)»t-AMIN) 18» 19.19 

IB   CMO**€ 
IV    IF(J.EQ.l)SMlN=C 
22    IF(C.LT.SMIN)SMIN=C 

SFK !) = ( l./SMIN)*SG( I ) 
B=AWIN/SM1N 
M = B 
1F(B.LT»0>M=M-1 
bF2( I )«iiT( I )-M*bG( I ) 
HHO( 1 )=SF2( I )+0«5 
M=sF2(I) 
DO 25 J=l.10 
lFtM-J-( (M-J)/ Ii.P< I ) )»1SP( I ) )25.3»25 
CONTINUE 
IOFF(I)»J 
DO 101 1*1.N68 
IA(I)=0 
00 102 J=l,IPNT.2 
|W(J>»SF1( 1)*AR(J)+HHO(1) 
IT=SF1(2)*AR(J+1)+HH0(2) 
IF(J.NE«1)G0 TO 109 
IK(IPNT+2)=2 
1R(J+l)-0 
13B IT 
GO TO 102 
1F( IT-I3)104»105»105 
1R(J+l)=IR(lPNT+2) 
IR<1PNT+2)=J+1 
GO TO 108 
I=IT+1 
1 = 1-1 
1 1=1A< I) 
IF( I 1 ) 106.106*107 
1W(J+l>sIR(I1) 
IR( I1 )=J+1 
IA(1T)=J+1 
LAST=IPNT+2 
JJ=10FF(2) 
LZH=SF2(1) 
LZV=SF2(2) 
DO 100 1=1.N58 
DO 40 J=l.Nl20 
N(J)= 1H 
1F(<1-1)♦(1-N58))140.151.140 
DO 141 J= 1 .NWO 
N( J) = 1X( 1) 
l_N( 1 )=LX( 1 ) 
LN(N120)=-X(1) 
IF(LZH.Lt.0.0K.LZH.GT.N120)GO TO 131 
LN(LZH)=LP(4) 
NB=1 
1F(1.NE.JJ)G0 Tu 35 
Nb=2 
JJ=JJ+5 
I3=1OFF(1) 
DO 32 J=I3.NlZQ»10 

32 LN(J)=LP(4) 
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1F(I.NE.LZV)GÜ    TÜ   35 
ÜO    13b   J=l »Nl<iO 

135   N(J)    =    IP( 1 ) 
35    13=IA<I) 

IF(13.EU.0)GÜ   TÜ    121 
120 LAST»IW(LAST) 

I2=IR(LAST-1) 
I l=LAST/2 
LM(2)=LW( I 1 ) 
I MM = IM(2) 
LN(I2)=LC(1MM) 
IF{LAST.NE.I3)GÜ TU 120 

121 GO TO (38.41)»NB 
38 «/WlTE(6«3y) (NU) »J=l ^120) 
39 FORMAT(11H .120A1) 

GO TO 100 
41 AAi=l 

VALUE=:(AAl-sF2(2) )/SFl(2) 
WH|TE(6.42)vALUtt(N(J),J=I.N120) 

42 F0RMAT(1H ,1Pt10•3.120A1) 
100 CONTlNUt 

13si0FF(1) 
J = 0 
DÜ 4V 1=I3.N120»10 

J = J+1 
AAxl 

49 WHO(J) = « AA-SF 2(1))/SF1( 1) 
IF(IüFF(1)-5)62»62»63 

62 ^WlTE(6»50)(KHÜ(I)»1=1»J' 
50 FÜRMAT(10X,12(1PE10.3)) 

RETURN 
63 1F(J,GE.12)J=ll 

*RITE(6»64) (RHÜ( I)»1 = 1»J) 
64 FURMAT(16X«11<1PE10.3)) 

RETURN 
END 

: 

91 

  -- ■----    w&m   



*mmw* r—w—. I"«»*. U!!"1 Hjii'l 

REFERENCES 

1. Chan, S.T.K., M.R. Brashears and V.Y.C. Young, "Finite Element 
Analysis of Transonic Flow by the Method of Weighted Residuals," 
AIAA Paper 75-79, Pasadena, Calif.,   January 1975. 

2. Bazeley, G.P.. Y.K. Cheung, B.M. Irons and O.C. Zienkiewicz, "Tri- 
angular Elements in Plate Bending — Conforming and Non-Conforming 
Solutions," Proc. First Conf. on Matrix Methods in Struc.Mech.,   Wright' 
Patterson AFB, Ohio, 1965, pp. 547-576. 

92 
•fr   U.   3.   GOVERNMENT PRINTING OEFICE:   1976 — 657-630/581 

n ^iiimr<MM>MiiintJ--  ■■■■  


