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Notation

Cp - Pressure coefficient defined in eq. (3)

- Yaw angle relative to laboratory space

- Pitch angle relative to laboratory space

Pt - Total pressure

PS - Static Pressure

L rp - Yaw angle relative to probe axis

r - Pitch angle relative to probe axisrp

Pp - Pressure indicated by the probe

a - Yaw setting of the probe

0 - Pitch setting of the probe

Subscripts

I

II relating to probe positions shown

III in figure 3

IV

A relating to A type probe

B relating to B type probe

Lo lowest value in an array

rp relative to the probe axis

Up highest value in an array

'A
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Notation of PENPTS

DD - denominator in the subsequent line of the program

HT - penetration height (Cp of a calibration surface)

IR - a flag with a value of either 1 or 2 to identify first
or second penetration point. This flag also controls
return of values to calling program or subroutine

IB - a flag indicating the location of the last rectangle
in the band checked for a penetration point. It pre-
vents repetition of the scanning in the 103 Do loop

NX - number of X values in the calibration surface grid (o values of the
calibration surface)

NY - number of Y values in the calibration surface grid ( 'values of the

calibration surface)

XI) - X values in the grid

XM - value of X at point B (fig. 5)

XR(I) - two values of X returned by the subroutine as results

XS - currently calculated value of X which is the present
result and is later stored in XR(I)

Y(J) - Y values in the calibration grid

YC - intermediate value used in the subsequent line of the program

YG - the Y position of the penetrating line*

Z(I.J)- Values of the Z = Cp calibration surface above grid points

ZX - value of Z either at point A or point C (see figs. 5,
6 and 7)

ZM - value of Z at point B

* It should be pointeo out here that the penetrating line
is parallel to the X axis at a height HT = Cp above the
X,Y plane and at a distance YG from the X axis on the X,Y plane
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Notation of INTSCS

AA - constant defined in eq. 8

AB - constant defined in eq. 9

ARIN - ordinate at which scanning starts

ARLO - lowest ordinate of calibration surface (as a
condition it must be identical for all calibration
surfaces used)

ARMI - ordinate measured relative to probe 1 (the probe
belonging to the first curve Cp = const.)

ARM2 - ordinate measured relative to probe 2 (the probe

belonging to the second curve Cp = const)

ARP - setting ordinate of probe 1

ARP2 - setting ordinate of probe 2

ARRES (1) - abscissa value returned to INTSCS from PENPTS

ARUP - highest ordinate of calibration surface (as a
condition it must be identical for all calibration
surfaces used)

AR2R - ordinate relative to laboratory space

AR2RJ - ordinate relative to laboratory space of previous
scan

BA - constant defined in eq. 8

BB - constant defined in eq. 9

DAR - ordinate step for scanning

HTl - penetration height of calibration surface of probe
1 (Cp of probe 1)

HT2 - penetration height of calibration surface of probe
2 (Cp of probe 2)

IEPS - a flag which is equal to 2 when the calculation is
carried out as shown in fig. 11, otherwise it is
equal to 1. (This information is required in the
main program and is returned to it)

3



ISL - a flag which is equal to 10 if one of the left
hand side results returned from PENPTS is 1000.0
(i.e., is not a penetration point). Otherwise
it is equal to 1

ISR - a flag which is equal to 10 if one of the right
hand side results returned from PENPTS is 1000.0
(i.e., is not a penetration point). Otherwise
it is equal to 1

K - a flag indicating whether the first or the second
intersection is evaluated

Ni - number of abscissas in calibration surface grid
(fig. 4)

N2 - number of Ordinates in calibration surface grid
(fig. 4)

RESI(K) - evaluated and returned abscissa of intersection

RES2(K) - evaluated and returned ordinate of intersection

Rl - radius in fig. 11 for probe 1

R2 - radius in fig. 11 for probe 2

RAIL - abscissa of point AIL in fig. 9 or 10

RAIR - abscissa of point AIR in fig. 9 or 10

RAJL - abscissa of point AJL in fig. 9 or 10

RAJR - abscissa of point AJR in fig. 9 or 10

RBIL - abscissa of point BIL in fig. 9 or 10

RBIR - abscissa of point BIR in fig. 9 or 10

RBJL - abscissa of point BJL in fig. 9 or 10

RBJR - abscissa of point BJR in fig. 9 or 10

Xl(I) - abscissas of calibration surface of probe 1 or
its transformation as determined by calling
statement in main program

X2(I) - abscissas of calibration surface of probe 2 or
its transformation as determined by calling
statement in main program

I
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X3(I) - abscissas of calibration surface of probe 1 or its
transformation as determined by calling statement
in main program

X4(I) - abscissas of calibration surface of probe 2 or its
transformation as determined by calling statement
in main program

Yl(1) - ordinates matching Xl(I)

Y2(1) - ordinates matching X2(1)

Y3(I) - ordinates matching X3(0)

Y4(I) - ordinates matching X4(I)

Zl(l,J) - values of CPrp for Xl(I) and Yl(I)
Z2(I,J) - values of CPrp for X20) and Y20)

Z3(I,J) - values of CPrp for X3(I) and Y3(1)

Z4(I,J) - values of CPrp for X() and Y4(0)

5
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Notation of Main Program VDR

A - variables in library routine IXCLOK used to evaluate
computation times

ALF - values of a returned to VDR from INTSCS

ALFA - a input when experiment simulation is carried out

ALFC - arpIII

ALFCN - new value of :rpIII for next iteration

ALFO -> rp IV

ALFDN - new value of a rpV for next iteration

ALFI - aI

ALF2 - aII

ALF3 -a 1

ALF4 - amI

AM - mach number

CPA - CPrpI

CPB - CPrpiI

CPC - CPrpIII

CPD - CPrpIV

EPSPS - relative difference between present static pressure
and its value in the previous iteration

EPSPSG - convergence criterion (on the static pressure)

FALF - final a value (at convergence)

FPHI - final 4 value (at convergence)

IA50 - a flag in IXCLOK

IA60 - a flag in IXCLOK

ICOPS - number of PS corrections carried out to ensure the Cp's
are in calibration range

IEPS - a flag governing the convergence criterion returned
from INTSCS

6



IEPSI - a flag governing the convergence criterion for probes
I and II

IEPS2 - a flag governing the convergence criterion for probes

I and III

lIT - number of iterations on Ps

ISCAN - number of static pressure scans from initial static
pressure guess upwards

IXCLOK - system subroutine for computation time evaluation

NOCOPS - a flag which when equal to 1 causes static pressure
corrections to be carried out such that Cp's are
always inside calibration range, and when equal to 2
cause these corrections to be skipped

NOSIM - a flag which when equal to 1 causes the program to
simulate velocity measurement experiments and when
equal to 2 causes the program to reduce measured data

NX - number of calibration surface matrix abscissa's,
a values (must be identical for all calibration
surface matrices used)

NY - number of calibration surface matrix ordinates,
* values (must be identical for all calibration surface
matrices used)

PDYN - dynamic pressure

PHI - value of 0 returned to VDR from INTSCS

PHIB - OrpII

PHII - 0 input when experiment simulation is carried out

PHIl - rpl

PHI2 - rpIl

PHI3 - OrpI

PHI4 - Orp II
PPA - signal of probe in position I

PPB - signal of probe in position I

7



PPC - signal of probe in position III

PPC - signal of probe in position IV

PS - static pressure

PSIN - initial guess of static pressure

PSN - new value of static pressure for next iteration

PSC - corrected static pressure

PST - memorized corrected static pressure

PT - total pressure measured

RELXPS - relaxation factor for convergence on the static
pressure

VIRTIM - virtual computation time

XA - abscissas of calibration surface matrix of probe A

XAX - transformed abscissas of calibration surface matrix
of probe A

XB - abscissas of calibration surface matrix of probe B

XBX - transformed abscissas of calibration surface matrix
of probe B

XPC - yaw setting of position III

XPD - yaw setting of position IV

XRIN - a value at which scanning starts

XRLU - lowest a value of calibration surface (as a condition
it must be identical for probes A and B)

XRUP - highest a value of calibration surface (as a
condition it must be identical for probes A and B)

A - ordinates of calibration surface matrix of probe A

YAX - transformed ordinates of calibration surface matrix
of probe A

YB - ordinates of calibration surface matrix of probe B

YBX - transformed ordinates of calibration surface matrix
of probe B

8



YPA - pitch setting of probe A

YPB - pitch setting of probe B

YRIN - * value at which scanning starts

YRLO - lowest * value of calibration surface (as a
condition it must be identical for probes A and B)

YRUP - highest * value of calibration surface (as a

condition it must be identical for probes A and B)

ZA - CPrpA values of probe A

ZAX - transformed CPrpA values of probe A
ZAMAX - maximum of ZA array

ZAMIN - minimum of ZA array

ZB - CPrpB values of probe B

ZBX - transformed CPrpB values of probe B
ZBMAX - maximum of ZB array

ZBMIN - minimum of ZB array

9



Introduction

Experimental knowledge of the flow field generated

by rotating turbo impellers is of prime importance in the

research and development of turbomachinery. It is essential

for the refinement of design methods, for the development

of new flow models which include secondary flow and tip

clearance effects, and particularly for the verification

of new computer codes developed to calculate the flow through

rotating blade rows.

In recent years laser velocimeter techniques have

been applied successfully to measure the flow both inside

and downstream of rotors. (Ref. 1 for example). It has

become clear however, that the laser techniques are only

reliable in the hands of experienced investigators. A

window which remains clean is essential, and seeding is

usually required. Laser techniques do not measure the

pressure field and usually can only measure two components

of the velocity unless the axis of the laser is tilted.

Difficulty is also encountered when measuring close to

walls. Hence there are reasons to consider alternative

techniques, particularly if they are simpler to apply routinely

in stationary turbomachinery passages. Furthermore, the

achievement of redundancy in measuring the flow field

behind the impeller is itself a worthwhile goal. The present

I
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work deals with the application of a particular system

of small high response pressures probes at the exit of

an impeller.

Measurements behind an impeller, in the stationary

bladeless gap, are simpler to make than measurements within

the rotating passages. Transducer probes can be installed

through the stationary machine casing and the data transmitted

without resort to slip rings or rotary transformers. The

sensor is not subjected to the centrifugal field or to

the vibration of the rotor. However, the flow to be measured

is then fluctuating at blade-passing frequency and any

system of sensors must be calibrated for a wide range of

possible Mach number, pitch angle, yaw angle and pressure

variation - and yet must be capable of the necessary fre-

quency response.

In Ref. 2, a method was described for using two semi-

conductor pressure probes together with the technique of

synchronized sampling, to obtain the distribution of the

velocity vector downstream of a rotor. The geometries

of the two probes, designated Type A and Type B, and their

installation in the compressor annulus are shown in Fig

1. It was argued that, in principle, by rotating the probes

in yaw about their tips and controlling the sampling of

the data from each probe to be at the same position in

the rotor frame, the system of two separate probes could

be used to acquire data at a point in the periodic flow

" 11



TYPE A PROBE TYPE B PROBE

i.Ol DETIL.

5.00
500

3-, -.1 - ,1;3

0- 0.30

A.4 0.'. A

.. ,FIGURE 1. TYPE A AND TYPE B PROBES AND COMPRESSOR INSTALLATION.
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from the rotor, corresponding to data normally obtained

from the multiple sensors of four- or five hole pneumatic

probes when measuring velocity in steady flows. The tech-

nique promised the use of probes having the simplest geo-

metry and thus avoided the large size, expense and unreli-

ability of multiple sensor probes which incorporate multiple

semi-conductor transducers (Ref. 3). Because of the simple

sensor tip geometry (that of a cylinder at incidence to

the flow) the unsteady response was likely to be as good

as could be expected of any single physical sensor.

The two-probe technique is strictly applicable only

to periodic flows. However, data obtained on successive

rotations of the rotor can be averaged to eliminate fluctua-

tions which are not periodic. This was shown to be effect-

ive in tests reported in Ref. 2 in which a single Type

A probe was used to establish the peripheral blade-to-blade

distribution of flow yaw angle.

In order to obtain velocity from the pressure measure-

ments which can be obtained from the two probes, the steady

response characteristics must first be established in cali-

bration tests carried out in a known, controlled, uniform

flow. Second, a method of applying the calibration to

measurements made in an unknown flow must be devised.

In the present method two different approaches have been

followed. In Ref. 4, a technique is given for representing

13
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and applying the probe calibration analytically. When first

applied the method gave surprisingly good accuracy (I - 2%) since

the method required that the probes had characteristics

which could be well represented analytically. This in

turn required that the probe tips be geometrically precise,

a feature which was not present in the first generation of

probes.

A second, more general approach is reported here, wherein

the calibration of each probe is represented by a two-dimen-

sional array of pressure coefficients. The application of

the calibration given in this form, in an unknown flow required

the development of special numerical procedures. The purpose

of the present report is to document the analysis and the

Fortran program developed to apply the method.

In its present form, the method does not require that

the calibration "Surfaces" be symmetrical about any axis or

be expressed in analytical form, but does require that the

pressure coefficient be independent of Mach number. The lat-

ter restriction could undoubtedly be removed by introducing

additional iterative steps. Further, in the present method

only five measurements have to be taken to determine uniquely

a velocity vector at a point. Throughout the report, the

Fortran program notation has been used to describe the physics

and equations involved in the solution.

14
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Mathematical model

Assume the A and B type probes of ref. [1] (see also fig. 1)

to be immersed in a three-dimensional steady flow field.* The

pressure response of each of these probes in given gas is func-

tionally described by four variables as:

Pp = Pp PT9 PS

If a pressure coefficient is defined as

P -P

CPrp PT- s (2)

The calibration surface of each probe is given in the general

case in form of a matrix of values of Cp, where

CPrp = Cprp(arporp) (3)

The pressure coefficient defined in this way has only a second

order dependence on Mach and Reynolds numbers in the range of

* For our purpose, using the synchronized sampling, the flow

field behind the impeller is steady, although the probes re-

quire a high speed response because of fluctuations.

1
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o <Ma< 0.7 in turbulent flows (Ref. 2), so that, to first

order their influence is neglected in writing eq. (3).

If the type A probe is rotated about its axis into three

different positions (i = I, Il1, IV) readings are taken, and

the type B probe is fixed in position II and a single reading

is taken, the following four equations can be written.

CP i _ PpAi - PSl PT " PS - Ai( ')

P pBII - P'S (. 4

CPBII - T - S - CPBII(a'¢)

it should be pointed out here, to avoid misunderstanding that a

and 0 are defined in a coordinate system relative to the

machine axis and not relative to the probe axis. In the set

of four equations (4) there are four unknown quantities, namely:

09 OP PT and PS * These are the quantities to be evaluated using

the measured data. Together with the stagnation temperature they

define the flow field uniquely. The four equations, resulting

from the four measurements, should be sufficient to determine

the four unknown quantities.

But the problem is complicated by three facts:

1) The calibration surfaces are not generally known in

analytical form.

2) The calibration surfaces are double valued in a and €

i.e., for a given Cp dnd a there exist two *

values, or for a given Cp and 0 there are two a

values which satisfy eq. 3.

if 16



3) As a result of the measurement the value of P rather thanP

of C is determined.P

Since the calibration surfaces are not given in a simple analytical

form the solution has to be numerical. An iterative procedure Is

required because P and not C values are measured. First P and

PT have to be guessed to yield Cp values, knowing the four measured

values of Pp, and using eq. 4. The guess is then iteratively

corrected to converge on the solution. However, convergence of the

iterative procedure is complicated because of the double valued

nature of the calibration surfaces.

This method of iteration shown in Fig. 2 was attempted initially

for the evaluation of a measured point. In practice the initially

suggested procedure converged in some cases and diverged in others,

depending on the values, and signs of a and *. This was not

surprising as convergence on two variables is not likely to be a

simple matter. However, in order that the measurement technique

be useful, convergence on the correct solution for a general set of

measurements, is absolutely necessary. In practice, this can

certainly be achieved if one of the two iteration variables is

obtained by measurement. Since the static pressure is a difficult

quantity to measure even in a steady flow field, only the stagna-

tion pressure measurement need be considered. It is possible that

the time-varying stagnation pressure could be measured with a suit-

ably designed Kiel probe. Data would then be taken by synchronized

sampling from the fixed Kiel probe, from the type A probe

rotated into two positions, and from the

17
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GUE SS

COMPUTE

FOUR Cp VALUES

FROM FOUP Pp VALUES

EVALUATE

CALCULATE
PT 4 P S

CHECK
FOR CONVERGENCE

OF PT PS
SIMULTANEOUSLY

Fig. 2: Unstable iterative solution using measurement

of A type and B type probes only.
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fixed type B probe. The method of solution is then as shown

in Fig, 3. The method shown in Fig. 3 proved to converge under all

conditions. It is described in detail in the following pages.

19



GUESS
PS

COMPUTE
4 Cp VALUES FROM 4

Pp VALUES 4 MEASURED PT
VALUE

EVALUATE

CALCULATE
AL PS______

CHECK

FOR CONVERGENCE

ON PS

NO< YES ", J EXT

Fig. 3: Stable iterative solution using measurements
of A type and B type probes as well as
measurements of a Kiel probe.
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Evaluation of a and * (method)

The best way to understand the evaluation of yaw and pitch

is to look at it from a topographical point of view. Each of

the type A and type B probes has a unique calibration surface

CPrp = CPrp(arp,¢rp), where arp and Crp are measured relative

to the axis of symmetry through the sensor at the probe tip.

The calibration surface in this representation is invariant to

yaw and pitch of the probe axis relative to the laboratory

space. The same calibration surface if represented in the form

Cp = Cp(a,o) can be written as

Cp = Cp[(p + rp), (0p + rp(5)

where ap and are the probe tip axis angular settings

relative to the laboratory space. It is clear from eq. (5)

that Cp can be derived from CPrp by a constant translation:

a fp on the a,O plane. As each Cp can be viewedC~rp

as a hill with its peak at arp 0 and Orp = 0. The Cp

surfaces are the same hills with their peaks translated to

a ap and = 0p "

In the present method probe A is used in three different

angular settings namely:

I) ap =0 p =0

21
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p Op

p apll 0p 0

IV) t p :plV Cp 0

and the B probe is used in a fixed position, namely:

II) p 0 Op = pll

For this case the topography of the calibration surfaces will

appear as four hills. The three with their peaks at points

(0,0); (+p 1IIi,  0) and (-a pIv ,  0) are the translated hills CPrpA

and the fourth with its peak at (0, Il)  is the translated

hill Cp rpB. Their contours of constant Cp are then as shown

in figure 4.

Assume now that a velocity vector with yaw a and pitch

€ is to be measured. These values of a and will be

sensed uniquely by the probes at their four angular settings. Were

equation (4) single valued, the values of a and , could be

uniquely evaluated, as the single intersection point between the

projections of appropriate lines of constant Cp on the a,€ plane*.

In the present case of the double valued functions, the lines of

constant Cp are closed curves and more than a single intersection

point do exist.

* Cp has generally a different value for each probe in each

of its settings. Thus the solution involves solving for the

intersection points between projections of contours of specified

(but different) Cp values on the different hills.

22



Fig. 4: Projections of Cp = const. lines of the four

calibration surfaces (the center hill is for
probe A at ap = 0, *p = 0, the top hill is

for probe B at ap = 0, p =pII' the right

hill is for probe A at =p +a +pIII' Op =0

and the left hill is for probe A at p= pIV'
Op 0.
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The situation is shown in Fig. 5 for an example of a number of

such intersection points. The correct intersection point, however,

is uniquely identified as the only point through which all four

Cp = const. curves pass.

From an examination of Fig. 5 it is clear that the inter-

section points of three closed Cp curves projections only are

sufficient to identify a and € uniquely. However one of

these three curves must be that belonging to the type B probe.

The details of the numerical procedure used to obtain the

correct intersection point in the evaluation of Q and ,

are given in the following paragraph.

2
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Cpa

Fig. 5: An example showing a number of intersection
points. The real one is in the second quad-
rant.

PIP '2
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Evaluation of the intersection point coordinates (numerical

Procedure)

The calibration surfaces Cp are represented in form

r p

of a linear string of values ordered into an array, as shown

schematically in figure 6. The numbers in Fig. 6 indicate the

position of a Crp value in the string. The string startsrp

with the value of Cp at a point (-rpLo; -rpLo )
Crp rp+orprppo

and ends with the value of Cp at a point (+arrp rpUp' rpUp

This sequence must be kept and can not be changed.

Each of the closed Cp = const. curves projections in figs.

2 and 3 is the projection of the line of intersection between a

plane parallel to the a,p plane at a height equal to Cp and

the calibration surface. These closed curves can be determined as

the locus of the projections of all the penetration points of ar-

bitrary lines parallel to the a, plane at a height Cp and the cali-

bration surface. Such penetration points are calculated in sub-

routine "PENPTS", Fig. 10.

PENPTS calculates the first two penetration points of a

surface Z (in the present case Z = Cp) by a straight line

piercing that surface. If the surface is double valued these

two points are the only roots. The surface is given as a table

of numbers on a cartesian basis Z = Z(X,Y) (or in the present

case Cp = Cp(a,o).

The subroutine has the following limitations:

1) No roots can be found on the lower Y = const. boundary

26



7 14 21 28 35 42 4

6 13 20 27 34 41

5 12 19 26 33 40 4 7 RPUP

4 II 18 25 32 39 4,6 &

3 10 17 24 31 38 45

2 9 16 23, 30 37 44 RPLO

8 15 22 2.9 36 43

"RPLO gRPUP

Fig. 6: The order of a calibration surface
array.
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2) The roots can be found only along a piercing line

which is parallel to the X axis (but at any heiqgt

above the X,Y plane)

3) The table Z = Z(X,Y) defining the surface must be

based on a grid comprising lines X = const. and

Y = const. The spacing of these lines must not be

equal. In other words the surface is defined by a

rectangular grid in the X,Y plane, from Xmiin to

Xmax and from Ymin to Y max*

4) Only a single root can be evaluated in a surface

element located above a defining rectangle on the

X,Y plane.

5) Not more than the first two roots will be evaluated for

any piercing line.

6) The surface must be monotonic over each rectangle

(this is a result of limitation 4).

7) All X and Y arguments must be given in increasing order.

These liritations do not restrict the application of PENPTS

in the present problem as long as the calibration surfaces are

smooth within the element located above a grid rectangle.

However, the elemental grid rectangles can be reduced arbi-

trarily in size. If a calibration surface is more than double

valued PENPTS will fail. However in this case the probe yielding

such a cdlibration surface can not be considered a useful instrument

unless used only in parts of the domain where it is double valued.

2
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Z is defined from Xmin to Xma x and from Ymin to Y max*

PENPTS is given the following initial information: X values and

Y values defining grid points, corresponding Z values, the Y

1lcation (YG) and the height above the X,Y plane (HT) of the

piercing line. With this information PENPTS searches for the band

of rectangles which includes YG or of which YG is the lower bound-

ary (see fig. 7) and then scans this band from left to right in

search for penetration points. The scanning is based on the geo-

metry given in fig. 7 which represents a particular element in

the band, approximated by two plane triangles.

Initially a coarse scan is carried out just to detect, but

not to evaluate, an intersection point. This is done checking

for each sub-domain whether (ZX(I-l) - HT)/(ZX(I) - HT) 0.

If this condition is true a root is detected and control is

tranferred to its exact evaluation. The value of the root is

calculated after its location, either in the first (left) or

second (right) triangle is determined (each grid rectangle is com-

posed of two triangles). Equation 6 which is based on fig. 8

(for a left triangle) or eq. 7 which is based on fig. 9 (for a

right triangle) is used to evaluate the penetration point. These

equations express the linear interpolation of Cp in the Fortran

rotation used in this program.

XS = X(I-l) + ABS(ZX(I-1)-HT)*(XM-X(I-I))/(ABS(HT-ZM) +

+ ABS(ZX(I-1)-HT)) (6)

2
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Y

, f

Dx : - ................ ..

xY(J,, I)

x x

Fig. 7: The geometry of a linearized calibration
surface element comprising two plane tri-
angles and its intersection with a plane
normal .to XY along Y :YG.
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AS(T- ZMy--

~ABS (ZXO -0- H T)

ABS (HT-ZM)

zx(1 - I

xM

Fig. 8: The geometry for a penetration through a left
hand (first) triangle.
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ABS (HT- z(I))

ABS(ZM-HT)

zm 
JABS(HT- Z(I))

ZM HT d

XMM

Fig. 9: The geometr y for a penetration through a
right hand (second) triangle.
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XS = XM + (X(I)-XM)*ABS(ZM-HT)/(ABS(ZM-HT) +

ABS(HT-Z(I)) ) (7)

Equations 6 and 7 are invariant to the slope of the cali-

bration surface i.e., the slope of the straight lines AB and

BC.

Finally it should be pointed out that when two penetration

points are determined the values of their abscissas, X(T), are

returned. When only a single penetration point is detected the

abscissa X(2) will be returned with a value of 1000.0. When

no penetration point is determined both X(I) values returned will

have the value of 1000.0. The program logic is designed to

recognize these messages.

It was stated earlier that PENPTS is used to determine the

closed intersection curves projections on the X,Y plane. In fact

not the curves but just the intersection points between each two

of them are required (see figure 3).

To compute the coordinates of these points the subroutine

"INTSCS" is used. It uses PENPTS as a subroutine.

In INTSCS a scanning procedure is carried out from a

minimal value of Y (or 0) YRIN to an upper value of YRUP, or a

3

-.. 33



FROM CALLING PROGRAM
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.T ...
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IR-2 NO IR -2
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prescribed 10,000 times* which ever comes earlier. The sub-

routine scans through any two arbitrarily chosen closed curve

projections to find their intersection points. In each scan

(I) up to four penetration points can be determined, while the

penetration points of the previous scan (J) are memorized.

Together, eight penetration points can be involved. When no

intersection point exists the geometrical situation is as shown

in figure 11, while the existance of an intersection point is

characterized in figure 12. Subroutine INTSCS can distinguish

between the two situations. In figures 11 and 12 the case of

four penetration points found in each scan are shown. The

subroutine, however will handle any possible number of such points,

from zero to four. A "no penetration points" is assigned an

abscissa value of 1000.0 by PENPTS as explained earlier.

When an intersection point is detected its evaluation is

based on the geometry shown in fig. 12. The eight penetration

points have the following coordinates:

AJL(RAJL,YRJ) BJL(RBJLYRJ)

BJR(RBJR,YRJ) AJR(RAJR,YRJ)

BIL(RBIL,YR) AIL(RAIL,YR)

AIR(RAIR,YR) BIR(RBIR,YR)

* The 10,000 scans are governed by a proqram constant in the

line "DO 140 .... " and can be arbitrarily varied.

3
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AlLA BIL Bin AIR

~BJL BJR AJR YPDAR

AJI

)c 
YRJ

CURVE A

Fig. 11: The geometry for two successive scans
when no intersection point exists.
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DAR

_________ -- x I

Fig. 12: The geometry for two successive scans
when an intersection point does exist.
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The left intersection point illustrated in fia. 12 is the

intersection point of the lines aa and bb, each described by

its equation:

for aa Y = (AA)X + BA (8)

for bb Y = (AB)X + BB (9)

The constants AA, BA, AB and BB are given in enuations 10 to 13.

AA = (YRJ-YR)/(RAJL - RAIL) (10)

BA = YR - AA*RAIL (11)

AB = (YRJ-YR)/(RBJL-RBIL) (12)

BB = YR - AB*RBIL (13)

The coordinates of the intersection point to be calculated are

X = (BB-BA)/(AA-AB) (14)

Y = X*AA + BA (15)

These relations are true for a left hand intersection point.

Analogous equations are true for a right hand intersection

point. In this algorithm the straight lines aa and bb approxi-

mate the curved lines connecting AJL with AIL and BJL with BIL

or similar lines on the right hand side of figure 12. The error

introduced through this approximation is reduced as DAR =A

is reduced.

It is possible that an intersection point is identical with

AIL and BIL or AIR and BIR. This case is defined as "direct hit".

The program is designed to detect such a direct hit and evaluate

the corresponding intersection point accordingly.

The above algorithm works perfectly as long as the two

closed Cp = const. curves are far from being tangent. But in
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practice a situation of almost tangent curves can arise when X

(or a) is very small. In this case the preceeding algorithm

will fail and must be replaced. The geometry of this situa-

tion is described in figure 13. This situation is identified

by INTSCS and the intersection points are then evaluated assuming

that they are intersections of two circular arcs. When the

curves Cp = const. are almost circular this approximation does

not lead to unacceptable errors.

It was stated earlier that INTSCS scans from a minimum

value of 0 to a maximum value of 0 with prescribed steps

AO, as shown in figs. 11 and 12. This direction of the scan-

ning is used when the intersection points of the curves CpI

and Cpll of fig. 5 are evaluated.

However, in course of the reduction of the measured data,

scans in the direction of a in steps of jZa are also neces-

sary to evaluate the intersections of the curves Cpl and Cp1 I

or Cpl and Cpl V . INISCS is designed to carry out this task

as well. To do this the calling statement for INTSCS is appro-

priately changed as will be explained in the next section. To

be general enough INTSCS is not written in terms of and t or

X and Y but rather in terms of general arguments. The best way

to understand INTSCS is to compare its general arguments to physi-

cal quantities by means of the calling statements. In fig. 14 the

flow diagram in INTSCS is given in terms of the general arguments.

INTSCS returns to the main program (fig. 15) the (a,€)

coordinates of two intersection points between the Cp = const.

curves specified in the calling statement. Let us now follow

the way in which the main program is designed to utilize INTSCS
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Y=4

X=,

Fig. 13: The geometry when two closed Cp = const.
curves are almost tangent.
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for the evaluation of a and * of the velocity vector, as

well as static and total pressures.

42



Evaluation of the Velocity Vector and Pressures from the Probe

Si gnal s

Fortran program VDR was written to evaluate the velocity

vector from probe measurements of pressures. The program is

shown in Fig. 15.

At line 1410 INTSCS is called to scan curves I and II

for possible intersection points. Scanning can be carried out

in the direction of the ordinate only, with the calibration

curve matrices compiled exactly as shown in fig. 6. This limita-

tion is imposed by the way PENPTS is constructed. In the case

of the intersection points between I and II ZA and ZB are

scanned without difficulties in the direction of the ordinate

which is € as shown in fig. 12 and returns with the coor-

dinates of the two first intersection points, points 1 and 2

of Fig. 16. They are ALFI, PHIl and ALF2, PHI2. In line

1500 INTSCS is called again to scan curves I and III. Now

scanning has to be carried out in the direction of the abscissa,

a task for which INTSCS was not designed. To overcome this

problem the calibration curve matrices are used in a transformed

form such that the previous abscissas are now ordinates, or-

dinates are abscissas and the internal structures of the CPrp

arrays are accordingly modified. This transformation is carried

in VDR in the section between lines 320 and 450. Comparison

of the calling line 1500 to the previous calling line

1410 shows very clearly how the various arrays: original and trans-

formed, are used. The coordinates of points 3 and 4 of fig. 16
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N . . m ._. . . . ... a... .Im l

Fig. 16: Selection of the proper intersection
point in VDR.
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are now returned to the main program of VDR, they are ALF3,PHI3

and ALF4,PHI4.

We are seeking a single intersection point; the one repre-

senting yaw and pitch as sensed by probe A in positions I and III

and probe B in position II. But, as the calibration surfaces

are double valued we are now, unfortunately, in the possession of

four points. The solution, however, is physically unique. Only

a single velocity vector exists in reality and its yaw and pitch

are included in the four intersection points evaluated. Were

both the measurements and the numerical procedure absolutely

accurate, two of the four points would have been identical. But

this is not the case in reality, instead of a sincle point, two

points close to each other will be detected. Therefore the

average coordinates of the two of the four intersection points

returned to VDR from INTSCS which are closest to each other

are selected as the measured yaw and pitch angles. In the ex-

ample shown in fig. 16 this will be the point dividing the dis-

tance between points 2 and 3.

The calculation is now at the point at which x and are

temporarily known (see fig. 3). Using a and € a new

CPrpIV (for probe A in position IV) is computed by linear interpola-

tion using subroutine INTPLT. With this new value of CPrpI V and

with PPIv a new P. is computed. If this new value of Ps is close

enough as determined by EPSPSG to the guessed value, or to the

value of P5 in the previous iteration, the data reduction for the

particular point in question is terminated.
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The relative difference between present and previous P5

is compared to the converqence criterion EPSPSG. This criterion

is evaluated by an empirical function determined to give best

compromise between accuracy of results and computer time required

until convergence is achieved. When the calculation follows

normal routine the convergence criterion is given in line

1710 as function of PT" When the routine for almost tangent

curves is used during data reduction either on the right or the

left side a different empirical function (lines 1720 or 1730)

is used.

If the convergence criterion is satisfied results are

printed out and data for a new measurement point is read for

reduction. If, however convergence is not reached a new static

pressure for a next iteration is evaluated (line 17P0).
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Convergence and accuracy

The convergence of the present iterative procedure is not

ensured in all possible cases of data sets. The program, however,

is adjusted to converge in most of the cases. Similarly to other

iterative computation method some experience is required to achieve

convergence when the calculation does not converge. In this para-

graph the principal factors affecting convergence, computation

time and accuracy, which are abviously coupled, are pointed out.

The convergence and accuracy of reduction of a data set: PT9

PPA, PPB, PPC, PPD, PSIN (or analogous set in the experiment

simulation mode) depends on the following factors, which can be

varied by the user.

1) Coarseness of calibration arrays ZA, ZB and their
linearity. With coarser arrays convergence problem
will increase and accuracy of results decrease.

2) Probe settings YPB, XPC, XPD (with the following probe
settings being fixed and not variable YPA = YPC =

YPD = 0.0; XPA = XPB = 0.0). The optimum setting is about
+200 to 250. Too small values reduce accuracy, too big
values cause convergence problems and probe tip flow
separation.

3) RELXPS, the static pressure relaxation factor. The
smaller this factor the safer will convergence be
achieved. Computation time, however, will increase.

4) The constant 5.0 in line 1050 of t e program. The
dimension of this constant is kg/m . If too big
results can be lost and if too small computer time
will be growing. The variation of this constant should
be coupled with an appropriate modification of the
constant in line 1010 of VDR (item 8 in this list).
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5) The constants in the evaluation of EPSPSG (lines 1710
to 1730). The smaller EPSPSG the more accuarte the
results in expense of increased computation time and
reduced convergence safety.

6) The constant scanning step DAR. The smaller DAR the
more accurate the results, but too small values can
cause complete loss of results. Computation time in-
creases with reduced DAR.

7) The constant 10 in line 1360. This constant governs
the number of Ps corrections.

8) The constant 1000 in line 1010. This constant governs
the number of scans.

If convergence is not achieved in a particular case varia-

tion of each or of a combination of the above values will always

enable convergence.
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Evaluation of the Computation Time

By deleting the letters CT from column 1 and 2 of lines

20 to 70, 1930 to 1960, 1980, 2000, 2010 the actual computation

time as well as CPU time are evaluated and printed out. The

following statement prior to execution is required in this case:*

GLOBAL T SYSLIB SSPLIB

This option is useful for adjusting the constants affecting

convergence as to optimal compromise between accuracy, ease of

convergence and calculation costs.

When the program is run on Naval Postgraduate School IBM 360
Ssystem.
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Input

1) Calibration arrays have to be input in the following manner:
first values of NX and NNY , second values of X in rising
order, third values of Y in rising order and fourth values
of Z in the order shown in Fig. 6. Two calibration arrays
are read: first the array of type A probe and second the
array of type B probe.

2) If the program is run in experiment simulation mode PT
and PS are read in Kg/m 2 and subsequently o and .

3) If the program is run in data reduction mode the measured
values of PT, PPA, PPB, PPC and PPD are read and then
the guess of static pressure PSIN. All are read in Kg/m 2 .
PSIN has to be lower than the actually existing value to
ensure convergence of the calculation. Too low a value
will cause waste of computer time.

Calibration arrays are read from a disk space on which they

are stored. The following statement prior to execution is re-

quired for successful reading:

FILEDEF 02 DSK NAME XX

here NAME is the name of the file on which the calibration data

of probes A and B is stored in proper order and format, XX

is a two digit number.

Simulation or measurements reduction input is read in the

normal way using the terminal keyboard or punched cards.
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Output

C1 C, Ps, PT and Ma are printed out according to lines

1820 to 1920. This output, however is not sufficient when the

logic of the computation is to be followed either to examine the

execution of the program or for debugging. Two programs with

additional output are given in appendices 2 and 3 and can be used

for this purpose. The first, SWVDR gives short additional

output, namely:

1) When PSIN is successively increased automatically
by the program to ensure convergence, the values of
PSIN are printed out.

2) IIT, FALF, FPHI and PSN are printed out at the
end of each iteration prior to the converyence test.

The second program WVDR prints more detailed information. All

additional WRITE statements in this program are numbered with

three digit numbers starting with 9.
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Conclusions

The following conclusions are drawn on the basis of experi-

ence gained in running the program with various data sets and

various types of calibration surfaces.

1) Optimal probe settings for ease of convergence and
high accuracy are: YPB = 250, XPC = 250, XPD = -250.
It is therefore suggested that a B type probe with
250 pitch will be used, and that the A type probe
be rotated to + 250.

2) Convergence and accuracy, as well as computer time
efficiency are improved when the calibration surfaces
of both probes are not flat at their peaks but are
rather rounded. It is therefore suggested that a new
probe tip geometry be considered. A spherical tip with
a central pressure tap is recommended. To prevent
damage to the sensitive transducer located behind the
pressure tap, and in order to improve the frequency
response of the probes it is suggested that the volume
between the pressure tap face and the transducer
be filled with an appropriate liquid that will not
affect the transducer negatively. In this case the
opening of the pressure tap has to be sealed with a
very thin low inertia membrane.

3) It is probably possible to modify the iterative pro-
cedure such that safe convergence can be achieved also
when using the scheme of Fig. 2. If this can be
achieved the Kiel probe will not be necessary. An
effort in this direction is suggested.
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C. COFFL..TS P.S 4 %LIPTCK Tr EtiSU.QE CF ARE IN CAL16RATI'J.4~rJ ANTL'0,I

lAPAX=-iJJUJ. IN4TOL 133
CALL M Ak Y (LA ,Lu$X ,NX v Y3 IN Tu II i
IFICPA. .r.. 4 AAA) Pz,=I.JIV'US INTJL.JJ
IFILFC.LT.L..,1A) rSL=I.JI*PS IN TCIc 13
IFICPU. I.:AAAX) PIz~lxSITL

CALL PA-;Yi]lE0l09~ IN TC Lc4
lfl Cnia .3I. I' 14 A) Pi. I01'cPS IT~~

ZAOIII= V)-JJ0 IN %1 Ti?j
CALL.I y . Nyj IIJTC 1~ 1.
AICP~ .L.T.L.A.iA'iJ I A1T J L.Lu i

F(CPL.,T.ZA-1I4 FiIC.*L PTJL- jj
Z,3t'l* IJJju * INT~i4iij
CALL M~~(,~A,.,\)IN TLC133

1COP~AC~~I INYO I i j,
If (P iC~ . i~i i sJ ia INY Tu 4.

FSxPSC IN 7 C 1 i 0d
0 S1~' 7 p-- VY LI EJ
CQ Tn j33 114T u LqJ

C CALCLLAILS T7.0 .4#-F & Fli A~ii~k:S E')F '11 1 E A I IN Tu14 uu
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FILE: Wil FCRT RAN P1 S

3CI CALL I T (I Oi tL~ UO " INTo 1'4 lJ
Cp t p tK -t31 9A4,Y4vL4 I N TGC I,*2J

ALF2=At..- (?) INT J I'tJ
PI4=Pr-1I( Li INT U L -1 N

C CAa.CLilA1 IA.. "~. Fi tI -yLLS F~p< L * 'IP -TiS

ICPAtC L F-I .1 -9 X9~X LI 11T c) I5 1'2

ALF J ikLF ( I 1 : 1 T L. I : i

PFd,=FiI~ 21) INTCJ15t .)

C SkELECTS TK.. Pq')Pt- ALF &PhI VLE~ Th1JT OFf THE F JURiA LLEI IMN Lloij

1 LF -1411.I !LAk I , .J F .j. ,.- Ig v - 4 ) 12 IN 7 LU 1) jJ
iP P 1 I= i((.'-) -Ii + 'I- , I. s -' -.I t )- %- A I PHI tPlIe )i ,11 vO4 aP H 14 INTG IfI J

C CALCULATFf i. F -i PtU AJT t- PSITIONjj IV~ INJE3.

CALL II.ILUMTjLi,ALI-D4 FPr1L,.4XNY#CP4;
tL FCN=f hLF-A lC INTC.r6iZ 1

-CALL ITNlFLTt<AoY t,Zt' ,'LFC'JFPI-1t, , lY,CPC) jr4T(iV1C
QS\4=1(PCi).:;Pl'U*C"C)/(OPdJ-CPC) I NYC0166 )

C CCNVEF'.tAlti %L r; AI aL~I LU

E~jPC= ~jj~.g ~T~.C-.~JO )O~dP1 NTCL7IJ

AFIFPS.).. P.3it.J.tJJ~U* T,?C UJj0LXJ6*OT IN.T4;17.2 J
IFILSP,trS. ~.,.j LC TO 310 114TCL74J
GU TL 'C~i B'YCI.75

31U I IgT= o.J I If Ia INTJ17LO

PSC= ps IN' 1 7th)
PSTzFS . NTCIc3-.X-

303 l~kITtI,.)17L) f-ALf IN .r).t>.
17 FJk 4

1'(( OL, VLL. , ITNw YAW IS$ tF15.2) INTtJId-jJ
IARI T E4uI-) l-Pii INT.C 1E40

17i FuJFJA71 t  l- TY' PI ICri IS' ,F15.2) INTCL ..
ivlLJ It.;) ' INTO U6uU

173 FC-pF, vT ( IT Tlc. PrLSSURL IS' ,FI5.3) IN TCLt-l
lITE ( u, I I i r INT JL ot

* 174. FC PvAT( I' (T.i T E..-L E IS J- 15..,) 1- 19

IT17 F3 ;" T 1 -1 kC- 4.v! Ek IS' ,F15. 5)1 %qi
CT CALL IAU.L 'b' IN -1 CIf .3
CT V I FT1'~= A t)I- 1.1:) lt:6 IN '101 4J
CT CPL iA I I- LL. I/ in,10 1,11 TC I -v
CT fj T ;r& , ,L.1ai INjy
430 FY3' T(' V i.,J L TP' 13' ,f-15.c) i ;
CT 1%ITE(,,iI) Ci-U 114 I6IT'., i~
4.51 EJl1't-*( rfi CI r'U IS' IF 15. 5) 1 N T 1I''J
CT IA-i=A0J PI1lC2.%:U
C 1 1 Lz ( lb ) INT LeC 1.6

QI Tq I,)' INT04:2O

3a3I F Co 11 TI A ', 1 '.J T IVF S I II N T Jeu4t)
-. C L9 3 1N T C2,;5

ENJ)I JJb

ItITI ,H12 I -.. ;I P ~ , I oYI ,LI 9 1*' Tr,2..3 j
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FILL: VJR V IRTRA 4 ~

RE s1 (1 i )). IN TLk I ZO
RES I( i )m,'s INT J,! I 4J
PESZIi 9'iJ. IN~ I1:j
RE 521(2) 1 S3 10. MY Cde I tcJ
IEPSM I I4T %.-IL 13
IS L-I IITUI. EU
I SP . I* 1i J/. %J
CAP= I 1 IN 7 ,: .10

AA~i~vA i h 14T C2e to)
GO V'1 1'2 1 NTJZU2)
ARo 1lQ=4,!l1*4TJ 14

152 A; 'AI = 42;k-A\RD I I t4T j,!.
APZVA 42; AAP INT62etO

C CH ECK F Pi L~& C CAL Ir #AT I 10k AN%. INT C4 213
I1 08'-- 1L T.A L ) ci CTi7 1 t U IN T U2 iJ
I F IPlL 7 A LC I L .1 T1 rl 5 I NT Ce2 C
Kx I INT 3t 3,.A

C CALC'JLATE.5 LAILT1!L PE-IETRATIJ PuINTS INZ43
CALL ~tFS\ t < Y,1r'L,~iPE3INTC4ij
RAJL=AARIS1L INjI
RA~fqz'% l. (11 1 I NTC2 .P'.C

CALL PEPS I .2AIV 2sT AM REI14Tt;2.i:i
R3JL~k, tS I (1 1 '4TC23 .30
p~Bz;=R14 t^- 4 IN T 6,d3 10

C, CA LC UL ATE. LE -CEtSI t 0ENETRATICN PciNgrs I 2
Cf. 140 LLLJJJIT2~
AR2P=i2<JAl INTO 2.. 3

ARML=44R-A .iI NT J.44LJ

C CHECK FCR LPPFE- t;M.i ePTICN% RANUE INTC2432
IFIAQhiI.G) .A-dPi GI 71 L95 INTJ.4443

IF4~.uU L J TO- l1'i - NTC245C
CALL PENPT-(N1,,i~AiV1,L1, rTA'i19ARAES) IN T C -e-4(
RAIL=AQ~iS ( INTIU41i
R A1zR~S(2) IN IT G2 4EJ
CALL Pr'lP i 4A-41 ,\N i X2 #VY2 9Z2,FHT2 A M2,A R[ES)I ii.9
Rd IL a A.1 RE' 1 (i PT02 cJ0

JFI 0 AtJL.LJ.IU3J. ) ISL=1J INTU2J
If IRWLL. EC WJi ) . J V; L= li 114%i5 30

IF( k(F-1..&. 1iiJ) I i i,=iJ INTU25q0

IC TCJ~tJ idiL INT.26i~j
Ii FIR-DIL.EC.Li ) I C 183L INT.C25f40

IF(MI.E) .I J. I155=I INTJ257J
IF(FI.AE ).)J)) B.=ijINT025bdU

GORI.lL J.jI' -;' =~ 11 VNTC21c9
C CHECK~ Fn2 1a1%~1 HITE) LIFT i 4TE~tSCT INEVALUATE IF EQUIRLO INT0&21CO

80 IUtI.L.Nt.&il GC TiU I IN, 1TUE2 I'
ISL-I IN TC2 20
GC60 IF1L-J)(I-9I)S..J OT INTC..k14

1A=IJ /t L-C LJ IN TC2 153

RE5LA(K~zR.il~ L INTU26583
RESfK( iz4~/~-4 I NTJ27Y

KS INT02ECO

GO T'1 3. IN TOC;59



FILE: VOR f 0 0 rQ %;4 01 N PS

fF ~ ;LiI.;~ TJ 1 5 INTCeE IJ
Ka J IIN!TJ.l82i

C CHECi' EiR ,;IPt(.T hIT C4 QIGtiT INTESETIN,'EVALJATE IF REJ'IRE0 D ~ a
183 IF(I f~.t:. LU) vJ TJ hI P'J INT 021 43

uQ TC 161~ LqTk;2tU

ItE S) I J 4 a i I kT U2 E i
RE Ui (r, ~a-2 IN~ijJ

IF(K I t'.. TJ Ii 5 1NTJ Ji00
XM2 1 N T # 2 10

G4.j TC 163 I4(C 2i2 u
C CHECK FIR I lfM~l-IfTE R IGHT ItMTER'SE:TIUN*EVALUATE IF RECUIRED i N T U9JJ
182 -$IFI.J-1g TOJ 162 1 % T C. 2 S4 0

IS II *T J2 - 50
UC IL Le2j IN. TU4p60

162 GC LiTI L3 I'j T CIE ii

bA= Ae-A R i, 14 N-102,j 93

PBZ &A* - L' Pi j, LU

RE S2 ( KI zA4*e~ Ka (J I )ti5A Vi T Ciu3o
IFK EP.c Q-) TJ 15 1,,4T Q i o40

PS2 114TC3L5C
C RE-PU TI ATE IN T 03 U '
163 'AR2 FJ= A 11 TfIT073

RAjLF AiL IN'4TC3 ;Ew
QAJR=FAI I.NTOJJ
ReJIL=dA aN Te IL IP 03

14( Rt~j:A=P -31R ITOi I1D

210 F~eJ ,LC ~ Th".-UGH9 NO PCIIITS FlJNCe NT32

195 IF(QEFJii.J.9JLL.L) G.1 T-1 191 INTCjI5O
- 1- I4LL'5 (2) tC)O. ) Y, C L1)91 IJ TCJ 16U

II- E( I ) tJ.'sCLC. li! j i Jo 191 INTJ31 70

(,U) TL 1'55 1 IT L. 41 S 0
C EVALUAT 10I. -If- I 47'%Tekcr [Ns wi'im C LRVE S AR.E ALIU:ST TANGEtST IN103.-uJ
191 YG=. I NT Ci210

IEPS-2 1INTU 0 I Z3
CALL FE"!PT ,I )J,0 IrA3 tY..Z JtHTl pVGfAPRE 5) INT.,2 i)

r (J)12I') TC32's0

RZ W5 I~ Ar E~A .,;( L)11 INTOJ260
R E , d)=%t 1 NTJ328J

1) z 3 '.r'1 I j 1 . 2 II** IN T S
RE~~~~~~L SL )a.- 1(1 1TC3tJO

155 FETURA, I N j.4L

su* SuB~r I4E PE!IPTS( IX9'iYtX tYvZ 917 9YG 9XRI \T33

01 "LkI f Ij AI4; 1 1ttW1 X ,lqR(lJ1 033140
C SfA'h FOiE.P J 31- LJWEN Y LIAE I 1. 033wJ

OC L3 L9% IN TCJ3 ?C
IF I II Z..) .,C rC 102 1' * 1

101, CCNT I'JE IN T03390
102 jujjl II TC3'LO

CO,4P,3 FP~ 'J Ert PJ 1TU J4 10
C IKLXT 4 LIlt ll-E EH'r.jrC., Vl FIRST' SEARCH iINLY INT1.J442J

* K~ ~bY1JI) IYt .. 1 -Y IU))I,4TC3&#2j

I1-41X(Ll.t,.TJ CC Ct 1.) INI C-.;5u
132 Ze14T %;J 4 cUJ

112 00 lLa P1~f 4 J I NT .;,# 7,
~4 1 J #I Ji-~ I (I,0- ) J Y. - I I0) +1 Y tL IN TC34,* i
IIIL(I.i~ 6),J Ti iu.: lN%~j!)jo
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FILE: ViJP F.3RTRA.I P1 N P S

IF (L) I -I I -HT) I ( 1 -tTLToIQvO) kiC T-1 134 14T0J!) 0
L~i CONT VIOE 4 TOJ35.20

vC TE Llb IN T(353C
C CALCUL'T1 1 JF DL-ErFATIZNS I'J EITHER TRIAN;LE 14T U 3540

IhhlP.tQ.T) vC, TC 105 INTC3:t.J

LaLimAt5 1-T-L..3 LX hL..jlT I I NTO 3 bEC
JS- p ( - I +(X4 i-I IJ *AS I X ( 1-11 -H1T I/ U I P T J35 ;U
CC TC LI 1 N ji,3

105 x S =Xv XijIh-A M ) 4,a d ( v-TJ SZ- -IT+ASIL ) IN iC3f- 1
GJ 10, IIL IN T J 3; 23)

C LOCIAL PtALTRATIJJS ACCUMULATiION INTO.4fJJ
ic? )iAL~axlJ iN TC3t.4C

GO TV LI lNTO3rju
lot XRIRJX(t)14T 3i;I

G13 ) jII Il INTU3c,3J
11L0 X~iIRJ=XS INT03640
III IFIIR.EJ.2) .P TO 114 IN T LJ I -.;
113 IRUZ I NTO.) 7 It

1881+1 INT Ci 2 0
G3l in I 1 NWT 03 7 30

116S IIZP.kC.LJ UC TC A,17 INTC374J
XR (2 J 10J J. 3 IN YU3 7 ,J
G-1 TO AI'4 INTO, IuJ

117 XR (I ) JJJ. u I T C 311
Xt 21=CCC. C IN ( JiJ

114 PETLJPN I NT 037)J
ENO 14TOJ38U0
SUIROLTI.JE iqrP)LItX,YZ,Ai,,YGN\X,-NYtRE'h) jNrulb iu

SLINEA3R 0NTERFLLh5'IJN ENC L 5-4 TI )N UO tCE T11 EVALUATE I NTC 35i
CPVLLE AT Ct.-6KINA1&S X,#Yj.'Tit: z EilJLT AETUW4EU LS ZPEi 11NTC3830

C SEARC F iCA I C- LcFT X L INE INME35C
00 1 If'..= ,'x INTU3860'
IFfAf1CJ.LE.AGJ C-1 T3) 2 INT03870

I CCthTItLE 1.47(h2be
2 1= IC-I INTJ3369J
C StAPCI- f CR J Cl- LCWEF Y LIN1E INTC 3 SCC

03 3 JCzl,4Y I 'AT0 39 lU
jFIY(JC).kut.Y i) T" 4 1 NTC ',i)

3 C0IPTIN'JE IN T C j1230
4 J-, L 14dT C 3'4U

IFtMu.[LC.YCRJ I 3 TI7 1 IN TO 3CY80
IF~,I ~ 7)'C 5 I'4TGC3's J

C RESULTIN4G Z 13 14 LJbWRER TRIANGLE INJT04CJ0~
XS-Xfl- I NT C4 CL
V3.zyljJ L'T0402J

23az I '. ) INTC4LC4O
C RASLJLCI'JL L I5 1:J U'PPE TRIAN~GLE I N iJ4% 5J
5 X3=XhIj 1NT34U6J

133V(J+j) I NTJ4U73)
Z3=Z1 Ij+1 1NT04U8J

C CEINEPAL LtLCULATJC.1:LCCC FCR eCTI- TRIANGLES 1NTC4CSiJ
6 AhIJ~l IN'C 4 1CO

YI=Y(J i INT04I LU
I1~aill,J) £ NT C4L20~
J'2=X( I + 1 INrO4l 30
VZY I* +I )INe34LV.J

i22z14+1,JI) IN iC-41 i

1*IYI-YJII 1NT0417)

CP=ZL-AP*AL-AP*Y LI Ni3)L ,,J
lR~,PAl2* L*C.3 INTC42CJ
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FILLI VJQ aFqTkAA 01 N P S

GJ IC LOC 14.TZ42 WJ
CPESULTM'h L IN' )4 3IV1J.., LIAE INT04220

f IL / XI+)-X(IJ)Z(19J) NC43
loC RE (uRN 1'JT0424J

C EVALuATI"" IF A.AI 4A' Jt.fr'L1B,,TI114 SURFACE '4ATRLJC INTJ42i)1
Elf-EV~ZNi(49U I 4T C4ZtZ
L03 3 :,i INTO..2'oJ
00 1 Jj, I Y INTC#JJU

I. IF (il ,J)o..MA;A~ 4 ZAXZ(19J3 I1 rJC43IJ
-RE 1u~rj IT 1432J

N I N T i ~rLvOiUE M4iNmPYUI 11P'ItNXNY) IN!-.4.
C EV4LufI1N, 3F '41ilI4um ~p C- c .4 L kATIJN SUIFACL 44TIX I N7 14 3 J

I IF I ZI IJ J.-L 0 1J Z141 4=Z( ,J I ItIT.3,'0
RE ru~i I T ; ' ,J~
ENE; IN T ;tt IJ

C ENU CF VL9 IN TC'420
INTJV,4J
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APPENDIX 2

LISTING OF SWVDR
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FIE: SWiVCR FCRTRAN Pi N p s

C TAR]SIOF FII*,)IIIU,(*TYAI4 ) 1

19 FC FAT U 15 IN 1JJ 
31 FuM 7( F71 MTt;J c
S3C F-W4AA115. 1) 1 1IT JLj70

20 F C i So07( 8. j INTCCCE0
132 FCF'1tA'(F W. II 'TJjjj

LREAL) PR'JAiE C %L 14411 .i4 DATA LIJ;1e
AtAC(2:lLiJ ,4vJ INTjujj
J00 121 Lai ,.A INT O'J140

*RE40( ijil X4111) 1 w-Cj jL i
121 Ci NTliNJiE 'I ~ il

U! Iii 1IzNv INY ".C 17%
*RLAD(.v Ili YA(I I) 114TOJLd*)
* 122 CCNI~TNJE IFITCCISO

03 1j3 LuLt.4A

CC) L23 Jal If(

CO 22 la~'JX NTOJ24J
REAJ12,12.d Ad ( I I PT0j 2 U

22L CONT PIJE I NTJJ24J

REAU(2,1l3CJ YBfIL ITJ032 d
222 CONT iJPU E 1,4T e

DC 223 AI-,NA I N T L %;3 C C
Jj 2 - Jail 41 PITJ T*~10
PEAlCi:, 12oi LE( 1,J) ZN Tj63ZU

23 CUNWafLi 1*4TCJJ -0
STRANSI-QRY CAL~mR~1jti -4AIRLCES INTJtj3Z,

C0 214 ILP1NY INTEC35C
224 XAJ%(1)='Y-4tA iI4JU~

0U e2 1Z1.IA INT Do 4 IJ
225 YAX(l1)(*A(ii i NytCj]j

D~J 226 taj,%Y j-4Tjcc i

226 dAX4IJz~pit~J, LJT(CC'.I

227 xtdxMI=vMl IN TO.;*3J
CO 22b tLtKXN 14 7 Cc C 4 42

221 ld ) I I= A PI II LTU04 5J
CO) 2US I=ItJY I NTnJ.460
De. 229 JaltiX 14TO0J 7J

2sRCBE~k(jfk1=c,(J,1j N~ub
FRIE S 0.-N TC .4 90

WPAsC.0 l 'ITC%;5CU
YP=5.I NTj.., 51

XPA-0.0 INTCC52J

C FRCGFPA1 CCN~STa'JTS l CG5!j
YPUP=3j. L!4T00 I~J

AILN-30. INT0458i
XR.--* I NT 0j 5 ,0

)R.(Ih ;j . I N TC fCGCC1
ICvPa I £N10.j620
K CC, C F a2 IN~ T CC t 3 C
"NoS1 4a,2 INTO)640
I ITs I 1IN Too 5 a

*ISCAN&L 14 T C i. ; 6
REL )P'CC., INTOJt~jl

C EX PE LM EIf ; I'1. L AT 1TI 1, NTOJ63J
153 C'IN I f"Li t NTt jc 9J
401 FJFmATf F 5., IN00
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FILES SWVDR F C A 7i W P1 I N P s

READ( 5 ,4L13 FT INTSC71O
WRTE co 4#%1) PT jNTa f12%
VM~~S 4t .~ 2)C TO) 500 1 NTCC13C
REAl)Ib,4L1J PS 1NTJO740s
WRITE Io!-,L) Ps I rTJJ?50
RE At 159 *Clo ALR-A INTCJ?60
wR ITE(c4l AL~ INTO..I7J
REAC15 Oi PI1 NTC4C1BC

CALL INTFLT (AA, Y -' z.%,ALFA ,PHII ,NXfNYqcPA) I NT C.; 8 .)
ALFCa$4LfA-APC I'l TCI') 1

CA LL I N I LT I XAtV #,oALFC tPh I I #NX t MY CPC) I IfTC082J
Lft HuAL A-AP C 1A TJ u .1ij

CALL 14f7&AYIALFIL~XNCC ITCC.
Ph16.Pmi I-yp-1 IN. iol t
CALL INTCLEI,14Y F tL8ALFAtHI,N, Nit C*1 I -N14iOjnb
PG VN8PT-F S IN I Ce I
P P AuC PA~* Pi t*P s 14TUJdJ
FFt!aCFLj*F.oYKPS INTCC8'iG
PPCmcP..*ojY 'i4ps 14 MG900U
FFC-CPJ 4P 0 1 t$S IN IOJ9LJ

C READ MEASUvvkN!3 iXATA IN TC%;20J

500 PEAL15ti35) P04 INTO-)940
kRIE09I5i1) PP Il tT va -) 1

* bulTE~jIju) PPtO I NTCL5 70
REAO(5,h-ii RPC~ INTC;GctO
WRITE(4t1, Li-'P I NT0OJ990
RE AU(5 t13 51 PP&J 114 7C ICC a

*WRITE(6,1J(.) PPu IN TO0L1J 10
SO 501 c 1~C59 1J7 -'S IN IN T.JLJ20)

hkiAkJ 163 PSAN 14 To 0 L 30
IF I Icr V4. EQ *I) '-ITO IS 18 NrO1J40

18O I F I1CA. T .005J jJ TO) -W5 INTCIC50
111-1 11TO10boj
ICCPSL 1 NyuiJTO
1 Sc AN1 IS C~f+ 1* ITC IC8e
PSI Na P1N%+5. INTCIJ*1J
WA~IT E U9 ,i I~ Pij3 1. INTOiI0J

PinPS1.4 INTJL12J
F CaPSIN IN TO I Ii3

C CALCULA r7 PRESSURE COEFFICIENTS INTJ M5
300 C04TA1N'JE I NT CII6 C

PbJ p f-ps r4TOII 13
FAI fPuPPA-psI/Pcyft I NTOIIFIJ

CPCa(P;C-p ) /,"Ljv% £ NTU 12 L)
CP=PC')i~yj INTOI2LL

C CORREC P'll ICSLMfPTJLf TC ENSURE CF ARE IN CtLieRATI?J r1*GE INTC1220
IFIN31CJP$.EL'*a) 4'J TOi iGI INTG1d'33
2APM'a=-I jUoj INTC1240O
CALL 1AXsYiAvLAfd Xq ,NtyI N015
tf P.Er.LA4.vXj DSCak.u&P IN CLT~guJ

F~ ~ aA Fi Czl.01*fSITOU7
.S P06.4AlPim.&PNTU12Bsj

IF( LPF.GT.Z3'1AAJ P'iCal.Ul*fS INTOLJLJ
IAOI mLJ~UO. 1 T Ci 320

1ALt .4 TJ 1YI .1 3 I' ~A~N)A4 Ji
10-1 LPA.L1.LA1P41, iCaU. ,9*PS INTUL-i40
If 1FCL0.L JYA Pscvu *'9*F5 .1 T C 12 1,0
IFIEPO.L1.1A41 1) 03C-C.V9*Pq INTU~ij6
84~INz iJJOiJ. I.NTQI37J

ILL ~MI.4A'Y(ZLi ,tupIN ,N' ,NY) ITU 1-18
IFtCPP.LT.Ls31111 PSC.U.99*1JS C TL.,'SJ
If-IPSC.EI..P!TI .t C 30i ITI~
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Pji SWVCP VirIRRAN P L N pS

p 8117 C pJ N L5
&fT IKLE 14TIC1.4t

V1LUL1b.4i ALF & PAI4 *N6LLES FCQ 'I' F. '11' 'NT.JL'7J

,M L J I i SP'iTYLIYUtViN .4 YU 1 1

C CAL alAlF jX1 itsF VA 9.11 tAdX 9LtS PQQ '1Y. I i' LNTOJLSiUJ
SAL L I.TC AP.?~£ I1C3 1

ALF -ALF4I £NT 4;L i0

C SELCUL TI f oil iAF & P11 .ANLES CUT CF I H fI IMPUEI NTO Vb S

C EPLUAT 1~ of K' 1 : 04L~J 1 :-kL 0-40AXCT 4.T% JINtJA
ALF maAL-s.J I NTC I S9

CALL- H .*TUVALCIFPb,"YCi 1 IN T 17 2 0
C PSEEC(PTHEO*CP-PRJ FC)/.F & PANLCII FrEt0J ALA .

C CAJUELAENiS E. K4J I:TST N0A-0LRCSP LNTUL768J

* LF(IEPr4LIC.Xi I NTCI()Cu
tLFS?.T:~PJ ili TCLI 310 4TO1 11J

CAL ITL(T <~ft4,LCJIFP~ 4X4sCC TN 18 1 7 LiJ
F * CPJ.L PS * CFJr..--''S J £4 13 J

PSC=% LTJJfh

9 03 WR ITEI t I III I FAL FP 1~ PS£ INTOJ 4
71FUtvjATO 0','TLh V~LL YA IS,L,2F.2,IUZ 14TC175tC

bRA~tI 6LfSI 1;4P.3 UPI NCL'?4J
113 FORM 0000 :j. O Lc ,U,), IS ,F150).3-),9* INTJI95JJ

I1 PR~EPbI.* GC IS 31.3 B.T 3 S

G) 17' 1 dIt

GU TC 30 Uf I C So.

1oITfile I-H NTOCiU42

17 C 4, LJLY '340Jh 1' PFLIX4e) Y141 N ItC2ICCj

kRI t(6, ;.)PSN T C S66
17 O"A 1,fC PESUi 11 91. 1i T 15

k~iT~y,1tj HINTCS .E



FILEI S.4VCP F 3RT RA4 P1 L 4 pS

RES1I laiva N1 % j ZLcU
RE SL (2 =000IP 7 2 3;

PES2'L IjU9iJJ.I ~dL5
ASLXI 14 T CeI fJ
Isqu I INT~U2LTj
UAPal. IN TC21 E%

,C TC L52 I NTC22u
15C ok2QzA.k2w A IN TC22 13

AR 2;WJ% 1.22 IN YJ.:ZZU
152 AMIaA,42;--qP1 I N J.:2J

C CH4ECK FOR LKjaetk rALIt3RlTiiN RAWj I NT02250

JfkAUlL.L'.AiLci LC TC 15J INTC2213
Kzl INTUL12dO

C CALCULATLS IN01.31 FLI, TAJTICN PCII TS I I T U2 SC
CALL PrlJprii J1,i2,X1,V1,ZlenTlARu1,DRRES) IN~TU24L
PAJL=AR9ESI It'TIZiL
RA.i~mAtREM2 V4TCGZi20
CALL PE.PTS('1,Ng,X2Y2L2,HITAR42,ARESI IN~TU233:J

A =i#s S StLI I N 7Cej4 C
RB j1=AsRES(2 -4 T~ T023 50

C CALCULATES SUCCES;IVE PE14ETRATION PCINTS I NT C.3 6J
tL0 14C !zLIJJJU 14TC24 1
AP eR=AR2;14Ul( I%'TL)2JeJ

C CHECK( 10; JP!"FA rALIBRATIJN RANGE INTJ24IJ
IF(AFrA.L-T.AtJPJ C) TC 1, INT02'42J

CALL ~INTC245C
RaA P=A -ESi 2) 4TO24W t
CALL PLNPTtd>l,'.iJ%.,AetY2tZ 2,T2,AR;42,ARE SI INTU2e47J
RBIR=ARRLS( 2) LNT~a49j
IFIPIJL.E3J3.IJ IS L r- INIJ.150.)

1F~L.~1J3J ISLZLJ f74#%e1J
IF ErAJ4.EC.L-iJJ* J IS Fz= i I NTC25 3J
IF ( .AI LE C .iJCU.) I Slut fiTG25AJ
If IR~I R. L . LO)-) . J i tw 2 1tl 'eC5fe

C CHECK FCF OIAECT I-IT )I LEF! L!TE.SECTIUiNoEVALuATE IF 'AEOUIRED INTC258J
IF(ISL.NE.1JJ i,.. 70 164 IN T (. ,%
ISLa I IN T6vJ
CC TC 183 INTL LE.i(

164 IF(kAIL.NE.RlIii) GJ IC 180 IT2i
RISIIK IlAiL £ ?JT#.e830
FLS2 lK)aAR44H IN TtL2eAO
IF(K.E .2I GJ Ti 155 IT~,)
Ks2 INu~j

4CU 183 I11 7Ezf-
C CHECK VIR iii 44tOIA1C LEFT 'ATEASECTI JNtV!LUATL Ll- RECLIRtuIii4:t
L80 IFtISL.'4E.LJi U..) T] 160 1N6'vO6

ISL 14TC. iLO
G-3 YJ Le! NT0e7 U

160 GOTO I#J I.N 22
160 IF II jL- 2Ju/(aiL-rIL)T~~i t Z INTC27-lu

fIA~A ~'- ~*:~ ALINT.zi I'L
A8xAFj-.' 1/ (PEJL-'FHILi 14TC2750
BBz.k-3K,lL VJT02 160
FE~~zerj)(ki3 INTO .77
Rk!2 lK~s.A*PLS1 J*El IiT(27LC
IF(K.EJ.il ;.j TJIj5ITi

K=2 I N 71;bo3
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FILES sliviP FhitTqAl P I p s

C C'4EC. FOR DIRECT HIT )f *AlktT INTjj,"&'TICNvkVALU.4rl If- ECUIKiL IN TC2u 10
Msj IF IS .I.L2 G1 TJ 'jeL N T~ed

15.8 S1% L4TCde30
CZJ (R 0ERi IG TO I ad I CT1 a',~o

Q 52( LkRe 4Tu,:o l
IFPE.. 2 TU 02, NTC.2tEC

K52 '4 10 e t liu
GOf TO 6A id! .4 e4j*Cc LhEcI- FC; ANt a'cCIP!E AI HT LNT ErtSECT I Pl* EV-%L UATE IF REIJUL*D I N 7C.27 u

162t IF II -F . NEi * L t3 27 162 i',ed32j

A~ cF A e ,J lA1, 1 Tv4'oO

EA%AR2RtAA~ftAk INT C~e S;7o

PES2 (K J= 6.*RIS I (N~ i+R ItItj Tt-j I U
1F(Y-*L6..Zi %C TQ 155 NC 2

6EP-IN1T (ATE INTU340L
63 Ar -Jv - ,4 TL13 C 5

RJ~L=P,%IL 'JT J3.3vi)
PAJP.=P1ik I I Jz, J70
pbjLw~elL INTf.]O~
R3.JR=P i LA 5 'TOjuvi

140 C~lrj.I r'i INtT031.dd
210 ll 6110 1~~~4 C~~ ~ ~ I! 0

kiG TC L.75 INTCJI4U
1ISO IF(%(E$i( llE iCC. iTC 191 14Tyc3L'a

i) 'P) 1j1 1 7 .1 5
%P) TL L9~1 £N~ l;

~ ;j 1'3 191 5 ITO IL 7%)
GO TC i. IN TC 3180

* C EVALLATId "~ h UoITERSECTICKS WHIEN CURVES ARlE AL-14ST TANGENT INT03LSO

11 CALL F#;NFs(N'2,N1,K3,Y3,L3,1-TvYC,APRE5) IN'IC321U
CALL Ft'JP-T, ('I, 4 t&A4 V4,*ZthTe,(G3ARRES) INTOI30 3

RE eli J Ht2 (-.-L(jI ) '4C32'iU

R E I.1 4 a )- R L I11 I1 NTC12di
* 155 At7UM 1N'TC 32 i)
*EM)O I NT 033 C,

SUORCUT I E t7E4 T 4 A v Xv Y: Z.t4 TY- I NTO i3LJ
Of P OI CA Y (40) p iX(4J)v4 0,4 )p 46 v 1)1 I1C 3220

(RZI 54T0333J
C SEARRCH C J 'If-~ LOWER Y LIN1E INTc 3'.Uj

* 0 Ict LIVNdY ITC3350
S01 (0.'4 1k-'J E INTC3370
C2 J-- ITU 8

CIJAPSE SCAJ1 F.)R ZEri DS I N~T u33,,
K~XT *Li\L; At tL !JTEC V-1 $IAkST SEARCI INLY 1I3C

"3)(L.CmT : ) INT343C

IF IXtiLl .hTI kaC TC IJ8 I-N T 34 Et;
iF (Z~iI -h1)-HTJ Zl LA I I-h-TJ *. Lr. 0.i J) C rO 13 i 1:4TJ1493)

103 C4 NT 1(4J INT.Jj5 00
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FILE: SwVJP FORTR~AN P1 N P £

G~J TO asoLC~L

C CALCULAT0r;4 J F PF'JETP,4(1fNS 1-4 EIIHR TRIANGLEN J2
IFIM. ElArm () T'J LCj I4TO354,3

CO TC IiJ NTC35EO

C C LA 1IU6a
C LCjlCAL FELIAA~TICNS ACCIYtiLAT ICNI'lIC60
ilul )R(13ax() 114T J36b20

GOJ 10 113
108 Aq Ip I),( LJ JNTJlb50

GO TO ALI PJjTOsb6J

Ill. IF(IQ.Ef).2) GO TO 11' INTO~sbb0
113 IK22 INTC3650

GC TO &Ii ,470.)71J
116 IFIIF.iC*1) C~O TC 117 PITC372i

)A1~i1CC. 0 NT%037it
GO TO 114 INTU31~40

ILI I 11) zi OJO.a 14 7C.0750
AR I -I C. C IITJ.i fltJ

114 IETUFN IN T0.s770
ENL INTL.37eO
SUFIRCL I 1E 14 TPL 71tv IL .. ; gyX . hY,, yt RE s~S) INT0.09J

.Ll NEAAi IINT t FCLAT IC,4 CN C Li F- ~T I IN oPJ ACE TO EV% LU;%TE 1NTC3ECc
* CP VALLE 17 C0)i 1.'4M1Lb Avu.Y.. T#uE FRIWLT RETIJR'4EZ IS iFES 14IT03810

Olwhf%5ACN AI',U) Wj,(0 4JIIC.3E2j
* C SEARCHl F0C. I Ci- L fxAI'14TCiJE30
% ~~JOI 1.z IC=1,:JX

1F(XlICi.L-:!.XG) GI Tn 2 INT0.jd5J
I CCMK1ILE INTC~t:O

a Iu IC-i 114TJ367J
CSEARCH FCP J IF LOWEP Y LINE 14 4T -;.3

IFIY(Jr.)E.WGI G9 TC 4 -jIKTuJ 90J
3 CW0JT L I il ITC41I'ia
4 J=JC-1 s o31i

AL(v4J,)-(JJJ/I(lIJl-A(I)) INTC.&93J
*D& tyJh - AL*X I IJ 11 TL3940e

IC Ra(AL * jI+oli.I ~TO-953
IF(YC.EO3.Yt-R) 0 T) I INTOi963
IF' I ~,1.V 'A) PJ T)1 5 1NTo 97U

C RESULT141C I IS Ii LOW.'Et TRIANG..LE INT 0.180
X-4aX (I1-1) I"14c5po
V 3.aY(J) 1:4T C%6L
Z3=Z (1. 1,j I-NTj.4U13
6.0 T C 6 INTC4C2C

C RASILTINu L. 15 IN UPoER TRIANGLE INT0403.
5 A-i=X II) I Nu4'.CS

'3*'w4J*IiN C!
~iZI1,JiI I NT04UuJ

C ENI ZLCAlCIJL.TCNCCL FOR eiri- TRIANCLES NTC4C1
t )1=tx(1 I N TO04U So

YLzY(J 3 I NTJftUiJ
JLZ41 ,JJ INTC4u1CO
X22)ItI I I3 14TC41IJ
yzs IJ+ ii IN T0,1 O
iZaL41.i .1+13j VITC4I3C
-A4P=4((1-2 J)*( yj-Y2)-(L-Z4fl*(YI-Yj))/I(,C1-A3)*4Y1-Y2)-(XL-X2I 1NT,) 4J

tPu( li-UZI-4F*4A1-X211/IYL-Y2I % NT CisI iJ
CP L -AP*)' A--4A*Yl 1N00

ZK ESzAI*Au $d *14C INTC'.1EC
GJ T 130J INT,3419J

C RES(ILIN Z IS 13 1 VljlIG LU4E I %T J4,4 0
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FILEs SWVDR FA'TRAN ')1 p S

104) 1 TUQ K, I 04a3i

b~~ig )LI4 L-AiVl:l4AXONXINY) I 114TSL~dAC

cI J: IN%428-Z)
I~ ~ I LI -jy.A4MAXi ZtAX*ULI!,Jl 4

RtETURN INT4.iUJ
L'4CC1

iL;8akUTI NE ml N,4PVt UZ'4IN.,1NY) 1T~Z
C IVALUATP7N IF 'AII4JMl r. IF AL AATI 4 SLRFACE M4'TAUX INTOQ*i33

aJl#-b!&E ittP0 INTC4J'e3
M0 I IaitNA 1P4.5J
Co ).J&I N1043tiJ
MitF(LII,J..i1'.N) ZPINuZ(I,,JJ INT C %31%
RE1LJQN INTJ4.iSJ
ENC IT4S

C ENDO 'W 3FS pR lI4Tt,%.'O)
INT044LJ

~7
IXXXXXXXAI4SA4S6ANXXXNIxkx~xxxxXXXA)NXXXXAXA



APPENDIX 3

LISTING OF WVDR
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FILE: OVLA. iwCAT kAA PI N p S

C STARI JF o%1;4 1!1'1T#N7UO 1.)
LIAE K511-4J FIL ) OlhH It 1,) 9 AlI 4L.) 9Yt 1 401 s INT JJOJt

I iA J4.) # #1 # ,(10IJ )Y I vJ )v, (..O, 'ov IOX -%A 10)1 fA( '93),g 1:J TCLC !U
2Z1% At 4L 9 Li)s A '. -#) ,V~ 11'u, ) 9.3X 140 ,2,O 11 j-

119 J-C R OfIT I.,I 01 IT Ct.L 5 C

1312 F1;)-%I ( F I. 1 1J N T j k 'u
j F3V P AT ( I I J 1 IN T ; jLuJI
120 Vj;w4TIF;. IIN TLC L %

Cf t-E& 1ZA& 4'I L / 5 1 1UA1 T L CI I
C RE :A I, i ;I9L I' I - U 7 IN IT JO le J

I;tC C I2 a10 ),1f9:1( 1 11 CJJL aU
Rte(r 1.J) AA( I ~u1 ;J )

121 CC hT Its IL I;- TC CLLC-

12 j.TI )k jzj' rT 4.J 13

Oii Le-i iz1,'4X I'JTJJZJJ
-i 1Z3 JLi, - I,' T .,J2 1,

123 C')11%' 1- £ NY J. 23.)J
CJ) 2.1 lzi, JA IN1T ~j2*j

22 1 C-T-)T lf"JE V4T-j. ,
LII. 22i 1 L NY 1'4T C C2 7 C

222 CCT P JE IN TJ'h
OIL 223 1al. Nx IJJ L C3C U
01E; 2 23 J=-I Y JTUO. 1.)

223 CZ q I.IAE IN T-XJ333
C TR ANSt114 7A I 4 m AIRICFS I NiX)34..

CJ ee4 i 11c ;"3t
i24 A ( I ) = ) I N~T C ;-L,

C C) Z! I= 11 'A INTL~j-; 1k
22! YA(IA)=X'ia) I NT CC i-

D'Ii i I z; 1 J 4Y IN I 3 "'
U-1 aL I I < I.NTG0430

0!1 e&7 I =I t ' I e*jJJ42 ).
227 XbAiIivcYEtaj INT( 01,20

00 it b I =1 9 A £VJTo%;'iJ
228 YVA(I)=Ak1I) I N1CGj4 50

CU 22/p la #NY~ Va IC%.4fO
LI. ef j= I q, -I A ITL 4 7-i

229 2ux 11)) j )I3 ii INT Z13eJ
* CFiCII 5010%. l.PJ TCLi4 6u

YPL'=55. 11 IN1J X;5.
XPAzC.J F : T C5o
EPC=~(. . INT-3354
X U=-2). INICC54C

C PACG;;A~f C6-,tS7AAS IN T a, 5 U
V . I rlITCJS J

V A 11- 3i. IN 1; 1; Ju
XPL,7-iJ . *IrrrCt.',)qj
)R LPz30. jfllLJL.jj
X IN =J j . I NTiu Lu
1CC,-S=L A N4 CLtiC

'1-1S I"= I I NT U bJb .
I1 I aL INj TCL( 5C
I SCAN= 1 1%4 T 0.h r-to )
RELAPS=. I N .&3%

C EXPI.ItN7 !&%'LL;~TAC\ 1A TCot e

401 F L 0 A r 15 .4 I N T C fICJ
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FILE: 4Vt;r F-IQRAN P1L P S

REAC)I1,9,ZI) PT f ii I1
W WItf 0) 9 11 i T IN JCJ72J
I f IKCv, I PJ Q.2 1 uL T 0 53O AIN TCC 7 3J

AL ~.4,; So I J aLfA 1;1T.1IU7t

F E A L bi,) I J 'I- II * IT C L tJ
lR 17: o b ,L ) Fri IiIllL . t
CALL 1 A41 PL fIARfAILAvAF HIIv~ C A &TJ0
A LF C =A LI-A-A F "' 1- 1lL C 6 I 0.
CALL I -J TOL lAA A :. tLFC, PHII ,\%KtJY,9CPC) IN Yin.O6Te 2j

AL F G=AL 1- t-A .;I N -1T,;&. u
CALL £,%PTL I [oC . LA ALIK)t Pill INX 'JY ,CPO) IN TC 4'J

CALL 1'T)T(0 YtIZ eF H rJql p% I N- V u

40Z PICT4 (l I.J' L CP~S,'Itj) JT0.J
F1JYN= :FT - S 1* -1 ,,
PPAzCP;*-.j T+P5 J
FPP=CPe*o;"v -+0S~TC)1
F=Llv;..-.*C+PS IN TLCS2C

403 FJ:'411 A LihL r' S 5 4F IJ. 2 ImNTOj95ij
C RE C m bASUQ t*4E 'ri A LA 1.14 1u -i ')

IFIK AI fJL~i , -- O 50 1 1% T C C S 7

RkoCl~ijjjp PC IAiLICRC

- dRT~oLj4PeL' I "TOI J1 2

wR TC F(o~~.1~ IU TO# J3.x10 IN TO LO ,0

AlI I1N TU I ICO
IC cP 5 = MJT CI It

MSAP= Isr. + I NTJ iit)
FS I:. N SI J IN 7rL I:3
WR~ITE (cL-1t) PSIAJ IJT JL I4J

18 1 CCP:T It'JLI T31 )
FSzP51NI 047i i IIC
Psc=ps ITJ I bi
FSTz 05 I ,iTJ 11 d)

C CALCLL11LE P.1ESSURE CEfFCIk:NTS 1A Tj Ii I
300 CO. T IJ F N Nf ji .J

iueilLj I'U) '4v IIT V4I TC 2I1
94eC FuA M4 71 'C I i fI C N t I L) 95) 1 N T L2 2

P U YA iT - P ANT Le ,a
~~; IA(s.- ;IY N T C e 4u

U3= P" P--) /PJ V.. A'4T JLe 53J
CFC I F - S3/2 ) V-1;y11 I zuJ
CP'J ( * lJiS)Ry;. I I r c 12 IG

908 o lr E I ) "' rC -'ICPCt:'u '3 1 NTJ k oJ
Zj Z:,. - LC.)LJ ' 3,4 f I ).!j A J T C 1,au

0 RE. P~ jSL 4P'T I - T!' E'. j~r. C F A-. 1: 1 C AL 1 -. T I'i ONRh;i N L

ILL "- A,-. qL '% 9 *l IN T I J- 3J
IF~~~~~N3 (Q.C -1" 33JL

IF K.PC..I.'~ ~j)~3I u ~

CALL N~~i XIL 9~~~N ,.Y TCI '
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FILE: bVC F F-11TRAN P1L N P S

IF jLPA.LT.Z~ftd 4) IISC- q INT%;142J
IF ICFO.LT.1LA11k FS~mC.99*PS !'*ru'43U

CM 0IeNA9Y (iE ,SE'&N ,NA991) I4TCI.LC
M R2PL.*.j1'4j PCmc. 90PS INTOL47J

963S I ~EC.Pi) i4iC TC Jul LNTi 14tJ

964 FC.04ATt ICrPS iSf j!51 P1 TCL 51t;

* SUPSC I10 5 3a
F51aps". S IN TC1540

S21 WRJ1E~a,S,21i P.S INTjL50
921 F A T (f D SC IS #tFdJ.51 I NTO 156~j

GU 1r) 300 IN TO L~j IJ
t 01 CCKT IVUE I NTJ156J

CALCLLATLS 'r',# !LF . PriI MNLE F) I I III, *4 T ( 5S J
CALL 1Ii S IPA Yl' 0"~,RLA #YRUPYkI( N, 1*'IT31c"-

LCPA,~d,*L.P~,A~A1ZA ItTO 1610

ALI FtL) INT0oI 30
AL F2-ALH2 F , 14 Tv. iej40
PH I I SPrI( I INT 1;16 W.
0HZd=PNA,( ) INTJIb66

C CALCULATES T14C :Li- & Fmi A'DJLES FIR 111 C 1I11 INTCI6#C
CALL 1 45 API #.A ALq,-UfA~NTUlb~j
ICFAqCP;C,3t1'LF,AAtYA,ZAX, tNTC1(,g~
)4i~g.XKt~i~XtA10N j INTL I ILO)
ALF3SA~I I INTO!1.1
*LE4mALF (4, INT(1 720
PHI 3xPriI ( L) INTUL7'3
f- 14= PriI (.I INTOLTZU

C SELECTS Tmc F,iPEA ALF & Pil *IGLES !1UT flF TI-.E F.Ijq VALUES IN) TC 17 !(
FALFz(AF+AII L3.L4)AALAF~AF9L~ INT017biJ

~ INTCLIt7O

900 imMITE(ut,)J 1)f-ALF ,)hi INTC~eCU
SCI FJRP'AT( ' LLEC.TEL,,2ELQ.2~ INTCL8 10
C. CALCULATES AIEA Pi Fl", .TO P.)SITI)N D AND COKRECTS PI I NTJ Ld 2

A LfU; tar A LI-A PJ 14 TCI e 30CALL li'drFLT(XAt.JLAgALFL)*4,FPH1I,NXN4YCP0) 1T~
ALfrLhxFaL1--A'3C UITOL85JCALL A%TFLT(X ,YD ,LAAL-C JfPI~,r4XNYCPC) I '47C18to

914) FC 01ATi (IE4 (.'C E COC CALLEL), 4.Fl5.!) IfNTClbdj
PSNm(PIJ)CCJ-o)PJ*Ci;C)/ IL 0-C FL) N"TQiSVJ

907 w IT FI b I I): L t-PHI #,v5- ; 114T JlUu
941 FC Flfr'tc I LTL- AT IC K VALJ : 1t2F6 .2p 2F LO 2) 1 ffTC IS10

950) CtL = 4-PS 1.4TOL9 30

961 F)RMTt'", t IS-S ' ,ri5.151 I NIT -34 o
LPSPkx. OJ.)~T*.u~J0QdPT INTCISS0
IFI Tt~j I.IE. ) cpSt:C.CjjCJC).)9* ( T**4.j)-.j.)09,))*PT INT02UCJ

IF1tFSP3-..A.EPSRP-,) L' TO .11'3 INTC2(2J
-GO Tf' .zo. IN T~!) 30

310 ChTlf'!E_ IN %Cc-0.
IF I IIT .VF . L) .0 T) 2U5 I .47uz06j
F.SvP5,,LAX F IPSi.-Prl IN TC2C IC

P TaPS I 4TO.ZJ90
S24 h~1AV)PS INT02103
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FIki% z FCI4T IN P1 L N£

S25 F3RMkAI(I lUAK P S I S 9F15) 51 ITU i 110
GO 4r i3J 1.41T Uz 1d

303 th.~1'k(tooLi I fALFEPPl,P3',qPT I-ITC213c
I I F,)44A*Il i0 .2@F 15.31 3)TU 1

cij r o v 1 lNY J 15j
US5 WRZWI 1E)(n , 1 TCZ Ilo-
.401 Ft); 4AT( :,CAI -JE J 130 IIES) VPITkjZ173

G1 '0L4 5'1Tailfi

SUAR1jTP1c INPTOeIZUJ
HTL;T~j-3Lp~~rvAL*YLi~t NTC211LO

i.1kI f% ~ Si1 lI, ai W 9I, kK( J.0jAL44JJ PY1(401 9 1NTUZ iJ
li td4Cq4C,A24JJ Y'A4-319L 4,'tUIiXJI 41)VJ4JJ# IN 7C2;: 4%

RES1 I Q)143U) . ZNTU22m)
RE !1 (2) =iQO.j.. 11?JTJ2e 7U
QESif I )zj=j~i. INT J223J
firS2 12 J 9JJJ jd *T C22 ;3
ISL-1 1N Y C2 A;
IS RU I 5,1ToJ 1)
DA A= L INTC2320
AR 21 A~k I N 1 '.
GO TC 15.e Lu T%;34J

15C AkRA~kLA INTG235O
AR2RJaAA c1k INTO)2j63

15 i 16sA2-ji'sj 14 TC23 I
-AA%'2Arc2A kP2 N f~..e4 J

C Ch ECK FC ; L Cv k r 6AL IF -%TI134 P M4GEI 71.)9
IF LteR'I.Lr.,1LUJ Z 7C 151)4T2c
IFIAPM2.L..1-LJ) GJ 71 151 INTJ24 i0
Kul 1, UT042U

C CALCLLAUS Ar'dTI4L P cTiATICN PCIFNTS IN'TC2,# ;J
CALaLPA s(IL91e AItYI*.ItiT1 R1tAR S) LNTC2'.5
PAJLmAAR~i; i NT2u
RAuP~Ael*4 Me~) Iq'c2i cj
CALL PE'PT.(1'l1l~,X2tY2ZdI1T2,AR4ZARS INTJ24 b)
R8.;LmA,4jLS ilI IT2I

C CALCULAt SULSV PErjETIATUJ4 PCINTS P4 TJ2)JJ

00 140 &jMLL3OJJ INT025IL
AR cRzA ,12R 1ITU)2I

AAM2AIZR-AP 4 o 5
C CHECK F]%' UP) C LIBRM3T1 RAN-JE INTO55)

IF(APf.iL.uT.53JPJ C-3 TI 195 I4T-J25.jJ

1IRe..;J.A4rUP) u-' YC 197 LirC257O
~ALL PJ'PT(ilJt-leA,VLLriTlA-qi1,ARRESI ZNT0J4'di
RAJ L=AR;IL) IN TC2 5 C
RAI kzA4A-ES12) N02O
CALL PCIPrI. ,2yZTA4,RE S)IN, i

Fi ~~'S (1 14d T2ciO
R518iRJRqES121 INT0ujj
IF4 I IAL E-J .±t)JJ .* i S L- j-J INTQ264J
IF JREJL .t:1J). ) ASL210 INTO0L650
JI1(RPj% L. Ijj. J.I i, - 10 1 NY 02 660J'
IF ( ,Jti. %; . LJ'J .i )~~i YPP=Jj TC2L IJ

IF(RPI oLkj ISL=iJ I 1NTOt93)
JIs'l IS=i NTL27CU

i)AfE'J.Q% J'.~ I iI IT J.! Iii
C CHECK fr- C14L4 t-1, J4 LEFT IfTERSECTIJNEVALuT2 IF REQUIRED INTC,7Uj

IFL~.Miii ; T) lIo4 Z'4TC2 1-

U4C I 1F ImI . E. k 31L) 60J TC 180 f ZTtj 2 1 wJ
R ES L (K )z - , I L ITTJ2. 17 1
OLS2 (I=A'm..A IN T G2 1 O

Ka e SNTJ28 jo
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FILE: WVOR FLJRTRAN PL N P s

C CHECK' I:rw I 4TERM'EUI ATE L EFT 14TERSECTI'INEVALUATE IF REQLIR.EI 1T q
180 IFiI S L.1%. 10 1 tiC TJ LbU IN T 0 2 3 J

ISL=L IN T JeJ
CO TO Ldi O J

16C lkIFj-%:L/iAL;~L.TO0 GC Til L63IT')t

RSIMd=4tb-A)/ tl-tEl IN fC " S10
RE4j21K.)=AA*-LzoL(KI)+fi. 14T de1;20
IF4K.LC.,4) GI T-i L.75 1I' IJ T29.3,J

* C CHiECK( -JQ tOIqEC1 HIT Ji RIGHT liqTEiRSECTICNEVALUATii IF FEC!JIREO INTU295J
183 LI-(15F.t1.lj) GO TO lol IPNTUSCO.i

ISR- INJ T J s lu
C-1 TO 163 1 .17 .0 .i

* 61 lt AN.~R C." 'rC 182 IN TC2Ii'SO

RkS E. e. I N7UJsJIU
IFv.& QJ) . TJ L55 I PT U 30,cJ

K-2 INTiv3O33

C CH~ECK# FOR IAI1k4tJIAT IR1sMT INTERSECTIONtEVALJATE IF RECJIAEU IIT c _c 51
182 JFIIS9..NE.1J) C) T-1 IC2 INTJ;060

* ASoxi INJ TL3C iC
GO TOJ I 14- 3 ,

162 IF ((J A-Q:J )/ I h P-I614) .GT.C.J) GC TOJ 16i 1.14TCj CcJ

Ail=( A2 J/1 k I NTO4i Ii
8d=A~r4-9*,.,ilrt 4TJa1.33

iAkS2 (K)=A*,S I KJ 5  IN TC31 t)
IF(KJfJ.2) vJ TJ O 1i4 IT:).31 W

K= )INT.j hI
C RE-11IIAIE IN TC31tC
103 VAizJ= : i I PT ua14

RAJL=FAIL 147Z12C
RA..R =: A 1.4I C J4 10
RRJL=P-3 LL IjIT3 122J

Re.Kz jl; 11 T C j' 3 t;
14.C C O- 11%;L E l T J 3 2 +J

WR ITE(o,21J) 1 N T 6.i251
210 FCFMOATI' L..'P 146 TI-R006ri'l D:ITS FI'J4C') IA TC.,ec

GoJ 10 155 1 '4T u 327J
195 IFIR ESL ( I IEl.9UJ.U)I ir)' TO 191 1i 23

I Fi R tS L (2) t J.9,) 0 ) 1 -. T L9 19 I N T %,.3 2 9-
IIF IR FS 21 I). ).i j.'J )G iJ 191 1 N7 J3:),J
IFI ES,:( 2 1.. J-0 J~ - 1aJ T - 191 INTC.2310
GO TC Ii" I)JYC 320

C EVALLJATIC'1 IF PTE .'LCtI.AS WHE4 ':LRVES ARE ALA4JST TANGENT INTJj3aO
191 Ykic., lIITC33'.J

CALL PC1413'd)eAZNI v1 P3Y3,ZJi ,HTI 9Y.-),APRESJ IN TC.350

CALL i-,.FT;-4c%_ ,ijl 4 Y49Ltr4,vA~qFRES j1- IN IJ7l)
*ZA3(A 111 INTO.i33j

RE !2(,e) z-4L j2 1I) INTUJ'CO0

FLS 142) Z-tL3i L 1t4TCL',2t
15! -RE TLsfN I11C .'.30

ENL V J TO440
*SUORDI1JI N F04PT3 ( X tNY 9X 9Y 9Zo TtYG,X) R I T(3'.5C

G0EIS 1 IN Y( 4C) 4~? C) 941 4 , t J) 9A( 4U0) v AR (10),1TJ4
RzRL INTJ34-0

C SEAR HIF .' .j LF £.CIha Y LINE INT C3'. ,,

If IY41).Lr..Yu) vC TO 1U. INTC35CC
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FILE: WVL)A Fr,.ATRANI PL N p S

C CI CuN 71tj LE 14T(035 10

CkSSCNFCK ZE-10 PSS Lj4TC530
NEAT q LL?4i5S %,&E EA& "LiEi) 1.~4 FIARST SE4RCM CNLY 164 T Ui 5 4 .

FI2sI I.. )11) ,J) 7C Jil INTO.3570J
fam. INTC I51hO

112 JL) 1C3 18u-1AX VITC35'S0
lA IA Jr. LI vj + I I : I19J V _"+Z I vJh I N T -)jbtj)
LI4-(i11 u +J -z I ,J i (Y ;yJ i /Iy IJ*I)- y (JI)+Z I - IJ I LNTCJEic
IFttI. .c-*.rff) vC (C li~d £NTJjt20

I~(ILI&-iTJIA(J-~T.T...IGO TO 10,4 iNT~o3~o
*103 CJNTiINIc '4%TJL'40

C CALCULIT ir)I -IF DE!t;Tr IT IINS 1A4 E ITHER TRIA".4GLE 1.NTC.306I
104 '4i)*Hf 3*L W-1U- J*Y% -YJJ/I INTOJ-YIJ).

IFLIiX 1-T/t-T.LTJ.%)) G3 T') 10 £ rTCJ i;j
DOZA9SIA1j1'#14.A ""71--TJ L4T63 1C

GC TC ILO I-OIC372C
I0 CA =4+ 5( -4*A3( -HT) /I41C (4-'rI4ABS(LX II)-hTj A 13 1T3 7 1

GO TC Li 111 1, IN t 0%
C. LGAICA Ftg~klA71U.4S ASCLIWULATICN IN C47 Al

A-1 ANT C 11
GO 10 113 ITU37 80

108 XP.1 2)=Ai x A1 NT337-iO
b~j T~ C II INTC3ELQ

111 AFIIP.iQ.,!J GO) TO L1. INTt63SZO
113 1k=2 IN TUid3J)

19 = 4 1 ANT 03c40
GO !C L12 1'T385J

lit IF(kR.Ef~.1) .,C TC 117 I14TCEtC
XR (2)- 6j.o INTU-ib 14

- CO TC L14 IN TL3 tE

XR I J= I C J . .i INT039gJ
114 PETUPf% INiT C 3'jIU

E ND A')YC3cj20
S I J Er IUT IN E 1 1TP LT ( AV ,Z, A 3, V NYAY ZF SJ I N4 T 0 j .IU

CLINEA[R IIf17i4FCLATICNq CA C-ILA P)AT IN I 4 C .EALAE1T3
CCP VALLE Ai* Cj-('JA0i;j.1ES A', Y. TriE kISULT RETUIKN& IS ZAES I11,3V50

C SEARCHI FCK I LF- LUrT X LINL LNTC"SCj

IX EIC).CL.At) uC TC 2 INTC3SI C
I IONd 71 WL E 14 T U4U JO

SSEARLH I-CA J Ci LCWEF Y LINE IN~ TC4C2j
DO) 3 J,' = 10IY N T4 TU) 3
IF(YIJC).L-.ftGi Cr] TO 4 1 NTJ4;j4O

3 CCNIILc 1 NT G,4J t0
44 J-jC-I I NT 040t%0

BLmV(j)-AL*XtI INTCoC
VC R- (P.L *X", ) +'iL I NTu4.qYj
IFsYC.iC.YC;) u3 71 1 1NTCs1 CJ.
IF(VG;.,1.Yc0 I;) T.J 5 INTO'.1 10

C RESUiLTItC I IS 11 LJvRE.. TRIA4GLE A NTC4-. .

2K3X(L#tJ I I;% I4. 1i

SPASULT 1*1 L IS 1,4 UPk- TRIANLLE I NThJ41 ?J

A3-A( 1)INT041IlU
viav~l~ljINTC4 S

77



FILE: WVCJP FORTRAN4 PL N P S

C GENERAL CALCLLAT1jN3:aC3U FOR dCTb i!A'GLES 4T L

zi~uzli~ij ITf#
EX1,1 I I JTO., ZjJ

U- 1 I 14 J . I -J
pWI-vil# HT C;4s.S-)

e 4L-A F*A4--P*Y IN 'T1.4J 10
R. RuAP* ,G+i4P* VtaCO 1'IT041.2J

G3 Tl IJJ 1 1 T(3.4ju
CRESLLTING L IS %;i -)1vIjli;u LIN4E -'.24

7 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ h~-. 1S(~LiJi~LJJ)~~(I/I(4IEJZIJ
100 hETUW4 I N I f. .1?f-

SO;i 0 C:UrINE '43AA4Y (1 Z'~A~ JX AY I n -. z' " di
C EVAL L AT iCit Uh k 0 X P U 1 F C.F UAL 8P IRT 10 - StJ-.F AC E -4AT~l A %-C41;Iu

OINMENS13NJ Z(4U,'.d JNTJ44 ,o
CO I IzIfltX INTC44IJd
0') I J1L fiYE.MAI 4#Z

I IFIZ(ItjI.L4A L'4AAZIJl ~INTJ'..e

C EVALLATICK C- v~t"' CF rl CALiVAT1N SUOFACE 4ATRIA 1.4 TCtS.IC
OI.9ENSI1N ZI'.t.,4L) IN TJ'*4 di
00 1 1210A I U 7C44 91
co IaJLZ4~J Zi~Z IJ INTC4:jCG

A ETU QP INTO-*520
END) 1'IT J 031

C P4 C OF WVDI I NT 0454 J
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