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1. SUMMARY

The multidimensional, ensemble-averaged, compressible, time-dependent Navier-
Stokes equations have been used to study the turbulent flow field in two- and
three-dimensional turbine cascades. The viscous regions of the flow were re-
solved and no-slip boundary conditions were used on solid surfaces. The calcu-
lations were performed in a constructive O-type grid, which allows representa-
tion of the blade rounded trailing edge. Converged solutions were obtained in
relatively few time steps (~80-150) and comparisons of both surface pressure
and heat transfer showed good agreement with the data. The three-dimensional
turbine cascade calculation showed many of the expected flow field features.



ITI. INTRODUCTION

An important factor in the overall design of advanced gas turbine engines is
the flow in and about the turbine blade passages. These components are a
source of aerodynamic loads and losses that can control the overall machine
efficiency and that may be subject to extreme heat transfer problems. Inaccur-
ate estimates of both loss coefficients and heat transfer rates may lead to
erroneous predictions of engine performance and to poor component 1ife or even
catastrophic failure of component parts, respectively. Therefore, an accurate
estimate of both the flow field and the accompanying heat transfer properties
in the turbine passages would be a valuable tool for the gas turbine design
engineer.

In recent years, reliable and efficient computational procedures for predicting
the flow field and the accompanying heat transfer characteristics within the
turbine blade passages have been developed. Several methods for analyzing the
two-dimensional (2-D) passages in the turbine blades are available. Many
analyses are based on solving inviscid flow equations (Ref 1 and 2) and, in
many cases, these analyses are capable of predicting the blade pressure distri-
bution well.

Due to a lack of any viscous phenomena, however, these analyses cannot predict
heat transfer or loss information. To predict heat transfer and/or viscous
loss data, a set of boundary layer equations can be solved in conjunction with
the inviscid analysis. A review of boundary layer techniques for turbo-
machinery applications has been presented by McDonald (Ref 3). When the in-
viscid flow boundary layer analysis technique is used, the calculations can be
made in an interactive or noninteractive mode. In the noninteractive mode, an
inviscid flow is calculated and the boundary layer is then calculated subject
to the inviscid flow pressure distribution. This approach is viable if viscous
displacement effects are small. When viscous displacement effects are signifi-
cant, then the calculation should be performed in an interactive mode (Ref 4),
which recognizes the mutual dependence of the inviscid and viscous solutions.

An alternative method of determining the 2-D viscous flow in the turbine pas-
sages is to solve an ensemble-averaged set of Navier-Stokes (N-S) equations in
conjunction with a turbulence model to predict the entire passage flow field.



The N-S procedure has distinct advantages over other methods. The N-S analysis
precludes any need to divide the flow into inviscid and viscous subregions.
Although in some cases such a division may not be troublesome, in other cases
no clear cut division is obvious. The N-S analysis solves the entire flow
field with a single set of equations and, therefore, the influence of the
viscous phenomena, taken in the boundary layer and in the wake, on the pressure
distribution is inherent in the solution. Similarly, streamwise flow separa-
tion is not difficult to solve with the N-S analysis. This fact is particu-
larly important in cases involving distributed surface injection or blades sub—‘
jected to high loading where local regions of separation, which may be regions
of high heat transfer, may occur. Although boundary layer analyses can proceed
through separation if approximations are made (Ref 5), such analyses contain
serious approximations in and near the separated region if these regions are
not small and thin. The results in this instance must be viewed with caution.
The N-S analysis contains no approximations, other than those involved in
turbulence modeling in this region.

when considering three-dimensional (3-D) cascades, which include endwall and
corner effects, the flow phenomena become even more complicated. In addition
to possible 2-D flow-type situations in the vicinity of the midplane, complex
3-D, viscous flow patterns appear in the endwall regions. These flow patterns
include the leading edge horseshoe vortex at the strut endwall intersection,
the complex vortex patterns passing through the passage (Ref 6), and the corner
regions. These complex 3-D, viscous flow regions argue strongly for a full

N-S approach.

In simple quasi-two-dimensional situations, the viscous and turbulent near wall
region velocity profile can sometimes be described by 3-D extensions of the

law of the wall for turbulent boundary layers, although these 3-D extensions
are much less universal than their 2-D counterparts. In the compiex 3-D flows
existing in the turbine passage, the near wall flow is not well described by
such a wall law. Consequently, it becomes necessary to define the near wall
region with mesh points when heat transfer and loss mechanisms are of interest.
The added mesh point density and the presence of these additional length scales
in the solution place very stringent requirements on the numerical methodology.



Successful calculations that applied a N-S procedure to several 2-D cascade
problems using no-slip boundary conditions (as opposed to a wall Taw) have been
reported in Ref 7 through 12. The procedure used in these efforts was the con-
sistently split linearized block implicit (LBI) scheme of Briley and McDonald
(Ref 13). The numerical scheme is embodied in a general computer code termed
MINT (multidimensional, implicit, nonlinear, time-dependent). The particular
form of the code being used for the cascade application solves the general
tensor form of the N-S equations and, therefore, can be used with a general
coordinate system. The dependent variables in the analysis are the Cartesian
velocity components, the density, and, if turbulent flow with a turbulence
energy model is considered, the turbulence kinetic energy, k, and if a two-
equation model is used, the dissipation rate, ¢. The choice of Cartesian
velocity components as dependent variables is based on experience obtained with
a variety of choices including the contravariant velocity components, the
physical velocity components in the coordinate directions, and the Cartesian
velocity components as discussed in Ref 14.

To date, the cascade analysis has been used to predict the 2-D flow in several
cascade configurations using a C-type coordinate system. 1In Ref 10, flow
fields were obtained for cascades formed by unstaggered NACA 0012 airfoils in
subsonic laminar and turbulent flow. The results were obtained very economi-
cally in relatively few time steps (~60 for laminar flow) and showed the ex-
pected cascade flow field features. In Ref 11, the analysis was extended to
the transonic regime and results were obtained for transonic flow through a
Jose Sanz diffusion cascade. Once again, the results were obtained very eco-
nomically in a relatively few number of time steps (~150) and showed the
qualitative features expected in a transonic cascade flow field.

In particular, the analysis showed its capability to predict transonic flows
with sharp shock definition and, on a grid point-to-point basis, to cost little
more than an efficient solution of the Euler equations. One case study cor-
responded to conditions for which an inviscid, i.e. Euler equation, solution
existed. The results of the N-S analysis showed good agreement with the in-
viscid result. The differences observed were consistent with the inclusion of
viscous boundary layer development in the N-S analysis. In comparing the vis-
cous and inviscid results, with this particular N-S solution precedure no Kutta
condition or exit flow angle specification is required, the exit flow follows



the specifications of the inlet total pressure and the exit static pressure.
Inviscid flow calculations with other boundary conditions have the possibility
of being different by virtue of these boundary conditions. Ref 7 and 9 contain
calculations for both subsonic and transonic compressor configurations and a
transonic turbine configuration. The predicted blade pressure distributions
were comparable with the measurements of Stephens and Hobbs (Ref 15) and Hobbs,
Wagner, Dennenhoffer, and Dring (Ref 16). The subsonic cascade flow (Ref 16)
had two boundary layer profile measurements at the 97% chord pressure and suc-
tion surface stations. Although only a tentative assessment of the procedure
can be made on the basis of these two profiles in the immediate vicinity of

the blade trailing edge, the comparison showed the predicted profiles to be in
agreement with the measured data even though further turbulence modeling work

with particular emphasis on transition was indicated.

This effort applies this same N-S procedure to 2-D and 3-D transonic turbine
cascade flows. Such an application requires several new features, including a
new coordinate capability, extension to three dimensions, and the inclusion of
an energy equation in the governing system. In general, the geometrical con-
figuration of the turbine blades impacts both the grid construction procedure
and the implementation of the numerical algorithm. Because the turbine blades
of interest, e.g. Turner and C3X turbine cascades, are characterized by very
blunt leading edges, rounded trailing edges, and high stacking angles, a robust
grid construction procedure that can accommodate the severe body shape while
resolving regions of large flow gradients is required. A constructive 0-type
grid generation technique that meets these requirements has been developed and
used in this effort. An energy equation was activated in the code, 2-D calcu-
lations employing the N-S procedure were performed for the Turner and C3X tur-
bine cascades, and the predicted pressure coefficients and heat transfer rates
were compared with experimental data wherever available. A calculation with a
film-cooling option applied over the C3X turbine blade surface was also demon-
strated. In addition, the corresponding 3-D rectilinear C3X turbine cascade
in which blade-endwall effects are present is considered. Throughout the ef-
fort, no-slip boundary conditions with the viscous near wall definition of the
flow were used as appropriate with the total pressure inflow and exit static
pressure at outflow used to obtain the mass flow through the channel and to
determine the flow turning. These boundary conditions were found the most
plausible yet the least restrictive in terms of the predicted flow.



III. ANALYSIS

This analysis is based on a solution of the ensemble-averaged Navier-Stokes
(N-S) equations using the linearized block implicit (LBI) method of Briley and
McDonald (Ref 13). The equations are solved in a constructive coordinate sys-
tem (Ref 7) with density and the Cartesian velocity components as dependent
variables. The application of the LBI method to the two-dimensional (2-D) cas-
cade flow field problem together with the C-type grid coordinate system has
been discussed in some detail in Ref 7 through 12. This effort deals with the
application of the LBI method to the 2-D or 3-D transonic turbine cascade flow
field problem using an O-type grid coordinate system and includes the effects
of heat transfer.

COORDINATE SYSTEM

An important component of the turbine cascade analysis is the cascade coordin-
ate system. Any coordinate system used in the analysis should satisfy condi-
tions of generality, smoothness, resolvability, and allow easy application of
boundary conditions. A coordinate system must be sufficiently general to allow
application to a wide class of problems of interest if it is to be practical.
The metric data associated with the coordinate system must be sufficiently
smooth so that the variation from grid point to grid point does not lead to a
numerical solution dominated by metric coefficient truncation error. This re-
quirement differs from the requirement of the existence of a specified number
of transformation derivatives. The coordinate system must resolve flow regions
where rapid flow field changes occur. Finally, coordinates should allow accur-
ate implementation of boundary conditions; for the cascade this requirement is
equivalent to the requirement that the metric coefficients be continuous across
the periodic lines where periodic boundary conditions are to be applied.

To date, several types of coordinate systems are available. These include
solutions based on a conformal transformation, solutions based on the solution
of a Poisson equation (Ref 17), and constructive systems. This effort uses a
constructive system based on the approach of Eiseman (Ref 18). Shamroth, et
al (Ref 7 through 12) have applied the constructive technique to generate C-



type grids for a variety of cascades. The C-type grid requires an approxima-
tion of the actual trailing edge geometry by means of a cusped geometry (see
Figure 1). Therefore, the computed results based on the C-type grid represent
only solutions for approximated geometry instead of realistic ones. The effect
of the trailing edge approximation will depend on the type of cascade being
considered. In compressor-type cascades, the trailing edge radius is small

and the viscous boundary layers are subjected to large adverse pressure gradi-
ents. Under these conditions, the blade viscous displacement effects are ex-
pected to dominate any trailing edge geometry approximations and, consequently,
the cusped approximation should not significantly influence the results for
compressor blade calculations. The situation is not as clear, however, for
turbine blades. Turbine blades have a large trailing edge radius and their
boundary layers are subjected to strong favorable pressure gradients. In tran-
sonic flow the pressure distribution and possibly the shock location are sen-
sitive to small changes in the blade shape or the effective blade shape due to
viscous effects. 1In these cases it is not clear if the trailing edge modifica-
tion inherent in the C-type grid significantly affected results. As the first
step in this effort, an O-type grid capability was developed.

/ ————— Periodic lines

_—— emee——- Actual blade geometry

————Approximate blade geometry
used for calculation

TE84-8580

Figure 1. C-type grid for Turner cascade geometry.



A sketch of the O-type grid coordinate system is presented in Figure 2. In
brief, the coordinate system consists of a set of two families of curves; the
t equals constant curves such as lines FG or HI in Figure 2 and the n

equals constant curves such as ABCDEA or A'FB'HA' in Figure 2. The coordinate
system is constructed by first forming the inner loop A'FB'HA', which includes
the blade. The blade may be specified either by an analytic equation or by
discrete data points. If an equation is used then construction of the inner
loop is straightforward. If the blade is specified by discrete data points
then, in general, the points required on the inner loop will not coincide with
any point used for blade specification. In this case, a curve fit is used to
obtain the required inner loop points. The curve fit is based on a local para-
bolic fit. For any given point required on the inner loop, a parabola is
fitted through three adjacent specifying points, two on the right and one on
the left, with the axis of the parabolic normal to the chord line connecting
the two outer points. A second parabola is then fitted through the two points
on the left and the one on the right. The location of the required point is
obtained by means of a weighted average of these curve fits. The weighting
factor is determined by the distance from the required point to the center
specifying point of each parabola. This calculation is followed by construct-
ing an outer loop ABCDEA, which consists of periodic lines BC and DE, a frontal
curve CD, and a rear cap EB. Both the inner and outer loops are then repre-
sented by parametric curves x = x(s) and y = y(s) where the parameter varies
from zero to unity. The present coordinate generation process uses a two-part
transformation for the inner loop. First, x and y are expressed as a function
of s', the physical distance along the curve. Then s' is normalized so that
its range is between zero and unity. Second, a transformation based on Oh (Ref
19) is applied to the inner loop surface so that higher resolution at the lead-
ing and trailing edge of the blade are achieved. The Oh technique uses a
truncated series of error functions and complimentary error functions as the
basis of the transformation. The feature of the technique is that the loca-
tions that require higher resolution and their correspoinding grid point num-
bers are specified explicitly through input. After applying Oh's transforma-
tion, the desired grid point locations are obtained simultaneously.

The outer loop is then parameterized to relate points on the outer loop to cor-
responding points on the inner loop. For two outer loop points that are



periodic, such as G and I in Figure 2, to maintain periodicity, it is necessary
that SG =1 - SI. These values will ensure that coordinate points on the
upper and lower periodic lines will be periodically aligned.

The present parameterization applies Oh's technique on an iterative basis over
surface ABCC' so that the grid point locations are obtained as desired. The
grid point locations for the surface C'DEA are obtained by means of correspond-
ence to those on the surface ABCC' again on an iterative basis using Oh's tech-
nique. This technique eliminates the complexity of the multipart transforma-
tion technique used previously (Ref 7 through 11), and the grid point locations
are obtained directly through Oh's transformation.

Following the contruction and determination of the grid point locations for
the inner and outer loops, two intermediate loops are constructed as shown in
Figure 3. The first intermediate loop is constructed around the blade surface

with a normal distance, h,, from the inner loop. A similar loop is con-

structed inside the outer]loop with a normal distance, h2, from the outer

Joop. Points on these intermediate loops must then be associated with a param-
eter s, 0 < S < 1. This association is accomplished as shown in Figure 3 by
setting SA' = SA and SB‘ = SB. These four loops allow the construction

of the pseudoradial lines such as GF of Figure 2 by means of the multiloop

method originally developed by Eiseman (Ref 20).

TEB4-8581

Figure 2. Constructive O-type coordinate system.



TEB4-8582

Figure 3. Four basic loops of the constructive coordinate system.

The multiloop method requires introduction of a position vector, 3?r,s), with
components (x, y), which will represent the coordinate location of grid points.
Based on the four-loop construction process, vectors 5;(5) are defined with
i=1, 2, 3, 4. Each 5; has a coordinate (Xi’ yi) associated with it at
specific values of s through the previously described contruction process. A
radial parameter, ry is then introduced. This parameter is defined, see
Figure 3, as the distance from the loop in question to the inner loop normal-
jzed by the distance from the outer loop to the inner loop, h3. Thus, r] =0,
= h]/h3, ry = (h3 - hz)/h3, r, = 1. With the definition of these

2 4
quantities, the general position vector, Bir, s), is related to the loop posi-

r
tion vectors, F;(s), 5;(5), 5;(5), and 5;(5), by means of

Plr,s) = (l—r)z(l-a,r)_P.,(s.) + (a,+2)(I1-r)? r-P; (s)

+r2 [l-oz(l-r)]—é(s) + (02+2)r2(l-r)§(s) (1)
where
a, = 2
! 3r -
271 (2)
2

% " 30-r)-

—

It should be noted that at r = 0, P(0,s) = 5;(5) and at r =1, Tﬁl,s) =
52(5). Further, because at r = 0,

10



P —- -
22 (0,5) = [R(s) - Fy(s)] (g, + 2) (3)

and at r = 1
P — —
—3?-(1,5) = [Fj‘(s)-—Ps(s)] (a,+2) (4)

specification of the derivatives at the inner and outer boundaries is deter-
mined by the parametric representation of intermediate loops 2 and 3. Thus,
the four-loop method allows specification of the boundary point locations and
coordinate angles at these boundaries. This method of construction assures
that the grid is orthogonal at the inner and outer Toop boundaries.

After loops 2 and 3 are constructed to satisfy the coordinate angle at the
boundary points, the grid is constructed as follows. If the grid is to contain
M pseudoradial lines (such as line FG of Figure 2) and N pseudoazimuthal lines
(such as line ABCDEA), the values of the pseudoradial coordinate are r(i) =
i/(N-1), i=0,1,2, ..., N-1and the values of the pseudoazimuthal co-
ordinates are s(j) = j/(M -1), 3 =0,1,2, .. ., M- 1 then the position
vector, i.e., the grid locations (x, y) for each point in the grid, is given

by Equation (1).

The preceding discussion has assumed a uniform spacing in the radial direction.
If radial grid point concentration is desired, it is necessary to assume a
radial distribution function, such as

tanhD(1-r)
= - 5
R [l tanhD ] (%)

11



which concentrates points in the wall region. Grid points are then chosen at
r(i) = (i)/(N-1) and the analysis proceeds as outlined.

Grids generated with this procedure are shown in Figures 4 and 5. Figure 4
represents a turbine cascade corresponding to the cascade of Turner (Ref 21).
The second cascade, shown in Figure 5, corresponds to the C3X turbine cascade
(Ref 22).

GOVERNING EQUATIONS

The ensemble-averaged, time-dependent N-S equations used in this project can
be written in vector form as continuity

op —
—— +V-pu=0
Y P (6)
momentum
dpﬁ] —— _
—— V-(pUU)= =VP+ V(7 +7") (7)
t
1
A
<O O L 2211
TEB4-8583

Figure 4. O-type grid coordinate system for Turner cascade.
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Figure 5. O-type grid coordinate system for C3X cascade.

and energy

h - - —__ DP
f§—+v-(pUh)=—V-(o+oT)+a—+<I>+pe (8)
t

where p is density, U is velocity, p is pressure, 7 is the molecular stress
tensor, «T is the turbulent stress tensor, h is enthalpy, ffis the mean
heat flux vet:'cor,-(—J»T is the turbulent heat flux vector, & is the mean flow
dissipation rate and ¢ is the turbulence energy dissipation rate. If the
flow is assumed as a constant total temperature, the energy equation is re-
placed by

qz

T = T+ —=constant 9
=T 2c, (9)
where Tt js the stagnation temperature, q is the magnitude of the velocity,

and Cp is the specific heat at constant pressure. In a number of cases con-
sidered in this report, constant total temperature has been assumed constant.
This assumption was made to reduce computer run time where the constant Tt
assumption was warranted. Cases in which this substitution has been made are

13



identified in the description of the results. A number of terms in Equations
6 through 8 require definition. The stress tensor appearing in Equation 7 is
defined as

= 2 —
T=2uD - (3 p-Kg)V-Ul (10)

where KB is the bulk viscosity coefficient, I is the identity tensor, and

D is the deformation tensor, defined by

D =5 (VT) + (VD)) (1)

In addition, the turbulent stress tensor has been modeled using an isotropic

eddy viscosity so that

L}

. =—pu'u =2,u.TED—-§'(F.TV-U+pK)I (12)

where k, the turbulent kinetic energy, and W the turbulent viscosity,
are determined by a suitable turbulence model.

Equation (8) contains a mean heat flux vector defined as

Q =-«xVT (13)

and a turbulent heat flux vector defined as

QT=—KTVT (14)
where « and KT are the mean and turbulent thermal conductivities, re-
spectively.

The mean flow dissipation term, &, which also appears in Equation (8), is
defined as

P - 2,uu3:u3.-(%,;-|<a)(v-0')2 (19

14



In the equation of state for a perfect gas

P =pRT (16)
where R is the gas constant, the caloric equation of state

e=C.[T (17)
and the definition of static enthalpy

h=CpT (18)

supplement the equations of motion.

Finally the flow properties u, «, and KB are determined using the follow-

ing constitutive relations.

The molecular viscosity, u, is determined using Sutherland's law,

Ll (_I;)slz ;51:;51. (19)
Ko ‘To T+5S
where S] = 100°K for air.
The bulk viscosity is assumed to be zero
Kg= O (20)
and the thermal conductivity is determined by use of a relation similar to
Sutherland's law namely
K T332 T,+S
=( ) o_¢2 (21)
K

To T+5S,

where 52 = 194°K for air.

15



DEPENDENT VARIABLES AND COORDINATE TRAN

The governing equations, Equations (6)
vector form. Prior to their applicatio
to decide on both a set of dependent va
formation.

mentum equations to be solved are the x

SFORMATION

through (8), are written in general
n to specific problems, it is necessary
riables and a proper coordinate trans-

Based on previous investigations (Ref 8), the specific scalar mo-

, ¥, and z Cartesian momentum equations.

The dependent variables chosen are the physical Cartesian velocities u, v, w,

and the density p.
the set of dependent variables.

If the energy equation is solved, enthalpy is added to

The governing equations are then transformed to a general coordinate system in
which the general coordinates, yJ, are related to the Cartesian coordinates,

X1s X

o and Xa by

y’

T=1t

= yj(xl ’xz) xs!t

As implied by Equation 22, the general coordinate, yJ

both the Cartesian coordinates and time.

); i=L,2,3

(22)

, may be a function of
This coordinate time dependence will

have an implication in so far as the choice of governing equation form is con-

cerned.

The governing equations can be expressed
ables, yJ,

in terms of the new independent vari-

as
ow ow oF oG oH
ar T4 o o oy
ow oF 06 OH
*”cb}'*”xﬁ“’y?{ * Mg
ow oF 06 dH
+L +{ +{ +f —
t ol x 9l y ol 29(
oF, oF, oF, 96, 0G, 9G, OH, OH, OH,
—L 4+ —+ + + + —+ +
[;‘ o Mx on Cx aC EY o Ty on CY ol fl o M2 o7 gz 18
(23)

16
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through a straightforward application of chain rule differentiation. In Equa-
tion (23)

and

P 7] PU PV
pu pu? +p puv
= F = G =
w pv puv pvz +p
L - -~ L -
— T — — — — - ]
pW 0] 0] (0]
uw T T
H= P F = xX G = Xy le Txz
pVW | Tyy ! Tyy Ty,
2
PW +p Ty2 Tyz Tu_j

The governing equations have been written in this form in Ref 7 through 12;

the form is termed the semistrong conservation form in Ref 23, and the chain
rule conservation form in Ref 24. The metric coefficients do not appear within
the derivatives. The experiences of Ref 7 through 12 show that results ob-
tained by means of the semistrong conservation form are less sensitive to the
method used to evaluate the metric coefficients than are results obtained by
means of strong conservation form. The semistrong conservation form was used
in this effort.

117



TURBULENCE MODELING

Several alternative turbulence models have been considered in the course of
this effort. 1In general terms, the models used were zero-, one-, and two-equa-

tion models.

Zero-Equation Model--Mixing Length

O0f all of the available turbulence models, Prandtl's mixing length model is
probably still the most widely used. The model was originally developed for
use in unseparated boundary layer flow situations and has been shown to perform
well under such conditions. An economical advantage of the method is that it
does not require additional transport equations to model the effect of turbu-
lence, but rather relates the Reynold's shear stress to mean flow quantities

by means of

—_— 0Uj
‘Pu.u. :P —
vl T ax; (24)
where
pr= pl3(2D:m)"2
where

1=tmn[1w,xdd

where d is the normal distance to the nearest wall and D is the van Driest

damping coefficient given by

D=1 - exp(- y+/A*)
L = 0.096
k= 0.4 (25)

y = duT/v

u_ = (Tz/D)l/2

18



where the local shear stress T is obtained from

T, = (2D: D)2 (26)
and D is defined by Equation (11).

One problem in the mixing length formulation is the definition of &. In
boundary layers the streamwise velocity, U, approaches an edge velocity, Ue'
asymptotically, however a monotonic approach to an asymptotic edge velocity is
not characteristic of N-S solutions. To avoid the ambiguity of determining
the boundary layer edge, &, as defined in the usual boundary layer context,
j.e., & is the distance from the wall at which U/Ue = 0.99, the following
relation is used

d = 2.0d(q,qu=c) (27)

In other words, &, is taken as twice the distance (measured away from the
nearest wall) for which q/qmax = ¢. The value of ¢ used in the present ef-
fort was 0.81.

The model used in the wake is also a mixing length model in which the mixing
length was made proportional to the wake height, &, and a Tinear growth

of & with distance was assumed based on the classical free jet boundary re-
sults (Ref 25). With the free jet boundary growth assumption

8 = (Spgt Sss)+(o.2)(x—xTE) (28)

where aps and 6SS are the pressure and suction surface trailing edge
boundary layer thickness and Xte is the trailing edge location. The mixing

length, %, was taken as 0.28.
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One-Equation Model--k-%

Although the mixing length concept is valid for a variety of flows, some im-
portant flow situations arise in which a less restrictive model is required.
One such model is the one-equation turbulence model (Ref 26) in which a trans-
port equation for turbulence kinetic energy, k, is formulated

opK -
._ﬂ__.g. V'(pUK)= V-(ﬁl

. - 29
= e VK) +2p0(D: D)= pe (29)

where (following Ref 27) % is set to 1.0, and k is the turbulence kinetic
energy

— -
® ]

|
K=2 u-u

and the Prandtl1-Kolmogorov relation, Equation (30), defines the turbulent
viscosity as

/"'T=C,u. € (30)

In addition, the turbulence dissipation rate ¢ is determined by

3/2
e=c34 K
[

(31)

where & is a relevant turbulent length scale for the problem of interest.

The k-2 model has an advantage over the mixing length scale model in that

the use of a transport equation for turbulence kinetic energy allows for its
convection, production, and dissipation. This is important because it allows

a nonequilibrium effect on the turbulence to be included in the calculation
while the mixing length model can only account for local equilibrium turbulence
effects by means of its association with the mean velocity field. A major dis-
advantage that the k-% model shares with the mixing length model is the re-
quirement of length scale specification. Typically the mixing length, as de-
scribed previously, is used as the representative length scale.
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There are two approaches to modeling the flow in the near wall region where

low local turbulence Reynolds numbers occur. The first is the wall function
approach that does not resolve the near wall region but assumes specific func-
tion forms for the required turbulence quantities and uses these forms to
create the required normal derivative formulations at the first grid point from
the wall. Such an approach obviously requires a detailed knowledge of the
turbulence model dependent variables in the vicinity of the wall. Although
reasonable function formulations can be specified for simple 2-D flows such as
constant pressure boundary layers, specification in the much more complex flows
is more difficult. Therefore, the alternative approach in which the viscous
sublayer is resolved has been used. The method makes no approximation at the
boundary, but requires that the near wall low turbulence Reynolds number
physics be modeled. In this effort, a near wall model, which was successfully
used by Shamroth and Gibeling (Ref 28) in a time-dependent airfoil flow field
analysis, has been implemented in the computer code. The analysis of Ref 28
follows the integral turbulence energy procedure of Ref 26 by using a turbu-
lence function, 2y, where

a = l [ 1/2
1 2 p (32)
and a, is taken as a function of a turbulence Reynolds number of the form
£(R_) £(R))
a, = a, |To5— 1.0 + 6.66 a_ (y55— - 1) (33)
a = .0115
o
where
£r) = 100 R %% R <1
£(R) = 68.1 R + 614.3 R, > 40 (34)

and a cubic curve was fitted for values of RT between 1 and 40. In this
effort, RT was defined as the local ratio of turbulent to laminar viscosity,
] was evaluated by means of Equation (33) and Cp related to a, by means of
Equation (32). As previously discussed, Ref 26 used an integral form of the
turbulent kinetic energy and, therefore, Rt was defined as an average value.

a
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1 (6 1 'Ss
Rt=-5-f° dey/-gfo v dy_ (35)

Two-Equation Model--k-¢

Although the one-equation approach does relieve some restrictions in the mixing
length approach, it still requires specification of a length scale. The k-¢,
two-equation turbulence model (Ref 29 and 30), in which both the turbulence
kinetic energy and the turbulence dissipation rate are governed by transport
equations, represents a more general model. In this approach, the k-equation
is as given in Equation (29), but the algebraic relation for ¢ given by Equa-
tion (31) is replaced by the following transport equation.

— 2
2P 4v-(pUer: V-(F1Ve) +C (2p,D: D) +2pp (VEW2-Cp S (36)
K

ot Ce K
However, attempts to solve Equations (29) and (36) without modification present
problems because an appropriate boundary condition for ¢ at a solid boundary
is difficult to prescribe such that Equation (36) is satisfied. Following the

suggestion of Jones and Launder (Ref 27), the turbulence dissipation equation
has been modified by the inclusion of the term

-2,u.;.l..r(V2U)2

in the energy dissipation equation, Equation (36), and by the inclusion of the
term

—2pu(VK"2F
in the turbulence energy equation which then becomes

dpK -
-3’:— + V- (pUK) =v-(-’;:—’v|<)+ 24 (D: D) — pe —2pv (VK"2)? (37
KX
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These additional terms allow an ¢ = o wall boundary condition to be applied
and appear to correctly model the near wall region as discussed in Ref 27.

Following Ref 27, the following empirical relations are used

¢t 13

ox = 1.0

C, = 143

C, = 009 exp[— 2.5/(I+Rr/50)]
C, = 1.92 [I.O - 0.3 exp (—Rf,)]

and R, is defined as

pk°

Ry =~

The turbulent eddy viscosity is evaluated by Equation (30).

BOUNDARY CONDITIONS

Boundary conditions play an important role in determining accurate solutions
and rapid numerical convergence when solving N-S equations. The boundary con-
ditions used in these calculations follow the suggestion of Briley and McDonald
(Ref 31), which specifies upstream total pressure and downstream static pres-
sure conditions. For the 2-D cascade system shown in Figure 2, BC and ED are
periodic boundaries and periodic conditions are set here.

Specification of upstream and downstream conditions is somewhat more difficult.
For an isolated cascade, boundary conditions for the differential equations

may be known at both upstream infinity and downstream infinity. However, since
computation economics argues for placing grid points in the vicinity of the
cascade and minimizing the number of grid points far from the cascade, the up-
stream and downstream computational boundaries should be set as close to the
cascade as is practical. In addition, with the particular body-fitted coordin-
ates used, as the upstream boundary moves further upstream, the angle between
pseudoradial and pseudoazimuthal coordinate 1ines becomes smaller. Decreasing
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the coordinate angle causes the coordinate system to become less well-condi-
tioned, increases truncation error (Ref 32), and increases the role of cross-
derivative terms in the equations. A1l of these characteristics could be
detrimental to the present numerical procedure and, therefore, they also argue
for placing the upstream boundary as close to the cascade as possible. How-
ever, when the upstream boundary is placed close to the cascade, most flow
function conditions on the boundary will not be known, because these will have
been changed from values at infinity by the presence of the cascade.

In this effort, total pressure is set on boundary CC'D, shown in Figure 2 (Ref
31). Unless boundary CC'D is very far upstream, the flow velocity along this
boundary will not be equal to the velocity at upstream infinity because some
inviscid deceleration will have occurred. However, as long as the boundary is
upstream of the region of any significant viscous or shock phenomena, the total
pressure on this boundary will be equal to the total pressure at upstream in-
finity. Hence, total pressure is an appropriate boundary condition realisti-
cally modeling the desired flow condition. In addition to specifying upstream
total pressure, it is necessary to specify the inlet flow angle. In these cal-
culations, a value was assumed constant on the upstream boundary at a specified
value, although it is possible that in future studies the inflow angle distri-
bution could be obtained from an inviscid calculation. The third condition

set on the upstream boundary concerns the density. A zero density derivative
at this boundary was specified as a numerical treatment of the boundary.

The downstream boundary EAB is considered to be far away from the blade surface.
A small portion of the boundary may contain inlet flow depending on the turning
of the passage flow. For this inlet flow portion, the flow variables were set
equal to those at the end of the periodic line, e.g. at point E in Figure 2.

For outflow portion, the boundary was treated by setting a constant static
pressure as a boundary condition, and by extrapolating (first derivatives) both
velocity components along exit flow direction at this location. In the present
application, a constant static pressure was set at downstream infinity, and
hence it is assumed that the downstream boundary is located in a region where
pressure is uniform.

24



Both the upstream and downstream boundaries have boundary conditions that are
nonlinear functions of the dependent variables associated with them. These
conditions are the specifications of total pressure on the upstream boundary
and static pressure on the downstream boundary. These nonlinear boundary con-
ditions are linearized in the same manner as the governing equations (by means
of a Taylor expansion of the dependent variables in time), and then solved im-
plicitly along with the interior point equations. No-slip conditions (except
the film cooling option) together with zero pressure gradient were set at solid
walls. If film cooling is applied on the blade surface, a wall velocity is
specified by means of input for the portion of that surface.

For a three-dimensional (3-D) rectilinear cascade configuration, which consists
of a turbine cascade situated in the azimuthal-radial plane and bounded in the
transverse direction by an endwall and a symmetry plane (see Figure 6), the
incoming flow at the upstream boundary is in boundary layer form due to the
endwall and not a uniform stream as in the 2-D unbounded cascade. A two-layer
velocity profile condition in place of a uniform velocity profile condition
was set at the upstream boundary. The so-called two-layer model (Ref 31) used
at the inflow boundary is essentially a total pressure boundary condition ap-
plied to the core flow with a specified boundary layer profile shape for the
wall region. Matching the static pressure at the edge, defined by the first
computational point from the wall at which IuI/IuImax was greater than or
equal to 0.99 on the previous time step, enables calculation of lul at this
point. This calculation provides the required normalizing value for the pre-
specified boundary layer profile shape. Overall, the method provides a mech-
anism for drawing mass flow to satisfy the downstream pressure given an up-
stream core total pressure while maintaining a given inlet endwall boundary
layer shape. This specification corresponds to a wind tunnel experiment where
stagnation conditions are set in an upstream reservoir and static pressure is
set at some downstream location. No-slip conditions in conjunction with zero
pressure gradient were set on the endwall. Symmetry boundary conditions were
applied on the symmetry plane. The other necessary boundary conditions were
treated the same as those for the 2-D case.

The present formulation contains several important advantages over alternative
formulations. Specification of upstream total pressure and downstream static
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Figure 6. Three-dimensional C3X cascade with endwall.

pressure allows the flow to develop in a natural manner with no need to specify
the velocity magnitude on the upstream boundary. Proper specification of the
velocity magnitude on the upstream boundary may be difficult for 2-D cases and
is difficult in transonic cascades and/or 3-D cascades. In addition, specifi-
cation of no-slip conditions at solid surfaces eliminates the problem of speci-
fying a wall function. Although wall functions may be appropriate for rela-
tively simple 2-D flow, their use becomes questionable for 2-D separated flows.
In 3-D flows, near wall flows are not well described by such universal laws
and, consequently, their use in these cases does not seem appropriate, particu-
larly if heat transfer or loss information is required. Use of the no-slip
condition along with proper resolution of the boundary layer does not hinder
convergence properties of the numerical method.

NUMERICAL PROCEDURE

The numerical procedure used to solve the governing equations is a consistently
split LBI scheme originally developed by Briley and McDonald (Ref 13). A scheme
similar in concept has been developed for 2-D magnetohydrodynamic problems by
Lindemuth and Killeen (Ref 33) as discussed in Ref 13 and 34. The method can
be outlined briefly as follows: the governing equations are replaced by an
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implicit time difference approximation, either a backward difference or Crank-
Nicolson scheme. Terms involving nonlinearities at the implicit time Tevel

are linearized by Taylor expansion in time about the solution at the known time
Jevel, and spatial difference approximations are introduced. The result is a
system of multidimensional coupled (but linear) difference equations for the
dependent variables at the unknown or implicit time level. To solve these dif-
ference equations, the Douglas-Gunn (Ref 35) procedure for generating altern-
ating direction implicit (ADI) schemes as perturbations of fundamental implicit
difference schemes is introduced in its natural extension to systems of partial
differential equations. This technique leads to systems of coupled linear dif-
ference equations with narrow block-banded matrix structures, which can be
solved efficiently by standard block-elimination methods.

The method centers around the use of a formal linearization technique adapted
for the integration of initial-value problems. The linearization technique,
which requires an implicit solution procedure, permits the solution of coupled
nonlinear equations in one space dimension (to the requisite degree of accur-
acy) by a one-step noniterative scheme. Because no iteration is required to
compute the solution for a single time step, and because only moderate effort
is required for the solution of the implicit difference equations, the method
is computationally efficient. This efficiency is retained for multidimensional
problems by using block ADI techniques. The method is also economical in terms
of computer storage, requiring only two time levels of storage for each depend-
ent variable. In addition, the block ADI technique reduces multidimensional
problems to sequences of calculations that are one-dimensional (1-D) in the
sense that easily-solved narrow block-banded matrices associated with 1-D rows
of grid points are produced. A more detailed discussion of the solution pro-
cedure as discussed by Briley, Buggeln, and McDonald (Ref 36) is given in Ap-

pendix A.

ARTIFICIAL DISSIPATION

Due to frequent high Reynolds numbers typical of normal turbomachinery applica-
tions, it is necessary to suppress spatial oscillations associated with central

spatial difference approximations. Such suppression can be achieved by means
of a dissipative spatial difference formulation (e.g., one-sided difference
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approximations for first derivatives) or by explicitly adding an additional
dissipative-type term. For the N-S equations, the latter approach has been
selected because when an additional term is explicitly added, the physical ap-
proximation being made is clearer than when dissipative mechanisms are con-
tained within numerical truncation errors. Explicit addition of an artificial
dissipation term also allows greater control over the amount of nonphysical
dissipation being added. The most desirable technique would add only enough
dissipative mechanism to suppress oscillations without deteriorating solution
accuracy. Various methods of adding artificial dissipation were investigated
in Ref 11, and these methods were evaluated in the context of a model 1-D
problem containing a shock with a known analytic solution (1-D flow with heat
transfer). The methods that were considered included second-order dissipation,
fourth-order dissipation, and pressure dissipation techniques.

As a result of this investigation, it was concluded that a second-order aniso-
tropic artificial dissipation formulation suppressed spatial oscillations with-
out adversely impacting accuracy and could be used to capture successfully the
nearly normal shocks that are expected in transonic cascades. In this formula-
tion the terms

n-1 3 3¢ n-1 29 3¢
P —fd —], —fd —
ax \ x ax ay\ v a3y

are added to the governing equations where ¢ = u, v, h, and p for the x-
momentum, y-momentum, energy, and continuity equations, respectively. The ex-
ponent n is zero for the continuity equation and unity for the momentum and
energy equations. The dissipation coefficient dX is determined as follows.
The general equation has an x-direction convective term of the form a 3a¢/ax
and an x-direction diffusion term of the form 3a(ba¢/ax)/ax. The diffusive
term is expanded

3(bd¢p/dxVax = bd2¢/dx% + Ab/dx d¢/0x (38)

and -then a local cell Reynolds number, Repx, is defined for the x-direction by
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Repy = o—ab/axlelb (39)

where b is the total or effective viscosity including both laminar and turbu-
Jent contributions and ax is the grid spacing. The dissipation coefficient
dx is not negative and is chosen as the larger of zero and the local quantity
b (oX ReAx - 1). The dissipation parameter o is a specified constant and
represents the inverse of the cell Reynolds number below which no artificial
dissipation is added. The dissipation coefficient dy is evaluated in an
analogous manner and is based on the local cell Reynolds number ReAy and grid
spacing Ay for the y-direction and the specified parameter °y'

The question arises as to which values of % and °y should be chosen. This
question was assessed both through the model problem (Ref 11), and through cal-
culations for a Jose Sanz compressor cascade (Ref 7 and 11). These results
jndicated that values of o = 0.5, which corresponds to a cell Reynolds number
2 limitation, would severely damp physical variations. However, when o was
set in the range 0.025 < o < 0.05, which corresponds to a cell Reynolds num-
ber range between 40 and 20, spurious spatial oscillations were damped with no
significant change in the calculated results as o was varied in this range.

As discussed in Ref 7 through 11, the results showed good agreement with data.
This agreement has since been confirmed at several other studies at Scientific
Research Associates (SRA) such as 2-D and 3-D transonic nozzle flows (Ref 37)
where a maximum acceptable value of o = 0.10 has been noted for most prob-
lems. In cases where spatial resolution may be marginal, such as at the lead-
ing edge of a relatively sharp edged blade, it may be necessary to increase

o in this local area. However, o can be decreased to 0.10 or below if com-

putational grid points are added in this region.
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IV. TEST CASES AND RESULTS

Several test cases were run to demonstrate and assess the computer code for
the Navier-Stokes (N-S) analysis. The first case examined the two-dimensional
(2-D) Turner turbine cascade (Ref 21). The second case examined the 2-D low
solidity C3X turbine cascade (Ref 22). The final case considered was a three-
dimensional (3-D) rectilinear C3X cascade.

CASE 1--2-D TURNER TURBINE CASCADE

To assess the impact of the new O-type grid on the calculated turbine cascade
flow fields, a series of N-S computations were run for the Turner cascade with
a rounded trailing edge. The Turner O-type grid is shown in Figure 4 and con-
tains no approximations in the trailing edge geometry. The results of these
calculations were compared with the results obtained with the C-type grid for
the Turner case with a cusped trailing edge (Figure 7) under the same flow con-
ditions. As shown in Figure 1, the cusp is added by increasing the chord to
keep as much of the geometry exact as practical.

The C-type coordinate system, shown in Figure 7, consists of 30 points in the
pseudoradial direction and 113 points in the pseudoazimuthal direction. The
periodic boundary is extended 0.75 chords upstream of the leading edge. The
0-type coordinate system, shown in Figure 4, consists of 30 points in the
pseudoradial direction and 100 points in the pseudoazimuthal direction. The
periodic boundary is extended 0.9 chords upstream of the leading edge and 1.0
chords downstream of the trailing edge, respectively. The first coordinate
line off the airfoil is placed at approximately 4 x 10—S chords from the
surface for both C- and O-type coordinate systems, thus obtaining adequate
boundary layer resolution. The geometric inlet angle for the Turner cascade
is approximately O deg and the geometric exit angle is approximately 62 deg.
The blade pitch to chord ratio is approximately 0.65 and the blade shape has
a relativaely large radius of curvature at the leading edge.

The first flow considered was assumed to be subsonic, laminar, and at constant

total temperature. The calculation was run with a free-stream Reynolds number
based on chord and inlet conditions of approximately 400 and a ratio of inlet
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Figure 7.

TEB4-8586

C-type coordinate system for Turner cascade.
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total pressure to exit static pressure of approximately 1.25. The calculations
were initiated by assuming uniform flow with a boundry layer correction on the
airfoil surface. With these initial conditions, it took about 80 time steps

to reach converged solutions for both C- and O-type coordinate systems. In

all cases, convergence was monitored by noting the decrease in maximum flow
field residual. Based on previous experience, the solution can be considered
converged when the maximum residual has decreased by three orders of magnitude
from its initial value and only small changes are occurring in the calculated
pressure and velocity distributions for a range of time step sizes. In Figure
8, the pressure coefficient of the two coordinate systems is compared. The
C-type grid blade is longer due to the cusped trailing edge. The results are
in excellent agreement for both the suction and pressure surfaces except in

the vicinity of the trailing edge, which is not unexpected in light of the dif-
ferent trailing edge geometries for the two calculations.

1.5
1.0 — — -~ C-type grid
0-type grid
0.5
Q
(]
0 =
-0.5
-1.5
0 0.2 0.4 0.6 0.8 1.0 1.2
Axial chord TEB4-8587

Figure 8. Pressure coefficients distribution of the subsonic laminar cascade.
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The second flow considered was similar to the laminar one except the free-
stream Reynolds number based on chord and inlet conditions was approximately
0.527 x 106 and the flow was assumed to be turbulent. Using the convergent
solution obtained from the laminar flow calculation as the initial condition
and the mixing length turbulence model, 60 time steps were required to reach a
converged solution. Good agreement was obtained for the turbulent subsonic

case as can be seen in Figure 9.

The final flow considered was a transonic turbulent flow corresponding to
Turner's experiment (Ref 21). The free-stream Reynolds number based on chord
and inlet conditions was approximately 0.884 x 106 and the ratio of the inlet
total pressure to the exit static pressure was approximately 1.778. Total
temperature was assumed to be constant in the flow field. The calculations
used the solution of the turbulent subsonic case as the initial condition, then
the inlet total to exit static pressure ratio was increased linearly from 1.25
to 1.778 within 15 time steps. Using the mixing length turbulence model, con-
vergent solutions were obtained within about 80 time steps for both coordinate

C-type grid

— _—— 0O-type grid

0 0.2 0.4 0.6 0.8 1.0 1.2

Axial chord TEB84-8588

Figure 9. Pressure coefficients distribution of the subsonic
turbulent cascade.
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systems. In Figure 10, the surface pressure distribution (in terms of velocity
ratio) for the two calculations is compared with the data of Turner (Ref 21).
Both calculations are comparable with one another over the entire airfoil and
both agree with the data over most of the surface except near the trailing
edge. In view of the excellent agreement between the two calculations, it is
concluded that the discrepancy between the measured data and C-type grid cal-
culations originally noted in Ref 7 are not due to the approximated trailing
edge geometry in the C-type grid calculation. In addition, the calculation
confirms the operation of the N-S code in the O-type grid mode.

An inspection of Figure 10 reveals that both the 0- and C-type grid calculations
underpredict the pressure in a similar manner in the region of 60-80% chord on
the suction surface. There are several possible sources for this discrepancy.
Computationally, the turbulence transition model could give rise to the ob-
served differences. Experimentally, one possible source could be endwall ef-
fects changing the axial velocity density ratio (AVDR) from unity. If this
change were to occur, it would be particularly important at transonic speeds
when the flow field becomes sensitive to the effective area ratio and neglect
of a nonunity AVDR could lead to significant discrepancies. In view of the
absence of endwall effect discussion in Ref 21, which focused primarily on
transitional boundary layers, it is difficut to assess the actual source of

the discrepancy. Because the intent of this effort was to verify the suit-
ability of the O-type grid, no further investigation of this question was un-
dertaken.

CASE 2--2-D C3X TURBINE CASCADE

The coordinate system for the C3X turbine cascade is shown in Figure 5. This
0-type grid consists of 30 points in the pseudoradial direction and 120 points
in the pseudoazimuthal direction. In keeping with the objectives of the con-
struction procedure, the minimum coordinate intersection angle is 20 deg and
the upstream boundary is placed at 2.25 axial chords upstream of the leading
edge and the downstream boundary is placed at 2.65 axial chords downstream of
the trailing edge. High radial resolution is obtained near the surface of the
blade, and the first coordinate line is located at a distance of 1.0 x 10_6
axial chords from the surface. In addition, high pseudoazimuthal resolution
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Turner cascade pressure distribution of the transonic case.
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is obtained in both leading and trailing edge regions. The C3X cascade geome-
try is given in detail in Ref 22. The geometric inlet angle is approximately

0 deg and the geometric exit angle is approximately 72 deg. The vane spacing
to axial chord ratio is approximately 1.5. The true chord to axial chord ratio
is approximately 1.85.

The first flow examined corresponded to case 143 in Ref 22 in which the inlet
Mach number, Ma,, was 0.17, the exit Mach number, Maexit’ was 1.05, the

inlet Reynolds number based on true chord, Re], was 0.63 x 106, and the
estimated ratio of inlet total to exit static pressure, Pt/Pexit,waS 2.0.

The exit data given in Ref 22, i.e., the average Mach number downstream of the
trailing edge, is not suitable for specifying boundary conditions at the down-
stream boundary of the computational domain as required by the N-S procedure
(2.65 axial chords downstream of the trailing edge). In this computational
domain, the flow is subsonic at the rear cap. Thus a static exit pressure can
be specified. However, a sensitivity study of the effect of Pt/Pexit on
surface pressure distribution was undertaken, where Pt is the upstream stag-

nation pressure, and P is the static pressure at the downstream boundary

exit
of the computational domain. Two values of Pt/Pexit
2.0. Constant total temperature was assumed in the calculation. The computed
pressure distribution is shown in Figure 11 and is compared with the Allison

experimental data (Ref 22) and the inviscid predictions (Ref 1) due to Delaney.

were chosen, 1.9 and

Figure 11 indicates that the pressure distributions on the pressure side of
the turbine blade and the forward portion of the suction side are relatively
insensitive to Pt/Pexit‘ However, the pressure distribution on the aft
portion of the suction side is sensitive to the pressure ratio, in that a 5%
change in Pt/Pexit results in a commensurate pressure variation on the

blade's surface. Such behavior is not unexpected because the flow through the
cascade is in the transonic regime and indicates a need for definitive specifi-

cation of boundary conditions if a data comparison is to be made.

Mixing length and two-equation k-¢ turbulence modeling were employed in the
calculation, and the results of the calculations indicate 1ittle difference in
the prediction of the pressure coefficent. The study of the interaction be-
tween shock wave and boundary layer in the transonic flow field was not
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pursued. The mechanism of the transonic shock wave and boundary layer inter-
actions were reported recently by Roscoe, et al (Ref 38).

The second flow considered was case 144 in Ref 22. In this case, heat transfer
effects were included in the calculation. The flow conditions were as follows:
the inlet Mach number, Ma], was 0.16, the inlet total temper;ture, Tt’ was

815°K, the exit Mach number, Maz,
,» Was 2.43 x 10°, the estimated P./P, ..
stream turbulence intensity, Tu, was 6.5%. The surface temperature distribu-

was 0.9, the exit Reynolds number based on
true chord, Re was 1.66, and the free-
tion of the turbine blade is shown in Figure 12. The solid 1ine in the figure
represents the actual surface temperature used in the calculation and the dot
symbol represents the data given in Ref 22. The boundary conditions for the
energy equation, Equation (8), are specified as follows: total temperature is
held constant at the upstream inlet; surface temperature distribution is speci-
fied through input by means of Figure 12; conditions on periodic and downstream
boundaries are treated similarly to other variables at the same boundaries.
When compared with the Allison experimental data and inviscid predictions in
Figure 13, the calculations indicate excellent agreement. To indicate the re-
lationship between the predictions and the experimental scatter, data from
cases 148 and 158 are also shown in Figure 13. The inviscid pressure calcula-
tions show close agreement with the computed N-S results. Close agreement was
expected because this is an on-design case in which viscous displacement ef-
fects are expected to be small. Significant discrepancies would be expected

at off-design conditions. Three turbulence models were employed; these
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Figure 12. Surface temperature distribution for case 144.

38



Ps/Py

0.5 O Case 144
O Case 148
O Case 158
——— Inviscid
— Mint
0.4 0.2
Figure 13.

0.4

x/cx

0.6

120 x 30 grid

1
i
1
h

0.8 1.0
TEB4-8592

Comparison of measured and calculated pressure distributions

of the C3X cascade for cases 144, 148, and 158.

39



were a mixing length model, a k-% one-equation model, and a k-¢ two-equa-

tion model. Computed results based on these three models show 1ittle differ-
ence in the pressure distribution. A vector velocity plot is presented in Fig-
ure 14. The turning of the flow as it passes through the cascade is evident.
The flow turning (the exit angle) is predicted by the analysis rather than be-
ing an input item. The flow acceleration as it passes through the cascade is
also shown as is the stagnation region and the wall boundary layer development.

The energy equation was coupled with momentum equations during this calcula-
tion. In these calculations, the laminar Prandtl number, Pr, was set to 0.73
and the effective turbulent Prandtl number, Prt, was set to 0.9. Addition

of the energy equation to the governing set made 1ittle difference to the cal-
culated pressure distribution, however it allows the calculation of the surface
heat transfer coefficient. Surface heat transfer prediction on a turbine blade

TEB4-8593

Figure 14. Vector plot for C3X cascade, case 144.
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represents a stringent test due to the flow field character. The turbine pas-
sage flow field starts from laminar at upstream and then undergoes transition
and becomes fully turbulent. The calculation of the transitional behavior rep-
resents a difficult factor in the prediction for the heat transfer coefficient.
Two cases were considered in employing a mixing length turbulence model; fully
turbulent flow and transitional flow in the stagnation region. As can be seen
in Figure 15, the fully turbulent flow case overpredicts the heat transfer co-
efficient particularly in the stagnation zone. In view of this behavior, a
transition model was incorporated to investigate the effects on heat transfer.
Laminar flow was assumed in the region where x/cx is less than 0.2, followed

by a transitional zone based on the correlation of Dhawan and Narasimha (Ref
39), and thereafter by fully turbulent flow. The predictions obtained with
this simple model compare well with the experimental data.

Although this empirical transition model has given good agreement with data,
models containing less empiricism would be desirable. One such model, which
has been used successfully for a variety of transitional flows, is the model

1.0r
0.8t
0.6+
o
-
~
K=
0.4+
+ Data
0.2+ --—- Fully turbulent
—— Transitional
0 1 | | | 1 | 1 1 }
1.0 0.8 0.6 0.4 0.2 0 0.2 0.4 0.6 0.8 1.0
Pressure side x/ex Suction side TE84-8594

Figure 15. Comparison of measured and calculated heat transfer
coefficient distributions of the C3X cascade.
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of McDonald and Fish (Ref 26), which is based on an integral turbulence energy

equation and has been used in conjunction with a finite difference boundary

layer analysis. This model has been generalized from the integral equation

formulation to the full partial differential equation formulation by Shamroth
and Gibeling (Ref 28) and incorporated in the N-S code.

This K-% model predicts the transport history of the turbulence kinetic en-

ergy and includes the effect of free-stream turbulence. Although this model

has not been thoroughly tested under this effort, it may represent a promising
approach to transitional calculations and is under study by SRA personnel.

The final 2-D flow considered was case 144 with the film-cooling option. For

purposes of calculation, it was assumed that air was injected at 30 deg to the
suction side over 0.8 < x/cx < 0.9 at a velocity of 7% of free stream and the

local surface temperature of the blade was kept fixed at the same value as the

nonblowing option. A mixing length turbulence model in conjunction with the

transition model used in the nonfilm-cooling option for case 144 was employed

in the calculation. In Figure 16 the distribution of the computed heat trans-

fer coefficient is depicted for both film-cooling and nonfilm-cooling options
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Figure 16. The effect of film cooling on heat transfer coefficient

distributions.



The symbol + in the figure indicates the experimental data for the nonfilm-
cooling case. As can be seen in Figure 16, the heat transfer rate drops to
nearly zero from the onset of the injection to the trailing edge. This be-
havior is a consequence of the buffer region of constant temperature cool gas,
which protects the blade surface from the hotter fluid in the cascade passage.
The comparison of the pressure distribution for both film-cooling and nonfilm-
cooling options is shown in Figure 17. The effect of transpiration on the
pressure distribution is evident. The adverse pressure gradient that is gen-
erated, the resulting upstream influence, and the subsequent favorable pressure
gradient that follows it can also be seen in this figure. Temperature, pres-
sure coefficient, and Mach number contours are given in Figures 18 through 20.
The effects of the film-cooling are evident.

CASE 3--3-D C3X RECTILINEAR TURBINE CASCADE

The final case considered was a 3-D demonstration calculation assuming laminar
flow. The configuration consisted of a C3X cascade situated in the azimuthal-
radial plane, and bounded in the transverse direction by an endwall and a sym-
metry plane. The three-dimensionality was introduced by stacking similar
planes parallel to each other in the direction normal to a fixed endwall (see
Figure 6). For the calculation, a grid consisting of 100 x 25 x 15 grid points
in the pseudoazimuthal, pseudoradial, and transverse directions, respectively,
was constructed. The height of the blade above the endwall (to the symmetry
plane, midspan) was set to be one axial chord, while the inlet boundary layer

thickness was 20% of that value.

The calculation was initiated with an initial condition that consisted of a

2-D solution with a simple boundary layer correction applied in the vicinity

of the endwall. The corresponding 2-D solution was obtained with 100 x 25 grid
points, the inlet Mach number, Ma], was 0.15, the inlet Reynolds number based
on inlet free-stream and time chord, Re], was 730, and the ratio of inlet

total to downstream exit static pressure, Pt/Pexﬁt’ was 1.95. Total temp-
erature was assumed to be constant. With this initial condition, a converged

solution was obtained in less than 60 time steps.
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Figure 18. Temperature contours.
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The computed pressure distributions at different heights above the endwall are
shown in Figure 21. The pressure side is minimally affected by the endwall,
remaining at or near the 2-D value run on the same spanwise cross-sectional
grid, while the suction side, which shows as much as a 15% change over the 2-D
value near the 30% axial chord location, approaches the 2-D value at 26% span
above the endwall. Near the endwall, the suction side of the blade is lightly
loaded compared with the value of the midspan. These differences from the 2-D
value are due to the effects of secondary flow generated by horseshoe and pas-
sage vortices. The results are consistent with the expected physics (Ref 6

and 40 through 43) though different geometry is considered in this effort.
Figures 22, 23, and 24 show the static pressure contours at endwall, 3.5% span,
and midspan plane, respectively. The effect of endwall on the pressure distri-
bution is clear. In Figures 25, 26, and 27, the velocity vector plots are pre-
sented for the forward portion of the C3X cascade at three different planes
above the endwall. Near the endwall (within 2.95% spanwise plane) a saddle
point exists as indicated in the figures. This saddle point moves toward the
leading edge and disappears beyond the 2.95% spanwise plane. A stagnation
point forms on the nose of the blade surface beyond the 2.95% spanwise plane.
These features are consistent with those expected.
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Figure 21. Three-dimensional rectilinear pressure coefficient
distribution of the C3X cascade.
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Figure 24.

Static pressure contour at the midspan plane.
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Figure 25.
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Leading edge vector plot at the 0.135% spanwise plane.



Figure 26.
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Leading edge vector plot at the 2.95% spanwise plane.
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Figure 27.

Leading edge vector plot at the midspan plane.



V. CONCLUSIONS

The work described in this report has focused on the application of the time-
dependent ensemble-averaged Navier-Stokes (N-S) equations to transonic turbine
cascade flow fields. 1In particular, efforts have focused on an assessment of
the procedure in conjunction with a suitable turbulence model to calculate
steady turbine flow fields using an O-type coordinate system. Three cascade
configurations have been considered: the two-dimensional (2-D) turbine cas-
cade of Turner (Ref 21), the 2-D C3X turbine cascade of Hylton et al (Ref 22),
and the three-dimensional (3-D) C3X rectilinear turbine cascade. The calcula-
tions were carried out in nonorthogonal body-fitted coordinate systems, while
grid points were orthogonal near the body surface where viscous flow gradients
were suitably resolved. A stagnation pressure inflow/static pressure outflow
boundary condition was employed together with no-slip on the solid surfaces.
In general, converged solutions were obtained within 80-150 time steps. For
example, it took 80 time steps to reach a steady-state solution for a 2-D
laminar Turner turbine cascade flow on a 100 x 30 computational grid starting
with a uniform velocity (except for a near wall no-slip correction) and a uni-
form pressure field. The solution was obtained in approximately 570 sec cen-
tral processing unit (CPU) time of the unvectorized CRAY-1 system. However,
the code used to implement the algorithm is still a research code with a large
amount of overhead computation. Recent effort on the code speed-up (Ref 9 and
44) shows the run time can be reduced by 50% with code restructuring. In addi-
tion, code vectorization is expected to decrease run time by at least a factor
of five, leading to a 2-D solution in less than 1 min CPU time.

Comparisons were made between the predicted and measured surface pressure and
heat transfer distributions wherever available. In general, the pressure pre-
dictions were in good agreement with the data. The computed heat transfer re-
sults also showed good agreement with the data when an empirical transition
model was used, although further work in the development of laminar-turbulent
transitional models is indicated. The calculations showed most of the known
features associated with turbine cascade flow fields. The flow turning, lead-
ing edge stagnation region, boundary layer development, wake development, film-
cooling effects, and 3-D boundary layer separation were all clearly observed.
These results indicate the ability of the present N-S analysis to predict the
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surface pressure distribution, heat transfer rates, viscous flow development
for practical turbine cascades operating at realistic flow conditions in
reasonable amounts of computation time with a suitable turbulence model, and

plausible boundary conditions.
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APPENDIX A
SOLUTION PROCEDURE

solution procedure method employs a consistently-split 1inearized block

jmplicit (LBI) algorithm, which has been discussed in detail in Ref 13

and

The
has

34. There are two important elements of this method:

the use of a noniterative formal time linearization to produce a fully-
coupled linear multidimensional scheme that js written in block implicit
form

solution of this linearized coupled scheme using a consistent "splitting"
[alternating direction implicit (ADI) scheme] patterned after the Douglas-
Gunn (Ref 35) treatment of scalar ADI schemes.

solution procedure method is referred to as a split LBI scheme. The method

the following attributes:
The noniterative linearization is efficient.

The fully-coupled linearized algorithm eliminates instabilities and/or ex-
tremely slow convergence rates often attributed to methods that employ ad
hoc decoupling and linearization assumptions to jdentify nonlinear coeffi-
cients that are then treated by lag and update techniques.

The splitting or ADI technique produces an efficient algorithm that is
stable for large time steps and also provides a means for convergence ac-
celeration for further efficiency in computing steady solutions.

Intermediate steps of the splitting are consistent with the governing equa-
tions, and this means that the physical boundary conditions can be used
for the intermediate solutions. Other splittings that are inconsistent
can have difficulty in satisfying physical boundary conditions (Ref 34).

The convergence rate and overall efficiency of the algorithm are much less
sensitive to mesh refinement and redistribution than algorithms based on
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explicit schemes or that employ ad hoc decoupling and linearization assump-
tions. This is important for accuracy and for computing turbulent flows

with viscous sublayer resolution.

0 The solution procedure method is general and is specifically designed for
the complex systems of equations that govern multiscale viscous flow in

complicated geometries.

The LBI algorithm was later considered by Beam and Warming (Ref 45), but the
ADI splitting was derived by approximate factorization instead of the Douglas-
Gunn procedure. Beam and Warming refer to the algorithm as a delta form ap-
proximate factorization scheme. This scheme replaced an earlier nondelta form
scheme (Ref 46), which has inconsistent intermediate steps.

SPATIAL DIFFERENCING AND ARTIFICIAL DISSIPATION

The spatial differencing procedures are a straightforward adaption of those
used in Ref 13 and elsewhere. Three-point central difference formulas are used
for spatial derivatives, including the first-derivative convection and pressure
gradient terms. This has an advantage over one-sided formulas in flow calcula-
tions subject to two-point boundary conditions (virtually all viscous or sub-
sonic flows) in that all boundary conditions enter the algorithm implicitly.

In practical flow calculations, artificial dissipation is usually needed and

is added to control high-frequency numerical oscillations that otherwise occur

with the central-difference formula.

In the present investigation, artificial (anisotropic) dissipation terms of
the form

Ny a2
1y () 2

J 2
X . x.
X X

(40)

are added to the right-hand side of each (k-th) component of the momentum equa-
tion, where for each coordinate direction Xj’ the artificial diffusivity dj
is positive and is chosen as the larger of zero and the local quantity
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Mo (cReAx—l)/Re. Here, the local cell Reynolds number Reij for the j-th
direction is defined by

Reax = Re [pug| txs/ve (41)

This treatment lowers the formal accuracy to 0 (ax), but the functional form

is such that accuracy in representing physical shear stresses in thin shear
Jayers with small normal velocity is not seriously degraded. This latter
property follows from the anisotropic form of the dissipation and the combina-
tion of both small normal velocity and small grid spacing in thin shear layers.

SPLIT LBI ALGORITHM

Linearization and Time Differencing

The system of governing equations to. be solved consists of either three or four
equations: continuity and two components of momentum equation in three depend-
ent variables, p, u, v, and w, or continuity and three components of momentum
equation in four dependent variables, p, u, v, and w. Using notation similar
to that in Ref 13, at a single grid point this system of governing equations

can be written in the following form:

9H(¢)/3t = D(¢) + S(¢) (42)
where ¢ is the column-vector of dependent variables, H and S are column-vec-—-
tor algebraic functions of ¢, and D is a column vector whose elements are
the spatial differential operators that generate all spatial derivatives ap-

pearing in the governing equation associated with each element.

The solution procedure is based on the following two-Tevel implicit time-dif-

ference approximations of Equation (42):

@™o wy/ae = 0™+ sy (1-g) (@ + sT) (43)
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n+1 n

where, for example, H denotes H(¢ ) and At = t -1,
B (0.5 < B < 1) permits a variable time-centering of the scheme, with a trunca-
tion error of order [Atz, (B - 1/2) at].

n+1 n+1

The parameter

A local time linearization (Taylor expansion about ¢n) of requisite formal
accuracy is introduced, and this serves to define a linear differential opera-
tor L (Ref 13) such that

n, n+l

o+l 6™ o™ 4+ o(ac?) (44)

P =Dt 4+ L

Similarly,

n+l n+l

o g% am/ae)” (7! - ™) + 0 (ac?) (45)

n+l

s™1 = % (as/ap)” (67! -

oY) + 0 (at?) (46)

Equations (44 through 46) are inserted into Equation (43) to obtain the follow-

ing system, which is linear in o™

n+l

(A - gat L) (477 - ¢™) = ar (D" + s™) (47)

and is termed an LBI scheme. Here, A denotes a matrix defined by

A = (31/3¢)" - BAt (3S/3¢)" (48)

Equation (47) has 0 (At) accuracy unless H = ¢, in which case the accuracy
is the same as Equation (43).

Special Treatment of Diffusive Terms

The time differencing of diffusive terms is modified to accommodate cross-
derivative terms and also turbulent viscosity and artificial dissipation coef-
ficients that depend on the solution variables. Although formal linearization
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of the convection and pressure gradient terms and the resulting implicit
coupling of variables is critical to the stability and rapid convergence of
the algorithm, it does not appear to be important for the turbulent viscosity
and artificial dissipation coefficients. Because the relationship between

Mo and d and the mean flow variables is not conveniently 11near1zed

these d1ffus1ve coefficients are evaluated explicitly at t during each time
step. Notationally, this is equivalent to neglecting terms proportional to
aue/a¢ or adj/a¢ in Ln, which are formally present in Equation ] i
(44), but retaining all terms proportional to Mg OF dj in both L and D .

Extensive experience has shown that this has little, if any, affect on the
performance of the algorithm. This treatment also has the added benefit that
the turbulence model equations can be decoupled from the system of mean flow
equations by an appropriate matrix partitioning (Ref 34) and solved separately
in each step of the ADI solution procedure. This reduces the block size of
the block tridiagonal systems that must be solved in each step and reduces the

computational labor.

In addition, the viscous terms in the present formulation include a number of
spatial cross-derivative terms. Although it is possible to treat cross—-deriva-
tive terms implicity within the ADI treatment that follows, it is not conveni-
ent to do so; and consequently, all cross-derivative terms are evaluated ex-
plicitly at t". For a scalar model equation representing combined convection
and diffusion, it has been shown by Beam and Warming (Ref 47) that the expli-
city treatment of cross-derivative terms does not degrade the unconditional
stability of the present algorithm. To preserve notational simplicity, it is
understood that all cross-derivative terms appearing in L" are neglected but
are retained in D". Neglecting terms in L" has no effect on steady solu-
tions of Equation (47), because ¢n+1 - ¢n = 0, and thus Equation (47)

reduces to the steady form of the equations: D" + s" = 0. Aside from
stability considerations, the only effort of neglecting terms in L" is to

introduce an 0 (At) truncation error.
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Consistent Splitting of the LBI Scheme

To obtain an efficient algorithm, the linearized system Equation (47) is split
using ADI techniques. To obtain the split scheme, the multidimensional opera-
tor L is rewritten as the sum of three one-dimensional (1-D) suboperators L]

(i =1, 2, 3) each of which contains all terms having derivatives with respect
to the i-th coordinate. The split form of Equation (47) can be derived either
as in Ref 13 and 34 by following the procedure described by Douglas and Gunn
(Ref 35) in their generalization and unification of scalar ADI schemes, or us-
ing approximate factorization. For this system of equations, the split algo-
rithm is given by

(A - eAcL‘l‘) 4" - $") = ot (o + s%) (49a)
(a - BotL)) (677 - ¢") = A (4 - 4T (49b)
(A - BaeLY) (4™ - 4™ = A (47 - ¢D) (49c)

where ¢* and ¢** are consistent intermediate solutions. If spatial deriva-
tives appearing in Li and D are replaced by three-point difference formulas,
as indicated previously, then each step in Equation (49) can be solved by a
block-tridiagonal elimination.

Combining Equations (49a-c) gives

(a - gaeL) Al - BALLY) Al (a - BALLY) 6™ Py = ac (0" + ST)  (50)

which approximates the unsplit scheme Equation (47) to O (Atz). Because

the intermediate steps are also consistent approximations for Equation (47),
physical boundary conditions can be used for ¢* and ¢** (Ref 13 and 34).
Finally, since the suboperators Li are homogeneous operators, it follows from
Equations (49a-c) that steady solutions have the property of ¢"+]

= ¢n and satisfy

= ¢* = ¢**

D" +s" =0 (51)
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The steady solution depends only on the spatial difference approximations used
for Equation (51) and does not depend on the solution algorithm itself.
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APPENDIX B
USER'S MANUAL

The user's manual that follows describes two separate computer codes that are
used to obtain solutions for cascade flow problems. A nonorthogonal coordinate
system is generated through COORD so that the physical boundaries and periodic
boundaries coincide with coordinate surfaces. The output from COORD consists
of results printed in the output file and results written on a temporary file.
This latter set of results must be saved and used as input for the second pro-
gram, MINT.

Figure 28 shows the overall program flow of COORD. Table I describes the COORD
namelist input. The MINT code combines a block data program (BLKDAT) contain-
ing pertinent data statements, a main program (DAL) and a series of subroutines
to perform the required calculations. Figure 29 shows the overall program
flow, Figure 30 illustrates the input and initialization procedures. Table II
describes the MINT namelist input, and Table III lists the major FORTRAN vari-
ables in MINT. Figure 31 provides a global description of execution control.
These program flow charts only provide a means of guidance for interested users
wishing to consult the program listing.

SAMPLE INPUT CARDS AND PRINTED OUTPUT

A sample two-dimensional (2-D) case was run to illustrate the set up of input
paramaters and typical printouts of the COORD program and MINT code, respec-
tively. Table IV lists sample inputs for COORD. For the program, all param-
eters in the namelist input &INPT and &DATA1 must be specified. Two sequential
&DATA1 are required in the namelist input. The first set is used for the
parameterization of the inner loop and the second set is used for that of the
outer loop. Sample input for the MINT code is listed in Table V. For the MINT
code, the namelist data shown is for a new calculation. In the case of a re-
started calculation the input is identical except for the restart flag IREST
set in &READ1, and the variables NT and DT in &READ9. It is not advisable to

change any other values on a restart.

In COORD, the code output first prints out the input airfoil coordinate data,
as shown in Table VI. These geometry data are followed by the print-out of
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the namelist INPT and two sequential DATA1. Finally, the grid coordinates'
associated metric data, coordinate intersection angles, and Jacobian are
printed out. The grid coordinates are written by means of a binary write on
TAPE9 and must be saved for input to the MINT code.

In the MINT code, the code output first prints out a series of dimensioniess
parameters (DIM1-DIM10, DIM12, and DIM14) and the dimensionless, referenced
total temperature, total pressure, and total enthalpy as shown in Table VII.
This output is followed by the finite difference coefficients for first and
second derivatives in both directions. In each direction, three lines are
written. The first and third lines give one-sided difference weights at the
lower and upper boundaries; the second line of each set gives central differ-
ences used for the interior points. Six numbers are written on each line; the
first set of three values represents the first derivate coefficients and the
second set of three values represents the second derivative coefficients.

The next output item is the namelist data &READ1 and &READ9. The values of
some parameters may be changed by the internal operations. The following items
are the print-outs of the local surface static pressure, boundary layer thick-
ness, and heat transfer coefficients around the blade surface, respectively.
The upstream total pressure is also indicated in the print-out. The value of
total pressure, PTOTI, will be reached in IDTAB (through namelist input) time
steps if the PTOTI is greater than the reference total pressure. A summary
print, which gives not only the maximum relative change over a time step by
SSTEST but also the location, is written at each time step. The maximum rela-
tive changes of each dependent variable are also given. RESMAX is the maximum
residual of the equations solved and indicates how well the steady-state equa-
tion is being satisfied.

Following the summary data of the final time step of the run, the pressure co-
efficient and the heat transfer coefficient are written against the blade sur-
face coordinates. The distribution of the heat transfer coefficient along the
blade surface is zero for the case of IHSTAG=2 (i.e. constant stagnation
enthalpy option). Finally, a complete flow field print-out is produced.
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Figure 28. The overall program flow for program COORD.
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Figure 29. The overall program flow for program DAL.
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Figure 30. The program flow chart for subroutine READA.
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Namelist or

va

riable name

&INPT

NRAD
NTHETA
RMAXO

RMAX1

RMAX2

DAMP
NE

LED
DMX(T)
DMY(I)

XM2, XM3
YM2, YM3

EXTF, EXTR

&DATAY

70

NCLUST

CLPY(I), I

CLPX(I), I

ETAP(J), I

]

1 - 60

1 - 60

1 - 60

Table I.
COORD namelist input description.

Description

number of pseudoradial points
number of pseudoazimuthal points
cascade passage spacing/2

normal distance between blade surface and inner-second-
ary loop

normal distance between outer loop and outer-secondary
Toop

damping parameter in pseudoradial direction
number of airfoil input data points

airfoil data point number at airfoil leading edge
array for x-location of airfoil input data points
array for y-location of airfoil input data points

input outer loop location (see Figure 32)

extension of periodic line (see Figure 32)

total number of the interior cluster points [A cluster
point is the sequential number of the selected grid
point that must coincide with a particular predetermined
value of the z-coordinate. Accordingly, pairs of (1,
YFIRST) and (NUMDZ+2, YLAST) are also cluster points,
but they are boundary cluster points.]

the z-coordinate of the cluster point (Both boundary
and internal cluster points must be specified.)

the sequential number of the grid point corresponding
to CLPY(I)

the sequential number of the grid point defined as the
pivot point (The grid spacing will have the fastest
variation at a pivot point. For each of the interior
cluster points there will be a pair of pivot points:
one ahead of the cluster point, the other after the



Table I. (cont)

Namelist or
variable name Description

cluster point. However, only one pivot point will be
associated with each of the boundary cluster points.)

ALPH(J), I =1 - 60 width parameter specifying width (in terms of the number
of grid points) in which 90% of the grid size variation
takes place around the pivot point ETAP(J)

decreasing grid size

A

increasing grid size
NEND no stretching at YFIRST and YLAST
stretching at YFIRST only
stretching at YLAST only
stretching at YFIRST and YLAST

nwononon

W~ O o o

RHO approximate ratio of the grid size at CLPY(2) to the
(always > 0.0) maximum grid size in the interval CLPY(1) < Z <
CLPY(2)

=1.0 no stretching at YFIRST (used with NEND = 0 or 2)

RATIO(K), K = 1 - 40 approximate ratio of the grid size at CLPY(K+1) to the
(always > 0.0) maximum grid size in the interval CLPY(K) < Z <
CLPY(K+1)

=1.0 no grid variation at CLPY(K+1)

BETAOQ calculated (It indicates the first derivative of the
(always > 0.0) z-coordinate with respect to the computational
coordinate at YFIRST.)

BETA(L), L =1 - 60 calculated [It indicates the ratio between the grid
(always > 0.0) sizes on both sides of the pivot point ETAP(L+1).]

Notes:

The airfoil x-y data points DMX and DMY must be input in order around the air-
foil starting from any arbitrary location on the airfoil. The computer code
then nondimensionalizes the coordinates with respect to the axial chord and
places the origin at the location of maximum x (near the trailing edge) with
the airfoil oriented as shown in Figure 32. The units of DMX and DMY are
arbitrary while RMAXO, RMAX1 and RMAX2 are nondimensional.

After this is done, the grid point numbering is reordered so that the first
point terminates in the trailing cap, e.g., line AA' in Figure 2. A1l pseudo-
azimuthal grid point locations are referenced to this line AA'. Hence, CLPX
and CLPY refer to the grid point locations and the azimuthal parameterized co-
ordinate value, respectively.

n
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Namelist or
variable name

&READ1
IREST =0
=1
IOTAPE = 10
INTAPE = 9
I0TAPT = 20
INTAP1 = 19
&READI
NUMDX
NUMDY
NUMDZ
TWOD =T
= F
CLENG
WREF
DENSR
TREF
VISCR
AVISC(IDIR,IEQ)

Table IT.
MINT namelist input description.

Description

A new calculation is being started.
The case is being run from the restart files.

output unit number for the dependent variable array
restart data

input unit number for the dependent variable array
restart data

output unit number for the namelist restart data

jnput unit number for the namelist restart data

number of interior grid points in the pseudoazimuthal
direction (x or y] direction); total number of points
in this direction = NUMDX + 2, NUMDX < 128

number of interior grid points in the spanwise
direction (3D only)

number of interior grid points in the pseudoradial
direction (z or y3 direction); total number of points
in this direction = NUMDZ + 2, NUMDZ < 28

logical variable for 2-D calculation

logical variable for 3-D calculation

reference length--m

reference velocity--m/sec

reference density-—-kg/m3

reference temperature--°K

reference dynamic viscosity--kg/m sec

artificial dissipation parameter o
1EQ = 1-5 and IDIR = 1-3

IEQ = 1 indicates the x-momentum equation.
IEQ = 2 indicates the y-momentum equation.
IEQ = 3 indicates the z-momentum equation.
1EQ = 4 indicates the continuity equation.

13



Namelist or
variable name

NT

DT

DTMIN
DTMAX

ITEST

IPRINT

IVARPR(1IV)

74

Table II. (cont)

Description

IEQ = 5 indicates the energy equation.

IEQ = 16 indicates the turbulent kinetic energy.

IEQ = 17 indicates the turbulent dissipation energy rate.
IDIR = 1 indicates the x second derivative term.

IDIR = 2 indicates the y second derivative term.

IDIR = 3 indicates the z second derivative term.

For example, AVISC(3, 1) is the value of o used for

the artificial dissipation term 32U/322 in the
x-momentum equation. Even if the y-momentum equation is
not solved, the corresponding AVISC must be supplied.
Default values are 0.0; recommended values are 0.50
initially, followed by runs at 0.2.

number of time steps to be run

initial nondimensional time step (If DT is omitted on a
restart, DT will be set to the value it was at the
termination of the last run.)

minimum nondimensional time step for this run
maximum nondimensional time step for this run

Steady-state test is performed every ITEST time steps.
(Default value is 1.)

Complete flow field print-outs are provided every IPRINT
time steps.

optional print control flag for variable 1V
suppress print-out of variable IV
normal print-out of variable IV

v IVARPR(1IV)

1 transverse velocity, u

2 spanwise velocity, v

3 streamwise velocity, w

4 density, p

5 enthalpy, h

16 turbulent kinetic energy, k
17 turbulent dissipation rate, ¢
26 pressure, P

21 temperature, T

28 effective viscosity, weff
33 mixing length, %



Namelist or
variable name

I1DUMP1
=1
=2

IPLOT
=0
>0

J0BLU

JDBLL

KDBLU

KDBLL

THSTAG
=0
=2

FLWNG

TGAS

Table II. (cont)

Description

35 Mach number, Ma
36 total pressure, Py
print initial flow field for this run

no initial print-out

no plot file (TAPE1) written

plot file written at time step increment IPLOT

point number at the end of the periodic line in the
leading edge of the cascade (see Figure 32) referenced
to the grid point corresponding to line AA' in Figure 2
point number at the end of the periodic line in the
leading edge of the cascade (see Figure 32) referenced
to the grid point corresponding to 1ine AA' in Figure 2
point number at the end of the periodic line in the
trailing edge of the cascade (see Figure 32) referenced
to the grid point corresponding to 1ine AA' in Figure 2
point number at the end of the periodic line in the

trailing edge of the cascade (see Figure 32) referenced
to the grid point corresponding to line AA! in Figure 2

static enthalpy option

constant stagnation enthalpy option

exit flow angle used for defining the wake region and
boundary extrapolation, referenced to streamwise axis,
X, as shown in Figure 32

total temperature of the incoming gas at the inlet

15



Table II. (cont)

Namelist or

variable name Description
TWALLY surface temperature distribution along the blade

surface (nondimensional), referenced to pseudoazimuthal
grid point location around body

IBLOW
=0 without film-cooling option
=1 with film-cooling option
BLOU U velocity component of the blowing velocity profile
for the film-cooling option (nondimensional),
referenced to pseudoazimuthal grid point location
around body
BLOW W velocity component of the blowing velocity profile
for the film-cooling option (nondimensional),
referenced to pseudoazimuthal grid point location
around body
PTOTI total pressure at the inlet of the cascade flow field
(nondimensional)
IVISC index for turbulent modeling
= laminar flow constant viscosity
=2 laminar flow Sutherland's law
=3 mixing length model
= 4 k-2 one-equation model
=5 k-¢ two-equation model
IDTA the time step number at which the inlet total pressure
begins to be increased linearly (default IDTA = 0)
IDTAB The number of time steps used to increase inlet total
pressure up to PTOTI begins at IDTA (default IDTAB =
10).
Notes:

The nondimensional time is defined as CLENG/WREF. The recommended values of
the time steps can be obtained from the sample run in this User's Manual.

16



Table III.
List of major FORTRAN variables in MINT.

FORTRAN Common

symbol block Description

AC(I,J,K) BLK1 dependent variable array

ACG(J,J) BLK1 geometry data array

AN(I,J) BLKM array storing time term linearized coefficients

APR(I,J) PRNT print output array

AVANDR TURB damping constant

AVISC(I,J) MISC2 artificial dissipation parameter

€(I,J,K) BLKM coupled matrix array storage

CLENG CREF reference length

CMACH MISC?2 reference Mach number

D VARNO index for divergence

D1(I,J,K) BLKM array storing first sweep linearized
coefficients

D2(1,J,K) BLKM array storing second sweep linearized
coefficients

D3(I,J,K) BLKM array storing third sweep linearized
coefficients

DENSR CREF reference density

DFW(I,J,K) AD17 difference weight array

DIMI NOND inverse Reynolds number

DIM2 NOND reference pressure/reference dynamic head

DIM3 NOND reference pressure/(reference density x
reference enthalpy)

DIM4 NOND 1.0/(Rey x Pp)

DIMI2 NOND 2.0 x DIMI

DS VARNO index for dissipation

DT MISC?2 time step

11



FORTRAN
symbol

DTCON
DTMAX
DTMIN
E(I,J,K)
GRID(I)
H

I

IADI
IBC

IDT
IDTADJ
IDUPMI

IEQ
IGPRT(I)
IL

IPRINT
IRERUN
IREST
IVARPR(I)
JADI

JEQBC(I,J,K)

IX

KZ

LX

18

Common
block

MISC2
MISC?2
MISC?
BLKM

GTRAN
VARNO
MGAUS
ADIN

ADIN

MISC2
MISC2

OUTA

ADIN
GEO1
MGAUS
MISC2
MISC2
MISC2
MISC?2
ADIT
ADIT
ADI2
ADI2

ADI2

Table III. (cont)

Description

inverse step

maximum allowable time step
minimum allowable time step
coupled matrix array storage
grid distribution parameter
index for enthalpy

lower 1imit for matrix inversion
ADI sweep number

boundary condition boundary parameter
time step index

time step control parameter

parameter controlling initial station print
(see &READ9)

eqdation number

geometry print control

upper limit for matrix inversion
print interval parameter (see &READ9)
restart write control parameter
restart read control parameter (see &READ1)
print parameter (see &READ9)

ADI sweep parameter

boundary condition type parameter
direction 1 grid point index
direction 3 grid point index

direction 1 grid point index



FORTRAN
symbol

LX1
LX2
LY
LY1
LY2
Lz
LZ1
Lz2
LZPRNT
MEQS
NT
NUMDX
NUMDY
NUMDZ
NX1
NX2
NY1
NY2
NZ1

NZ2

PCNT1
PCNT2
PREF

PRNDL

Common
block

ADI3
ADI3
ADI2
ADI3
ADI3
ADI2
ADI3
ADI3
MISC?2
ADIN
MISC2
MISC?2
MISC2
MISC2
ADI4
ADI4
ADI4
ADI4
ADI4
ADI4
VARNO
MISC?2
MISC2
CREF

CREF

Table III. (cont)

Description

first direction 1 interior point

last direction 1 interior point
direction 2 grid point index

first direction 2 interior point

last direction 2 interior point
direction 3 grid point index

first direction 3 interior point

last direction 3 interior point

3-D print control

number of equations to be solved
number of time steps to be run

number of interior direction 1 points
number of interior direction 2 points
number of interior direction 3 points
first grid point--direction 1

last grid point--direction 1

first grid point--direction 2

last grid point--direction 2

first grid point--direction 3

‘Jast grid point--direction 3

index for pressure
time step control parameter
time step control parameter
reference pressure

Prandtl number

79



FORTRAN
symbol

PTOT
R

REY
SN(I)
SSTEST
.

TAUW
TREF
TTIME

TT0T
USTAR

VISCL
VISCR
VS

W

WREF
XGMAX (1)
XGMIN(I)

XPLUS

80

Common
block

BCCON
VARNO
CREF
BLKM
MISC2
VARNO
TURB
CREF
MISC2
BCCON
VARNO
TURB
VARNO
TURB
CREF
VARNO
VARNO
CREF
GRID1
GRID1
TURB

Table III. (cont)

Description

total pressure

index for density

Reynolds number

array storing source term linearized coefficient
maximum change in variable across the time step
index for temperature

wall shear

reference temperature

cumulative time

total temperature

index for direction 1 velocity

dimensionless velocity

index for direction 2 velocity

laminar reference viscosity

reference viscosity

index for viscosity

index for direction 3 velocity

reference velocity

maximum coordinate value

minimum coordinate value

dimensionless distance from surface



Table 1IV.
Sample input for COORD.
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Table V.
Sample inputs for MINT code.
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Table VI.
Sample outputs for COORD program.
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Table VI. (cont)
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Table VII.
Sample outputs for MINT code.

0 2,8567E=-01 1,8226E-06 1,1693E-01 1,5558E~07 2,1312E-07 1.8226E-06 1.0000E¢00 7.704BE-05 2.6610E-06 0.000CE+0

47€+00 1.220U7E+00 1.05847E+00

1
0
]

eee SRA MINT CASCADE CODE e+

JINITIAL INPUT STREAM
ODJRECTION=-1 OIFFERENCE OPERATORS

ODIRECTION-3 DIFFERENCE OPERATORS

- -
.o o
o o~ o
o ~r~r~
- -~
e emO e
He ne ©
+ o
wo ~ e -
w e e B e e b bt b bl e LS Laa L L La Lt et e L Le SR e L Lala La X el lalalad altd
3 © e~vo coococDOO ooV CcoOLCOoL
Zee voere Gt sttt se N AN TN LTI IE] $42000004400
~o oo ey W WL b e W i i o W L bl e W) e bl b Lt s Ll b b b e
e~ O 0O MOUT VYNV T M
e ) o oo CLTOOS JL—C =N L0 N
onNNnoo - coo NMOOO YVTO~CTOCVOT
< N ee CONNC OO ot et (NN ettt ot St
Ne e DN ———— OO CUO O NN OV N Cu
ZO e~ e ee00secec0se e eseeesBeee e sesesece a0
Qa@= ) erl oo cocoococoooeeo
«aLx OO oM
Gl eVsO@ ettt TN MMDN MM MM® MMM mn
Nt en o ©O CDOOCECVOOLL
> o®o o AP PALLI LI AIE Y LI LLITLELII L 400430004000
—— e - WL LW b Wi W Wl Wl b W) bl WL Il L b bl b L bt
0 ecem oo COOMOOO ANRIVVDNCWE N~ IL:
o ecur ° VOO0 &V~ MmN D 0y
e ot D o co NCCC WVWErO~C T TOT
N e eOrO e COO et NV ottt = Chm
OO0 NN OV NN N O N NN

© s+ =00 © @eeeeseccesse 080 ee0ec0cee S aee s e eee s
ococ

~ © e ettt et ot ot bt 4 I DM NN DM DM N
co oococoocococa

NO e e~ o 244 ertstete LHNAIT BN IEI] 44400 s400000
30 ey O N W W i e W W W i e e b A W ) W W A b el L L L)
(ST COCO00 FMMINNT—ITC~
i @® 0 > COTOO0 TCOTINTO~LNrOT
— Hee O 0O VWO~ TaTO
>e ©CO end OO ottt VO ot ot ot ot Ot
«D-e OQ NN OV O NN NN N NN
T r~ (IR EEEREEEEXES R R N R R I s s s e e e s s e
" ~erO
-y ~e o
~~e O o B o i b b o bt Lt Lot Lot Lt Lt et Lt St St L I e Lt Lt Lt et Lt Lt at St Lot et
- cNew eO oo coc
il e Ne 490 c 9400044 LIIAIETIN 11| 444204400000
Heo ema W W W WU WWW L) W i W U W Wi W) W il W b il Ll Lt
ONY @ e —_~OT~ NPT W
Z Ze~e ~o oo o CO DN TO=DNCD
WI30 O e~0 Nnooo v CoCOTOX
@0 JIT M~ e =) oo
TuD so o et ONCCI NN NN CV NN G
O Ceo el e e e.0 e s e 0. 080 s _®e e e e e ee e see _seC e s e ee e o
ex = @ >o o ©wo
o e~ emu
- © © e o P i b T e R T Y el et Lot at et et Dt Lt It L e Lt bt Dt et Lt lat ot
o eemr e oo ocoocooccoocooo
nonmnoor~or~ Pesrresssees LI I NI I IIAIII) 249044000009
~e T W W W W e W L W b W W W Wl L b bl L L L)
~Hen o « COOO0COOO VIONNMMIIMFMO Nr
o _J e - o COVOC OO PLD—~NTONDNDO
<« Du O~ - TOOO YDVO—OCCwTOC
[ L L co
ZTA—D o~ oo - OO OV O NV N N OSCN
—0d> a0 Oo e e6006e00000e 880600000 e o s0esese e
X mO~e s oo ocwocoocoooocow
~ro © -
. . °e o P e e L e N L e e Ll e e L L L L B e e e e L T Lo Lt ot Lt Lt b LI
O em & sONIN— OO DOCOCOUOOLOOS +
a~NOWw e O Ge s ettt rets LA I NI I NI IIL 000t ss0tees W
-l ~nz WU UL W WL W WWW LWL LU LWL Wb Wb i N
"N NN@De o W no oo grOQO~N M~
e~ ecv e@De COTDNIO—TNOT W
- o =) OO0 FOIR—COCDDOC O
aJe0 w0 J oo v
< S e O o = NN NNNNNNN ©
—0~a » e © 066 00c000ese G0seve00e0ee S evesL SN E —
o0 = Or « o coo ococo Ld
—DN e e o~
on oon i T ot Lt Lt Lot et Lt Lt Lt et Dt St B L Lt S Laa L L Lt Lt B
x e o~ occo rooo .
e eNOO s B P40 et 924+ HH LI EIIIIEE 4004000 ee44+ O
oNZO OV e « WWWW AW W W Wil e o W W L Wt b bl Wil WL
nwo ~n3- NCOO NO A NSO O
5 O e aNCO COTNNCOD =~ VD
" ~ O o TOOO FUVO=OCCLONT
w noe e N OO0 ettt Nttt et ot
aDe o~ Om - NN NN NN )
QN0 o e - s 0660000 0see ©0000 0 GCELOE G0 GesGse s
01 on ] oo coocoocooowoco
20wWw 0 ee
—Da— . ~0 oM ot it et et = MMM MM MM MmNME M D
=D e s~ oo o cococ occo oocooocoocooceoo D
- ONO e P00t et te s HLEII LI I S99 0ssseses O
> e T~ Ow WL WL W LWL W WL LW WLILI WL L LU LW L L L &
ooN e s porsy = == IR T L e IV T s B
~“Ne 0O - =] 00O MSDVD=AMNO=—NTFO X
o N Rd COO0O FUVR=ONCODOO
nnem ~n e o oc sooo ——
HeeoslN e NIV NN 8
WNH  ©0VO~0D e o0 000 c0e00e G0 ss0 0000 Ge G GOE RGO
QO X er~e o~y =g oo o ocoo W
aAaTXAO MO o I3
=Douxr © O ot ettt Attt AN M NDL MMM MmN D
ozuru ) o >
— =0 oo N e+ 440429494 1IN 11T 1111104404040 04004+ O
> =ennn e W WU W W e bl W L L L L ) O W ) S b L Sl e b e W
> DO~ c O~ LaNOTO &
e e~ o N0 Y
et Gt o & ¢ 0O i~ oco
1 =y e300 00— o coou =~ ——y
U -8 LT
™} ee0 060000 cesee eescseeses 0T 0P es 00 ee 600
Wl eesee cooc ooco ©
_—e e~ - & -
VORZ e o P e e e b T e T Y e Lt Lt Lt Lt Lt Lt bt Lt Lt Lt bt L Sl et bt L Lo Lt L]
W semeimr~ o~ o © COOCCO0OO COCOOODOO00O I
Pl TR ] 420000t et 1N BN I II I IFreesssasstete
- oo o~ r..[[[ECECFEEE)ECE[ECC.IECC.LAf[[[r.[[[[[[[ w
no ox oo WO TS TPt~ O O~T @
" - 0 CECOOMNCOCITIIMOC ~—AmiN—r
—_—e .o e DCECECCEC2CCESCSEECECaECS ST RIS AN R LG W
00Z eniomrcu CONCOO it et et CUN ittt N O
cQauOoan~r~rLw < ————— o~ )
i S A I N R R R R R R R
xaun oo VU.. Jo00 e e e e e =
e =} ]
-5 C =



Table VI. (cont)

——— - OGO S
ccoococe
e e

R o et
— D
nenNO~OL
—————— O
ceecoe s

I e CI I NN I
coococcooCooo
LR
ek W s b bl L )
CmNOTILOnOMT
CRPOWNC =T ONT
~eCON=MONT N
M IO NE DO NT
N T e e et
sesscccsss e

NN M NN NN
cwoORLECOOBO
+eer eI s e
[WTVRTTITveTI Wy W TIPS
MO M T NN OM M)

CNONO MO O =M
et e T P NP T
esssssssccce

cooe

————COOO

oo
I I e NI NN N

cooco o

1
NN MO NN N
o [=Tl=}

coo
csesss e
L e b L L b
o T O T NS

menNT OO
ot O~ T O
eees o aee

L BN
UL bl L bWl L)
PPN QN~T- oMM
NS T OONONMNOO~
CNNOE DI ONN~N
VM MCONMNN D =N T
1O P e et QN P ot ot D )
sesenssco s

4+t esstresssa
Ll b b L) L Wl L
CITNTONT VTN TO
TOONNO =D T O
CNTYONT —=MOVE

NrOooOTOOMMNC

MMM e N e NN NS
cess s es 00000 s
0

——— O OO0
coooccooo
sss s s
[N
ccoe g nocen
NSNS MY
—C o D~

w
MM NN N

nmom L)

coco on

00 \. I.O
L L
U e b L b L Ll i L)
N —-C N T ONMON
MONCC OO T NDDTM
OO M~ et IO
~EPNOCONTMNHETT
PC4 P ot ot P e ot o D P
eesseseccacs

PR R R
Wi bt Wil Wb LW e
OV VVONNT DO
~oonTNMNONTON
NN NN DT O 1L
DA~ NOO T~ TT
DFO N =N N |
e e s 0c 0 00 0 0 opm

Ll alt] Yeuoum

one
W
NN MM N NN N =
o on -

TR
Wl Wl )
L OO

RO UL
[WTWTRIWTRTWTW W WERT SN
O —~CamCNWI—=O

PR R
Wb W W Wi > ¢
nTCnme—~cMmone |
DM et ¢ T OO D

MNP~ O TN NeccCeNwTesasl <
COCNOONNI OVINOC =BT —Cim OI N Lt VN (UM Fetll
AN AACY ONMONT JEM—IT NTNOTM—LNNNG D00~
i mOR FNMAChR AR DM MNLMNTHN—NNMN S 2
e ela eie s es.esv.ose e e s _e0b s aee b es.e ol
co © ooco coro
ouo
O OO0  MMMMMN=NNMANNT NNNNNANMNNNNNS  +
ococo o oo coco co sw
T scssses LI IIIIT 1IN IE] 200 0ssdes+ e XN
L WL W W W W L) Wi W Wil e o

G mT TS

e lals ok d'alt
et~
e sececce

U~ COOI~TNDIT T
- OO NN
WO O T~ D
NN CT O~
@ CIP e ) P~ v = DD
eecsecccscsen e

PN~ IO NOOLIM
FDOTMIN~CO =) ']
M~ OMT~OT~NI ®
NTNTNMNAMON—T— ©
I~ NTIN =T O

IR EEEEEREEE "

———t et ©C ©

cooc
MNP e NN

oco o o~
—ai

NN M ONNNON

oco O+ o=

oo c
PR

NeemOcad
ot ot ot e O
e essc e

oo
LU L L
L b L s b L L b )
o OVO TN OTMM
nMC~OaNeoM~O
SN ON—IT O~
N~ OOMMN @ O
€ NPt P = DN
IR EEREEEEEEEXS

Prresre s sl
L e W ) e W W W O W
NTO OO~ TONO

e cc0cs s 00 0 sD—T

coco (=] <o
I3
ettt GO O MMM L ", .
o o o o> o

St tssssse 1IRIIINLLIINTNIL 444940 es4e94T0
L UL W W LWL WWWWLLL WWw WL W wwwe )
PPN, ee e~ MOTVON—NNATN ~~O~T I AONNT O —
NCCDONNN e TDOOMT~NM~Y ~IOamarstrnte 1T

VNN =D
NoemnoINaT
ottt T O
R EEEE

WMV~ OMMSNENT
DL MmO @I~
NN N =T =D
eeoecc s e

e s s 00 20 00 & e
coco Iz ©

o

-ttt OO O
ccoococoo
PR R
[RINIRITTWIN[WEN]
Sanen—~c~
T NPT N
nNNMMNC TNO
NN e N~ T

PN I N
o000 000000
1

MNETLTOVITDONNM
CTNFOOT~OVTON
“O PO NPT =0
NN e e T
R EEEEEREEER

=
CNNNNMM MO NO W+
cocococococoooco>w
PR R I A R I
LW LI L LWL O &
NAM~CNMOMOOD 0T
NNADO et DNMOD  ND
OO CO~NONDION .
COT VVNINVMT VO 1O
MO NN~ T T L X

e e s e e e e v oo 0 ol
oo O o~

et 1 OO O

oo

Q=

I I e e N NN L NN NN M P NN O €
oo ! -

o
cessree e
[N TWIWTRTWINTIIW]

11111011111 10++440ss00e44+ =

VLTI O
OO —g D CODCOTTNNOINASO~—=MOVTOMY WS
e eOND N~mNONTINTONLINRMNONTIANINING & ¢
NP e COm INO—=FOTNI~OOCULO-NT DO~ NNT~ Ll
o Gnan e TGN T SNASONEMNONT
e e e e Ve e s s e es sz e0 s 000000 e e T
cocno006 CD0OO000000OAO000000RD0Ce
[-N-1cl
OO O MM i mnme w e
cowoocoo oocoo oo EaE)

*rrerr e

W e Wl ~ WL L W)

—-N €T N

TP I 11111t iressressssesani

LU 9 W WL LW WL WL W il
QNNPUT T O P et O T DD =N~

ettt 0N QDM N et (N E T = @ NFIPY V@ =N N
ce 0 o6ces e ssevessscesasess 000000

o soc

o
o

occoo
-

as

=3

see

FORCE COZFFICIENTS

X

0

o~y

A/DT#DVAR+ L1s(DV-DVe

1
1
DVAR(*)

4
L]
L3+DVAR

0.16573€+01

v
v
L2+DVAR

2
L1+DVAR

-0.58822E+00FRC
2
2

A/DT+DVAR

FRCN
L
L

£

0

0
DVAR(N+1)

0.16573€+01
1
1
S

A
€
£
q
N

FRCX
€
R
R
0
A

woo .

LW W b W Wkl
~moon ~mon ~noo ~non
- e ey DN —
oMY c@nv oomv oMW
«~rm e~ rm «~mm
AT ) €A GAT FHTAN T T T
0000 o6 0e0 e00e O o0 e D
COoCO+ OOOO+ OCOO+ OOCOOe
R A
NeNNC Tnee~ DINMON DNV
c coocn
PS40 ++IIXT *4PI S e+
LWWWS Wl WL Wi
CONAT NO Yt —=¥MOW OMmnNan
DN~M ¢ MNMO ¢ VOO ¢ Mo e
C=OMO N=OO MMNUOOD D~NCO
_-—Cim | ~OOC ! MO0 OO
NOMMID T =et@OT et NN
26000 09000 eoeeD oo O
©COOCO+ CODO+ OODO+ OOOOS
1w ! [ W
ocoom cooom ©oo0s ©O000M
coocox ocoor cocoe cocen
CII I 4+ $4490 S+t e
Wl LWk WL WS Wl
0000~ COOOM COOON OO00ON
©CoOCC + COCO + COCO ¢ OOOO *
o000 ©CO0OO ©OO0O00 00800
coootl coool coooI ooool
cpoc Qooo DoOOes ©Oecu
©0 000 osesO e e O oo O
COCCO+ COOO+ OCOOC+ ©OOQO+
w w w W
S NeOOND et O et
COO0r CWoOL~ COOOO OLLVOoN
T1el) 11 ee0 11140 110 I1@
WWWWE wuw® W) Wiebwe
CVUm YOMaeN NVMOM gnoCN
D@ ¢ OTNN ¢ «OMO ¢ MINOO ¢
~eNEO IR0 NNOOO or-neo
——mo onmno como —~ocun
NN TMEMO ma 00 —NNIO
s00e0 08080 e veeO s 0O
cCoOOO+ COOCOC+ COOO+ OOOO+
L tw 1l tw W W
MOMOS OMMOO ©OoMOe SoomMmmo
=3 © cooco
44490 $4440 44490 +eee+C
WWWWO WWWWo WWWwwo wWwwwo
COMOC OFNOO DONOO OO—~COo
MOMO ¢+ ONYO ¢+ OOCO ¢ OONT e
Vo000 OFNOO O~OO OO0 eOo
OO camo covoe cowvwar
=) - coNN~
8000 e0 000 S0 s e s O
coocol cocool ©coee )l ooool
) W 1 N W 4w
coocon ©0O00s ©COOOMm oocon
OcOCY ©OOCON 0000 0000
PPIION +++ e S+ 4+ 4T+ e
LWL WWLAD D WM, Wil D
€ O~ «~O~RS «M O~ = grOra
VONG ¢ INOVAINN ¢ DOV & NGNS @
DO~ NS SINFNS VIN~NO DN O
e N ] ~CyeeD —eve 0|
VA I It ) e D M) )
0000 s00e0 eeeeQ o8 s O
CoCO+ OOOO+ OOOD+ ©OOOOe
L w1 w1 tw v LR~}
OO et OO0~ OO0O—=N OOCm—
ooccoco cooon S000C OooOM~
44440 ++ 49T Ses e 44 e T
WHWWD  WUWW  Wlwiid Ll
NOCDe~ NOTeT NODE~ NOD LN
M OO ¢ MetDD ¢ MeaDD & MDD @
NeNeS NRNeCE0 MNMENEO MeNeEo
«MNO1 «nNnOi1 €MnNo enno
@Ol @Ol TNl gDl
ce e e oo s em 6o el S0 ek
- cooOo—
- - - -
eOMOQ Oewson OO0l OOTagQ
ocooown
4424 ° s4re e 240t e et
WWWWY  WLIWWY  WWWWY Wil W
NONOW ONeOoOW OOMOW Sonru
mocox Ommox OOmox Oo0vax
€O~O » CeMO e OOOO » OO~ =
NOION OINCON SONON DoDaN
NOCOJ ONNOJ OOVed OO~
s eee sssee secee se s e
covo> > > >
- - - -
- - - -
EIPNX AMENX  SENX = ENx
- -4 - -
crax e XXX e XIXE & XETX e
dddqa dd<dg< A<9<d <g<9<aq
>>>> >>>> >>>> >>>>
- ” - 2
—-——— nmnm ccox wonn
" " " "
cccoo cfocc CeoCcoO cocco
VTN W R WIWIWIW W R WIW WINT R BT

MFRAC

TEMP

U-VEL V-VEL W-VEL DENSITY ENTHALPY
0.1242064865E£401

UPSTREAM TOTAL PRESSURE

L2

58

= LX P DUM

95



Table VII. (cont)

.
> coowv cooo ccoo ocooo
[~ IR +es e +ee e *s e
| W Wi Wl il e e
NN > DD ~TVON @O g~C S
0 CXVETO OANVIO NFmOO =0
- ~OTOs MO T+ ORSCe TNIO+
Hil 4 SN —emcw CNTOw VIO
NN o Sl e B =0T O D)
dd o S0 S et Cee el S e 0D O e o
©OO0OO COoOON COo0Oom ©0ON
Ot et DOCO MMM Nttt MNP NN NN NN NN VY — [ [ ] - 1 -
COO0OCLOLOC OOLCOOODOCLO OOCOCOOOO00R 4 eONON ©OITMO-~ OOTOr COMNaS
*er et et HLII LI EI NI ++3400sssss 0 T COOCO ¢+ COOO ¢ OOOO ¢ OOCO *
o o W e b s b L b L e ol s s s s e W e ) Hil € 44490 44440 44440 +++eC
CNAMOAONGM JCNNNCO—ROMe NINVNNT OO N~ >> > WUl wwwlw | Wwww | Wt )
N0 et~ Dt OO~ N N OO T N 4d O PONOT ONNO e LO—OT OO—~~
NN eNNNNNS FEGONDNTOC =N =t VNN O MO S~ + CO~OC CVOOC OOVOO ODVOo
PN TNCIOMN~ MMM~ OO —RONE MONT MO T NN - N~ = CONO+ OO+ OO QS OOITT =
Pt st et WL PP Mm@ oM em@ et 7 oo etV et O @ v o oot ot VN O €0=OWw O=NOW DO~OW OOMJULl
e s et ecesees Gececcecsses ec0scse e ~ o« g - -
wooocoocooo co cooco Il @ o6 o6t os6e o/ ©o0 0l o oo o
" > x cocoe oOoooxT COCO~ DOoCoN
O ettt nmnn ) 222223322222J e - ] o - 1o
cocooo cooo =} CO00ON CODON ©OQOw— COWLod
R e e N e N A 0;0060000#00‘ N0 OCNOCO. ¢« COCO ¢ MOOOD » ODMO .
WL W Wl b W W e ol bl Wl b e Ll b b bbb = ©o 4490 44940 +4+40 SeeeC
NEMANDOWT~ OWGNENNNCOT —~IMMN NI TOU=VO~NOO *e Wil Wil | Wbl eilub §
NO =R~ CD MOCRRCMUMMON~ INNIT I O OINNSMN- ww ¢ Mmnoe it NN« nnuoe
VNN NID N~ SONCCOCVNT N VION~DN O TN DO —~D VO - Mmor~— DO~ maor~—~ N~
DN T NN MNMNNE TONLONT NN T QO NN e €O @ ~enn ~eno ~awno ~auno
Pttt R CImC O I Pt @ ot @ o) ot 02 et NS ot ot U e ot oot i) N @ MO O MO —— NG ——
e cse0e0 06 sec0es000s s ssescese 0 e e D e > VVHNM VDM NW—NN LNty
oo 0 OO O 006e00 0000 00000 o o0 0
. w L * -> * -
nmmr, g YN NNO " TR [ o [
oo oo ooo ©co coooocox co NMMNeed MTTaeD® TTNON CcINTm
+ 4900000 H1HLIILILII NI N 400004ttt e0 (W] ©coocom cocoyw Soocy cocor~
W L W W e Wb b WS ol Ll bed b e b o bed b b b bt @ 7 17) PLEIMN PPN S ++O 4 eee T
O MO~ metd TN ~CmOMICDNMNDIN D=tV =N OO W & WUy W~ WWLWe Wbkt
CC€NNFOrT=m VACKRCTOTNOETM DNCTOMN @~ Ex a9 OrDOT NN~ COTOD VINCNU
CANMMMEE IO~ TANCOVLC == NI~ =NNO ~0 I D> ~mOD e Ve~ ¢ F20O & M~ o
NN eNDT e~ 335\.?209318# @ DN O CINNM) i e O €~ O TNTNO DOTCO TG
Cttrtemem TNCO M ——n " OO & ~mOCr~ NNV I TN D0t
e e e e e e e ees sesesseeseee seceseesses emm te M OERNE VmGNmT NMNOE NMMem
oo = W o] 00060 e906e0 00600 ¢80 0O
w - @O - - - -
Lalalalel TN (S it L d oo f W L t w 1 -
co 0000000000005( * o COOOT COOON COOOrF COOGOO
s 02490+ 11 I LTI L1111 444644444004+ w .o COCOw COOOW cCooc\Y Coc oo
WL W W W L W W WL Wb W W Wil W W il Wt Wl > 8 " oo 644 2404 T Sose~ Ses e
me =T NTCILM COmINCC FIOD~E MOMMUM~—=CMOVY | o~ € WUWLC WWWW Wkl WO
T ~CO~NR ONOCONNTTIONT CTIFD et TN M o Hi « COCON ©OOON COCOO~ O0LO0
COMTTONT N COCIROT —ed i —=O~OCVNTENNNOW o VO > COOC »+ OOOO » COOC ¢ COCO ¢
AN TN PN CN— DT 45?867092\.1100( - >> 0 0000 OO00C COO0We OO0ooo
Pttt OO MO -0 . <<d ¢« ©O0O o000 I oowc coool
S ee e cses 00 0eeceececs _o oo 000 -.a.o.o.-.oEA o W N COCOCE COODe COOOM COOoe
oo oo To W o 60060 006000 00000 o oo O
= 13 COOOCes OOOCO+ CCOD+ OOCOS
o nmmm " N Nvo -+ n w - w w
co oo coe W N MO et mIN NN O MMy
*44 2020444 11 IE I 11111 4444444+ 3ee0xW (%) coooQw COOOeT COOoLe COCONr
W W W W DWW L W W W Wb bl W W Wl W Wl W) s~ « "o T11lee tlel S0 1@~ 11 HI1O
NO=MTL NN~ Ve OWUmICTNI~T OO —~OC SO0 ~OI O w CO & WWWLO W Www®d Wil
MOCMTIOVNN NIUCDNCMOVNDL OFCTNNET O CDm o~ O HWL @ TT TN NMemMIN TOVON Mo
OrCes~TP e CWNFRINONT~—L NNCTIXNTOMNTH o e —_— > @O ¢ VMT ¢ NAMO & T IS ¢
,EHNETMEOD NN AmMDNC ==@N MINOI~OMNT Mt © + N O NODVO ~ONNNO VENOO M= O
Pttt A~ T MMON - o [N’ s COCC I WenM ~OOO I =g
e i e e s esese secsesesvses secsseves e " © NN ™ TOMIMO et © NNV CO  NFIVRO
co oo N~ © - 0 20080 eeeeD e+ ¢ e O
N - COO0O+ COOO+ COOC+ OOCOC+
Ottt OO0 MMKMM mnesoNm oam o "n (X" 1w w w
oo oo oc co SO+ o~ n ~ NONDO OMINO O COMOO SOMKO
4242224444 TH LTI 1IN ITI] 2400040044 ¢dlum s Hdd X COOOD OCOOOC OOOOO COCOOo
W Wl i i e e W W e W WG ) e bl e L Wl L s O © AW 44440 +4+ 30 ++4+440 +34+0
OCONNNTOMMND ~eRV—~TNQ—EMNM Ve e NTTMHOMNONS 1 et > WWWWO WWWWEO WWWWO  LWWwe
CRAMN = OC e OTITVIN NG ONDTENOMeMIVNE © - O MOeOO DOFOO OONSCO OON~GS
TOCNNMN—A~—=l OO ESNTO=M) DN—=—ONCT DT NMOI ¢ n + 0COMO ¢ OF=O ¢ OODO o COUC @
VO NNTMOWS~Y Q!valll?ﬂﬂ\:lz NENNON D Mttt Gl ~onoe wooe coonrc
Pttt et~ T MNP s— Zz w>> o momno cenc ccoco Co—e
e seccccc e -o-.-o-n-o s sseces 0000 s~ (%) e N NO=O = ONNOO CONO~ OOMN~
o < I3 @€ 0000 S 00 eO 0080 ¢ e O
- e W~ ©cooo I Docooc+ ool Cooo!
Ottt =t e OO O MM NN N 3 . nan . W ' W W W
co co > © > N e o
244000+ 1III 1111l S4d00esssseeT <l A OOOQON ©OOCOOwW ©COOoN Oooom
LWUULWLL LW WU WWUL LWL WY W W Wk biWwwe 1 XX et 1P IE LR L~ M
TNCLANOF~IDO MTTUNC O =N NS IT~=INNT D~ W ¢ WWWWY WWWLM LUWWN  WWLT
NeOOTON N~ COTITO~TMONSAY DNNMETNOMEVO e - o Z F~MOogm ~MOee~ ~MOar M~roam
Ve LORNNCDE OV TP COVTOIMN NN~ ar~n N O 4V ~ AOCO ¢ ~OTRO ¢ ~OOTO ¢ ~NOO ®
VO e $MOVIND Q.JJI.I.UI.O.JI..I? T R R e Sl ta el + WOO T OVO~NO OVO~E OXO~C OLO~O
P e e Nl LR 4 el z W e a« MO~ amor~ amo~ amo~
PP APIP PPN S A A P S et MWW D> mDNEN DN DN =N e
o r o N ~DD O 0960 08¢0 o800 o0 eO
= o
o nmmme "e )
COCCCOCO00 COCCOOONCONO SO CO00O0O>W -
ceesrttscs 1 HITHIEI LI L $400ss0000es 0N .
Wiv WL WL Ll LI L IUL L WLl WU WL L W we M o

~EPAPRECNTT TOONRNFN~ ~ONT O ~OVIVDD—=Dr~ D=
DDt O -MIN e~ N SACMMIONN) OD=MOT =T DO DM
CTAUNTCOIOPNECDV ~ANNFCTOTONN €D E~DOMOMONN o
VONFEMOMmT) FMMOMNEN~NODORO NINMMM e ND DM el It ©

A
4
€
§
N
8
8
2
1
8
8
2
1
8
a
2
1
8
a
2
1

P omtrttrt et~ T IO @SN T OND ot oot ot I et P N ot T X X WL e VmODI VmODI V=OD Vo<
@eese 00000 s ecssscsevscsse ee0sces e e em il « U wxxow " "o 1 Nt
] or -~ + 1> e6oek s oo o oo 0 ol 80 om

arm . u ca~ <

O nm u o< ocoo - - - ]
wo - 4 ‘e «OMOa OemMmOa ©OOeOQ OOeed
444204499 1ITI LI 1118110494944 ¢04499¢ O - -« ocococoyy Doocow CO0ow Ocoow
W W W W ) e Wl b b ) L O b b L o L W W W N © z il P44 e 49040 4020 e 240 e e
CTNCODITOOME O—NECNTNTDFDON ~DNITMATNNONN +O w *O0N WWWWY W) W wwwlv
OCNCTON~ODT CCEVOTOTI~OCNXNFOCHFNADOC S WO - O WoONY MO~MOLW OMDOW CONOW OONT L
NAONNOTTDOO BN C OOV ~ALUNMNE N~ SRO ettt D O © o conNOax OO~Oax OO0 ~Oox ooNOx
VONMEMATMY) €Mt COPUNNTNONNT NN~ el - 000001 rOCO ¢ OFMO » OOCO ¢ OOV »
Petetetot et AT PN €t E NP ot et et N et T et O T w woo DOrOAN COI~ON COWNON OOO0ON
e e 0 ecs s e0es 20600 0c0000eeT S e0000 000 AT FEQ-::ON NO~OJ ONFOJ OOWOJ OOoTN
ococcoco o oo« ©CO  ew W OLIOGVY @ e s0ee sesee osceee oeosse
« aown S e S>>0 ©CCcOO> ©COCO> COVO> COOO>™
Ottt et et DO O I I M) et et et IO NP 0 Cd NN NN TNV NN @ O Ce waZ - - - -
cooooo0000 Ccoocoao oo © corno Ve 1 ST - - - -
42000404 THTHIIHIALN T RFtss0esdtseresnnrm W e Wwwo - ENX TN SN TUNX TN
a0 L e b L o i W ) e L L0 ) W ) s M e W W W WL WS O onvxaD =) - - -
Nt CONN O OX =~ NNIN €M & O LN et N = C N LI W~ X 1 > XXX » TATXX ®» TAXTX » CXXX *
VM INMAINNC = IOV EC L FONNNCR IO LONC O OT NG = DX -t c Came <dd<dd d9<d<dad <9d<<d<dd «w<ddd

IO A @ P (AN U PGP Pl ™ OF P P Coat s N e &) woN e > >>>> >>>> >>>> >>>>
VONMNC O @ MM R et O~ O SN € € NI IO DN Nt )~ nEnna - " - ]

C ettt A BT QNI NG @I @ P~ o ettt D 1 O F it ot « NI coun e Lelelelol esc e nvann
I R R R R R R R R . 0O Wm n " " "
CO0OOLOOO0O0J000C (== LR * XX S e cocoCcC ooOCO Ooccoc cccoc
o ] cs s - woe o WWWLWL WWLLIW  WWWWW Wi

o

= =3

U-vEL V-VEL W-VEL DENSITY ENTHALPY TEMP MFRAC cp
58 041253063158E401

UPSTREAM TOTAL PRESSURE = LX,PDUM

Lz
IPVLLLLY)



Table VII. (cont)

cp

« —~NOO N co—o
> ooco coco cvco
o 11 ee 1eee +e 1 e
1 Wl [RTWININ] W lw
MmN D> EmMeO. =HONMO oo
D ©CaeVeO D®mVOO F~VNOO
~ m~Ccmal WoOrae NG
Hi ¢ TODOW CONCL —TTOL
NN = NO~ME VT O—~@ —amoc
e ) ee v e~ se s e oD
ocococow Cooow cooor~
OO At At QO OO MNPt M NN Nt VNN OV et —— R K [] @©
COODLLOOOO00 CLOOCOOOCOAR CCDOOCOCoooe e MOmOW OMGOT OOMOoN
et s tsesetsss s LI ILEIII I 1AL 294900t s00s4 @ ©OOCCO s COCO s OOOO ¢
o e b b b b e bl e bl b bl L b b W W b Ll b L) Nl @ +4440 444640 ++44C
CEOEmREMININGMN OCNOMNOI=NDMT =R eMMNTNODO~M > > Wl WUl Wbl !
MO OmTINONNEM CRCDI~O~IINT NN M EDT ) D O coNem OOMmDM O9roM
et Qe T T Nt FONSOCNNTOCT =N A~ NO=~ NI OO + MOMOO OMEOC OOOO
NOENMINTANNATE MM eOLOCmTCNT MOVTOVNLIITNT O~ = NOVOC+ ONEOs OONO+
PO ottt @ LT PO IO NT = @ =) PO =D DD T VI O NOYOW ONIOW OO—OW
e 8o o essoesce Gesecsesce s sGes SO o s S nO~CU OOV Qownor
co o cow NN &« ©ees el oo o e0n oo o oD
"
COCMmEA——=OOCG MMMMNC M ” = ” 1 o -
oo oo cooccoonooRLWan n
esst st ereas 1T ELIIOLIIIT] 484300000900 . . .
Wl el b W W WL W WL WL UL WL T L W s Wl LI 11110 11 11cS 14110
LR EIRER AN OV~IILCET VM NS —~IMGOINNT T -~ [ N e
NG ED~ Dt MOMNT NN ~MMO~ OO R OE =M T ¢ N~ @t~ N~
NOmEm,E OLNNNN TOCRNOOVNRV=N  €ONOND~—NOT = ~ nnoo oo nonaN
€T TN T NDONT NIt € T NIONT  —OE~NOEMNOMT & x wNON oo VBN
Ottt D DO O IO NI e -t P o) =t P oD =L - D a ocono conc conc
e e e s s secescee Sescsesscoeses sees O 000 s 0D > MEAGN MFnGiet MO
© o ] O 00080 ee 0o o0 O
w 0O0CO+ COCO+ OOOOS
COOmatrm OO0 MMMM " 1w e 1w
oo o OCO0LOO0O COCOO0COoOooN NNeFe NN NNeOD

cessssesssss 1INTIe I 11111 4494040009940
e ) e e M e it b W o e W Sl Wb W bl bl b o
S e e RCAI ~OOW—~OCNRYN VNTL~OOR~N—=NO
PNPAVODMMONT M VNMILDOLN=DN OTNN~FNOCOTM

O NGO N TOERRNILC~TNIN OV NN —s Tl
—D R OE NDTNL MM metMOINMOT € OUNMNE - OMNNNMT

L3+DVAR
6
a
1
5
0
5
3
4
9
0
8
S
4
0
0

MFRAC

TEMP

ENTHALPY

DENSITY

W-VEL

0.1264061451E£401

V-VEL
58

= LXyPDUM

U-vEL

CLO et T T O OGNt @t O =NV co CcoOmo ccnS 1 WOND
s e e et s s eses Seasseeseces 600080 ee 0 00 Shon . -—NN ) PO DO VOM
o © © ooco o ww ec e e e e 0 e oo eO
[ - M cococO+ CDOCCO+ OOOOs
OOt mt OO0 MMMMM Nt O o o~ R R [] w
covoocoo o © cooocooOooOoOnw * -~ "n o N
cessscssossss 1IVLIISTI I 448300044 ¢ 4 w . ©ococoe cooco oooca
WL WL O e W W LW W W LW W > =) co e 4IN s e+ e~
e e D OR~ (O=0~ONCYfim— FeDVTTDOONT~ | v @ WWLLP WWWWe Wil
PEeOOOTNTIMT ONNICTIV~TC et N~ OD~MDNDMN o~ I € COOCN SOO0~ ©O0O0LWN
TP D m Tt OL e CeCTNT NDEXT=CO~ T FOVCOW «© GO > COOCO s OOOO s+ ©OOOO e
ERTNINOTNNTOT MMM~ NROCN ONNTIOSDOo—=aOO™ - >> & OOCOD DOOOO O0000
C OO metrtm O ~C- T PP P T A NSO D ¢ Z . << s« ©oco cooco1 ©ooo
e e e e es s e.s0.0.0 s es 0 00 a0 ae s e o0 e 0000 e80T o wn o ) ”
coo o coco oo o Wi J #6860 o080 66O
OO 13 - - -
OOt At MOOOD MANMMOAAINNF et NN Nttt et O ¢ n w w w
cococco © ooo oo oo W nmo CENNN NN MNUMNO~
e s e tssssssss L1 1114111011 4449+ 0s et saxr ) coconN COCOm Oo0On
L L e DWW Wb i Wi e Wi W 226 « [T 11110 11110 11 lem
e T LOmeT MM CEOWT AL N—~ T DNFNC~T ONNNTOXT T w 00 @ WUk« Wiwwe Lo
€T DDA~ NOOX T NOTTXCNTVODN OO ~~OMODCON - ©C HWW € @«~NTN NNV~ NDVoN
NOCDOTMOmeONE VNN EVD QXm0 O~ ON~To=TTO = —_—— > MUY e ©@MOM s MANNO e
et Q@ G~ MNP EINGO~OTN NINIONL N e=O—— O + N O NO=MO Cor®e NLrCO
P DT At~ E T MAFNMNeN @ =) OOV OO0 W ¢ €0l wCcTT oswol
e s ¢ e s eseesee eseseceseees G0 OeGN OGS n - M e mTeO N INO —ONOCo
coocococooLoo0e OO0 T~ Qo o~ J e9esO eeseO 88 O
-0 @ ©CCOCO+ COOO+ ©OOOs+
C OOt At At OO O MMM NC I et S NN O et Ot « nn [} [R™ w
cLocCoOCOOWOO OO o D e~ v} ~N NO OO ON=OO O0OMoS
c vt acssssssss 111114101111 204 s0setessLim e Hdd @ OOCOOO COORO oOoooo
LWL WU WL b Wi e Wi W Wit o bl b W L0 D o A 49940 24440 ++4+4+0
O NT OO ANDT ~TOLeDND—TMNF) WENENN T NOND 1 et > WWWWO WWWWO WWWWO
PANT N OO ~e OXATD=TTTNOXVO CO€ ~OC~HOCNCOT < - O FOMOO CNFOO ©O000Oo
CONTANRCIN-INY OV~ TCOCODON NFVNNDA~OVTNO U + " ¢ MOmO ¢+ OMNO ¢ OO ~O o
ORI C i PNttt O VOO DN O T NN N ONOW ~HH = YONOO ONIOo O0roo
ocne o mnm —NE =) DN E = DOD S z n>> O e«omo cwoo ocowno
e et s s e e eees s seecesesssee S8 0 0Se s e SO [} dd N ~ONON OO~ OO ~ON
o « « €« 90000 00000 o8O
"~ W~ 0 ] 0
COCmmm et = OO O MMMMN DN . no ' W ' W [
o o oo > © x Nt NP Nt NG Nt N D
s eracsessss 111114111111 44440944444 ¢ID U - - o~
L bW WW LW e WL Wb L WL Wil b bl Wk il Wil @ = 1 XX e FTUPb@ PN EE 41N
PO C L OE e ONNE MEDMNOOR=T0N UMN=eNORONTNE - O ¢ W W Wkl
P E TN _ T N~ Z COTTO=TTONF D DAONCNNE DT T - o Z aN~eW N~aN NSO
ANNLO e mIDOEN CUNINDOOTD~NM DR ONNNNR =D N O +NT = SNNT ¢ SONNT o SNOT ¢
I~ OMNNMOMmE TN EOOMNOMN NN T TONNID &~ + WOoO x OOrO CDO~O OSOrO
O sttt e G O I NN = NT NN DO =N N T D0 Z W ®+e « O~OT r~o® o—oa
e e s e e s scesss seeeesesceee e 0e 00000 Smr O ML D etetMO et et
© oo oo o O MO~ O 800 o0 8o o000
o o~ emow . * -
C OOt At Al C OO MMM At NN et NN N NNt 1O 1l & © omnzo T tW W
cocoococoomoco 2O ocoo co>uw - 3 AT ) -t OO et A OD O
s s er bt ses et r e e sy . oouw cococoxT CoOOD OO0~
L s Ll L) WS W LWL W WL W S M o T 1 1escy 1144 114
DERNNC TMHMHONT D NEONDONTT~ND VT nhae WWUWN  WWwLIs WL
~OTOLNNON—T~ VNN~ OMAmMO~ N XEO~A VOO~ VOO~ V—OO~
N OTDAT RO e D ~~DN~NOMNIINN ODIDNDVDDONDONN ¢ I CUWTZ VEeMO e VITMO & VIMO ¢
e ONTNMODIND TNMMeC~~OO~C ~MNOCO~C N~ DOWHO TNVew RON~RD ~ONSCS ~ON~O
DO ettt A O M POONC =N SO DO NMUI€ DO~ T X | X N o0& @F—T1 =D | &E-—O
e e e s e s eenss osesscseccses oecss e e e amJil e U WEXOd =Nl SN @ i NI
oo o©c o oo - ¢ 1> oever oo sorm o0 o
ar-m LS «Ne -
OO At QOO MMM YN mL N oa coo = = -
L= o oo woo - @ see eonNOOQ OemoOQa ©OO0gOQ
sseeess s I 1110111 110%44es+4444ee O - PN 7] 4
L LMWL W W e WU W W WL W W O D W WL L W WW WWWn e z ocogs tses e 44900 s404 0
N ODONNDN~ OmeNALOTORRON N~ ONOOnO—a +O (W) * 0Ot WWWw ¥ WWWWO  Wwlkwn
P OO Mg Omet O FTCTNL ~ndOONX~T N INI-ONT D WO - O WeOF POVOUW OVNOW OONOW
I, NEMOIN ePOO = GNANT AYDAAWMNOMNNTOD~NODN o U O O e « x
. NN el CMMNeONmECO~OL O~ CORST =IO el - sOovoOoN - - -
CC Ottt T T MMFPNR N T N~ D ==t ANINNNOO OO0 b wo— . covoN covenN oownenN
e e e s e s s esses ecsevevecses s ees oo s sTND W €+ NOZ MOCOJ OMMOJ OOVO
o oo 0900000000000 s\ W WVLIOOWO @ eseev eso00e oo oo
« aonN O T~ >>n cooco> coOO> COoO>
O Ot rtA et OE O MM IMIMm et et TN Nt et (Nt NN NN e ) 0 O e~ a<Z - - -
©C 00000000000 COOO0C 3 < ne Qo v e - - -
e Tttt iressssssresssnni W e LW N ENX M ENX T
e UL L e sl W e = L LI L WL U LU D W W WL LW O ocnvxxD - = =]
M EOPNTN~E TXt~NNOTVOIOVIWIND~ T SO DR O~ & 1 > roEx » EXXT & XXX &
SRR R e rmOdNO IO CLONNNVCICTO~MNMan BT NI == c Ca~es dddd<q <d9dd9<d <Ss<9<
P et S A i e e T T B TR D b skt e W w > >>>> >>>> >>>>
N OMMIA € O NN = MMM O GOR N JNTCODV X DT T VN L=~ N na - " -
O DO s ot ettt T O T I IGIHOIE P PIOV Nl DO O NN DD ™ « NT OOV —~———— nrmn cecae
e s e ecccssee—osoesssees s s s s0 80 e ¢ OO ilr— " " "
o —OOL < [=1=] ©e e XX € cccoo cocsSc cococ
=3 - LR wOe c Wil Wil W
e =3

o =3

UPSTREAM TOTAL PRESSURE

L



98

Table VII. (cont)

OOttt O O OO
coocoovovoooVe
+ee9 000000
R Ll b s e L L

MOVONMNIN T NN —a T
PRttt T T
R EEREEEXE)

—————

Lalelala) -
cuocovcwooouo
ORI
b L L b L T b W b )
VMO~ T OO MNe
CTMDO DO —~DILT
~NC~ TN IO~
I et et NP N D~ N @
PV I~ ot ) 1) i O3 e P
X

ococooowooVCcoo
PR
L L L s o b R s LS e L ed
NOVVT NG N S~
ONNOM T ND D
Nt OO NP I GO
~OADUVOTNIOT €M
O V=T NN & TP
eesscsecs e
o coo

OOttt et OO OO
veo =29

MNMMPNC NN N
o

"
et IO VOOV ot et et 7
ococ

4ssssss 0 s s
W W Ll Ll L Tl
N @ ONCT ot ST et O
VO erLNONMIO
TcNOODOT~NO~T
eNOaNS T NBOMa
PPttt T T OO
eeecssvcscsn

CBUNLRUNUE SN R B
0l b L s Lt T s e
i I e
NOMNT=N~~NMNON~
DOVC~T OO VNDT N
P Dt OO NS
PNV D e € e P
secsecsves s

dseses4trrosra
Ll W ki b WL L T WS
WL~ DT OO

s e es s s 00 e 0 00O
.

COO Mttt OO O

w

.
co

vs40s000000
W Wl b Wi il
VD OOMOMINL T N~
NOPHO T 0T DMCIOM
O~ INT OGS
~OR=NOTNTONT
L O ottt ot T~ C- O
seeccecssescoce

RO RO
b bl L b b s s A WL
~OOV—~CCNROM
WNNTMNINNOIN—T M
CDE N~ Lo O
MmN PNINMNO N

-
ocoooococoocoo
44 s00ss000000
L Wl b bl b W sl @
MOPMINF ) e @ T =
QN HO T O NON

—“—_ONNOnT NN i
VDo a0 DN DtmD

CEr Qe T NN @O i
R

PN et et ot @ 1Y
R

W
et Qo

mnmmnn ki)

tes 000000040
W LW W WL
€ONe~T VDT NS
FNDONSMOP~ (VT

o0 s e 0 e 0 00 o o

PP res s st e
Wi W Wi W s > |
FoO~MNNND TN
AN CTCED DT

W DV~ NDNT TN~O L
NN DT T NOOO O~

RO
L W Wl b W e W W
T Q0 O™ OCIMNON it
CNNDOTVOT —
OV~ ~TOTDND
PPt NI O N
NN - N T
se v e s s e

TCNDetrt T T MO T O~ + 2
es e 00 s e s selT

ocoo © OO0« T~

~0o

Ll alalel " NN D U
ooo

o
*eecr sttt
L L e L b L W W s
IS0 ONO P SN N
NONTNONDMNO D~
I~ MO0 € O N O ey

ol
P11 11111 4444 es+9ssaXD
o L W W L s b Wt L
VOO T~ DONN i~ T
NCNDN MO WOV
Ve~ DOD VD D—~0
Dt ot (N U 4 © O O
IO M (Vo @ =D
esecessessos

W LW W WL s e
CNVTVNT VDO VOI N

~DmmcenDIN~0 |
eseces s scacce 1]

cooo

N [v:]

coovouoooowo
*e0e s 000
) A L W e L

PNttt et e T N
eesecsecccoc e

[alelalalal
DLO0O0O0DOOO0O
trrtEe bl
LW Wil e W
~OODE TN~ e
CROT =TT VNOTO
owunrLTOMOTOWN
€I O VO ODN
MONNN e NN @~
seseecccss e

00000 LOOODOOs o~
st st rsrsluT

o W i L ) W W Ll P

OO~ OM & NO it it
NENDIDNN= T e O
o~ OMON =N NN |
NDOMNA DTNt & O NOW
OO € TNATIND 0O
ssc0cc e o e

-0

nexo

DO At A =t O OO MMM O et it VNI et NN N NN N el @
coco > o

et 240000

OV~ NON~NDEN
~O~OMNN MO~
o

+444 40009404

NN U R I N I A |
W W W W LW LW WL G = 1

W W W W W Wikl W
MDD ~T TN
VOO TP VOO~O
OCVNIND~NND NP

ENMNEOIN~MIO~N SR TORNESFINOE s

on nmmna O D~ e TINO2
© 9600696060688 00 0066000680008 200000666 68 et
ooo COOIT
©
© nmmmm nom "
coo oo oco

se00 0000000
LML L Ll I
«~=~ON VN DO~ NN

~OrROMmenMO O~
OVD O ot ot otont emtomt Im D O
s escess0csco e

>
P11 11111l e9essssesese oM
WL U UL LIL L WD D
NONVINNNG~ mDe= OE
OMNTDO~=ONONN ND

WL IWIW LU I LI LI L
CDONNT ~NFONT
N N L )
“mONNOME SN
MNP~ T VOO
NP NC NN T ND
es0cscscccscoe

MONAIO LD~ ~OH o
eNLO~MINTVNE~W NG
rEDm—ACITNAENVI X |
eec0 s 000000 et

COO Mttt et OO O

-
arm

I ot et I NP ot et et et VNN N o ot ot O T
o -

coco
tet st recsree
WL Wil Lt b b

cUNecV~NeTDe
et ONIN T T D

110001 0111110409 ees9eseese O
[WINTRTNIRTWINTW]NIWTNTNTE] RTRTTITIEWT TN NTNTTWE 4]

CMINVDODIFVON ~&mNCNNN—C e~ +O
NERXDODNCNA T NX DN~ ANNONOLO WO
NN ENO AN T VDOV~ D =N~
PN ANSRCTS U MO NFOC~NT~MY el

o mmnn DTN At NT € ~eNDOM~

© 6000606008000 0006006060000 060Z 0000006000006 eZmg
°m

© oo~

COO Attt et DO MMM w e
oo no

R EEEYEX

R L R R R N T

T R e B e e ) o L Ll W W s e W W € W W W W W 1

RO A At A ST O G MIMMAND I NN DT 00 (VT € e ND
d ® 80 060 0 00 008 e 0B O R B ON AL )OSR SLes 00

o
=3

—Soo0w
o
= =)

voooo
-

e
.o

FORCE COEFFICIENTS wee

0 eee

2
2
L1s(DV-DV»

L
L
A/DT+DVAR®

8
2
DVAR ()

3
L3+DVAR

0.18809E+01

M
v
L2+DVAR

~0.67797E+00FRC
z
2
2
L1+DVAR

A/DT«DVAR

FRCN
L
L

€

0

0
DVAR(N+Y)

0.18809E+01
1
4
3

A
E
E
q
N

FRCX
R
v

~on >>0
~o <<
e nnnc
O WL
onvxxTa
" e>
Saw~e o
" >
nauna

N —— Nem—o oo ]
coowo ocococo ocovo cooc
O e [N e
Wi Wbl (TSN W
NRND = CNINGO MEAMC e MIC~
CUWROO NOWOOC MIFVNoo ~OrxTo
MOND | NN~ 4 OO | DN
N NG~ COWOW MmOl
Nt NN =D NSNS~ 00D
eecee oo s~ e oo oM o eem
cOoCO~ COOOR COCOX ©OOOo«~
o [ ] @ [
NO—OM CNeO~ OSSO OOMNO
COCO ¢+ COCO ¢+ COCO ¢ OOCO o
PEPIO +9 440 ++e+C +4+++0
WUWL T Wowl 1 WL Wl )
NO~ON OFVYON COMOM OOWNN
NOVOO ORVOO COVOO CONITC
COMO+ CONO+ COLO+ OCONMNSe
NO—OW ONNOW OOVOL COOTW
~ONOT CXFOO DO=OM OC—ma
eceos seeeg e e eoed o e e
CO0LO CcoCON CVOLY Coeod
< i - o o
NN NNV~ NNV~ NNV O
COOO ¢+ CODO ¢+ OOOO ¢ OO0 o
1110 1111 11110 1) 1C
Wil bl e Wl T il b Wl
NO = NO ™ NO = el -Tala
na~o na~o nau~O no~o
~ o ~a o ~a ovud ~oan
nor~~ nor~~ no~~ nor~~
D C ot A~ DCO DTN e~ OT =
€ 880 00000 s e 0eO o 0 O
COOCO+ COOO+ COOCO+ OCOC+
. T ' 1 1 L 1 '
NN~ NNMIMNO MNOGO MmO,
coo0OC COOO~ ©OO0OYW Conom
$PIIM 22620 +P ST e
WLWWE WWiklc LWl il ol =
COVOM ARV ONO=— TO—oun
NG ¢ NG ¢ MITWO & OMCO o
MO0 UeD=C VOO0 OVVr~C
come oM OO c—O owen
NNCCN MAUNNN NeDOOM MMOTN
0640 00000 60 0eD e e O
COCO+ COCO+ COCO+ OOCOO+
1w [ [ w [ "]
0 " =3
coooIN COCON €CCONT COCC~
4440 44N S+ eeD 40
WILW®D Wil € WD el
OO0~ OOOO~ OOOO—~ OO00OY
COOO ¢+ COOD ¢+ OOOO ¢ OOOO o
©0O00C DOOOC 00C0C OooOC
ococoo cooco 1 ocooo cooco
coQoN CaooN COOON 0oL N
€0 800 20000 68 0D e s eO
©CO000O+ COCOe+ OCODOe+ OCOOC+
L W W w
CTNMN~ NN =ND FTNMNOD TNTTV
0OCON COOOr COOOCm ©OO0O
11010y v 1@ i ed
WWWY  WWWiWm  wwibw M Wl o
€=MON MMNGN ~SINOM~  NT M-
CONUY ¢ OMetO ¢ OO & Wamd o
MEINVO =~V IO CUFROO FO—©
eo~NI ~nNOon TONO 1 NOF— |
ANIEE NCAmtO CNNOO = C
e 0 e 00040 S e 0D e e T
CO0O0+ COCO+ OO0+ OOOO+
(XN w0 uw w
NO—~OO ONHOO OONOO OOoNNG
00000 OO0 CO0OO OC0Ooo
TIIEO 44440 44440 +4e+0
WWWWO  WWWWO WL Wk o
fOO00 O—M OC OONDO OO~MO
NOYO ¢ OYTO + CONC ¢« OOMND »
CCNOO OO0 COICD OoNTC
~vooo ocsro cono coo~
~O~ON ONMON DODON OON~N
€00 00 99050 e s e eO e s O
) U ) 1
] - J w ('S 1w
NN NNV VNS NNV )
©COO0ON COOOUW COOVX Oo0oN
1L 1t T e )N
Wl WWWWY W WL s il =
NN~ ON NANROS NON~ON NON~O M
Qe@N e CmaiN ¢ Ct@D ¢ =D o
CTONMNO COCAMO OTNMNO ©OFNMO
—-~na - —-~na —~ma
RPN ST IO T DN =T
00000 00000 e 0T S O
COO0O+ COOO+ ODOO0+ OOCO+
" T ¢ tw b 1 L
" 0 'ad
N v U2l
t1ee tloaen 1 hesa 1166
WU WiWildest W WIS Wl ©
TeOM~ €CeONN C£IONT «TOMM
Pt & ettt 8 et 8 et @
MO IO 0O o
NO~S ! NO—D I ND=O DO
A€ ADN AL AT ST AT TS
et ool Ses e eo e e e sr
coc o~ o
- - - -
sONOL OemOa OCeOQ OOsal
coocoun %)
4e44° 29940 4404 0 4ee s
WWLIWY  WWWWY w9 WL W
fOo e Ow o w w w
DOVOxT OVCrOox OO~OX OOTOx
PONO ¢ OMTO » OOOO ¢+ OO~ o
COMNON OONON OONON OO —N
NO®OL ©MNOJ OOWe .l Somnad
eseee e0e0e e0cse sccse
co0O> COOO> COOO> CoOO>
- - - -
- - - -
EPOEUX ~SENX AMENX  ~TOX
- - -~ -
EXax + XX * TIXE & IXCEX >
d9<9<d9d d999d d9<<d<<a dg9a<dd
>>>> >>>> >>>> >>>>
- Lel -« [l
————t AN ecow VI
" " [0 "
coccc ecocco cecoco ccooo
[N IW TN IWIW e WY W oy W W W Wy WIW W] W)

V-VEL V-VEL DENSITY ENTHALPY TEHP MFRAC ce

U-VEL

L?



Table VII. (cont)

0,1275059744E+01

58

= LXsPDUM

UPSTREAM TOTAL PRESSURE

« M- T —

> ococoo vooo

o tit PRCRLRY

1 el [WTWINTW]
NP D> UnITe—~ TONNDLe

O Wnti—o NTOTO

- VLTI =o'
N e ANONL ST
NN = DG, ENess
dd o eSS eN e e e

OO ttom et mOO OO MMMMMO—ONNNM =t et NN NNy

S Cocoo000L0O CCOCOOOOOOCE 0O0OoWooDCe™ ¢ ~CmO— ON—OT
I R R R NI & D000« COOC
e G e k) s W s s b b b e s b sl L b i o HI @ 49440 ++4+9+0
P N T rRNesOme COMUrCOmOMa LNTGNOTONT =T >> > Wl Wt
S A NG~ FEME~NTO—=INIR OITICVO~TOTT D= O rOMO~ OVWLON
CTANCO DMT =) SNEEON T T o O =N DO DT~ LD + DONCO OVT OO
MOCNM DT NNNTE MMttt @ (Ve T 0T SNV~~~ OEL = —OMO+ OO+
C Rt e =T OO IO = = N CECDmmt M T € D= VN C OO0 W OMNOoW
e e e i e i e cescecsssses seesese e < ~o~ce ounncex
GeOOOUOOO0ME COOCEOOSOUO0 000ODVEeR0RS NI @ eesem e s el
" > cococox cooon
OO et ot et MO O OO MMM O =N NN et CI O NN Cd et s D - [ a« ] o
COoOOCDOOOOCE CODCOCOoOO00 cococcoocooocoen PONNNE MO OO
P T U LR 2 R sessss0ass s mne cooo ¢ COoOO-.
WUL I L Wbkl ki b b e b W Ll s Wl bbb e Lt co 1111 111 1e
O ENO RO T I CO—SE Lo mOna —O LN OVEMmE~O R T T v R e
OO e DDORNG MOMNRN~~MTON O DTV T ~rINN W ¢ ~NOT —_— T
P AT A e T T BT COCOLN——O NNEOT D IC NN ND - cOmMO O MG
TPONMNGENLOTT PP @ THINF CONE O Ty o x M~ ne~crn
C Pttt T C T PN =M N L O SN V= < ~ONe - e
e e e s esoenense so 0o es 0 0l ceeceeses e s e c e > @ENNHO FTONN~O
o co coo 1 OO O eseel e 8O
w cococo+ ©COOO+
nnmmmn [a) o~ nu 1t 1 b
CCOCCOOCOOOO0E OCOOOCOCEOLOS occoocoooo0Loon oc N~ N T
PR T LRI UL L ss st ssresssInN wul ocococox ocooomn
e b e W o W it bl W L Wl bl L) e WU W b el ¢ v te et s e
VR m@MI~ ~OON— T NOOM & @8 Dt NN =~ N O LW @ WWLWS wwuWo
P T g OO VNNTMEN D =D O NNN—=O = O~ XX « W~0MO =0 TN
2 OOTT O ~mON OVF~FE~N—one MO N~ WO I > MG~ e DOMY
;G M OT NDOOND MMt NOTNODN DO =~ 0O —~OD N O NERO NN e O
CC ottt et i = QO PPNCIM I N & 1 P L I ] co s eciOn e
A A N R R I R S S il gy P R T I b
coo W o o9 e oo o0
w ~ @O cooccs occoCH
COO et O OOC MMM NN O OO Nt et et O 0 o o~ [ ™
occoccowooOcCOO 00000 cooco - D cocon oooown
PO ToIo0003Y Vit e il seesses e w . cococy oooc~
WL i W WL e Wl W Wi bt b L WL W W WU W W WS> © oo tr e S sem
CONC—OM~O TN COCO~ONM DN~ Ne—=—e0nNOe oD 1 " ¥ L e W Lwo
;OO TON~~~O ONNDOTVOT ~Or— ) T DT FTO T - Ny « Cooow Cooow
NOPOLNONO N COIT —=aeOF ONT O OO O~~OL o Ve > OOoQC ¢+ OCOO e
O CINMNDAT MM eSO CerMUVURTE~ONNOO- - >> O ©0o0CcOo ©0ooo
C DRt AT 0F N =N T @ Tt mINN €ND + 2 . Q< « ococol cooow!l
e ees s ses e ees es ece s ee o 00000000 oo e olia o VY N CooO~ OO~
o oo ocoe T W - 06 s e e s eO
~oo x cococo+ CoOO+
COOm—A it O OO MMMMNMO et NNT —_——— O VNN (N e P~ " w w
cococoCOCOOO00e CO0000000O0a OO0 COOO000OW W Lelal's] neramn Knanc
P R U R ctsesrss et emxaT (%] ococcos ©ooom
M W i W Wil W) Wl Wl b Wl L W W) e s i ) e XD I3 1§l "l @ 1t 14D
NEeOCONO RSN VXD I IO ~TEETTDRCNTOLO “w CO @ WL Wwwwe
OO LoD~ D DD NTNT MO DODN BNV DO NN NI o~ O NWw 4« NI =M MIOoo
NOUMMIC IO =M OO T A DT DD DD ~OOMNNMNTOND—I e o —— > OTMmre~ s NOMM e
@ DN ML OED Mt N = OD N NN~ NCTORNO TN O + N O e®nNoo EMIO
P OR ettt O NN ANt @ —A NN 00 ) (W] e« @I M
A N R R R N I S iy " o N e N NS
coocornocooo00e coco @~ - o eeeeD o e e O
~ 0 cococo+ CococCe
OO Attt COSG  PMAMNMNO =N NNM -t CIONON O N Nt 0 © D o wn "W "W
COOOOOOOO000 ©OO0O00OC000 P L L o R ] NN NOOWO ONmOO
tssstsestoss LU EIIO LAY PR R A ol e Ndd & OOCOCOO SoOoco
o Wk W Wl il s e Wl L b W W W) W L W W b iled W s L @ o A +e 2+ ++ 440
COMONCINMe~ND T CMIT MO gMm O NN NN OO 1 et > WWWWO WLWLO
CTRmANCNAMUINN OXDC ~N~INODO TONCINNS- @ =CMI~ O - O woNOOo Drweo
NTOAN A NO= DN~ CVNNDOOMO DOV CNTTNNCVC—=nTall | " s TOOO » OTNO ¢
DL~ ONMO T TN NOCODN CND— O —=OCM € OW @Nn — INOOCOO OrOOoe
PNt et et I~ DT I NN € D O~ I IO S O Zz n>> O —oNOo onno
cseseeecsesse s0essoscssoe e secssssa s DM s} da N ~OrON oTNON
ococo © <o « « €080 o900
nam w N~ cocooil oooct
OOttt OOO FMNMMMNO =t NNM .t et NN NN NN ) @ Usl's] 1 w 1 W
coo COOCOOROO00o> © x NN~ N EYe
P R R A seess a9 serseI N A~ ooochN 00000
WU L W W LW W WL W W Wb W W W W W W W W W LG 1 XX e~ 1Lt 1N I®
NO =l € @eN D MTTNNN =T =T TN OCOCROVONND~R—  ~ e 4 WWWWYD WL
PO C— At NMNCND VOTCOTNLOT~D NMTNNEON—TO T o Z N O— O
eI OMMT TNODR~ OVNND~NNTNM ornVOMmOosNedn N srdT - LOON S VOO e
~OmOMNNMO I~ @AM = IN~MO~N CMECINOT MO = o= WO & FmTNO ~=INO
PP et et m WO DN Foun WM NN OZ e+ < Mmanr maors
T T i e ceeeesoeases soeeses s Sm OCWW > VN—ON DN~IN
coo coO COoO0COOOO00OOOIT «— O eses e e e

o
OO Attt et OOS I ettt NN et A NN N NN O 1L
CCOOmPOOOC OO0 COCOOODOCoon coococococonocOO>u
Pes s st sves MUY 1111111 +esesetsvsess oo

0.19130E+01
3
8
8

WL L WL L L, WL L Dl L LWL Wi W el o o n e 11 eec 11 ey
DDNONO=INT IN~M «DINNC ~N~Ona AVPON~EMNVIT Y DN "ite WO Wil
HKS O~ INMMOC e~ NMMe T

NMONORL AOEMITNO Ne@O NN NNM NTDNNODNDERT NN
;OO O~NOOC TN =~ N~ NOME DNN COONT PN —=NDON I
N OMINCeODI~ AN~ TDCHO DN DN FRONW NS

.
A
E
€
N
N
6
7
6
6
.
6
7
6
6
.

PO ettt T O IONNINO-NNT N DTN e et I =MND T X ) X N e @ el D)
eevesssseese sevess s R e ¢ U LEXOA ~FNTH AT~
CcCODCOOOOLWEOD OOOCOO00 o o ~ « & 1> esoeem o0 o orm
ar-mn . W ne cooco—= CoLO—
OOttt =t QOO I et et NP L, et et et NN N Nt et O oo =] -
ocoo wo ~ " Ry eoncQ Ooemoa
ser e et 1111 1011111 10sesstessses s - - W ococoown oooowV
WUl WL WL W W WL L o L L ) L L A LD O b W b e W LS L LT NS z owvewn +ees e st
~NOC RN et W) O=TNON T T ~VON NV mnTNT | w * O WUWWY Wk
~ONNO VN~ DN DM~ CTTCDN TN —APNCS =~ NNNNODIN WO - O WY NOCOW OMJIOW
CONN~TNT N~ PN NEFN O~ WO~ QRODCOF T O ) O © @ e monox ocMnoc
e ONMNT O €D TN~ T~ L C NN~ SOV D~ s - s+omoown TO00 » CTeO -
OOt et O AP IND NN~ DO DT O =t & F DO uw wom . covoN ©OOWVON
seececscssace e ssesssseseTos0se0s s00 0 oZTD W CeenNoz MO~OJd ONANOJ
ococoo coco oo < o Ll VWOLEO « eess e oo o0
13 coo o wvo >>n cooco> cooo>
COO ettt et OOO NG S PIN NN - ettt S NN N N el 8 O 0D «<T - -
cooco coo o no e nnac - -
eesrr et ST i1 sl il 11 messssssesossnn | W oee WO @XM TOX
E[ECFfCEECEE)EC[CC[[ECFE[AECEC[[[{CEEE v o omcaxm - -
)20239“73)921!172\6367A96H[72236277QA20[E) @ ) > xxox * XXX S
X93651589ﬂ531L6693"7525560Hb?l&?ﬂﬂ?SlJiM‘l o cC<—e > <da<<da a<9<9<a
e i G a @ SN0 e ) & =)0 F e G W) e PP b St ) [ W) > >>>> >>>>
L837023561135(h33112§00772LRS&N577H926115( ey na - -
(9991]1]1]889A33352\1332?1&67""11331\!6 « N¥Y OoCcwu ————— mme
L....-.-....Y....-.-.o.-C..-.-..o.-o. « 0O LWium " "
3c cococovod ce © roo LR . @I e coucoc cococ
a > ) R - FW. =] PRI TWIN W WINRIWN)
o



100

Table VII. (cont)

0.1286058037€+01

58

UPSTREAM TOTAL PRESSURE = LX+PDUM

OOt m =t QOO O
ococooc.occowLo
P e rrrrIEe N
s L e b L
MO O O~ M
© DD PN N
DNNNCO~MNTMM T
MYO MY NNNNT
O C @ O N
teeeecevs e
CLOOCOOOCOOCOO

OOt O OOO

IO NN NP oot ot OO O OOV ot ot vt ot
COOOCOOOOO0OOO 000000 OOOROD

T 1111 +1 11111 +49esessss00
Wil i i Wil W L b e e W e s
WO MUMTO~NOMT IO~ TONOT =
CDMD~TV=DVNNT OTNOCCFITMNNM~M
FOITRCTMNECN et NN =T MNITTIND
PNt et T Nt T~ NS DT VMV OO N
PO END=MNEN ) OTT e T D0~
.08 ec e e 00 000 s o0ssssce s
cocwooe oo o

"
MMM =INNNP et et VOO OO ot et D
> oo o ocoo

teevsss s
b e b il b s L)
—_-mnNeccTC o
OSSN N=CONND
@ NN = O M
FNOANMNVTND=e D
C ettt T T
ececsssvco e

11T 1T+ 111111 esasssantsesa
LWL WL R L W W WL W WL =
CV=VNVIND~OMNET MVTOT=NTUOTNO
MNOMDNNF~MNION ONMNMOTM~T NM—
VLI~ OOVN~—O ~NNNOOS—~OCT

NI IO~ DT ON~NTOVT

PPN NN =S O OT == NN T TN
ee s eveseees e 0o sessees s el

e oo J
- W
OOttt =t OO0 O MMMMMNO Ll
oovoocoo o
e s0s 000t ee LI TELI4NT I HIT 22430400004

N N e e
carNO~CMa~OmM
VR ol it =T -2l ol
€ OO TOOVT NG
~NO~NVEeNT MO
O D ot ot ot ot et = O O
eessessssc s

L b e W W W W LT W e e L W i l ld b s W L @
~OOWU~ORNNGM MenONOTOE I~
VANMOMNNTNMCM MNOVNNMNON DO~
DOV C NG met T YO~ OO T VNMNNDT I
et T I~ CN TN OMNOe~NeNT
PPN NN} O~ PN e O al
ee 908 s 00 a00e s e 060G L LCE s armm

co

oo

w
C OOttt OO OC MM NG etet NP ot ot et VOV OOV ot ot ot ot Ot
oo oo oo conw

ss ettt st et e 1IN IISTL 11111 44400t ess 00—

WL b b e L
VNOC@C e —DOOr
OO~ =M OO O©
novvwTYwCNOT oW

600 s s 00 s 0.0

LW UWW W LW W WL Wb WU W wW> )
COCVFONMNIUONmm MNMANTTNmN—~OdeT |
CNNDOLTVOT—Re DETTMNNCNIAOSN
CVCr T OITND NESNOTTOMNDNN—=OW
It NS NMO TN e SNCI~MNOO >
PPOONN=RANR T =) ~a e INDNN DD+ Z
L8 e 0 e s 000 e s 0 e s o s ee o0 olyd

) co © T
mnoo

O OO Art et OO OO MIIMMING et IO NF) ot et ot NN VOO ot et et omt P~ |
oo © co o ol
tsevseetr et tees 1 EBIIITEILI 111 442433249 99mxm

e ) L L Ldiad Wad
VO a ~rOc NN

WD wW WL WL WWuLWu UL WULW eSO
VIO INTONANT FY—DMIONMIN~NOOI N

COUNTC==ODDN N0 N~ TOTNMNHOD -
NPT I NmEeCN T COTFCNTOTT L TMNO=NN—DOISON N @
@OV DOD MMt ON=O DN NN~ ©
DTttt O~ M INNNNI @ i) OO~ ANVY0 )
et ecsscs000se e EGecsce00ee DOGEc OGO "
] oo © oo © coo V-

—on

COOmrtrt et et O OO

PIIMMING et IO O ot ombot NN VNN ot ot et et © L
o o CCOCDOIOCCOO+ o

+ee900 00000

o
Tt i rer EREEREEEREREIRE RSN
e W W LWL W W W W WWWWW LW U W W O @
IO TN NI MM DN TNOTNINMNDmD =
ODDT =N~ VNOLO OC~VIDOITDRO~L ©
CUNNVIVOMOOOY TONMMErNLNANCNN L
@OMNMNE =N OOOTN VO NCCO T Lt NOW
PN NNG D DIt VNS DN 8=
e e e0s s 000000 G0 8CLEeL e eOa

oo oo ax

Hae

COOAAtmt et G OO MMM Ot et NP ol et ek NN NN Nttt &) 0

oo co o cco> ©
*se9etses et s LI IIET 11111 49499990t tseesTO

T L L L L L i S

~oconNnMMoOT e~
Ut et oot e O
cessesesssse

W W I W W W W UL Wil W Wl b W Ll G it
NOOMNN~T~e N CNNOTNANVO VTN  ~
VODCOTT VO €U VTNDONONNNND  HE
OVVNT~NNDOM CVEN=TONNNT N
MMM ONNOCTN NNFRONMNT =t J0O ¢
Ll e L R L N D el S At ladala iy Lelelo LR &V 0 4
09 0006060006008 0000600000 0 i
o oo © I ~

owoo

COC Mttt et O OO
ooconocooccoco
ER R
Wiyl L Tl Wb L it

~OrOMNENEO VDN
OND O ot ot ot bt P T 0N
eseocss e

)
Lalalalalal NN "t
COOOOOOOOCDO00 COCMCCOOOCO0O>wW
tseresrseser oD

LWL LY UL LILIILO  ©
VO TONOTrOTMNOT r~a
NO~TTD~NNTON DM
VNNONOO~~ONH o
VNSO DN~ O IO
IO~ NNNND UMMM @ OI X |
eesce e s e escee e 0cses oo sl

oo o coco o -
Qr=r

O OOttt et et D OSSP NI ot ot ot ) NN PO ot ot ot et O VN OV O ottt O
oo o coocwo -~

seesresrsrra e
WL Wl b W i W L
—_e NN N OO
OO TN @ P
COVNOFTNE O —~D
TNROMMIN € =D
VD O ot ot ot oot I TN

eescecceso s

1111101181049 9900200t0see

MMM NS D0 LN ONINVE TN OO $ Ol
MPANANCSENNANSNVNDR =M~ INO N0
e 000 e s 000 eeT s0c0s0ccsoseTaD

o o

3 aox

COC Attt QOO MPHMMNMNO =M v il
coo neo
Pecssss st s et LI I I IS II I Isessstserssrsen

W WL W W L
AFNICH=O VT FNM =
XKPOCU SO DCim I NT
PN C LGNGO -
DI ONIN G~ D
T Ottt T O
Jeseess s o

e L e L W W W e W W W W W D el Gl
Xt e NI O~ P NV TLIDDLT O S —NTOC MLl ™
VO MEZPAONDNCOI WS NN ML DI
IO e O P I mell eSO O T @ e im0

@It N TOO AN NN et N DN T T =~
@I N~ A (IO ] DL T M) e D
- ee 00000000800 00000000 s
o coco =) coooococo

x>
a
°©

e« e
o - ces
o =3

FORCE COEZFFICIENTS oo

0 eee

-«

L1le(DV=-DV*

L
L
A/DT«DVAR»

2
1
DVAR ()

D+19309E¢01

v 2

v 3
L2+DVAR L3+DVAR

bd
L1+0VAR

-0.70706E+00FRC
2
3

A/DT+DVAR

FRCN
L
L

€

0

0
OVAR(N+1)

N.19309E+01
2
9
6

A
€
[3
4
N

FRCX
R
v

oy TN~ N
cowo coco oo
e RO [RORS
Wl [TWTN W] [N W]
IO TLONC = OO
NN SNTOC TMRVOO
ametl ~en—1 nNEool
MO TUI el OGO O
FONAOVD DONONL =N OV
eeeedn e ssea o e s e
coOCO~ COoOOR OCOooOoN
11 le 14 1 by =+
NOCON OO~ OONGN
©oCCO + COOO s OCCO *
44440 24430 e+ 40O
LW Wil | Wil ?
CQrO~ OFRMON OO ON
NCOOO OICOC 00000
NOCO+ OO+ CODO+
COMOW ©OMWOWw OCYOW
OO~ CTNOT OCOVCT
e e e eecseqL e e e 0O
ococcor Ccocom cooos
1 - . o o
MONNPT NN mMaNMS
COOO ¢« DOOCO + DOOO o
t111e 15110 1111
WU | Wil | ol
onem onemn ona ™M
QOMe cOM— DM~
oc~OoD o~oc c~o<
Ce=c NiNee e
Pt Mt 3O Ml
00 eO s a0 D e e O
Co0O+ COOO+ COCO -«
R I
-IE NN N O O
©Coco~ cocon cooccu
tIPIN e e el N
W Wbl Wl
VMTIN WTOMNC MO DOV
~TOD e D e ANNMO e
ONFMO NI O MmO CcOo
mTnn comna —eT O
DEONN O OO
8600 06000 o0 e e
co0O+ OCOOO+ COCOe
1w [ ] w
coo0e CoCconN COCOD
coocon fcoocrh coc oo
P40 4494 44T
WWbwe WUWL O  Wiulii o
cocor Cooos OSSOV
COO0O ¢+ DOCO ¢+ OOCO o
©ooc00 cLoOO CcoOLoo
oocOo !l DLeo I COooo
Co0QO Ccooo~ OO0~
0 e O 600D e o D
cooo+ OCOCOC+ COOO+
W w W
VNS INMNAMNN FmeoOm
oooco coco~ cowwm
L1t 11O 1 en
LLWWT  WWLWE WL we
NVODN ~NMNVE DVTOD
NOMM~ ¢ TINNT ¢ DOLO -
N~ e dO VmOVD C—OOC
e nooN Framo
FPAD AT C M LOO
0080 9000 s e O
CoOO+ COOO+ DOOO+
1w [ [
NOUDO ONN=OO CONDO
©CoCO00O0 ©OCOOD COo0o
P4PIO 49440 4440
WWWWO WULWE wwlwe
~OrOO OXOOO OO0—~OOo
COPO ¢+ O~ANO + OOMO
NocoC OoNToT 0omMmoo
ooxo ocxoo ocomno
—~oNOoN OMNON CoWNoM
e8¢0 SO es e 0O
coocotl cocool Cooo |
. b . w w
NOMM~ MMM NN MM
COOOD OCOTUN COSIW
111N 11110 11110
WULUWE WL Lo
Pt Dot NP DM NP~ =D~
~aeTON s ~ETON o TN
ONOHC ONO=DO CNO—=C
~ncw ~mnao ~M oo
Mt @M Mt e DO
eee e se6e80 s eO
COOO+ OOCOO+ CODO
R T ™
At A DN et O et ot ©
cooo~ CoOO~ COooOm
Pieein 11 e 11 e er
WL W WWWWY Wi W™
NG ~MONM ~M oo
NORO ¢ DD ¢ NO~O @
COMN—O OO OTMmec
D AD | =D | =D 0
DN D I ) e W
e 0 e o es e e v e ek
COOO~ COOO~ COOO-—
- - -
eoNOQ OemOL OCeoa
©
test e 2ot e 44440
WWWWY W9 W »n
CO—~OW OfTOW CONOW
NoONOa ONOOX O0mOa
NOCO ¢ ONTO e OOCO o
OO~ON OOFON CONON
norOd ©OMONOJ COWVWe .
eeete s00ce oo o oe
cooc> COCO> COOO>™
-t - -
- - -
- NN —OTUX ) T X
- - -
cocx e e e Tx@e e
a<d49<d< <Sd<<<d ad9<9d<
>>>> >>>> >>>>
- L) -
ot o et Lelalele] cesaa
1" " "
coOo0cO cCcCcoo &Sccco
[NV TWIWIN Ry WIWTW W] W W W W)



Table VII. (cont)

0.1297056330E+01

58

- LX+PDUM

UPSTREAM TOTAL PRESSURE

. M & v BT lall N ey
> oouo Sooo occoo oo
c vl L L1 e U]
1 Wl [ICTITNIW] i WL
o > CmECON Enmemt MOCO = Nnooe
O ~OCND OVLO TUNOC Yreoo
o NOWR | =mDeil D= 001 Smmol
W 8 COT =L FIT e DUISU S amou
AR N BT RaNGs NNFCS oD
S O eeded esveex seeem ° e e e
coocown coocox ©00eM Soooe
OO Attt OO OO MMMMIMOAMINNNFM et NN NN = — TE 1= 1) 1S $ gy oam
e 000000000 C COOOOCOVOO00 CCOECOOO3000 + NOOO~ ON~Ca OONON Sorv—n
e sseses 11 1T I #1111 444280 sessdd * CoOC s COOO s ©OO0O + Cooo .
Sollolllllin LLRLLLUWWLLL  Whbwu kil bt Wil @ 44440 +4¢40 44040 4 449+0
S P CCsrorE NOMONTO—NOME —@DIN =T BSOM TV r > bW WLk b bl W u
R LA BN~~OVTD NEMTTD—=ONN~ RN O== T e TN 7. 0 mOoco- OMNON ©0O0ON Dor~ma
AP GRemPENNT CNERTMATDO=—=O NNMNONYRONNAG T CO~DO CmNOO O0~O0 S o.no
e OO T NNNINDG Mm@ NtD=N T NS TNONO RO "o - cComo+ OFWIO+e OONO+ Ooypx e
REONTIINEZE R MNPt D@ e N e DO i~ O COoNOW OF—=CW C0&Lw Conduw
e e e s e i eeas sessessssecse eesveee oo < ~oUoe OMNO~ COVOr Comore
comooo o oooou oo W @ eseels oo oeil eee e~ g0 emn
" > x coccow cooon ©O0een ©ooown
OOt = mOOOC MMMMNMO—NNNNT —— et N OV N ot ot et D - [] « ' v < IR
oo o co =1-) MO MENEMD MNP gana
s aea 1111 L1 11111 sssaassesssed " . . * ©noO0 .
Sl e W LW W W WWL L WL L W bl oo 1111 11t11e 11 11e 110
A OmNOOE DTN~ P ONT—C T PO M NN—NMNNNT =T e o~ LLLWIT Wil ) [TV -
R RO mN@ e FeNTON~~mTON MO N=OM TN B W s TN~ -« oo TON~ * S
T eIONC NS T cNo oo~ 0 o~ ~ muny alrlel NN " ann
P ONTETNDOm T €D TMIO~NFM T OMNT T O DM - @ OO mnooa mno© "mnow
OC ettt @S O T I D e Nl O @ et N NE IO N~ a evon @« oon @ oNn < oon
A T SN d e i s dess et e sesece e e 0O e > FemeiNem FemNO TN D
co = ] OO O 6600 o9 000 ¢0s0 0O
W ' ' * ¢+ ©Oococoe
oo o mmmnmm " > 151} A
oo o cocvooo0000000 co _—ID N OGNT MO )0 e ©
A e R R I W) cooconN coooO cOoos Cooos
e e Wi L e W W s ki Wl Wi 3 g TEIET S22 ST e iem
R OR T NRTrNON ~OCO=~OONNYN @ ORMOT VO PTO b € WWWWM LWL Wil b e o
QORI NOODISER mOMNDMINNTNMNDM UMY ~NNTT ZE <« OC Ol CTN~NTI OWVIOW Nor~oo
T ToONDeTY eI N~ —=eaNG OV eMONIN TNl S €OmMve VNNV ¢ TTMO ¢ T Nt
R e O MOOMD e emmMNTM=DN —€ TMT NN LSS NN O reg—=O LOTOMO wMIOO Suueo
Pttt et T OO WP et Nt Nl O et N T D co + WOWY —_—ne amnco - o
T e e e i i esee soscssecacce ee0 e s ST te N DITONNA DN =mOON oo
e c U o ee8e0 eeeeO eeseO s ec
w - s coco+ COOO+ COCOs OoOoo+
OOt mOOOS MMM moamn o= o -« W ™ ] - 1 w
oo COOCOO0O COOOOOOOO0ORNw - mo coocor coocom C00O®m ©ocoor
e sasaces TIILI 14111111 +a4esssesss s w .o cocoo coooy cocacr C© coor
LDUWULL LWL W LW WU W LW WL WL Wl L Wi b b LW > ~ oo G et e et S+ S 4o
N CF@me TONA = MNeAT O~ CNON=~ DDg DT cNLon—n o & WULWE  WLW LWL S WL
N oaNPrTNEeD NCNCOTNOT—R = ~NMTMOCOHEEM " Hi @ CooOr COOoOMm COOdN Comodn
R ROANECNE TETR NN BEO~TT T~ 0O O o BB > COCO s COOO ¢ OOOC ¢ CCOO o
B O BRI ND O M I~ANODN MOVNT N NTRN=O0S™ - >> O ©CO000 ©0O00C ©OUOOo 9owoe
Gttt et =Y CPNNMNONC T SN T N0 $ 2 . Qa + ©Coocol Cwoel CcocZ ©ocoo
e i el e e eialeie eeas 00 s o s0 0 0.0 000 ¢ 900l .o o VN N CoooO oo~ OO0~ Oooas~
coc oo o000 O00ONT Ll o 666e0 e se0 oo sD e eO
~noe xx cocow+ OCOOOe+ COOO+ OOOVOS
O OO A OO0 MAPMMO~ANNNM et ot NNNNN e n w W w W
o o o om sw mnmn NS NMNAM~ @eMeor~ NMmedn
Tl es T i i i e 11111 sesveressde ey (5} cocox ©OOON VOOV~ Cooom
SOl lllltd wuLULLWWWWWL W W W WL 22 « [y FHIIm 11 81Mm 11 1+D 1 4140
MO RTY R ARN Y AP~ TNT O N—~T NOM=INEMNITO S ToI@ w CC & LWWWE WeiulM Wwwwo Wil
N OO NN ~D O N DVOOVOVN) ~~Oa~Oamen D - O W « FRT~O ~STNT LoVOD OnNam—
Sl RS Teon MOTNONTITD~D NHTODVCONARDON o o —_— > WMDY =TT e MNOD e g e
P O CET D e ~MMMON—ODN YNNI DNN~T OO O + N O ~IVO NMMmSC TOVO0 Vanso
L O remrtot e TP~ NN DT MO Ot T Ot N NOMNOD W * emenaT ~owoe nsnotl Vececol
e T e i iees eecscscsssses eeece s e " ~ I e LN me @ N0 =0DOO0 ~oero
co oo co W~ o0 - T ceee0 eseso essso b .00
— - CoocO+ COCD+ COOO+ OO0+
OO At At B OO N IO AN et AN NN NNt O o~ [0 ™ 1w W w
e 000000000 COOCOOOOO0000 SOO000000200e ™ ~ NN —~O000 ON~DD OONOD O ON—HO
oo ToRNs T i1 14111111 4444040942 lO ¢« luo & ©DOCOE ©OO0O ©00LO ©oo0o
WL WU LWL W LW Wk W b k) Ll b L o L W i =D o C +44+40O 44440 44443 ¢+ s+4e0
P mCeameTmN ~TNMaN~N~Tnn O OOeOraneObn o 1 et > WWWWO WWWLO WWLWO Wwwwe
R RO rom@E CUONRAN~ONODRE NWORMANAIONT AN o - O Mmo~CO ONMOO O0VSoO Qoneo
R R IaNGRorm VP TNOVOMODC ~LTNONT THTONT I v " T MOVOC ¢+ OMrO + OOVO & D Owmx ¢
RN rocnE PNaMe—MOOODN MUT—~eN~TTATNOL TN - ~OMOS OFOO0C OO0=O0 Conro
NN ettt et m T D F NN NN T = Ot At NI &) o= T Z n>> O mono onr~a cowun cocx
T e e s eeeas csaeees e s OO o J0 N COeON OMemON OOTIOMm S oM
o oo oo ar 3 QA 00600 e 08O 0O ¢ o sO
e w o cocc 1 coocol ooool occeol
O OO At OOO MMMMMC etINNM et NN NN o) ~u [ w ' W W X"
coovoococo co 3 > © x MamM e PN NN ET D NN
tetesrsseeese DAL IESEN I E AN teesresre e eI Jin ~ CoOOO ©OOCOOE OCOLR O Oooox
WU WL W WL WL WUk W W b Wil L) W Wi W L W L LG 1 XX e~ LTI ION E UM o o
S E e f Tt MmN e e e VNN TN en DD = T ¢ WU WL Wil Wil
A R O RinT~re Y NDICOTOVOCTF NEMNNMeEODING I« - o Z @m0~ O =0T ITOANCS T OmOD
P S TNT DemmMO CNNND~NNT~ON C=ONTONGEemD N © 4MT - @ 8 @ o T S T o
NN MODOE TMMNaCIN~MODO NMNOFO~DOT~a 3= * WOO @ —OMemO =DMeO =EM=O S OO
P DF e et TN = @ O~ NN E = D D e O € nz W Ne e « SEONS —aD —“Tns )
e e e s escsese secesecsessse sos ee e s s S ~ CWw > T=OMe @O0 NN T—OMN & =Ml
oo oo o T - O ~OIN O s e0 o8O o essO ¢ s O
° N e ww cocO+ CODOe+ OCOOOs OOCOe
OOttt OO0 MMMANMO A INNM  Atet SINNNNN oo | o ONmOo R R L
e oo cro00E COOCOO0OC000 OOOO0OCO000OO>Y - .ot et OD A O L et O et OO
DL ooy T i ier 1111 seeseesresee +dO . cow OoCOO COOON OO0LY ©Cooom
LWL L LW WL W W WL L] WL WL L L e e o Nt e Tlesrm H1 14~ 1 heset 1 144
BULREHRRRR R meOnaN—N~One DN—OnITANO SN ~— nns WWUW® WLy WY W kW
R R RN UMT R~ DOTCOANNMCPMINM D= ONACCOAND = ne KO~ mTDOT FETILF ~TDOL P~ TION
T DA OAN®O NNNN~AROME=NN VVOMONTHDOZG o I AuUWeZ VOTD ¢ NODD ¢+ NODV & NOTD °
R ST neono~ CNMMNAr~OO~~O NeVETVAONTODL O QOO0 WVIMOO L UMmOo
OO et ot oot e DTN P D Nt =N NN D O~ et T NI X O ~~=0
e N diiesecesaee ees o0 s e sl et
-T- o -~ . e o
arm cococo=-
Ottt HtOOO MM MMMMNOmMMIN NN et = SN N NN A SO -
coco o weo - Coeed
cown

s saseses 1ITTI1S1 111 1IOeeessess s sds =
W L Wl L W W W o W U W ) W U W ) O S W W e e wld WL e ©
NONMOMGMITINN TMTMNORNT VO NO QT et =IO )
NNDOMNeTDCOVO~ DD~ DN AP NERO D =NV OON DN WS
N~ O~~TNT VT O —— O~ DN D= AP LI~ ONDO DT Ma M D!
DN OMMN T~ NS AP F et @ O~ OULNODNTNO AT NG sl
DD ettt ot~ T DN AN NN N DO~ et MM T N0 D
e seevesessece e e cesecessceeZ oso o0 00 008 eTN
oc co COCOAOO0OO00OOOOO0n 0
x oo
O OO mmrt m et OO I P O et PO N vt et S ONN N N O et il
0 CO0OOCO0000 00000000000 COODOOOOOOOOm IO
st 00 sreae T Il s 111l imessssssssseen|
r..L.L[F,rL_L_LC.Lr..[)E.LEF.[.L.L_L_L_L[EACE.L.Lr.:Lr._r.._L.L.LE X1l
~aDNTMON~OT PN X OO NP DR O~T O OSLINMI- NSO T NN DD~
A~ CEDNMLOVLICOEMNETNNNNNIYOT T ONOT T SOOI T -
N (N T DU UIE D PN T LI =0k 1T P ety NP~ IO G T T =
L837n?35§1136(193111500772L27ﬂ7h59266261$(
CO OO ettt DT O @ AN D P I N = G D N S N N 0
L-oo.-....-7---.u..-.oc......ooo-oo
Joocovooo o oo cooo oo
a

0.,00000E+0

0.,00000E+0

0.39732€«
B26E+
+RES

0.21

AeLXoLYoL?

FORCE COELFFICIENTS ewe
EQ S5 VAR 1
Q@ 5 VAR 3
5 VAR 4
5 VAR S
=5

qQ
Q
Q

[NINTWIW]

0 aee

=) =) =3

101



102

Table VII. (cont)

0.1319052916E+01

58

= LX+PDUM

UPSTREAM TOTAL PRESSURE

OO ettt 4 OO O

LelalalalalTolel

o
occ =]
s er et e
Ml b e WS e o b
T ONDt et O T
VN @ TMOC O N
~e e TO~AT OO
NYONT Ve NNMNIT
Ot mom et o e T O OV
secessaccsese
ccovoovowoooo

OOttt ~OOO O
ocoocooooco0o
R R R
Ll b L L L b L
€~ TOOT =D
VTP~ T IOT N
THNNCNT VO VO
CNONT VT VD =NDD
O T omrtotom et T T OO
X

=]
LR R B R B}
e e b e e L LS
NONLCOT MenOM R
ST DOST DI
CNET NI NT O
P e @ S T~ NP
DN D7) et O el
EEEEREEREEEE]
coocovovooooo

NN N0 =N D

co
+e 9000 rs e
el W e L L i W s
ODL NN T O T —~
TR~ NOMNNGOR
OO~ NDNO~O T
DM T N OND
I et N N I N
ceeescsessace
ccooococoooooo
"
et VOOV DN N ot et et

cococooo oo
vt e
W W L Wl e b
et DNV OT O N T
T VNDSNTCN
L O RUN —O
TN e OO~ D
DD M= D et O D
eseecsees s

oo
R R R
o b o s L Ll W L L
DO~ NTMNOTM~aOMnc
D~ O MOO N DM M
~oMII~OOVNnNON

CNOMMIMOTNVO

VI~ D et N O e DN O
R
o 1

w
n

-
o

OOttt OO0 O
=1

se0 400 ss004 0
L b e e Ll b
OMNTNNO O~ DN~ T
VO~ MMM
T ——NOMOTMNTOT
~OONTIVNNDOT T

Lalalelalalsl ”
oo

oo
RN R
b b s b W D L W
OOV VINDNN LM
HOMDMN NN O
O~ T N O
PPN T~ SN
MDD e N D
ee s cvecscane

Psssr st sseey
el Wl W UL WL e
P LN~ OO0 NNG
NO@OMOmN~NT ™~
—~TUoeNONOTOTH
VR~ OSSO WD
O N~ e N NMN NG I
e s ese e 000 e ermm
o P

OOttt it et O OO ©
o =3

MNP e NN
oo coccoco

R
i L L L W i el W
NECO VO~ TDND N

IR
L L ) L b b b W
DA T DO et
NONCOSVN TN~
TTTN~IINT T~
Qe O~ TN
DM DM O D
8.0 s 0 0.0 e 0 0.0 s 0

X -T2 -1

oo
MMM et D

W
bt OO N ot ot ot O b
coocococoocococoun-
Persr ettt e
W Wl W WL L W WS>
N =NOVODN—~OC T |
M~NO~ T DNON~
CNONMNNLT ~OMOW
NN O WOO -
C Pt NNNTD T+ Z
o a0 08 s e e s s 0 el
COO0OOOCOCOOONT —

~Noo
et I NN Nttt ot |
o o W

co co
AR R R K 2K 20 I 2 20 20 2
A bl ) L e e L
NUT NN T LM QW -
N~ e O NN~~~
TOSNO- N T~ O~
~ONO M OINM O ~T
0N DO o ot ot e O = O OF
RO

ocoo
CRONOR R R SR )
b L Ll b b s )
O~ ENTOND T
~ONDDVOM VN VN
M OTUNION T e~ Tt mD
W et et ) O emem s T OV
DTNMMNI~G N D
e s s se et 00

*IeeI eI PP e e e N
W W LWL W UL eI
NFTOMNN NN T O N
NFOONDNISNMM -
NODOMMEONN~O I .
TN NSO OND O O
Bt NN T N0

es s s sees o e "
-] o N~

oo

o

~un
CUOAAA Attt O OO MIMIMNMIMIO et NP Attt NN NN Nttt e O T
4 oo COoe o~

moocwooocooVeo
DR
L L b bl b
CTODO~CDO~O~
eSO YT DO
et @ O NOONM D
;ORI OVNMODVOD
O DO ot ot ot ot ot ot P O O
ees e s sescce e

RN
sl L L b M s d
E DN~ O e O
VN VUN~TNNSO
VM aTNOOE DO N
DOt MMt N NO P~ TN
NN~ T NN -
IREEEEEEREEE

sseres ety
W bl ) W W Lot W L

DN O DT D= DNNVO L)
DT teet AN~ 1N Sl
ee s csesves e eOmY
-] coo <«v

=3 P=y

3]
C OOttt et S OO MIIMMIMO et et AN ettt VN NNt dl) @
°© o co o coo> o

*esrssset e

DO~ CINNETDIMOM
~OD~NVNMNODT T
OO vt ot ot ot ot P T O
R

RN
Ll b U L Wl
VN DMNN =~
NCDCOTPMO—am
TUDND~NTT~ON
@ -ONTNI~NEO
@ I~ N T
seesesvecsee

4ePersessserIO
WL W W LW W WO
NONMNT~OT~g O ~
AL~ OOONNTOD
DTNV TNTMNED N
OCNOMUOVNN=NT s~
DM et ot NN T T Z

e s 0 o0 e 00 00 8 i
b

o

C OOttt MO OO
cocoooococoooo
tesrsessrrren
UL Ll W W L s
NP~ IVMNTNe IN
O OO TNT~O T~
OO e ~~OR~a
~OooOMenNeoo~~
L emrtodt oo e T O
s e ecsess e

NMNMOO~Mma M

o
et et NV NN Nt =t © 1§

[l
co
Tl es vt
LlwWLL L L WL 1Ll

oo >
PR R T
WLIWWW W WL ULIS &
VT RO ~ND=MO e VD
NNT A~ NINT O~ N
PO VT OINONG o
~ONDMMUO DT IO
NNt et NN NI X |
e e s s s s e ee s e

oo

COCO Mttt et QOO

IIMNHMMNO Mo N
=3

o -~
Q=

ottt S NN NN Nt et et O

wo ~

R R R
L W W L L W L

DNTOMNMN TSN~

oo
L R R R R R ]
L ) L L L L e L

VISPt @ TP P~ O

O+ 4+ 24202000 =
OULWWLL UL WWO O

L NTOUMNFIN~MNS T W

O Tttt -CT N DEeMNNN NS~ ONWN FNOND
e 0e0 8000 esce SessseeesseeZT e 0t 00 s e eTNT
co o o o oy

« G on

OOttt OOO MMM~ i .
oco o OCOoOCcCOO OOCOCOO00000O IO

et et et

D R R N

—rserreresrrenri

WWWW UL W W W WA WL W L W WL W W Wi Wil WL W W ol

ADINCAININT Rt IO AN It =T OO (VI O FTOMIT TTNOM =N~
O POttt ettt T DDA O SN NN DD DO~ Tt NN e
) 9 6 660600800 - 00 se 0L se0E B G EC G0 LB

ocoo

o
=]

cuocooONOOOOO0 s s
- «as s

o

“se

FORCE COEFFICIENTS

0 eee

5
3
L1ls (DV=DVe

L
L
A/DTeDVARe

1
§
DVAR ()

2
2
L3+DVAR

0.19868E£+01

v
v
L2+DVAR

4
L1=DVAR

~0.75199E£+00FRC
3
3

A/DTeDVAR

FRCN
L
L

£

0

0
OVAR(N+1)

0.19868E+01
1
2
6

A
E
3
q
N

FRCX
€
R
R
0
A

P o>
Cdme o
"o >
nanna

nm ooy T - N D N—nm
cooco covo cooo cooo
e L DR RO
[RTverwIw] Wl A bedbd b [TwIwIwW)
DNPON T ENDN N=T O =0 O~
COVCC CONTeS NIVNOW TN emO
O~ F . NCcONE V0O e@or-od
=R MO N0 Sie MO =Ou
EmT~ DN =IO e w O
ee e e ces el e e el e e o0
coocor~ cooos OOCo~ CcoooN
IR ] © 11 1<
ACOOmt CN—OW OONON OO N
CO00 ¢+ COOO ¢« OOCO ¢+ OOOO o
PILIO +4 440 $9290 44440
Wl | WL W WLl
COCO~ OVUON OCNON OO0y
—~DrO0 O~NYOO O0UDO OOTNO
CO~O+ OMTOe+ OO—=Oe+ OO
CETeOwW OCNCW OONOL OC™ YW
rOeOOr ON~CO COFON CONWT
eeeem s eeen) O e ey e e N
coooC Ccoooa PUOO~ COUVOr
[ " ] ~ w [XJ
NONMMS AN MONDDe DO
CO0O ¢+ COCO ¢+ OOOD ¢« OO
111 1e 111 1e 111 1© 11i1e
Wow | Wt Wkl [reweTe
oNmg onMC onme oamnoc
~ocem ~oem ~oam ~oamn
QoD DCND @woNT wcn@
« o Taumo ccno s
N T MNePTO MA@ P T~
008D s 00D 00O e e e O
0 * + CcoOoOe
I " ™
N At NN DO @ NN -
coococT CooOs COCOXT CoCom
PELINT S+ 0T s ieN ) ve
WWWWS Wil WLl e Wl
NOWM0 ~O——) OF—Oe& —Or~NN
OMAN ¢ NDTT ¢+ MO ¢ TETO o
MEOTC MO=TO NIIDO A~ INMS
oncce o~y Soco ocovac
NNt CONNN =—ANON TOMNN
©0¢e0 0000 s e e e s e O
> + + ©OOOCO-e
R (R [ w ] (]
) 0 -
Cooon COoCOr OCCPW Cocof)
+4440 249+ 2424 S ee el
WL LWL wbiwbw) W Wi o
CoOO~ COLON OO0COe ©OOON
OCOCO0 ¢+ COOO ¢+ COOO ¢+ ©OOO
COOOO ©COUO0O 00O COOOO
cooo 1 ©oool ©oco cocco
CoOOO CoOO~ OORG~ OOCOO
06000 00000 o000 o e O
CODO+ COOO4+ OOOO+ OO+
" w w W
VOO NENMO €Me O~ DM@ ON
Co0O00 ©COO0e O0CCO OOCON
L1010 11t (1T ecy T HIID
Wiy WU WUl WwLe
D=NO T WMIMINN MONOM NONN~
DO ¢ NLTV) ¢ YOO o MmN o
COTME eI O = OO VOCWO
VMmem —aown VOO 1 e~
NNt © T TO —~aTLOO NNMUC
20000 20800 s200O o e e O
- - + CcoOCOe
(X% [R*I] w W
—~DO00 O ON~NOU OONOS OON=O
o covovo
44940 24440 ++4+40 + 4440
WULWWO WLWWWO WWWWO WWWWe
< L OO0 ~mo
DCmO ¢+ OVTO ¢+ OOO * OO~ o
COMO M OrADO OOVWOO O00ONXO
wnor~o oo co~o ==l
~OMO N ON~ON COOMOM SONEM
e IO 10V ED e 0O e e O
OoCcO 1 DoOoOCcC I ©ODCO1l ool
' w ] w w [
NN MOMMHO MAMMY NENNMD
coocoun ©oooo cocown oocoown
DR R - B B I s B R AR
WL WD WWWWY Wiek= WM
€T = TNICM TMNTON CMTOO
Naowm ¢ NaOM ¢ NTUIM * NeM o
A0S OO0 R WCO O~WVCO
N~ N~ N~ Ne~0
et Pt D00 M OO
900 0 00O G0 s O s O
Coco+ CoDO+ COOCOs OO0
R O N ™ e R ™)
Notrt O C Nem et St Nem €D Nt et SOV
Coco e COODEr OONO~ OCOOoOS
tiserm (1 eead 1 1eeL 1 eeu
WL~ LWL WU Wlwwe
NSO~ MO MADERM PO —
OO ¢ eOC ¢ CmOC ¢ OO0 -
rTL0O FOT0O FUICO DO
DImN ) TN DT a0 T T
BTl BT M i e
e o e seo e se e S 60 e~
COO0O~ COOOm~ COOO= OOCO—
- - -4 -
soNOL OemoOa ©COrOQ OOced
OO0V OOCcOoOwW OODOW OO0oon
tess e 44040 410 e ses0
WL WY WWWWY Wy wiwiwen
~OMOW O~NOW OONOW OCOoTw
< o
VOCO ¢+ OVNO ¢+ COOO » OO D »
COTON OONON CONON OOC—N
NOVO W ©OMNOJ COVWO OomMaN
eeeee ecose sesee sec e
CoOo> CO0O> CoOOO> OwWoo>
- - - -
- - - -
EOFTNX SN TOX I ITOX mNTnNX
- - - -
Cxaxx e XXX » XEXX S TXEXX e
Qag99<<e 49999 <999< <<Cg9«
>>>> >>>> >>>> >>>>
- " b4 n
—————— LelalaTal csaw Vinon
" " " "
coccco cocco coooc coooc
([N TN SR W WIWTW R WIN TWIWIW ey WIWTWWTW)



Table VII. (cont)

0.1308054623E+01

58

UPSTREAM TOTAL PRESSURE = LXPOUM

OOttt et OO O
coovooaooooo
see v s sratar e
Ml L b e L L W b
NN @~ T O Cim
P~ G =TT TN
I~ O @~ 10
MOONE LTNNNINT
O P e ottt L T OO
R EREREREE]

NAMMP O NN
cocooo0ocwoDoOL
Crtr e b
L L L b L b e
NOFIVC TD—NOMT:
DM T~ DD DN~
CC I T DO
-t P P Oy = P O
DI et e N e
eees ses s s e

O O NN OVt et
cocoococoocoo
te s e0 s
s R L b s
TNSTO~TNT T TN
P~ G~ PN O
NI PNONT~ T
NPT S~ MO
WP oot NP et D
eeee s e v s e
ocoocvooo

coco cooco
OOttt et OOO O
cococcovoooooO
sessase st
Mttt b Lt L ) Lad bl L
CITOMM~ MO~ NG ©

CNONCDTAND =T T
O Ot et et T C O
es e s o000 ov 0

MM MO NN N

n
ot et OO NN N ot ot ot ot ™3
=) cooco

ocoo
CEr e Ly
LIk W L L b s
Pl 00 e—OMT
TN~ ~NTON
~rET~OOUNA—O
€N T T IO
NN et N
R RS
ocoo

cooo

OOttt OO0
cocoocoocooooo O
et et srrr e
i e s b L s B b
- TN T NSO
~OMNOMNO~ON~ €O\
OO O TN~
OO NS VN CM
O ot v et et ot e D T O O
RN

NNV

eesrsserssrea
L s e 2 L L W s L b
P~ CDM e NDOI M~N O
@O O VN~ DNO -
D =t Dot NP~ O NP
CNOMaE ST~
VI~ Do ot N DN
eeee o0 00 s e 00O
cocoococococo0oo |
w
et O3 O NN OV ot ottt D)

ocoo
Pt e b B
o L e Lt W e A s b e
OOV~ NCNNNOM
DM TMNNTNMND M
NN = O
N T N~ON
OO O N N
escscceccso v

=3
PR REE R
Wl e b Ll L s @
CmTCMMAVEDTNOO
~PONN =~ IN~ O~
DO~ COT VM I
NN ® DO N D @
DD Pt NN & NN T
e s es s s 0000 o~

o o =4

]

COAAA et O OO MMMAIMNOAAMNNF et NN NN Nttt O
cocoo coe © coon-

ocococooooocooa
EREREEREERE R R
W WL WL W Wl )
oononNECcoT O
MO~ 0 WO 08
WVITOOCNNT DN
COO MO =D
O P ot ot ot ot 4 ON P OV O
0.0 0 e s s s 000 0

Prr et b
sl S Wl LW W
Pt G e O T D Ot
NONDOTN O @ IO
T INEMINC T D
M@ r-C MmNy
CMNMF DM O )
ss.0 s e e s 0 00 0.
coco

ococo o

COO mrt et =t QOO

NN PO e NN

P R e
) Wl W Ll W Wl >
o FTOMNO—=nNN=CSMM |

CONNT VENDVTODOV™
e ONNNT NN+ Z
Le.0 o0 o 0 0 0.0 o o sl
CCOOOCOOCO0OONT ~
Noo
NN NNt @
cocom w

ocoocoo coo
et sree st
At L L W W e Ll W)
e OO~ NN~ -

et ) DM T
O DO ot ot o et O 1= O O
R
coococoCcoo00e0

OO0 rrt et et 1 OO O
coocoocooooo0o
tessresessese
L L L L s Ll W
CTTT—ON~DTMNO
DVO~ONDMONT O

sesssscsecon

coo
R UL
L ad L e L e L b )
- NeDNN~T
rFONDQUO0 O NOIN
MO TNONG DO
Dt I IO vt et P D O
BT NN T et D

I EEEEEEREREE Xalat"]
e W b L L W L) @t
IFTNTN~NMG IO
WP OV F D e et O NP ot -
NI CUNM— TN o
MONNINC T IO~ ©
DM S NNNO e !
"o s e s 0000 0o n
OO e~

N PO e ) VN
ocvoooooo000o
T ittt
b b L L L W L
~E TP~ O =T
CLNO O~ T INODO
VM TINDVOTODON
C Nt M ONO O DN
DTN NN F N T =D
EEEEEREEEEEX
coco

ooo

COO Mttt S OO

L lalela Ll R talala Indatd
coo

ococ oo
e st ess s e

sesesec e e

RO L]
b L L Lo L W W L
N~ TN T =~
NOC O OTDO =T M
FONNT~NND—~O W
FOIGEOIN~I~DO

ococco
-
-t O O OO OV ot et et e O O
OO OO OO0 + o
es st s e s eI
i e L W i b W L L D

N DT T~ ~OT T
- N DM NDNO W
DO Pt NN DO D U 0= O
TR IR
cooCOOCOO000D AN
e
OO N Nt V) 8
cocoococoocooo> ©
PR R 43
Wi L W WL W

CeMOMNO@~ONOY s~

~emoo
ees e es s o s e e

oM~ —_-naenZ
es e 00 0000 00 o
I e

coco

COO ittt OO

o
"

mmmmm -
oo

ocococo coc
ss s st sere
WL L L L L L L
SONNA~ O~ TD
O O~~~ NDT D
DO C T =T D~
~OVEoMnTNToD~~
DO et A T O
seseccse s

AR
Wl W L L Wl L L
MO NNAN~ON T
DL PNMMOMNM
VNN~ T T =N
PN~ T DO~~O

P G R T g W
PR R I L]
Wi I W W LWL WO D
@~~NC~ONTC~~T 0
—e T OO OTe~D M

~zmn
seeossccs e oo
coco

ooco o

OO ittt OO O

D e D OMO~DNI e
COTTTTDONNTOW O
Lol mINITx 1

cecee s oo oo em il
coooOCEOCOO00Or -~
a.r=m

AP IO I N O L ottt et NV N N ottt O

ococo ocoo
IR EEE R
Wl Ll W LU W W Wl

@O~ OMNMNT =N~
LD vmodotot ot TN
essecscec s

occno o

COO ittt =t OO O

OOt e T I O
— s s s s s 00 s 0sss s 0008 000000
OO0V OOOOO0000DOOCOROHO0O
o - .

e e e s e s s as e
Icocoooucoooo
o

=)

woooe -~

P IR O I NN P ot ot et < NN NN N o et 8

cocoCoovOo000

COCO0OCNOO0OCOOF IO

TI 111t 4111 iimesvsedsrsstsrsnri

=

FORCE COEFFICIENTS #9#+

cae

3

Mmooy FON——

> wooo voce

o tr CRCRU

I [WSTRIN]
VM > oM~ ST OGS
o cnTsoo oMUY~
- n~cr~1 cnscet
W e Peeuuwid NF IS
NN o @CINNC DO S
ded o e e e e o e
ooOCOoOYw COOCw
— 11 o1 1 1S
+ OOy ON=Or
@ ©C0CcO e OOOO e
HiI @ ++4+0 ++++C
> > Wil Wl
wa O OO~ OFNON
« Mmovoo oernoo
NO = cONO+ OO0O0Ce
-~ O TONCL OFICW
N Tonom OM=o«—
Wi @ o606 ere ©0 0 or~

N e
coee ocooo
R
T L g

NTCOH NGO
T TOD N Gm—O
WOMO !t oM
~eSC

ISR A2

COXIC+ oooN+
COOO= QO
conol ponr~<
R
coco< ocooen

< [Kd
NN NN N

1ty IS 11
Gl Wik
2O O
VAT DO
ocnes punes
o~ caoCr

nTncoOonceo
e g ONE

ocooconooco~
coooticrcon
e rIT 4 eem
i WO W ™)
coocouvococon

coco~oooao
c 00 60 o0 o0
CODO+ 0000+
[ w
eneoOnNedn
oo~ oDDOLO
111e0 11110
Ml e b €N e b b
NTDON et g O~
~NOO SN
VI OO0 m~~a O
nM~O Ll oD )
-0 QUG
e e 8 o0 o0 000
ocooo+ccooe
L i W
CONDDOON~D
coooo coooo
* e eC 2 0eC
L WO Wil W ©
COVOO OO eMO
OO ¢ COMD o
cCO®OO BONVO
oo coeo
[-Y-2 X-ToN-T-T.X['s] o}
e e @ 2O e o s 0O
cooctl eooo
w [
MO PN D
COOOVY 0000~
DRI
[ITWINI_SWINTI WL )
~MeTO~mec~
DeOM e Ve0M o

M4 DINCY M= DN
s 8 e 00 o0 0O
.

=
- [ [l ] —
naNm©  NONMM
" cococo ¢+ SOOO0
co t111e 11t te
*e A Ll il
W ¢ VMY LMD
o -~ ©~Cm D~
o & Onew ocnTs
-~ @ TTO~ cror~
s > MememIC MNe=—cO
OO O ses O o900
N ocooe ©OOOS
IX1] b b
co _—_INT NI
Wit occoox ocoar~
“e ce st ST
W @ WuWwWo Wkiwho
Xx «@ NTNT~ MCIDOD
> Mme~T s ©IMO e
NN O OUTIC SNV CO
©0 & W=NN ot
e N VENN= ~~DON
W o0 O e e e D
- @0 cooco+ oooo+
o —~ R [
-+ e~ cococox cooow
w .. coocon cooat
- oo tet el se s
o & W Wl
w0 Wi a4 ooodxT ©00cSMm
o VO > cwoo ¢« OOOC *
- >> O 00000 QOO0
. Qe « cocootr cooest
o wn o~ cocoae caco~
Wl o se 00 o8 8O
xx coocoes oocoOe
" w w
[l gl nNnaMNe ne e
(5} cooco~ cooon
« "n POt s
w 00 @ wWWwwi WWliwT
O HWw < F~rI~= NOSAM
=1 _—— > e e DNOT e
. N O ~OrCe NNITNe
W o * TN anmn~
o N -~ @FmeC ~TTIO
-] O seeeD e 8O
° coco+ cooue
" "un [ [
~ ~N —_OOOO ON~MOO
¢ Idd @ ©OOCC O0O0Q
o < 44440 e++eeC
1 et > WWWWO  WWLIWE
- C co~oo oXNOO
" ¢ NOFO » OO0 o
onn - MOCOB OONOO
Z r~>> O Mmo~Cc oceo
o dd N WOeON ON~ON
« < seeesO o0
w nwne cooco1 eowwl
~~ [ w ] w
x naMMa MONMoN
4N ~ ocooOoN oooeo
XX e~ 41 b i@ 11110
€l P LW LW
- o 2 rPeC~ ~nexm
© emT = VIOM e VTOM ¢
4+ WOO & WBmON=O N=N~O
W WNee < LMo e -
- WL > M@ TN
o =0 O e e e O e 0 s 0O
b
o
-
.
o

FRCX

O~ .
Ve Nz

cooceo
[WIWINIWIN]

+

ooCo— 000w
11 se 1] s
W W WO LW
VOO F NO~O
FTNOM e aNOM
N—POO Moo
COV—HY ©OV—D
) T I =D N
e e o o o0 0 o
cooco—~o0oo~—
- -
ocoeocbt COcwl
cocown cocown

CONON QO =N
COYouoeNN
ve e ee sssee
cococo> ccoo>
-4 -
- -
—- €N e X
- -
XX exEXX
daadg «csg<
>>>> >>>>
- n
se e OV
" “
cccococcoeoco
[WTWIWTWIWE WIWTWIN [

103



104

Table VII. (cont)

0.1330051209E+01

58

= LX+POUM

UPSTREAM TOTAL PRESSURE

00]1111100003\.3330!32223111222221111
CCOLOLOTODO00 COoLOO oo ococo
seeser e et T I L EEL LI NI L 9449440940
W W e L b s W e L e b i bd b b e L Lt b L L L L )
—EmNNC TV NOMINTF=OrM RTOCSCSO~NOT
EITCNLCO NNT ~ =DM D~CT O DN~ OVT OO ~DND NN
,CITOOAmNRONY CDER~NANTO~—O N—TNOTNCL TN
NOONTVTNNNIID Mt et T VTN € =TINN~NO~ON
Pttt DR MV NMIA D MmNt i) N C et NI DN~
e e e s ecesesee GesceEsceTEe GG s P eOLOe

COOLOUCOCODOS CoVORSD o

"
OOt tOOOO MMMNMO = FMINNNF et et NN NN et et )
coo © oco LoCOoO ©OoOoCcCOCOOOVOoOC
st assssesrs LLITLSI LI N] 4040t astsss0ea

L b Wl el W W ol b bl Lk W e b bed el L L s il
GPCNMIANEINmM - Mt OO0 D—OMNT CTP~NLNNNY—=TO
NECETCT NN DOTTD T=MTNOD~MION Mt ODINT e SND =
PO C IO DOTIN~ FOERMTLEN~—O DINCOND~DLINDTM

CNONTOTAN—NNG TOR—MIOOMNOSNF COOMNE~~NNICN

CC et rtmetmt et DL O NP Ml N D CIN= T NN
e e o8 08 0caeee o0t es0ees e es 0L eeEsLe s 0T

coco coco o oo 1

W
OO et ottt [alalalalel e 3
COCOOCOO0OOD CODOOOOOOORO OO0OO0O0COO000
tss00ss 000t e 11 IIISIIIT AL S4srssssssesny

WL L W e e o W W L W bl Wb bl b e
L ~m@~RECNONINT FOOMN=ONONNYF) VRO~ —=O~T NS
CONNC—eMNON—=OC —~IOMOMINNFINMNTHN VMNO~NONOM AT
€T =NOONIMNT @ N~NNC N VO ODDNMNNNO S 1
;rFOOCNEINADOETD MMM N NSNS TNT
O L mrtrtmtet =MD C T NN MM NO MmN i) D Pt NN D@ N 1
© © 68060600000 0000000068000 500806000558 skn

oo oo oo
w
oo o mmmnnn IO oot et NN NN ot ot et et Q e
coco -
t 4004000 e LLII I+ I I HT 4448944t 40s00m

EE[[ECEEEECEEEEECEE[F[EECEEEEEECEC[EV.
OO e eme NEODVO Ml Mm ot e Ll mmt NN~V EMO~=C |
PO ~ANVOTMIVTTN NDNCOTNCTANA S ONN~T~NODT

DE et ONO MR €T TO~MIMNCTT LD M CTDNN~NOVOW
DOONTVNFIARNET P etMT M~ DN NVINNNOYOONDIO O~
Pttt O = C 0N DM MIINOFEAN D DMt NN TN IT N+ Z
e s s e 6.0 a0 8006 o800 eesecese oo e s e e ool

o T
oo

o mmnmm IONOIF ot OV ettt |

©co o = LIV}
s+ 220222004 AL IEST T I 111 4943449440+ emxm

W W W WL W Wl W W W i) W Wi W Wik WL eSO
O NANOM NG =M TNTVNMN~T NN~ OINI TN TOT N
PN —e VT VNDNDOY ~ONCDIOOINDY  DDNDNMINMIND -
T VCDC T~ CNTOT MOTNINT =Tl =N~V TO~~ AN o
;NC—MONMIUD~ND Nt IO et Tl NN NANON A D g - O
C Dttt eGP OO DTN @ =Nt NPt NN DN ®NO

s e e s ecesseee S eseecesse e S0 LGESSCI SIS "

o © ooco o L
—

coco © mmemm IO, ot ot =t O NN et ot 1 ©
o ooo oo . o=
tecesetetsr et LI LTINS II LI ) @0e9stttssssliom

L ) W ) W o W e b M B L b ) W L L U0

CNeOAC MO ~TNM =INMNM~CNMD VDD~ WVNNNO DM
FOURDANNCMTOON VNI ONFTNNDO O~ NNCO~TCNN—N O
N e N DONIO TV~ VMITNVVOXO=ON ONONDNON(NN—O~ I |}
;O ONNODOD CNEMMetMNO~TN POt VNN OV TN OW
P Lttt NN DTN~ @€NND N T Pttt NN~ TN o=
es e s 85 6000060 eeceecssseses ©40EseSse N sIOmO

co oo v

(-2

OOttt QOO FMMMNMNOO =M NF, et NN NN et et) &
co co ocoococ > ©

see s ssssesas 1 I L1 14411111 44944029494 T0O
WL LW WL LWL L WL WL WL DWW W bW Wl WWwwe ol
NOLELTONTT N NANONMN~~NT ~CSORFO~OMmONNE ~
MeNNNCCUNOe® NONCMIOMNO~ar) ONOONODDVDseTO Iha
OO~ NDTTNT TNTNVFORD=O NMOIR—N~ NI N
;T ANNPIOTOD TMNAINRECTME~TO VO—~ONNTITOOTM s>
POttt e T @ NPt T NN T Nt NN O TN Z
@ 66660088 80c0 000600000000 © 00800080 e eruut
co oo -
)
OO Attt e OOC MMMMMOO ~MNNF et et VNN Nt e O 1§
COCOOOCOCOO0C COCOOOORCOO0 O0COD00000COO>W
s et s st tse s et 111112110111 +4240s00esee 0m
LWL ILILILIL L L] WL LWL WL Wl iL W W WL ILILIC e o
PP TIOOADNAINGE M~LMAAN~O~ORE JMOO~MANOLYMND~ VD
CCOT MO~ CAN~O DOTEONANCM -, ~eIVTCNONODT 1M
BNICN A~ ODD e NN~ ® ~e—=ON CTTIMOVNN~EO=O N
;TN TNTODT CNMM e e OSSO NR—EMNNTINOOMNMWING
OO ettt et e GO @ It et @ NN L NN et NN et T INT X}
eeeoes e s seese Geseseeccsse Ges e eses e il

co co o oo -
ar-m

OOt =t O OO MMM OEMMINNML et St NN N Nt et O T
o oo oweo -

e+ 224424442+ T HLEII IS 1T I 1104400400t 04e

UL L WL Wi W W W Wi W W W W O W W W W W W W WL 0 o
;AN ONDNO M €MTTD=NNFTON NONM =N DF DN~ |
PINZTONTCION—MPM MO CMNONNR——ONXO~O~NO~NeN~C WO
,OND €T MNONY =N ~0N CwDEOV —ece O
CNCCMMINE® =D~ NNttt @O R~ P ULNOMNMIMINMONO =N s Ul
CC T ettt e DO D€ PN =@ NN~ DN O = =N =) T N0 —
e e e e0 0800808 essseessesseT ees0seRe e AN
o oo ooc<woco oee
I3 aon
COO Attt OO0 MM MMM OO Nt et et et VNN (el @
COCOOOOCOOOC CODOOOOTOO00 OCOOO0OROOCO IO
tretsesssees LALIILISIIl I Imessesserssesnri
e L ) e b = L B M o L L W ) o L W Wl W) Wl W L W s 0
AN O G OO N~ XOONMNOMUIT TN VDT N~ =T e =L~

OOttt et CE O O @ N =N Nt DN S N D
19 e 98 ses te e e e s E0 s 00 s SIS0 00s 0 000
Jcoo0cooDECLOOIOOOR0 cocono

-9 o -

=] =] =y

3
o
e

FORCE COEFFICIENTS ees

J eee

L1e(DV=-DVe

L
L
A/DT+DVAR®

1
4
DVAR(+)

2
2
L3I*OVAR

0.20045E401

v
v
L24+0VAR

4
L1+DVAR

~0.76758E+00FRC
3
3

A/DT«DVAR

FRCN
L
L

€

0

0
OVAR(N+1)

0.20045E+01
9
3
8

NN o« N O N T
cooo cooo cocas oo
v RO e 1
W [T Wl Wl
OrT LN LOREN ©~NCe— TIMITe
CODIVNEC TNNOO &« NROD OMmNO
NTZTN 1 D= MNCS 1L oo
VOO VDL € ~eOl NT TP
PO T O =N = =GO O
es s e~ seeeD ¢ s e ey o s el
cocor 0OCOe L O0O0Y Cooom
T 10 i1 1 b < 11 1o
~COO~ ONmOW O ONO~ OO m—
OO0 ¢+ ODOCO » DOLO ¢+ OOOD o
9440 49090 22 eDO +4+9C
W | W | W b LW
fONGC~ O—=NCN O OVON OOW—N
~NOMOO O~RTOO O OMOO OCNDO
ACCO+ OO+ OONO+ OOMUe
NOCOL OVUNGCW © OmouL COoOVru
~OMNOY ON—OW COe€Ow SOoNND
cs e sl Seced o oo em s e e
cCOO0OGi DUOCIL COCOWw PUOooW
] < 3 - — 1o
MEIMMY MMM D aNMMe  HNMDe
COoCO P COOO ¢+ DOOC.e OOOO o
T111e 11 11© 11110 11110
Wl | Wi § W Wl [WYNTWTW]
NEsmm NEy—m NN L Cra)
~en® ~— o ~ N ~—nT
owvirr) N~ Vnen o~
—_——Cn —_——n - ——rn
emCed NeE IO M) @l M@ M
18000 20000 * 0D e O
OO0 1 0000+ COOO+ COCOe
R N
- A NNE N N—O T N e
cocon coohe COooOw COCom
44 0+0 400 + 1M el em
LWLLE WWLW W WWwe i
SOTree DN OM~O@ O~ar~N
COOm ¢ FOFO ¢ OO s NP e e
WVMC 0O MINMEO € NOOO NDO—eOo
D~ O = N one onow
Nttt ~ODNN O @O TOMNNN
e 0D 906000 S e e e oo O
coODC+ COOC+ COOO+ OOWOS
YW [ ] w 0 W
CoCOD® COOO~ OO0 OULOD
ccoco ©ooo Meoom ococa
44 24M 24+ S et s e
WL b Lihe Wi kil o
OCOOUw O0oOON OO00E COOO~
OOCOC ¢+ OOOC ¢+ COOO ¢ OOOO o
CcOO0O O0O0O O OO0 00000
cocoo1 ©oONlI 00oo ocooo
=} )
0 0080 295200 & e e O s e eO
COOO+ DOOO+s COCO+ COCO
w Y w w
DVAMIN VTAMNE € NEON INMED—
COCOY OO0 COOON OLoow
PL 11D title L ptest 118D
WM Wlwid”) W Wil m
N—eOMIN ~VOODN € TNOF NP~
YOt ¢ DIDD ¢ VOVO & ~L—O o
~OVNO CNET =D NE€rOO O~
ov.om ~eOg nEeootl VN~
ANt OMEO =MOOT MINNVO
€0 ectO 5800 o 09 00 o8O
COOC+ ©LOOC+ OOOCO+ OO0
[X%] tw w ™
o o
©O00C0O0 ©O0OCO OO0 00000
24440 442440 + 4440 +4420
WEWWO WWWWEO W WWWe  wwwe
CONGO ©O—TO0 OOMCO SONOO
NOWVWS ¢+ ONVOD ¢ OCOCO * OCOOMm o
womoo o o o
wonc oo oomno cooc
DOMOM ON~ON ©OMOM OoOoNMM
e 00O 85000 o 8 e T e 8O
coco0l ©Co0Ol 00Ee0l coool
[ w ] w w K™
NMAMMO MAaMMme~ M NAMNC MmN
OO0 COOOUY 00O~ COOOW
1I LI 1 ile L EIAN TN
L bwm WowW N Ubkle Wl
OO0 VM—OM OM—=OT VMH—OWn
bt & OremtPeed & Chodfoon & QromPeom o
H#OVMO ~OUMO = VVMO =OOMO
cone cooe coow oo @
Nt OO Nt DN N DN N DN
0000 0900 ¢ s 8D e 8O
OCOOD+ COOCe+ COOOe COOOS
N N L LN
Nt et O Nt O T O et O Nt OO
cooOor COOCOn OOO0O0E OOooOoMm
1144 1 1asem | 148/ 11 esy
WLWWM  WUWWM  WiWwm  llwd
ADITNO ~TTNN DN —~DeN~
O e OMe~ s OMer~ o OM—r~ o
NVe O NUTNO NVENS NVeno
Pl I L e T K T2 sl
Ol M@l MU O I
et e eal S e sl o oG e— o s ok
©CCOO— COOOm ©O00— 00O~
- -t - -
eoNOOG OemOQ CO€eOQ OOgewd
cocOV COCoWw OBOOw OO0V
*e+r e 24400 S et e 24t
WL LWL W WL WL
COTOW ©OOTOW OONOW OVDOW
nmosox OM—O& OO—Ox O
VOO e CUND ¢ COOCO ¢ OOVD &
conoN ooV
MOWVOd OMNOJ OOWOJ SonNnJ
secsee sveee s e0ce ssoee
cooL> 0OCO> ©OO0> CO0Oo>
- - - -
- - - -
~ENX S TUIX A MENX e X
= - - -
ToES ¢ XXX ¢ XXXX s EEEX &
dg99d<dd da<d<dad <CCg9aq <d4dd«<
>>>> >>>> >>>> >>>>
- e - (']
——— nonn ccaca NN
" " [ 1]
ocoec occoc coococe cccceco
[T T WIV R W IWTWIW TW R WE WIWTWIW R NI TN



Table VII. (cont)

ce

o
<
3
s
x
a
>
w
-
>
o
-
<
b
-
z
w
>
-
-
%
z
w
o
-
w
>
1
>
-
w
>
1
>
cococococooo
coocoaoos
cooocococoo
ceesce e
Joo0o000000
wo
>o
[0
=1
ww
wz
oc
" ow
[

o ac>c
waouuuusu
[ O e et
NOWXOOOX W

—rwadawO

1

= 20 RESTARY NO. =

UNIT NO.

10

ORESTARY DUMP STARTED AT TIME STEP

0.10012E+01

0.16600E+01

JINLET TOTAL AND STATIC PRESSURE

cpP

NO .

ot ot et - NCY NN VIO
cocoococooo ccooco o cowooooooo
B s  deeeteessrsstsssssstssssstarsssss s

e e e e eeeosostsoeassoscsesssossosssosccess s e e

coco o =] =1
oo ——————r ooonco
oo o ocoooco
D e T T I I I I I I 11 111 1111114434084 e000s ¢4

o o e L L B ) B a0 L b L b L s Ll W W b b e
PPN DD - NN T DO PINT O N DN N~ EC T VOO M~ T ND =~ D= & O
§3120665783078479139§8275176Qll901n,\._20ﬂ7h756
65570969373\.095079070?2#57\5557ﬂ19028596?630
oo~ DM el FTOVNS M ONT NN =MD
OO e O OM = DUNC =T DAPMC M T et I DCIN T DD T N s 2D
A R C R A NDH A mORE HCOF R~ NIND NN ON~METMT NOL =D
ey N nn~o NN €S NNV DD
s ecssseceosesossssecesecsssossa oo oon oSyl S
oo =] ococo =]
Crr e T AR LR L U B I O

o o o
co o occocooo
0000000000004v~0000‘04000000000000000&000000

e OO~ T DTN CEDC~DNINTMNNRON~ LT MNADLAATN AT T O LN

AR RRRCRRCCRRR RO AN CRCDDT D@D~~~ ULV T &

e 8 6 66¢ 000 ss00e000e 00000000 c000 0000000000000
co coco

N TN O~ COCmNMTNE~ERO~NMINO~CCCHUNaNIs S OO~ne
PSSR RPN NP I VPN VN SN T T el el el elelelel el sl S i A g

105



106

Table VII. (cont)

. cocoo

bt o ot et

SCSOVmt —

NONCIO N NN N N N Ny NNvINN
R R R R e R I I R R I R R R R R I I
M L L e s d  d  d d  d d ad ad d  ad d d ad d fd  d h ad Rd Md dad ad  d a d  ad a  d d  dd
CNIO~ T VOV ANMINN I NONNTNOO O ~NDEONTOMNTNITNNCSTORNNME e~ IRNNTOMNONNVOVON~O DN TG L T ~M
O LA IO NENVN OO ~ON—C OV~ OC~NOE~OMNI T e NDCONN~ O TN~ NSNT O~ OMNO~CMTNLT MO~
e OE =N T OCOI N =TNOUMNNOO~ TN T et O NOMIONA I~ TMIOCTNO @ e~ NIDN T PNDLmON~—= DTN
SNV VO RC A ON—NAND ~NINOCTNOFVLVOFNTINIONNMNAHNTNOCNMNUV~INIFVTNNLDNNDICO O~V T TI O
DCECTC XL PO OOCNA TR NNOS DN et NS NAND R TR AN NS NL O TetONNMNINONT T @ =IO NOOL e ONOMN VO M
2232?222?57C0]1223QQ556777663§21097502004 VONMOOOOQC N eNM T mMIV CTDRO~NMMIT & TN
QY ey eI NeTT e e T T ONNDNVVINNY

I S S A S SN e S SRR S A S A el el
cooo

cocooo c coccooo o ocoococo

coco

coooo o
o

0O0O0COCO000OCO0VC OO0 (=)
9092089802999+ 94444 99829 2494+9924994+42+62449922444$449293400ss+4ccscsetssssars

L ) b L T B L 0 L L L ) ) L s M L o A ) G G e L ) s b ) L L W A ) s
N NN O TN T OO~ N C T NMNUNMNO U UL =~ ANV TN =T NOC TSI VRO T TN NN =O R DON~COOTNONDC T
ND =M TNECCMNT = NOC=OOR DD ONFCTMNTO D~V TIONCOND~ON =~ NN =N 0T VNN ~ANDEOOTNT TIGND T M
VTNV R SN O~ SN NMNTIDTNSTFTNDNONCFINNMNT NMMONCO T POt Mt F DO O = NDUNON € = D=~ L OO
Nt C i Nt IO NPND =N OV NS NE VT NENCTNN DNV VOO~ DONOM T TN TS MNO~VONMNE UM meOM MO NN —O
Nt OO NP D= ULIOT T et NO A I DUt =Dt N =D AN O N T DN OO =~ T LOTNNL O NN e ONE VT IR CT—MNIT NN T
NN CNNNS LT TSRO (OO I~ YT AP OVMNmCUINO CNM et QD OO memINT NV ~CZ T O CROR
LT CECTE N C OO C RO C O OO DLCCLCT D A~ OOOVININNNT T €€ e e € €T NCNONDNNVDNNVNNVV N INN
© 66 € 0 0 96 60 05 0 00080 80 G0 0G0 S0 S0 006 0000 e 6000800000006 008 0080009000 o0

cooococ o coo o coo
ocoo
ocoocoo coo ocococo

4999990002004 P PPEPIPLIIEIPIPP 449439 2042424244402 424394+4+4902 022294+ 420es 9+
L L L ) R a0 L ) L ) L W L W W ) W U e e Ll W ) L
DDTOCNIOON T~ NVOITNODTNMN—AL—O T IO CNOTODONNO~C OV~ MO MMNTTNCTNNNUMNFM~TORTNIO MO

O NEIT O~ T =N TN =N DN IRO~NOT N TSNS OUNOVR DTN DMNTN~ONANODN =T NN TMM UM O DN
BN DT g O LS NS DO OO AN NS C NN OIS~ EE TE S DN T AN C T C YN~ NO = =L AD T =IO e O~~a
OOt =t NANNMIMIME T T NN IO DO D DO VDO DD GO0 DD 66666666665.‘)50A§332711006059493839‘0517

oOT~~OVNN T T MM

I R R R e e e R A A A A A R R R R R R R R R A A A R R I R R R A A R R R R R R B R R R B R R

coocoo

NI

cocoococcooooo

R I R R R R I A R R N B N ) .0000‘0000000000¢0000000¢000Q¢‘00000000000500000¢000
R L L L L e L L ) ) e st ) s ) e G L L L L L s L L s R ! B L L W
P UL~ OCODILNTONPFIONMNOO NI T LSO P ~ONT N, At~ TO N~ AONNAAN~IND € OO MOVR ~ IS CNG VO~ TNMIN OO0
DN~ NCNONTNNETMNOTOIT TN~ NS ~MNOCSNI SN EMNEImEMN NN ONDO Ve TN~ MICNG ~€NNN=NTO—~O T NN
cer~ wo COECEMN M EONTND =T DT NDMNONINNOD € T~V NODNMTFDINMN=N—ND =M O OND
Cimirm o om N A DT Tt DN WO MNtM TN DOt NN~ FTOTNO MOV~ NDOOTMINMIDNFNO~MOO
NONNC~ OO NOC O~ ~IN O~ NON=ONO~INT T IUN TOIDONVC T~ ONTININNTETIMNN—~NCS~NMNO~MNT D =MD
OMPNOBNS MmN NC X~ ~NMNO~MIRN OO NN E NV~ DONMNDONNSONIVTONCVTONT VDT NN T =N T U D O~y
AN NN et DN N Tt N e DD~ DT NN e T TNOVNNVOVVD P~~~ LU OT DT OO0
© ® 0 00 0200 080 0e 00 08 S 68 00 G460 9S80S0 0800000000000 0000000000000 o0

cocoo <

DO~ EC OmANNTNIN LR C— NI NONCROmNMN TN E~N TN OANM IO~ COO ~ANMNCNOR S CO=NMINOSCRO =AM TN OO
€T T NNNNDNNNNIN O IOV D VDL~ e~~~ O TCE TR CEIT OO CROOCO P OC VOOOVUOOC it et et et et (N

1

=10 RESTART NO. =

UNIT NO.

10

ORESTART DUMP COMPLETED AT TIME STEP



Table VII. (cont)

0.312376E+01

TTINE

OV FIELD seaese
10
seves

FL
STEP NO.

FINAL
S AT T

LR X NN
ORESULT

U-vL

10
000000E+000.000000£+00

9

6
+000000E+000,000000E4000,000000E4000,

3
0.000000E£+000,000000£+4000,000000E+000

0.000000E+000.000000E+00

"

cococoo oo o
C(IJCGCOG30n.00ﬂ.0C00090300000000000000000000003“000000000
oo0000o¢400000000005000006.000000000¢00~0 sers s e it s es st

oo.--oo.--oo;-.oa..o-oo.o.-o.c-oo--.o-o
oo

~oo000 oo oo CO0CO0OO00000Om—O0O00
CCOCECOOOOO00ORCCOLO00000000a ococoo cooCO0OLOOOOROoOOOC
PO R I I A A A i P A
e o i s L e bt ) b b ) L A b L A A L L bad e ) b L L b b L
055\.4839909035\3230528&118961\.51351171631

: L O g NOPNNTNO

AT~ MG E T O D—ONNTN

55.355550l§h3333353§¢556791“8006.ﬂ11339862739529620001
222?22222222222222222222233355567899999988777666555hhi\\.!32?21121\35666
-o.onooc.o..oo-.o..oa.oo-ao..-co.-.o-a..-'ovoo.o-..o..o.o.....-.-oo-oo

oo coo wooco
ococoo coo c OO 00000
COOLOLOOOOOCOOOCOOC coo L cCOoCcCOCEOOCOO0O000000C00e
o¢¢o¢oo0‘00‘0“0060000040000000000¢o0000;6000000000000000050000_ tLese e e

[r.:v:L.kr:L[r..Cf_r._[.t.!:t:l:t.[CEf{[EEEE[EE[EEE[EE

2\.57030396203030.295\7‘1551339653103ﬂ60060310ﬂﬂ876
ey ooy N 2222\.3\.4#567599998587776665564Q§§3522221112\.2“555

N S s e seeesesssscecsasccoasc s s’
cooo

ocoococoo
o occoo coco 3
cocooocoun oo cooococ cc P = Y= - el L
D e sesssstssssrcsscorsasssssd |l tessee

D 2 49440+ + 42+ 0040+ 4444 440434442
Cr._r._r.:L.Lr_E.Lr..—L—L.LCE.L.LE.L[E[C[EC[EEEEE[EC[CEE[EEEE Ll Wt W W LS L L W L L
HQ9§6566077150056259“5678878379581“737053135590192774123§63]52655\.85892
2\.861‘0539078]89§635‘9§008239]302972‘6690505398§ e
oo ar~vam OO D D ~o 0 Ot HNO D DO~ DO L D et & T
D 1 e DD E LD DD SN O OO L~ L = IV O & T 95659.ll07§197§lﬂ51742185]6029567n.r'63009

nnna O, E D@~ YOO DI DT T TITMNPININNN AT I wne

—-——
o-o-o-cooooooon.-.-o.o..-oooo-.o.».-...oo.oo.nou-oacno.-noo-o..o.oooo
co cuvooco cocco < coovoo
oo ocoo0we =3 ococococo o - oo
00 COCECOODTIOOOOOROLO0000000

'3}
00000000600600000¢0000000000o0¢000&40000000000.§000000000000000
[F:L_LEEr._t:Lr:Lr.E[[[r.([[r.[[[[f[{—L.LF:LEF_.L.L[—..r.r._r._r_r:L.LEr.[.LF_r:L—LEF.r:tr:L_LEr:.
5632]9\.779061897%200530979207333625317“92?§l§0900¢78ﬂ3503776ﬂﬂ NN DS
~o Alﬂ\..il.bﬂSSU.Q256bv61055\.52268632824336288?55519250
O OCORNT L~ INT TAMMIMN TN =NODOM = SN N NND AT O Dt D= NP O =T N T LD

-y ¢2335681N7250850233?1937531851376Ql73l963588.llﬂ99€
- —— L] I.:JhQ5666666555555§§4333\.322:“]821“23333
..o.o..o-oov.-o-.-.o-ooo-..o...ooo.o...-.ooqa.-o-a.-.-.oo.--.oo..-a.
cooccoweoo oo oo cococooooee
——— —— o ©woo wooo Ot c
co coco ocococoovoc
..._...._..__.._...-......ooooob&ovo0004006000000400¢00o00000_....00;00

_L.L.LE_L.L_LEEE.L.L—LEEEEEEE—LEEECE[[EECEEE[EEECEEEE[E[EE M Wl Wl e W) e b )

e e e Pt P o e P P P P e P e P P D OO O ot et et e U OV CY )
.-.--...-c.o.-;.-.-........o...-.....-..-

oo ococo ococoo COOOCOOOODCOOeO
—— oooo o Cim OO C
oo o oc ocoo occoo oo oo ocoococ
...........-........._......._0000600¢000006‘000Q¢9&00‘0000........0000

sresITTIISTIIIITS

ceeeeceeces s o0 ee s sss e

co o cooocococo
——— —— -t oo -
cocoocoooo0O co OO0 0O0CD000000O00OCO00O

K e P ENOORC ~M O TODDO T MDD —O T NDD3ND OO TNNROTOTNOONANINOT ~~ TV =ONO PO~ DT

CNe OO ONOCEONIVNDML ST T T
NN ADORMNT FTOND=NMIT OO O~ T~
O T T O TN T = TS TT T T

2223222222222..(222222322223334556759
o.u.oo.o.ou--ooa.oo.o-o--o.o-o-.-.o-.o..-.-o..-.o.oo.o...-.'..oo...
co cococooo cocoocoocoo
ooy ey N SNy
COCOO0OCOOOLOCOO00ODO000R0

co o
-..._.......-..-......-...................-.................._........_
EE...EEECCECEE_LEEE[CEEE_LEEECEEECEECET,ET.ECEE—L[[E—LEEE[E—LCE[EEC[CC[E[E[[EC[[
NPT OPNDANTRATNOSTMNNT T NN ONN ~
20§9013615576079727506\7813.5518.ll9§.595l920836
3537QI.Q359§373223980669077079‘26500305682]10942

mnmn ~r—p—rere 360013!692582850356777766531852086283096“5707796!3
99999999998838388389999\.11]11122235A5555555555555QQQQSJ}?Z?III?!.{B.I?.\.J!.
-.o-oo..o.o.o-...oo..o-.o-..o.o.an...o.o..o..o.oo.'c-o-.-o.o...oun.-.-
oo coo

oo © coo o
oo occooco o

D T T e e e seesassssrssscrststrssesd s
.LF:_..L.L...E...r..r..h..:.:L.L.Lr:;r‘.r._.r_r.r:.:Lr_r.r:L_:.r.r.r:t_rF:L.L..:Lr.r:t_t
cooo CCCOCOEOCOO00000000RO000D00COD00

co ccoooooo0o o CO0O00DOO00000OCOOO
00000000000000OOC0000000OCG0000000000000000OOOO.UOOOOOOUOCOOODCOOGOUOOOC
0000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000OODCUCOUCOOOOCOUOOG
-o.--.-ooo.-....oooo-.-o.o-.o.o.-..-ou.ooco.c..o-o.oo
wooo coco 3

§ s ecsesssssassssssssss e

LILIL UL 1L IO L L T L W WD W I L I W L T b i

COECOCOCOO00O00R0000R00
o

coococoOoDOO00C D000
== oo o

cesesesss o s s e
co o

093765632109BI65§521098765!321098165\52109ﬂ165032109ﬂ165~32109B765Q3210
21]]11111]100000000009999999999“8HBﬂﬂﬂﬂﬂﬂ1777777777£666066&665555555555
-

———

107



108

Table VII. (cont)

oocococ oo © occo ococococoowo o~ooco o
OO0 CORLOUCOLLCUOO0LOCCUCDO0ONOIODOOOLULOOODCO
PR R . R R R R R I e I I R R I
a0 L R s o e e s s s i L L e o L b s b s
PN OPNNO TGN IS~ FOTTNPNO T O FTANCTNOVCONVNMODOT =
OLMCMODNN T =CPINC~ I COUMOTNDVT NN NR =T~ NONND @ —~O
IO~ T~ e OUm DI P et NINCT LT NTONTCT M NNNONDE OO0~
O OO T~ ONTNHADLNNN=OT T AU~ e VNN AN QRO D~ TN O

~

20

CO0C 0000000000000 LODEOO0
P OOLCLOCOOCLUOOOR000C COUCOoCT
4929+ 29022 rsrrreIrIIIIIIIITIOTICSTS
s ) s L s s e s s L e b Lt

OOV IOV NNV T T T TCT € THMIMIMMMMMMNMINOT N MD— =N
¢ 6668080080000 c00s0c0s0000c0c00e0s0esRssseettR0s0
oe

o
[
coco oo
ococo co co
2+ 20844+ + 44+ 9 2924299200009 +9e+1 2014400009049
R b s )t o e s i ) L ) ) b L L b e
NNE NPT NG MO NN e~ OO TLeOUODO =T O CI O~LDOO T~
ORLDLE et P ONL IO ODCTHNC VT IDUIDIN TN OB~ T NO~ NS N~ D D~
VO VM DMV TINNDDO T NI OO WOM mn~o O~ N O N NCN M~
PODC T~ DR POt DIF N =~ DNV DNNNND A RO M =N DO F OO T &
ORI T T L T PIMIMM MMM MMM MDD T N MD et et O VN NN
e e 0 e a8 86 89 ee®@®ees 008866080 060600000060600600000000000s0

0000000000000
co oo

19

e 9 es e ceecs s o s e e e s e 00 e

L=X-1-1-1=} 0000000000000000000000
occCooccoCoDLOoOLOCOO cococoLoconoo
P R R R R
B s ) e ) e i ) Rt R e e e’ bt b b
CMOCNNT O~ O NT €~ DN et T OO
~FNEN DT VOO~ OT M INOOSNOMD
NN~ TTT~OTMNO R ONNTNT IN~NMNHNO D
I~ e e e e e e WD P P P e D OV O N O
NN NN CI NN N NN NN MMM e T
cessecesessesovesenrsceccs e
ocoo

coococo
[

cooo

coco

voco oc oo oo
2 20044 ¢ 424492+ 242202+ 440042444942 1221 tses00s0eee
R R ) T ) R e L L L L L W
O e NNt COROT TN Tt NN TN OO OVDMNOOD -~ OT
N~V OV NG EMeAC VO et AL NI =t IO~ TDOMNT e ONOTODNIOT N »
MO a =N MOTCE RO TDE Nt~ NMNTINNDOMNNT ~DNON T DN DD T
NI e PPN OC It T P ) & P et ot ettt ot it N DO D T~ € DD N OO OO it
PONDODONN N T T T T € MMM MMM MM NN MMM E DM DN N et NN NN NN
6 8 8 2600 8068866608 008000080008 0000006050060008000000800s

CCOCCOO0OOCO0000COCOCOOLO0O
PR R R E R RN LA A
e s ) L M s B e s s Ll
NmetNC O OCT— BN~ —~OMNONN N T DN D~
OO DTOMON T END @D OMNT )
€~ O AN ORC O e O~ L ND
I~ CDTLTT I~~~ CTT OO C =T D
LT NNy N [l el
eeece e ese s ece v s st e s ee s oo
cooocoooLoooCOoC

cococoooo0oc00owC

oooo

coocooococoCcCo

ocoovocuvo cowoo o co

94222+ +442 20422242+ 23340+2+4 1221244024000 499
T b e a1 ) B L e L i R W Lt L e W W WD W b W
W D T (N D (N G T e o P ot © o U1 @ =t ot O WD vt D o4 NP ON P O P D VD) @ P O @ D NN = \D D P i)

L e Py A s Ll el
CCONNTTMNOT L TANCT A INNONNENNEIT OV ~DM R NMN~0- V0OV D

494+ 224224422220+ 0 0200000
R L Lo ) ) b ) L e L L b B L B L L s b L L)
DOCNNOND T O~ TINONOOM O —=ON ~ D=
Pt et DN D ND DL C NIt et et TP~ OO P~ O~
OOMN O~~~ ONT I MMI NONNO @Dt~ P
N PVECCCLLXT DX XL DT CC =T~
NCINN NN NN NN MM T 3

woococwoe

coocoooo

couvooocoscoo

€eTTETTITILIITITIINNAMNMINNNNC nenn~Ne
© © 6 e e69 0699 860668000000 0 800c00009°2000006006000060s000000 eeceecscsscscocss v e s e es sV
I=] o o cooo
[
> wo
cLooCoLoLVOVLOOL co < =
P+ 2244+ 4 24006+ ¢+4+ 202002000322+ 4942 14021 1L 0+49 PP PP PP PIIIEIIPTIIIIPIEILIIIEIT

M b P o e L W 760 LU 1 1 W W G G 1) W W) W W L G L b D 1) LW WL b e W)
T LOCrCONANDNPNET~ DI VORI N~MONNNDD T N O @ @M 00O P DD
NI OO O NN NYOTOO R~ O~ ~TVSO O~ VNN TN~ NN OO
rDOTDE=NDC DV =T O~ OV "o eO VO~ DOV DD

Ll LW WL L i W L S L W L L G L L W L
IO OOSRD —~OVO T VMO N FVNNNNINT T
TDO L ~DNVECDTOMUNMNT € ONDNSI OO~
et~ RO vt mt ~C O DD D D= O PN VNP~
PDEIRCOCOOmNT OO T

;OO T T TN~ DV =mOC R DTTLERDDROONMNT F D=~ O NN
NN MMM M NN PN @ ot ) DO ot 7t ot et ot ot it
e 666000086 c0s0c00e00000e0 0000000080000 000000s00 000

NV O NN O O CYN N N N ENCIN N N TIPS M T
seteseseces s e eceo e 00 s s
coouso

ocoocococoowo oo
s

o coooo

cocoocooOOOOOC OO

CO0000O0COTWOOO coco
coc CO0OCOO000O0O00000O0COO0 =]
PP R R I I I R I I I R R B )

b L ) ) ) L W W W W L W L W)

P E DAL OO N NIt ettNON COF OV NND A VC NOD T T —D N F NOR MM )

OPE NN T T ICOT =@ e DN AN et O T T NT R =T =~ CIe QO MNP NN

T TNDENTIORUR DN T ITNNOORO~AMVOTRMOR=D~=NRMNOINANNOT

N TEMNNINIAN~OOS~INTINNNN =~ NNCNINMNA O DONN DO~ D= ND D~
~ o

4422290222922+t IIIL sy
L W L e o L F 1 W) L L Lt W L
NN =T O~ CMOMOMT MNPSOS~ O~
,OF T CCPNCVTO NV NN NNT OO~
CNOP = It O SO DOFT O YID = TN
rFOXCTOOCAC IR LTIV CROO~NT SO
VN O NI N VNIV NNV M I M D M e &

ooy O e r
e e e 0 0 e 08 6068800080000 0000000808090000s00000000 000 eeeeceecs s s e s o e 000 e e s
ocococ soo
LU
000 o occo
coo

coo coo

PP PO N R O R RN 2 25 U I T I O L )
L b o o a0 B B W L b L W W L
~OC OO~ PNGCITMOIONANSNASNANNINNORNON DR =D TN~ OO
“CED N VMO PWIMNOFIEMNADON =R NMT MM TN~ "m0
DN DI et O Dt Dt Kt P vt et N T E VOISO D ONDONNM T~ QO @ NPT
OO e Te €«MMMNN—OOMEN~NMN N DD = O NN ¥-] -~ ONOND
pepstbpinininibybabpbaiany. v- 3 e it ad alal-L-Rlalala V- lalolele il sl S S A Al
0 s 066 66 6 © 65 0 0068 ¢66¢6 596806060600 00086000000600000s0000000

14

24494440429+ 99 202020000+

CMRONSNNTMNAO LT INFOVNO~NDT O

~rODOCRCOCONDTOLIDTNCO~NMNNTM

NN NN NN NI N NN M MM Mo T

R R R R R RN R]
ocococo ococo

o
L)

coo ococo
R R R R N TN I o I R N
) e L L e e L L o L L L B L L W L L Wl )

0F+000.000000E¢000,000000E£+000,000000E+000,000000E+000,000000E¢000.000000E+000,000000E400

oo
COO0OC 00000000000 UODOOO00O0OO
P R R I
L L R L M L b L L L L R
VNS~ LDD T LN ST IO et NN FIC Pt et ©

P CONOOVEN~m~ TR~ CNNE A POT~NO~DLTOTMOENNNONS ¢ L#ONA=O MO ~ =N LI~ SNANNONaDT NN e SNDNE
P ANONT NONEOMNTNOTNT =~ ~OVINICMONETNOOTRNMEOCTO~N —~O CI~CNINTNAOON=O 00 ~Or g =00
NMOEM NN~ <~ AR CEF~CTOO~N~DOTTMINSCO~~CONM T T & C ~CTC ORI IOTE T~~~ T IO O = NN~
EAC e 0O DN E T T I PN NIINMNE T T OTNCN T D= OINNININVNN O NN AT I IC IR N CICI G M o
R e e e e e e v reeeossecesoseosscosoessescssesossccae © eacesssscecscevsssese e
cco oo .
LR | o
N o o cococo
oo =3 oc coo
AR R R RO R R R U N U L 4 PP PEL LI IPPIIIIILIIIIPIIIISL
0 L o ) o Lt e M ! 3 b ) L L Lt LU L Wl Wt M L e s L s L L s b
P AOC T~ ONANEDNTONMOSNTON~MNOO~NTSNNO VNNV OOMNO NNOMIN T O FINFCT~MITNPINNNM~ —=ON—T TOOOMN
N NE LMD COT et DO N D€ ONODRONT=MMMNINTNNOMN NN CD~AND~ NO VODM I NM O TN~ S O ma N Mo
- noooC o €O~ DN~ NNON NM—MONEOND AN ANDRANE O FTONMIMN=TNNDNNA~NNDMNO -~ O c
NNACRRCT N TMNO T INNNT €L € CNNVVD VMO T F~OMO DN N C FOTOCOOCETDN I~ ~CCONT Ve
mnmmn v YO et oo © NOINCI NN NV N NNV N NN NN CuM D e T
e 6600 0006066900008 0088000006000 06000060cs0000000000s0 © essesstesscesess0es e ss e
oco .
1t o
o ooco o =
c wooo occo o
€ 0 9209 2020000000000 204+44 244224+ 9422900000000s00 ¢ 9402409000202 s eI s PG II e
L OO T M0 G 1 G LI T T T T L P Lt W L L 1 G L T L W L T W L W L S WL L) 1 WL LG LU W LU O L WL B A W LI L T L LI L
ccoo coooc coooo00o0Ccoo O DONC—ET TN DM ~ANDM O VNN TNMHMING
= oo ocoo OO0 O MONMMONVT LM ONMOTINNVNTO—~TT
OO OOOOCmO0LO000LOUC000ULOO0000000000000000000 —O ~FNNEIDLMNRNHTINEMANE VNG T~ o
cosooooooe cooo occo © FCODETTDO MO OO IDDD~ T DN =M
© o000 OCOO0O0ODEOO000OCO0ODDOOLOOO O NI NNCION VAN NV OV O OV O NN NN MM ) )
e 86 60 68 00 06 560 608080000 00060000600006000800000000000 © eecseesscese s s ot s s e ees e
oo -
o
P GIN T PN O D~ DN TNt OO T TN T NNt O ED SN CMNAOHDDNT N~ il OOD~DNENN~OD S VN TN HOT R DN«
eTecTTaTEININMINIOMINMIMMGNN ooy NN Nt ettt e 1t S OO OO C OO CC RO E
-




Table VII. (cont)

oocoo ocooocoo oo ocooo oco oS
oﬂ\.",Unon.onaooﬂ\ooooc"\ﬂhouoocoooOooouuuocooocooonGﬂYOOFvOOOOOOGOh. OnUOUUOOOCDCOOOOOOOOOG
IR R B I A d 00‘QQ“QQQQOOOQQOQ.“O‘QOQ0'006000000000000000‘00000000'6-

e i b r.r.:r,.lEf(([([f[[[f[f[[([[Cr.r.EEF.ECCE_Lr.EF[[ECEC[[r.EE[EE[[EEEKCE([[[E[CE[([[[[T
.iR3#37799§935889602011]033603163068&157526?666739099386958«3103078

o onmecnoT 65KJ‘«‘:).?O‘IBSID]“JOGGQA-28705697339 93‘705‘690‘6636089.526“79293‘006110 Fanon
n!A0375332056&3153218355378%h12009396#7605770667915775167763909§950865Q§9§568358
O Nt~ NT IO~ T
999999999998887665§43A566666666666666665555555§QAhhh\thA§5Q23

.Ocnooao.-o-.-.o-.o-u.o-ooo..oo.-o-.......-..-.-.-.-o-..nc..--.o.o-oo-.--c
o o coocoo

e DN et COT OO O

ooz oo

.
oo < o ooco oo o-
P e Y DA oco o cCcoccoLooocOoOCcoCcOooRCeS
‘004000¢00o0‘oootooﬁoobo‘000~00000‘oo.0000000000000004000¢00000000:000000000000.
[f!‘l[[fff[[[(ff[f[[([[f[[[[[[[f[E[EC[[[ J s b L s b e b i b bt b o o 1 b b s s L b L

777656‘32!9135666666&666666665555555@#&0QCNQ#NQQSSQ16
.coooo--o-.-o-on-o-coo.o-co-o.ooo.ao.o--o-o...o-.o-.c..oao-ooooo-c.oo.ooc-oo
oo

oo cocoowoo
.
oocoo oo
cocco coco coocococoooooo cocooo o coco
00000040000oooo‘acooo00o000000000000._0000000000~00a00000000¢06000000600000&0‘00
([ﬁ(([[[f[[[tE[E[[CCE[E[[[[EEEEE(E[

oooo oo cooo cococo ° coccoooo
]

o - coo
[3x-1-1 oo ocococo 0ooo00000000900000000000000000000ooonooooooooooonoo
00000000000000‘000000‘00000000006000.-’0000000000’00‘00000’0‘0000000000"0‘0000‘
. o L L b i L M W L b L L L i L L

38665170190%!8396\036#1866173820852
PG~ TP O T D~
-.--..........c........o...-.o-o....-......-.-.-

oooco cooo oo

< ] ococo
1
o < o cocoo o coco
ococ voo oo oo o = ocooco coocoocoooo
s et ssrtsstrrrretr s et

toodboo‘ooo‘oqo0004000b0000¢00o0¢00¢r.06000006000000000000

e e e eeeosessesssseasvssvs e s’
ocoo oo oooowe coococoD
[
co cooccocooo0
cooocococo co coococcoo cocoocoooO0o
s00¢0000o000000‘00000~000000000’0000_.o0000000~000;00000000000&000600¢¢0000¢;000
) L Rl ) L b e b L b L L )

h3?1]10096765.21081650321009999292107

5555#0l)l}Z?llQ313566666666665555555550‘lQﬁ!lh§43333057512
.o-.o..-oo..o..no--o..co-.-ooa..o-o.o...-o..-.---..o.-;occo...a.-.-.o.-.»
oo ococo

ocoo coo ooococo
[
o ococoo c~o
cooo coococoo0o0o oo cooco co occo
00000Qo00000‘00000000000000000000006..vooo‘ooqboo000000000000‘0000000000000001.‘
e W Wl W L) W W)

119980777766655§h§Q033322ll}ll35666666666555555555GﬂQ0Q§06§h33333h57592

N O-DD N
c.-oo.o.-.o......oo..o-.-.-no-o;.o.-o.-.o-.-o..o...o.-.o.-o.-o..-.-c.coo-..-o
cocoo ooo
1
voocceow coco cwooo ococoocco owo
3 coocooo oo o ocococo coo ocoo
0t0¢o000&000000¢~00b‘0000o0o0000’00000.0

..966.’Hu:llllﬂ.)ﬂﬁ.v«’T'ﬁ,b:)SSQQA
-.o.oa---.-....-.-.oo.voocooo.o-.....-.......-o-...on-.-oo.-...-o..-..-oo
ocoo ocoo

oo ocoo
[l
cocoooco00~ =3 coo ocococoo omo
oo coo o = cocococococo coco coco
o0;0000000‘000000000¢o000000‘0000‘00..000000.00000006640000‘000000000o00~0400¢.0
o ) o ) L G b L Lt W L L W W )

Q55675991119988777766555.lNN5332221131]3566666666655555555§‘QQQN

i e e e caseass s easvsos s ee sl sl

oo ocoo
]

coo cocCOOOO~O

coco ocoo coo
000ooottooooooo0o000000~00000‘000000..0000‘0~00004000000000000000¢00‘000000000.0
ML W WL L 1 W L WL L WL T L WL L T WL L L

7h8?165366195838190]529667773782350!96@7R610l70965#22“9035179248&5]

56MQQQ!322?!12113566666666555555555§QQGQQ§4Q3333533U56472
.ooo-o».o-......o.......»oo..o.oo..-ooo.o.-u.-...»o..-..-..o-.ooo--.-.oo.oo.oo

oocwocooO000 ccoococo coc
[

!21090765!32109876503210?8765‘321098765@32109"765532lD9B765§32l090765‘321095765#
9999388"8“8"&"777777777766666666665555555555#!QNQAOA!Q3333333333222?22222?]1)11]

109



110

Table VII. (cont)

—COQOOOOCO0OO
ooococooUCOoD
Tesessssossses
b e b ) i s L
Ve NNMETTnT ™
O OOOMNNMOVNON
DN VT ONN~OF )
@O €D~ GO~
O OV OO N NN N NN N O
R EERERE]
©coccooocoococ0O

~OOO000000000
cocoocoooo00
leosssssssscse
N b ) b L M )

O =M D OIS DD
D IO N VN O EN Cu N NN
R R R RERRERRE
ocoooccooooo000
1

O OO0 C0000000
coccoococowooo
tl1sesrreserrs
Wl W W L W W

oo ocoovoou oooovoo ccoocooococooL
O CCOCOECUOOEOCO00EO00000UCOCCLOOVOLCTE 00000 LOUC D000
P I i R R R R R R R R IR IR IR A dhdhnd

L) L 1 ) o L s e L el i b e T L

-
coovocoo

VW ONT NG et T BT O N~ T DMNT —NDOVR T NNON TR =~ DNNNON IO =MW € M3

OO NI I T G I MO QG OMEN DO OMN— TF DA NN O~ T DN DN N OOOO—M0 &~ V0D~
COC OGO OO DN M T VD MNPV OMN~O NN ~O NC DT R =N T OTOPCTOOOOOO D e
ANNNAMMIM MMM mMAMNE T T ONNNOVOVO~~~~CTTSIT OO st —
c e v eeeceseseeseseeesecssovrecesceesccoseseevsonssresesss et o0 e ot st
o e e e e e T T e

ot ot ot ot
coo ccoocooo
PR E AR I R I I A g

oo o ococoo
oo oo

PP PP+ LI LTI+ 2P IILIILIEIIIEIIIIILTISIEIOS
) L ) b R o R o b G b s s b ) L b b Lt b b e
T A E DT Tt DD D Pt Tyt & Lt O T I D DD =T~ T OO F T O =T AN~N e T OO MO =D
CNTN A NT OO T et ONTm ~NOD T OCMONT~OVMIOIDNIONT € # OO —~ND T D=3 DOMMM 2D
PN OMMMME V=DM~ TOmNMANOMNET =N~ IMNT FTONNIN~AROOOOD—~NU- I OO C T
Nt Dt O O ODOO = NN = CIM e BN D ~ MO NND =M N~ O NP O~ DO C RPN OO0000000000000 a0
MMM NN e I T DDNNVIOVNS~~ OO0 OO T oo ——
e e s a6 66 0c0 s 00880806080 0006000000e006006s00000000000040000°0 008000000 00

e coocoooo
oo —_— —_——
coocoo coo coo cooccouooooo

. 8 22 44254 04422244234+ 294444+ 9232422492924 242429420 20243 4
1 0 e ) b o a0 e R R L L L b M s L L L L L b L L
CDRCOANARRCMINMBAR T TDE=CNON N ATD T T IOL TNTOMACSONT MGt~ DONNO =M™ I M
TR NOVNNTC AR NNNN~TOMOVTD—OOFNOMN AN ENOITMNOVOOO~NT O ANOLITO T D
N ~NTMNT OOCR VN TONONDOND~ TN DN DI OO~ INNTI~ 0 NOCO 0000 —UNT T TN oI

54 DA T OV M et e OCONMNTNO~OTO N CO00CO0ODOCO0O0Co

©
1

VOOC NIV IND D ——— —~—r

C NN NN NN NN N O e L e L e L e L et el e L L P R R s I s R I BV R L e e L AL A A AL

eescecscoscee © 8 6660 9600 5600898800606 00600 060068060 0060000s0s00000000000000000c000 00
ooco o oo

onooOoOoCO000o oo ———

ccococoosCoO0 oo o000 CCOO00O000OOOLOOOOLOOODDOVO

el eesesessse
W W WU W LWL W
€« COMO sroDLONO
OO TN~ CDON
NOINNN @ et DO~
€T CONYNEIDNOO~
N = CION N VNN NN NN
eecscecevscone
cooococoococoocoo
[

O =O00CLLOOOOC
coooooo00VOLS
Pl es0sersrere
WL W WL W WL

O PP O O~NNIO DO
Oy OO O NN VNN O
R R EREEEREE
occocoococoocoooe
[

O =000 00000000

VN O = O~ NINN DO
)€ OO NN NN
eesc e s scss s

A I R R R R R R R A I A S A dhd

L 0 o L ) L L L b W e L B L o L L R W L b W WD L L b
N VDN DD DN I DOMIN A VO DD = NINOTCONOC~TONO e ONS— @ ~NM T M T N T T
T O NN DD O ND T~ DD DD NN~ =N MIO D € —=DD PO =NT N NNOOO= T DNONTDT N
OO NC N At TN OIS DT DON MO DON S~ Ve O N~ N
PO OO OO mmNT VT PO e VN CNNCTOMUECONMNTNO~DCDOCCRFroo00CoO00CO0oce
MM NN E S S TTRNNOOL~OC OO N NCCC RO C OO0 rrtrt ettt et el ettt e
@ 8 60 96 069600668900 000006 6066060000600 000060c0060°0000c000000000s0e0000000 e
oo coo co

0000000000000 00D
co © cococo Swooowo

PR R R R R T R R 2 A A A A A R A ARSI IR dh i
7t Ml P e R R a1 s Pt ) L L 1 1A ) T Bl s P W e W W L s P L P b M L W L W W L b Wl LI WLl L L
B MO MmN DO TN EC~IRUTINNOT e QN TIOMONT NIV IMNOTCHMIO—=O~OMN I T I <0 N
VNSO ON D0 T DN WOO DI N O ONOM OO =NT TN~ N VDO OO A NN VDO —~NIC O
P~ OO OM O~ DN Dt~ N T DN F~NANMEMOINTO MM OT ONG NT O~ TO O cooco

COOOOOVRAANMIND e e MO NVO TDINTDNTOI~CODRODNORNNOOCOO00O0D000R
NP M PN MNMAMNMMMIMHDM DM IS TNNIOOFFIDNNONC OO OO T T -
© 0 6868 060098906 0600880606000 60¢° 0000000000006 00800000000080000000000c0

oo o coco voooo o
oooco coo
oo oo occo coocoooo0OwWOOL oo

4 44 +4 2442440244202 04 420624444+ 4292924422392 2844292+044444%¢%49
0 R a3 a0 A ) W U T M e W L W W W W L S U T el L
- D) NN I NN DA e D OO DM O D) e Ot & NPION Mt O NDO RO = CO et = IN DNV VM D T T
DO~ OO TO ~OCVDNNOT~N~DOMN T CNNNDN AN VMOTMNANMN = NNCO OO0V DN TN T M
e ,D NG ~OD N T =N ND VO VNV VDN T TR NOMNONTNN IO PR O O0000CO0O00000002
COUOO NN TN VDT NVDAMORMISN~ICTOMNO~CSTOC RN OO 0000000000000 Ce
P Y e L e Y N Yt s Lea Vo Lt s e T Lo X Te Uoo R e g W RV Lo b e e Al Al
© 86 99 0600 6 55606998098 0060089 0090060005600 0C0080900009000000000009 00000

o oo

=3
14

ococoooooc0oco00
AR
W o W W Wt W Ll L W
T~ OCMIMNECDTO
MO O~rIeRN—OR
T oo~ BINONOT
DL DO DD DD~
I I N NCIN N NN
R REEEEEEEER

oo =1 OO COO0OODO000
24 92 +46 043404284+ 9 02024+ 40090 42 +3 9994029232323 20202420 0000+
L W L e ) e L L W W W W W W W W L L Ll
COCAMnT T OO~ e~ T NCCTMN~VOTNCN—ONN~NODNONDVVO D ~NMNTMNNANMNT NIN~M D~
P VOO INDONN~NNDM I NACN T OO VDO NPT N e c D000 IPOO000 OO0 mrtme O
CMIND~CONTM