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TANGENT OGIVE NOSE AERODYNAMIC

HEATING PROGRAM: NQLDWO019

L. D. Wing

Sounding Rocket Division

ABSTRACT

NQLDWO019 is a digital computer program, written in Fortran IV
for the IBM 360/91, which calculates the aerodynamic heating

and shear stresses at the wall for tangent ogive noses that are
slender enough to maintain an attached nose shock through that
portion of flight during which heat transfer from the boundary
layer to the wall is significant. The lower entropy of the attached
nose shock combined with the inclusion of the streamwise pres-
sure gradient yields a reasonable estimate of the actual flow
conditions. Both laminar and turbulent boundary layers are
examined and an approximation of the effects of (up to) moderate

angles of attack is included in the analysis.

i Preceding page blank
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TANGENT OGIVE NOSE AERODYNAMIC

HEATING PROGRAM: NQLDWO019

INTRODUCTION

The common use of the slender tangent ogive shape for sounding rocket '""nose
cones' has led to development of the aerodynamic heating program (NQLDWO019)
presented in this report. The slenderness of the ogives of interest results in an
attached nose shock wave through periods of supersonic and hypersonic flight
during which significant aerodynamic heating is experienced. The low entropy-
jump across the oblique shock wave as opposed to the entropy-jump across the
normal shock wave associated with ""blunt bodies' results in an increase of heat
transfer to the ogive for a constant flight condition. This is similar to the case
of the cone heating as compared to that on a blunt, axisymmetric body. However,
unlike the cone case, the ogive body has a definite (first order) pressure gradient
along the surface streamlines. A blunt body analysis program is treated in
Reference (1) and a conical analysis program in Reference (2). The present
program considers the in-between (tangent ogive) case in which the nose shock

is oblique but there is a body pressure gradient.

The effects of moderate angle-of-attack (local body angle plus angle-of-attack
of 30 to 35 degrees) are approximated by the program. There is also an option
by which the user can elect to input his own pressure distribution instead of
allowing the program to calculate the pressures. Finally, the ARDC 1959 atmo-
sphere will normally be used by the program but the user may elect to input the
pre-nose shock (free stream) temperature and pressure in order to analyze a

wind tunnel condition. The fluid medium, however, must always be air.



THEORY

The theory of NQLDWO019 is derived from a combination of the analytical methods
of References (1)-and (2) with a few new approximations and assumptions. The
pertinent geometry along with the most important items of nomenclature are
shown in Figures 1 and 2. The tangent ogive and flow geometry are completely
specified to the program by the three input values: XX5, YY5 and o (identified
in Figure 1). The effects of (up to) moderate angles-of-attack are accounted for
by assuming the local flow to be similar to that on a cone of half-angle equal to
the ogive local surface angle. The applicable free stream conditions can be
derived by inputting the vehicle altitude and employing the 1959 ARDC atmosphere
or by electing to define the pre-nose shock air properties by specifying two
thermodynamic variables — the pressure and the temperature — then obtaining
all the other properties from the real gas (equilibrium) Mollier approximations

of Hansen (Reference 3).

The program always solves for the heating and shear data at 15 stations, 10 of
which are equally spaced along the ogive and the last five on a downstream
cylinder. The user may elect (by setting IPRESS=1) to input the local-to-
stagnation-point pressure ratio at each of the 15 points and the program will get
the entropy on the nose at the first station (ONE) and expand isentropically to
the input pressures at the local points. Note that this solution assumes a con-

stant entropy (at the post-nose-shock value) over th‘e entire body.

In the alternate solution IPRESS=0), the program calculates the downstream-
of-the~conical-nose-shock properties including pressure and entropy (point 1,

Figure 1) and then, using these data as initial values, passes through a real gas



Prandtl Meyer expansion of A6 degrees to get the pressure at point 2 (Figure 1).
This pressure and the point 1 entropy are then used with the air properties of
Reference (3) to define all external-to-boundary-layer properties at point 2.

The program now considers the local surface angle at point 2 to be a cone half-
angle and calculates a new cone (external to boundary layer) entropy at point 2
which it uses in the same manner as just described to expand by the real gas
Prandtl-Meyer routine through A6 degrees to obtain the point 3 pressure at the
point 2 entropy. In this way, the properties at each point on the ogive are derived

at the approximate entropy of the immediate upstream point.

This method represents an attempt to approximate the entropy gradient across
the shock layer. Note that the entropies so derived are conservatively lower,
the farther aft one goes on the ogive. Moreover, the greatest conservatism in
the predictions of the local heat transfer rate occurs at point 10. For all points
downstream of 10, the entropy is left at the point 10 calculated value and the
pressures are assumed to be the arithmetic average of the free stream (ahead
of the nose shock) and the point just upstream of the point being studied.

Mathematically:

SR(11) = SR(12) = SR(13) = SR(14) = SR(15) = SR(10) (1)

and
P(11) = ([P, + P(10)]1/2. 2)
P(12) = [P, + P(1D)] /2. (3)
P(13) = [P, + P(12)]/2. 4)
P(14) = [P, + P(13)}/2. ()
P(15) = [P,] (6)



. Of course, the real gas Prandtl-Meyer expansion is used only up to and including
point 11. From point 11 to points 12, 13, 14, a.ﬁd 15, the entropy is constant and
isenfropic expansion to the local pressures indicated in Equations (2) through (6)
defines the local flow properties. The program contains a check that never allows
the calculated pressure to go below 80% of the free stream pressure — as would

sometimes result from the Prandtl-Meyer expansion technique described.

It should be emphasized that while the entropy values for the program-calculated
pressure option (IPRESS = 0) are low (yielding conservatively high heat transfer
rates), the pressures that result from the Prandtl-Meyer expansion technique
are also normally on the low side. This tends to decrease the predicted heat

transfer rates. The two effects tend to offset each other.

Geometric Calculations

The input to NQLDWO019 is greatly simplified by the fact that the program treats
a fixed number of stations on a fixed geometry, the tangent ogive followed by

a cylinder. In specifying the magnitude of X (XX5 in the program) and Y (YY5 in
the program) and the angle-of-attack, a, all necessary geometric input has been
supplied and the program is able to generate the geometric details required by
means of the following equations (the nomenclature of which is defined in

Figure 2):

Given only X and Y (XX5 and YY5),

R = 2Y @

- - X | . -1 2XY
6 = Tanl[R_Y] = Tan 1[X2-Y2] (8)




A8 is defined as

AB = 0.1[6]
In order to calculate the "flow deflection' distance, r (i), define

Y

$(i) = PHI(i) = 6 +a- "5

and thence (from the right triangle of Figure 2)

s A6
r(i) = 2Rsin| 5| sing(i)

The surface coordinate distance (boundary layer build-up distance) is

X(i) = R [i(a)]

Assumptions

The following basic assumptions are applicable to NQLDW019:

®

(10)

1)

(12)

(1) The shock layer entropy gradient effect on the external-to-boundary

layer flow properties around the ogive is approximated by assuming the

local external flow to have originated just downstream of a shock wave

generated by a cone of the same half-angle as the local surface angle

(¢ + a). This tends to predict increasingly lower (than the true local

value) entropies as one considers points farther downstream on the

ogive. The predicted heat transfer, therefore, is expected to become

increasingly conservative as the farther downstream stations are treated.

(See Figure A4.)



(2) In the alternate method in which pressures are input and the entropy is
constant at the post nose shock (point 1) value, the calculated entropy is
expected to be hiéher than the actual values for downstream points,
again the error growing with distance downstream. Accordingly, lower
heat transfer rates downstream should result from the entropy effect of
the pressure-input option. Note that one cannot conclude from this that
the heat rate distributions from this method are actually conservative
because their magnitudes in this option are also highly dependent upon
the magnitudes of the pressures that are input. The above remarks
refer to the entropy effect alone (as though the pressures by either

method were equal).

(3) It is assumed that the increase in heat transfer rate caused by the
thinning of the boundary layer (resulting from the crossflow) at any
station on the ogive nose can be approximated by the use of Equations
(29) and (30), substituting the local surface angle (9) for the cone half
angle, ¢_. The validity of this local similarity assumption has not been

established independently at this writing.

(4) Except where the local Mach number is low enough to trigger the per-
fect gas Prandtl-Meyer or oblique shock routines, the analyses assume

air in chemical and thermodynamic equilibrium.

Heat Transfer Rate and Shear Stress on Body

The boundary layer heat transfer rate and shear stresses at the wall are calcu-
lated by means of (a) the Eckert and Tewfik adaptation of Lee's momentum in-

tegral equation (Reference 4) and the use of Reynolds analogy for the laminar



case, and (b) the Flat Plate Reference Enthalpy Method described in Reference (5)
(also applying Reynolds analogy) for the turbulent boundary layer case. The pro-

grammed equations are:

(1) Laminar heat rate (ratioed to the spherical nose stagnation point heat

rate)

. . . C

q (x) kixy| [Hixy [ {Prec = hea|| P

P [k‘ i ||fg =7 . (QRATL] 13)
©) cord Moy L ¢ (L Pwa)

where the starred quantities are evaluated at local pressure and refer-

ence enthalpy, h*.

+ h
. _ . (e) (W) _
h* = h ¢ = —5—— +0.22\/P _ (hy - hy,) (14)
hiee = h(e)[ 1- (P; )4+ h(o)(P: )”] (Laminar B.L.) (15)
or
hrec = h(e)[l - (P:)I/S + h(O) (P:)l/s] (Turbulent B.L. ) (16)

In Equation (13), H (x) is given by:

» * » %
P v *1ocxy Hexy| |V
H,, = (x) v(x) (5 ey f o Tl | o) )M dx am
Peoy| | V(= o 1Py #or| [Vemy] ¢

N = 0 for 2 dimensional and N = 1 for axisymmetric flow (hence N = 1

for the case considered) and



. %
o> ($)
2'0(0) dx/ o,
H(‘o) = v " (1 +Ny* (18)
(co)(lu'(o)//*"(o))

is the stagnation point value.

Note that (dv/dx)(o)is given the Newtonian (circular nose) value

_ %
dvy\ _ 12|Fo~ Fe
d TR o (19)
X /0y

N Po

The turbulent heating equation is:

1 * * “ *
0.03(g)3 (1+N)'2 (k1) (s Vixy)® [(1-]3/Pr)1(x)+]7Pr ho-hw]

. B} (20)
Qrurb . 7/15 /C‘ 2/3 R
(0) 7 (%) X

Using Reynolds analogy, the laminar and turbulent shear stress and friction

coefficients are calculated from:

. . . 2/3
2 Aan (P'(x))
C = _— 21)
Lam Pixy Yixy (Brec ~hyy)e
) . .2/3
2 Grurb (Pr(x)) (22
= _ )
fTurb Px)y V(x) (h e h(w))g
Team = 0-5Ce . Pixy Vi) @3)
_ 2
TTurb ~ o'scf-n"b p(x) V(x) (24)

The local Reynolds number is calculated from



Pixy Vixy X

i — 2
€(x) F(x) (29)
and the momentum thickness Reynolds number is (see Reference 1)
R - 0.87 £ 4y Prwy Kew) 26
€(8) C )

fwy  Pex) Fex)
in which the Cohen and Reshotko's (Reference 6) velocity gradient parameter,

f&'w) , is curve fitted by the following two equations (valid for favorable pressure

gradients):

(a) CR/N, > 2

fr,, = 0.0508 [C;R/N,]?+ 0.1332 [CR./N,] @7)

) 0<CR/N, <2

" - 2
f',, = 0.011627 [CR/N,]* + 0.25644 [C;R./N,] - 0.089787 (28)

Shock and Expansion Routines

The real gas oblique shock routine for hypersonic flow and the method of ac-
counting for the pressure and entropy gradients across the shock layer for
conical flow are given in Appendix B of Reference (2). This hypersonic analysis
becomes invalid in the medium to low supersonic range so an alternate super-
sonic conical shock calculation method (see Appendix C of Reference 2) is auto-

matically actuated upon failure of the hypersonic analysis.

Similarly, a real gas (applicable for hypersonic Mach number ranges) Prandtl-

Meyer expansion routine (Figure 4, Reference 1) is valid only down to local Mach



numbers somewhere between 2 and 3. As with the cone shock calculations, the
real gas Prandtl-Meyer analysis is baéked—up by a perfect gas routine (Appen-
dix D, Reference 2) which is automatically called when failure of the real gas
method is sensed. Note that in either the shock or expansion analysis for low

supersonic flow, the perfect gas assumption is quite valid.

Crossflow Corrections

The derivation of the effects of crossflow on a cone at moderate angle-of-attack

is given in Reference (2). The resulting equations are:

[ Quith crossflow ]
yithout crossflow Laminar

QRATL =
2Tan (6, + a)|*
1+ Tan 6
- - (29)
and
Elwith crossflow
QRATT = |z
qwithout crossflowdy,rbul ent
= 0.85 (1 +K,)0-2 (30)
where

 [Tan (6, + &)
K, = 1.25 Tan 6,

10



These equations are used to estimate the effects of crossflow on the ogive nose.
Both equations are solved at each station on the ogive assuming the local surface
angle, &, to be the ""cone half angle', &_. Note that when the angle-of-attack, a,
goes to zero, both QRATL and QRATT go to one. Finally, it must be remembered
that even when properly used (for cone flow) Equations (29) and (30) are valid
only for (6_ + a) values up to approximately 35 degrees. As the deflection angle
plus angle-of-attack exceeds this range, the crossflow begins to dominate the
aeroheating phenomenon and a better analytical prediction derives from a two-
dimensional, blunt body method like that of Reference (1). Obviously, the cross-

over point for the applicability of either theory is not clearly defined.

Hemi-Spherical Nose Stagnation Heating

There are two reasons for including the calculation of the hemi-spherical nose
calculation in this program. First, the post normal shock flow properties are
required for the laminar boundary layer heat rate calculation of Equation (13)
and also the stagnation heat rate is specifically required to redimensionalize the
heat ratio of this equation to get the absolute value of the local laminar heat rate.
The second reason lies in the fact that the stagnation point heat transfer is often
desired as a general heat transfer parameter for evaluating the effects of tra-

jectory parameters, vehicle weight, etc., upon the vehicle thermal environment.

Note that the nose radius selected as a program input enters into the solution of

(o) term (Equation 18) in the form of the stagnation

Equation (13) only via the H
point velocity gradient (Equation 19). The same nose radius is also used in the
stagnation point heating rate (Equation 31) so it is clear that all data relative to

body points 1 through 15 are totally independent of the value of RN which is input.

11



For this reason it is suggested that a value of RN = 1 foot be input because this

is commonly used as a heat indicator.

The stagnation point heat rate is calculated by the equation of Fay and Riddell

(Reference 10) with the Lewis number assumed equal to unity:

%
v
Ggrag = 0-768(R) 7 (Payrw) " (Paykay ™ (B = i) (E) @1)
POINT ()

Detachment of Nose Shock Wave

The method of estimating the point 1 conditions by assuming the conical nose
shock wave that would result from a cone of half-angle equal to the angle shown

as (6 + o) in Figure 2 does introduce a possible problem. If (¢ + a) at any given
freestream Mach number is greater than some critical flow deflection angle, S, »
the nose shock will detach and the analytical methods of NQLDW019 will become
invalid. In order to protect against this possibility (which can arise from either
too blunt an ogive, too large an angle-of-attack, or a combination of the two), the
critical conical flow deflection angle as a function of free stream Mach number

is taken from chart 5 of Reference (7). These data are curve-fitted in five regions

of free stream Mach number:
1.06 < M, < 1.5
1.5 < M < 3.0
30 < M, < 5.0

5.0

IA

M, < 10.0

10.0 < 100.0

A
2
8

12



Thus, for each problem, the nose apex flow deflection angle (including angle-of-
attack) and the free stream Mach number are known. The program uses the

free stream Mach number in the appropriate region (curve-fitted equation) to
obtain the maximum allowable flow deflection angle, &. . This angle is then
compared with the actual deflection angle (6 + o) at the nose and if 8, < @ + a),

the program is halted and the following warning is printed out:

"NOSE SHOCK IS DETACHED. USE BLUNT BODY PROGRAM

THE FREE STREAM MACH NO. = (Number Given)
THE ACTUAL DEFLECTION ANGLE = (Number Given)
THE DEFLECTION ANGLE FOR DETACHMENT = (Number Given)

GO TO NEXT PROBLEM"

Note that this same printout will occur if the free stream Mach number should
inadvertently be input as less than 1.05. Of course, only the nose point need be
checked in this manner because all points downstream of the nose point have

effective deflection angles less than that for point 1.

INPUT

For convenience, the program input is summarized in Figure 3. Once the basic
theory and operation of the program are understood, this figure provides com-
plete input data definition and the format in which it is input, including the dimen-~

sions of the variables.

The input for NQLDW019 consists of from 3 to 10 cards, depending upon the
options selected. The 10 possible input cards are contained within 6 card types.
The three card types which must always be present are card types 1, 2, and 5.

Card types 3, 4, and 6 are optional.

13



Card Type 1 — (1 card per problem; always required)

The single digit, NTUN, is placed in column 2 of card number 1. If NTUN
is input as "0", the program will assume the 1959 ARDC atmosphere. If
NTUN is input as "'1'", the user must enter (in card type 3) the pre-nose
shock values of the free stream pressure (b, /ft?) and temperature (°K).
Columns 3 through 74 of card type 1 may be given any alpha-numeric mes-

sage which will be printed in the output as a problem title.
Card Type 2 — (1 card per problem; always required)

Columns 1 through 13 contain the vehicle altitude (ft). The vehicle velocity
(ft/sec) is given in columns 14 through 26. Columns 27-39 contain the radius
of a hemispherical nose (ft), the stagnation point heat rate of which is used to
non-dimensionalize the local body heat rates. The wall temperature assumed
at this stagnation point is input in columns 40-52. Note that the hemispheri-
cal stagnation point is hypothesized solely to provide a non-dimensionalizer
for the pressure and heat transfer rate and does not actually exist on the
vehicle. The (éonstant) distance between stations 10 and 11, 11 and 12, 12
and 13, 13 and 14, and 14 and 15 (dx) is input in columns 53-65. The pre-
ceding five inputs are all floating point (decimal point required) in the fields
defined above.

The constant, ITW, is entered (fixed point, right justified) in columns 66-69.
If a temperature (in °K) is entered in this field, card type 4 (cards no. 4, 5,
and 6) is omitted from the input. If ITW is entered as zero (in column 69)

or left blank, then card type 4 must be included..

14



The next item on card type 2 is IPRESS which is entered in column 70. If
given the value "0'" (zero), the program will calculate the pressures at all
stations and no type 6 cards are input. If given the value "1" (one), the user
must supply the local pressure ratios at all stations by entering cards num-

ber 8, 9, and 10 (Card Type 6).

LLL is input in column 71. If given the value zero (or left blank) no auto-
matic dumps will occur in subroutine ITER. If 1 is placed in column 71 the

dumps will be permitted. This column is normally given the zero entry.

Column 72 contains the counter "LONG'". If left blank or given a zero, the
short printout will result. If given the digit 1, the complete printout will re-
sult. Examples of both the short and the long printout are given in sample

problems 1 and 2.

A zero in column 73 will allow program diagnostics for exponential over and
underflow (which normally will not effect the program solutions but which
clutter up the printout needlessly). The digit 1 in column 73 will suppress
these diagnostics. Normally, one will use the digit 1 unless the diagnostics

are specifically desired.

Finally, if column 74 is zero or left blank the output will be given in English
units. If a 1 is put in this column the printout will be in the International

System of Units (metric); see sample problems 3A and 3B.
Card Type 3 — (1 card per problem; enter only when NTUN = 1 on Card Type 1)

Columns 1-15 contain the pre-nose shock value of the pressure (free stream)

in 1b, /ft? and columns 16-30, the corresponding temperature (°K).

15



Card Type 4 — (3 cards per problem; enter only when ITW = 0 on Card No. 2)

These cards contain, in fields of 15 (five fields to a card), the wall tempera-

ture at each of the 15 stations (°K).
Card Type 5 — (1 card per problem; always required)

The vehicle body geometry specifications are given in three consecutive
fields of 15 (starting in column 1). XXS5, the centerline length of the tangent
ogive (ft), YY5, the cylindrical aft-section body radius (ft), and ALPHA, the
vehicle angle-of-attack (degrees). Note that these items are called out in

Figures 1 and 2.
Card Type 6 — (3 cards per problem; enter only when IPRESS = 1 in Card Type 2)

Again, three cards, each having 5 fields of 15 columns (consecutive, starting
in column 1), are used to input the local to stagnation point pressure ratios
at each of the 15 stations. If IPRESS = 0, these three cards are omitted and
the program will calculate its own pressure distribution and the entropy at
each station on the ogive will be calculated. If these cards are included in
the input (i.e., IPRESS = 1), the program calculates the entropy at point 1

and assumes this value to pertain to all downstream stations.

Note that all cards which are entered for any problem MUST be entered in
the order shown in Figure 3. Of course, it is perfectly permissible to omit

any cards not required for the particular case in question.

ouTPUT

Four choices are available for output control. If the counter "IMETRC" is set

equal to zero, the printout is all given in English (engineering) units.

16



YIMETRC" is entered as one, the printout will be in metric units as defined in
Reference 11. Note that the first item of output is the problem title and this is
always followed by a statement of which system of units is applicable for that
problem. The English units are given in the symbol table first, followed by the
metric units when applicable. Metric units are "applicable' only when a quantity
is printed out in metric units; that is, the program does all calculations in the
English units and converts to the metric system when called upon to do so by the
"IMETRC" counter. Caution: ALL INPUT must be given in the English system
of units as defined in the first parenthetical expressions in the symbol table and
also in Figure 3. Temperatures, however, are always in degrees Kelvin (in

either system of units) for this program.

Initial Conditions (Long or Short)

This block is always given and it includes the input values of altitude, velocity,
nose radius (for spherical nose non-dimensionalizing data), wall temperature at
the stagnation point on the spherical nose, the values assigned to the counters
NTUN, ITW, IPRESS, LLL, and LONG, vehicle angle-of-attack (alpha) and the
ogive geometry (the centerline length of the ogive and the radius of the base of
the ogive nose). The flow deflection distances at each of the 15 stations and the
X coordinate distances to these points as calculated by the program are also

given in this block.

Free Stream Conditions (Long or Short)

The free stream Mach number, enthalpy, temperature, velocity, pressure,

specific heat ratio and density are listed for the input altitude condition.

17



Stream Deflection at Ogive Nose (Long or Short)

In this line, the stream deflection angle at the ogive nose (TH1) is given along

wifh that value of the nose deflection angle (TH2) at which the nose shock would

separate.

The printout up to this point is the same, regardless of whether the long or the

short form is requested.

Post Nose Shock Data (Long)

This group of printout lists, for conditions at each of the 11 ogive points, the
shock wave angle associated with the local body deflection angle as well as the

preéssure, temperature and entropy downstream of this shock.

Local Surface Data (Long)

The external-to-boundary-layer values of pressure, temperature and entropy
are given at each of the fifteen points on the body. Also for each point, the ratios
of heat rate at the actual angle-of-attack to that at zero degrees angle-of-attack

for both a laminar and a turbulent boundary layer are given.

Stagnation Point Data for Spherical Nose (Long or Short)

This block contains local, reference and wall values of the thermal and transport
properties of air at the stagnation point of a spherical nose of radius, RN. The

heat transfer rate to this stagnation point is also given.

Local Station Data (Long)

This series of blocks lists the wall, reference and external-to-the-boundary-layer

thermal and transport properties of air at each of the 15 stations on the body.
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Heat and Shear Data (Long or Short)

For stations 2 through 15, the laminar and turbulent convective heat rates, X or
surface coordinate distance, ratios of laminar and turbulent heat rates to nose
stagnation values, friction forces and coefficients (laminar and turbulent), re-
covery enthalpy, local and momentum thickness Reynolds numbers and two

diagnostic parameters '""CFRENU'" and "ROMURT" are listed.

The units for the data printed out are defined in the Symbol section of this report.

They depend, of course, on the value of "IMETRC' that has been input.

SYMBOLS

C; = friction coefficient (local) -)

C, = specific heat of air (Btu/lbm °K) (J/kg °K)

(dv/dx)(o) = Newtonian velocity gradient at the stagnation point on a circular
nose (sec™ 1y (see Eq. 19)

£" (w) = velocity gradient parameter from Reference (6) (see Eqs. 27 and 28)

g = acceleration of gravity (32.174 ft/sec?)

h = enthalpy (Btu/1lbm) (J/kg)

H(O)‘ = defined by Equation (18)

(x)” = defined by Equation (17)

IPRESS = a counter; set = 0 if program is to calculate its own pressure
distribution; set = 1 if user wishes to input his own pressure
distribution. -)

ITW = a counter; set = 0 when each station location is to be given a wall

temperature value TW (I); set = TEMP (in fixed point) when all
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station location temperatures are to be given the same value

TW (@) = TEMP (°K)
k = coefficient of thermal conductivity  (Btu/ft sec °K) (J/m s °K)
N = a constant; set = 0 for one dimensional flow; set = 1 for axisym-

metric flow (= 1 throughout this program)

Nu = Nusselt Number -)

PO = pressure at stations 1 through 15 (atmospheres, except where
otherwise noted)

P, = Prandtl Number -)

PX PO @M = the local to stagnation point pressure ratio at each of the 15 sta-
tion locations (-)

q = heat transfer rate (Btu/ft? sec) (W/m?)

QRATL = ratio of heat transfer with crossflow to that without crossflow for
a laminar boundary layer (see Eq. 29) -)

QRATT = ratio of heat transfer with crossflow to that without crossflow for
a turbulent boundary layer (see Eq. 30) ()

R = tangent ogive radius of curvature (see Figures 1 and 2) (ft) (m)

R, or Re(,) = local Reynolds number  (Eq. 25) -)

e = local momentum thickness Reynolds number (Eq. 26) -)
Ry = spherical nose radius (for calculation of blunt body stagnation

point heat transfer rate) (ft)
r I) or r (X) = the flow deflection distance defined by Eq. (11) and shown in
Figures 1 and 2 (ft) (m) [r@) =r{) = rEx)]
SR (I) = the non-dimensionalized (S/R, where R here is the gas constant

for air) entropy of the local flow at stations 1 through 15 -)
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TWI = the wall temperature at the spherical nose stagnation point (°K)

TW @) = the wall temperature at each of the 15 stations (°K)

\Y = velocity (ft/sec) (m/sec)

VINFY = velocity of the vehicle (ft/sec) (m/sec)

X = XX5 = tangent ogive longitudinal dimension (shown in Figures 1 and 2)
() (m)

X@ = surface coordinate distance along streamline from nose tip to each
station (ft) (m)

NTUN = a counter; set = 0, the program uses standard atmosphere prop-
erties at ZALT; set = 1, the user must input the free stream
(ahead of nose shock) pressure and temperature, thereby specifying
all free stream properties of air

Y = YY5 = tangent ogive base radius, shown in Figures 1 and 2 (ft) (m)

ZALT = the' vehicle altitude (t) (m)

a = ALPHA = the vehicle angle-of-attack (deg. or rad.) (rad.)

8., = the flow deflection angle (conical flow) at which the nose shock
becomes detached for a given free stream Mach number
(deg. or rad.)

e = the local surface deflection angle; also, the central angle turned
by the tangent ogive radius, R, to define the complete ogive
(see Figures 1 and 2) (deg. or rad.)

6. = cone half angle (deg. or rad.) (rad.)

7 = viscosity coefficient (Ibf sec/ft?) (NS/m?)

e = density of air (Ibm sec?/ft* = slugs/ft3) (kg/m3)

T = boundary layer shear stress at the wall (Ibf/ft?) (N/m?)
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¢ @) = angle defined by Eq. (10) and shown in Figure 2 (deg. or rad.)
(rad.) (6@ = ¢ 1)

SUBSCRIPTS

e = local, external to the boundary layer value

Lam = considers a laminar boundary layer

rec = evaluated at recovery conditions

ref = evaluated at reference conditions (see superscript)

Turb = considers a turbulent boundary layer

X = at a position X ft from nose tip along a surface streamline (same
as e)

w = evaluated at local pressure and wall temperature

o] = at stagnation point for a spherical nose of Radius, Ry

® = free stream (ahead of nose shock) value

SUPERSCRIPT

* =

property evaluated at local pressure and reference enthalpy

UNITS ABBREVIATIONS

Btu =

#m or lbm

#f or 1bf

OK =

J =

Z
n

British thermal units (E = engineering or English units)
pound, mass E®)

pound, force E)

degree Kelvin (m = metric units)

Joules (m)

kilogram (m)

Newton (m)
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ft
S or sec
slug

w

Note that

S/R =

3
[}

N T
1]

~ Lao] O o
]

= foot ®)

second of time (E and m)

#m sec?/ft* E)

= watts (m)

1 Joule/m?s = 1 watt/m?

TABLE OF UNITS

ITEM ENGLISH
Area ft?
specific heat Btu/lbm °K
density Ibm/ft3
enthalpy Btu/lbm
non-dimensionalized Entropy -
distance ft
shear stress 1bf/ft2

viscosity 1bf sec/ft?
temp. as used here °K

heat rate Btu/ft2? sec
heat quantity Btu
pressure 1bf/ft2

thermal conductivity Btu ft/ft? sec °’K

23
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.m2

J/kg °K
kg/m3
J/kg

m
N/m?2
Ns/m?
°K

W/m?

N/m?

J/m s °K
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APPENDIX A

A COMPARISON OF THE FLIGHT MEASURED DATA OF REFERENCE (8)

WITH THE THEORY OF NQLDW019 AND NQLDW112 (REFERENCE 9)

In order to test the theory used in NQLDW(19, flight data from NASA TND 889
(Reference 8) is used. The vehicle nose of Figure A-1 was flown on a four stage
vehicle with a temperature history measured on the inside of the 0.032 inch
inconel wall at the position marked '"point A" on the sketch. The velocity and
altitude histories of the test vehicle through the significant heating portion of
flight (during which valid temperature data were recorded) are shown in Fig-
ure A-2. Using these trajectory data and the nose configuration of Figure A-1,
the laminar and turbulent heat rate, recovery enthalpy, momentum thickness
Reynolds number and the local Reynolds number data of Figure A-3 were calcu-
lated by NQLDWO019, electing the option which allows the program to determine

its own local pressures.

These data were then used as input to the 10 element, one dimensional structural
heating program (NQLDW112, Reference 9) to obtain the temperature histories
shown as solid lines in Figure A-4. Note that the cases of a fully turbulent
boundary layer and of transition at local Reynolds numbers of 2.8, 5.0 and 10.0
million are shown. The flight recorded temperature data are shown as circled

points.

In general, the agreement between theory and flight data is quite good. The data
indicate that transition from turbulent to laminar flow probably occurred at a
calculated local Reynolds number of seven to eight million. It is emphasized

that this local Reynolds number is defined as
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o v X
R - (x) (%) A1)

°x (TR F(x)

where the sub x values are taken at the outer edge of the boundary layer at

point A. Inasmuch as the manner of approximating the effects of the entropy
gradient through the shock layer results in more or less fictitious values of the
local entropy at any given point, caution must be used in comparing the transition
Reynolds number as defined by Equation (A1) with transition Reynolds numbers

from other sources which do not make the same local entropy value assumptions.
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Figure A-1. Sketch of Vehicle Nose for Ref. 8 Flight Data
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APPENDIX B

PROGRAM LISTING AND SAMPLE PROBLEMS — NQLDW019

The following pages present a listing of the main program and all the required
(non-library) subroutines. Identification of each subroutine by name is accom-
panied by a brief description of its function. In addition, the printout of four

sample problems is given.

A. SUBROUTINES

The listings of the following eight non-library subroutines follow the listing of
the main program. The first seven subroutines are written in Fortran IV but

the eighth subroutine is in assembler language.

1. Subroutine ITER

The purpose of ITER is to take a known (input) pressure and enthalpy and an
estimated temperature and, in conjunction with the real-gas Mollier subroutine
(which can be entered only with a pressure and temperature) return the actual

temperature which matches the input pressure and enthalpy.

2. Subroutine TBLALT

TBLALT is entered with an altitude (feet) to obtain (using the 1959 ARDC atmo-
sphere) such properties of air as density, thermal conductivity, speed of sound,

temperature, entropy, enthalpy, specific heat, etc., at the entry altitude.

3. Subroutine BLOG

This minuscule routine merely prevents the ALOG function from being called

with a negative argument.



4., Subroutine ANAPRP

This subroutine, called with a pressure and a temperature, supplies Hansen's
approximations (see Reference 3 of main report) of the thermal and transport

properties of air in equilibrium for the entry pressure and temperature conditions.

5. Subroutine POLY

This is a subroutine which, in conjunction with data input (in the case of this
program, the data defines the stream deflection angle at which shock wave separa-

tion from the body occurs), permits the required interpolation of the input data.

6. Subroutine CONSHK

CONSHK takes input data which include stream deflection angle, free stream
velocity, Mach number, specific heat ratio, density, pressure and enthalpy and
returns the shock wave angle and all the downstream-of-shock air properties.
The program considers real gas (air in chemical and thermodynamic equilibrium)
properties where applicable. When the real gas routine fails (usually because of
very high pressure or low stream Mach number), it is automatically supplanted

by a perfect gas analysis and the switch is noted in the printout.

7. Subroutine RGPM

This subroutine is similar to CONSHK except that it provides air properties
downstream of a real gas (or perfect gas if the real gas case fails) Prandtl-Meyer

expansion.
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8. Subroutine SPIE

This subroutine is used solely for the purpose of suppressing certain diagnostics
in the 360/91 system which, in the case of this program, serve no useful purpose
but do clutter up the program printout. The user elects to call the suppression

by entering the counter LDW = 1 in the input. If LDW is set equal to zero or left

blank, no suppression of diagnostics will occur.

B. SAMPLE PROBLEMS

The printout for four sample problems is given in order to illustrate typical
electives. Problems 1 and 2 are identical except that in Problem 1 the ''long
printout" is elected and Problem 2 shows the ''short printout'. In both problems

the ogive geometry and flight conditions are the same:

XX5 = 2.741 ft.
YY5 = 0.5 ft.

a = 10. deg.
Velocity = 4,000 ft/sec
Altitude = 50,000. ft.

Both Problems 1 and 2 give output data in English units.

Problems 3A and 3B are, again, identical except 3A gives the output in English
units and 3B gives the same data in metric units. (Note that temperatures are
always given in degrees Kelvin, regardless of which system of units is called.)

In sample Problems 3A and 3B the input data are:

XX5 = 3.0 ft.

YY5 = 0.6 ft.



a = 0. deg.

Velocity = 25,000. ft/sec

Altitude 300,000. ft.

In all four sample problems the ARDC 1959 atmosphere is used and the program

computes the local pressures.
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NQLD®O19 THE OGIVE NNSF AFTCHEATING PROSRAM  AUSUST 20, 1970 MAINOO1O
MATNQO20

LETER RS

QSTPT = IHE HFAT TRANSFER RATE Tu THE SPHFRICAL NUSE OF RAUIUS, RN.  MAINDO&O
LOCAL LAMINAR ANL TUSMULZNT HEAT RATHS ARE NONDIFMENSIDNALIZFD MAINOOSG
(OXGiLAM AND OXCHTURI) 3y BTING 0IVILED 1Y QSTRI.  THuS, 2V I MALNIOb:
NAJRBALLY 14201 84S 1 FOUT 3UT CAN BE INPUT AS ANY ARYITRARY MA[NDOTC
WITHUUT ALVFRSFLY EFFECTING CXUOLAM,LXGATURA,OLOCLAM,CR SLICTURB. MAINGOO
MATNOD G

LUNG = O FUx THF SHERT PRINTOUT : MATHOLOG
= 1 FCR THE LONG BRINTLUT MAINUTLO

LON=u FOR 4D SUPKESSICUY JF DIAGNISTICS,=1 FOR SUPRESSIIN JF SAME  4A[NO120
T@ETRC=0{R BLANK) FCR PRINTOUT IN ENGLISH UNITS. =1 FIR PRENTOUT MATHOL3O

IN MFPRIC UNITS MAINO140

MAINOLSD

IPRESS = O FOR PROUSRAM {G CALCULATE ITS OWN PRESSURLS MAINO160
= 1 FOR USER TN [4PUF PRESSURES ON CARDS Hy +, &M0 10, MAINOLIO
MAINU14U

TTW = O WHEN EACH STATICGN 15 T0 BE GIVEN A DIFFERENT WALL T:=“PERATUREMAINOLSC
(CARUS 4, 5, ANC 6 MUST af FKTEREC) MAIX0200

= YCONSTAWT' WHEN ALL STATIOV #ALL [EMPFRATURES ARF TJ RE MAINO210

SCT AT THE *CONSTANT® vaLut MATNO220

NTEST2 = 1-FOR FIRST SIEP OF NORMAL 5HOCK TEMP,ITER.,2-FJR FIRCEL MAINO230
CANVERGENCE ROUTINE uN TEMP. AFTEQ SHOCK [TER. MAIND24)
NTUS = 0--1%59 ARDC &4TMUS.. 1-FREC SFRFAYM PRUPFRTIES ARE INPUT MATNO250

I = COUNTER FUR STATISHS. [1=0 IS STAGNATION POINT. 1=1 IS AT THEMAINO260
GGIVE NNSE.  T=11 IS AT THE OGIVE-CYL. SHOULDER MAINO270

NSTUP = COUNTER DN ENTHALPY ITERATION MA[NO2R0
NSTOPL = COUNTER UN DENSITY ITERATIO: MAT4023C

L1 = COUNIER FOR RETURN FROM ANOPRP--=1,2,3,4 MALNG DY
WYUN = O FUR PRUGRAM TC USELO59 ATMOSPHERF MA1HO0310

= 1 FOR USER TO INPUT PINFY (LBM/SO.FT) AND TINFY (DFG.K) MAINO320

(CARD 10) . MA1N0330

Twl = STAGNATINN POINT WALL TEMPERATURE (CEG. ) MATN0340

OX = DISTANCE 'BETWEEN STATINNS 11-12,12~13,13-14,AND 14-15(FT)IWAINO350

ITW = O WHEN FACA STATION IS Td 2F GIVEN A DIFFERFNT wall MAT D360
TEMPERATURE (CARUS NC.S 6,7,AND & MUST 8t INPUT) MAINC3T0

= C wHEN ALL TEMPERATURES OF WALL ARS TO HAVE THI VALUE CF 'C*MAINO380

IPRESS = 0N FUR PRUGRAM TU CALCULATE LOCAL PRESSURES MATNO390

= | WHEN LUCAL PRLSSURES ARE T3 BF TJPUT (CARDS 3,4,AND § MAINO400

MUST BE ENTEKID) MATNDGLD

LLL = O FUR Ni) DUMP {N SUBROUTINE [TFR MATNO420

= 1 FOR DUMP IN ITFR MAINOG 30

LONG = O FUR SHORT PRINTOUT MAINDGGD

= 1 FOR LONG PRINTOUT MAINO4SO

XXS = LENGTH JF TANGENT-UGIVE (TIP T3 POINT UF TANSLALY, MAIND460
MEASURED ALONG AXIS JF SYMMTTRY) (BT) YATNO4TO

YY5 = RADIUS UF CYLINDRICAL AFT-RODY AT JUNCTION WITH MATND480
TANGENT=-(IGIVE (FT) MATN0490

ALPHA = VEHICLE ANGLE OF ATTACK (DE3) MALND5))

PXOUIT) = THE LOCAL=-TO-STAGNATIGN POINT PRESSURE RATIOS AT MAINO510

FACH STATION,1+4S INPUT NN CARDS 3,4,AND S MAINO520

(WHEW 1PRESS = 1 ONLY), MAIND53)

NOTE THAT THE ENTROPY IS [N NCN-CIMENSIONALIZED FORM, SR=S/R MAIND540
OIMENSTION  XM27A(15),HRECLM(15) ,HRECTM(LS) MAINOS50
DIMENSIUN HNTI15)4CPHTIL5) HREFT(15) , TKREFTU15), VISRXT{15) , MAINO560
IRHORXT{15), TKXTCL5) 4 VISCXTILS) ¢HXT(15) ¢ VXTC15) 4 AAXT(15), MAINOSTO
2IHOXT(L5), CPXTI15) MAINO5E80
DIMENSIUN  FFTSHILS) MAINDSI0
DIMENSION RRMILS), XXMILS) MAEINO600
DIMFNSTUY X{15),PXPUILS),RE1S5),TW(15) Y1500 SAVE(19), INFG(13) MAINO610
DIMENSTION  DTWIL15)4OPU16),DRX(L5)4PIIS)¢TI15), TKS 15 MAINDB2J
OIMENSION VS{15)4HSE15) yHIL5)+CPU1S) ,RHOC15),A4(15),VISCIL5), MAINNG30
LTKEE5),VI15),2R(15) MATNDG%0
DIMENSTUA TXX(L16)oVISCXU16)sPRXI16) ZXE 1A} JHXL16) oVXLL6) MAINO650
1CPCVX{16) 4 AX116)4RHOXIL1A) ,CPXI16),R1IZ21),VIL21)5ROLEZL), MATNO660
2VISLL21),R02121)1,VIS2(21),V2021)432(21),0021) MATNOGTY
OTMENSTU G PHIX(L5) RHOWE1S) ,VISCWILS) MATNO6BO
OIMENSTOA  SR{15)4PS{15),5RSE15)+TSI15),ZPSL15),RHOSE15),PRSI15), MAINOGYO
1AS(15),VISCSI1S) o TETSHKC15)CPCVELSI ZE15),XM(15), MATNOTOV
2CPCVSILSH (XMSLLS) MAINOTLO
DQIMENSION HRFFX(L6) ,HW(16),CPWI16),PRREFX(16) ,TKREFX{16),VISCRX(16MAINOT20

1)y RACRX {169 ¢ TREFX(LG) o ZREFX (16D CPLVAXILS)4PSILIL6) 4PSITIL6), MAENDT3O
2HRECLI16) JHRECTI16)425(16) MAINOT40
COMMIN/DRKAY/QRATLI15), QRATT(15)4PHI(15) MAINDTS)
COMMUN /ARRAY/AL23) MAINOT60
LOGICAL 4 - MAINOTTO
1111 60 ¥0 1 MAINDT780
1 READ{S5,1000,“NDsPODSINTUN, (INFOUI) 4 1=1,13) MAINOT90
WRITE(H,1112) INFO . MATNOBOO
REAUIS, LUULIZALToVINFY R 4, TAl DXy [TWy IPRESS,LLLoLUNG JLDW,IMETRC ~ MAINOBLO

IF (IMETRC1889,A83,890 MAINOB20

09 WRITE(H,893) MAINOB3Y
893 FORMATI///20X,*NCTE THAT PRINTOUT IS IN ENGLISH UNITS') MATNOB40
60 TO 3892 MATNOBS0

890 WRITE(6,391) MAIN0OB60
891 FURMAT(///20X,*NOTE THAT PRINTOUT S [N 4ETRIC UNITS®) MA[NOBTO
892 CALL SPIE{LDW) MAINOBAO
TF(LING-1)870,871,871L . MATNOBYU

871 IF(IFMFTRCIRT4,BT6,3T5 MA[ND9OO
874 WRITE(6,1113) MATHO910
GN Tu 970 MATND920

875 WRITE(6,876) MAINO9 30
WRITE(6,930) MALN0940
930 FORMAT(/2X,*HZAT RATES ARE IH WATTS/4Q.MFTER') MAINDTSD
BT6 FNRMATU///6X,* VISC=NEWTON SEC/SQ.METERY1SX, ' CPsJCULES/KGM DEGK® /6XMAINN960

L+'T OR TREFSDEGK'26X,'RQHG NR RHOR=KGM/CU.VPETER' 76X, *H OR HIEF=JUULMAINO9TQ
2€/KGM 14K, PST=NEWT/SC. M1 /6X " TK OR TXREF=JOULL/METER SEC DEGK® 6X MAINO940
3, TAUWSNCWTONS/SC. METER® 76X +* SYMBOL ENDS IN X = LGCAL EXTZINAL-TU-MAINOG9SO
4B.LAYER VALUE®/6X,*SYMBOL ENCS IN L = BL.LAYER FLUW IS LAMINAR'/ MAIN1O0O
56X+ 44HSYMROL ENDS IN T = A_LAYER FLOm IS TURBULENT// 33X, LZHIEFINITIMAINIOLO
SONS=/6X,31HC = LOCAL VELL/FREF STRTAM VFL./6X,34HCPCY = GAMNA = SPMAINIO20
TFCIFIC HEAT RATIU/6X,2THPR JR PREF = ORADTL NJMBER/6X,29H2SI = H ¥AIN1030
B8RECOVERY MINUS H WALL/6X ,26HZ = COMPRESSIBILITY FACTIR/6X, 33HIF = 4AIN1040

B-5



0034
aa3s
0036
0037
00133
0039
0040
LIS}
0042
0043
0044
0045
0046
0047
0043
0049
0050
0051

0052
0053
0084
0055
00%06
0057
0053
Q059
0060
0061
0062
0063
0064
0065
0066
0067
0068
oney
ao70
0071

0077
0073
0074
0075
0076
0077
0078
0079
00RO
0081
0082
00A3
00R4
0085
0066
00R 7
00#7
00R9
0096
00721
0092
0093
0094
0095
0096
0097
0098
00%9
a160
0101
0102
0103
0104
0105
0108
0197
o108

o103
oito
o111

0112
o113
olle
0115
o1le
oz
o118
o119
0120
oL21
0122
0123
0124
0125
0126

QFRICTION CORFFICTIFNT AT wALL/6X,24HTAUW = WALL SHEAR STRESS/6X,102¥AIN1050
LHREYX = AEYNOLDS 3. RASZ0 IN LOCAL (EXTERNAL-TO-B.LAYFR) PRUPERTIMAINLOG0
2ES ANL SURFACE DIST. FROM STAG. POINT/6X,44HREYMUM = MOMENTUM THIMAINLIO?0
ICKNFSS REYNOLNS NUMBER/ZXK965HINHFN RFYMOM [S NEG., HFAT K&TE IS NEMAINII4D
4G, SU REYRIM HAS N0 ~FANING)//6X,S5THROMUIT = (RHO & MUIWALL / (RMAINIO9O

SHE & MIDEXTFERMAL TO B.LAYER) MAIVLI00

870 X(1)=0. MAafwlll0
PXPCLL) = 1.0 MAINL12G

R(Y}) = 0.0 MAINL130
NPCS#15 MAIN114V
NTESTS = U MAINLLSO

171 5 -4 MAINLI160

172 = -4 MAINLI1ZD

123 = -% MAINLLEOD

1716 = -4 MATN1190

1215 = -4 MATN1200
IF({IMETRC)IATT 377,874 MAIN1210

678 ZALIM=LALT*.3044 MAIN1220
VINFM=VINFY&, 3048 MAIN1230
RNM=R{*, 30468 4AINL240
WRITZ (62 1060) 7ALTM VINFM)RNM, THINTUNs 1THy IPRESS,LLL,LOUNG MAIN1250

6N Tu 874 MAIN1260D

877 WRITE(6,1060) ZALT, VINFY kN Thl ,NTUN ITW,IPRESS+LLL,LONG MAIN12TO
1060 FORMAV(/2Xe* INIT. CONUITIONS "/2X, ' ZALT='Flée.b,2X," VINFY='ELl4.6, MAINI230
12X 'RN="C14eh 2%, ' TRI="EL14.6/2X* NTUN ="13,13Xx , MAIN1290

2 Tm="1643Xs* JPRISS="14/2X,LLL="J1,3X,°LUNG="]]1) MAIn]300

€ CALCULAT: SURFACH CGORDINATE AND FLOW CEFLECTIONV DISTANCES AT EACH STMAINL3LO
879 IF{IPRFS5)T41,741,740 MAIN1320
T40 RFAU{S:97221(oXPGLTI,1=1e15) MAIN1330
9322 FORMATISELS.6/5E15.6/5E15.6) MAINL340
7141 ?7FT=7ALT MAIN1350
I=0 MAINL1360
IFEITW-103,2,2 MAINL3TO

3 2FAG(S.9UC0Y  (TRUD), 1=1,15) MAIN1330
9000 FNRM®ATISEL5.6/5E19.6/5E15.6) MaiN1390
S0 Tu 5 MAIN1400

20N 4 121,15 MATN1610

4 TWIT)=1TwW MAIN1420

5 READ(S.9TLOIXX5,YY¥S, ALPHA MAIN1630
IF{IMETRL)880,880,881 MAIN1440

BE1 XXASK=XX5%.3048 MATN1450
YYS5M=YY5%,3044 MAIN1460
ALPHAM=ALPHA/ 57,298 MAINL1&4TO
WRITE(691061)XX5M,YYSM, ALPHAM MAIN1480O

GO Ty 882 MAIN1490

850 WRATTCE(6,1061)XXS,YYS,ALPHA MAINESOO
1061 FORMATI/Z2Xy"INPUT X, Yy ALPHA'/2X,'XX5='F1446,2X, YYS='ELl4a6s2K, MAINLSLO
LTALPHA(DEG) =L 14.6) MAINL520

BBY ALPHA=ALPHA/ST,295 MAIN1S30
9710 FURMATI3IELS.6) MAIN1540
RI=(XXS*22+YYS282)/(2.8YY5) MAIN1550
XTHETA=(ATAN{XXS/{R2-YYS5})) MAINL1560
XXTETA=XTHETA$ALPHA MAIN1S70
OFLTET=1*XTHETA 44141580
NELX=R2ZSDELTET MAIN1590
X(11=0. MAIN1600
R{1)1=0. MAIN161D

pU T [=2.11 MAINL620
Xt1=1-1 MAINL630
X{EI=XTI®0ELX MAIN1640
271=(XIT&LELTET) /2. MAIN1650
OHIX{I)=XXTFTA~271 MAIN1660

T A1) =2.*RLASINCZZLI*SINIPHIXIT)) MATNE6TO
272=0X*SINCALPHA) MAIN16BD
RI12)=ROLL Y4222 MAIN1690
RI131=R(12V+272 MAIN1700
R(Lal1=R(I31¢772 MAINLITLIO
RE15)=R{14)¢772 “AINLT20
X121 =x011)+pX MAINL730
X(131=X(12)+DX MAIN1740
X{14)=X{13}+py MAIN175D
X{15)=X114)+LX MAIN1T60

DU 8u4 1=1,15 MAIN1770
(FLIMETROIBTLT,,5747,883 MA[N1780

883 RRM{I)=R{I)#,3048 MAIN1790
XXM{1)=X{1)%,30643 MAIN18DD
WRITF{6y5T4RIRRMIT 4 XXM}, T MA[NIBLO

GN 1ty 484 MAINL1820
STLT WRITE(695T48IR{TIeXI1N,1 YAIN1830
8B4 CONTINUE MAIN1840
5748 FORMATI/2Xe'RUTI="E14chylOXs* X{TI="E1%.6¢5X,"I="]3) MAIN1850
TFI(NTUNILIT3,6,1173 MAIN1860

1173 READ{5+10U2) PINFY,TINFY MAIN1B70
SU Tu 1759 HMAIN188O

6 CALL TBLALT {ZFT4PENG, SPWTyRHI4RHOSLG, VPART ¢ XMFP,ACCG.FREQ, MAIN1890D
1XMU, ETA9 THCUNL 3y SMAL TECMPR o HBTU, SSy AMOL ) MAIN190U
TINFY=TEMPR/]1.8 MAINISLIO
@INFY=CPENG %AIN1S20

1759 PINF=PINFY/2116.2 MAIN1930
L=1 MAIN1940
PP=PINF MAIN1950
TT=TINFY MAIN1960

50 Tu 6500 MAIN1970
6502 HINFY=129.0816%A(8) MAIN19BO
RHOSLG=0U250T#A13) MAIN1990

RHOINF=RHOSLG MAIN2000
Sua=1140.2A106) MAIN2010D
XMINFY=VINFY/SMA MAIN2020
XMINF2=XMINFY MAIN2030
GAMINF=A{14) MAIN2040
HY=HIAFY+(VINFY®$2/50123.) MAIN2050
CONL1 = VINFY #¢2 MAIN2060
CON2 # RHUSLG # CON1 / PINFY MAIN20TO
CONL # CUNL /Z(HINFY * 50123.0) MAIN2080



oL27
0128
0129

o130
0131
01132
0133
0134
0135
o136
0137
0138
0139
0140
Olel
0142
0143
0144
0145
Q146
0147
0148
0149
0150
0151
ol52
0153
0154
0155
o156
0157
0158
0159
01460
0161
0162
0163
0l64
0165
0l66
ole7
0l68
0169
0170
0171
0172
0173
0174
0175
0176
oL77
o178
o179
0180
olg81
o182
0183
0184
[543
o186
o187
ola8
0189
0190
0191
0192
0193
0154
0195
0196
0197
o198
0199
0209
0z01
0202
0203

0204
0205
0206
0207
0z08
0209
0210
0211
0212
0213
0214
0215
0216
0217
0218
0219
- 0220
0221
0222
0223
0224

[aNalal

[aXaXa)

1

40

1

110

20
2?
11

113
113

11
112

750

75

11

1140
115

1150

115

1

1
16

160

16

18

650

20

[

5

3

<o

0
2
3

0
1
2
0

—-

4

1

-

7

[
5

-

0

1

-

1 =1
RHURAT=,2
NSTOPYL = U

ITERATION SCHIME FOR PO-PRESSURE AT STAGNATION POINT-EFNS 10-15

SAVL = QHORAT
PTwl = {{1.0-SAVL)&CNN2+1.0)sPINFY

HTWU HINFY #(t1.0-5AV1*#2)5C0NL+1.2)
NSTOP = O
ATEST2=1

G0 TJd (11,12),1

TTWU = PTWO/RHASLS % RHORAT /3086.48
1 =2

IF(TTWO-15000.0) 12,405,405
TTwQ = T(wd/4.0

OTHNU = PTRO/2116.2

L=2

PP=PTwl

TI=TTw0

50 TuU 6500

HTWOl =129.0816%A(8)
DHIWO=HTWU-HIWC]

NSTOP = NSTOP+|
IF(ABST{DUTWO/HIWO) - 000050 111,111,110
1JK=11C

IFINSTNP-25} 200,299,299
IFINTESTZz = 1) 115,222,115
OTDHTI=1./1.,123406%A(4})

TTWUl = TIW0 ¢« DTDHTU & DHTWO
{F{TT®WO1-15000.0)1131,1131,1130
TTW01=215000.0
TF{TTW01-100.00112,1124114
OHTWO = DHTWO / 2.0
IF(ABS(DTUHTY ® NHTWOI-1.0)1750,750,113
KLM=750

IFEIZ10751,751,999

RHORAT = ,80 * RHORAT

1Z21=121+1

I =1

GO TU 10

TTW03=TTwd

TTWU=TTW3L

OHTHK = DHTWD

NTESTZ = NTEST2 + 1
IF(TTW0-15000.} 13,13,1140

TTWU = 15000,

GO TO 13

TTWO2 =(TTWO3I*DHTWO - TTwWJ SOHTHR)/{UHTWI-DHTHR }
IF(TTWN2-15000.031151,1151,1150
TTW02=15000.0

TTWUI=TTHY

TTWO = TTWO02

OHTHR = UHTWO

IF(TTWO2-100.) 1164116413

OHTWJ = UHTWD / 2.0
IFIABSIOHTWO)-1.0) 752,752,115
KLM = 752

IFL1Z2) 753,753,999

RHNRAT = .B8O*RHCRAT

122 = 122 +1

=1

50 Ty 10

RHOTWO =A{3}) # .002507

SRTWO = al2)

NSTOP1 = NSTOPlel

RHORAY = RHOSLG/RHOTWO
IF(ABS{RHORAT-SAVL)}-.0001} 15,154,199
1JK = 199

TFINSTPL=-25) 1042994799

VTwU = RHORAT * VINFY

CONL = VIWO & VIWO

P = PTHO +(RHOTWO*CON1)/4232.4
PON = PU

HTT=HTWOI+CON1/50123.

NSTOP = 0

TO = TTwWO

NTEST2 = 1

NTEST3 = 1

GO Tu 18

TTERATION SCHEME FOR TO-TEMPERATURE AT STAGN. POINT-EFNS 156-20

IF (NTEST3.EQ.2) GO TC 170
DTDHU = 1./CPR

TNl = 7O + DTDHO * DHO

IF (T01-100.) 161,161,180
OHO = DHO / 2.0

KLM = 161

IF(ABS(DTDHO * DHO) - 1.0) 999,999,160
Ya3 = TO

10 = 101

OH3 = DHO

NTEST3 = 2

L=3

pPP=pQO

T7=T0 .

GO TO 6500
H0=129,0816%A(8)
CPR=.123406%A(4)
DHO=HTT~HO

NSTOP = NSTOP#l
IF(ABS(DHI/HT) + .00005) 20,20,201
14K=201

MALIN2090
MAINZ2100
NAIN211D
MAIN2120
MAIN2130
MAT Y2162
MAIN21S0
MAIN2160
MAINZ2170
MAINZ2180
MAIN2190
MALIN222D
MAIN2210O
MAINZ2220
MATN223D
MAIN2240
MAIN2250
MAIN2260
MAIN2270
MAIN2280
MAIN2290
MATINZ2300
MAIN2310
MAIN2320
HAIN2330
MAIN2340
MAIN2350
MAINZ2360
MAIN2370
MAJN2380
MAIN2390
MAIN2400
MAIN2410
MAIN2420
YAIN2630
MAIN2440
MAIN2450
MAIN2660
MAIN24T0
MAIN2480
MAINZ&IO
MAIN2500
MAIN2510
MAIN2520
MAIN2530
MAIN2540
MATN2550
MAIN2560
MAIN2570
MATNZS580
MAIN2590
MAIN2600
MATN2610
MAIN2620
MAIN2630
MAIN2660
MAIN2650
MAIN2660
MAIN26TO
MAIN2680
MAIN2690
MAIN2700
MAIN2T10
MAIN2720
MAIN2730
MAIN2740
MAIN2750
MAIN2760
MAIN2T70
MAIN2TBO
MAIN2T90
MAIN28D0D
MAIN2B10
MAIN2820
MAIN2830
MAIN2B40
MAIN2850
MAIN2860
MAIN2BTO
MAIN2880
MAIN2B90
MAIN2300
MAIN2910
MAIN2920
MAINZ2930
MAIN2940
MAIN2950
MAIN2960
MAIN2970
MAIN29BD
MAIN2990
MAIN3000
MAIN3DLO
MAIN3020
MAIN3IO30
MAIN3040
MAIN3050
MAIN3060
MAIN3DTO
MAIN3080
MAIN3090
MA[N3100
MAIN3LIL10
MAIN3120



0225
0226
0227
0228
0229
0230
0231
0232
0233
0234
0235
0236
0237
0238
0239
0240
0241
0242
0243
0244
0245
0246
0247
0248
0249
0250
0251
0252
0253

0254
0255
0256

0257
0258
0259
0260
0261
0262
0263

0264
0265
0266
0267
0268
0269
0270
0271
0272
0273
0274
0275
0276
02117
0278
0279
0280
0281
0282
0283
0284
0285
0286
0287
0268
0289

0290
0291
0292
0293
0294
0295
0236
0297
0298
0299
0300
0301
0302
0303
0304
0305
0306
0307
0308
0309
0310
0311

0312
0313
0314
0315
0316
0317
0318
0319
0320
0321

170

171
172
173

20

886

IF (NSTOP-251165299,299

T02 = (TU3SDHD - TOSDH3) / (DHO - DH3)
roy = 102

IF(TOl - 100.) 171,171,180
DHO = DHG / 2.
TF(A3SLOHOY-1.0) 172,172,170
KLM=1T2

IFLI25) 173,173,999

175 = 125 +1

G0 Tu 170

RHOOC = .002507#A(3)
PRO=A(16)

CPCVO=A(14)

CPO=CPR

TKO=SQRT(TO}
VISCO=A{10)*TKO%2.2096985-8
TKU =A(11) *TKO*3.28521E-7
SRO=A(2)

ITHO = 224.0/VINFY

ZU=A(9)

AN=1140.%A(6)

TE T=XXTETA®DELTETY

Jx=0

IF (IMETRC)885,885,886
V1222=VINFY».3048
RH222=RHUINF®515.379
H2222=2324.44*HINFY

WRITE(6488TIXMINFGVE2224GAMINF ¢RH222,H22224PINF,TINFY

4AIN3130
MATN3LAO
MAIN3L1SD
MAIN3160
RAIN3L/O
MA[V3180
MAIN3190
MAIN3200
MAIN3210
MAIN3220
MAIN3230
MA[N3240
MAIN3250
MAIN3260
MAIN3270
MAIN3280
MAIN3290
NAIN33DD
MAIN3310
MAIN3320
MAT V333D
MAIN3340
MAIN33SO
MAIN3360
MAIN33T70
MAIN3380
MAIN3390
MAIN3402D

887 FORMAT(/2X"FREE STRCAM CONDITIONS® /2Xo* KMINF=*E14.642X,° VINFY=' ELNAIN34GLO

BBS HRITE(6444TLIXMINF,VINFY,GAMINF ¢RHOINF HINFY,PINF,PINFY, TINFY

GO TO 888

14.6912X s GAMINF 2 £14.642X " RHUINF=*EL14.6/2X o HINFY=* 14,69 2Xy* PINF2MAIN3&20
2'E15.641X," (ATMOS,)*2X,* TEINFY="EL4.6)

MAIN3430
MAIN3440
MAIN3450

44T1 FORMAT(/Z2Xo*FREE STREAM CONDITIDNS® /2X,* XMINF="E14.6¢2Xs' VINFY="ELMAIN3I46O

i:1.1:

“061

4050

4051
4052

4078
4079

4053
4070

4054

4060

6363
6364

790
792

791

4062

CONTINUE

DN 794 1I=1,11
TET=TET-DELTET
X24=1o/XMINF
IF(TET)406144061,4060
TETS=ARSINIX24)

14.642Xy*GAMINF="E14.642Xs"RHOINF=*EL4.6/2X s ' HINFYa* E14.6+2X° PINF=MAIN34T0
2'E14.691X " {ATMOS) *2X 4" PINFY="El4ob9lXy* (PSF)*/2X,* TINFY='EL4.6)

MA IN3480
MAIN3490
MAIN3500
MAIN3S10
MAIN3520
MAEN3S3D
MAIN3540

PULL)=PINFS({2.¢GAMINFS(XMINFO#2)8(X24292)-{GAMINF-1.))/{GAMINF+]1.MAIN3S550

mm

Vill)= VINFYSCOSI(TETS)
HUIL)=HT-{V(11)**2/50123.)
TESS=H(11)/.632
IF{LLL-1)4050,4051,4051

J= . TRUE.

GO 7O 4052

=.,FALSE.

11TER=S

PP=P{11}

175=4052
IF{PP-PINF)14078,4079,4079
PP=,BePINF

TT=TESS

HC=H(11}

CALL ITERIPP,TT4HC,IITER,J)
IF(IITER.LE.O) GO TO 4053
GO TO 4054

WRITE{6,4070) 175

FORMAT (/72X *FAILURE N TTER CALLED BY MAIN,STMT ND.='2X,14)

G0 1O 1

T(11)=TT

PS{1l)=PP

CALL ANAPRP {PP,TT,E1111)
GO TU 4062

PINFY=PINF

CALL CONSHK (TEToXMINFVINFY,GAMINF4RHOINFoHINFY ,PINFY,LLLoJXyPP,
!YI.TETS;IZZ?.K51)

IX=1

IFIKS51)6363,6363,6364

GD 70 1

CONTINUE

1F{1229)790+4790,791
WRITE(6,792)
FORMATU{/2X¢*FAILURE IN ITER CALLED BY CONSHK')
GO Tu 1

CONTINUE

CALL ANAPRP(PP,TT,L1111)
PS{1)=PP

SRStI)=AL2)

TS(I=TT

IStII=Al9)

CPS(I)=.123406%A(4)
RHOST11=.002507*A(3)
PRS{I)=A(16)

AS(1)=1140.%AL6)
VISCS(I1=A(10)%TTes, 582,20968F-8
TKS(II=ACLL)®TT##,5%3.28521E-7
HS(11=129.0816%A(3)
VS5(1)=224.%SORT(HT-HS(I)}

€ TETSHK = SHUCK ANGLE 1IN DEGREES

895
896

8917
194

TETSHK{I)=TETS*57.295

CPCVSLL) =A(14)

XMS{L) = VSIUI}/ASLI)

TF(LONG=-1) 794,895,895

IF{IMETRC)IBY7,897,896

TETSMUL) =TETSHK(1)/57.295
WRITE(64795) Lo T2 TETSMUT),PSUTY HTSLI),SRSUI}
G0 TU 794
WRITEL6,795) 1o 1, TETSHK{T}4PSUT) o TSII),SRSLT)
CONTINUE

MATIN356D
MAIN3S5TO
MAEIN3590
MAIN3S5 230
MAIN3600
MAIN3610
MAIN3E2D
MAI N3630
MAIN3&&0
RATN3I6S5D
MAIN3660
MAIN36TO
MAIN3680
MAI N3690
MAIN3700
MAIN3TLD
MAIN3T720
MAIN3T 30
MAIN3T740
MAIN3TSO
MAIN3760
MAIN3T770
MAIN3ITBD
MAIN3790
MAIN3BOO
MAIN3B10
MAIN3B2D
MAIN3B30
MAIN3B40
MAIN3B50
MAIN3860
MAIN3B70
MAIN38BO
MAIN3890
MATIN3S00
MAIN3910
MAIN3920
MAIN3930
MAIN3940
MAIN3950
MALN3I6L
MAIN3970
MATN3980
MAIN3930
MAIN400O
MAIN4O1C
MAIN402D
MAINAO3O
MAINAQGO
MAT N4OSD
MAINAO60
MAIN&OTO
MAL N&OBO
MAIN4AO9O
MATNA100
MAIN4110
MAINAL20
MAINA130
MAINALAO
MAINALSO
MATN4160



0327 795 FORVATL/2K,"1="12/ “AING170

1 X THETA SHCIK FUR PLINT 11X 412, 1X4°="£14.6/2X,*PS(1)* MAN&180

IF15.042Ky " TSI =2 215.6424,°SPS{I)='F15.8) ®ATic4190

C FND O CONSHYK JALCLLATICNS FCR PCINIS 1 - 16 MAFNG2N0

L PRCCFEL TR SUBRCUTINF RGPM aND GET LCCAL PRIP,S AT STALS NAI9%210

C MAING2¢0

0323 441 FFUIPARSS-1)361,4360,36C MATN4230
0324 360 SACUN=SRSIT) MAING 2640
03/ PRI (S5 369} SRSUT) MAING25C
0326 365 FORMAT(/7X, ' ISFNTRJIPIC EXPAISION T INPUT PRLSSURE AT [PT.J) ENTRIMAINGZ260
LPY = *E14.6) MALING2T70

0327 o{ T 9941 MAING280
0322 361 P1=PsSL1) HAING290
0329 Pil)=PS(L) MAING3DD
0330 Ti=15011} MAING3LIO
0331 T013=7501} MAIN&320
a332 SRI=$RSCL) MAING330
0333 SR{1}=SRSIL1) MAIN&34D
0334 TK{1)=TK5I11) MAIN&350
0335 VISCEIII=VISES (Y MATNGIBD
0330 PR{1)=PRS(1} MAIN4370
0337 7411=25¢1) MAING3RO
03138 vi=vsen) MAIN&330
0339 CPCVLI)I=CPCVSEL) MAING4OC
0340 AA(1)=A5¢(1) MAINGG1O
034l AHOCEY=RHLS (1) MAINGS?2D
0342 XM(1)=XM5{ 1) MAIN4430
0343 cPi1)=CPS(1) MAENG44O
0346 HUL)=HS (1) MAIN&45D
G35 Al=aS(1) MAING460
0346 RHO1=RHOS(1) MAIN&G&TO
0347 cP1=CPSL1I MAIN&4BD
0348 HL=HS{1) MAIN&&9D
0349 vT=Vsi(l) MAINGSOO
0350 XM1=x¥S5(1} MAIN&510
0351 CPLVL=CPLVSIL) MAINGS20
Q352 VISCL=VISCSil) MAIN&530
0353 TXE=TKS{1) MAIN&GS540
0354 DELYX={VIFY-VSI1))/100. MATNG553
0355 DXXX=LFLVX MAING560
0356 DTHETA=DELTET MAIN&STO
0357 GO T 9920 MATN&580
4 1F PXPU IS INOUT,GFT PRESS. E FNTROPY FOR TACH STATION MAIN& 590

0358 9921 DO B700 1=1,15 MAING6OO
0359 ell=pxPulilePy MAING6LO
0360 BT00 SRIT)=SRSULY MAIN&6?D
0361 GO TS 8740 MAfN4630
0362 9920 DO 797 1=1,10 MAING640
Q363 =1 MAINGHSD
0364 CALL RGPM (PleT1sSRLeVToA14RHULGLPL o114 VISCLyTKL OTHF TALHI, MAING 660
ICPCVL XML XXTETA,DELVX,ALPHA,TB,P2,T2.,K50) MAIN&6TO

0365 IFtKS01237042970,27971 MAING63D
0366 2970 G0 Tu 1 MAIN& 690
0367 2971 CaNTINUC MAIN&GT00
0368 PLI+Y)=P2 MATN4T1D
0369 T{Iel)=T2 MAIN4T720
0370 CL1+SQRT(T2} MAINGT30
0371 TKUT+1)=011¢a(21)%3,28512E-7 MAENGTHD
w372 VISCtI+1)=011*A110}¢7.209698F~8 MAINGTS50
0373 PR{1+1)=a(186) MAIN&T6O
0374 L(1+1)=A(9) MAIN&T?D
0375 SRIF+11=3RS{1+1) MAINGT80
0376 H{T+1}=129.0d16%48(3) MAIN&T90
0377 VII+1)=226,¢SORTILHT-HIT+1}) MAIN48DD
0378 CoCvil+li=a(14) MAINGRL1O
0379 AA[I+11=1140.8A16) MAIN4820
0380 RHO{I+1)=.002507*A(3) MAIN&BID
03¢1 XMUi+1)=V{I+1}/0ALL+1) MAIN& 84O
0382 Cotl1+1)=.123406%A(4) MAINGBSO
03e3 Pl=PtLI+1) MATN&B6D
0334 Ti=F(i+l) MAIN4BTO
0385 SR1=SRS{1+1) MAIN488O
03L6 VI=vil+1l} MAIN&BID
03azr DELVX=DXXX MAIN4900
0383 Al=AA(1+1) MAIN&910
0389 RHG1=RHO{1+¢1} MAINGI2D
0390 CPI=CP(1+1) MAIN4930
0391 Hlz=H(1+1) MAIN4 940
0392 CPLVI=CPLV(L+]) WAl ¥4350
0393 XML1=XM(141) MAIN&960
0394 VISC1=VISCiI+1) MAIN&ITO
0395 797 TK1=TKtI+1) MAIN®IBO
c MAING990

C NOW WE HAVE THMF LOCAL FLUW PROPERTIES FOR PJINTS 1 - 11 MAINS QOO

C MAIN501D

0336 DU 798 I=1.11 MAINS5020
0397 1F {PXPN{1)-.00918702,8702,798 MAINS5030
0398 8702 PXPO(I1)=.009 MAINS5040
0399 798 PXPULI)=PLIN/ PO MAIN5050
0400 LF (ALPHA 861,860,861 MAINS060
0401 861 2(12)1=r(11) MAINSOTO
0402 PlL13)=pP(11) MAINS5080
04c3 otie)=PL11} MAINS030
0404 PEL5)=P(L1) KAINS100
0405 Gi} Ty 862 MAINS11D
0406 B60 PL12)=(PINFY+P(11)) /2. MAIN5120
0407 PLL3)={PINFY+2(12)})/2. MAINS5130
0408 Pl1a)=(PINFYSP(13)) /2. WAINS5 18D
0409 P(15)= PINFY MAIN5150
0410 862 T(121=1(11) HAINS160
0411 TO=T(1L) MAIN5170
0412 TE1e)=TLL) MAINS180
0413 TL15)=T(11) MAINS13D
o4ls SRE12)=5«i11) MAINS5200



0415
0416
0417
04ls
0419
0420
0421
0422
0423
0424
0425
0426
0427
0428
0429
0430
0431
06432
06433
0434
Gels
0636
0637
0438
0433
0440
0441
0442
0643
06444
0445
0446
064t
0448
0449
0450
0451
0452
0453
0454
0455
0456
0657
0458
0459
0460
0461
0462
0463
0464
0465
0466
0667
0468
0469
0470
0471
0472
0473
0474
0475
0476
0477
0478
0479
0480
0481
0482

0483
0484
048RS
0486
0487
0428
0489
0450
069}
049

049

0434
0495
0496
0497
0498
0499
0500
0501

0502
0503
0504
0505
0506
0507
0508
0509
0510
0511

o512
0513
0514

SHE13)I=8R(L1}
SR{14)=5<(11}
SR(15)=Ssill)
PXPUL12)=PI12}/P0
vXPUEEL3)=PEL /PO
PXPU(14)=P( 4} /PL
PXPULL5)=P{15)/P0
0 520 1512415
TKEIY=TK(1Y)
VIsct)=visCtiigy
PR(1)=PR(11}
Hp=z01)
SR{I)=SRr{11)
HiT)=HI1L)
Vity=viiyd
CPOVLIN=LPCVILLY
AA{[)=AA(T 1)
RHU(T }=RHOOLL)
XM{I)=xXM(1l1)
20 CPUl)=CP(11}
30 Fu AN
3740 TQ1=TSt1)
OTHETA=DELTET
XXTETA=XXTETA+DYHETA
20 43 1=1410
COUNT =1
PHI(I)=XXTETA-COUNTSDTHETA
1F (ALPHAI40440,.41
40 QRATT(I)=1.
QRATL(1)=1.
50 TU 46
41 RR1=2,sTAN(PHIC(TL))
RR2=TAN(PHI{I)-ALPHA)
AR3=RRL/RR2
RR4=1.4RR 3
RRS5=RR4/ 3.
QRATL{1)=SORT{RRS5)
RRO=RR1/2.
RR7=RR6/RRZ
XK22=1.25%RR7
RRB={1,¢XK22)%¢,2
43 QRATT({1)=.85%RR8
44 CONTINUE
00 45 I=11¢15
QRATL (1)=QRATL{10}
QRATT(I)=0RATT{10)
TESTA=0.
DO 378 F=1.15
TA=1Q1
PQ0=P (1)
CALL ANAPRP (PQ,TQ)
SRTRY=A( ¢}
NSR=SRCON~SRTRY
[F{ABS(DSR/SRCON)-.0005)370,370,372
372 TI1=.99¢1Q
T12=1.01*TQ
CALL ANAPRP (PQ,TZ1)
SRZ1=4(2)
CALL ANAPRP (PQ.T22}
SRZ2=A12)
DT=TZ2-121
DSRZ=5RZ2~SRI1
OTDSRZ=DF/DSRZ
TO1=DTDSRI®DSR+101
TESTA=TESTA+L.,
TFITESTA-30.)375,4375,376
376 WRITELL,3TT)
377 FORMAT(/2X,"FAILURE [N CONST. SR FXPANSION TO LOCAL PRESS. GO TD
INEXT PROHLEM')
G0 10 1
375 CONTINUE
370 T(1)=10Q1
SR{I)¥=SRSIL)
TKOI)=A(11)8T [ )e® ,5¢3,28512E-7
VISCELI)=Al10)%T(1)%® _S%2,209498E-8
PRI1I=ALLS]
LL1Y=4a19)
HUI)=129.0816%A(R)
Vi1)2224,¢SORTLHT=-H(T))
cPCviIy=a(le)
AA(I)=1140.%A006)
RHO(I)=,002507%A(3)
XM{T1}=v(1}/AALY)
378 CP{1)=.123406%A(4)
371 IFC(LONG=118701,440,440
440 DO 1705 [#1.15
1705 WRITE(L, 170NV IoPCI) 4TI}, SRUTI)LQRATLIN) ,QRATTIY)
1700 FORMAT(/2Xe* 1=1243X,"PL1)="F14.643Xs"'T{I}="Ela,b,3X,
1'SRUTI=VELL6/3X, ' QRATLILI="E14.643Xs *QRATT LI )2"EL4.6)
C GET STAGNATION POINT DATA :
8701 TT=TwWl!
PoO=pg
CALL ANAPRP (PP,TT,L1111)
TWO=Thl
Hw0=129,0816%4(38)
RHUWO=.002507*A(3)}
VISCWO=A(10)%(TT$*,5)%2.209698E-8
DVDXD={1./RN)*S5QRT( (4232, 4*(PO-PINF)) /RHNO)
CPMU=,1234064A14)

&

w

MAINS210
MATN5220
MAINS23C
MAINS240
MATN5250
MAEN52A0
MAINS2TC
MAIN5230
MAINS290
MAIN5300
MAINS3LY
MAINS320
MAINS330
MA[N536D
MAINS3ISO
MAINS 360
AT N537D
MAINS380
MAINS390
MAIN542D
MAIN5410
MAINS420
MAINS630
MAIN5440
MAINS450
MAENS45D
MAINS5470
MAINS5430
MA[ V54990
MAINS5500
MAINSSLO
MALNS520
MAI N5530
MAIN5540
MAIN5550
MAIN5560
MAINS5TO
WAL N5580
MAIN5530
MAIN5600
MAIN5610
MATNS62D
MAINS630
MAINS660
MAINSH3D
MAIN5660
MAINS6TO
%AIN5680
MAINS690
MAINSTO00
MAINSTL
MAINST20
MAINST3O0
MAIN5760
MAINST50
MAINST60
MAINSTTD
MAINSTBO
METINSTI0
MAIN5800
MATNS5BLO
MAINS820
MAENS583D
MAINSB4D
MAINSS50
MATNS5860
MAINS870
MAINSBBO
MAIN5890
MAIN5900
MAINSILO
MAINS532D
MAINS930
MAIN5940
MAINS950
MAIN5960
MAINS9TD
MAINS930
MATINS5990
MAIN600O
MATN60LO
MAING6020
MAINGO30Q
MATN6040
MAING050
MAINGOSD
MAINGOT70O
MAINGOSO
MATNGQ90O
MAINGLEOO
MAING11O
MATNG6120
MAING6130
MAING140
MAING150
MAINGL6O
MALN6170
MAING18BO
MAING190

QSTPT=.76¥{1./PRO*® .6 ({RHONDSVISCHWU)I**_ 1)} { {RHIO®VISCO)®& 4 )¢ HOMAT 46200

L-HWO) *SQRTINVEXO) #32,174
HREFU=,5« (HO+HWD)
TEST=HREFU/.432
HZ=HREFO

B-10

MAING6210
MAINGZ20
MAIN6230
MAING6240



051> TZ=TEST MALNS250

051s Pr=Py MAING6260
0517 = .TRUE, MAENG270
0513 =t MATNS23D
0519 CALL LTER (PZyTZyHZ, ILLsJ) NAIN6290
0520 TREFi=TZ MAING 300
0521 VISCRO=A(10)¢TZ%¢,582,209698F-8 MAING3LU
0522 TXREFU=A(LL)® 2% ,503.28512F-7 MAING320
0523 IREFG=ALD) MATNG3310
0524 PRREFN=4(16) MAING3G0
0525 COREFU=.123406%414) MAIN6350
0526 RHORU=.002507*A13) MAING360
0527 CPCVRO=AL14) MATNG3T0
G528 TFCIMETRC190C, 906, 901 HAIV6380
0529 AN HREFOM=HAREFO®2 324, 4444 MAING390
0530 VISRUM=VISCRN*4T7.380258 MAING4)D
0531 TKROM=TKRTFJ%42.21394 MAING6410
0532 COPRFUM=CPREFNS2 324, 4444 MAIN6420
0533 RHOROM=RHURD*51%5.379 MAIN6430
0534 RNZM=RN$, 3048 HMAING&440
0535 RHOUM=ZRHO$515.4379 MAING450
0536 TKOM=TKO%43,23943 MATN6460
0537 VI SCOM=VI SCO%4T.RB0258 MAING&4T0
0538 CPOIM=(PURZ 324, 4444 HAINGABO
053 ADM=AUS, 3048 MAING4I0
0549 VISWUM=VISCwU*47.880258 MAING500
0541 HWOM=HWU*Z 324 .4444 MAINGS510
0542 CPWUM=CPWI$2324 ,4444 . MA[N6520
0563 OSTPTM=QSTPT#11348.9 MAING530
0544 HOMSHU$2324,4444 MAINGS540
0545 HTM=HT#2124,4444 MAINGS5D
0566 RHOWUM=RHUWU*515. 379 MAIN6540
0547 WRITE {6y 300VHREFUM, TRFFO,VISROM, TKROM, ZRFFD, PRREFO, CPRFOM,RHIROM, MAIN6STO

LCPCVRO,RN2M, TCy PO o RHOOM, SRO, TKIM VISCOM,DVUX0,20,CPUM,AOM, TWO, MAING5B0

2VISWIMeHRUM, CPWUM, PRI QSTP TM, HOM (H TM ,RHUWOM MAIN6590
0548 G0 Tu 902 MAIN6600
0569 YOD WRITE 6, ADDIHAEFD, TREFU,VISCRD, FXREF,ZREFO,PRIFFUL,CPREFD,RHORD, MAINSH]D

1CPCVRUGRNy  TUsPU,RHOD. SRUy TKU» VI SCU4DVDXI o2 04CPO,AD, THO.VISCWO, MAING620

2HWO, CPRU L PRI, OSTPT Hidy ATy RHOND MAIN6630
0550 800 FNRMATI/2X,*STAGNATIUN POINT DATA FOR SPHERICAL NOSE'//2X,*HREFD =MAING6&D

REFO ="E12.6¢2X+"VISCRO="EL12,642X, ' TKREFU="E12.6/ MAING6650
E12.692XK+*PRREFO="EL2.6+2Xe* CPREFO='E12.642X+"RHIRD =*MAINGE6O

1'E12.642X
22X ¢ IREFD

3512.6/2%4"CPCVRO="E12.642X+*RN =*EL12.642K,'T0 12.6/2X, MAING66TO
4920 2'(12.642%X4'RHO0 ="E12.6¢2X+"'SRO =YE12.692Xe'TKD ='E]1 2HAING6BO
Se6/2Xe' VESCH =*E12.64+2X*DVOX0 ="E12.6¢2K,'10 =1 EL12.642Xy MAING6690

6'CPO ='E12.6/72%,"AC S'EL2.692X+*TWO ='E12.692Xs*VISCWO=* E1 2MAINGT00
Teb92Xs ' Hal} TPE12.6/2X"CPWI  2'EL2.642Xy" PRO =YEL12.6/10X, *QSTPMAINGTLIO

8T='k14.642X,*= NOSE STAGNATION POINT HEAT RATE®/ MAINGT20

92K s "HO='Elh. 645Xy "HTI="EL4.6,5Xs *RHIWO="E14.6) MAINGT730

4 THIS COMPLETES THE CALCULATION OF THE SPHERECAL (REFEKENCE) NOSE MAING740

4 STAGNATION POENT DATA MAIN6750

c MAIN6T60

C NOW GET ALL REFERENCE QUANTITIES FOR POINTS | THROUGH 1S5 MAINGTTO

C MAIN6TBO

0551 902 CONTINUE MAING6T90
0552 XINT=0. MAIN6BOO
0553 00 841 I=1,15 MAIN6B10
05%4 CALL ANAPRP (PUI),TW(I),EL111) MAIN6820
0555 HW{1)=129.0816%A113) MAINGB30
0556 CPWIII=.123406%A04) MAIN6940
0557 RHNWE1)=.00250T94(3) MAINGBS0
0558 VISCRIT)=A(10)TR{T)4%.542.209693E-8 MAINGB6O
0559 HREFX(ID=(HIT)oHW( 1) 1%,5¢,22¢SQRT(PRIT) I *(HO-HII)) MAING6870
0560 TEST=HREFX(1}/.432 MAING8SBO
0561 TR=TFST MAIN6890
0562 J= o TIUE. MAIN6990
0563 LL=¢ MAING910
0564 HR=HREFX{1) MAIN6920
0565 CALL ITER (P{I1)sTRyHRILLsJ) NAING6930
0566 PRREFX(1)=A(16) MAING6940
0567 TKREFX{T)=A{]1}#TR*%,.5#3,28512E-7 MAING950
0568 VISCRX{I)=A(10)1#TR*$_582,209698F -8 MAING960
0569 RHORX(1)=.002507%a(3} MAING9TO
0570 TREFX(T)=TR MAING6980
0571 TREFXLI)I=A(9) MAIN6990
0572 CPCVRX{T)=AL14) MAINT000
0573 PSILUII=HLII*(1.-SORTIPRREFX{1)))+HOS (SORTIPRREFX{T)) )-HWII} MAINTO10
0574 OSTT(IISHOI)I*( L ~PRREFX{I19%,333) +A0*PRREFX(T)*%.333-Hu( 1) MAINTO20
0575 IF(LONG-11841,802,802 4AINT7O030
0576 802 [F{IMETRCIY10,91C,911 MAINT040
0577 911 HWTCT I =HW{1)%2324,4444% NAINTOS0
0578 CPWTLI)=CPWIT)*2324. 4444 MATN7060
057y HREFT(L)=HREFX(1)%2324. 4444 MAINTOT0
0580 TKREFTII)=TKREFX{1)%43.239¢ MAINTO80
0581 VISRX7{I1)=VISCRX([)*47.880258 MAINTO090
0582 RHURXT{I)=RHIRX(1)*515.379 MAINT100
0583 TKXTCI)I=TKi1)943,2394 4AINT110
0584 VISCXT(I)=VISC(I)*467,880258 MAINT120
0585 HXTUTI=HUT)92324, 4444 MAIN7130
0586 VXTUEI)=ViL)*.304¢8 MAINT140
0587 AAXT(I)=AA(1)%.3048 MAINT150
0588 RHOXT(T)=RHO(1)#515.379 MAINT160
0589 CPXTUI=CP1)%2324. 4444 MAIN7170
0590 WRITE(H9B03)1,HWTIT),CPWTIT)HREFT(T)4PRREFX(L)oTKREFTII),VISRXT{INAINT1BQ
1} RHURXT UL ) o TREFX{ 1) 4 ZREFX (1) 4CPCVRXUT)s PUIN,THI)TKXTCI) ¢ ISCXTUAINTLS0

201D 3PRUL) oZUT) 4SROT) ¢HXTLL) ¢VXT (1) 4CPCVI1) 4AAXT(§)oRHUXT (L) XMIT),NAINT200

3CPXTLT) MAIN7210

0591 GO Tu 841 ) NAINT220
0592 910 WRITEC6,80311 JHWT1 4CPRITI JHREFXUI) oPRREFXIL) o TKREFX{E)VISCRX{T) MAINT220
LTRHORXUT) s TREFXUT) o ZREFX(T) 3 CPCVRXETI 4P o TCI), TKUTIoVISCLLD, MAINT240

2PRUIDGZEIY gSRUTDSHUT) o VIIDoCPCVIT ) o AALTY RHOLT) ¢ XHIT},CPIT) MAINT250

0593 803 FURMAT{//2X,'WALL, REFERENCE, AND EXTERNAL-TO-BOUNDARY-LAYER FLOW MAINT260
1PROPERTIES AT STATICN = *12/2X,*HW (I} 2YEL2.642X"CPWLI)  =' MAIN7270

2EL124692X o HREFX({1) ="E12.692Xe* PRREFX(I}="EL12.6/2X,*TKREFX(1)3" MAINT280
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0685
0686
0687
0688
0689
0690
0691
0692
0693
0694
0695

0696 .

0697
0698
0699

o700
0701

SYMBOL
QRATL

SYMBOL
A

SYMBOL
IBCOMS
CONSHK
SQRT

SYMBOL
NTUN
TWi
LONG
121
LALTM
YYS

R

X11
PENG
ACCG
SMa
PINF
RHOINF
CONL
PTHO
HTWO!1
KLM
SRTWO
T0

OHO
RHOO
visco
TET
X246
175

Pl

CPL
VISCl
18

1Q1
RR4
RR8
DSR

)
RHOWD
HREFO
1L
PRREFOQ
VISROM
RHOOM
VISWOM
HTM
DAXX
XVisl

DINT
cB2
HORATY
QLOCL

1E14.6/5X ¢ OXQNLAP="€E14.6+3X,* OXO0OTURD="E14.6,43X,* CFLAM="£14.6,3X, MAINB330
2'CFTURB='E14.6/2X,* TAULAM=*E14.6,3X," TAUTURB="E14.6+3Xs ' CFRENU=" MAINB340

3EL%.643X,"ROMURTZ"E14.6/3X s REX="E14+604 33Xy * REYMOM=*E1 4.6/ MATNB350

43X P HRECL=YEL4. 645Xy "HRECT="Fl4a0b} MAINB360
6500 1FLTT-100.)9810,9810,7811 MAENBITO
9810 TT=200. . MAINB3BO
9811 CALL ANAPRP (PP, TT,E1L111 MAINB 330
GO TO(6502,9,6501) L MAINB40O

299 MRITE (6,1010)1JK MAINB410
1010 FORMAT(41H NON-CONVERGENCE OF TTERATION SCHEME 1JK=13) MAINB&20
GO TU 1 MAINB43D

999 WRITE (6,9999)KLP MAING 44O
9999 FORMAT(4TH TEMPERATURE OUTSIUE RANGE OF MOLLIER DATA KLM=13} MAINB450
GD Tu 1 MATINBSLO

1000 FORMAT (12, 18A4) MAINBSTO
1001 FORMAT(SEL3.8414,511) MAINB4EO
1002 FORMAT (2E15.8) MAINBGID
1112 FORMAT (1H1/27X,1844) . MAINBSNO
1113 FORMAT( ////6Xs 1THVISC=LB-SEC/SQ.FT424X,15HCP=BTU/LB-DEG.K/6X1THTMAINESL0

1 DR TREF = DEG.Ky26X925HRAO UR RHDR = SLJGS/CU.FT/6X, 18HH IR HIEF MAINB520
= BTU/LB 25X, 12HPST = BTU/LA/6X430HIK OR TKREF = BTU/FT-SEC-DEG.K MAINB530
313X. 15HTAUN = LB/SQ.FT//6X,50HSYMBAL ENDS IN X = LOCAL EXTERNAL-TOMAINSS540
4-BL.LAYER VALUF/6X,42HSYMBOL ENDS IN L = B.LAYER FLIW [S LAMINAR/ MAINS55D
56X444HSYMBOL ENDS IN T = B.LAYER FLOW IS TURBULENT//3X,12HDEFINITIMAINSS60
6ONS-/6Xy31HL = LOCAL VELL/FREE STREAM VEL./6X¢34HCPLY = GAMMA = SPMAINBS70
TECIFIC HEAT RATIO/6Xs27HPR DR PREF = PRANDTL NUMBER/6X,29HPSI = H MAINB8580
BRECOVERY MINUS H WALL/6X,26HZ = COMPRESSIRILITY FACTOR/6Xs33HCF = MAINES3I0
9FRICTION COEFFICIENT AT WALL/6X924HTAUN = WALL SHEAR STRLSS/6X,1024AINB8600
1HREYX = REYNOLDS NO. BASED AN LOCAL (EXTERNAL-TO-B.LAYER) PROPERTIMAING610
2ES AND SURFACE DIST. FROM STAG. POINT/6X,44HREYMOK = MOMENTUM THIMAINS620
3CKNESS REYNOLDS NUMBER/2Xy65H(MHEN REYMOM IS NEG., HEAT RATE IS NEMAINB630
4G. SO REYNOM HAS NO MEANING)//6X.STHROMURT = (RHO & MUJWALL / (RMAINB64O

5HD & MUJEXTERNAL TO B.LAYER) MAINB650
8005 STOP MAINB66O
END MAINB670
COMMON BLOCK /DRRAY  / MAP SIZF B4
LOCATION SYMBUL LOCATION SYMBOL LUCATION SYMBUL LOCATION
0 QRATT 3C PHI 78
COMMON BLOCK /ARRAY /7 mAP STZE 5C
LOCATION SYMBOL Locarion SYMBOL LOCATION SYMBoL LOCATION
o
SUBPROGRAMS CALLED
LOCATION SYMBOL LOCATION SYMBOL LOCATION SYMBOL LOCATION
4EC SPIE 4F0 TBLALT 4F 4 ITER 4F8
500 FRXPRS 504 RGPYM 508 ATAN 50C
514 ARSIN 518 cos 51C TAN 520
SCALAR MAP
LOCATION SYMBUL LOCATION SYMBOL LOCAT ION SYMBOL LOCATION
784 1 788 ALY 78C VINFY 7c0
7C8 0x 7CC 1T 700 IPRESS 704
70C LOW TEQ IMETRC 7€6 NPDS 7€8
7F0 122 TF4 123 7F8 124 TFC
804 VINFM 808 RNM 80cC : 7FT 810
818 ALPHA 81C XX5M 820 YYSH 824
82c XTHETA 830 XXTETA 834 DELTET 838
840 71 844 222 848 PINFY 66C
854 SPWT 858 RHOS LG 85C VPART 860
868 FREQ 86C XMu 870 ETA 874
87c TEMPR 880 HBTU - 884 (13 888
890 L 894 PP a98 T 89C
8a6 XMINFY 8A8 XMINF 8AC SAMINF 880
8RB coN2 88C RHORAT 8C0 NSTOPY 8C4
8cc HTWO 800 NSTOP 804 NTEST2 808
8E0 DHTWO 8E4 1K 8€8 DTDHTO 8EC
8F4 YTWO3 8F8 DHTHR 8FC TTWD2 900
908 vTWu 90C PO 910 PCN 914
9L NTEST3 920 DYDHN 924 cPR 928
930 103 934 OH3 938 HO 93¢
944 PRO 948 cPCvo 94C cPO 950
958 SRO 95C 27TW0 960 20 964
96C Ix 970 V1222 974 RH222 978
980 TETS 984 TESS 988 J 98¢
994 HC 998 1229 99¢C XS1 9A0
9A8 n 9AC SR1 980 Al 984
9BC H1 9C0, v? 9C4 XMl 9c8
900 1 904 DEL VX 908 oXXX 90C
9E4 P2 9E8 T2 9EC K50 9F0
9F8 COUNT IFC RRL 400 RR2 a04
aoc RRS Al0 RR& alé RR7 A18
A0 TESTA A24 TQ A28 PQ A2C
A3ée TI1 A38 122 A3C SRI1 a40
A48 DSR2 a4C OTDSRZ AS0 ™0 AS4
ASC VISCWO 860 . DVOXD abs CPWD A8
AT0 TEST AT4 HZ AT8 Tz ATC
AB4 TREFOD a8s VISCRO ASC TKREFO A90
A38 CPREFQ (14 RHORJ A0 CPLYRO Ad%
AAC TKROM ABO CPRFON ABS4 RHORDM AB8
ACO TKOM AC4 viscom acs cCPOM ACC
AD& HWOM ADS CPWOM ADC QSTPTM AEQ
AES RHOWOM AEC XINTY AFO w AF4
AFC X0 - 8OO XRO1 804 XRD2 808
810 XVIS2 814 pvis R18 xv1 B1C
824 XR1 828 XR2 82¢ OR 830
838 1t B3C F B40 HXSTAR Be4
B4C REX as50 225 BS54 226 858
B&O 127 864 z28 B68 129 B6C
BT4 cx1 878 cx2 87C cx3 880
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SYMBOL

SYMB0L

SYMBOL
ANAPRP
SN

SYMBOL
RN

L
NTEST®
125
XX5
ALPHAM
DELX
TINFY
XMF P
THCOND
AMOL
HINFY
HT
savi
TT8d
TTIWO1
RHOTWO
HTT

. Tol

a2
T™®Oo
AD
H2222
TITER
SRLIV
RHO1
ceevl
OTHETA
ot1
RR3
xK22
SRTRY
SRZ2
HWO
IsTPT
L3
2ZREFQ
HREFOM
RN2M
AOM
HOM
HR
CRO
xvz2

csl
ROSTAR
QxQoL
Cx4e

LOCATION
LDCATION

LOCATION
4FC
510

LOCATION
E{1)

708
TEC
800
814
828
83C
850
864
878
88cC
8AO
884
14}
80C
8F0
904
918
92C
940
954
968
97C
990
984
988
3CcC
9EQ
9F 4
08
alc
A30
Aks
A58
LY-19
A80
A94
AAS
ASC
ADO
AE4
AF8
BOC
320
B34
848
85C
870
884



05494
0595
059%
o597
0593
0539
0600
0601

060L
06073
0604
0605
0606
0607
os0®
0603
o610
o611

0612
o6ll
o614
0615
0616
o617
0613
0619
0620
0621
0622
0623
0624
0625
06246
0627

0628
0679
0630

0631
0632
0633
0634
06135
0636
0637
0638
0619
0640
0641
0642
0643
0644
0645
0666
Q6467
0648
0649
0650
0651

0652

0653
0654
0655
0656
0657
0658
0659
0660
06&1

0662
0663
0664
0665
0666
0667
0668
0669
0670
0671
0672
0673

0674
0675
0676
0677
0678

0679

0680
0681

0682
0683
0684

E12.642X *RADAXLEY =T1EV2,.6,24, *TREFXLL)
FLl2.642Y ¢ *CPTVRX(II="E12.642Xs *¥X(1)
L12.0/72K, TKXLT) TVEL2.64 2%, 'VISCXLL)
El2.6 42X XL =CELZ2.672X, 'SRXLL)
T12.642%,°VXLL) =PR12.642X, CLPCVXLT)
rl206 92K "RASK LY ='£12.6, 2Ky ' Xxul 1}
212.6)

3T12.002%, P VISLRRTD=
GEL2.672X P IREFX LT
SEL2.04X, TXLL)
612,64 Xk, "PRX(IY}
Tel2.6,2X,HXUIT)
ETL12.6/72X," A8X(1)
I h2.6:42X,CPXITY

Béal CONTVINUE

DS BUL Bsl,14
DAXX=X{I+1)-X{1)

M=uaxx/2n,

xR0 HIRX(1)
XRUS=RILRX 1+ L)
DRO=({XRI2-X2I}/0AXX ) e XD

XV ISL=VISCRX(L)
XVISc=VISIRXUT+1L)
DVIS=((XVIS2-XVIST}/3AXX) eXD
XVi=vil)

XV2=Vil+]}
PV={(XY2-XV1)/DAXX)*XU
XRL=(F)

AR tiel)
DR=(IXRZ~-XR1VZ0AXX) ® AL
RI(L)=xR]

Vi(l)=xvi

ROL{1)=XRi1

VISLiLy=xvisSl

D) 610 k=1,20
RO2(KI=RuLE{K) +ORO
ROT(K+1)=n02(K)
VISZIK)=VISI{KI+0YIS
VISLIK+1)=VIS2(K)
V2IK)=VLLRI¢DV

VI{Kel)=v2 (K}

R2(K)=R1(K}+0R

RI{K+1)=R2(K}

RJIUIK) ={RUPIKI+R0LIKI} /2,
VIS2UK)=tVISZIRI#VISLIK)) 22,
VZI{K)=tVZIKIeVIIXIN /2.
RZIKI=(RZIKI+RLLI¥)) /2.
DINT2ULROCKIEVIS2UK]I ) /{RHDO#VISCUI IS {V2IK)/VINFY)&(R2IK) %32}
1s%XD

310 XINT=A{N[4DINT

als

81

95

7

-

Ti=tel
T (RHORXCL D) ZRHUCI (VT T} /VINFY)SRUTT)

HXSTAR=F/ (SCRT(XINT))

CRL=SORT{PRIFFXIIT))

CR2={PRAIFXII1)®9,33323)
HRFCLETI)=HITI)*#(1.~CRL)+HO®CLB]

HRFECTOIT ) =HIT 1) *{1.~C 2D +HO*CY2
RAEX=RHOCLT I EVETTISXETT) ZVISCUIT)
125=4%*DVUXG#IRHORU/RHLI)
726=VINFY®(VISCRAIVISCO)

HOSTAR= SCR TUZ25/726)

H{IRAT=WXSTAR/HUSTAR

Z27=TKREFX {1}/ TKREFU
728=(HRECL (T I=HW(IT)} )7 {1D<HRN)
129=CPuWu/CPWITL) :
OXQUL=22T*HOURAT*723%/29

QLOCL=0XQIL*QSTPT
CX1=41.-CR2)SHULT)+{CB28HD)~HWIII)

CX?=(RHURA (TLIeVITT))e* 0
CX3=TKIEFX(TI I 5567
CX4=,036132.1749%,3333)%(2,8%,2)

XHUMS =CX 1 #CX2¢CXI*LXs

CX5=VISCHXI1])*%, 45667
CXO=CPREFISS,666TH(X{IT)%%,2)

XDENS=CXu#CX6

OQLOCT=(XNUMS/XDENS I *IRATTLIT)
OXCOT=QLUCT/GSTPT

REFX(I1)s0.h667
(2.%QLUCL*CTTIZ(RHILT ISV LTI #PSILITT}*32.1 74}
2.%QUOCTHCTTI/ARHULITISVITIISPSIT(11)#32.174)
*CFLAMSRHOUI 1) V1110092
SECFTURBSRHULTIT)I*(VIIL)®e2)
CRRENU={CFLAMSREXSTKIEI)*PSILETT) ) /ZL0LUCLeXIL L) *CPITL ) )
IFLCERINU-2.)415,315,P16

FPRIME= ,uS08% ({CFRFNUSS )4, 1332%CFRENY

63 T3 ar7
FPRIME=,GL162ATS{LFIENUSS2)+,256648CTMRENJ-, 089787
ROMURT=(RHOWI T T ) sVESCWITT) ) Z(RHOITT}*VISCUIL))
REYMUMs (2 TeFORIMESRONURT ) /CFLAM

IKK=T4]

LFCIMETREI950,950,951

QULICLM=0LUCL®11343.9

QLUC T=0L0CT*11343.9

XM278 (1KK) =X {KK)®, 3048
TAULM=TAULAY#4T,.980258

TAUTM=TAUTUR47.830258

RFXM=RF Xs,3043

REYMM=PREYMUIME 3048

HRECLM(IL) =HRECL([1)%2324,4444
HRFCTHMITITI=HRFCT(I1)862324,4444

=t

MAINT23D
MAINT300
MAINT3IO
MALNT320
MALN7330
MAL (7340
MALAT350
MAINT360
MAINTIIO
waliN73E0
MAINT390
MainT4U0
MAINT4LO
MAINT420
MAINT7430
MAINT440
MAINT&50
MAINT460
MAINTSTO
MAINT430
MAINTSI0
MAINTS500
MAINTSIO
MAINTS2D
MAINTS530
MAINT540
MAINTS550
HAINT560
MAINT570
MAINTS8O
MAINTSS0
MAINT&00
MAIN7610
MAINT620
MAINTS30
MAINT640
MAINT650
MAINTOHD
MAINTSTO
MAINTS80
MAINT690
MAINTTI0
MAINTTLO
MAINTT20
MATNTT3D
MAIN7 740
MAINTT50
MAINTT752
MAINTT70
MAINTTB0
MAINTTID
MANTBOO
MAINTB10
SAINTS2D
MAINTB30
MAIN7840
MAINTB50
MAINTB60
MaINTBTO
MAIN7830
MAINTSBI0
MAINTI00
MAINTI10
MAINT920
MAINT930
MAINTI40
MAINT950
MAINT950
MAINT970
MAINTI30
MAIN7990
MAINBOOO
MAINBOLO
MAINBO20
MAINBODIO
MAINBO4O
MAINBOS5O
MAINBOSHD
MAINBOTO
MAINSOBC
MAINBDIO
MAINB10O
MAINB11O
MALNB120
MA1NB130
MAINB16D
MAINBL50
MAINB160
MAINB170
MAINBL1RO
MAINB190
MAI V8200
MAINB210
MAIN8220

WRITE (5,818 TKK,OLOCLM,OLOC TH o XMZ T8 [ KK} 4 CXCOL,QXCUT,CFLAM,CFTURB,MAINB 230

1TAULM s TAUTMLFRENU RUMURT pRE XMy REY MM, HRECLMITT) ,HRECTMLTT)
G T RO}

950 WRITE(64818) IKK,QLOCL»OLOCT4X{EKK) o

10XCUL s OXQT,CFLAM, ZFTURB, TAULAM,
ITAUTUR W CFRENUSROMURT ¢ REX o REYMDM, ARECLITT Y (HRECT(IT)

801 COMTINUE

S0 Tyl

818 FORMAT{//72X,*STATION NO. =*12/5X,'QLULLAM='Elasb,y5K, 'QLOCT JRB="

1E 4.645X,% X="

MAINB260
“AINB257
MAINB260
MAIN8270
wAIVE8280
MAINB290
MAINS300
MATN9310
MAINB320



XNUYS
QXQIF
FAUTUR
KK
REXM

SYMBOL
XM278
HREF?
vISCX7?
cePx7
PXPO
INFO

SYMBOL
a93
9922
887
365
alLs
1002

*OPTIONS IN EFFECT®
*OPTIONS IN EFFECTS

I3
BoC
B3O
8C&
a0s

LOCATION

8F0

ouC

€38

Fhé
1090
1258
1390
148C
15€8
1720
1860
190C
1380
1CC4
10F0
1F1C
204C
218C
22¢C

LOCATION

23CC
2858
28E9
2ac1
2F7TF
30€2

$STATISTICS*

0001

0002
0003
0004
0005
0006
0007
0008
0009
ool0
0011
0012
0013
onle
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0020
0027
0028
0029
00130
0031
0032

0033
0034
0035
0036

[aNaNoRaNaNalaNaNaNaNalal [aXaKal

20

5003

[aNa¥sl

[aXal

40

50

55

60

70

[% &3 asc cxe B9O XDENS
crT 840 CFLAR BA4 CFTURR
CFRENU 8Bs FPRIVE Bae KAUMURT
QLICLY aCH QLoCTw™ Hee tauLr
REYMM A0C
ARRAY uAP
3YMBUL LUCATIUN SYMBIL LocarluN SY“BOL
HRECLM cic hRECTH £s8 w7
TKRLF? D48 VISRX? 034 RHORX 7
HX7 ET4 _ VX7 £80 Aax7
TETS™ FAO RRM FoC XXM
R 10CC ™ 1108 Y
OTw 1240 Le 120C DRX
TKS 13CC vs 1408 45
RHO 14F8 LY} 1534 viscC
PR 1624 KX les0 VISCx
HX 1760 v 1740 cpLva
CPX 1840 R1 18€0 vl
RO2 1430 V182 1884 v?
PHIX 1004 RHOW 1o VEISCwW
SRS 1000 Ts 103C cPs
As 1E2C VISCS 1768 TFTISHK
XM 1Fs8 cpPCvs 1F94 XHS
CPA 208C PRREFX 20cC TKREFX
TREFX 21C€C ZREFX 220C CPCVRX
HRECL 230C HRECT 234L s
FORMAT STATEMENT MAP
SYMBOL LOCATIUN SYMBIL LOCATION SYMBOL
891 23FR 930 2429 876
9000 2868 -1061 287E 9710
4471 2970 4070 2400 T92
377 2806 1700 2B4F 8uL0
1010 3069 9999 3098 1000
1112 30€E9 1113 10F5

109E3CDIC, SUURCE»NOLIST o NUDECK 4 LOAD,4AP
NAME = MAIN e« LINECNT = 58
STATEMENTS = 701,PROGRAM SIZE =

SOURCET 26216

SUBROUTINE ITER TO FIND TEMP AT GIVEN ENTHALPY{FIXED PRESS)

SUBRUUTINE ITER(P,ToHelsJ}

-THIS RCUTINL TS GIVEN A PRISSURE,ENTHALPY,AND A
TEMPFRATURL GUESS. IT USES AN ITERATION TECHNIQUF TO

FIND THE CURRECT TEMPERATURF TO ENTER ANAPRP SJHROJT
WITH TQ GET THE GIVEN ENTHALPY -

P = PRFSSURE (LBF/SQFT)

¥ = TEMPFRATURE (DES.K). ENTER WUTH JUESS FUR T

ANG RETURN WITH CORRECT T ¥YALUE

H = ENTHALPY (BTU/LRM)

1 = ENTRY POINT NUM3ER

J = TRUE IF NN PRINTGUT OF ITERATIONS 1S DESIRED

DIMENSTION G5}
OIMENSION X(4)
COMMDN/ARRAYZA(23)
DOUBLF PRECISION X
LaGicaL J

ITEN = 0

Gtae) = 7
IF(G{4).0F.100.)
Gl4)=100.

GO Tu 30

IF {G5ta) .GT. 15000.) Gle) =
CALL ANAPRP(P,G14),£5003)

30 TS 20

15000.

A(&4)=A14)8,.123406

a{8)= AR} & 129.0816
Gl2)= G(&) + (H-A{3})/A(4)
ITEN = ITEN +1,-

IF () GU 10 &40

WRITE {65 5000) I,ITEN,GE4)}¢512)41,403)
IF{AsS({A(B)-H)/H) .LE. 0.00CL) GO ¥J 80
IFLITEN 6T, 1} GO TO S0

Gt3) = Gla)

Gta) = Gl2)

G0 19 60
IFCLTEN
DO 55
X{K)
5Us)
5t 3)

«GT. 25) 50 IC 70

K=l,4

GIK}

(XU2)8X()=-X{1)®X{&b} Z0XU2}4X(3)}-X{1)-X{4))
Gtad

Gl4) G{5)

Glli= GL2)

GO Tu 10

R ]

-ERRUR FXIT (ITEr. COUNT OVCR 25

wRIfe {6,5001)

WRITF {6+5002) PoToHeloJ,TAIK),K=1,423)
i=-1

RF TURN

NORMAL RETURN EXIT

B-14

894
BA8
BSC
BDO

LOCATION
296
oco
EEC

1018
1144
1318
1444
1570
1640
170
1934
1aD8
1CeC
1078
1EASG
1FDO
2100
224C
238C

LOCATION
2450
28AF
2A80
2BA0
3000

ITERDOLD
I1TERGO20
ITEROO03OQ
1TERDD4D
1TEROQ50
1TGROO60
1TE3DO7C
JTEROORC
I1TERGOI0
1TERDLVO
17ERD110
1TEROL120
1TERD130
1TEROL4O
ITEROLS0
1TEROL60
ITEROI7C
1TERO1BO
1TER0130
1TERO200
1TERO210
ITERD22)
1TERO23C
1TERO240
ITERD25)
ITERO260
1TERO270
1TERD230
I1TERD290
ITERO30O
I1TERO3LO
I1TERO320
1TERDO330
ITERO34D
ITERO350
[TFRI36H
ITERO370
ITERO3IRO
1TEROIO
1TERO400
ITFRO410
1TEX0420
ITERCAYD
1 TERDS44D
ITERDGS)
1TERO460
ITERD4T0
ITERD&RD
1 TERO4G0
ITEROS00
1TEROS10
1 TFROS20
1TERDS30
I1TEROS540
1TERDSS0
ITERO560

INE

QLocr
TAULAM
REYHIY
TAUTM

SYMBOL
LPe7
TRX7
RHOX7?
X

SAVE

P

SYMBIL
1060
5748

795
803
1001

R98
8acC
3lo
BD4

LOCATINN
coo
DFC
F28

1356
120C
1354
1480
15AC
16E0
1820
1988
iB2¢
1c8e
LOB4
LEEQ
<00C
214C
228C

LOZATION
2706
28C6
2A67
208A
3005



1¥ER0570

4
0037 A0 T= Gt4) T TERO5R0
00135 Afe)=a0417,423404 1TE<I53D
Q0133 AtB8)=818)/129.0816 1TEROGOO
0040 5000 FIRKAT (LUHGENTRY OT.12,128  ITHR, 40.13, 94 TUI) =1PFlé.6, ITERO61O
X I T(O) 2E14.69 9H  HUI) =flé.by I HID) =Fla,6) ITERDG7D
oval 5001 FIRMAT {I3JHOFRRIK EXET —- ITERATLON COUNT JVER 25) ITERO630
0naz 5002 TURMAT (4HOP =1PE1&.6, b T =014, 6,6H W =Flb,b,6H | =12, 1TERO640
X, AR J =T3/14H ARRAYLIL-?3) =/(6E2U.6)) 1TE265)
0043/ CTUN 1TERQGSHO
0044 £ LTERCHTO
_COAMUN BLUCK /ARRAY  / MAD SIZE 5
SYPBUL LJCATION SYHBLL LUCAT LG SYMLIL LOZATIUN SYMBUL LCCATION
A 0
SURPRCGRAFS CALLED
SYMBOL LacartaN sYMenL LGCATIAN SYMBUL LOCATION SYMANL LOCATION
ANAPRP 4 1eco~y 106
SCALAR 4AP
SYM3OL LacATION SYMBL LICATION SYMBIL LUSATION SYMBOL LOCATION
ITFN L0 T Li% 4 118 H 11C
1 124 3 128
ARRAY MAP
SYMBOL LOCATION SYMBUL LUCAT IO SYMBIL LOTATION SYMBUL LOCATION
3 L12c X L40
FORMAT STATCMENT MAP
SYMBOL LOCATIUN SYMBUL LACATION SYMBUL LOCATIUN SYMBIL LOCATION
5000 160 5001 184 s0c2 184
®0UPTIUNS 14 EFFECT® IDsF5CUIC, SOURCE ¢ NUL I STy NOUECKLUAD,MAP
*OPTIANS [N EFFECT®  WNAMEC = 1TER » LINCCNT = LT ]
#STATISTICS» SOURCE STATEMENTS = L4 PRIGRAM 517E = 1526
*STATISTICS®  NJ DEAGNUSTICS GENERATFU
¢ TBALOO10
4 SUBRUUTINE THLALT TBALO020
4 TBALDOO3Y
00G1 SUBRUUTINF THLALTIZFT ¢PFiG, SPWT, AMIRHUSLG + VPART 4 XMFP,ACCG,FREQ, TRALOD4O
1XMU, iz TAy THCON Dy SMA, TEMPRyHBT U, SSy AMOL ) TBALOOSO
0002 DIMENSIOG XALT{L12)eTMP{12},4PF (12),XLN0112) TBALDOGD
[4 DIMENSTON XALT(12) o THR{12},PB(12) XL (12) TBALOOT0
0063 IFCTTHEST=19676)13,12,13 TBALO00AD
0004 13 XALT(1)=0.0 T8AL0040
005 XALTL2)=11000.0 TBALO100
0006 XALT(3) = 25000.0 TBALOL10
0007 AALT (412470009 TBALOL20
0005 XALTt5)=253000.0 TBaLC130
0003 XALT(6)= 79000.0 T8aLOL40
0019 XALT(7)=90004.0 TBALDLSY
00t XALT(R)=10500C.0 TBALOL6O
0012 XALT(9)=1£0000.0 TBALOL70
0013 XALF{12)=170900.v T8ALOLBO
0014 XALTE1) =200000,0 T84LO190
001% XALT(12)=700000.0 TBALU2JV
00te THE{L1)=20d.16 TBALO210
0017 THA(2)=210.66 THALO220
0018 T4B(3)=215.66 TRALI230
0019 TUR(4)=20c .66 TBALO240
0020 TMR(9)=262.65 TBALO250
ou21 TMAL6)=165.66 TBALO25Y
o002¢ T™3(11=165.66 TBALO2T70
0023 TEBLA)=22%.66 TBALO280
0024 T4B(23=1325.66 T8aL027D
0025 TMREL3)=1425.066 TBALO 30O
0026 T4a(113=1575.66 TBALO31C
0027 THB(12)=3325,.66 IBALD32D
0028 PBI1)=2.1162179503 TBALO3YD
0029 PRLZ2)=4.726T616E02 TBALO340
0030 °8{3)=5,1975447€01 TBALD3S0
003t -515389100 TBALO360
0032 «2177534E00 TRALO370
0033 «L0TT4$54€-02 T8ALD380
ovle PRITI=2.1%Ub6HTE-0) TBALO390
0035 PALR)=1.5956513E-04 TBALO400
003h 2A13)=2.6480315C-06 TBALOAL10
0037 OB {1U)=2.0656540F-06 TBALO420
0033 P3{11)=1.8683353F-06 TBALO430
0039 Pa(12)=1.2730206F-09 TBALO44D
0040 XLML LY =~0.00635 TBALO4ASO
0041 XLM(21=0.0 TBALO460
0042 XLM(3}=0.0030 T8ALOATD
0063 XLM(4}=20.0 TBALO4BO
0044 XLM(5)=-0.0065 TBALO490
0045 XLMlo)=0.0 TBALOSJD
0046 . XLM(7)=0.0060 184L0510
0047 XLM({81=0,0200 T8AL0520
0048 XLM{9)=0.06109 TBALO530
0049 XLM(10}=0.0050 TBALOS540
005¢ XLM(11120.0035% TBALD540
0051 XLM(12)=0.0 TBALOS60
0052 ITEST=19176 TBALDSTO
0053 12 ZMET=0.3048%7FT TBALOS80
0054 ALT = ZMET /(1.0 + IMFY /6.356776F6) TBALOS90
0055 00 1 1 = 1,12 T8AL0600
0056 TFUXALTOLI-ALT) 1,243 T8ALO61O

SYMBOL
SYMBOL

SYMBCL
J

SYM3IL

SYRBOL

LOLATION

LOCATION

LOCATION
120

LILATION

LOCATION



0057 1 CONTINUE TBALOA20
0056 Z T4 = THACTH TBALYUG 3Y
0059 PENG = PRI} TBALOGLSO
0060 G Ty 6 TBALO6SO
00t 1 3 TM = TMACI-L1) & XLMUI-1) & (ALY - XALT(E-1)) TBALDOAD
0062 IF (XLMEI=1)04,5,4 T8ALO6TO
0063 4 PFNG = PhLEI-1) SUTHBITI-1)/(TMBIT-T1H+XLMUT-1)olALI-XALTLL-10})) TBALOS 3O
1 $8{3,4164797-2 /7XLHLI-1)) TRALDS3D
0064 GO fu 6 1B8ALOT700
0065 5 PENG=PBII-1)1612,718380(=3,.4164T790 2% (ALT-XALT{I~11)/THALI-10}) 78410710
0066 6 [F(ALT-90U00.0) 7,38,3 TBAL)T20
0067 7 AMOL=2B.9656 TBALG739D
0068 SO ¥t TBALOT4O
0069 8 IFLALT~140000.0) 9,10.10 TBALITSD
0070 9 AMIL222.0-5.044835T4%ATAN((ALT~22.F4) /25.F3) TBALOT60
0071 32 Tu 11 3 TEBALOTTO
0072 10 AMOL=27.106-7.93563T108ATANI(ALT-18,E4)/14.E4) §BaLI78U
0073 11 ACCG = 1.399046E16/(2.0852629ET+LFT)*82 TBALOTQ0
0074 TEMPK=TMeAMUL /23,966 TRALOSOO
o075 TEMPR=]1 . 4STFMPX TBALNB1O
0076 PMET = &4GB2.B84PENG T8aL0820
oor? HATU = 99.53 + 0.2396 & (TEMPR~400.0) TRALOS 30
ou78 SE=0.UABE5%(1,856BE01+2.7512E-02¢TEMPR=3,5545F-USSTEMPL¢%242. 0107 TRALD8SD
1 E~08%TEMPRee3) TBALO850
0079 S$5=50+¢0.008H6AL0G(211.6217/PFNG) TAALOBAKO
ooao RHU=PENGSAMIL /11545, UTEMPR) TBaLO08TO
008t SPWI=RHOSACCEH TRALOSHO
0032 RHONLG=RKI/IZ2. 174 78402890
0083 SORTTM=SLRTL W) T8ALO900
0084 VPART=RB.T0462) $SORTTM TBALO91O
0085 XMFP=26,4135609F-T*AMNLSTM/PMET T8ALI92D
0086 FREQ=3,3583060C TP MET/IAMOLSSQRTTM) TRALO93D
0087 A=TCMPK®2].5 TBALO94 0
0088 XMU=,3797309E-06%A/{TTMPK+11G.4) 18412250
0089 FTA=XMU/RHO TRALO960
00<0 THCOND=4.25c—T¢A/ (TEMPK4245.,4%10.0%8(~12.0/TEMPK) )} THAL0970
0091 30 SMA365.T77201845QRTTM TBALUY 0
0092 RE FURN 18410990
0093 END . TBAL100O
SUBPRIGRAMS CALLFD
SYMBOL LOCATION SYMBUL LOCATION SYMBIL LOZATION SYMBOL LOCATION
FRXPR § FC ATAN 100 ALUG 104 SCRT 108
SCALAR MAP
SYMBOL LOLATION SYMBOL LOCATEUN SYMBIL LOCATION SYMBUL LOCATINN
ITEST 13C 1AFT 140 IFY 144 ALT 148
™ 150 PENG 154 ArQOL 158 ACCG 15C
FEMPR 164 PMET 167 hBTY 15C SE 170
RHO 178 SPWT 17¢C RHOSLG 180 SQRTIA 134
XNFP 18C FREC 130 A 194 xmu 198
THCOND 1A0 SMA 144
ARRAY maP
SYMBOL LOCATION SYMBUL LECATION SYMBOL LOCAFIUN SYMBUL LOCATION
XALT 1a8 T 108 pp 208 XL 238
S0PTIONS IN EFFECTs 10,EBCOIC,SOURCC +NOLIST,NODFCK,.LNAD,MAP
®OPTIUNS 'l FFFECT®* WNAME = TELALT o LINECNT = 54
*STATISTLICS® SOURCE STATEMENTS = 93,PROGRAM SIJE = 2082
#STATISTICS* NO DIAGHRUSTICS GENERATED
c 3L350010
¢ FUNCTION BLUGIX) 3L0OG00: 0
IS 8L060030
0001 FUNCTINDN BLDG(X) 3LJ30040
0002 2LOG = ALUGLABSIX)) 31060050
0003 RETURN BLIGOO6D
0004 END BLOGOOTO
SUBPRGGRAMS CALLED
SYMBOL LOCATION SYMBIL LUCATICH SYMBNL LOCATION SYMBUOL LOCATION
ALOG 90
ECUIVALENCE DATA MaP
SYMBOL LOCATINN SYMBOL LOCATION SYMAIL LOCATION SYMBUL LOCATION
BLOG aQ
SCALAR MAP
SYMBOL LOCATtON SYMAUL LOCATION SYNBUL LOCATION SYMBOL L3CATION
4 A4
#0OPTIONS IN EFFECTs  1D,EACDIC,SOURLF,VOLIST,NCOECK,LOAD, MAP
*UPTIONS IN EFFECT®*  WAME = RLDG o LENECNT =. 58
S$STATISTICSS SOURLE STAVEMENTS = 4 oPROGRAM SIZE = 328
*STATISTICS® NO OTAGNOSTICS GENFRATED -
[4 ANAPOO1D
CANAPRX . FORTRAN 4 VFRSIGN OF ANAPRP SUBROUTINE ANAPOO20
4 ANAPOO 30
ooel SUARUUTINF ANAPRP(P,T,&} ANAPOOSD
0on2 CALL NOUNFL ANAPOOSO
[4 P = PRTSSURF (LB/SOFT) ANAPOOSGY
C T = TEMPFRATUKE [DE53.K) ANAPDOT7D
c ANAPOOH0
[+ - THE RFESULTS APPEAR IN A CuUMMOY ARRAY(/ARRAY/ALZ3)). ANAPOO90
C AlI) = HTR ANAPOLOU

B-16

SYMBIt

SYMANL
1

TEMPK
5S
vPaARY
ETA

SYMBOL

SYMBOL

SYMBOL

SYNBIL

LIZATION

LOCATINN
160
160
176
188
19c

LOZATION

LOCATION

LOCATION

Lizarian



0003
00N

0005
0006
0007
0008
0009
0010
Qg1
0012

0013
Q014
0015
0016
oot7
0013
Q019
0020
0021
0022
0023
0024
0025
0026
a027
0028
0029
0030
0031
0032
0033
0034
00135
QQ136
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
00638
0069
0050
0051
0052
0053
0054
0055
0056
0057
005¢
0059
0060
0061
0062
QQ6 3
0064
0065
0066
0067
0068
0069
0o7o
0071
0072
0073

0074

(e NN R e N R N o N o N N AR R R o N R N e N NN N oW N )

onn

M S W N

at2y
al3)
Ats)
a5}
afsy
aln
Al
a(s)
A M
Atll)=
afl?2)=
All3)=
Atle)=
Afl5)=
Alla)=
atiri=
Afla)=
Ativd=
At251=
Al21)=
a122)=
At23)=

P R R

COMMON /ARRAY/A(

EQUIVALENCE(A( L} +HRT I, (AL2)45R) 4 (AL 3),RAD) 4(A( &) ,CPRP),
(ALS)4CPRIGIALO),8ALP),(ALT),AAL), LALR),HHL),
TAL9), 279 1AL10) o VISCOL) , 1AT11), FLMBOPY o AT 12, TLMIDAY,
TALL A GOFNVE, (ACLAY CPCVE (ALL5) JDVPRI 4 LA(L6]) 4PRP) 4
(AL17)4PRISLA(13)42T ) (ALL19),PF),{AL20),XE),

53
RHO
coro
cPr
any®
aal
HY]

7
visem
fLMBOP
TLMEDA
DENV
cec
DVPR
oqp

oR

2T

o

<€

CcF

€C

YNF

23)

CAL21)9CF) o {AL22)4FC Y, 1A123),VNE)

oDap

Tr=¢

FR=TT/1000.
5T=BLAGITT)
GTR=,434299%GT-3.0
1€11117010,7010,7

7010 WaiTEt6, 2600

200 FCORMAT(/7X,*A NO-NO HAS JEEN PERPETRATED.

T01l

10
20

o1t

LZSRG QR NEGATIVE')

RETURN 1

CONT{NUE
SQT=5QRT{TT)
C=0.16
TF(TT-10000.)10,1
TF(TT-2000.320,15

C=C-0.044SINL(TT-2N00.)/1274.0)

V0s2760./TT
V123390./TT

V2 =2270.7T7

V3 =11390. /7T
Vé =18990./TT
V5 =228./T1T

Ve =1264/11

VT =22R00./7YV
V8 243600./TT1
V9 =27700. /7T
V10 =41500./7T
V11 =38600./TF
V12 =5B00./TT
Vi3 =70.6/TT
V14 =188.9/T7
V15 =22000. /77
V16 =47000./1T
V1T =67900./17
V18 =175./T7
vD1=29500./TF
V02 256600./71
Vil =158000. /77T
VI2 =168300./77
VF1 =755C0. /71
EVD =EXP1-VD)
EVL =EXP(-VL)
EV2 =EXP(-V2)
EV3 =[XP(-V3)
EV4 =EXP(-V4)
£V5 2EXR{=-V¥5}
V6 =EXPL-VA)
FVT =EXP{-VT)
FVH zEXP(-V3]
EVO =EXP(-V)
EV10 =EXPL-V10])
EVIL =EXP{=VI1)
EV12 =EXP(-V12)
€V13 =EXPU-V13)
EVLe =EXP{-V14}
£V1S =EXPL=V1%5)
cVie =EXP(=V1h)}
EVL? <EXP(-V17)
EV1B =EXP(-V13)
TGY = 2.58GT
RGT = 3.5#GT

W0 = 1.-EVD

Wl = l.-gVvl

w2 = l.-tv2

W3 = 3,42.%EVI+EV
We =

W5 = 4.+10.85V9e5
Wb =

0,20
15

4

5.43,9EVS4EVASS,.SEVTHEVE

«¢EV10

G ¥10.¥FV1I126,%EV]2

ANAPOLLO
aNAP0120
aANAPO13D
ANAPOLGU
A%4PO1S0
ANAPI16Y
ANAPOL70
ANAPOLAO
ANAPD1 D
ANAPO200
ANAPO210
ANAPD220
ANAPO2 30
ANAPG240
ANAPU25D
ANAPO260
ANAPO270
ANAPDZ8D
ANAPO29C
ANAP0300
ANAPO31LO
ANAPO320
ANAPO330
ANAPO340
ANAPO3S0
ANAPO360
ANAPIITD
ANAPO330
ANAPO390
ANAPD4DD
ANAPD41 0D
ANAPU42Q
ANAPO43D
ANAPO44D
ANAP0450
ANAPDGSD
ANAPOSTO

THE ENTRY TEMPERATURE ISANAPO48O

WI=L 43, 8FVLI45 . #EVIG45,. SEVIS+EVIGS, ¢EVLT

WA = 2,42.%FV13

PARTITIUN FUNCTIONS Q PLI)

GOPN2sRGI-0.42-8L

0GIWT}

ANAPO490
ANAPOS00
ANAPQS10
ANAPJS20
ANAPOS30
ANAPOS540
ANAPOSS5D
ANAPOS560
ANAPOST0
ANAPO580
ANAPD590
ANAPQ60Q
ANAPOS10
ANAPOS20
ANAPDGIO
ANAPOS4O
ANAPOKS50
ANAPUG60D
ANAPOGTO
ANAPD 680
ANAPOHI0
ANAPOT00
ANAPDTEOQ
ANAPOT20
ANAPOT30
ANAPOT74D
ANAPOT50
ANAPO760
ANAPOTTO
ANAPOT80Q
ANAPOT90
ANAPOBOO
ANAPOH1D
ANAPOB20
ANAPDB 3D
ANAPOB40
ANAPOSSO
ANAPDBSD
ANAPOBT0
ANAPQ880
ANAPOBI0
ANAPDSOD
ANAPO9LO
ANAPO92)
ANAP0930
ANAP0O940
ANAPOYSO
ANAPO96 O
ANAPO970
ANAPO940
ANAPO990
ANAP1000
ANAP1OL0O
ANAP1020
ANAP1030
ANAP1040
ANAP1050
ANAP1060
ANAPL1070
ANAPLDBO
aNaP1 090
ANAP11J0
ANAPL110
ANAPL120
ANAP1130
ANAPL 140



0075
0076
'0077
0078
0079
0080
0081

og82
0083
0oga4
0vEy
0086
o087
0pss
0089

0090

0091
0092
0093
0094
0095

0096

0097
0098
0099

0100
0101
0102
0103
0104
0105
0106
o107
0108
0109
0110
0111
o112
0113

0114
0115
0116
0117
0118
0119
0120
0121
0122
0123
0124
0125
0126
0127
0128
0129
0130
0131
0132
0133
0134
0135,
0136
0137
0138
0139
0140
0141
0142
0143
0144
0145
0146
0147
0148

0149
0150
0151
0152
0153

0154
0155
0156
0157

GAPU2=RGI+0U.11-BLUGIWZ)+RLDS(WY)
GOPNU=RGT+0.53-HLOG(WN)+B8L0G(WE)-VD1-VO2+VF1
GOPN = TGT40.3+BLOG(WS)-VD2

$IPD = TGT40.543LU5(We)-VDL

SAPNP= TGT+0. 3+RLIUGIWTI-VI2~yD2

GQPUP = TGT40.5+RLOGIW6}-VII-VD]

GQPE = TGF-14.24

FIRST DERIVATIVES-=—-DW{I)=T*D LN “(13/DT=T*D LN Q P(I)/DT
~T3D(0.5*5(0R T7) LN T)/OT

[aNaNaNal

DHO = VO*EVO/HO
DAl = VI*ZVl/uWl

DW2 = V2s$EV2/w2

DW3 = (2.8V3*FV34V4eEVAL) /W3

DW& = (3.8VSREVSHVESEVE+5 . SVTREVT+VESFVE) /W4

DW5 = (10.eVISEVI+6,8VI0sEVIU) /W5
Di6={10.8VI16FV1I1+6.4VI26EVI2} /db

OHT =(3.8VI3CEVII43,8VIGsEVI4S  SVISSFVIS4VIOIEVIS+S.8VITS
LEV1TI/WT

.DWB = 2.¢Vi8sTvig/wa

SECOND DERIVATIVES——--DDW{E)=D(T*#2%D LN W{1)/DF/DT~(DA(11) %2

[sRaNal

DOW3 ={2.eV3ea2sFV34Vana2sEVa) /W3

DDWG ={ I FVSEE29EVSIVHIS2EEVE45,$VTSS2EVT+VBEE29EVE)/db
DOUWS =2(LU.#VOII2SEVI46. *VI0$28EVIDI/ NS

DDWE Z(1USVIISH2SEVEIIA6.SVI28320EVI2I/NG

NOWT ={3.%V136¢20EV 345, 8 V148328 EVI4+5,.$V]I5$823EV1I54V] 68828
LEV16+5,8V1IT8$2%EVLITI/NT

DDW8 = V1s ¢ D8

VIBRATIONAL

[aXaXel

VNGO = VO0/Z.
VN2= V1/2.
Vo2 = V2/2.

cvin

[aXaNal

CVNOV =1l.+{2. *YND/I{EXP(VNO)~EXP(-VNO)}))e%2
CVN2V =1.+(2.8VN2/{EXPIVNZ)~-EXP(-VN2}))as2
CVD2V =1.442.%VO2/LEXPIVI2)~EXPI-V]I2) ) 1ee2
CVN2T =1.5

CV02T =1.54DDW3-DWIse2

CVYNOT =1.5+DDW8-DNO®*2

CVNO  =CVNOV+CYNOT

CVN2 =CVN2V+CVN2T

Cv0z =Cvoz2velvO2T

CVN= 1.5 + DOWS-DHS#»2

CV0 = 1.5 +0NW& ~ DW4s2

CYUNP = 1.5 ¢+ DOMT - DW7#*2
CVOP=1.54+00W6-DWE*%2

CVE = 1.5

DERIVATIVES OF PARTITION FUNCTIONS----D QP(I} = T & D QP(1)/D
. = HUI)/RT -

[aKaNuN el

DQPNZ = 3.5 +DWl

0QPU2 = 3.5 +0W2+DW3

NOPND = 3.54DW0+DWB4VNLI4VN2~VF1
DQOPN = 2.5+DWS5+VD2

DQPO = 2.5+DW4+VD1
DOPNP=2.5+DWT7¢VI2+VD2

DOPUP = 2.5+DW6+VIL+VUL

VQPE = 2.5

GKPU2 = GOPOD+5QPC-GCPU2
TF{ABSIGKPO2)-70.0) 35:35.30

30 GEPSN2=-1.54.5%GKPN2-.5%8L05(PP}
£PSO2 = £XPIGEPSD2)
EPSN2 = ].0E-35
FPSON = 1,UE-35
0 1O 70
35 GKPN2 = GQPN+GQPN-GQPN2

IF(ABS(GKPN2)-T0.0) 45445440
40 GKPNZ = -70.0
45 GKPN = GOPNP+GAPF-GQPN
IF{ABS{GKPNI-TD.) $5555,50
50 GKPN=-T0.
55 GKPO = GOPOP+GQPF-GQPD
TFLABS{GKPO)-T0.U) 65+65,60
60 GKPO = -70.0
65 CNNTINUE
VKPO2 = EXPIGKPO?)
VKPNZ = EXPIGKPN2) -
VKPN=EXP (GKPN)
VKPU = EXPIGKPO}
VKPON=0.28VKPC+0,8¢VKPN
1F(.064.8%(1.44,.%PP/VKPD21)7012,7013,7013
7012 CALL PDUMP{PP,VKPON,S)
RETURN 1
7013 CONTINUE

ANAPL LSO
ANAPL160
ANAPLITO
ANAPLLIGO
ANAP1190
ANAPL123)
ANAPL210
ANAP1220
ANAP123U
ANAP1 240
ANAP1250
anNaP1260
ANAP1270
ANAP123D
ANAP1290
ANAP1300
aANAP1310
ANAP1220
ANAP1330
ANAP1364D
ANAP1350
ANAP1360
ANAP1370
ANAP11380
ANAP1390
ANAP1400
ANAP1410
ANAPL 420
ANAP1430
ANAP]1440
ANAP1450
ANAP1460
ANAP1470
ANAPL1 440
ANAPL 490
ANAP1500
ANAP1510
ANAP1520
ANAP1530
ANAP1540
ANAP1550
ANAP1560
ANAPLSTO
ANAP1580
ANAP1590
ANAP1 600
ANAP1610
ANAP1620
ANAP1 430
ANAP1640
ANAP1650
ANAPL SO
ANAPL670
ANAPL 680
ANAP1690
ANAP1 700
ANAPL710
ANAP1720
ANAP1730
ANAPLT4O
ANAP1750
ANAP1760
ANAPYT70
ANAP1780
ANAP1T790
ANAP 1800
ANAP1810
ANAP1820
ANAP1830
ANAPL 840
ANAP1850
ANAP1860
ANAP1870
ANAP1 88O
ANAP1B90
ANAP1900
ANAP1910
ANAP192D
ANAP1930
ANAP1940
ANAP1950
ANAP1960
ANAP197T0
ANAP198BO
ANAP1930
ANAP 200D
ANAP20LO
ANAP2020
ANAP2030
ANAP2040
ANAP2050
ANAP2060

EPSO2 = (-0.84SO0RT(0.64+0,8%(1.044.0%PP/VKP02))}/(2.0%(1.044.0%PP/ANAP2070

1VKPO2))
IFl.1643.84%(1.44,.%PP/VKPN2))T014,7015,7715
7014 CALL PDUMP(PP,EPSD2,5)
RETURN 1
7015 CONTINUE

ANAP20BO
ANAP2090
ANAP2100
ANAP2I10
ANAP2]120

EPSN2 = (-0.4+SQRT (0.16+43.34%{1.0¢4.08PP/VKPN2)}}/(2.0%(1.0+4,08PANAP2130

1P/VKPN2))
IF(1.+PP/VKPON)T016,7017,7017
7016 CALL PDUMP{PP,EPSN2,5}
RETURN 1
7017 CONTINUE

B-18

ANAP2140
ANAP2150
ANAP2160
4NAP21T0
ANAP2160



oisa
0159
0160
olet
qle?
Oles
Ols4
01635
Ol6a
0r&7
0161
0147
0170
o171
0172
0173
0174
0175
017¢
oL/
0173
o179
0120
0181
o8
0133
Qlea
0185
Oles
0187
[ 4]
0189
0190

0191
o182
0193
0194

0195

0196
0197

0193
o199
0200
0201
0202
0203
0204

0205

0206
Q207
0208
Q209
0210
ozil
0212

0213

0214
0215
0216
0217
0218
0219
0220
0221

0222

0223

0224

0225

0226
0227

R NaXal

[aNa¥al

oo

[a¥aXal

ocooo

cno ane

10

12

SO0
50|
T4

75

80

EPSUN = L U/SORTUI1,.0¢PP/VKPIN) ANAP21 9D

ERS = EPSUZATOSNZ42.G¢L PSCN AAP2200
Z7=1.0%EPS ANAP2210
QP2 = 2.0¢00PN~)QP42 ANAP?222)
UKPU2=22.0%D0PY - wQPuUZ ANAP22310
WP 13.22+4GTR®(~32.432415.297685TR) ANAP2240
DKPN =NCPNP+NCPE~DQP Y ANAP2250
IKPU =NOPIIP+NCPE-NND Tt ANAP?25u
NKPU.=N, /¢DXPiI+ Q. A%D¥UN ANAPZ2170

TF (29250 oF0.0.0) G5 Ty 71 ANAP2280Q

DFPRIZ VRPUZ/IZoU/TPSAL= 1.0/ (1 U4EPSIZ2)41.0/80.2-EP5u2¢1.0S-30))ANAP227D
DEPSH KPHZ /20 0/EPS N/ ~1a0/(1,ctEPSH2)+1 .0/ (0 0-tPSN24L . 0E~-30)) ANAP230O
DL PNNAE2.07FPSIN-L.G/ULL,04F250N)+1,0/¢1.0-F25N¢1.02-30))  ANAP23])
DZEku? “VFPSy2 ANAP23/20
NrEN2 ANAP2330
DIFL = SLEPSH2 -0, 4¢0FPSON ANAP234D
DICN = £, 0% rPSNI - 68DIPSAR AKAP23S0
DIET = 2.08,FPSUN ANAP2360
IF IFPSUZ.EC.0.0Y 30 Tu 73 A4AP2370
REPSI2=HDIPUI-1.0) /12.0/:P5+1.0/(0,2~FPS0O2¢1.0t-30)) ANAP2330
CALL QVELFLEIXTY) ANAP 2330
IFUIX2Y-2)50G,5C), 500 AN&P2400
CALL POLAULPP VAFD,5) ANAP2410
CONTINUE ANAP242J
REPSHZ2=(LIKPN2=-1.01 /(e 07 PSNZ41.0/10, A-EPSH2+41.0E-3011) ANAP2430
REPSO BKPON=10) /{2 .0/EPSON4 10U/ L1 G~F2SON#1.0E~10)) ANAP2440
A7FY2? = -EPSIE ANAP2450
RLENZ = —REPSNZ2 ANAP2440
RLED CUSREPSEH2= ) 4eLEPHON ANAP24TO
RIEN «OBREP SN2~ 1. 6#ReOSUN ANAP24KO
RIEE «URCPSIN ANAP24370
2Te= 0.0 ANAPZ2S500
21C= 0.0 anaP2510
ANAP2527)

REACTLIUN SPFLIFIC HTATS ANAP251310
ANAP2540

CoRR = 0.y ANAP255)
CVRR = 0.0 ANAP2560
IF{1T~399,0) 20,475,735 ANAP2STO
CPRR = DUPURSNEITN2+DOPN22DZEN2+DOPISIIENL DOPNED2INSDIFEI UL 2% DIPIPANAP2530
1+0.3%00P iP+D0OPE} ANAPZ590
CVRA ={DUPH2-1L,0)#RLES2+{DCPN2-1. D) *RITN2+{DOPI- 1.0} %RIEUHI DOPN-1 . ANAP 2600
10)SRZENARIEF# (0, 2#(DUPNP-]1 .7} 40,B8${PQPNP-1.0)4{DCPE-1.0)) A4AP261)
ANAP2620

NERIVATIVES ANAP2630
ANAP264D

2TP=(DFPSU2+DFPSN242,0%DEPSNN) ANAP2650
ITC=(RFPSUZ4REPSNZ+2,.0%REPSIN) ANAP2660D
ANAP26TY

MULE FRACTIUNS ANAP2630
ANAPZ690

X02=10.2-rPSN21/121 ANAP27]0
XNZ = (0.BO-FPS542)/22 ANAP2T10
XN = (2.UEPSN2-0.40sFPSAN) /L7 ANAP2720
XN = {2.0%FEPSN2-1.6USTPSINY /LT ANAP2T30
XF = 2.0%-0504/27 ANAP2T40
GP=0.43429sDLUGLIPP) ANAP2T50
XN 5=4.441¢GTR%{(11.9B81¢5P% (—0.4T79¢0.095T785P ) 4(=11.52T7¢5P*(1.66ANAP2T5D
1 7-0.1723%52))8G13) ANAP2TTD
XNUP ==24.19645P#(~0.2642-0.016%GP)+GTR&((47.73045P8(~-2.00+0 aANAP2730
1.146%GP) )+ -27,235¢GP*(2,865-10.253%G2)11%5TR) ANAP2T )
XNO = EXP{XNO/0.43429) ANAP2800
XNQP= EXPIXNUC/D.43427) ANAP2HLIO
AN2 = XNZ~-0.Rs(XNJ*XUP) ANAP2820
X032 = ABSIX{)2-0.2% XN+ XA0P}Y ANAP283D
XNP = 0,8 * X- ANAP2840
XOP = 0,2 * X% ANAP2B50
XF = XE®XN(IP/2.0 ANAP286)
ANAP2870

ENTHALPY ANAP288O
ANAPZ2B 3D

HRT =228 XN2eDOPNZ¢XCZ¥UCPU?+XNO#DOPND+ XNEDOPN+XO*DQPL+XL *( C. 80*DQANAP2 900
1PNP+0 . 20%L0POP+DOPEY}) ANAP2910
$32 = GCPG2+50PU2 ANAPZ3I2)
GQPN2+0QPN? ANAP29130
GOPNO+LAPND ANAP2940
GOPG+0QPO ANAP29YS)
5QPI+DAPN ANAPZ960

= G0PLP+DOPOP ANAP2970

SNP = GOPHPHNOPNP ANAP29BD
SE = GOPF +DOPE ANAP2990
ANAP 3000

FNTRUPY ANAP301D
ANAP3020

SR=ZZ*{Xu28ST24XN28524XNU*SNO+ XSSO+ XNSSNSXF#{ 0, B04SYP+0.20+50P+SANAP3030
15 ¥-XU2#RLUG(XY2)-XN2#BLOGEXNZ }-XD#ALAGIXD ) ~XN*BLUGIXU}-2.0*XE*BLIGANAPIDGD

2(XE)-BLOG(PP)) ANAP3050
ANAP3060

DENSITY ANAP3O7D

ANAP3OE0O

RHO = 273.0% PP/{TT#L7) ANAP3030

ANAP31DD

PARTIAL SPECIFIC HEATS ANAP3LLO

ANAP3120

CVRP372#( XNZ#CVN2¢XN2CVO2+XNOSCYNN+XNSCVN+XOsCVU+XE® (0. 30#CYNP+0.ANAP3130

12%CVOP+CVF)) . ANAP 3140
CPRP=22%{XN2#ICVN2¢1.0)+X02%1CV0241 .G)+XNO* {CVNO+1,0)+XN#IZVN+1,C)ANAP3L50

14X0% (CVO+1.0) ¢XE* (0. B*(CYNP¥1.0)+0.20%(CVOP+1,0)¢{ VE+1.D))) ANAP3L5D
ANAP3170

TOFAL SPECIFIC HEATS ANAP3180

) ANAP31ID

CPR = CPRP4+CPRR ANAP3200

CVR = CVRAP4CVRR ANAP3210

ANAP3220

B-19



0228
0229
0230
azzn
0232
0233
0234
0235
0236
02317
0238
0239
0240
0241
0242
0243
0244
0245
0246
0247
0248
0249
0250
0251
0252
0253
0254
0255
0256
0257
0258
0259
0260
0261
0262
0263
0264
0265
0266
0267
0268
0269
0279
0271
0272

02713
0274
02715
0276
02717
0278

0279
0280
0281
0282
0283
0284

0285
0286
0287

0238
0289
0290

0291
0292
0293
0294
0295
029
029
029§
029
0300
0301
0362
0303
0304
0305
0306
0307
0308
0309
0310
0311
0312
0313
0314
0315
0316

0317
0318
0319
0320
0321

o0

7018

7019

7020

7021

7022

7023

84

86

88

114
115
Lle
117

11

19
120

125

130

7024

7025

1234

GAMMA ANAP32 30

ANAP3240
LPCV = CPRJLVR 4NAP3250
AARP = (PCVS(7TC+L2)/17TPe27) . ANAPI260
TFLIZSTTSAARPITINIB, 7019, 7019 ANAP3I2TO
CALL PDUMPIPP,AARP,S) ANAP328D
RETURY 1 ANAPIZ290
CONTINUE ANAP3300
121 = 0.0%8B¢SQRT(77sTT*AARP) ANAP331D
IF(228TT2CPRP/CVRP)ITIZ0,7021,7021 ANAP3320
CALL POUMP(PP,AAL,S) ANAP3330
RFTURN 1 ANAP 336
CONTINUE ANAP3350
AALP = 0.0488¢SQRT{ZZ*TTSCPRP/CVRP) ANAP3360
2=11 ANAP33T70
GRHU=.43429«RLNG{RHD) ANAP33BO
X1= XN24XO2¢Xa0 ANAP 3390
X2= XN&XJ ANAP 3400
X3= XNP+XUP ANAP3ISALO
X&=XE ANAP3420
CVIR ={XNSCYNZeXU23L VD24 XNO*CVYNQ) /X1 ANAP 3430
IF{X2.,EQ.0.0) GO TO 41 .ANAP3460
‘ANAP345) |
ANAPI46O
VYNE =2.09E19¢XE*PP$273,0/TT ANAP3I&TO
CSDLLI=29;14GTR*(-12,342.68648GTR} ANAP3430
CSD12=26.29+45TR*(-16,.363+43,94458T) ANAP3490
CS022223.37+GTR®{-17,3695.23498GIR) ANAP3500
CSU23=68.65+GIR*(~52,466+12.435%3T2) ANAPIS510
CS0264=9.0 ANAP3520
TF(TR**3/(2.8YNE})7022,7023,7023 ANAP3S30
CALL PDUMP{PP,LSN24,5) ANAP254D
RETURN 1 ANAP3ISSO
CONTINUE ANAP3560
€5033=44160.+{BLCGI2.615E84S0RT(TRes3/ {2, ‘VNEl))-.le)/fR"Z ANAP3STO
C5034=CS033 ANAP3580
CSD44=CSN33 ANAP3590
CSV11534,.54+GTR(-15.546¢2,0314GTR} ANAP 3600
CSV22=26.4+5TR¥(-20,.75946.4543%GTR) "ANAP3610
LSV33=C5033422030.0/TR*%2 ANAP3620
CSV44=CSV33 ANAP3630
OELTAL=0.6964TR®(-0.7623540.002628¢TR} ANAP3640
DELTAZ2=0.T768¢ TR#(-0,1572+1R*{0,011957-0.000282*TR}) ANAP3650
NDELYA=NDELTAL-(DELFALI-DELTA2)¢{GRHO+5.) /6. ANAP3OSD
PART1 = 1.0/00.0235%C5VIL+1,45% X2 $0.016%C5012/X1) ANAP36T70
IF{X2.£Q0.0.0) GO TO A3 ANAP 3680
PART221,0710.033258CSV22+]1,45%(X1%0,I032825D12/X2+4X3%D, 0277‘CSDZ!IXAVI?’6?0
124 %X4%0.000242%CSD24/X2)) ANAP3700
PART3=1,0/(0.03325%C5V33+41,45¢(X290, 021I:CSDZB/XJO0.0UOZ#Z'CSD)b]llNAP]710
PART4=1.0/(5.3B8CSVLG4L 455 (X286, 36205024/ X4406.36€25D36)) ANAP3T2D
VISCOL=PART1+PART24PARTI+PAQT4 ANAP3T30
PARTS521,0/(0.02332%CSVINI+C*0,2T768X24LSD12/X1) ANAP3TGD
IF{X2.€0.0.0} GO TO 85 ANAP3750
PARF6=1.0/1{0,0165¢CSV224C*(0. 186eX14(S012/X240. IQISQXBtCSD?BIXZOO ANAP3760
100338¢X4sLSD?2&/X2)) ANAP3770
PARTT=1.0/10,0165%CSV33+L%10.1915% X24C5023/X3+0,00338¢CSD34)}) ANAP3TBO
PARTB=1.0/40,000102¢CSV44+Ce{0.0013346X23; 5026/X4'0.00113‘C5036l) ANAP3T3D
VLM[X=PARTS+PARTH6+PARTT+PARTE ANAP3B00
PARTI=11,45%ICVIR-1,5)/{CSV11%{1.090.8183¢X2#CSD12/ (X eCSLLILN)) ANAP3B10
1F{X2.EQ.C.0) GO TO &7 ANAP3820
PART1I0=16.18¢{CV2R~1.5)/71CS5V22*(11.0+1.156%X1%CS0U12/(X2%C5027))+X3ANAP 3830
18CSD23/71X2%05322)+40.00875%X4%CS24/7(X2%C5G22))) ANAP3BGD
PARTLI=16419%(CV3R~1.5)/(CSV33¢{X2#CS023/IX3%LSD33)+1.00875)) ANAP38S0
FUCKEN=PARTI+PARTL0+PARTI1L . ANAP3860
RLO2=DKPUZ*®2/{0.7596%LSLL2¢( XO/XD24¢46.08X02/Xil¢&. 0+4. 08XN2/ X0} +0.0ANAP3IBTO
1729%LSD11%4.D¥XN2/X0) ANAPIBEO
RLN202=DKPNO®22/{0.0T729%CSD1 1L IXUZ+XND) 7 XN2+ (XN24XND) /X244 ,0% (XNANAP3BIO
124 X021 /XNO#6.0) +0.05968CSD12% (XN/XN2+XN/X G2 +4 LOSXN/XNC) ) ANAP3900
ALNZ=UKPN2#42/{0.0596%CSOL 20 (XN/XN245 . 0%XN2/XN+4.04X0/XNZ)+0. 051 6%ANAPII LD
1CSD22%4,.0&XD/ XN) ANAP3920
RLN=DKPN*$27(0.0516%CSD23%( XE/ XN XN/XNP+2,}+0.00065]1 %L SD24* I XE/ XN+ ANAP3930
IXN/XE+2.140.0516%CSU3ISIXUP/XNP)®0.8) ANAP3940
IF(1.0F-5-EPSN2) 1l4y114,116 ANAP39SO
IF(ABS(0.2-EP51)2)-EPSH2) ,1154115,117 ANAP3960
IF(ABS{0.8-FPSN2)~-EPSON) 119,119,118 ANAP3I9TO
CNDR=0,.0 ANAPI9BO
560 70 120 ANAP3990
CNDR=RLO2+RLN2D2+RLN2 ANAP&0OOU
60 T3 120 ANAP4D10
CNDR=RULNZ#RLN2024]LN+RLO2Z ANAP4020
GO 13 120 ANAP4030
CNUR=RLN+RLN2 ANAP4DGD
TLMB0A=VLHI X+ CUCKEN+CNDR ANAP4OSO
TLMEDP=VLMIX+FUCKEN ANAP4OBO
1FITT-399.0} 125,130,130 ANAPADTD
VISCDL=0.883+40.37%1IR ANAP40BD
TEMBDA=1.02940.76¢TR ANAP4O9O
TLMBUP=TLMBOA ANAP&120
HH1=HRT*T1/1050.0 ANAP4L110
DENV=1T7.3sVISCOL/ (75507} ANAP&120
PRP=0,2663¢LORPEVISCDL/TLMBDP ANAP41 30
PR=0.2668%CPR&VISCOL/TLMADA ANAP4LAQ
TF{VNE)ITO24,7025,7025 ANAP415D
CALL POUMP(PP,R,45) ANAP4160
RETURN | ANAPALTO
CONTINUE ANAP4180
PF =564N0, 0%SQRYIVNE] ANAP4190
VMFP=21,0EL16/{VNE#(X1/X42(-0.07634TR922+1.3842TR+3.002)+X2/X48(13.0ANAP4200
1#5TRE22-35,488GTR+31.839)44.,0/3.04(1.0-DELTA)I®CSD34)) ANAP421D
CF=6.215F5 & SCT/VMFP ANAP4220
€EC=2.820F-4SYNE/CF ANAP4230
DVPR=DENV/PR ANAP4240
LT=l2TT ANAPL250
RF TUKRN ANAP&260

B-20



032s
0323
0324
0325
0326
0327
0328
0329
0330
0331
0332
03133
0334

SYMBOL
A

CPR
VISCOL
DVPR
XE

Syma0L
NOUNFL
SQRT

SYMBOL
PP

o7
V1
\ L)
711
vie

SYMBOL
200

71 DEPSL2Z=DKOQ2/{-1.0¢1,./(.2¢1.0E-30))

-

o To 72
73 WFPSU2=(uKPUR-1.N0}1/(1.0/1.2+1.0F-30))
6U Tu 72
Rl LV2R=0.C
50 Tu H2
83 PAR[2=1.0710.033258(CSV22)
G) Tu 34
85 24RTH=1.0/13.0165%CSV22})
0 v 36
a7 PARTIO=16,13¢(CV2R=1.5)71LSVe2)
G0 1) AY
FND
COMMON ALCCK /ARRAY /7 map SILE aC
LUCATION SYMBOL LocarTiIon SYMBOL LocarioN SYMBOL
] HRY 4] hYY L AHJ
10 AAYP 14 aAnl 18 HH1
24 TLHSHP 28 TLM3OA 2C JENV
38 prP IC PR 40 2
«C CF 50 [14 54 VNF
SUBPRUGRANS CALLED
LOCATEUN SYMBUL LOCATEUN SYMBIL LICATION SYMBUL
254 SLAG 258 18COWR 25C SOUNP
268 SIN 26C EXP 210
SCALAR MAP
LDCATION SYMBNL LOCATION SYMADL LOCATION SYMBOL
3FA 4 3EC 1T 3F0 T
3FC GIR L+ sCr 4046 C
410 v2 ala v3 418 va
426 vr 428 vs3 “2C v9
438 viz 43C Vi3 440 Viae
46 vi7 450 vis 454 vl
460 vi2 L L1 VF1 468 EVD
474 EV3 4TR Eve 47C EVS
488 EVA 48C Fva 490 Tv10
“9C LVI3 A0 EV1e LY.L EV1l5
“€0 V18 484 16T 488 RGT
4Cé we sce w3 4CC W4
4u8 -7 L1 19 w8 4€0 GuPN2
4I.C 30PN 4F0 GoPU 4F & SQP NP
500 DWi 304 L¥l 508 D2
514 uws 518 UWe 51C w7
9 DLW & 52C UDWS 510 JuWe
53¢ VNO 540 VN2 544 vo2
5%0 cviv 554 cwnNzr 558 cvoar
564 cvN2 568 cvaoz 56C CVN
578 wvoe s7C CVE 580 DQPN2
$8C baeN 590 paru 594 DQPNP
540 GKPD2 ALY LFPSO? SAB EPSO2
504 GKPNZ 588 GKPN S6C SKPO
5C8 VKON scC VKPQ 5no VKPON
50C OKPNZ SEQ oweo2 Sta DKPNO
SFO VKPUN S5F4 LFPS 32 5F8 DEPS 42
604 OZEN2 608 DIEJ 60C DZEN
61R Ixzy 61C VMFP 620 REPSN2
62C RIENZ 6390 RZFU 634 RZEN
640 L1c Hh4 CPRR 648 CVRR
654 XU 658 XN 65C (14
668 ANDP 66C Xup 670 S0z
67C sg 4RO SN 684 sup
€90 CVRP 694 CVR 638 AARP
bA% X2 6AB %3 6AC Xé&
608 CViRr 68C ¢Shn 6L0 CsDi2
6CC CSN24 600 €Sp33 6D4 CSD34
6€Q csva2y 6E4 csvil 11 CSvas
6F4 UELTA 6FR PART] 6FC PART2
708 PART 70C PARTE 710 PART?
T1C PARTY 720 PARTIO T24 PART1!
730 RLN202 734 RLN2 T38 AN
T4k
FORMAT STATEMENT MAP
tOCATION SYMBUL LOCATION SYMBIL LOCATION SYMBUL
748

*QPTIUNS (N EFFECT®  [Q.EQLOTC, SQUACE NMOLTSTHNODELKLTAD 4 MEE
*OPTIONS IN EFFFCT®  NAME = ANAPRP , LINFCNY = 58
#STATISTICS® SUURCE STATEMFNTS = 334,PROGRAM STZ2E = 10866
*STATISTICS® MO OIAGNOSTICS GENERATFU

oacl
0002
0003
00us
0005
000¢
0007
0008
0009
0010

14

CSUBROUTINC POLY
SUBROLTINE PULY(A ,NyKsPoXFIH,XMAK])
DIMENSIUN a(21)
STLI2.8X)-{XMAXSXMIN} }/ I XMAX-XM]V)

-

OsPeS+A(]])
RETURN
END

ANAP42TO
ANAP4 280
ANAP42 3D
ANAP4300
ANAP4 310
ANAP4320
ANAP43LQ
ANAP4340
ANAPG35)
ANAP4360
ANAP43T0
ANAP4310
ANAP4390

LOCATION
8

1c
30
o4
58

LUCATION
250

LOCATIDN
IF4
408
41C
«30
LG4
%58
“6C
480
494
“aB
43¢
4DO
oE4
“F8
50C
520
534
548
55C
570
584
598
SAC
50
504
SE8
SFC
610
624
638
64C
660
674
688
63C
680
6T
608
6EC
700
114
128
13C

LOCATION

POLYOOLO
POLYO020
POLYOJ30
PALYO04O
POLYO050
PULYDO05)
POLYOOTO
PULYOO0BO
POLYDOIO
POLYOL100
POLYOL110
POLYOL20
POLYOL130

SYMBIL
tPar

I3
ceey
PF

SYMBOUL
DVERFL

SYMBOL
1R

VG

V5

V10
V15
vD2
EVl
V6
EV1l
IVis
[

w5
coP02
GoPoP
nW3
ows
oLWT
CVNOV
cvNDT
cvo
0QPO2
0QPOP
FPSN2
vKPJ2
EPS
UKPN
DEP SIN
DZEE
REPSON
RIEE
xa2
XNO
N2
SNP
SRHD
CVIR
cso22
LSD&4
BELYAL
PART]
PARTB
EUCKEN
CNDR

SYMBOL

LIZATION
<

20
34
48

LOCATION
264

LOCAYION

3F8
40C
“20
4346
448
50

470
“84
498
4AC
420
4Ds
4E8
4FC
510
524

538
54C
560

574
588
59C
580
506
508
5€C
600
614
628
63C
650
b64

678
68C
60
684
608
60C
6FQ
70«
718
72C
740

LOCATION



SYMBOL
5

N1

SYMBO0L
A

SCALAR mAP

LOCATION SYMBUL LOCATION SYMBIL LOZATIUN SYMBUL LOCATIUN
96 % 9a XMAX 7C XMIN a0
as 0 ac 1. BO 11 B4

ARRAY VAP .

LOCATION 5YMBOL LOCATIUN SYM3IL LOCAT[JN SYMBIL LICATION

88

#CPTIONS IN EFFECT*  [0,EBCDIC, SOURCENOLISTyNODECK,LOAD,MAP
*OPTIONS IN EFFECT* [JAME = POLY ¢ LINCCONT = 58
*STATISTICS* SOURCE STATEMENTS = 10,PROGRAM SIZE = 550
«STATISTICSs NO DIAGNOSTICS GFNFRATED

0001

0002
0003
0004
0005

0006
0007
0008
0009
0010
0011
00tL2
0013
0014
0015

0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043

0044
0045
0046
0047
0048

0049
0050
0051
0052

0053

0054
0055
0056
0057
0058
0059
0060
0061
0062
0063
0064

C CNSKOOl0
C SUBRUUTINE CONSHK LNSK0020
c CNSKJ030
SURRDUTINE CONSHK [TET, XMINF, VINFY ,GAMINF RHOINF JHINFY,PINF¥,LLLy CNSKO040

14X ePP,TT,TETS,[1229,K51) CNSK0050
DIMENSTION XT2(51) CN5SKD050
DIMENSTION COEF{S5)4COEFF(5,5) ¢NDEGIS) 4 XMAX{S) ,XMIN(S) CNSK0070
COMMON /ARRAY/AL23) LNSK0030

OATA COEFF/17.4921875516,69620542.657812575-6.3406235+0.,%3.718005,CNSKI0I0

1 7.913108514~3.27146657,1.%3995064,-.601292207,52. 8000001, CNSKO100

2 2.36647676,~.849623136,.208352329,-,100376848,55.,9640625, CNSKOl10

3 1.27135383y-04140362554,-.221353822,0.,57.0167813,-1.,21994631, CNSKOL20

“ 203321838534 1.56994653400/90NIES/3040%93937/9XMAX/1.593.45.910.4CN5KDL3D

S 100. /79 XMIN/1.0541.593095+410.7/ CNSKOL 40
LaGIcaL 4 . CNSKO150
KKK1=1 . CKSKO160

4258=0 CNSKOL70

KK=0 CNSKOLa0
TH2=0, CNSKOL120
DEL=.01 CNSX0200
HT=HINFY ¢ (VINFY®#%2/50123.) CNSKO210

N=1 CNSK0229
VINF=VINFY CNSKO0230

KS51=1 CNSKO0240

CCHECK CONE HALF ANGLE (TET) TO ASSURE THAT AT XMIVF THC CONE NUSE SHICKCUNSKI250

c WILL NOT SEPARATE. {F IT ONCS. CUT PROGRAM, PRINT WARNING AND GO CNSK0260
c TO WEXT PROBLEM. CNSK0270
C CNSKD280
C TH1 = ACTUAL DEFLECTION ANGLE IN DEGREES CNSK0290
[ TH2 = MAXIEMUM ALLOWABLE TH1 AT XMINF (IN DEGREES) CNSK0300
1229=1 LNSKI310
XXTETA=TCT CNSK0320
THL=XXTETA®57.295 CNSKO0330
D=XMINF INSKD3640
TFEUXI1T21,T366,172L CNSKO0350

7366 TF(D=-1.05)7355,7341,7341 CNSK0360
7341 TFUD-1.517342,7343,7343 CNSKO0370
7342 1SEC=] CNSKO0380
GO TU 6680 CNSKO0390

7343 IF(D-3.)73644,7345,7345 CNSX0400
7344 ISEC=2 CNSKO4l10
GO Tu 6630 CNSK0420

7345 IF(D-5.)7346,7347,7347 CNSK0430
7346 1S€C=3 CNSK0440
GO T0 6680 CNSK0450

7347 IF{D~-10.17348,7369,7349 CNSKO460
7348 ISEC=4 LNSKO0470
GO 1O 6680 CNSK0480

7349 ISEC=5 CNSK 0490
6680 NO 6670 [=1,5 CNSK0500
6670 COEF(1V=COEFF(T,1SEC) CNSKD510
CALL POLY(COEF +NDEG(ISEC) D s THL ¢ XMINCISEC), XMAX{ISEC)) CNSK0520
IFITH2-TH1)7340,6671,66T1 CNSK0530

7355 WRITE(6,47.356) CNSKO0540
7356 FORMAT{/2X,*FREE STREAM MACH NO. IS LESS THAN 1.05°) CNSKO0550
RETURN CNSK0560

T340 WRITE(6,66T73)D, TH1, TH2 CNSKO5TO
6673 FORMAT(/2Xe*NOSE SHOCK IS DETACHED. USE BLUNT 8UDY PROGRAM'/ CNSKO5380
12X¢* IHE FREE STREAM MACH NO. = 'E14.6/2X,'THE ACTUAL CEFLECTIUN ANCNSKO0590
2GLE = 'E14.6/2X+*THE DEFL. ANGLE FOR DETACHMENT = *E14.6/2X, LNSK 0600
3'GG TO NEXT PROBLEM®) CNSKO61 0
K51=-1 CNSK0620
RETURN CNSK0630

6671 CONTINUE CNSKJ640
WRITE{6,7360) THL,TH2 CNSK0650

7360 FORMAT(/2X, TTHI='E14.692X,*TH22EL14.6/2X,*WHERE THLl= CNSK0660
1POINT 1 STREAM DEFLECTION ANGLE.DEGREES. TH2=STREAM DEFLECTION ANCNSKO0670
2GLT AT POINT | WHICH CAUSES SEPARATION OF SHOCK WAVE®) CNSKD680
1721 IFU(XMINF*SIN({TET))-3.)30,30,31 CNSK0690
31 SINTHS=1.002T7#SIN(TETI+.5567/XMINF CNSKO700
TETS=ARSIN{SINTHS} < CNSKIT1D

6 SINTS=SINTHS CNSKOJ720

c ESTIMATE PTWO AND TTWO CNSKO0730
PTHU=PINFY2 ({2 ¢GAMINF&{XMINF#92) s {SINTS242) - {GAMINF-1.))/{GAMINF+CNSKO740

Xi. M) CNSKI750

VT = VINFY ® COSUTETS) CNSKOT60

HTWNG = HT-(VI®82/50123.) CNSKO770

TIWO = HTWO/.432 CNSKDT780
1F(TTWU-15000.) R,8,7 CNSKO790

7 TTHO = 15000. CNSK0800

8 IFITIW0-50.19,9.10 CNSKD810

9 TYwp=50. CNSK0820

10 ¢ = PTWO CNSK0830

T = TTWD CNSKOB&0O

L=1 CNSK0850

GU YU 6000 CNSK0860

B-22

SYmMenoL
P
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LOCATIAN
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LIZATION



00¢5
0060
0067

00£3
0063
0070
0071
o072
0073
0074

0075
0076
0077
0078
0079
0080
0081
0082
0083
00Rrs

00865
[ E1Y
0087
0033
0083
0090

0091
00872
00913
0094
0095
0096

0097
009y
0049
oi1co
o101
0102

0103
0104
0105
o106
oto?
0108
0109
o110
o111
o112
o113
Ol14
o115
ol16
o117
ol8
ol19
o120
0121
o122
0123
0124
0125
0126
o127
0128
0129
0130
0131
0132
0133
0134
0135
0134
0137
0138
0139
0140
0lél

0142
0143
0164
0145
0146
0ls7
(¥ -3
0149
0150
0151
o152
0153
0154
0155
Qlbve
0157
0t53
0159

1w

[a¥aXs]

AOBO

6001

L
6004

6005

C
6006

7331

AT13
8714

6370
6971
6973
6972

4007

6606
740
52

50

56

54
6050
69051

{HOTWY =,902507% A {13} INSKD370
RHURAT = RHIINF /RHUT du CNSKOBEQ
CP2=,123«06%A(4) CNSKO890
INSKI3ID

OAL ULl SHOCK RCUTTA- CNSKON 0
CNSKO920u

NTEST4=0 SNSKDIIY
NTESiI5=0 CNSK0940
K=1 CNSKO3IS0
NTFSt6=0 CNSKDI8)
NTESTT7=0 CNSKU9T0
XM=PINFY¥{(1.-HGRAT)*GAMINFS(XMIUFEe2 )8 {SINIS*82}¢l . )-PTWy TNSK0930
YE=HINFY®U{) o -RAGRATSS2 18 ((GAMINF -1, ) /2. P AMINF*2) & (ST yTS*E2) 4] INSKDII
1i-Hiwn CNSKL000
F=XPes2¢YFee2 CNSK1010
IF{F-10.)6030,6030,06331 CNSK1020
P2A=P TRQ+JEL*PTR CNSK1030
P2B=PTW0~VELs?Twl CNSK1040
T2A=TT#U+DELETT WL CNSKi050
T28=TTWO-LELSTTW CNSK1060
P=0Tny CNSK1070
T=T24 CNSK1030
L=2 CN54£1320
50 Tu 6000 CNSKl 100
AT PTw0 &% T24 CNSK1110
RHN21=.002507*A(3) CNS41122
H21=129.0316%3(3) CNSK1130
e=8Twd CNSK1140
T=124 CNSK1150
L=3 CNSK1160
S0 Tu ADOC CNSK1170
AT PTwN ANU T2E CNSK1180
RHD22=,04:2507%A(3) INSX1190
H22=123.0816%4(3} CNSK1200
CNSK1210

CNSK122D

CNSK1230

GO TO 600V CNSK1240
AT P2A AL TTWD LNSK1250
PHO24=,002507%482) LNSKL260
H?3=129.0bt5¢A08) CNSK1270
f=P23 CNSK1280
T=TTwWO CNSK1290
L=S CNSK132)
S0 Ty 4000 CNSK1310
AT P20 ANL TTwO CNSk 1320
RHU24=.002507%4(3) CNSK1330
H26=129.0216%A(8) CNSKL 340
DHOPLT=(H23-H24)/(P2A-P26) CNSK1350
DROPLT={RHDZ23-RHN24)1/{P2A-P2B) CNSK13860
ORDTCP=(RHI2I-RHCZ22}/1T24-T26) CNSK1370
OHOTCP={H21-H22}/(T2A~T25} CNSK1380
XYI=XMINF*¥28[NTSas2 CNSK1 390
XY7L=GAVINFeXY] CNSK1400
AYLZZL={(GAMINT=1.)/2.)8XY] CNSK1610
DUOPC T=PIMFYS(XYZZ*(RHOINF/RROTWN*$2) %DRDPCT)I~1. CNSK1420
DMDTCP=PINFY$(XYZZe(RHOINF/QHOTWIee2) ¢DROUTCP) INSK1430
VENPLT=HINFYS(XYZ7Z#12 . RHOINF**2/HOTHO**3)#DROPLT) -DHDPLT CNSK1440
DEDTCP=HINFY®(XYZ2Z#(?,#RHITNF*$2/RHUTWO**3)#DROTCPI-DHDTCP CNSK1450
DELTP=(OMOTCPRYE—DEDTCPSXM) / (OMDPCT*UEDTCP-DMNTCP*DEDPLT) CNSK1450
DFLTT=(CCOPLTAXM-DMCPLTAYE) / (DMDPCT*IEDTCP~ONDTCPSDELPCT) CNSK1470
PTWO=PTW +DFLTP CNSK1480
TFIPIWU)3T13,8713,8714 CNSK1490
PTWU=,00001 CNSK1500
CONT ENUE CNSKE510
TTwO=TIWO+DELTT CNSK1520
TFIFTRN-50.16970,63971,6971 CNSK1530
TTwu=54, LNSK1540
IF(TTWO-15000.)6972,697246973 CNSK1550
TTwW1=15000. CNSK1560
CANT INUE CNSK1S70
KK=KK+1 CNSK1580
XT2(KK)=LELTT CNSK1530
PaPTHWO CNSK1600
T=TTwu CNSKL610
L=6 CNSK1620
S0 Tu w000 CNSX1630
HTW0=129.0816%*A(F) CNSK1640
RHATWN=,00250744(3) CNSK1650
SR2=4{2) CNSK1660
CPTw0=.1234068%4(4) CNSK1670
CP2=CPTWC CNSK1680
RHORAT=RHNINF/RHNTND TNSK163D
XM=PINFY*({({1.~RHURAT }#GAMINF*( XMINF#$2)3( SINTS*82)¢+1.)-PIWO CNSK1700
YESHINFYS{ (1. -RHURAT*32 )8 { (GAMINF=1.)/2.)%(XMINF®#*2) s (SINTS#22}+1.CNSKLIT10
1}-HTWO CNSK1720
FaXHes24 YL %47 CNSK1730
NTESTE=NTZST6+1 CNSK1740
IF{F-10.16030,6030,6606 CNSK1T50
1JK=6606 CNSK1T60
IFIKKK1=-3)}T740,740,54 CNSK1770
IF{KK=-3154,52,52 CNSK1780
ALLL=aBS{XT2LKK)} LNSK1790
ALL2=ABSIXT2(KK~2)) CNSK1800
TF(LABS(ALLLI-ALLZ)/ALLYY-.005150,50,54 INSX1810
DEL=DEL/Z. CNSK1820
KKK1=KKK1+41 CNSK1830
J25=425¢1 CN5K1840
1F1J25-20)6001,6001,56 CNSK1850
1JK=325 CNSK1860
S Tu 6050 CNSK1870
IFINTEST6-50)6001,6001,6050 CNSK1880
WRITE{6,6051) 1K CNSK1830
FORMAT (/2X¢ *NON-CONVERGENCF AT [JK='14/3X,'G) TO PERFECT GAS SHOCKCNSK1900
1 ROUTINF*)Y CNSK1910
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0160
o161
o162
0163
0164
0165
0166
0167
0168
0169
ot7o
0171
0172
o173
0174
0175
o176
0177
0178
0179
0180
0181
0182
0183
o184
0185
0186
0187
0183
0189
0190
0191
0192
0193
0194
0195
0196
0197
0198
0199
0200
0201
0202
0203
0204
0205
0206
0207
0208
0209
agz210
0211
0212
0z213
0714
0215
0216
0217
0z18
0219
0220
0z21
0222
0223
0224
0225
0226
0227
0228
0229
0230
0231
0232
0233
0234
0235
0236
023
023¢
0239
0240
0241
0242
0243
0244
0245
0266
0247
0268
0249
0250
0251
0252
0253
0254
0255
0256
0257
0258
0259
0260
0261
0262
0263

6030

7861

T731
7716

7164
7189

T8

7163

7170

7169
7165
7166

7168

7162

30

5050

33
34

5061
5062

960
961
43

44
45

6899
6999
6000
650
651
653
652
4000
4001
6035
1111

2999

60 10 30
IYX=TANCTETS)

TOTCI=( (CLeN) ~RHGAAT)ISZYX ) /({1 +4) +RHORATS(2YX%¢2})

TETCI=ATANITEYCT)

DTETS=TET-TEFCI

NTESTS=NTE£STH+1
IFCABSIDIETS/IET)-.002)T716,7716,7841
TETS=TFTS+DTETS

SINTS=SINTETS)

NTEST6=0

IFINTESTS5-25)6001,6001,7731

1JK= 1841

GO Tu 6050

PL=PTWO+( (RHUINF*Y INFS32sRHORATSSINITETS)#421/4232.4)

TC=TTW0

P=PC

T=1C

L=7

G0 Tu 6000

SRC=A12)

NTEST7=NTESTT+1
CORP=,12340688(4})
DSR=5R2-SRC
IF(ABSIDSR/SR2)-.0005)7162,7162+7163
DTC=(TC/CPRP)*DSR¥, 123406
TC=TC+(DTC/40)
IF{NTESTT-351T169,T169,71170
1JK=7163

G0 TO 6050
TFITC-50.)7165,7165: 7166 -
TC=50.-(.85¢NTFSTT)
IF{TC~15000.)7189,7189,7168
TC=15000.

GO Ta 7189

P=PC

T=TC

GO TO 6999

Alo4, #(SINITET)##2)
WRITE(695050)

FORMAT(//2Xs*USES SUPERSONIC RATHER THAN HYPERSONIC ANALYSIS')

A2=SQRT{XMINFs®2-1,.)
A3=SIN{(TET}

AG=0828A3

XNOM1=2,5+8, %44
DENlc],+16,.%A4

A5=XNOM1/UENL

CP=AL*AS

A6=VINF*$2

AT=RHOINF/2.
PL=((CP/2116.2)%A6*ATI+PINFY
XNHER=,40835¢ {XMINF®SIN(TET))-. 08167
TF (XNHER) 33,433, 34

XNHER=0.

HC=EXP{XINHER) #HINFY
HT=HINFY+VINFY®*$2/50123,
810250123 %({HT-HCY
YC=SORTIA)O)

All=XMINF%82-1,
Al2=GAMINF+l.

SxAl2sA11%413

J+Ala

Al6=SQRT(ALS)
SINTS=(1.-COS(TET)+AL6}/XMINF
TETS=ARS[N(SINTS)
T=HC/.432
1IF(T-50.)5061+5061,5062
T=5G.

CONTINUE
IFITET19604960,961
P=PINFY

T=TINFY

60 TO 6999
IFILLL-1)43,44,44
J=.TRUE.

GO T 45

J=.FALSE.

TITExR=S

P=pPC

CALL TTERIP,T,HC,TITER, )
[F(IITER.LELO) GO TO 6899
50 TU 6999

1229=~1

RETURN

L=8

PPap

Tr=%
TF{TT=50.1650,651,651
TT=50.

GO TD 6592
IF({TT-15000.1652,652+653
T7=15000.

CONTINUE
IF(P-PINFY)4000,4000,4001
P=PINFY

CONTINUE

CALL ANAPRP(P,T,E1111}

60 TU(1110,6004,60050600647331,6007,+7161,60351,L

RETURN
KS1l==-1
WRITE 16,2999

FORMAT (/2K *FAILURE IN ANAPRP CALLED FRON CONSHK W{TH L='13)

RE TURN
END
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LNSK1920
CHNSK1930
LHS<1940
CNSK1950
CNSK1950
CNSK137D
CNSK1980
“NSK1930
CNSK2000
~HSK2010
LiNS®2020
CNSK2030
CNSK2040
~NSK2350
CNSK2060
CN5K2070
CNSK2280
CNSK2090
CNSKZ2100
CNSK2110
CNSK2120
CNSK2130
CNSK2140 .
CNSK2150
CNSK2160
CNSK2170
CNSK 2130
CNSK2190
CNSK2200
CNSK2210
CNSK2220
CNSK2230
CNSK2240
CNSK2250
LNSK2260
CNSK2270
CNSKX2240
CNSK2290
CNS<2300
CNSK2310
CNSK2320
CNSK2330
TNSX2340
CNSK2350
CNSK2360
LNSK2370
CNSKZ3R0
CNSK2390
TNSK2400
CNSK2410
LNSK2420
CNSX2430
CNSK2440
CNSK2450
CNSK24060
CNSKk2470
LNSKZ420
LNSK2490
CNS£2530
CNSK2510
CNSK2520
LNSK253)
CNSK2540
CNSK2550
CNSK256)
CNSK2570
CNSK2590
CNS<2540
CNSK2600
CNSK2510
CNSK262)
LNSK2630
CNSK2640
CNSK2650
LNSK2660
CNSK2670
CNSK26E20
INSKR2590
CHSK2700
CN5K2710
LNSL2720
CNSK2730
CNSK2740
CNSK2750
CNSK2760
CNSK2770
CNSK2780
CNSK2790
CNSk2800
L{NSK2810
CNSK2820
CNSK2830
CNSK2840
CNSK2850
CNSK 2850
CNSk2870
CNSK2850
CNSK2890
TNSK2300
CNSK2910
CNSK2920
CNSK2930
CNSK2940
CNSK2950



SYMBOL
A

SYMBOL
POLY
ARSIN
FXP

SYMBOL
KKK1
HT

K51

0
SINTHS
GAMINF
T

crP2
NTEST7
P28
RHO22
H24
XYz
DEDPCT
CPTWO
TETCY
CPRP
A3

cP

Al0
Alé

J

SYMBOL
xT12
XHIN

SYMBOL
1356
2999

*0PTIUNS IN EFFECT®
*OPTIONS IN EFFECT®

LOCATION
o

LOCATION
2ec
300
314

LOCATION
384
388
3cC
3F0
3F6
408
41C
430
444
458
46C
480
494
4A8
«BC
400
4E&
4F8
S0C
520
534
548

LOCATION
558
(13

LGCATION
408
8VF

*STATISTICS*

SSTATISTIC(S®

0001

0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
Q039
0040
0041
0042
0043

C
C REAL AND PERFECT GAS PRANDTL-MEYER EXPANSION SUBRDUT INE
C

84

225
5000

8%

170
171

4901
4902

COMMON BLOCK /ARRAY /

SYMRUL L3CATION

SYMBOL

SUBPROGRAFS CALLED

SYMBOL LOCATION

IbCOng 2F0
cas 304
SCALAR HaAP
SYMBOL LOCATION
425 3A8
HINFY 3RrC
1229 Inc
XMINF 3E4
TETS 3F8
VI 40C
t 420
NTEST4 434
XM 448
T2a 45C
H22 470
UHOPLT 48B4
XYz 498
DEDTLP 4AC
1JK 4C0
DTETS 4D4
LSR 4E8
A4 4FC
Ab 510
vC 524
AlS 538
TTTER 54C
ARRAY MAp
SYMBOL LOCATION
COEF 624

SYMBOL
ITER
TAN

SYMBJIL
KK
VINFY
XXTETA
Jx
SINTS
HTWD
RHOTWO
NTESTS
YE

T28
RHO23
OROPLT
} 34221
DELTP
ALLL
PC

uTC
XNOM1
A7

all
Als

[

SYMBOL
COEFF

FORMAT STATEMENT MAP

SYMBOL LOCATIUN
6673 705

SOURCE STATEMENTS =

NO DIAGNUSTICS GFNERATED

SYMBUL
1360

MAP ST 2E
LOCATION

LOCATION
2F4
308

LUCATIUN
3aC
3co
3D4
3E8
IFC
410
“24
438
44C
460
“T4
488
49C
480
4C4
408
AEC
500
S14
528
53C
550

LUCATION
638

LOCATIUN
7Cs

1D+EBCDIC »SOURCE NOLIST,NODECK,LOADsMAP
NAME = CONSHK 4 LINECNT =
263,PROGRAM SIZ2E =

5¢C

6652

SYMBGL

SYMBOL
ANAPRP
aATAN

SYMBUL
TH?

N
TET
ISFC
L2119
TTRO
RHORAT
K

F
RHa2Z|
HZ3
OROYCP
DMDPCT
DELTT
ALL2

SYNBOL
NDEG

SYMBOL
6051

LOCATION

LOCATION
2F8
33C

LOCATION
380
ics
308
3EC
400
414
28
43C
450
464
478
48C
4A0
4B4
4C8
4DC
4FQ
504
518
52C
540
554

LOCAFIDN
69C

LOCATION
863

RGPMOO10
RGPMOO20
RGPMO030

SUBRUUTINE RGPM{P14T1leSRLeVT+ALeRHNL+CPlyHL,VISCLsTKLoDYHETA,HT, RGPMOO4O
1CPCVL o XMLy XXTETAJUELVX, ALPHAS [B,P2,T24K50)
COMMUN/DRRAY/ORATLLLS) 2 QRATT(1S).PHI(15)

COMMON /ARRAY/A{(23)
12235203

1l12=1.

KS0=1

X15=1

XN20=1.

xN2i=1,

vVi=v7

NSTOPL=0

THETAL=0,

CON232SQRT(VISS2-ALs22)/{ALsV1)

CON17=2RHO1®V]
CON16=CONET
CON22=C0N23

DEL V=DELVX

NXX=0

1x1=9

1x2=0

NXY=0

V2=V1+DELVX
NSTUP=0
NSTOP1I=NSTOPL+1
TFINSTUPL-51185.85,585
WRETE(6,5000) IJK

FORMAT(/7/2X,*NONCONVERGENCE AT [JK='14)}

K50=-1

RETURN

CONLISaY2ey2
H2=HT-(CON15/50123.)
CON21=V2-vl

P22P1-(CON16%CON21)/2116.2

IF(P2)170,170,171
P2=,9%P]
CON20=H2-H1
T2=T1+1C0ONZO) /CP1
L=1

P=p2

T=T2
IFtP}585,585,4901

1FIT-100.14902,4903,4%903

T=100.
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RGPMOOS)
RGPMOQL0D
RGPMOO70
RGPMCOBO
GPM0OD90
RGPMOL100
RGPMO110
GPMOL20
RGPMOL30
RGPMOL40D
RGPMOLSO
RGPMO160
GPMOL1T0
RGPMOL1BO
RGPMOL90
IGPMO200
RGPMO210
RGPM0O220
RGPM0230
RGPMO240
RGPMO250
RGPMO260
RGPROZ2TO
AGPM0280
RGPM0O290
RGPMO300
RGPMO310
RGPM0320
RGPM0330
IGPND340
RGPMO3S50
RGPMOIGQ
RGPMO370
RGPKO3BO
RGPMO390
RGPMDADD
RGPHD410
RGPMO&20
RGPMOA 30
RGPMO4&O
RGPMDASO
RGPMOSGO
RGPMO4TO

SYNBOL

SYMBOL
SIN
SORT

SYMBOL
DEL
VINF
TH1

1
PINFY
(4

RHOINF
NTESTS
P2A
H21
RHO24
DHDYLP
DMDTCP
SR2
Yx
SRC

LY

AS

HC

Al3
L

SYNBOL
XMAX

SYMBOL
5050

LOcaTION

LOCATION
2FC
310

LOCATION
384
3cs
3DC
3F0
04
418
42C
440
454
«68
47C
430
“A4
«B8
4CC
4E0
4F4&
508
51C
530
Sek

LOCATION
6B0O

LOCATION
BA7



0044
0045
0046
0047
0048
0049

0050°

0051
0052
0053
0054
0055
0056
0057
0058
0059
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0072
0073

0074
0075
0076
0077
0078
0079
0080
0081
0082
0083
0084
0085
0086
0087
0088
0089
0090
0091
0092
0093
0094
0095
0096
0097
0098
0099

0100,

0101
0102
0103
0104
0105
0106
0107
otLos
0109
o110
o111
o112
0113
o1te
o115
o116
0117
o118
0119
o120
0121
0122

123

124

125

126
0127
0128
0129
0130
0131
0132
o133
0134
0135
0136
0137
0138
0139
0140
0141
0142
0143
0144
0145
0146

4903
4905
4304

86

8910

8911
8912

B?
86

4906
4907
4908
4910
4909

585
8340

573

515

576
5718

5T1
580

579
574

a9

90

9

3
912
a3

914

92

93

G0 10 6000
IFIT-1500C.14904,4904,4905
T=156G00.

G0 TU 6U00

CP2=.123406% A(&)

RHO2 = 002507 * A(3)
CPA={CP1l+CP2)/2.
T2=T2+(CUN20) /CPA
IF(T2-100.)8910,8910,8911
T2=100C.

G0 TU 88
IF(12-19000.188,28,8712
T2=15000.

GO TO 88

.002507 & A(3})
HO2ev2
RHOAVA={COGN164CONLT) /2.
02=P1-{RHOAVA®{CON21/2116.2)}
L=2

P=pP2

=72

IF{P)585,585,4906
IF{T-100.14907,4908,4908
T=100.

G0 70 6000
IFE1-15000.14909,4909,4910
T=15000.

GN 10 6000

WRITE(6,56340)

FORMAT(//2Xy *REAL GAS P-M ROUTINE FAILFD (VEL.
1HAS SWETCHED TO PERFECT GAS P~ EXPARSIO4*)

DELNU=DTHETA

T2EST=T1

AL1=XM]1%8s2

AL2=CPCVleaLl

AL 3=AL1-]1.
AL4=(AL2/SORT{ALI) ) *DELNU
ALS=(CPCVi+]l.

AL6=ALS*ALLS*2

ALT=4.%AL3

ALB=4 ¥AL 22
AL9=AL2%{ (AL6-ALT) /ALB)*(DELNU**2)
AL10=AL2/12.%AL3%%3.5)
ALLL=((CPCV1+1.)/6.)#(ALL**4)
AL12=0(5,+7.#CPCV1-2.9CPCV1%821/6.) AL 1583
AL13=1.666T*AL5SAL 1%¥2
ALl4=-2.%AL1+1,3333
AL15=AL10%{AL11-AL12+ALL34ALL4}&{DELNUS*3)
P2R=P1*( L.~AL44AL 9-AL15)
P=pP2R

T=T2EST

SR=SR1

NSTOP9=0

L=3

GO TU 6090

DSR=5R~-A(2)

CP2R=.123406%414)
TF(ABS{OSR/SR}-,0005)5744574,57
NSTOP9=NSTOP9+1

1JK=573
TEINSTOPY-5015T76,576, 225
T=T+(T/CP2R)*DSR*,123406%,.25
IFtT-15000.1577,577,578
T=15000.

GO0 TO 579
1F{T-50.15809579,579
T=50.-XN20

XN20=XNZO-1.

GO TU 6000

P2=PZR

T2=1

D15=SNRTIT2)
TK2=U15%A(11)#%3,.28512E-7
VISC2=D15%A(10)#92.209698c-8
PR2=A(16)

72=4(9})

SR2=A(2)

H2=129.0d16%A(8)
V2=224.%5QRT(HT-H2)
CPCV2=A(14)

A2=1140.%A5)

XM2=V2/AZ

RH02=.002507=A(3)

GO Tu 97

DSR2=SR1-A(2)
CP2=,123406%A(4)

SR2=A(2)
IF{ABS{DSR2/5R1)-.0005)92,92,90
NSTOP=NSTUP+]
IF(NSTOP-40)91,91,585
T2=T2+(T2/CP2)»05R2%.123406%.25
T=72

IF{T-15000.1912,912,911
¥=15000.

IF({T-50.1913,913,914
T=50.-XN21

XN21=XN21+1.

L=4

P=p2

G0 TO 6000

CP2 =.123406 = A{4)
RHO2=.002507 * A(3)

A2ai140. * A(s)
CON23=SORT{LONLS5~A2%32) /1 A2%V2)
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AGPMI4ED
RGPMO490
R3PM0500
RGPMISLD
RGPMD520
RGPMOS5 30
AGPMISS)D
RGPMO550
RGPMO560
RGPMOSTO
RGP HOSBO
RGPMO590
RGPMO600
RGPMISL0
RGPM0620
RGPM0630
RGPMISGLD
RGPMO650
RGPMO660
RGPMOGTD
RGPHOGBC
RGPMOS90
RGPMOTO00Q
AGPMOTLO
RGPMOT20
RGPMOT30
IGPMOT40
RGPMOTS O
RGPMOTEO
RGPMOTTO
RGP¥OT78O
RGPMOTSO
RGPMOROO
GPuIBLO0
RGPMOB20
RGPMOB30
RGPMIB&O
RGPMOBSO
RGPMOB6O
RGPUIETO
RGPMOBBO
RGPMOBIO0
IGPMOIUO
RGPMOIL O
RGPMO920
RGPMD9I3IO
RGPMO940
AGPMIIST
RGPMO960
RGPMO9TO
AGPMQIBO
RGPMOIID
RGPHM1000
RGPM1010
RGPM1020
RGPMID30
RGPM1040
GPM1050
RGPM1060
RGPM1070
RGPMLOB0
RGPM1090
RGPMLLIDD
RGPMLI10
RGPM1120
RGPM1130
RGPML140
’GPMLISC
RGPMI160
AGPM11TI
RGPM11BO
RGPM1130
GPMLI200
RGPM1210
AGPML220
RGP¥1230
RGPM1240
AGP%125)
RGPM1260
RGPM1270

AGPML2BO

RGPM1290
RGPM1300
IGPM1310

RGPML320
RGPM1330
RGPML1340
RGPM1350
2GPM1360

RGPM1370
RGPM138O
GPM1390
RGPM1400
RGPM1410
RGPM1420
RGPM1430
AGPM1460

RGPM1450
RGPM1460
IGPML4TO
RGPM1480
RGPM14370
IGPMLIS5ID
RGPM1510



0147
0las
0149
0150
0151
0152
0153
0154
015%
0156
o157
015¢
0159
0160
ole6l
0162

0164
ole5
Oine
0te7
0168
ol69
o170
0171
o172
o173
0174
0175
0176
o177
o178
0179

o180
oLel
0182
0183

0184
0185
0186
0187
0184
o189
0190
o191
0192
0193
0194
[ 0]
0196
o197
0194
0199
0200
o201
0202
02n3
0204
0205
0206
0207
0208
0209
0210
0211
0212
0213
0214
0215
0216
0217
0218
0219

0220
0221

SYMBOL
QRATL

SYmMBOL
A

SYMBOL
(acam#

SYMBOL
Lz
XN21
CON23
CON22
1x2

s1
€2
b4

&5
&3

DTETA=(DELVX/2.) s (CTN22+CON23)
NL=DTHETA-VTETA
1F{ARSIDI/DTHETA)-,001}97,97,61
IFINXX-1162463,63

1FLU1) 64,465,065

Ixi=-1

30 TL 6}

12
NXX=UXX+ )
IFIIX14IX2}0606ehT,066

6 TFID11AB 09,69

€8

69

67

xy=~1
OELVX=DELVX-DELY
S0 T3 84

1X2=1
DELVN=DNELVXeDrLY

TF{N1)T70,71,71

T0 IF{722142222)T161,T16),7160
7160 DELVX=NEL VX=,095%)ELV

7161

71
Tiea

t2r1=-1.

50 T 716z
OFLVA=DFLYX-.0042DELY

50 1O 7162
IFUZZZ1+2722)T16347164,7164
DELVX=DELVX+.095¢DFLY
2722==1.

6D Tu T162

T163 DELVA=0ELVX+.006%DELY
T162 AXY=NKY+]

§FINXY-50)84,14,7170

T170 ARITELG,/7171)

7171

6000

FORMAT(/2Xo*FATLURE COF CONVERGENCE OF THETA IN RGPM,
11"

K50=-1

RETURN

CALL ANAPRP{P,T,E1111)

50 TO(B6,89.5735,RT)WL

C CALCULATE LAM AND FURS QRAYIOS QRATL AND QRATT
97 IFL18-114370,4370,4371L

4371
4370

RETURN
XXTETA=XKTETA+DTHETA

DN 1950 I=1.,11

CounT=1{

PHICL ) =XXTETA-CCUNT®DTHETA
(FUALPHA) 140,740,742

742 [F{1-11)741,743,743
743 QRATL(111}=QRATL(10)

QRATI(11)=QRATT(1D)
GN Tu 1950

740 QRATLII)=1,

741

1950

1951
1111
2995

4931

LOCATION
0

LOCATION
]

LOCATION
2a8

LOCATION
300
314
328
33C
350

ORATT(I)=1.

GO T 1956

RR1=2,¢TANIPHILI))

RR2=TAN{PHIL T )-ALPHA)

RR 3=RR1/RR2

RR&=].4RR3

RR5=RR& /3.

QRATL LI )=SORT(RRS)

RR6&=RR1/2.

RRT7a2RROEIRR?

XK22=1.25%RR7

RRSa(1.4#XK221»,2

QRATTI1)=,85%KRE

CONTINUE

XXTETA=XXTETA-DTHFTA

00 1951 1=12.15

QRATLI(T)=0RATL(11)}

QRATI(1)= QRATT(1IL)

RETUAN

K50=~1

WRITE(6,2995)

FORMAT (72X, *FAILURE IN ANAPRP,CALLED BY RGPM*)

WRITE(644931)

FORMAF(/2Xy *ZUUNDS AND GADZODKS, THE VERY LEAST*/2X,
L'ONE MIGHT EXPECT FRCM THIS TURELESS REAST®/2X,
2°'TS FTHE CURTESY OF A PROMPT REPLY'/2X,
3°ANU A LITTLE HELP TO FATHOM WHY'/2X,
4*{wlTH THE PERFECT LCGIC THIS PROSRAM ENTAILED)'/2X,
5*THE 19M 360 FAILED')

RE TURN
FND
. COMMCN RLCCK /DRRAY / WAP SIIE B4
SYMBOL LOCATION SYMBOL LOCATION
QRATT 3C PHI 78
COMMUON BLOCK /ARRAY / MAP SI2E 5C
SYMBOL LOCATIUN SYMBOL LOZATION
SUBPRCGRAMS CALLFD
SYuBUL LUCATION SYMBIL LOCATION
FRXPRS 2AC ANAPRP 280
SCALAR MAP
SYMEJL LOCATIUN SYMBUL LOCATION
2 304 k50 308
v1 318 vT 31c
Al 32¢C CONLT 330
DELV 340 DELVK 346
NXY 354 vz 358

RGPK1520
3GPM1530
RGPP1540
RGPM1S59
RGPM1560
RGPM1570
AGPU158D
RGPML 590
RGPM1600
AGPM1LI0
RGPM1620
RGPMLL3D
RGPM]L 640
RGPM1650
AGPM1660
RGPMIGTO

AGPH1690
RGP¥1T00
RGPP1T1O
RGPMLT2D
RGPR1 730
RGPP1740
AGPMLITHO
RGPML1 760
RGPM177D
RGPML 780
RGPM1790
GPM1800
RGPM1810O
RGPM1820
GP41830

STMNT 70 DR TRGPM184O

S5YMBOL

SYMBOL

SYMBUL
SQRT

SYMBOL
K75
NSTOP1
RHUL
NXX
NsTOP

RGPM1850
RGPM1860O
RGPM18TO
RGPM1880
RGPM1890
GPUL9DD
RGPMI910
RGPM1920
RGPM1930
RGPM1940D
RGPM1950
RGPM1960
1GPY1370
RGPM1980
RGPM1990
IGPMZ000
RGPM2010
RGPM2020
RGPM2030
RGPM2040
AGPM2050
RGPM2060
RGPM2070
AGPM2080
RGPM2090
RGPMZ2100
RGPMZ2110
RGPM2120
RGPM2130
RGPM2140
RGPM2150
RGPMZ2160
AGPM2170
RGPM2180
RGPM2130
RGPM2200
RGPM2210
RGP%2220
RGPM2230
RGPM2240
IGPH2250
RGPM2260
RGPM2270
RGPM2280
RGPM2290
RGPM2300
RGPM2310
RGPM2320
RGPM2330

LOCATION

LOCATION

LOCATION
284

LOCATION
33C
320
334
348
3sc

SYMBOL

SYMBIL

SYMBIL
TAN

SYMBOL
xN20
THETAL
CONls
1x1
1JK

LOCATION
LICATIIN

LOCATION
288

LOCATION
310
324
338

34C
360



CON15 304 HP 468 HY 36C COn21 310 P2 374

P1 3?8 CuN20 37C Hi 320 T2 384 Tl 388
crl 38C L 9o P 394 T 338 ez 380
RHD2 380 cra 3a4 RHGAVA 3a8 NELNU E1.14 CTHFTS 380
T2EST 3ps aLl A8 Arl 33C- aL2 ico CPLyl 3C4
AL3 ce aLs 3¢C ALS 300 AL 6 e AL? 3p8
ALB 30C AL9 3EN AL10 €4 agtl 38 ALL2 3EC
aLll 3F0 ALls IF4 AL1S 3F8 P2 3FC S1 400
SR} 404 NSTOPS 408 USR «0C CP2R L0 5181 414
<2 418 visc2 41C PR2 420 22 424 k2 428
cPCv2 «2C Az * %30 xmz 434 DSR2 438 DTevA “3C
Nl 440 18 444 XXTFTA %48 1 44C CnuNT 450
ALPHA 454 RR1 458 _ RRZ 4sC RR3 460 R 464
RRS 468 RR6 46C RR7 %70 xK22 474 RRY 478
vIiscCl 47C X1 480
FORPAT STATEMENT Map

SYMBOL LOCATION SYMBOoL LOCATION SymMsoL LacCaTION SY4RUL LOCATYION SYm8OL LOCATION

5000 484 8340 4AS kA%AN 508 2995 549 4931 570

*OPTIONS IN EFFECTs ID,EBCDIC,30URCE,NOLIST,NODECK,LNAD,MAP
*OPTIONS IN EFFECT* NAME = RGPM » LINECNT = 58
SSTATISTICS* SUURCE STATEMENTS = 221 +PROGRAM ST1E = 5244
$STATISTICS® NO DIAGNOSTICS GENERATEOD

SPLE EXTERNAL SYMBOL CICTIONARY
SYMBOL  TYPE ID ADDR LENGTH LD ID 1113 3/733/7
SPIE SO 01 000000 000008
YECH Lo 0000A8 01
R1 Lo 000uC8 ot
LOC ORJECT CODE ADDR1 ADDR2 ST¥T  SOURCE STAVEMENT F30SEP&S 3703771
2 % 9/17/68 - L.FoH. SPIEQO20
3 ¢ Map. 3707769 - L.F.H, S”1F0030
P SPLEDISD
S ¢ USAGE...CALL SPIFL LDW ) SPIEDOSO
6 s WHERE LOW 1S A PARAMETER CALLING FOR SETTING A NEW P.T1.£. OR RF- SPLEOV6O
7 % SETTING THE OLD P.1.f. DEPENDING IN WHETHFR IT IS .5T. ZF3D DR .LT. $21£0070
8 ® ONE, RESPECTIVELY. IF THE NEW P.l.f. HAS BEEN SET, IT REMAINS IN SPIFOORO
9 * EFFECT ON SJSSEQUENT CALLS UN SPLF WITH LOW .37. ZERD: THE LD P.le.c. $2170090
10 * 1S RESET EF A SURSEQUENT CALL ON SPIE HAS LDW «Ll. UNE. SN0
1L +esGOOD LUCK~L.F.H, SPIEOL1IO
12 = SPIEO120
000000 13 SPIE CSECT SPIEDL30
14 ENTRY YECH,R1 SPIEQ140
000000 15 USING *,15 $2130150
000000 «7F0 FOS4 00054 16 8’ s100 SPIL0160
000004 FS5E207C9CS540 17 oc CL6'SSPIE * SPIEOLT)
00000C 13 SAREA oS 18¢ SPIEOLBO
000054 90EC DOOC 0000C 19 si00 STM  14,12,12(13) S21EI13D
720 * SPEE0200
000058 41C0 FOOC 0000C 21 LA 12,SAREA SPIR0210
00005C 50DC 0004 00004 22 ST 13,41(12) SP1E0Z20
000060 50CD 0008 00008 23 ST 12,8(13) SOTED230
000064 18DC 24 LR 13,12 SPIEQ240
25 » SPIE0250
000066 0520 26 BALR 2,0 S2IEQ260
000068 21 USING #,2 SPLED270
28 DROP 15 SPIEJ280
29 » SPIED290
000068 5831 0000 00000 30 L 3,001} SPLEO300
00006C 5843 0000 00000 31 L 4,0(3) $2120310
000070 5940 2068 ‘00000 32 c LITIAN N SPIED320
000074 4740 2042 000AA 33 BL $300 SPIED330
: 34 = SPIE0340
000078 5840 2064 ovoce 35 L 4,FLAG SPLE0O3S0
00007C 5940 2068 00000 36 [4 4,=F* 1" SPIE0380
000080 4780 2034 0009C 37 BE $200 SPIE0370
000084 0203 2064 2068 000CC 00000 38 ®VC  FLAGy=F*]* SPIEQ380
39 s SPIED3IS0
40 SPIE  YECH.1(1,15)) SPIED400O
000084 414 CNBP 2,44
00008A 4110 202¢ 00096 42¢ LA Ly#+¢12 LOAD BRANCH ADDRESS
00008E 0511 43¢ BALR lo1 BRANCH ARGUNI PARAMS.
000090 OF Lo oc 8900001111* PRUGRAM MASK BI1TS
000091 QOO0AS 45+ oc AL3(YECH) EXIT ROUTINE ADDRESS
000094 7F 46+ oC B'01111111°
000095 FF aTe oC B8°11111111° INTERUPTION MASK
000096 0QACE 48+ sve 14 ISSUE SPIE SVC
000098 5010 2060 ooucs 49 st 1,R1 S2150419
50 SPIED420
00009C 58DC 0004 00004 51 S200 L 13,4012) SPIEJ43D
00C0AG 98€C DOOC caooc 52 LM lé,12412¢13) SPIEQ440
GO00A4 92FF 0OOC @000C 53 MYL L2413, X0FF" SP1EQ450
0000A8 OTFF 54 YECH BCR 15,14 SPIED460
55 * S21E047)
0000AA 5840 2064 ooocC 56 S$300 t 4,FLAG SPIE0480
0000AE 5940 206C 00004 57 [4 442F*0" SP1ED490
000082 4780 2034 0009C 58 BE 5200 SPIENS500
000086 5810 2060 0oocs8 59 L 1,R1 SPIEDS1)
60 SPIE MF=(E, (1)} SPIEDS20
00008A 0AOE ale SVC 14 ISSUE SPIE SVC
0000BC D703 20664 2064 000CC 000CC 62 xC FLAGFLAG S21Z053D
0000C2 47F0 2034 0009C 63 B $200 SPIE0540
64 o SPIE0550
0000C8 65 R1 oS F SPIEQ560
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0000CC 00000900 66 FLAG
000000 o7
0000D0 00000001 &3
000004 0C000000 69
70
SPIE
POS. 1L REL.ID FLAGS ADURESS
Ul a1 o0a 0Cuu9l

SPLE

SYMBOL LEN VALUE DEFN REFEREMCES

FLAG 00004 DOIDCC 00VLOL 0035 0038
R1 00004 0000C8 00065 0014 0049 0059
SAREA 03004 00000C 00QUILS 0021

SPIE U000l 000000 20013

S100 00004 000054 NOCLY 0010

5200 00004 00C09C 00051 0037 0058 0063
5300 00004 0NO0AA 00056 0033

YECH 00002 0000A8 00054 N014 0045

NG STATEMENTS FLAGGED IN TH1S ASSEMALY
SSTATISTICS* SOURCE RECORGS (SYSIN) = 59
*0PTIONS INTEFFECTe LIST, NODECK,s LOAD, NORENT,

96 PRINTED LINES

L Feor
LTORG
=F]r
=Fr Q0
END

RELOCATION DICTIONARY

CROSS-REFERENCE

3056 0062 00627

SOURCE RECURDS (SYSLIB)
XREF, NOTEST, ALGN,

F128-LEVEL LINKAGE EDITOR UPTIONS SPECIFIED MAP,LIST
VARIABLE OPTIGNS USED - SIZE=(153600,6144)

CONTROL SECTION

NAME ORIGIN L
MAIN ou
ITER 6668
TBLALT 6L60
BLGG T6EQ
ANAPRP 7828
POLY A2AG
CONSHK T34
RGPV RECH
TNING 0348
SPiFf N540
THCSLUG * vele
THCSASCNs 0700
IHCSATNZ* DSRQO
THCSSCN [*10-1]
THCFRXPR* BD60Q
THCLCOMHe DECR
THCCOMH2« €E20
NOUNFL = F3A9
THCSSQRTs F3Ca
THCSTNCT* F510
THCFCVTH®* F118

IHCEFNTH® |

THCSEXP & |

ITHCEFIOS* 1

THCERRM & )

IHCUOPT + 1
IHCFOVERs 1

THCFOUMP* )

IHCETRCHs 1

IHCUATBLE 1

DRRAY
ARRAY

1
1

FNTRY ADURESS
TOTAL LENGTH

*853GSFC

0910
0E23
OFCO
2328

288
2Cia

2C60
2E68
30F8

3730
37¢8

138

ENGTH
6668
5F6
ATA
148
2472
226
19FC
147C
1Fe
DY
1Ee
10F
1y
109
183
F31
581

1c
145

266

1195

Sle
192
1368
58C

328
50

201
28E
6338

84
sC

00
48

ENTRY

NAME

YECH
ALOGLO
ARCOS
ATAN2
cJs
FRXPR#
I8COM3

SEQDASD

SORT
CNTaAN

ADCON»
FCVIOQUTP

AR1THZ
EXp
F10CSe

ERRMON

OVERFL
oUKP

THCTRCH

MODULE MAP
LOCATION NAME

05E8 R1
D618 ALCG
0700 ARSEN
D9RO ATAN
0gao SIN
0D60
DEES FDIOCSS
FOBC
FiCB
F510 TaN
F778 FOVAOUTP
FDAS FCVEOUT?
10910 ADJSWICH
10E28
10FCO FIOCSBEP
12328 fACERRE
12c10
12C60 POUMP
12668 ERRTRA

DCES NOT FXIST BUT HAS BEFN ADDED YD DATA SET

B-29

488

0Ses LINECNT = 55

LCOCATION

o608
D630
D7TE6
DICs

o898

OFA4

F526

FB22
10244

10C7C

10FC6

12340

12C76
12F70

NAME

INTSWICH

Qran

FOLVLOUTP
FIvCOuTP

DEFAULT UPTIINIS) USED

LOCATION

EEOQS

F698

FaB2
104C6

NAME

FCVZIOUTP
INT6SWEA

SPICO570
SPIE0S80

SPIEQ590

3733711

3733/

LOCATION

FAD2
107a8



SARPLF PRUC. NJel Ta=300,R¥=1,IPRESS=0, LONG PRINTUUT

NOTE THAT PRINTOUT IS I EdGt ISH UNITS

VISC=LB-SEC/SC.FT CP=RTU/LB-DEG.K

T GR TREF = DFG.X RHO O IHOR = SLUSS/CULFT
H GR HREF = RTL/LB PSI = QTL/L?

TK GR TKREF = BTU/FT-SEC-DEG.K TAUW = LB/SO.FT

SYMBUL ENDS IN X = LOCAL EXTERNAL-TO-R.LAYLER VALUF
SYMBOL ENDS IN L = #.LAYFR FLOW IS LAMINAR
SYMBGL ENDS IN T = B.LAYER FLOW 1S TURBULENT

DEFINITIUNS-

€ = LOCAL VEL./FRCE STRLAM ViL.

CPCV = GAMMA = SOPFCIFIC HEAY RATIC

PR CR PRFF = PRANDTL NUMuFR

PS1 = H RECOVERY MINUS H wALL

Z = COMPRESSIBILITY FACTUR

CF = FRICTIONV COFFFICIFNT AT wWALL

TAUW = WALL SHEAR STRTSS

REYX = REYNOLDS 0. HASED ON LCCAL (SXTERVAL-TO-B.LAYFR) PROPERTIES AnD SURFACE DIST. FROM STAG. POINT
. REYMCM = MOMFNTUM THAICKMESS REYNILDS NUMBER
(WHEN REYMOM IS MFGe, HEAT RATF [S WFG. 57} REYMOM HAS NO MCAVING)

ROMURT = [RHU * MU)IWALL / (RHJU % MUIEXTERNAL TO B.LAYER

INTIT, CCNDITIUNS

ZALT= C.500000E 05 VINFY= 0.400000E 04 RN= 0.100000F 01 TwWIl= 0.300000¢ N3
NTUN = O 1Tw= 300 IPRESS= 0
LiL=0 LONG=1

INPUT X, Y, ALPHA
XX5= 0.274100F 01 YYS= 0.500000F 00 ALPHA(DFEG)= 0.100000E 02

Ri{I)= <C.O xt1= ¢.0 1= 1
R(I)= 0.138545E 00 X{I)= «.2%U14CF ON 1= 2
RUI)= 0.263216E €O X{I)= 0.560231F 00 1= 3
R{I}= 0.388344E 00 X(I)=  0.840421F 00 1= 4
Rtl)= 0.500272%F 00 X(I)r= 0.112056£ 01 1= 5
R{I)= 0.602355E 00 X(1)= 0.140070+ O1L 1= 6
R(I)= 0.694960F 00 X(I}= 0.,164084F 01 = 7
R{I)= 0.T777367E 00 X{It= C.196038C O1 = 8
Ril)= 0.851267¢ 00 X{I)= 0,224112C 01 I= 9
RiIl=  0.914765E 00 X{I)= 0.252126% ©1 T= 10
R(I)= 0,368379E 00 X{I)= 0,280140: 01 =1
R(I)= 0.105520€ 01 XtI)= €.330140% 01 1= 12
R(I)= 0.114203F 01 XtiI)= 0,3801640F Ol 1= 13
R(I)= 0.122885% 01 x(1)=  C.630140C7 O} 1= i4
Ril)= 0.13156RE 01 X{1)= 0.480140r 01 1= 15

FREE STREAM CONDITIONS

XMINF= 0.412856F 01 VINFY= 0.40C000E 04 GAMINF= 0.139990C 01 RHOINF= 0.363638E-03
HINFY= 0.932242€ 02 PINF= O0.115115F QU (ATMUS) PINFY= 0.2436U6E 03 (PSF)

TINFY= 0.216660F 03

TH1= 0.306756E 02 TH2= 0.530907¢ 02
WHERE TH1= POINT 1 STREAM DEFLECTTON ANGLE,DEGREES. TH2=STRZAM DEFLECTION ANGLE AT PGINT 1 WHICH CAUSES SEPARATION OF S4UCK WAVE
!

USES SUPERSONIG RATHFR THAN HYPFRSONTC aNALYSIS

=1
THETA SHOCK FOR POINT 1 = 0.388344E 02

PS(I)= 0.91568SE 00 T¥5(1)= 0.470289E 03  SRS{I)= 0.255451E 02

USES SUPERSONIC RATHER THAN HYPERSONIC ANALYSIS

1= 2
THETA SHOCK FOR PAINT 2 = (0.363E158 02 )
PSI)= 0.82503?F 00 TS(I)= 0.4464080 03 SRS(I)= 0.254637E 02

USES SUPERSONIC RATHER THAN HYPFRSONIC ANALYSIS

1= 3 :
THETA SHOCK FOR PRINT 3 =  0.3396C4€ 02 :
PS(I)=  0.738147F 00 TS(I)=  0.423239 03 SRS(I)=  0.253858F 02

USES SUPERSUNIC RATHER THAN HYPERSCNIT ANALYSIS

1= 4
THETA SHOCK FUR POINT 4 = 0.316190F 02

B-30



PSSt = 0.655453 00 1S(1)= 0,40Nn332: 03 $AS{1)= A2n 4121 N2
USES SUPEASUNEC RATHSR FHAN HYPSISUNTD ANALYSES

1= 5

THFTA SRUCK FOR BPUINT 5 = U.2933°2F 02

estll= Q.577388F CO  ISti)= C.379227. 03 Sas(tl)= 0.2524335 02
USES SUPFRSONTL RATHER FHAN HYPERSONIC ANALYSIS

1= 6

THETA SHCCK FOR PGINT 6 = 0O.271216L 02

Psil)= 0.504307¢ 00 TStl)= 0.35%6353¢ 93 SW{I)= UL.25180G2E 02
USES SUPERSONIC RATHER THAN hYPERSCNIC A%ALYSIS

1= 7

THETA SHGCK FOR POTAT 7 = 0.250954F 02

ogil)= 0.4736579F 00 [Is5(11= 03385347 03 SRS{1)= V.251233C Q2
USES SUPFRSONIC RATHER THAM YYPLRSUNIC AL YSIS

1= 8

THETA SHUCK FOR POINT 8 = U.231116F 02

PS(l)= 0.3765355 0N TSUM)= N.3174821 03 SRS(I)= 0.25073LE 02
USES SUPERSUNIC RATHFR THAN HYPFRSCAIC AnNALYSES

1= 9

THETA SHUCK FOR PQINT 9 = 0,212641F 32

PStI)= N.318475F 00 TS(1)= N.3C13022 03 SRS{1)= 0.250297€ 02
USES SUPCKSUNIL RATHCR THAH HYPERSOVIC ANALYSIS

1=10

THFTA SHCEX FCR PHINT 10 =  0.135143F 02

pSil)= D.268ATUF G TS5(1)= 0.22319947 03 S’asS{i)= 0.247923E 02
USES SUPERSOMIC RATHER ThAH HYPFRSUNTC ANALYSIS

I=11

THETA SHUCK FUR PUIRT 11 = C.179502F 02

PSSt = 0.225361F 0O TS(TI)= 0.267550L 03 SStI)= Ue26591k 02
=1 Pl{l}l= 0.915635E o0 T{l)= C,4Tu289E 03 SR{T}= 0.255451€ 02
QRATLI{I)= 0.117525%F 01 QRaTT(I)=  0.105637F 0L

1= 2 Pll)= 0.an4z10k 0C Tild= €.4%2165¢c 03 SR{1)= 0.254637E 02
QRATLITI= U, 113%3UF 01 QARATT(I)=  0.106062F U1

= 3 Pil)= 0Q.71N4205= 06 Telr= C.4257352 03 Sei{l)= 0.253858E 02
QRATLITY= 0.120¢04F 01 QHATTIT)= 0.106539CF 01

= & PtI)= C.612310% CC Tttr= C,4CC173F 03 SR(I})= 0.25312tE 02
QRATLILIY= (.122239¢ (L AATTLLI= 0. L072-01F QL

1= S5 P{l)= C©€.528953% CC 1M1= €.376131c 03 SR(IM)= 0.252433E 02
GRATL{I}= 0.125813F 01 CRATT(E)= 0.10R204F 01

1= 6 Plll= ©.453771F ug Tel)s  €,.353016+ 03 SR{1)= 0.251802E 02
QRATLI(1)= N,1299237 01 LCRATT(1)= N.1N9451E C1

=7 Pll)=  0.39e679F 99 TEly= 0.331440F C3 SRUIY= 0.251233€E 02
QRATL(I)= 0.1359247 01 QRATTILY: 0.111241E 0]

1= 8 Pil)=s  ¢.327129% o TOI)= C.3108467 03 SRE1)= 0.250731E 02
CRATLI(1}= 0.145457- 01 QRATT{I)= O0.114014E €1

1= 9 Pll)= Q.274T45F ) Tt G.291439F 03 SR{l)= 0.250297E 02
QRATLII}= D.162959% Cl1 QRATT(1)=  O0.11HA93E 01

=10 PlI)z  L.229022% 29 flI)= 4.273422¢ 03 SAUT)=  0.249923E 02
QRATLI(I)= 0.,208912: Q1 ORATT(LY= 0.1301C6E 01

1=11 PlI)= .1°94Nn2F Q) TEly=  0.25%01848 013 SR(1)= 0.2695%1E 02
QRATLI1)=  0.20n9127 0} QRATTHL)=  0.130106F 01

1=12 Plll= 0.1P9402E 00 Til)= Q.2561¢4< 03 SRU1)=  0,249591E 02
QRATL(I)= 0.2069}12: 01 QRATT(1)= N,.L301U6E OI

1=13 Pil)z 0.189402F 09 Tll)= 1.256184L N3 SRUI)= 0,249591E 02
QRATL{I)= 0.2069125 0l QRATTIT) = 0.1301C6F C1

1214 PlI)=2 C.189602F O TiI)= 0.256186% 03 SRUl)= 0.,249591E 02
QRATLUI)= 0.2069125 ©1 ORATT{I}= 0.130106E 01

1=15 Pil)= 0.189602C O T(L)= 0N,2551867 03 SR{1}= 0.269591E 02
CRATL{l)= 0.206912F 0O} QRATTIL)= O0.130106E C1

STAGNATIAON OOINT

DATA FUGR SPHERICAL

NDSF

HREFD =0.270774F ©3 TREFJ «622437F 03 VISCRI=0.620202F-05 TKREF0=0.122102F~04
IREFO =20.100000E 01 PRAEFN=0.740427% 00 CPREFN=0.453686F 0) RHORD =3.283532F-22
CPCVRO=C.137364F C1 RN 0.100CCCF 01 1O =0.92583L€ 03

PO 20,257883E 01 RHUI +190636F-02 SRJ =0.270285F 02 TKU =0.16R8865E~04
VISCC =0.814003F-06 DVCXN) =0.7233976F 04 Z0 =0.100000% 01 CPO =3.483053E 20
a0 2C.196178F N4 Twy =0.7000CCF 03 VISCWN=0.382T730F-06 HWO s0.129114E 03



=GC.432809% 00

cewn PRG =0.75n2 34F 00

CSIPT=  0L162214E D2 = YISE STASHNATIUN POINT HEAT RATE
HO= 0.412434F 03 HT= 0.4176332 O3 WMWO= C.336327:-02
WALL, REFERLNCH, AHD FXISRNAL~-TN-GILNDARY-LAYER FLOW PRCPERTIES AT SATION = )
HwW( ) =0.129114C 03 CP«{1) =0.432809F 40 hAFFX{I) =0,205576F 03 PRRFFX(II=0.T73I5258¢
TKREFX{1)=0.9942462F-75 VISCAX(1 1a5159456E-uh6  RHURXTT) =0.131643F-02 TREFXII) =0.476044C
JREFXII) =0.1CCONDE D1 CPCVALLII=0.1328798 O ¥X{]} =0.91563%E 00 Txti) 0. &470299¢
TKX{1) =0.985364E~-05 JISTXUI) =0.51167%F-u6  PRX{I) =3.7350TIE U0 ZXA(I1} +10200CE
SRX{I1? =0.295451F 02 HX(I} 2C.203C%0% 035 vxil) =N, 324134 04 CPCVX(I) =C.138929E
AAX(T) =0.142201C 04 RHAX{I) =0.133260F-02 xM4(1) 20.2219%1E Q1 CPxtD) =0.440606F
WALL, RFFFRENCE, AND FXTIRNAL=-TI-NOUNDARY-LAYER FLOW PROPERTIFS AT STATICN = 2
HW() =0.127114€ 33 (oWl 20.43280%C 00 HREFX(]) =0.203089E 03 PRREFX(1)=).735033¢F
TKREFX{1)=20.9B5474E-05 VISCAX{11=0.511745E~06 RHCRX(1) =0.117102E-02 TREFX{(I) +4T0377E
ZREFX{I) =0.100000C 01 CPCVRX117=0.138929F 01 PXII} =0.304B10E OO0 Txil) «&52155%E
TKX(I) =0.9572115-05 VISCx(]) =C.438115¢k-06 PIX(1) =0. 734542 00 IXtI) +100000E
SRX{1) +254637C 02 Hx() «135110% 03 vX(I) =0.330223F 04 CPCVXII) «139082€
AAxX(I1) =0.139511E 2% RAUX(IY} =0.121R19F=-02 =0.,236700F 01 CPxtl} =0.439164F

WALL, REFERENCE,
HW(1} =0.,129114€E 03
TKREFX{11=0.972690E~95

ZREFX (L) «100000€ 01
TKX(T) «716127E-05
SRX(1) +25335R€ 02
aax{1) =0.135472€ 04

WALL, REFERENCE, AND EXTCRNAL-TN-3CLNDARY-LAYER
20.432809€ 00

Hwll) =0.129114E 03
TKREFL{11=0.960313F=-95

ZREFX{T) .100000c 01
TKX{1} +A76379¢-05
SRX{I) -253121€ 02
AAXLT) =0.131423F 06

WALL, REFEREWCE, AND EXTERNAL-TO-BOUNDARY-LAYER
20.432899 00 ,

HW(I) =0.129114F 03
TKREFX{1)=20.949046E-05

ZREFX(I} =0.100000F O1
TKX(1) =0.837721€-05
SRX(I) 20.252433F 02
AAX(T]) =0.1274T77E 04
WALL, REFERENCE,

MWl =0.129114E 03

TKREFX(1)=0.938232E-05

ZREFX (1) =0.10000CE 01
TKX{T} =0.800729€-05
SRX(1I) =0.251802F 02
AAX{L) =0.123547€ 04
WALL, REFERENCE,

HW(T) =0.129114F 03
TKREFX(11=0.928201€-C5

ZREFXLI) =0.100000E 01
TKX(1) =0.766067F-05
SRX{T) =0.251233¢ 02
AAX(T) =0.119748F 04
WALL, REFERENCE,

HW(l) =0.129114t 03

TKREFX(11=0.918635E-05

IREFX(1) =0.100000% 01
TEX{T) .732320E-05
SRX(1} =0.250731F 02
AAX(T}  =0.11%995E 94
NALt' REFERENCF,

HW(E) =0.129114€ 03

TKREFX(11=0.909775C-05

IREFX{I) =0.100000F 01
TKX{1) =0,701303F-05
SRX(1) =0.250297F 02
aaxtn) =0.112335¢€ N4
WALL, REFERENCE,

HW(T) =0.129114E 071

TKREFX(11=0,.901553E~-95

ZREFX(I) =0.100000F 01
TKXUT} =0.671841E-05
SRX(1) =0.249923E 02
Aax{l) =0.108%20C 94

WALL, REFERENCE,

HW () =0.129114F 33
TKREFX111=20.393731F-0n5
ZREFX{I) «100000€ 01
TRX{1) +643430E-05
SRX(I) +249%91E 02
AaX(1) =04109342F 04

AND EXTEANAL=-TO-PUUNDARY-LAYER

LPW(l} z0.4 32309 00
VISCRX{1)=0.5055%2E~0b
CPCVRXIT)=0.138999E 01
VISCX{I) =0.478043t-06
HX{) 20.183569F 03
RHUX(E) =0.113208E-02

CPWil)
VISCRX{1)=0.479613E- )4

CPCVRX(11=0.139066L 01
VISCXUE) =0.458275E-06
HXtID) 50.172445c 03
RHAX(T)  =0.104723E-02

CPwiT)
VISCRX(1)s0.494151E~-06
CPCYRX111=0.139125E 01

VISCXII) =C.460622E-06
HXUD) =0.162013F 03
RHUXtI) =0.962497E-03

ANG FXTERNAL-TO-30UNDARY-LAYER

cPwil) 204432809k 0O
VISCRX(1120.438883E-06
CPCVARX(I)1=0.139180E 0O}

VISCX(!) =0.423317€-06
HX(L) =2J.15200%E 93
RHOXU1} =0.879739FE-03

AND EXTERNAL-TO-RCUNDARY-LAYER

cPwtl) =0.432R0%€ 00
VISCRX(1)1=D.4R397RE~-06
CPCVYRX(11=0.139229€ 01
VISCX(I) 20.40696KE-06
HX(T) =0.1426d1C 03
RHAXIT) =0.79B8457¢-u3

AND FXTCRNAL-TO-RUUMDARY-LAYFR

CPuLl) =0,432B09E W)
VESCRRIL1=0,4793C6L~04
CPCVYRX(1)=0,139274E 01
vIsCxern) »?311516-06
HX{1) =20,133792F 03
<HUX(T} =0,720253F=-03

AND EXTERHAL=-TO-BOUNDARY=-LAYER

CPuil) =0.432809€ DO
VISCRAX(1320.4749130-06
CPCVAX{1)=0,1393155 01
VISCX(T) =0.376035t-06
HX(T) 20.125424E 03
RHOX (1) 30.64520T7E-u3

AND FXTIRNAL-TD-2CUNDARY-LAYER

CPALL) =0.4372809F 00
VISCRX(11=0,4T70d41E-08
CPCVRX11)1=0.139352F Lt

VISCA(1} =C.3617912-06
Hx{1) =0, 117661k L3
RHUX (1) =29.573221£-03

AND FXTERNAL-TU-20QUNDARY-LAYER

cPRil) =0, 432809 00
VISCRXT1I=0,46H9015-04
COCVRX(TI=0,133386F (1

VISCALT} =0.347945t-06
AX(1) =0.110237€ U3
RAHNXLE)Y  =C.505598k-C3

XH(1)

FLOW PROPERTIES AT STATIUNd = 3

HREFX{T}
RHORX(T)
PXLL)
PRX(L)
vx(I1)
LIRS

=0.199473E

=0, 104272E-

=0.704205E
=0.733812F
«338877F
=0.250146E

03
02
oo
oo
v
o1

PRREFX(1}=0,734833E
TREFX{I) =0,462130€E
Xl =0.425735¢E
X =0.100000E
CPLVXIT) 30.133206F
22428 =0.437527€

FLCW PRCPERTIES AT STATIOA = &

HACFXL])
RHORX (1)
PXLI)
PRX(I)
vx(l)
xMet)

=0.195735€

=0.612310¢
=1,733067F
=0.347014E
204 206044F

us

+122734F-0)

oc
w0
04
J1

PRREFX(1)=0.734599¢E
TREFXEI) =0.454163E
XU =0.400173E
X1 =2.193000F
CPCVX (D) =0.139458E
cextn) =0.435155E

FLOW PROPERTICS AV STATION = 5

HREFX(T) =0,192812F 23 POPRAEFX(1)1=0.734392E
T RHORX{I) =0.310065¢€-03 TRIFX(1) =20.446908E
PXLIL} 30.328958E 00 TX(I) =0.,375831¢
PRX{1) =0,73%501E 00 ZXx{1) =0.100000¢t
vx{n 20.35447TF U4 CPIVX(I) =0,139537¢€
x“{1) =0.27807T1E 01 C#exil}) =0.435060E
FLOW PROPERTIES AT STATIUN = 6
HREFX(1) =0,189772E 03 PKREFX{1}=0.734200€
KHORX(§ 1 «7C5941F-13  TRFFX{I) =2.4399S1F
PX(L} «453791F 00 TX{(1} =0.3%3016E
PRX(TL) +TITTTEE QO IX(1) =0.100000€
vxenl «361490E 04 CPLVXIT} =0.139708F
xMe1) =0,292593E 01 CPX{1) =0,434186F

FLCW PRCPERTIES AT STATLiky = 7

HREFX{1}
RHORX{T)
PXL1)
PRXLLY
vxin)
XMt}

0. 186957

=0.3866710F
=0.T740241€
=0.367904E
=0.307231E

«AlI4T30~

03
3
vo
uo
04
(31

PROLFXLT1)=0.T734026F
TREFX(1) =0.433501¢
TX(1} =0.331440CE
X1y =0.190000F
CPCVX(T) =0.) 39793¢
“exen 20.433524E

FLOw PROBERTIFS AT STATION = A

HREFX{1)
RHCRX(TY
PxXtI)
PRX{T)
vxin
xmtl)

=0.184249EF

«32712S5F
«74289%E
=0.,374917F
=0.322355F

233028~

v3
G4
00
ou
a4
ol

PRAEFX(1)=0,733862F
TRUFX(TY =0.4271385¢€
TxXet) =0.310846E
X1 =0.100C00E

cePLvatn)
cPx(r}

«139857€
=0.433024t

FLOW PROPERTIFS AT SIATION = 9

HREFXLI)
KHORX(TY
extn)
PRXUI)
vxien
xmi1)

=0.181793¢E

03

=0.645952E-01%

=0,274745F
=0.745654F
379490
=0.3137821¢E

cn
uo
(RS
vl

PRREFX(T)=0.733706F
TREFXLUY =3 .421657F
™@t1) =0.291439E
X411 +100000F
CPCVXLT) =0.139904F
cPxit) =20.432660F

FLOK PROPERTIES AT STATION = 10

HREFX(1)
®"HIRXLT)Y
PXLI)
PRX(1)
vxiry
XMy

FLOW PROSERTIES AT STATIUN =

HRARFXIT)
RHIRXU1)
ex{t}
PRXLT)
vxtn
Xril)

=0.173491EC

=0.229002E
=0.7489427E
=0.304537TE
=0.353417¢

. 177300

=0.189402€E
=0.751256F
=04 31894)0F
=0.369652E

«3TH426F~

2315141~

03
<3
[+14}
00
04
o1

03
03
0o
00
o4
ot

B-32

PRREFX{1)=0.733555E
TREFXIT) =0.6416369€
=< =0.273422E
X(n =0.100000¢F
CPLVX{I) =0.139937E
CPxer) =0.432405E
11
PRREFX{1}=0.,733405¢
TREFXI1) =0.411335E
TX{1}) =0.256186F
xen =0.100000¢
CPLVXIIL) =3.139960F
exin) =0.432227¢

a0
03
03
1
ot
22

00
03
03
o1
01
oo

oc
33
03
o1
21
00

20
03
03
)}
ol
o0

o0
03
J3
271
21
00

00
73
03
o1
¢}
00

00
03
03
J1
01
Jo

90
a3
n3
ol
01
00

00
33
03
01
o1
00

00
03
23
ot
01
00

0o
03
03
01
o1
00



AALL e REFERENCR, AND S XT-NAL-TO-2CUNDARY -LAYER FLOW PRAPERTIZS AT STATIUIL = )2
Hnt 1) =0.1291148 03 COowt ) S2.63240 0 U WRIFXULT) S177330F us PRREFY{1}=0.733405¢ 00
TKREFX ()= .4337310-35  JESCaxtl Yo7 10-06  RHLRAX(T) «315141F=-03 TITFX{1) +411435+ 03

ZREFX(I) =0.1200C0"E 01 CPIvaxll XY «187402F 00 Tx(I) «256184E 03
KXt =Q.R4 343505 VISCRULY 2w 3679650 eRX01 751235 ) 2ALD

SRX(T1) =0.249571¢ 02 HA{1) =C. 11025 L vXen - 389602Cz Cs&  CPCVXIIL) +139960¢E
Aax(l) 201053427 06 REIX{L)  =0.505998¢-03  x"(1}) . 36364920 ot LX) =0.432227F 00

WALL» REFFREICE, AND E£XT-RIAL-TU-=JUILARY-LAYER [LUW PRUPFRTILS AT STATION = 13

Hall) =0,127114F D3 =V 4328097 BREFXUT) =0, 1773007 Y PRRFEXITI=S.T33409F )2

2.3 43721°-0% RHUIXIT) =0.13151418-03  TR'FX(IY =0.411335& 03
JREFXULY =0.100000y ) FXLTY « 149402+ 00 TX(1) «255184% 03
TKXUT) =0.6434337-95 PRACT) ST8125%65 L0 2XLIY «100000F 11
SRXt1) =0.249531E 02 vxi1} =0.3894008 04 CPCVX{I) =0.139360Ff 01
aaxerId =0.105%2F 94 JHAX(I)  =0.595)9: xMi1) =0 3E9852F . CEX{T) =0.432227¢ V9

wWALL» REFFRENCF, %MD EXTH INAL-TO=TNURDARY=LAYEL FLOW PRFICTICS AT STATIN = 14

HW{l) =0.123114F 33 Py el 32C0T L0 HRIFX(I) =G 177300F ud ORKREFX(1)=23.733405¢ 00
TKREFXU1)=0.893T315-035  vISTRYAT) =6,456051v-t10 RHGRALL) «31514lE-03 TREFALI) «411335F 03
IREFX(IY =3.100000F 01 So0VRall)I=0.139346E »l  PXUIY +189402% Q0 TXU1} «256194F I3

FRXCT) 20,643430e-N5  2EST AL 347G565z-uyo  PRX(LY «751256E 00 Zxtl) «1000008 01
SRXt1) =0.249521E 02 WX{1) J. 1192470 03 vx(in) =0.389400F Us  CPLVALL) =0.139960FE O1
Aax(I1) =0LILE3L20 D4 RHUXLT)  =0,50553a5-03  x#T) =0.369652E 01 (PXU]) =0.432227€ 00

AALLs REFFREWCET, AND FXTI<{AL=-TI-2LUNDARY-LAYER FLUW PRJYOFRTIFS AT STATION = 15§

HwW(l) =G, 1291 )68 N2 T4 42979F 00 HRRFXLT) «LTT7300C U3 PRREFX{1)=0.733405E 00
TRREFX(I1=0.3337317-09 TaehbIalF-06  wAORXT1Y « 3151417 -3 TUFEXLLDD 33
IREFX(E) =0G.100000F GL C.1393047 01 PX{L} «139492€ 00 Tx(I) a3
TRKX{1) =0.643430F=-73  VISCXCI) =0.347345F-06  PRXUI) =0. 751256+ 00 IXU1) o1
sax(n) S0 2655210 327 HX(I) JOLIN2 57 ,e VXD =0,389400% 06 (OLVXIT) 01
aAx{1) =0.10%3420 04  KHIXLI) D N0SYIFE-U3s  XMLUT) =0, 369657FE 01 CPXtT) =0.432227€ 00
STATICN 0. = 2

QLaCLa 0.153833° 2 GLICTURR= 0, TIR355C 02 X=  0.280140F 00

QXQLLA 3.9752383FK QU CAQITUR = Q.4T77749F O TFLAM=  U,.T792548F=21 CFTJR?=  D,373697E-02

TAULAM=  0,.5254087 Ol fAUtTord= 0.2648209% 07 CFRENU=  0,221545E 01 RNMURT=  0.115808¢ 01
REX= 0.2262327 Q7 RCYMO¥=  D.H80KRGLIF 03

HRECL= 0.331637F 01 HRFCT= 04391240 93
STATION ¢ = 3
QLOCLA D.1u3266F 22 QLUCTJIRT=  Ueb270218 U2 X=  0.9602817 ©C

AXQOLA L. 6338642 WU wXQre e
TAULAME UL 333364 Q1 TAUTURS=  0.236TH 13k 92 CFRENU=  0,221715E U1 «(MURT=  J.113617€ J1
REX= (.4496310 07 REYMI2 L. T4694F Q3
HRECL= 0.3797577 01 HRECT=  C.3300572 03

STATIUN ¥l = 4
QuLCLav D.7706245 01 GLEITUR 3= N,539571F 02 X=  0.340421E 00
QATELAMS  ),4720247 4.
TAULAME  0,2T17310 Gt FTAUTys = C.1308501 O CFRENU=  0,221894E 01 ROMGRT=  0.111402E 01
REXz 0.A66437F 07 Riywe 0.720F51F N4
HRECL= 9.37R136° o4 Hei-LT= GL.23399-9F )

STATJGN 0. = &
QLoCLA Jab iB534F L] GLOCTYRE= 1,668 223F 02 X=  N.1120%6F 01
QXOtLAM= 0.3716297 (o0 XT3 Ca
TauLAME  0.219412F 01 AT [P LV LE]
REX®  Q0.P6TAT73T 7 REYIHK e 1346555 iy
HRECL= 0C.37661%F 03 HRICT= N.347942¢ C3

u? CFRINU=  0.221118r 01 RilMURT= 0.108904E 01

STATIUN N2, = A -
oLocLA C.e%7763F 01 QLuUCTURI=  C.40597¢F 02 X= 0.140070e 01

QX 0L AN Ue294939°7 uu CAITYUG= 0,249130T 01 TFLAM=  0,315369E-03 CFTURD®  D.25)444E-02
TAULAM=  0.1312730 OL TAUTuA" = C.1435kK8E (2 CFRTNI'=  0,720393£ 01 RUMURT= 0.10639CE 01}
REX= 0.106234T 07 RI YO 0.156113F 04
HRECL= 0.37515%F 0) H Ts  0.3%K943E s

STATION N2, = 7
QLOCL A 0.397772r Gl QLUCTURS= L3S T025F 02 X=  0.168084% 01

C.386105% 0] CELAM=  0.543620E-03 CFTURR=  0,317992E-02

ADPTHR 4= 0.324766% 01 TFLAN=E  0.430961E-03 LFTJURG=  J.286981E-02

246340F 0} CFLAM=  0.362841E-03 CFTURR=  0.265964E-02

QAXQULAM=  0,2441605 (4 LXOBTNRA=  (0,719149% 01 CFLAM=  0,279929E-03 CFTURH= (0.239276E-02

TAULAK=  0.151265F 01 TAUTURY=  0.12329¢°€ Q2 CFRENU=  0.219629E Ul RUMURT=s  3,133901E 01
REX= 0.1213265 2R REYMOM=  0,]17C983F J6
HRECL= 0,373792% 03 HRECT=  0.326014C 03

STATIUN NO. = &
QLOCLAM N.326273F 0L GLOCTURA=  ,.3]16191F 02 X= 0.196092F 01

QXQTLAM=  0.200273F Q0 OAXQOTURY=  N,194084F 0] CFLAM= 0,251 T7647F-03 CFTURB=  0,231906€-02

TAULAM=  D.12A75¢F 01 TAUTURB=  QL116TAPE 02 CFRENU= 0,218812¢ Ol ROMURT= 0,101385E 01
REX= 0.135019f 03 REYMM=  0.184666F 04
HRECL=  0.372492F 03 HRECT= 0.34851788 U3

STATION H0D. = 9
QLOCLAM=  Q.26HN02E U1 QLICTURS=  0,284032E 02 X=  0.224112F vl

AX0ULAM=  0.164505F €O QXQ0ITURd=  C.174345F Of CFLAM=  0,228570E-03 CFTURB=  0.22985TE-02

TAULAM=  0.106191F 01 TAUTURA=  0.10ATAYE 02 ~ CFRENU=  0.217971F 01 ROMURT=  2.388750E 00
REX= 0.145927F 08 RTYMUM= 3. 19T3R6E G4
HRECL= ©0.371267% 03 WRECT=  0.344290E v}

STATIUN NO. =10
QLUCLAM= 0.2197397 01 GLUCTURB=

0.266572% 02 X=  0.292126E 01

QX00LAM=  0.134880F QU CXOQLTURR=  d.163627F 01 CFLAM=  0,209102F-03 CFTURB=  0.240300E-02

TAULAM=  0.886427% 00 TAUTLRR= C.101E6BE 02 CFRENU=  0.217134F () RCPURT=  0.964157¢ 00
REX= 0.153631% 0OF REYVAL=  0.209339F 04
HRECL= 0.372127F 0} MRECT=  G.38381LF U3

B-3:



STATICN &2, =:1

oLCLA Ca1790147 JPA= 0 bl T2 Xz G.2FGLeCF
QXAGLAM=E D LLC1E9IE Cal 369514 CFLAY= 0,12197 H CHTURG= 0.2 30174E-02
TAGLAM=  0.7364555 G0 14G16r Ol CFRIW=  0.2162368 U1 AUMLAT=  G.3939319¢ 39
REX= {.15He30F wLy )= $221eed b
HRECL= 0.36903%7 ©3 HEILT= 3,3327a540 43
STATIGH nU. =12
oLOCLAY = D.177R30r Ul CLOCTURA=  ©,220223F €2 X= 0.330140F C1
OXZRLAM=E D 1056900 LY CAGOT~ 4= J.1351777 01 TELAM= UL.136829E-)) CFTJRP= 2,2277378-02
TaULAK=  0.705059~ 00 fAGTUAR=  C,.P544526 Q) CFRENU= «21628&6E 0L RUMURT= 0,939319E GO
REX= 0.186953L 0OR oryyOM 0.225F21+ (&
HRECL=  9J.3067035F U HRECT= C.342T764F I3
STATICN M3. =13
QLOCLAM= U, 16ATE2E 41 QLIUCTUIRT=  [.2]16099% 22 X=  0.3201402 1
QXQCOLAM=  0,1073492 CXCOTNIRA= NL1314165 B CFLAM= N 178312F-13 CFTURR=  0.2165425-02
TAULAM=  0.684058F U0 0.7307T1F N CFRENU=  0.214236C w1} ROMURT = J.3933319E€ 32
REL= G.21326TE 02 23719718 04
HRECL= (.369035C 03 HRECT=  0.332764E 03
STATIUN 0. =14
QLaCLAM 0.1611788 0} CLUTTURS= 0.2048T72F O X= 0.4301460% 01
AIXQOLAM=  0D.9693637-01 CYQnTisR = 0.12°210F 01 IFLAME  0.172363%-73 CFTJr?=  12,211256€E-02
TAULAM= J.6012337 00 TAUTURB= C.R104370 01 CFRENU=  (.216286L 01 RCMURT= 0.939319& 00
REX= 0.2435872F of REYMNM=  (G.246134F 04
HRECL= 0.369035F 03 HRECT= 9,.3482T704F D4
STATION W0. =15
QLOCLAM= 0.156088F 01 QLIZTURB=  LL.23432GE G2 X=  0.480140Z Ot
AX20LAM=  0.95%097F-C} CXQITURI=  C.125421E OL CFLAM=  0.166919E-01 CFTURR=  0.20066h1E-02
TAULAM= 0.640350F 00 TAUTYURY=  0.792%10C Ol CFRTGU= 0.2162360 (1 |«0MURT= 0.933319F 0O
REX= 0.271896F N8 REYMUM=  D,.2542]15F &
HRECL= 0.369035F 03 HReCT=  0.332764L 03
ND.2 (SAME AS LGflal BUT TESTS SHORT PRINTOUT)
NNTF THAT PRAINTOUT IS IN FNGLISH UNTTS
INIT. CCNDITEOMS
ZALT= 0.500000F 05 VINFY= 0.406000F 04 R4= 0.1000000 01 Tal= 0.300000F 03
NTUN = © Irv= 300 IPRESS= ¥l
iLL=0 LUNG=0
INPUT X, Y, ALPHA )
XX5= 0.274100F 01 YYS= 0.5C0CCOE ) ALPHA(REG)=  0.1000MfL 02
R(t)= Q0.0 X(l)= C.0 1= 1
R{1)= J2.138%45F np X{I)=  ©€.2901408 €9 1= 2
RII}= 0.268216F OO X{l1= N,5602&15 0O = 3
R{T)= 0.388K44F Cu X(1)= 0.8604217 0N 1= 4
R{l)= 0.500272F 00O X{I)= 0.112056F 01 1= 5
R{I)= WU.6N2355F QU X{1}= ©€.140070° OL = &
Ri{ll= 0.694960F (O X(1)= C©.163084F 01 I= 7
R{Il= 0.777967F 00 X(1)=  G.19698F N1 1= 3
Ril)= 0.8512675 00 X{l)= 0.2241125 01 1= 9
RIEI)I=  0.91476SF 00 X{1)= C.252126% 01 1= 10
RIiT)= 0.968379F 00 X{1)= 0,2801640L 01 1= 11
Ri1)= b.lOSSPOF o1 X(1)= C€.33C14C 01 1= 12
R{l)= 0.114203F 0] xX(I1)= 0.,380140+ 01 1= 13
R{l)= 0.122285F 01 x{1)= 0.430140C 01 1= 14
R{I}= 0.13156BF Ol XtI)= 0.430140% 0] 1= 15

FREE STREAM CONDITIUNS

XMINF= 0.412856F 01 VINFY= 0.400000C 04 SAMIKF= 0.1399900 01
HINFY=  0.932242E 02 PINF=  U.115115% 00 (AFMNS)  PINFY=

TINFY=  0.2166600 03

TH1= 0.306756F 02 TH2= 0.530907¢ 02

WHERE TH1= POINT 1 STRFEAM 0EFLECTIU ANGLF,DrGREES.

USES SUPERSONIC RATHER THAN HYPERS(INTL ANALYSIS
STAGNATION PUINT DATA FOR SPHERICAL NNSE

VISCRI=0,620202E-05

HREFD =0,270774F 03 .TREFO =20.622497F 03
«100000F 01 PHRAGFO=0,740627F CC
+137364F 01 R +«100000F 01
+257833F 01 R’HID +190636%-02

=0.100000F 01
VISCH=0.3R27305-06

DVOX0 =0.2338176% 04
WO =0.300000F Q3

=0.916003€E-04
=C. 195178 04

D42436UKE 03

RHOINF=  0.363638E-03
(PSF}

TH42=5TRTAR DEFLCCTION ANGLE AT POINT 1| WHICH CAUSES SEPARATION OF SHOCK WAVE

TKREFU=).122142E-04

RHCRC =0.283532E-02
TKO =0.168865F~04
cPC +483059E 00
HwD =0.129L14F 03
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LPWD =0.432B09€ 00 PRO =0.750294E 00
QSTPT= 0.162914E 02 = NOSE STAGNATION POINT HEAT RATE.
HO= 0.412434€ 03 HY= 0.412439E 03 RHOWOs  0,588327E-02

STATION ND. = 2
QLOCLAN= (0,158B888E 02 QLOCTURB= 0,.778355€ 02 Xa  0.280140E 00
QXQOLAM= 0.975283E 00 QX0OTURB=s  C.4TTT69E OL CFLAM= 0,79254BE-03 CFTURBs 0.37369TE-02
TAULAM=  0,526409€ O1 TAUTURB= 0.2648209€ 02 CFRENU= 0.221545E 01 ROMURT= 0.115808E 01
REX= 0.226238E 07 REYNOM= 0,680641E 03
“HRECL= 0.381437F 03 HRECT= 0.391244E 03

STATICN ND. = 3

QLOCLAMs 0.103266E 02 QLOCTURB=  0.629021E 02 X= 0.56028LlE 00

OXQOLAM= 0.633864E 00 OXQOTURB= 0.386105F 01 CFLAM=  0.543620E-03 CFTURB= 0.317992E-02
TAULAMz= 0,353366F O1 TAUTURB= 0.206703E 02 CFRENUs 0,221715¢8 01 ROMURT= O0.113617€ 01}
REX= 0.,4498631F 07 REYMOM=  0.974494f 03
HRECL= 0.379757€ 03 HRECT= 0,390097¢ 03

STATJON NO. = &

OLOCLAM= O0.770624E 01 QLOCTURRA= 0.535571E 02 X= 0.840421E 00

QXQOLAM= (.473024F 00 OXQOTURB= 0.328744F 01 CFLAM= 0.430961£-03 CFTJRB= 0,.286981E-02
TAULAM= 0.271733E O1 TAUTURB=  0.180950f 02 CFRENUs D.221894F 0] ROMURT» 0.111402E 01}
REX= 0.666437F 07 REYMOM= 0,120651E 04
HRECL= 0.378136E 03 HRECT= 0.388989¢ U3

STATION N0, = S

QLOCLAMs 0.605536E 01 QLOCTURB= 0,464223F 02 X= 0.112056E 01

QXQOLAM= 0.3T71689F 00 OXQOTURB= 0.284949F 01 CFLAN2  0,.3628%1F-03 CFTURB= J.265964E-02
TAULAM=  0,2196412F O1 TAUTURB= 0.160B30¢ 02 CFRENUs 0.221118E O1L ROMURTs 0.108904E 0)
REX= 0.847673E 07 REYMOM= 0,139465E 04
HRECL= 0.376615F 03 HRECT= 0.38794RE C3

STATIUN NO. = &

QLOCLAM= 0.487763E 01 QLOCTURD3= 0.40%976E 02 X= 0.140070E O1

0XQOLAM= 0.29939BE 00 QXQ0TURB= C.249196E 01 CFLAM=  0,315349E-03 CFTURB® 0.250444E-02
TAULAM=  0,181273E 01 TAUTURB= 0.143964E 02 CFRFNU= 0.220398E 01 ROMURT= 0.105390F J1
REX= 0.105234E 08 REYMOM= 0.156113E 04
HRECL= 0.375155E 0) HRECT= 0.3d6949¢ 03

STATION NO. = 7

QLOCLAM= 0,397772E Ol QLUCTURBR= 0,357025F 02 X= 0.16BOB4E 01

QXQOLAM= 0.244160€ 00 OXQOTURB=  Q.219149% 0Ol CFLAM=  (.,279929€E-03 CFTJRA= 0.239276E-02
TAULAM= 0,151265E 01 TAUTURB= 0.129298E 02 CFRENU=  0.219629E 01 ROMURT= 0.103901E 01
REX= 0.121326€ 08 REYMOM= 0,1709R8E 04
HRECL=® 0.373792F 03 HRECT= 0.386018E 03

STATION NOo. = 8

QLOCLAM=  0.326273E 01 QLOCTURB=  0,316191E 02 X=  0.196098E O\

QXQ0LAM= 0.200273F 00 OXQATURD=  0.194084€ 01 CFLAM®  0.251747E-03 CFTURB= 0.231906E-02
TAULAM=  0,1267SAE O1 TAUTURB= 0.116768E 02 CFRENU= 0.218812E 01 ROMURT=  0.101385€ 01
REX= 04135019€ 08 REYMOM= 0.184446F 04
HRECL= 0.372492E 03 HRECT= 0.385128E 03

STATION NG, = 9

QLOCLAM= 0.26B80025 01 QLOCTURB=  0,284032f 02 X= 0,224112E 01

QXQOLAM= 0.16450SEF 00 OXQOTURB=  0.174345E 01 CFLAM= 0,.22B570E-03 CFTURB= 0,229857€-02
TAULAM= 0,106191E 01 TAUTURB= 0.106789¢ 02 CFRENU= 0.217971E 01 ROMURT= 0.988760& 00
REX= 0.145927E 08 REYMOM=  0.197364E 04
HRECL= ©D,371267E 03 HRECT= 0.384290E 03

STATION NG, =10

QLOCLAM= 0.219739€ 01 QLNCTURA= 0,266572E 02 X= 0,252126E 01

QXQOLAM= 0.1348B0F 00 QXO00TURB= 0.163627€ 01 CFLAM= 0,209102€-03 CFTURBe 0.240300E-02
TAULAM=  0.886422F 00 TAUTURB= 0.10186RE 02 CFRENU= 0.217134E 01 ROMURT= 0.964157¢ 00
REX= 0.153631E 08 REYMCM=  0,209339E 04
HRECL= 0.370127F 03 HRECT= 0,.383510c 03

STATION NN, =11

QLOCLAM=  0.179514€ 01 OLOCTURR= 0,22757TE 02 X= 0,280140E 01

QXQOLAM= 0.110189€ 00 QXONTURB=  0,149691F 01 CFLAM=  0.191971E-03 CFTURB= 0.230174E-02
TAULAM=  0,736455E 00 TAUTURB= 0.883014€ 01 CFRENU=2  0,216286E O} RUMURT=  0.939319E 00
REX=s C.158639€ 08 REYMOM= 0.221040E 04
HRECL= 0.369035€ 03 HRECT= 0.382764E 03

STATION NO, =12

QLOCLAM= 0,172836E 01 QLOCTURB= 0.220223¢ 02 X=  0.,330140E 01

QXQOLAM= 0.106090F 00 OXQOTURB= 0.135177€ 01 CFLAM= O.184829E-03 CFTURB= 0,222737E-02
TAULAM=  0,709059¢ 00 TAUTURB= 0.R854482F Ol CFRENU=  0.2162864E 01 ROMURT= 0.939319E 00
REXs  0.186953F 08 REYMOM= 0,229581F 04
HRECL= 0,369035E 03 HRECT= 0.382764E 03

STATION NO, =13

QLOCLAN= 0.166742E 01 QLOCTURB= U,214099E 02 X=  0.3B0140E 01

QXQ0LAM= 0.102349E 00 OXQOTURB= 0.131418£ 0} CFLAM= 0,178312E-03 CFTURB= 0.216542E-02
TAULAM= (,6B84058E 00 TAUTURB= 0.830718E 01 CFRENU> 0.,216286E 01 ROMURT= 0.939319€ 00
REXs 0,215267F 08 REYMOM= 0.2379T1E 04
HRECL= 0,369035€ 03 HRECT= 0.382764E 03

STATION NO, =14
QLOCLAM=  0.161178€ 01 QLOCTURB=  0.208872F 02 X=  0.430140F 01
QXQOLAM= 0.9893436-01  OXQDTURB= 0.128210F Ol CFLAM= 0.172363E-03 CFTURS= 0,211256£-02
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€.216284C 01 20FLURT= 0.939319¢ 00

TAULAY=  C.56A123%7 09 FALTURE=  C.719% 39 01
REX= (.243587F 0° REY¥TINE O, 24E1960 94
HRECL=  0,3570135F o HRIOT= 0,347 704F 23

STATICN NA. =15

oCcLA Ue156232F U1 GLLETHRYE  0,2.,63745 02 X 0.480145F Sl

QYCOLAT™=  0.958097Z-R1  CQYRGTHR= .1256217% 01 CFLAM=  0,1669.9E-03  (FTURP= 00,7066 1E-02
TAULAM=  0.6403507 0w TAUTUAR:  J.7I2410F ul  CFRUNWUS  0.216236F Ul AiMURTs 0,93 4319E 39
REX= G 271%96F 23 QY4 147542157 €4
HRECL= 0. 369C35F 03 HictT=  0.392764E 3

PRUBLEM NO.BA ALPHA = O DEG
NOTE THAT PKINTOUT IS IN EWGLISH UNITS

VISC=LB~SEC/SC.FT CP=E TU/LB~DFG.K

T OR TREF = DEG.X RHO UR RHUR = SLUGS/CU.FT

H DR HREF = BTU/LR PS1 = QTU/LR

TK Or TKRFF = BTU/FT-SEC-OEG.K TAUW = LB/SO.FT

SYMBUL EWDS IN X = LUCAL CXTERNAL-TO-3.LAYER VALUE
SYMBNL ENOS IN L = B.LAYER FLOW IS LAMINAR
SYMBUL ENDS IN T = B.LAYFR FLUW IS TURBULENT

DEFINITIONS-
C = LNCAL VEL./FRFE STREAM V(L.
CPCY = GAMMA = SPECIFIC HEAT RATIO
PR OR PREF = PRANDTL WUMRER
PSt = H RECUVERY MINUS H wALL
I = COMPRESSIBILITY FACTUR
CF = FRICTION COFFFICIENT AT wALL
TAUW = wWaLL SHFAR STRESS
REYX = REYNDLOS NO. BASED UN LOCAL (EXTERNAL-TU-B.LAYRR) PROPERTIES AND SURFACE DIST. FRIM STA3. POINT
REYMOM = MOMENTUM THICKNLSS REYNOLDS NUNMRER
{WHEN REYMOM IS NEG., HCAT RATE IS NEG. SJ RCYMOM HAS NO MEANING)

ROMURT = (RHU * MUjlwaLL / (RHU ¢ MUIEXTERNAL TO B.LAYVER

INIT. CUNDITIUNS ,
ZALT= 0,300000€ 06 VINFY= 0.25000PF 05 RN= 0.100000F Gl TWl= 0.300000E 23
NTUN = v = 1TW= 300 IPRESS= 0

LLL=0  (0ONG=1

INPUT X, Y, ALPHA
XX5=  0.3000C0E Ol YY5= 0.600000E 00 ALPHAIDEG)= 0.0

RtI)= 0.vu xXtir= 0.0 1= 1
R{I)= 0.112796E 00 x{I)= C.307937F 00 1= 2
R(I¥= Q.2141767 CO X{1)= C.6158T74E 00 1= 3
R(I)= ©C.304042F 00 X{1)= 0.923311E 00 1= 4
R(I}= C.382193F 00 Xtry= 0.123175¢ 01 I= S
RUI)= 0.448529F 00 X(1)= 0.153968E 01 I= 6
R(I)= C€.502945F 00 X(1)= 0.1864762c Ol 1= 7
Ril)=  0.545356C 00 X{I}= 0.215556: Ol Is 8
Ril)= 0.575698E CO X{l)= 0.246350t 01 1= 9
RilY= 0.593922E 00 X{lr= 0.277143C 01 1= 10
R{1)= 0.600000E 0O Xt1)y= 0.307937t 01 1= 11
R{l)= 0.600000€ 00 Xt1)= C©Q.357937E 0l 1= 12
R{l}= 0.600000E 0O X(l)= 0.407937E 01 I= 13
R{1¥=  Q.500020F 0N X{l)= ©.457337% 01 1= 14
R{1)= (C.600000E 00 X(ly= 0.507937C 01 1= 15

FREE STREAM CONDITIUNS
XMINF= 0.,294519E 02 VINFY= 0.250000E 05 GAMINF= 0.139999F 01 RHOINF= 0.411946E-08
HINFY= 0.715226F 02 PINF= 0.1000526-05 (ATMOS) PINFY= 0.211723E-02 (PSF)

TINFY= (.166227t 03

TH1= 0.226196F 02 TH2= 0.574145¢ 02
WHERE TH1= POINT 1 STREAM DEFLECTIUN ANGLE,DEGREES. TYH2=STREAM DEFLECTION ANGLE AT POINT 1 WHICH CAUSES SEPARATION OF SHUCK WAVE

1= 1

THETA SHOCK FOR POINT 1 = 0,237483F 02

PS(Id= 0.189321F-03 TS(I)= 0.241872E 04 SRS(t)= 0. 438444E 02
I= 2

THETA SHOCK FOR PDINT 2 = 0.214908F 02
PSiI= 0.159953E-03 TS(1)= 0.229989E 04 SRS(1)= 0.428594€ 02

NON-CONVERGENCF AT [JK=6606
GO TO PERFECT GAS SHOCK ROUTINE

USES SUPERSONIC RATHER THAN HYPERSONIC ANALYSIS
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i= 3
THETA SHUCK FOR POINT

PSII) = 0.121566E-03
i= &
THETA SHUCK FJR POINT
PS(IN= 0.3719711¢-04
=5
FHETA SHJCKX FUR POINT
PStly= UeT734640850-04
1= 6
THETA SKHNCX FOR POINT
PSi1Y= 0.5220%4F-064
1= 7

THETA SHOCK FCOR POINT
PSil)= J.342813E-04

1= &
THETA SHOCK FUR PUINT
PStI)= 0.201289£-04
USES SUPERSONIC RATHER
1= 9

THETA SHOCK FDR PUINT
PSSt = 0.936327c-05

USES SUPERSOWIC RATHER

=10
THETA SHOCK FUR PUINT
PSIN= 0.328271K~05
1=11

FHETA SHOCK FUR POINT
PSEE)= 0.800413E~06

REAL GAS P-M ROUTINE

REAL GAS P-M RUUTINE

3 = G.200755F 02

TSIl D.267146% G4 SRSMT)= 0,4653T5: 02
4 = G.170065F 02

TSUT)=  0.201395% 04 $AStI)= U 4107358 02
5 = 0.147258F 02

TSiIdz  0.1T€9622 uae  SRSEL)= 9.6026403 92
& 3 (.123758F Q2

IvEE)= B.AITATIE 06 $3SUIds O.396506E G2
T = 0.100145F 02

1st1)= 0.991177¢ 03 SRSID)= 0.385253F 02
8 = J.T63493F 01

TSty = 0.6624420 03 SRS{I)= 0.375143E 02
THAN HYPERSCAIC ANALYSIS

9 = 0.5329977 o1

TStI)=  0.395070c 03 SRS{l)=  0.364173E 02
THAY HYPERSUNIC AJALYSES
10 = 0.315149F 01

TSt1)= D.24£259€ 03 SRSHI)= 0.353055E 02
11 = U.1964535€ O1

T5il1)= 0.199615E 03 SRSiI}= 0.364516E 02

FAILED (VFL.

FAILED (VEL.

TOG LOW) - PRIGRAM HAS SWITCHED T

o

TON LUA} =~ PRIGRAM HAS SWITCrED 1O

1= 1 P(Il= 0.i69321€-03 T(l)= 0,241672c 04 SR{lJ= 0.438444E
QRATL{I)= 0.100000F 01  QRATTlI}= 0.100000E G1

I= 2 P(I)= 0.130382E-03 TUi)= 0,235227F 04 SRIl)= 0.428594E
QRATLI[)= 0.100000F 01  ORATT(I)s 0.1GUOVOF Ot

1= 3 p(l)= 0.887868E-04 FLI)= 0,220975C 0% SRU{1)= 0.465375E
QRATLEE)= 0.)100000% O1  QRATT(I)= 0.100000¢ Ol

I= 4  p(l)= 0.597266E-04 Y{I)= 0,246920c 04 SRill= 0.410735¢
GRATL(1)= 0.100000F O1  QRATT(I)= 0.100000€ Ol

f= 5  PlI)= 0.407269%-04 TLU)= 0,181828k 04 SR(l)=s 0.402640E
QRATLI(I)= 0.100000¢ O1  QRATT(I)= 0.100000€ Ol

I= 6 Pgl)= 0.250207€-04 TUl)= 0,140459F 04  S3(I):  0.394506E
QRATL(1)= 0.100000E O1  QRATT(1)= 0.100000E ©1

I= 7 pPil)= 0,152313E-us TlI)= 0,.102147€ 04  S([)= 0.385253E
QRATL{f)= 0,100N0D5 0! OQRAYTII)= 0.100D00E Ol

i= 8 P(IV= 0.T776323E-05 T(I)= 0.672627€ 03  S2UI¥= 0.375143E
ORATLII)= 0.100000E 01  QRAFT(I}= 0,100000E O1

I= 9 p(l)= 0.318059E-uS TUI)= 0,3952T7¢ 03  SR{{)= 0.364173¢
QRATLI(1)= 0.100000€ 01  QRATT(1)= 0.1C0000E €1

(210 pP(I)= 0.965904E-06 T([)= 0,207697E 03 S{{)= G.358055C
QRATLI[)= 0.100000fF O1  QRATT(I1)= 0.100000€ 01

I=s11  Pll)= 0.132649E-06 TUl)= 0.989484: 02 SR{I)= 0.364316E
QRATLI1)= 0,100000L 01}  ORATTil)= 0.100000E O1

1212 P{I)= 0.566582E-06 TlI)= O0,9R9484F 02 SR{I)s 0,364816E
QRATL(1}= 0.100000E 01  QRATT{I)= 0.L00000E O}

1=13  pP(I)=s 0.783549F-06 T(1)= 0.989484F 02 S1)= 0.364B16E
QRATLIT)= 0.100000F 01 QRATT(I)s 0.100000€ Ot

Is14  P(1)= 0.892032E-06 T(I)= OQ.9R9484E 02 SRI{1)= 0.364816E
QRATLII}= 0.100000€ OFL  ORATTiI}= 0.100000E O1

1215  P(I)= 0.100052E-05 Til)= 0,989484FE 02 SRII)= 0.364816E
QRATL{I)= 0.100000€ Ol  OQRATT(I)= 0,100000E Ol

STAGNATION PUINT DATA

HREFO 20.633441F O4 TREFD 20.460406F 04
IREFO 20,136719€ 01 PRREFD=0.T727619F 00
CPCVRD=0.116345E 01 RN =0.100000F Ot
PO =0.118832E-02 RHUU =0.8T74659E-07
VISCO =0.315039E-05 OVOX0 =0.757980F 04
A0 =0.655106F 04 TWD =0.300000F 03
CPWO =0.432809F Q0 PRO *0.,696954F 00
QSTPT=  04196654E 02
HO= 0.125337¢ 05 HT=  0.125408€ 05

FOR SPHERICAL NOSE

VISCRO=0.267232F-05
CPREFD=0.589244E 0J
10 =0.526012E 04
=Q.613390F 02
pdd} =0.1T76773€E 0L
V1SCW0=0,382720E-06

RHORD

143
cPo
HWO

= NUSE STAGNAT{UN POINT HEAT RATE

RHOWU=  0.271100€-05
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PERFLCT GAS P~M EXPANSION

VERFELT GAS P~M EXPANS]IOIN

02

02

02

02

02

[¢74

02

02

02

[¢74

02

02

02

02

02

TKREFO=0,695580¢-04

=J).12920%€~-J6

=0.962225F~04
=0.662273E 00
=0.129114€ 03



WALL, REFFRENCE,
HW(]) =0.129114F 03
TKREFX{1)13U,4606345%E-064

ZREFXIL} =0,12015P¢ 01
TRX(1) 20 3483I7IE-O4
SRX(1) =0.43B444F 02
AAX{1) 30.334063E 0%

WALL. REFERENCF,
HW{l) 20.129114€ 03
TKREFX{1)=0.657295F=04

IREFXLT) +»120129E 01
TKX(T) +340120F-94
Skx{1) «428596F 02
AAX(T) «327223F ¢4

WALLs REFERENCE, AND EXTERNAL-TO-

HW(L) =0.129114c 03
TKREFX{1)=0.42R524F=-06

IRFFX(I) =0.119966€ Ot
TKX(I)  =0.325472F-06
SRX(1)  =0.4659375¢ 02
AAXLUI)  =0.309841F 04
WALL, REFERENCL,

HWD) =0.129114F 03
TKREFX(11=2.485330F-04
ZREFX(I) =0.120662E 01
TRX{1)  =0.354794E~N4
SRX(1)  =0.410736¢ 02
AAXLI1  =0.347666F 04

WALL, REFCGRENCE,

HW(l) =0.129114% 03
TKREFX{1)=0.376313E-04
ZREFXI1) =0.119333¢ 0}

TKX{1) =0.288347F-04

SRX(I} 20.402640F 02
AAX(T} =0.271841F 06
WALL, REFERENCC,

Hw(l) =0,129114& 03

TKREFX(1)=0.360459€E-06
JREFX{1} =0.118872F M

TKX{1) =0.2362R86E-04
SRX(1) =U.394506F 02
AAXLT) =0.239162E 04
WALL, ReFeRENCE,

Hw(l) 50,1291 14E N3
TRREFX{1)1=0.348638F-04
IREFX{I) =0.118¢51c O1
TKXtL) =0.162793€-04
SRXUI) =0.38%253¢c 02
AAX{T Y =0.205%96F 04

WALL, REFFRENCE,
HW(T) =0.129114E 01
TKREFX{11=0.336850E~04

IREFX(1) =0.11H165¢ 01
TKX(1) =0.129R49F-04
SRX{}1) 20.375143¢F 02
AAX(D) =D.168758F Q4
WALLs REFFRENCF,

HW(l} =0.129114€ 03

TKREFX{11=20.325244E-04

IREFX{I) =0.11806PF 01
TKX(T} =0.868232C-05
SRX{I} =4364173F 02
AAXILT) =0.130630E 064

WALL, REFEREACE, AND EXTERNAL-TO-BOUNDARY-LAYER

LUING] =0.129114E 03
TKREFX(11=0.317020€-04
ZREFX{I) =0.113710¢ O1
TRX(I) =0.561903F-05%
SRX(1) 20.358055€ 02
AAXTL) =0.948%21 03

WALLs REFERENCE,
HW{Tl) =0.129114C 03
TKREFX{1)=0.3069308-04

ZREFX(1) =0.119511F 01
TKXLT) =0.360830F-05
SRX{T) =0.364816E 02
AAXLT) =0.654776F 03
WALL. REFERENCE,

Hw(T) s0.129114E 03

TKREFX(11=0.315308E-04
ZREFX{1} =0.119083¢ 01

TRX(T1) =0.350830E-05
SRX(1) =0,3648)16F 02
AAXIT) =0.654776F 03

AND EXTERNAL-TO-

AND FXTERNAL-TU-

AND EXFeRNAL-TO-80OUNDARY-LAYER

CPWLl) =0.432309F 00
VISCRALT}=0.1997I5F-U5
CPLVRX(1)=0.127516E OI

VISCxU{l) =0.160528E-05
HX(1) =0.208853E 04
RHOX(1} =0.4T79816€-07

cPwil) =0.432809F 00
VISCRX111=0.196961F-05
Crevax(iN=0.12R111E 01

VISCX(1) =0.157245¢-05
Hx(1) =0.196073E 04
AHIXEL)  =0.3436206-07

CPWi) »432609C 00
VISCRX(II=0.187727F-05
CPCVRXIT)=0.130513E O}
visCxtl) «150193E~-95
HXOE) S1STT7TE 04
RHUX(1) =0.2584561-07

AND EXTLRNAL-TU-RCUNIARY-LAYER

=0.432609F 00
«2054158-J%
«120240F 01
«103273F-05
=0.250710c 04
=0.141659€-07

CPwWll}
VISCRX(T)
TPLvaRX(Iy
visCx(l)
HX(1)
RHOX( T

AND FXTeRNAL-TO-HOUNDARY-LAYER

cewill Uy
VISCRX{1)=0.170711E-US
CPLVRX(T11=0.122989F 01

VISCX(1) =0.130823f-05
WXL} 20,922t 14F 03
RHIXCI)  =0.1524406F-07

AND FXTERNAL-TI-BUUNDARY-L AYER

cPwtl) =0.432809t 00
VISCAX(1)=0.165183E-05
CPCVRX{1)=0.119396F O}
VISCX{I} =0.109133F-05
HXL(T) =0.654303F 03
RHNX(1) =0.121912£-07

AND EXTERJAL-TO-ROUNOARY-LAYER

DEL IR D] =0.432809E 00
VISCRX(I)=0.161100E-05
CPIVRX(1)=0.117474F 01}
VISTX{1) «2T7368TE-J6
HX{1} +4538aht 03
RHOXI(1) 3. 102053E-07

AND EXTERNAL-TO-BOUNDARY-LAYER

CPR(T) =0.432809E YU
VISCRX(11=20.156971E-05
CPCVRXII)=0.116202€ 01
VISCX(I) =0.654175E-06
HX(D) =0.291557¢ 03
RHOXUL)  =0.7389934F-J4

cPwer) =0.432809¢ 30
VISCRX{I)=0,152B45E~05

CPCVkX{1)=0.115470F O}
viscxen) +454809C-06
HX{T) =0.170319€ O

RHOX{I) =0.550711E~08

ceWtld =0.432809E 00
VISCRXUI)=0.149903F-05
CPLVRX(11=0.116541E 0l
VISCXUI) =0.307579e-06
HX{1) «893672E 02
RHOX{1) =0.318288€-08

AND LXTERNAL-TO-BOUNDARY-LAYER

<ewe ) =0.432809F 00
VISCRXUT)=0.146258E-05
CPCVAX(T1=0.121493C 01

VISTX{T) =0.203454E-06
HX{E) =0.425T47E 02
RHOX(1} =0.917510E-09

AND EXTERNAL-TO-ROUNDARY~-LAYER

CPrll) =0.432809€ 00
VISCX(1)=0.149289E-05
CPCVRX(1)=0.118120E 01
VISCX(T) =23.203454F-06
Hxin) =0,425747E 02
RHOXEY) =0.9175106-09

BOUNDARY-LAYFR

BOUNDARY-L AYER

BOUNDARY-LAYFER

FLOW PRCPERTIES AT STATION = 1

HREFX (1) =0.314168F 04
RHORXATY =0.33617TE-07
PX(E) =0.189321€-03
PRXLTY =0.,312763E 0L
vxit) =0.229010F 05
XMt 20.685529F U1

PRREFX(§)=0.773936E

TRFFX(L) =0.322690F
X1 =0.241872F
Ixer) =3e 111669

CPLVXIT) =0.114870F
cPXtt) =0.548750E

FLOW PROPFRTIES AT STATION = 2

HREFX(I) =0.316351F ué PRREFX(II=D.TT76945E
RHORX (1) 20,236611E~-07 TREFX{I) =0.316620E
Pxet) 20.1303826-03  TX([) =0.235227¢
PRX(I) =20,813045E 00 2x(I) =0.110442E
vxirn ®0,230405F 05 CPLVA(L} =0.1144HTE
xMtn =0.704123E 01 CPX(I) =0.54T147E
FLOW PRUPERTIFS AT STATION = 3

HREFX(T) =0.301670F O& PRREFX(11=0.787767C
RHURX (1) =0,173529E-07 TREFX(I) =0,297037E
PXL1) =0,3R7868E-04 Tx(I) =0.220975€
PRXUT) =0,804632E 00 Zx(I) =0.10639AE
vxi1 =C.234538F U5 CPIVX(i) =0.113619F
aminy =0.756963F Gl T¥XUI) =0,542493F

FLOW PRNPERTIES AT STATION = &

HREFX(T) =0.3312a7F U4
RHURX(T) =20.101238E-07
XLy =0,597246E-04
PRX{T} =0.8167J1E LU
vXii) =0.224318E 05
XMl =0.H645342€ ol

PRRFFX(1)1=0,765225E
TREFX(I) =0.334624E
TXt1) =0.246920E
x4 =3.116861E
CPLVXLE) =0.115713E
cPxelLy 21,552239¢

FLOW PROPERTILS AT STATION = 5

HREFX (1) =U.271220F C4
RHORX(J) =0.892364&-08
PXLUL) 30.407269E-04
PRXI(I1) =0.772627E 0O
vxtn =20,261650E 05
xt1) =0.8P8204C 01

PRREFX{1)=0.B0B276E
TREFX(1) =0.261756¢
™l =0,181828¢
(2509 204100559
CPCVXIT) =20.119266E
cextl) =0.529826€E

FLUW PIDPFRTIFS AT STATION = &

HREFX({1) =0.267046E 04 PRREFX{1)=0,815463EF
RHNARX (1} =U.5T4976E-C8 TREFX(I) =D.250538E
FXily =0,250207E~-04 TX(I} =0.140459E
PRXUL) =0.763490F VO 7X{1) =0.100005E
vx(1) «264217E 0S5 CPCVX(I) =0.131184E
XKty =0.102114E G2 CPxULD) =0.514301¢
FLUW PRUPERTIES AT STATICN = 7

HREFX (1) =0.260221F 04 PRREFX(1)=0.820648E
RHORX(T) +363098E-08 TREFX{1} =0.242315E
XLl «152313k-06 TX(I) =0.102147¢
PRXULD 2). 7562488 GO IX{1) =0,100020C
vXitny =0.2646216E 05 LCPIVX(D) =0.133577E
X401} =0.119815E 02 C{PX{I} =0.490937E

FLOw PROPFRTIFS AT STATION = 3

HRFFX{T} =0.253321& U4
RHORX{I) =0.192122E-08
PXen =0.776323E-05
PRX(T) =0.742734C 00
vxiiy =0.247R95¢ 05
xMt1) =0.146894F 02

PRREFX{1)1=0.825817C
TREFX(1) =0.234042E

™in 20.672617€
(1 =0.100000E
CPCYX(1) =0.136807E
cextrn) =0.458682E

FLOW CI0PERTIES AT SIATIUN = 9

HREFX(T) =0.243098F 04
RHORX (1) =0,816458E-09

PXLT) =0.318059€E-05
PRX(T) =0.733905F 00
vxen =0,249139€ 05
XM{) =0,190720F 02

PRREFX(11=0,831071C
TREFX({1) =0,225816F
xen =0.39527TE
(1) +«100000F
CPTVXIT) =0.139489F
cexer) =0.435916€

FLOW PROPFRTIES AT STATION = 10

HREFX(I) =0.249713F 0%

RHORXII) =30.¢53185E-09
Pty =0,965904E-06
PRXLT) =0.76Q0LSE 00
Xy =0.249953F 05
LIRS =0.263491E 02

PRREFX{11=20.8355364F
TREFX(I) =0.219950E
™) =0.207697E
xin =0, 100000E
CPCVXII) =0.139993E
42380 =0.431976E

FLOW PROPERTIES AT STATIUN = 11

HREFX(1} =0,251833k 04
RHURX{1) =0.357048E-10
PXLL) =20.132649E-06
PRXII1Y =0.7T82771£ 00
vXess =0.250422E€ 05
Xmil) =0.382455E 02

PRREFX(11=0.841117E
TREFX(IY =0.,212758F
XU =0. 989484 E
12300 =0.100000¢
CPIVX{I) =0.140000¢
cexen) =0.431921€

FLOW PRUPERTIES AT STATION = 12

HREFX{T)} 20.251833F 04
RHOAX (1) =0.148883F-09
PXtI) =0.5665826-06
PRX(T) =0.782771E 00
vx{s) =20.,250422€ 05
xmel) =0, 3IB2455€ D2
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PRAEFX(1)1=0,836697¢
TREFX{1) =0.216T19E
@1 =0.989484F
IX{I1) =0.100090E
CPCVX{1) =0.140000E
cPxtl) =0.431921€
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WALL, REFFRENCE, AND EXTUANAL-TU-BJUNOARY-LAYER FLUW PROPERTIES AT STATIIN 13
HW(T) =0,129116F 03 CPWLI =0.4323809F 00 PHIFFX(I) =0.251833F 04 PRIEFK(113D.B35555F
TRREFX{11=0.31T491E-04 VISCRACTI=0,130074E-05 RUORAII) =0,2046385-09 TREFX(I) =0.22027.E
ZREFX{1) =0.11R970= O CPLVRX{11=0.117631F 01 FX{I} =0, TR3549E-06 Tx(I) =0.989484F
TKX(T) =20.300830E-95 VISCXLI) =0,223454F-36 PRX(I)  =0,782771C w0 ZX(I) =0.100000E
SRX{1}  =0.364816¢C 07 HX{I)- =0.425T747¢ 02 VvXil) =0.250422F uS CPIVKI1) =0.140000F
AAXEI)  =0.65477T6F 03 RHIX(T)  =u.9L7510F-03  XM{1) 3B2455F w2 CPXUI) =D.431971E
WALL, REFFRENCF, AND FXTFRNAL-TO-RGUNDARY-LAYER FLOW PROPERTIFS AT STATION = 14
W) =0.129114F 03 +4328USF U HREFX{T) =0.251833% U4 PRIAEFX{1)1=3.835081F
TKREFX(1)=0.318401E-04 .150401€~05 RHORX(I) =0,232378e-09 TREFX{1) =0.220919F
ZREFX{1} =0.1138924F 01 CPLVRX{TI}=0.117461E 01 PX(Y) =0,492032E-06 TX(1) 30.989434F
T™®Xt1) =0.360G830E-05 VISCXE]) =0.203454E-06 PRX(T1} =G.782T71E 00 ZX{(1) =0.100000€
SRX(1} =0.364816F 02 Hx(l) =0.425747E 02 VvXUT1) =0.2504228 05 LPLVX(I} =0.140000F
AAX{E)  =0.654776F 03 RHUX(1} =0.9175106-09 XM(]) =0.382455: 02 CPX(L) =0.431921E
WALL, REFCRENCE, AND EXTERNAL~TO-BOUNDARY-LAYER FLOW PROPERTIFS AT STATION = 1S
HWLT) =0.129114¢ 03 CPWLI) =0.432309E 00 HREFX{I) =0.251833F U4 PRREFX([)=0.834649E
TKREFX{I3=0.319233E-04 VISCRX{I)=0.150700E-05 RHORX{I) =2,260030E-09 TREFX{1} =0.221511F
IREFXL]) - L1B88B4F 0L CPCVAX(I)=0.117326E 01 PX{{) =0.100052E-05 Tx(1l) =0.989484E
TKX(1) =0,360830E-05 VISCX{I} =0.203454E-06 PRX(I)  =0.782771F 00 IX{1) =0.130020€
SRX{1} =0.364816F 07 Hx(I) =0.425T47€ 02 vXxt1) =20.250422E 05 CPCVX{l) =0.140000E
AAX(TD) =0.654T776E 03 RHOXIT} =0.91T75106~-0G9 xML[]) =0.382455E 02 CPx{l) z0.431921E
STATION NU. = 2
QLOCLAM=  0.149112% 02 QLOCTURB= 0.326321F 01 X= 0.307937€ 00
QXQOLAM=  J.758246F 00 CXQUTURA=  0.165937F 00 CFLAM=  ,887218E-01 CFTJRB=
TAULAK= 0.30890SsF 00 TAUTURB= 0.170875%t 00 CFRENU= 0.207683E 01 RIMURT= 0.210774C
REX= 0.154386€ 03  REYMOM= 0.101883F 02
HRECL= 0.11285%F 05 HRECT= 0.116862€ 35
STATION NO. = 3
QLOCLAM= 0.815033F Ul QLOCTURB=  U.21R914F 01 X= 0.615874E 00
QXQOLAM=  (.414451F 00 CXQDTURB= 0.111322E on CFLAM=  0.637766E-01 CFTURE=
TAULAM=  0.453363E 00  TAUTURB= 0.117613F 00 CFRFNJs 0.211799E Ul ROMJRT= 0.199710F
REX= 0.248567E 03  REYMOM= 137716F 02
HRECL= 0.113072€ 05 HRECT= 0.117019E 05
STATION NO. = &
QLGCLAM=  0,480823F Ot OLOCTURB=  0.133543F 01 X=  0.923811F 00
QXQOLAM=  0.244502E 00  OXQUTURBR= 0.679079F-01 CFLAMs 0.705294F-01  CFTURB=
TAULAM= 0.251502 00 TAUTURB= 0.6T74276F-01 CFRENU= 0.204646C 01 ROMURT= 0.225467F
REX= 0.179842F 03  REYMNM= 0.134526F G2
HRECL= 0.112833F 05 HRECT= 0.116837€ 05
STATION NU. = 5
QLOCLAM=  0.343609€ OL QLUCTURB= 0.111883F 01 X= 0.123175¢ 01
QXQ0LAM=  0,174729% 00  OXQNTURB=  0U.568935F-01 CFLAM3  0.448065E-01  CFTURR=
TAULAM=  0.199104F 0N TAUTURB=  0.627211F-01  CFRENJ= N.224384F 01  ROMURT=  0.178307C
REX= C.3465608 03  RLYMOM= 0.188398¢ 02
HRECL= 0.113663F 05 HRECT=  0.117441E 05
STATION NO. = &
QLOCLAM=  0,210436F 01 QLOCTURS=  0.74993EF QU X=  0.153968E Ol
QXQOLAM=  0.107034F 00 OXQUTURB= C.3IB13502-01  CFLAM= 0.340719F-01 CFTURB=
TAULAM= 0.123869E 00 TAUTURB= 0.427217E-01 CFRENU= 0.228414F 01 RUMURT= 0.164205F
REX=  (.420045E 03  REYMOM=  0.233340F 02
HRECL= 0.113872F 05 HRECT=  0.117584F 05
STATION NO. = 7
QLOCLAM=  0.130231F O} QLOCTURB= 0.49901TE 00 X= 0.184762E C1
QxQOLAM=  0,6622377-01 UXQOTURB=  0.253754FK-01  CFLAMs  0.250495E-01  CFTURA=
TAULAM=  0.774R67E-01  TAUTURR:=  U,2B7544F-01  CFRENJ= 0.232191F ©1  ROMURT= 0.149157€
REX= C.531372€ €3 REYMUM= 0,294416E 02
HRECL= 0.1140237 05 HRLECT=  0.11765E 05
STATIOW NO. = B
QLOCLAM= (0. 5B1757€ 00 QLOCTURB=  0.739558F Q0 X= 0.21555%6E 01
XQOLAM=  0,3466795-01 UXQJTURB= 0.14T7243E-01 CFLAM= 0.168683£-01 CFTURE =
TAULAM=  0.409418F-01  TAUTURB= 0.168497E-01  CFRFWU= 0.236780F Ot  RUMURT= 0.131173E
RFX= 0.645245E 03  REYMOM:= 0.334151F 02
HRECL= 0.114222E 05 HRECT= 0Q.117829E 05
STATION NN, = 4
QLUCLAM=  0.287787F 00 QLOCTURB=  0.141397¢ 00 Xz 0.246350€ 01
QXQOLaM=  0.146342€-01 OXQOTURB= 0.719017€-02 CFLAM= 0,101836E-01 CFTURB=
TAULAM=  0,1764052F-01 TAUTURB= 0.829234E-02 CFRENJ=  U.240644F 01 RIMURT= 0.110878¢E
REX= C,743169E 03 REYMOM= 0.563277E 02
HRECL= 0.114466F 05 HRECT=  0.117939E 05
STATIUN NO. =10
QLUCLAM=  0,A90375F-01 QLUCTURB= 0.539093E-01 X= 0.,277143F 01
QXQOLAM=  0.452764E~G2  $XQITURB= 0.2741335-02 CFLAM=z 0.544188E-02 CFTURR=
TAULAM= 0.561073E-02 TAUTURA= 0.317835F~02 CFRFENU= 0.233208E 01  RUMURT= 0.B61480F
REX= 0.716846F 03  RCYMOM= 0.T87081€ 02
HRECL= 0.114699F 05 HRECT= O0.11H160€ 05
STATION NO. =11
QLUCLAM=  0.127969C-01 QLUCTURB= 0.109418£-01 X= 0.307937c O1
QXQOLAM=  0,6253095-03 QXACTYRB=  0.5564028-013 CFLAM= 0.260611E-02 CFTURR=
TAULAM=  0.7497556-03  TAUTURB= J.66T992E-03  CFRIEWU=  0.227436F Ul  RIMURT=  0.620461E
REX= C.34TT6DE 03  REYMOM= 0,114665E 03
HRECL= 0.115040F 05 HReCT=  0.119394F 067
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STATEON A3,

=12

QacLa D.523401F-01 OLUTTURS=  Ue3349560-01 X=  0.357937¢ 01

QXQULAY Ce?2n01565 =L, SXQITURB=  0.170328%-02 CFLAM=  0.110830£-01 CFTURB= 0.688308E-02
TAULAM= 0.318R49%-02 TAUTUKB=  0.193020£-07 CFRINU=  0.226633F 01 KRCMURT= 0.265018E 01
REX= 0.404226F 03 REYMOM=  0.114653E 33
HRECL= 0.114738F 05 HRLET= 0.118187¢8 03

STATION NI

=13

QLOCLAM=  0,T71H731F-01 OLOCTURDB=  0.421ST9F-01 X=  0.407937€ 0]}

QXQULAM=  0.365481F-0¢ IXQATURS=  0.214376F-02 CFLAM= ).1521588-D1 CFTJRA=s  D.B6592DE-02
TAULAM=  0.437743F-02 TAUTURB= 0.249117E-02 CFRINU= 0.226432F 01 ROMURT= 0.366503E 01
REX= 0.460692F 03 REYMOM=  0.115359F 03
HRECL= 0.114660E 05 HRECT=  J.1181338 095

STATION NZ.

=14

QLOCLAM=  O0,811148F-C1 QULICTURA=  1.436351E-01 X=  0.457937Z 61

QXQULAM= 0.4124T76E-0/ QAQUTURB=  0.232063-02 CFLAM=  0,171707E-0} CFTURB= 0.937186E-02
TAULAM= 0.493984F-02 TAUTURB= 0.269620¢-G2 CFRFNU= 0.226347€ 01 ROMURT=  0.417247E 0}
RFX=  UJ.517158F 03 REYMOM=  J.116323F ~3

HRECL= 0.114628E 05 HRECT= 0.118111& 0>
STATION NO. =15

QLUCLAM= 0.901037f-01 QLUCTURB=  0.439332E-01 X= 0.507937 01

QXQ0LAM= 0,458185F~-u2 CXQ0TURB= (. 24B495F-02 CFLAM=  0.190719E-01 CFTJRB= 0. 100483E-01
TAULAM= 0.548680t-02 TAUTURB= 0.239079E-02 CFRENU= 0.226269E 01 RUMURT=  0.467989 01
REXz 0.573624F 03 REYMOM=  0,117412F 03
HRECL= 0.114598F 05 HRICT=  U.118091E o5

)

PROSLEM NO.Z B ALPHA 0 DE WITA PRINTOUT IN METRIC UNITS

NOTE THAT PRINTOUT IS IN METRIC UNITS

CP=JIULES/KGM DEGK
RHU UR RHUR=KGM/CU.METER
PS1=NEWT/SQ.M

VISC=NEWTON SEC/SQ.MFTFR
T OR TREF=DEGK

H OR HREF=JOULE/KGV

TK CR TKREF=JOULF/MET+RX SFC DFGK TAUWSNFRIONS/SQ.METFR
SYMAOL ENDS IN X = LOCAL EXTEANAL-TI-T.LAYER VALJUE

SYMBOL ENDS IN L # B.LAYER FLOW 1S LAMINAR

SYMBUL ENDS IN T =5 B.LAYER FLUW 1S TURBULENY

DEFINITIONS-
c LOCAL VEL./FREE SIREAM VEL.
(A GAMMA SPECIFIC HFAT RATIN
PR CR PREF PRANDTL NUMIER
L] H RECUVFRY MINUS H WALL
z COPPRESSIRILITY rACTUR
CF FRICTION CUEFFICIFNT AT wWALL
TAUW WALL SHFAR STRESS
REYX REYNILDS NO. RASEu ON LOCAL (EXTERNAL-TO-B.LAYER) PROPERTIES ANC SURFACE DIST. FROM STAG.
REYMOM MOMENTUM THICKNESS REYNDLOS NUMBER
{WHEN REYMOM IS NFG., HEAT KATE I3 NES. 350 REYMOM HAS NU MEANING)

POINT

{RHJ * MUIEXTERNAL TJ B.LAYER

ROMURT (RHU * MUIWALL /

HEAT RATHS 4RE TN WATTS/SO.METER

INIT, CONDITIONS

ZALT= 0.914399F 05 VINFY= 0.762000- 04 RN=  (.3064800% 00 TFWl= 0,300C00F 03
NTUN = O ITd= 3C0 IPRESS= g

tLL=0 LONG=1

INPUT X, Y, ALPHA

XX5= (.214400F 00 YYSs 0.132880T 00 ALPHA(DEG)= 0.0
RI{I)= 0.0 X{(I¥= 0.0 1= 1
RUI)= 0.343803F-01 X{l)= (.933591E-01 | SR
R{I)= 0.652870t-01 X{1)= O0.187718F 00 1= 3
RtI}= C€.926719E-01 X{l1)= 0.281577c 00 I= 4
R(I)= 0.116492F OC X{IY= Q.375437F 00 1= 5
R{1)= 0.136712E 00 X{1)= 0.469296E 00 = &
R{l)= 0.153297€ 00 X{I¥= 0.563155F 00 1= 7
R{I)=  0.166225E 00 X{l)= 0.657014E 00 I= 8
REI)=  0.175473€ 00 X{1)= ©0.750873t 00 t= 9
R{I1)= 0.181027t 00 X(1)= 0.8447321 09 1= 10
R(I)= C.182880t 0O XtI}= 0.938591lc ONn 1= 11
R{I)= 0.182880F 00 X{1¥= 0,109099E 01 1= 12
R(I)=  0.182880E 00 X{I)= (©.124339E 01 1= 13
Ri{l)= 0.,182880E 00 X(1Y= 0.139579€ 01 1= 14
Ril)= 0.132880E 00 X{1)= 0.154R19€E Ol 1= 15
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FREE STREA# CONDITIONS

XMINF= 0.294579F 02 VINFY= OC.762000E 04 GaFPINF= 0.139993& Ol RHOINF= (.212308F-05
HINFYz 0.166250T 06 PINF= 0.100052E~05 [ATHMDS.} TINFYs 0.166227L 23
THl= 0.226196F 02 TH2= (.574145E 02
WHERE TH1= POINT 1 STREAM DFFLECTION ANGLF.NEGRELS. TH2=STRTAY DEFLFCTIIN ANGLE AT PJINT 1 &4410A CAUSES $3243ATIIN JF SH50K dAJ”
1=
THETA SHCCK FOR POINT 1 = U.414491% 00
PStE)= V.189321F-03  TS(T)= 0.241372E 04 S’S(I)= 0.438%46447 02
1= 2
THETA SHICK FOUR POINT 2 = 0.375090F 00
PSLI)= 0.155953F-03 TS(1)= 0,229989: 04 SRSI(I)= 0.428594E 02
NON-CNNVERGENCT AT [JK=6606
GO TU PERFFLT 545 SANCK ROUTINE
USES SUPERSOMIC RATHER THAN WYPERSONIC ANALYSIS
1= 3
THETA SHOCK FOR PUINT 3 = 0,350363E 00
PStI)= 0.121566F-03 TS(l)= 0.267146F 04 SRSUI)= V4653758 02
1= 4
THETA SHOCK FUR POINT & = 0.296323F 00
PStl)= 0.979711€-04 T1S(1)= 0.201895E 04 SAS(T)= 0.410735F 02
1= 5
THETA SHJCK FOR POINT 5 = 0.257017€ 00
PStI)N= 0.7340R5E-04 TSt1)= 0.1765625 04 SS(1)= Je4U2640F 22
1= 6
THETA SHOCK FOR POINT 6 = 0.216351F 00
PStI)= 0.522054F-04 TS(I)= 0.137B77E 04 SRS(I)= 0.394506F 032
I= 7
THETA SHUCK FOR POINT 7 = 0.174788F 00
PS(I)a 0.3428116-04 Ts(l}= 0.3991177F 03 SRS(1)= J.385253E 52
1= 8
THETA SHOCX FOR POINT 3 = 0.133256F 00
PSi)= 0.201289€-04 TS(T)= 0.662442F U3 SRS(I)= 0.375143E 02
USES SUPERSONTC RATHER THAN HYPERSONIC ANALYSIS
I= 9
* THETA SHOCKX FOR PQINT 9 = 0.930268F-01
PS(I)= 0.936327E-05 Tsil)= 0.395070€ 03 SRS{I)= Ue366173F D2
USES SUPFRSONIC RATHER THAN HYPERSONIC ANALYSIS
1=10
THETA SHOCK FOR POINT 10 = 0.550045F-01
PSt)= 0.328271F-05 TS(1}= 0.246259E 03 SARSII)= U.358055€E 22
=11
THETA SHUCK FOR POINT 11 = 0.339532€-01
PSti)= 0.800413F-06 TS(I)= 0.199615E 03 SRS(I)= J.366816F D2

REAL GAS P-M ROUTINE FAILED (VEL. TOU LOw) - PROGRAM HAS SWITCHED TO PERFECT GAS P-M EXPANSINN

REAL GAS P-M ROUTINE FAILED (VEL. TCC tCW) - PRIGRAM HAS SWITCHED TQ PERFECLY GAS P-M EXPANSIUN
1= 1 P{lI)= 0.189321£-03 T{I)= 0.241B72€ O SRUI)=  J.438444E 02
QRATL(I)= 0.100000F O1 QRATTII)= 0.100000€ O1

I= 2 P(I1= 0.130382E-03 Til)= 0.235227¢ 04 SRUI)= 0.428594E 02
QRATL(IY= 0.100000C O1 QRATY([}= 0,1C0000F O}

I= 3 PlIl= 0.BPTI6BF-04 Til)= 0,220975C 04 SRIIV1= 0.465375E 02
QRATL{1)# U.100000E 01 QRATT(I}= 0.100000€ C1

I= 4 PL)= 0.5{72665-04 TiI)=  0.246920E 04 SRI)= 0.410735E 02
QRATLIIY= ©0.100000F O1 ORATT(T}a 0.100000E O1

1= 5 PlIl= 0.407269E-04 T(I)= 0.181828E 04 SR{I)= 0.402640E 02
QRATL{I)= 0.100000F O1 QRATTII)= 0.100000€ O1

i= 6 Pii)= 0.250207E~-04 TII)= 0.140459 04 SRU{I)= 0.394506E 02
ORATL(I)= ©O.100000% 01 OQRAFT{I)= 0.100000E O1

I= 7 P(I)l=  0.152313E-04 Tt1)= 0.102147c 04 SR{l)= 0.385253E 02
QRATL([)= 0.100000E 01 QRATT(1)= 0.100000€ 01 X

1= 8 PLLY=  0.776323E-05 TiI)= 0.672617c 03 - SRil)= 0,.375143E 02
QRATLII)= 0.100000F 01 QRATTLI)= 0.100000F 01 .

=9 Pi1)= 0.318059€-05 Tty  0.395277t 03 SRil)z 0.364173E 02
QRATL(I)= 0.100000F O1 QRATT(I)= 0.100000F O1

1=10 PlI)=  0.965904E-06 T(l)= 0,207697¢ 03 SR{I)s 0.358055E 02
QRATLtI1)= 0.100000E 01 QRATTI1)= 0.100000%. O}

I=11 PlIlts 0.132649%-06 TE1)=  0.989484F 02 SR(1)= 0.364816E 02
QRATLII}= 0.100000€ O1 QRATT(I)= 0.100000E O1

1212 PLIl=s  0.566582E-06 Till= 0,9B894B4E 02 SR(I}= 0.364816E 02
QRATL(I)= 0.100000¢ 01 QRATT(I)= 0.100000E Ol

B-41



1=13 PLl)= ¢.783549€-08 Til)= C.9894840 02 StI}=  0.364816L 02
QRATL{I)= 0.100000t Ol ORATT{1)= 0,100000E 01

=14 PLI)=" 0.892032E-26 T{I)=  U,3B894B4E 02 S:ll)=  0.364816F 02
QRATLI1)= 0.100000E 01 QRATI(I)= 0.1000008 OV

i1=15 PLI)= 0.100052E-05 TUl)= V.9894B4E 07 Si41)=  0.364B16E 02
QRATLUI}= 0,100000£ Ol ORATT(I}= 0.100000F O}

STAGNATION POINT DATA FUR SPHCRICAL NOQSE

HREFO =0.147240E 08 TREFO =0.460406F 04. VISCRO=0.127951F-03 TKRFFL=0.

293809t-02

ZREFD =3.136719E 01 PRREFO=0.T727619F 00 C(PREF0=0.136967F 04 RHOD =0.665B48F-04

CPLVRO=C, 116345 01 RN =C.306800F 00 TOQ =0.526012F 04
f0 =0.118832€-02 RHOU =0.450781F-04 SRu sUL613390F 02 IKD =) 416001E-32
VISCO =C.150841F-C3 OVDX0 =0.7S7980F 04 IQ =0.176774€ 01 CPO 20.153942E 04
a0 20.199676F 04 THWO =0.300000F 03 VISCWI=0,.163252E-04 HWU =0.300119C 06
CPWO =0.1006U4E 04 PRO =0.696954F 00

QSTPT= C.2231B0E 06 = NOSE STAGNATION PAINT HEAT RATE
HO= 0.291479€ OA HT= 0.291505t 08 RHOWN=  0.139719E-02

WALL, REFERENCL, AND EXTERNAL-TO-BOUNOARY-LAYER FLOW PROPFARTIFS AT STATION = I

HW(l} =0.300119E 06 CPW(I} =0.100604E 04 HREFX(I) =0.733564F 07
TKREFX{1)=0.201515E-02 VISCRX({[)=0.956621F~04 RHORX(I)} =0.172228E-04
IREFX{1) =0.12015AE 01 CPCVRX{T1=20.127516E 01 PX(I} 30.169321E-013
TRX¢1} =0, 150634E~02 VISCX({) =0.768613E~04 PRX(I} =0.812763€ 0O
SRX{1) =0,438444E 02 HX(I) 30.485467E 07 VX(I) =0.698022F 04
AAxtI) =0.101822E U6 RHOX(I) =0,247287€~064 XM(T) =0.6R5529E U1l

PRREFX(INI=D.TTI9IGE

TREFR(1) =0,322690¢
@1 =0,241872¢
Zxet) =0, 111649¢

CPLVX(I) =0.114870F
cePxtn 20.127554E

WALL, REFERENCFE, AND EXTERNAL-FO-BOUNDARY-LAYER FLOW PRUPERTIES AT STATION = 2

HWD) =0.300119F 96 (CPW(1) =0.100604E 0& HREFX{I)} =0.730691E 07
TKREFX(1)=0,197732E-02 VISCRX(I)20,943055C~04 - RHORX(1)} =0.120913E-04
ZREFX{1} =0.120129F 01 CPCVRX{I1)=0.12B8131€E 0l PX{1} =3.130382E-0)
®xtn) =0.147066E-02 VISCX{I) s0.752891E~04 PRX(1) =0.813045E 00
SRX(D) =0.428594E 02 HX(1) 20.455772E 07 VX(1) 20.702274E 04
AAXT 1) =0.997374f 03 RHAX(1) =0.177027€e~-04 XW(1) =0,704123E 01

PRIEFX(T) =0, T76945F
TREFX(1) =0,316620F
X1} 20,235221¢
Ixit) =20.110442F
CPEVXIT) =D.114487¢
(22308 =0,127181€E

WALL, REFERENCF. AND €XTFRNAL~TO-BUUNDARY-LAYER FLOW PROPERTIES AT STATIUON = 3

HWlL) =0.300119€ 06 CPWIL) 30.100604F 04 HREFX(I) =0.T701216F 07
TKREFX{1)=0.185291F-02 VISCAX(I)}=0.898864)1E~04 RHORXII} =0.378870E-0S
ZREFX{I) =0.119966E 01 CPCVRX{I)=0.130513E 01 PX{1) =0.887868E-04
TRX{T) =0.140732F-02 VISCXUI) =0.719127E~-04 PRX({1) =0.804632F 00
SRX(1) =0.465375€E 02 HX() 204366765E 07 VX(]) =20.714873F O«
AAXLT) =0.944396F 03 RHIXII) =0.133203F-04 Xuil) =0.756963F 0}

PRREFX(1)=0,T787767E
FREFX{I) =D.297037F
%t =0.220975E
Ixtn) =20,106398¢F
CPIVXLT) =0,113619F
cexty) =0.126099F

WALL, REFERENCE+ AND EXT:RNAL~TO-BOUNDARY-LAYER FLOW PROCPERTIES AT STATION = 4

LIRS =0,300119E 06 CPW(]) =0,100604E 04 HREFX(I} =0.770059L 07
TKREFX{I) VISCRX(T1=U.9R83535E~04 RHURX(1) =0.521760F-05
IREFX(1) CPCVRX{1)=30.1202640¢t 01 Px{1} 20.597246E-04
TRX(I) VISCX{I) =0.781757E~04 PRX(I) =0.816791E OO
SRX(T} HX(T) =0,582762¢ 07 VvXx(1} =0.683902E 04
AAX{1) =0,105969E 04 RHOX{1) =0.730079E-05 XM(I) 30,645382E 01

PRREFX(1)=0.765225¢
TREFX(I) =20,336624F
TX(1) =0,246920F
2Xt1) =0,116861E
CPCVX(1) =0,115T13F
cexten) 20.128358E

WALL, REFERENCEs AND EXTERNAL~TO-BQUNDARY-LAYER FLUW PROPERTIES AT STATION = S

HW(D) =0.300119E 06 CPw(I) 204100604E 04 HREFX{T) =0.644333C 07
TKREFX{1)=0,1629326-02 VISCRX(1)=0.817368E-04 RHIRX{I) =20.459905E-05
IREFX{1) =0.119333€ Ol CPCVRX(I)=0,122949E 01 PX(1} 20.40T269E-04
TKX{1) =0.124680E~02 VISCXI[) sU.626385E-04 PRX(T) =0, T7262TE 00
SRX(1) =0.,402640E 02 HX(I} =0.2146340E 07 VX(1) =0.735939E V4
AAX(T) =0.828570E 03 RHOX(I) =0.785673E-05 XM} =0.388206F 01

PRREFX{1)=0,808276E
TREFX(1) =0.261756¢F
TALl) =0,181828¢
IXt1) =0.100559¢
CPIVXIL) =20.119266F
CPXLI) =3,123155¢€

WALL, REFERENCEs AND FXTERNAL~TO-BOUNDARY-LAYER FLOW PROPERTIES AF STAFION = &

HWIT) =0.300119F 06 (Pwll) =0.100604E 04 HREFX(I) =0.622127€ 07
TKREFX({1)=0,155873E-02 VISCRX(1)=0.790900E-04 RHORX(I) =0.296341E-05
ZREFX(I) =0.11BBT2E 01 CPCVRX(I)=0.119396E 01 PX{I} =0.250207€-04
TKX(1) =20.102169€-02 VISCX(1) =0.522531E-04 PRX{I) =0, 763490E 00
SRX{1) =0.394506E 02 HX(1) =0.152089C 0T vx(1) 80, 744373E 04
aAX(T) =0.728965€ 03 RROX{1) =0.62830TE-05 XxM(1) =0.102114F V2

PRREFX(11=20,815463E
TREFX({I) =0,250538E
(1) =0,140459¢
X1 =204 100005€
CPLVXIT) =0.131184E
cPxeld =0.119546E

WALL, REFERENCE, AND EXTERNAL-TO-BOUNDARY-LAYER FLOW PROPERYEES AT STATION = 7

HW(T) =0.300119€ 06 CPWLI) ‘=0, 1006U4E 04 HREFX(1} =0.504870F 07

IKREkK(ll=0.1507h9E—OZ VISCRX{I}=0.T771349€-04 RHORX(1} =20.187133E-05
ZREFXU1) =0.118481E 01 CPCVRX{I)=0.117474F O1 PX(1) =0.152313E-04
TRXCT) = VISCX{1) =0.418324E-04 PRX(I) =0. 75424 8E 00
SRX(1) = HXL) =0.106666F 07 VX{1) =0, 750467 U4
AAX{T) =0.626353€ 03 RHOX{1} =0.5%25959E-05 XMI}} =0.119815€ 02

PRREFX{1)=0,82064BF
TREFX(1) =0,242315¢
TX{1) =0,102167¢
Xti) =0, 100000E
CPCVXII)} =0.133577¢
cPxin =0,114116€

WALLy REFERENCE, AND EXTERNAL-TO-BOUNDARY-LAYER FLOW PROPFRTIES AT STATION = 8

H¥(l) =0.300119E 06 CPwil) =0.100604E 04 HREFX(1) =0.588831t 07
TKREFX(I)=0.145652€-02 VISCRX{[}=0.751580E-04 RHORX([) =0.99015BE~06
IREFX(1) =0.118165C 01 (CPCVRX{1)1=0.116202E 01 PX(1) 50, 776323F-05
TKX{Y) =0.561461E-03 VISCX{I) =0.313221E-04 PRX(1) 20, 742734 00
SRX(1) =0.375143E 02 HX{(1) =0.682359E 06 VX(I) =20,T55534F 04
AAX{(} =0,514373E 03 RHOX(I) =0,4071y5E-05 XMil} 20, 146894k 02

PRREFX{1})=0,825817¢
TREFX(L) =0.234062¢
™1} =0,672617E
(1) =20, 100000F
CPIVXLT) =3.13680TF
cexdd =0,106618€

WALL, REFERENCLC, AND EXTCRNAL-TO-BROUNDARY-LAYER FLOW PROPERTIES AT STATIDN = 9

HW () =0.300119C 06 CPw(l) =0.100604F 06 HREFX(I} =0.576689E 07
TKREFX(11=0.140634E-02 VISCRX{11=0.731828E-04 RHURX(I) =0.420790E-06
IREFX{1) =0.11806RE 01 CPCVRX{1}30.115470E 01 PX(]}) =0.318059F-05

TKX{T) =20.3754406-03 VISCX(I)} =0.2177646E~04 PRX{I} =0.733905E OC
SRX(T} =0.3641T73€ 02 HX([} =0.3956896€ 06 VXI(I} =0. I1593T6E€ 04
AAX(T) 20.398162€ 03 RHOXUI) =0.2038256-05 XM{I) =0,190720E 02
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PRREFX(1)=0,.831071¢
TREFX(1) =0.225B16E
TX(1} =0.395277¢
IXt1) 23,100000¢
CPCVX{T) =0.139489¢
cexen =0.101326¢
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WALLs REFFREWCH, AND FXTFRNAL-TU-pUUNDARY-LAYER FLUR PRAOPFITIFS AT STATICN = 10
HA(T} 0. 3061190 06 CPuwil ) =0.1006u6E J6 HRFFX(I) =0.5B0445F 27 PRIEFA{II=D.835534E D
TKREEX(1) C13TRTIET-0>  yISCRXUTY SILTT4LE-04 RHORXLL) =0.130486E-06 TREFX(IY =0.219950&f 04
IREFX(I} SLISTIOr 21 CPOVIXLT) «116541F vl PXI1) +365904F-06  TXLI) «207637F 13
TRX(T) Je 264290 3F-23  VISCXUD) «14T7270F-04 PRXIT) < 7T6001S5F Q0 7X(1) =0. 100000t 01
SEXtI} < 35°035F O HXII) «207729E 06 VX{I) «T61857F 04 CPLVXUT) =0.139993E 0!
Aax(n) =N.269139% 33 RHIX{1)  =0.164039E-05 XML} =0.263491F 02 CIPX{I) =0.100410€ 0«
WALL, REFTRENCEH, AND FYXTFRNAL-TO-RJUNDARY-LAYER FLUW PIUPERTIFS AT STATIIN = 11
HW(1) C. J00NLIQF 06 CowWil) +100604E 04 HREFX{I)}) =0.585372k 07 PRREFX(I1=0.841117€ OO
FRKREFX(I «1327150-02 VISTRX(I) +700237F-04 RHORX(I} =0.184015¢-07 TREFXII) =0.212758E 04
IZREFX(I} <113511F M1 CPCVRA(T)I=0,121493F D1 PXLI) =0.132549E-06 TX(I} =0.989484FE 02
TKX(1) «156021E=-03  VISCXIL) «3741426-05  PRX{I) =0.7827T1F 00 IXtI) 30.100000f 01
SRX{T) J.364R14E D2 AX(I} =0 UBIE25E 05  VXIT) =0 763287F 06 CPIVXIT) =0.140000E 01
AAXLT) 20, 19957RE 03 HTX(1) =0.472865F-06 X¥LI) =0.382455E 02 IPXx(1) 30.1003980 04
WALL, REFLRENCEs AND £ XTcRNAL-TO-BUUNDARY-LAYER fLOW PROPERTIES AT STATIUN = 12
HW (1) 0.300119% (36 (O%wil) =0,100604L U&e HREFX{l)} =0.5RS372E 07 PRREFX(I)=0,8366975 00
TKREFX (1 1.13633 VISCAXUI¥=0.T1479480-)4 RHURX(T) =0.767310F-07 TREFX{1) =0.218719E 04
IREFX(I) «11905 CPCVAXII)=0,1181206 01 *»X{1} =0.366582E-06 TX(1) =0.989484E 02
TRXUT) 0.190021E~03  VISOXUE) =0,.974142E-J95  PRX(I) =0.782771¢ vl IXt1}) =3.102000E 21
SARX(I) =0.364216F N2 HLALL) 20.939625E 05 vVx(D) =0.763287E 04 CPCVX(]) =0.140000€ O1
AAXL D) 20.1995767 O3 RHOXII)  =0.472H6S5E-06 XKL =0.382455F 02 CPXLI) 30.100398E 04
WALL, REFERENCEs AND SXTTRVAL-TO-ROUNDARY-LAYER FLOW PROPFRTIES AT STATION = 13
Hwil} « 3001190 D6 CPWL]) +100604F 04 HREFX{1) =0.385372E 07 PRREFX(I)=0.835555E 20
TKREFX U1 +L137281€-07  visCRxi () ~T185568F=04 rHUIX(L) TREFKLIY =0.220272€ 04
ZREFX(I) «11R970F D1 CPCVRXIL +117631E 01 PXUI) TX(I} =0.989484€ 02
TKX(T) e 156021503 VISCX(D) «IT4142E~95 PRX{TY IX(L) =0.100000€ Ot
SRX{1) «364816C D2 HX(1) «939625& 05 vXxil) =0.763287F 04 CPLVUX(I) =0.140000F O1L
AAXtI) =0L1Y9576E 93 KHIX(T) =0.472R65E-u6  XM{I) =0,382455E 02 CJPXI(I} 20.100398E 04
WALL, REFERENCE, AND EXTERNAL-TO-RNUNDARY-LAYER FLOW PROPERTIES AT STATION = 14
HW(IT} =3.302119F 2¢ TPt =J,100604E 04 HREFXII) =0.58537.F 0T PRRIEFX(1)=0.835081F 00
TKREFX(I)=0,137674E-02 VISCRXII +720123E-04 RHIRX(I) =0.119763F-06 TREFX{1) =0.220919E 04
ZREFXL{T) «11E924E 01 CPIVAX(I1=0.117401E 01 PXUD) =0.892032E-06 TX{(1) =0.989484F D2
TKXtI) =20, 156021E-03  V1SCXUI} =0.974142E-05 PRX{T) =0.782771F 00 IXII) =0.100000£f O}
SRX{1) «364816F 02 HX{I) =0.939625F 0% VX(I} =0.763287E G4 CPCVX(I)} =0.140030E 21
AAXIT) =0.1995T&E 03 RHOX(1)} <0.472865L-06 XP(I) =0.382455t 02 CPX(1) =0.100398E 04
WALLy REFFRENCF, AND EXTERNAL-1J-8OUNDARY-LAYER FLOW PROPERTIES AT STATION = 15
Hwil}) =0.300119F 06  CPWIT) =0.100604k 0% HREFX(T) =0.,585372F 07 PRREFX(1)=0,834649E 00
TKREFX{[)=0.138035E=-02 VISCRX(I)=0,721555E~04 RHURX(I) =0,134014F-06 TREFX(I) =0.221511E 04
ZREFX(I) =0,118884E 01 CPLVRX(I)=0.117326E €01 PX{1} =0,100052E-05 TX(1) =0, 989484E 02
TKXUT) VISCX{1) =0.974142F-35 PRX{I) =20,7827T1F 00 IXx{tl) =0.100000E 21
SRX{1) HX(1}) + 989625 05 vX{I) =0.76323TE 04 CPCVX(]) =0.140000E 01
AAX(T) =0.199576F 03 RHOX{1) =0,472R65¢-06 XM(1} =0.382455¢ 02 CPXx(T1} =0.100398E 04
STATION wD. = 2
QLOCLAM= 0.169225F 06 QLOCTUPS=  0.370339F 05 X= 0.938591E-01
AXQULAM= U .T58246E w0 UXQATURZ= G.165937€ QO CFLAM= (.88T7218E-01 CFTURB= 0.187418E-01
TAULAM= 0.387306t 02 TAUTURB= 0.818154c 01 CFRERNU=z  0.207683k 01 ROMURTY= 0.210T774E O1
REX= (0.472397F 02 REYMOM= U, 310541C Ul
HRECL= (.262326F uR HRCCT= 0.271633F uild
STATION NO. = 3
QLUCLAM=  U.924973F 05 QLUCTURB= N, 24B44EF 05 X= 0.187718t 00
QXQ0LAM= 0.414451E 00 IXQDTURB= 0.111322¢ 00 CFLAM= 0.637766E-01 CFTURB= 0,165451€-01
TAULAM=  0.217071F 02 TAUTJRA= 0.563136F vl CFRENJ=  0.Z211799E 01 RIMURT= 0.199710C 01
REX= C.757632F 02 REYMOM=z  (0.,419758F 01
HRECL= 0.262829F 08 HRFCT= 0.272004¢ 08
STATIGN NJ. = 4
QLOCLAM=  0.5456B1F 05 QLOCTURB=  0.151557E 05 Xz  0.281577t 00
QXQOLAM= 0.244502E 00 OX00TURB=:  0.6790795-01 CFLAM=  0.705294¢E-01 CFTURB= 0.189089E-01
TAULAM=  0.120620F 02 TAUTURB= 0.322845L 01 CFRFNU=  0.204646F 01 ROMURT= 0.225467€ 01
REX= 0Q.54B157F G2 REYMOM=  0.6410037¢ 01
HRECL= 0.262275C 0€ HRECY= 0.271S30t 08
STATIUN NO. = 5
QLOCLAM= (0.389959F 05 QLOCTURRz  0.126975F 05 X= 0.375437¢ 00
QxQ0LAM= 0.176T728F 0O QXQOTURB= 0.568735€-01 CFLAM= 0.4480655-01 CFTURB= 0.141148€-01
TAULAM=  J.953314F D1 TAUTURB= 0.300310¢ 01 CFRENJ= 0.224384E 01 RIMURT= 0.178307E 01
REX= C.105631¢ 03 REYMOM= D.574237E 01}
HRECL= (Q.2642157 08 HRECT=  0.272984C 08
STATION nND. = 6
QLOCLAM= 0.23RBTBE 05 QLOCTURA= 0.851096F 0% X=  0.469296E€ 00
OXQOLAM= 0.107034E 0O QOXQDTURB= 0.381350F-01 CFLAM= 0.340719E-01 CFTURR= 0.117512E-01
TAULAM= 0.593089F 01 TAUTURB= 0.204553F 01 CFRENU=  0,228414E 01t ROMURT=  0.164205E 01
REX= 0.128030F 03 REYMOM= (.711343E €}
HRECL= 0.,264688¢ 08 HRECT= 0.27331%€E 08
STATION RO. = 7
QLOCLAM= 0.147T798E 05 QLOCTURB= 0.566329F 04 Xz 0.563155E 00
OXQULAM=  0.662237E-01 QXQDTURB= 0.253754E-01 CFLAM=  0.250495E-01 CFTJRB= D.929556E-02
TAULAM= 0.371008F 01 TAUTURB= 0.137677E 01 CFRENU=  0.,232191E 0Ot ROMURT= 0,14915T7E Ol
REX= Q0.161962F 03 REYMOM= 0.897379E 01
HRECL= 0.265053F 08 HRECT= 0.273575€ 08
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STATION RD. = 8
QLOCLAM=  0.773T13F 04 QLOCTURB=  9.328616F ué X=  0.657014E 00
QXQOLAP=  €,3466T95-01  GXQOTURB= 0.147243E-01 CFLAM= 0.168683E-01 CFTURB= 0.696216E-02
TAULAM= 0.196030F 01  TAUTURB= 0.B06766F U0 . CFRENU= 0.736730F 01  KOMURT= J.131173F J1
REX= 0.196671F 03 REYMUM= 0.120137F 02
HRECL= 0.265502E 08 HRECT= 0.27388RE 08

STATIUN ND. = 9
QLOCLAM= 0.326607€ 04 OLOCTUR3=  0.160470E 04 X= 0.750873C 00
QXQOLAM= 0,146342E-01  OXQOTURB= U.719017€-02 CFLAM= 0.101836F-01 C(FTUR3= 0.485177T6-52
TAULAM= 0.833367° 00  FAUTURB= 0.397039f 00 CFRENU= 0.240644E Ol  ROKURT= ©0.110873t 01
REX= 0.226519F 03 REYMOM= 0.171587¢ 02
HRECL= 0.266071F 08 HRECT= 0.274282E 08

STATION NO. =10

QLUCLAM=  0.191048E (4 QLOCTURB= 0.611811F 03 X=  0.8447328 00

QAXO0LAM=  0.452764F-02 QXQUTURB= 0.274133€E-02 CFLAM=  (0.54%4188E-02 CFTURB= 0.319715E£-02
TAULAM= 0.259067F 00 TAUTURB= 0.152204E 00 CFRENJ=  0.73320BE U1 RIMURT=  0.861480FC 20
REX= C.218495F 03 REYMOM= 0.239902€ 02
HRECL= 0.266612F 03 HRECT= 0.274655E 08

STATION NO. =11

QLOCLAM= 0.139557E 03 QLOCTURB= 0,124178E 03 X= 0.938591F 00

QXQOLAM=  0.625309E-03 OXQUTURB= 0.556402¢-03 CFLAM=  0.260611E~-02 CFTURB= 0.22%239E-02
TAULAM= 0.358984E-01 TAUTURB= 0.310260£-01 CFRENU=  0.227436E 01 ROMURT= 0.620461F 00
REX= 0.105997¢ 03 REYMOM= D, 349498F 02
HRECL= 0.267404E 03 HRECT= 0.275200¢ O8

STATION NO. =12

QLOCLAM=  0.594002€ 03 OLOCTURB=  0.380138F 03 X= 0.109099€ 01

OXQOLAMs  0.266154E-C2  UXQOTURB= 0.170328F-02 CFLAM= 0.110830E-01 CFTUR8= 0.688308E-02
TAULAM= 0.152665€ 00 TAUTURBz 0.94B125£-01 CFRENJ= 0.226639E 01 RIMURT=  0.265018F 01
REX= 0.123208E 03 REYMOM= 0.349463E 02
HRECL= 0.266703E 08 HRECT= 0.274719€ 08

STATION NO. =13

QLOCLAM= 0.B15681F 03 QLOCTURB= 0.478446E 03 X=  0.126339¢ 01

QXQOLAM= 0,35654B1E-02 QOXQOTURB= 0.2143T76E-02 CFLAM= 0.152158€-C1 CFTURB= 0.865920E-02
TAULAM= 0.209593F 00 TAUTURB= 0.119278t 00 CFRENU= 0.226432F 0} ROMURT= 0,366503E O1
REX= 0.160419F 03 REYMOM= 0.351614F 02
HRECL= 0.266522F 08 HRECT= 0.274594t 08

STATION ND. =14
QLOCLAM= 0.920563€ 03 QLOCTURB=  0.517919E 03 X= 0.139579€ 01
QXQOLAM= 0.412476E-02 QXQDTURB= 0,232063E-02 CFLANs 0.171707E-01 CFTURB= 0,73718B6E-D2
TAULAM= 0,236521F 00 TAUTURB= 0.129095¢ 00 CFRENUs 0.22634TE 01 ROMURT= 0.417247€ 01
REX= C.157630& 03 REYMOM= 0.354551€ 02
HRECL= 0.266446E 08 HRECT= 0.274543f 08

STATION NO. =15

QLOCLAM= 0.102258E 04 QLOCTURA=  0.555395€ 03 X3  0.154819E 01

QOXQULAM= 0.4581858-0¢ OXQUTURB= 0.248855€-02 CFLAM= 0.190719€E-01 CFTURB= (0.100483E-01
TAULAM= D0.262709E 00 TAUTURB= 0.138412E 00 CFRENU=  0,226269E 01 ROMURT= 0.467989E 01
REX= 0.174861F 03 REYMOM= 0.3578T1E 02
HRECL= 0.266378E 08 HRECT= 0.274496f 08
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