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TANGENT OGIVE NOSE AERODYNAMIC

HEATING PROGRAM: NQLDW019

L. D. Wing

Sounding Rocket Division

ABSTRACT

NQLDW019 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.
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TANGENT OGIVE NOSE AERODYNAMIC

HEATING PROGRAM: NQLDW019

INTRODUCTION

The common use of the slender tangent ogive shape for sounding rocket "nose

cones" has led to development of the aerodynamic heating program (NQLDW019)

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 NQLDW019 is derived from a combination of the analytical methods

of References (l)-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 a (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 the 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 A0 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 A<9 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(ll) = SR(12) = SR(13) = SR(14) = SR(15) = SR(10) (1)

and

P(ll) = [P., + P(10)]/2. (2)

P(12) = [?„ + P( ll)]/2. (3)

P(13) = CPW + P(12)]/2. (4)

P(14) = (P. + P(13)]/2. (5)

P(15) = [PJ (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, and 15, the entropy is constant and

isentropic 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 NQLDW019 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),

X2 + Y2

R =
2Y



A 6 is defined as

A6 = O.I [6] (9)

In order to calculate the "flow deflection" distance, r (i), define

;i) = PHI( i ) = 6 + a - —J- (10)

and thence (from the right triangle of Figure 2)

: A6>

r ( i ) = 2R sin sin<£(i) (11)

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

X(i ) = R [i(A6>)J (12)

Assumptions

The following basic assumptions are applicable to NQLDW019:

(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

(6 + 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 higher than the actual values for downstream points t

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, dc. 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)

q ( X)
V)

r k*x)i
.k(*o)_

~H(*x)l

.H*o)_

h rec ~ h ( w )

H(0) ~ h ( w )

c
Pw (0)

. P w(x)_

[QRATL] (13)

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

ence enthalpy, h *.

h (e)

r e f

or

hrec = h ( e>[ 1 - (Pr*)*+ B. L. )

'(e)l - (P;)1/3+h(0)(p;)1/3] (Turbulent B. L. )

(15)

(16)

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

oo
' (CO) ' (00)

(17)

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

for the case considered) and



H(*o>

"<•>
(18)

is the stagnation point value.

Note that (dv/dx),0 is given the Newtonian (circular nose) value•'(0)

J/2
R

p - pr(0)

'(0)

(19)

The turbulent heating equation is:

7/15
'C* V / 3 X'2
>oj

(20)

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

coefficients are calculated from:

* v 2 / 3

( x )
(21)

2/3

V ( x ) (h rec - h ( w ) ) g
(22)

(23)

(24)

The local Reynolds number is calculated from



Re = (25)e < * > M ( x )
 V '

and the momentum thickness Reynolds number is (see Reference 1)

_ 0.87 f;'., „,„„,.,

"»>~ ~^r?^^r,
in which the Cohen and Reshotko's (Reference 6) velocity gradient parameter,

f" , is curve fitted by the following two equations (valid for favorable pressure
\ w /

gradients):

(a) C fRe/Nu > 2

f | 'w ) = 0.0508 [C fRe/Nu]2 + 0.1332 [CfRe/Nu] (27)

(b) 0 < C fR e /Nu < 2

f ( ' w ) = 0.011627 [CfRe/Nu]2 + 0.25644 [CfRe/Nu] - 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 backed-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:

[ "wi th cross flow I

^without crossflowJLamlnor

2Tan (0C + a)
1 + Tan6>c

(29)

and

[ ^w ith c r o s s f l o w I

Êw i t h o u t c r o s s f 1 owJTur bui e nt

= 0.85 (1 + K 2 ) ° - 2 (30)

where

K = 1
[Tan (0C + q)"|

• 2 5 L Tan,c J

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, (9, to be the "cone half angle", 8c. 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

Equation (13) only via the H,*0) term (Equation 18) in the form of the stagnation

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.



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:

/dvf
^STAG = 0.76g(Pr)-'6 (/V)/^))-1 (^(x)M(x))-4 (h(0)- h(w)) fej

POINT (0)

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 + a) in Figure 2 does introduce a possible problem. If (6 + a) at any given

freestream Mach number is greater than some critical flow deflection angle, Sc ,

.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:

1.05 < MO, < 1.5

1.5 < Mm < 3.0

3.0 < MB < 5.0

5.0 < Mm < 10.0

10.0 < M,,, < 100.0

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, Sc . This angle is then

compared with the actual deflection angle (9 + a) at the nose and if 8Cf < (9 + 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 ABDC 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 (lbf/ft2) 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 (constant) 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 lb f/ft2 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). XX5, the center line 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



"IMETRC" 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

with 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

pressure, 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.

18



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

Cf = friction coefficient (local) (-)

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

(dv/dx) = Newtonian velocity gradient at the stagnation point on a circular

nose (sec" l) (see Eq. 19)

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

g = acceleration of gravity (32.174 ft/sec2)

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

H(Q' = defined by Equation (18)

H * = 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

19



station location temperatures are to be given the same value

TW(I) = 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 (-)

P (I) = pressure at stations 1 through 15 (atmospheres, except where

otherwise noted)

Pr = Prandtl Number (-)

PX PO (I) = the local to stagnation point pressure ratio at each of the 15 sta-

tion locations (-)

q = heat transfer rate (Btu/ft2 sec) (W/m2)

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)

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

Re = local momentum thickness Reynolds number (Eq. 26) (-)($)
RN = 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(I) = r (i) = r (x)]

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

V = 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)

(ft) (m)

X (I) = 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 (ft) (m)

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

Scr = the flow deflection angle (conical flow) at which the nose shock

becomes detached for a given free stream Mach number

(deg. or rad.)

6 = 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.)

8C = cone half angle (deg. or rad.) (rad.)

M = viscosity coefficient (Ibf sec/ft2) (NS/m2)

p = density of air (Ibm sec2/ft4 = slugs/ft3) (kg/m3)

r = boundary layer shear stress at the wall (lbf/ft2) (N/m2)
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0 (I) = angle defined by Eq. (10) and shown in Figure 2 (deg. or rad.)

(rad.) [<£(!) = </>(!)]

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, RN

oo = free stream (ahead of nose shock) value

SUPERSCRIPT

* = property evaluated at local pressure and reference enthalpy

UNITS ABBREVIATIONS

Btu = British thermal units (E = engineering or English units)

#m or Ibm = pound, mass (E)

#f or Ibf = pound, force (E)

°K = degree Kelvin (m = metric units)

J = Joules (m)

kg = kilogram (m)

N = Newton (m)
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ft = foot (E)

s or sec = second of time (E and m)

slug = #m sec2/ft4 (E)

w = watts (m)

Note that 1 Joule/m2s = 1 watt/m2

A

CP

P

h

S/R

x

r

V-

T

q

Q

p

k

ITEM

= Area

= specific heat

= density

= enthalpy

= non-dimensionalize

= distance

= shear stress

= viscosity

= temp, as used here

= heat rate

= heat quantity

= pressure

= thermal conductivity

TABLE OF UNITS

ENGLISH

ft2

Btu/lbm °K

lbm/ft3

Btu/lbm

d Entropy —

ft

lbf/ft2

Ibf sec/ft2

°K

Btu/ft2 sec

Btu

lbf/ft2

7 Btu ft/ft2 sec °K

METRIC

m2

J/kg°K

kg/m3

J/kg

—

m

N/m2

Ns/m2

°K

W/m2

J

N/m2

J/m s °K
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TANGENT OGIVE NOSE

X, Y & a ONLY
ARE SPECIFIED

Figure 2. Definitions of Math Symbols
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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 NQLDW019, flight data from NASA TND 889

(Reference 8) is used. The vehicle nose of Figure A-l 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-l,

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 NQLDW019, 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

A-l



V (x )

(TR)

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 (Al) with transition Reynolds numbers

from other sources which do not make the same local entropy value assumptions.
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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.
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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.
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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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C NQLOW019 THf O G I V E '.CSC AflfHF.Al ING PRO'RAP AUGUST JO. 1170
C
C
C O S T P T = IMP r t f A T TRA.SSFt t R A T E TU IHt SPHFRICAL NCSfc OF KAU1US. RN.

LOCAL LAMINAR A-11, TU-i"ULiNT MfAI T A T ^ S AIU NOND IKFNS IflNAL I fFD
(OXGi»LAM AND OXCr-TUK.i l -3Y Br-I'JG OIVIuE'J '.Y CSTPI. THUS. ^N IS
'10RHALLY I ^Hl AS 1 FruT -JUT CAN Bh INPUI AS ANY A R B I T R A R Y
WITHOUT t t -VTRSFLY F.FFFCTING CXOOLAf .UXC1TURB,QLOCLAK.HR i'LHCTURB.

0001
0002

000)
0004
0005
0006
0007

0006

0009
0010

0012
0013
0014
0015
0016
0917
0018
0019
0020
0071
0022
0023
0024
0025
0026
0027
002B
0024
0030
0031
0032
0033

LUNG = 0 FOX THF SHCRT PRI MQUT
= 1 FCR THf LONG IMINTuUT

LHW*'I FOR .<0 SUPxFSSICN .if 01 AGNOSTICS,*! FOU SUPRfSMON JF SAME
I»(ETRC=OIOR BLANK) fC* PRINTOUT IN ENGLISH U.JITS. =1 F-JR P*ISTilUT

IN MFTRIC UMTS

IPRtSS = 0 FOR PROGRAM [(I CALCULATE ITS OWN PRESSURES
= I FRR USER TO I'JPUF PRESSURES CN CARDS H, •*. AMD 10.

DIFFERENT WALL Ti'PKRATURE

MAI.N0010
MAIN0070

MAIN0040
MAI-iOOiO
MAI NJOb"
MAIN0070
KAIr<GO-<0

MA I HOI 00
M A I N U H O

A I N 0 1 7 0
1101 10

A I N 0 1 4 0
A I N 0 1 5 9
A I N 0 1 5 0
A I N O l ' O

A 1,101 90I TW = 0 V.HEN EACH S T A T I O N li TO BE GIVtN
ICARUS 4, 5, AND 6 PUST JC FhTERFCI

= 'CONST4.IT' WHtN ALL S I A T I J J .ALL TEf">rRATURF.S A<E TJ Bt A IN02 IO
Su T AT THE 'CCNSTANT ' VALUE AI.N0220

NTESI2 = 1-FOR FIRST S T E P CF NORMAL '^HOCK TEMP. IT tR., 2-F'JR FORCED AIN0230
CONVERGENCE ROUTINE UN TFMP. A F T E K SHOCK HER.
NTU.< ' 0—19S9 AROC 4TMUS.. 1-FRE^ STRFA1 P R O P E R T I E S AFT: INPUT
I = COUNIcR FOR STATIONS. 1 = 0 IS S T A G N A T I O N POINT. l»l IS AT THEMAI.N0260

CGIVE NOSF. I'll IS AT THE OGIVE-CYL. SHJULOb* 1AIN02/0
NSTUP = COUNTTR ON ENTHALPY ITERATION MAI;i02fiO
NSTOPl = COUNTER ON DENSITY I T E R A T I Q i MAI.0210
LI - COU.NIE* FOR RF.TURN FROM ANOPRP 1,2,1,* MA11UJOJ

:jTUN - 0 FOR PHUf.PAM TO USE1059 ATHOSPHbrtF MAl.%0310
- 1 FOR USFR TO INPUT PINFY (LBK/SO.FT) AND TINFY IDFG.K) MAIK0320
ICARO 101 MAIN0330
lt.1 = S T A G N A T I O N POINT W A L L TEMPERATURE ICEG. <) MA IN0340

OX = Ol iTANCE BCTkEEN S T A T I O N S H-12 , 12-1 3,1 J-14, AND 14-1 51 FT 1 <Ar40350
ITW = 0 WHEN f.\f.rt S T A T I O N IS T.'J 2F GIVEN A UIFFEXFNT W A L L MAI N0360

T h M P t R A T C R C ICAHuS NC.S 6,7,AND A MUST HL- INPUT) M A I J C 3 7 0
= C .HEN ALL TEHPF.RATURF.S OF WALL ARS TO HAVE W VALUF OF 'C 'KAIN0330
IPHESS = 1 FUR PKUGRAM TU CAICUL4TP LOCAL PRtSSURfcS MAIN03^0
- I WHEN LOCAL PKI.SSURES ARE T3 BF 1 JPUT ICAR3S 3,4,AND 5 HAIN040G

1UST °E ENTF.KrOI HA1NJ410
LLL = 0 FUR NO DUMP IN SUBROUMNf ITFR MAIN0420

- 1 FOR DUMP IN ITFR MAIN04JO
LONG = 0 FOR SHORT PKINTOUT 1AIND443

= I FOR LONG PRINTOUT MAIN0450
XX5 * LENGTH JF T1U&CNT-OGIVE IT1P TJ POINT (JF TA.N3C.<CY, MAIN0460

MEASURED ALONG A X I S JF S Y M M T T R Y I IFTI iAiN^470
Y/S = RADIUS JF CYLINDRICAL AfT-iiODY AT JUNCTION Wl H MAI.-J0480

TANGENT-OGIVE IFTI MAIN0490
ALPHA = VEHICLE ANGLF. UF A T T A C K IDE3) MAIND5JJ
PX»UII) = THr- LOCiL- IO-STAGNATICN POINT PRE SbUPE R A T I O S AT MAIN0510

FACH S T A T I O N , I , A S INPUT ON CARDS 3,4,AND 5 NAIN0520
IWHE-rt 1PRFSS = 1 ONLY). 1AIN351J

NOTt THAT THF E^^1^OPY IS IN MON-01 MtMSIONAL I It.K FORM, SR-S/R AIN'0540
DIMENSION XM27<m5l,HRECL*l 151 .HRECTMI 151 AIN0550
DIMENSION IIW7I15I,CPW7I 15 ) ,HREF7I15 I ,TKK?F7I15 I ,V IS><X7I1S) I AIN0560

1RHORX7I1S), T K X 7 I 1 S ) , V I S C X 7 I 1 S I , H X 7 I 1 5 ) , V X 7 I 1 5 ) , A A X 7 I 1 5 ) , AIN0570
2RHOX7I15I , CPX7I15) AINOS60

OIMFNSIO,, TFTSMIISI AINDSJO
DIME!lSIO:4 RRM I 15) , XXMI 1SI AIN0600
nIMI-,1SIU< XI15I,PXPUII5I,RI 15 ) ,TWI15 I ,Y I50 I ,SAVFI 19), INFO I 181 AI.V0610
nlMFNSIU* DTHI15>,DPI15I ,ORXI15I ,PI I5) ,TI15) , IKSI15I AIN062J
DIMENSION VSI1SI.HSI15I ,HI15) .CPUS] ,RHOI 15 I , A A 11 5 ) ,V I SCI 1 •> I , AIN0630

1TKI15) ,V I15 I .3RI15 ) AINJ6*0
DIMCNSIUi T < X I 161, V ISC XI 16),PHXI16) ,?X( I'll ,HXI 16) ,VXI 161 , AIN0650

1CPCVXI16),AXI16),RHOXI16),CPXI16I,R1I2U,V1I21I,HLI1I21I, A 1.10660
2 V I S 1 I 2 1 ) , K 0 2 I 2 1 I , V I S 2 I 2 1 ) , V 2 I 2 1 I « R 2 I ? 1 ) , < O I 2 1 ) A I N 0 6 7 J

OlMkNSIU; PHIXI 15),Rlinwl 15) ,VISCWI15) AIN0680
OIMF.NS10.I SRI15) ,PSI I5) ,SRSI 15 I , TSI 15 I , CPS I 15 I ,RHOSI 15 I , PR SI 151 , AIN0690

1 A S ( 1 5 ) , V I S C S I l S ) , T E T S H K ( 1 5 ) , C P C V I 1 5 l , Z l l i ) , X M | 1 5 | , H1MOTDJ
2CPCVSI15I .XHSI15) MAIN0710

01 HENS I ON HRFFXI16 I ,HWI16 ) ,CPW(16 I ,PRRFFXI16 I .TKRFFXI161,VISCRX116MAIN0720
D.RHORXI Ul.TilEFXt K, l , Z f [ F X ( 1 6 > , - P C V a X I 15) ,PS1LI16) ,PSITI16) , yilM0710
2HRECLI 161 .HRECTI16) ,^SI If,) MAIN0740

C 0 1 M , I ' J / D K M S Y / O R A I L ( l - > l , Q r t « T T ( 15 I .Pr t l ( I'll M A I N 3 7 S 3
CUMMUH / A R R A Y / A I 2 3 I HAIN0760
LOGICAL J • MAIN0770

1111 GO TO 1 l A I N J T a O
1 READI5, lOOO, rNU = P005)NTUi1,(INFOIII.I*l,l1l MAIN0790

W R I T E I 6 , 1 1 1 2 ) I N F O . M A I N 0 8 0 0
READ I 5 , lU» l lZALT.V INFY,R<, rWI ,DX, ITW, IPRfSS,LLL ,LUNG.LOW, I M E T R C MAIN0810
IF (1METRCI809 ,089 ,890 M A I N 0 8 2 0

893 FORMAT! / / /20X,1 NC1TF. THAT PRINIOUT IS IN ."NGLISH UMTS' I HAIN0840
GO TO 39^ KAINOSiO

8«0 URITt(6,:m 1 HAIN0860
U9I FUR"IAT<///20X,1«(OrF. THAT PRINTOUT IS IN HETRIC UNlTS'l MAIN0870
892 C A L L SPIEILOH) MAIN08AO

IFILONG*l)«70,aTli871 . MAIN089U
871 IFI IKFTRCI874,B7<.,87' i MAIN09.00
874 VlRITk l6 ,U13) MAIN0910

GH TJ 370 MAIN3920
("75 MRITEI6 .876 I MAIN0910

W R 1 T E ( 6 , 9 3 0 ) MAI.10940
•^^0 FORMATI /2X, 'H ;Ar R A T E S ARE IN WAT TS/ ' .O.MFTER' ) <AINa?'ia
87fc F O R M A T ! / / / 6 X , ' V I S C ' S f c W T O N SFC/SO.MtT tR"15X, •CP*JCULtS /KG« DECK'/6XMA1N0960

l. 'T OR TREF«DEC,K'24X,'°.MC OR RHOR'KGM/CU.I'ET ER'/6X, ' H OR H<EF = JUULMAI N0970
2 6 / K G M ' 1 4 X , ' P S I = N C W T / S C . M ' / 6 X , t T K OR T KP.EF=JOULC/HbTER SEC OEGK'6X MAI!<09iin
3 , ' T A ( / W = Nt ; fcTONS/SC.MEI tR ' /6X, 'SYMBOL ENDS IN X « LCCAL EXT EHNAL-TU-MAIN0990
4B.LAYER V A L U b ' / 6 X , ' S Y M B O L ENDS IN L = B.LAYCR FLUK IS L A M I N A R ' / MAIM 000
56X.44HSYMBOL ENDS IN T * B.LAYER FLOW IS TURBULENT//Ui L2HQEFIN.ITIMM.tlOK)
60NS-/6X.J1HC = LOCAL VEL. /FRtF S T R T A K VFL ./6X, 34HCPCV = G A X M A = SP1SIM020
7FCIFIC HEAT S AT IIJ/6X, 27HOR JR P R T F = ORA (OIL .NJMUE </6X, 29H' SI = H MAINI030
BRCCOVfRY MINUS H WALL/6X.26HZ » COMPRESSIBILITY FACT.TR/ 6X, 13HCF = HAIN1040
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0034
0035
0036
0037
0033
0039
0040
0041
0042
0043
004<i
0045
0046
0047
0048
0049
0050
0051

0052
0053
0014
0055
0056
0057
0053
0051
0060
OOM
0062
0063
0064
0065
0066
0067
0066
00t4
0070
0071

007;
0073
0074
0075
0076
0077
0078
0079
0080
0061
00»?
OOS3
0014
0085
00&6
OOP. I
ooei
OOR9
0010
0091
0092
0093
0094
0095
0096
0097
009B
0099
0100
0101
010?
0103
0104
0105
0106
0107
0108

0109
0110
0111
0112
0113
0114
0115
0116
0117
one
0119
0120
0121
0122
0123
OU4
0125
0126

9FOICTION COEFFICIENT »T «ALL/6X,?4HTAUU = HALL SHEAR STkl-SS/6X,102MAIN1050
IHRF.YX = REYNOLDS 13. RASED JN LJCAL I EXTER.NAL-TO-B. LAYFK > ."AllPFRT 114111060
2ES A'-iU SURFACE OIST. FROM STAG. Pfl I.NT/6X, 44HREYMUM = MOMENTUM THIMAI.N1070
3cxMfss IUYNOLIS noMnF.R/2x,65niMHr'i RFYMO< is NEG., HFIT *srE is .tEWHO'O
4G. SJ REYKGH HAS .10 - C A N 1 Nf.) / /6X.5 7H30MU}T = (RHO « MUIUALI / IR1AIN1010
5HO * KIIHXTFRNAL TO 8.LAYER) MAIN1100

370 XI 11*0.
PXPCI 11 - 1-0
R( 1) = O.fi
NPOS*15
N T E S T 4 = d

171 * -*
172 a -4
lit => -4
17.4 = -4
IZ5 * -4
IFI METkCI877,377,973

RHM = ̂ ;J*. 3u48

WRIT:I6,1U&0)7ALTH.VINFH,RNM,TUI,NTU4,1TU,IPRESS,LLL,LUNG
GO IU 87^

977 MRIIFI6, 1060I7ALT.VINFY.XM.TU1 ,NTUN . I TU,I PRESS. LLL .LONG
1060 Fn««aTI/2X , • IMI T. CONDITIONS • /2X, f ZAL Tal F14.6.2X , • VINFY = ' E14.6,

l2X, ' i<«='c; i4.6,2X,1 TWI= 'L l4 .6 /2X, 'NTU'« =' I3,13X ,
2' I Tt.= ' l4,3X,' IPRCSS = ' l4/2Xt •ILL*' 1 1 , 3X, 'LUNG" ID

C CALCULATE SUSFACf- COORDINATE ANn FLOW CcFLECTIOJ QISTANCtS AT EACH
879 IFI IPRFSS)741,741,740
740 RFAU(5,9)22H»*PU< 11,1=1.151

9922 FnR«ATI5El5.6/5E15.6/5t l5.6>
741 7 F T = 7 A L T

1 = 0
IF I lTW-113,2 ,2

3 :'.FAD(5,SU001 I T W I I ) , 1 = 1,15)
9000 F1RKAU5C15.6/5E1S.A/5E19.6)

50 T.J 5
2 no 4 1=1,15
4 TKI I)=I Fti
5 RFAlil 5,9710) X X 5 , Y Y 5 , ALPHA

IFI IMETRC)88'J,880,881
881 XX5K=XX5« .304«

YY5M=YY5»,3048
ALPHA«=ALPHA/57.295
MRITt I6.1061IXX5K.YY5K.ALPHAK
GO TJ 882

SCO W^ircl6,I06IIXX5,rY5, ALPHA

9710 F|JRI"A7(3E15.6I
«7= (XX5««2»YY5*»2 I / ( 2 .»YY5)
X T H h T A = l A T A N I X X 5 / I R Z - Y Y 5 ) l I
X X T C T « = X THE TA» ALPHA
OELTCT=. l»XTr iETA
n fLX=RZ«UELT fcT
XI 11=0.
Rl 1I=U.
00 7 1=2,11
XI 1 = 1-1
XI I) = X I I«OELX
Z71=IX I I«DELTrT I /2 .
OH1XI I ) = X X T F T A - Z 7 1

7 SI I )=2 . *RZ»S1N(ZZ1)«SINIPHIXI I ) )
Z72=UX*S1N( ALPHA)
R l l 2 ) = R ( l l l * Z Z 2
SI 13 I=RI12)»ZZ2
SI 141 =RI 13I + Z/2
HI15 )=R I14 ) *Z72
XI 12 )=X I 11)»UX
XI l i l = X ( l ? ) » D X
XI I * )=XI13)HJ>
XI 15)=XI 14I*UX
DU dl4 1=1,15
IFI I«CrRCI5747,5747,ae3

883 RRMI I )=RI 1 I*. 3048
X««l II=XI I )«. 304.3
WRITE (6,574H)rtR«( I ) ,XXMI 1 } . I
GO IU 884

5747 UKITr l6 .57<>8)a( I ),XIII,I
884 CONTINUE

5748 F n R M A T ( / 2 X . l R ( I ) = lE.14.6.10X,*XII) = tE14.6,5X,> Ia ' I3)
IFINIUN) 1173,6.11 73

1173 RFADI5.10U2) "INFY.TINFY
GU TJ 1759

6 CALL T^LALT ( /FT ,PE'4G.SPHT,RHO,RHOSLG, VPART.XHFP, ACC3, FKEO,
IXMU.FTA.THCUNU.SHA.TCHPR.HBTU.SS.AMOL)

TINFYsTEMPR/1.0
PtHF Y?°E*tG

1759 PINF=PINFY/2116.2
L=l
PP=PINF
T7=TI«FY
GO TU 6500

6502 HINFY9l29.0316»AI8l
RHOSL6=-C")2507«AI SI
RHOINf =RHOSLG
S1A=1140.»AI6)
XMIMFV^VINFY/SMA
XMINFsXMlNFY
G«MINF=A( 141

HT=IIHFY«I¥INFY«*2/50123. 1
CON1 « VINFt »»2
CON2 * RHUS1.G • CJN1 / PINFY
CQNl f CUN1 /IHINFY « 50123.0)

lAHlltO
MAI.VH20
HAI.N1130
1AIN114O
1AIM1150

HAIN1160
HAIN117J
MAIN11BO
HAI.^1 190
>(AI>I1200
1AIM1210
HAIN1220
HAIN1230
4AIN1240
HAIN1250
MAI N1260
MAIN1270
HAIN1230
HAIN1290
MAInl300

STMAIN1310
HAIN1320
MAIN1330
NAIX1340
MAIN1350
HAIN1360
MAINI370
MAM1330
HAIN1390
HA1N1400
MAI N1410
MAIN1420
MAIN1430
MA1N1440
MAIN1450
HAIN1460
MAIN1470
KAIN1480
MAIN1490
NAINI500
MA I N151 0
MAIN1520
MAIN153O
«AIN1540
MAI 41550
MAIN1560
MAIN1570
MAIN1580
HAIN1590
KAIN1600
MAIN1610
MAIN1620
MAIN1630
HAIN1640
MAIN1650
MAI N1660
NAIN1670
HAIN1680
MAIN1690
HAIN170O
HAIN171O
MAM1720
MAIN1730
NAIN1740
MAI 41 750
MMM760
HAIN1770
HAIN1780
HAIM790
MAIN1BOO
MAIN1B10
MAIN1B20
1AI 11830
XA1N1840
MAIN1850
HAIN1860
NAIN1870
HAIN1880
NAIN1H90
MAI419CIU
HAIN1910
MAIN192U
MAIN1930
MA1N1140
MAIN1950
MA INI 960
MAIN1970
HAIN19BO
MAI4199O
HAIN2000
MAIN2010
MAIN2020
MSIN2030
MAIN2040
MAM2050
MAIN2060
KA1N2070
MAI 42080
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0127
0128
0121

0130
0131
0112
0133
0134
0135
0136
0137
0138
0139
0140
0141
01*2
0143
0144
01*5
0146
0147
0148
0149
0150
0151
0152
0153
0154
0155
0156
0157
0158
0159
0160
0161
0162
016J
0164
0165
0166
0167
0168
0169
0170
0171
0172
0173
0174
0175
0176
0177
0173
0179
0180
01B1
01B2
0183
0184
01R5
0186
0187
0188
0189
0190
0191
0192
0193
019*
0195
0196
0197
0198
0199
020.)
0201
0202
0203

0204
0205
0206
0207
0208
0209
0210
0211
0212
0213
0214
0215
0216
0217
021B
0219
0220
0221
0222
02?3
0224

I = 1
RHURAT=.2
NSTOPl = 0

C
C ITEKATIOl SCHTHE FOR PO-PRfSSUlE AT STAGNATION POINT-fcFNl 10-15
C

10 SAVI = <*H;IRAT
PlkU - I (l.O-SAVl)«CnN2»1.0l«PINFY
.HTWU ' HINFT » 1 ( I .0-$/Wl«»2 I *Ctm »1 . •_• 1
NSTUP - 0
:<TES!2 = 1
r.n TJ (11,121.1

11 TTUU = PTKO/RHnSLr, • RHORAt /3086.43
1 = 2
IF ( TTWO-1500'J.U) 12*405*405

405 TTktO = Tr«0/4.0
12 "TWO = PTHU/2116.2
13 L=2

:>P = PT»iO
IT=TIWU
GU TU 6500

9 HTWOI *12«. 0814*1181
DHIWiMHTNU-HrwCI
NSIOP = NSTOP-U
IMAMSIDIiTMO/HTMOl - .000051111,111*110

110 1JKM10
lF(NSinp-25) 200,299,299

200 IFINTESI^ - 11 115,222,115
2?2 OTOHTJ=1./1.123406«A(4))
113 TTWU1 = TTWO « OIDHTU * JHTHO

IFI TTH01- 15000.0) 1131,11)1,1130
1130 TTUGl'15000.0
1131 IFIITWU1-100. 01112, 112.114
112 OHTNQ - OHTUI1 / 2.0

1120 IF(SBS(OIUHT'J • OHTW01-1 .0) 750, 750, 113
750 KLH=750

IFI IZl)75l,751,999
751 RHORAT = .80 * RHJRAI

IZl'IZl*!
I = 1
GO IU 10

114 TTW03=II«0
TTUU=TTUOL
DHTHk = DHTWO
NIEST2 = NTEST2 » 1
IFITIWO-1-,000.1 13,13,1140

1140 TTHCl = 15UOO.
GO Ti) 13

115 TIW02 »(TTUi)3*DHTUa - TTHO *DHTHR I / (UHTWJ-OHFH* 1
IF I ITWH2- 15000.0 1 115 1.1 15 1.1 1 50

1150 TTtrD2 = 15000.0
1151 TTHU3-TTHJ

TTUO = TTU02
OHTHK = UHTUO
IFITTUC12-100.) 116.116,13

116 OHTH.J = OHTHO / 2.0
1FIMJSIOHTHUI-1.0) 752,752,115

752 KLM = 752
IFIK2) 753,753,999

753 RHflRAJ = .BOtKHCRAT
11? * IZ2 »1
1 = 1
GO 10 10

111 RHGT*U =A(3t * .002507
S-ITKO = AI2)
NSrOPl = NSTOP1«1

14 RHORUT = RHnSLG/RHOTk'O
[F (A8SIKHORJT-SAVU-.0001) 15,15,199

199 UK - 199
IFINSTOP1-25I 10,?99,?99

15 VThU = RHURAT « VINFV
CDN1 = VIWO • VTHO
PO = PTWO »(RHOTWO*CONll/423?.4
PON = PU
HTT=HTKOI»CON 1/5012 3.
NSTHP = 0

17 TU = TTUQ
NIEST2 = 1
1TFSI3 " 1
GO TU 18

C
C ITERATION SCHEME FOR TO- IEMPERATURE AT STAGN. POINT-EFNS 16-20
C

16 IF (NTESD.E0.2I GO TC 170
165 DTOHO => l./CPR
160 T01 = TO » DTOHO * OHO

IF ITD1-100.I 161,161,180
161 OHO ° OHO / 2.0

KLH = 161
IFIA8SIDTDHO » OHO) - 1.0) 999,999,160

180 T03 = TU
TO = T01
OH 3 = OHO
NTEST3 - 2

18 LO
PP«PO
TT = TU
GO TO 6500

6501 HO-129.0S16*AI8)
CPR=. 123406«A(4I
OHO=HTT-HO
US TOP * NSTOPtl
IFIABS(OHl)/HT) - .00005) 20,20,201

201 IJK»201

MAIN2090
MAIN2100
•(AIN2113
NAIN2120
MAIN2130
•<A 1 12 14.1

MAIN21')0

'4AIN2160
<A1N2170
MAIN2180
HAIN2190
tAH22DO
HAIN2210
NAIN2220
^AM2?30
MAIN2240
HAIN2250
MAIN2260
tA!N2270
MA1N2280
MAIN2290
1AIN2300
HAIN2310
HAIN2320
HA1N2330
HAIN2340
HAIN2350
MA1N2360
HAIN2370
HAIN2380
HAIN2390
MMN740D
MA1N2410
NAIN2420
HAIN2430
MA1N2440
HA1N2450
HAIM2460
HAIN2470
MAIN24SO
HAM24)0
HAIN2500
HAIN2510
HAM2523
HAIN2530
HAIN2540
KAM2553
HAIN2560
HAIN2570
HAI<4258I>
MAIN2590
MA1N2600
1AM2613
HAIN2620
HAIN2630
•4AI M2640
MAIN2650
MAIN2660
HAI>4267D
MAIN2680
HAIN2690
1AIN2700
HAIN2710
MAIN2720
HAIN2730
HAIN2740
MAI>42750
NAIN2760
HAIN2770
HAIN27BO
MAIN2790
HAIN2BOO
HAIN2810
HAIN2820
BAIN2830
1AM2840
MAIN2850
HAIN2860
M41N2B70
MAIN2880
MAIN2B90
HAM2900
HA1N2910
HAIN2920
HAIM2930
MMN2940
MAIN2950
NAM2960
NAIN2970
MAIN2980
HAIN2990
MAIN3000
HAM3010
HAIN3020
MAIN3030
MAIM3040
MA1N3050
HAIN3060
1AIN3D70
MAIN30BO
MAIN3090
XAM31DO
HAIN3110
MAIN3120
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0225
0226
0227
0228
0229
0230
0231
0232
0233
0234
0235
0236
0237
0238
023")
0240
0241
0242
0243
0244
0245
0246
0247
0248
0249
0250
0251
0252
0253

02S4
0255
0256

IFINSTOP-25116,299,299 141*3130
170 T02 * (TU3»OHn - TO»OH3) / (OHO - DH1) HAM3140

mi = 102 MM.'(3150
IF ITJ1- 100.) 171,171,180 MAIN3160

171 OHO - DHC / 2. HAIN31/0
IFIA3SIDHOI--1.0) 172.172,170 HM-JUBO

172 KLH=172 MAIN3190
IFIIZ5) 173,173,999 HAIS3200

173 175 = IZ5 »1 1AM3210
GO TU 170 MAIN3220

20 RHOO = .002507»A(3I HAIN3230
PRO-AI16) 1A[11240
CPCVO=A(14) MAIN3250
CPO=CPR HAIN3260
TKO=SORT(TOI 1AIN3270
VISCO=AI10>«rKO»2.209698E-8 HAIN3280
TKU =0(111 *TKO»3.28521E-7 HAIN3290
SRO*A<2) 1AI13103
ZTWO = 224.0/VINFY HAIN3310
ZU=AI9) HAIN3320
40=1140.«M6) 1A113330
TEI*XXTETA»OELTET HA1N3340
JX=0 HAIN3350
IF(IMETRC)8B5,885,986 1AIN3360

886 VI222=VINFY».304S NAIN3370
RH222*RHOINF*515.379 MAIN3330
H2222=2324.44»H1NFY MAIN3390
WRITE<6,8«7)XHINF tVI222,aAMINF,llH?22,H2222,PINF,IINFr 1AIV3VDO

887 FORMAT!/<:x, 'FREE STRCAH CONDI Tl ONS1 /2X,' tflHf*' t!4.6,2X ,' V1NFV=' E1MAIN3410
14.6,2X,'GAHINF' lE14.6,2X,>l>HUINF>>E14.6/2X,>HINFr«'EI4.6,2X,<PINF>NAI>43420
2'E14.6,1X. ' (ATKOS.I^X,1 riNFY-'E14.6) NAIN3430

GO TO 888 KAIN3440
8B5 URITE(6,4471IXMINF>VINFV>(;AMINF tRHOINF fHINFY,PINF,PINFY,rI*IFr BAIN3450

4471 FORHATI /ZX. 'FREE STREAM CO.NDI TIDES'/2X,'XMINF>< E14. 6,2X,'VI NFYc* E1MAIN3460
14.6,2X,<GAMINF*>E14.6,2X,'RHniNF*<E14.6/2X,'H!NFYa>E14.6.2X, lPINF*HAIN3470
2'E14.6,1X,'(AT»10SI12X,1PINFY>1E14.6,1X,' ( PSF ) • /2X, • T1NFY»'E14.6) HAIN3480

888 CONTINUE MAIN3490
DO 794 1=1.11 HAIN3500
TET=TST-DELTET MAIN3510
X24M./XM1.NF NAIN3520
IF(TETJ4061,4061,4060 MAIN3S33

4061 TETS-ARS1NIX24) HAIN3540
P( U)>PINF*«2.*GANINF*IXMI'4F**2)*(X24**2)-IGAMINF-1.I)/{GAMINF»1.NAIN3S50

111
VI 111= VINFY»COS(TETSI
HI 11I=HT-IV(11)*»2/50123.I
TES5 = HCUI/.432
IF I ILL-11 4050,4051,4051

4050 J=.IRUE.
GO TO 4052

4051 J=.FALSE.
4052 I1T6R=A

PP=P(11I
I75»4052
IF(PP-PINF14078,4079,4079

4078 PP=.8«PINF
4079 TT=TESS

HC=H(11I
CALL ITFRIPP,TT,HC,MTER,JI
IFUITER.LE.OI GO TO 4053
GO TO 4054

4053 W R I T E I 6 , 4 0 7 0 1 ITS
4070 FORMAT(/2X, 'FAILURE IN IFER CALLED BY MAIN.STMT NO.=

GO TU 1
4054 T(11I=TT

PSM1I=PP
CALL ANAPRP (PP,TT.t 11111
GO TU 4062

4060 P1NFY=PINF

'2X.I4I

HAIS356J
MAIN3570
NAIN3590
tA1115)0
MAIN3600
MAIN3610
HAIN3623
HAIN3630
MAIN3640
HAI13650
MAIN3660
HAIN3670
MAIN3680
MAI N3690
MAIN3700
1AIN3713
MAIN3720
HAIN3T30
MAIN3743
MAIN3750
MAIN3760
KAIN3770
14IM37B3
MAIN3790
HAIN3800
MAIN3810

CALL CONSHK (TET.XMINF,VINFY.GAMINF.KHOINF,H1NFY,PINFY,LLL,JX,PP, <IAIM3823
ITT.TETS, IZ29.K51I
JX=1
IF (K51 16363. 6363,6364

6363 GO TO 1
6364 CONTINUE

IF( 1229)790,790,791
790 WRITEI6.792I
792 FORMATI/2X, "FAILURE IN ITER CALLED BY COISHKM

GO TU 1
791 CONTINUE

CALL ANAPRPIPP,TT,C1I11)
PSI I)-PP

4062 S R S ( I I = « ( 2 I
TS( I I -TT
Z S ( I I = A ( 9 )
CPSII I-.123406«A(4)
KMOSI I )=.002507«AI3)
PRSU ) - A < 16)

VI SCSI II=A(10l»TT«».'>«2.209&eF-8'
TKSI I I=A( lll«TT»«.5*3.E8521E-7
HSII 1=129. oal6*AI8)
V S ( I ) = 224.»SORTIKT-HS[I II

TETSHK = SHUCK ANGLE IN DEGREES
TETSHKI I I=TETS*57.293
CPCVill) =AI14I
XMSI1I = VSIII /ASIII
IF I LONG- 1)794, 895, 895

895 IFI|HETRC)B97,897,896
896 TETSM(I)=TETSHK(I 1/57.295

MRITEI6,795)I, I ,TETSMIII ,PS(II ,TS( 1 1 ,SRS 1 1 I
GO TU 794

897 HRITEI6,795)I, I ,TETSHKII),PS(I),TSIII ,SRSI1)
794 CONTINUE

MAIN3830
MAIN3840
KAI 13850
MAIN3860
MAIN3B70
1AIN38BO
MAIN3890
HAIN3900
NAIN3910
MAIN3920
NAIN9930
MAIN3940
MAIN3950
1AM396U
MAIN3970
MAIN3980
tAI139«0
HAIN4000
HAIN4010
1AIN4020
HAIN4030
HAIN4040

MAIN4060
HA1N4070
XAI 1*080
MAIN4090
MAIN4100
XAI14110
MAIN4120
MAIM4110
MAIN4140
MAIN4150
MAIN4160
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0323
0524
03/1
0326

0327
0328
0321
0330

0331
0332
0333
0334
0335
033(,
0337
0338
0339
0340
0341
014?
0343
0344
0»45
0346
0347
0348
0349

0350
0351
0352
0351
0354
0355
0356
0357

0358
0359

0360
0361
0362
0364
0364

0365
0366
0367
0369
0369

0370
0371
0372

0373
0374
0375
0376
0377
0378
0379

03BO
03B1
0362
0383
0334

0385
03P6
0387
03BS
0389
0390
0391
0392
0393
0394

0395

0396
0397
0398

0399
0*00
0401
0*02
0403
0404

0405
0*06
0407
0408
0409
0410
0411
0412
0413
0*14

t / " X . ' T H ^ T A SHCCK FUR PC,INP 1X.12. I X ,' =• 114 ,6/?X, • PS I 1 ) = • KA|.<41»0

C FWI HK CI'NSMK C ALCI.L AI ITHS FCR PCIN1S 1 - in «Ar:4200
L PRCCF.EIj TH ibBROUTIVF RjPH AN'O GPT LCCAi. PR-JP.S AI S T A . S M4PJ4210

441 IFI IP»fcSS-l)361,360,i f .C HATJ4230
360 S3C04 = SH:>I 1 > H&IN4240

V.X 1 Tf.l *>, 565) SKSI 11 MA1N4250
365 raRKAT I / ^ X , ' I SFfJTRJPIC FXPilSICT; TJ INPUT PRC SSURf AT IPT.ll ENTRaMAI^4260

ir>Y = 'E14.6I «IA|:,427C
r,(l T.) 99*1 *AIN*280

1M Pl = Pilll HAIN4290
Pl l ) 'PS( l ) HAI*433D
11= I'll II MAIN4310
T I 1 I = T S ( 1 I XA1N4320

SRIll 'SRSIll
TKI l )=TKi l II
MISCID'VISCSIU
°Rin = "RS( II
7111'ISIll
V(1)=«5I II
C"CVI 1I=CPCVSI1I
A O ( 1 I = > S ( 1 I
.1HOI I I=KHCSI 1 I
XM ( 1 1 = Xh SI 1 1
CPIll-CPill l
HI 1)=HS( I )
ai^ ts i 11

3H01=«HOS( II
cpi=cpsin
HI=HS(1I
V7=Vi l I I
X W 1 = J C C S ( 1 >
CPCVI=CPCVSI1I
VISCUVISCSI1 I
7K1-IKSI II
O^L«X = (V|..FV-VSI1I 1/100.
D X X X = O T L V X
DTMfiT&=r»f LIFT
GO TO 9920

C IF »XPU IS 1M°UT|GFF »i<FSS. C
9921 00 B700 1=1,15

"I I I = 1>XPJ| I I«PU
S700 SRII )«SRSI1I

GO 10 8740
9920 OH 797 1-1,10

IB = I
CALL ri.'.P- (PUT 1,S«1, V7,il,^HUl ,CP1 ,l'l ,VI SCl.TKl.OIHt ll.HI ,

lC»C<l ,Xt> l ,XXTKT» tOELVX,»LPH« t IB ,P2, I2 .K 1>OI
IF (K50I 2970,2970,2771

2970 GU Tu I
2971 CO^TINUC

PI I«1I*P2
Tl 1»1I=T2
G11=SC
TK( I«l
VISCI I
PRI l>l
Z( I«1)
SRI l«l
HI I»l l

FOR F »CH STtTIOM

» l l = 0 1 1 « » l 101*2. 209691F-8
) = Mir>)
>»(9I
) = SRSII»l l

C°CV( 1*11=11 141
III 1*11-1140. *AI6 )
KHfJI 1 + 1 l = .00?507*ft( 31
X H I 1 * 1 I = V I H 1 I / « » ( I » I I
C » l I » 1 I = . 1 2 3 * 0 6 » « I 4 )
P1=PI I'll
T 1 = I I I « 1 I
SR1=S«SI 1*1)
V 7 = V I 1*11
O E L V X = O X X X
» l » « « l l * l l
R H C 1 - R H O I 1*11
C P 1 = C P ( I * U
H1=HI 1*11
r.pcv\=cpcvu»ii

V I S C 1 =
7 9 7 T K 1 = T K I I « 1 I

C
C NOW HE HAVE THF LOCAL FLUh PROPERTIES FOR POINTS 1 - 11
C

00 7-)8 1 = 1,11
IF IPX"nil)-.00918702,8702,798

8702 PXPOIl)=.009

798 PXPOI II-=PIII/PO
IFIALPHAI861,860,861

861 P|12I="I111
PI13 )=P(11 )
"I 14) = PI 111
P(191-Plll)
GO TO 8f>2

B60 P( 12I = IP|:*FY*P( 11) I/2.
"I13)=IPINFY*o|12ll/2.
PI14l=(PINFY»P|13))/2.
P(151= PINFY

862 T l 1 2 1 = 1 ( 1 1 )
T l 1 3 ) = T ( 1 1 )
T ( 1 4 I - T I 1 1 )
T l 1 5 ) = T I H I
S R I 12 )=S .< I11 )

HAIN*340
N«IN*350
4A1^*360
HAIN4370
MAIN*)80
XAI^*390
HAIN440C
KAIN4410
1AI14»?D
PAIN4430
MAIKI4440
1AIN4453

HAIN449D
MAI N4500
MAIii*510
HAIN4520
MAIN*530
KAIN*5*0

HA1N4560
HAIN*570
KAIN*583
HAIN*590
HAIN4600
KAIH4610
HAIN4620
MAIN*630
MAIM4640
H&IM"ib5J
MAIN* 660
MAIN4670
1AH4613
HAIN*690
MAIK4700
M«M*710
HAIN*720
MAIN4730
MAIN4740
HAIN4750
MAIM760
HAIN4770
HAIN4780
KAIK4790
X A I ^ 4 S D O
HAIN4810
MAIN4320
1AIV4830
HAIN4B40
HAIM4850
1AI14860
HAIN*870
MAIN*880
HSM4810
HAIN4900
MAIN4910
NAIN4920
MA1N4930
HAI.N4940
<AIi(t950
MAIM4960
HA1N*970
tAIN*980
MAIN*990
MAIN5000
XAIN5010
HAIN5020
HAIN5030
><AIN5040
XA1N5050
NAIN5060
NAIN5070
NAIN5080
MAIN5090
HAIN5100

HA1N5120
HAIN5130
tAI-CiUO
HAIN5150
HAIN5160
HAIN5170
HAIN5190
HAIN5193
NAIN5200

E-9



041i
0*16
0417
0416
0*10
0420
0*21
0422
0*?3
0*2*
0*25
0*26
0*77
0*28
0429
0410
0*11
0432
0433
043*
0*35
0436
0437
0438
043?
0440
0441
0*42
0443
0444

0**5
0**6
04*7
0448
0449
0*50
0*51
0*52
0*53
0*54
0*55
0*56
0*57
045B
045V
0460
0461
0*62
0*63
0*64
0465
0*66
0467
0468
046V
0470
0*71
0472
0*73

0*7*
0*75
0*76
0*77
0470
0479
0*80
0*81
0*82

0*83
0484
0*85
0*86
0487
0488
0489
0490
0491
04«i
0493
0*94
0*95
0496
0*97
0*98
0499
0500
0501

0502
0503
0504
05O5
0506
0507
0508
0509
0510
0511

0512
0513
0514

SRI 15l=Si.l 111

"XPIJI HI-PI HI/PII
PXPUI 1*>=PI t*l/PU
PXPUI 15I**1! I5I/PI1
0-1 520 1*12.15
TKII I=TKI11)
VliClll-VISCIllI
ORI1MPRII1I
£111-1111)
SRI I I = SKI11>
HIII-HI11I
V ( l > = V l l l >
CPCVtl)»l,PCVf 111
AMI I -AAI1 I I
RHUI I I'kllUI HI
XH( 1 )=XH1 LI I

520 CP< 1I=CP|1H
GO iu 371

87*0 TOI=TSI1I
OTHETA»DELTET
XXTF .TA=XXTF-TA«DTHeTA
DO 43 1=1.10

H A I N 9 2 3 C
K A I N 5 2 4 0
MAI <S25i

HAM523J
MAIN5290
KAIN5300
•(AIM531J
MA INS 320
HAIN5310
MAIM5340
HA1N5350
«AIN5)60

MAIN5380
HA1N5390

»HI I I I=XXTETA-COU'<T«UTHETA
IF IM.PHAI40.40.41

40 0»Amtl-l.
O K A T I _ ( 1 > = 1 .
GO TU **

RR2=TANIPH1II I-ALPHAI
»R1=RRl/RR2
RR<.= l.»r<St
R»5=RK*/3.
9RATHI)*SORTIRR5>
RKb-Ri(l/2.
RR7=RR6/RR?
XK22=1.25»RR7
«R8=ll.»XK22l««.2

43 ORAmil*.85*RR8
** CUNTIMUF

0,J «•) l = Ui!5
OR«TL( II=QRAIL(10I

45 ORATTI I I -ORATTI1UI
TCST«=0.
l>0 378 1 = 1.15
70=T01
P O - P I I I
CALL ANAPRP IPOiTOI
S R T R Y = A ( ^ I
OSR^SRCUfi-SRIRY
|F(ASSIDSR/SRCONI- .0005I370,370,372

372 TZl=. '»i)*TO
TZ2"1.01*TO
CALL A"<APRP IPO.TZ1I
SRZ1=A(2 I
CALL ANAPRP IPO.IZ2I
5RZ2=4(ZI
DT=TZ2-IZ1
DSRZ=SRZ2-SRZ1
OTOSRZ=or /OSRZ
T01=OTOSR/*DSR»T01
T6STA=TESTA+1.
IF ITESIA-30 . 1375, 375. 376

376 K R l T f 16,3771
377 FOR«Af ( /2X , 'FAILURE IN CONST. SR EXPANSION 10 LOCAL PRESS.

I N S X T PROHLEK' I
GO TO 1

375 C O N T I N U E
370 Tl I 1 = 101

S R ( I ) = S R S I l )
TKIM»AI11I*TI I l*«.5«3.285l2E-7
VISCI [l=A(10l«T(ll*».5»2.209698E-8
PRI1I=AI16I
Z( I1 = »WI
HI I)=129.0816«AIRI
VIII-=224.«SORTIHT-HIII I
CPCVI II=A(14I
»A( 1 1-1140. «»I6I
RHOII I=.002507*AI 31
XHII>-VII1/**'I1

178 CPI1)=.1?3*06»AI*I
371 IFILON5-II8701,*40,440
4*0 DO 1705 I«l«15

1705 UHlTE(6, i rOO)I , Pill, Till, SRI I I .OaATLI I I .ORATTI I I
1700 F O R M A T < / < ' X . ' l = i I 2 , 3X , > P< l l = 1FI*.6,lX,1Tlll='El*.6,3X,

V1SRUI-1 tV*.6/3X,<aRAlL(II=1 t l* .6,3X,1OR»TT(I| .1 t l* .6l
C GET STAGNATION POINT D A T A

8701 TT=TrfI
po=PO
CALL ANAPBP IPP.TT.tllll)
TWU=(t.l
H«0=129.0816*AI8I
RHUHO-.002507*AI3I
VISCWO=AI10I*ITT«».5I*2.209698E-B
O V O X O * l l . / R N > » S O R T « 4 2 3 2 . 4 « t P O - P I N F > l / R H O O I
CP«U=.123406«AI4I
OSTPT-.76*! l./PRO*«.hl*IIRHOWO«VISCUJI».ll«ll<HJO>VISCOI*>.

L-HUQI«SORTIOVDXOI«32.174
HREFU=.5«|HO»HWni
TEST=HREFO/-*32
HZ-HREFO

HAIN5410
HAIN5420
HAIS5430
NAIN5440
MAIN5450
MAIN546S
XAIN5470
MA1N5480
1A[ ^5*^0
HAIN5500
HAU5510
MAIM5520
HAIN5530
HA1N5540
HAIN5550
HAIN5560
HAIN5570

MAIN5590
NAIN5600
HA1N5610
HAI15623
MAIN5630
HAIN56*0
NAINS65:)
HAIN5660
MAIN5670
MA115683
HAIN5690
MAIN5700
MAI 15710
HAIN5720
HA1N5730
MAIN5740
MAIN5750
MAIN5760
NAIN5773
HAIN5780
MAIN5790
MAIN5600
HSM^eiO
MAIN5820
MAI15330
HA1N5840
HAIN5850
MAI15860
HAIN5B70

GO TO HAIN5BBO
MAIN5890
MAIN5900
MA1N5910

HAIN5930

MAIN5960
•4AIN5973
MAIN5930
HAIN5990
HAIN6000
MAI16010
MAIN6020
NA1M&Q30
KAM6040
HAIN6050
MAIM6060
MAIN6070
HAI.M6080
MAIS6090
HAIN6IOO
HAIN6110
HAIN6120
MAIN6130
NAIN6140
MAIM6150
MIN6160

MAIN6I80
MAIN6190

*I*IHU>IAM6ZOO
MAIN6210
MAIN6220
MAIN6230
MAIN6240

B-10



0515
OSlt.

0517
051%
0519
0520
05?1
0522
Oi23
0524

0525
0526
0527
052B
0579

05 )U
0531
0532
0533
0534

0535
0536
0537
0538
05 3 J
0540
05*1
0542
0543
0544
0545
0546
0547

0548
0549

0551
0552

0553
05S4

0555
0556
0557
05S3
0559
0560
0561
0562
0563
0564
0565
0566
0567
0568
0569

0570
0571
0572
0573
0574
0575
0576
0577
0578
057-)
0580
0591
0582
0583
0584
0585
0586
0587
0588
0599

0590

0591
0592

CALL ITEil IPZ,T2,H2, ILL .J I
TRFFii=T/
VlSC^n-M IO)«T2*«.5»2.20')698F-8
T*RFFU=AI l l>«U**.5«J.28512F-7
/REFii=M'i)
PRREFO=Ad61
CPREFU«.123406«A(4)
RHORU*.002507«AI3I
C»CVR<1=AI 141
1 F < I ME f RC I 90C , VOC , »0 1

001 HREFGP-H:ttFO»;'3?4.4444
VISRUM=VliC«0«47.l)B025B
TK*0-^rKHrFJ<42.739«
CPRFuM=CPREFn*2 J24.4444
KHOKOM = RHbKn»51-i. 17-1
RN2M-«N».3048
RHOUK = i<HC'r:»5l5.379
TKON=T*0»43.73943

CPQM=CPU*2 324.4444
lvnM=AU». 3U4R
VI SVIJM=V [ SC<U*47. 880258
HWGM=HWJ*2 324 .4444
r.PWUH=CPun*2324.4444
QSTPTH=OSTPT*U348.9
HOM=HJ*2324.4444
HTM=HT*2 124. 4444
RHOUUXsRHU.ilU'515. 379

1AH625D
NAlN62t>0
MAIN6270
<AI*621i>
NAIN62'>0
KAIN6300
4AI163U
HA1N632O
MAIN6310
><AIN63<>^
HAIN6350
MAI«6360
HA1N6370
1AIV638O
HAIN6390
MAIN64J3
MAIN&410
HAIN6420
HAI1I6430
HAIM6440
HA1N6450
MAI^64AO
HA1M6470
HAIN6480
1«I<I64<0
HAIN6500
HA1N6510
1AI^6520
HA1N6530
HAIN6540
1AIM6550
HAIN6560

URITc(6,.)nOIHRFFU«,TKrFO,VI$RON.IKROH,ZRFFJ,PRREFO,CPRFQM,RHaROH, MAIN6570
lCPCVRn,RN2H,lC,PG ,KIIOOM,SRO,tK3H.VISCUt.OVJXQ,iO.CPOH.»OX,TWO, HAIN&590
2V[SWJN,H>.UH,CPMjn lPRLI.OSTPTH,HOH,HTH,RHJUaH HA1N6590

Gil TO 902 HAIN6600
90D Wfl jrF/fc/OOOJWfl^FO, TBEFUf VJSCHOr rX8FFIJ^7ft.cFa,P«*FFD,CPRf FO»RHDRO, HAIM66] 3

1CPCVRCI.R1, rU.PJ.RHOO, SRU, FKUt VI SCU tDVDXD.ZQ.CPOiAO, TUO.VI SCHO. NAIN6620
2HUO«CPHU»PRn l05TPT.HiJ*HT tRHOUO HAIN6630

800 rORH»T(/2X, 'SIAGNATIUN POINT DATA FOK SPHERICAL NOSE•//2X,•HREFD »HAIN664D
l'E12.6,2X,' IRCFO »•112.6,2X,•VISCRO="El2.6,2X,•TKRtFU="t!2.6/ 4AIN6650
22X,' ;REFJ ='El2.6 t2X,1PRREFO*'El2.6.2X,1CPREFO= tE12.6,2X, 'RHDRO '•HAIN6660
3512.6 /2X, 1 CPCVKQ= 1 E1?.6 ,2X, 1 RN =•612.6,2X, 'TO ='E12.6/2X, HA1N6670
4'PO ='L l2.6,2X, 'RHOO =•E12.6,2X,•SRO =•E l 2.6,2X,•TKO «•El2MAIN6680
5 .6 /2X , 'V ISCQ = 'E12.6 ,^X, 'nVOXO =•C12.6.2X,'10 -•E12.6,2X t NAIN6690
6'CPO = ' E 1 2 . 6 / 2 X , ' A O <"• E 12.6, 2X,1 TWO *• E12 .6, 2X, • V ISCU3*' El 2HA IN6700
7.6,2X,'Hi,0 = 1 E12.6 /2X, 'CPWO •• 612.6,2X, • PRO =•• E12.6/10X, • OSTPNAIN6710
8T='tl4.6,2X,'= NOSE STAGNATION POINT HEAT RATE ' /
92X, 'HO='E14.6,5X, 'HT='E14.615X, 'RHOWO=1E14.6)

THIS COMPLETES THE CALCULATION OF THt SPHERICAL IREFEKtNCE) HOSE
STAGNATION POINT DATA

MOW GST ALL RKFERENCE OUANTIHES FOR POINTS 1 THROUGH 15

102 CONTINUE

00 841 1=1,15
C»LL AMA = RP (Pill.TUdl,dill)
HUI1)-I29.0816*AID)
CPWII)=.123406*A(4)

RHO.WII1=.002507*A(3)
VI SCud > = A|lO»TKIII*».5«2.209693E-8
HREEXil) = (H(TI»HW(I I(*.5«.72*508TI OKI I»*(HO-H(I I I

TFST=HREFX(I)/.432
TR=TTST

J*.T'<UE.

HR=HKEFXII)
CALL ITEt, (PII I,TR,H»,ILL,J1
PRREFXII I=M1M
TKREFX(I)=Allll*TR*..5.3.28512E-7

VI SC:«d I=AI 10)*T^**.5*2.209698F-8
RHORXIIl=.002507*AI 3)
TREFXd)=TR

C P C V R X < I ) = A ( 1 4 )
PSIL ( I ) -H I I ) * (1 . -SORT(PRRFFXI I ) I )»HO*CSO*T<PRREFXI I ) ) I -HUH I
°Sm I>»l( [ ) • < l.-PRRtFXI I)««.333)»HO»PRRFFX(I I*».333-HK( II
IF(LONG-11841,802,802

602 IFI IMETRC>VIO,91C I911
<>11 HM7II I'Hilll 1*2324.4444

CPUTII)>CPHII)*2324.4444
HREF7(I I=HREFX(1I»2324.4444
TKREF7I I I=TKREFXII )*43.2394
VISRX7I D-VISCRXI 11*47.880258
RHURX7II l = RHflHX(I 1*515.379
T K X 7 ( I ) = T K ( 1 1 * 4 3 . 2 3 9 4
V I S C X 7 1 I )=VISC(11*47.880258
HX7II) = HII 1*2324.4444
V X 7 I I ) = VI I I*.3048
A A X 7 < I ) ° A A ( I I * . 3 0 4 B
RHOX7(II»RHOII).515.379
CPX7( I )=CP|11*2324.4444
WRITEI6,803)I ,HU7II) ,CPW7II I ,HRFF71 I I.PRREFXI 11,1KREF7tI).VISRX7IIMAIN7180

1I.RHURX7I I I ,TREFXI I I , £REFXI I ) ,CPCVRXI I ) , PI I I , T I I 1, TKX7I I I , J I SCX7HAH7190
2(1 ) ,PRII I,ZIII,SRI I I .HX7II) ,VXTI1I ,CPCVI1),AAX7II I ,RHUX7II) ,XMII I,HAIN7200
3CPX7III NAIN7210

GO TU 841 HAU7220
910 *RITEI 6,803)I.Hull I,CPW(11,H«£FX11).PRREFXII),TKREFXI11,VISCRXI11.NAIN7210

IRHORXd I , TREFXII I .ZREFXI I I .CPCVRXI 1 >,P( I I,I( I I, TKd I , VISCII ), NAIN7240
2PRd),2 l l I.SRI I I,H(I I ,V( I I.CPCVd I,AAII) ,RHOI I I ,XHI I ) , CPI 11 XAIH7250

803 FURMATI/ /2X, 'MALL, REFERENCE, AND EXTERNAL-TO-BOUNOARY-LAYER FLOW HAIN7260
IPROPERTl tS AT STATION = • I2/2X,'HW I I I •>• E12.6, 2X, ' CPUI I ) =' NAIN7270
2E12.6,2X,'HREFX(I) *•E12.6.2X,"PRREFXII! = •E12.6/2X,'TKREFXI11.• HAIN7280

NAIN6720
HAIM6730
HAIN6740
HAIN6750

HAIM6770
HAIN67BO
1AI16790

HAIN6800
HAIN6B10
1AIN6870

NAIN6B30

HAIN6B50
HAIN6860
1A116B70

HAIN68BO
HAIN6890
HAI16900
MAIN6910

XAIN6920
1AU6930
HAIN6940
BAIN6950
KAIN6960

HAIN6970
HAIN6980
HAIN6990
HAIN7000
NA1N7010
XAIN7070
1AIN7030
HAIN7040
NAIN7050
><A117060

HAIN7070
HAIN7080
HAIN7090

NAIN7100
HAIN7110
HAIN7120
HAIN7130
HAIN7140
MAIN7150
HAIN7160
MAIN7170

B-ll



0685
06 ft 6
0687
0688
0689
0690
0691
0692
0693
0694
0695
0696
0697
0698
0699

lF14.<./5X,'OXQtlLAI' = 'E14.6,3X,1OXOaTUR'3=IE14.6,3X,1CFLAH=1 t!4.6,3X, XII KB 330
21CFTURB*'E14.6/2X,1TAULAM=1E14.6,3X,'TAUTURB=1E14.&,3X,1CFRENU=1 MAINS 340
3ei4.6,3X,1ROMURT=1E14.6/3X,1REX=1 E14.6, JX, • REYMUM*' E14.6/ MAIU8350
41X,'Ha£Cl.«tEJ4.A,5X,'HRECT*rf:14-6) MAIN8360

6500 IF(TT-100.19810.9810.9811 MAIN8370
9810 TT=2UO. MAIN83BO
9811 C«LL ANAPRP (Of,TT.C1 111 I MAIN8390

GO 10(6502,9.65011.1 MAIN8400
299 WRITE (6.1010HJK NA1N8410
1010 FORMATI41H NON-CONVERGENCE OF ITERATION SCHEME IJK°I3> MA1N8420

GO TU 1 «nB43D
999 WKIIE (6.9999IKL* MAIN8440

9999 FORMATI47H TEMPERATURE OUTSIDE RANGE Of MOLLIES DATA KLN-I3I MA1N8450
GO TU 1 HAn8460

1000 FORMAT (12. 18A4I MAIN8470
1001 FORHAT(5cl3.8,I4,5Ill MAIN84BO
1002 FORMAT (2E15.BI MAIS8490
1112 FORMAT (1H1/27X.18A4) MAIN8500
1113 FORMAT! ////6X.17HVIiC=LB-SEC/SQ.FT,24X,15HCi>*BTU/LB-OEG.K/6X,17HTMAIN8510

1 OR TREF * OEG.K.26X.25HRHO OR RHOR = SLJGS/CU.FT/6X,18HH 3H H<EF HA 1X8520
2- BTU/IB.25X.12HPSI = B TU/LV6X, 30H IK OR TKREF = BTU/FT-StC-DEG.K MA1N8530
313X.15HTAUH' * LB/SO.FT//6X.50HSYMB3L ENDS IN X * LOCAL EXTERNAL-TOMAI»<8540
4-B.LAYER VALUF/6X.42HSYMBOL ENDS IN L * 3.LAVES FLDW IS LA1HA*/ MAIV8553
56X.44HSYMBOL ENDS IN T <= B.LAYER FLOW IS TURBULENT//3X.12HOEFINITINAIN8560
60NS-/6X.31HC = LOCAL VEL./FRFE STKCAK VEL./6X,34HCPCV = GAHMA * SPHAIN8570
7ECIFIC HEAT RATIO/6X,27HPR OR PREF =• PKA«DTL NUMBE*/6X.29HPSI •= H HAIN8580
BRECOVtRY MINUS H WALL/6X.26HZ = COMPRESSIBILITY FADT9R/6X.33HCF * HA1N8510
9FRICTION COEFFICIENT AT UALL/6X.24HTAUH * MALL SHEAR STRCSS/6X,102*AINB600
1HREYX = REYNOLDS NO. BASED ON LOCAL (EXTERNAL-TO-B.LAYER) PROPERTIMAIN8610
2ES AND SURFACE DIST. FROM STAG. POINT/6X.44HREYMOK ' MOMENTUM THIHAIN8620
3CKNESS REYNOLDS NUMBER/?X.6SH(WHEN REYMOM IS NEG., HfKI iiATE IS MEKAIV8630
4G. SO REYMOM HAS NO MEANINGI//6X.57HROMURT - (RHO * MUIUALL / (RMAIN8640
5HO * MU)EXTERNAL TO B.LAYER! 1AIV8650

0700
0701

SYMBOL
ORATL

SYMBOL
A

8005 STOP
END

LOCATION
0

LOCATION
0

SYMBOL
QRATT

SYMBOL

COMMON BLOCK
LOCATION

3C

COMMON BLOCK
LOCATION

/DRRAY / MAP
SYMBOL
PHI

/ARRAY / MAP
SYMBOL

SIZF
LOCATION

78

SIZE
LOCATION

B4
SYMBOL

5C
SYMBOL

MAIN8660
HAIN8670

LOCATION

LOCATION

SYMBOL

SYMBOL

LOCATION

LOCATION

SUBPROGRAMS CALLED
SYMBOL
IBCOMf
CONSHK
SORT

SYMBOL
NTUN
THI
LONG
III
ZALTM
YY5
Rl
XII
PENG
ACCG
SMA
PINF
RHOINF
CON1
PTUO
HTUOI
KLM
SRTWO
TO
OHO
RHOO
VI SCO
TET
X24
175
PI
CP1
VISC1
IB
TQ1
RR4
RR8
DSR
DT
RHOWO
HREFO
ILL
PBREFO
VISROM
RHOOM
VISWOM
HTM
DAXX
xvisi
DV
DINT
CB2
HORAT
OLOCL

LOCATION
4EC
500
514

LOCATION
784
7C8
7 DC
7FO
S04
818
82C
840
854
at, a
87C
890
814
an 8
ace
8EO
BF4
908
91C
930
944
95ft
96C
980
994
9A8
9BC
900
9E4
9F8
AOC
A20
A34
A48
A5C
A70
A84
A98
AAC
ACO
AD4
AE8
AFC
BIO
B24
B38
B4C
B60
874

SYMBOL
SPIE
FRXPUf
ARSIN

SVMBUL
I
ux
LOW
IZ2
VINFM
ALPHA
XTHETA
HI
SPHT
FREO
TEMPR
L
XHINFY
CON2
HTWO
DHTWU
TTW03
VTWU
NTFST3
T03
PRO
SRO
JX
TETS
HC
11
HI
TK1
P2
COUNT
RR5
TESTA
TZ1
DSRZ
VISCHO
TEST
TREFD
CPREFO
IKRON
TKOH
HWOM
KHOWOH
XD
XVIS2
XR1
II
REX
Z27
CXI

LOCATION
4FO
504
518

SCALAR MAP
LOCATION

7B8
7CC
7EO
7F4
803
81C
830
844
858
86C
880
894
8A8
8BC
800
8E4
8F8
90C
920
934
948
95C
970
984
998
9AC
9CO
904
9E8
9FC
AID
A24
A38
A4C
A60
A74
ABB
A9C
ABO
AC4
A08
AEC
BOO
814
B28
B3C
850
864
BIB

SYMBOL
TBLALT
RGPM
cos

SYMBOL
ZALT
ITW
IMETRC
IZ3
RNM
XX5M
XXTETA
ZZ2
RHOSLG
XKU
HBTU
PP
XMINF
RHORAT
NSTOP
UK
DHTHR
PO
DTOHn
OH3
CPCVO
ZTWO
VI2Z2
TESS
IZ29
SRI
V7
DELVX
T2
RR1
KR6
TO
TZ2
OTOSRZ
DVDXO
HZ
VISCRO
RHOR3
CPRFOM
VISCOM
CPWOH
XI NT
XR01
DVIS
XR2
F
Z25
Z28
CX2

LOCATION
4F4
508
51C

LOCATION
7BC
700
7E4
7F8
aoc
820
834
848
85C
870
884
898
SAC
SCO
804
8E8
8FC
910
924
938
94C
960
974
988
99C
980
9C4
908
9EC
AOO
A14
A28
A3C
A50
464
A78
ABC
AAO
AB4
AC8
ADC
AFO
804
B18
B2C
B40
B54
B68
B7C

SYMBOL
HER
ATAS
TAN

SYMBOL
VINFY
IPRESS
NPOS
IZ4
7FT
YY5M
DELTCT
PUFY
VPART
FIA
SS
TT
3AMIXF
NSTOPl
NTEST2
OTDHIO
TTW02
PON
CPR
HU
CPO
zo
RH222
J
<51
Al
XM1
OXXX
K50
RR2
RR7
PO
SRZ1
TWO
CP'O
TZ
TKREFO
CPCVRO
KHOROM
CPOM
OSTPTM
TR
XR02
XVI
OR
HXSTAR
Z26
Z29
CX3

LOCATION
4F8
50C
520

LOCATION
7CO
704
7E8
7FC
810
824
838
84C
860
874
888
89C
680
8C4
808
SEC
900
914
928
93C
950
964
978
98C
9AO
9B4
9C8
90C
9FO
A04
Ala
A2C
A40
A54
A68
A7C
A90
AA4
AB8
ACC
AEO
AF4
B08
B1C
630
844
B58
B6C
880

SYMBOL
ANAPRP
SIM

SYMBOL
RN
LLL
•UEStl
IZ5
XX5
ALPHAM
DELX
TIMFY
XMFP
THCONO
AMOL
HINFV
HT
SAVl
riKD
TTWOI
RHOTWO
HTT
TOl
F32
TKO
AO
H2222
IIIER
SRC3t
RH01
CPCV1
DTHETA
Dtl
IU3
XK22
SRTRY
SRZ2
HMO
asTPi
PZ
ZREFO
HREFOM
*M2M
AOH
HOM
m
ORO

. XV2
K
CB1
rtilSTAR
OXOOL
CX4

ia;iuoi
4FC
510

LOCATION
7C4
708
7EC
800
814
828
83C
850
864
878
88C
SAO
894
8C8
8 DC
6FO
904
918
92C
940
954
968
97C
990
9A4
988
9CC
9EO
9F4
A08
A1C
A30
A44
A58
A6C
A80
A94
AAg
A3C
AOO
AE4
AF8
BOC
B20
B34
648
B5C
B70
884
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05"4
05"'j
0590
0597
0593
0599
0600
0601
0602
0603
0604
0605
0606
0607
060?
0609
0610
0611
0612
0613
0614
0615
0616
0617
0613
0614
0620
0621
06? 2
062 3
0624
0625
0626
0627

0628
0679
0630

0631
063?
0633
0654
0635
0636
0637
063«
063V
0640
0641
0642
0643
0644
0645
0646
0647
0648
0649
0650
0651
0652
0653
0654
0655
0656
0657
0658
0659
0660
06M
0662
0663
0664
0665
0666
0667
0666
06f9
0670
0671
0672
0673
0674
0675
0676
0677
0678
067V

0680
0681

0682
0663
06R4

P4

rtlO

S 1 5

316
817

951

950

SOI

818

3C12.6,>X,'VIb>r.!«m-'ElJ.6,2X,'R.i:mUI ••SlZ.b.IX.MR'HII) =

bCl^ .hKX. 'PHXI I I i'll2. b . J X . ' Z X I I ) = '6 I2 .6 /2X , ' S K X d 1 =

CilN T I "4UE
O'J KVJ I 1= 1 * 14
: ) A X X = X( I » 1 1 -X ( 1 1
<')=U5XX/2f1-.
X R O I = RHn-4x 1 1 1
XSU.^rtMUKXI 1*11
USP-I IXKO;-xa i l l /C*XX)*XiJ
XV I S 1 = V I S C U X < 1 1
XVIS i = VIS.CRX( 1*1.1
0V ISM (XV I 52- XVI SI l / O i X X I » X D
X V 1 = V ( I I
XV2 = V I 1*11
r>V=< ( X V 2 - X V 1 I / O A X X I « X U
<:!!=<( [ )
Xtt 2 =H \ \ » 1 >
r>R=( I X K 7 - X » 1 I / U A X X I * X L
HI I 1 I -=XR1
V l ( l l = X V l
R01(l l=Xtti l l
V lS l l l l -xv tSI
D.l 610 K=l ,20
RI)2(KI = R t j l (K )>3Rn
HOI ( K*l I =tt()2( « 1
VI S21KI =VI Sl( KI+D7I S
V lS l lK» l )c lHS2IK)
V 2 I K I = V l ( K I » n V
VH K* 11 =vt'l Kl
R? (K 1 =R1 ( K I*DR
R l f K + l ) = R ? I X l
5JIK 1 =( RJ7I Kl»«01 ( K-l 1 /2.
V IS2 IK I = IV IS2<K) * -V lS l lK l ) / 2 .
V 7 ( K I = ( V 2 ( K ) * V l t C ] l / 2 .
R 2 t K I = ( X ^ ( K I » R l l K I ) / i ! .
! ) I N T - ( I R u ( K ) * V I S 2 ( K ) l /(Rrii]U*V I S C U ) 1 * ( V 2 ( K I / V I N F Y ) * ( R 2 I K ) * * 2 )

1«XD
XlNT = X t s ( +OI'iT
II-K1
r = ( K M L ) R X ( 1 l l /RHUCIXVIII l/VI«lFYI*m III

M X S f A « = F / I S O R T ( X I 1TII
M1 = SO«I( P R ^ F F X I [III
CH2= I»RRLFXI 1 1 I * * .3333I
HRFCLIII I=HII I 1*1 l.-CRll*HU*CBl
H*F.CMIM>ri(I 1 1*1 l.-C"2l»Hn«CI'2
RFX=SHri( II |*V(II I*XIII 1 /V ISCI I I )
Z^5 = < r*OVUXC*IRHORU/RMtjJ)
726 = V|-(FY*(VISCRn/VISCOI
HOSIAR=S<; i< r (7?5 /776 l
Hnr t4T=WXSTAR/H i jSTAR
Z27=TK! !EFX( I I I /TKREFU
728=(HRECL 1 1 1 I-HWI I I 1 )/(tlb-Hhni
Z29=CPyu/tPWt I 1 >
OXWuL = 7 .27*HORAT*7?8* /29
OLnCL=OXC,1L*OSTPT
CX1=( l .-CK2)*HI I1I»ICB2*HOI-HUIII 1
CX7MRHURXI II I*VI I I 1 1 ** . 0
CX3=TIUFFX(n l**.6667
CX4« . 03*1 32. 174**. 533 3 1*12.**. 2)

C X 5 = V [ S C H X ( 1 I )**. 46667
CX6-CPHeFO**.6667*(X( II I**.2I

OLOCI = (X.«U«5/XD€N5I* J R A T T I III
Q X C O T i U L U C T / C S T P T
CTr = PRHF.FX(I I l«*.6667
CFH l=(2 . *QLUCL«CrTI / IRHJ( I 1I*VHI I*I>ML< II 1*32.1741
CFIUR1-I2. *OLnCr«CTTI / (RHU( I I I *V ( I I I *PSIT( 111*32.1741
rAUH<t = .t,.CFlAM«RHOI l l )*Vt l l l **2
TAUIOR=.5*C;FnjRe*HHO( II 1*1 V(l ll*«2l
CFRtNU=(CFLA»*i<tX*rKI 1 1 1 *PS R < 1 1 1 1 / ( OL'JCL'X ( 1 II*CPI II II
IF(Ct-'HNU-2.IH15,,Hl5fR16
FORIMF=.u50fl*ICt :RFfJU**<ll + .1332*Cf-RENU
03 TO al7
FPRIME=.U1 16267* (CF^ENU*«2l».25644*CrRFNJ-. 089787
ROHl/*r = (KHQHI I I I *> / ISCWI I I I I / (RHOI I I I«VISC( I I I I

IKK=l+l
IF ( 1HF.TRC 1 950, 9in, 951
OLOCLH=OLUCL*11343.9
giUC f« = OLOC 1*11343. 9
XM27H ( IKK1=X( IKKI*. 3048
TAULH=TAuLA"*47.1802'>8
IAUTM-IAUTUP.*47.flS02JI>
RFXK=RFX*.304a

HRCCLVI 1 1 1 =MRtCL( 111*2324.4444
HRf Crf.l I I I=HRFCT( 1 1 1*2324.4444
VRITF . « , ,S ie>IKK tOLUCLn.OLaCTK,XH278l lKKI ,CXCOL>GXCUT,CFLAM,CFTUftB

IT4ULM ( T AUTHtCF-RFNUt ROMURT ,R^XHfREYHM fHRECl.MIlI) ,HRECTMt 11)
GO I'l "01
JRIIt (6,d l8) 1KK,OLOCL,OLOCT,XI IKKI .

10XOUl.iOXC.)T,CFLAP,CFtURB,TAULAH,
iTAUTUR>CFKE^U,ROHUitTt><EX«rtFYH(}H,r1KECL(II)fHRECT(III
CO-ltl HUE
GU TJ 1
F08HAI I //?•(,' STATION NO. « • I2/5X, • OLOCL»H=' E14.6.5X , • OLOCT JRB»*

1E14.6.5X,* X*1

HM172)D
MAI >17300
HAIN7310
HA .17320

HA 47340
HA .47351)
HA N736O
MA N7370
HA N73EO
HA '47390
HA N7400
HA M7410
HA N7420
HA -47430
HA N7440
HA *4745D
HA V7460
HA N7470
HA N74dO
HAI'47490
MMN750C
MAIN7510
HAIN752U
MAIN7530
HAI.M7540
HAIN7550
HAIN7560
HA1N7570
HAf«7580
HAIN7590
HAIN7600
HAIS7610
MAIN7620
HAIN7630
HAIM7640
HAIN7650
MA1N7660
1AK7673
HAIN7680
HAIN7690
HAIN77DO
HA1N7710
MAIN7720
HAK773D
MAIN7740
MAIN7750
HAH77SO
HAIN7770
HAIN7780
HAIM7790
MAIN7800
HAIN7810
HAIM7820
HAIN7830
MAIN7B40
HAIN7B50
HAI ̂ 7860
KA1N7370
MAIN7830
HAI M7890
MAIN7900
HAIM7910
HAI ̂ 7920
HAIN7930

MAIN7950
MAIN7960
HAI N7970
NAIM7980
HAIX7990
HAIN8000
HAI^BOIO
MAIN8020
HAINB030
MAIN8040
MAINB050
HAIVIB063
HAIN8070
HAIN8080
HAI ̂ 8090
HA1N8100

HAM8120
HA MS 110
HAI ^8 140
HAINB150
HAIN8160
HAUB170
HAIN81KO
HAIM8190
HAI ^6200
HAINU210
HAIN8220

.KAIN8230
HAIK8240
HAINB250
HAIN8260
HAIN8270
HAI H82BO
MAIH8290
HAIN8300
HAM9310
HAIN8320

B-13



XNUMS
0X007
TAUTUR
IKK
REXN

HCt
8 1C
BBO
BC4
1108

CXI
CIT
CFiJENU
OLOCLP
REYMM

BBC
Bin
OS".
BC8
HOC

CX6
CFLAK
FPRI1F.
OLOCI"

B90
B44
838
HCC

XOEN5
CFTURB
(JIUiil
FAULr

894
848
esc
BOO

OLOCT
TAU14H
^FirXDI
T4UTK

B98
BAC
3:0
BD4

ARRAY M4P
SYMBOL
XM27B
HREF7
VISCX7
CPX7
PXPO
INFO
I
CP
V
ZX
KHOX
VIS1
RO
PS
PRS
2
HU
RHORX
PSIT

LOCATION
8FO
OOC
E3R
F64

10<)0
1253
1390
14BC
15E8
1720
1860
19DC
1B80
ICC',
1DFO
1F1C
204C
218C
22CC

iYMBuL
HRECLM
TKRCF7
HX7
rtrs.i
R
OTM
IKS
RHO
PR
MX
CPX
R02
PHIX
SRS
AS
XM
CPU
IREFX
MKECL

LOCATION
CIC
048
E74
FAO
10CC
1240
ucc
14F8
It,?',
1/60
1840
1430
1004
1000
1E2C
iFse
20BC
2 ICC
230C

FORMAT STATEMENT
SYMBOL

893
9922
867
345
818
100?

LOCATION
23CC'
2858
28E9
2AC1
2F7F
50E2

SYMBOL
891
9000
4471
577

1010
1112

LOC4TIUN
23FB
2868
2170
2806
3069
30E9

SYMB3L
hRECTM
VISRX7
VX7
RRM
TW
Lf
VS
44
TKX
VX
Rl
V1S2
RHDM
TS
vises
CPCVS
PRRcFX
;REFX
HRECT

K4P
SYM83L

930
10M
4070
1700
9999
1113

io:4ru-(
C58
034
FBO
FOC
1108
120C
1408
1534
1660
1740
18EO
1'84
1C10
101C
1T68
1F94
20CC
220C
234C

LOCATION
2429
287E
2400
2B4F
>098
10F5

SYfBjL
^h7
RHHRX7
»SX/
XXH
Y
.MX
IS
vise
VISCX
CPCVX
VI
V2
VISCk
CPS
TUSHK
XKS
TKREFX
CPCVKX
IS

SY^BJL
876

9710
792
800

10JO

LOCATION
C54
OCO
EtC

1J18
1144
1318
1444
1570
1640
17FO
1934
1008
1C4C
1078
1E44
1FDO
2inc
224C
238C

LOCATOR
2450
288F
2A40
2BAO
30CU

SYKBOL
CPrf7
TKX7
RHnxr
X
SAVE
P
H
TK
P«
4X
RJl
*2
SR
RKOS
CPCV
HREFX
VISCRX
PSIL

SY«B3L
1060
5748
795
803
1001

LOCATION
COO
OFC
F28

1354
120C
1354
I4BO
15AC
16EO
1820
1988
1B2C
1C88
10B4
1EEO
JOOC
214C
228C

LOOATION
2706
28C6
2A67
2084
3035

•OPTIONS IN EFFECT* I O.fdCOIC, SUUftCE.'JUL I ST tNODECK, LU4D.H4P
•OPTIONS IN EFFECT* N4HE • H4IN , LINECKT = 58
• S T A T I S T I C S * SOURCC ST4TEKFNTS = 701.PROGR4M SIZE =

0001

0002
0003
0004
0005
0006
0007
0008
0009
0010

0011

0012
0013
0014

0015
0316

0017

0018

0019

0020
0021

0022
0023
0024
0025
0026
0027
0028
0029
00)0

00)1

0032

0033
00)4

0035
0036

C
C
C

C
C
C
C
C
C
C
C
C
C
C
C

10

20
30

5003

40

50

55

60

C
C
C

70

SUBROUTJ.lt HER TO FIND IEP"P AT GIVE* ENTHALPYIFIXED PRESS)

SUBROUTINE IIER|P,T.H,I,J)
-THIS RCUTINE IS GIVEN A PRESSURE. ENTHALPY, ANU 4

TEMPFRATURC GUESS. IT USES 4N ITERATION TECHNIUUF TO
FIND THE CORRECT TE.MPERATUKF TO FNTER AN4PRP SJH10JTME
KITH TO GET THE GIVEN iNTHALPY -

P = PRESSURE ILBF/SOFT]
T = TEMPERATURE (OEG.KI. ENTER rflTH JUESS FUR T

AND RETURN Kl Ttl CORRECT 1 VALUE
M = ENTHALPY (STU/LRMI
I = ENTRY POINT NUMHER
J - TRUf IF NO PRINTOUT OF I T E R A T I O N S IS DESIRED

DIMENSION GI5)
DIMENSION XI4 I
COMMON/ ARRAY/ 4 1231
OOUBLF PKHCiSION X
LOGICAL J
ITEM = 0
,-,(41 • = T
IFIGI4I.OF.IOO.) 50 T'J 70
GI4)MOO.
GO TU 30
IF IGI4) .ST. 15000.) GI4) = 15000.
CALL 4NAPRPIP,GI4I,C500)I
4141=414)* . 12)406
4181= 4 ( M | • 129.0316
GI2)= GI4I » (H-4I3) I /AI4I
ITEN = IThN «1.
IF IJI GU TO 40
WRITE 16.5000) I,ITE.'4,GI4) ,3121 ,H,»I<JI
IFIA0SI (Alul-HI/H) .LE. 0.0001) GO TJ 80
IFIITEN .GT. 1) GO TO 50
GI3) - G I 4 )
GI4I = GI2)
SO 10 60
IFIITEN .GT. 25) 50 TO 70
DO 55 K=l,4
X I K ) c GIKI
GI5I = IX I2) *XI3 I -X I1 I»X(4» / I X I 2 I » X ( 3 ) - X I 1 ) - X ( 4 ) I
GI3) = GI4)

SI4) = G I 5 )

Gl 1)- C.I2I
GO TU 10

-ERKUR rxiT ( ITEK. COUNT OVFR 25)

KRITt 16,5001)
W R I T F 16,5002) P,T,H,[,J,(»(K),K=l,2l l
1 =-l
RFTURN

ITEOOIJ
ITER0020
ITER0010
ITE:<0043
1TER0050
ITCR0060
ITE40070
ITER008C
ITEROO<0
ITErtOUO

ITER0110
ITER0120
ITE40UC
ITER0140
ITER0150
1TER0160
ITER017C
ITER01BO
ITF<OHO
1TER0200
ITER0210
I TE*02?0
ITER02JC
ITER0240
ITE<U25D
ITER0260
ITER0270
ITFJ02SO
ITER0290
ITEROJOO
ITITROllO
ITEK0320
1TE031J
ITERO)40
ITFR0350
1 TFR336J
ITER0370
ITER03RO
I T E 4 0 3 J O
1TER0400
ITFR0410
ITE40420
ITER04)0
ITER0440
ITERJ45J
ITER0460
ITER0470
ITER04KO
I IER0410
ITFR0500
ITER0510
ITFH0520
1 TEROt»0
ITCR0540

NORMAL RETURN EXIT

B-14



0037
0035
003')
0040

0041
0042

0043'
0044

SYPB'OL
A

SYMBOL
4NAPRP

SYMBOL
ITFN
I

SYMBOL
;

SYMBOL
5000

C
ao

5000

5001

LOCATION'
0

LOCAIIO".
rc

L O C A T I O N
110
124

LOCMIO-l
12C

L O C A T I O N
160

T= GI41
A { t > = M4>/ . 12340*
Al 8 ) = A l d l /129.03I6
FORK4T 1 10

X )><

HPI-NTRY °T.I
U'JI *t \ t .

riR-^t 1 IdHOrnR.'lK FXI 1

X. '<H J
tC TUiN
fill

SY-'I&LL

SYHBflL
leClfcil

SYMBOL
T
K

SYMBOL
X

SYMBOL
5001

-I 3/l'iH AK::

CO^MH-N 8LUCK
L'OCAT I.'l'l

LOCATin-)
100

LOCATION
114
1*8

A R R A Y M A P
\.OT.»T 1.3-1

140

FOSMAT S T A T T
LOCATION

13A

2, 1?H ITf-R. <0. I 3, 9H
6, 'JH Hill =r=14.6, M

— [ T F R A T I O - i COONT OViR

AYI 1-731 =/ I hE<?0.6) 1

/ARKAY / MAO SI If
SYMD.U L O D A T I O M

SYMBOL LOCATION

SYMBOL LU:ATIJN
P 118

SYMSJL LO".M13'4

K£MT MAP
iYMBOL LOCATION

50C? 1E4

ITfROSIO
ITEB05KO

IIeH06()0
T i l l OPF14.6, ITFK06 IO
HIJ1 =T14.61 ITER06PD

251 ITEK0630

ITE«65J
ITbK066P
1TER0670

5C
SYMBOL LPCATIRM SYMBOL

SYKBIJL LOCATION SYMBOL

SYMBOL LOCATION SYMBOL
H 11C J

SYMBOL L3CMI3H SYMB3L

SYMBOL LOCATION SYMBOL

LOLATION

LOCATION

LOCATION
120

la-ATUS

LOCATION

•OPTIUNS I.-I EFFECT* IDtF.UCUIC, SOURCC. NUL I ST.MOUECK.LOAO . MAP
• DPMO'IS IN EFFECT* .^AMC « IIt< , LINCCNT = 53
• S T A T I S T I C S * SlURCo S T A I E M F > C T S = 44.PHHGUAM SUE =
• S T A T I S T I C S * \J :)MGNUSTir.S GC1ER»TFU

0002

0003
0004
0005
0006
0007
OOOo
0004
0010
0011
0012
0013
0014
0015
0016
0017
00 If!
001-)
0020
0021
002i'
0023
0024
00?->
002 h
0027
002(1
0020
0030
OOlt
003?
00 3 J
0034
0035
0036
00'37
0033
003J
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053
0054
0055
0056

SU8R.)UT]rt£ TBLALT

SUBKulUTHI THLALI IZFT,pr .JG,SPHT t<40,KHOSLC,VPA*T,<MFP,ACCG,FREO,
I X M U t b T A . THCO'O,SM\( TcMPR.HBTUvSS, AMOL )

OlMCNSin.i X A L 1 I 121. MPIlZl.Pf 1121, XL1I12I
OIKL 'JSIO.J X A L T I l?l, TnPI 12I,°B(1?I ,Xl«!« 12)
IFUTl -ST- l<>a76> 13,1?, 13

13 X1LTI 11=0.0
XALII 21=11000.0
X S L T I S I = 25000.0
< A L T I 4 l = 4700ll.O
xAi. ii5iaruoon.o
X A L T I 6 I = 79000.0
X A L T I 7>=VUODM.U
XALI IB)=105000.0
X A L T (91=160000.0

X M T I 1 11=200000.0
X A L f l l?l=700000.0
T^t l U = 2nS. 16
TMtlli- l = 2lt>.66
TMBI J)=21c>.66

TMR|6)=165.66
1X0171=161.66
T».B(rt)=22'..66
MB( )) = 1J25.66
T"BI 101= 14^5. (.6
T"«(lll = 15I5.<.<>
TMIII 121= 1325.66
OBI 1) = ?. 1162170=03
»n(2|=4.7^676l6f 02
"31 JI = 5.I-I754»7F.OI
p e i 4 ) = 2.'U5339l<:.CO
°8(5)=1.2177534EOO

"81 101 = 2. II654640F-06
031111 = 1. 868>3353F-06
P|)l 121=1. ?730206F-09
XLKI 1U-0.0065
XLM(2)=0.0
XLMI 31=0.0030
XLMI4)=0.0
XLM(5)=-0.0045
XLMIolru.U
XLMI 7>=U.0040
XLHt«l=0. 0200
XLMI9)=O.U1DO
XLMI 101=0.005(1
XLMI 111*0.0035
XLMI 12>=d.O
ITF.ST = 19I176

12 ZMtT*0.3048«7FT
*LT = ZMF.T Ml.O » ZXF
00 1 I * 1, 12
IF IXALK l l -ALT) 1,2,3

TBAL0010
TBAL0020
TBALOD3U
TBAL0040
TBAL0050
TBALOObO
TBAL0070
TBALOOflO
TBAL0043
TBAL0100
TBAL0110
TBAL0120
TBALOIIO
TBAL0140
TB4L015U
TBALOlbO
TBAL0170
TBALOISO
TBAL0190
TBAL020U
T6AL0210
TUAL0220
TBAL323!)
TBAL0240
TBAL0250
TBAL0260
TBAL0270
TBAL02BO

TBAL0300
TBllOllO
TBALH120
TBAL0330
TBAL0340
TB4L3350
TBAL0360
TBAL0370

/«>. J56776F6)

TBAL0390
TBAL0400
TBAL3410
TBAL0420
TBAL0430
I8AL0440
T6AL0450
TBAL0460
TBALO«70
TBAL0480
TBAL0490
TBAL0530
TBAL0510
TBAL0520
TBAL0530
TBAL0540
TBAL3550
TB4L0560
TBAL0570
TB4L0580
TBAL0590
TBAL0600
TB1L0610

8=15



0057
005&
0059
0060
00(1
0062
OOAJ

0064
0065
0066
0067
0068
0069
0070
0071
0072
0073

0075
0076
007 ?
007B

0079
0030
0081
00*2
0083
0084
0085
0086
0087
0088
0089

0091
0092
0093

SYMBOL
FRXPRff

SYMBOL
ITEST
TM
TCHPR
RHO
XMFP
THCOM)

SYMBOL
XALT

1 CONTINUE
2 fS = TKiMIl

PEHG = P(M II
G'J T.J 6

3 TM = IMMI-II « XL- t l l - l ) • ( A L T - X A L T d - l l l
IF IXLMI 1-1) 14,5,4

4 »F«G - P!ill-l) «(Tia< 1-1 I/ITHBI7-1 l»<LMU-l)*IALI-»Air( l- l> 1)1
1 **l 1.416479T-2 /XL^II- l l l

GO TO 6
5 PE'<G=PBII- l l« l?.7l83*M-).41<.479r-2*IALT-XALTII- l D /TMRI [ -1)11
6 [FIAI.I-9JUOO.UI 7,3,3
7 ArtOL*2B.966

iU Til It
8 IF IALT- laOOOO.OI 1,10.10
9 A»OL*2>.0-5.04483574«ATA-4( IALT-22.F4) /25.F3I

;o TU n
10 »*UL*2r. 106-7. 935697 10* A TAN I 1 AL I -1" ,Fi4 I /14.E4 I
11 ACCG = l.:i')9046El'>/l2.0S526?9E7»iFT)*«2

TEXPSM.S'TF'I'PI! '
P«ET = 4b82.8*PEKG
tHTO = 95.53 » 0.2396 * ( TEMPR-400.0)

T8M.Of.20
T3AL'J6 i'l
TBAL0640
TBAL0650
IBALQ66D
TBAL0670
TBAL06.10
T P A L 0 6 9 Q
TBAL0700
16510710
IBAL372J
TBALC730
TBAL0740
T B A L 3 7 5 0
TBAL0760
TBAL0770
IBAL373U
TBAL0790

TBAL0810
TBAL0820
rRALODO

S3-O.US8&b«(1.8568f01»2.r512£-02»TEMPR-3.5545E-U5»TE«P<«*2«2.0l;)7 r 051.38". 0
1 t-C8»TEMPa«»3)

SS = St'i*0.068H6»ALOGI 211.6217/PFNG)
RHO=Pr- '4G*AMOL/l l545.U*TEMPR)
SPtalBRMI)*ACCG
RHO.SLG=RHO/ 32. I 74
S O R T T M = S w R T ( TM.)
VPART=BB.704B21»SORTTM
XMFP*?6.4135609F.-7«AMOL»TM/PMET
FREQ £3.3583060f ;7*PMFT/ IAHOL*SQRTTM)
A=TCMPK»*1.5
XMU=,9797309E-06*A/(T r*1PK*l lC.4)
FTA=XMU/RHO

30 SKA'65.7720l>i*SQRTTM
RETURN
END

SUBPROGRAMS CALLFD
LOCATION SYMBOL LOCATION SYMBOL LOCATION SYMBOL

FC A T A N 100 ALUG 104 SCRT

SCALAR MAP
LOCATION SYMBOL LOC*TIU4 SYMBOL LOCATION SYMBUL

13C i:<TT 140 /FT 144 ALT
150 PF.'IG 154 AKOL 158 ACCG
1*4 P»FT 14H hBTU 1 6C SE
17B S P W T 17C *HOSL2 180 SU<T1«
18C FRKC 190 A 194 XKU
1AO SMA IA4

A R R A Y CAP
LOCATION SYKBUL LOCATION SYMBOL LOCATION SY1BUL

IA8 TfB 1DB PG 708 XLM

TBALOB50
TBAL0860
T8A10870
TBAL0340
fHAL^S *0
TBAL0900
TBAL09IO
TBAL3323
TBAL0930
TBAL0940
T B A L 3 ^ 5 ^
TBA10960

TIJA10910
TBA10990
T6AL1000

L O C A T I 3 V
108

LOCATION
148
15C
170
134
198

LOCATION
238

SYUBJt.

SYMBOL
I
TEMPK
SS
VPA^ l
ETA

SYMBOL

L O C A T I O N

160
174
188
19C

•OPTIONS IN fFFECT* I 0.EBCDIC,SOUHCC,NOLIST.NODFCK.LOAD,MAP
• OPTIUNS I'l EFFECT* NAME - TfLILT , LINECNT = 5H
• S T A T I S T I C S * SOURCf STATEMEMIS = 93,PROGRAM SI /E =
•STATISTICS* NO DIAGNOSTICS GFNERATEB

C FUNCTION BLUGIXI
C

0001 FUNCTION BLOC(X)
0002 SLOG " ALUGIABSIXI)
0003 RETURN
0004 END

SUBPROGRAMS CALLED
SYMBOL LOCATION SYMBOL LOCATION SYMBOL LOCATION
ALOG 90

9L330010
SLOGOO^O
BLOG0030
6L3r,004u
JL010050
BLJG0060
BLOG0070

SYMBOL LOCATION SYMBOL LOCATION

SYMBOL LOCATION
EROS AO

EQUIVALENCE DATA MAP
SYMBOL LDCATIIJ'l SYMBOL LOCATION SYMBJL LOCATION SYMBOL LOCATIJ*

SYMBOL LOCATION
X A4

SCALAR MAP
SYMBOL LOCATION SYHBUL LOCATION SYMBOL L3CATI3< SYMBJL LJ:ATIJI

• OPTIDMS IN fFFECT* ID,ESCOIC,SOURCF,VOL IST,NPO£CK,LOAD,MAP
• OPTIONS IN EFFECT* ' i<AME = RLCG , LINECNT -. 58
• S T A T I S T I C S * SOURCE S T A I E X C ^ T S 5 4,PROGRAM SUE =
• S T A T I S T I C S * NO DIAGNOSTICS SENFRATEO '

0001
0002

FORTRAN 4 VERSION OF AMAP4P SUBROUTINE
C
C.VVJPRX
C

SU3AUUTIHF ANAPRP(P,T , * I
CALL NOONFL

C P = PRfSSURF ILB/SOFTI
C T = TEMPr/SlTUKE IOES.K)
C
C - THF RFSULTS APPEAR IN A O.IHM3J ARRAYI/ARRAY/AI23) I .
C All 1 = HTR

4NAPO020
ANAPOOiO
ANAP004U
ANAP0050
ANAP006U
ANIPD07Q
ANAP0040
ANAP009U
ANAP01DU

B-16



0003
0004

4 ( 3 ) = RHG

AC)I = CPK
AIM = 4H»
AIM = AA1
A ( P ) = HH 1
Al 9) = 7
Aim
Mil
Al I?
Al 11
Al 14
M 15
All'.
Al 1 r
All.:

= V1M.3L
= ILHbOP
= TLMiiDA
= OFNil
= C P C V
= DVPrt
= iHP
= °R
= *T

A ( 2 0 I = <E
A I 2 I I = CF
A I 2 ? ) = EC
A I 2 3 ) = VNF

COHHO* / A R R A V / A I 2 3 I
EQUIVALENCE! A( ll.HRTI, I 41 21. St I, CM JI.RHOI .IM4I

UCil.CPKI.IAIbl.ltlPl.Um.lM ),IAini
.CP1PI t
HHl),

IAI ll l.OPMVI, («( 141 ,CPCVI , IAI 151 ,OVPRI , (
IAI17) ,PRI , IMl j ) i2T) , IAI19) f l

>Fl l IAI20)
A( 161 ,
X C I i

0005
0006
0007
0008
0009
0010
0011
0012

0013
0014
0015
0316
0017
0013
0019
002U
0071
0022
0023
0024
0025
0026
0027
00?8
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
006)
0064
0065
0066
0067
0068
0069
0070
0071
0072
0073

0074

DDsp
TTM
Ta=TT/100G.
•jT=bLOG( T 1 )
GTB=.434i!<>»GT-3.0
If ITI17010, 7010, 7011

7010 H*tTe(6,2GOI
200 FGR«STI/7X,'A NO-NO HAS dEFN PERPETRATED, THE ENT

li=RO OR SEGA Tl Vc1 1
ftEIUHN I

7011 CONTI1UF
SOT = S04T 1 T T )
C=0. 16
IFITT-IOOUO.110,10.20

10 |FUT-20<K>.>20,15,15
15 C=C-0.04«SINI 1 TT-2000. I /1274.01
20 VO«2740./TT

V1=3J90./TT
V2 =2270. m
V3 =11390. /TT
V4 =18990. /TT
V5 =228. /TT
V6 =126. /IT
V7 =2?nOO./tT
V8 =43600. /TT
V9 =27700. /TT
V10 =41500. /TT
Vll =38600. /Tl
V12 =58^00. /T'l
V13 =70.6/TT
V14 =1B8.9/TT
V15 =22000. /TT
V16 =47000. /TT
V17 =67900. /T7
V18 =175. /TT
V01=29500./TT
V>>2 =56601). /IT
Vt 1 =158000. /TT
VI2 =16H3CIO./TT
VF1 =75500. /TT
fVO =tXPl-VO)
EV1 =EXP(-V1)
EV2 =EXP(-V?I
FV3 =CXP(-V3I
EV4 "EXPI-V4J
T-V5 »6»Pt-V5l
?V6 =tXPI-V6)
FV7 =EXPI-V7)
FVH *EXP(-V3I
EV9 =r.XP|-V»
evto =rxp -vim
EVll =EXP -Vll)
EV1? =EXP -V12I
evia =EXP -vi3)
EV14 =>EX(> -VIM
SV15 =EXP -Vlr.)
5V16 =EXP -VI6)
EV17 =KXP -V17)
6V18 "F.XP -V13>
TGT = 2.5 GT
RGT = 3.5»GT
WO = l.-EVO
HI = l.-cVl
»2 » l.-tV2
IS = J.»2.«EV3*EV4
H4 = 5.»J.»EV5«EV(.»5.«eV7»EVt
W5 = 4.+10.*5V9+6.*EV10
W6 * 4.»10.*FV11*6.*^V12
W7=l.«3.*FVl3«5.«HVl4«5.»eV15*tV16»5.»EV17
UK * 2.»2.»rV13

c
C PARTITION FUNCTIONS 0 P i l l
C

GOPN2>RGT-0.42-aLOGIUl 1

8Y TEKPtDATURI:

ANAPnilO
ANAP0120
A.N4PJ13J
AMAP014U
1N4P0150
4N4P316J
AN4P0170
4N4P01><0
»N»P01 (0
ANAP0200
AN4P0210
ANAP3220
4NAP0230
ANA90240
ANAPU250
ANAP0260
ANAP0270
4NAP32BO
4NAP0290
4NAP0300
ANAP0310
ANAP0320
AN4P03JO
AN4P0340
ANAP0350
ANAP0360

AN1P0130
ANAP0390
ANAP04DD
ANAP0410
ANAP0420
«r«4P0430
ANAP0440
ANAP0450
&NAP04S3
ANAP0470

ISANAP0480
ANAP0490
ANAP0500
ANAP0510
4NAPD520
ANAP0530
ANAP0540
AMAP0553
ANAPO560
ANAP0570
ANAP0580
»M»»0590
AMAP0600
ANAP0610
4NAP0620
ANAP0630
ANAP0640
ANAP0650
ANAP0660
ANAP0670
ANAP0680
ANAP0690
ANAP0700
4NAP071U
ANAP0720
AN4P0710
AN4P0740
ANAP0750
ANAP0760

AN4P0780
ANAP0790
4N«P0800
ANtPOBlO
ANAP0820
ANAP0830
ANAP0840
AMAP0850
ANIP3860
ANAP0870
ANAP0860
4NAP0890
1NAP0900
AN4P0910
ANAP092J
ANAP0930
ANAP0940
&NAP0950
ANAP0960
ANAP0970
ANAP09HO
1N4P0990
AMAP1000
ANAP1010
ANAP1020
ANAP1030
AN API 040
ANAP1050
ANAP1060
ANAP1070
ANAP1080
4NAP1090
ANAP1UO
ANAP1110
ANAP1120
AN4P1130
ANAP1 140
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0075
0076
'0677
0078
0079
0080
OOB1

0082
0083
00?4
0065
0086
0087
0088
OOB9

0090

0091
0092
0093
0094
0095

0096

0097
0098
0099

0100
0101
0102
0103
0104
0105
0106
0107
0108
0109
0110
0111
0112
0113

0114
0115
0116
0117
0118
0119
0120
0121
0122
0123
0124
0125
0126
0127
0128
0129
0130
0131
0132
0133J
01341
0135:

0136!
0137
0138
0139'
0140
0141
0142
0143
0144
0145
0146
0147
0148

0149
0150
0151
0152
0153

0154
0155
0156
0157

r,QPu2=RGr+C. 1 1-BL JGI W 2 ) » B L O S ( W * I
GOPNU = RGT«0.51-HLO<»(Kr)>»aLOI5(W8l-VDl-V02»VFl
GOPN = TCT»O.J«BLOGU'5I-VD2
GOPiJ * TGT»0. 5 + 3LU'»( W4 J-VDl
iOPHP= TGT»0. J*BLJGIK7I-VI2-VD2
GOPUP = TGT*O.5»BLOG<U6I-VI1-V01
GOPE • TGI-14.24

C
C FIRST OEklVHTIVES riw(I)=T»n LN < ( I ) / O T = T»D LN 0 PII1/3T
C -T«0(0.5«5(OR 71 LN T I / O T
C

owo * vo*evo/no
DUl * V1»EVI/K1
OM2 « V2«EV2/U2
DW3 « (2.»V3*'"V3»V4«[?V4)/W3
DU4 = l3.»V5«tV5*V6*tV6»5.«V7«EV7»V8»FV8l/W4
DW5 = <10.«V9»EV9«6.»V10*EV10I/W5
D*6=llO.*Vll»FVH»6.«V12»EVl2>/i<6

1FV17I/W7
. DW8 = 2.*V13«CV18/W8

C
C SECOND DERIVATIVES Dnn( I l«Dt T»«2*0 LN Ul 1 1 /DT/OT- IOr f l I 1 1 »»2
C

DDWJ >=I2.»V3«»2»FV3»V4»«2»EV4I/W3
OOW4 M3.*V5**2*FV5+Vh**2*EV6 + 5.*V7**2*EV7*V8**2*EV6l/d4
DOW5 «( 10.«V9*«2»FV9»6.»V10«*2*F.V10)/U5
OOH6 = (1U.»V11«»2«EVH»6.»V12«»2«EV12I/W6
DDH7 = 1 3.»V13«*2»FV13*5.»V14»»2*EV14»5.*V15««2*EV15»V16*»2»

1EV16»5.«V17««2*EV17I/U7
ODU8 = Vl« * DW8

C
C" VIDRATIONAL
C

VNO = VO/2.
VN2= Vl/2.
V02 = V2/2.

C
C C V I I )
C

CVNOV =1.*I2.*VNG/(EXP(VNO)-EXPI-VNO»>*»2
CVN2V =1.»[2.»VN7/(EXP(VN2)-EXP(-VN2II I»«2
CV02V =1.K2.*V02/ IEXP<VJ2)-EXP(-VJ2> ll*«2
CVN2T =1.5
CV02T =1.5*OI)H3-I)H3«»2
CVNOT = 1. 5*ODHtt-OH8»*2
CVNO =CVNOV*CVNOT
CVN2 =CVN2V*CVN2T
CV02 =CV02V»CV07T
CVN= 1.5 + OOH5-ny5**2
CVO « 1.5 »DDW4 - OM4**2
CVNP = 1.5 » DOW7 - DW7**2
CVOP= 1 . 5+OOW6-OH6**2
CVE = l.b

C
C D E R I V A T I V E S OF PARTITION FUNCTIONS 0 OPIII * T • 0 OPID/UT
C » HII I /RT
C

OOPN2 = 3 . 5 *OU1
DOPU2 = 3.5 »OW2tOK3
nOPNO = 3.5«OWO*OHB«VDl*vn2-VFl
OOPN • 2.5*DW>+VD2
DQPO = 2.5*DW4*VD1
OOPNP=2.5+DM7»VI7»VD2
nOPUP = 2.5»DH6«VI1«VU1
DOPE = 2 . 5
GKPU2 = GOPO»r,OPD-GCPrj2
IF(ABSIGKP02)-70.0I 35.35.30

10 GFPS12 = -1.5«.5»GKP02-.5»iiL03(PP)
EPS02 = CXPIGEPS02)
EPSN2 = l.OE-35
FPSON = l.OE-35
r,Q TO 70

35 SKPN2 = GQPN»GOPN-GQPII2
IF(ABSIGKPN2)-70.0I 45.45.40

40 GKPN2 = -70.0
45 GKPU = GOPNP«GOPF-GqPN

1FIABSIGKPNI-70.) 55,55,50
50 GKPN=-70.
55 GKPO = GOPOP»GOPF-GOPD

IFIABS(GKP.O)-70.0) 65,65,60
60 GKPO • -70.0
65 CONTINUE

VKP02 = EXPIGKP02I
VKPN2 = EXPIGKPN2)
VKPN=EXPIGKPN)
VKPU = EXP(GKPO)
VKPON=0.2*VKPC+0.8*VKPN
IFI.64».8»(l.«4.»PP/VKP02H7012.7013,7013

7012 CALL PDUMPIPP.VKPON.S)
RETURN 1

7013 CONTINUE
6PS02 = 1-0. 8»SORT(0.64+O.B»(1. 0*4. 0*PP/VKPD2 ) 1 )/ (2 . 0» ( 1 . 0*4. 0»

1VKP02))

7014 CALL PDUMPIPP.EPS02.5)
RETURN 1

7015 CONTINUF
EPSN2 = I-0.4*SQRT (0. 16*3.94.1 1 . 0»4.0.PP/VKPN2 ) 1 )/ I 2.0»I 1.0*4.

1P/VKPN2II
IF I l.*PP/VKPONI 7016,7017, 7017

7016 CALL PDUHPIPP,EPSN2,51
RETURN 1

7017 CONTINUE

ANAP1150
ANAP116C
ANAP1170
&N&P11SO
ANAP1190
SNAP123J
ANAP1210
ANAP1220
1N4P12VJ
ANAP1240
ANAP1 250
1MP126O
ANAP1270
ANAP123J
ANAP1290
ANAP1300
ANAP1310
ANAP1320

ANAP134D
ANAP135O
ANAP1360
ANAP137O
•NAP1380
ANAP139O
ANAP1400
ANAP1410
ANAP14?0
ANAP1430
ANAP1440
ANAP1450
ANAP1460
ANAP1470
ANAP14dO
AN API 490
ANAP150O
ANAP1510
ANAP1520
ANAP1530
AN>P1540
ANAP1550
AN API 560
ANAP1570
ANAP15BO
ANAP1593
ANAP160O
ANAP1610
ANAP1620
ANIP1630
IN API 6*0
ANAP165O
ANAP166O
ANAP1670
ANAP1680
ANAP1690
ANAP1700
ANAP1710
ANAP1720
ANAP1730
ANAP1740
ANAP1750
ANAP1760
ANAP1770
ANAP17BO
ANAP1790
AN&P1900
ANAP1810
ANAP1820
ANAP1S30
ANAP1840
ANAP1850
ANSP1860
ANAP1870
ANAP18SO
ANAP1890
ANAP1900
SN4P191O
ANAP1923
»N API 930
ANAP1940
ANAP1950
ANAP1960
ANAP1970
ANAP19BO
ANAP1990
ANAP2033
ANAP2010
ANAP2020
AN>P2030
ANAP2040
ANAP2050
ANAP2060

PP/»N«P2070
ANAP2080

ANAP2100
ANAP2110
ANAP2120

0»PANAP2130
A,<AP2140
ANAP2150
ANAP2160
ANAP2170
ANAP21BO

B-18



oi5->
016O
O l O L
01 f /
0161
0164
011,5
OU.fi
Olf , 7
D I M
016T
0170
0171
017i
0173
0174
0175
0176
0 1 7 7
0173
0179
01"0
0181
oia:
01*1
Olf4
0165
0186
0187
0189
oim
0190

0191
019?
0193
019",

0195

0196
0197

0193
019')
0200
0201
0202
02D3
0204

0205

0206
0207
020S

0209
0210
021 1
0212

0213

0214
0215
0216
0217
0211)
0219
0220
0221

0224

0225

0226
0227

1.0/SOST(1.0»PP/VKP'1M

IXP.JCi = n.22»GTR*l-i:?. 432*15. 2976»GrKI
OKPN =nOPNP*nCPE-!)OfH
.IKPU snoPiiP*'>CPr.-nnt> r
DKPU. *=0./'*D'(Pn+0.;l«ni'P'J
IF ( = >>SJ<f .FC.0.0) (,.i T'j 71

A.JAP2250
1N4P2240

1J = t;K!'n'l/(2.{l/FPSr.M-l.o/l 1 . 0« F

; .o*i.-t:PS'".2-o.<»*nf p

5ri?|«l.J/| J.2-f P>u2«1 .0£-3 . ) )
2 )»1 .0 / (0 .0 - tPSV2» l .O t - ' 3 l / ) l
< H 1 .0/1 1 .0-F'S'1N» I . OE-301 I

«M>P2330
&N&P234U

I F l V i > i U 2 . E C . O . O )
1. O/ (H. 2-rPSfJ2»l.Ot-'30) >

c
c
C

C
C
c

c
c
c

c
c
c

CULL 'JVF < F L I l « 7 Y I
IF( IXZV-^1500 , 501,50'!

•><*0 CALL PflL>>.wt PP ,V:1f 3 ,5 1
501 CONTINUE

^^ll^PSul-°'/li'-a'h''Sr''><I-J/l'-C'"F'SONM-0t-'011

?Z1:N2 = -RFPSN2

itZFN «2.0*BEPSN2-l .6»RcPSUN
RZEF. =?.(J«RCPSON
ZTP= 0.0
/.rc= o.o

M'ACTI iJN SPECIFIC HCiTS

C-'RK = O.u
CVRX = O.t;
IFUT-)9<).OI «0,7S,7i

1*-0.3*OOP 4P + 00"E »

lOI»«EN«/EF.|0.2.(OOBnp-1.0l.(I.B.|OOPNP-1.3l«IOCPE-l.UI)

OFM IVA T I VF.S

7TP*(OFPSi :2*DFPSN2 + 2.0*OEPSnN)
ZTC=(RFPSb2*REPS<2»2.0«REPSJM

MULE FKACTIU^S

10 X02=IU.2-rpSn?l /Z7_
XN2 = ( 0. BO-FPSi? 1 /ZZ
XO = ( 2.O»EPS^2-0.40*FPSr!Nl /Z7
XN = (2.0«EPSN2-1.6g»rPS3NI/ /Z
»f = 2.0«l-PSnf(/Z7
^P = 0.43429*riLUiilPP>
XNO *-4.4 11 »r,TX*( ( 1 1 .98 l*3P* (-0. 479*0. 0557*GP ) 1 + 1 -1 1,527»5P*

1 7-0. 172^*0° )) *C,T^ }
XNOP =-24.1964-GP*<-0.242-0.016*GP)+GTR«l(47.730+^P*(-2.00+0

1.146«GP) 1*1-27. 2 35»GP*I 2.665-0. 25.1«G° 1 1 • JTR 1
XNO = EXPIXNO/0. 434291
XMOP= EXP(XXU°/0. 434211
XN? = XN2-0.ft*( XNO»X 4UP 1
XQ? = MJS ( XH2-0.2* IX'yfJ* X;*OP) 1
XNP = 0,6 * Xi-
XHP = 0.2 * XF
XF * Xf«XNi)P/7.0

ENTHALPV

MR T 'irXX^moPMZtXC^UCPO^XNO'UOPNntXHtDaPN^Xa'DQPOXtXO.
lPNP«0.20»tOPOP»DOPf. II

S02 * GCP02»UOP(12
VN2 = GOP«2»DOPN?
SNO = GOP.Vu*UQPNO
SO = GOPO»(10PO
SN = GQP^+DOPN
SOP = GC'PuP + OOPOP

INHP2350
ANAP2400
ANAP2410
ANAP242J

ANAP2450
ANAP2460

ANAplUo
ANAP24VO
ANAP<>500
AHAP2510
ANAP?5?> 'J
ANAP2530
ANAP2540
AN4P255J
ANAP2560
ANAP2570

ANAP2590

ANAP2620
ANAP2630
AMAP26O
•NAP2650
ANAP2660
ANAP267J
ANAP26i)0
4NAP2690
ANAP2730
ANAP2710
AN«P27?0
ANAP2730
ANAP2740
ANAP2750

( 1 . 64ANAP2 76D
ANAP2770
ANAP2780
ANAP279;)
ANAP2800
ANAP2B10
ANAP2820
ANAP283D
ANAP2840
ANAP2850
ANAPZSbJ
ANAP2870
ANAP28RO
ANAP2890

80*DOANAP2900
ANAP2910
A N A P 2 9 2 0
ANAP2930
ANAP2940
A M A P 2 9 5 3
ANAP2960
ANAP2970

SC

FNTKIJPV

«DOP6 ANAP2990
AHAP3000
ANAP3013
ANAP1020

SS=2Z«(Xa2»S02»XN2»S.4?»XNU*SNO»XU»SO»XN*SN»XF»(0.80«SVP«0.20«S3P»SANAP3030
iri-XU2«RLUG(X02l-XN2«OLQli(XN21-Xn«3t.OG(XOI-XM»8Laa(XMI-2.0*XE*8LOSANAP3040

2IXEI-BLOGIPPM ANAP3050
ANAP3060

DFNSlTr ANAP307D

ANAP30BO
RHO = 27J.O* PP/(TT*Z?I ANAP3090

HNAP31JJ

PARTIAL SPECIFIC HEATS AMAP3110
ANAP3120

C V K P 3 ? Z * ( XN2*CVN2«xn2*CV02 + XKO*CV'jn-MN*CVN+XO*CVG+XE*(0.30*CVNP*O.ANAP3110
12*CKOP»CVFII . ANAP3140

CPRP=ZZ«(XN2»ICVK2»1.0)»X02*(CV02»l.C)«XNO»ICVSO«1.0)«XN»i;VN*l .OIANAP3150
l»XO»ICVO*l.O)»XE«(0.»»(CVNP*1.0)»0.20«IC>'OP+l.ol»i:VF«1.0l I 1 ANAP31!>3

ANAP3170
TOTAL SPECIFIC HFATS ANAP3180

CPKP»CPRR
CVRP»CVRR

ANAP3200
ANAP3210
ANAP3220
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0223
0229
0230
0231
0232
0233
0214
0235
0236
0237
0238
0239
02*0
02*1
0242
0243
024*
02*5
0246
02*7
02*8
02*9
0250
0251
0252
0253
025*
025*
0256
0257
0258
0259
0260
0261
0262
0263
026*
0265
02«6
0267
0266
0269
0270
0271
0272

0273
027*
0275
0276
0277
0278

0279
0280
0281
0282
0283
028*

0285
0286
0287

0238

0289

0290

0291
0292
0293
029*
0295
0296
0297
0298
0299
0300
0301
0302
0303
030*
0305
0306
0307
030B
0309
0310
0311
0312
0313
031*
0315
0316

0317
031B
0319
0320
0321

C G4MM4
C

C»CV = CP)/CVK
4ARP = C I > CV»(7TC»tZ I / l ? r»»2 ' l
IF t iZ«TT*»S*P) 70111,701 9, IOJ9

7018 CALL PDUMP(PP, A A R P . 5 )
«TURN 1

701s Cn.NllNUE
Ml - 0.0*8B»SOKTI7Z»TT*»«PI
I F I 7 Z • T T *C PUP /C \/R P I 7020 , 7021,7021

7020 CALL POUHPIPP.AAl.M
RFTUKN 1

7021 CONTINUE
AA1P - 0.0488«SORTUZ«TT«CPRP/CVRPI
I'll
GRHU=.43429»HL<'GI>«Hn)
XI- XN2»X<I2»X.<1)
X2 = XN»XJ

CVIK =(Xri i«CVN^»XU2»CV02*X
IF 1X2. SO. 0.0) JO TO 41
CV2K =IXN«CVN»XI»CVOI/X2
CV3R =(X,VI>»CVNP««P«CVUPI/X3
VMF =2.69H9»XE«PP*273.0/TT
CSOl 1=29 ;1 «GTR* (-12. 3»2. 686»»GT» I
CSD 1 ̂ = 26. 29»ST«« ( - 16. 363* 3. 14*5«;T1 1
CSD22=23.37»GIK*l-17.36»5.23*9»GrRI

AN4P3230
ANAP32*0
4N4P3250
ANAP3260
4NAP3270
ANAP3233
4NJP3290
ANAP3300
4MAP331D
ANA P3 >2 0
ANAP3330
AMAP33*:)
ANAP3350
ANAP3360
4NAP3370
ANAP3380
ANAP3390
ANAP3*00
ANAP3*10
«NAP3*?0
ANAP3*30

.«NAP3**0
»N»P3*53
<NAP3*6O
ANAP3*70
«NAP3*30
ANAP3*90
«N»P3500
(NAP3510
ANAP3520
4NAP3530
AN>P35*3
ANAP3550
ANAP3560
ANAP3570
ANAP3580
ANAP3590
ANAP3600
AMAP3610
ANAP3620
4NSPJ610

ANAP3650
AN4P366J
ANAP3670
ANAP36HO

CS02*=9.0
IF(TR»*3/(2.»VNEII7022,7023,7023

7072 CALL PDUMP(PP,CSn2*l5)
RETURN I

7023 CONIINUc .
CS033-**160.«IBLCG(2.615E8*SORTITR**3/(?.*VNF.I)I-.961)/TK«*2
CS03*=CS013
CSO**=CS|133
CSVll°3*.5*»GTR>l-15.5*6>2.031«CrR)
C5V22-26.*»STR*I-20.759»6.«5*9*GTRI
CSV)3=CS033»22030.0/TR»*2
CSV**=CSVJ3
OELTAl = 0.696»TR*(-0.:>6235»a.002*28*TIU
DEL TA2 = 0. 768«TR« (-0. 1672» 1R« 1 0.01 1957-0. 000282»TK I)
nELT»»OELT»l-(DELTAl-OtlT42l«(GRHO»5.l/6.
P A H T 1 = 1.0/I0.0235»CSV11*1.*5> X2 *0.01A*CSD12/X1>
IFIX2.EO.O.O) GO TO A3 .
OHRT2=1.0/I0.03325*CSV22H.*5*(X1»0.032»:SD12/«?»X3»T.0277«CSU23/XAN»P1690

12»X«*0.0002*?«CS02*/X,2II ANAP3700
8* PART3=1.0/(0.03325*C.SV33«1.*5>IX?*0.0277*CS023/X3«0.0002*2*CSD3*))ANAP3710

P»RI<,=1.0/(5. 38*CSV**tl.«S«|X2*6.3**CSU24/X**6.3**:S»3*) I 4NAP3723
VISCaL-PARTl»PART2*PART3»PART* ANAP3730
PART5=1.0/(0.02332*CSV11»C*0.276»X2«CSD12/X1) ANAP37*0
1FIX2.EO.O.O) GO TO 35 , ANAP3750
PARrb:1.0/(0.0165*CSV22*C*C0.136*Xl*CSD12/X2«O.I915«X3«CSn23/X2*O.A>4AP3760

10tl338*X*«CS074/X?l I ANAP1770
86 PARr7-1.0/ia.01«i5«CSV33*C*l0.191S* X?«CS323/X3«0 .0033B*CS»3*') I ANAP3780

OAR TB= 1.0/10. 0001 02»CSV4**C«(0. 001 33«X2«CS02*/X4»0. 001 33*CS03*I) AN4P379[>
VIMIX=PART5»PART6«PAXT7»PARTB ANAP3800
PART9=ll.*5«(CVlR-l.5l/(CSVll»l l .O»0.m8«X2*CS012/(Xl«CSDlir) l ANAP3810
IF (X2.EO.U.OI GO TCI B7 ANAP3823
PARno = 16.1b*(CV2><~l. '">)/ lCSV22»ll l .O»1.15&*Xl*CSU12/IX2*CS02?))*X3ANAP3830

l*CS023/IX2*CSi)22l»0.00875*»*»CSI)?*/IX2*CSi:22) )) ANAP3B4D
88 PAR 1 11= 16. 19«(CV3R-1.'))/ICSV33*IX2*CS023/(X3«CS033I»1.00075) I ANAP3850

FUCKF/N-PART9«PAXT10«PART11 ANAP3860
RL02=UKPU2»*2/(0.0596«CSU12«( X0/X0?«4. 0»X02 /XU*4. 0*4. 0*XN2/XO)*O.OANAP3870

ANAP3880

12»X02I/XNO»6. OI»0.0596«CS012*IXN/XN2«XN/X02«*.0«XN/XNCI) ANAP3900
:<LN2-UKPN2»»2/10.0596*CSOl2*IXN/X>i2**.0»Xrl2/Xr«**.0»Xa/XN2»0.0516>ANAP391J

1CS022**.0*X^/XIO ANAP3920
RLN=DKP>4»»2/( 0. 0516*CS023«I XE/XN»XN/XNP«2. ) »0. 000*51 «CSD2*» ( XE/XN*AN»P3930

lXN/Xt»2. )«0.0*16*CSU31*IXiJP/XNP)«0.8l ANAP39*0
IF(1.0F-'j-FPSn2l 114, 11*. 116 AMAP195D

11* IF(ABS(0.2-F.PS02)-EPS:42) ,115,115,117 ANAP3960
115 1F(AHS(0.8-FPSN2)-EPSONI 119,119,116 ANAP3970
116 CNnR-0.0 ANAP3980

GO TO 120 ANAP3990
117 CNDR=RLO2»RLN2D2*RLN2 ANAP400O

GO TU 120 ANAP4010
118 CMOR=RLN2«RLN202«RLN4RLQ2 ANAP4020

GO U 120 ANAP*030
119 CNUR=KLN*RLM2 «MAP»04a
120 RHBO«=VL«IX«rUCKEV+C«lOR ANAP4050

TLHBBP=VLMIX»FUCKEN ANAP4060
IFITT-399.01 125,130,130 ANAP4370

125 VISCDL-0. 389*0. 37*TR ANAP40BO
TLMBD4=1. 029*0. 7A»TR 4NAP4090
TLMBOP'TLMBUA ANAP4103

130 HH1=HRT«TI/1050.0 ANAP*110
OENV= 17. 3»VI SCOL/ I ?*SOT I ANAP*120
PRP = >I.26»a*CPRP*VISCDL/TI.NBDP ANAP4130
PR*0.266fl*CPR«VISCOL/TLH,TDA 4NAP4HO
IF1VNEI7024, 7025, 7025 4NAP4150

7024 CALL POUW'('P,R,5I ANAP4160
UPTURN 1 ANAP*170

7025 CONTINUE 4N4P4180
PF:!>6*00.0*SORTIVNE1 AN«P*190
VMFP31.0E16/IVNE«IX1/X*«(-0.0763*TR**2*1.38*>TR*3.002)*X2/X*>I13.0ANAP*200

l»GTR*»2-35.*B»5TR*Jl.il9l**.0/3.0*(l.a-OELr»l«Cb03*l) »NAP*210
CF=6.215F5 * SOT/VMFP ANAP*220
EC=2.820f-**VNE/CF ANAP4230
nVPK=OFNV/Pft

123* ZT»Z?»TT
RFTUKN

ANAP*250
«N*P*260

B-20



032.!
0323
03?<t
03?5
03?6
0327
032 t
032")
0310
0311
0332
033)
033".

SYMBOL
A
CPU
VISCOl
DVPR
XE

71 DEPSu2=OK°0?/l-l. 0+1./(.2»1.0E:-30) )
50 T^ 72

73 »FPSU2=<OKPU2-l.O>/( 1 .0/(. 2*1. OF -30 I I
GU U 74

31 CV2K=O.C
GO In «?

S3 P«U=1.0MO.(mZ<i»CSV22>
co T.I 34

35 •>4RT6=l.U/ia.Ul65«CSV22l
-,n TI, at,

G
r

LUCATION
0
10
24
38
4C

0 III B«
-10

SYMB'lL
llrit
4A1P
ILMSUP
PKP
CF

COMMON 81CCK /AS
LOCATinn

0
14
28
1C
•sO

RAY / M«
SYMBOL
S.I
AM
TLX3JA
PR
EC

>P Slit i
LOCATIOM

4
18
2C
40
54

iC
SYMBOL
P.HJ
HM1
JFNV
it
VNf

ANAP4270
ANAP4280
».NAP42»n
ANAP4300
ANAP43IO
ANAP4323
ANAP4330
ANAP4340
(NAP435J
ANAP4360

A.NAP43BO
ANAP4310

LOCATION
8
1C
30
44
58

SYMBOL
CPtP
Z
CPCV
PF

LO:ATIU<<
c
20
34
4B

SJbP*UG><AMS CALLED
SYMBOL
NOUNFL
SORT

SYMBOL
PP
or
VI
V6
Ml
V16
VII
F.V2
EV7
EV12
EV17
Ml
«6
GOPNO
GOPE
OW4
OOW3
iioua
CVN2V
CVNO
CVNP
OOPNO
DOPE
EPSON
VKPN2
LL
OKPO
OZE02
REPSH2
RZEU2
ZIP
XN2
XNOP
SNO
SE
XI
CV2R
CS023
CSVU
OELTA2
PART*
VLMIX
RL02
R

SYMBOL
200

LOCATION
?54
268

LOCATION
3C«
3FC
410
42*
418
44C
460
474
4R8
49C
4EO
4C4
4UB
4nc
500
51*
5?9
53C
550
564
578
5BC
540
5P4
5C8
50C
5FO
604
61H
6?C
640
654
668
67C
690
6A4
6!>.S
6CC
6CO
6F4
708
71C
730
744

LOCAT1U-J
74B

SYMBOL
6L1G
SIN

SYHftnL
p
GT1
V2
Vf
V12
VI7
VIS
EV3
tvn
LV13
F.V18
• 2
<1
GOP-N
OWO
UU5
UUW4
VNO
CVJ2V
CVN2
CVJP
UOPN
GKPD2
iKPNZ
VK!»N
UKPM2
UK»US
OZE«
IXiY
KzeNi
iTC
xu
XNn

SO
CV^P
X2
CV3S
CS02«.
CSV22
UELT4
PAHT j
PARTI
KL')202

SYfBUL

LGCATIU.-I
258
?6C

SCALArt HAP
LOCVTIO1

3EC
400
414
421
43C
450
464
47H
48C
4AO
434
4C6
4t)C
4FO
504
513
52C
540
554
568
57C
5">0
5«4
5B8
SCC
SEO
5F4
60R
61C
S30
644
658
66C
6BO
6̂ 4
6 SB
ABC
600
6E4
6FR
70C
720
734

FORMAT STATEMCNT
LOCATIJN

SYMBOL
IHCOit*
txp

SYMBOL
TT
SCT
V3
V3
V13
V18
VF1
tV4
FV'J
IV14
TGT
»t
»fl
GOPJ
LW1
IIW6
DOW5
VH?
CVN2T
CV02
CVE
DOPU
&ri>S3?
GKPN
VKPO
OH.P02
I.FOSJ2
DfEU
VMFP
RZFO
CPRR
XN
XJP
SN
CVR
X3
CSI111
CSD33
CSV33
PARTI
PARTt
PART 10
I.LN2

MAP
SYMBJL

LOCATION
25C
?70

LOCAT ION
3FO
404
4ie
42C
440
454
468
47C
440
4A4
488
4CC
4CO
4F4
508
51C
530
544
558
56C
560
594
SAB
MC
5 no
5C4
5F8
60C
620
634
h48
ftSC
670
684
6)8
fcAC
6CO
604
6EB
6FC
710
724
738

LOCATION

SYMBUL
°t)UMP

SYMBOL
T
C
V4
V4
V14
VI) 1
EVll
tK5
>;vio
F.V15
SGT
W4
OilPN2
GQPNP
Dt>2
I It 7
DUW6
V02
CV02T
CVN
OQPN2
DCPNP
f:PS02
GKPO
VKPON
DKPNO
OEPSJ2
OitH
^EPS.N2
RZEN
CVRR
GP
S02
SUP
AArtP
X4
CS012
CSD34
CSV44
PART2
PART?
PtRTll
^LN

SYKBUl

LOCATION
250

LOCATION
3F4
408
41C
430
444
458
46C
480
404
4AB
43C
400
4E4
4F8
5 OC
520
»34
548
55C
570
584
5->8
5AC
SCO
504
5E8
5FC
610
624
638
64C
660
674
688
69C
6BO
&;4
608
6 EC
700
714
7Z8
73C

LOCATION

SYMBOL
OYERFL

SYMBOL
IS
vo
V5
V10
V15
VD2
EV1
FV6
EV11
TV16
WO
H5
GOP02
GOPOP
DM3
cma
OUW7
CVNOV
CI7NOT
cvo
OQP02
OOPOP
FPSN2
VKP32
EPS
UKPN
DFPSO*
DZEE
REPSON
RZEE
X02
XMO
SI 2
SNP
SUHO
CV1R
CSU22
CSD44
OELIA1
PART3
PARTS
EUCKEN
C^D*

SYMBOL

LOCATIilN
264

LOCATION
3F8
40C
420
434
44B
45C
470
484
498
4AC
4:0
4D4
4E8
4FC
510
524
538
54C
560
574
588
59C
5BO
5C4
508
5EC
600
614
628
63C
650
664
678
6BC
610
6B4
6CB
6DC
6FO
704
718
72C
740

LOCATION

• OPTIONS IN EFFECI» 10, EttCOlC, SOURCE , NOLI SI, NnOE^K.LClAO, HAP
• OPTIOHS IN EFTFCT* .1A*E - A:<APRP , LINF.CNT - 58
• STATISTICS* SJURCE STATEMENTS • 334,PROGRAM SHF "
•STATISTICS* NO DIAGNOSTICS GC-NEKUFU

CSUBROUTINE POLY
C

0001 SUBRCltTINf PULYIA.N.X.P.XPtN.XI'AXI
0002 OlME.'fSIUJ AI21I
0003 S* l IZ . 'X I - IXMAX^
OOU4 PaO.
0005 N1=M+1
0006 00 1 IMt.41
0007 ll=Nltl-[
oooa i O.P.S»A(I I I
OOO-y RETURN
0010 ENO

POLYOOIO
POLV0020
POLY03JO
POLY0040
POLY0050
PULYOOlO
POLY0070
PULY0080
POLYOO^O
POLY0100
POLY0110
POLY01ZO
POLY0130

B-21



SYMBOL
S
HI

SYMBOL
A

LOCATION
94
A?

LOCATION
66

SCALAR HAP
SYH8JL LOCATION
X 98
tl AC

ARRAY KAP
iYIDOL LOCATIm

SYMBOL
XMAX
I

SYM33L

LG:ATIUM
1C
BO

LOCATIJN

SYKBUL
XMIN
II

SVMBJL

LOCATION
AG
B4

LDCATI.H

LOCATI-1N
A4

• OPTIONS It EFFECT* I 0,EBCDIC, SOURCE ,NOL 1ST ,NOl]ECK,LaAD,4AP
•OPTIONS IN EFFECT* HAMF - POLY , LINECNT = 58
• STATISTICS* SOURCE STATEMENTS * 10,PROGRAM SUE =
•STATISTICS* NU DIAGNOSTICS GENERATED

oooi

0002
0003
0004
0005

0006
0007
0008
0009
0010
0011
0012
0013
0014
0015

0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0076
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
004U
0041
0042
0043

0044
0045
0046
0047
0048

0049
0050
0051
0052

0053

0054
0055
0056
0057
0058
0059
0060
0061
0062
0063
0064

SUBROUTINE CONSHK

SUBROUTINE CONSHK ITET, XMINF, VINF.Y,GAMINE ,RHOI NF ,HINFY,PI NF Y.LLL,
1JX,PP,TT,TETS,IZ29,K51>

DIMENSION XT2I51)
DIMErtSIO* COEF(5) ,COEFF(5 ,51 ,NDE5(5) ,XMA<I5) ,XMIN(5)
COMMON / A R R A Y / A I 2 3 )

CNSK0010
CNSK0020
CNSKOOiO
CNSK0040
CNSK0050
CNSKOOSD
CNSK0070
CNSK0080

DATA COEFF/17.4921875,16.696205,2.65781257,-6.346235,0.,43.718D05,CNSK0040
1 7.91310851,-3.27146657,1.43995064,-.601292207,52. 8000001, CNSK0100
2 2.36647676,-.849623186,.28352329,-.100376848,55.9640625, INSKOUO
3 1.27 135383,-.4141)62554,-.221353822,0. ,57.016781 3,-.1.21994631, CNSKOIZO
4 .0332183853,1.66994653,0./,1'IE3/3,4,4,3,I/,XMA</I.5,3.,5.,10.,CNSK3130
5 100./>XNIN/1.05,1.5,3..5.>10./ CNSKOI4O

LOGICAL J CNSK0150
CNSK0160
CNSK0170
CNSKOiaO
CNSK0130
CNSK0200
CNSK0210
CNSK022J
CNSK0230
CNSK0240

CCHECK CONE HALF ANGLE ITETI TO ASSURE THAT AT XMHF THE CONE NOSE SHOC<C»IS|IDZ5U

J25=o

TH2.0.
OEL=.Ol
HT=HINFY

VINF^VINEY

IVINFY«»2/50123. I

WILL NOT SEPARATE.
TO ,JEXT PKOBLEM.

IF IT DOTS. CUT PROGRAM, PRIN1 WARNING AND GO CNSK0260
CNSK0270

CNSK0290
CNSK0300
CNSK03HI
CNSK0320
CNSK0330

C TH1 = ACTUAL DEFLECTION ANGLE IN DEGREES
C TH2 = MAXIMUM ALLOWABLE TH1 AT XMINF (IN DEGREES)

X X T E T A = T C !
TH1=XXTETA*57.295

IE(JX)1721,7366,1721 CNSK0350
7366 IFIu-1.04)7355,7341,7341 CNSK0360
7341 IFCO-l.5)7342,7343,7343 CNSK037J
7342 1SEC=1 CNSK03BO

GU TJ 6680 CNSK0390
7343 IFID-3.17344,7345,7345 CMSK0400
7344 ISEC-2 CNSK0410

GO TO 6630 CNSK.0420
7345 IFID-5.17346,7347,7347 CNSK0430
7346 ISEC=3 CNSK0440

GO TO 6660 CNSKO'50
7347 IF(D-10.I7348,7349,7349 CNSK0460
7348 ISEC=4 CNSK0470

GO TO 6680 CNSK0480
7349 ISEC»5 CNSK0490
6680 DO 6670 1=1,5 CNSK0500
6670 COEFIII=C'JEFFII,ISECI CNSK3510

CALL POLYICOEF ,NDEG( I SEC I .0 ,TH<r ,X»I N( ISeC I .XMAXI ISEC I ) CNSK0520
IF(TK2-TH1)7340,6671,6671 CNSK0530

7355 .WRITE16 ,7 )56 ) CNSK0540
7356 FORMATI / iX . 'FREE STREAM MACH NO. IS LESS THAN 1.051) CNSK0550

RETURN CNSK0560
7340 WRITEI6,6673)0.TH1.TH2 CNSK0570
6673 FORMATI/^X. 'NOSE SHOCK IS DETACHED. USE BLUNT BuOY PROGRAM*/ CNSK0580

12X.MHE FREE S T R E A M MACH NO. = * E14.6/2X, • THE ACTUAL DEFLECTION ANCNSK0590
2GLE - 'E14.6/2X, 'THE DEFL. ANGLE FOR DETACHMENT = 'E14.6/2X, CNSK0600
3*GO 10 NEXT PROBLEM') CNSK0610
K51=-l CNSK0620
RETURN CNSK0630

6671 CONTINUE CNSK0640
WRITEI6,7360) TH1.TH2 CNSK0650

7360 FORMATI/2X, *TH1=•E14.6.2X,•TH2«•E14.6/2X, • WHERE TH1* CNSK0660
1">OINT 1 STREAM DEFLECTION ANGLE,DEGREES. TH2=STREAM OEH.ECTIOS ANCNSK0670
2GLE AT POINT I WHICH CAUSES SEPARATION OF SHOCK W A V E " ) CNSK0680

1721 IF((XMINF*SINITET))-3. )30,30,31 CNSK0690
31 SINTHS=1.0027»S1N(TET)».5567/XMINF CNSK0700

TETS=ARSIN(SINTHSI . CNSK3710
6 SINTS=SINTHS CNSK0720

C ESTIMATE PTWO «M1 TTUO CNSK0730
PTWU=PINFY«I(2.%*GAMINF*IXMINF**2)*ISINTS»2)-IGAMINF-1.)I/(GAMINF*CNSK07«0

XI. I I CNSK0750
VT =. VINFY • C O S ( T E T S ) CNSK0760
HTWO = HT-IVT«»2/50123.) CNSK0770
T T W O = HTWO/.432 CNSKOT80
1E(TTWU-15000.) 8,8,7 CNSK0790

7 TTWO = 15000. CNSK0800
8 IFITTUO-50.19,9,10 CNSK0810
9 TTWU>50. CNSK0820
10 P i PTWO CNSK0830

T = TTWO CNSK3B40
L=l CNSK0850
GJ TO 6000 CNSK0860
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00(5
OOfio
0067

OOf.3
006-)
0070
0071
007?
0073
0074

0075
0076
0077
0078
0071)
0080
0081
0032
ooaj
OOH4

0065
00X6
0087
009 a
oom
0090

0091
009?
0093
0094
0095
0096

OOS7
0090
00-0
0100
0101
010^

010)
0104
0105
0106
0107
0108
010')
0110
0111
0112
0113
011<t
0115
0116
0117
0118
0119
0120
0121
0122
0123
0124
0125
0126
0127
Ol?0
0129
0130
0131
0132
0133
0134
0135
013<i
0137
0138
0139
0140
0141

01*2
0143
0144
0145
0146
0147
014t)
0149
0150
0151
015?
0153
0154
0155
01S6
0157
0159
0159

lilt) <HOTWU =.002507* Mil

C OftLlUtf 5HRCK RCLTlf^
C

NTFST4*0

60BO K=l
NTFSI6=0
<ITFST7 = 0
XH=P1NFY*{ 1 l.-3Hi;*4T )*GAH1NF* ( X H M F * * 2 ) * I S M r 5 » * ? l * l . ) - P T W J
YF = HKJFY*( (1 .-i<HCH)VT**2l*( ( jAMINr - l . ) /2 . l *«* I INF**2)«(SI<TS**2

IF-tF-lU. )hU3Uf 6.130,6001
6001 02»=?IWO»OEL»»IkC

T2»=IIWU*OEL»IIVIll

1!) 10 6000
i. IT PIkn 4'JU 1^4

6004 «Mn21=.Ou2507»M3l

C AT PT«n \NU
60l>5 KH022'. 1)1.25(1

GO TU 600U
C »T P2A A.'il) TTWI1

6006 P.H02i = .002'jn7*A(

-.U TJ 6000
C AT P2t> ANL. TTKU

7131 RHU?4=.Ou2507*A(3)
H24«129.0?16»M8>
OHOPCT=(H23-H24I/(P2»-P2S)
1WOPl.r=l«H023-KH'124)/(P2A-P2B)

OHUrCP-=IH21-H22l/(T2»-T20l

I lit- ( luAMINr-l .) /?. l*XY{
nOPCT = Pl ' :FY«(XY2i*(i<H01NF/RhOTWn««2l»DROPCTI-l.

UEnPCT = H|.'iFY* ( X Y Z 7 Z * ( ?.*kH01NF**2/<HilTM(J**3)»D«DPCTl-DHDPC T
OCnTCP = HI<JFY«UYZZZ«(?.«RH[JINF»»2/aHJTWO«»3l«DROTCP>-UHDTCP
ijrLT»=(l)«.<TCP«YE-!)FI)TCP«XMl/(OMOPCT«uFOTCP-OMnTCP«DEDPCTI
OFLT r=(CCUPCT*X»'-DMD' )CT»Yfcl /(nMDPCT*UEl>TCP-OMDTCP*D6UPCT )

IFIPIWUIJ713,8711, 8714
B713 PTWu=.00001
8714 CONTINUt

TTWU=I IKO«nELTT
IF I TI »r_'-50. 16970,6971,6971

6970 TTUU=5U.
6971 IF(TTUO-15000. I 6972,6^72,6973
6973 TTMU15000.
6972 CONTINUE

KK=KK«1
X T 2 ( K K I = L C L T T
P-PTWO
T= T T HU
L»6
SO TJ 6000

6007 HTUO=129.0816«A(P)
• A I 3)

CH2-CPTHC

CNSKoeeo
CNSK0890

CNSK0910
CNSK0920

CNSK0940
CNSK09f.O

CNSK0970
:.NSK09SO

CNSK1000
CNSK1010

CNSKI 030
CNSM040
CNSK1050
CNSK1060
CNSK1070
SNSM030

CNSK1100
CNSK1110

CNSK1140
CNSK1150
CNSK1160
CNSK1170
CNSK1180

CMSM200
CNSK1210
CNSK1223
CNSK1230
CNSK1240

CNSU260
CNSK1270
CNSK1280
CNSK1290
CNSM330
CNSK1310
CNSKD20
CNSKI330
CNSK1340
CNSK1350
CMSK1360
CNSK1370
CNSK1380
CNSK1390
CNSK1400

CNSK1420
CNSK1430
CNSK1440
CNS"K1*50
CSSK1460
CNSK1470
CNSK14RO
CNSK1490
CNSK1500
CNSK1510

CNSK1530

X« = PI^FY«((1.-RHU<»TI«G»HI^F«(XMINF««2I«(SINTS«»Z)»1.)-PI HO
YE=Hl.Vi-Y>( ( 1.-KH1M«T«*2I«( (GSHINF-1. 1/2. I»(XMINF««2I«I SINrS«»?l

H-HTWO
F=XH«»2«YC»»2
>(TEST6=NTEST6»1
IF(t-10.16010,6010,66»6

6606 IJK-6606
IFIKKKl-31740,740,54

740 IFIKK-3154,52.52
52 ALL1 -SBSIXT2 IKK) I

A L L 2 = A B S ( X T 2 ( K K - 2 I )

CNSK1550
CNSK1560

CNSK15BO
CNSK1590

CNSK1610
CNSK1620

CNSK1640
CNSK1650
CNSM660
CNSK1670
CNSK1680
;N5Klfc90
CNSK1700

H.CNSK1710
CNSK1720
CNSM730
CNSK1740
1MSM750
CNSK1760
CNSK1770
ONSK1780
CNSK1790
CNSK1800

50 0€
KKK1=KKKH1
J25=J25«1
1F(J?5-20I 6001 ,6001 ,56

56 IJK=J25
•M Tu 6050

54 IFINTEST6-50I6001, 6001,6050
6050 HRITE(6,60511IJK
6051 FORMftT(/2X,'«nN-Cn'<VER3F.NCF AT I JK* • l4/3X

1 ROUIINF* )

CNSK1820
CNSK1830
CNSK1B40
CNSK1850
CNSK1860
CKSK1870
CNSK1880
CNSK18JO

'GiJ TO PERFECT GAS SHOCKCNSK1900
CNSK1910

B-23



0160
0161
016?
0163
0164
01*5
0166
0167
0166
0169
0170
0171
0172
0173
017*
0175
0176
0177
0178
0179
0180
0181
0182
0183
018-.
0185
0186
0187
oiea
0189
0190
0191
0192
0193
0(9*
0195
0196
0197
0198
0199
0200
0201
0202
0203
0204
0205
0206
0207
0208
OJ09
0210
0211
0212
0213
0214
0215
0216
0217
0218
0219
0220
0221
0222
0223
0224
0225
0226
0277
0228
0229
0230
0231
023?
0233
023*
0235
0236
023t
0238
023?
02*0
02*1
02*2
02*3
02**
02*5
02*6
02*7
02*8
02*9
0250
0251
0252
0253
025*
0255
0256
0257
0258
0259
0260
02*1
0262
0263

7716
7164
7189

on in 30
Z Y X = T A « < T h T S >
TCTCI = ( ( ( l «N) -RHl i .<AT>*ZYX) /< ( l»<>»RHn;<AT»(ZYX««2> I

T E T C I s A T A N I T t T C I )
DTETS=TEr -TETCI
NTFST5=N(EST1>»1
IF ( A B S I 01 1 IS/ ft 1 1 -.002) 7716, 77 16 ,78*1
TETS=TFTS«DTETS
SINTS-Slh lTETSI
NTEST6=0
IF (HIESI5-25 16001,6001, 7731
UK- 1 8*1
GO TU 6050
PC=PTWO*( <RH01NF*VINF«*2«KHnRAT»SINITr.TS)«»2l/4232.4l

IC=TIUO
P=PC
T*TC
L=T
SO TO 6000
S R C = » ( 2 >
NTESI7-NIEST7«l
C»RP=.123*06»«I*I
OSR=SR2-SRC
IF|AaSIOSR/SR2)-.0005)7162,7162.7163
DIC=ITC/CCRPI*DSR«. 123*06
TC=TC»IDIC/*.I

7170 IJK=7163
r,0 TU 6050

7169 1F1IC-50. 17165, 7165, 7166 -
7165 IC=50.-(.85*MTFSI7)
7166 !F(TC-15000. 17189, 7189, 7168

'7168 10=15000.
GO tQ 7189

7162 P=PC
I=Tt
GO 10 6999

30 A1'*.«ISINITFT)**2)
WaiTE(6, 50501

5050 FORMAI(//?X, 'USES SUPERSOM1C KATHER tH AN HYPERSON1 C ANALYSIS ' )
A2«SORT(XM1NF»»2-U)
A3=S1NITEII
A* = A2«A3
XNOH1=2.5«8. *«*
DEN1=1.H6.«A*
A5=XNOM1/UE^1
CP>A1*A5
A6 = VINF»«2 .
A7=RHOINF/2.
PC=((C»/2116.2)*A6«A7)»PINFY
XNHER=.*OB35«tXMlNF*S!NITeT)>-.08167

I F ( X » H E R I 3 3 , 3 5 , S *
33 XNHERsO.
34 HC=tXP(XMHER)»HINFY

H7=HINFV+VINFY**2/50123.

A12-GAH|NF«1.

A14=.5«A12«A11»A1J
»15-l.+A14

5061
S062

961
43

6999
6000

651
653
652

4000
4001

6035
1111

S1NTS=( l.-Cl)S(TETI»A16l/XMIrNF
IFTS=A*SIH(SIMIS)
T=HC/ .432
1FII-50. 15061,5061,5062
T = 5C.
CONTINUE
lFITr.TI960,96n,961
P^PIttFY
T = r i N F Y
GO TO 6999
rF(LLL-l)43,44,44
J=.TROE.
GO TJ *5
J».F«LSf.
I I T E K = 5
P=PC
C»LL ITERIP.T.HC.IITE^.J)
[FdITER.LE.OI GO TO 6899
GO TU 6999
1Z29=-1
RETURN
t*8
PP-P
T T = T
IFtTT-50. 1650, 651, 651
TT=50.
GO TO 652
IF(TT-15000.)A52,652,653

TT=15000.
CONTINUE
IFIP-PINFY)4000,4000,*001

P=PINFY
C O N T I N U E
CALL ANAPRP(P.T, tlllll
GO T0( 1110,6004,6005,6006,7331,6007,7161,60351,1

RETURN
K51=-l
HRITEI6,2999)L
FnRNATl/2X, 'FAILURE IN ANAPRP CALLED FRO>< CO^SHK WITH L='I3I
RETURN
EMD

CNSM920
CNSKl'UO
iHS^Uda
CNSK1950
CNSK1940
CNSHHTU
CNSK19BO
:NSK1930
CNSK2000
C«SK2010
CNS<2320
CNSK2030
CNSK2040

CNSK2060
CNSK2070
CNSH2333
CNSK2090
CNSK2100

CNSK2120
CNSK2130
CNSK2140
CNSK2150
CNSK2160
CiNSK2170
CNS<218U
CNSK2190
CNSK2200
CNSK2210
CNSK2220
SNSKZZ90
CNSK2240
CNSK2250
CNSK2260
CNSK2270
CNSK22SO
CNSK2290
CNS.<2Jl)0
CNSK2310
CNSK2320

CNSK2350
CNSK2J60
CNSK2370
CNSK23»0
;.MSK23<)0
CNSK2400
CNSK2*10
CMSK2420
CNS<?410
CNSK2440

CNSX246J
CNSK2470
CMSK<?4iiO

CNSK25IO
CNSK2'>20
CNSK2530
CNSK2540
CNSK2550
CXSK256J
CNSK2570
INSK25HO
CNSH25JI)
CNSK2600
ONSK2610
ONSK2620
CNSK2630
CNSK2640
CNSK2650
CNSK2660
SNSK2670
CNSKZ6HO

CWSK2700
CNSK2710
CMSK272D
CNSK2730
CNSK2740
ONSK2750
CNSK2760
CNSK2770
CNSK2780
CNSK2790
CNSK2800
CNSK2810
CNSKZ820
CNSK2830
CNSK2B40
CNSK2B50
CNSX28&0
CNSK287O
CNSK2890
CNSK2890
CNSK2500
CNSK2910
CNSK2920
:KSX2930
CNSK2940
CNSK2950
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SYMBOL
A

LOCATION
O

SYMBOL LOCATION SYHBOL LOCATION SYMBOL LOCATION SYMBOL LOCATION

SUOPSOGRAKS CALLED
SYMBOL
POLY
ARSIN
F.XP

SYMbOL
KKK1
HT
K51
0
S1NTHS
GAM1NF
r
CP2
NTEST7
P2B
RH022
H24
XYZ
OEDPCT
CPTHO
TETCI
CPRP
A3
CP
MO
A14
J

SYMBOL
XT2
XMIN

SYMBOL
T356
2999

LOCAIION
2CC
300
314

LOCAI10M
344
}B8
3CC
3FO
31=4
408
41C
430
444
458
4bC
460
494
4»H
4BC
400
4E*
4F8
50C
5?0
534
548

LOCATIO'4
558
6C4

LOCATION
608
80F

SYMBOL
IbCO.tt
ens

SYMBOL
J25
HINFY
1229
XMINF
TETS
VI
L
HTESI4
XM
T2A
H22
UHOPCT
*1tl
DEOTCP
UK
DIETS
OSR
A4
A6
VC
A15
HIE*

SYMBOL
COEF

SYMBOL
6673

LOCATIO*
2fO
304

SCALAR MAP
LOCATION

>A8
3BC
300
3E4
3F8
40C
420
434
448
45C
470
4B4
49B
4AC
4CO
404
4E8
4FC
510
524
538
54C

ARRAY HAP
LOCATION

624

FORMAT STATEMENT
LOCATION

705

SYMBOL
I TE.'l
TAN

SYHBJL
KK
VINFY
XXTETA
JX
S1NTS
HTWO
RHOTWO
NT6ST5
YE
T2B
RH023
OROP;T
Ullll
DELTP
ALL1
PC
UTC
XNOM1
A7
All
A16
PP

SYMBOL
COEFF

MAP
SYMBOL
7360

LOCATION
2F4
308

LOCATION
3AC
3CO
304
3F.B
3FC
410
424
438
44C
460
474
488
49C
4BO
4C4
408
4EC
500
514
528
53C
550

LOCATION
638

LOCATION
7C»

SYMBOL
ANAPRP
ATAN

SYMBJL
TH2
M
TET
ISFC
oua
TTUO
RHtlRAT
K
F
RH32I
H23
OROTCP
DMOPCT
OELTT
ALL2
TC
»1
DH1
XNHER
A12
TINFY
TT

SYHBOL
NDEG

SYMBOL
6051

LOCATION
2F8
3DC

LOCATION
3BO
3C4
308
3EC
400
414
428
4 1C
450
464
478
48C
4AO
4B4
4C8
4DC
4FO
504
518
52C
540
554

L3CAMD1
69C

LOCATION
863

SYMBOL
SIM
S33T

SYMBOL
DEL
XI IF
TH1
1
P1HFY
V
RHOI*F
NTEST6
P2A
H21
RH02*
OHBTC1>
OMDTCP
SR2
iYX
SRC
A2
A5
HC
A13
LLL

S1HBJL
XMAX

SYMBOL
5050

LOCATION
2FC
310

LOCATION
3B4
3C8
3DC
3FO
404
418
42C
440
454
468
47C
4?0
4A4
4B8
4CC
4EO
4F4
508
51C
530
544

LX»Ti:>t
6BO

LOCATION
8A7

•OPTIONS IN EFFECT* 10,EBCDIC,SOURCE,NOLIST.NOOECK,LOAD,MAP
•OPTIONS IN EFFECT* NAME - CONSHK , LINECNT " 58
•STATISTICS* SOURCE STATEMENTS ' 263,PROGRAM SI It -
•STATISTICS* NO DIAGNOSTICS GENERATED

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
002B
0029
OOiO
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043

C
C REAL ANO PERFECT GAS PRANOTL-MEYER EXPANSION SUBROUTINE
C

SUBROUTINE RGPIMP1 ,Tl,SRl,V7,Sl,RHm,CPl,Hl,VISCl,TIU,DTHETA,HT,
1CPCV1,XM1,XXTETA,OELVXIALPHA,IB,P2,T2,K.50I
COMMUN/ORRAY/QRATLI 151 .QHATT ( 15 1 , P-U ( 151
COMMON /ARRAY/AI23)
77 1 1*1 •
ZZZ2*1.
K50=l
K75M
XN20M.
XN21=1.
V1»V7
NSTOP1=0
THETA1»0.
CnN23'SOKTIVI**2-Al**7)/IAl«Vl)
CON17aRH01*Vl
CON16*CON17
CON22-CON23
DELV^DELVX
NXX=0
1X1 = 0
1X2=0
NXY=0

84 V2=V1»DELVX
t)STOP=O
NSTOP1=NSTOPI»1
IF(NSTOP1-51I85,D5,5B5

225 HRITtl6, 50001 UK
5000 FORMATI///2X,'NONCnNVERGENCE AT IJK='I4I

K50=-l
RETURN

85 CON15«V2«V2
H2=H I- ICON1 5/50123.1
CON2l=V2-Vl
P2=P1- I CON16«CUN2 11/21 16.2
IF(P2U70,170,171

170 P2=.9*P1
171 CnN20»H2-Hl

T2=T1»ICON20)/CP1
L=l
P=P2
T=T2
[FIP1585, 585, 4901

4901 IFIT-100. 14902, 4903, 4903
4902 1=100.

RGPM0010
RGPM0020
3GPM0030
RGPM0040
RGPM0053
RGPM0060
RGPM0070
RGPHOOBO
<GPH0090
RGPM0100
RGPM0110
1GPM0120
RSPM0130
RGPM014D
RGPM0150
RGPM0160
IGPM0170
RGPHOI80
RGPM0190
4GPMQ200
RGPM0210
RGPM0220
RGPM0230
RGPH0240
RGPM0250
RGPM0260
RGPH0270
RGPM0280
RGPM0290
RGPM0300
RGPN0310
RGPM0320
RGPM0330
»GPM03*0
RGPH0350
RGPH0360
<GPM0370
RGPH0380
RGPM0390
KGPM0430
RGPM0410
RGPM0420
RGPH0430
RGPM0440
RGPM0450
4GPM0460
R5PM0470

B-25



00". 4
0045
0046
0047
0048
0049
0050
0051
0052
0053
005*
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
0108
0109
0110
0111
0112
0113
0114
0115
0116
0117
0118
0119
0120
0121
0122
0123
0124
0125
0126
0127
0126
0129
0130
0131
0132
0133
0134
0135
0136
0137
0138
0139
0140
0141
0142
0143
0144
0145
0146

GO TO 6000
4903 IFIT-15000.)4904,4904,4905
4905 T=15(iOn.
4904 GO TU 6000

86 CP2-.123406* 0(41
RH02 = .OP2507 • A(3)
CPA=(CPl»CP?)/2.
T2=T2»(CuN20)/CPA
IF(T2-10O.18910,8910,8911

8910 T2=100.
GO TU 88

8911 IF( 12-15000. )flO,?«i, 8912
8912 T2=13000.

GO TO 88
87 RHU2 * .002507 • A(3)
88 CON17=RHO2«V2

RHOAVA*(CGN16»CON17)/2.
»2=PI-<RHOAVA*CCO'<21/2116.2))

P=P2

IF(P)485.585,4906
4906 IFIT-100.14907,4908,4903
4907 T-100.

GO TO 6000
4908 IFIT-15000.14909,4904,4910
4910 T=15000.
4909 GO TO 6000

585 URITEI6.8340)
8340 FORMAT( / / 2X , 'REAL GAS P-M ROUTINE FAILED (VEL. TOO LOMI

1HHS SWITCHED TO PERFECT GAS P-H EXPAMM04* )
DELNU=DTHCTA
T2EST=T1
AL1=XM1**2
AL2=CPCV1«AL1
»L3=AL1-1.
AL4' IAL2/SORT(AL3))*DFLNU
AL5=CPCV1+1.
AL6=AL5»AL1«*2
1L7-4.«AL3

VJPM34S3
RGPK0490
RGPM0500
JGPH3510
RGPH0520
RGPK0530
^GPH354]
RGPK0550
RGPH0560
RGPHOS70
RGPK0580
RGPH0590
RGPM0600
4GPH3610
RGPH0620
RGPK0630
RGPH3640
RGPM0650
RGPH0660
1GPNQ670
RGPH0680
RGPH0690
RSPH0700
IGPH0710
RGPH0720
RGPM0730

RGPM0750
RGPM0760

PROGRAH RGPM0770
RGPK.07BO
RGPM07QO
RGPM0800

AL9=AL2*< <AL6-Al7)/Aia)*(DELNU**2)
AL10=AL2/(2.»AL3«*3.5>
AL11=((CPCV1»1.I/6.)»(AL1**4)
AL12=«5.*7.*CPCV1-2.«CPCV1*»2)/6.I»A1.1»«J
AL13=l.6667*AL5*ALl*«2
AL14=-2.»AL1*1. 3333
AL15=AL10»1ALU-AL12»AL13»»L14)«(DEI'HI**3I
P2R=P1»(1.-AL4»AL9-»L15I
P=P2R
T=T2tST

GO TU 60OO
573 DSR=SR-A(2)

CP2R=.123406«»14I
IF (ABS10SR/SRI-. 00051 574, 574, 575

575 NSTOP9=NSTQP9*1
!JK=573
IF (NSTOP9-50 I 576, 576, 225

576 T=T»IT/CP2RI*1)S«».123406».25
IFIT-15000. 1577,577,578

576 T=15000.
GO TO 579

577 IFIT-50.)580,579,579
580 T*50.-XN20

XN20=XM20-1.
579 GO TU 6000
574 P?=P2R

T2 = T
D15=SORT(T2)
TK2=UI5»A( lll»3.28512E-7
VI SC2=015»A( 10) »2.209698e-8
PR2=A(16)
Z2=A(9>
SR2=A(2)
H2=129.0dl6«A|8)
V2=224.«SORr(HT-H2)
CPCV2=AI14I
A2 = 1140.»M6I
XM2=V2/AZ
RH02=.002507»AI3)
GO TO 97

89 OSR2=SR1-A<2I
CP2=.123406*AI4)
SR2=A(2)
IFIA6S(DSR2/SR1)-.0005)92,92,90

90 NSTOP=NSIUP«1
IF (NSTOP-40) 91, 91,585

91 T?*T2»(T2/CP2»OSR2*.123406*.25
T = T2
IF IT- 15000.) 912, 912 .911

911 T=15000.
912 IFCT-SO. 1913, 913, 914
913 T=50.-XN21

XN21 = Xf<21*l .
914 L=4

P=P2
GO TU 6000

92 CP2 =.123406 * A (41
RH02=. 002507 * A I 3 )
A2*1140. * 4(61

93 CON23=SORT(CON15-A2«»2)/IA2«V2)

RGPH0820
RGPH0830

RGPH0850
RGPM0860
KGP*<3B70
RGPK08BO
KGPH0890
wiovoo
RGPH0910
RGPM0920
RGPH0930
RGPH0940

RGPH0960
RGPN0970
^GPM09BO
RGPH0990
RGPH1000
RGPM1010
^GPHIOZO
RGPH1030
RGPK1040
<GP«1050
RGPM1060
RGPH1070
RGPflOBO
RGPM1090
<GPH113J
RGPM1110
RGPH1120
RGPK1130
c<GPM114a
SGPH1150
RGPH1160
<GPH1170
RGPH11HO
RGPH1140
«GPM1200
RGPH1210
4GPM122D
RGPP1230
RGPM1240
<GPX125D
RGPM1260
RGPM1270
4GPH1280
RGPM1290
RGPH1300
<GPM1310
RGPH1320
RGPH1J30
RGPH1340
RGPM1350
IGPM1360
RGPH1370
RGPH1380
<GPM1390
RGPM1400
RGPH1410
RGPH1420
RGPH143O
4GPM1440
RGPHI450
RGPM1460
<GP«1470
RGPM1480
RGPM1490

RGPM1510
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01*7
014B
01*9
0150
01SI
0152
0153
01*4
0155
0156
0157
0158
0159
0160
0161

016*
0165
0106
Olf.7
0168
0169
0170
0171
0172
0173
0174
0175
0176
0177
0178
0179

0160
01RI
0182
0183

0184
OIH5
0186
Ol»7
01HH
01H9
0190
0191
0192
0193
0194
0195
0196
0197
019U
0199
0200
0201
020i;
02H3
0204
0205
0206
0207
0208
0209
0210
0211
0212
0213
0214
0215
0216
0217
02 IB
0219

0220
0221

SYMBOL
OKATL

OTFTA=(DE:LVX/2. I • (CrVJ22»CON23)
Ol=OTHET»-UTETA
IF(ABSIDl/OTHtI«l-.00119(,97,61

M ItISXX-1162.63,63
I 2 If(01)64,65,65
64 IX1=-1

:;n T'_ <,i

63 NXX=;:XX»I
IFI IXl<IX2)6b,'>7,&6

'.6 IFIDI 166,69,69
(-8 IX1=-1

OELVX=DtLVX-OELV
~>U Tu B4

69 1X2=1
oELV.x=nELVX»nnv

67 1FIOI170,71,71
70 IFI7/Z1»ZZZ2)7161,716),7160

7160 DELVX^EI VX-. 095'JELV
lll\--\.
GO T.i lib',

7161 ORLVX=OFLVX-.004«OELV
",0 TO 7162

71 IFIZZZ1»Z7£2I7163,7164,7164
7164 DELVX = OEl_VX*.U95*nF.LV

ZZZ2=-1.
GO Tu 7167

7163 UELVX=OELVX».004*yELV
7162 *XY='«XY»1

IFINXY-50)84,a4,7170
7170 4RITEI6, /171I
7171 FnRMATI / iX . 'FMLURE C!H CONVERGENCE OF THETA 1.1 RCiPH, STMNT

11* I
KSO=-1

6000 CALL »J»PRP{P,T,C1111I
GO TniS6,u9,571,R71,L

C CALCULATE LAn «SF) TU>(1 ORATIOS 9RATL AND O R A T T
97 IFI18-114370,4370,4371

4371 RFTURN
4370 X X T E T A * X X T E T A » O T H ? T A

01) 1950 1-1,11
CaUHI'l
PHI I I ) = X X T t T A - C C U < T « O T H E T A
IFIALPHA)^40,740,74?

742 IFII-ll)74l,743,743
743 Q R A T L ( l l l = O R A T L ( 1 0 l

O R A T T I 1 1 U O . R A T T I 1 0 )
GO Tu 1950

740 q R A T L I I 1 = 1.
QRATMII - I .
GO Til 1950

741 RR1=2.*TANIPH1I I ) I
RR?= TANI PHI I I)-AL°HA)

RGPK1520
<GPM530
RGPK1540
<GPM1S5J
RGPH1560
RGPK1570
IGOM158D
RGPM1590
RGPK1600
(G'lltlO
RGPH1620

RGPH1640
RGPH1650
(GP11660
RGPM1670

*GPM1690
RGPP1700
RGPP17IO
:<GP«1723
RGPH1730
RGPK1 740
<GPH17')U
RGPN1760
RGPM1773
RGPH1780
RGPM1790
»GPH1800
RGPMiein
RGPM1820
»GPM1830

70 OR 7RGPM1840
RGPM1850
RGPH1860
RGPH1870
RGPM1880
RGPN1890
«G»H19DO
RGPM1910
RGPM1920
RGPM1930
RGPH1940
RGPM195O
RGPM1960
^GP'<H7D
RGPM1980

a * A T L I I > - S Q R T < R R 5 >

RR7>KR6/KK7
XK22=l.25«R87
RR3»I1.*XK221««.2
ORATTI I) = .85*KR8

1950 CONTINUE
XXTEIA"XXTETA-DTHFTA
00 1951 1=12.15
ORATLIII'ORATL(ll)

1951 0<ATTII)= ORATTI11)
RETU^M

1111 K50=-l
HRITEI6,2995I

2995 FORMATI /2X , 'FA ILURE IN ANAPRP,CALLED BY RGPM')
URITEI6,4931)

4931 F O R M A T ! U*, 'ZUU.1DS AND GAOZOCKS, THE VERY L E A S T * / 2 X ,
I'ONE MIGHT EXPECT FRCH THIS TURELESS BE«ST ' / 2X ,
2 ' IS THE CURTESY OF A PROMPT REPLYV2X,
3 'ANU A L I T T L b H61P TO FATHO" WHY' /7X,
4 ' IUITH THt PERFECT LOGIC THIS PROGRAM ENTAILEDI ' /2X,
5 'THE IBM 360 FA ILED '1

RE TURN
FID

COMMON BLCCK /ORRAY / MAP S I ? E 84
LOCATION SYMBOL LOCATION SYMBOL LOCATION SYMBOL

0 O R A T T 3C PHI 78

RGPH2010
3GPM2020
RGPM2030
RGPM7040
»G»«2050
RGPM2060
RGPM2070
IGPM2030
RGPH2090
RGPM2100
RGPM211D
RGPM2120
RGPM2130
RGPM2140
RGPM2150
RGPH2160
<GP»2170
RGPM2180
RGPH2190
RGPM2200
RGPM2210
RGPt2220
RGPM2230
RGPK2240

RGPM2260
RGPM2270
RGPM2280
RGPM2290
RGPM2300
RGPM2310
RGPM2320
RGPH2330

SYMBOL
A

LOCATION
0

COMMON BLOCK /ARRAY / MAP SUE
SYMBOL LOCATION SVMBDL LOCATION

SYMBOL
IBCOMt

SYMBOL
ZZM
XN21
CON23
CON22
1X2

LOCATION
2A8

LOCATION
300
314
32H
33C
350

SUBPROGRAMS CALLFD
SY1BUL
FRXPRt

SYM6JL
ZZZ2
VI
Al
OtLV
NXY

LOCATION
2 AC

SCALAR MAP
LOCATION

30'.
318
32C
340
354

SYMBOL
ANAPRP

SYMBJL
K50
V7
CONI7
OELVX
V2

LOCATION
2 BO

LOCATION
308
31C
330
344
358

SYMBOL
SORT

SYMBOL
K75
NSTOP1
RHUI
NXX
NSTOP

LOCATIOV
2B4

LOCATION
»ac
320
334
348
35C

SYHBDL
TAN

SYMBOL
XN20
THETA1
CON16
1X1
UK

LOCATION
2B8

LOCATION
310
324
338
34C
360
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CON15
PI
CPl
RH02
T2EST
AL3
ALB
AL1/3
SR|
TKZ
CPCV2
Dl
ALPHA
RR5
VISC1

364
378
sac
3AO
3B4
3CB
30C
3FO
404
418
42C
440
454
468
47C

II?.
CUN20
L
CPA
ALI
AL4
AL9
AL14

NSTOP9
VISC2
A2 '
IB
(Ul
RR6
TK1

168
37C
JVU
3A4
3B8
3CC
3En
3F4
408
41C
430
444
458.

46C
480

HI
HI
P
P-HGAVA
xr.i
A L 5
ALIO
AL15

USD
PR2
XM2
X X T F T A
RR2
RH7

36C
3t>0
344
3A8
33C
100
3E4
3FB
40C
420
434
448
45C
470

CON21
T2
T
DHNU
AL2
»L6
ALII
P2»
CP2R
J2
DS42
I
RK3
XK22

370
384
398
3AC
-ICO
3D4
3C8
3FC
410
424
438
44C
460
474

P2
Tl
CP2
DTIIFTA
CPCV1
AL7
AL12
S<
C)I5

5*2
DTiTA
cnuNi
rt*4
RRS

374
388
39C
3BO
3C4
308
3EC
400
414
428
43C
450
464
478

FORMAT STATEMENT IIP
SYMBOL LOCATION SYHBOL LOCATION SYNBHL LOCAIIOM SV1BLIL LOCATION SYMBOL LO:ATI]4
5000 484 8340 4A5 7171 SOB 9̂95 549 4931 S70

•OPTIONS IM EFFECT* ID,EBCDIC,SOURCE,NQLIST,NOOCCK,LHdO.MAP
•OPTIONS IN EFFECT* NAHE = RGPH , UNECNT " 58
•STATISTICS* SOURCE STATEMENTS • 221.PROGRAM SHE • 5244
•STATISTICS* NO DIAGNOSTICS GENERATED

SPIE
SYMBOL TYPE ID ADDR LENGTH LO ID

EXTERNAL SYMBOL DICTIONARY
11.1) 3/])'7l

SPIE
YECH
01

SD
LD
LO

01 000000 OOOOD'6
OOOOA8
OOOUC6

LOC OBJECT CODE AOORI AODR2 STOT SOURCE STATEMENT

000000

000000
000000 47FO F054
000004 F5E207C9C540
OOOOOC
000054 90EC DOOC

000058 41CO FOOC
00005C 50DC 0004
000060 50C0 0008
000064 180C

030066 0520
000068

000068 5831 0000
00006C 5843 0000
000070 5940 2068
000074 4740 2042

000078 5840 2064
00007C 5940 2068
000080 4760 2034
000084 0203 2064 2068

00008A
000084 4110 202E
00008E 0511
000090 OF
000091 000048
000094 7F
000095 tf
000096 OAOE
000098 5010 2060

00009C 58DC 0004
OOOOAO 98EC OOOC
OOOOA4 ')2FF DOOC
OOOOA8 07FE

OOOOAA 5840 2064
OOOOAE 5940 206C
OOOOB2 4780 2034
OOOOB6 5810 2060

OOOOSA OAOE
OOOOBC 0703 2064 2064
OOOOC2 47FO 2034

OOOOC8

00054

OOOOC

OOOOC
00004
00008

00000
00000
OOODO
OOOAA

OJOCC
ooooo
0009C

OOOCC OOODO

00096

OOOC8

00004
OOOOC

OOOOC

OOOCC
00004
0009C
OOOCB

OOOCC OOOCC
0009C

2
3
4
5
6
7
3
9
10
11
12
13
14
15
16
17
Id
19
70
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
411
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
AH
62
63
64
65

9/17/68 - l.F.H.
MOO. 3/07/69 - L.F.H.

USAGE. ..CALL SPIFI LOU )
WHERE LOW IS A PARAMETER CALLING FO* SETTING A NEM P.I.t. OR RF-

SETIING THE OLD P. I.E. DEPENDING 3* rfHETHFR IT IS .31. ZF<3 3R ,LT.
CINE, RESPECTIVELY. IF THE NE4 P.I.t. HAS BEEN SET, IT REMAINS IN
EFFECT ON SJISEOUF.NT CALLS UN SPIF KITH LDrt .ST. ZERO; THE 91.0 P. I.e.
IS RESET IF A SUKSE3UENT CALL ON SPIE HAS LOW .LI. UNE.

...GOOD LUCX-L.F.H.

SPIE CSECT
ENTRY YECH.R1
USINi *,15
B S100
DC CL6'5SPIE •

SAREA DS let
S100 STM 14,12.12(13)
*

LA 12.SARCA
ST 13,41121
ST 12,8113)
LR 13,12

*
bALR 2,0
USING *,2
DROP 15

*
L 3,011)
L 4,013)
C 4, .FU-
EL S300

*
L 4, FLAG
C 4, .EM-
HE S200
KVC FLAG, »F' I1

*
SPIE YECH,«l,15»
CNOP 2,4
LA 1,».12 LOAD BRANCH ADDRESS
BALK 1.1 BR1NCH /SROU-O PA3AMS.
DC R'OOOOllU- PROGRAM MASK BITS
DC AL3IYECH) EXIT ROUTINE ADDRESS
DC B'Olllllll'
DC B'llllllll' INTERUPTION MASK
SVC 14 ISSUE SPIE SVC
ST 1.R1

*
S200 L 13,4(121

LK 14,12,12(13)
HVI 12(131. X-FF'

VECH BCR 15,14
*
S300 L 4, FLAG

C 4,3F*0'
BE S200
L 1,R1
SPIE MF°(E.(I»
SVC 14 ISSUE SPIE SVC
XC FLAG, FLAG
B S200

•
Rl DS F

S"Ic0020
S"IFOOJO
SPIE3J43
SPIE0050
SP1E0060
S'l 50070
SPIFOOHO
S3 I ?0090
S3 1 £31J3
5PIE0110
SPIE0120
SPIE0130
SPIE0140
S^ 1 "Dl 5J
SPIL0160
S'lEOlfJ
SPIE01UO
S* I C31 9i)
SPIE0200
SPIE0210
SP1E0220
S»ID323J
SO It 0240
SPIE0250
SME0260
SPIE0270
SPIEJ280
SPIE0290
SPIE0300
S»I=0310
SPIE0320
SPIE0330
SPIE0340
SPIE0350
SPIE0360
SPIE0370
SPIE03BO
SPIE0390
SPIE0400

S»If0410
SPIE0420
SPie}433
SPVE0440
SPIE0450
SPIE0460
SME047 J
SPIE0480
SPIE0490
SPIE0500
SPIE351J
SPIE0520

S'I=B53D
SPIE0540
SPIE0550
SPIE0560
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OOOOCC 00000000
000000
000000 00000001
000004 OCOOOOOO

66 FLAG
67
61
69
70

LC
LTORG

SPK0570
SPIE0560

RELOCATION DICTIONARY

POS.Ib

01

KEUIO

01

FLAGS

OH

ADU3ESS

OGUU91

CROSS-REFERENCE

LEN VALUE OEFN REFERENCES

FLAG
RL
SAREA
SPIE
S100
S200
S300
YECH

00004
00004
0000",
U0001
00004
00004
00004
00002

OOOOCC
OOOOC8
oooooc
000000
000054
OOCJ09C
on ooaa
ooooAa

00066
00065
OOUltt
00013
10019
00051
00056
00054

0035
0014
0021

0016
0037
003}
0014

0038
0044

0058

0045

0056
0059

UO6}

0062 006?

NO STATEMENTS FLAGGED IN THIS ASSEMBLY
•STATISTICS* SOURCE RECORDS ISYSIN) = 59 SOURCE RECURDS liYSLlBI = 466
•OPTIONS ITEFFtCT. LIST, NOOECK, LOAD, NORENT, XREF, NOTFST, ALGN, OS, LINtCNT - 55

96 PKINTEO LINES

F128-LEVEL LINKAGE EDITOR UPT KINS SPECIFIED MAP,LIST
VARIABLE OPTIONS USED - SIZE=<153600,6144) DEFAULT JCT1JMSI USED

MODULE MAP

CONTROL SECTION

NAME ORIGIN

MAIN
ITER
TBLALT
BLOG
ANAPRP
POLY
CONSHK
RGPP
TNING
SPIE

1HCSLUG *

IHCSASCN*

IHCSATN2*

IHCSSCN •

IHCFRXPK*

IHCCCOMH*

IHCCOMH2*

NOUNFL *
IHCSSORT>

IHCSTNCT*

IHCFCVTH*

IHCEFNTH*

IHCSEXP •

IHCEFIOS*

IHCFRRM •

IHCUOPT »
IHCFOVFR.

IHCFOUMP*

IHCETRCH»

IHCUATBL*
ORRAY
ARRAY

00
666A
6C60
76EO
7B2S
A2AII
A4CH
BECH
034«

0613

07DO

D9BO

DB80

DD60

ores

FF20

F3A9
F3Cfi

F510

F778

10910

10E2a

IOFCO

12328

128EO
12C10

12C6U

12E66

130FB
13730
137F8

LENGTH

6668
5F6
A7A
14B

2A72
226

19FC.
147C
1F4
D3

1B6

IDF

1C!)

1D9

183

F31

581

1C
145

266

1195

512

192

1368

5BC

32b
50

201

28E

638
B4
5C

FNTRY ADDRESS 00
TOTAL LENGTH 1384R

ENTRY

NAMt NAME LOCATION NAME LOCATION NAME LOCATION

YECH

ALOG10

AKCJS

ATA.M2

C.IS

F«XPR«

iacoM<

SEODASD

SORT

COT4N

ADCUN»
FCVIOUTP

AiilTHB

EXP

F10CSB

EKRMON

05F6

D61H

0700

09BO

DBflO

OD60

OEE6

FODC

F3CB

F510

F778
FDA8

10910

10E28

IOFCO

12328

Rl

ALCG

A4SIN

ATAN

SIN

FOIOCSI

TAN

FCVAOUTP
FCVEQUTP

ADJSWTCH

FIDCSBEP

IHCERRE

ObVB

0630

07E6

D9C4

DB98

OFA4 INTSHICH Et06

F526 OTAN F698

F622 FCVLOUTP F8B2 FCViOUTP FA02
102AA FCVCOUTP 104C4 INT6SWCH 107AB

10C7C

10FC6

12340

OVERFL 12C10

DUMP 12C60 P9UMP

IHCTDCH 12E68 ERRTRA

OCES NOT FXIST BUT HAS BEFN ADDED TO DATA SFT

12C76

12F70
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SAHPLF 9RUP. «J.l T.-300,RN = l,IPRf.SS = LONG PRINTOUT

HOT? T H A T «INT,JUT IS IH EJoL lSH UNITS

VlSC=LB-SEC/SC.FT
T OR TREF = OFG.K
H OK HREF = BTL/LB
TK OR TKREF = BTU/FT-SF.C-DEG.K

CP=PTU/LB-DF-G.K
HMD OR RHfR = SLU1S/CU.FT
PSI - "TL/L"!
TAUK « IB/SO.FT

SYMBOL ENDS IN X = LOCAL EXTERNAL -TO-".LAYC". VALUF
SYMBOL ENDS IN L * H .LAYFR FLO» IS L A M I N A R
SYMBOL ENDS IN T = E.L4Y5R FLOW IS TURBULENT

OEFINITIONS-
C = LOCAL VEL. /FRCE STRLAP VEl.
CPCV = GAMXS = S»FCIFK. HC»T »«TIO
PR CR PRFF - PR4NOTL NU»,tF.R
PSI = H RF.COVFftY MINUS H HALL
I = COMPRESSIBILITY FACTOR
CF = FRICTIOM COFFFICIF«4T AT WALL
TAUW = HALL SHEAR S T K t S S
R E Y X = REYNHLDS NO. HASEU ON LOCAL ('-JXTER'iAL-TO-E .LAYFRI PROPERTIES A.»U SURFACE DIST. FRUM STAG. POINT
REYKDM = MOKFNTUM THICK'IfSS SEYMGLUS NUMBER

(WHEN HEY-MOM IS NFG., HEAT R4TF IS NFG. jf) RFtYHOM HA'» NO MCA4IN51

ROBUST = IRHU * MUIWALL (HHJ * HUIEXTERNAL TO B.LAYER

INIT.
ZALT=
NTUN
LLL=0

INPUT
XX5=

RUI =

RIII-

RUI*

RII) =

RIII*

R ( I > =

RII 1 =

R ( I > =

Rin =
RUI-

R ( I I =

RII) =

RIII*

R ( I ) =

R I I ) =

CCNOITIUNS
C.500000E

= 0
LHNG=1

05 VINF»= 0.400000E 04 «K- 0.
ITW= 100 IPRESS» 0

X, Y, ALPHA
0.274100F 01 YY5=

C.O

0.138545E

0.263216E

0.388d44E

0.500272F.

0.602355E

0.694960E

.0.777967E

O.S51267F

0.914765E

0.988379E

0.105520E

0.114203E

0.122885?

0.13156PE

00

CO

00

00

00

00

00

00

00

00

01

01

01

01

0.500000E 00 ALPHAIDFG)'

XI I ) = C.O

XI I 1= ('.ZIUUCE 00

X I I ) = 0.560281E 00

XI 11= r,.14<H21f 00

XI I ) - 0.112056C 01

XI 1 )= 0. 140070H 01

XI 1)= 0.16M084K 01

X ( I I = C.196038E 01

X I I ) = 0.224112T 01

X( 1 )= 0. 252126? 01

XI I ) = 0. 290140': 01

X I I ) = <'. 330140= 01

X ( I I = 0.3B0140h 01

XI I )= C.43U140'j 01

X ( I ) = 0.480140h 01

100000E -01 TWI

= 0.100000E 02

1= 1

1= 2

1= 3

1= 4

1= 5

1= 6

1= 7

1= R

1= 9

1= 10

1= 11

1= 12

1= 11

I = 14

1= 15

0.300000E 03

FREE S T R E A M CONDITIONS
XK1NF= 0.412B56F 01 V I f4FY=
HINFY= 0.932242C 02 tMNF=
TINFY= 0.216660R 03

0.400000E 04 O.l39990r 01 RHHINF= (J.363638E-03
0.11SH5F Ou (ATM( IS) PINFY= 0.2436U6C 03 ( PSF I

TH1= 0.306756E 02 TH2= 0.530907E 02
WHERE TH1= POI^T 1 S T R E A M DEFLECTION SNGLEtOEGREE S. TH2=STRPAM DEFLfcCTKlN A^ISLE AT POINT 1 WHICH CAUSES SEPARATION OF SHUCK WAVE

USES SUPERSONIC RATHER THAN HYPERSONIC ANALYSIS

1= 1
THETA SHOCK FOR, POINT 1 = 0.388S44E 02
PS(II= 0.915685E 00 TSII)= 0.470289E 03 S3SIII= 0.255451E 02

USES SUPERSONIC RATHER THAN HYPERSONIC ANALYSIS

1= 2
THETA SHOCK FOR POINT 2 - 0.363£15F. 02
PSII)= 0.82503?^ 00 TS(I)= 0.44640er 03 SRSII)=- 0.254637E 02

USES SUPERSONIC RATHER THAN HYPERSONIC ANALYSIS

1= 3
THETA SHOCK FOR PniNT 3 = 0.3396C4? 02
I>SII)= 0.73dl47F 00 T S ( I ) - 0.423239L 03 S R S I I ) = 0.253B58F 02

USES SUPERSONIC RATHER !H«N HYPf»SCMC ANALYSIS

THETA SHUCK FOR POINT 4 = G.316140F. 07
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P $ l l l = 0.655463F 00

USES SUPf.SUnIC K1THF:) T H A I HYPF.-1SUNI C A' i . ' .LYSIS

1= 5
1HFTH SHUCK F!Jr> P O I N T >> " O.2-JJ-J12F 0?
P S I I I = J .57730SF CO 15111= 0.379227; 03 S < S I 1 I = 0.252433= 02

USES SUPfUOalC HATHE1 THAN HYPERSONIC A N A L Y S I S

Is 6
THCTA SHOCK FOR PQPiT f> = 0.2MA16L 02
P S I I I = 0.504307F 00 T S U I * 0.3Si>4i3' : 03 S < S U I = U.251802E 02

USES SUPESSOMC R'THTK THAN HYPCRSCNIC I'.'ALYbIS

1= 7
T H E T A SHOCK FOP. POINT 7 = 0.25095«r 02
P S U I = 0.4i6"i79r 00 T b l l l - G.3)F.534r : OH S * S ( 1 I = U.251231C 02

USES SUPtRSOMIC SATHSK THAN 'IYPCRSU JIC A- IMYSI3

1= 8
T H E T A SHUCK FOK P O I N T H - 0.231116F 0?
P S ( I > = 0.374535F On T S M I = n.3114821: 03 S R S I I I = U.250731F 02

USES SUPERSONIC RSTHFR THAN HYPFRSCMC A N A L Y S I S

I- 9
THFTA SHUCK FOR POINT >• = 0.212441F 02
PSII)= 0.318475F 00 TS(I)= 0.3C1302S 03 SRSIII= 0.250297E 02

USES SUPERSONIC K£THrt THAN HYPPRSO'JIC ANALYSIS

1 = 10
THFTA SHOCK FOR PMIf lT 10 = 0.115143F 0?
P S I I I = 0.21.S67UF C.T T S ( I I = 0.251994,: 03 S , < S I I I = 0.247923E 02

USES SUPF<SO.(IC K^ThF- t THAN HYPFRSU.NIC A N A L Y S I S

1 = 11
T H E T A SHUXK. FUR ODIMT 11 = C.179";02r 02
P S I 1 I = 0.2253(,1F UO T S ( I I = 0.267550C 03 S < S ( I I = 0 .24- l59l fc 02

1= I P l l l = 0.9l1)6a5t 00 T l l l = 0.47n289t 03 S R ( I I = 0.255451E 02
Q R A T L I I I = O. l lTSZi 1 1 01 ( ! * < . T T < I > = 0 . 10563TF 01

1= 2 P ( l l = 0.il04S10h OC T l l l = C . 4 ^ 2 1 6 S c 03 S R ( I ) = 0.254637E 02
O R A T - L I I I = t l . l l l x S U F 0 1 O K A T I I I I - 0.106062F 0 1

1= 3 P ( I I = 0.714203^ 00 T I I I = C.42^735; 0> 59111= 0.253858E 02
O R A T L I I I = 0.1?0^04F 0 1 f . ' i t A T T I M s 0 .106539C- 0 1

[= 4 P I I I = : 0 .612310T GC T ( l l = C .4C0173F 03 SO (I I = 0.253121E 02
C R » T L I I 1 = 0.122S32S 01 0 * A T T I I ) = O.I07?-)1F 01

1= 5 P | I I = C.5?d9' i3C CC 1111- C .37M31C O3 S! ! ( l )= 0.252433E 02
C R A T L ( I I = O . l 7 5 l ) l j r 0 1 0 < A T T ( I I - 0.10»?04F 0 1

1= 6 P ( I I = f : .4^171ir - ju T l l l = r . 3530161- 03 S R I I I = 0.251S02E 02
C R A T L I I I = 0.1?1023C n i L S A T T I I I = 0.109451t 0 1

1= 7 P | l l = U.3Sf .670F O' l T ( l l = ( . ' .33144UI- T3 S < I I I = 0.251233E 02
O R A T L I I I - 0.1359?4f 01 O ' i A T T I I I s 0.111741E 01

1= 8 PI 11= l. .J2717-T= 00 t i l l - ('.310346,- 03 SRI 11= 0.250731E 02
C R A T L I I I = 0.14-)'-57': 01 O R A T T I I I = 0.114014F 01

|= 9 P I M = 0 . 2 7 4 7 4 S F JO T ( l l = 0.291439|- 03 S ' r U I I = 0.250297E 02
O B A T L I I I " 0.1629591= Cl 03 U T (1 I = 0. 11HH93E 01

1=10 P ( I ) = 0 .729UO?5 J ' l T i l l ' 'J.27I47.2I-: 03 S 1 ( I I = 0.249923E 02
O R A T L I I I = 0 .20f t912t 01 M A T T I I I = 0.1301C6t 01

1=11 P H I - (,.1°94"7F 03 T l l l = !'.25nlU4.- 03 S R ( I ) = 0.249591E 02
O f U T L I I I = O .?0f i9 l7 r 0 1 U X A T T I I I = 0.130106F 0 1

1 = 12 P ( I ) = 0.1P9107E ll-J T ( l l = 0.7561t4t 03 S S I I I = 0.249591E 02
O B A T L I I 1 - 0.206912; 01 O X > T T I I I > 0.1301C6E 01

1-13 P I I I = 0 .1H9407F ' JO T l l ) = 0.256184C 03 S ^ I I ) = 0.249591E 02
a H A T L U I = 0.20')')12- 01 O R A T T I I I - 0.1301C6F Cl

1 = 14 P i l l - C.199402E UO f i l l - O.?5ol84f 03 S * I I I = 0.249')91E 02
Q R A T L I I > = 0.20(,912= 01 Q R A T T I I ) - 0.110106E 01

I - I 5 P I I I = ".1B9402E 0 .1 T ( I I = 0.2561R4r 03 S R I [ ) = 0.2495916 02
C B A T L I I I = 0.20»>912F. 01 O R A T T I I I * 0.130106E Cl

STAGNATION POINT DAT \ FCJil SPIir-RICAL MflSF

H R 6 F O =0 .270774F 03 TRF.Fi) =0.62?497r 03 VI SCR1=0.620202F-06 TKREFO=0.122102E-04
/.RCFO -0.100000E 01 PS;tcFI)=0.7406°7'' 00 CPaEFO=0.453686E 0) RHORO =D.283S3?F-D2
CPCVRO=C.l37364r Ul HH =0. IOOCCOF 01 TO =0.92583CF. 03
PO -0.257883E 01 RHUJ =0.190A36F-02 SRj -0.270285F 02 TKO =0.168865E-04
VISCT "0.816003F-06 DVEXf] =0.733176F 04 ZCI =0.1000005 01 CPO =0.'.83059E 30
AO -C.196178F 04 TfcU =0.?OOOOOF 03 VISCW0=0.3S2730F-06 HUO -0.129114E 03
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CPWO =0.432309^ 00 PRO = 0.750?><ir 00
OSIPT= ii.i6?ii«E 02 = -use- STAVJAMUN poi^r MEAT RITC-

H0 = 0.412434F 01 HT = 0."1^4l^C 03 <HmiO= 0 .-iBi)!? 7b-02

WALL, KFFERErtC"-, AllU f X1F.RNAI-Tn-OCLKOJRr-L AlreR FLOU P R O P E R T I E S AT S r IT I ON = 1

HHII1 *0.129U4E 01 CP« i ( l l = 0.43?flO<lr UO
TKREFXI I I=0.9^42(>?F-05
JREFXHl =0. ICCOOOt 01
TKXdl =0.9R53'i4E-05
SRXII) =0.255451F 02
4AXII) =0.142201C 04

V I S C n X I I l = ').515s-,4£-ofi
CPCV^Ad )=0.1 128 T<5»: 01
• / ISCXdl = 0.51lt>/Sl---J«,
HXI I I >0.?0)C«OC- 01
RH1XIII =0.1 11760F-02

VX1I )
PRXIII
V X I I )
XM( I I

=0.7055Z6E 0)

= n.T156ii->E 00
= i).715079E 'JO
=0.324134E 04
=0.227941E 01

XI II=0.73'i258E 00
T K F F X I I ) =0.476044[ 03
TXI I) =0. 470219F 0>
Z X I I ) =3.10003CE Jl
CPCVXd l ='0.138929E 01
C P X I I I =0.440406F 30

WALL, RKFTBENCF. AND FXTrRNAL-TG-nCU'JPARY-L AVER flaw PROPERTIES AT STATIC'* « 2
HWIII *0.12?ll«e 03 CPU I I I
T K R E F X I I ) = 0.9B'5474E-05
ZRFFXI I ) =0.100000C 01
T K X I I I = 0.9572HE-05
SRXI1 I =0.254637C 02
44X11 I =0.139511E 04

= 0.4»230'l!: 00 t:<EFX(|l =0.203089F 03 PRRCFX ( I I = n. 735033E 00
VISCRXd I=0."U1745E-0<>
CPCVRXI1)=0.1 13i»2'<F Jl
V I S C x I I ) = C.4981 lit—06
H X ( I ) =0.ll5llOh 03
K H U X ( I ) = 1>.121B1<SI—J2

3HCRXI I I =0. 117102E-02
PXI I ) =0.*04B10t 00
P3XI1 I = 0.73454*E 00
V X ( I ) =0.130223E 04
XMI I = 0.<?36700F 01

TREFXI I ) *0.470377E 03
TXH ) = 0.4521!>5f 03
ZXd l =0.100000E 01
CPCVXI I I =0.139032E 01
CPXI I I =0.4391&4F 00

UALL, REFERENCE, SND l?XTe<NAL-rn-f.OU.-iO»Ry-L4TF.i< FLOW PiUIPFKTIES 4T ST&TIJ .4 = 3
HWI I)
TKREFXI 11
ZREFX 1 I 1
T K X d l
SRXI I )
A A X I I )

=0.129114E 01
1=0. 972690 E— 05
'0.100000E 01
=0.016127E-05
=0.25335*E 02
=0.135472E 04

U4LL, REFERENCE, AND E
Hhdl =0.129114E 03
T K R E F X I II=0.060313F-05
ZREFXI I I
T K X I I )
SRXI I )
44X1 I)

*0.100000t 01
=0.87637«F-05
=0.253121E 02
= 0.131423F. 04

C P W I 1 ) =0.4 12SU9H 00
V I S C R X I I)=0.5055V2E-Ob
CPCVSXII I=0.138999E 01
V I S C X I I I =0.478043t-06
M X I I ) »0.1835f>9F. 03
RHUXII) =0.113208t-02

XTERN4L-TD-.30LNDARY-LAYER
CPUd) =0.432S09E 00-
V ISCRXI 1 1=0. 4996 1SE- J6
CPCVRX d ) =0. 1390A6C 01
V I S C X I I ) =0.45127SE-0(,
H X I I ) =O.I72445t 03
RH»Xd) =0.104723E-02

UALL, REFERENCE, AND EXTERNAL-TO-BOUN04RY-L4YER
HWII I
TKREFXI II
ZRF.FXI II
TKXII 1
SRX I I 1
A A X I I 1

=0.129114F 01
= 0.949046E-05
*0. tOOOOOF 01
=0.837721E-05

=0.127477E 04

CPWdl -0.432809E OU
V I S C R X I I) »0.494151E-06
C P C V K X I I )=0.139125E 01
V I S C X I I ) =C.440f22E-06

•(HIJXIII =0.962497E-03

WALL, REFERENCE, AND FXTERNAL-TO-30UNDARY-L A Y E R
HUII 1
TKREFXdl
ZREFX I 1 )
T K X d )
SRXI II
A A X I II

=0.1291I4E 03
=0.938212E-05
=0.100000F 01
=0.800729E-05
=0.25180?F 02
=0.123547E 04

C P W d ) =0.432809t OO
V I S C K X I 1 )=0.4388a3E-06
CPCVRXI I I=0.139130E 01
V I S C X I I I =0.423317E-06
HXI 1 ) =.).152005E 03
KHOXI I ) =0.f.7073")E-01

W4LL, REFERENCE, 4ND E XTtRN4L-TO-HCUN04RY-L4Yl£R
HUII 1
T K R E F X I II
Z R E F X I < )
TKX I II
SRXI I)
A A X I I )

=0.129114F 03
*0.92B201E-C'>
=0. IOOOOOE 01
=0.7660b7F-05
=0.251233F 02
=0.11974KF. 04

CPWI 1 I =0.432*0^ 00
VISCRXd ) = 0.4e397"E-06
CPCVRX 1 1 1 =0. 1 397.29C 01
V I S C X I I I «0.4069(>6F.-06
HXII I =0.1426dlE 01
R H O X I I I =0.7484S7E-u3

UALL, REFERENCE, AND FXTTRNAL-TO-DUU'IOARY-L AYFR
HWI I I
TKREFXdl
Z R E F X I I I
T K X d )
S R X I I )
A A X I I )

= 0.129ll4t- 03
= 0.9l8f>aSE-05
=0. IOOOOOE 01
=0.73/320E-05
=0.250731F 02
=0.11S945E 04

CPU! II =0.432R09E OO
V! SCRXt 1 l=0.47<)3C<>t-06
C P C V R X I I I=0.139274E 01
V I S C X I I ) =0.7!>H51E-06
HXI 1 1 =0.1337'57E 03
4HUXM) =a.7232MF-J3

HREFXII I
RHIIRXI I )
PXI I)
PRXI I I
V X I I 1
XMI II

= 0.
= 0.
= 0.
=0.
= 0.
= 0.

199473E
1042J2E
704205E
731812F
338877E
250146E

FLCW PROPERTIES AT
HRTFX II)
RHORXI I)
PXI I )
PRXI 1 )
VXI I )
xni I )

= 0.
= 0.
= 0.
= 0.
=0.
= 0.

19593 5E

03
-0?

00
00
U4
01

PRREFXI I I -
TRT-FXI I 1
T X I I )
ZXI 1 )
C P C V X I I 1
CPXI I I

X

:

= 0.
;D«
=0,

71483 IE
462130E
.425735E

=0. IOOOOOE
a

=

:y.
•0.

119286E
41752 7E

OC
33
03
01
31
00

SlaTIO.I = 4
o *

J22734F-U1
612310E
733067F
147014E
?<,4044E

FLOW PROPERTIES AT
H R E F X I I I
RHORXI I )
PXI 1 )
PRXd)

x-i'I!

=0.
=0.
= 0.
= 0.
= 0 .
=0.

192812:-
.110065E
•i28958E
735501E

278071E

FLOW PROPERTIES AT
HdtFXI II
kHDRXI II
PXI 1 I
PRXI I I
V X I I )

XX I I )

= 0.
= 0.
=o.
=0.
= 0.
= 0.

199772E
7C5941F
453701F
717776E
3614DOE
292593E

FLCW PROPERTIES AT
I IREFXd)
KHORXI I I
PXII I
P R X I 1 )
V X I I )
X M I I )

FLHV. "Rnt
HREFXI I I
RHORXIII
PXI 1 1
P R X I II
VXI 1 1
XMI I I

=0.
= 0.
= 0.
= 0.
=n.
= 0.

'FRT
= 0.
=0.
= 0.
= 0.
-0.
= 0.

1864J7I1

MJ473T
18667 OF
740241E
167904E
(072HE

I F S A T
184289F
I>23do2t-.
127129F
742890E
371917F
122355F

00
•JO
04
.11

PRRFFXI I)
T X C F X I 1 I
TX I I I
7XI I 1
CPCVXdl
C P X I I I

£

s

=

U.
0.
:0.

3.
0.

«3.

714599E
454163E
4001 73E
133030E

.139458E
436155E

00
03
03
) 1
01
OU

STAT ION = 5
01

-03
00
00

01

"RSEFXI II=3.734392E
TRCFXI I 1
T X I I 1
ZX I I )

B

=

=

0.
0.
'0.

44690BE
376131E
IOOOOOE

= U» L 3ft 1 1 C

=0.*35060E

00
03
Jl
01
01
00

STATIU.< = 6
03

-1-3
00
00
04
01

PkREFXII I
TKFFX I I )
T X d l
Z X I I )
C P C V X I I )
CPXd l

=

E

=

=

~

0.
3.

0.
0.
0.
0.

734200E
4 3995 IF
343016E
IOOOOOE
I39708f
434186F

00
0 1
03
01
01
00

S T A T I I M = 7
01

-03
00
UO
04
0 I

PR°EF<I 11=0.
TKr -FX I I )
TXI I )
Z X I I )
C P C V X I I )
"-PXI I)

=

=

=

V

3

0.
0.
0.
0.
1).

714026T
433501E
331440E
130000F

1 19793t
433524E

00
03
03
Jl
01
30

S T A T I H N = «
1/3

-& 1
00
00
04
01

PiUEFXIII
TR tFXd l
T X I I I
ZX d I
C P C V X I I)
C P X I I )

7

=

=

=

3.
0.
0.
0.
0.
0.

733862F
427185E
310846E
100COOE
13981>7E
433024E

00
03
03
01
01
00

WALL,
HUM )

REFERENCF, AND EX f F.allAL-TO-llOUNDiR Y-LAYER FLOW PaOPTRT IFS AT SIATIGN * 9
=0.129114E 01

IKREFX1 H=0.90')77'iC-05
Z R E F X I I ) =0.100000F 01
T K X I I ) =0.701303F-OS
S R X I I I =0.250217? 02
A A X I I I =O.U2335t" '14

CPV.II I =0.432S09E 00
VISCKXl U'0.47',91 lC-ai>
C = CV.(Xt I 1 = 0. 139315F. 01
/ I S C X I I I =0.37601T.t-06
HXdl =II.12542«,E J3
XHHXII I =U.«,452li7E-.;l

HRF.FXI I) =0.181791E 03

PXI I I
PRXI I )
VXI I I
XMI I I

=0.27474^ 00
<0.745604E 00
»(>.J79V)Ot 04
=0.137821E ul

PKRFFXIII=0.733706F 00
T A C F X t l t =3.421657F. 01
T X I I I =0.291439E 03
Z X I I ) =0.100000F 01
C P C V X I I ) =0.139904F 01
CPXI I ) =0.432660C 00

W A L L , REFFRF'ICC, »MD FXT Jk\'4L-rn-»CUM>«RY-L AYEK FLOk IT STATIO l l = 10
HWd) =0.129114E (11 CP*dl =0.41?a09F 00 H R E F X I 1 I =0.179491C 03 PRREFX11 I =0.733555E 00
TKREFXI U = n.901553t-05 V 1SCRX 11 ) = 0.470a41t-06 RH.1RXII) =n. 37b424F-03 TRFFXII) =0.41636<*F. 03
Z R E F X I I I =0.1000UOF 01 CPCVKXI I I =0. 1393i2F. Jl PX'd ) =0.229a32E 00 T X I I ) =0.273422E 33
T K X I I I =0.671641E-05 V I S C X d ) =C. 361 TJld-Ok P R X d ) =0.748427E 00 ZXd l =0.IOOOOOE 01
S R X I I I =0.249921E 02 HXI I I 'O.M7Ablt U3 V X l I I =0.3045a7E 04 CPCVXI I ) -0.139937E 01
A A X I I I =0.108120?: '.14 KHUXIII =0. •> 7322IC-03 X K l I ) = 0.3534I7F. 01 CPXI I I =0.43?405EOO

WALL, REFERENCE, AND FX IFRNSL-TO-'>OUNO>RY-L AYEti FLOW PROPERTITS AT S T A T I O N = 11
HWI = 0.129H4F 03 CPKIII =C.412e09E 00 HP.(=FXII) =0.177300E03 PRRcl-X I I )"0.731405E 00
TKREFXII)=0.313731F-05
ZREFXI I I =0.IOOOOOE 01
TKXII) =0.643430E-05
SRXI I I =0.249591F. 02
A A X I I I =0.105342F 04

C"CV.U( I I-0.139186F (.'I
VISCXII) =0.347945b-06
H X I I ) =0.113217E 01
.tHUXIl) =

RHDRXII1 =0.315141F-03 TRFFXI I ) =0.411335E03
P X I I I -0.189402E 00 T X I I ) =3.2561B4F 01
P R X I I I =0.751256F 00 Z X I I ) =0.IOOOOOE 01
VXI I I =0.189400E 04 C P C V X I I ) ='J.139963E 01
X P d ) =0.)696!>2E 01 CPXII I =0.432227E 00
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-4ALL. R c F E R t . J C F , VJP. £ XT .--4-Ml- Tn-T.'J V)iaY-l A Y c r W I'LC« PR.JPf i*T I =S AT S T A T I O I = 12
H.III =0.1291141 03 C O V . - I I ) =J.417daiI. 0.) l i -UFXIII =0.177300F o» "KRF.F <( I 1 = 0. 733405K 00
T K R E F X I I >=<>.Y937i i r -v-> / | SC- IX I I I = 'J. <•>,!>•>•> IT-H6 K^i,:«(II = 0. i 1 5 14 1I--03 I.rFXIl) =0.411)35!- 03
7 R E F X I I I =n.innno«t 01 C P C V < X I I 1=0. H9)^6i; 01 P X I I I =0. l r fT402f 00 T i l l ) =0.2561H4E 03
T K X l t l =0.64i4nr--T5 V I S C X I I I -~i. 34 7-)4 -,c_ ;., P r f X t l l -'... 751 2 V><- J-) ?/. I I I =0.100030? 11
S R X I I I = 9.749511.=. 07 H < l l ) =C. l l02 i7C 03 V X I I I =O.1394:|CE 04 C P C V X I I I =0.139960£ 01
A A X ( I ) =0.10S34?r 04 R h l X I I I = 0. 505')-IBi—0 ! X " ( l l <u. lf-461?!. ul C P X I I ) =0.432227F 00

W A L L t REFFRc-' lCE, A'JD L. X r-iMAL-Tl!-u JU';<; \."<Y-L A Y t S FLOW D;? JPF^T ICS \T Sl-'iTUI-J = 13
H.lll =0 .1?<114F 03 '..s-vlll =•).* !?»0')F 00 I, ' :FFXIII =0.177300? ol P.-IHF FXI 11 ='J. 7 3340MF JO
T K R f F X I I 1 = 0..i J37>.1=-&5 V I ,C «X I I I = n. 4649 M:-O6 KHIHXI1) =0. M5 14K -03 I K f F X I I I =0.4l l335fc 03
/ R E F X I l l =O. irooor>t ,(1 LPC^^X I I) =('. 1 O3'!'.r 'tl i -XIM =0.1«9402F 00 T X I l l =0.2S61S4F 03
T K X I I I =0.6414iir--JS V I ' - C X I I I =0.14^4'JE--'6 I 'KXII I =-1.7S1256S L'U 7.-XIII -J.1U0030F .11
S R X I I I =0.24957IE 0? HX I I I =0.1 102 17'J 03 V . X I I I =0.399401??: 04 C P C V X I I I =0.139960F 01
1 A X I I I =0.10?i4?r 04 .'Hilxlll =0.505)>::F-:j3 X H I I I =C. l f96->2F ol CP« I I ) =0.4322?7e 0.)

^ALL. RCF rRC' lC p . t'IO P X T t »\.\L-Tf-".nu*.OM*Y-LAYF" FLHW PRranfirs Af STAII ' lN = 14
M W I I I =o.i2;ii4F .it C P W I I I = >.'32f.j-i; ^' HR:FXIII =r.. ITTJ-.IOF oi ORKFFXI ii=o.7334osc oo
T K R E F X I 1 1=0.iW7)lt-05 JI SCR'.I I I =0 .466O-, |, -DO UHCRX I I I -n. 31 51*IL—ol TKFF» I I I =0.411315F 03
7 R E F X I I I =0.100000F 01 f.T.VKX I I I =0. U-)316E ol i 'XIII =0.1894021 00 T X I I ) =0.25bl94F 13
IKXI I ) =0.643430^-0^ V I S C X I I I =0.14794^^-00 P7.X I I I =0.751256t 00 / X I I ) =0.lOOOOOt 01
S R X I I I =0.2495)IF. 02 H X I I I =0.11')?)7f 6) V X I I I =0.3t'9400E U4 r .PCV«l l l =0.139960E 01
\ A X I I I =0. U.e.34?r (14 - iMiJXI I I ='"i. 'OSS^r t f -C l Xf- ' l I I =0.36965>H 01 CPX.I I I =0.432227t 00

w A L L t REFFRENCr, A'4U F XT -7K JAL-TJ-r*!;U.vlDA^ Y-L A YfK FLitW PRJOTRTK-S AT S T A T I O N = 15
HHIII =fl,l?1l}<'± 03 I .PWI I ) =^.4 ^HO'JF 'JO Hr t ' -FXI l l =0.177300C Oi PKREF XI 11 =0.733405E 00
TKREFXI I I = 0.3ri7 il'-'J'i J I ST..;' I I I = 1. 466J-> I f- M KrliVXIII = j. >1 514 K-u ) I.;FFXIII O.411335F. 03
• R r F X I I I =o.lOOO"Ot 01 C»C V.'.XI I I 'C. 1 ]Q30<iF 01 P X I I I =0.139402E 00 T X I l l =C.?56184£ 03
T K X I I I =0.6434 30F--T5 V I S C X I I I =0.347945F-O6 P H X I I I =0.751256f- 00 / X l l l =0.100000E 01
S M X I I I =0.24^5-HF •)? H X I I I =0.ll!>7iY i : ,* V X I I I =O.339400F 04 C P C V X I I I =0.139960F 01
A A X I I I =0.105347E 04 /HOXI I I =0.'.059JF T-o > X»l I I =0. >*965rE 01 C P X I I I =0.432227E 00

S T A T I O N .'.0. = 2
OtOCLA M = 0.15.TBa:lr O7 OL )CTU»t'.= 0. 7 / K 3 5 5 T 02 X= 0.2H0140F 00
QXOCLA.-^= 0 .975233F 00 .;XOTTlKi= 0.477/69"1 01 CFLA«= 0.79254HF-.:M CFTJR!*= 3.373697E-02

TAULAM= n.526409r 01 IAUTO.:.<= O.J4B2C91; 07 CFR£NU= 0.>21545E 01 KI1MURT= 0.115«08t 01
REX^ 0.22623'lr 07 RL'Yfr"= 0.6R0^.41F 03
HRECL= 0.3."U437C 03 H K ^ C T s 0.39l2«r,t 03

S T A T I O N »'•. - I
OLUCLA^= 0.11.3266F J? OLIT.T jr<:i-: 0.67 JO? l1^ 02 X= O.1602H12 OL
QXOnLA"= 0.633H64J: 00 w X O ' ! I L ^ ' = C.3rt6l ' )5: '11 r>LAM= 0.543620c-03 CFTURR= 0.317992E-02

TAULA«» 0.3i)36':F 01 TAUTIJ<S= d.7067') Ik 02 CFKFNU- ().2717l')E 01 K(WURT= D.113617E 01
REX* 0.449631C 07 'U-Yvnp= O . 9 7 4 4 9 4 T 03
HRECt= 0 .379757T 03 HHfcCT= 0.3->00'i7£ 03

S T A T I O N I'). = 4
OLnCLAX= 0.770624- HI C L i j C T U 2 ' . = -'1.53-3571E 02 X= 0.340421E 00
a<"FLA1= 0.473024 r 0 J uvT'Tum- 0.32»744 r - 01 CFl.A»= 0.410961E-.13 .CFTJRO* 0.286981E-02

TAUL& ( '= 0 .27L731T 01 fAUIUV i= C.13C9 r.u[ Q/ CFRFijU= 0.221894F 01 ROKWRT= 0.111402E 01
REX= 0.666417F 07 K" ¥?":?'= O.^O'-'JIF 04
HRECL= •J.37»Uf.'- 1.3 Hk:-i.T= .;. <l«n.-"VF .'.3

OLUCL1"= J.6J553'iF 1,1 HI HC. VJI'I- ' .464273F 02 X= 0.1120')6F 01
0<(JliLA1'= O.III'.SIO OH i.XU'lll.T 1= C.3s*-»«'" : "I CFL«'= 0.362341E-03 CFTURB= 0.765964E-02

TAUL».".= 0.21941?'- 01 IAUTO.'.1!' Ci. 1MB IDE O? CFRCNU= 0.221118r 01 RMMURT= 0.108904E 01
REX» O.C.67->7ir ','7 <FYI-'I]I'= ". I 3 ̂ .jS^ •.:>,
HRECL= 0.37661f- f 03 -m' :CT= ".3-t744L ; t Cl

S T A T I O N .<0. = >.
OLUCLAN- 0.4';776)h 01 liLuCTUR!!- 0.40r»97(;E 02 X= 0.140070E 01

T»UL»"= 0.1JU73T 01 1AUIU.(^= C.^S'i'i'E 02 CFR:i"= 0.:'703')3E 01 RU««URT= 0.106390E 01
R E X = O. l0523*r Of Rl Yfri.".= 0.1S6IIIF 04
HRECL= 0 .37515SF 0\ H^LCT= 0.316947E Jl

S T A T I 3 N
OlOCL
Q X O ' J L A w

O.V)7772n 01
O.?4416i>£ Oi]

OLUCTUK'l- U.3'»70?1>F 07
OXO':T'tR?.= 0.71P1491! 01

0. 16BOU4F. OL
O.279929E-OJ CFTURH' 0.239276E-02

TAULAf '= 0.15176SF 01 IAUTUkT= 0.12'2'J°E 07 CFr(e.'lu= 0.21962-JE Ol RUMURT= O.U3901E 01
REX= 0.12D26E on KF.Y1I|»> O. 1 70183"; 04
HRECL- 0.373712E 03 HRJCT= 0.3S6O11C 03

S T A T I O N -IU. * e
OLOCLAH= 0.326273F 01 OLJCTURS= 0.31619IF, 02
QXQrLA1= O.Z00773F Oo OXOt)Tim= 0.194014"= 01 :F

TAULAH= 0.1267SVF 01 TAIJTU*?= 0.11676PF 02 CFRFNU=
REX= 0.135019F. Oa REY.Mf3K= 0.164646F 04
HRECL= 0.372492"- 03 f« tCT= 0.>*51?1fc 03

X= 0.196098F 01
»«= 0. 251 747E-CJ j CrTJRS- 0.231906E-02
0,2188128 01 ROHURT= 0.10138SE 01

S T A T I O N !IO. - 9
QLOCC4M= 0.76H002F 01 OLOCTURIs 'J.234O32E 0? X= 0.224112E ul
3XOOL4M= 0.16450SF CO OX8nrUR1= C.17434SF 01 CFLAH= 0.228570E-03 CFTURB= 0.229857E-02

TAULA.1= 0.106191C 01 I AUTU«1= 0.10670JC- 02 CFRENII' 0.217971F 01 KOMURT= 0.988760E 00
R E X = 0.145927F 08 !<LYMU*= D. l'J73*.4K ">4
HR£Cl-= 0.371267E 03 >1RtCT= O.3H479r,E VJ 3

S T A T I O N Nil. =10
OLUCLAM= 0.719739T 01 OLJCTU«I1= 0.766577C 0? X= 0.2t>2l26E 01
OXODLAK= 0.134S80F 00 CXIjnTUtR- 0.163627T 01 CFLA!"= 0.20-<1O2F.-03 CFTJRB= 0.240300E-02

TAULAH= 0.8a64?^c QQ TAUTIjl'.B= C.101666E 07 CFRt:4U= 0.217134F 01 RCKURTs 0.964157E 00
R E X = 0.153631? OP RfYfnr,= 0.2093I9F 04
HRECL* 0.37J177F 03 HKr ;CT=
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S T A T I C * \C.

TAULAP= 0. 736455-7 00
REX = 0.154f.i°F '".-a
HRECl= 0.364031)- <M

oi:ri: '*:» n. i >=v/i.-: 01
f- D.?1l014r 01 CFS 0.71&216E 01

n; OTUR;— o.?30i74E-02
KU.MU.U* 0.939319E D')

STAT IC . * :<U. =1?
OIOCL4!-- n.!77C.3or. 01
OxetlLAV.- 0. KIM/JO: 'j:l

IAUL4>:= 0.709059- oo f.i
«FX= 0.1«6-J5'iE OP. pr -Yy
HRECL= .).l(j-5C3^r Ul

". 220223? <!2 x= 0.330140E PI
0 .135177^ Ul r.f-LV<= U.134824E-.M

«'-iii- 01 cr*nni= o.2i62B(i t 01 si]
y= 0 . 7 ? -i c .11 -~-

CHJAPs D. 2277170-02
uRr= 0.931319E no

TAULflP= 0.63«,0'iS'r UO
UEX= 0.215267E (-e
HRECL= C.36903bE 0)

. 2 l^fi'l<5P 02
314ir,? 01 Cf

31 CFRf.'iU=
4
P 0)

0. 1 7831 2F-n j
1t2^».C Ul K

r.FTUK™.= 0.216542E-02

ST4TIUN :<J. =1*
QLOCLSK' 0.161178? 01 UL
3X0(1141".= 0.939141C-01 CXf!n

TAULAH= O.6o l233^ 00 liUTURh=
REX= 0.2*.353?F OR R F Y W P M = 0
HRECL= 0.369015F 01 HXH;T=

'lU*~= C.20^«72F 0? X= 0.430140F 01
«l« 0.12°?10r 01 :FL««= 0.17?363?-'15
C.?1043ir 01 CFRcNU= 0.216236L 01

5 CFTJX,!=
HCKURT= 0.9J9319E 00

=15
0.15f.0aar- Ul

STATION .'JO.
OLOCLAM= 0.15f.0aar- Ul OL'ICTUX'l- u.2;<i329E 02 X= O.'.aOl'iU; 01
QXOOL»M= O^'i^OqTF-Cl OX01TUP.)= C.125<,21H 01 CFL'IK: 0. 16691 9E-O ) CFTURP

TAULA.r- 0.6A0350F 00 T.MJTU-(S= 0.7'I2«IOIZ 01 CFKC <ll= 0.216216C 01 .<aiU«T= O
REX= 0.271896F 00 REYF'JMs n.?5«.715F -K
HRECL= 0.369035F 01 H R L C T = 0 .3T276^C 03

D.2066ME-02

l).2 I S A M T - AS \0. I RUT T ^ S T S SMO»T PRINTJUTl

NHTF T H A T IS IN POLISH UNITS

INII.
ZALT =
NTUN
LLL = 0

INPUT
XX5 =

Rl 11 =

R ( l l =

R ( I > =

RIII*

R( I 1 =

R( I 1-

R(II =

Rl!l =

R(l) =

X ( I 1 =

RII 1 =

R(I) =

R( 11 =

RII) =

R I I ) =

CCNDITIONS
0.500000T 05 VIN

» 0 I

X, Y, ALPHA
0.274100F 01 YYS=

o.n

0.13S545F "0

0.26821(,r 00

0.388H44F OU

0.500272F no

U.602355E OU

0.694960F CO

0.777-J67E 00

O.S51267f 00

0.914765E 00

0.968379F 00

fJ.105520F 01

I0.114203F 01

0.1222B5P 01

0.131560F 01

!FY= 0.400000F 04 RN= 0. 100000C 01 T*I=

O.WOWl ,»0 M.PHA(DEG,,

X(I). C

X I I I - C

XI! 1= 1

X ( I 1 = 0

xm= o
XIII- 0

X I I I = 0

X ( 1 1 - C

X I I I = 0

X(l)= C

X( I 1= 0

X I I I - C

XI I 1= 0

X(l)= 0

XI 1 1= 0

.0

.2S3l*()C

.56021-le

.R4042ir

.112056F

.I40d70r

. 16?10a4F

. I96096f

.224112P

.252126-

.280140L

.33C14CC

.3901401-

.430140G

.4301406

u-j

00

on

01

01

01

01

01

01

01

01

01

01

01

= o. loooo >r; u2

1= I
1= 2

1= 3
1= 4

1= 5

1= 6.

1= 7

1= 3

1= 9

1= 10

1= 11

1= 12

T= 13

1= 14

1= 15

O.lOOOOOr 03

FREE STREAM CONDITIONS
XMINF= 0.412S56F 01 V
HINFY= 0.932242E 02 P
TINFY= 0.216660C 03

0.400000!; 04 GAM INF
o.nsiis^ oo (AfMnsj

TH1= 0.306756E 02 TH2= 0.530907E 02
WHERE TH1= POINT 1 S T R E A M HEH.F.CT IU.I 4MGLF

a 0.139990C 01 RHDINF= 0.363638E-03
PINFY* o.2436of.E 03 IPSFI

OEFLCCTIOn A<<r,LE AT POINT 1 WHICH CAUSES SEPARATION OF SHOCK HAVE

USES SUPERSONIC RATHER THAN HYPERSONIC A N A L Y S I S

STAGNATION PUINT D A T A HOR SPHERICAL XOSf

HREFO =0.270774E 03 TKEFO "0.622497E 03 VI SCRn=0.620202E-06 TKREFII=3.122102F.-34
ZREFO =0.100000F 01 PHRHFO=0. 7406C7F CC CP«EFO=0. 45J6B6E 00 RHCRC =0. 263532E-02
CPCV«0=0.137}64F 01 RN =0.100000F 01
PO =0.2578H3F 01 RH110 =0.190^36^-02
VISCO =0.fll6003E-06 DVOXO =0. 233816'= 04
AO =C.196178E 04 TWO

TG =0.925°38E 03
SRI "=0.2702B5E 0? TK'l
20 -0.100000F. 01 CPC

=0.300000E 03 V I SCWI>0. 3«27 30^-06 Hau

=0. 1 t,8865F. -04

=0.483059E 00
=0.129114E 03
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-CPNO -0.432309E 00 PRO -0.750294E 00
QSTPT- 0.162914E 02 « NOSE STAGNATION POINT HEAT RATE.

HO- 0.412434E 03 HT* 0.412439E 0) RHOWO 0.588327F-02

STATION Ha. • 2
OLOCLAH- 0.158B8SE 02 QLOCTURB- 0.7783S5E 02 X* 0.280140E 00
OXOOLAH' 0.97S283E 00 QXOOTURB- C.477769F 01 CFUH. 0.792548E-03 CFTURB- 0.373697E-02

TAULAH- 0.526409E 01 TAUTURB- 0.248209E 02 CFRtNU' 0.22H45E 01 ROHURT- O.I15808E 01
' REX- 0.226238E 07 REYMOH- 0.680641E 03

• HRECL- 0.381437E 03 HKECT- 0.391246E 03

S T A T I O N NO. • 3
QLOCLAH* 0.1U3266E 02 OLOCTURB- 0.629021E 02 X- 0.560281E 00
OXOOLAH- 0.633864E 00 OXOOTURB- 0.386105F 01 CFLAM- 0.543620F-03 CFTURB- 0.317992E-02

TAULAH* 0.353366F 01 TAUTURB- 0.206703E 02 CFRENU" 0.221715E 01 ROHURT- 0.113617E 01
REX« 0.449631F 07 REYHOH* 0.974494E 03
HRECL- 0.379757E 03 HRtCI« 0.390097E 03

S T A T I O N NO. • 4
OLOCLAH- 0.770624E 01 OLOCTURK- 0.535571E 02 X' O.B40421E 00
OXQOLAH- 0.»7302*E 00 OXOOTURB' 0.32874»F 01 CFLAH- O.»30961f-03 CFTJRB- 0.286981E-02

7AUL«M= 0.271733E 01 TAUTURB* 0.180950E 02 CF«ENU- n.221894F 01 DOXUB7- 0.111*02E 01
REX- 0.666437F 07 REYMOM= 0.1206S1E 04
HRECL- 0.37B136E 03 MRFCI" 0.3S8989E 03

STATION NO. * 5
OLOCLAH' 0.60SS36E 01 OLOCTURB- 0.464223F 02 X> 0.112056E 01
QXQOLAH* 0.371689F 00 OXQOTURB- 0.?84949£ 01 CFLAH- 0.3628%1F-03 CFTJRB- 3.265964E-02

TAULAM- 0.219412F 01 TAUTURB- 0.160B3QE 02 CFKENU- 0.221118E 01 ROHURT- 0.108904E 01
REX- 0.867673E 07 REVKOH- 0.1394d5E 04
HRECL- 0.376615F 03 HRECT- 0.38794RE S3

S T A T I U N NO. - 6
QLOCLAH- 0.48T761F 01 OLOCTURB- 0.40S976E 02 X- 0.140070E 01
OXOOLAn- 0.29939BE 00 OXOOTURB- C.249196E 01 CFLAH- 0.315349C-03 CFTURO- 0.2504446-02

TAULAN- 0.181273E 01 TAUTURB- 0. \439b4E 02 CFRFNU- 0.22039BE 01 KONURT- 0.105.390F }1
REX- 0.105234E 08 RErHOH- 0.156113E 04
HRECL- 0.375155E 03 HRECT- 0.3d6949E U3

STATION NO. - 7
OLOCLAH- 0.397772E 01 OLJCTURB- 0.357025F 02 X- 0.16B084E 01
OXOOLAM* 0.244160E 00 OXOOTURB- 0.219149^ 01 CFLAH- 0.279929E-03 CFTJRB- 0.239276E-OZ

TAULAH- O.L51265E 01 TAUTUKB- 0.129298E 02 CFHENU- 0.219629E 01 ROHURT- 0.103901E 01
REX= 0.121326E 08 REVHDHs 0.1709A8E 04
HRECL- 0.373792E 01 HRECT- 0.38601BE 03

S T A T I O N NO. - 8
OLOCLAH' 0.326273E 01 OLOCTURB- U.31619U 02 X- 0.196098E 01
OXOOLAM* 0.200273E 00 OXOdTURO- 0.194084E 01 CFLAH- 0.251747E-03 CFTURB- 0.231906E-02

TAULAH- 0.1267SBE 01 TAUTURB- 0.11676BE 02 CFRENU- 0.218812E 01 ROHURT- O.U1385E 01
REX- 0.135019E 08 REVHQH- U.184A46E 04
HRECL- 0.372492E 03 HRfcCT- 0.385128E 03

STATION NO. - 9
QLOCLAH- 0.26B002E 01 OLOCTURB- n.284O32t 02 X- 0.224112E 01
QXOOLAH- 0.164501F 00 OXOOTURB- 0.174345E 01 CFLAH- 0.228570E-01 CFTURB- 0.229B57F-02

TAULAH- 0.106191E 01 TAUTURB- 0.106789E 02 CFRENU- 0.217971E 01 ROHURT- 0.988760E 00
REX- 0.145927E 08 REVMOH- 0.197364E 04
HRECL- 0.371267E 03 HRCCT- 0.384290E 03

STATION NO. -10
OLOCLAH' 0.219739E 01 OLOCTURB- 0.266572E 02 X- 0.252126E 01
OXOOLAH- 0.1348BOE 00 OXOOTURB- 0.163627E 01 CFLAH- 0.209102E-03 CFTURB- 0.240300E-02

TAULAH- 0.886422r 00 TAUTURB- 0.10186RE 02 CFRENU- 0.217134E 01 ROHURT- 0.964157E 00
REX- 0.153631E 08 REVCCH- 0.209339E 04
HRECL- 0.370127F 03 HRECT- 0.3835LOE 03

STATION NO. -11
OLOCLAH- 0.179514F. 01 OLOCTURB- 0.227577E 02 X- 0.280140E 01
QXQOLAM- O.I10I89E 00 QXOnTURB- 0.119591F 01 CFLAH- 0.191971E-03 CFTURB- 0.230174E-02

TAULAH- 0.736455E 00 TAUTURB- O.B83014E 01 CFRENU- 0.2162B6E 01 RUHURT- 0.939319E 00
REX- C.I58639E 08 REVHOH- 0.221040E 04
HRECL- 0.369035t 01 HRECT- 0.3B2764E O3

STATION N[], -12
OLOCLAH- 0.172836E 01 OLOCTURB- 0.220223F 02 X- 0.330140F 01
OXOOLAM- 0.106090F 00 OXQOTURB- 0.135177F. 01 CFLAH- 0.184829E-03 CFTURB- 0.222737E-02

TAULAH- 0.709059E 00 TAUTURB- O.HS4482E 01 CFRENU- 0.216286E 01 ROHURT- 0.939319E 00
REX- 0.186953F 08 REVHOH- 0.229581F 04
HRECL- 0.369035E 03 HRECT- 0.3B276'E U3

STATION NO. -13
OLOCLAN- 0.166742E 01 OLOCTURB- U.214099E 02 X. 0.380140E 01
OXOOLAH- 0.102349E 00 OXOOTURB- 0.131418E 01 CFLAH- 0.178312E-03 CFTURB- 0.216542E-02

TAULAH- 0.664058E 00 TAUTURB- 0.83071BE 01 CFRENU- 0.216286E 01 ROMURT- 0.939319E 00
REX- O.J15267F 08 REVHOM- 0.237971E 04
HRECL- 0.36903JE 03 HRECT- 0.3B2764E 03

STATION NO. -14
OLOCLAN. 0.161178E 01 OLOCTUR8. 0.2088T2E 02 X- 0.430140E 01
OXQOLAN- 0.989343E-01 OXOOTURB- 0.128210F 01 CFLAH- 0.172363E-03 CFTURB- 0.211256E-02

B-35



r»ULA>--.= O.SM2Hr 01 l<UjfU~K = C . P 1 14 i •«- 01 CFR-;<U = 0./162S6C 01
REX= C-.P^SIPF r>° afryx = 0. 2<tf.l '(*.r 04
HRECL* 0.35'JCMSr 01 H K T C T s J.l.-l?7o'.F .-5

0.939319t 00

S T A T I C S N O . - l r >

OXCOL1"= 0.9^l-<m=-i>l OK-iTHS'!*
TAULi." = O.d'-Oi'iO" Oil r»l)TU.<Ri 0.7

R E X * f;.Z71B9«.e Q=. <r".OH= .•|.?'j«2
HRcCL= 0.369C35F Oi HllcCT= ().^

!.- 01 CFL1" = 0 . 1 !>69»<>E-r>3 CFTUR"* 0.7066ME-02
CFrfi-flJ = O.J16236F 0! *uMU.U* U.tHJHf 30

PROBLEM NO.JA «LPH4 = 0 DCS

NOTE TH4T PKIMICJUT IS IN ENGLISH

I OR TREf - OEG.K
H OR HRtf = BIU/LR
TK OK TKtiFF = BTU/FT-SFC-OEG.K

RHU JH RHUR = SLUGS/CU.FT
PSI = OTU/LP
I4UW = LB/SO.FT

SYKBUL E'OS IN X = LUC»L CXTFR.M4L-TG-3.LAYER V4LUF
SYKBHL ENDS IN L = B.L»YHK FLOW 15 L4MIN4R
SYHBUL ENDS IN I = b.L'YFrt FLJW IS TURBULENT

DEFINITIONS'
C « LOCAL VEL./FRFE STREAM VCL.
c»c« = G«MKA = SPECIFIC HEAT aAr iu
PR OR PR6F = PRANDTL NUMBER
PSI = H RECOVERY MINUS H WALL
I = COMPRESSIBILITY FACTUK
CF = FRICTION COFFFltlENT AT KALL
TAUU = MALL SHFAR STRESS
RFYX = RfYNOLOS MO. BASED U.t LOCAL (EXTERNAL-TO-B.L AYFRI PXJPE»TIES AND SJ<F»CE OIST. FRJ<I ST»J
REYHOM f KOMENTUN THICKNESS REYNOLDS NUMBER

(WHEN RtYHOM IS NEC., HEAT RATE IS 4EG. SJ REYHOM HAS tU MEA^I4G)

KOMURT = (RHU • "UIW4LL • MUIEXTERMAL TO B.

INIT.

MTUN

INPUT
XX5:

1(11 =

Kill:

R I I I =

RII):

R( I 1 =

R I I I =

RU) =

R( I ) =

RU) =

Rl II:

R( I):

«!!) =

R I I > =

*UI =

R(II =

CONDITIONS
0.300dOO(F 06

= 0

X, Y, ALPHA
0.300000E 01

0.0

0.112796E 00

0.2141V6T CO

C. J04042F 00

C.382193F 00

0.448529F 00

C.502945F. 00

0.54S356E 00

0.57569BE 00

0.593922E 00

O.ftOOOOOE 00

0.600000E 00

0.600OOOE 00

O.^jOOOOOF 00

0.600000E 00

VINFY: 0.25080pF 05 K.H- 0.
IT«= 300 IPRESS= 0

YY5= O.fiOOOOOE 00 ALPHAIDEGI

X I I I = 0.0

XI I)= 0.307937F 00

XI 11= C.615874E 00

XII): 0.423311E 00

XII)= 0.123175E 01

XII)= 0.15)968E 01

XII >: 0.1847626 01

X(I)= 0. 215556s 01

XII): 0.246350E 01

XI 1 ): 0.277143C 01

XI I 1= 0.307937E 01

XII): 0.357937E 01

Xlt)« 0.407937E 01

XUI= 0.457=U7E 01

XII)= 0.507937G 01

100000F

: 0.0

1= I
1= 2

1= 3

1= 4

1= 5

1= 6

1= 7

i= a

I: 9

I« 10

1= 11

I: 12

I: 13

1= 14

I: 15

0.300000E 33

FREE STKEAM CCMOITIUNS
XMINF= 0.294579E 02 VliJFY= 0.250000E 05 GAMINF= 0.139999F 01 RHOINF= 0.* 11946E-OB
HINFY=. 0.71522AF 02 PINF= U.10005PF-05 IATMOSI PINFY= 0.711729E-02 IPSFI
TINFY= 0.166227H 03

TH1= 0.226196F 0? TH2= 0.5/41456 02
UHERE TH1= POfNT 1 STREAM DEFLECTION AMGLE,DEGREES. Tri2=STRFAM DEFLECTION »M3LE AT POINT 1 WHICH CAUSES SEPARATION OF SHUCK KAVt

THETA SHOCK FOR POINT 1 = 0.237483F 02
03 TSII): 0.241872E 04 SRSCII* 0.43B444E 02

THETA SHOCK FOR POINT 2 = 3.214903F 02
PSII)* 0.156953E-03 TS(I)= 0.229989E 04 SRS(I)=

NON-CONVtRGENCF AT IJK=6606
GO TO PERFECT GAS SHOCK ROUTINE

USES SUPERSONIC RATHER THAN HYPERSONIC ANALYSIS

0.428594E 02
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1= 3
T H E T A SHUC« FUI>. POINT 3 = (:.2niK->iF 0?
P S I 1 > « 0.121566F-01 T i l l l " 0.267l4(,t 04

1= 4
THETA SHOCK FJR POINT * = o.17on65r 02
»S( I I= 0.57971IF-04 IS(I I= U.JOldi'H 04

IJ.46Vt75t 02

U . 4 1 0 7 3 5 E 02

FHETA SHJCX FOR POINT 5 - 0.14725HF 02
PSIII" u.714085r.-01 TSIIM 0.17(56?; 04 S.<S((I=

THETA SHOCK FOR POINT t, » P. i?3?sar 02
PS(II= 0.522054F-04 Till)* O.l37<77t 04 0.394506E 02

THEIA SHOCK FOR POINT 7 = u. 1001051= 02
PSt l l * 0.3423HE-04 TMII* 0.9911779 03 SRSII ) = 0. 385253F 02

THETA SHOCK FOR POINT 6 - o;7(>3493F 01
PS( I I= 0.201289E-04 T S ( I I = 0.66?442C 03 S"SU)= 0.374143E 02

USES SUPERSONIC RATHt* TH»N HYPEP.SCMC ««LYSIS

THET4 SHOCK FOR POINT t = U.53219TT 01
P S ( I ) = 0.93f>??76-05 T S ( I ) = 0.39'5070:: U3 SRSI I )= 0.364173E 02

USES SUPERSONIC RATHER THS'J HVPFR5UNIC A.J4HTS1S

T H E T A SHOCK FlIR POINT 10 = 0.31514-IF 01
0.32*27ie-OS TSII)' 0.246J59E 03 0.353055E 02

T H E T A SHOCK FUR POINT 11 = U.IV4535E 01
PSII)= 0.800413F.-06 TSU>* 0.199M5E 03 S«S(II- 0.364S16E 02

REAL GAS P-H KOUTINE FAILED (VTL. TOi; LOW) - PROGRAM HAS SWITCHED TO PERFCCT GAS P~M EXPANSION

4EAL GAS P-H RUUTINE FAILED ItfEL. TOO LOrit - PR1GRAM HAS SWITCHED TO "ERFECT GAS P~M E X P A N S I O N

0.490444F 02I- 1 P(II= 0.18932IE-03 T ( f l = 0.2«lH72t 04 SR( I I»
O R A T L ( I ) = 0.100000H 01 O R A T T I I ) = 0.1UOOUUE 01

I* 2 PC I ) - 0.130382E-03 T I I )= 0.21S227F 04 S R I t l *
ORATL I I I - 0.100000E 01 O K A T T I I l o O.lbUOUOF 01

I- 3 P ( l l= 0.8ft7868E-n4 f ( l l= 0.22017SC 04 S R ( I I =
O R A T L ( I ) = 0.100000r: 01 O R A T T U ) = 0.100000E 01

1- 4 P ( I ) = 0.597246E-04 T( I1= 0.246<>20b 04
ORATLI I I= O.lOOOOOf. 01 0«ATTI I1= 0. IOOOOOE 01

I" 5 PII)= 0.407249F.-04 Tt I I = 0.181828h 04 SR ( I I <•
O R A T L I I ) = 0. IOOOOOE 01 ORATTI I I * 0. IOOOOOE 01

1= 6 PH)= 0.7S0207E-04 1111= 0.140459E 04 S < I I > =
O R A T L ( 1 ) = 0. IOOOOOE 01 0 « « t T ( l ] = O.I 00(100 E 01

I " 7 P ( l ) > 0.152313E-J4 T l l l = 0 .102147E04 S < l l ) =
o » 4 i L ( i ) = o.ioonooc 01 O « « I T I I > = o. IOOOOOE 01

I« 8 P(I1= 0.776323E-0^ T ( t l = 0.672M7E 03 S<I I1 =
O R A T L ( I ) = 0. IOOOOOE 01 O R A T T I I I c 0. IOOOOOE 01

I" 9 P|I)= 0.318059E-U5 TII I= 0.395777E 03 S*III=
O R A T L I I ) : 0.100000C 01 O R A T T < I ) = 0. IOOOOOE 01

1-10 P(t l» 0.965904E-06 T( I I= 0.20769TE 03 S<{ I I=
9RATL I I ) * 0. IOOOOOE 01 ORATTI I ) : 0. IOOOOOE 01

I'll Pl l)< 0.132649C-U6 Til)' 0.989484^ 02 S^dl"
QRA,Ti(ii= o.inooooc 01 ORAmi)° o. IOOOOOE ci

1-12 Pill* O.S66502E-06 1(11= 0.9R9484e 02 S:<II)>
QRATLID* 0. IOOOOOE 01 O R A T T I I ) > 0. IOOOOOE 01

1*13 PI I)
O R A T L ( I I =

0.783549F-06 T(D* 0.989484E 02
0. IOOOOOE 01 OR ATT (11= 0. IOOOOOE 01

0.428594E 02

0.465375E 02

0.410735E 02

0.402640E 02

0.394506E 02

0.385253E 02

0.375143E 02

0.364173E 02

0.158055G 02

0.364816E 02

0.364816E 02

0.364816E 02

0.364816E 02

0.364816E 02

1 = 14 PIII» 0.892032E-06 Tll)= 0.9fl9484E 02 SRIIU
ORATL(I)= O.IOOOOOE 01 ORATTIII* 0. IOOOOOE 01

I"15 P|I)= 0.1000S2E-05 TII)= O.9B9484E02 S*ll)-=
OR»TL(1I= O.IOOOOOE 01 ORATTII)' 0. WOOOOE 01

STAGNATION POINT DATA FOR SPHERICAL NOSE

HREFO »0.633441F. 04 TREFO -0.460406F 04 VI SCRO=0.26T232F-05 TKREFO=0.695580F-04
7.REFO "0.136719E 01 PRREFO-0.727619F 00 CPKEFO*0.5a9244E OJ RHORO =3.12920bE-0«
CPCVRO=0.116345E 01 »N =0.100000n 01 TO =0.5^6012E 04
PO -0.118832E-02 RHUO =0.874659F-07 SRJ «0.6U390F 02 TKO =0.962225F-04
VISCO =0.315039E-05 OVOXO =0.7579806 04 ZU =0.176773E 01 CPO =0.662273E 00
AO =0.655I06F 04 TWO *0.300000E 03 VISCWO«0.382730E-06 HWU "0.129114E 01
CPWO '0.432809E 00 PRO >0.696454E 00 •

OSTPT" 0.196644C 02 = NUSE STAGNATION POINT HEAT RATE
HO" 0.125397E 05 HT= 0.125408E 05 HHOWU= 0.271100E-05
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WALL, REFFREHCt. ANU 6 X IcRNAL- TO-aOUSUARY-LAYER FLOW PROPERTIES AT SI AT 111.-. - I
HWI II = 0.129H4F 03 C P W I =0.432909E 00 H R 6 F X I I ) = 0 .* l<l l68f 04 P R R E F X I I I=0.773936E 00
T K R E F X I I 1=0.4663456-04
Z R 6 F X I I ) =0.12015Pt 01
T K X I I I -o.j«a I71E-0*
SRXd) =o.438444E o?
A A X I I I =0.3340636 04

C P C V C X I I ) = 0 . 1 2 7 5 1 6 F . 01
V I S C X I I ) =0.160528E-:)5
H X I I I =C.20885iE 0 4
K l i n x l l ) =0.4798166-07

R H I I R X I I I =0.1341776-U7
P X d l =0.1893216-03
P K X d l =0.3127636 ill,
V X I I I =0.2290106 0 5
X H I I ) =0.6855296 U l

T R F F X d l =0.322690F 04
T X ( I I =0.241872F 04
7 X ( I ) = .%1116*96 Jl
C P C V X d l =0.1148706 01
C P X I I I =0.5*87506 00

W A L L . REFERF.NCF, AND EXTHR'<AL-TO-OOUNOARV-L AYFR FLOW PROPERTIES AT S T A T I U N = 2
HWd I -0 .1291I4E 0 3 C P W I I )
T K R E F X d l = 0.457295E-04
Z R E F X I I I =0.1201296 0 1
T K X d l =0.340120F-04
S R X d I =0.42*594E 02
A A X I I I = 0 . 3 2 7 2 2 3 T 0 4

= 0.4»280')F 00 H R E F X I I ) =0.314351F U4 PR3EF K ( 1 1 =3.7769»5E 33
V I S C K X I I I=0.I9696IF-05
CT.V. IXdl=0 .12f l l HE 01
V I S C X I I ) =0.1'>724St-05
, 1 X 1 1 1 =0.1460736 04
X H J X I l l =0.J414906-07

R H O R X I I ) =0.2346116-07
P X I I ) =0.1303326-03
P R X I I I =0.8130456 00
V X I I ) =0.230405F 0 5
X * ( I I =0.704123E 01

T R E F X I I I =0.316620E 04
T X I I I =0.2352276 04
2 X 1 1 I =0.110442E 01
C P C V X I I I =0.1144876 01
C P X I I I =0.547147E 00

W A L L , R?F6R6 -,C6, ANO EXIERNAl-TO-r iOUNOARY-LAYER FLOW P.tOPERTIFS AT S T A T I O N = 3
'0.129114C 03 = 0.432hd9E 00 H R t F X d l =0 .3016fOF 04 "RREFXd I =0.787767C 00

T K R 6 F X I 11=0.
Z R F F X I I )
TKXI 1 1
SRXI 1 I
A A X I 1 1

= 0.
= 0.
= 0.
= 0.

42B524F-04
1T1966C 01
325472F-04
4651756 02
3098416 04

WALL, °EF6R6NCC, AND tX
HWd I = 0.
T K R E F X I 11=3.
ZREFXI I 1
TKXI 1 )
SRXI 1 1
A A X ( I 1

= 0.
= 0.
= 0.
sn _

1241 14F 03
485330F-04
120662E Ol
3547446-04
410735K 02
]£ 7**. Ji t: ns.

V I S C * X ( M
CPCVKXI I I
V I S C X I I I
HXI 1 1
rfHJXI I I

=0.1377i7F-OT
=0.1305136 01
=0.150141C-05
= U.157777F: 04
= 0.250456F.-07

Ti.KNAL- TO- RC-UN3ARY -LAYER
CPWI I 1
V I S C K X I I I
CPCVi'UIII
V I S C X I 11
HXdl

=0.412804F 00
=0.2054156-J5
=0.1202*OF. 01
= 0.1t>3273F-00
=0.250710c 04

WALL, REFERENCE, ANU F XTfcRNAL-TO-KOUNDARY-LAYER
HWI I I = 0. 129114fl 03
TKREFXI I)=0.376811E-04
ZR6FXI I)
TKXI I )
S R X I I I

= 0.
= 0.
= 0.
= n _

114331!; 01
288347F-04
402640F 0?

CPWI 1 1 = 0.4328O4F. J'J
V I S C R X I I ) =0.1 707 116-05
CPCvRxm
V I S C X I I)
HXI I I

=0.1229fl4F 01
=0.110823F-05
=0.9221146 01

WALL, R6FER6NCE, AND FXTcRNAL-TU-BUUNDARY-l AYER
HWI 1 )
TKREFXI I)
7REFXI 1)
T K X I I I
SRXI 1 I
A A X I 1 )

= 0.
>0.
= 0.
= 0.
= 0.
= 0.

12"»H4t 03
360459E-04
118872F 01
2367R6E-04
3945U6F 02
239162E 04

CPWdl
V l S C r f X I I )

=0. 4)28096 00
= 0.1651 33E-0">

CPCVRXII)=0.119396F 01
VISCXI I I
HXI 1)
RHOXI I)

=0.109l3iF-05
=0.654303F 03
=0.121912E-07

WALL, RtFrRiNCf, AND EXTERNAL -TQ-KOUNOARY-L AYER
HWd)
TKR6FX 1 1 )
ZREFXI 1 I
TKXI 1 )
SRXd )
A A X I I 1

= 0.
= 0.
= 0.
= 0.
= 0.

1291146 !>3
348638F-04
lltttSIr 01
IK2713E-04
385253C 02

=0.205496F 04

C P W I 1)
V I S C K X I I I
C P C V K X I I )
V I S C X I I I
HXd)
RHPXI I)

= 0.43280 !»E 00
'0.161100E-01;
=0.117474F 01
=O.K716S7F.-36
=0.4538rf'>t OJ
= 0.10205)F.-07

W A L L , REFERENCE, ANO EXTERNAL-TO-BOUND4RY-L AYER
HWd )
TKREFXI I 1

= 0.
= 0.

1241146 01
3368506-04

CPWI I I =0.43281WF 00
VISCRXII I<0.1569/1£-OS

RHUHXII 1
PXII )
PRXI I 1
VXI I 1
XHI 1 1

=3.1735296-07
=0.1P.7 8686-04
= 0.il046326 00
=0.234 538E 05
=0.7569636 01

FLOW PRDPGRTIES
HR6FXI 1)
XHLHXI 1)
PXdl
PtXI II
VXd 1

=0.131

T A F F X I I )
T X d )
Z X I I 1
C P C V X I I)
CPXI I )

= 3.
= 0.
=0.
= 0.
= 0.

297037E
220975E
1063986
113619F
542493F

34
04
01
01
00

AT S T A T I U N = 4
287F 04

=0.1012186-07
= 0.r>972466-04
=0.1167*16 00
=0.2243786 05

PKRFFXI I)
TREFXd 1
TXI I 1
Z X d )
CPCVXI 1)
r D* t I t

FLOW P R O P E R T I E S AT S T A T I O N = 5
HKF.FXd 1
RHORXII I
PXdl
PRXI I I
VXI 1 1

= li.27 T2206 04
=O.S92364c-08
= 0.40f 2646-04
=0.7726276 00
=0.241
- A aoo

FLJW P^DPF'JTIFS
HREFXI II
RHHKXd 1
FXI I 1
P R X I 1)
V X I I )
XKI 1 1

4506 05

PKKEFXf I)
TRtFXd)
TXI I 1
ZXI I I
CPCVXI I I
r D tf 1 I 1

= 0.
= 0.
= 0.
= 3.
= 0.
= 3.

= 3.
= 0.
= 0.
=0.
=0.
= n

AT STATIJA = 6
=0. 2670466 04
=$.$7^9*6E-C6
=0.250207E-04
=0.763
=0.244

4406 OO
21 7E 05

=0.102114E 02

FLUW PROPFRTIES
HREFXI I)
KHLJKXI I )
PXI 1 1
PRXI 1 )
VXd 1
XI II I

=0.260
=0.363
=0.152

PRREFXI 11
TRFFXI I 1
TXd )
7XI I I
C P C V X I I )
CPXI I)

= 0.
= 3.
=0.
= 0.
=0.
=0.

7652256
334624E
2469206
116861E
U 571 36

8382766
2617566
1H1828E
1005596
119266E
529826E

815463E
253538E
140459E
100005E
1311846
514301E

00
04
04
Jl
01
30

03
04
04
01
01
00

00
04
04
01
01
00

AT STATION = 7
221F 04
098E-OB
3136-04

= ->. 7542486 00
=0.246216E 05
=0.119815E 02

FLO» PROPFRTIFS
iMPFX d )
RHORXI I )

=0.25}

PRJEFXdl
TK6FXII I
T X d )
Z X d )
C P C V X I t )
CPXI I )

= 0.
=0.
= 0'.
= 0.
= 0.
=0.

8206486
24231SE
1021476
1J0030C
1335776
4909376

33
04
04
Jl

01
00

AT STATION = 9
321E 04

=0.1921226-08
PH3EFXI I I
TREFXI I I

= 3.
= 0.

825817E
234042E

30
04

Z R E F X d l = 0 . 1 1 « l 6 5 E 0 1
T K X d l =0. 120H49F-04
S R X I I I =0.375143F 02
A A X d l =1.16875HF 04

C P C V R X d l = 0 . 1 1 6 2 0 2 E 01
V I S C X I I I =0.(.54175E-06
HXI I I =0.29355'1t 01
S H C X d l =0.7S9934L=-38

P X d l -0.776323E-05
P R X I I I =0.742734E 0 0
V X d l «0.2478951 05
X H I I I =0.146894F 0 2

T X I I I >0.672617E 33
Z X d l -0.100000E ni
C P C V X I I I =0.136807E 01
C P X I I I *C.458682E 00

HALL, REFFRENCF, ANO ^XTERNAL-TJ-BOUNOARY-L A Y T k FLOW O^OPEKTIES AT SIATI'JN •= 9
H W I 1 I =0.12°114E 03
T K R E F X I I 1 = 0.325J44E-04
Z K E F X I I I =0.11806PE 01
T K X d l =O.B6e2S2C-P5
S R X I I I =0 .364i73E 02
A A X I I I *0.130t>30E 04

C P W d l =0.4328096 00 H R E F X d ) =0.24«098f 04
V t S C r t X d I-0.152846E-05 R H Q K X I I I =0.31 b4->8E-09
C " C V K X d I=0.115470E 01 P X d l "0.318039E-05
V I S C X d l =0.454e09E-06 P R X I I I =0.73J905F 00
H X I I I = 0 . 1 f 0 3 H E 03 V X d l =0.249139E 05
R H O X I I I =0.5507I1E-08 X M I I I -0.190720E02

PRREFXII I -0 .831071E 00
I K 6 F X I 1 I C3.225816E 34
T X I I I =0.395277E 03
Z X I I I =0.100000E 01
C P C V X I I I =0.139489E 01

C P X I I I °0.435916F 0°

W A L L , REFERt-ICb, AND EXT6RNAL-TO-BOUNDAKY-LAYER FLOW PROPFRTIES AT STATIOH
Hkdl =0.129|14E 03 C P W d l

10

T K R E F X I 11 = 0.3170206-04
Z R E F X I I I =0.11«710E 01
T K X d l =0.561')03E-05
S R X d l »0.35e055E 02
A A X I I I =0.94FK21E 03

=0.4328096 00 H R E F X d ) =0.2497136 04 P R R F F X d I =0.835534F 30
VI SCRXI I I =0. 149903E-05 R H O R X I I I
C P C V R X d I=0 .1I654IE 01 P X d l
V I S C X I I I = 0 . 307579E-06 P R X I I I
H X I I I =0.893672E 0 2 V X d )
K H O X I I I =0.3182386-06 XHI I I

=0.4659046-06
=0.760015E 00
=0.2499536 05
=0.2634916 02

T R E F X I I ) =0.219950E 04
TXd ) =0.2076976 03
Z X I I ) =0.1000006 01
C P C V X I I I =0.1399936 01
C P X I I I =0.431976E 00

WALL, REFERENCE, ANO HXT6RNAL-TO-BOUNDARY-LAYER FLOW PROPERTIES AT STATIUN = 11
HWdl =0.129U4E 03
TKREFXI11=0.3069306-04
Z R E F X I I I =0.1195lir 01
T K X I I I =0.360830F-05
SRXd I =0.304S16E 02
A A X d I =0.654776K 03

C P W d l =0.432809F 00
V I S C R X 1 1 I=0.146258E-05
CPCVrlXd 1=0.121493!; 01
V I S C X I I I =0.2034546-06
H X I I I =0.425747E 0 2
R H O X d ) =0.91751f)E-09

H R E F X I I I =0.2518336 04 PRREFX(t1=0.841117E 00
R H U R X I I I -0.357048E-10 T R E F X I I I "0.212758F 0*
P X I I ) '0.1326496-06 T X I I I =0.989484E02
P R X I I ) =0.78277IE 00 7 X I I I =0.1000006 01
V X d l =0.2504226 05 C P C V X I I ) =0.1400006 01
X H d ) =0.3824556 02 C P X I I ) =0.431921E 00

WALL, REFERENCE, ANO EXTCRNAL-TD-nOUNDARY-LAYER FLOW PROPERTIES At STATION = 12
HWI I I = 0.1241146 03 CPU I I =0.432809E 00
T K R E F X I I 1 = 0.3153086-04
Z R E F X I I I =0.1190816 01
T K X d ) =0.3608306-05
SRXd I =n.364Bl6F 02
A A X d ) =0.654776F 03

VI SCitXd 1=0.1492896-05
CPCVRX(1)-0 .1181206 01
V I S C X I I ) =0.203454F-06
H X I I I =0.4257476 0 2
R H O X I I ) =0.9175106-09

h R E F X I I I =0.251833F 04 PRREFXI11=0.8366976 00
R H Q A X I I ) =0.1488836-09 T R E F X I I I =0.218719E 04
P X I I ) =0.5665826-06 T X d l -0.989484E 02
P R X I I ) =0 .782771600 Z X I I I =0.130030631
V X d ) =0.2504226 05 C P C V X I I) «0.1400006 01
X H d ) <0.382455E 02 C P X I I) =0.4319216 00
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WALL. REFERENCE, »NO EXKX.-JSL-T'J-P.CIUMO'IRY-L AYH R FLOW PKJPFHTIFS At STAII.l:; = U
HHd I =0.129H4F 01
TKREFXI I 1=0.317491E-04
^REFXd I =0.llH97nt 01
T K X I I I = 0. 3&C830E-.I5
SRXIM =0.3h4Rlht 07

C P W ( I ) = 0.4i2809r 00
VISC^AI I I=0.150074E-05 KHJ4XIII
C P C V R X I I 1=O.H76.11E 01 FXI I I
V I S C A d l = 0.701454F.-.16 PRXdl
HXI I I =0.4257476 02 V X I I I

• 4 X 1 1 1 =0.6547761 0) nll.lXII) u.91 7510F-U9 XMI I )

=0.?;i831e
=0.204633F-09
=0.7S3549E-06
=0.7f277ir UO
=0.250422F U5

II I=a.B35555E >0
T R E F X I I I =0.22027«E 04
T X I I I =0.989484F 02
Z X I I I =0.100000t 01
C P ^ V X d ) *0.140000E 01

= !). 3B2455E u2 C P X I I I =3.4319?IF

W A L L t REFFRENCr, SNU F XTFRNAl- 1P-HCUMMRY-L4YER FLIlh PROPFRTIFS At S T A T I O N = 14
H W I I I =0.129114F 03 CP»IJ I =J.4:t28illiF JO HREFXII) = 0.251833"; 04 PK<EFXI I I = 3.835081F 00
TKRcFXI11=0.3164016-04
JREFXIII =0.1ia974E 01
TKXdl =0.360ejOt-05
SRXI I ) -0.364816r 02
A A X ( l ) =0.65477^F 01

1/1SCRXI I I =0.1 50401 £-05
CPCVi<X( I 1=0.1174616 Ul
V ISCXI1 I =0.203454t-06
HX( I I =0.425747t 02
H K U X ( l ) =0.*»17510E-O9

RHORX( I ) =0.232378fc-09
P X t ! ) =O.H92012E-06
PRXdl =0.7827716 00
VXI I1 =0.250422E 05
XM(1I =0.1!245bC 02

TKEFXI I I =0.220919F 04
T X ( I ) "0.939434E 02
Z X I I I =0.100000E 01
C P C V A I I I =O.I",OOOOE ji
C P X I I I =0.431921E 00

M4LL, REFGRENCE, AND F_XrEKN»L-10-BUUr<OARY-l.AYER flOU PSOPEK11FS AT S1ATIOM = 15
HH(1) =0.12<)114E 03
IKREFX(I)=0.319233E-04
IREFXIII =0.11B884F 01
T K X I I I =0.360<<iOE-05
SRXI11 =0.364816F 07
A A X I I I =0.654776C 03

CPWI II =0.4J230")E 00
VISC»X(I1=0.150700E-05
CPCVSX(II=0.11732ftE 01
V I S C X I I 1 =0.2034b4E-06
HXI I I =0.425747E 02
RHUXII I =0.9175106-09

HREFXIII =0.251833C 04 PRREF XI I I >0.8'34649E 00
RHORXIII =0.260030E-09 TREFXdl =0.221511E 04
PXIII =0.100052E-05 TXI I I =0.969484E 02
PRXUI =0.7fl2771F 00 ZX I I I =3.10DOOOE Dl
V X I I I -0.750422E 05 CPCVXI I I =H.140000b 01
X*dl =0.3P2455E 02 CPXI I I *0.431921E 00

STATION Mil. = 2
OLOCL4K= 0.1491121; 02 OLOCTU«B= 0.32632IE 01 X= 0.307937E 00
OXUOL4«= 0.75fl246F 00 CXOUTUR«= 0.165')37r 00 CFL4K" 0.8872185-1)1 OFTJRB= 0.187*186-01

TAULAH= 0.308905F 00 TAUTUS6= 0.170875C 00 CFRENU= 0.207683E 01 RJHURT= 0.210774C 01
REX= 0.1549B6E 03 REYMONs 0.101833F 02
HRECL= 0.112855F 05 HRECT= 0.116862E 05

S T A T I O N NO. = 3
OLOCLAM* O.B15033E 01 QL3CTORB= U.21B91«E 01 X= 0.615874E 00
QXOOL4K= 0.414451E 00 CXOnTURB= 0.111322E OO CFHM= 0.637766E-01 CFTURP= 0.165451E-01

TAUL4M= 0.453361E 00 TAUTUKB= 0.117613E 00 CFRFNJ* 0.711799E Jl RO«JRT= 0.199710E 1)1
REX= 0.248567E 03 REYMOM= 0.137716F 02
HRECL" 0.113072E 05 HRECT= 0.117019E 05

STATION NO. = 4
OLUCLAH< 0.440823F 01 OLCCTURB= 0.133543E 01 X= 0.923B11F 00
QXOOLAM= 0.244502E 00 OXOJTURB= 0.679079F-01 CFL»»». 0. 705294E-01 CFTURB= 0.1890896-01

TAULAM= 0.251502E 00 TAUTUR8= 0.674276F-01 CFRENU= 0.704646C 01 ROMURT= 0.225467E 01
REX* 0.179842E 03 REYHI1M= 0.134526E 02
MRECl.= 0.112B13E 05 HRtCT* 0.116837E 05

S T A T I O N NU. * 5
OLOCLAK= 0.141M9C 01 OIUCTLHB= 0. 11L831E 01 X= 0.1231756 01
QXUOL4H= 0.17472^^ 00 OXOnTURS= O.S68915F-01 CFLAM= 0.44B065E-OI CFTURB= 0.14114SF-01

TAUL4M= 0.199104T UO T»UTO,(B= O.(i272 1 1F-01 CF«FNJ= 0.224384E 01 K3MURT' 0. 178307C 01
REX= C.346->606 03 RtYXOH= 0.10B3986 02
HRECL= 0.113668r 05 HRHCT= 0.117441E O5

STATION NO. = 6
QLnCLAH= 0.2I0436F 01 OLCCTUK'J" 0.7<.99ier 00 X= 0.l>39t>8E 01
OXOOLAM= 0.107034F OU OXOUTL>3B= C. 1613501-01 CFL4»= 0.340719E-01 OFTURB= 0.117512E-01

TAUL4M= 0.123669E 00 TAUTUSB= 0.427217E-01 CFREMU= 0.228414E 01 R11MURT= 0.164205E 01
HEX= 0.420045E 01 KFYMOM- 0.2333HOF 02
HRECL= 0.111872F 05 HRtCT= 0.117564F 05

STATION NO. = 7
QLOCLAM= 0.130231F 01 CLOCIURB= 0.4990171 00 X= 0.1347t:E 01
QXOOL4H= 0,667237r-0l OXOnTURO= 0 .253 754F-01 CFL ̂ '<= 0.250495E-01 CFTU

TAULAM= 0.774P67F.-01 TAU1'JSB= 0.787544F-J1 CF<EVJ= 0.232191F 01 RJMURT"
REX= C. 5311726 C3 ReYKOM= 0.2944166 02
HRECL= 0.1I4029T 05 HRICT= 0.1176I5E 05

H= 0.929556F-02
0. 149157E 01

STAT ION NO. " f,
QLOCL4M= 0.6S1757E 00 OLnCTURB* 0.2<t9558C 00 X= 0.2155566 01
9XQOL4M= 0.34(-679I!-01 liXOJTlM8= 0. 14724.1E-01 CFL»M= 0.168663E-01

TAULA«= 0.409418F-01 TAUTl)RB= 0.168497E-01 CFRFW 0.236780F 01 RUHURT
RFX= 0.645245E 03 REYM<1M= 0.394151F 02
HRECL= 0.114222E 05 HRECT= O.I17829E 05

0.694216E-02
0.131173E 01

STATION SO. = >i
QLUCLAM* .0.287787? 00 QLUC IUR8= 0.141397E 00 X* 0.246350E 01
OXOOL4M= 0.14ft342E-01 OXOOTUR6= 0.719017E-02 CFLAH= 0.101336E-01 CFTJR[1= 0.485177E-02

TAULAM- 0.174052F-01 T»UTURB= O.S79234E-02 CFRENJ- 0.240644E 01 K3>1U»r» 0.110878t 01
REX= C.743169E 03 REYf«nM= 0.563277E 02
HRECL= 0.114466F 05 HRFCT= 0.117999E 05

STAT1UN 'JO. =10
OLOCL4H= 0.890375F-01 OLUCTURB= 0.5J9093E-01
OXOOL4H= 0.452764E-02 CXQ3ruHB= 0. 274133^-0^ CF

TAULAM= 0.541073E-02 TAUTU«B= 0.317835F-02 CFRENU=
REX= 0.716846F 03 RCYMOX' 0.7B70B1E 02
HRECL= 0. 114699F 05 HRFC T= 0.11B160E 05

X= 0.277141F 01
AHz 0.5441386-02 CFTURB= 0.319715E-02

0.233208E 01 ROMURT= O.B614BOF.OO

STATION NO. =11
QLUCLAM= 0. 12'969G-01 OIOCTURB= 0.1094166-01 X= 0.307937E 01
OXCnL4«= 0.625309^-03 OXOPTIJRB= 0.556402E-03 CFLAH= 0.260611E-02 CFTURS" 0.225239E-02

TAULAM= 0.749755F-03 T4UTURB= J.647992E-03 CF<ENU= 0.227436F 1)1 RJHJ»T= 0.620461E 00
REX= C. 147760E 03 REYfOf" 0.1146&5E 03
HRECL= 0. 115040"" 05 HRc.CT= O.II«394F O5
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STATION .-in. = 12
310CLAM= 0.523401F-01 OLO:;iUPO = U.334956C-01 X = 0.3579J7E 01
OXQUL-VV= (.'. ?r»'.l54c-i.. •.'XCjruKHz 0. 170 ic6':-0/ C F L A M = 0. 1103306-01 CFTURB= 0.688303E-02

TAULAK= 0.3ISa49«-02 TAUTUKH= U. l")30L'Of -0? CFRC4II* (J.226639F 01 RCKURT* 0.265018E 01
REX- 0.404226T 03 REYMOH" 0.114653E 05
HKfCl= 0. 114733F 0*1 HKLCTr O.Udli)7E 05

Slit ION ,\J. =11
OLUCLAM= 0.71H73IF-01 OLUCTURU= 0.42I579F-01 X= 0.407937E 01
gxOULM* 0.365481F-0; '}XO.nilR9 = 0.?1«376E-02 CFL4M= 3. 1521585-31

IAULAH= 0.437743P-02 IAUIUSB= 0. 2411 1 7(-:-0£ CFRt.NU= 0.t!26432F 01 RDPURT
REX= 0.4ft0692E P3 RCYKSK* 0.115159r 03
HRECL= 0.114660E 05 HHtt.1* O.llflUSE 'ft

0.366503E 01

STATION MC. =14
OLOCLA.M= 0.81H4RF-01 OLOCTUR1= J.4i()3ME-01 X= 0.4579175 01
OXOUHH= 0.41?476E-0< OXOOTU»H« 0.232.163^-02 CFHW= 0.171707t-OI CFTUR8» 0.937136E-02

TAULAM= 0.493984F-02 TAUTIRB= 0.269620t-02 CFRFNU= 0.226347E 01 ROMURT" 0.417247E 01
RFX= 0.51715ef 03 rtErHOH.= D.116323F '•}
HRECL= 0.114I.28E 05 HRtCT= O.UBlllc 05

S T A T I O N NO. =15
OI.UCLAM= 0.901037C-01 ClLUCTURD- 0.439302F-01 X= 0.507937E 01
OXOOLAM: 0.458185F;-U2 OXOnTURtl' (1. 248H55E-02 CFL»X= 0.190719E-01 CFTJRB- 0. 1004B3E-01

TAULAH= 0.543680t-02 T«UTU8B= 0.2J9079t-02 CFRE.VU" 0.226269E 01 RuMURT= 0.467989E 01
REX« 0.573624E 03 KtY«nB= 0.117412r 03
HRECL= 0.114598F 0^> HRCCT= O.118091E J5

ALPHA = 0 OEG W I T H PRINTOUT 11 1EISIC U^ITS

NOTE THAT PRINTOUT IS IN HFTRIC UNITS

VIbC=NEWTOKj SFC/SO.HFTFR CP=J.7ULt S/KG" OEG<
T OR T1F.F = DEGK RMU UR RHU«*KGH/CU. MF.TER
H OR HREF=jnuLE/KG>' PS1=NEUT/SO.H
TK OR TKRFF=JHULF/KCTK SCC OFCK TAU«=NFnrONS/SQ.«ETFR
SYMBOL ENDS IN X f LOCAL tXTESNAL-Tn-C.LAYE •< VALJF
SYMBOL E-4DS IN L * B.LSYtR FLOti IS LAK1NSR
SYMBJL ENDS IN T s B. LAYER FLUW IS TURBULENT

OEFINITIO^S-
C = LOCAL VEL. /FR6E SI.'.tAK VEL.
CPCV = GAMMA = SPECIFIC Hf AT R A T I O
PR C'< PRfcF = PIIANUTL NUMJEi*
Pbl = H RTCLJVFRY MINUS H ViALL
Z = C O H P S E S S i n i L I T Y I-ACTUR
CF = FRICTION CUEFFICIFNI AT HALL
TAUW = MALL SHFAR S T K E S S
R E Y X = RtYN3LHS NO. RASEu ON LCCAL I cXTEKNAL-TO-B.L AYER I PROPfSTIES A*D SURFACE DIST. FROM STAS. POINT
REYMOM = MOMENTUM THICKNESS REYNOLDS NUMBER

IWHEN REYMOM IS NFU. , HE4T K A T E IS .1E3. iO UfYMOS HAS Nil .H

ROMURT = ( RHU * MU1HALL / I ̂

HEAT RATFS ARE IfJ K A T T S/SO.Mf I E*

* MU)EXfF:RNAL TO

I N I T . C O N D I T I O N S
Z A L T = 0.914399F 05 V INFY= 0.762000;- 04
NTUN = J I T W = TOO IPRESS=
LLL = 0 LONGM

RN= 0.304800H 00 T H I = 0.300COOF 0.3

INPUT X, Y, ALPHA
Y Y 5 = 0.182880E 00 1LPH4IDEG>= 0.0

Rll 1 =

Rll ) =

RH) =

Rl I) =

RU) =

Rll) =

Rll ) =

Rl I ) =

RII) =

RII) =

0.

0.

0.

c.

0.

0.

0.

0.

0.

0.

0

343801F-01

S52870E-01

926719E-01

1164921=

136712E

153297E

166225E

175473E

181027E

RII)= C.182880B

RIU= 0.182880E

RID'

RID =

RII) =

0.

0.

0.

182BROE

182B80E

M28BOE

00

00

00

00

00

00

00

00

00

00

00

XII) =

XIII-

XII ) =

x i l l *

XII) =

XIII«

XII 1 =

XII) =

XII) =

XII) =

XII) =

X( 1 ) =

XI I ) =

0.

r.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0

93B591O01

187718F.

201577E

375437F

469296E

563155E

657014E

750B73E

8447321':

938591c

109099E

124339E

XII)= 0.139579E

XU) = 0.1S4KI9E

00

00

00

00

00

00

00

00

00

01

01

01

01

1 =
1 =
1 =

1=
1=
1=
1 =
1 =
1 =

1 =

\-
1=
1=
I =

! =

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15
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FREE S T R E A P CONDITIONS
XMINF= 0.294579E 02 V [NFY= 0.762000E 04 •ilKIKF' 0. 1 J9994E 01 RHOINF= 0.21230BF-05
HINFY* 0.16fc250t 06 P[NF = 0. 100052E-0"i IAIHOS.) IINFY= J.I 6622 H. 33

TH1 = 0.226196E 02 TH2 = C>.'i74145H 02
MHERF TH1 = POINT 1 S T R E A M !>FH_CCriO<< VNGLF, f)E GSEf.S. T H 2 = > i T R c A " DEFLFCTI3* A'iSlE At PJINT 1 W H I C H C A U S E S S = '»»»1I3.1 .IF SH;;x J/W

1= 1
THETA SHOCK FOR POINT 1 = 0.4144m 00
PSt l l = U.189321F-01 T S U I * 0.24H72E 04 S 3 S ( I > = 0. 433444!: 02

I" 2
THETA SHOCK FUR POINT 2 = 0. >750JOr 00
P S t ! ) = 0.155953F-03 TSUI- 0.229')89t 04 S R S ( I I = 0.4JB594E 02

«T IJK=6(,Oft

60 TO F-CRFFCT 045 SH1CK ROUTINf

USES SUPERSO'IIC ESTHER THAN HYPFRSOSIC 4N5LYSIS

I- 3
THET4 SHOCK FOR POINT i - 0.350563E OO

PSIII= 0.121566T-01 TS(II= 0.267I46E 04 53511)= J.465174F 02

la 4
THETA SHOCK FUR PllINT 4 - 0.296323E 00
PS( I I= 0.9797HE-04 TSI I I * 0.20l8')5t 04 S^ilD- 0.410735F 02

1= 5
THETA SH3CK FOR POINT 5 = 0.257017E 00
PS(II= 0.7340»5E-04 TSII)= 0.176S62? 04 5^5111= 0.402640t D2

1= 6
THETA SHOCK FOR POINT 6 - 0.2163S1F 00
PS(II= 0.522054F-04 TSIII= 0.137877E 04 S«S(II= 0.3-)4506f D2

1= 7
THETA SHOCK FOR POINT 7 = 0.174788F 00
PSIII- 0.342811C-04 TSIII= O.J91177F. 03 SRS(II= J.385253E 02

I' 8
THETA SHOCK FOR POINT a = 0.133256F 00

PSII>« 0.201289E-04 TSIII= 0.662442F 03 SRSIII= 'J.37S143E 02

USES SUPERSONIC RATHER THAN HYPERSONIC ANALYSIS

1= 9
THETA SHOCK FOR POINT 9 = 0.930Z68F-01
PSIII- 0.936327E-05 T S ( I I = 0.395070E 03 SRSdl- 0.3(.4173E 02

USES SUPERSONIC RATHER THAN HYPERSONIC ANALYSIS

1=10
THETA SHOCK FOR POINT 10 « 0.550045F-01

PSIII" 0.328271F-05 TS(t)= 0.246259E 03 SRSH)= 0.358055E 32

I'll
THETA SHUCK FOR POINT 11 m 0.339532E-01

P S ( I ) = O.B00413F-06 TSUI- 0.199615E 03 SRSIII= O.J64B16F 02

REAL GAS P-M ROUTINE FAILED IVEL. TOO LOxl - PROGRAM HAS SWITCHED TO PERFECT GAS P-H tXPANSION

REAL GAS P-K ROUTINE FAILED (VE.L. TCC LCill - PROGRAM HAS SUITCHEO TO PERFECT GAS P-* fcXP»NSt.)N

1= 1 P(II= 0.189321E-03 T ( l l « 0.241B72E 04 53(11= 3.438444E 02
ORATL I I ) ' 0.100000F. 01 O K A T T I I I - 0. 100000E 01

1= 2 P ( I I = 0.130382E-03 T ( I ) = 0.235227E 04 S R C I l - 0.4J8594E 02
Q R A T L U 1 * O.IOOOOOE 01 Q R A T T l l l ' 0.100000F 01

1= 3 P(II= 0.8P786SF-04 7111= 0.220975C 04 SRIII= 0.465375E 02
QRATLI I I * J.100000E 01 Q R A T T I I M 0.100000E 01

I. 4 P(II= 0.59|7246F-04 Till- 0.246V20E 04 SRI 11= 0.410735E 02
aRAlLIM* 0.1000JOOF 01 OtttTTIl) ' 0.100000E01

I' 5 P( I I= 0.407269E-04 Till* K.181828E 04 SRI I I" 0.402640E 02
O R A T L I I ) * 0.100000E 01 ORATTI I I - 0.100000E01

1= 6 Pl l l= 0.250207E-04 r i l l= 0.140459£ 04 SRII) ' 0.394506E 02
ORATLIDc 0.1 00000 E 01 OR6TTU)= 0.100000E 01

I- 7 Pil l* 0.152313E-04 T l l l= C.102147c 04 SRIII= 0.385253E 02
QRATLI I I " 0.100000E 01 URATTI I I * 0.1000UOE 01

I- 8 PU)* 0.7763236-05 TI I)= 0.672617c 03 SRII I* 0.375143E 02
ORATI.I1)* 0.100000F. 01 ORATTI I ) ' 0.100000F 01

I« 9 P ( l ) = 0.318059E-05 Ti l l - 0.395277S 03 SR 1 1 I « 0.364173E 02
ORAIL( I I= 0.100000F 01 Q R A T T I I I = O.lOOOOOr 01

I"10 P ( I ) = 0.965904E-06 fill' 0.207697E 03 SR( I )» 0.358055E 02
ORATIU)" O.IOOOOOE 01 C « A T T I 1 ) = O.lOOOOOr 01

1=11 PIII= 0.132644^-06 T i l l - 0.989484F 02 S R I 1 ) = 0.364816E 02
ORATLUM 0.100000E 01 ORATTI I I . O.IOOOOOE 01

I»12 PI 11= 0.566582E-06 rill= 0.9B94B4E 02 S.»ID- 0.364816E 02
aRATLI I>= O.lOOOOOf 01 OR«TTI I )= O.IOOOOOE 01
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1 = 13 PII) = 0.783549C-U6 T l l l = 0.9894841: 02 SUII =
ORATLIII* o.iooooot 01 ORATTII>= n.ionooue 01

0. 364816C 02

|-14 PII| = O.S92032E-06 T i l l * 0.9B94B4t 0,' S<tl)= 0.3648L6F. 0<!
ORATLI1>= O.IOOOOOE 01 OR«Tr<l)= O.IOOOOOE 01

1 = 15 P ( I ) = 0.100052E-05 1111= 0.99*4846 Of S » I I > = 0.364816E 02
O R A T L ( 1 > = O.IOOOOOE 01 O a A T T I I ) = O.IOOOOOE 01

STAGNATION POINT DATA FUR SPHERICAL NOSF

HREFO -0.147240E 08
ZREFO =0.136719E PI
CPCVRO=C.H6345t 01
PO -O.H8832E-02
V1SCO =C.150841F-03
40 =0.199676F 04
CPWO -0.1006U4E 04

TRDFO =0.460406E 0*
PRRJFO=0.727619F 00
«N =0.304aOOf 00
RHOU =C.4S07SIF-04
OVDXO =0.757980F 04
TWO. =0.300000F 03
PRO =0.696954K 00

OSTPI= C.223I80E 06 = NOSE STAGNATION POINT HEAT RATE
HO- 0.291479E Ofl HT» 0.291505E 08 RHOWO- 0.139719E-OJ

VISCRO = 0.127951F-OJ
CP,<€FO=0.13fc967F 04
TO = 0.5260UE 04
SR'.I = u.613390? 0?
70 =0.17677JE 01
V ISCWO'O.IB32526-04

TKRFFU-0.2938091-02

TKD
CPO
HMJ

=O. I»3942E 04
=0.300119C 06

MALI, REFERENCED AND EXTERNAL-TO-BOUNDARY-LAYER ("LOU PROPFRTIfS AT STATION = 1
HWII I =0.300119E 06
TKHEFXII1=0.201515E-02
ZREFXI I ) "0.12015HE 01
TKXdl -O.IS0634E-02
SRXI I ) °0.438444E 02
A A X I I I -0.101822E U4

CPWIII '0.100604E 04 HREFXII )
VISCRXIII'0.9S6621F-04 RHORXII)
CPCVRX1II-0.127516E 01 P«II1
V ISCXI f l "0.768613E-04 P8X<1 I
HX( I ) '0.485467E 07 V X ( I )
RHOXII) =0.?*7287F-04 XHII I

»0.73?5b4F 07
«0. I72228t-04
"0.189321E-01
:0.312763E JO
-0.698022F 04 C P C V X 1 I )
•0.6K5S29E 01 C P X C I)

PKREFXI I I
IRHFM1I
T X ( I )

•3.773936E D3
'C.322640E 04
•0.241872E 04
•O,111649E 01
•0.114870E 01
•0.1275'i4E 04

MALLi REFERENCE. AND EXTERNAL-IO-BOUKDARY-LAVER FLOW PRUPEKTlfS AT STAI ION
HM1II "0.300H9E 06
TKREFXCI1»0.197732E-02
? R E F X < ! ) =0.1201?9E 01
T K X I I ) -0.147066E-02
S R X I I ) -0.42B594E 02

°0.1006'J4E U4
VISCRX(I1.0.<14305SC-04
CPCVKX([)°O.I28131E Ul
V I S C X ( I ) *0.7S2891E-04
H X ( I ) -U.45S772E 07

A A X I I ) =0.997374E 03 RHOXII) "0.177027E-04

HREFXdl *0. 73069IE 07 PR*EFXI 11 =0.776945F 00
RHORXII) -0.120913E-04 TREFXI I ) '0.316620E 04
PX( I ) «a.l303S2E-U3 TXI1) '0.235227E 04
PRX( I ) -0.813045E 00 7.XI1I -0. 110442E 01
V X I I ) "0.702274E 04 C P C V X H ) "3.114487E 01
XMII) *0.704123E 01 CPX11) -0.127181E 04

WALL. REFERENCE. AND EXTERNAL-T3-DUUNOAKV-LAVER FLOM PROPERTIES AT SIATIUN - 3
HUM) =0.300119E 06
TKREFXII)=0.185291F-02
ZKFFX( I ) -0.119966E 01
TKXI I ) =0.140732F-02
SRXI I ) =0.4{,537Se 02
A A X I I ) =0.944396E 03

CPWI I) -0.100604E 04 HREFXII) =0.701216F 07 PRRIFX I I)=0.787767E 00
RHORXII) =0.378870E-U5 IKEFXIII O.297037f 04
PXII) >0.887868E-04 TXII) -0.220975E 04
PRXII) =0.304632r 00 ZXII) -0.106398E 01
V X I I I -0.714873F 04 CP:VXIII -0.113619E 01
XXII) =0.756963F 01 CPXII) =0.12»099F 04

CPCVRXII)-0.130513t 01
V 1 S C X I I ! -0.719127E-04
HXI I) "0.36674SE ill
RHOXII) -0.133203F.-04

WALL. REFERENCE. AND E XK-RNAL-TO-BOUNDARY-LAYER FLOW PROPERTIES AT STATION = 4
HUH I -0.3001I9E 06
TKREFXII)=0.209854E-02
Z R E F X I I ) =0.12066?t 01
T K X I I ) =0.1S1411F:-02
SRXI I ) =0.410735E 02
A A X I I ) =0.105969E 04

CPUII) =0.100604E 04
VISCRXII)=0.9B3535E-04
CPCVRX( I ) *O. I20240E 01
V I S C X I I ) -0.781757E-04
HXII) =0.582762E 07
RHOXI I ) =0.730079F-0'i

HREFXII) *0.770059C 07 PRREFXII)'0.7652251 00
RHUftXII) =0.521760E-U5 TREFXI I ) '0.334624E 04
PXII) =0.5«7246t-04 TXI I I «0.246920t04
PRXI I I =J.1167J1E 00 7 X 1 1 ) =O.H6861E Jl
V X I I ) -0.683902t 04 CPCVXI1) -n,115713F 01
XMIII '0.645332E Ul CPXI I ) -0.128358E 04

WALL. REFERtNCfc. AND EXTERNAL-Ta-BOUNDSIY-LAYER FLOW PROPERTIES AT S T A T I O N » S
HWI I ) ^0.300119E 06
TKREFXII 1 = 0.162932E-U?
ZREFXI I ) =0.1193336 01
T K X ( I ) "0.1246BOE-02
SRXII I "0.402640E 02

C P W I I ) °0.100604E 04
VlSCi<XII)=0.8J7366E-04
CPCVRXI[1=0. I22989E 01
V I S C X I I ) =U.626385E-04
HXII) =0.214340E 07

A A X I I ) =0.828570E 03 RHOXII) =0.7856736-05 XHII)

HKF.FXII) =0.64438)C 07
RHORXII) =0.459905E-05
PXII) '0.407269E-04
PRXI I ) =0.7726/76 00
V X I I ) =0.735939F. 04

-0.488204F

PRKEFXI I )
IBtFXH)
TXI I )
Z X I 1 )
CPCVXI I )
C P X I I )

-3.808276E 33
'0.261756E 04
'0.181828E 04
=0. 100559E OI
'0.119266E 01
-3.123155E U4

WALL. REFERENCE. AND FXTERNAL-TO-80UNnARY-LAYER FLOW PROPERTIES »F SIAII311 = b
HWII) =0.300U9F 06
TKREFXI1)=0.155873E-02
Z R E F X I I ) =0.11B8T2E 01
TKXI I ) =0.102169E-02
SRXII I =0.394506E 02
A A X I I ) =0.728965E 03

CPU!I) =0.100604E 04
VI SCR X 11)"0.790900E-04
CPCVSXII)=0.119396E 01
VISCXI I ) °0.522511E-04
HXII I =0.152089E 07
RHOXII) =0.628307E-05

HREFXII)
RHORXII)
PXII)
PRXI I )
VX I I I
X V I I )

=0.
= 0.
=0.
= 0.
=0.
=0.

622127E 07
29&341E-05
250207E-04
763490E 00
744373E 04
102114E 02

PRREFXID'O.
TKEFXI I )
TXII I
ZXI I I
CPCVXI I )
CPXII)

-0.
•0.
-3.
'0.
-0.

815463E
250538E
140459E
10D005E
131184E
119546E

00
04
04
31
01
04

WALL, REFERENCE. AND EXTERNAL-TO-BOUNOARY-LAYER FLOW PROPERTIES AT STATION = 7
HWIlj) =0.300119E 06 C P W I I ) =0.1006u4E U4
TKREFXII)=0.150749E-02 VISCRXII)=0.771349E-04
ZREF.XII)
TKXI I )

=0.118481E 01
=0.790341E-03

SRXI I ) =0.385253F 02
A A X I I ) =0.62(>353E 03

CPCVRXII)=0.117474f 01
VISCXI I ) =0.418324E-04
HXII) =0.1066t>6E 07
RHOXIII =0.525959E-05

HREFXII) *0.<>04870E 07 PRRCFX ( 11 =0.82 J648E 90
RHORXII) »0.187133E-05 TREFXI I I =0.242315E O4
PXII ) =0.1523136-04 TXI I ) -0.102147E 34
PRXI I ) =0.754248E 00 7X11 ) -O.IOOOOOE 01
V X I I ) -0.750467E 04 CPCVXI I ) =0.133577E 01
XHII) -O.U9815E 02 CPXII) -O.L14116E 04

WALL. REFERENCE, AND 6XTERNAL-TO-BOUNDARY-LAYER FLOW PROPFRTIES AT STAT ION • 8
HWI |) =0.300119E 06 C P W I I ) =0.100604E 04
TKREFXI D=0.145652E-02
ZREFXI I ) =0.118165E 01
TKXI I ) =0.56I461E-03
SRXI I ) =0.375143E 02
A A X I I ) =0.5L4373E 03

VrSC*X(I)=0.751580E-04
CPCVRXIU-0.116202E 01
VISCXI I ) "0.313221E-04
HXII I =0.6823'>9E U6
RHOX(I) =0.407115E-05

HREFXII) -0.58883IE 07 PRREFXIII-O.B25817E 00
RHGRXIt) -0.990158E-06 TKEFXII) '0.234042E 04
PXI I ) -0.776323F-05 TXII) =0.672617E03
PRXI I ) -0.742734F 00 ZXI I ) -O.IOOOOOF 01
V X I I ) -0.755534E 04 C P C V X I I ) =3.1368S7E 01
XXIII -0.l46B94t 02 CPX11 I =0.10661 BE 04

WALL, REFERENCt, AND EXTGRNAl-TO-BOUNOARY-LAYER FLOfc PROPERTIES AT SIATIDN - 9
HWII) =0.30011911 06
TKREFXIII=3.140634E-02
ZREFXI I ) =0.11B068E 01
TKXI I ) -0.3754406-03
SRX( I ) =0.364173E 02

CPWII ) =O.I00604E 04
VISCkXll)=0.731828E-04
CPCVRXID-O.U5470E 01
VISCXI I ) -0.217764E-04
HXII) =0.3956966 06

AAXI I ) *0.398162E 03 RHOXII I -0.29JB25E-05

HREFXIII -0.57668VE 07 PRREFXCII-0.83107IE 00
•0.225816E 04
•O.J95277E 03
•D.10DOOOE 31
'0.139469E 01
•0.101326E 04

RHORXIII -0.420790E-06 TREFXII)
PXII) -0.318059F-OS TXI I )
PRXII) -0.733905E 00 ZXI I )
VXIII -0.759376E 04 CPCVXIII
XHII) -0.190720E 02 CPXIII
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WALL, RFFFRK<CF, 4-'40 FXTFK:-(4L-10-BUU.'JD1RV-L A Y E R FLUU P R O P r ^ T f F S 4T S T A T I C * = 10
HWII I =0. lor.lisr 06
TKKEFXI11=0.1J7C7EF-0'
ZRFFXUI =0.11=7101 11
T K X I I I = .>.?*.29(. JF- ̂
SkXI II =0. JV=0:i5F 0;

C"WI I) iO.l006-.J4E J4
VI SC«-X( II =0. 71 7 J*tlf -04
C P C V i t x i l I=0 .116541F a l
V I S C X I I I =0.147270r-04
HXII I =0.707729t 06

A A X I I I = 1.259139'; 01 ^HJXII) =0.1640390-05 X X I I I

HRFFXHI =0.i6J445F J7
RHURX(I) =O.I30486E-U6
PXI I I =0.965904F-06
PRXI I I =0.760015F 00
V X ( I ) -0.761857F 04

•K*F.FXI I IO.835534E JO
TRfcFXII I *C.219950t 04
T X U I =0.2076?7F J'J
' x i i i =0.lonooot 01
CPCVXI I I =0.139993E 01

=0.2634-ilF 02 CPXII I =0.100410E 04

H A U L , »MU
HWIII =C.300!t<iF 06
r K H E F X I 11=0.1J2715T-02
2REFX( I I -0.1H511F 11
r K X ( l ) = 0. 15607 It-.l)
SRXI1 I =.).16««1».E ,)?
A A X I t ) =0. l94?i7f-E 03

FLOW PROPERTIES AT ST«TIJ:J = 11
C»W< 1 I -0.100604E 04
VISC<XI1I=0.700237F;-04
CPCVKX1 I )=0. 1214-*1F 01
V I S C X I 1 ) =0.9741420-00
HX t M =0.«89625F Oi
3HCXI1I =.0.*72865f-06

HREFXI I I =O.SB5372t 07
RHORXI I ) -0.1«4015t-07
PXI I I =0.132649E-06
P R K { I I =0./82771F 00
W X I I I =U.f63287E 04
XMII

PRRtFXI IUO.B41117E 00
I R C F X ( l ) -0.212758E 04
TXMI =0.989484E 02
7 X 1 1 ) aO.lOOOOOF 01
CPIVXI I ) =0.140000E 01

'0.1S2455E 02 C P X I I ) =0.100318[ O4

W4LL, REF lRENCe. ANO f X T c K N A L - TO-HOUND ARY-L AVER HOH PROPERTIES AT S T A T I U M 12
HUH ) =0.30011")!; 06
T K R E F X I Il = fl.ll(-317r-o;
Z R E F X I I I =0.1190*1.-: C>1
T K X I I ) =!). l'»f>021E-03
SRXU I =n.36«°16F 02
A A X ( II =0.19^576: 0 1

C°«( I I =0.100604C U4
V I S C i - X ( 1 I = J.7147IBC-14
CPCVHX(II=0.11312111: 01
Vl!>r.«m =0.97414?fc-J'J
IKIII -0.93962SE 05
KHP.XII I =0.472H6Sh-06

KREFXHI =0.5P5372E 07
KHJRXUI =0. 767310F-07
•'XIII =0.5665fl2E-06
P R X I I I =0.78277ir UU
VXII I =0.763287E 04
XKI I I =0.3t>245%r 112

PRRtFXI11=0.836697? 00
TREFXUI *0.2\Bll<>t 04
TXUI -0.9894B4F 02
Z X I I I 0.1U3000E 31
CPCVXI I I =0.1400006 01
CPXIII =0.100398t 04

WALL, RtF^RENCt, M40 EXT':ft'4AL-TO-^l1UNn4HY-LAYER FLOW PROPERTIES AT STATION = 13
HwlII =0.100114T 06
TKREFXI\>-K.137261E-0?
/.REFXI I I =O.HB970F 01
T K X I I I =0. It)r021 E-0 J
SRXI I I =0.J64R10E "2
A A X I II =n.l99576F. 13

CP-III =0.1006'J4F 04 HUF.FXIII
VISCK1I I )=0.7185'>eF-04 KHLJrlXIII
CPCV.iXII I = 0.117631E 01 PXIII
1/ISfKdl =O.J74142E-05 PRXI I I
HXd l =n.9396/5t Oi V X I I I
.(H.IXIII =0.47?365E-u6 XMI I I

=0.ifl5372E U7
=0.105466E-06
=0.7B3549E-06
=0.7R2771E 00
-0.7632U7E 04
=0.)82455E 02 CPXI

PRRfFX I I )=a .63S555E 30
TREFXUI =0.?20272E 04
TXUI -0.989484E 02
7X1 I I *0.100000E 01
1PCVXII I >0.140000E 01

"0.100398E 04

HALL, RFFERENCr, AND E XTERNAL-TO-^nuK'DARY-LAYER FLOW PROPERTIES AT STATION »
HWIII
IKREFXII I=0.137A74E-0?
JREFXI I ) =0.11K924E 01
TKXI I I =0.1560?It-03
SRXI I I =0.564816C 02
A A X I I I -0.199576E 03

CPil 1 I =d,100604E 04
I/ISCRXI 11=0.720123t-04
CT.V(XI I I=0.117461E 01
;1SCXII I =0.97414i't-05
MXI I I '0.9H9625F 05
RHOXUI -0.472a65t-06

HRFFXI I I =0.585372F 07
RHJKXIII "=O.I19763F-06
PXI I I =0.892032E-06
PRXI I I =0.782771F 00
V X I I I -0.7A3237E 04
Xf l l l =O.Sa2455f 02

PSREFXI I I =>0.63'i081F 00
TREFXUI "0.220919E 04
TXUI =0.989484F 32
ZX I I I "0.100000F 01
C P C V X I I I =0.143033E 01
CPXI I ) "0.10039SE 04

WALL, REFFRENCF, AND EXItRNSL-IJ-OOUNDSRY-LAYER FLOW PROPERTIES AT STAT10K - 15
= O.JO<1119F 06 C P W I I I =0.1006,)4t 04 HREFXIII =0.5B537?r 07 PRREFXI I I-0.814649E 00HWII I

TKREFXI

ZREFXII I -0.118B84E 01
TKXIII =0.156021E-03
SRXUI =0.364816F 0?
»AXI I I "0.199576F. 03

VISCRXUI=0.7215}'iE-04 KHURXII I =0. 134014F-06
CPCVRXIIM0.117326E 01 PXIII «0. IOOOS2E-05
V ISCXI I I =0.«74142F-05 PRXI I I -0.782771F 00
M X I I I =0.98962?E 05 V X I I I =O.T63237E 04
RHOXUI =0.472B6Se-06 XMI I I <0.382455t 02

TREFXUI '0.221511E 04
TXUI =0.989484E 02
IXIII =0.100000E 31
CPCVXII I '0.140000E 01
CPXI I I =0.100i98E 04

STATION NO. = 2
OLOCLA** 0.169225D 06 OLPCTUP<J= 0.370319F 05 X= 0.93B5V1E-01
OXOULAn= D.75R246E OO UXQOTUR3= U.165937F 00 CFL»M= 0.887218E-01 CFTURB" 0.187418E-01

TAULAN= 0.387306F 02 T»UTU«8= O.fil8154e 01 CFRENU" 0.207683E 01 ROKURT- 0.210774E 01
REX= 0.472397T 02 REYKRK= 0.310541E Ul
HRECL" 0.262326F J8 IIKCCT' 0.2716HF ul

STAT ION NO. = 3
OLIICLAM^ 0.924973T 0-> OLUC1URB= 1.248446F 05 X= 0.187718E 00
OXOOLA"= 0.41445IE 00 QXOOTURB= 0.1H327F 00 CFLAP= 0.637766E-01 CFTURB" 0.165451E-01

TAULAM= U.217U71F 02 T»UTJRfl= O.S63134E Ul CFRF>iJ= 0.2H7V9E 01 R3HURT= 0.199710C 01
REX= C.757632F 02 REYMOH= 0.4197SSf 01
HRECL* 0.262829F OB HRFCT= 0.272004F. 08

STATION HO. = 4

OLOCLAM* 0.545AB1F 05 QLOCTUH8" 0.151557F 05 f 0.281577t 00

QXOOL4«= 0.244502E 00 OXOOTUR8* 0.679079̂ -Dl CFLAM= 0.705294E-01 CFTUR6= 0.189089E-01

TAULAHc 0.120470F 02 TAUTURB= 0.322845C 01 CFRFNU* 0.204646F 01 kQ«URI= 0.225467E 01
REX= O.S48157E 02 «EYMOM= 0.410037E 01
HRECL= 0.2627.75C 08 HRCCt= 0.271580E 08

STATION NO. = 5

OLOCLAM= 0.38°959E 05 OLOCTUP.R" 0.126975E 05 X= 0.375437E 00

9XQOLAM* 0.174728E 00 QXOOTURB- 0.568J35E-01 CFL»M= 0.44BOt5=-01 CFTORB" 0.141149E-01
TAUL»M= J.953314F 01 TAUTUKB= 0.300310E (II CFRENJ* 0.2241B4E 01 KJMURT= 0.178307E 01

REX= C.105631F 03 REYPOH= 0.574237E 01

MRECL" 0.264215F 08 HRtCT= 0.272984E 08

STATION NO. = 6
QLDCLAK= 0.23RR78E 05 QLOCTURB' 0.851096F 04 X° 0.469296E 00
OXQOLAM* 0.107034E 00 OXOOTURB- 0.381350F-01 CFLA«= 0.340719E-01 CFTURB= 0.117512E-01

TAULAK= 0.593089F 01 TAUTURB= 0.204553F 01 CFRCNU= 0.228414E 01 ROMURT" 0.164205E 01
REX= 0.128030F 03 REY«OM= O.TU343E 01
HRECL= 0.264688E OR HRCCT= 0.273313E 08

STATION NO. = 7

QLOCL«»= 0.147798F. 05 OLOCTURB- 0.566329F 04 X' 0.563155E 00

OXOULAH: 0.662237E-01 OXOOIUR»= 0.253754E-01 CFL»M= 0.250495E-01 CFIJRB= D.929556E-02

TAULAH^ 0.371003E 01 TAUIURB^ 0.137677E 01 CFRtNU= 0.732191E 01 ROBURT* 0.149157E 01
R6X= 0.161962E 03 REYHOK= 0.89f379E 01

HRECL" 0.265053E 08 HRtCT= 0.271575E 08
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STATION NO. « 3
OIOCLAM= 0.773719F. 04 OLOCTURB= 0.3<!8616F. l>4 X= 0.657014E 00
OXODt.AI'z 0.346<>79c-OI 6XOOTUR8= 0.147243E-01 CFIAM* 0.168683E-OL CFTUR6= 0.694216E-02

TAULAM= 0.196050E 01 TAUTURB* O.S06766E JO CFR6NU= 0.736730r 01 KO«URT= 3.131173F 01
REX = 0.196671F 03 REYHOM= 0.120117F 02
HRECL= 0.265502E OS HRcCT= 0.2738SBE 06

STATIUN NO. = 9
OLOCLAH- 0.326607E 0* OLOCTUR3= 0.160470E 0* X* 0.750373E 00
OXUOLAK.: 0.1*A34?E-01 OXQOTURB= 0.719017E-02 CFL»>(= 0.10I836F-01 CFTuR3= 0.*85177E-j2

TAULAM- O.B33367 r 00 rAUTi)R»= 0.397039r 00 CFRENUs 0.2<.064<iE Ol RflHURT= 0.110873t 01
RFX= 0.226511E 03 RtVHOM= 0.1716B7t 02
HRECL= 0.266071F On HRECI= 0.274282E 08

STATION NO. -10
OLUtLAX= 0.101043E 0« OIOCTURB= 0.6H811t 03 X= 0.844732E 00
QXOOli»= 0.4'i2764F.-02 OxgjTURB* 0.274133E-02 CFLAH= 0. i".*!88E-02 CFTURB= 0.31971SE-02

TAULAM= 0.259067f 00 TAUTURB= 0.1522O«E 00 CFi)C><J= 0.?3320BE 01 RD5(j;U* 0.8bl4BOE 3a
REX= C.218495F 03 REYMOH= 0.239902E 02
HRECL= 0.266612F 03 HRECT= 0.274655E 08

STATION NO. -11
QLOCLAH* 0.139»7E 03 OLOCTURB* 0.124178F 03 X- 0.93B591E 00
OXOOLAH' 0.625309E-03 OXOaTUR8= 0.556402F-03 Cfl«H= 0.2fc0611c-02 CFru«B= 0.225239E-02

TAULAMc 0.3589B4T-01 T«UTURB= 0.310260E-01 CFRENU= 0.227436E 01 RUHURT' 0.620*616 00
REX= 0.10S997E 03 REt«OM= 0.349498F 02
HRECL- 0.267404E 08 HRFCT- 0.275200E OB

STATION NO. =12
QLOCLAH* 0.594002E 03 OLOCTURB= 0.380138F. 03 X= 0. 109099E 01
OXOOLAM: 0.266154E-C2 OXQOTUSB= 0.170328F-02 CFLAHc 0.110B30E-01 CFTURB* 0.668308E-02

TAUL«M= 0.152665E 00 TAUTUKBc 0.94B12SE-01 CFKENJ= 0.226639E 01 RJMURI* 0.26J018F 01
REX= 0.123208E 03 REYKOM- 0.3«9463E 02
HRECl= 0.266703E OB HRECT= 0.274719E 08

STATION NO. =13
OLOCLAH* 0.815&81F 03 OLOCTURB* 0.47B446E 03 X» 0.124339E 31
QXQOLAHc 0.3654B1E-02 OXOOTUR8= 0.214376E-02 CFLAN' 0.152158E-C1 CFTURB= 0.86$<)20E-02

TAULAH* 0.209593F 00 TAUTURB= 0.11927BE 00 CFRtNJ* 0.226432F 01 KONURT- 0.3A6503E 01
REX= 0.1<>0<>19E 03 REYMOM* 0.3516HF 02
HRECL= 0.266522F 08 HR£CT= 0.27459'iE 08

STATION NO. =14
OIOCLA«= 0.920563E 03 OLOCTURB. 0.517919E 03 X= 0.139579E 01
QXQOUAI1= 0.412476F-02 QXQOIURB= 0.232063E-02 CFLAN> 0.171707E-01 CFTURS= 0.<37186E-J2

TAULAM^ 0.236S21F 00 TAUTUKB= J.1290956 UO CFKENU= 0.22&347E 01 «DMURT= 0.417247E 01
REX= C.157630E 03 RtYHOH* 0.354551E 02
HRECL= 0.266446E 08 HKECT= 0.274543E 08

STATION NO. =15
QLOCLAM= 0.102258E 04 OLOCrURO- 0.555395E 03 X= 0.154819E 01
OXQOLA«= 0.4581856-02 OXQJTUKB- 0.248855F-02 CFLAM= 0.190719E-01 CFTURB= 0.100481E-01

TAULAH= 0.262709E 00 TAUTUKB= 0.13B412E 00 CFRFNU= 0.226269E 01 ROKURT= 0.467989E 01
REX= 0.174841E 03 RtYHON= 0.357871E 02
HRECL= 0.266378E 08 HRfCF= 0.2f4496E 08
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