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THE DRAG OF SLIGHTLY BLUNTED SLENDER CONES

Prepared by:
W. Carson Lyons, Jr, and H. S. Brown

ABSTRACT: A computer program is presented for calculating the

various components comprising the total drag coeffilcient for slightly
blunted slender cones, The program 1s applicable for either the case
of a completely laminar boundary layer or where transition occurs

on the cone. Weak viscous interaction effects are taken into account.
Local flow properties which exist at the outer edge of the boundary

layer along the cone are also computed.
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THE DRAG OF SLIGHTLY BLUNTEL SLENDER CONES

The computer program described in this report is used extensively
in the analysls and correlation of various types of aerodynamic
data and for the prediction of the behavior of test models, par-
ticularly those being flown at hypersonic speeds in the ballistics
ranges.

E. F., SCHREITER
Captain, USN
Commander
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INTRODUCTION

A program has been formulated and coded for use on an ib.s 7090
for calculating the drag coefficient of a slightly blunted cone,
The program 1s applicable for cases where the boundary layer 1s
elther completely laminar, completely turbulent, or the flow 1s mixed,
with translitlon occurring on the cone.

The equations that are used do not require that the flow along
the outer edge of the boundary layer be isentropic. A variation in
entropy along this surface due to the curved bow shock wave 1s
allowed, This effect results in a decrease in the skin-friction
drag from that for a sharp cone. For slender crnes where the skin-
friction drag is a significant portion of the total drag, this effect
of blunting the cone plays an important role in the determination of
the total drag.

Viscous linteraction effects are considered, and the increase in
skin-friction coefficlents due to transverse curvature and induced
pressure effects are taken into account. The increase in pressure
drag due to induced pressure resulting from large boundary-layer
displacement thicknesses is also taken Into account, These effects
can be significant for conditions of low Reynolds numbers and high
Mach numbers.

As a result of the method used to calculate the skin-friction
coefficients, local flow properties at the outer edge of the boundary
layer are also determined., The integrated boundary-layer thickness
parameters (momentum and displacement) are calculated,

No attempt was made to include real gas effects such as dis-
socilation or ionization of the flow over the cone.

The program can be used to evaluate the effects of Mach number,
Reynolds number, wall-to-recovery temperature ratio, nose bluntness,
cone angle, and the locatlion of boundery~layer transition on the
total drag coefficlent or on the varlous components. Some of these
effects will be shewn in comparisons of calculations with experi-
mental data, and in discussions of the drag characteristics of slightly
blunted slender cones.

Care has been taken in coding the program for the machine cal-
culations to provide as simple an input as possible to afford ease
in operation. Informatiocn concerning running of {he program is pro-
vided in Appendix A, along with a complete listing of the program,
Appendix B 1s a print-out of a sample test case which was run using
this program,

DESCRIPTION OF EQUATIONS
The total drag coefflclent is formed by summing the pressure

drag coefflcient, the skin-friction drag coefficilent, and the base
drag coefficient plus incremental increases to the pressure and

1
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skin-friction drag coefficients due to viscous interaction effects.
The equations used to obtain each of these coefficlents will be
discussed separately. As will be seen, to perform some of these
calculations 1t 1s necessary to have values of inviscid sharp-cone
properties for the particular case of interest. The equations used
for these computaticns will also be discussed,

Invisclid Cone Propertiles

The following method is used ¢u calculate the flow properties
which would exist on a hypothetical sharp cone having the same half
angle as the blunted cone belng considered, and for the same free-
stream Mach number being considered, These properties are calculated
using the simple relations given by Blick in reference (3). Relations
are presented for calculating the temperature and the velocity of the
inviscid flow along the cone referenced to the respective free-stream
quantities., Using these two relations, the Mach number can bhe deter-
mined. The inviscid sharp-cone pressure can be calculated using the
relation given by Linnell and Bailey (ref. (4)) and presented agajn
in reference (3). These equations are used in the program for cal-
culating the inviscild cone pressure, temperature, and Mach number,

(Geometric Characteristics of a Spherically Blunted Cone

It was desired to be able to express geometric quantitlies for
the spherically blunted cone in terms of the core half angle, the
nose-to~base radius ratio, and the xadius of the base. Two quanti-
ties in particular are necessary: the distance from the stagnation
point to the point of tangency between the spherical nose cap and the
conical frustum, Sq, and the total wetted length from the stagnation
point to the base of the cone, Spyax. These two quantities are given by

Sp= rg TN [n _
iy B’fg(ﬁ ec)

and
n
1 - */TB SIN(%- - ec)
SIN 6,

N
SMax = T8 |— I - B¢ 4+
I'B‘ﬁ

Laminar Boundary-Layer Calculations

Calculations of the laminar boundary-layer characteristics are
first made neglecting viscous Iinteraction effects such as induced
pressure and itransverse curvature. The equations used for making
these laminar calculations were derived by Wllson and reported in
reference (5). This is a momentum-integral method which utilized
available flat plate results. The flow characteristics are followed
along streamlines through the bow shock wave, using oblique shock
relations, and then expanded isentropically to the point where the
streamline intersects the outer edge of the boundary layer. The
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boundary-layer thickness defining the ocuter edge 1s determined through
a mass balance of the flow in the free stream and that in the boundary
layer at this intersection point. Having defined the properties at

the outer edge of the boundary layer, the boundary-layer character-
istics are determined from a step~by-step technique using the momentum-
integral equations and necessary thiclkmess parameters and skin-friction
coefficlents taken from flat plate results., The viscosity ratios were
evaluated using Southerlandt!s equation in the form

4 w1 4 198.6/T) p \¥?
M1 T/T; + 198.6/T; \T1

The momentum-~thickness Reynolds number based on flow properties Jjust
outside the boundary layer is calculated using the relation

R Rg, M; (T + 198.6) Tc‘2
8y = M, (T, + 198.0) TI)

These lamlinar equations are appllied to the region between the
point of intersection of the spherical nose and the conical frustum
and elther the end of the cone, in the case of an all-laninar boundary
layer, or the point of boundary-layer transition for the case of a
mixed laminar-turbulent boundary layer.

Turbulent Boundary-Layer Calculations

For cases where transition from lamlnar to turbulent flow is
specified to occur on the body, then.at this point of transition the
calculation procedure 1s changed to one applicable to the turbulent
boundary layer. The procedure used is still a momentum-integral
method, and was formulated and reported by Wilson in reference (6),
Having values for Rg , Rxc, and Cy computed at the point of transition

using the laminaxr boundary-layer equations Just described, a value for
Ry , some distance, x, downstream from the transitlion point can be

caiculated using an integral form of the momentum-integral equation
as described in reference (6). This then allows a step-by-step,
simultaneous solution of the turbulent boundary-~layer characteriatics
and the inviscid flow fleld properties at the outer edge of the
boundary layer to be carrled out. As indicated in reference (6), to
obtain the thickness parameters it 1s necessary to assume a veloclty
profile. A power law profile is assumed with an exponent of 1/7,
although 1t 1s a simple matter to perform the calculations using &
different value for the exponent. Some errors were found in one of
the equations in nreference (6). This has been corrected in this
program, and the correct form of the eguation appears in the listing
of equations in a following section of this report.
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Viscous Interaction Effects

At high Mach numbers and low Reynolds numbers the thickness of
a laminar boundary layer on a slender cone can be significant com-
pared to the local radius of the cone., Under these conditions an
interaction between the thick boundary layer and the inviscid flow
field can exist. Two predominate viscous interaction effects are
induced pressure and transverse curvature., These viscous interaction
effects are characterized by a viscous interaction parameter, ¥,
defined as

i o [
X = fTég::

T + 198.6 yTw/T
T + 198.6

where

C =

For small values of ¥ (weak interaction), Probstein (ref. (%)) has
presented equations for calculating the induced pressure on a cone,
Also in reference (4), rrobstein has presented equations for calculating
the increase in the local skin-friction coefficient on a cone due to
induced pressure and transverse curvature effects., The relations in
reference (4) were developed for a sharp cone, asswiing that the prop-
erties, including X,, were constant along the cone. Since for these
present calculations the Mach number, and hence ¥, vary significantly
along the cone, the local value of ¥, at points along the cone are
used in the calculations for the lnduced pressure and the increase

in the skin-friction coefficients, instead of ¥, based on inviscid
sharp-cone values as shown in reference (4), The equations used to
calculate the induced pressure effects involve two functions, F, and
Fo, both of which are functions only of K, the hypersonic similarity
parameter, The functions F; and Fp are presented in reference (4) in
both equation form and graphically. Due to the complexity, however,
of the equations, the curves were approximated for values of K between
1 and 2 with a simple linear expression for Fl and a quadratic expres-
gion for F2. These two expresslons are

Fy(K) = 0.8992 - 0.1049K,

and
Fo(K) = 0.6192 - 0,3822K, + 0.0798K,2

where
Ko = MxBg

Drag Coefficlient Components

In all cases, the calculated drag coefficlents were based on free-
stream dynamic prersure and the area of the base of the cone, A skin-
friction drag coefficient is obtained by integrating the local shear

m
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stress over the surface of the cone and then dividing the results by
the Just-mentioned reference quantities. Since the local skin-
friction coefficients calculated using the equations given in refer-
ences (%), (5), and (6) are referenced to loc&l dynamic pressure

and the exposed, wetted area, then the shear stress is simply

T = Cpde AYETTED
The skin-friction drag ccefflcient can then be written as

S
2
CDF = @ (SS rCde
T

where

2
M T
c N
T'= p_Pw M;e T rg + (S - ST)SIN 8 Icos 0,

The increase 1n the skin-friction drag coefficient due to induced
pressure is given by

The increase in the skin-friction drag coefficlent due to transverse
curvature 1s gliven by

The pressure drag coefficient for the conical frustum is obtained
by integrating the longitudinal component of the local pressure

coefficlent over this portion of the bcdy and then dividing the results

by the free-stream dynamic pressure and the base area. Hence, the
pressure drag coefficient can be written as

S

2

Cpp = 2 g Cp I'SIN 8, ds
T

The increase in the pressure drag coefficient due to induced
pressure is given by
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Cp. = 2 pe El D, X. + F %{lrsm 0, ds
PIP ‘YMmE I’B 5 P e 2D (¢}
T

For the spherical nose cap the pressure is calculated assuming
that modifled Newtonlan impact theory is valid. The pressure coeffi-
cient 12 glven as

- 2
Cp CpM SIN“ey

where CPM is the maximum pressure coefficient occurring at the

stagnation point and is assumed equal to the stagnation pressure
resulting from bringing the flow to rest isentropically after passing
through a normal shock. The angle o 1is that angle between the free-~
stream veloclty vector and a tangent to the surface at the point
being considered. The resulting pressure is integrated over this
spherical nose cap and then dlvlided by the free-stream dynamic pres-
Jure and the base area of the cone. This integration can be performed
Zn closed form resulting in the relation

» 3.5 2.5 )
Cn = 1 6MS 6 -1 |fEN . st*e
N T ('—5—> (Wg“{) P G y

A value for the base drag coefficient is calculated assuming
a vacuum exists at the base, as usually done at hypersonlic Mach
numbers, and is given by

C = 2
Dg W2
COMPARISON OF THEORETICAL AND MEASURED DRAG COEFFICIENTS

Calculations have been performed to compare theoretically
obtained total drag coefficlents with experimentally obtalned data.
Most of the data were obtained in the NOL ballistics range faclil-
ties, although some wind-tunnel data are also used. Tests have been
chosen so that comparlisons can be made over a variation of Mach
number, Reynolds number, nose-to-base radius ravio, and wall-to-
stagnation temperature ratio. Although there are data with some
variation in cone angle, this variation is small. For all of the
calculations 1t was assumed that the base pressure was constant
over the base, and equal to one tenth of the free-stream static
pressure. The agreement between computed and measured drag coeffi-
ciznts 1s very good, with the exception of one set of data which
will be discussed later. The following is a detalled description
of all of the various comparisons.

A comparison between calculated and measured drag coefficients
for a 6,3-degree half-angle cone is presented in figure 1. These

6
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data were obtained at nominal Mach numbers of 9 and 13. Three curves

are shown in figure 1. The data at Mach number 9 were presented in
reference (g , while the data at Mach number 13 were presented in
reference (8) The blunted cones used in these tests had half angles

f 6.3 degrees and nose~to-base radius ratios of approximately 0,03

and 0,30. Calculations were performed for each set of data for the
conditions indicated in figure 1. Data from tests of the most blunt

cone are indicated by the square symbols. Agreement between the

calculated values and the experimental values is seen to be good 6

over a Reynolds number range from 2 x 105 to approximately 3 x 10°,

These Reynolds numbers are based on free-stream properties and axial

length of the body. Data for the sharper configuration, tested over
approximatvely this same Reynolds number range, are seen to be con-

sistently higher than the calculated values by approximately 13 per-
cent. These data have been reviewed with the author of reference (7).
It was determined that one possible source of this deviation could
have resulted from the nose bluntness being larger than reported.
The models used in these tests had a design nose diameter of only
0.007 inch. Thls was extremely difficult to maintain during manu-
facturing both in size and shape. Further, a nose of this size 1s
very susceptlble to blunting during flight due to aerodynamic heating.
An inspection of some shadowgraphs made during these tests revealed
that ncse dlameters could be as large as 0.020 inch. Calculations
have been made for a nose-to-base radius ratio of 0.1l and are shown as
the dotted curve in figure 1. It is seen that this curve is in much
better agreement with the data., A review of reference (7) also
reveals that some difficulty was encountered in reducing the measured
drag coefficients, which were obtained at angles of attack, to equiva-~
lent zero angle-cf-attack coefficients. It should be noticed, how-
ever, that good agreement was obtained over nearly the same Reynolds
number range between calculated and measured drag coefficlents pre-
sented in figure 2. The data in filgure 2 will be discussed in more
detall later,

The two groups of data in figure 1, which were reported in
reference (8), are at ‘teynolds numbers near the free-stream transi-
tion Reynolds number., The value of the free-stream transition
Reynolds number, as obtained from reference (8), is indicated Ly
the side of each curve., These transition Reynolds numbers were also
used in the calculations. All data and calculations at Reynolds
numbers below the indicated transition Reynolds number are for com-
pletely laminar boundary layer over the body. Data shown at Reynolds
numbers above transition Reynolds number had transition occurring at
some point on the body and, hence, both lamlnar and turbulent flow
were present., The agreement between the calculated drag coefficients
and the experimental data for these higher Reynolds numbers ls good
for both the Mach number 9 and fthe !"%.!. number 13 cases.

The comparison between calcvi:‘=’ drag coefficlents and data i
presented in reference (9) is show.. :n figure 2, These data cover e
a Reynolds number range of approximately 7 x 10% to 5 x 106 and were |
obtained at a free-~stream Mach number of approximately 12.8. The ’
model used for this test was a slightly blunted, 8-degree half-angle :
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cone with a nose-to-base radius ratio of 0,035, Calculations at a

Reynolds number of apprcximately 7 x 10%* indicate that approximately
11 percent of the tntal drag is a result of viscous interaction
effects, Viscous interaction effects which are included in the
calculations represent increases in the pressure drag component and
the friction drag component due to induced pressures and increases
in the friction drag component due to transverse curvature. The
local calculated viscous interaction parameter Xe at the back end

of the cone has a value of 2,03 with an average value of the viscous
interaction parameter over the frustum portion of the cone of 2.5.
The highest Mach number for which the calculations were compared
with data is approximately 15. This comparison is shown in figure 3,
The data shown in this figure were taken from reference (8)., Th
Reynolds number range for these data extends from 0.7 to 13 x 109,

At free-stream Reynolds numbers based on model length greater than

5 x 109, it was assumed that transition occurred on the model, For
this configuration and Mach number, a transition Reynolds number of

5 X 100 was reported in reference (8). Again, over the entire
Reynolds number varlation which consldered for some cases all laminar
flow on the body, while for other condlitions it considered both
laminar and turbulent flow existing on the body, it is seen that the
agreement between the data and calculations is good. Figure U is
presented to show the applicability of the program for calculating
drag coefficients for cones over a wide range of nose-to-base radius
ratios. The data shown in figure 3 were obtained from reference (10).
The configuration used to obtain these data was a 10-degree half-
angle cone, with nose-to-bass radius ratio varying from zero to
approximately 0.76. Agaln, the agreement between the calculated drag
coefficients and the measured values 1s seen to be good,

LOCAL FLOW PROPERTIES

It is often of interest to have the longitudinal distribution
of local flow properties which exist at the outer edge of the boundary
layer, Also of interest is the distribution of the integrated
boundary-layer characteristics, such as the momentum and displacement
thickness., It was mentioned that values for these quantities are
calculated along the length of the cone. As dlscussed by Wilson
(refs. (5) and (6)), slightly blunting a slender cone flying at
hypersonic speeds can significantly affect the values of the local
flow properties over that for a sharp cone., Over the portion of
the ~one experiencing a strong entropy gradient, the local Mach
number will be much below the value for an inviscid sharp cone. The
local Mach number can be used to indicate the "swallowing length,”
or the distance required for the boundary layer to "“swallow" the
variable entropy layer, The swallowing length can be defined as
that distance required for the local Mach number to reach some arbi-
trarily chosen fraction of the local inviscid cone Mach number, say
99 percent. To 1llustrate the effect nose blunting has on the local
Mach number, the distribution of the local Mach number at the outer
edge of the boundary layer on a 5-degree half-angle cone has been
calculated and presented in figure 5, These calculations were

8
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performed for a sharp cone and for two slightly blunted cones, The
{ree-stream Mach numbexr and slant-length Reynolds number used in
these calculations were 12 and 1 million, respectively.

To illustrate the effect of blunting on integrated boundary-
layer characteristics, the results of calculations of the local
momentum-thickness Reynolds number distribution i1s shown in figure 6,

From these two figures it is seen that slight blunting reduced
the value of both the local Mach number and momentum-thickness
Reynolds number at any glven point along the surface of the cone,
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FIG.3 VARIATION OF DRAG COEFFICIENT WITH REYNOLDS NUMBER Mm =15, Bc = 9 DEGREES
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0.6
ec =10
Mp=9.75
0.5 ® 16 x10°
R(DL =1,56 %
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FIG.4 VARIATION OF DRAG COEFFICIENT WITH BLUNTNESS RATIO Moo =9.75, Bc = 10 DEGREES
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N /rB

400~ 0
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FIG.6 VARIATION OF LOCAL MOMENTUM THICKNESS REYNOLDS NUMBER DISTRIBUTION
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APPENDIX A

This appendlix includes a description of the details of the
program as it 1s presently coded for use on an IBM T7090. Included
in this description is the required input and the input format for
the program., Also included is a cross listing of the symbols used
in the text, with those appearing in the Fortran listing and those
appearing in the program output. Further, there is a listing of
the definitions of the symbols used ln the program output,

This program is coded in Fortran IV and runs under the IBSYS -
IBJOB monlitor version 13. Pertinent comment cards have been inserted
into the program listing to aid in relating program statements to
equation in the text or given references., Tnls was done to make any
desired modification of the program as easy as possible,

This program will compile and run the test case (output in
Appendix B) on an IBM 7090 in 1.53 minutes.
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PROGRAM INPUT

Card 1,

IDEN SIGMA EMIN TIN W RORPIN

276 E12,6 El2.6 El12,6 Ei2.6 El2,6
Card 2.

RNR8 RB RLIR

E12.6 E12,6 El2.0

SYMBOLS Definition of Symbols

IDEN Fcr identification purposes only

SIGMA Cone half-angle (degrees})

EMIN Free-~stream Mach number

TIN Free-stream temperature (degrees Rankine)

™ Wall temperature (degrees Rankine)

RORPIN Free-stream Reynolds number based on axial length (inches)

or free-stream pressure (atmospheres)

RNRB Ratlo of nose-to-base radii

RB Base radius {inch)

RLTR Free-stream transition Reynolds number based on axial

length (inch)

Runs may be stacked with a blank card after last run,
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C
Deq

Cpe(total)

Cpp( total)

Cp( total)
Cp(total)
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INTERNAL AND EXTERNAL COMPUTER SYMBOLS

Computer
Symbcl

EMC
EMIN
GAM
PC
PIN
RB

RLTR

RNRB

SIGMA
TIN

TW
TC
CF

CIBAR1

DELTA
Ml

RC
RES

RTHC
RTH1

T1

CDB
CDFL
CDFT
CDFITL
CDN
CDPL

CDPT
CDPTTL

CDTITL
CDTTLB

Output
Symbol

MC
M( INF)

PC
P( INF)
RB

RL(TR)

RN/RB
SIGMA
T( INF)
T(WALL}
TC

CF

CIBAR1

DELTA
M1

RXC
RS1

RTHC

RTH1

S
T1
X
CD(BASE )( VACUUM)

CDF(L)
CDF(T)
CDF,*OTAL)
CD( NOSE)
CDE(L)
CDP(T)

CDP( TOTAL)

CD(TOTAL) excluding base drag
CD(TOTAL) including base drag
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Internal and External

Symbol

4Cp.(1P)
ACp,(TC)
Ach(IP)

XA

Symbol

6/6
d(s/0-H)/aMy
y-1

Y+l

w

w
Po/P,,

119
Rpe

Computer
Symbol

DCDFIP
DCDFTC
DCDPIP

CIBARA
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Computer Symbols - continued

Output
Symbol

D CDF(IP){L)
D CDF(TC)(L)
D CDP(IP)(L)

CHIBAR AVG(L)

INTERNAL COMPUTER SYMBOLS

Computer
Symbol

DOVTH
DTHDM1

GM1

GP1
OMEGA

OMEGAS
PCPIN

PI
RBC

RN
ST

TPT1
TT1

XMULMW
XMPML
XMIMC
Fl
XRRR

YRRR

F2
SINWS2

COSWS2
TANWS2
TANW2

Defined EQ, (12)(Ref.§6.§
Defined EQ., (13)(Ref.(6. 3

Shock wave angle for sharp cone
Local shock wave angle for blunt cone

Ratlo cone pressure to free-stream
pressure

Reynolds number based on cone properties
and tip radius of curvature

Nose radius

Distance along the surface of nose
from stagnation to tangency point

Defined EQ. (4X Ref.(5.))

Stagnation temperature at the outer
edge of boundary layer

Function defined by EQ., (13)(Ref.(5.))
2

RcRBC/RBc = Xe/rﬁ

Integrand in EQ, (20)(Ref.(5.))

Function defined by EQ. (16)(Ref.(5.))




SYMBOLS

SIGMA
T(WALL )
RN/RB

RB
RL( INF)
RL( TR )

D CDP(IP)(L)

D CDF(TC)(L)

D CDF(IP)(L)

CHIBAR AVG(L)

CDF(L)
CDP(L)

CD( NOSE)
CDF( TOTAL )

CDP( TOTAL)
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PROGRAM OUTPUT
Definition of Symbols

Free-stream pressure (atmospheres)
Free-stream temperature (degrees Rankine)
Free-stream Mach number

Inviscid sharp cone pressure (atmospheres)
Inviscid sharp cone temperature (degrees Rankine)
Invisclid sharp cone Mach number

Cone half-angle (degrees)
Wall temperature (degrees Rankine)
Ratlo of nose-to-base radii

Base radius (inch)

Free-stream Reynolds number based on axial length
Free-stream transition Reynolds number based on
axial distance from stagnation point

Incremental increase in the pressure drag coefficlent
due to induced pressure for the laminar portion of
the boundary layer

Incremental increase in the skin-friction drag
coefficient due to transverse curvature for laminar
portion of the boundary layer

Incremental increase in the skin-friction drag
coefficient due to induced pressure for laminar
portion of the boundary layer

Average value of viscous interaction parameter,
(x) for laminar portion

Skin-friction drag coefficient for laminar portion
of boundary layer

Pressure drag coefficlent for area wetted by
laminar boundary layer

Pressure drag coefflcient for spherical nose cap

Total skin-friction drag coefficilent (sum of all
skin-friction drag coefficient components)

Total pressure drag coefficlent (sum of all
pressure drag coefficient components)

CD{BASE){ VACUUM)Base drag coefficient assuming vacuum at the base
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CD( TOTAL)
excluding
base drag

CD( TOTAL)
including
base drag

X

M1
CF
T

DELTA(6 )
RXC

RTHC

RTH1

RS1

CHIBARIL

NOLTR 68-3

Sum of all drag coefficlent components except
base drag coefficient

Sum of all drag coefficlent components
Distance along cone surface measured from
hypothetical apex (inch)

Distance along cone surface measured from
stagnation point (inch)

Local Mach number at outer edge of boundary layer
Local skin-friction coefficient

Local temperature at outer edge of boundary layer
(degrees Rankine)

Boundary-layer thickness (inch)

Reynolds number based on invisclid sharp cone
properties and X

Reynolds number based on inviscid sharp cone
properties and boundary-layer momentum thickness

Reynolds number based on local properties and
boundary-layer momentum thickness

Reynolds number based on local properties at
outer edge of boundary layer and S

Local value of the viscous interaction parameter ¥

defined by _
VRS

where C = / Ty
uy 4 T4
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PROGRAM LISTING

$IBFTC DRAG J0DECK
THIS PROGRAM IS CODET IN FORTRAN IV AND RUNS UNDER THE IBSYS~
IBJOB MONITOR VERSICN 13.

MAIN PROGRAM
INPUT CONSIST OF 2 CARDS PER ROUND.

FIRST CARD =~ FORMAT(2A6,5E12.6)
IDEN - IDENTIFICATION (MAXe 12 CHARACTERS)

SIGMA - CONE HALF-ANGLE (DEGREES)
. EMIN - FREE STREAM MALH NO.
TIN - FREE STREAM TEMPERATURE (RANKINE)

W - WALL TEMPERATURE (RANKINE)
RORPIN- FRFE STREAM REYNOLDS NUMBER BASED ON AXIAL LENGIH IN
INCHES (OR) FREE STREAmM PRESSURE (ATMUSPHERES)

NOTE - IF RORPIN LESS THAN 100+ PROGRAMS ASSUMES PRESSURE.,
IF RORPIN GREATER THAN 100. PROGRAM ASSUMES REYNOLDS NUMe

SECOND CARD - FORMAT(6E12.6)

RNRB ~ RATIO NOSE 7O BASE RADIUS.
RB - BASE RADIUS (INCHES)
RLTR - FREE STREAM TRANSITION REYNOLDS NO. BASED ON AXIAL LENGTH

IF AN ALL TURBULENT RUN IS DESIRED SET RLTR EQUAL TO A SMALL
VALUE,s SAY 100
ROUNDS MAY BE STACKED - LAST ROUND SHOULD BE FOLLOWED WITH A BLANK CARD,

PROGRAM OPERATING MODES
MODE=1 - LAMINAR

MODE=2 - LAMINAR-TURBULENT
MODE=3 -~ TURBULENT

2 ¥aNaNaXaXaXeXaXaNaXaXeYe X XaXaXaXaiaNala¥aRa¥eNaXaXakeaXaXakaXaNa)

PROGRAM CONTROL VARIABLES
COMMON DELMyDELRCsDELW, IQUITSISKIPyITRBLE, ITRYsK9sKODESKEY)
* LINESsMODEsNyN1»XLIMIT

C PROGRAM INPUT VALUES
COMMON EMC,EMINGAM IDEN(2) sPCHPINsSRBIRLIRIRNRBySIGMA, TINSTH
C PROGRAM NONDIMENSIONED QUTRPUT VARIALLES

COMMON CCL3,CDFsCUFLsCOFTaCLFTILyCUNICOPyCOPLsCDP I yCOPIILCDT 1Ly
*CDTTLBsDCOFIP,DCOFTCHOCOPIPsCIBARALTC

C PROGRAM DIMENSIONED OUIPUiI VARIABLES
COMMON CF({500)»CIBAR1(500) yDELTA(500)4EM1(500)sRC(500)
*¥RES(500)sRTHC(500)sRTHLI(500)+S(50C)»T1(500)+X(500)

C PROGRAM NONDIMENSIONED INTERNAL VARIABLES

v COMMON CONSTsCPCyCOSWS2sVELLSVDINSDOVTHsDTHDMY yGM1,4GP1

* OMEGASPCPIN,sPI, RBCyRCTR RN 9 SINWS2 3 SMAX s SMAXT »

RET 9 TANWZ 9 TANWSZ sy TPTLy TT19 XMLy XF2 9 KMAX 9 XMPH L p XMULIMW y XM 1MC

. C PROGRAM DIMENSIONED INTERNAL VARIABLES
COMMON F1(500) »0MEGAS(500) s ARRR(750) s YRRR(750)
C
C SINCE A CONSTANT PRESSURE ON [HE CONICAL SURFACE EQUAL TO THE
C INVISCID SHARP CONE PRESSURE 1S ASSUMED, WE SET P1=PC AND P1/PIN
C =PC/PIN USING AN EQUIVALENCE LTATEMENT.

EQUIVALENCE (PCyP1) s (PCPINSPIPIN)
A-7
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READ INPUT FIRST CARD
5 READ(5+10) IDENySIGMASEMIN- iIN,TWsRORPIN
10 FORMAT(2A6,5E1246)

IF{SIGMA.EQ.0+) STOP

READ INPUT SECOND CARD
READ(5515) RNRB»RBsRLTR
15 FORMAT{6E12.6)

SETUP PROGRAM CONTROLS»CONSTANTS AND UNIT CONVERSIONS
ITRBLE=0

KEY=0

RN=RNRB*KB

SET GAMMA = 1.4
GAM=1.4

GM1=GAM~1.
GP1=GAM+1.
PI=3.14159
SIGMA=SICGMA/57.29578
DELW=4./57,29578
I1QUIT=0

CALCULATE GEOMETRIC CHARACTERISTICS OF SPHERICALLY BLUNTED CONE
SMAX=(RN*(PI1/2.~SIGMA)+ (RB~RN*¥SIN(P1/2=SIGMA))/SIN{SIGMA))
ST=RN%(P]/2.,~SIGMA)
AXTAL=RN*(1,-SIN(SIGMA) )+ (RU~-RN*SIN(P1/2+.~SIGMA) ) *COS{SIGMA)
1/SIN(SIGMA)
PIN=RORPIN
IF{RORPIN.LT«100.) GO TO 25
PIN=RORPIN/ (222  #*EAIN¥AXTAL*LoEO6*{TIN+19846) /TINK*2)

CALCULATE [INVISCID SHARP CONE PROPERTIES
25 CALL PCMCTC

TANW2=TAN(OMEGA ) **%2

MODE=1

IF(RLTR«GTW0.) MODE=2

GO TO (40+30)sMODE

CALCULATE S VALUE WHERE TRANSITION wWILL OCCUR IF RLTR NOT ZERO
30 SMAXT=RN¥(P1/2e-SIGMA)+(RLTR*TIN®%¥2%] (E~6/(222*%EMIN¥PIN* (T IN+

119846))~RN%{1,~-SIN{SIGMA)))/COS(SIGMA)
33 JF(SMAXTeLTeST) SMAXT=ST

IF (SMAXT.LT.SMAX) GO TO 35

MODE=1

GO TO 40
35 SMAX=SMAXT

LAMINAR BQUKROARY LAYER CALCJULAIIONS
40 CALL LAMINR
IF(ITRBLE.GT.0) GO TO 5

SETUP PROGRAM CONTROLS AND CONSTANTS
DELS=S(1)~ST
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Nl=1 .
COFTTL=0, :
CDPTTL=00 )
IF(MODE+EQe2¢ANDeNeEQsl) GO TO 60 '

CALCULATE VISCOUS INTERACTION EFFECTS ANV DRAG COEFFICIENT

COMPONENTS FOR LAMINAR PORTION

CONST=RB#*%#2% (RNRB*%#2% (24%(1¢=SIN(SIGMA))~COS(SIGMA)**2/SIN(SIGMA)}

« 1+1e/SIN(SIGMA))

XF1=48992-41049*%EMIN*SIGMA ‘
XF2=46192~43822#EMIN®SIGMA+eQ798HEMIN#¥2%#STGMA*#2

DIN=4968#TW/ (EMIN#%¥2*¥TIN)+4145%#GM1

aNaXal

v CALL SUMUP
C
C SUM LAMINAR DRAG COMPONENTSs SETUP PROGRAM CONTROLS AND ETC.
N1 =N
COFL=CDF
copPL=CDP
COFTTL=COFL+DCDFIP+LCOFTC
COPTTL=CDPL+DCDPIP
IF(MODEJ+EQesl) GO TO 70
N1=N
60 SMAX=RN*¥(P1/2¢=-SIGMA)+(RB~RN*SIN(PI1/2+=SIGMA))/SIN(SIGMA)
IF(N+EQsl) MODE=3
XMAX=SMAX~RN¥{P1/2¢4~SIGMA)+RN/TAN(SIGMA)
RFINAL=222 4 #EMCHPCH (TC+198 46 ) #XMAX#]1 oES/ TCH*2
DELRC= (RFINAL=RC(N) ) *XMAX/ ({ (XMAX=X(N))*100+)
C
C TURBULENT BOUNDARY LAYER CALCULATIONS
CALL TURB
IF{ITRBLE«GT«0) GO TO 5
C
C CALCULATE DRAG COEFFICIENT COMPONENTS FOR TURBULENT PORTION
DELS=S(N1+1)~S(N1)
CALL SUMUP
COFT=COF
COPT=CDP
COFTTL=COFTTL+CVFT
COPTTL=COPTTL+COPT
C
C CALCULATE DRAG COEFFICIENT FOR SPHERICAL NOSE CAP
70 CON={ (6o HEMINK®2/54 ) %%#3 5% (60/ (Toe*EMINNK®2m10e) ) #%245=14 ) #RNRB*#2%
1(1e~SIN(SIGMAY*%#4) /(1 e4*EMINXX2)
C
C CALCULATE BASE DRAG COEFFICIENT (ASSUME VACCUUM)
CDB=1¢/(GAM/ 2 *EMIN*%2}
C
* C SUM UP LAMINAR AND TURBULENT COMPONENTS TO FORM TOTALS
COTTL=COFTTL+COPTTL+CDN
COTTLEB=COTTL+COB
. C
C PRINT RESULTS
CALL OUTPUT
GO TO 5
END
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$IBFTC CONPRO DD
C THIS SUBROUTINE CALCULATES INVISCID SHARP CONE PROPERTIES

SUBROUTINE PCMCTC
COMMON DELM,DELRC4DELWy IQUITs»ISKIP,ITRbLEyITRY sK9sKODELKEY
¥ LINESsMODE sNyNY s XLIMIT
COMMON ENMCHEMINSGAMSIDEN(2) sPCyPINJRUYRLIRIRNRBySIGMAy 1 INs W
COMMON CDb s COF sCUFLyCOFTyCUFTTL s CUN»CDr yCOPL »CDPT 3 COPTTL sCDTTL
f *CDTTLB»ODCDFIPHUCLFTC,DCOPIPHCIBARA,TC
‘ COMMON CF(500)sCIBARI(S500)»DELTA(500)EM1(500)9sRC(500)
' *RES(500) sRTHC(500) sRTH1!50031>S(500)sT1(500)»X(500)
) COMMON CONSTsCPC+COSWS2+DELSyDINyDOVTHyDTHDM]1 yGM1 4GPy
* OMEGASPCPINsPI, RBCyRCTRIRNySINWS2 3 SMAX s SMAXT
¥ *ST o TANW2 s TANWSZ s (PTL1s TTLaXF1l o XF2 9 XMAX 9 XMPML 9 XMULIMW» XM1IMC
COMMON F1l(500Y,OMEGAS(500) »XRRR(T750)sYRRR({750)
b ‘ EQUIVALENCE (PCyP1)y(PCPINJPLIPIN)
XVL=EMIN®SIGMA
‘ GP3=GAM+3,
‘ XKS=GP1*¥XKC/GP3+SQRT({GP1/GP3) #%2*¥XKC%%2+24/GP3)

' C CALCULATE CONE TEMPERATURE FROM REF. 3
IF(EMIN%SIN(SIGMA)«GTele) GO TO 10
| TCTIN=1la+o35% (EMINKSIN({SIGMA) ) ¥%*145
. GO TO 25
10 TCTIN=(1e+EXP(=10=1¢52%EMIN¥SIN(SIGMA) ) I *{1e+(EMINRKSIN(SIGMA) ) *%2/

14,)

C CALCULATE CONE PRESSURE FROM REF. &4
25 PCPIN=late THEMIN##2%4 (FSIN(SIGMA) ¥%2% (245484 %¥S5QRI (EMIN¥¥%2-]1 ) *SIN
) 1(SIGMA} Y/ (1e+16*SQRT(EMIN*%2-14)%SIN(SIGMA))
! PC=PCPIN*¥PIN

C CALCULATE CONE MACH NUMBER FROM REF. 3
UCUIN=COS(SIGMA} *SQRT(1+~SIN(SIGMA) /EMIN)
EMC=UCUIN*EMIN/SQRT(TCTIN)

40 TC=TCTIN#TIN
CPC=(PCPIN-14)/(GAM/2 4 ¥EMIN¥%2)

c CALCULATE SHOCK WAVE ANGLE FOR SHARP CONE
OMEGA=XKS/EMIN
‘ RETURN
END
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$IBFTC LAMNR. DD,DECK

C

[aXaNe!

[a XAl [a XAl [aWa) [a¥a]

aon

a0

195

SUBROUTINE LAMINR
THIS ROUTINE CALCULATES LLOCAL PKOPERTIES FOR THE LAMINAR PORTION
COMMON DELM,DELRCyDELWs IQUIT+ISKIPs ITRBLE, ITRY»K9sKODESKEY
# LINES+MODE,NoN1yXLIMIT
COMMON EMC,HEMINIGAM, IDEN(2)sPCsPINJROSRLTRIRNRBySIGMASTINSTW
COMMON CDbyCDF s CUFLsCUFTsCuFTTLyCUNyCUPsCOPL yCOPT »COPTTL»CDTTL
#CDTTLByOCDFIP,DCOFTC,DCUPIP»CIBARA, TC
COMMON CF(500)sCIBAR1(500)sDELTA(500) +EM1(500)sRC(500)
*RES(500) 9 RTHC{500)sRTH1(500)9S(500)sT1(500)+X{500)
COMMON CONSTsCPCyCOSWS2,4DELS»DINsDOVTHIDTHDML 9»GML 9GPy
# OMEGASPCPIN4PI, RBCH,RCTRHIRN 9 SIn?S2sSMAX » SMAXT y
¥STyTANW2 s TANWS2 s TPT1 o TT1 s XF 19 XF2 9 XMAX » XMPML , XMU LMWy XM1MC
COMMON F1(500) sOMEGAS (5001} »XRRR(750) s YRRR(750)
EQUIVALENCE (PCyP1)s(PCPINSPLPIN)

FUNCTION STATEMENT FOR LINEAR INTERPOLATION
XINTUXPTsX13X25Y1»Y2)=YL+(Y2-Y1) ¥ (XPT~=X1)/(X2=-X1)
IFEW=0

IMANY=0

IF(RNeGT+0s) GO TO 1

LAMINAR BOUNDARY LAYER CALCULATIONS FOR SHARP NOSED CONE
CALCULATE 100 POINTS OR EVERY <01 INCHES ALONG BODY
DELX=SMAX/100.

IF(DELXeLTes01) DELX=401

X(1)=0.

N=101

CALCULATE T(PRIME)/T(C)
TPTC=le+eOTOH¥GMLI¥EMCH %244 481%(TW/TC~1,)

CALCULATE MU(PRIME)/MU(C)
XMPMC=(TC+198.6)*¥TPTC*SQRT(TPTC) /(TPTC#TC+198¢6)

CALCULATE F(2) EQe (23)y REFe 5
F2=e441%XMPMC/TPTC
DO 200 J=1,101

CALCULATE REYNOLDS NUMBER bASED ON CONE PROPERTIES AND X
RC(J)=222 HEMCHPCH#X (J) ¥ (TC+19846)%1eE6/TCR%2

CALCULATE R THETA(C) EQe (24)y REF 5
RTHC(J)=SQRT(FZ2%RC(J})/3.)

CALCULATE LOCAL SKIN FRICTION COEFFIEIENT LQe (26)s REF 5
CF(J)=F2/RTHC(J)

CALCULATE BOUNDARY LAYER THICKNESS EQs (5)s REF 5
DELTA(J)=(641%TPTC+2.9)*¥RTHC(J)¥X(J)/RC(J)
EM1(J)=EMC

T1(J)=TC

RTH1(J)=RTHC(J)

RES(J)=RC(J)
CE=(T1(J}+19846)%5QRT(TW/TLI(J))/(Twu+l98461}

A-1l




[alal

NN

NN O

[ala¥a] aNaXal

200

10
20

30

NOLTR 68-3

CALCULATE LOCAL CHI BAR PARAMETER
CIBARL (J)=EMC**3%SQRT (CE) /SQRT(RES(J))
StJdy=X(N

IFIX(J)«GE4SMAX) GO TO 150
X{J+1)=X{J)+DELX

CONTINUE

J=101

GO TO 150

LAMINAR BOUNDARY LAYER CALCULATIONS FOR ubLUNTED CONE.
ITRY=0

XLIMIT=1.

OMEGAS{1)=P1/2.

CALCULATE REYNOLDS NUMBER BASED ON CUNE PROPERTIES AND NOSE RAD1IUS
RBC=222  #PCHEMCHRN* ({TC+19846) /TCH¥2) % 46

CALCULATE REYNOLDS NUMBER BASEL ON CONE PROPERTIES AND BOUNDARY-
LAYER MOMENTUM THICKNESS AT POINT OF TANGENCY.
RTHCN=6,48%SQRT(1.5%RBC)

CALCULATE REYNOLLS NUMBER oASED ON CONE PROPERTIES AND DISTANCE
ALONG CONE SURFACL MEASUREU FRUM APEX 10 [TANGENCY POINT,
RCN=222,#¥PC¥EMC*RN#] JE6*(TC+198¢6) /(TCX¥2%xTAN(SIGMA))

CALCULATE BOUNDARY-LAYEK GROwTH XI(NOSE) OVER THE NOSE BY METHOD
OF REF. 12 IN REFs 5o

XRRRN=434./S5QRT(RBC)

IQUIT=0

KODE=0

DO 100 I=1,440

STARTI+ G wITH PI/2 VARY OMEGA(S) IN INCREMENTS OF DELTA OMEGA(S)
OMEGAS(1+" =OMEGAS(I)-DELW
SINWS2=S1 . IMEGAS(I+1))*x2
TANWS2=TAN(OMEGAS (1+1))¥%2
COSWS2=COS(OMEGAS(I+1) ) *%2

CALCULATE LOCAL MACH NO. FROM EQe (11) REF 5.

TEMP1=(GP1/ (24 *GAM¥EMIN¥#2¥SINwS2-6M1) )#%(1+/GAM)
TEMP2=GP1*EMIN®#2*STNWS2% (2 +GM1*¥EMIN%%2)
TEMP3=2,% (2 +GMLI¥EMIN##2%*SINWS2)

EMITMP=SQRT (( (TEMPY*TEMP2/TEMP3) /P1PIN**(GM1/GAM)=14)/(GM1/24))

CALCULATE XI FROM EQe (21)s REF 5.

TEMP4=SQRT( (24 +GMI*EMIN%%2) /(2 ¢ +GMI*EMITMP*%2))
XRRR(1)=¢1755%EMIN¥TEMP &4/ (PIPIN#SIN(SIGMA)*EMLITMP*( TANWS2-TANW2 ) )
IF(IeLEeleORe (XRRRITI=XRRR({I=1))eLELXLIMIT) GO TO 30
DELW=DELW/2.

GO TO 10

CALCULATE F(1) EG. (13), REF 5.
TEMP5=2 ¢ +GM1*EMITMP%%2~6,41
TEMPO=EMITMPX ¥ 2*¥TANWS2/ (2 %¥COSWSE2* (TANWS2-TANV2) )
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TEMPT=(2 ¢ *GAMXEMIN*%2%STNWS2-Gi1 ) ¥ (2. +GML*EMIN¥%2%SINWS2)/
L(EMIN®*2%STNWS2=~14 ) %%2

TEMP8=1 4 +GM1#EM1THMP %% 2
F1TMP=TEMPS5/(TEMP6*TEMP7~TENMPS8)

CALCULATE T(1) EQ. (18)s REF 5.
TITMP=TC* (24 +GM1*EMC*%2)/ (24 +GM1I*EMITMP*%2)

CALCULATE T(PRIME)/T(1) EQe (4)s REF 5.
TPT1=1e+eQTOXGMI*¥EMITMP* %24+ ,481%(TW/T1TMP=1,)

CALCULATE MU(PRIME)}/MU(1l) FROM SUTHERLANDS VISCOSITY LAWe
XMPM1={T1TMP+19846) ¢TPT1%%1¢5/(TPT1%#T1TMP+19846)

CALCULATE MU(1)/MU(C) FROM SUVHERLANDS VISCOSITY LAW.
XMIMC=(TC+19846) % (TITMP/TC)%¥%1 5/ (T1TMP+19846)

CALCULATE F(2) USING EQS. (16) AND (17)y REF 5,
F22444)1%EMCXSQRT(T1TMP/TC) ¥ XMIMCHXMPrL/ (TPTI*EMLITMP*(14+F1TMP))

CALCULATE INTEGRAND IN Ewe (20)y REF 5,
YRRR(1)=2+%XRRR({1)/F2
IF(KODE.GT.0) GO TO 50

IF XI IS BELOW THE LOWER LIMIT (XI(NOSE)), KEEP STEPPING OMEGA(S)
UNTIL XI EQUALS OR EXCEEDS LOWER LIMIT, INTERPOLATE IF NECESSARY.
IF(XRRR{1).LE«XRRRN) GO TO 100

IF(I1.GT.1) GO TO 40

DELW=DELW/2,

GO TO 10

YRRR(I=1)=XINT (XRRRNsXRRR(I=1) sXPRR(I)sYRRR(I~1)4YRRR(1))
XRRR(I-1)=XRRRN

J=0

KODE=1

AREA=Q

J=J+1

USING TRAPEZOIDAL RULE, INTEGRATE THE INTEGRAL IN EQe (20)s REF 5.
AREA=AREA+(YRRR(I)+YRRR(1=1))/2+%(XRRR(I)=XRRR(I=1})

CALCULATE R(C) EQ. (20)y REF 5
RC(J)=RBCH (34 ¥RBC¥AREA+1e/TAN(SIGMA) #%3)%%(14/3,)

CALCULATE X FROM R(C) ANV CONE PROPERTIES.
X(J)=RC(J)/ (2224 ¥PCHEMCHL dEO*({TC+19846) /TCX%2)

CALCULATE S USING X AND uODY GEOMETRY.
S(J)=RN*(P1/2.=SIGMA)+(X(J)~RN/TAN{SIGMA))
EM1(J)=EM1TMP

CALCULATE R THETA(C) USING R{C), EQs (20) AND EQ(21)y REF 5.

RTHC(J)=XRRR( 1) *RBC*#2/RC(J)
TH(J)=T1TMP
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CALCULATE R THETA(1} USING EQes (22)s REFs 5
RTHL{J)=RTHC(J)*EML{J) ¥ (T1(J)+19846)%(TC/TL(J))*%2/ (EMC*(TC+19846
1 1)

CALCULATE REYNOLDS NUMBER BASED ON LOCAL PROPERTIES AND Se
RES()1=222 #¥P1#EMI(UI RS (JI*(TL(U)+19846)%1eE6/TL(J) #%2

CALCULATE LOCAL SKIN-FRICTION COEFFICIENT EQe (3)ys REFe 5
CF{J)=e441%XMPML1/(RTHL(J)*TPT])
CE=(T1(J)+198,6)%¥SQRTITW/TI(J})/(TU+19846)

CALCULATE LOCAL CHI BAR PARAMETER.
CIBARI{(J)=EM1(J)*%3%¥SQRT(CE)/SART(RES(J}))
F1{J)=F1TMP

CALCULATE BOUNDARY LAYER THICKNESS EQ. (5)s REF, 5,
DELTA(J) =(6+1¥TPT14249)¥RTHC (J)¥X (J) /RC(J)

54 IF(5(J)1=8MAX5 1005150560

55 DELW=DELW/S.
J=J-1
AREA=AREA~(YRRR(1)+YRRR(I=1))/2¢% (XRRR{I)=XRRR(I=1))
1QUIT=1
GO TO 10

CHECKS TO CONTROL NUMBER OF LOCAL VALUES CALCULATED OVER THE
LAMINAR PORTION,
IF ALL TURBULENT RUN, CALCULATE ONLY ONE LAMINAR POINT,
IF LAMINAR-TURBULENT RUN» CALCULATE mINIMUM 15 LAMINAR POIN' S
UNLESS S(TR) LESS THAN SMAX/3.
IF ALL LAMINAR RUNs CALCULATE MINIMUM 25 POINTS wHEN FEASIBLE.
60 [F(MODE+EQe2¢ANDeJeEQel) GO TO 150
1IF({MODE+EQe2+ARDeJsGT415) GO TO 170
IF{MODEEQe?2 ANDS{J)eGTs (SMAX/34)) GO TO 115
IF(MODE«EQeleANDeJaLT425) GO TO 115
IF(1QUIT.GT.0) GO TO 170
GO TO 55
100 CONTINUE

INCREASE INTEGRATION INTERVAL TU CALCULATE FEWER POINTS.
QUIT AFTER 5 TRIES.
IF(IFEW.EQ.1) GO TO 121
IF{ITRY«GT+5) GO TO 1G6
ITRY=ITRY+1
IMANY=1
XLIMIT=4#XLIMIT
DELW=44/57.29578
GO TO 5
106 WRITE(6,110) IDEN
110 TORMAT(16H1IIDENTIFICATION 2A6:10X:13HPROGRAM 3TOP /
1860HOTHERE ARE TOO MANY LAMINAR POINTS bEING CALCULATED -~ RN/RB PRO
2BABLY TOO SMALL -~ )
111 ITRBLE=1
N=J
N1=N
CALL CUTPUT
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IF{IMANY.NE.,1) GO TO 150

SIGMA=SIGMA/57.295

ITRBLE=0

WRITE(6+9113)

FORMAT(39HOTHIS RUN WILL BE REPEATED WITH RN/RB=0 )
RN=0e

RNRB=0.

GO TO 195

DECREASE INTEGRATION INTERVAL TO CALCULATE MORE POINTS,
QUIT AFTER 5 TRIES.

IF{IMANY,EQ.1} GO TO 106

IF(ITRY.GT«5) GO TO 121

ITRY=ITRY+1

IFEW=1

XLIMIT=XLIMIT/4.

DELW=(44/2.%% (FLOAT(ITRY)%*24)1/57429576

GO T0 5

IF({JeGTe1) GO TO 170

WRITE(65130) IDEN

FCRMAT(16H1IDENTIFICATION 2A6,10X513HPROGRAM SYOP /
179HOTHERE ARE TOO FEW LAMINAR POINTS BEING CALCULATED - RN/RB PROB
2ABLY TOO LARGE - )

GO TO 111

DO LINEAR INTERPOLATION FOR LAST POINT.
CF{J)=XINT(SMAXsS(J=1)+S(J)»CF(J=~1)CF(J))

X(Jy= XINT(SMAXsS(J=1)3S5(J)sX(J=1)sX())
EMI(J)=XINTISMAX3S(J=1)sS(J)sEMI(J=1)4EML1(J))
TL(J)=XINT(SMAX9S(J=1)3S(J)sT2{J=1)}T1(J))
RC({J)=XINT(SMAX»S(U=~1)35(J)»RC(J-1)3RC(J))

RTHC(J) =XINT(SMAX3S5(J~1)»S(J)sRIHC(J=1),RIHCIJ))
RTH1(J)=XINT(SMAXS(J=1)3S(J)sRTHL(J=1)sRTH1(J))
DELTA(J)=XINT(SMAX>S(J=1)sS(J)sBELTA(J=1),DELTA(J))
RES(J)=XINT (SMAX»S(J=1)95(J)»RES(J=1),RES(J})
F1(J)=XINT(SMAXs5(J=1)35(J)sF1{J~1)F1(J))
CIBARL(J)=XINT(SMAXsS{J=11,5(J)»CIBARL(J-1),CIBARL(J))
S(J)=SMAX
N=J

RETURN

END

A-15




NOLTR 66-3

$IBFTC TURB. DD DECK

C

Nno [a¥a¥aXal an

NONOON

[a¥aXa)

10

30

SUBROUTINE TURB

THIS ROUTINE CALCULATES LOCAL PROPERTIES FOR THE TURBULENT PORTION
COMMON DELM,DELRCyDELW IQUITISKIP»ITRBLE ITRY K9y KODESKEY s
* LINESsMODEsNyN1yXLIMIT

COMMON EMCHEMINIGAMy IDEN(2)sPCHPINIRByRLTRsRNRBySIGMA»TIN»TW
COMMON CDo s COF s COFL»yCOFT» UFTTLsCONsCOP»COPL yCOPT »COPTTLCOTTL
*CDTTLBHYDCOFIP yuCDFTCHyDCDPIPH»CIBARA,TC

COMMON CF(500)+CIBAR1(500)»DELTA{500),EM1(500)sRCI(500)
*RES(500) sRTHC (5001 +sRTHL(500)s5(500)2T1(500)sX(500)

COMMON CONSTsCPCyCOSWS2sDELS»DINsDOVTHsDTHDML 9GM1 4GPy

* OMEGA,PCPINsPI, RBCyRCTRyRNySTNWS2» SMAX » SMAXT y

*ST o TANWZ2 s TANWS 2y TPT1 s TTLsXFL 9 XF2 s XMAX s XMPM1 9 XMUIMW» XMIMC

COMMON F1(500),0MEGAS(500)+sXRRR(750)sYRRR(750)

EQUIVALENCE (PCyP1)s(PCPINSPLPIN)

SET N USED IN EQe. (12) AND (13)s REFe 6 EQUAL TO 7.
DATA EN/T./

FUNCTION STATEMENT FOR LINERAR INTERPOLATION.
XINT(XPTsX19X25Y1sY2)=Y14(Y2=Y1)*(XPT=X1)/(X2=~X1)
J=N

DELM=,05

USING EQ» (21)s REFe 6y CALCULATE R THETA(C) A™ A NEW POINT USING
VALUES AT A PREVIOUS POINT FOR C(F)y F(li: R THETA(C)s R(C) AND

A PREDETERMINED DELTA R(C).
RTHC(J+1)=RTHCII +(CF(J) /(2% (1e+F1 (v, )=RTHC(J)/RC(J) ) *¥DELRC

INCREMENT R(C) BY DELTA R(C).
RC(J+1)=RT{J)+VELRC
15KIP=0

START ITERATION FOR LOCAL MACH NUMBER M(1) AND OMEGA(S) USING EQS.
{22) AND (17)s REFe 64

INCREMENT M(1) AT PREVIOUS POINT BY DELTA M(1) AND USE AS A START-
ING VALUE, CALL IT M(1l) FIRST,

EM1(J+1)=EM1(J)+DELM

K=1

TL(J+Y1)=TIN¥(2+GMIREMIN**2) /(2. +GM1I*EM] (J+1) *%2)
TTIsTI(J+1) ¥ {1 e+GML¥EML(J+11%%2/24)

CALCULATE,f OMEGA(S) FROM EQ. (22)y REF. 6.

DTH=(EN+1o) ¥ (EN+2¢) /7 (EN+2e#(TT1=TW)/TTL)~(EN+2¢) ¥ (1e=(TT1=-TW)
1/TT1)/EN4GML¥EML (J+1) #%2% (¢ 34+4418%(1e~(TT1-TW)/TT1))/2,
IF(ISKIP.LT.0) GO TO 70
TEMP1=1,125%EMIN*SQRT ({24 +CGMI*EMIN¥%2) /(2 +GMI*EML(J+1)%%2) )/
LISIN{SIGMA)Y ¥P1PIN*EM] (J+1))

TEMP2=TEMP1/(DTH*RC(J+1)¥RTHC{  +1}/RbC*%2)

TEMP3=SQRT( TEMP2+TANwW2)

OMEGAS(J+1)=ATAN(TEMP3)

PLUG OMEGA{S) INTO EQ. (17) REF. 65 ANV CALCULATE A NEW M(1)s CALL
1T Mt1} SECOND
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SINWS2=SIN(OMEGAS (J+1) ) *%2
COSWS2=COS(OMEGAS (J+1) ) *%2
TEMP1=GP1/{2¢¥GAMXEMIN*%2%¥SINWS2-GM1)
IF(TEMP1+3T«0¢) GO TO 40
EM1(J+1)=2%EM1(J)=EM1(J=-1)
OMEGAS(J+1)=2.¥OMEGAS (J)~OMEGAS (J-1)

1SK1P=-1

GO TO 30

TEMP2=TEMP1*%(1./GAM)
TEMP3=GP1*EMIN#*¥2*¥SINWS2% (2 +GMI¥EMIN¥%#2 )/ (24% (24 +GMI*EMIN*¥%2¥SINW
182))
TEMP4=(TEMP2#TEMP3/P1PIN*%* (GM1/GAM) ~14)%(24/GM1)
EM1TMP=SQRT(TEMP4)

DEL1=EM1TMP-EM1(J+1)

COMPARE THE M(1) FIRST AND M(1l) SECOND.

1) IF ABS(M(1) FIRST-M(1i) SECOND) LESS THAN +001 ACCEPT THE VALUE

2) IF GREATER THAN 4001 SET M(1l) FIRST =(M(1l) FIRST +M(1) SECOND})/2
AND TRY AGAIN.

3) IF ITERATION FAILS AFTER 100 PASSES, PRINT WARNING, ACCEPT
CURRENT VALUE AND CONTINUE TO NEXT POINT.

1F( ABS(DEL1),LEs14E~3) GO TO 60

EM1{J+31)Y=(EMYI(J+1)+EM1ITMP) /2.

K=K+1

IF{KeLE.100} GO TO 30

WRITE{6950) IDENyX(J)

FORMAT(16HOIDENTIFICATION 2A6/91HOWARNING - SUBPROGRAM TURB - ITER

*ATION FOR OMEGAS AND M1 FAILED AFTER 100 ITERATIONS AT X= 1PEll.2)

EM1(J+1)=EM1TMP
I1SKIP==-1

GO TO 30

J=J+1

CALCULATE T(PRIME)/T(1)
TPT1=(1e+el110%¥EML(J)¥%2)% (1e—(a2T76+e0148*¥EMLI(J))*(TTL=TW)/TT1-s449
1#((TT1-TW)/TT1)%%3)

CALCULATE MU(1)/MU(WALL)
XMUIMW=(TLI(J)/TW)¥X1 5% (TW/T1(J)+19867/T2(J)1/(1e+19847/T1(J))

CALCULATE R THETA(1l) EQ. (22)s REF. 5
RTHL(J)}=RTHC(I) *EMI(J)*¥(TI(J)+198.6)1%(TC/TL(J))#%2/ (EMC*(TC+19846
1))

CALCULATE THE DERIVATIVE D(DELTA/THETA-H)/DM1 FROM EQ. (14)s REFe.
6. NOTE - EQ. IS INCORRECT IN REPORT. (TT1=-TwW)/TT1l SHOULD READ
TW/TT1l.

DTHOM1=GM1*EM1 (J) *¥( 434+ ,18#TW/TT1)

CALCULATE F(1) €Qe(19)y REF. 6.

TEMP1=(2.+GM1*¥EML (J)*%2)~DTH
TEMP2=1¢+GMI¥EAL(J) X% 2+4EML (J) *# {2, +GMI*EMI(J)%%*2)/ (2.%DTH) #DTHOM]
TEMP3=EM] (J) %% 2% TANWS2/COSNS2%* (24 #*GAM¥EMIN* %24 STNWS2=-GM1 ) ¥ (2 ¢ +GM1
I*EMIN*¥¥2XSTNWS2)/ (2% (TANWS2-TANW2) % (EMIN*%2%SINWS2~1 ) *%2)
F1(J)=-TEMP1/(TEMP2-TEMP3)
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CALCULATE X FROM R{(C) AND CONE PROPERTIES.
X{J)=RC(JI)I /(222 ¥PCHEMC*]L e LO6¥ (TC+19846)/TCH%2)

CALCULATE S USING X AND BODY GEOMETRY.
S(J)=RN*(P[/2,-SIGMA)+X(J)-RN/TAN(SIGMA)

CALCULATE REYNOLDS NUMBER BASED ON LOCAL PROPERTIES AND S.
RES(J)=222 #P1I*EMLI(JIXS(I)¥(T1(U)+198.5)1%1eE6/TL(J) *%2

CALCULATE DELTA/THETA EQe (12)s REFe 6o
ODOVTH=(EN+14 ) ¥ (EN+2¢ )/ (EN+2e*(TT1=TW)/TT1)+GMI*EML(J)*¥%2% (1434
141438%(1e—=(TT1-TW)/TT1))/24

CALCULATE DELTA
DELTA(J)=D0VTH*RTHC(J) *¥X(J)/RC(J)

CALL SUBROUTINE TO CALCULATE LOCAL C(F).
CALL CFCALC(U)

DELM=EM1(J)-EM1(J-1)

IF(S(J)-SMAX) 10,90,80

INTERPOLATE FOR LAST TURBULENT POINT ON BODY.
CF{J)=XINT(SMAX»S(J=1)sS(J)»CF(J=1)sCF(J))

X(J)y= XINT{SMAX»S{J=1)9S5(J)sX{J=1)sX(J))
EMY1(J)=XINT(SMAXS(J=1)+S{J)yEML(J=1)EML(J))
TL(J)=XINT(SMAX,S(J=1)9S(J)sT1(J~1)sT1(J))
RC{J)=XINT(SMAXyS{J=113S5(J)sRCIJ=1)RC(J))
RTHC{J)=XINT(SMAX»S(J=1)9S(J)sRTHC(J-1) yRTHC(J))
RTHL(J)=XINT(SMAXs5(J=1)9S(J}+RTHL1(J=1}sRTHL(J))
DELTA(J)=XINT(SMAX»S(J-1),S(J)H»DELTA(J-1),DELTA(JI))
RES(J)I=XINT(SMAXsS(J=1)»S({J)sRES{J-1),RES(J))
S(J)=SMAX

N=J

RETURN

END
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$IBFTC SUMUP. ©OD
SUBROUTINE SUMUP
DIMENSION SUM(6)
COMMON DELMyDELRCH»DELW» IQUITs ISKIP, ITRBLESITRYsKyKODESKEY
¥ LINES,MODE)NyN1sXLIMIT
COMMON EMC,EMIN)GAMs IDEN(2) yPCHyPINyRBYyRLTRIRNRBySIGMAY TIN»TW
COMMON CDByCDF 9 COFLyCOFTHCUFTTL,CUNyCOPyCOPLsCOPTyCOPTTLSCDTTL
#COTTLByUCDFIPyUCOFTCsDCUPIPyCILARA,TC
COMMON CF(500)sCIBARL(500) sDELTA(500) yEM1(500)sRC(500)
*RES(500) sRTHC(500)sRTH1(500)sS(500)»T1(500)3X(500)
COMMON CONST»CPCsCOSWS24DELSyDINSDOVTHsDTHDOML sGM1 3GP1
. * OMEGAsPCPINSPI s RBCyRCTRHIRN s SINWS2 ySMAX 9 SMAXT »
*ST o TANW2 s TANWSZ2 s TPT1 s TT1 9 XF1lyXF2 9 XMAX ¢ XMPM1 o XMULMW ¢ XM1IMC
COMMON F1(500) »OMEGAS(500) s XRRR{750) »YRRR( 750}
EQUIVALENCE (PCyP1l)s(PCPIN,;PLPIN)
DO 10 I=1.6
10 SUM(I)=0.

C
C USE RECTANGULAR INTEGRATION FOR THE FOLLOWING INTEGRALS.

DO 20 I=N1,N

TERM1=RN+(S(1)=ST)*SIN(SIGMA)

TERM=P1PIN*(EM1(I)/EMIN}**2*TERM1*COS(SIGMA) ¥DELS
C
C EVALUATE INTEGRAL FOR PRESSURE DRAG COEFFICIENT.

SUM(1)=SUM(1)+CPC*TERMLI#SIN(SIOMA)*DELS
C
C EVALUATE INTEGRAL FOR SKIN FRiCTION DRAG COEFFICIENT.

SUM(2)=SUM(2)+TERM*CF (])

IF(MODE.EQs2+AND.N1.NEs1) GO TO 20

1F {MODE.EQ.3} GO TO 20
C
C FOR LAMINAR FLOW ONLY.

DE=¢968*TW/(EML{T)%%2%T1(1)}+e145%GM1
C
C EVALUATE INTEGRAL FOR AVERAGE LOCAL CHI BAR PARAMETER.

SUM(3)=SUM(3)+TERM1I*CIBARL1 (T }*DELS
C
C EVALUATE INTEGRAL FOR INCREMENTAL INCREASE IN THE SKIN FRICTION
C DRAG COEFFICIENT DUE TO TRANSVERSE CURVATURE.

SUMU4)=SUM(4)+TERM¥(CF(T)*(«51T+e913*TW/TL1(I)+e121%GML*¥EM1(])*%2)

1%#CIBARL(I)/(EMI(1)*%3%TAN(SIGMA)*SQRT(34)))
C
C EVALUATE INTEGRAL FOR INCREMENTAL INCREASE IN THE SKIN FRICTION
C DRAG COEFFICIENT DUE TO INOUCED PRESSURE.

SUM(5)=SUM(S ) +TERM* (CF(1)%(=1,152+e733%TW/T1(1)+(+523%¥GAM~4126)

- 1% FML(T)#*%2)#DFXXFI*¥CUIBARYI (1) /{GAMXEML (1) *#%2))

C
C EVALUATE INTEGRAL FOR INCREMENTAL INCREASE IN THE PRESSURL DRAG
C COEFFICIENT but TO INDUCEL PRESSURE.

SUM(6)=SUM(6)+PCPIN*(XFI*¥OIN¥CIBARY(1)+XF2*¥DIN**#2%CIBARY1 (1) *%2)
1*TERMI*SIN(SIGMA) #DELS
20 DELS=S(I+1)=5"1)
1F (MODEEQe2esANDeM1eNES1) GO TO 30
IF(MODE.EQ.3) GO TO 30
A-19




30

NOLIR 68-3

CIBARA=2, tSUM(3)/CONST
DCDFTC=2,#SUM(4) /RB¥*%*2
DCDF IP=2+%SUM(5)/RB¥*%2
OCDPIP=4¢%#SUM(6)/ (GAM*XEMIN*¥2 ¥R %#2)
COP=2,%SUM(1) /RB¥**2
CDF=24%SUM(2) /RB*%*2
RETURN

END

$IBFTC CFALT. OD
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SUBROUTINE CFALT(J)

THIS ROUTINE CALCULATES A LOCAL SKIN FRICTION COEFFICIENT FOR
TURBULENT FLOW WHENEVER THE ITERATION IN SULROUTINE CFCALC FAILS
TO CONVERGE. THE METHOL USED 1S CONSIDERED SOMEWHAT LESS ACCURATE
THAN THE ITERATIVE METHOD.

COMMON DELM,DELRCsDELWsIQUIT,»ISKIP,ITRBLE, ITRY K+ KODESKEY
* LINES,MODE NyN1yXLIMIT

COMMON EMC,EMINSGAM, IDEN(2)»PCsPINyRUIRLTRIRNREySIGMASTINYTW
COMMON CDB,CDF s COFLsCOFT»COFTTL»CON»CDP»COPLyCOPT yCOPTTL 4CDTTL
*#*CDTTLBHIOCDFIP,UCDFTCHDCOPIPsCIBARASTC

COMMCN CF(500)sCIBARLI(5C0)sDELTA(500)»EML{500}sRC(500]),
*RES(500) sRTHC(500)»RTH1I(500}95(500)»T1(500):X{500)

COMMON CONST»CPCyCOSWS23DELSsDINyDOVTH,DTHOM1 »GM1,4GP1,
* OMEGAPCPINPI, RBC>RCTRIRN s SINWS2,SMAX 9y SMAXT s
*#ST» TANW2 s TANWS2, TPT1 s TT1 9 XF 19 XFz 9 XMAX s XMPM1 3 XMUL1MW » XM1MC
COMMON F1(500)>0MEGAS{500) sXRRR(750) »YRRR(750)

EQUIVALENCE (PCyP1) s (PCPINYPLIPIN)
TERM1=ALOG10 (2« *XMUIMWXRTHL(J})

TERMZ2=(+868B6+TERM1 ) *TERM1*TPT1

CF{J)=+05856/TERM2

IF(KEY«EQe10) WRITE(645)

FORMAT (1K1

KEY=20

WRITE(6410)

FORMAT(40H ALTERNATE METHOD USED TO CALCULATE C(F) )

RETURN

END
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$SIBFTC CF. 0D

SUBROUTINE CFCALT(J)
THIS ROUTINE CALCULATES LOCAL SKIN FRICTION COEFFICIENT FOR
TURBULENT FLOW.
COMMON DELM,DELRC+sDELW,IQUITsISKIP,ITRBLEsITRYsKsKODEsKEY)
* LINESsMODEsNyNLyXLIMIT
COMMON EMC3EMINGAM, IDEN(2) sPCHyPINsREIRLTRIRNRBySIGMA» TINSTW
COMMON CDByCOF 9y COFL s COFTaCOFTTLICUONSCOPsCUPL s COPT yCUPTTL2CDTTL
#CDTTLS»OCDFIPyLCOFTCyDCDPIP yCIBARA,TC
COMMON CF{500)»CIBAR1(500)sDELTA(500),+EM1(500)5RC(500)
*RES(500)»RTHC(500)sRTH1I(500)S5(500)»T1(500)+X(500}
COMMOUN CONST,»CPCyCOSWS24DELSyDOIN,DOVTHyDTHDM] 9GM1,GP 1
¥ OMEGA,PC?IN,PI, RBCyRCTRH RN SINWS2 9 SMAX 9 SMAXT y
*ST 9 TANWZ » TANWS2 s TPT1sTT1yXF1yXF2yXMAX ) XMPML 5 XMUIMW, XMIMC
COMMON F1(500)»OMEGAS(500)sXRRR(750)sYRRR(750)
EQUIVALENCE (PCsP1) s (PCPIN,PLIPIN)

SET PRANDTL NUMBER USED IN EQe (6)y REFe 6 EQUAL TO 75
DATA PR/0.75/

START ITERATION FOR C(BIG F) AND ETA(BIG F)

IF THIS 1S THE FIRST PASS THRUs SET ETA(LIG F) = o5
AS A FIRST APPROXIMATION. CALL IT ETAF1
IF(KEY.EQsQ0) ETAF1=.50

KEY=10

CALCULATE BETA FROM EQe. (2)s REF. 6
BETA=GMI¥EM1(J)#%2/(2.+GMI*EML (J) #%2)

CALCULATE RECOVERY TEMPERATURE TE1l EQs (6)y REFs 6
TE1=(1¢+PR¥¥(14/34)#GMI*EML(J)#%2/24)%T1(J)

CALCULATE SUBLLAYER PARAMETER S EQe (5)y REF. 6
§55=11.5+6.6%(TE1-TW)/TE1L

CALCULATE PHI FROM DEFINITION PAGE 4, REF. 6
PHI=SQRT (4o #BETA¥ (Lle=(TT1=Tw)/TTL)+((TT1=-TW)/TT1) *%2)

CALCULATE ETA FROM DEFINATION PAGE 3, REF. 6
ETA=(2.#BETA-(TT1-TW)/TT1)/PHI

KOUNT=1

IF(ABS(ETAF1).LTs1le} GO TO 15

IF ITERATION HAS FAILED, USE ALTERNATE METHOD TO CALCULATE LOCAL
SKIN FRICTION COEFFICIENT.

CALL CFALT(U)

ETAF1=05

GO TO 70

CALCULATE C(BIG F) EQ. 10Q: REF: 6
CBF=((4242% (ARSIN(ETA)~ARSIN(ETAF1)))/(=14968+ALOG10(23 ¢ *XMULMU*
IRTHI(J)Y/E5)) ) %%2/ (BETA*¥TTL/T1(J))

PLUG CALCULATEDL VALUE FOR C(BIG F) INTO DEFINITION FOR ETA(BIG F)
PAGE 3y REF. 6¢ CALL IT ETAF2
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ETAF2= (2 *BETA*SS*SQRT(TW*CBF /(T1(J)*24) ) =(TT1~-TW)/TTL1)/PHI

COMPARE ETAF2 WITH ETAF1
1S ABSOLUTE DIFFERENCE LESS THAN .00001
IF YES STOP ITERATION
IF NO SET ETAF1={ETAF2+ETAF1)/2+ AND CONTINUE
IF(ABS(ETAF2~ETAF1)oeLEs1eE=~5) GO TO 50
ETAF1=(ETAF2+ETAF1) /2,
IF({KOUNT.GT+1000) GO TO 20
KOUNT=KOUNT+1
GO TO 10
20 WRITE(6530) IDENyX(J)
30 FORMAT(16HOIDENTIFICATION 2A6/91H WARNING - SUBPROGRAM CFCALC - IT
*ERATION FOR ETAF AND CF FAILED AFTER 1000 ITERATION AT X= 1PEll.2)
50 XRAY=1e-ETAF2%%2
IF{XRAY+GE«O0s} GO TO 60
GO TO 11

USING CALCULATED VALUES FOR ETA(BIG F) AND C(BIG F) SOLVE EQe (9)s
REF. 6 FOR LOCAL SKIN FRICTION C(SMALL F).
NOTE - EQe (9) REFe 6 IS INCORRECTLY WRITTEN IN THE REPORT» THE
THIRD TERM IN THE NUMERATOR AND DENOMINATOR SHOULD BE MULTIPLIED
BY SUBLAYER PARAMETER Se

60 TERM1=-1.968+ALOG10(23+*XMULMW¥RTHL (J)/SS)+e242%SS*SART(2.*#BETA*
1TW/TT1) /7 (PHI*SQRT (XRAY))
TERM2=TERMA1+1,968-1.099
CF(J)=CBF*(TERM1/ TERM2)
ETAF1=ETAF2

70 RETURN

END
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$IBFTC OUTPT. DO
SUBROUTINE QUTPUT
COMMON DELMDELRCHVELWs IQUITyISKIP, ITRULEy ITRY 9K KODE9KEY
* LINESIMOUE 9yNyN1oXLINIT
COMMON EMCyEMINYGAMy LDEN(2) sPCyP LNy ROYRLTRIRNRO»STOrAsTINY T W
COMMON CUB)COF sy COFL s CUFTyLURTTLy Cuivy CUP»CUPL s CUPT yCuUPTTLsCUTTL
*COTTLByDCOFIPyOCLFTCHyLCLPIPyCILARALTC
COMMON CF(500)sCIBARL(500)DELTA(500)4EMI(5CO)»RC{500)
*RES(500) sRTHCI50T1sRTHL(500)S(5009T1(500)+X(500)
COMMON CONSTsCPCyCOSWS2HyUELSsCINSJUOVTHsUTHULEIL LML yGP1
* OMEGASPCPINPI, RBCyRKCTRHYRNsSTINWSE29SMAX 9 SMAXT
*STHITANW2 y TANWS2sTPTLsTTLsXFlyXF2 e XmAX 9 XMPM1 9 XMUIMW ¢ XinlMC
COMMON F1(500)sOMEGAS(500) s XRRR{750)sYRRR(750)
EQUIVALENCE (PCsP1) s (PCPINSPLIPIN)
AXTAL=RN# (1 4=SIN(SIGA) )+ (KUu=~RN¥SIN(PI/2.~-5161A) ) *CUS(SIGMA)
1/SIN{SIGMA)
RLIN=222 ¢ ¥PIN#clMIN¥AXTAL*L o EO# (TIN+198e6)/TIN®%2
SIGMA=SICGMA%57.29578
LINES=0
GO TO (10930+40)sMODE
10 WRITE(6,20) IDEN
20 FORMAT{16HYIVDENTIFICATION Z2A6512Xslan  LAMINAR UNLY )
GO T0 50
30 WRITE(6435) IDEN
35 FORMAT(16HYIIDENTIFICATION 2A6,12X,19H LAMINAR-TURBULENT )
GO TO 50
40 WRITE(64,45) IDEN
45 FORMAT(16HLIVENTIFICATION 2A6412Xs11H TURLULENT )
50 WRITE(6960) PINyTINSEMINIPCyTCyLmCySIGMA»THsRNRByROsRLINSRLTR
60 FORMAT(1IHO 12X 9HP (INF)= 1PE13e¢697Xs9NT (INF)= 1PL13e6y97X99H4 (IN
1F)= 1PE1346/1HO 17X 4HPC= 1PE13¢0912Xs4HTC= 1PL1346512Xy4HMC= 1PEL
25e6/1H0y 14XsTHSIGMA= 1PE13.636Xs10HT (viALL)= 1PE13+699XsTHRN/RU=
31PE13¢6/1H0917X94HRB= 1PE13¢696Xs10HRL (INF)= 1PE13.69
4 TX99HRL (TR)= 1PE13.6)
LINES=LINES+9
IF{ITRBLE+GT.0) GO TC 119
GO TO (65,655100)s MODE
65 WRITE(6970) DCUPIPyOCUFTCHyuCDFIPyLIuARACUFL sCoPL
70 FORMAT(1IHO»7X914HU CUOP(IP)(L)= 1PE134692X914HL COF{TCI(L)= 1Pcl346
192Xs14H D COF({IP)(L)= 1PE13.46/1H096Xs15HCHIBAR AVG(L)= 1PE13¢698Xy»
28HCDF (L) = 1PE13.6398Xs8HCUP(L)= 1PE13.6)
LINES=LINES+4
GO TO (100,80)sMODE
80 WRITE(6+,90) COFT,CDPT
LINES=LINES+2
*0 FORMAT(1HOG42XsSHCUF(T)= 1PE13.698Xs8HCUP(T)= 1PEL13.6)
100 WRITE(Os110)CONsCUFTTLICUPTTLsCLLyCUTTLSCUTTLD
110 FORMAT(1IHO,10Xs11HCD (NOSE)= 1PE13.653Xy13HCDF (TOTAL)= 1FE13.6)
13X 13HCOP ({TOTAL)= 1PE13.6/1H092Xs19HCU (BASC)(VACUUM)= 1FL13e694X
2 12HCD (fOTAL)Y= 1PE134634X12HCN (TOTAL)Y= 1PE13.,6/71H 41X,48HEXCLUD
3ING BASE DRAG INCLUDING ®bASE URAG/L1HO)
LINES=LINFES+7
GO TO (119,119,111} MODE
111 WRITE(65115)
115 FORMAT(1HO 5X, 1HX» 10X 1HS 9X 2HM1 9X 2HCF 11X 2HT1l 8X SHDELTA 8X

A-23




HOLTR 68-3

13HRXC 10X 4HRTHC 9X 4HRTH1 8X 3HRS1 )
GO TO 125
119 WRITE(6,120)
120 FORMAT(1HO 5Xy l1HX 10X 1HS 9% 2HM1 9X 2HCF 11X 2HT1 8X SHDELTA 8X
13HRXC 10X 4HRTHC 9X 4HRTH1 &X 3HRS1 6X THCHIBARYL )
125 LINES=LINES+2
IFIN1.EQsl) N1==-1
DO 220 1=1,RH
IF(1GTeN1) GO TO 140
WRITE(65130) X(1)oSU{I)sEMICT)YsCF(I)9TL2(1)sDELTA(I)SRC{I)SRTHCII )
IRTH1(I) sRES(1) sCIBARLI(I)
130 FORMAT(1P4E114291P7EL243)
GO T0 170
140 IF(14GT&(N1+1)) GO TO 160
WRITE(645150)
150 FORMAT({10HOTURBULENT)
160 WRITE(Ss130YX(I)oSCI)sEMICI 9 CFLL)¢TL(L)sDELTA{I) yRCII)sRTHC(I),
1RTH1t 1) 4RES(I)
170 LINES=LINES+1
IF(LINES.LT«52) GO TO 220
WRITE(6,180) IDEN
180 FORMAT(16HLIVENTIFICATION 2A634Xs9HCONTINULED )
GO TO (190,190,200} sMODE
19C IF({14GTo(N1+1)) GO TO 200
WRITE(6,120)
GO TO 210
200 WRITE(65115)
210 LINES=2
220 CONTINUE
RETURN
END
$DATA
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