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NOMENCLATURE 

a speed of sound (FT/S) (lyRgcT ) 

B constant in logarithmic region of mean velocity distribution 

5.0 (dimensionless) 

cf skin friction coefficient (2,w/peUe2) (dimensionless) 

cf nondimensional difference between skin friction coefficient 

cp pressure coefficient based on the difference between a Pitot 

and static pressure reading ( (P - P·w)/q ) (dimensionless) p 00 

d geometric parameter - ft (see Figure 4) 

D external diameter of a round Pitot tube - inches 

Deq equivalent external diameter of the oval shaped Pitot probe 

used in NASA Ames experiments (inches) (see Equation 4.26) 

F1 Allen's first calibration parameter (see Equation (2.1)) 

(dimensionless) 

F2 Allen's second calibration parameter (see Equation (2.2)) 

(dimensionless) 

F3 Fenter-Stalmach's first calibration parameter (see Equation 

(2.5)) (dimensionless) 

F4 Fenter-Stalmach's second calibration parameter (see Equation 

(2.6)) (dimensionless) 

gc conversion factor (32.174 LBM-FT/S) 

h external height of face of the oval probe (0.0097 inches) 

ix 



keff nondimensional effective center of the Pitot probe (see Equa

tion (3.2)) 

L axial length of cone (44.5 inches) 

M Mach number (dimensionless) 

P pressure (LBF/FT2) 

q dynamic pressure (LBF/FT2) 

r recovery factor (0.884) (dimensionless) 

R gas constant (53.35 LBF-FT/LBM-0R for air) 

R0 Reynolds number for compressible flow based on diameter D 

(see Equation 4.22) {dimensionless) 

Reft freestream unit Reynolds number- 1/ft (see Equation (4.3)) 

Re 8 Reynolds number based on the product of Ue/ve and boundary

layer momentum thickness. 

T temperature - 0R 

* T nondimensionalized temperature (see Equation (5.4)) 

u mean velocity inside boundary layer - FT/S (see Equation (2.8) 

Ue velocity at outer edge of boundary layer - FT/S 

Upt velocity calculated from Preston-tube data-FT/S 

UT classical wall-shear-stress velocity-FT/S(/Tw/pw') 

Uoo freestream velocity - Ft/S 

x axial distance from physical nose of cone - inches 

x4 the location within the laminar boundary layer which has the 

same Preston-tube pressure as that of the match point (inches) 

(see Figure 5) 

Xc surface distance along the surface of the cone measured with 

reference to virtual origin - FT 

X 



Xeq surface distance between match point and virtual origin - FT 

(see Figure 4) 

XMP surface distance between match point and tip of the physical 

cone - FT (see Figure 4) 

X0 surface distance measured with reference to tip of the physi

cal cone - FT 

Xt distance along surface of cone from apex to onset of boundary

layer transition - FT (see Figure 5) 

XT distance along surface of cone from apex to end of boundary

layer transition (see Figure 5) 

* X logarithm of the square of a Reynolds number based on the 

product Upt Yeff/vw (dimensionless) (see Equation 5.3) 

y distance normal to the cone surface - FT 

Yeff effective height of face of Preston-tube which is defined to 

be the height above the wall of an undisturbed streamline 

which has a total pressure equal to the measured Pitot pres

sure - FT 

* Y dimensionless shear stress for compressible, nonadiabatic 

flow (see Equation (5.2)) 

Greek Letters 

cS boundary layer thickness 

sm eddy diffusivity for momentum conservation (dimensionless) 

y specific heat ratio (1.4 for air) 

K von Karman constant 0.41 

~ absolute viscosity (LBF-S/FT) 

xi 



v 

IT 

p 

8 

kinematic viscosity (FT2;s) 
wake-strength parameter 0.5 

density of fluid (LBM/FT) 

shear stress (LBF/FT2) 

cone half-angle (5°) (see Figure 3) 

Subscripts 

aw at adiabatic wall conditions 

e at outer edge of boundary layer 

FP flat plate 

i at initial station of turbulent boundary layer 

calculations 

pt calculated based on Preston-tube data 

t total 

w at the wall of physical cone 

oo at freestream conditions 

Superscripts 

evaluated at the reference temperature of Sommer and Short 

(see Equation (2.9)) 

xii 



CHAPTER I 

INTRODUCTION 

In the area of fluid mechanics, the concept of boundary layer tran

sition is still one of the major areas of research. It is an indisputable 

fact that a better understanding of boundary layer transition will fur

ther improve the progress of a wide variety of industries. For example, 

the auto industry is one of the major areas of industry that uses the con

ceptofabou·rldarylayer to design the shape of an automobile. The drag 

coefficient of an, ac..tua1 automobi1e may vary from a value of one to 

an ideal value of two tenths depending on the shape of the automobile. 

Achieving low values of drag coefficient reduces the rate of gas consump

tion of automobiles. Another major industry that heavily depends on the 

understanding and control of fluid movement is the aerospace industry. 

The aerospace industry uses the concept of the boundary layer to design 

aircl~aft which meet different missions. The design of wings and the pre

diction of important parameters such as lift, drag, and skin friction 

require a good understanding of the boundary layer. The concept of a 

toundary layer is also used in the turbomachinery industry and fluid 

power control systems. 

The concept of a boundary layer was first introduced by Prandtl in 

1904 (1). The term boundary 1 ayer is due to the fact that a thin 1 ayer 

of fluid near the boundary of a moving body is retarded by fluid vis

cosity. Boundary layer theory can be illustrated by considering the flat 

1 
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plate shown in Figure 1. First of all, one should recognize two dis

tinct regions of the boundary layer: (1) a laminar boundary-layerregion 

and (2) a turbulent boundary-layer region. The region that corresponds 

to transition from the laminar boundary layer to the turbulent boundary 

layer is referred to as the transition region. 

The overall objective of this research project is to investigate 

the possibility of using pressure measurements, obtained with Pitot tubes 

resting on the surface of a ten-degree cone, to develop a method which 

could be used to characterize the flow quality of a given transonic wind 

tunnel. For a given transonic wind tunnel, the freestream turbulence 

and noise inside the wind tunnel cause appreciable errors and inaccu

racies in the results of wind tunnel experiments. For example, if a 

given model is tested in different wind tunnels at obstensibly identical 

Mach number, unit Reynolds number, and dynamic pressure, different values 

of lift and drag, for example, are measured. Ideally, the measurement 

of different variables (e.g., lift and drag) for a given model should be 

independent of the wind tunnel used. However, in practice this is not 

the case. If there were a method that could be used to characterize the 

flow quality of existing wind tunnels, then the measurements of different 

parameters and variables for a given model would be consistent and inde

pendent of the wind tunnel that is used to carry out the experiments. 

It is interesting to note that a satisfactory method has not yet been 

developed that can be used to characterize flow quality of a transonic 

wind tunnel. 

The specific objective of the work presented herein is to correlate 

Preston-tube pressure measurements within turbulent boundary layers on a 
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sharp ten-degree cone to the corresponding theoretical values of the skin 

friction coefficient. 

In 1975, tests were conducted at Ames Research Center of the National 

Aeronautics and Space Administration (NASA) to obtain the distribution of 

Preston-tube pressures along the surface of a sharp ten-degree cone for 

different freestream conditions. The Preston-tubes, which were used in 

these tests, were oval-shaped Pitot tubes. The cone and apparatus were 

primarily designed to detect boundary layer transition. The subject 

cone was designed by engineers at Arnold Engineering Development Center 

(AEDC). For this reason, this cone ,, s referred to as the AEDC Boundary

Layer-Transition Cone. The instrumentation of the AEDC Cone is shown in 

Figure 2 (2). The NASA Ames 11-ft Transonic Wind Tunnel (TWT), located 

at r·-1offett Field, California, was used to carry out these experiments. 

A total of 19 cases are used to develop the correlation between 

Preston-tube measurements and the corresponding values of skin friction 

coefficient. The run numbers and the corresponding freestream condi

tions are presented in Table I. 

The STAN-5 computer code, which was developed at Stanford Univer

sity, is used to solve the boundary layer conservation of mass, momentum, 

and energy equations (3). The Wu and Lock (4) computer code, which cal

culates the inviscid pressure distribution, is used to specify the boun

dary conditions along the outer edge of the boundary layer. The Mini

Basic computer code has been develoepd by the author to obtain all the 

necessary input information for the STAN-5 computer code. Finally, the 

Preston-tube pressure measurements are correlated to the corresponding 

theoretical skin friction coefficient values by means of a least-squares 

technique. 



NOTE: CS = Cone Station = Distance in inches aft of the nose 
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TABLE I 

WIND TUNNEL CASES STUDIED TO DEVELOP 
THE CORRELATION EQUATION 

(NASA AMES 11-FT TWT) 

,;s: ·-· 

Run No. Case No. Moo -6 qoo ReftxlO psf 

29.440 1 0.30 4 230 
61.636 2 0.40 3 246 
60.635 3 0.50 3 302 
25.376 4 0.50 4 404 
59.634 5 0.60 3 357 
23.346 6 0.60 4 477 
40.547 7 0.60 5 586 
58.633 8 0.70 3 408 
70.726 9 0.70 4 538 
21.318 10 0.70 4 548 
41.548 11 0.70 5 680 
57.632 12 0.80 3 453 
72.748 13 0.80 4 605 
19.289 14 0.80 4 617 
42.549 15 0.80 5 761 
56.631 16 0.90 3 492 
43.550 17 0.90 5 842 
15.231 18 0.95 4 693 
44.551 19 0.95 5 873 



CHAPTER I I 

BASIC TOOLS USED TO CARRY OUT 

THE TURBULENT BOUNDARY 

LAYER CALCULATIONS 

Allen•s Correlation 

.) ': 

Allen•s (5) correlation is the primary tool that is used to start 

the turbulent-boundary-layer calculations. Allen developed a set of 

Preston-tube calibration equations which relate measurements of Preston

tube pressure to measured values of turbulent skin friction. These 

equations were developed for compressible turbulent boundary layers on 

flat plates in supersonic flows. The test data were obtained for adia

batic wall conditions. The resulting empirical Preston-tube calibration 

equations were developed by Allen in 1977. The two calibration para

meters F1 and F2 are defined by the following equations. 

Fl = .e._ ve 
RD ~ .....,... . . 

ue Pe f.! 
(2.1) 

F2 =~p~ 
ue 

RD ICf Pe 
~ . 

f.! 
(2.2) 

Allen used a linear least-squares curve fit of the data. and the result~ 

ing linear equation was 

(2.3) 

The experimental data Nerecompared with the correlated values obtained 

7 
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from Equation (2.3). The results were unsatisfactory at higher Reynolds 

numbers. For this reason, Allen tried a second-order least-squares curve 

fit. The equation for this fit was found to be 

Again, the experimental data was compared with the values obtained from 

Equation (2.4). It was concluded that Equation (2.4) fits the data very 

well at both low Reynolds numbers and high Reynolds numbers. The root 

mean square (rms) error in scatter of skin friction was five and one half 

of one percent. A third-order least-squares curve fit was also obtained 

by Allen; however, no appreciable improvement in accuracy of the fit was 

observed. 
As mentioned before, Equation (2.4) was found to be a better repre-

sentation of the data when compared to Equation (2.3). For this reason, 

Equation (2.4) is used for the work presented herein. 

There exists other Preston-tube calibration equations. For example, 

the Fenter-Stalmach (5) calibration equation is 

(2.5) 

where 

p u ~S+N~ 
F3 = ...!!.- e R 

pe P w ~. D 
(2.6) 

(2. 7) 

The problem with the above calibration equation and other similar Preston

tube calibration equations is the fact that the data collapse is not good 

at higher Reynolds numbers. 
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Allen's correlation has some advantages compare to the other corre

lations. For example, Allen's correlation is simple, can be solved for 

cf explicity, and it fits the data over a large range of Reynolds numbers 

(3 X 103<Re8<8 X 104). 

As mentioned before, Allen's correlation was developed for circular 

Preston-tubes in supersonic flows with zero pressure gradient. However, 

this research focuses on subsonic flows about cones with favorable pres-

sure gradients. Therefore, one might expect some errors when Allen's 

correlation is applied to the AEDC Cone data. Allen's correlation is 

primarily used to evaluate the skin friction coefficient at. the s-tarting 

point of the turbulent boundary layers. Furthermore, it is assumed that 

any errors at the start of the turbulent boundary calculations are lost 

as the boundary layer develops downstream. 

Musker's Equation 

Musker's (6) mean-velocity-profile equation is another primary tool 

that is used to start the turbulent-boundary-layer calculations. i•1usker's 

equation is used to estimate the velocity profile and the boundary layer 

thickness at the initial station which are required input to the STAN-5 

computer code in order to start a calculation of the turbulent boundary 

layer. 

Musker developed the mean-velocity-profile equation in 1979. This 

equation has the following form. 

The recommended values for K, B, and II in the above equation are 0.41, 

5.0, and 0.5, respectively. Musker's mean-velocity profile gives the 
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boundary layer profile formed on a smooth wall and is valid from thewall 

to the outer edge of the boundary 1 ayer. Furthermore, t·1usker' s equation 

was derived for incompressible flows. The derivation and the detailed 

analysis of Equation (2.8) is given by Musker (6). 

The primary advantage of using Equation (2.8) to estimate the ini

tial velocity profile and the initial turbulent boundary layer thickness 

is the fact that the boundary conditions are satisfied both at the wall 

and at the outer edge. Another advantage of Equation (2.8) is its sim

plicity. ~1usker's equation expresses mean-velocity, u, as an explicit 

function y; therefore, it is easy to apply. However, one has to be care

ful when using Equation (2.8). Equation (2.8) is derived based on the 

assumption that the flow is incompressible while the flows considered 

herein are compressible. Therefore, one should not apply Musker's mean

velocity-profile equation, as it appears in Equation (2.8), to a compres

sible flow field. However, with proper definition of fluid properties, 

one is able to apply Equation (2~8) to compressible flow fields. In 

order to do this, a reference temperature must be introduced. Obviously, 

the value of this reference temperature is higher than the edge tempera

ture but less than the wall temperature. In other words, the selected 

reference temperature serves as an "average" value for temperature across 

the boundary layer. Then, all the fluid properties that appear in Equa

tion (2.8) must be evaluated at this reference temperature. Consequently, 

fluid properties (e.g., density and viscosity) evaluated at the selected 

reference temperature serve as the "average" values for the fluid pro

perties across the boundary layer. Thus, when the reference kinematic 

viscosity is used in Equation (2.8), Musker's mean-velocity-profile equa

tion can be applied to compressible, turbulent boundary layers. 
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The reference temperature derived by Sommer and Short (1) for com

pressible turbulent boundary layers has been selected for use herein. 

This reference temperature is calculated via the following equation. 

(2.9) 

For the \vind-tunnel tests, it is known that wall temperatures are very 

close to the adiabatic values given by 

T = T (1 + r y-l H 2 ) aw e 2 e (2.10) 

As discussed above, Musker's mean-velocity profile is used to esti

mate the initial turbulent-boundary-layer thickness and the corresponding 

velocity profile at the initial station. The initial turbulent-boundary

layer thickness is easily estimated by imposing the boundary-layer-edge 

conditions on Equation (2.8). At the outer edge of the boundary layer, 

the following boundary conditions apply 

and 

u = u e 

y = 8. 

(2.11) 

(2.12) 

The following equation is obtained by imposing the outer-edge conditions 

to Equation (2.8). 

u ~ 
8. = {exp(ue -B- ~rr)d· {ue} 

1 T T 
(2.13) 

With the known edge velocity and the turbulert-boundary-layer thickness, 

one can easily use Equation (2.8) to estimate the initial velocity pro

file of the turbulent boundary layer. This velocity profile is input 

to the STAN-5 computer code. 
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Wu and Lock Computer Code 

The Wu and Lock (4) computer code is another basic tool that is 

needed to calculate the turbulent boundary layer. This computer program 

was developed by Wu and Lock at the University of Tennessee Space Insti

tute. 

For a given Mach number, cone semivertex angle, azimuth angle, and 

angle of attack one can use the Wu and Lock computer code to obtain the 

invisr.id pressure distribution along a ray of a sharp-nose cone. Figure 

3 presents the Wu and Lock inviscid pressure distribution for a 10-degree 

cone at zero angle-of-attack and transonic Mach numbers. Along with the 

pressure distribution, the Wu and Lock computer printout includes the in

viscid velocity distribution along the surface of the cone. For a de

tailed analysis of the development of the Wu and Lock computer code one 

should refer to Wu and Lock (4). 

The rest of this section includes a brief discussion of how the Wu 

and Lock computer program is used to obtain the inviscid boundary condi

tions along the surface of the cone. The match point is defined to be 

the estimated location of the initial station at which a fully-developed 

turbulent boundary 1 ayer begins. For reasons that wi 11 become apparent 

in the next chapter, the inviscid boundary conditions ahead of the tipof 

the physical cone must be obtained. For this reason, the velocity dis

tribution upstream of the match point is obtair.~d by a simple linear ex

trapolation of the Wu and Lock velocity distribution upstreamofthematch 

point. Unfortunately, the Wu and Lock computer output does not provide 

the inviscid velocity distribution at evenly spaced locations along the 

axis of the cone. Whereas, the STAN-5 computer code works better when the 

inviscid boundary conditions are evenly spaced. From previous Oklahoma 
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University (OSU) work, the inviscid boundary conditions are evenly spaced 

by means of a simple computer program. This program has been modified 

by the pi~esent author so that it accepts the data directly from the l·Ju 

and Lock computer printout. This modified program is used as one of the 

subroutines in the Mini-Basic computer code. This is done for two reasons. 

Firstly, it is desirable to obtain the edge velocity directly from the \<Ju 

and Lock data. This saves time and eliminates possible errors that may 

be introduced by obtaining the edge velocity for each single STAN-5 com

puter run by means of hand calculations. The second reason is that this 

subroutine uses other information within the Mini-Basic computer code, 

and the printout is in the desired format that can directly be input to 

the STAN-5 computer code. 

STAN-5 Computer Code 

The STAN-5 computer code is the primary boundary-layer calculation 

tool that is used in this project (3). This computer code is used to 

solve the boundary layer conservation equations, and it is specifically 

used to estimate the theoretical, skin friction coefficient. The STAN-5 

computer prograre \vas developed by Crawford and Kays (3) at Stanford Uni

versity. This computer code is an extension of work originally done by 

Patankar and Spalding (7) in 1967. In this section, it is intended to 

give a brief description of the operation of STAN-5. A detailed analysis 

of the theory behind the STAN-5 computer code is beyond the scope of 

this report. For a complete understanding of the STAN-5 computer code, 

one should consult Patankar and Spanlding (7). However, if one is in

terested only in the basics of how to use the program, he should con

sult the STAN-5 Manual (3). This manual discusses the theory in 
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reasonable detail. Furthermore, it gives adequate instructions to 

properly use this sophisticated computer code. The following discus

sion, which is a brief description on the operation of the STAN-5 com

puter code is based on the information given in the STAN-5 Manual. 

The conservation equations of a given boundary layer are impossible 

to solve analytically. For this reason, with the progress of the tech

nology of digital computers, it has become routine to use finite-dif

ference techniques to solve the boundary layer equations. The STAN-5 

computer program is such a program and employs difference methods to 

solve the conservation of mass, momentum, and energy equations. Some of 

the basic features of STAN-5 computer code are discussed in this part of 

the report. 

The STAN-5 computer code uses the concept of eddy diffusivity for 

momentum conservation, sm, in order to solve for the Reynolds shear 

stress. There are three options for modeling the eddy diffusivity which 

appears in the conservation of momentum equation. The first option is 

to use the Prandtl mixing-length model. The second option is to use the 

constant eddy diffusivity model. The turbulent-kinetic-energy model was 

selected for use in this project. The STAN-5 Manual suggests that the 

turbulent-kinetic-energy model for sm should be used if there are signi

ficant amounts of freestream turbulence which is one of the primary 

sources of inaccuracy in wind-tunnel experiments. 

Computation of the flow field near the wall is the last feature of 

STAN-5 that is discussed here. The STAN-5 computer code uses the Couette 

flow equations to compute the flow field near the wall region. In order 

to achieve this, STAN-5 has two options. The first option numerically 

integrates the Couette flow equations over the region of high velocity 
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gradient. This option, which is referred to the ''Wall Function," saves 

computation time. The second option, which bypasses the "~Jall Function," 

continues the finite difference equations down to the wall with a pro-

gressively finer spacing. Although the STAN-5 Manual suggests bypassing 

the "l~all Function" only for flows with large pressure gradients, the 

wall function is bypassed for the present work because this results in a 

smoother distribution of skin friction. 

There are a number of flag parameters that must be input to the 

STAN-5 computer code. These flag parameters are fully explained in the 

STAN-5 t,1anual. Besides these flag parameters, the initial static pres

sure, the initial velocity profile, and the inviscid boundary conditions 

along the outer edge of the boundary layer must be input. 

The initial static pressure is obtained from the following equation. 

p .= e,1 oo 

1 + 0.2M~ )y/y- 1 

1 + 0. 2 f·12 . e, 1 

(2.14) 

However, in order to solve for P • , one has to know M • • This f-1ach e,1 e,1 

number is related to velocity and temperatures by the following equa-

tions. 

U . = M ./yg RT e,1 e,1 c e (2.15) 

(2.16) 

ue,i is obtained from the Wu and Lock computer code. With the known 

value of Tt,oo one can combine Equations (2.15) and (2.16) to solve for 

Me 1 .. With the known value of M ., Equation (2.14) is used to solve for , e, 1 

P .. Equation (2.8) is used to specify the mean-velocity-profile e, 1 
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at about 40 points across the boundary layer. Finally, the proper in

viscid boundary conditions, which are obtained from the Wu and Lock com

puter code, are input to the STAN-5 computer code. 



CHAPTER III 

THE METHOD DEVELOPED TO COMPLETE 

THE TURBULENT BOUNDARY 

LAYER CALCULATIONS 

A unique method has been developed to complete the turbulent-boun

dary-layer calculations. In this cMpter an overall perspective of this 

method is presented. This chapter discusses the theory behind the me

thod used to execute the turbulent-boundary-layer calculations. The 

detailed analysis of the governing equations of this method is presented 

in the next chapter. Furthermore, Appendix A presents the step-by-step 

procedure used in the turbulent-boundary-layer calculations. 

At this point, two sets of information-are available. The first set 

of information is the primary variables of the wind tunnel for a given 

run. The primary variables for a given run include freestream Mach num-

ber, unit Reynolds number, and the freestream dynamic pressure. The 

second set of information is the Preston-tube pressure distribution along 

the surface of the cone. Determination of the location of the imaginary 

point at which the turbulent boundary layer has zero thickness and the 

location of match point are necessary information that must be obtained 

first. The imaginary location at which zero thickness occurs is defined 

to be the virtual origin of the turbulent boundary layer. The variable 

Xeq is defined to be the distance between the match point and virtual ori

gin. This terminology is defined in Figure 4. Note that the location 

18 
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of the virtual origin may be downstream as well as upstream of the tip of 

the physical cone. The location at which the maximum Preston-tube pres

sure occurs could be used as the match point. However, this is not a 

valid choice because at this location the boundary layer may still be 

affected by transition. For this reason, the following method is used 

to assure that the match point is in the fully-developed turbulent-boun

dary-layer region. Figure 5 shows the Preston-tube pressure distribution 

along the surface of the cone for a typical case. The point at which the 

Preston-tube pressure distribution curve corresponding to the turbulent 

boundary layer diverges from that of the rest of the boundary layer is 

defined to be the match point. A French curve may be used to do this 

task. This is indicated by dashed lines in Figure 5. In order to locate 

the virtual origin, Allen's correlation is used to obtain an estimation 

of skin friction coefficient at the match point. Note that this is just 

an estimation. Then, the flat plate equations are used to estimate the 

location of the virtual ori9in on a flat plate. This result is then 

transformed by using Tetervin's (8) tlar.sformation to obtain the corre

sponding location of the virtual origin'on the ten-degree cone. 

The next step is to set up STAN-5 and start the boundary layer cal

culations. As was mentioned before, the Wu and Lock computer code and 

Musker's mean-velocity profile are used to define the inviscid boundary 

conditions and the initial velocity profile, respectively. In order to 

save computer time, STAN-5 is run with the initial station located no 

more than six inches ahead of the physical cone. This is an axial dis

tance. If the location of the virtual origin is such that 



Ppt 

(Ppt)MP 

LAMINAR 
B.L. I 

~· I 
I 
I 
I 
I 

---+----1· I 
! I 
I I . I 
! I 
I I 

Xc\i I 

FULLY 
TURBULENT 
I B.L. 
I ..,. 

I 
I 
I 

Xa Xt XT 

X, DISTANCE ALONG SURFACE OF 10° CONE 

Figure 5. Determination of the Location of the Match Point and the Cor
responding Preston-Tube Pressure 

N ._. 



22 

then the initial station for beginning computations of the boundary 

layer is located at one inch downstream of the virtual origin. In this 

case surface distance is used. It should be mentioned that there are 

no well-defined criteria for choosing the initial station at which the 

turbulent-boundary-layer calculations begin. The distances of six in

ches upstream of tip of the cone or one inch downstream of the virtual 

origin are based on past experience with STAN-5. Starting STAN-5 very 

close to the virtual origin uses too much computer time if the location 

of the virtual origin is located a distance far ahead of the tip of the 

cone. As the boundary 1 ayer deve 1 ops., any errors at the beginning of 

the calculations are normally lost as the conservation equations are 

solved downstream. 

The cone is assumed to be an axisymmetric body. The inviscid boun

dary conditions along the surface of the cone are obtained from the Wu 

and Lock computer code and are input to STAN-5 by specifying the velocity 

at a series of points along the surface of the cone and the corresponding 

radius of the body at those locations. Due to the structure of STAN-5, 

the virtual origin is the reference point from which distance and radius 

are measured. From Figure 4, it is apparent that the radial distance is 

equal to the surface distance times the sine of the cone half-angle. 

This is the method used to model the cone. However, one could argue this 

method is not valid due to the fact that the specified radius of a point 

on the cone corresponds to the radius of the imaginary cone and not to 

that of the physical cone. Consequently, one could conclude that trans

verse curvature effects are not modeled correctly. The fact is that 

transverse curvature effects become important when the radius of the body 

is of the same order of magnitude as that of the boundary layer thickness. 
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transverse curvature effects become even more important when the radius 

of the body is much less than the turbulent-boundary-layer thickness. 

None of the above cases apply here. In fact, the ratio of the boundary 

layer thickness to the radius of the body is rather small. Thus, trans

verse curvature effects are not expected to be a significant source of 

error in the present work. In order to check this, the cone was modeled 

using two other methods for a sample run. The sample run was selected 

as being a worst case. As was mentioned above, the higher the ratio of 

the turbulent-boundary-layer thickness to the radius of the body the 

higher is the error in the skin-friction calculations. For this reason, 

the case that has a high Mach number and low unit Reynolds number was 

chosen. This corresponds to Run Number 56.631 which was selected to check 

the significance of any errors introduced by improper modeling of body 

radius. The first method simply lets the radial distance correspond to 

the physical cone rather than the imaginary cone. This is possible since 

the virtual origin is downstream of the tip of the cone for this par

ticular case (see Appendix B, Table XVIII). The second method is to 

model the cone as a cylinder upstream of the match point, and for the 

points downstream of the match point let the radial distance corre-

spond to the physical cone. STAN-5 was run twice in order to calcu-

late the skin friction coefficient along the surface of the cone with 

these two different modeling procedures. The results are tabulated in 

Table II. The maximum error due to modeling the radius of the cone 

is about three percent. It should be noted that this is the worst case. 

In all the other other cases under study, the ratio of the turbulent

boundary-layer thickness to the radius of the body is smaller than that 

of this sample run. In summary, the method used to model the cone in 



No. 

1 ( zxr1P) 2 I 

3 
4 
5 
6 
7 
8 
9 

10 

TABLE II 

COMPARISON OF SKIN FRICTION COEFFICIENT 
VALUES BY MODELING THE CONE WITH 

THREE DIFFERENT METHODS 

(1) (2) (3) 

1.3183 0.003589 0.003535 
1.4193 0.003450 0.003380 
1.5190 . 0. 003368 0.003284 
1.6169 0.003298 0.003208 
1. 7191 0.003238 0.003140 
1.8207 0.003188 0.003090 
1.9628 0.003112 0.003021 
2.0667 0.003080 0.002992 
2.2092 0.003026 0.002943 
2.4225 0.002946 0.002876 

(4) 

0.003534 
0.003391 
0.003295 
0.003216 
0.003145 
0.003088 
0.003020 
0.002987 
0.002942 
0.002875 

(1) - Distance along the surface of the cone measured from tip of 
the cone, ft. 
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(2)- Skin friction coefficient obtained by the method usedto model 
the cone to carry out the skin friction calculations for a11 
the cases (radial distance corresponds to the imaginary cone). 

(3) - Skin friction coefficient obtained by letting the radial dis
tance correspond to the physical cone rather than imaginary 
cone. 

(4) - Skin friction coefficient obtained by modeling the cone as a 
cylinder upstream of 8atch point, and for the points down
stream at match point letting the radial distance correspond 
to the physical cone. 
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well within the accuracy of the wind-tunnel data and the numerical tech

niques being used. 

After completing tasks of modeling and obtaining other necessary in

formation that must be input to STAN-5, the turbulent-boundary-layer 

calculations are initiated. The skin friction coefficient at the match 

point is calculated by STAN-5 and is compared to the value obtained from 

Allen•s correlation for the same local flow conditions. If the calculated 

skin-friction coefficient by means of STAN-5 is larger (smaller) than that 

calculated by means of Allen•s correlation, then it is concluded that 

the turbulent boundary layer at the match point is too thin (thick). So, 

the virtual origin must be shifted forward (backward) in order to obtain 

a thicker (thinner) boundary layer. A one-seventh power law is used to 

relocate the virtual origin. 

X c 1/7 
eg,l= cf,2) 

xeq,2 '-f,l 

(3.1) 

This process is continued until the skin friction coefficient calculated 

by STAN-5 computer code is within plus or minus a half of one percent of 

that calculated by Allen•s correlation. At that point, it is concluded 

that an acceptable initial velocity profile is obtained. Next the STMl-5 

computer code is run to solve the boundary layer equations along the sur

face of the cone all the way up to the point where the wind-tunnel data ends. 

This procedure is repeated for all the cases. Then, for each case, 

a modified version of STAN-5 is run to obtain the effective height of the 

probe. The effective height of the probe is the distance from the wall 

at which the total pressure within the theoretical boundary layer equals 

the measured Preston-tube pressure. The effective height of the probe, 
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Yeff' is nondimensionalized by the following relation. 

k = Yeff 
eff h/ 2 

(3.2) 

In other words, keff is a measure of the location of the effective center 

of the probe. 

Obtaining t.he values of keff concludes the turbul,ent-boundary-layer 

calculations. The values of total Preston-tube pressure, effective cen

ter of the probe, skin friction coefficient, location of match point, 

and the location 6f the virtual origin is tabulated in Appendix B for 

19 different wind-tunnel fl~w conditions. 



CHAPTER IV 

DEVELOPMENT OF THE GOVERNING 

EQUATIONS 

So far, the basic procedures, which were followed during this re

search project, have been described. In this chapter, additional de-

tails of the method described in Chapter III are presented. 

For a given case, the first step is to calculate the freestream 

thermodynamic and kinematic properties of the fluid (air). This is a 

fairly simple task since the primary wind-tunnel flow parameters are 

given. These parameters are defined as follows. 

(4.1) 

~1 = Uoo = U (yRgcTJ-1/2 
oo a co ~ 

(4.2) 

Re = Puo Uco 
ft ].100 

(4.3) 

From Equation (4.2) one can solve for U and substitute the result into 
00 

Equation (4.1). The resulting equation is 

q = {1/2 y M2)(RToo) 
00 00 -

(4.4) 
Poo 

The equation of state for a thermally perfect gas is 

P = oRT (4.5) 

27 
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Substituting Equation (4.5) into Equation (4.4) and solving for freestream 

static pressure, P , results in the following relation. 
co 

(4.6) 

The freestream total pressure, Pt , is obtained from the following isen-,oo 
tropic relation. 

p 
~ = (1 + y-1 M2)y/y-1 

p 2 00 

( 4. 7) 

00 

Now substitute Equation (4.6) in to Equation (4.7) and solve for the free-

stream total pressure, Pt . 
'<XJ 

2qoo 
. (-2-) 

yM 
00 

(4.8) 

In order to obtain the freestream total temperature, multiply Equation 

(4.2) by Equation (4.3), and divide the resulting equation by Equation 

(4.1). This results in the following equation. 

u 
00 

=--
p u 

00 co 
ll 'co 

The Sutherland's (1) relation for absolute viscosity,~, is 

(2.27) (Tco) 1•5 -8 
~ = T + 198.6 X 10 • 

00 

(4.9) 

(4.10) 

When Equation (4.10) is substituted into Equation (4.9) and rearranged, 

the following equation is obtained. 
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(4.11) 

Equation (4.11) is an explicit equation in T , and it can easily be 
00 

solved for the freestream static temperature. The freestream total. tern-

perature is obtained finally from the following isentropic equation. 

T = T (1 + y- 1 M 2) + 00 00 -..;--- 00 
v ' c. 

(4.12) 

The equation of state (Equation 4.5) is used to calculate density 

of the air. The Sutherland's relation for absolute viscosity, Equation 

(4.10), is used to calculate absolute viscosity, ll· The kinematic 

viscosity, v, is defined as the ratio of absolute viscosity to den-

sity. 

The secondstep is to use Allen's correlation to estimate the skin 

friction coefficient at the match point. In order to solve Allen's Pres

ton-tube calibration equations (2.1 and 2.2), the following parameters 

must be calculated: (1) edge temperature, (2) edge pressure, (3) edge 

velocity, (4) reference temperature, (5) velocity based on Preston-tube 

data, and (6) Reynolds number based on the diameter of a circular Pitot 

probe. 

Before solving for the edge temperature, one has to solve for the 

edge Mach number. In order to solve for this Mach number, the following 

procedure should be followed. The pressure coefficient is defined as 

follows. 

(4.13) 
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By rearranging terms in Equation 4.13, one obtains: 

(4.14) 

The following equation is obtained by substituting appropriate isentropic 

relations for the pressure ratios occuring in Equation (4.14). 

qco cp 1 + 0 2 - + 1 =( . 
pco 1+0.2 

t-12 
"oo ) y /y-1 

M2 ,.,e 

(4.15) 

By rearranging terms in Equation (4.15), one obtains: 

(4.16) 

Note that cp is obtained from the Wu and Lock computer code. ~~i th the 

known edge Mach number, Me, one can use the following isentropic relation 

to solve for the edge temperature, Te. 

(4.17) 

~~ith the known values of cp, P ""' andqoo, Equation (4.13) can be used 

to calculate the edge pressure. The edge velocity can either be obtained 

from the Wu and Lock computer code, or it can be calculated by employing 

an equation similar to Equation (4.2), i.e., 

As discussed before, the Sommer and Short relation for reference 

temperature, Equation (2.9), is used to calculate the reference tempera-
.. 

ture, T . 



31 

The velocity based on the Preston-tube data is calculated via the 

isentropic relations. Starting with Equation (4.2), the following equa

tion can be obtained for UptfUe, 

N y-1 ~1 2 
= Mpt ( 1 + 2 e )~ 

' e 1 + y-1 M 2 
and 2 pt 

p 
_.12! = (1 + y-1 M 2)y/y-l 
P e 2 pt 

Next, one can use Equation (4.20) to solve for Mpt' 

p y-1/y ~ 

M = j _2 r(_ppt) -1Jl 
pt t y-1 L e 

(4.19) 

(4.20) 

(4.21) 

In summary, Equation (4.21) is used to r.alculate Mpt and with the known 

value of ~1pt' Equation (4.19) is used to obtain Upt· 

The Reynolds number based on probe diameter, R0, is the final piece 

of information that is needed to solve_ Allen's calibration equations. 

The Reynolds number based on probe diameter, R0, is defined as 

(4.22) 

The only unknown in the above equation is the diameter of the probe's face. 

Allen's Preston-tube pressure measurements were carried out by means of 

circular Preston tubes. In contrast, the measured Preston-tube pressures 

for this project were obtained by means of oval-shaped Preston tubes. For 
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this reason, it is necessary to define an 11 equivalent 11 probe diameter, 

Deq' which can be used in place of the diameter which appears in Allen's 

correlation. Following the suggestion of Patel (9), the diameter of a 

circular probe is related to the effective height of the probe by 

2Yeff 
D =--

keff 
(4.23) 

Patel suggests a value of 1.3 for keff for a circular Preston-tube. If 

one sets keff = 1.3 in Equation (4.23),the following equation is obtained. 

D = 1.54 Yeff 
(4.24) 

In the case of non-circular probes Yeff is defined as follows. 

(4.25) 

In this equation h is the maximum external height of the probe's face. 

The probe used during the NASA Ames wind-tunnel tests had a height of 

0.0097 inches. Substituting Equation (4.25) into Equation (4.24) leads 

to the definition of an equivalent diameter for the oval-shaped probe 

used during the NASA Ames tests. 

Deq = (0.0075 ) keff (4.26) 

In order to obtain a reasonable value for keff at the start of the tur

bulent-boundary-layer calculations, the following estimation procedure 

was used. From the previous work done by Reed and Abu-Mostafa (10), 

the values of keff along the surface of the cone for the laminar boundary 

layer are available. For each case, a straight-line least-squares curve 

fit was obtained that correlates keff to distance alr~g the surface of the 
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cone. Since this fit is only valid in the laminar boundary-layer region, 

it is not correct to use this fit and blindly apply it to turbulent

boundar.y-layer calculations. However, the laminar values of keff can be 

employed by assuming the locations in the laminar and turbulent boundary 

layer, which have the same Preston-tube pressure, have approximately the 

same value of keff" Thus, the laminar value of keff' at the location 

which has the same Preston-tube pressure as measured within the turbulent 

boundary layer at the match point, is used to estimate an equivalent dia

meter for use in Allen's correlation. With the known value of Deq• 

Equation (4.22) is used to calculate R0• 

All the necessary information to solve for skin friction coefficient 

is then available. Equation (2.1) is used to solve for the calibration 

parameter F1. Next, Allen's correlation Equation (2.4}, is used to solve 

for the calibration parameter F2. Finally, the skin friction coefficient 

is calculated from Equation (2.2). 

The third step is to estimate the location of the virtual origin. 

Unfortunately, the exact location of the virtual origin along the surface 

of a cone cannot be obtained. However, the flat plate equations may be 

used to estimate an approximate value of Xeq on a flat plate. Then, the 

flat plate Xeq may be converted to the cone Xeq· The following equation 

is used to estimate the flat plate Xeq· 

( 4. 27) 

Equation (4.27) is based on an empirical skin friction formula for flat

plate turbulent boundary layers in incompressible flow, viz., 
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0.455 cf : --:2::----'---
ln 0.06Rex 

(4.28) 

The following relation between wetted length on a flat-plate and a cone 

has been suggested by Tetervin (8) in the case of equal skin friction 

at the two X locations. 

Xeq = (2.268) (Xeq ) 
FP 

(4.29) 

Once the location of the virtual origin is fixed, the inviscid velocity 

from the Wu and Lock computer program is extrapolated forward from the 

match point to obtain the edge velocity at the initial station at which 

the turbulent-boundary-layer calculations are started with STAN-5. As 

previously discussed, the remainder of the inviscid boundary conditions 

are obtained from the Wu and Lock computer code. 

The final step is to use Musker•s mean-velocity-profile, Equation 

(2.8), and calculate the initial velocity profile of the turbulent boun

dary layer. At this point, all the necessary information that must be 

input to STAN-5 is available. 

The procedure discussed above is automated by means of the Mini

Basic computer code. This code is fully documented in Appendix A. 



CHAPTER V 

ANALYSIS OF DATA AND THE 

CORRELATION EQUATION 

Once the turbulent-boundary-layer calculations are completed, all 

the necessary information to correlate the Preston-tube pressure to the 

corresponding theoretical values of skin friction coefficient are avail

able. Based on the work done by Reed and Abu-Mostafa (10), on laminar 

boundary layers, the following equation is assumed for this correlation: 

* * 2 * * y = A1 (X ) + B1 (X ) + c1 (T ) + 01 ( 5 .1) 

where 

* 2 2 
loglO (Utyeff/vw) y = loglO ( Tw Y eff/ Pw ';w ) = (5.2) 

x* loglO 
2 = (UptY 2ff/vw) ( 5. 3) 

and 

* * The correlation parameters X and Y are basically of the same nature as 

the correlation parameters defined by Allen. From the work done by Reed 

and Abu-Mostafa, it was found that the effective center of a Pitot probe 

was a function of U , h, M , and v . Furthermore, it was learned that ac-
t co w 

counting for the variation of the effective center of the probe resulted 
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in less scatter of skin friction coefficient in the laminar boundary 

layer region. For this reason, unlike Allen, the variation of the ef

fective height of the probe is included in the calibration parameters. 

The following method is used to discard the data points that should 

not be included in the development of a correlation. The values of keff 

along the surface of the cone are tabulated in Appendix B for the various 

wind-tunnel flow conditions. It should be noted that Reed and Abu-Mostafa 

correlated skin friction coefficient to the corresponding Preston-tube 

pressure measurements in laminar boundary layers. Their plot of keff vs. 

UTh/vw for several cases is shown in Figure 6. This figure corresponds 

to the laminar boundary layer studies. From this data, it is concluded 

that the values of keff should increase as U7 h/vw decrease. This means 

the values of keff should increase as the surface distance increases. 

Furthermore, for a given Reynolds number per foot, the values of keff de

crease with increasing Mach number. The distributions of keff for R~n 

Numbers 57.632 and 29.440 do not exhibit this behavior. Apparently, the 

keff's for these two runs were in error. At the completion of this work, 

it was found that the Preston-tube pressures for these two runs were read 

incorrectly. Figure 7 is the corrected laminar keff distribution. It 

might be expected that the keff distribution along the surface of thecone 

should have the same trend as that of laminar boundary layer studies. 

However, this is not exactly true. From tabulated results of keff' it is 

observed for most of the cases that the values of keff decrease until they· 

reach a minimum at a location downstream of the match point. Then a con-

tinuous increase in keff is observed. Consequently, it is concluded that 

the data points preceeding the minimum value of keff should not be included 
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in the correlation equation. The fact of the matter is that the de

crease in keff downstream of the match point is probably caused by errors 

in the estimated skin friction coefficient at the match point, i.e., 

Allen•s correlation and the equivalent diameter does not provide the 

correct skin friction at the match point. However, it is known that the 

errors in this estimation are lost somewhere downstream of the match 

point. This is assumed to occur at the location where keff exhibits 

a minimum. So, for a given case, all the data points ahead of the mini-

mum value of keff are discarded. In othel~ words only the data points that 

show a continuous increase in the values of keff' following the minimum 

value of keff' are set aside for correlation purposes. Figure 8 and 

Figure 9 illustrate examples of this procedure. Cases that exhibit a 

behavior similar to Figure 8 are not included in the correlation equation. 

The cases that exhibit a behavior similar to Figure 9 are used to develop 

the correlation equation, and only the points that show a continuous in-

crease in the keff values following the minimum value of keff are used to 

obtain the correlation. By employing this method, it is found that 

Run !:umbers 70.726 and 15.231 should also not be used in developing the 

correlation equation. The distribution of the effective center of the 

probe vs. UTh/vw for 17 cases is shown in Figure 10. As is shown in 

Figure 10, the distribution of effective center of the probe for Run 

Number 72.748 is much closer to Run Number 21.318 than it is to Run Num-

ber 19.289. Since Run Numbers 72.748 and 19.289 have the same freestream 

flow conditions (i.e., Moo= 0.8 and Reft. = 4 x 106) except for slight 

difference in freestream dynamic press, 6q00 = 12 lbf/ft2, the distribu

tion of the effective center of the probe for these two cases is expected 
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to be much closer together. Furthermore~ by studying Figure 10, it is 

apparent that the spacing of the distributions of the effective center 

of the probe among Run Numbers 72.748, 21.318, and 19.289 does not 

match with the rest of the keff distributions. However, the spacing 

of the keff distributions for Run Numbers 21.318 and 19.289 is similar 

to the rest of the run numbers. For this reason Run Number 72.748 is not 

included in the development of the correlation equation. In summary, a 

total of sixteen cases have been used to develop the correlation equa

tion, and 259 data points have been set aside to obtain the correlation 

equation. A second-order least-squares curve fit to this data results 

in the following correlation equation. 

y* = (0.0272) (X*) 2 + (0.5337) (X*) + (0.1140) (T*) - 0.5419 (5.5) 

* * Figure 11 is the plot of Y vs. Z for the individual wind-tunnel data 
* points where Z is defined as follows. 

z* = (O.G272)(X*) 2 + (0.5337)(x*) + (0.1140)(T*) (5.6) 

The corresponding rms value ofcfis 1.125 rercent. Figure 12 shows the 

narrow range of scatter in skin friction coefficient. The scatter in 

skin friction coefficient is very satisfactory, and it is comparable to 

the Preston-tube calibrations obtained by Patel (9) for incompressible 

* pipe flows. The coefficient of T in the correlation Equation (5.5) is 

very small: and a second correlation equation was obtained by neglecting 

the effects of variable properties across the probe's face. This equa-

tion has the following form. 

v* = (0.0195) (x*) 2 + (0.6124) (x*) - 0.7339 (5. 7) 
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The corresponding rms value of cf is 1.175 percent. As expected, slightly 

higher scatter in the skin friction coefficient is observed when the ef

fect of variations in temperature across the probe's face are ignored. 

The boundary layer calculations have been repeated for two sample 

cases using the new correlation equation to estimate skin friction at 

the match point. One of these cases is Run Number 15.231 which was not 

included in the development of the correlation equation. The second 

typical case is Run Number 40.549 which was included. The skin friction 

coefficient at the match point is estimated by means of Equation (5.5). 

Then STAN-5 is set up to again solve the boundary-layer equations. Fig

ure 13 and Figure 14 each show two sets of skin friction coefficients vs. 

surface distance. One distribution of skin friction coefficient corre

sponds to the estimation,of cf at the match point by means of the new 

correlation, and the other set of data corresponds to the estimation 

of cf at the match point by means of Allen's correlation. Figure 14 fur

ther verifies that the method used to calculate skin friction coefficient 

is correct. Although in the example Allen's correlation under estimates 

the value of cf at the match point, the values of cf eventually converge 

as the boundary layer develops. The variation of effective center of the 

probe vs. surface distance along the cone for the two sample cases is 

presented in Figure 15 and Figure 16. Figures 17 and 18 show the cor

responding keff values plotted vs. U,h/vw. Here again one distribution 

corresponds to the estimation of cf at the match point by means of the 

new correlation equation, and the other distribution corresponds to the 

estimation of cf at the match point by means of Allen's correlation. 

Based on these figures, it is concluded that the distribution of keff 
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resulting from the author's correlation (Eq. 5.5) exhibits the expected 

pattern of increasing keff better than the distribution obtained using 

Allen's correlation. The following observations are made concerning 

Figures 15, 16, 17, and 18 

1. The minimum value of keff using correlation Equation (5.5) 

occurs upstream of that obtained by means of Allen's correlation. 

2. The keff's seem to approach a common asymptote as the boundary 

layer develop, independent of the initial values. 

It should be noted that Allen's correlation was derived based on 

simultaneous measurement of skin friction and circular Preston-tube pres-

sures within flat-plate, turbulent boundary layers in supersonic free-

streams. The above discussion was primarily done to demonstrate that the 

new correlation equation is valid in spite of the fact that the initial 

values of skin friction and keff are erroneous. Comparison of correla

tion Equation (5,5) with Allen's correlation shows that one should use 

this equation to estimate the skin friction coefficient on a ten-degree 

cone at high subsonic Mach numbers. 

In order to estimate skin friction on the AEDC Cone, one should use 

the following method. 

1. Estimate the value of keff from the appropriate tables of Ap

pendix B for a given location on the surface of the cone. 

* 2. Use Equation (5.3) and solve for X . 

* 3. Use either Equation (5.5) or Equation (5.7) and solve for Y 

4. Use Equation (5.2) and solve for U . Then skin friction is 
T 

calculated from the following relation. 

2 
u2 
e 

(5.8) 
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Obtain U h/v and use Figure 10 to estimate a new valuefor k ff' 
T w e 

Iterate the procedure until no improvement in the value of keff 

is observed. 

It should be noted that one may have to interpolate or extrapolate the 

values of keff if the exact freestream Mach number and unit Reynolds num

ber is not found in the tables of Appendix B. The user is warned not 

to use Tables XI, XV, and XX since the corresponding cases were not in

cluded in the development of the correlation equations, Equations (5.5) 

and (5.7). 



CHAPTER VI 

SUMMARY AND CONCLUSIONS 

The distribution of Preston-tube pressures within turbulentboundary 

layers along the surface of a sharp-nosed, ten-degree cone have been cor

related with theoretical value of turbulent skin friction for freestream 

Mach numbers less than one. The Mini-Basic computer code, the Wu and 

Lock computer code and the STAN-5 computer code were used to analyze the 

data and to solve the boundary layer conservation equations. 

This is the first Preston-tube/turbulent-skin friction correlation 

for flow about a cone. The skin friction which results from using Pres

ton-tube pressures in the correlation equation, has a rms error of 1.125 

percent. This precision is very satisfactory and is comparable to pre

vious Preston-tube correlations obtained by Patel (9) for pipe flows. A 

comparison of two sample cases using both Allen•s correlation and correla-

tion Equation (5.5) to estimate the skin friction at the match point sug-

gests that this new correlation is sufficiently accurate for engineering 

uses. 

In the course of this study, it was found that the effective center 

of the probe is not a constant. The distance above the wall of the ef-

fective center of the probe is a function of h, U , v and M . The 
T W 00 

variation of the effective center of the probe becomes less as UTh/vw 

increases. The effective center of the probe increases as the surface 
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distance increases. For a specified unit Reynolds number, the effective 

center of the probe decreases as the fYle.ch number increases. Furthermore, 

for a specified unit Reynolds number and Mach number the effective center 

of the probe increases as U h/v decreases 
T W • 

It is also found out that the variation of the fluid (air) proper-

ties across the probe's face may be neglected for subsonic flows. 

Finally, the possible transverse errors caused by the use of the 

concept of a virtual origin for the turbulent boundary layer was inves-

tigated and found to be neglegible. 

The developed correlation equation, Equation (5.5), is restricted 

to turbulent boundary layers on a sharp and smooth ten-degree cone at 

subsonic freestream Mach numbers. Furthermore, this correlation equa

tion is restricted to Preston-tube measurements carried out at NASA-

Ames 11-ft TWT by means of an oval-shaped Pitot-probe whose height and 

aspect ratio are 0.0097 inches and 1.8, respectively. 

The ten-degree cone under study, which is referred to as the AEDC 

Boundary Layer Transition Cone, was mounted on the nose of a McDonnell

Douglas F-15 aircraft and tested in flight during 1978. The procedure 

developed herein for analysis of the wind-tunnel tests is expected to 

be applicable to the flight data. This work is currently being per

formed by another graduate student. ~1hen this correlation becomes 

available, it will be possible to compare it with the wind-tunnel corre

lation and thereby define an 11 effective 11 unit Reynolds number for the 

11-ft Transonic Wind Tunnel at NASA Ames. This new method is needed 

because the classical definition of a turbulence factor for wind tun

nels (e.g., Pope and Harper [11]) is invalid when ~\c>0,35. 
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The Mini-Basic computer code was developed on an Apple™ II Plus 

Computer. The two primary reasons for developing this computer code were: 

(1) to become familiar with the basic features of micro-computers, in 

general, and (2) to reduci1he calculation costs. This computer code 

requires 48 thousand bytes of memory. It is intended to store most of 

the variables and parameters as the program is calculating the necessary 

information. This gives the user the advantage of obtaining the values 

of different variables and parameters directly from the terminal rather 

than inserting a lot of commands to check the value of a specifiedvari

able in the course of calculation. The logic of the computer code is . 

presented by the flow chart shown in Figure 19. 

This Appendix is designed to guide the reader through the complete 

turbulent-boundary-layer calculations. In order to further clarify this 

matte~Run Number 59.634 is used as an example run. The following is a 

step by step procedure that should be followed to complete a turbulent

boundary-layer calculation for this sample run. 

1. Use Table I and find Case Number 5 corresponds to Run Number 

59.634. 

2. Use the wind tunnel data sheets and estimate the follow1ng. 

a. The location of the match point, XMP = 14.69 in. 

b. The Preston-tube pressure corresponding to the match point, 

ppt = 148.26 lbf/ft. 2 

c. The location in the laminar boundary layer region that has 

™Apple II Plus is a trade mark of Apple Computer, Inc. 
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the same Preston-tube pressure as that of the match point, 

x4 = 5.25 in. _ . I cf (Allen) - cf (STAN-5) I 
d. The va 1 ue of XL. XL - XfvlP 1 f cf {ST.A'r~-5) > 

0.01; otherwise, XL is equal to the location at which the 

wind-tunnel da: :. 

3. Obtain the Wu and Lock printout and do the following. 

a. Obtain the pressure coefficient, cp, at the match point, 

c p = 0. 03755. 

b. Input the first eighty-two X/L values into the Mini-Basic 

program as three data statements in line numbers 2570, 2580, 

and 2590. Then, input the corresponding values of edge 

velocity as three data statements in line numbers 2640, 2650, 

and 266'0. Be sure not to include the point corresponding 

to X/L = 0. 

c. Obtain the value of NXT. NXT is the index corresponding 

to the ith (l~i~82) element of X/L values that corresponds 

to the location of the match point. If the exact location 

of the match point is not found in the Wu and Lock table of 

X/L values, then choose the match point such that it coin-

cideswith the nearest value of X/L occuring downstream of 

that found in step 2-a. NXT is equal to 32 for this sample 

run. 

4. Run the Mini-Basic computer code. This program will ask for 

some or all of the above information depending on the input 

option. Nirri·-Basic has four options. The first option is a 

first-order curve fit of laminar keff's to the corresponding X/L 

values for the ninteen cases under study. The second option 



calculates the initial velocity profile, and the third option 

calculates the inviscid boundary conditions. Finally, the 

fourth option should be used when the user is ready to make a 

65 

STAN-5 run. In order to clarify the operation of the Mini-Basic 

computer code, two sample printout is included in pp. 66-71 • 

The first run uses option one, and the second printout uses 

option four. 

5. Run STAN-5 computer code and obtain the skin friction at the 

match point: cf = 0.003127. 

6. Re-run the Mini-Basic program, and be sure to let the Mini-Basic 

code know that a new Xeq needs to be calculated. Mini-Basic asks 

for this information. Again, run STAN-5 and obtain cf at the 
. ~ \Cf {Allen) - Cf (ST.l\N-5) I 

match po1nt: cf = 0.003340. IT - cf(STAN.:.s·) < 

0.01, then proceed to step 7; otherwise, go to step 6. For this 

example, one has to go back to step 6 and obtain the third value 

ofcfcalculated by STAN-5: cf =0.003238. 

7. Re-run the Mini-Basic computer code, and this should be the final 

run. Set XL = 32.0 inches which is at the end of the traverse 

for this wind-tunnel test. A sample output of the final run of 

the Mini-Basic computer code for Run Number 59.639 is presented 

in pp; 72-75. Running STAN-5 for the fourth time should 

result in a cf at the match point that is within 0.50 percent 

of that calculated by Allen's correlation. Running STAN-5 

for the fifth time, one obtains: cf = 0.003288, which is about 

0.5 percent of that calculated by means of Allen's correlation. 

9. Run the modified STAN-5 computer code to obtain the values of 

keff along the surface of the cone. The total Preston-tube 



HERE IS THE MENU 

1- THE CURVE FIT RESULTS OF THE 
LAMINAR KEFF VS. X/L 

2- THE INITIAL VELOCITY PROFILE 

3- THE INVISCID 80UNDRY CONDITIONS 

4- OPTION TWO AND OPTION THREE 

INPUT YOUR CHOICE NUMBER 
I.E. 1t2t3t OR 4 :1 

WOULD YOU LIKE A HARD COPY? 
HWUT 'Y,. DF: 'W :Y 
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*************************************** 
STRAIGHT LINE CURVE FIT OF LAMINAR 

l"ilNF ··- '::-....... ' 
1<:1. 

MINF ... + Lf 
1<2 

liiNF ·- .. 5 
1/ ':) r· .. \..; 

MH!F ·- I::" 
+ ,_1 

V'' .,-r 

MHW - ,.(.) 
~,,. 
\~J 

MINF ::: .6 
K6 

Mii'·lF ·- .6 
1<7 

MINF :::: .7 
~U") \ (;.1 

MINF - 7 . ; 
j-'<::> 
'·' 

MINF - .7 

.... 

·-

-

--
::: 

::: 

-

-

-· 

I<EFF VS. X:/L 

REFT E-06 = 4 QINF = 230 
0.33949•:</L + <:1..0024> 
REFT E-06 = 3 QINF = 246 
:.05428*X/L + (0.94:1.01) 
REFT E-06 = 3 QINF = 302 
:1.. n<s :1. :=s2x<X/L + 
F:EFT E::-06 = "t 
:1.. D~+·~;·:;)if;J<:X/L + 
F:EFT E--06 = 3 
l.73699:i<X/L + 
REFT E--06 = 4 
t.64683:i<X/L + 
REFT E-06 = 5 
:I..Z3:1.62:t<X/L + 
REFT E--06 == :3 

(0.96:1.1-}9) 
lUi'·lF == 'l· 0 4 

( 0 + '7'0 6"1·2:) 
CUNF ::: 357 

(0.97296) 
lUNF = 477 

<0.9275B) 
QINF = 586 

(0.84~~7:1.) 

lUNF = ~l-OB 
:1..8469•X/L + <0.9:1.105) 
REFT E-06 = 4 QINF = 538 
1.6B853*X/L + (0.8361) 
REFT E-06 = 4 QINF = 548 

1<:1. 0 
MHlF ·- 7 . ' 

r( :1. :1. 
MINF - .B 

rc:t.z 
MI~·.IF -· + f3 

l< :1. ~~ 
Mii\·lF ·- .. B 

~( :1. L{· 

MINF - C) 
+ IJ 

r( :1. :; 

MINF ·- .9 
I< :1. ti 

MINF ::: .9 
~(:1. 7 

MINF ··- •) 9!5 

= 1.47:1.98•X/L + (0.9408) 
REFT E-06 = 5 QINF = 680 

= 1.30~36*X/L + <0.8264) 
REFT E-06 = ::l QINF = 453 

= 1.238:i<X/L + <0.80214) 
REFT E-06 = 4 QINF = 605 

= :1..94761•:</L + (0.7616) 
F:EFT E-06 = 4 QINF = 617 

= 1.95782•X/L + <0.89866) 
REFT E-06 :::: 5 QINF = 761 

= 1.24183•XIL + (0.8531) 
REFT E-06 = 3 QINF = 492 

= 2.41218•X/L + <0.689:1.4) 
REFT E-06 = 5 QINF = 842 

- :L.49198•X/L + (0.7427) 
REFT E-06 = 4 QINF = 693 

K18 = 1.60379•X/L + (0.87261) 
MINF = .95 REFT E-06 = 5 QINF = 873 

K:l.9 = :J..3133•X/L + (0.7202) 
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HERE IS THE MENU 

1- THE CURVE FIT RESULTS OF THE 
LAMINAR KEFF VS. X/L 

2- THE INITIAL VELOCITY PROFILE 

3- THE INVISCID 80UNDRY CONDITIONS 

4- OPTION THO AND OPTION THREE 

INPUT YOUR CHOICE NUMBER 
I.E. 1t2t3t OR 4 :4 

WOULD YOU LIKE A HARD COPY? 
INPUT l Y I m~ IN l : y 

DO YOU NEED TO SOLVE FOR NEW XEQ<CONE>? 
I.E. INF'UT 'Y/ 01=:: 1 N' !N 

INPUT THE ~),~LUE OF XL IN INCHES : l"L 69 

INPUT THE VALUE OF X•l IN INCHES +I:" r]l::"' 
• ..J •••• ..J 

INPUT THE ~JAUJE OF X ( i"lP) IN INCHES ; 1"1. .59 

INF'UT THE ',)tiLUE OF .rep~ !0.03755 

INPUT THE \)f.~LUE OF / PF'T I IN I F'SF ·' :1-<t8.26 

WHAT IS THE CASE NUMBER :5 

USE THE HU&LOCK PRINT OUT 
TO INPUT THE VALUE OF 'NXT' :32 
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THE INITIAL VELOCITY PROFILE OF THE 

2 

6 
7 
{3 

<? 
:1.0 
:1. :1. 
:1.2 

:1.7 
:I.B 
:1. <j 

20 
2:1. 
22 

27 

34 
~-35 
36 

39 

TURBULENT 80UNDRY LAYER 

Dinl. FF:Di'1 ~~~tiLL 
FT;K:!. O,'··+f.:. 

0. 0 0 0 

:l.t.'t3·1 
:1.7.237 
23. 0 913 
29.017 
34. 1196 
·tt.0~}4 

47 + :L:3~3 
5~3 + 2:9:3 
5?. 51·'+ 
l;~i.79D 

72 ~ :1. Lt5 
7D+55~"5 

C5.029 
9:l.~.i67 

<fB.:L72 
:1.04.842 
111.~579 
:1. :1. n. ::::n:::: 
:1.25.2~55 

13~:~.~7.i02 

1,:+~~;.:398 

:1. :;5 + 27 ~{· 
lt.s;·.~)24 

180:::-. 625 
207.146 
231.771 
261.320 

3? 0 • 3?·'+ 
451.{.;69 
525. :1.98 
6 1 :3 • l{<Jlt 
71. (? + ~ .. :::!.(. 
[;·!}(~:~ t 37~5 

(??B. f~ .. =t6 
:1.137.703 

t)[L.DCITY 
FT /~;;;EC 

0. 0 0 0 

:1.97.'713 
230.:319 
253.455 
271.51? 
286.382 
299.042 
310.094 
319. <;;zz 

~:;3<St8B5 

:J<J-4. ~'345 
3~"5:t.Z75 
~:::~,;7 +?57 
~~~ts:: + 856 
36 11'. 62·'+ 
375.104 
380.332 
r·. , .. ,,::• , .. ,1"1 i"'1 
,:) C:l ... ; ... .,;:; \:.\ ·.::· 

::l90 .1"t7 

401.8·!.f3 
if08.B~.;:;:: 

1t16.72<f 
Lt25 + 525 
435.336 
446.255 
"+58.402 

1rf37 + 0 Q<j' 

~503.861 

522.687 
543.614 
56t. + ~532 
~5?0.7c:.t: 

69 



*****~********************************* 
INVISCID 8DUNDRY CONDITIONS 

sur:;r:·,;cE DIST. 
FT 

1 0 • 0833 
ry .... 0 • 11(?:2 
":) 0 1571 "' + 

4 0 • 19··::·:? 
c:· 
.. J 0 + :23~~("3 

6 0.2706 
7 0.3085 
8 0.3463 
9 0.3842 

10 0.42:21 
11. 0.4599 
12 0. ·'19?8 
:1.3 0 .5356 
1 <1 0.5735 
1 c· ,J 0 •. 5113 
:1.6 0. 6"·}'72 
j "r • J 0.6871 
H:3 0 •) /:2-<1'? 
1 '? 0.7628 
20 0.8006 
:21 0 + 83::3!5 
.-,,·/ 0 'li/63 ...... .: .. 
, . ., .-·~ 0 .91"t2 .c.:.-. .) 
·f i) 
,( .. { 0.9521 
.·,.r.:• 
.<~,J 0.9899 
..... ~ 1., 0278 . .:. ·~.l 

-2? • 0656 .J. + 

28 i • 1035 
29 1 • 141'1 
30 1.17'72 
31 1.2171 
32 1 ':25"19 
33 1 .2928 
3't 1.3306 
35 1.3685 
36 1. •!064 
3'"' / 1. +q.<tz 
38 1 ., . .::} :3 :;:~ 1 ... 

F;~FlD::CU:3 

FT:>:< l 0 0 

0.72 
1.03 
1.36 
1.69 
. .., 02 ..... 
·"'i ... ,,::· 
..:. • ..J..J 

2.68 
3. 01 
3.34 
3.6? 
4 • 00 
it. 33 
4.66 
•1. ?9 
5.32· 
~5 + 65 
5.98 
6.31 
6 + 6·il 
6.97 
7.:30 
/ .6:] 
7 • ;:?6 .. 
t,"'J ··;.·-. 
W+"-7' 

8. ·:S2 
8 + '}5 

9.28 
9.61 
9.'74 

10 .. .,. .. ., 
+ .1.._/ 

10.60 
10 .93 
11.26 
11.59 
11 .?2 
1..., .-, ·=· .t:. + k. ._1 

12. ~58 
1i~+'?1 

EDGE VEL. 
FT/:3EC 

639.•U6 
639.600 
630:.i.?30 
639.860 
639.990 
6·'t 0. 120 
640.250 
640.380 
640.510 
640.640 
640.?70 
6·'10."700 
.~··~·1 • 030 
6•11. 160 
6·'11.2?0 
6·'11 • ·1:;: 0 
6··H,5~50 

6"-:1.6:30 
6·<11.810 
641.9't0 
642. 070 
6·'12.:200 
6'f2.330 
6•t:2.·0r60 
6't2.590 
6·'12 t ?:20 
6·'12.850 
64z.·:tBO 
643.110 
643.240 
6't3.370 
6'1:3.500 
,-s ·'t 3 • .:S 3 0 
643.760 
643.890 
644.020 
6·'·!-<1.150 
~~"'1·'} 136 0 
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THE VALUE OF THE 'XEQ' IS = l.~qs; FT 

THE VALUE OF X-INITIAL IS = 0.0833 FT 

THE VALUE OF CF<ALLEN) = 3.270E-03 

INITIAL STATIC PRESSURE INPUT 
TO STAN-5 = 1435.22 PSF 
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~************************************** 
HERE IS THE MENU 

1- THE CURVE FIT RESULTS OF THE 
LAMINAR KEFF VS. X/l 

2- THE INITIAL VELOCITY PROFILE 

3- THE INVISCID BOUNDRY CONDITIONS 

4- OPTION TWO AND OPTION THREE 

INPUT YOUR CHOICE NUMBER 
I.E. 1,2t3t OR 4 :4 

WOULD YOU LIKE A HARD COPY? 
INPUT 'Y' OF~ 'N' :Y 

DO YOU NEED TO SOLVE FOR NEW XEQCCONEl? 
I.E. INPUT 1 Y' 01::: 'N' :Y 

INPUT THE VALUE OF 'CF' :0.003233 

THE VALUE OF 'XEQ' IN 'FT' :1.2272 

INPUT THE VALUE OF XL IN INCHES :32.00 

INPUT THE \,J(,I. .. l.J[ OF Xl-} IN INCHES ~ 5 •) :;~5 

INPUT THE V1~1LUE OF :X ( i"l F' ) IN Ii'--lCHES !1•l.6':Y 

INF'UT THE v,;LuE: OF 'CP' + 0 • 03755 • 

INF'UT THE VALUE OF 'PPT' IN 'PSF' : 1 -'}8. 26 

WHAT IS THE CASE NUMBER :5 

USE THE WU&LOCK PRINT OUT 
TO INPUT THE VALUE OF 'NXT' :32 

n· 



*************************************** 
THE INITIAL VELOCITY PROFILE OF THE 

:1. 
~~ 

~:~ 

-'+ ,,. 
,J 

6 
7 
8 
9 

:1.0 
:1. :1. 

:1.2 
:1. ~:3 

:1. l.:. 
:1. ~':.; 

:1.6 
:1.7 
l8 
:1. <? 
20 
2::1. 
22 
1';-'7) 
.i- ... ,1 

2'+ 
2~5 
1')' i. 
J.-l.,l 

'7 ., 
.<../ 

ZB 
zs> 
~) 0 
~:: :1. 
,..,,.,. 
\.o),::. 

":) ':) 
..... '-..J 

34 
,-,r.:-
.:. · .. ) 
1:) ,,: 
,,,11.,,1 

, .. ,...,. 
\~:· / 

'::ro .... ''···' 
,..,, .. t 

. .::: 7 

TURBULENT BOUNDRY LAYER 

DI:3T. FF:OI"i Ht;LL 
FT*:l. o'~··+·c":· 

0 + 000 
6 •• ..,.1"'1 

+ (::S/ ~ 

:1. ~j + lt :1. z 
20 .2:1.8 
27 + 093 
34. 036 
41 • 0 4<? 
48. 1:32 
55.ZB6 
I,,., 
<~L + ~j :1.2 
b9 • BO!f 
77 + :I.BO 
ptl .) I io bZ-'l 
<;-z + :1. "t ::l 
<j'f? 7':~..,. 

.. I ,,,1/ 

:1.07 + Lf 0 7 
:l15 + 1"'"'"' \.) ,J 

122.977 
:1.:30 .GBO 
:1.30 .f.it.:l 
:i. lt~) .?22 
l5C>+~S95 
1M3.20::i 
j l.:i'j 
,\.}Jo .. + :1. ::l~l 
:!.'i?~3.BlfB 

218 + <? 07 
242.977 
27:l .B62 
~jOb 

C" ,., -. 
t\Jl-~ 

3lfB • :1. :1./ 
:3S>B • 02(? 
41::"7 ~J' .924 
52<1 + 797 
blb t 046 
7:!.9 • 54''+ 
B4:3 + 7L}2 
\??2 i' 77•:? 

U.7l + {;24 
13:H • ~j 0 ·I 

.L 

* :t:: 
)I( 

* 
)I( 

)I( 

)i( 

:1< 

:« 

* 
* 
)j( 

;f. 

:K 

* 
)I( 

w il.·. 

~« 

:~<: 

:K 

;¥. 

)f.: 

;-l( 

:r.: 

* 
* 
X< 

* 
:i( 

}f.: 

;K 

;« 

)j( 

::1( 

:K 

;K 

:r.: 
;il. ,. 
:K 

VEL.DCIT'( 
FT/BEC 

0 + 0 0 0 
:1. ~.; 1 + 7'H 
205 + 7'i.}8 
2:i7 + B 1~·5 

260 .616 
278.396 
293. 025 
305. 485 
316.363 
':"Jr'l i. 037 ... Jl-0 • 
::::iLt + 7 66 
::342 7, .. ,,.... 

t I ~~~ 

350 t 
0 -,.c:· I ._o 

1''11:' I .. :• ,.) (:; + 89t. 
:36~:: + 2:7 .. ~ 
:3b9 .27? 
... .,7l1 ,;:,, "'t + 9!:i6 
380 .350 
:38~j + 4?6 
:;~<? 0 + ~123 
~··~c~~::· l5b ,:.-. l ._1 • 
40 0 + 5:j l 
.:'fQ 6 + (~J68 

413.::'jC:,[: 
42:1. .3:1.5 
Lf2\j• 'i' .., . ..., 

+ I / 

439 .634 
450 t 381 
462 + :3~16 
h"t 7 ~j + t_a.·q? 
Lj-<)' I] + 

't ,.., LJ . ·;r i 

507 t 081 
c:· ,,. t:" 
.. J '- ,J .61 0 
54b + 207 
C" I {''t 
,.J0\:1 + 7 t) Ll· 
t::'(""•''!o 
-..)7£..+ C:.1 <? 
.··to::· 

(.j. olo "-1 + '7'-'t l 
c;,3·!f • :.; 7 Ll· 
640 • 561 
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*************************************** 
INVISCID 80UNDRY CONDITIONS 

SUF:F·,~'!CE DIST. 
FT 

1 0.0833 
'? 

··- 0.1063 
3 0.1't'H 
•1 0.1820 
5 0.2199 
6 0.:2577 
7 0.2956 
8 0.3334 
9 0.3713 

10 0.4091 
11 0.4470 
12 0. 48•19 
13 0 ,,. ,., .. ,-. . ;,;.) .... _/ 

14 0.5606 
15 0. !5'?84 
16 0. 63(S3 
17 0. 67·'11 
18 0.7120 
19 0.7499 
20 0.7877 
21 0.8256 
22 0.8634 
:23 0.9013 
24 0. 93(12 
'"'"" ... ,J 0.9770 
26 1.01•19 
27 1.0527 
28 1.0906 
29 1.1284 
30 1.1663 
31 1.2042 
32 1.2420 
33 1. :2799 
34 1.3177 
35 1. 35!56 
36 1.3934 
37 1.4313 
38 1.4692 
39 1.5070 
·'lO 1 • ~'5 ·•1•Yi 
'H 1. 58:27 
42 1.6206 

RADIUS 
FT)I(100 

0.72 
0.92 
1 ·"?!!:" t.t-,J 

:1 •• 58 
1.91 
2.24 
2.57 
2.90 
3.23 
3.56 
3.89 
4.22 
·1. 55 
4.88 
5.21 
5.54 
5.8? 
6.20 
6.53 
6.86 
7.19 
7 ••. ,., 

t,J4. 

7.85 
8.18 
8.51 
8.84 
·-:; + 17 
9.50 
9.83 

10.16 
10. •l9 
10. 8~~ 
11. 1!;5 
11.48 
11.81 
12.14 
12.47 
12.80 
13.13 
13. if6 
13.79 
14.1:2 

EDGE ~)EL. 

F"T/SEC 

6·'l0.561 
6·10.640 
6't0.?70 
640.900 
641.030 
641.160 
641.290 
641.420 
641.550 
641.680 
641.810 
641.940 
642.070 
642.200 
642.330 
642. •l6 0 
642.590 
642.?20 
6't2.850 
642. '780 
643.110 
643.240 
643.370 
6·'l3. 50 0 
6•13.630 
6'+3.760 
6·13.890 
6·'l ... t.020 
64•1.150 
644.360 
644.530 
644.700 
64't.870 
64!5.040 
645.210 
645.380 
645.550 
645.730 
645.900 
646.080 
646.260 
646 ... 140 
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..;+ ~~ 1 • <~)~)B!.:i 1 "t. 't::'.i t..ttt:.t-620 
.(1 L} • 16963 l·L} + 7'8 6'·}6.810 • L 

<"t5 1 7 73 .. :12 1 "" ...J ·> :1.1 6·.:::.·/·. 000 
.q .~. 1., 77:2 0 1 ~5 ., "1·'{ 6lL7+190 
··17 1. f:309'i 15.77 64/.3?0 
48 1 f 8'·}?7 16. 10 6"17. ~59 0 
·'19 1. :3856 16. •tJ 6't7.791 
~50 1 + \_?2:35 16.76 6-<18 + 00(1 
~H 1 ,•).:S:l3 1-7 .. · .,. 0? 6•18.:221 
s::·ry 
-.JJ. .. 1. •::>•;l•:?2 17. '·lZ 6"18.'·HO 
53 '? 0370 1 _., ····-· 648.671 .<- • / + /.::.., 

54 . .., 
L + 07-'t? 18.08 648.901 

c:·,~· ·"i 11:27 18. 'H 6-'1'?' + 1"71 ~•...J .<. •• 

56 2.150.:!J 18. 7-~l 6·'1'?'.381 
57 ·"? 

.( ... 1f::85 19.07 6.1t·i. 6"'H 
58 2.2263 19. 'tO 6 1-l(i. ·-:; 0 1 
59 2.2642 19.73 650.171 
60 2.3020 20 .06 650.452 
61 2.3399 20.39 650.742 
62 2.3777 20.72 651.052 
63 :2. ·<H ~56 21 • 05 651.372 
6't 2. •15T5 :21 .38 651.702 
65 z.•l913 :21 .71 I L .. •."'\ 

o..:JL.. 0··13 
66 2.s2·:;1z 22. 0"1 652.•713 
67 2.5670 22t3? .!>52.793 
68 z •. :SO·'l? 22.70 653. 1 ?•t 
69 :2.6428 23.03 653.624 

~-····~··············•***************** 

THE VALUE OF THE 1 XEQ 1 IS = 1.1329 FT 

THE VALUE OF X-INITIAL IS = 0.0833 FT 

THE VALUE OF CFCALLEN) = 3.270E-03 

INITIAL STATIC PRESSURE INPUT 
TO STAN-5 = 1434.06 PSF 
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76 

pressures downstream of the match point at about one-half inch 

intervals of surface distance must be input to the modified 

STAN-5 computer code. 

Obtaining the values of keff concludes the turbulent boundary layer 

calculations. 

A complete listing of the Mini-Basic computer code is presented on 

the following pages. 



:!.0 
20 
::; 0 
1t 0 
50 
(; () 

70 
E:O 
<;'() 

:1.0 0 
:1.:1.0 
:1.20 
:1.:30 

:~.:[i··i 

F:E:1·1 
F:EM 
F:Ei"i 
PEM 
f;:EM 
REM 
F:Erl 
f..: EM 
f..: EM 
F:El1 
REM 
F:EM 

MIN I-· E:t-,tn: C 
[:"{ 

AMIR NASSIRHARAND 
******************** 

KEEP IN MIND THAT ALL 
CHRtCX) COMMANDS ADRESS 

THE PF:INTEF: IN 
DECIMAL NOTATIONS 

THESE ARE CENTRONICS 
MODEL 739-1 COMPATIBLE 
COMMAND HOME CLEARS 
THE FiCF:EEN 

:1. Lf 0 HCH'\E 
150 DIM MINFC21>,REFTC21),QINFC21),Z( 

50>,LOC50),CSC50>,T<3>,DSC50),AC3 
),8C3>,CC3>,XC153>,Y<153),A1C2Z>, 
81C22),MJC21),MGC21),MHC21),X1C25 
0), X2 ( 2~30), F~ < 2~i0 >, Ul < 250), LJT < 2:.iO) 
,UC50>,HSC50>,P9C19),P8C21) 

*************************************** 
160 REM PUT THE CASES IN ORDER 
170 REM CASE NUMBERS :1.-19 

:1.80 FOR I = 1 TO 19t 
READ P9<I>: 

NEXT I 
:1.90 DATA 11,10,5,4,3,2,1,8,13,6,7,1 

7,15,14,16,18,19,20,21 
200 FOR I = 1 TO 21: 

F:Er'1D F'D C I) t 
NE::<T I 

210 DATA 7,6,5,4,3,10,11,8,0,2,1,0,1 
5,16,13t14,12,16,17,18,19 

220 HOME : 
lU == 0: 
THETA == (5 * 3.1415927) I 180: 
D ~I=· ""' II * XCICICIOOK ::<:t<:iCICK * :tClCK liOt<: * * :K *. * ::c<: * * 
lK:K:K~~:»::K:K::K:~<:;+::::¥.:1( II~ 

ci·:;· -=!=· ==:: II--·--··· .. --··- .. ···----··-·-----·-·-·--··----
-·------------'1 

230 st = o~~-

*************************************** 
240 RE:M SET THE MAIN MENU 

250 PI~.:INT D~!=· 
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?.~o Z~5 "" t i 
::C i'--1 ~) E: F;: ~; 1::: 

F'F;:INT '' 
11 ~ • 

N iJ i~: i'lt(:·,L. i 
F'F:INT 0'91; 

27 o z~i ":: 1 : 

F THE"! 
pr::Ji'iT •• 
PF:INT ! 

HERE IS THE MENU 

F'F:INT '':?··· THE ::CNITlf:·,l... l.)El..OCITY F'F;: 
OFIL..E"~ 

F'F;:Ii'·lT : 
F'I:;:Il'·!T ''3- THE IN~.JJSCID E:OUNDF;:y CO 
NDITION~3"! 
F'I:UNT 
F'I:::INT "•1- OPTION TI-l 0 AND OPTION T 
HREE" 

280 PFaNT 
F'r-;:Ii'lT D'?·$! 
F' F;: IN T D '?' ·~; 

29 0 PF;:INT 
Pl:~n·n "INPUT YOU I~: CHOICE NUi'1E:EF:": 

::CN',JEF: ~) E:: 
INF'UT '' 
u 
NOf-\M,~l.. 

300 F:EM OBTAIN THE INPUT VALUES 
310 REM AND CHECK THE INPUT 
320 REM CHOICE NUMBERS 

330 IF CVi ~ 1 OR Vl = Z OR Vi = 3 OR 
Vl :::: ·•l) 

THEN 
GOTO 380 

34 0 I-lOME : 
FU~tSH : 
S r:· E:: E D ::: 1 0 0 

r.:: 4"! 
NOf<i"'AL. : 
SPEED=: 255 

36 0 F'F;:INT ~ 
Q 1 ::: 1 

:37 0 COTCJ ;::7 0 
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-":)II + 
! • 

IN 1)Er:~~)[ 

11"-!F'UT II 

II ~ F' ~; : 

r:·F::INT D?1; ~ 
N 0 1::: i'i J.~·, L. 
IF ( F'l < > " Y 11 r:l N D F:· ~; < > " N " ) 

THE:N 

COTD ~3BO 

J•)l 0 HOME 
400 IF CV1 = 1) 

THEN 
GOTO 550 

***~~*********~***************~~******* 
410 REM CHECK TO SEE IF 
~20 REM ITERATION IS REQUIRED 

430 Tl$ ::::"DO ··(OU NEED TO SOL.'.)[ FOI:;: N 
EH XEG<CONE)? "t 
F·r:::r:NT T l. $ t 
INVERSE 
INPUT II 

NOF:M.~L t 
F'I~:INT : 

I.E. INPUT 'Y' OR 'N' 

IF CT$ < ,... "Y" ,t.1ND T·$ < > "N") 

THI::N 

GOTO •t30 
"t'-:· 0 PF:INT D9·;t; 
.<t50 IF ( T·j; ::: "Y'") 

THEN 
INPUT II INPUT THE .VALUE OF .. CF' .. 

";CSF: 
F'FUNT ! 
x i\l r:· u T • I T HE v tl L u ~::: oF ' >< L o , 1 r·l ,. F. T ' 

F'I:~INT 

460 IF CV1 < > 1) 
THEN 

I~·lPUT II INF'UT THI:: Vf~lLUE OF XL. IN 
INCHES ; ";EO: 
CO:::: EO . ./ :!.:2 
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470 REM OBTAIN THE INPUT DATA 

'}f:O F'F:INT 
n.wur II n-.!r·ur THE 1-,h=·d_UE or >=:>'-f IN ::c 
r.'CHEE :"; X<t: 
PF:INT 
II'·.! PUT II INF'UT THE lJALUE OF >< ( i"iF') I 
I'·! INCHE~) ; II t ><i•i;. 
F'F:INT 
li\!Pl.JT 11 INF'UT THE vr::tLUE OF ,. CF',. t '1 

rcr~ 
F'F:INT 
INPUT 11 INPUT THE J...1PtLUE DF ... F'F'T,. I 
N ; F' '::; F ; t II ; F' F' T 

1.:·?0 PF:INT 
INr·uT ~~ !---!I·H1T n; THE CAE:E NUhE:EF: :II 
;Itt 
Z3 ::: P9<IU 

500 PRINT 
F'F.:INT 11 USE THE WU8.LOC~( PRINT OUT 
II + • 
INPUT II TO INPUT THE I.)AU.JE OF ; 
NXT' :~~;N:<T 

5l0 REM ALL THE INPUT 
520 REM INFORMATION IS OBTAINED 

~530 PF.:INT DS>~~ ~ 

F'F:INT D$ 
5't0 HOME 

550 REM READ THE FLUID CONSTSNTS 
560 REM P IS PIE IN 
570 REM HUSKER'S EQN. 
580 REM RF IS THE RECOVERY 
590 REM FACTOR 

600 READ RtGCtGAMAtBtKtF'tRF 
6l0 DATA 53.35t32.l74t1.4t5•t•41t.5t 

{.20 GD~3UE: :L3?0 

630 F:EM DO NOT PF:INT 
6.1f 0 REM I<EFF v~:; + 

.s~; o I::.: EM IF IT IS 

660 IF CV1 < > 1) 
THEN 

CDTO ?"l·O 

X/L 
NUT 

THE 

i::J~)~~:E:D FOP 
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J 81 

ti7 0 C'!; "" ,; ETF:f:tiCHT I_INE CUF;t,..t[ FIT OF 
L(ii"ili'-.!(tF: '' i. 
c :1. ~=· :=: II 

F' i~; I I\! T D ~1:. ~ 
F'F:INT C~t:.; 

PI~; INT 
F'F:INT C:l.<!;; 
F'F:I~~T D'?'l;; 
F'I:;;INT 

680 FOR J = 1 TO 2:1. 
690 81CJ) = 81CJ> * 44.5 I COS CT 

8:1.CJ) = INT CB1CJ) * 100000 + 
.:-5> / :t.ooooo; 

AlCJ) = INT CA1CJ) * 100000 + 
.~5) / :1.00000: 

NEXT J 
700 FOR I = 1 TO 19 
710 J = P9<I>: 

IF < A1 < J) > 1) 
THE!'~ 

GDTO 730 
720 INVERSE : 

r·t=uNr "MINF = "; MINF < ... 1 > ; II F;:EF 
T [·-06 :::: II; F:EFT ( .. ));II CUNF - II 

; GUNF ( .. J) ! 
NOF.:rir;L ! 
PFUr-.!T " ~("; 1;" = "; E:J. c .. J >; 
":tc:X/L + <O";Al<JH">"! 
GOTO 7'+0 

730 INVERSE : 
r:·F:nn II tHNF ~"' II; MINF c ... J > ; II t=t:EF 
T E .. _() 6 "'" II ; F.: EFT C.J) ; II CHNF - II 

;CLUW(,.J)! 
NCmMPtL ! 
F· FuN r II t< " ; I ; II = II ; E: u .. n ; 
~~~<X/L + C11 ;fU(J); 11 )" 

7 1t0 NEXT I; 
PR:A: 0; 
END 

750 GOSUE: 2~5:30 

760 REM CALCULATION OF THE FREE 
77 0 REM STF;EAM F'RDPEF:TIE~) t ME 
780 REM UEt AND ETC. 

790 REFTCZ3> ::: REFTCZ3> * CJ.O A 6) 
800 PINF = C2 * QINFCZ3)) I CGAMA * 

MINF ( Z:3) "- 2) :• 



*************************************** 
810 REM ** PTINF=PTOTAL-INFT ** 

820 PTINF = ((2 * QINF<ZJ)) * ((1 + 
<GAMA- 1) I Z> * CMINFCZ3) A 2)) 

...... C GAM~, / C GAi"iA J.) ) ) ) :r.: C :l. / 
GAMA * CMINFCZ3> A 2))) 

*************************************** 
830 REM ** MSE=MEAZ ** 

!3'+0 MEE :=: ( ( ( 1 + CCHNFCZ3)) ;K CCP / F' 
H!F) > r·. C -- :1. / 3. 5) ) ;'!<: C ~:; + C MIN 
F ... ..,.,..,) \.L\.)~ ,~. 2))) -- !:.i 

850 ME = SQR CMSE) 

···········~··························· 860 REM KA•<TINFAZ)+KB•TINF+KC=O 

870 KA = Cl I <2 * QINFCZ3))) * C SQR 
CGAMA * R * GC>> * C2.Z7E- 08) 

* CMINFCZ3) * REFT<Z3>>: 
I<E: == - 1 ~ 
I<C = - 1 ~;·c. e·:· 

DBO DTA = KB A 2- (4 * KA * KC>: 
TINF = C:l. I CZ * KA>> * C - K8 + 

FiG!I~: ( DTFI)) 
IF CTINF < Q) 

THEN 
TINF = (1 I <Z * KA>> * 

EOf..: <DTA>) 

*************************************** 
900 REM CALCULATION OF OTHER 
910 REM AIR PROPERTIES 

920 TTL= CTINF) * CC<<MINFCZJ)) A Zl 
* (.5) * CGAMA- J.)) + 1) 

930 TE =TTL* ((1 + c.z * MSE)) A 

1) 

940 UE = CME) * ( SQR CGAMA * GC * R 
:~<: TE)) 

*************************************** 
950 REM PPT IS THE F'RESTON-
960 REM TUBE PRESSURE 

970 PPT = PPT + F'INF 
980 PE = PINF + CCF' * QINFCZ3>> 
?90 TAW::: CTE> ll<: (:1. + (f-::F / 2) :¥. (GFti''i 

A -· l ) x< (ME ''· 2) ) 
:l.OOO T~:TAF: == <TE) :« ( .~j5 + (. 03~j) * <M 

E A 2)) + .45 *TAW 

82 



*************************************** 
1 0 :1. 0 F.: EM i; ::::F: 0 !.-.! t E: ===i"' UE ~ C>=rH.JE; 

SUBSCRIPTS 1,2,AND 3 CORRESPOND T 
0 THE FLUID PROPERTIES EVALUATED 
AT TEDGEt TSTAR, AND TWALL RESPEC 
T\)ELY 

:l. 0 ~!: 0 T <1 ) - TE: 
TC2) :::: TETM~.:: 

TC3> :::: TM~ 

1030 FOR I :::: 1 TO 3! 
p, C I) :::: ( F'E > / ( F: :~<: T (I> ;. : 
8(1) - (2.27) * (T(I) A 1.5) * 

(10 A - 8) / <T<I> + 198.6): 
CCI> :::: BCI> * GC / ACI>: 

NEXT 

*~************************************~ 
1040 REM CALCULATION OF CF<ALLEN> 

1050 MPT = SQR <<2 / CGAMA- 1)) * (( 
CPPT I PE) A CCGAMA- 1> / GAMA>> 

- :1.) ) 

1060 UPT = SQR ((1 + (CGAMA- 1) * CM 
E A 2) / 2)) / (1 + ((GAMA- 1) * 

( MPT ;-.. 2) / 2) ) > * ( MPT / ME> ~< 

(l.JE) 
1070 KEFF = A1CZ3> + 81CZ3> * X4: 

DEQ :::: .0075 * KEFF I 12 
1080 RD:::: CUE* DEQ> I <CC1)) 
1090 F1:::: <A<Z> / AC1)) * CB<1> / 8<2> 

> * RD * UPT / UE 

1100 REM ** CALCULATION OF FZ ** 
:L:l.:l 0 F:3 === LOG ( FU / LOG ( 10): 

F4 = <.01239) * CF3 A 2) + (.7814 
> * CF3> - .4723: 
F2 :::: 10 ,.._ F4 

*************************************** 
1120 REM ** END OF FZ CAL. ** 
1130 Z1 = (8(1) I 8(2)) * RD * C SQR 

1140 CF :::: CFZ I Z1) A 2 

*************************************** 
1150 REM END OF CF-ALLEN 
1160 REM CALCULATION 
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1170 REM CALCULATION OF 
1180 REM XEQCF.P.>,XEQCCONE>t••• 
1190 REM ** XEQ = XEQCF.P.> 

X2 -- E:<F' CX:l "· .~.:): 
·- (CC )l<: E::(2)) / < .06 ~{~: 

UE) : 
X:ED :::: X2 :K X~~ 

1210 REM ** XC=XEQCCONE) ** 

1220 XC = <2.268) * CXEQ) 

••••••••••••••••••••••••••••••••••••••• 
1230 REM ** XO=XCONE-INITIAL ** 

1240 XO =XC - .5 I < COS CTHETA>> -X 
M I (12 * ( COS <THETA))) 

:I.Z~iO 

:!. ~?: .:~:. 0 

:!.2:70 

REM SET THE INITIAL 
REM STATION OF STAN-5 

IF o:o < 0 ) 
THEN 

xo = 1 / j '? ·-
*************************************** 
1280 REM ** LG=XEQ(F.P.> -INITIAL** 

1290 LG = Cl I 2.268) * XO 

*************************************** 
1300 REM ** LF=CFCINITIAL> ** 
1310 LF = CCF) * CCXEQ I LG) A C:l. I 7> 

:t 320 F:EM ** Ll=LAMDACREF.> ** 

1330 L1 = SQR ((2 * AC2)) I CLF * ACl 
) ) ) 
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1340 REM L4=DELTA<REF.>*UG 
1350 REM INITIAL 

:1.3(:)0 IF CT~!:. "" '''/'') 
THEl··l 

GOTO 1B:l0 
1370 L3- EXP ((Ll- 8- C2 *PI K)) 

L4 = L3 * CCC2> * Ll I 1) 
:t::::DO GDTD :I.B:I.O 

*************************************** 
:1.390 REM FIRST ORDER LEAST SQUARE CUR 

t)E FIT 

••••••••••••••••••••••••••••••••••••••• 
1410 REM XCI> IS THE SURFACE DISTANCE 

:1. 11·20 F:Ei"i 
:1. .lfJ 0 f;:E:M 
:1. !f if 0 RD1 
:l.'·l50 F:EM 
:1. '+ (;. 0 F:t::M 
:1. '{· :::- () F:Eh 

YCI> IS THE CORRESPONDING 
L~~·tf-ii~·.!t::iF: I<EFF 

DATA OBTAINED FROM 
l-.!OP!< DONE 

E:Y 
REED AND A8U-MOSTAFA 

:1.480 FOR I = 1 TO :1.53: 
READ X <I ) , Y < I ) : 

NEXT : 
NiTA 
,6,:1..013,6.5,1.027,7,1.032,7.5,1. 
0~9,4,:1..077,4.5,1.101,5,:1..:1.05,5.5 

,1.118,6,1.163,6.5,1.:1.59,7,:1..185, 
7.5,1.208,8,1.223,6.5,1.209,7,:1..2 
38,?+5t:l.~258 

1490 DATA 8,1.280,8.5,:1..36, 9,:1..32 
4,9.5,1.342,10,1.358,1045t1.381,1 
1,1.382,5,1.106,5.5,1.139,6,:1..158 
t6.5,1.177,7,1.197,7.5,1.217,8,1. 
236,8.5,1.257,9,1.279,0,0,0,0,0,0 
,o,o,o,o,6.5,1.Z19,7,:1..237,7.5,1. 
272,8,1.308,8.5,1.324,9,1.356,9.5 

:l.~'SOO Di~TA 
92,:l.:l.,:l..4:1.6,:1.1.5,1.4ZZ,4.5,1.1,5, 
1.105,5.5,1.111,6,1.135,6.5,1.153 
,7,1.171,7.5,1.191,8,1.208,4.5,.9 
55,5,.971,5.5,.993,6,1.005,6.5,1. 
011,5.5,1.:1.26,6,1.152,6.5,1.183,7 

q 
. t ' 
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:1.:5:1.0 Dr:;TA 
0.5,:1.,333,6.5,1.039,7,1.056,7.5,1 
.073,8,1,097,8.5,1.110,6.5,1.226, 
7 s· :1. + 2 (:) :t r 7 ~ ~5 t l • Z B 2 t t:: t 1 + 3 1 'i· t E: + ~-; t J. + ~:;~ 

39,9,1.369,9.5,1.393,10,1.402,10. 
5,1.422,:1.1,1.426,6.5,1.054,7,1.05 
~· . ..:;r 

.411,6,1.441,6.5,1.464,7,1.~74,6. 

5,1.082,7,1.1,7.5,1.12,8,1.139,8. 
5,1.157,5.5,1.138,6,1.162,6.5,1.1 

,8.5,1.132,4.5, .973,5,.996,5.5,1. 
009,6,1.023,6.5,1.029,8,1.021,8.5 
,1.035,9,1.057,9.5,1.069,10,1.081 
,10.5,1.088,8.5,1.149,9,1.176 

1540 DATA 9.5,1.203,10,1.229,10.5,1. 
250,11,1.283,11.5,1.314,5,.911,5. 
~.'it • 923 t 6 t. 946, ,_::.. 5 t • !]'59 t 4 t 1. 01 :'it 4. 
5,1.032,5,1.053,5.5,1.069,6,1.087 
,6.5,1.108,7,1.129,7.5,1.147,8,1. 
:1.6,8.5,1.17,5,.868,5.5,.88,6,.898 
,6.5, .911 

:!. :':!~:. 0 
1560 

Fi:Ei"i 
F\Ei'i 

ISOLATE THE DATA 
OF DIFFERENT CASES 

1570 FOR J = 1 TO 21: 
READ MGCJ>,MJ<J>t 

NEXT 

,52,59,60,64,65,75,76,80,81,90,91 
,95,96,102,103,107,108,113,114,11 
7,118,122,123,128,129,135,136,139 
,:1.40,1,~9,150,153 

1590 FOR J = 1 TO 21: 
READ MINF<J>,REFTCJ),QINFCJ)t 

NEXT ..Jt 
DATA .6,5,586,.6,4,477,.6,3,357, 
.5,4,404,.5,3,302,.7,4,548,.7,5,6 
80,.7,3,408,.4,4,403,.4,3,246,.3, 
4,23Q,.4,2.5~396,.7,4,538,.8,4,61 

7,.8,4,605,.8,5,761,.8,3,453,.9,3 
,492,.9,5,842,.95,4 

1600 DATA 693,.95,5,873 
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1610 IF CV1 = 1) 
THE!·· .. ! 

FOF: ,..1 === :1. T D 2: :i. 
1620 IF (V1 < > 1) 

THEN 
FDF: J = Z3 TO Z3 

*************************************** 
1630 REM USE THE ABOVE DATA 
1640 REM AND OBTAIN THE S.L. 
1650 REM CUF:VE FIT 

:1. (:,{.I) 

:l.l:·7 0 

~31. ·- () ~ 

sz - 0 • + 

~::; ~~ :::: () • • 
~)lt .... 0~ 

FOF: I- MGCJ> TO MJCJ>: 
l:> l -· S:l. +XCI)! 
S2 - SZ + X< I) ·" 2 t 
S3 :::: S3 + X<I> * Y<I>: 
f.~4 - S4 + Y <I) : 

~·lEXT I! 
MHCJ) = MJCJ) - MGCJ) + 1: 
Z2 :::: MH(J) * S2 - CS:l. A 2) 
E: :1.< J) :::: C ( MH < J) ;:< ~:~3) ··· < l:H 

Al(J) = CCS2 * S4) - CS:I. * 
B ~~ ) ) / ··y , ... + 

1.-Ltt 

i'·lE><T ,.J 
1680 IF CV:I. < > :1.) 

THEN 
F:ETUF:N 

*************************************** 
1690 REM SET UP THE PRINTER 
:1.700 REM IF IT IS ASKED FOR 
1710 REM THE INTERFACE BOARD 
1720 REM IS ASSUMED TO BE 
1730 REM IN SLOTi1 

:!.7lfQ IF <F'1; == "N") 
THEN 

F:ETUI\i'·l 
:l. 7 ~:; 0 F' F: ~!= :L 
:1.7 c;. 0 F'FUNT CHF\$ < 9) ; "6 0 N" 
:1.770 F'fUNT 

P~l:INT 

:1. 7F:.O F'F:DH CHFd:. < ~;·); "20L" 
:!.7?0 F'F:INT 

r·F:IN·r 
:l.E:OO F:ETUF:N 
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181D REM CALCULATION OF THE 
1820 REM INITIAL TURBULENT 
1830 REM VELOCITY PROFILE 

:t D'i· o IF cr~t, == II Y II ~· 

THEl'.! 
CDTD 2:070 

*************************************** 
1850 REM USE WU&LOCK RESULTS 

:lDl)O IF crt:::: "1'1") 
THEN 

YU - >< 0 : 
WP - XC 

H~70 GOTO 1900 

******************~******************** 
1880 REM REF. THE B.C'S 
1890 REM TO THE V.O. 

:1. <;:· 0 0 HOME 
uv :: o: 
XG == HP - CXM / <12 * ( COS CTHET 
f~))))! 

FOR I = 1 TO NREAR: 
XZCI) == X2(1) + XG: 
RCI) == XZCI) * C SIN <THETA>>: 

IF <UV = :l) 
THEN 

NE/T I~ 

GOTO :l?::lO 
n;·:I.O IF <XZ(l) ..:- YLJ) 

THEN 
SI - I: 
uv - :1. 

:1.920 NEXT I 

*************************************** 
1930 REM Z=VERTICAL DISTANCE FROM THE 

SURFACE OF THE CONE: 

UCI)=INITIAL VELOCITY PROFILE: 
UO=WALL FRICTION VELOCITY 

1940 REM SOLVE FOR THE EDGE 
:1.950 REM VELOCITY AT THE 
:1.960 REM INITIAL STATION 
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1970 IS = SI - 1: 
UG:::: (((LJ:I.(SI) ·- U:I.(IS)) ,/ CXZ<~:;I 

) -- )(2(It::))) >.'< CYU ·-· XZ<I~;;))) + U 
:1. ( I~3) 

1980 L4 = L4 / UG: 

:1.9?0 
2000 

LJO = l.JG / L:l. 
lJ( 1 ) -- 0 ., ( 
i..' 1 ) ::: 0 • + 

zc ~~ ) ··- • 005 ~{( L·'t 

*************************************** 
2010 REM AND SOLVE FOR INITIAL 
2020 REM EDGE VELOCITY 

2o::::o zs ,,= o 
2040 FOR I = 3 TO 50 
2050 IF <I< = 21) 

THEN 
ZCI> = Z<I - 1) + 1.010 * <Z<I 

- 1) - ZCI- Z>> 
2060 IF <I > 21) 

THEi'·l 
Z<I> = ZCI- 1) + 1.20 * CZCI 
- :1.)- Z<I ·- 2>> 

2070 IF CZ5 = 1) 
THEN 

CDTD 2090 
2080 IF CZCI> > L4) 

THEN 
X8 - I - u 
"TC" 
i- ... J - 1 

20?0 NEXT 
2100 FOR I - 1 TO XB: 

LOCI) = ZCI) / L4t 
i'.IEXT 

2110 X8 = XB + 1: 
Z<XB>::: L't: 
LO(X8) :::: :l.t 
FDF: I -- 2 TO XC 

2120 01 = <ZCI) * UO> I CC2)t 
02 - LOG (01) 

2130 03 = 1 I Kt 
04- F' *OJ: 
05 - <6> * <LOCI> ~ 2) 

21-'tO Dt> ·- <4) * CLO <I> , .... ::n: 
07- (04) * (05- 06): 
Of:: - 0~1 * Cl2 t 
os· = co::n :~< (LO<D ,., 2> xc: (1 -

l..O(l))! 
lJ(l) :::: (l.JO) * (08 + 07 + 09 + 
r:n 

2:i. :.'.'! 0 NEXT 

89 



\. 

2160 IF CV1 = 1 OR Vi - 3) 
THE:i'l 

CDTD 2·420 

2170 REM PRINT OUT THE 
2180 REM VEL. PROFILE 

2 :!. 9 0 IF ( F' <j; :::: II N II ) 

THE I'·! 
GOTD 2~~60 

*************************************** 
2200 REM CHECK AND SEE IF A 
2210 REM HARD COPY IS ASKED FOR 

222 0 F'F::U: J. 
2230 F'FnNT CHR~> <<7'>;"60N" 
2240 PFUNT 
2250 PRINT CHR$ <9>;"20L" 
2260 PFUNT D~>; 

PRINT " THE INITIAL VELOCITY PFW 
FILE OF THE": 
PF:Ir·.!T '' TUF~E:ULENT E:OUNDf;:'( 
LAYEF:": 
pf;:INT 09~;: 

PF:INT : 
F'F:INT " DH:;T. FF:Dh ~-lALL 

VELOCITY"~ 
PFUNT II FT• :L 0 ,~.6 

FT/SEC"! 
PfUNT 
F'F.:I NT D <? ~~ ! 
PF:It-~T 
PI~:INT 

2270 FOR I - 1 TO XB: 
LJ( I> - INT ( U (l) :~<: :1. 0 0 0 + • 5) 

/ :I.OOOi 
Ot(I) = STR$ CUCI))! 
D~HI) = D~~<:I:> + "000000" 

*************************************** 
2280 REM USE STRINGS TO FORMAT 
2290 REM THE TABLE OF VALUES 

2300 Z<I> = Z<I> * 1000000! 
ZCI) = INT CZCI> * 1000 + .5) 

/ :1.000! 
XCI) = INT CZ I>>: 
CtCI) - STR$ Z<I>>: 
H$Cl) = STRt XCI>) 
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2160 IF CV1 = 1 DR V1 - 3) 
THEN 

COTD 2,q·:?:O 

2170 REM PRINT OUT THE 
2180 REM VEL. PROFILE 

21? 0 IF ( f;"l; "" II N II ) 

THEN 
CDTO 22,'JO 

·~····································· 2200 REM CHECK AND SEE IF A 
2210 REM HARD COPY IS ASKED FOR 

:~220 PF~:JI: 1 
22:30 PRINT Crll:~l (<f) ;"60N" 
2240 Pf\:INT 
2250 PRINT CHR$ (9);"20L" 
2260 Pf\:INT D1; ~ 

PRINT " THE INITir~L VELOCITY PRO 
FILE OF THE"~ 
F'fUNT II TUFd::ULENT E:DUNDRY 
Li; YER II : 

F'fO::INT D<?!~ t 
PF.:nn : 
Pl~:nn II DIBT. FFWM ~<.U;LL 

t)ELOCIT'"( 11 ~ 

PF<:INT II FT• :l. 0 ,~·+6 
FT/SEC"! 

PF:INT 
F'FUNT D 1?~~: 

F'F:INT 
F'RINT 

2270 FOR I - 1 TO X8t 
UCI> - INT CUCI> * 1000 + .5) 

/ lOOOt 
D$CI> - STRS CU<I>>: 
D ~;(I) :::: D!~ <I) + II 0 0 0 0 0 0 II 

••••••••••••••••••••••••••••••••••••••• 
2280 REM USE STRINGS TO FORMAT 
2290 REM THE TABLE OF VALUES 

2300 ZCI) :::: Z<I> * 1000000: 
Z<I) :::: INT <ZCI> * 1000 + .5) 

/ :1.000! 
X<I> = INT CZCI>>: 
Ct(I) - STR$ <Z<I>>: 
H~l'· (I) :::: :;:;TF-:~1=· (X (I) ) 
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2~l :1. 0 IF C LEN ( H~l> C I) ) :::: :L) 

THEN 
"+ C>I>CI> + "00000 

" 
?320 C:H:l) =" O.OOO"t 

D~l> ( j_ ) == II 0 • 0 0 0 II : 

IF C LEN CHS(l)) > 3) 
THEN 

CSCU::: C!l;(l) ·t- 11 0000 11 

2330 IF ( LEN CHS<I>> ::: 2) 
THEN 

C$.(I) = II II + C!!;<l) + 11 0000 11 

2340 IF C LEN CHS(l)) = 3) 
THEN 

C!l;( I) = II II + 1>1> (I) ...... II 0 0 0 0 II 

2350 IS- STRS <I>: 
IF ( LEN <IS> = 1) 

THEN 
I$ = II " + I$ 

2360 IF < LEN <HS> = 4) 
THEN 

CSCI> = LEFTS CCS<I>t6> 
2370 IF <I = ~) 

THEN 

2380 IF < INT <Z<I>> = ZCI)) 
THEN 

c~:. < r > = II II + ~)TF:1> c z <I) ) + II 

.0000000 11 

2390 IF C VAL (0$(1)) = INT C VAL 
COS(I)))) 

THEN 
D:H I) ::: ~nFd> C LJ <I) ) + " • 0 0 0 0 0 
II 

2400 F'F:INT II ~~;I!H" ~~; u:::Fn> CC$CI 
>tB>; 11 

D!H I) t 7) t 
NEXT I: 
PFUNT 09$ 

2410 IF CV1 = 2) 
THEN 

F'F<:I= 0 t 
END 

2420 IF CT$ ::: 11 N") 
THEN 

GOTO 31.40 
2't:30 IF (0!~ = 11 NEW 11 ) 

THEN 
I~:ETUF..:N 

II; LEFT!I; ( 
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2440 REM OBTAIN THE INVISCID 
2450 REM BOUNDRY CONDITIONS 
2460 REM NP1=NUMP1 
2470 REM NS=NSHIFT 
2480 REM BY CHANGING NSHIFT 
2490 REM THE BC'S OVER A 
2500 REM WIDER RANGE CAN 
2510 REM BE DETERMINED 
2520 REM THE VALUS OF NUM AND NSHIFT 

ARE BASED ON EXPERIENCE 

*************************************** 
2540 REM 

Xl<I>=X/L CFT> FROM WU & LOC 
K** X1CI) IS MEASURED ALONG THE A 
XIS OF THE CONE ** X2<I>=X ALONG 
THE SURFACE OF THE CONE 

2550 FOR I = 1 TO NP:L: 
F:U1D Xl (1)! 

NE><T 

2560 REM X/L DATA FROM WU & LOCK 

.OlZB:L, .02307t .033~32t .0 
1t ~3 :.i5 ~ + 0 ~j ~~ 7? t ~ 0 l:· lf 0 l t ~ 0 7 ,!.~. 2 J t + 0 [: l{· .. ;'{· ~=.i,. 

.09"·1c: .. f:.., .:LO·i·t::7, .11~.;o8, .:Lz:.;:~c::, .13:::.;•.:· 
8,.14568,.15588,.1~607,.17626,.18 

645,.19664,.20682,.21701,.22719,. 
Z3737,.24755,.25772,.26790t.Z7807 
,.28824,.29841,.30858 

.31874,.32891,.33907 ,0.34 

.40001 t .41016,.42031 t .430.1{·6, .4.1{·06 
o,. 4~.507lf,. 46089,.471 O~l,. "H3:1.1c:.,. L:-9 
:1.30" +~50:1. 1·:-::::t .~.::ill!::.~;,. .~.i2l70t ,.~i3J.~:~:::)- {· 
54195,.55207,.56ZZ0,.57Z32,.58243 
,.59255,.60266,.61277,.62288,.632 
98 

2590 DATA .64308,.65318,.66328 .67337 
,.68346,.69354,.70363,.71371,.723 
7C: 7 e-73~::B5, tf'.L}~:9Zt .. ?::;:398, ~?-(S·403,. .. 7 
?'40f:;t .. 7E;:L}j_~;:t ~?s;~ .. ~j_ .. / s· +f::Q 1·:·~::o 1- .. [:J.~{22t 

(• E:2··i·2 1t 

*************************************** 
2t. 0 0 F.:El""i 
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2610 FOR I = 1 TO NP1: 
X2<I> = CX1CI) * 44.5> / <12 * 

R<I> - X2CI) * SIN <THETA>: 
NEXT I 

2620 FOR I = 1 TO NP1: 

NEXT 

*************************************** 
2630 REM DATA FROM WU & LOCK 

2640 DATA 633.32,635.22,636.32,637.09 
,637.71,638.21,638.65,639.03,639. 
39,639.70,640,640.28,640.54,640.7 
8,641.01,641.24,641.46,641.66,641 
+ 8 7 t 64 2 + 0 7 t 6 4 2 • 2 6 t 6 4 2 • ·'t 5 t 6 .It 2 • 6 3 t 6 
42.81,642.99,643.17,643.34,643.51 
,643.69,643.86,644.02,644.15,644. 
36 

2650 DATA 644.53,644.70,644.87,645.04 
,645.21,645.38,645.55,645.73,645. 
90,646.08,646.26,646.44,646.62,64 
6.81,647.00,647.19,647.39,647.59, 
647.79,648.00,648.22,648.44,648.6 
7,648.90,649.14,649.38,649.64,649 
.90,650.17,650.45,650.74,651.05 

2660 DATA 651.37,651.70,652.04,652.41 
,652.79,653.19,653.62,654.07,654. 
55,655.05,655.60,656.18,656.81,65 
7.49,658.22,659.03 

2670 DX = XZCNXT) - X2CNXT - 1) 
2680 DU = U1CNXT> - U1CNXT - 1> 
2690 XXT - >CZCNXT> 
2700 UXT = U1CNXT> 
2710 NFR = NXT + NSH 
2720 NREAR = NUM + NSH + 1 

**********X**************************** 
2730 REM NT=NTOT 

2740 NT = NUM + NSH + NSH 

2750 REM NXT1=N1XT 

2760 N1XT = NXT + 1: 
FOR I - N1XT TO NUM: 

\..12 :::: (LJ:I.(I + U -- Ul(I)) / CX2 
CI + 1) - XZCI>>: 
UTCI) = U1CI) + VZ * COX- XZC 
I) --:·· ><2 (I ··- :L ) ) ; 

NEXT 
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277 0 1.)2 "" DUD>< 
2780 FOR I = N1XT TO NUM 
2790 X2<I + NSH> = XXT + DX * <I -

2800 RCI + NSH) = X2CI + NSH> * ( S 
IN Cri .. IETA)) 

2810 U1CI + NSH) = UT<I>: 
NEXT 

2820 FOR I = 1 TO NFR: 
,J "" Nn;: + :1. -- I: 
XZCJ) = XXT - CI - 1) * DX: 
R ( .. J) ::= >< 2 (..J ) :K f3 IN ( THE T PI ) : 
UlCJ) = UXT - CI - 1) * DU: 

NE:<T 
2830 FOR I = NREAR TO NT! 

XZ<I> = XZ<I - 1) + DX! 
R<I> = XZCI> * SIN <THETA>: 
Ul<I> = o; 

NEXT 
2840 HOME ; 

RETUF~N 

ZE:50 PFUNT 
F'PH!T 

28(~) 0 PI=\:INT 
F'RINT 
HTAB 20 - INT C LEN CDZS> I 2): 
F'FUNT DZ~~: 
F'PINT 
F'FUNT 
INPUT "";C~~ 

*************************************** 
2E:70 REM MOVE V.O. 
2880 REM ** CFCSTAN-5>~CSF ** 
2890 REM ** NEW XEQCCONE>=XN ** 

2900 XN =ox* ((CF I CSF) A 
••Y '\ 

-- I } 

·~****************~******************** 
2910 REM ** NEW XEQCF.P.>=NF 

2920 NF = XN I 2.268 

*************%************************* 
2930 REM ** NEW X<CONE-INITIAL>=NC ** 

2940 NC = XN- .5 I ( COS (THETA>> -X 
M I (12 * C CDS <THETA))) 

2950 IF CNC < 0) 
THEN 

NC = :l. / :tZ 
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2960 REM ** NEW XCF.P. INITIAL>=NI ** 

2970 NI = NC / 2.268 

*************************************** 
2980 REM ** NEW CFCALLEN-INITIAL>=NA 

:¥~: 

2990 NA = CCF) * C<NF I NI> ~ (1 I 7)) 

*************************************** 
3000 REM ** CAL. DELTA<INITIAL> ** 
3010 REM ** NEW LAMDA = Nl ** 

3020 Nl = SQR <<2 * AC2)) I CNA * A<l 
) ) ) 

••••••••••••••••••••••••••••••••••••••• 
3030 REM **NEW DELTACREF.>=N4 

3040 N3- EXP CCN1- 8- (2 * P / K)) 

N4 - N3 * CCCZ> * Nl / 1> 
:::050 L:l. -- N:l. ~ 

L4 = w~ ~ 
HCH1E 

:3060 0~~ - "NEW": 
YU = NC! 
HF' = XN! 
GDSUE: :1.900 

3070 L:l. = SQR ((2 * AC2>> / CLF * ACl 
) ) ) 

3080 L3- EXP ((Ll - 8- CZ * P / K>> 

L4 = L3 * CCC2) * Ll / UG) 
3090 Pf-\:INT 

PRINT : 
F'RINT : 
HTAE: 20 
F'F:INT D~~'l>! 
PfUNT ~ 

PRINT ! 

INT ( LEN CDZS) / 2): 

IF (f='·;~ == "N") 
THEN 

Ji'lF'UT ''HIT THE <F~ETUF;:N> I<EY TO C 
DNTil'·1UE 11 t C$-
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3100 REM OBTAIN THE 1ST TABLE 
3110 REM OF STAN-5 
3120 REM SET UP THE PRINTER 
3130 REM IF IT IS ASKED FOR 

:3:1. '·f 0 IF ( p ~~· == "l'-! II ) 

THEN 
GOlD 31<?0 

31 ~.'i 0 F'l~: :jj: :L 
:3:1.60 PHINT CHF:t~, C9);"132N": 

PRINT 
3170 PRINT 
:;Lt.GO PF:INT CHF~~J; (<t) ;"~~OL" 

3190 IF CVl ~ 1) 
THEN 

GOTO 3380 
3200 HOME t 

PRINT O$t 
PFUNT II 

r.JDITION:;": 
Pr~:INT D9~;: 

PRINT 
32 j_ 0 PF~INT II 

INVISCID BOUNDRY CO 

EDGE VEL."t 
PF:INT II FT 

FTISEC": 
PRINT 
PRINT 09$t 
PRINT t 
PFUNT 

3220 EO = EO + XG + .9 I 12: 
~J = 0: 
FOR I = SI - 1 TO NREAR - 1! 

IF CX2CI) > EO) 
THEN 

NEXT I: 
GOTO 3380 

3230 J = J + t: 
X2 ( SI -· 1. ) == YU t 
R<SI - 1) = X2CSI - 1) * C SIN 

< THET ~~~) ) t 
UlCSI - 1) = LJG 

3240 X2<I> = INT (10000 * X2<I> + 
.5) I lOOOO: 
R<I> = RCI) * 100: 
R<I> = INT CR<I> * 1000 + .5) 

/ :1.000: 
Ul<I> - INT ClOOOO * LJ1CI) + 
.5) / 10000 
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~::2~50 ,.J ~I> - bTii.:·l ( ,J) • t 

c~· ::: STF:·:I> 0<:2< I ) ) • • 
D~!> -- E:TF:~; ( F: (I> ) t 

• 
c~ ·- ~:::TF: f (\.JJ. (I;. ) • • 
E!l> - ('I> + "0000 II • t 

r·<~: -- c~l• ·+· "00 0 0 " • ......... • 
IF ( LEN ( .J~~) - :1. ) 

THEi'··! 
,J !I> - II !I + .. J ~· 

*************************************** 
3260 REM E:TRINGS ARE USED 
3270 REM TO FORMAT THE NUMBERS 

3200 IF ( vt.L (0$) < 1. 0 ) 
THEN 

D$ ::: " " + D!l> + "0000" 
~~290 IF ( VAL ([$) -::: j,) 

THEN 
C$ - "(I" + C·$ 

::l30 0 IF ( VAL < E ~>) - INT VAL ( [·$. 

) ) ) 
THEN 

E$ = STI~:~> CU1(1)) + ".00000" 
:33:1.0 IF (VAL CD~>)< :J.) 

THE f-..! 
DS- STR$ <R<I>>: 
1)$ ::: II 0 11 + [)$ + "0000" 

3320 IF < VAL CDS) > 10) 
THEN 

D~l; :::: D~; + "00000" 
3330 PRINT Js;: 

F'F:INT" ";LEFT~~- (U>t6);" 

3340 

II + 
f 

; LEFT1; 
NEXT 
F'F:INT ~:;~; t 
F'fUNT 09$ 

LEFT·$ ( 1)·¥ t 5) ;. II II 

( [$ t 7) t 

*************************************** 
3350 REM OBTAIN THE INITIAL 
3360 REM STATIC PRESSURE 
3370 REM INPUT TO STAN-5 

3380 EPI = (((1 + <.2) * CMINFCZ3) ·" •''i ·'-
) ) / Cl + C • :::) ;K (( UC ,.,_ 2:) / (( C~1 
M t1 :.« G C :>l< r:: )i: T T L ) .... ( • 2 ) >K ( U G ,,. 
2))))) A (3.5)) * CPINF) 

3390 EPI ::: INT <EPI * 100 + .5) / 100 
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3400 REM PRINT OUT SOME USEFUL 
3410 REM INFORMATION 

:3420 PRINT :;::~:. t 
F'F:INT O?·:~ 

:34:30 IF en:.== "N") 
THEN 

NC - :<O; 
><N ···· >:C 

3440 XN - INT CXN * 10000 + .5) / 100 
0 0 : 
NC = INT CNC * 10000 + .5) I 100 
0 I) : 

XN$ = STRS <XN>: 
NC$ = STR$ <NC>: 
IF <XN < 0) 

THEN 
XN$ '"' "0" + XN$ + "00000" 

3450 IF <XN > 1) 
THEN 

3460 IF CNC < 1) 
THEN 

NC·$ :::: II 0 II + i'!C>t + "0 0 0 0 0 II 
3470 IF CNC > 1) 

THEN 
NC$ == NC~; + "000000" 

34!30 PRINT ! 
PRINT CHRS (10): 
CF·:J:. :::: STF:~I; ( CF) 

:::: L;.<? 0 F'F: IN T D <;;-~I> : 
r· 1~: ::c NT ·' THE v ~~ L u ~::: oF THE _, x E a l 1 s 
=";LEFT~> <:<N~>t6);" FT"~ 

PF:INT 09~1>! 

F'F:INT ''THE VALUE OF. X·-·Ii'·I::CTir:~lL IS 
=";LEFT~~ <NC~;t<S);" FT"! 
F'FUNT D9~> 

3500 F'F:INT "THE Vt~LUE OF CF<ALLEN)- II 

; LEFT~!> <CFhS>;"E-03"! 
PRINT IY/t·! 
PRINT '' INITIAL STATIC PRESSU 
RE INPUT"! 
F'F.:INT II TO STAN-5 = II ;EPI 
;u PSF"t 

::::5!. 0 PF:INT D?~l:; 

r:· F:IN T ~:;: -~; ~ 

F'F: :U: 0 
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3520 REM END THE MINI-BASIC 
3530 REM 
3540 REM COMPUTER CODE 

3550 END 

100 



APPENDIX B 

TABULATED VALUES OF TOTAL PRESTON-TUBE PRESSURE, 

EFFECTIVE CENTER OF THE PROBE, AND SKIN 

FRICTION COEFFICIENT ALONG THE 

SURFACE OF THE CONE FOR 

19 CASES 
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Case No. 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

TABLE III 

PRESTON-TUBE PRESSURE, EFFECTIVE CENTER 
OF THE PROBE AND SKIN FRICTION 

COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 

NUMBER 29.440 

= 1 XMP = 0.9767 ft xeq = 0.7008 ft 

XC xo ppt keff cfx106 
ft ft pst 

0.7015 0.97734 3758.2 1.3834 3470 
0.7422 1..01804 3754.9 1.2957 3432 
0.7849 1.06074 3752.5 1.2462 3410 
0.8263 1.10217 3750.5 1.2136 3360 
0.8697 1.14554 3748.8 1.1878 3346 
0. 9113 1.18714 3747.7 1.1854 3300 
0.9548 1.23064 3746.4 1.1725 3288 
0.9961 1.27194 3744.9 1.1536 3246 
1. 0391 1. 31494 3743.9 1.1479 3238 
1.0796 1.35544 3743.5 1.1650 3202 
1.1216 1.39744 3742.4 1.1508 3190 
1.1647 1.44054 3741.8 1.1605 3164 
1.2050 1.48084 3741.1 1.1633 3136 
1.2467 1.52254 3740.5 1.1667 3134 
1.2892 1.56504 3739.8 1.1556 3100 
1.3331 1.60894 3739.1 1.1672 3084 
1. 3786 1.64944 3738.7 1.1677 3078 
1.4149 1.69074 3737.8 1.1667 3046 
1.4574 1.73324 3737.5 1.1810 3042 
1.5009 1. 77674 3737.0 1.1818 3028 
1.5502 1.82604 3736.7 1.2017 2996 
1.5909 1.86674 3736.4 1.2108 2998 
1.6323 1.90814 3736.0 1.2167 2984 
1.6743 1. 95014 3735.3 1.2093 2958 
1.7174 1.99324 3735.0 1.2227 2950 
1.7560 2.03184 3734.7 1. 2301 2948 
1.8006 2.07644 3734.3 1. 2358 2924 
1.8461 2.12194 3733.8 1.2435 2908 
1.8870 2.16284 3733.5 1.2494 2910 
1.9285 2.20434 3733.1 1.2499 2900 
1. 9704 2.24624 3732.7 1. 2529 2880 
2.0133 2.28914 3732.5 1.2662 2870 
2.0571 2.33294 3732.4 1.2792 2874 
2.1015 2.37734 3732.3 1.2948 2862 
2.1464 2.42224 3732.1 1.3122 2844 
2.1858 2.46164 3731.8 1.3162 2838 
2.2259 2.50174 3731.7 1. 3278 2842 
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TABLE IV 

PRESTON-TUBE PRESSURE, EFFECTIVE CENTER 
OF THE PROBE AND SKIN FRICTION 

COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 

NUMBER 61.636 

Case No. = 2 XMP = 1. 3183 ft xeq = 1.4481 ft 

No. XC xo ppt keff cfx106 

ft ft psf 

1 1.4684 1.3386 2298.36 1.9050 3576 
2 1.5096 1.3798 2295.79 1.8269 2990 
3 1. 5514 1.4216 2295.08 1. 7484 3199 
4 1.5943 1.4645 2293.65 1.6504 3088 
5 1.6328 1.5030 2292.94 1.6212 3108 
6 1.6774 1.5476 2292.23 1.6032 3080 
7 1. 7172 1.5879 2291.52 1.6032 3062 
8 1.7580 1.6282 2290.09 1.5896 3064 
9 1.7996 1.6698 2289.80 1.5348 3058 

10 1.8416 1.7118 2288.95 1.5425 3036 
11 1.8846 1. 7548 2288.81 1.5234 3020 
12 1.9286 1.7988 2288.52 1.5440 3024 
13 1.9668 1.8370 2288.38 1.5533 3014 
14 2.0054 1.8756 2288.09 1.5673 2996 
15 2.0447 1.9149 2287.81 1.5760 2983 
16 2.0849 1. 9551 2287.38 1.5863 2982 
17 2.1257 1.9959 2287.10 1.5843 2978 
18 2.1668 2.0370 2286.95 1. 5917 2962 
19 2.2085 2.0787 2286.81 1.6098 2946 
20 2.2511 2.1213 2286.67 1.6284 2941 
21 2.2945 2.1647 2286.53 1.6447 2942 
22 2.3383 2.2085 2285.67 1.6608 2933 
23 2.3825 2.2527 2285.53 1.6368 2914 
24 2.4276 2.2978 2285.39 1.6584 2902 
25 2.4659 2.3361 2285.10 1.6788 2901 
26 2.5125 2.3827 2284.96 1.7023 2902 
27 2.5515 2.4217 2284.81 1.7152 2892 
28 2.5989 2.4691 2284.67 1.7375 2876 
29 2.6473 2.5175 2284.39 1.7526 2866 
30 2.6883 2.5585 2284.10 1. 7583 2872 
31 2.7297 2.5999 2283.53 1.7455 2870 
32 2. 7714 2.6416 2282.96 1.7356 2860 

103 



Case No. 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

TABLE V 

PRESTON-TUBE PRESSURE, EFFECTIVE CENTER 
OF THE PROBE AND SKIN FRICTION 

COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 

NUMBER 60.635 

= 3 XMP = 1.3250 ft xeq = 1.3586 ft 

XC xo ppt keff cfx106 

ft ft psf 

1.3691 1. 3355 1848.3 1.4802 3196 
1.4091 1.3755 1846.2 1.4282 3178 
1.4500 1.4164 1844.0 1.3798 3160 
1.4918 1.4582 1842.6 1.3579 3144 
1.5346 1. 5010 1841.2 1.3340 3126 
1.5783 1.5447 1839.8 1.3114 3110 
1.6231 1.5895 1838.3 1.2896 3094 
1.6688 1. 6352 1837.3 1.2799 3076 
1.7156 1. 6820 1836.5 1.2758 3060 
1.7633 1. 7297 1835.5 1.2687 3046 
1.7998 1.7662 1835.1 1. 2735 3032 
1.8495 1.8159 1834.6 1.2854 3018 
1.8874 1.8538 1834.3 1.2959 3008 
1.9389 1.9053 1834.1 1.3108 2992 
1. 9915 1. 9579 1833.9 1.3341 2978 
2.0452 2. 0116 1833.2 1.3356 2962 
2.0862 2.0526 1832.9 1.3465 2952 
2.1279 2.0943 1832.6 1.3567 2942 
2.1702 2.1366 1832.5 1.3745 2930 
2.2132 2.1796 1832.3 1.3905 2922 
2.2569 2.2233 1832.2 1.4074 2912 
2.3012 2.2676 1831.9 1.4193 2902 
2.3462 ·2.3126 1831.5 1.4264 2892 
2.3918 2.3582 1831.2 1.4404 2882 
2.4382 2.4046 1830.6 1.4424 2872 
2.4852 2.4516 1830.4 1.4568 2862 
2.5329 2.4993 1829.9 1.4640 2856 
2.5814 2.5478 1829.4 1.4674 2846 
2.6305 2.5961 1828.8 1.4703 2836 
2.6803 2.6467 1828.4 1.4807 2828 
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TABLE VI 

PRESTON-TUBE PRESSURE, EFFECTIVE CENTER 
OF THE PROBE AND SKIN FRICTION 

COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 

NUMBER 25.376 

Case No. = 4 XMP = 0.9867 ft xeq = 1. 3711 ft 

No. XC xo ppt keff cfx106 

ft ft psf 

1 1.3732 0.9888 2481.5 1.5635 3024 
2 1.4110 1.0266 2477.2 1.4669 3008 
3 1.4594 1.0750 2471.7 1. 3431 2988 
4 1.4990 1.1146 2468.7 1.2871 2974 
5 1.5395 1.1551 2465.8 1. 2386 2958 
6 1.5809 1.1965 2463.1 1.1928 2946 
7 1.6232 1.2388 2461.3 1.1705 2932 
8 1.6663 1. 2819 2458.8 1.1347 2916 
9 1. 7103 1. 3259 2457.4 1.1212 2902 

10 1. 7553 1. 3709 2456.1 1.1136 2888 
11 1.8012 1.4168 2454.6 1.0982 2874 
12 1.8480 1.4636 2453.1 1.0849 2862 
13 1.8838 1.4636 2452.3 1.0803 2850 
14 1. 9323 1.5479 2450.3 1.0562 2838 
15 1.9818 1.5974 2449.6 1.0604 2824 
16 2.0196 1.6352 2448.7 1.0561 2814 
17 2.0708 1.6864 2447.4 1.0438 2804 
18 2.1099 1. 7255 2446.0 1.0275 2794 
19 2.1630 1. 7786 2445.6 1.0388 2780 
20 2.2035 1.8191 2445.0 1. 0413 2770 
21 2.2445 1.8601 2444.4 1.0438 2762 
22 2.2862 1.9018 2443.3 1.0327 2752 
23 2.3285 1.9441 2442.7 1.0322 2746 
24 2. 3714 1. 9870 2441.4 1.0187 2736 
25 2.4149 2.0305 2440.3 1.0074 2728 
26 2.4591 2.0747 2439.9 1. 0125 2720 
27 2.5038 2.1194 2438.7 1.0007 2712 
28 2.5493 2.1649 2438.4 1.0073 2706 
29 2.5953 2.2109 2437.6 1.0017 2700 
30 2.6421 2.2577 2437.3 1.0134 2692 
31 2.6895 2.3051 2437.3 1. 0257 2686 
32 2.7376 2.3532 2437.3 1.0395 2678 
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TABLE VII 

PRESTON-TUBE PRESSURE, EFFECTIVE CENTER 
OF THE PROBE AND SKIN FRICTION 

COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 

NUMBER 59.634 

Case No. = 5 XMP = 1.2243 ft xeq = 1.1452 ft 

No. X c xo p pt keff cfx106 

ft ft psf 

1 1.1483 1.2274 1565.7 1.4538 3286 
2 1.1909 1.2700 1562.8 1.4067 3264 
3 1.2304 1.3095 1559.7 1.3478 3256 
4 1.2706 1.3497 1557.4 1.3159 3222 
5 1. 3121 1. 3912 1554.6 1.2669 3208 
6 1.3547 1.4338 1552.6 1.2399 3198 
7 1.3982 1.4773 1550.6 1.2185 3164 
8 1.4430 1.5221 1548.4 1.1884 3160 
9 1.4838 1. 5629 1547.2 1.1775 3146 

10 1.5253 1.6044 1546.3 1.1818 3116 
11 1. 5679 1.6470 1545.0 1.1733 3104 
12 1.6060 1. 6851 1544.3 ·. 1.1699 3102 
13 1.6502 1. 7293 1543.5 1.1759 3078 
14 1.6897 1.7688 1542.7 1.1784 3058 
15 1. 7302 1.8093 1542.3 1.1862 3060 
16 1. 7714 1.8505 1541.9 1.1945 3048 
17 1.8131 1.8922 1541.6 1.2104 3024 
18 1.8557 1.9348 1541.3 1.2253 3010 
19 1.8994 1.9785 1541.0 1.2380 3012 
20 1.9436 2.0227 1540.6 1.2463 2994 
21 1.9885 2.0676 1539.9 1.2519 2972 
22 2.0279 2.1070 1539.6 1.2650 2964 
23 2.0882 2.1673 1539.3 1.2844 2962 
24 2.1290 2.2081 1539.0 1.2960 2946 
25 2.1703 2.2494 1538.9 1.3151 2928 
26 2.2124 2.2915 1538.6 1.3293 2920 
27 2.2554 2.3345 1538.3 1.3405 2924 
28 2.2989 2.3780 1538.2 1.3573 2912 
29 2.3428 2.4219 1537.6 1.3639 2894 
30 2.3874 2.4665 1536.6 1.3569 2882 
31 2.4330 2.5121 1536.3 1. 3702 2880 
32 2.4792 2.5583 1535.8 1.3741 2878 
33 2.5258 2.6049 1535.2 1. 3812 2866 
34 2.5731 2.6522 1534.2 1.3736 2850 
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TABLE VIII 

PRESTON-TUBE PRESSURE, EFFECTIVE CENTER 
OF THE PROBE AND SKIN FRICTION 

COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 

NUMBER 23.346 

Case No. = 6 xt~P = o. 9975 ft xeq = 1.4616 ft 

No. XC xo ppt keff cfx106 

ft ft psf 

1 1.4674 1.0033 2092.6 1.5060 2968 
2 1.5072 1.0431 2087.6 1.4118 2954 
3 1.5479 1.0838 2082.7 1.3236 2938 
4 1.5895 1.1254 2079.0 1.2688 2924 
5 1.6320 1.1679 2075.6 1. 2165 2910 
6 1.6753 1. 2112 2072.6 1.1781 2896 
7 1. 7196 1. 2555 2069.8 1.1409 2882 
8 1.7648 1.3007 2067.6 1.1202 2868 
9 1. 8109 1.3468 2065.6 1.1028 2852 

10 1. 8580 1.3939 2064.1 1. 0919 2840 
11 1. 8939 1.4298 2062.6 1. 0785 2832 
12 1. 9427 1.4786 2061.2 1.0728 2818 
13 1.9924 1. 5283 2059.8 1.0663 2804 
14 2.0432 1. 5791 2058.4 1. 0540 2790 
15 2.0949 1.6308 2057.1 1.0347 2778 
16 2.1477 1.6836 2055.1 1. 0258 2768 
17 2.1880 1. 7239 2053.8 1. 0212 2758 
18 2.2289 1.7648 2052.8 1. 0256 2748 
19 2.2704 1.8063 2052.2 1.0195 2738 
20 2.3125 1.8484 2051.1 1.0133 2730 
21 2.3552 1.8911 2050.0 1.0097 2720 
22 2.3985 1.9344 2049.1 1.0057 2714 
23 2.4425 1.9784 2048.1 1.0021 2706 
24 2. 4871 2.0230 2047.1 0.9886 2696 
25 2.5323 2.0682 2045.7 0.9946 2690 
26 2.5781 2.1140 2045.3 0.9996 2682 
27 2.6247 2.1606 2044.8 1.0015 2674 
28 2.6719 2.2078 2044.3 1. 0015 2670 
29 2. 7198 2.2557 2044.0 1.0109 2662 
30 2.7684 2.3043 2043.0 1. 0055 2656 
31 2.8176 2.3535 2042.7 1. 0153 2650 
32 2.8676 2.4035 2042.3 1.0213 2644 

107 



TABLE IX 

PRESTON-TUBE PRESSURE, EFFECTIVE CENTER 
OF THE PROBE AND SKIN FRICTION 

COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 

NUMBER 40.547 

Case No. = 7 XMP = 0.7750 ft xeq = 1.1229 ft 

No. XC xo ppt keff cfx106 

ft ft psf 

1 1.1260 0. 7781 2578.8 1.3423 3002 
2 1.1679 0.8200 2568.8 1.2006 2998 
3 1. 2107 0.8628 2s-s-7 .:5 1.0055 2964 
4 1. 2510 0.9031 2552.7 1.0096 2950 
5 1. 2922 0.9443 2547.4 0.9575 2940 
6 1.3344 0.9865 2542.5 0.9174 2912 
7 1. 3736 1.0257 2538.8 0.8873 2910 
8 1. 4135 1.0656 2535.3 0.8602 2892 
9 1. 4542 1.1063 2533.1 0.8531 2866 

10 1.4915 1.1436 2531.6 0.8469 2864 
11 1.5342 1.1863 2529.6 0.8383 2852 
12 1.5777 1. 2293 2526.7 0.8230 2826 
13 1. 6225 1. 2746 2525.3 0.8208 2824 
14 1.6683 1.3204 2523.3 0.8108 2812 
15 1. 7148 1.3669 2521.7 0.8074 2790 
16 1. 7575 1.4096 2520.4 0.8037 2790 
17 1.8009 1. 4530 2519.0 0.7979 2782 
18 1.8450 1.4971 2518.3 0.8036 2762 
19 1.8845 1.5366 2517.5 0. 8071 2752 
20 1. 9249 1.5770 2516.7 0.8077 2756 
21 1. 9716 1.6237 2515.9 0.8104 2744 
22 2.0132 1.6653 2514.9 0.8109 2726 
23 2.0558 1.7079 2514.2 0.8126 2722 
24 2.0993 1. 7514 2513.5 0.8135 2724 
25 2.1432 1.7953 2512.8 0.8165 2712 
26 2.1879 1.8400 2511.9 0.8181 2996 
27 2.2337 1.8858 2511.3 0.8210 2692 
28 2.2736 1.9257 2510.8 0.8175 2694 
29 2.3139 1.9660 2510.0 0.8241 2684 
30 2.3547 2.0068 2509.6 0.8299 2670 
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TABLE IX (Continued) 

Case No. = 7 XMP = 0.7750 ft xeq = 1.1229 ft 

No. XC xo ppt keff cfx106 

ft ft psf 

31 2.3963 2.0484 2509.2 0.8336 2662 
32 2.4388 2.0909 2509.0 0.8432 2666 
33 2.4817 2.1338 2508.6 0.8468 2662 
34 2.5251 2.1772 2507.9 0.8471 2650 
35 2.5691 2.2212 2507.5 0.8569 2638 
36 2.6140 2.2661 2507.2 0.8672 2634 
37 2.6598 2.3119 2506.8 0.8726 2638 
38 2.7059 2.3580 2506.5 0.8792 2630 
39 2.7525 2.4046 2505.9 0.8850 2618 
40 2.8000 2.4521 2505.6 0.8970 2608 



TABLE X 

PRESTON-TUBE PRESSURE, EFFECTIVE CENTER 
OF THE PROBE AND SKIN FRICTION 

COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 

NUMBER 58.633 

Case No. = 8 XMP = 1.2063 ft xeq = 1.2241 ft 

No. XC xo ppt keff cfx106 

ft ft pst 

1 1.2282 1.2104 1356.0 1.4172 3236 
2 1.2686 1.2508 1352.5 1.3443 3206 
3 1.3100 1.2922 1349.4 1. 3010 3182 
4 1.3527 1.3349 1346.5 1.2603 3178 
5 1. 3962 1.3784 1344.0 1.2311 3148 
6 1.4359 1.4181 1342.5 1. 2262 3128 
7 1.4767 1.4589 1340.0 1.1883 3128 
8 1. 5182 1. 5004 1338.4 1.1781 3104 
9 1.5605 1. 5427 1336.6 1.1637 3080 

10 1.6097 1.5919 1335.4 1.1618 3078 
11 1.6485 1.6307 1334.1 1.1537 3062 
12 1.6937 1.6759 1333.6 1.1578 3034 
13 1. 7343 1. 7165 1332.3 1.1661 3026 
14 1. 7758 1. 7580 1331.8 1.1746 3024 
15 1.8177 1.7999 1331.3 1.1884 3002 
16 1.8604 1.8426 1330.8 1.2033 2984 
17 1. 9170 1.8992 1330.4 1.2075 2982 
18 1.9489 1.9311 1330.0 1.2274 2974 
19 1. 9940 1. 9762 1329.9 1. 2376 2952 
20 2.0334 2.0156 1329.4 1.2456 2938 
21 2.0737 2.0559 1329.0 1.2565 2934 
22 2.1146 2.0968 1328.7 1.2730 2932 
23 2.1559 2.1381 1328.6 1. 2921 2918 
24 2.1977 2.1799 1328.4 1. 3012 2898 
25 2.2404 2.2226 1328.0 1. 3168 2890 
26 2.2840 2.2662 1327.9 1.3346 2894 
27 2.3280 2.3102 1327.7 1.3388 2884 
28 2.3725 2.3547 1327.6 1.3588 2866 
29 2.4177 2.3999 1326.9 1.3598 2852 
30 2.4639 2.4461 1326.1 1. 3622 2850 
31 2.5786 2.5008 1325.3 1.3251 2848 
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TABLE XI 

PRESTON-TUBE PRESSURE, EFFECTIVE CENTER 
OF THE PROBE AND SKIN FRICTION 

COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 

NUMBER 70.726 

Case No. = 9 XMP = 0.9767 ft xeq = 2.5189 ft 

No. XC xo p pt keff cfx106 

ft ft psf 

1 2.5224 0.98019 1754.3 1.2495 2636 
2 2.5631 1.02089 1751.5 1.2043 2630 
3 2.6042 1.06199 1745.9 1.1035 2626 
4 2.6457 1.10349 1741.8 1. 0391 2622 
5 2.6876 1.14539 1738.4 0.9868 2616 
6 2.7301 1.18789 1733.2 0.9504 2612 
7 2. 7730 1.23079 1731.5 0.9218 2608 
8 2.8163 1.27409 1729.4 0.9034 2602 
9 2.8601 1.31789 1727.1 0.8776 2600 

10 2.8981 1.35589 1726.0 0.8515 2594 
11 2.9428 1.40059 1724.5 0.8447 2590 
12 2.9880 1.44579 1723.2 0.8325 2584 
13 3.0271 1.48489 1721.5 0.8214 2580 
14 3.0666 1.52439 1721.5 0.8047 2576 
15 3.1065 1.56429 1720.8 0.8019 2572 
16 3.1535 1.61129 1719.8 0.7955 2568 
17 3.1941 1.65189 1718.8 0.7875 2564 
18 3.2352 1.69299 1718.3 0.7873 2560 
19 3.2767 1.73449 1717.0 0.7752 2556 
20 3. 3115 1.76929 1716.7 0. 7766 2554 
21 3.3607 1.81849 1716.0 0.7743 2548 
22 3.4105 1.86829 1715.3 0.7729 2544 
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TABLE XII 

PRESTON-TUBE PRESSURE, EFFECTIVE CENTER 
OF THE PROBE AND SKIN FRICTION 

COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 

NUMBER 21.318 

Case No. = 10 XMP = 0.9383 ft xeq = 1. 2813 ft 

No. XC xo ppt keff cfx106 

ft ft pst 

1 1.2869 0.94398 1827.5 1.3578 3022 
2 1.3228 0.97988 1819.7 1.2391 3006 
3 1.3596 1.01668 1815.4 1.1871 2990 
4 1.4066 1.06368 1809.0 1.1098 2970 
5 1.4550 1.11208 1805.4 1.0795 2952 
6 1.5046 1.16168 1801.6 1.0455 2932 
7 1.5453 1.20238 1798.7 1.0209 2918 
8 1.5869 1. 24398 1796.2 1.0028 2902 
9 1. 6293 1.28638 1794.0 0.9896 2888 

10 1.6836 1.34068 1791.7 0.9778 2872 
11 1. 7281 1.38518 1789~7 0.9674 2858 
12 1. 7735 1.43058 1787.6 0.9535 2844 
13 1. 8198 1.47688 1786.2 0.9506 2830 
14 1.8552 1. 51228 1785.8 0.9583 2820 
15 1.9032 1. 56028 1784.6 0.9604 2806 
16 1.9522 1.60928 1783.3 0.9580 2796 
17 2.0022 1. 65928 1781.9 0.9548 2782 
18 2.0532 1.71028 1780.5 0.9517 2768 
19 2.0921 1. 74918 1779.1 0.9448 2758 
20 2.1449 1.80198 1777.2 0.9360 2746 
21 2.1852 1.84228 1776.4 0.9340 2736 
22 2.2260 1.88308 1775.6 0.9242 2730 
23 2.2675 1.92458 1774.1 0.9277 2720 
24 2.3096 1.96668 1773.2 0.9293 2712 
25 2.3523 2.00938 1772. 1 0.9266 2702 
26 2.3956 2.05268 1771.6 0.9343 2692 
27 2.4395 2.09658 1770.6 0.9330 2684 
28 2.4841 2.14118 1770.4 0.9391 2678 
29 2.5293 2.18638 1769.1 0.9337 2670 
30 2.5751 2.23218 1768.4 0.9372 2662 
31 2.6216 2.27868 1767.8 0.9399 2656 
32 2.6688 2.32588 1767.4 0.9497 2648 
33 2.7006 2.35768 1766.9 0.9524 2644 
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TABLE XII (Continued) 

Case No. = 10 XMP = 0.9383 ft xeq = 1.2813 ft 

No. XC xo ppt keff cfx106 

ft ft pst 

34 2.7489 2.40598 1766.2 0.9516 2640 
35 2.7979 2.45498 1765.5 0.9553 2634 
36 2.8476 2.50468 1764.9 0.9609 2626 
37 2.8811 2.53818 1764.2 0.9600 2624 



TABLE XI II 

PRESTON-TUBE PRESSURE, EFFECTIVE CENTER 
OF THE PROBE AND SKIN FRICTION 

COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 

NUMBER 41.548 

Case No. = 11 XMP = 0.7850 ft xeq = 1.5914 ft 

No. XC xo ppt keff cfx106 

ft ft psf 

1 1.5946 0.78824 2256.9 1. 2912 2808 
2 1.6346 0.82824 2248.9 1.2256 2790 
3 1.6758 0.86944 2241.9 1.1398 2792 
4 1. 7176 o. 91124 2236.3 1.0804 2778 
5 1. 7547 0.94834 2231.3 1.0284 2760 
6 1.7927 0.98634 2228.5 1.0090 2752 
7 1.8427 1. 03634 2225.2 0.4830 2752 
8 1.8821 1.07574 2222.6 0.9646 2736 
9 1. 9281 1.12174 2219.8 0.9457 2720 

10 1.9694 1.16304 2218.1 0.9386 2724 
11 2. 0112 1.20484 2215.8 0.9229 2716 
12 2.0537 1.24734 2214.1 0.9168 2698 
13 2.0970 1.29064 2212.4 0.9089 2688 
14 2.1413 1.33494 2211.2 0.2052 2692 
15 2.1863 1.37994 2209.5 0.8979 2682 
16 2.2252 1.41884 2208.2 0.8933 2666 
17 2.2649 1.45854 2207.0 0.8904 2658 
18 2.3055 1.49914 2205.5 0.8832 2662 
19 2.3466 1. 54024 2204.7 0.8824 2662 
20 2.3881 1. 58174 2203.7 0.8842 2646 
21 2. 4231 1. 61674 2203.0 0.8854 2634 
22 2.4659 1.65954 2201.4 0.8768 2630 
23 2.5095 1. 70314 2201.0 0.8820 2634 
24 2.5537 1. 74734 2200.7 0.8889 2628 
25 2.5983 1.79194 2199.4 0.8850 2616 
26 2.6436 1.83724 2198.6 0.8874 2602 
27 2.6898 1.88344 2198.3 0.8944 2600 
28 2. 7289 1. 92254 2197.1 0.8880 2602 
29 2. 7763 1. 96994 2196.3 0.8900 2596 
30 2 .. 8242 2.01784 2195.6 0.8942 2584 
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TABLE XIII (Continued) 

Case No. = 11 XMP = 0.7850 ft xeq = 1.5914 ft 

No. XC xo ppt keff cfx106 

ft ft psf 

31 2.8648 2.05844 2195.3 0.8998 2574 
32 2.9060 2.09964 2194.6 0.8990 2572 
33 2.9479 2.14154 2194.1 0.9025 2576 
34 2.9901 2.18374 2194.0 0.9130 2572 
35 3.0241 2.21774 2192.7 0.9046 2564 
36 3.0670 2.26064 2192.1 0.9083 2554 
37 3.1106 2.30424 2191.6 0. 9117 2546 
38 3.1549 2.34854 2191.3 0.9226 2544 
39 3.1998 2.39344 2191.0 0.9279 2548 
40 3.2450 2.43864 2190.6 0.9332 2544 
41 3.2906 2.48424 2190.0 0.9389 2534 



TABLE XIV 

PRESTON-TUBE PRESSURE, EFFECTIVE CENTER 
OF THE PROBE AND SKIN FRICTION 

COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 

NUMBER 57.632 

Case No. = 12 XMP = 1.23917 ft xeq = 0.91783 ft 

No. XC xo ppt keff cfx106 

ft ft psf 

1 0.9181 1.2394 1192.1 1.0805 3386 
2 0. 9611 1.2824 1187.1 1.0353 3342 
3 1. 0021 1.3234 1182.8 0.9950 3332 
4 1.0442 1. 3655 1176.4 0.9283 3290 
5 1.0880 1.4093 1176.2 0.9506 3282 
6 1.1289 1.4502 1173.9 0.9402 3248 
7 1.1710 1.4923 1172.0 0.9343 3222 
8 1. 2146 1.5359 1170.4 0.9315 3214 
9 1.2546 1.5759 1169.1 0.9342 3180 

10 1.2959 1.6138 1167.8 0.9366 3164 
11 1.3383 1.6596 1166.4 0.9328 3156 
12 1. 3815 1.7028 1165.1 0.9353 3122 
13 1. 4261 1.7474 1164.5 0.9460 3116 
14 1.4718 1. 7931 1163.7 0.9518 3100 
15 1. 5132 1.8345 1163.1 0.9626 3070' 
16 1. 5558 1.8771 1162.3 0.9653 3060 
17 1.5993 1.9206 1161.8 0.9759 3054 
18 1.6436 1.9649 1161.4 0.9899 3028 
19 1.6889 2.0102 1160.8 0.9995 3012 
20 1. 7297 2.0510 1160.5 1.0103 3012 
21 1. 7709 2.0922 1160.3 1.0216 2996 
22 1.8128 2.1341 1160.1 1.0380 2972 
23 1.8557 2.1770 1160.0 1.0565 2964 
24 1.9060 2.2273 1159.0 1.0573 2962 
25 1.9440 2.2653 1158.0 1.0649 2946 
26 1. 9827 2.3040 1157.8 1.0731 2926 
27 2.0221 2.3434 1156.8 1.0889 2918 
28 2.0691 1.3904 1155.1 1.0879 2920 
29 2.1167 2.4380 1155.0 1.0751 2904 
30 2.1580 2.4793 1154.3 1. 0912 2886 
31 2.2001 2.5214 1153.4 1.0958 2876 
32 2.2431 2.5644 1152.1 1.0960 2878 
33 2.2866 2.6079 1150.7 1.0884 2870 
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Case No. 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
~5 
~6 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

TABLE XV 

PRESTON-TUBE PRESSURE, EFFECTIVE CENTER 
OF THE PROBE AND SKIN FRICTION 

COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 

NUMBER 72.748 

= 13 XMP = 0.9667 ft xeq = 1.0689 ft 

XC xo ppt keff cfx106 

ft ft psf 

1.0714 0.9692 1602.3 1.1976 3122 
1.1133 1.0111 1595.2 1.1304 3084 
1.1568 1.0546 1588.1 1. 0621 3076 
1.1974 1.0952 1580.9 0.9960 3050 
1.2349 1.1327 1578.1 0.9858 3024 
1.2779 1.1757 1574.5 0.9619 3022 
1. 3217 1. 2195 1571.0 0.9425 2990 
1.3624 1.2602 1568.1 0.9286 2974 
1.4042 1.3020 1566.0 0.9209 2970 
1.4467 1.3445 1564.0 0.9182 2942 
1.4904 1.3882 1561.7 0.9103 2926 
1.5353 1.4331 1560.3 0.9109 2922 
1.5758 1.4736 1558.1 0.9030 2898 
1.6173 1.5151 1556.7 0.0940 2880 
1.6707 1.5685 1555.3 0.9072 2878 
1.7140 1.6118 1554.0 0.9089 2854 
1. 7584 1.6562 1552.7 0.9125 2836 
1.7982 1.6960 1551.9 0.9158 2838 
1.8444 1. 7422 1551.0 0.9220 2824 
1.8854 1.7832 1549.9 0.9242 2802 
1.9273 1.8251 1548.9 0.9297 2792 
1.9702 1.8680 1548.2 0.9291 2796 
2.0136 1.9114 1547.9 0.9410 2782 
2.0576 1.9554 1547.0 0.9456 2762 
2.1027 2.0005 1546.7 0.9541 2756 
2.1487 2.0465 1546.3 0.9621 2758 
2.1886 2.0464 1545.7 0.9621 2748 
2.2357 2.1335 1544.6 0.9678 2728 
2. 2770 2.1748 1544.3 0.9796 2722 
2.3191 2.2169 1544.0 1.9887 2726 
2.3617 2.2595 1543.6 1.9943 2720 
2.4047 2.3025 1543.5 1. 0051 2706 
2.4484 2.3462 1543.3 1.0203 2694 
2.4930 2.3908 1543.0 1.0323 2692 
2.5384 2.4362 1542.2 1.0333 2694 
2.5843 2.4821 1541.7 1.0408 2686 
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Case No. 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

TABLE XVI 

PRESTON-TUBE PRESSURE, EFFECTIVE CENTER 
OF THE PROBE AND SKIN FRICTION 

COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 

NUMBER 19.289 

= 14 XMP = 0.9667 ft xeq = 1.5678 ft 

XC xo ppt keff cfx106 

ft ft psf 

1.5708 0.9697 1632.3 1.5223 2904 
1.6124 1.0113 1623.3 1.3852 2898 
1.6546 1.0535 1616.5 1.2939 2872 
1. 6923 1. 0912 1611.1 1.2248 2860 
1. 7421 1.1410 1606.5 1.1785 2858 
1. 7814 1.1803 1602.4 1.1345 2824 
1.8271 1.2260 1600.8 1.1352 2818 
1.8681 1.2670 1598.0 1.1089 2814 
1.9099 1.3088 1595.1 1.0852 2812 
1.9521 1. 3510 1593.7 1.0824 2792 
1. 9951 1.3940 1592.4 1.0814 2776 
2.0392 1.4381 1590.1 1.0637 2776 
2.0840 1.4829 1588.7 1.0600 2772 
2.1294 1.5283 1587.3 1.0575 2752 
2.1756 1.5745 1585.1 1.0399 2740 
2.2161 1.6150 1583.7 1.0309 2738 
2.2572 1.6561 1582.3 1.0242 2738 
2.2988 1.6977 1580.9 1.0166 2726 
2.3409 1.7398 1579.9 1.0130 2710 
2.3838 1.7827 1578.0 1.0099 2704 
2.4276 1.8265 1576.6 0.9968 2708 
2.4719 1.8708 1575.2 0.9912 2702 
2.5091 1.9080 1573.7 0.9827 2690 
2.5545 1.9534 1572.3 0.9743 2676 
2.5930 1. 9919 1570.9 0.9607 2674 
2.6400 2.0389 1570.2 0.9656 2680 
2.6875 2.0864 1568.0 0.9486 2672 
2.7680 2.1669 1566.6 0.9526 2658 
2.8092 2.2081 1565.9 0.9532 2650 
2. 8511 2.2500 1564.9 0.9493 2646 
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TABLE XVI (Continued) 

Case No. = 14 x~1P = o. 9667 ft xeq = 1. 5678 ft 

No. XC xo ppt keff cfx106 

ft ft psf 

31 2.9019 2.3008 1564.3 0.9549 2648 
32 2.9361 2.3350 1563.8 0.9579 2646 
33 2.9792 2.3781 1563.0 0.9618 2638 
34 3.0229 2.4218 156?..5 0.9663 2618 
35 3.0674 2.4663 1562.2 0.9734 2618 
36 3.1035 2.5027 1561.6 0.9743 2622 
37 3.1489 2.5388 1561.0 0.9797 2614 
38 3.1947 2.3844 1560.0 0.9827 2604 



-----

TABLE XVII 

PRESTON-TUBE PRESSURE, EFFECTIVE CENTER 
OF THE PROBE AND SKIN FRICTION 

COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 

NUMBER 42.549 

Case No. = 15 XMP = 0.8105 ft xeq = 1. 5597 ft 

No. XC xo ppt keff cfx106 

ft ft psf 

1 L5678 0.8186 2008.35 1.3354 2800 
2 1.6074 0.8582 1998~38 1.2209 2776 
3 1.6479 0.8987 1991.25 1.1492 2766 
4 1.6999 0.9507 1984.12 1.0850 2764 
5 1. 7422 0.9930 1979.84 1.0539 2744 
6 1.7854 1.0362 1975.57 1.0214 2730 
7 1.8298 1.0806 1971.29 0.9889 2734 
8 1. 8692 1.1200 1968.44 0.9713 2722 
9 1. 9150 1.1658 1965.30 0.9525 2702 

10 1.9560 1.2068 1962.74 0.9385 2696 
11 2.0160 1.2668 1959.88 0.9259 2694 
12 2.0586 1.3094 1958.46 0.9252 2676 
13 2.1022 1.3530 1956.32 0.9171 2664 
14 2.1467 1.3975 1954.32 0.9067 2668 
15 2.1854 1.4362 1953.04 0.9038 2662 
16 2.2245 1. 4753 1952.04 0.9050 2648 
17 2. 2710 1. 5218 1950.05 0.8954 2636 
18 2.3117 1.5625 1949.19 0.8968 2634 
19 2.3669 1.6177 1947.77 0.8947 2632 
20 2.4088 1. 6596 1947.05 0.8986 2620 
21 2.4513 1.7021 1945.63 0.8981 2606 
22 2.4947 1. 7455 1944.20 0.8958 2604 
23 2.5389 1.7897 1943.49 0.8955 2610 
24 2.5836 1.8344 1942.78 0.9018 2600 
25 2.6287 1.8795 1941.64 0.9026 2584 
26 2.6747 1.9255 1941.07 0.9059 2580 
27 2. 7216 1. 9724 1940.07 0.9061 2578 
28 2.7931 2.0439 1939.21 0.9140 2576 
29 2.8333 2.0841 1938.64 0.9184 2566 
30 2.8740 2.1248 1938.22 0.9249 2554 
31 2.9154 2.1662 1937.22 0.9237 2550 
32 2.9575 2.2083 1936.93 0.9302 2554 
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Case No. 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

TABLE XVI II 

PRESTON-TUBE PRESSURE, EFFECTIVE CENTER 
OF THE PROBE AND SKIN FRICTION 

COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 

NUMBER 56.631 

= 16 XMP = 1. 3183 ft xeq = 0.6993 ft 

XC xo ppt keff cfx10 
ft ft psf 

0.7009 1.3199 1055.9 0.8198 3528 
0.7418 1.3608 1050.9 0.7954 3492 
0.7814 1.4004 1046.6 0.7750 3454 
0.8227 1.4417 1043.3 0.7678 3420 
0.8623 1.4813 1040.3 0.7601 3386 
0.9034 1.5224 1038.6 0.7629 3362 
0.9424 1.5614 1036.6 0.7631 3324 
0.9830 1.6020 1035.2 0.7649 3314 
1.0245 1.6435 1033.4 0.7672 3270 
1. 0679 1.6869 1031.8 0.7677 3262 
1.1083 1. 7273 1030.4 0.7704 3230 
1.1542 1.7732 1029.4 0.7786 3200 
1.1930 1.8120 1028.5 0.7824 3194 
1. 2370 1.8560 1027.4 0.7895 3156 
1. 2781 1.8971 1026.4 0.7955 3150 
1.3201 1.9391 1026.1 . 0.8012 3132 
1.3630 1.9820 1024.8 0.8098 3100 
1.4073 2.0263 1024.7 0.8235 3096 
1.4476 2.0666 1024.2 0.8323 3080 
1.4886 2.1076 1023.4 0.8391 3050 
1.5307 2.1497 1022.5 0.8429 3040 
1.5739 2.1929 1021.7 0.8460 3036 
1.6177 2.2367 1021.4 0.8596 3010 
1.6569 2.2759 1022.4 0.8701 2992 
1. 7146 2.3336 1020.5 0.8804 2990 
1. 7556 2.3746 1020.2 0.8925 2970 
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TABLE XIX 

PRESTON-TUBE PRESSURE, EFFECTIVE CENTER 
OF THE PROBE AND SKIN FRICTION 

COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 

NUMBER 43.550 

Case No. = 17 XMP = 0.9525 ft xeq = 2.8075 ft 

No. XC xo ppt keff cfx106 

ft ft psf 

1 2.8133 0.9583 1786.80 1.2222 2514 
2 2.8568 1.0018 1767.98 1.0066 2506 
3 2.9008 1.0458 1778.67 1.1473 2494 
4 2.9457 1.0907 1775.11 1.1182 2488 
5 2.9851 1.1301 1765.70 1. 0164 2488 
6 3.0250 1.1700 1770.83 1.0868 2488 
7 3.0650 1.2100 1768.69 1.0707 2484 
8 3.1052 1.2502 1766.70 1.0578 2478 
9 3.1457 1.2907 1765.27 1. 0522 2468 

10 3.1869 1. 3319 1763.70 1. 0463 2462 
11 3.2289 1.3739 1762.28 1.0420 2458 
12 3.2716 1.4166 1760.85 1.0350 2460 
13 3.3291 1. 4741 1760.14 1.0388 2456 
14 3. 3724 1. 5174 1758.00 1.0245 2450 
15 3.4159 1.5609 1757.29 1.0282 2440 
16 3.4601 1.6051 1755.86 1.0234 2434 
17 3.5128 1.6578 1754.72 1.0207 2432 
18 3.5588 1. 7038 1753.73 1.0181 2432 
19 3.6129 1. 7579 1751.87 1.0072 2432 
20 3.6517 1.7969 1751.59 1.0135 2426 
21 3.6906 1.8356 1751.02 1.0168 2420 
22 3.7378 1.8828 1750.30 1.0200 2412 
23 3.7778 1.9228 1749.88 1. 0266 2406 
24 3.8184 1.9634 1749.02 1.0274 2406 
25 3.8679 2.0129 1748.59 1.0330 2406 
26 3.9261 2.0711 1747.60 1.0329 2404 
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Case No. 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

TABLE XX 

PRESTON-TUBE PRESSURE, EFFECTIVE CENTER 
OF THE PROBE AND SKIN FRICTION 

COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 

NUMBER 15.231 

= 18 XMP = 1.0333 ft xeq = 1. 8595 ft 

XC xo ppt keff cfx106 

ft ft psf 

1.8633 1. 0371 1370.72 1.4120 2780 
1.9049 1.0787 1362.16 1.3002 2762 
1.9475 1.1213 1354.32 1.2073 2756 
1. 9910 1.1648 1349.47 1.1587 2754 
2.0349 1.2087 1345.05 1.1162 2736 
2.0716 1.2534 1341.49 1.0875 2720 
2.1254 1.2992 1337.21 1.0490 2716 
2.1654 1.3392 1334.36 1.0267 2716 
2.2057 1. 3795 1331.51 1.0037 2704 
2.2466 1.4204 1329.66 0.9945 2688 
2.2883 1.4621 1327.66 0.9827 2682 
2.3308 1.5046 1325.24 0.9658 2686 
2.3738 1.5476 1323.67 0.9558 2678 
2.4173 1.5911 1322.24 0.9500 2664 
2.4615 1.6355 1320.53 0.9444 2652 
2.5143 1.6881 1318.25 0.9344 2648 
2.5835 1. 7573 1316.54 0.9300 2644 
2.6224 1.7962 1315.12 0.9228 2634 
2.6618 1.8356 1313.98 0.9198 2622 
2.7019 1.8757 1312.98 0.9182 2618 
2.7591 1.9329 1311.84 0.9160 2620 
2.8087 1.9825 1310.84 0.9147 2614 
2.8505 2.0293 1309.41 0.9079 2602 
2.8928 2.0666 1308.13 0.9025 2592 
2.9359 2.1097 1307.28 0.9005 2586 
2.9885 2.1623 1306.71 0.9078 2590 
3.0417 2.2155 1305.85 0.9085 2584 
3.0864 2.2602 1304.42 0.9015 2574 
3.1317 2.3055 1303.71 0.9043 2562 
3.1778 2.3516 1302.71 0.9058 2558 
3.2152 2.3890 1301.57 0.9032 2558 
3.2625 2.4363 1300.15 0.9024 2560 
3.3006 2.4744 1289.29 0.9045 2556 
3.3486 2.5224 1296.58 0.8938 2546 
3. 3972 2.5710 1296.16 0.8860 2534 
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TABLE XXI 

PRESTON-TUBE PRESSURE, EFFECTIVE CENTER 
OF THE PROBE AND SKIN FRICTION 

COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 

NUMBER 44.551 

Case No. = 19 XMP = 0.85917 ft xeq = 1.8964 ft 

No. XC xo p p_t keff cfx106 

ft ft psf 

1 1.9007 0.8635 1713.45 1.1369 2678 
2 1.9413 0.9041 1706.32 1.0801 2660 
3 1.9827 0.9455 1699.08 1.0203 2652 
4 2.0251 0.9879 1691.35 0.9595 2656 
5 2.0680 1.0308 1685.94 0.9226 2644 
6 2.1052 1.0680 1682.09 0.8985 2628 
7 2.1496 1.1124 1677.81 0.8738 2620 
8 2.1951 1.1579 1673.53 0.8493 2622 
9 2.2345 1.1973 1670.68 0.8351 2616 

10 2.2743 1.2371 1668.55 0.8282 2602 
11 2.3149 1.2777 1665.69 0.8141 2590 
12 2.3563 1. 3191 1663.56 0.8034 2588 
13 2.4196 1.3824 1660.42 0.7905 2586 
14 2.4623 1. 4251 1658.57 0.7851 2572 
15 2.5058 1.4686 1656.43 0. 7792 2560 
16 2.5429 1.5057 1655.29 0. 7769 2562 
17 2. 5877 1. 5505 1653.86 0. 7743 2564 
18 2.6331 1. 5959 1652.15 0.7690 2556 
19 2.6714 1.6342 1561.15 0.7696 2546 
20 2.7181 1.6809 1649.58 0.7686 2534 
21 2. 7577 1. 7205 1649.30 0.7748 2530 
22 2.8060 1. 7688 1648.02 o. 7727 2534 
23 2.8466 1.8094 1647.16 0.7730 2528 
24 2.8959 1.8587 1646.45 0. 7772 2516 
25 2.9376 1.9004 1645.31 0.7770 2506 
26 2.9799 1. 9427 1645.02 0.7826 2502 
27 3.0229 1. 9857 1644.60 0.7863 2504 
28 3.0752 2.0380 1643.88 0.7899 2500 
29 3.1191 2.0819 1643.60 0.7963 2492 
30 3.1635 2.1263 1642.88 0.7994 2480 
31 3.2086 2.1714 1641.89 0.7995 2474 
32 3.2544 2.2172 1641.74 0.8061 2474 
33 3.3005 2.2633 1641.46 0.8119 2476 
34 3.3478 2.3106 1640.75 0.8151 2470 
35 3.3950 2.3578 1640.46 0.8226 2460 
36 3.4429 2.4057 1640.03 0.8288 2450 
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