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ACCOMPLISHMENTS

A cotrelation has been developzd which expresses turbulent shin friction

Prosten-tube reasurerents taken on the AFDC Transition Cone.

] -
a4 tanetion ol

The cortelation equation ppears below:

V¢ o= L0272(X¥) + 005337 N2 4 0.1140 T - 0.5149 «, (I

WhNin=friction coefficient 1s 1.125%, see Fip. 12

the cortesponding ~catter in
4
)

<

of the attached report.  The detatls involved fn the developnent of Eq. (1)

11 boe tound n the attached M.S. thests by A. Nassirharand.
Lt order to ceppire this correlation with provivusiy developed corre-

Tictens tor lamonar skin friction, it 18 more convenient to delete the

Jepenleace on LY This pernits a cmple plot of Y¥ us. \Y. When T¥ is

doleted mg tie dith in refitted with only \%, the following cquation 18

abtat d.

T L0903 (VY)Y b 0.6125 N\ - 0.7339 . ()

f1e (otresponding scatter in chin-trict fon coefficient increrses only <light-

1o £+ 117y o 4 plet of this equition 18 shown on the following page alone

vitn tin oreviousdy developed correl 1tions for lamumnr boundary Iavers.  As

1~ 1 artly sweeised, the turbulent cotrelation predicts higher values ol

’ - ¥
/ N . [
VA gt LY Yo vnven Vilue of \*.  Also, tt should be noted that the

atbnicrt cotrelition 1s bised on unshifted wind-tunnel data.

\7 o mcttssed te Nassirharaad’s report, Allen's correlation was used to o~1-

'

ate ~hin triction at the match peints where the fullyv-developed turbulicat beundars:

L. wete amsvmed to pegin. Allen's correlatior was found to cverestinate

. U1 =1zch pornts) by 3-67, This erreneous value of skan fric-

K



COMPARISON OF

TURBULENT AND LAMINAR CORRELATIONS FOR 11

-FT TWT

4.0
3.8f

3.6

3.0

2.8

T R

UNSHIFTED TURBULENT DATA

: SHIFTED.
LAMINAR DATA\
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tion led to erroneous values of K " and sometimes required that a large
c
!

4+ - 7 . . -
portion of the data be rejected. The rejection-criterion is .that only
/

values of Keff‘ which increased with increaSing surface distdnce, are valid.

[his 1s discussed on pp. 46-53 of the attached rcport.
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REMAINING TASKS
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In order to obtain an accurate calculation in the boundarv-laver- :
transition region, it will be necessary to repeat the turbulent cotou-
lations using Eq. (1) or (2) to estimate skhin friction at the mateh

points (i.e., the beginning of fully-developed turbulent tlow, VPP:> Xr).
-

However, this time the Freston-tube pressures for Reg, = 3 X 100 aad

v

Run Nos. 70.726 and 72.748 will be corrected based on the incremerts

used in correcting the corresponding laminar data. This procedure s

espected to lead to a revision of the coefficients which aprear in Fgs.

(1) and (2). 1he resulting correlation equations will then be neci to

“

calculate turbulent skin friction at N;. The final series of ST\\-5

cileulations of turbulent skio friction will then be reguired te prodece

the correlation value of (Cf) at \T' The di<tribution ot (Cf‘

turb tuth

weross the transition zone will then be taken from the STAN-5 solvtions
whivh maitch (Cf)turh at X.]. These solutions will then be used 1 oewn-
junct ien with the cerresponding distributions ot Liminar shan truction
L :
md i intermittency function to detine values of skia trictien tiroageh
the reglons of boundary-layer transition.
1be revised turbulent corrvelation will be used toccther witn
the corresponding flight correlation to defme ettcctive treestiom o,

[evnoelds numbers. -

,

The data for each flight will be corrected s wis done tor the Timovn
dita.  The development of turbulent and transitional zone correlations
tor the flicht Jdata will then be performed.

lhe resulting values of effective freestrean unit Reynolds numbers wilt
be compared for the laminar, transitional, and turbulent boundary tayer-

\ best procedure will be recormended.

praraut}
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along the surface of a sharp ten-degree cone for different free-
stream conditions were obtained at the Ames Research Center of the
Mational Aeronautics and Space Administration (NASA). This snarp
ten-degree cone, which was designed by engineers at Arnold Zngi-
neering Development Center (AEDC), was originally developed to
detect transition from laminar boundary layers to turbulent boun-
dary layers. The objective of the present study is to correlate
Preston-tube pressure measurements within turbulent boundary laya-s
with the corresponding theoretical values of skin friction coeffi-
cient. Tnree different computer programs were used to analyca the
data and to solve the boundary layer conservation egquations.

Findings and Conclusions: A new correlation between Preston-tute data
and turbulent skin friction on a cone has been developed. The skin
friction, which results from using Preston-tube oressures in the
correlation eugation, has a root-mean-square (mms) error of about
one percent. This accuracy is comparable to orevious Pres*cn-tube
correlations for pipe flows. In the process of analyzing the Pres-
ton-tube data it was found that the height above the cone's surface
of the effective center of the probe is not a cecnstant. In “act,
the effective height of the probe is a functien of: (1) tha a<ter-
nal heignt of the probe's face, (2) wall friction veleccity, {3} :ne
wall kinematic viscosity, and (4) Mach number. For a civen Jniz
Reynolds number, the effective cente:. of the probe decreases with
1ncreasing Mach number, Furthermore, the distance o7 the e ecti ¢
center of the probe from the cone's surface increasas is distanca
tfrom tip of the nose increases. [t is also found that effec:s o7
variable fluid properties across the probe's face may be neclecte:z
for subsonmic freestream Mach nurbers.

« -
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NOMENCLATURE

speed of sound (FT/S) (-T§§:T )

constant in logarithmic region of mean velocity aistricuzicn
5.0 (dimensionless)

skin friction coefficient (Z:W/:euez) (dirensionless)
nondimensicnal differencé between skin friction coefficient
(leg g = cpcMoe,e)

oressure coefficient based on the difference between 3 2i=o:
ani static pressu;e reading ( (Pp - PH)/qw) (diwgnsion]ess)
geometric parameter - ft (see Figure 3)

external diamete~ of a rohnd Pitot tube - inches

equivalent external diameter of the oval shaped Pitot orcbe

A}
.

used in HASA Ares axperiments {inches) (see Ssuatocn 2,25
Allen's first calibration parareter [sea Zquazion (2.1)}

{dirensionless)

Allen's second calibration parameter (see Zguation (2.2})
(dimensionless)

Fenter-Stalmacn's first calibraticn 2arametar /3ae Ijuateon
(2.5)) (dwmensionless)

Fenter-Stalmach's second calibration parameter (see Squation
(2.5)) (dimensionless)

cenversicn factor (32.172 L3N-r7, Y

axternal neight of faca o7 <ne ovai zrebe ‘53.208" -nches)

LR RICE TS |

-
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nondimensional affective center of the Pitot orobe (see tqua-

Saff

) s1on (3.2)) ) ) -

L -- . aazl length of cone (}i.ﬁ'inFHes} - .

X vacn aumber (dimensionless) - '

1 pressura (LBF/’FTZ)

] dynamic pressure (LSF/FTZ) :

- recovery factor (0.284) (dimensionless)

2 gas censtant (53.35 LBF-FT/LSM-2R “or air)

QD Qeynclds number for compressible flow based on diameter D
(see Equation 3.22) (dimensionless)

le., ‘freestream un1t Reynolds number - 1/ft (see Zguaticn (4.3))

e, ?e?nolds qﬁwbeﬁ hYasad on the product of Ue/'e and boundary-
layer momentum thickness.

N terperazure - R ]

- nondimensionalized temperatura (see Equation {5.4))

i rean velocity inside boundary layer - FT/S (see Equation (2.8)

2. :elzcity at cuter 2ace of boundary layer - F7°S

Iy «alocity calculated from Preston-tube data-F~ S

2 classica’ wall-shear-stress velecity-Fi's(,= = ')

e freestrean velocity - Ft;S

< axial aistance from physical nose of cone - inches

(. tme lccatien witnin tre 1am1na; bcundary lily2v which nas the
same Preston-tube pressure as that of the match point (inches)
{see Figure %)

\ 3urraca 21stance 3icng the surfac2 27 the Itn2 meiasyres with

ra“arsnce <23 nNriual crmgin - 57

e = o B A i A e oM O S "
S g T N2 R it —l
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< . surface distance between match point and virtual origin - FT

(see Figure 4) ' ,

(qp' .~ surface aistance between match doint and ti2 37 the onysical
‘ cone - FT (see Figure 4)
Ka surface distance measured with reference to tip o7 the %hysi-

cal cone - FT
£ distance along surface of cone from apex %0 cnset of bcundary-
layer trarsition - FT (see Figure 5) )
distance along surface of cone from apex to end oY boundary-
layer transition (see Figure 5)
X logarithm of the square of a Reynolds number based on the
product Upt yeff/”w (dimensionless) (see Equaticn 5.3)
y distance normal to the cone Surfacé~~ FT
efrective height of face of Preston-tube which is detined to
be the height above the wall of an undisturbed streamline
which has a total praessure equal to the measured Pitot pres-
sure - FT -

! dimensiconless shear stress “or cormpressible, ncnagiebzt:ic

fiow (see Equaticn (5.2))
Greek Latters

scundary layer thickress

o

< eddy diffusivity for momentum conservation {dimensionless)
“ specific heat ratio (1.4 for air)
von {arman constant 0.31

apsolute siscesisy {L3F-S/F7)
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kinematic viscosity (FTZ/S)
wake-strength nsarameter 0.3
density o; Fluid (LRI/FT)
shear strass (LBF/FTz)

cene hal€-angle (5°) (sea Fizure 3)

Supscripts

. -

at adiabatic wall cenditions

L 3
at outer edge of bSoundary iayer

tlat piate

at initial station of turbulent boundary layer

calculations

calculated based on Preston-tube data

total
at the ~all or physical cone
at fresstream conditicns

Superscripts

2VE

(see Zguatien (2.3))

-
.

4&ted 2T tng reverence terperature 37 Somwer
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CHAPTER I
INTRODUCTION

In the area of fluid mechanics, the concept of boundary ‘ayer tran-
sition is still one of the majorareas of research. It is an indisputable
fact that a better understanding of boundary layer transition #ill fur-
ther imﬂrove 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-
caept of 2 bouadary layer to design the shape of an automobiie. The arag
coafficient of an.actual automobile may vary from a value of one to
an ideal value of two tenths depending on %ha :hape 77 tha autorcbile.
Achieving low values of drag coefficient reduces the rate of gas consump-
tion of automobiles. Another major industry that heavily depends cn the
uncerstanding and control of fluid movement is the aerssgace “ncusiry.
The aerospace industry usas tne concept of the boundary layer o zesign
airg-aft which meet different wmissions. The dasign of w~ings ang tne pre-
ciction of important parareters such as 1ift, drag, and skin friction
require a good understanding of the boundary layer. The concept of a
zcundary layar is also used in the “urbomachinery incustry 3¢ Tluse
power control systems.

The concept of a boundary layer was first introauced by Prand*l in
1802 {i}. Tne tarm boundary layer is cue ¢ the “3iCT 73T 3. 5=°n “z,er

of Fluld near the btoundary of 1 noving Scey is retarzez oy “7ur: Lis-

<

ccsity. Soundary laver theory can pe illustritac dy cinsigerirg <me <72z
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olate shown in figure 1., First of all, one should recognize two dis-
tinct regions of the boundary layer: (1) a laminar bSoundarv-iayer regior
ind {2} 3 turbulent ooundary-layer region. Tne region that correspords
+0 transition frcm‘:he laminar boundary layer to the turbtulent boundary
layer 15 raferred to as the transition region.

The overall objeczive of this rasearch project is to investigate
<he pos§ibf1ity of using pressure measurements, obtained with Pitct tubes
resting on the surtace of a ten-degree cone, to cevelop a methcd whicn
could be used to characterize the flew quality of a given transonic wind
tunnel. For a given transonic wind tunnel, the freestream turbulence
and noisa inside the wind tunnel cause appreciable errors and inaccu-
racias in the results of wind tunnel experirents. For examcle, if a
Jiven mocel is tasted in different wind tunnels at obstensibly identical
Macn numper, unit Reynolds number, and dynamic pressure, different values
of 1174 and drag, for example, are measursd. Ideally, the measurement
of different variables {e.g., 1ift and drag) for a given model should be
*ncecencant of the wind tunnel used. However, in oractice this is not
Tne zase. 1T thers were 3 ve:ncd that could be used to characiarize the
“low guality of excsting wind tunnels, then tne measursments of diffarens
sarameters and variaples for a given model would be consistent and 1i1nde-
sendent 67 the wind tunnel that is used to carry out the experiments.
oz s intaresting %0 note that a satisfactcry Tethed nas not ye: been’
cdeveloped that can ce used tc characterize flow guali-s of a transcnic
wind tunnel,
2ctive 9% tre werk presentad herain 1s <t correlacze

fezgtcn-tube oressura m2asura—eats wiinin turtylent ocuncary lavess on 3

et S e
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sharo ten-degree cone to the corresponding t-eoretical values of the ski

*rizticn coefficient.

In 1975, *ests were conducted at Ames esaarch Canter of the Nation
Aeronautics and Space Administration (HNASA) to obtain the distribution o
Preston-tube pressures along the surface of 2 sharp ten-degree cone for
diffarent freestream conditions. The Preston-tubes, wnich were used in
tnase tests, were gval-shaped Pitot tubes. The cone and apparatus were
orimarily designed to detact becundary laver transiticn. The subject
cone Was designeafby engineers at Arnold Engineering Development Centar
(AEDC)}. For this reascn, this cone is referved to as the AEDC Boundary-

Layer-Transition Cone. The instrumentation of <he AECC Cone is shown in

ne NASA Ares 11-ft Transonic Wind Tunnel (TWT), located

> total of 19 cases are used to develop the corraiation between

“raston-tube measurevents and the corresponding salues of skin fricticn

-t

ccefiicrant, The run numbers and the correspending Treestream cond

< 3ns 3Ira orasenzad in Table I,

(¥1)

ne 3TaN-3 corouter code, which was cevelcced at Itanford Univer-

- - — - — e ——— e e e — TR

n

al
f

si1ty, *s usad =0 solwve the boundary layer conservation of Tass, momencim,

arg 2nargy 2gquatiens (3). Tre Wu and Leck () camputer code, wnich cail-

cy'atas tne invescid aressure distrrbution, is used to speciy the bcun-

3z-y zanditicns :long tne aJuter adg

n

of tna acuneary javer, The “imi-

Basic computar code has been develcepd by the authcr to obtain all the

nacassary input *nformation “or the STAN-S comruter code. Firally, tre

r251cr-t.le Irassyre —easursrents zare corvelataz T3 e sorvasagnging

‘v~ -1
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TABLE I

WIND TUNNEL CASES STUDIED TO DEVELOP
ThE CORRELATICN EQUATICN
(NASA AMES 11-FT TWT)

un ‘0. Casa No. M. Re ftxlo-s g‘;ﬂ
29.+3 1 0.30 3 239
51.636 2 0.40 3 246
50.53¢% -3 0.50 3 302
25.376 4 0.30 4 4ce
33.634 5 0.60 3 357
23.346 o 0.60 3 477
40.547 7 0.60 5 336
28.533 8 0.70 3 4C8
70.725 9 0.79 2 538
21.31 10 g.70 4 248
1.3 11 3.70 3 330
37.532 M 0.80 3 483
72.718 13 2.80 1 305
16,259 14 3.80 4 8.7
32.549 15 C.80 5 751
6.531 15 0.90 3 482
13.550 17 0.90 5 242

1 15.231 18 0.95 3 693
11.531 19 0.9% 5 373
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CHAPTER II

BASIC TOCLS USED TO CARRY CUT
THE TURBULENT BOUNDARY
LAYER CALCULATIONS

Allen's Correlation

A1len's (5) correlation is the primary tcol that is used to start
+he turbulent-boundary-layer calculations. Allen developed a sat of
Preston-tube calibration equations which relate measurements of Preston-
tube pressure to measured values of turbulent skin fricticn. These
ecuations wers developed for ccmpressibie turbulent bouncary laysrs on
flat plates in supersonic flows. The test data were obtained for adia-
batic wall conditicns. The resulting erpirical Preston-tube calibration
acuaticns wera developed by Ailen in 1977. The two caiibration cera-

Tetars %, and F, are defined by the following 2quations.

. U
-g [ p f \
Fy 25—, = .8, . 7~ 2.1)
1 Co © 4 D Ue
— u
- _ > e - (5 2
F -J:— L {2.2)
2 . - 9 °f

v »

Allen usad a iinear least-squares curve fis of the data, and the rasuis-

ing linear equaticn was

[N}
.
2

The axperimental cata erecoroared with the correlated valuas ootainae
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from Equation (2.2). The results were unsatisfactory at higher Reynolds

nucters. For tn1s reason, Allan tried 2 second-order least-squares curve

<~

t. Tre 2quation for this {iz was fcuna <o be

-t

09,4 Fp = 2.01239 (Iong,)z +0.71812 log,oF, - 2.4723 . (2.3)

Again, tne experimental data was compared with the valuss obtained rren
Zguation (2.4)., it was concluced that Zquation (2.3) fits the data wery
.

xe*l at coth low Feynoids numbers and nigh Reynolds nhrbers. Tne rcot
Téan square (rasj arror 1n scatier of skin friction was five and one nals
of o&e percent, A third-crder least-squares curve f{t was also obtaired
by A1len; howevar, no aporecizble improverent in accuracy of the fit was
absarved,

As mentioned Yefcre, cquation (2.4) was found to Se a better repre-
san-ation of the data when corpared t¢ Scuation {2.3). For this reasom,

Fouation {2.3) is usad for tne work presentaa herein.

There exists other Preston-tube caiibration squaticns. For example

+q2 Zenter-Stal~ac~ (5) caiisrazion ecuaticn 1S
= - - ’ FER] - - v 7=y - =
3 -.r-y \1.3\. CQIO r_,. 1.7 N (2.5
snera :
.
:&l " V:Tﬂa o I"a Jgt
- 2 Q - ’ -\
T = — 1 e - ¢ 31r L — ‘2.3‘
D <5 " a - N
- SR = =2 “a
LT3 N .
.o T -
Fye = 4a 2 2 - 2.7)
- —— . . vZ2
Y S o) N

T~a arocien asIs Tm2 akove

[N
- -

Ca ool
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Allen's correlation has sore advantages compare to the other corre-
lations. For example, Allen's corre]atioﬁ is simple, can te solved for
Cs axplicity, and it fits the data over a large range of Reynolas numters
(3 x 103<Re <8 x 10%).

As mentioned before, Allen's correlation was deveioped for circular
. Praston-tubes in supersonic flows with zero pressure gradient. Hewever,

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

.
’

sure gradients. Therefore, one might expect scme errors wheh Allen's
correlation is applied to the AEDC Cohe data. Allen's correlation is
primarily used to evaluate the skin friction coefficient at the starting
point of the turbulent boundiry layers. Furthermore, it is assumed that
any errors at the start cf the turbulent boundary calculaticns are lost

as the boundary layer develops downstream.
Musker's Equaticn

Musker's (6) mean-velocity-profile equation is another primary tool
tnat is used to start the turbulent-poundary-iayer caiculations. “usier's
aguation is used to estimate the velccity profile and zne bounaary layer
+nickness at the initial station wnicn are required input o the STAl-3

corouter code in order to start 2 calculation of the turbuleat boundary

.

layer.

’ 4

Musker developed the mean-velocity-orcfile equaticn in 1972, This

equaticn has the following form.

u. - 2 3 2
:%109': g——‘-+8+;—::6 (é} -4 (;) :.d»%.(;) (I_L) {2.8)

“:lc

“ne recorrenced values fcr <, 3, and T in <ne above zquaticn are J.3:

5.0, and 0.%, raspectivel/, Musker's mean-velccity zrofils gives tne
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toundary layer profile formed on a smooth wall and is valid from thewall
*o the outer edge of the boundary layer. Furthermore, ilusker's eduat1on
was derived for incompressible flows, The derivation and the detailed
analysis of Equation (2.8) 1s given by Musker (6).

The primary advantage of using Equation (2.3) to estimate the ini-

tial velocity profile and the initial turbulent boundary layer thickness

o

1s the fact that the boundary conditions are satisfiea both at the wali
ana at the outer edge. Another advantage of Equation (2.3) is its sim=
nlicity. Musker's equation expresses mean-velocity, u, as an explicit
function y; therefore, it {s easy to apply. However, one has to be care-
ful when using Equation (2.8). Equation (2.8) is derived based on the
aSSUWption that the flow is incompressible while the fiows considered
nerein are compressible. 1Therefore, §ne should not apply Musker's mean-
velocity-profile equation, &s it apoears in Equation (2.3), to a compres-
sibie flow field, However, with proper definition of fluid properties,
one is aple to apply Equation (2.8) to compressible flow fields. In
ordar to do this, 3 refarence temperature must be introduced. Cbviously,
the viiue af tnis reference temperature is higher than the edge tempera-
tura oyt less than Ehe wall termperature. In other words, tne salected
refergnce temperature serves as an "average" value for tamperaturs across
cke boundary layer. Then, all the fluid properties that appear in Equa-
cicn {2.3) must be 2avaluitec it this reference fs-perature. forsecuent’y,
fluid properties (e.g., density and viscosity) evaluated at the selected
referance temperature serve as the "average" values for the fluid pro-
sertias 3¢r0ss tne boundary Yayer. Tnus, when the reference kireratic
siscasity s usad in Zquasicn {2.3), lusker's Tean-velccity-profile agua-

<i2r zan te arplfez %3 zomoressibla, turbulent boundary layers.

AT R Rl S S i S R e e i |
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, The reference temperature derived by Sormer and Sncrt (1) for com-

o oressible turbulent boundary layers has been selectad Tor use nerein.

N Th~s reference temperature is calculated via the foilc.ing 2quazion.
§
: - w 2 -
| T = Te (0.55 + 0.035 Ae ) + 0.45 Ty (2.9)
For the wind-tunnel tests, it is known tnat wail terperatures are vary

| ) ) close to the adiabatic values given by
- L - 1.2 . :
Taw = Ta (L= 7 =82 | (2.10)

As discussed above, Musker's mean-velocity profile 1s usea 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 impasing the boundary-layer-edge
conditions on Equation (2.8). At the outer edge of the boundary-layer,

the following boundary conditions apply

. u=U, , (2.11)
)
' ard
1)
y=: . (2.12)
. . (¥4
. g The following equation 1s obtained by imposi.g tne outer-adge conditicns

to Equatien (2.8).

R - ,Ue oo i.eb {z
= el B e g (2.13)

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

Jre cin 2asily use gquatien {2.3) to

stirate tre mnitial veizelty oro-

ile of tre urbuient boundar, iayer. This velecrzy oradila s inpus

R .
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Wu and Lock Computer Code

The Yu and Lock (8) cemputer code is another vasic tool that is
needed to calculata the turbulent boundary layer. This computer program
was daveloped by Mu and tock at the University of Tennessee Space Insti-
tute.

For a given Mach number, cone semivertex angle, azimuth angle, and
angla of attack one can use the lu and Lock computer code to obtain the,
1nvis~11 pressure distributicn aleng a ray of a sharp-nose core. 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
aressure distribution, the Wu and Lock computer printout includes the ir-
v1scid velocity distribution along the surface of the cone. For a de-
tailed analysis of the deve]cpqe&f of the Wu and tock computer code one
should refer to Wu and Leck ().

The rest of this section includes a brief discussion of how the Wu
ane Lock computer program is used to obtain the inviscid boundary condi-
-1cns aleong the surfac2 of the cone. The match peint is Zefined to hbe
-~¢ astimated location of tne 1nitial station at wnich a fullv-developec

suraulent bouncary layar regins. For reasons tnat will become aoparent

.
.

in the next chapter, the inviscid boundary conditions ahead of the tip¢
spa chysical cone, must be obtained. For this reascn, the velecity cis-
sreSuzicon upstreanm of the matzh poirt 1s obtaired by 2 siwvple iinear ex-
trapolaticn of the Wu and Lock velocity distribution upstream of the match
cownt. Unforsunately, the Yu and Lock computer output does not provide
-mg tavvselg seloctty distriSution at avenly spaces lccaticns along tre
3¢35 37 <+2 zcne. ‘whereas, <re STAN-S computer zodeworks Setter when the
.

“pyt3e1I sgurzars corcisions ire svenis spaced. Srorm frevicus Qklahema



prTe Ny YR rpr—y

e

P

PRE

SSURE COEFFICIENT (Cp ),

—

B.L.
TRANSITION
0.08 l-a———’-l‘l_
004 == i:::’
1.0157//778
Ol 1.0
0.98
8.95
-004} o8
0.6
0.3
-0.08f
8= 5 deg
THEORIES
-0.12+-
0 —Wu & LOCK -
—--—NACA REPORT 1135
016 (AT SHOGK ATTACHMENT)
0O 02 04 06 08

AXIAL DISTANCE (x/L)

Source: Yu and Lock (4, p. 39).

Figure 3. Inviscid Pressurs
Distribution
About a 109 Zsne
{4u ¥ Lack)

1.0



TR T ey o0 i i Sl e e oF L S nd A o >

14

University (0SU) work, the inviscid boundary conditions are evénly spaced
by means of a simple computer orogram. This program has been modified

oy the oresent author so that it accepts the gata directly irom the lu

ana Leck computer printout. This modified program is usad as cne of the
subrcutines in tne Mini-Basic computer code. This is dene for two reasons.

Firstly, it 1s desirable to obtain the adge velocity directly frem the Hu
ana Lock data. This saves time and eliminates possible errors that may
te intraduced by cbtaining the edge velocity for each single STAMN-S 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

tne STAN-5 computer code.

STAN-Z Computer Code

The STAN-5 computer code is the primary boundary-layar caiculaticn
tool that is used in this project (3). This computer code is used to
soive the boundary Iayer4;onservaticn squations, and it is specifically
4s2q t9 astimate the theoretical, skin friction coefficient. The STAN-Z
computar program was develered Dy Crawford and Xays {3) at Stanford tni-
versity. This computer code is an extensicn of work originally done by
Satankar and Spalding (7) in 1967. In this secticn, it is intended to °
jive 2 briaf description o7 the operation of STAN-3. A detailed analysis
of the theory behind the STAN-5 computer code is teyond the scope of
this report. For a complete understanding of the STAN-5 computar code, -
sr2 3~gcylc consuit Patankar ard Sparicing (TY. However, i€ gr2 is in-
taragzad cnly 11 tne basics oF now $9 use the sregram, he sheuice cen-

suls zne 3TaN-S Yanual ’3). Tais manual discussas the theary in
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reasonable detail. Furthermore, it gi&es adequate instructions to
oroperly use this SOph}Sticated computer code. The following discus-
sion, which is a brief description on the operation of the STAN-Z com-
outer code is based on the information given in the STAN-5 Manual.

The conservation equations of a given boundary layer are imoossibie
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 salve the boundary layer equations. The STAN-3
computer program is such'a program and employs difference methcds 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, =_, in order to solve for the Reynolds shear

m
stress. There are three options for modeling the eddy diffusivity which
appears in the conservation of momentum equation. The first option is

<0 use the Prandtl mixing-length model. The second opticn is to use <ne
constant eddy diffusivity model. The turbulent-kinetic-2nergy model was
salected “or usa in this project. The STAN-3 Manual suggGests that the
turbulent-kinetic-energy model for 2 should be used if there ave signi-
ficant amounts of freestream turbulence which is one of the primary
sources of inaccuracy in wind-tunnel experirents.

Computation of the flow field near the wall is the last “eature of
STAN-5 that is discussed here. The STAN-5 computer code usas the Couette
cw equations to ccrpute the flow fi2ld near the wail regcicn, In arasr
t0 acnieve this, STAN-5 has ¢wo0 ootions. 7Tne “irs:t cction rurericsliiy

int2grates tne Couette flow equations over the regicn of nigh velszity
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gradient. This option, which is referred to the "“all Function,™ saves

computation time. The second option, which bypasses the "9all Function,

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

gressively finer spacing. Although the STAMN-5 ilanual suggests bypassing

the "Wall Functicn" only for flows with large pressure gradienis, the
wall function is bypassed for the present work because this results i1 2
smoother distribution of skin friction.

There are a number of flag parameters that must be input to the
SfAf-S computer code. These flag parameters are fully explainéd in the
STAN-5 Nanual. Besides these flag parameters, tne initial static pres-
sure, the initial velocity profile, and the inviscid boundary ccnditiors
aiong the outer edge of the boundary layer must be input.

The initial static pressure is obtained frcm the following equation.

o . (Lro0.24 it (2.14)
8,1 = 2
1+ 0.2 Me,i
scwever, in order to solve for P ., one has to knew M Tads llach

e,i e,i"
numser is relatad to velocity and temperatures by the following equa-

Jiens. .

U, . =M, .%g AT - (2.135)

e,1 e,i"f9cMe

-1

e ™ Tr,m 1+ 028 ) - (2.18)

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

valye of T _ one can ccmbine Squations (2.15) and (2.15) te solve *cr

vy

My ye dith the known salue of ¥, |, Zauation {2.11 is usec o soive “ir
* -9

19

9 .. Zcuation (2.8) s useq ta specify tne rean-velocity-orsfile

2,7
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at about 40 points across the boundary layer. Finally,
4iscid boundary conditions, wnich are obtained frcm the

suter code, are input :o0 the STAN-5 computer code.

17

the proper in-
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CHAPTER LI

THE METHOD DEVELOPED TO CCMPLETE
THE TUPBULENT BCUNDARY
LAYER CALCULATIONS | -

A unique method has been develcped to complete the turbulent-boun-
dary-layer calculations, In this chapter an overall perspective of this
vetrod 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 cnapter. Furthermcre, Appendix 4 presents the step-by-step
procsdure used in the turbulent-boundary-iayer calculations.

At this point, two sets of iaformation are available. The first set
af irformation is the primary variasbles of the wind funnel for a given
ruh. Tne primary variatles for a given run include freestrear Miacn nu=-
ber, unit Reynoids number, and the freestream dynanic pressure. The
second sat of information is the Preston-tube presgﬁre distribution along
the surface of <he cone. Determination of the locaticn of the imaginary
2011t 2t «hicn tne turbulent boundary layer ®as zero thickness and the
tocation of match point are necessary information that must be obtained
first. The imaginary Tocation at wnich zero thickness occurs is definec
%2 2a tne virzuzl origin of the turbuient bcundary iayer. Tre sarisble
(5. is cefined to be e distance between tne match soint anc virtual ori-

sin. Tris tarminclogy is cefired in Figure 2. “icta <ras *re “ceaticon
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of <ha virtual origin may bz downstream as well as upstream of the tip of

<ae onysical ccne. Tre location at wnich the maxi~um Preston-tube pres-

sure occurs couid be usec 3as tne matcn peint. However, this is noZ 2

-
H

affectad oy sransition.

<0

[t1)

ssura tnat the match goint 15 in the

=

alia choice because at this location the boundary layer may still ce

sr this reascn, tne fcllowing rethed is usad

fully-ceveloped turpulent-boun-

ca~:-layer ragion. Figure 5 sncws the Prestca-tube oressure disiribution

als~

"3

. °raszon-tube pressure distributicn curve
boundary layer diverges from that cf the

cefi~ea ¢ ce tne maten point. A French

<re surface of the cone for a typical casa. The point at wnicn the

correspqneing to the turbuient
rest of the boundary layer 1s

curve may be usad to do this

zas<. this 1s 1ndicated by dashed lines in Figure 5. In order to ‘ocats
the v1r<ual arigin, Allen's correlation is used to obtain an estimation
37 3<in friction coefficient it tne match pcint. Yotz that this is just
ar sstimaticn. Vhen, the flat olate equations are useda to estimate :ine
lcczricn ¢7 the virtual origin on 3 Flat plate. Tnis result is then
sfae=2c oy using Tetarvin's (8) S1ansiorm
- szcrzing Gocaticn 9° tre /f-~tual origctn Cn Tn2 tEn-dazres Igne
The neXT 312p 15 Lo 52t yp STAL-S ane staft tne bouncary layer cal-

: Zzuiisions. s ~3$ ~eatisned severe, the Wu apd Lock computer ccce ana

: -
save IaTputer time, o

—ors than si¢ 1nches aneac 27 <he pnysical cona. Tais is an axiszl dis-

- . e - - - - 1 5 - -
TEMg2a, 0T wm2 occe2Ticn IF e sivTual srtgin s .ot opat
, - =3z
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then the initial station for beéinning cemputations of the boundary
layer is located at one inchldownstream of the virtual origin. In this
z3se survace aistarce 1s used, It should be mentioned that there are
no #ell-defined criteria for choosing the initial station at which the
surbulent-boundary-layer calculations begin. The distancas of six in-
cnes upstream of tip of the cone or cne 1nch dewnstream 2f the virtual
origin are baseq on past experience with STAN-5., Startirg STAN-S very
close to the virtual origin uses too much computer time i{ the location
of <he virtual origin is located a distance far ahead of the tip of the
cone. As the boundar} layer develops, any errors at the beginning o7
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 ccne are obtained from the Wu
ana Lock ccmputer code and are input to STAN-3 by specifsing the velocity
at a series of pcints along the surface of the cone and the corresponding
faa‘us of *he body at those locations. Jue to the struciure of STAN-S,
tre virtual arigin 1s the refarence point from which distanca and radius
ara Teasurad. frcm Figure &, it is apparent that tne raatal distance is
equal to the surface distance times the sine of the cone nalf-angle.

This is the rethed used to model the cone. Hcwever, one could argue this
vewncd 15 not /aiid aue ta the Tact that the specified ~2aius oF 2 goint
on the cone corresponds to‘the radius of the imaginary cone and not to
that of the snysical cone. Ccnsequently, one could conclude that trans-
varga curvature 27ects are not wecceled correctly. The “iact 1s that
sringversa zyrvature affects beccme impertant wnen the ric¢ius of <he bedy

1s 2f tre sare orcer of magnitude 2s that of tne bcundary iayer thickness.
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transverse curvature effects become even more important when the radius
of the bedy is chh less than the turbulent-boundary-layer thickness. -
:ione of the 2bove 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 effacts are not expected to be a significant source of
error in the present work. In order to check this, the cone was ;odeled
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 thickpess to the radius of the body the
higher is the error in the skin-friction calculations. For this reason,
the casa that has a high Mach number and low dnit Reynolds number was
caosen, This corresponds to Run Mumber 56.631 which was selected to check
the significance of any errors introducad by improper modeling of body
radius. The first method simply lets the radial distance correspond tec
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 XVIIf). The second method is <2
model the cone as a cylinder upstream of the match point, and for the
noints downstream of the match point let the radial distance corre-
spond to the physical cone. STAN-5 was run twice 1in order to calcu-
late the skin friction coefficient along the surface of the cone with
“hese two different modeling prccedures. The results ére tabulatad 1in
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.
:n 311 the other other cases under study, the ratio of the *urbulent-
boundary-layer thickness to the radius of the bedy is smailev tnan *hat

of this sample run. In summary, tne method used to ~cdel the ¢zne 1n
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TABLE II
COMPARISON OF SKIN FRICTION COEFFICIENT
VALUES BY MODELING THE CONE WITH
THREE OIFFERENT METHODS

Case No. 16:M_0.90, Re, x3x10°

24

No (1) (2) (3) (3)
1(=XMP) 1.3183 0.003589 0.003535 0.003534
2 1.4193 0.003450 0.003380 0.003391
3 1.5190 0.003368 0.003284 0.003295
4 1.6169 0.003298 0.003208 0.003216
5 1.7191 0.003238 0.003140 0.003145
6 1.8207 0.003188 0.003090 0.002088
7 1.9628 0.003112 0.003021 0.003020
8 2.0667 0.003080 0.002992 0.002987
9 2.2092 0.003026 0.002943 0.002942

10 2.4225 0.002946 0.002876 0.002875

(1) - Distarce along the surface of the cone measured from tip of
the cone, ft. .

(2) - Skin friction ccefficient obtained by the method used to Todel
the cone to carry out the skin friction calculations for all
the cases (radial distance corresponds to the imaginary cone).

(3) - Skin fricticn coefficient obtained by letting the rad1ald1s-.

(4) -

tance correspond to the physical cone rather than imaginary
cone.

Skin friction ccefficient obtained by modeling the cone as.a
cylinder upstream of match 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 thé 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-toundarv-laver
calculations are wnitiated. The skin friction coefficient at the matcn
point is calculated by STAN-5-and is compared to the value obtained frem
Allen's correlatiaon for the same local flow conditions. If the calculatea
skin-friction coefficient by means of STAN-5 is larger {(smaller) than that
calculated by neans of A]]ep's.correlat1on, 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 15 used to

relocate the virtual origin.

1/7
Xe 1 (cf'2 (3.1)
Xeq,2  ©f,1

“nis process i$ continued untla the skin friction ccefficient c2izu
by STAH-5 computer code 1s within plus or minus a half of one ocercant of
that calcuiated by Allen's correlation. ~ At that point, it is conclucea

that an acceptable initial velocity profile is 9btained. Next the STAIN-S

computer code 1s run to solve the boundary layer equations along the sur-

Sa,..
at

“"w

3% tre core 3% Tneway up 0 Ehe point where the wind-tunrei 3213 2ncs.
This procedure 1s repeated for all the cases. Then, ror 2ach case,
a modified version of STAN-5 is run to obtgin the effective heignt of the
probe. The effective height of the probe is the distance frem tne wall
at wnich the total pressure within the theoretical beundary laver 26uiis

<he measured Preston-tube pressure. Tne effective height o tr2 arcce

?

!
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Yofgs is nondimensionalized by the following relation.

X .. = Jaff (3.2)

eff —-rT/—Z

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

Obtaining the values of keff concludes the turbulent-boundary-layer
calculations. The values of total Preston-tube pressure, effect{be cen-
ter of the probe, skin friction coefficient, location of match pont,
and the Yocation of the virtual origin is tabulated in Appendix B for

19 different wind-tunnel flow conditions.



CHAPTER [V

DEVELOPMENT OF THE GOVERNIIG i
EQUATICONS -

So far, the basic procedures, which were followed cur1qg this re- -
search project, have been described. In this chapter, additional de-
carls of the method described in Chapter III are presented.

For a given case, the first step is to calculate the f-eestrz2am
thermodynamic and kinematic properties of the fluid (air). This 1s a
fairly simple task since the primary wind-tunnel flow parameters are

given, These parameters are defined as follows.

1 e}
9,3 7ol (4.1)
- U - e - '1,’2 M ~Y
{ = = u_ (,\gcl;) V2.2
Ref~ = ...—-bs:‘-‘u (4.3’

From Equation (4.2) one can solve for U_ and substitute the result inte

Equation (4.1). The resulting equation is

x

a, = (172 W) (R) . (4.4}
o]

The 2quation of state for a thermaliy perfect cas is

ti

O s
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Substituting Equation (4.5) into Equation (4.4) and solving for freestream

static pressure, P_, results in the following relation.

P = - (4.5)

The freestream total pressure, P, , is obtained frcm the following isen-

tyo
tropic relation, ’ .

P

- e (4.7)
...gi.’t = (1+ Lfl-. ME)(/Y 1

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

stream total pressure, Pt .
0

. 29,
Py, = (1+ G Wil ) (4.3)
¥

In order to obtain the freestream total temperature, multiply tEquation
(4.2) by Equation (4.3), and divide the resulting equation by Equation
(4.1). This results in the following equation.

M”Reft . u_ P_ U, 2 2 (4.9)
7
9. GRTD = P12 - _\0 cyRTw)l/ ‘

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

2.27) (T.)1-3

) -8 : 4.10
S 0 N (4.10)

then Equation (4.10) is substituted irto Equaticn (4.2) and rearranged,

che Tollowing squation 1s obtained.
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Equation (4.11) 15 an explicit equation inT _, and it can easiiy ce
solved for the freestream static temperature. The freestream totz’ t2™-
perature is obtained finally from the following 1sentropic equa::%:‘.

M 12 *20

- - ‘('1 2 \eas,
t = Ta(lH M)

->
[

The equation of state (Equation 4.5) is used to calcuiate'denszt,
of the air, fhe Sutherland's relation for absolute viscosity. Sciat~oew
(4.10), 1is used to calculate absolute viscosity, .. Tnz Kinematic
viscosity, ., is defined as the ratio of absolute viscosis: *¢ des-
sity.

The secondstep is to use Allen's correlation tc sstimate the siin
friction coefficient at the match point. [n order to solve illen's Pres-
ton-tube calibration equa%ions (2.1 and 2.2), the follewine paramaeters
rust be calculated: (1) edge temperature, (2) edae prassuce, (3) :cee
velocity, (8) reference temperature, (5) velocity basad cn T as.op-—ube
data, and (5) Reynolds number based on the diameter of 1 cir:yiar ©vi0%
probe.

Before solving for the edge temperature, one has to sol.e for the

adge Mach number, In order to solve for this Mach number, the “21"wing

procedure should be followed. The pressure coefficient is defined as

follows.
Pa - Pv pa - Pn el
c -3 r;_ a = “cav,
p =, Uz q.
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8y rearranging cerms in Equation 4.13, one obtains:

q=C3 +1=.D.e.—: BS.. p_t_ . v (4.11)
o, ox pt ) px

The following equation is obtained by substituting appropriate isentropic

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

2 -
q_c M (4.15)
=D . =(1 + 0,2 ' ) +fy-1
e T 1e02
By rearranging terms in Equation (4.15), one obtains:
(4.16)

X - r X 2 q’c 1-"’/'. %
to= (-5 s ivoznf) (e3P ]

Note that cp 15 obtained from the Wu and Lock computer code. With the
known edge Mach number, Me’ one can use the Tollowing i1sentropic relation
to solve for the edge temperature, Te'

3

- PP NS .
T =T, o (1+0.21%) (417}

With the known values of ¢, P_, andq_, Equation (4.13) can be usec
to Ea]culate the edge pressure. The edge velocity can either be obtained
from the Wu and Lock computer code, or 1t can be calculated by employing

an equation similar to Eguation (4.2), i.e.,
U, =M (wRgT.)E . (4.18)
e 8 c'e :

As aiscussad Sefore, the Scemer iand Short relaticn for reference

serperature, Iguation (2.9), 1s usad <o calculata tne reference tenpera-

ture, 1 .
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The velocity based on the Preston-tube data is calculatad via the

i

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

¢icn can be obtained for Upt/U .

— o
Yot _ ﬂPi ,/IEE 2 th /Tpt /Ttie /Te,pt (4.1¢
Ue Me Te e Tt,pt e Tt,e
Mot 1 o ?
ot + e i,
aﬂ.e-- (1 L by 2)
and, 2 pt .
;—Lt = (1 + y=1 M Z)Y/Y-l . (4.20)
R 2 pt
.4t one can use Equation (4.20) to solve for Mpt’
i ok 8.21
2 rfety (4.21)
M = |z} 1 .
pt =1 Pe

In summary, Equation (4.21) i; used to calculate Mut and with the known
/alue of Mpt’ Equation (4.19) 15 usea to obtain Upt‘

The Reynolds number based on probe diameter, RD’ 15 tne final piecs
of information that is needed to solve Allen's calibration egquations.

The Reynoids number based on probe diameter, RD’ is defined as

(4.22)

. 2,U,0
2

The only unknown in the above equation is the diameter of the srobe's face.
41len's Preston-tube pressure measurements were carried cut by Teans of
zircular Preston tubes. In con%ras:t, tne measured Prestan-tute oressares

€ar this oroject were obtawned by rmeans of oval-shaped Prestca tubes. “or

!

A
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this reason, it is necessary to define an "equivalent" probe diameter,
Dno, 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

2Yaff (4.23)

0 = .
keff

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

one sets kef‘ = 1.3 in Equation (4.23) the following equation is obtained,

_ (4.23)
D =1.54 Yoff
In the case of non-circular probes Yoff is defined as follows.
- h : ?5)
Yerr = (7) (kggef) (3.2

In this equation h is the maximum external height of the praobe's face.
The probe used during the NASA Ames wind-tunnel tests had a height of
3.0097 inches. Substituting Zguation (4.23) into Equation (1.21) leads
to the definition of an equivalent diareter for the oval-shaped probe

used during the NASA Ames tests.
Deq = (0.0075 ) kKofs (4.26)

In order to obtain a reasocnable value for keff at the start of the tur-
bulent -boundary-layer calculations, the following estimation precedure
was used. Frcm the previous work done by Reed and Abu-Mostafa (10),

the vaiues of Xeff 3long the surface of the cone for the iaminar poundary
iayerare avaitlaole. For each case, 2 straignt-lire least-squares curve

F1t ~as obtairea that correlaies ke‘f +o distance 3'cvg “re surface of ina
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éone. Since this fit is only valid in the laminar bolndary-layer region,
it is not correct to use this fit and‘b11nd1y apply it to turbulent-
soundary-rayer calculations. However, the laminar values of Kofg CAN be
employed by assuming the locations 1n the laminar and turbulent ooundary
layer, which have the same Preston-tube pressure, have approximately the
same value of Kofge Thus, the laminar value of Ko at the location
which has the same Preston-tube pressure as measured within the turbulent
boundary layer at the match point, is used to astimate an equivalent dia-
meter for use in Allen's correlation. With the known value of Deg»
Equation (4.22) is used to calculate RD'

A1l the necessary information to solve for skin fricticn coefficient
is then available. Equation (2.1) is used to solve for the calibration
parameter F,. HNext, Allen's correlation Equaticn (2.4), is used to solve
for the calibration parameter Fz' Finally, the skin friction coefficient
1s calculated frem Equation (2.2).

%he third step is to estimate the location of the virtual origin.
Unfortunately, the exact location of the virtual origin along the surface
of 1 cone cannot be obtained. However, the flat plate equations may be

used to estimate an approximate value of Xe on 3 flat plate. Then, the

q

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

q°

1s used to estimate the flat plate Xeq' \

=, 9. 455¢° 4 (d.27)
X (s exp(8:829¢7yY .
equ 0.06¢ Ue) ( p(De Cf

Zquation (4.27) is based on an empirical skin frictien forula for flat-

olate turbulent boundary layers in inccmpressible flow, viz.,
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. 0.455
-~ T2 A neo
1n® 0.06Re,

v

(4.28)
Tha fc]1owfng relation between wetted length on a flat-plate ana a cone

nas been suggested bquetervin (8) in the case of equal skin friction

at the two X locations,

xeq = (2.268) (Xequ) (4.29)

Once tha location oé the virtual origin {s fixed, the inviscid velocity
Trom the Wu and Lock comﬂﬁter 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 condit10n§
are obtained from the Yu 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, 411 the necessary information that must be

input to STAN-5 is available,
The procedura discussed a2bove is automated by means of the Mini-

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




CHAPTER V :

ANALYSIS OF DATA AND THE
CORPELATION EQUATION

Once’the turbulent-boundary-]ayeé calgu]at1ons are completea, all
the necessary information éo 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:

o * *

Vo= A (X )2 + B (X) + Cy(T) + Dy (5.1)
where

* . -

1= T0g1g (5, Yaee/o o0 = 10910 WZgee/ ) (5.2)

< 2 . 5 =)

X" = logyq (uptyeff/~vw) , (3.3)
and

T 5,10910 (T'/Te) . (5.4)

Tne correlation parameters X* and Y* are basically of éhe same nature as
the correlation parameters defined by Allen. From the work done by Reed
and Abu-Mostafa, it was fcund that the effective center of a Pitot orobe
sas 3 “unction of U_, n, M, anc . Further—gre, 1t «as ‘“2irned thet zc-

counting for the variation of the effective center of :tne prebe resulten

]
[$)
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in less scatter of skin friction coefficient in the laminar boundary
tayer regicn. For this reason, uniike “llen, the variation of the ef-
=_c_ivg he1gﬁ: of the orobe is included in the cal1b;at1on parametears,
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 surfiace of the cone are tatulated in Appendix B for the various
wind-tunnel flow conditions. It should be noted that Reed and Abu-Mostafa
correlated skin friction coefficiént tc the corresponaing Preston-tube
pressuve reasurements in Yaminar bouncary layers. Theirplotof‘keff vs.
U,'n/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 1ncrease as U:h/vw decrease. This means
the values of keff should increase as the surface distance increases.
fur<hermore, for a given Reynolds nurber per foot, the values of kef’ ce-
crezs2 with 1ncreasing Mach number. The distributicns of kKafs “or Sun
Humbers 57.532 and 29.440 do not exhibit this behavior. Apparently, the
s fcr‘:wese two rur§ were in error. At the completion of this work:
1% ~as fouéd that the Prastnn-tube prassures for these two runs were resa
incorrect?;. Fiqurz 7 is tne corrsctad laminar keff distribution. I+
might pe 2xpectad that thé keff distributicn along the surface of tneccne

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

°s

-t

“0.gvar, I7°s 13 not axactly frue. From tabulatad results of X .-,
- 4

cbserved for vcst of the cases that the values of keff decrease until tray

reacn & minirun at a lecation dewnstraam of the match point. Then a con-

~Inudus ingveasa 1n kaff is obssried. Consaquently, it is concluced =-:2%

tne dat2 points orecesding the minimuzm value of <gps Sroulc not be inclized
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in tne correia=isn squaticn., The fact of the mattaec is that the ce-

i3
crease in keff downstream of the match point is probably caused oy 2rors
i; the estimated skin friction coefficient at the match point, 1.2.5
Allen's correlation and the equivalent diameter doas not orovice :ﬂe
correct skin friction at the match point. However, 1% 1s 'nown :hae tne
errors in this estimation are lost somewhere downstrezm of the 7atca
point, This is assumed to occur at the locaticn »1ere keff exhibits

a mmmum, So, ror a given case, all the data zcints she:d of ~-2 mn--
mum‘value of keff are discarded. In other words only the aata po-dits thit
snow a continuous increase in the values of keff’ followirg the winimum

value of keff’ are set aside for correlation purposes. Figure 3 and

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

behavior similar to Figure 8 are not included in the coerrelation 2quatico.

The cases that exhibit a behavior similar to Figure 9 are usad to develc.
the ;orrelation equation, and only the paints that show a continuous in-
crease 1n ‘thezkeff values following the minimum value of x ;. are used to
octain the correlation. By employing this method, 1% 1s founa *“nat

Sun "umbers 70.726 and 15.231 should alsc not be used in developing the
correlation equation. The distribution of the effective center of the
orcbe vs. U:h/vw for 17 cases ic shown in Figure 10. As is shcun in
F%gﬁre 10, the distribution of effective center of the prote fo=“3un
“umper 72.748 is much closer to 3un Number 21,318 than 1t 1s to 3un “em-
ber 19.289. Since Run Numbers 72.748 and 19.289 hé&e the same Treestream
flow conditions (i.e., M, = 0.8 and Re., = 4 x 16%) exceot for siight

2

difference 1n freestream dynamic press, 2q_ =12 lbf/ft » the dfszr1bu-

ticn of the effective center of the probe for these two cases 13 expected
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to be much closer together., Furthermore, by studying Fiqure 10, 1t 15
apparent that the spaciqg of the distributions. of the effective center
of the probe among Run Humbers 72.748, 21.218, ana 19.229 does 20t

match with the rest of the k¢ distributions. However, the spacing

of the K,¢e distributions for Run ilumbers 21.313 and 19.289 is simiiar
+0 the rest of the run numbers. For this reason Run Number 72.748 15 not
included 1n the development of the correlaticn equation. [n summary, a
total of sixteen cases have been used to develop the correlation ejua-
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*) + (0.1130) (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" = (0.2272)(x™)2 + (0.5337)(X™) + (0.1140)(T7) (5.6)

Tae zorrespending rms value of'?fis 1.125 percens. Figura 12 snews <ne
narrow range of scatter in shin friction coefficient. The scatier 1n
skin friction coefficient is very satisfactory, and it 1s corparasle o
the Preston-tube calibrations obtained by Patel (9) far incorpressible
oipe flows. The coefficient of T* in the correlaticn Equat-cn (5.5) 1s
sery srall  ang 2 second correlation equation was gctainec by reglactirg
tne effects of variable properties across the probe's face. This equa-

ticn has the follewing form.

v = (0.0195) (xN)2 « (0.6124) (XT) - 0.73%¢ 3.7
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The corresponding rms value of E} is 1.175 percent. Aas expected, slightly
higher scatter in the skin friction coefffcient is observed when the af-
‘eé: of variations in temperature acrd%s t%e probe's face are 1gnored.

The boundary layer calculations have been repeated for two sample
cases using_the new correlaticn equation to estimate skin friction at
the match point. One of these cases is Run ilumber 15.231 which was not
included in the development of the correlation equation. The secend
typical case 1S Run fiumber 40.549 which was jncluded. The skin friction .
coefficient at the match noint is estimated by means of Equation,(§.5).
Then STAN-5 is sat up to ésain 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 cgefficient corre-
soonds to the estimation of Ce at the match point by means of the new
correlation, and the other set of datg corresponds to the estimation
of Ce at the matcn point by means of Allen's correlation. Figure 14 fur-
ther verifiaes that the methoa used to calculate skin friction coefficient
1S correc:? Although in the example Allen's correlation under estir§€e;
tha value of Ce at the match roint, the values of Ce eventually converge
as the boundary layer develops. The variation of effective center of the
probe vs. surface distance along the cone for the two sampia cases 1s

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

.. values plotted vs. U_h/ e lere acain one Zistritution .

rasconding knrr

zorresponds to the estimation of ce at the match point by means of the
new correlation equaticn, and the other distribution corresponds to the
esymation of ¢. at the match pownt by weans of 3illen's cor-elaticn.

3ased on tnese “igurss, 1t is concluded that *he cistribution of keff
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resulting from the author's correlation (Eq. 5.3) exhibits the expectad

pattern of increasing keff be%ter than the distribution obtained using

llen's correlation. The following cbservations are made ccncesning
figures 15, 16, 17, and 18

1. The minimum value of k_.. using correlation Zquation (3.3)

eff

<

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

2. The keff's seem to approach a cormon asymptote as tne bouncary

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 supersoni: free-
streams. The above discussion was primarily done to demons:i-ate that the
new correlation equatjon is valid in spite of the fact that the imitial
values of skin friction and keff are erroneous. Comparison of correla-
tion Equation (5.5) with Allen's correlation snows that cne should use

this equation to estimate the skin friction coefficient on 31 ten-decgree

P g

zone at high subsonic ‘lach numbers.
In order to estimate skin friction on the AEDC Cune, dne sncuic use
the following method. -
1. Estimate the value of keff from the aporopriate tabies ¢f lp-
pendix B for a given jocation on the surface of the ccre.

-
Use Equation {5.3) and solve for X .

~N
.

(53]

Use either Equaticn (5.5) or Equation (5.7) and solve for Y
3. Use Equation (5.2) and solve for ¥U_. Then skin fricticn 1s

calculatad from the foilowing relation.

(A% ]
-
x

o
(e}

2
"7
Ug
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w

Obtain Urh/vw and use Fiqure 10 to estimate a new value for keff‘

[terate the procedure until no wmorovement in the value of kef‘

[»]]
.

is observed. :
It should be noted that one may have to interpolate or extr;polate the
values of keff 1f the exact freestream Mach number and unit Reynolds nun-
ger 1s not found in the tables of Appendix 8. The user s warned not
+0 use Tables XI, XV, and XX since the corresponding cases were nct in-
cluded 1n the development of the correlation equations, Ecuations (5.3)

and (5.7).
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CHAPTER V1
SUMMARY AND CONCLUSIONS

The distribution of Preston-tube pressures within turbulent boundary
layars 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. Thé Mini-Basic computer ccde, 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 eguations.

This is the first Preston-tube/turbulent-skin friction correlation
for flow about a cone, The skin friction which results from using Pres-
“on-tube pressures in the correlation equation, has a rms error of 1.125
percent. This precision is very satisfactory and is comparabls to pre-
110us Preston-tube correlations obtained,by 23atel (2) ‘o~ nip: flows. A
comoarison of two sample cases using both Allen's corralation and correla-
tion Equation (5.5) to estimate the skin friction at the mat:ch point sug-
gests that this new correlation is sufficiently accurata for enginesring
uses.

In tﬁe course of th1§ study, it was tounc that the 2 Tective czznzer
of the probe is not a constant. The distance abpve tne wail of tne ef-
fective center of the probe is a function of h, U, v 2nd M,. The
vi=fatign of the effective center oFf the probe becsres “2:35 23 ' r

incraases. Tne effactive center of the probe incrazses 25 tr2 sursics

(93]
wm
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distance increases. For a specified umit Reynolds number, the effective
center of the probe decreases as the "'ach number increases. Furthermdre,
for a specified unit Reynolds number and Mach number the effective center

of tne probe increasas as Urh/“w decreases.

it 1s also found out that the variation of the fluid (air) proper-
t1es across the probe's face may be neglected for subsonic Tlows,

Finally, the possible transverse errors caused by'the use of the
conceot ' of a virtual orngn’for the turbulent boundary layer was inves-
tigated and found to be neglegible,

The developed correlation equation, Equation (5.5), 1s restricted
to turbulent boundary layers on a sharp and smooth ten-degrc cone at
subsonic freestream Mach numbers. Furthermore, this correlat-on equa-
tion is restricted to Preston-tube measurements carried out at NASA-
Ames 11-ft TUT by means of an oval-shaped Pitot-probe whose height and
aspect ratio are 0.0097 inches and 1.8, respectively.

- The ten-degiee cone under study, which is referred to as_ the AEDC
Soundary Layer Transition Cone, was mounted on the nose 5f a McDennelil-
Jcuglas F-15 aircraft and tested in flight during 1978, The procedure
Jdeveloped herein for analysis of the wind-tunnel tests 1s expected 0
be applicable to the flight data. This work 15 currently being per-
formed by another graduate student. When this correlation becomes
avatiable, 1% w11l be possible %o compare it with the w;nd-tunnei corre-
Tation and thereby define an "effective" unit Reynolds number for the
11-7+ Transonic Wind Tunnel at NASA Ames. This new methed is needed
mec3gse <ne classical definition of 2 turoulence “3ictor 7or wingc tun-

nels (e.g., Poce and Haroer {11]) 1s invalid when ¥ >Q,35,
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APPENDIX A

THE MINI-BASIC COMPUTER CODE

The Mini-Basic computer code was'developed on an App]eTL [1 Pius
Computer. The two primary reasons for develooing thi1s computer code were:
(1) to become familiar with the basic features of micro-computers, in
general, and (2) to reduce ‘the 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 necassary
information. This gives the user the advantaje 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 specified vari-
able in the course of calculation. The logic of the computer code is
aresentad by the flow chart shown 1n Figure'19.. -

This Appendix 15 designed to guicde the reader through the complete
surbuient-bouncary-iayer calculations. In order to further clarify this
matter, un Number 59.634 is used as an example run: The foliowing is a
step by step procedure that should be followed to complete a turbulent-
houncary-12yer calculation for this sample run, ’

1. Use Table I and find Case hunber 5 corresponds %o 3un iumber

59.534.

™

Apple Il Plus 1s a %rade mark of Appie Comouter, Inc.
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2. Use the wind tunnel data sheets and estimate the following.

The Tocation of the match point, XMP = 14,69 in,
The Preston-tube pressure corresponding to the match point,

= 2
?pt = 148.25 1bf/ft.

The location in the laminar boundary layer region that has
the same Preston-tube pressure as that of the match point,

Xa = 5.25 in.
. i P {Allen) - P (STAN-5) !
The value of XL, - XL = X”p 1fl < STAN<E) l’

0.01; otherwise, ¥L is equal to tne location at which the

wind-tunnel daca ends,

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

Obtain the pressure coefficient, cp, at the match point,
= 0.03755.

Input the first eighty-two X/L values i1nto the Mini-Basic
orogram 3s three data statements in line numbers 2570, 2389,
and 2590. Then, input tne corresponding values of edge
velocity as three data staterents in line numbers 2640, 2650,
and 2660, Be sure not to include the point corresponding

to X/L = Q.

dbtain the value of NXT. HXT 15 the index corresponding

t0 the ith (1<i<82) elerent of X/L values zhat corresconds
z0 t1e location of the matc —péxnt. I the axact location
of the match point 1s not found 1n the Wu and Lock zable of
X/L salues, then chcose the match point sucn that it coin-
cides with the nearest value of X/L occuring =zcwnstream of
tnat Tound 1n stap Z2-a. LXT 15 equal to 32 for this sample

ri:n.
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Run the Min1-Basic computer code. This program will ask for
some or all of the above information depending on the inouf
option. Mini-Basic has four options. The first option is a
first-order curve fit of laminar keff's to the correspon&ing X/L
values for the ninteen cases under study. The secend opéion
calculates the initial velocity profile, and the third option
calculates the inviscid boundary conditions. Finaily, the
fourth option should be qsed when the user is ready to make a
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,

Run STAN-5 computer code and obtain the skin friction at the
match point: Cg = 0.003127,

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

code know ;hat a new Xeq needs to be calculated. Mini-Bas:ic asks

for tnis 1nformation. Again, run STAN-3 and cbtain Ce at the
} . CF (Alien} - ce /STAN-5)
match point: ¢ = 0.003340. i¥ o T (STEI3) <

0.01, then proceed to step 7; otherwise, go to stap &, For this
example, one has to go back tb step 5 and obtain ihe third value
of 2. calculated by STAH-5: c¢ = 0.003238.

Re-run the Mini-Basic computar code, and this shculd be the fingl
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
<he Mini-Basic compuze~» coge or Run ‘lurber 33,322 15 presantec

i pp. r2-75. Running STAN-S for the “aur:n <im= sncula
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. MINF = .7 REFT E-0e0 = 4 QINF = 532
K? = 1,08833xX/L + (0.8361)
MINF = .7 REFT E~0é6 = & QIMF = 243U
K1) = L1,37128x0, L + (J.9443)
MIMNF = .7 REFT E-06 = 5 QINF = oUd
Kil = 1,302235«X/L + (00,8264
MINF = .8 REFT E-046 = 3 QINF = 433
K1Z = 1,238xX/L + (0.80Z21%
HIVF = .0 FEFT E-85 = o4 OLF s Lol
TP AT DA A IR S GV I SN
mTaT o= L0 REFT e = o4+ QINF T ozlT
BRI = 1,75732x4, L « «d,8%3e0c
MINF = .3 REFT CT-0> = 35 Q1IN = Tol
KiS = L,2<130«/L + (J.832L»
MINIC = .92 REFT E-0s = 2 QINF = =%7_
Kié = 2,41218xX/L + {(0.,05914)
MINF = ,9 REFT E-06 = S QINF = 842
K17 = 1,4°9128xX/L + (0.7427)
MIMNF = ,3T JEEFT E-3¢& = 4 QINF = o370
T :: = :500'3 :‘?‘:“IL A \'Jlu:':h..'
MIVF = .35 REFT E-00 = 0 QInF = uyrl
Ki? = 1.2133xX/L + (00,7202

s o S e o . T - — - - S e ¢ b = - ——
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R Ry Y S Y VY S P RS SR N
FERDOTI I nEdw

1- THE CURVE FIT RESULT3 OF THE
LAadlons PEFF U3, XL

- THE DMNITIAL VRELUCITY rt 2FILS

3- ThE INVISCID POUMPRY COADITIGONZ

1~ OFTIC WY &0 GPTICON THREE

- . - —— .t e - £ "t At A Yt o ot - T = e . -

ot - - oy e o et b 0 e S e S Bt P e A Ao e f oy e

INPUT YOUR CHOICE NUMBER
I.E. 1,2,3, OR 4 14

HOULD YOU LIKE » HARD CORY?
INFUT ‘Y’ GR ‘"M° oY

e e e e B8 - = S8 e = et e P B e s e = - S b S o o —

DO YQU NEED TC SCLVE FOR NEW XEG(CONE)?
I.E. INFUT ‘Y’ OR ‘N’ IN

INFUT THE VALUE JF XL IN INCHES $114.%7
INFUT THE VALUE OF X4 IN INCHES :15.25
TUFUT THE JALURE OF P Io LilCeis 017,27
THEST TUE WNLUD JF 0 CF 0 30,0375

INFUT THE VYALUE GF "FPFTY If *F3F  1113.2:
WHAT I35 THE CASE NUMEER !5

USE THE WU&LOCK FRINT QUT
TO INFUT THE VALUE GF °‘NXT’ (32

e ot o b s o e A e - - - = = = 2t - ———— - — g e b o

ERXXAXALRAX KKK A X ELXXLRZI X I XAXKRE KK T K2 K R
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AKX RXKER KL AR KIAKKY A KRR R XL L F AR NS
T TJITIAL YELQCITY ri*OFILL OF TAE
TUFCLLENT cOUMDRY LaiEh

e L S i 2 i ) b oy At P e o P e D S D i it e = e e Y e 1 S ittt

LIST. FROA4 wall VELUCITY
FTRLEMNHE F7 wbkoe
1 6,000 x 0. 000
2 5,637 A 142.520
2 11.434 Y 197,912
4 17.237 x 230.319
s 23.098 x 253,455
3 29.017 x 271,519
7 34,994 x 286,382
8 11,034 x 299,042
9 47,133 x 310,094
19 53,293 ¥ 317,902
11 g92.514 X 328./79%
12 65.793 x 336.38¢%
13 72.145 x 344,345
14 72.555 * 351,275
15 L-'J' 1.9 X 3570757
18 91,547 X 543,856
7 98,172 X 367,624
18 104.842 X 375.104
19 111.57 < 200,332
27 1ie.z80 . TeT, il
“1 125,258 2E) 1T
oo LTDLENC ‘ D eeld
22 113,298 % 4L .81
"2 155,073 K 03,5353
:S 1690#&4 X 41007:4
o6 186.625 ® 425,525
2 207.146 x 435,336
2 231.771 x 436,255
29  261.320 « 458,402
2 278,780 v AT1.52€
e 337,352 ! “3” er
32 390.394 x 503,361
33  451.649 x S22.687
34 525.198 x 543,614
25 612.434 X Sée 532
e T1C.7a, . b I
- ﬁrg'jgj . ST

2
- e e P
PACEI S SN I * e
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IZILALILXILLLILEZARNALARXAXK LI KAKKARKXXXKKXR 3

INVISCID ZOUNDR1

CONDITIONS

SUNCACE OIST. RADIUS

T

FT%1i9v

EDGC VEL.
FT,3EC

e -t B et P A - - - S -t T o 8 b o

8.0333
0.11°2
G.1571
(U .‘.q‘]q
0.2328
0.2704
0,3085
0.,3463
0.3842
0.4221
0.43579
0,97978
0,538
0.3735
0.5113
6.56492
4, =E71
0.:7219
0,758
0.3006
¢,82589%
U, 3763
G,.2142
0.252

0,279
1.027

L0038
1.2023
1.1414
1.1792
1.2171
¢ 2= agy

PO AP R |
1,22
1.3306
1.348%
1.40564

1.4442

. 271

0,772
1,03
1030
1.09
2,02
2.39
2,58
3,01
3.34
3.67
1.09
4,33
4.486
‘1.90
5.32
G485
3.73
5431
S04
8.97
7.3
Fed3
T3
8.27
3002
3.73
2.2
BB
?.74
10.27
10.00
0,32 -
l:o:c
11.57
11.72
2.23
12.38

437.47 e
537,430
43%.730
537.800
037.970
650,120
610,250
640.380
640,510
640,640
440,770
$30.900
611,030
oil.lod
641,270
941,429
a‘l.SbO
adl.,030
441.310
641,740
542.070
R ]
=92+330
124400
512,550
04:'720
012,850
adl 930
043011U
543,240
$43.370
$43.598
0d3.83u
£43.7480
343.399
944.0:0
5440150

5V3.203

TV T ATl NI AAR I XTI XXZ X222 2x22

e e A mm e e e e
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INITIAL STATIC FRESSURE INFUT
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(R ERAREXEARKKIREKAXI L XZXRKIKAKKEXIRERK
HZRE I3 THE RENU

1- THEC CURVE FIT WEIULTS GF nk
LAMINAR YEFF V3. X/L

S THiZ INTTLIni. VELGOCITY {AGFILe

(7Y}

T THE INVICCID CDQUNDRY COADIVION
3~ QFTI3N TWO MDD OFTION THREEZ

. s ot it okt B e " Y 8 Y 0 =

INPUT YOUR CHOICE NUMEER
I.E, 1,2,3, OR 4 24

WOULD YOU LIKE A HARD COFY?
INFUT ‘Y’ OR ‘N’ 1Y

0O YOU NEED TO 30LVE FOR NEW AEQ(CONE) ?
I.E. INFUT ‘Y’ OR ‘N’ Y

INFUT THE VaLUE OF 'CF° 10.003233
THE VALUE OF “XEQ’ IN °‘FT’ $1.2272
THFUT THE VALUE OF XL IN INCHES (32.N00

ITMOUT TeE UALUD 9F 4= 1M LIMChES 19.2%

WEUT TAE VALULE JF (P IN THCRES 114,07

(&
«

INFUT THE ValLLUE SF CF $10.037
INFUT THE VALUE OF ‘FET/ IN 'FSF/ $143.28
WHAT I5 THE CASE NUMEER :5
oI THE WUILAOCHK (RIVT CUT

TO INFUT THE VALUE OF '®Nx1° 132
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ERCAK R YA K
THZ TMTTCA

CIET. SEinm
Fre, 0%+

3,040
S0l 3

3 13.412
4 20,218
] 27.093
b 34.0346
7 41.04¢9
8 48,132
? 55.286
117 $2.9512
i1 65 .809
12 77.1890
3 84,624
14 22,143
1=. F‘O.‘,o,
i 107 .407
17 115.183
i8 22.977
e 133,830

~e 0."\‘ 12 4,1

- COQ .
- cq. 20
- Saps
- Luu'J ~
jage 128.202
o 1324133
g 193.3843
2 218.°907
2 242.977
2 271.862
z 306.523
) 338.117
o I iR
- LS SRR JNS
3z 57.9243

33 £29.797
34 616.036

e ”a
oo .« & -J'}q
- put
T F-3.742
- mag e
> C e
RS ‘- -~

DA S
g 2.5 2T

-z 1233,%5¢1

tirar )
LR B

KERARX XKL ERAA KLR XY K LK R e K
VELCZITY FEGFILI O TaC

-
b Loty Ll Iv

WALl VELQEGLT
(Sl S AN T

(=] PR

B

305.48S
316.363
328.037
3Z21.70e

342.733

M MK R xo=x x
3 )

N 3]

w

L

)

~0

o~

KX Xk

350.079S
356.8%6
ao3.-zu
ué. o...l
J/ﬂ'o’du
380.3350
28%. 40‘
=),

“5.1’

rowoox oA R A AWK

~
L
Ca
~
.

3
Ja
H
(.a
b
N

LI O 3% 3% 1
LI -3
~
J ©
)
w
-

.
1
L
'
"

sor.asx
S25.0610
$46.20

SoC.T 6
S il
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CF POOR QUALITY

HEREK KR ALK EAIIRILL KR LA SR KKK LXK K
TMISCIO cGuUebMY CGUDITIONS

SURF A CE DIZT. FADILS choe VEL,
£T FT<109 FT,/3EC

1 0.0333 W72 o010.3cl

: 001053 Ut"t‘. 5‘2003’10

2 C.144L o5 &40..770

] 0.1320 1.'33 a40, 3¢9

< 0.2177 1,71 o4i05u

CI 0.5977 o2 S414100

7 60,2956 2.57 641,270

2] 0.3334 2.90 641.420

Q 0.3713 3.23 441.550

10 0.4091 3.94 641,480
i1 8,447¢ 3.89 4491.810
12 0.4342? . oz 641,940
13 0.2227 1.55 o2, U779
14 0.3404% 1,38 $42.200
15 0,35784 Sel 642,330
146 0.63463 5494 642,440
17 0.5741 5.87 $42.5%0
13 0.7120 .2 342,729
17 ¢.7499 6.5 642.350
20 0.7877 $.86 842.760
21 0.8256 717 043,110
22 0.,84634 752 443,210
23 t.>0:3 T.39 2424379
2 06.933%2 J.13 ERISESeS I ]
23 3.°770 2421 s13.2ly
Z= 1,014 3.84 o13. v
2~ L.0527 LS $43.3%u
CE 1.0%Cs .90 od44,020
29 1.1234 7.33 044,150
30 1.1543 10.15 544,360
31 1.2042 10.49 $44.530
2 L2420 10.82C 514,708

3 1,27°7 11.13 543,372
3a 1.,217° 11,42 592,053
35 1\3550 110'31 aqSOA-l.J
34 1.3934 2.14 545,380
37 1.4313 12.47 645,350
35 1.4492 2.30 645.7350
o3 1 20670 ol Ac 54%5.5¢C.
1y 1,333 120 sis.ul
}: 10:3:~ 130.; :ASQ::L
Az 1.=223& 3,02 EEETR R
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Cr PGCR GQUALITY

4 Lin3&3 I OTE . Goy
-t 1,553 11,78 ot5.314
15 1.7342 1301t 47
1= 1-77: JRUIARS BV eSO H
47 1.3099 13,77 a%7.,35%y
42 1.8477 16.10 047,539
19 1.3355 | A 257,75
30 1.5235 148.,7¢ o4Z.047
-1 1,2913 1=, CR PR
oc 1,772 17,42 512404~y
T “ U373 1773 53,0070
54 2075 PRI 343,=4.
%C 2,112 12,91 RTINS
S 2.1309 1874 174031
a7 L4+1885 1?2.0/7 CEEAT-R B
S 2.22483 17.40 - o17.7u1
SS9 2.24642 19.73 650,171

b0 2.3020 20.06 650,482
61 2.3399 20.372 - 650,742
62 2.3777 20.72 831,052

63 2.4156 21,05 891,372
£4 2.4539 c1.38 531.70Z
85 2.4913 21.71 $52,U043
1) 2.8292 22.04 852,413
&7 2,35570 22,37 $32,773
68 2.5047 22.70 £53,174
&? 206’}28 23.03 855,524

EELXEXEXX XKL AL XXX KKK L AKX XKL XXX XKL

et - oy A e " Y o S TR S S At e = W e e S S e S A e et

VeDoaluUT Cr Tl TiO1E o~ L.122F

THE VALUE GF ~=INITINL I3 =~ 0,u323 1 ¢

THE VALUE OF CF(ALUEN) = 3,270E-03

’ INITIAL STATIC FRESSURE INFUT
TO STAN-S = 1434.06 FSF

[ R ERARL RS PR LR RN SRS F O F RS ST E RS TR S ¥R

o

en - e At oA i e e AT b OB e o s

=4
w
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result in a cc at the matcn point that is within 0.50 percent
of that calculated by Allen's correlation. Punning STAN-5
for the fifth time, one obtains: c. = 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 cbtain the vaiues of
Roff 3long the surface of the cone. Tne total Prestcr-tube
oressures downstream of the match point it about one-hal® incn
intervals of surface distance must be input to the modified
STAN-5 computer code.
Obtaining the values of keff conciudes the turbulent boundary layer
calculations.

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

the following pages.
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~3

~3

AKX PR KAXARRERRAR LA RRTAK AR Am R amBli e

n de AL TR YEY YT LXI XXX KX R

26 FE4  NINI-BASLC

23 FEA Cr

49 REm  AhIR MASSIFHAFAND

] REM KXKKXXX LXK X R KX EX

&3 Az FEEF IN MIIL THAT SLL

-q REM ChF 51 £} COMMANDS S0FE-S g
er REM  THE PPINTEF 1D

25 RS  DECIMAL NOTATIONS

1390 REM THEGE ARE CENTROMICSE

190 FEIf  MODEL 737-1 CURFATIEL

129 REM COMMAMD SO0nE CLEAFS

1249 REH THE SCREEN

149 HOME

150 DIM MINF(Z1),REFT(21),QINF{21),Z(
50),L0(50),C%(50),T(3),0%(50),A(3
31,B(3),C(3),X(153),Y(183),A1(22),
B1(22),MJ(21),MG(21) ,MH(21), X1 (25
0),X2(230),R(250?,U1(250),UT(22°
dUCSTY  HB O30 ,F7C190,FO(TL?

FOXKXKLK XXHKEXHX KK XKL XL KKK KK KKK KKK K
160 REM FUT THE CASES IN ORDER
170 REM CASE NUMEERS 1-17
180 FOR I = 1 70 193
READ F?(I)3

HNEXT I
199 DATA 1:,10,5,4,53,2,1,8.12,8.7,1
FelS 1,0, 180000.0), 08
211 Fopr T = 1 T 213
FESD FEOD 8
MERT
:10 DRTA 7,0,5;473y13'11’3rJt:ylrﬁi-
5'1O713'13;Lz;lé,l?,larl:
22 HOME ¢
a1 = 02

THETA = (5 x 3.1415927) 7 184

D = “AKEXXXXXXLXXEKKE XK XY X LK XK XA
XKxgyevygrars',

B3 =& Mo e =

2390 Ss = D%

- e Toem it - T T ale N

L R U ol el hts o b i e - e e e
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-, P
i -t - s
v [T
LIVIFZE
- N R - -
FYIST T A T TSR T
e
'

[RTBr o I 1 N

TINT DS -

wn o= 1
ANT
CRINT ML TiE COFWE - L7 nLCZUL D o
1
R LR B LAMIc O ha )T e e
RCRANE S
SRIMT v 2= 1l LiaIlie Lo 1™
STt
SO INT 2

' FRINT "2- THE IaviaCll EQUNDER: 29
“ NDITIONS":
PRINT ¢
FRINT "4- OQFPTION TWHO AND OFTION T
HREE"
230 PRINT
FRINT
FALUT
279 FEINT
FRINT “"INPUT YOUR CHOICE NURMEER'™:

5
!

I3 BY ]

?

e O C e

INUERSE 3
INnFUT ™ .=, £,2,3, 21 " i

4
0

NORMAL

THLZC UKL RKLRT K PR VXY N RS SN XANEVL ST 42
T weoogrs TWDOLIE LT Lkl 2
s 4 TR S = i
iy oA SRl i, o
Zoa DY e S U T PO S
Vi = 4
THEN
GOT0 360
340 HOME ¢
FLLASH ¢
2TZED= Jy
o | STINT UNCO o vabvE U0 LeFLT L. l,z, -
A4
NCRMAL ¢
SPEED= 25
Z3) FEINT ¢
B
- PR

- - St e e e e e s S el s G —————r e
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.

hHoTn

- b

-~

R O VS

-t~

ACULEG W 2o LINE A TSR W P

LY B e ¥

, IHVERSE
LafuT IOFUT 'Y 3 g
EHEE:

[}
.

FFINT D?z:
. i MORAAL

IE Rt MY AND -2 "y

THEN
HGiE @
GUTO 280
370 HONE
400 IF (V1 = 1)
THEN
GOT0 S50

xxxxxxxx;xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
110 REM CHECK TC SEE IF
a2 REM ITERATION IS REQUIRED

130 Tis = “DO YOU NEED TO SOLYE FCR o
EN XEQ(CONE)? »3
FRINT T1s!
INVERSE ¢
INFUT I.E. INFUT ‘Y GR .-
1T
NORMAL 3
PRINT
IF (TS “Y" anp T3 LN

THEM
ROrE
GaTC 439
430 FRINT D53
430 IF (T3 = nyng
THEN
INPUT “INFUT THE VALUE OF ‘CF’ ;
L "3CSF:
§ FRINT ¢
THELT TS vl 3F 483 -p o
! X
FRINT
460 IF (VL ¢ o1,
THEN
INFUT “INFUT THE VALUE oF <L 1.
HOU Vet RUPI P
o= T ppe
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ORIGINAL PAGE 1S,
: OF POOR QUALITY "

Bl IXTAAL A AR RAF AN TR KA AR R RN R R F LK
awa FE4 CUTwIo TRE ZivdT o OATA

R FOINT ¢

ZAaTYT vty TE LAYl OF s- Lol
N sreer s e . 1e
E ~ MCUEDS YU atd
PRINT ¢
t IATUT “INFUT THT WALUC wF ool I
] VTHRHES 1
FRINT ¢
E IOEUT UINFUT O TAC wRLSE vE 7 U
) I
| FRInT
ZUFLT "INMT TdE VAaloZl oF TELV 2
: MoOFRD LUIReT
T TEINT ¢

INFUT "HHAT XS THE CASE rlULBEER
$Il
Z3 = F9(1I1)

500 PRINT ¢
PRINT "USE THE WURLOCK PRINT OUT
1]

) INFUT 7O LINFYT  THO VALUE OF

NXT/ v

LAY XKL KL EXCKHICX KT XK XER KA KRKR
513 REM ALL THE INFLT
521 REA  INMORMATION IS CETAINED

5313 FRINT D?$:

PRINT D%
' 940 HOME
HA L RK TSR AY XL s A ATIAKAEARRLAY NS RAND
=73 FEZA FEAC Trl SLLID CamsToeTs
G d FEd F I3 ,ZE I
£ REM mUSKRER £ EGH.
<Gl RER FF I3 THE ~CCGVERY
[ACh] REM FACi0R

) 400 READ R,GC,GAMA,E,K,F,RF
610 DATA 53.35,32.173,1.4,5.,.41,.5,

-na
.« T

- S.LUE LTS

EAKEKKLLALEXXLIAKK EXLKAEAKEIXKXEKRRXKLX KR LRT AR

630 REM DO NOT FRINT THE
£30 FEM KEFF V3. XxrL

e FEM ZF IV 135 NOTV ATcZl =0t
o
- = v
(S v
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OR'GINAL PAGE IS
CF FOOT QUALITY Y

Ch & CSTSHICHT LINL LURNE FIT oF
TS PEITRTN
oy = nGEF dae L

Foolad
FOINT
PRINT
FrInT
[l'IA‘T
BEINT
FOR D = L 10 2

ELvd)y =~ Livdy o taLE Lol '

RINe YD I

clvdl = Ladl Elve v L3095 ¢

AT U RV
Aatle) = INT (Aled)y = 1330y
«S) ¢ 100000

NEXT J
FOR I =1 70 19 -

J = PO(I):

IF (AL(J) * 1)

THEN

GOTQ 7390

INVERSE

PRINT "MINF = " IMINF(SY)" RET

T E-04& = “JREFTLJ);" GRINF = °

SAQINF QY

l.
L3

LI o'l &)

o

1t
L

.r oo

gl o

NORRAL ¢ >
PRINT * KRU3I" = "“JELudY,
CAXAL + DM PAL LYY P

GOTO 740

INVERSE ¢

SEINT "MINF = " hlifve, g

T E~0o = "JRECTGS Tt wlh
SRINF e

HORMAL o

FRINT ¢ NN A T
TRXL 4 U IAt g

NEXT I:°

PR¥ 01

END

GOSuUE 2530

CAENERRARAARKAXTARIANRN A R b Al d voan\aer

REM  CALCULATION OF YHE FRER
REM STREAM FROPEARTIES, ME
REM UE, AND ETC.

-~ - - - -
F‘-—- Ves - f_r oW tovly

- - -, = -
Fl0 = 2 [ - NETTIEY
RTaNT Tt s .

«i - -
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Ba YEEXRIIXAXEXFIXY F AP XEXN S KAAN A X LRI XXT AR Aanse
' 714 FEM vy SUTHF=RTOTAL-LINFT sz
L e e
h FLY RTINF = 0 T x ATAMITLY 4o L=
C3aMe - L, 23 X Al 23 N L
\ S OGANA S (GARA - L)) E L,
Cartes * {(AINE.ZI3Y N T
1 Y "I XS YAXRXLARN LI IR XRELTAKAX LRI XS ant >
' 3238 FEi #x REE=MEZ2 rx
47 MEE = (vl + QIftF+ 23 &« WZF , 4
. IelFvy S 0 = L, 3.5 Y v 03+ (nId
FuoZZF ~Z200) - S
(kY ME = SQR (MSE)
KELXKEXX KX EXELEKXE X KA X KKK XKL AX XXX KX XK
860 REM HKAX(TINFA2)+KEXTINF+KC=0
870 B = (1 /7 (2 x QINF(Z3))) x ( SAR
\ (GAaMa x 1 x GC2Y x (Z,27E - 03)
x (MINF(ZI3Y x RETT(Z5).
KE = - 1
KC = - 178.6
8840 DTa = KB ~ 2 - (4 x KA x HCHY:
TINF = (1 7 (2 %X e} ¥ v = KD -
SOR (DT}
geg IF (TINF - 1)
THEN
TINF = (1 /7 (2 x KA)) x ( - KPP -
} SOR (DTA
PTUIYRIRIVRRINTKIIRIIKSF AR R A AT " L
B FIn Colouballoy o5 OQT7HET
‘10 FTEn AIR P OFITTIES
bl | TTL = {TINF) x (O uoMINCVZIZY & 2.
X v.Z) X {(GAHA - 1) + 1,
) 30 TE = TTL X (t1 + (.2 x MSEM) v -
0 . )
P40 UE = (ME} x ( SQR /CaAMA x GT X A
4 ~ o
xxxz«xx(x.uxxxxxxx:.xx::f:u.xx:;xgx;xu.xux:\..
950 REX FPT IS THE FRESTON-
950 REM TUEE FRESSURE
TTY O TTT =TT oaInf
- Foo= TaE - s (R T
N TAe - TR * . v AT F - N
ano- ! LI N
B SIJAF = e LSRR R 1 [
A =5 32 1A
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AARRSNARAIIRNAR AT FPRLXXKXKRUM PR 2 NWARA RN I XX

LYY RER AERDS, I=AUC,O=HLES

CUESCRIFTE L,2,0000 o wuniLorOn., o
0 THE FLJUID FROFEFTYIES EJALUATELD
AT TEDCE, T3TAF, AND THALL LESTES
ey
T Ty = TES
Tyl =2 ToThare
14¢3)Y = TAH
13720 FOR I =1 70 30
AVIY = (FEY O oF % TuXdss
EUZ) = 2,27, % AT Ly M LD
(10 v~ = 8 o «TLLYy + 15Q.0. .,
LX) = B(X) x G , AfI):
NEXT

LXXTXXXXXXEXXXXXXXLXE X XXX KKK KKK KX KK KX K
1040 REM CALCULATION OF CF(ALLEN)

1058 MPT = SQR (2 / (GAMA - 1)) x !
(FRT / PES ~ W{GARA = 1) 7 GAMA?
- 1)

1360 UFT = SQR ({1 + {((GAMA - 1) x M
ENZY /2N /7 (L + ((GARA - 1) X

(MPT A~ 23 / 2Y)) X (MPT / ME) 2

(UE)

1070 KEFF = A1(I3) + 21(Z3) »x Xi:
DEG = .0075 x KEFF / 12

1080 RD = (UE x DEQ) / (C(1))
1320 FL = (AC2) 7 ALY x (Bul) S BXDY
Dor RD oY UFY L UE

KA S22t KRR AKX ERXARK A AT I RIXRRREL S &b K0y

1133 REM  xx CALCULATION OF FL »

1119y F3 = LOGG (FLy ,  LOG (10
Fd = (L01239) X (F3 N 2) + (,7004
) x (F3) - .4723:
F2 = 10 ~ F&
K Y YXEREXXNE N RERRXLXT A2 RS KRARSX AL v 24
12 fen €K Za) G Tl oumbe R
1130 Z1 = (B(1) /7 B(2)) x RD x ( SQOR ¢
ACZY /7 ACLY))
11243 CF = (F2 »~ Z1vy ~ 2
CET XD AR NI APPIKEALY "X I AN
IR CY0 CF T el
Sles Fo CallalevIunm

83
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FEIRKIARKXKKXXANTIN K LA KXRAKAKAKX R X X RELN LK
1173 REf CALULLATION WLF
1139 FEM REG(F.F.2 ,{EWCOHE ) v v
’ 14
L1700 FE sk NT4 = BEL FuF .

- ot > ——— . - " - - = -

1200 (1 = (L2535 X a2 'y vall, v G5 s
Tlo= 0 B0 oarlo SN
s oE AGE R ELWIYD L vete ol 4
UEHY:
XED = XZ & X3

ERIKKKARRKKKA KA KKKIK KR RIS X KKT ALK E KX a sk
1210 REM  xx XO=XEQG(LOMNE) x»

1220 XC = (2,263) ¥ (XEQ)

b3 33 230330333333 32533333383 F33333+8% 5P
1230 REM xx X0=XCOHE-INITIAL xx

- e s T s e e T ot e A P o P o s e o

1240 X0 = XC - .S /7 ( €0S (THETA)) - X
H 7 (12 ¢ ¢ CO3 (THETA) )

TKLKLXALLXAXKX ALK LK R KKKKAKRA KRR LRAK DX R
1250 REM SET THE INITIAL
12560 REh STATION OF STAN-S

LZ70 IF (X0 I
THEN
X0 =1/ 12

ATXEENI N FEXEINRKR "IN RKY RKP S RA TN 85, b s
2290 REh <% LS=IZUeFLFL) - TuITZAb w

KX KK KR KKK LK KL L KK KKKKKRKKE A KA R s
1300 REM xx LF=CF(IMITIAL) xx

N “ AP IXKAK AKX ERKXAR R LA XK KRALK R b R R LRI AR Y
1320 REN xx LusLANDACGREF, ! xa
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“
s
31? Fom LI=s0clTRUGRES 3 Ao
ot

12010 T 78 = 'y
THEN

G072 1810
I N S o L TR L S L

vt

L- = LS » T2 = LL L

132 S0TE (6l
RXRP L X XSCKEARARE  CRARK AN X XREAAS W E AL NN kT
1270 FEMd  FIRSY oRCEF LINST ZQLARE Cur

WE FIT

XXXXXAXXAXXXEXXKXXKXXXKX XXX KKK XK XX XX KKK
1410 REM X(I) IS THE SURFACE DISTANCE

13 RCM  LahINas REFF
440 REN DATA OBTAINED FRON
o

120 REM WORK CDONE
0% FCH ey
470 KREM  REED AND AEU-MOSTAFA

1423 FOR I =1 7O 153!
READ X(I),Y(I):
NEXT ¢

onTA d.3,0%0T,8,.-77,3.5
-Qo.oGlnyOOSDXOJ;-'Ty:ob:;o—
34' J.l.;;:' .So:.:j; 5710‘6
ol 1L 870'1 10300 3,1.15?,7;1
?04'10_08009 o—::,OoSplo:Jcr

- —\8'1 ...),1»_.43
1420 DOaATA 8,1.2890,8.5,1.30,

{9
o r-

<y
4p?o5'10342'10'10358’1005'103
- 1'10382'501'106'505.1013?'6'1
18¢5,10177,7,101°7,7:5,1.217,
- R A T 3,3,
B R = e L ) P e ? PV ’
per 2o, )z 5,120, 700027, .
272,5,1.308,8.5,1.22%,7,1.3%

1508 DATA 1
°Z,11,1.418

*

*
.O-QJpJ--yln

=

A
loby--.e_-cn.-

. " - - . -
. tews Yy WS, 00l Llrwrdend,y -
e = A=t o = ~3-
P apie deooe -inAlJthh.-'-b
1 ¢« T -~ -
LA,).J’A.L-Q -p;-Lu—pOO~pl lol.
b e S - - <=
- - . 0.})1._-!".'&0- -’h'h'o.—-
-
D

’

FPXLLACEI R A aX AT AXXKALT a2 FAAKAIXARBI R XN

420 REM  YWI} IS THE CORRESFUILING
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NIEEE
L)

be e
- b-e

.
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r
-
!

1te ).
11 o o s pboe
. - tNe 0y
DA N ol &

-
.
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oatha L.Q??.?.S,l.JJS.
1.0,1.232,0.3,1.329,7,1
-e-jpsplts?-$355piotllp
7.1.:01-’-5,10:3:;51av: e
:?y?'1036?’90511t3?3'10'1'*0_1-00
5-1o42:’111104:b,0.5110J5%y?.10J5
~

CAavé el 1.03z,2,1.007,5 Tyieln
S La312,9.3,0.2388,5,0.001,32.9,.
Ll il T, 1004, 7 Le=T, 0,
T.1.032,7,1.01,7,3,2.12,2,1.137, 4.
3.1-157.5.3-1.l:?,b-l.lb:,u-s,-.l
5:.7,l.:US,'.S,L.ZZG.C,l.:wT

¢rTh Trlvler . 7.5,L.088,8,1.20
2 203,10132,3.5, .973,5,,978,5.5,1.
900’6'1o0:3,605'1o0:915'109:1p5-5
+1.035,9,2.057,92.5,1.069,10,1,0561

»10.5,1,988,8.5,1.149,9,1.176
DATA ?.5,1,1203,10,1.229,10.5,1.
250’11'1'283,L105110314'5'091175-
5..923,6..5‘6,o.5,.95°.4,1.015,‘.
SyloQSZ'SpluOSC'S-Spl-)O?yO,i—? v
16.5,1.1038,7,1.12?7,7.5,L.147,¢,
161505'10170590868'5'5'088'0)05

16:5,.911

fr AXAKIXRKLAXL KL XK KL LKARLERRXLELCRALKXRTRE 13

+ o
e

1353

RED SOLATE THE DATA

REn CF DIFFERENT CASES

- —— - o — - - o = A - > > VD =0t S e o b P e s > o st

g7

W
AT Y

(A

FOF J = . TO 21t
EEA& T s\u ’ﬂurj\:

NIT

AT a l,7,3'10.1?,;5.:7,:.yW1.5.
,5 ,531007b4y057?51709;3'31'?)7:1
'o ?0710:1103,137,158,115;:1“,-:
7 8,122,122,156,129,135,136,.57

’

.8,

0,149,150,153

J=17T0 212

EAD MINF(J),REFT‘J),QINF(J):

N~
O~

-

“~

-
.~ -2

oSp;'*J4p05131u3-907’+'u“cr- .
50,.7;3,408,.4,4.%03,.4,3,240,.3,
4,250,44,245,396,47,4,538,.8,4,61
7'OE'4'605'08p5)7°1]08,3’453,09,3
J?Z'OQDSVS*:'tQSQQ

’
Cave, eP3, 7T IS
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oRriGINAL PR Gt ‘f’Y
IF ) '1‘ LOF‘: ‘:;.: .

Tre!

FCR U =

[ SN

N\
R NEY I

1 Te C.

)

THEM

FOR

J =3 .0 Z2 ‘

FTRELXEXEX TN XRAKRTEI T X a b d RERRURKKY ¥R XX 25 n

1539 M LSE THE AFGVE Lata
Te '3 SEm Al GETeln THE 3.0
i “wEM CURVE FIT
1560 S1 = 093
82 = 02
83 = v
S1 = 0:
FOR I = MG(J)Y TO MJ(J)?
81 = 81 + X(I):
- 82 = 82 + X(I) ~ 23
83 = 83 + X(I) x Y(I}:
84 = 54 + Y(I):
NEXT I
MHuJ)Y = pddud) - MGy + g
ZZ2 = pHOJY X 52 - (531 ~ )
1670 B1{JY = ((MH(J) ¥ 53 ~ (51
X S4)) / 223
AL(J) = ((S2 x B9) - (31 =
83y, /4 228
NEAT J
1538 IF (VI < > 1)
THEN
RETURN
AN AR I XKL ERARXL "R B XAXHASKARYEKELEY s b mee
LE=) oA 32T US ThE TRLINTER
17335 FER ZIr IT IS aSHED TCR
1713 REM THE IWNTERFACT ECAFT
1720 REM IS5 ASSUMED 70 EE
17390 REM In SLOT#:
1740 IF (F$ = "N")
THEN
FfETURM
7 TRY L
1750 FRINT CHR$ (Frivoln"
1770 PRINT ¢
FRINT
FRINT
LTl CRIOT SRRL Tyt
T2 FOZNT
EpE s
1031 FLTUR-

p

o T e——

o e 4 -

S )
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T RAR KRR AR RKRKR A RXAI IR LA R B RALRK AR B2 0
LT3 RE1 LALLULATION OF THE

TTTYTE~ ZHITIAL TORELCCHT

1077 REF WELGCLT: PRGUTILZ

184) ZIF TH = Y™}
TAEM

- e
Al Jas G |

L2 X AR BRI RARRKEARKF KARKRIART KXARKKRKREK 3 &
‘2% RIM UBE SIAL30D REBULTS

1249 IF (T o= N
THEN
YU = X0:
WP = XC

1870 GOTO 1900

AXKXXXXLXAXE XKL LXXXXK KX LKKXX XXX KKK XK XXX X
1880 REM REF. THE E&.C’S
1379 REM TO THE V.O0.

- o - - Y it = . > - -

1200 HOME 3
uv = 03
X6 = WP = (XM / 12 & ( COS (THET
GBI I

FOR I = 1 7O NREAR:
AR{IY = XT(I: + XG:

R(IY = XZ(I} x  SIMN «THETR) !

IF (UY = 1)
THE!
MEAT I

R IF «xZ¢ rio
THEJ
SI = I
uyv = 1

1920 HNEXT X

Y EREEAXKXKLEXELRLXLXK KKK KXY XX KKAKK Y KX
L7 FER I=MESTICAL DIDTAMCE FrRle 72
EUFFACE OF THE CLie:

UCI}=INITIAL VELOCITY FROFILE:
U0=WALL FRICTION VELOCITY

N R N VR P N
TN a0 EGLME ToN ThRE ElE

1733 =C YELICITVr i ToE

el FER InITZAL ETATION




(F)

TEM AN s Sy e

™

"
fe
{

LR
- .

1ee)

20134

ORIGINAL PAGE IS
OF POOR QUALITY

‘

Iz i
UG (SR
) - XIe Il LT
Lozl
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.
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hARAF PSS S EN A B SV L UV RS SN TR TR & 3 LIy

- 2]
2010

~32
—-d -

2060

207

23890

s )

Lo =)

[V ]
e O

Zt10

2130

2140

- -

FEM  AND 50LVZ FOR IMNITISL

fZa EDGE VELICITY

IF (T <~ = 21)
THEN
Z(n
- 1) - (X - 20
IF (I > 21)
THEN

T¢I = (I - 1o+
- 1) = 2.I - W)
IF (29 = ).
THEN
GOTO 21390
IF (Z:«I) - L)
THED
X8 = I - 1
2SS =1
NEXT
Foe I = 1 1g x3:¢
Luviy = 2.X Lo-?
NEXT
X8 = x5 + !
Z{X3) = L1t:
LJ(X3) = 1
FOR I = 2 TO X8B
0L = (ZWI) x UGy /s
02 = LOG (01
83 = 1 /7 K:
34 = F v 0358
(08 = (o (LJWI
Jo = 14 x (Lo I
7 = (01) x (05 -
08 = 03 x 02
09 = (03Y x (LO(I®
e o
UL S | S
HZT

1e2Y

- -
\m\ -

= Z(I - 1) + 1,010 x (Z(ZX
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~ A - { -+ - [ - 2
—_———— - (ML o= L R WL o= 3
-
FEN

LITO 2425

TR AN KXAX KX AT L LK XK I R RARKI L E a n F R RS E
270 REM PRINT OUT TRE
2130 REM VEL. PRCFILE
21B) IF afs o= N
THEM

SUTT ZZo4

FRELKXNEX LSRR KKXAKE K KRBT A ARAAKR LRI 22K
2239 REA CHESil AND SEE IF A

=213 REa HARD CIFY IS5 ASKED FOR

2220 FRY: 2

2230 PRINT CHR$ (9);"o0N"

2240 PRINT

2250 PRINT CHR$ (9::"20L"

2260 PRINT D$:

FRINT ** THE INITIAL VELOCITY FRO
FILE OF TdE":

FEINT TURELLENT EOUJUGRY
LAYER"? '
FRINT DS%: B,

FRINT ¢

FRINT * CIZT. FROBM WALl
VELOCITY™:
FRINT ¢
FT/sz€":
FRINT ¢

L4
.- ca .
. P L DT-.

.

*

FTx10":

'

-y

— —
—— v ok I =

- e
[y
Ht
v
[
<
[}
]
4
i

STRY (UuIe?

F 1J64d¢0
= DEC(I; + "000000"

KEXLX KKK LXK KKK LKL XALK XK KKK KKK

27 FEN UCD STRINGET 7O FofdnT
227} REM TdE THELE uF LA LES
2300 Z(I) = Z(I) x 1000000

Z(I) = INT (Z(I) x 1000 + .35

S 10008

X I) = INT WIhWWI

D T I T D

SENDL, = LT A

90
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Ited IT Mt o= U JF 1 o= 0
THE.S

C3To 242
B, T A X R I KA AN RXXHNAIAIAARAXK RN IT
217L REe TOZHT SUT Gk
2100 REM  VWEL, SFOFILE

e -

YLAKS XAK R AKX KXXI XKL A RAIARR LI IR I 53 6202

2260 FEM CHETI AL <2 IF A

2719 REM  HARL CUFY LI ASKED FOR

2tz PRt 1

2230 FPRINT CHR$ (7);"60N"

2240 PRINT

22%0 PRINT CHR$ (9);"20L"

22560 PRINT Ds:
FRINT " THE INITIAL WELOCITY FRO
FILE CF THE"?

FRINT TURBULEMT counlrr
LAYER" S
FRINT D93
FRINT ¢
FRINT BI53T. FRCh WaLL
VELOCITY"?:
FRINT ¢ [ ST EL Y
FT/SEC":
PRINT ¢
FFINT D952
FRINY 3
FF\-.& i
2T FOR I =1 T2 060
UiIY = INT (WeIs = 1500 ¢ I
/ 19439

¢
DI} = S5TRP UIN)2
O$.I) = D$(I) + "J0J00U"

AXIXXKE KK X LK AKXEXX LK XA LK LX XK KK KKK XA

22290 rEM USE STRINGS TC “TRRAT
272 TEN TRE TARILE O JaloZoe
2300 ZCIY = ZhWI) x L0000000
ZCIY = INT (Z(XI) x 1000 + .3
7 10992
s Iy = TNT WIhI:
N

" 1™y
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TF O LB HE Ty o=
THE

ey o= [N X

"

Ctily = Jeg0u":

gty = 0,080

IF O LES WHB I, oj)
THE"1

CHELIy = L2 Ty v 33,8

I O LEd WM DL - L

LN ¥

PHEVIY = 3

LEs

THEN
Ceely =" " &« CL T
I3 = ETRY (XI):
IF ¢ LEN (I%) = 1)
THEN !
Is =" & I8
IF ( LEN (H3) = 4)

THEN
Cs(I) = LEFTS
IF (I = 1}

IF { INT
THEN
Cs Iy = " " +
.000)0090"
IF ( VAL (D3(I)) =
(D3{II} N
THE !

- - ::Fy

(2{I) = Z(I

STRE

CELI y/—,:

MNEXT I3

FRINT D?s
IF V1 = 2)
THEN
FRE 0
END
IF (Ts
THEN
GOTO 31430
IF (0% = "NER"™Y
TA’IE.N

PR
=~ A

= )

X
A

L

fCBVI), 0

s
z

"93)0
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v rr VAP XAXR N A raaTa s AR AW WAl SNV LN T
A ORI ONETLLG T LWIaCle

AR O o S 04 o T S AT Tai U | 10

PR TEIN L 20 S TR

1470 RE~ A53MEHIFT

S0 REM EY CHANGING MOHIF!

147 Fan TiE Srs OVER O
2903 REA HIDER KAl Car
<SR TeEw IE LLTEFRIMCD

<S20  cEh THE Vel LS QF MU S0 - Ll
ARE EALLED Ot LATRRIENCT

MFL = NU + L

LR 3333338333333 333333333333 33883 E3N
2540 REM
X1(I)=X/L (FT) FROM WU & LOC
Kxx X1(I) IS MEASURED ALUNG THE A
XIS OF THE CONE % XZ(I)=X ALOMNG
THE SURFACE GF THE LONE
2830 FOR I = 1 TD NPLS
FEAD X1ul):
NEXT

EX AL KR RIXLTXR R RARIXKRARIANIR AR ARATIRR S

2560 REM  X/L DATA FRUM WU & LGCK

. - ¢ - - 8 Y . P P = - = - T - = ———

2TTC DATa SOLI81, . 02307, L IRIRT, .,
Linb el IV c Lt N P Y T
T LE e ‘:~yo....-"-l\.'o»l...:_\‘o-...-.
. '.'?:‘:\.:"--3::\)'0'.(‘\.")vpo‘.'»....:v-..
TR LI ST FIRuR L - Sy S I SO P
23727, RdT35, 2577, L2070 W Iy
++ 28324, .296841,.2)052
233 DATA ¢ 31373, 32871, .33°07 ,0..59
230,035939’ 036955’ n37?70' 03698&"
0001, .310146,.42031, ,43040,.3900

0,.33074,,3608%, . 47103, .4811e,. 3¢

o~ -, . .- =y e ™
[T L .- s W [ B R Py S L L ey ey
AR E=L —re . c Y —_—— - ~

J'l“.y._-_' PreCmeclV) te cvmt tawe To

» o S259).00200, 07T

°g
2578 DOATA  .01308,.65318,.56328 673357
¢ e83336, . 089374, . TYl0T L TLATL T

_— .-
LIS TR Wy S YRS

- -, - - -y - - . - -

S Sy e Tt e

- t- - 1 -
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v
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St TSR o= 1 TO oefld
a7 Ty o= WXI(ZL o' i) VLo
Coc «THETA. ¢
BaTy o= W20l v LI VTHE TN
i - T
[ RN -

Ceod FOR I o= L TL nP1
c

ab Ui

‘Xi.i&!i).!!.X"-(li.f\:x&‘lukl.&(ﬁ)’ll}.l{l%,&rt&)o +

YR -~ AT T .t - -
nel Foa LeTe Tiusd = s =OCH
- A -5 - A~ —_e we -y P N
o) DATH 80 5.32,005. 20,3304 090w 007
- = e -n c - -
D= Dn"p\:GGQ-L")J').OJ'b~G"\}.:’\3~J'o

4
37;03?07'}-5;’”.' 'ﬁ’;l) 0:&;0"’0 05‘*9\‘)”':--
5,0‘?1-01,041.2*,-0'%1.46,641.:-:,0-':1
'8?90420077642026’6420‘}s’6‘*2063'6
42.81,642.99.643.17,643.34,643.51
'643069,643;86,644002'644.15,644.
36
2650 DATA 644.53,644.70y644o87,645-04
'64502110’}59381645c55'6‘15073'645-
oﬂ,546.05;046.:b,546.4ﬂ,04boa:,a%
0.31,647.00,647.19,647.3?,6*7.5?.
64:—77?’648000 '6'}30?.:'648-44'6“7800
?-a48.909649.14,649.53,649.64,049
090'050017,650 .45,&50 .74,631.05
Z:éL DATA bsl037'651070,052;04'052041
yéS:o??,bS3.1";1553962’65"*'07'054-
559555005’0550609056.18’656'81 '\55

7.39,658,22,659,03

4

2470 DY = A2{OXT) - XTUNXT - 1
2.7 DY o= Ui T - Liagt-7 - L
2oty egT = 4D T

271D UNT B ur e

2713 NFE~ = M=T + ypi&nd

2723 MREAR = Mmoo+ NOH - L

¥ XX LKA R KKXAE K AXEERLL K K LLXR KKK XX XK
2730 REM NT=NTOT

o=ag MT = NUM + MNSH + NSH

P SRR KB ATEARXE YAXTKXRRY X TARAII XTI AT
=751 REM HMXT1=NIXT

2740 MNiIXT = NXT + i

For T = NIXT 70 NUME
DT = o Utel e g -ty I -
z Lo 20
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ui(I) = 03
NEXT
2840 HOME @
RETURN
2850 FRINT ¢
FRI1IOT
—800 PRINT @
FRINT @
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PRINT DI8:

FRINT

FFINT ¢
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2730 M = LR R wWLF , CoFr -

TP LLERXRCECRRRN KR UKL X TR XL L EX LR AXAR
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3131 REM vk NEUY DELTA(REF.)=n-

N3 & (Cul) x ML /1

3060 0% = '"NEW":
) YU = NC:
LR = <M

IMT ( LEN (DI Zan
FRIM”
FRINT
FRINT
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LUTO 51y
ATt I A S
Vool FRINT O CHI L -1l aln,
FEIIV 8
Tyl FRINT
3160 FRINT  CHRB (@ lugL”
3150 IF (VL = 1)
THEN
GOTO 3380
- 3200 HOME ¢ .
PRINT Ds$:
TERINT O - INUISCID_EOUNER$ (MY
MOITIONG 'S A
- FRINT U 7
FRINT
3210 FRINT v SURFACE DIST. hnD1dS
EDGE VEL.": -
FRINT " FT FTx1ldu
FY/sZEQ":
PRINT
PRINT D<s$:
FRINT
FRINT
AT T o= LD - MG e Lt Lol
3 o= a3
FOR 1 = 21 - L 70 MREAL - 1.
IF W21t 24
THEN
NEXT I:
GOTO 3339
3230 J=J+ 13
X2(SI - 1) = {U:
R(ST = 1Y = XZ\3I - LY = « I7
LTHETAMY S
Ut«Z2I - 1} = UG
3240 X2<¢X) = INT (10000 x XZWI) -
«D)Y / 10000
RC(X) = R(I) x 100
X0 = IHT (RyIv v 1099 -~ LT
R SN T R S IV S Y DO
LI PR TR )
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THEN
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THEN
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FRINT oo
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. LIFTEY (L
$ LEFTH (E5.70
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3940 AN = INT
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NC = INT ¢
RV
XH$ = STR$
NC3$ = STR$
IF (XN < 0)
THEN
-~ X}“s = I'OII +
2353 IF (XN 1
THEN
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3430 IF (NC . 1}
THEN
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3470 IF (NC b
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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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TABLE III

PRESTON-TUBE PRESSURE, EFFECTIVE CENTER
OF THE PROBE AND SKIN FRICTION
COEFFICIENT ALONG THE SURFACE
OF THE CONE FOR RUN
HUMBER 29.440

(1Y

Xyp = 0.9767 ft Xeq = 0-7008 ft
C
%o Pot Kets cex10
ft pst
1 0.7015  0.97734  3758.2  1.3834 3470
2 0.7422  1.01804  3754.9  1.2957 3432
3 0.78649  1.06074  3752.5  1.2462 3410
4 0.8263  1.10217  3750.5  1.2136 3360
5 0.8697  1.14554  3748.8  1.1878 3346
5 0.9113  1.18714  3747.7  1.1854 3300
7 0.9548  1.23064 37464 1.1725 3288
8 0.991  1.27194  3744.9  1.1536 3245
9 1.0391  1.31494 374319 1.1479 3238
10 1.07%  1.35544  3743.5  1.1650 3202
li 11216 1.39744  3742.4  1.1508 3150
12 1.1647  1.48054  3741.8  1.1605 3164
13 1.2050  1.48084  3741.1  1.1633 3136
13 1.2467  1.52254  3740.5  1.1667 3134
15 1.2892  1.56504  3739.8  1.15%6 3100
16 1.3331  1.6089%  3739.1 11672 3084
i7 1.3785  1.6943  3738.7  1.1677 3078
: 14149 1.59074  3737.8  1.1667 3086
13 14578 17336 3737.5 11810 - 3042
20 15002 1.7767¢  3737.0  1.1813 3028
21 1.5502  1.82608  3736.7  1.2017 2996
22 1.5909  1.8667¢  3736.4  1.2108 2998
23 16323 1.90814  3736.0  1.2167 2584
24 1.6743  1.95014  3735.3  1.2093 2958
25 17174 1.09324  3735.0  1.2227 2350
2 1.7550  2.0318  3734.7  1.2301 2928
27 1.8006  2.07644  3736.3  1.2358 2924
28 1.8461  2.12194  3733.8  1.2435 2908
29 1.8870  2.16284  3733.5  1.2494 2910
30 1.9285  2.20434  3733.1  1.2499 2900
31 1.9704  2.23628  3732.7  1.259 2880
12 2.0133  2.2801  3732.5  1.2662 2370
33 200571 213394 37321 1.27%2 2874
38 2.1015  2.3773@  3732.3 1.2933 2862
33 2.1361  2.42226¢ 37321 L.3122 2844
3 2.1858  2.46162  3731.8  1.3162 2832
37 2.2259  2.50174 37317 1.3273 2342
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TABLE IV

PRESTON-TUBE PRESSURE, EFFECTIVE CENTER
OF THE PROBE AND SKIN FRICTICM
COEFFICIENT ALONG THE SURFACE
OF THE CONE FOR RUN
NUMBER 61.636

A - - - ) - -

Case Yo. = 2 Xyp = 1.3183 £t (g = 1.3481 72
o)

No. Xc %o Ppt Kas c-x10

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 319¢
4 1.5943 1.4645 2293.65 1.6504 3088
5 1.6328 1.5030 2292.94 1.6212 3108
) 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 1.589%6 3054
9 1.7996 1.6658 2289.80 1.5348 3058
19 1.8416 1.7118 2288.95 1.5425 3036
11 1.8846 1.7548 2288.81 1.5234 3029
12 1.9286 1.7988 2288.52 1.5440 3021
13 1.9668 1.3370 2288.38 1.35332 3C0id
13 2.0054 1.875%0 2288.09 1.35732 29¢<c
13 2.0447 1.914¢9 2287.81 1,5760 2983
i 2.0849 1.9551 2287.33 1.5863 29322
17 2.1257 1.9659 2287.10 1.33843 2972
18 2.1668 2.0370 2286.95 1.5917 28¢c?
19 2.2085 2.0787 2286.81 1.6098 2945
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 2014
24 2.4276 2.2978 2285.39 1.5z842 2202
25 2.4659 2.3361 2285.10 1.6788 2601
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 1.737% 2878
2z 2.6473 2.817% 2284.39 L.75zs 383
3 2.p882 2.3385 2283.:¢C 1.73E8C 2872
31 2.7297 2.5889 2282.33 1,745z 2872
32 2.7714 2.6416 2282.35 1.733¢ ZEET
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TABLE V
PRESTON-TUBE PRESSURE, EFFECTIVE CENTER
OF THE PROBE AND SKIN FRICTION
COEFFICIENT ALONG THE SURFACE
OF THE CONE FOR RUM
HUMBER 60.635
Case No. = 3 Xyp = 1.3250 ft Koq = 1.3586 f¢
No X X P k c.x10°
’ ¢ "o pt eff f
ft ft pst

1 1.3691 1.3355 1348.3 1.4802 3196
2 1.4091 1.3755 1846.2 1.4282 3178
3 1.4500 1.4164 1844.0 1.3798 3160
4 1.4918 1.4582 1842.6 1.3579 3144
5 1.5346 1.5010 1821.2 1.3340 3126
6 1.5783 1.5447 1839.8 1.3114 3110
7 1.6231 1.5895 1838.3 1.289% 3094
8 1.6688 1.6352 1837.3 1.2799 3076
9 1.7156 1.6820 1836.5 1.2758 3060
19 1.7633 1.7207 1835.5 1.2587 3046
1 1.7998 1.7662 1835.1 1.2735 3032
12 1.8495 1.8159 1834.6 1.2854 3018
13 1.887¢ 1.8538 1834.3 1.2959 3008
13 1.9389 1.9053 1834.1 1.3108 2092
5 1.9915 1.9579 1833.9 1.3331 2978
15 2.0452 2.0116 1833.2 1.3356 2962
17 2.0852 | 2.052% 1832.5 1.3265 2952
8 2.1279 2.0943 1832.6 1.3567 2922
19 2.1702 2.1366 1832.5 1.3745 2930
20 2.2132 2.179% 1832.3 1.3905 7522
21 2.2559 2.2233 1832.2 1.4072 2912
2z 2.3012 2.2675 1831.9 1.4193 2302
3 2.3462 2.3125 1831.5 1.4264 7392
24 2.3918 2.3532 1831.2 1.4408 2882
25 2.4382 2.4045 1830.5 1.4422 2872
2 2.4852 7.4515 1830.2 1.4583 2262
\ 27 2.5328 2.4933 1329.9 1.4840 2356
28 2.5814 2.5478 1829.4 1.4674 2846
29 2.6305 2.5961 1828.8 1.4703 2936
10 2.6803 2.6467 1824.4 1.4807 2828




TABLE VI

PRESTON-TUBE PRESSURE, EFFECTIVE CZN7:2

OF THE PRCBE AND SKI FRICTICH
COEFFICIENT ALGIG THE SURFACE

OF THE CONE FCR RUN
IUMBER 25.375

+—

Case Mo, = 14 xyp = 0.9867 Tt (eq = 1,2711 “¢
No. Xe ‘(0 . ppt keff ce410
N ft ft psT
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
3 1.4990 1.1146 2468.7 1.287: 2874
3 1.5395 1.1551 2465.8 1.2388 2653
€ 1.3809 1.1963 2463.1 1.1928 2946
7 1.6232 1.2388 2461.3 1.1703 zac2
8 1.6663 1.2819 2458.3 1,147 28135
9 1.7103 1.3259 2457.4 1.1222 2902
10 1.7533 1.37G9 2456.1 1.113 2383
il 1.8012 1.4168 2452.5 1.0982 23,4
12 1.8480 1.4636 2453.1 1.0842 2862
13 1.8828 1.4636 2452.3 1.0803 2850
14 1.2223 1.5479 2£30.2 1.08¢2 z333
13 1.9318 1.3974 2448 .3 1.08C4 2324
2 2.01%6 1.6352 2438.7 1.Cssl 223
7 2.9708 1.68564 2447 .4 1.0428 22Gd
~3 2.109¢9 1.7253 2446.0 1.0273 278l
19 2.1630 1.7786 24435.5% 1.0388 2730
20 2.2035 1.8191 2445 .90 1,04813 ke
1 2.2445 1.8501 2444.4 1.0438 2732
22 2.2862 1.9018 2443.3 1.032°7 2752
23 2.3285 1.9441 2442.7 1.0322 2735
z24 2.371¢ 1.9879 z2241.3 1.0137 272z
23 2.214¢€ 2.03Cs 233C.3 1.3Cr- NN
25 2.4591 2.0747 2439.9 1.0125 272t
27 2.5038 2.1194 2438.7 1.0007 2712
28 2.3493 2.1649 2438.1 1.0073 27C¢E
29 2.3953 2.210¢ 2437.5 1.0617 2751
:¢ 2.2321 2.2577 2437.2 P DA 7887
3 2.2893 2.3C51 2337.3 1.0237 sz
32 2.7376 2.3832 2237.3 ..C3%s 2873

tn
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, TABLE YVII

PRESTON-TUBE PRESSURE, EFFECTIVE CLITIR
OF THE PROBE AND SKIN FRICTION
COEFFICIENT ALONG THE SURFACE
OF THE CONE FOR RUN
NUMBER 59.634

Case No, = 3 (o = 1.2243 ft A . = 1.1482 7t
o X ? K =z c-xlO5
* c o] nt eit T
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 1.3G55 1539.7 1.3478 325¢
1 1.2706 1.3497 1557.4 1.31%9 3222
3 1.3121 1.3912 1554.6 1.2669 2208
3 1.3547 1.3338 1552.6 1.2399 3193
7 1.3982 1.4773 1530.6 1.2135 3lgt
3 1.4430 1.5221 1548.4 1.1884 3160
9 1.3338 1.5629 1547.2 1.1775 3145
10 1.5253 1.6042 1546.3 1.1818 3116
11 1.5679 1.6470 1545.0 1.1733 3104
12 1.6060 1.6851 1544.2 1.1599 3102
i3 1.6502 1.7293 1543.5 1.1759 3078
4 1.5897 1.7688 1542.7 1.1784 3CE5
i3 1.7202 1.8063 1542.3 1,1882 20€0
3 1.7714 1.854% 1541.9 1.1%43 2048
i7 1.3121 1.8922 1541.5 1.2:02 3022
18 1.8557 1,9348 1541.3 1.2253 3019
19 1.8994 1.9785 1541.0 1.2380 3012
20 1.2436 2.0227 1540.5 1.2863 2994
21 1.2835 2.0676 1539.9 1.2519 2972
22 2.0279 2.1070 1539.6 1.2550 2964
23 2.3882 2.1673 1539.3 1,2844 2¢62
223 72.129%0 2.2081 1329.2 1.2930 2945
23 2.1703 2.2494 1538.¢9 1.2:130 2328
26 2.2124 2.2915 1538.5 1.3293 2920
27 2.2554 2.3345 1538.3 1.330% 29z4
28 2.2989 2.3780 1538.2 1,3573 2912
29 2.3428 2.3219 1537.6 1.3639 28¢d
30 2.3874 2.288% 1536.8 1.388¢8 2332
31 2.1230 2.312% 1336.3 1.3782 2880
3z z.1792 2.5333 1235.¢ 1.374% I878
33 2.3258 2.5049 1338.2 1.3812 Zgsa
3 2.3721 2.8322 1532.2 1.373% 2930
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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

~u

7

Case Hlo. = 6 Yyp = 0.9975 ft Koq = 1.4616 7t
1] 0
llo. X Xy Ppt Rage cexl0
ft ft psf
1 1.4674 1.0033 2092.6 1.5060 2968
2 1.5072 1.0431 2087.5 1.4118 2954
3 1.5479 1.0838 2082.7 1.3236 2936
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 1.14C9 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
23 1.9924 1.5283 2059.8 1.0663 _ 2804
2 2.0432 1.5791 2058.4 1.0836 2730
3 2.0949 1.8308 2057.1 1.9347 2773
i6 2.1477 1.63326 2055.1 1.0253 2768
7 2.1680 1.7239 2053.8 1.6212 2758
18 2.2289 1.7548 2052.8 1.0255 2748
19 2.2704 1.8063 2052.2 1.0185 272
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 2705
21 2.4871 2.0220 2047.1 0.3885 2685
25 2.5323 2.0682 2045.7 0.9946 2650
25 2.5781 2.1140 2045.3 0.99%6 2682
27 2.6247 2.1606 2044.3 1.6015 2671
28 2.6719 2.2078 2044.3 1.0015 2670
29 2.7198 2.2857 2044.0 1.01C¢ 2562
El 2.7682 2.3013 2033.2 1.00:3 Js3:
3 2.3176 2.3535 2022.7 1,052 hCEN
3z 2.3575 2.1035 2042.3 1,212 281l

— dmm et == e s e



TABLE IX

PRESTON-TUBE PRESSURE, EFFECTIVE CENTER

NUMBER 40.547

OF THE PRCBE AND SKIM FRICTION
COEFFICIENT ALONG THE SURFACE
OF THE CONE FOR RUN

Case Yo. =7 XHP = 0.7750 7t Kaq = 1.1229 7t
. . 8
‘0. XC XJ Ppt kef.— \.fX].o
ft ft osf
1 1.1260 0.7781 2578.8 1.3423 3002
2 1.1679 0.3200 2568.8 1.2006 2998
3 1.2107 0.8628 2557.5 1.0055 2964
4 1.2510 0.9031 2552.7 1.0096 2950
5 1.2922 0.9443 2547.4 0.9575 2940
6 1.3244 0.9865 2542.5 0.9174 2912
7 1.3736 1.0257 2538.8 0.8873 2910
8 1.4135 1.0636 2535.3 0.8602 2892
9 1.4542 1.1063 2533.1 0.8531 2866
10 1.4915 1.143¢ 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
i 1.6683 1.3204 2523.3 0.8108 2812
i5 1.7148 1,3653 2521.7 0.3074 27ee
K 1.7575 1.2C%s 2820.43 0.8037 279C
v 1.8CC9 1,4337 2512.¢ 0.7579 2782
18 1.8450 1.4671 251S8.3 0.8036 2762
19 1.8843 1.5366 2517.5 0.8071 2752
20 1.9249 1.5770 2516.7 0.8077 278¢
21 1.9715 1.6237 2515.9 0.8104 2744
22 2.0132 1.6653 2514.9 0.8109 2725
23 2.05%8 1.7079 2514.2 0.8126 2722
2 2.0993 1,7512 2513.5 0.8135 2723
23 2.1432 1.7983 2512.3 0.816% 712
25 2.1879 1.8409 2511.3 0.8131 2395
27 2.2337 1.8858 2511.3 0.821¢C 2592
28 2.2736 1.9257 2510.8 0.8175 2684
29 2.3139 1.9660 2510.0 0.8241 2684
30 2.3547 2.0Ce8 25G9.6 0.8299 2570
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TABLE I£ {Con*inuea)

Case o, = 7 XMP 0.7780 7t <eq = 11,1220 72
tlo. X X Por Koz Cr‘x,mo
ft ft osf ¢
31 2.3963 2.0333 2509.2 0.83386 2662
32 2.4388 2.0909 2509.9 0.8432 2686
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
0 2.8000 2.4521 2505.5 0.8970 2608
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TABLE X

PRESTCN-TUBE PRESSURE, EZfFeCTIVE CENTEIR
OF THE PROBE AND SKIN FRICTION
COEFFICIENT ALONG THE SURFACE
OF THE CONE FOR RUN
NUMBER 58.633

110

Case Yo. = 3 (up = 1.2063 Tt (oo = 1.2241 L
. Q
l0. X X, Pt Kass cex10
ft £t 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 1339.4 1.3010 3182
X 1.3527 1.3349 1346.5 1.2603 3178
3 1.3962 1.3784 1344.0 1.2311 3138
5 1.4359 1.4181 1342.5 1.2262 3178
7 1.4767 1.4589 1340.0 1.1883 3128
3 1.5182 1.5004 1335.4 1.1781 3104
9 1.5605 1.5427 1336.5 1.1637 3080
10 1.6097 1.5919 1335.4 1.1518 3078
1t 1.5485 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 2026
13 1.7733 1.752 1331.3 1.1716 3022
5 13177 1.7933 1331.3 i.1882 3002
13 1.8608 i.3425 1330.3 1,2033 2382
17 1.3170 1.8962 133C.4 1.207% 2082
18 1.9482 1.3211 1330.0 1.2272 2073
9 1,990 1.3762 1329.3 1.2375 2352
20 2.0334 2.0155 1329.1 1.2356 2933
1 2.0737 2.0559 1329.0 1.2565 2933
22 2.1146 2.0968 1328.7 1.2736 2932
23 2.1559 2,1381 1328.6 1.2921 2918
22 2.1977 2.17¢9 1328.4 1.36012 2888
23 2.2202 2.2225 1328.9 1.3163 2390
26 2.2840 2.2662 1327.9 1.3346 2394
27 2.3250 2.3102 1327.7 1.3382 2884
23 2.3725 2.3547 1327.5 1.3588 2866
25 2.4177 2.3999 1326.9 1.3598 2852
30 2.3639 2.3351 1325.1 1.35822 2835
3t 2.5786 2.5008 1325.3 UPrER zeag
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TABLE XI

PRESTON-TUBE PRESSURE, EFFECTIYE CENTER
QF THE PROBE AND SKIN FRICTIQN
COEFFICIENT ALONG THE SURFACE
GF THE CONE FOR RUNM
NUMBER 70.726

Case No. = 9 xHP = 0.9767 ft Xeq = 2.5189 7t
\ 1b
ft - ft pst
1 2.5224 0.96019 1754.3 1.2485 2836
2 2.5631 1.02089 1751.5 1.2043 25230
3 2.6042 1.06199 1745.9 1.1033 2625
4 2.6457 1.10349 1741.8 1.0391 2622
5 2.6876 1.14539 1738.4 0.98¢68 2615
3 2.7301 1.18789 1733.2 0.9504 2512
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 0.877¢ 25C0
12 2.8981 1.35589 1725.0 0.35'3 2sed
b 2.9428 1.4C059 1724.3 C.34437 e35¢
22 2.9880 1.44579 1723.2 0.3325 2554
w3 3.0271 1.48489 1721.5 0.38214 2339
1< 3.0666 1.52439 1721.5 0.3047 2375
13 3.1065 1.56429 1720.8 0.8012 2572
16 3.1535 1.61129 1719.8 0.7953 2568
17 3.1941 1.65189 1718.8 0.7875 2554
18 3.2352 1.69299 1718.3 0.7873 2550
19 3.2767 1.73349 1717.0 0.7732 2855
20 3.2115 1.763929 1715.7 0.778s 2532
21 3.3607 1.81848 1715.0 3.7742 2548
22 3.4105 1.86823 1715.3 0.7729 2338

-

-e
=)



(3o

st s grg e

. TABLE XII

PRESTON-TUBE PRESSURE, EFFECTIVE CENTER
OF THE PROBE AND SKIN FRICTICN
COEFFICIENT ALONG THE SURFACE
OF THE CONE FOR RUN
NUMBER 21.318

112

Case No. = 10 Xyp = 0.9383 £t Xeq = 1.2813 ©t
o X X P K_-- ¢ A‘DS
e ¢ "0 pt ers £
Tt t st
1 1,2869 0.94398 1827.5 1.3578 3022
2 1,3228 0.97988 1819.7 1.2391 3006
3 1.3596 1.01688 1815.4 1.1871 2990
a 1.4066 1.06368 1809.0 1.1098 2970
5 1.4550 1.11208 1805.4 1.0795 2552
8 1.8046 1.16158 1801.6 1.0455 2932
7 1.3453 1.20238 1798.7 1.0209 2918
8 1.5869 1.24398 1796.2 1.0028 2502
9 1.6293 1.28638 1794.0 0.9896 2888
10 1.6836 1.34C68 1791.7 0.9778 2872
11 1.7281 1.38518 1789.7 0.9674 2858
12 1.7735 1.43058 1787.6 0.9535 28443
13 1.8198 1.47688 1786.2 0.9506 2830
14 1.8552 1.51228 1785.8 0.9583 2820
15 1,6032 1.56023 1724.6 0.9604 23C6
16 1.9522 1.60928 1783.3 0.9580 2786
i7 2,0022 1.65923 1721.9 0.9348 2732
18 2.0532 1.71028 1780.5 0.9517 2758
! 2.3921 1.73918 1779.1 0.9448 2738
20 2.1449 1.80158 1777.2 G.93€60 2746
21 2.1852 1.84228 1776.4 0.9340 2736
22 2.2260 1.88308 1775.6 0.9242 2739
23 2.2675 1.92458 1774.1 0.9277 2720
24 2.3096 1.96668 1773.2 0.9293 2712
25 2.3523 2.0C938 1772.1 0.9266 27C2
26 2.3956 2.05253 1771.6 0.9343 2592
27 2.4395 2.09658 1770.6 1.933C 2534
28 2.4841 2.14118 1770.4 ¢.9391 2678
29 2.5293 2.18638 1769.1 0.9337 2670
30 2.5751 2.23218 1768.4 0.9372 2562
31 2.6216 2.27868 1767.8 0.¢399 2636
K 2.5¢88 2.32588 1757.4 0.94¢7 2628
3z 2,7CCE 2.35768 1786.9 g.3522 2588
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TABLE XII (Continued)
Case No., = 10 XMP = (0,9383 ft Keq = 1,2813 7<
.
do. XC Ko ot keff cff-o
f Tt DSt
34 2.7439 2.30598 1786.2 0.951¢ 2820
35 2.7979 2.45498 1765.5 0.9853 2831
36 2.8476 2.50458 1764.9 0.9609 2625
37 2.8811 2.53818 1764.2 0.9600 2624
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TABLE XIII

PRESTON-TUBE PRESSURE, EFFECTIVE CEVTER
CF THE PRGBE AND SKIN FRICTION
COEFFICIZNT ALONG THE SURFACZ
OF THE CONE FOR RUN
NUMBER 41.548

Case lo. = 11 {yp = 0.7850 ft an = 1.5912 L
lo. X X, } Ppc Kot Cex10
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 0.91124 2236.3 1.0804 778
s 1.7547 0.94834 2231.3 1.0284 2760
6 1.7927 0.98634 2228.5 1.00%90 2752
7 1.8427 1.03634 2225.2 0.4830 2752
8 1.3821 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 2598
13 2.0970 1.29064 2212.4 0.3089 2588
14 2.1413 1.33494 2211.2 g.20%2 2582
i3 2.1863 1.37352 2209.5 $.3979 2832
5 2.2282 1.41834 2208.2 3.8933 2686
M 2.2549 1.4235¢ 2207.0 3.89¢4 2553
8 2,3055 1.4991< 2205.5 7.8832 2562
19 2.3468 1.54024 2204.7 0.8821 25062
20 2.3881 1.58174 12203.7 0.8842 2546
21 2.4231 1.51674 2203.0 0.8854 2534
22 2.4659 1.65954 2201.4 0.8768 25830
23 2.5095 1.70314 2201.0 0.3820 2634
z 2.5537 1.74734 2200.7 0.8889 2528
25 2.5983 1.7919¢4 21689.1 9.2850 2616
26 2.6426 1.83724 2198.6 0.3874 2602
27 2.5898 1.88344 2198.3 0.8944 2600
28 2.7289 1.92254 2197.1 0.8880 2602
29 2.7763 1.96994 2196.3 0.8200 2556
0 2.3242 2.01784 2195.8 0.3542 2334
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Case fo. = 11 XHP = 0.7850 ft (ec 1.391d ¥«
[} ) ' o]
No. Xc Xo ppt Xapz c:410
Tt e os? 1Y
3
31 2.8648 2.05844 2185.3 0.8998 2574
32 2.9060 2.09964 21845 .39480 2572
33 2.9479 2.14154 2104.1 0.9025 2575
34 2.9901 2.18374 2194.0 6.9130 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 2532
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TABLE XIYV

PRESTON-TUBE PIESSURE, EIFFECTIVE CZMITER
OF THE PROBE AND SKIN FRICTION
COEFFICIENT ALONG THE SURFACE
OF THE CONE FOR RUN
NUMBER 57.032

{asa No. = 12 me = 1,23917 ft (eq = 0.81733 ft
Yo. Xc Xo P:t keff c;x10
fe ft pst
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 2332
3 1.0442 1.2633 1176.4 0.5283 3290
5 1.0880 1.4092 1176.2 0.95C6 328¢
] 1.1289 1.4502 1173.9 C.9402 3z48
7 1.1710 1.4923 1172.0 0.9343 3222
3 1.2146 1.5359 1170.4 0.3315 3214
9 1.2546 1.5759 1169.1 0.9342 315G
10 1.2953 1.6138 1167.8 0.2365 3164
il 1.3383 1.6596 1186.4 £.9328 31356
12 1.3815 1.7028 1165.1 0.9353 3122
i3 1.4251 1.7474 1164.5 0.34€0 3118
s 1.3718 1.7931 183.7 0.565:8 3100
i3 1,313 1.8343 1163.1 0.9623 2070
M) 1.3238 1.3771 1152.3 £.9633 760
7 1.5993 1.923 1lai.2 0.9733 3654
22 1.5435 1.6649 1151.4 0.9859 302
19 1.5889 2.0102 116G.3 0.9695 3012
20 1.72¢97 2.0510 1163.5 1,0103 3012
21 1.7708 2.0522 116C.3 1.0216 2996
22 1.8128 2.1341 1160.1 1.0380 2372
23 1.8557 2.1770 1160.0 1.0565 2654
24 ..5C60 2.2272 1138.0 1.2573 2262
25 1.%440 2.2632 1182.0 1.0649 2023
26 1.9827 2.3040 1157.3 1.0731 2923
27 2.0221 2.3434 11556.8 1.0889 2918
28 2.0691 1.3904 1155.1 1.087¢8 2920
29 2.1167 2.4380 1155.0 1.075: 2%04
33 2..38 2.1793 1133.3 1.081z 2¢26
2i 2.2%08 2.5212 11332 1.38:3 2975
2 2,243 2.3642 iz2.1 1.3¢660 378
23 2.2885 2.5Q7¢ 1120.7 1.2882 2570
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TABLE XY
PRESTON-TUBE PRESSURE, EFFECTIVE CzNTeR
OF THE PROBE AND SKIM FRICTION
COEFFICIENT ALONG THE SURFACE
OF THE CONE FOR RUN
NUMBER 72.748
|
Case lo. = 13 XMP = 0.9667‘ft Aeq = 1.0689 ft
ilo. X X, Ppt Koz cex10°
ft ft pst

1 1.0714 0.9692 1602.3 1.197¢6 3122
2 1.1133 1.0111 1595.2 1.1304 3084
3 1.1568 1.0546 1588.1 1.0621 3076
3 1.1974 1,0952 1580.9 0.9960 3050
3 1.2349 1.1327 1578.1 0.9858 3024
5 1,2779 1.1757 1574.5 0.961¢ 3022
7 1.3217 1.2195 1571.0 0.9425 2950
8 1.3624 1.2602 1568.1 0.9286 2974
9 1.4042 1.3020 1566.0 0.9209 2970
10 1.4467 1.3445 1564.0 0.9182 2942
11 1.4904 1.3882 1561.7 0.9103 2926
12 " 1.5353 1.4331 1560.3 0.910¢ 2922
13 1.5758 1.4736 1558.1 0.9030 2898
14 1.6173 1.5151 1556.7 0.0940 2880
i3 1.6707 1.5685 1555.3 0.9072 2873
16 1.7140 1.6118 i554.0 0.3Cg¢ 2353
7 1,7324 1.6322 1532.7 J.612% 28cs
1 1.7982 1.6¢60 1551.9 0.9138 25838
i9 1.8444 1.7322 1551.0 0.9220 2824
20 1.8854 1.7832 15449.9 0.9242 2802
21 1.9273 1.8251 1548.9 0.9297 2792
22 1.9702 1.8680 1548.2 0.9291 2798
23 2.0136 1,9114 1547.9 0.9410 2782
24 2.0576 1.9554 1547.0 0.945¢ 2752
25 2.1027 2.0005 1546.7 0.9541 2755
28 2.1487 2.0465 1546.2 0.9621 2733

7 2.1886 2.0464 1545.7 0.9621 2748
28 2.2357 2.1335 1544.6 0.9678% 2723
29 2.2770 2.1748 1544.3 0.979%6 2722
30 2.3191 2.2169 1544.0 1.9887 2725
31 2.36817 2.2535 1543.5 1.3923 2722
32 2.3047 2.30¢¢ 1323.3 .35 2772
32 c.14348 2.3452 13435.3 1.02G3 z532
34 2.4930 2.3808 1343.3 1.5323 2592
33 2.5384 2.4:362 1542.2 1.0332 2632
36 2,5843 2.4821 134i.7 1.04C8 25azg
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TABLE XVI

PRESTN-TUBE PRESSURE, EFFZCTIVE CENTER
C~ THE PROBE AND SKIN FRICTION
COEFFICIENT ALONG THE SURFACE
OF THE COME FOR RUMN
NUMBER 19,289

Case No. = 14 Kyp = 0.3667 ft Koq = 15678 F5
‘o X X P Ko ew c.x10°
: i 0 pt aff “f

ft Ti pst

1 1.5708 0.9697 1632.3 1.5223 2904
2 1.6124 1.0113 1523.3 1.3852 2898
3 1.6546 1.0535 1616.5 1.2939 2872
1 1.6923 1.0912 1611.1 1.2248 2860
3 1.7221 1.1410 1606.5 1.1785 2528
6 1.7814 1.1803 1602.4 1.1345 2824
7 1.8271 1.2260 1600.8 1.1352 2g18
8 1.8681 1.2670 1598.0 1.1089 2914
3 1.5689 1.3083 1595.1 1.0852 2812
10 1.9321 1.351C 1593.7 1.0824 - 2792
11 1.9951 1.3940 1592.4 1.0814 2775
12 2.0392 1.4381 1590.1 1.0637 2776
13 2.0340 1.4829 1588.7 1.0600 2772
1 2.1294 1.5283 1587.3 1.0575 2752
23 2.1733 1.3745 1885.1 1.0399 2740
-6 2.2251 1.615¢ 1283.7 1.0309 2738
17 2.2872 1.5%28 1882.3 1.0242 2733
18 2.2928 1.6377 1280.9 1.01€6 2726
23 2.3405 1.7398 1579.9 1.0120 2710
20 2.3838 1.7827 1578.0 1.0099 2704
21 2.4276 1.8263 1576.6 0.9968 2708
22 2.4719 1.8708 1575.2 0.9912 2702
23 2.5091 1.9080 1573.7 0.9827 2590
21 2.5548 1.6534 1572.3 0.9743 2576
22 2.5530 1.9¢919 1570.9 0.5607 2574
25 2.56400 2.0389 1570.2 0.3636 2580
7 2.6875 2.0864 1568.0 0.9486 2672
28 2.7680 2.1669 1566.6 0.9526 2558
29 2.8092 2.2081 1565.9 0.9532 2650
3 2.8511 2.25C0 1364.9 0.9493 2545
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TABLE (Y1 (Caentinued)
case ilo. = 14 pr = 0.9667 < xeq = 1.3578 7=
. . 3
lo. X, Kj ppt afs c:x10
ft Tt as?¥
31 2.9019 2.30C8 1554.3 g.39329 2648
32 2.9361 2.3350 1563.8 0.957¢ 2546
33 2.9792 2.3781 1563.0 0.3518 2538
343 3.0229 2.4218 1562.5 0.9663 2518
35 3.0674 2.4663 1562.2 0.9734 2518
36 3.1035 2.5027 1561.6 0.9743 2622
37 3.1489 2.5388 1561.0 0.9797 2614
3

38

.1947

2.3844

1560.0
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TABLE XVIi

PRESTCN-TUBE PRESSURE, EFFECTIVE CENTER
QF THE PROBE AND SKIN FRICTICM
COEFFICIENT ALONG THE SURFACE

OF THE CONE FOR RUN

NUMBER 42.549

lase N6, = 13 {p = 0.8105 ft eq ° 5397 Tt
o, (. X, Foe Koz c.x10
ft ft ps¥t
1 1.5678 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
1 1.6999 0.6507 1984.12 1.0850 2704
5 1.7422 0.9930 1979.84 1.0539 2744
5 1.7854 1.0362 1975.57 1.0214 2730
7 1.8298 1.03086 1971.29 0.9839 2734
8 1.8692 1.1200 19€8.44 0.9713 2722
9 1.9150 1.1658 1965.30 - 0.9525 2702
i0 1.9560 1.2063 1962.74 0.9385 2696
il 2.0160 1.2668 1959.88 0.9259 2694
12 2.0588 1.3094 1958.46 0.9252 2676
13 2.1022 1.3530 1956.32 0.9171 2664
4 2.1467 1.397% 1954.32 0.9067 2668
i3 2.1854 1.4382 1953.04 0.9038 2562
.5 2.2245 1.4732 1982.04 C.9030 2848
7 2270 1.3213 1950.0% 0.3954 283
.3 2217 1.3628 1949,19 0.86€3 2634
] 2.3689 1.5177 1987.77 0.8947 2632
20 2.4088 1.062%% 1947.05 (.898% 2629
21 2.3513 1.7021 1945.63 0.8981 2606
22 2.4947 1.7455 1944.20 0.8958 2604
3 2.5389 1.7897 1943.49 0.8635 2610
24 2.5836 1.8344 1942.78 0.6018 26C0
25 2.5287 1.8795 1641 .54 0.9025 Zzad
5 2.5747 1.9283 1941.907 0.9053 2520
7 2.7216 1.9724 1340.07 0.9051 2578
28 2.7931 2.0439 1939.21 0.9140 2576
29 2.3333 2.0841 1932.64 0.9184 2566
3 2.8740 2.1248 1938.22 0.9249 25%
31 2.3134 2.1662 1637.22 0.9237 2856
e 2.3875 2.,2083 19836.83 G.33C2 2634

~n
[}




.
o

TABLE (VI1I

PRESTON-TUBE PRESSURE, EFFECTIVE CENTER
OF THE PROBE AND SKIN FRICTION N
COEFFICIENT ALONG THE SURFACE
OF THE CONE rOR RUN
NUMBER 56.631

Case No. = 16 xMP = 1.3183 ft xeq = 0.6993 ft
o]
No. XC X0 Ppt keff cfxlo

ft ft psf

1 0.7009 1.3199 1055.9 0.8198 3528
2 0.7418 1.3608 1050.9 0.7954 3402
3 0.7814 1.4004 1045.6 0.7750 3454
3 0.8227 1.3417 1043.3 0.7678 3420
5 0.8623 1.4813 1040.3 0.7601 33856
6 0.9034 1.5224 1038.6 0.7629 3362
7 0.9424 1.5614 1036.96 0.7631 3324
8 0.9830 1.6020 1035.2 0.7649 3314
9 1.0245 1.6435 1033.4 0.7672 3270
10 1.0679 1.6869 1031.8 0.7677 3260
11 1.1083 1.7273 1030.2 9.7704 320
e 1.1542 1.7732 1029.4 J.77% 220
13 1.1930 1.8129 1028.3 g.782¢ 31
1d 1.2370 1,3580 1027.4 0.789% 3156
13 1.2781 1.8971 1026.4 0.7953 3120
16 1.3201 1.9391 1026.1 0.8012 3132
17 1.3630 1.9820 1024.8 0.8098 3100
18 1.4073 2.0263 1024.7 0.8235 3096
19 1.4476 2.0666 1024.2 0.8323 3080
2 1.4886 2.107s 1023.4 0.83M 30580
2 1.5307 2.1497 1022.5 £.8329 304¢C
22 1.5739 2.1929 1021.7 0.8460 3036
23 1.6177 2.2367 1021.4 0.8596 3010
24 1.6569 2.2759 1022.4 0.8701 2992
25 1.7146 2.3336 1020.5 0.8804 2990
25 1.7536 2.373¢ 1020.2 0.8925 2970
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TABLE £IX

PRESTON-TUBE PRESSURE, EFFECTIVE CENTER
OF THE PROBE AND SKIN FRICTION
COEFFICIENT ALGKG THE SURFACEZ
CF THE COLE FOR RUR
HUMBER 33,330

Case No. = 17 XMP = 0.952% ft Xeq = 2.8075 Tt
No X X P k. c.x10°
: *c 0 pt eff f
ft ft pst
1 2.3133 0.9583 1786.80 1.2222 2514
2 2.85¢8 1.0018 1767.68 1.0066 2506
3 2.9008 1.0458 1778.67 1.1473 2194
1 2.9457 1.0907 1775.11 1.1182 2488
3 2.9851 1.1301 1765.70 1.0164 2488
) 3.0250 1.1700 1770.83 1.08€3 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 2463
i, 3.1269 1.3319 1762.70 1.0853 2362
. 12289 1,3739 1762.28 1.0420 Z183
22 2.2718 1.213% ~760.35 1.035¢0 -<60
L3 3.2291 1.4741 17560.14 1.0388 Z3%6
1l 3.3721 1.53173 1758.00 1.0245 2258
13 3.315¢ 1.500¢% 1757.29 1.0282 2130
16 3.4€01 1.6051 1755.36 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 3.5517 1.796¢9 1751.3¢9 1.0135 2325
21 3.59C¢ 1.8356 1751.02 1.0158 2329
22 3.7378 1.8823 1750.30 1.02CC 2412
22 3.7778 1.9228 1749.88 1.9256 2106
24 3.8184 1.9634 1749.02 1.0274 2406
25 3.8679 2.0129 1748.59 1.0330 2306
23 3.925: 2.0711 1747.60 1.032¢9 2404
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TABLE (X

PRESTOM-TUBE PRESSURE, EFFECTIVE CENTER
OF THE PROBE AMD SKINM FRICTICN
COEFFICIENT ALONG THE SURFACE

OF THE CONE FOR RUN

NUMBER 15.231

v e ———

r—

)

[

Case o, = 13 XHP = 1.0333 ft Acq = 1,8535 ’t}
. 1, PyeLe]
o. Ac Ao Ppt Kags cfx.O

Tt ft psv

1 1.8633 1.0371 1370.72 1.43120 2780
2 1.9049 1.0787 - 1362.16 1.3002 2762
3 1.9475 1.1213 1354.32 1.2073 2756
4 1.9910 1.1648 1349.47 1.1587 2754
5 2.0349 1.2087 1345.905 1.1152 2736
6 2.0716 1.2534 1341.49 1.0875 2720
7 2.1254 1.2992 1337.21 1.0430 2716
3 2.1654 1.3392 1334.36 1.0267 2716
9 2.2057 1.3795 1331.51 1.0037 2704
10 2.2466 1.4204 1329.65 0.9945 2688
11 2.2883 1.4621 1327.66 0.9827 2582
12 2.3308 1.5046 1325.24 0.9658 2686
13 2.3738 1.5476 1323.67 0.9558 2678
13 2.4173 1.5911 1322.24 0.9500 2364
15 2.4615 1,5352 1320.33 0.3%444 2632
16 2.5143 1.6881 1318.23 0.g834a 2342
.7 2.3833 1.7373 1315.34 0.3300 FATE
18 2.6224 1.7962 1315.12 0.%228 2534
18 2.5618 1.8356 1313.98 §.9198 2622
20 2.7019 1.8757 1312.98 0.9182 2618
21 2.7591 1.9329 1311.84 0.9160 2520
22 2.8087 1.9825 1310.84 0.9147 261%
23 2.8505 2.0293 1309.41 0.9079 2602
24 2.8928 2.0666 1308.13 0.9025 2592
25 2.9359 2.1097 1307.28 J.3005 25235
25 2.9885 2.1823 1306.71 0.3078 259G
27 3.0417 2.,2155  1305.85 0.9085 2534
28 3.0864 2.2602 1304.42 0.9015 2574
29 3.1317 2.3055 1303.71 0.9043 2562
30 3.1778 2.3516 1302.71 0.90¢8 2533
3 3.2132 2.3890 1301.37 G.e0ZZ 2833
2 5.2822 2.4362 1300.15 2.9C022 2332
33 3.3CC8 2.474d 1289,28 2.30L3 2232
: 3.3388 2.3224 1296.%3 0.2938 2833
35 3.3972 2.3710 12G€.16 0.88€C 2632
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TABLE XXI

PRESTON-TUBE PRESSURE, EFFECTIVE CENTER
OF THE PROBE AND SKIN FRIGTION
CCEFFICIENT ALONG THE SURFACE e
CF THE CONE FOR RUN
NUMBER 44,551

v

Casa 'lo. = 19 XMP = 0.85917 ft <eq = 1,894 f¢t
“ )
0. '(C ‘0 Ppt (\eff CT-XlO
ft ft psf
1 1.9007 0.8635 1713.45 1.1369 267
2 1.9413 0.9041 1706.32 1.0801 2660
3 1.9827 0.9455 1699.08 1.0203 2652
1 2.0251 0.9879 1691.35 0.9595 2536
5 2.0630 1.0208 1685.94 0.922% 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 2516
10 2.2743 1.2371 1668.35 0.8282 2602
1 2.3148 1.2777 1665.69 0.8141 2590
12 2.3563 1.3191 1663.56 0.8034 2588
13 2.4196 1.3824 1660.42 0.73905 2586
14 2.4623 1.4251 1658.57 0.7851 2572
23 2.5088 1.4686 1656.43 3.7792 2560
3 2.3429 1.5057 1655.29 3.77€% 2562
o 2.3377 1.550¢ 1633.86 0.7743 25¢4
13 2.5331 1.593 1652.15 0.76%0 2535
] 2.6714 1.6242 1561.15 0.7596 2846
20 2.7181 1.6306 1642,58 3.7686 2534
21 2.7577 1.720% 1649.30 0.7748 2530
22 2.8060 1.7688 1648.02 0.7727 2534
23 2.84635 1.8094 1647.16 0.7730 2528
24 2.8953 1.8587 1646.45 0.7772 2516
25 2.9376 1.9004 1645.31 0.7770 2506
2¢ 2.5799 1.9427 1645.02 0.7825 2502
27 3.0229 1.3857 1544.60 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 24890
31 3.2086 2.1714 1641.89 0.7995 2473
22 3.2542 2,217 1511.73 g.8cel 2472
33 3.30C% 2.2533 1531.2¢ 9.3112 278
3 3,387 2.31C¢8 1620.75 N.3151 2270
3 2.3959 2.3373 1€:0.36 2.8226 2180
33 3.34829 2.4057 1620.03 5.8288 2450
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