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ACCO'fl'1.1SIl'II-.NTS 

~ ~~trel~tt~u II~s b~~u d~v~loped which exprcbses turbulent s~ln £rlcti~n 

\\ = 0.0~7~(X~)J + 0.~lJ7 X* + 0.1140 r* - 0.5149 ~ 
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tion led to erroneous values of K and sometimcs required that a large 
eH 

portion of the data be rejected. Thc rejection jcri terion is) . that only 

valut!s of Keff' which increased with increasing surfal e distance, are v<llid. 

rhis 15 discuo;sed on pp. 46-53 of the attached report • 
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I. In l'nl~r to obtain <til :tccurat(' C':tlcul.ltion in tIl(' boullll:1ry-lay.'r- : 

tr Ill.,il i(lll region, it wll L hI..' nt.·ccg~.lr\' to 1,·pt.'.,1 thl' tllrhul"lIt ," II. 11-

l.lt ion:; using Eq. (1) or (:!) to t.'st im.ltt.· sl..in frt.-t i .. 'n .tt tit.- :::.ttd: 

--I 

this ticc th~ Frcstoll-tllbc pn·s~lIn' .. for "Pft ~ ') '\ ll)o IIld 

l"I'I..·Ctl·t! t., Lead to a re\,isi.,n of the c ..... ·fficicllts ... Itidl apr",lr in t-q~. 

(1) and (2). lh., rcsultinr. .. 'orrelation cqU,llions .... ill l\·.'n b .. · II--.! t.' 

.. , .. Indat.' turbulent skin frkt h>n :tt ;"'1" Th.· fin.ll sl'rie~ of 57\\-'> 

1>,' Ll'Mp.ln·d f,'Ir thE:' l.lmtn.lr. tr.lI1siti,'n.tl •• 1Ilt! turbul .. 'IH 1-.'III1,\.lr'. I.I:- .. 'r-
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Hajor Field: Ilechanical Engineering 

Scope and Hethod of Study: The di~tribution of Pt'eston-tube pressures 
along the surface of a sharp ten-degree cone for different' free­
stream conditions were obtained at the Ames Research Center of the 
~!3tional Aeronautics and Space Administration (lIAS"). This snarp 
ten-degree cone, which was designed by engineers at Arnold ~ngi­
neering Development,Center (AEDe). w~s 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 la)"!··s 
with the corresponding theoretical values of skin friction coeffi­
cient. Three different computer programs \'Iere used to analy:e the 
data and to solve the boundary layer conservation equations. 

Findinos and Conclusions: A new correlation bev~een Preston-tube data 
and turbulent skin friction on a cone has been develooed. -he skln 
fnction. which results from using Preston-tube Ol'essures in the 
correlation euqation, has a root-mean-squat'e ems) error of about 
one percent. This accuracy is comparable to orevious Pres~cn-tube 
correlations for pipe flows. In, the proce')s of analyzing the P"es­
ton-tube data it was found that the height above the cone's surface 
of the effective center of the probe is not a constant. In :act, 
the effective height of the probe is a function of: (1) the e<:el'­
nal heignt of the probe's face, (2) wall friction velocity, (3' :~~ 
wall !..inematic viscosity. and (4) llach nUMber. For a given Jni: 
=\eynolds number, the effective cente.- of the probe cecreases ' .. Ii th 
lncreasing Mach number. Furthermore. the distance of the e::~c~. ~ 
center of the probe from the cone's surface lnCre.1Ses ;s dis!:ance 
from tip of the nose increases. It is also found that effec:s 0; 
variable fluld properties across the probe's face May be ne~lecte~ 
for suoson'ic freestream }tach nurrbel's. 
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J speed of sound (Fi/S) (.·.~gci ) 

= constant in logarithmic region of ~an veloci:y cistricu:lcn 

5.0 (dimensionless) 

SKln friction coefficient (2: /: U 2) (di~ensionless) wee 
nondimensional difference between skin frict10n coeffic1e~t 

CJ Jressure coefficient based on the difference between ;: ?f:o~ 

anj stat1C pressure reading ( (Pp - Pwl/Q~) (diroensionless) 

d geometric oarameter - ft (see Figure 4) 

J external diamete~ of a round P1tot tube - inches 

D~q equivalent external diameter of the oval shaped ?itot orobe 

used iri ilASA ~es exoeri~ents (1nches) (see E~uat'cn .1.25: 

= ~llen's first calibration parar.eter (52: E~ua:l~n ~:.:;) 

(dire'lsicnless) 

= '\l1en's second cahbr3tion oarameter (see Eauatlon t.:::.2~) 

(dlmensionless) 

= 

(2.S)} (dlmensionless) 

Fj Fenter-Stalmach's second calibration paraMeter (see Eouation 
I 

(2.5)) (di~ensionless) 

ccnversicn factor (32.~iJ L3::-FI, S~ 

~ :x~e~al r.elght or race Jr :~e ovai :rcbe 'J.:Cg- ''1c~es) 

: \ 

! 
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'~ff nondlr::enslona~ effective centel' of the Pitot orobe (see E:qua­

~lcn (3.2» 

I .. 
'\ ' 
, 

"' -, 

lXl!l lepqth of ccne (l~,5 inc~esl 
"\ 

\'dCI m~rr.ber (dlmenslonless) 

oressure (lSFiFT2) 

dynamlc pressure (l9F/FT2) , 

recovery f3ctor (Q,SS~) (dimensionless) 

gas c~nst3nt (53.35 lSF-Fi/LS.'1-
o

R ·or air) 
I 

qeynolds number fer compressible flow based on dia~eter D 

(see Equatl0n 4.22) (dimensionless) 

~e:. freestream unlt Reynolds number - 11ft (see E:quatlcn (J.3») 

"'e: ~eyr.olds r~U'l'ber ~ased on the product of IJ/"e and boundary­

layer ~omentum thickness. 

... -
'J 

! 
J.> 

I - ,. 
-~ 

I 
J 

J 

~e'l'c~ra :ure - oR 

nondiToensionalized t~~erature (see Equation (5.4» 

rrean velocity inside boundary layer - FT/S (5ee Equation (2.8) 

:el':Cl ty at ('ute,' :cge of boundary layer' - r'S 

'el0Cl~Y cllc~1ltej fr:m Preston-tube da:l-F- S 

C13551C3' ,o/3i1-shedr'-5:re~s verccity-Fi':S(."" :.~o ) 

frees:reaM velocity - Ft/S 

Jxial aistance fr~~ ~hysic31 nose of cone - i~ches 

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

(see qgure 5) 
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surface distanc~ between match point and virtual origin - FT 

(see Figure 4) 

surface aistance bet~e~~ matc~ Joint ana tl~ 0; trre onyslcJl 

cone - FT (see Figur~ 4) 

surface distance reas~red wlth reference to tlP 07 the ,hysi­
I 

cal cone - FT 

distance along surface of cone from apex to onset of bcundary-

layer trarsition - FT (see Figure 5) 

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

layer transition (see Figure 5) 

logarithm of the square of a Reynolds number based on ~he 

product Upt Yeffhw (dimensionless) (see Equation 5.3) 

Y distance normal to the cone surface - FT 

1~ff efiective height of face of Preston-tube WhlCh is defined to 

be the height above the wall of an undisturbed streamline 

which has a total pressure equal to the measured Pitot pres-

sure - FT 

dlmensicnless shear stress :or cor.pressible. ncnaciab~::c 

fiow (see Equation (5.2» 

Greek Letters 

ooundary layer thic~ness 

~ eddy diffusivity for momentum conser/at1on (d;r.en~lonless) 
-iil 

",' specific heat ratio (1.4 for air) 

'Ion :<arman constant D . .!l 

aosolutt> lisc:si';y {!"5F-S:~; 
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, . 

kinematic 'Iiscos,ity (FT2/S) 

· ... ake-strength ~arameter 0.5 

density of fhlid (LS:llF7) 
t' 

? 
shear stress (L8F:FT .... ) 

cone hal;-angle (5°) (see Ff~ure 3) 

Suoscrfpts 

3'd at lClabatlc , ... all c'::nditions 

e at outer edge of toundary iayer 

F? flat pidte 

at initial statlon of turbulent boundary layer 

Cd 1 cuhtions 

calculated based on Preston-tube data 

total 

.'i at :he ~all of physical cone 

'" at freestream condlticns 

~u;Jerscr~ots 

• t p~ .\ ........ ..", ! 1 

eva; ... e tea a: ~ne !:'e·crence :erroera ture ::f SC"'1Ter ~nc Snc r: 

(see ~quatlcn (2.9)) 

" 1 ' 
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WTRODUCi"rO~1 

In the area of fluid mechanics, the c~ncept of boundary ~ayer tran­

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

fact that a better understanding of boundary layer transition ftill fur­

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

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

cept of a bou,1dary layer to deslgn the shape of an autor.:obl ie. i"he drag 

coefficient of an-actual automobile may vary from a value of one to 

an ideal value of two tenths ~epenlJing on ';!:e :hapc jf t~e autorrcbile. 

~chieving low values of drag coefficient reduces the rate of gas consurnp-

tion of automobiles. Another major in~ustry that heavily depends en the 

uncer:;tanding and control of fluid 'r.overr.ent is the aeros;:;ace :ncus'ry. 

ihe aerospace lndustry uses tne concept of the bouncary :3ye~ :~ ;esi;n 

3ir~-3ft which meet different ~issions. The cesign of fti~gs :~c :~e ore-

oi ctlon of lmportant parar-.eters such as 1 i ft, dr~g, and sk 1 n fri cti on 

require a good understanding of the boundary layer. The concept or .3 

:::undary layo?r is also used in the ,:urbolT'ac,inery inc:Jstry ';'10 fhnc 

power control systems. 

The concept of a boundary layer was first introauced b~ Pr3ndtl in 

:9C.! CU. r1e tern bour-cary layer is cue :e :he :::c: :.,a: :. ';""r. '::e" 

of flulC nea~ :~e ~oundary of a ~ovlng :ocy is retar:e: :y :-~,: .~5-

=:sity. Soundary layer treory can oe i11us:ratec ~y ~:nsi~er~~; :"e :'a: 

1 
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alate sho\,n i'n Figure 1.1 First of all, one should recognize two dis- ' 

t1'lC: 'reglons of the boundary layer: {l):l laminar boundary-layer regior 

!nd {2} :l turbulent ~oundarJ-layer region. Toe region that correspor.ds 
, 

~o transltion from :he laminar boundary 1ayer to the turbulent boundary 

layer 1S referred to as the transition ~egion. 

7he overall objective of ~h,s rese:lrch ~roject is to investigate 

:he ~ossibllity of using oressure ~~asurements, obtained with Pitot tubes 

~st1ng on the surface of a ten-degree cone, to cevelop a nethcd WhlC'l 

could be ~sed to characterize the flew quality of a glven transonic wind 

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

~nd noise inside the wind t~nnel cause appreciable errors and inaccu-

raCles in the resJlts of wind tunnel experir.€nts. For examcle, if a 

91'1en :r.oael is tested in different wind tunnels at obstensibly :dent1cal 

:-'aC:l nt.moer, uni: :\eynolds number, and dynamic pressure, differe'lt ... alues 

of 117: and drag, for example, are ~~asured. Ideally, the ~~asurement 

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

'"ce!)ence"t or the wind tunnel ~sed. liowever, in orac!ice thlS is not 

:~e :as~. ;f :~e~e ~ere a ~e~r.cd that could be used to c~arac:er1:e the 

:1c~ ~ua11ty or eX·S~1r.g ~ind tunnels. then tne ~easure~ents of differe'l: 

::arameters and varlaoles for a given model would be consistent and lnde-

~encent of tne w1nd tunnel that is used to carry out the experiments. 

:: ~s lnteres~ing ~o note ~ha~ a satisfactory Te:hcd nas not 1e: been 

ceveloped that can ce used tc c~arac:er'ze flow qual,-! of a transonlC 

wind tunnel. 

.. ::s; 
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sharo ten-<1egree cone to the corresponding t~oretical '/alues of the skin 

~~i::~cn coefficie~t. 

In 1975, tests ~.,.ere conducted a t ~s ::esearch Center of t"te :tati ol'a 1 

Aeronautics and Space Aclministration nIAS,1.) to obtain the distribution of 

Preston-tube pressures along the surface of a share ten-degree cone ~or 

dlffarent freestream conditions. The Preston-tubes, 'I'/nich were used in 

:r.ese tests, were oval-shapcQ Oitot tu~es. The cone and apoaratus were 

or;iari1y desi;ned to cetect bcundary 1ayer trans:t1cn. The subject 

c:r.e ~as designeaiby engineers at Arnold Engineering Development Center 

(AEilC). For this reason, th:s cone is refe~ed to as the AE~C 6oundary-

Layer-7rJns1ticn Cone. The instrumentatlon of ~ne AECC Cone is shown in 

=l;ure 2 (2). T~e :1,1.$.\ AIres ll-ft Transonic ~ind Tunnel (Th'T), located 

at ':offett rie1d, California, '"las used to carry :ut these ex~er1Ments • 

.: total of :9 cases are used to deveioo the correlation bet~.,.een 

~~es:on-tube ~asure~ents and the corresponding la1ues of skin ;ricticn 

c:eff:Clen:. Tre run n~~bers ~nd the corres~cnding f~eestre~ condi-

7-:e 57:':i-: c~router cod~, ~hich \'Ias cevelc:::ec at ~tanfcrd :.'nlvet'-

s~:y, , s '.Jsed :0 sohe t!1e bcundary lay!!:", c'Jnser:ation of ,:,ass, i.".o;r.e"::t.;;', 

ara energy equat10ns (3). T~e ~ and leck (~) c:~uter code, ~nlch cai-

~:J'at~s tne in'l'scid :Jressure distr'bution, 15 Jsed to specFy tl,e ~cun-

Bas!c ccmputer code has been deve1ce:Jd by the author to obtain all the 

.,ec:ssary ~nD!Jt. 'nformation "or the 5TA:I-5 ccmcu:er cede. Fira11y I t"e 
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TABLE ! 

'WINO TurmEL CASES STUDIED TO DEVELOP 
ThE CORRElATICr: EQUATION 

U~SA ~\lES ll-=T nIT) 

~:JO '10. Case No. M.., -5 tt,. 
ReftxlO cst-

29.';~O 1 0.30 ~ 23:1 
51.636 2 0.40 3 2.16 
50.535 - 3 0.50 3 302 
25.375 4 0.50 <l JC4 
53.634 5 0.60 3 ':l .... 

w!J1 

23.3.16 0 0.60 • "-/i .. 
40.547 7 0.60 5 526 
58.533 8 0.70 3 4C8 
iO.725 9 0.70 ! 538 
,. -. 8 10 0.70 .1 5.!S -!. • ..!! 
.:r.5.!8 11 ).~o ... 530 ... 
37.532 !2 i).SO 3 ~c:-

" • .l 
., 7'" I .... .. .::> 13 i).SO .1 505 
19.259 H i).SO .1 -.... =-, 
.12.5.19 ,-

.. !J D.EO 5 751 
:15.531 16 0.90 3 .192 
.13.550 17 0.90 5 842 
15.231 18 0.95 .t 693 
.U.55! 19 0.95 5 a-'" IJ 
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CPAPTER II 

s;,SIC TOOLS USEn TO CAP.RY CUT 

THE TURBULEl'IT BOUNDARY 

LAYER CAlCULATIOfIS 

Allen's Correlation 

~llen's (5) correlation is the primary teal that is used to start 

~he turbulent-boundary-layer calculations. Allen developed a set of 

Preston-tube calibration equations ~hich relate meas~r~nts of ?reston-

tube pressure to ~~asured values of turbulent skin friction. These 

ecuatiens were developed for compressible turbulent bouncary layers en 

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

batic ~all conditicns. The resulting erpirical ?reston-tube caifbra~ion 

e~uations were developed by ~11en in 1977. The ~~O cali~~!tlo~ :a r 3-

T~terS ~l and F2 are defined by the following eQuations. 

Up 
qo • U 

e 
(2.1~ 

~ ~::>~ r = -, -- ~e 

Allen used a iinear least-squares curle fi~ of the data, and :he ~esJi:-

ing linear eauation was 

, "2 ~ = c:: -:: (F )_.!w . ! _. d.., 2 

.' 
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f~~m ~quatlo~ ~2.3). ihe results were unsatlsfactory at higher Reynolds 

'lur.:t:ers. for t:115 reason. r\ llen tried a' second-order 1 eas t-scuares curve 

ir.e equat10n for th15 ff: was fc~na ~o be 

~gain. tne experi~ental data was cOffipared with the values obtained irc~ 

~G~ation (2.~). it was concluced that Equation (2.4) fits tne data ~ery 

He:1 at coth low ~eynoids n~mbers and n1gh Reynolds nurbers. ine root 

Teln s.:;t.are (rnsj error 1n scatter of skin friction was :-ive and one nalf 

~f one percent. ~ third-crder least-~quares curve f~t was also obtained 

by ~ilen; howen r • no aooreciable i:r.pr~verent in acc~racj" or che f,t was 

~bser\'ed • 

~s mentioned 'erere. Equation t2.~) was found to :e a better repre-

se'1:ation of t~e data when c~~ared tC Ecuat10n (2.3). ror ~n,s reason, 

E~uatlon (2.ll is used for t~e ~or~ presentea herein. 

There eX1sts other Preston-tube caiibration equat~~ns. For exanple, 

:; 

= Ii e = -3 . 
-~ .'f 

F.!=,}=." -e ,-:;-.-
.. : -" 
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Aller.'s correlation has so~e advantages compare to the other corre-
, 

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

c: explicity, and it fits the data over a large range of ~eynolas nur::bers . 
(3 x 103<Re

9
<8 x 10~). 

As Mentioned before, Allen's correlation was deveioped for ci rcul ar 

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

this research focuses on subsonic flows about cones with favorab:e pres-

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

correl~tion is applied to the AEDC C~ne data. Allen's correlation is 

pri~rily used to evaluate the skin friction coefficient at the starting 

point of the turbulent bound\ry laye~s. Furthermore, it is assu~ed that 

any errors at the start cf t~e turbulent boundary calculations are lost 

as the boundary layer develops downstream. 

Husker's Equation 

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

';nat is used to start the turhulent-ooundary-layer caic:.r1a,;1'Jns. ·~t.s::el·'; 

~quation is used to estimate :he velocity ~rofi;e and :ne bounaary layer 

:nic~ness at the initial station wnicn are requ,~ed i~put ~o :he S,~:1-5 

c~outer code in order to start ~ calcu1ation of the t:lrbule.,t boundal'Y 

layer. 

;.tusker developed the rrean-velocity-orofile ec;uat~cn in :g-? 7his 

equation has the following form. 

(2.8) 

-ne f'ecorrenced values fer " 3, and: ~n ';ne above ~Qua:~cn are J.~l, 

:.0, and 0.:, rescec:1Vel/. ~lusker's ~ean- .. elcc1ty :r::file g~\es ';':e 
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boundary layer profile formed on a smooth wall and is valid from thewall 

:0 the outer edge of the boundary layer. Furtherr.ore. :fusker's ~quatlon 

~'/as derived for 1ncompressible flows. The derivation and the detai1ed 

analysis of Equation (2.8) 1S given by Husker (6). 

The primary advantage of using Equation (2.0) to estimate the ini­

tial velocity profile and the initial turbulent boundary layer thickness 

1S the fact that the boundary conditions are satisfieo both at the wall 

ana at the outer edge. Another advantage of Equation (2.3) is its Sl~-

;:llicity. Nusker's equation expresses mean-velocity. u, as an explicit 

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

ful when using Equation (2.a). Equation (2.8) is derived based on the 

assu~ptlon that the flow is incompressible while the flOWS consldered 

nerein are compressible. 'Therefore, 9ne should not apply Musker's mean­

vellJclty-profile equa~ion. as it apoears in Equation (2.8). to a ccmpres­

slb1e fl~w field. However, with proper definition of fluid properties, 

one is aole to apply Equation (2.8) to compressible flow fields. In 

oreer to do thlS, a reference teMpenture must be introduced. CbVlously, 

tfle '/a he uf :ni s refe renee terr.pera ture is hi gher than the edge tempera-

t: .. I1'-3 :Jut less than t~e wall te:"'perature. In other words, tr.e selected 

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

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

:i:r. (2.3) ~~S~ :e evaiu~tec at ~his ~eference :~~perature. CJr.secuen~-y. 

fluid properties (e.g •• censity and viscosity) evaluated at the selected 

reference te'llperature serle as the "average" values for the fluid pro-

:e~:~es 3CrOSS :ne ~cundar1 layer. 7r.us, when the re~ere~ce kire~atic 

liscosi:y ~s USed in C:qua!icn (2.a), ~'us:Ce"'s T.ean-'1eicc1ty-orcfi1e ec;ua-
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The reference ter.lperature derived by Sor.rr.er and Snort (l) for cOr.'!-

jress1ble turbulent boundary layers has been selected for use ~ere1n. 

iil"s reference ter.lperature is calc:Jlated via the foi1.:: .. 1ng eaua:icn. 

(2.9) 

For the \lind-tunnel tests, it is known tHat "tail teroe .. 3tures Jre .. ery 

close to the adiabatic values given by 

T = T (1'" r :;l i-I 2) aw e ~ e (2.10) 

As discussed above, Husker's C".ean-velocity profile 1S usee to esti-

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

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

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

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

the following boundary conditions apply 

ard 

u = U 
~ 

y = 

(2.11) 

(2.12) 

.~ 

The following equation 15 obtained by impOS1 .. g tne outer-edge c~nditicns 

to Equat1cn (2.8). 

(2.13) 

With the known edge velocity and the turbuler-;-boundar:'-13ye" :hickness, 

:: :~e 57 ~~:-: ~cro~t~ ... ecce. 
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t~u and Lock Computer Code 

The :1u and Lock (':) ccmputer code ; s another ~asic tool that is 

needed to calculate the turbulent boundary layer. This computer ~rogram 

was developed by :lu and lock at the University of Tennessee Space Insti-

tu.:e. 
far a 91ven r~ch number, cone semi vertex angle, azimuth aQgle~ and 

an91; of attack one can use the Hu and Lock computer code to obtain the. 

lnvls~lj pressure distributlon along a ray of a sharp-nose cone. Figure 

3 presents the ~lu and Lock inviscid pressure distribution for a lO-degree 

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

:>ressure distnbution, the \~u and Lock computer printout includes the ir-

'l1scid '/elocity distnbution along the surface of the cone. For a de-
"-

tailed analysis of th~ develc~ent of the Wu and Lock computer code one 

should ~efer to Wu and Lock (J), 

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

lnC ~ock computer program is used to obtain the inviscid boundary condi-

:lcns along the 5urfac~ of tre co~e. The Toatch ~oint ~s defl~ed to be 

:P( !stimated location of tne lnltlal station at wnlch a fully-develope~ 

:ur:Julent bopncary lay.!r ceg1ns. For reasons tnat will becC!r.e aopar'ent • 

1n tt:e next chapter', the 1nviscid bCrundary conditions ahead of the tip cf 

:re :hys1ca1 cene, "1'Jst be obHined. ~or this reascn. ':.~e velocity C:l s-

:r'~~~lDn upstrea~ of the ~at:h ~oirt 15 obtalrcQ by a s1~c!e iinear ex-

trapolaticn of the Wu and Lock velocity distribution upstream of the '0103tch 

:Olnt. ~nfortunate1y, the ~u and Lock computer output does not provide 

l<~S :Jr :~e ::ne, :1hereas. ,;:-e S7ArI-: COl1'o'Jter :cce',o/Orl...s :etterwhen the 
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University (OSU) work. the inv1scid boundary conditions are evenly spaced 

by ;:o.eans of a s~:'1ple computer orogram. This program has been r.1Odified 

oy ~11e otesent author so that it accepts the aata directlY frcrn the !Iu 

ana Leck corrputer printout. i~.is modified program is used as ene of the 

subroutines in tne :'1fni-Basic computer code. ihlS is done for t~ reasons. 

firstly, it 1S cesirable to obtain the edge velocity directly froo the :Ju 

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

t:e lntroduced by ebtaining the edge velocity for each Slngle ST;'~.-5 corr­

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 fernat that can directly be input to 

tne STAN-5 computer code. 

STAtI-5 Computer Code 

7he Si~I-5 computer code is the primary boundary-layer caiculatien 

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

soi'le the boundary layer conservation equations, ~nd it is specifically 

:Jsea :0 estimate the theoretlcal, skin friction coefficient. ihe STA:I-5 

computer progr!~ ~s develo~ed by Crawford and Kays (3) at Stanford Unl-

'/ersity. This computer code is an extension of work originally COile by 

0atan(ar and Spalding (7) in 1967. In this sectien, it is intended to 

;1'1e ! brief cescrlption of the operation of STAN-5. A detal1ed analysis 

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

thlS report. For d complete understanding of the SiAN-5 computer code. 

~~~~S:=d cnly ,~ !ne ~as;~s of now ~o use the jrogra~, he shculc ccn-

iul: :'1e S7.ltl-5 ·~ant.al '3). i·lis 'nanual cisc:JsseS :he :heory in 



• 

reasonable detail. Furthermore, it gives adequate instructions to 

orooerly use this sophisticated computer code. The following discus-

510n, which is a brief description on the operation of the STAN-: com-

outer code is based on the information given in the STAN-S Manual. 

The conservation equations of a given boundal"y layer are imoossibie 

to 50lve analytically. For this reason, with the progress of the tech-

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

ference techniques to sQlve the boundary layer equations. The SiAN-5 

computer program is such a program and employs di~ference methods to 

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

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

the report. 

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

~omentum conservation, ~m' in order to solve for the Reynolds shear 

stress. There are three options for modeling the eddy diffusi'lity which 

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

:0 use :he Prandtl mixing-length Model. ihe second octicn is to Jse :r.e 

constant eddy diffusivity model. ihe turbulent-~inetic-anergy ~odel ~as 

selec:ed "'or use in this project. The STAfI-5 ~'anual suggests that t1e 

turbulent-kinetic-energy model for ~m should be USEd if :here a-e signi­

ficant amounts of freestream turbulence which is one of the primary 

sources of inaccuracy in wlnd-tunnel experiwents. 

Computation of the flow field near the wall is the last "'eature of 

SiAN-S that is di scussed here. The STAtI-S computer code us~s the Couette 

:~C\o{ equations :0 cc::"pute the now field ne3r the waH resicn. :n :r~='" 

:0 acnieve :his, Sj)1'-5 ~as :~o actions. 7~e ~~rst CC~lcn ru~eric:;jy 

~~!egrates toe Couette flow equations over t~e regien of ~igh ve;c:ity 
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gradient. ihis option. ~hich is referred to the "l.tall Function. 'I saves 

co~putation ti~e. The second option, wh~ch bypasses the "~all Function,' 

continues the f1nite difference equations d~wn to the warl with a pro-

_gressively finer spacing. ~lthough the SiArI-S :tanual suggests bypassing 

the "t-lall Functlcn" only for flows with large pressure gradients, the 

wall function is bypassed for the present work because this results ;1 : 

smoother distribution of skin friction. 

ihere are a number of flag parameters that wust be lnput to the 

Si;n-5 computer code. These flag parameters are fully explained in the 

STArI-S rtanual. Besides these flag parameters, the initial static pres-

sure, the initial velocity profile, and the in~iscid boundary ccnditiors 

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

The initial static pressure is obtained from the following equation. 

p = e,l 00 

1 + O. 2."l~ j h -1 
ITO.2H2. ) 

e,l 

(2.14) 

~G .... eve"', ~n order t~ solve for P ., one has to kr.cw:>t " ThiS :~ac!1 e,l e,l 
numcer is related to veloci~y and te~peratures by the following equa-

Ue ,l = M • .. ·(9 ~T e,l c e (2.15 j 

(2.16) 

U l' is obtained from the Wu and Lock computer code. IH th the ~nown e. 
value of .p x one can ccmbine Equations (2.15) and (2.15) to solve ;cr 

~ , 
.l~t' :~e I.:ncwn /alue of :-to l' Ecuation (2.:.1; is ~sec :0 sobe ;:r -, 

~~." ~=ua~lon (2.3) ~s usaa to soecify t~e i.ean-veloc't1-0r~file -.. 



at about 40 points across the boundary layer. Finally, the proper in-

',iscid boundary conditions, 'IInicn are obtained frcm the ,iu 3nd LecK ccm-

~uter code, are input :0 the ST""\II-S cor.puter code . 

.. 
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CHAPTER III 

THE '1ETHOD DEVELOPED TO CCMPLETE 

THE TUPBULENT BOUNDARY 

LAYER C~LCULATiONS • 

A unique ~~thod has been developed to complete the turbulent-boun­

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

Tetr.od 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 ~re next cnapter. Furthermore. Appendix ~ presents the step-by-step 

procedure used in the turbulent-boundary-layer calculations. 

At this point, t'HQ sets of i~formation are available. The first set 

~f irfor~ation is the primary iariables of the wind tunnel for a give~ 

run. ine pnl'1ary variat les for a given run include freestrear :·l~cn nu7.­

ber, unit ~eyno~ds nuebe r , and the freestreae dynanic pressure. The 

3econd set of inforwation is the.Preston-tube pres~ure dlstribution aiong 

the surface of ~he cone. Determlnation of the location of t~e imaginarJ 

~Ol~t at Nhicn tne turbulent boundary layer ~as zero thickness and the 

1oc~tion of match point are necessary information that ~ust be obtained 

first. The i~ginary ioeation at wnich zero thickness occurs i3 definec 

~:J ~ tne '11r:Jal origin or tre: turbu1ent bcundarJ iaye". "7"re lariab:e 

'(e: ~ s cefi ned :0 ~e :'Ie di stance oet .... ee'l t-:e '"atch 001 n~ anc ','1 rtua 1 :r'­

;.n. -;-"'is :er.,nc1:gj ;s cef~ned in :~gure.1. ':et: :1'a': ':"e 'cC3:icn 

.... 
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of :;,e ·Ii r:ua lor; g1 n may be cownstreal'1 as well as L:pstream of the tip of 

~'le =nysica 1 cone. ine loca~lon at \'iOlch t"e :'1axi-cr.l ?res:on-tube pres-

5.J~ OCC:Jrs couia be 1.!sec as t:1e matc:! ;lCint. Hcwever, :his is 1i0: :: 

:a1ia choice bec~use at :~is location the boundarJ layer ~ay stili ce 

af:ec:~d oy :ransltion. For :h;5 reasen, toe fcllowing r.etncd is ~5ad 

:0 ::ssure tnat the .. atch point 1S in the fu~ly-ceveiooed turoule~t-~ou~-

-:c":-laye" :-egion. Figure 5 S:1CWS :he Prec;:cn-tute oreS3ure dis:rib:.f:iOr. 

alJ-; :~~ surface of :he cone for a :ypica1 case. T~e pOlnt at W~;C:1 the 

~~es:on-t:Jbe pressure distr1buticn curve correspgncing to the :urbu1ent 

boundary layer diverges from :hat ef :he ~st of tre boundary layer 1S 

cefl-ea :0 ce tr.e ~tcn point. A French curve ~aJ ~e used to do thlS 

:as<. 7h15 1S lndicated hj dashed lines in Figure 5. in order to 10cate 

tre '/H:ual origln, ';l1en ' s correlatl0n is used :0 obtain an eSti:nat1cn 

:r 3(ln fr1c::cn coefficient l~ :ne ~at:h peint. 'ot~ that th15 is just 

~r est~iaticn. 7hen, the flat Jlate equatlons are used to estir.ate :r.e 

1cc~tlcn cf the '1irt:...al IJ'"ioln on a fla: olate. Tnis result is t'1er. 

,:~13:10ns. ~s .... as -e"tl:r.ed ;,eiore, the :lu 3jld LocI( corr.puter c:ce ana 

:1:'$<e:-'5 rr.ean-'1elocl:y orciile are useCl to define the 1nvlscld bo . .mdary 

-ora t~a~ s;< lncn~s aneac ~f ~re ?nys;cal cone. inis is an 3xi~l cis-

. , 
-=C 

- { -.,::: 
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th~n the initial station for be~inning computations of the boundary 

1ayer is located at one inch downstream of the virtual origln. In this 

:ase surface alstarce 1S uSed. It should be ~ent1oned that there are 

'10 llell-defined criter1a for choosing the initial statlon at WhlCh the 

:urbulent-boundary-layer calculations begin. The distanc~s of six in­

c~es upstream of tip of the cone or one lnch downstream ~f the vlrtual 

orig1n are based on ;last experience w1th STAti-S. Starting STAN-S '/ery , -
close to the virtual origin uses too much co~pute~ time if the locaticn 

of ~he v1rtual origin is located a distance far ahead of the tip of !he 

cone-. As the boundary layer develops, any errors at the be;inning of 

the calculations are normally lost as the conservation e~uations are 

solved downstream. 

The cone is assumed t~ be an axisymrr~tric body. The inviscid bo~n­

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

ana lock computer code and are input to SiAN-5 by specifJing the velocity 

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

raa;us of :he body at thOSe locations. Jue +;0 the strUC::Jre of ST,lU-S, 

tre 'I1rtual angln 1S the refere~ce OOlnt froo which dls:ance ar.d rad1tlS 

~re Teasured. Frcm ~igu~ ~. it is apparent that tne raa1al distance ;s 

equal to the sJrface distance times the sine of the cone ,aif-angle. 

ThlS is the r.etrod used to mocel the cone. ~c~rever. one could argue ~hlS 

7e:r.cd 1~ no~ laild Que t~ +;he fact ~hat :~e specified ~!oius 0; a ?Oint 

on the cone corresponds to the radius of the imaginary c~n~ and not to 

that of the ~nyslcll cone. Ccnsequentlj. one could conclude that trans-

"e"se ClAr'lat:Jre e':':ects are not 7.oceled correct1y. The ':~ct 1 s that 

~ 5 'Jt t "'e sare or::er ':)f ':1agn1 tude as that 'Jf tl1e :,cundar! i o:,'pr :hi ck'1es s. 
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transverse curvature" effects become even more important \'1hen the radius 

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

:lone of the above cases apply here. In fact, the ratio of :he boundary 

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

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

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

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

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

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

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

the casa that has a high ~lach number and low unit Reynolds number was 

C.1osen. This corresponds to Run Number 56.631 which was selected to check 

the significance of any errors introduced by improper modeling of body 

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

the physical cone rather than the imaginary cone. Th1S is possible since 

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

ticular case (see Appendix B, Table XVIII). The secane ~ethod is :0 
model the cone as a cylinder upstream of the match point, and for the 

points downstream of the match point let the radial distance corre­

spond to the physical cone. STAtl-5 was run twice 1n order to calcu­

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

:,ese two different ~odeling procedures. The results are tabulated in 

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

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

:n all the other other cases under study. the ratio 0f tr.e turbule~t-

boundary-layer thickness to the radius of the body i5 smal1e'" tnan :hat 

of thlS sample run. In summary. tne method used to ~odel the c:ne 1n 
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No. 

TABLE II 

COtlPARISON OF SKIN FRICTION COEFFICIENT 
VALUES BY HODELIflG THE CONE HITH 

THREE DIFFERENT HETHODS 

Case No. 16:M", sO.90, Re ft
S 3xl06 

(1) (2) (3) (.1) 

1(=XHP ) 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 0.003088 
7 1.9628 0.003112 0.('03021 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 0.0028:6 0.002375 

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

24 

(2) - S~1n friction ccefficlent ubtained by the method used to Tode1 
the cone to carry out the skln friction calculations for all 
the C3ses (radial distance corresponds to the lmaginary cone) .. 

(3) - ~kin friction coefficlent obtalned by lettlng the radlal dlS­
tance correspond to the physlcal cone rather than imaglnary 
cone. 

(J) - Skin frlction ccefficient obtained by modellng the cone as.a 
, cytlnder upstream of ~atch pOlnt. and for the P01~tS aown­

stream at match point lettlnq the radial distJnce correspond 
to the physical cone. 
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well within the accuracy of th~ wind-tunnel data and the numerical tech-

niques being used. 

After complet;ng tas~s of modellng and obtaining other necessary 1'1-

tornation that must be input to STAII-5, the turbulent-counc1a .. y-13yer 

calculations are lnitiated. The skin friction coefficient at the Matcn 

point is calculated by STA1:-S· and is compared to the value obtained fre'TI 

Allen's correlation for the same local flow conditions. If the calculat!:!o 

skin-friction coefflcient by means of STAIl-S is larger (smaller) than that 

calculated by neans of Alle~'s, correlatlon, then it is concluded that 

the turbulent boundary layer at the match point is too thin (t~ick). So, 

the virtual origin must be shifted forward (backward) in order :0 obtaln 

a thicker (thinner) boundary layer. A one-seventh power law 15 used to 

relocate the virtual origin. 

(3.1 ) 

, 

-nis process is cont1nued untll the SKln frlctlon ccefficle1t c~~:~~atec 

by STAfI-5 computer code lS within plus or Mlnus a half of one oerc~nt of 

that calculated by Allen's correlation. ' At that pOlnt, it is ccnciucea 

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

computer code 1S run to solve the boundary layer equatlons along the sur-

::h':: J: tre ~Jr9 ::~ :~e 'Nay UD :0 the COint \/here the ""'lnd-tunrei ~a:J :'1CS. 
, . 

ihis procedure lS repeated for all the cases. Then, for each case, 

a modHied version of STAN-5 is run to obtain the effectlVe heisnt of the 

~robe. The effective ~eight Jf the ~robe is the distance frcn :ne nail 

a~ 'mlci-} the total pressure wlthin the theoretlcal boundary la:,er =q.l~i5 

:he measured Preston-tube pressure. 7ne effective height of tr~ ~r:~e, 
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Yeff' is nondimensfonalized by the following relation. 

( _ = Y~ff 
efr h7Z 

26 

(3.2) 

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

of the probe. 

Ob~aining ~he values of kerf concludes the turbulent-boundary-layer 
-, 

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

ter of the probe. skin friction coefficient, location of match pOlnt, 

and the location of the virtual or1gin is tabulated in Appendix B for 

19 different wind-tunnel flow conditions. 

... 



1[-' --- ~ r ---
, , 

CHAPTER IV 

DEVELOP~lEtIT OF THE GOVERtl laG 

EQUAiIONS 

So far, the baslc procedures, WhlCh \~ere followed clIrlng this r"e- . 

search proJect, have been described. In th1S chapter, JdditlOnJl dc­

~a11s of the method described in Chapter III are presented. 

For a glven case, the first step is to calculate the f"eestrzam 

thermodynamic and klnematlc pt"cperties of the fluid (au"). Th1S 15 a 

fJ1rly s1mple task since the primary wind-tunnel flow paral'1l!ters are . 

glven. These parameters are defined as follO\~s. 

q :: 1 J U~ 
33 '[ "0 ~ 

(4.1) 

" "" \-._' 

From Equation (4.2) one can solve for U and substltute the result ,nto . ., 

Equatio~ (4.1). The resulting equation is 

'" 
Q = (1.' 2' ~1~ l( RT", ) .. "'-

( .1 • .1 ~ 

iJ"" 

The equatlon of state for a thernaliy perfect ~as is 



r "'~o;1'':" -:-- ---

. . 

ze 

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

statlc pressure, P», results in the following relation. 

2q., 

P.,., = "M2 

'" 

(4.6) 

The freestream total pressure, Pt ,is obtained fr~~ the following isen-,<» 

trop1C relation. 

(4.n 

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

stream total pressure, Pt • 
'oo 

( 4.a) 

In order to obtain the freestream total temperature, multiply Equation 

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

(4.1). This results in the following equation • 

P U 
:a " (4.9) 

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

(4.10) 

}ihen EqUatlon (4.10) is substituted il'to Equation (4.9) and rearranged, 

:he following equation 1S obtained. 
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10-8 ~ ) ~ 2 2.27 x • ",9c" '", -T.." 
2 

198.6 :: 0 fJ ~ n 
\ • --I 

Equat10n (4.11) 15 an explic1t equat10n in T , and it C3n easli! C~ 
2> 

solved for the freest~~am static temperature. The freestrean :o~~~ ~~--

perature is obtained finally froM the following lsentroolC ''''''ua·· t .., -'1 .. , ...... 

The equation of state (Equation 4.5) is used to c31cuiate df.r.S1~: 
. 

of the air. The Sutherland's relation for absolute v~$co$ity. ECla:'~~ 

(4.10). is used to calculate absolute viscosity.~. Tn: k1r.e~3t~c 

viscosity • .o, is defined as the ratio of absolute visca~l~: ~~ de1-

sHy. 

The second step is to use Allen's correlation to es~'m3te :~£ s~~n 

fri ction coefficient at the match point. Iil order to solve 'ncr.' s Pn:$­

ton-tube calibration equations (2.i and 2.2), the follCI>llnC OH·:!~~tel·s 

:-lust be calculated: (1) edge temperature. (2) edge pl·~S~lJ:r. (3) :cg~ 

velocity. (4) reference temperature. (5) veloclty based en ~'esLc~--Jbc 

data, and (6) Reynolds number ba$ed on the diameter of 3 c~r:\.Ii,,:· C"~0:: 

probe. 

Before solving for the edge temperature, one has tn sol:~ for t~~ 

edge Mach number. In order to solve fOt' this flach numter, t\1(~ ".~I·':I~'''c 

procedure should be followed. The pressure coafficient is de(inC<1 AS 

follows. 

P ? P P . , , 
~ - ., e - n •• ,.. -.: I ,. 

" f .. .p .~.., 
U2 q.., 

r 



By rearranging ~erMS in Equation 4.13, one obtains: 

Q <c:l 

o 
'" 

+ 1 
Do 

= -=- = a 
'" 

30 

(4.ll) 

The following equation is obtained by substituting appropriate isentroplc 

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

q", C" 
---..::.. + 1 

P" 

H2 
::(1 + 0.2 "') t/y-l 

2 1 + 0.2 Me 

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

(4 .15 ~ 

( 4 .16) 

~ote that cp 1S obtained from the Wu and lock computer code. With the 

knoltn edge Mach number, Me' one can use the following 1sentropic relation 

to sol~e for the edge temperature, Te' 

:Hth the '<nown values of co' P:D' _and q"". Equation (~.13) can be usee 
, ~ 

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

from the WI! and lock computer code, or lt can bo<; calculated by employing 

an equatlon s1milar to Equatlon (4.2)1 i.e., 

U :: ~1 /(-rRg T )~ • e e c e (4.18) 

~s a1scussed :efore. t~e Sc~er and Short ~elaticn for reference 

:e~perature. :quatlon (2.9). 15 usee :0 calculate tne reference te~per~-. 
';ure, i . 
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The velocity based on tho Preston-tube data is calculated via the 

isentropic relatlons. Starting with Equation (4.2). the rc110wlng equa-

<;icn can be obtained for Upt/Ue • 

(4.19 ) 

(4.20) 

r: •.. :t: or.e C3n use Eq!Jation (.t.20) to solve for Mpt' 

~ P y-1/y ~ 

M : ! _2 rC....p.!p t) -1]~. 
pt (-1 L' e j 

(4.21) 

In summary, Equation (4.21) is used to ralculate ~Pt and with the known 

Jalue of Mpt' Equation (4.19) 1S usee to obtain Upt' 

ihe Reynolas number based on probe dlameter, RD, lS tnE final ~l~ce 

of lnforrnatlon that is needed to solve Allen's cal1bration Equations. 

The ReynoJds number based on probe diameter, RO' is defined as 

(.1.22) 

The only unknown 1n the above equation is the diameter of the ;:robe's face. 

~llen's Preston-tube pressure measurements were ca~ried cut bv Teans of 

~~rc~lar ?reston t!Jbes. !n con~rast, tne ~easurea Jrest:n-t~~e ~re3SJreS 

"'"Jr thi S oroject were obta 1 ned by r.eans of oval-shaped ;:restc'1 tubes. =-:r 
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this reason, it is necessary to define an "equivalent" probe diameter, 

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

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

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

2Yeff 
0=-­

keff 

(4.23) 

Patel suggests a value 07 1.3 for keff for a clrcular Preston-tube. It 

one sets keff = 1.3 in Equatlon (ol.23) the following equation is obtalned. 

o = 1.54 Yeff 
(4.24) 

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

(4.25) 

In thlS equation h is the maximum external helght of the prJbe's face. 

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

0.0097 lnches. Substltuting £quatl0n (4.25) into Equat10n (J.2J) leads 

to the deflnition of an equivalent dla~eter for the oval-5haped probe 

used during the IIAS,\ Ames tests. 

0eq = (0.0075 ) k~ff {4.26} 

!n oreer to obtaln a reasonable value for keff at the start of the tur­

bulent-boundary-layer calculations, the following estimation procedure 

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

~ '1e 'Ia i:Jes of ~eff 31 cng the :surrace of tr.e ecn2 for the i ar.n nat' oOlAr:da ry 

iayerare 3\'al1aole. For eaen case, a straignt-1H'e 1east-sc;uares curve 

-,-l~ ,-as acta',neo ... ,h,a~ correla·os ~ -f ·.0 dls~aneo_ ·'r·". ·.,~e ~_"r&,~~Q_ ct- !r.~ .' , - _. '" e7 _... ... - - - -



- .- _. _. . -- --------

33 

cone. Since th1S fit is only valid in the laminar boundary-layer reglon, 

it is not correct to use thlS fit and bilndly apply it to turbulent­

tloundar~'-I:yer calculations. However, the lam1nar lalues of '<eff can be 

emoloyed by assuming the locations 1n the laminar and turbulent ooundary 

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

same value of keff. Thus, the laminar value &f keff , at the locat10n 

which has the same Preston-tube pressure as I'leas~red within the turbulent. 

boundary layer at the match poi:~t. is used to astmate an equivalent dia-
< 

meter for use in Allen's correlation. With the known value Jf Deq, 

Equation (4.Z2) is used to calculate RD. 

All the necessary information to solve for skin friction coefficient 

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

parameter Fl. Next, Allen's correlation Equation (2.4), is used to solve 

for the callbration parameter F2• Finally, the skin frlction coefficient 

1S calculated froM Equation (2.2). 

~he third step is to estimate the location of the virtual origin. 

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

of 1 cone cannot be obtained. HONever, th~ flat plate equations ~ay be 

used to est1mate an approximate value of Xeq on a flat plate. Then, th~ 

flat plate Xeq may be converted to the cone Xeq. The following equatlon , 

1S used to estimate the flat plate Xeq. 
\ , 

(4.27) 

Equation (4.27) is based on an e~pirical skin f~ictien fornula for flat-

alate t:Jrbule'lt boundary layers in incempress.ble flew, ,/ • .:., 
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cf - 2 
ln O.06Rex 

0.455 (4.2B) 

~r~ followlng relation between wetted length on a f1at-plate ana a cone 

has been suggested by T~tervin (B) in the case of equal skin friction 

at the two X locations. 

Xeq = (2.26B) (X eq ) 
FP 

(4.29) 

Once the location of the virtual origin is fixpd, the inviscld velocity 

from the Wu and Lock computer program ;s 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 STAIl-5. i\S 

previously dlscussed, the remainder of the inviscid boundary conditlons 

are obtained from the Hu and Lock computer code. 

The final step is to use ~usker's mean-velocity-proflle, EGuation 

(2.B), and calculate the initial velocity profile of the turbulent boun-

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

.nput to STA~I-5 is available. 

The procedure di scussed above is automated by means of the :.1i"':i­

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



CHAPTER V 

ANALYSIS OF DATA AND THE 

CORRELATION EQUATION 

Once the turbulent-boundary-layer cal~ulatlons are co~pleteQ, aTl . 
the necessary infonnation to correlate the Preston-tube pressure to the 

corresponding theoretical values of skin friction coefficient are avail­

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

boundary layers, the followlng equation is assumed for this correlatlon: 

* * 2 * * i = At (X ) + ~ (X ) + C1 (T ) + 0t (5.1) 

wnere 

(5.2) 

(5.3) 

(5.4) 

~ * ine correlation parameters X and Y are basically of the scw~ nature as 

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

and Abu~"'ostafa, it was found that the effect1Ve center of a Pitot orobe 

,~as 3. ~ Jnction of tl., 't, iI..,. anc '~i' Further-ore. 1 ~ ~as • earned tl-:at ac-

counting for the '/ulation of the effective ce'1ter of :r:e o,·t:be resu1te::: 
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1n less scatter of skin frictlon coefficlent in the laminar boundary 

layer reglcn. For this reason, unlike ;llen, the variation of the ef­

:ec: he he1 ght of the orabe is i nc-l uded in the ca 11 bra tl on pa ral'1eters. 

The following ~ethod is used to discard the data points that should 

not be 1ncluded in the develo~ment of a correlation. The values of kerf 

along the surface of the cone are taf:ulated 1n Appendix B for the various 

·"ind-tunnei flow cond1 tions. It should be noted that Reed and Abu-~lostafa 

correlated skin friction coefficient to the correspona,ng Preston-tube 

;lressu"'e ::,easurements in laminar bOlJlicary layers. Their plot of, keff 'Is. 

U~hhw for several cases is shown in Figure 6. This figure corresponcs 

to ~he la~inar boundary layer studies. From this data, it is concludec 

~ha~ the values of ;~.:>f;: shoulG 1ncrease as U .hh, decrease. This mea'1S _ . . i 

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

Fur:hemore. for a given Reynolds nUI".ber per foot, the '/alues of keff' ce­

crease with 1ncreasing Mach number. The distributions of kefF ~or q~n 

Nu~bers 57.532 and 29.440 do not exh,bit this behavior. Apparently, the 

~ef"" S fer. :'1ese t\"/o rurs were 1'1 err:>r. At the completion of ~his wor~, 
• 

1: "as found that the Preston-tube pressures for these two runs were re3~ 

1ncorrec:';. Figure 7 is tne corrected lamlnar ~eff distrlbutlon. I~ 

might oe =xpec~ed that the keff distribut1cn along the surface of tnec:ne 

shoulo have ~he sa~e trend as that of laminar boundary layer studies. 

"o.~e'!er, :'1" S , 5 '1ot exactly tr:le. 

observed for 7Cst of the cases that ~he values of keff decrease ~n:,l :~ey 

reacn a ~in'~u~ at a location downstr~am of the ~atch pOlnt. Then a c:n-

:lnuous l'1:"'?aSe 1n ~.:>&& is :>bser'.ed. Ccnsequently, it 15 concluced :~=: _I. 
:ne data ;::o1n:s oreceeding :he ."nimu-:: '/alue of <er; srou1c not be i:"clJ::ed 
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in tne ~orreia~~Jn ~Quat~cn. 7~e fact of the mJtt~r is that the ce-

39 

crea se in keff downstream of 'the match ~oi nt is probao 1 y c.:u sed ~;t ~r'"Or5 

in the est1mated skin friction coeffic1ent at the naten pOlnt, ~.!.; 

Allen's correlation and the equivalent d1a~eter do~s not orOV1ce :he 
'I 

correct skin frictlon at the match point. However, 1~ 1S 'no~~ :~a: tne 

errors in this estimation are lost some\1here d01-mstre2f:1 of the ,;,a:~c., 

point. This is assumed to occur at the locatlon "1ere k~ff exhlblts 

a m1n1mlJ!1'!. So, ~or a given case, all the data ~cmts .:he:d of -~: 1110' ~ 

mum value of keff are dlscarded. In other wOI"ds only' thE. OJta PO"::-ts thlt 

snow a continuous increase in the values of keff , follc'/nrg the 7,l"imurr. 

value of keff , are set aside for corre1ation purposes. FIgure 8 a;ld 

Fi gure 9 ill ustrate exampl E'S of thi s procedure. Cases tna t exh1 b1 t a 

behaVlor similar to Figure 8 are not included in the ccrrelat1cn equatic~. 

The cases that exhibit a behavior similar to rigure 9 ar~ used to clevelc. 

the correlation equation, and only the points that show a contlnuous In­

crease 1n the~keff values following the minimum value of Keff are used to ~ 

OCtaln the correlation. By employing this method, 1t 1S fauna ~nat 

~un '~~bers 70.726 and 15.231 should a~sc not be used ln developing the 

~orrelatlon equatio~. The distribution of the effective center of the 

probe vs. U-=hh.,., for 17 cases i!: shown in Figure 10. As is sholln in 

F1gure la, the dlstribution of effective center of :he probe fo~~un 

~~mcer 72.748 is much closer to ~un N~Mber 21.318 than It 15 :0 ~un 1~~-

ber 19.289. Since Run Numbers 72.748 and 19.289 have tne 5a~e freestream 

fl~~'r'I conditions (i .e., Moo = 0.8 and Re;t = 4 )( 106) exceot for 51 ight 

dl fference ln freestream dyr.ami c press,.!q = 12 Ib~/ft2, the d;,itn bu-
.., I 

tiDn of the effective center of the probe for these two cases 15 exoected 

, 
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to be much closer together. Furthernore. by studying Figure 10. 1t lS 

acoarent that the spacing of the dlstrlbutlons·of the effect1ve center , 

of the probe among Run lIumbers 72.7..18. 21.318. ana 19.229 coes ;;ot 

match with the rest of the keff distributlohs. However, the spacIng 

of the keff distnbutions for Run :Iumbers 21.313 and 19.289 is Slml1ar 

to the rest of the run nu~bers. For thlS reason Run Humber 72.748 lS no: 

1ncluded ln the development of the corr~laticn equat1on. In sumrrary. a 

total of sixteen cases have been used to develop the correlation e~ua­

tion. and 259 data points have been set aside t~obtain the correlation 
-

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

in the following correlation equation. 

Y* = (O.0272) {x*)2 + (0.5337) (x*) + (0.llol0) (T*) - 0.5419 (5.5) 

* * Figure 11 is the plot of Y vs. Z for the lndlvldual wInd-tunnel data 

* points where Z is defined as follows. 

Z* ,. (O.:J272}(r.*)2 + (O.5337)(X*) + (O.1l40}(T"') (5.6) 

:-.,e :crresponding ms value of:&i5 1.125 rer:~n:. Fi\Jure ~2 sncws ':oM 
I -

narrow range of scatter in S~1n frlction coefficlent. The scat:er 1n 

sk1n frlction coefficient is very satisfactory. and it 1S cc~oaracle ~o 

the Preston-tube calibrations obtained by fatel (9) fJr 1ncc~presslble 

* 01pe flows. The coefficient of T in the correlation Equat'cn (5.S) 1S 

lery srall and a second corl"elatlon eGuat~on ·.vas oct31nec by l"egTec:1rc; 

tne effects of varlable propertles across the probe's face. ih1S equa-

Clcn has the following form. 

• • ? • 
Y = (0.0195) (X )- • (0.612.1) (X ) - 0.73:9 
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The corresponding rms value of cf is 1.175 percent. ~s expected. slightly 

higher scatter ln the skin friction coefficient js observe9 when the ef-
.. 

·e~: of variat10ns in temperature across the probe's face are 19nored. 

The boundary layer calculations have been repeated for two saMple 

cases using,the new correlatirn equation to estlmate skln friction at 

the match pOlnt. One of these cases is Run :Iumber 15.231 ~Ihich was not 

included in the development of the correlation equation. The second 

typical case 1.S Run l:umber 40.549 which was inclucerl. The skin fr1ction 
I 

coefficient at the match noint is estimated by means of Equation (S.S). , . 

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

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

surface distance. One distribution of skin friction coefficient corre-

snonds to the estimation of cf at the ,match point by neans of the new 

correlation. and the other set of data :orresponds to the estl~ation 

of cf at the matcn point by means Qf Allen's torrelatl0n. Figure l~ fur­

ther verifies that the methoQ used to calculate skin friction coefficient 

1S correc~~ "l~houg" in the example '\l1en's correlation under estirates' 

the value of cf at the ~atch ~oi~t. the values of cf eventually converge 

as the boundary layer develops. The variatior. of effe:tive center of t,e 

probe vs. surface dlstance along the cone for the two samp1e cases 1S 

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

""esi::onding k~T': values plotted 'IS. V_hi • -iere asain one ~15tr~t.ution 
'= I ~I 

:orresponds to the estimation of cf at the watch point by means of ~he 

new correlation equation. anrl the other distri~utlon corres~onds to the 

eS~lnation of c: a: :he ~atch ~olnt by ~e3ns of ;llen's cor~elat1cn. 
, . 

3aSeC on :nese ·igures, It is concluaed that ~he clstrlbut10n of k __ err 

.. 
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resulting from the author's correlatl0n (Eq. 5.5) exhiblts the expec~ed 

pattet'n of increasing kef:t be';ter than the distributlon obtained \I~lng 

;llen's correlatl0n. The following observatlons are nade conce~nlnC 

Flgures 15, 16,17, and 18 

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

occurs upstream of that oQtained by means of Allen's :orrelat1on. 

2. The keff's seem to approach a COMmon asymPtote as tne boundary 

layer develop, independent of the inltlal values. 

It should be noted that Al1en'~s correlation I'/as derived based on 

s1multaneous measurement of skln friction and circular Preston-tube pres­

sures within flat-plate, turbulent boundary layers In supersonl~ free-

streams. The above discussl0n was prlmarily done to demonst'ate that the 

new correlation equation is valid ln spite of the fact that ~he inltial 

values of skin friction and keff are erroneous. Compat'lSon of correla­

tlon Equatlon (5.5) wlth Allen's correlation snows that one should use 

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

.:::me 3.t hlgh subsOnlC 'lach numbers. 

!n order to estlmate skin frlC:lon on t~e ~EDC C~ne, Jne 5ncul~ US! 

the following method. 

1. 

2. 
., 
,). 

.1. 

~ w.: = 

Estlmate the value of keff from the apol'oDrl a te 

pendix B for a gwen iocatlon on the surface of 
~ 

Use Equatlon (5.3) and sobe for '( 

Use either Equation (5.5) or Equatl0n (5.7) and 

Use Equation (5.2) and solve for U.' Then skin 

calculated frcm tie foilowlng relatl0n. 
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5. Obtain Uth/vw and use Figure 10 to estimate a new value for keff . 

6. Iterate the procedure until no 1mprovement 1n the value of kef& 

is observed. \ 

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

~alues o~ keff 1f the exact freestream Mach number and unit Reynolds n~n­

cer 15 not found in the tables of Appendix S. The user 1S warned not 

:0 use Tables XI, X'I, and XX Slnce the COl'responding cases were net in­

cluded 1n th~ development of the correlation equations, Ecuat)ons (5.5) 

and (5. 7 ). 



OR~G!NP.l PAGE \S 
OF POOR QUALtn' 

CHAPTER 'II 

SUI1MARY AND CONCLUSIONS 

The dlstributjon of Preston-tube pressures with'~ turbulentbo~ndary 

lay~rs along the surface of a sharp-nosed, ten-degree cone have been cor­

related with theoretical value of turbulent skin friction for freestream 
~ 

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

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

data and to solve the boundary layer conservatlon equations. 

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

for flow about a cone. The skin friction which results from uSlng ?res­

~on-tube pressures in the correlation equation, has a r.iS error of 1.125 

percent. This precision is very satisfactory and is ccmparabl~ to pre-

'/lOUS Preston-tube correlations obtal.ned,by :>'!tel (9) ':0'- 1)1~~ flo .... s. , 
'" 

c~ffi~ar'son of two sample case~ using both Allen's correlatlor. and c:rrela-

tl0n Equation (5.5) to estimate the skln frictlon at the mat:h POlr:i: sug-

gests that this new correlation is sufficiently accurate for engineerlng 

uses. 
\ I 

In the course of thlS stuoy, it was ro~nc t~at the !':fe~tlve c~~:er 

of the probe is not a constant. The distance above tne \'fa1l of t:1e ef-

fecti ve cen ter of the probe is a f:..nctlon of h. U _. 'J ~nd:.l. ,W ." rl-Je 

'Il'-:a!:1cn :;-f the effec:i'le center 0; the probe !:lec';res 'ess ::.s 

inc'-eases. ine effectlve ce~ter of the probe increases as t~= sur~;ce 

55 
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dlstance increases. For a specified unlt Reynolds number. the effective 

center of the probe decreases as the "ech number increases. Furthermore. 

for a specified Ul1it Reynolds number and l'!ach number the effectlVe center 

or tne probe increases as Ut'l/'"w decreases. 

~: 1S also found out that the varlatlon of the fluid (air) proper­

tles across the probe's face nay be neglected for subsonlC flows. 

Finally. the posslble transverse errors caused by the use of the 

ccnceot'of a virtual or191~ for the turbulent boundary layer was lnves­

tlgated and found to be negleg1ble. 

The developed correlation equation. Equation (5.5). 1S restricted 

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

5ubsonl c frees tream Hach numbers. Furthermore. thi s corre 1 at· on equa­

tlon is restncted to Preston-tube measurements carried out at MSA­

~~es Il-ft TIIT by mean~ of an oval-shaped Pltot-probe whose height and 

aspect ratio are 0.0097 inches and 1.8, respectively. 

The ten-deglee cone under study. which is referred to as the AEDC 

Soundary Layer Transition Cone, was mounted on the nose ~f a McOcnn~ll­

Jc~glas F-lS alrcraft and tested 1" fllght dur1nq 19i8. The procedure 

developed herein for analysls of the wlnd-tunnel tests lS expected to 

be applicable to the flight data. ThlS work lS currently being ~er­

':onr.ed by another gradua te student. When tit; s carrel a ti on becomes 

3~d,~ab1e. 1: wll1 be poss1ble to conpare it w1th :he wlnd-tunnel c~rre­

lat10n and thereby def1ne an "effectwe" unit Reynolds number for the 

11-f: TransonlC ~1nd Tunnel at NAS~ Ames. This new method is needed 

:eC3JSe :-:e c1assical nefin;t1CI' of a t:.Jr~ulence ':act:)'!"' for 'til":: ::.111-

"e15 (e.g., ?oce and Harner (1:]) 1S inva~;d when \·.,'>0.35. 
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APPENDIX A 

THE MI~I-BASIC COMPUTER CODE 

The Minl-Bas1c computer code was developed on an Apple~: II Plus 

Computer. The two prlmary reasons'for develooing thlS computer code were: 
• 

(1) to become faw1liar 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 necessary 

1nformation. This gives the user the advantQ~e of obtaining the values 

of d1fferent variables and parameters directly from the terminal rather 

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

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

resented by the flow chart ':>hc~m 1n Figure 19. 

This Appendlx 1S designed to gU1ce the reader through the co~olete 

:urbulent-bounGary-iayer calculations. In order to further clarify thiS 

matter, qun Number 59.634 is used as an example run. The foliowing is a 

step by step procedure that should be followed to complete a turbuler.t-

~('uncar"~/-l:,yer calculation for this safTlple r':Jn. 

1. Use iable ! and find Case ijunber 5 corresponds to ~un :lur.1ber 

59.534. 

1:,' 
~pple rI P1us 1S d :rade r.ar~ of )ppie Comouter, Inc . 
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I START 

I 

IIIPUT PREVIOUS VALUE 
OF CF (,STAII-5) AIID 
Xeq I 

HlPUT X.l, XflP' Cp ' P pt 

CASE NO., ArID :IXT 

CURVE FIT THE L,l.!1IMR 
KEFF'S TO THE CORRE­
sporlD IllG SURF.o\CE 0 I S­
TANCE 

F19ure 19. S1~oi1fle,= =:C~'I :"jf: .:: .. :~~ 
3aSiC Ccncu:e~ ::ce 

" • I ~ 1-



YES 

OBiAHI THE mVISCID 
BOUrlDARY CONDITIOfIS 
FOR CALCULATIOrl OF 
TURBULE!IT BOUrlDARY 
U\ YER 

OBTAW THE FREESTREAH 
MID EDGE FLUID PitOPERTIES 

OBTAIN cf (ALLEN). Xeq' 

XC, i' :;, .-'rID HIITIAL 
VEL. PROF:LE 

flO 
RELOCATE VIRTUAL ORIGIrI TJ 
OBTAHI A BETTER ;;STIHATE 
OF cL ~T TI1E ~tATCH ?Or::T 
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PRHlT OUT THE :IECESS:'RY 
I:IFOR~'AiIOII TO SET liP 
STAII-5 

Figura 19. (Contlnued) 
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2. Use the wind tunnel data sheets and estimate the followlng. 

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

b. The Preston-tube pressure corresponding to the ~atch POl nt, 

?Pt = 148.25 Ibf/ft. 2 

c. The location in the lamlnar bodndary layer rsgion that has 

the same Preston-tube pressure as that of the match point, 

X4 = 5.25 in. 
... . I cf (Allen) - cf (STAN-5) I' 

d •• he nlue of XL. - XL_ = XiI? lf I c
f 

\SiAl~-5} . :> 

0.01; othen·rlse, Xl is equal to the location at which the 

wind-tunnel data ends. 

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

a. Obtaln the pressure coefficient, cp' at the match point, 

cp = 0.03755. 

b. Input the first eighty-two X/l values lnto the Mini-Baslc 

program as three data state~ents ln line numbers 25iO, 2580, 

and 2590. Then, input tne corresponding values of edge 

velocity as three-data state~ents in line numbers 2640, 2650, 

and 2660. Be sure not to include the ooint corresponding 

to X/L = O. 

c. Jbtain the value of NXi. ~XT 15 the index correspon~'ng 

:0 the ith (1~i~82) ele~ent of X/l values that corresconds 

:0 t,e 10ca:ion of the ::late, pOlnt. If the exact locatlOn 

of the match pOlnt lS not f~und ln the Wu and Loc~ table of 

X/L lalues, then cheose the ~atch pOlnt sucn that it COln-

cides with the nearest value of X/L ccc~rlng ~ownstream of 

tnat found 1n st2D 2-a. "XT 1S equal :0 32 for th1S sample 

r..!n. 
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~. Run the Min1-Basic computer code. This program will ask for 

some or all of the above informat10n depending on the inout 

option. Mini-Basic has four opt10ns. The f1rst option 15 a 

f1rst-order~urve fit of laminar keff's to the corresponding X/L 

values for the n1nteen cases under study. The secund oP~ion 
I 

calculates the initial velocity profile, and the third option 

calculates the inviscid boundary conoltions. Finaily, the 

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

STAtI-5 run. In order to clarify the operation of the r~ln,-Baslc 

computer code, two sample printout 1s included in pp. 66-71. 

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

optlon four. 

5. Run SiAN-5 computer code and obtain the skln frictlon at the 

match pOlnt: cf = 0.003127. 

6. Re-run the Mini-Basic program, and be sure to let the Min1-Basic 

code know ~hat a ne~ Xeq needs to be calculated. Mini-Bas1c asks 

for tOlS 1nformation. Again, run SiAil-5 and cbt31n C'" at :,"'e 
I 

,_ c.; (Alien} - c ... :5il~I-5) 
match pOlOt: cf = 0.003340 •• 7 I cf(ST~,'J-5) ,< 

0.01, then proceed to step 7; otherwise, go to step E. For thiS 

example, one has to go back to step Sand obtaln ~h~ th,rd value 

of ~f calculated by STAII-5: cf ~ O.?032}8. 

7. Re-run the Mini-Basic computer code, and thlS shculd be t~e f1nal 

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 ~"n1-8as;c CO::1pu:e" coae fJr ~un ':t;rber 59.S:? 1S ;:;reSi:'1tec 
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Z~1~~r~~~~K~(~&K~~~~~~~~~K~~~.l=~lA~~~A 

HEi-:= t S i:-t~ ,,[.11.1 

't - 7HC ctJP'J£ rtT FESUL T'..) I)F i:it:: 
~~Mr~~~ YEF~ VS. (. L 

;-Hr. ;':Cr:TI';L ,.IF-LOLl. i', f :·ur:LC 

4_ OFTIC~ T40 ~~D CPTIO~ THREE 

-----------------------------------~--

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

WOULD YOU Lr~E A HARD COFY? 
!NF UT I (' OF. 'N: '( 
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• ':. ,A" '1( ~ I. X ~ ,l .x '10. ,I :t K'to:.~ 1( , .,. ~ ,..: ~.) ~ • l l( I ~ ~ ~ , • l :; ~ 

'3""'~ ~::GHi t.!,'JE (U~ ',/E ~:CT Lr-- L 'I,I~It1i=~ 

1"':,,:- = 

t1::.~ : 

,~!lIF = 

M: IF ::: 

MD,F = 

HINF = 
HINF = 

MI~IF = 
MINF = 
MINF ::: 

HI~IF ::: 

HINF = 
MI.~'F ;: 

1-:.4 - = 

MDIF = 
HINr ::: 

HINF ::: 

M!HF -:: 

.J 
~ .. 1 " 

• ~I 
o/~ r._ = 

c:-
• .J 

r :: = 
c:-. ..., 

f~4 .:= .. , 
.0 

f~5 = 
.6 

f(6 = 
.6 

t'7 \, ::: 

• I flO· " ... ::: 

.7 
f(~ = 

.7 
"10 

.7 
fal 

.8 
fa: 

.... 
.~ · , 1\ __ " 

, · " I' I .1 .. 
,n 

~' .. a:" \ ... .J 

.9 
f~16 

.9 
fa=-

::Ie" · -

J • .: ~ .;. "' ':; \.,. L. ,.. \ 1 • u u ... at ~ 
r.SFT C-llc = '.! li:rJF:. 24) 
:.05428~X/L ~ \~.~41Ull 

~EFT E-G6 = ~ ~:NF::: J~: 
1 • i J".1 3:' :(,( I L +- l ,) • Ij ~ ~ ~'- I 

~EFT [-00 ::: 4 ~!NF = 411~, 
Ll;'f?34.l1.;(/L '/ \\).0llo-+:'· 
REFT E-06 = 3 QINF::: 357 
1.73699xX/L ~ (0.97296) 
REFT E-06 = 4 QINF = 477 
1.64683XX/L + (0.92758) 
REFT E-06 ::: 5 OINF = 586 
1.Z3162*X/L ~ (0.31371) 
REFT C-06 = 3 O!~F = ide 
1.816?x~!L • \0.91105) 
REFT £-00 = ~ OINF = ~32 
1.o8S53xX/L + (0.8301) 
REFT £-d6 ::: 4 GINF::: ~~~ 

::: 1. -l71 18x,(, L ~ (J. 9"') 8) 
REFT £-06 = 5 GINr::: o~O 

= 1.30.ol36cX/L ~ 

REFT E-06 = 3 
(0.820-1 .. 
QINF = 453 

~ 1.238~X/L + (0.80:14) 
rEt"'-;- S-Ijj = ,t L,I,JF": ~\I: 

::. t.-",;"',-l'·~'"_· \..J.-;~!_ .. ,I 

~E?T ~-~c = 4 a:~F r ::­

:. ... L.'?5732x.{.L .. \1).3''''~,-,c' 

~ErT C-O~ = 5 Dl~F & -~: 

= !.2~L:~~X!L • \J.85::) 
R£FT [-00 = 3 aI~F = ~?_ 

= 2.-IIZ18xX/L + (0.oG91~) 

REFT E-06 = 5 UINF::: 842 
= 1.1 0 198xXIL + (0.74:7) 

~~FT E-Ob = -I OINf = u=: 
r : ~ :.. ~. ,) U ~ -7' ,: I ~ t \ ,) • u ~ : '- : I 

MI~F = .]5 ~EFr £-00 = ~ OINF = ~;~ 
K19 = 1.3133xX/L + (0.-:0:) 
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:~~··~~IX~~~~~~~~k'::~'klk~~~ll~C~£~'k~ 

f~[~ C : 3 ! "1::: IIE.IIJ 
- . - • 4 __ .. ____ .. __ H. _____ ~ _____ • _________ _ 

• - WE J.:'JF.I)E FIT RESIJL TS OF THE 
l ... ~M I.·~::, ;'EC"F V:;. ~{"L 

.... l' It: I~dTIHL ... ·LLllCr:- ( r-l ·Jf IL~ 

J - 1 h[ HI'JI::CI!) f'OUrlpF. l' CO@IT 101', ~ 

1- QF:ICd H~tl ,~"C Cf'nOrl rrW:EE 

. ---------------------------------------
INPUT YOUR CHOICE NUMBER 

I.E. 1,2,3. OR 4 :1 

40ULD YOU LIKE ~ HARD COpy? 
INF" UT . Y' OR 'N' :r 

DO )OU NEED TO SOLVE FOR NEW XEQ(CONE)' 
I. E • INF UT 'Y' OR. ' N ' : N 

INF UT THE Vt"LUE OF XL Itl INCHES : 1'1.6', 

INPUT THE VALUE OF X'1 IN INCHES :5.25 

r~FUT THE VALUE OF 'P~T' IN '~5F :1 !3.:~ 

~PAT IS THE CASE NUM~ER :5 

USE THE WU&LOCK FRINT OUT 
TO INPUT THE VALUE OF 'NXT' :3: 
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• 

~'C~~~~~~lt~r~'~~~~~~J~~,~~,~~x~)(a~)l' 
r:1::: !lJI7Z.~L ')EL2C~T ( r [,'DF:::LL. Gr ;iiE 

"':.!f Cl:LEil7 c GlJrlDr:. f Ln,:::;: 

1 

3 

'5 
6 
7 
8 
9 

1.) 
11 
12 
13 
14 
15 
16 
17 
18 
19 .. " -, 
::l 

32 
33 
34 
25 
.... - "'~I 

CI!S~. FF'Orl '.JhLL 
\..-7'\~G'+~ 

0.000 

11. -\3-1 
17.237 
23.098 
29.017 
3lt.996 
'11.034 
47.133 
53.293 
59.51-1 
65.793 
7:.1-15 
ie.555 
85.029 
91.567 
98.172 

104.8lt2 
111.577 
t tc""'. 382 
, of c ...... ,:r:­
•• _ ~. _..Jw 

11::.2"3 
15~.:i~ 

169.5;:'1 
186.625 
207.146 
231.771 
261.320 
:: 'i'".,: . • ;" a I) 
3'3:'.3:;: 
390.394 
"151.669 
525.198 
613.-134 
:-le.:l. 

'JELllC;':Y r 
FT c;E:.C 

tl.OOl' 
14:.S:C 
lQ7.'113 
230.319 
253.455 
271.519 
286.382 
299.042 
310.09'; 

328.79') 
3~6.a8:; 

34'1. 345 
351.275 
r"IC- -1:"­
.:Jo.J,.I.".J1 

:;'63.856 
36'i.62~ 
375.10-1 
:20.33: 

... ,- .. 'j ..;). or. ~ ... ~, 
-ItJ J, • :.? f': 
4O).3.n~-:;, 

'110. :-:'4 

435.336 
H6.255 
'158.402 

" = - . IJ : " 
503.361 
52:::.687 
543.61-1 

c--, - -. .' 4. _ ... 
, -'- .. ' ... _ 

-. • ': oJ. 
\... ... - .-
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O;:G:UAl ;:,',GE 13 
OF rCCR QUAL"f 

:~~X~~l:'=~~~~~~~~~XI'~~~~~~~~'~~"'~~~ 

I:J'JI3CID c:.OUi'lDr, I COrIO UION3 

L 

6 
7 
8 
9 

10 
11 
1: 
13) 
1'1 
15 
1·:; 
1:-
1:: 
1t; 
~o 
~1 

,...., 
.. ,J 

~­... , 
:3 
29 
30 
31 

36 
]7 

st.::-,f' ,iCE DIST. 
fT 

0.0833 
0.11 0': 
G.1"j71 
O. ! "'19 
0.2328 
0.:;-06 
0.3085 
0.3'163 
0.38'12 
0.4221 
O. '1599 
0.~?;'9 

0.5356 
0.5735 
0.5113 
0.649: 
u.:S71 
o • ;.:: 'l'~ 
0.76:8 
0.3006 
O.e:~5 
L1 • .37<,3 
(I • ~ 1'12 
0.°5:1 
0.Q:;'i9 
1.\):73 
:..u~:S6 
1.!O:;~ 

1.1'11'1 
1.1792 
1.:171 

1. :c:3 
1.3306 
1.3685 
1.4064 
!. • '1~·lZ 
!.. :: 1 

F::.ulU3 
Fi' OJ( 1 ,) u 

O -.~ ., -
1.U3 
1.30 
1.0'1 

.. Z.u~ 
2.35 
2.68 
3.01 
3.3.1\ 
3.67 
-l.0t) 
4.33 
'1.66 
'1.9 0 

5.32 
5.05 
;5. 18 
0.'31 
6.0·1 
6.9? 
7.:U 
;-.o!)3 
-- • 'j.:;, 

8.':; 
3.02 
8.?5 
~.2J 

;. ~ 1 
9. :;l4 

10.:7 
10.00 
:r..~: 
" ~ 
J. ... _":: 

11.51 
11."2 
12.:5 
1:.58 
- - • --:! 

I::DGC 'JE:L. 
FT I 3E': 

63,.'1;"0 
639.6;)0 
639.730 
639.8,,0 
03;.9'0 
6;0.1:0 
6-10.:50 
6.1\0.380 
6.1\0.510 
6-10.6-l0 
6'10.7i0 
6'10. 9 00 
641.030 
ooll.100 
6·-11 .Z·10 
:;,"B. '120 
.:JH.S::'u 
.:;,-H • .:J30 
6H.810 
6'11.940 
6'lZ.070 
o-l:.:Ou 
':;'1:.3.30 
,:;-1':.'100 
612.570 
,;)':.7;:U 
oi2.S50 
0'1:.9';0 
0~3.11l1 
6ol3.:40 
6'13.370 
6-: 3.50 I) 
o43.6~lJ 

~"'3.760 
':'''l3.890 
0-14.0~1l 
,:d~.lS0 
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THE VALUE OF THE 'XEO' IS = 1.~~a; rT 

THS VALUE OF X-INITI~L IS ~ 0.0833 rT 

THE VALUE OF CF(ALLEN) = 3.:iOE-03 

INITIAL STATIC PRESSURE INPUT 
TO STAN-5 = 1~35.22 FSF 
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.==:A~~~~~~~~~~~:la~~:l~~~~~~~~X~~~X~*~ 

HSF,E '::S :HE MENU 

1-- T! Ie CUV\',JE F~ -;- \':c'3UL TS GF itlE 
LAMiNAR vErr ~S. X/L 

~- OF'iIJtl 1'-/0 .. ,,10 OF'TIotl nir:.£t: 

INPUT YOUR CHOICE NUMB~R 
I. E. 1, Z, 3, OR ., :.q 

WOULD YOU LIKE A HARD COpy? 
INPUT ' 'f' OF. 'N' : Y 

DO YOU NEED TO 30LVE FOR NEW ~EO<CONE) ~ 
I.E. INFUT IV' OR 'N' :,' 

---------------------------------------
INF'UT 11-1E ~','LUE OF 'CF' :0.003:'33 

THE VALUE OF 'XEO' IN 'FT' :1.:Z7: 

"HIFUT THE VALUE OF XL IN INCHE:S :32.1)0 

:",Ci "rilE • .... iLUC OF ~- 1,'1 iNChC:~ 'I::" ~ ... -
.-,.~-

I~ii: UT TrIE VI~Ll.J[ JF ,I, (r"1 F' ) IN IrICi1E.3 : 1'" • v; 

t~ruT THE V~LGE OF cpo :0.03:55 

INFUT THE VALUE OF 'PPT' IN 'PSF' :1~a.:6 

WHAT IS THE CASE NUM~ER :5 

~;.:: T'lE \.lU&L,JCi: r F.r.1T cur 
TO INFUT THE VALUE OF 'NA1' :32 

- -_ .. _---- - ~-- -



,. 

OR!G!NAL PAGE IS 
OF POOR QUALITY 

"lo. v:' r (~Y'" \"< 7: 1(" r." n . .x l(:1:'X": ~ Pt,,; x.('). ~A"':': i.:{ ~.)..\,::; 

~.I: ::-':r:I.!tL ' .. 'SLC''::i·' :::; tH 1 :L: cr -;- t 1: 

4 

6 
7 
B 
9 

10 
11 
12 
13 
111 
tc:; 
16 
1:-
18 

~ .... --' 
2b 
27 
28 
:9 
:e 

33 
34 

. ~'.'r.~'~IL.::."i 1J\,)~j~t[,,·'1 ~ .... ::r" 

::::: T. F~'iJ~ ~JAL~ 

FT: J. (J '+-o 

a • 0 IJ 0 
b.C):-3 

l:::. -11:! 
:0.218 
27.093 
3"1.036 
"11.049 
48.132 
55.280 
6:.51:: 
o~'. 80 9 
77.180 
801.62-1 
92.143 
9°.i37 

10;-.-107 
115.153 
122.977 
130.800 

e" :0 ,", e:'" 
J. oJ.,:j • .J • ...J 

lc8.202 
!a:.l3:'; 
198.3-13 
218. 0 07 
242.977 
271.862 
306.523 
3~8.!.ll 
....... ~~ I·: 
oJ "'-1'1""_ 
457.92-1 
~:9.797 

616.0-16 
:"19.5-1~ 

I.'ELJC!.i 1 

~ -". ::.E'': 

(J • ;) J J 
.t51.i·j~ 

205.~-1d ' 
237.845 
260.616 
278.396 
293.025 
305.435 
316.363 
326.03.-
33-1.700 
3~2.733 
350.075 
356.896 
Jo3.:7~ 

367.277 
3i-T.95~ 
380.350 
38S."!o,! 
:. r:ol) ... t-_J 
':'~Lj. 1:;:, 
-fOG.:551 
-10,).c)od 
-I 1:~. :'j6t:: 
"l:'1.3.!.5 
-1:9.°77 
439.034 
450.381 
462.330 
47'5.,S<l-
_':..J,~ • _ --1 

50;-.J8\ 
5:5.01Q 
546.207 
5of:.:-o--1 
co...... • .. -"'_.I!." 

v.J '.i. ~._l 

;3 
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~=~=X~C~X~21X~t~~~~~~A"'~'~~"X~'XA~~~ 

JII'JI3CI;) ;:GUI~cr"l' CGilDITIOrlS 

• " 

!) 

7 
8 
9 

10 
11 
12 
13 
1'1 
15 
16 
17 
18 
19 
'20 
21 
.,~ _ .. 

30 
31 
32 
31 
3,1 
~.,. 

j.J 

36 
37 
38 

Sl.:r-.F ·.eE IjI':7. 
FT 

0.u333 
0.10;3 
c .1Hl 
o.!a:o 
0.21i-; 
0.2.577 
0.2956 
0.333~ 

0.3713 
0.-1091 
0.'1.1170 
0.'18'19 

O.56()6 
O.59a~ 

0.6363 
O •. 57'11 
0.7120 
0.7'199 
0.7877 
0.8256 
0.863'1 
LI. ? 0: 3 
u. '3': 
!J. ':--0 
1 .tH·l:; 

1. 0':;> Co 
1.1Za'l 
1.1663 
1. 204Z 
1.Z&rZO 

1.3550 
1:3Q3'l 
1. 4313 
1.46~Z 
1 '..:1)-0 
1 • 'j.l .; 
:.'::::-
1. :: jt, 

1~~OIl.J'3 

FT.:100 

ll.7Z 
It. ~: 

1. .::; 
1. 158 
1. ,1 
:.Z'l 
Z.57 
2.90 
3.23 
3.56 
3.89 
~.zz 

'1.55 
·1.3a 
5.Z1 
5.5~ 

5.87 
6.Z0 
6.53 
6.86 
7.19 
7.52 
. ... '35 
O. l3 

3.84 
~ • 1;' 

:; .5tl 
'1.83 

10.16 
10.'19 
10.a: 
11.15 

11.:31 
lZ.14 
1Z.'17 
12.'30 
1:.!'3 . - . 
J._' .. ..: 
4 '"t .. -... ..: . .., 
:4.:: 

L('I':;~ 'J£_. 
FT,'SEC 

al(J.~~l 

,:dll. ;)""u 
6'\0. :7u 
0'*0.;1.';) 
,:dl.-O,jU 
6·11.10Cl 
6'l1.:10 
6'11. 'l20 
641.550 
641.680 
641.810 
641. Q 40 
0'1:. UjO 
642.:00 
6'lZ.3JO 
64Z.'160 
642.590 

6'IZ.850 
6,Z.160 
0'13.110 
6'13. ;::-\0 
,:)~'::. Jill 
!) I~': .: IJ.I 

~ IJ. ~ :IJ 

~~3.,-~\J 

643.'3:u 
0"'1. U':O 
04'l.150 
644.360 
644.530 
6'14.700 
!l~4. 2 4(! 

0';':.0-1 J 
.:145. ':1:1 
045.380 
645.550 
6-15.730 
~"ls.~e.} 

!) !~ • \J-': 'J 
~l!).:: ... 

--_._--- --

;4 



-
,- . 
... .1. .,.­
-.J_ 

..,.­

.j, 

~8 

59 
60 
61 
62 
63 
6 -1 
65 
66 
67 
68 

Cft:2!r~AL PAGE IS 
OF PGeR Q'JALITY 

.!. • ~:>5~.5 
1,~~~: 

1. -:;"1: 
!.7~:O 

1. S099 
1.0477 
1..385':; 

1.0,1~ 

1,'1~~ 

: • 11:: 7:) 
:. 07 ~'; 
:.!1~;­

:.1:;()~ 
:. !'89~ 
~.2:63 

2.26-12 
2.3020 
2.3399 
2.3777 
Z. '1156 
:. "1535 
2.'1913 
Z.529Z 
2.5670 
2"::10'17 

i oJ. IS 
1 I -:; 
.. I. 1\.0 

:':.11 
1',). -1'1 
15.--; 
16.1U 
L..:. ·IJ 
16.:-6 
! - • J '; 
1;' • ,I: 
• - -0:­
J. I • ~ ..J 

t ~ ,',-: 
.'_' \1"-1 

1 S • -1! 
16.7<+ 
l~.ui 

19.'10 
19.73 
20.06 
20.39 
20.7Z 
21.05 
~1.38 
Zl.i1 
22. 0'1 
22.37 
22.70 

';"T(;> _..:.': \I 

0~16.alU 

0-17. I) 01 0 

.0·17.3:1) 
~47.5:l3 - ... -. 
~., I • 

0'13. C ,.I!j 
~-i5.:=! 
:; I;! , '1- oj 

!loOTS. j;. l 
~;3t:tJ': 

~ .. 11 • ~ ~!. 

oj·i7,..i31 
o;;J,.::.Il 
041, '1 U 1 
650.171 
650."152 
650.742 
651.052 
651.372 
::151. -0': 
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result in a cf at the ~atcn point that is withln 0.50 ~ercent 

of that calculated by Allen's correlation. Runnlng ST~H-5 

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

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

Run the :nodificd STArt-S comoute" code to cbtain the values of 

k ;f 310ng the surface of the cone. Tne total ~restcr.-tube eo 
~ressures downstream of the ~atch pOlnt at about one-hal; lncr. 

lntervals of surface distance must be input to the modified 

STAN-S computer code. 

Obtaining the values of keff concludes the turbulent boundary layer 

calculations. 

A cOMplete llstlng of the ~lni-Basic computer code is presented on 

the followi~g pages. 
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UEXT I 
tOa DATA 11,lQ,S,4,~,:,t,E.!:,o.-,1 

. " . _ • J 
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D~ = tI'I('I(,(X'('('("O(,(XXX'(XXX'(~l-': tx-,:)(..: '" 
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C.~'ij, .= 'I ________________________ --

-------______ 1. 

230 SS:: 0$ 

-: ~ - I r I 
.... _. j 1- I_I 

~-- -- -~- -.-.... ------~--- ~-------- -

I 

ii 



L.. _ 

ORIG!NAL PAGE IS 
OF POOR QUALITY 

- I ~.I.-_ 

, - I j. • 

280 

~ I p,I.:r 2t: I 
[- r 1.: 'IT " 

rliJr,:la-;L ; 
rPINT 09~ 
-,,_... ... ... __ .... J.. 

~I'IT : 
l·h,l~lr 1':'­
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I. : .. 111 If 

i'"; : ,r : 

I 'I .. r L. ~ '1-

r,C'::UL -.:, u 

. .; . .. , - . 
-::l~lr ":'- I,:, !..1!11t, ':L.!...uC1-" 

'=" :::NT : 
r'f'nn "J- THE Itl':~3Clt: EOIJN()~.· .:.J 
NDITIONS": 
PRINT 
PRINT "4- OPTION THO AND OPTION T 
HREE" 
PRINT 
FRINT 

• • 
u·~'S : 

F,lrlT 09 t 
:;IJ F'FINT 

F F.rNT "IHr'wT YOUF: LHOICI:. Nlh"E£;;.": 

, I 

1:'lVER5r:: 
II'lr IJT .. . , .... 
NOF-MAL 

1. =.. 1,: I ::, :r 

:: .. H _ I 

, • I" . , . 

: : I~ 1-:= 'J:::' ~ I ~ : ;; _ J l , .. I 1 - : .~, 

1..1 1 ::. '~I 

THEN 
GOTD 360 

340 110~E: 

FLASH : 
:~;::ED= :JU 
:.'- l(~ i "\o~ .......... ;\..=: 
:; -1 t' : 
NORMA... : 
SPEED= ::'5 

:;::l ) F f, !,JT : 

,J\... I _ 
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~JO;:.(1t~L 

.!F '. ,: l 

THEN 
HG.1!:: : 

GUTO :80 
390 HOME: 
40 0 IF (V 1 :: 1) ~ 

THEN 
GOTO SSO 
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1, If U 1 • .., ~,. " 

"·llt .!ai'lL) '-~. I' .. ~ 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
410 REM CHECK TO SEE IF 
420 REM ITERATION IS REQUIfiED 
----------------------------------430 H$= "DO YOU NEED TO SOLVE FCF. 1'1 E4 XE:Q(CONE)? " . • FRINT T1$: 

INVERSE 
" INPUT 

:1I;T1>: 
I.E. INPUT 'y uR . ~ , 

NORMAL : 
PRINT : 
IF (T$ ""(" AND T$ "N'" 

rt,E~1 

hOC"E : 
GoJTO '130 

·HO F'F.IMT D9£ 
450 IF (Ti = "1") 

THEN 
INPUT "INPUT THE VALUE OF 'CF' 

";CSF: 
PH NT : 

: II; ex: 
F"F.INT 

460 IF (VI < > 1) 
THEN 

DIF t!T "INF UT THE VALUE CF \L !oj 

> -----. £~-­.---- .. -----
-----------
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\J ::Jf':1ES : II ; \. "'1" 

F ;:.!~J7 
!:IF U7 ·':.Jr IJ- ill( ',,'';LJE v= 
.. 1'; . . _. . 
f Pl:.'IT 
:IJF tJ- tlIlJr'j7 idt: '",'':,LJ'': Jr r t- o 

~I ~"'r . 
I : f""" ;-.- ... , . 

rr.:~a 
:wrUT "HHAT IS THE C';SE rIUIlEEF. :. 
; I1: 

500 
Z3 = F'9(Il) 
PRINT 
PRINT "USE THE HU&LOCtC PRINT OUT ... . 
DJf'Ur" TO INF ~T TH[ \.'~LUE ':";F . 
N:<T" : It ; ~I {T 

~~~~~~~~x~~xx~x~~~xxxxxx~~xxxxx~x~x~~~~ 

510 F.EM ALL THE INF~T 
5:~ F.EM INrarMATION IS OCTA:NEO 

531) pr{IN7 09$: 
PRINT 0$ 

5-10 HOME 

r: :::.1 
FE.i 
F.E." 
F.EM 
F.EM 

FE";L ~~L .:: I I'~­

--'''''' 
r :3 • :C :'1 
I"':U':;,,(f, S EClrl. 
FF I~ THE ~[COVE~) 

;:.-;,C,O); 

600 F.EAD R,GC,GAMA,8,K,P,RF 
010 DATA 53.J5,3:.1i ol ,1.-l,5.,.41,.5, 

i.: ~ 0 

~~~XXXX~XXXXX~X~(XXX~1X~XXX~'XXXX~A~~~A 

630 REM DO NOT F'~INT THE 
.~·'\O FE'1 t~EFF vs. ;t/l 
o~ FEM:F:r 13 N~T ~:rE~ :~f 
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LlJ! 

... L \ .J; '" r ,'I i ,E 1 \ '.' ~ • .; J .J ,; J ' 
.5' :" IC::lI.lIl; 

Nl(~) ~ tNT 'Hl~J) ~ LJJCO~ , 
.S) / 101l00il: 

NEXT J 
700 FOR I ~ 1 TO 19 
710 J ~ P9(I): 

IF (A1<J) ~ 1) 

THEtI 
COTO 7JO 

·:0 INVERSE : 
f'''INT .. MINF ::I .. : MUir ( ... " ; " r,Er 
T E-06 ::I ":f\EFr~.n;" GINF = " 
;GINF, ... I) : 

NORht'iL : 
PFUNT .. .," ; I : ,. = .t: E.l , J \ : 
"1CX/L'" (\l":.U\J>:")": 
GOTO 740 

730 INVERSE : 
.- t~ IN T .. ~l!NF :: ,.; l"l::.JF \ oJ' ; \_1 

l E:-u.:. :. ';F\.S'-'-'.J';' ,1':',1 1-,,: 

:ll!Nr\~, • 
~IOr..Mt"\L : 
fRIrH " ,~ .. ; r:" = " '-.&. \ .. 

"1)UL + \";';1\,J':")" 
-40 NEXT I: 

PRt iI: 
END 

;50 GOSUE: 2~j30 

,oil 
7,0 
780 

F.EH 
REM 
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CAL:UL~rION OF lNE f~E~ 
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t150 
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SelF, ~MSE) -
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860 REM KAx(TINFAZ)+KBxTINF+KC=O 

870 KA = (1 I (2 x QINF(Z3}» x ( saR 
(C';MA ~ ~ x GC:> ~ (:.2,E - 03> 

• LMI~F(:3\ * ~ErT':S).: 
I~E = - 1: 
I~C = - 198.6 

880 OTA = KB ~ 2 - (4 x KA ~ KC\: 
TINF = II / l2 '!( I{" I: 'I( ~ - 1:[ ~ 

S(lR ',DT'; \ > 
8°0 IF (TINF, OJ 

THEN 
TINF = (1 / (2 x KA» x ( - KP -

SClR (DTA' \ 

: j F :::r1 C;':"""'~JL ~I r: _ rJ _Ie tJ -;- I~IE:--
;10 rEn H:f\ r'f OF:::PIIES 

r.:~ TTL = nI1IF> i( {< \ ',MINr,Z::) " -
~ ~.~> x (GAMA - 1/) ~ 11 

930 TE = TTL 'r( ul + (.:: X nSE.1) • 
1 \ 

"40 UE = (ME) I( l SCl~ (C';MA x G:: Ie r, 

950 
Q60 

REM 
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i .: -:: :.'1:" .. .. I .. ~ 
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I\.:'" I .: T j:- h(. : 
1 \,j) = 1 ri~ 

t~:O FOR I = 1 TO J: . -, 
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E (:) = 
( lO • 

C(Il = 
NEXT 

\2.':7:'.. t .. ~ '-\1: ' t.:'; I 1~ 

- S) : \ fl:' ..f. 1':8.0 .• 
B(I: 'l(l;C, h(!): 

~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

1040 REM CALCULATION OF CF(ALLEN) 

1050 HPT = SOR (2 / lGAHA - 1» ~ ~( 
tPF'T / P£j .. ,(G~r'lA - 1) .' GAM.;} ~ 

- 1» 
1060 UFT = SOR «1 + «GAMA - 1) X ,M 

E ~ :) / :» I (1 + «GAhA - 1) ~ 
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OED = .0075 x KEFF I 12 
1080 RO = eUE x OED) I (eel» 
10 0 0 Ft = CA(Z) I A(1» ~ C8l1) lee:' 

: t ED 't UF T : UC: 

.x: ·1''t'*.~'.,,'l(;).'1(>J(''':l\~;,.:r:''l'' "':l"';""";';'~ ~"":: 

t!JJ FEM ~~ C~LCUL~-:~N OF F~ ,. 

1 L 1 'J F3 = LOG l F 1) I LOG, 10' : 
F, = (,01:39) :t: ,F3 ' .:) + l.7:',~f 

) lC (F3) - .'1723: 
F2 = 10 ., F-'l 

t< ,~. l l ;; '( ~ ) ~ • 'J. I( l " I (oX" .. I" ;r ~ .. II: lP. " "':1' ::C ... } • -, , ). 

t:.::o rSr': I.K :&Jt) ~f" ~.: L,.,L. ·X 

1130 Z1 = (S(l) / ~(~» ~ nO x l SOR l 

A<:) ,I AU») 
11ol~ CF" = (F': " :::1' , ., 
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t!~E PC:! :~Eu(F.P.},:~~(HCOtlEJ, ••• 
:'!'-IJ FEd o. ':::i = :E_~ .:-.f-ol 

...... :; 
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UE \ : 

[ ... 
-I I. '.' ..... .., • . .. . ..... 

' •• ~ c .) r1 I :. 

X~J~~(~l~XK~~K~K~X~~l~~"~K~~~~l'KkX~~~ 

1:10 ~E~ .z ~C=XE0(C8NE) A~ 

t::o XC = (2.Z08) ~ ~XEQ) 

*Xxx*x**x*x*xxxxx*x**x**xx*xxxxxxx~xxxx 

1230 REM xx XO=XCOHE-INITIAL *x 

1:40 XO = XC - .5 / < COS (THETA» - ( 
H I (1: K l COS (THET~») 

~~~X~XX~XXXXX~X~~.~XAXX~XXX~X~X~~~AX~Aa 

1:50 REM SET THE :NITIAL 
t:&O REM STATION or STAN-S 

1:70 IF <XO ~ 0) 
THEN 

XO = 1 / 12 

.. ' ~ J t .,:( ( • t l:J( K:J "1('" ~ t ~ .. " l ..... ~ oX, , ll. , ,.. \., ~ : • , , 

1::.!1) REh 0. :...::;= !;::~~. F. F .) - :.l:- :.:'L .. ' 

1:7'1 LG = (! / :.:.:>J> t XI) 

X~(~X~~K.x~.KXXXXxX~xXwaKXX.X~XX~.~~l{._ 

1300 REM xx LF=CF(~NITIAL) xx 

l3!'J LF = (CF~ • dXEO I L!: ..... d 

~~-~'~~K~XlxKa.x~~AA~~X~KA~~k'~A.l'~~~" 

13:0 REM xx L~=LAhDA\~EF.} ~& 
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',IE :=-I: 

1400 :4 = 0 

xxxxxxxxxxxx*xxxxxxxxxxxxxxxxxxxxxxxxxx 
1110 REM X(I) IS THE SURFACE DIST~NCE 

1 ;I:C ;\EI1 y ~ Ii .... -.I.::' rHE CG[,f.::::Jt= tJ,It:'':~IG 
1130 ReM L;'~IINAr t~EFF 
l·HQ REi1 DATri OBT.UNEO FROM 
1~::0 F.EM HOR.~ DONE 
l'''u'j FCI1 E'Y 
1-170 REM REED AND AE.U-110STAF;' 

1~83 FOR I = 1 TO 153: 
READ x (I> , Y( I) : 

NEXT : 
O~ .... ~ 4.S,.:o~,~,.--~.~.5 •. 
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J1~,~.t.~~~,f.S.!.!J:.5,1._~~,:.: 

.1.L!a,o,1.163,o.3,1.:5i,~,1.:E~, 

7.5,1.:0S,3fl.2:3,o.5,1.:J~,-,~.: 

28,;-.5,1.:53 
1a 90 D~TM 8,1.~80,8.5,1.3u, ~.1.3: 
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!~.! •. o-:.5.~ .. =::.c.!.lC~.~.~._. 
'~~,~.~,1.L:~._, •. L~:.o.~,1.1o:.­
:.:1-.-.5,1.:~,~,t.:-S,~.5.:.:~ 

S5 
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ORIGINAL PAGE .S 
OF POOR QUALITY 

U~'rl L.2?3.?5,t.~JJ,lat!.31·,~ 
j .::;,1.: 32,o.:=.;, l • ) :.9, -; ,1. J 50, I.:' t • 

. 1-~,C,l.J?-.2.5,1. ~1),~.!.!.:2~, 
~,l.:al.·.~,l.:B:,~t_.:li,o.~,_.~ 

:?,~,l.36~,9.5,1.393tlO,l.i~:,:~. 
5.1.~2:,1!,1.~:~,o.5,!.J~1,7,1.J5 

C • -. 
,-t, ... 

~,~ 1.Jl~,~.5,1.2~~,5,1.Jil,3.S,~ 
.~ll,~tl.i~1,~.5.1.~o~,7t:.-~~t~. 

~.1.03:,7,1.1,7.S,:.1~,2,1.13~,~. 

:: • : • 15~ , 5.3.1 .1:'2, b. ! . 1.::.:, . ..} . ~, _ . ~ 

S~.~,t.:OSt-.5.L.~:B.~,1.:~~ 

~~-~ 7,1.Oc7r7.5.1.0B8,8,l.:_~ 

,~.S,1.13:,~.5, .973,5,.996,5.5,1. 
009,o,l.O:3,6.5,l.O:9,B,1.a:1,5.S 
,1.035,9,1.057,9.5,1.069,10,1.061 
,10.5,1.088,8.S,1.1~9,9,1.176 

1540 DATA 9.S,1.~03,10,1.ZZ9,10.5,1. 
250 , 11 , 1 .283, ~ 1 .5, 1 .314,5, .911 ,5. 
5 .. 9:3,6,.0.16, ... "",5, .95 0 ,-1,1.015,":', 
~,1.03:,5,1.032,5.5,1.)ol,o,1.~;7 
,o.S,1.1a8,~,1.tZ?t7.5,!.1~7,a,:. 

16, G.5, 1.17,5, .8ba ,5.5, .38,0, .5<>8 
,6.5,.911 

15050 

1590 

. , 
J 

REn ISOL~rE ihS DATM 
~En CF DIFFERENT CASES 

FQF J '" ~ TO :1: 
r~ E ~;., .: ... I.' ,.., ..... ( -', : 

NZ;­
CI':''7 .:. 
,5:,5~,oa,b~,O~,75.70.=J,al,~l,=i 

,q5.9o,la:,la3.1J7,L~S.tlS,ii-,_: 

i.l!8.1Z:,l:3.1Z8,1:q,135,136 •• ~i 
,1~O,149.15Q,153 

FOR J = 1 TO 21: 
hEAD MINF(J),REFT/J),GINF(J): 

tJEXT J: 
:H7,.:. .~.::.::c~, .~,.1,..:;",- •• ~.:, :::-, 
.5,..: ,":J -1, • ~, .J., .... j _" • ~ , ~, ~-~ , • - , : . :; 

50,.7,3,;~a,.4,~.~03,.~,3,~~o •• 3, 
4,:20,.4,:.5,396,.7,4,538,.8,4,01 
7,.E,4,6G5,.8,5,701,.8,3,453,.9,3 
,.19:2, .?,5.8,:, .~5,'l 
C~7~ ~~3,.~:.~.~·~ 
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ORIGlNAL PAGE 15 
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~J\G~ \5 
QR\G\NJ\\. .... ';f 

\i 0 

l,-!J If ".)pr=:-.:.. 
'j ,-\I;:rJ 

FeR • ..1 :;:. 1 T .... 0 .. ... } 

THE:I 
FOR J = :3 ,0 Z3 

y~~~:~~~:2X~~&W~=~~~,:~XX~~~~3~~X~AL~~~ 

1~3~ ~C~ ~SE ~~E ~PG~E t~7~ 
:~!~ SE~ A~D OST~:N TH~ 3.L-
:~5~ ~E~ CU~~E FIT 

lv60 

1670 

1680 

l.!- r; 'J 
17~~ 
17-:'J 
17!:0 
1730 

17-10 

,!.-;:o 
1700 
1770 

. -,':" . - , 
"0 

1- 0 -

... ~.JJ 

Sl :: Q: 
s: = Q: 
53 = u: 
S.!\ = 0: 
FOR I = HGCJ) TO HJ(J): 

51 = Sl + XCI> : 
52 = 52 + XCI> .... z: 
53 = 53 + XCI) Jt YCI> : 
54 = 51 + yeI> : 

NEXT I! 
MH\J) = MJlJ) - ~G(JI ~ 1; 
ZZ = nHeJ) ~ 52 - lS: ~ :> 
Bl(J) :: e(MHeJ) ~ S3} \51 

:tC 5q» I ZZ: 
Al(J) = (lSZ ~ S4) - l31 ~ 
53) ~ / 

NE:<T J 
IF (Vi .:: 

THEN 
RETIJRtJ 

-~. _ ..... 

> 1) 

3C:7 u;-' T'I~ rt--i"'t~:::r: 
:F IT IS AS~ED rc~ 

t~C;i 

rEi'! 
~EM 
:;'EM 
~EM 

7HE I~TERFACE EGAr~ 
IS t!.SSUMEO TO EE 
IN SLOTH 

IF (PS = "Nil) 
THEN 

;::ETU~~I 
· ... c .... 
I ..... 1 
PRINT CHF,$ \ 'it) ; "bIlW' 
PRINT 
F'RINT 
PRINT 
:- '= ':rJi '::i-:r. t , :: \ ; , 0 . 
cr :,":7 
~ .: :r.J7 
r:.=. -t.;r: '". 

37 
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ORlGlNJ'L PAGE IS 
OF POOR QUALITY 

~_~~~ll~_:tXlX£~~~~l~la'2~~~:~~~~~~~~~. 

~'::} f,[ 1 C"L\J~L":-rOrl 2F T .. 1E 
.f -: 1 I c.... I:~::: r' ::r1L - J~ E U,-":r,tT 
~:: ,~ F.~:- ')EL~,'::' 7, ;:':; S:-:L:::: 

i8>!) IF ·.r!> = "Y") 
TriEr) 

.~K.~,.~~a~:~~a~x~~.~~~.~~~~a.~xaxa:a~a 

• :~., E:::M USC:';: J.?LJC: ;.: [SUL rs 

7Hn~ 

'rU = xo: 
\oJp = XC 

1870 GOTO 1900 

xxx***xxxxxxx*xxxxxxxxx*x~xxxx~xxxxxxxx 

1880 REM REF. TME 8.C'S 
13?~ REM TO THE V.D. 

lC'QO HOME 
UV = 0: 
XG -= HF' 

FO~ I = 1 ~Q N~EAF: 
,:~I) = ~:(I) + XG: 
R(I) = X:(I) x l SIN \THEr~)}: 

IF (UI) = 1) 

THE.1 
~l[.~" I: 

~IJIO t t;\.Ju 

IF \ x.: l r} 
ThE,1 

SI := I: 

fU' 

UI) = 1 
1 Q :O NE.<T I 

,---.. -oJ J 

t = t.: .J 

U(I)=INITIAL VELOCITY PROFILE: 
UO=WALL FRICTION VELOCITY 

....... .:- ': • :.. .. " , .. ,< ..... ~ ......... ) 't..a.. , lip ., ~ ,) ... ,. .. ,. ..... 

~.:., £GL')~ -,_,; "-hE ~Ql~ 
c:, ~EL~C:;r Mf ~~E 

FSM :~=::~L STA7:0N 

88 
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ORIGINAL PAGE IS 
OF POOR QtJALITY 

t ~ - ... !: = !3: - i.. 
~G .:. '(\'-'~\~:I~ - IlL :...,1.' 1,,_ 
) - x:'r: \:t ,_tJ - ,_'..,:>1 .. J 
t l :.: ; 

: .~ '~I: ' ..I L.., . ' L t ' I:; • 
UoJ .: UG , L! 

1(0 1) U'l~ = IJ 
:1: tlJ :':1) = IJ : 

: ~:".t ~ .t:J5 ~ L: 

~'r·~~~~'~K~W~~t~llK~~a.~~'~J~)~·a~~~~\ 

~rtG FEM ~ND ;OL~~ FOR :~:Tr~L 
:]:~ ~:~ eDGE ~EL~CIrr 
----------------------------------
:0 ::J -c:" .;: 1I _oJ 

:!C "Ill FOFi. I = .... TO 50 oJ 

::050 IF (I ... = 21> 
THEN 

Z(I) :: Z(I - 1) + 1.010 :It 

- 1) - Z<I - 2» 
2060 IF (I ;- 21) 

THEN 
:l I> = :lI - 1 ", -to ~. :tl ~ 

- 1) - :,1 - :' , 
20:-') IF l-C ... oJ .. J .. 

THEN 
GOTD Z I) 'f 0 

:000 IF (Z\I) , L4) 
THEtJ 

XB = I 1 : 
IS :: 1 

::090 NEXT 
2:'10 FOf: : ::: t ~ (I \J: 

L:J\!.' :: - . L .: _\~ 

tJE: .. i 
:l1il xs - ;w;~ .. ! : 

: <:~3) = L! : 
UlX3) = .. .. 
FOFi. I ::: ~ TO X8 -

21~O 01 ::: l:\I> I: UO) , 
C \ ~) : .. 

02 :: LOG (01) 
:130 03 = 1 / t' • , . 

;)4 ::: f- ., OJ: 
05 ::: ,~ .. .. l!....J,:: 

:!140 uo = \ -t , 'I( ,Lil,I) . .3 ' • .. 
07 :> lo·n x (05 - 00): 
08 = 03 :It 0"· ... 
09 = (03' :Ie lLQ(I' , 

:!' -; 

!.....IJ. ! I \ : 

'_I I - :: L J A 
.. _. \ '-, -' 

/1'Z ~ r 

(ZeI 

,,:\: 

\ 1 -

39 
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c:;:G:rvu .. Pt..GE IS 
OJ! poon QUALITY 

:;- ('",' t = ~ Jfi 
"'I--E,'~ 

I~JTO Z4:,j 

II, . ~ 

..... t • pt ; 

--II~l~X~~~K~(~~(KX~'lll~'~~)._r'l·'·: 

:!~a ~En PRI~T OUT T~E 
Z190 REM VEL. PROFILE 

rH~~J 
';UT1] ::ou 

;lr\K~J~Xt'~~~X~XXL~~~~~~~'~~~~~~&&f~~1 

:21 I) I:.Ei~ CHl:::';:~ ';rJc, SEE Ii=" ,; 
::lJ ~E~ HA~O CJF~ IS ~ShEO FO~ 
----------------------------------
::20 
2230 
22'10 
2250 
2260 

-,..-, 

.::: .J 

PF:t 1 
PRIN-: CHR$ (9) ;"oON" 
PRINT 
PRINT CHR$ (9i;"20L" 
PRINT 0$: 
PRINT II THE INITIAL VELOCIi~ 
F::LE OF idE": 
FFIrH II 

L';YEF:" : 
PRINT 07$: 
PRINT : 
FF.It'tT" D:ST. FFOh I..:";LL 
'JELOCITY" : 
FfU~T " 
FT/S~C": 

- Fr;'INT 
"'"t'" -"I­
• ...... I 

r: • :.J; 

,..- ~ . 
LI l' : • 

FT.t:10·" 

FeF. I = .:. 1G ,3: 
IJ ( : \ :: I:H \ U . :. • 1 C ~.j ... 

/ IJOJ: 
0$\1> = ST~~ ~U'I}>: 
O$lI) = D~(I} + "000000" 

r:E!1 usc sr::: !lJG: TO f',:'r ~; .. ; ~ 
fiEM 7riE 7~E~E uF ~"~LES 

----------------------------------
~30Q :(1) = leI) ~ 1000000: 

F ::;.() 

<c . -. 

Z(I) = INT (Z(I) x 1000 + .S} 
... lO GO: 

..J''' • .. 

90 
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::t:J -- t 1 ~ - • 
_I \ >I" - .. 

:"HE,I 
':0 -0 :.1 ::1 

o~tG:rV\l PAGE IS 
OF POOR QUALITY 

J:: '. 1 .:: oj 

'-r:Ji cur ':dE 
I,)EL. .:·F OF!LE: 

----------------------------------

::: 1') 

7Ht::~1 
''';OiQ .::.!>,) 

FE:1 
RE~ 

CHEet' ~t:C ~:s Ir: ;., 
HARe CuP, r~ HS~[G r0~ 

----------------------------------
2::0 
2230 
2:-10 
22:50 
2260 

PRt 1 
PRINT CHR. (9);"60N" 
PRINT 
PRINT CHRS (9);"20L" 
PRINT Os: 
PRINT" THE INITIAL VELOCITY F:;O 
FILE CF THE": 

-..... -... ___ o.J 

FF.HIT " 
LA'(ER": 
PRINT 09$: 
PRINl : 
f'F.Ir! r" 0:3T. FF.Oh \JALL 
I,'ELOC:T,(" : 
PF.INT " Fi'tC10· ... -:> 

FT/SEC": 
PRINT 
F r :~~T OQ.: 
r F I,~7 
:: ~~::~I 
FOF. I = L ~J :5: 

U(I~ = :NT ~U\!'· -. l~""J ,.. .­
j lull!): 

D.~I) = 5iR~ \U\I'): 
0'$1,1) = D$(I) ~ "00JOOIl" 

xx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~~~ 

::90 ~EM USE S7~INGS TO cO~MAr 
':::-J ::E:t f;-'E 7''=':Lt:: Jt- ..,tML-:C:.:. 

2300 :(1) = :\1) x 1000000: 
.: (I) = INT ~ Z (I) x 1000 + 

f lOaf]: 
~ \ I' = ::'H \: \ : ' ~ : '. . . - -
-t: ..; -- . 

.: , .-

9'. 
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:350 

2360 

::::-'D 

::80 

2391] 

ORIGINAL PAGE 15 
OF POOR QUALITY 

:;: I 10..::: •. t,,:i~ :." = ~ I 

7ti~d 
.: t • : I .:: • ... .: ~ , .: ., II IJ J J J 0 

C! 11.' = J.OO.jU: 
c,~ l ! > =" Q .00 J" : 
:F l U:.J \H'S,I': 

7f4E'! 
t: $ \ r: = I..,.!:. I 1 .. • I) ) J!J I 

:~ , L[~ \H~':.: - ~ 
T!-IEU 

ChI> = " • r l .. t . :; 
I~ , LE, ' ,:-1 ~ , I)' :: 3 I 

THErJ 

,t e J } ~ I 

C ::. l r i = ., " l- C r. ' 1:,. <f" I \} ,J :; 'J ' 
IS = ST"l lIl: 
IF ( LEN (I') = 1) 

THEN 
I$ :: II II + IS 
IF ( LEN (H$) = 4) 

THEN 
C$lI) = L=:FH 'Cl' \ I) ,.::. i 
IF <r = L;o 

THEN 
2400 
IF' ( :~IT l:<I>~ = Z(I)) 

THE~1 

Ct.(I) = .. " ... STU l:,l',. -
.OOOJOOO" 
IF ( VAL (OJ(I» = INT l VAL 
(OS(!) i» 

THE I 

,: ~ :.~ r I' ; : t .... , ,.: L_F;-' . ( : , .:. . .... ,. , . . ,".I. , 

tlEX7 r: 
FF..INT 09$ 

2~10 IF lU1 = 2) 
THEN 

;: r, t \1: 
ENe 

:~:il IF (TS :: ":l") 
THEN 

GOTO 3140 
:4:0 IF (0$ = "~JEl-l'" 

I,' 
I 

92 
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• , oJ ! ,'" - , 
: ... :'t: 

" .: _1;- 0 
::.t I~ 11 
:-1"0 
.:~ . ,~ 

ORIGINAL PAGE IS 
OF POOR QUALITY 

F!:~ ' .... (tl .. ;r·t'f\; I~ ,,','L:' _:l~.'~ 
,;:".1 .'If l-., 1_t .. ~· .. 
R£~ .~·).::NSH.!:Fl 

RPI ('r CHANG':NG NSHIF 1 
r Etl T: IE: E ,: f S U'.'C" ,4, 
r,(,l ~UDEr\ ~HNGL ,:.; ... 
r!::,,: : E !.. Eo ~Er h:"tt:::t 

'::':0 -::C:, HIt: V .. LlJ~ lH" j"UI' MIC' , ~JI;:"1 
;.r:C E,'!.i(C· uri L"r U,lUh':::' 

.:-=,: 'J r~l..ll-' -:: J:J: 
~IS " .N: 
~IF L :: NU.1 .. 1 

~1~~XXXXXXXXXXXX*XXXXXXXXXXXXX*XX11XX~~ 

25-10 REM 
X1CI)aX/L CFT) FROM WU & LOC 

Kxx Xl(I) IS MEASURED ALUNG THE ~ 
XIS OF THE CONE '«'It X::: (I) ='1:. ';LONG 
T';[ sUI\r,;cc GF rilE LOriE 

:ss~ FOfi I r fO NP1: 
FE~DX1\:i..): 

NEXT 

.~~~K~".1X~'X~~~1~~~K~~~~~~~~~~k~1~~~~ 

25.') 11 fiEM X/L OA r A H,UM I'IU So LGCI~ 

s -: C': •• :: :.: ': , .. J ... .. '.! ~ •• ~ .. : _.' , • J t ~ • 

J • ~"1~' : J, .• .:;::::. ,?, • ~ (, ..... Ij .... : ..... _:. , ... .. 

u-1: •• 1~oJ\.,.4, .:J,!)\.J:" •• _l-J~, • __ -: ... . 
':.1:-:-,. _~;W35, .'::5--:', • ':~.-'~l1 •• :...·...,tJ 
•• :ti3:4,.;~S41 •• :)SS2 

:~\,,11) QAr:. .31374,.':::S·l'l,.J30'J.- ,() ... ~.J 
9Z30, .35939, • 3695~, .37970, • 3U?8.:.., 
.-101101 •• 'Uil16, .4:::1131, .430-+0, .4-'llb 
0, _~~lli4 • • 'lbIlS<;' , .471113, .-W:lb •• H' 

t :: : •• : v ~. : • • ': • . -- , • .:;: 1 .- lJ , • ':.. ", .. : t 

.c:;.;t~~, .::!": I", .:c __ ~, .:-_ .. -;: .. :.w_ ,_ 
, .~J:5~, .oll:o", .~!::-., . ....,::SJ, . ...,~.: 
°8 

:570 OATM .04308,.65310,.663:8 .bi337 
•• ~83~o, .t-0;~..l •• -J:'''o:'~ •• ;-l.~.-l,. -:: 
-.- - .......... - ." ~ 

fII. ............ \. ....... __ ",' ___ " 

.-.-~- ... 

... J,J 
~ '- .. 
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ORIGINAL PAGE \5 
OF POOR QUAUTY 

-:,r. .: :.. 1 70 fir 1 : 
.<:. : j :: \ :<1. ( : • ~ ·i..l.:';) • 

co::: ,Tl-!E~';. 

':'~_'J F')F. I = .:. 1 L r1P1: 
::E':'O U1'.n! 

~'E :-

----------------------------------
__ .~ ~IATi; ~:~.3.:,.~:-'5 . .:::,.:;,36.3:,~:';-.::; 

.o:-.7i.o3G.2l,~~a.o5.b:o.~~'~~ .. 
J9,o3?~1.o~u/e~o.:&,o40.54.b-V.-
5,o41.01,o~1.Zi,oil.46,641.~o,~~1 
.87,o~~.07,64Z.26,6~Z.45,642.63.6 
42.81,042.99,643.17,643.34,643.51 
,6~3.69,643.86,644.0Z,644.15,644. 
36 

2650 DATA 644.53,644.70,644.87,645.04 
,645.Z1,o~5.3e,6~5.55,645.73,6~5 . 

. DO.~46.0E,b~6.:0.~46.ii,040.o:,o1 
c.31,6ij.u~,6~~.19,6~/.J9,647.59, 
64~.79,648.00,648.ZZ,64B.44,b~8.o 
7.o4e.90,6A9.14,6~9.S3,649.64,o49 
.o~.o50.1~,650.;5,b50.74,651.Q~ 

2~6a OAT~ b51.37,651.7J,052.01,o5:.~~ 
,65:.79,b53.1~,b53.6Z,65~.Q7.o5~. 
55,b55.05,o55.60,o56.18,656.81,b5 
7.~9,658.Z2,659.03 

Z6~a ox = J2'~XT' - ~Z(N~T - l' 
- L ~ \ il~ .. :- -i:)'J -= l':\ ... 

.:-): U,-:: \JL :1 •• :-

2-lu "F= = N=T • ~Srl 
':7:C ~JF.E';F • .:: tJUr, 1- NSi-I .. 1 

~'X~~X~~~~(K'A~(~X'*1'~l~l~XX&~X~1XX1~~ 

2730 ~EM NT=NTOT 
----------------------------------
~~AO NT = NUM ~ NSH ~ NSH 

~7~~ REM NXT1=N1XT 
----------------------------------
2760 N1XT = NXT + 1: 

FOR! .:: NIXT ~O NUM: 
,1- _ 
"- - - 1'1 :' I 

,-.- -
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ORIGINAL PAGE IS 
OF POOR 0' 'A'-ITY 

':-S0 rt~;:'::" ~I ... \ i TO 1:1I., 
• r : ',: .. rl.: d) = ,i. ~" " ~.: -

, ,-
, •• I ' 

I'" ~ ~ \' II _.-t I - .",,': 1 .. I I ,1' ~ ~ 

:U \ TI!t:T'; ~ I 

U t \ I ... rJSH ~ '" lJT \ r' : 
NE"'-

.:.~ •• \J Fill- I :: 1 (I rJf"r: 
... 1 .: ~JFr., t t - :.: 
,:\.J :' ,",1' - l~ - :' • l,: 
F l J' -: ,,:' ,). J, S::l \ 1 HC' r~ , • 

: 11 ' ,..I. '" lI,~ T - ~: - 1 \ T . ...t .• 
~IE'<'T 

:~~~ FO~ r ~ ~~E~R fO NT: 
,2,I> = ':(1 - l' t ~x: 

R(I) = XZ(I) • SIN ,THETA): 
UlCI) '" 0: 

NEXT 
28"10 HOME: 

RETURN 
:850 F "INT 

r F\ lrJT 
':8,:,0 Pf\INT 

PRINT 
HTAB:O INT \ LEI~ CO:"'. ':l: 
PRINT 0:': 
FRINT 
FF'INT 
INPUT .... ;Cr. 

1'11)IIE 'j '. . 
.:...:. I) 

:;r::'1 
:: ~l~ 'a L=\~r~N-~ ~(~( .~ 

... t"\ ,- ... . -" ) r :::.-

: ~ ~ \l '\ N = ,:; .. \' L F , C .3 t''' I 

~~~.~~X~~~X~~'~'I'X~XlX""~'IIXlla'lll 

:Q10 REM ~x NE4 XEQ<F.P.)=NF 

:Q:O NF = . N / :.268 

~ 1 • 1 \ I '{ 11" ..... II II" l"( I. 1 I: 1 III I':. • l"- , 1 , l 

(1 NEW '(CUNE-1NIrl~L'=NL II 

:Q~IJ tiC = ~ ~I - r , 
\ CuS ~THCTH\ - ..... .J ,.. 

\ - • \ L. 0< . ~ c· • - "- .~ 
-, \. if 

- L1E~J 

,·'C = 1_ 



;r--- -

:,~~,~ r EM 

ORIGINAL PAGE IS 
OF POOR QUAlITY 

3'OGO 
301'l 

F'::M :xx C';l.. LiELr;"I.JliIAL. ';.X 

~EM ~x ~E~ L~MDA ::. Nl ~. 

3020 Nl = SGR «2 * A(Z» I (NA x A(l 
) ) ) 

~XXX~KX~XXX~XXXX~XXXXXXXXXXXXXXXX1X~~X) 

3030 RSM ~x NE~ DEL7;'(~EF.)=~~ 

-.: ~n : 
f'J4 =: N3 ,). tC\':') 't( Nl / 1 \ 

3050 L1 = til : 
Lo!! ::. tJ'1: 
HOME 

3060 AS = "NEu": 
YU = ~IC : 
Lip : 'N! 
c,.:~:_ c· r . . . - J 

.. :":'nt _ • ,"1 _ ,'-
I \ \ 

I ., = C'v~ 
_w ....... i - ::::.) ~!. - L. - I .. :" .,. r 

"( t~ 

L4 = L3 x lC,:) : Ll I U6\ 
309') F F..Ir~­

PRINT : 
F'RIN7 : 
H7AE:0 :~T l LEN tD:" 
F 0; -'1 - i:;: ~ . 
H ::~r; : 
PF\INT : 
IF (PS = "N") 

THEN 
~I:F'...!I .111:1 
-: ,t.: 

,.. . 

-, . 

,-
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:..8-;'~.j r iiC 
.:: .. .;.( ttl-':j 

• - - - .. r" I .. -
.. ..) l • M"- .... .": 

:t.:'; ~L.1 

3130 F.:::M 
SE-I iir' 1 HE :- i'\Irl1 EF 
IF :r IS ~S~ED fO~ 

i:-IEN 
,~~ro .:ll :,] 

;'-=1 t 

j::~O FF'INi C:,F..I> \Q.·;"::IlL" 
3190 IF lVi = 1) 

THEN 
GOTO 3380 

3200 HOME: 
PRINT 0$: 

- F'F":INT II INVISCID E'OmJC F.. ~ co 
tIC·ITIotlS .: 
F" r· I~T D .... ~: 
FRINT 

3:! 0 F RINT" SURFACE 01S1. 

3::"·! 

3~30 

EDGE VEL.": 
FRINT " 

FT/SEC": 
PF..INT 
PRINT DC'S: 
PRINT 
F'f.'DJT 
:::0 = :':oJ 
J := .J: 
FGF. 1 = ~_ 

IF \ 'I.: \ ~ \ 
THE~l 

NEXT I: 
cora 3330 
J = J + 1: 

FT 

. -. _. 
i 0 ~IF E,; ;. 
s·)) 

XZ(SI - 1) = {U: 

FTJ(loju 

.. 

1\ (Sr - i' :: 'C \ '31 - 1.' w \ 2: J 

t "rIJET;' \ , : 
Ul\SI - 1) := UG 
XZ(I> = INT \1000~ ~ x:\!) ~ 

.5) I 10000: 
~(I) = ~(~) ~ 100: 
r ..... _ 

-' -

• : : :. if = I,~ 
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3280 

3290 
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.. - - -.. . \J . : '- ~ ..., I .'-; 

'Jr. ::: :;.~ 1> \ .,_, r: . 
~ .. .:: -~ f- I .. ,i. ~..:. .. : ~ .. 
~.t :: S r;:~ l- \.Jld:;' ; 
[S :: C-r -+- ":) tI J 0" . -'" . 
. :! :: L~ t- "ullJ} '; 
:r LE. J \ J ~, :: ::., 

lHCI 
...:t ::: ' . +- J~ 

r E~ !3 T:-; :.·~G;'\ ':d,S tJ~ECr 

FEn TO FuRMAT THE ~UM~E~S 

IF ( VAL (0$) • 10) 
THEN 

Os. :: .... + 0$ + "0000" 
IF ( VAL (C$) < 1) 

'THEN 
Ci :: "0" to Cl 

?:GO IF , VAL (EJJ:: INT l VA~ ,Z! 
>)) 

33Z0 

33":;0 

THt::N 
E$ = SrR!> CUl<I») ... ",')0000" 
IF ( '¥'AL (0 ~ .. '" 1) 

THEN 
OS:: ST~$ (i>(I»: 
OS :: .. 0" + O~ + "0000" 
IF ( VAL CDS) ~ 10) 

Tt-'EU 

_ :~r,H ' I; LC::= 1! \. C:.. t C ' ; 

" . , 
; LEF"f" r· 

NE(T 
F'F.INT 5$: 
PRINT D9'S 

L':FI~ ~Ci,~':" 

r- E.1 CE:T nI~' 7J;[ IiIIT::':' ... 
3TnTI;: FF.E3SUF.E 
INPUT TO ST.:IN-5 

~390 EPI = «(1 + \.2) ~ CMINFC:3' ~ : 

:: 'oj 

\, ' , i 
~ .... . 

= 

... \.: \ ,. ,( Ue. • :. 

_."'. 

• -Tt 
... 1_ .:..' .:. 

_ J • 



ORIGI.'VAl PAGE IS 
OF POOR QUALITY 

----------------------------------
PR:~IT ~':.l> : 
.:r,Pli D;; ~ 

IF ~Tr. - .• ~J" ) 

r:-lEN 
~IC .: ,(I) : 

~U - '-~ " .... 
;,N :::: ZN. \ .,tl "). UIJCO 

00: 
NC :::: niT ole .l 10UUU 
00: 
XH$ = STRS CXN): 
NC$ = STRS (NC>: 
IF (XN < 0) 

THEN 

.. . ~, 

.. .:J' 

XN$ :0 "0" +- XN<S .. "00000" 

t !j ~ 

!IJJ 

3'15·J IF (XN 1: 
HEN 

XNS :: XNt. -+ "00000" 
3~~O IF eNG , 1) 

3"1";"1) 

3490 

-..,., J 

3500 

THEN 
NG!> :: "0" 4-

IF c?le • , 
THEN 

NCS = NC$ + 
PRINT 
PF INT c;-r;. s 
CF ~:: .; -:: , 
FF':n c,:;~: 

r-~:N' ".HE 
:::: "; LEf7t 
PF nIT D~ ~: 
PF.INT "THE 
= "; LEFT$ 
PRINT 09$ 
PRINT "THE 

Ne!> ~ "UuOOU" 

"000000" 

( ill . : 
{.:F' 

'';~dJE \J;:- T,'':: 
~"Nl>,.:>~;" fT"; 

VALUE OF X-:NITlN~ l~ 
<tICf>,6);" FT": 

VALUE OF CF(ALLE~) = 

F~:NT ,. INITIAL :=,;-,;,:'-: .-t:~::'_i_. 

RE INPUT": 
FRINT .. TO STHN-5 :::: ";EFI 
;" F SF" : 
Fr:!:,n u.s 

~::.' ;-"'_.1' ~-:: 

.~ -. . - ,... . 

99 
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:r: 'IJ ;:\(r 
3~4~ ~EM COMFUrE~ LODE 
----------------------------------
35'30 END 
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APPErlOIX B 

TABULATED VALUES OF TOTAL PRESiON-TUBE PRESSURE. 

EFFECTIVE CENTER OF THE PROBE, ArID SKHl 

FRICTION COEFFICIENT ALONG THE 

SURFACE OF THE CorlE FOR 

19 CASES 
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Case ::0. 

:10. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
!8 
19 
20 
21 
22 
23 
24 
25 
?'" ~O 

27 
28 
29 
30 
31 
32 
33 
3.1 
.~ 

36 
37 

rABLE I II 

PRESTON-TUBE PRESSURE, EFFECTIVE CENTER 
OF THE PROBE AND SKIN FRICTION 
COEFFICIE~rr ALONG THE SURFACE 

OF THE CONE FOR RUN 
NUMBER 29.440 

= 1 XMP = 0.3767 ft Xeq = 0.7008 ft 

Xc X 0 Ppt keff Cf X106 

ft ft pst 

0.7015 0.97734 3758.2 1.3834 3470 
0.7422 1.01804 3754.9 1.2957 3432 
0.7843 1.06074 3752.5 1.2462 3410 
0.8263 1.10217 3750.5 1.2136 3360 
0.8697 1.14554 3748.8 1.1878 3346 
0.9113 1.18714 3747.7 1.1854 3300 
0.9548 1.23064 3746.4 1.1725 3288 
0.9961 1.27194 3744.9 1.1536 3240 
1.0391 1.31494 3743.9 1.1479 3238 
1.0796 1.35544 3743.5 1.1650 3202 
1.1216 1.39744 3742.4 1.1508 3190 
1.1647 1.44054 3741.8 1.1605 3164 
1.2050 1.48084 3741.1 1.1633 3136 
1.2467 1.52254 3740.5 1.1667 3134 
1.2892 1. 56504 3739.8 1.1556 3100 
1. 3331 1.60894 3739.1 1.16n 308.1 
1.3;85 1. 6494.t :738.7 1.1677 3078 
:.41.19 1.5907.1 3737.8 1.1667 3046 
1.4t;74 1.73324 3737.5 1.1810 3042 
1. 50(J~ 1. 77674 3737.0 1.1818 3028 
1.5502 1.82604 3736.7 1.2017 2996 
1.5909 1.86674 3736.4 1. 2108 2998 
1.6323 1.90814 3736.0 1. 2167 2984 
1.6743 1. 95014 3735.3 1.2093 2958 
1.7174 1.99324 3735.0 1.2227 2950 
1.7550 2.03184 3734.7 1.2301 2948 
1. 80C6 2.07644 3734.3 1.2358 292d 
1.8461 2.12194 3733.8 1.2435 2908 
1.8870 2.16284 3733.5 1.2494 2910 
1.9285 2.20434 3733.1 1.2499 2900 
1. 9704 2.24624 3732.7 1.2529 2880 
2.0133 2.2891.1 3732.5 1. 2662 2370 
2.0::-1 2.33294 3732.J l.2792 2374 
Z.10l5 2.3;;"34 3732.3 1.29.18 2862 
2.iJ6J 2.42224 3732.1 1.3122 2844 
2.1858 2.4616,1 3731.8 1.3162 2838 
2.2259 2.50174 3731. 7 1.3273 2842 
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Case ~Io. 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 ,-.J 

15 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

-! ;0 
31 
32 
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TABLE IV 

PRES70N-TUBE PRESSURE, EFFECTIVE CE~T~~ 
OF THE PROBE AND SKIN FRICTIml 

COEFFICIENT ALONG THE SURFACE 
OF THE COrlE FOR Rml 

:-lUMBER 61.636 

= 2 X:1P = 1.3183 ft '{ = 1 4481 :. eq • • , • 

Xc Xo Ppt keff 105 
cfX .. 

ft ft psf 

1.4684 1.3386 2298.36 1.9050 3576 
1.5096 1.3798 2295.79 1.3269 2990 
1. 5514 1.4216 2295.08 1. 7484 3199 
1.5943 1.4645 2293.65 1.65001 3088 
1.6328 1.5030 2292.94 1.6212 3108 
1.6774 1. 5476 2292.23 1.6032 3080 
1.7172 1.5879 2291.52 1.6032 3062 
1. 7580 1.6282 2290.09 1.5896 305<1 
1.7996 1.6698 2289.80 1.5348 3058 
1.8416 1.7118 2288.95 1.5425 3036 
1.8846 1.7548 2288.81 1.5234 3020 
1.9286 1.7988 2288.52 1.54.11] 302l 
1.9668 1.8370 2288.38 1.~533 3011 

2.0054 1.8756 2288.09 1.5573 2996 
2.00147 1.9149 2287.81 1.5750 20-, .0_ 

2.0849 1. 9551 2287.38 1.5863 2922 
2.1257 1.9959 2287.10 1.5843 29 i S 
2.1668 2.0370 2286.95 1.5917 2962 
2.2085 2.0787 2286.81 1.6098 2946 
2.2511 2.1213 2286.67 1.6284 2941 
2.2945 2.1647 2286.53 1.6447 2942 
2.3383 2.2085 2285.67 1.6608 2933 
2.3825 2.2527 2285.53 1.5368 291.!. 
2.4276 2.2978 2285.39 1 --". .o:;c- 2902 
2.4659 2.3361 2285.10 1.6788 2901 
2.5125 2.3827 2284.96 1. 7023 2902 
2.5515 2.4217 2284.81 1. 7152 2892 
2.5989 2.4691 2284.67 1. 7375 2Q--_/tl 

2.6473 2.5175 228~.39 
.. --,..,. --'-"" 
... 1 :~': , ......... 

2.6223 , --~- 228.1.:0 !.7:E: ..,-~-
_.=::o~ ,~ 

2.i29i 2.5999 2283.53 !.7.lS: ,,!"\- ... 
~:I ... 

2.7714 2.6.116 2282.?6 1.7356 .... -,.~ 

'co'.,; 

lC3 



Case No. 

~.:o • 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 , ~ 
_:l 
1 ~ _0 ,-
.1 

:8 
19 
2C 
21 
22 
23 
24 ,--, 
2E ,-_I 

28 
29 
30 

'! 

TABLE V 

PRESTON-TUBE PRESSURE. EFFECTIVE CENTn 
OF THE PROBE AND SKIN FRICTIO:I 

COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RU~I 

rlUMBER 60.635 

= 3 X:~P = 1.3250 ft Xeq = 1.3586 ft 

Xc Xo Ppt keff Cf X106 

ft ft psi 

1.3691 1.3355 1348.3 1.4802 3196 
1.4091 1.3755 1846.2 1.4282 3178 
1.4500 1.4164 1844.0 1.3798 3160 
1.4918 1.4582 1842.6 1.3579 314~ 
1.5346 1. 5010 1841.2 1.3340 3125 
1.5783 1.5447 1839.8 1.3114 3110 
1.6231 1.5895 1838.3 1.2896 3094 
1.6688 1.6352 1837.3 1.2799 3076 
1. 7156 1.6820 1836.5 1.2758 3060 
1.7633 1.7297 1835.5 1.2587 3046 
1.7998 1.7662 1835.1 1.2735 3032 
1.8495 1.8159 1834.6 1.2854 3018 
1.8874 1.8538 1834.3 1.2959 3008 
1.9389 1.9053 1834.1 1.3108 2992 
1.9915 1.9579 1833.9 1.3341 2978 
2.0452 2.0116 1833.2 1_3356 2962 
2.0862 2.0525 1832.9 1.3~65 2952 
2.1279 2.0943 1832.5 1.3567 2942 
2.1702 2.1366 1832.5 1. 3745 2930 
2.2132 2.1795 1832.3 1.3905 2922 
2.2569 2.2233 1832.2 1.4074 2912 
2.3012 2.2676 1831. 9 1. 4193 2902 
2.3462 2.3125 1831.5 1.426~ 2892 
2.3918 2.3!J82 1331.2 1 • .1.104 2882 
2.4382 2.4045 1830.5 1. 442<1 2872 
2 • .1852 2.4516 1830.4 1. 4563 2862 
2.5329 2.4993 1829.9 1. 46010 2856 
2.5814 2.5478 1829.4 1. 4674 2846 
2.6305 2.5961 1828.8 1.4703 2936 
2.6803 2.6467 182d.4 1.41307 2828 

lel 



Case ~Io • 

110. 

1 
2 
3 
~ .. 
:; 
6 
7 
8 
9 

10 
11 
12 
13 
101 ,. 
.::1 

~6 
'7 
.1 

:8 
~9 
20 
21 
22 
23 
24 
,,-
-~ 

26 
27 
28 
29 
;0 

~ 
~, 

32 

T,~au: 'II 

PRESTON-TUBE PRESSURE, EF=ECTiVE CE17E~ 
OF nE ?ttCBE ';iW SKI:I ~RrCnml 

COEFFICIENT ALOtIG THE SURFACE 
OF THE CONE FeR RUN 

:1UI.,BEtl 25.3 i5 

= :1 X:-,p = 0.9867 ft ,( <:>1"1 -.., 
;: 

Xc Xo ?pt I<eff 
ft ft psf 

1.3732 0.9888 2481.5 1.5635 
1.4110 1.0266 2477.2 1.4669 
1.4594 1.0750 :471. 7 1. 3431 
l.4990 1.1146 l468.7 1.28;-: 
1.5395 1.1551 2465.8 1.2385 
1.5809 1.1965 2463.1 1.1923 
1.6232 1. 2388 2461.3 1.1705 
1.6663 1.2819 2458.8 1.13.1j 
1. 7103 1.3259 2457.4 l.12!2 
1.7553 1.3709 2456.1 1.1135 
1.8012 1.4158 245<1.6 1.0982 
1.8480 1.4636 2453.1 1.0849 
1. 8838 1.4636 2452.3 1.0803 
1. 9:23 1.5.179 2~50.2 1. aSS2 
1. 9818 1.59n 2449.5 l.GoC! 
2.a1S6 1.5352 2<1-!8.7 :.C56: 
2.0708 1.626.1 24<!7.<1 1.04:2 
2.1099 1.7255 2445.0 1.027: 
2.1630 1.7786 2445.5 1.0353 
2.2035 1.8191 244:;.0 1. CAl 3 
2.2445 1.8501 2444.4 1. 0438 
2.2862 1. 9018 2443.3 1.032:-
2.3285 1.9441 2442.7 1. 0322 
2.371<1 1.9870 2d41..! 1.023:-
2.~14S 2 .~EC: Z;JC.3 :.~O;-
2.4591 2.07ol7 2439.9 1.0125 
2.5038 2.1194 2438.7 1.0007 
2.5493 2.1649 2438 . .1 1. 00i3 
2.5953 2.210S 2437.5 1.eOli 
2.5.121 , 2~---- '::: 2!3i.3 :.J:::': 
2.5395 2 ~",., 

• .:l.,:;! 2':37.3 ., ""?:-
.... 1....-..". 

? -~--_.1':"0 2.3532 " ... .., -.-j,.,:, 
. .....,--
•• t" .. /::: 

!.3711 : .. 
10 

106 
c:.(. 

I 

3024 
3C08 
2988 
?07' 
-.." .... 
,953 
2945 
29:2 
201 -~.O 

2902 
2283 
23,:1 
2862 
2S5:) 
2333 
....""" ..... 
':::.:.'-... ,," , !::.=--
22QJ 
2:-9': 
2-;0 
-~-" t...IJ 

2i52 
2752 
2'':6 
?~::: 

"'1--"" 

2;20 
27 :2 
2:-::6 
27:l,] 
1-\.01 ..-

~:.:: 
"'1 .... - ... 

':::I~ 
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Case No. 

'10. 

1 
2 
3 
.1 
5 
6 
"7 • 
3 
9 

10 
11 
12 
13 
11 
,-
.;) 

.:J . ., 
11 

18 
19 
20 
21 
22 
23 
? 
-~ 

25 
26 
27 
28 
29 
;0 
3~ 
.~ 

" 
~ 33 

3~ 

$ TABLE 'III 

?RESTON-iUBE PRESSURE, EFFECiIV~ C1:.:IT:~ 
OF THE PROBE AND SKIrI FRICTIOn 

COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 

NUHBER 59.634 

= 5 \!P = 1.2243 ft A,=: = 

I.C X ? pt k",:; 0 _I' 
ft ft psf 

1.1483 1.2274 1565.7 1.4538 
1.1909 1. 2700 1562.8 1.4067 
1.2304 1.3095 1559.7 1.3478 
1.2706 1. 3497 1557 • .1 1. 3159 
1.3121 1.3912 1554.6 1.2669 
1. 3547 1. .. 338 1552.6 1.2399 
1.3982 1.4773 1550.6 1.2185 
1.4430 1. 5221 151!8.4 1.1884 
1.~a38 1.5629 1547.2 1.1775 
1.5253 1. 6044 1546.3 1.1818 
1.5679 1.6470 1545.0 1.1733 
1.6060 1.6851 1544.3 1.1699 
1.6502 1. 7293 1543.5 1.1759 
1.5897 1. 7688 .:.5.12.7 1. 178.1 
1.7302 1.8093 :5.12.3 1.1862 
1.i714 1.8505 1541. 9 1.!9.l5 
1.3131 1.8922 15.11. 6 1.210.1 
:.5557 1.93<18 15.11. 3 1.2253 
1.8994 1.9785 1541.0 1.2380 
1. 9436 2.0227 1540.5 1.2A63 
1.9885 2.0676 1539.9 1.2519 
2.0279 2.1070 1539.6 1.2650 
2.J882 2.1673 1539.3 1.2844 
2.:290 2.2C81 1539.J 1.29:0 
2.1703 2.249.1 1538.9 ' ,. -.. 

Jo ..... J.:;. 

2.2124 2.2915 1538.6 1.3293 
2.255<1 2.33.15 1538.3 1.3,l05 
2.2989 2.37BO 1538.2 1.3573 
2.3.128 2.~2l9 lS3i.6 1.3639 
2.387.1 , "':~:: _.-1..1 __ ~::,~ k 

.6..J ... O.w ' -:r::~c 
•• ..,f_ ....... 

2 . .!:30 z. 512: l536.3 1.3702 
- ,-o~ to. -I _ C. ? --~-_.:J:Jt:j ,;:-:- c ___ ::J.w .. ""-,. 

•• .)I-~ 
- ---8 !:.:~: 2.50<19 1535.2 1.3S~2 
? ---, 
_.~ I oJ l 2.6522 153.1.2 ' ,-,-_.w.~c 

le6 

1.1452 ft 

cfo< 105 

3286 
3264 
325€ 
3222 
3208 
3198 
31611 
3160 
3146 
3116 
3104 
3102 
3078 
";r'::-_~_o 

3060 
2C'B 
3024 
3010 
3012 
2994 
2972 
2964 
2962 
2946 
2928 
2920 
292.1 
2912 
289.1 
2'=<:::' 
,c:;r 
_owU ... 

2378 
"0'#-_ ... 00 

2950 



Case ;10. 

;10. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
!2 . ~ . 
-~ . , 
.~ 

-~ 

16 , -.1 
18 
19 
20 
21 
22 
23 
~ , 
t.-
25 
25 
27 
28 
29 
.~ 

-. 
32 
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TABLE: 'II II 

PRESTON-TUBE PRESSURE, EFFECTIVE CE:m:q 
OF THE PROBE AND SKIN FRICnO:1 

COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 

NU~'BER 23.346 

= 6 Xi-\P = 0.9975 it x,~q = 

X 
C Xo Ppt keff 

ft ft psf 

1.4674 1.0033 2092.6 1.5060 
1.5072 1.0431 2087.5 1.4118 
1. 5479 1.0838 2082.7 1.3236 
1.5895 1.1254 2079.0 1.2688 
1.6320 1.1679 2075.6 1.2165 
1. 6753 1.2112 2072.6 1.1781 
1.7196 1.2:,55 2069.8 1. 14C9 
1. 7648 1.3007 2067.6 1.1202 
1.8109 1.3468 2065.6 1.1028 
1. 8580 1.3939 2064.1 1.0919 
1.8939 1.4298 2062.6 1. 0765 
1.9427 1.4786 2061.2 1.0n8 
1. 9924 1.5283 2059.8 1.0663 
2.0432 1. 5791 2058 . .1 1.05.10 
2.C949 1.5306 2057.1 1.Q3.!7 
2.147i 1.6836 2055.1 1.0253 
2.1860 1. 7239 2053.8 1.0212 
2.2289 1.7648 2052.8 1.0256 
2.2704 1.8063 2052.2 1.0195 
2.3125 1.8484 2051.1 1.0133 
2.3552 1.8911 2050.0 1.0097 
2.3985 1.9344 2049.1 1.0057 
2.4425 1.9784 2048.1 1.0021 
2 • .187! 2.0230 2047.1 0.9886 
2.5323 2.0682 2045.7 0.99J6 
2.5781 2.1140 2045.3 0.9996 
2.6247 2.1606 2044.8 1.G015 
2.6719 2.2078 2044.3 1.0015 
2.7198 2.2557 2044.0 !.01C9 
2.762.! 2.;C,13 '1""'11-: '" -. ................. I.CO:: , ~'-f; 2 ~-~~ 20~2. 7 ~ ~.:: ... _. oj.1 ~ • '::.j:J .... "'" .. ..,~ 
2.2575 2.,1C35 2042.3 ., "", ... •• \"i_._ 

1.4616 ,:. , ~ 

Cf Xl05 

2968 
2954 
2938 
2924 
2910 
2896 
2882 
2868 
2852 
28.10 
2832 
2818 
2aN 
27 90 ,---I ,-- ~ 

2750 
2-~~ l:Jw ,-." -I-~ 

2733 
2730 
2no 
271<1 
27C5 
2695 
2690 
2682 
267.1 
26iO 
?~~~ _::c.:. 
...... -. 
...~= "'" -- _"'" 
.....~ , , 
~~--

• • 



Case '10. 

'10. 

1 
2 
3 
4 
:5 
6 
i 
S 
9 

10 
11 
12 
13 
14 
.~ 

~:: 

:6 , .. 
.' 

IS 
19 
20 
21 
22 
23 
24 
~-
,,~ 

25 
27 
2S 
29 
30 

------- -

(. , 
TABLE IX 

PRESiON-TUBE PRESSURE, EfFECTIVE CENTER 
OF THE PROBE AND SKi~ FRICTiON 

COEFFIC!ENT ALONG THE SURFACE 
OF THE CONE FOR RUN 

NUMBER 40.547 

= 7 X;"p = 0.7750 it Xeo = 1.1229 ft 

\ X
J 

Ppt keff Cf X106 

ft ft psf 

1.1260 0.7781 2578.8 1.3423 3002 
1.1679 0.8200 2568.S 1.2006 2998 
1.2107 0.8628 2S57r5 1.0055 2964 
1.2510 0.9031 2552.7 1.0096 295() 
1.2922 0.94-\3 25.17.4 0.9575 2940 
1.33U 0.9865 2542.5 0.9174 2912 
1.3736 1.0257 2538.S 0.8873 2910 
1.4135 1.0656 2535.3 0.8602 2892 
1.4542 1.1063 2533.1 0.8531 ..., ........ 

to.:::oo 
1.4915 1.1436 2531.6 0.3469 2864 
1.5342 1.1863 2529.6 0.8383 2352 
1.5777 1.2293 2526.7 0.8230 2826 
1.6225 1.2746 2525.3 0.8208 2824 
1.6683 1. 3204 2523.3 0.8108 2S11 
1.7148 1. 3659 2521. ;- 0.S07.1 2:-90 
i. iS75 1.':CS6 2520 . .1 O.S03i 279C 
l.SOC9 1. .l53~ :51?C 0.79i9 ..... -~? to/O_ 

1.3450 1.4971 2513.3 0.8036 2762 
1.8845 1.5366 2517.5 O.S07l ?i::7 .... -
1. 9249 1.5770 2516. :- 0.S077 .,-c; -

~I";C 

1. 9715 1.6237 2515.9 0.8104 2744 
2.0132 1.6653 2514.9 0.8109 2n5 
2.0558 1. 7079 2514.2 0.8126 2722 
2.0993 1. 75!.! 2513.5 0.8135 2724 
2.1432 1.7953 :::512.3 0.8165 2712 
2.1879 1.8400 2511.~ 0.3181 2~96 
2.2337 1.8858 2511. 3 a.a210 2592 
2.2736 1.9257 2510.8 0.8175 2694 
2.3139 1.9660 2510.0 0.8241 2584 
2.3S-l7 2.aCE8 25G9.6 0.9299 2570 

10~ 
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Cdse ~lo • 

'10. 

1 
2 
3 
.! 

5 
5 
7 
S 
9 

10 
11 
12 
1 ~ 
.J . , 
.~ 

:5 
~ 

17 
lS 
:9 
20 
21 
22 
23 
~ . -
~-_:l 

26 
,~ 

-I 

23 
29 
30 
oJ. 

TABLE X 

?qESTCN-TUBE pqESSURE, EFFECTIVE CE'HEi\ 
OF THE PROBE AHD SKI" FRIC7IO~ 

COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 

NUMBER 58.633 

= 3 <'JP = 1.2063 it (e::: = 

Xc Xo 
p 
ilt keff 

ft ft pst" 

1.2282 1.2104 1350.0 1.4172 
1.2686 1.2508 1352.5 1.3443 
1.3100 1.2922 13~9.4 1. 3010 
1.3527 1.33..19 1346.5 1.2603 
1.3962 1.3734 134~.0 : .2311 
1.4359 1.4181 1342.5 1.2262 
1.4767 1.4589 1340.0 1.1883 
1. 5182 1.500..1 1338.4 1.1781 
1.5605 1.5427 1336.5 ' , ..... -, • .1.0.)1 

1.6097 1.5919 1335 . .l 1.1518 
1.5~85 1.6307 1334.1 1.1537 
1.6937 1.6759 1333.6 1.1578 
1.73.l3 1. 7165 !332.3 1.1561 
1.7753 1.7520 1331.3 1. : ;-.16 
: . .31i7 1.7999 !331.3 i.lS8.! . "" ... ~, 
... !:ot,.; ... 1.3425 1330.3 1.2033 
:.n70 1.5992 1330 • .l 1.2075 
1.9489 1.93i.1 1330.0 1.227.1 
1. 9940 1.9762 1329.9 • 1""'1 ....... 

L._J/:l 

2.0334 2.0156 1329 . .1 1.21156 
2.0737 2.0559 1329.0 1.2565 
2.11..16 2.0968 1328.7 1.2730 
2.1559 2.1381 1328.6 1.2921 
2.1977 2.~799 !328.4 1.3012 
2,2.lC.1 2.22~5 1328.,) 1.3165 
2.2840 2.2562 1327.9 1.3346 
2.3250 2.3102 1327.7 1.3388 
2.3725 2.35.17 1327.6 1.3588 
2 • .1177 2.3999 1326.9 1.3598 
.., " ..... 0 
~."O.)_ 2.4461 1325.1 !.3~22 
""I -- __ 

_.:'cc 2.5CC2 ... ...,e: .... 
,J.:. •• .) 

.. .... - .. .... "':. 

110 

: .2~·11 ft 

c"x10 
:) 

• 

3236 
3206 
3182 
3178 
31-+5 
::128 
3125 
310.1 
3080 
3078 
3062 
3034 
.3026 
302J 
~GC2 
295': 
"Qq? ..... ""' .. 
29;--1 
"""" ... , 
t..:':J_ 

2938 
293 .. 
2932 
2918 
':5gS 
2390 
2894 
::88.l 
2866 
2552 
2S50 
2:~S 



Case No. 

No. 

1 
2 
3 
<1 
5 
0 
7 
8 
9 

10 ,. 
." 

:3 
1:' 
15 
16 
Ii 
18 
19 
20 
21 
22 

• 

• 

TABLE XI 

PRESTo/I-TUBE PRESSURE. EFFECTIVE CErliEi 
OF THE PROBE AND SKIN fRICTI01I 

COEFFICIE'T ALONG THE SURFACE 
OF THE CONE FOR RUN 

:-lUHBER 70.725 

= 9 XHP = 0.9767 ft Xeq = 2.5189 ft 

Xc Xo Ppt keff '06 
CfX':' 

ft ft psf 

2.5224 0.96019 1754.3 1.2495 2536 
2.5631 1.02089 1751.5 1.2043 2530 
2.6042 1.05199 1745.9 1.1035 2525 
2.6457 1.10349 1741.8 1.0391 2622 
2.6876 1.14539 1738.4 0.9868 2616 
2.7301 1.18789 1733.2 0.95Q.t 2512 
2.7730 1.23079 1731. 5 0.9218 2608 
2.8163 1. 27409 1729.4 0.9034 2602 
2.8601 1.31789 1727.1 0.8775 25CO 
2.8981 1. 35589 1725.0 O.S5 1 S :59~ 
2.9423 1. 40059 li24.: 0.34.!7 2590 
2.9880 1.44579 1723.2 0.3325 ,-" , 

-::~-

3.0271 1.48':89 ! 721. 5 0.321.! 253Cl 
3.0666 1. 52<139 1721.5 0.30.!7 .!=/~ 

3.1065 1.56429 1720.S 0.8019 2572 
3.1535 1.61129 1719.8 0.7955 2558 
3.1941 1.65189 1718.8 0.7875 2564 
3.2352 1.69299 1718.3 0.7873 2550 
3.2767 1.73~49 1717.0 0.7752 2555 
3.3115 1.76929 1715.7 0.7765 ..,--, 

~~:-

3.3607 1.81849 1715.0 0.~7J: ,- .~ 

_::l-':: 

3.4105 1.86823 1715.3 O.il29 ,-., -:: .. ~ . 

11 ! 
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TABLE XII 

°RESTOII-TUBE PRESSURE. EFFECTIVE CE:ITER 
OF THE PROBE AND SKIN FRICTION 

COEFFICIE:H ALONG THE SURFACE 
OF THE CONE FOR RUN 

NUMBER 21.318 

Case :10. = 10 X:.1P = 0.93133 ft Xeq = 1.2813 ft 

i!o. Xc Xo ?Pt kerf cf"lO 
&. ft f:sr , .. 

1 1.2869 0.94398 1827.5 1.3578 3022 
2 1.3228 0.97988 1819.7 1.2391 3006 
3 1.3596 1.01668 1815.4 1.1871 2990 
1 1.4066 1.06368 1809.0 1.1098 2970 .. 
5 1.4550 1.11208 1805.4 1.0795 2952 
6 1.5046 1.16158 1801.6 1.0455 2932 
7 1.5453 1.20238 1798.7 1.02G9 2918 
8 1.5859 1. 24398 1796.2 1.0028 2902 
9 1.6293 1.28638 1794.0 0.9896 2888 

10 1.6836 1.34068 1791. 7 0.9778 2872 
11 1. 7281 1.38518 1789.7 0.9674 2858 
12 1.7735 1.43058 1787.6 0.9535 2844 
13 1.3198 1.47688 1786.2 0.9506 2830 
14 1.8552 1.51228 1735.8 0.9583 2320 
1 -.:l 1.9032 1.56023 liS4.6 0.9604 2306 
16 1.9522 1.6092S 1783.3 0.9580 2-cll~ 1 __ 

!./ 2.0022 1.659ZS 1781.9 0.9548 2782 
IS 2.0532 1. 71028 1780.5 0.9517 2i58 
!9 (.J921 1.7~91S 1779.1 0.9.148 2i58 
20 2.1449 1.8019g 1777.2 0.9360 2746 
21 2.1852 1.84228 1776.4 0.9340 2736 
22 2.2250 1.88308 1775.6 0.9242 273C1 
23 2.2675 1.92458 1774.1 0.92i7 2720 
24 2.3096 1.96668 1773.2 0.9293 2712 
25 2.3523 2.0C938 1772.1 0.9266 2iC2 
26 2.3956 2.05258 1771.6 0.9343 269~ 
27 2.01395 2.09658 lliO.6 0.9330 2554 
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 .. , 
J. 2.6216 2.27868 1767.S 0.9399 26:0 
32 2.5683 2.3253S 1 i~ i . .1 0.9.197 26.:e , -"";:' 2.35i63 !icc.9 O.~52.! ,1;" -- _.IIJ"'_ _ ... -'" 

112 

5 
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TABLE XII (Contlnued) 

Case No. = 10 X~IP = 0.9383 ft '<eq = 1.2813 f: 

~Io • Xc Xo 0 "e.:.: 
'(l5 

pt cfx-~ 
I. , 

f: ft Dst 

34 2.7439 2.40598 1766.2 0.9515 ?I;'~ _w~v 

35 2.7979 2 • .15498 1765.5 0.9553 263.1 
36 2.8476 2.50468 li64.9 0.9609 2525 
37 2.8811 2.53818 1764.2 0.9600 2624 

.. 



• 

~ 
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TABLE X II I 

PRESTOrl-TUBE PRESSURE. EFFECTIVE CE'ITE=t 
OF THE PROBE AND SKIN FRICT!O~ 

COEfFICIEflT ALO:lG THE SURFACE 
OF THE CONE FOR RUN 

NUMBER 41. 548 

Case ~Io. = 11 (~p = 0.7850 ft ( - 1 ~91' & .. 'eq - • j .. t ... 

~Io • Xc Xo ?pt keff c f x106 

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 27i8 
oJ 1. 7547 0.9483.1 2231. 3 1.0284 2760 
6 1. 7927 0.98634 2228.5 1.0090 2752 
7 1.8427 1.03634 2225.2 0.4830 2752 
8 1.8821 1.07574 2222.6 0.9646 2736 
9 1. 9281 1.12174 2219.8 0.9457 2720 

10 1. 9694 1.16304 2218.1 0.9386 2724 
11 2.0112 1.20484 2215.8 0.9229 2716 
12 2.0537 1.24734 2214.1 0.9168 2598 
13 2.0970 1.29064 2212.4 0.9089 2688 
14 2.1413 1.33.!94 2211.2 0.2052 2592 
_oJ 2.1863 1.3i99.! 2209.5 0.8979 2632 
:5 2.2252 :' • .1123.1 22C8.2 Q.8933 2666 . - 2.2549 1.4535': 2207.0 .j .89C4 2553 .1 

l8 2.3055 1.4991':' 2205.5 0.8832 2562 
19 2.3466 1.5':02.1 2204.7 0.882.1 2562 
20 2.3681 1.58174 .2203.7 0.8842 2546 
21 2.4231 1.5167.1 2203.0 0.8854 2534 
22 2.4659 1.65954 2201.4 0.8768 2530 
23 2.5095 1.70314 2201.0 0.8820 2634 
2~ 2.5537 1.74734 2200.7 0.8889 2528 
25 2.5983 1. ;919':' 2199.J 0.:850 2616 
26 2.6436 l.S372~ 2198.6 0.8874 2502 
27 2.6898 1.88344 2198.3 0.8944 2600 
28 2.7289 1.92254 2197.1 0.8880 2602 
29 2.7763 1.96994 2196.3 0.8900 2596 
30 2.9242 2.01784 2195.0 0.89.12 25a4 
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TABLE XIII (Continued) 

• 
~ 

Case ;10. : 11 XHP = 0.;850 ft 'eo = 1.591.1 f: 

110. Xc X Ppt I(~f: 
6 cf.<lO 0 - , 

it ; .. osf , . 

~1 
.J. 2.8648 2.05844 2195.3 0.8998 25;.1 
32 2.9060 2.09964 219ol.6 0.3990 2572 
33 2.9479 2.14154 2194.1 0.9025 2576 
34 2.9901 2.18374 2194.0 0.9130 25;2 
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 0.9225 2544 
39 3.1998 2.39344 2191.0 0.9279 2548 
40 3.2450 2.4~864 2190.6 0.9332 2544 
41 3.2905 2.48424 2190.0 0.9389 2534 

.. 
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Case ,'\0. 

~io • 

1 
2 
3 
-l 
5 
6 
7 
3 
9 

10 
:1 
12 
• "I L.., · . · · -
:6 
:7 
:3 
19 
20 
21 
22 
'''' .J 
2.1 
25 
26 
27 

" 28 
29 
~ ... 
:'J 

~J. 

~-,-

TABLE XI'I 

?~ESTGN-TUBE ?~ESSURE, ~FFECTIVE CE'TER 
OF THE PROBE AND SKHI FRICnO!1 

COEFFICIE:iT ALOtIG THE SURFACE 
OF THE COrlE fOR RUN 

~IUNBER 57.532 

= !2 X:.1P = 1.2391i ft '(eq = 

X . c Xo ?Jt kerf 
f~ ft psf 

0.9181 1.2394 1192.1 1.0805 
0.9611 1.2824 1187.1 1.0353 
1.0021 1.3234 1182.8 0.9950 
1.0442 1.3655 1175.~ 0.9283 
1.0880 1.4093 1176.2 0.9506 
1.1289 1. 4502 1173.9 0.9402 
1.1710 1.4923 1172.0 0.9343 
1.2146 1.5359 1170.4 0.9315 
1. 25.16 1.5759 1169.1 0.9342 
1.2959 1.6138 1!57.8 0.9366 
1.3383 1.6596 1166.4 0.9328 
1.3815 1.7028 1165.1 0.9353 
1. .1251 1. i!74 116.!.5 0.9.160 
! . .171S 1.i931 11&)3.7 0.95::'8 
~.5l32 1.53.15 lIE3.! ').962:5 
1.5553 1.3i71 1152.3 C.9653 
! .5993 1.9206 1161.8 0.9759 
1. 6.135 1. 9649 1151..1 0.9399 
1.5889 2.0102 1150.8 0.9995 
1.7297 2.0510 1160.5 1.0103 
1. 7709 2.0922 116C.3 1.0216 
1.8128 2.1341 116u.l 1.0380 
1.3557 2 .1770 1160.0 1.0565 
:.9060 2.2273 :l59.') 1. :lSi3 
1.94l0 2.2653 1152.0 1.06<l9 
1.9827 2.30JO 1157.8 1.0731 
2.0221 2.3434 1156.8 1.0889 
2.0691 1.3904 1155.1 1.0879 
2.1167 2.4380 1155.0 1.0751 
2.::2C 2 • .1793 ' ,::' 1 •• .., .... w 1.0912 
2.Z~O: 2.S2!.! 11:: . .1 1. )9:3 
2.2!31 2.:6<!~ 1:52.1 1.J960 
2.2265 2.5079 l150.i 1. J88': 

"_'" q t '9 

0.9li33 ft 

Cf XI06 

3386 
3342 ,-" ... J __ 

3290 
3282 
3Z.!8 
3222 
321 4 

3180 
316.1 
3156 
3122 
"" .. , ... .; 1.0 
3100 
:OiO 
~'J60 
3054 
3028 
3012 
3012 
2996 
2::17~ 
ZS64 
2962 
29.16 
2925 
2918 
2920 
2904 
2£26 
"'Q--!._/'J 

23;8 
2570 
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TABLE X'I 

PRESTON-TUBE PRESSURE. EFi=:CTIIJE CENTE~ 
OF THE PROBE MID SKHI FRICTIOr: 

COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 

NUMBER 72.748 

I 

Case :10. = 13 XH? = 0.9667 ft XeQ : 1.0689 ft 

?pt 
:: 

:io. X Xo kerf c~x!O" c I 

ft ft psf 

1 1.0714 0.9692 160l.3 1.1976 3122 
2 1.1133 1.0!1l 1595.2 1.1304 3084 
3 1.1568 1.0546 1S88.1 1.0621 3076 
~ 1.1974 1.0952 1580.9 0.9960 3050 
5 1.2349 1.1327 1578.1 0.9858 3024 
5 1. 2779 1.1757 1574.5 0.9619 3022 
7 1. 3217 1.2195 1571.0 0.9425 2990 
8 1.3624 1.2602 1568.1 0.9286 297~ 

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 0.9109 2922 
13 1. 5758 1.4736 1558.1 0.9030 2898 
14 1.6173 1.5151 1556.7 0.0940 2880 
15 1.6707 1.5685 1555.3 0.90iZ 2872 
16 1. 7140 1.6118 155d.Q O.9C89 

>"\ __ - 1 
~:::):J-

'7 1.7534 1.6562 1552.7 0.912: 23:6 .... 
13 1. 7982 1.6960 1551.9 0.9152 2838 
19 1.8444 1. 7.!22 1551.0 0.9220 282.1 
20 1. 885~ 1.7832 1549.9 0.9242 2802 
21 1. 9273 1.8251 1548.9 0.9297 2792 
22 1.9702 1.8680 1548.2 0.9291 2796 
23 2.0136 1.9114 1547.9 0.9410 2782 
24 2.0576 1.9554 1547.0 0.9456 2762 
~5 2.1027 2.0005 1546.7 0.95.11 ,-~~ 

_/:0 

':5 2.1487 2.0'65 1546.3 0.9621 27:3 
27 2.1886 2.0464 1545.7 0.9621 2748 
28 2.2357 2.1335 1544.6 0.96;5 2il3 
29 2.2770 2.1748 1544.3 0.9796 2722 

tJ 30 2.3191 2.2169 15<14.0 1. 9887 2725 
31 2.3617 2.2595 15&13.5 1.39.13 ,-,,"'" 

-':.~ 

32 2.le.!7 2.3::25 .:,,~ : 
.1,., .. .., .... :.:C5: 2~:€ 

-:? 2 . .1484 2.3.!52 !5J.3.3 1.8203 ............ 
O!.~:'-

• 3J 2.<1930 2.3908 15~3.:J 1. :)323 2592 
... ~ 2.5384 2.t362 1542.2 1.033:: 259.! .... 
... -
1fi 2,5~43 2.4821 1541. 7 :.OIlC3 2525 
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Case ~Io. 

'10. 

1 
2 
3 
J .. 
6 
i 
8 
9 

10 
11 
12 
13 
l.! 
.J 

.6 
1-., 
~8 
:9 
20 
2! 
22 
?~ _.l 

2.1 
~-,~ 

25 
27 
28 
29 
30 

• 

j';SLE XV! 

pqEST,JtI-TUBE PRESSURE. EFF~C:I'IC: C:::-ITE~ 
0 7 THE ;lR08E MID SKIiI f~rCT!O:I 

COEFFIClEilT ALONG THE SURFACE 
OF THE CONE FOR RU:I 

NUMBER 19.289 

= !J X11P = 0.3657 ft "eq :: 1. 5673 f: 

\ X P ~eff ~ x·o5 
0 pt '-f J. 

ft ft psi 

1.570B 0.9697 1632.3 1.5223 2904 
1.5124 1.0113 1523.3 1.3852 2898 
1.6545 1.0535 1616.5 1.2939 2872 
l.6923 1.0912 1611.1 1.2248 2860 
1.7.!21 1.1410 16C6.5 1.1785 2558 
1. 7all 1.1803 1602.4 1.1345 2824 
1.8271 1.2250 1600.8 1.1352 2818 
1.8681 1.2670 1598.0 1.1089 2914 
1.9099 1.3088 1595.1 1.0852 28!2 
1. 9:;21 1.3510 1593.7 1.0824 2792 
1. 995!. 1.3940 1592.4 1.0814 2li6 
2.0392 1.4381 1590.1 1.0637 2776 
2.0840 1.4829 1588.7 1.0600 2il2 
2.1294 1.5283 1587.3 1.0575 2752 
2.liS5 1. 57.1S 1585.1 1.0399 ~7.!0 
? .,. -. _ .<:..,. 1.615(' 1583.7 1.03C9 2738 
2.2572 1 -- .. .~:c ~ !S32.3 1.02.12 2738 
'" 'a~o ,._ ....... 1.",1 1.077 1530.9 1.0166 2725 
2.3':09 1. i393 1579.9 1.0130 2710 
2.3838 1.i827 1578.0 1.0099 2704 
2.4276 1.8265 1576.6 0.9968 2708 
2.4il9 1.8708 1575.2 0.9912 2702 
2.5091 1.9080 1573.7 0.9827 2590 
2.55.15 1.953.1 1572.3 0.9743 2576 
2.5930 1.9919 1570.9 0.9607 257.1 
2.5.lCO 2.038~ :570.2 0.3656 2580 
2.6875 2.0864 1568.0 0.9486 2672 
2.7680 2.1669 1566.6 0.9526 2558 
2.8092 2.2081 1565.9 0.9532 2650 
2.8511 2.25CO 1564.9 O.9~93 2546 

W3 
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n6L~ ('JI (Continued) 

" 
# 

Case :10. = 1-l XNP = 0.9667 f: '(eq = 1.:oi8 f: 
I. 

'10. \: X) f'pt <"f..:' c;xlOo 
~ , 

ft ~ .. :lsf 
I " 

31 2.9019 2.30C8 1564.3 O.9::..l9 25.18 
32 2.9361 2.335'0 1563.8 0.9579 26J6 
33 2.9792 2.3781 1563.0 0.9618 2538 
34 3.0229 2.4218 156?.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 
38 3.1947 2.3844 1560.0 0.9827 2604 

It 
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:3se '/0. 

':0. 

1 
2 
3 
~ 

5 
6 
7 
8 
9 

10 
11 
12 
13 
, 1 .-. 
.oJ 

.5 ,-
• I 

.8 
:9 
2Q 
21 
22 
23 
N 
25 
25 .,-

I 

28 
29 
30 -, 

-' ~ L 

I 

TABLE XVII 

PREST0N-TUBE ?~ESSURE t ErFECTt'lE CErm:;:t 
OF THE pqOBE AND SKI" FRICTION 
COEFFICIE~T ALO~G THE SURFACE 

Or THE CONE FOR RUN 
NUMBER 42.549 

= 15 Xr.!P = 0.8105 ft Xeq = 

(~ Xo F :Jt keff ... 
ft ft psf 

1.5678 0.8186 2008.35 1.3354 
1.6074 0.8582 1998.38 1.2209 
1.6479 0.8987 1991.25 1.1492 
1.6999 0.SS07 1984.12 1.0850 
1. 7422 0.9930 1979.84 1.0539 
1.785<1 1.0362 1975.57 1.O21~ 
1.8298 1.0806 1971.29 0.9889 
1.8692 1.1200 1968.44 0.9713 
1. 9150 1.1658 1965.30 - 0.9525 
1. 9560 1.2063 1962.74 0.9385 
2.0160 1.2668 1959.88 0.9259 
2.0586 1.3094 lQ58.46 0.9252 
2.1022 1.3530 1956.32 0.9171 
~.1467 1.3975 1954.32 0.9067 
Z.1354 1.4362 1953.04 0.9038 
2.2245 1.<1753 :952.04 0.9050 
:.27~C 1.52l3 :950.05 O.395J 
:.:1:7 1 _ ..... ,... 

4O. :H~~: 1949.19 0.8968 
.............. 0 
~.';Ot ... 1.6177 19':'7.77 0.89J; 
2 • .1088 ..... -0 .... 

1.00 ... 0 1947.05 0.8986 
2.-l513 1.7021 1945.63 0.8981 
2.4947 1.7<155 1944.20 0.8958 
2.5389 1.7897 1943.49 0.8955 
2.5836 1.8344 1942.78 0.9018 
~.5287 1.8795 1941.64 0.9('25 
2.5i~i 1.9255 19.11. 07 0.9059 
2.7216 1. 9724 1940.07 0.9051 
2.7931 2.0439 1939.21 0.9140 
2.3333 2.0841 1938.64 0.9184 
2.3740 2.1248 1938.22 0.9249 
2.915': 2.1652 !937.22 0.923 7 
Z.?:iS ., --8-.... ~\,.. j 1936.93 V.?3C2 

121) 

1. 5597 &~ ... 

C(~105 

2800 
2776 
2766 
2764 
2744 
2i30 
2734 
2722 
2702 
2596 
2694 
2676 
2664 
2668 
2562 
2548 
2'336 
253.1 
2632 
2520 
2E06 
2604 
2610 
2600 
2:BJ 
?:;=" _ ... \",rV 

2578 
2576 
ZS66 
25:4 
255e 
Z:5J 

~ --==~~~ __ ~ __ ~>~~~~. <~,,~;~~.<~,~.~o.~~~:;-~~w-~,~~~:~~~,~~T~ __ ~'~~~~Vk~_~~~·~==~~~_~,·~_~~~_~'~'~~~~ __ ~r-~C ____ ~ ______ ~ ~"". ......... ----------
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Case 110. 

No. 

1 
2 
3 
~ 
5 
6 
7 
8 
9 

10 
:1 
, . . .,) 

lJ ,-
.::l 

16 
17 
18 
19 
20 
21 
2:? 
23 
24 
25 

~ ,~ 

_:l 

", 

TABLE ('II II 

PRESTON-TUBE PRESSURE, EFFECTIVE CENTE~ 
OF THE PROBE AND SKIN FRICTION 
COEFFICIE~T ALONG THE SURFACE 

OF THE CONE rOR RUN 
NtJ~1BER 56.531 

D 16 X~IP = 1. 3183 ft Xeq :: 0.6993 ft 

Xc Xo P pt keff cf x100 

ft ft psf 

0.7009 1.3199 1055.9 0.3198 3525 
0.7418 1. 3603 1050.9 0.79501 3~92 
0.7814 1.4004 1046.5 0.7750 345~ 
0.8227 1.~417 10ol3.3 0.7673 3420 
0.8623 1.4813 1040.3 0.7601 3385 
0.9034 1.5224 1038.6 0.7629 3362 
0.9424 1.5614 1036.6 0.7631 3324 
0.9830 1.6020 1035.2 0.7649 3314 
1.0245 1.6435 1033.4 0.7672 3270 
1. 0679 1.6869 1031. S 0.7677 326: 
1.1083 1. ;273 1030 . .1 O.i7C.! 32:0 
1.15.12 1.7732 1029 • .1 J.i-2c .::~o 
1.1930 1.312:) 1028.5 0.7S:.1 319.1 
1.2370 1.3560 1027 • .1 0.7895 "'.C::"" .J!_O 

1.27S1 1. 8971 1026.4 0.7955 3150 
1.3201 1. 9391 1026.1 0.8012 3132 
1.3630 1.9820 1024.8 0.8098 3100 
1. ~073 2.0263 1024.7 0.8235 3096 
1.4476 2.0666 1024.2 0.8323 3080 
1 . .1886 2.1076 1023 . .1 0.a3~1 3050 
1.5307 2.1.197 1022.5 0.8.!29 30JC 
1.5739 2.1929 1021. 7 0.8460 3036 
1.6177 2.2367 1021.4 0.8596 3010 
1.6569 2.2759 1022.4 0.8701 2992 
1. 7146 2.3336 1020.5 0.8804 2990 
1.7556 2.37.16 1020.2 0.2925 ~Q-:1 -. " 
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Cas~ No. 

No. 

1 
2 
3 
l 

... 
6 
7 
3 
9 · , 

.\; · . . .., 
· ~ • .l 
1 • 
-" 
15 
16 , -
./ 

13 
19 
20 
21 
22 

" ~'" 

2d ,-
~J 

26 

TABLE .<IX 

?RESTOtI-TUBE PRESSURE, EFFECTIVE CalTER 
OF THE PROBE AND SK!N FRlcnOtI 
eOEFFleIE~IT ALOIIG THE SURFACE 

CF THE em.:: FOR ;:wr: 
:IUMBER .l3.550 

122 

= 17 X;.1P = 0.9525 ft X =? 8075 ft eq _. 

v Xo Ppt k -f CfXI06 
"c er 
ft ft psi 

2.3133 0.9583 1766.80 1.222~ 251': 
2.8568 1.0018 1767.98 1.0066 2506 
2.9008 1.0458 1778.67 1.1473 2.194 
2.90157 1.0907 1775.11 1.1182 2488 
2.9851 1.1301 1765.70 1.0164 2488 
3.0250 1.1700 1770.83 1.0863 2488 
3.0650 1.2100 1768.69 1.0707 2484 
3.1052 1.2502 1766.70 1.0578 2478 
3.1457 1.2907 1765.27 1.0522 2468 
3.1869 1. 3319 1763.70 l.C<153 2.162 
~ ?:;'C::O 
_.'-_W~ 

, '7'Q 
•• oJ' ~" :762.28 1.00120 2.158 

:.2~15 1 . .11-5,3 :760.35 1.0350 :.!6C 
3.:291 1.47.11 li50. H 1.0388 .... ,- ... 

..... :0 
3.3 724 1.5174 l7S8.00 1.0245 2J5G 
3 • .1159 1.560S 1757.29 1.0282 2.!40 
3.4601 1.6051 1755.86 1.0234 2.134 
3.5128 1.6578 1754.72 1.0207 2432 
3.5588 1.7038 1753.73 1.0181 2432 
3.6129 1. 7579 1751.87 1.0072 2432 
3.5517 ' -0-0 •• 1.0. 1751.59 1.0135 "'---~!) 

3.59CC 1.8356 1751.02 1.0168 ..",..'" 
.!: .. " J 

3.7378 1.5823 1750.30 l.02CO 2':12 
3.7778 1. 9228 1749.88 1.0266 2.1C6 
3.8184 1. 9634 1749.02 1.0274 2406 
3.8679 2.0129 1748.59 1.1)330 20106 
3.926 ! 2.0711 F.1i .5C :.0329 24GJ 

------ -________ .. __ .... __ ______ 0..-
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TABLE C( 

PRESTOII-TUBE PRESSURE. EFFECTIVE CE~ITE? 

'" 
OF THE PROBE AND SkIN F~ICiION 

COEFFICIENT ALONG THE SURFACE 
OF THE CONE FOR RUN 

NUHBER 15.231 

n 

Case :10. = 18 X: 1P = 1.0333 ft I. 0: 1 gc:oS .:ti eo _. J~ I 

:10. X 1.0 Ppt .- '0° C "eff CfX. 
it ft PS7 

1 1.8633 1.0371 1370.72 1.4120 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 2i5<l 
5 2.0349 1. 2087 1345.05 1.1162 2736 
6 2.0716 1.2534 1341.49 1.0875 2720 
7 2.1254 1.2992 1337.21 1.0490 2716 
a 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 
14 2.4173 1.5911 1322.24 0.9500 2564 
15 2 . .1615 1.6355 1320.53 0.9444 2652 

.... 16 2.5143 1.6881 1318.25 0.93J.t ,- ':l 
_':l"~ . ., 2.5835 1.7573 1315.54 0.9300 26.l~ -, 

18 2.6224 1.7962 1315.12 0.9225 263.1 
19 2.5618 1.8356 1313.98 0.9198 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 26g 
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 0.9005 2525 
25 2.9885 2.1E23 1306.:1 0.9078 2590 
27 3.0417 2.2155 1305.85 0.9085 258.1 
28 3.0864 2.2602 1304.42 0.9015 2574 
29 3.1317 2.3055 1303.71 0.9043 2552 
30 3.1n8 2.3516 1302.71 0.9058 255a 
3: 3.2152 2.3890 1301.5: 0.90:2 ?~-~ 

~-~ 

32 3.252: Z • .!363 l300.~5 G.S!C:': .,--. 
"":;C .. 

33 3.3CC6 2 . .!i.1.l 1289.29 ~.30C.: .,---
:.1 3.3':86 2.522'; 1296.:3 tJ.393c 2:":6 
35 3.39i2 2.5:10 1296.16 0.386C 253.1 

,. 
~ -

~-~-,.~--.- --- --- --~~------.---,------,~"--~~----. --
-. 
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TABLE :(X I 

PRESTON-TUBE PRESSURE, EFFECTIVE eE~ITEK 
OF THE PROBE Arm SKIN FRlr.TIO:1 

eOEFFre rENT ALOtiG THE SURF~e:: -- ~ 

... OF THE CorlE FOR RUN 
flUMBER 44.551 

~ 

~ 

Case '10. = 19 XMP = 0.85917 it (eq = 1.6964 ft 

~~o . \ '\ Ppt L..eff c.:xlOo . 
ft ft psf 

1 1.9007 0.8635 1713.45 1.1369 2678 
2 1. 94'13 0.9041 1706.32 1.0801 2660 
3 1.9827 0.9455 1699.08 1.0203 2652 
-l 2.0251 0.9879 1691.35 0.9595 2556 
:3 2.0680 1.0308 1685.94 0.9225 2644. 
6 2.1052 1.C680 1682.09 0.8985 2628 
7 2.1-l96 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 1668.55 0.8282 2602 
:1 2.3149 1.27i7 1665.69 0.8141 2590 
12 2.3563 1.3191 1663.56 0.8034 2588 
13 2.4196 1.3824 1660.42 0.7905 2586 
14 2.4623 1.4251 1658.57 0.7851 2572 · - 2.505S 1.4686 1656.43 'J.7792 2560 ~ 
.~ · - 2.5.129 1.505i 1655.29 ).i769 2C:~? .C ~o_ 

,I 2. S377 1.5505 1653.36 0.7743 2564 · ~ 2.6331 1.5959 1652.15 0.7690 2556 ~ 

:9 2.6 ilJ 1.5342 1561.15 0.7596 2546 
20 2.7181 1.6309 154:?58 0.7686 2S3.l 
21 2.7577 1. 7205 1649.30 0.7748 2530 
22 2.8060 1. 7688 1648.02 D.li2i 2534 
23 2.8465 1.8094 1647.16 0.7i30 2528 
2.1 2.8959 1.8587 1646.45 0.7772 2516 
25 2.9376 1.900A 1645.31 0.7770 2506 
26 2.9799 1.9.127 1645.02 0.7825 2502 
27 3.0229 1. 9857 15014.50 0.7863 2504 
28 3.0752 2.0380 1643.88 0.7899 2500 
29 3.1191 2.0819 1643.60 0.7963 2492 

t:' 30 3.1635 2.1263 1642.88 0.7994 2480 
31 3.2C86 2.1714 1641.89 0.7995 247J 
:2 3.25.!.! ~.21;2 15.11. ;-.: G.aC6I 2.17.1 
33 3.30C5 2.2533 : 5.1 1..!E 0.3119 ...,,- -

"' .... ,':' 
~ . 3 .. 3!-S 2.31C5 15.10.75 1).3151 2':70 .:-... 
35 2 .. 3950 2.3573 15.!0 . .16 :}.2226 2-lEi) 
35 3 . .1.!29 2.':C5i 16.10.03 a.e2Sa 2:150 

-~~-- --- -- - --- -. -
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