


ECOLE POLYTECHNlo.UE DE THIES
i

5ENEGAL
« •

ETAr.,L'~~[MENT D'UN PROGRAMME

..
EN LAN liAGE BASIC POUR LE 5'

CALCULS IlE fROTTEMENT PARIETAL

UTILISANT LA METHODE DE nltKIN:iON

----0

po ....

PAPA M'BOUP

50U5
La di1.tJwn dt v. NIiUYEN-]UY

(

~cw.ttme"t dt l~n~ micanl~
. ~UJN 1919



Remt~ciement:J

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

\



r------- TA5LE ]E~ MATi[RE~

PnQf,
50mrtla.lnt - - - - ~ - ~ - - - - - - - - - - - - - - - - ,.4;

TQb~ ,.k Y\OI:.o.t,;,1Ib Qt~taft,. - - - - - - - - - - - -- M
jnt\.oUrv____________- ___ _____1

Cbr;\-~" I: 1)';"'e, ~ ~ 1..~.k ~
. bitlw.Al1t,ok .J.-1i.,,"",1I..t.~ pL. rlkl'\.t,,,~

~ 5

Cbrik 1L M:.ttu,cL. tkF~ )i\,a.u,,;L - - - - - -- ~2.

Cbrk 1\t : O"'~Il~d"'''M.l J f>~"'~ -----------i6
][.!: NoWWW\J.-.k ~ ~JI\b«l~ Ah:~~_ - __ --1'
jC .. ~: O~o.~rn\1W\t-- -.---- --------!$

1ïL- ~: ! ~rW\mt en, PanaD.3 e, b~~~G. -- - - -- 13

C\u.fik 1f. : Att~" ~ rr-...'" ~'M .Q.. '" l .......
~u.et.. t",-.ll. pW'v to.A.o\-,tM~ P""~t..

~ »>Ar~~ ~ fu6~~ ~~~ ---- 9.8

Cko.t~1 : AttU~~ ~ rorV'llw.l. ~~ ~ 1M r'~

: ~~ t~\i ~ t~ JUL~ - - - - - - -- 38
'COllJ....~ f~L _- _----- -__ - 53
~ittor-1tt - - - - - - - ----- -- - -- --- - - -- 54



50MMA\RE

•

1
1

i
1

A t...t.-,J...~ Id.. -Fr!., pk .,;~ .." _~~"n.e- ,et J'»,

.\;u!..wr ~l<\r~ ).. ~"'~ ,W> rP"~ te>.~ IX· •

t»~~ ~~:1\t....lJk ~...~r f1"-w-" ~,o- (W.L~<r):
,-~ t: ~'1r.wJ- ,l.- rlk...~J: t~t r t. .-tt..
~ ~ <\)~~~O'I\ r )U\L ~~ ~~ ~k~\:i, p6V.~(, p. })NI; :

ir-atu.t ~ tu"~" ~"tM~ ~~. !

i 1..~..t .t.~ /Wu. tl.. ,..ttu-~ ~ pL -r-~ t'"'
1,W ~ ..;.\<...... ~ )...\: fl"'~ ~ ,J;:.r-",,,t. ,.....r....:.. f"lU

i~ ~~~ r j.'t,~t~ ~ ~\:~.k ~ ~o.r ~~~~

1)oO~v..r ·

•
Ai



A(n)

u

y
u.~

y...
~

UN

YN
Cf

l

••
AÂt

,
!
L-------- _

....



1-~ 1 t.t~J.
t~to.t- ~~CU\~Cl'l\u,k Lo.W\.t. ck

f\ùhY\ .
J\.Qb~\1\.

INTRODutTIDN,

~ /..Outterai t",,;;kllr: t~ 1. tOJl4 m ;L ~ f~
M..r.J~ J-. J'ti ,1.- ,1/rJ:. rel..;.... )':-!._..t).

1 f~.k 0"r: f/tAM~ ~ ...:J~k J ):~,.;.....L. ,eL flt. ......f
1 ~t:..e ••f :t' 1. l''IJ ,i ""..L..f1> (U.~L ",-..JlrJ-ao
t~"'..J..f..» fu,} ).. t,;J Id.""",, ,.1.- ': /"""....1.."U. /" • .L._,.J..
1- t" ).. t-..J: ,.k NL Il.. ~.. f-tr'OcaL"" 0

On .. iuu. ,k r-r- (l'Wlf,,t la "..:iLk «;"t..t.. )
1 ,J.:..r ",- f.'J..~nU»);.....' t J~LJ.c I.J~'r: fJuwn J
dO"'~uJ: (tJ. [12]) .

~InCll;.t\. ,~ttr.lIl~l\l ~lJ

1 IIrtt~l..:.: ~ t' .,.....1:.:. A\id~~~M......~ 0 o·.

1 .l.. t"~~ ,a.. ~",v~",t ~ ,L.~ to.JUn- 1:~,ktu.~~) l.;.l

r ~------r -G.a-~..t ( •
~·,\tri\~~ ï-~~ J.- ~ T--..~.,j- l-\.-....k ~UllMJ).J-. tuw.. .

~~1\ ~VQ,let\i, A.. ~ ~ olt. WO\.,"U v'\v.'t. f"J ,J... t...~ .
~ t..~.

p";.,,J ,1. r'- 1

bl-..k~ o&.~..Ju. ..t~~

~~It.~.~

1

ri"



'2

li YI4~t' _
t4 - _.A-(n-{-t-\I~-J~

,
i

-- _-_ _J



,-", A(n) ebt)lVlt- f."tl.on pnlWt ~ n. • ,

:DAM ,.ra l~e ~;tl,J) ~1·J:.u,'rL ,«- f4'lJ: n, i t:~ /tk'
1~J- ;k t ~ ),. ~"",tu, )-. ('w) ,t-...:u, ~ntnJ;" ,b. •

( l.r)· i J. J "- rt''/ ,"'- JU...t~ ,lM ,eJJ.ru:-. .
t- ~ ...:.lU /,..tt"'~j," ..[,n Ml~r <'om"" pL ~t.;

p/u, r: L'i'~ t t'ft ....".j ,.1.. ","{;... ~f L.i t":[r: IArlL

~i';''' t·'i~~) ,..Jr JL~ ar-;'~ ··l'~..t:f1/~~ ~
~ ",... ~tt- ~/r....·..Ln ,a",,~tr ".t.~tL tr:
il'" ,J.. ,uft, «~;''l ,.n/mL" ) ;' n... !~...Jt .. ).. )1i.m:
1

i r..,...1-1, f.. ...:lfu,,J.,, ). M-r 1J-n"F ).m~ .. ,k.Jun <Il.!." i

:n~ Atnu,J t~".~ (rtkJ Il'' vJ {~~p~/YUJWI.;

•Lu. ,.L r;.J;,) J,Urt/nu Jf.. r,.[ i~e........1,/;.!",tL'wA.., .
·NMt.... ti] Q. t"r"'~ ,.l-. ,.o, \.1.;... ~ ",,~l............ """"..u.
•'w'~'r ~~ tb"';'~ ,0- ~"'~ ~ t"P t.J:.t tk ~t.~ 1

~ F- W\b\'Y\.o.r (k t. tMn- (~ ~ 0) 10) '~GIt. ,""nL U ~\I)Yl

,jtt'M 4.t-ek pr.~ew,~ ~ ~ jLt~~ r Lond (tLJ ~~
·,-t~ r: ,cl.. ~o,l."" ~ ~""t~ t"".....\t.J ~:';'I;.. lA"
\t, r.eJ~ ;.~ ~~~. •
· l..~I~...t ,.... ,I....e t..... tJ nLk J''' r-~"'~ i

~~!. PJUY- 't~ ~~ ~ r't.."..,J; ~l taA- ~L ~

3



4

.,-. ~--"-,~~~--..



----------- --- 1

ChQ~~\'lf, 1: ~üve- Rwuer ,lit ,~ mkthocW
,de ,dtlttmùwbon ,du fl.CUtment fctùitat .

,G.n1'tL Â t~ (J.. ~tt..J.,. A ):Ji..~..,J;"" ,d..."'1Ji
.-J r-w) .e.. ~tf..J., ~ ".J..;....... ,J.f...L ,l.. P~~"""Ia-

tE: ~ t: t: ~ R.. r- ~ /~t:

1 Ut =~ =::. f(J~u,,·) = f(y+) (I)
1 u.~

l. -r-..~.J';'" ~r ),.~ 1:.-. r le.. da;.,.. t-e..
I~t. ,lAl' t.. t.;. ~. t.~·,\;H.~r :
1 . Ut = Cka Yt -1- D en: )
1 ru.. c J: 1> ,beJ ~trn~ I~t...~t;

1 ~ (r~ 1.. ~ l1l) (to~\J\t, ~~ r ok t~t., pk t.. fA-

lek t...J;. .1 t......L.w. ~ ,.....t...J-.." c J: II ,.l...;..nl\t",t k'07t
l,.k t~ :t-"--~ (~ l' ~"tMe,~\i ~ ~ ~ r4.
[1.. "r""" Ct.r-W ,~ t. FAA ~ r t~l:.w) t.. ,..,...la...
i.lU CJ )) ~~ 1~ t~\AW (~ ,6~t ,ttl~~J: ,tITi·
~-~ ~ ~t- k,U;.,,~~ ~ r., t...t p\...k pl.. f'~.,J

~k ~ ~ 1.:. (".;,. R't.~ï I-""~-- 1""'- t.. 1"'1~ li ) 1

1 l. R,.,~,k f<. ti-It. .,..)u _..- ~.. ~ .JI- J ~
f.tt.-J ~J" 11..../..:.. J O(l.......r~k [ cf ·ft] ...~ 'CO"'......,

J

5



6

-(

1
1

j---r--~~
~,
:

'§
CI-';
0...._
cr";;:'

...." Il.....
-1f::1

~

r--" ....
1

__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___...=.........1.1



· .. ···-1
!

r ~)LU!,:M.- ,J'&t~ ,~nW4"".t lu tAA«L<b ;1-~.
J'1f'l ,J.. 4t-rauJJ ~ 1~~..<L \lM · J .';...~ ')e, e..
I);;.,u..u r"~. "••.!. J.- ow-J.I-Ur J pft.. •.: ~
iÂowJr-.J »- -""-T ~ t:r' e: Ir.- pJiJ~ kt-....
!r-JL-f~ --.--~ i.) .toJl~,- Be~~
1). .l ':J:-J (&>tt..J 1'- /1/~' ~..'-"Ji [cf· 5")-

: A'; P" ~J nernLu ~~~ ~ ~ff~f;" ~Urtfr~ rl~

:.t.mu-t (ex:~ 1.;~li JtNM ~LL),J I~ F'.~nJ f" fw.'JtuAX o
. )

1- f'<f-.. l'..f~I f- t... f"."e.~.. "1""" -&,. (IW...... ,k. p.t
:?'l~t t~) ~f~ ~ l'~~ ,clu ~~ {tk f«utrm ~f ,k
:"~ t...:a..k" rate..:. f»>- fY"&~'" f... l~',.t ..f f~UJ}
:~"r~ ~ ,-JL /:l.J·""'ar J-. ~ ";-;.. v. c. ~~l
;L'J (~ ! ')-/0 (IW'-- ~ 1 ~r[s-J)·~ ~~.~ tk ~~-St ~~

,)"....:.. 1- P.. 1"",[.,. ,J.- t-~", r: (ItlA.I<i..f ,b.J~' )JJIU- h .....
lin 1 'J-o L J- I.~.I
1f''''C!.t'\,d,..~ (bJtl:.- {M~ ~~W\ot-Lu..F)~""T j1.n\6 lI1tJU,..r~

i~ ~ .R.odanJi-~ p~(AÂJk:

1 Ut :c C ft>J (.«J-Y+) ~u- c:= ~5 ±~-t (11I.)
)'~Mf)y\ J- eèa1\Art)~ (~•.J~~ ~ t'~ e-.' f'-tï"ti fU-~

'1\1.. ~~ f1AUt ~V\~ oXFmJtJ:~ ~\f~l) p..u. ~~~\\ ~r~

f~t,()~ ~~~~~ ~~ ~ e t~ ~~~ ~t l~ ~..~

Ip-- ])t~~~ .CV.. t&.., ~-- ~ P'JI pl.. jcç t"'~awr) J. ...r

1

J



n.:. ~ z: clat ...
Y-+ • .tl:1+

el Al"') ut )VU. rClY\eb.ot\. }L~"t.\À t-fft. .
1 ~~ ~ t~t ~I~~~ ~r-YUkW\~tl.t ~ \l~ek!

[rlk~~ !cul p.~ f.. rrt tk ~~~ ~~~"I\t-
i~ ,l....,V\h ~ ~ t,....:\<. .l f.- t.;,..t 1 .;. (W.I1~ ,J-
~t"t ,.,Lt..••••,l ;'.l~ t.. t~~ p... ~t.: ~ e..- 1;.,. tu. ':

8



\

9
r-·· .
i)JtJb ,,,,u;,,,,,, r: ,ult. ...ftt..J" ~oJ. b~" (CI>n~JA flNU,.f.o
l " I 0
('W\lU' IXfvu.-~W\lAl.tb .
, a, bJ,) LoY\~ [ AD] ,u.l~~ .e.. ~ C~)) ft- ~"'CL~I~

&Y. 1Vl"'~U- ~t",k..t ~ t..~t. ;k ~I;...L J ;l ","..1 ).. }lùo ~wf-.
lA. If" l' "r"~ t~tÀ:" O\Î·) t1l- lli) lAt ~..... ol~.~..e~
t~.. ,J.. 1..: ~~ ,.;.L...,\i ~~..0It r.;J J,.. u'"JWo

~ P'~~~ }A.'tU- r ~ tL l' A~\]~~lk ~ ~ ~ ~ ~
.

.ta1\R1J .

i: f·J }v.. ri ~~-- l\ ~.J r- r '"ft~A~"""~." .J,.. r-'
ft tk ~~L r- ~ rl\et:~ p.~~,~) p~t IN..~t -k tMw\,.

),t- (i.~tl-) ~tU~ (k~'1)' A" ~f\",~6~ Ut on r~t ~~~ lu\l
\)U\. "l~) tah. tl~~1\ (1[) . ! ~th (k~,u,) ~~Ub(t,à Y) fYlf)Vl·

b\ ~ r'OVl tuJ ,u~~~ t. ({Il~ t~~ ,(.8m~ fCl'l~

r ,uM fJ~ tk \\~ Il ~\\l ~t.\UU, ~ 'Jiu Mt M,~~.
r ~ \)~ .D.eeo..,€.t. ~ n, PMlAJi . 0-... ~ ~'.y\' ,..V\~~t 'Y\A.\.~

~~ Al~) )v-. t~~ o~k~- ~~ ~ v~ ~ U-t ~J+Ul

J.--'1U-J r ~..u. .\~~...

f'p.\'a.~ ~ ~,,~ 4~mA.~tu pk ~~~ e-f W.!~[-tIJ

(,O~~ ,b fU'~~ ~ f'-Otk~~t ~--e ~ t~ JI,IMIl

1~ ~ ~~~ f~lt~) e- t~ ~ ~~t.~.~ pk~ pM.t

.I(~~ l~ ~ A(~) rG\U\, ~ \lCJ.,~ ~ n, 71:



10

____ __----i



....

[-- .

i
1
1

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

.n;
\'\+1

(~)

11



,.-----------------



13
"'t~ at~ • COt. tl. I,v~ ,.\i:~ pk II t' ~o.nÜ, rW LL e,~~
~ ).'",,k ,.L t./r"~ J -- nA- r' ru ,l~ "0;~.

~utt.~~~,k K. .

17 e ~cl.. ~t~ ~J: ~~ ~~~~)b; ~ AMt ~W:r'

1::.... ~WuL.: ,
. -~.. r:t l' ~f"~;....L.. ~",~.:..t U,Ci), ~ (Â.)) fU'cA.

\? " A, 4 Y\ fIA'- 'tM'r'n ~ ~ f'1\ek~ ~ .w.~At.t.t:o" pv-W~:
P(x) = P(:i) X) x(0) ~)( ~ x(-t)

1
1
1,r«.» X(Y\-1) ~)C s )CCn)

0;. Pti , ,,.) P'..! ~ to,~wWt ~I~ ~ ~v! ~ ,b~~ o.J

~ ~ ).. \Je pnt. ~ Re. r~ J f.. ~~cl.. ~J p~J

~---~~ PM'- t~ tlu foi V\A)Yf\P •

- Il... ~J- ~ ";'~lv..., r ~ ..... r-tiJi, f.. m.J.,,,":" ~ ~

~..s.!",,- ,tIr ~~ K~~.
~ tMtts\. ~ ~~ "t()l\l.tvl~~ Al~f 1. ,..nn.<ÙA\CM\.tt ,1 ~1 VIl
~t,~ A1 ~ , e, :b J G u-~ ~UÀfj~ tOUA- ,JlktAA. 1. j,k-
~ k. ko..y' ~ 'J~ ~~ (cln,\JuJ-~ ~~ rk~ ~
~ JI.... ~~t~J: JAN.t- ~\J~YM(, ~ p.L~", ~ChJ) ~ p..1U,J.

~ -r-- .J.w""..j- ~ 1L. "" tt.. tJjj,.· f.. a-..~".l:..
~~ ~WM tu- w.,,~..,J ~ ~~J- ~ ~ek f-t:~
~----- --..•_---_._----.-..-•._-._... _. -

~..... "-_..'-".'"-,.,-,._,.--



t\&.~) r'~ jLYU- ~f\~tivl\. Il~IA,~~ J,on~J pl'p.~
~ ~uftJb ,ok Lon, L10J)~ VCl~ ).~~ ~\W~ po~+ t-n-

~;..WJ J....~ t-.tu. 1 r+e. ,J.. ...t-., .

f-. ~~-- ,ulI:.. ,.lr~l.: ""..... p.J."" ~t; ,,w.,. Po. ~,,-t

,t.""..J, J-.... rn.a.t..,cl.., "t .....;.k. iL ,c-Je.J...c l'"'~UhI>;"'" ft ~f(J)

,Uyyu-~ ~ t~ .~ t~ ~~ Cu, 1 d) t~ ~ '(.\'r~~Y1 ~.

UN = Pi + PL . exr (P3. YN) +Pit· ext (P5.YN)
- Q V
~~ UN =: - ) YN::._

et Pl) Pt) .:P4 J P5 f.~t ~ ,ce1pnt. ,ek.fu ~"'-t,J
et"'n Pa .J.oifwll p~Qnt-:

- Ott '''-tr~t. ;~b.ft.9W\LJ::

UNi =- AJE> t Pl. ver (Pj. YN)

J {on ~olul ft J P.3 en f~artt fM~eL pJ1;. plate fOJL f~.

.lo.J ;k-~ t:J: 1<1 ::: K-1 ( K : M ...b... r.,lJ ~ r:J;; el

t~~.J-,.) J: l.- t;J: fi" ~b rL t,+f Kt ~ K/1- ~r
~ ,J..o~1l.t f<" ~ ,k ,d-. rn.l i- )- ;nGP.~ n
J r~ ~J 10. ~ol~'l. I~"f\t,:

r~ :::. ( AI (YN (Ki) - YN (Kt)) x fn (( UN (Ki) -f)O)j(ON ll<~-J/)))

rt = l UN (Ki) - -t)0) Xexr (- f ~ . yN [ K1))

- k~~k o~ fc6~ :
UNi ~ A)O -t fJ.. ur (f~. YN) + P4· exr (P5. YN) .

14



.,

15
.t: ,OYl ,eJ.J.. r~ .t Y5 ).. ,!i-fk ,.J:L 'Î ,L.~ td4e. t"'"
~ r:.J:; 1 '" i. ;;.;. rh ,ek t- t";" ft Ks=K/ ft !'Le.};; .

~ll'W\.t ~Ar..~} lU- ,~ ltWb ,tLnnt- )Ln '1't;-J J
:rJ:- ,; k ;"UJntULtl> n J f5 ,dnnr J,. ~.f.J;;,,, .JntIL:

P5 :: ( AI ( tH (/(~) - '1N[t))) X en (( UN (K~) - ""0 - pz.. txr (r.3 ·YN(t<~)

/ ( VN (t) - 1.) 0 - P.t· efr(fJ. YN(L»

Pl, :: (UN (L) - 1.) 0 - Pl. «r Cf.3. YN (-t))) x t:ff (-P5. YN (~))

:- 0" t.,....;.... pIt. "1'1""'" n""\;;.,,, lYl- r.;."nt r- I~rtf'~'"
'l)Wl Pi K

fi ==- AJO - LCûïiL - UN (1») / K.
.i:=i

•u"'- ~.;,. ,uA (lDl(P ~MÀ~) 0" ,lon1l.lU.t t ér.o..l;:,n ,d... f.. touA.

~t. AI P.t~ll~~Y\, ~ ~ ~~~t- 'M\1tt~~) ()1\ tblt ~rtt (cL:klYt~~

J-' t'(bnv.nt n. ~ t' pÜk ,k t'tXtWD'i>~n. '.

, \ \t I~, Yl;::y~
,

• o~ ek. = fl.r~'~f(f3.YN)+r~.P5.~t(PS.YN) ,

J; r- ;lt., 1.. r°ncL,,'I. Il'';''w,Jf.. A(,,) fi t'~.h ,cl.. f '~.
,'fa.~YI. C~· ). 1..(';'~" p>Î...h It i P": mOaUL ,J.. e1

~'I""

1krl C'JTII ) .



1 V~ :

.])0

U3

! MO
1

; .])(1)

•T(l)

:1 (I)

! ut!)
.y

5

fo

A
H

UO
RO
N:.M

1
L

: ~;,tD,~li: ,e\.'f\,~mQ,t4JU,

:~r~~ ~ k ~u.c-~ t~lt, .
.. vi~ ~ rU~UWL- ~ ~ ~~ ,tm~

: N..~~ ~w, ~ fO·W\~ ~ ttof\t ,L. ~tr4~t ~\A,ti

: ~:ltCU\.U VU\-W\J,. p.. k t~
: "à~t
. ,. l D .. ~ • p. / ]) CI)
• """'lAn u \'\t\..'" Q. \t. fA' \.0., t QJ\.Cn.., ~~W\ cl:lA.4tu.. = -:::---

/ ~O
: v'tuM. ~~tl~tL ::: :(1)

U~ .

: V(l~ P-~Cl.1~F ,k ~ ~t- ~O\.'M~~, ~~~ fJJA--

O'Y\A)dtn- ,k t' p.~ro~~Tf-ah~~1\

: t~Ji ,.lu. t"'rt N\.YI\Q,~~ :: ~
: ..t"o.n,t tk t.. .t..;, fM. t~l>.1\U tJ)
: fo"'~Y\ u.~v~tÎtt fk ~~tl".uY\- A(~) e~ A(r0)

: vi~ ,ek fu\tt-vr'\.t,vtt \'tat-nt~~ (~ 1
U~

: ~J.w.. lI\a~t.V\Yll ~ " !""" Nt.~ ~lLwM+'
: 'J.~t, ~ 1\4)tkm-tnL Ut =. ua x u:~

: YU)lI\b ,k f.~h ~~+ pU1\, k~ ~~ f-,t 1L
ttMr~ ~.f.. ~tuAf, pk r~mt-".t n"'mo.~~~ .

16



K

c
: 1\O_~u. t:..b...t ~ r,\;Ji ecrbu~

:~~rkfu>~
EO : n.um.bu, ok fa, Jrl41~'\,

Pi 1 PL )P3, fit, P5: ,ue{fW-uJo ,k l~~';m tXro",e"'~ete.

VD : tu.~~~ "G.~ p.Y\a-~lt"t. ,dt. ~li.Me.

S~ :~ mo;rnn.t- fifJ.- lUIt- lu I"',,/i ",,/,~,.,tnllUlk

J>! : tMaIJl. ~WI- la. vk fl.f1.alfre;le ,,;liMt.
E

!

1

1

---- --.----J

17



18
r---------------
1
i

i ][-2.. O~~\Qmrnt

.
OUI

Cf: U~ II' "bO/Vi

Y(I) =}(I)/DO

U(l) =T(l)/U~

Cl.::. U•• S r
v 1

1..,-
~~" ~ru>~e 1
t~ t~ 4:<

\ ~ O)AD 1
"

, 1

,E,,~ ~ r-

• J.,..~ '''r ~ rL;:;-\.t,-V~i-} b-O-,--U3-}LM-O)- E-O-, -])(-r)-,1-(-1)-

~mt~ba.~ L. j--

N0t.trl4c:.4~~ J.. i
f"'f;e ~ 11\~te <

1

1

L

Ki: K-i

K2.::. KIL

K~ -:. K/4

Pi ::. ~ 0
)

A



19

1 '--------- -------------1

L

r ~----------,
: l'~ = ("'/ (Y(K!) -'1(Kt) Je fs~((U.(Kt)--i.O)

/ (U{Kl) - 1.0))

Pl..::. (1l(K1) - ~.o) x e.tp (-P3 XY(Ki»)

P5" =- ( i / ( y(K3) - y(L»)) Je fDd( U(I<!» - "·0

_ PL. ap(P3 ·Y{K3))/(U(L) ... '.D .. '.t.·~ff!J·

Vtt)))

p~ -;:. (U(.t)--i.O-PL. exF(P3. y(t))) XtÂf(-PS,Yf:t,)

1

1

Rl3of.t.;" k 1

"'tfr...f4 <
Pt~ 1'5

(

1

1

1

1

I~rnflll~n~ :

rf'l~ 1

0- pk',tJtUu )
l ')

,J:~,hl

J
, 1

tUtM.. '""3tl1u 1
1
1

1
1
1
J,

yo:=. Pit P~. «f(1~~· Yi!)) +P4·QP(P5.Y(I))

:Dl :=. YO - Uer)

S3 =- ~CJ +li

I:I+!

.
OUI

S9=. s'/I<
E ~ AB~ (S3]

1

L
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V(l) z: P1-tPl. lXf trs.y(I)) +f'~ .~f(P5. Y(r))

5(1): Pl.P~ ~r(f3 .Y(I»)-tP4.P5 txf{PS.Y{I)

fO :: V(I) / ( Y(I) .5(1))

.
OUI

NON

NO~

OU \

Pi:.P1-AE>~ (5~)

1

~ r-----L.-------,

A:: (rO-itl.~oZSr .. 1)

/ A· 30.t5f

1

~~rnent4 :
i__ 1J~;iL <

1

Pi 1

Lw

r
~e~ ,. ~ .,:/iA 1

1

pt f4~tF) ~
I..~,!t~~!

~ ,,;,liJit J1~,sJ. ft.

r
1

A: .9 (Fa fot·JOl!:
,----~----

A=.. .1~ xFO~...t ft·n l Fo

- :z,·o~

1
1

t
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12
1,

1

lt~.k 1
)

t a:c.~l..L ft. ("\
1

1

1

1

1

1

1

1

,--.-~----_._._.._--

\{ lI) ~ t'/(r)1A"(l~ (1) te Ci) ~, (i-/ fO)))) .,
( fO1(-4. + fO)) .

Gel) =- 0

j= L-i

Ni = N-i

M= J+I

GtL) ~ G(L) +WCM)

L: L~I

,

1

J

21



22

50= G(i)

li ::: 1

1

1

ou,

li = l

AC et 0
Il ::: Ii +N-i

L

,
1

1
l..

i
1

J

lIe.::r AO/ N

C-= l . .& UO**.t.

to =00 lU!

~~ r""W\Vl.
ViJ lo) RO) C, U3)P\, Pt. , f.3) fit) f 5, Cl, N

bel) , TCl) YU)) U(1), 'Ill)
~_. ----J

FIN

c.t~ A~) ri
Il..

Cf &t U't: ~

1
L
of'
1
1

1W\~"

).. ~.~ <
1 ,L ~h.U~t4 .
1L _
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0010 REM ****************************************************
0020 REM **** PAPA M'BOUP - GENIE MECANIQUE - E , P , T ****
0030 REM ****************************************************
0040 REM **** CE PROGRAMME CALCULE LE COEFFICIENT DE ****
0050 REM **** FROTTEMENT PARIETAL A PARTIR DU PROFIL ****
0060 REM **** DE VITESSE MESURE ****
0070 REM ****************************************************
0080 DIM D(100),T(100),Y(100),U(100),V(100),H(100),F(100)
0090 DIM B(100),S(100)
0100 REM SYSTEME D'UNITES INTERNATIONAL
0110 REM INTRODUIRE LA VISCOSITE CINEMATIQUE
0120 INPUT Vl
0130 REM INTRODUIRE L'EPAISSEUR DE LA COUCHE LIMITE
0140 INPUT DO
0150 REM INTRODUIRE LA VITESSE EXTERIEURE
0160 INPUT U3
0170 REM INTRODUIRE LE NOMBRE TOTAL DES POINTS
0180 INPUT MO
0190 REM INTRODUIRE LE PROFIL DE VITESSE
0200 FOR 1=1 TO MO
0210 INPUT D(I),T(I)
0220 NEXT 1 •
0230 INPUT EO
0240 REM NORMALISATION DU PROFIL DE VITESSE
0250 FOR 1=1 TO MO
0260 Y(I)=D(I)/DO
0270 U(I)=T(I)/U3
0280 NEXT 1
0290 Cl=U3*DO/V1
0300 FOR 1=1 TO MO
0310 K=I
0320 IF Y(I»,1 GOTO 0340
0330 NEXT 1
0340 Kl=K-1
0350 K2=K/2
0360 K3=K/4
0370 Pl=!.
0380 Bl=Y(Kl)-Y(K2)
0390 B2=(U(Kl)-1.)/(U(K2)-1,)
0400 P3=LOG(B2)/Bl
0410 B3=EXP(P3*Y(K1»
0420 P2=(U(Kl)-l,)/B3
0430 B4=EXP(P3*Y(K3»
0440 B5=U(K3)-Pl
0450 B6=EXP(P3*Y(2»
0460 B7=U(2)-Pl
0470 B8=(B5-(P2*B4»/(B7-(P2*B6»
0480 IF B8>0 GOTO 0510
0490 P5=50*P3
0500 GOTO 0520
0510 P5=LOG(B8)/(Y(K3)-Y(2»
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B9=U(2)--Pl
AO=EXP( P~)*'(2»
Al=EXP(P3*Y(2»
P4=(B9-(P2*Al»/AO
59=0
FOR 1=1 TO K
YO=P1+P2*EXP(P3*Y(I»+P4*EXP(P5*y(I»
Dl=YO·-U( 1)
59=59+[11
NEXT 1
59=S9/K
E=AB5(S9)
IF 89)0 GOTO 0670
Pl=Pl+ABSU39)
GOTO 0600
Pl==Pl'-'f-lBS (f39)
FOR 1=1 Hl ~~

V(I)=Pl+P2*EXP(P3*Y(I»+P4*EXP(P5*Y(I»
S(I)=P2*P3*EXP(P3*Y(I»+P4*P5*EXP(P5*Y(I»
FO=V(I)/(Y(I)*S(I»
F(I)=FO
IF FO~O GOTO 0030
IF FO~2.6 GOTO 0770
A=(FO*::'~, 302~:jB-·1. )/1. 30::)~.:jU

GOTO 0810
IF FO)4,4 GOTO 0800
A=-,24*FO*FO+2,88*Fû-2,03
GOTO 0810
A=.9*(FO+2.30250)
B(I)=A
H( 1 ):=: (V ( 1 ) / U-l* ( ( y ( 1 ) 1/:C l ) t ( l , /F 0 ) ) ) ) t ( F' ü / ( l , +F 0) )
NEXT 1
G05UB 1460
C=2,*UOt2
RO=LJO*LJ3
PRINT USING FLP,0800
: CAL CLI L. nu F ROT TEMEN T Pf) P1Lr (~l L..... LCCi 1..1 L.. EMLNTINCCl 1-1 Pr~ Ess1 13 LE
PRINT FLP,
PRINT FLP,
PRINT U5ING FLP,0920,EO
: 5TATIClN NUMERO:**"" **
PRINT USING FLP,0940

FL..P,lOOO,[lO
COUCHE LIMITE =DELTA - """""",H"""

0520
0530
0540
0550
0560
0570
0580
0590
0600
0610
0620
0630
0640
0650
0660
0670
06f:l0
0690
0700
0-' 10
0720
0730
0740
07:':jO
0760
07"10
07f.l0
0790
0800
oai 0
0820
0830
0840
0850
0860
0870
0800
0890
0900
0910
09::'~0

0930
0940
0950
0960
0970
0980
0990
1000
lOlO
1020

PRINT FLP,
PRINT USING
: VISCOSITE
PRINT FLP,
PRINT USING
: EPAISSEUR
PRINT FLP,
PRINT USING

FI...P,0970,Vl
Cl NEMf-l T1 (~UE

FLP,1030,1~0

.... tut. UtUtU tHUtu

M
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*

*

M/SEC

M/SEC

UNS

""tut"» . ""HU

*

P3 .-

M

UN-li:,

.... "tHHHW. ""HM

.-. tHt""". ""tut"

.lJ:

: VITESSE DE FROTTEMENT
PRINT FLP,
PRINT USING FLP,1060,C
: COEFFICIENT DE FROTTEMENT
PRINT FLP,
PRINT USING FLP,1090,U3
: VITESSE EXTERIEURE
PRINT FLP,
PRINT USING FLP,1120
: PARAMETRES FINALS =
PRINT FLP,
PRINT USING FLP,1150,Pl,P2,P3
: Pl = """""".""~" P2 == """""H.""""
PRINT FLP,
PRINT USING FLP,1180,P4,P5

: P4 = """"""."""" P5 == """""".""""PRINT FLP,
PRINT USING FLP,1210,[
: ERREUR MOYENNE == "".""""""
PRINT FLP,
PRINT USING FLP,1240,DO,Cl,VO

: DELTA == """.""" Cl == """"""".""PRINT FLP,
PRINT USING FLP,1270,U3

: UE == """"".""PRINT FLP,
PRINT FLP,
PRINT USING FLP,0880
PRINT FL.P,
PRINT USING FLP,1330
: ****************************~~*************************
PRINT USING FLP,1350
: * *
PRINT USING FLP,1370
: * YI * UI
PRINT USING FLP,1350
PRINT USING FLP,1330
FOR 1==1 TO K
PRINT USING FLP,1420,D(I)jT(I)jY(I)jU(I)jV(I)

: *"""."""" *"""."""" *"HH."""" *""".""" *""".""" *NEXT 1
PRINT USING FLP,1330
END
REM SUBROUTINE DMFV
DIM W(100),G(100)
INPUT N
REM EVALUER L.ES DIFFERENCES POUR LE PREMIER QUART
REM DE LA COUCHE LIMITE
FOR 1=1 TO (K-l)
W(I)==ABS(H(I)-H(I+l»
NEXT 1

1030
10~0

1050
1060
1070
1080
1090
1100
1110
1120
1130
11~0

1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1.450
1460
1470
1.480
1490
1500
1510
1520
1.530

J



15'+0 IO=K-N+1
1550 REM EVALUER LA SOMME DES DIFFERENCES EN GROUPES DE N
1560 FOR L=l TO ID
1570 G(L)=O
1580 J=L-l
1590 N1=N-1
1600 FOR 1=1 TO N1
1610 M=J+I
1620 G(L)=G(L)+W(M)
1630 NEXT 1
16'+0 NEXT L
1650 REM DETERMINER L'ENSEMBLE LA PLUS PETITE DES
1660 REM DIFFERENCES ET SA POSITION
1670 50=G(1)
1680 11=1
1690 FOR 1=2 TO ID
1700 IF SO~G(I) GOTO 1730
1710 SO=G(I)
1720 11=1
1730 NEXT 1
1740 AO=O
1750 I2=Il+N-1
1760 FOR 1=11 TO 12
1770 AO=AO+H(I)
~780 NEXT 1
1790 VO==N
1800 UO=AO/VO
1810 RETURN

27
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CALCUL DU FROTTEMENT PARIETAL-ECOULEMENT INCOMPRESSIBLE

STATION NUMERO:** 2 **

30

VISCOSITE CINEMATIGUE

EPAISSEUR COUCHE LIMITE =DELTA -

VITESSE DE FROTTEMENT

COEFFICIENT DE FROTTEMENT

VITESSE EXTERIEURE

PARAMETRES FINALS -

,00001584-

.0'+21

.BT?B

.00233

2~j , 73

M*2/SEC

M

MISEC

MISEC

Pl = 1,0023 P') - ,~j370 P3 -- 4-.194-1..
P4- = . 1000 P5 ... Tt,2607

ERREUR MOYENNE = .00232LI·

DELTA = . OL~2 Cl. ... 61337"1,22 M .. S

UE = 25.73

CALCUL DU FROTTEMENT PARIETAL-ECOULEMENT INCOMPRESSIBLE

******************************************************
* * * * * *
* YI * UI * YN * UN * UNS *
* * * * * *
******************************************************
* .0005 * 11.9154- * .01.2~j * ,L~63 * .4-55 *
* .0006 * 11.94-12 * .0150 * ,L'·6 1" * .4-67 *
* .oooa * 12.2726 * .0180 * ,L~77 * .4-79 *
* .0009 * 12.6930 * ,0210 * .1+93 * .4-91 *
* .0011 * 13.0287 * .o~no * ,:;06 * .510 *
* .0014- * 13.6991 * .0331 * .533 * .527 *
* .0016 * 13.9292 * .0391 * ,54-1. * .54-2 *
* .0019 * 14-.4-13'" * .04-51 .* .560 * .555 *
* .0022 * 14-.5534- * .0512 * .566 * .567 *
* .0027 * 15.264·5 * .0632 * .593 * .590 *
* .0039 * 16.3877 * .0934- *.. 6:n * .639 *
* .0052 * 17.2234- * .1236 * .670 * .682 *
******************************************************



CALCUL DU FROTTEMENT PARIETAL-ECOULEMENT INCOMPRESSIBLE

STATION NUMERO:** 3 **

31

VISCOSITE CINEMATIQUE

VITESSE DE FROTTEMENT

COEFFICIENT DE FROTTEMENT

VITESSE EXTERIEURE

PARAMETRES FINALS -

.00001603

.OQ·62

.B1T?

::~I+ .09

M

MISEC

MI SEC

Pl -

P4 =

:I..0()3::'~ P~!. ._.

P:5 ...

, 1.; ::.; 0 l

372.361.>0

P3 -- 7.4473

ERREUR MOYENNE ;:;; .003223

DELTA .-

ur ==

.0 1+6

:~4 . B9

Cl"" 71773.13 M 1::'
J

CALCUL DU FROTTEMENT PARIETAL-ECOULEMENT INCOMPRESSIBLE

*********************************1~********************

* * * * * *
* YI * ur * YN * UN * UNS *
* * * * * *
**********************************1t*******************
* .0005 * 10.7167 * .Oll~ * .431 * .416 *
* .0006 * 10.7L~62 * .0136 11: .43~~ * .435·~

* .0008 * 11..2284 * .016'+ 1(. ,I.~~H * .L~51 *
* .0009 * 11.~.)571 * .0191 * .1.~61+ * .1.~61+ *
* .0011 * 12.041<"; * .02L~f.> * .4(14 * .487 *
* ,001.4 * 12.4315 * .030:1 * .1~·99 * .:508 *
******************************************************



CALCUL DU FROTTEMENT PARIETAL-ECOULEMENT INCOMPRESSIBLE

STATION NUMERO:** 4 **

32

VISCOSITE CINEMATIGUE

EPAISSEUR COUCHE LIMITE =DELTA -

, 0000 1. ~54 0

.0513 M

VITESSE DE FROTTEMENT

COEFFICIENT DE FROTTEMENT

VITESSE EXTERIEURE

PARAMETRES FINALS -

= .7 1+El7

,00196

23.93

MISEe

MISEe

Pl :: 1. .0023 fi':> _. , :=.'ï?t17 P3 -" 3.13841•..

P4 :: 0614 pC:' :: BO,6230, .J

ERREUR MOYENNE .,' .OO23JO

DELTA :: ,051 Cl .- 791..\22..20 M " . LO:O
,J

UE :: 23,93

CALCUL DU FROTTEMENT PARIETAL-ECOULEMENT INCOMPRESSIBLE

************************************~~*****************

* * * * * *
* YI * U1 * YN * UN * UNS *
* * * * * *
******************************************************
* .000~j * 9.8063 olt ,01.03 .)(.. 4:1.0 * .420 *
* .0006 * 10.1799 * ,0123 * ,1.1·25 * .428 *
* .0008 * 10.2017 * .01.48 * ,L~26 * ,437 *
* .0009 * 10.6111 * .0172 1(. ,1.~43 * .446~-

* .0010 * 10.8661 * .01.97 * ,L~54 * .454 *
* .0011 * 11.0605 * .0222 1(- .462 * .461 *
* .0013 * 11.3054 * ,0247 '1(- .472 * .468 *
* .0014- * 11.4-657 * ,0272 * ,1+79 * ,475 *
* .0015 * 1.1.6263 * ,02<;>6 * .4B6 * .4-81. *
* .0016 * 11.8362 * .0321 * .495 * .487 *
* .001.9 * 12.0762 * .0371 * .~'jO~j * ,4-98 *
* .0022 * 12,2550 * .0420 ·lt .:512 * .509 *
* .0024- * 1.2.5070 * .0470 * .523·)(- .519 *
* .0027 * 12.7514- * .051<1 * l~j3~5 * .528 *
* .0039 * 13.6474 * .0767·* .570 * .573 *
* .0052 * 14.2909 * ,1015 * .~j97 * .612 *
******************************************************



CALCUL DU FROTTEMENT PARIE1·Al.-ECOULEMENT INCOMPRESSIBLE

33

STATION NUMERO:**

VISCOSITE CINEMATIQUE

**

.00001 1+9 1+

EPAISSEUR CDUCHE LIMITE :":[1 E:I... Tr1 ....

VITESSE DE FROTTEMENT

COEFFICIENT DE FROTTEMENT

VITESSE EXTERIEURE

PARAMETRES FINALS -

.609:1.

.OOlf:10

M

M1 ~;E:C

M/bEC

Pl =
pl~ .._

1.003B

. :1.804· p~s ....

,é>0/2

:l.32.01D2

P3 .... 3.B6El9

ERREUR MOYENNE ::::

DELTA -

UE ==

.05'+

22.9:ï

C1 :::: D~:~230 .1+0

CALCUL DU FROTTEMENT PARIETAL-ECOULEMENT INCOMPRESSIBLE

********************************~t*********************

* * * * * *
* YI * UI * YN * UN * UNS *
* * * * * *
******************************************A***********
* .000~j'Mo B.7271 * .0(99)1; ,300 J(' .370 *
* .0006 * 8.7609 :/i' .Ol:l.ü ~( .382·ii: .386 1/:

* .0008 * 8.B946 * .0:1.4:1. * .308 * .401 *
* .0009 * 9.4107 * ,0:1.65 * .4:1.0 * .414 *
* .0010 * 9,661:~')( ,O:l.U9 ~I: .1+::~1 .p; .l~2~.:j 1/:

* . 0 0 1 1 * 9 . 1» 9 4 ~S'Mo , ():: 13'~ . li 3 ~:,) 'Ii. , l~ 3 1+ :~:.

* .0013 * 10.::'>329 * ,023\~·).;( .1+1+6 * ,'+4·2 .)(.
* .0014 * 10.3l~99 * .O::?·~>() * ,I+~.:H * .1+'+·9 *
* .0015 * 10.46l~6 .li,' ,0:.)0'+ ~( .1+~:j6 * .1+~j6 *
* .0 0 16 * 1 0 . 6 ~5 03 * . 0:.3 0B :~. . II·6l~ * . l~ 6 2 1/:

* .0019 * 11.0160 * .0355 * .480 * .473 *
* . 0022 * 11. 262l~ * . 04· 02 1/: • 1+ 91 * , '+·83 *
* .0024 * 11.39l>9 * .Ol~~)O 1(.• 497 * .1+1?3 *
* .0025 * 11.6072 * .01+7~5 * ,~506 * .l~98 *
* .0039 * J.2. 1+637 .)(.. 073~:i ~I; ,~.:jl+3 * .547 *
* .0052 * J.3.0780 * .0972:)1. .~:570 * .587 *
*********************************Jt********************



CALCUL DU FROTTEMENT PARIETAL-ECOULEMENT INCOMPRESSIBLE

STATION NUMERO:** 6 **

34

VISCOSITE CINEMATIQUE

EPAISSEUR COlJC~~E LIMI1"E =rIE~I_,'T'A ....

VITESSE DE FROTTEMENT

COEFFICIENT DE FROTfEMENT

VITESSE EXTERIEURE

PARAMETRES F]:NAI~S ....

, 0 0 Il 0 1 L~ <; U

,00171

M

M/~;EC

MISEe

Pl =
pl+ ....

1,0033

. 1.>119

P') ....

p~:; .... 23:),OUI+:;

P3 -.. 3. q·?El6

ERREUR MOYENNE = , 0 0 3::.~UU

DELTA ....

UE =

.057

,.) 'ï 1:;' C:·
A,'_ 4.. 1 \..J\..J

C l ::: U ~:.:i () U'7 , (~l \3

CAL CUL.. fi U FRoTT[ MEN T Ptl r~ lET r:~ L'" E: COli LL/'1 r NTINC0 /-1 fi REs S1 f:l LE

*************************~****************************

* * * * * ** YI * ur * YN * UN * UNS *
* * * * * *
******************************************************
* .000~j * 0.139<ï·)(- .009 1+ 'Il:' .361 .)(.. 34~j *
* .0006 * 8.3196 * .0111 * .369 * .372 *
* .0008.' 0.B36U -Ii: .Ol~~I+ 1'; .3<ï2 * .395 *
* . 0 0 0 9 * 9 . 1 9 T7 * . 0 1 ::'.i 1.) * . L~ 0B '* .4 11 *
* .0 0 1 0 .)(- 9 . 42 6 L~ '* . 0 1. 7 Ci * ,4·l 0 * , '+:':'~ 2 .)(-
* . 0 0 11 * 9 . 6825:JI: . 0 2 0 :L')/; . '+ 2 9 * . 43 1 .)(-
* .0013 * 9.0110 * .0224 * .435 * .437 *
* .0014 *. 9.9655 "" .()::?I.~f.:, :J(•• 1.1. 1+2 * .1+4·~5 *
* .0 0 1:j * 1 0 . 0567 * .0 21.) <7' :J(. • '+ 4 6 * .'-1·48 '1(.

* .0016 * 10.2910 * .0291 * .456 * .453 *
* .0019 * 10.~j043 *' . o33t.·) 1(.• I.j.(.)/> 'li: .I.H·);!. '1(.

* .0022 * 10. 737~~j * ,03131 1(. .1+76 * .1+71 *
* .0 02 1+ * 1 0 . 9 0 1.> 3 '1(. • 04· :U) 1'; • LI· El 1+ li: • '-1. 7 9 *
* .0027 * 11.1001 * .0471 * ,492 * ,487 *
* .0039 * 11.7<;>"'13 ·)i: ,06<ï!.) j( .~.:j;;.~3 1(.• ~:.)26 *
* .0052 * 12.1+03~j * .0921·p: .~.::;~:jO * .'.:56:~ 1(.

******************************************************



CALCUL DU FROTTEMENT PARIETAL-ECOULEMENT INCOMPRESSIBLE

STATION NUMERO:.. 7 **

35

VISCOSITE CINEMATIQUE

EPAISSEUR COUCHE LIMITE =DELTA -

VITESSE DE FROTTEMENT

COEFFICIENT DE FROTTEMENT

VITESSE EXTERIEURE

PARAMETRES FINALS -

, 0 0 () () l ::.:j ::.:; l

,()OlM)

") ") r) J')
,.', ••: •• , A'•• J,."_

M·l(·2/SEC

M

M/GEC

Pl --

pl+ _.

l,oo~n

p~:) ,...

, h:l. ~:;~:.:j 3.4979

ERRELJI~ MOYENNE :: ,0032:::;0

riEL.. TA .-

UE =

.062

") '1 r) '1
14'.. ...... 1 ~;•• ,.: ••

C:l :: D'? 137 , ::.:i:~;

CALCUL DU FROTTEMENT PARIETAL-ECOULEMENT INCOMPRESSIBLE

******************************************************
* * * * * *
* YI * UI 11: 'lN ~I; UN * UNS *
* * * * * *
******************************************************
* ·0005 * "1 . é')62~; 1': li on:::; 'li: 3 1., ~~ ~I; , 323 *
* 0006 * 7 71+03 1(. 0:1.01 * 3'+B * 352 11:'

* 0008 ·lt El 22BO -)(. O12? .).:. 370 * , 377 *
* ·0009 * 8 , 608 1+ * o:1. l,.) :11: 3<'1 i .)1; , 3<tl~. 1(.

* ·0010 ·lt B. 9703 •• , 0163 1': '+ 0 l~ ·)1: 407 :1(.

* ·0011 * 9 :~52 :1. .)1; O:l.B3 )1; I.~:I. fi .iI.. · ll·16 :11:

·lt ·0013 * 9 .4074 .)1.: O::!.03 ·s(· 1+:.)3 ·)1: .424 .)1;

* 0014 * 9. 5729 * () ?2 l,. * 1+31 '1(. 1+30 *
* ·00 1.~; :li: 9. 7339 ~" o:.' l~ 1.1· .* '+30 * .1+36 11:'

* ·0016 * 9.8002 .l(- U26:=; .p; '·1'+ :1. * · 4l~ 1 *
* ·0019 * 9. 9954 * 0:30 ~.:; "':. • 1.1.::.:; 0 * .449 *
* ·0022 * 10 2689 * .03'4·6 .)(. '+62 * .1.~58 *
* ·0024 * 10 I.H9~:; * 03B7 if: ll-69 .)1; 466 11:'

.* 0027 * 10 . ::;371 .)(. 0'+20 '* 1.1·"(1.) 1(. ·'.,.73 1(.

* ·0039 ·lt 11 :~563 * 0632 :,.;. ~:.:; 07 -1(. ~HO 1'.'

* ·0052 * 11. , 7697 * OB3ll 'If: :=;30 1(- .544 *
******************************************************

_J



CALCUL DU FROTTEMENT PARIETAL-ECOULEMENT INCOMPRESSIBLE

STATION NUMERO:** 8 **

36

VISCOSITE CINEMATIQUE

EPAISSEUR COUCHE LIMITE =DELTA -

VITESSE DE FROTTEMENT

COEFFICIENT DE FROTTEMENT

VITESSE EXTERIEURE

PARAMETRES FINALS -

. 00001,~)73

.0660

.01) 1::56

21.67

M*2/SEC

11

MISEe

MISEC

Pl = l .0036 P':> = .627 1+ P3 •.... 3.331,1"0

PIt = .3103 po::- o., 206.27(,>6,)

ERREUR MOYENNE .... ,003~:jB3

DELTA = .066 Cl 00 9099~:;.21 M 00

C:'
,)

UE = 21.67

CALCUL DU FROTTEMENT PARIETAL-ECOULEMENT INCOMPRESSIBLE

******************************************************
* * * * * *
* YI * ur * YN * UN * UNS *
* * * * * *
******************************************************
* .0005 * 7,'+381 * .OOOO·~ .343 * ,333 *
* ,0006 * 7.5602 * .009~) 1(. .349 * ,352 *
* ,0008 * 7.9521 * .Oll~) .)/: .31.>7 -)(.•371 *
* .0009 * 8,2893 * .013 1+ ·lt .383 * .381+ *
* .0011 * 8,6831 * ,0172 .)(. .401 * .402-)('
* ,001L~ * 8,9968 * .0211 * ,L~l~j * .415 *
* ,0016 * 9.3008 * .0249 -)( .L~~~9 * .424 *
* ,0019 * 9,4736 * ,0288·)t ,437 * ,433 *
* .0022 * 9,7364 * .0326 * .449 -)(0 .440 *
* .0027 * 9,9933 * ,0403 * .461 * -.455 *
* .0039 * 10,6358 * .0:j9~j -)(0 .491·~ .489 *
* .0052 * 11.2128 * .0788 * ,517·)(- .521 *
* ,0065 * 11,4467 * ,0980 -)(. .~)28 -)(. .~j51 *
******************************************************
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STATION NUMERO * 1 *
**************

*********************************************************************************
* y * T * YN * UN * V * N * A<N) *
*********************************************************************************
* .00042 * 13,659 * .06082 * .3635 * .3630 * 2.29555 * 255.9078E-03 *
* .00047 * 13.742 * .06240 * .3657 * .3671 * 2.26120 * 244.4007E-03 *

* .00057 * 13.895 * .06557 * .3698 * .3753 * 2.19599 * 222.7896E-03 *
* .00107 * 15.141 * .08141 * .4029 * .4150 * 2.01917 "'" 170.1526E-03 *

* .00157 * 16.714 * .09724 * .4448 * .4529 * 1.95694 * 154.9709E-03 *
* .00207 * 18.287 * .11308 * .4867 * .4891 * 1.93326 * 150.4599E-03 *
* .00307 * 21.176 * .14476 * .5635 * .5561 * 1.93505 * 153.8535E-03 *
* .00407 * 23.614 * .17643 * .6284 * .6166 * 1.96937 * 165.2896E-03 *
* .00507 * 25.74~ * .20811 * .6851 * .6708 * 2.03668 * 187.5540E-03 *
* .00607 * 27.707 * .23978 * .7373 * .7191 * ::':.14261 * 226.0122E-03 *
* .00707 * 29.134 * .27146 * .7753 * .7619 * 2.25782 * 269.0739E-03 *
* .00807 "'" 30.218 * .30314 * . 8042 .';; .7994 * 2.39899 "'" 325.3146E-03 *
* .00907 * 31.073 * .33481 * .8269 * .8320 * 2.57902 * 403.3746E-03 *
* .01007 * 31.WiO .)(. .36649 * .B487 "'" .0602 * 2.82224 * 521.2819E-03 *
* .01207 * 33.153 * ,1+2984 "'" .8823 * . 90 1+3

* 3.54341 * 918.9038E-03 *
* ,01407 * 34.452 * .1+9319 * .9168 1(- 1 ~,\34:) * '+ . 86~)::i l * 172.8398E-02 *
* .01607 * 35.527 * . 55651-~ * .9454 * ,9536 * 7.41989 * 314.2079E-02 *
* .01807 * 36.333 "'" .61989 * . 96t.)9 ~- .9644 "'" 13.01071 * 517.2834E-02 *
* .02007 * 36.906 * .68321+ * .9821 * . (/697 * 26.19456 * 726.5072E-02 *
~- .02507 * 37.469 * .84162 * .9971 * .9772 * 13.91950 * 544.5298E-02 *
* .03007 * 37.577 * 1.00000 * .1..0000 * 1.0112 * 2.55936 * 310.7508E-03 *
**********************************""'**********************************************

v = 190.322E-03 + 308.078E-02 YN**l + -40.895E-Ol YN**2 + 182.966E-02 YN**3

A<N) = -11.293E-Ol + 649.166E-03 N**l + -12.582E-03 N**2 + 114.229E-08 N**3

~

r-,
N



.........-

STATION NUMERO * 2 *
**************

*********************************************************************************
* y * T * YN * UN * V * N * A<N> *
*********************************************************************************
* .000~2 * 12.095 * .0~619 * .3197 * .3281 * 2.926~~ * 516.1556E-03 *
* .000~7 * 12.126 * .04739 * .3205 * .3310 * 2.86793 * 491.9613E-03 *
* .00057 * 12.2~~ * .0~980 * .3237 * .3366 * 2.77228 * ~5~.016~E-03 *
* .00107 * 13.544 * .06182 * .3580 * .36~~ * 2.54478 * 379.6199E-03 *
* .00157 * 14.7~7 * .07385 * .3898 * .3914 * 2.39080 * 327.5076E-03 *
* .00207 * 16.048 * .08588 * .4242 * .4175 * 2.30711 * 302.7748E-03 *
* .00307 * 18.363 * .1099~ * .~85~ * .4675 * 2.19596 * 267.9~01E-03 *
* .00~07 * 20.112 * .13399 * .5317 * .51~3 * 2.10537 * 233.6539E-03 *
* .00507 * 21.671 * .15805 * .5729 * .5582 * 2.05625 * 214.5220E-03 *
* .00607 * 22.9~5 * .18210 * .6065 * .5991 * 2.02464 * 200.5211E-03 *
* .00707 * 24.267 * .20616 * .6415 * .6373 * 2.03146 * 201.9495E-03 *
* .00807 * 25.525 * .23021 * .6747 * .6729 * 2.06031 * 211.9674E-03 *
* .00907 * 26.603 * .25~27 * .7032 * .7058 * 2.09895 * 225.4577E-03 *
* .01007 * 27.620 * .27833 * .7301 * .7363 * 2.15552 * 2~7.0633E-03 *
* .01207 * 29.572 * .32644 * .7817 * .7902 * 2.32859 * 322.8363E-03 *
* .01407 * 31.220 * .37455 * .8253 * .8355 * 2.57182 * 445.7165E-03 *
* .01607 * 32.633 * .~2266 * .8626 * .8730 * 2.90702 * 641.4668E-03 *
* .01807 * 33.986 * .47077 * .8984 * .9034 * 3.38133 * 960.3166E-03 *
* .02007 * 35.043 * .51888 * .9264 * .9275 * 4.02~07 * 142.9733E-02 *
* .02507 * 36.772 * .63916 * .9721 * .9661 * 7.03936 * 355.6240E-02 *
* .03007 * 37.558 * .7594~ * .9928 * .9838 * 13.83523 * 653.~619E-02 *
* .03507 * 37.777 * .87972 * .9986 * .9931 * 14.37142 * 666.1~68E-02 *
* .0~007 * 37.829 * 1.00000 * 1.0000 * 1.0070 * 5.89859 * 267.7910E-02 *
*********************************************************************************

V = 212.56~E-03 + 26~.111E-02 YN**l + -30.683E-Ol YN**2 + 122.174E-02 YN**3

A<N) = -~7.771E-02 + 146.722E-03 N**l + 947.509E-04 N**2 + -49.280E-0~ N**3

~
VJ



STATION NUMERO * 3 *
**************

*********************************************************************************
* y * T * YN * UN * V * N * A<N) *
*****************************************************~***************************
* .00042 * 11.327 * .04123 * .2971 * .3087 * 3.42929 * 718.6748E-03 *
* .00047 * 11.422 * .04230 * .2995 * .3109 * 3.37805 * 700.7071E-03 *
* .00057 * 11.532 * .04445 * .3024 * .3154 * 3.26081 * 654.2654E-03 *
* .00107 * 12.489 * .05519 * .3275 * .3376 * 2.91113 * 528.0090E-03 *
* .00157 * 13.541 * .06592 * .3551 * .3592 * 2.70498 * 455.9576E-03 *
* .00207 * 14.641 * .07666 * .3840 * .3803 * 2.57544 * 413.0791E-03 *
* .00307 * 16.664 * .09813 * .4370 * .4211 * 2.40300 * 353.8433E-03 *
* .00407 * 18.266 * .11960 * .4790 * .4599 * 2.27038 * 301.6257E-03 *
* .00507 * 19.670 * .14108 * .5159 * .4969 * 2.18004 * 265.2129E-03 *
* .00607 * 20.882 * .16255 * .5476 * .5320 * 2.11513 * 238.1941E-03 *
* .00707 * 21.909 * .18402 * .5746 * .5653 * 2.06670 * 217.1518E-03 *
* .00807 * 23.005 * .20550 * .6033 * .5969 * 2.05157 * 210.4505E-03 *
* .00907 * 23.969 * .22697 * .6286 * .6268 * 2.04588 * 206.7586E-03 *
* .01007 * 24.890 * .2484~ * .6527 * .6550 * 2.05~66 * 208.7~82E-03 *
* .01207 * 26.549 * .29139 * .6963 * .7069 * 2.10356 * 225.1663E-03 *
* .01407 * 28.289 * .33~34 * .7~19 * .7527 * 2.21336 * 271.3078E-03 *
* .01607 * 29.723 * .37728 * .7795 * .7931 * 2.35138 * 33~.6411E-03 *
* .01807 * 31.133 * .42023 * .8165 * .8284 * 2.54221 * 435.1793E-03 *
* .02007 * 32.402 * .46317 * .8498 * .8589 * 2.78251 * 578.1034E-03 *
* .02507 * 35.016 * .57054 * .9183 * .9173 * 3.67066 * 121.58~5E-02 *
* .03007 * 36.796 * .67790 * .9650 * .9552 * 5.1~152 * 239.9893E-02 *
* .03507 * 37.769 * .78527 * .9905 * .9789 * 7.23008 * 393.3~17E-02 *
* .04007 * 38.103 * .89263 * .9993 * .99~7 * 8.52693 * ~70.7731E-02 *
* .0~507 * 38.131 * 1.00000 * 1.0000 * 1.0092 * 6.78720 * 353.8361E-02 *
*********************************************************************************

V = 218.176E-03 + 229.098E-02 YN**l + -23.563E-Ol YN**2 + 856.323E-03 YN**3

A<N) = 613.817E-03 + -71.751E-02 N**l + 292.631E-03 N**2 + -17.896E-03 N**3

~

.r-,
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STATION NUMERO * 4 *
**************

*********************************************************************************
* y * T * YN * UN * V * N * A(N) *
*********************************************************************************
* .00042 * 10.530 * .03723 * .2744 * .2941 * 3.63306 * 751.5738E-03 *
* .00047 * 10.647 * .03820 * .2774 * .2960 * 3.58739 * 739.1263E-03 *
* .00057 * 10.822 * .04014 * .2820 * .3000 * 3.48420 * 705.4562E-03 *
* .00107 * 11.834 * .04984 * .3083 * .3193 * 3.13148 * 593.9529E-03 *
* .00157 * 12.906 * .05953 * .3363 * .3383 * 2.91790 * 527.6625[-03 *
* .00207 * 13.913 * .06923 * .3625 * .3569 * 2.76133 * 476.1152E-03 *
* .00307 * 15.940 * .08862 * .4153 * .3929 * 2.57681 * 418.8044E-03 *
* .00407 * 17.258 * .10801 * .4497 * .4274 * 2.38854 * 339.6002E-03 *
* .00507 * 18.510 * .12740 * .4823 * .4605 * 2.26818 * 290.2749[-03 *
* .00607 * 19.589 * .14679 * .5104 * .4921 * 2.17749 * 252.6369E-03 *
* .00707 * 20.515 * .16618 * .5345 * .5224 * 2.10721 * 223.2450E-03 *
* .00807 * 21.474 * .18557 * .5595 * .5514 * 2.06815 * 207.3767E-03 *
* .00907 * 22.479 * .20496 * .5857 * .5790 * 2.05422 * 201.8171[-03 *
* .01007 * 23.353 * .22436 * .6085 * .6053 * 2.04517 * 197.3486[-03 *
* .01207 * 24.876 * .26314 * .6482 * .6543 * 2.04999 * 196.2112[-03 *
* .01407 * 26.329 * .30192 * .6860 * .6986 * 2.09566 * 211.3649[-03 *
* .01607 * 27.882 * .34070 * .7265 * .7385 * 2.18895 * 249.0716[-03 *
* .01807 * 29.050 * .37948 * .7569 * .7743 * 2.28941 * 291.1482[-03 *
* .02007 * 30.262 * ,41827 * .7885 * .8062 * 2.43076 * 358.8353[-03 *
* .02507 * 33.062 * .51522 * .8614 * .8709 * 2.94424 * 662.2243[-03 *
* .03007 * 35.347 * .61218 * .9210 * .9177 * 3.71169 * 122.7913E-02 *
* .03507 * 37.028 * .70913 * .9648 * .9510 * 4.72644 * 205.9459[-02 *
* .04007 * 38.019 * .80609 * .9906 * .9750 * 5.70347 * 284.6582[-02 *
* .04507 * 38.328 * .90304 * .9986 * .9942 * 5.87705 * 294.8317[-02 ..
.. .05007 * 38.380 * 1.00000 * 1.0000 * 1.0130 * 4.85537 * 208.9818[-02 *
*********************************************************************************

V = 215.611[-03 + 218.813E-02 YN**l + -21.901E-01 YN**2 + 799.395[-03 YN**3

A(N) = 173.649E-02 + -16.789E-Ol N**l + 536.747E-03 N**2 + -36.540E-03 N**3
r-,
U1
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