Bo&aEme - ]

OHAPTER _’f;, P/&rf'mmo‘y | CSYIC@@S

A
[-= 1 Hitrield Octlne
s READ' |

I Sonw_ &am.pu_c_. @«F Ursam_s - Fow  Phenomera.
x _V;SC:MS.'P(Q\,J Heory bhas  (Mitdodips |
= Y bl Ko Tearb ot Flal r%
whore. Mondon. Pluctuatims  eqst |
A flad 1 jbdaledl onl [a | S — QP Cul

‘ot

e | = pican. o | Shdaticl] | beass

- paynala(;: Humber .PJ”M? Cm"'}-u”llsg PaFau«n:tu-

- R, = [P0 /| '. | L[ ici=h)

| Fa.d‘@fg. N ED —F[Wc( projertTes
| o) IsTae 19 [spded | |
For o gvere gemahy , g0 Rer  wcrecaes |
T Flow  patlern O{«.ama_a.sr
Lomsir~ =+ hansifim  — Sfucloulord-
- ':Exﬁmgah 4 How past o i apll
o= o & (e by iavisd ‘fﬁ«czoj
c:(rag e | BL 'H\.amj
= ’@rg.er 8l = S—e{)ara:buh AL Stall
[ ASNES SH’*é’de&m [al° | 2 A
| @ e W 2a EEs

- www.ates.co.kr
(02) 890-3800




il

W, T:_Xample; B Hal 'p'msir' o Cirewdar  cyelec

e H’lw,s:.td M‘y P 7 T T Paradox
—in reality , presure  am  fhe | rear o lem
| tete | (T3 | Yctemitere | foss +k.m. dde! | 11

@easfréam i Pfes_sure_

— Tl'w_ 'EETqCE‘c.‘f‘ ojL Qe ‘Fg_ -7
|| aﬁemm .Si@dd]g up o )ee_-.—_m"’

nE: \§+_.- I for fw<e,L<;os - 4*-@ -
— Dng crigs . @ | [ Rl wl 2x10% L[]
Slen. BL o e ot surfnce  becomeo Furb Lot
E== A N R W ST | |
— The red -Pfui-d Floe past a | biudF body can
il er ted.% from. Ha  TnovEad - FHows
preclictim. |
— BL fleoy con predict fle ot f sepacsti
X Examy{e_5 o | il b conldac bipe
| —Irﬁefmjaﬁ; Plog .=+ visceus (a.zjer.s st coalesce
= S s Y e M
Hoo FHow pr’o-f-‘"ﬂ-:;_ Cecars o CMV\&& Wl
 owral  positran S Ry clevelsped
- Tape}e;r. How a@; not | become % “Furtnleod-
| .4"&4&50}12:: di“Fvwef-: S'ePar—wE-mu_ | GHE
bockflon ., 2 UnStzddmaan
www.ates.co.kr
— Subsmit. Mozzde T wo SQPam:t:.. ~ (02) 890-3800




T = - et —_— L "

T THES Pr'aperﬁes Q-F a T:'W»—A
’f\ X A4 Mages of | True Huords’ Properties
} s = Khemade Propetres Pm?er-l-l"es of  Hia
| ]| | Flow  Irell itsetf Fathor | [Hhan | oA o
Flizd| | Cltiaen, velocrty, 1) |
= Transport  properties CViscasity |, -~ ) |
. s T%nnooynam; p)oP-erH'es C Pr@_‘;!'vf(\? density, .- ) |
N N o-mm C.Slrﬂ‘jcme_ ~tension, -1~ >

| 4-13 1 [The | Kﬂ\emdm. propertte.s
| 2 To Hical [ pheblinumt |

(1) chande | Hha| |pal fmeniad otmn] W fobettduttes
@ Shudy oy | He veloty freld o5 ol
| Fncttm o pasrin L i . "hy;rg
| 1o follaw any  Specrfre .Pa n‘nﬁp_ Pa:ﬂ«] s [ ] |
] SRRNAE — N = S Sy v | L[ 1=P =
| ¥ Blerron l/*@(ou—’ly Vecta~ e e W
| VR =11 (3 3 B L4) i | |

| 1] =7 Uy, 280+ Uity 245 +E me_»j 24)
LT AP IS 7P e of lCuy,lz, 65 |

| > Solwtm fo o Flurd mezchanzs problog,,

| X [Qol cotimr | |2 Fundamontal Saprr | Lf bd chonits]
| | — | CmSerrattibn df MgSs Marhum_, ool em.@,._

,i oMo Formdeed ,pmp parfiches  of  Pyey Telovctrty,
B —® Lograngmn. | O ares

| KA = | rellake (b | iy (e || wwwialesice.kr

I (02) 890-3800

L vade o Chorge of Sene popert, NN
jc & Fixed particla




. . o

%‘ To—rdg c;(,t“qeren:fmk Cfm%a o CQ

Ci,ﬁ.:';,@. &@dxﬂLi;d) é—@-dz-‘-'ﬁc& Ci-s)

| 'X Wwe. Gre —)Do”ou’ha O | rh—ﬁmdessm parfiele

- of SFived  Tedoudit : |

Ax = podt by =wou: | de =rdt | (1-6)
'—%'(_14)—;035) -] ]
e demmive of @ &b Crarndin
- paﬂ"*o&." | | |

Ct-1)

Subslm:fmlpwﬁ*&a malecal  dlervedne
3 suggert et e are fslowing G

- frced Hoxd [Dnr—fr‘cﬁa_ L
Canwech\#e, derivatve. t Zew &1 0- Mbu‘f%jy
Cor @ ke o Spelal Chevge

~» 20/t 1 locd d@mm:hue |

X In weectr fomne |

-~

'-rgr:.-'-;_,—;-ﬁc_'@f.p)a._;_ﬁ: EEETS

443, Q’Acceum o o fived - 'fétemﬁ-g/ ,bor-h‘c&_
e v*I'F Q=7 . uze&ex» 'Hw_.parf"‘c.ﬁg._ oaEs

L | _ www.ates.co.kr
V= Du 43 L‘U‘_,‘_'(: Duv (02) 890-3800




S
X Camvechve torms  presadt  pathometienl  A-ffzadh

- W.Q};Hlmr P'bclu_c"f}

# Note. FHase nen -lrear  terms are Qceedorztiows ’3
Wt Visaus Sthesses —» Iroma
A In  Pictmbeas How, e +toms stM exnt,
but  behave weld.
(?'V)v.-z V-Y: —Vx (px)
< et
375 ey =0 whn Trrtatimel
ga'hwﬁ MSHW% My 3ed
4-2.2 Otur Kiewmwire prepe rites
¥ lite Th Seld cownterpat o Flad  efonont
Undergoes L types F  mrton o oloforedrm &
(’)‘JT'ahsla:a:m.
() rotation

Q) extonstoned Shouw . or cUlattm
CA') SLer S‘W

X Fra | = 14-

(1) hansletin * B = B~
() tounter~clockuze rotatimm + BD — BD7

(3) chilebon : Qe brgger

@ sleor  shom * Spuare  —» Hroubiz
X Now, guaptfectve  baais . The fnal redst o
' s ol fvhe le  a the dedrathie

4
?>/Ma>




#L

"

%Pm&mnslm;ub-”_
B> *n@w{ar‘ otectoe abm F — Gxid
| waveruga Counder - dockWBe VD"ra.i?m. o Bc &BA

oL —ol
a_n_z———fom A@) | | 0-..)0{ (3

e b
| | ke, | | ¥ | |

AP = Swdar

d Qs ; (
T T I Em |
dﬂx - ...L ( ﬁ_’{ !__ 5_3_5"' ) erl: _agwgar‘
oAt =4 % - ¥ . |
| m&xx-;v ve cturm
IR VRERTY, S
At ] -l - 3. B s = 2

RN, =k ] AEREN s

i carH = e | | Cr-16)
dv &= Viyd=! Jryichd V4 6
Conheced N :+h r‘on waﬁw 6 ATES
| b 3, L Al =2
G B 0) | www.ates.co.kr
et Frratrdmal ~ (02) 890-3800




H#7
X 2D Shear Showm

— averoge  decrease <f Ol {ae'f’weeﬂ;ra i
i Tm:{:nﬂ»a perpenctizular  Quneo 3

oot % 75'
Cl=12)
L, | ou
g = (54 +55
Sur
Bt B e
S/_VWJM—LJFTI\:‘. e 2 €., £U '-":-53
X Dilstetun (odensimd showd ~

= fradmd frreae ™ Jowgh o Hea
lorizate l side «f e -<elonedt (¥ - divedn.)
S+ S asnle — ol
Ed = & | . 585

JU
N e—— CJ'()"
rake X tinee
o U = IOV ¥ oW Cr-21)
L™ 8)’){ = a_;_ Sjj d’g.- Efi. 6-2

I -22)
fu B <€]x Ey E)’é ) (1—22 N

= (r-23)



[+ 4— TM ‘h?m,gaorf— pnper"rre; o ﬁa_ Fle

S [ O . _ | aeal 1o [ T ETE
K el aclept .L/fi,j = a’f | |
HENN .M;—,J—: = —-(MAJ + MM,) £ (U TUL:D |
Ir\corpomtwa i_u_% (3 gw
| cBI/I- | £ c:;lQ.,l EEENaEaN Cr=2n)
ax s o(:{‘ i |

= Eaa{n ue.ww*/ de_rﬂm:hxm Can  be
L[] reg,ég,,ec( | ﬁﬂ-o (5171“4. ra:t.:..)*l- 6h3wﬂar |

»* \/ISCDJT'F/_, ﬂ@t’mﬁl Cmducﬁ\f'fy ; CL ‘ﬁm'm

= refmtz:ot '&o Mnspwf oF mdmh:!‘um)

X Vr,fco_r‘-(y"- 7tlm_>< to velouty gradscat
—-\‘LQM | c:mdw.f-mj/ t\zd -f-(mx +o ‘tempemﬁzrr’&
Mass ’Tran_s}?dr‘f" o Cancewfrwb«w

X ,4,0,{ -fﬂree ara M MUM" |

| #&um ;' coe 2! ':

_dl-2 5] Thal cwe-@rcwk& crf" \/|_SCosr+y

| -;éproperly c;'—aL-Fbwrd *H/wf‘ reﬂa.m 6573

- agpir ed Stress 4ty fhe
' | , _ _ _ www.ates, co.kr
fesulbivg  Showm rocte | (02) 890-3800




¥ See Ty [-IS . =

“C'x)z > Constant *H)rcmghowk +la -Hurd

LY iy,
MU 2 U
AR
er—DLCj)
T Ty = ey Cr-29)

¥ For Stple Hurels, refationshae
> {']"eﬁf’ Gr Mmm

€ Exg

V
Z-}(y = M v T :..l},LExa = % (-3¢0 D

¥

Viseosthy  cveffieient
M s ™
N . . a%m%wc property,
Vdrres  u3efle T A p

d-3.8 Tl csef. of Twrmal Omouectvity
K ‘-FO'UI’TPr'_s eru\r
? = ~lePPT Cl1-37)

N~
Vet rate  of  haot oy
Rer ik  Orea_

% k's unk: W/ ca- k)




_ Hio

1 3"' TLL weﬁl q& Mm; D-FR&W-@—

i'_T:f—j“*)V(p,,. ERAR NSNS
‘ 4 Bswuiag Cmd(,aqm '}cr Vtsa:us. Flow )Dmum
f % Thal | eg.us a-F m P’Qﬁw-‘/ﬁ W ma;f’!'?aﬂj

‘tQML-Qﬂ_ el P‘«gs?a% rQoJEI,ﬂZ Bc.:

:t-d.! Cmdu mlf 5 sa"réf Y -H:ufe -

:_9' Q"ﬁ-uad/jaa P«wﬁ'd&u' Cmc'h‘*‘(j ‘FM
W WMS“l‘ be M %hbr-’hm Wit flaa salio.

* Uo .slp /ho-— fa_wv‘gnm:t-ura JHM-P |
Ve - uEk

Tﬁm - = Trqlm!

-4—5 Conditns ot~ o Free l“;uzat gm‘im@

7\‘ Cfas;.?_ = n Fa -29 |
Asumd 2= Y yy

* D re%umecf OmclThamr | |
) 'Plurcl )pa.r'f‘izﬁas @ e surfme_ st remm

(kf)mn;wh*z_ Conclitoo ) |

(3-) +£w_ f'gmd cd| . acfrospherie. 637&
Pm(e_ st | badonce -@,ce{, www.ates.co.kr

(02) 890-3800

| [ (el | obpifes & — topsim effects |




H#))
* Kiematiz  codritm ) partiedes v rel
V'G(bc‘i'-f/ =  Mofion t;(r +he 'B'ee_ Sbnf'f:txc'e
WOy, ) = D'L 2 2

S 9
= 3% +u ;—; = % (I-108)

X pressure e&u,..l"bn‘ufu

Coym) = P - (& 4
pCrym) = P g Rj)

E: Surfuce —Fensm coefl.

AL Coittinse B & Lavd - Vo-par ar L-Fgm—cf - L?gw"“ d

Ihﬂr'fme

—* Hee qwfuce
Lw‘-ﬁ ho e‘@ed"
M He ’Tg.u;.—d,
* I} G ’h'w_ 1- Vs

the  gas loyvg  cver Hee [y
Except o M»pose presure.
-
or -0  wterdace, havever
He wpper s Shonaly  coupledd
Ourel & yertc krwmwl:ra, Stress Qineh
-ena@ Costronts on the  |lower flucd
* The motms of Ha o o,

Sl e d swui.-fammg amel st matel
7* Vl: _‘;L

Cpend By ShraeT,
% \/m:\/ru. \ n\‘tﬁfjcﬂ{e motian,
Ve = Veo & ho- S0op ol
P-"; P P':f,a_

§b Unleea Surface Tonsinm o
reglision.

are.

Cl—1085)

7€




T e mma
*Zl JM 9’: : L"‘Ma— c}n't
’" BEE JCETly catal Rautata

I'Nate Fae sfa&ms are Megwﬂ
'*'S*"‘te:-kx&\b& &rampar |
B WP~ N7 a Drgecd

.-_c)\/'_ Ll L] e
3_’;%(131, &Io: ] ;—;Lnxﬁ,mt’

1-45 Tdet X Exit Bels
B, & M‘S!.—L&bg e B Jl,., e (@ exit
~ | PM e-;L -{%«L Salwf-r“m |

’X G’Vk‘?ﬁw\o{nJ -)Qwa:f — C’Mﬂs‘fYPam Obp)hox%a\:h‘;“

[JsEE==cns & ez

www.ates.co.kr
(02) 890-3800




CHAPTER 2 (3

FUHO(GW Egm:tuw «F &nyrij
VTSGJMJ DDOLJ" ,\

—

J P j_ Ir\ %duc_‘ﬁ?/ﬂ

% Nape beor. kuaovrn S hoe  Hiau
[co Yyears

% -~
V€Y ettt 5 sofoe h
CW«{:LQ:J@_ UQVm.

—tb r"“«PO.S_;fL.QL
Solve  WHHC  presact Mottopets., 0
'(Ie.c-hxraa“%
-f)‘ —’)- C’MSI

i Freaction QJC e Rho(aww E&M,

* 2 (aws  of CM S0 rrtend
1. Coservatry, of . Cc.mdj)
Ja C‘MS-E’(V'&I;Q;/L ﬁ( IMWMM C“eu'l'ml.! ok (dm)

o Consenrstio. f Onecyy ((s+ (G

qf-- ‘H-qnund)mm.s h

4 must be obtaied Shudtanoqa s
"l T e

Iy o




| 3£F;CQM}ervadﬁ$a f ;Spwﬁcﬁes”:
&+ cmwan rec,-;utu'u.
_2-—.’;. Cms-(-’rv'zd:l.m F mass Tka. ﬁi "< cM-hW

K Rowender Hhet Tn 'H~L Bulermaun Sy stoim,
R ldas st adi'({’z.e e paditle dopparhiee

< UOCL T Lﬂﬁ)rnnjum, terms
W= P+ = [ Const. CEE3
*¥ Tn  Blerran 'tv.rm |
AR e bl -
D The < PYY =0 € ¥5or G )
i @m&:&. s o e
| el Vdudw/
KL T | T Chodall | b Tadbn. yacks. )

I

( rale ej‘ VBlume Mcrease  of
& poatiele per  Unck UBlune )

Ereteytla == ¥ c2-4)
bl =i§:4:{-+%&{=d-= V=0V (-5
é—g Cl—21) 6

www.ates.co.kr
(02) 890-3800




#(s
C_dmlam: gg.; 2-3l tv C2-3)

(3% .uv—f-/éﬁ)—ﬁ-o n

S +C?*V)€;+ CV-V=o0

ot
oY~
dl I’VC F-‘)':‘. o)
ar Sihiat C2~€)
- I‘)c (7-_: cmst CTﬂCWﬂM 41{‘-“")
ity '7: 5 Ce~7)
2-3 4 A Uef Stetegy : The Strema. Functm o

X Introduce Streomfunctm Y
L Steacly TﬂWJJM ~Hlow ™ e
Xy pPlane.
=i >
o (W 4 ;E(e;;) 'y
K I e e LP;‘-SMLL Haact-

- (D¢
=) = v e

% %’ clvect  Substitution , 0SS MWng Hact
W™ 13 Contiuwos o 2l — oreler c{e.rmw.:)

Ca~¢)

gg; (i) T SexsFed _:!c(.q.mh""a\_(,(fj_




N s e e #6
% s | Cottaity egn 78 Wo wse.
= of ote,penm roriadles = 4
e Peno.y:& | e remw relociyy  cledratwes
o Mhereesecd !3‘9 ovna.  ardlor,
* Physal sprificance |
c:'((‘-.:, %;rdx T %%Tolﬁ i i Ongen vect's
= - pudr + \Pu oly / Conapantats

= pV-dA = ol Gerts)
* Juse o Constatt W- (dw=o)  oma
ST T YT S S WL ; Sl
mass For Celin = o)
—+ Streamlines  of  the Floy
* (Aferaice  botwetn.  Hha | vatuss <f |G-
o a‘fﬁ - -STYEMM)
= (mass For botwesn. thoe Streawline )

2 -4 CﬁﬂSErMﬁw a—f' Moo nArtng -
. Tl Navier— Shpkes Cpucton..

o 2€ Neurtm's s | gair |

| — propatinctsty between cupplioel

-an‘rce. Onnet e re;d;«ma\
657‘5

&Q&Cﬂm cgc o .Pq el
- www.ates.co.kr
Q)c. ,, ; s m (02) 890-3800




. #(7
F=ma Casi) 3

* fo- oo Foed porticle. , work  lWith
c;-(m\_-s'rht/ M3teocl o  manss

l)-f: - I }Abed) ?S'J'"qu.cq. Ce=fa)

A

Otcelrvtaon

%BOCE) Jaree s

Hret CW%J o Heo esctire maos=

OCB% :6? C2~3)

( Tx Gy Ty
CJ = Cyx T -~ Tue ) (2-14)

* To—h& -_)Qr(e_ i Cach. drectim cdue o
Sthess

ol
d Fy

q

M

Cxx%dﬁ <+ 'gxdxdz ~f Z&CG()P c:(_y

)

Cxy afyd.z + Tyyddxdz + Cay clx dy Gt

c:“:,; = (e djdz t Tyucdedz + Cegduc‘y




(R

T YN Y
T+ fle elomot 15 Accgﬁ.mcbma_,

3T
Gk = Cog bade + o0 o -16)

Mmfi;):za k. Fla __Ld!m..__ -

N

2 & .
e wly

OF  on o Uk  Udlume  boos,ie  divmde by by
£ a—&! [ e_.z}i‘ (2_ __’_?j,

e axx '+aj T o

= Al (wf;‘:er row— of e Stress “teasor)

J:T—ﬂz__i_igz Sy < S I

o 9Xx 23y e
] °CTe¢ _, 2%z | SGe SE

e T o oy -r" o _ -

| Totml .L_.r.ea:fnr_&r_:hfe_-ﬁ::e I -

;) = .V.. _E;_ - C_é-_{{-r._._ D _—Ca"_‘f&)
= o 9G

Bl € - Can)d
mwu:m Q Ca-)d) . 25)

L) The Flocd o Ret : Hodrstins

# . -
K| Uiscous Stresses Uanish. . _
N .

Normel steses. = hyclrostortiz.  pressure .

PAGE

|
|



H19

X I V=0 , 01 reduces +o
TY,X = t}; = Z!E.—': = |P o
Z}J = 0 ~for Aty
Vp = p9 /1
f {9 Tl

D~4 D De'FaW Law o o:._Nekrhsm—m Flewd

%gi"b_k_L S_PDS_"f]iﬁJL _ -
4. The Hurd B Cotimmaus. Ty T ook mast

& Lar Functin  of i Gham ratze )

_AXxes
S. When = 0, Hio dofrnotine dawr must
reduce o ‘f‘&_@(d@&-l-nﬂ_ pre ssure

LA,,TP%-PW@—,':‘ )Aﬁfk—fw—

.Q,-__"_4- 3 mfmody et Pfeswe vs. Mechanicel Pr‘e.ssurg

| Define.  mechanicat pressure P

P = : (r——c—f;,;-—rz—% Wk xx, yp.22
m (2-27)

= p— (A~ ig)dv \!

K| (pean pressure it a chinkmm& Ming ‘Htud)
= (MWMM}%@u&L

PAGE

[ o




Rarely Tmpordack. . dv T o Nt
S‘blﬂes_k)/pm A £'“_J.L'=—O D -

- In cwfessﬂa_ﬂn_—(llow dv V=0 P -

4— The N__ou/l’cr - -S'(‘Q(ce E%MM — .

Su__ﬁ:h_‘['hb___(j?_ 223 Wi Cx=18) '

) s
--79 Dt = (.z;ctc}x + A v V)

;’_y%u—(i“ + 50T +5 [M(ax+?;-4z
; Dv-

>
_PI Dt —f 33 ;_’_3 Ej“L{ 33)3 -

d’B

g B '=4-—-(-i;lk;9——f/\6hv'v‘)+ [ (32 —LW):(

PD":—"{’gg i +2 Euﬁﬁuﬁ -

. Dr(‘*—“r BJﬁﬁ-(ﬂ@E + Xdw v)

Tn  vects Feonc S

dv V=0 A A vansahe N

I dsume Fhehk U= Const- .

o coastawt UBlosTty aud_dwsm S

. _fuﬂ. = (3 —pp +u V v _ (2-30)

PAGE




Hol

o |

X M_ea.n:_m_e@fe{j Llh C ﬂaqa.ﬂzcl Frove I.'

L _ﬂhizp.@mr_’e_ o |

|

24 4 Tnvizad Flow : The Euler amd Bemalls ~
Ttgns o
X | Furtler assume that Viscus torms  are .
o DV esshiond C roe20a
T =73 " oo
| ?‘Mey L lst erelec n er R
K| langentiar  veloctty 13 allowedl Fo sbp
X s e for  Stracly , Thcoupressible

| padtedess  Flowr  way ba_fn:t%rmﬂk e




£33

Summary of Hau  Base  Tpcdims

|3 baste laws  of conseruntrm _ o

‘V+
ot dn/(:v-o

oDv ""’(FSI‘?_? 9}’7 I

Tt i = 2L v TP T

S U

DE Pt ¢ Soen

rE’am«m.a.nj _mmwcm ‘ﬁ]tm Mih_ﬂry_faﬂm

Peplp.T) _u=4u(p.T)

L.qu;,_'[') K= k(17>
. —Fp..x réstrictims Cpplag

ch) wmd_‘&tm _&MTaﬂr CA’fis_Lium.

Qwrﬂdﬂ_&_ QSSE&&:LGJ.% In Hao raaody nacuct

_.E,g.ul(f._fm:&m@ L T

(2 He @L‘eﬁem&_w e M__

Qm vr-fu

4 ‘f'L.A heai_ﬁmd&gcﬂ«_-&lhusm laws

PAGE

—_— T e ————




#5.3

BCs fo- Viscous Heot = Cnducetivg Fla

B_C.S' Tn_____&l-é%capla& CovmpleX

md  wollinear

;B,—_auﬁéﬁmgg_&t% Simple  buk

- Z‘Qn&usﬁz_ a%pcaxw =

!,w- R : V"PLHII{ = Vﬁ[cal {_.l.ky.)

r\n_"trz.b@um_'ﬁdw T = I.njm_ B G TS+ W

%ﬁ,ﬂw Mowentum. e & et  Flux

on '[',1_ . \[r

 Slhen the cdmosplere  ras -

mal.éJoJ);ML Panspat coeffs.
, hoed  V,p.T

>K>l<

E}(l'{' i hoed YV & T . not P

diffreo(+ °° o e Firmetom of wakes omd
_otter  (nknawn @A o behauar

~ _!Ej'_sb:examyiie_ﬂm_gm_ vonczhe
."Fﬁr c?'m,ShS'hffam_. - :

PAGE

*_J,J%u:d_‘&asem_, hore _ ™
Kikmatle  epuialine.  \y = ;5_1- — ()
Epuality MMM_$ b

g & Petn (> -58)

q




—F  ror4ex

RBn heed 4

mothod

Tf p Can be elimingtsd , os

_liﬂm‘m":ty /_Sff‘remﬁngﬁm;appm ach | Tere
Wpose. o pressure R ]

ST

Of"f"\ oggm;LCo ol et

-ngfﬂnns

Ony  Coard .

Probleus  for m_—_mr@mh
m__(ﬂaﬂ&L_karch {ﬁmﬁhiﬂ_ {iv _:Hu__gkkd_ ety |
V JL‘ _H’V- _Kéﬁaila(, JXPL’QS;:’B‘”

dvergoace aud Curd
Use  wetrz jﬁfeizh¢%9 _ Ffactars | k c

€Okt = Cely™ Cohp + €D

Tl basriﬁu mem_am_ Lm,mL v

ymm s

fa—

= Cluck) ™4 Chadk)® 4 Chades)®
- gﬁruﬂtmgs a4~ 7 &%

(2-s¢)

eyp

kay

| odb r

(L=89)

lﬁ_g. a)(_a

|
|

)

J

v A =
L('H-LS

| Pivegonce ;:LJL—(AA As>

—Choha Ao +'§;:(h,lq.ﬁu.)

+é

OX3

Chihs A>T

of

Ei=

curd A

Comp gt

'_{fF4£ *

hahs

1_ex1{¥rﬁQI

>~ 52, (afe) ]

S“Maﬁﬂr

fe

Be A& B;

PAGE




 Coperan - Conrglibbes.
bs = CH. L, 1D
\ /04 A 2
v = ‘5}_,75_))-3
= 22U 4 2V 4 ouF _ . o
div—y = e Y T2 (G-62)

V) QS _ 3 U oW SV 2wy
v o 2, 3T IX, I "3)

*| Cr.e.2)
X= rcos® Y =prsme 2= (2-62)
=t Hi e g = bn=t -
s [ b | X I~
ve=\5F . 736 , 3’
Wi L2 v 90 . 9V
— s el
= r o¥P >z C-'-l )
-T-\} Jpe a | Ua 9 i = a

PAGE




_ 273 Sobaetr®  Puloe  Coodinete, I
- E e @A) = Eareden
X= I'sSthQ s A _}_Cst}\ﬁsml\i_. =l Cos®

— —» . = he=r hs=rsmo

EaY w___;_ '="P : acb N\ . -
=S Ndr, T, rsmp oA 7

st L D L
( / rsme >b \_veﬁ@)

= —*dﬂj' V_"_ ra- =

el Sy
rsing ED 8
\E o Ux S (2—4£)

— S
B BT V — U_F" _Ir + T — — o=
or _ C &B s o

R LA s (o= WO R AN S

r’sing 96
- o'

—

r>siwe a,x

gl I 'F@Cfﬂﬂ/éﬁ;fm{: our Mr«g_@_ﬂ
[ e charncter of Fho bacre egis)
Bl i _‘X_MM_C&MF&E@L Fomw. e Stuely

. éwm‘qr  dhd-order Q%&) . -
) A e—'¢— T° CI67>

. AscD: P imc,m crj—_x %¢ !
obfx, c-:‘rd>/cm. |

PAGE




Hez

__% alﬁwwau&a v o

"Hru_ STgA of the dEcrnmmant  Funelen
-d4AcC

- O <0 elluptrent

I‘P_E‘—A..AC ') =0 parabalic L Ca-fd)
e L >o hyperbolic

- 2> 4. 'Ell.[;‘hn!l — -

T e IS, Qun L'E_QEA&A_GB:Q}L S_{)e_c:i}b'"kﬁ Res

_ 4&_@\442101;__1:&:&114;213_:1&5118 the

s st Musst be _Cﬂﬁ.iid_.jd!-_@ﬁﬁ_CLﬁLM

- hd  remoun Open ol dne end sf the ~
o G‘H-\Dr dn"ecj‘m

_ = F M_..JPG;..—'.‘{_'DM of -t bdhhr{arb; 3
+ie  Other boundares _mkh.a:m;.n% _cpou

“'EJ_QFLQLL - C G,Qh:’gﬁmi D

—_—

. ety
B R Hecd' —Cmrfuchm -e,ﬁ,,u_ _QP_Q_@L»)[I¢)
3P o

—_—

x> M _f’__

G\JGLUE =N -l L&mrjpahc

4 o »
.

PAGE




*

POR—— . S — S .M. .b N
;Eali_visams fHow =g Fo M\mﬁhﬁ |
i L das splay & mmeﬁiaLﬁ@@m; |
o mMA_,_QM_h)ypezbaﬂA.c_ behovior
39 | Dimensmnless  Porameters i Vs Tlag \|
7% Ihcrease_wﬁﬁztﬁa.ss_o{‘_&o (v lions |
S e 19)/ Caﬁlhﬁ the eg—m_s M mast f"@?‘a'é’uk foru
— fon- dmensionglize —the epus AN Res
> "\'"? . PR N o o
LP e T s d et MKy, Te gt o
hMWJ |
—_—t o Harmeody name |
N e Steke (etahm;sl«asf:
7__7‘K;J§1m_&hd'_;m¢aur_m:ﬁa@ue__pmpedf

_.i~.£¢.MQﬂij.¥&MﬂL_Vﬁlgiﬁ_a , |
.),;..R-e'} .«QMA&'J—‘L . bacy .Q{Lpﬁ-l-k L externcd fass |

mcm*&mﬁpﬁ;mm¢ﬂM:
3 B’PP §‘fYPmm P}hp'eff l_f_s Pn ¥ _ro o kn '

L Fd - > |

* Steady V3 cus Hows  have ho characternd  tue
— select  particle  resdome Hma LU
g #| If osu'(fa:f,da.% oy Wil w0
o = culoc.tt ! -
> o ___a_?_. e o ZU f—‘ﬁ_.____ 4 = M
_ : (¢ e e I 7t oo )_
L [ p* f\ =R L= = Lo A\ %k p |
1T L T L TS A
. W (7* = L0

PAGE




Nen a.%vevﬁsra«;aczéi He Boase Tgue

COW’ﬁW'I"U o
7/ )(3*
35 ,(—'F‘WT(_(T*FW"') =
Newrer — Stokes -8
o D?*_T_— ! \m!& ¥ pAK ‘ =% [ % ,_'c}u,.:“_, X
k D‘f_* -F;. | _—r EJ, v " w L éx\;" JK},{’ _
"\*—D—T* - T DP* ' ¥ »* E‘.’ ="
C o T B b Top EPTOrET

Corttuity | wo  parameters -
=S . 4&?&&

/L{,.

O

i

 Re Most Tmfuo;:i'an:!* m_-ﬂm:d_mr;ham_c..i .

all L/B&Tui-*‘pial.) MQMM.M o Ba
| S T"'-—Fgr'fﬁi\j' @.%’4 '-"-_F a 'f;ge_&r—:ﬁnce__&?sts_._

Gy S MeCe —

PAGE




H35

N _J.f_ﬁ._i’z_..Jxlondnhwcanaﬂzz&q_—fLag Bes .
I == .
Vetd & TeTo — V'l 3 T7=0
*|(@ CL_‘EU(-;A_ WIRAL - S .

== . s V. Es
Vw- e T..J' ‘ ol E‘: an-x) = _"“'—}\ILL

| | l\lu._ Niussett -ti R
K@ o Tnterface  prben  Swface fonsta T ispoctant |

e 4 ..+__l__ N p. ] . ' \ 290
Trm-hu. " R 'r‘_j__ e CRE B ) il

— B+ cavitatron &
RN 7 il RS
o B — —Frovete—# o o
I~ |
— Y P- U‘L ;
Wc — \L w-@_B‘E'—#_ S - —
S

*| K @ ﬁlndam;ta_Q_to all Fs Hows o
hwer beo Jﬂ.o_gled&d., |
e D Tmpertant only H small —+ Usually Smadl b
| Ca = appropricte i Pa= P = |
. < &Gﬂ&ﬂﬁ‘tj e .
- ’ A:H_VJ,_S&M.S—'HM_ _:ja - S
& | 2. Varisble — tempernture  problems = R JE. (or Ma)
o _chd:umi cmvedme : &G, P B
£ b Wall  heat “transfec = N -
SR B S,QLQA Flow - 4{(:\ J‘CSPaLfLL_L.Qc.i:_mm}_ o
é ES candifims = b= Calwoys) | We Csometinga)
S Cat cmitinga ).

o

PAGE -




3|

-~
#* ) more @ (‘TG"\, Re , ie., Turbulect '_P‘OLJ "
L '__Mﬂr&Lce_mu@hmss_ Cdﬁpaﬂufe_
- smuﬂnﬁ.jg_ —
y - amowat  of Tur‘hu.‘lmp M. the reference
8 (}P(oc,c'fu bl = 'B’E'eS‘h’eam hrh&me
. (Dercenjuge sf randan Lluctuatiod) -
o —10. | Vortiiy Co:vsmlerwknm_f'n Lhcompressitle Viscau —F{:w
* Vol"'f”m"f)/ 0 = (Mf -
| measure  of prectomat ol ot
= 2 x( |locel anglUlor J&Lzmjy_q:b‘g_md elenent)
% | Inshuchve fo Oxamine the Tmpact of Ha
| Mr JHH_N_S_e%ni _ M
7 %mm_cmsﬂmi—_@ L, g= -
Thew N=S egu becmtc R
Poe == PP — et Hac P e
| UiScs  terms , sy
T V=9t — VB Cieo)
\\ 72V = v V) — et & S
: \ + div V=0 Ff P= costant
Y| ~Tha, _ .
P T VEP PV T = - =
o e Ny 4

Fuler -&prm.s_czf'_)'i’l_wnid 'ﬂw . vtinghes




H#3o

- > 55 W I _Mmm&_Jm:fmaL_-Qnm )
V= Ud by defmidim . C2-q4) becames

—  RBemalls __egLJtox—_unWMcmyxesibﬂa_{[qw

P trtLovtfyr st QD

x| ~ _Bem&iﬂ%_lwd_ewém_&r_;mmm _-Qu:ds

T e Faw TS Drotetinad
= __f___&%mm_&fm_df;clﬁs&i__kfydrQ.d;z.ﬂ.am{cs
o | otk lchin  of Hhe full N-S epus.

*#| Diffiedty 2 Potewtal  Flows Cannot  sexisdy

MW—MM___O’*_ a Soled wall

it b S I : - elivanctes
I — +Hie Sihd derﬂmm_LFMuméM__ls+:_nmr

: b derivatives — ak.ﬁab« M__MQ%;QM&QL e
LA E =

S — C or -. ) Can be sakss 'ﬁ—e:{_ ct o Solid Wwall

x| (@ lm‘:gk Re ., Viscous HHow past a stlid  body

S primarily  potecttal Hou  ereytere Except
close 1o the _bQ';Ey__ SWhere BL &ents

Sl *| In many Cases, BL. 8 S0 thon . T+ does wot

o flfaﬂ.c_/j c}nm&_-l:&_mdh-_p@uim_L-[ﬁau._

Lo mdeds  of dassical  (wydrodynamses  vsedd.

> MQ&W e rate of S:_Lscwx_ﬁ}& .

e __&f .uz!rh'u’_-_-f/ _F— 1o ascertane  LSthew

| wrtational flow  occurs.

el o T s Dy . = oy 2 C2-9¢)
| e (o~ v +»Po | _

N A Maybe by tokiy urd oF  (a-a<b
B H | -

: fﬂmhnﬂiz_e&n_othalﬂzdy_nﬁm

wsually  w/fo v P PAGE




$F22

(S- DV vortex mﬂm% e
from  the  cowechire _derractie

- Conie ctrm )

VV:L&T T ViScous oﬁﬁuMmL

F mglected, C-ag) Jeads o °

[ Helmhodts “theorens. — S renghh of @& vetex

Femam s Cmctant = -

L= _Lagcm.gﬁ.ra_'fiucor{m — =6 ‘pﬂr‘ alt Huwa

o T Mo Ze_m_ewgmm ut teEo
= ¥elin's theorem — Clroudatim abovt  Adny

<l
c losed Pﬁih_m_allﬂg e he .'P{uﬂii
1a  Canstant. N

LA 2 ynlid 1 puseful ™M Twrad  appoximatine

A = _fu&_m V I €

“| Conclstans .
). Tn ot yBwus flows, @ exBs , boig

Generatecl bL_l’_el_ﬂil\be_mW Wear—

Soltid  walls

3. (@ hgh Re . O = swept domstrean.

PAGE




X ~)  ConSitterztioms | Tha - Stream  Functie

JS[D:(::__. il —
Steam Tunchia ¢ ©xact soludion of Ha

contmuty egu  Whon  anly 2 Mdepeoncent |

| =patiel  yormables one  Muolved
Sﬂm_‘)ﬁa__Cma_L of  costont L QP B

o] Ao Uy € Uy t)
F.S:u_s Q'F maotimn — e T TS

JU” _
S g _ — ey

L U 2 Y U 3:‘9'____ CLqp
%ﬂt_-p e +tr751—=—3x +,>(“;+ )

Féx

U U v -_a_l_o‘__ |
‘LHW% = gj_Fa—j _dxa.""_:;ga) {l’%)|

(2-a7) yiekls +5 Y-l y.t) .

__4%5_&__‘}-: — 24 - Ca=lo)

oY & X

Cross— diflerentration  of (.1 ~Gd) 8 (>-Ga)

T.e‘_)_ .-CL fﬂ _qqa_,_ B (.2;—‘741)—

’ﬂ

b g__MJLmW B

if&L_E{-uawz 4 a2 fxwé G ~lol )|

ot ox 'V 2y = \arx* 83)

] iNaus v (U c’b( (I=13)
o= yw: }

¥ | Combioing c.z__-mg)J,.L:u)__ Lo

Ay =— P Y 2-162)

PAGE




Hae

(3 —(0)) — Ath order

oS _H«-L_Oa%mjz&—

PDE

R T S

) ,}jy{?@”‘

= il

RCs

In €erms

of e [st denvahves

o Y-

M

Flow

- adi-_..!
- dj "t/'m

of a uniform  Stream. M e
¥ clirection  past  a solid  bodly

2~

o ov

)

Stream - Functim vorttaty Gpprooch
dfernahve  to Hie

DYyt \ve

s — /Y

=

 Noninertial (oordinate  Sustoms.

= lLigue

Nnon (herttad

__:F_lou ower_mm,h@ :turbnrm_hlan(os

=
P

coor i r‘hcina MoV ﬁ\&

L™ e [
— LT - T —

G(Fm_m

PAGE




S —
ST————" P = .4__51\1 - i—_& X\/ — (2 ~106)
———— M — —— JE

. F VL noninectial vdoc_x.jpvedar‘ o
(2 -106) feplaces DVt m  C2-12)
2=13: | éfeob hysicel  Flows B S—
K| sk DS 4ermc en RHS 0 Ca - IOE_LQA.L h-ia,ﬂ&ci‘ec,(
S st term ! earth's  acelermhim  relative
S o Ha fieed stor,s
. g:m:!_{c(m A My -
2t earth's  Copbripetal acceﬂﬂmmn .
ie, Variakin <§ 3§ with letitude
L. K| For- geaphysiz. Hows N .
S—_ s " A S —  Ca~ar)
e v
— e _ Cormli's _QCLM.‘;M.__ R
(3 Cmfml—\/ofumg_ Ebmulg@;
*| Use  Har M‘ffgmLfeﬂm o (aﬁu.&o:t; "(IIA-L_
9m.:s_-E(wes — passivg 'Haanﬁk o Fnte rE’&%
of the FHou B
) = el whwpmmki_ B
*| FRr a fred cobol Udluma (Fg 2-4>

L Wish o Coladsate the rke of chawge

dB[aLcsf Qry  gross  pro perty B of Ha systen
.ot Athat Mstant . F. L .

PAGE




H =27

Szl '&J}'r h;mrﬁ'm 4@&215—

1= ——€§y s-cm-rax—;i—)

— CBp + 3w )iry — (AR + Br)e

at—o =3

s T By - Bz)e | sBn <Be (2169 )

Af—ao

M‘ﬂj 4cizh NS IA&WIM e B
theLiRm _ cutward _MerL-fb cs

e _d AR dz v -dA  (2-10)
A c(f-)q, <l ( vty P

= 4g€ylﬂqﬂ_¢zls_ l’au.s’uai Thearep. -

__Conservation o'f Mas<
4& wm A Afina =

e ool o Hm@#j—&v?m— st

d&_w -u‘f Linear [Aoventun

AmV) fidm = V C2-12)

= M

Iy
<

—_—

cm ) == cvv-ﬁ«wfﬂjgwp_way_

PAGE




18

CHAPTER 3

S ke st Sl Aot

Viscous —Flow  Egiindtims

LI ductim  oud M—MMQ

A,Q,D'tt}sf Aﬁ& __"HNE ‘l(ndld'h Pﬂ_r"H—Z-mfo\r‘_ Salutdim s
“'frlcmq,»:eums,Ji W n iz '7Qfdl«!

WHe  Constant e nspot  Doperties

——&?ﬁfwﬁy—— —c.ﬁV—Vﬂ:—.o ) - 2 )

N g |
M ormenstum e e .__E_.\;Tg__pw,g_v_ — cE=2)

e - S R s |

A ﬁLP_ﬁ?gz : o

Sinte  (Jf  ASSunie M= const S"Mgr-

—

V2§ lhv({'bﬁnﬁ.emzbf.jinf il )

2 dypes  of exact solutmns  of Eg. (3=2)
L Linwear ssludims ! comuwechire  Ocel VU vandhes

2. Nm= liwear po & P.op does  pyt  Uftnwh

Q&ME&QS diw o MO \/:}xg S U r‘ﬁu es

Stcagly iy befween oo Fived awd Mwﬂvg Plota

J:'q 2|

_'2_ “hnfﬁujtt platzs oW Gpact .

leuppor  moves ok speed U relabue 4 Ha levem

B¢ s QAL Dnd.ﬂpm;i%_t é: X _ar Z

PAGE




(-rM'F;MM—'f’V oU e
v 7 oy - ©

—

Fu
Z”i )

yo -
ey*

“’b

IHIer?‘IL (3 -4) —“fuite. -

U= C|'V + Ci . .

BCe '\ no sl.p wl-h)=o w+h) =l
Oy e TG Co = Uy

F@ -2 a _f'\

\Sl’\ﬂ‘ﬂr Shress

""-'(HI‘H"— AL
dj dy—.ﬂm

Frictm oeft (ditunsmless Shear Stves,D o

< — J C.2-h)

o= = =
d =P Cuh  Rey

Tatocuce Pooedle

e L SR ] (=2-4)

Pe=Crp; =1
f W U

220

Axm“y MOV”"& thcenh—'z. Cyfl nders

Fg 3-2

Eifler —+he wne~ Cselr Ainder  moves  gueinliy
at = (L or_ the cuter mar-€s f‘

ot u = U, ]

PAGE




Helny

1.____4-£QMJ~‘-LC

%_@_ = “ﬂa{l_ L'f' A= > S
| Maverrfune P e = ; dr{%ﬁ:ﬁ___rﬁs_ﬂl)

_ﬁu__rmeﬂmﬁ_L sz';) s Lu_cr Y=o

Us
A cr= _ ftmgey CLﬂ“‘”) -
QaCr/c) - M Uy
.., ey el tl Intrny — T htnan)
r_ Mdves , Uh)=o 3 LAJ:_)-—U
— U=y ﬁ““”/"’) — &,
3-3 | Potceudle Fow Hnrouan et
K| Genoratou @\MM& -

| Entonce eflect s
Him. s (am-pr ol o _OEE—@CCEQMLM

ML_Q%Q‘LW mlk_&u:f-_ﬁmf_m

PAGE




D
X | Far x2 L & ur _Oximdl
=W =0 2. U= Uy =) .
"_QM mim}a.p_cg T . 2-6C N
x| e s S
Coh '“5/ e o
Momertim. o oF PIZ T T
ox Ty Sz C3-29)
A
EPIT . NT
ey o® o
X '?' Function f ¥ gl
Since W does nat yany witle  x
foe o X pdmentUm efu ., -
c'-}pzfax = (mst —— B .
Tlesa v U N dp (2-3)
d:')‘ — 37" Py Const=
g _&bje;;)['- ‘o U =0 - N .
R =5 | Unstrecly Flows  with  Moving M
*| Assume  povatled)  Flo, a'm
[L= u(};,z,t) p X ) W =0
X | Mavenrtuim egu
SU _ | dﬁ oy /3%’_{_'}»“ \ Q ~(od)
ot £ dx Loy~ " e

*| dpAx - Aunctm  of fihae  mdy
\\| e b’l [ Z — Momowtunn efJL
Wo X (2-104d)

—F Qbserbed Mo e \Moi-(fy B AN




Frea

— =T J e d_)(
T[\M .E}.(Lf_,_._._ o /dm,_’r_ Qj&’ \ (Z-los)
ot ¥ oY 62‘/
\bfowu.. @] Y=o —* L= eyt
BCs : up Shp @ e plose -
& Nne Initiad  motion
UCo,£2 = (lce) -acm— t oo C=2—(06)
M Cgua) = © for y >o

K| Sudden  acelecation  oF o Dlar~e.

: am_o,a_gm “+o 7 Cmdu.;'%% <al7zl

yst mto a swdarfty,

parmable N = Y /Co]DE(, €2-157)
w’ o
becomes  om ODHE = _JQV,U

Eﬂ. 3-)8 > Vedp ity
| 7

Sheoar ﬂn&up.r Hurbness

})m-[ﬂ-e I T

bont  (There Hae ol effect  on fte Hourel

L\CAS (“'%Ci_ _-ED_L_;Zeﬂemr J F‘Qw . N
U/ s =0.01 sr WAlle =0.99

—> erfc (@I=001 o @& L

g ———— C=at)

PAGE




H4z

™
S=¢. o |Unstrady Flow between Tum Tntsicte Pletes
I S‘muf—wP Ff dmoo, (Couotte Flo
X The wppee  (Y=hdofixed
+He _[rm-er (Yzo ) Jagj_rhs 4o mdve. @ anT‘ﬁmLﬁL
(%)
Final Steaory, fow  u= (L¢ | -~ Y/k) -
¥] (orke it Ay difleronce
b=ttt —d ) -
* A‘:‘MWM@LEL .
{/{'k‘_=_ L‘(l :"J'*" ﬁ Ei_"_ Vt
(ls h W
au.‘ & U
A.tx QH*L _f\
subJect 4o (1F €0 t*)=uX (1 t*)=p
US(y* 0) = —l4y*
a 'I:ﬂ'\ai S?)ﬁbdlm. 13}; [M#%_&_@,Pamm Q.!C s
Uariable s X = foy* 2N+ )
U PR - Bl 4 ¥ ]
= Cxp (AT D oh———
BRI N o Y b
(3-019)
*| The 0 thoar agmptrte 7n epprogcled @ 4* k0.2
. Gin (@ 20°c — Je=us = S SN
3-8 |Similarity  Suludims
% | The # Af_ihdﬂemy(c«ot Vartables © reduced

by ot  deast one 5 MSM% by ca
Coprdmote  tanchomedtim N

 analngous . o, dnencoal . aunaluyst

PAGE




Hed

o Instead of pamm@f“&x, fhe  coorplinates. _Qre

Collapsect Mo m&_ﬁm&m

Hat sele g velo ities o

tad S.‘m.l.far?';u Sﬁl%@a%.ﬁ%. —resuye o 000000
Sous— Prfmite e J}AMJ}D@L_ Quacl

-{_'éh&,}am-g:ﬂ extenk S

K| 2 examples hore ceduce o cek ot Ppes

Yo OpEs

*| However, —tee hmmmm_gm_%___
—Occompanied by a les Ta_gonoemlity

1e, SMrT“_fj _solubins g @MCL_—f:;_ B
__ Ceritna. geaw;ivrﬂ —ond  Crtann. Rce

E-d. 1 | Ve Flai - wonr Stagneton.  Ponct o
* F!g 3-ad ) N
To &%B_ﬁg_ﬂ.a;mfdsi.};ﬁf’ ULlx. o) Gﬁ_&b&
i the wald. Q2 URgus _regun  Must CiﬂrUﬁ_(-é')L -
War -the sall. —e “Tlm <woor icngfr__
has 4 constauct _fuzbress  and  has s s P
Sl amb« Mwﬁ_ . .
3-8.0. 1| Poe Stgnstinn  Flow N
* | Carttwus+y, DU, I _ e
J Sx gy Y
ich  can be swtwtfrad oy _ -
L= U (= el 2-147)
o S .

PAGE




s

Y~ mmf :sou{-tc-Fv -..>-D MMm_ém,

!:&M

=Y

Yo X

==

=

f‘ax

U [ ul }
ox > oY

(2-dd)

HaU‘_L

U

s

t—

d'D

| P .}‘U‘ a*U“
—(: o -‘L_)Lh dj*—

I mvrsed  How

{,{':B_g:

= = B.X

= Bxy
=5

Mo d«“ﬁ/

Y Uar}a AL HA

W, s0 et

) M-w,.:%a Can J:DQ_.STQ:!:TS‘PT-QJ

For wo slie ot Hhe wll , For=

Y-mom M (3- uw)

Substifute W~

Mt ""L\.L

Sp

g

*J

I L
=ty

it

Je P

Jor Ho W

ax}j

Subﬁfffwfe "fﬁ\'}) W nto He X-phem TN

(2-1d4d)

(3~1<9)

* |

PAGE




p

0

HAL

2 s

TL;_D__ This g T -y Rerteding Dor

Steady Flou hot  Fenth  of fhe pfmrea
—Plae_Z= o intates ek consm A ongular
- velaaty Wy abmd axB  r=o
———benath. o  pourfoman eomes ey .
——Wth  Gould  ofterune  he ot rest B

1L 3—ad — e
B _Vlmu‘dm@i_ the Maly&% _ curface
e \km.g.ﬂgt__jeﬁ-_#.p _&_mTt.l.&,F_$i0¢ _fowsard

T Y —
A ¢ o f’daU} I oUe g =Ur Ue _(Z-1dr)
~ \ &r‘_+ f '} agl re. )

_“Mgfms\uawpuw___ s -

___Qcﬂnh%dmc <ets JM(’;L\I@LL_’H;;CT___ I

01 fTJ”(Um‘Ffr’Pnﬂi mattm. Us .

PAGE




H47
™

=P Tl “H{M I,.M_d move  In Cirudar

Streamlves ™M creases md.mi«‘aj

Mﬂg&_‘ﬁﬁo_mm C@n‘h-"bpm
()CCW - = SR

—» B4 'Fm_;f,. D& °1;£.‘) reclrzd

- mbalance Causes Ur >0
- Thin ohsard  mass  How . balauced

by cn  ingrard  axicd flow towrard

He Ak , Uz <o .

Yorman Tound & Q‘rm_iar—w Solutm

—_EMM% e - U'/r_,_()'é/r Uz , Gind

DML_’BM@&M S
—> A Cupled  ODEs MJL._S%LQL .~

~ yUarah 2

Jofbey ~Hamel Hou m o Wedse —Shaped Pagm
frg. 2-3

Hlow Jl._pgjm;cggwe)_, Goneroied

iy %mMsm_g) i M@-_@LL

ZaY A’(ﬂLBALe‘ﬂg_mdA Us =o )

T+ !

Cantine R Q%I/L B r—d,‘ir_{r"vl-—) =0 =
- (3-19)
ruc= o>
x* Mwm@;m;wmm__
8] (Ae A N
M= o uw = = (fL,) (‘;{c{j_) ,-\

PAGE




MMWL% 'm_PDfL Cogzoi;. | Us l--c: |

il a'u"_=____|_ . -
b St (,-fﬁ——-k — (219« )

_Ehmm P by cross— diff eventratn o

rd

Omd  Thhoduce ™M A £O)

— 2l ardor nen-—livear dx'_"g_E'(EA.'ﬁl&L SEN 'JQ'L'Q

‘__P'.L__f 32 &—v%:%*ﬁ“dc%

C2-19s5) |

PAGE




CHAPTER 4-
. | aminar Be_duhdaof ﬂLay@rs'

4 - f___ JTIanbhoductim

[ nrfeum@% _CM'ELQ.,L 4t NGrTak)  FQgTans. N

7 _nn_m.a_m -H« ot g Jﬂm‘e ofgdmskeam

| cowedtim R Much Loarger thow e
| rate of transperie  Uiscous  cliffuston

2| Hlow @Mu_pmd'_&_-%m_be%

of L.
Tose. .t md_PﬁmZﬂp*__Pﬁhds_P\-&a( Heo mel),g
v LAd

~ Tme {e,g,.w):ed_ _&uncm—e—q&n __t spread

| ocrpss Hae o Streandumss 2 O C,J /)

Tlotan. Hha VB.L:DM_YQ}MH be —Hhin
 diffusom  me & vesdowe twe

| PL < L R |
N e ey
s )i "y i

&_'Hm: R edqzh '“'F Re,_ Tc (a% o

le; D@Df‘nds o ta

-F&o__acr_um%,a_dn_s\reg_a.&j! M{‘
. L 3 4o Steamwie o o Transperse

_'euajLM e
| BL Ts  laminor ot Forst, Hon MH,C?(EL?_Q:E_S .

frans+m . turbuonce .

PAGE




$ts0

A-Hm; la-\}z{-“l" T} 'm-r' @M_GLMM_
stle of  bAufl bodas .

Howevec . BL. Heoay  Can emm__mue;

feo _S£7QQL [ —ReCliyvys 0 0

Tlodt = Plate in-#@gmi Anoly si3

Frg 4-

F’bu—c[ S‘aonr foau\sf'

Lmé;m‘a;s_(mcﬁﬂm‘mﬁ_ﬁa._s:ﬁr

—

w2l be O@:GLQL"‘EA_QL«I%L)_EQJHQJ&— -
the flod  pressure  remeiss  Condtant

U= H @ P A <
J

— Y=Y=H+3* @ x=x
CV 7s  endosed by dashed [es

Velodty cntributins  are  knaun @ ddet 2 exit

Ifu__crtber— 2 boundarres Must be Sheamlumas

~ Uhere o MasS  ar  mgmentum  Crosses

- kmu_(;imggﬁn& _'B_expg;gd_) 2

Mm.g

PAGE

™




S|

The Dmplacemsvt Thickuass

Mass cmnservatin fo- o v

R Y
B S et N 0 O L

. eat inget

Ass UW\m_j f:‘-_ﬁo_ns.‘i‘ Cin Campressihle Mo )

Y, cY
R = Juud,y :)

E

CtFo=tety

[ UCr) = U™ = . tu=wr ey

(<4—3)

S o’ prY= ¢

5 _‘)b = "z:‘_‘)obj

‘Hnﬁ:k WoSsS ——

X s * _i_'_-Fun_ chen  of s mﬁ«j

3[ Utrmadugs  oue Pn-l'ejratml a Loy

< fomag  defmifm  of BL gssplacent

Momentum [hickness as Qefq.m;__‘m Fodt - Plote

Drey

X= Mmomentum Cons-ervockiim

- & G - g um
Sh==D=]]_uCpv-dR)

S —-=-f:’u Cpuydy — J: Utpdey

or- 3 T Y P L b AP

“4-5)

u—("'bn )oruaj

PAGE




H5u

———

(ASune Q=cmsk o ';

Y g
\H—'—W 'Gmm_gﬂ: 3 —

ber  nik ciL;ZILDa:[-L :ﬁAL_AP_C&P_‘E{‘ B
Umé (fJL MLu—_ﬁj—o[Tj ey

g

Y-c- —_
S . —— ) R - )
(’U‘“ TR e e

- MﬂMemM “fiu?_k_mu_) e

Nete, 7f ot aF!n_tﬁDj.tf;L — D

EL_MMEL g _ﬂaj'__ms_;Gdnd_mmi f\
‘%Mnﬁzg__m - o e

E‘u 4-y e
A"‘ -

LEL(K) <.“H«.Q Wzl S‘kmr m %

_“dh = dﬂmﬁﬁm&km\ N B —
T C
Lﬂ:(x)_ r”x“) ‘%‘Q’Ffﬁw—_mﬂ—\——_
= . “-9)
2
TS T L R
N

PAGE




Fr o flat plete, Secmloed form
£ S ¢ T = de
kP’le »% p ()1 x .
P - 9('-)
= e C?_(VE' P -
<~ 2 éruesr_eef PBetile Yields Numer‘rra:g____Es—h»;ms
* —[LQ__M F Kormans telea o

(MNe cam_ guess o Voeasomahle Uty owaed

I get  reasmoble estwates because

— pasTtre  owmel  Wogahwe depratime  of
the Assumed  ppofile

Sthwple ey By 4-( —
3 Conditms to be suarifred

No-slp : UC0) =0Q

Smooti_ m&cgﬂug TR c)u’

. i D lyg ™"
X| for Qoammar ’P(uu -
o= ::) tesil]
. —+ Mo 4-4) o (4-¢ )
¥ S S .5 (412
2 | & -
K| Differentrote (d-11) 4 relste bWoll  shear~

PAGE




C4-12) & 4-(3) into (d—fo)
CM-LMU/A‘ _lo{em‘d [ \ .
j’ _}:pua. == dx"“’ dw\fs_}_ -
or TIL = tS et

T 0)=0 i L

JoegMS ot LE .

e R SOM ¥
=)
eu 1 C4d—14)
X JEeg

Substitudting S How L) Mo

0
(4 —(») amd

C-13) —» flat plata

eshmotes oy _a
=% . )83
F w2 :
Be,
L 0,73 4-135)
- 7 \]E@:{ -
In+e5rud1k3 Grox) Trom  C4-ta)

1 lag cel—16 )
S E e R e Gl

\J"‘tl-—

Gh@ lo £ _eprur  conjpared with e Ecact

<slutin  due s Blasius

Ad By Mtegruding acrds e Shoar

W He

=7
.Qauer‘
J

YA i
—

rectoun

m«,(’,j o OPE

10 .Solve M Hhe X-irecdm . for paroweters.

Such s S x)

PAGE

e

N




fee

4-1.5 | Soma Tnssht Mo BL Approsimedim o i
¥ Tle esencte of fhe B WMW 2 S
e o S << X L
F— # Pow -4, Hiz b true if Pe.>| .
¥| Swe uv/u < IS¥Ax ., Pom ca-1s)
<< L rf Rey s
3 Defterentiots @ —t1), hx & Susey TH B
- — X Summaﬂ? = R .

FRPert + aex  Uau  Shae el

N

Prand4l  tasedd Hloae  n derrymé BL egus.

Lourar Bojidge, Loyer Cpcti

Tctegrnld  amalyses —Yri ebd et oland

]ty srees & ymemus torms o

e B w T, X = & (uw__)— i)
vy = @“&’D

5 reoLc-F;mﬂ,a all  vnrmahles M torms  of

P

thoce Ostumatea , (e Can guickley

Spat Whleln  Corms Jh_ﬂ_a_e%—&.s_@.n_ —

| A e P e lgeyo, 0

XKD  nCoupressibhle o -

YR sk QU = - N I
¥ d’j
U .. 2U ‘_{_ﬁi_—g_e —f =18 _—r_)T'r’_ _.._. -+ 1
o | ¥ = &) T P 9% 3*’] E N ax= " oyr

PAGE




$e&

TR

VY ey, | 2P = AL
ot o @y o (-‘baj 'y - s ox * -

Fom. C414:ﬁ)_,_ﬁﬁ£hﬂ_dimum_mm7_

o oe  of  ardec AUnldy_'!‘LLTs_ﬁﬁg_g_

tu

o O o B o e BU w T - T
. U x PP d-31)
L,{’.*f U r e F—E P = (,U ¢

Substfuctiie -Hq,,.. w fo (A=3%)

2 dako fe __.!M__g{r_-ﬁkmq;u_ao_ﬁ&h%z

au¥ | U

Bk ey © .
UK | QU T opt |, 60, -T T Sur -~
> : "
I ox* oY X Fr. ay*=
o o PLE T _ (A-z2)
oy* A |
L] —

Al otter tuems hamgmehwa—

Ttlﬂﬂa;. o  potice o

) Tl ,Cmt?umz—t},;eﬁn_a_mdea{sa&_l}v Re

Q) UL m fla ¥-mamn Spn T2 ugg{}pr'fad

Et’(ptr‘- 'E!F small  veloctus  Ouad _Qacan__sizes E—

meﬁm_u_maj%ﬁh m o e &@mx

=) Tl pressure. aradacnt  n o y dyectim s

7%_2_3_‘[0_._11!__‘“&_8?,_ — — .

AP éﬂ N0} P=pPcd  andy
Due 4o Prancdd ciaoed) . pressue R a_ knam

VarighQe M Rl analysiz . wTH PO assumecl
4 be I‘mpysessed ult.Dam BL .%y Ol M=

PAGE




Hs7

ol Pl f_an;ﬁyﬂ' B, W

| sutside BL . i3 relekted 1o pPx) _)/ - f
ﬁemmﬁ&%wem e Tth&n’LYE.SJM a sl o

| S:tzacéy_nu ol N ool |

dP ("U C4-—3<) '

CS) Pe ches na:l‘_eu'e{\_a.ﬂoen h  a4-22) ‘

—In thz coord.  System, oMl thicknosses  gra |

Scaledd _‘L(.ULL:!C_‘SLZE_*_'H\L '—UX‘% nle A Ra

_in_ lamunar Hows L o :

(&) Al _ond  deduatives  r.t. x are  last

h B aparoximetom @eﬁw_m pambghc_
Msteed of elldpte, x s a Marehorg armbl

O Cemqamr _Seolutions  ana ﬂe..lzcbw&_@s:’er
@) lost certam  BCS on U amel x : V= (@ Yyso

f?’é_JSJ;egis e for Shpler than Heir parents
Rewrite (4-3:) Tn dmensrmet o —
= . S . L4-35m) |
X oY
CELTR )‘
FU_, oy aof ”du e ol by 3%
T ‘ @%“L“‘)*Sxﬁﬁ T

o |

Cshere . (U= UCe £ D assumed  known . |

| BCs L1 = _ ‘I

No sfp 1 U 0.+ = Utx ) =o Tegoo=Tatet)

Talet : U,y £) Utxa, y,t) £ T, y,t)  knain

__Eadzhng + e (_-;ubr_,ﬂaﬁ,- LUK o, t) — ([Cet)

. Ttx o, ) — Teet)

LIT-PEL UGy, e) VI Ye) A Ty o) lnown

PAGE




=

lim ifatims  ouae

(1) QF‘ must ‘.‘263 ia

) 31 e G&@L‘H_b_dﬂieﬁimaaiﬁa(ﬁv{r <t

p o x }o) o Do.k‘f Moy be yreoacled

WShere  (adl MMMMW_&&, Hee
@rmra.ﬂ:w« @M_&M_pjmf .

| BL oporoximetims  are ﬂ—mgxtﬂ——-—

(2) @_SM%LQQ_@ )  HHe lammar

Solutums  became  (UnsStable  amd  BansiHin
o turbulence  Geceues Tle Haze — oy 2r

appro ximetims sttt hod He fo Ho

Turbulen+  BL.

Orth ogmael Courviliwear Cosrelnokes

Fn 4- <l

| (d-35) are o vatd A oy alemg
e Curved wall , Sulject  only Ao the

VLIV e bt et AL AHizenoas & 2 Le
waeeh. Smeller  thow the raclius  of o
'cu.rnn'f'we. R ot  mld.

L_Qfd.u:ﬁ__dex tHerence  between Heo Curvilnec

O +&¢_Car+Eg.m epus  Ales m pressure

‘ X

PAGE




s — peos s LU -
SK (4-28)

<= negligibly  Small Hf S<®

aa (A4-26) A  yolcd _824\_:.13\.9._ cunrel~
wall flows c\.!:_[dh#i s S <= R —

gﬂgmﬂ @gimrks aboat" Floy Separwh%'i___

Mwm een @ well , u=v=o — (4-30)

s i P
%‘;_ T dx — )

P}z&(e _umature 1 indicatve o _:Possi;l.e_ o

BL Separzdimy  —=* -F@_dr =S ) —
) M.eg.athm_C'Fgua:nb_[e_L Apsdx > ne Flay - Separatim

b ol - ) adv'_:;_f

Zero  Ap/dx  —- €. 9. et plate oy ,
o Separaking | _
Positive Cadvege) dp cbe —+ Cunrmture clianges

sgr A tha  pofile S Shaped.

=* T creasing. Aam Strean pressure  Sloas dom

ol L " TR Y J | ‘p(un-: — Mmake T G6 backem

— N aa S_e‘)_arajﬂ"\ . o
Fg 4 -5C) persptont  odvese dpdx  wmakes

MM‘!;_ME_ S;ska.':_e_d_, L’Ea{uc,ﬂ% tHea

| Walk Shear fo zewo cuad  Heen.  cawsne

| backflas , (stle Bl becowes puclh HTior.
L amirar Llays he e poer resixtance. Baesl

-~ S€partte eastly . -

Tu%Aﬂm. BLs., can wves3t. spmm_l%

PAGE




H o

oumnd heet  transfe~

4-> . 2 SLeqr Stvess M = Baun@a ‘=629*"_
* S{Aﬂg Stess O Jg..ad"ur- Interest
Th 29D = S3U AU
S ey I X )

x ,‘3\; e thzf-o{ MQ@JLA‘[MA.Q. (ch..oas.‘s
SU X Ts = orders mmm%
-... — ouU v- 12 f'}u . (4"“:‘-03
Co ey = MG )tl . N
*ﬂmcim%;mmm F Hee locall

Shear Stress

Apprbyf}na‘l—e Pm)\} «Ff Se})armjﬂ_i poilnk- wf

cern Q.zgr Stress

= the pont-trbore  Tr  passes frame

) 4 ().

<43 | Simlarty Solotins Lo §w 20 Flgy
* Nfgﬁﬂ«.ﬂ‘_L_u_nﬁ_auLy_ T UhCacpled P
. ‘f‘tw__"CmFem_ﬂme_ N
% Mgy R Camtiiug “';!-_,_' @SS ‘F;r Sticoly ‘Qou
au , I B
M ' gy ° (d-afa)
“9‘4 i .r—au i l"f@‘ L =) aiu - —
V\dg ] -3_‘) = uo‘x e 35“ !4—4{5}

Subtect to  Wlg,0) = Ut 0)=0

Ut o) =, (I 0Oxe) .

PAGE

N

-

/'\




< ST,VMM:I'_QQE;_E.L_-EWM[ Z @.qgc

Recluce Hoce egus to 0PE s by similarity

| thanstumetea  Te, SD PPES of

M—M_M&L_Cﬂm be )

recducec  1n a_ .Sﬁg:g,.!;g ObE S

4'3- ' -n\L_BJQS[hi ;SOJ_LLLA:M- fbb— ,q_q,,"' _me E!um o
L D ijﬂm&i&nﬂy‘m_#}uam;&gm Flag ” ™
| See. 2Lt = B

*| Blasi.s egn clocnrat Fome Ly E o

B QU 4 v . W

% ‘% =io €25 1}

a2y, . 2U 5 U -

L ‘rvaj - oy> (7.5.2 )

BGs  u=yU=o @ y=o o N

U= Up @ Y=o | (7.5.3)

" 8 ol U= U fur b y @ x=o

w2 e — M (2.5 . <)

ay . - X

(7.5.2) becmes

Q- Y Y oy, C7e )

Y Xy  2X 2y Iy >

1 Inds : - =+ Velocty pafile a

PAGE




HEa

™

UCNGLy)T)  UEA(ew] |

(7Z35.C )

Y P TN

Shove Y 2 Swadar,  gaemi g
7s.5) shadd be am DT

Astmee

rlL-;a‘c;(,g J = /4_51)(“ -«

(Z.5.7)

Cony) = Bx®fen)

e BL . 2nd denvamme

(7.5.4)

Lrt Y 15 Peém

Laritaible. ) o
e 2% 2 8 1724 (Z.5.9) ™
Y = j&_g
= AB x**4)
= < -t [ - (72.5,10)
= - Bx®" unf’+p4)
DY S  [IY | -
IX T Ax \2Yy
= AR Gt XTON 7 1 p e £ ST (75,11
=AB X" 44 + o £7]
QM __9‘ Ec}i’)_ ol n__igr]
AR ) o (7.5.12)
= AR x4
SU _ D [y _ 3. avipp” (7.5.13)
Mt T ly 8

PAGE




H{=z

N —

_s@ﬁ@' jj;aé‘_i ' 4'7 545 ﬂm (7_)‘ S_) |
S CL PR Sk 1 It S (Y] N3-S N
S Aﬁ(d P'”Aj”’ — (2714) |
MJAJ;M eg.n S"ld'h-ﬁ.v{_lue _a_n;ClDC ;cm- . |

- & N oty fla  RHS tpmc |

- Shoadd  te _indepimdent o x , fie. .

S S C7.5,(5)

VA /B shadd be o Const |, beecanmge el

— He terms g (25.14) s dAnonSrmie ¢

1 let T be agn _.a_ré.Tﬂngy_ _CestanA A4

A S | S
DT et e
~We naed o Mare  epns ‘b determune o, (3,
A AR T N TR

Jpp_]% unu=Ue @ Y=60 45 (7.5.9 3 [

1l A %fi’(@ Ua  (7.542)

ST ) T jo(ao) be be_C‘oua_r-e__ T+ Can be
o L= mhj %m MAM\._LJL . o
B s T JQCaﬂ) - o C7-s'r<9) |
S S Y °’+@- KX Jhﬁ(ﬂ@-mdﬂwt) C'?.L_f‘i):
SR . _A:.B_:-_L‘ih_ I N __f7_$",l'ﬂ)l
_______Embgs:s)kcng) (ns,(ﬁ)i, e 2.7
e w e ek e Nl o o 1 - _‘._/‘:-__ - (Z5.210)
o= (5- = .:n) B= V-
S yi— ___S..,.me -HLMM czsg cz_w;)
’\'_ Rk Obd (7S W)

PAGE




H#{4

N
- Y= |2 Usx f) (7.5 233)
b{=_i4u)___=_# % (7.5 3u)
g= [ »;Ui_@ LA (7.5 .28
D (2.5 06>
L ““rx : BC.S o
= ‘F:O 2 -6 @ "].=° (7.522)
L= - @ N =ec
. SN %‘J}_fi:_c‘_ (75 ,24)
e
i With. Ftede Lharco  Bloey= (7.5.29)
Ht\) *UY%Etlisasm@Lmdﬁyﬁjame_
ﬂh&am 4-4a5) R (A-4t)
%ﬂ‘ﬂmn% —& Cﬂmpja:fn Rlasmms e [uchwm _Jh_TaLL.‘Qr;_tL_—_L
‘F.g 4 -4 \ Blasus funchoa. £. 47 2 p" -
Pl frg /4—.@4&. Comparnem of {'=un/u it exp.
X :P = 04qa @ M = 3 &
i s L T o
B ‘;‘T"W = 3. J . J\qi\jux A
or gﬁqﬂ L -
3 A~ ]
— X| DBplace mant ‘Has‘rk-_ms_s

v*m_
" Jawx

(\o;ér'jcﬁ—dﬂi—.h %ﬂ*fé—i 2 67E——

PAGE

t‘\



+H {5

or "l | . 72 0¢d

—_

X  Rey N

L2l7¢ s "l_tmrzepi- oy a S Line ‘H\-aJL—_ |

Is asymphtre  ts Hae curve ) @ large
Smee  f proportimal 1o Y~ Hae dashed |

2 M__Jepreseﬁis _an_ Wisud  Strean.

‘flmd:z;u AI;SP_Q_o.cea(__o-J:! onaim Qegs

amant- | -?:IJ.f.?cE__..aLm_Aj ;ﬁ—mm_-l-{u__plod:a. -

Momontum Hhizknocs -
—& LIM J\ﬁPOTzF )olq = -F Co) =0 4a¢9¢

0,664 o o o
x B Jo.
| Wald  shear stregs 0000000000000 o .
St A U 'fwto)

_-_J.L = - =

e *Y lu .Ig\)x/u B
Lr'a

or - =_"}*t-l = 0.664 _=___Q___ - ei_..(__d-l_.o._)é

e T TEL x -

__W c_mé_Cae:EL m_q_PlaE crf;l_ . -
= L. ) Cfdx— _2_—6} 5 o IJ___ —G':l-f:é)

= J Oﬁ_gj ’ %"""T

*dm&m_mmp__«sf :i-Lq. platf_ R

4~ . S o
B.EMML velokim B_awmt._‘ﬁr—_g&__?_!m

Q_Seen_ff'mg & pakd Lo

PAGE




%

~
B X[ 1< Re <100 fit reasmakly by tha
care ctiom ‘r?l( for— Gﬂh"n M G PE! Urbatkionn
i la.acP L (4-1)
<poe ' -
I Re_ Re,
¥ Note thek U +0 @ ghe < RL
ferm  (4-a4) , oas 1) —s ¢
- O.fEoq U (4-St) %
C x ey = 2CE ¢ L
[Re. _ ,’5\,‘?\\ |
7%
44 | Free —Shear TFlows .

;EKEQ_S&ML‘ -O_M-P (2.7

UncHected by MMM spw cpew M
—Clﬂﬂnbm‘ Flan

Posseses  vel.  gradesnts 4 creatod by Sume
- Upstreom  wecheudsm  —¢ tyy fo Suert ad
 Cxamples _
(1) free — shaar .Q&dec _memLm%

Streams B |

Q) Jet -
(3) ake behond _hcul/ M g Streou. :‘

_'JI-F Re =) MMJ Bl held.
el Y 6!/%”( <K by, OPly w0 |

Fusttar _ 1 Jaa_am:ﬁw_mﬂs_cipﬁx_o_

—+ sty foe flok -platy  epus o |

PAGE




Tex T ey T T

I U (B = U N _\é"b{ . C4.'QI) t

v ¥ R gl o l
X v v~ :

- Sxcept ke tmls  to enfore Lo- Slip coditin |
Just  dasnstream  <F  flo drsturbauce .
=% cluveloping A AouSiwlar .

= sShdac A el _Pm{"ﬂes_ Qoo clite

b Swdnlly Scaled.

|
& P_E_;-SL‘_;,_ LE:’GF‘ JLeﬁr-eua Two DT-ﬁhere;; B r
[

s U / U; il -
——‘d‘-l.—:h:) : f.—‘-'- o P EAE = Ce= 3

A
Stheans L N |
%| = 4-17a _ ) B
_ The @W@m il & LL_ s SwaortHed {
ot Egy VIS o+ v Jofo  an \.;-—x-sha.pa:L -

free ~ Shoor de.er . ]
K| Sinptest = Uz=0 : plane  avrfloy  emerg VR
_fam a et mto agmbreat awvr ot ret. |

*| Lock Clasi) — Blasus type  siwilaridy varmbte

J QJXVJ- J. J

ad C«‘chj;) - (4 -9) | Rlasius %J&h_’fcﬁ_ |
—each  layer |

7+ 45 £'=0 J=1l,a  ca-az2) |

¥ | BCs 5
(1) dS/vahﬁj_aP}am_ach_ﬂ‘o;&ee_ﬁtemm velocitres |

£ c4%) =1, ) = Usfu, | (4-94) |

PAGE




H 68

) Lkomokre puality  U=Us N V=Vl
@ Mterface M ; = _

£ico) = 4.co> = o c4-95)

J.°cor = £,°co> %o

(3) epuali-ty of Shoar stress @ inter-face

Fd
U, oMU,
M'a Co)r= K/ Cv) -
- S W | (4-q6)
ar ")(‘\-"(0) = kK')D.,!’cu) .

JMLKLC@._AJ ? MDD
k= 3 Tdentical Huxds

k=21 ! gas .mL.ﬁ.zzeu:(J

k&£ £o.o00 : air —Waker

|Frg 4-t7¢c \ solutms by Lok

_rlu_ P’am_ L_Qm.u:f\nr Je"'

Fg. 4-1d

| HMQLJ er_ﬁmcgﬂg_ﬂﬂib_a_L(_amm;Hm

a slot+ ot yY=o

_f*H’ .Cm:%muw%m -

—  ¢4-a1) must  be saticfied

-

Cmstant™  momentum Flux  acrds amy X=coms=

| (Crpss  sectm

0 s ) &-—4a7)

—* 2en —dmj , ZelI0 —. &g_g:keam orie o . v.'E a4-5)

PAGE

™~

~

L=60_cco =* Sl tiwd ~ driven 'Hm m Ale

| “.7@L‘Eﬂ_ce_ﬁmjﬁr_,4—4_[ake— -

N




Scf«f d\’"M . _t -
Jet Enim_lhmezd’_ YDIEQWLLQFX e _
e 9% ® Pogy  (4-qd)

bihmn__a'_, 4 P
45

39% x

Cue‘;pazmag_m.ﬂ. —

L _5"1) ) : o
BX y - (4d-a9)
JA
U= - — » ) "\
o ! he™s EF a0
(4-48) & (4-9q9) —+ (4-q1) -
£ + $£7 4§ - o .o (4~100)
B¢s " N
Symmetry Obaut  X-mxs 2 lT_dl/%a =0 ® y=o
Quiescent ambient Flad @ u=o @ Ye=ce
| =—yr "P(O) .’0” (o) = o o E Cat—tol)
| £7¢ w) = o o
_SLb_LLCJﬂmﬁ exact Suoluwction
fn ) =3a tan hcan) | Ca- 162

or :P(UMJQCK Can) o

_nf"’-”/-\ﬂ‘ ‘4"'5 6 hi
=t 3% f"-“*&ﬂﬁ" e

-‘0
ar n,_/q}' \"/3 @08 W.J_K" C4-103)
S 6w i pr)’e B
th[f’_ Se:h o= -
=357 - EF L

>

PAGE




+H 70

—* Jet Spreads se that the  contErling  wak
dcﬁps_a'g as X-I/g o _
X Velodty drstyThutim ( T:ms)
A
e ‘JI -ﬂ ﬁe_h_ﬁq—LH—S—;ec%—E‘ay%_jg
- *%_Lyl — b& —i—f'@ (X‘M"JA M,L
g Je -
L Shore U= 0.0! Unes
—+ Jet spreads as  x%
b, §

Mauss rite  of  $low  acrass Chy_bﬁdlosi plare

I ("_)p Maj r@ﬁ'—@ﬂ X) 22 3°l(3'(’f“‘:’y

B d-167)

4-4_3

The Plane  Loniner  Wake : Far field Approxmedtm

hoke = DLE")Ccc:f'_!LSTKEam_(&hdiy; Letine
an. Immersed  body




7

—;—. ,.._yl T JA%.LQ:(L - Ca—to)
MMMQfA (4-_‘1'_)______ —

(o 2U, gt _ (4-(09)
(;h‘—&dr Sy Sy

T e e e S

_Subject _-fn__uLc_x,,_t__c:L_ﬂa___ - .
minale ) c5u/-’ ) ij_;ﬂ?;_

1 _u'_._.:ﬁu _X_J/‘-__e_x 6_ “9 }______(l‘f—_"“_‘-",)

4x9

ot é‘ .&5'11 iMLMCMﬁM Q—éﬁ‘\

il mp.se_mm _M_d@o‘g _.de S K"E
J'fhda_ i _12 =
and%_dm.g) @omﬁm "piu,L dﬂiﬁf h w:nLeJ

- PG Fefauy spuftug

"'T.\J

“—_—_______—__‘#W Sloe

L Walee _LteL.u.I o

o ) e P (L) o

T Wlke J:Ln_tpcdr M_bﬂdy %_________

 FHat fLu:L wetfod M both  crolec (- 113)
2.6t G ) 0.6, L\

s BAEEE v o)l f )_
_~J

—p S——

B, _'ﬂﬂm

Gﬂur MLAD jiu.ﬁm - S

5’_}21 CGL_'.Q&H_ 1N 4’1&@&_ N ﬂﬂSJnu:DJ\r_ _& _C_L._a\nyg.J

Bom . gduere 4o Gvagbie Oraclebads.

PAGE

——— 2SI



% . ba-ﬁc Clpiomcg;hg;_—ﬁ:_amﬂ_gxa_ﬂoﬁ&hiﬂﬁ_ RL
(1) Anabytic M&L&e&gs_ezq;ansm —m =

‘_QL&_LG&_—_

@) Approximatae rm‘cgmi_mc!:bﬂu{_s — Oxeons

of Aa W%mi_{u&u‘j B

4-6 | Approximete Iﬂ"ej_rc;L_gEﬁM hods
2| The CV c;numark Is exdct Tn  principle ,
J:ud'_a.fzplx_mw Usihg  Guesced
o protiles anel  other correflations S
2| Ore ng_ Thuates
Ad—6.] | Tle BL In"{'QQMLW
+

All rmm_a_mdma;s_vue_p@ r'im@_'[ﬁ:li

ﬁc&rm_s of o cartinuirty | Momentum., _M

{€Chogy SlNs.

7

ﬁMWg e derimtm

— 2 ‘aacr'c redLd

(1) Mm_'mi%m&_m

(&) Wj&t@_i%f M S

x| Bl =gus :
Contfiduity U, S _ . (4-352)
i ox | Iy °
ot % ”
o (24U 4 gqg2d Ny, 2T (a—=3shb)
~ (ot " Yox 7! e o9

PAGE




E < B

Thse Mot o

—

ngCﬂ

&

——‘?

M

_k—_’;

In-l-eqmi Pﬁi

\

e S——

L CMMMM)

2T

o

f

C oy

ot

L T

P

—_—
—

%

3

= fl=(4) % LCLmﬁM-ny

fu%-ir——%uﬂ* &*% —————

4120

ox Jo

— *‘-%LF—M-"‘*”

{

Qs

N
%

e

)

r:i__%)%._ _U_Ub_ e

@

4~

Wzl 4o mﬁhu‘% -
>
= P“Jcer—w)d:f—q——- j:ee(Ja T A

ca

==

—+ oGl o

()

—l2s)

PAGE



445

Far CA;LL,%LZM _bL__éy O e ™

X
—barmmutgr j%m.Ly of el jb:;;—l;(-e;
.__LLQC,_BJ_..Q.;Q ’:r L, Pexxd (d —(20)
W hane N= Y/ =
P ¢ davensimfess pParnmetec
Eﬂm_wu;, gm,am_&MM
He Subshtule iy (A4-122> +  obduih
a Ist erder clifteondras Gu S JOO
¢

M})ﬂ‘)%ﬁ& [ A‘H\ ~— Qrglo— Dolunnrwmi
__U_M____rﬂ_.,hqi_;g_zﬁ_ Ci ,.7}3_-1. @a~-121)

_Ln]lan_t& Aw 5 (dU/afx)/y‘ Udiries with .

p qumn pro1cl m—f— Up?j aAccurale.

PAGE




H7s

Tl Covelotu, Mabhod of Thosires

Rywrite d-l2s) Tn tems of 6 bobtle,

Parameter A

y = U s, (d—122)
A= > —\6,)—/‘\

U x ca-1a2) .
Tub e L. . -
Lo U0 do 4 BU Ly camse)
== - T N = ===
&C}\ )_:_St\lar‘ 9 de N H Cx )__;_.Sl’tWPELFﬂ.deC
L d(©4) Correlotom
. R Poyrte (e -133) E
S (5 ) walSe ~Aa )T =Fery — (d=135)

)_:%4-;& , lhumrtu__pm;ams;l -
LAY & Ode- ok _ (<h-12¢)

Lf Feg-ba. Ca-ige) e o clied B

EBL =aut( i U o+ _ CA—(3T)

| o aved an mfadte ©  e. U=o.

IL o T _ﬂ__.dzgm_,oﬂ‘..,__@ Must- Le Ze, o

_ gate, OAEP R e g Ca~/ 34)
il e Js

= Caludotz A= emz; O . o

T_gku Y e )
- U

B

_ (4~139)

3" = BHw)

PAGE




H7E

Thimites” SOO 2 H) W Table 4-4

Sex) ¥ CA+ 0, OQ) (@4—|<s

Ho)w 3p +4 (42 — 83,6 27

+ fta 2 3R7 4 4+ a7 7'6.257

Wl &= (0ot -A)

Afwruﬂ - = A ‘ﬁbw or okl Odvece

: _gmm

|87 hear the separmbiem pt.

Apjz,hm Secs  4-4.7w 4-6.9

Reotuttmeldy  Symmetrical BLs B .

A__preliminary to  more Genernl 2> Bls
Flow ™M cylindrical  polar  coardinates (r.0,2)

LIIMM- e of WUr, Us, Vo, P. T2 Adopends

Sl v g?mmﬁaaﬂLﬂo_mMCr,_ﬁj— )

I+ s =0 ng’fhc How N
Examiples

pa_-gns_CLch QM) M—FJQH

- befween wtating cylindens. ox3ymmetrie
Singnmm +{o) 5 ;Hslm_hﬂ_cu: _Aan ;n'F\h"‘-{:L

_m:mﬂzmg cixie

&__EE&LLMLMMIHQW L CUrythneer

| coordwnatec (X, y,8) A uei_czmpmw:_(,_(«i@bf)_ﬁ

Fg‘ 4 — 34

£ F‘(} 4-23 . S
A m,))e__a;cmm;t.._Cunm_-Pr-F L

PAGE



77

: QU N
o Contymaty 2 b e 4-179a )
— I X-mem} M ..M .oy W Jdre R
et Ut >y r el
N e e __________41?945)‘
p— g ! QP 1 )'QJU I S — = i
o € ax 7 a‘vl
—am 1 ‘_L,{-—m_m = e Suseeey 5. (<~ 179c) f
) I
h O -mem _.3__0;_1'#“%‘*_-‘___;_ z”' wde
R 5 J e oodx  a-(984y |
il -y W .
i Y ]
1 Whoe o locsd  Sucface ol 000000000 |
L _ fo 35 5 ]
— __fﬁM%e s BRL UCx) & Wee
— Loy g el W de ( op . (4-18s) |
€t - X r—u d X € X i
S oWl dre o
*a%ﬁ(__ﬂ X =l IF  &lx . |'
i *| BCs ¢ Mcludihg oo pormus surface iotuting  abat
. s axrs @ Q) — . |
- @ Y=o Y=o U=V, _(ct)  Lr=roQee)
N Bagorios & Rellledd | wre plese. € (4-181) |
__ghls o ® x=0 : —Khoun U0 Yt U0, y,+, LICO, y+) |
|
@ t=o : {pam URKy.0), VO6Y,L0), Wlx,y0)

PAGE




#78

. ZL.- JO | Amvmmfd:cL BLS Smm an—fy. .Cnig:h@

*| Stmpler sPeam.Q_Cm.a_.SIeMy_QxBymmﬂjﬁ?_
fow Cw=o0)

- 177) yeduces +o

= (a4-1da)

u“’“ -.Lr-"“ -_—{j~ —pp

X d’U‘

Wit U0y =0 , o) =Ue(x)
U, ) — Ux) :

. Sfmf’nrﬁ;{_folu.:hw o (4-182) Moy be Faund

- 'I]C_ i) = O x™ Aa-142)

—+ Correspond to  potential Alan @ 0° X M
iD(?\S‘P B chre S (/\olb&h\gle#z' B

2 Table 4-89

€| s proper ,§fm?{ar}'—f'/\/ _ (ariables
U,y = L) -F’m) (4-—184)

LW here % =y - (3+n)HU0x) _,/

_‘jl .
QX

X | Substifudim o (Ad—1(52)

Tp/f/ 'l‘jp-{‘” -+ =20 ('_{:%—:ﬁ o

3 +n | _ (4 - 155)

g uwith  fo)= flor=o £ fCwo>r=)

< Tdevticad to  He Falknor — Skan  relatim o

-except Hhat {3 = ohifleisnt

* R 2N 2 S

e e — [2 = e
2 —+h Lwe 5 | ~ire CA-188)

[
P"ngéi= ‘_é;;nm

PAGE




H 79

2—10.2 | A Thunites ‘Typ-e. me’H‘M‘ Fo- Af_aymme#‘l -F’W‘ o
e __i__f4;f.5yirrm_JﬁegmLi%rL S
S e UL Ll A
B SRS .k U cacimss
s m ' 4+ 26 , B dr e

oX lo o‘k U
S oo . o0 BV ihe .

S difference Mmmﬁw____

— e Et:mdy M:ymme_hr’z_ﬂm WAL an Tmpermeablo wall
RN ! _d _g‘_U__ e ca-(&7)
€ res (. dy tf“o—U—S)—"‘—(:f 5_{
K Regrmup Th derme of A= 0GUL0/y
— bl A0 =SS tat+H)— 000
- LN T Sk -
ol = o) & hae ~£r (4-190)
- N L—‘-ﬁ&mﬂ}__cﬁl-__(ﬂﬁ)_ L
R ‘6;&'& o4y _F;-_Hs_dx_ o Lel=1an)
e B ro*L" J" L sy N - -
B
e e 2/ 0 b
406 [Tl Mmgﬁrw . -
— KA mund gt Pom a cyralor hole il &@M
. Momentum ,  8/ar S> 3/ox P
. Cmcimﬂ_d«ﬂ.heﬁ_ 1__C@&i2__ e =
N ¥ Mymm&{zm_&j._e&u L e N =
- é“ | [ < La=1v 3 TR "___l..ﬁ‘_
| Contiuaty e (=20 o)
- Y =m : U 4 _ t4-201b)
' " %J__FU:%'F: r dr(

PAGE




H o

*JMMLQM__L@M%_* o r“/x R the
Proper SFM’TV UArtab Qe N

X S’h’e.ﬁm 'Pr,mr_:(:un )
Wcr, v :_:)){_FO}) V!:"/x (4—202)
= e P yF~ S

 a e r

(cl—202)
= ! at‘!’ — v (".. 7 il =N =

— % = =1 =7
X &Abﬁim‘m Mo  (d-—20lb) (ef—204 )

< n

g L. —41;1-— —HFE R FF————

— dﬂ lltl.m C'E T LL

| BRCs  F(o)= Fhadx= Flresd)=qg

 Exact  Ssoludttm = (Chy*

(LL—20%)

(+ (Cy/adt

* cﬁLmMﬂme _of Ha Tet
’ 1 a
I=¢4- ety
or 2 B ( 3T A (el -206 )
l4Trer’ |
*| Asqal jet telocty , fram (Ag-202) B
) 33— e ! C"")”* \_ (_4 _'2-67_)
= (1t
T x 4 _
L Jet cemterfine vel S N
X

_ c4=208)

%—=—f’—f Fb{—a:‘rrﬁdr—=—8ﬂr;a:r

PAGE

™

Ny

N




Hel

A0, 7

Aﬂjvymmeh":_gi Wakes =
s Auearrzel _Ho

ar

é._r aussian  Wake — relo awrsmw

(4 —a20(b)
= = f!_éul A, ’) a f'__cguF (4"wq)
Meox © = dr N o /
SMJIVI‘F’("" _fD

/A‘CVMD'hﬂ-‘Z QM&MM_ Tr’:pfp — .Deck; —ﬂgg%(_

_BL_‘ﬂw.uy_ka; — Vexing _[pwstatons . -even o

Th cmpm&i&; ?g_dsu

[ Hgl Re

. Quruaoiure ..

L. Nt valed Lh_s-epmnIJM J:eg‘mu
- Nt valed "o hear | & o
4 Nat vakd @ TE,_&:LM_.M._JLF.QJMEJ_IQHJ@_TQ ke |
£, Not+ alble to  predirt fle efflect of vitcous

or. [ovxjﬁ-qo(mai

Ure S tep (-0 cdm2i0)
i« * 4> )
- (Jlhor e . - -
—F P J—H—;}.'ﬂ'f“—&r =—f’1j C—AW C,,—{-pu,—t :
— C = CcUu.l/swy
The wake clefect  veloaty,
e o el . U.r+ Ca-211)
Ul s o CPTT&’ X ( ; sy )

_SL’eam__[_rlL_.d&pLacemem—F om He ocutne Sthream
é. Not able 4o jvz_gc;f,_v_‘k Heo effect of rall
Whedher tHanaeme .

PAGE



Hfo

7. Not able

o

- hrod?-l- -Hm E"Rr"rﬁ‘

of

fonke SLzar— Cyortiei~y)

£-W€ ﬂ W

1'\_H'u._ﬁ]AEC

Many
4

attem Ilfb to @C@M—bl__‘&ﬂ_lg

4 -1 |

-Fl'r'edr?”ch S,

MQM £ He Bomdary

Lower

Oke mMﬂ_BJ;mm&mméga— -

— singlilar perfurbatim  prolQe.

st @i  doArechives _M_M;.tl'{p
Py Ltra!«_ Lo Flau

™ fle neor —

| s !

el

n

d V?FF ba__g &' '{'—D

lag £

_)Llée.(_a__-ﬂﬂ&hfaﬁ;dd-nt%e
pacbflm_—

<<

(422 ,)

U(O) = o

wef, = YVoe aud

¥—dernrmhre  terms

G(a et Seof Lefim

Q) = |

A< |

4o Bl momentum

m G_M_ i __-

(e~ )

of

Cd-212)

o SN il |

[ — €vp (~Y/e )

(4--215)

S

—M-—Ci.y' t

~ )
Ly §

'

exp -\ /€)

T Co'wtw_ﬂyj'_c

BC wc=1

0 the Jtmd as E=—w o , (d4-512)

1s

=
1 == o

—& _J/{O"Dltcr = atjl.“l' | —a

Ca=2le )

—doeg

Tlhe  Thner regim

net sakizfy

O ce)

mo—jl:"b @ 5ol

=_tHhn (Shana

<< |

— Dol . M,%nl.‘:gld__.mﬂl:j.m

PAGE

~




H03

Y=u/e F(‘I’)_:-,th) I
Makng Al cllage m Cg-200>
- Jd“F =k S B < 58|
N +—le R E o
|l he-slp Fy=o ugl o >
R C:arbitrary °7 ® 1 het raledl ™ e gdter
— feduaz\ e
< Tha Matching Principle B s " ) B e

Mo com  atlh e fun —Opproximeke

the desved soletn2 .

| [eame CHesiel) alme L rowuree Ca—21()

Tn—tﬂﬂuj Q'F‘/f_ ____—__

F=0¢(i—& 'y/E) 8 R ! T Y v

__Cmpﬂahk Ca-217) A cq4-214a) , best — pateh
valuwe of O g (l—a) e

i A N _ e~ Y

._;EW_EL—_@_)_—L% R

—> Fg 4-39 L Jo s. .

| evcelleyt+ —approximatus M Tt r;sp_;nu:_ I

| Con posite. functm  Fuat = a_ _Goocl approximati.

er ‘Hsnkﬁm_%f_ S

wa CRY)+fy) = Ccommm tormsdT

l

PAGE




Hpd

- Ucompase R ((-a) L &™) tay (4-2(9)

withm £ v, of Ho exact Solutin C(f-2(3)

_Tﬁg 4-39b o E-g

| et —plote BL 3

Higher — ardor madehing A ﬂwlm +o

Sectims  4-11.3 ~ 4 ||.&

Thiee —Dimen SWMMWJ% S

In crthoganed  coordinakes o

¥ ﬁzf 4- 4
¢ | Chosse O"fhoaoual_CQCLMﬁr Coorclinates (¢, £ £s)
WOTH. X3 Quopdhere  Normal to S
X Rl pelocities CU 5 Us, Mg D By &2 e, Me
¥*| heestoom ueﬂaciy_cqmqmm L % e
e

(cds)’ = Chodx)*+ Ch oodsa)™ <4+ Chicles)” (eh-209 )

Siee  Xa Nrmer o S L=\

| G X Xa) Ay (., Y, 2) .

¥ o QF \2
L.l%ﬁ:;ﬂ** <ex. a oK, -

(4 —>30)
e (Y (M DXy
= Nae/ foy”/ o2
n ’/7:- = AQI;)’}LI.QGF‘ e
[ = m s partiuar  Cose

PAGE

~

N



In H_&ﬂ_cmr::hhm,_fncmprejsib le  Cartmuicty eﬁ.n__

lﬂ‘k w>+—~ca bﬁ*’*—(hhﬁ—)l

(230 )

(B/y Bl___a,ppmxﬂmp:haus,i - 3U3 g e
7-etf_[Hlﬂx;bﬁa M )ﬁ.-—.SVhaLl ‘

C Thin R —=  OPbxs &0 — s e

o Du | thus oh W oohe 1 oop 5

|
2 remaning BL. moomentum Sgns |

.

D+ hohe @ X o O X, Ph, =X, oXs”

p . (a2
Du. U= oh, , UUs Sha | 2 L,

Dt I’I‘i“h._a)(} Lk l‘l.l‘\L 3X| . _EJ)'I.._ DM ax_;‘-

P ——

Wheae P S u,_i___’__ﬂ.k_a = -
Dt X h ooy, he ox * N,

Dresuce gediowts M a—ssad U makchng by
Et,d.p.r‘.s relotims  fue Tnumead  Plaw

7_._._.—— 3 i

T Us SU . U oh, A
= --—-——+~— + :
eh Xy T ot T, ox he OXe b X, |

l'\."\n— a"x'l

us ah P

f‘?_L_aU-L = U| aL’a_ , UL Qu_\ ; UiUL 3-(?\.1

Phe e~ 2 by o4 by 3% | b b ox ]

R © ' 1Y - Celm234 )
h. lﬂl—- &X"

Bcs - .__ _ |

@ x3=0: WU<=U-=0 U=V O, 8)  TT=T.  ca-aix) |

@ Vs 2 ==, Uy =l T=Te

PAGE |




=y 4

o
X JLCMPMMMQL
- _ U - 22U (a-23¢)
i a__)g e /N\&)(S
<42 .)| Cartecmn Coored hstes < w_ﬁ_tu _omel Skewuny
X | Ih @r-‘-e:m;« h,'—' ha =| .
_KEV_M}(;HQL P =cmst LA = con st
W o 20 | i -
gy ot g ou ot L U 0y (4-237)
ox Ty W3z 3 X o7 ' Tay-
oy S Rl e S0 by ST
_Hax 2y 2 T T o S 72 -~

—_—

k

pressude M . -

damstrean  Hpwa  known  Tatal  Udlues
IC = hb‘f‘g_ﬂam_ﬂﬁn_ﬁ% X=a ., bukt

. The  Sreles _
""_”Keﬁ o of TnHlense * Th 2D Bl T2 cflected

by both  Covectim omd  ctifusam ,  Sheng

L:h&n__.ﬁacgg;_cmsﬂw _ Conpectim .

5}4-_41:..@;1 ﬂm%_%rm CrasHon  presure

ﬁ@d&m‘r_ = ,:fj d-gn O
5364—-4-.:_ b - JDH:YM[DA&:E‘Q\A — Tnkgmﬂ

C!Pmﬂgsri = Qm_&naﬁtﬁ_“;_kmdngm_fl&_
Shaype. Cp(g d4-2d) B st well 0

PAGE




i 04

o A= — T (£-239)
t’)"! Lol -

4 Separmtion C ometry in_Three - Dimensiomel Flouy

| —= hos

ek B breaks R @ m pant  Cu=o

o 9o up omd  Over tHo o W
_Selmﬂct;n__ e bbOe
F@ 44— ad AL_SEF@M_KG.M‘AL__
_Ls;agmﬂ_}im_m_sepm___

4. hodal pomt B

Tnfate H of .SUr‘Fm_f_ ,Sfremm.ﬂuu Mg‘c__

;z.kSc.«.chﬂa_pm:s-_—

_ Streamlines Wersect

%u < Surface
A ol otters
S, ‘G‘S(US

clvert 1o eitther srede

OL Soddde.  pankt _amAﬂLLJt.:?.L\

- 4. 2 -Sfr‘hghﬂar‘ pomt .
o _ veloaty s zem Serurg  0s o center
o o horze shpe Uortex -

L .. -FQ 4~ 4d N
Obstacla —» adv. pressure gzmd.:;mdc -
'—P“guh] Minst SF'.Palrﬁte. i _]QD_CSESP’!O-&_ I
Uortex 1\ bubble wrmps *self arourd the
Chshacle .

PAGE




St &

=D Singular  pamt 1 nswle tha bubble , o1

_ aobgtacke.

M.MMPMM A ton fer  rear
of obstacle

1By 4-49  Hlay past  a rou rd = posect_ bod ly

_ etk Pt = Ql&ﬂ_;_non_——hmb]:fﬁ_&pm S

A nodel  ctoclment ot

Mns-mg.d,.,,, P:Glmo[a_fy Lmjars b Tﬁgﬁ@ A’hxm'*'v

Stor+ - (/fp -F:Iow_s

F‘g Ad=tria.

4@@@.& =Llan 'loﬁ:ﬁteLu._
T:a: A-tokb

@ Liﬂ:é&m_o_\él__/j&\_mmjm @ fear sStaghatio..

bu:wgsﬁgﬁ_m&_bea—ws
e

PAGE

*




___Sjy&uﬂ.,@.c ﬁamhx_x,ﬂg),__bisﬁ;) _Tn m 'A'C_:f_dnl' -

moidag_jo_ojnzt_s -Cm,. s ol Lmu.:.".ln— -

—=—°— ? w‘_aﬂ' ;_5
g = obr. oy |

S need not be @ the Lyall

There hoed Not be any YEME’_r_‘.e_"EI _ .

PAGE




Ho

HAPTER &
THE STARILITY dJF LAMINAR FLOWS

- Im‘yoomgﬁ‘m ' The Co'ncem— qa‘ jmdf»_ o

b"(h% aﬁbu(,(‘f - —_—

x (_h-i—lchL_QQ_ = %?'_C%_.Q.Qu,u)&a Jau,_ -
Flzwe T @_‘Ghm_l.mjzm o Re Il

—thremtans  Tts  pony Cxitteuwce
* L—del“_ﬂaliL L~ Cxcephiin rotlaor H+heon Hao

nle  m hest ﬂﬂam%i Sl‘juaid‘m.:-‘ . o
A1 key (JOrds — Stakili=, 2 fransttim

2| Stakle ’ : I——

“ physTak  Stode  thstand A AR turbavce

| R shl retwn o Th orpial ST
¥ | Tronsrtim -

%Lge_aeLSPm,m_M a cetum.
EL_rzmgﬁ . - S

vau J]m:bm_‘: ﬁxperﬂg_m@  clhservesl L,

*| Gemprnl  Mida of oMk 3 Ji:zp;.L ———es
1. Stabilety o o bas  cdutien T e

Dlwc.chf D»DJ,LM,_ Qe

M&L MLtmmbme_mLELL Q7 Omel

. substifuts. (Qo+QD by —Ha  basic  epns.
3 Subbect tre basiz €erms thet Qs

_sa:tﬂﬁej_ Elzu.;ﬁ’._r% —= dsturbance e

PAGE




H#9

L __Snaldl. A turbanceos - r.e_) —

&QQQ_#JE:?_LELZ‘: il ¢ R e
5. I‘\C the Unmeorrzed  ABRurbenice i

B Compli cadel L e b diensitmal 14+

fan#%g&_b/_muml%_ o

form o He dBturbawces, eg., o

L4 d&%—cmﬂ_ _dure ctoon =

The Lrearized drturbance egu shodd

= be Qled oy f Coctunm

Specfit value s of e aguls#mmwszm_ N

- Cgminling _proh Qs

L Tl G’JLJQLM M_w‘io_ Ao TOrivue

_(.Efae&_'f—ﬂy — Qe Cunstadle D, Aecany CStabde)

Dopically the ohdyss  ends  With 0 chart

i mmm_.x%m_ by Mewudel cunres

Wind —Crengroct-el Waves jﬁ_‘g-_ke_fﬂ?};H@LmbnﬁE;_

L stubrl y =

| Sstop A _

PAGE




9

Cs -1)

2<o . R =(L2 po= pa-f.92
270 . P =U.2 = P —fPage

— yortex  seedt WitH. & C{T‘tt’hh‘f’]m\;f‘\/ -

m v—e(uu.-fy .

é&szu.P;ng a dturbare 4 P A b,

¢* = , 2 "q:—(_’(_ ‘E’ <+ ) - .

(e~2)

i; e U.;-‘E"i- Cb Cx,2_+€)

___ﬂ}’e.smre_ ! smﬁmuwn ovdAi  reledvm

> =g g SRl g ——

c-pip —Ctver—egy

fi'— - Liopit -y

Bc #a ljerﬁ?a_ﬁ_mefmiﬁﬂ_ _.MAaukL.L

B _@f:—q__;_%:__é.ep: =°’__r' ol |, o o

olt Tt  OX ox

z —» -+

= o V$¢._P°__ CA

G s - (c-3)

PAGE

BC.#S : dLS'f'urbance_Ms ot o 'Gam« Hea M“'Ct"ﬁue |




H42

.

*Stmn_’: == Gf'S'forhaMs: HL_ el .

:Fm- M N2 eid HM—CL&;W&A—GEL —

r-:-‘-A
P

A
=0 Proh = o (s ~¢)

|

# 5‘&1:& — DOwearpe i:'

() Smalk A plovenments A slapes o |

I-<<—is S <<t——*e-Hxo———

Q) (:P‘S'h,:rhame. velouties OGag  Swmall -

7 &l o s

— L!Mﬂﬂzﬂ_‘f'fg;_f r'Pa(mﬁ me___ .

Pressure - ?_.(tt,___;_+‘94’ a—d—_p_ﬁ,'t )—v P—(tﬁ—‘ﬁi-—éi—j )

@z w0

;
"
f

kamml;&&_i_‘rdﬁ_ ¢5.0)

o o S
e +i.i¢.éﬂx Epme———

%

M@w_ﬁm_-ﬁammkm ~ |

Dy Conplox . dixfurbauce il be  ynstahe |

™

if rfs imegmary  pact wx > o . ((

PAGE




H# 94

S 4 & s ) CQ-:‘FFS e
L) \ G O( )

Lstorbunce.

_D;%m_pmm Condifioe (S-S
=

bU, 40ls |, - PO (U =L JFCR-C) 7
- i
¢ +¢- Ce. + P (P +ps) |
key o shbilry

/o /+ > stade/reutral/ Unstable

| The unstabee conclikm -

dpp.U=-Ur2>9cp -p") d= 3  (s-17)
A\ L\Tﬁlmle%ajﬂg‘ cf‘__d"ﬂurbame_

aﬁmg e for dD) . A

- Ubrdex Sfm:t}_aﬂf-’_ﬁﬁwﬂy_x _Mhs‘l'a‘éfi_ o

Step T = chort Shaong  regrms of sttty
‘PLSZf'Qb;lt_"'y SR

- Viscoas — -ﬂau MS'h:'lb_ﬂEb/_ -

LM;M 2ed gﬂ‘c\b" !’-{—v crf- Povalled Viscus Flaus ll
i

Sape 7 _S'tq)s

____Lgez;m{—_bmat@_ﬁw S— :

D, Add o  Adxsturbonce -

3. Fond e . doturbounce . egus . .




Has

Szl llsaatl, L . = S 7 o
K| 7 steps  for tﬂr.cnmpres‘cb.&n__ﬁamLhm_{iuu o
MMM_L@JAA,_L_CP_)A .nO_L)JAQ)LClﬂQ)(_ —
T -
(S ~la) M
bv | e
o ='fﬁ"f=4+—b”'? v _ _
Vo= (U W = VoGl td A p.cSt)
. X| Smald dxstucbance
G(LtMM)_&_ P (.t ) )
%

| Subsfitdte V.:-fu--& p.-._'f;‘L Mo  (S-to)

PAGE




. ] % Y 22
— B Y S ﬁ_H-?*—bl—————————————
a0
D Y (S0

RN 7 e

. . Rwis SENEE S e et o=

S [ - _—
= e ‘SF"—{"_‘T R SRl T

L S lear PLE Far ok T B
. ¥l Now Yedute (=113 1o A Sihage ob=
- ______ﬁﬁ_ma—l_cd@ .PﬁmM .l:aad-s.;;'pﬁ.\w_____
e A H JM___ | I L e =— -
r\_____rJJJAJJLBL e R oo o

e e B g _.rﬁmj.i_#_

Acsuma thet disturbawes oas jl?asaM o
 —F et %Mﬁnm— for (4. Ar,L.L)_L o
L0 i S - Mu-eb-ha Wowe , Whare

.____Q-Jdnf-l-b't!'/kdﬁ-— Uaries Wtk }L Slaeh

o JMOMS_._@Q&%J:LL RV S v it S W - —

— X —GxTs. I

b Py =Cuy #Ulyu\[cg;, pcbﬂ I & S P
N ﬁxF_EAcLQKm:_‘E' 42smd -1

il 51 i? “Tallmien — Schlichng  taves
d

| C i proOpagating Spee st Cfnteqmad)

W=,4c L_‘ﬁfi_&lAQ_h-Ly__ __._En_dTLMi B

i |  lonsnar ~Hen nstabil=y

FPAGE




#az

f'\
Substifute (£-15) o cs-11) , Uhear opE
1ol Cosd + U+ jyysmdb = (& —j3e)
Io(bL(Ucost'f'_Llsiké =e ) il % N
=—Zolpcord+ P tut—obu)—E-d3b)
fﬂ(V(”Cnsi"l'JaLiLhtﬁ—c:) -
R | Pl -t —at ) (E-12¢)
e
= |
idty (Ucosd + Usng —<) + 1y = J
+.—.(.)*Lua7esm+ b)) (S=izel)
(5-13b) x cosdh + C5-13d) x smb .
A Mhrduee o |
Ue = UCosh + Lromdb ! Cs=ld)
Uo = Ucosd + [J simd |
—-—* -
idiUe +v’ = o . Csoisa)

ZothsCt—e) w + P = o) (18D

m{_ﬂ;—"—t)—f—————{fyjoi—"- ] L7 W & <= 73
N oW Eninate any > of e 23 yormbles
U, v, P

If plwinete U, cbtam a Swple egu

*i-—dé_k%ﬁd_(jﬁ_’v_ (S-IG‘LA |

PAGE = |




+H9

~
In He quter _‘.'Eee:frga&, U 1< W " T 9% >
_ usst be  of He fw _ .
P=ae™™ + ot Cs=17)
_ : {»o .'.‘_da‘mrkme UaniShes
™ rh'ﬁhdj'y =
e W_CAL_P_ — Olfr Sommerteld Feiasbu_
Gl et —ottr)— 2 oy g it ) =0
== —Cs=i4)
Bes % g mou+ mmmmm )
el etk the M Cho—slipy
- Note 1 U= — J’=o Car[hM‘fy_ -
= Dt Fous 1 UtEl) = rCED =0 -
o _ BlLs ¢ wropettass Utens) =Pt esd=o Cs~{a)
] | Free —slear loyers = Uctio)= g/t o) =0
—m:.—OS_et;n has 2 paramedters i o, c, AU
- far o givea Uy & u’eys . ondy A Certmim
mﬁm th:t - lemckedl sefuence  of
- ~Hieao barameters (erenvmiues) il ,Sq.tﬂ‘ﬁy
- te relotims  (5-18) oud Cs-1qa).
c The Wathe matical  problowe R tu fnel Hud
Segusiie ‘_—La(.;uﬁ:&tamx_’{\&-_SPm vE.
;tf.mpuj, gmrte e
luJ,ona.L 9MJC& ol ,Ce C:)=0 (s-20a) |
. ‘Smegmmbg (Re,ole di > =0  (f-2ab)
L Crep 'f’emipom!;_aﬂ-f_m«.ﬂ‘m.ﬂ_% o B
o =0 DoATRL  pae  heuhanll o .

== locus of Hthaoe poudal pomxts Rrms HHao

; ]gm4ndm3. betiesn .§‘f'mbi1r+/v ud .l-h';'&mh"’.?—}{/y.

PAGE




H a9

T

v ~ lowt %_ﬂaibu_c:bl& AR

I Mhnte Re o~ Wegligille Vesity,
= Y ™ H,

Orr - Sammerfeld (&-18)

S 7K Ing’i?u?{ —”r'!l_S!k!fbﬁﬂiq reletom
LU [ u'f — = ; e €S -21)
: K, — RV =8 -
—  Roglegh epu.
Bl—_Cmd‘m..mJ_ i UC) =U(ee)= CS-:;)
Vo

S Important thesrems on iniscrd Stability

Jor 'H?/T—f}z

Thagres

_l‘n'HFL'_tI;m_

nw&m_d._:_if.s_h-&caswg o hetabilit,
Mc&%pa&ﬂ& _hove
TLMYMEJLL_MM&LL&L vadue (U of e

The pont  of Fh flectzm. .

S: I & pont of nHectton emts,

UPCU-Upz) <o  Somewrhere  on

The  profile . (T Upz= edocity

_@_‘fzﬁ.ﬂ__{LOIh.t_q‘FJAﬂ_&c_m_ S
Jhooren 42 Tf Ue) posesses a pr @ y=yec

a_ neutral dShurba ple CCx =)

ExTs+

(Whese Ed,m_‘iiy is

Cr -:_U(Elr.)

| Tlosren. & = The phase _velocity (e of aw

PAGE

-~

™



_'H:'Dc

—— ¥ Thopon 4 —» holiese +hat reel cymcanc)

—————— 1 johles /o e pT imdd Lo chulpe
— L | e fmndiLsthikwL_vzcm; .. S
BT | R P Lg_oiemauaxa_—& Cordzuin
—— ke Wumbers @ fute Lo,

. E-4 Tmngn 1o -’Lr—L.Alen_f__ e -
— X Liearmzed stan(iyy  theay A prectzctim
SN T . m Kl JQMA._;FIAL\_ S
—— e ’RME_EL._J howreper does ot -
————————predict He meet of turbifowie. 00000
— X Initrd brede dam of  [apgaa. Jr:bu_:['hrm_'gL_

| - qwﬁmi Iz simed dizxturbances
—Trangtn | | —> Conplratad Safuipce of Spateal
N P W e (-__ﬂ'tld_&EJ —
N % UnSteady & cﬁBm:dEﬁ.ﬂ.ﬁ _bb;t_mmali_

- =teble phenomonm . turbilewce
K| Tle v stim _ MochanTsms  a  SHIL pot

e ___Jmpﬁmlj undecstond.

R | @*&%%a{gmdﬁ bansitim  exp.

o — SHll not  well  Understesed. =

- * Recasna . Loaminar clye Frlameout

s o e _____ﬁ?y*@im%i A hooly ~Shoxyht amel ____

— ! dustne€ Sheandine (53_5_..14@)

=S &mm'u_u J:F Ernbaunce candihuon

bzz;kLwP R maved
KT . Mnd% AT CFB S"-Z’-l—é)

PAGE




# 0l

'q

* —IT\L ﬂw m Muﬂ&muegﬂm_ T_s_ _

Turbulent . but e

Flamet nn SHIl confired o .6_«‘__

re,tmm-e@ drstnet set of curgs A edduza.

Chry & —pui &)

[

* Tleoao eddisa L asseceted 'ﬂﬁd%mrte.fa_ -

e in_ ropd 2D motim @  feguencres

Uup to [oad's  of herdz

~—* color = Llurred E’_-gﬁci_

X! Netes e Fg t—ad

(1) Trensitim .MCMK_S_C{.MM} —Hae

mmmlmiﬂ&_ _

@) Tlua = a C,QLar__Eeyan mP.L‘:f;T Cotion
'Frum_ﬁawhaf_ wto  furbulewce.

Far sfreane. . turbulowie Feackos a

bolawce  betwewe  poductisnn  cuncl

(2) Iy e beﬁmmkj furbvlence Zome, —flo

terspecsed WL Loamunar ~flaw

411&\_91'?#\.5 .

_ | Develgpmant  of Spauunse___Vortierty
I ot N
Initial M Stap; h-!-/\/ oCcurs _an  Hre

Tollmien . - S:_LL'ZI«'J“I%. Wamres ﬁuvetihg .

PAGE




#fr_n._

—ft\a.mn_-f-{ou 1Ye_cjiln _

T ;HLMML:@M_L& Spectim
A Wheay. Ihtutecmeld  omd  roandow .

Klebanoff ¢ & <shear icuy.e-r.— th e
unstable  regrm has [0 Shfzm_g ﬂl:lft"f)/_

1> W#%J.QL@M 8D S
“’_J:fa £ - 1S ropid  develgpmont .

of Spanwce peaks amd vwdleys
I the Streamurise telodty Fucfuatm,

i domstraw o  a mmm;.} ribben

P s ] T —”«Q "'HOLJ. B 5 S

=
4 = >
=

Frg E26 a‘_.__L___fﬂ-_pmece A vortites (Pe.a_k:
'—'Fbifow.k% - PP“J‘*)— AN hoave ~fle

SOpo m%’.{.u}ﬁ_ﬁm_ﬁL _ Qriie.
et Huechuato o T tudes. F o~ 0.0l U

s K- ‘f‘vu: rortTtes  (Sone oa Tthole M %S-;r}
/ka Azs o

'Fm k= .Ll: Ja_ﬁ _JﬂwmeM 0.002 L)

451%5;3&&_@&&5 Cpeak = fllowng ~vallayd

AR AR T

— (- mg_wm;_um—mm

— Wove -

Fra E-1{ c = Jnfy@dm_mw@&_gmw.)

Staggered.  yortex paﬂaa.._ Ax 2 2 ATs

Az . X 07 Ax .

PAGE




(o2

E-4.2] Turbulent Spots : The Fnad  Trmsthwn ess |

| We  have Seen - |

Shear J.mJ e,r__::LEI&&.J_Q{LS. _ Visems  hstab EL‘:L't/_ |'

Mrte wm%m C0.00«0.0a (1) M |
= ﬂu.c‘fh@m_s o ¥ - |

—>hom 'ﬁ'«;, M_cess_j_m a breakdown

— o Atfusely  fluctuatng  Stocte

Intense  locat _C((LClJﬂﬁEj cccur @ rondmm |

fihes  amed  locakims  Th the <hoar _Jdoyer

_ wear the pmld. |
— _Rcrh%lﬁuﬂts Foth In_ He oo P |

PAGE




Hloel

L . G=a7 & 5 cyrt  lohe lrfw Gu Grpubecd

Moving  damstream  auc spm% ok
a _haﬂ:(;ah&le_ o & 12t

" L' tPovels & «08Ue , TE @ « o.cli
| == Spaf grows W sioe  buk  T$tc  Ngrm edized
- Shepe  remams e same (F3 S-274)

| Tges7e 2 ompet = Blly Furbolor . T3

etaled  shucture becumes Prer C Ra

Re  Mcremesn -

K| Spots  grow  dnd  reman rtensaly  ~turbaont
——F enbravn Sumroundung  laminar Ao
_ ‘> _montean
 Shrangest entrahmert B @ LE ol
e e prper_SM‘f&Le s T
I

_ILBI:,__ Spsts ﬁm_mndmﬁj T Hﬂﬁa_r'auﬁ
G pnamow — hansverse  band  oax

_ X € ot d _dopgth  of fhe hansitan zsme.

K| Quecadl preture  of e hoacihm pocess

M Qua

1. Stable  Qomuar Moo poo, e

__ — Ol harpm  eddres _ .
4 Vortex bregedam @ vegms of legl
[ocalized  Shoar -
5. _Qﬁsmd-\tg_mdm breciedonin Mo -
—fUlly 20 FHuctuptoms S

PAGE

2. Unstable 2P T3 oves _ S
_;MEF%&L.ED_ UnStable [Joaves



+ (0%

¢ Formaten o tucbidont pots @

[ccally Mtense :EL(AC_'hAa.:ilh_.s_ .

7. Coclescence f spzts Hrfo ‘%
fupbulont -Ff Al

——“31::35-.%

C[au.‘ﬁ‘fM RL Tmn;]ﬂ’! p)’b{P_ﬁes_

| Notursd fransitim ¢ Qraclual  pocess Frg s-24

Couused J;)L FV]'FFM tesimal cdRturbauwces 000

18 Wawves — 2P wWaves — Udrtex brewe dowun

— turbulont Spatc — (. “tur =L

—> clivect, 4o Utrttx bresk dan

ar _"tl.-ucbl.,ﬁ.ea.ai_spﬁj‘_ _ o
Caused by, ﬁ_aﬁg.e,_d.BIuch&Lm_ge_s . Lel,

‘kﬁ]{ﬁb; Wolls , Noisy 'B’Fg shreom _
(jibratihg Suyfoce | Streava So_n.bj_et:fﬁ_ci -

‘o adcoustic  lWaves

E’\OHMM_ Predsetrm b Transi-hm

No fundamentat  ~Hheory

PAGE

q

Na

*ﬂ%iw MMM___ _=




H(0¢

| Predection < tha el awset of Ak

— Turbwlant  Hay , Re s, o Reotr _ oc
_@_'ﬁ_mc_hmjf:___ —
[ Pressye &M N N

gﬁeemmmm e = w B

.__.JAJaLL_mghM:_L__.._____ -

4 Mach A ber -

 Hoo B

:Uaa.\.—c-m?u.tv. =l _H&an._j]umﬁe_;’_ Paramete,

__O(t:i‘) el = /ng_w .

N, PO N ﬁiciu/am noo

| Conthul s o, Rogesy -
_ﬁﬂmr-_a_ .= e  Qecurs  pla. .Ee@_ _Shilkes

T T Res S n Ry ) +<tsd tqoo €A cs-37)

| b A<ooq

PAGE




# (07

i

< —0.1 ).

e st tern TE meghigible  Guel

Nansitin 1 | Heqr ks X0

o _’ﬁ\Mmhia- W_’HA.L_,LM(M.

Ts very .ﬁargg G TransTtM  Moves

-Far‘ dmsfream_

The |-Step Methsd .-f'_ Mzhe L

 Comelctim  baced m  locak B and  positim
Bt o Thusstes” (deinp)
%

0dsy i ca-138)

UC

Doanstm  Line

Clese) Bex) cE_2)

s 0.4
Ld\"_ l\q Pex,»

5| Comparzm

For  Flok - Plate  Flowy

\ __.gemx_m%ﬁed;_oj-_mmS_ khds of
drsturbances .

Divrect— Numeri el Sl')‘ﬂb.o-ldim of “Tronsiim

DS  =olpes M_.M_déﬁenm_t

- =S egus W/a  clowre mocels .

7461&@%‘“

"Foy_aiLJmMat_SCaim S

clu-

PAGE

f\




Hliod

| As R Mcreases. # of CFD pash pomts
1 Must __ihcmLmPM___

| ‘Fm’&seeabﬁe__.imx in o IQI,J*TMELL.QM
R . oL A VT -
\suffrrinrs B _Dﬂé S'Wd);'?

- 7’#1"6!!&:1_1']11_ S

qucj's «f T;eeS'ﬁ(_e_am Turbulence.

_ Mo@ﬁmmm the  hmnsi-fm hocess.
P ammﬁer-_cbmmc;}ﬁrgma._ _free streaun .

I Tturbulowce  Jovel -

(5-43)

— = — Y
(Jhors &;El;(u’t it_w’-‘).]

U L mean %ﬂmﬂm ,arernged.
—over o Jdog period ot tima

T[AL P-aer“f' of Lcm Hansi—+ l?kl_._mg 5176?\8
(@ T_(L&r_L o Big drang-; 2o/ P

IS B - S

Different &ec.t}_‘ﬁmn AA._'Q_Q_CEIA:(_ drs"tucba,ﬂ.r_e.:_

(!Lgdid_gw turhloe -

| Q) accustiz pwoize. R

.______-The_ Correlatin of uon Dl’?’es_i'- ounel  Blomer

(3D Exetedd Sl'a.u.d&%_ ode o

[ evcited haveliy Wize

X lranstm  Occuurs o S

PAGE




H(o9

=;/ca‘-d‘)‘ s e
Y e Va.!;u_n__‘f:cLbe N

(_Q)ie,ﬁ_m WHh freestrenm  turblewce.
*| far  Flat — plate.  Transiton Y :
= }QEZ’ e e P T (3250 T (S -det )

xe¥r 29T
"'FPHS 23 Solrdl lune

7&5‘3@‘&&@@_&@% _m}l\_ -

- X Intreductm  of o roughnoss  «r  profection
at the el
—+ €arlrer fronsitim  because of flao

- odlitmel dRturbames
KD ypughuess  wive o cylimolor  Stietrhed
QLCIDss ‘f‘LﬂuL.\
Lo - _M_myms_._gzmja_SPUﬁ_r &
. 9ngte Qrodm of  sa
X | ).SJhg&_mugMe_s— _
Q) Distribited royghaesies  Somel poger
_ﬂm_aILC)(‘l}mLﬂ.ﬂ_LkAhﬂ?;QL

ripers

¥ Frg 5-354
If ke JTcxe) > Lty efte t
K As U o k& ncreases A KAE¥* >3
or _maues  forsard  toward the  royghmss

elopont . o
. = Ffﬁ &-25b ¢ Resrs A rops o.bw S

"Iu‘uerbof't Cuyire

PAGE

N\

A



#| Crrterrm Br o wve 'f'ri'P EE

? e

*| Meestream  —turbuluve €xDh B
=% Emaws i dgger 0000000 #
P te efect f freestreom  turblowie

| Can  he remaved b)/_hmakgim‘_{tﬁ—_
Lk "%u.m.j; valua .

S wmlegn) oF 8 Trowssm o
K| Alhhagh existing Thearres are ot cefirietar
- nNe knouginou_gh_ oabout ~ Aronston.
=" allonpts ot lesigning  octoms
ot Ccmitn.Q_"f‘ran.sJ_—{-’Zm -
#| Receptivity 2 the means by WIlhich ‘
'Ffemeﬁm__cffs:fzt.{rbﬂma; erter g
oMk exiite  Tts  "pemod  podes" o r
i 18 proves. : | ]
Oy R e DL sn recephve  to Corfmun h
e WO Jh:r:msngr He hegatve curvnture of :
the prfile —+ Bl Stabilrzed , transituon
- ELML&__PYES:M_(&M
- MM@ L, e ij_otﬂ.@n_hj Faa
B . Shot tmnl ic. auord  ©xtense _

PAGE




H 1)

*

f:ee;LL JaMar_,_Eea&acE_dmjL

Spaam —> ligher e |

O(ep Docs M&A«qﬁ_uh

Rﬂ/\.ua Turby Qe e "&um ﬂ&lﬁje‘_ _—_

Tends to  Spresd cm;tﬁﬁ% =

<. Cea[ﬂ'\r. of Gaqec

4. ,Sw-ﬁme @;&%J,E_mg, -ﬂm;

Stables Bl , bux  lqr

Pawer %wma “ mmulm‘

Canclie hUTH of L\Mr

ﬁ'ﬁ\)ﬂ Cartro e.-F RL

D Glage cancellation

frm.uhj_ _dTturbanie s aQre  detected ool

(80" out ot phase _
(D-) Aﬂh} ch prezo electre octuatyrs

‘ﬁJr’b.,._Q_ﬂM.Le_

frﬂt_-&r_a.tc___Cﬂun_'C‘sf}:ujni):é motims 1o Concel

Aﬂf guﬂer 'Fhm\ Enviran mentol M&_

PAGE

N



THAPTER &S, H)>

INCompRr essTRLE TURBULENT
M‘Eﬁ:\l 'F.Lc_)w_

& — | ‘Plﬂf)_csrc-w( owel  Mothe modTe el Desm‘b hm

of Tu rovfLewcg

*_OMQr.éiﬁame ol ‘;sfw% L te s

i —b:@mt_mmsg-ﬁﬁaa

X Be)m_mL-Hm_*_ ;hnfbm.@_mue__n_-am‘mm% -_

& cABorderly  Mrtion !

.7___*_3% _Turbunlouice so SO Camgta_ﬂé’.x,_

A Lla oA 3.3 /s past+ & Pl&_

)44.4(‘) e b ha Cp) 0 R -

Pe,, _w_sto*‘ i o o o

*| Charmcterxines N

. Huchistaoms o p[ww’LL_Mnd_-fy =

&LQM T"\_4‘EEMA;&6.L 2l He Soar ,Q.Mj{n'r

Scalo L= c,)J:/_u’ )/““ . o

=, gﬁjﬂ.dm_mm .T}ﬂ_‘ﬁmd_pra}a.eﬁhfcs -
_ Wlith  have & partiadac o . o

—=&ach poperty has a spectfiz  cortuious
eneyy Spechrum thek clraps A

PAGE

Zero _at . hﬁgk Lnve humhﬂd-_(swui.&_ei%n}g)



113

— momdaw TselE by producis
__eddies JL[Q,PLME.;EL\.%@____ (o by

VISCauc _c;{:ssgoamm_'. .
Tuwbdowe pochuctm  net  refoted fo

M_aw Msiabqy w&c_k@mw%_

rr e

g le\y ﬂla:t ™ _MJ.LCJ‘.L mor "Hmu -Htﬁ'.l‘

Cohgrant  shuctures  (Frg €-2) )
 Terbadent  Hoss  that rerdace  wEH

nam fiayb wlewi Huxe Cmﬂnm_o(zﬁa&% B
vrakle mrmo

| Mathonatrcal  Deseroptim
Wizh to  predcct

D) h\ﬂ,(.om—h/ _and Zor  Afemperodure  priles

(.:L)miLg@cmﬁm_maLAr_ et tronster

—+ esentialls, wpessihle -b;_pmdai— &

_'l:rléflﬁrrf‘ha-{:ld.w

PAGE




F(14

e ot Buigrtmd emidatah :

~* Yansitmal.  auel Ay ~turbilodt  Flons
CRe =< 10%) I

Connponant _C/_kU(,Ly rEt) s wndt  pasihle

_.;FgJ—A | -

Trace - SR tha.z,P_._ nw  a _»Ska_ar__ﬂ.md.-er“_ -
—F Contions  randaw.  Hucfustioms o

L -10Y. cbat a wean value

totel fTinae -

ey 3 W_MWM_ @ & parfudar

Sprt Oy, 2) -
. | 4T e
= Tl et : L6~y

T >> q j@uiﬁ‘cm ﬁp-ecrgd s Hee
iﬁ;:m@

/S G

W= g @ —

PAGE




#H (I

To CMMALW d:f-_-f-L -
e faodia

- | i i 1
fa = — —
Vs 7

1V pa U1 (6=3)
=

+
/

'Lm.‘a_ = (l‘:t_'“')y

Sﬁnhc%m -
— i (6-1) A (6-2) e M‘P"’“AM

EL-S]BAM?_M;

__C.LLSﬁn.csz_—m%«ﬁ_-twbw

2 paths o Turbuloat - Huw  analy o

—r <tttz pm‘aer'l‘l'_es o e

Hiuctuotions >y

@) Senenpirral mmﬂ of  turbulent
MM_M._gL«_o,u.M_Lx_ o

— ')TAEMAPJ:DPQV‘*T@J oFf  mes

ﬁhglhujhj_.%_m:&tamte__

Tlustrotum = Torbulewce Measurements

M Flat - Plate  Flay

d

 CU UL W)

U pamlled to  freestrec.
(T hormed o Ao pmal

W laderst t free shrean )

E:@ﬁ-‘d-i"hAMLBJ_@ELM’O —

— Jue U Jie

N

L ('r_)V'Elr’Zuue L Wulwes_ o



&

£(/¢

e e e

7 fenlt _presen e Maoake s —Ha 'QLLLI":LLM;_

o ltllemeanie T WC@&BQ"'@P}/)
—_U__.La_tg,u_‘r M mpeded by  pml &
ik _.S‘l@[d,!:‘f _&CEDQ'ED'LEQ( £I7y _ free streaw.

| = 7 Smelleat dl_gp:U# _Jm.fa.nduL_ b).'_ araAl

I MLMM__W ok _—H"wL Woer Ly’

..__uﬁnﬂfcamedmx,_% SLarge

— D ud B CfHak Plete) bps o

1 2D .S}.:zi: o m_%ucmm N

SN Y, S vl does  nat d!mcﬂﬁfuucﬂwe, -
— He meanw FHoy

—

= Qv mach Smaller _ bt of __—Qdy.damL N

| PRSI *Lu..fam N determ, Lma s

— Characterntize » Centrall.  Ppoblow . fw
____MMALﬁE Aurbwlent  Shoar Flows

By =g . .

= Wear  wa, J_uﬁf_u-J_ar_)_SLMoL anale

e Ao mg.ﬂug* e Jurbiliiie s % .
__ YesBDiawt dn  wall Ciﬂ-%+fi,_ SEudTeank

4, M‘&*ﬁ.mo_&m;;m__

PAGE




+117

3

Ty bSa 1 Votemidtency  <m BL o ‘
jean  positm  CERQ.c) @ Y=0783

(U, 25 ") becoame __‘gsppmxm%%m&—

—ft;r Y/a zod o 1 'loh*w

Near Ahe MMAWV e oy y
ﬁm%imﬁﬁgﬁm.;%mmf—

tHe  poducti. A essipetal  of
:luzhﬂ.ﬁm(@ ﬁMr‘Eau. . : o

4y .
'f'alfes____plca.;,e, T

Fry b6 cuemy CMM_qig,Per_‘T?um
d‘F M’i’hrbhﬂ%e

ke co |

A iR ;
F— 19 ot dike

<

m hear the gsmlh.  (Mmore energy

7_ai'_a_h;ah._m&_hmw.mum )

il -l:ﬁ'x‘kg.ma;;_ﬂa% Z&m e Wzdh, —fle GQ

(i

) edelies clowanits e Spectrum. -

é;_.)— | _ILL 'Qe}ho,o(.; | —g-m:j;w.b =+ Thrbm____ MO"'TM
| Most rewarclh  Uses e Conce pt of  fice
— = ! __ﬁu%ra&a he =
j ‘?_@&Mm__ﬁiw A FHuctuation  terms
Jav rdmj_:ﬂaw_ﬁ;mam&%ﬁwﬂﬂs _
o o e 3mn{.:m:> R
>

The Reynolds g@@mm_aw

7708 G S MJ,_MW&& =

| audses  of  turbulost fan.

PAGE




!
Lj
L)
Q|
\n

- Fy _E_:-Eﬁ__-f' i s 5 s
_—j;ncomPce_s‘.slee_ _Cm_'ﬁ:h ui—fy _ﬁg_vp ——

I e —C6-4)

__Su.b;bi‘x& (&A)Lttidm_ awem&% -

T P _J_i.let____ —— . I+q
x_'_c'r_j e =0 =)

_JJMM 4{\L__§_£$M_L____._______

B S o S O

Qﬂ:lrrn\ngemz-_ of HHa cmpechire acceh:ﬂ:;;_ ‘Ezm

Ve =uii ey = -=-€u6})4r*(b’*&)**ifw@)

PAGE




H((9

;4‘1‘5. 'Tnjm—m—" "M | l__(_E;'*!. - c_

IP';: "Tf'\;g- SR ’fﬁ%ﬁ‘_\};—@jﬁ)

— —

= . 'L_w“"w"‘w-wamk -

[ lomesan \ Jbnbides \
#M%m |

_ STresses Stresses

T o Bl, the domincut  term

—

— o > turbnlot Shear

{

WM&M—QE@ Eguchids

e

H( e  raars s S “'____L_W —

(¢t

PAGE

ﬁ

||



— s, fle 0 é E . 6“4 % yva CE N _&.&(éut au

- SN W"ﬁ( <X ve' i'Le} X5 ax;
_______________E________V_ .
R L | o (g=17) |

J -Humila‘&chanda,ef:iudguﬂzﬂ'_emgy__

O | T: copeetve diffusrm 00 N

e o ) S M_ciktc"j—sm._ .

TV = L«Tﬂl:!s_d.nnn__b?m ‘fhcbh.ﬂ.md.: M"S_w:_ﬁresse.s o
V2 turbaler  viscaus m;m___ ]

Mdg S‘ife.s.s Cﬁ—uo:li{-__________.

———— A Keynalds Stresses _&J ——¢ ___f, DG‘U‘_‘; y—

W x (A_'l-l'l e suht— of CMMn‘fZAMML"_('hM-

®_

+ Ui x C;;'-THA_ resutt .ot Cvstonfausms). — (v ~

ﬁU’f’ra%mL) Mozt na Sgh) FACE




Hja

| T - c’ls.sllp_e.l_—d.:m_ | .
v :ymusdxm@g_e_ﬂe:i‘s

L\ rate of (h%i Reynalds  Strecs
| %wzmmm. of  Stress

Vi trffustm J_Qyﬂnﬂ.ds; Styress

| -1 XA (G-14)  estr

W Wapy  Unknasmn m_—ﬁp _khain.L

- ]at}mnld_s Stress _e&ua\@m,
JL
___.D U;’ VJ‘I —_ e ey J a_:l H pale p aa—;
N -
y ) 2u ou’
&X& axt
1A
P ou.” .
- ( _= . _
ar*
_P,
d -’
e — 2, %Lu%g—mjl
L3 }Yh F

4 -3 MMB@W& %%_
K| X: paralled +H  freestrean
M Nemedl Ar WmM
S(x) < X -
r<= Ux << /Ly (6-1a)
K | U na ‘ﬁhu Structire s 2D -
br =o . . e =a . . . . . . (6=o0.

PAGE

q



(2

—t—Ts  Ossumed T vanahl . -

K| RL ﬁpﬁm&m@m_. fae _Mmtarmm 'Hqu ]

— __bmﬁ__ﬁArM :5.4; E— )ll
|

4 Cmmm% _guﬂrg_a il mﬁ\gm)

rn

) BN ST Wi (

__ﬁ.ﬂih@,dj.,_ WF0o , bt Gt 2 _dermrabne |
|
|

X st N SR = S e | 19T ceup)
| SR ___Uax _véj ﬂ":oli feay |
_Mm.z, ehor y —_=‘*T w2 __ C&e |
egy @ﬁ,,( )r 5-#(@ ):

B e is L — |
a+,af3“———-few—w’————————— —— |

= = ey
e ————————

: 4‘&:@&,@&:&% ‘&LMBF _-%_n_g—_ R |

—— Muwst  be  modefed 0 .
T%L'_&LMMMJ_ =P db"* — e, ]

| A T

Mﬂarﬂ&i_ﬁcmu_BL__ _—
S ____f__P:'_CE) P_U' = =)
- TF Slght gormatue of _pve_s:u_: Qcmpss B
- cdue T L&Ea.m-%qc(mﬁm_wanmi‘_ B
SRS, VR )] Semsimet poane .
F%Lé;él—__:_ rms V'L 4y (e —all o8

- Rt - Presure  didleence < 0.4 y. of
I e Treeshean. dy namge j(,n':::..*:;:we: .
s L e O e L_MWMIL _U'Grm_ . =

PAGE




H(23

RC.S...........__._CGFK)
N_QS_.QJ‘L_\_U«_LX&)__Q-%Q)_O_ - Toge)=Tao)

d

-3 _|
X[ 2D B -Pun,,_r_cf Mdzbﬁ’.mce._ l'_(lka;hz En.o_ry_y o
fij'iﬁu‘ek Ev-%—pﬁw*"fﬁej?{————
o P‘N»We- Strace - __
— ot B e _;r.._f__a_L__ e
P oy
e e _ lsipatin .
P —i é'_[/;:, QM; -
&=y é/__ P turbitest— d&syﬁfm
> oD B:__ﬁrn&jgﬂnﬁﬁgndds Stress
- Sy v’ o ;:,_C}MU— &__ e thA o
t T oy == o &y -
o - T Sy P’u’) - ou’ i-t;' o
*
L 7 o L 2 o (6€-27)
S| . vt'_f_erv"\ J'y\a"'“'“" o
e "y ox / Jy*
é":g > nri:M BO’MYQ@‘!H Lﬁyﬁf Iﬂ‘f‘e‘IQ.L Qn.QﬁstA-wu
>

Derpect Ushy  C-ala) o -elomuncte

v U0 65’ i ,  Hau 1h_ﬂjm__

- He  resu bt  ocros _ Bk o

PAGE

o

| Dreestronim iatthing 1 00 5) = (e cx) ‘Rxg;>w7;3%§7
T e, - %&/@

o |



Hnl

2| T CAL;LTLL_QQM e el
a'e Lk e sy 0 sltle —_ _ C=mad)
Ue. C(a( ._ﬁue -

—_— MWM‘&H&MB *-‘—JM(i j)afj o

% | Medhpurcal €nag/_rkti23m,t_m R
i — s (f-alb) .L_t.m&m&_mm.u - 7

R T e R

o dmapotun udegral
%Hwncmhwtji S-S AN

e A wﬂue. -

S e - . ‘JJ .L_rg ___'._ el EUe 3 c‘\'%}_}_ 46:31_)

AX U.l e =x

bl  enhmininent KQEM
K| Oure s T K&P__(@;Ll?y_ <FD

&=4 | Vel oty _R}_'P'F!F’LS * The Ihm.r_‘, Outze . Gunel S
sk Juerfap | asgers

T __ijtg_é_L_€5paW[)ﬁ&£L /e ve. Y/

'ﬁr UL r1mus pre_ﬁura 9md,.¢mn E I

PAGE




3

Y rmuz{ﬁ_k Mnm .

the pwfile cmsnts of . aer  ouel

___Vw_)éﬁ.eqr‘ donundtys

40(,‘,'@—_12%1@& _‘turhuﬂmdz;(ealnt/v)_ >

_Connects

ﬂedﬁyiager bott, Ynportant 3 _$ﬁflg_w .

ML::@&L@_ M Stress .

. £ — - d
O(‘TE ,Qﬁl..r_ (’Jc_ —it “‘JE ( t:, . I Pe ) {6___53_)

~

Opeclop  daur : Winner = WUader (6-24)

44 |

D Mhon ':F.?h Opgs Pmﬁ o

jnL:fﬂmaL ﬁzzms _D.m_Eg_;,_(G —38)— (E dd ) pps

o{' dxmansmuﬂ nhﬁﬂm.s:‘t.

R prim iy MJ_L_ Q“ﬁ“‘i”‘ﬁﬂ‘* .ﬁ&aﬁ.n.‘);

r_tmaams .

s—pp = 3 w3 Aw,mqm .

Tnner Lo




H o8

_ﬂbuilfr ~_Mowr _(Vfim,a;z | dp-'F\‘-‘-'r';'_ _ﬂcmr:) __- - | _-

) i@)—a% é_‘(‘f&;;.ﬁff’:i __.S“ i ;_c:;la‘;_

Ue-te _ pr v _ . S dp _cg;ag
_jf:ﬁ{ﬂg) 5% A :

Wil _depencl  on HHa  local pressure.

- _%__O(tgh.p ey oo

gmm_i___ et

X U e

& L ———
- e /v T Rl
- g%r_Sm 4]9&(_'{‘1 ..... S
> can be hue only i boHe }2;3 e
o mJajwihch_ fometios
— . te qguer _J%_-er*_ e

._j:ﬂ_n_fr“ _vowiakfe s — =
La [ g ¥

_—__ B J X = e Gy |
e R Mt_ﬂﬂ_ -~ 17 Sy
———le b e I s (438D
U LT S S
el ke LBt pwear unverssl
P e 5;4 L vartes Wt g
R R— S SN Y N R - P (6-29)

Fag =9  fau_ replothing  Frg 6= m

Torms of ut = R/0X o Yt = yor¥*//

— Al He cures Collopse mto oo SV

J?ga.ﬂ'im Yelatin M o overlop regio
X Lyt<30 . ofh Ly/rLs0f

PAGE




- ) = B g

-4

Tnhner lomer Detalls TL\L Loy o ‘LLLLJ—.G.LL

L B is  damatea — by VUZdus Shear_

et Wifoa'-ty Urz:rpr-‘e B Qoo B

=k _{’f Yt<oc
) Cé""‘—’f:__d)_

or ut =yt

_T* iscaas Shbiage:; Osut 2 Sp/u* -

[Slee (»/U*) > yiscas Qu(tg;ﬁ. <zl . -
O vl“f* < 30 Ef.,.zﬁ(_rgct%

V‘@om%ﬂnﬁﬂ_z_ﬂbﬁh._m or N
i{@mr&mﬂ&;,_bw& = o Swaotle hege

Spaldung  deduced O <ihgle  Congoste

(eut)t  (kewt)d (g

< ocellent. P+ "rb Tnner— (aw dete _wa:{;i

3+7’°_° s1e, abone. Ha _,1153 Cur e PAGE

~



(o

642 |O0u layer Detuile T Eslinm Tohudert Flow
Kl The outpe  fow  Is  <onsihe 4o Fho S

pressure  Graduent  pacameler
S-S dfe  gud Sts inmohae wrbe

Ty dx

o X| S = const — %&LJ-Z_BMMQJAA#_ :{iﬁ\d:-_ o
K Uaused's  epilibriin.  presure  gradi > aramdr
—g= i.j jt: | . (&-aza)
XL BL wthe variabfe  Pet) . bt Canstank @
LA *fur_’buﬂ.ﬂwi_‘eﬁ—lmb)’ﬂﬁm =l e,
gross _ phpefies  Can  be Scaled Lyt
i K| Defat Hubnoee A - .
A [T L=k - (§-<iz)
Ja_ U ¥ : B S
- it A= J2ecpr N megsure __c::& He focal
N X| & shape fackr thet  5odd  rewai.

Pl F JPP (-f,l‘e -L‘"._"cg 1 . _(_é_"é{d_'—)

Redotza o H e (_4____%:‘ _ (6-agy

Nete. H £ cank 0 sk Hretrn Unrtes

e X —

PAGE




44 12oy

ALAAAMN G B —

.’ ) '
Foc _arbbary varmble presure  Qradaik.

otk mtgkbmﬁ_hluu&g o Stuctton

Mare detnls Hran Tast Lozl frrztrm

_sheae M%MJMML@LA_

'Hf erakc [}z MLCBM @ Mmodels
i = E{f)!-h, " modod N ol A F L+ —HAL

| Tumaa —mean.  Codimuty 2 hugmenturn

ol s M b ~wmean  PPEc  owe boen
celde d

.l I (W 0= %Ma(.& 3 —]‘_Qi_g_ﬁngig_f’g[%mm_{‘fy —

- % — (=)

i C| ) TK_E ar ('J-) ‘E’G[O‘\t VisCo \\_"i;y;

#
-+ Soue rxgﬁfgbriz _ﬁ}’wﬂ_} o o

= 2 - epui Madel . TtE___%_+_£_QE___ =

TnVolving e = Mcan  turbilow.e cAxssPation

A nd- menent Closure  madeld Mo s+t Cﬂw}a—ﬁ—&L

MMM&_MM_._SELP_S—

| - AM—Q%MSLS—YVJS ,1/4_,(:5.‘1“1;\.\.

- les - fl unsteady — N-=s Coludodobi  lstin
Seales  of H oeler f 4, g o iarﬁ,er-’

J
A uses o turbluve  hodlol i He shmaller

I S&S  models I
o) -~

& Pals ¢ no medels ot ol . Lumded  Fn

Ao —turbidont Res . D-f"fnu_s 'me JWPmVr%g
Turbilowce  nodels PAGE

q

N




# (306

Mmmg?_asm%. -

S G S 3’; =

Crbene A _ed.al,);_w’_sm -

W’ = ondy odd U urknam o Fhe
== _Luma.a.ﬂ.aa}h-‘i‘k &g_u .

| Note MUt > a0 A Md‘ < o

! PA%CM:%_QL&M__C_L[ <o)  bvi R %

It A 75 o .

or  Slarer _Ec{a{)/;lﬂa.m?_wf (U 7>0)

YiMs u’ <o ) —

——

—p bL T <o

4)(!%- L%u@%

Pmnm — ach. turbulent ﬂ%m_ ConfeA_

be velidea o a,__ﬂ-blsazﬁ.\ié—cﬁiLi

QU el fa § MALZ a e S =

Wt Clamst) Uhg v Fm

_u_Cmn.:‘r)_Lp_ H—< @ f .

——-\‘]_\—) =S —

w"rkl\r%_ﬂu\e‘f:ks R

— = eaw eddy Sice >LHM0L;_MM_J'¢,¢_ pectts

_Mﬂg_ﬂngik_wauL

""&—"‘—(Bi

PAGE

Zero Cguation Modets © The Ty  Vrscorsy ‘

aw | (d4) |



Lo the Shblayer L ®r y* (- )
2 anfcﬂaf‘ia@f_c L w Ky e~ )
2z culer layer L o (anst C4~d4e )
X | Yan Drre,t Ldmp}j;glc,ﬁr o
r AR C£-90)
Lgp & =YLV Exp U]
| A ote loyee 2 009 X (6-qi )
6 =715 | Thi BRaldiin — La'h_;gi_x Mot 8 =
B o H@&_Oﬁ;ﬂﬁé‘_é% ) -
¥*| (- .e.%bL_ha.Qahi—c-
Ca&nﬂ_w TkEe K g~ ﬂu%
£-72 .M O = Tpugtyy Model t Tarhgos Kuodo Sorgy
a3 P_aye&x— 2D L) Avn. of TkE 2% o
TR g T G ]
b raa £ (6’-3'6’_
oy B
M' |<::. (M;,’“‘;:_)/-L _
€ = turbulut drssipetin [Lvelocry ¥/ Q)]
7}@

leb- 4 Turbulot Qength Scale
 or e-gﬂdhb& edd, Size

PAGE

; :
Siacls ik QJ’A/\, Lo ol have @& vpfocf-f/;/ “mﬂ.c.i/:,\



~ |
- |
5 o -5 ~ T .3’/‘-. T = . = . 5 = T |

» T WH—‘L 2 . _{{-lo3
E v - ) g
- < if an Pa{df o L Mmoes it Speed K_y‘; L
T4 pawer J.ﬁ.‘s:.pm_.y_ Wt mass :
- E 4 Fi I'/‘_ 3 [

| (dog) y Grelozty) y Demup ot o K7
i N p BN LU B M:S} (Ccs\\_s‘“ fL.‘s - L_. )
e K| Productin torme  Canel on RHS) ]
N T (MAMe) 9Ty ) . ‘
St Ll ."i Caovectve  liffusrm  forme € % o eme) .
e it s Connet  Measure P ) '
o st "r/(.i W+ —’fc« (Const j-;: J
O ¥ Gewric  woadod mc Thke epu B !

- e - 3K . 2 St o>

R e ﬂ-)—ﬂf‘i-ﬁ:—f—u—} E [
W SR ke C6=to4t) |
. 24
¥ [ Dote . \ closure T not obfameel bl e |

& MAA&L"{Q;;QM%:&L_-SC&L&_ o
e-7.02 Tun g%&' s 2 Tle k-8 EQQ_{_Q& _ __ ||
X TKE epu Ce~tod) perfunps hebln  capled |
. TH m%m% ‘ﬁm_m Lckam.g;__ ‘
aF edthe CO cirssfation € o Q) furbdout |
_d ﬂmgik Scale Lo ]
Kl Tke Pk 3 sl ORy Lo O ot 3, |
' & be T érj \D; oY / 955 QX5 +an ) o n
=& . . ., [fepesay |




(23

~
| Dixsipatim De . O (Y 0%
Dt T oy \Og I’/
Lf\_i&a; faﬁ_l..a-.r_\
—IL’H:Ka;S-\é\’j!dX,\)
— . }E:  Cb-lesh)
¥ | e =%/Ve e = Ve /e o
__ g ) (4-106
- Vew oK C4-10€)

 4-72.3| [l ﬁ{ncmm_hu%.whw&__ ~

*| Standond 2 -epn odels e fir gl Re

|- K-£ u.q.anLe.L_q_ug;_da uot contmim. L.
*JML

)yl Fanction  ner o fumdas ok

patch b fla lst  Mocle e fho

M.me: regmL— o

,_ﬁzi.mnnﬁa I _unlrepase . L 8rml Sige

-9 "

PAGE

| an foncto.  fpemadas
Z:tp - _’__ I [ Ub*jl' N ol B
=% e N p 2 T=
Kp= U2/CE = U ke Ch=108)
Y B4
Cop =
< Yp _ ~




Hiaq

_M_Qdf.“_{rm.s_ _"!E:L_(;:"AS)_ I .

= +r2E w2 2Ky 44 (-‘{Jﬁ)%_ g (Gata)l
e |

|
|

— 4 - W =
SR RS _ Cbeieab) |
A ST

- = = —S—— |

L&ﬁm_ STesses o compbzd

| elbree Ol by wille.. il au al brace
. akge.

- Stress . medlk - Q) a PE  f A |

B 7 oS _df_ _O(Laa.o—g _-D'F_ stress

_.B}:emk_:dﬂ&m___af_m R_-ymﬂd_s_ STress o 00

_jm_:e.,zm_mm;_ -

—_— S— S — — == - |
- — — S = — ’
e ‘) ‘Pm—mt_- __.l_.h‘ K_"A.  S— “_ i — —
]"’ — " - ;!’ ) Uk ! »

PAGE




#) 35

L 1A

i — e lfs- . W=t A < =
A Fpodim=—==0y NNy M

Thws HH_B_MQ_M;E&_ 5Tt Peloatiome

£ k weid & . gued dees ast

hgf lnce  Thewa.

PAGE




