




















































































Chapter3 Approximatesolutionsfor Recal
3.1 Creeping fw equations

Consider incompressible N S Eq
Massconservation 7 ū tǒt 器 0

Momentumconservation 癸 u装 vgtw筘 艾 0器等2 高

1 燕 器蕊䖀品德蘂邋
0 G

For compressibleflow wehave f T u v w

where p p f T1 Ex idealgas p SRT
Forincompressibleflow 9 Const p is no longerthermodynamics term

p is only to enforee7ci 0

Nowgetbackto low Re number case

Re 9th 二生二暴贯㽓 Real 惯性可忽略

N S退化为压力和黏性之间的相互作用

Mit op 5 divergence 72p 7of

getiytsgetpn
there is no density 昆 function of geometryonly

Btw curl ofmomentum conservationgives M7o 7 5























































































3.2 Stokesflow past a sphere

define a streamfunction V
and write Vortex

pluginto 7io o momentum conservation

Applyproper B.c and solvethis we get

thus

Compare with irrotational flow w̅ 0

need more detailed thinking and comparison
What gives w̅o what gives 7200

3.3 Stokesdrag on a sphere

since 7p uiū pcr o p 一 Re

pressuredrag
FDp 5S pcr 0 coso Rsinododd 2TMUR
Viscousdrag
FD.in f

2大

5u kos.no R2sinododef 4TMUR

total drag F 6ThUR ReD 1

Btw compareto inrotational flow























































































3.4Smallspherical particle in an arbitrary flow

3.5 Stokes dragon drops bubbles

3.6Stokes drag on an arbitrary shaped object
Stokeslet

3.70seen correction

FD 3TMUdp 1言Re Re 4P
3.8 lubrication flows

缀 等二

等2二六 ucx.y.tn intermsof sohe for

lubrication force F

Notes on lubrication flows 0
Governingequation 䉹ǚǎiǎintum p Pix

integratethe momentumequation

U x y t Study 玄浆y Ciytcz
weneed U x o t and ucx.h.tl and we get u profile
write out Q using ucx.y.tl profile Q 一器装 h UntUo

裂二管untu 一器一

Also integrate massequation

Sǒ裂 我 o dy S裂dy Un 5ʰ哿dy

Q_Q sócu喜𡓨 竺照器点
nl























































































Chapter4 Aproximatesolutionsfor Re 1 page90 142

4.1 Inviscid flow
Potentialflow if oxū 0 we haveŪ二701 tg Y zerodrag

andif T.ie o 720 0

Westant with dimensional scaling of incompressiblemomentum conservation

癸 Ū7Ū _Tptiiū
Or 㠭 tw̅iu 7 init号 07xco still momentumconservation

now take the dimensional scaling
一

装 tit.int 大二一 27 p kegxu
scalepressure as op 9u2
毙 tu.ru 一一方op Also written as 癸tw̅xū 7 tu it 0

Matched asymptoticexpansions

Recall Caouetteflow platemoving
Poisenileflow pressuregradientdriven

IUyy二一号

Massa癸 0

fully developed录 0 i
發 o v Veverywlorel noslip u o uchl

oymomentm.ISteady
毙 tu v 二 一年装 2器步 哿 0 p pcxi

xmomantunnd
毙 u vg二一方我 0 器 筘
V等二一手叕 0g uuyytgvuy二

dimensionless u 台 y 卡

Fyětuy A __ const BC绐炎 品Ē9 ǔ
Exactsolution let E ĚÉàūitu A uo o uu 1

u y rexpl是 t Ay exact solution

Exactsolutionwhen Re 1

U y _ˇㄒ A V

u y titi ㄍ造 V























































































Since Re 1 E keccl Eccycl

lineexp一 o u iy A

this isexactlythe inviscidsolution

Weget theeffectivegoverningequation in the
outer region Uócy A Eacyal
Nowconsider yal Eccl butYE const

gmotexp一是 x

Governingequationforinner region EU'ItUI 0 0 是cc x

Introducingmatchedasymptoticexpansion

For inner equation do rescaling Tinta dy gyidnEUItu.ioÉssǚnt it 二千 Eke
A 2In the limit Σ 0 ŌCE E

ft 9芹 o Uǒ D UǏ 0

Also linUI y goUolyl with U y1 Aytco
Co 1 A suollys

T

AytciAJVUilCitcz.eexp y
UI10 0 Gtcz UǏ y C 1exp y
Also lig.liy C tA

UI y 1 A rexpEn
u y 1 A 1expci Ay composite solution

4.3 Boundary layerequations IN
Dimentionedanalysis X y to u ǎ 心一Ǔ P pi
with生二ǒ wehave 2 箱 0 mass equation

纞懘灣蘂 usuna

4.4Similarsolutionsforboundarylayerflow over a flatplate
use a streamfunctiontoplugintomomentum

Introducing 7二茹dnkǚocxllnrnrnrnrnrrnrnnnrnntnnnnnn


































































Boundarylayertheorysuumaryvll h h h h h h t n T n

n.lt3Boundarylayerequations
mass afterdimentionless 生二ǒ V Eu
Streamwisemomentum
pressuretermscaling P x fU2 sameas Bernoulli
streamwiseviscosity kellxx o

interstream viscosityscaling Enke 1
B.L.thickness O Re differentto4.2

x mom u vg Pxtuyy y mom negleted

outerflow Bernoulli Unot 一方
B 1 EE 器器 毖 0品1

4.4SimilaritySolutionoueraptestne.amfunction U g U 装 plugto x mom

澏篮 iiàě ūǒii
replace n 莎 dcvp iot.in 裂 ǎt 筘

s matt
viscous 二Ci 器感 二意 Rex o
y y

pressure 长 t m Uoix Axm

吾装一 im

now it is just an ODE of ly Falkner Skan

哿二步前二忒装8二去装二品



Assume thesolution dy is found

NowmoTYsuxacosBhsius
n.rs ttrm the ODE

cy t d y中 y 0

B.L.growth Ocx 感 uxnxm

sáiià点㠋蕚个器 00in 二感 心

skinfictioncoefficientCf x gus t.ru x Cmt

二 Numericalsolutionto Blasius

Cf二 099 4.91F
4.6momentum integralequation

plugmassequation into momentumequation

U o 0 U x U01

might change1

displacementthickness 8 x 581 dy
momentum thickness 0 x So 1一 告dy
M.I.E on

since we haveFuiE ttuet iF
t

te.se2金门县数二望
H shapefactor E 1

If Ux const O x S G9dg
4.7 Integral approximationmethods
Reo o Reoi 一 need to determine H andCf



入二皆 Cf Reo入 H Reo入

t 专Cf 2 H

Local self similarity m t outerpressure

Ox1 αcm感 dcmsōcxiz

入 mα2cm

主 f To t no dependence on x

2 H品器 以 2αβ1

t t go Falkner Skan A 0.44 B 5.3
Thwaites A o45 B 6.0

Thwaites method t

kg u 9
VKP
Set长 fan n do curve fittingforfun

f o rǒ f i Ifree
stream

S continuoustrees
f 1 0 f co 二 一八二一

fcy Cotciytczy2 C343 Cuy4

0 x 58 1 fcyifcysgdy 二Sò 1 f fdn 8

8二言一亢入

8 一 511一方2八
2

set T replaced if 0 with A

装 F NUx'̅tFr N 災T2


