
FluidDynaries Summary

Chapter 2 - Mathematical Modelling of Fluid Flow
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① Particle Paths
,

where does a logangian kid element go ?

F w/ F(x,
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⑥
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⑥ Taylor series on velocity field

u : (xj + Sxj ,
t) = ui(xj ,

t) + Sxj
= ui(xj) + rijSxj + eijSxj

rij = - eij= w = 0 + u

-

anti-symmetric all of
ritation person

⑦ conservation lans jodmo
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-> mass : b: y , qB : 0
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B
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P
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pressure

⑧ Ideal/Invsed Cind : Tij = - pSij (No friction between kid elements] as inwards

normally
↳

Euler equation:
- up +

yg diratoric stress terson
-

& A Newtonian Fluid : Tij=
- PSij + 5

:j
= - pSij +/E

Note
,

sub into momentum balance to get incompressible Naver stores



⑩ Bans dang conditions

(Full Narer states)

Viscous Flids : Find velocity at bousdory is be boundary velocity
Coney stubs to wall] nex

,
+ = Up(x, t) Fxyn [No slip]

(no u term)

Invised Fluids : can only encore
in penetrability of boundary , velocity normal

[water can How] to boundary must match boundary. No condition paratel
- you can slip along boundary
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Chapter 3 - Id Flows

⑪m a pipe
And in
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Axial fore exerted by third inside of astder on Find outsides Ear z

③ Volatie How de QSwrider : Irwinde
-+ (2)) = op

+ Mon +

g u = u(y , ],
⑫ Stokes First Problem v = & Lwith u = n ( y , t)ex

,
Naver Stotees simplifies to
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,

Y
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As n> 0 as
y
-> 0

, plasts only
(1)

So = 0 as p(t) So
zyz↳TRANSFORM

U = W at y
= 0

Equations have seating symetry ! t

= By
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y ->
n = 0 at t= 0

&
B Jyz If U = 1

,
x = B

2]=E Then 117 = (2) so
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,
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/- 0) = 0 Du z = u(,*-~ (E = 0) = 0

-- vij- 0
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~
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Y

-
This suggestMuly , ) = u(EE , 1)

Ut· a = y -
- motional form for me similarity vorable

ya UEU gives dimensions 5 Ses where S(t) : 2-
Unu -

f(g) dimension less - scall foo
THEN uly ,

t) = Uf(g) dimensionless ! y
sud inI some fora
-
Chapter 4 - Dimensional Analysis

If drag D = + /y, ,

R
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B
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, y



-hapter3 - Benoulli Equation

⑬ Hychostates : u = 0 = Op =

+g
=> p = po + yg

. x

u + w = u + (0xu) = 0(((u/) - In . Ou
⑭ Benoulli Equation

-( + (4 . 0)u) = - Op + Mou + yg [just Naver stotes

7 + 10(2(412) - ynxw
= - Op + mo u +

yg (b(g
- x) = 0(g ,

x + gzy + 93z)

7++p-) = Mou + yu + w
· (e)]

② steady incompressible nvsced for : v = yax w

#de : n . V B =yu
. (nxw) = 0

J B constant along streamlines / vortex lines

w . v B = yw
. (u + w) = 0

⑥ unsteady incompressible petented How : u = 00 ⑤ could varyn/tene
-

laplace equ : + . u = 0 = 0 . (00) = 026 = 0 v = 0
: w = D + u = 0x(06) = 0

vorticity
RHS I 02u = V . (0u) = 0 w = 0 7=++ p-eg
LHS : = (00) = 0
-

Chapter 6-Potential Flour
·

mompressSoll stational
- -

-⑮ conditions : V . U = 0, * + u =0()n = 0q

va . n = 0
No slip condition cannot

: no round How B
.

C .
U . n : 0 Yon solid walls]

be satisfied by petential
complex How post solid objects

acakes
-

⑯ 2 d : w = p + it = A =
2
2 x =-

8 +u = 0 = 5 - E = 0 = n=
Gy 09 . UX= O

- . u = 0 = = == too ...

⑪ Streamlines : contours & ↑ are streamlines ! Ut . u=+-
↑ constant along stream hig

⑱ Elementary Flous

- unfor How : w(z) = Vei * z

Power series

- Point source : ~ (z) = logz 3-- Point vortex : w(z) = -

log z
w(z) =Veizlogz

~ Point dispere : w(z)= get
any How you want !2πz can

- Haper multipates :

↳ = fundsnote
,
pt source z = re in

·
is Internete aroundO = Su . Eds a circle gradius -



⑲ Immersed bodies

- Pantine hult body : w(z) = Uz+ logz
- Rantine Oral : w(z) = Uz + /log(z - 1) + log(z + 1)
-Circle : w(z) = v(z +c)

⑳ Fore on Immersed bodies : (fore per unit worth out of the place of papers

F = S- pids p = - y( + +(i) +

+g
. x

C is De closed (From Bernoulli]being-
streamline defes·sig

be body
-

complex Jone
[

& Fore in steady potential Flow : F =( = F = Fot i Ey
n = Jule

: 0

,
w(z) = n-ir = lue

0
so 141 : (w(z))

* 22:0
↳ complet conjugate

n = - ie
:

F = Fx - i Fy = (- pids = Eminds
In ds
-

· il e-i0dz

-
+: ed : EW'(z) e20

- iO

1> 0 w = vz +

---- - --

&
n = - ie

iO : ((w'<z))dz
; dz = dscio

C &
-E

dz = If ZiRes(w'(z)" , o)2

conservation of mass :Q = 0 : Zi-it) Cauchy's the

for contour integral]
Fa = 0

. Fy = -yu4
=- yu(q - in)

=>Lift Jone = + UP

⑫ Added mass from unsteady term: F : ends
E.

g. Circle

w(z) = v(z+ real part of w

-

w = p + 24 = 0 = Urcsd + 1900 = Ucoso(r + q)

on r = a => 0 = 2VacosO /bousdaryc3

: F = S-pnds-vacosado
⑮ Flow around

on airtol : conformal map z = +(3) = (1+3) +11-2) zige place

Win
pot eat ga wa=== s



Chapter 1 - Boundary Layers



Drag : -T word to maths translation

word maths meanvy
Invised M

= 0 Flow has no viscosity/pises can assuol mee slip
conditions.

steady = 0 Flow does not vary
in the

voluseretrie [Q]=
How rate

Q = VA

velocity< surfer
area

vortcity w = -x4 How much me third rotates spins

conservation
0 . u = 0 Derived earlier

If moss
-

conservation
&

Du
= - op

+m0-

of moreature DE -

+g

unsteady W = O p(, t) Scalar = 00
,

0 . U : 0 . 100) = 020 = 0

·

mepressible
potential How w = + u = 0 x 0 % = 0 -> Bendi simplifies.

Torque T = ZirTo Torque transmitted pernist otal knetn across

any
adve

Area stress arm

Integral formSedefyluudA Just apply Red's banspect t w b = yu (momentu,as
& conservation bat is Loddnbigmomentum

circle -> plate Trailing edee is the near stagnation point
Gutte Sta is stagnation Basically , just set /complex) velocity w = 0 at
condition point

-> ~13) = 0
your boundary edue point z: velZero

(velocity)

verbosity himA
near one

trahig use 'Hopital's
edese rull

on u Cinde = 1

cauchy
T= -PI FrStinds = d. .

stress
tensar
for invid
Haid

M = Newton seconds per square meter

visocity [M] =

[M]=Es
Dray per where Tj-pSij +M
un it leset

D
=S TindA

one

uslender



C = x(s) = (Rcos(s)
,

Rsim(s)
, 0)

Circulation

Sunds (points out On = ren

Su . ids (points alongs & = ro

C



Questions

① Q Sheet)
,
Q1c : VB : 0 => B constant in s

,
but you put fits



Problem Solving method log
SHEET 2*

D

(a) ej : ( + ) : (B)
(b) 0-u = 0

(c) w = 0 = u

(d), , y
= Y , outpo

and
J S

direction of arons specified .

B

(a) Strain tension Syst
-

Sy3= =

E
Sy(t)

Taylor on Sy(t + St) = Sy(t) + EzySySt(200 Ac]

x = (0u + 0uT)
>



(b)

⑪
Point /distance = speed - time]&

moves2 t
(SB
Exc &

2 /⑨
Point C moves right b

3

traks sum to

syst So + o + SB = E
so diff :

Sysa =>st
Here-

⑬

(a) => Eulerian & Lagrangian ,
translate/

ed

= u(F(X
,
+)

, t)--
globe Local

so sche
= -F , F

,
F,

some u/ sub
un F (t) = X

, cos( 2t) - X2 Sin (nt) & guess a
1 t

F2(t) = X
= cos(ort) + X

,
Sin( + ) ↓ in

-

streamless
F

,

2

+ F" = X
,

2
+ Xz=. circle radius /

,

"
+ Xz2)

z

(b) = -MX
, E my m same :

(c) Two METHODS : Unison oration => = 0

Ii1 Material Derivative
t

+ (n . 8)I

a, . . . . dz = -



(ii) Cograngian : F ---- - .

-relevationentrpeted (points innards) we magnitude2

#EETS
g4

(a) C = mass of species per unit volue.

volusative generationrate zero no reactions in third

g : surface source le is I tensor ants above a family rector.

(b) Use value/surface

↑Landmatea A

an

1)ScudA = Jo .sud Log du Reynold's transport him

~

(d) so 0 . g= + 0 . ((u)

a) g
= DVC wereD is diffusity

⑤

() Do each species separately I use scone source/volume & red's breath
value surall

-

dr + (c(u.)dA = don ShindS
an i



For A
:JGdn

+ [A](u)dA = Joh() + 4 p(B]di + Sh ndA
some for B

,
men

an
dir this & me as dig

an

(b) write as
A

+ 0 . ((AU) = - (A) + +(B) + 0 . h+, come4

6

(a) Apply result of cameby tetrahedron argument : 2 + 0 . (bu) = q + 0.

In interal
form/dr +/bludA =qBdn + find

am

-
so we diw thm TB

J + 0 . (b) d = Sq+ d ...jnj

1 -

Here b = xxyn , q= g ,
hB = c + /tin)

Index : b := Eijn : Yuj , q ,= Ejpj9h , T = EijnThm
D ⑫ ③

4) Hijh; + (H)+jp 44m)
= 1 Eijnjgp jpj Trm)& t 2xm 2xm

D ②

jx
-

- ⑨

B

⑬ Sim

I in
S

un
- - - Eijh Trm) = O

= O = O (momentum cons!) j = m

- anty(iii) Eijk4j4+-Sj
= = ziji-Se

(d) Evaluating i = 1 = T2- Tz = O

i = 2 = Tz, T
13

= O 3 Tij = Tji Fij => T symmetric
i = b = Th - E = O

: This expression is calculated componentse in i
,

leave it as

The tree index. Des 13 . 2 tend is sorted out by me

candy Letahedron orguement.



② equations defined in

Ex sheet 3 Q4

g
in Spherical coordinates (r ,

&
, 0

x = rsiPusd , y = rsiOsing ZircosO

1) his D . u : 0
,

but in asyenetic spherical coordinates ,

told that

- . u= ur)+using &

& r

wo
So sub

# -

↑ . u= Vasa-sar + zr"))+- - a +u

= -3 + 4)+ 3- 4r)I

= O

(b) Set v = a
, ur = Losa -Sa + 2) =

10
: - /-a-3a + 4) = 0 = 0 on

stress tensor

) F = S.ndA ,
o = wee + val_ a

+ ep) + voo ra + 59 p
S

Gro

no : o-for e
%
.
) ·: (a) so a . = w er + war

er
=

r

· Fe Ja . da=+Vara odd/ S 2 integralsT

-really Er
,

an in drector # on in

= In o+ tal sino doa I /r = a : surface int.]

(d) % = -

p +2 / - bar+
I ---

= oso at = a

o
or

= Mr(0) + A ...

(e) = Ecoso+ SinO

= - E Sind + cs0

: /Es)-s-noso
1

= GitMaUz



⑧ #ET4

as D - 4 in Cylindrica

(b) visous trio
, steady state = : 0

... p =

⑨

(9) In cylindrical polar coordinates (x,y ,
z) = /rcosa ,

Using , z)
Z

-

Hour does velocity
transform ?

- n = (2) i a
20
..

naval uptidical
y -v 74

--------I: I pelar

-

S

S via Ziminal ⑨

.....-
·

↓ ,
radial·

-

.
ja

............ K >
- >

cortension conversion Ccollapsing D

u, = ucoso-using (comp] z-component)
L

y Uz = USmO + vrosO by comp.]

So here, n
.

= UcosO + USiO - Lind , U : UsocosO-USnOc + Is

(6) Use &A formulation : you have nound

↓
i)

dmSeuludA =S-pdA
=> F

,

=? & sub w/ n :/ => un = cos

and potor so dA--drdO



⑯

azimuthal(a) only -> U : virilexity component bat depends on onlyo
i

. () = (1)
(b) Assumptions yeld- fr =- =M(

~

9) v(r= Ri) = wiRi , v/r = Rol = wor = 0

(d) ( (vi) = 0 => (v) = Ar => v = Ar + 1

⑪



(a) yelds - up + Mo u u = u (y ,
t)Es

Op==0:n y How = pl but u enas

pressure gradient, so

p= const , say zero.

= = 0

tal : u /y = 0
,
+) = Acos(wt)

,

uly-o
,
+) = 0

(b) sub full complex expression, take real port at end.

=
Hingore f(y) = b

,
e

+ y + b
,
e

+
y

() fly : 0
,
0) = A = b

,
+ by = A

, fly - 0
, t) => b. = 0

so fly) = Acty => ucy ,
+) = Re(Ae-tyeivt)

() Traction fonce along a : pi ze = pe(z) : E
- -

+ e-y-int , 1 + T =

↳ = ot evt -Te &

=- /eiwt)
Si

def
#>

cos(w++ ) => phose -

⑫

m =
2

F = ma

·
. [hg] =

[A] = F , [W] = F ,
(0] :[A] =

two of Rese
a) u = Au

,
t= E

, y: : diffast y only need
log rust

-Convert
cred ~/dernatives [

orel.



1) Drag per me it needCopy sam =M
↳

parameter indescent

=> D = MAT + const
· /y : 0

so dimension less
Corstat

-mu

⑰EET6

(9) 0 . 4 : 0 = (1 u(r , +)) = 0 = u(r
,
t)=

B. C
.

u(R(t)
,
+) = D'(t) = R= u(r , t) = R

(6) here w = D xu = 0 => POTENTIAL Flow !!!
u = 00 => 0 . u = 0 . 00 = 02 = 0 so DHS benoulli : 0

& ==r

Benoulli & B : 0 => +M + = coast. i

him -> 0 - p- po = coast : Po ,
sub


