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Contributions to the fluid motion

Forces acting on fluid can translate, deform and rotate fluid elements
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Linear Deformation

Consider the x direction with velocity u

t to + At
A dx Al dx B’
lll u+—dx : — R
I N Elongation = 6—“ dxdt
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——————————————————— >i
+ a—ud dt I
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> Strain e = AL/L:
ou du
de = || dx+ —dxdt | —dx| /dx = —dt
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> Strain rate:
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L4.3 Fluid Mechanics 4 — Antonio Attili — antonio.attili@ed.ac.uk

THE UNIVERSITY
&Y of EDINBURGH


mailto:antonio.attili@ed.ac.uk

Linear Deformation (2)

Consider all three Cartesian coordinate directions x, y and z with u, v and w

t, + At
y to

¥ x dz dy

dx

dz
dx

» Overall deformation

(e + G2 dxdt) — dx N (dy + Gedyde) — dy N (dz + G dzdt) — oz _ (au Lo

de = bt
dx dy dz ox Oy
» Deformation rate:
de . Ou Ov Ow I
— —=¢é=—+ — + — = V- u = Volume dilation rate
dt ox 9Oy 0Oz
» If incompressible flow:
V-u=0

ow
0z

)

L4.4 Fluid Mechanics 4 — Antonio Attili — antonio.attili@ed.ac.uk

THE UNIVERSITY
) of EDINBURGH


mailto:antonio.attili@ed.ac.uk

Angular motion and deformation

> Take fluid element with segments OA and OB;
» Velocity at O is (u,v)
P> Vertical velocity at Ais v + %dx
» Horizontal velocity at B is u + g—;dy
> After At, OA and OB rotate to O’A’ and O’B’ through angles da and d3
ou / <6_ud )dt
u+—dy —_, \0y Y
B ay B B
t, i/i",' t, + At
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1
dy dy ,l' ’
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v+axdx - \da I(axdx)dt
0 u dx A 0 dx A
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Angular motion and deformation (2)

L
u+——dy
a
B y
to
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a
v v+ 6_de
0 u dx A
. R . da
> Angular velocity of OA: &pa = tllmo b
N
v
(Graxdr) o
da ~ tanda = A ) = —vdt
—— dx ox
small angles
d
» Angular velocity of OB &pg = tlimo d—f
—
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(—dydt)
) 0
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small angles
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Angular rotation

T (6_u dy) dt

ou
ugody oy
B -
t, ﬂi/'l t, + At
1
dy dy 'I
/ A’
v 1 =" v
v = ] =% hadt
v+axdx /- \da I(axdx)dt
0 u dx A 0 dx A

> If % is positive, da is counterclockwise; if g—; is positive, df is clockwise.

> Right hand rule: positive rotation is counterclockwise.

» Rotation &, is defined as the average of Wpa and Qpg:

| 4
N i 1lda—dp 1 @ So8)
&y =lim|z—| = = (boa — &
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Angular rotation (2)

» Rotation about other axes

> Vorticity: w =20 =V xu

) o

o= U’:Jxel + U’:Jye2 + @263

N =

(@ - fLW)
0z  Ox
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Angular deformation

Qu _ _ Ov

Element will rotate around the z-axis as an undeformed element (i.e., &poa = —@pg) when 5y = ~ox

» Otherwise, rotation will be associated with Angular Deformation d~

» dvy=da+dp
P d~ > 0 when the right angle in O decreases

> Shear strain rate HB’ ady
B
Sy = lim 9 = jim [1 (Ov/0x) dt + (0u/0y) ‘ﬂ -1 (@ + @) dp; t,+ 0t
t—0 dt  t—0 |2 dt 2 \0x Oy [/
]
I
P> xy plane: dy I
s= 1 (2 ) ! |
v =5 \ox T oy O % 4 ) ae
> ) ! _ .-~ \ da Ox
yz plane: 0 b
S 2 (204 2) A
4 2\ 9y Oz
> xz plane:

. . o . S . L THE UNIVERSITY
L4.9 Fluid Mechanics 4 — Antonio Attili — antonio.attili@ed.ac.uk ) of EDINBURGH


mailto:antonio.attili@ed.ac.uk

Strain rate tensor

» Strain rate tensor

o 1 (au,- N au,-) )
(o4 U
Y7o axj / < dy) dt

Ox; e
ay

i
» Strain rates i{i'l t, + At
P Linear deformation: K
S;= 1 (a”f 8“") dy | /
2 \ Ox; ox; Il _A’
(for i = j) (Einstein notation not implied) K PPt v
P N —— da —dx |dt
» Angular deformation: - \ ox
1 /0u; Ouj 0 A
Sj=2 (24 ’
Y 2 ((9Xf + 0><j> dx

(for i # j)
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Stress-strain rate relationship

» Simplest relationship

1. Linear relationship
2. Passes through origin
3. Galilean invariant

» These criteria are valid for Newtonian fluids

P Viscous stresses at every point are linearly related to local strain rate
P Water, air, fuels, alcohol, glycerine

» Non-Newtonian fluids

P Blood, honey, liquid soap, etc.

Stress

_ au] i 6ui
TU =u Bxi 6x]-

strain rate
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