Chapter 4
Fluid Kinematics
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KNOWING “HOW” TO
THINK, EMPOWERS
YOU FAR BEYOND

THOSE WHO ONLY KNOW
WHAT TO THINK!!
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Understand velocity
and acceleration of
particles along
streamlines.

Educational

Objectives

Be able to compute
and explain LOCAL
and CONVECTIVE
acceleration for a
SCALAR variable.

J




Flow Types
Steady and * Fluid Kinematics
Unsteady Flow
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Streamlines, Streaklines and Pathlines

To visualize and anlyze the flow fields,
streamlines, streaklines and pathlines are often

used

A streamline is a line that is everywhere tangent
to the velocity field

For unsteady flows the streamlines may change

shape with time

A pathline is a line traced out by a given particle
as it flows from one point to another
(Lagrangian concept)
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Fluids have a well-known tendency to move
or flow

Fluid kinematics considers the velocity and

acceleration of the fluid instead of forcespick 4t

that causes fluid motion

The motion of fluid particles can be
described in terms of velocity and
acceleration

Fluid flow must be described as a function
of spatial coordinates (x,y,z) and time (t)

One of the most important fluid variables is
the velocity field

V=u(xyz0)itv(x,yzt)j + wix,yzt)k

The position vector r, is a function of tinie,
V,=dr,/dt

time t

Particle path

Particle A at
time t 4+ 0t

Velocity Vector: V= va; + Vy] + V;k = l/lz> + V}: +wk °
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Partcep>\

The Material Derivative

e Consider a fluid particle
velocityV, =V, (r, 1)
e Using the CHAIN RULE OF DIFFERENTIATION the acceleration of
particle A, a, can be derived

V=V[t.x(t),y(1)2(1)]

2,0 //
/30

V,4(0)

moving along a pathline. The particle’s

dv oV oVdx oV dy oV d:
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ot ox oy 0z
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I;: > - l‘c’ at
=ul +Vvj +w By
V=—

Ot
~ Oz

= ot
Material Derivatives
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Particle path

X-, Y-, and Z-component of acceleration o
D
4.(x,y,2,1) =% = TOTAL ACCELERATION = 2% 45 1,0 1, 0
Dt ot  Ox oy 0z

. Y
Local Acceleration Convective Acceleration

D
a.(x,yzt)= FM — Time Rate of Change of "U-VELOCITY"
t

D 0 0 0 0
a (x,y,z,t)z—vz i a2 — Time Rate of Change of "V-VELOCITY"
Y Dt oL ox Oy 0z

.
Local acceleration Convective acceleration

Dw ow ow ow ow
a(x,yzt)=—-= — +u—+v—+ w— —> Time Rate of Change of "W-VELOCITY"

Dt ot ox oy 0z

Local acceleration Convective acceleration
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Example: V = (t2 +Cx’ )f +(2t +Cxy’ )}, C=constant; Find a, & a,.

Solution: u=¢ +Cx*; v=2t+Cxy’

Time Rate of
Du ou ou ou
a. = = +u—+v—/,— Valid for all x,y,z,t | Change of “u”
Dt ot Ox oy velocity

=a.(x,y,z1t)=2t +(t2 — sz)(ZCx) +(2t — nyz)(O)

— ax(x,y,z,z‘)=2(t+Ct2x+C2x3)

Dv  bv By By Time Rate of
a,= =—+u—+v—/;—> Valid for all x,y,z,t Change of “v”
Dt ot ox oy velocity

= a,(x,y,z1t)= 2+(z‘2 + sz)(Cy2)+(2t+ nyz)(Zny)

= ay(x,y,z,t)=2(1+2Ctxy+C2x2y3)+(t2 +Cx2)Cy2
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Problem: Water flows through a 0.75m long nozzle. The flow
enters with a uniform velocity U, = 5m/s and increases to a speed
of 20m/s where it exits as a free jet. The flow can be considered
inviscid. The velocity profile along the centerline is given by

U | > X
0
u ()C) = 0.5 | Free
L U, | u(x)=mx+b—> LINEAR m—— 2 ()1m/S

Determine the x-component :////////;

of acceleration of the fluid <
along the centerline. L=0.75m

Solution: Du oOu oOuox oOudy Ouoz
a = = -+ + +

" Dt Ot OxoOt Oy ot Oz Ot
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L

For our case: a =242 _, % ou _[ 05U, 1
Ox Ot Ox Ox L (1—0.5x/L)2

= a, :((1_;.]50x/L)J(O.5LUO ){(1—0236/”2 J

0.5U2/L N 0<i<]
(1-0.5x/L) |

= ax(x,y,z,t):[

@ x=0
a. ()C = O) = OSUg /L =16.67 m/S2 <«—  Acceleration minimum

@ x=L
a,(x=L)=4U; /L =13333m/s* «—— Acceleration maximum
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A 3D velocity vector is given by u=2x, v=-y, and w=z,
determine the acceleration vector.

Solution:
Du ou ou ou ou
a. = = + U+ — v+ ——w
. Dz ot Ox oy Oz
a. — l;’;‘ — 04+ (2x)(2)4+(0)(0)+(0)(0)=4x
Dv ov ov ov ov
a. = — + U+ —v + —w
u Dz ot Ox Oy Oz
Dv
a, ZEZO"‘O(O)"—(—l)(—J/)—"(O)(O)Zy
Dw ow ow ow ow
a. = = ~+ U+ —v + —w
Dt ot Ox oy Oz
a. = ll);t" —0+0(0)+0(0)+(1)z==

~\ 712/ S

a(x,v,z,t )= (4xi +yj+ zk —> valid for all x,y,z,t
B
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Water flows through a constant diameter pipe with a uniform velocity by
u(x,y,z,t) =0, V(x,y,z,t) = (8/t + 5)m/s, , w(x,y,z,t) = 0. where t is in seconds.
Find the acceleration at time =1 and 10 sec.

Dv ov 8\//
a(x,y,z1t)= =
J(X.y.2,t) Dy /ZZ %Z

- 8 - /
:@j:——zjﬂ2 — Time rate of change of "'v ”velocity—)m >
ot " s S
8 ~m
a(xy, zt=1s)=——=j—
| R
8 ~m ~m
a (x,y,z,t=10s)= ~J—=-0.08—
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Example:

Consider Velocity Field

. 1 . \ . \
V(x,y,z,t)= Kltz {ﬁs} +1x° { })iJr(Zt + xyz)j}ﬁ =u(x,y,z,0)i +v(x,y,z,t)j
S m-—s S

Consider Temperature Field

T(x,t)=(34{£2} t*+5 {5} ij
S m

FIND : Time Rate of Change of Temperature due to convective fluid motion: LS

DT 8T oT or or

—(x,y,z,t) = U+—v+—w

Dt ot Gx oy 0z
=681+ (5)((* +x7 ) +0+0

DT K Kl ,(m)| L[ 1 1K
F(X s V2, ) 68{?}1({5‘}—'_5{;}(1‘ {S—3}+x {m_S}):

A)
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HOMEWORK

4-3,25,26,29,34
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