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Total Acceleration, Convective Acceleration, and Local Acceleration

Concept Recap

The total acceleration of a fluid particle in a 3D unsteady flow is given by the
material derivative of velocity:

DV 0V
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where:
o %—\t’ is the local acceleration (due to unsteady effects).

e (V-V)V is the convective acceleration (due to spatial changes in velocity).

In Cartesian coordinates, if V = (u, v, w), then the components of acceleration are:

Acceleration Formula in Cylindrical Coordinates
The total acceleration in cylindrical coordinates is given by:
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Question 1: Understanding Total Acceleration

A velocity field in two-dimensional flow is given as:

V = 2zy)i+ (2* + )]
Find the total acceleration at the point (1,2).

Solution:
Total acceleration is given by:

oV
a—E—F(VV)V

Since the velocity field does not explicitly depend on time, the local acceleration is
ZEro:

v _
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Now, computing the convective acceleration:

0

Given u = 22y, v = 22 + 3%, we compute the partial derivatives:

ou ou
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Convective acceleration components:

Ay = u% + U%
’ ox Jy
= (22y)(2y) + (2” + ) (22)
= 4ay® + 22(2? + ?)
= 4oy + 22° + 229°

= 6zy® + 22°

= (2zy)(22) + (2* + y*)(2y)
= 42y + 2y(2* + %)

= 4x2y + 2ya:2 + 2y3

= 6a72y + 2y3



Evaluating at (1,2):

a, = 6(1)(2)* +2(1)*
= 6(4) +2(1)
=24+ 2 = 26,

ay = 6(1)%(2) +2(2)°
~12+16
— 28.

Thus, the total acceleration is:

a = (26i + 28j) m/s”

Question 2: Local and Convective Acceleration Com-
ponents in cylindrical coordinates in 2D

A fluid velocity in cylindrical coordinates is given as:

V., =3r*, Vy=2rf

Find the local acceleration and convective acceleration at (r,0) = (2, %) when

4
t=1.

Solution:

Local Acceleration

The local acceleration components are:

a(local) — % a(local) _ aVe
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Computing the partial derivatives:
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Convective Acceleration

The convective acceleration components in cylindrical coordinates are:

oV, Vyov, V7

(conv) _ |74 ro e
r " or * r 00 r’
(conv) a‘/H 7 a% + A7
a =Vi—+—— .
0 or r 00 r

Compute Partial Derivatives

Compute aleom)

agcom)) _ (3T2t)(6Tt) I (2:_9)(0) B (2:9)2

47202
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Evaluating at r = 2,0 = 7, t = 1

aleom?) = 18(2)%(1)? — w

Approximating 72 ~ 9.8696:

alm™) ~ 144 — 4.9348 = 139.07.

Compute aécom})

al™™) = (3r2t)(20) + @(zr)

= 612t + 410 + 6r%t0
= 12720 + 4r0.

N (37"%1(27"6)



Evaluating at r = 2,0 = 7.t = 1:

conv Tr ﬂ-
feon) — 19(2)2= 4 4(2)Z
T T
— 12(4)= + 8=
( )4 + 8
= 127 4+ 27 = 147.

Approximating 147 ~ 43.98.

Total Acceleration

Summing the local and convective accelerations:

a, = a4 gleom) — 12 4 139.07 = 151.07,

r

ag = a4 a{™) = 0 + 43.98 = 43.98.

Thus, the corrected total acceleration is:

a~ (151.07e, + 43.98ey) m/s”.

Question 3
Find the Total Acceleration in a Given Flow Field Problem: Given the velocity field:
V = (u,v,w) = (2%, yt*, 2t%),

find the total acceleration a at the point (x,y, z,t) = (1,2,3,1).

Solution
Compute Local Acceleration %—‘t’:
ou 5, Ov ow
At (1,2,3,1):
Ju v ow
E — ]_, a — 4, E — 9
Compute Convective Acceleration (V -V)V:
ou  Ou ou 9 3
Uz + Uay twe = (z°t)(2xt) + (yt*)(0) + (2t°)(0).
At (1,2,3,1):
(I-D)(2-1)+(2-1)(0)+(3-1)(0) =2
Similarly,
ov ov v, o\ 19 3
Uz +vay +waz = (2°t)(0) + (yt°)(t*) + (2t°)(0).



At (1,2,3,1):
(1-1)(0) + (2 1)(1) + (3 1)(0) = 2.

ow ow ow

ug—+ "oy twg— = (2%t)(0) + (yt*)(0) + (2t3)(¢?).

At (1,2,3,1):
(1-1)(0) + (2-1)(0) + (3 - 1)(1) = 3.

Total Acceleration:
a; =1+2=3, a,=4+2=6, a,=9+3=12.

Thus,
a=(3,6,12).

Question 4

A fluid has a radial velocity field in cylindrical coordinates:
V,=Are”!, V=0, V.= Bzt

Find the total acceleration in cylindrical coordinates.

Solution

Compute Local Acceleration

The local acceleration terms are:

aV, oVy V.
ot e TV N

Compute Convective Acceleration

Radial Component:

%_ *tﬁ —t\ _ —t —t\ __ A2, —2t
V}ar = (Are )ar(Are )= (Are ")(Ae™") = A%re .

Since Vy = 0, the term —V792 is zero, and the convective acceleration from V, is also
ZEro.

Thus, the total acceleration in :

Radial direction:

a, = —Are ' + A%re 2,
Tangential Component:
Ay = 0.
Axial Component:
ov, 0 B _ B
VTW = (Are )E(th) = (Are™")(0) =0,



Vv,
r 00

0,

ov, 0 B 242
VZE = (th)&(th) = (Bzt)(Bt) = B*zt*.

Summing all contributions:
a, = Bz + B%z¢2.

Final Answer
—Are=t 4+ A?re=2
a— 0
Bz + B?zt?

Question 5: Total Acceleration

The velocity field in two dimensions is given as:
V = (u,v) = (2, yt*)
We need to find the total acceleration:

DV 0V
a—ﬁ—E—F(V'V)V

Compute the Local Acceleration

The local acceleration is given by:

1oAY
ot
For u = 2°t:
ou 9
E T
For v = yt*:
v
Thus,
oV
i (z*, 2yt)

Compute the Convective Acceleration

The convective acceleration is given by:

0 0



For the x-component (u):

Thus,
(V-V)V = (22°%, yt*)

Compute the Total Acceleration

oV
a—E+(VV)V

= (2%, 2yt) + (22°¢%, yt*)
= (2 + 222, 2yt + yt*)

Final Answer

a= (x2 + 2232, 2yt + yt4)

Question 6: Total Acceleration in Polar Coordinates
A velocity field in polar coordinates is given as:
V., =r*, Vy=rt?

Compute the total acceleration components.



Total Acceleration Formula in 2D

The total acceleration in polar coordinates is given by:
Radial Component:

_ Wy O VeV Wy
“=or T or T 00 T Ty

Tangential Component:

oVy Vg VopdVy V.V
o Vet e T

ayp =

Computing Partial Derivatives

Time Derivatives:

v, 5 IV
5 re, 5 = 2rt
Spatial Derivatives:
WMo gy, Do _p
or Toor
ov, oVy
o0~ g~

Computing Acceleration Components

Radial Acceleration:

2
aa?+waw VoV, Vi

=%+ (r*)(2rt) + 0 —

=72 4 2r3¢% — rt?

or + r 00 T
(rt?)?

a, =

Tangential Acceleration:

oV Vg  VedVp V.Vp
ot +Vr8r +780 + r
2t t2

= (2rt) + ()3 + 0 + () (rt’)

T
=2rt + r*® + r° Jr
= 2rt + 1°t* + *t°
= 2rt + 22t}

g =

Final Answer
a, = r® 4+ 2r3? — rt*
ag = 2rt + 2r°t3

This gives the total acceleration vector in polar coordinates.



