flowvis_02

Consider a 2D flow with a velocity field given by:

u=x(1+ 2t)i + yj
Determine the equations for the streamline, streakline, and pathline passing through the point (x,y)=(1,1) at
time #=0.

Page 1 of 3



flowvis_02

SOLUTION:

The slope of a streamline is tangent to the velocity vector.

dy Uy

& n (1)
where

u, =x(1+2¢) 2)

u, =y ()
Substitute Eqns. (2) and (3) into Eqn. (1) and solve the resulting differential equation.

v__y

dx  x(1+2¢)

y X
1+ 2t)I i = J. ax (where (xo, yo) is a point passing through the streamline)
y x
Yo R

(1+21) 1n[lj —In [ij
Yo X0
(1+21)
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For the streamline passing through the point (xo, yo) = (1, 1) at time ¢ = 0:

y=x (5)

A streakline is a line that connects all of the fluid particles that pass through the same point in space. The
equation for the streakline can be found parametrically using Eqns. (2) and (3).

dx
u, =—=x(1+2¢ 6
o= =x(1 ) ©)
dy
u, =—= 7
y dt y ( )
Solve the previous two differential equations.
X t
.[ﬁzj.(uzt)dt = h{i]:tﬂz—%—tg )
X Xy
Xo l
y t
'[szdt = 1n(l]=t—t0 )
y Yo
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where # is the time at which a fluid particle passes through the point (xo, y0) on the streakline. Hence, the
streakline passing through the point (xo, yo) = (1, 1) at time ¢ = 0 is given parametrically (in #) as:

ln(x):—to —tg = x:exp<—t0 —1‘5) (10)

In(y)=-1 = y:exp(—t0)| (11)
Recall that 7o is the time when a fluid particle passes through the point (xo, y0).
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A pathline is a line traced out by a particular fluid particle as it moves through space. The equation for the

pathline can be found parametrically using Eqns. (2) and (3).

X

dx
=—=x(1+2¢
u=— x(1+21)

dy
u7:—:
Y

Solve the previous two differential equations.

xd t
J‘%:J'(Hzt)dt = ln[i]ztﬂz—zo—tg

Xo ty o

y t

J.Q:Jdt = 1n(l]:t—to
y Yo

Yo fy

(12)

(13)

(14)

(15)

where # is the time at which a fluid particle passes through the point (xo, y0) on the pathline. Hence, the
pathline for a particle passing through the point (xo, yo) = (1, 1) at time # = 0 is given parametrically (in ¢)

as:

In(x)=t+¢ = x=exp(t+t2)

In(y)=1 = y=exp(7)|

(16)
(17)

Note that the streamline, streakline, and pathline are all different. A plot of these lines through (1, 1) at ¢ =

0 is shown below.
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