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We can determine the equation of a streamline given a velocity field by simply using the definition of a 
streamline.  Let’s zoom in on a small part of a streamline (we’ll consider only a 2D flow for simplicity): 
 

Since the streamline is tangent to the velocity vector, the slope of 
the streamline will be equal to the slope of the velocity vector, 
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Similarly, in the x-z and y-z planes we have, 
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We can combine Eqs. (43) and (44) into a more compact form, 
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Notes: 
1. There is no flow across a streamline. 
2. A stream tube is a tube made by all the streamlines passing through a closed curve.  There is no flow 

through a stream tube wall. 
 
 
 
 
 
 
3. A stream filiment is a stream tube with infinitesimally small cross-sectional area. 
 
Streaklines 
 
A streakline consists of a line that connects all fluid particles that have passed through the same point in 
space at a previous (or later) time. 
 
Experimentally a streamline can be visualized by injecting dye into a fluid flow at a particular point. 
 
 
 
 
 
 
 
 
 
 
 
To determine the equation of a streakline at time, t, passing through the point (x0, y0, z0), we solve the 
differential equation describing a particle’s position as a function of time, 

d
dt

= x
u  (46) 

where u is the velocity field subject to the initial condition that a particle pass through the point x0 = (x0, y0, 
z0) at some previous (or later) time, t0, 

( )0 0t t= =x x  (47) 
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Note that t0 will be different for each particle, i.e., it varies (refer to the fluid particles in the figure above).  
The solution of Eq. (46) subject to the initial condition in Eq. (47) will consist of a set of parametric 
equations in t0 (note that t is a known value since we want to know the streakline at a particular time, t). 
 
Pathlines 
A pathline is the line traced out by a particular particle as it moves from one point to another.  It is the 
actual path a particle takes. 
 
Experimentally a pathline can be visualized by “tagging” a particular fluid particle and taking a long-
exposure photograph of the fluid motion. 
 
 
 
 
 
 
 
 
 
 
 
To determine the equation of a pathline at time, t, for a particle passing through the point (x0, y0, z0) at some 
previous time t0, we solve the differential equation describing the particle’s position,  

d
dt

= x
u  (48) 

where u is the velocity field subject to the initial condition that the particle pass through the point x0 = (x0, 
y0, z0) at some time, t0, 

( )0 0t t= =x x  (49) 
This approach is exactly the same as what was used for determining a streakline.  However, for a pathline t0 
will be a particular value, i.e., it’s fixed, unlike for a streakline.  The solution of Eq. (48) subject to the 
initial condition in Eq. (49) will consist of a set of parametric equations in t (note that by varying t we can 
trace out the location of the particle for various times). 
 
Notes: 
1. The streamline, streakline, and pathline passing through a particular location can be different in an 

unsteady flow, but will be identical in a steady flow.   
2. The quantity t0 is the time when a fluid particle passes through the point x0.  Hence, for a pathline t0 is 

fixed since there is only one fluid particle.  However, for a streakline t0 varies since there are many 
fluid particles passing through the point x0, each at a different t0. 

3. Why don’t we use a Lagrangian derivative (Chapter 03 material) when solving Eq. (48) for a particle’s 
pathline (since the pathline is a Lagrangian concept)?  It turns out that the Lagrangian derivative of a 
particle’s position is equal to its Eulerian derivative.  Consider, for example, the change in the x 
position of the particle as we follow it.  Note that the position, x, is an Eulerian quantity, 
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4. A demonstration of the differences between streamlines, streaklines, and pathlines can be found at: 
 https://engineering.purdue.edu/~wassgren/applet 
 
Be Sure To: 
1. Understand the definitions for streamlines, streaklines, and pathlines. 
2. Understand what initial conditions to use when evaluating streaklines and pathlines. 
3. Draw the direction of flow on the streamlines, streaklines, and pathlines. 
4. It’s perfectly correct to represent the position of a fluid particle parametrically, i.e., x = x(t) and y = y(t). 

location of tagged fluid particle 
at time t 

particle passes 
through (x0, y0, z0)  
at time t0 

pathline of a particle passing 
through (x0, y0, z0) at time t0 

 
https://en.wikipedia.org/wiki/Streamlines,_streaklines,_and_pathlines#/m
edia/File:Aeroakustik-Windkanal-Messhalle.JPG 
 
 

 
https://en.wikipedia.org/wiki/Streamlines,_streaklines,_and_pathl
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Some Definitions 
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laminar vs. turbulent flow 
 

    
 
 

 
 

 
 

 
 
 
 
 
 
 

https://www.bronkhorst.com/int/blog-1/what-is-the-
difference-between-laminar-flow-and-turbulent-flow/ 
 

https://phys.org/news/2018-01-approach-percent-energy-
pipelines.html  


