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PARTICLES MOVING IN FLUIDS 

In several applications related to nanoscience, for instance a nanoparticle that is decorated with 

an antibody moving through a blood stream, one has to consider the complex motion of particles 

in fluids. While the complete description of this problem is cumbersome, as it involves partial 

differential equations that are hard to solve (i.e., Navier-Stokes Equations), one can obtain an 

intuitive understanding of the problem by considering the drag forces associated with the motion. 

In this experiment, you will investigate the characteristics of drag forces and understand the 

dependence of them with respect to the size of an object. 

 

Theory  

When a body moves through a medium, it encounters a retarding force, called “drag”, that is a 

complicated function of the shape and velocity of the body and the viscosity and density of the 

medium.  For a macroscopic sphere traveling through a medium with a low viscosity to density 

ratio (“high Reynolds number”), the drag force is given by the Rayleigh equation: 

        
 

 
           

      (High Reynolds number)   (1) 

where ρ is the density of the medium, R is the radius of the spherical object, v is its velocity and 

CD is the drag coefficient, a dimensionless parameter that depends upon the Reynolds number.  

(This velocity dependence applies to any shaped object in the high Reynolds number regime: For 

example, at highway speeds, the drag force of the air on your car increases as the square of the 

speed.  If all other factors were equal, it would take about twice as much energy to go 70 mph as 

it would to go 50 mph.) 

However, for very small spherical objects traveling slowly through a viscous medium, the force 

is linear with speed and is given by Stokes’ law: 

                   (Low Reynolds number)             (2) 

where η (“eta”) is the viscosity of the medium in Pa-s. 

Notice that both equations are functions of (Rv).  So, given that we can treat the other parameters 

as relatively independent of R and v over the range of interest, we can account for intermediate 

Reynolds number situations by writing 

           (  )      (  )
    (Intermediate Reynolds number) (3) 

where the parameters k1 and k2 account for the relative contributions of Equations 1 and 2. 
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Now consider a ball that is released from rest in a viscous medium.  At first, the only forces on 

the ball are its downward weight and the upward buoyant force.  (Recall that the magnitude of 

the buoyant force equals the weight of the displaced medium.)  If R is the radius of the ball, and 

ρball and ρmedium are the densities of the ball and medium, respectively, then the initial net force on 

the ball and its resultant acceleration, aball, are given by 

 

                       
 

 
   (             )                     (4) 

Here we have written the mass of the ball and displaced medium in terms of their densities and 

common volume.  Given that the ball is more dense than the medium, the ball will accelerate 

downward (sink) with acceleration aball. 

However, as soon as the ball begins to sink, i.e. acquire any downward speed, an additional force 

appears as given by Equation 3.  This force, like the buoyancy, is directed upward.  Equation 4 

then becomes: 

        
 

 
   (             )                           (5) 

From Equations 3 and 5, it is clear that, as v increases, the acceleration will decrease until v 

reaches a value, vt, at which aball = 0 and v stops increasing.  When that occurs,  
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vt  is called the “terminal velocity”. 

From Equation 6, it is seen that a plot of Finitial vs. R vt will give a parabola from which the 

relative contributions of the high and low Reynolds number regimes can be found. 

 

Experiment 

In this experiment, you will find the terminal velocities of the steel balls having different radii as 

they fall through a glycerol-water mixture and analyze them using Equation 6.  Note that you 

will need to calculate the density of the glycerol-water mixture to find Finitial for each ball. 

To run the trials, hold the steel balls with a pair of tweezers and submerge them in the medium 

before releasing them.  (Since the smallest balls reach terminal velocity immediately, you can 

hold them in your fingers and drop them into the tube; else they’re very easy to lose.)   To 

measure the velocities, you will video the fall of each ball and, using VideoPoint, track it for at 

least 30 frames after it reaches vt.  In the case of the smaller balls, vt, should be reached quickly.  

However, in the case of the larger balls, a plot of position versus time should show the ball’s 
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approach to vt; track these balls to the bottom.  For each of the balls, plot position vs. time, find 

the place on its graph where the velocity has reached a constant value, and determine vt.  Then, 

make a plot of Finitial vs. R vt for all the balls, fit it with a parabola, and report the values of K1 

and K2.  Is K0 approximately 0, as inferred by Equation 6? 

Finally, for each of the balls, determine the relative importance of the second order term using 

the following expression (i.e. the fraction of the drag force attributable to the second order term). 

Once you calculate a value for this term, plot the values as a function of the ball diameter.  
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Useful information:   ρball = 7.86 g/cm
3
;  ρglycerol = 1.261 g/cm

3
; ρwater = 1.000 g/cm

3
 

 

   Medium (by weight ≈ by volume): Glycerol 90%, Water 10% 

 

    

VideoPoint hints: 

 Maximize your screen when tracking the balls 

 Since you don’t care about the x-coordinate of the ball, place the bull’s-eye cursor to the 

side of the ball and use the end of the cross hair to mark positions. 

 

Checklist 

 Description of the experiment and sketch of the setup (with dimensions) 

 Data tables from Origin 

 Graphs of ball position vs. time and Finitial vs. R vt 

 Graph of Relative importance vs. diameter  

 Discussion of results, etc. 


