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Eddy formation

NOTE: The force acting on the fluid at some point in the boundary layer may then be 

sufficient to bring it to rest or to cause flow in the reverse direction with the result that 

an eddy current is set up.  A region of reverse flow then exists near the surface where 

the boundary layer has separated as shown in the above Figure. 

11a Eddy formation.ppt


Notes





Laminar  and turbulent flow over a flat 

surface



Velocity B.L developed on a flat 
surface









Flow past a sphere



Effect of roughening front face of a sphere (a) 216 mm 
diameter ball entering water at 298 K (b) As before, 
except for 100 mm diameter patch of sand on nose

(a) (b)



Note

Turbulence may arise either from an increased fluid 
velocity or from artificial roughening of the forward 
face of the immersed body. Prandtl roughened the 
forward face of a sphere by fixing a hoop to it, with 
the result that the drag was considerably reduced.

Further experiments have been carried out in which 
sand particles have been stuck to the front face, as 
shown in previous Figure. The tendency for 
separation, and hence the magnitude of the form 
drag, are also dependent on the shape of the body.







Where ρ is the density of the fluid, μ is the viscosity of 

the fluid, d is the diameter of the sphere, and u is the 
velocity of the fluid relative to the particle.









Motion of a particle in gravitational 

field









For spherical particle



Note



Note



Equilibrium or terminal velocity



Single Particle terminal velocity







General Method to obtain Terminal 
Velocity





Procedure to find u0









Fine 
particle 

Coarse 
particle 



Note
• If, for example, it is desired to separate particles of a 

relatively dense material A of density ρA from 
particles of a less dense material B and the size range 
is large, the terminal falling velocities of the largest 
particles of B of density ρB may be greater than 
those of the smallest particles of A, and therefore a 
complete separation will not be possible. The 
maximum range of sizes that can be separated is 
calculated from the ratio of the sizes of the particles 
of the two materials which have the same terminal 
falling velocities as given by the previous equation.



Example 2
A finely ground mixture of galena and limestone in the
proportion of 1 to 4 by mass is subjected to elutriation
by an upward-flowing stream of water flowing at a
velocity of 5 mm/s. Assuming that the size distribution
for each material is the same, and is as shown in the
following table, estimate the percentage of galena in the
material carried away and in the material left behind.
The viscosity of water is 1 mN s/m2 and Stokes’ equation
(3.1) may be used. The densities of galena and
limestone are 7500 and 2700 kg/m3, respectively.



Solution
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Example 3 
What is the terminal velocity of a spherical steel particle, 0.40
mm in diameter, settling in an oil of density 820 kg/m3 and
viscosity 10 mN s/m2? The density of steel is 7870 kg/m3.

Solution

For a sphere:



Alternative solution 

• CD Re2 = 48.4  see slide 35

• from chart slid 35 Re = 1.7

• Since Re =  uod/

• Thus uo = 0.05 m/s 



Non-spherical particles
• Since CD =f(Re’, shape)

• There are a set of experimental curves (CD

against Re’) for various shapes, similar to 
spherical particles.

• For non-spherical particles, the orientation 
must be specified before the drag force can be 
calculated.

• Re’ = ud’ρ/μ , where d’ the diameter of the 
circle having the same area as the projected 
area of the particle



• The curve for R’/ρu2 against Re’ may be 
divided into three main regions, (a), (b), and  
(c) as before.

Re’

C
D
’

CD’=K/Re’

K=12

In this region (a), a particle falling freely in the fluid under the action of 

gravity will normally move with its longest surface nearly parallel to the 

direction of motion.

laminar Transition Form drag 

region

CD’f(Re’)



• Region (b) represents transition conditions and 
commences at a lower value of Re’, and a 
correspondingly higher value of R’/ρu2, than in 
the case of the sphere.

• A freely falling particle will tend to change its 
orientation as the value of Re’ changes and 
some instability may be apparent.

• In region (c) the particle tends to fall so that it 
is presenting the maximum possible surface to 
the oncoming fluid.

• Typical values of R’/ρu2 for non-spherical 
particles in region (c) are given in Table 3.6



Table 3.6. Drag coefficients for Non - Spherical 
Particles

Configuration                       Length/breadth                        R’/ρu2

Thin rectangular plates             1–5                                        0.6

with their planes                          20                                        0.75

Perpendicular to the                    ∞                                        0.95

direction of motion

Cylinders with axes parallel         1                                         0.45

to the direction of motion

Cylinders with axes                        1                                        0.3

perpendicular to the                     20                                      0.45

Direction of motion                       ∞                                       0.6



Free falling velocity for Non-
spherical particles

Note:
V = k dp3  

k = V/ dp3

For sphere k = π/6Assume that dp is the same as the mean projected diameter d’



Re2



Example 4

What will be the terminal velocities of mica 
plates, 1 mm thick and ranging in area from 6 
to 600 mm2, settling in an oil of density 820 
kg/m3 and viscosity 10 mN s/m2? The density 
of mica is 3000 kg/m3.



solution
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