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External Viscous Flow

Consider External Flow around a cylinder and the external 
forces acting on the surface of the cylinder in crossflow.forces acting on the surface of the cylinder in crossflow.
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Friction Dragg

Force in horizontal direction (fluid direction) due to fluid 
shear stress.
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Pressure Dragg

Force in horizontal direction (fluid direction) due to fluid 
pressure forces.pressure forces.
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Total Dragg

Total force in horizontal direction (fluid direction) due to 
fluid pressure forces and shear forces.fluid pressure forces and shear forces.
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Drag Coefficientg

Without detailed information, the alternative is to define a 
dimensionless drag coefficient.dimensionless drag coefficient.
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where Ac is a characteristic area (usually projected area).
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Drag Coefficient
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Terminal Velocity
1. When a body is first dropped in the atmosphere or water, it 

will accelerate under the action of its weight.

2 As the speed of the body increases the drag force will2. As the speed of the body increases, the drag force will 
increase.

3. Finally the drag will reach a magnitude such that the sum of 
ll h l f h b d ill ball the external forces on the body will be zero.

4. Acceleration will cease and the body will have attained its 
terminal velocity.y
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Example
Problem

Determine the terminal velocity of a 30-cm-diameter smooth sphere 
(s.g. = 1.02) if it is dropped in water at 20 C.

Solution
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Example

Guess value of drag coefficient
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Read drag coefficient from chart at this Reynolds number.
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Drag Coefficient
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Example

The drag coefficient at this Reynolds number is 0.5 which is equal to 
the guessed value.
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External Flow Experiment

With an understanding of drag force and terminal velocity, the 
viscosity of a fluid may be measured by a falling-ball method.

From the terminal velocity exampleFrom the terminal velocity example 
we demonstrated that for fixed ball 
and fluid conditions,

(Re)fVterminal 

So with known terminal velocity we 
d i h fl id i ican determine the fluid viscosity.
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External Flow Experiment

Determine terminal velocity of ball in liquid and compare to predicted 
value.

• Drop ball in column of glycerin.

• Start stopwatch when ball reaches 
12 i k12 in mark.

• Stop stopwatch when ball reaches 
24 in mark.
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External Flow Experiment

If the ball has reached terminal velocity, then it may be determine 
from the experimental data.

timeofduration 
 travelleddistanceV 
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External Flow Experiment

• Experiment is dependent on terminal velocity assumption.

• An estimate of whether ball has reached terminal velocity would be 
f luseful.
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