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Fluid Mechanics

What is a fluid?
Any substance that tends to flow or easily 
deform, including both liquids and gases

What fluids are we most concerned with in 
biomechanics? 
Air and water are two fluids that exert 
forces on the human body

Fluid Properties

• Density ( rrrr ) = mass / volume
• Specific gravity = weight of volume/weight of 

equal volume of water
• Viscosity = internal resistance to flow

As a fluid’s density, specific weight, and 
viscosity increase, the greater the force a 
fluid will exert on a body

Human Movement in a Fluid

Buoyant Force Dynamic Force

Vertical force, due to 
immersion in a fluid; is 
equal to the weight of 
the volume of the fluid 
displaced.

Due to relative motion 
in a fluid and is � ������
��	
����
 rrrr ), surface 
area of the object (A), 
and relative velocity (v).

Drag Force

Form DragSurface Drag

Lift Force

Buoyancy
• The magnitude of the 

buoyant force (F B) is 
equal to the weight of the 
volume of fluid displaced 
by the object.

• Center of Volume 
(Buoyancy):  Point 
through which the F B acts

• How can the position of 
the center of gravity be 
altered to allow a more 
horizontal floating 
position?

Flotation of the Human Body

• Floatability is a function of body volume and 
water density (fresh versus salt water)

• For flotation to occur, buoyant force must be 
greater than or equal to body weight

•How can a person increase their buoyant force?

Dynamic Fluid Force
As objects move within a fluid medium, 
dynamic fluid forces are exerted in the 
object. These forces are summed nicely 
by the following equation: 2

d Av  F rµ

It is evident that relative velocity is 
the most key variable in avoiding 
or creating dynamic fluid forces.
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Relative Motion

Relative velocity : velocity of one body with 
respect to something else (e.g., a fluid)

Relative velocity (v A/B) is the vector 
subtraction of the velocity of B from the 
velocity of A

vA/B = vA � v B

vA/B = 7 m/s � -2 m/s

vA/B = 9 m/s

7 m/s

-2 m/s

Relative 
Motion

Dynamic Fluid Force

For practical purposes, this 
force is resolved into 
two components:

1. Drag Force

a. Form Drag

b. Surface Drag

2. Lift Force 
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Drag
A force (F D) that resists the motion of a body 
through a fluid:

FD = ½ CD rrrr Ap v2

CD – drag coefficient
rrrr – fluid density
Ap – frontal area
v   – relative velocity

Components of total drag force: Form Drag
Surface Drag

Laminar flow:
– Smooth parallel layers of fluid molecules
– Occurs when relative velocity is low

Turbulent flow:
– Disruptions due to mixing of adjacent layers of flu id
– Occurs at higher relative velocities

Roughness of surface in contact with the      
fluid determines velocity at which turbulence 
develops

Form Drag: Laminar versus 
Turbulent Flow Laminar versus Turbulent Flow

Laminar Flow
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Laminar versus Turbulent Flow

Turbulance

Form Drag
Form drag (profile drag, pressure drag):

– Due to a pressure differential that develops during  
turbulent flow

– Major drag component during most human movement

Factor that affect form drag:
– relative velocity
– pressure gradient
– surface area

How do we manipulate form drag?

Streamlining helps to 
minimize form drag

Form Drag

Low 
pressure

High 
pressure

Form Drag: Laminar versus 
Turbulent Flow
• As turbulence increases, so does form drag
• Streamlining will decrease turbulence/form drag

Surface Drag
Surface Drag (skin friction):

– Fluid particles near body surface are slowed due to  
shear stress, creating a “boundary layer”

– Mainly a factor during laminar flow

Factors that affect skin friction drag:
– relative velocity
– surface area
– roughness
– viscosity

How do we manipulate 
skin friction?

Lift
A force (F L) that acts perpendicular to the 
motion of a body through a fluid:

FL = ½ CL rrrr Ap v2

CL – lift coefficient
rrrr – fluid density
Ap – frontal area
v   – relative velocity

Lift does not necessarily act straight up, but is 
always perpendicular to the fluid flow
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Lift and Drag Forces
Magnus force :
• Spinning of a ball creates high and low 

pressure regions on opposite sides of the ball
• Resultant force is directed from the high to 

low pressure region

Magnus effect :
• Magnus force causes path of object to deviate 

in the direction of the spin
• Basis for curveballs, top-spin shots, banana 

kick, etc

Magnus Effect

Magnus Effect

goal

defensive 
players

direction of 
spin on ball

path  
of ball

Magnus force

Bernoulli’s principle
Magnus effect is explained by Bernoulli’s principle :

– High velocity fluid flow produces low pressure area
– Low velocity fluid flow produces high pressure area

Summary
• Fluid forces are affected by:

– relative velocity of body with respect to the fluid  
– density of the fluid
– specific weight of the fluid
– viscosity of the fluid 

• Buoyancy: fluid force than enables flotation

• Drag: fluid force that acts in the direction of the  
fluid flow

• Lift: fluid force that acts perpendicular to the 
fluid flow


