
1  Streamlined and Turbulent Flow 

In streamlined or laminar flow the fluid does not 

make any abrupt changes in direction or speed. It may 

be thought of as layered flow. In turbulent flow  

there is chaos, mixing,  

eddies, etc. Both cases are  

illustrated here: 

Turbulence often sets in at higher flow rates or if the 

fluid has to flow around a shape that is not 

"aerodynamic"  

(e.g. a block etc.). It is normally undesirable  

because it heats the fluid and is therefore inefficient.   

2  Properties of Materials 
Materials deform (i.e. extend or compress) when 

forces are applied to them. In elastic deformation 

the material returns to its original dimensions 

when the the force is removed. In plastic  

deformation the material remains stretched or 

compressed when the force is removed. Most  

materials are elastic for small loads (forces) - but 

behave plastically if the force is increased  

beyond a certain point. This is shown in the next 

graph, which is for a typical material (copper wire)  

3  If the load is removed in the elastic 

region (0 - A),  

the material returns  

to 0  

(zero extension/ 

compression).  
 

If the load is removed  

in the plastic region  

(between A and B),  

the material returns  

to C. i.e. It is  

permanently  

deformed.  copper wire 

4  Materials– terms (1) 

Ductile materials can be drawn out into long thin 

shapes (or wires) - e.g. chewing gum.  
 

Malleable materials can be deformed (hammered) 

into a flat shape - e.g. fudge.  
 

Ductility and malleability are both examples of 

plastic behaviour.  
 

Brittle materials crack and shatter easily. They are 

usually stiff, and break before becoming plastic - 

e.g. glass.  

5  Materials– terms (2) 

Tough materials are not brittle. They can withstand 

dynamic loads (shocks). They also deform plasti-

cally (and absorb a lot of energy) before breaking, 

Tough materials in the engineering sense are usu-

ally stiff as well - e.g. Kevlar.  
 

Stiff materials (e.g. steel) need a large force to pro-

duce a small deformation. i.e. Their stiffness k is 

large  
 

Hard materials are resistant to scratching and in-

dentation - e.g. diamond. 

6  

Strain is a ratio of two  

lengths, and  has no units. 
 = x/l 

Stress, Strain and Young Modulus 
Consider the sample of material shown below, 

which is being extended by a force F .....  

The tensile stress   

in the material is  

defined as follows  

 = F/A 

units of  = Nm-2 or Pa 

The tensile strain  in the material is defined as 

follows  

7  Compressive stress and compressive strain 
are defined by the same equations as those before. 

The only difference is that the force arrows are 

pushing inwards - and x is a compression rather 

than an extension. The advantage of using "stress" 

and "strain" rather than "force" and "extension" is 

that a given stress on a given material always  

produces the same strain in that material.  

However, the extension produced by a given force 

is not always the same - it depends on the dimen-

sions of the sample of material. The strength or 

breaking stress of a material is the stress at which 

it breaks. It is a constant for a given material.  

8  Here is a stress Vs strain graph for a typical mate-

rial .The limit of proportionality is the end of the 

straight line section. Beyond this point, stress is 

no longer proportional to strain. The elastic limit 

or yield point is where  

the material makes the  

transition from elastic  

to plastic behaviour.  

Beyond the elastic limit  

the material no longer  

returns to its original  

dimensions when the  

force (stress) is removed.  



9  

E = stress/strain =  /  

units of E = Nm-2 or Pa 

Note that the Young modulus is a constant for a 

given material. e.g. The Young modulus of steel = 2 x 1011 Nm-2. 

It is a measure of how stiff the material is.  

Recall that: Stiffness k = F/x. k is not a constant 

for a given material. It depends on the dimensions 

of the sample. Since the Young modulus E = 

stress/strain, it follows that E is also the gradient 

of the straight part of a stress-strain graph.  

(It is only valid up to the limit of proportionality.)  

The Young modulus E of the material is defined 

as follows   

10  
Elastic Strain Energy(1) 
The elastic strain energy Eel stored in a sample 

of material when it  

is stretched  

(or compressed)  

is the area under the  

force-extension  

(or force-compression)  

graph,  

as shown here   

11  
Elastic Strain Energy(2) 
If the material obeys Hooke's Law, the graph is a 

straight line..... 

The area then equals the area of a triangle, in 

which case .....  

Eel = Fx / 2 
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