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Introduction 
Fluid Mechanics is defined as the science that deals with the behavior of fluids at rest 

(fluid statics) or in motion (fluid dynamics), and the interaction of fluids with solids or 

other fluids at the boundaries. 

Fluid: It is a substance that deforms continuously when subjected to a shear stress. It is 

either gas or liquid.  

Consider a rectangular rubber block tightly placed between two plates. As the upper 

plate is pulled with a force F while the lower plate is held fixed, the rubber block deforms, 

as shown in Fig. 1–2. The angle of deformation α (called the shear strain or angular 

displacement) increases in proportion to the applied force F. 

You will recall from statics that stress is defined as force per unit area and is 

determined by dividing the force by the area upon which it acts. The normal component 

of the force acting on a surface per unit area is called the normal stress, and the 

tangential component of a force acting on a surface per unit area is called shear stress 

(Fig. 1–3). In a fluid at rest, the normal stress is called pressure. 
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Application Areas of Fluid Mechanics 

Fluid mechanics is widely used both in everyday activities and in the design of modern 

engineering systems from vacuum cleaners to supersonic aircraft. 
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Fluid Properties 
That is, a fluid in direct contact with a solid “sticks” to the surface due to viscous effects, 

and there is no slip. This is known as the no-slip condition (assumes a zero velocity 

relative to the surface) all velocity profiles must have zero values with respect to the 

surface at the points of contact between a fluid and a solid surface (Fig. 1–9).. 

The flow region adjacent to the wall in which the viscous effects (and thus the velocity 

gradients) are significant is called the boundary layer. The fluid property responsible for 

the no-slip condition and the development of the boundary layer is viscosity 

1. Viscosity (μ) 

It is the property of fluid by virtue of which it offers resistance to shear. 

Molasses and tar are example for highly viscous liquids. Water and air have small 

resistance. 

-The viscosity of gas increase with temperature. 

-The viscosity of liquid decrease with temperature. 

Units μ=N.s/m2 or kg/m.s 

A common units is poise (P) 

1 Poise (g/cm.s)=0.1 N.s/m2 (Pa.s) 

10 P=1 Kg/m.s 
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Fluid Properties 

 Shear Stress:      𝝉 =
𝑭

𝑨
=

𝒔𝒉𝒆𝒂𝒓 𝒇𝒐𝒓𝒄𝒆 

𝒔𝒖𝒓𝒇𝒂𝒄𝒆 𝒂𝒓𝒆𝒂
 

Shear Force: It is the force components tangents to surface of liquid. 

• Newton’s Law of Viscosity: 

Experimentally shown that:    𝑭 ∝  
𝑨𝑼

𝒕
 

Where : 

A: the area of moving plate (m2 ) المتحركة للصفيحة السطحية المساحة  

U: Steady velocity of moving plate (m/s) 

T: The distance between the plate (m) الصفيحتين بي المسافة  

𝑭 =  
𝝁𝑨𝑼

𝒕
 Since   𝝉 =

𝑭

𝑨
     Then  𝝉 = 𝝁

𝑼

𝒕
  

U/t: The angular deformation of fluid =du/dy 

Then  𝝉 = 𝝁
𝒅𝒖

𝒅𝒚
 

Newton’s Law of Viscosity (Newtonian Fluid)               

المائع الذي يتبع قانون نيوتن للزوجةهو     

 Body force or Liquid weight (F or W):  𝑭 = 𝑾 = 𝒎𝒂 



7 

Fluid Properties 

• Kinematic Viscosity (𝝂): It is the ratio of viscosity to mass density 𝝂 =
𝝁

𝝆
  (m2/s) 

• Density (ρ): It is the mass per unit volume 𝝆 =
𝒎

∀
  (Kg/m3) ρwater =1000 kg/m3 

• Specific Weight (Unit Gravity Force) (𝜸 ): The force per unit volume and It’s change with location 

𝜸𝒘𝒂𝒕𝒆𝒓 = 𝝆 𝒈 = 𝟏𝟎𝟎𝟎 ∗ 𝟗. 𝟖𝟏 = 𝟗𝟖𝟏𝟎  (N/m3) 

• Specific Gravity (Relative Density) (𝜹): It is the ratio of the specific weight for substance as 

(liquid or solid) to the water 

𝜹 =
𝜸𝒔

𝜸𝒘
=

𝑺𝒑𝒆𝒄𝒊𝒇𝒊𝒄 𝒘𝒆𝒊𝒈𝒉𝒕 𝒐𝒇 𝒔𝒖𝒃𝒔𝒕𝒂𝒏𝒄𝒆

𝑺𝒑𝒆𝒄𝒊𝒇𝒊𝒄 𝒘𝒆𝒊𝒈𝒉𝒕 𝒐𝒇 𝒘𝒂𝒕𝒆𝒓
  (-) 

• Specific Volume (∀𝒔): It is the reciprocal of density ∀𝒔= 𝟏/𝝆  (m3/Kg) 

• Bulk Modulus of Elasticity (K): the proportion of volumetric stress linked to the 

volumetric strain of definite material. 

K= −
𝒅𝒑

𝒅∀ ∀ 
= −

∆𝑷

∆∀ ∀ 
= −

𝑷𝟐−𝑷𝟏
∀𝟐−∀𝟏
∀𝟏

  (N/m2) 

K:The compressive stress per unit volumetric strain 

∀ : Volume (m3) 
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Fluid properties 
•Surface Tension (σ): Liquid behaves like small spherical balloons filled with the liquid, 

and the surface of the liquid acts like stretched elastic membrane under tension. The 

pulling force that causes this tension is due to attraction forces between the molecules of 

liquid .This force per unit length is called surface tension (N/m). 

𝒉 =
𝟐𝝈𝒄𝒐𝒔𝜽

𝜸𝒓
  (m)       and    𝑃 =

2𝜎

𝑟
  

Where:  h: liquid height    ,   P: droplet pressure 

• Pressure (P): The normal force pushing against a 

plane area divided by the area: units N/m2 or 

pascal (Pa). 

• Vapor Pressure (Pv): The vapor molecules exert 

a partial pressure in the space known as vapor 

pressure. 

• Perfect Gas: It is a substance that satisfies the 

perfect gas law 𝑷∀𝒔= 𝑹𝑻   or  𝑷 = 𝝆𝑹𝑻     or  𝑷𝑽 = 𝒎𝑹𝑻 
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CLASSIFICATION OF FLUID FLOWS 

• Viscous versus Inviscid Regions of Flow: There is no fluid with zero viscosity, and 

thus all fluid flows involve viscous effects to some degree. Flows in which the 

frictional effects are significant are called viscous flows. 

• where viscous forces are negligibly small compared to inertial or pressure forces. 

Neglecting the viscous terms in such inviscid flow regions 

• Internal versus External Flow:The flow of an unbounded fluid over a surface such as 

•  a plate, a wire, or a pipe is external flow. The flow in a pipe or duct is internal flow 
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CLASSIFICATION OF FLUID FLOWS 

• Compressible versus Incompressible Flow: Incompressibility is an approximation, 

and a flow is said to be incompressible if the density remains nearly constant 

throughout. 

• A compressible fluid can experience a density change during flow (not 

constant). 

• Laminar versus Turbulent Flow:  

•The highly ordered fluid motion characterized by smooth layers of fluid is called laminar. 

The highly disordered fluid 

• motion that typically occurs at high velocities and is characterized by velocity 

 fluctuations is called turbulent 
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CLASSIFICATION OF FLUID FLOWS 

• Natural (or Unforced) versus Forced Flow: In forced flow, a fluid is forced to flow 

over a surface or in a pipe by external means such as a pump or a fan.  

• In natural flows, any fluid motion is due to natural means such as the buoyancy 

effect, which manifests itself as the rise of the warmer (and thus lighter) fluid and the 

fall of cooler (and thus denser). 

•Steady versus Unsteady Flow: The term steady implies no change at a point with time.  

The opposite of steady is unsteady. 
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Examples:  

Example 1 : 

A Newtonian fluid in the clearance between a shaft and a concentric sleeve. When a 

force of 500 N is applied to the sleeve parallel to the shaft, the sleeve attains a speed of 

1 m/s .If a 1500 N force is applied. What speed will the sleeve attain? The 

temperature of the sleeve remains constant. 

Sol.1: 
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Examples:  

Example 2 : 

A plate 0.5 mm distance from a fixed plate, moves at 0.25 m/s and requires a force per 

unit area of 2 Pa to maintain this speed. Determine the viscosity of the substance 

between the plates. 

Sol.2: 

Example 3 : 

A liquid compressed in a cylinder has a volume of 1 liter (1000 cm3) at 1 MN/m2 and 

volume of 995 cm3 at 2MN/m3.What is its bulk modulus of elasticity? 

Sol.3: 

Example 4 : 

For K=2.2 GPa for bulk modulus of elasticity of water .What is pressure is required to 

reduce its volume by 0.5 percent? 

Sol.4: 
Then 
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Examples:  

Example 5 : 

Determine the capillary rise for distilled water at 40 oC in a circular 6mm diameter glass 

tube 

Sol.5: 

Example 6 : 

The viscosity of fluid is to be determined by a viscometer constructed of two 40 cm long 

concentric cylinder. The outer diameter of the inner cylinder is 12 cm, and the gap 

between the two cylinders is 0.15 cm. The inner cylinder is rotated at 300 rpm, and the 

torque is measured to be (1.8 N.m) .Find the viscosity of the fluid? 

Sol.6: 
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Exams and Grading Policy: 

The distribution of Fluid mechanics degree for the students in 

course-1 as following the table: 

Exam 
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Note: Solve all five Homeworks 

and sending me the answering 

next week on Sunday 26 October 

2022. 

I hope everything is clear for all 

students 

Good luck  


