
 Shatt Al-Arab University College/Department Civil Eng. 
Fluid Mechanics-I /second Year                                                                                                                         Dr. Jasim Mohsin 

 

1  
 

Shatt Al-Arab University College 

Department Civil Eng. 

Fluid Mechanics-I  

Second Year                                                                                                                       

Dr. Jasim Al-Battat 

 

 

 

The Syllabus 

1. Introductory Concepts of Fluid Mechanics 
2. Properties of a Fluid 
3. Fluid Static 
4. Fluid Dynamics 

 

 

References 

1. Fluid Mechanics by Streeter and Wylie. 
2. Fluid Mechanics for Engineers by Albertson, Barton, and Simons. 
3. Fluid Mechanics by Hydraulics (Schaum’s Series) by Griles 
دز نزار علي سبتي –ميكانيك الموائع  .4  
د. جميل الملائكة –مبادئ ميكانيك الموائع  .5  
6. Fluid Mechanics with Engineering Applications by Daugherty, Franzini, and 

Finnemore. 
7. Elementary Fluid Mechanics by Vennard and Street. 

 

 



 Shatt Al-Arab University College/Department Civil Eng. 
Fluid Mechanics-I /second Year                                                                                                                         Dr. Jasim Mohsin 

 

2  
 

Chapter One 

Introductory Concepts of Fluid Mechanics 

 

1.1. The Concept of a Fluid and Fluid Mechanics  

Mechanics is the oldest physical science that deals with both stationary and moving bodies 

under the influence of forces. The branch of mechanics that deals with bodies at rest is 

called statics, while the branch that deals with bodies in motion is called dynamics. The 

subcategory 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 mechanics is also referred to as fluid dynamics by 

considering fluids at rest as a special case of motion with zero velocity. Fluid is a substance 

that deforms continuously when subjected to shear stress, no matter how small that shear 

stress may be. Fluids may be either liquids or gases. Solids, as compared to fluids, cannot 

be deformed permanently (plastic deformation) unless a certain value of shear stress (called 

the yield stress) is exerted on it. Figure 1.1 illustrates a solid block resting on a rigid plane 

and stressed by its own weight. The solid sags into a static deflection, shown as a highly 

exaggerated dashed line, resisting shear without flow. A free-body diagram of element A 

on the side of the block shows that there is shear in the block along a plane cut at an angle 

θ through A. Since the block sides are unsupported, element A has zero stress on the left 

and right sides and compression stress σ = - p on the top and bottom. Mohr’s circle does 

not reduce to a point, and there is nonzero shear stress in the block. 

Prior to fluid mechanics, statics, and dynamics, was taken, involve solid mechanics. 

Mechanics is the field of science focused on the motion of material bodies. Mechanics 

involves force, energy, motion, deformation, and material properties. When mechanics 

applies to material bodies in the solid phase, the discipline is called solid mechanics. When 

the material body is in the gas or liquid phase, the discipline is called fluid mechanics. In 

contrast to a solid, a fluid is a substance whose molecules move freely past each other. 

More specifically, a fluid is a substance that will continuously deform [that is, flow under 
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the action of a shear stress]. Alternatively, a solid will deform under the action of a shear 

stress but will not flow like a fluid. Both liquids and gases are classified as fluids.  

This lecture notes introduces fluid mechanics by describing gases, liquids, and the 

continuum assumption. This lecture notes also presents an approach for using units and 

primary dimensions in fluid mechanics calculations.  

1.2 Liquids and Gases  

Liquids and gases differ because of forces between the molecules. As shown in the figure 

1.1, a liquid will take the shape of a container whereas a gas will expand to fill a closed 

container. The behavior of the liquid is produced by strong attractive force between the 

molecules. This strong attractive force also explains why the density of a liquid is much 

higher than the density of gas. A gas is a phase of material in which molecules are widely 

spaced, molecules move about freely, and forces between molecules are minuscule, except 

during collisions. Alternatively, a liquid is a phase of material in which molecules are 

closely spaced, molecules move about freely, and there are strong attractive forces between 

molecules.  

 

Figure 1.1  
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1.3 Application Areas of Fluid Mechanics 

Why are we studying fluid mechanics on a Civil Engineering course? The provision of 

adequate water services such as the supply of potable water, drainage, sewerage is essential 

for the development of industrial society. It is these services which civil engineers provide. 

Fluid mechanics is involved in nearly all areas of Civil Engineering either directly or 

indirectly. Some examples of direct involvement are those where we are concerned with 

manipulating the fluid:  

- Sea and river (flood) defenses;  
- Water distribution / sewerage (sanitation) networks;  
- Hydraulic design of water/sewage treatment works;  
- Dams;  
- Irrigation;  
- Pumps and Turbines;  
- Water retaining structures.  

And some examples where the primary object is construction - yet analysis of the fluid 

mechanics is essential:  

- Flow of air around buildings;  
- Bridge piers in rivers;  
- Ground-water flow.   

 1.4 Dimensions and Units,   

A dimension is the measure by which a physical variable is expressed quantitatively. A 

unit is a particular way of attaching a number to the quantitative dimension. In fluid 

mechanics there are only four primary dimensions from which all other dimensions can be 

derived: mass, length, time, and temperature. These dimensions and their units in both 

systems are given in Table 1.1. Note that the kelvin unit uses no degree symbol. The braces 

around a symbol like [M] mean “the dimension” of mass. All other variables in fluid 

mechanics can be expressed in terms of [M], [L], [T], and [Θ]. For example, acceleration 

has the dimensions [LT2].  
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Table 1.1: Primary Dimensions in SI and BG Systems. 

 

A list of some important secondary variables in fluid mechanics, with dimensions derived as 
combinations of the four primary dimensions, is given in Table 1.2. 

Table 1.2: Secondary Dimensions in Fluid Mechanics. 

 

Example 1: 
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1 (Ibf) = 4.45 (N) 

1 (ft) = 0.305 (m) 
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Chapter Two 

Properties of a Fluid 
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7. Temperature Dependency  

The effect of temperature on viscosity is different for liquids and gases. The viscosity of 

liquids decreases as the temperature increases, whereas the viscosity of gases increases 

with increasing temperature. To understand the mechanisms responsible for an increase in 

temperature that causes a decrease in viscosity in a liquid, it is helpful to rely on an 

approximate theory that has been developed to explained the observed trends (1). The 

molecules in a liquid form a structure with “holes” where there are no molecules, as shown 

in Fig. 2.2. Even when the liquid is at rest, the molecules are in constant motion, but 

confined to cells. The cell structure is caused by attractive forces between the molecules. 

The cells may be thought of as energy barriers. When the liquid is subjected to a rate of 

strain and thus caused to move, as shown in Fig. 2.2, there is a shear stress, , imposed by 

one layer on another in the fluid. This force/area assists a molecule in overcoming the 

energy barrier, and it can move into the next hole. The magnitude of these energy barriers 

is related to viscosity, or resistance to shear deformation. At a higher temperature the size 



 Shatt Al-Arab University College/Department Civil Eng. 
Fluid Mechanics-I /second Year                                                                                                                         Dr. Jasim Mohsin 

 

15  
 

of the energy barrier is smaller, and it is easier for molecules to make the jump, so that the 

net effect is less resistance to deformation under shear. Thus, an increase in temperature 

causes a decrease in viscosity for liquids. An equation for the variation of liquid viscosity 

with temperature is  

  

where C and b are empirical constants that require viscosity data at two temperatures for 

evaluation.  

  

Fig. 2.2  

As compared to liquids, gases do not have zones to which molecules are confined by 

intermolecular bonding. Gas molecules are always undergoing random motion. If this 

random motion of molecules is superimposed upon two layers of gas, where the top layer 

is moving faster than the bottom layer, periodically a gas molecule will randomly move 

from one layer to the other. As the gas temperature increases, more of the molecules will 

be making random jumps. Just highly mobile gas molecules have momentum, which must 

be resisted by the layer to which the molecules jump. Therefore, as the temperature 

increases, the viscosity, or resistance to shear, also increases.  
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Example 4  

CALCULATING VISCOSITY OF LIQUID AS A FUNCTION OF TEMPERATURE  

The dynamic viscosity of water at 20°C is  and the viscosity at 40°C is  

 Estimate the viscosity at 30°C. Viscosity of water is 

specified at two temperatures. Find The viscosity at 30°C by interpolation.  

a) Water at 20°C,   

b) Water at 40°C,   

Solution  
1. Logarithm of Eq. (2.9)               

  
2. Interpolation  

  
3. Solution for and b  

  
4. Substitution back in exponential equation  

  
At 30°C  
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Chapter Three 

Fluid Static 

 

This unit begins mechanics of fluids in depth by introducing many concepts related to 

pressure and by describing how to calculate forces associated with distributions of 

pressure. This chapter is restricted to fluids that are in hydrostatic equilibrium.  

Pressure is defined as the ratio of normal force to area at a point. The pressure often varies 

from point to point. For example, pressure acting on the water tank wall will vary at 

different locations on the wall. Pressure is a scalar quantity; that is, it has magnitude only. 

Units for pressure give a ratio of force to area. Newtons per square meter of area, or Pascal 

(Pa), is the SI unit. The USC units include psi, which is pounds-force per square inch, and 

psf, which is poundsforce per square foot.  

3.1 Absolute Pressure, Gage Pressure, and Vacuum Pressure  

Absolute pressure is referenced to regions such as outer space, where the pressure is 

essentially zero because the region is devoid of gas. The pressure in a perfect vacuum is 

called absolute zero, and pressure measured relative to this zero pressure is termed absolute 

pressure. When pressure is measured relative to prevailing local atmospheric pressure, the 

pressure value is called gage pressure. For example, when a tire pressure gage gives a 

value of 300 kPa (44 psi), this means that the absolute pressure in the tire is 300 kPa greater 

than local atmospheric pressure. To convert gage pressure to absolute pressure, add the 

local atmospheric pressure. When pressure is less than atmospheric, the pressure can be 

described using vacuum pressure. Vacuum pressure is defined as the difference between 

atmospheric pressure and actual pressure.   

Figure 3.1 provides a visual description of the three pressure scales. Gage, absolute, and 

vacuum pressure can be related using equations labeled as the “pressure equations.”  
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Fig. 3.1  

3.2 Pressure Variation with Elevation  

3.2.1 Hydrostatic Differential Equation  

The hydrostatic differential equation is derived by applying force equilibrium to a 
static body of fluid. To begin the derivation, isolate a small cylindrical body, and 
then sketch a free-body diagram (FBD) as shown in Fig. 3.2. The cylindrical body 
is oriented so that its longitudinal axis is 
parallel to an arbitrary 𝑙 direction. The body 
is Δ𝑙 long, ΔA in cross-sectional area, and 
inclined at an angle 𝛼 with the horizontal.   

  

                                                                                                                          Fig. 3.2 

Apply force equilibrium in the 𝑙 direction:    
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Simplify and divide by the volume of the body Δl ΔA to give   
  

From Fig. 3.2, the sine of the angle is given by      
Combining the previous two equations and letting approach zero gives  

The final result is         
  

Equation (3.1) means that changes in pressure correspond to changes in 

elevation.   

3.2.2 Hydrostatic Equation  

The hydrostatic equation is used to predict pressure variation in a fluid with 

constant specific weight (constant density). Integrating Eq. (3.1) will give  

  

Where,  z: is elevation, (vertical distance above a fixed reference point - datum),             

pz; piezometric pressure.   

Dividing Eq. (3.2) by  gives  

  

Where,  h : piezometric head. Since h is constant in Eq. (3.3),  
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Multiplying Eq. (3.4a) by  gives  

  

In Eq. (3.4b), letting letting gives  

  

The hydrostatic equation is given by either Eq. (3.4a), (3.4b), or (3. c). These 

three equations are equivalent because any one of the equations can be used to 

derive the other two. Piezometric pressure and head are related by  

  

When hydrostatic equilibrium prevails in a body of fluid of constant density, 

then h will be constant at all locations.  

  
 
 
 

and  
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3.3 Pressure Measurements 
  
Four scientific instruments for measuring pressure: the barometer, Bourdontube 

gage, piezometer and manometer, transducer will described.  
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b. Bourdon-Tube Gage  

A Bourdon-tube gage measures pressure by sensing the deflection of a coiled tube. The tube 

has an elliptical cross section and is bent into a circular arc, as shown in Fig. 3.4.When 

atmospheric pressure (zero gage pressure) prevails, the tube is undeflected. When pressure is 

applied to the gage, the curved tube tends to straighten, thereby actuating the pointer to read 

a positive gage pressure. 
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3.4 Forces on Plane Surfaces (Panels)  

This section explains how to represent hydrostatic pressure distributions on one 

face of a panel with a resultant force that passes through a point called the center 

of pressure. This information is relevant to applications such as dams, gates and 

water tanks.  
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3.5 The Buoyant Force Equation  
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Stability of Immersed Bodies  

When a body is completely immersed in a liquid, its stability depends on the 
relative positions of the center of gravity of the body and the centroid of the 
displaced volume of fluid, which is called the center of buoyancy.   

• If the center of buoyancy is above the center of gravity (Fig. 3.11a), any 
tipping of the body produces a righting couple, and consequently, the 
body is stable.  

• If the center of gravity is above the center of buoyancy (Fig. 3.11c), any 
tipping produces an increasing overturning moment, thus causing the 
body to turn through 180°.  

• Finally, if the center of buoyancy and center of gravity are coincident, the 
body is neutrally stable—that is, it lacks a tendency for righting or for 
overturning, as shown in Fig. 3.11b.  
  

  

Fig. 3.11  

  
Stability Floating Bodies  

The stability for floating bodies than for immersed bodies is very important 

because the center of buoyancy may take different positions with respect to the 

center of gravity, depending on the shape of the body and the position in which 

it is floating. When the center of gravity G is above the center of buoyancy C 

(center of displaced volume) for floating body, the body will be stable and 

equilibrium. The reason for the change in the center of buoyancy for the ship is 

that part of the original buoyant volume, as shown in Fig.3.12by the wedge 

shape AOB, is transferred to a new buoyant volume EOD. Because the buoyant 

center is at the centroid of the displaced volume, it follows that for this case the 

buoyant center must move laterally to the right. The point of intersection of the 
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lines of action of the buoyant force before and after heel is called the metacenter 

M, and the distance GM is called the metacentric height.  

 If GM is positive—that is, if M is above G,the body is stable 
 If GM is negative, the body is unstable.   

  

Fig.3.12  

Consider the prismatic body shown in Fig. 3.12, which has taken a small angle 
of heel 𝛼. First evaluate the lateral displacement of the center of buoyancy CC’, 
then it will be easy by simple trigonometry to solve for the metacentric height 
GM or to evaluate the righting moment.   

The righting couple =𝑊. 𝑀𝐺. sin 𝛼  

Where : W weight of body and 𝛼 angle of heel.  

By similar triangle EOD and C’CM:  find CM  

𝐺𝑀 = 𝑀𝐶 – 𝐺𝐶 
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3.6 Equilibrium of accelerated fluid masses  

If a body of fluid is moved at a constant velocity, then it obeys the equations 

derived earlier for static equilibrium.  

If a body of fluid is accelerated such that, after some time, it has adjusted so that 

there are no shearing forces, there is no motion between fluid particles, and it 

moves as a solid block, then the pressure distribution within the fluid can be 

described by equations similar to those applying to static fluids.  
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Chapter Four   

Fluid Dynamics  

 
The force balance between pressure and weight in a static fluid was presented 

in unit 3, which led to an equation for pressure variation with depth. This unit 

deal with behaviour of fluid like velocity, acceleration and flow pattern (flow 

classification). The fluid dynamic deal with fluid having accelerated movement 

and there is relative acceleration between fluid particles.  
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