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Terminology  

  

  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 unit Symbol Variable تغيرالم

 Kg/m3         Roh p Density الكثافة

 N/m3 الوزن النوعي
For water=9.81 N/m3 

 

    Gamma  ɤ Specific Wieght  

 dimensionless s.g                  Specific gravity الكثافة النسبية

 N.s/m2              muµ Viscosity اللزوجة

                N/m2 Ţ            Tao جهد القص
 

Shear stress 

     N/m    σ الشد السطحي
segmma                  

Surface tension 

 N F Force القوة

 N/m2 P Pressure الضغط

 m/sec V velocity السرعة

 M3/sec Q Discharge التصريف

 m/s2 a Acceleration التعجيل

 m/s2           (9.81) g Gravity التعجيل الارضي
Acceleration 

 N.m W Work الشغل

 N.m/s Po Power الطاقة

 N.m T Torque عزم اللي
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  Fluid properties 
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DIMENSIONS AND UNITS 
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Main units are: Length (L), Mass (M), and Time (T). Most of the other 

quantities like force, pressure, power, and more can be derived from the 

main three quantities: LMT. 

In fluid mechanics, there are only four primary dimensions from which 

all the dimensions can be derived: mass, length, time, and force. The 

brackets 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 [F].  

 

For example, acceleration has the dimensions [LT-2]. Force [F] 

is directly related to mass, length, and time by Newton’s second law, 

Force=  Mass  x  Acceleration 

 

F =   m a 

 

From this we see that, dimensionally, [F] = [MLT-2]. 

1 kg-force = 9.81 Newton of force = 9.81 N 
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Table (1)  Primary Dimensions in Fluid Mechanics in the International System of 

Units (SI) 

 

 

 

 

 

 

 

 

 

 

 

Table (2) Secondary Dimensions in Fluid Mechanics in the International System 

of Units (SI)     

 

Area [L2] m2 

Volume [L3] m3 

Velocity [LT-1] m/sec 

Acceleration [LT-2] m/sec2 

Pressure or stress [FL-2] Pa=  N/m2(Pascal) 

Angular Velocity sec-1 

Energy, work [FL] J = Nm (Joule) 

Power [FLT-1] W = J/sec (Watt) 

Specific mass (ρ) [ML-3] kg/m3 
 

Table (3) Commonly used prefixes for SI units: 

Unit 

 

Dimension 

meter (m) 

 

Length (L)  

 

kilogram (kg) 

 

Mass (M) 

 

second (s) 

 

Time (T)  

 

Newton (N) = kg.m/s2) = MLT-2 

 

Force (F)  

 

Kelvin K
 o
  

Celsius C 
o
  

 

K=C
o
    + 273

o
 

Temperature (θ)  
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Fluid Properties 
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Extra Examples and Problems 

Problem (1) 

   The velocity profile in water flow down a spillway is given by: 

                𝑢 = 𝑈𝑜 ( 
ℎ

𝑦
 )1/7  

 If  Uo = 1.4 m/s , h= 3 m and the width is 17 m, how long will it take  

a volume of  water equal to 10
5
 m

3
 to pass this section of the spillway ? 

 

  

 

 

 

 

  

Problem (2) 
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  A  large plate is centrally placed inside a gap which contains two 

different fluids with ( µ1 = 4 µ2 ) . If the force per unit area due to shear 

acting on both side of plate is 50 N . Calculate the values of viscosity for 

the two fluids ( i.e  µ1 and  µ2 ) .

 

  

 

6 cm  

µ1 

 

µ2 

 

V= o.5 m/sec 

Plate 
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Example(4) 
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Example (5) 
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Example (1) 
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    Fluid Static 
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Problems: 

Problem (1)  

 

 The gate shown is 3.0 wide. Find the value of the weight required for the gate to 

be in equilibrium. 

                              

 

  

 

Problem (2)   Find  the force exerted by water on one side of the vertical annular 

disk  shown below. Also calculate the center of pressure. 

 

 

 

 

 

 

 

 

W 

5 m 

60o 

4 m water 
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Example (1)  
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Problem (3) 

 Compute the horizontal and vertical components of the hydrostatic force  on  the 

quarter-circle face of the tank shown below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Dr. Qassem Hamed Jalut  Fluid Mechanics Class Note 
Associate Professor      

58 
 

Hydrostatic Force on a Curved Submerged Surface 

 
 
Because of the curvature of the surface, the direction of the resultant 

force is not pre-determined as in the previous case. One needs to 

decompose the force to its horizontal and vertical components 

(Fx, and Fz) and find the points of application for each. 

 

 

 

The horizontal component,  Fx  (of the resultant force on a curved 

submerged surface) is found by taking the projection of the curved 

surface onto a vertical place and finding the force and its point of 

application based on the formulation above. 
 

 

 

Where A is the vertical projection area of the curved surface. 
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The vertical component, Fz (of the resultant force on a curved submerged 

surface) is the weight of  the fluid above  the curved surface up to the free 

surface. 
 

 

Where V is the volume of water over the curved surface up to the water 

surface. 
 

Resultant force 
 

 

 

 

The angle the resultant force makes to the horizontal is 
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Example 1:  Hydrostatic force on a curved surface. 

Given: R = 2.0 m and h = 4.0 m Find: The resultant force on the curved surface per 

unit length. 

 
Solution: 
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Example 2: Hydrostatic force on a curved surface. 

Given: R = 2.0 m and h = 4.0 m . Find: The resultant force on the curved surface per 

unit length 

 

Solution: 

 

Note that water is on the right side this time 
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Summary of pressure on curved surfaces 
 
 
Case 1: Liquid overtop the curved surface: 

 

 

 

1- Horizontal component of the hydrostatic force: 

Treat the problem as if it was a plain, vertical surface 

Magnitude:   

 

 

 
Acting at location: 
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2- Vertical component of the hydrostatic force 

 

Calculate  weight of the block of fluid above the surface 

Magnitude  

 

 

 

     

 
 

 

Acting at location         (distance of the resultant of water weight to a specific 

datum) 

 

 

 

Case 2: Liquid underneath the curved surface: 
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1- Horizontal component of the hydrostatic force: 

 

 

Treat the problem as if it was a plain, vertical surface 

Magnitude: 

 

Acting at location: 

 

 

 

2- Vertical component of the hydrostatic force 

Calculate the weight of the block of fluid displaced by the surface 

Magnitude 

 

 

 

Acting at location    (distance of the resultant of water weight to a 

specific datum) 
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Buoyancy   
 
 
FB = buoyant force = net vertical force exerted by fluid on an immersed or floating 

body 

 

Case 1: Submerged object 

 

 

 

 

 

The water pressure is equally distributed all over the submerged body, but because the 

direction of moving force (gravity) is downward, we take the balance of the acting 

forces in the vertical direction. 

The water pressure force acting on the top surface (F1) is equal to the weight of the 

volume of fluid above the top surface. 
 

 

F2 is equal to the weight of the volume of fluid above the bottom surface. 
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The difference between the two forces is equal to the buoyancy force Fb. 

 

 

 

 

The difference between the volumes is equal to the volume of the submerged body, 

which is equal to the volume of the displaced fluid. 
 

The basic principle of buoyancy is Archimedes’ Principle: The buoyant force acting 

on a submerged body is equal to the weight of the fluid displaced by the body. 
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Archimedes made use of the principle to find out if the crown of the king was 

made of pure gold, or made of gold and silver. Can you tell how?? 

He weighted the crown (W1), and then got an equivalent weight of pure gold. 

Assuming that the density of both the crown, and the pure gold are the same, 

the volume of them should be the same: 
 

 

 

So, he placed them in water, and watched for the displaced volume. If the two 

objects displaced the same volume of water, then they are made of the same 

material. 

 
  

Case 2: Floating object 
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Example Problem: Buoyancy Force 

 
Given: A buoy is attached to the floor of a bay with a flexible cable. The buoy is 

designed to float 

in seawater (γ = 10.1 kN/m3) during both high and low tide. During a storm surge, 

however, the spherical buoy may become completely submerged. 

Find: The tension in the cable, if the 1.50 m diameter buoy weighs 8.5kN becomes 

submerged. 
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problems 

 

Q1)  The  U-tube shown below is 10 mm in diameter and contain 

mercury. If 12 ml of water is poured into the right-hand leg. What are the 

ultimate heights in the two legs. 
  

                                            
 

 

 

Q2) 

 A Tank is constructed of a series of cylinders having diameters of 0.3, 

0.25, and 0.15 m as shown in fig. below. The tank contains oil (s.g =0.89 
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), water and glycerin (s,g= 1.2) and mercury manometer is attached to the 

bottom as illustrated. Calculate  the manometer reading (h). 

 

 
 

 

 

 

 

 

Q3) A differential manometer is connected at the two points A and B as 

shown below.  At B air pressure is 7.848 N/cm2 (abs). Find the absolute 

pressure at A. 

                                                                  Ans. 6.91 N/cm2 
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Problem 2  
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Flow in pipes 

 

 

 

 

Laminar flow for  real fluid 
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Problem (1) pipe flow for real fluid 
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Minor losses: 
 

The most common method used to determine these head losses or pressure drops is to 

specify the loss coefficient, KL which is defined as 
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Application of Bernolli Equations 
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Weirs 
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Problem 1: 
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Problem 

2: 
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Problem 3: 
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Stepped Notch 
 

 

 



Dr. Qassem Hamed Jalut  Fluid Mechanics Class Note 
Associate Professor      

129 
 

 

 

 

 

 

 

Friction Factor Calculations 

The Darcy-Weisbach equation, for calculating the friction loss in a pipe, uses a 

dimensionless value known as the friction factor (also known as the Darcy-Weisbach 
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friction factor or the Moody friction factor) and it is four times larger than the Fanning 

friction factor. 

Friction Factor Chart / Moody Chart 

The friction factor or Moody chart is the plot of the relative roughness (e/D) of a 

pipe against the Reynold's number. The blue lines plot the friction factor for flow 

in the wholly turbulent region of the chart, while the straight black line plots the 

friction factor for flow in the wholly laminar region of the chart.  

 

In 1944, LF Moody plotted the data from the Colebrook equation and the 

resulting chart became known asThe Moody Chart or sometimes the Friction 

Factor Chart. It was this chart which first enabled the user to obtain a reasonably 

accurate friction factor for turbulent flow conditions, based on the Reynolds 

number and the Relative Roughness of the pipe. 

Friction Factor for Laminar Flow 

The friction factor for laminar flow is calculated by dividing 64 by the Reynold's 

number.  

 

Friction factor (for laminar flow) = 64 / Re 

Critical Flow Condition 

When flow occurs between the Laminar and Turbulent flow conditions (Re 2300 to 

Re 4000) the flow condition is known as critical and is difficult to predict. Here the 

flow is neither wholly laminar nor wholly turbulent. It is a combination of the two 

flow conditions. 

http://www.pipeflow.com/pipe-pressure-drop-calculations/reynolds-numbers
http://www.pipeflow.com/pipe-pressure-drop-calculations/reynolds-numbers
http://www.pipeflow.com/pipe-pressure-drop-calculations/reynolds-numbers
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Friction Factor for Turbulent Flow 

The friction factor for turbulent flow is calculated using the Colebrook-White 

equation: 

Colebrook-White Equation 

 

Due to the implicit formation of the Colebrook-White equation, calculation of the 

friction factor requires an iterative solution via numerical methods. 

The friction factor is then used in the Darcy-Weisbach formula to calculate the 

fluid frictional loss in a pipe. 

 

 

SI based Moody Diagram 

The Moody friction factor - λ (or f) - is used in the Darcy-Weisbach major loss equation. 
The coefficient can be estimated with the diagram below: 

http://www.pipeflow.com/pipe-pressure-drop-calculations/pipe-friction-loss
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If the flow is transient - 2300 < Re < 4000 - the flow varies between laminar and turbulent 
flow and the friction coefiicient is not possible to determine. The friction factor can usually 
be interpolated between the laminar value atRe = 2300 and the turbulent value at Re = 
4000. 

Example - SI based Friction Factor 

For a PVC pipe with absolute roughness  k = 0.0015 10
-3

 (m), hydraulic diameter Dh = 0.1 
(m) and Reynolds number Re = 107 - the relative rougness can be calculated as  

k/Rh = (0.0015 10
-3

 m) / (0.02 m)  

       = 0.000075 

From the diagram above, with the relative rougness and the Reynolds number - the 
friction factor can be estimated to aprox. 0.011.  

 

http://www.engineeringtoolbox.com/surface-roughness-ventilation-ducts-d_209.html
http://www.engineeringtoolbox.com/hydraulic-equivalent-diameter-d_458.html
http://www.engineeringtoolbox.com/reynolds-number-d_237.html
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1): (Ex  

A piping system consists of parallel pipes as shown in the following diagram.E 

One pipe has an internal diameter of 0.5 m and is 1000 m long. The other pipe 

has an internal diameter of 1 m and is 1500 m long. Both pipes are made of 

cast iron (ks = 0.26 mm). The pipes are transporting water at 20oC (ρ = 1000 

kg/m3, ν = 10−6 m2/s). The total flow rate is 4 m3/s. Find the flow rate in 

each pipe and the pressure drop in the system. There is no elevation change. 

Neglect minor losses. 
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 2)x:(E 
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EXAMPLE 1: Gravity-Driven Water Flow in a Pipe 
Water at 10°C flows from a large reservoir to a smaller one through a 5-
cmdiameter cast iron piping system, as shown in Fig. below. Determine 
the elevation z1 for a flow rate of 6 L/s. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note :    V
o
=  Q = flow rate 
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Solution: 
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EXAMPLE 2:  Pumping Water through Two Parallel Pipes 

 

 

Water at 20°C is to be pumped from a reservoir (zA ! 5 m) to another reservoir 

at a higher elevation (zB ! 13 m) through two 36-m-long pipes connected 

in parallel, as shown in Fig. 8–47. The pipes are made of commercial 

steel, and the diameters of the two pipes are 4 and 8 cm. Water is to be 

pumped by a 70 percent efficient motor–pump combination that draws 8 

kW of electric power during operation. The minor losses and the head 

loss in pipes that connect the parallel pipes to the two reservoirs are 

considered to be negligible. Determine the total flow rate between the 

reservoirs and the flow rate through each of the parallel pipes. 

 

SOLUTION The pumping power input to a piping system with two 

parallel pipes is given. The flow rates are to be determined. 
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