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FLUID MECHANICS 

 

Syllabus: 

UNIT I Introduction : Dimensions and units – Physical properties of fluids - specific 

gravity, viscosity, surface tension, vapour pressure and their influences on fluid motion, 

pressure at a point, Pascal’s law, Hydrostatic law -atmospheric, gauge and vacuum 

pressuresmeasurement 

of pressure. Pressure gauges, Manometers: Differential and Micro Manometers. 

 

UNTI – II Hydrostatics: Hydrostatic forces on submerged plane, Horizontal, Vertical, 

inclined and curved surfaces – Center of pressure. 

Fluid Kinematics: Description of fluid flow, Stream line, path line and streak line and 

stream tube. Classification of flows: Steady, unsteady, uniform, non-uniform, laminar, 

turbulent, rotational and irrotational flows – Equation of continuity for one, two , three 

dimensional flows – stream and velocity potential functions, flow net analysis. 

 

UNIT – III Fluid Dynamics: Surface and body forces – Euler’s and Bernoulli’s equations 

for flow along a stream line - Momentum equation and its application – forces on pipe bend. 

 

UNIT – IV Laminar Flow And Turbulent Flows: Reynold’s experiment – Characteristics 

of Laminar & Turbulent flows, Shear and velocity distributions, Laws of Fluid friction, 

Hagen-Poiseulle Formula, Flow between parallel plates, Flow through long tubes, 

hydrodynamically smooth and rough flows. 

Closed Conduit Flow: Darcy-Weisbach equation, Minor losses – pipes in series – pipes in 

parallel – Total energy line and hydraulic gradient line, variation of friction factor with 

Reynold’s number – Moody’s Chart, Pipe network problems, Hazen-Williams formula, Hard- 

Cross Method 

 

UNIT – V Measurement of Flow: Pitot tube, Venturi meter and Orifice meter – 

classification of orifices, small orifice and large orifice, flow over rectangular, triangular, 

trapezoidal and Stepped notches - –Broad crested weirs. 

 

UNIT – VI Boundary Layer Theory: Boundary layer (BL) – concepts, Prandtl contribution, 

Characteristics of boundary layer along a thin flat plate, Vonkarman momentum integral 

equation, laminar and turbulent Boundary layers(no deviations)- BL in transition, separation 

of BL, Control of BL, flow around submerged objects-Drag and Lift- Magnus effect. 
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UNIT –IV 

INTRODUCTION: 

Accurate measurement of flow rate of liquids and gases is an essential 

requirement for maintaining the quality of industrial processes. In fact, most of the industrial 

control loops control the flow rates of incoming liquids or gases in order to achieve the control 

objective. As a result, accurate measurement of flow rate is very important. Needless to say that 

there could be diverse requirements of flow measurement, depending upon the situation. It could 

be volumetric or mass flow rate, the medium could be gas or liquid, the measurement could be 

intrusive or nonintrusive, and so on. As a result there are different types of flow measuring 

techniques that are used in industries. The common types of flowmeters that find industrial 

applications can be listed as below: (a) Obstruction type (differential pressure or variable area) 

(b) Inferential (turbine type), (c) Electromagnetic, (d) Positive displacement (integrating), (e) 

fluid dynamic (vortex shedding), (f) Anemometer, (g) ultrasonic and (h) Mass flowmeter 

(Coriolis). In this lesson, we would learn about the construction and principle of operation few 

types of flowmeters. 

Basic Principle It is well know that flow can be of two types: viscous and 

turbulent. Whether a flow is viscous or turbulent can be decided by the Reynold’s number RD. If 

RD > 2000, the flow is turbulent. In the present case we will assume that the flow is turbulent, 

that is the normal case for practical situations. We consider the fluid flow through a closed 

channel of variable cross section. 

Flow Through an Orifice 

Consider the situation, illustrated in Figure 4.3, in which a horizontal jet of fluid emerges from 

an orifice in the side of a container. As shown in the figure, the jet narrows over a short distance 

beyond the orifice that is comparable with the jet diameter to form what is generally known as 

a vena contracta--that is, a ``contracted vein.'' The jet is bound to narrow in this manner because 

of the curvature of the lines of flow as they pass through the orifice. The narrowing of the jet 

implies the existence of a transverse pressure gradient. In other words, the pressure at  , on 

the axis of the jet, is higher than the atmospheric pressure that acts at  . The pressure excess 

at  suggests that the fluid on the axis is still accelerating longitudinally as it leaves the orifice. 

Only in the vena contracta does the flow velocity becomes uniform, and the pressure 

atmospheric, all the way across the jet. 
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 Outflow through an orifice. 

Let  be the cross-sectional area of the orifice, and  that of the vena contracta. Here,  is 

known as the contraction coefficient. Let us apply Bernoulli's theorem to a streamline that starts 

on the surface of the fluid within the container, and ends in the vena contracta. Suppose that the 

surface of the fluid lies a height  above the orifice. Let us assume that the fluid close to the 

surface is essentially at rest (which implies that the outflow through the orifice is not sufficiently 

strong to cause the surface level to drop at a significant rate.) Let  be the uniform fluid velocity 

in the vena contracta. Of course, the pressure is atmospheric both at the surface of the fluid and 

in the vena contracta. It follows that 

 

(4.14) 

 

 

or 

 

(4.15) 

 

 

In other words, the efflux velocity of the fluid from the orifice is the same as that it would have 

acquired by falling a height  under gravity. This result is known as Torricelli's law, after 

Evangelista Torricelli (1608-1647). Finally, the discharge rate of fluid flowing through the 

orifice is 

 

(4.16) 
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Let  be the hydrostatic pressure at the level of the orifice when the orifice is 

closed. Here,  is atmospheric pressure. The fluid experiences a thrust  from the section of 

the wall directly opposite the orifice, and a thrust  from the section of the wall closing the 

orifice. Let us suppose, as a first approximation, that the hydrostatic pressure remains unaltered 

when the orifice is opened. In this situation, the fluid experiences a thrust  from the section 

of the wall directly opposite the orifice, and a thrust  from the orifice. The net 

thrust,  , is responsible for accelerating the jet. Now, the jet's rate of 

momentum outflow is  . Momentum conservation yields 

 

(4.17) 

 

 

where use has been made of Equation ,Thus, we conclude that the contraction coefficient takes 

the value  . 

 

 A Borda mouthpiece. 

In reality, Bernoulli's theorem suggests that when the orifice is opened the pressure on the walls 

in the neighborhood of the orifice will fall below the hydrostatic value,  
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which implies that the accelerating thrust is actually greater than  . Consequently,  . 

Obviously,  cannot exceed unity, so we conclude that, in general,  . For 

instance, if the orifice is a circular hole punched in a thin plate then the contraction coefficient is 

observed to take the value  (Batchelor 2000). 

Suppose, however, that we fit a small cylindrical nozzle projecting inward from the orifice, as 

shown in Figure .In this case, the original assumption that the pressure on the walls in the 

neighborhood of the orifice is hydrostatic is essentially correct. This follows because the region 

where the lines of flow are converging on the orifice is far removed from the walls, and the 

velocity of the fluid in contact with the walls is negligible. Thus, the contraction coefficient is 

exactly  . This arrangement is known as a Borda mouthpiece, after Jean-Charles Borda 

(1733-1799). 

Triangular Notch: 

 

A triangular notch is also called a V-notch. Consider a triangular notch, in one side of the tank, 

over which water is flowing as shown in figure.  

Let, 

 H = Height of the liquid above the apex of the notch 

 θ = Angle of the notch 

 Cd = Coefficient of discharge 
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From the geometry of the figure, we find that the width of the notch at the water surface, 

 

 Area of the strip =  

We know that the theoretical velocity of water through the strip =  

and discharge over the notch, 

 

 

The total discharge over the whole notch may be found out only by integrating the above 

equation within the limits 0 and H. 

 

 

 

 

A triangular notch gives more accurate results for low discharges than rectangular notch and the 

same triangular notch can measure a wide range of flows accurately. 

Example:  

The AWS Access Key Id you provided does not exist in our records. 

Example - Discharge through a triangular notch 

Problem 

A right-angled V-notch was used to measure the discharge of a centrifugal pump. If the depth of 

water at V-notch is 200mm, calculate the discharge over the notch in liters per minute. Assume 

coefficient of discharge as 0.62. 

Workings 
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Given, 

  
  
  

We know that the discharge over the triangular notch, 

 

 

 

 

Notch 

A notch may be defined as an opening in one side of a tank or a reservoir, like a large orifice, 

with the upstream liquid level below the top edge of the opening.

 

Since the top edge of the notch above the liquid level serves no purpose, therefore a notch may 

have only the bottom edge and sides. 

The bottom edge, over which the liquid flows, is known as sill or crest of the notch and the sheet 

of liquid flowing over a notch (or a weir) is known as nappe or vein. A notch is, usually made of 

a metallic plate and is used to measure the discharge of liquids. 

Types Of Notches 

There are many types of notches, depending upon their shapes. But the following are important 

from the subject point of view. 
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 Rectangular notch 

 Triangular notch 

 Trapezoidal notch 

 Stepped notch 

Section Pages 

Rectangular notch 

Discharge over a rectangular notch 

 

Triangular Notch 

Discharge over a Triangular Notch 

 

Trapezoidal Notch 

Discharge over a Trapezoidal Notch 

 

Stepped Notch 

Discharge over a Stepped Notch 

 

Rectangular notch 

Discharge over a rectangular notch 

 View other versions (2) 
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Theory 

Consider a rectangular notch in one side of a tank over which water is flowing as shown in 

figure. 

 

 

Let, 

 H = Height of water above sill of notch 

 b = Width or length of the notch 

 Cd = Coefficient of discharge 

Let us consider a horizontal strip of water of thickness dh at a depth of h from the water level as 

shown in figure. 

 Area of the strip 

 

We know know that the theoretical velocity of water through the strip, 

 

Discharge through the strip, 

 

 

The total discharge over the whole notch, may be found out by integrating the above equation 

within the limits 0 and H. 
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Example:  

The AWS Access Key Id you provided does not exist in our records. 

[metric] 

Example - Discharge over a rectangular notch 

Problem 

A rectangular notch 0.5m wide has constant head of 400 mm. Find the discharge over the notch 

in liters per second, if the coefficient of discharge for the notch is 0.62. 

Workings 

Given, 

 b = 0.5 m 

 H = 400 mm = 0.4 m 

 Cd = 0.62 

We know that discharge over the rectangular notch, 

 

 

 

 

 

Discharge over a Trapezoidal Notch 

Overview 
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A trapezoidal notch is a combination of a rectangular notch and two triangular notches as shown 

in figure. It is, thus obvious that the discharge over such a notch will be the sum of the discharge 

over the rectangular and triangular notches. 

 

Consider a trapezoidal notch ABCD as shown in figure. For the purpose of analysis, split up the 

notch into a rectangular notch BCFE and two triangular notches ABE and DCF. The discharge 

over these two triangular notches is equivalent to the discharge over a single triangular notch of 

angle θ. 

Let, 

  = Height of the liquid above the sill of the notch 

  = Coefficient of discharge for the rectangular portion 

  = Coefficient of discharge for the triangular portion 

  = Breadth of the rectangular portion of the notch 

  = Angle, which the sides make with the vertical 

 Discharge over the trapezoidal notch, 

 = Discharge over the rectangular notch + Discharge over the triangular notch 

 

 

 

Example: 1 

The AWS Access Key Id you provided does not exist in our records. 
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Example - Discharge over the trapezoidal notch 

Problem 

A trapezoidal notch notch of 1.2m wide at the top and 450mm at the bottom is 300mm high. Find 

the discharge through the notch, if the head of water is 225mm. Take coefficient of discharge as 

0.6. 

 

 

Workings 

Given, 

 Width of the notch = 1.2m 

 b = 450mm = 0.45m 

 Height of the notch = 300mm = 0.3m 

 H = 225mm = 0.225m 

 Cd = 0.6 

From the geometry of the notch, we get, 

 

and the discharge over trapezoidal notch, 
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