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Fluid in motion 

When fluid is in motion it has velocity and acceleration in the direction of 

flow. 

Velocity:- is the distance which displaced the fluid at any time, v= ds/dt . 

3.1 Properties of flow  

a) Steady flow:- is said when there is no change in flow properties 

(Q,v,h) with time (dv/dt=0), otherwise the flow is unsteady. 

b) Uniform flow:- is said when there is no change in flow 

properties (Q,v,h) with distance, (dv/ds=0) if not, the flow is 

non-uniform. 

c) Dimension of flow with directions:- 

1. One dimension flow(1D):- flow with x direction only, for 

example flow along pipe with uniform constant velocity 

distribution. v=f(x,t) 

2. Two dimension flow(2D):- flow with two directions(x and 

y) and velocity distribution through pipe will become 

parabola section with maximum value at the center and 

minimum value approximately zero at the wall of the pipe 

because of friction and roughness of the wall of the pipe. 

v=f(x,y,t) 
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3. Three dimension flow (3D):- flow with three directions (x,y 

and z) as flow along an orifice at a tank. v=f(x,y,z,t) 

 

3.2 fluid in motion  

There are three principles that govern the flow of water in pipes or open 

channels, which are:- 

1. Continuity Equation 

2. Energy Equation (or Bernoulli’s Equation) 

3. Momentum Equation  

 

 

1. Continuity Equation  

It is depended on the princible of mass conservation and can be derived 

depending on that the mass of water input the section of flow = the 

mass of water output from the same section with no losses, as:- 

Qin=Qout     then v1 A1= v2 A2      also    Q=v*A 

Where; v= mean velocity 

               A= cross section area normal to the direction of flow 

               Q= discharge or volume flow rate of water which flow at rate of 

time through any section of area. 

    

Q= volume flow rate= v*A (m3/s) 

M= mass flow rate =   *Q= *v*A (kg/s) 

W= weight flow rate  = ɣ*Q= ɣ*v*A (N/s) 

 

For 2D flow continuity equation can be written as:- 
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Note :- for 2D flow the velocity distribution in pipe is a parabola and 

can be expressed as:- 
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2. Energy Equation (Bernoulli’s Equation) 

. المائع عند جرٌانه ٌمتلن طالة تتحكم بسرعته وهذه الطالةهذه المعادلة تعتمد على مبدأ حفظ 

معادلة برنولً ))ان مجموع الطالة فً الطالة ال تفنى وانما تتحول من شكل الى اخر لذا فان مبدا 

ممطع جرٌان معٌن تساوي كمٌة ثابته تمثل الشحنة الكلٌة للجرٌان (( والشتماق المعادلة نحتاج الى 

-عدة فرضٌات كالتً:  

1. In viscid flow (ideal fluid, frictionless) 

2. Steady state flow  

3. Along a streamline 

4. Constant density (incompressible flow) 

The Bernoulli equation is based on the application of Newton’s law of 

motion to a fluid element on a streamline:- 
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Let us consider the motion of a fluid element of length ds and cross-sectional 

area dA moving at a local speed V, and x is a horizontal axis and z is pointing 

vertically upward. The forces acting on the element are the pressure forces 

PdA and (P+dP)dA, and the weight w as shown. Summing forces in the 

direction of motion, the s-direction, the results:- 

      
 

                      as= v(dv/ds) 
also, it is easy to see that cosƟ=dz/ds. On substituting and dividing the 

equation by  gdA, we can obtain Euler’s equation :- 

           
Now if we further assume that the flow is incompressible so that the density 

is constant, we may integrate Euler’s eqaution to get Bernoulli equation. 

Which is consisting of three energy heads, 
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 A head corresponds to energy per unit weight of flow and has 

dimensions of length (m). 

 Piezometric head=pressure head + elevation head, which is the level 

registered by a piezometer connected to that point in a pipeline. 

 Total head= piezometric head + velocity head. 

 

Applying the Bernoulli equation to any two points on the same 

streamline, we have 

 
 

Applications of the Bernoulli Equations to flow measurements  

1- Pitot tube:- 
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هً عباره عن انبوبة على شكل حرف الم توضع فً اتجاه الجرٌان وفً حالة 

الضٌمة ٌتولف الجرٌان لبل دخوله مما ٌسبب  ةاصطدام الجرٌان فً ممدمة األنبوب

الى نمطة ركود اي السرعة تصبح= صفر فً تلن النمطة وبعدها ٌدخل الماء 

 االنبوبة وٌرتفع الى مستوى ممثال الضغط الكلً فً تلن النمطة.

 

Pitot tube consist of class tube one end open to the atmosphere 

and the other end designed as a right angle centered in the 

middle of the pipe against the flow. The height of the fluid 

depends on the velocity of the fluid. lf we fixed a Piezometer in 

the pipe wall, the height of the fluid in the Piezometer will give 

the static pressure of the fluid. See the figure. 
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2- Orifice Meter:- 

We are considered the flow from a tank through a hole in the 

side close to the base. The arrangement and a close-up of the 

hole and streamlines are shown in the figure below. 
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3- Venturi Meter:- 
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The venture meter is a device that used for measuring discharge in a 

pipe. the venture meter consists of rapidly converging section, which 

increases the velocity of flow and hence reduces the pressure. It 

then returns to the original dimensions of the pipe by gently 

diverging section. 

By measuring the pressure differences the discharge can be 

calculated. This is a particularly accurate method of flow 

measurement as energy losses are very small. 

 

 
Applying the Bernoulli equation along the streamline from point 1 to point 2 in the 

narrow throat of the venture meter, we have 
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The mass flow rate can be calculated using:- 
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Example 2 
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Example 3 
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Example 4 
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3- Momentum Equation  

االنبوب سوف ٌصطدم المائع بجدار معادلة الزخم: بسبب تغٌر اتجاه الجرٌان على طول 

االنبوب فً منطمة تغٌر االتجاه مسلطا لوة على الجدار وٌتغٌر زخم كتلة المائع مع 

الزمن وٌنتج عن هذه الموة رد فعل الجدار فً نمطة اصطدام المائع ٌتم حساب هذه الموة 

 بتطبٌك معادلة الزخم
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Paying due regard to the positive x and y directions, we may write the 

summation of forces in these two directions:- 

                                    

                                    
Relating these components to the net change of momentum flux through the 

inlet and exit surfaces 

 
From these two equations and using the continuity equation and the 

Bernoulli equation, we may calculate the two force components. The 

magnitude and direction of the resultant force from the bend on the fluid 

are 
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