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Abstract  The problem under investigation is to determine the various losses that commonly  occur in pipe system 
components. We attempt to give an account for the analysis of head loss on additional components particularly in the case of 
abrupt expansion of the pipes and how to minimize the losses by reconverting the kinetic energy into flow energy. The head 
loss term hL account for any energy loss associated with the flow. This loss is a direct consequence of the viscous dissipation 
occurring through-out the fluid in the pipe. 
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1. Introduction 
We have two types of practical methods used to describe 

the variety of fluid mechanics; the finite control vo lume 
analysis and differential analysis of flu id flow. 

[1] Distinguishes the two analysis as follows; fin ite 
control volume analysis of the behavior of the content to a 
fin ite region in space (control volume). 

The concept of a control volume and system occupying 
the same region of space at an instant are key element in the 
derivation of the control volume analysis. The use of pipe 
bends may introduce increased cross sectional flow 
velocities thus making the flow more non-uniform at the 
bend exit and causing flow separation[2]. 

Control surface area integrals allow for surface 
distributions of flow of variab les. However fo r simplicity we 
often assume that flow variables are uniformly d istributed 
over cross section of a pipe. In  general an increase in  velocity 
is accompanied  by a decrease in pressure and vice-versa. 
Several experimental studies have been performed including 
an analysis of varied circular arc elbow pressure losses[3] 
and an analysis of varied meter bends[4]. The computational 
study of internal flows in general has been very popular. The 
study of turbulent internal pipe flows in curved sections of 
both circular and square cross sections has been performed, 
[5,6].   

In these circumstances we need to develop relationships 
that app ly  at  a  po int o r at  least in  a very  s mall reg ion 
(in fin ites imal vo lume) with in  a g iven  flow flu id . Th is 
approach which involves an infinitesimal control volume is 
referred to as d ifferen t ialanalys is since the govern ing  
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equations are differential equations. 
The pressure decrease needed (to accelerate the fluid 

through construction) cause fluid velocity to increase. 
These differential equations are therefore soft in their own 

specified context with the suitable bonding conditions and 
symmetries to simplicity. 

1.1. Mathematical Model for Pipe System Components 

We consider the horizontal straight pipe with vary ing 
cross-sectional area as shown in  the figure below. The pipe is 
insulated against heat exchange and consequence heat 
changes. We analyze head loss or pressure drop in abrupt 
expansion, contraction diverging pipe system. 

The model diagram 

 
r1, R respective radii. 
Region L is straight and lying horizontally along the 

direction of x-axis. The centre of axis has along the 
horizontal axis. 

2. Abrupt Expansion 
When the fluid  suddenly leaves the smaller pipe and enters 
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the wider part  of the pipe there is a  sudden deceleration of the 
flu id and the flu id being unable to move in  sharp corners, it 
tears the boundary at the enlargement so that eddy currents 
are developed and these eddies dissipate a large amount of 
flu id energy and expansion losses occur. 

Hence from the law of conservation of mass 
∑ 𝐹𝐹 = 𝜌𝜌𝜌𝜌(𝑉𝑉2 − 𝑉𝑉1 )              (1) 

But for incompressible flow 𝐴𝐴1𝑉𝑉1 = 𝐴𝐴3𝑉𝑉3 = 𝑄𝑄  
Leading to  

𝑃𝑃1𝐴𝐴3 − 𝑃𝑃3𝑉𝑉3 = 𝜌𝜌𝜌𝜌(𝑉𝑉3 − 𝑉𝑉1 )          (2) 
When 𝜌𝜌,𝐴𝐴  and V refers to the fluid density, cross 

sectional area of the pipe and speed of fluid respectively. 
From the equation we find  
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Applying Bernoulli’s equation to a horizontal streamline 
along the centerline of the pipe, and ignoring friction losses 
between the flu id and the p ipe walls, but including the head 
loss at the expansion hL,  

𝑃𝑃1 𝜌𝜌𝜌𝜌� + 𝑉𝑉1
2

2𝑔𝑔� = 𝑃𝑃3 𝜌𝜌𝜌𝜌� + 𝑉𝑉3
2

2𝑔𝑔� + ℎ𝐿𝐿  

Thus 

ℎ𝐿𝐿 = �𝑃𝑃1−𝑃𝑃3
𝜌𝜌𝜌𝜌

� + �𝑉𝑉2
2

2𝑔𝑔
− 𝑉𝑉3

2

2𝑔𝑔
�           (4) 

and using equations (3) and (4) 
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The loss is a function of the square velocity as in turbulent 
flow[7]. 

Exit  flow from a p ipe into a large reservoir is similar to a 
sudden expansion with 𝑉𝑉3 = 0 

So the loss then becomes 

ℎ𝐿𝐿 = 𝑉𝑉1
2

2𝑔𝑔
                    (6) 

At the point F in the pipe, the pressure P0 is uniform, the 
equations of continuity, momentum, energy and stagnation 
pressure are 

𝐴𝐴1𝑉𝑉1 = 𝐴𝐴3𝑉𝑉3                    (7) 
𝑃𝑃1𝐴𝐴1 = 𝑃𝑃2𝐴𝐴3 − 𝑃𝑃0 (𝐴𝐴1 − 𝐴𝐴3 ) = 𝐴𝐴1𝑉𝑉1 (𝑉𝑉3−𝑉𝑉1 )    (8) 
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Simplifying  
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Thus the equation for theoretical head loss is modified to 
the form 
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Where k is an experimental value equal to or less than and 
D is the diameter of the pipe. 

From equation (5), the head loss between the points D and 
F is  
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Where 
𝐶𝐶𝑐𝑐 = 𝐴𝐴𝑐𝑐
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 and Ac is cross sectional area of vena contracts 

coefficient of contraction. 
For flow from a large reservoir through a pipe with square 

entry 
𝐴𝐴3
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2�  

Hence the final equation for calculat ing head loss arising 
from abrupt contraction without any re-entry is given by 
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Where 𝑘𝑘 = 1
2� . As 𝐴𝐴1 ⟶∞ the value of k tends to 0.5 

and this corresponds to flow from a large reservoir into a 
sharp edged pipe provided that the end of the pipe does not 
protrude into the reservoir. 

2.1. Graphical Representations for Losses Coefficient for 
an Abrupt Expansion, and an Abrupt Contraction 

This loss is based on velocity head in the small p ipe. 
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3. Conclusions  
The analytic methods of control volume and differential 

methods can be used to find  a balance in forces in  pressure, 
weight and friction. Fluid part icles can be taken as discrete 
particles and the fluid flow phenomenon in abrupt expansion 
and contraction can be simplified by applying the modified 
equation, from the general concepts of fluid mechanics like 
Bernoulli and Hagen-Poiseiulle equations. The head loss 
term is seen to increase proportionally with the velocity in 
the pipe. 
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