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FRICTION LOSSES

PURPOSE
The purpose of the experiment is to determine the energy losses due to friction by considering of the pressure difference when a non-compressible fluid in the cylindrical flat pipe passes through the connection elements such as valves, elbows, sudden contraction and sudden expansion.

THEORY
I. Friction Losses
The friction experienced by the fluid during flow is an indication of the decrease / loss of the mechanical energy of the fluid. That is, in the frictional flow, the sum of the pressure, kinetic energy and potential energy differences (head) along the flow lines is not constant and decrease in flow direction. Flow friction is defined as the protection of mechanical energy by converting it into heat at the flow lines. Friction losses, "hf" is the energy for the unit mass and refers to the conservation of mechanical energy (heat conversion) resulting from any kind of friction.

Friction loss during flow is divided into two:

a) Surface Friction: 
Friction, both in laminar and turbulent flow, due to the work done by the shear forces to sustain the velocity gradient occurs in the border layer. Along the surface, the boundary layer is not separated from the wall in these friction formed between the wall and the fluid but the sum of mechanical energies of the flow at the beginning is reduced by the reason of friction losses. In cases where the average linear velocity and potential level remain unchanged, all friction losses appear as pressure drop. Friction losses are the function of flow length (pipe length), flow velocity and friction coefficient. The friction coefficient, “f ”, is a number that depends on the Reynolds number of the flow and roughness of the surface.
b) Shape Friction:
It is defined as friction that leads to additional energy losses due to the position and shape of the solid surface outside the boundary layer. The shape friction is considerably bigger. 

It is due to sudden contraction, sudden expansion, elbow, valve, current measuring devices and all kinds of connection elements causing change in the flow direction and / or position. The boundary layer of the fluid is separated from the wall and the resulting voids by suction lead to the withdrawal of the boundary layer and the formation of vortices. In order to calculate the friction losses at the narrowing and expansion in the pipe, the kinetic energy, which is calculated according to the flow velocity in the narrow pipe, is multiplied by a certain coefficient.

For a given situation, surface and shape frictions affect energy loss at varying degrees. Total friction losses, hf, include frictional losses due to both types of friction.

PRELIMINARY STUDY

Before the experiment, each of the group members must submit a paper containing the studies 3, 4, 5, 9, 10.
1. What are the flow types? Please explain.
2. Describe non-compressible and compressible fluids by giving examples.
3. Develop the continuity and mechanical energy equations for the steady state flow of the uncompressible
fluid in the pipe / tube / canal. Explain each term contained in the mechanical energy equation.
4. What are the friction losses, how many friction losses are there? Explain the reasons for the investigation of friction losses in piping.
5. What are the possible elements in any flow system? Find the types and relationships necessary to determine the friction losses due to flow elements.
6. Explain the relationship of surface friction coefficient-Reynolds number.
7. Express the change in the friction loss due to flow (surface friction) with flow rate. 
8. What are the effects of heat transfer on frictional losses? Please explain.
9. Determine the equations required to calculate the possible friction losses in the experiment system.
10. Prepare a data sheet to record the experimental data.
11. Specify how the desired calculations will be performed by using experimental data.
12. How do you determine the relationship between change of the (surface) friction coefficient with the flow rate using experimental data?

EXPERIMENTAL METHOD
The mechanism shown in Figure 1 will be used in determining the friction losses.
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Figure 1. Experimental setup

System description:
A 	13.7 mm diameter straight pipe
B	 90° ​​sharp elbow
C	 Special 90° elbow
D	 Gate valve
E 	Sudden expansion 13,7 mm / 26,4 mm
F	 Sudden contraction 26.4 mm / 13.7 mm
G 	Smooth 90° elbow with 52 mm radius
H	 Smooth 90° elbow with radius of 102 mm
J	 Smooth 90° elbow with a radius of 152 mm
K 	Globe valve
L 	Straight pipe with 26.4 mm diameter

Schematic representation of two separate hydraulic circuits painted with one dark and one light blue containing each of the pipe system components is given in Fig.1. Both circuits are equipped with water from the same hydraulic bench. Each element of the circuits is as follows.


	Dark Blue Circuit

	Light Blue Circuit

	1. Gate valve
	5. Globe valve

	2. Standard elbow
	6. Sudden expansion

	3. 90° joint
	7. Sudden contraction

	4. straight pipe
	8. 90° elbow with a radius of 152.4 mm

	
	9. 90° elbow with a radius of 101.6 mm

	
	10. 90° elbow with 50.8 mm radius




The pipes used in this system are made of special standard (BS 659) light copper tubing.

In all cases, the pressure variation against each element except gate and globe valves is measured with a pair of pressurized piezometer tubes*. In the case of the valves, the pressure measurement is carried out with a U tube of mercury.

I) DETERMINATION OF FRICTION LOSSES

Friction losses from the flow (A dark blue line)
To determine the friction losses due to the flow, carry out the following experimental work at different flow rates.
· The water control valve on the hydraulic tank is fully opened.
· The globe valve is closed and the gate valve is brought to the fully open position.
· Allow two to three minutes of water flow.
· The volumetric flow rate is determined in the steady state.
· The values ​​read in the U-tube and piezometer tubes along this line are recorded.
· The same readings are recorded at different flow rates obtained by slowly closing the gate valve.

Friction losses due to connection elements (B light blue line)
Carry out the following experimental work at different flow rates to determine the friction losses due to the connection elements in the pipeline.
· After the measurements in the dark blue line are finished, the gate valve is closed and the globe valve is brought to the fully open position. The similar procedure is repeated for the light blue line.
· After the experiment is finished, the gate and globe valves are closed first, then operation of the pump is stopped.

* Piezometer tube: manometer with low density liquid to measure low pressure differences

Friction losses in rough pipe
Propose an experimental method to determine the friction losses on the rough pipe in the existing system and carry out the experiment.

II) DETERMINATION OF PUMP WORK / YIELD

In the present system, propose an experimental method to determine the pump work and / or efficiency and carry out the experiment you have proposed.

CALCULATIONS

I) DETERMINATION OF FRICTION LOSSES (Friction losses due to flow / connection elements)

· Find the relationship giving changes of surface friction loss with the flow rate. Compare the relationship obtained with the literature.
·   Find the change in friction coefficient with Reynolds number. Compare your results with the (f-Re) values ​​you determined in the literature.
· Determine the frictional losses caused by the shape friction in the flow system separately.
·    For bending elements, determine the variation of the experimental bending element friction coefficient (KB) with (r / d) and the average flow rate. (r / d; bending diameter / pipe diameter)
·    For each valve in the system, determine the variation of the friction loss coefficient (KV) with the volumetric flow rate.
· Calculate the total friction losses separately for each line (light blue line and dark blue line) in the system.
· Calculate the frictional losses / friction coefficient on the rough pipe.
· Compare all the results obtained with the literature.

II) DETERMINATION OF PUMP WORK / YIELD
· Determine the pump work and / or pump efficiency required for the flow by using the data obtained with the experimental method you have proposed.
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