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FRICTION LOSS IN PIPES, FITTINGS AND VALVES

OBJECTIVE

The purpose of this laboratory is to demonstrate and estimate energy losses due to friction for a Newtonian fluid flow through pipes.

THEORY

An energy balance in any flow system is given by the Bernoulli Equation. 
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 (1)

where:

· P1, P2:  pressure at points 1 and 2, respectively (N/m2)

· v1,v2:  average flow velocity at points 1 and 2, respectively (m/s)

· (:  density of the fluid in the pipe (kg/m3)

· g:  gravitational acceleration = 9.81 m/s2
· h1, h2:  flow head (height) at points 1 and 2, respectively (m)

· Ef:  energy requirement (loss) due to friction (J/kg)

· Wp:  energy supplied by pump (J/kg)

In this experiment we will use the Bernoulli equation in two types of flow systems.  Part A will demonstrate its use in pipe flow and Part B in tank draining. 

PART A - PIPE FLOW

The flow geometry for this part is given in Fig. 1.  The pipe system is in a horizontal plane.  In this geometry there is no change in potential energy and there is no pump work.  Any change in pressure is due to different forms of friction in the flow system.  Consequently, the Bernoulli equation is reduced to :




- ( P/ ( = Ef = (2fLpipe v2)/D + ( C v2 /2          
(2)

Where:

· (P:   pressure drop (N/m2) = P2-P1
· f:  friction factor

· Lpipe:  length of pipe between points 1 and 2 (m)

· D:  inside diameter of the pipe (m)

· v:  average velocity (m/s)

· C:  loss coefficients for pipe fittings

The energy requirement (loss) due to friction is composed of friction losses in a straight pipe of length Lpipe, plus friction losses due to fittings.

The friction factor (f) depends on the nature of flow in the flow system.  The flow inside a pipe is characterized by a dimensionless number called the Reynolds number, Re (NRe in Singh and Heldman).  For Newtonian fluids:
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where (:  density, 
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:  average velocity, D:  pipe inside diameter, (:  viscosity.

The flow in a pipe can be characterized by the value of Re as follows:

laminar for Re < 2100

transition for 2100 < Re < 4000

turbulent for Re > 4000

For laminar flow, 
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For turbulent flows, the friction factor (f) is a complex function of the Reynolds number, the type of material of the pipe and the roughness of the pipe
Procedure - Part A - Pipe Flow

1. Measure the temperature of water.

2. Measure the internal diameter of each test pipe sample by using a Vernier Caliper.

3. Close the inlet flow control valve V2 and open the outlet flow control V6.

4. Choose the appropriate pipe for the measurement of pressure drop. Open and close the appropriate valves to obtain flow of water through the required test pipe.

       For example:  if you choose pipe 2, you should open V4 in pipe 2 and close V4 in   

                              Pipe 1, V4 in pipe 3 and 7 in pipe 4.

5. Start the pump (black: on; red: off).

6. Gradually open the inlet flow control valve to allow water to flow along the test pipes and into the volumetric tank.

7. Adjust V2 and V6 to obtain a suitable flow rate.

8. Open bleed valves C and D, record the pressure indicated by the pressure meter. Write down two readings for each trial (flow rate) and get the average.

9. Measure the flow rate using the volumetric tank in conjunction with flow control V6. Time (30~ 60 sec) and increase in volume are to be noted down.

10. Take two measurements (different flow rates) for each pipe. Repeat the procedure for another test pipe.

11. To stop the operation, close V6 followed by V2, then switch off the pump. 

      *  Make sure that there are no air bubbles in the pipe while the experiment is running.

Results and Discussion - Part A - Pipe Flow

1. Calculate the pressure drop for the given flow conditions.

2. Graph (Ptheo &  (Pexp vs. volumetric flow rate.  Compare calculated and measured values and discuss the results.

3. Discuss various sources of error in the experiment.  
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Figure 1.
Schematic illustration of pipeline apparatus used to demonstrate friction 


losses in Part A.
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Calculations Handout

Part A - Pipe Flow

First calculate experimental pressure drop ((PEXP) and theoretical pressure drop ((PTHEO) for the pipe system.  Then, graph (PTHEO & (PEXP vs. volumetric flow rate and discuss the differences between the data (i.e. sources of experimental error).  Use the following equations:

(PEXP = |P1 – P2|  (kPa) = readings from pressure meter.

( PTHEO = (2fLpipe v2)/D + ( C v2 /2     (Pa)              

   where:   D is pipe inside diameter in m








   
[image: image5.wmf]3

O

H

kg/m

 

in

 

2

r









    Lpipe  = length of pipe (m)

Note:  Lpipe and f must be calculated!

           

                                                                            C: loss coefficient for pipe fittings
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a)
Find: v



v = volumetric flow rate / A,

A= ( R2 (R in m), R = D/2

b)
Find f:


i)
First find Reynold’s number (Re):
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Get ( and ( for water from Table A.4.

ii) If flow is “turbulent” (Re>4000), use the Moody chart (Fig. 2.16) to find f.  f is a function of Re and the relative roughness (/D of the pipe.  Use ( for galvanized iron.




If Re<2100 flow is “laminar” and 
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Now, 

 can be calculated!

Raw Data for Lab 1- Part A

Temperature:____________

 Pipe 1 :           D=                     ,   L=                       ,   Fitting:

	
	Flow rate
	∆ P(kPa)

	
	Volume (liters)
	Time

(sec)
	Flow rate

Q(m3/s)
	Velocity

(m/s)
	Reading 1
	Reading 2
	Average

	Trial 1
	
	
	
	
	
	
	

	Trial 2
	
	
	
	
	
	
	


Pipe 2 :           D=                     ,   L=                       ,   Fitting:

	
	Flow rate
	∆ P(kPa)

	
	Volume (liters)
	Time

(sec)
	Flow rate

Q(m3/s)
	Velocity

(m/s)
	Reading 1
	Reading 2
	Average

	Trial 1
	
	
	
	
	
	
	

	Trial 2
	
	
	
	
	
	
	


Pipe 3 :           D=                     ,   L=                       ,   Fitting:

	
	Flow rate
	∆ P(kPa)

	
	Volume (liters)
	Time

(sec)
	Flow rate

Q(m3/s)
	Velocity

(m/s)
	Reading 1
	Reading 2
	Average

	Trial 1
	
	
	
	
	
	
	

	Trial 2
	
	
	
	
	
	
	


Fluid Flow - Multi-purpose Fluid Friction Apparatus 
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A complete teaching system with comprehensive experiments, data analysis, tutor's and student manuals if desired, and all instruments and controllers. 

Investigates the characteristics and operation of valves, orifice meters, venturi meters and variable area flow meters. 

· Studies pressure loss through pipes and fittings 

· Custom designed for the technician/undergraduate teaching 

· Complete visual monitoring 

· Easily operated and used 

· No further development work necessary 

Specification 

A QVF fluid flow teaching system module designed to study the operation of valves and flow meters and the pressure loss characteristics of pipeline fittings. Incorporating a PVC rough bore pipe and smooth bore pipe, 90( bend, 90( tee, gradual expansion, sudden contraction, 180( bend, globe valve, ball valve, control valve, diaphragm valve, venturi meter, orifice meter and a variable area flow meter, all manufactured in borosilicate glass. Supplied with a pressure transducer and indicator, interconnecting pipework and supporting structure. Complete with an installation and maintenance manual and tool kit. 

Experimental Capabilities 

· Pressure loss through pipeline and fittings 

· Pressure loss/flow rate relationship, through different valve designs 

· Determination of valve constants 

· Relationship between pressure drop and flow through an orifice meter, venturi meter and variable area flowmeter 

· The operation of valves and flow meters 

Water is used in all experiments. Other fluids may be used to investigate pressure drop characteristics over wide range of Reynolds numbers. 

The experiments are also designed to provide training in chemical process equipment operation. 

Optional Manuals 

The equipment can be supplied with the following manuals: 

Tutor's manual: The basis of a lecture course on valve design, flow measurement and friction in pipeline systems. Also including operating instructions, experiments, typical results and answers to student questions. 

Student manuals provide the basics of valve design, flow measurement and friction in pipeline systems and practice with plant operating instructions. 

Experiment booklets provide step-by-step instructions for performing the experiments, data to be recorded and questions to be answered. 

Additional copies of the student manuals and experiment booklets can be reordered. 

Description 

The equipment consists of three test circuits fixed to a free-standing, plastic coated backboard housing the pressure tapping selection valves, digital pressure indicator, pressure transducer and variable area flowmeter. The fluid flowrate through each circuit is controlled by a flow control valve and measured by the variable area flowmeter. 

Each circuit can be tested individually by means of isolation valves. The pressure at each point in the circuit is given by the digital pressure meter and simply selected by means of multiport selection valves. 

The equipment is designed for direct connection to the main water supply or an optional recirculation pump can be supplied. 

Circuit one contains a length of smooth and rough bore pipe and various pipeline fittings to allow determination of pressure loss at various flowrates. 

Circuit two contains four valves and allows the pressure loss, operating characteristics and the valve constant for each valve design to be determined. 

Circuit three contains a venturi meter and orifice meter and, together with the variable area flow area, allows the relationship between pressure loss and flow to be investigated. 

Note 

This unit is supplied pre-assembled. A mimic diagram, fixed to the backboard, ensures simple identification of components. 

Options 

Either steam or electric heating. 

Electrical System 

The electrical system can be designed to meet your local requirements. 

Equipment Specification 

· Smooth bore pipe 

· Rough bore pipe 

· 900 bend 

· 900 elbow 

· Gradual expansion 

· Sudden contraction 

· 1800 bend 

· Globe valve 

· Diaphragm valve 

· Ball valve 

· Control valve 

· Orifice meter 

· Venturi meter 

· Variable area flowmeter 

· Recirculation pump (1 kW 220/240V single phase 60Hz) 

Installation and maintenance manual provides detailed instructions on installing and maintaining the plant. 

Instrumentation 

0-1000 millibar digital pressure indicator and transducer 

Utilities Requirements 

Water: 100 L/min at 1 bar g 

Space Requirements 

(height x floor area)
2.3 x 2.5 1.0 meters 
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Fitting - Head loss coefficients

	Fitting
	Loss Coefficient, K

	Gate valve (open to 75% shut)
	0.25 - 25

	Globe valve
	10

	Pump foot valve
	1.5

	Return bend
	2.2

	90o elbow
	0.9

	45o elbow
	0.4

	Large-radius 90o bend
	0.6

	Tee junction
	1.8

	Sharp pipe entry
	0.5

	Radiused pipe entry
	0

	Sharp pipe exit
	0.5


Flow through curved pipes 

If the pipe is not straight, the velocity distribution over the section is altered and the direction of flow of fluid is continuously changing. The frictional losses are therefore somewhat greater than for a straight pipe of the same length. If the radius of the pipe divided by the radius of the bend is less than about 0.002 however, the effects of the curvature are negligible. 

It has been found that stable streamline flow persists at higher values of the Reynolds number in coiled pipes. Thus for instance, when the ratio of the diameter of the pipe to the diameter of the coil is 1 to 15, the transition occurs at a Reynolds number of about 8000. 

Incompressible - Turbulent flow in circular pipes:

The head loss in turbulent flow in a circular pipe is given by, 

hf = 2fLv2 / D = p / 

where f is the friction factor, defined as 

f = w / (v2/2)

where w is wall shear stress.

The value of friction factor f depends on the factors such as velocity (v) , pipe diameter (D) , density of fluid () , viscosity of fluid () and absolute roughness (k) of the pipe.

These variables are grouped as the dimensional numbers NRe and k/D

Where NRe = Dv/ = Reynolds number

and k/D is the relative roughness of the pipe.

Blasisus, in 1913 was, the first to propose an accurate empirical relation for the friction factor in turbulent flow in smooth pipes, namely 

f = 0.079 / NRe0.25

This expression yields results for head loss to + 5 percent for smooth pipes at Reynolds numbers up to 100000. 

For rough pipes, Nikuradse, in 1933, proved the validity of f dependence on the relative roughness ratio k/D by investigating the head loss in a number of pipes which had been treated internally with a coating of sand particles whose size could be varied.

Thus, the calculation of losses in turbulent pipe flow is dependent on the use of empirical results and the most common reference source is the Moody chart, which is a logarithmic plot of f vs. NRe for a range of k/D values. A typical Moody chart is presented as figure.
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There are a number of distinct regions in the chart.

1. The straight line labeled 'laminar flow', representing f = 16/NRe, is a graphical representation of the Poiseuille equation. The above equation plots as a straight line of slope -1 on a log-log plot and is independent of the pipe surface roughness. 

2. For values of k/D < 0.001 the rough pipe curves approach the Blasius smooth pipe curve.


Flow in non-circular ducts

For turbulent flow in a duct of non-circular cross-section, the hydraulic mean diameter may be used in place of the pipe diameter and the formulae for circular pipes can then be applied without introducing a large error. This method of approach is entirely empirical.

The hydraulic mean diameter DH is defined as four times the hydraulic mean radius rH. Hydraulic mean radius is defined as the flow cross-sectional area divided by the wetted perimeter: some examples are given. For circular pipe:

DH = 4(/4)D2 / (D) = D

For an annulus of outer dia Do and inner dia Di :

DH = 4 ( (Do2 /4) - (Di2 /4) ) / ( (Do + Di) ) = (Do2 - Di2) / (Do + Di) = Do - Di

For a duct of rectangular cross-section Da by Db :

DH = 4 DaDb / ( 2(Da + Db) = 2DaDb / (Da + Db) 

For a duct of square cross-section of size Da :

DH = 4 Da2 / (4Da) = Da

For laminar flow this method is not applicable, and exact expressions relating the pressure drop to the velocity can be obtained for ducts of certain shapes only.

 

Purpose:

To compare the head loss ([image: image14]) measured from water manometer with the calculated head loss for the smooth pipe. And use of Moody diagram to estimate the pipe roughness ([image: image15]) from the measured head loss on sand roughened pipe.

Equipments:

C6-00 Fluid Friction Apparatus; water Manometer (to measure pressure difference between sections of pipe); The different kind of pipe as listed below.

Table 1 Pipe Description
	No
	Size
	Wall Type
	[image: image16] (mm)

	1
	Medium
	Smooth
	7.39

	2
	Large
	Sand roughened
	15.16

	3
	Large
	Smooth
	17.62


 
Procedure:

1.      Measure the flow rates for the three kind of pipes by recording the volumetric discharge and the time needed. Then using Table 2 to calculate the average velocity, Reynolds number and velocity head. Use the Moody Diagram to determine the friction factor, [image: image17], of the smooth pipe. And finally calculate the head losses in the smooth pipe.
2.      Note, since the roughness of the sand-roughed pipe is still not know yet, the [image: image18] should be recorded using the measured head loss from Table 3 instead.
3.      Use the water manometer to connect to the pressure taps, which is 1 m apart for the test section of the pipe. Record the upstream manometer reading at [image: image19] and downstream manometer reading at [image: image20] in Table 3. Compare the measured head losses with the calculated ones from Table 2.
4.      The friction factor of the sand roughened pipe (#2) can be back calculated with the head loss measured. Use the Moody diagram with the calculated [image: image21] and [image: image22] to determine the relative roughness ([image: image23]) and finally to determine the sand roughness height.
Data Recording and Calculation:

Table 2 Flow Data and Head loss calculation
	Run
	[image: image24]
([image: image25])
	[image: image26]
([image: image27])
	[image: image28]
([image: image29])
	[image: image30]
([image: image31])
	[image: image32]
([image: image33])
	[image: image34]([image: image35])
	[image: image36]
	[image: image37]
(m)

	1
	 
	 
	 
	 
	 
	 
	 
	 

	*2
	 
	 
	 
	 
	 
	 
	 
	use meas hL

	3
	 
	 
	 
	 
	 
	 
	 
	 


 

Table 3 Water Manometer Data
	Run
	[image: image38]
(mm)
	[image: image39]
(mm)
	(Z
(mm)
	[image: image40]
(%)

	1
	 
	 
	 
	 

	2
	 
	 
	 
	----------------------

	3
	 
	 
	 
	 


 
From Moody Diagram, the relative roughness of the sand roughened pipe is:

[image: image41] __________________    [image: image42]  [image: image43] = _________________.

 

Discussion:

1.      Do the measured head losses and calculated head losses compare well? What might be the causes for the discrepancy? 

2.      Does the computed sand roughness height reasonable to you?

	Losses in Piping Systems
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Features 
· Wide variety of bends 

· Full quantitative studies possible 

· Direct comparison of principal pressure drops 

· Conventional small bore pipe used 

· Compact and mobile 

· Requires minimal installation 

· Ideally suited for group work 

· Scope for additional components 

· Provides convincing results 

· Can be used with H1 or H1D Hydraulics Bench 

· Two year warranty 

Description 
This floor-standing apparatus uses conventional small bore tubing which is typical of central heating systems. This allows a large number of pipe bends and components to be incorporated, whilst maintaining accepted standards of test lengths upstream and downstream of components. 

The TQ H1 or H1D Hydraulics Bench can be used to circulate and measure the water. 

There are essentially two pipe circuits having common inlet and outlet pipes, and which can be individually closed by valves on their outlets. For clarity the circuits are painted different colours. Screwed connections are used at strategic points in each circuit, so that additional test components could be introduced if required. 

Range of Experiments 
Measurement of friction loss in: 

1. Small bore straight pipes. 

2. Larger bore straight pipe. 

3. 90( mitre bend. 

4. Proprietary elbow. 

5. Gate valve. 

6. Globe valve. 

7. Sudden expansion. 

8. Sudden contraction. 

9. Small radius, smooth 90( bend. 

10. Medium radius, smooth 90( bend. 

11. Large radius, smooth 90( bend. 

Others could be designed and built by the student and introduced in place of the pipe lengths supplied. 

Instruction Manual 
A full technical manual accompanies the equipment. This details typical experimental results from each standard component and includes a general review of these and the equipment. 

Specification 
Generally, the whole unit is mounted on a single vertical wooden panel and supported on castors for mobility. 

Maximum flow rate: 17.2 litre/min. 

Pipework: nominally 13.6mm and 26.2mm bore copper. All pressure differences, except for the two control valves, are measured in pressurised piezometer tubes which are calibrated in mm. In the case of the valves, pressures are measured by U-tubes containing mercury. The mercury is not supplied. 

Nominal bend radii: 
90( mitre, No radius 

90( proprietary elbow, 12.7mm radius 

90( smooth bend, 50mm radius. 

90( smooth bend, 100mm radius. 

90( smooth bend, 150mm radius. 

Distance between pressure tappings for straight pipe and bend experiments - 914mm. 

Careful use of non-ferrous materials and corrosion resistant finishes give the fullest protection. 

Services Required 
The TQ H1 Hydraulics Bench or other suitable means to supply, measure and drain the water. 

Space Required 
The basic unit requires a working area of at least 2.5m x 1.5m (approx 8.5ft x 5ft) and can be positioned back against a wall. A further working area of 1.5m x 2.2m (5ft x 7ft) alongside will be required if the TQ H1 Hydraulics Bench is also used. 

Dimensions and Weights 
Nett: 2440 x 610 x 1660mm; 127kg. 

Gross: 2.1m3; 268kg. (approx - packed for export) 

Tender Specification 
Apparatus to demonstrate the losses in pipe bends, should be fully mobile and be suited for group work. 

Should have two pipe circuits having common inlet and outlet pipes, pressure differences should be measured on a manometer, mounted alongside the pipework, should measure the friction loss in the following: 

1. Small bore straight pipe. 

2. Larger bore straight pipe. 

3. 90( mitre bend. 

4. Proprietary elbow. 

5. Gate valve. 

6. Globe valve. 

7. Sudden expansion. 

8. Sudden contraction. 

9. Small radius, smooth 90( bend. 

10. Medium radius, smooth 90( bend. 

11. Large radius, smooth 90( bend. 

Should be designed for use with suitable service bench with weighing ability. 

Equipment to be supplied with a two year parts and labour warranty
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