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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
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    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
	
	
	
	
	
	
	


























_979024893.unknown

_1002355276.unknown

_1002355265.unknown

_972209939.unknown

_972210019.unknown

_972210038.unknown

_972209969.unknown

_972209376.unknown

_935233540.unknown

