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ABSTRACT


This experiment involves calibrating a turbine meter, magnetic-inductive flowmeter, and rotameter with a bucket-and stopwatch method in which water volumes are recorded with their corresponding flow times.  The calibration equations for the flow rate equipment were determined to be


Y(kpps) = 0.008943x – 0.012331





(1)


Y(kpps) = 0.0051644x + 0.0070131





(2)


Y(% capacity) = 0.43140x – 2.2139





(3)

for the turbine meter, magnetic-inductive meter, and rotameter, respectively.  (The slopes are in units of kpps/(cm3/s), kpps/(cm3/s), and % capacity/(cm3/s), the bucket method values for x are all in units of cm3/s, and the y-intercepts are in units of kpps, kpps, and % capacity, listed in the order of equations (1), (2), and (3)).

The calibrated turbine flowmeter was used along with a U-tube manometer in the second part of the experiment to find the pressure losses across orifice and venturi meters and their plates.  The manometer readings were taken at Reynolds numbers of 20,000, 30,000, and 40,000.  Discharge coefficients for the specific meters were then calculated from the pressure losses across the throat.  The experimental values produced were 0.68 for the orifice meter and 0.86 to 0.88 for the venturi meter.

 A visual examination of the boundary conditions for the transition between laminar and turbulent flow of water was conducted in the third part.  Readings of the turbine meter output were taken while increasing the flow rate and then later decreasing the flow rate.  Reynolds numbers were calculated at the upper and lower transitions from the turbine readings using the calibration results.  When gradually increasing the flow rate, the Reynolds numbers at the lower and upper transitions were 2020 and 3396, and while decreasing the flow rate, the values were 1861 and 3133, respectively.

PURPOSE


The goal of the initial part of the experiment is to calibrate the turbine meter, magnetic-inductive flowmeter, and rotameter, so that their outputs may be converted into values corresponding to volumetric flows obtained manually (by measuring volumes of water collected in specific time intervals).  The next part uses the already calibrated turbine meter and a manometer to calculate the pressure losses resulting from different flow rates through orifice and venturi meters, as well as discharge coefficients for the meters.  Finally, the transitions at the boundaries of laminar and turbulent flow are investigated visually with a purple dye solution. 

HAZARDS


There are few potential hazards in this experiment;  however it is possible for sharp corners on equipment or for high water pressures from hoses to damage a person’s eye.  Also, pools of water on the floor may cause people to be injured if they fall down.

RESULTS

Part 1

Best-fit lines from graphs of the calibrated equipment versus the bucket standard simplified the calibrations of the flow-measuring equipment.  On the following pages, Figures 1, 2, and 3 display the calibration plots.  Table 1 below shows the regression equations for the calibrations.  

TABLE 1.  Calibration Equations of Flow Equipment

Reference Equip.
Calibrated Equip.
Calibration Equation

Bucket-and-stopwatch
Turbine flow meter
Y(kpps) = 0.008943x – 0.012331

Bucket-and-stopwatch
Magnetic flow meter
Y(kpps) = 0.0051644x + 0.0070131

Bucket-and-stopwatch
Rotameter
Y(% capacity) = 0.43140x – 2.2139

The units for the slopes, standard bucket flow rates (x), and y-intercepts are listed in the abstract.  The y values are the readings expected from the equipment that was calibrated.

Ninety-five percent confidence intervals were calculated for the slopes and y-intercepts of the magnetic flow meter and rotameter (refer to calculations).  These confidence limits appear in Table 2.  

TABLE 2.  Confidence Limits

Description
Value
Error
Lower limit
Upper Limit

Magnetic flow meter y-intercept (kpps)
0.0070131 
0.011887
-.004874
0.018900

Magnetic flow meter slope (kpps/(cm3/s))
0.0051644
0.0009677
0.0050676
0.0052612

Rotameter y-intercept (% capacity)
2.2139 
0.6283
1.5856
2.8422

Rotameter slope

 (% capacity/(cm3/s))
0.4314
0.00512
0.42628
0.43652


Thus, it is evident from the confidence limits of the slopes and intercepts that the data points were relatively precise.  The y-intercept for the magnetic flowmeter has the greatest relative error compared to the total value, but all the other relative errors are below thirty percent.  Possible sources of error come from experimental technique, variations in the water temperature resulting in changing densities and viscosities, random error from unpredictable changing laboratory conditions, and systematic error from the stopwatch.  There is also error obtained when values are rounded.


From only looking at the calibration graphs, the rotameter seems to be slightly more precise than the turbine meter and the magnetic flowmeter, but the variance about the fitted line for the turbine and magnetic meters is also relatively small.  Thus, these results were very favorable, and it is reasonable to believe that they are relatively accurate.  Usually, magnetic-inductive flowmeters and turbine meters are very accurate, while the accuracy of a rotameters is dependent on how well it is made (Experiment No. 3).

Part 2


Calibration of the orifice and venturi meters was conducted by finding the discharge coefficients of the meters at the Reynolds numbers of 20,000, 30,000, and 40,000.  This involved calculating the pressure losses across the throats of the meters and downstream of the meters.  Pressure differences were calculated from the manometer equation (Perry’s p.10-12):

(P = PA – PB = [ (h ((M - (W)] (g/gc)




(4),

where M is the manometer fluid, mercury, and W represents water.  (As shown in the calculations, equation (4) is also the reduced form of the two-fluid manometer equation (Perry’s p.10-13) when the diameter of the throat is negligible with respect to the diameter of the pipe).  The pressure drops that were calculated appear on the next page in Table 3.

TABLE 3.  Pressure Drops

Meter
Approximate value of Re
(P across throat (Pa)
(P across meter (Pa)

Orifice
2000
16054
13399

Orifice
3000
36431
30071

Orifice
4000
64093
53967






Venturi
4000
21364
4692.8

Venturi
3000
12226
2840.4

Venturi
2000
5557.2
1605.4


Using the pressure differences across the throats, discharge coefficients were determined for both meters.  Ideal flow rate values were calculated with the equation











(5),

where (1 is the density of water at the experimental conditions, P1 – P2 is (P across the throat, A2 is the cross-sectional area of the throat, and A1 is the cross-sectional area of the inlet pipe to the meter.  (This equation comes from Experiment No. 3).  Actual flow rates were calculated for each Reynolds number and then divided by the ideal flow rates to produce the discharge coefficients shown in Table 4 on the next page.  Intermediate calculations are in Table A-4 in the appendix.

TABLE 4.  Discharge Coefficients

Meter
Approximate values of Re
Discharge Coefficients

Orifice
20000
0.68125

Orifice
30000
0.67838

Orifice
40000
0.68190





Venturi
40000
0.87539

Venturi
30000
0.87088

Venturi
20000
0.86115


The pressure drops in Table 3 illustrate how pressure loss increases as the flow rate and Reynolds numbers increase.  The values for pressure loss are generally smaller for the venturi meter than the orifice meter, and the pressure losses across the meters are smaller than the losses across the throats of the respective meters.  Thus, some of the pressure drop experienced just after the throat of the meter was recovered downstream by the time the reading for the whole meter was taken.

As is expected from the pressure drop values, the coefficients of discharge are higher for the venturi meter than for the orifice meter, and they were about 0.87 and 0.68, respectively.  Perry’s (p. 10-16) provides a graph of discharge coefficient versus Reynolds number for different values diameter ratios of plate to pipe for square-edged orifices.  In the region of Reynolds numbers ranging from 20,000 to 40,000 and a diameter ratio of about 0.4 (calculated from 0.2 in. divided by 0.55 in.), the discharge coefficient is near 0.62.  Since higher coefficients of discharge correspond with less pressure loss, the results obtained near 0.68 were very favorable and quite close to the literature value.  The same source states that venturi meters generally cause a ten to thirty percent pressure loss (p. 10-14), which corresponds to discharge coefficients ranging from 0.7 to 0.9.  Thus, the experimental result of about 0.87 for the venturi meter used is well inside the common range.

These results also suggest that venturi meters provide lower pumping costs than orifice meters since their coefficients of discharge are higher.  (The closer the discharge coefficient is to one, the less pressure drop there is since a value of one would occur when there was an open pipe instead of a constriction).  If less pressure is lost, then the pressure that must be pumped is also less.  However, it should also be noted that orifice meters are usually less expensive than venturi meters.


Error in this section may result from inaccurate calibration of the turbine meter and other possibilities suggested above, including small changes in laboratory conditions, quality of experimental technique, and various random sources.

Part 3


The final section of the experiment used a purple dye to allow the experimenters to visually determine the onset and end of the transition period between laminar and turbulent flow.  As stated in the abstract, turbine meter readings were recorded under two different conditions – increasing flow rate and decreasing flow rate.  The readings were then converted into values of Reynolds numbers which appear in Table 5.


The results show that the values for the transition boundaries are lower when the flow rate is decreasing than when it is decreasing.  Thus, when the flow rate is decreasing, the flow stays turbulent at a lower Reynolds number than it does if the flow rate increases.  This phenomenon occurs because the water has a higher level of entropy when it starts at the turbulent state.  Since processes tend to favor higher entropies, the water tries to maintain its high entropy state with the turbulent flow when the flow rate decreases.  When the flow rate increases, entropy is gained by readily converting to turbulent flow.


The precision and accuracy are not very favorable for this section since it involves subjective determination of laminar flow versus turbulent flow based on the appearance of a flowing dye.  Also, there is a relatively large range of possible transition values between laminar and turbulent flow.  From the lab manual, laminar flow occurs from Reynolds numbers of 2000 to 2300, and turbulent flow occurs between 4000 and 4500.  Thus, the experimental values were low for both the lower and upper transitions.
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