











Appendix A: Part List

The table shown below lists the parts used in the system (Figure 8)
Table Al
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Appendix B: Calibration

The Valydine pressure transducer was calibrated by reading the percent of
maximum pressure that can be experienced across the film that was placed in the
transducer, while measuring the water at the discharge of the system. At the system
outlet, water is collected in a bucket over a given period of time. The water is weighed
using as scale. The resulting weight, divided by the time period during water collection,
yields the mass flow rate. Ten to fifteen samples were taken at air flow rates of 10 scfm,
20 scfm, and 35 scfm. (Subsequently, the scfm units were converted to cfm using
measured atmospheric pressure and temperature) The square of the measured mass flow
rate has a linear relationship with the pressure reading. Figure 1A shows the linear trend
between the squared water mass flow and the pressure for the first calibration. A second
calibration was done, with the linear trend seen in Figure 2A. The first calibration of the
system was done using a scale that was only capable of measuring up to 11 pounds.
Water would be pumped out at a rate to fill the bucket within one to two seconds. The
short time period, coupled with the natural oscillations of the water flow discharge,
resulted in significant error in the fitted trend. Due to this error, a second calibration was
done to reduce the deviation between measured values and the average at each air flow
rate. A new scale, capable of 150 Ib loads, was used for the second calibration. The new
scale allowed for the water to be collected until the bucket was almost filled. The time
period of water collection for the second calibration was between three and four seconds.
The second calibration yielded data that had significantly less deviation than that of the
first calibration. The coefficient of determination (R?) improved significantly from the

first to the second calibration. The larger coefficient of determination seen in Figure 2A
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indicates that the second calibration has a better fitted trend through the data. Figure 3A

shows the calibration that was done after a new Valydine pressure measurement unit was

acquired. The calibration curve from Figure 3A was used only for the investigation of

swirling the water flow with the straight nozzle (Figure 21).
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Figure 1A: Mass flow squared dependence on pressure reading.
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Square of Water Flow Rate (Ib/s)"2
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Figure 2A: Mass flow squared dependence on pressure reading.
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Figure 3A: Mass flow squared dependence on pressure reading.
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Appendix C: Part Drawings

The following pages contain the drawings for relevant machined parts. The drawing for
the helical nozzle does not have sufficient information for machining due to complicated
parameters of the part. The sufficient ProE and CAD files for the production of the part
can be found in the Bucknell University Library with thesis materials from the work done
by Finio (2007).

O-helical channel 47 NOZzZIe...........oiiiii i e 42
8-vertical channel 4” N0Zzle. ... ... ..o i, 43
Water injection flan@e.........oouiiiiiii e 44
47 N0ZZIe Shell tOP «.evi i e 45
4 nozzle shell custom gasket. ..o, 46
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Nozzle with 9 helical spirals
All units in inches

Nozzle is tapered from base to
top by 1°
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Appendix D: Air Flow Conversion

Air flow rates are measured from the rotameter (Part 13 in Table 1) have units of scfm.
The measured flow does not take the density of the injected air into account. In order to
obtain the value of air flow, the recorded air flow is multiplied by the ratio between the
density of the air that is injected at the air inlet and the density of the air at atmospheric

pressure:

. o/ pair,inlet
QAir,cfm - QAir,scfm

Pair,atmospheric

where:

Qair.cm 1S the desired air flow rate at the inlet, in cfm,
QAir,SCfm is the measured air flow rate at the inlet, in scfm,
Pair.inlet 1S the density of the air at the inlet, in lbm/ft?,

Pair,atmospheric 1S the density of the air at atmospheric pressure, in lom/ ft,
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Table 1E: Preliminary data taken for comparison to data taken by Finio

Pressure Flow Flow Rate-
Air Flow Reading Ra?t.e- Orifice Ffressure. DensitZ Air Flow Rate
Rate (scfm) o Orifice Air In (psi) | (lbm/ft’) (cfm)
(%) (Ib/s) (gpm)

18.5 35.8 4.06 29.25 10 0.124 31.27
15 33.4 3.92 28.25 10 0.124 25.36
6.5 16.5 2.76 19.85 10 0.124 10.99

5 12 2.35 16.93 10 0.124 8.45
10 22.4 3.21 23.13 10 0.124 16.90
15 31.1 3.78 27.26 10 0.124 25.36
20 37.1 4,13 29.77 10 0.124 33.81
26 43.2 4.46 32.13 15 0.150 52.92
20 38.9 4.23 30.49 16 0.155 42.09
15 334 3.92 28.25 15 0.150 30.53
10 26.5 3.49 25.16 15 0.150 20.36
5 15.1 2.64 18.99 15 0.150 10.18
12 29.2 3.67 26.41 15 0.150 24.43
17 36.3 4.09 29.45 15 0.150 34.60
22 41 4.35 31.30 15 0.150 44,78
25 43.2 4.46 32.13 15 0.150 50.89

28.5 48.3 4.72 33.97 20 0.175 67.85
23 41.8 4.39 31.60 20 0.175 54.76
18 39.3 4.25 30.64 20 0.175 42.85
13 31.9 3.83 27.61 20 0.175 30.95

8 22.5 3.22 23.19 20 0.175 19.05
4 12.4 2.39 17.21 20 0.175 9.52
10 25.4 3.42 24.63 20 0.175 23.81
15 35.5 4.04 29.12 20 0.175 35.71
20 39.1 4.24 30.56 20 0.175 47.62
25 43.9 4.50 32.39 20 0.175 59.52
30 49.6 4.78 34.42 25 0.201 81.78
25 44.5 4.53 32.61 25 0.201 68.15
20 42.5 4.42 31.87 25 0.201 54.52
15 35.1 4.02 28.96 25 0.201 40.89
10 28.9 3.65 26.28 25 0.201 27.26
5 18.8 2.94 21.19 25 0.201 13.63
8 24.1 3.33 24.00 25 0.201 21.81
18 40.5 4.32 31.11 25 0.201 49.07
5 17.3 2.82 20.33 30 0.226 15.36
12 32.9 3.89 28.04 30 0.226 36.85
17 38.5 4.21 30.33 30 0.226 52.21
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22 45.8 4.59 33.08 30 0.226 67.57
27 47.1 4.66 33.55 30 0.226 82.92
32 52.2 4.90 35.31 30 0.226 98.28
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Table 2E: Data on the effects of auxiliary water swirl

Air Flow | Pressure | Flow Rate- | Flow Rate- | Pressure | Angle of Aux.
Rate Reading Orifice Orifice Air In 4" Valve Pump Net Water
(cfm) | (%) | (b/s) | (epm) | (psi () | (gom) | Ov*tEP™
Spiral Nozzle
20 29.2 3.67 26.41 20 60 0 26.41
20 27.9 3.58 25.82 20 60 2 23.82
20 25 3.39 24.44 20 60 4.5 19.94
20 23 3.25 23.44 20 60 10 13.44
20 6.8 1.77 12.75 20 75 10 2.75
20 6.7 1.76 12.65 20 75 5 7.65
20 6.9 1.78 12.84 20 75 1.25 11.59
20 7.6 1.87 13.47 20 75 0 13.47
10 7 1.80 12.93 20 75 7.1 5.83
20 5.8 1.63 11.77 20 75 0 11.77
20 5.4 1.58 11.36 20 75 3 8.36
20 6 1.66 11.97 30 75 3 8.97
20 6.1 1.68 12.07 30 75 0 12.07
20 3.9 1.34 9.65 30 75 17.6 -7.95
Straight Nozzle
20 11.1 1.37 9.87 20 75 0 9.87
20 10.9 1.36 9.78 20 75 1 8.78
20 10.3 1.32 9.51 20 75 3.25 6.26
20 10 1.30 9.37 20 75 5.5 3.87
20 9.9 1.29 9.33 20 75 7.5 1.83
20 9.1 1.24 8.94 20 75 8.75 0.19
20 7.5 1.13 8.12 20 75 17.6 -9.48
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Table 3E: Swirl nozzle data

Air Flow | Pressure | Flow Rate- | Flow Rate- | Pressure | Angle . . FIOYV
. - - . Density | Air Flow | Ratio

Rate Reading Orifice Orifice Air !n Va!ve (Ibm/ft%) (cfm) (gpm
(cfm) (%) (Ib/s) (gpm) (psi) (°) Jcfm)
5 4.6 1.46 10.48 10 60 0.123 8.47 1.24
5 1.3 0.77 5.57 10 75 0.123 8.47 0.66
10 3 1.18 8.47 10 75 0.123 16.94 0.50
15 4.6 1.46 10.48 10 75 0.123 25.41 0.41
20 5.5 1.59 11.46 10 75 0.123 33.87 0.34
28 6.8 1.77 12.75 20 75 0.174 66.85 0.19
15 4.8 1.49 10.71 20 75 0.174 35.81 0.30
10 3.7 1.31 9.40 20 75 0.174 23.87 0.39
5 1.8 0.91 6.56 20 75 0.174 11.94 0.55
5 2.6 1.09 7.88 30 75 0.224 15.41 0.51
10 4.1 1.37 9.90 30 75 0.224 30.81 0.32
15 5.1 1.53 11.04 30 75 0.224 46.22 0.24
20 5.9 1.65 11.87 30 75 0.224 61.62 0.19
25 6.4 1.72 12.37 30 75 0.224 77.03 0.16
32 7.3 1.83 13.21 30 75 0.224 98.59 0.13
5 9.93 2.14 15.40 10 60 0.125 8.41 1.83
10 16.6 2.76 19.91 10 60 0.125 16.82 1.18
15 19.9 3.03 21.80 10 60 0.125 25.23 0.86
19 23.8 3.31 23.85 10 60 0.125 31.95 0.75
28 31.5 3.81 27.43 20 60 0.175 66.18 0.41
20 26.7 3.51 25.26 20 60 0.175 47.27 0.53
15 24 3.32 23.95 20 60 0.175 35.45 0.68
10 17.1 2.81 20.21 20 60 0.175 23.64 0.86
5 10.9 2.24 16.14 20 60 0.175 11.82 1.37
5 13.1 2.46 17.69 30 60 0.226 15.23 1.16
10 19 2.96 21.31 30 60 0.226 30.45 0.70
15 25.6 3.43 24.73 30 60 0.226 45.68 0.54
20 28.5 3.62 26.09 30 60 0.226 60.91 0.43
32 34.1 3.96 28.54 30 60 0.226 97.46 0.29
32 49.4 4.77 34.35 30 45 0.226 97.46 0.35
25 46.2 4.61 33.22 30 45 0.226 76.14 0.44
20 43.1 4.46 32.09 30 45 0.226 60.91 0.53
15 36.3 4.09 29.45 30 45 0.226 45.68 0.64
10 30.4 3.74 26.95 30 45 0.226 30.45 0.88
5 18.2 2.90 20.85 30 45 0.226 15.23 1.37
5 16.2 2.73 19.67 20 45 0.175 11.82 1.66
10 26.7 3.51 25.26 20 45 0.175 23.64 1.07
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Table 6E: Additional data used for Ley/D analysis

Angle From Fully Open 0 45 60 75
K-4" valve (from emperical relation) 0.05 29.39 246.23 | 2062.69
K-tot 4.09 33.43 250.27 | 2066.73

L- Regular (ft) 10.92 X X X

L- Backflow (ft) 32.67 X X X

L- total (ft) 43.59 X X X

Diameter (ft) 0.333 X X X

Lactual/D 130.9 X X X
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