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Analysis of Correclations between Flow Rate, Pressure and Average
Size of Droplet with Hydraulic Diameter of Water Curtain Nozzle
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Abstract In this study, the correlations between flow rate, exhaust pressure, and droplet mean diameter
with the shape factor of a water curtain nozzle were investigated. To analyze the flow coefficient and
the distribution constant on the effects of the hydraulic diameter, five nozzles (D5W3, D5W6, D5WS,
D4W6, and D7W6) were mocked up with a consideration of the internal diameter and width. The results
showed that the flow coefficient increased in proportion to the constant 0.79 and 62.8 of the hydraulic
diameters according to the diameter. As the nozzle width increased, the average droplet size decreased
to the -0.235 exponential of the pressure. The average volume was reduced, in which the size
distribution of the volume indeterminate decreased with increasing pressure for the same nozzle of the
water-curtain. The distribution constants of droplet increased in proportion to the 0.258 exponential of
the hydraulic diameter and 244.21. These results are expected to be useful to the design of pressure, flow

meter, and average droplet size from a water curtain nozzle to predict the flow characteristics.
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Fig. 1. The Figure and Schematic Diagram of the
Water Curtain Nozzle.

Table 1. The Type and Size of the Water curtain nozzles

Type D5W3 | D5W6 | D5W8 | D4WG | D7WG
Dinner 5mm 5mm 5mm 4mm 7mm
Width 3mm 6mm 8mm 6mm 6mm
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Fig. 2. Schematic diagram of the measurement
apparatus for droplet size

Table 2. Specification of the experiment apparatus
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Fig. 3. Image Analysis of the Water Curtain Nozzle
for Hydraulic Diameter.
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Components Specification
103 VARIO Table 3. The Results. of major dimensions of the
« R7 Lens 0.1 gm ~ 3750 xm) Water curtain nozzles
Droplet + (0.01~50) % Optical concentration
Measure Focal length 2.0 m Parameter | D5W3 D5W6 D5W8 D4W6 D7W6
Equipment * He-Ne laser 632 mm, 5mW
* Working distance 1,132 mm D, e 5.20 5.20 5.90 4.20 6.90
* Measuring volume 600.7 cm3
S301 Allsensor w 3.00 6.00 8.00 6.00 6.00
pressure (0~ 10.0)
« Accuracy +(0.25 % of fs.) [ 113.10 121.19 158.63 145.97 143.65
UF801-P Ultra Flux
Flow * 1 mm/s ~ 45 m/s, Response Time 0.2 s a 117 132 240 149 237
Meter * 8 mm ~ 1.0 m inner diameter
+ Accuracy +(0.2 %+3%Es) h 1.43 1.28 0.55 0.61 1.08
W5201 DIBO
b 4. 4. .88 4. 6.54
Pump - Range (0~20.0) I, (0~18.0) L/min 37 73 39 >

319




SHARSH71 &38| =5 2] #2138 A4%, 2020

Mozzel
0.0012 - ,,,TIQ“
= 0 DEWE O = 4691
o
“E noorg{ © DEWE =
= Curve:fit Resulis
':’.L_wus_ where - =, P ) .
s €= fin.7
% 0.0005 -
o .
v C =814
o Jew
£ noone | DEWE
% D5WE -
> ooz DsW3
0.0000 - T T
00 1 02 03 04 a5 a4

Differential Pressure, P [MPa]

Fig. 4. The effects of the flow coefficients on the
width of nozzle (W=3mm, 6mm and 8mm)
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Fig. 5. The effects of the flow coefficients on the inner
diameter of nozzle (Dinner =4mm, 5mm
and 7mm)
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Fig. 8. The Effects of Droplet Distributions on the
Spray Pressure of the Water Curtain Nozzle.
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Table 4. Summarized of the Analysis Results of the
Water Curtain Nozzle

Parameter | D5W3 D5W6 D5W8 D4W6 D7W6
Area
3.54 4.23 10.44 427 11.40
[mm?
Peri.
9.50 10.07 14.04 9.74 15.19
[mm]
Dy
1.49 1.68 297 1.75 3.00
[mm]
Chow
is, o) 8124 | 10176 | 14691 | 9635 | 151.05
[ /kg™]
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Fig. 10. Droplet Mean Diameter VS. Differential
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