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Analysis on Rainfall Distribution in a Large Experimental Rainfall
Simulator with Fixed Nozzle Arrangement
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Abstract This study provides results from the experiment on the rainfall distribution using a large Experimental
rainfall simulator with fixed nozzle arrangement. Results from the experiment on the nozzles which are crucial for
rainfall simulation show standard errors expressed as percentage are 0.15~0.38% at the indoor flow testing apparatus
and 0.37~0.59% at the KICT-ERS. To examine spraying range of the nozzles, radial and triangular rainfall
measurement test are done. In the radial test, coefficient of uniformity (CU) lies in 0.348 ~0.657 in the single nozzle
spraying case, while it increases up to 0.854~0.895 in the seven nozzle spraying case. This means increase of both
rain rate and uniformity by means of superimposition of spraying. The CU of the triangular test falls to 0.845~0.896.
The results from the experiment on the whole-scale of the KICT-ERS show that CU exceeds 0.7 for every case except
the one experimental condition where a 1.5¢ nozzle is used. The CU tends to increase with increasing rainfall
intensity. Comparison with the previous studies shows that KICT-ERS provides rainfall distribution above average CU.

Keywords : Experiment, Nozzle, Rainfall simulator, Spatial distribution, Uniformity coefficient
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Table 2. Details of nozzle arrangement
Nozzle Total
Type of No Spacing Atrangement projected | projected
nozzle (m) area area
() ()
full-cone | 60| 2 Triangular 3.14 172.7
network
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Fig. 2. Nozzle arrangement of KICT-ERS (Red dots
represent designed nozzle positions, while
yellow dots actual positions)
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Table 3. Test results of nozzle flow with the indoor

apparatus
Nozzle Qutlet Duration | Pressure Flow Standard
No| diameter 2. | Mean/SD error
@ (mm) (sec) (kgffen) (ml/sec) | (ml/sec)
1.5 |69 149 10 0.4 13.1/0.17 | 0.020
23 | 60| 234 20 0.4 33.5/0.6 0.077
3.6 | 60 3.67 10 0.4 61.2/1.78 | 0.230
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Table 4. Test results of nozzle flow with the KICT-

ERS(Each nozzle flow was measured at a
different point)

. Flow Standard
Nozzle Duration | Pressure
@) No. (sec) & f/cmz) Mean/SD error
& (ml/sec) (ml/sec)
2.3 60 20 4.6 100.6/4.62 0.596
3.6 60 20 4.3 179.8/5.20 0.671
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X direction (m)

(f) 36, 7 nozzles

Table 5. Test result of radial measurement

Duratio| Rainfall intensity Coefficient
Nozzle Pressure
Cases @) n & f/cmz) Mean/SD of
(min) £ (mm/hr) uniformi
Al | 9.1/59 0.348
153001 230 Jreenter |3 g6 | 0,65
circle
X All | 10.1/4.1 0.597
2. 2.4
nozzle| 22 | 30 0 | eenter | gna | 0815
circle
All 33.9/11.6 0.657
36 | 15 | 235
cener | 39173 | 0813
circle
All | 21823 0.895
15 | 30 | 240
center | oy 1.5 | 0.931
circle
; All | 33.1/48 0.854
nozzle| 23| 30 | 260 Jeenter |y a1 G808
circle
All | 1124119 ] 0894
. 2.
3619 35 eenter | es37 | 0935
circle
2 AFoNAME =F BAF Y 3 2 BAE 9
3l Christiansen 522]¢] #|¢Fet U Al4=(coefficient of

uniformity, CU, Eq. (2))Z AM&-38t3t}
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Table 6. Test result of triangular measurement

Duratio| Rainfall intensity | Coefficient
Nozzle Pressure
cases ) n & f/cm2) Mean/SD of
(min) | % (mvhr) | uniformity
3 1.5 30 2.40 27.7/4.3 0.845
2.3 20 1.90 44.4/4.6 0.896
nozzles
3.6 10 2.35 88.7/11.3 0.873
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Table 7. Test result of grid measurement. Values in the
parenthesis are those in case of exclusion of
marginal measurement data.

Rainfall Coefficient

Nozzle | Duration | Pressure intensity oe Olfc ¢
. 2

(D) (min) (kgf/em”) ltflean/S])) uniformity
13.7/4.6 0.666
30 16 (13.9/4.7) (0.663)
21.4/4.9 0.771
13 30 23 (21.8/4.8) (0.781)
26.4/5.0 0.811
20 305 (26.3/4.2) (0.839)
15 18 46.5/14.0 0.700
(47.7/14.0) (0.707)
59.6/11.8 0.802
23 10 23 (60.1/10.5) (0.825)
68.1/10.9 0.840
10 30 (69.5/10.2) (0.853)
7 18 89.6/17.0 0.810
) (91.1/14.9) (0.836)
108.5/18.5 0.829
36 / 23 (109.5/15.8) (0.856)
7 27 118.3/20.5 0.827
(118.7/19.3) (0.837)
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