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4. Rainfall simulator
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Fig 2. A schematic view of designed nozzle, Apd4
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Fig 1. Rainfall simulator laboratory of Tarbiat Modares
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Table 1. Simulated intensities and simulated drop size distribution in different pressures by nozzle Apd4

(ISl 5hS) 5 Shoe 5L
Operating Pressure (Kp)
100 50 30 10
57.58 56.05 48.45 41.02 (Cobo e o) e amloes L s
Calculated rain intensity (mm h)
(o ) b (5 s i
Class of drop diameter (mm)
43.42 35.82 26.83 13.16 <0.5
23.68 29.83 24.02 21.05 0.5-1
19.74 13.14 14.61 24.67 1-1.5
13.16 18.43 19.96 14.47 1.5-2
0.00 0.87 6.16 9.21 2-2.5
0.00 1.42 4.66 11.53 2.5-3
0.00 0.35 2.91 3.95 3-3.5
0.00 0.03 0.00 1.63 3.5-4
0.00 0.00 0.85 0.02 4-4.5
0.00 0.1 0.00 0.32 4.5-5
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Fig 3. Variations of rain intensity in different pressures (right ), variation of drop size of simulated rainfall in different

pressures in nozzle Apd4 (left)
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Table 2. Statistical analysis of effect of pressure variation on rain intensity variation and drop size using Tukey Test

6)‘)@“&.& FGJ\AT

(Ul 4hs) Lzs
Pressure (Kp)

Significant value  F Index
100 50 30 10
ok o Sk
0.00 81.32 0.72)2)55.63  1.55)2)55.79  1.00)b)}48.45 38 38(2.44)c (el 5 o ko)
Mean of rain intensity (mm h')
(e o) ol Jad (gl &l
000. 27.12 0.1)c)0.4 0.06)cb)0.83  0.1)b)1.00  1.33(0.2)a A ) S s 8

Median of drop diameter (mm)
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Figures in parentheses denote standard deviation of data.

Ol ool waigs 9 ple



63 alin iagn cpl s edd dualses 4l 53 e VY6 ls

3l 5 O s S Y] 5 5elS 5 S a5 ol 1) slin 4

[V]&)GU:)LAAS‘_QBJJ S, V] wﬁ))bﬁlﬁ[\/\]

a0 dad 5 S5l Ll e OVY 3 e

Kssad 1S e M/t gl Sl e Juw 0/AY a3 st (55l
O g b ks sy (6wl

S owed g b 0Ll a8 s sl 68 o3l s

o lad 3, 52 gly a5 2L b S il Sl (g5l S

Ol b e 0 ag pslad s LA el (e e L

Gl YoV e wsel uS ol slzd 5 Apd4 J50 laws 5 eds U

sogee Jsb
Vertical length

0 lad ,lad =
Drop diame

3 e ‘\Ui//\éa:jwﬁwjéa.‘)'\éfﬂmjéwb
Pl 68 L boms S B a5 1331 L ol 430
Ve wle Jhad ol b bgin Co sl Cllas [£Y] 0L K
8w ssY g edd Gl mlS @ ar 5 LS ey 456 s e
boiw co e Lo ¥/0 51 YL (6 b8 (g esgdome j5 L s
)‘ M)J \WV/to &;&ﬁéd‘ r&)g‘.ﬁdl}'ﬂ)) G 03 4
JSVSQMQ:é—ﬂpﬁ)?ﬁ€@)ﬁb”d}b@b‘)t{&‘)ﬁ

3 (D Labsl b ond (g3l amd Sl b 51 glapei 8 JSCS
(u) e# ‘Si ol ‘5}:5 oyl J-&| ‘5\.&44533

Fig. 4. Sample of simulated drops during test processing (a)

and main measuring parameters of one drop (b)

Il ghs Vo 5 S 5Li3 LAPE U350 55 ol s bgaw Copu 5 05100 @i Y dse
Table 3. Size distribution and velocity of falling drops in nozzle Apd4 with operating pressure of 10 Kp

ajla} Jﬁjj.w N
(45U 53 1) (e o) b s

Drop falling velocity

oo 0% 0 kd (SAES luie s

Mean of drop kurtosis through falling

3308 Job Lo g2 Dl s (g ki 4zl
(e (hen) o b (e )
Mean of veridical length Class of drop

(m st (mm) of drop (mm) diameter (mm)
4.8 2.4 2.9 <0.5
5.2 2.6 3.6 0.5-1
6.4 32 4.7 1-1.5
7.0 3.5 55 1.5-2
7.8 3.9 6.4 2-2.5
8.0 4.0 7.0 2.5-3
8.2 4.1 7.6 3-3.5
8.4 4.2 8.2 3.5-4
8.8 4.4 8.9 445
9.0 45 9.5 4.5-5
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Fig 5. Cone of simulated rainfall by Nozzle Apd4
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Fig 6. Graph of uniformity distribution of rain intensity created by single nozzle in 3 operating pressures of 10, 50 and 100 Kp
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Table 4. Uniformity and variations coefficient in four operating pressure for nozzle Apd4

(Sl ks) sLes
Pressure (Kp)
100 50 30 10

IR S0 s

(o3) o i S (SIS0 o 15
Cristiansen uniformity coefficient (%)

95.15 83.77 83.01 82.74

S e 2
Variations coefficient

0.04 0.10 0.12 0.13
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Table 5. Variation of uniformity coefficient with varying nozzles distances
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4 4 4 4 4 4 3 3 2sm sladil sl
Number of nozzles
84.75 86.67 86.22 83.81 79.34 76.98 72.46 10
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Table 6. Different compound of main and secondary nozzles operating, their mean intensities and uniformity coefficient
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(Ao ,y2) (Cel 2o o) odd (3l 4 (Ul S) SS9 el sladsl
uniformity coefficient Mean of rain intensity o Different compound of main and
Pressure (Kp)
(%) (mm h) secondary nozzles
86.22 33.78 10
89.47 43.20 30 el dsb e
97.36 60.13 50 4 main nozzles
97.36 66.81 10
93.08 85.11 30
94.59 123.36 50
94.47 75.77 30+10 . »
96.12 97.16 50+10 Ao s gl At
95.28 76.31 10+30 4 main and 5 secondary nozzles
94.97 106.83 50+30
94.50 93.28 10+50
92.55 102.27 30+50

Note: The right and left figures in pressure column represent main and secondary nozzles, respectively.
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Fig. 7. Variation of rain intensity with four main active nozzles
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Abstract

Variation of Simulated Rainfall Characteristics by Permuting Intake Discharge and
Water Pressure

Z. Abdollahi', S. H. Sadeghi? and A. Khaledi Darvishan’
Received: 2013/06/25 Accepted: 2016/07/31

Studying natural rainfall characteristics is very difficult due to the unpredictable, rare and random nature
of natural rainfall. The rainfall simulator, as an alternate effective approach, facilitates quick measurements
of different hydrologic components. However, calibrated suitable conditions and optimization of governing
situation have been rarely taken in to account. Therefore, the Nozzle Type Rainfall Simulator Laboratory
was established at Tarbiat Modares University to simulate rainfall similar to storm events happened in
Mazandaran Province climate. In the current study, the potency of creating different rainfall intensities
by permuting intake discharge, water pressure and nozzle decoration and also their effects on simulated
rainfall characteristics were investigated. The results indicated that in different water pressure, the simulated
rainfall characteristics were significantly different. The results also showed that drop size distribution and
their velocities produced by manufactured nozzle coded as Apd4, in optimum pressure (10 to 50 Kp), were
0.5to 4.7 mm and 4.8 to 9 m s-1 respectively. Besides, the results also indicated that a rainfall with intensity
of 30 to 120 mm h-1 with coefficient of uniformity ranged from 80 to 95 % by 27 nozzle spacing 0.85 m
could be properly simulated under intake optimum pressure.

Keywords: Mazandaran climate, Drop size distribution, High speed imaging method, Rainfall

simulator, optimum pressure
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