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Tab.1 Specifications of different types of rain gauge

tipping bukets

%ﬂﬂr%miﬁ _ P iziiéﬂﬁfﬁ

LIRS N b mo B MR Vi S S
/mm /mm /mm /g /mm /) /()
JDZ02 132 26.4 21 26.73 ANEEMW 0.2 11.4 11.8
JDZ05 126 33.5 33.5 30.24 ¥k 0.5 19.6 20.6
JDZ10 152 32 32 57.51 ¥ 1.0 2.2 21.1
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Fig. 1 Three dimensional models and initial

mesh of JDZ02 and JDZ05
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Tab.2 Parameters of dynamic grid model

of JDZ0S5 simulation
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Tab.3 Overturning time and additional water volume of

tipping bucket rain gauge under different rain intensities

- G i 8] 22 A5 3T 4) Bk
/(mm * min_ ) ty/s Lt oty/s /g
JDZ02 0.4 0. 30 0. 36 0.01
1 0. 30 0.35 0.03
2 0. 26 0.31 0. 05
0. 25 0. 30 0.10
JDZ05 0.4 0.33 0.39 0.03
1 0.29 0. 35 0.08
2 0.28 0.33 0.15
4 0. 27 0. 34 0.28
JDZ10 1 0. 35 0.42 0.18
2 0. 35 0.41 0. 37
4 0.33 0.39 0.69
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Fig.2 Numerical simulation of JDZ02 tipper overturning
process under 4 mm/min the rain intensity
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Tab.4 Comparison of experimental and simulated values

of volume of left and right buckets of JDZ02 and JDZ05

W H/w hk/e : : . :
b /g sk /g Ak /g Aok /g
0.1 50 311.85 3.04 3.11 - -
0.4 50 313.75 3.06 3.16 - -
IDZo2 1 50 324.88 3.16 3.26 3.09  3.15
2 50 326.29 3.26 3.20 3.15  3.17
3 50 333.57 3.34 3.28 3.30 3.22
4 50 342.74 3.42  3.39  3.43  3.45
0.1 20 310.32 7.59 7.72 - —
0.4 20 312.38 7.63 7.78 - —
JDZ05 1 20 316.69 7.75 7.92 7.63 7.76
2 20 318.89 7.83 7.96 7.77 7.82
3 20 323.82 7.95 8.08 7.43 7.82
4 20 325.00 7.93 817 7.89  8.02

T B R 58 SN mm/min,

SHAERGE B SE AE B0 S5 K IR A X AR g
A T B3 30 A 7 R AT R e AR ML DA
0.2 mm TR, & 908 316 B0 5% J5 K AEAR
JEEFIR] N (24 0.4 ) BN S, 302 T =) 75 fi
KA (R MEAR B FE AN B 1 s PN 58 B0 R 174 1A% 1 o
LR o TR B T Ot Tl 38 1 5 e ol 8 <1 7K O Y
W AR B AN, 5 A T JDZ02 B
A S R L e 3k K 0. 4%, i B U



5541 B 1) o 0 A6 - S S v S B R K R 7 AU 5 + 193 -

(R — R I (1 A T 48 — W I 6, BV It 25 22 55 i [2] KOCHENDORFER J, EARLE M, RASMUSSEN

R N s W N G a2 SRy R, et al. How well are we measuring snow post-
SPICE? [J]. Bulletin of the American meteorologi-
4 Qd:i/k\' cal society, 2021, 10:1-49.
=A
[3] COLLI M, RASMUSSEN R, ROY R, et al. The

collection efficiency of shielded and unshielded pre-

a. 1 I EHRALE Wi A a] R ) R
AR T 2O Sk R B B Ok B R 2

cipitation Gauges. Part [ : modeling particle trajec-

tories[ J]. Journal of hydrometeorology, 2016, 17

0.35~0.40 s, {H B b 2 5 4 8 21 s 3 31 (1): 245-255.
IR L K 245 1 AN B B . HL 88 — o Br 9 FE R [4] FANKHAUSER R. Influence of systematic errors
t SR 0% ~85% LA, MG & t, 1 K from tipping bucket rain gauges on recorded rainfall
0.05 s Z&£ 47, BL7EEE — By BR A7 72 B0 =) foh Az 18 4 1 datalJ]. Water science and technology, 1998, 37
U av .1z,

b. FHAS L2 BOA] G, 1 2 B ] B Y 7J(/£\?% [5] LA BARBERA P, LANZA L G, STAGI L. Tip-
ST AEHSb P AR A K AR i v Bk ping bucket mechanical errors and their influence on
5 [N L= ] s 12 N

rainfall statistics and extremes[]]. Water science
and technology, 2002, 45:1-9.
[6] COLLI M, LANZA L G, RASMUSSEN R, et al.

W6 5 ek I R B 1 7 £ I 2 A2 A L S T R T A R
2 B TR 53 728 A0 A AR A DAL
. B AEAS A B EE B S K2 A

The collection efficiency of shielded and unshielded

(] PN (2 0.4 ) A EN L H i T B8 1 7 fl il 52 1k precipitation gauges. Part 1. CFD airflow modeling
BB B 2 3 I R R Il I 52, 25 i W i O R S [J]. Journal of hydrometeorology, 2016, 17 (1)
T T K 7 A B O A L SR, HLBE 231-243.

B 2o A B2 5 A A8 /N T G R (4 (7] ZE@EN, XUk, BEER, %, /R0 E Py 81U

o SRR R Z WS L] KRB,
S E30HK
2019,37(6) :160-163,79.

(1] &40, xIJude, Zeml, 4. X3 % W i 0o 5 B [8] BEfOH, XLk, BER, & HIRXWieitss

IR EE e B8 3R 3 T3 A S L], AR K L R SRR D7 R LT ], AR 2 4T, 2020, 41(5) .
2019, 39(6): 17-23. 58-65.

Investigating on Characteristics of Tipping Bucket Rain Gauge

by Numerical Simulation and Experiment
ZHAO Ze-jin' ,L1IU Li-cheng' ,CAI Zhao® ,LIU Hong-wei’
(1. Honghe Nanyuan Water Supply Co. , Ltd. , Mengzi 661000, China;
2. Nanjing Hydraulic Research Institute, Nanjing 210029, China)

Abstract: As the most basic precipitation collection equipment in the field of hydrometeorology, the tipping bucket
rain gauge has the characteristics of practicality and good stability, but there are some deficiencies in the research on the
tipping characteristics and mechanism of the tipping bucket rain gauge and the causes of the mechanical error of the tip-
ping bucket rain gauge. In this study. the mechanism of the tipping process of tipping bucket rain gauge was explored by
means of combination of numerical simulation and indoor experiment with high-speed camera. The results show that dur-
ing the turnover process. the time {rom start to stop is about 0. 35-0. 40 s, the time ¢, {rom start to level is relatively
high, about 80%-85% , and the time z, from level to stop is only about 0. 05 s, and there is a slight rebound after the
turnover touches the adjusting nut. During ¢, period, water will be continuously injected into the tipping bucket, which is
the fundamental reason for the change of additional water volume and mechanical error of rain gauge with rain intensity.
The tipping bucket will pour out the water in a very short time (about 0.4 s), and because the tipping bucket will cause
slight rebound when touching the stop bolt, it will cause the "double peak" phenomenon of the tipping flow of the rain
gauge tipping bucket when pouring out the water, and it will increase with the small installation inclination of the tipping
bucket on the left and right. The research results can provide basic theoretical support for the improvement of tipping
bucket rain gauge in the future.

Key words: tipping bucket rain gauge; numerical simulation; dynamic mesh; additional water





