2023 11 A
Nov. 2023

TEWEHEK 224
Journal of Irrigation and Drainage

#4225 #1149
No.11 Vol.42

WEHS: 1672 -3317 (2023) 11 - 0090 - 08

BERR BRI R A5

ITaH, 2 ¥, TR
(TE@ERABREHHKERL, TE F7 755100)

=

(B8] RELFAAETESHZER SR RHEGM AL

[77k]) AT % F@A 5 BUAE T AMIR

R, pAARERAEHEREMNA LYY R £, MAE—KLANGFaE, ANERNTNAE, +RERE

% HB AR B RMRAEN F RS TR EAR B B
FRReGIR B A A RAR B AR AR R R BB A R A T HTNE,
M ARBAE SN Fort oA, TRAMETENGRATRE, EGRYKRAY, RELE

E, Ra#aRileashiss,

W AR AR B RAL)E B AR RORE R, AR B B IRAYIRARE ) 38 5%, REAEHMEHE.

BB A ESATIAE, AR E R BRI HIES T4, Wi

(28R & AR A R 54K

[4it]) %idwsE

5 # 303 + 0 ERR S AR IR KA T b MAR AT, MEIREHESNAN, HEANAZMNER K, 2R
RTAEXNEAK B ANAERBEA ZIE, 5 RSREGE ENRRETHZGKRE.

X BR: AR EH: MR, BFEE; FRIYKK, =

PESHES: S27; TV6T7L MRRFRERS: A

doi: 10.13522/j.cnki.ggps.2022465

F4%F, KRR, DER BERREIMNRETIARENE AR ERHPKFER, 2023, 42(11): 90-97.
WANG Xucun, WU Rong, MA Jiadong. Application of Ultrasonic Flowmeter in Yellow-river Irrigation Channels[J]. Journal

of Irrigation and Drainage, 2023, 42(11): 90-97.

03 &5

T B [ i XOR T B SN KK X
BHRE3IW 6 E (X)) 16 S HEMARNRER I N B
IKATSS o I VR TR B Bt AR L ANEE T AR 11.376 /5
hm?, ST 29 &, T3CH/KIEIE 464 km, JEiEHt
HHEIF 396 Hi. [WFFEE L] 75 2019 4F 222545 —
AL TR T ARG, SRR BT AR N A B KR
B, SRR SR, ASRei E RGN
TR ST RIFKI TR, AT ELF P s K Bt
TR, XK RS, HEshKEEX
MR R, WHEEEIT O A stk

LA et ] RIE H 20 40 50 FAHF IR, HE
B WEEA TR 2, MBI EEUR &
KA B KIEIRTA. R R R CA K
TR RN, K BIPLAE RH E
N I 7= L/ TR = 18 1 TR & 2= W 1
== 1 e A A L = ) F A 11 iy Vi e W TR NS0
WFTFEF AR A T RER. M 20 tH4 90 FF4RTT

Yeks BER: 2022-08-23 f&E HHA: 2023-07-04 M4 AR HHA: 2023-11-14
EEWH: ERH/KLRE “6+17 MRMUE TREEFARMASNE (7
KEME A (2019) 55)

EERN: F44F (19720 , 9, TEHTA. M LEH, %4, =
TENFKH TARE EAK TR0 7. E-mail: ghysglewxc@163.com
BEENY: R (1972 , 5, FEEMA. MR LR, %4, £
KR TFEE H AW 7L . E-mail: ghgck@163.com

© (GERHKZRY 4EEE0, FFBEREL CC BY-NC-ND 1%

90

g5, FEEX KA SR KEL B 21 A
A B TR 2 A R R TR E R
AR, R [ 31 BT 7 5 R 1 K Rk
TSR, BEWAND. W, W
WL EENACREE R AL BRI B AR o 3 2 i
2] DR KT E IX A5 S AL B IR AN E X S
MO 5 95 /K B A R R, XA B Bl ki
EFH] AR

TR 7 Rt TR R P R e A K L RE LT
55 FeLAE GBS S) . RN thagrshL
MBI — R B R el
A EAE, Hepe A B R E B MBS |,
5B A S B B, DRI S 2 B ) A
HEFE T AT S T B, O AT A AR I S P s
2225 () A B VR S B A T P e e i T, AR R 240
BRAT B2 NI o B R LIRS S A ]
BT A RRE LS 2 WA PR mAZ IR AIA G
RN L R o TSRV 2 2 X 7
T U %, it s VR e ) 6 7 3 e
FAE O ELUR B KRIEAT B SRR 2 b R O R
ik A 2 s AT U IS AR AT XU S P I R A
B TR 2 0 7 Jp A0 B A D R B 2 P T
B SRR, Vi 1 5 O OUR) P g 2 A R A R R
B B PR RESR AL To A AR AT LT A (R
FH 7 P R B T PRI AR R AT 2 RE PR RS E R



FAF S BRI S ORIE R N T T

S VL BiTR an ks N E D= Pk LM A 1
e R R TT A R R

(VI ST 2019 [ H7/KAE B 3L X g
L, RHRIE BT DTS RS g, Eog
FIEHEITH 124 68, XLz — i 76
REAR, KBBR8 o3 1 107 s I e 5 1l 1D ELOT
FSERrd i A — R A 22, A S8 BT L
RIRZEAE 200004 o [HOR R I OCBE M R O T S84
SR PE AT I, 8 BT IR A 5 5 i
B AERTAHIUSR A S AT R RSl BRI
AL T REAT IR s, AR BIERIE IR B 3% ]
RIS L EEK o

1 ZFREBFEERETNERE

11 BEEREITHENX

T P U I R T R P R P A K R I 1
FERR TR (T B) 22, SRl e WRAR T B R B, gk —2F
THE AR B 0 — R 7k o 8 75 I (A 3R P v S ]
PAZS A 223 AR ZVE I 2025 )5 1k, 4 ik
S ) FH 8 75 R P VR AR HR RS SR B A R
s WA R R I R IR AR B BT 5| R A A
5 P D F SRR A DL AT T I Vs
1.2 FEXRBEEREITHNE/RE

FELIEP R LRI — KRR AL B &L, AL
B A T 0] L 7S T I (PR S e R AR, AH A B Ok
R, A REESROL T8 LM, B ¥REssfT
TR, AB S Z EMIEEESN L, KT
AB s [EI[MIe SN 0, KIEHFEREA v, KIRAE
AB J7 A FRRE N vi, AR K EEE ¢, A
e fl B e BEARAH 17158 & 1% R SGER 75 I ikl
fF45,

IR KT
N TS (B)
I=Z]

=

KA 18] Gt

B
Ll e & (A)D

B1leZiREEFE
Fig.1 Ultrasonic arrangement of time difference method
B A HRESR RS S T, 15 SRR T )
[a) i B #efg dntlid, 1554 E tag 2GS
Yoim B HeRERS, XIS A IEREY c vy, 1%
FEERE N L, 0 P AR AR N R tag 30 (1) P

L L
Tc+v, c+veosd

T B e g KAHE T, LIS TA] tes BIIA(E T2
s A HeRERS, IXIE S I AR IRIR N c—vy, &k
FEESN L, TR A AL RR I A] tea 2N (2D Pl

L L
- c-w__ c-vcoso

FIFHN (D F1 (2) wTBATH S H S A5 5 78
R ABR I A 22 At A0 (3D

L ) L _ 2vLcosd | (3)
c-vcosf c+vcosd c?-vicos’l

FH T 88 P U AE AN [R] K () AR P B AN R], —
FRCI OL T 8 S A K AR FE RS ¢ £E 1 400~1 530
m/s 22 [, iz K TR HIE, BBl ¢®>>vPcosd,
Xt ¢ SRt vieos®d TT LLE AT 0, AR (3)
AL N (4)

D

AB

(2

tBA

At=tg, -tz =

~2vLcosH

At — (4
C
3 ()R] PUHE S H iZoK i 2 ) PR s X (5)
c2At
V= , (5)
2L.cosd

FH UG AT N, 7K I T8 5 7 P 98 A 7K I R 8
(RIS B) 22 AR L, 558 7R A 3R 00 R B R L

WA RIS KW Y S, FEZWE R I i E
X 6) .

C°At
2Lcosd

MR 48 7K L L it 12 W T ) 0 T A T B T AR
HERE VT A BT A KR
1.3 RiBKRAVF R MR &

HH T /KA B, AKAE s AR A e
FXZZ), JRIE A BN KIREA — YT, S30K
VAESEIT P BE IS0 T B 5 PG . AR PR K B R R,
p kL= = S I s = e S R DAY BT S 4y O L S g =t
TE JEC AN BE A S, A FE R s K AT
b S Ve = VA B2 W TEE NPT Y v 3-8 2 S T/ AN

o B R P R R i A R DN B L T AE UK )= 1Y
PIRE, 3P DR 1Z0K)E B —E s
UIE, ok AR IS A W T ) s 2 IR TE
Tofs BE LRI 5 —XoF 8 7 8 ke e 4 A M & 25 SR e VAR
HEANWTT PRI s DA T A ) e e YR W v
PRV, FEAS [F] AR 7R Ak 22 25 2250 ot 7 U0 48t i o4 DN 2
AN TR BE R B30, R 25 BT 18T 1) ~F- 3503 4 il b
ST ERTH R E, RE/RBIZA W ERE, 5t
FE I 2 PR IE I 22 VR R T I R TV

Q:VS: (6)

91



FEBLHEZK 23] http://www.ggpsxb.com

2 ZEREBEERETEREGRENNHA

2019 [ /KUSE R [ A s dug . KA
Z X BN a4 A A I — AL IR 1], SRiE L
Bz AL ] 124 B8, ZAERIEE AL ]
SR AN IR KT A E . ST BT
) 10 5 -5 e g B 1 B shazs ] s iRe e i) B
WA o M v SRS BBER, JRRAI R A
[F1 Db A% A 28] 7 B A U B2 o 0o AN 2% 2 10 T 6 Y 5 v 1
FE=, SEHUG BT 18 [T A AT R A P A 4%
i AR DI MU — R 1] 2228 Jm A R i
IR E KA BT RS KN A 2R 1], (R
N BRAR A R Lo AR AR L R e A = T SRS B
5 B BRI BT FE B S
2.1 EEREEFOMER

[T SR EIT 1 REE E DOR PR =}
SR SRR TR FA; X TR REREIT A,

W IRAE B — I HLAL IR ST RIRTHR T, XHEiE
FEDX A AAEDDIEATHEWE, 2 SR KA PR, W
BT H B BC K R ARAIE T — R vl K R ML I IE 5
BAT: KA S, S0 B DR K R R E
IKAT o PR IG RE FE T 10 97 R B S6of YR 3 K A 4R 47 4
A SRR ERILE, 185 TSR ANK A3k
U RS HENE, RP/KEX e m R KR A /5, 5
U R 25 HE X I B I 6
2.2 EgRENE— ML) E R a3

I — A RS T R A, R B 4 i
[T B Bt A5 i 92 b o i & = BUE A7 —
EMMRZ . 78 2020—2021 5 B /KRB 2EF 7B 5
[ 47 K B B AL IR 5 [ VT4 53 BANFT KM
P — A ) T (R A AT I PR R LU, X
% R R AR TE Mk IE KB AT X T, B
DUKEBESE R LR 1.

% 1 BEHKEE M 32— AR TR B gt &
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Table 2 Comparison of measurement accuracy of different sediment content in channel water

SOaF WRERem® SR (m® s IRIE b (kg M) HETR(m® ™) WA ZME(m®s™)  WHERRE%
1.82 0.251 0.001 -0.40
D303 9554545 0.25
18.61 0.226 0.024 -9.60
2.44 0.233 0.003 1.30
G201 110>60>60 0.23
16.72 0.252 0.022 9.56
2.16 0.155 0.006 3.73
G506 86>40>40 0.161
12.63 0.142 0.019 -11.80
1.97 0.126 0.006 5.00
D103 86>40>40 0.120
24.64 0.135 0.015 12.50
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Table 3 Comparison of gate opening degree and measurement accuracy of integrated gate

SFOBRR R Hem® EDKRem WIIIEE M MR ISR s i O E(m® s MERE%
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95.4 75 18.8 0.082 0.094 -12.77
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139.6 4.1 9.1 0.193 0.216 -10.65
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Fig.2 Flat and elevation layout of the integrated gate
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Table 4 Comparison of transmitting and receiving
distance after angle adjustment of ultrasonic transducer
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Table 5 Comparison of measuring accuracy of different water

levels at 303 bucket mouths of Tongxin Sangan Canal
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Application of Ultrasonic Flowmeter in Yellow-river Irrigation Channels

WANG Xucun, WU Rong’, MA Jiadong
(Ningxia Hui Autonomous Region Ocean And Water Management Office, Zhongning 755100, China)

Abstract: [Objective] As the allocation of Yellow River water for irrigation diminishes, there is a pressing need to
improve irrigation management. A fundamental requirement for achieving this objective is a comprehensive
understanding of water flow in each irrigation channel. The aim of this paper is to propose a method to improve the
precision of ultrasonic flowmeters for measuring flow rates in these sediment-laden channels. [ Method] The
proposed method is based on the principles of multi-channel ultrasonic flow measurement. It entails a
comprehensive redesign of the integrated measurement and control gate. An automatic gate is installed to regulate
flow through the gate, while a multi-channel ultrasonic measuring tank and an ultrasonic level meter are placed
downstream of the canal gate to measure canal flow. The angle of the ultrasonic transducer on the measuring tank is
adjusted by shifting from the original 45°to 60< This adjustment shortens the effective distance of ultrasonic sound
intensity, reducing the attenuation of sound intensity caused by factors like sediment, bubbles, and suspended
impurities in the water. An additional ultrasonic level gauge is integrated into the upper section of the measuring tank,
and channel flow is measured through the coordinated operation of the ultrasonic level gauge and ultrasonic
transducer. [Result] The separate installation of the control gate and the flow measuring tank has no adverse impact
on gate automatic control or the monitoring and analytical calculation of flow measurement data. Furthermore, it
stabilizes water flow within the canal and decreases the Reynolds coefficient of the channel flow, reducing
interference from culverts and water flow noise on sound intensity. In cases of high sediment concentration, the
shortened effective distance of the channel ultrasonic sound intensity leads to reduced sound intensity attenuation.
This enhances the ultrasonic transducer's ability to recognize sound intensity and substantially improves flow
measurement accuracy, especially in conditions characterized by high sediment content and impurities. The separate
reconstruction of the gate and measuring flume at the 303 bucket mouth of the three trunk lines was compared under
varying water depths and sediment concentrations. The measurement error in several scenarios remained within 5%.
[ Conclusion] The automatic water measurement facilities developed in this paper meet the rigorous requirements
for automatic flow measurement and control in irrigation areas. The results have potential for application in
modernization of sediment-laden channel water measurement in high sediment concentration areas, thus contributing
to the information technology advancements in such channels.
Key words: ultrasonic flowmeter; flow measurement; Yellow River Channel; high sediment flow; measurement
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