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a. BRRIALHT G AT B
a. Comparison of model before and
after simplification

W SEEOANIERTE, RENFLEENIEE. C HRK, m: PR,
m; R AFERZE, m. TR
Note: The solid line is the airfoil shape, and the dotted line is the simplified
airfoil shape. C represents the length of the airfoil, m; P represents the height of
the airfoil, m; R represents the radius of the circle, m. Same as below.
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Fig.1 Simplified diagram of imitating airfoil shape model
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b. Simplified model
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b. 1-1 IEMLE c. A-A FIH

b. 1-1 Front view c. A-A section view
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Note: Shaded part represents hydraulic model; B represents maximum width of
the hydraulic model, m; H represents upstream water depth, m; B, represents
minimum overflow width, m. Same as below.
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Fig.2 Schematic diagram of imitating airfoil shape structure
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Table 1 Parameter table of test models

5% Wikt IS
Serial number Contraction ratio & Body width/cm

1 0.537 324

2 0.571 30.0

3 0.606 27.6

4 0.657 24.0

5 0.674 22.8

6 0.709 20.4
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Fig.4 Relationships between Froude number and flow rate and
contraction ratio
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Table 2 Comparison of water depths at upstream and throat measuring points

W L s L3I 55 Upstream measuring point W I /5 Throat measuring point
Contraction ratio 11O rate RIEAKIR FERK IR MXFIRZE B KR [ZE{PV PN LERORTS =
MLST)  Test water depth/cm Simulated water depth/cm Relative error/% Test water depth/cm Simulated water depth/cm  Relative error/%
15.3 7.88 7.66 -2.83 3.92 3.94 0.60
19.4 8.78 8.75 -0.38 5.02 5.12 2.06
25.0 10.07 9.94 -1.26 5.40 5.26 -2.59
0.537 30.6 11.58 12.01 3.68 5.80 5.98 3.10
35.1 13.08 13.42 2.57 6.40 6.62 3.44
41.7 15.32 15.44 0.81 7.78 7.73 -0.69
472 16.45 16.25 -1.22 8.07 8.03 -0.45
153 7.70 7.98 3.64 3.82 3.80 -0.44
19.4 8.75 8.86 1.26 4.88 4.99 2.18
25.0 9.68 9.25 -4.48 527 5.13 -2.59
0.571 30.6 11.15 11.1 -0.45 5.52 5.56 0.79
35.1 12.45 12.75 241 6.15 6.15 0.00
41.7 14.48 14.25 -1.61 7.58 7.51 -0.97
472 15.88 15.99 0.67 7.83 7.68 -1.96
15.3 7.33 7.46 1.73 3.58 3.76 4.93
19.4 8.10 8.25 1.85 4.70 4.66 -0.85
25.0 9.17 8.99 -1.93 4.92 5.03 2.31
0.606 30.6 10.43 10.24 -1.85 5.33 5.21 -2.31
35.1 12.07 12.31 2.02 5.90 5.76 -2.37
41.7 13.75 13.96 1.53 7.32 7.16 -2.14
472 15.17 15.25 0.55 7.57 7.42 -1.94
153 7.02 6.94 -1.09 3.42 3.44 0.68
19.4 7.28 7.43 2.01 4.52 4.65 2.95
25.0 8.92 8.83 -0.97 4.78 4.77 -0.28
0.657 30.6 10.15 10.01 -1.38 5.17 523 1.23
35.1 11.45 11.66 1.83 5.50 5.76 4.73
41.7 12.93 12.85 -0.64 6.70 6.56 -2.09
472 14.38 14.17 -1.48 7.20 7.45 3.47
15.3 6.75 6.63 -1.78 3.33 3.44 3.20
19.4 8.03 8.01 -0.29 4.40 4.46 1.36
25.0 8.75 8.89 1.60 4.63 4.85 4.68
0.674 30.6 10.02 9.92 -0.97 5.03 5.23 391
35.1 11.17 11.35 1.64 5.43 5.62 3.44
41.7 12.37 12.54 1.40 6.43 6.64 3.21
472 14.02 13.87 -1.05 6.97 7.01 0.62
153 6.23 6.15 -1.34 3.52 3.54 0.66
19.4 7.77 7.88 1.46 4.12 4.02 -2.35
25.0 8.28 8.39 1.29 4.40 4.56 3.64
0.709 30.6 9.52 9.37 -1.54 4.72 4.88 3.46
35.1 10.75 10.98 2.14 4.85 4.97 2.47
41.7 12.57 12.47 -0.77 5.82 5.52 -5.10
472 13.62 13.57 -0.34 6.45 6.61 2.48

- ——

M8 £ Froude number
tidiFlow velocity/(m-s™)

e —
0 0450 0900 1350 1.800 -_—

U N N . 0 0.226 0452 0.678 0903 1.129
B6 4EREEKALEILERZTIE

5 4 SE 18 SR A
Fig.6  Variation diagram of flow Froude number in B8 4EHEHEALENH
rectangular channel Fig.8 Streamline distribution in rectangular channel

- Aol Q i, mss BOAECNTWRAEL, m H Ny i
FiFlow velocity/(m-s™) K, ms av n A K AR 0 AN £ (AR
-— - — 2 W . w —
0 0226 0.452 0.678 0.903 1.129 S HE R e« (EXT Bk br R gt
B 7 4B REKRIRE S E H, H
. e L In|—% |=nln| — |+1na (8)
Fig.7 Distribution diagram of flow velocity in B B

c c
rectangular channel
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Fig.9 Flow measurement formula data fitting line
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Table 3 Measured flow and calculated flow error

Wit S THEL AR 1?% Wi S T AR 19%
Contraction ratio Measured ﬂlow Calculated ﬂow Relative Contraction ratio Measured ﬂow Calculated ﬂow Relative
rate/(L-s™) rate/(L-s™) error/% rate/(L-s™) rate/(L-s™) error/%

15.3 15.92 425 15.3 16.92 10.83

19.4 18.51 -4.61 19.4 17.83 -8.11

25.0 22.37 -10.50 25.0 23.63 -5.49

0.537 30.6 27.20 -11.10 0.657 30.6 28.30 -7.53

35.1 32.23 -8.18 35.1 33.47 -4.65

41.7 40.14 -3.75 41.7 39.65 -4.91

472 4433 -6.08 472 45.98 -2.59

15.3 16.50 8.05 15.3 16.50 8.05

19.4 19.71 1.61 19.4 21.02 8.37

25.0 22.70 -9.20 25.0 23.68 -5.28

0.571 30.6 27.63 -9.72 0.674 30.6 28.58 -6.59

35.1 32.21 -8.23 35.1 33.25 -5.26

41.7 39.76 -4.65 41.7 38.33 -8.08

472 45.21 -4.21 47.2 45.64 -3.32

15.3 16.44 7.68 153 15.60 2.17

19.4 18.88 -2.65 19.4 21.19 9.23

25.0 22.43 -10.26 25.0 23.18 -7.28

0.606 30.6 26.86 -12.21 0.709 30.6 28.12 -8.10

35.1 32.89 -6.28 35.1 33.32 -5.07

41.7 39.45 -5.39 41.7 41.41 -0.69

472 4523 -4.18 472 46.31 -1.89
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AR E AR, EHEXEKR S EEH T RYREX 4N
WEIE . @ K TEAGAIS A EUE AL 5 R, I
I R AL BT I E A s, T B CRTER, B
¥5 5. Di Stefano Z5E Samani 251 TAERFREAE F15
P RE R 2R A, KPR O - H Y
B. IR E, SRR A2 MR ZEN
W e T O LI B KR . 2 DAL 2 202 gk KRN

KGRI, K RIS HOSUAE KR 3
6 K, EH TR HIEA KLU RN S v il 2k A 5E 6 5 5 5%
JRIA, SFEODAEME COKERE I T IR E, SEERS T
LT HIIRIR ZBOR . A 7 OB T 2K R Z2E K
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AT E VKRG, WA R Rkt . ZET AR A
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Wi tER . KRS K I EREA T b, BB BT i%
METARSIRK TR TS, iR X EK i
RS T B i HORS EEANRIR, thn] g KR AR Y AL A A ]
PFRAEAER]

5 4 1

IR I AT KGR AL L PR L, A AR A K L
RIS 5 BUE AN 25 A 0 5 L e B I 78 T i pLER
TR KA K S, BB RS B F .

D PiNLE Y E/KFEA RO A BB RTEE, W R
TEVESR . (B3R TR SR 1R T 28 K = B B KA 6.32 em,
5/IMH 0.46 cm, $MH 3.25 cm. ZEAKE RN, BT
NESE i T2 7 A E M R . BT TS ik
TEEI/NT 0.5, R MR ER .

2) F|H FLOW-3D #fH3ghn 1 3 HEKil#EK, 2
SH SR LU IR RE T SR 38 7 1L 38 T A 485 o S K R BB AR
AR EKEMRAN, MEREHESHE,
BEGHLET EAFE KR EAR . FIEHLEEEK
MR ARG, FHIRIREN 6.34%.

3) AR FAT LR AT 5 X KR Tl &I F
15.3~47.2 L/s. ZE/K = B A i i A 2 K IS BRI R,
Ak IR LB 0.606~0.709, Yi4EEL 0.606 21F
MR ZEN 6.95%, WR4EEE 0.709 Z&44F T P18t i
7 4.91%. AW KGR 65~80 cm, i & X
HKER, SR TR IRIETEE N 70 em B, EEK
5 65~80 cm.
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Hydraulic performance experiments and numerical simulation of portable

water measuring flume of imitating airfoil shape

L2% Ling Peng’

He Mengyang?, Shang Haixin®, Zhang Kuandi
(1.College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling 712100, China; 2. State Key Laboratory
of Soil Erosion and Dryland Farming on the Loess Plateau, Institute of Soil and Water Conservation, Chinese Academy of Sciences and

Ministry of Water Resource, Yangling 712100, China)

Abstract: Accurate, simple, and rapid water measurement in the field is highly required for the planned water use and
water-saving agriculture in most irrigation areas, particularly in the last small cross-section irrigation districts. In this study, a
measuring device was proposed in an airfoil-like shape with a simple structure, according to the conventional airfoil-shaped
flow measuring flume. The simple structure of the airfoil-shaped measuring device was applied to the small cross-section flow
measurement of the rectangular channel. A hydraulic model test was carried out in the Laboratory of Hydraulic Engineering
and Hydraulics of Northwest A&F University of China in 2020. A plexiglass rectangular channel flume was designed with a
size of 17 mx70 em*100 cm. Flow flume models were all made of hollow wooden materials. A total of 42 test schemes were
designed, including 1 set of airfoil length, 6 sets of contraction ratios, and 7 sets of flow rates. A better hydraulic performance
was presented in the numerical simulation than before, such as Froude number and flow streamline. A FLOW-3D software was
also used to supplement several sets of models to evaluate the simulation accuracy, and the hydraulic performance. Specifically,
the upstream Froude number (less than 0.5) was verified to meet the national standard requirements. The position of the throat
produced the critical flow, whereas, the downstream resumed the slow flow. The average height of backwater was 3.25 cm,
while the maximum was 6.32 cm, and the minimum was 0.46 cm. A total of 84 datasets were obtained from the hydraulic
model test and numerical simulation. The flow formula of the portable airfoil-shaped flume was achieved, where the average
relative error was 6.34%, meeting the requirements of the last small cross-section channel. The flow rate range of the flume
was 15.3-47.2 L/s. An optimal combination of hydraulic parameters was achieved, where the range of shrinkage ratio from
0.606 to 0.709, with an average error of 6.95% under shrinkage ratio of 0.606, while 4.91% under shrinkage ratio of 0.709. The
airfoil length ranged from 65 to 80 cm, all of which were suitable for the specific irrigation area. Correspondingly, it was
suggested that the airfoil length ranged from 65 to 80 cm, when the channel width was 70 cm in the practical field. In addition,
the double channel in the flow measurement device demonstrated that the entrance was flush, and the central axis was parallel
in the center of the rectangular water tank. There was no gap between the bottom of the fixture and the channel surface during
installation. The symmetrical model was well sealed at the joint of the central axis of the channel for a higher accuracy of flow
measuring precision. Consequently, the simplified airfoil-shaped flume can be expected for the higher safety of measuring
channel, concurrently remaining the excellent performance. This finding can provide a promising economic and practical
support to the higher performance of measuring water and the efficiency of water use, particularly to the popularization of
small-section portable flow measurement flume in most irrigation districts.

Keywords: flow measurement; numerical simulation; portable equipment; imitated airfoil shape; rectangular channel
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