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Numerical simulation of portable short-throat flume in the field

XIAO Yi-zhou, WANG Wen-e* , HU Xiao-tao
(College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling 712100, China)

Abstract  Portable short-throat flume, which measuring the discharges of water inlet in the field, is a new flow-
measuring device. Based on the principle of critical flow and RNG k-¢ three-dimensional turbulence model, simulations of
16 working conditions by FLOW-3D software were carried out on the portable short-throat flume with 76 mm width to
study hydraulic performance. The time-averaged flow field, flow regime, velocity distribution and Froude numbers were
obtained and compared with measure values. The results showed that. Simulated values were consistent with the
measured values within + 10% errors and the measuring range of the flume was up to 40 L/s;Compared to long-throat
flume, the head loss of portable short-throat flume in the field was less; Furthermore, equations of upstream depth with
discharge under different working conditions were fitted by regression analyses, and the relative error was less than
9.95% . In conclusion, the portable short-throat flume in the field meets the demand for precise measurement of
discharges of water inlet in the field.
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Table 2 Calculation of head loss of portable short-throat flume

KK by, /mm Head loss

H 2 R E——— P HAp i
Outflow condition Discharge - B Relative error/ %
Simulation Experiment

6.77 6. 1 5.7 7.02

10. 67 12. 8 12.7 0.79

14. 41 18.8 19.5 —3.99

B 21. 44 23.5 25. 3 —7.11

Free flow 25.17 27.7 29.7 —6.73

31. 83 38.4 39.7 —3.27

35.91 43.1 42.9 0.47

40.01 43.7 43.6 0.23

6.77 15.7 16.5 —4.85

10. 67 23.4 22.6 3. 54

14. 41 29.6 29.2 1.37

W A 21.44 33.3 34.7 —4.03

Submerged flow 25.17 35.8 36.2 —1.10

31.83 40.1 39. 8 0.75

35.91 46.7 44,3 5.42

40. 01 56. 2 57.0 —1.40
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Fig. 8 Comparison of measured and calculated discharges

through portable short-throat flume

4 HR5E®R

H i T ] 08 45 b i ORS00 T 2808 E Y
K R K B K TR B = H KA 52 3
IRTE A R B 3 0 R L 75 2% i e D IR AR Y
SR RS ZHETT D O KA TR & 0 v LS
PEVSEBRYE DARAE— IR o Bk — BR L i 4
22U 3l T H ) K O KR T R R A K
FEELE A BE . & F T H D)k K O K g T R A
JKHE SR o T AR R 4 A LA K K T
O % 14 TG W K 50 SR ) 6 i R f 15 4 L[] 37K 11 K
A A . A B I TE ORS8RI Al
e B e 48 R A S DTS A BT B R e A
T 00 245 S 2% B A A i KR b it K T AR e s T LA
B D o R L O R AE M B A N AR
KN FE WA T e R (BTG 9K A X KRS
BOR . e 3R B e ROK Sk AR R S i ROK Sk
12.89% /NFHR Ml iy 13267, o T i &K
R BB R b R R ) 5 8 X e Rl 4
A TR] BRL 3 A0 A B it Ty R X FH ) K K
st AR T EOR KR KM ikt S
it T EL A W S ) IR

Hfr % A # CFD ( Computational fluid
dynamics) 48 2 T W1 IR 7K It it S 155 400 7 2 4
F 3 A FLUENT, FLOW-3D &, & #f 38 % H
FLOW-3D £ 1 . 45 & % 7K R 9 T A it B X H i) fiE
185 X5k W R K I A 3 43 A AT BIE B ARLBE 5, A AU

[ e 4% = 0 A e AR O 6~ 40 L/, 3t DU [ Bk A
A LA S X F () K T K R R R, Sl A i
5 5 B AU AR 25 & 1 7 vk RGAE ST T H a5 5K
T e A ) K T R, BRI

1) HY 16 F T000 45 40 T (i) o 465 X it e Al 55 400
{8 5 SCAE A X Eb 25 ST A, 3 AR i o A —
B, KR W T I A AU 5 S AR W A A
X 2 ¥ AR 1020 DL, o] DLl o X i K OKS JE
2R,

2)) 38 3k X Y PEAIORE AL 5 i e T S A X
Sy AR AL B MR S i T S A A
ol Y T ACHT R 43 AT R 3 BT AT R I SRS 7K R T TR ) 7
AN MR B, FLAE T U M AR AR I A K R G T
V7 M B P B i 1 T I

3) 38 2o XoF f5E 7K R K Sk 400 % I 43 BT A L % K
R H A (AR PN K Sk PR L I R I AR
TN /AN S 8 G R K Sk 40 119, de Rk
S R MKk Sk Y 12, 89 %, K Sk 2k R A
0.08~0. 12 £ KKk, /N F R MEAE Y 13 %, b 1T
JHIZ A KR B 7K Sk 5 R /0 S T DAL T X A0
K Sk AR N I THE DX A K

O3 R G B S BUE 5 B S TR A IR
ST KR 1 K TR A R R IR 4R 5 A
AL EA XA L A RRAEE, A b
TSR T U S T A S S0 T 2 A X R 2
AU 11106 e RAH X R 25 — 7. 54 %, W i
FAF TR A RO R 2R 3,16 %0, 5 KA
PR A 9. 95%0 R 223 <10 %0, ] DL e X
JK 5L il 1 000 9 G 2K

FEL T {8 455 K Ja i 2% 4 057 B0 3 A0 R 2 D00y
DU RS B v L ELK Sk R /N 3 T E koK
B K TR R 2 U TE SR RS RS Bk A BR 4



138

L L I N =

%

2016 4 2 21 &

— PR 25 55 P A T R 48 S K B A . X T
DX TH [ AQ 2 42 3 2 R it o 1) A 00 D R 4 5 L E
R B B S 51 oo (9 FH ] 468 485 5 MR R HEAT A
HER I A 1 T — P TRABETE .

(1]

2]

(3]

[4]

(6]

(7]

(8]

(10]

[11]

(12]

2 % x #t

WA T B R 2% BRI KR R A 5 BOIR S R L .
PHACAARBE B R 2 - B AR BH 2K, 2007, 35(4) :214-217

Pan Z B, Lv H X, Wei X. Current applied research and
advances of measuring flume in irrigation district[ J]. Journal
of Northwest A & F University: Natural Science Edition .
2007,35(4) :213-217 (in Chinese)

FARAE, HAKEAR 5B (M. Jb 5. o B KR K R A
2005

Wang C D. Water Measurement Technique and Measure[ M.
Beijing: China Water & Power Press,2005 (in Chinese)
ATRUEL 76 e 5 X AT 3R I X kK BUIR R R R R A ], A5k
W 2004(4) £ 35-37

Yu S E,Zuo X X, Zhao W. Status and developing trend of
domestic flow measurement in irrigation district []J]. Water
Saving Irrigation ,2004(4) ;35-37 (in Chinese)

e SCEE B R R 3 I DX A KRB AR ()], W K I L 2012
(5):56-59

Xu Y J,Han Q B. Summary of current research on measuring
flume in irrigation districts of China [ J]. Water Saving
Irrigation ,2012(5) :56-59 (in Chinese)

M OB, E SO, WIS BT CFD 1 [ i) i K R % B 5T
(I, o AR K R , 2015(8) £ 126-131

Xiao Y Z,Wang W E,Hu X T. A comparison of flumes in the
field based on CFD[]J]. China Rural Water and Hydropowe .
2015(8):126-131 (in Chinese)

Cone V M. The Venturi flume[]]. Journal of Agricultural
Research ,1917,9(4) :116-129

Parshall R L, Rohwer C. The Improved Venturi Flume[ M.
Fort Collins: Colorado Agricultural Experiment Station, 1921
Parshall R L. The Improved Venturi Flume[ M]. Fort Collins:
Colorado Agricultural Experiment Station, 1928

Wright S J, Tullis B P, Long T M. Recalibration of Parshall
flumes at low discharges [ J]. Jowrnal of Irrigation and
Drainage Engineering ,1994,120(2) :348-362

B B2 B UL BEOR BOK AR K R PR e aF o L) ] 3
K 2009 (12) :45-47

LiJ,Lv H G, Xu W X. Experimental study on hydraulic
characteristics of Parshall flume[ ]J]. Water Saving Irrigation ,
2009 (12):45-47 (in Chinese)
Cox A L, Thornton C I, Abt
measurement using a large Parshall flume [ ]J]. Jowrnal of
Irrigation and Drainage Engineering »2013,139(8) :655-662
U SO, WS ) 48 P R R T K R K O R
Pl [T ] Rl T4 . 2015.31(10) :99-106

Xiao Y Z, Wang W E, Hu X T. Hydraulic performance

S R. Supercritical flow

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

experiment of portable short-throat flume with flat base in
field[J]. Transactions of the Chinese Society of Agricultural
Engineering ,2015,31(10) :99-106 (in Chinese)
B2 3R M. K Iy 2 LML bt b s Rl it
2011

Lv H G,Pei G X, Yang L X. Hydraulics| M. Beijing: China
Agriculture Press,2011(in Chinese)

Ramamurthy A S, Tadayon R. Numerical simulation of flows in
cut-throat flumes[ J]. Journal of Irrigation and Drainage
Engineering ,2008,134(6) :857-860

Aydin M C, Emiroglu M E. Determination of capacity of
labyrinth side weir by CFD [ J]. Flow Measurement and
Instrumentation ,2013,19:1-8

XL, SOk WIS, X 5 2. U T S 38 (B Sk KRR I U R
PR AL ] ARl T A2 412, 2014,30(19) : 97-106

Liu Y, Wang W E, Hu X T, Liu J] M. Experimental and
simulation of factors affecting flow measurement of water-
measuring column with round head in U-shaped channel[]].
Chinese Society
Engineering ,2014,30(19):97-106 (in Chinese)

X5 26, SOk BV, U I 338 B Sk s K A i BUE AL .
P Al K 2], 2014,19(1) £ 168-174

Liu ] M,Wang W E, Hu X T. Numerical simulation of water-

Transactions of the of Agricultural

measuring pillar with round head in the U-shaped channell J].
Journal of China Agricultural University,2014,19(1):168-
174 (in Chinese)

K. B 2%, JK Y H . £ B . DINH Thi Huong. FJE#. U
I TE HLILIE f KR K BR B AR L 5 R g LT ). Ses ik S
2.,2013.27(1):65-71

Sun B,Lv H X,Zhang K D, Shi X,DINH Thi Huong, Zhou Y
S. Numerical simulation and experimental research of hydraulic
jumps on the airfoil-shaped measuring flume in U-shaped canal
[J]. Journal of Experiments in Fluid Mechanics, 2013, 27
(1):65-71 (in Chinese)

B f . T2 S0, P IR BT VOF i e K Al L 37 8
BT T, AEE H K 24 2008 ,27(2) £ 26-29

Hao J J,Ma X Y,Wang B L.,Zhang J X. Numerical simulation
of flow field in flow-measuring flume based on VOF method
[J]. Journal of Irrigation and Drainage ,2008,27(2):26-29
(in Chinese)

BV G X M D5 R G RE  A E. HLIL R KRS 9 3 36 BF 5T
L. Alk T/ 242, 2006,22(9) : 119-123

Lv HG,Liu H F,Zhu X Q,Pan Z B. Experimental research on
airfoil-shaped flow flume [[J]. Transactions of the Chinese
Society of Agricultural Engineering , 2006, 22 (9):119-123
(in Chinese)

FEME AR FSL, 8 E U R RE 8 K
K IVREE AR ST DL P AR AR KA K 2010 (5) 2 124-127
LiG J,Mou X Y, Li J] S, Wang L, Dai X. Research on the
hydraulic characteristics of U-shaped channel of straight wall
tanks[ J ]. China Rural Water and Hydropower, 2010 (5)
124-127 (in Chinese)

FAL A, WA



