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Investigation of flow over a crump weir in free and submerged flow conditions
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Extended Abstract

Introduction

Weirs are essential hydraulic structures widely used for flow regulation, water level control in reservoirs, and discharge
measurement. Among various types, the Crump weir stands out due to its simple and cost-effective design, making it
particularly valuable for irrigation channels and water distribution networks. Its unique features, such as reduced sediment
accumulation and adaptability to both free and submerged flow conditions, have attracted significant research interest.
However, a comprehensive analysis of the discharge coefficient and flow patterns under different hydraulic conditions
remains a research gap. This study aims to experimentally and numerically investigate the discharge coefficient of Crump
weirs under free and submerged flow conditions, while evaluating the effects of geometric and hydraulic parameters on
their performance. The findings can contribute to optimizing the design and application of these structures in practical
scenarios.

Materials and Methods

This research employed a combined experimental and numerical approach to analyze flow over Crump weirs. Laboratory
experiments were conducted in a flume measuring 10 m in length, 0.6 m in width, and 1.1 m in height. Four distinct
Crump weir models were tested, with the following specifications:

1. Model M1: Height (P): 0.15 m; Upstream slope: 30°; Downstream slope: 60°

2. Model M2: Height (P): 0.15 m; Upstream slope: 60°; Downstream slope: 30°

3. Model M3: Height (P): 0.15 m; Upstream and downstream slopes: 45° (symmetrical)

4. Model M4: Height (P): 0.20 m; Upstream and downstream slopes: 45° (symmetrical)

Flow rates ranged from 0.03 to 0.05 m?*/s, and water depths were measured at multiple points using precision sensors. For
numerical simulation, the study utilized *Flow-3D* software, which solves the Navier-Stokes equations using the finite
volume method. The numerical model was validated against experimental data, with accuracy assessed using RMSE and
MAPE metrics. A grid convergence analysis was performed, leading to the selection of an optimal mesh with 679,800
cells. The model effectively simulated three-dimensional flow fields, velocity distributions, and pressure profiles around
the weir.

Results and Discussion
The results indicated that the discharge coefficient of the Crump weir decreased as the dimensionless hydraulic head-to-

weir height ratio (*H¢/P*) increased. The highest discharge coefficient was observed for Model M4 (0.2 m height, 45°
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slope) under both free and submerged flow conditions, while the lowest coefficient corresponded to Model M2 (0.15 m
height, asymmetric slopes). Symmetrical upstream and downstream slopes improved performance, increasing the
discharge coefficient by approximately 16%. Submerged flow conditions reduced the coefficient by an average of 3.5%
compared to free flow. Flow field analysis revealed counterclockwise vortices downstream of the weir, with weaker
intensity under submerged conditions. Velocity distributions (longitudinal, transverse, and vertical) were significantly
influenced by weir geometry and flow conditions. For instance, Model M4 exhibited the highest longitudinal velocity in
free flow, whereas Model M1 recorded the lowest. Pressure peaks reached 2662 Pa upstream under free flow, but no
negative pressures were observed in submerged conditions. These findings underscore the interplay between weir design
and hydraulic performance.

Conclusion

This study demonstrated that the ¥*Flow-3D* numerical model accurately simulates flow over Crump weirs. Key findings
highlighted the impact of weir geometry and flow conditions on the discharge coefficient and flow patterns. Specifically,
weirs with symmetrical slopes exhibited superior performance, while increased hydraulic head reduced the discharge
coefficient. Notable differences in velocity and pressure distributions were observed between free and submerged flows.
These insights provide valuable guidance for optimizing Crump weir designs in practical applications. Future research
could explore additional parameters, such as surface roughness and varying flow rates, to further enhance performance
predictions. The integration of experimental and numerical methods proved effective, offering a robust framework for
similar hydraulic studies.
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Fig 1. Flow characteristics of the Crump weir in the free and submerged flow conditions
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Table 1. Geometric characteristics of the Crump weir

Model Structure length (L¢) Height (P) Upstream slope Downstream slope
(m) (m) (degree) (degree)
M1 J¥o e T, v,
M2 Y AL g0 g0
M3 Yo e q. v,
M4 g Y to g0

ar la el Bz s an Ol sl 55b a5l o5l 3 s s s a by e slaesls (5sTaer 1
el 5 A

a3 oS 5 psl > CHIESS Ol 4 s s Eell L OT U RS Ol (o wBS gy 035 ) Sl
S o3l oddanns (gla s i Jauw 5 ilimien B 3 0L o Goo (Bt 5 331 O Jaul 5 sl (61 JUIS s iy
Ao 1SS Calis slaole 5o 5 il S ssdes el 55 el S 5 e Cilie laandin gl Aol opl s

OF wylzel 5 (308 Joko —Y-Y
le 5 cnl .(Flow Science, 2011) .& eslizul 0L > Ol (g3lwans | Flow-3D v 10.0.1 le s 5t aadllas ol )
Ol sdman b sl RANS) 505 nKils oS stk o5l sadsn b s [y oS s sl o ¥sles S50 55 o
VSl} Vsles ..LSLSA oalail Q‘Yl.;.w )L’I.é) L}:.@J (_5)L-IJ.\.A LS\J" 3 gl>es V» J”j) )\ )‘Jﬁ‘rf UJ»“ .L\S‘;A J> ﬂJg.LVS\)J
NEA| BE L;)LSJ Olaises v.:m..w BE] g;Pj.w 6@4.4.53}: eMJOL:..} Y (W vV (.u) L 6)l3 9 J{JQL(,SUS Q[..:_J}- ;,<..:_ st.:

«(Lukaszewicz & Kalita, 2016) .52 Ols 5 &) ot JSl 5 o A (Z Y X) (sla ) s

Vap+a(A)+Ra(A)+a( A,) =R 3)
Fat " ox puly dy pvAy 9z pwAaz) = Rsor

oF

VFE+V.(AUF)=0 4)
6u+1(A 6u+ 4 6u+ 4 6u> A? 10p+G N )
ot Vpuxax Viy 5y T WAz g, xVe  pox X+ fx

6v+1(A 6v+ A 6v+ 617) Ayuv R6p+G + ©)
ot Vpuxax ”yay Wiz, xVe  poy y+fy

6w+1(A 6w+ A 6w+ 6W)_ 16p+G + b @
ot VF”"ax ”yay Wiz 5,) = p 0z 2+ fz bz

\a)



xmo g 331 (4L s Jaal o 50 ool ) 35 5w (595 L2 s ohles 9 (5L sodls

S sias L P slel sl e OT IS oo & aie K51 (500 Jlw o o sdins 0L Vi canlllae cnl 3
3Gy GX 5 was o 0L ) ol Cad 3lie Ay 5 Ay Ay tCl e 4 by e b Rsor &5 Jb= s el L
Sl sdasplis s g bz 5 by bx 5 (Z fy ofX) L oan) Koy slacbs taen (1S slacks stas olis GZ
Loy Co o sias QLS Ut o 0L 1 0L o Gl A cdea Z 5 Y X Ol slal s bt Lo 53 0L >
&lp VOF) dlw o 55 5 Flow-3D ,i33le 5 .o o o= & by e AbF 5l Z 5y X Sler 55 0L >
Bl e/ ols S Shled sy 3l emen S e eslinad BT sl 55 pamdle St sl (gilead
e gade S15dle 5 opl S e eslitul Clo ks glaj e 5 ol Sl e 5 sl 350 led ¢l (FAVOR)
S o bt andllee nl 3 ol Glagleand bl 6l ol Glau S 4 OF & das o &l 1y (gadane  Saasl
Jote Sl oslinad b 1y (Saisl slaals S il pgr i 5 A3 plnil s e slaao s bl Flow-3D Clss
Sl (o Ol (23) b o S50 b Sl canlllae sl o plil Slagssluand 53 38 oo RNG  Sisl
S s Dbl (g a0 S A eslied by xS e 0/00 b o/ Y il gla s gl 0L > sla L Aol
DS B G e IS (sl s s de G0 Ol B AL e 1Y Sl iy e eV 3 0L Gas
b3 JUE o ledl a0 B G pits S 0 OL oz Ges 3 a8 B o g o0 il el 58 00 0 R
S bpd s 3 50 el sl a3 S L s Bodaghi et al. (2024) s gillae Cows il 53 0L > Ges A
okt dlasl o)l s (550 Ll 3 ahosr Sl ool (650 Ll 5 i e ul A3 lesl e has OL o i1 L el LIS
T 55 R OB (53,0 bl sl o3l 0L (1) JSE s oS shilen (ol e sdle 23S 13 LIS (slaeyl s 5 S

A Jlesl JUIS 15 slas e 5 dlww sl

G3de (laand 53 0l Jlesl (65,0 Ll p 3 5 Slwle anls —¢ S5

L o~ s,
5 /A < Symmetry

Wall

Wall

Fig 4. illustrates the computational domain and the boundary conditions applied in the numerical simulation.

bévﬁjf)\}a)ww‘.}))ﬁc_dbw&wcjﬁaj@Mrb\&&‘ﬁ@&&rjc@%cﬂ)wﬁjé‘f
(ke M08V ) off 5 (Jshe A0TE00) £ ((J e WAAL ) 3H# ((Jshee W) 28 (J b OVF A VH lacs
Sl LS aglie oo slaesls sdkal s as 2olie b apulme (g3de sty a5 o)l e L GUS &AL
ol eslizal (MAPE) ks gl dos o Kks 5 (RMSE) lax Gl e S0le Sl 51 cgnde Jie s L5
ol s olas Piccil sl sdalive slae sas OLAS O odd S5 EVslas 5o il sl o0 s 25 5 SV¥slee b s jlss

fw.u)h’&\ (ol 0 03l dhl.: (0) J;\,.Z BE Y )jl:_:Lo.A .MJ&A olis \) ol sdalive o3ly LG slus N 9 fMJuA QL.';.’ b

¥F



\O)M dw 0590 5\?’?)% @T ‘SLQ‘ULQLM J° ‘5»5 Gué)@‘) A-bho

&l 0/ 51 xS (MAPE) Glhae slast dw s ool b amls w5 a3 FIoW-3D 45 das e Ol (ol Jbe

RMSE = /%anpi -0, 8)
i=1

100 & (P -0,
MAPE (%) =— > |-— 9)
n = O,
GIKT o dmilows 53 (30 slallas (gla i —0 I

~ 16
& 9 014
<14 M1 M4 M1 u M4
S 0.2
g 0 . 01 -

3 0.08

5 0.06 -

4 4 0.04

2 1 0.02 1

0 - 0

N g 2 3 = % & 2 3 2
Mesh Mesh
a) MAPE b) RMSE

Fig 5. illustrates the error norms of the numerical model in calculating the discharge coefficient
UPJ'; J.JLB 39 4.:J.>u.nv She J‘i) L" Ladjl.w Sld=s ‘JL.AS S A edalin ‘W)LZQ‘ ..L..JJ.Q J‘ AJATC,..AQA.{ @Ll; ‘_}A’L\A‘JJ
Al el ol S 5 (3 de (Gilwand Gl ang SKS T35 Olpe a ol Jsh sluas ol opl ol a5 03 235 3

A eslaal giledde a6l J ke TVAAL S gaome 3 el ol onls OLES (V) S s &8 ) shailen cam 53

B e 5l les 1 IS

-&» DIS
W 2 Side view
B
h
a) Side view b) Top view

Fig 6. A view of the meshing of points

LS)L"’A':."‘;‘ @Lbjdfﬁ 6uob\JJ|6uT C""“'JYbWJ“:"“JSJi)J"" K33 ‘)Li)" g))‘\’ &jﬁwd‘wuﬁ (V)Jﬁ&
b sl by s o Sl e odel s 4y e SHastea bl 5 Cod Cal S5 Cilie gladde (g3us
Sl s oS das o 0L (pl Als 5 oot ladids b oS sl Sl by pib 4t 5 ) ladis (sods

Hlay s p Jed B Cds Sl gaue

o



Gimo 9 351 by bl 0 50 ol )5 325 0 695 O 2 (o) 2 ol 5 (SHLaS edla

Gl S o S5 Ob b s 025 5 gade ladde (alis -V S

—_—0sls e Q=135 Lit/s Q=30Ltfs e Q=35 Lit/s
----0=40lits ———Q=4litfs -—-- Q=40Lit/s — — —Q=451itfs
—.. —0=50Llkfs — - — Q=50Lit/s

0.4 0.4

0.1 — Experimental - - Numerical 011 — Experimental Numerical
U T T T T T T T T [} T T T T T T T T
-0.48 -0.28 -0.08 0.12 032 052 072 092 112 -0.48 -0.28 0.08 012 032 052 072 092 112

X (m) X (m)
a) M1 by M4

Fig 7. Comparison of the numerical and experimental models of the profiles of flows over the Crump weir
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the conditions of a) free flow and b) submerged flow
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Fig 11. Contours of longitudinal velocities in the different weir models in the conditions of a) free flow and b)
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