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Investigating Hydraulic Loads on a Crossbar Block Ramp Using Two Different
Computational Fluid Dynamics Models and a Physical Validation Model

MengYao Peng
College of Hydraulic Engineering, Central South University, Changsha 410083, Hunan, China

Abstract: Crossbar block ramps provide bed stability and facilitate ecological connectivity in rivers. Two major
sources of uncertainty in determining their design loads are their massively turbulent flow and backwater influence.
Here, they were addressed using two computational fluid dynamics (CFD) models (created with OpenFOAM) of a
complete crossbar block ramp by recording loads (forces and moments) on single crossbars. To model turbulence, the
first model used the Reynolds-averaged Navier-Stokes (RANS) approach, and the second model used Large Eddy
Simulation (LES). The flow in both models was transient and the free surface was tracked. Their mesh was identical
and consisted of about 30.3 million cells distributed on 480 processor cores. The computed sampling interval was 180 s.
The CFD models were tested against measurements of water level and pressure from a physical model. All models were

in the same scale, 1:20/3. Three discharges representing three typical flow regimes were studied in each model.
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Characteristics of the flow regimes were reproduced in all models. The RANS model was up to 5.3 times faster, but
produced excessive waves, which likely caused over- and underestimation of crossbar loads. The LES model showed
good agreement to the physical model and could be used for load predictions. However, a longer sampling interval as
well as a larger variety of discharges would be required to obtain stochastically reliable estimations for the maximum
loads. Both models indicated that unsteady waves in the wake-interference flow regime must be considered to find
critical loads. The results can support decisions on the methods for future investigations of hydraulic loads on crossbar
block ramps.

Keywords: Crossbar block ramp; Flow regime; CFD; RANS; LES; Physical model

— 55

B Bi—IRE (step-pool) i A& k3 SR IE it b S AR (Rl PRIEAS[1-2],  FLRFAE & — R H1 K B0 BT 13707 1)
IR IE, N RDIR MR o 47 B R — IR IE A S () N TS T2 F T ORI R AR 8 R 5t A A 3 i 1t
[3-61, A AT 1 JR SRt ] 18 45 Bk 0 LR 1) 5 TAT AL , PR AN —, A4 0 I — TR VB G 38 5 8 [ SR T 238781,
AICRH G — 48K BEIREa g 5 i itiE . A Bok. BB S U EHPKE PR E
A AL, EAEFTE . BERE A RIAL A () H B 7 3055 77 TH AR 7E 22 5219

M ) WU A 24 Bl i ) R = A [7-8] 0 AR SCHE IR BB Y LT 43 Sl FR 2 R ISR GRS R1D
FRRTHR (R 5H0EM (R3) o BT A I &4 1 AR A SR BIUR, % 50 700 Hoe SORA—2.
SEPET &, AISCHTRE I R AE 28 AN 5 U R A A LA P /NGRS BR 4 N ) i 8 DK o (7
NFER, H 8 TS5 S WURKAL 7K 7 5T . FEUR T HRIR IARFAE A2 2 3 B R Z R 2 5 iR, R o R A
Wrist K SEE, P4 R B SRR BRI N A B KA e, EUWOSF353] PRI FE,  ERAE IR
Tz Bl A RBUE R IRA, 5 ERZ AR RS SRR

1 PRAK I AT I T L i KK I B 5 B R T R R e MR IR T LT TE RS, 3R AR B — IR A e TR
YL BT, LTS 5 IR A 2 1A AR AR PR Sk g DR B S 48 A v P TR R A8 G . 3T A ) — T3
WF5tH, Sindelar F1 Smart 7EP)FASAY b B 1 Hopr G4 b BB PR AR ] [l (19 5 5 20 AT [7], e85 3R : (a) 1 RI
] R2 MRS FHe 51 TR 7 ARG (b) TEFI TSl (EREUR) - 3546 57 R JE AR i HE 1) R
LR, T RCR RN 5 7). JE—45185 Zhang S54SR — 20 AT — AP B — IR BT T 1 = 4RI,
5 IR AL 5 PRSI EE (TKE) 7048 AR A1k

A AR 75V B T A 1) 70 P, BRI Ay i T TR IR A B AR I SRR
(5 SCABANTE], X Ee Ty i A E e Ll WA AR ARINT T, & J7 VR BT s RSF n] e A 22 Bk

YUR BTG 53— HRIE T, KRR, IR EAEMAL . Y 2050 R OGR4 1 v
B, UAHERR b R KA IR0 S0 - Sindelar 78 55— ES AN b 00 R 591 720 PR JES B8 A0 o T e U BEZE K
(¥ 5 ) ) £ A P 7

NTETE NZETK I 264 R BB A b RN SR sh 2 A SRR A8 (i), A 00 BEE B A6 b 1) IR B
GeY PRI LIRS . B KR RGET T . — RS, KRS B I BRI A 1)
(CFD) RS, DRy FLAE G B R4 7 THT T o AR /D> T AL . AR, el RS r UR HUA 22 i
BNOREIZEA, TSI A R 2 T G o] U 1 AN I A o AL S A A R R 5 i B P2 Navier-Stokes
(RANS, AR HRIRBAL (LES, FEREEERD « DAAEN B m UK PUA 223 H iR TR CFD
F—HRH RANS[8]: i tH 58 KA LES B8 LA FRIF (757, WAL BR T BUR—ith Bl 6 ) R /K THT 7Y

DOI: https://doi.org/10.61784/mea2043 75 WA LTSRN



i

XE. HATMEZ B A MR SA 23 b I YR EIE SHEM P CFD 7 iEx LUk 9t

AR ERPRAESE 7ORA RANS 5 LES HIMANEEER CFD B, JHKIE—A& 12 EIUR. Wik
MRS P BRI B R A e I APEAR . BITFEE AR (1) B MZE CFD JHEAEA RIS 5 A RV R AL
B NHKIIREEE; (i) 70 M CFD A58 rh SEUIR AT 8 KK L] Qi) EAIFPRT CFD T FN IR fif 4%
(78 5. WFFUGs BT g4 Ja i ) IR A G248 7K At 3800 7 10 75 V0 R H A 4

=\ FiE

(=) BB 5L R &4

AR ST FERE R DR PO B3 (0 JUAT T A FE B 54> CFD B rh BE A A 283 12 183K
(CRI—CRI12) 5 11 MEAK (B D, KFKE 7.932m, & (WCR) 0.151m, RN 1:20/3 (353
AR 5 LSRG /KA SHHIUCED . CFD AR A2 bR BARAIE 58 A T bl o B3 BRI ARG IR N 1= 3%, k.
TR . SWCNBGE MY, BETREAERSEE, &E 8 EWSIHIZRIMRS . YUK SRR
R R AR T LA 1 R HOA SR ) R IR AR A R

TP EX 1 . mEoX 2 . TP 3

IN

Figure 1 Schematic of the Crossbar Block Ramp Considered
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Figure 2 Longitudinal Section Showing Design Parameters and Dimensions of Two Consecutive Crossbars and

Their Enclosed Pool in Model Scale
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Figure 3 Example Sketch of Water Level Measurement Using an Ultrasonic Probe with a Non-Horizontal Water

Surface
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Fe: RANS J7idst KRN o B i ik BAT SR PR, TR A 1F 23 R AR IX R 438

SRTT, BT AEFE T MBS H AR5, A RANS M LES MEEEELH AU 5.3 %) nlfgd NE
o NEIFAEER, % RANS RERTFEHL @l 2k, X2 T DLESZ 0 DA BRI 0 122 R 25 1% 1) L
DR Ak 9 A0 5t 5 R T UK Ay 38 2 (R RO A DG PEAE D v B ANiE 48 . TRE, R SCfiBh CFD 5T iRk % 5%
X ]

(=) &S5

1. KI5

HEER A, BN eI 3 T# 0 P IR S oy E 2. T RANS 45 RIFAE AT (W
RISCHHR)  Bbdd AR P AT -

RANS M K ARHET (HIFAEER) KF LES. X—A#iw R T ESHF 5 RANS Sk it
RIPTRE, BEOATCVE TR AT BACAN 7L Bt i R R AN T B2 11

BRI S, REMEIHERZ HIE Q3, Q2 MEHEEZMEARE, WERMT AN EEE . HE
F Q3 WA T R2 5 R3 I, AL RS GG F A EEIAE R2 M AYE RE. Q1 MUFET
RN R, A AT B SCHR BT 25 (0 B SR 7K 70 A o I st Y, DR KA 3, A7 i B2 5800 [ B R2
(EHE R1. R3 B ME2HRE.
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P

JIERER R BRI CGRILY Q2. JUHGE Q3 WKL 5 HHEEED MAMHEWT, Hok (Sih)
TS ARG LB =8070 () 20 o XSy B AR e 14 R P I B 4t B2 77 i 41 32486 5 70 1
i —E[7]. HT 180s AR PR 1 HAKBIL RS BCREIRE, RAETHH BT BN SRR
BEXED .

BRI RS 2 Dol . AN U2, RN HAH B SR A HUBCE s S b e ik [
T, DA KRB0 IEATER, AR, RIRBERSIEHE ML, kit fz)
RIS GR35 0% RATREH R . Ak, B LES 8URFLUERA L, H CR1 = CRI ¥
RG] RE IR s ZEAC R TR e B BRE IR FE MR CRI2 At

2. LAy

NI VAL I A B2 IR B — R &R, He i 5 5 BN R M S k. AE MR R R, Q3 By
TIEAELHE B R/ Q2, HAEPIX 2 BIRHE A B H R N 01 48 R nT A B P A EANER: () Q3 H
8 P IR TS A KA K, (e e M B i FRy MK (i) s o 8 SRR 2 by T84 i
Jig, AEMUE K0 FRh 8/ CBE=870 (=) 2.) o PRSI/ 158 PBP HIEEal M. Q3 IIHfr/)
MERZUNS, BRI R T (REAHATE) KTy, RIE R3 AP & WU Bt A0 s i oM ARE -

FE3IX 3w, BERZEAKIR R AN, AN () 5 3D #U8OK, MR ALY X 2 BTG, XA R
R, BEARERR, SRR T M SRS B S MBOR AN, 58 g AR AL 5T A 5 BT A ) B SBR[ 7]

Boa, AURAMETT S, PWAMERE CR1 ERTEIUR. Pra it T sz e 8, H Q1—Q3 ZIaZE%]
RAN, IXPRY] CR1 Z BT HRAFIRIUR. 2810, CR1 AL B0 (IQR 5 EHHED {EHTA IR+
/N, He LES BEARRDLERE H, S5HPAEAR, #7832 ERE QMR JiE Q3 M. Hik, I
AL IUERAR T i AR 52 AR G 22 5 K de KA 2R

3. AR

A SCFAG B R 985 SCRRA ) A B AR L BOF A RTAT, BN AR 2 E0E, 45 R R AR
FUE I, ASCEE R RedE B IUREUE G E RO B BRI 2% GRS ED o EIXE A5 HRUE
Ky HITEAR ST LU I EGE T, ATHUI RIS (HCR/LP 5 1D HYZR3AEAR [F) 26 AF F 2 B 4 3

BAAME R2 HATRERANSGERE, (BRI o i 4 R mT R RS BE RS AR et -5 i 40 4R
NRTLLRNE s TS CFD AL RO ], I SRR AN B 9 5 2 ) ) B AL

M. 4w

ARSC AR 1) UK JOFT G2 e — SRR BB A CFD BEAYHEAT T A, TEZRILI =/ NAtEh 43 X
HMHT TR RS (RI—R3) =R (Q1—Q3) o CFD MR m 25 1A S [l /3 (Fe4iik 2 mm,
0.0001 s, HALLR 1:20/3) et 72 pgny, DL CFD B A W& 5m%. KT CFD
W4T

(1) P& CFD ASEAVESRE TR 0 ORI 4 b =Pl RO A HORRAE, B 25 #05& F T e R 50

(2) A LES BALIEF TR FUBR I fr 4, 1) I 5 A 0 2505 PR R A7 2

(3) RANS AU IE & W IRAFER KA M 22, BIARIE 5 B IR K. X IR 2 R2 (1S BURRAE,
TE & FRAS B H BT 008K 2 ZE K iR CRIRah 2 X 2 43 X 3 i) o FEIX S84 L 1 A3 ]
RANS YAl .
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YA
(4) AR S, LES KiHHEMITHEN RANS ) 53 {%; ¥~ RANS MMM, ZEiHitss
BoR. Bt LES HETAEM TG 228 R4 5.

Xt CFD LAY i 25 11 43 47 2 -

(5) 1678 JIAEAR TT EAE AR 8 BOR MR E MRS (B0 R2, AR A R3 HOREIERBD ik, #Rik, A
R, ALELRELEA R2 HE R3 M—RIAE.

(6) B RATFEAR AT REIR H A Kk

(7) AR BAR AL 3, ELICR T 2KL s X 5 R 06 D DR A H BRAE VR BE IS . 2 R 2 /K T
B R3 MRAL.

A JE I LA RIS RANS HisiRIE O R I, FOARE B TS RANS 2 00n] - F @ & iR ah %14,
AT TR & AR AT, RS RS st Uik . Bl A & T B RANS JH
5 LES ML, Bl BiRid (DES) . &fa, RACEKEEEIE . NFEPATEIR, Pekmpa. fiks)
TELUSGRAN A X 1 AN RS F AR s, m g — D B e i R e SR R
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