5532 % 456 1] KoOR o o3 B Vol. 32, No.6
2021 4F 11 H ADVANCES IN WATER SCIENCE Nov. 2021

DOI. 10.14042/j. enki. 32. 1309. 2021. 06. 011
B A &% il VLR I i 5%
EXH, B B, Ktk, £ A, WIlF, HKHE

(PEHLRAMBH IR R X R MK £ TR EE WE L%, P Bk 712100)

WE: WX F R AR, TAEE U 1 K it LA B I i [ P Y 3R BN A B 2ok, AU e
A& HE AN HEDA T K R 2H & 1 A HEA 2 SRk B et 42, B ISR T M L, AR TR EAE 5 ~79 L/s T
Pl A AR AL KR K P RIS, A AT AN TRt o T K T 2R, 9B 97 184, IR\ m i il | Wik )2 REAE K BE R RR
TESERE A AL, BT AN R B(EV FBL  B e 2l S5 R R . O BT E Rk, HERldl & 50t i sh % 25 DA
PUFAE AR, I (X 7 () B (B AR R KRN 0. 885, $MLA 15 24 A U tiAl P i AHE TR IR 28, 5 ST &
XL, AHXTIRZE/NT 3% , @ AR P9 AR K SRR AN R, A 0N A PN A0 s g e AR L K2R
FRIEAS B RRRAIE 58 2 DA R 25 G Ut R O B 7 D S 1 ORI 1 5 SR, HE D R KORY RE PN  BE A5 T A G 1) B 3
TP It S R MTVR/ DS, 5 B TN 20 1) B 349 Yk K i o 7 et 34 DT 38 0K, 8 A WA 4 L T B v 5 R U D T P 349 i i
FAN—5, @ EREA AT R E A KWE/N . @ SERE B T W /K2 R IE A B FURRIT 58 B B 2 I £ 1
KA FREES, BRI E BERE LT . AR5 S0 P T I 2 28 6 5 R A W SR DU IR 150 82 =2 [ml B, ]
SRy L DR 2 M B N B TR LS

KEIE. MG e IDXKFHER; Wi RE,; BEAKN

FESES: TVS XHEAFREAD . A XEHS: 1001-6791(2021)06-0922-11

SR 2 5 00 R U e — e 2R ) 0 e A R D A R R S, ZMEEIIE B A, KRR K
AR, BAWIME A, fam RUKOL . BSOS E A S (IR R M AR . B
R GRS LA, BRI A 25 R GU AT AR Y R A T AN R R BE B B, S35 X A 25
ARSI i Ry SN A B R R T /K B, 3 o TR L O A MR K R TR
et KGEIEAI B B AR IR BEAFR BRSO , DLAES RIGE W i A A 3R

T AT 3 f K B A 322 43 B st K B AR e U KRR 2 R o, ik FoA
LR | AR AE R AR, AN R, RS WG, B TR, ETTEZE
iz F T RB K SCl o /N — R AR XK BOR e R AR | RSPk . Rk,
RiF BUMGIESE BRI | R PR 5 3 T UG SR VA 0 I o A PR BURR ) A2 D0 £ B2 0 A0 SR XL 55 IR 345
W, AEARHEE AP R R R 22 )5 SRS R th TR A RSN 25 (), LR S8k (3
TRIBHE SIS, A 59BN PR T At s BE B A Sy e, B AR BR A4 ) B, 8 DL Ad ik
YA SRR K, JohRAER LIRS L, MR RSN T B A E AR 2 5%, 6
KR A kHE , £EKHESES . Piton Al Recking™ 33 P58 24 /K HEGH 1L DX R 3 (4 RS S84 /0 AN /K I R 1Y
SN, R B K M OR TR P E AR A e YA R AL, e R, R B VDI IIEE ;. Dust AN
Wohl" " SR 28 AL A I35 0T A B AR 45 45 10 5 0k, RS T LI DXV T O [ T 25 3 e M B o IR
FAR e PRI B . M ARG 3 R AR SR, W SR RVE R A, R AR RK A 5 AT Y

B 2021-01-02; MLHARBHE: 2021-07-21

W& KRRt hutps: //kns. enki. net/kems/ detail/32. 1309. P. 20210720. 1704. 004. html

BE&WE.: FFHARFEESEIIH (52079113) 5 BEra K AR % B 5 B (2021s1kj-8)

EERNY: E30R(1975—), Z, WEEMA, B, WEsESm, FZEMNFRTOKII¥ AR,
E-mail ;. wangwene@ nwsuaf. edu. c¢n

BIS1EE . B, E-mail: 875517412@ qq. com



55 6 1] EICHK, A HEREZLE BRI AL SR 5 923

FaiE SRR Baki S5l X HE AR TR E A IR, BRITT T A E B A [ B S D HE AR AR K
SR Z R T REEK IR E R 2, S T TR KR | A A ] B B A i i A 2, REAS AR G b Tt ) o £
e e U i A ST B R . ENA R E ISR KIER AR | PR RS HAbTh e IT A9 T
VB, XK HEAE BF AN 4 det K D RERIF T $E 00210 FESEBRAp, H KA I AL R e R 1 L /N A
Riet, RN HTAMVERX, FCHREE | FIEaE S B 4 R KA AT T R R S R AR g, A
TR FNIF I3 K Sk A I AN YR A Ak SR T AN o 2 K HEHE R A A , Wessels Il Rooseboom' 4 i1
TERKHE i EHER SOk, 52 G oK RAT RAFG VD HEIR R, [ I 3 Ao SRR 2H 550 3 1t A v A T 3
AT TSGR, HET, T ROKEME KT, RELCEACHEARE MBS, OC T HE R AL I i
W AT H A

R SR AR 2 S DU A Bt L X R R R B, AL T AR A KA 2
Mt , SEATREAL KRR, TR ARSI GEALS ROk Jr R, S ANk i 5 50 T D e DR T 7K R 55 2t
EF, DU HEREZH 50 Bt fe it — i i B 2 %5 Ml

T RSN

1.1 KERZSNERSE

RIS AE PG AL AP K 2E AU XK TT 7, e B K R4 . W R S 5K K R
SN, HPHOKRGEMBK RS AR TKE, PR | KIEEREE , WaEEHs TR mAE S, Wi
KRG TR = MR T, P R I I 0 ~ 150 L/s, REEIRZE 1%, K /KAE N
JEWH KRS, K14 m, FE1.5m, ¥0.5m, T KGR, K50 AN B85 E K it R i,
EEERERUKSCR, MK PRI AGRE B, W ORI R T, a0 ik 97 2 099 fd 1) A T o s 4 o
K L SCM60 BUAK A IAFPEA T, KERE 0. 1 mm; Jsi@ it 1.S300- A (6 4 A A e A7 0, i
WREN 1.5% LI, REERFEIH 60 s,
1.2 EEAAGEESHEREAFE

R 2H 5 1t PR HE DA AR RN s A HE 2 o, G R RV S KR Hh 4 K B R B, WSO ik I 1 B A
A B 4 AN, B REICT3E, BRIEA BRI SEEE (b) 8 25 em, IR (d) M 0.6b, KA WIS K
YE, Sk BERmBE K H Gt 45 RH A AR, BRERIRRE (s) M4 em, EABZE W 45°FRE%RENSE 2R 4
(5K HET AR . B SE A M IR 1 2, T9KBEIE N 10 5, BA KIS W, SRR
IFAREIET Y, (P) SHEURAAR], HETE 1. 86, BRI A% BRI KT 3 455, Sl HE g
HE K 46 em, HEBMEAMEA CTSE 50 em, MK 90 em, HABKEISHEEEILIE 1,

1:2 1:5
4

of\\

VAT

45°

! 1.56
SrkBEC AETBEEr Wi R R B BEIEARBL

(a) HEAEA & =4I (b) HEREZH S L
I3 Ei R NI

Fig.1 Weir and flume combination body shape parameter diagram



924 KoBoE Bk R %32 %

IR 17 M T00, W S5 ~79 L/s, MRAEHER N SN KR A M 4 52 IR AR, oKk i
R ESN 5 R4 A DX A B iE X 26 AN (MT—M6 . LI—L10 Al RI—R10) | H2AE R iRk )2 X 805
AN (S1—S5) . AP 3 AN AR (wl—w3) | HEREACREAE A DX 12 N0 (1—12) A E R 5 4~
ML(13—17) , WA E A 2, HER KRR N P R T 7 B e W36 1, AR T, FriR AR . KA
MEESERE ), 1S300- A {485 GOl (0 i VR B IR DY PR A2 b i oAl LIHIR R AP s, B
IR A AR AT

v -
£ < 120 cm [H)1#20 cm <:\
ﬁ‘%& © 0 o 0 © (s

L1 L2 L3 L4 L5 L6 ¥{>
g w2
> y |:> |

X
! O 0 0 O 000CO O O CO0OCEEEO O o} o} o o]
Ml M2 M3 M4 M5 M6 1p 17 Sl S2 S3 S4 5 wl
= K R,
% ow’%

© 6 ©6 © 06 6 0000 il X,

Rl R2 R3 R4 RS R6 R7 R8RIR|O >

1 1 1 1 1

0 100 200 300 400
BEARTT M1 (R 25/ cm
P2 M5 Bt K RN s A
Fig.2 Layout of measuring points of the weir-flume combination facility

&1 HREBAEENERGECE

Table 1 Control the section position in the sluicing flume

BinyFS  FEA M1 IER/em || BiTS FEAT M1 AIER/em || #6075 AR ML MIER/em || #I0)F5 PEAU M1 MEER/ em
1 120. 00 6 160. 00 10 197.50 14 220.00
2 127.50 7 172.50 11 203.75 15 225.00
3 135.00 8 185.00 12 210.00 16 230.00
4 141.25 9 191.25 13 215.00 17 235.00
5 147.50

e A1 YK DT BORT S CAHILIEDT AW s R 8 AR A BT IR A 12 Dy KR B

2 KIS b

Zo1 P IAT L I Y PR 2 B R M AR, Y /N, A R Y T S T A s, W R R
Hi I A P iR BT, A At S IR, P 3 SRR TR 3 P A A it 0 A L, Y
E—Eu I, Kt EAKE s, PIET Tk e, WK 3 (a); M sEdkeeim ., KGR HE 5
JEEIRE, KA 7 P DA e 7 At P R 0 S T A, A 3 (), SR K R R P O 5 O P i SR R R O O
B, AP 4 FKIE (hy) SRR A RE LR, UK KRS A HAEAS 2 2 40— X KR (hy/
d) , T A R A ERR R B AR X K G, T BB S, A I DR 18 ) B R AR, K R R O R
SN & A AR, TR I B, B R B, AR SCOER A A AR R Q >32.75 L/s i,
PR TGO S a3, TR AR KR O RE H B, DR, 262 A U0 A0 3L fa BRIl 32. 75 L/s, X0 B
FHXIIKER h,/d =0.885, AIAE R FIWr A T 77 = AR it . LA R X B 21 45 18 il 8 A K IE I8 B0 i B oN i
AT e
2.1 JKHE%

KRR LA A, 2 BRI s AR, R aREZR K IR & A R AR Ak, B 4 AT



55 6 1 EICHk, A HARRLLE SO AL SRS 925

TR, WG BL (S M1—M6 , 1—17 A1 S1—S5) "R a4k PRSI, A AR 7 Jhy 450 o FE 0
M1 BIEEES (L), AR &I s AR IR (h) o S5E - 3 A 4 FTLAWT R % B, e HE A B ZKOREE E1 R DI ()
S M1—M6) KT AR, Peshe/Iy; oK G A HEI KR, e R W Be g (IS 1—5) KT 26T
B, RIS H T i K R R SR K M BT 45° RO RIARR, KRG B i, R A BIHRR BRI, 7E/KH
PR ACH 5 FEAH B (I 5—8) UK TH T4 H B Bk 5 LR I Ui IvD B (I A 8—12) UKD T
e, KRR Z Z2TRAS, IR EIm AR, HK Ui R K, 220 DR R, fE
BRI, PIKTR . FRIRDKEAS AL, 7R B ELLL Y, PIONHE T B IR DK ST R
W, HE N BUK G sl X, R, FEARFERRE RS OCR , WK)R XS H B R R RS AR ER TS O . XK=
DK AL AT AT A B, AEWK)R AT XA, KRB it 3 s (K= rp i X, R G A o0 A
Ly AR, KR BRI, KR AW ) Z A KR A, 302 i A [
T, KB DX B 6 B AN [R] & Y

(a) 0<32.75 L/s (b) 0>32.75 L/s

P 3 HE A 2 A Bt e U S

Fig.3 Flow pattern of the weir-flume combination facility

[ e UK HE e

i€ >

O/L-s™)
—=—503 ——45.

2
——10.1 —e—50.3
——152 ——551
——199 ——60.0
——25.1 —0—65%

9

7

——30.1 ——70.
—=—328 =74
—0—364 ——78.

L/cm

B4 kol e K R R AR A
Fig.4 Water depth changes along the way

2.2 HBFHEHRIEFKRETEALE
I TFEER(Fr) PSR R AS I — PR B2 R, aTARYE Fr B/ NRFIW S  SEit Al S0 1 B
BrED RGBS I S AR T, SR 2 B Fr bR, A B R AP, SR FH TP



926 KoBoE Bk R %32 %

PR st Fr(a(1) ) W R T B, PO se (e e[RRI Bk Lo 3 v AR ) 7
ATRWTHEF S, R P e A N e T R A, ol TR R LR R T Fr(X(2)) .

Fr=——= Q_ (1)
Jeh 4 eh
Fr= o (2)
/gh
2. o W TR, m'/s; ¢ MEDIEE, BCY9.81 m/s*; Q M RE L Wi R, m’/s; h Wi

SEEKRIR, my A HERER, w0, WPELEERE, n/s,

Bl5(a) R BIER R E N, Wi Fr R A O, T bR U T R A T e T, R S ()
A, FEHER KA UE D RTBE(0 ~ 100 em) Fr (B ShH/N, PRFFFE 0.1 22475 MK e A S0 HEW S KA I
TP S AR/, W G IE , FE Fr SRR, 0.1 BB EEE 0. 45 AEHER R KAE N Fr
WREE R, FEHLMS I BOMBSIE W BE PN, Fr SEINBORK; TERIEWIE BN, Fr 3mgzte , R4 KK
AL P BURR T, BRI S A Fr<0.5%) ) @it 5(a) (9 Fr=0.5 RIZEATH, 05 M1—M6 FIi 4 1—
6 Y5l I ARSI A B EER . B S (b)) S BIE R = LASM R IR IR Fr IR AL, FELS (b) 1550, N
Fr v RR 43 A 1 05 3 e 0 (R0 1 N A A A AR, /KA IS B Fr B3I R K T KA AT B s %,
Fr=0.5 X200, 7E36.4 L/s, 40.2 L/s f145.2 L/s T T, W05 1—5 35 AR 5 f Bk, fE AT
BUT, DU 1—6 3 KA A5 R

HE S (a) W Fr=1.0 RIAL, I FEK ORI H B0AE HE DA B /KORS A TE W7 T BB P 0, 9—11 =2 081, A kA
B K R 7 B AR AR, SR A ZEE TSRO v, ARG SRR B i &, &5 (a) AR,
FEBME L E LA, IS K ORI 7 8 B I KB Wi R AL . mireld 5(b) R 2B, 7EBRER =N,
DAV SR K R DB T 22 B A T R 1T Bt P 55 10— 11 22 [B] (BEHE 1T 0. 86L ~0.93L) , {H 3@ &3 Jay & il o & vl LA &
B, KRB A 8 b T R R R, L,

L6k O/L-s™) 20F QO/L-s™h
—=—5.03 1.8l —o— 304
14L——101 —=—402
=152 1.6—::‘51(5)-%
——19.9 .
1.2} —25.1 “ 1.4-—,'—55.1I
——30.1 | | 4 L !
. ]'0'7—75173'2’.’8""""""’[ ””” o /- - : o 12 ; ;
= osf Rl P
06 0.8 i
[ [ S ANU" 4 SO 0.6 i
04r A o 0.4 LAz 3 : fre03
02F : 1 1 : = 5 o
R V) s 2] 0.2 Wiims| [ 12
0 1 : 0 ; L 1 0 L H L L Il H 1 1
50 100 150 200 250 120 140 160 180 200 220 240
L/cm L/cm
(a) 0<32.75L/s (b) 0>32.75L/s

5 RFEETT o5 R AR AR

Fig.5 Distribution of Froude number along the path under different flow rates

2.3 EEXREDHEHEKERXE

U R T U A RN, AR 0B R e A SR TR R it , ¥R K 2 A BE R A S KA P, (il
PR A A HE AR, AR SO AT A S 1l P R TR R ) IR A, R R R R
LR TR AT, AnP 6 Pl TR, Rl PN 3 G DA T R T R T e R R R, 7 BRI Y
P, ARSI S R O B B TR O B AR R T B R, R IR v P BN 7 BT, AT



55 6 1] EICHK, A HEREZLE BRI AL SR 5 927

Ui IR O AR R S SI TAL  RIGRE R/ N—B TEWTTE 1 W 6 28], 25 i SR it i B A O
i), FR U A B T AL T, S/ s A 78.7 /s TOUF s ZEWITE 8 Z M1
17 Z[8], A0 e T i ol G s B IS K, Feo R AR i 78.7 L/s T T, /Nl th B7E
B TOUT o SR TR e AHRR K ET, KGR AR EE 73 1% 3 oK, —30 0 B 2t s 7K Al
PIERIE AT, LA A WSE o r AR 1) N, X RO R, EKAE R D BT R D,
N, AERE SMI Y K 3 A7 2 e A S ERH AR AE A, ShBem sy, iR AR, BUESMUK A R R, Y
IRASE s TNV RE i R, RS BRI B I A PN, R PN RN . B TS AR EE BN R A P A I o AR e
K, BEVFBIREBEIE R, el b d i, F—BrmEol T, MEESMu KRR T N KGR

PNV TR < e w1 TN TR 111 IR SR s o o P R T L e O A A N 1 T S
BR ., HREIK 724 B AT T R S, KRR HE A S B R R T I 2R DX O 2 X, K2
BA Fr>1.0, WK, KEE/NERE S, SRR EA TR0 il 7 . A0 I i AN [m) 3 2 K2 X
IR (PN B KA B, L) AR SE R (RSl e K B, L), B’ 7 4500 T K)Z XAHXHK B L/B . #H
XF 6 RE L,/ B B8 (B iR KSR, B=1.5m), M7 /A, fERMERELN, LWL SR
ERMIGE R Ms K T AR, L, BN, L, 2000 A T N S R R RN R, 7R
W, IR B R KA (1. 67B) FFFE 58 B i RAH (0. 7B) o 3k J& B T 2 O HE b i s, 0K o ok £
B, BRI EEE AR /N, [FIES, MINESE K e, 7E R BE B AR N SR AS BUZE Tt , 58
BKER, SE KBRS K AR R e hg , BRG] 20 4R 229, S BUREREARE . 7ESLPrl X Wi,
T3S vl L™ o, G SRS I T, TR BRI, SRR R R 23 DA — g (R PR TR T 1E B
B S d A SN, TR — KR T R s R IR Y LA, HEAE AL AR B bR s, T L
e RIS — E O HE AR T, HE N, BRI RS, ok S o HEAl 4 A Bt B A%
RAFI S, SRR 5 K 2 DX A R IR B FRRAE T8 B2 A8 AL R TT LA A 34 25 4 M 1 3t (1] R e B Ak — 2 1)
2%,

1.6 O/NL-s™ 20
—=—5.03 ——452 -

BAfEiE|  —e—L/B

14 Fo—10.1 ——50.3 ! —=— /B
——152 ——55.1 P
1o 7199 ——60.0 15 o o o
“Fe-251 —-652 / | * 0o
——30.1 —=—70.6

—0—749

o/(m-s7)

g

—.—.‘:‘\'\ —n
05+ //. I .

0 1 1 1 1 1 I 0 1 L L L 1 1 1 |
120 140 160 180 200 220 240 10 20 30 40 50 60 70 80
L/cm Ol(L-s™)
Blo ARE T Esor2 i 7 ARG KR X
Fig. 6 Average flow velocity of the vertical line at different flow rates ~ Fig.7 Area size of thin water layer under different flow rates

3 EAREEA

3.1 HEREKEURAR
TEHE AR A, RIS, TR, FERBE W Be N e i 8 sl e, BRI SRR AR I
Gt AR, i SRR S R Z AR E I SC A, A5 A RERE TS AR i USSR Y 76 3 2k Y BV BT P RS R AR



928 KoBoE Bk R %32 %

(SR W

ARG I SO BT Fr=1.0, 755 i S8 i A -5 i AR R 5E R

vCr = VghCr (3)
K v, WIEFWE, m/s; he MIHFIKIE, m, WIAT ISR 2920 #iA
Q =v,Aq = JghoAe = b, @hcryz (4)

Ay ACHIRAWIRER, m®; b AIGFARERBIHTEEE, m,

HIPL 5 A3, i B R B 07 B BE R TR e mi A Ak, ARMERf & HMER RO 018, FE i KR b Ui Bedk 5
— R AT, 38 i RE DT R S e SRR DR S AR E AR I S K IR G AR (B 22 L i A T )l S5
TR RE R RS, ATARIE RS A AR AR (5)

Ems el uh - v (5)
_zi+2g+i_zCr+2g+Cr
APy 2 0 LU W SRR R, my o b BUE DSOS, mas; b B G WTIEDI SRR, m; oz,

il S T TS AR R R, m
T 2 AW R E AR AR, R (S) AR (4) ATAG

2 2 23 2 2
=73 §bcr@ h, +;gﬂ = gﬁ/?bcr@bﬁyz (6)

A H O B Wi 2Kk, m,

FZIERRBEEBR, JIARERE(C)BIEREAR, (6) PWimm A kKR & sk sk, 7
R AYIEOC T TCEA B EK K, BT LATESE PR vh 22 R R Bk Sk s 7RI KR B0 i, K i
WEAATRY, Al G EI R LA W K Sk, Sl O S 2, R TSR, B T A
B, LBIAFTHER R RE(C,), KKk HFW A h,, ZHBER T ERANX, 5 RRARHER KR
M A=

Q =0.385C,C.b /2gh*” (7)
3.2 E#HAENRAN

MR T AR A, P S AR T Gk, A 1 A TR AR S, R, Wessels FlI
Rooseboom "' $ HLKE BT LA L 2 864, —F80r A P MIME DU i i (Q,) , 59— 43 Sy e KA s 37 97 ok
(Qp) . Wit HEA MA@, Pl BRE(Q,) W2 Q15 Il 58 i B HIS L /it i i =
(Q), =X (8), %, MIBEAKMM M EAX, HE D KT & EER, &KW RBTER

N,

Qi =0, -0, (8)
A2F R, B MR R R A R GE A IR TR TR R AR, XA R
I i SN Y A AN, 7R ARSI R B, MR T AR, KR MRETF AR, v e S 4 Tt
TEAEM BRI, I, Wessels £ Rooseboom' " $ Hi 1 i 5 S s IR AFAE — € (iR 25, Wt ikye L B, Mk
AR B TEMIME G AT 0T phint 77 U SR B ML, AR SCHEERE A G B/ 2 4 L AR E R G, 4%
REHEF v A A I A ARG S, HEI(9)
Q = 0.385m,L, 2gh,” (9)
A my WIHERE LG MRS A 2R A I R A LoV IER LA A RUE K, s A8 8 HE R i b S AR
BERUIC ST, my b OWYEREALS Bes TS FEA KR, m,
3.3 MERH
TEFET IS EN, ¥ C M C RMEMEMLEG IR RE(C,,) o WA EIE, 20 5%F KRk 1B 5



6 1

FOCHE, SF . HERELL S DO A LR

929

AN (IR 1—5 ) KR SR N ZR S R RO TG, BT 4 5205 T R B e P e,

SRR EGE 0,998, BN AT 4 V5 Sy it B (B L A AR /K07 D00 o 36 e 005 70 B HR DA B /KR 2 45 i i R

Mg AXFEA((10)) o B8 JyBIEFE T, HEREE A £5 5 U i 2 BRI 7 4 A K RAZ A,

Pl 8 AT L, £3 it 28 A BE A T AR K BRI i ok

TEF R T BE A0 T, REREHEME Al DXk M1 AR K GRAE I ROk TR, B KR ZE H 120 om Ab, AR 4G
BRAERT m AT ARBLA, HEMCREAEIEE 0.999, BRIZE A (11), B9 KMt nins, M1 4bi
R Gt REEE b,/ (h, +P)ZAEIIED . IR 9 W, Wit REBEE h,/ (h, + P) BRI, SO

FAE L AR L A 3R]

BMORE, oIS E AR B A b 2 R B ELAh, I 4 0 M A 7R DR AT 2 B 2 1 R T 3K

FITLL €, BEAE 38 K3, m BEF TR RN

C, =0.4403 <h4/d)2 +0.094 1(h,/d) +1.160 2 h,/d=<0.885 (10)
h ~1.584 54
m, = 0.963 17 + 0. 140 46 ul D h,/d >0.885 (11)
h, +P
160} . 0f o
1.55¢ . \
/ 25+ \
1.50 - [ 3 \
145 ’/' 2t S
U 1401 L7 g 15t ‘\
1351 . \
7 10} ]
130} & N
-, “ 5F h
125 e e e
) T N 0 : : : : :
03 04 05 06 07 08 09 0.05 0.10 0.15 0.20 0.25
h/d hy/(h+P)
K8 LGl it R EBEAR XA K Sk 224k PO HEMEZE 5 U ik AR BBEAR X AR K Sk 9722 £k
Fig. 8 Changes in comprehensive flow coefficient Fig.9 Change of flow coefficient of weir and flume combination

3.4 WE450E M KRKR

TR PG R HE R 2 5 BRI, 2 (A B R A AL . WAL, ML TIRIE W, A
IRIEAT T A5 R LA R 5 i BOmAS , 23R AT REDSD I IR IE AL R BE . RIS, KR e v o 2 7r Harl 41 5 1if

AR, FECNAL ML KR (h,,, ) T R 22 K 0 T 2 3R A5 HE X
DimRERK R . 456 MR AT YR 2 5 52 br TR Ko b [E A8 )5
ZYEVPIKIRRE X KM E K s TR O, A BHETR KA N A 2
IAFRYEYD . PRI, LR UL e 0 T A ST A KR A, LR
PR RRMIAT I W T 2R B 5 | A 0 0 JRE A, s A 2R
H 3 A XA A W T K AR E PR B AT, R B R 4 KR
S0 M1 KR Z IR SC ARG E , MOCER, al fa fe il T4 40
PR, PR bR TR RS . S T R ER,
M4 RKTR, AT DI EIRE A B, 1B 10 il AT 4 S
M1 Z A RKIRIC R B, 10 AR, 2 A0 2 ) A AR 5 A 28
PESCER, WA M1 ZKIRFEE M A5 4 KBRS i, 46 —FH2Z
g AXmA(12) , HEMKRLGE0.995,

h,/d =0.790 3(h,/d) +0.314 1 (12)

1.40
1.35} o
1.30} >

s 125} .

m
\
[N

= 120} .
1.15} o

1.10+

105 1 1 1 1 1 1 1 |
0.951.00 1.05 1.10 1.15 1.20 1.25 1.30 1.35

hJd
B 10 T e 4 58 M1 Z EKIRKE &R

Fig. 10 Water depth relationship between measuring

point 4 and measuring point M1
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3.5 MEAXRNERLEWIE

TS 2 2R DA R D 5K A7 B 8 SR A g, A5 3 R L PN R I R A A e 2, X
(13)M=0(14) . TR EBEENE 7 M TO0T, B0 4 KA (13) [ R R R R E, I 550
X, ZRWNE 2, hR2 M, TERERMEN, JiE KA IRER 0.53% , FEAXIREN 0.35%
et BIESN 10 A PF FRYIAE 4 R A (14) , BENTRREE, S5RAW, RRFEMXRE
H2.85% , FIGHINIRZE R 1.36% . WHEERRT , FTAAXSRES/NT 3% , W Ik 20K, wil s
) AT AAE, FTLCARGHEATHE, HERE A Gk B AR SR i SR s iy, S AT RERE PRI A T
e, eGSR IR A B SN , [RIEE, ks fo SR J 0 7] DR ] A A B g LU XTI BB RE T, SEAE 4 G
AR AP — 1, e RGeSk R

Q =0.385C, b /2gh,””

ft

h,/d<0.885 (13)
C, =0.440 3 (h,/d)* +0.094 1(h,/d) +1.160 2
Q = 0.385m,L, ~/2g (0.790 3h, +0.314 1d - P)**
1,584 54 h,/d >0.885 (14)

my = 0.963 17 +0.140 46 | — P I
0.790 3h, +0.314 1d

®2 LNREESTHEREEILER

Table 2 Comparison results of measured flow value and calculated flow value

Q/(L-s™") Q/(L-s™h)
h,/cm AR ZE/ % hy/cm AAXFIR2E/ %
M SEE M SEE

4.51 5.01 5.03 -0.40 15.84 45.8 45.2 1.33
6.96 10.2 10. 1 0.99 16. 60 51.1 50.3 1.59
8.81 15.2 15.2 0 17.22 55.9 55.1 1.45
10.20 19.8 19.9 -0.50 17.69 59.8 60.0 -0.33
11.55 25.0 25.1 -0.40 18.42 66.2 65.2 1.53
12.75 30.2 30. 1 0.33 18.79 69.7 70.6 -1.27
13.27 32.8 32.8 0 19.35 75.1 74.9 0.27
13.97 37.5 36.5 2.74 19. 64 78.0 78.7 -0.89
14.67 39.4 40.2 -1.99

4 4 B

AARE K A S HE KA BRI TG, #E 5 ~79 L/s i BN, XA ALA T T A B A
T BRI, WP PRI AR L 5 R K IR AR L], R EAE R .

(1) IR 2 5 B R BI(E D 32,75 L/s, BIEAHXTKIR N 0. 885, BUEAR RS /K TR Al Sy W0 34 Ttk
TS AN T I S

(2) FEFEEBIE R, AR P3O0 A A0 2 1) P 420 3 T 49 257 0 e 39 DR g R (H 2500 e e B L
R IR NI BEAS I 2 1] A 35 30k A A e DRI 5 i B M s 2B 1 st g 3 A AL e R K
FHAZ T PR W L v B SRR A

(3) HEPNTRI, MR AR DRI I B R AL 8 B B A A S ini g s R, R R
JEE AT LA HE /N, TR 8 2 B A 8 R el R SRR, e R B Y BRAE i BB O T

(4) RPN RIS 255 Ui AR B VAL T ORI s M 2 5 Dy o O e R B A A T R, 1
Wit AR MR 16 475, S BTN IR A T A5 RS S E AN R 2244/ T 3% , R JRE Tl A2 O AR TR O+ 7
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Experimental study on the flow measurement mechanism of
a weir-flume combination facility *
WANG Wene, LIAO Wei, CHEN Tucheng, WANG Hui, HU Mingyu, HU Xiaotao

(Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas ,
Ministry of Education, Northwest A&F University, Yangling 712100, China)

Abstract; The significant variation of seasonal streamflow in mountainous regions prevents the existing irrigation
channel of the water volume facilities from meeting the flow measurement accuracy requirements in an extensive flow
range. In this paper, a combined water measuring facility based on crump weir and sluicing flume is proposed, and
the mechanism of its flow measurement is explored in an extensive flow range. Based on the hydraulic performance test
of the generalized flume in the range of 5—79 L/s, the changes of the water surface line, Froude number ( Fr),
vertical longitudinal average velocity, and the characteristic length and width of a thin water layer were analyzed
under different flow rates. Furthermore, the flow measurement equations were formulated in different flow threshold
ranges. The results show that; (D As the flow rate increases, the flow pattern of the combined facility changes from
being an in-groove flow to a weir flow, and the relative water depth of the threshold value corresponding to the flow
rate is 0. 885. The flow measurement formulas of the in-groove flow and the weir flow are obtained through a fit. The
relative error is less than 3% compared with the measured flow rate. ) The in-groove and the weir flow have different
characteristics in the combined facility; when the in- groove flow occurs, the average longitudinal velocity, the
characteristic length and width of the thin water layer, and the comprehensive flow coefficient of each measuring point
increases with the flow rate. When the weir flow occurs, the average longitudinal velocity of each measuring point in
the front of the flume decreases as the flow rate increases. In contrast, the average longitudinal velocity of each
measuring point in the back increases with the flow rate. The average section velocity near the middle of the
contraction torsion surface in the flume is the same. 3 The combined facility flow coefficient m, decreases as the
discharge increases. (@) The characteristic length and width of the thin water layer downstream decrease as the flow
rate increases, and the maximum value is reached at the flow threshold. This study effectively solves the lack of flow
measuring facilities in open channels with a significant flow fluctuation. It can provide a reference in the application of

flow measuring facilities for seasonal streams in mountainous regions.

Key words: weir-flume combination; flow measurement; mountain rivers; flow threshold; threshold of water level
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