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T EHS:0559-9350(2018)04-0404-15
SERBANAZKRIT I . KEXES5E LS TR RE M

ERE, B &, R OR

(P E KA R A 5E B, LI 100048)

HEE : ASOM S E IR ABLG hAFIEA GRS . B B R BE ST R BEAT IR, F RV AS TRk Pk v
AP T SRE WA SRR WA S A TR ERKDHETFRCR, SXUPRSE. ARNASZNE
K ERAC K AT SR, AR CRIEE DK YD (BRK B KO A6 T, AR A A S5 W THTFS %5 BE Froude $UF, HLF 93
—EMH; KEEAKIXF (A0S ~ 0.8 Z 1], SIMLIE MITALF 760.25 7k o AR A GBI BERVEUE 507
W, RN T A RF RSB IR AR )R B R A RS R R, 5 A RKIRF Z IR R SR
SN RHEAR B 3F BT RE L . S B BEHEAT 00T, SRASARRIE RO F 2205305 A 2 8 A 20K Y880 A7 2l
VSRR SR B F (A HEAT R L, BRI AR AT 4 S bR A 46

KB SEM; FEMHEA; KK g

RESES: TVI4S 2 XEARIRAS: A doi: 10.13243/j.cnki.slxh.20170641

1 S A R TR )

S T AL 14 T R TR S ] % ) DR M N, R — S A5 PR B R B R 1 O M DAY KA BTG
e 7KW 11 73 — Ao AN [6] %65 B2 B4 9 AR O 0 ok 90 300 0 J2 0 (e T 0L ) B AR N oz g ad o 5 S F S A ) A
MAE 3 J2 30 P B 0 J2 0 T AR VR R o IR A 9 B G RIVAE T A AT TR R AR S R U 8l
w PR 2 S E T KA

(U)K PEAN T o 3 g 1 ) 55 AR TR B b 7K Ot kA K P28 A S 1|1 K X, O 28— Y 2K IR AL T AT IS
T RUR T SR FA , B SR I VKR T U T KR R B 0 P It AR, b0 g NS, YK
PRV BN, AR AE K AN 5 R0 I I, AT o RS FLHE A o PR D A A L i ZE K
X 290 A = A VR VD IR P B0 BOK L4

(2) T W iy B A5 40 3 A4 320 A RS IR RIS AT ) o ¥l B vb /K U -5 18 W 10T B8 oA e Lk 7K 1A 88 DR %85 38
AN [P R X a2 Bl (R I8 52 K ), bk UK v AR SR R i B, TR 23K A E
T B3t I TE ol T S VD AU R AN W 3t A i B T B i T B SR AR AR

(3)IA[E AZHCAL o 7 T8 & V0B OR T SO & VD RN, R T K TR SO R B 5 E I O ) 52
Wb s s, HEWE—EHE, BB RA —E KK TS SO VR R T R
VPR, SRR A R, IR SUR R R AR — R AR . TR B sl T Y
PR 2 A R DA 8 U R A BRI IR B AL BT U5

(4) 1] 11 5 g B A0 AL o 1 DR K A5 ) K G A 1) AR AR 8, 78— 58 A5 1R T 208 i) B3 i 2
AKAEIE Ely 5 T ER K P v iR ORI (52 VR XA VD R ), KA L T KR AT, R — R AR
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E-mail: qiweisky@iwhr.com

— 404 —



TG Vo328 S B KRR, KB R VM IR B i s UIE R o, W IZ BRI AR VD, A
AE PR A5 — AL IR BT @ AT o 3 AMATIE B D KRR T DR YR DN VK R /N TR K
JE, R EY R, )R S

2 EABRHEIE B

FEME AR KL . K T BE o H H
R R (R TE O A, N A D S 3 AT o
FE, VLR 0[] B A% GRS R 5 [ AR Sl
BARETHEKRERESFERKEANNRR, £
Jo A AR R SE Al SO — P B e A, SR AR
Frxf b, LARAR X S5 B A LR ok — 22 iR,
FEX AN B LK T Hr 2 TR AT e, R B R E A
TR ORISR S
20 KEZEARBEKEBENAIZR HRKSFERBEASOKELEA LR SHMB . E g
WEF G AT BRMES E T R L S H A IAE TE 1S em KA I SE SO em
KA N FEAT I K AL, SR AL R 1R

KA 525G T — O AR ORI S bR U DL ST A R TR S A2 TR Y i R R
o, FF AT AR 23 W0 W TR B 55 v e 2 S A1 R 0 A A ek T A R I S B R AT R A o)
B, AT ARAG TR A A I TR % Froude%&FﬁB"Jﬁo HE 8 Schijf 1 Schonfeld " 1 53 B 3 XUZ Wi A8 7 72,
A HOK G PR A RS B ROK IR Z B A7 — DRI B, AL L Froude 8055 T 15 T
A BRI R T ZAb s 5% FE Froude EUH YK T ﬁﬁﬂﬂ‘?’%)\)ﬁﬂ‘%ﬂ‘ﬁFroudeﬁFp/J\:Flo TR Ay BT A
A AL % Froude 4 -

f;z%/ g'h, =078 (1)
Kb w R SEEEA S b WA RKE; g'=(Ap/p)g. 1961 HEEH XAEK SO m, 55 0.5 m,
2 m KRS N AT A S, U RIAR dyy=0.0145 ~ 0.05mm, d ,=0.0055 ~ 0.008 mm, ]
HREEAOKT . SR AR RAR A, 4 REE)F1F F =0.58 ~ 0.66.

PR ATV K S AT k) =0365.Jq% ¢S o HLihh KA SRR S W LR ;
g'=(Ap/p)gs q WEATEM AL o W LR A 0 X b SR AT 0 SRR VORNE T H R, LR BOR T A
F 90365, —MEAE0.4 ~ 0.57 Z ], FII{E N 0.44.

AR R 3 AN KR AT VD 4R 6.5 ~ 715 kg/m® VR K T A SZ I, I PR A 2 Vb B AE 30 kg/m’ LA
Tm%ﬂﬁ:%ﬂgz;oﬁ~owoﬁﬁﬁ@@ik?mm@ﬁw@ﬁﬁm,a%%@wi%ﬁm

FAEWUN . &P RETE 100 ~ 360 kg/m’ B, F =0.4~0.2. B Q4556 &5 b ik vy EL 0 A6 Wi 2 BOK i s
AR, I Bingham 1A 56 2 SOM A BH 7 28 0 85K 20 V5 A U8 JE Froude 505 7 V0 e 9 K6 b
KF, SIUTAH BRGS0 MO AR AL R B 2 R W R R B HEA T SRLYD TR D B A UK
o, AR GRS F SR AR R % A S U BV K U A K AT VA
ROKMESESS, WA FEA G T E— b FRENER, BB F ~071; [FAEd i
S AT, AR AT VARG S ORI RN A B . R 1 % 2 K T BE A K R P E AT
4 RS 0 PR S B A IS, A TE 1.2 my K 63.8 m, WLEEBNWE A AL FE DPUR BN I FE AR
ABALTEEAE0.67 ~ 0.57 2 [] . HEEFE AT A 5 0 k(12 ~ 479 ke/m®) WA UK RE 9280, Mook i
I E S R E R L. WIS R, FOERE S RN AE /N, Jf R Bingham 14 24
SR R R MEAYE T R/ INRR KR ) 7 v T AT RS AN S Y
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SO A SR, R RN M 5k, AR YD AR AE 400 kg/m DL VB N F S 5E RN
F =09/c™, chipht,

M AF R [ P9 O K PV AR BT A R R R I8 SCIE 20 R, BB R/ NI K FE o 3% 1 ik 5
il i T AT R A RSB PESE IR AR /IR RS K A R e K P UL B RL L K
1 9230 RS B B0 VR EA TR ORIV I S F AT . Ak R e S EE | &
VI FEom A DR SY, AT ULLE R v R SR A AL, FZRSERAA—ERLM.

B R ERLE R VL B KR | BUE TS R TR 1

F1OBEARSERBA GO BUETE 5K 150

S VA 7K K S 5617 L F,
K 20m, 9% 0.15m, FEEHFR0.03, ¥ 0.34~3.8L/s, SbE

3.02 ~ 19.3kg/m’

R YE(1959) 0.78 (0.63 ~0.91)

LEUE(1961) FEH 50m, FE0.5m, Jifk 5.7 ~ 13.4L0s, 4RI E 0.62(0.58~0.66)

VS, K 20m, % 15em, J=0.01 0.55~ 0.75(10 ~ 30kg/m’)
WanAr (1984) 25, K26m, 930cm, J=0.03

3 K 34m, 3% 30cm, J=0.02 0.4 ~0.2(100 ~ 360kg/m*)

W, EamBt(1995) MU E &, dsv=0.05 ~ 0.08mm 0.78

4T (1991) fl K 20m, P& 20em, & 60cm, Ji£HE 0.02

e o s 0.71
K GHEIRER, ds=0.0068mm(FIE 1) ;5 dsw=0.05mm(FHHE)
0.67 (K3 0.901% )
WEmG . T PG AKAE, 1+ 63.8m, & 120em, JEYL0.901% ~ 1.575%, YL & 0.61 (k¥ 1.203%)
(1996) 95 ~ 310em’/s, ds=0.0038mm 0.58 (K I 1.402% )
0.57(IH 1.575%)
; MRV FE U 111 ~ 479kg/m’, KRS SEH, K 18m, T8 0.68 ~ 0.87(11.1 ~ 121.5kg/m’)
FE B (2004) o
0.5m, JIPFAE dw=0.005mm 0.4 ~0.75(120 ~ 480kg/m’)
75 U3 (1978) VK h,=0365]¢°[¢'s . SHIEH
‘ . B ] 4R K VD 5 R VA A FE A KK 9 RSB, TR s
U5 & W4 (1997)" ) 0.48~0.78
5 i 4 301
LK UE(2008) FE AT . RS SR A SR EERE E F, R A F,,:0.9/c°-‘. ¢ AU (kg/m®)

P KRS

HEEA SV RNT 803kg/m* S5 R, FIMA S B IER B, A/

F, :,Bc_o'”uﬂ/\[h_/‘, B=0.12, ¢}

(2012) TR VK P A B REEAT K D1 93 B FU R (kg/m®)
T35 0 BN T 400kg/m® 05 F L RUNIEOK BEA S URAKH b, =0.753 %/, e B
FPE%(2012) WA
VA R BB HEAT K ) S BT b
F =0.49¢, 7"

BN
(2017)

53 BT 57 VAL VR A T 3 A 0 TR AR SRR R, R /NTR I K
T8 1 DL SRR VR A 5 BEREIEA 5K 1 23 B

h,=0.7386 [¢*[c, "

¢, AIRBLE i

22 EAKRERHAKEBNRZIZE BR 7TEKEE, #A R ER AR POK AL K 3 A K ZE K X 7%
A KMESZH . 45 Keulegan ' . Singh 45 Shah ™™ | Ttakura 5 Kishi "', Fukuoka % ™ . Kan 5 Tamai ™4
A ER K S8y, L% Farrell 5 Stefan ™', Akiyama 15 Stefan 7" 45 A 8 HUK 8280 L £ 5 S5 I 45 S5
T2,

Keulegan " #EA F JG T (1R /K K AS SE 6, 00 000 30 A9 174 b /K S 3 9 A0 e in iz sh LA . A 0 Tk IR
B ALKV DL, B s 5% T BB E D, 2R . SVER MR ATk, =2h, Hu, / [g, =
0.57, ﬁk?ﬁul,/ g'h, =0.29.
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2 HRAKAE BOK A SRS S5

Lh AR e AR A RUKRE L h, F,
HAREL, =R — L5 2em, K
Keulegan(1958) 11.2em; —NAESE 11.3cm, K 11.2em; = il 5E 0.29

11.3cm, KIE22.4cm

) KR KK 14m. 98 0.4m . FOFF 1/47 ~ 17179 ik 3
Singh 5 Shah(1971) o o 130¢° /g’ 0.67(0.30 ~ 0.80)
MY BAFE T AL 0.5 ~ 135em™/s, % & 2% 0.0005 ~ 0.013g/cm’

0.40 ~ 0.72(S =1/10)

Fukuoka % (1980) Ehok Sz . K LR 1/10 1 1/60 147]¢%/ &’
0.37 ~ 0.68(S = 1/60)
Kan 5 Tamai(1981) oKz KR RERT R, db/dx=0.1 0.45~0.92
Farrell 15 Stefan(1986) A H#UK I . KA HLFE 1/21 1.33q2/g' 0.69
0.56 ~ 0.73(5=1°)
) ) 0.59 ~ 0.82(5=3°)
Akiyama 55 Stefan(1987) WHOKSZE . FERERCR M 10, 3, 7°, HHIRKF

0.63 ~ 0.89(5=7°)
F340.68

B HOKSES . M RE R A 3oL K F 700 ML
Slefan'%]ohnson(l989) e, a=1, 3, 7, 11~12, U\j{l?ﬁﬁ%‘%'ﬁﬂ%% 0.68
AR, MHNE AT R A AR K A KR 52 56

Singh 5 Shah'™ [ #h K 7E /K B A PEAT T BRI A LB . KR K 14 m, F80.4 m, HEHE B S5 &
0.5 ~ 135 em’/s, % JE 255 0.0005 ~ 0.013 g/lem®, R EFKIEHN 1.5~ 17 em, ¥ A LKE3 ~22.5 em,
AKHIIEHE S 5 0.005 ~ 0.02. AT G409 53 B7 ok A MKW b4 g2 g . Re(Reynolds O A3 S 1
RIYREL, JFRZ A RUKIR S Re M SR E R, RIWITE Re=600~11000 LA}z $=0.0056 ~ 0.0215 Z
), SR R X T A S KR TE 22 R M 5 61K It ot R oy 285 B8 1 L S v, KT BH 0 e 2k, (E
SR B0 A 15 F 3 B 0 S, X e 9 g2 g N T 2 em, Y RALERLE S BT Z R L RIS AN
MK Jo? o A
h)Ja e =13 (2)
U%EFroudeﬁFpEf%%ﬁ?ﬁ:
szup/ g'h, =0.67 (3)
Fukuoka 25 ™ 7E K 6.9 m. #50.9 m. %% 0.20 m AHE A FEFT £ KB A S S2 80 . R FL I 1/10 9 52
B9 70 . B 1/60 A SEES 7R, WDV A s S8 SHHDEAR . W A0 . i S IR AT et AR
K Jq? g 3 F s I R 1 K R RO S S RO, AR k=147 )¢ g Fu-
kuoka Z5£ A g A1 19 S 56 25 5 At AT 1 7E SC A 42 Benjamin MBS A BT 45 R 308, IR BIR R HE
1E.0.046x 107 ~ 1.8x107 2 [] , 3 5 2 S A3 350 Ay 0 8 2 5 Tl vy B8 1 224k
Kan 5 Tamai " 7ZEMF K 6 m. #5 0.9 m. 8 0.3 m. JEE N 0.1 ~ 0.25 B /KA N HEFT £k 5 8 A
S8, HEREER K2 N 1.00006 ~ 1.056 glem’, q=2.4 ~ 2.5 em’/em, fHEA R F FHIEH0.63, IL{H R 26
UOBUE 0.45~0.92 (1) 3415 .
Farrell 5 Stefan' ™ )i F k-5 B H3 T A SKIR IS, FEUEAT TR $UK S8 . K 4000
FE 16.5W . JIEHE S=0.047, WLV A SRR K B L U A BE 25 DA R W N X Ui S R KR L U A
JESE . SR ILIEAT TR, SIS R TS hP=1.3W\ F,=0.69. SCE RN T 1 RIBIR R HL
(Qm—QO)/QO:O.17~O.46, K AR ERA R, Q0 IERER&.
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Akiyama 5 Stefan ™ 7ERE FE 61 cm . I 30.5 em HHA — B4 B A 10, 3°H1 709 K K N R 1T 14 4
ARSI G SR, BRI LY S XTI AR R, SR F,=0.56 ~ 0.89 Z Al F-HI{E N 0.68;
S50 R A I A TR U S T U K TR Ay R K TR B B HLAELTE 0.65 ~ 0.9 Z 18] 5 FESEINB IR R 5L
y=0~031, BIRABMEXNQ, =(1+7)0, =(1+v)Q,, QAUEMH R, Q,. Q705 5 i i 2t Al
WARRR . ZXCPERFMENRAR, WHRAE K, FAE0.6~07ZIME; 3°0 F=0.65~0.8 Z
[6] 5 7 F =0.6~0.8 Z ] ; L4 A9 i £E 0.6~0.8 Z ], AT L FoXF FBGFE N A K . & F I A, Stefan
5 Johnson MG SCPANFE T PR A 3o SA BRI A1, SRR, BORF 5 F RSHFE L
ZRKFR,

DAL A SR K SR ST R AR R, [ o7 e B, SR E Froude
Fyo=u, | [, k. 2k WLFE03 - 092 M H Y, THE06 - 0720 k[ [i7e
u, [ [&h, Pi# A FIILR

szzqz/(g'hl)S) (4)
23 “THKRTFEKRREBKBNLGEKAZH  SIH0E DT TEKEEATE SOEE KL i ] 58 K 52 4
DA K TEnT 0 AR 5 K i v AT BB B K R B LR 2,

I SS K T SEI W 5T SR T SRIBUME I 1T T S R K A A T K

Vi) ERF 98 A TE B J2 7K 3t 4 6 7K RN I 258 B T A Y ki,
X &R, Ef%%‘}%f“roudeﬁu//m%ﬁ?@ L
R, KPS BB o (MR E RS ), W
PRI HORIE A KUK IR h) T K5 K B 3 2
Ap/ps

HEAT A G A B R OK LI T AE A
O’Brien 5 Cherno 20 Yih € S ( VE SIS tr \ 4
Keulegan ™', Middleton ”' | Rozovsky . Kersey B2 AL T O 5 i A
v Hsu " . Lam N Barr ¥ . Rotiman 5 Simp-
son o FIHEKHEATSIME R ERBEALBOAERYE . AKEMEMETE VAL -
(BN6) A AT T BE 5 . LR R 5K i F 3£ 3.

%%“s*c%ﬁbkiﬁ”ﬁﬁ?{éﬁ%%ﬁﬁud/maﬁﬁ%@%, AR T . AR SCHE SR S e T o R A
ALAR KRR X R L R 50y A S A ALK O, A ARG F, . B, [ [h 1
FRVEA KR | KAWL R

M2 3 T LB R 4 B 4Y AR ud/ g'h, =05, h,/h,=0.5(Yih, Abrabam, % ¥ )Ll
ud/\/Thpz\/l/_Z(mn Karman) . 41z H1IE 2L )5 fiu, h, =u,h,, YInris .

Fo=u, / g'h, =0.25

ETAFZOKMEE, T L FZKRAE LR R # B, FE KT s /N T
0.25.

K ZEK XA iiE DT TR HEE A, A AL L MK & EAR, FZEEF L
J2 K L i, (B AE K P AR/, A3 AT I AT 20 R AR S A P, 1w, o BT BT S
Froude $F A 225 . £8 BTk AKEHF 1£0.5~0.8 Z [, SIHETF 702574,
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F3 I ORI AR K . EEK SR 5K 14

& B LRI iEEEES
O Brien 5 Cherno(1934) st u‘// g'h, =0.71, Fp =0.25
Yih CS.(5 %D A B 4 43 B u,/ J&h, =05, F, =025
(1947) Hhok sz u',/ g'h, =045
Keulegan(1957) hKSEE: SFORFMYTE, SRIE N 45.7cm, AN 2.4em u,,/ g'h, =0.462
KL MK 450cm, FE7cm, & 14em, HE ;
Rozovsky(1972) " - - “«,1/ g'h, =0.45~0.53
1.0007 ~ 1.20
EYE o,/ [gh, =046 (h/h, =0.53)
Kersey 5 Hsu(1976) EhKSZE: WK 5. 7m, 98 25em, WK 55em, JEBE AP R u{,/ g'h, =045 (h‘,/h,, :0.41)
3w,/ [eh, =039 (h,/h, =0.53)
Abraham(1982) AL u',/ [¢'h, =05, F =025
JEIH 2% (1986) HKSH . MK 7.46m, 9E0.5m, FERE 15%. 25%0. 35%0 u,,/ g'h, =0.45
KK . MK 131.6em, 58 7.7cm, & 1lem, SEHGER
Lam(1 u 'h =0.43
am(1995) o Jf J&h,
K5 KRS 214 10em
S o 'h = =
WF WS (2011) LIS u(,/ g'h, =05, F =025
TR Y (1959) KRS K . KA 3.6m, FE 1Sem AIFE K 10m, FE 20cm W/mhzms(mﬁfqmow)

3 FHEFE AR BB R

3.1 von KarmanBIEE SR von Karman ™ W S54RI TRSK ), 18— R BRAE R AR AL . 813
TR p JEB R WA p P88, B BB AT ORI BRI AT T, S P R R A E B
S Sk e,
von Karman W ] A &5 1 B 5 /Y Bernoulli 5 & .
p,=py +ep,h+0.35p¢]
T8 VA — € R 128 ) R HE 2R 2 hoR i A e E L PR T HE SR, oK S # Ik
Py =Py +8Pyh
KA
e,=J2g'h (5)
ot g7=(py-p))e oo AW RTHEE 15 527 050 BT LA L A B K
3.2 Benjamin B2 L 53 B R Benjamin[mﬂ\j'ﬂ von Karman F| F B8 & 7 2 H 2 W& 5 It o5, 117 i Sk 456 5
WK Z B S FJRKRREG MR R R S AR Z A, BR Benjamin 9 4 315 3 [6] #£ 19 ¢, 45
SR 5 S von Karman BUAR 161X — 5 B S — A HiZ, {H 0 Bernoulli J7 7% BT BU_E R 37 9 4
WERAE b 0 RV 7 B B 3l — 28, R ARY S R i — 28, fd ] Bernoulli J7 2 U JC [R) 2L
Benjamin 73 H7 P V- M 2Z 18] 9 25 /U W 25 X B gl B, 20 A vh Z0mg B R AR AR g, R JC S i
BEIKIR N d, TN e, TFUETCPRE AL KR T by THE R e, BEALIE LI 4.
MR Bernoulli HF2E, O SRR I HE:
clz=2g(d—h)
B b 1 T 1 p,
pO:—O.Sgcl2
T S A ) UK T R T A3 A S K R g A A, B SR TR
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0
LLLLLLLLL LS L //{//
r

A 3
' 60°
E ﬁ—:Y@ 3
B ! B
—— :

>
N

) h d . .
2 " 1 h 2 :
A
A 4
#3  von Karman 5 5 Ji i 1k [&] €14 Benjamin %5 7 i AL [

0.5p (clzd +gd 2) =p (czzh + O.Sghz)
BB NN e d=c,h, fETF

h=0.5d
Fi=c/(gd)"=05 (6)
Fy=c,/(gh) =2 (7)

YK Benjamin % JE K U A9 A PR - R KA K Sk BHR fﬁﬁczf AR 1 T i 2 AR B3 A
W, & XARKKBR, WA

=2g(d-h-A)
W25 I A R =X

g(d’-n*)d

T Qd-h)h

MAE, g
_(2h-d)(d-h)

2h(2d - h)
Mh<0.5d W, ARTAE, WMAaELbRP AR LA AU B4, T8 250>05d 1F, A
h(d?*-h*
o |H ) (8)
Jed  |d*(2d-h)

W HTFSER, $k= h,,/h A

FP:uP/( ) =[h, (b2~ /Jh( ):Jk(l—kz)/(Z—k) (9)

33 Singh%HShahE’\ini@ﬁﬁﬁk% smgh%nsmh R T EAT R K T S KA S2 G A, IR Sl Oy AR
IIMTIEABLG, Shid AR

ap,( By, —Bw,)=P +W +P,-F -F, (10)
Arpre ARSI ER, BB, NEIERE v Mo, HPIWT T3 s P AP, Sy 19 18 1A 1Y
FE 15 FORUF, R JRCHB A S BT i B85 T B J7 5 Wk 195 DR T [ 0 A 4 1 49 )
Singh 7E 43 A AR A0 R AR E « KR I A #OK R 140 A s B — 0K BT AT TREDR ; AR
FE LA YE S0 /M, BOE 2 W R K ER S5 T 55 1 Wi TE 19 K IR, BV A SRR 2 A FEE T F,
i€ A7 TS . AL IR S .
N, ZBF . F,2 MW ME, AT

p.gh’ (pgh, p,—p
qu(lgzz By 1) - [ L2 lghj (11)

2 2 2

b NN 3 TP R B T AP PR PR el e SANSR  TRTTIS 82 i Tl el | Do A R o T
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J1, 2w B A R, 15 2q2/g’=(hp+hd)hphd; B R RS R A R, AR
ﬁ%ﬁ@ﬂm%%Lm,mzmwyg=m+mmm;%zw%@@Aﬁ@Aaﬁ%zmm@%ﬂ
&SRB ) 5200, Singh XS] 5 8 3 A o S AT T S BB O RN KRB ) R A S 22 B R
R, AN 013, BfEi: 3.1q2/g’=(hp+hd)hphdo

Singh #% = F ¢ 2 215 0 W A s KGR A [R) 52 56 000 A5 14 v A S K RIE S A R — B EXT e, BoR
AR AR AR IR BN A AR R K, FE K TR R D) i 25 30N
3.4 SavagefA Brimbergﬁ@fﬂi@ﬁ*ﬁﬁi% Savage '?Brimberg[mféﬁﬁg‘é{u Benjamin 7 B B TR
SRR JTREYE o 0 Bernoulli S 3, 43 BT 1 58 4 WU B % B2 p L p O TRLIA, IBTTED 1 Ah T A AL LRI
Ib, W w,, KGR R Wi 240 T A S B AL, W w,, KN A, EIEELE 6. &
O E A A, WEM/KEE 0S89 FE N Bernoulli JR ¥ 3 H vk W FH Bernoulli JR ¥ H 0 &Sy 38 FLm
T ARV S A 2 G A R AR 2 A Ak K R SR K R T, a8 sl O AR ] S A

hy=05h,, F = [u}/egh, ~ 0.5 (12)

WA K
0 ¥
—-‘m
w= |y, I
P2 Uy ey | 2>

4 3
AR AR R RN RN RN VRN
5 Singh WA SR E El 6 Savage & A S HELLE

AN R B b, FTRIRN
hy=J4g* /g =1.587 ¢/ ¢’ (13)

Savage Fij L 14k 5 19 3¢ 2 58 7] Singh 10 ¥ A S 00 KR V=185 + 13 )¢ g B, W B HEIR
{ELI 55 H . S KO R R 7 o DAAN A S SR B, AR SR A R BT IV A . Savage %
FE B — T 1K F1 40T TAE 200 TR HL R AN BT L 77, R Schijf 5 Schonfeld ' RUZ A8 I —
Yt ia 2 T BRI A SIS, A Hrh &K e g I BRI R, X sl O B AT BUE A .
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Investigation of density current plunging I : Review of previous flume experiment works

and theoretical analysis

FAN Jiahua, QI Wei, DAI Qing
(China Institute of Water Resources & Hydropower Research, Beijing 100048, China)

Abstract: This paper reviews previous flume experiment works and theoretical analysis of density current
plunging, then explores the value of the densimetric Froude number F, at the plunge point and the relation-
ship of the value of F, with the depth of the density current h,. The paper contains two parts. Here the
first part presents a review of experiments of plunge point with turbid, saline or cold water inflow. Experi-
mental value of F,=0.5~0.8 in reservoir backwater region, and F,=0.1~0.3 in navigation guiding channels
were obtained by many researchers. Then a summary was made for the previous theoretical analysis and the
numerical analysis of turbulent flow models for plunge point prediction. Various authors investigated the pa-
rameter F, which varies with the mixing coefficient, friction coefficient and the ratio of the density current
depth h, downstream of the plunge point to the plunge point depth h,. Several schematic diagrams were de-
veloped, and analyses were made applying energy equation and momentum equation, and obtained some dif-
ferent types of F, expressions. Some investigators used the method of turbulent models with numerical calcu-
lation to determine the value of h, or F,. Comparison was made with the experiment values of h, or F,.
The previous theoretical analysis results of density current plunge point were used to compare with the writ-
er’s investigation results by theoretical analysis.

Keywords: density current; density current plunging; flume experiment; theoretical analysis
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Study on mechanism of energy spending and transition

in open channel flow with suspended canopy

HUAI Wenxin, ZHONG Ya, YANG Zhonghua
(State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan 430072, China)

Abstract: Suspended canopy in open channel would have an adverse impact on flow capacity. Based on
the previous theory of energy balance mechanism, this paper analyzed the energy transition law and energy
balance mechanism of uniform flow section of open channel with suspended canopy, and has derived the ex-
pression of energy borrowing, energy spending, energy transition and relative accumulate values. Using
Plew’s experimental data of velocity and shear stress, the distribution of energy accumulation along the wa-
ter depth has been obtained. The result shows that whether at a point or in a cross—section, the energy bor-
rowing is equal to the sum of local energy spending and local energy transition. Energy spending is concen-
trated in the vegetated layer, reaching the maximum at the interface of vegetation and non-vegetation lay-
ers. The total energy transition in the cross section is zero. The energy borrowing in the vegetated layer
and the riverbed cannot compensate for the energy spending. So surplus borrowed energy in other parts
were needed to be transmitted to these two parts. In the near bed layer, the accumulate values of turbu-
lent energy and energy transition are quite the same, which indicates that most of the energy in this layer
is converted into turbulent energy, and only a very small part is converted into heat in order to withstand
the resistance in the near bed layer.

Keywords: suspended canopy; steady uniform flow; energy spending; energy transition; energy balance
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