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FUNDAMENTAL STUDIES ON THE HYDRAULIC JUMP IN
CIRCULAR CONDUITS WITH DOWNGRADE SLOPES

PART II :
Calculation of Head loss due to a Single, Steady Hydraulic Jump

by

Mitsuhiro INOUE

(Department of Irvigation and Drainage Engineering, Faculty of Agriculture, Tottori University)

A single, steady hydraulic jump may be a simple phenomenon in the vari-
ous types of jump in sloping circular conduits.

In this paper, the momentum equation (verified in Part I) is transformed
by introducing non-dimensional factors and an experimental equation on the
Iength of a single, steady hydraulic jump is obtained as a function of the su-
percritical Froude number. Then, pressure recovery values which are calcu—
lated by the transformed momentum equation closely agree with the experi-
mental results. Therefore, an approximate method is tried on the assumption
that head loss due to a single,steady Hydraulic Jump is calculated by the ini-
tial depth of the jump, experimental equations on the length of the jump,

and discharge of water.
with the experimental results.
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The values calculated by this method agree well

R EIND, KK, TOTRE, KELEERD
OF B M # B TE L Blbh, BUKERTOKR & ok
B, LTOBKOE OB U ELIcpE T, SR
DEELBETHET D, T OETEZEOINCE - T,
BRAKC, BH—BOKBIR, 2V vy HR, £8Pk
BRI EOH 4 D # 4 TOYKBEBHEIN D,

BERZRETMITHE XXV

1974



114 # Ok

£ 1 cR N TH—KRSGo—RTEeT v X D R
INEHEHERD %, IDKMRAELZEALCE
B, BOKESDOFEDRIEEZRE Uic, ¥z, BokD
B3t 3ERAD 7 v— FROBIE LTE LR
fedh, EOEBRKE, KE, I OBIKERINNEOKE
DB BHF—F—120C, H—BkBguc X 285K
OEPMEEER RS, TORE, EREE X {—%L
pra

I, —RTESEAENOEE

PRI OPOKERTNE &, BUKE&E R
LT, EEBEEATHHAL, TRy PRO BT
FEBICANT, EEEHERNLFEL CELS, KD
MAABEELL.04 /ol L, 28RO BMARFHER
BEALTHZENDNEWSHER LD, EHEFER
OFEMEHIC Y, MRITETZEALT, HFEIEE
KTxB, Tibb, Fit+ M =Fa+Ma—Wsind 7%
—RICHEEN TR ORI A K OBAATRER TR L

0%, hrh, Ty, My, Fy', My, W/, 93
L,
Fy/e (Py —Yy cos 6) Ap +S1c0s 6 Agere (1)
My’ =012 Aq /g srevrreremreninnnnnnaniienn (2)
F2’ = <P2———R cos Q_T_]I'___B_) Ap ............ (3)
’ Um?2 A[z
P N 4
e g 4
W sin 6 = (Vi 7 ) sin goe (5)

Lld, ¢t
¥y BOKBERT#ECS 22FE0 (),
My @ BOKETTE IR 54888 (4) ,
Fo ! BOKBIEJIBEANIICRT 52EN (4)
Mg @ Bk E I ABEIC 81T 2480 E (F) ,
0 1 BEOREICHT T BER (O,
PUIETY (/) Y DOKEE (em), A D REE (o)
Ap EWIE (of), P o/ /yw I BEHKIE (cm)
S KD, EOWHOMLE COERE (om) ,
B BKBORUAARE, 8§ @ EHOIEE (cn/
sec?) |
R HOXE () ., V. BKEHOEE (o) ,
v BAMARER (§/cl) , v FGHM (cn/sec),
WRICOWTIR, 1 RPOKERTTE COmEREREL,
2 BBOKBIENRABT COEAYERT 5, £1LC, a

Y BA

1R2EE, witk, mBZES L KOBEAHRELZERT 5,
wie, vwi2 /gY¥1=F: 2 Ay Ay =\ T0% JRIKOLE

FHAL (1) Rd (5) RE A CRLT, EH
T5HE,

Fi//Apo = Py + (Sih — Y1) cos § evreeeres (6)
vwi2 = gY4Fc 2 }

My//Ap =Y N Fp 2 evntrsssinnnenecnnnnnniins (7

R

2 [ Ap = Po— T (0S @ ereererenieniiianinne 8

F2//A Py 118 cos 0 (8)
Pn = Qe +Qu _ A+8) Qu — <1+BLU;_1—_AL

" Ap Ap Ap

= (L+Mvw1 A T BBAE, B X%, vwi 2=gYy
Fr2 J:D

My'/As =(1 4 B)YIAZF: 2 e

LB, Lizdi-C, —RILEFHEHERIZRO X 5
BRI,

P1+Y17\/Fr 2+ (Sl7\—~Y1> cost

= Py — 1R—I—B cos@+ (1 +B)Y(N2F, 2
—2 WGR SIHEO ereareesesiisiiniiiiiiiiiiiiitiinie (10)
T, Wo ik Wo= (Vw—l— Ve >/2Ap R 71 %K
, T

WTEETH B
W, EHEEHEE

BRI IC s BEAEIE Re 243, Fig 1 R X
AICHOKERIRICKS T 5 ey KE (Z1+P1) &,
BRI BEARMTICE D 5 €y ke (Ze+P2) &0
#THBLEFEL, BKBEOFEFESBOKIERTIC
T/INE L T »leledic, HEEKERED L, ZORE,

TEJIKEADIAR U TETCRD D Th %,

2% b, EUKEELNTR, P1, Py,

EL, BRK

TEORES Li X0, SEKEOE (Z1—Zz) BRD
T, EHEHE Re AFHTH L,
Rp =Po—Py—L1 $inf «eveerremrenviaiiiiinnnens an

ELUTRE D, £ T (10) Kt Po—P1—1Ly
sin @ &/ IEET 5 »,

Po—Pi—Lisin g=Y N {1 —A(L +3)} Fr 2
kR
1+4
4+ {[2WoR—L;} sinf= Rp.

+ S+ ~Y4} cosé

............



TFEHEFHE P O BEKEZRICEE T % AT 5

Fig. 1 Explanation chart of Pressure Recovery
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Fig. 2 Pressure Recovery by calculation and
Measurement

(4) EXOBAFBEREYHERAL, KOBAIAKE
BrKRC Y 53 L.0F /el & L7

REDREWC & T, RERBEZRAURNT LA
EYCY (W

]
25
e
. [
{* e
> e
o ©Po
20 o i
2}
o° v v
v vV
v
15 — ‘7
[0} v v
: O = 6.0
® 0= 8.5°
v
X 6=10.5°
WW a A 6=
f— o
10— v . X , 11.5
— IS
A A &XXX x X v 19.5
X "X e ® 6=23.5
A A%Asgo’ 00
& © 0=26.5
°8 (o)
o QO
(o] O§
5 |° |
4 6 8 o
Fig. 3  Relationship of Conjugate depth and

Froude number



116 oL ks

- o
~
=i
.
30— o
) Vv
©
S &
7
Py v &
~
&
\>:
(0]
20(— 3
o 0= 6.0°
o U= 8.5°
X 0=10.5°
A 6=11.5°
V 6=19.5°
O 6=23.5°
10— O 0=26.5°
| ]

6 8 Fr

Li/Y,

30

20

|
8 Fr

Fig. 4 Experimental Relations between Froude number Fr and Relative length of jump Lu/Yy, L; /Yy

V. BkORE(CET BERR

B EBOEX Lo, XK, B FTBOEX Ly
25, WE Qv ki Y1 Kk - CBlls BB Es,
FEHEEEREM Ree 25, Lu ® Ly OF—Z—7 LI
HEINRDZEBTFHEIND, 2D L5 KEALE, B
KOEIWKHETBF— 2 — %A Dres 4 — 5 —CHEE
Lco

— i DIARHETEBIK I OB, JHBKEOK Yo/Y1
L=V Fr (=F) LB, KEOEMA
CE - TR, BN - T8, THREREN
DOH—POKBLROBE, RN LIZHETE RV,
Fig 3 0ksi, M#ERAsRLhs Lk, Bk
DHBHETHD,

BokoE BT 5ERF — 72—kl Tz, Fig 4
CRT LA, L /Yy % Fr BX, La/Yq 3 Fr
CDOWT DB RNRENRE B,

T, BH—BOKBRRHEF 58I, BkoR
X%, EAMCEBRGET, T~ FEBE 3B s
b, BAIHREC X -0, ROEHRTERLT LT
o

Lu /Y1 = 7.6 Fr — 17.6 «eerevrevecvnnannnns (13)
Ly /Yq = 7.6 Fr — 8.4 covveeneirvirenninnans (14)

I

V. KERBREEE

Ak, BOKEBHE QKRR L TWBHERTO
TR VFE~Hp bR E DA, B—pokIRRNME - 5 HHE
Tid, BTEKELSBY TH B, EROERBKED
* = F=DIEECNI L, ThEERL T rEbin
OT, ko (15) Ko kS, Bk X BKEREHW
B, BOKERINE &, BOKBEIEARNR O, v
K&, HEREZIETRIERE S LK%,

2
Hiy = —25);— -

Uma2
2 — Ry
2g S S (15)

Rpm = P2 — P1 - L] sind

L Ui b, BRERESNCIZ, BOKBIEIEAN
T COHR K EEKEZHE T 5 ORRECH 5,
£TC, ERICHETE 57— 44—, B—BkIRc
X BBIKEXHEETHC R HNE LT, EHEHE
KRIVBFBBEINCEBERE, BKOEI BT 5B
FRAWT, WE Qv &KE Y1 KFT, BokkcX 3K



TRERAVE P OBOKIRSICEE 3 5 BT 5E 117

FIBAYEEL LD LRARDTH B, 0D, (12)
K& DK & ZKERBEREME Hic 11,

Tie — w1 wm® o

Hic = g e Rpe (16)
LY, owi2 = geYyeFe2 BRI, tm? =

(L +8)2vw, 222 = g¥y (143212 F: 2 kb,

Vw12 Umz? Y: Y1(1+5)27t2
oy T T2y T~ 2 irET Fr
........................ a7
Linsnb, (16) Rk, 12) K, A XERAL
€, KEBLREEMN Hie 13,
Hi = 72* {1~x2 (1482 } — Rype
Y
- L {1 (1 +/3)}{1 (1 —«,8)} Fy2
— {51 A+ %~ Yi} cosf
_ {ZW,, R — L, } SO vererreriirerenias (18)

LB, TTT, KHEDNG A —F—LONT, HEE
BIor, iBROLSK, Ree BRE § 352 51%
E, Qw, Yy, Lu, Ly #200B¥E%D, N B, F:
bR, Qw, Y1 OB ELE»D, (18) Kkb,

KEEBAFEM Hie b, Qw, Y1, L, Ly 2708
#rind, 2THD, BAKOEX Lu, Ly, 13)

x, (14) b, Lo =Y (7.6F: —17.6), Lj = Yy
(7.6 Fc —8.4) 2/xh Yy, Qw OB, L
>'C, JKEHEAREM Hic 12, KE Qw L BOKERIN
HOKEYL DF— 2 —1EFCREDZ LR D, TD
XH Uk BB KIERLAFEM He &, (15)

HTRD B BKEFIRLFERIME Hov & 2 REEC 7 o
v bTBHE, Figb 0X3kcis,

30
- ° 6= 6.0°
g %
G * /= 8.5° X
= X
= X 0=10.5°
A 6=11.5° 6
20— ’
vV 6=19.5°
0 0=23.5° s
8 6=26.5°
10
.G
o {-]
0 10 20 Hy(em)

Fig. 5 Head Loss due to Jump by Calculation
and Measurement
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