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Fig. 1 Ratio of water depth at the crest of a.spillway to the critical depth for sloping and horizontal flows (5, 7)

U 550 (S5 S s dle Sl S 5 Bes) i Tl S5y 50 Ol Ay Joe )0 S g Bee et Sl e o
Gy o EE I H 5 51,00 e Loy cayo C ol 5 a5 855 o awslire Q oo Q = CLH™ 5, o alsles 5 ool L (ot

9 2l e il gl (oye axly po (20 ol o a4 20 sl Y= (0%g) " alad, 511, @ b bl Sl Ges
26 695 2 Ol Sy g el o 00l [B] gy b [T] j5lo Lawsgs a5l g s8lizaal b lgs o 1) by o3y Joee 50 5 20
S sl oy 55 Bl (Sl Gl sz 4T Sl SS a3 0SS (Sibgn alobes 510l oo 1) 5, e 5005 )
Sl 0B ) o5 (65l 5l s cel Gl 558 bz o )0 a5 (b, Jme) 2 4 pame5 (6561 S o 0 |y me (00
ool goz 5l ad jo Logate (655 s Sibiulgyane ) ad o jLid a3t Gex el oo i 4y (ABLie ol cpl og walss
P2 a1 0l 390 Sl o & 53 L8 @5 o Ll o ST oS Sl ety 4 Y T cas e Yo HVB/2g
S @6 69y 3 Ol S SSllgjaee JLad w8 sz (s (05 (o0 S 7S Shplen aRi s Bl k) S8 (o

Wl ey o adgl e g Gl B L as ol lis mls wsloy ol iy co  SiwS @muj ey A [8] pusl s ,0lb
G590 5 ey dae (SO aS wile 0I5 KT odudy (0 50 e (s> S0 90 .00 )5 oo oo 38) sliuly jo colll S ok
OO N8 (Se 4y g 338 (09 SZ8S 9 (b 9y SLALAE] (y3g) weT )08 sauas GLiS julen ) 308 (1398 el g S0e
O e Lo B oo pieS (rlans S (glg i 9 00, (o0 Sl g 29 (g30e jlake e GRIPBIL el (el LSS U8y 5
@ ale iy (gt Sl 4 (o 18ST (slog i bl cnl 50 00 Gl 00 5 (o0 b CuSS Jsb (o ST slagi

oo e s S o 155505 3 e gyl



P yge |y (53500) B3y S Cr S laglanzsloy O () S (ol S 028 oy p 4 [9] g0l By s
f 1y ot ables il L algd dus 51 S el ye o 40 ) wiols Ll ) O bz o (alazél e sl 5l eslinl b 5 ol 1,3
Ol gls (W8S (5)l0 paSe Ladlg) 5l (29,5 ©f S (At oy 5l GliSie (23 4 )3 g 009es Jale O (65K @te )
CF O S Jlew (Bl slace wilas 03,5 53k b agly lawg gadgs Gl 5 slapl > 5l (86 (ilassl az pe aS ol
@sily S b aladlsl @b 5ol lyz 5o it (ALEiEl slml b a5 oS ssmlin 500 ()l 4 055 (o0 ool im oo 53 S5,
byl g o e Job o3l (o 4 [1] K00 5 L ol a8l o Gl yimy pos (o aaSCs L oy lael (gl ey
GElS 0 55 i dome 511 08,5 old b gy 4y g 009 Ay S 3,55 Joreyd Sy g8 oS b LS gl wS oy ol s
o515 ST S0l aS s o 755k (2SS 5o Slileg (Sl lade 1 yieS rizres 5 5Lid 5 Sy Dllug (S b o0

D20 oo lid g 3959wl 10 (6 in Cuglie Co Cl> (pl o aS Coul c

a5 ol plas mls sl leasd o o9 cago p alite sla o e b alinl 0,5 aBislesl v, 4 [10] o) Sen 4 5lauils
L aibisl a5z g a5 ol Lt gl (et b oalial38l Az 0 5l (65500 by U5 gl Gl g ilinl (o GRalBI L (0 o
85,5 (a0 oo LialiBl A e casiie Salib SO e ailin] fgas Cdl b anslie o e Blos

Cowl 48,55 D90 298 JB Sllae sl 9y SLEe OS> s 990 5 SuSeld l38le 5 sl colaiul b oS el isg 4 p3Y
oyl 51 (S gl 58l 5l s Aoy iBle 5l 5l eolaul Lol iy G Oliogad cwyp s pols Gadm 0 1A
2Ol J s Jew Gl 0355 e ln g oog (CFD) Gloslones oVl Sialias slalile 5 05 60,008 5 (5 3-8
Al sz 4 s Slabre DYl Salins sl 33l L g0t IS sla gy aloz 51 [11] 0500 JLS 4 o2y slodwain
s Ol bulpd gy ([12] casgls I8 55 5l eslindl b plgmElasie o 4 oy Suss 5 CwdVl 092y
slodss 156 [14] adss gloaz s j0 (Sgaun o) » bl 550 [13] ddaias o0 4 slag ) pw 30 Gl (93 <o

d; o)l.w‘ 9 [15] <° w).o)) 6»5050 B3P s

Co 3y drloee 1 5la28 55 a5 0 ol3] iy S s dwle 10 Lilon Caglia sl o 5l S d (358 50 oals &l Lalg) yo
Sp P38 dlone syl il ST (B5 ) o e 90 Cunslie Sl n 4 2Ol Gok ) g salsS ol yen e L (S35,
D)3 g SSsld el 138 0 5 L (g00s Djgo a5l 0 S L) S ke WOl Sy ol Lo Cuaglie (S, Cr
22 )50 (Dt S yrn & Sus (59 3l 05)08 a5 o1 by Co (g5 ke (Bhe U izeen 28 plowl calSaulesl]
o0 5 ARlesl 5l Jols mlbs 5 alides (reizme lawgs ool all)) Luly) (o lamslie o5 G )5 (rizres (285 )8

)5 D pgo il (i) S > s Bpolms (sl pol> Bk

eyl 55w Y
Al <S5 > 1 oSl Y olee Y-

Oygo 4 S o galols claise law Glgie 4 o ZU (28,5 Jlai o b ogd o Sby o ZU 5 V0 Cepu b g5, colas Sl



gx 2

y =X tangg-—s——
2\/§c05290

)

o Sl (21,5 OLs G g 385l adgl angl; B0 (pd; o gl G VO (i) S ol 4] Slatie Y5 X ) by o

20 (Fosluiyn; ©)go 4y dlolae (355 oo yho plp B3l Cr adgl agly) 0eb o ) Bl g 4 () S oS

y == ™

a0 Luly, 5l ool Cawdy lade 51 xalisS 4l o sy Hlade a5 e (s b oI5 Cuaglie bl 4y oyl a8ly jlade 5l i
[16] sy osiics VEVOH2G 6 13K b ool gp Canglite L)

X 2

y =xtangg-————=— )
4hV 005290

asly 5 Sy 4l 5y8 L) 0,5 aale o]y & (10) (@1 Fo culis (15,8 @l b1y cor oYU o sees BlsT e iomod
(Sl (S22 2 (Gl ad yo ojlul plen (6,5

x 2

y =tg+X tangg-—>—— Y
4hv c0s260
Iy ol 0l @S] alisee polie ;0 358 abasly dizym aS 00,5 53 55 4SS gpl bl [16] el T e culses to oF abal) o

30 Bl (b 5l e g bl cod ol O3 51 oS xe atin 1l o3le b o il aseoe> 4 o, B L5, o aSl s 4

W eSS e ) (i) o YL s
aS ol 0als &3l [17] \ol355 sl u:"")'b SLS J Co o ba Alolae wline gldolae i ST 59, ) u] o\j oy cdl> o
J)jsn )‘)5 solazwl S50 .19 A_As.w Yy s)l.: LSLDJLIIS Lf‘)‘b 3o

x 2

4K (d +hy )cos26g

y =X tanHO— )
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Fig. 2 Schematic of the free-falling jet laboratory facility
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Table 1 Range of parameters used in study

Parameter Vo (m/s) Hovertop (M) D (m)
max 1.55 0.22 0.12
min 0.3 0.011 0.01
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Equation 20 9.14% 0.95
Overflow Spillway (Eqg. 21) 18.05% 1.67
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Abstract

The water flow over the dam spillways has a lot of energy and if this energy is not dissipated, the flowing water
can cause irreparable damage.to the dam and.downstream structures. One way to dissipate this extra energy is to
get water out of the jets into the\plunging pool..Water free jets often cause erosion and scouring downstream of
the structure, affecting the abutments and the downstream channel. In the present study, the trajectory of free
falling jets is investigated numerically:and experimentally. Ansys-Fluent software is used for numerical simulation
and laboratory work is carried out in the hydraulic laboratory. The results showed that the domain of free falling
jetin laboratory work is less than its calculated valueusing the projectile equations and the sample simulated using
Ansys-Fluent software is due to air resistance. The equations of the projectile prediction and the simulated path in
Ansys-Fluent have an error of 20.6% and 25.5%, respectively;:compared to the laboratory data. Since none of the
previously presented equations for calculating the‘path of falling jets were obtained using laboratory results and
did not consider air resistance, therefore, they have errors in caleulating the path of falling jets. In the present
study, two equations have been presented to calculate thespath,of the free falling jet, which have a relative error of
3.02% and 9.14%, respectively. These relationships significantly reduce the error of calculating the path of the
free-falling jet. By reducing the outlet cross section of the free/falling jet'and increasing the head passing through
the dam spillway, the free falling jet reaches the ground at a greater distancefrom the dam body. Since none of
the equations presented for calculating the trajectory of jets have been obtained using laboratory results and have
not considered air resistance, so they have an average error of 21% in estimation of trajectory jet. In the present
study, in addition to providing equations to calculate the trajectory of a/free-fallingfjet, the air resistance also
entered the main equation of the projectile by fitting an equation (using laboratory data)=The simulation results
also showed that the water flow velocity with a 247% increase compared to the velocity at'the end of the dam
overflow, hits the ground, which requires more attention in the design of stilling‘basin at the end of the dams.

Keywords: Free jet, plunging pool, trajectory, projectile equation, air resistance.
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