AERI

Y403+ ol VEr e Ll JAY 5ol [TY i/ i8R g (5 bl (g0l owikigeo Cliuiins

2y — (oole :llio g o
SN Juo 31 08l b B wilo guf g sl (U 3> 49 J S @it Cunrd go (o y 90
PEalo 3T glrosts g

Tosljusy o 3o 97 (L2953 Pl

) eoltole S g, olRasls e 5,5LaS 205ils el urigo 05,5 bl )

oSl (rl e 5 (55,9LtS s 15yl 5 55pltS (miiige oSl o ST 5 (5Ll (iign 09,5 SLul -
Ol ol <ol

VB IDIY i s ) Fe YIS 128l

oS>

Sl ladijed st ad 52y S95 S5 > Biladl il g pogmatie (5,1 JBlas (ol 39,3 das Cundee
SL2o3l> g Smipwigr 20— g0l atally (g30s Jb 1 o3l Ly JLOU ay (6399 (onlt] 81 B1,5 9 i
2 1P 3978 308 g (ogatn (5551 Bl Cumbge 48 31 Gl (w2 L Al o (2 Lo
&L Blas ComBen a5 Il 0 a0 SS po oLy S )3 dwgn ©j90 41 9 00 5l Sl glabold
a2y 33 (3 S (o G5 L e BB 3 (Jue jlam g o> ) Ol S 3 1] S8 Bl
o Yol S (ily2w 39,3 duc g og—atie (65,1 JBlas 53 9 S35 o A sl CaBige dw 5B )3 (5,0
adaly jr JI3g—ed (] s oy G 028 Ay 43 (0 illle 53 Jlpu lya 3 egatie (551 ol Bilaie
¥ atasly ol 55385 ©gludd jalate dy sl (bate JolS j3-bay )55k (Jlpo e )3 pogatee 555
Ol 55 tidee (6 i (gl (S0 Adali Adally Nigid () 2 BB SLa Sl L Ladd])S g Conl
(oS 33 Y 093 A po G ol ¢/ 40 51 1SS ya3lbo (gl admly (A (w2 5 05k
U (ol Llad jlatio ol 51 ey 1230l 50 sCwl gdlae (Smwjd (5113 (o2 3590 Sl s S9;5 (Sl

2,13 3959 Mo > VA

Sl sbve g

OS5 Al 03958 das (S o bilal 2 JBlas (yogmate (655 JBlas ¢y Ialod] p

a>lg 5l S 8y, 8 00 e U by, sla s ;> 1993)
= B2 QT S e g i (e 5
o Basle e o,z )0 aisd o ga—aalb
ool S 3L g by cow o alal, 5l oolaz il
Las

asine by

)
7

.“)—.’ 4

Q
7

FPRVPY

Ol Sl S 0 9o 5l (6l 5o

sl—posl—s >k ol e dge 5 ol
ol 0l Sl g Jew (2his; o Slg e
So b lpog,sonebLias by ol cal oas

http://doi: 10.22092/idser.2021.354306.1472

Email: e.darvishi@razi.ac.ir s 005,55


mailto:e.darvishi@razi.ac.ir
http://doi/

Y403+ o/ VEr e Ll JAY 25lond [TY aa/ i8R g (bl (g0jlw (owiige linlios

(Darvishi et al., L Sen g —iug,0.2009)
J—= g Aol ) Sy sla alail; 2017)
‘)lf..\_;l.,oﬁ.é ul_'):> 03— C){_,a| sl 4_,4).‘) G
ozl s 59, 1y Bl gl ol gl 2 50
53,5 dwlore
Sleslawl b JBasle oLz o ol mhaw e
Ot 2B (V) (om0 it Loy alal
5,800l s Ol mhaw cod ol o 4 S el

dh S,-S;
N~ 1.£52 )
dx 1-F
6OT)045
5685l b3 o= Sr e LSS S o= So

JUE Jsb jo Gee &l s = dh/dx
2 S 32 Sl s ol boas e
(SHlae A g aalys SO ol 04,8 sue aladl SO
JeFpa—baaly o oVa lhl, 5z, 5
3 St g5l s el 3 0,8 Al o b lade
«lbsl,y o Jlner eld leolaiul g alal, o
e ol 0 ol Gee Ol i Gl |, F alal,

(Escoffier, ool cws 4 Lot e plaio g1,
:1958)

2, \V2
(ﬁ) =i(_h_caij )
dx J; 3 ox?

‘dcd 4.)/

59 ol Gos sl 3 (dh/dx) 4 ¢ JUI oS 05-8,=12p
Ly g0 i adlae yie 0 . Hlpmw Bes Joro
AR s ul_....; d_la.gb Q_ﬂ A ‘3"‘”‘5‘5’ 0ol UL.M.) Zbxx
Sy any aal olacul Slon Bes g yian poo
A g Sl oad ;53 Lo JUI Sy 00 slals o

ol by sladUls ol pliize (cogoe &g

\

A

‘—{—.’. l_> )_J).a Jﬁ)J dd—¢ (dX/dt=U'(gh)1/2=O)
o=l 5o T e cwsa (U=(gh) Y2, F=U/(gh)"?)
Fooletobos cr o Jeb dlobbx b >
Sl 59,8 sac
Lo JUI 4o WBaok o, e L
A S pg——atro (65—l e ol I3
dS/dhyes > &3lol o e L (dE/dh) 5—es
oom‘bwfuwcjw‘)ﬁw‘ybf‘f

(ain, ol o cwsas (V) 5 (V) sla alaf,

2001)
h, =(q?/g)" M)

3

22
q=(§) J9 EZ, ™)
‘Le)] )Q 45

9 t0P e s>y 0 (0= 0t e =0
ey 55y S8l = Emin
&b 9 prgate 5 Plas JBasle ol 5
LT Lol ozl o lisl Sl o 40 <5 > 5510
fo5— anlss jobip—en 73 Bailepe oy o
O3z 9 55 pokg pulS iy ) 4 by Sl
33— > L, (Castro-Orgaz & Chanson, 2015)
o A il s (g5, cly Ciw gla ala
e gl 69 Bl et (o > sla il
ol gl Sagy (l gloow, p mlbs aisls
5500l s 5 Lpyase (65,0l JBla> Copadge 45 ol
2 e Gmbie Baslene ol 0 2S5 >
A lesT claosls Uy gl vaalllan oyl o s
S o caibgiw sl adal, g 05 ouid duslin
ot 0 Yl e Ll g ass)
Sl bl gl iy (59, Ol 2 Sl—ogas
(Darvishi et al.,, 2017; Castro-Orgaz & Hager



) ilo el g B0l b2 )3 S8 glalle Cuxge ow)

a NS Sy Gz 5l e ¥ b s e /P
Sy oS —zulejl o e il w0 ¥ cul b
O Bl asasg Lahl ol g 8 oKl
Sl yalid o3, 5l e o jptaiean, (JUIS 5 190
A8 e gaz gl S L jLdo e (o8 s eolinu
) ol (3 et 9 S0l sl o (el
S S e g e B SO L s S 4 oS e
s ) ool Uy JBale ol () U)o
4 (53959 (= b Sloml (Fws Djgo ay S
0,33 EXCEl ol 1o g g Soasl e ls L JULS

SVl (65,0 sl i lee 4 BI85 0 ol 0l

Ayl 5mg i 3

28, )8 a4 Bl Gl o

9> Joail 5l ol Loy (o) 2 js—tiie 4y

U)HA_:6|6_QJ)9O Py A 3O o 5\" ol

30 Ge—2u A (gla@ijed 1w o Al ¥ SS
pazpfdlocba ST b cal ol JUl5

L)L_’)} K:A—MJOQAJL_’ B 4_?)0 Y. gA.o_.» 9 Mo\JL

(Fenton &  —iug,0 9 oyo—id 4> 51 .aila 8,000
2B il slaosls ;i eslax il Ly Darvishi, 2016)
Slee 3l g yln o Falal, a5 a ol ylis 3
o Hhmens ol e ol ol Gee Ol s
D9 Lol S (e (e Sy Sl 392
el e Glizmen oo, Shos ;5 5es ()
lools jleolai —wl Lo aJlie ol 10 ¢gy ]
Sty glp atal) goae Jos 5 (2 2obej]
S5 L lo i 59, f 0 Shos oo L
Ol @l 5 o ;338 Bl ol o cili
lwools jloolaiwl L ipgim ol j0 ol (o))35
Lo alyl, ool (iys ol s &y od (Koo
Ol S, EaBge 5 BuSlo s ol > 0
SIS > ol & g pgate 65,51 Blas (Sl

A Ml? [Cad¥

b yigyg9ige
P bojT il g

DS R el e HIYY Lo e an JU o La ol
EE? ¥ — v
== —=°
— =F —— Flow > #
S5 4V phods sazals 8 kol oy oS i A O
G Ay e # IS sy
! Clesl ez ope v Fesls ¥

Y Y SVl pyke ¥

Pilejl Sigzs Oy

BBl j] acgomme Syilows JSi— Y JSd
Fig. 1. Schematic figure of a laboratory set



Y403+ o/ VEr e Ll JAY 25lond [TY aa/ i8R g (bl (g0jlw (owiige linlios

. 0.3m R
| 0.1 m
0.3m
45° 30°
1.15m

14393 31y g Suilowd JSWG Y JSUS
Fig. 2. Schematic figure of trapezoidal weir

Ol s
oo = b 550 (525 e = Cr o B8l j5 e = X
=B 5t (10=—0YIOX) a—laiia ;2 )3 i J—B5
ahie )3 S p il SEIESUL mal o b
Lol By pre Sy oy ol 4 45 Sye

2O 059 A i co b Cenla a9 L
5 gy «ol g, Sosla sl e Lise slaoil
s a_la), 5ol 4, (Darvishi, 2017) oL San
OS5 ke L lize (] asd) Cews Sy
ol bl g Job oot sls il
Sy po—tioge dlaly (S b9, 625,15
50,5 Dol & alal, &5 4 1,

o o 2 h h
AL Ik Y MV I UL L
ot hox ' h 1+m; 1+m,
£)
2 2h/B 2 (
+&[1+szjq72 1+7/2 +q rnxzxx
8 h ‘,1+Yx 1+7?

2
+iYX YOY XX (1+Yxnx)+ Y1nx><2 :O

h (1+n2)(1+Y 2) 147

‘U‘ )O 45

=Mt o glas )l =M ¢ o,e a>ly o (20=0

VoA

SB ke e (b2 sl adal
L SoaS o)ls sg2g Sl b 5lagy s)lome o
clgiiw slo alal; )l o oSl byt sin
w5 b ot Lad Sliulg e a e il
ahie (35— SH—iie 5 oy byl o5 Ll
Sl sl adal) (ol )b iz )0 09 oo A
Oy Ay Al o w1y 093 ST LS 0l
slacasgase a3, sl G55 sla D S
sle alal; dangiay jove &S a5 O g0 0l 3k
(Dressler 1978; cwl oo YU sl o b (g0 S

Steffler & Jin 1993; Castro-Orgaz & Hager
2010; Fenton 1996; Zerihun & Fenton 2007;
Orgaz & Hager 2009; Hager & Hutter 1984;

L— OVAVY) S—wcws Darvishi et. al. 2017)
e 3l Ol by tas glml s,k 5,8
Aoyl ) SIS S ol de gy b Jo b

{(Jaeger, 1957) ol 53 & a0 4 Sy

U?\dh d’ . U?
+h-—|—- b _hi, +—=
[ p g jdx [ ]dx2 el

hu?d*h
3g dx’

hu?
29

0

®



) ilo el g B0l b2 )3 S8 glalle Cuxge ow)

ka B —6f 43+ 2f 5
( fx )n - 65 R
k+1 k+1 k+1
k+1 for—2f + f
( fxx )n —_n- 8n2 n+1 (/\)
_ fk+l k+1 k+1 k+1
( fxxx ):Jfl _ fn—z +3 fn163 3 fn + 1:n+1 Q)

o Gl e Wb a8 S A s ey L
3ol wl L Jobo dn Caid Goe Ol s ¥ a ],

:A..i)d.,....;l:u@‘):qé,o.cdm)o\~ d.icu.‘)

dh hi+1_hi
- = (\0)
dx J. AX

g b

ol ol B islesl slassls lol o
i 8 ol gla s, L glaized 32,0 (53,
el 5 el 00 4 Y SIS 40 g damlie il
JUS glocid X lao 5 ol gl 3,5 W.SE. S
Sl abal) gy o osalie 45 3 b lan el
i 5 YL gy lls sa il A
by Cow sl adal, 4 cos Ol maw Fyos
el ol s (g9,
Siagy od 2ol sl aal copl ol
25 Bl (S gy Smdse (o Sl
Fmt $9y Pg—ate §5 =l Plas 5 &S > 55la]

D950 5 55 Baile e by yo ol

\

4

laﬁ;é) pgo Fie = Txx 5;’)1 CIA ) ﬁjJ) o

uo)_c=B ‘u]@]a_u‘op) roj_mél_.i;.o:nxxx Eg,j
JUIS S o= Vo £ty s = Y 5 JUIS oS

Y1970 I JUlS oS &)l pgo di e Fidio = Y
Elomg cpd =k g 1ol polio =

o= Bl laaler I, i, o L Lyl
d= oo Djpe Bl oz sl ) alal,
Pl mls L) goae Joo mlis aso,S
s Lo 0l o a Do o had sl
Sla3)9d )y g a3 FO 5 T Cwoimly
o Joo

Sty s a b)) o > Sl
Sl by ol ol oolis Ly 550 a4 Sg0s
S ol Shosad gt sl oo

(Darvishi et al.,

OhlSen 5 (o—2ag,8 29—
5 = bl Ols=e 4 ol opols )l 8 Ly 2015)
ol mlaw glas)l i slba S5 e b Ll ol e

20,5 > gous Gyge 4 Yl
i Gldd Loz 0, 5 | adis gl lsame
A slal_sba o wond g of , s
= el alal) O o a glataa Ly dg0 e

o



Y403+ o/ VEr e Ll JAY 25lond [TY aa/ i8R g (bl (g0jlw (owiige linlios

047 [

027

W.S.E.

0.07

0.02

O Exp.
=== Saint-Venant

—Modified Equation

0.6 0.8 1.2

1.4 1.6

x(m)

1.8 22

2 PBUlejl saosls b (T aal,) ouwi Mol Semipwss 9 Cilig Com (5l dlaly b ouwd dawrlone O gebans & pod g o — JSC5

Bl >
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Introduction

In steady flow, the minimum specific energy and the specific force occur at critical depths. But
will it be the same in the unsteady flow? In this research, using laboratory data of water surface
profile, the correctness of these equations in unsteady flow and the location of critical flow,
minimum specific energy and specific force will be investigated.

Methodology

Laboratory equipment

The experiments were performed in a channel with a width of 0.37 m, a height of 0.6 m and a
length of 3 m made of Plexiglas with a thickness of 2 cm located in the hydraulic laboratory of
the Technical University of Vienna.

Due to the importance of bed slope, especially in different water measurement structures,
Darvishi et al. (2017) attempted to correct the Boussinesq equations Eq (6).

Numerical model

The numerical scheme used by Darvishi et al. (2015) to separate the derivative term of the
variable f at point n from the distance of the four-point finite difference. The upstream boundary
condition was considered as the flow discharge changes with time. This hydrograph was used as
an upstream boundary condition in the unsteady flow.

Results and Discussion

In Figure 5, the position of the minimum specific force, initially has a displacement in the
positive direction X, but over time, its position moves upward. While the position of the
minimum specific energy and critical flow is constantly moving downstream to stabilize its
position after reaching a steady flow. Therefore, determining the critical flow position to
measure the flow in unsteady flow using the critical Froude number and minimum energy has a
higher confidence than the minimum specific force. In order to investigate Equation 2 in the
unsteady flow, the diagram of the changes of specific energy changes in the critical flow relative
to the unit discharge is plotted in Figure 7. These two graphs are exactly the same, which means
that Equation 2 in the unsteady flow also calculates the unit discharge correctly. These results
are consistent with the results of Chanson and Wang 2013. A comparison of this chart with the
chart provided by Castro-Orgaz and Chanson 2016 shows a significant difference. In their
diagram, the unsteady flow line does not correspond to Equation 2 and for qc greater than 0.04 it
deviates from Equation 2. The reason for this discrepancy can be related to the Saint-Vanant
equations used by them to simulate unsteady flows.

Figure 8 shows the changes in the depth slope at the critical depth (-hy)c relative to the product of
the critical depth multiplied by the curvature of the bed hczu. Equation 4 is also plotted in the
diagram. According to Castro-Orgaz and Chanson 2016 the relative error of estimation (-hy) ¢
using Equation 4 varies from 8.5% to 17.5%. For unit discharge of 0.03559 m?s in paper by
Sivakumaran et al. 1983 is also plotted on the chart. As can be seen, at values -hczux less than
0.05, the data correspond to the graph of Equation 4, but with increasing this value, it moves
away from this curve. In this case, the relative error is about 17%. So that the laboratory data
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does not match this curve. As Fenton and Darvishi 2016 have stated, Equation 4 often does not
provide the right results. While Castro-Orgaz and Chanson 2016 have considered this Equation
valid for values -hczoxx less than 0.15.

Conclusions

The position of the critical Froude number, the minimum specific energy, and the specific force
on the trapezoidal broad-crest for the inlet incremental hydrograph to channel were investigated
using the numerical solution of the modified Boussinesq equation and laboratory data. The
results showed that the position of the minimum specific energy and the critical Froude number
move in a short distance from each other and continuously in the direction of flow. While the
position of the specific force, first moves in the forward direction and after a while in the
opposite direction of the flow. The unit discharge is very close to each other in all three
positions, and in the minimum specific energy and the critical Froude number are exactly the
same. Specific energy was also plotted in critical flow wversus unit discharge. This diagram is
completely consistent with the specific energy relationship in the steady critical flow. In order to
judge this relationship more accurately, it is necessary to examine hydrographs with different
shapes. The singular point relationship for different beds in the steady flow was also
investigated. This relationship has a good accuracy for values less than 0.05 times the product of
the second order differential of the bed at critical depth on the studied beds. At values higher
than this, there is a relative error of up to 18%.

Keywords: Froude number, singular point, curved bed, minimum specific energy, minimum
specific force.
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