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ADSTRACT

The preaent research deals with open cshannel Lransiliona { swdkdien
contraclion and Timited vunstriclion) in suberitical flow. The (low
pallern i wsually complicvaled to be analylicelly solved, 8o practi-
cal solulion is possible Lhrouyh syslematic experimental inveatigal-

long.

Interrelalionahips bektween paramelers in dimensionless forms,
which govern Lhe lluw characteristics are presented. gflfects af
contraclion ratio, flared enlrance and friction on the flow patltern,
aspecially Ihe oblique waves and chocking phenomenon are given,

INTRODUCT]ON

Transiliuns are provided wheopver the size or shape of cross
seclion of an open channel changen.  Sueh changes are often reqoi-
red in naloral our arlificial channels al irrigation atructurea for
rconnmic as well as praclical reasong,

Ihe prublem of horizunlal Lransilion mey be solved by writting
Lhe specific energy equalion befuyre and alfter the transition sections,
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The axiating method for splving Lhe problem of open channel transit-
lons involvesa lrial and error sclution of higher degres aquation.
There are two ponsible answers lor the depth in traneition. The
correct ansawer con be determined only by knowing in adveanca the state
of flow which will be either subcriticel or supecrcriticel condition.

The phenomenon is usually complicated that the resulting flow
pattern ia nul erndily nubjecl Lo any analyticel solution, so a pra-
cticel suvlulion is possible throuylt systematic experimenlal invea-
tigation.-~ The present research deala with horizontal transitiona
in the case of subcriticsl flow. Such traneitions can be splved
more confidently with the use of the specific energy squation than
the momentum concept.(7).

ihe mein objeclive of Lhis research is Lo develop s graphicsl
salution for horizontal contrection and limited constriction for
practical purposes i.e. lo establish interrelationahips helween
hydraulic paramaters which affect the phenomenon in the form of
dimensionleass Lerms. ’

THEORETICAL ANALYSIS
From the concept of specific energy equation:
F =Y+ ol 02/29 A e (1)

in Which;

specific energy;

depth of Flow:

energy coeflicient;

Waler discharye;

crnga gseclionnt urea of Flow; and
scceleralion due Lo gravily.

oo n

& mo R <m

For rcetongulnr neclbion A = b.Y

Where: b = brendth of seckion.

Considering of = 1.0 equalion (1) becomes

aZ/2g b2 €2 = (v/e)% (1 - Y/E)
or a, = Y2 (1 - %) e {2)

in which;
U,

dimensionlesa discharge
Y u?/2¢ 1% €°

Y, = dimensionless depth = Y/E

and

1]

Equatlon (1) ean bhe written in Lhe Tullowing focm:
£ = (1 + F2/2)
£ or Y, = 1/t « F2/2) s (3)

From equations (2} and (3)
u, = (F/ 7D + £272)372 e (@)
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The specilic energy egqualion lor section upstream and downat-
ream the Lrsnsition cen be written as:

E1 :Ez-l- bE
z z
. 4 _ q
l.B. Y1+ﬁ_yz+_—2 hz 2+ DE ----ooo-(sl
LRSI 95, T2

tquation (3) can be arranyed lo give

2 2((Y2/Y,-1} +  ab/Y)) e (6)

Y2 .2
(1 « 1/ {— b v, —)

5 2(”5'”*"2”|]

or Fl:
(1 - 4 (1 - 522
Y 1
S

Where: Y_ = Yz/‘l'I
Again equabton {(5) can be written aa :

2 2
£ = Yl(l + F1/2) - Y2(1 * FZ/Z)

or 2
1 + F2 1 QE/Y
3 = {1 - ~—————— ) R
1 ||/2 . Y2/Y1 1 « T /2

From the conlinuity egoation:

4 = conglant = hIV] = azvz = b1 YIV1 = b2 YZVZ
or: z 5 2.3 .2
b V b, Y_ ¥
1 1 - 2 22 (B
g, g Yz
b Y
7 2.2, 2 .3 2
Fy = (-Trr) (-77—) F2 ceeeesa(9)
From equation (4) 2
2 1o+ F1/2 3
(9.2/0*1) = (FZ/ri) {—T————?———) ceneean {10}
+ FZ/Z

The relotivnshipa Lelween U and F, with the psrameter b,/b
are derived from equations (9} and (1) lhe following equation®
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Q,, = F3/2 (by/b (1w P22 - wE/v)? Ll (11)

Again‘equatiun (5) can be written as follows:
E/Y, = (1 F2/2) - (Y, /Y, + F2/2 (bo/b )% (yory 02D
sb/v,y = 1 2’ " 1 2/ ™ Y2771

or E/Ep = Y /E (T F2/2) - (v, /vy« FR/2 (b, 07 (v, /v )

1 2 2 z
————— (14 F3/2) = (Y, /Y, + F2/2 (b,y/b ) (Y,/Y))

(1 + r%/z)

vereesa(12)

The above equalion represenkts the relatjonship between Lthe
efficiency (E,/E, = 1 - AE/E.) and F, with (b,/b_) and (Y_/Y, k)
271 . 1 1 VAN 271
as parameters.

EXPERIMENTAL WORK

Experiments were conducted in fFlow visulization tank. The
general arrangement of this equipment ia shown in Fig.(1). The
channel has two ateel parallel walls and croas section of &1 cm
breadth and 20 cm depth, along its two metree length, For the pur-
pose of the present atudy, in order to have more sccurste reaults,
an extended part of other two metres having the same croee section
wa9 Fabricated.

The channel is firmly supported on two steel tanks inlet tank
{(7) and outlet tank (1}-the two asteel walter tanks are predisposed
For closed circuvit, The inlet tank was provided with grading gra-
vel rest on horizontal scteen to minimise the energy of the coming
flow. A suitable pump (4) was provided to Lhe apparatue to supply
webter in a closed circuit, suction pipe (3) and delivery pipe (5)
From the outlet tank to the inlet tank. An inferential mechanical
meter {2) which measure the flow rate into the channel is pleaced on
the suction pipe. Because of high head lose this Sype of meter is
not often used for measuring flow rate above 0.3 m” /sec. Valve (&},
control the Flowrate, is placed on the delivery pipe. The outlet
water fFrom the channel falls freely over steel spillway (11) back
to the gutlet tenk for recirculation. The water depth is control-
led by screw wheel (10) which is used to adjuat the spillway in-
clination. [The walter depth was measured by a hook gauge mounted
on carriage (9) which could slide across the breadth of the chan-
nel. Also it could slide along two rasila above the horizontal
surface of the channel.

The velocity through the chennel was measured by using the
current meter. Some resdinga of the current meter were checked
by uaing the pitot tube.

Apeir of steel aide wells were erected in both sides ofF Lhe
channel providing an equel distance to the centre line giving ®
transition part fFor the purpoee of study. They were 2.0 m 1in
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length and 0.2 m height (sudden contraction), plate (1). Another
pair of steel walls were used with 0.5 m long and 0.2 m height
{limited constriction}, plate {(2), four shapes of transitions are
shown in Fig. (2).

The widths used for traosition section having contractioo
ratic ab/b =z 0.!, 0.2, 0.3, 0.4, 0.5 and 0.6.

The Ltransition section, under test was Fixed at the channel
by using water tight material. The water depth at the upstream of
transition was fixed to the required depth at a eteady Flow con-
dition.

RESULTS AND ANALYSES

The analysis of transition is baaed on the asaumptions, the
Flow is considered one dimensional Flow, both the energy coeffFici-
ent and momentum coefFicient are unity, the pressure is hydrostati-
cally distributed and the channel is considered 1in horirontal
position,

The Following fiqures, from Fig.{1) to Fig.(28) show the rela-
tionships betweeo these parameters:

Foo= Vy/ gy, Fyo= v/ ofgV,, Y, = Y, /8,

0., = y02/29b3€3 Yo o= Y,/Y,, B, = by/E,

Y. = Y,/C a,. =« a%/29b%€> , B,. = b,/C, and €,7€, for

xy = Tqfhq 0 My F 9B,y By 2 Il L 278
h]

]
.3, 0.4, 0.5 and 0.6.

contraction ratio ab/b = 0.1, D.Z,

The relationships between the following parameters are the same
For both the sudden contraction and limited constriction cases:

q,, —= 8B

Fo = Fai Yuy =P Yoy —8 2+ Uy 2

1 27 Yag 25 Yo ep Ouy = F

and B“1 — B*Z'

The relation between upstream Froude number F, and the submer-
gence Y_, dimensionless upstream depth Y, . and Y_, and the upstream
dimensionless breadth B, . and Y. have shown biggér values in the
case of limited constriciion. "A limited constriction exhibited big-
ger value of the downstream dimensionless discharge Q,, than the
corresponding one in a sudden contraction case for the“same contr-
action rstio and F, the limited constriction has bigger downstream
Froude number F, 6_ v Y., and Y_ then the corresponding audden con-
traction for thg sams value of B_. and Ab/b. Slightly bigger vael-
uves of downstream dimensionless breadth B,, are given by limited
congltriction than sudden contraction for F%oude number less than
0.25 and for contraction ratio ab/b - 0.4, 0.% and 0.6.

Yalues of @ are bigger im the case of limited constriction

*
than the cese of audden contraction for the seme value of Y‘1 and
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contraction ratie. On the contrary the valua of L is bigder in the
sudden cantractien for &ab/b = 0.4, 0.5 ard 0.6.

A limited constriction has bigger value of Q_, and samsller value
of Yo for the same value of ,, undar the same coiilraclion ratio
ab/b%= 0.4, 0.5 or 0.6.

The value of efficiency EZ/E incraases with tha decreasing
value ofF cdontraction ratio undér Ehe agme value of bath the upstream
Froude number F , depth Y,, and discharge G,,. Also with the same
value af conkraction rstiao, the value of efficiency E,/E., increases
with the decreasing value of bath the upstream Froude“number and Dt1
and with the increasing value af Yaqr

The sudden contraction case exhibited higger valuea af efficie-
ncy Eé/E1 than the limited cvonstrictinn mainly due to less enargy

loase

¥elagcity Distribution

Change in shape and values of velocilty contours (isovels) was
obaerved by changing the contraction ratio Figs. {29 a and 29b) or
the channel ted from plain to gravel bed Figs. (30s and 30b}.

Calculation af energy coefFicient 9 varies with the contract-
ion ratio, bed roughness and position of secktion.

The momentum coefficient B is slightly affected by both conktr-
action ratio and bed roughness.

Effect of Flared Entrance

An improvement of flow through constriction has emergged due to
increasing the degree of flaring at entrance from 1:1 sudden, 1:2,
1:3 and 14 . It is noticed from Fig. {31 a) that increasing the
degree of Flaring decresses the value of o ET/E as the Flow in Lthe
flaied entrance will deflect gredually to pass éuwnatream than the
case of sudden entrance plate (3). Fig. (31b) gives the relation-
ship belween degree of flaring and the downstream Froude number for
diffFerent values of water depthsg.

LChgking Phenomenon

Yarious profiles of weter surface occur in horizontal transit-
ion problema. These different profiles are dependent on the state
of spproach of Flow and harizontal transition conditiaonsg.

1f the contraction becomes criticael at the downstream section,
the flow will be in a criticel condilian and the characteriatics of
the upstreaem flow, depth and velocity will not be sffected at this
stage. Whan the contracted width igs less than the critical breadth,
chocking phanomenon will occur i.e. the breadth of the channel will
not be able to pase the energy per unit width of the channel and the
upastream fFlow condition will be influenced.
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The contraction ratios aAb/b = 0.2, 0.3, 0.4, 0.5 and 0.6& were
used to cause backwater Lthe transition section. DOblique standing
waves {shock waves) within the transition were cbserved. The rela-
Lionship between upstream Froude number F, and contraction ratio

b/b are given in Fig. (32). It is obscrved from the figure that
the theoretical values of contraction ratio are bigger than the
corresponding practical values which causes the chocking phenomenon
mainly due to energy logses covering the transition in practical
cases.

The pattern of standing waves was found approximately at centre
line of the channel for contraction ratio more than the critical con-
traction ratio which casuses the choking. It moves to the upstream
pasition with an incressing value of contraction ratia b/b, Fig.
{33). Also the deflgction angles of obligue standing waves are aho-
wn between 30 and 35", Fig. (33;.

Bed roughness (grevel bed), plate {4) cauaes the junction to
mave in the upstream position, Fig, (34) and decreases the negative
disturbances at the downstream in comparison with the same contrac-
tion ratio far plain bed and it was abserved that the deflectian
angle increases with a b/b = 0.6.

Figure (35} shows the flecred entrance decreases the walter depths
upstream section (2), Fig., (2). Water depths increases with flared
entrance froam 12.5% cm downstream section {2) to aboubt 37.5 cm at the
consktriction and downstream the Ltransition, as the energy per wnit
width in case the flared entrance will have more chance to pass the
downstream. The game behaviour, as before, can be obtained for fla-
red entrance of gravel bed Fig. {(36)., Thia could mean that the fla-
red entrance is more effective in the chocking than the bed raughness.

CONCLUSIDONS

A set of graphical relationships has bean deduced which could
be used for design purposes to provide an accurate solubtion to the
theoretical one,.

Experimental value For the critical width of a channel is big-

ger than the corresponding theoretical value given by the equatiaon:
(b /5)% = F7 (1.s/01 « FEy?

and the difference between the Lwo values Iincreases with the incre-
asing value of the upstream Froude number.

It is hoped that this paper will be of wvalue in the solution of
problems involving horizontal transitions especially chacking pheno-
menon and cross wavee (coblique standing waves). However the succes-
sful design of transition depend on the designer ability to predict
the deflection angle with reasonable deqree cof accuracy.
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NOTATIGN

The fallowing symbols are used in this paper:

A = croas sectional area;

b = breadth aof section;

bc = critical contraction breadth;

8, = dimensinnless breadth;

3 = ospecific energy;

F = Froude's number;

g = gcceleration due Lo gravily;

n = water discherge;

u, = dimensionless diacharge;

s = waler memsn velocity;

Y = water depth;

Y. = dimensionleas depth:

Yﬂ = YZ/Y.I.

o, = energy coefficient;

B = momentum coefficient;

a b "= centraction in breadth;

& E = energy loss; and

4] = angle of flared enktrance.

Subsgcrlpts

1 = upstream; end 2 = downsireem.
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Plate (3) Flared entrance Plate (4) Gravel bed



