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e aasca?ﬁnticlm' thuo prosentod hore, donls with tho
doveloprento o for todo in the dosign of open channol treonce
~ itlona, Orocter portion of thic work 4o conecatratod on cubs
‘epiticdl flov, gs ocay drrigeticn ond othor cheanols ucuglly
flow wador suberdtical conditions, Swmporeriticel flovw 4o
poroly porodtted in opon cheanol trcneitions oo it would Load
to largor lososs and posoibility of wnotoble conditions,

In tho eaberdtied flow, mich of tho wvork hps bocn
dovotod to divergent flov or oxmpension flov ps that hoo nore
difrficult cpprogch then the convorging or contraeted flow,
Nso o convorging flovw noy ba considored to de drrotational
end os such mmalyois of flow can bo dono with tho holp of
B notr nets Soms emorimsnéal vork vos corriod out on two
omension trensitions, one straight cnd tho othop hyporbolic,
tho latter boing the ono rocommcndod by 6pd A:Celidtra, ¢
vorify the officicacy of tho tvo in a flumy with horimntel
bad lovel, Tho posults obtainod oro comporod vith thoso of
of cn obrupt trenoition, tho omorinen$ on vhich was oloo

carricd out,
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Correction Coefficlients at two sections,
Depth of the centroid of the water area.
Pressure head on the elementary area dA

Prassure head correction,

“Varocity héad.
. Changs in velocity head.

iny depth of flow,
Latoral Distance.

- Water surface elevation.

Change in water surface elevation,
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GRLAPTER 1
II TRO DU CTLON

A channel trgnsition may be defined as a local change
in cross section which produces g variation in flow from ono
uniform state to anotherj though uniformity of openchannel
flow is nevar fully gttained; since the resulting variation
in velocity end depth depends, not only upon the, form of the
transition hut also upon the residence of the channel
_ tself, The flow of water in an open chennal of variable
section 1s such g complicated phenomenon that'a really exact
~ ghalysis by Méthamatical methods 1s more gn ideal then a
possibility, end as such only cut end j:ry mathods are available
for its solution, It ’13» conirenient :t‘o place a practical 1imit
upon the extent of the non-uniformity, and in addition te
sub-divide reglons of gppreciable uniformity into two flow
catogories. That In which resistance plays the primary role
1s known as gradually varied flow, and that_inl vhich acceler-
atlon plays the primary role is known as repidly varded flow,
Rapldly varied flow occurs in the immediate vicinity of every
trensition, gnd a gradually varied flow cgn occur for up or

downstresn of the trexisition.

Under normal design end installation conditions, prac-
ticelly all cenals and flumss roquire soms type of trensitions



structure to and from the water%tay. The function o'f such

a structure is to awid excessive losses to eliminate
cross waves and other turbulencé and provide safety for
the structure and watér vay. The theory of gradually veried
flow may be used to determine the water surface profile in
existing trensitions with suberitical flow, The essence

of such g design willl be discussed in connection with the
gpplication of the snergy and momentum principles.

o ’Ihere 13 a fundamental difference betwaen the flow in
the 1nlet and outlet transitions since in one cass it is
convergent and in the other case is divergent. Fluid motion

-~ in convergent flow is irrotational and hence ‘it cen be

 snglysed by method of flow nets. Rut in divergent flow the

- phenomencn of boundary layer separation occurs gnd is accom;-
penied by back flow glong the boundary end eddies which cons.
umel;much 'ene,rgy. The occurrence of separation increases both
- the resistance to motion and the rat.e‘pf dissipa_tign- of mech-
anical emergy through turbulence snd viscous shear, The
method of grlalysis by flow nets becomes ingpplicable in the
case of dlvergent flow owing to the uneven distribution of
velocitles, It will, therefore, be clear from gbove that

the szme types of transitions for both inlet and outlet will
hot be suitable,

All the experiments conducted were done in g rectsngular |

flume with g horizontsl bed, the conditions of flow being
saberiticgl,



CIAPTER 2,

. JHEORY OF WATER FLOW INCLUDING BOUNDARY
LAYER JHEORY AND SEP ARATION PHENOMENON.

2,1 As open-chgnnel flow cah be classified into meny
types and described in various ways due to chgnge in flow,
depth with respect to time and space, the following class-

ificgtion can be mades

o) Steady flow snd Unsteady flow- having time as the

eriterion,

b) Unsform flow end Varied flow having space as the
eriterion, |

2;2 Bteady Flow gnd Unsteg gx. Fl ow.r

-Steady flow can be attained in en open channel if the
conditions of flow are constant or do not chage during the
time intervel under consideration, Unsteady flow is that
which changes with time,

In most open-chginel problams it is very convenient
to study flow behaviour under steady Qonditions, which make
the solution less complicateds, In steady flow conditions
A continuity must be maintained; for normsl condition's-of flow

in g channel. This cah be expressed as

Q =Vx*A BEq. 2.1



The meagn velocity is generallyv got by dividing the

discharge by the cross - sectiongl area of flow,

In meny problems met with in steady flow, the disc-
harge is constent, throughout the reach of the channel under

consideration i,e., the flow is continuous,
Using the equation below to illustrate-
Q = V1A1 = V,.A-L v Eq. 2‘2'

the subscripts denote different sections of the chennel, The
Ed.‘- h22 is termed the ,:_:qntﬁga‘t;ity equatlon for a continuous

" steady flow, The Eq, & 2 bec&ﬁ;es invglid if the flow quantity
changes gnd such a flov'..is_:te'rimad spatially varied or d:ls;
continuous flow, Such a flow 1s found in roadéide gutters

and side channel spillways.

| 2.3 Un ygg'ﬁow and Varded Flow,

Considering now the unifom flow and varied flow ¥ith
space as the criterion, An open chgnmel flow is said to be
uniform if the condition of'ﬂow 1s the same at every section
of the chennels but ,‘thé' uniforn flow mey be steady or unsteady,
depending on whether or not the flow chénges'with time, The
fundamentgl type of flow generally treated in open channel
hydraulics is steady uniform flow, in here the defﬂ.:lf of flow
does not chagnge during the time interval under consideration
as in i‘iz, 1 (g« A unsteady uniform flow when established
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would require thet the water surface fluctuates from time

to time wiile remaining persllel to the channel bottom
as in ﬁg. I (b)i

Varded flow occurs if the depth of flow chenges along
the length of the channel, V;ariéd flow mgy be either steady
or unsteady, bul since unsteady uniform flow is very rare,
the tom 'Unstaady flow' will be used hereatter to refer
to as unsteady varied flow,

As glready menticnad,varied flow tnay be further class-
1fied as elther rgpldly or gradually varied, Rapidly varied
flow occurs 1f the depth changes abruptly over a comparatively

' ghort distance, othe_mtise‘it is granglly. varied flov as
i f1g. 1(c). A rspidly varied flow as in fig, @ is
also known as a locgl phenomenor, examples being hydraul ic
jump end hydraulice drop.

4. S%ate of Elow,

' The behaviour of openchannel flow is govemed basic-
ally by the effects of vi scoslty ond gravity relative to
the inertla forces of the flow, Under certain circumstances
the behaviour of flow may be affected by the surface tense

ion of water, though it does not pley a significent role

" 4in most open chgnnel problems encountersd in engi’nééring.
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The state flow may be laminar, turtulent or trans-
itiongl depending on the effect of viscosity relative to
inertia, The flow is sald to be lamingry turbulent or
tragnsitiongl depefxding on the effect_: of viscosii:y relativ.é
to inertie, The flow is sald to be lauinar Af the viscous
forces are pred.oi‘;lihént‘ or so strong rel a_tivé to the inertia
forces and thus viscosity plays a significent part in
detemining the flow behaviour. In laminer flow, the water
particles appear to move the definite smooth, paths or stream
* lines, and infinitessimglly thin leyers of fluid seem to

slide over adjscent 1layers.

v A state of flow is furbulent if the viseous forces
| are waak relative to the inertia forces, At such o state |
"the wgter particles move in irregular paths which gre neither
smooth nor fixed but which in the aggregate still present

the forward motion of the entire stregm,

me transitional state comes betwaen lamingr and tarb. '
' ulent states,

The effect of viscosity relative to inertia can bs
represented by the Reynold's number defined as

R ""_\;i}._ . Eq; 2.3

With the basie 1dea that g flow is considered lamingr
if the Reynold's number is small and turbulent if large,
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experiments conducted have shown that the ﬂow in @ pipe
changes from lamingr to turbulent in the range of Reynold's
number between the critical value 2,000 and a value that
may be as high.as_ 10_,_00_0, in thvesaAexperiments_, the diameter
of the pipe was taken gs the characteristic length in defin.
ing tha' Reynold' s number.

When the hydraulic radius is taken as the character-
1stic length, the corrasponding range 1s from 500 to 2,500,
'Since t.he digmeter of g pipel is four times its hydraulic
radlus, The effect of gravity upon the state of flow is
represented by a ratio of inertla forces to gravity forces,
The ratic is given by the Froude Number, defined as
F'%Lf | . Bqe 244
.‘ Usua'lly in open-chgnnel flow the characteristic length
is méda__equal to the hydranlic depth D, which 1s defined
as the cross;sactional, area of the water nomgl to the direc-
tion of flow in the channel divided by the width of the
free surface. For a rectangular chahnel,-,this is equal to
the depth of the flow section, |

When the Froude Number is unity Equation (2,4)

becomes

V=y3b Eg. 245

“and the flow is said to be in g critical state, If F is
less than unity, or y< /3> the flow ls suberitical, In
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this s?:ate, the role played‘ by gravity fqrces‘is more pro-
nounced, so the flow has a low velocity =nd 1s often des-
eribed as trenquil and streeming. If F is greater thah
~unity or v>({30 the flow is super-critical ,@v}" there-
fore the inertia forces become dominantyso the flow has g
high velocity. Such flows agre usually said to be repid,
ghooting gnd torrentigl. |

2.5 Concepts of Boundary Layer
znd Separation Phenomanon.

~ then water onters a chamel, the valocity distrild
tion acro ss the channel section, will vary with the dist-
ghce over vwhich me-water‘ travels in the channel owing to
the pfesence_ of boundary roughne 98, 1f the flow is uniform
ahd stable end if the chginel is prismatic and of constent
roughness; the _velqcitﬁr distribution will eventually reach
a definite pai:.tem.. '

Assuming the following to simplify the dlscussion,

1. The flow entering the chagnnel is laminar end of
uniform velocity distribution.

2. Vo restriction exists gt the ontrence that will
cause a{bmpt disturbence of tho water surface end

N the velocity distribution, )

3; No-rostriction gxists gt the entronce that will o
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couse—gbrapt=disturbanco,

3, The depth of flow is indefinitaly large, so the
dopth of flow can be considered constant as the
water entars the channel.

In the Fig, 2 the effect on the velocity distribution
due to boundary roughness indicated by the line ABC. Outaide
the surface represented by ABC, though not distinctive is

knom as the boundary layer end its thicknessa is designated
| by § s &nd since the boundéry layer 1s not distinetive its
‘thickness has been defined a‘rbit'rarny in verious ways., The
definition vhich is éeneraily gi#en to vit 1S‘Ithat the thick-
néss § 4s the magnitude of Ithe normal distence from the
boundary surface at which the velocity V s equal to 994
of the limiting velocity V, vhich the velocity distribu-
tion curve in the boundary layer. appraaches agymptotically.
‘The boundary - layer thickness tends to increase with dist;_
ance in the direction of flow. In a chennel of finite depth,
the bo_undary layer ultimagtely éxtands over the full depth
of the channel, |

2.6 Seppration Phonomenon,

Considering the 4fig. 3 balow, it shovs to a greatly
enlsrgod mwn redisl scale tho dlstritution of velocity in
the neightourhood of a boundary vhich curves in such g vay
as to produce a general increaso in velocity (gs shown by
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the converging strean lines, followed by a subsequent

deceleration,

Due to inerease in velocity the pressure decreasss,
as afora-ment_ioned the thickness of boundary iayér incroge
ses vith distence in the direction of flow, but in this
case such a tondency 18 more or less counrte'rbalanced by the
convergence of the stfeém 1lines gnd the corresponding gcc-
- gleration of the flow in general, Except for the thin layer
of retarded fluid near the boundary, therefore, the velocity
. gistribution of the flov as a thole mey be obteined from the
- configuration of the flow net; vhich in turn permits the
evgluation of the pressure dstrilution at &1 points of the
flow and of the boundary as we;ll. | |

- The right half of flgire 3 on the éontrgry‘, illustrates

the behaviour of the flow as the boundary curves in such a
vay as to produce deceleration of the fluid~decelaeration,
 at ieast a5 would be indicated by the diverging lines of the
| \-ﬂo_w 'ne;t.' This is .accompanied by an ‘fmcraasa in pressures.
| In 'this caso therefore the tendency of the boundery laver
to expand vwith distence in the direction of flow is strength.

ened by the tendency of the stream lines to diverge from the
: boundary as the flov docelerates. As the velocity near the
i)oundary is smally further increase In pressure rg'q'}liras a
decoleration vhich is not physically possiblefgg;(;in\t callod
the point of separation vhere the ﬂbw has come to a stém.
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The flovw g5 g whole cen continue ﬁeyond this zone only 41‘
a discontinuity at tho boundary is produced, end such s
continuity involves separation of the flow from the boundary.
As shoun in the figuro the stream line vhich abruptly leaves
the boundary dividing the on cbn_:_ing. floy from a reglon of

reverse flow on the downstrean side.

This phenomenon is_bf particular importance to design
of expending transitions, ‘

a7 Energy and Momentum Equations

2 remect of Spém chennels,

- The surface level of an open channel is variable, but
_the pressure at the surface 1is constent (atmospheric) and
teking this as the datum for pressure, the potential head
~in straight flow iﬁs constant over g vertical section and is
eqial to D+Zp gs showm in fig. 4.

Al 50 He =D +Ze +aN? Bg, 2:6
, . 0.3
vhere o is e constant accounting for veriation in velocity,

- and varies from ,98 to .02 ,this ig the general equation
- for straight line fiow_, the elevation of the totsl energy
line gbove the bsd level as the datum line is

Ho = D + V> Eq, 20?
3.3 . i
Ho * D+ Bqe 2.8

5
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vhen o = 1

From gbove H, is known as the energy of flow, designated
by E¢ 4 or specific energy. In g rectanguler chatnel with
level bed

V= i qu 2,9

D
Equation becomes
H, = D+ g™ BEg. 2.10
' b.gb"‘
ghd reduces
Ho =D 1-.3: ' Eq, 2,11
: 29D™ :

- The equation 2,11 vhen o« = 1 is plotted in fig, 5, with

.. D as the agbscissa gnd Ho, as the ordinate.

These curves for various d1scharge are useful in the
design of fiumad st;'uptures. It cen be seen that for corre
ect value of W, a given discharge q per unii width can
hgve two alternate depths of flow and t:hai a mininum Ho
exists for each value of 9 + The depth znd ﬁelocity at vhich

the minimmn occurs are known as the critical depth and
eritical velocity. As have already bsen mentioned that the
Froude number heré 1s 1., The equation connoecting the depth
end velocity bocomes * .

&V- .| Bqe 2,12
3D



Knowing that at critical flow

H; = %D

Eq{ 2. 13
and substituting that 4V"_ |  4in the equation
9o L
|
it )/3_;&1 Eqe 2914
| 9 3
Therefora,
V*= 9D Bq. 2,15
&
V = .12 E 'Y 2»
o d B

In the non-rectangular uniform channels, The corresponding
aquetion gre

13A‘
W =p + & E.2.18
; agh? "

Where the bed is the datum for W, and D o

Considering say dA = BsdD

the critical velocity and the critical depth are given by
S A -

4 D

ML EEER
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then the velocity 1s less and" tho depth greater then the
eritical the flow is sald to be suberitical, Conversely,
when the veloclty is greater end the depth less then the
eriticsl the fiow is called hyper or super eritical.

A difference betusen sub-critical end _wpenciitical
flov 1s that in the former a disturbance or efflux affects
the upstreen condltlons vhere as in the 1attesr e;s such
effect is produced unless the disturbance is suf_fieient to
form g standing vave vhich advancing upstream changes to
floy from supergritical to saberitical. The explanation lies
in the fact that the critical velocity of flow _15' the sams
as the velocity 'qf a gravity wave. Hence mthl veioc.ity‘ 6xceed-
ing ths criticel, the gravity wave, produced by a disturbesnce
- can move only downstrezm,

~ Mmother difference betwesn the suberitical. and the

super-criticel flow is thet in the former a contraction prode
ueing a converging flow vhether on the sides or bed of the
channal, results in a reduced deplth pf flovw p_rov:.ded the
depth 1s comparativaiy smgll, vhere as in the super critical
flox-} it resulfcé in gn increased depth. The etfect of conver-
. gence due to 3 rising bed i1s shown in the figure 6, A |
contraction in width incresses the discharge per‘ unit width

9 9 while the total energy head H. remains unchenged. If
any horizontal line is followed in figure 6 1t will bo
seen that vith measuring q 4 D decreeses in the suberitical
rogion ond increases in the super eritical, On the other
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13
hend; or rise in bed decreases the total head H.end g
remainvs unchanged. If agaln any line of constent g, is
followed, it will bo seen that the decreasing of H, g
D decreases in the suberitical region end increases in the

super critical. It &s converse in the cese for expension,
2,8 Criterion for g criticsl state of flow,

The critical state of flow has been defined as tho
condition for which the quda Number is equal to unity, A
more common function is that it is the state of flow at
vhich the specific energy is a minimum for a giVem diScherge.
A theoretical criterion for eritical flow mey be developed

from this equation already mentioned with o =1

= *
Ho D+ 33/-\"

Differentiating with respect to D end noting that  4s
constant

Q-

Ro ::]‘*_.Q:.__A.':""\'I:—B

D gAd dd 3AdD g 2.19

Q.
o

|

QU

The differential water area dA near the froe sarface is
equal to TdD

Now %% = T
But D= ﬁ.i_s- baing the hydroulic depth, I

L4

- YT |-y ',.
‘lya"K‘lsD Bge 2,20
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At tho critical state of flow, the speciflc energy is
minimum '

i.e, o He

Vb Lo
g % Bqe 2,21
This 1s the criterion for eriticgl flow, which states that
et the critical stete of flow, the velocity head 1s »oq‘ual
to half the hydraulic depth, The above 'eduat:lon may bo
written as |
B3y = F=1 | Bg. 2,22
~vhlch 1s Froude number and being equal to 1 5 shovws
the criticsity of flow, |

2.9 Homeatum in gpen-channel flow,

s meutioned earlier ow:lng to the ncn-uniform distr-
ibutlon of velocities over a channel section, the velocity
head of an open channel flow ig generally greater then theo
value computed sccording to -‘:%
The non-uniform distribution of velocities al so affocts
the computsation of momentum in open chgnnel flow, From
principles of mechanics the momentum of the ﬂuid .passing
through a channegl section psr unit time is e@ressed.’by

ﬁwQ\/.
J
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1% has been gonerally found that the valuo of 8 for
foirly streight primatic chamels varies gpproximetely from
LO01 to 112, According to Newtons' Second Lay of motion,
the change of momentum per unilt of time in the body of water
in g flowing channel is aqual to the resultant of gll the
oxternagl forees that are goting on the body.

fpplying this principle to a chamel of large slope,
the following expression for the momentum change per unit
timg in the l_mdy of water enclosed betusen ssctions 1 and

2 of Fig, 7. may be written |
Qg‘&-’ Qé;v;-ﬁ,v.) = Pi f— P.;_-t wWSInd ~ Ff . EQ. 2023 )

The gbove equatlon is known as the momentun equation.

v I‘or a parallel or gradua‘tly Varied flow, the value of P1

and Pg in the momentum equation may be computed by assu_m-
ing o hydrostatic distx_-ibutidn of prassure, For a curvilinegr
or regpddly varied flow, howsver, the pressure distribution

is no longer hydmstetié; hence the values Py and Po
cennot be so computed, tut mst be corrected for the curva-

\. ture effect of the stream lines of the flow,

For simplicity P, ad P, may be replaced respac-

'

' ! ' !
tively by @,?, end B ¢, vhere g end f3, are the
corroction coefficients at the two sections, and ‘they are

reforred to as pressure-distribution coefficients, but hers
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since = gnd are force, they cen be called force

coafficknts, It can be shown that the force coefficlent
is expressed by

' A < '
:."'.—|-- o '—"—' ' » . :
P AZL hdA = |+A,-_Lch Eq. 2,24

It can ’easily be shown tha_’c ﬁ"‘_is greater than 1.0 for
concave flow, aghd less than 1,0 for convex flow end equal

to 1,0 for parallel flow,
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GPTER 3,

TRANSITIONS IN SUBCRITICAL FLOW,

3,1 E.W, Lane ( 7) 'in 1915-16, during his experiments

to enalyse the flow of water through contractions chose
transition dimensions arbitrarily. In constructing the | ‘
chennal, the contraction was rounded by § f£t, rsdius curves,
tengential at the ends where the curves meet, the flume snd
abrupt contraction wall of the normal channels.' The nnmmg
was from 3' to ) foaf a 1¢ngtm of} 21 » after which he ex.panded
1t graduslly with the parabolic equation of y = 0,0178 x as
shown in Fig, 8 (b), The experimental results were studied
in the 1ight of the theorles exlsting at that time on the flow
of water through coniractions, viz, these due to d' Aubuisson
and Welsbarh, Each of these theoriaes defined a coefficient
of discharge (coefficient to take account of lesses due to
friction, impact etc.), as shown in Fig, 8(a.

a' mbuisson Coefficient C, = Q Eq. 301
. A 8,0, [3gHy, Qe

Weishach Coafficient C,, =

NECTn T
| 4' Abaisson formila is an gplication of Bermoullis,
and Welsbach considered the discharge to be made of Q,
rapresenfing.ﬂ.ow over g welr, gnd Qg a flow through an
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orifice of width 8 , and height D,’_ R

Lane found from the experiments, that &' Aubuisson
coafficlont can best be gpplied to contractions in vhich the
water flows from one stage to another without a great desl
of turtulence. The two areas of measurement must be the actual
area of flow of the water, and the conditions at thess points
are such that the static pressure on each particle is equal
to the weight of the water above it, upto the fres water
surface, These conditions are fulfilled by the flow through
thé prismatic section oi‘_ the expanding ﬂ.uine end the short
flume with rounded -entrance, and also in the contractions
with rounded entrance. To a certain extent it can be applidd
to the short'fiume with Q‘Larp corners, resﬁlt:_ing in g lower
value of the cosfficient due to turbulence introduced by the
sharp edges,

The conditions most favourable to Weisbach. theory are
those existing at the shorp edge contraction of nerrow width,
and on account of the surface drop which glways tekes place
above g contraction, the condition sssumed in the Weisbach
theory will be only epproximately attained,

He found out thgt the flow in the cma'lding flume foll-
ows very closely the theory of back water curves. For a fric
tionless channel, with level bottom gnd variable widih, the

following four back-water curves are possible,
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Case 1« Width mcreases, water surface alopes upward; depth
greatar than the criticel valye.

Case 2~ Width increasesy water surface glopes downwards
_ depth less than the criticsl depth.

daée 3~ Width decreases {eatar surface slopes upward; depth
lesgs than the critical value.

Y

. , | K .
Case 4~ .Width jifcreascsy water surface slopes downwardy depth
- greater than the critical value.

3.2 Julian Hmdé in _1928 (8) preéen}:ed some ways of desi_gn,;
ing transitions‘ .as adoj;ted byﬁ' S.B;R.- in the design of trans-
ition tor flumes end syphons, He daalt with the above with
referance to these principgl facts,

1o  Unimportant transitions, where velocit;as are low, may
be designed arbitrarny, by adap_tation from successful struce
tures operating under similar condi tions,

2 For importent structures, especigliy *hose involving
veloclties In excess of 6 to 8 ft. per sec, cereful detalled
computations mist be made.

3,  Experimental data collected by U.S8.ByR. are sumarised
showing efficisncies that may be expected with variaus types
of construction. As far as suberitical flow is concerned he
divided the subject into two parts ngmely, |

1) Unimportent or less velocity structures, not involving
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hydraulic Jump or flow at critical depth.

11) Importgnt or high velocity structures, not involving
the hydraulic jump or flow at critical depth. |

- g e A s st

) Having found outf; that all stmcm'x"es‘ for chaniging the
shape or cross sectiongl ares of a water conduit couse dise
‘turbgnces in flow, which might be objectionatle in themselves
or in the resulting losses in head, he thought it necessary
to provide for a drop in the water surface, sufficient to
| | prpduce the required .’mcreaés in veloclty hesd and to overcome
- friction gnd entrance losses; but at an outlet the watér SiTw
.. face will rise ﬂzeoi’etically a vertiéel distance equal to the
reducticn in velocity heady for‘thq actnal.ri'se, usuelly ref-
* erred to 13 recovery of head, is less than the theoreticsl
becaﬁse of losaeé due to friction gnd the outlet. No satisfe-
. ctory theory for mmputing transition "1qsses tor a given
stmcture has been preposed, but the magnitude of thess losses
~...can ‘be detemme d by experiments only, A large Yaﬁety of
 detailed design for trensitions s{:ructures.of secondary
-importance had been done by the U,S.B.R. Here the preparation
" of a new design for a structure of this class is usually
| accompliéhéd by changing the details of a previous structure,
known to be satisfactory to suit the new conditions of design.
éoma of the desims are shown in Ref, ( 8 ), On the design
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of importent transition not involving eriticel flow it was:
found out that mathod of design outlined for simple structures
1s not. adeqﬁate for important instellations especlally whers
velocities are relatively high, and under such con;litions
the detalled dimensions gnd the forms of the structure, through
out its e?n'tire.iehg'ﬁh bacomes Mportmt.‘ On investigation in
the United Statés on Columner Tumnel, Treten cansl 'outlet,‘
it was found that this outlet was less efficient thsn the more
abrupt outlet from the North Pork thus indicating that the
gssumption made that the energy loss can be ninimised by red-
ucing the angle of di%rgeﬁge of the transition is not univa-
a‘zjsa].ly applicable, Also having changed tl}e designed dimens;»
ions of the Dear Coulch outlét to meet local conditions in f
the fleld, the result was thal the outlet becdeme so inefficQ
lent that as to reciuire recenstraction, After considering the
 losses met with, the ‘conclusion arrived st was that careful
- attention should be given to detall dimensions of the whole -
length of the transition, The computed water sarface profile
vas found to be irregular in the case of known faulty
~.structures, as a result a new eriterion for design was adopted
nmaly, that the computed water surfacs of the trensition sho;-
uld be smooth continuous curve approximately tangential to

the water surface curves in the channel gbove ghd below,

| As there are no data aveilghble for the deterningtion
of the most sultable curve for a given set of conditipna

~ the regularity of the water surfa’ce'proﬁl'e can be avoided
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by adopting or assuming g curve at the inlet such that the
rate of éhcnge of acceleration is chenged in g way such

thgt the water surface profile becomes a smooth continuous

curva,

The U,SQB.R. adopted a plen bas_ed‘ on the pnncipleé
11lustrated in Fig, 9 for gll imortent trensitions.

1) Assumption of the dimensions of the structure, and
by Bernoulli's theorem, the surface curve computed, the
dimensions being subsequently changed and the curve 'reeal}
culated until satisfactory results obtained 2) The deter-
mination of the water surfgce curve, snd then computing the
dimensions of the structurs to conform. The review of gqae:;-
imental datg 1s very nece ssary bafore attemptm‘g to p‘repara
designs, especlglly thal part which relates to the effect |
of curvature in flumes on the motion of the outlet structures;

sketches of some designs are shown in Fig, 10,

3,3 (b) In the design 'pf :; flume inlet example of which

.is given in ( 8 ), The hydra\ﬂ.ic properties of the cansl &nd
the flume maj be assumed to be known, a!id the first go is
to detemine gpproximately the length of the transition,
Adopting the U.S.B.R. rule, the length. should be such that
a straight line joining the flow line at the two ends of
the transition will make an gngle of .3bout 12% wit:.h cthq
oxis of the structure. The entrance loss 1s assumed to be
Os1Au,y dee,y the change in veloclty head is to be 1,14H,
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being the totsl drop and then adding the drop necessary to
o vercoms triction,.‘ Knowing the water surface elevation in
the canal a_t the upper end of the met, but temporarily
neglecting fricfién, the water surface elevagtion of the
flume st the lower end of the trensition cen be found, there-
by detemining the two ends of the water surface profiles.
Not knowing the particular curve that fits the given conde
itions batter than eny other, any smooth curve t‘a‘n»gant to
the normal water é@rface in the ceangdl end the flume may
be used, either arbitrarily drawn or computed.. Qne of the
~cases can be adopting two equal parabolas (neglecting fric.
. tion) , end they should be tangential to the vater surface
~ slope in both the cenal end the flume,

Ihen choosing :a‘number of sectlons, aciually spaced
for convenience, across the ,t:.méj.t;lon ,’ the alevations |
of i;he,waterlsirfaca end the stractursl dimensions ere
- .computed, For the épnstmction of the _parab@l-as cne hgs its
- vertex at the beglnning of the transition, and the other
at the end of the transi_tion i.0. at the beginning of th_e
flumed part, Haolf of the drop of the transition, 1s taken
to be from one end to the middle of the transition, The
. drops to points between the beginning to the middle of the
. transition are proportioned to the sciuares of the distences
from the beginning of the transition, Taking the beginhing
to the middle of the trgnsition to be left, the drops for
the right half of the surface curve are obtgined by subtracting
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the corresponding drops for the left hglf from the total
drop. Assaming that the conversion loss is distributed
over the entire length of the transition in proportion to the
change in velocity head, vglues of Auvgre obtained by divide
ing the computed vglues of Aw, by 1,10, Thp veloclty head
1s obtained by adding AW, to the velocity head at the beginn-
ing of the transition. The velocitiles corresponding to the
-agsumed water surface are then determined and recorded, Fric-
tion loss bémg‘ neglactéd, the area of the structure at that
particulsr section can be computed.

3.5 (b) In the desigh of the flume outlet, the same procedure
for the inlet 1s adopted here, but the only essentisl diff-
e:;'ance be:!.ng'that the conversion loss is subtractad fmmAHvto'
obtain Aws ‘vhere Aws is the chenge in water surface elevate
fons: The length of the outlet structure is determined on the
same basis as the lvength of the 1nl;at st‘rucmxja, but it is |
generally conceded that for eéﬁal efficiency an inlet may be
shorter then an outlet, for the same velocity change, But
‘mlets are often made the same l'ength as outlets bacause -

1. Short transitions do not afford secure enchorage to
the canal. . '
2. Using the same length mgkes the formms interchangeghle.

3. Sharper werps gre difficult to construct,

-4, A gversge divergence of 124 ylelds a structure of
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pleasing and regsonaghle cost,

Also in the case of outlet gn gllowance of 0,2AM4s
mgde for outlet lossas, Where an alléwanca is mada for a
greoater outlet less than is getuglly nacessary, the dest-
ruction of the excess energy needs be considered. A recovery
of head will getuslly occur at the outlet, whether provided
for or not if the flume velocity is relatively low, the depth
being gregter than the eritical depth,

Sanmarising the ert of designing trensition structures,
as prectised by the U.S.B.R.y it can be sald thats

1. Sufflelent fgll must be allowed at gll inlet structures
to accelerate the flow and to‘ovatcoma frictiongl .and entrance

losses,

2, . The theoretical ré_aovery at an outlet structuyre is rede
- uced by frictiongl and outlet losses,

3; © At épan channel ouﬂéts a small faotor of safety may be
' obtainéd by setting the transition for less then its maximnm
recovering capacity, but erosion below the structure may be
siightly increased,
4; important_stmct\nes, vhere velocities are high, mst
be carefully desiméd to conform to a smooth theoretical water
surface, Sharp sngles must be avoidéd.



5, No definite data as to the %est form of water surface
profile, best form of structure, or most efficieht length
of trensition gre gvailable.

3,4 In 1940 Sri A.C.Mitrg (unpublished note, Irrigation
Department, Uttar Pradesh) ceme out with a new idea as to the
. design of the expansion portion of the transitions in which
the water depth was constant. This design has been tried on
various irrigation channels in Uttar Pradesh and has usually
proved sucecessful where F mne was less than 0,6, In his gha-
lysis of the problem, he assumed the following,

1. There should be constant variation of velocity throu gh-
out the length of the trgnsition,

2e Thers should be a constant depth of flow.
‘Refering_to the figure 11

The length of the expsnsive transition must be fixed say
| bY adopting U.S.B.Rs Rule,

If V¢ end Vo are the mean velocitiss at B¢ and 8. andac
is any axial distence from the throat vhere the velocity be
Vx and the width is Bx, Then by the second assumption

Vf ~ Var - Vf —Ve Eq, 3-3

Then by the first gssumption gnd by the continuify
~ agquation | ‘
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B xv. ‘ = e = -
FX¥e Bxx Vo =BexVe % = K Eq. 2ud
¢ =k - v, o | L
PN f B‘. ¢ VH- ‘B&;t.‘ VL -%_& Eq’ &.5
Now substituting the values in Equation = 1t becomes
K - K ‘
B 6 - BC& " Eqs 3-6
o &% = y .
which reduces to
Bc. Bf. L

B e~ = (Be-8f) Eqs 3-7

As will be sen from Eqs 37 the cme of the expmd-
:’mg slde wells will be hyperbolic. As the:ce is the possibility
‘0f the depth gt the throat not being the same as in the normal
section, he Justified his assumption by depressing gra_dnally_
the hed tawaxfds 'thg throat to the extent (\%1_ \gg ) and then |
sloping up towagrds the exit in the expansion tragnsition.

3,5 Ippen 1950 { 9 ) has broadly followed Hinds suggestions,
in flume design, He considered a minimm of energy dissipation
consistent with economy of construction to be the usugl gim
giiding principle of design. Under these conditions, the foll=
owing assumptioms were made. '

1.  The gradient of total head is constent over the trensi-
tion length or the change in total head can be evaluated with
sufficient gecuracy from Mannings equations for uniform flow.

2.,  The velocity varies primarily as a function of distence
gnd the factors A and p cen either be considered unity or
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be evaluated only for the end sections with changes gpporte
joned gradually over the trensition length,

3. Curvature effects are negligible, the pressﬁre distri.
bution is hydrostatic, and separation does not occur,

The specific energy curve was adopted as the tobl.for
the snalysis of such trensitions, a series of i:hqse curves
maﬁy be prepered for the given discharge and the vai'ious cross
seétion Involved in a particular design,

| For exanple _Ho = Y “-%':\-‘ can be‘plptted,_a's shown in

Fi'gs 2. For a ractangular chgnnal sectfg;:;n in which the geow
metric change 'm’channel shagpe is confined to charges\ in width,
.By resulting in separate qu;'vas; for each value .of*% =9, ' 3

~ being the discharge per unit length, Here 4 =1 By whare

as in ‘gehera}; A 1s g more complex function of y depending

upon the geometry of the locgl cross section,

The following information 1s usually &vailable for the
_desigh of suberitical trensitions.

-

(a) The geometric shape of upstream snd downstrean channels.

(b) The discharge with corresponding vglues of y and A

for upstregm and downstresm channels.

(¢)  The elevation of the totsl-head ling for the upstresm
section and with estimated adjustments, for all sections
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throughout the trgnsit;ion,

() The geometric type of trensition as dictated by the
edonomice importence of the structure, and hence the specifie
-heéd'curvé for gny intermediate cross-section,

With the sbove information in hgnd, the arrsngement of
the proposed channel ssctions, cah be found by one or the
other of the following two methods, | |

1y A smooth surface profile is assumed between the end
sections of the transition reach, thua fixing all intem‘ed;iate
velo_;:ity heads, This will in tum define g curve in the |
plot _f_roni the initlal section to the fingl section since for
each plotted curve co:re,spdnding to __a':geometric sactiqg,meze
;is' only one vglue of H, and y . The value of y or H,1s read
fron the curve nd plotted in the longitudinel section, end
| thus .the elevation of the bottom is located, |

2, A smooth bottom profile is assumed between the end sec-
tions, Thus gll vglues of He along the trensition are fixed,
With these velues of K, the depth j can bte determined from

| ko'y plot for 8ll sfatibns along the transition for ﬁhich such
curves have been plotted;

In the first approach the resulting bottom curves, end
in the second the resulting surface curves may not come out

as continuous smooth lines, Both methods require re-adjustments,

theTs fore , dnitigl smooth 1ines are obtalned by changing
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the longitudingl spacing for given geometric shgpes of
cross section by adjusting the geometry itself and finally
by alternating, adjusting bottom and surface elevations,
With the help of Fig, 12 the various existing possibilitles
for trensition of deereasing channel ¢ross-soetion mgy be
discussed, for the rectangular channel’ forn, A decreaso in
section or a chennel contraction may in this case be reduced
to two distinct geometric operationss a decrease in depth
and a decrease in width, Starting with point M represent-
ing a given geometric and hydraullc situation a similar sit-
ugtion defined by point E, may be arrived out by the followe
ing methods | |

The bottom may be continued at the original slope, thus
keeping the specific energy Mo constant, whi‘vleﬁthe channel
width is dacreased. The corrcsponding depth changes can be
read from the intersections of the vertical time through M
with successlve curves for larger vglues of % o After g
dasired width has been obtaeined at W , further changes In
section may be produced by raising the cl.iannei bottom grade
uglly while keeping the width constent. The differences in
bottom clevstion are simply dedncte_d from the specifiq energy
o or from its local velue adjusted for loss due to resise
tence. The resulting values of the decreasing depth are read
from the curve § to E, Consequently, following the path
HRE will give smaller depth changes during a given reduction
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in width then can be obtained by procesding from M first
to G znd then to B,

Successive chenges of width and bottom elevation may
naturslly be combined into a single procedure represented
by the dotted line connecting | and Ey with pﬁ;nultaneous
-a@justments in width and' bottom elevations. In general, the
side contraction is best accomplished with concerned side
vglls vhile the depths are still larger. As such g line from
M to E following path MNE - rather then MGE will result
in shorter contractions with ‘smaller curvature effects,
Contraetions are easily desighed, os long as both, points
M gnd I gre well in the suberitical renge, since small
surface slopes can be maintained, The more nearly point E
- approaches thae eriticsl depth, the steeper will be the sur-

- face curve,

_Thelv:effeet‘of _bohndary resistence 1s invarighly to red-
tce the total head in the direction of flow, and it can be
of the specific heads Thus, in suberiticsl contractions in
general head losses ere evidenced by flightly lower 'depths
than these computed on the basis of negligible resistance.
Such adjuvstme;‘zt has be‘en 'tf‘ound satisfa_qtor;{ by measurcment
bn good désigxs by the corps of Engineers and U, S.B,R,

On the other hand,y for expansions, basic surface curvaes
may be evaluated in rav‘érse, ‘t‘he sameé procedure baing gpplsd
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with regard to geometry and specific head developments. Howe
ever, there is ono fundmmentgl distinction in expension flow
vhich prevents as close agreement with the theory as that
found for vell designed contractions, and this is the ¢irfi-
culty of adequate recovery of Kinetic energy in amansions
due to the different behaviour of the 11qu::ld ;near the Chehe
nel walls, | '

3.6 Von Te Chow (10 ) has éxemined the flow conditions

. for sudden transitions In open chennels. When the change

11; cross-sectionsl dimensions of a transition occurs in.rel-
atively short ‘distanee‘, it induces repidly varied flow, and
such transitions include sudden contractions and expansions
verticslly, hor;zoratally or both, Consldering the hoiizonta'i.
contraction as ¢n eXaiple es in Fig., 13 .

Applying the momentum egugtion to sections 1=1, 2.2,
3-3; | '
%ﬁ(ﬁs‘ﬁ -B.v.) “ - =P - Fg Bq. 3-8
= é“’bnj:' - ,js,m(b,—-\as‘)j:

- & 5 "
awb - F
3y, f

ch 3#9
By the continuity oquation

Q = V.b{\j' = v’ébb‘js Eq‘s 3“10
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Fop convonienco in the thooreticsl @iscussion, the following

nay b0 apssumsd

Fe=0, B =Bs=1, 9,= Y,

Uncdor the gbove conditions tho Bgugtion 3(9) mgy b3 roduced
o

F e (*%4,) E(jg/i):\* ] Eq. »3-‘11
2[(35/3.) _( b3/, )J '

whoro F"—- v
| - 33'

The above eguation cen bo plotied using b;"/Jn,. a8 a paramoter,
Having plotted the curves as shown in Fig. 14 the fguily of
cuPvas got gro similar hypsrlolas of g higher order, having
the following ch gracteristica,

1. Thoe curvos are ccrgidorod only for positive volues
of 'F‘, end 33/3' . ‘

2 M1 the hyporbolas pa~s throwgn the peints
( F.=0, 35/3r20)’ eng ( F’:.o, 33/3""' ) are goym-
totic to tho vortical ling 33/3‘ = b'/ba

3. In the cpacigl enss of by =b, ; indicating the hydr-

cilic jucp in p prismatic chennol, roprecanted by tho curva,

Fo=os()[()*1] e 32
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4,  The upstream flov is supercriticgl in the region abows
the horizontai 1ine F,i-_- 1 or P =1 and suberitical bolow
the line, The downstream flow is suberitical in the region

below the curve |
_ s g B by 2 ,
=) (%)
and supercritical gbove it,

5, Theoreticslly specking, cortsin parts of the curves
represent flows that can not getually ¢¢cur, b@qause_ they -
| nécéssitated gh increass of energy or z negstive eﬁergy loss,
what 1s contradictory to the fact that the flow always losses
- energy in passing through a transition, The difference bete
ween the snergles before gnd after the traensition is,

| . |
=Y ey vy " Bgo 3-13
AE ! 3.3 33. "-g?j q |

Dividing through by vy ,

A . .
._5.‘5.—::‘1-__. [/ 3,/).53/)] Ege ™1

By spplying this equatlion to a certain part of the curve
the flow cen be found to be impossiblo if the computod value
 02AE 1s negative. 1t should be noted however that this

| diééussion is Intended to present a theoretical‘ anglysis of
the phenomenon gnd to develop a classification of the flow
ihrougll sudden transitions. In real problems the theoretically
impossible flow may become actuslly possible because the rimmm
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assumptions made in the gbove derivation may‘ not be true

under actuai cirecumstances.

Under getual oircumstencesy  and £ are not eyacily
squal to L0, snd could 1ie between Y, aAd Y. Thus,
the negative energy loss would become positive, gnd the thoow
reticglly impossible flow would become apctually 'possibla.
The loss AE 1s g very smell goount end cen be readily changa
ad to positive by g slight chenge in the items in the Eq, 3.14.

1041 ar alysis is epplicable to sudden expensions

as below,

Applying the momsntum equation to sections (1«1), (2.2)
~ and (3-3) of the Fig, 13 (b |

22 (Bs¥s-pw) = PP o FE Ry, 31

Asstuming g, *ﬁs 2 9 Ff= o and =Y,
. Q . l‘ ‘ ) . - ‘
Fo0h) =5yt foleb)y - Sebsy? Eg, 3.3
Byv continuity - B = v“"‘i‘. = Vabsy,

on mbstitating 1% for Vain Bq. 3-16 end solving

 ‘the slove equation can be plotted as before using Kas a parae
~ meter, A family of hyperbolas similar to each other can be
got, with ‘thie same characterdstics as mentioned for the

contraction,
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3,7 Fornica (quoted by Ven Te Chow) thought of vardous
designs for sudden transitions with a sub-critical flow
through them, and he carried on some experiments on the
designs shown in Fig, 15. The typlcal measured flow
profiles and energy lines _rapresent the specific.anergy

Y 1'*5% + Near the section where the transition takes
place, the veloclty head can not be measured easily becew
use of the turbulent conditions of flow; hence, the energy
lines gre simply extended. The vertical intercept between
the extended ﬁps_trean and downstream lines at the trans-
ition section represents the energy loss E, The asterisk
shown for the sudden expansion indicates the position of

the energy line gssuming & .= 1.

| ] _Fig.;‘. 16 shows the computed values of the energy coef-
‘fic:_lent A at different_ sections of the chennel :é_r various
design of tranéitions. The values are spparently very close
to unity immedistely after the sudden contractions, tut are
generally higher then unity after the sudden expansions,
This indicates that the flow in a sudden expension is irr-
egularly diffused. The head losses for verlous designs of
transitioné at differqnt discharges are shown Ref, 13 .
It can be seen that in genersl the sudden contractions have
higher losses t&;an the 'sudden expansions, A process of cone
| version for potentigl to Kinetlc energy is followed immedi-
ately by a process of recoversion from Kinetic to potentigl
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energy. As a rasult mich less energy’ﬁhan 1nia sudden
expension is recovered, as in a sudden contraction the
flow is first contracted and then exp gnded, Howevzaf, ‘the
energy 1loss in g sudden contraction of design I (Fig.s )
can bo groatly reduced by modifying thé gharp-edged corners
of the éntrance‘or the reduced channel, as in designs Il
to IV, The differences among these designs are ovidently
insignirficant, The energﬁ loss in g suddon expansioh can
be reduced by graduslly enlarging the channel section or
_ decraasing the engle of divergence ( & in Fig.is™?) but this
| advantage may be nullified by such modifications to those
- .in designs 6 to 8, The length of the gradual-‘ enlargement
of the expansion has a 1imit beyond which the gain in eff-
:.:lciency beaomes dnsignificants Adopting the energy loss in
closed canduits to open channel being expressed by

E o= KV? |  Eq 317
C . 9
gnd in g sudden expghsion by
e 3 ,

there K and are;coefficients, and'V. and V3 are tho
upstresm and downstream velocitles, respectively, Fornica
pbtaiﬁedrthe following average vglues of €& for sudden
expansions,
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Type or | '
Dosdgn. 1 2 3 4 5 6 7 8

€ o082 087 068 0,41 0,27 0,20 0,45 0,44

- y i

According to the experimentsl data pbt\amed by

. Fornica the values of K for sudden contractioms seem to
vary in ¢ wide Tenge, incregsing with the discharge. The
epproxXimgte medien value of K for design I is 0.10
~and for design II %o IV 0.06.

8.8 - In 1983 D.Doddich divided fransition structures
“into two groups for purposes of design,

1, Minor end low v:léc ity structures end
2, Ma;)or and high veloelty structures,
o) Moderagtely big structures.
b) Very big structures carrying several
thousand cusecs,

The Inlets and outlets for the first group of
above lock to be of secondary importance, and did not
deserve mich time for computations, The moderately blg
structures he adopted the U.S.B.R. method described prev-
iousgly., | |

In the case of very big structures carrying
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several thoussnd cusecsy he considered the length of trans.
i1tion for the inlet to be too long to be economically feas-
ible, if the aﬁglé formed by the line joining the two ends
of vater surface with the centre line joining the two ends
of ﬁater surface with the centre line of structure taken

to be about 12 30', He suégested the length to be fixed

such that the steopest engle that the water surface profile
1n plan makes with the centre line of the structure to lie
betwcen 26° and 20° for inlet transition and 21° - 30' and
27,0 for an outlet transition, Purther, he proposed stendard
curves for the side walls which could be easfly computed
| and whichy accordiné to\h‘im-, mul'd lead to glmost as sgte
1sfactory ccnd:ltions as those computed according to the meth-
od of Hinds.

3«0 In g recently published paper ( 12 )
Prof, R, s_. Chatuyvedi has examined Mitra‘s transition design
theoretically as well as experimentally.

9
f

Thé analyvs_;l's of his approach is thus given below.
With reference to Fig, 17,

| Let X - direction be along the axis of the flume

and :‘J,_ - direction be right angles to 1t in the plgn at thr
bottom,

Adopting Mitral's second agssumption that the depth
should be constent, and by the contimuity equation,
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is positive gnd increases directly with the divergence
downstrean, Mitra's curve could be obtgined by the ghove

procedure..
N‘ éi'. d?b /d‘j,_
ow ay. can be represented by <
mt_%a _Q_, "H“ = G‘j
" L
. o C e
LK Je = = tju
; djl- 3 '
- 41
A
[ ]
% d’l, = %I :;%; ¢
If A is substituted for %r and integrated we have
X = o .&_. + B
| V.

Or

y{x-B) + A

=0 Eq, 3-23

This 1s the aguation of g hyperbols. Now evaluating
the constants A end B tis conditions are

=0
=L

| N vhen X

b/

b

= a
b when x

b (L ~B) +4 =20
.803(0-B)+A =0
B

Hence
and

which gives
b« a



Vx .y = constant Eqe 3-19
dx = £ Eq, 3-20
Agsuming that

dVx =« C! (hegative because velocity Eq. 3.21
LS 1s decreasing)

% .
aVee _ o) _dE) fdx | .S
Hence 30 = “ax T Tax /3t

Expanding the latter portion

[
d(gL) - —-C'E‘_?_(‘.
dt t
- C dd. = -~ C.' dx
Y dt t
o Y = 1—C'- d__?...(’ ‘.:".._':.
at t
v By eguation. 3:@ | |
a9 _ chyr e L ¢ Eq. 8-22
) ' dt E‘: Ju ‘jk‘ .
Hencea 4 u
e V‘JL- a_;-’_‘_.— = C ‘3\_
. thj\.z ary, _ A a (V)
v o e at* - dt dy,_
- c!y‘:c!
ta
= ¢ 31..

which shows that ecceleration alongy or lateral acceleration

~
'«“"\%« b
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and A = Lxaxh
R
f"

‘Substituting for A snd B in Eq, 3-23 gives

y = 8 b Bq. 3-24
“ Lbex(beag ¢ |

The gbove result if mltiplied by 2 gives ident-

lcdlly the same as Mitra's equation,

Teking into consideration the lateral acceleration
and the influence of the latergl velocity, he thought that
pi-oblem could be gpproached in a more genersl mgnner, by
taiting the lateral velocity as a more genersl function of y.

dy, - ~ .
. a% B V:’L - F(i) = Ky Eq, 3-26

Where g can be Integral or fractiongl, pesitive
or negativq' snd K is any constant, Having obteined similar
other curves their hydraulic properties can be studied on
models, He carried on to derive and enalyée some other
forms of transition curves, by giving different values

to n in the general equation

n

f(}j‘_) = %:-55"-'- = K‘jl_

He choses the values

-1,-% ©
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Now by the continuity equation

dx = £
Yo

—np

£
and the general equation. already derived is

| ola_h = Kg“
ot -
d dx. [dY
But au, o\t/ At

E.q;p 3.26

On solving the above differential equation 3-26 with n#+0°

We have
_ “n
Xo= g kA . Eqe 3
‘ Yy
or xX = B,T +- A
When n =0
ax = E &
K vy
x = R \oj m_ + A Eg- 3,28

By giving different vglues of "n® in Eq, 2-46 41if-
erent equatlion for curves can be got, The velue s of thé
constants of Bqs. 3-27 gnd Bq. 3-28 can be 8valuated with
the help of the following boundsry conditions,
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Y=o thonx =0
¥y.=b vhea 2 =1

Tablo 1 gives tho gonoral oquations of the goven cuves
doriveds He worked out tho latarsl sceclorations go followo,

Denotmg Qy o8 1atoral aacelemtion l.0, dds =
Yo hgvo g
' °-‘j - oy, - q_!?__h - VB . dVy,
T dt TN
end wvith Yy = K.yo
-~ -l Bye e
ay_ = Vy (oKy ") = Ky Fee 32

Thogo accelorations gro alcop includod in Teohle 1.

- anv tho table 1t econ bo coen that 32 n bacoms -1,
A% yields g straight lino trengition vith megativo accolor-
iﬁtﬁon vhich may indicato o possible contrpl Jetting netion
OF OVen one amed flovy with tho oxcoption of n =0 gives
positive cecolerations vhich increase with the imcreasc

of the valuo o2 “n" .,

Considoring the critorion for trencltion officicacy
cn cloment 5 the canal circuit, ho compared tho 'output:
gaorgy at tﬁe tramﬁtian oxit o the enorgy cntering the
tronsition, tat found out to bs midleading o2 42 the Jott-

ing tcltose placo and there 1s no gyprociable convoroion of
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Kinotic energy into potentlal cnergy; the efficlency

eriterion wasy therafore, tgton ag the ratio of the rec-

overy hegd to the total Kinetic energy.

f§ - £9(h.-ho)
e 3
C[ uaa

as

on models, he found

After condncting some experiments
ical expangive

o best geomstricsl shape for subwcrit

that th
-transitioﬁ is given by the formul a
: yere: .

Flininating the constants by using the same boundary

conditions in Equation 2.49

. 5[:' 31; - .
Lb (‘ -a ) Bq. 3-831

x = , a
b~ o™ Y
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GHAPTER 4.

TRAVSITIONS IN SUPERCRITICAL FLOW

4,1 In the case of supercritical flow in channels,

small chan'ges in the chgnnel geomstry cennot havebwpra;
cigble influence on the floﬁ upstream from the section gt
which such changes tszke place. Instead boundaryﬂ changes
calse a lot of surface disturbances of considergble magn-
itude which cross and recross as standing Wwaves. It will be
very difficult to have gpproximate constant velocity gnd
depth, In the case of suberitical flow specific energy
could be one of the msans of designing, but over here with
the gppearence of stagnding wave there is not the likelihood
of using the specific energy as a tool. In steep chutes,
depth me gsured normgl to the bottom cah no longer reprssee
nl the pressure head on the bottom, With high velocity heads,
vert:l.cal curvature of flow may produce dynamic pressure on
the bottom greatly in excess of the hydrostgtic praessure. In
| long transitions on entrance will cause bulkling of the flow
and such depths will have to be derived for water-air

motion rather then for the water discharge glone. |

4,2 The gecent of design in the case of supercritical
flow is shifted to the reduction or eventual elimingtion of

the standing wave patterns which gppear as a result of such
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flow, Here also cut and try method can be the sole tool of
design, though being a 1ittle tedious, The aims of design

can be said to be having a minimum surface disturbance.

Tha theoretical basis of design of contraction thouw
ght of by ippen and Dawson (13) is supplied by the principles
of non-uniform flow epplied successively to short channel
sectionss The variation velocity and depth induced by the
converging boundaries are assumed to occur only glong the
chgnnel exis., Basic surfece curves identicel for gll long-
itudinal sections are derived in first gpproximation by ass-
uming that ph.e total head remains constant, and surface curves
are bbtained by 1l.':zarus:!,dsr:l,ng the friction 1osses m the dire-
ction of flow. 'l‘he velocities ang depths at any station or
-section are assumad to be unaffectad by the curvature of the
lateral bc\unﬁariea and hence, ccastant in transverse sections,
. The primgry aim of economicgl deslgn being minimum cf energy
loss be!c'aus'e of standing wave occurrence, Velocities in sup-
ercxjiticaiv flow w1l vary in magnitude end direction in a
sy_stemétib friction In transverse sections, and surface
elevations will be constant, The effect of a thansition is not
confined to the immedigte vicinit& of the structure as in
suberitical riow, but mgy affect the flow conditions down-
stream from the trensition for very long distances.

4,3  In Lehigh University and Massschusettes Institute
of Technology Ippen and Dawson attacked the flow through
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contraction, and it was a cut gnd try method., A curvé was
shosen as oné that might begltypié.al of a contraction, vdesign.-
ed from conventionsl knowledge of open channel flow. The
converging ares in the upstream part and "thé reverse arcs

in the downstream part of the contrgetion were chosen to be
equal and with a 16° central angle each., The nature of i;he
curves gave the radius of curvature of 75" and the length
shown, The chahnel contraction was 2. ft, wide and 1its upper
end to 1 ft. wide in longer reach of 30' below the contrace
tion, Flows with Froude mmbers of 2 to 8 were used for the
ewariment. It was found that thare was no disturbance at
the centre in almst 311 the cases. Positive lines tanding
to converge originate glong the first or coneave part of the
) wall and the diverging or negative lines amanate from the

:uwerse part of the contraction.

4.4 A atraight wall contraction was considered slso. The
‘éim o_f rational design for supercriticzl flow must be orien-.
" ted first towards lower standing waves. Secopdly, 1t can be
towards reduction or possitle removal of standing waves
patterns in the channel section downstream of the contraction.
It was found that the total deflection gngle © detemmine the
wave height, regardiqss of the degree of curvature of the
'side wall, It was found logical , therefore, to decfeaso this
ghgle to a minimum, The minimum gngle © 1s lead by connecting
the upstfeam and dommstream tangent points by straight lines
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possibly rounding the corners slightly for the sgke of app-
earance. The contraetion composed of eireul gr arcs, 16°
central engle, d for a straight well 8° deflection engle,
The experiments conducted on the gbove showed that in super-
critical flow straight-wall contraction gre bstter than cur-
ved wall contractions from the stand poﬂnt of maximum wave
,height and coznpared on the bas:ls of aqual length, Also for
given reductions in channel width wrrectdeflecting gngles
nmay be found, which will result in minimum disturbances in

the ‘downstream channal. |

&-5 It vas found out theoretically that (1) The straight-
wall contractions are alvays botter than the curved wall
cbntractions from the stend point of ma:dmdm wave height and
comp ared on the basis of equal length,(2) For given reductions
in chennel width, correct deflection sngle > may be found
which results in minimum disturdbances in the downstraam

channel.

4.6 Hunter, Rouse, B.V.Bhootg, En-Yu-Hsu (6) in the
design of expansion chamnels under three sequent hesding for .
thelir desigm.

1, Burface configuration at abrupt exparis:lon. |
"2'. Efficient curVature‘of expanding boundaries.
3. . Elimination of disturbances at the end of transitions,
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As in other problems of stoady flow in an open chanh..
el of non~uniform cross section, the varilation in velocity
gnd depth through g channel expansion will depend on the
geoﬁetry of. the channel boundgries, the rgte of flow gnd .
the fingl properties. Under boundary geometry must bs conse
idered the form of the channel walls, the slope and fqr#i of
the flow end the surface roughness of the floor end valls.
in supercritical flow since the Froude number 1is gre-atg‘zi than
1 o the problem of design and evaluat_‘.ion bscomes one of gran-
ity wavé anglysis in this expgnsive flow, since each Incre-
ment of the boundry deflection mgy bé considered to generats
an incremental surface wave which crosses the flow at an angle
depending upon the Froude number and the boundary form; only
_thmugh determination of the cutulative effect of gll such
| waves may the depth and velocity at each end evexy po:lnt
_‘ba predicted. Sloping walls were to be agvolded in non-uniform
high velocity flow because of their tendency to exagerate
' aurface disturbances, The method of design thougxt of could
be of cut and try method, ghd this cgn be done graphically,

Only two factors in getugl ity tend to 1limit the grao-
phical method in 1its use for the complete design of well
proportioned expagnsion,

Firstly the assumption of boundary geometry to dot-
ormine the best form of transition mvolves tedi&us process

of try end error. Secondly, if the hydrgulic Jump 1s tﬁo fora
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‘at the end of the expansion, the method of specific ‘energy
offers no clue as to theinherent stabllity of the
phendmenon. As g matter of fact the format:lbn” of hydraulic
jump in a trmsition nay lead to g asymmetric pgttem of flov
within the trgnsition which 1s vholly unpredictatle.

4.7 Exporiments were carried out gt the Hydraulic Res-
earch of the State University .of lovg on gbrupt expansive
transition gave the clue as to the nature of the suiteble |
boundary curve, Though thafa are‘rules_pertain\ing to expa~-
nslon trensitions thet the angle of divergence in super-
eriticsl flow.cen be © = tan & to O= tan & regerdless
of the depth gnd the “velocigy of flow. In the case of the
abrupt expgnsion i:ransition, the boundary scjuation event-

‘u'z_ally found to be most satlsfactory was of the form

3\. | \ 5T ®
B = bF) * 3

‘yhere
- bl = widﬁh of tha- entrance.

. = lateral distance from longitudingl axis.
Fy = Froude numbar ot the exit,

X :Longim&m& distance from entrance.
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By interpolation from o series of solutions for
various Froude numbsrs gnd expension ratios by the method
of characteristics, a generalised series of boundary curves
for successively greater expgnsion ratios were obtained ond
presented in fig, 20, These curves are to be regarded |
merely as guldes in the prelimingry design for the foll-

.owing reasons.

1. Each of the curves represents the average form of
several somuhat different curves fér different Froude

nunbers.

2, The outlet depths gs mich as from 2% to 40% are
in excess of that indicated by the simple wave theory
even though the flov was 6ssentiglly uniform at the exit.

A drop at the beginning of the parallel section gt
the end of the exansion vhen provided may stabilize the
Jump formstion, though the change should depend on the
Froude number. The getusl magnitude of the drop is to be

determined by the momentum equgtion,
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CHAPTER 5,
EXPERIMENTS AND RESULTS.

The experiments were carried out in the laboratory
in gn 80' long a cement-plastered open chennel 3' wide x
2' high, The bed of the channel was horizontal, The up-
strean portion of the channel had a glass wall which
stretched to a distance of 8', and by megns of this the
iévei-ée _ﬂ.&w, dcwns_freamof the abrupt trgnéition coul d

be accurately dstected.

The discharge was measured by means of a sharp Crose
_ ted weiz', placed in gnother channel ranning pergllel to

"the emerimental channel, but at a "lower elevation. "".";~

The weir vas located suificiently domstream from |
fthe tail end of the experimental channel to even out dis-
turbances. However, there was some unavoidable fluctuation
in discharge during the experiments as an independent feed

line vas not avaﬂab;a for the work.,

The levels of the water surfaces end the bottom or
bed of the chennel were measured with point geuges with
a least count of .001 £t that were mounted on two rods,
Joined together by wqodeﬁ blocks that could slide on the
cement mortared top surfaces of the walls,
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To plot the strops 1inos in the agbrupt soction (down
ptrocn of the throet),; o grid of 6" intervels vwgo put on
tho top of tho vally covering a distonce of six foel dovne
otrocy of the abrupt trensitiong end g voollon thread vith
ong ond tied to o gless rod vos mode to float dovnstream,
Tho otrocn 1ines vere plotted pfter the flow héd boen
otabil 4e0d, though it vas still lialle to suvay from ono
gido of tho channel to tho other,

Tho valoeity measuromonts were tokon with g Pitot
tube, Thoy &?ara tqitan at dmfemqt dopths, end troversaly
with 6" gpocing :nd by mooms of plotéing tho Lse-vels
ot difforent sect:;m the gvorage velocitios ot thbéo part-
leulgr Soctions wore ot Veloeitlos ware teken gt the
upstroam gnd dowmetrosm of tho throat; giso at the cont;
rocted ond expended portions of the transitions.

- The boundpry pressures woro roed cn p board on unich

ppen manomater tubas wore fittod,

To considor £h0 gcouring offoct of thoso transitions,
a oend bad of width 3' ond lonpgth 3' was mpde at tho and
of acch of the trenoition, In the caso of the obrupt
trensition, the bod woo ot o distehico of 6' from the ond
of tho throat, T3 seour pottoms wore drawn\i’cr oach Fun,
tho .ccour Fogdings voro tehon with o point gougo with
o ¢all plate ploco attached to tho cnd of tho pointor
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in order that the pointer might rest on the bed without
1t penetrating deep into the sand bed.

The calibrgtion of the measuring welr was done with
the help of Rehbock formula.

K =3,25 + B’é%"‘s‘a +O.428.§..

_i&igre
L. 1s the crest 1en,gth,' .
| P is ﬁt' haigﬁt of the crest srd,
\ H 1s tﬁe depﬁm‘éf the; nappe. |

m:e'plot waé ‘donelon*a_d;aubiéllogaritmic (2 cycles

, j’b"y'vz cycles )" paper,'w;th Q es ébsiscg and H the ord-

‘4nate as shown in Fig.22. The discharge was calculgted
e with the sharp crested formula

o

| The readings wars gll recorded and are gttached in

the gppendix giwen atthe end o'f'this chgpter. In order to

~ compute the losses in the trensitions, the internal vel-
ocities’ at each section must be calculated. To calculate

' fhe actuai vélocities for each section, iso~vels were drgwn
for each sgction from the u/s of the throgt where the
contraction starts tc the d/s vhere the expsnsion ends.
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The various sections of the tragnsitions where readings

were tgken are shown in fig, o4 '+ Ihe sceale used for

- plotting the iso-vels In the expansion region 1s double
that at the contracted portion as the study is more on

| expansion, In ﬁrder to work out the energy content at

éach section and hence the loss of snergy through the
‘transition, 1t was hecessary to determing the actual
velocity‘energy of the flow at the sections. This wg8

done by’plotting 1so-vels from the veloclty meeosurements
during the experiments. The summation of the products

of the region or ares be_tween two isovels and- the mezn
of the isovel vglues, divided by the to;al_sectiondL area
gave the actugl mesn velocity. The total energy line is
got by the addition of the velocity head, ang the depth

to the bottom elevation. Three discharges, 1.0 cusecs,

0,7 cusecs and 0,35 cusecs were used with each of the three
_ .transitlions studied, The various energy lines corresponding
to various discharges sre shown in figs. gg a,b;c'

On plotting the energy lines, the guthor found that

- the abrupt transition gave very high losses for the dis-
charges of 0.7 cusec and 1 cusec. The straighti exp gnaion
(U.S.B.R.) as compared to the Hyperbolic expension Mitre
gave g 1ittle higher loss. The losses for each of the above
transitions were not found to be gppreciatly different

for the lowest discharge of 0,35 cusecs given in table below
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g:sg;::;s Ehargy loss in ft. Aof»'water;
'Abmpt' o ?grg;}g?g) Hyperbol ie
0.35 0406 ‘.9476 B
0,70 ‘67gi 0966 .0249
100 0717 o 0352 .0254 »

It there‘fora gppears that for very low discharges
the design of trensition is not s0 1mportant snd any of
the a'bova can be used. On the othar hand for the discharse
0.7 and LO cusec, thers is appreciable diffarenca in
the losses; | | -

As expsected, there were large areas of back flow
for the gbrupt trensition. Thess ean be sesn in Fig, 23.
‘In the case of the straight (U.S,B.R.) and Hyperbolic (Mitre's)
transition the back flows were not prominent. For the range
of discharges in the present experiments the hyperbolie
transition gave no sign of separation. The Froude's number
calculated at the throagts of the various transitions varied
from +527 to .91; thus indicating that the flows were well
within the suberitical range. |

As slready mentioned, the study on the effact of the
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expgnsion trgnsition on the bed materiagl was also studled.
The particle slze used for the lower discharge of 0,35
cusec wgs 0.18 mem, and for discharges of 0.7 and 1
cusec 1,06 mm, The scour patterns for the various tren-
sitions (expsnsion) for. each discharge are shown in

rige 98 . The flow in the Abrupt transition (expansion)
vas non-symmetrical and so the scour 1s seen to be much
concentrated on the side to which the flow lines sway.
The reason» for using particles of sx_ﬂaller diaméter for
the 0,35 cusec 1s that .the coarse particle of large dia-

- meter could not bg moved by the tractive force of the |

0,35 cusee discharge.

| A study of the scour patterns revéals that the hy
perbolic elmansion has the best parfomance in this rese
pect as well,



1 ~——— R
26 : E D8 <
- o / v - e -i. Y —
i :.——-—-—-‘5*- o (4( A I i
0.7 cusecs,
+ - —— _—
t
' \\ A
/" -_' — . -
36 — ’./’ ~ g < —
—- - — = . ——
o - h /// /,//,, _ -7
[ AN _
D5 D4 DS D& N Do
35 Cvsecyd

Susec s
SURFACE FLOW PROFILES FOR ABRUPT

Frée - 23,

THROAT

EXPANS/ION,



D, -D5 ‘;D‘2 D
ABRUPT

H-s°

L 5025 - ok 1e5 e - 2
D, Dz b (TM.;)CSF b, U,
STRAILGHT !
Dy
5-c25
HY PE K BoktC
. 2
LINE DIAGRA M OF TRANSITIONS:

FIG— R4




) (7 o 7 .
f - ot 227 \cc\wz(&xm He - LA - i g71v XanI A
Sa ra <7 g o4 °d Co- 1, v
\I\‘\I - — PR \\.‘\.\ —— —— -
W)I 7 Fa itrad .
- 1
..-l\l\y.\)\\.ln;..|l¢ O- .
e — 7 Lo
e T T ggo .zo\k\%y}\w@ \(Q\Wi(lxw k&a&ﬂ(
cINIT Kod INT any mU«iuaw HILVM

N3y vy mOu(va\Q



(9)sz 214

~NOFDOTY
f NIy NO/ISNVIXT + LYOYH L 4 qQILOVYLNOD ._
. Ng/L DS
ed 2q ‘a J¢5 7 % o4
INI T wrivd
- . o -
- - ~
1 ]
s T T ' v/
T T T T | 4o NOILISNY YL NOISNVIXT(XF S 1) LIHDIVILS

e T T n°
L APRIN T e Sﬂszss CINIT AOUING ANy IDVIYNS AILYM

I



(D - A
2...\0%% L

k NOIDIY NOUSNYIXK T — -~ k LvouHL A GFaoVILINGD
NOILDT
a 3> N n 'n s

INIT WLYT

P g

g

*

S50 NO/IS NV L NOISNVIX T S/70F Y IIAL

r\.)‘\ﬂ + ' t.lf
huhwu w7 I e yady s Lvm 39 g
Tivm 30400 o g arp T Ay INT ONV FIOVSINS N..wh«\\;

IDNIVIIIY



£ B
| T 750 S
SColR £4; - A \ AN
FOR h =
oo 80 204 204z 3
DIS CHAR GE OF
f-@f’CYVJ[L
L0 .82 KN 182 178 \90 Zoe

1
HYPERBoOLIC — *°
"

1H

15C \335 132 130 154 X34

‘895 Joe 9> 9 893 Arp {83k

. Y Top—
11900 R
~ -
"0l g2z B¢ 888 838 a“‘\“’a spe
\
. —-1:850
ABRUPT T~
892 878 o 92 922 9.l N 869 api
W9 ~
/ kb\‘*—*ﬂ
“92 aa 962 9.7 918 92 929 -
222 28 238 23 259 283 250
STRAIGH T
(Vs E.R)




SCOUR PATTERN
ForR
DISCHARGE COF
D.7CUSE S

HYPERBOLIC

ABRUPT

CIRAIGH T

S5 B R )

264

SA6 o5 192 218 243 ;56

w13 B2t 256 1246

ws 20l . 256

‘?OQ

195 [ 307

'v/
?r fv

257

{273

266

-|1259

-23/'28‘5 "339 / 255
i
26/ / 315 3231 | 22 212 202 214
/- B&8 898 L9463 962 K11l 940 332
77 4
. 3o ) %o %
6 [ (o]
,g/,oﬁ /’_ /
-850 / 348 <972 330
T2 7
6, \ / Pl !
00 \ o / ’
6‘)0 / p2o 077 933 958 928
2250 Zn 233 210 222 237 242
~238 -
- — 2 2 QG e i P—
Jed 150 152 .48 162 153 237
di50 139 144 /’. 27 231 . 23/,154
H264
246 153
207 -103 50’ . 286 213 233 261
/ (?‘.'],"L
- / . !
233 179 23¢ 24¢ 238 9é



SCOUR PATTL RN \\
FoR 2307 eR 367 2282
D/ISTHARGE OF i '

J L‘US*’; ;‘. “\ N
2307 A Nﬁ J 2250 2-256 2 261 2293

i

Evé"ﬂ

Z*ZEQ 22849 2280 2274 2268 2262 2.2@6
!

-

2~27§ 2-282 R288 2253 /2-&47 2-248 2-239
|. /

HYPLERBOLIC )
i |
R 282 6R-224 2228 2222 2-p1d4 R-21p 2255
2:235  2:21¢ 2228 2212 a- 212 p.20.2 2914
_ o812 _ 1823 B9
~. :
s,
1887 J-878\835
p2e0 ‘
-7 ~ B
!
49
¥e) I
| an { o=
[543 1323 B5-  1.924 1953 1913
2.224 2:265 2w60 2226 R 25° 2-2¢! 2‘25}
AN N e . — ;
L e
2 143 2 456 alq50 2-82 2160 2148 o ,35
|
2-p2  2'hg 252 2120 2146 NR 15974 145
STRAIGHT
2 w74 R82 Q158 2. 2-eh 28R 2 1R8
(V.58 K) /\ ‘
e ST e T~

2 T

2223 22,8 2"\2‘7 2 2e4d 2 '8 PP 2-252
P o __/"’\\

2 2.8 [j 229 . 2224 f2.2¢4 2-257 '2-258



b1

Tgbulgtion of Results,

Q = .35 cusec, ,

e Ty comuea 1o 1“%; Rore” 1t
Uy .46 .0027 3608 ,342 .3435 1.9358  2,2703
Uy .07 0178 .21 .875 ,338 1,93% 2,2782
U, 166 ,0420 ,203 L6 .33 1.941 2.2769
C.S,F 1,73 ,0465 ,272 1,72 .3185 1958 2.2765
D, 1665 .043 ,287 .62 .3 1,946 12,2760
£ D, 457 ,0082 ,N78 .3 L2110 L9412 2,252
g D, .41.0033 .2996 .38 3028 1.947 2,2008
Dy .441.,003 L3061 .38 .290 11,9482 2,2473
b,  ,508 ,004 «281 ,415 .2850 1,959 2,2440
Dy .47 0034 ,2025 ,399 ,2059 1,9428 2,287
‘U1 .65 .0065 .287 0,406 ,2025 2,27 2,5725
Uz 1,22 028 ,271 1,03 ,2040 2,276 2,5706
o U3 1.85 ,0534 ,25¢ 1,84 ,3074 2,261 2,.5684
B 8P 1,88 .05 .61 179 .36 2,252 2,568
§ Dy 189 .0563 .267 1.8) ,3133 2.25¢ 2,5673
D2 1,09 .0135.280 o,77 ,0085 2,23 2.5375
D3 ,750.0089 .255 0,458 ,2630 2,61 2,529
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Zsbulation of Regults

Q = .35 cusec,

Trans- Sec-' coniputea "Depth'Hean | Bpeci-! Bottom' ENergy
sition' tion' "Vel, ‘'ific 'Elev, ' Line.
Iypa t Vol 'V.Head! LEnergy!
U, ,78 L0095 .267 .44 2765 2,201 2,5675
Us 1,32 .027 .244 1,16 ,271 2,295 2,566
9 Us 2,4 .809 o1 2,46 ,2799 2,285 2,504
§ C&S.T'F- 234 .085 p.—zoe 2,96 ,2866 2,278 2_,5646
D, 231 omm .21 2.2 208 2,271 2,53
8 Dy 1,34. 0270 4243 1,12 '.2709 2,271 2.5419
" L2086 .568 L2186

) Da 902 ,0126

2,309

2,5276
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Tabulatiq_ng_i: Results.

Q =.7 Cusec,

, ' v T ) v ' -

Trans- ! Sect-' Bomputed , Dep th' Moan :Speci-:Bottom:Energy
ition ('ion.- Wel ' V.Head'! :Vel. vife  yElev, 1Elevation
Typess', . ey ' . + Energy, ' A

.7

Uy 135  .023¢ 488 L15 5164 2,276 2,782
Uy 2,23 0774 L445 2,14 6284 '2,%61 7704
C.5F 2.16 0725 ,457 2.04 5385 2,952 ° 7775

Uy o710 <0072 513 .46 . ,5208. 2,279 2,789

9
.-;‘? D, 218 L0738 452 2.07 5318 '2.25¢ ' .7758
& Dy 118 .0218 ,496 .87 5178 2.230 ' 2,7568
Dy <68 .0072 485 ' .482 4922 2,61 .27532

Uy 746 ,0086 .48 .48 4976 2,201 '2,7886

Uy L@ 08 462 1L21 .492 2,295 2,787

Us 2,20 ,07% .424 2,2  ,500 2,285 2,785

£ C.8F 2,14 0605 .436 2,14 5055 2,278 2,783
5 Dy 2,17 .0713 441 2,11 ,5123 2,271 2,7833

Dp 1,36 ,0287 .,468 1,19 ,4067 2,271 2,7677
Dy .76 ,0087 ,446 ,525 .4547 2,309 2,7637




M&Lﬁ .‘39.&21&.&.
Q e o7 Cussc,
Trans-'Sece © Comnuted. 1 ¥ =y
ition :tion';vel ’V Heai'mpth ’léean 'Specif-—' Bottom 'Energy
M l et ! - Sels TE Y 9‘ '

Up ' ,672 (009 6704 348 .6794 1.9358 2,6152
Up LBB 055 624 .9 .6 19335 26125
Ug '2.2 L0763 .588 LB 6633 1,941 2,6043
CoSofs 224 078 .57 164 .645 1,958 2,603

D, 223 0773 573 1L,64 651 1946 2,5063
D; 616 ,0073 .78 ,D1 6051 19412 2,563
Dy , +655 .0088 5021 3,95 5981 1,947 2,548
Dy  .647 0865 .5004 ,M6 .5069 19482 2,5451
Dy o595 .0055 580 ,403 ,6865 198 2,5445
Dy 584 0062 ,5051 .2 .6003 L0428 2,6431

Abrupt




e
It

| Q=1 CIISBCa

TTen- 'Sec-' Computed "Dopth 'Mean ' Specif Bottom 'Energy —
sition’ 1;1oniva'3,t.np 'V,Head ’Dep Vel, ! ?‘c’: '*Elev- ‘Elgv.
Zyne, ! .t ! ! - AEoareytation. '

»
, o LS

U, .525 0043 736 452 .7403  1.9358 2,677
Us. 1,575 ,0385 ,7083 114 .7415 1,9335 2,6750

- U3 2,06 .0658 667 2,01 .7328 . 1.941 2,673
C.S.F. 2,057 ,0655 650 2,05 ,7155 1.958 12,0738
Do . 2,06 .666 661 202 .727  1.945 2,673
Dy -.624 006 6652 L5 L6712 1.0412 26124

v Dy . 623 ,006 .659  ,498 665 1,947 2.612
.% D3 . .e42 0064 ,657  .507 6634 1.9482 2,6116
~Dy . 678 ,00715 ,645 518 .65212 1.950 2,61112
D5 . ,648 L0065 656  ,508 .6625 1.9428 2,6053
U; o709 40078 ,678  ,492-,698 2,279 2,9548
Us 1.53 0364 648 1,23 ,6844 2,27 2,904
Us 216 073 .625 2,13 6985 2,261 2.9505
E CSFo2.2 0752 ,632 2,11 (W72 2,252 2,982
g Dy 2.8 .073% 627, 2,13 ,7048 2,254 2,9588
0

% 1‘ 135 002 ¢675 ,912 ,695 20239 20934
| D3 785 .0096 659  ,506 ,6686 2,261 2,296
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Zobilation of Resilts

Q = 1 Cusgsc,

Tran- 'Sec-' Comphted ' Depth*Hean ! Speci' Bott-'Energy
sition'ticn'\?elo.p V.Head ! 'Vel, '-fic 'om El'Elev,
b TN ! 1 L —ltape

Uy 707 ,0078 .658 ,51 .6608 2,291 ", (£*
Uz L46 ,033 .682 1,28 ,6550 2,29 2,95
U 2.54 ,101 .561 2.57 662 2,285 2,047
C.5.F. 2,65 102  .564 2,365 ,666 2.278 2,944
Dy 259 1039 569 L2856 ,6727 2,271 2,0437
Dy 1.48 o34 .62 1,290 ,6548 2,271 2,0258

D3 = «78 0094 .607 ,549 ,6164 2,309 2,9254

Hyperbolic
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CONCLUSION 3

In the preceding chgpters, a review of the more note
able literature on transition design has been given and
a few experiments done by the guthor have been described.

From this study the following conclusions may be drawn.

The criteria determining the suitability of a tran-
gition design for g given fluming rgtio are two-fold.
Firstly it should cause minimum loss of head =nd secondly
it should be economical. The second criterion requires
that normal flow should' ba Iresto'red in gs small g length
of the transition as possible. No theoretical solution
to indicgte the best design for a given set of conditions
is yet avallalle, | o

Hinds utilised the usual energy relationship for
designing sub~critical transitions, His method, however,
involves a number of uncertaintles and assumptions. More
importent of these are that the energyiine is straight,
the water surface line (or glternatively curvature of the
side walls) mist be assumed, the coefficient of Kinetic
energy is unknown and has to be assumed as 1 though
it may depart considergbly from unity in the expansion
transition, Further, the implicit gssumptions that
separation.of flow from the boundary does not occur snd
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to those of Hinds, In the field, a number of transitions
\ocvwith- those based on Hinds' method as well .as hyperbolie,

have given. satisfactory service, #n accurate _comparativﬁ

study in the field would be Invsluabtle in evaluating

the relativé performence u of these two types. For trans-

itions, where the widﬁh as well as the water depth are

to be ch'anged, Hinds is st111 the only gvailable me.thod.ﬂ "

The auf:hor' s experiments concerned _three expgnsions
with g fluming ratio of 4—{2) abrupt, (11) straight
line with a spiay of 1 in 5 gand (1,11) h&parbolic with'
the sgme length as the straight line transition,

Out of these the hyperbolic trensition gave the best
resnlts as shown 4n Chgpter 5.

The proportion of snergy loss to difference of

velocity hegd in the three cases was as baglows

Q=035 Qmo7 Q=10 Al '
CUSESS, : SUSECS. Cusges . . .

(1) Abrupt e « 745 ’ 1,12 935

(49) Streight 1ine,26  ,3® .46 .568

(141) Hyperbolic ,515 ,314 . 194 "
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Por supercritical flow, the position of trensition
design 13 still more uncertasin, The most religble work
yot available seems to be that of Rouse asnd Bhoota (14)

who give the following equation for supereritical expan-
slons on basis of experime‘nts

+ 4
-4

where

= lateral distance from longitudinal axis.
b = width of throat,

x & longitudinal direction,
1 = Froude Number at Inlet,
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APPENDIX

Baedings and Iso- vels,
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