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PTER I 

A channel transition may be defined as a local change 

In cross section which produces a variation in flow from one 

uniform state to another; though uniformity of open..channel 

flow is never fully attained; since the resulting variation 

in velocity and depth depends, not only upon the4  form of the 

transition but also upon the residence of the channel 

itself, The flow of water in an open channel of variable 

section is such a complicated phenomenon that a really exact 

analysis by Mathematical methods is more an ideal than a 

possibility, and as such only cut and try methods are available 

for its solution. It is convenient to place a practical limit 

upon the extent of the non.  -uniformity, and in addition to 

sub-divide regions of appreciable uniformity into two flow 

categories. That in which resistance plays the primary role 
is known as gradually varied flow, and that in which acceler-

ation plays the primary role is known as rep ally varied flow, 

Rapidly varied flow occurs in the immediate vicinity of every 

transition, ead a gradually varied flow can occur for up or 

doinstren of the transition, 
. 

Under normal design and installation conditions, prac-

tically all canals and flamss require some type of transitions 

C 
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structure to and from the waterway. The function of such 
a structure is to avoid excessive losses to eliminate 

cross waves and other turbulence and provide safety for 
the structure and water way. The theory of gradually varied 
flow may be used to determine the water surface profile in 
existing transitions with subcritical flow, The essence

•  of such a design will be discussed In connection with the 
application of the energy and momentum principles. 

There is a fundamental difference between the flow in 
the Inlet and outlet transitions since In one case it is 

convergent and in the other case is divergent. 1 Luid motion 
in convergent flow is irrotational and hence it can be 
analysed by method of flow nets. But in divergent flow the 

phenomenon of boundary layer separation occurs and Is accom.. 
panted by back flow along the boundary and eddies which consw. 
ume'much energy, The occurrence of separation Increases both 
the resistance to motion and the rate of dissipation of mech-

anical energy through turbulence and viscous shear. The 
method of analysis by flow nets becomes inapplicable in the 

case of divergent flow owing to the uneven distribution of 
Velocities. It will, therefore)  be clear from above that 
the same types of transitions for both inlet and outlet will 

not be suitable. 
• 

All the experiments conducted were done in a rectangular 

flume with a horizontal bed, the conditions of flow being 
subcritical, 
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t1,APTER 2. 

EOR! F WATER PLOW IN tom* UDIN G BOUND Y 
~YLER ,liDFP~AB ©N PHENOM ZION. 

2.1 As open.oha el flow can be classified into many 
types and described in various ways due to change in flow, 
depth with respect to time and space, the following clas$- 
ification can be madez 

a) Steady flow and Unsteady flow, having time as the 
criterion. 

b) Uniform flow and Varied flow having space as the 
criterion, 

2.2 8tedX oy d nstoad low1  

,Steady flow can be attained in an open channel if the 
conditions of flow are constant or do not change during the 
time interval under consideration. Unsteady flow is that 
which changes with time. 

In most open«.channel problems it is very convenient 
to study flow behaviour under steady conditions, which make 
the solution less complicated. In steady flow conditions 
continuity must be maintained; for normal conditions, of flow 
in a channel. This can be expressed as 

Q= VGA 	 $Q• 2.1 
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The mega velocity is generally got by dividing the 

discharge by' the cross .. sectional area of flow. 

In m&ny problems met with in steady flows  the disc-

harge is constent, throughout the reach. of the channel under 
consideration 1, e., the flow I.s continuous. 

Using the equation below to illustrate.. 

	

Q Vj  A, - V,,A I 	Eq. 2.2' 

the subscripts denote different sections of the channel, The 

Eq, - 22 is termed the cont hwity equation for o continuous 
L  9. 

steady flow, The Eq. Z2 becomes invalid if the flow quantity 

changes and such,  a flow is. termed spatially varied or dlsM 

continuous flow. Such a flow is found in roadside gutters 

and side channel, spillway$. 

2.3 Un 	Flow d Varied Flow. 

Considering now the uniform flow and varied flow *ith 

space as the criterion. An open channel flow is said to be 
uniform If the condition of flow is the same at every section 

of the channels but . the uniform flow may be steady or unsteady, 

depending on whether or not the flow changes with time. The 

fundamental type of flow generally treated in open channel 

hydraulics Is steady uniform flow, in here the dopth of now 

does not change during the time interval under consideration 

as in fig, i (a) o, ,lyi unsteady uniform flow when established 



CPAN(,f CFI)EP71 

- - :1 
Ut PTH 

/JN !', / ORM f .OW Ci£N[R4LLY 
	

IJNS 7/A 0Y OV/1'ORM 1/04' 

f P/1-bL /AV L AIiORAT (7R Y C 'f/ANNEL 5 
	

RAKE (y f QUND 

(a) 
	 (6 

kAPiD(Y VAr ,, ~) ft J. 

(f/) 



w 

5 

would require that the water surface fluctuates from time 
to time while rnaining parallel to the channel bottom 

as In fig* I (b)4 

Varied flow occurs If the depth of flow changes along 

the length of the chiannel. Varied flow may be either steady 

or unsteady, but since unsteady uniform flow is very rare, 

the term 'Unsteady flow' will be used hereafter to refer 

to as unsteady varied flow, 

As already mentioned varied flow may be further glass. 
if ied as either rapidly or gradually varied* Rapidly varied 

flow occurs if the depth changes abruptly over a comparatively 

short distances  otherwise it is gradually. varied flow as 

in fig. 1 We A rapidly varied flow as In fig. d) is 

also known as a local phenomenon, a nples being hydraulic 
jump id hydraulic drop. 

2.4. ,teS 

The behaviour of open - channel flow is governed basic- 

ally by the effects of viscosity and gravity relative to 

the inertia forces of the flow, Under certain circumst ►ces 

the behaviour of flow may be affected by the surface tena•. 

ion of water, though it does not playa significapt- role 

in most open channel problems encountered in enginedring. 
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The state flow may be laminar, turbulent or tr s- 

itions]. depending on the effect of viscosity relative to 
inertia. The flow is said to be laminar, turbulent or 
transition&. depending on the effect of viscosity relative 
to inertia, The flow Is said to be laminar if the viscous 
forces are predominant or so strong relative to the Inertia 
forces and thus viscosity plays a significant part in 
determining the flow behaviour. In laminar flow, the water 
particles appear to move the definite smooth, paths or stream 
Lines, and infinitessima y thin layers of fluid seem to 
slide over adjacent layers. 

A state of flow is turbulent if the viscous forces 
are weak relative to the inertia forces ,# At such a state 
the water particles move in Irregular paths which are neither 
smooth nor fixed but which in the aggregate still present 
the forward motion 'of the entire stream" 

The transitional state comes between laminar and thrb- 
ulent states: 

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

R - V~ 	 Eq. 2,3 

With the basis idea that a flow is considered laminar 
if the Reynold's number is small and turbulent if large) 
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experiments conducted have shown that the flow In a pipe 

changes from laminar to turbulent in the range of Reynold' s 

number between the critical value 2,000 and a value that 
may be as high . as 10,0004 In these e2periments# the diameter 

of the pipe was taken as the characteristic length in defin- 
ing the Reynold' s number. 

When the hydraulic radius is taken as the oheracteri. 
istic length, the corresponding range is from 500 to 2,500. 

Since the diameter of a pipe is four times Its hydraulic 
radius* The effect of gravity upon the state of flow is 

represented by a ratio of inertia forces to gravity forces. 
The ratio is given by the Froude ? um'ber$ defined as 

F =V~ 	 Eq. 2.4 

Usu fly in open.channel flow the characteristic length 

Is made equal to the hydraulic depth D, which is defined 

as the cross.sectiona7. area of the water nozmal to the direca 
tion of flow in the channel divided by the width of the 
free surface. For a rectangular channel, this is equal to 
the depth of the flow section, 

when the Froude Number is unity Equation (2.4) 
becomes 

Eq., 2.5 

and the flow is said to be in a critical state. If F is 
less than unity, or y< I "' the flow is subcritical. In 



this state 9  the role played by gravity forces is more pro.. 

nounced, so the flow has a low velocity and is often des-

cribed as tranquil and stre ling. If 1 is greater thah 

unity or v' 	the flow is super-critical,( O' thereon 

fore the Inertia forces become dominant; so the flow has a 

high velocity. Such flows are usually said to be rapid, 

shooting and torrential, 

2.6  Conceits  of boundary Layer_  
,snd  U par $Bonn  Phenomenon. 

then water onters a channel, the velocity distrib • 

tion across the channel section, will vary with the s 

ance over rich the water travels in the channel owing to 

the presence of boundary roughness, If the flow is uniform 

and stable and if the channel is prismatic and of constant 

roughness, the velocity distribution will eventually reach 

a definite pattern. 

Assuring the folllowin g to simplify the discussion. 

,. The flow entering the channel is laminar and of 

uniform velocity distribution. 

2. No re striction exists at the entrance that will 

cause abrupt disturbance of the water surface end 

the velocity distribution. 

3 go --'restriction,  exists- of the entrance that Vili - n- 
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3. The depth of fl o i is indefinitely large, so the 

depth of flow can bo considered constant as the 

water enters the channel. 

In the Fig. 2 the effect on the velocity distribution 

due to boundary roughness indicated by the line ABC. Outside 

the surface represented by ABC,, though not distinctive Is 

knoijn as the boundary layer and its thickness is designated 

by S t and since the, boundary layer is not distinctive Its 

thickness has been defined arbitrarily in various ways. The 

definition thich is generally given to it Is that the thick- 

floss S is the magnitude of the normal distance from the 

boundary i.rface at ° a .ch the velocity V is equal to 99% 

of the limiting velocity Vo which the velocity diatribe. 

tion curve in the boundary layer.. approaches asyeptotically6 

The boundary layer thickness tends to increase t ith diet. 

ence In the direction of flow. In a cheAne3, of finite depth, 

the boundary layer ultimately extends over the full depth 

of the channel. 

2*6 riE~rr•rrn Phenome
non,  

Considering the fig. 3 belotf, it shows to a greatly 

enlarged rte# radial scale the distribution of velocity In 

the neighbourhood of a boundary rich curves in such a way 

as to produce a general increase in velocity (as shoe ' by 
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to 
the converging stream lines, followed by a subsequent 

decele ration,b 

Die to increase in velocity the pressure decreases, 

as afor©•.ffiontioned the thickness of boundary layer increa, 

ses with distance in the direction of flow, but in this 
case such a tendency is more or less -counterbalanced by the 

convergence of the stream lines and the corresponding acc- 
eleration of the flow in general.. Except for the thin layer 

of retarded fluid near the boundary, therefore, the velocity 

distribution of the flow as a ole may be. obtained from the 

configuration of the flow net;. which in turn .permits the 

evaluation of the pressure distribution at all points of the 

flow and of the boundary as wall. 

The right half of fiBare 3 on the contrary, illustrates 

the behaviour of the flow as the boundary curves in such a 

way as to produce deceleration of the fluid-deceleration, 

at least as would bs indicated by the diverging lineis of the 

flow net. This is accompanied by an Increase in pressures,, 

In this case therefore the tendency of the boundary layer 

to expand with distance in the direction of flow is strength- 

ened by the tendency of the stream lines to diverge from the 

boundary as the flow decelerates. As the velocity near the 

boundary is salt, further increase in pressure requires a 

deceleration ehich is not physically possible a 'point called 

the point of separation ithero the flow has come to a $td.. 
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The flow as a bolo can continue beyond this zone only If 

a discontinuity at tho boundary Is produced' and such dis-

continuity involves separation of the flown from the boundary. 

As ahoun in the figuro the stream line uhich abruptly leaves 

the boundary dividing the on coming low from a region of 

reverse flow on the downstream side* 

This phenomenon is of particular importance to design 

of e andin g transitions, 

2,7-  er,end om,.....,ems, Sgu. bons  
. e' 8. 	one s 

The surface level of an open channel is variable )  but 

the pressure at the surface, is constant (atr ospheric) and 

taking this as the datum for pressure, the potential head 

in straight flow Is constant over a vertical section and Is 

eq al to J) • Zb as shown In fig. 4e 

Also 	A +Zb * o&  j 	Eq, 26 

There D( is a constant accounting for variation in velocity, 

and varies from .98 to 1.02 this is the general equation 

for straight line flow, the elevation of the total energy 

line above the bed level as the datum line is 

He 	3) + 	 Eq„ 2,8 
9- 
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then Ck =1 

From above {}0 is knotn as the energy of flow, designated 
by, EF 9 or specific energy, In rectangular channel with 

level bed 

v=~ 	 Eq. 2.9 
,D 

Equation becomes 

Eq . 2, iO 

and. reduces 

k4o =Di'`j' 	 :Zq. 2.11 

The equation  2,11 hen o. = I is plottc d in fig., 5,9 rith 
D as the abscissa and I4, as the ordinate. 

These curves for various discharge are useful. In the 
design of flumed structures. It can be seen that for corr. 

ect value of Ho a given discharge 9, per unit width can 
have two alternate depths of flow and that a minimum Ho 

exists for each value of c, 	The depth , d velocity at r ich 
the miniaaim occurs are tnowti as the critical depth aid 

critical velocity. As have already been mentioned that the 
Froude number here is le The equation connecting the depth 
and velocity becomes  

ofVy 	1 	Eq. 2i2 



Knowing that at critical flow 

Eq. ' 2.13 

and substituting that A V"' I in the equation 

D 	I!3 ^ •. V' 	Eq. 2,14 

Therefore, 

13 

Eq. 2* 15 

v= 9 ~ 	 Eq. 2.16 

in the non-rectangular uniform channels. The corresponding 
equation are 

t40 = 	+ ___ 	Eq ,► 2.17 

t) +Sq. 2.18 

Where the bed is the datum for 	and D , 
Considering say dA =- BsdD 

the critical velocity and the critical depth are given by 

V = $ A 	__, 	• 
Bs 	cC 



then the velocity Is less and the depth greater `hen the 

critical the flow is said to be subcriticsl. Conversely, 
when the velocity is greater and the depth less than the 

critical the flow is called hyper or super critical. 

A difference between .sub.critical and superacritieal 
floe Is that in the former a disturbance or aff'iux affects 

the up stye conditions mere as in the letter as such 

effect is produced unless the disturbance is sufficient to 
forma standing wave uhgch advancing upstream. changes to 
flow from supercritical to subcritical. The explanation lies 

in the fact that the critical velocity of flow is the sums 
as the velocity of a gravity wave. Hence with velocity- exceed- 
ing the critical, the gravity wave, produced by a disturbenco 

can move onlyf do n st ye n, 	. 

Another difference between the ibcritical ad the 
super-critical flow is that in the fen er a contraction prod- 
ucing a converging flow whether on the sides or bed of the 

channel, results in a reduced depth of flow provided the 

depth Is comparatively small, where as in the super critical 
flog it results in an increased dept.,. 'he o: 'foci of convers- 
gence due to a rising bed is shorn in the figure 6o  A 

contraction in width increases the discharge per unit width 
white the total energy head 	He remains unchanged, If 

any hori2ontal line is followed in figure. 	6 it 411 bs 
seen that with measuring 9, I  i) decreases In - the subcritica'l 
region and increases in the super critical, On the other 

LI 
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hands  or rise in bad decreases the total head Ho  end q, 

remains unchanged. It again any line of constant q, is 

followed, it will be seen that the decreasing of No 

D decreases in the ibcritical region and' increases in the 

super critical, It is converse in the case for expansion,. 

28 Criterion , for .,,,critic sty  to ,o ff'  lam, 

The critical state of flow has been defined as tho 

condition for which the Feuds Number is equal to unity*  A 

more common function is that it is the state of flow at 

which the specific energy Is a minimum for a given discharge. 

A theoretical criterion for critical flow may be developed 

from this equation already mentioned with o = I 

No 	+ 	, 5 

Differentiating with respect to 1) and noting that 	Is 

constant 
d4a 	I -W 	dA  
dD 	3A41 	9AdD Eq. 2.19 

The differential water area dA near the free surface is 
equal to  i dD 

Now  

But D = - being the hydraulic depth, 	• • 

NO  - - 	v 	Eq. 2«20 
dD 	9A 	- 9D 
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At the critical state of flow,# the specific energy is 

minimum 

i.e. __  0 
dD 

v,~ 	D 
2i 	 q4 2,21 

This is the criterion for critical flow, which states that 

~t the critical state of flow, the velocity head is equal 

to half the hydraulic depth,# The above equation may bs 

written as 

9D 	= I 	 Eq. 222 

Mh .cch is Froudo number and being equal to 1 y ~ws 

the criticlfty of flow* 

As meutioosd earlier ow .ng to the non-uniform dr.'str-

ibu.ticn of velocities over a channel section, the velocity 

head of au open channel flow is generally greater thy, the 

value computed according to 29 

The non-uniform distribution of velocities also ntfocts 

the computation of momentum in open channel flog. From 

principles of mechanics the momentum of the fluid passing 
• . 

through a channel section per unit time is oipressod by 



It has been gonerally found that the value of 	for 

f aiz'ly straight prisnatic channels varies approximately from 

LOI to 1.12° According t© Wotons Second Lae of motion $ 

the change of momentum per unit of time in the body of water 

in a flowing channel Is equal to the resultant of all tho 
external forces that are acting on the body4 

Applying this principle to a channel of large slopes 

the following expression for the momentum change per unit 
time in the body of water enclosed betuaen sections I and 
2 of Fig. 7. may be written 

(~~ Yz..[~ V~ a 	p, 	 — F f 	!q« 2.23 

The ' above equation is known as the momentum equation. 
For a parallel or gradually Varied flow, the value of P , 

and '2 	in the momentum equation may be computed by assom•» 
1ng n hydrostatic distribution of pressure, For a curvilinear 
or rapidly varied flow, houaver, the pressure distribution 
Is no longer hydrostatic; hence the 'values P3, and P2 

cannot be so computed, but must be corrected for the curv&- 
tune effect of the stream lines of the flog. 

For simplicity P, dad P. may be replaced respec- 
r 	, 	 ,  

tively by P end ~p Sher® ~3 	eid ~3 are ,thl 
correction coefficients at the tw sections, and they are 
referred to ss pressure..distributiorn coefficients, but here 
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since 	and 	are force, they can be caned force 
coefficbnts. It can be shown that the force coefficient 
.,b expressed by 

q 	 C 

-. hdA 	I = + 	c. d A, 	Eq. 24 24 

	

~1z J 	Az 

	

O 	 O 

It can easily be shown that 'is greater than 1.0 for 
concave flow, and less than 1#0 for convex flow and equal 
to 1*0 for parallel flow. 

w 
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~ M 7[01 8 IN 3JhC1U TX CL PLOW. 

3.1 LW. Lane ( 7) in i93E.16, during his a erimgnts 
to analyse the flow of water through contractions chose 
transition dimensions arbitrsr .q. In constructing the 
channel, the contraction was rounded by 5 ft. radius curves$ 
tangential at the ends where the curves meet, the flume dead 
abrupt contraction wall of the normal channels. The flurnin g 
was from St to 1' for a 1af.gt r of 2' after which he expanded 

it adually with the parabolic equation of yr = 0.0178 z as 
shown In Pig. 8 (b) a The experimental res .ts were studied 
in the U .ght of the theories existing at that 'time on the flow 
of water throu&h contractions, viz, these due to d' Aubuisson 
and Weisbarb. Each of these theories defined a coefficient 
of discharge (coefficient to take account of losses due to 
friction, impact etc,) ! as shown in Fig. 8(a). 

d' Aubu'' sson Coefficient CA = 61 s v -- 	Eq„3.1 

Weisbach Coefficient C,N 	 Eq.3.2 

d' Au'b+uisson formula is an Opplicstion of Beuoulits, 
and Weisbach considered the discharge to be made of CAA! 
representing flow over a weir, and Qg a flow through atn 
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orifice of width 619  and height D. 

Lane found from the experiments, that d' Aubuisson 
coefficient can best be opplied to contractions in which the 
water flows from one stage to another without a great deal 
of turbulence. The two areas of measurement mast be the actual 
area of flow of the water, and the conditions at these points 
are such that the static pressure on each particle is equal 
to the weight of the water above it, upto the free water 
surface. These' conditions are fulfilled by. the flow through 
the prismatic section of the expanding flume and the short 
flume with rounded entrance, and also in the contractions 
with rounded entrance. To a certain extent It can be appliid 

to the short flume with sharp corners,, resulting in a lower 
value of the coefficient due to turbulence introduced by the 
sharp edges*  

The conditions most favourable i to Weisbach,  theorry are 
those existing at the sharp edge contraction o.f narrow width, 
and on account of the surface drop which always takes place 
above a contraction, the .iondition assumed In the We isbach 
theory will l be only approximately attained#  

He found out that the flow in the expanding flume foil.. 
owe very closely the theory of back water curves. For a fric- 
tionless ohanns , with level bottom and variable width, the 
following four back-water curves are possible. 
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Case 1. Width increases, water surface slopes upward; depth 

greater that the critical valtp. 

Case 2- Width increases; water surface slopes downward; 
depth less than the critical depth. 

Case 3.. Width decreases; water surface slopes upward; depth 
less than the critical Value. 

Case 4» . Width ,•f:orease s; water surface slopes downward; depth 
greater than the critical value. 

3.2 	Julian ifiinds In 1928 	(8) presented some ways of design.. 
in  transitions as adopted by Ti~   5, B. R. in the design of trans 
ition for flumes.  aid syphons. Ke dealt with the above with 
reference to these princ1pal facts. 

1. Unimportant transitions$  where velocities are low, may 
be designed arbitrarily$ by adaptation from successful strue. 
tares operating under similar conditions. 

2. ibr Important structures, especially those involving 

velocities In excess of 6 to 8 ft. per see. careful detailed 
computations must be made. 

3, 	Experiments, data collected by U. S.B,R. are  -summarised 

• showing efficiencies that may be expected with various types 
of construction. As far as subcritical flow is concerned he 
divided the subaect into tvo parts namely, 

1) Unimportant or less velocity structures, not involving 
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hydraulic jump or flow at critical depth. 

ii.) Important or high velocity structures $ not involving 

the hydraulic jump or flow at critical depth. 
10 

Having found out that all structures for changing the 

shape or cross sectional area of a water conduit cause dis. 
tuxbices in flow, which might be object onate.e In themselves 

or In the , resulting losses In heady he thought it necessary 
to provide fora drop in the water surface, sufficient to 
produce the required increase in velocity head and to overcome 

-friction and entrance losses; but at an outlet the water ire 

• face will rise theoretically a vertical distance equal to the 
reduction In velocity head; for the actual rise, usually ref- 

erred - to is recovery of head, is less " thsn the theoretical 
because of losses due to friction and the outlet. No satiate. 

Iatory theory for computing transition ° losses for a a .ven 

structure has been proposed$  but the magnitude .of these losses 

can be determined by experIrnents only, A large variety of 
detailed design for transitions structures 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 
accomplished by changing the details of a previous s'trt ctura, 

known to be satisfactory to suit the now. conditions of design. 
Some of the designs are shown In Re t, ( 8) . On the design 
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Of Important transition not Involving critical , flow it was 
found out , that method of design t outlined for single structures 
Is not adequate for important Installations especially where 
velocities are relatively high, and under such conditions 
the detailed dimensions and the forms of the structure, through 
out its entire length becomes Important#  On Investigation In 
the United States on Columner Tunnel, Treten canal outlet, 
it was found that this outlet was less efficient than the more 
abrupt outlet from the North Pork thus indicating that the 

assumption made that the energy loss can be minimised by re& 
ucing the angle of divergence  of the trans.{ Lion is not univ.. 
erea y applicable. Also having changed the designed dimens. 
ions .of the Dear Coulch outlet to meet local conditions In 
the field, the result was that the outlet bedrine so ineffic. 
tent that as to,  require reeonstr ction, After considering the 
losses net with, the conclusion arrived at was that careful 
attention should be given to detail, dimensions of the whole 
length of the transition. The computed water surface profile 
was found, to be irregular in the case of know faulty 
structurest  as a result a new criterion for design was adopted 
namely, that the computed water surface of the transition sho.. 
Uld. be snooth continuous curve grproximately tangential to 

the water surface curves in the channel above and below 

As there are no data available for the determination 
of the most suitable curve for a given set of conditions 

the 'regularity of the water surface profile can be avoided 
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by adopting or assuming a curve at the inlet such that the 

rate of change of acceleration is changed in away such 
that the water surface profile becomes a snooth continuous 

The U. S B. R» adopted a plan based on the principles 
illustrated in Fig. 9 for all important transitions, 

i) Assumption of the dimensions of the structures and 

by Bernoulli a theorem, ` the surface curve computed, the 
dimensions being subsequently changed and the ..curve recal- 
culated until satisfactory results obtained 2) The deter- 
urination. of the water surface curve, and then computing the 
dimensions of the structure to -conform, The review of exper- 
imental data Is very - necessary before attempting to prepare 
designs, especi l.y that part which relates to the effect 
of curvoture in flumes on the motion of the outlet structures; 
sketches of some designs are oun in Fig. 10. 

3.3 (b) in the design of a flume Inlet example of which 
is given In ( 8 ) . The hydraulic proyertie s of the canal and 

the flume may be assumed to be known, and the first go is 
to determine approximately the length of the transition, 
Adopting the U.S. B. fit. rule s  the length should be such that 

a straight line Joining the flow line at the two ends of 
the transition will make an angle of about 	with the 

axis of the structure, The entrance loss is assumed to be 
0,1A4,,,, Le,, the change in velocity head is to be 1,14H , 
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being the total drop and then adding the drop necessary to 
overcome friction. Knowing the water surface elevation In 

the canal  at the upper and of the Inlet 3  but temporarily 

neglecting friction, the water surface elevation of the, 
flume at the, lower end of the transition can be found, there- 
by determining the two ends of, the water surface profiles. 
Not knowing the particular curve that fits the given cond.► 

it ions better than any other, any smooth curve tangent to 
the normal water surface In the canal and the flume may 
be used either arbitrarily drawn or computed«.Ore of the 
cases can be adopting two equal parabolas (-neglecting fric. 

tionO I  and they should be tangential, to the water surface 
slope in both the canal and the flume, 

Then choosing a'.  number o f sections, eiallyequally spaced 

for conveniencet- across the trns tion, the elevations 

of the water irface and the structural dimensions are 

computed*  For the construction of the parabolas one has its 

• vertex at the be ginn g of the transition $ and the other 

at the and of the transition i.e. at the beginning of the 

fumed part#  Half of the drop of the transition, is taken 
to be from one end to the middle of the transition. The 
drops to points between the beginning to the m iddl a of the 

transition are proportioned to the squares of the distances 
from the beginning of the tranpition. Taking the beginhing 

to the middle of the transition to be left $  the drops for 
the right half of the surface curve are obtained by subtracting 
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the corresponding drops for the left half from the total 
drop. Assuming that the conversion loss is distributed 
over the entire length of the transition in proportion to the 
change In velocity head, values of A%+vare obtained by divide. 

Ing the computed values of AW5 by i►10. The velocity head 
is obtained by adding A%4 to the velocity head at the beglan- 
Ing of the transition. The velocities corresponding to the 

•assumed water surface are -then determined and recorded. Frio* 
Lion loss being neglected, the area of the structure at that 
particular section can be computed. 

3.3 (b) In the design of the flume outlet, the sate procedure 
for the inlet Is adopted here, but the only essential, diff'.- 
erence being that the conversion loss Is subtracted fromAb+Yto 
obtain Aws  where AW3  is the change in water surface elevat- 

ns. The length of the outlet structure is determined on the 
same basis as the length of the inlet structure 9  but it is 
generally conceded that for equal efficiency an Inlet may be 
shorter then an outlet s  for the sane velocity change, But 
Inlets are often made the same length as outlets because 

1. Short transitions do not afford secure anchorage to 

the cane... 
2, Using the wane length makes the forms interchan.geable,, 

3. Sharper warps are difficult to construct. 

4. An average divergence of 12* yields a structure of 
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pleasing and reasonable cost. 

Also in the case of outlet an allowance of O.2AJ4s 
made for outlet losses. Were an allowance is mad;3 for a 
greater outlet less than Is actually necessary, the lest- 
ruction of the excess energy needs be considered. A recovery 

of head wi3l actually occur at the outlet)  i ie" her provided 
for or not If the .*,urns velocity is relatively low, the depth 
being greater than the critical depth.. 

marising the, art of. signing transition .structures, 
as practised by the 11.S. B.R. 9  It can be said tats 

•Sufficient fell must be all owed at all inlet structures 
to accelerate the flow and to - overcon frictional .afd entrance 
lossesb 

2. The theoretical recovery at an outlet structure is red. 
aced by frictional and outlet losses,. 

3. At open chinel outlets a small factor, of safety may be 
• obtained by setting the transition for less t 	z Its maxznurn 

Zecovering capacity, but erosion below the structure may be 
sli,g tkly inbreasod, 

4, 	ImporteAt,,structures, where velocities are high, must 
be carefully de signed to conform to a smooth theore tick. water 
surface. Sharp angles must be avoided. 



5 	No definite data as to the  st form of grater surface 

	

. 	 ~ 	 a 

profile, best form of structure: or most efficient length 

of transitionare available. 

3.4 In 1940 Sri A.C.M±tra (unpublished note, Irrigation 

Department, Uttar Pradesh) cane out 4th a new idea as to the 
• design of the expansion portion of the transitions in which 

the grater depth was constant. This design has been tried on 

various irrigation channels In Uttar Pradesh and has usually 

proved successful where F i► was less than 0.6. In his ana- 

lysis of the problem, he assumed the following. 

	

,. 	There should be constant variation of velocity through- 

out the length of the transition. 

	

2. 	There should be a constant depth of flow. 

Refering to the figure Li 

The length of the expansive transition must be fixed say 
by adop tin g U. S. B. R. Rule. 

If V f and Vo are the mean velocities at B f and L. and aL 
is any axial distance from the throat where the velocity be 

Vx, and the width is L Then by the second assumption 

Y -~ Vc 
L, 

Sqb 3-3 

Then by the first assumption and by the continuity 

equation 
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Bf X\ = Bx x Vx = ac"Vc = D . K Eq.  
V. K 

Now substituting the values, in Equation 	it becomes 

f 	 Eq„ 3.6 
x 	~ I 

which reduces to 

L.& —x. (Be. — ~li) 	q"' 

As wi l be 	an from 	 q. 3.7 ? the curve of the expand 

ing side wails will be hyperbolic* As there is the possibility 

of the depth at the throat not being the ware as In the normal 

section, he justified hi$ assumption by depressing gradually 

the bed towards the throat to the extent (YEy - v` ) and then 

sloping up towards the exit in the eganlion transition. 

3.5 	Ippen 1950 (9 ) has broadly followed Hinds suggestions, 

In flume design, He considered a minimum of energy dissipation 

consistent with economy ° of construction to be the usual gwift 

,guiding principle of design. tinder these conditions, the ton.1 

owing assuraptioisa were made. 

;.• The gradient of total head is constant over the transi. 

Lion length i or the change in total head can be, evaluated with 

sufficient accuracy from Mannings equations for uniform flow* 

2. , The velocity varies primarily as a function of distance 

eAd the factors d and 	can either be considered unity or 
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be evaluated only for the end sections with changes pport- 
toned gradually over the transition length. 

3. 	mature ,effects are negligible, the pressure dis' io. 
button is hydrostatic, , afld separation does not occur. 

The specific energy curve was adopted as the tool for 
the analysis of such transitions, a series of these curves 
may be prepared for . the given discharge , and the various cross 
section involved in a particular design.. 

or example No = + AA, can be plotted . as shown in 

Fig,; 32 s  For a rectangular channel section in which the geo• 
metric change in channel shape is confined to charges in widt $ 

_ B, resulting In separate dies for each value  

being the, discharge per wit length. Here A =`~`- : By where 
as In general A Is a more complex function of 7. depending 
upon the geometry of the local cross section. 

The following information Is usually available for the 
design of subcritical transitions. 

(a) he geometric shape of upstream and dounstresm channels. 

(b) The discharge with corresponding values of y '• and A 
for upstream and downstream channels. 

(c) The elevation of  the total.-head line for the upstream 
section and with estimated adjustments, for all sea tions 
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throughout the transition. 

( 	The geometric type of transition as dictated by tl 

economic Importance of the structure 1  and hence the specific 
?.head curve for say intermediate cross.section0  

With the above Information in hdadj, the srroagement of 
the proposed channel sections, can be found by one or the 
other of the following two methods,, 

If 	A smooth surface profile is assumed between the end 

sections of the transition reach thus fixing all iuternediato 

velocity heads*  This will in turn define a curve in the 
plot from the initial section to the final section since for 

each plotted curve corresponding to , a geometric section, There 

s only one value of 4, azd j ,, The value of j or H. is read 

fpm the curve and plotted In the longitudinal section g  and 

thus the elevation of the bottom is located, 

2, 	A smooth bottom profile is assumed between the end sea. 
tions, Thus all values of Ro  along the transition are fixed, 

With these values of Ro the depth can be determined from 
N-5 plot for all stations along the. transition for which such 
curves have been plotted, 

In the first approach the resulting bottom curves1  and 
in the second the resulting surface curves may not come out 
as continuous smooth lines, Both methods require readjustments, 

there fore , initial smooth lines are obtained by changing 



the longitudinal spacing for given geometric shapao of 
cross section by adjusting the geometry itself and finally 

by alternating, adjusting bottom and surface elevations0 

With the help of Fig0 12 the various existing possibilities 

for transition of decreasing channel cross.-soetion may be 

discussed, for the rectangular channel form, A decrease In 

section or a channel contraction may in this case be reduced 

to two distinct geometric operationst a decrease in depth 

and a decrease in width. Starting With point M represent.. 

ing a given geometric and hydraulic situation a similar sit. 

uation defined by point E, may.  be arrived out by the follow. 

lug methods*  

The bottom may be continued at the original slope, thus 

keeping the specific energy No constant, tile the channel 

width is decreased. The corr .sponding depth changes can be 

read from the intersections of the vertical time through 	N 
with successive curves for larger values of g after a 
desired Width has been obtained at 1' , further changes in 

section may be produced by raising the c1,iannel bottom grad- 

ually chile keeping the width constant. The differences in 

bottom elevation. are simply deducted from the specific energy 

Na  or from its local value adjusted for loss due to rases 
tee, The resulting values of the decreasing depth are read 

from the curve U to Ba  Consequently, following the path 

IME will give smaller dopth changes during a given reduction 
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In w .d'p'i thai can be obtained by proces ding from 1i first 

to G .and thaw, to B, 

Successive chalages of width and bottom elevation may 

naturally be combined into a single procedure represented 
by the dotted line connecting 14 and 89  with Mmultene©us 

adjustments Inwidth a and bottom elevationaD In genera. )  the 

side contraction is best accomplished with concerned side 

w .1s Chile the depths are still larger* As such a line from 

f to E following path !'E rather than T1GG win result 

in shorter contractions t ith 'staller curvature effects. 

'Contractions are oasi.y designed, as long as both, points 

U ar d B re well 'in the subcritical range' since small 

surface slopes can be maintained. The more nearly point B 
approaches the critical depth, the steeper iill be the par. 

face curare. 

The effect of boundary resistance Is Invariably to red. 

ace the total head in the direction of flow, and it can be 

of the : eci.fle heeds Thus, In subcritica'l contractions in 

general head losses are evidenced by slightly low3r depths 
than these computed on the basis of negligible resistance. 

Such adjustment has been found satisfactory by measuroment 

on good designss by the corps of Engineers and U. S• B. R, 

On the other hands for expansions, basic surface curves 
may be evaluated in reverse, the same procedure being ,spp3isd 
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with regard to geometry and specific head developments. Ho 

ever$ there is one fund neital distinction In expansion flow 
which prevents as close agreement with the theory as that 

found for wall designed contractions# and this is the Jiff i.. 
culty of adequate recovery of Kinetic energy in expansions 
due to the -different behaviour of the liquid near the Chanu.. 

nel walls 

Von Te Chow ( 30 ) has d rained the flow conditions 
for, sudden transitions In open channels,, When the change 
in cross-* sectional dimensions of a transition occurs in . rel# 
ativslr short distance, It induees rapidly varied flow, and 
such transitions include sudden contractions and expansions 
'ertically, horizontally or both, 'Considering the horizontal 

contraction as an ezatple as in Vigo 13 o 

plying the momentum equation to sections 1..1, 2-p2o 

Qw 	3 _,, v►) 	P+ - p1 P3 — ~F 

a W b'1  - 
JI 

Eq. 3"9 

Sqo 0610 

By the continuity equation 

Q = Vjt = V3b'j3 
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For conv'oliofco In the too?ODUo0l discu8ion, the fo2lotting 

inoy b oscutced 

rf = Q , 	,= 3 =1 , 

r dor the a' co CondltiOnG the qi. t .ori 3(9) mod` b roduced 

M 

(ys/y,) [(%4 	,J 	
, 

- 

B 3/) 
- ( 	) 

nheroç " 
 e above equation can bo plotted ucing b3/b, as a par.  unoter* 

aving Plotted the curves as shown ii Fly 14 the family of 

oua a got era similar hyperbolas of a higher order, having 

the foUUor ng tharecteritico. 

1. 	The curves aro CcncidorEJd only for positive volues 

of ` F, ca  /y ' 	 `. 

AU the hyp3rbolcs pegs th oughh the 'prints 

F, - a , y3lyr - o) , on 	Cr, - o) y~/y, 	( ) are ooym. 
totic to the vort1col line  

3. 	In the cp ci,al CGS3 of bx = b1 9 Indicating the hydr- 

code Jump In o pr't antic chcnnol, ropros ntod by the curvo, 

F,' = 0-S ( ~y,) [C~3~y ) ~- l~ 	Eq. 3.12 
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4. The upstream flog is supercritical In the region serve 

the horizontal line F, 	I or P = 1 and suberitical bolaw 

the line* The downstream flow is subcrttical In the region 

below the curve 

F, 
!, 	)3 

( 
6, 

and supercritical above It. 

5. Theoreticfly speaking $ certain parts of the curves 

represent flows that can not actually occur) because they 

necessitated: an increase of energy or a negative energy loss, 

-what Is contradictory to the fact that the flow always losses 

• energy in passing trough a transition0 The difference' bet. 

Veen the energies before and after the transition is, 

Z 	~ 

9 	a.9 

Dividing through by , 

____ 

•: 	i• 	
- 	

1- 	

3Ib)IJ Eq. 3i4 

By applying this equation to a certain part of the cur "c 

the flow can be found to be i.nipossiblo if the ccmputO6 Va1W3 

of & E is negative. It should be noted however that this 

discussion Is intended to present a theoretical analysis of 

the phenomenon and to develop a classification of the flow 

throudi sudden transitions. In real problems the theoretically 

Impossible flow may become actually possible because the 
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assumptions made in the above derivation may not be true 

under actual circumstEAces. 

Under ac al circumstances, 9, and 	are not eiaaLY 
equal tx> 1.0, and could lie between `i, and ~5 .. Thusi 
the negative energy loss would become positive $ and the theOM 
reticaily in o ss ible flow would become actually p , s sit le. 
The loss 4 S is a very smell amount and Can be readily changes 
ad to positive by a slight change in the Items In the Eq, 3..i4. 

Sklar ai lysis is applicable to sudden expansions 

as below, 

Applying the momentum equation to sections 	. 	` 
and (3S)• of the Fig, 13 (b) 

Q ~►? ( V3 - ~3 , v,) 	'P r P. - P3 - Ff  

Assuming PI =3g 1 , Ff o  and y 	l 

q« 

By continuity 	G, 	Y~~~y = V 

On substituting V, 6' 41 for V3 	Eq* 3.16 and solving 
the a $ove equation can be plotted as before using ?as a pare& 
meter. A family of hyperbolas similar to each other can be 
got, with the same characteristics as mentioned for the 
contraction. 
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36? Fornica (quoted by e'en Te Chow) thou t of various 

designs for sudden transitions with a sub-critical flow 
through them, and he carried on some experiments on the 
designs shoran in Fig. 1S. The typical measured flow 
profiles and energy lines represent the specitic1energy 

y fi s  • Wear the section where the transition takes 
place, the velocity head can not be measured easily bece.~ 
use of the turbulent conditions of flow; hence $ the energy 
lines are simply extended. The vertical intercept between 
the extended upstream and downstreøn lines at the trans-
iticn section 'epre ants the energy loss B. The asterisk 
shown for the sudden expansion indicates the position of 

the energy line assuming of . = 1. 

- Fig.. 6 shows the computed values of the energy coef. 
ficient d at different sections of the channel for various 
design of transitions. The values are apparently very close 
to unity immediately after the sudden contractions, but are 
generally higher , than unity after the sudden expansions. 
This indicates that the flow in a sudden expansion is lir-
egularly diffused. The head losses for various designs of 
transitions at different discharges are. shown Hof, 1 
It can be seen that in general the sudden contractions have 
higher losses than the sudden expansions. A process of con- 

version for potential to Kinetic energy is followed lmmedi•. 
ately by a process of recoversion from Kinetic to potential 
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energy, As a result much less energy than in .a sudden 

exp1son Is recovered, as in a sudden contraction the 

flow is first contracted and then exp£nded. However, -the 

energy loss In a sudden contraction of design I (Fig,15.:) 

can be greatly reduced by modifying the sharp..edged corners 
of the entrance of the reduced channel s as in designs 11 

to IL The differences among these designs are evidently 

insignificant The energy loss in a, sudden expansion can 

be reduced by gradually enlarging the channel section or 

decreasing the angle of divergence (G in Pig,15"`.' )•; 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 limit beyond which the gain in off.. 

iciency becomes insignificanti Adopting the energy loss in 

closed conduits t6 open channel being expressed by 

F = 	< vs1 	 .Eq* 31.17 

and in a - sudden expansion by 

" 	= 	 ~ -via'" 	 Eqo +x.18 
,  

9 

Where E and are coefficients, and V1 and V. are the 

upstrogn and dotnstren velocities$ respectively$ Fornica 

obtained the following average values of E for sudden , 	t 
expdasions,p 
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Ze or 
i . 	1 	2 	3 	4 	S 	6 	7 	R 

0.82 0,8? 0.68 0,41  0.27 029 0,46 0„44 

Accord2XLg to the experlmenta1 data obtained by 
i"ornica the values of K for sudden contractions seem to 
vary in a wide range, increasing with the discharge. The 
approximate median value of K for desI a Z is 0.10 
and for des 61 11 to IV 0,06. 

.8 	in 193 D.Dod1ih divided transition structures 
into to groups for purposes of design., 

j. Minor and low vsioc it7 structures and 
2. Major and hii velocity structures# 

a) Moderately big structures. 
bb Very big structures carrying several 

• thousand cusses. 

The inlets *1d outlets for the first group of 

above look to be of secondary Importance$ and did not 
deserve much time for computations. The moderately big 
structures he adopted the U.S.B.R. method described prev~► 
dos. s1y. 

In the case of very big structures carrying 
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several thousand cusecs, he considered the length of trans. 

itian for the inlet to be too long to be economically teas- 

ilale, if the angle formed by the line joining the two ends 

of water surface with the centre line joining the two ends 
of water aurface with the centre line of structure taken 

to be about 12 30' . He suggested the length to be fixed 

such that the .steepest angle that the water surface profile 
in plan makes with the centre line of the structure to lie 

between  o  and 300  for Inlet transition and 2j0 .. 30' and 
7,O for an outlet transition, Further$  he proposed standard 

Curves for the side walls which could be easily computed 
and which according to him, could load to almost as sat" 
istactorp conditions as those computed according to the moth-  
ad of Hinds. 

39 	in a recently published paper ( 12 ) # 
prof, R: 3.chaturvedi has examined Mitre's transition design 

theoretically as well as experimentally. 

The analysis of his approach Is thus given below. 
With reference to F`i gf 17. 

Let t. «  direction be along the axis of the flume 

and j. - direction be right angles to It in the plan at th" 

bottoms 
• 4 

Adopting Mitre*  s second assumption that the depth 

should be constant and by the continuity equation; 
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is positive and increases directly with the divergence 

downstream,. Mitre' a curve could be obtained by the above 

procedure. 

near dx Can be represented by t / °lt . 

cit 

• dx 

JL 

= 

	

G)  t 

G~)l. 	Lr 	6 
yL~ 

It A is substituted for 	and integrated we have 

Or v,.(z-B) + A 	-0 	Eq. 3.23 

his is the equation of a hyperbole, Nov evaluating 
the coflatarlta A and 	B the conditions are 

7L8 when z =0 

b when x : L 

0 

Hence 	b. C L 9• B) + A 	0 

e.(0-B) +A =0 

which gives 	B 	= _____ 
b. a 



Vx , L =. can stant 	 Eq. 3-19 

db Vx 

 

Eq. 3O 

&surn4nJ that 

ctVx 	,. C' (negative because velocity Eq* 3.21 
Is decreasing) 

G 	 ~• 

ec® dVx 	ol(y) 	d(y►.) / dx. 	C. 
dx 	d,t dt 

i 

Expanding the latter portion 

c ol"4 =  
j dt  dt 

dt G 

3-20 By equation • 
I  C' y ~ 
c ~L 

Bence  dy y 

cift 

r L a.t  

Eq. 3.22 

rr + 	O L 	d  

c y,~ 

which shows that acceleration along yLor lateral acceleration 



and 	A 	= 	.,~ r.. 	1. 
b-a 

Substituting for A and B in Eq. 3.23 gives 

 fi. • b L.  
Lb..x(b-a') 

Eq. 3.24 

The above result if multiplied by 2 gives ident. 
.cally the sane as Mitra' $ equation. 

Taking Into consideration the lateral acceleration 
and the influence of the lateral velocity, he thought that 
problem cci4d be approached in a more general manner, by 
taking the lateral velocity as a z re general function of y. 

J, 	 y~ 	Eq. 325 

Where "n" can be integral or fractional $ positive 

or negative and K 	is any constait. Having obtained similar 

other curves their hydraulic properties can be studied on 

models. He carried on to derive and analyse some other 

forms of transition curves, by giving different values 

to n in the general equation 
Jty) 	

r KU~ 

He choses the values 



Now by the continuity equation 

dx  
d e 	%_ 

and the general equation - already derived is 

c 	 L 

dx. 	dx. dyt- 
t 	L dt dt 

which gives  

On solving the above differential equation 3.26 with f * n 

We have 

or 	,x - Q- y~ +- A 

When n=0 

dx _ ! 
K pL 

X = 13(05~ t. +A, 	 Eq. 3,28 

By giving different values of "n" in Eq. 246 differ 

erent equation for curves can be got, The value s of the 
constants of Eqs. 8-27 and Eq. 3.28 can be evaluated with 
the help of the following boundary conditions. 
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Tabic I gjvzo the general equations of the seven curves 
ter .ved* 

 
He tzkad out' the lateral e000lOrctions as foUOta, 

DenotingQy as .att 'Ql 

Leo b o 

acceleration i.e. 

d V%.. 	Vy~ . d 	 . 
dti 	d ye 

end uith V1, = K• y4 

Eq° 3'.9 

' o ao acceloation s are al co included n Tablee 

Prom the table it on bo cool that if n bcorno »11 
yields a. straight !,Inc trEnGitlon with flogctiv acco e 

at ion thich may indict o c possible control getting action 
or ovcn one Wad o r, u1th the OZcc ton of a 0 gvoe 
positive cccolerotiono ihich ncraso trit a the icrocø  
of the V uo of 	" 0 

Considcrir g the criterion for trcn ail tion officicoy 
Cn olomcnt In the canal circuit, ho eo pared tho output 
+icrgr at tho trnitton o it to tho enoray cnt©rinr' the 
trcnsit2on, lut found out to bb rnaleodin t if the 3ott- 
InB tdzc s poco and there is no Oproc iabl o convora.on of 
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Kinetic energy into potenti&. energy; the efficiency' 

criterion Was$ therefore= taken as the ratio of the rec-

overY head to the total Kinetic energy* 

~ r e 	s 41 6 A 
: AJ D 

ter 0ondactlflg some experiments on models, he Found 

tha
t the best gaometriC1. shape for sut~CritiCal e xpafls'" 

trap sit30tt is given by the formula 

zq6 

imhating the eonSteAtS br using the same bonndar ` 

editions In Equation r 2.49 

b~1 	{ _ 3uy 1 	 Eq. 3-31 
b3!2 	 iL 

0 
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R 

TR „a T3 ©N S .~LY, PERC RI 7l C a . LOW 

	

4,1 	In the case of supercritical flow in channels, 
small changes in the channel geometry cannot have Were- 

a labia influence on the flow upstream from the section at 
which such changes take pl ace. Instead boundary changes 
cause a lot of surface disturbances of considerable magn..' 
itude which cross and recrrosa as standing waves. It will be 
very difficult to have approximate constant velocity and 
depth. In the case of subcritical flow specific energy 
could be one of the means of designing, but over here with 
the , apearance of standing wave there is not the likelihood 

of using the specific energy as a tool. In steep chutes, 
depth measured normal to the bottom can no longer r pre se. 
nt the pressure head on the bottom. With high velocity heads, 
vertical curvature of flow may produce dynamic pressure on 
the bottom greatly in excess of the hydrostatic pressure. In 

long transitions da entrance will cause bulkling of the flow 
and such depths will have to be derived for water air 

motion rather than for the water discharge alone. 

	

4.2 	The accent of design in the case of supercritical. 
flow is shifted to the reduction or eventual elimination of 

the standing wave patterns which appear as a result of such 
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flow. Mere also cut and try method can be the sole tool of 

design )  though being a little tedious. The arras of design 

a'an be said to be having a minimum surface disturbance. 

The theoretical basis of design of contraction thou• 

ght of by Ippen and Dawson (13) is supplied by the principles 

of non-uniform flow applied successively to short channel 

Sections; The variation velocity and depth Induced by the 

converging boundaries are assumed to occur only along the 
channel axis. asic surface curves identical for all long.. 

itudinal sections are derived In first approximation by ass. 

 that the total head remains constant, and surface curves 
are obtained by bflsl4ering the friction losses in the dire- 

ction of flow. The velocities and depths at any station or 
section are assumed to be unaffected by the curvature of the 

lateral boundaries and hence, constant in transverse sections. 

The primary aim of economical design being minimum of energy 

loss because of standing wave occurrence. Velocities in sup_ 

ercritical flow will vary in magnitude and direction In a 

systematic friction in transverse sections, and surface 

elevations will be constant. The effect of a thnsition is not 

confined to the imme diste vicinity of the structure as In 

subcritical flow, but may affect the flow conditions dotmn- 
stream from the transition for very long distances. 

4.3 	In Lehigh University and Massachusettes Institute 

of Technology Ippen and Dawson attacked the flow through 
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contraction, and it was a cut and try method. A Curve us 
sho sen as one that might be  typical of a contraction, design. 
ed from conventional knowledge of open channel flow. The 

converging arse in the upstream part and the reverse area 

in the downstream part of the contraction were chosen to be 
equal and with a 16° central angle each* The nature of the 

curves gave the radius of curvature of 75" and the length 
shown, The channel contraction was 2. ft.. wide and its upper 
end to .1 ft. wide in longer reach of 30' below the contrac- 
tion. Flows with Froude numbers of 2 'to 8 were used for the 

e2periment, It was found that there was no disturbance at 
the centre in 8lntst all the cases. Positive lines tending 
to converge originate along the first or concave part of the 

wall and 'the diverging or negative I Ines emanate from the 
inverse part of the contraction. 

44 	A straight wall contraction was considered also. The 
,aim of rational design for .upercritia,a flow must be orien- 

ted -first towards lower standing waves. Secondly, It can be 
towards reduction or possible removal of standing waves 
patterns in the channel section dot streem of the contraction. 
It 'was found that the total deflection angle 0 determine the 

wave hei i.t, regardless of the degree of curvature of the 
side wall. It was found logical,, therefore, to decrease this 
angle to a minimum. The minimum angle 9 is lead by connecting 

the upstream and downstream tangent points by straight lines 
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possibly rounding the corners slightly for the sake of app-
earance. The contraction composed of circular arcs, 16° 

central angle, and for straight wall 8 deflection angle. 
The experiments conducted on the above showed that in super-
critical flow straight-wall contraction are better than cur-
ved well contractions' from the stand point of maximum wave 
height end compared on the basis of equal length. Also for 
given reductions in channel width asrrect deflecting angles 
may be found y which will result in minimum disturbances In 
the `downstream channel. 

i 5 

 

it was found out theoretically that (i) The straight► 
wall contractions are arrays better than the curved wall 
contractions from the stand point of maximum wave height and 
compared on the basis of equal length, (2) For given reductions 
in channel width, correct deflection angle -e may be found 
which results in minimum disturbances in the downstream 
channel. 

4~.6 	Hunter, Rouse, B.V.Bhoot$, En-Xu..Hsu (6) in the 

design of expansion channels under three Sequent heading for 
their design. 

1. Surface configuration at abrupt expdnsion, 
2. Efficient curvature of expanding boundaries. 

31Elimination of disturbances at the end of transitions. 
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As in other problems of steady flow In an open charm.. 

al of non-uniform' cross section, the variation in velocity 
and depth through a channel expansion will depend on the 

geometry of- the channel boundaries, the rate of flow and 

the final properties. Under boundary geometry must be cons- 

idered the form of the channel walls, the slope and form of 

the flow and the surface roughness of the floor and uaU S. 

In supercritical flow since the Froude number rI s greater than 

1 , the problem of design and evaluation becomes one of gra'- 

ity wave analysis in this expansive flow, since each macro- 

went of the boundry deflection may be considered to generate 

an incremental, surface wave ihich crosses the flow at an angle 

depending upon the Fronde number and the boundary form; only 

through determination of the cuiiiUlativa effect of all such 

waves may the depth and velocity at each and ever2t point 

be predicted. Sloping walls were to be avoided In non-uniform 
high velocity flow because of their tendency to sxagerate 

surface disturbances. The method of design thought of could 

be of cut and try method s  sad this can be done graphically. 

Only two factors in actuality tend to limit the gra•. 
phical. method In 'its use for the complete design of well 

proportioned expansion„ 
n 

F .rstly the assumption of boundary 'geometry to dot.. 

ermine the best form of transition Involves tedious process 
of try and error* Secondly, if the hydraulic jump is to form 

I 
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at the and of the a p an sion y  the method of specific energy 
offers no clue as to the inherent stability of the 

phenomenon. As a matter of fact the formation of hydraulic 
Jump in a tri sition may lead to 	symmotric pattern of flow 

within the transition which is wholly unpredictable. 

4.-7 	Experiments were carried out at the Hydraulic }ess.- 

earth of the ;State University of Iowa on abrupt expansive 

transition gave the clue as to the nature of 'the suitable 

boundary curve, Though there are rules pertainling to a a. 
nsion transitions that the angle of divergence In super- 

critical. floe, can be 9 = tin 6 to 8 = tan I9  regardless 
of the depth and, the velocity of flow. In the case of the 

abrupt expansion transition, the boundary equation event. 

Ually found to be most satisfactory was of the form 

-() 4 

where . 

bi  = width of the entrance. 

yL  = lateral distance from longitudinal axis. 

F1 	Froude number at the exits 

t = Loogitudlnal distance from entrance. 
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By Interpolation from a series of solutions for 

various Froude numbers and expansion ratios by the method 

of characteristics, a generalised series of boundary curet s 

for successively greater expansion ratios were obtained and 

presented in fig. 20. These curves are to be regarded 

merely as guides in the preliminary design for the follu 

oaring reasons. 

	

,. 	Each of the curves represents the average form of 

several son ,hat different curves for different Froude 

numbers. 

	

2. 	Tha outlet depths as much as from 20% to 40% are 

In excess of that indicated by the simple wave theory 

even though the flow was essentially uniform at the emit. 

A drop at the beg .nning of the parallel section at 

the end of the expansion then provided may stabilize the 
jump formation, though the change should depend on the 

Froude number, The actual magnitude of the drop is to he 

determined by the momentum equation. 
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APTER 

EXPERIMENTS ND RE&TLTS. 

The eperiments were carried out in the laboratory 

in an 80' long a cement..pl a stared open channel 3' wide x 
20  high* The bed of the channel was horizontal, The up-  

street portion of the channel had a glass wall which 

stretched to a distance of 8', and by m€ ans of this the 

reverse flow downstream of the abrupt tran sit ion could 

be accurately ,  detected. 

The discharge was measured by means of a sharp ores- 

ted weir, placed in another channel running p ara .,lel to 

the experimental channel, but at a lower elevation. 

'he? weir was located sufficiently downstream from 

the tail end of the experimental channel to even out disc► 

turbance s.. However, there was some unavoidable fluctuation 

in discharge during the experiments as an independent feed 

line was not available for the work. 

The levels of the water aarfaces and the bottom or 
bed of the channel were measured with point gauges with 

a least count of .001 ft that were mounted on two rods 

joined together by wooden blocks that could slide on the 

cement mortared top surfaces of the walls. 
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To plot tho CtZOnt linos In the abrupt zoa" on (don 

Otroci of the t coat) $ a rtd of 6" intervals was put on 

tho top of tho tiali 9  covorl,ng a diatonco of six Foot dote. 
ctroc of the abrupt transition; end a to11an thread with 
one end tied to n glass rod ttas made to float dotatreaiu.  
Tho atrot itnos tere plotted oftor the flo-a had bairn 
eta Ilcod, "hough it was still liable to away from one 
aide of the channel to tho other. 

The velocity as 'omonts were ton 	a Pi tot 
tube. Tay ro taken ot d foront depths, and trovercoly 

th On  apcing 514 by means of plotting tho lsuola 
ot different section the average velocities at those part- 
IcuIQr sections Vero got. Valocitia8 *fro taken of the 
upstream and do stro a of the throat $ also at tho care 
rr eted and expanded portions of the transitional 

The boundary proe rna wero rood an a board on uhich 

open menotor tubas iir re fitted. 

To considor tO 1acourInG effect of those transitions, 
a send bad of width 3' herd length 3' gas iodo at the and 
of ncch of the tranoition. In the case of the abrupt 
transition, the bud woo at n distance of 6' from the and 
of the throat. Th3 scour patters wore drat for each run. 
à o scour readings uaro t :on with a point gauge nth 

0 aa c .l -plate p loco attocho d to the end of the pointer 
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in order that the pointer might rest on the bed without 

it penetrating deep into the sand bed. 

The calibration of the measuring weir was done with 

the help of Rehbock fora it a. 

8 	3,25 + 	+ 0.428 
60.56 	p. 

where 

L, is the crest len.g` h, 

is thi height of the crest and, 
H is the depth of the tsppe. 

The plot was ;done 'can a. double logaritb is (2 cycles 

by 2 cycles) paper, with Q as ebsisca and U the ord- 

In ate as shown in Fig..2 2 « The discharge was calculated 

with the sharp crested formula 

The readings were all recorded and are attached in 

the appendix giui att o end of this chapter. In order to 
•compute the losses in the transitions, the internal ve1i- 

ocities* at each section must be calculated. To calculate 

the actual velocities for each section, iao eels were drawn 

for each section from the u/s of the throat where the 

contraction starts to the d/e where the e,ansion ends. 
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The various sections of the transitions where readings 

were to en are shown In fig. •2 . The scale used for 

plotting the isa.vels in the expansion region is double 

that at the contracted portion as the study Is more on 

expansion, In order to work out the energy content at 

each section and hence the loss of energy through the 
transitions it was necessary to determine the actual 

velocity energy of the flow at the sections. This was 

done by plotting iso..vel s from the velocity me sui ements 

during the experiments. The summation of the products 

of the region or area between two isovels and , the mean 

of the isovel values, divided by the total„ sectional area 

gage the actual mean velocity. The total energy line is 

got by the addition of the velocity heads and the depth 
to the bottom elevation. Three discharges, 1.0 cusecs, 

0.7 . cusecs and 0.35 cusses were used with each of the three 

• transitions et~idied. The various energy lines corresponding 

to various discharges are shown in figs. 26 albsc. 

On plotting the energy lines, the author found that 

the abrupt transition gave very high losses for the dis. 

charges of 0.7 cusec and 1 cusec. The strai1t expansion 

(U. $. B. R,) as compared to the Hyperbolic e~p an eion Sitra 
gave a little higher loss* The losses for each of the above 

transitions were not found to be appreciably different 

for the lowest discharge of 0.35 cusecs given In table below 



Dischar- 	Energy, loss in ft.. of water* go cusses 

Abrupt 	Straight 	'Hyperbolic (L S. B. R) 

©.35 	,0406 	,0476 	#ID239 

.0731 	,D 	.0249 

1,00 	.071' 	.0352 	.0264 

It thQrefore appears that for very low discharges 
the design of transition is not so important and an~r of 
the above. can be used. On the other hand for the discharge 
0.7 and LO .cusec y there is appreciable difference in 
the losses: 

An e, ected, there were large areas of back flow 
for the abrupt transition. These can be seen in Fig. . 
In the case of the straight (U. S. )3. R.) and Hyperbolic (Mitre' s) 
transition the back flows were not prominent. For the range 
of discharges in the present experiments the hyperbolic 
transition gave no sign of separation. The Froude's number 
calculated at the throats of the -various transitions varied 
from .527 to .91; thus indicating that the flows were well 
within the subcritic al range. 

As already mentioned, the study on the effect of the 
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expansion tr*lsition on the bed material was al. so studied. 

The particle size used for the lower discharge of 0„35 

cusec was 0..18 m!m. and for discharges of 0.7 and 1 
cusec 1.06 mm, The scour patterns for the various tran.« 
sitions (expansion) for each discharge are shown In 
fig. 26 . The f .ow in the Abrupt trar►sition , (expansion) 
Was -non-symmetricl and so the scour is seen to be much 
concentrated on the side to which the flow lines away. 
The reason for using particles of smaller diameter for 

the 0.35 cusec is that the coarse particle of large dia-
meter could not be moved by the tractive . force of the 
0.0 35 cusec discharge. 

A study of the scour patterns reveals that the hy-
perbolic expansion has the best performance In this res~. 
pest as well.. 
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~a1u1 t ion of Results, 

Q = .35 cosec* 

Trans- 
i ti on 

vc- 
' do n o co?pu to d 'Depth s Me an 

eci- Bottom 
' ~, Fic 	~F. ev. 

Energy 
' 
~  f 0 ' Vel * jwienr 

U , ,46 *0027 ..38 •42 .,3435 1.9358 2.2793 

U2 	' 1* C? • O x,78 *321 ,75 ,3388 1* 9 336 2„2782 

U3 1.88 .0429 .293  1.6 .3359 1.941 2.2789 

C. S, F 1.73 ,0465 .272 1,,72 #3185 1.958 2.2765 

0 i.665 .043 .287. 1.02 # 33 1.946 2..2760 

.45? 00032 0 ; 73 1 0 m .3u0 1.9412 2.2522 

D2 AS 1 .0033 •2995 . *3028 1,,947. 2,2498 

D2 .441 .003 .3061 •.381 ..2920 1,9482 2,2473 

,508 «004 .281 91415 02850 1.959 2.2440 

Da 0.47 *0034 .2926 0399 .2969 1.9428 2,2387 

U1 ,65 #0068 .287 0.406 .2926 2,279 2.5725  

1.22 .02 •27j 1.03 „2940 2,276 2,6706 

U3 1« 88 *0634 + 254 1.84 .3074 2.261 2.5684 

Co S 	o 1,88 .055 *261 1«79 •316 2•252 2.68 

a1 1.89 .0563 *287 1,.81 .3133 2.254 2.5673 
ova 

D`2 1.09 .0185 .280 0.77 .2985 2.239 2.5375 

03 .759 .0089 .255 0,458  .2639 2„261 2.5249 
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Q -- .36 cusp c, 

Trade= Sec- l Computed 	pth'lean ' 8peci-' Bottoms inergy 
sitioti' Lion' 	$ 	:Vol, ! i tic ' Lei . I Line. 

U1  ,?8 .0095 .267 •044 .2765 2,291 2.5675 
U 2  132 .027' .244 1.15 „?71 2.896 2,566 

t 4 .899 .29 2.46 .2799 SAM 2.5649 

C4 $ * F. 20,34 .085 .206 2.26 ,2866 L278 2.5646 
2. g j 2,22 2.271 2.5638 

1)2 1.34 .0279  .243 1.13 ,2709 2.271 2.&419  
DS .D2 .0126  , 206 .568 .2j86 2.309 2.5276 

9  p 
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Tam atjonof Results. 

Q =.7 Lusec. 

Trans- so+ 	:~a 	utad t Depth'MQan Oci- , Bottom: Ensray ition l ion.  ~ w 1~.Resd' t Vela r ifn 	, Ejsv. o Iaevatjon 
1yp09~'N 

-- 

t Enorgy, 

U) *?10 96072 .513 .46 .5208 , 20 279 	2„7898 

U2 1:.25 .623 .488 1.]$ .5164 2.276 	20782C 

U3 20..23 .0774 .445 2 t 14 # 5284 2,261 	0 7794 

+, c. S. r 2.16 .0725k .457 2,04 ' 5355 ' 2 252 ° 	.7775 

1 1 2.118 ,0738 6452 26.07 ; 5318 ' 2.254 	.7758 
D2 

1,1800218 .496 .87. 517 2.20' 216?as8 , 

. .0072 .485 *482 , 4922 2,.261 ' .27532 

.746 6 6686 .489  .48 .4976  20 291 `2.7886  

,0L  . 62 1.21 .492 ' . 2.296 2.787 

'03 2; 21 4076 .424 202 .500 2.285 2.785 
~ r 

04 0 
G. S. F, 2.14  6 6696 .436 2,14 .6055 2,278 2.7835 

D1 2,17 .0713 0, 441 2-011 

L 1,36 x,0287 *468 1.19 

D3 •75 .0087 .446 .526 

.5123 2,271297833 

•4967 2,271 2„?677 

.4547 2.309 287637 



6~ 

,,7Cusac. 

grans-s Sew► ~' Co I mputed. 
ition  t t"T ion cl 'V*Read' D3ath 'fean 1 6pecif- Bottomr "Energy 

U1 	. ' • 672 .609 .6704 X 348 .6794 * 1.9355 2.6152 

U~ L88 .056 0624 ,9 .679 1.9335 2,6125 

U . °202 .0753 .588 1.89 ,66633 1.941 2.6043 

c. sp,.f. ' 2.24 ..078 ..567 1464 .645 10958 29603 

223. .0773 ,573. Ida 1,64 .651 1.946. 2*5963 

D •615 *6673 45975 .291 •6051 199412 2# 5463 

D,2 

 

.655 .0068 .5921 3*95 .5981 1*947 2,5459 

D3 .647 .0065 .5904 . 96 u 6969 1.9482 2,5451 

D4 .596 .0056 .580 .403 .5866 1.959 2.5445 

DS ,,584 .0052 .5951 *392 *6603 1.9428 2.543i 
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__'~Ialim. Qf R~._ 
= 1 Cu se c. 

1Pgn- cc-I Computed' Depth # Moon ' 9peott' Bottom ' Enexgy s.tion' tion' V03.. ' VoBs ad 'Vol. lc I Eleva. ' USev. 

U1 .525 .0043 ..736 .452 .7403 1.9358 2,67? 

U2.  1.-575 ,0385 .703 1.14 .7415 1.9335 2.6750 

U3 2..06 .0658 0667 24,01 ,.7328 1.941 2.6738 

C.S.,F. 2.,067 *0655 .650 2,,05 .7155 1.958 2.0738 

Do 2.06 .666 .661 3x02 .72? 1.946 2,673 

Dy ..624 .006 #6652 •05 .6712 1.9412 2,6224 

P2 .623 ,006 .659 0498 .665 1.947 2.612 

2.6116
. 

U2 642 .0064 „657 .507 #6634 1.9482 

D4 .678 .0071,5 ,6445 1518 ,65212 1.959 2.61112 

Ds 	• .648 .0065 .656 #508 *6625 1.9428 2,6053 

U1 .709 „0078 ,6?8 ,4921698 2,279 2*9648 

U2 14,53 00364 -,648 1.23 -,6844 2,276 2,904 

U3 2.16 ,073 .625 2.13 .6985 2.261 2.9595 

C. S. F. 2,2 ,0752 *632 2.11 .7072 2.252 2.9592 

U1 2.18 •0734 •6` ' , 2,13 *7048 2.254 209588 

1.135 .02 ,675 .912 .695 2,239 2,,934 

D3 0785 .0096 „659 .506 ,6686 2,261 2,296 



i 
T 	ton ReJts,. 

Q = 1 Cu se c. 

Tran- Sec- Compited ' 	rth* tiean ' Speci' Bott.'Energy 
sition' ticn' Yelp. V.He ad ' ' Vel. ' -fic 'cam Sl' E1e v. 

I 	+ 1 1 1 

U1  0707 .0078 .653 .51 .6603 2.291 ", ( 	* 

U2 1•46 ,033 x.622 1,.28 .6550 2,29 2#95 

tT 3 2.-54 0 101 .561 2.37 +662 .2.285 2.947 
C. S. F. 2,55 102 .564 2#365 .666 2.27$ 2.944 

D1 2.59  .1039 .569 .286 #6727 2027. 2.9437 
D2 1.48 .034 .62 1,29 .6548 2.27j 2.9258 

X13•16 .0094 .607 .549 .6164 2.309 2,.9254 



67 

In the preceding chapters, a review of the more not- 

able literature on transition design has been given and 

a few experiments done by the author have been described. 

From this study the following conclusions may be drawn. 

The criteria determining the suitability of a tran- 

sition design for a given fuming ratio are twofold. 

Firstly Firstly it should cause minimum loss of head and secondly 

it should be economical. The second criterion requires 
that normal flow should be restored in as small a length 

of the transition as possible. No theoretical solution 

to indicate the best design for given set of conditions 

is yet available.. 

Rinds utilised the usual energy relationship for 

designing stib..critical transitions. His method, however, 

involves a number of uncertainties and assumptions. More 

important of these are that the energy line Is straight$ 

the water surface line (or alternatively curvature of the 

side walls) must be assumed, the coefficient of Kinetic 

energy is unknown and has to be assumed as 1 though 

it may depart considerably from unity In the expansion 

transition. Plarther, the implicit assumptions that 

separation of flow from the boundary does not occur and 
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09 
to those of Hinds, In the field, a number of transitions 

those based on Hinds' method as well as hyperbolic, .fit• 

have given satisfactory service. An accurate comparative 

study in the field would be Invaluable In evaluating 

the rel atige performance it of these two types. For trans-

ition s t where the width as well e s the water dep th are 

to be changed, Minds is still the only avail able Method. 

The author' s .experiments concerned three expansions 

with a Pluming ratio of 4 (i) abrupt, (.i.) straight 

line with a splay of 1 in 5 and (iii) hyperbolic with 

the sane length as the straight line transition. 

Out of, these the hyperbolic transition gave the best 

re seal is as shown in chapter 6. 

The proportion of energy loss to difference of 

velocity head in the three cases was as below, 

	

Q -08 	Q moo? 	Q io 

	

ii .rn6 	 . —., r 	Cu~cAC 

( i) Abrupt 	.94 .745 li 12 .935 

(ii) straight l ine, 898 .33 .46 .568 

( iii) Hyperbolic 	.,51 .314 .94 .34 

r 
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For sup ercriticaL flow, the position of transition 

design is still more uncertain. The most reliable work 

yet available seems to be that of Rouse and Bhoota (14) 

who give the following equation for suporeritical expan- 

sions on basis of experiments 

b, 	).\b, f,, 

where 

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

x e longitudinal direction, 

F, = Froude Number at Inlet. 
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