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I. INTRODUCTION

Open channels have been a uéeful way of carvving
water for many centurles. The hydraulic design of the
open channel has been studied exteunsively, and many
hydraulic formulas have been developed. At times, there
are certain factors which necessitate a change in the
gize of the open channel being used; therefore, a
transition is needed.

Transitions in open channels with sub-critical
flow have not been studied since Hinds discussed their
design (1, 2). His recommendations are useful but
ineomplete, According to the geneﬁal suggestion, one
assumes a double parabola as the water surface profile,
a conbinuous warped surface on the sides, a length of
transition such that a straight line joiuning the flow
line at the two ends of‘the transition will make an
angle of ahout 12-1/2° with the axis of the structure,
and through hydraulic farmalas, finds the corresponding
bottom profile. In addition, Hinds states that it is
not possible to secure regularity in both the plan and

the bottom profile so that the assumed water surface

profile may bve altered and that a slight change in the



elevation of the water surface, at a given point, usually
makes an appreciable change in the dimensions of the
structure.

The method is purely empirical. The purpose of this
thesis is to solve many cases of transitions in open
channels on sub-critical flow using the suggestion made
by Hinds. The IBi# 7040 computer was used for the
calculations. An attempt was made to find the irregu-
larities of the plan and bottom profile, ii such
irregularities existed, the range in which the irregu-
larities existed, tne development of graphs in order
to help design transitions in open channels with
sub~-critical flow, and the behavior of certain designed

transitions with different discharges.



II. THEORETICAL CONSIDERATIONS AWD METHOD OF

OPERATION

The energy equation was mads to find the form and
friction losses,
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Referring to Figure 1,
v A
- Z
S = -/-D S
The difference in elevation between the two points may

be expressed as:

DY =2 +8 —(2:+02)

2 z
4y = v/ j%;-fés
AY= A4 +hs

Ay = 2h(17¢)
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G is the coefficient of inlet loss, which will be
assumed to bhe equal to 0.1.

The procedure followed can be summarized as:

- (1) The assumption is made of a continuous, warped

surface on the sides for the transition.

(2} The length of the transition is taken such that
a straight line joining the flow line at the two ends of
the transition will make an angle of about 12-1/2° with
the axis of the structure.

(3) A double parabola is assumed as the water

surface profile.

Fig. 2,

(4) The length of the transition is divided into
ten sections,

(5) The velocities are calculated at each section
along the transition, taking into account the form loss,

(6) The area required for each section is deter=-

mined by using the equation A = §/V.



(7) With the assumed warped surface on the sides
for the transition the cderSponding bottom profile is
found, corrected by the friction loss, The warped:
surface on the sides of the transition is acceptéd as
good when the bottom profile found is smooth; if not,
the warped surface is changed until this is achieved.
The bottom profile is obtained bybthe caiculation

indicated in Table I.
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IIL. PRESEHTATION OF DATA

The calculations were made with inlet transitions
from trapezoidal to rectangular cross-sections having
the same bottom width. The transitions were calculated
with water depths of 5, 6, 8, and 10 feet, and each one
with 5, 7.5, 10, and 12.5 feet of bottom width. The
water depth was the same at the beginning and end of each
transition. The discharge for ecach case was varied from
50 ef's until critical flow for that case was reached.

The ratio of half the difference between the top and
bottom width at each section, y, and half the difference
between the top and bottom width at the entrance section,
V> was plotted against the discharge for each water
depth with different bottom widths. The results were
used to construct another curve similar to the former
except that vélues of /D were plotted instead of
Q values, and adjusted values of y/ye, y'/yt,, were
plotted instead of the y/y, values themselves.,

The calculations of the behavior of a given transition
with different discharges were made with two different
transitions of the same bottom width of five feet but with

different design discharges, one with 50 cfs and the other
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with 200 cfs. The ratios of the water depth at each
section with different discharges to the water depth at
each section for the design discharge were compared with
the ratios of the different discharges to the design

discharge.
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IV, ANALYSIS AND DISCUSSION

In the range where the calculations of the transi-
tions were made, there was no irregularity found between
the continuous warped surfaces on the sides and the
corresponding bottom profiles. All the bottom profiles
found were straight lines, This important factor of no
irregularity between the warped surfaces on the sides and
the bottom proiiles made it unnecessary to change the
double parabola as the water surface profile in all cases.

The warped surfaces that were obtainsd on the sides
showed a great similarity for each transition of the same
water depth at the euntrance section; in other words,
transitions with the same area at the entrance section.
From this fact it was deduced that the areas of the
cross~sections were determining factors of the coryrespond-
ing warped surface on the sides. The Froude number showed
no influence in the shape of thé transitions.

Figures 3 through 38, show the discharge plotted
against the ratio of half the difference between the btop
and bottom width at each section, and half the difference
between the top and bottom width at the entrance section.

These curves show the following characterigtics:
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(1) 1In the sections located between the entrance
section and the middle section of the transitions, the
values of y/ye decrease when the discharge increases with
constant afea; in other words, the values of y/ye decrease
when the velocity increases. The slope of the warped
surface on the side is greater to adjust for higher
velocities at the beginning of the transitions. These
differences in the values of v/ys for different
velocities decrease as one moves to the middle section,

(2) In the middle section of the transition, the
values of y/ye are constant for any discharge. |

(3) 1In the sections located between the middle and
final sections of the transitions, the values of‘y/ye
increase when the velocity increases. |

After analyzing the last result and remembering that
the transitions studied are running from larger to
smaller aréas, it cén'bé deduced that water flowing at
higher velocities is acceleratedlto a lesser degree than
water flowing at lower velocities. |

The pfesent curves caﬁ be uséd to design inlet
transitions on sub-critical flow, from trapezoidal to
rectangular cross-sections having a Manning coefficient
of n = 0,012, for watef depth of 5; 6, 8, and 10 feet

and bottom width from 5 to 1l2.5 feet,
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Figures 39 through h7; show the values of Q/D
plotted against the adjusted ratio of half the difference
between the top and bottom width at each section, and
half the difference between the top and bottom width
at the entrance section, y'/y',.

Higher vélues of these ratios correspond to lower
values of Q/ﬁ; along the entire length of each transition.

From the calculations it was learned that for transi=-
tions with common water depth at the entrance section, the
longitudinal profiles were maintained except for an
increase in the steepness of the bottom slope when a
greater discharge existed. The water depth was the
same for each corresponding section of the transitions.
From the characteristics of the double parabola, it can
be seen that the water surface profile decreases at a
lesser rate in the beginning than the bothom profile;
in 6ther words, the water depth increasesAat the first
section of the transitions. After the middle section is
reached, ancther part of the double parabola shows that
the water surface profile decreases at a greater rate
than the bottom prbfile. Consequently, the water depth

decreases rapidly after the middle section is passed.
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When values of Q/ﬁ were used, it was found that
for a given value of Q/D the same velocity élways
existed at the final sections of the transitions,
aliﬁeugh discharges were different. However, the
velocities were different at the entrance section,

The fact was of primary importance in éonébrueting
Figures 39 through 47. The construction of these
curves was as follows:

Table II shows different values at each section
for transitions with a water dégth of five feet and a
value of Q/D equal to .30.

Column 1 shows the positions of each section along
the transition. x is the distance of each section from
the entrance Sectian; and L is the total 1ength}of the
transition.

Columns 2, 6, 8, and 10 show the values of y/y,.

The values of columns 3, 7, 9,vand 13 are obtained
as‘follmw53} (i)- The values of the top row are always
one. (2) The values of the bottom row are the correse
ponding values of the Velocity at the entrance section
of that transition. (3) The values of the intermediate
rows are the equally divided intervals between the

values of the top and bottom rows.
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Column 4 is the ratio between columns 3 and 7,
51/'52. Columns 10 and 14 are the ratios between
colunns 3 and -9,53/’6 ; and columns 3 and 13,

&4/ Epr re,spectively;

Columns 5, 11, and 15 show the ratio of
yl/yel/yz/yegs Yl/Yel/V3/YGB, and yl/ye]/yb/y%,
respectively.

Af'ter analyzing the results given in columns
4 and 5; 10 and ll; and 14 and 15, and noting that the
values of column 4 are similar to the values of column 5,
those of column 10 are similar to column ll; and those
of column 14 are similar to column 15; it was deduced

°

that the following relations could be determined:

Yl/Yel L 151
VifVey &
¥3/Ye, B
V1/Yey &

/Y,
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» » i xy'/yve'

- -

Columns 16, 17, 18, and 19 show the values of
yl/ye]/é 1 szye/g 2 YB/Yej/g 5 and yl'/ye/gh,
respectively. ' |

Column 20 shows the values of y'/y'e that were

plotted on the graph.

The advantage of this prqcedupe is that the values

of y'/y.’e can be used to design transitions of five feet

bottom Width ahd é value of Q/D equal to 30, no matter
what discharge or water depth is used.

From the fOrme? procedure it can a1so be deduced
that the values of columns 3; 7; 9; and 13 can be
obtained as follows:

€= 1+ x(V-1)
L ;

v

velocity at the entrance section
€= (1~x)+xV
L=

Similar procedures were followed for different

values of Q/D and water depths.



Tabuk II

Bottom width = § ft.

=L&/D = 30
D=15ft. D=6 ft. D=8 ft.
(1) (2) (3) | (&) | (5) (6) (7) (8) (9) (10)
x/L | y1/¥ey| €1 y2/Ye, o y;/ye3 £3
0.0 | 1.00 | 1.00| 1.00| 1.00 1.00 1.00 1.00 1.00 1.00
0.1 | 0.93 | 1.20| 1.02} 1.01 0.92 1.17 0.90 1.14 1.05
0.2 | 0.77 | 1.40| 1.04| 1.02 0.76 1.34 0.71 1.28 1.09
0.3 | 0.59 | 1.60| 1.05/ 1.03 0.57 1.52 0.50 1.42 1.13
0.4, | 0.42 | 1.80| 1,06 1.07 0.39 1.69 0.33 1.56 1.15
0.5 | 0.26 | 2.00| 1.08{ 1.08 1.24 1.86 0.20 1.70 1.18
0.6 | 0.15 | 2.20]|1.08] 1.07 0.14 2.03 0.114 1.84 1.20
0.7 | 0.085| 2.40| 1.09| 1.15 0.074 2.20 0.064 1.98 1.21
0.8 | 0.037| 2.60| 1.09| 1.12 0.024 2.38 0.03 2.12 1.23
0.9 | 0.001| 2.80|1.10| 1.00 0.01 2.55 0.008 2,26 1.24
1.0 | 0.00 | 3.00|1.10 .00 2.72 0.00 2.40 1.25
D = 10 ft.

(11) | (12) | (13) | (14) | (15) (16) (17) (18) (19) (20)

y,/Ye,| €4 yl/yel/gi yz/yea/éz y3/yej/:s3 yh/yeh/%“ y'/y'e
1.00| 1.00 {1.00 |1.00|1.00 1.00 1.00 1.00 1.00 1.00
1.03| 0.89 |1.10|1.091.05 0.78 0.82 0.79 0.81 0.80
1.09| 0.66 |1.20|1.17|1.17 0.55 0.56 0.55 0.55 0.55
1.18| 0.45 | 1.30 |1.23|1.31 0.37 0.37 0.35 0.35 0.36
1.27 ) 0.29 | 1.40 |1.29 | 1.4 0.23 0.225 0.21 0.21 0.22
1.30| 0.174|1.50 |1.33|1.50 0.13 0.130 0.12 0.11 0.12
1.31| 0.094|1.50 [1.37 | 1.00 0.07 0.07 0.06 0.06 0.065
1.33| 0.054|1.70 |1.41 | 1.57 0.04 0.03 0.03 0.03 0.03
1.23| 0.024 | 1.80 |1.44 | 1.54 0.02 0.01 0.014 0.01 0.015
1.25| 0.006 | 1.90 |1.47 | 1.66 0.004 0.004 0.004 0.005 0.004

0.00 | 2.00 0.00 0.00 0.00 0.00 0.00
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It must be noted that because of the procedures
that were used to comstruct these curves, the final
results showed an equality in the sign of the slopes
throughout the transitions.

These curves can be used o design inlet transitions
wilth sub«criticél fiow for different values of §/D. In
order to obtain the final values of y/ye which are going
to be used oﬁ certain transitions, the values of y'/y“e
have to be modified as follows:

| Assign number 1 to the entrance section. The value
of thé velocity at the entrance section is assignéd to
the final section. Divide the interval between these
two values into ten equal parts and assign the corres=~
ponding value to each section in the transition. Then
multiply the values of y’/y'e by the corresponding number
assigned at each section. The results should be the
y/ye values.

From the analysis of the results of the behavior
of a certain transition with different discharges, the
following was found:

(1) For discharges less than the design discharge
the ratios between the water depth with different dis-

charges and the water depth with the design discharge,
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were larger than the ratic of the correSponding dis=-
charges to the design discharge.

(2) For discharges larger than the design dis-
charge the ratios between the water depth with
different discharges and the water depth with the
design discharge, were less than the ratio of the
corresponding discharges to the design discharge,

(3) The ratio between the water depth with a
certain discharge and the water depth with the design

discharge remained constant along a given transition.



-2

V. CONCLUSIONS AND RECOMMENDATIONS

Thne range of transitions that was studied was
limited, The cases studied were considered common.
However, they were restricted by the following condi-
tions:

| {1) 1Inlet transitions from trapezoidal to
recﬁangular sections with the same bottom width.

(2) A common water depth at the beginning and
at the ena of the transition.

(3} A side slope of 1:1 at the entrance section.

(4) A lanning coefficient of n = 0.012.

llo information about the effect of the variation
of these conditions over the shape of the transitions
was obtained through this thesis,

It is presumed that a variation of the values of
the Manning coefficient would affect only the scale of
the values of y/y,.

The curves of Figures 3 through 38 can be used for
designing open-channel transitions on sub-critical flow
vithin the range studied. The disadvantage is that for
each water depth, a different set of curves is needed.

However, for different bottom width, ranging Irom



from 5 to 12.5 feet, interpélation can be used on one
set of curves. Therefore;'the'idea of obtaining a more
general set of curves to desigﬁ'this}type:of transition
was the guide in constructing the curves of Figﬁres 39
through 45..

In these curves, by the procedure explained before,
the values of y/ye for each transition with different
design discharges were systema%ically changed and finally
just one value of y'/y'é was obtained for all the transi=-
tions. | “ ‘ |

Therefore; the resulting curves provide values of
y'/y's which when modified as explained before, give
vdlues of y/ye'for transitions of water depths from
5 to 10 feet; and bottom widths from 5 to 12.5 feet,
with the same range of discharges.

The analysis of the behavior of a ¢ertain transi-
tion with different discharges led to the con#lusion that
iany transition can be used With a discharge less than the
design discharge. However, this would lead to a loss in
efficiency instead of a gain inwafficiency which a dis-
charge greater than the design discharge would have

provided.



The fact that the ratios between water depths with
discharges greater than the design discharge and water
depth with the design discharges, will never be greater
than the ratios of the corresponding discharges and the
design discharge, can be used as a confidence linit
in testing ﬁransitions with discharges greater than the
design discharge,

In future studies it would be convenient to relax
the previously mentioned restrictions by considering
variations of the mentioned conditions, and by attempting
to obtéin further relations between the factors which
intervene in the functioning of a transition, and also

confirm the results obtained in this thesis by models.
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IX. LIST OF SYMBOLS

cross-sectional area (fﬁz);

bottom width (ft);

water depth (ft);

gravity acceleration (ft/secz);

friction losses (ft);

form and friction losses (f£t);

velocity head (ft);

difference in velocity head (ft);

length of the transition (ft);

cross-sectional perimeter (£t);

energy slope (ft/ft);

velocity (ft/sec);

length along the transition from the entrance
section (f£t);

half the difference between the top and boeittom
width at any section (ft);

adjusted value of y (£t);

haif the difference between the top and bottonm
width at the entrance section (£t}

adjusted value of Vo (£t);

difference in water surface elevation (ft).
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ABSTRACT

Inlet transitlons with sub-critical flow from
trapezoidal to rectangular sections are studied.

The water depths range from 5 to 10 feet and the bottom
widths range from 5 to 12.5 feet. Graphs wera'con~
structed to design these types of transitions,

The béhavior of a given transition with different
discharges is also studied. It was found that more
efficiency is gained when & given transition is used
with a discharge greater than the design aischarge, than
when the transition is used witih a discharge less than

the design discharge.



	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054
	0055
	0056
	0057
	0058
	0059
	0060
	0061
	0062
	0063
	0064
	0065
	0066
	0067
	0068
	0069
	0070
	0071



