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Denver, Colorado, December 23, 1939.

ME}MORANIDUL TO CEEEF DESIGNING EIGINZER
@o Go Dewey, Jraj

Subject: Second prosress report - Tiie design and model study of
the transition and exit of the 1lU2-inch rivsr outlets -
Friant Dam, Ceutral Valley projiect, California.

l, Introductions The proliminary design for regulating
the flow of water in the San Joaguin River, and also for diverting
the river flow during construction, included four 102-inch outlets
to be installed in the Friant Dam (figure 1). The outlets would
be placed in two groups and would discharge onto an apron and into
the main stilling pool at the toe of the dam. The disclarge through
the outlets would be regzuleated by tube valves at the upstream end
of the 1C2-inch conduits; the maximum discharge being 4,100 second-
feet through each outlet, under a head of 220 feet.

It is desirablie that & jet issi ing from an outlet of
this type should spread guickly on an apron so as to form a hydraulic
Junp in the pool immediately helow. If tne flow is not spread,
but is allowed to erter thie stillirg pool s a solid jet, severe
eddies .iay form and these, togzether with excessive surface axnd
bottom velocities, umy cause undesirable flow conditions in the
pools This disturbance may even continue far enough downstream to
cause scouring beyond the apron.

Previous model studies of the Grand Coulee and Shasta
Dams did not include any outlets from which the issuing jet had
to be spread immediately. Tue outlets in these studies were located
higher on the face of the dam than those of the Friant Den, thus
enabling the jets to spread of their own accord as they flowed
down the face of the dam into the stilling pools The first problem
requiring immediate spreading of e jet issuing from an outlet
oscurred during the model studies of the outlets for the larshall
Ford Dam. From this study it was foumd that to spread a jet
quickly and efficiently a transition should be placed in the out=-
let proper, followed by an exit trough or "beaver-tail®™ cuf in
the face oi' the dam.

The transition designed for the 1l02=inch river outlets of
the Friant Dam (figure 2) emhodied the principles of the Marslall
Ford Dam outlet studies, tut instead of maintaining constaant area
throughout the length of the transition, the area has been gradually
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redvced ntil the area of the extrems end section of the trangi-
tion is 85 perce:.t of the area of the 102-inch outlet. The method
of desigmning the trarsition for the Friant Dam outlets and the
basic assumptions made are described in full in the Appendix.

lfodel studies were incorporated with the design of the
Friant Dam outlet transition and exit to determine: (1) The pres-
sures within the trarsition under different heads; (2) the
spread of the issuing jet on'the apron, and other flow conditions;
(3) the welooity distribution in the flow at the extre.e end sec-
tion of the trans¢tlon, at the end of the exit, amd on the hori-
gontal part of the apron; and (4) the calibration ourves for the
transition, treating it as an orifice,

The first progress report, October 12, 1939, included
drawings of the design of the outlet transitioa and exit (firure 2);
and of the pressures within the transition (figures 4A, 4B, and
4C), as deterrined from & study of a 1 to 24 scale sectional model
(see paragraph 2) o The teste on this model have now been completed
and are discussed in this report.

Additional tests were made on a complete 1 to 60 scale
nodel (as compared to tests on a 1 to 24 scale sectional model
described in this report) to determine & correct horizontal spacing
of the outlets on the face of the dam, and to locate training walls
in the stillimg pool for improving the hydraulic jumps formed dur-
ing operation of the outlets. This study, however, has been aban=-
doned, as the preliminary design of the outlets has been changed,

Because of the difficulty of resulating the flow in the
outlets by tube walves at the upstream end, the outlets have been
removed from the spillway and have been placed to the left of the
main stilling pool. The tube valves, moreover, have been placed
at the downstream end of the outlets, eliminating the outlet tran=
sition and exit. This design requires a separate stilling pool
below the tube valves, since it is impractical to place thie tube
valves at the face of the main spillway. Accordingly, a 1 to 34.375
scale model study is now in progress to evolve a satisfactory de=
8ign of this separate stilling pool. Upon oompletion of these
tests, a report will be submitted covering the details of the design.

2, The model., Preliminary tests on the Shasta Dam
spillway were nade on a 1 to 40 scale sectional model. Upon com-
pletion of these tests, tne sams model was adepted for tests of
the Friant Dam splllwa , but on a scale of 1 to 2¢ (figure 3). One
of the four river outlets was installed on this model, but lack



< 3t9"— — =

4
EET- MODEL

=

il

SCALE Iy FEET-PEOTOTYPE
o a: 4 7T 9% 2O

5|

’

- — —

1]

+ — e

SECTION ON CENTER LINE

-

SCALE IN FEET-PEOTOTYFPE
0 2 & 6 &8 s

(= T LI
SCALE IN INCHES - L "




of sufficient dewnth of the head box made it necessary to place
a reversed curve at the upstream end of the outlet (Section on
Center Line, figure 3)o

The model transition was made of metal te-plets, wiich
were cut to oorrect shape and placed at equal intervals along tie
transition (Enlarged Detail of Trarsition, fizure 3). Piezometers
were attached to eacn templet and were made flusih with the inner
surface of the transition, formed by placing cement-plasier mortar
between the templets and scoreeding to a smooth surface. Additional
piezometers were placed along the floor of the exit.

. 3. Pressures in iransition. Pressures within the tran-
sition were recorded for heads of 220, 150, 50, and 25 fecet above
elevation 358.00 (center line of 102-i:ch outlet). Since there
was no upstream corntrol in the model outlet, the disclarces for
these heads were greater than for the actual conditions. A study
of figures 4A, 4B, and 4C reveals that the pressures within the
transition are satisfactory. The greatest negative pressure occurs
at piegometer 18 on the crown, but it is only slightly greater than
=10 feet of water, prototypre. It is believed that the pressures -
within the transition would be satisfactory for all operating con=
ditions, even though the tests were made for e greater discharge
than will exist in the prototype, and the alinemernt was not exact.

4. Spread of issulng jet, and other flow conditions.
Hydraulic literature contains little data relative to the syreading
of & jet on a horizontal or sloping surface. loreover, a nathe=-
matical enalysis is particularly difficult because flow of this
type is three-dimeusional. Omne of the most recent studies of the
spread of a jet on a horizontal surface was made at the University
of Iowa. This study was quite elemsntary, but served to indicate
the nature of the problemol

1 Spreading of a Water Jet on a Flat Floor (at Super=critical
Velocities); a thesis by Enver l'uratzade; Auzust, 1939; lniver-
8ity of Towa. Copy on file in U.S.B.R. technical librarv.

No atteupt was wmade during the study of the Friaut river
outlets to make a mathematical analysis of the sypread of the jet,
but data were taken to record the amount” of spread. It is planned,
at some later date, to make an attenpt at a rathematical analysis
of the spreading of the jet.

It was previously noted that to spread a jet effectively
a transition should be placed in the outlet proper. This enables
the flow to diverge under uressure. The addition of an exit cut
in the face of the dam is required because of the necessity to en-
bed the transition in the concrete of the dam. Aoccordingly, the
spreading of the jet is still confined in the exit and does not
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spread freely until tlie flow reac'.es the apron. Figure 4E shows
cross sections of the flow at various points in the exit. It can
be seen that a fin forms along the side walls of the exit (figures
4E and 6A). These fins were not excessive and could not be elim-
inated, because, when a high=velocity jet is allowed to expand or
spread, fins will form along the walls which oconfine the jet. Any
further convergence of the confining walls will only a-gravate this
conditione It is important, therefore, to make proper allowance
for divergence in the exit below the transition.

Figures 5 and 6B show the spread of the issuing jet on
the apron proper. Under normsl prototype conditions, the tailwater
will be considerebly greater than that used during these tests.
However, a problem may develop in the future which will require a
jet issuing from an outlet to be spread over an apron and enter a
stilling pool uniformly enough to allow a hydraulic jump to form.
Accordingly, the spread of the jet was recorded assuming free flow
on the apron, By studying figure &, it may be seen that the jet
spreads uniformly, and on the horizontal part of the apron (Section
D=D, figure 5), the jet is of nearly uniform depth, except for the
side fins oaused by the intersection of the apreading jet against
the side walls of the pool (figure 6A).

Observations, only, were made of the flow on the apron
for normal tailwater conditions. These revealed that as the spread-
ing jet plunged into the tailwater, return flow occurred along the
side walls. This condition was also prevalent in the 1 to 60 scale
model, but it was eliminated by training walls placed in the still-
ing pool. These tests, however, were not completed.

Unfavorable flow conditions have been found to exist
when flow in a spillway passes over an outlet exit. 8uch condi=
tions were found during the model studies of the Shasta Dame In
these studies, after the outlets had been spaced properly, it was
necessary to add a streamlined deflector or "eyebrow" on the face
of the dam immediately above the exit. By doing this, the flow
passing over the exit was deflected upward, thus eliminating ex-
cessive splash and spray, normally caused by the spillway flow
plunging into the exit. It was also found with no flow through
the outlet, but with flow over the spillway, that the flow pass-
ing over the exit ewvacuated the air from the outlet. With the
pressure in the outlet less than atmospherio, the spillway flow
was pulled down into the exit, causing excessive spray. This con-
dition, however, was readily eliminated by merating the outlets.
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A similar study was made of the Friant Dam river outlets
to determine if any of the wunfavorable conditions were presemt
which hed existed o:: the Shaste Dan for flow over the spillway.
Fortunately, the Priant Dam outlets were much nearer the stilling
pool than those on the Shaste Dam. As the spillway flow inoreased
(no flow in the outlet), the water plunging into tle exit was de-
flected upward at the floor of the exit until its trajectory was
nearly parallel with the slope of the apron. The flow then enter=-
ed the tailwater immediately without creating any undesirable dis-
turbance. It was necessary, moreover, to supply air to the outlet
when the spillway flow approached its maximum (figure 7A). Without
alr, the flow plunging into the exit was badly disintegrated ocaus-
ing considerable sprey.

The flow conditions were also found to be satisfactory
for flow both in the spillway and in the outlet. No streamlined
defleotors or "eyebrows" were required as in the case of the Shaste
Dam. T.e intersection of the spillwey flow with the outlet flow
cauvsed the former to be deflected upward; but the two flows ap=
peared to blend together and entered the tailwater without any ex-
cessive digturbance (figure 7B)es The presence of spillway flow
has practically no effect on the spreadlng of the jet issuing from
the outlet.

It can be conocluded from a comparison of the studies made
on the Shasta Dam and Friant Dan outlets that, in any event, the
sphllway flow which is deflestted from an exit has a flat trageotory
and arches away from the face of a danm. Aocordingly, the higher
the outlets are on‘the face of a dam, the mcre pronounced is the
digturbance caused by the deflected water before it enters a still-

ing POOlo

5. Velocity distribution. Figure 8 shows the velccity
dlstrlbution, in terms of the prototype, at the downstream end of
the transition, at the end of the exit, and on the horigontal
part of the apron. The velocities are greater on the left side
of the model, which is probably due to tie reversed curve in the
model outlet (figure 3), and may be due to a slight error in model
construotion. In any event, the welocity distribution is quite
uniform for flow through this type of transition.

6, Calibration of transitione The transition was
calibrated to*determine a head=discherge curve and a head=coefficient
of discharge curve (figure 9). The head, H, was tslen to the
center line of the extreme end section of the trangition, and the
area in the relation Q = CA.ALZgH was that of the same section.

The coefficient of discharge, C, varied from 0.80 to 0.856 with an
increase in head from 36 to 230 feet,
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Although there was no upstream control in the model =
‘ﬁhe prototype flow will be controlled by 102-inch tube valves -
this ocalibration is particularly valuable inasmuch as there are
llttle or no deta available on the coefficient of discharge for
this partlcular type of transition.

7o« Conclusionse.

"(1) When it is necessary to spread a jet issuing from an
outlet quickly and efficiently, & transition similar to the ome
discussed should be placed in the outlet proper. This will pro-
duce, under iressure, a divergence of the flow whion will con=
tinue to spread laterally in the open beyond the transitiom.

(2) To prevent eddies and high=velocity flow in stilling
pools during operation of outlets, it is desirable to obtain a
hydravlic: jump as the issuing jet enters the tailwater. If the
jet enters e wide pool, it is necessary to confine the hydraulie
Jump, otherwise return flow will drown the jump, and eddies will
fome '

(3) oOutlets should bé placed as near as possible to the
bottom of a spillway or dem. Submergence of the outlets, however,
is not recommended.



APFENDIX
DESIGN OF OUTLET TRANSITION

1. Introductione The purpose of a transition placed in
an outlet axnd its performarice for various flow conditions has been
discussed in detail in the preceding pages. The procedure used
in the design of the transition for the Friant Dam river outlets
is discussed in this appendix to facilitate any future design of
this types For convenience, a summary of the design procedure is
given in paregranh 11.

2. Basic assuuptions. Before the transition can be
designed, it is necessary to ma! e the following assumptions con-
cerning the transition:

(a) Length along invert.

(b) Reduction in area fram begimning to end of transition.

(¢c) Total drop from invert of outlet to end of trarsition.

(d) Shage.

(e) Amount of concrete betweei crwn of transition (at down-
stream end) and face of dam.

(f) PFillet radius.

(a) Length along invert. The length of transition is deter-
mined by inspection and its choice is described more fully in para-
graph 6. However, the lerngth should be kept at a minimum, espec-
ially if the transition is to be made as a casting, Abruptness
siiould be avoided, since a short diverging transition may develop
high negative pressures along its inner surface.

(b) Reduction in area from berinning to end of transition.
The reduotion in area from the beginning to the end of the Ttransi=-
tion may be taken as 15 percernt; that is, the area of the extreme
end section of the transition will be 85 percent of the area of
the oiroular outlet, This area reduction is uniform, but is not
necessarily a straight-line variation between sections equally
spaced along the invert, The wvalue of reduction, 15 percent, was
determined from studies made on the outlets of the Grand Coulee
Dame In any event, some reduction is required to preve:.t exces-
8ive negative pressures from occurring upstream in the outlet.
However, if the flow through the outlet will be controlled farther
upstream by a valve, the amount of reduction used must not cause
the trarsition to act as a coantrol (figure 9).

(o) Total drop from invert of outlet to end of transition.
The total drnp in invert is arbitrary and is deperdent on the cir=-
ocunstarces of any particular problem. Any considerable drop may
oreate negative pressures in the transition unless the area of the
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end section of the transition is reduced correspondingly. In

most cases the radius of the invert will be large enough to con=
form to the necessary tanéént requirements at the face of the dam,
thus preventing any exXcess drop in invert or a too rapid downstream
curvature.

(d) Shape. The shape of the transition must cause the issuing
jet to spread. It is evident that a jet of oircular cross-section *
impinging tangent to an apron will not spread quickly. Acocording-
ly, it has been found that a transition should have a seotion wiich
is elliptical above the center line and rectargular below the cen=
ter line with fillets in the cormer of tre rectangular part (Sec-
tion B=B, figure 10). This shape tends to flatten the jet and to
accelerate spreading,

The longitudinal shaps may consist of & constant-radius in-
vert with a parabolic crown; or a combination of an arc at the
upstream end of the crown tangemt to a straight line extending
to the end of the transition.

The amount of divergenge, in plan, may be between five and
eight degrees; an excessive divergence may cause the flow to separ=
ate from the walls and create negative pressures, Since the exit
out in the face of the dam is made tangent to the walls of the
trarsition at the start of the exit, the diverzence will also be
governed by the distance between outlets. The exits must not
intersect since the jets would cause excessive fins at their point
of intersectiomn.

(e) Amount of concrete between crown of tra:sition (at down-
stream end) and face of dame This amount must not bhe less than
three feet, unless a deflector or “eyebrow" is placed above the
transition on the dam., In this ease, the three feet would be
measured from the face of the deflector to the srwi,

(f) Fillet radius. The change of fillet radius from section
to section is & straight-line variation. The fillet radius at the
start of the transition will be the radius of the circular outlet,
end the fillet radius at the end of the transition may be talen as
‘three or six inches. .

3, Equations used in d3sign., The design of a transition
requires certain equations and well known relatidns from aLalytloal
geometry

(8) y=-y = m, the equation for a straight line, where the
I=Xl



point P (%, ¥1) is known, and m is the slope of the line.

(b)) (x - h)2 = a(y = k), the equation of a parabola with
center at(h, k) and its axis parallel to the y-axis; "a" is a
constant and if positive, parabola opens upward, if negative,
parebola opens downward.

(¢) 1If two lines are normal to each other their slopes are
negative reciproocals,

DESIGY PROCEDURE

4, Known data and assumptionss The prelininary arrange-
ment is shown on figure l. It is required to design the dowm-
stream end of the outlet (shown dotted, figure 1). The elevation
of the certer lime of the outlets, slope of dam, and radius into
pool are known., The followihg assumptions are nades

() Length of transition = 14 feet,

(b) Reduction of area = 15 perce:t.

(¢c) Drop in invert = 10 feet.

(d) Shaps of transition = Circular to ellipse plus rectangle.

Divergence about 6 degrees.

(e) Amount of ooncrete between orown of end section and face
of dam = 3 feet minimum.

(£) Fillet radius straight=line variation. Radius in end
section = 0.50 foot-

5. Computations for end section of transition. The area
of the 102=inch outlet is known:

2 .
Ao = % (895) = 560(45 QO fte

Then aree of end section by 4(b) is:

Ag = 0085 x 56,745 = 48,233 8q. ft.
Referring to figure 10, the width of tl.e end section may be deter-
mined. Project the inve:rt on the chord, as shown, and assunue@ chord
length is equal to length of transition, or 14 feet. This is neo=
essary since the invert radius and the central angle are not knowm.
Assuning, as in 4(d), that the divergence is 6 degrees, then re-
ferring to figure 10:

X = 14 tan 6°
or X = 14 x 0.1061 = 1.47

then w/2 = 1,47 + 4,25 = 5,72 foet, Use W/2 = 5.75 feet.
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This is only approximate since the actual diverzence will depend
on the projeotion of the invert on a horizontal plane, but the
length of this projection is not yet lkuown. Althougl tliis length
will be less than 14 feet, if the original angle of divergence
assumed is not too great, then the aoctual divergence will be with-
in 5 to 8 degrees, as is desired. This approximation will then
suffice.

Now on Section B-B, figure 10, w/2 is known and hence w,
and the fillet radius was assumed to be 0.50 foot as in 4(f). Let-
ting a = b, and knowing the area of the end section Ay = 48.233
square feet, it is possible to fird a and b, thus,

= 1,7854Wd - 0.4292r2, which is derived considering general
terms of the end seoction, adding area of ellipse and rectangle with
filletse.

Therefore 48,233 = 1.7854 x (2 x 5.75)b = 0.4292 (0.50)2
% b =2a = 2,35 feet,
Now the end section is completely determined as indicated on figure

6. Loocatins invert and transition. A sketoh must now
be made to scale, locating the outlets and face of dam and radius
in the pool, as ghown on figure 1ll, A horigzontal line is drawn 10
feet below invert of outlet (elev. 343.75) representing total
drop of invert) as assumed in 4(oc). Various lines are then drawn
tangent to the 100-foot radius apron and made to interseot the
line at elevation 343.76. The distance A is now imown (figure 11),
since the height of end seotion is & + b = 4,70 feet, and the
amount of conorete needed above crown of end section is 3 feet
minimum according to 4(e); hence, A = 7,70 feet minimum. By soal-
ing from the point of intersection of wvarious tangent lines with
the line at elevation 343.75 to the 0.7 to 1 slope of dam, this
value of A ocan be satisfied; however, for sake of simplioity, make
slope of tangent line an even angle such as the 39-degree slope on
figure 11, This will make A greater than 7,70, but it should not
exoeed the minimum value too much. When the ocorrect tangent lime
is located, extend it to interseoct elevation 353.75, the invert
elevation of the outlet. Then find center of ourvature so trat
invert arc will be tangent to the invert at elevation 363.75,
and tengent to the 3¢-degree slope at the exit. This central
angle will be the same velue as tre angle for slope of tangent
line, or 39 degrees as on figure 1ll,

It is now possible to compute the radius at the invert
and all other data as indiscated on figure 12, These computations

10
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are not given since t.ey require a siwuple application of trigonom=
etry. The point of intersection of the lirne through the end
section wit> the 0.7 to 1 slope of the dam is best found by writ-
in; equations of eash line, taliing elevation 3C8,073 as the
origin, and solving the equations for the point of inteirsection.

If the assumed length of transition appsears te be too
short, it cen be made to suit by trial on a sketch similar to
figures 11 or 12. It is probably desirable to make the length so
as to have the central angle equal to about one-half the total
central angle. If the length is ohanged then the divergence
should be recnec-ed following the procedure as in (5) above. If
the divergunoe is now too large, it should be redi.ced using the
correct value of invert length projected omn horizontel plane. Then
the dimensions of the end seotion must be recumputed as in (5)
above,.

In this particular problem the actual horizontal length
of invert is 12.768 feet, hence the angle of diverge:ice @ may be
oheoked :

- 5075 - 4,20 = Q = 70—5.3'0
L ol 12,068

In the original assumptions, using the method as on figure 10, the
angle of divergence was @ = 60, The actual divergence is there-
fore still within the limits of 5 to 8 degroes.

7. Establishing side-wall curves. At this point in
the design, the position of the transition Las veen estatlisi.ed
a8 shown on figure 12, It is now necessary to deter.ine the
curves for the side walls. By projecting the invert oxn a hor-
izontal plane, it 1s possible to write equations for the side.
walls, and at the saue time to obtain true widtis of thie sec-
tions, since true width will show ir this view (figure 13R),

The side-wall curves may be teaken as parabolas with the
origin as shown on figure 13B. The vertex of the parabola is at
the origin and the parabola must go through the voint P (x = 12.068,
y = 1.50).

Hence x° = Key

or K =x* = (12,068)%
y .50
X = 97,0911

and X2 = 97,0911 y.

sl






The walls of the exit must be tangent to the parabola
at P(12,068, 1.50). Hence, it is necessary to find the equation
of the straight line passing ti:rough P, and ta:ugent to the parabole
x2 = 97,0911y at P, and passing through poirt Py, where the exit
terminates on the acron (figure 13B).

Slope of parabola at Pz
x = 97.0%lly

Ay = 2x and for x = 12,068
dx 97.091IT

then dy _ 4 0456
X

Equation of straight line iss

Y=Yl an
X = X3

°r L =280 1.60 = 0,2486
X= 20068

hence x = 4,0285y - 6.0342 = 0, satisfies the conditions.

It is now necessary to find the width of the exit at its tangenay
to the apron at PyP'; (figure 13B). At this poimt x = 44.872 feet,
whioch is found from the data on figure 12,

Henoe, using the equation just found:
X = 4,0225y = 6.,0342 =0

and for x = 44,872, it is found that y = 9.6651. Hence, width from
center line to Py or P'; is

W/2 = 9.6551 + 4.25
w/2 = 13,9051,

8. Determimatiomn of crown of transition. The crown of
the transition may consist of two parabolas whlch are tangent to each
other at a gection halfway between the beginning and end of the tran-
sition. A oonveniernt origin is ohosen for these parabolas as shown
on figure 14. The coordinates of points P] and Pz are obtained from
the data on figure 12, but referring these data to the new origin
of figure 1l4. It remains to determine the coordinates of point Po
where the parabolas will be tangent.
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On figures 13A and 14, tie transition has been divided
into teun equal arc le:rgths aloag the invert, and each section
is drawn radial. By using the data on fijure 12, it is possible
to compute the ®levation and the distance from the axis of dam
for the point on ti:e invert at section 5, or for an arc length
of 7 feet. It is found with reference to the origin on figure
13B that x = 6.,3068 (fizure 13A'. To determine the width in plan
at the midsection, we let x = 6,3C068 in = = 97.0911y (figure 13B).

Hence y = 0.4097
Then width of midsection = 850 + 2 x 0.,4097
or W= 9.31940

It is assumed that the area of the midsection will be the average
of the area of the beginiing end end sections, hence:
Ay = 1/2 (Ao + Ag and from paragraph 5

7

Ay = 1/2 (56,745 + 48,223)
o.o AM = 52,489 8Q. Bt,

Since area of any section §exoept oircular only) is from
paragraph 5: A = 1,7854Wb - 00,4292V~ we can find . But r, fillet
radius for midseotion, is 1/2 (4.25 + 0.50) = 2,375 feet.

Hence 52.489 = 1,7854 x 9¢3194b ~ 0.4292 (2.375)2
from which b = a = 3,325 feet.
And d = 2 x 3.325 = 6.656 (figwe 14).

From figure 14 it is now possible to compute the coordimates
of point Pp. The angle 7@ to seotion 5 is ¢-59°56'16.8", which may
be obtained from the data on figure 1l2. From point R (figure 14)
to point Py, the distance is 44.872 + 3.325 x 2 = 51,522; then
x = 51,522 cos (59056'16.,8") = 26.809; and from R, y = 51.522 sin
(59956116,8") = 44,591, or referred to the origin (figure 14),
¥ = =04281; hence the coordinates of Pp are Pp (25.8C9, =-0.281).

To review: It is required to pass a parabola (fizure 14)
through the point P and tangent to the orown of the circular out-
let at that point, and to pass tlhirough the point P2; furtliermore,
another parabola is to pass through P;, being tangent to the first
parabola (conuecting P} and Pp), end passing through P3. All com-
putations should be carried to at least four significant places

13



past the decimal point. If this is not done, a cteck is diffi~
cvlt to meke. Final tabulation, however, is only necessary to
two significant places.
The coordirates of the known points are (figure 14);

P; (19.235, 4.913)

Pz (250809. "00281)

Pz (314197, =6.347)
The equation of the parabola through Py and Pz will be:

(x-h)zgta(y-K)o--u-c.+rv‘----oco.-(1)
substitutings

(186236 = h)® m@(4.913 = E) v v o v o o o o o oo oo o (2)
and (25.809 = h)2 = a(=0e281 = K) & ¢ « o o « o s « o o o o (3)
in which h, X, and "a" are unknown, It has been specified that
this parabola must be tangent to the outlet crown at P, hence the
slope at this point will be the negative reciprocal of the slope

of the line extending through R and section O (figure 14).

The slope of this line is, therefore;

4.913 + 44.872 = 2,53825.

n = tan ¢ = 19,335

Now slope of parabola at Pq:

m = e 1 = "00586360
2,58825

From the general equation of the parabola;

(x - h)2 = a(y = K) the slope at any point is:

m =.§§ = 2/a (x - h) where x is any point on the curve;
therefore, at Py

m =2/a (x - h)
or =0,38636 = 2/a (19.235 = h), therefore

a=5.1765h—99.5703.......-..........(4)

14



Substituting this value of "a" in (2) and (3), we obtain;

(19.235 - h)% = (5.1765h - 99.5703) (4.918 - K) . . . . . (5)

(254809 = h)2 = (5.,1766h = 99,5703) (<0281 = K) « « . « (6)
If (5) and (6) are solved for h, it is found that

h = 16,0896

Now from (4); a = 5.1766h = 99,6703 and with h = 16.0895,
then a = =16,2830.

From (2) =r (3); but using (2);

(194235 ~ h)2 = a(4.913 = K)
and since h = 16.0895 and a = =16,2830,

(19.236 - 16,0895)% = =16.2830(4.913 - K)

o K = 5.,5206.

Hence , the equation of the parabole passing through Pl and tangent to
the outlet crown at Py and passing through Pp:

h = 16,0895
K = 5,5206
a = -16.2830
(x - b)2 = a(y - K)
henoe,
(x - 16.0896)2 = -16.2830 (y - 5.5206)
which reduces to:
x2 - 32,1790x + 16,2830y + 168.9801 2 0 o o « o o o o o o (7)

Now a parabola must be put through Pp and be tangent to
equation (7) at Py, and also pass through Pg. Coordinates are:

Pz (250809, -00281)

Pg (31,197, -6.347)

16



hence;

(25.809 - h)z = &(-00281 o K) e e ¢ ¢ ¢ w» s v u * .6 o @ (8)
(51.197 - h)z &J a<'60347 - K) e ¢ o ° @ i oW B W @ m A e e (9)
& =§ (x - )

at Pyj X = 25.809

a = =16,2830

O dy/dx = m = 2/-16.2830 (25.809 = 16.0895)
or m = -1,1939 at Pp
For parabola through P, and Pg:
=1.1539 = 2/a (264809 = h) 8t Py ¢ o s . s o ¢ o « o « « o (10)

In a manner similar to that for the parabola through Pi
and Py, equations (), (5), and (10) are solved obtaining:

h = 73.0804
K = =28.4992
a = 79,1895

Trerefore (x - 73.0804)% = 79.1895 (y + 28.4952) which
reduoces o1

%2 - 146.1608x - 79.1895y + 3083.9075 = 0 « + o « . « . o (11)

Now equation (7) is a parabola tangent to t'.e crown of
the outlet at Pz, and passing through Py and Pz; and equation Q1)
is a parabola tangeat to equation (7) at P,, and passing trrough
P, and Fgz.

9. Height of each seotions The heisht of each section
will evide tly Le ti.e radiai d stewoce from tie invert to the orown
of ti.e tra sit.on, 4 on figure l4. To determine these values of
d, it is neceszary to find tle ooordinates of tne points of inter-
section cf eac: seclion wit: t' e invert and the orown. With these
coordinates, the values of d can be obtained as will be shown.

Baon section or radial line through the point R (figure
14) nay be expressed as:
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y'lmx-hb....-....-.....'........(12)
where m = tan ﬁ to each line, and b = value of y for x = O,
Sinoce the invert has bsen divided into equal erc lengths, the
value of ﬁ to each line nay be read’'ly deter:.ined, using given
angles ou figwre 12, The value of L is, b = =44,872 (figure 14).
Hewce, equation of ary section line isi

y = x'tal’l ¢ - 44.872 ® L] * . . - - L] L] . Ld . L . . * . . L] (13)

A saiiple computation will be made solving for the inter-

section of the line tl.rough section 1. A check on the coordimetes
of Pj, Py, and Py shouid also be made by finding the intersection
of lines through section O, seotion 5, and section 10 (figwre 14).

In the case of section &, both parabolas may be used since ig is
a common point,

The anzle to seotion 1 may be found as:
g = 67°-05.31264"' and tan § = 2.36001,

Then the equation of the radial line through R and seo-
tion 1 (figure 14 ) isy

y = 2.34601x - 44,872 and
from equation (7):
x2 - 32.1790x + 16.2830y + 168.9801 = O,

By solving these equations, it is found that the oco=
ordinates of the poirt of interseotion, P. (figure 14), are:

B (2047377, 4.1936).
Now it is necessary to determine tr:e coordinates of the point of
intersection of the lins tirough section 1 at the invert. This
is best dore by using sin and cos finctions of @ to this line,
as follows:

As just shown to section 1, g = 67°=06.31264' for which
sin @ = 0,92111
008 ¢ = 0,38931,

Since the radius is 44.872 from R to the invert, then
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y = 44,872 sin ¥ = 41,3320, tut recerred to the oripin (figure

14), the coorlinates ere:

Now these coordinates are kmewn
At crown, P, (20,7377, 4.1936)
At invert, P, (1"4591, -3.5400).

The slope of the line tlrough these poi:ts is, as hefore, g =
670-05.312A4', It ig possible to find d, tlierefore, since:

di = .r YI

"~ s8in Q

or
Henoce
4,1636 + 3.5400
a e = 8,395
dy C.02111 o
or

20.7377 - 17.4691 ¢ g,3959
0.38931

dj

Now, a8 on {igure 10, section B=B; & = b = d/2 = 4.,1979.

Each seotion should be treated in this manner with a check
on previous computations aveilable at points s P2, rz, at the orown;
and corresponding points on tie same lines at the invert. It is
advisable to rnake a large-scale drawing of the transition and sheok
eac: coordinate and "d"™ wvalue as it is camputed.

10, Width at each section. It rerains, firally, to
compute the widti of each ssotion. Whien the procedure in paragraph
9 is completed, the x-coordinate of each point of intersection of
radial section line with the invert will be known. Now referring
to figure 13B, reduce these values of x to the origin for the side-
wall parebola, thus, in the case of section 1:
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and frowm figure 14:
x = 16,1714,
o
The point P_ (figure 14) is also the origin for the parasbolas of

the side wa?ls on f.gure 13B., Then the valus of x for section 1
whioh is to be substituted in x2 = 97.091ly isg

then

7
N 1.2977)" = 0.0173
- 97.0911

therefore;
w/2 = 4,2500 + 0.0173
W/2 = 4,2673

and W = 8,5346,

Every section is treated in this manner to obtain its

Finally, a tabulation mey be made of each section in a
manner similar to that following, referring values to the origin
of figure 14:

¢t Coordinate : Coordinate

:
Section ; of invert of roof : Seotion data
pugter '3 X g ¥ . X _f ¥y 1 8 _§ b 3 r ; W
' ¥ " i ' i 'S i
0 t H H t 3 i i i
1l t 17.47; =3.543 20.74: #4.19: 4.20 ; 4,20 : 3.88 3 4.27
2 £ 1 i i t i ] :
etc. i i i I i ] H 13
H ] [ i i i H 3

Fizure 2 shows the details of the complete design.

11, Summery of design prooedure. A brief swmary of
the numerous steps taken in the design of the transition is given
and referernice is made to the paragraph explaining the design in
detail,.
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(a) Basic assumptions, paragraph 2.

(b) Equations used in design, paragraph 3.

(o) Known data and assumptions as applied to particular problem

discussed, paragraph 4.

(d) Computations for end section of transition, paragraph 5.
Determine area of circular outlet and obtain area of end section
of transition according to assumption in paragranh 2 (b). Deteruine
width of end section by projecting invert on chord (figure 10), and
assuming ochord length is same as aro length as taken in paragraph
2(a)e Angle of divergence (angle &, figure 10) assumed as in para-
gram2(d). Using width of end seotion and area, compute height
of end seoction.

(e) Loocating invert and transition, paragrarh 6. Make a scaled
drawing of apron, face of dam, and locate outlets (figure 1ll). Using
assumed drop in invert from paragra:h 2(¢), depth of oconcrete from
paregraph 2 (e), and height of end seotion from paragraph 5, draw &
line tangent to curved apron so as to intersect horizontal line
representing elevation of drop in invert. Scale perpendicular dis-
tance from this point to face of dame This distance (A, figure 11)
must be at least equal to height of end seotion plus depth of
conorete required above orown of end seotion. Extend tangemt line
correotly established to intersect invert of circular outlet. De-
teranine center of curvature (figure 11). With data given, com-
pute all information as shown on figure 12.

(f) Establishing side-wall ourves, paragra h 7. Projeot invert
establishied on horizontal plane (figure 13B) and using coordinates
of invert at start and end of transition (figure 12), establish a
parabola through these points. Compute equation of side walls of
exite.

(g) Deternination of ocrown of transition, paragraph 8. Divide
transition into radial sections, taking equal arc lengths along
invert (fig res 13 and 14). Determine width and height of midsection
assuming area of midsection to be average of first and last sectiomns.
Conpute coordinates of crown at midsestion. Knowing the coordinates
of the crown at the start of the transition, at the midsection, and
at the end section, deter.ine two parabolas, (figure 14), which will
satisfy these coordinates, and which will be tangent at the mid-
section.

(h) Height of each seotion, paragraph 9. Deteriine equation
of each radial-section line (fijure 14) and find their point of
intersection wit.. the parabolas of the orown. Also find the points
of intersection of the radial section lines with the invert. With
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the coordinates of these poimts of intersection and the slope of
eech line, find the height of each section included between the.
invert and the crown along each of the radial lines.

(i) Width of each section, paragraph 10. TUs:ing the coor-
dinates of each section at tiie invert, refer ‘hem to the origin of
parabolas for the side walls (figure 13B), and compute the width
of each section. Tabulate data of sections,
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