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Subject: Medel test for the proposed high=head radial gates for Davis
Dam, Davis Dam project.

1., General, The Davis Dam is located on the Colorado River ap=
proximately 67 miles downstresm from Boulder Dam, and about 29 miles
wost of Kingman, Arizona. The dam powerhouse wlll contain four or
five generators to augment the Boulder Dam output. The discharge
regulation will be provided by two outlets end by an overflow spill=
way conStructed near the powerhouse, It is proposed that the outlets
will have & rectengular bellmouth entrance with 22= by 19=foot radial
gatesinstalled in them, These gates will regulate sluice weter which
will discharge onto an ogee apron having a 75=foot radius bucket,

In the past, radial=-type gates have been used for surface-=water
regulation only; in this installation they are to operate under 113
feet of head. This caused considerable uncertainty end apprehension
as to the behavior of this type of gate under a high head, especially
at partiel openings, It was therefore desired to determine the char-
acteristies of the pgate froman hydraulic model.,

2. Description of the model. To obtain the best possible re=

sults, the model was constructed to as large a scale as possible., The

limiting faeilities in the lebaratory permitted a 1:30 scale ratio.



‘The model of the gate was constructed entirsly of sheet metal and as
neer a facsimile of the prototyve as possible., The structural mem=-
bers, diephragms, and skin plates were made %o scale, this resulting
in a mechanical model of the prototype with the mess ratio closely re-
lated to the prototype, HMost of the rubber zeals were sliminated in
the model because the frictional forces due to the seals would have
been disproportionate in the model. In the testing for vibrations of
the gate, all the seals were removed and a clearence of one=sixteenth
of an inch along the sides of the skin plate was made to free the gate
completely from restraint by the outlet structure,

The outlet structure was construoted of sheet metal .Efigure 1),
one side of which was faced with pyralin so that the action of the
water passing the gate could be observed, The peth of movemsnt of
the gate and the details of the prototype installetion ere shown in

figure 2,

3s Scope of the tests. The studies of the model of the radial

gate were made to determine the behavior of the gate under high heads
with partial gete openings, the presence of any vibration in the gate
during operation, end the coefficient of discharge of the gate,

4, Test procedure, The radial=-gate model was tested under high

heads, variable discherges through the structure, end at partial gate
openings. The model indicated satisfactory operation of the gate at
all openings and heads, The flow upon leaving the lower 1lip of the

gate oleared the remainder of the gate and followed the parabolic



floor through to the dowvmstream portal es shown in figure 3. The shape
of thg vens=-contracta was charaoteristic of the flow under gates of
similar desimn where the gate has been used for remulation of surfacs
flovr,

The noext step in the test procedure was to investigate the possie
bilities of vibrations of the gate during operstion, The control rod
used to raise and lower the gate was repleaoced by e very fine wire which
allowed the pgete to move in any direction, Two Ames dials were at=-
tached at the gides of the top lip of the gzate end mounted such that
vibrations other than those from the gate would not be recorded. The
dials did no% show eny vibration, It was noticed that after each
ohanze in head, the corresponding change in discharge ocmused a dowvn=-
ward movement of the pate, This motion was due to the increase in the
downwerd foroe of fristion between the water and the skin plate of the
gate, The motion stopped when the flow became steady.

To study the possibility of the existence of vibrations more
thorouszhly, the gate and outlet structure were moved to a different
location so thet e higher head and & more solid mounting for the gate
structure could be obtained, The gate rod was attached to en induc=-
tion=-type vresswre oell adapted to the measuring of vibrations, This
oell records movermsnts as snall as one=millionth of an inch on en
oscillograph. The oscillograph records of the vibrations of the gate
are shown in fisure 4,

The first record, figwre 44, shows the vibrations due to a light

tapping on the gate with no water flowing end indicates the natural



frequency of the apparstus in the vertiocal plene. The other records,
figures 4B, C, and D, show the vibration record with flow under the
gate and do not indicate any movement in the vertical direction, Ths
amall wave in figures 4C and D is due to a lateral movement of the
gate of the same frequency as the natural latersl frequency shown in
figure 4E., This movement was about 0,000004 to 0,000005 inch and
probably was due to the gate being free to move laterally when the
entire structure vibrated, Figure 4B shows the gate movement in a
vertical direction with the gate out of the line of flow,

The lateral movement of the gate wes obtained in a similar mane
ner. The vibration record is shown on figures 4F, G, and A. The
records show a poriodic lateral movement of the gate., Further investi=
gation revealed that this movement was transmitted to the gate from the
gate structure and was due to the model flow rather than from eny hy-
draulic forces acting on the gate, This was evident from the oscillo=-
grams, which show the lateral movement of the gate inoreesing in emplie
tude with an increase in gate opening end flow, until the meximm
amplitude of lateral movemsnt was obtained with the gate out of line
of the flow and no hydraulic forces acting on it, figure 4F,

Tests wére made to determine the coefficient of discharge of the
gates The curve, figure 6, shows that at large gate openings the oco=
efficient epproaches 1, and at the low openingé drops to about 0.666,

5. Concluasions. From the tests performed on the model of the

radial=type gate under the high-=head conditions the following conclu=

sions were made:



During operations of the radial-type gate under high heads the wa-
ter springs free at the lower lip and clears the remaining part of
the geate as shown in figure 3.

The gate will close by forces of gravity alane, thereby permitting
the use of a cable for hoisting if desired.

No eritical vibrations were mresent in either the horizontal or

vertical planes on the model, figure 4,
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FIGURE 4

!
A. VIBRATION DUE TO TAPPING ON GATE B. 1007% OPENING
. : NO WATER IN CONTACT WITH GATE

C. 85.52 % OPENING D. 32.89 % OPENING

VIBRATION IN VERTICAL PLANE

Lt A l i I

E. VIBRATION DUE T.0 TAPPING ON GATE F. 100% OPENING
NO WATER IN CONTACT WITH GATE

G. 75.65% OPENING H. 37.81 % OPENING

VIBRATION IN HORIZONTAL PLANE

VIBRATION STUDIES OF
DAVIS DAM RADIAL GATES
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