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Subject: Model test for the proposed high-head radial gates for Davis 
Dam. Da�ris Dam project. 

1. General. The Davis Dam is located on the Colorado River ap­

proximately 67 miles downstre9Jll from. Boulder Dam, and about 29 miles 

west of Kingman, Arizona.. The dam powerhouse will contain four or 

:five genera.tors to e.ug;ioont 'fue Boulder Dem output. The discharge 

regulation will be provided by two outlets and by an  overflOVI spill• 

�ray constructed near the powerhouse. It is proposed that the outlets 

will have a rectangular ballmouth entrance with 22- by 19-foot radial 

gates installed in them. These gates will regulate sluioe water 'Which 

will disoha.rge onto an ogee apron having a 75-foot radius bucket. 

In the past, radial-type gates have been used for surface-v/8.ter 

regulation onlyi in this installation they are to operate under 113 

feet of head. This caused oonsiderable uncertainty and apprehension 

as to the behavior of this type of �ate under a high head, especially 

e.t partial openingso It was therefore desired to determine the ohar­

acteristios of' the gate fi-om an hydraulic model., 

2. Desori�tion of the model. To obtain the best possible re­

sults, the model was constructed to as large a see.le ae possible. The 

limiting faoilities in the le.bara.tory permitted a 1:30 soale ratio. 
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'l'he model of the g;e.te was constructed entirely of sheet metal and as 

near a facsimile of the prototype as possible. The structural mem­

bers. diaphre.[111S. and skin plates were ma.de to see.le. this resulting 

in a mechanical :r.1odel of th e prototype with the mass ratio closely re ... 

lated to the prototype. 1�os t of the rubber seals were elirnina.ted 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. al 1 the seals were removed EI.Ild a elearanoe of one-sixteenth 

of an inch el ong; t he sides of the skin plate w-a.s made to free the gate 

oomplately from restraint by the outlet struoture. 

The outlet structure was construoted of sheet rootal (figure 1), 

one side of ,<bich was faced with pyre.lin so that the action of the 

water passing the gate could be observed., The pa.th of move1nant of 

the gate and the details of the prototype installation are sho-wn in 

figure 2. 

3. Soope 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 gate openings. the presence of any vibration in the gate 

during operation, and the ooeffioient of disoharg;e of the gate. 

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

heads, variable disohe..rges through the structure. and at partial gate 

openings. The model indicated satisfactory operation of the gate at 

al l openings and heads. The flow upon leaving the, lower lip of the 

gate oles.red the remainder of the gate and followed -�1e parabolic 
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floor throu?)1 to the downstream portal e.s shown in figure 3. The shape 

oft� ven.e-contracta was ooaraoteristic of the flow under ia tes of 

similar desi91 v.here the gate li.as been used for re[}l la tion of s1trfa.oa 

flm'lo 

The next step in the test procedure was to investi �ate the possi• 

bilities of vibrations of the gate during operation ., The cont!"ol rod 

used to raise and lower the ga.te wa.s repla.oed by e. vary fine wire which 

allowed the e;ete to move in any direction. 'I'wo Ames dials were at­

tached at the sides or the top lip of the gate end mounted such that 

vibrations other than those from the eate would not be recorded. The 

dials did not show eny vibrati,-m. It was notic ed that after ea.ch 

oha.n::;e in head, the correspandin� ohanfie in di sohe.r�e oa.usod a down­

wru-d movemoo t of the gate. This motion was clue t o  the increase i.n. the 

downward foroe of friction between the water and the skin plate of the 

�te. The motion stopped v.hen the flON beca.rne steady. 

To study the possibility of the axistenoe of vibrations more 

thorouyily, the �ate e.."'ld outlet struc-t,-ure were moved to a different 

location so that e. higher head e.nd a more solid mounting for the gate 

structure could be obtained.. The gate rod was attached to an induc­

tion-type pressure oell a.da.pted to the measuring of' vibrations. This 

cell reoords moveme11ts a.s snall as one-million-th of an inch on an 

oscilloc;raph. The osci llogra.ph records of the vibrations of the gate 

a.re sh own i n  f i e;u re '1. 

The first record, figure 4A, shows the vibrations due to a light 

tapping on the gate with no water flowing end indicates the natural 
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frequency of the apparatu s 1n the vertioal plane., The other reoorde o 

:figures 4B ,  C ,  and D.  show the vibrati on reoord with flow under the 

gate and do not indicate any movement in the vertical directi cm., The 

small wave in fi gures 4C and D is du e  to a lateral movement of the 

gate of the same frequency as the natural lateral frequency shown in 

figure 4E., This movement was ab out 0 . 000004 to 0., 000005 inoh and 

probably was due to the gate being free to move lateral ly when the 

ent ire structure vibn.ted. Figure 4B shows the gate movement in a 

vertical direction w.1. th th e  gate out of the line of flow., 

The lateral movement of the gate was obtained in a similar man• 

ner. The vibrati on record is sh own  on fi gures 4F g  o .  and A.. The 

records show a periodic lateral movement or the gate . Further investi­

gation revealed that this movement was transmit ted to the gate .from the 

gate structure and was due to the mod.el fl ow  rather th an  from any hy­

draulic forces acting on the gatea This was evident fr om the os oillo­

grams , wh ioh shon the lateral movement of the gate inorea.sing in ampli• 

tude wi th  an ino rease in gate opening and fl ow, unti l  the maximum 

amplitude of lateral movement was ob tained with th e  gate out of line 

of the fl ow and no hydrau lic f'oroe s acting on i t ,  f'i �re 4F o 

Tests were made to determine the ooeff'iaient of disoharge of the 

gate . The ourve , fi gure 6., shows that at large gate openings the ao­

ef.fioient· approaches 1 ,  and at the low openings drops to a.bout 0. 666. 

5.. C oncluai ons e From the tests performed on the mod.el of the 

radial-type gate under the hi gh•head co nditions the foll owing oonolu• 

sions were made , 

4 
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Dur ing operati ons of the radial-type 6-ate under high heads the wa ... 

ter springs free at the lower lip and c lears the remaining part of 

the gate a.s shown in figure 3., 

The ga.te wi ll cl ose by force s  of gravity al one ,  thereby permitting 

the use of a cable fc:rr hoisting if de sired. 

No oritioal vibrati ons were pr e sent in either the horizontal or 

vertioal planes on tho model , fi gure 4o 
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A, 100% OPENING B,  50% OPENING 

C. 19% OPENING D, 7.% OPENING 

� 

RADIAL GATE WITH VARIABLE HEADS AND OPENINGS 
c.,;i 
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A. \l l B R AT I O N  DU E TO TA PPI N G  O N  GATE 

C. 8 5.  5 2 ¼ 0 P E N  I N G  

8. - -1 0 0 ¼  O P E N I N G  . 
NO WAT E R  I N  C O N T A C T  W I T H  GAT'E 

D. 3 2 . 8 9 % O P E N I N G  

V I B R A T I O N  I N  V E R T I C A L  P L A N E 

\, L .. -•·. --: 

E. V I B R AT I O N  QU E T.O TA PPI N G  O N  G AT E  F. 

G. , 
7 5 . 6 5 ¼  O P E N I N G  H. 

1 0 0 ¼  O P E N I N G  
N O  WAT E R  '1 N C O NTA C T  W I T H  G AT E  

3 7. 8 I °lo O P E  N I N G 
\' 

V I B R A T I O N I N  H O R I Z O N T A L  P L A N E  

. V I B R A T I O N  S T U D I E S  O F  

D A V I S  D A M R A D I A L  G A T E S 

F_ I G U R, E 4 
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