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Subject: Air and hydraulic model studies of the effect of moving the slots 
upstream in a slide gate, and of reducing the slot size near the 
floor. 

PURPOSE 

h e  purpose of the studies was to determine if relocating n- r nar- 
rowing the gate slots would permit a slide gate to be operated at any open- 
ing at high heads under free discharge or  back pressure conditions without 
cavitation damage. 

CONCLUSIONS 

Gate Slots Moved Upstream from Downstream Face of Leaf 

1. The low pressures that occurred immediately downstream of the 
slot close to the floor in the present Palisades-type gate during submerged 
operation with small openings and small back pressures were eliminated 
when the slots were moved upstream relative to the gate leaf. The pres- 
sure  conditions improved as the slots, which were narrower than the leaf, 
were moved progressively farther upstream. 

2. No severe negative pressures were indicated by the a i r  model at 
gate openings of 2, 3, 4, and 5 percent when the slots were moved 12 
inches (prototype) upstream. Similar results were obtained for gate 
openings of 1 through 10 percent on the hydraulic model. The a i r  model 
tests represented submerged operating conditions, and the hydraulic tests 
represented free discharge conditions. 

3 .  The free discharge flow with the slots moved upstream was 
smoother, quieter, and occurred with less  spray than the flow from the 
present gate. 

4. Most of the relatively small disturbances present in the discharge 
leaving the modified gate were caused by water Bowing downward in the 
clearance spaces between the leaf sides and the gate body and escaping 
beneath the seals near the downstream face of the leaf. The disturbances 
decreased greatly when the clearance spaces were eliminated. 



o r  ridges that a r e  &sed relative to the general surfaces and a r e  fioperly 
machined. 

6.  The appreciable hydraulic advantages of moving the gate slots up- 
s t r eam were partially offset by the need for a flexible sea l  along the sides 
and across the upper edge of the downstream face of the leaf. Efforts should 
be made to develop the necessary sea l  so  that i t  is reasonable in cost and 
dependable in service. 

Gate Slots Made Narrow Near Floor 

1. When the portions of the slots near  the floor of the present gate were 
narrowed from 6. 75 inches to 1 and 2.875 inches, a region of low pressure  
occurred on each wall of the model 0.10 inch downstream from the slots  and 
0.10 inch above the floor a t  a 3 percent gate opening. The pressures  a t  a l l  
other points at  the 3 percent opening, and a t  all  other openings from 0 to 10 
percent, were satisfactory. No tests  were made a t  openings grea ter  than 
10 percent because previous data indicated no trouble a t  these l a rge r  open- 
ings. 

2. The flow conditions of the discharging water were not a s  good a s  the 
conditions with the s lots  moved upstream. The disturbances a t  the side 
walls were more  pronounced and there was much more  spray and noise. 

3.  The flow conditions a t  gate openings from 1 through 5 percent were 
somewhat better than the conditions with the slot a t  the downstream face of 
the leaf, and not a s  good a t  openings from 6 through 10 percent. 

Gate Slots a t  Downstream Face of Leaf (downstream slots) 

1. When the downstream slot (present design) was used under f ree  
flow conditions, no appreciably low pressures  were found a t  any gate open- 
ing. 

2. There were more  disturbances and more  sp ray  a t  openings of 1 
through 5 percent with the downstream slot than with the narrowed slots,  
o r  than with the s lots  moved upstream. At openings of 6 through 10 per-  
cent, the disturbances and spray with the downstream slots  were l e s s  than 
with the narrowed ones and more than with tile slots moved upstream. 

3. Some of the spray at the walls tended to fill the space between the 
flat surface on the leaf bottom and the surface of the contracting jet be- 
neath the leaf, thereby causing somewhat low model pressures .  No s e r i -  
ously low pressures  a r e  expected in these a reas  in the prototype gate 
because a i r  will find i t s  way through the spray to relieve the low pressures .  

4. The absence of any appreciable negative pressures  at  openings of 
1 through 10 percent with f ree  discharge conditions, and the better flow con- 
ditions a t  openings of 6 percent o r  more, made the present downstream slot 
a better design than either of the 2 narrowed slots.  



1. Continue using the downstream slot design pending further devel- 
opments. In cases where a gate regulates under high heads and small back 
pressures, avoid operation a t  openings between 0 and 5 percent. 

2. Conduct studies to develop the necessary seal for the best design 
where the slot is moved upstream relative to the control point on the leaf. 
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IN TRO DUC TION 

The regulating slide gate developed for free discharge conditions 
and high heads, 11 performs very well under these conditions. Recently, 
the use of the gare was extended to two tunnel installations where the gates 
will be subjected to various degrees of back pressures. Model tests 
showed that for most back pressure conditions, the gate performance was 
good. 21 However, a t  gate openings between 0 and 5 percent, and with 
submer2ences or back pressures sufficient to prevent aeration a t  the gate, 
but insufficient to produce appreciable back pressure, serious negative 
pressures occurred on the gate body just downstream of the slots near the 
floor. 

It was desirable that the general slide gate design be such that the 
gate can be used in any iristallation, a t  any opening, with either free dis- 
charge or  under back pressure conditions. In an effort to achieve this de- 
sign, proposals were r.iade for  altering the gates. One proposal was to use 
short followers 011 the leaf so that at the small gate openings the slots would ~ be filled and would not create flow disturbances. A second proposal was to 

I move the slots away from the control point in the gate by placing the slots an 
I .  
I appreciable distance upstream from the downstream face of the leaf. A 

third proposal was to taper the present slots so that they were sinaller near 
the bottom of the gate, and hence less  likely to produce large flow disturb- 
ances. 

At the time it was considered impracticable to use followers on 
the leaf, and no tests were made on this proposal. But extensive tests 
were made to determine the effect of moving the gate slots upstream, and 
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tively large-scale a i r  and water models were used in these tests. A 
discussion of these models and the test results obtained is presented in 
this report. 

THE MODELS 

A i r  Model 
ir 

Preliminary studies of the effect of moving the gate slots upstream 
relative to the gate leaf were conducted on a 1:4 scale, sectional model 
using a i r  as  the flow medium (Figure 1). The test section of the model in- % 

eluded a 48-inch long wooden tunnel 7 inches: wide and 6 inches deep. A 
gate slot 2 inches deep and 1.75 inches wide was located in the right side- 
wall 18 inches downstream from the model inlet. The downstream slot 
corner was offset outward 0.13 inch from the line of the upstream wall ,  
and the passage width was returned gradually to 7 inches by a 13.25-inch 
long section of converging wall. The gate leaf was made of wood and was 
fastened with screws to the transparent cover of the model. 

Gate openings of 2, 3, 4, and 5 percent were represented in that 
order by cutting off the top of the leaf. A t  each opening the gate leaf was 
placed in three positions relative to the slot. The first position repre- 
sented the design with the downstream face of the slot flush with the down- 
stream face of the leaf (present design). The other two positions :repre- 
sented modified designs with the slot moved 1 and 3 inches upstream from 
the downstream face of the leaf (4  and 12 inches prototype). In the two 
modified designs a wooden seal  s t r ip  was fastened to the downstream face 
of the leaf to close the gap between the leaf and the sides of the body. A 
seal in these areas  was necessary because in the present gate design, the 
seal occurs between the surfaces of the slots and the surface of the leaf 
guide at the downstream face of the leaf. In the modified design, the leaf 
guides a r e  well ahead of the downstream face, and do not extend to the con- 
trol point at the leaf bottom. 

Piezometers in the walls of the a i r  model t h a ~  had been built for 
other slot studies were not ideally located for the present tests,  but no 
zdditions o r  changes were made because the locations were adequate for 
preliminary tests. The pressures were measured with water-filled "U" 
tubes and the values were read in tenths of an inch and were e~ t ima ted  to 
hundredths of an inch. 

Air was supplied to the test section by a 20 hp centrifugal blower 
which discharged into a 10-inch-diameter pipe followed by a 36-inch long 
transition that connected to the test section. The a i r  discharged freely 
from the test section into the atmosphere. The rate of a i r  flow was de- 
termined with thin, flat plate orifices placed on the entrance of the 12- 
inch-diameter inlet line, and a piezometer ring 5 inches downstream of 
the orifices. The velocity distribution 6 inches downstream from the in- 
let to the test section, without the gate leaf installed, is shown in Figure 
2. 



Detailed kests under high heads and f ree  discharge flow condi- 
tions were made on a 1:s scale sectional hydraulic model accurately 
constructed of 112-inch thick brass  plate (Figure 3) .  In a s t r i c t  sense, 
this equipment was not a model of any actual structure, but was built to 
those dimensions which would allow the larges t  reasonable gate slot and 
gate leaf sections compatible with the pump capacities, and without inter- 
ference of one side wall with the other. The model was made 10 inches 
high to insure a good contraction under the leaf a t  the maximum desired 
test  opening of 1070 (2.16 inches). The passage was made 8 inches wide 
to insure that h e  wall effect at one side could not reach and a l ter  the con- 
ditions on the other side. The test  section was 23 and 112 inches long. A 
gate slot was placed in each side wall of the model, and a 5.40-inch thick 
gate leaf was used during all tests.  Adjustable, rubber-faced sea l  bars  
were installed in the leaf sides near  the downstream face to represent  the 
hydraulically-operated, expanding s ea l  proposed for the prototype s t ruc-  
ture. The gate leaf opening was adjustable in 1 percent increments from 
1 percent through 10 percent by shims that were placed between the leaf 
and the model top. The leaf and shims were held solidly in place by two 
518-inch bolts that extended from the leaf up through the model top. Leak- 
age between the edges of the shims and the model side walls was prevented 
by wooden wedges that were driven into place after the leaf was secured. 

Piezorneters 1/ 1 6  inch in diameter were provided in s trategic lo- 
cations in the gate leaf, the right-hand gate slot, the right-hand conduit 
wall, and on the fioor (Figure 4). The pressures  acting at the piezometers 
were measured by single leg water manometers, o r  by a mercury gage when 
the heads exceeded the 6-foot height of the manometer tubes. F o r  conven- 
ience, all the leads from piezometers which required the use of the mer -  
cury gage were connected to a common manifold. Needle valves on each 
connection to the manifold assured complete closure of all  the lines. The 
pressure  in an individual line could be measured by opening only the valve 
in that line. A single line connected the manifold to  the mercury gage, and 
the gage was provided with a bleed line so  that al l  a i r  could be flushed from 
the system. 

Water was supplied to the model through the central laboratory 
supply system (Figure 5). An uninterrupted 42 and 112-foot run of 12- 
inch-diameter pipe led to a 15-inch long transition and to the gate assembly. 
The head acting on the model was obtained a t  the reference station located 
in the 12-inch-diameter supp1.y line 12 inches upstream from this transition. 
Two 1 2  -inch-diameter centrifugal pumps, connected in s e r i e s  by piping and 
valves provided in the central laboratory supply system, furnished water in 
sufficient quantity and pressure  so  that a total head of 120 feet of water could 
be maintained on the model at  all  gate openings. The ra te  of flow was meas-  
ured by calibrated venturi meters .  The high velocity water discharged 
freely from the model and was intercepted and turned down into the labora- 
tory reservoir  by a heavily constructed and well anchored deflector located 
about 2 feet from the gate. 



Gate Slots Moved 12 Inches P r o t o t v ~ e  U ~ s t r e a m  from Back of Leaf - 
- - -- - - 

A i r  Model 

Pressure  measurements were made in the a i r  model with the down- 
stream face of the leaf in contact with the downstream surface of the slot, as  
in the present gate design, and with the model leaf moved 1 and 3 inches 
downstream. Openings of 2, 3, 4, and 5 percent were represented, and 
readings were also taken with the gate leaf removed. The a i r  from the 
model was discharged into the atmosphere and therefor represented sub- 
merged discharge conditions, o r  flow with back pressure. 

Relatively low pressures occurred 1 inch downstream from the 
model gate slot at all gate openings tested when the downstream leaf face 
was in contact with the downstream surface of the slot (Figure 6). This 
paralleled the pressure distribution previously found in a 1:19 scale model 
of the gate when it was operated at small back pressures and an opening of 
3 percent (Figure 7). Closer agreement of the data from the 2 models would 
not be expected because the piezometers were not in the same position rela- 
tive to the floor. The region of low pressure was followed by a gradually in- 
creasing pressure. Upstream from the slot the pressure was high, and then 
dropped rapidly at the slot. 

The pressures 1 inch downstream from the slot increased when the 
gate slot was moved upstream relative to the leaf. Actually, in the model, 
the leaf was moved downstream because the slot was a fixed part of the side 
wall, but the effect was similar to moving the slot upstream. The pressures 
just upstream from the slot also increased, particularly when the slot was 
moved upstream 3 inches (12 inches prototype) Figure 6 .  These results 
were directly in line with the pressure improvement being sought, and it 
was decided that the design with the slots moved 1 2  inches upstream should 
be further studied by iree discharge tests  conducted on a hydraulic model at 
relatively high head. 

Gate Slots Moved 12 Inches Prototype Upstream from Back of Leaf - 
Hydraulic Model 

The first hydraulic tests with the slots moved 12 inches prototype 
upstream were made with a prototype clearance of 318 inch (0.075-inch 
model) between the sides of the leaf and the gate body. Most of the runs 
were made at a total head of 120 feet with free discharge conditions down- 
stream of the gate. 

The pressure conditions were excellent at all gate openings from 
1 through 10 percent (Figure 8A) .  The pressures on the sloping portion of 
the leaf and on the leaf sides in the clearance spaces were strongly positive. 
The pressures on the horizontal section of the leaf bottom were approxi- 
mately atmospheric. It is interesting to note that even at the 1 percent 
opening, where the ratio of opening to the length of the flat surface on the 
leaf bottom was 0. = 0.47, the flow jumped free of the flat bottom on 

0.450 



The p ressures  in and near  the gate slot 4 and 8 inches prototype abbve 
t h e  :'iuor were strongly positive. The pressures  0. 8 inches prototype 
above the floor and directly beneath the slot were strongly positive, and 
decreased a s  the gate opening increased. At the 1 0  percent opening, the 
pressures  were s t i l l  about 50 percent of the total head on the gate. The 
wall and floor p ressures  a t  and downstream from the leaf were strongly 
positive near  the leaf and decreased to about atmospheric pressure  far ther  
downstream (Figure 8A),1 No appreciable negative p ressures  were found 

b at any point. 

The relative polsition of the gate leaf to the bottom of the s lot  a t  
the different gate openin;gs is  shown in Figure 9.  

The flow conditions a t  openings from 5 to 10 percent were good, 
and there was relatively little disturbance a t  the walls (Figure 10). At 
opt!nings from 1 through 4 percent there was appreciable disturbance a t  
the side walls, and the disturbance was believed due to high p ressure  
water that flowed downward between the leaf and the body and then e s -  
caped beneath the leaf seal .  These high velocity s t r e a m s  tended to de- 
flect the portions of the main flow near  the walls inward toward the center 
of the passage. The disturbance was most  noticeable a t  smal l  openings 
where the pressures  in .the clearance spaces were highest and the quantity 
of flow beneath the leaf smallest.  

Tests that were made with co  clearance between the leaf and the 
body showed much l e s s  disturbance. In these tes ts  the clearance spaces 
were filled by attaching plates of the proper thickness to each'side of the 
leaf (Figure 11A) .  The flow character is t ics  were much better and the 
pressure  conditions in the slot, on the side walls, and on the floor re- 
mained practically unchanged and therefor satisfactory (Figure 8B). 

It is ,  of course, impracticable to build a large  gate without some 
clearance between the leaf and the gate body. This is particularly t rue  in 
the case of the Palisades-type gate because the leaf is made as a s tee l  
casting. The minirnum practicable clearance for the major portion of the 
gate was therefore believed to be 318 of an inch. It seemed reasonable, 
however, that cert,ain a r e a s  on the s ides of the gate leaf could be ra ised  
relative to the general surface, and that these ridges o r  bcsses could be 
machined to attain a minimum clearance of 118 inch on each side. The 
effectiveness of such control sections was investigated by placing appro- ~ * priate  s t r ips  of metal  on the s ide of the model leaf. Two d e s i p s  were ~ 

I used. In the f i r s t  a s t r i p  114-inch wide by 0.050-inch thick was placed ~ on the curved section and along the 450 sloping section on one side of the 
I model leaf to reduce the clearance to represent  118 inch (Figure 11B). 

In the second design a plate 0.050-inch thick, that extended from the leaf 
guide to the sea l  bar, was placed on the lower portion of the leaf (Figure 
11C). With both designs, the flow conditions nea r  the walls were better 
than with full side clearance, and not a s  good a s  without clearance. The 
plate produced slightly better conditions than the s t r ip  design (Figure 11). 

The a i r  and hydraulic model tests  showed that the proposed de- 
sign with the slot moved 1 2  inches prototype upstream from the downstream 



of 10 percent o r  less for free flow o r  back prkssure conditions and-high- 
heads. It was reasonable to expect equally satisfactory pressure a t  larger 
gate openings. Thus, from the hydraulic point of view, the design was ex- 
cellent. But, from the construction point of view, the design introduced a 
seal problem. To be effective, a retracting-type seal  must be carried up 
the right and left sides of the leaf, around the top corners, and across the 
top on the downstream face to simultaneously seal  against the gate body and 
the inside face of the bonnet. At the points where the seals pass from the 
leaf sides to the downstream face there a re  unusual problems of design and 
construction. At the present time there is no precedent to assist  in the 
preparation of such a design, but it seems that a satisfactory design could 
-& be developed. And, it appears that the hydraulic merits of the gate 
justify the time and effort that might be required to made the gate seal 
practical. 

In the meantime, hydraulic model studies were continued to deter- 
mine the effect upon the pressures and flow conditions within the gate when 
the present gate was modified by narrowing the slots near the floor. 

Gate Slots Made Narrow Near Floor 

It seemed reasonable that if the slots in the present gate, which 
are  the same width and depth for their full height, caused appreciable flow 
disturbances at small gate openings, smaller slots near the floor would 
cause less disturbance. These smaller slots could be obtained rather 
simply and inexpensively in the prototype gate by placing filler blocks 
within the standard slots and by making appropriate reductions in the size 
of the gate leaf guides near the leaf bottom (Figure 12). At f irst  a straight 
taper starting at a point well above the floor was suggested. But such a 
taper on the slots and on the gate guides would produce a wide passage 
between the guides and the slots as  soon a s  the gate leaf moved open from 
the closed position, and high pressure water would flow downward through 
this passage. This downflow was undesirable. An alternate design was 
proposed that abruptly narrowed and reduced the depth of the slots about 
1 foot above the floor, and provided a constant width and constant depth 
slot on down to the floor. In this design it was expected that the straight- 
sided guide on the leaf would act a s  a plug a s  soon a s  the guide entered 
the narrow portion of the gate slot. .Thus there would be little tendency 
for high pressure flow to travel down the slot and disrupt the flow at  the 
side walls. 

To evaluate this proposed design, the hydraulic model was re-  
vised by moving the slot and leaf guide on one side of the gate to the down- 
stream face of the leaf (Figure 13). The downstream corner of the model 
slot was set  gut 0.10 inch from the line of the upstream wall, and was 
followed by a 50:l conve~ging wall that returned the passage to the width 
upstream of the slot. Prototype clearances of 318 inch were represented 
between the main body of the lezf and the walls. 



The first  tests were made with the slot width reduced to 1 inch 
prototype, and with 1 / 4  inch clearance represented between the ,gate leaf 
guide and the slot. In general, the floor and wall pressures weee highest 
close to the gate, and decreased as  the flow moved downstream. The floor 
pressures were higher toward the center of the passage than near the wall. 
All the pressures measured on the walls and floor downstream from the 
slot were positive or  only slightly negative, at all gate openings except 3 
percent. 

At the 3 percent opening the model pressure at the piezometer 
0.10 inch downstream of the slot and 0.10 inch above the floor became -- 
negative to the extent of 12.6 feet of water (Figure 14A). This low pres- 
sure  was inconsistent with the trend of other nearby pressures and the 
piezometer was examined to see if i t  was damaged. It proved to be in 
excellent condition and the presence of the negative pressure at the 3 
percent opening was confirmed by a check: run. 

No flow occurred along the floor o r  along the wall near the 
passage corner at the 1 percent opening. Instead, the water separated 
from the side wall a t  the downstream corner of the slot and moved toward 
the center of the passage while rising in a pronounced fin (Figure 15A). 
This fin was much heavier and rose higher than the fin produced with the 
slot moved 12 inches upstream and with 318-inch clearance between the 
leaf and the body (Figure 10A). Much spray was present. At a 2 percent 
opening the fin was a little less pronounced and a thin sheet of water moved 
along the w,all (Figure 15B). A s  the gate was opened farther, the main 
stream f i rs t  tended to follow the wall, and then to clumb it, while the fin 
subsided and became a hump in the jet surface. This hump was topped by 
considerable spray, which fanned inwardly across the passage. Some of 
the spray moved almost laterally across the passage and along the leaf 
face, and tended to fill the space between the leaf bottom and the contract- 
ing jet. At the 10 percent opening, a sheet of water with considerable 
spray climbed the downstream wall a t  about a 30° angle. 

In general, the pressure conditions with the slots narrow to 1 inch 
were satisfactory at all but the 3 percent opening, and the flow conditions 
were not as good as  anticipated because of large fins and spray. No un- 
usual noises o r  crackling sounds were detected, but the operation was 
more noisy than with the slots moved upstream. 

Gate Slot 2.875 Inches Wide a t  Floor 

In an attempt to get better flow, the width of the leaf guide near 
the bottom of the gate was increased to 2.75 inches to correspond to the 
distance from the s tar t  of the horizontal surface of the leaf bottom to the 
downstream face of the leaf (Detail A, Figure 13). This placed the up- 
stream corner of the slot in the same vertical plane with the control 
point on the leaf. The slot width in the filler block was increased to ac- 
commodate this thicker gate guide with the minimum practicable clearance 
of 1 / 8 inch. 



with the 1-inch slot except that the pressure 0.10 inch downstream of 
the slot and 0.10 inch above the floor was even more strongly negative 
(Figure 14B). The flow was similar to the flow obtained with the 1- 
inch slot, and at a 1 percent opening the water was deflected well away 
from the side wall (Figure 16A). At the 2 percent opening the fin was 
strong, nearly vertical, and 1 and 314 inches from the side wall at the 
end of the model. A thin sheet of water flowed between this fin and the 
corner, and rose about an hch on the wall. At the 3 percent opening 
the fin was in about the same position but less pronounced. Strong flow + 
with a depth about ; /2 that in the main stream occurred between the fin 
and the wall, and a thin sheet of water climbed on the wall. At pro- 
gressively larger openings the fin became less  prominent and moved 
closer to the wall, while the sheet of water climbed higher and higher on 
the wall. The spray was about the same as observed with the 1 -inch slot. 

It appeared that only slight flow improvement had been achieved 
by increasing the slot width to 2 .875  inches, and that a more dangerous 
negative pressure condition had been produced. No unusual noises were 
detected above the steady sound of the flowjng water, and the noise level 
was the same as  observed with the 1-inch slot. 

Present Gate Slot 

The performance of the present slot was demonstrated by re -  
moving the filler block from the narrowed slot and by placing the present 
design leaf guide on the leaf (Figure 13). A prototype clearance of 118 
inch was represented in the slot and the prototype slot width was 6.75 
inches. The two piezometers in the gate leaf bottom 0.60 inch from the 
side were read during these runs. 

No negative pressures lower than 1 foot of water (model) were 
found on the floor o r  side wall at any opening from 1 through 8 percent 
(Figure 14C). At the 10 percent opening negative pressures of 1.19 and 
1.45 feet of water were found on the sides just beyond the line of inter- 
section of the converging and the parallel wall sections of the body. Some- 
what lower pressures can always be expected in this region, but they may 
be controlled by using gradual rates of convergence downstream of the gate 
slots and by generously rounding the corner along the line of intersection. 
Slightly low pressures occurred at the piezometers on the horizontal por- 
tion of the leaf bottom near the wall where the spray swept across the sur-  
face. It is doubtful that seriously low negative pressures can exist in the 
full-size gate a t  this location because a i r  will find i ts  way through the spray 
and relieve the low pressures. 

The flow pattern was similar to the patterns produced by the 1- 
and 2.875-inch slots except that there was more tendency for the flow to 
be deflected away from the walls (Figure 17). At 1 and 2 percent openings 
there was no flowon the wall nor on the floor between the fin and the wall. 
At a 3 percent opening a thin sheet of water spread on the floor from the 
fin to the side wall ,  and a t  a 4 percent opening the water rose slightly on 
the wall. The jet of water passing beneath the leaf was deflected inwardly 



enough so that a small  clear, aerated space about 118 inch wide occured 
at the downstream slot corner and extended from the water surface to 
the floor. This separation zone was present a t  larger openings but be- 
came progressively narrower. The flow a t  the wall changed consider- 
ably when the gate opening was increased from the 570 position to the 670 
position. The quantity of spray decreased and the fin became less  pro- 
nounced and moved closer to the wall. The separation zone was s t i l l  
present at the slot corner but no longer extended to the floor. At the li) 
percent opening the separation zone extended about 1 inch below the 
water surface. Below this the flow was in full contact with the wall. No 
fin was present over the stream of water near  the leaf a t  the 10 percent 
opening, and the water depth was essentially constant across the passage 
and up to the wall. Farther downstream the water rose on the wall in a 
thin sheet that was 5 and 112 inches high a t  the end of the model. Con- 
siderable spray was observed near the wall and some fanned across the 
model passage and swept inwardly along the leaf bottom for about 2 
inches. Complete aeration was present along all  other portions of the 
leaf bottom. . No unusual noises o r  crackling sounds were present and 
the noise level was the same as  the level observed with the narrowed 

These tests showed that the attempts to improve the present 
regulating slide gate design by reducing the dimensions of the slot near 
the floor produced only slightly better flow conditions and introduced 
some seriously low pressures.  It is therefor advisable to continue the 
use of the present (Palisades-type) design in lieu of either of these de- 
signs and to avoid operation a t  openings below 5% in installation~ with 
small submergence. Later, when an opportunity permits, it  may be 
worthwhile to construct a gate with the slots moved upstream so that 
experience and confidence can be obtained in designing the type of sea l  
required for this gate. 
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I RATIO OF DISTANCE FROM WALL - T O - T O T A L  PASSAGE WIDTH 

B -HORIZONTAL PLANE AT CENTER OF PASSAGE 

G A T E  S L O T  S T U D I E S  
VELOCITY PROFILES OF FLOW ENTERING AIR MODEL TEST SECTION 

NO GATE LEAF INSTALLED 
1:4 SCALE SECTIONAL MODEL 



GATE S L O T  S T U D I E S  
VELOCITY PROFILES OF FLOW ENTERING AIR MODEL TEST SECTION 

NO GATE LEAF INSTALLED 
1:4 SCALE SECTIONAL MODEL 

















D-4% open A-170 open B -2% open C-3% open I 

E-5% open F-6% own ' G-8% open 

Slob are same on both eidee of model. Head on model 120 feet 
Clearance between leaf and body 3 I8 inch, prototype 

GATE SLOT STUDIES 
Flow Conditions with Gate Slob Moved 12 Inches Prototype Ups' 
From Downstream Face of Leaf 

1 :5 Sectional Model 

Side 

beam 

H- 10% open 
-. 



ELEVATION SECTION 0-0 

C - PLATE ATTACHED BETWEEN GUIDE AND SEAL AT LEAF BOTTOM TO REDUCE 
CLEARANCE TO '/, INCH PROTOTYPE 

G A T E  SL.OT S T U D I E S  
METHODS USED ON MODEL FOR REDUCING CLEARANCE BETWEEN 

LEAF AND GATE BODY 
1:5 SCALE SECTIONAL MODEL 
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REPORT HYD 432 
I 

PLAN VIEW GATE SLOT SECTION A-A 
(Neor floor of gate)  
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LEAF ELEVATION SECTIONB-B . 

G A T E  SLOT S T U D I E S  
NARROW SLOTS NEAR FLOOR 





DATA FROM 1:5 SCALE SECTIONAL MODEL 



A-1% open 

> 

E-5% open (Not available) 

Flow 

B-2% open C-3% open L*-4% open 

F. 670 open G. 8% open 

Narrowed slot is on left side in each photograph. At right side 
gate) slot is represented 12" upstream and there is 318" clear; 

Head on Model 50 feet 
GATE SLOT STUDIES 

Conditions with Slot at Downstream of Leaf Narrowed to 1 Inch, 
1:5 Seals Sectional Model 

(left 
ance 

Pro 

H. 1070 open 

: wall of 
(proto) 



A. 1% open 

E-5% open 

Flow Cond 

B. 2% open C. 3% open 

F-6% open G-8% open 

crowed slot L on left side in.each photograph. At right aide (left 
gate) slot is represented 12" upstream and there is no side clear 

Head on Model 80 feet 
GATE SLOT STUDIES 

itions with Slot at Downstream of Leaf Narrowed to 2.875 Inches, 
1:5 Scale Sectional Model 

D. 4% open 

H-10% open 

, Prototype 




