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I PURPOSE 

Model studies were conducted on a suction tube using two different 
135O elbows to  determine the more satisfactory elbow design for 
large pumps requiring appreciable submergence and using shallow 
forebays, and to determine loss  and flow pattern characteristics at 
the impeller inlet. Although the model studies were conducted 
primarily to establish-designs for Forebay and Mile 18 Pumping 
Plants, the results also establish design cri teria for suction tubes 
of future large pumping plants. 

CONCLUSIONS 

1. Comparatively uniform velocity distribution resulted at  the 
pump eye (impeller inlet) with both the constant-radius-centerline 
($ R constant) and the constant-radius-velocity (RV constant) 
elbow designs (Figures 12 and 13). 

2. The flow moved smoothly and steadily through all parts of the 
suction tubes with either the % R constant o r  the RV constant 
elbows installed. There were no zones of separation, no adverse 
eddy patterns, and no detrimental swirling o r  spiraling flow. 

3. The head loss  for  the suction tube with the $ R constant elbow 
installed was 0.075 times the velocity head at  the pump eye without 
the hood in the forebay, and 0.060 times the pump eye velocity 
head with the hood installed. The hood is discussed subsequently. 

4. The head loss for the suction tube with the RV constant elbow 
installed was 0.065 times the pump eye velocity head without the 
hood in the forebay. 



5.  Vortices formed near the forebay headwall with the initial inlet 
design consisting of a vertical headwall with an elliptical transi- 
tion to the suction tube crown (Figures 8 and 2A). The direction 
of rotation of the vortices was counterclockwise on the right of 
the center pier, and clockwise on the left of the center pier. The 
piers are  viewed looking downstreem. 

6. Vortex action could be reduced by increasing the lengths of the 
side piers, and maintaining a short center pier (Figure 9B). 

7. Trashracks installed in the forebay upstream of the piers had 
no visible effect on vortex action (Figure 9A). 

8. Perforations in the side piers produced no visible effect on 
vortex action. 

9. Although use of elliptical pier noses in the forebay provided 
better flow conditions to the inlet transition, they had no visible 
effect on vo;?ex action. 

10 .  A hood, produced by extending the slope of the roof from Sta- 
tion 18 upward along a straight line to a point above the maximum 
water surface, eliminated the dead water space at the headwall 
and was effective in eliminating detrimental vortices (Figures 2B 
and IDA). 

1 1 .  The suction tube was calibrated a s  a flowmeter with each 
elbow design (Figure l4B). Differential pressures were measured 
6 7 - l / Z O  along the bend on the crown and invert of the tube (Fig- 
ure 14B). 

12. The self-cleaning characteristic2 of the suction tube with elther 
elbow was excellent due to maintenance of an appreciable and con- 
tinually increasing flow velocity in the tube (Figure 15) .  
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INTRODUCTION 

Mile 18 and Forebay Pumping Plants will be integral parts of the 
San Luis Unit, Central Valley Project, California. Mile 18 Pump- 
ing Plant w i l l  be jointly owned by the Federal Government and the 
State of California. Bot'n pumping plants are  to be located near 
the town of Los Banos, California, about 150 miles southeast of 
San Francisco (Figure 1). 

Water wi l l  be diverted from Delta-Mendota Canal to Forebay Pump- 
ing Plant through an intake canal approximately 2 ,  300 feet in length. 
Six variable-pitch impeller, mixed-flow pumps with a total capacity 
o i  4, 200 cubic feet per second at 56 feet of head w i l l  lift the water 
through siphon discharge lines into Forebay Reservoir. The res -  
ervoir w i l l  have a capacity of about 50,000 acre-feet, and w i l l  be 
formed by an earth dam with a cres t  length of 10,000 feet and a 
height of 70 feet. 

Once in Forebay Reservoir, the water may follow either of two 
routes. It may be further raised by the dual-purpose San Luis 
Pumping-Generating Plant into San Luis Reservoir for storage 
and subsequent release for irrigation and power generation, o r  
it may pass directly into San Luis Canal for immediate use. 

Mile 18 Pumping Plant wi l l  be located on San Luis Canal 18 miles 
downstream of Forebay Reservoir. The plant wi l l  contain three 
centrifugal pumps, and three variable-pitch impeller, mixed-flow 
pumps with a maximum combined discharge capacity of 13, 100 
cubic feet per second at 125 feet of head. These pumps w i l l  l i f t  
the water to a higher elevation of the S a n  Luis Canal so that it 
may be transported to municipalities and farm lands farther to 
the south. 

The Iorebay of each pumping plant is to be maintained at the same 
depth as  the approach channel to keep a nearly constant cross-  
sectional flow area, and hence maintain a comparatively constant 
flow velocity up to and into the pump suction tubes. By reducing 
the depth of the approach forebay, as  compared with previous 
pumping plants, benefits of higher plant efficiency, reduced con- 
struction costs, fewer eddies and vortices, and less deposition 
of sediment are  anticipated. 

To obtain these advantages and still meet the required submergence 
for high specific speed pumps, suction tubes with greater than 90' 
of bending are  necessary. The 135' of bending used in the model 
studies was selected as  the maximum necessary to obtain the re -  
quired submergence and minrmum excavation (Figure 2). To de- 
termine the effects of this greater amount of turning on losses 



from the forebay to the pumps, and on the flow characteristics at 
the eye of the pump, hydraulic model studies were undertaken on 
designs prepared by the Hydraulic Machinery Branch. 

The suction tube was investigated with two elbow designs (Figures 
2 and 3).  Both elbows had identical inlet and outlet dimensions 
and were interchangeable. One was based on the constant-radius- 
centerline principle, with the cross-sectional area  decreasing in 
the downstream direction so a s  to impart a smooth acceleration 
to  the flow (Figures 2 and 4A). This elbow is hereafter referred'  
to a s  the R constant elbow. The second was based on the free 
vortex concept wherein the centerline radius times the average 
flow velocity equals a constant and is hereafter referred to a s  the 
RV constant elbowl/ (Figures 3 and 4B). The cross-sectional 
area in the RV constant design also decreased smoothly and con- 
tinuously to impart a gradual acceleration to the flow. 

THE MODEL 

Facilities 

The tests  were conducted in a recirculating system that represented 
the basic configuration of the initial inlet design for Forebay Fump- 
ing Plant. The system was designed with an operating unit in the 
center and dummy or  inactive half-units on each side (Figures 5 
and 6). The model scale was 1:9.187. The rectangular channel 
upstream from the forebay area  was provided with a gravel baffle 
to destroy any pre-existing, large-scale turbulence. The suction 
tube transition from the forebay headwall to the elbow was con- 
structed in two parts. The f irst  was made of sheet metal, and the 
second was of transparent plastic (Fibares 2 and 6A). The elbows 
were constructed in three 45' sections and were made of transpar- 
ent plastic (Figure 4). A plastic conic transition that continued the 
decrease in cross-sectional area  was attached to the downstream 
end of the elbows to complete the suction tube (Figure 6) .  The 
cone terminated in an 8-inch-diameter circular section at a sta- 
tion just ahead of the centerline of the pump impeller. This sta- 
tion will be referred to as  the pump eye. 

The velocity, pressure, and flow direction measurements were 
made at the downstream end of this conic transition o r  pump eye. 
An 8-inch-inside-diameter plastic cylindrical tube was attached 
above the cone. The cylindrical tube was 1 foot long with the g R 
constant elbmv, and an additional 0 . 3  -foot section was added for 
use with the RV constant elbow. Lightweight steel pipe was used 

1IEngineering Hydraulics, page 44, Rouse, Third Printing, 1961. - 



(Figure 5). The venturi meter was positioned 22-pipe diameters 
downstream from the pump to allow sufficient distance for develop- 
ment of a uniform velocity profile and assure accurate flow meas- 
urements. 

Instrumentation 

The discharge through the system was measured by determining 
the differential across the venturi meter with an inverted, pres-  
surized U-tube water manometer. Water surface elevations in the 
channel were measured by three methods: (1) point gage, (2) hook 
gage and stilling well, and (3) a floor piezometer connected to a 
single-leg water manometer on the main manometer board. 

Four piezometers were located at Station 11 in the suction tube 
transition just upstream from the start  of the elbows (Figure 2). 
Two piezometers were located on each elbow diametrically opposite 
one another on the crown and invert of the elbows 67-112' around 
the bend (Figures 2 and 3) to measure differential head for cali- 
bration purposes and possible prototype use a s  a flowmeter section. 
Four additional piezometers were located in the cylindrical section 
0 . 6  foot downstream of the conic section. 

In order to obtain velocity, static pressure, and angles of flow ia 
the three-dimensional flow field, a Van der Hegge sphere21 was 
utilized (Figure 7). The sphere was one-half inch in diaseter and 
attached to a 114-inch-diameter rod. Four holes were located 
along longitudinal and transverse great circles at 45" from the 
total head, o r  fiftl? port of the sphere. 

The probe was calibrated under controlled hezd conditions within 
the ranges encountered in the model. Calibration curves were 
prepared for angles from zero to plus o r  minus 45" of pitch (Fig- 
ure 7 ) .  The yaw angle was read directly from a protractor mounted 
on the probe. 

The calibration curves consisted of two instrument coefficients, 
K;-4 and Kg, and an inclination factor, Kp. The Kp curve was 
used for determining the pitch angle, and the Kg-4 and Kg curves 
were used for  determining the velocity and static pressure in the 
flow, respectively. 

Z /  Probe Measurements in Three-Dimensional Flow, F.A. L. 
winternitz, Aircraft Engineering, August 1-7, 1956, pp. 273-278. 



The probe was designed to avoid vibration due to vortex shedding, 
but not for mechanical vibration induced in the model by the pump 
and motor. No attempt was made to isolate the pump and motor 
from the system, and a s  a result, pump vibrations transmitted to 
the plastic sections were picked up by the probe. These vibrations 
were not apparent unless the probe was inserted beyond the half 
traverse position (center of the test section). To obtain a complete 
traverse and avoid vibration in the probe, it was necessary to make 
two half traverses 180" apart. Fo r  each half traverse, the pumping 
conditions were matched a s  near a s  possible. 

During the early phases of the test program, pressure cells were 
used in conjunction witk, the Sanborn recorder to measure the pres- 
sures acting on the Van der Hegge sphere. The pressure cell 
response was extremely sensitive and rapid, so that with turbulent 
flow fluctuations in the streamline direction, the yaw pressures 
were almost impossible to balance. In the final test phases, long 
water manometer columns were employed to dampen the response, 
and make it easier to achieve an average balance for obtaining 
readings. 

Also early in the test program, brass  turning vanes were located 
in the cylindrical tube downstream from the conlc section or pump 
eye to provide rotation to the flow similar to that imparted by a 
pump impeller. With vane deflections a s  high a s  Z o o ,  no appre- 
ciable change in streamline direction or  significant rotation to the 
flow was observed. However, an increase in pressure head was 
noted due to the vanes restricting the flow. To avoid the restric- 
tion, the vanes were removed, and were not used in the final testing 
phases. 

As an additional check on the accuracy and reliability of the Van der 
Hegge sphere, a 114-inch-diameter 3-hole cylindrical probe was 
utilizei. The probe was calibrated under controlled head conditions 
that included velocities encountered at the pump eye and at inter- 
mediate stations along the % R constant elbow (Figure 2).  

INVESTIGATION 

In the early phase of the test program, t l ~ e  system was checked at 
extreme conditions to detect any adverse effects, other than the 
v c ~ + i x  problem discussed below, which might occur in the prototype. 
The model pump capacity of 3.25 cubic feet per second represented 
a prototype discharge of 831 cubic feet per second and allowed the 
system to be investigated at a flow 18.7 percent above the maxlmum 
for Forebay Pumping Plant. Channel depths were varied from a 



the inlet transition. At a discharge of 700 cubic feet per  second this 
minimum depth varied from 9.19 feet (1-foot model) without the hood 
in the forebay, to 7.81 feet (0.85-foot model) with the hood installed. 
These depths were considerably below the mlnimum channel depth of 
15. 92 feet for  Forebay Pumping Plant. 

Vortex Elimination 

The intermittent formation of vortices in the forebay caused consid- 
erable concern because a i r  was drawn in through these vortices and 
carr ied into the suction tube (Figures  8A and 8B). The vortices 
formed a t  discharges above 500 cubic feet per  second a t  normal 
forebay depths, and were located near  the forebay headwall on either 
side of the center pier.  The direction of rotation for the vortices 
was counterclockw~se on the right of the center pier, and clockwise 
on the left of the center pier.  

The admission of a i r  w a s  of concern for  the following reason. The 
prototype pumps wlll discharge into long lines which terminate in 
siphon elbows that prevent backflow when the pumps a re  not running 
and provide minimum pumping head during normal operation. Any 
a i r  admitted into the system wi l l  expand in the crown of the siphon 
where negative pressures  exist. This a i r  would decrease the effec- 
tive flow a rea  of the discharge l ines and decrease the magnitude of 
the negative pressure  at the siphon crown, and consequently increase 
the pumping head. Large vacuum pumps would be needed to remove 
a i r  accumulations from the slphon crowns and would have to  operate 
almost continuously. It was desirable to avoid these a i r  problems so  
modifications to change the flow patterns in the forebay were  studied 
in an effort to eliminate the vortices. 

Trashracks  were  fabricated to scale  and placed in position along the 
upstream face of the p iers  in an attempt to change the flow pattern 
between the p iers  in the forebay (Figure 9A). Velocities in  the t r a sh -  
rack a rea  were low and the longitudinal depth of the rack ba r s  was 
small, resulting in very little, i f  any, modification to the flow pattern. 
Vortex action was not visibly changed by the t rashracks.  

-4 number of pier configurations was tested a s  possible solutions of 
the vortex problem. These modifications included varying the length 
of the piers,  changing the pier  nose shape, and perforating the p iers  
between the active and inactive bays.  The most effective combina- 
tion of pier  modifications consisted of a short  center pier  and long 
perforated side piers  (Figure 9B). This configuration modified the 
flow pattern sufficiently to greatly reduce the vortex action. However, 
to entirely eliminate the detrimental vortices a more effective solu- 
tion was necessary. 



provided an effective means of guiding the flow into the suction 

in the suction tube. 

The effects of pier  nose shape and pier perf&rati.ons on the overall  
performance of the system were  difficult to evaluate. Tes t s  were  
made with dye, and with yarn attached to a small  rod, t o  t r ace  flow 
direction and detect backflow in the forebay area .  These tes t s  
indicated that flow past the elliptical pier  noses was smoother than 
flow past the chamfered pier noses a t  normal depths and discharges. 
Somewhat l e s s  backflow was also noted immediately downstreani 
f rom the elliptical piers .  This  is clearly shown in Figure 11A with 
flow through one-half of the active bay and with the two pier  nose 
shapes installed. The photograph, taken with canal water surface 
below designed depth and a t  half maximum discharge, o r  350-cubic- 
feet-per-second prototype, substantiated the dye and yarn t e s t s  and 
provided a good representation of actual conditions, magnified only 
by significantly increased velocity. 

The t e s t s  made fo r  evaluating the perforated p iers  showed that flow 
through the perforations partially eliminated the differential head 
between active and inactjve bays, but caused the relatively symet- 
r ical  flow pattern (Figure 11A) to change to one with a strong c ross  
flow (Figure 11B). As a result, regions of severe  turbulence and 
backflow increased in s ize and extended far ther  into the suction 
tube inlet. The unsymmetrical pattern was considered undersirable 
and perforations a r e  not recommended for  these pumping plants. 
It should be noted that the photographs in F igures  11A and 11B were  
taken at the extreme conditions stated above to emphasize the flow 
patterns, and that conditions were  s imilar  but must l e s s  severe 
during normal operation. 

Velocity Trave r ses  and Flow Studies 

Complete velocity t r ave r ses  were obtained a t  Station A-B of the 
suction tube with the R constant and the RV constant elbows 
installed (Figures  2 and 3 ) .  These t r ave r ses  were  made in  a hori-  
zontal plane at 45" increments to provide sufficient information to 
plot nondimensional velocity contour representations of the flow 
(Figures  12 and 13). 



Pumping Plant. These values were 700 cubic feet per second at a 
forebay depth of 16.92 feet and 6 3 3 . 3  cubic feet per second at a fore- 
bay depth of 15.92 feet. 

Additional velocity traverses were made with a cylindrical probe 
at two intermediate locations in the R constant elbow (Figures 
2 and 14A). These traverses indicated a flattening effect in the 
velocity profile in the downstream direction and substantiated the 
data obtained at Station A-B for this elbow. 

Dyes, pieces of yarn, and streams of fine a i r  bubbles were also 
used to trace the path of the flow. These t racers  were introduced 
into the flow at various parts of the tube cross section at stations 
ranging from the forebay headwall to  just past the downstream end 
of the elbows. In all cases the flow was shown to be moving 
smoothly and continuously downstream. No separation zones oc- 
curred; no adverse eddy patterns existed; and no detrimental swir l -  
ing took place. Flow conditions at the eye of the pump were rela- 
tively steady and well directed (Figure 10B). 

Loss Measurements 

The loss coefficients for the suction tubes with the ($, R constant 
and the RV constant elbows are  contained in Table 1. These coef- 
ficients, in terms of velocity head at the pump eye, give the total 
head loss from the channel to Station 11 just ahead of the elbows, 
and the complete tube loss to Station A-B. The loss coefficients 
for the complete suction tube with the $ R constant elbow installed 

i were 0.075 without the hood, and 0.060 with the hood, respectively. 
: The coefficient for the tube with the RV constant elbow installed 

was 0.065 without the hood in..the forebay. The RV constant elbow 
was not tested with the hood. ,"Sample data calculations based on 
readings obtained with the Van der Hegge sphere are  contained in 
the Appendix. 

The velocity profiles at the outlet of the suction tube, Station A-B, 
were quite flat and well developed with either of the elbows installed 
(Figures 12 and 13). Similarly, the losses were very nearly identical, 
and the overall performance of the suction tube with either elbow 
was nearly the same. Design and construction costs, however, 
favored the use of the ($, R elbow, and its basic form is used in the 
Forebay and Mile 18 plants. 



Both elbows were calibrated a s  flowmeters. Several piezometer 
locztions were analyzed to determine positions that would provide 
an appreciabl  differential tinat consistently increased with increas- 
ing discharge. The most satisfactory positions were located dia- 
metrically opposite one another on the crown and invert of the 
elbows 67.5' around the bend (Figures 2 and 3). 

The equation used for calculating the discharge coefficients for 
the elbows was: 

- 
where: Cd = Discharge coefficient 

Q = Discharge in cubic feet per second 
A = Area at  the station 67.5' along the bend 
Ah = Differential head between the piezometer readings 

on the inside and outside of the bend. 

The R constant elbow was calibrated at intervals of 64 cubic feet 
pc- second from 0 discharge up to 768 cubic feet per second. The 
differential pressures are  presented in Figure 14B. and the dis- 
charge coefficient was found to be 0.66 1 based on the suction tube 
area of 84.278 square feet located 67.Y around the bend. 

The RV constant elbow was calibrated a s  a flowmeter at discharges 
from 192 to 768 cubic feet per second. The discharge coefficient 
was found to be 0.611, based on the suction tube area of 77.070 
square feet at the station 67.5'' along the bend (Figures 3 and 14B). 

Self-cleaning Characteristics 

Tests were made to determine i f  the suction tube, with either elbow 
installed, would be self-cleaning of any sediment and sand o r  gravel 
that the water could carry  in. The procedure used with the' tube 
containing the R constant elbow cmsisted of separating coarse 
sand and fine gravel by size into five groups. The dry stone weight 
of each group was determined by an analytical bdance and the stone 
volume was obtained by water displacement. F r ~ m  the volume 
and weight, equiv$en'c spherical diameters and density were ob- 
tained. The average density of the stone used was 163.5 pounds 

~. per cubic foot, and the stones were subrounder',.--A number of 
stones of a particular size were then placediin the low point of 
the suction tube and the discharge graduall?j increased until the .. .. 
stonfs were swept out. The sweep-out dibcharge and the spherical 

' -  



stone diameter for eacn sample, along with information on fall veloc- 
ities and drag coefficients for spherical stones, were used in pre- 
paring she prototype self-cleaning curve (Figure 15). This curve is 
based on spherical stone, and cannot be used directly to determine 
discharges necessary for removal of flat o r  angular stone. Gener- 
ally, angular stone.wil1 be moved easily, whereas flat stone may 
require higher velocities. 

Similar tests  were made with the RV constant elbow but discharge 
readings were not taken. However, since the cross-sectional area  
of the RV constant elbow at the low point was smaller than the area  
of the R constant elbow, higher velocities in the RV constant elbow 
will  result for the same discharge, and consequently, sediment will 
be swept through the tube at  discharges lower than those shown in 
Figure 15 for the 5 R constant e1bo.x. 

LOSS 

Elbow design 

1 .  Constant- 
radius - 
centerline 
(q, R con- 
stant) 

2. Constant- 
radius- 
velocity 
(RV con- 
stant) 

Table 1 

:OEFFICIENTS FOR SUC 
'orebay configuration 1 I 
_I 

1 /Forebay configuration 

LON TUBE 
Loss coefficients. K 21 
Thannel to 
station 11 

0.006 
.005 

Station A-B F 

- 
I - -~6amfered  pier noses, no hood, no perforations (Figure 8A). 

11--Elliptical pier noses, hood, and pier perforations (Figure 11A). 
NOTE: No difference in losses due to solid piers and perforated 
piers, was detectable. . - -__ 

2 /Loss coefficient, K, defined as: \ 
\ - 

where: hT ,  = Head loss from channel water surface to station - 
indicated 

hv = Average velocity head at  pump eye (g). 





APPENDIX 

Sample Calculations of Velocity Traverse Data 

The following procedaro was used to determine the velocity and 
pressure heads at the pump eye from the pressure readings 
obtained with the Van der Hegge sphere. The sample data a r e  
based on readings taken at  one point and flow condition only, and 
are  not an indication of average readings. The direct manom- 
eter  readings are  taken from the board and corrected for  probe 
elevation when solving for pressure heads. 

Typical manometer board readings: 

hc PI P3 P 2  & 4 P5 Yaw 

where: hc = Pressure head (clcyth) in the channel in feet 
of water 

P1 thru P5 = Pressures in feet of water read from the 
ports in the Van der Hegge sphere (Figure 7) 

Yaw = Amount of rotation necessary to equalize the 
pressures on Ports  2 and 4 of L!e Van der 
Hegge sphere. 

The following equations were used with the above readings to 
place the data in usable form: 

P5 corrected - h 
Kg = 

v2hg  
where h is the pressure head at the probe. 

P 

The inclination factor, Kp, was calculated and found to  be 1. 073. 
Using the calibration curves (Figure 7),  the value of the inclina- 
tion factor, Kp, immediately yields the pitch angle and the instru- 
ment coefficients, Kg and 



Using Equation (21, 2 - 2g x 1.07 - 1.103 

Using Equation (3) and correcting P5 for probe elevation of 1.84 feet, 

P g  corrected = 4.09 - 1.84 = 2.25 

hp = 2.25 - K  - v2 - - 1.27 ft (model) 
5 2g 

The pressure head, hp. is the portion of the initial total head remain- 
ing at  the pump eye after the velocity head at the pump eye and all the 
losses through the tube have been subtracted. It includes the effects 
of conditions in the pipeline downstream which a re  necessary to pro- 
duce the flow through the system. 

After obtaining the pressure head in the flow, the Bernoulli equation 
was employed to obtain the head loss through the suction tube. The 
channel water surface was assumed a s  the zero elevation line to  
eliminate two quantities from the equation. Thus, the Bernoulli 
equation for head loss became: 

v12 - v2 2 
h~ = 

2g 
- hp - Z2 in feet of water 

where: hL = Head loss from the forebay water surface to  the pump 
eye 

1 = Average velocity i n  the channel 

v2 = Average velocity at the pump eye 
hp = Pressure head at the pump eye. 
Z2 = Vertical distance from the channel water  surface to  the 

pump eye (Station A-B). 

The following calculations a r e  based on data obtained for a model dis- 
charge of 2.77 cubic feet per second and a channel depth of 1.842 feet 
with the a R constant elbow, and the hood installed in the forebay. 
The probe was located 2.292 feet below the channel water surface. 



The loss coefficient, K, based on pump eye velocity is: 

Losses also were computed by subtracting the pressure obtained at  
Port  5 of the Van der Hegge sphere from the total head in the chan- 
nel. The pressure obtained at  Por t  5 is the actual total head at the 
pump eye provided the flow is moving directly into the port. The 
equations used were: 

where: h~ = Total head in channel 
hc = Flow depth in channel 
hv = Velocity head in channel 
hL = Head loss from channel to probe 
hp = Average total head at the probe 

Equation ( 6 )  hT = 4.130 + 0.001 = 4.131 feet 

Equation (7)  hL = 4.131 - 4.077 = 0.054 feet 

Returning to  Equation (S), the loss coefficient is: 

which compares favorably with the 0. 058 value obtained previously. 

Tabulated values of loss coefficients for the suction tube with each 
elbow may be found in Table 1. The loss coefficients Listed a r e  the 
average of all points in the traverse.  
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135 DEGREE PUMP SUCTION TUBE STLDIES 
R V  C O N S T A N T  S U C T I O N  E L B O W  

STUDY DRAWING FOR MODEL USE 



Figure 4 
Report Hyd-513 

A. 'Constant-Radius-Centerline" elbow model ($ R constant;. 

H. 'Constant Radius Velocity" constant elbow model (RV constant). 

135" PUMP SUCTION TUBE STUDIES 

Plas t ic  Elbows 
1:9. 187 Model 





Figure 6 
Report Hyd-513 

A. Suction tube with 5 R constant 
elbow. 

tube and returned to the forebay by 
a centrifugal pump. 

135' PUMP SUCTION TUBE STUDIES 

Views of Hydraulic Model 
1:s. 187 Model 



FiGURE 7 
REPORT H I D .  513 

135 DEGREE PUMP SUCTION TUBE STUDIES 
C A L I B R A T I O N  CURVE FOR VAN OER HEGGE SPHERE 



A. Vortices between active piers. 
Discharge 633 .3  cfs;  depth 
15.92 feet. 

vortex moving through RV cons& 
suction tube. Discharge 700 cfs; 
depth 15.92 feet. 
13' "PUMP SUCTION TUBE STUDES 

Vortex Action With Initial Forebay Design 
1:9. 187 Model 



Figure 9 
Report Hyd-513 

A. Trashracks did not appreciably reduce vortex 
action. Discharge 633 .3  cfs; depth 15.92 feet. 

B. Long side piers and a short center pier pro- 
duced best flow conditions considering pier 
modifications only. Discharge 700 cfs; 
depth 15.92. 

135O PUMP SUCTION TUBE STUDIES 

Effect of Trashracks and Pier Extensions on Vortex Action 
1:Q. 187 Model 



A. A sloping hood to eliminate the dead water area 
at the headwall stopped detrimental vortex action. 
Discharge 6 3 3 . 3  cfs: depth 16.92 feet. 

B. Short pieces of yarn indicate streamline direc- 
tion at pump eye. Discharge 700 cfs. 

135" PUMP SUCTION TUBE STUDIES 

Effect of Hood on Vortex Action, and 
Flow in Suction Tube at Pump Eye 

1:9.187 Mcdel 



Figure 11 
Report Hyd-513 

A. The elliptical pier 
nose produced better 
flow conditions than 
'.he chamfered nose. 
Discharge 350 cfs; 
depth 9.00 feet. 

B. Flow through per- 
forations in side . 
pier pdehed the 
entering flow aside 
and created a 
region of turbu- 
lence. Discharge 
350 cfs: depth 9.00 
feet. 

C. Excellent flow conditions prevailed at maximum 
discharge and extremely low forebay depths. 
Discharge 700 cfs; depth 7.81 feet; perforations 
plugged. 

135' PUMP SUCTION TUBE STUDIES 

Effects of Elliptical P ier  Noses and Pier  Perforations 
(Effects exaggerated by using 

abnormally low forebay depths) 
1:9.187 Model 



FLO\V CONDITIONS I M O D E L I  

Dischorge = 2 .74  C F S  

Chonnel Depth = I 042 FT. 

Average Velocity = 7 85 F.P.S. 

FLOW CONDITIONS IPROTOTYPEI 

O~sfhorge = 700 C.F.S. 

Chorlnel Oeplh = 16.92 FT. 

Average Velocity = 23.7 F.P.S. 

FLOW CONDITIONS IMODEL I  

Oir thorge - 2 . 4 8  C.F.5 

Channel Depth = 1.732 FT. 

Averope Velocity = 7.1,FP.S 

FLOW CONDITIONS (PROTOTYPE1 

Dischorge = 633 3 C.F.S. 

Chonr~e l  Depth -15.32 FT. 

Averope Velocity = 21.5 F. P.5. 

135 DEGREE PUMP S U C T I O N  T,UBE STUDIES 
VELOCITY  CONTOURS AT STATION 8-0 FOR 

THE q~ CONSTANT SUCTION TUBE 
DATA FROM 1 9 I87 M O D E L  



FLOW CONDITIONS IMOOEL I  

Dscha rpe  = 2 .74  G.F.S. 

Channel Depth = 1.842 FT. 

Average Velocity = 7.85 F P 5 .  

FLOW CONDITIONS IPROTOTYPEI 

D i rchorge - 700  G.F.S. 

Channel Depth = 16.92 FT. 

Average Veloci ty - 23.7 F.P.5. 

. -. -. .. . Outside o f  Bend 

Inside o f  Bend 

FLOW CONDITIONS I M O D E L I  

Dischorqe = 2 . 4 s  G.F.5 

Channel Depth = 1.732 FT. 

AVe7Oge Veloci ty = 7.1 F.P.S. 

F L O W  CONDITIONS IPROTOTYPEI  

D m h o r p e  = 633.3 G.F.S. 

Channel Depth = 15.92 FT 

Average Velocity = 21.5 F.P.S. 

Dato  P l o t t e d  as  

135 DEGREE PUMP SUCTION TUBE STUDIES 
VELOCITY  CONTOURS AT  STATION A - B  FOR 

THE R V  CONSTANT SUCTION TUBE 
D A T A  F R O M  1 : 9 . 1 8 7  M O D E L  



BETWEEN STA. 6 AND 7 

1.5 

PROTOTYPE 

Li 
2 1.0 

2' d - Djstonce from inside of 

0.5 

o .I .2 .3 .4 .5 .6 .7 .8 -9 l.0 

A. VELOCITY TRAVERSES AT  INTERMEDIATE STATIONS 
IN  THE E R CONSTANT SUCTION TUBE 

FIGURE 14 
REPORT HYD 513 . 

0 5 R CONSTANT SUCTION TUBE 

b RV CONSTANT SUCTION TUBE 

5 

I Cifferentlol reodmgs, bh, obtomed from plezorneters locotad on the crown 
and mvert  of the elbows, 67.5 degrees around the bend. - 

: 
C 

2 4.278 FT' 77070 FT' 
LL 

O 3 
* 
W 
Y 
LL - 
2 2 
a 

I 

0 

PROTOTYPE DISCHARGE ( C F  S 

6. DIFFERENTIAL VS DISCHARGE CURVE 

135 DEGREE PUMP SUCTION TUBE STUDIES 
I N T E R M E D I A T E  V E L O C I T Y  TRAVERSES AND 

D I F F E R E N T I A L  VS DISCHARGE CURVES 

OATA FROM 1: 9.187 MODEL 



FIGURE 15 
F - ' O R 1  HYD 513 

PROTOTYPE DISCHARGE C FS 

135 DEGREE PUMP SUCTION TUBE STUDIES 
S I Z E  OF GRAVEL AND ROCK THAT FLOW WILL SWEEP 

FROM R CONSTANT SUCTION TUBE 

D A T A  F R O M  1:9.187 MODEL 

GPO 835-762 


