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ABSTRACT 

The San Diego Saline Water Test Facility includes a test module to aid designing a multistage 
flash distillation desalting plant. The module contains evaporation, collection, and recirculation 
components. Design of the intake for recirculation pumps required special attention to 
maintain sufficient net positive suction head on the pumps while operating with a fluid near the 
flashing point. With improper intake design, vortex formation or water surface drawdown could 
result in reduction of suction head, cavitation on pump impellers, and severe pump vibration 
from entrainment of vapor. Tests performed on a 1:8.93 hydraulic model of a pump intake 
manifold enabled recommendations for several modifications to the preliminary design, 
alleviating vortex formation and vapor entrainment. Brine mixing devices in the last 2 stages of 
the evaporation trays were tested for effects on velocity distribution. 
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PURPOSE 

The tests were performed to determine tendencies for 
vortex formation and vapor entrainment in the pump 
intake manifold, and to develop modifications or 
appurtenances to alleviate these tendencies. The effect 
of mixing devices on velocity distribution in the 
evaporation trays was also determined. 

CONCLUSIONS 

1. The preliminary design exhibited tendencies toward 
vortex formation and vapor entrainment in the pump 
intake manifold. 

2. Flow improving modifications were developed 
which consisted of changing the location and 
orientation of the pump suction line, widening and 
streamlining the transitions between the evaporation 
trays and the manifold, and installing a vertical solid 
baffle above the intake to the pump suction line. 

3. The tendency toward vapor entrainment was 
reduced, but not eliminated. 

4. The overflow weir portion of the mixing devices 
improved the distribution of flow in the evaporation 
trays, but some asymmetry remained. 

APPLICATION 

The study was performed specifically for the Office of 
Saline Water. However, the results should be of general 
interest to designers of pump intakes. 

INTRODUCTION 

The San Diego Saline Water Test Facility includes a 
test module to aid in the design of a multistage flash 
distillation desalination plant. The module is a 
full-scale facility and includes a portion of the 
complete plant, with representation of the evaporation, 
collection, and recirculation components. 

The design of the intake for the recirculating pump 
would not normally be of major concern. However, 
two considerations occur in the design of multistage 
flash distillation plants which warrant special attention. 
First, for cost efficiency, minimum excavation is 
desired for installation of the recirculating pumps. 
Second, it is necessary to maintain sufficient net 
positive suction head (NPSH) on the pumps even 

though they are operating with a fluid which is at its 
flashing point. With improper intake design, vortex 
formation or water surface drawdown could result in 
reduction of suction head, and cavitation on the pump 
impellers. Also, entrainment of vapor could cause 
severe vibration of the pump. 

INVESTIGATION 

Model Configuration 

The 1:8.93 model represented the final two test stages 
(Numbers 8 and 9) of the test module, the pump 
intake manifold, and a portion of the pump suction 
line. Water was recirculated as in the prototype, and 
provisions were included for simulating the brine 
blowdown (waste water), product water, and raw water 
makeup discharges. The recirculated flow was 
measured with a standard orifice meter and the 
makeup water was measured with an orifice plate in 
the discharge line of a centrifugal pump. A centrifugal 
pump was also used for the recirculated flow. The gate 
valves in the blowdown and product lines were 
calibrated for control of those discharges. 

Fresh water from the laboratory supply reservoir was 
used for the tests. Since the prototype module operates 
with concentrated brine at elevated temperature and 
near-vacuum pressure conditions, the model test results 
were necessarily partly qualitative. 

The Preliminary Design 

The preliminary design is shown in Figure 1. The 
model was designed according to Fluor Corporation's 
Drawing No. 4L-5003. The model was tested for a 
maximum recirculated discharge of 171.5 cfs (4.85 
cms) (prototype), a brine blowdown discharge of 8.5 
cfs (0.24 cms), a makeup discharge of 14.5 cfs (0.41 
cms), and a product discharge of 6.0 cfs (0.17 cms). 
The recirculated discharge minus the product discharge 
results in a rate of flow in the evaporation trays of 
165.5 cfs (4.68 cms). The trays were installed 
horizontally for these tests, and each tray carried 25 
percent of the total discharge. The recirculating pump 
and manifold were designed for this condition, which 
will ultimately occur in the full-scale plant. However, 
only three trays wil l  act as evaporators in the test 
module. 

A minimum manifold water depth of 5 feet (1.52 m) 
occurs temporarily during startup. Figure 2 shows an 
overall view and an end view of flow conditions in the 
manifold with the minimum depth. Air entrainment 



!vapor entrainment in the prototype) was severe, and 
large quantities of air were pulled into the pump 
suction line. A closeup view of the suction line 
transition is shown in Figure 3. Some of the air 
entrainment originated on the downstream side of the 
manifold, where the flow tended to climb the conduit 
wall and air was "folded" into the water. However, 
most of the air entrainment occurred at the entrance to 
the manifold. Figure 4 shows the contracting flow due 
to the shape of the entrance. This contraction resulted 
in higher flow velocities which, with the drop in 
elevation, produced strong surface turbulence in the 
manifold. 

A zero-pitch (plane) vane in the pump suction line 
showed no tendency toward consistent swirling action 
in the suction line. The vane wavered back and forth, 
but rotation in either direction did not develop. This 
observation held for other manifold water depths. 

For a manifold water depth of 6 feet (1.83 m), air 
entrainment was much less severe, as shown in Figure 
5. Surface turbulence was reduced because of the 
smaller elevation difference between the water surface 
in the evaporation trays and the manifold water 
surface. 

With the maximum depth of 7 feet (2.13 m) in the 
manifold, air entrainment was negligible and operation 
was entirely satisfactory, Figure 6. 

The discharge was increased above the maximum 
design value to determine tendencies toward vortex 
formation above the suction line. The manifold water 
depth was held constant at 7 feet (2.13 m). Small, 
unstable vortices formed on the water surface above 
the suction line for recirculating discharges less than 
about 370 cfs (10.47 cms) (216 percent of maximum). 
These vortices entrained small quantities of air but did 
not exhibit a constant direction of rotation. The 
intensity of the surface action increased with an 
increasing discharge. At Q -- 370 cfs (10.47 cms) the 
direction of rotation was predominantly clockwise. 
Similar conditions were observed, with increased 
strength of rotation, up to Q = 460 cfs (13.02 cms) 
(268 percent of maximum). 

Figure 7 shows the results of air entrainment and water 
surface drawdown tests for discharges up to the 
maximum of 171.5 cfs (4.85 cms). For a given 
discharge, the manifold water depth at which 
significant amounts of air began to be entrained was 
determined. The water surface drawdown above the 
suction line was measured at manifold water depths of 
6 and 7 feet (1.83 and 2.13 m) for various discharges. 

At a water depth of 5 feet (1.52 m), the water surface 
was too rough to allow a reasonably accurate 
measurement of the drawdown. The curves indicate 
that a maximum drawdown on the order of 
approximately 1 foot (0.30 m) might be expected. 

Tests on the preliminary design indicated that air 
entrainment in the manifold might be reduced by 
streamlining the sides and bottom of the transition 
between the evaporation trays and the manifold, and 
by widening the transition to reduce the flow velocity. 
Also, use of a perforated baffle, as shown in Figure 8, 
helped alleviate air entrainment during operation at the 
minimum manifold water depth. A four-vane flow 
straightener, placed in the suction line transition 
immediately below the manifold, did not inhibit vortex 
formation. 

The Modified Design 

The model was modified to include widened, 
streamlined transitions from the evaporation trays to 
the manifold. The location and orientation of the 
pump suction line were revised to correspond with 
Fluor's Drawings No. 4-5503 and 4-5504. The 
prototype slope of 0.4 foot (0.12 m) per stage was 
installed in the evaporation trays. The evaporation tray 
mixing baffles were temporarily simulated with metal 
blocks placed in the trays. The revised model is shown 
in Figure 9. Some of the features shown will be 
described later. 

At the minimum manifold water depth of 5 feet (1.52 
m), air entrainment was essentially the same as 
observed in the preliminary design. Although the 
streamlined transition section eliminated acceleration 
of the flow through the scction, the higher tray 
velocity due to the slope allowed turbulent surface 
flow to continue into the manifold. Also, a 
well-established vortex tended to form above the 
suction line. Flow conditions are shown in Figure 10. 
With a manifold water depth of 6 feet (1.83 m), air 
entrainment was greatly reduced, but the tendency 
continued for vortex formation above the suction line, 
Figure 11. At a depth of 7 feet (2.13 m), Figure 12, 
performance was satisfactory. A thin horizontal vortex 
formed near the manifold centerline, but very l itt le air 
was drawn into the suction line. 

Similar conditions were observed with 75 percent of 
the flow through the three right trays. Flow conditions 
at the minimum manifold water depth are shown in 
Figure 13. 

A vertical baffle wall suspended from the crown of the 



manifold above the suction line was successful in 
alleviating the vortex. The minimum wall dimensions 
necessary to maintain control of the vortex are: 20 feet 
(6.10 m) wide and 5 feet (1.52 m) high. Thickness of 
the baffle is not important. Figure 14 shows the 
proposed baffle arrangement and pier shape. Flow 
conditions with the baffle are shown in Figure 15. This 
photograph also shows the vaned flow straightener in 
the suction line transition. The straightener was 
reinstalled as an additional safeguard against vortex 
formation. 

The baffle, even if extended the full length of the 
manifold, did not control air entrainment. A horizontal 
perforated plate, used successfully in the preliminary 
design, was also ineffective. 

Evaporation Tray Mixing Devices 

The model was modified to include the longitudinal 
structural members between the trays and the 
interstage dividers between Stages 7 and 8, and Stages 
8 and 9. Each divider consisted of a wall across the 
three evaporation trays, Figure 16. The bottom of the 
wall was approximately 2 feet (0.61 m) above the 
invert. At  the bottom of the wall was fastened an 
adjustable plate (hereafter referred to as the underflow 
weir) which could be lowered to within I0 inches (0.25 
m) of the tray invert. An 8-inch-high (0.20-m) overflow 
weir was installed 2 feet 9 inches (.,84 m) (prototype) 
downstream from the underflow weir. This device was 
designed for the purpose of maintaining a well-mixed 
brine solution. 

Velocity measurements were made with a miniature 
current meter about 14 feet (4.27 m) downstream from 
the start of Stage 9 (approximately 5 feet (1.52 m) 
upstream from the transition into the manifold). The 
test flow rate was 820,000 pounds per hour per foot of 
width through the three trays (about 165.5 cfs (4.68 
cms) total flow). The underflow weirs were set at 16' 
inches (0.41 m) above the invert and the manifold 
depth was maintained at 7 feet (2.13 m). Velocities 
were measured with and without the overflow weirs. 
Flow depth at the measuring section was about 2 feet 
(0.61 m) for both conditions. 

The test results, Figure 17, showed that the overflow 
weirs resulted in a more uniform distribution of 
velocity across the depth of flow, as compared to the 
distribution with the underflow weirs alone. The 
transverse asymmetry was also reduced by the overflow 
weirs. The apparent reduction in average velocity with 
the overflow weirs was probably due to the slightly 
increased depth at the measuring station. 



FIGURE 1 
REPORT HYD-597 

SALINE WATER TEST FACILITY 
1:8.93 Scale Model 
Preliminary Design 

Photo P800-D-65468 



FIGURE 2 
REPORT HYD-597 

SALINE WATER TEST FACILITY 
1:8.93 Scale Model 
Preliminary Design 

Manifold Depth = 5 feet 
Q = 171.5 cfs 

Top Photo P800-D-65469 
Bottom Photo P800-D-65470 



FIGURE 3 
REPORT HYD-597 

SALINE WATER TEST FACILITY 
1:8.93 Scale Model 
Preliminary Design 

Manifold Depth = 5 feet 
Q = 171.5 cfs 

Photo P800-D-65471 



FIGURE 4 
REPORT HYD-597 

SALINE WATER TEST FACIL ITY 
1:8.93 Scale Model 
Preliminary Design 

Manifold Depth = 5 feet 
Q = 171.5 cfs 

Top Photo P800-D-65472 
Bottom Photo P800-D-65473 



FIGURE 5 
REPORT HYD-597 

SALINE WATER TEST FACILITY 
1:8.93 Scale Model 
Preliminary Design 

Manifold Depth = 6 feet 
Q = 171.5 cfs 

Top Photo P800-D-65474 
Bottom Photo P800-D-65475 



FIGURE 6 
REPORT HYD-597 

SALINE WATER TEST FACILITY 
1:8.93 Scale Model 
Preliminary Design 

Manifold Depth = 7 feet 
Q = 171.5 cfs 

Top Photo P800-D-65476 
Bottom Photo P800-D-65477 



FIGURE 7 
I~ ~p(~ RT HYD-597  
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FIGURE 8 
REPORT HYD-597 

SALINE WATER TEST FACILITY 
1:8.93 Scale Model 

Preliminary Design with 
Horizontal Perforated Baffle 

Manifold Depth = 5 feet 
Q = 171.5 cfs 

Top Photo P800-D-65478 
Bottom Photo P800-D-65479 



FIGURE 9 
REPORT HYD-597 

SALINE WATER TEST FACILITY 
1:8.93 Scale Model 

Modified Design 
Photo P800-D-65480 



FIGURE 10 
REPORT HYD-597 

SALINE WATER TEST FACILITY 
1:8.93 Scale Model 

Modified Design 
Manifold Depth = 5 feet 

Q = 171.5 cfs 
Top Photo P800-D-65481 

Bottom Photo P800-D-65482 



FIGURE 11 
REPORT HYD-597 

SALINE WATER TEST FACILITY 
1:8.93 Scale Model 

Modified Design 
Manifold Depth = 6 feet 

Q = 171.5 cfs 
Top Photo P800-D-65483 

Bottom Photo P8O0-D-65484 



FIGURE 12 
REPORT HYD-597 

SALINE WATER TEST FACIL ITY 
1:8.93 Scale Model 

Modified Design 
Manifold Depth -- 7 feet 

Q = 171.5 cfs 
Photo P900-D-65485 



FIGURE 13 
REPORT HYD-597 

SALINE WATER TEST FACILITY 
1:8.93 Scale Model 

Modified Design 
Manifold Depth = 5 feet 

Q = 128.6 cfs 
Photo P800-D-65486 



FIGURE 14 
REPORT HYD-597 
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FIGURE 15 
REPORT HYD-597 

SALINE WATER TEST FACILITY 
1:8.93 Scale Model 

Flow Conditions with Manifold 
Baffle 

Manifold Depth = 5 feet 
Q = 171.5 cfs 

Photo P800-D-65487 



FIGURE 16 
REPORT HYD-597 

SALINE WATER TEST FACILITY 
1:8.93 Scale Model 

Evaporation Tray Mixing Devices 
Photo P800-D-65488 



FIGURE 17 
REPORT HYD-597 
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CONV~ION FACTC~TISH TO MEI~IC UNITS OF M E A ~  

The folluwin~ conversion factors adopted by the Bureau o£ Reclamation are those published by the American Societ~ for 
Testing and Materials (ASI~ Metric Practice Guide, January 1964) except that additional factors (*) c~m*m~17 used in 
the Bureau have been added. Further discussion of definitions of quantities and units is given on pages i0-ii of the 

Metric Practice Guide. 

The metric units and conversion factors adopted hY the ~ are based OD the "Internatlo~al 8yet~ of Units" (designated 
SI far S~steme Int~metional d'Unites), fixed hY the International Committee for Weights and Measures; thiB s~stem is 
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cen te r  for sea level at 45 deg latitude. The metric unit of force in SI units is t h e  newton (N), which is defined as 
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bo~ is that force with which a bo~ is attracted to the earth and is equal to t h e  mass of a body multiplied by the 
acceleration due to gravity. However, because it is general practice to use "pound" rathe~ than the technically 
correct term "pound-force," the term "kilogrem" (or derived mass unit) has been used in ~his guide instead of "kilogram- 
force" in expressing the conversion factors for forces. The newton u n i t  o f  force will fiDd increasing use, and is 
essential in SI units. 
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A B S T R A C T  

The San Diego Saline Water Test Facility includes a test module to aid designing a multistage 
flash distil lation desalting plant. The module contains evaporation, collection, and recirculation 
components. Design o f  the intake for recirculation pumps required special attention to 
maintain sufficient net positive suction head on the pumps while operating with a fluid near the 
flashing point. With improper intake design, vortex formation or water surface drawdown could 
result in reduction o f  suction head, cavitation on pump impellers, and severe pump vibration 
from entrainment o f  vapor. Tests performed on a 1:8.93 hydraulic model o f  a pump intake 
manifold enabled recommendations for several modifications to the preliminary design, 
alleviating vortex formation and vapor entrainment. Brine mixing devices in the last 2 stages o f  
the evaporation trays were tested for  effects on velocity distribution. 
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