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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 an 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 medifications 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,
coliection, 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 sven

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 7:8.93 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 crifice 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 thase 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-b003. The model was tested for a
maximum recirculated discharge of 171.5 cfs {4.85
cms) (prototype}, a brine blowdown discharge of 8.6
cfs {0.24 cms), a makeup discharge of 14,5 cfs (D.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
1656.5 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 manifcld were designed for this condition, which
will ultimately occur in the full-scale plant. However,
only three trays will act as evaporators in the test
module, \
A minimum manifold water depth of 5 feet {1.62 m)
occurs temporarity 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 criginated 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
1o 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 (1.8B3 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 1715 cfs (4.B5 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.

_ The model

At a water depth of b feet {1.62 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

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. 4-55603 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
ohserved in the preliminary design. Although the
streamlined transition section eliminated acceleration
of the flow through the section, 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 vartex 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 little air
was drawn inta 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
(6.70 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
conditicns with the haffle 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 longtudinal
structural members between the trays and the
interstage dividers between Stages 7 and 8, and Stages
B 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 10 inches (0.25
m) of the tray invert. An B-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 (1.62 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 1665 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 |7, 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 cverflow
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
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SALINE WATER TEST FACILITY
1:8.93 Scale Model
Preliminary Design

Photo PB00-D-65468




SALINE WATER TEST FACILITY
1:8.93 Scale Madel
Preliminary Design

Manifold Depth = 5 feet
Q=1715cfs
Top Photo P800-D-65469
Bottom Photo P800-D-65470

FIGURE 2
REPORT HYD-597




FIGURE 3
REPORT HYD-597

SALINE WATER TEST FACILITY
1:8.93 Scale Model
Preliminary Design

Manifold Depth = 5 feet
Q=1715b¢cfs
Photo P800-D-65471




SALINE WATER TEST FACILITY
1:8.93 Scale Model
Preliminary Design

Manifold Depth = 5 feet
Q=1715cfs
Top Photo P800-D-65472
Bottom Photo P800-D-65473

FIGURE 4
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FIGURE 5
REPORT HYD-597

SALINE WATER TEST FACILITY
1:8.93 Scale Model
Preliminary Design

Manifold Depth = 6 feet
Q=1715cfs
Top Photo P800-D-65474
Bottom Photo P800-D-65475




SALINE WATER TEST FACILITY
1:8.93 Scale Model
Preliminary Design

Manifold Depth = 7 feet
Q=1715cfs
Top Photo P800-D-65476
Bottom Photo P800-D-65477

FIGURE 6
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FIGURE 7
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SALINE WATER TEST FACILITY
1:8.93 Scale Model
Preliminary Design with
Horizontal Perforated Baffle
Manifold Depth = 5 feet
Q=1715¢cfs
Top Photo P8Q0-D-65478
Bottom Photo P800-D-65479

FIGURE 8
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FIGURE 9
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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=1715cfs
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=1715cfs
Top Photo P800-D-65483
Bottom Photo P800-D-65484




SALINE WATER TEST FACILITY
1:8.93 Scale Model
Modified Design
Manifold Depth = 7 feet
Q=1715cfs
Photo P900-D-65485

FIGURE 12
REPORT HYD-597




FIGURE 13
REPORT HYD-597

SALINE WATER TEST FACILITY
1:8.93 Scale Model
Maodified Design
Manifold Depth = 5 feet
Q=128.6cfs
Photo P800-D-65486




FIGURE 14
REPORT HYD-B97
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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=1715cfs
Photo P800-D-65487




FIGURE 16
REPORT HYD-597
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SALINE WATER TEST FACILITY
1:8.93 Scale Model
Evaporation Tray Mixing Devices
Photo P800-D-65488




FIGURE 17
REPORT HYD-597

743

Water surface
Q o

A

' 9]
3 n
N

Left side facing
downstream

|
|

L

L.

NOTES

Discharge = 820,000 ¥/hr/ft
Orifice Hgt = 18" above invert
Velocities in feet / sec.
Manifold Depth = 7.0

2.0

2.0

2.0

. — O . 2~
| W m-q— ol

==

WITHOUT OVERFLOW WEIRS

i ©

Water surface

3.0

WITH OVERFLOW WEIRS

SALINE WATER TEST FACILITY
1:8.93 Scale Model
Velocity Distribution in
Evaporaticn Trays
{14 feet Downstream from start
of Stage 9)

GPO 85B-904




7-1750
(10-64)

CONVERSION FACTORS--BRITISH TO METRIC UNITS OF MEASUREMENT

The following conversion factors adopted by the Burean of Reclamstion are those published by the American Society for
Testing and Materiala (ASTM Metric Practice Guide, January 1964) except that additicpal factora {#) commonly used in

the Bureau have been added, Further discussion of definitions of quantities and units 18 given on regee 10-11 of the
ASTM Metric Practice Guide,

The metric units and conversion factora adopted by the ASTM are based on the "International System of Units" {Gesignated
SI for Systeme International d'Undtes), fixed by the International Committee for Weighte and Meseures; this gyatem ise
alac known ap the Glorgl or MKSA (meter-idlogrem (mass)-second-ampere) aystem, Thia gystem hae been adopted by the
Interneticnal Organization for Standardization in IS0 Recommendation R-32,

The metric technicel unit of force i1a the kilogram-force; this is the force which, when applied to a body having a

mase of 1 kg, glves it ap acceleration of 9.80665 m/sec/eec, the etandard acceleration of free fall towerd the earth's
center for gea level at 45 deg latitude, The metric unit of force in SI units ia the newton (N), which is defined as
that faroa which, when applied to & body having e mess of 1 kg, gives it an acceleration of 1 m/sec/sec., These urdts
must be dlgtinguished from the (inconstant) local weight of & body baving a mass of 1 kg; that ia, the weight of a

body is thet force with which a body is attracted to the earth and is equal io the mass of a bhody multiplied by the
acceleration due to gravity, However, because it is generel practice to use "pound" rather than the technisally

correct term 'pound-force,” the term "kilogram" {or derived mwaes unit) has been used in $his guide instead of "klogram—
foree" in expressing the conversion factora for forcea, The newtop urit of force will find inoreasing use, and ia
egsentlal in SI units.

Table 1
SUANTITIES AND UNITS OF SPACE

Multiply By To obtain
LENGTH
. 25.4 (exactly). . . . . . . . Moran
Inches . . . . . .... .. 25,4 (exastly). . . . . . . . Mllimsters
2.5L(amtlygl......60nt1mters
Feel . . . . .. ... ... 30.48 (exactly v 0 v+ v+ Contimeters
0.3048 (exmctly)» . . . , ., Meters
0.0003048 {exactly}e . . . . Kilomsters
YardB, . v o oo v v e e e . 0.9144 (axastly) . . . . . . Meters
Miles (mtatute) . . . ... 1,609.34k (exmctly}® , ., . . . . Metere
P 1.609%44 (exactly) . . . . . Kilomatern

Square feet, , ., ., . ... 9295.01 (exmetly)», , . . . . , Square centimeters
0.092903 (exactly) . . . . , Square matara
Square yarde ., . . . . . . . 0.836127 . . . . ... .. .Square matere
Asres, . . ... .. 0.40469% . . , ., ... .., Hectares
e e e e e e e . 4046090, , L., ..., .. .Square meters
Q. s s s e« 1 o . Square Xlometers
Square miles . , . . ., . .. 2.58999, . . . . . . . . .Square xilometers
YOLUME
Cubie inches ., , . . . . .. 16,387, . . . ... . . . .Cuble centimetears
Cubdo fest . . . . ... .. 0.0283168 . ., ., .. . . . Cuble meters
Cuble yards, . . . . . . ., . 0.764555. . . . . . . s s s Cuble meters
CAPACITY
Fluid ownces (U.S.) . . . 29.5737. . . .+ v v+ .. . Cubde centimatars
PN 295729, . v v v v v+ .. . Mlliliters
Liquid pints {0.8.) . . . 047179, . . ... ... .Cubic decimatsra
04766, . . .. ... .. Liters
Quarts (0.8.). . ., ... 9,463.58. , . . ... .. ... Cublc centimeters
0.946358, . , . . ... . .Liters
Galloma (U.8.) . . .. .. 3,785.43% . . . ., .....,., Cubic centimsters
e . 378543 . . . . . .. ... Cuble decimaters
378533 . .. ... ... .Liters
0.00378543= , . ., ., . . . . Cubic metere
Gallema (UK.) , . .. .. 454809 . ., , ... ... . Cuble decimeters
4.54596 . , . . ..., .., Liters
Cublg feet . . ., ... .. 28,3160, . . . ... ... .Liters
Cublc yarde . , . . ., .. 764,554 . ., , .., ..., ..Liters
Aore-feet, . . . . . .. . 1,233.5# ., . ... . ¢ .. . Cuble motere
s e g s s o o . 1,233 300« s s x s s s+ 4 a4 . . Litera




Table 1T

QUANTTTTES AND UNITS OF LECHANTCS

Multiply By To abtain Multiply By fa ottain
pass FORCE®
Gruins (147,000 18) , , , . . ., 6479691 (exactiy). . . . . .. . . Mligres Pourds . . .. ... 0.453592% . .. ... .., Kilograms
Trqyou(w:;p(mgms.m).... zs.ﬁ:‘*!.....-........th'lm 4.4482*..5; v e e-. Nowtons
Ouncea (a f e s a e s o Qraze PP SN SR S S S 44482 x 10°7% . . . . . . Dyoea
Pounde ( e e e s e s 0,453%9277 (exmctly) . . . . . . . Kilogrems
Short tone (2,000 30 . . . .. W .. ... ... .. ... . Ellogrem —HORE.AND ENERYS
ve e as 0907185 . . . . . .« v s« 1 o Mutric tome
!EIW(Z,ZI.DR).....1!1605....,..........Kl'lna-:mm Bﬁtishtherml\mite(m)...10;;-22*...........l!rlilog':nmullm-ies
AHEA Btu per pamd. 2.326 (exmetly). . . . . . . Jooles per gram
FORCE /ATE Footpoards, . . . .. ..., . 13552 ..........Joules
Pourds per oquare Inch . . . . 00307 . . . e v s s 0 2+ = - Kilograme square centimater
ea .. DB ... .......... RNevions par square imeter oVl
Pourds por aquare foot . , ., . 488243 . . . ... ... ..., Klogrome per aquare meter EOTEBOPOWOr . o + o o 4 4+ + s+« » TAE00. . ... ... ... . Vatle
e s s o AT.BEO3 . . . . 4 4 s s a sy 3 . . Rewions per square meter Btu per e e e 0.23307L . . . . v« « « . . Waits
MASS VOLIME (DRNSITY) Foot- perseccnd . . . . . . 1.35582 . . . 4 o-o- s .- - Hatts
HEAT TRANSFER
(unces per cuble imoh , ., ., . . 172999 . . . 44 s 4 s s = = » Grems par cuble eentimetar
Pounds per cuble foot , . . .. 160185, .. .......... . Kilograme per cubic meter Btu in./hr £12 deg F (K,
T To.meonas’ . ... .. ... .. .Grems per cublc cembimeter therml conduntivity) . . . . . 1442 .0 v oo v o o o . Mllivatta/em deg ©
Tons cubde e . 1.3289%. . . .4 4 s s s o . . . Grems per cuble cembimetar e e 01240 . & vw v v v et . . Eg val/hr m deg ©
Btuft/hr (42 deg F . . 0 . . . . 1.4880% , . . .......EKgeslohrm® degC
WASS /CAPACTTY Btu/hr £12 deg F (C; thermal - Jex2
copduntance) , ., . . - . o . . . 0568 . ... ... 111 watts, c
Ounces per gallon (U.5.). . .. 74893 . . . v o v s s o « 4 - « . Greme per liter . P R ) ,.2.1,:“&
Ounces per gallom (0.K.}. . . . 6.2362 . . . . . 4 o s s 4 s o o o Qrame por liter Deg F hr £t2/Btu (R, thermal
Poumnds per gallon (8.8.}. . .. 119.89 .. ... .. v 4 e s o s o Grams per liter regiotance} . 1.7%1 ... . .+ ...beg ¢ cr?/milliwatt
Pounds per patlon (0K}, ... BT . . . ... s s s s s . . . Oveme per liter m“/fibdegr(c hgat.upncit,y). 41868 . . . ... .....0/gdegC
BENDING MOMENT OR TORQUE Btu/lb deg F . L0008, L ... .. R 1 deg C
Fi?/br (thermal diffesivity) . . . 0.25&1.........‘..5?1/-&
Inoh-podde . « o+ v = . = . 0011521 . ... v v 2 v o = o o o o Meter-xilograme 0.09290% . , . . . ... . . MHr
c et s e e e e 112985 x 106 , ., ... ... . Centimstar-dynes
Foot-pounds . . o . . .... . OQLI53 Lo . ... Meter-kilogrens WATFR_VAPOR TRANSMISSION
e e e e e PN 135582 x 107 . L .. .00 e e ] Grains/hr £42 (water vapor
Foot-pounda per imch . . . . . S.4431 . . ... e v s 4+ s+« « Contimstar-kilogreme per cemtimeter tmﬁ:mm()r _____ - 2 Qrams /24 hr m?
Oumpe-inches ., . . . . o s . . TRO0E . o, o300 o g oo . . o Orumcen Pormo (pormeance). . . . . . . 4 . 065 ., . . a0 o oo s Metric perms
VELOCITY Pem-imhes(purmnhﬂ;t]).... 1.67 . . . .y 4w . .. . . Matric permcentimeters
Feet per socond , , o 4 4+ » o 3‘0).48(( )i......_...centimwrapermmﬂ
.Manctl_.z e e w e o s o o Matars Der eecond Table ITI
Feet per year . . . o v o o o« 0.965873 x e+ e s = s =« o Contimeters por second 282e8 222
Mlea per hour , . o ¢ » = « -  1.609344 (exmctly) . . . . ... . Ellometers par hour __OTFER QUANTITIES AND UNTTS
0,.4470; (exactly) . ., . . . . . . Msters per secomd Baltiply By To obtain
ACCELERATION® Cublo feet per)oqum foot per
Feat = NN 3 duy (ssopege) . . . . . .. . 304.8% i e+ e e« e .Liters per square meter per day
Jper_sac 0,304, ., . . . . s 24 s« . .. Meterg per sscond _seccnla per SquUATS
FL.OW {vimeosity). « .« v 0o s . . ulagmneeaulpermmmtar
Cubic feet per socond (esconde feat per 4 (viscosity) Square meters per Secand
feet) . . . .. .0 04.4 002831, . ,,.........OCudoooters per second Tahrenheit degrees ( )*..- Celsius or Kelvin degrees (change)»
cmereztpe:)‘mu..... OATI9 . . . o . v oo .4+ o+ Liters per secand Volta per mil. “roct et Hlovolts per millimeter
Gallons (U.8,) per mixute , . . _ 0.06 s s s s os n o s s s o Liters sscond Lumaparaqmre =
L BeT candles) 10764 . .+ « s o« + s « » Lumens per squsre meter
(hm-cireular pdle per foot . . . . 0001862 . .. .. .. . ,(hE-aguare per mater
Millicuries per cubie foot , . . . 5. 7047* . . . .. . . - . o Mllicuries per cuble meter
Miiliamps per square fook . . . . 107639-..........Iﬂmampaperqummtar
Gallong per mguare yard | . . . . 4.5m9'.........mterapersqummhr
Porda perdnch, . . . . . ... o 0.17858* . . . . . . . . . .Kilogreme per centimeter
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ABSTRACT

The San Diego Saline Water Test Facility includes 2 test module to aid designing a multistage
flash distitlation desatting plant. The module contains evaporatian, 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, cavitatian on pump impellers, and severe pump vibration
from entrainment of vapor. Tests performed on a 1:8.93 hydraulic model of a pump intake
manifald 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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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 savere pump vibration
fram 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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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 recireulation
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.

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 farmation 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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