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Fluid dynamics secret to
pressure-hooster record

Eli Oklejas and Ryan Kitzmiller, Fluid Equipment Development Go (FEDCO), USA

Editor's note

At the recent EuroMed confierence in
Tel Aviy, Israel, those on the FEDCO
booth at the exhibition were all

the performance achieved by the
company s turbocharger energy-
recovery device (ERDY) for the

Jeddah 111 seawiter reverse-nsmasis
desalination project. & condition of the
contract was that the ERD transfer
efficiency excoeded 80%:, something
which had never before been achieved.
Mot only did the FEDCCO maching hit
the target, but the company predicts it
con go even higher.

Iee history of science and industry
I is litbered with famously wrong
predictions. This article will

addrezs vet another prediction and show
b FEDCO proved the “expert™ wrong,

Background
With 240000 11.'|-:|-'|,| ol permenis
production divided into L6 trains, the
Jeddah 11 seawater reverse-osmosis
{5WRON desalinatrom facility will b the
latest mapor SWRO plant m Saudi
Arabia

Bioth Saline Water Corversion
Corporation (SWCC), as the system
owner, and Docsan Heavy Indusiries, as
the engineering, procunement anmd
construction contractor, sought a
cambination of high-energy efficiency,
reliability and low capital cost in this
prestigious project. The energy-recovery
device (ERD). now ubiquitaus. in karge
SWHROD projects, plays a decizive role in
achieving those ohjectives.

FEDC O was selected to provide the
ERD= in the form of 16 HPB-1400
Hydraulic Pressure Boosters
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transfer efficiency of BOL4%. The
supplier was mindful of the challenge of
achieving thas target, since no
commrrrgial o boclsge hod achicved a
reliably reported efficiency near that
value.

As indicated in Figure 1, the HPFE
consists of @ pump section and o furbine
section linked by a common shaft, The
HPB turhine section converts bring
hydroulic energy into mechanical power,
which then drives the pump section. The
feed bops provided by the HPB reduces
the high-pressure pump (HPP) discharge
pressure, thus reducing energy
comsurmplion as well as the sioe of the
HPP and maostor.

Brine flow and pressure control is
provided by a vanable-area puxiliary
turhime morele, Bane never mixes with
the fead and the streams can be of
different pressurcs and flow rates.

A fiewe vears apo, a desalmation
indusiry ERD expert confidently
predicted that a turbocharger would
never reach 0% transfer efficiency. As
miepsure of his confidence, he made an
open LSS 10000 challenge pavable to
anvone who could achicve it. This is the
story of how FEDCO met the contract

requirements and in the process proved
the ERD expert wrong.

Defining the challenge

Transfer efficiency (Mie) is defined as
the ratio of hydraulic energy in the fieed
stream added by the ERD to hydraulic
enengy in the brime stream available 1o
the ERD and may be calculated by:

MNie = Mf x Ny [1]

where
Nr =Efficiency of extraction of brine
hydraulic energy
NI = Efficiency of mereasing feed
hydrwulic energy from nel
avinlable brine enerey

Transfer efficiency is an imperfect
measure of ERD performance. For
L,'.!li.i||'l'l|'l|l..', mokkerie chamber ERDs claim o
high transfer efficiency, but create other
cnergy loases not capiured by this
parameter, such as brime/feed mixmg and
energy required by external booster
pumips.

[n the case of the HPB, transter
efficiency comes withoul any coveats,
disclaimsers or excepiions. But, wihy
wioild an ERD expert claim that 80%
was an impossible performance?
Transfer efficiency

{HPBs, also knivm as
turbochargers). A key

“Everything that can be invented has been invented.”
Charles H Duall, Commissioner, US Office of Patants, 1299

equals HPE turhine
efficiency (Nr) times

reguirement was 1o obtaim o

HIFE pump
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The starting point

All FEDCOD HPB impellers and diffusers
are machined from bar sock using
customized Computer Mumernical Control
{CHC) machining programs generated

by propriety hydraulic design software,
Thus, the HPBs wene already
beneficiaries of smaeoth flow chammels
with precise control of the flow path
geometry from inlef to outlet

All HPE rotors are manufactiured as a
one-piece unit thus displaying
exceptional rigidity, This permils precise
tederances therebey allowing reduced
imtermal clearances and hence reduced
leakage losses.

The meost daunting challenge was to
obiain accurste CFD performance
|'|n.'|:|'i|,:I:i|_'|11:t Tor the |,:|.|r|1|'||-r_':-: HPE Musd
gystem. Onee accomplished, numenous
bydrauhc designs could be analvtically
evaluated before cutfing metal. Hundreds
of CFD analyzes wene performed, some
of them requiring trillions of computer
cilculations,

First partial soale test

The company decided 1o apply its
optimized CFID analysis to an HPB-350
{nominal feed flow of 350 m3/h) being
built for another customer. The quoted
efficiency requirement was 73%; an
ambiteous value by current turbochorger
stamdans,

However, FEDCO used this
opportunity o perform an in-depth CFD
design development to push the
efficrency to a higher value, The final
design displaved significantly ditfferent
flow chanmel geometry from the
cormpany s standard designs. The
4.1e.:'.-'-e.:|-:_:-|'.n,:rx WEE m I||nl:n|1wn 1|..-'r|-iI4_'|1':.'._
and the fesf would 1]l a lod about thea
mastery of UFLI in a complex fluid
system,

The resuliz exceeded FEDOD S best
hiopses. The systam achieved T
efficiency at the customer duty point and
the desired wrbine flow resistance on the
first test. Just as importantly, the test data
matched predicted values within 1%,

Given the fact that the HPB- 14404
would be 4 fimes of capacity of the
HPE-350 and additional refinements
wioulld be performed, there was good
regsen to expect S804+% efficiency, Mobe
thast scaling up the size of a Mow

Figmre 3 = Geemeral view of fIPE fest systew

miaching such as the HPB avtomatically
provides an efficiency improvemend s
frictional losses become proportionaiely
grmaller.

A note about testing
FEDCOY: toat avatem necds high
accuracy to confirm that customer
requirements have been achieved.
Howewer, for advanced performance
optimization, an extra measure of
accuracy is needed. Therefore, highly
preciss pressure measuremants wers
|_‘||.:1.'|.:||1|'H.:|;| with consestencees of betler
thian .1 % across the test presaure range.

With this level of measurement,
VIS minor design inerements can be
eviluated and implemented as warranged
A series of minor imperovements can
quickly add up 1o a significant
pertormance gaim,

]:"i;__'un: % shwowvs Vhe gt |-:_h:_|p The tall
vertical pipes meet requirements of the
Hydraulic Institute lesi Uodes for

prCCIsIon pressune measurements but are
nod required for HPB operation

Az illustrared in Figune 4, girmulated
permeate flow is reintroduced into the
HPB feed mlet pipe. This reduces the
Ao throwgh the high-pressure pump
(HPP to that of the brine floe, Tha o
given zize of HPP can fest a somewhat
lnrger HPE than would be otherwise
possible. There 13 absolwiely no effect on
the accuracy of the test data and its
applicability to standard RO system
configurations,

'I'n:nal'ur-nzl'l'iru.:m:;-' fesdung r-l.:|.||,.|ir|.:x
measurement of the pressuse at the four
pipe connections to the HFE, two flow
rates and teed temperature. Please reter
L%} F'lglln.' 4 for instrumenttion 'In:,.u,'-n.l

A cooling systern controls test-loop
temperature. Mote that valve V1 is wsed
for acjust simulated permeate production

The compemy has 2 high lewel of
confidence in the test data, partly due to
the fact that Fratt & Wihitney

' A SSD-1000

Permeate recycle line

HPB-1400

Fipmre 4 - Tesr ooy disgrom
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Figare 5 - S30-To00 FNPF sl sivgor amd fear

“(H.'kl\.'lil_‘flll_' cirlmcted 4 lllin.|-p:|r|.:.-'
review of the turbocharger test system.

Project spin-off

An interesting spin-off of this project
was development of a new HPP to fest
the HPB- 1400, Motable features include
singhe stage end-suction design and an
impelber and diffuser machined from bar
stock. This pump joins other models in
the 551 product line,

Al bydraulic passages were optimieed
with CFD analvsis just as with the HPB-
[ 4iWd. Diesignated the SSD0- 106D, this
pump exhibited excephional performance
that will be reported in a future paper
Figure 6 shows the plusnp on the test
stand.

The S50-1000 was designed to
develop maximum efMiciency o the
HFE-1400 duty point brine low and
pressure. [hee 1o miotor power
limitations, testing was ot about 75% of
the duty e

The moment arrives

On 27 September 2000, the first HPB-
1M, 2enal number 3053, was tesied,
The team was elated when the test
computer showed readings of transter
efficiency ranging from S0% to nearly

&1% with an average set of data poinis of

2#0.4%. It is important to e that this
was a tree efficiency, not adjusted or
I!.!:I:.ITiIFII1|.iI|"!.!|:| im any wary,

[nereasimg the flow o the duty value
would be expected to raise efficiency by
appraximately 0.3% thus taking the
efficrency to about B, 7%

TI'II.' IJI'Ii| SRS Ijl.'!iiﬂ'lll_'li r|1r A |'|||.in|
density on the feed side about 2% Lower
than on the turbine side (due to different
¥ levels between the feed and brne
streams ). However, on the fest stamd, the
fluid densities were the same, Using
fluids with the design densities would
have raised efficiency by approximately
01, 1%,

From the above factors, the efficiency
i field operation 15 expected to be about
LAY,

The FEDCO team

Chme of the authors (Kitemiller)
|,1|.'1.'|,'I|1|'u,'|;| FEM {¥s CFID ;|ni|.I:,-'.x'ix anid
the ldeaulic design of the HPB-350 and
HPBE- 14 among others. Jason Hunt
designed the test [oop and the data-
pequisition system, Ryan Osbom was the

Figmre T -

P & - FIMH- 1400 ar tae fest st

[ [ ] 11.:|.:|'|ni-;,:i;|n. .-"-r-lne.:r I|1|-|.: ql.-:_:l.:l..w‘:ﬁd lesl,
the entire FEQC) staff and management
cnjoyed a long and happy lunch at a
nearty restauran

What next?

FEDCOs present designs in larger units
with further refinements may schieve
f3-B4%, Mo exatic .'I';-'I_‘lliill.llﬂ mriij':l'h
may achicve 86% (92.7% component
ctficiency) or higher.

HPEs with feed Aow rates of up to
4,000 m3M are being designed. Units of
[ 0L000 m3h or more are feasible.

It remains bo be seen if the ERI
exper will make good on his
LSS 10,000 clallenge. Tle comjpany
hopes that he does, as the money will be
donated to severn] water-related chaorities
and ri|:||-:p|:|.m||i|'| PrEErams,

Kyaw Kizoediler (righel, Syoe Osboen (oo and Aesor Bioog wick ove FPE- T3040
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