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Figure 1: Process flow diagramiin a reverse osmosis desalination unit with energy recovery turbocharger
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Figure 2: Hydraulic curves (head-flow) of high pressure pump with turbocharger in different pressuremodes
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Figure 3: Work flow diagram representing steps of design and validation
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Tablel: Geometric characteristics of the turbocharger rotor
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Figure 4:The main effective dimensions in the hydraulic characteristics of the turbocharger rotor
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Table 2: Hydraulic characteristics of the reverse osmosis unit
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Figure 5:.Clearances between fixed and rotating parts in calculating frictional losses
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Table 3: Boundary conditionsand numerical solution settings
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! Shear Stress Transport
2 ANSYS CFX
3 RMS (Root mean squared)
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Figure 6: Hydraulic elements in the analysis of turbocharger, pump section (impeller, diffuser and volute),
turbine section(impeller and volute)
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Figure 9: Geometrical parameters in friction loss calculation
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Figure 10: The CFD results of the flow field in the turbine and pump section for different rotational speeds

o (5‘)-’ Ll o..\.a] Cowdy u‘5 51..5\\’\/ cals JQL&A Q‘}" 9 4.5.;3.)).3 )50\70\/‘ de} )90 99590 )))ij.u)j.a ‘_g‘).a u.cj.w U"‘
Eilo a8 sl oo gl by ce s cnl 3o 03 b bsy nl 5l el ey (Sgyaem (sla el e 5 Ol oo i
L}L"‘“ LM.J}).’ dAxoo L’ 6)5.0 é.la.o.a AS.D )o 6)5 alags U"‘ ‘_glj.v k)'“")ﬁ" 9 w2 )o é—‘l—h—hﬁ)‘ )LM..B )3.‘.’[5 AR JS..» ).3 w‘ W) ral.’}u‘

Sl 00 o0ls

228 mm | Static Pressure
[MPa]
Static Pressure 6.2
[MPa]) 5.7
3.18 1 53 B
2.92 48 L
2.65 3
24 : :
1.86 29
1.59 2.5
1.33 2.0
1.06 1:5
0.81 E 1.1
: 0.53 0.65
j 034 0.18
| 0.005 -0.28
ey 0 (Sl jLed euils O85> Seilinl jLis jeuls

350U 595 (98 9 oy RARIT90 5 Sailbiwl LS Heuls )Y Sl

Figure 11: Static pressure contour in pump and turbine section
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Table 4: Hydraulic parameters of the pump and turbine with the original rotor at a/speed of 16750 rpm
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Figure 12: Installation position of the pressure gauges at the inlet and outlet section'of the turbocharger
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Figure 13: The process of applying changes and corresponding.working points in new rotor
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Table 5: Hydraulic conditions for the original and two new rotors
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Table 6: First mode: rotor 1 - high pressure mode, total pressure entering the membrane 68 bar (turbocharger
pump pressure change: 28 bar, turbine pressure change 65 bar)
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Table 7: Second mode: Rotor 2 - low pressure mode, the total inlet pressuresto thesmembrane is 60 bar
(turbocharger pump pressure change: 20 bar, turbine pressure change 57 bar)
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Figure 14: Power in terms of rotational.speed for turbocharger with new rotor (mode 1)
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Figure 15: Power in terms of rotational speed for turbocharger with new rotor (mode 2)
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Figure 16: Static pressure contour in the turbine section of the new rotors
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Table 8: Pump and turbine hydraulic parametersfor rotor number 1 at speed of 16300 rpm
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Table 9: Pump and turbine hydraulic parameters for rotor number 2 at a speed of 16900 rpm
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Table 10: Specifications of measuring equipment
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Figure 17: Turbocharger test setup according to PFD shown in Fig. 12.
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Table 11: The results of the test data for three main rotors, high pressure and low pressure
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Redesign of energy recovery device to keep the
production recovery constant

Abdollah Eskandari Sani?

¥ A eskandari@pnu.ac.ir, Department of mechanical engineering, Payame Noor University, Tehran

ABSTRACT
Today, the productionof fresh water using reverse osmosis method is the affordable options in many

countries. One of the problems.of this method is the reduction of the amount of permeate water due to increase
of salinity and temperature of raw water throughout the year. In this article, a method for redesigning the
hydraulic turbocharger rotor has been discussed so that the amount of permeate water can be kept relatively
constant without. For this purpose, firstly, the performance of a working plant was investigated, then using
computational fluid dynamics and similarity relations in turbomachinery, two new rotors were designed and
manufactured for the existing turbocharger to be used in two modes of high and low membrane pressure. To
verify the validity, the design parameters have been compared with the test data. The results show that despite
the change in the membrane, replacing new rotors/The new rotor design has made the water production
unchanged.The efficiency has also increased in one 0f the cases more than 4% and energy recovery about 2%.
So, it can be concluded that this method can be used in seasons when the pressure change of the membranes is

noticeably higher or lower than the initial design pressure.

KEYWORDS
Reverse osmosis, permeate water, Energy recovery, hydraulic turbocharger, CFD.

vf


mailto:A.eskandari@pnu.ac.ir

