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Pump Calculations:
Given Information

Piank = P, =1.01325 bar = 101.325 Kpa
Pro = Py =4 bar =400 Kpa

The project aims to use less power at the cost of production to
efficiently desalinate water using batch RO system paired with a
Variable Frequency Drive Pump. the main customers that can use
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Variable frequency drive pump operating two stages Reverse 0smosis

operating 2 stage RO
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INTRODUCTION PROTOTYPE DEVELOPMENT: ME

Prototype Design

this product are laboratories, Farms who require larger quantities ¥ =10-3KN/m?,1=0.019,9 =981 e K MR S :
Ds=Dq=254mm, Ly =1.25m, Lq T - =
of fresh water. The system can be scaled up to generate the need  _575m  Using Bemoulli Equation a3 == -
of desalination plants. Py 2 PV 5ote b om
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PROTOTYPE DEVELOPMENT: CHE [
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10.3(0.005)(38) — 25 KW =3.36 Hp

o 0.75 the Prototype is scaled down to brackish water feed of 3000tds approximately since
- _ _ _ Speed and Frequency of the Motor seawater will need high pressure and more membranes. It consists of a tank, pump
Finding the relation between Concentration and pressure was the first role o _ 120 Freqency versus RPM and Commercial Reverse osmosis system. The pipes are made from PVC that is

for chemical engineers in this project. By analyzing the Reverse osmosis and . P

: . . s: Synchronous Speed
performing mass and salt balance on the system an equation was derived to F: frequency
solve for the concentrations of the three streams that are either introduced in  p. Number of Poles
the RO or are the output from the RO.

corrosion resistant.

The Prototype constraints are
» 1-Pump Discharge pressure <10 Bar
+ 2-Feed Salinity <5000PPM

Head x Flow x Specific Gravity

BHP = 3560 x efficiency 1000 2000 3000 4000 « 3-Membrane size <8
- . . . ° - <
_@-’©-®" @ Using e el Sn.'nllarlty’for Same FuZl Same Pump Operating at Different Speeds 4 _Bquet _6000 SAR
(D1 = D,) operating at Different Speeds. Spec|f|cat|0ns are
" * 1-Product TDS of 80-120 PPM
SH 38 649,305 » 2-Overall recovery of 80%
l H = 1,649,305 Q2 e  3-Salt rejection of 98%
0.002 0.004 0.006 0.008 0.009 ° - 1 N\
1 2 3 ) “ — 4-energy consumption <1kWh/m~3 product
Flow [m3/h) 100 100 40.1 60.0 Assumingthat Ny = 1500 rpm,, @ = 0.0055 m?/s
Pressure (bar) 0 764 7.0 0 Co. = Cop > Ny = 2 N,= 29955 (1500) — 1718 rpm ’ o O'Ogl[mw(:]c% o o
TDS (ma/l} 3000 | 2000 | 7150 227 e TESTI NG
pH 7.00 7.00 7.35 5,94 ANALYSIS
Econd [ps/cm}| 3430 5430 12160 4932 . . . .
Combinina th hanical and chemical sections t tematically identi The prototype functionality is tested by the power consumption of the pump
thom Ining the rgeg a;nlcah and ¢ etmltc_:a thc 'Onj. 0 t§yS emtah It%a ]E/ identify and the TDS in the brine and product by using a Concentration Element. The
Overall mass balance: e pressure needed at each concentration then adjusting wi e frequency orototype works according to specifications
Mf = Mb + Mp that correlates the speed of the motor and pressure through the variable

Salt mass balance: frequency drive at each batch.

XfMf = XbMb + XpMp
So, solving the overall mass balance with the fact that the recovery is 60%
Mp = Mf =0.60 = 100 x 0.60 = 60m3/h
Mb = Mf —Mp = 100 — 60 = 40 m3/h
Now to find the brine salt concentration Xb

Xb = Xfo;:pMp — 3000*10(;;120*60_7320PPM or mg/'

RESULTS

This analysis of the salt balance and simulation of Reverse osmosis showed that the system
needs a pressure value that matches the concentration of the brine. E.g. 3000 tds feed means
7150 tds of brine which translates to 7 bars approximately.

The Project prototype shows that for a small scale, brackish water it achieves the original
objective of desalting the water using less power than usual. However, now it is not practical
at large scale without a control system to control the level of the brine and feed tanks to switch
feed efficiently without shutting down the pump.



