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A Mathematical Model for The Reverse Osmosis Mode Used

for Treating Water In Electrical Power Stations

Abstract

In this investigation, a mathematicad model is built and solved with
computer programs to get results for the design calculations of the reverse osmosis
mode used to remove salt from the river water before being utilized in the boilers
of electrical power stations in Irag The principles of the reverse osmosis mode ,
the conditions and factors affecting their operation, are discussedThe number of
stages with their arraements in the reverse osmosis mode are calculated using the
cascades theory for the firg time
A mathematical model and computer programs including al the mentioned cases
are built and applied on the reverse osmosis mode of Al-Nassiriya and AL-Daura
electrical power stations. The results of these calculations are compared with the
practical results and showed a good agreement.
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Feed solution Concentration 1500
mg/l as NaCl
Feed pressure  2758kpa (400 psig)
Feed temperature 25 C
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Qui:Permeator flow rate at time (t).

Qui:Permeator flow rate at initia
start -up.

Qur:Permeator flow rate a
temperature (T).
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osmotic pressure of feed stream
kpa(ps), [2].
Cfi’.o -average feed -brine concentration

at steady state conditions(3750 mg/l as
NaCl), [1].

Cep  caverage  feed -brine
concentration a actuad condition
(mg/l asNaCl).

a: separation factor

Q:: feed flow rate.

N: mole fraction of the specific
stream.
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(1) by Js2a
((Jsland) pbl) aa L4 Jha g 4y ualdl) 5y S Aasal (RO) daghiia o gali ) (i illd))

Watertemp.= 31°C
Conversion ofeachstage = 50%
No.of (RO)stages = 2(Practical)

= 2(calculated)
No.of permeatorsin 1st.stage = 8(Pract.)
= 8(calc.)
No.of permeatorsin 2.st. stage = 3(Prart.)
= 3(calc.)

Salt passage in 1st . stage = 5.7%
Salt passage in 2nd.stage = 6.7%

Stream Flow rate | Pressure Conc. (Pract.) Conc. (cac.)
(mé/hr) (bar,q) (mg/l) as NaCl (mg/1) as NaCl
Feed water 232 20 2170
Product of 1* stage 11.6 13 530 536
Brine of 1% stage 11.6 17.8 4330 4340
Brine of 2" stage 5.8 16 6600 6620
Product of 2™ stage 5.8 1.1 1300 1301
Final blended 174 787 791
product
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(( Aland) asdl) o Lgiijiag 59l sl ¢S Adaaal (RO) dashila o gabiall (guukai geilid))
Water temp.= 19°C
Conversion of each stage = 50%

No.of (RO)stages = 2(Pract.)

= 2(Calc.)
No.of Permeators in 1st.stage = 12(Pract.)
‘ = 12(calc.)
No.of Permeators in 2nd. stage = 6(Pract.)
= O(calc.)
Salt pessage inlst stage = 5.6%
SaltPassagein 2nd.stage = 4.4%
Stream Flow rate Pressure | Conc. (Pract.) | Conc. (calc.)
(m3/hr) (bar,g) (mgll) as (mgll) as
NaCl NaCl
Feed water 36 22 500
Product of 1% stage 18 1.3 29 28
Brine of 1™ stage 18 19.5 1000 1000
Brine of 2™ stage 9 17.6 1400 1385
Product of 2™ stage 9 1.1 44 42
Final blended 27 34 33
product
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