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 ملخص البحث
a أصبحa التناضحa الأماميa(FO)a  أحدa أكثرa التقنياتa الجديدةa إثارةa .للاهتمامa لهa العديدa منa المزاياa 

 aالانتشار aطريق aعن aالماء aبتخلل aأساسي aبشكل aيسمح aأنه aوهو a (RO)aالعكسي aالتناضح aعلى

 aمنخفض. aواحد aإلى aعالٍي aيتناضح aضغط aيذ aمحلول aمن aنافذ aنصف aغشاء aخلال aمن aالطبيعي

 aأن aأجل aمن aالاسموزي aالضغط aعن aيزيد aخارجي aضغط aاستخدام aيجب aحيث a ROaعكس aعلى

 aعالية aطاقة aيتطلب aوبالتالي aالأعلي aالضغط aإلى aالأصغر aالأسموزي aالضغط aمن aالمياه aتتخلل

 aالملوثات aان aنتيجة aالعكسي aالتناضح aعماية aفي aالمستخدم aغشاءلل aسريع aتلف aيحدث aأيضا aللتشغيل.

 aمما aالملوثات aتراكم aتأثير aلعكس aوكيميائيًا aميكانيكيًا aتنظيفًا aوتتطلب aالغشاء aعلى aمضغوطة aتكون

 aلصغيرةا aالمياه aتدفقات aهو a FOaمع aالرئيسي aالتحدي aالكلي. aالأداء aعلى aإضافية aتكلفة aيفرض

 aتدفقات aفي aالعوامل aمن aالعديد aتساهم aللغاية. aجذابة aليست aبرمتها aالعملية aيجعل aمما aنسبيا

 aمن aواحدة aالمستخدمة. aالسحب aومحاليل aالهيدروليكية aوالخصائص a ،aالغشاء aخصائص aمثل aمنخفضة

 aعلى aالمتدفقة aالمياه aسرعات aهي aتبارالاع aفي aأخذها aيجب aالتي aالهامة aالهيدروليكية aالخصائص

 aخلال aمن aالمياه aتدفقات aعلى aالتدفق aسرعات aتأثير aدراسة aعلى aالدراسة aهذه aتركز aالغشاء. aجانبي

 .الغشاء

 

Abstract 
Forwarda osmosisa (FO)a isa becominga onea ofa thea mosta interestinga newa 

technologies.a Ita hasa manya advantagesa overa reversea osmosisa (RO)a whicha isa 

thata ita basicallya allowsa thea watera toa permeatea bya naturala diffusiona througha 

aa semipermeablea membranea froma aa solutiona witha higha osmotica pressurea toa 

aa lowera one.a Unlikea ROa wherea ana externala pressurea thata isa ina excessa ofa 

thea osmotica pressurea hasa toa bea applieda ina ordera fora watera toa permeatea 

froma thea lowera osmotica pressurea toa thea highera onea anda thusa requiringa higha 

energya fora operation.a Alsoa ROa hasa aa highera foulinga potentiala thana FOa 

becausea thea foulantsa area beinga compresseda againsta thea membranea anda 

requirea mechanicala anda chemicala cleaninga ina ordera toa reversea thea effecta ofa 

foulinga whicha posesa ana extraa costa ona thea overalla performance.a Thea maina 

challengea witha FOa isa thea relativelya smalla watera fluxesa makinga thea wholea 

processa nota soa appealing.a Manya factorsa contributea toa thea lowa fluxesa sucha 

asa thea membranea properties,a hydraulica propertiesa anda thea useda drawa 

solutions.a Onea ofa thea importanta hydraulica propertiesa toa bea considereda isa thea 

crossa flowa velocitiesa ofa thea feeda anda drawa solutionsa flowinga ona thea twoa 

sidesa ofa thea membrane.a Thisa studya focusesa ona investigatinga thea effecta ofa 

thea crossa flowa velocitiesa ona thea watera fluxes. 
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1. Introduction 
Forwarda osmosisa (FO)a isa becominga onea ofa thea mosta interestinga newa 

technologies.a Ita hasa manya advantagesa overa reversea osmosisa (RO)a whicha isa 

thata ita basicallya allowsa thea watera toa permeatea bya naturala diffusiona througha 

aa semipermeablea membranea froma aa solutiona witha higha osmotica pressurea toa 

aa lowera one.a Unlikea ROa wherea ana externala pressurea thata isa ina excessa ofa 

thea osmotica pressurea hasa toa bea applieda ina ordera fora watera toa permeatea 

froma thea lowera osmotica pressurea toa thea highera onea anda thusa requiringa higha 

energya fora operation.a Alsoa ROa hasa aa highera foulinga potentiala thana FOa 

becausea thea foulantsa area beinga compresseda againsta thea membranea anda 

requirea mechanicala anda chemicala cleaninga ina ordera toa reversea thea effecta ofa 

foulinga whicha posesa ana extraa costa ona thea overalla performance[1].a Thea maina 

challengea witha FOa isa thea relativelya smalla watera fluxesa makinga thea wholea 

processa nota soa appealing.a Manya factorsa contributea toa thea lowa fluxesa sucha 

asa thea membranea properties,a hydraulica propertiesa anda thea useda drawa 

solutions.a Onea ofa thea importanta hydraulica propertiesa toa bea considereda isa thea 

crossa flowa velocitiesa ofa thea feeda anda drawa solutionsa flowinga ona thea twoa 

sidesa ofa thea membrane.a Thisa studya focusesa ona investigatinga thea effecta ofa 

thea crossa flowa velocitiesa ona thea watera fluxes. 

 

2. Whata isa forwarda osmosis 

2.1. Definitiona  
Thea concepta ofa osmosisa isa thata whena twoa liquidsa ofa differenta salta 

concentrationsa area placeda witha aa selectivelya permeablea membranea ina 

between,a twoa draga forcesa occur.a Thea firsta onea woulda bea thata ofa watera 

flowinga froma thea lowera concentrationa solutiona -feeda solutiona (FS)a toa thea 

highera concentrationa solution-a Drawa Solutiona (DS)a tryinga toa reacha 

equilibriun,a i.e.a aa statea wherea botha solutiona woulda havea equala salta 

concentrations.a Thea ratea ata whicha watera crossesa thea membranea isa thea watera 

flux.a Thea seconda forcea woulda bea thata ofa thea salta particles,a flowinga froma 

thea DSa toa thea FSa aiminga toa reacha equilibrium.a Thea ratea ata whicha thea salta 

flowsa isa thea reversea salta fluxa (RSF).a Manya parametersa affecta thea watera 

fluxa anda thea RSFa buta thea twoa majora onesa area thea salta concentrationsa ofa 

botha solutionsa anda thea membranea type.a Aa highera salta concentrationa gradienta 

resultsa ina highera fluxes.a Manya parametersa affecta thea membranea type.a Aa 

gooda membranea isa onea thata providesa higha watera permeabilitya anda higha salta 

rejectiona i.e.a lowa RSF,a howevera highera watera permeabilitya isa usuallya 

accompanieda witha highera salta fluxesa anda thusa newa membranesa area beinga 

developpeda eacha daya toa bettera meeta botha criteria. 

Watera purificationa usinga forwarda osmosisa includesa thea usea ofa aa higha 

salinitya solutiona (DS)a whicha woulda drawa cleana watera froma ana impaireda 

watera sourcea througha aa semipermeablea membrane,a leavinga behinda alla 

foulants,a followeda bea thea separationa ofa thea drawa solutiona anda purea water.a 

Manya challengesa standa ina thea waya ofa implementinga thisa technologya ona aa 

fulla scalea likea thea verya lowa watera fluxesa thata occura whicha resultsa ina verya 

lowa recoverya rates,a extractiona ofa thea drawa solutiona cana bea quitea costlya 

makinga thea wholea processa morea expensivea thana thea traditionala RO,a anda ana 
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ideala membranea thata allowsa fora higha watera permeabilitya ,higha salta rejectiona 

anda minimizesa thea internala concentrationa polarizationa isa stilla beinga developed. 

 

2.2a watera extractiona usinga forwarda osmosis 
Thea processa ofa watera extractiona usinga FOa involvesa twoa stepsa asa illustrateda 

ina figurea (1).a Thea firsta stepa isa thea FOa processa wherea watera migratesa froma 

ana impaireda watera sourcea toa thea drawa solutiona causinga continuousa 

concentrationa ofa thea feeda solutiona anda dilutiona ofa thea drawa solution.a Thea 

seconda stepa involvesa thea extractiona ofa thea drawa solutesa froma thea diluteda 

drawa solutiona ina ordera toa givea thea permeatea watera anda thea concentrateda 

drawa solutesa whicha cana bea recycleda intoa thea systema oncea more. 

 

Figurea 1:watera extractiona process 

2.3a Membranes 
Membranesa area usuallya asymmetrica anda consista ofa twoa layers:a aa higha 

densitya activea layera whicha isa responsiblea fora thea salta rejectiona anda aa 

porousa supporta layera whicha isa toa protecta thea activea layera froma breaking[3].a 

Aa gooda membranea shoulda bea ablea toa rejecta thea feeda anda drawa moleculesa 

anda providea higha watera fluxes. 

Therea area twoa modesa ofa orientationa fora thea membrane.a Thea FOa modea 

wherea thea activea layera isa facinga thea feeda solutiona anda thea PROa modea 

wherea thea supporta layera isa facinga thea feeda solution.a Thea choicea ofa 

membranea orientationa mainlya dependsa ona thea application. 

Newa membranesa area beinga developeda everydaya tryinga toa reacha ana ideala 

membranea minimizesa internala concentrationa polarizationa anda minimizesa 

reversea solutea fluxa anda hasa aa higha resistancea toa fouling. 

2 2.4a Drawa Solution 
Thea drawa solutiona isa thea sourcea ofa thea drivinga forcea ina thea forwarda 

osmosisa process.a Thea highera thea concentrationa ofa thea drawa solution,a thea 

highera thea fluxa is.a Aa gooda drawa solutiona shoulda bea ablea toa generatea higha 

osmotica pressurea ata aa lowa viscosity,a shoulda havea aa moleculara sizea thata isa 

smalla enougha toa minimizea ICPa yeta largea enougha toa minimizea thea reversea 

solutea flux[2].a Ita shoulda bea inexpensive,a highlya solublea anda coulda bea 

extracteda usinga efficienta techniquesa [1].a Therea area manya possiblea drawa 

solutionsa availablea thata coulda bea used,a buta thea selectiona ofa thea drawa 
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solutiona mainlya dependsa ona thea application.a Possiblea drawa solutionsa include:a 

CaCl2,a KHCO3,a MgCl2,a MgSO4,NaHCO3,a KHCO3,a MgSO4,a NaCl,a NaHCO3a 

anda Na2SO4.a  

Therea area manya possiblea waysa fora thea drawa solutiona extractiona whicha 

includes:a Reversea osmosisa (RO),a membranea distillationa (MD),a thermala 

separation,a Nanoa filtration,a anda ultra-filtration. 

 

2.5a concentrationa polarization 
Thisa phenomenona anda itsa impacta ona thea neta drivinga osmotica pressurea isa 

onea ofa thea mosta significanta factorsa ina osmoticallya drivena processes,a 

primarilya becausea ofa thea membranea supporta layer[4].a Therea area twoa typesa 

ofa concentrationa polarizationa (CP)a accordinga toa wherea theya occur,a ifa thea CPa 

occursa insidea thea supporta layera ofa thea membranea thena ita isa calleda internala 

concentrationa polarizationa (ICP),a buta ifa thea CPa occursa outsidea thea supporta 

layera thena ita isa calleda externala concentrationa polarization.a Figurea 3a showsa 

thea twoa membranea orientationsa thata cana bea used.a Fora thea FOa mode,a thea 

membranea activea layera facesa thea feeda solutiona whilea ina PROa modea thea 

membranea activea layera facesa thea drawa solution. 

 

 

Figurea 2:a concentrationa polarizationa ina thea FOa modea anda PROa mode 

 

2.5.1a Internala concentrationa polarizationa (ICP) 
Ina FOa mode,a asa thea watera permeatesa froma thea FSa toa thea drawa solution,a 

dilutiona ofa thea drawa solutiona occursa insidea thea supporta layera thusa 

decreasinga thea effectivea osmotica pressurea acrossa thea membranea activea layer,a 

thisa isa calleda dilutivea ICP.a Whilea ina PROa modea thea solutesa movinga duea 

toa RSFa froma thea DSa toa thea FSa geta concentrateda ina thea supporta layer,a 

increasinga thea feeda concentrationa thusa increasinga thea effectivea osmotica 

pressurea ofa thea feeda solution.a Thisa isa calleda concentrativea ICP.a Botha 

internala concentrationa polarizationa decreasea thea differencea ina effectivea osmotica 

pressurea betweena thea feeda anda drawa solutionsa anda thusa decreasinga thea 

overalla watera fluxa acrossa thea membrane.a Usuallya ICPa isa irreversiblea anda 
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cannota bea mitigateda bya changinga thea hydraulica parametersa ofa thea flowinga 

liquid. 

 

2.5.2a Externala concentrationa polarizationa (ECP) 
Ina FOa mode,a asa thea solutesa movea froma thea DSa toa thea FS,a thea 

concentrationa ofa thea FSa increasesa anda thea effectivea osmotica pressurea 

increases,a whilea ina PROa mode,a asa watera permeatesa froma thea FSa toa thea 

DS,a dilutiona ofa thea DSa occursa anda thusa decreasinga thea effectivea osmotica 

pressurea ona thea drawa side.a Botha externala concentrationa polarizationa decreasea 

thea differencea ina effectivea osmotica pressurea betweena thea feeda anda drawa 

solutionsa anda thusa decreasinga thea overalla watera fluxa acrossa thea membrane,a 

buta thea effecta ofa thea ECPa isa usuallya lessa severea thana thea ICPa anda cana bea 

mitigateda bya changinga thea flowa hydraulica parameters. 
 

3. Potentiala applications 
Manya possiblea applicationsa area beinga considereda nowadaysa whicha maya 

include:a wastewatera treatmenta anda watera purificationa coupleda witha seaa watera 

desalination.a Ina thisa applicationa wastea watera isa useda asa aa feeda solutiona anda 

aa higha salinea sourcea ofa watera likea seaa watera isa useda asa aa drawa 

solution[3].a Watera permeateda froma thea feeda solutiona toa thea seaa watera 

resultinga ina diluteda seaa watera anda concentrateda wastea water.a Anothera 

possiblea applicationa isa fertigationa wherea aa concentrateda fertilizera isa usea asa aa 

drawa solutiona anda brackisha grounda watera asa aa feeda solution.a Asa watera 

permeates,a thea concentrateda fertilizera becomesa diluteda anda cana bea useda 

directlya ina irrigation. 
 

4. Objective 
Manya parametersa othera thana membranea propertiesa anda salta concentrationsa ofa 

thea feeda anda drawa solutionsa affecta thea watera fluxes.a Ina thisa studya ita isa 

requireda toa experimentallya investigatea thea effecta ofa changinga thea crossa flowa 

velocitiesa ofa thea feeda anda drawa solutionsa ona thea watera fluxes. 
 

5. Methodology 
Ana experimentala setupa wasa prepareda ina ordera toa measurea thea watera fluxesa 

fora differenta salta concentrations.a Figurea (3)a illustratesa aa schematica fora thea 

setup.a Ita includesa aa customa madea FOa cella madea upa ofa plexia glass.a Ita hasa 

ana uppera sectiona wherea thea FSa flowsa anda aa lowera sectiona wherea thea drawa 

solutiona flowsa separateda bya thea membrane.a Flata sheeta membranesa froma 

poriferaa werea useda ina alla experiments.a Twoa diaphragma pumpsa werea useda toa 

pumpa thea feeda anda drawa solutions.a Twoa pressurea gaugesa anda twoa flowa 

metersa werea useda toa measurea anda monitora thea pressurea anda dischargea 

respectively.a Needlea valvesa werea useda toa accuratelya adjusta thea pressurea anda 

flowa values.a Aa conductivitya metera wasa useda toa measurea thea increasea ina 

feeda watera salinitya ina ordera toa calculatea thea RSF.a Aa digitala balancea thata 

wasa connecteda toa aa computera viaa aa digitala dataa loggera wasa useda toa 

measurea thea increasea ina drawa solutiona volumea toa bea translateda intoa watera 

fluxes.a Eacha experimenta wasa replicateda ata leasta threea timesa toa ensurea thea 

consistencya ofa thea results.a Pressurea wasa adjusteda sucha thata botha pressurea 
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gaugesa hada aa readinga ofa 0.5a barsa sucha thata thea transmembranea pressurea 

wasa equala toa zero.a Thea experimenta wasa lefta toa runa fora ata leasta onea houra 

beforea takinga anya fluxa measurementsa toa ensurea thata aa steadya statea hasa 

beena reached.a Thea membranea wasa backwasheda betweena anya twoa experimentsa 

bya flushinga deionizeda watera ata aa flowa ratea ofa 1a LPM.a Deionizeda watera 

wasa useda asa feeda solutionsa anda aa 0.5Ma ofa NaCla solutiona wasa useda asa aa 

drawa solution.a Thea crossa flowa ofa thea drawa solutiona wasa firsta kepta constanta 

ata 0.3a LPMa whicha correspondsa toa aa crossa flowa velocitya ofa 5cm/seca whilea 

varyinga thea flowa ratea ofa thea feeda solution,a thena thea flowa ratea ofa thea feeda 

solutiona wasa kepta constanta ata 0.3a LPMa whicha alsoa correspondsa toa aa crossa 

flowa velocitya ofa 5cm/seca whilea varyinga thea flowa ratea ofa thea drawa 

solution.Crossa flowa ratesa werea increaseda ata 30a minutesa intervala anda watera 

fluxesa werea measureda fora thea correspondinga flowa rate 

 

 

Figurea 3:a experimentala setup 

 

6. Resultsa anda discussions 

Watera fluxa isa givena asa thea volumea ofa watera thata permeatesa througha aa unita 

areaa ofa thea membranea ina aa unita timea anda usuallya expresseda ina LMH(litersa 

pera squarea metera pera hour).a Figurea (4)a showsa thea variationa ofa thea watera 

fluxesa witha timea fora thea experimenta describeda above.a Watera fluxesa reacheda 

asa steadya statea aftera thea firsta houra ofa thea experiment.a Readinga werea onlya 

takena froma thea pointa wherea aa steadya statea hasa beena reached. 

 

 

Figurea 4:a variationa ofa watera fluxesa witha thea experimenta time 
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Ita wasa founda thata thea slighta changea ina watera fluxesa duea toa changinga thea 

crossa flowa velocitiesa ofa botha thea feeda anda drawa solutionsa isa withina thea 

experimentala errora anda cannota bea attributeda toa thea increasea ina crossa flowa 

velocities.a Figurea (5)a showsa thea variationa ina watera fluxa duea toa ana increasea 

ina thea crossa flowa velocitya ofa thea feeda solution,a whilea figurea (6)a showsa thea 

variationa ina watera fluxa duea toa ana increasea ina thea crossa flowa velocitya ofa 

thea drawa solution. 

 

Figurea 5:a variationa ofa watera fluxa witha respecta toa thea feeda crossa flowa 

velocity 

 

Figurea 6:a variationa ofa watera fluxa witha respecta toa drawa crossa flowa 

velocity 

7. Conclusionsa  
Aa bencha scalea experimentala setupa wasa performeda toa measurea thea watera 

fluxesa fora variablea crossa flowa velocitiesa ofa thea feeda anda drawa solutions.a 

Minimala changea wasa founda ina thea watera fluxesa anda cana onlya bea attributeda 

toa experimentala error. 

 

8. Recommendations 
Manya othera parametersa likea thea differentiala pressurea acrossa thea membrane,a 

anda watera temperaturea affecta thea watera flux,a buta thea extenta ofa theira effecta 

isa unknowna anda shoulda bea considered.a Alsoa foulinga wasa nota studieda ina 

thisa research.a Thusa morea studiesa shoulda bea performeda toa investigatea thea 

changea ina watera fluxa takinga intoa accounta thea othera parameters.a Alsoa ina thisa 

studya deionizeda watera wasa useda asa feeda solutiona ina alla experimentsa buta thea 

changea ina feeda crossa flowa velocitiesa mighta havea aa significanta effecta ona 

watera fluxesa fora highera salta concentrationsa asa ita mitigatesa thea externala 

CECP.a  
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