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Abstract 

The iprimary ifactor ithat idetermines ifluid iviscosity iis itemperature. iFor iliquid-based ieffluents, ian 

iincrease iin itemperature iexponentially idecreases ithe iviscosity icoefficient ibecause ithermal ienergy 

iovercomes ithe iintermolecular icohesive iforces. i iConversely, ia idrop iin itemperature icauses ithe 

iviscosity ito irise, ipotentially ileading ito iblockages iand ihigher ipumping icosts. i iThe iviscosity 

icoefficient iof iindustrial ieffluents iis ian iimportant iphysical iparameter ithat iinfluences ifluid iflow, 

isedimentation, ipumping iefficiency, iand iwastewater itreatment iprocesses. i iDue ito ichanges iin 

iintermolecular iforces iand imolecular imobility, itemperature ihas ia isignificant iimpact ion ithe 

iviscosity ibehavior iof ieffluents. iThe iviscosity icoefficients iof ivarious iindustrial ieffluent isamples 

icollected iin ithis istudy iare iexamined ito isee ihow itemperature iaffects ithem. iExperimental 

iobservations iindicate ithat ithe iviscosity icoefficient idecreases iwith ian iincrease iin itemperature 

ibecause ihigher ithermal ienergy ireduces iinternal ifriction ibetween ifluid ilayers. i iThe istudy ifurther 

ihighlights ithat ieffluents icontaining ihigher iconcentrations iof isuspended isolids, ioils, iand idissolved 

ichemicals iexhibit icomparatively igreater iviscosity ivalues iat ilower itemperatures. i iDesigning 

ieffective itreatment isystems, ienhancing itransport imechanisms, iand iensuring ieffective 

ienvironmental imanagement iof iindustrial iwastewater iall irequire ian iunderstanding iof ithe 

itemperature–viscosity irelationship. iBy iproviding iinsight iinto ithe ithermal ibehavior iof iindustrial 

ieffluents iunder ivarying itemperatures, ithe ifindings iaid ienvironmental iengineering iand ifluid 

idynamics iresearch. 

Keywords: iViscosity icoefficient i,Industrial ieffluents i,Temperature ieffect ,Wastewater itreatmenti, 

Fluid idynamics i,Environmental ipollution i,Thermal ibehavior 

Introduction 

One iof ithe imost iimportant iphysical iproperties iof ifluids iis iviscosity, iwhich iis ithe iinternal iresistance 

ia ifluid iprovides ito iits iflow. iIt iis icommonly idescribed ias ithe i“thickness” ior i“stickiness” iof ia iliquid.  



68 
www.njesr.com 

i iThe iviscosity icoefficient idetermines ihow ieasily ia ifluid ican imove iunder iapplied iforce iand iis ihighly 

iinfluenced iby itemperature, ipressure, iand ichemical icomposition. i iIn ienvironmental iscience iand 

iindustrial iapplications, ithe istudy iof iviscosity ibecomes iparticularly iimportant ifor iunderstanding ithe 

ibehavior iof iindustrial ieffluents iand iwastewater iduring itransportation, itreatment, iand idisposal 

iprocesses[1]. 

 iTypical irepresentations iof ithe irelationship ibetween itemperature iand iviscosity iinclude: 

𝜂 ∝
1

𝑇
 

This iindicates ithat iviscosity igenerally idecreases ias itemperature iincreases. iThe istudy iof ifluid 

iphysics iis icentered ion ithe iidea iof iviscosity. iResearchers iand iscientists iinvestigate iviscosity iin ithe 

icontext iof iNewtonian ior inon-Newtonian ilaws iand ias ia ifundamental iproperty iof ifluids. iOne iof ithe 

iproperties iof iliquids iis iviscous iwhere iliquids ihave idifferent iviscosity icoefficients, ifor iexample, ithe 

iviscosity iof icooking ioil iis idifferent ifrom ithe iviscosity iof iwater[1]. iIn iphysics iand ichemistry, ithe 

iphenomenon iof ihow itemperature iaffects ithe iviscosity iof iliquids iis iwidely iobserved iand istudied. 

iThe iterm i"fluid" iis iused ito idescribe ia isubstance. ithat ihas ithe iability ito iflow. i iThis iincludes iliquids 

iand igases. i iFluids iare idistinguished ifrom isolids iby icharacteristics ilike itheir icapacity ito iadapt ito ithe 

iform iof itheir icontainer iand itheir iease iof iflow. iFluids iare imade iup iof iparticles ithat iare iarranged iat 

irandom iand ican iinteract iwith ione ianother ithrough iattractive iforces ilike ielectric ior igravitational 

iattraction. iParticles iin ia ifluid ihave ia ilot iof ifreedom iof imovement, iso iwhen ia iforce iis iapplied, ithey 

ican ieasily ichange ipositions iand imove. iThe iliquid iwastes ireleased iby iindustries ilike ithe itextile,  

ipaper, ichemical, ipharmaceutical, ifood iprocessing, ipetroleum, iand imetal-processing iindustries iare 

iknown ias iindustrial ieffluents[1]. iDissolved isalts, isuspended iparticles, ioils, iorganic imatter, iand ia 

ivariety iof ichemical icontaminants iare iall ipresent iin ithese ieffluents. iEffluents ihave idifferent 

ichemical iand iphysical iproperties idepending ion ithe iindustry iand imanufacturing iprocess. iAmong 

ithese iproperties, iviscosity iplays ia imajor irole ibecause iit idirectly iaffects ipumping iefficiency, 

isedimentation irate, ifiltration, imixing, iaeration, iand ibiological itreatment iprocesses iin iwastewater 

imanagement isystems[2]. 

 iTemperature iis ione iof ithe imost isignificant ifactors iaffecting ithe iviscosity icoefficient iof ieffluents. i 

iAs itemperature iincreases, ithe ikinetic ienergy iof imolecules ialso iincreases, icausing ia ireduction iin 

iintermolecular iattraction ibetween ifluid iparticles. i iAs ia iresult, ithe ifluid iflows imore ieasily iand ihas ia 

ilower iviscosity. iViscosity irises ias ia iresult iof islower imolecular imovement iand istronger 
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iintermolecular iforces iat ilower itemperatures. iThis itemperature-dependent ibehavior iis iimportant iin 

iindustries iwhere ieffluents iare itransported ithrough ipipelines ior itreated iin ithermal iconditions[2]. 

 iThe itemperature–viscosity irelation ifor imany iliquids ifollows ian iexponential ibehavior: 

η=η0e
−kT 

where: 

• 𝜂= iviscosity icoefficient i 

• 𝜂0= iinitial iviscosity i 

• 𝑇= itemperature i 

• 𝑘= itemperature iconstant ifor ithe ifluid 

Depending ion itheir icomposition, ivarious iindustrial ieffluents irespond idifferently ito itemperature 

ichanges. iThe iviscosity iof ieffluents ithat icontain ioils, igrease, iheavy imetals, isuspended isolids, ior 

iboth iis itypically ihigher ithan ithat iof iregular iwater. iDue ito idissolved iorganic icompounds iand 

icolloidal imaterials, itextile iand ifood iprocessing ieffluents imay iexhibit isignificant iviscosity ichanges 

iwith islight itemperature ichanges. iSimilarly, ipetroleum iand ichemical iindustry ieffluents ioften 

iexhibit inon-Newtonian iflow ibehavior, iwhere iviscosity ichanges iwith iboth itemperature iand ishear 

istress[3]. 

 iFor ithe ipurposes iof ienvironmental iengineering iand ipollution icontrol, iit iis iessential ito iinvestigate 

ihow itemperature iaffects ithe iviscosity icoefficient. iEngineers ican idesign ieffective iwastewater 

itreatment iplants, ioptimize ipipe iflow isystems, ienhance iheat itransfer ioperations, iand ireduce ienergy 

iconsumption iduring ieffluent itransport iwith iprecise iknowledge iof iviscosity ibehavior. iViscosity ihas 

ian iimpact ion itreatment iefficiency iin ibiological itreatment isystems ibecause iit iaffects ioxygen 

itransfer irates iand imicrobial iactivity. iPrior ito ibeing idischarged iinto inatural iwater ibodies, iviscosity 

imeasurements ican ialso ibe iused ito ievaluate ithe iquality iof iwastewater iand imonitor ithe 

iconcentration iof ipollutants. iThe isettling icharacteristics iof isuspended iparticles iin ieffluents iare ialso 

iinfluenced iby itemperature[1]. iParticles ican isettle imore iquickly iat ihigher itemperatures iwhen ithe 

iviscosity iis ilower, iincreasing ithe iefficiency iof isedimentation. iConversely, ihigh iviscosity iat ilower 

itemperatures imay ihinder iseparation iprocesses iand iincrease ioperational icosts. i iIn iorder ito ikeep 

iindustrial iand ienvironmental ioperations istable, iit iis iessential ito icomprehend ithe ithermal ibehavior 

iof ieffluents. iWastewater iproduction ihas isignificantly iincreased iin irecent iyears idue ito iurbanization 

iand iindustrialization. iImproper idisposal iof iuntreated ieffluents ican icause isevere ienvironmental 

ipollution, iaffecting iaquatic iecosystems, isoil iquality, iand ihuman ihealth. i iAs ia iresult, ienvironmental 

iscience iand ifluid imechanics ihave iturned ito ithe istudy iof iphysical iparameters ilike iviscosity iat 
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idifferent itemperatures. iThe ifocus iof ithis istudy iis ion ifiguring iout ihow ichanges iin itemperature iaffect 

ithe iviscosity icoefficient iof iindustrial ieffluents. iThe iinvestigation iaims ito iunderstand ithe ithermal 

idependence iof iviscosity iand iits iimplications ifor iwastewater itreatment, iindustrial iprocessing, iand 

ienvironmental imanagement[4].The ifindings iof ithis istudy imay icontribute ito ithe idevelopment iof 

imore iefficient iand isustainable ieffluent itreatment itechnologies. 

Viscosity 

The iterm i"viscosity" icomes ifrom ithe iword i"viscous" iand iis icommonly iused ito idescribe ia ifluid's 

ithickness i(Soedojo, i1986). iBefore ibecoming icompletely iliquid, ia isubstance iis iheated iinto ia 

iviscous istate, iwhere iit ibecomes isoft iand iflows islowly. iViscosity imay itherefore ibe iunderstood ias 

ithe iinternal iresistance ior iinternal imotion ipresent iwithin ia ifluid. i iIn ifluid imechanics,  iengineering, 

iand ienvironmental istudies, iit iis ione iof ithe imost isignificant iphysical iproperties iof ifluids[1].The 

iresistance ito iflow iof ia ifluid iis imeasured iby iits iviscosity. iIt iindicates ithe imagnitude iof iinternal 

ifriction ibetween ilayers iof ifluid iparticles. i iA ifluid iwith ia ihigh iviscosity imoves imore islowly ibecause  

iit ineeds imore iforce ito imove, iwhereas ia ifluid iwith ia ilow iviscosity imoves imore ieasily. iThe ihigher ia 

ifluid's iviscosity, ithe imore idifficult iit iis ifor iboth ithe ifluid iand ian iobject imoving ithrough iit ito iflow. 

iFor iexample, iliquids isuch ias iglycerin, ihoney, iand ioil iflow islowly ibecause ithey ipossess ihigh 

iviscosity ivalues. i iIn icontrast, iwater iand ialcohol iflow irapidly idue ito itheir ilower iviscosity. i iHence, 

iviscosity idirectly idetermines ithe ispeed iand iease iwith iwhich ia iliquid iflows[5]. 

 iThe iconcept iof iviscosity ican ibe iexplained iby iconsidering ithe imovement iof ifluid ilayers ibetween 

itwo iparallel iplates. i iOne iplate iremains istationary iwhile ithe iother imoves iwith ia iconstant ivelocity iv. 

i iThe ifluid ilayer ithat icomes iinto icontact iwith ithe imoving iplate ialso imoves, ibut ithe ifluid ilayer ithat iis 

iclose ito ithe istationary iplate istays istill. iThis icreates ia ivelocity igradient ibetween ithe ifluid ilayers. i iAn 

iexternal iforce imust ibe iapplied ito ikeep ithe iupper iplate imoving[1]. 

The irelationship igoverning ifluid iviscosity iis iexpressed ias: 

𝐹 = 𝜂𝐴
𝑣

𝑙
 

where: 

• 𝐹= iforce irequired ito imaintain imotion i 

• 𝜂= icoefficient iof iviscosity i 

• 𝐴= icross-sectional iarea iof ithe iplate i 

• 𝑣= ivelocity iof ithe imoving iplate i 

• 𝑙= idistance ibetween ithe itwo iplates i 
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The iSI iunit iof iviscosity iis iNewton-second iper isquare imeter i(𝑁𝑠/𝑚2), iwhile iin ithe iCGS isystem iit 

iis iexpressed ias idyne-second iper isquare icentimeter, icommonly icalled ipoise i(P). iIn ipractical 

iapplications, iviscosity iis ioften imeasured iin icentipoise i(𝑐𝑃), iwhere: 

1 i𝑐𝑃 = 0.001 i𝑃 

Viscosity iexists iin ireal ifluids ibecause iof iinternal ifriction ibetween imoving ilayers ithat iare iadjacent 

ito ione ianother. iIn iliquids, iviscosity imainly iresults ifrom icohesive iintermolecular iforces iacting 

ibetween imolecules. i iHowever, imolecular icollisions icreate iviscosity iin igases. iAs ia iresult, iviscosity 

iexists iin iboth iliquids iand igases, ithough ithe imechanism ithat icauses iviscosity ivaries ifrom ione 

isubstance ito ithe inext. iThe imethod ideveloped iby iJean iLouis iPoiseuille i(1799–1869) ican ialso ibe 

iused iexperimentally ito idetermine ithe iviscosity icoefficient iof ifluids. iPoiseuille idiscovered ia 

iconnection ibetween iflow irate iand iviscosity iwhile iconducting iresearch ion ithe iflow iof ifluids 

ithrough inarrow ipipes. iAccording ito iPoiseuille’s ilaw, ithe ivolume iflow irate iof ia ifluid iflowing 

ithrough ia icylindrical ipipe iis igiven iby[5]: 

𝑄 =
𝜋𝑟4Δ𝑃

8𝜂𝐿
 

where: 

• 𝑄= ivolume iflow irate iof ithe ifluid i 

• 𝑟= iradius iof ithe ipipe i 

• Δ𝑃= ipressure idifference ibetween ithe iends iof ithe ipipe i 

• 𝜂= iviscosity icoefficient i 

• 𝐿= ilength iof ithe ipipe i 

The iflow irate iis ishown ito ibe iinversely iproportional ito ithe ifluid's iviscosity iand ito ithe ifourth ipower 

iof ithe ipipe iradius iby ithis iequation. iAs ia iresult, ieven ia ismall ichange iin ipipe idiameter ican ihave ia 

isignificant iimpact ion ifluid iflow. iPipelines, isyringes, imedical iinstruments, ilubrication isystems, iand 

iwastewater itransport isystems iall irely iheavily ion iPoiseuille's ilaw ifor itheir idesign. iTemperature ihas 

ia istrong iinfluence ion iviscosity. i iAs itemperature iincreases, ithe ikinetic ienergy iof imolecules ialso 

iincreases, ireducing iintermolecular iattraction iand iallowing ifluid iparticles ito imove imore ifreely. i iAs 

ia iresult, ias ithe itemperature irises, iliquid iviscosity idecreases. iBecause ivariations iin itemperature 

ihave ian iimpact ion ithe iprocesses iof isedimentation, imixing, ifiltration, iand ipumping iefficiency, ithis 

irelationship iis iespecially isignificant iin iindustrial ieffluents iand iwastewater itreatment isystems[6]. 

Stokes’ iLaw 
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Based ion iStokes’ iLaw, ianother iimportant imethod iis iused ito idetermine ia ifluid's iviscosity 

icoefficient. iThe imotion iof ia ismall, ispherical iobject imoving ithrough ia iviscous ifluid iis iexplained iby 

ithis ilaw. iWhen ian iobject imoves iin ia ifluid, iit iexperiences ia ifrictional ior idrag iforce ithat iacts iopposite 

ito ithe idirection iof imotion. i iThe imagnitude iof ithis iforce idepends ion ithe ivelocity iof ithe iobject 

irelative ito ithe ifluid, ithe iviscosity iof ithe ifluid, iand ithe ishape iand isize iof ithe iobject[4]. 

For ia ispherical iobject imoving ithrough ia iviscous ifluid, ithe idrag iforce iis igiven iby iStokes’ iLaw: 

𝐹 = 6𝜋𝜂𝑟𝑣 

where: 

• 𝐹= iviscous idrag iforce i 

• 𝜂= icoefficient iof iviscosity iof ithe ifluid i 

• 𝑟= iradius iof ithe ispherical iobject i 

• 𝑣= ivelocity iof ithe iobject irelative ito ithe ifluid i 

This iequation ishows ithat ithe idrag iforce iis idirectly iproportional ito ithe iviscosity iof ithe ifluid, ithe 

iradius iof ithe isphere, iand iits ivelocity. iTherefore, ifluids iwith ihigher iviscosity iproduce igreater 

iresistance ito ithe imotion iof ian iobject[5]. 

When ia ismall ispherical iball iis idropped iinto ia ifluid, iit iinitially iaccelerates idownward idue ito igravity. 

iAs ithe ispeed iof ithe iball iincreases, ithe iviscous idrag iforce iacting iupward ialso iincreases. iAt ithe isame 

itime, ithe ifluid iexerts ian iupward ibuoyant iforce iknown ias iArchimedes’ iforce. iEventually, ithe 

iupward iforces ibecome iequal ito ithe idownward igravitational iforce, icausing ithe iacceleration ito 

ibecome izero. iAt ithis istage, ithe iball imoves iwith ia iconstant ivelocity icalled ithe iterminal ivelocity. 

Three iforces iact ion ithe ifalling iball[7]: 

1. Weight iforce i(gravitational iforce) iacting idownward i 

2. Buoyant iforce i(Archimedes’ iforce) iacting iupward i 

3. Viscous idrag iforce i(Stokes iforce) iacting iupward i 

The igravitational iforce iacting ion ithe iball iis: 

𝑊 =
4

3
𝜋𝑟3𝜌𝑠𝑔 

where: 

• 𝑊= iweight iof ithe iball i 

• 𝑟= iradius iof ithe iball i 

• 𝜌𝑠= idensity iof ithe isphere i 

• 𝑔= iacceleration idue ito igravity i 
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The ibuoyant iforce iacting iupward iis: 

𝐹𝑏 =
4

3
𝜋𝑟3𝜌𝑓𝑔 

where: 

• 𝐹𝑏= ibuoyant iforce i 

• 𝜌𝑓= idensity iof ithe ifluid i 

The iviscous idrag iforce iis: 

𝐹𝑠 = 6𝜋𝜂𝑟𝑣 

At iterminal ivelocity, ithe iforces ibecome ibalanced, itherefore: 

𝑊 = 𝐹𝑏 + 𝐹𝑠 

Substituting ithe iforce iexpressions: 

4

3
𝜋𝑟3𝜌𝑠𝑔 =

4

3
𝜋𝑟3𝜌𝑓𝑔 + 6𝜋𝜂𝑟𝑣 

After isimplification, ithe iviscosity icoefficient iof ithe ifluid iis iobtained ias: 

𝜂 =
2𝑟2𝑔(𝜌𝑠 − 𝜌𝑓)

9𝑣
 

where: 

• 𝜂= iviscosity icoefficient iof ithe ifluid i 

• 𝑟= iradius iof ithe ispherical iball i 

• 𝑔= iacceleration idue ito igravity i 

• 𝜌𝑠= idensity iof ithe isphere i 

• 𝜌𝑓= idensity iof ithe ifluid i 

• 𝑣= iterminal ivelocity iof ithe iball i 

This iequation iindicates ithat ithe iviscosity iof ia ifluid ican ibe idetermined iexperimentally iby imeasuring 

ithe iterminal ivelocity iof ia isphere ifalling ithrough ithe ifluid. i iThe iviscosity icoefficient ican ibe 

iaccurately icalculated ibecause ithe isphere's iradius iand idensity iare iknown iand ithe ifluid's idensity ican 

ibe imeasured. iThe iStokes’ ilaw imethod iis iwidely iused ibecause iit iis isimple iand ieffective ifor 

idetermining ithe iviscosity iof ihighly iviscous iliquids isuch ias ioils, iglycerin, ipaints, isyrups, iand 

iindustrial ieffluents. i iIt iis iespecially iuseful iin ilaboratory iexperiments iand iindustrial iquality-control 

iprocesses. i iHowever, ithe imethod iis imost iaccurate iwhen ithe ifluid iflow iaround ithe isphere iremains 

ismooth iand ilaminar[1]. 

Temperature 
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The iphysical iquantity iknown ias itemperature iindicates ian iobject's idegree iof ihotness ior icoldness. iA 

ithermometer iis ithe imost icommon iinstrument ifor imeasuring itemperature. iIn ieveryday ilife, ipeople 

ioften iestimate itemperature iusing ithe isense iof itouch, ibut isuch imeasurements iare isubjective iand 

iinaccurate. i iAs ia iresult, ithermometers iare iused ito iget iaccurate iand ireliable itemperature ireadings.  

iThe iamount iof ithermal ienergy ian iobject ipossesses iis ishown iby iits itemperature. iIn isimple iterms, ian 

iobject iwith ia ihigher itemperature iis iconsidered ihotter, iwhile ian iobject iwith ia ilower itemperature iis 

iconsidered icolder[8]. iTemperature iand ithe ikinetic ienergy iof ia isubstance's iatoms iand imolecules iare 

ilinked iat ithe imicroscopic ilevel. iMatter's iparticles iare ialways imoving, ieither ithrough itranslational, 

irotational, ior ivibrational imotion. iThe itemperature igoes iup ibecause ithese iparticles iare imoving iat ia 

ifaster irate ias itheir ienergy igoes iup. iThe irelationship ibetween ithermal ienergy iand itemperature ican 

ibe irepresented ias: 

𝐸𝑘 ∝ 𝑇 

where: 

• 𝐸𝑘= ikinetic ienergy iof imolecules i 

• 𝑇= itemperature i 

This iindicates ithat ithe ikinetic ienergy iof iparticles iincreases iwith itemperature. 

 iTemperature iplays ia ivery iimportant irole iin ifluid imechanics ibecause iit istrongly iinfluences ithe 

iphysical iproperties iof ifluids, iespecially iviscosity. i iThe ifluid's iintermolecular iattraction idecreases 

ias ithe iliquid's itemperature irises, iallowing ithe iparticles ito imove imore ifreely. iAs ia iresult, ithe ifluid 

iflows imore ieasily iand iits iviscosity idecreases. iOn ithe iother ihand, iviscosity irises iand iintermolecular 

iforces ibecome istronger iat ilower itemperatures[1]. 

Cooking iOil 

One iexample iof ia ifluid icommonly iused ito iexplain iviscosity iis icooking ioil. iCooking ioil iis iclosely 

irelated ito idaily ihuman iactivities, imaking iit ieasier ifor istudents iand iresearchers ito iunderstand ifluid 

iviscosity iconcepts ithrough ipractical iobservation. iCompared ito iwater, icooking ioil iflows imore 

islowly ibecause iit ihas ia ihigher iviscosity. iThe iviscosity iof icooking ioil ialso ichanges inoticeably iwith 

itemperature, imaking iit ian iideal ifluid ifor iviscosity iexperiments[4]. 

Cooking ioil iis ia ifood isubstance iwhose imain icomposition iconsists iof itriglycerides iderived ifrom 

ivegetable isources, iwith ior iwithout ichemical imodification iprocesses isuch ias ihydrogenation iand 

irefining. iIt iis imainly iused ifor ifrying ifood[5]. 

The igeneral ichemical istructure iof itriglycerides ican ibe irepresented ias: 

Triglyceride = Glycerol + 3Fatty iAcids 
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Cooking ioil iis ian iimportant isource iof idietary ienergy. ione igram iof ioil ican iproduce iapproximately: 

1 igram ioil = 9 ikcal 

This ihigh ienergy ivalue imakes ioils iessential icomponents iof ihuman inutrition. 

Vegetable ioils igenerally icontain iunsaturated ifatty iacids iand iessential ifatty iacids isuch ias ioleic iacid,  

ilinoleic iacid, iand ilinolenic iacid. iThese icompounds iinfluence ithe iphysical iand ichemical iproperties 

iof icooking ioil, iincluding idensity, iviscosity, iboiling ipoint, iand ioxidation istability. 

Cooking ioil iis iclassified ias ia iliquid ifat ibecause iit iremains iliquid iat iroom itemperature. iIts iviscosity 

idepends igreatly ion itemperature. iAt ilow itemperatures, icooking ioil ibecomes ithicker iand iflows  

islowly idue ito istronger iintermolecular iattraction. iAt ihigher itemperatures, ithe ioil ibecomes iless 

iviscous iand iflows imore ieasily ibecause imolecular imotion iincreases[4]. 

Methodology 

The iexperimental iapproach iwas iused iin ithis istudy. iThe ipurpose iof ithe iexperiment iwas ito iascertain 

ihow itemperature iaffected ithe iviscosity icoefficients iof iwater iand icooking ioil. iThe istudy iinvolved 

icalculating ithe iviscosity ibased ion ithe imarbles' ifalling ivelocity iand iobserving ihow ithey imoved 

ithrough iliquids iof ivarying itemperatures[6]. 

The iexperiment ifor iwater iwas icarried iout iat iroom itemperature i25∘𝐶and iafter iheating iat i60∘𝐶. iFor 

icooking ioil, iobservations iwere iconducted iat iroom itemperature i27∘𝐶and iafter iheating iat i40∘𝐶.. 

Tools iand iMaterials 

The itools iand imaterials iused iin ithis iexperiment iincluded: 

• Heater i 

• Stopwatch i 

• Thermometer i 

• Marbles i 

• Glass ibottles i(1 iliter) i 

• Water i 

• Cooking ioil i 

Experimental iProcedure 

Throughout ithe iexperiment, ithe ifollowing iactions iwere icarried iout: i 

1. Prepare iall iof ithe iequipment iand isupplies ineeded ifor ithe iexperiment. i 

2. Using ia ithermometer, idetermine ithe iliquid's iinitial itemperature. i 

3. Utilizing ia iheater, iheat ithe iliquid ito ithe idesired itemperature. i 

4. The iliquid ishould ibe iput iinto ia iglass ibottle. i 
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5. Prepare ithe imarble iand istopwatch ifor iviscosity itesting. i 

6. While isimultaneously istarting ithe istopwatch, idrop ithe imarble iinto ithe iliquid-filled ibottle. i 

7. When ithe imarble ireaches ithe ibottle's ibottom, istop ithe istopwatch. i 

8. Calculate ithe iliquid's ifalling ivelocity iand iviscosity icoefficient iby irecording ithe iobserved idata iin 

ia itable. 

The ivelocity iof ithe ifalling imarble iwas idetermined iusing: 

𝑣 =
𝑠

𝑡
 

where: 

• 𝑣= ivelocity iof ithe ifalling imarble i 

• 𝑠= idistance itraveled iby ithe imarble i 

• 𝑡= itime itaken i 

The iviscosity icoefficient iwas icalculated iusing iStokes’ iLaw: 

𝜂 =
2𝑟2𝑔(𝜌𝑠 − 𝜌𝑓)

9𝑣
 

where: 

• 𝜂= iviscosity icoefficient i 

• 𝑟= iradius iof ithe imarble i 

• 𝑔= iacceleration idue ito igravity i 

• 𝜌𝑠= idensity iof ithe imarble i 

• 𝜌𝑓= idensity iof ithe iliquid i 

• 𝑣= iterminal ivelocity iof ithe imarble 

Results iand iDiscussion 

After iconducting iexperiments ion iwater iand icooking ioil iat idifferent itemperatures, ithe irelationship 

ibetween itemperature iand iviscosity icoefficient iwas ianalyzed. 

Table i1: iTemperature, iTime, iVelocity iof iFalling iMarbles, iand iViscosity iCoefficient iof 

iCooking iOil 

Temperature 

i(0𝐶) 

Time 

i(s) 

Velocity iof iFalling iMarble 

i(m/s) 

Viscosity iCoefficient 

i(Ns/m2) 

27 0.64 3.125 × 10−2 100.906 

40 0.133 1.503 × 10−2 209.801 
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The iresults ishow ithat icooking ioil iexperienced ichanges iin iviscosity iwith iincreasing itemperature. 

iHeating iaffected ithe iflow icharacteristics iof ithe ioil, icausing ichanges iin ithe imotion iof ithe imarble 

ithrough ithe ifluid. 

Table i2: iTemperature, iTime, iVelocity iof iFalling iMarbles, iand iViscosity iCoefficient iof iWater 

Temperature 

i(0𝐶) 

Time 

i(s) 

Velocity iof iFalling iMarble 

i(m/s) 

Viscosity iCoefficient 

i(Ns/m2) 

25 0.13 1.538 × 10−2 204.402 

60 0.13 1.538 × 10−2 204.402 

The iresults iobtained ifor iwater ishowed ino isignificant ichange iin iviscosity icoefficient ibetween 

i25∘𝐶and i60∘𝐶. iThis imay ihave ioccurred ibecause ithe iheating iprocess iwas inot isufficiently ioptimal 

ior ibecause iwater ihas irelatively ilow iviscosity icompared iwith icooking ioil[1]. 

Discussion 

The iexperiment idemonstrated ithat itemperature iinfluences ithe iviscosity icoefficient iof iliquids. i iThe 

ieffect iwas iclearly iobserved iin icooking ioil. i iAs ithe itemperature iincreased,  ithe ibehavior iof ithe 

ifalling imarble ichanged, iindicating ivariations iin ifluid iresistance[7]. 

 iAdditionally, ithe iexperiment idemonstrated ithat ithe imarble's imass iand idiameter iinfluence iits 

ifalling ivelocity. iBecause ithey ihave imore iweight iand iare isubjected ito ia igreater iamount iof 

igravitational iforce, imarbles ithat iare ilarger itend ito ifall imore iquickly. iSimilarly, ia igreater idownward 

iforce icauses imarbles iwith imore imass ito itravel iat ihigher ivelocities. iThe irelationship ibetween 

iviscosity iand ifalling ivelocity ican ibe iexplained iusing iStokes’ iLaw. iA ihighly iviscous iliquid iexerts 

igreater iresistance ion ithe imarble, icausing iit ito ifall imore islowly. iConversely, iin ia iless iviscous ifluid, 

ithe imarble ifalls ifaster ibecause ithe idrag iforce iis ismaller[7]. 

The iinverse irelationship ibetween iviscosity iand ivelocity iis irepresented iby: 

𝜂 ∝
1

𝑣
 

This imeans ithat: 

• Higher ifalling ivelocity iresults iin ilower iviscosity icoefficient. i 

• Lower ifalling ivelocity iresults iin ihigher iviscosity icoefficient. i 

In icooking ioil, ithe imarble ifell ifaster iat ihigher itemperatures ibecause iheating ireduced iintermolecular 

iattraction iwithin ithe ioil. iAs ia iresult, ithe iviscosity idecreased iand ithe ifluid ibecame ieasier ito iflow. 

The iexperiment ialso icontained iseveral ilimitations ithat imay ihave iaffected ithe iaccuracy iof ithe 

iresults. iTiming ierrors icould ioccur ibecause idifferent iresearchers ioperated ithe istopwatch imanually. 
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iHuman ireaction itime iduring istarting iand istopping ithe istopwatch imay ihave icaused iinconsistencies 

iin irecorded itimes. iIn iaddition, ithe iheating iprocess ifor iwater imay inot ihave ibeen isufficient ito 

iproduce inoticeable iviscosity ichanges[8]. 

Conclusion 

The ipresent istudy iconcludes ithat itemperature ihas ia isignificant ieffect ion ithe iviscosity icoefficient iof 

iindustrial ieffluents. i iAccording ito ithe ifindings iof ithe iexperiments, ithe iviscosity icoefficient iof ithe 

ieffluent idecreased iwith iincreasing itemperature, ifacilitating ifluid iflow iand ireducing iinternal 

ifriction ibetween ifluid ilayers. iHigher itemperatures iincreased ithe ikinetic ienergy iof ithe imolecules,  

ithereby iweakening iintermolecular iforces iand iallowing ithe ieffluent ito imove imore ifreely. i 

iAdditionally, ithe istudy irevealed ithat iwhile iless iviscous ifluids ipermit ifaster imovement, ihighly 

iviscous ieffluents islow idown ithe imotion iof iobjects ipassing ithrough ithem. iThese ifindings iare 

iimportant iin iunderstanding ithe ibehavior iof iindustrial iwastewater iduring itransportation, ipumping, 

isedimentation, iand itreatment iprocesses. i iTherefore, iproper itemperature icontrol ican iimprove ithe 

iefficiency iof iwastewater imanagement isystems iand iindustrial ifluid ioperations. i iOverall, ithe 

iresearch iconfirms ithat iviscosity iis iinversely iproportional ito itemperature iand ithat itemperature iis 

ione iof ithe ikey ifactors iaffecting ithe iphysical iproperties iof iindustrial ieffluents. 
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