
STUDYOFINFRAREDREFLECTINGCOATINGSFORMARINEAPPLICATIONS

ABSTRACT

Solarenergyisessentialforhumanrace.Itspreadsitselfthinontheentire

surfaceoftheglobe.ThesummerseasonintheIndiansubcontinentlastsupto08

monthsinayear.Thepeaksummerresultsintemperaturesintherangeof35-45

degreesCelsiuscausingillnesses,epidemicsandevendeath.Thesolarradiationsheat

the exposed surfaces and increase temperatures ofenclosed spaces such as

residentialbuildings,commercialspaces,shipsandstructuresatseaetc.Morethan

50% ofthetotalsurfaceareaoftheshipsdeployedatsea,isexposedto direct

radiations from the sun. For a navalship,ship sides,exposed decks and

superstructuresarecontinuouslyheatedbyInfraRedSolarRadiationsbothatseaand

shore.

Consequently,thevolumesenclosedbytheseexposedsurfacesfaceadrastic

increaseintemperatureduetothermalconductionthroughsteelhull.Thisleadstoa

tremendousincreaseinheatloadfortheshipinstalledairconditioningsystem causing

immensediscomfortandhamperingtheefficiencyofmanandmachinery.Published

literaturerevealsthatInfrared Reflectivecoatingswhich can reflecttheInfraRed

radiationsfrom thesunandminimizetheheattransfertothesubstrate(steel),have

beendesigned,formulatedanddeveloped.Itisemphasizedthatasignificantdropin

temperatures(05-10ºC)from exteriortoenclosedspacesandenergysavingsupto30%

canbeachievedbyapplicationofsuchcoatings.

Whilesignificantbenefitshavebeendemonstratedbysuchnewformulations,a

veryclearunderstandingofthethreatsystemsandtheoperationalconditionsofnaval

platformsismandatoryforexploitation.Itisonlywiththisunderstandingthatoptimum

paintschemescanbedesigned.Thispaperstudiesthebasicsofsolarspectrum and

Infra-RedemissionsandassessestheutilityofInfraredReflectingpaintcoatingsfor

marineapplications.Theapplicationandsuitabilityofsuchcoatingsystem fornaval

platformshasalsobeendiscussed.

Introduction

1. According to the National Oceanic and Atmospheric Administration

(NOAA), 2018isonpacetobethefourthhottestyearonrecord.Onlythreeotheryears

havebeenhotter:2015,2016and2017.Further,NOAAhasrevealedthattheaverage

globaltemperaturehasincreasedbyabout0.8 C̊overthepast100years.Thisrisein

averagetemperaturewillhavefar-reachingeffectsontheearth'sclimatepatternsand
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onalllivingthings.Inaseriesofheatwavecalamities,Chicagowashitbyanintense

HeatWavein1995(739Deaths),EuropeanHeatWavein2003causedasmanyas

30,000DeathsandMoscow-CenteredHeatWavein2010leadto10,000Deaths.In2016,

theIndiansubcontinentheatwavesaw maximum temperaturessurgeto51̊C and

cause over 1600 deaths and countless casualties. This tremendous rise in

temperaturesandintenseheatisprovingfatalnotjustforhumansbutforanimals,birds

andendangeredspeciestoo.[1]

2. Indiaiscurrentlytheworld’sseventhlargestconsumerofenergyandthesixth

largestsourceofgreenhousegas(GHG)emissionsandsecondintermsofannualGHG

emissions growth.Due to increased requirements ofenergy and electricity,the

emissionspercapitahavebeenprojectedtorisefrom thelevelsof1.7tons/capitain

2012to3.7tons/capitain2030[2].Consequenttorapidchangeinlivingpatternbesides

adverseclimatechangesandswifteconomicdevelopment,theenergyuseinbuildings

andinstallationsiscontinuouslyrisingandwouldbemanyfoldsinfuture.Hence,useof

energyefficienttechnologiesandenergyconservationinbuildingsandinstallationsis

becomingoneoftheprimefocusesforthedesignersandresearchers.About40%of

globalenergyconsumptionisattributabletothebuildingsectorwhereasubstantial

portionoftheglobalenergyisusedtomaintainroom temperaturewithinthecomfort

rangeof20–22̊C[3,4].Withtherisinganomaliesintheweatherconditionsacross

Indiansubcontinent,theenergyrequirementsinbuildingsandinstallationsforheating,

airconditioning and ventilation (HVAC)isbound to risesharplyoverthecoming

decades.

3. TheRoofofabuildingsandinstallationsexperiencethemaximum amountof

radiationsfrom thesunandinsummerstheroof-surfacetemperaturemayriseupto

65̊C[5].Traditionally,whitewashingtheroofsusinglimeandchalkisonecommon

practice,andacttoreduceheatgainfrom roofs,amongotherenergyconservation

strategiesthatareprevalentinIndia[6].Suchroofsthataredesignedtoreducetheheat

gainintotheenclosedspacesbecauseoftheincreasedroofsolarreflectancearecalled

ascoolroofs.

4. Mostofthemarinestructurestoday,bothfixedandfloating,aremadeupofsteel.

Steelisanexcellentconductorofheatandgetsheatedveryrapidly.Steelhasfairlylow

emissivityofabout0.2-0.32whichresultsinitcoolingveryslowly.Inessence,steelhull

ofshipsatseaexposedtosolarradiationtendstoabsorbsolarheatveryquicklyand

radiatesitoutveryslowly.Thisleadstoheatingofcompartmentsofenormousvolumes

containedwithintheshipandconsequentincreasedrequirementofairconditioningand

ventilationinthetropicalwaters.Theseverityoftheproblem increasesmanyfoldsin

caseofpassengerandnavalshipswhichhavelargerexposedsuperstructures,shipside

anddeckareasenclosinghugevolumes.
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Figure1–ShipsatSeaExposedtoSolarRadiations

5. TheconceptofInfraredreflectiveorcoolroofcoatingsinresidentialbuildingsfor

variousclimaticconditionsrevealedthatincreasingtheroofreflectancereducesthe

cooling load by18–93% and peakcooling demand in air-conditioned Building by

11–27%[7].Akbarietal.{LawrenceBerkeleyNationalLaboratory(LBNL),USA}in2008

hadestimatedthatpermanentlyretrofittingurbanroofsandpavementsinthetropical

andtemperateregionsoftheworldwithsolar-reflectivematerialswouldoffset44

billiontonnesofemittedCO2,worth$1.1trillionat$25/tonnes.Consideringthebenefits,

IndianGreenBuildingCouncil(IGBC)hasmandatedthatroofsofbuildingsandoffices

beconstructedusingmaterialswithhighsolarreflectivity[8].Thereareseveralresearch

laboratoriesthroughouttheglobewhichemphasizeandexperimentinthisfieldofcool

roofcoating.MetallurgicalEngineeringandMaterialScienceDepartmentofIITBombay

andCentreforITinBuildingScience,IIITHyderabad,aretwoofthemainlabsworking

oncoolroofcoatingsandrelatedfieldsinIndia.Severalwhiteanddarkcolouredcoating

formulations forapplication on concrete as wellas steelsubstrates have been

developedbytheselaboratories.

6. A PaintCoating mainly comprises pigments,resins (binder),solventand

additives.The mannerin which pigments and resins contribute to the spectral

propertiesofpaintcoatingsisofconsiderableimportanceinformulatingcoatingsto

controlreflectanceandradiationemissionindesiredspectralregions.Coatingsmaybe

requiredto:-

(a) Reduceexcessiveheatingofequipmentfrom absorptionofsolarradiation.

(b) Reducedetectionbydecreasingradiationineitherthevisibleorinfrared

regions.

(c) Absorbthemaximum amountofsolarradiationandre-emittheminimum

amountofthermalinfraredradiation,e.g.solarheatingsystems.
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(d) Transmitvisiblelightwhilepreventingthetransmissionofotherinfrared

wavelengths,e.g.heatthrougharchitecturalglass[9].

TheSolarSpectrum

7. Thesun'senergyisgeneratedinthethermonuclearreaction,theenergyradiation

tothesurfaceoftheearthisabout1.77×107J/s.Figure2showsthesolarradiation

spectra fordirectlightatsea level.The visible region ofthe solarspectrum is

commonlyconsideredtobethewavelengthrangebetween0.4-0.7μm.Theultraviolet

regionrelevanttosolarradiationisconsideredtobetheregionbetween0.3-0.4μm.The

radiationbandsofinterestaretheNIRregionbetween0.7and2.5μm.

Figure2–SolarEnergyDistribution[10]

8. When lightimpinges an object's surface,itwillbe reflected,absorbed or

transmittedasshowninfigure3.Theprocessofscattering,asaspecialform of

reflectionincaseofnon-smoothsurface,isincludedinreflection.Lightabsorption

resultsinenergyincreaseofanobject.Inthecaseofnon-luminescentmaterials,the

absorbed lightwillbemainlyconverted to heatresulting intemperatureincrease.

AbsorptionofNIRlightisthemainsourceofheatgainofanobjectasNIRtotals52%of

theavailablesolarenergy.
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Figure3–LightIncidentonanObjectUndergoesReflection,AbsorptionandTransmission

9. The sum ofenergyfrom three components equals the incidentlight.The

equationbelow showstherelationshipamongreflectance(ρ),absorbance(α)and

transmittance().

ρ+α+=1

10. Whenthesurfaceoftheobjectisopaque,transmittance()iszero.Thisreduces

theequationtoρ+α=1.Materialswithhighreflectancemusthavelow absorbance

and/ortransmittance.Therearethreemodesofheattransfer:conduction,convection

andradiation.Conductionisaheattransferprocessthattakesplacethroughmaterial

surfaceswithdifferenttemperatureswhenadjacentatomsvibrateagainstoneanother,

oraselectronsmovefrom oneatom toanother.Conductionisthemostsignificant

meansofheattransferwithinasolidorbetweensolidobjectsinthermalcontact.

11. Convectionisheattransferprocesstakingplaceinliquidorgasthroughdiffusion

andadvection,themovementsoffluids.Bothconductionandconvectionaredrivenby

temperature differences and the heattransferrequires a medium.The energy

transferredisafunctionoftemperature,geometryandthermalconstants.Intermsof

heatblocking,conductionandconvectioncanbereducedbyusingheatinsulation

materialswithlowthermalconductivity.

12. Radiation,thethirdheattransfermode,isenergyemittedviaelectromagnetic

waves.Themagnitudeofenergytransferredbyradiationisafunctionoftemperatureto

the4thpower,geometryandemissivity.Theemissivity(e)ofamaterialisarelative

abilityofitssurfacetoemitenergybyradiation.Itistheratioofenergyradiatedbya

materialtotheenergyradiatedbyablackbodyatthesametemperature.Thetrueblack

bodywouldhavee=1whileanyrealobjectwouldhavee<1.Radiationdoesnotrequire

medium totransferenergy.Sunlightisasourceofradiationwhoseelectromagnetic

spectrum rangesfrom ultraviolettovisibleanduptoNIRregion.
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Figure4–FormsofSolarEnergy

13. Absorption oflightoccurswhen lightenergypromoteselectronsfrom one

bondingstatetoanother.Iflightofadifferentwavelengthisusedtocausethisenergy

transition,itwillnotbe absorbed.This means there are electronic transitions

responsibleforabsorbinglightwithwavelengthsofenergyfrom 400-700nm.Lightof

lowerenergy(>700nm)isnotabsorbed.Inthiscase,abeam oflightwithawavelength

of1500nm istoolowinenergytocauseanyelectronictransitionsinthematerial.Thus

itwillnotbeabsorbed.Insteadthe1500nm lightbeam isrefracted,reflectedand

scattered,leadingtothediffusereflectionofNIRlight.Thereisnomethodtopredictthe

NIRreflectivityofaninorganicororganiccompound.Whenabeam oflightfallsona

powderedsample,reflection,transmission,andabsorptioncanoccur.Ifthesampleis

opticallythickenough,thetransmittedlightisnegligible.

Mechanism ofReflection

14. Inclassicalelectrodynamics,lightisconsideredasanelectromagneticwave,

whichisdescribedbyMaxwell'sequations.Lightwavesincidentonamaterialinduce

smalloscillationsofpolarizationintheindividualatoms(oroscillationofelectrons,in

metals),causingeachparticletoradiateasmallsecondarywaveinalldirections,likea

dipoleantenna.AccordingtotheHuygens–Fresnelprinciple,Allthesewavesaddupto

givespecularreflectionandrefraction.[11]

15. Inthecaseofdielectricssuchasglass,theelectricfieldofthelightactsonthe

electronsinthematerial,andthemovingelectronsgeneratefieldsandbecomenew

radiators.Therefractedlightintheglassisthecombinationoftheforwardradiationof

theelectronsand theincidentlight.Thereflected lightisthecombinationofthe

backwardradiationofalloftheelectrons.Inmetals,electronswithnobindingenergy

arecalledfreeelectrons.Whentheseelectronsoscillatewiththeincidentlight,the

phasedifferencebetweentheirradiationfieldandtheincidentfieldisπ(180°),sothe
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forwardradiationcancelstheincidentlight,andbackwardradiationisjustthereflected

light.

16. Theinteractionoflight(electromagneticwaves)withanymaterialishiddeninthe

frequencydependenceofthematerial’scomplexdielectricfunction(derivedfrom the

interactionoflightandfreeelectronsinconductionbandandtheboundelectronsthat

transitfrom valencebandacrossenergygapto theconductionbandwhenthese

electronshaveenergygreaterthanenergygap).Properlydesignedmaterialsareknown

toproducehighreflectionorhighabsorptionfactors.Thereflectivityofasurfaceisa

measureoftheamountofreflectedradiation.Thereflectivitydependsontheangleof

incidence,thepolarizationoftheradiation,andtheelectromagneticpropertiesofthe

materialsformingtheboundarysurface.Thesepropertiesusuallychangewiththe

wavelengthoftheradiation.

DesignofInfraredReflectiveCoatings

17. Themosteffectivewaytoproduceasolarheatreflectingcoatingistomaximize

thereflectanceofsolarenergyinthenearinfraredregionofthespectrum.AnInfrared

reflecting pigmentora combination maybe chosen based on requirements and

disperseduniformlyinthebinder(polyurethane/epoxy/acrylicetc)toachieveoptimum

pigmentvolume concentration (PVC)forthe coating formulation.Pigments are

powdersthataremixedintomaterialstoimpartcolor.

18. A pigment’scolorisduetoitsselectiveabsorption/reflectionofvisiblelight.

Thereareseveraltypesofpigmentsandeachhasitsuniqueshadebasedonitsspecific

patternofreflectance/absorbanceofvisiblelight.Likewise,eachpigmenthasdistinct

IR-reflectivecharacteristics.TheefficiencyofanInfraredreflectingpigmentisevaluated

by solarreflectance index (SRI),which incorporates both solarreflectance and

emittanceinasinglevalue.SRImeasuresthepigment'sabilitytorejectsolarheat,

defined such thatastandard black(reflectance0.05,emittance0.90)is0 and a

standardwhite(reflectance0.80,emittance0.90)is100.Usingoneormorepigments

havinghighSRI,coatingdesignercanachievetherequiredresultsandcolourforthe

formulations.
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Figure5–SolarReflectanceSpectrum ofYellowInfra-RedReflectingPigment(Ti-Cr-Sb,TSR62%

(300-2100nm range)&86%(800-2100nm range)

19. Infrared reflectiveinorganicpigmentsarecomplexinorganiccolorpigments

(CICP),whichreflectthewavelengthsininfraredregioninadditiontoreflectingsome

visiblelightselectively.Infraredreflectivepaintcoatingsbasedonsinglelayersolar

reflectingtopcoatwithIRreflectingpigmentssuchasmetalnanoparticles[12]complex

inorganiccolorpigments(CICP)[13]andrareearthmetaloxideshavebeendeveloped

[14].ThegeneralbenefitsofIR-reflectivepigmentsare:longerpotentiallife-cycledueto

less polymer degradation and thermal expansion due to lower temperature,

aesthetically pleasing color and improved system durability and less thermal

degradation[15].

Figure6–Infraredreflectingpigments[16]
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20. Solarreflectivecoatingscanbeformulatedasasingleortwocoatformulation.

Inthefirstcase,itispossibletoproducesolarreflectivecoatingsystemscomprisinga

highlyreflective undercoatand a topcoatwhich can be coloured with pigments

transparenttoNIRradiation.Thetopcoatprovidesthedesiredvisualcolourbutdoes

notabsorbNIRradiation.Thetopcoatmustbeasthinaspossibleforitwillalwayshave

Figure7–SchematicofOnecoatandTwo-coatSystems[17]

someabsorption.Thesecondandpreferredsolutionistousepigmentswhichare

reflectiveintheNIRtoproduceasinglecoating.Blendingreflectiveandtransparent

pigmentsgivesmuchflexibilityintailoringinfraredproperties,andthedifficultiesofa

two-coatsystem areavoided.Themainapproachesusedindividuallyorincombination

areto:-

(a) Selectpigments to match visible colours using pigments thatalso

naturallyreflectmoreinfra-redradiation,

(b) Utilise hollow silica/ceramic microsphere/nanoparticle additives that

reflectthelongerwavelengthsolarradiationand

(c) Improvetheabilitytoradiateanyheatbuild-upouttothesky.

21. TheseInfrared(IR)reflectivepaintcoatingformulationsreducetheabsorptionof

infra-redradiationatsurfacesexposedtosunlightwithoutchangingthevisiblecolour.

Usingsuchpaintcoatings,itisalsopossibletocreateblackpaintsandnearblack

paintswithjudicioususeofcombined‘infra-redreflecting’pigmentsthatabsorbacross

thevisible.Thisisdonewhilstreflectingmoderatelywellintheinfra-redinsteadof

absorbingrightacrossthespectrum liketraditionalpaintsbasedoncarbonblack

pigment.AnexampleofDuluxpaintcoatingcompanyusingthisapproachispresented

infigure8.
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Figure8–AcomparisonofStandardandIRreflectiveCharcoalcoating[18]

.

InfraredReflectiveCoatingsforMarineEnvironments

22. Thesurfaceareaexposedtosolarradiationincaseofwarshipsandpassenger

shipsgenerallytendstobemorethanhalfofthetotalexternalsurfacearea.Thecargo

shipssuchasoiltankers,generalcargoshipsandcontainershipshavelesserexposed

areasincomparison.Consideringthecomplementandthequantum ofsolarexposure,

theproblem ofeffectivelyair-conditioningtheenclosedspacesismoresevereincase

ofwarshipsandpassengerships.

23. Heating,airconditioningandventilation(HVAC)system onboardshipisavital

system thatenablesthecrew andpassengerstoperform theireverydaymissionand

maintainahighlevelofoperationalreadiness.Itprovidescomfortandodorcontroland

isessentialinprotectingpersonnelfrom indoorairquality(IAQ)contaminantsand

chemical,biological,andradiological(CBR)contaminants.ShipboardHVACsystems

supplyandremoveairtoandfrom spacesthroughouttheship.Indoingso,these

systemscontrolqualityofbreathingairandprotectpersonnelandsensitiveequipment

from hazardousairbornecontaminants,fires,explosions,andexcessiveheat.This

ensuresthemaintenanceofacrewthatisphysicallyandmentallyfit.Failuretoprovide

effectiveventilationsystemsinthedesignstagecancreatecostlyobstaclestosafeand

efficientship operation and maintenance,which ultimately presents a threatto

personnelsafetyandhealthandtomissionreadiness.
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24. ThemostwidespreadHVAC problem aboardashipiscontrollingheatand

humidity.Highheatandhumidityleadtoconditionsthatarebothuncomfortableand

reducepersonnelproductivity.Thishasanindirect,butpotentiallyverysignificanteffect

oncostoverthelifeoftheship,becauseofreducedproductivityandtheneedfor

additionalmanpowertoperform agivensetoftasks.

25. VariousClassification Societyand Navalstandardsdefinetherequirements

governingtheoveralldesignofHVAC systems.Theyspecifyenvironmentalcontrol

requiredtobeachievedthroughoutthefullspectrum ofambientconditionsforwhich

theshipistobedesigned.Withthesteadyriseinglobaltemperatures,theloadon

HVACsystem isboundtoincreasewithtime.Accordingly,paintcoatingfirmslikeM/s

Akzonobel,NipponMarinehaverecentlyintroducedIRReflectingcoatingsformarine

applications.Thesemarinecoatingscanwithstandharshmarinecorrosionandprovide

smoothfinishonexposedsurfacessuchasdecks,superstructureandshipside.Awide

varietyofcoloured coatings having infrared reflective properties are available for

applicationformarinevessels.Fullscaletrialsconductedbythemanufacturerhave

shownthatsurfacetemperaturedropofthecoatedsurfacecanbeashighas28degree

Celsiusincomparisonwithconventionalcoatings.Theinfraredreflectivecoatingcanbe

easilyappliedbycrewormaintenersusingconventionalmethodsandrequiresstandard

surfacepreparation.Consideringtherequirementsandoperationalprofileofmerchant

ships,thesecoatingsareboundtogainimportanceinthefuture.

StealthandApplicationofIRReflectingCoatingsonboardNavalShips

26. Unlikemerchantship,awarshiphasaprimerequirementofperformingroleofa

“Stealth Platform”.TheStealth isabilityofawarship ofnotbeing detected.The

methodsofdetection(signature)ofashipcanbevisual,acoustic,magnetic,infrared

etc.[19]AreaofinteresthereisInfraredReflectivesignaturesofaship.Aship’sIR

signatureismadeupfrom twomaincomponents:internallygeneratedsources,and

externallygeneratedsources.Internallygeneratedsignaturesourcesincluderejected

heatfrom enginesandotherequipment,exhaustproductsfrom engines,wasteairfrom

ventilationsystemsandheatlossesfrom heatedinternalspaces.Externallygenerated

sourcesresultfrom thesurfacesofaship absorbing and/orreflecting radiation

receivedfrom itssurroundings(ie.radiationfrom thesun,skyandsea)[20].

27. Beyondthesmall,hotsources(highradiance)ofIRsuchasengineexhausts,the

onlyothermajorcontributortoaship’ssignatureisfrom itsexternalsurfaces;hull,

decks,andsuper-structurebulkheads.Typicallyshipsurfacetemperaturesaremuch

lowerthanthatofexhaustuptakesandplumes.However,becauseofthelargearea
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evenverysmallcontrasttemperaturescanresultinasignificantsignature.Thisis

especiallytrueundersolarheatingconditions.[21-23]

28. Figure9showsapolarplotofcontrastradiantintensityforthegenericfrigate

model.TheshipistravellinginthesameenvironmentasusedforFigure10,at30knots

ontwoLM2500engines,withnoenginesuppression.Thesunispositioneddirectlyof

thestarboardbeam,atanelevationof30̊.Theplotismadeforanobserver500m away,

lookingdownontheshipata15̊ angle.

Figure9–3-5μm PolarPlotofSignatureComponents[24]

29. Thefiguresuggeststhattheship'ssignatureisdominatedbyvisibleuptake

metal.Thefigurealsosuggeststhatthecontributionmadebytheplumesisofthe

sameorderofmagnitudeasthesunheatedhull,atthisrange.Theshapeofthecurvein

Figure9isindicativeoftypicalships.Thehullradiancedistributionisdependanton

visiblearea,resultingina"figure8"shape.Meanwhile,theuptakemetalandplumes

havearoughlycirculardistribution,withadipinradianceappearingforviewsfrom

aheadoftheship.Thisdipisaresultofthemastandsuperstructureobscuringthe

engineexhausts.

30. Atnight-time,ifaship’shulliswellinsulated,aship’ssurfaceisatequilibrium

somewherebetweenairandseatemperature.Asthesunrisesinthesky,theship’s

surfacetemperaturequicklyheatsuptoalargecontrastwithambient.Suppressionof

anexcessivehulltemperatureisregardedasadifficult,ifnotimpossibletask.Thelarge

surfaceareasinvolved,andwiderangeofenvironmentalfactorsinfluencingshipskin

temperaturesposeaninterestingchallenge.Threesolutionshavebeenproposedat
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present:

(a) Uselow solarabsorbtivity/thermalemissivitypaintstoreducesurface

heatingandIRemission;

(b) Washsolarheatedsurfaceswithseawater;and

(c) Blanketentireshipinacloudofheavywatermist.

31. Paintsnow usedonthehullsandsuperstructuresofwarshipsoftenexhibit

relatively high solarabsorption because ofthe grey colours required forvisual

camouflage.Thesecoloursmayvaryfrom bluishtogreenishgreydependingonthe

watersinwhichthevesselislikelytooperate,andhavereflectancesnear30%,High

solarabsorptionnecessarilyresultsinhighsurfacetemperatureswhichreducethe

comfortofthecrew,increasecoolingrequirementsand,moresignificantly,amplifythe

emissionofthermalradiation.Othermethodsofcoolinghotexposedsurfaces,suchas

usingwaterspray,reducethermalemissionsbutaddpowerrequirementsandtop

weighttotheship.

32. Historically,navalcoatingshavecontainedsignificantamountsofcarbonblack

[17].Anearlyattempttoformulatewithoutcarbonblackproducedsolarheatreflecting

coatingsandlow emittancecoatingscontaining15% ofpowderedaluminium.These

coatingshadpoorweatherabilityandcolourretentionbecauseantimonysulfide,ablack

pigmentusedinplaceofcarbonblack,isunstableandreactswithairtoform white

antimonyoxideonprolongedexposure.

33. Effectivesolarheatreflectivecoatingshavenowbeenmadeinthegreyshades

establishedforwarships.Carbonblackhasbeenreplacedbyanorganicperyleneblack

whichabsorbsstronglyinthevisibleregionbutistransparentthroughouttheinfrared.

TheformulationforafullglossAustraliannavalcoatingconformingtoLightGrey631

has been developed.This coating reflects 77% ofsolarradiation at800 nm in

comparisontothestandardcoatingwhichreflects33%.Asimilarformulationhasalso

beendevelopedforasemiglosssolarheatreflectingcoatingforU.S.navalwarships

whichhasahazegreycolour.Thespectralreflectancefrom 380to2300nm isshownin

Figure10forthiscoatingandfortheconventionalcoating.Thereflectanceofthenew

coatingisapproximatelytwicethatoftheoldercoatingintheregionfrom 720to2300

nm.Thereflectanceinthevisibleregionbetween380and720nrnindicatesthatthe

new colourismetamerictotheoldercolour;thisisaconsequenceofsubstituting

phthalocyanineblueandredironoxideforcarbonblack[17].
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Figure10–InfraredreflectancesoftwoHazeGreyformulations[17]

34. Theselectionofspecialpaintsisaverycomplexissueandthereisnosingle

correctanswer.Therewillalwaysbeatradeoffbetweenthebestsolutionforsunny

conditionsversusthebestsolutionfornighttimeorcloudydayconditions.Forexample,

undersunnyconditions,ahullpaintshouldnotabsorbsolarradiationbelow 3μm

wavelength(i.e.low emissivitytoshortwavelength);andabsorballradiationabove3

μm (i.e.highemissivitytomidandlongwave)[24].

35. Withthistypeofsurfacethehullwouldheatuplessduetothesun,butitwould

notreflectthesunintheimportant3-5and8-14μm wavebands.However,lowreflection

meanshighemission,andifthehullisheatedabovetheambientitwillemitstronglyin

the3-14μm range.Thistypeofspectralpaintisavailablebutisexpensiveandits

effectivenesscanbedramaticallyreducedbysurfacecontaminantssuchasoxidation,

dirt,etc.

36. Underovercastconditionsitwouldbedesirabletohavelowemissionpaints(or

“lowƐ”).Inthiscasetheshipwouldemitlessandreflectitssurroundingsmore.Little

unclassifieddataontheinserviceexperienceofshipsthatusespeciallowƐpaintshas

beenavailable.Atthetimeofthispaper,noreportcouldbefoundthatcomparesthe

overallsusceptibilityofshipswithtypicalpaintsvsshipswithspecialpaints.Without

extensivefieldtrialsandsignaturemeasurementsitisnotpossibletorecommendan

alternate surface finish with confidence.Therefore,standard navy grey paintis

assumedtobeareasonabletrade-offbetweenlow emission/absorptionandlow

reflection.
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Conclusion

37. IR-reflectivepaintsarearadiativebarrierminimisingsurfaceheatingratherthan

providinganinsulatinglayerthatreducesconductiveheatflow.Thesepaintscanleadto

areductionofexteriorsurfacetemperatures,andheatload,onbuildings,external

electricalandelectronicequipment,pipestransportingoilorwaterandhullsofships.

Theycouldcontributetoreducedpeakelectricityrequirementsforair-conditioningon

very hotsummerdays and reduce greenhouse gas emissions caused by air-

conditioning.Duetosuchbenefits,solar-reflectivecoatingsandmaterialsarebeginning

tobeusedinindustrialandarchitecturalapplicationstogivesignificantcostsavings

throughreducedenergyusefortemperaturecontrol.UsingIRreflectingpigmentsand

optimum formulation,tailoredinfraredreflectancecanbeobtained.Suchformulations

havenow beendevelopedformarineapplicationsandwouldtremendouslyhelpin

improvisingtheefficacyoftheHVACsystem fittedonboard.Inthenavalcontext,avery

clearunderstandingofthethreatsystemsandtheoperationalconditionsofservice

platformsismandatoryfordesigningsuchcoatings.However,itcanbestatedthatthe

use ofthe suitablydesigned and experimented solarinfrared reflecting coatings

describedhereinwouldreduceconspicuityofisolatedplatformstosurveillanceand

seekersystemsoperating in themid and farinfrared withoutdetrimentto visual

camouflagecharacteristics.
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