






n..j'HI'IIO_gr_lr.,..,'llelhiM·-IU6-IImOcourMt........,,3001Elec:lnclll~.15i1 
-E~.•i1,_,...Enooo-i'lg.t5in<MI~-~in~~. 

Apartlrcmlhel .. -tmt,.,.,....,IMHTIIIMMo"'ll""'"""'·7&1>0r1<:0UrMiwilh&tolalolt38patldpel"olslrcm 
in0116tryi11Mir~<>1ContiniiOIIIPtole....,.....I Devoloprno<'ir 

ltlowellknownlhatHnwoool!llblilli«<in l ii68Mihebao.ioola5·y.arP~<~g~amollheCV11'"'willllhe 
auillanOioiiMUnited N~Ioni~Progr-(UNDP),UNESCOondlhelntemaiOtlell.ebautOIIIoe 
(11.0). 

Wo-g;_,aiOialoi4336G.-oolhOteypn..lnduslty--olfomT-Eng;tMe1110 
~F'n>IIOSSOISbof>inCyptuoM-Mi'r....._~-

lnFiltlruary20CQ,IhoCounc:ilolloliniii--IOaslabbhiT"""'*"'UNverlorl'oiAppliedScionce&Atll 
i1whlct>UnivetUylheHigi...-Ttcllr'IQ!Intlilule i"9<'1M<wilh .. ll>e~lnsliiL<I ...... olT111iary 
EcluciiiMwilpartidpata . 

.o.etarallhe HTi inlraolruetureit-rr>ad.ll'lltsportgrounds-patklngorooodlheSportoHIIIuwellas 
IOurlac1""'...,....andrwetvaoiiUIII'IIovo-CQflll>llllfl<l. Wocont"-<>urollortslot-ll>eimslr_,...,tol 
our~-laobotal<ltyl.olliin. Ora" regulat.,.IOfll>eer-P<Jo,toyotemho"'_Pf'l_..,..,... 
~1011eBo.wtloiGo¥wnorolot~ 

HTl~~.,,.E....,.,..,u.-PtogramSocrllta/E,_Iot ___ .-.g.o.. 

ln'lle-.tholffit;OniO'IIoniOoJit<O ........... Iri"""C'IOilllluCWIISI>OIItlor:aily---O't 
tl(l(liloo)t>,·it~O't-~,...,..,_,by...,E,._,lJI'Iioroao-aobytha~. 

BeiO<e tfldi1g my GracluatiM-" I would •~• to lhonlt lhe varloul inOII&trjos, 0f9!1nloat1Mo 11 ""'~as 
inr:Widuall,lotfleitiJM'II'CIIIIdono!ionl,ocholatshlps-pn>Hgwonto"'lhisyear. The~rtaorntl-i1 
lhoGI-.IMCo.-.....,.,.~ 

lwouldlbolil<eiOitlq>lfllourihonUIOhiiElalencylle-ollhe~lotlhOt~Prilo 
..... cn.ooo . .....,.•--IO.,._gr-.-. 

~IJO<Tttllllpr;c.a-.lhiiE~IIef'r,_olhRoputllon..otl-.h-MIMt.,...-. 
1Jitf""""IP<illoiCVt.OOOiohbootM8rlno~gt ....... lingll_lor_,..,wi1;.1!10e"4)1'0Uour _ .. llhonO.. 

Conoorning my speo<;h 1 -.1(1 ~ko to wio.h, on bllh.o.ll or t1trt Ministry Qllabour ond Sociot t"""ence lind the 
~t.IOI<>da(ogr<Odulltingll...oontefl«lllleosi1lileonda...-alutr::.or-













26. -....-..-Qllecto<Jromlhe...--DI~• byDILL..azlwl 

V~lionollhetrn;ll._.lion~O,air..:ordilionedbuJidinOtlnCyprusbyDfl.~ 

30.Lowenergyllir-condillolfngolbo.rildingsbyDr. GFioridols 

3 1 . Hydrogetl J.- inlemalcornbustiorl~byUr.l~ 

32.Delignan:lccnslruclionDI•tprayeotapofolorloriiN-walerdeNIW\alionbyDfSKalogitou 

33. ~conslr\ICtion: ~~-"""""""'"'lhePQII!ylolfsO.. Anmiou 

3-e. ~liunollheoul-llni:lhl)l'l)do.:.lbyvarious1001s..,..._lnlhelor:Mrnarbl.....-varku 

~aw-..lorloa'nlng-alion~hCHCialhebyMrCII. Tlioulii.~C. CIIriRDii 

35.Deslgn.ccns~rucliunandpetbmancee.olullliunol•ldaraii·«JJeccotlordomeslic~lnCyprus 

byMrCh. Tiioulis 



SPORTS ACTIVITIES 

H.T.I.partir;;petodinthaC!Iampioosh!psk>IT811"'ryEducat<>nlnstitutions,a<gaoioedbytMCyprus 
U~ity SportsF-.etion 

• Tl>eStlldemsPancypr"'ncross-coontryracewasorganisedatlheH.T.t.""'mises 

Thotnst~U1e'st<;o<ft)al tearnMdanoutstandingperlor"""""' ie tnaPancyprianSiu<IMI!IC~ip 

• H.T.I.studootspartjcjpatedintablei......U.and"'-"SiudootsCI>ampionohip<>rg.anise<lbylhePanllellerk 
Univ<trS~ySportsF800rallonw1111outstand\ngresults 

• FourH.T.I. s1udoots participatfl<llnlheMiddla EastMeditern!lneanScholarAthletesGames. wlich tool< 
place in Israel 

• Anumberolietra,...,lcharnpionsllipg.ames·Futsal,voleybal.beskelbal. shoolingandl<o<ft>al·were 
organiseda ttMp.-ernlsesoiH.TI. 
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be 2%ot theiritiat irneslmenl. The taller a<:<:(I<JI'IItDr the eoo<gV raqoired [eloolricity) to diNe the solar 
pump. TheiO!alai"M"IIJ<IIroslisijNenby· 

c ~ C,o +C. 

a .. (:~:~~c~ (S) 

wheffltlslheintlalionrateant!Nislhe<'IIO'I1be<oty&ars thesySiemls operatlor>llt, i.e.,lileotthesySiem 
[20years) . 

TheMie<le<'Qy<:dlecledlromtheoolleciOI (O,..)Isobtainedbysubtracli~ theanroalamoontolau> ilia<y 
energytrom!heai"M"IIJ<IIamountotoorM>nti<>r>lllloelrequirediOCO't..-theloadloratuelonlyeystem,i.e .• 

Q ... - Q .... -Q_ 
Flnally, thesolarene<gyprice,i<1CII<Wh,lsobtalnedby 

NS£P a ..£.. 
Q_ 

., 
(tO) 

With theaidot TRNSYS andtheTMYI<><Nicosia, Cyprus. allOOlberol simulatioosWI!faperla<med. 
Systemchamc!OOSiicsareshowninlab182. Theoplirrisationpaurl11eterusedinthenetsolarenerll)'price 
(NSEP),i.e., !heoptm....,eystemlstheone,..tli<:hgivesm .......... NSEP.Astheloadpatt&mlslhesame 
lor al thecasesconsidered, lheJ>Mametersonwl>lch theperla<manceot the system depends are the 
COIIUCIO<areaar<l!heSIOr"'!"tat*volume. B)'n:reasing!heCOieclo<areamoresolarerwgyiscolected 
but thesolarsystemcostt.more,whereasb)II<>C~easlngthestoragetari<vol..nemoreenergyca<1be 
SIOiedbut!he~lronl thestorage tanlctothe....,iorvnentareilx:feased.SmaiSI0<3QIItari<vohn1es 
edibltlowerenvirOtmentaltossesbutlnereasethelossesolenergythoughlherelielv-.eastlieycan 
easilyread1 therelielv>Weset!ingtetll>l'falu<e 

Table2. Ciwact00Siicsot!hesolar stem 
Parameler Vat 

A.lcasesw&resimUatedlorarunber oi<XJIIeclorareasandarangeolstora.ge t""' •ol..nes.tnttisway. 
a da!abase is created ,.,;th the CO<l'ltlination ol the cotleclor a<ea and storage voll.rne on au>~ia<y OOOfiiY 
requi<9dbythe system,torvariouscases.Theideaisl0createasmalldatabaseolcomt>inationsolvalu$s 

::,u;e,!:~~~~Y~~~:·~~-=~~~"'c!~~S!:;, ~::..~:::3"":s"":~~=t::'::: 
storageta,...areincreasedtheauxillaryerwgyrequlred ls redt.ooedbecausethesolarsystemcanrolect 
andstoremoresolarenergy,butin<witablythesystemoostsmore. ltlslmportanttoCO'terlheltwoand 
o.we<e•tremelllldsol!hec...,s iObeirneSI~atedplus$011Mimermediatevalues. TNsisimpOOanllor 
two masons: llrSI, the neural"".......,. leams al !he''"""" of possible values and thus~ .Wt not need to 
e•t~ateandseoondthescatinglunctionslortheinplltandootputdataneedtobedele<ntinedonly 
onr:e.basedO<ltr.emlnlm..nandmaxirnu'nvaluesottheparamet""'i"thedataset.FDtthoseextremt 
::;!':'"~"!:~canbeusedsuchasSIOrageta,...muSibebetwoon40and300 1itresporsquare 

Thttradi!ionaln>e~hodl<>rf indingtheoptint..nsolutionistoperla<mmatl)'•oosotTRNSYSar<ldecideb)' 
trialnnderrorthecharacterisbcs ol!heeystem,..tli<:hgivestheoptim....,solulion.Thismethodmayleadto 





Geooncalgorilhms(GA)aresoitablelortirlding theQPiirn;<nootuliooi~~emswerealitnetSlunc'Oon ls 
preseot. G9061K:algorittmsusea"litness•meas.xetode10«Jlinowi"O(;hol thelnoividualsinthepopulalion 
suviveand<6pf01b::e. Thus.suvival olthetineslcausesg00dsolulionstoprog ress. AI}I'001K:algorittwn 
I'IOII<.sbyselectWebreedingotapopulario<tol""irdvkt.als-. eao:notwhidloouldbeapo1ootialsolutioniO 
the prol>lam. In tlliscase, the !~"""tic algoriltlm Is seei<lng to breed •~ inoividual thitt in tlliscase ml.wni~es 
lhenetsolar """'l'ypriceollhesolar$"1SI&m 

Durfngeacl1step(calleda-ation)fr1 thereprod!.ootionproooss, theirdivid1Jals inthecw-&r>t;ene<ation 
area-alualedbyaoo-calledlitnesslunctionvah"'. whichisameasureotr.:rw.....e4tthelndividualsolvesthe 
problem. Theneactoindivn.alisrepro<ll.o;edinprop:wtOontoitslitness:thehighe<lhel ltfleSS, thehigherits 
cltar.:etopMq,atelnmaling(crossa.oer)andtopr<XIuceanoUsprl<'lg . Asmalrunberol new-born 
ollspring..-.dergo theactOonollhemutationope<ator.AitermMy!l"""ralions.oolytlloselndividuals""" 
halle thebeslgooetics(lmmlhepon'l!olviewol thelilnessluoction)suvive.ThebestlndiviOOalproyides 
anoptim..,ornearoptim..,solurio<ttolheprobk!m. 

The ialjjer thebreediro;~poolsize.lhegreater thePOientialol it produciro;~abetter i<>:.livid<JAI .flowever.the 
netv.orl<spro(b:edbya-eryindivn.almustbeawliedto thet...tseton""eryreproduclivecyde.so lar(lel" 
bmediro;~poolstakelongerlime.Aiterteslingalotlhelndivlduafsinlhepool,anew·generallOn" ol 
lnctividuals isproOOced for teSiing . The struciL.O'e olthe standard genetic atgoritl'wn is $h0wrlln F~. 3 
(Zalzalaaro:!Fiemlng.t997) 

r,~"'"~.~,;~:,------------------

lnit~li.ze PopulationP(tl 
Evaluatel itnessoiPoputationP(t) 
While(G-ratioos<Tota1Nun1Jcr)OOI>egin(2) 

ond(2) 
end( l ) 

Selecl Population P(t~ l ) out of Population P(t) 
ApplyCrossoveronPopulationP(t+ l ) 
ApplyMutationonPopulat'onP(I+I) 
~=~l~a;e l i tnessol PopulationP(Hl) 

D<.oingthesett ingupoftheGAtheusertlasto~ theOOjustobi-&ChrOrnOSOI'I'Ies . l.e . theparameters 
tharli'IO<IIdOOmodifleddL.OingevolutOontoobtaintheml.wn.-nvalueoltl>elitnesslonction. ln thisworl< 
tl>ese.,., tl>erolleclofareaandtheSIOrage tanl<volume. Additionatythevserllastospecilythurangasol 

~ngv!':;~~.t~t!"'~:"v:.t:::e~::ru~f~~1·~~~~~,.,."',: 
10·30m'tortheSIO<age tar*vol..,e 

The{l8flelicalgoritl'wnparamelersusedlntlle~8S8fltworl<are 
1- PoputatKlnsize~so 

PopulatKlnsizeis thesizeoltheQer.eli<breedingpool, i.e.,thenumbO<olindWidualscon131ned ln thepool. 
ll thisparameterlssettoatowvatoe,the<e_..noiOO""""fl'h<OIIe<oot kindsotirdividualsto""""ethe 
problemsatist3CIO<il)'. On the other lland. ~ thereamtoomanyin the populat>on. a good soluJIQn..;lttal<e 
~toc='i!::~~lhelltnesshn::tKlnmuSibecolcUatedlora-eryinOvidualina-ef'/IIOfl"'atlon 

CIO$SOVer rate det&rrnines the ~obabilly ttlatthecr<.ISSO"'erope<ator ..;Jt 00 applied to a panicular 

clv~~:t:.~ation. 
Mulaliorl rate determl""" the prot>abOlly th>tthe mutation ope<ator wil 00 <q>plied to a particular 
ChrOrnOSOI'I'Ieduriro;~agener3tKln 

, Generationgap•96% 
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P-tO<IO,..t-J;oto') 

Rg . S.ComparisonOIIICiual(mcdlllle<l)andNNpredic:ledllllla (validationdalase1) 

Flgurt6showsllleti 1nesshn::lion~~gainslllla........OO.Oigen~~~auoneo:h.o'no lllarunring01lhege<l$!ic 
~t"mprogram.AscanbeiHI'III'olbesltiloesslsiOI.Wldalltll•s•g.tne<arion,whlchll•"llaol. ll 

:::::~=-=~en::!i:..."'ta::::::.:.~=--~~~~ be-al'*abcul2 .......... v __ ,.opWro.m,....t..ve-.ablained. 

EQliiilionjll)was""""klgelherwill'l-characleristDandec:otW::Wnk:par..-sollhe~ln 
combinalionwilhagenelic~PI"'QQ'amiOIIn:l'lhll~cdlecloo' .. N-S10r3(111ri~ 
(~c:tlfomoslomeslllai........_ .. NSEP. l"- ...... ~-Miinaspr~p<Oglam 
lnwl'ich,.various~-~(lil<aEq.ll)areii'Hfeditlloditterenlcolls. Tt..,.._ 
~oreSMinddlerent<*lf..-.llhefilnesslunclionilllleoelllhalconl20nsanequarionglving 
lllaNSEP.I I"""*!bero:Modltlat,Plooprn<l&l>ool lile<IMcribod llboYereodiObe~tedoro::.. TIIa 
e>nychaiiQell requlredlordille<enl~a\OOI.IklbeiO~y lh8 celawlltomirim....,,m ... lml.onvflh.MIS 
ollheloput~etsand lheoelloonlainingEq.(l l ) 

ll'llloptft>l.m-**"'r~~t;~aru"'JJIIIO'ZZ7.7m'Md..,.agelankoile tq.IOIII013.2m0. 

!:.n:=.=:::.-:.:;..~Y~I~~~O=.~=~~,:_a~~ 
-IOIQ(Iclo_torlfoilcaM II ve;ygoodas~iJ""""'~IhepoWrnaN<IonFtg. S.IIOIItil 
OCIMPII*h......,.-vYprdc:led,.;lllheneuralnot-'< .... lhal-tmmTRNSYS. T!'
caMII;d>ed<edoniJI.OPOeiiO..,alualelheprediaionac:a.ocytorlhi(IJ!Iinuncase. 

Fig.SI'Iololbell l~ne&Sagainslttlllrut'lberol~ations 

llahouldbenotedlhalbolhlhelrainirOollheneu'olre.-andllla~algorilhmPIQOIIm~ 
julla t-moondsiObepeorlorm.clwhe<easeachrrnoiTRNSYSrequires2.5minulea, al onal'enlium 
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<t..loll~(<<>~""(>po>....,...""-'t<IOfl<IO~ 
lll-1~.,.,. •. 

.,~~,,.....e,p~-"""""'" 
ToU8 l 00 b iiUJY!6oO-<q<o6W¥8<W(J;.<t<>oro 
an<>&<}<tU<I B<pl*o«• ""' vu <'1'1 ooo616< omo 
n<~«oq>in"""'l""'-'O&o!PI'(J¥<>'1{>o<JO<Citld 

TUII<(<; IWW«: 

F::'m~-.-

i « ;n ""'" o x<l>p<><; I<C ~~· '+'~"'" ' ¥P~¥0PO 
·l'ypoonoppoqoqu.O.qto 
~~l.l"jOtlj)<)anO<aO<O<Y<!<t~ 
""' tl<""¥PP<'ooppoq>q<..otrr<a<l"' 

·~pHtoolo 
11o~i><P"l'""'f'<'.6oXt<><l&W>6fo~<"jO).o 
xpim>""'""""'K"'~'I'<"·fi.l 

• A ... n~"''"""!UO 
0. •"'''<l.c~ tou UB 200 5< T<l'i<""" ac ncp;nu..a~ 
B!>a"'i<.,.acncpn....,.,~>.c~"'-'f'T'>(No><; 

~··~ 
lopqU n•uhu~ lnl•n~< •lpu~ ,;o· 
Trc...o .. pc(k)).).o.. 

• (ftdq<OnoNtq"')<l ""'""''"',.. 

~-·-........ ---. a«\p<Ql""'¢1<""'· H•apd""cpun<i&<lpctpUI>(i<Yo. 
w:c o<ond (I< tpoxo ~ w:c tonotlttq&auv 8;6u; ""' 
o«Jp<<IOCiat'l"cno¢"<1CCtW. 

-o.. ....... ... .,.. .......... ~ 
O."""""""atc xp6<0rooatoo<6m<><;""<<><>«oo'i<; 
«<>>kko<;-""1"""~~)'0~ 

""'~ 
•!(Nopjl<Oq(l<~lo.,_ ... , ... ~, 
Xc.>pk;O<l0<«\0<><"""~ 

H tona&i<'tO'lU8 lOO.m:ni&av<cwtl\ <""'-' 

-...f't~~""""'""&t"'"" 
,.,, op ~O>• O>ou " ' ~q• nopoopl~o""' o• 
~~l<l.~~uc;u•>.Toot"Yot""'U8100 
oauv6ct0<6o<;~cono8cul«"5<fw)""' <tpo<J"¢ 
ac 6Uo nap<o)..l..(~<< co8cie<. ouvoxi(<>.ca~ ""' 
Kata •Opu'J'<' 6ow< 'J'<'ivc«n oto ""' •O«o> ox~~«. 
M<""'6""'tpl>naowtur.O..tao"""""'""''IP'\1<>P<' 
•tiao~o o>lliJ ""' O<¥povl>-/""'q· a<p<>(> to ""'6 ooo 
~tt~Otl(fO<t"'i''P<JUJ<;~an/o 
tO~t<pOI<I.IatOCO<o>t<p<0<6<,;,,..,...,_ 



lf!1egratedProlecl 

3·0 NANOCONTROL 
ANowiS.,nthuls--lofiMPI'<I<IIM;IIonoiTallot•tludlfaro.IINCI"'" 

~byO..Nk:oiAflllasllnlodl 
ThlsE•pttnlonollnte'"t wastobmiUtdln !llspGfiM IOCaiiEOI.F,..2002 

AIMOf'THEPROPOSEDWORK 
n,.~oonstil,.lle~'"""J'JI'*'*Iol•~~lniiG<aiiKII'raject 
1'"""""""'"-11...-bxl«<lnlleconlel<l ollighrate~.,.....,....- ... _l.llilzarimolnon
~lled ..... ·sittdnano-llno::llQdPricles. 

GENERAL PROJECT APPROACH 
Tho""'''lo)'edll""""tme!~tntaill lhelhermochemlcaiCGr"P<"'*"'olpt"ec.norpowcjersandllloM 
II.C>seql.wW~b1meansolawli1U~Of~lionlnlonet·shapeOC()mpOIWlii..TI"II 
llwuslollhe~eil~b11f1011el.pn:wen..-.clhjlydox:unenle6.-hod(~PaltJtll.P
NomberCA219CM22.No:wtmbwi5.1996.E"-P-.PMen1Nomblf"EP0800883.Cldoblt"15.1997. 
~PlllltW.PI.C*:IIIQn-JP09·30970-I.o-nt>e<2.19117.LtrftdStaf<HP_,.PIIIentM.mber 
U$577626<1.JUy7. 1 998.SooltiA!tttnPara~~.Paltnlt+..onberZA9609689.cooen11yllling..,aluatod)lllal 
==lkedriiOI"()-SUUCiuredptMO:ie<eo<ni)OSilionslntukquantiieaii()O'n~b;asedmetallic 

The,_.,.;:I!IIPfi'OOCII.,...Io:u.........,.IColliablelrdpro.ren!)r<lCIIIIInolllpl: 
·:::;drylngolc:llln'Oclly~p-ew~DS.....,~~maedat""-

• FUdbed~CGr"P<....,ollhei>'IC'IQOI'powdoero!Qiowedbycomposmonalenricl"rnent 
lorlhe realizalionollailof·madunano·SirucluredphMel 

·O..~olnano-llructuredc:oa~opplicllionpar;wne~ ... basedbolhonllmoblionollle 
...... ~parlldesan:lthennaiiOI.OCelflddepolilion.....,dllerenlrt.maiiJIIII"flrog 
-.otogiesbyY~~,..,...-..Inl~way. 

·F~OI-nano-Siruelurednet-shapediXIr'f"OPOI*Uai.,.CII>IiondYIDwllfnper.ll .. es 
Theal~ 51"1"1finlfval8dMI!aylhelourda11onol amwm......taeti.O'ingl~lorthelarge
ecaleproducllonll!ldutllz•Tlonolnarc>-alru:luredpanicui•Mmote<ials 

NEED AND RELEVANCE 
Thopinar)oiiPI)Iicalionlielcllll"llll .... betarONd ... : 

./ n.mal-banier.:oUng$(TBCijlorligh~tu!liiiJll)lico*""(t.(l II.Obirot~. 
~ Hardc:oatirqolof~theflleoi-Of~romponents(e.g.valielljetnl.shalts.""" 

spoots.eK:.)swtectedtoaeven~~conditlonl. 
~ H~I)Inet~par1swilhligheleclricllandlhetrnai<:Orle1dvity 

Specilj(:nano-llfl.leb«l~ccmpooilionowillbellt""'~Jiea~Yt~wilhaviiJwtortllizlnoll>t 
..... ~~....., ... ~lrO.oialiml)lcl.h 

., Z.O.a'ldlofCt.C,..NiCr~iMII ..... ·IIzed...........,....ThobO, ..... ·Iiled...-.c>111'1ined 
~eanbe....Oiorthed!lvelol)l'neolollhollm&l-o.rrie<CO&Iin!tii[TBCo) . FOfe><WI"I!lle.cwenl 
pmr;lu:;lionolthetmal·barrierco.linOSIIavebeer>shc7oontobecal)lbleolreducl"'!lhe"""'llll' 
!ernpt<aluresoln>~~talic<XllfliiOIIII>!Iby50101!0"CandhoHIPOII""""'aluret'1'-"10 140"C. This 
~ler\1l)erlll""'reducllon~beMUMKIIOexler"(llhelile~~•eornpon.-cinlilctah 
~TheCt,c,..HICt~·oi.<ednarrD1lf.-.;l_..,..eanbeUIOidlorlhedevelopmenlol 
o;:odngl...;..,ll4*b"ftlirsWociiO-andr:onolion. n.mallpflyedCt.C,..NiCtcoalings-• 
_,-......,.2103-hlglwflanltlalolhM;I<;:!Yomiu:n. 

., W-Cu lailor·sized ,_ll'ainedGOI"II)Osite~are e•pect!KitoposseMa ·~high lllnlering 
IICifv~anclsiiOIAdno!•IIQIJreslntertnoaids...tllchdegtadelheeleciJicalllhetmalr::or"dc!HilyoiW·Cu 
Nel·lhllped~oouldbe...- I<Omloilor·liledllafiOiJI'IIir..tW-Cu""'""*l brP!MIIav lng 
lhelolowlng~...,.aniiQt&:~'llenlionolcopperlnlheiUtlglllllnh"-11 
llinleriog(-...~copper-OUI).l.Oiilormdiltrita*lnoi""'UMenardcopperpl\ases.POIIItlnl 
Nclrlcall'lherm~.conlrdled~pnlptt1iM-Nghan:eoollonresistanc:e. Nel· 
!lhlper;IW-Cupartscanbelllihl_.tlof•llliooslnduslrlalapplicBiionl.l.,. lllec""""r:ontacts.hea.lllirb 
EDMeleclrodes.l!lOI·weldi"'!eleelnxlts.81C.Furlhermore. Nlr'Ol·grainudW·Culllouldexhiblt 
excelltnr~and-m-lylhullenabli<"oghigl:"olycanple>;irlro"ble~ 

""" CoallngsOICo-WCIIIIOr-sizednano-grsinedcem"IOIII.,. .. peclediO"""•"'"""lllltonrop.,aln:rlll~ 
llf<IJaoldYIII"IdesiOpreveniY ..... ~ol-.r:onolionand-.lhefebr~lhel'llldlof 
ex!)lll"lli<reand..:uolng,__. 



SCAl.EOf'AMBITIOHANDCRITICAt.MASS 
Thepa~lelpaniS-..illbeinl~-.....,.ptll<'idad.,;lhlp!lln~IOcapilaliz•onU..~ 
bene!Q...:Iperline<1il'l:lusln.irepetQ.IIIionllaslhese...,<IWecf)lo;q)led ... lhlhea-st,.,.IOide ... oi'
'YPMolpo:Mder1.1nanarrayot6<--tlllle.ot-lh&-111'18I'Pitalionlielclt.Mrr..s~be:staledlhal lhleo~~ling 
fltldto:wllidalionol lheu-synln..l.z.-:!MIICH;IruCIUffld~IIIIO .. pecleciiO)'ield~l*lomlance 
COIIIPO"''"IS ..;lh remarkablemechanbl and lhermalpt<lpO)<lkHITI>!IUSI.IiM81)' 1'1d•_,rtyllllbrical«<l 
pllricUarOIJrmei'IMtrelales!O ihe,....,.•tl'lJCIUmd~cil«Jtr tl!ltlbslrlJCirih astanlshln(J'""'*'' 
Thi<Xlf•man'lbersollha__,lu:n(171rtMomicao"dprir<aleEUJOplla!l reseatehCOO!OrSao"d l0induslrial 
r-centenffomt3EUII)fiUti<:OUI"Oin)arenigiT,o~.pournsaulhoriuori>reMIUSinlhlir 
~•-<nlhaoore_............,selecledornorc~llll-*'uinduslr\al<ni.,....,E...,.,... 
~<*118ra.They .. ln:orl-1111ib!Jihareanin4el)lh~olbolhhstr•1811k:~...:l 
~othirn:walionlnwolw«l-~..-.,lfle~c:riteliaiOCIWJOUIIhertqorited 
LQ6r.5AIIpar10par'IIS~Iflelllf*l$1lao"d-..:~IOIRierlal<illhepeo-.non
~-t.,...,..,...._llricly_~lnlhl-t olatleasl0111ollflelaloMrQ 
obliC>aiOrT..--ot ... polfliM;~proonsing.spray~IIJI8Cin:llogy,fkO(Io:edbedi8CIInolo(ry,po:Mder 
coneollda1ion,tt-rerm.lspray, microstruc1,..tlam~dlaracte<lzalion.manular:lur'lf'QI)'Siems. 
l~management.~to:><wln_.mo""'*'<:tualrighto. 

INTEGRATION 
Duei<J/I!Itgenori;n.t/168olrhl:l~...,.,it$-r.w!Qi'IQ~!OVatioos~.II>8/P 
"""""'10purWB/1>8par-~oiiJJFIV/$'1SiY<IIOOJCin,mol~tr~IO/h9 
~~.,..,. Tlleo~...,.,~caib(IJol/l!lt_,...,issu:lllhaiWCIIII"""an,. 

~llle~- ...... --*-t'-~0111>91h-~ 
:J.f)IONCJCONffiO(. .. be.,..,.._by~RTDsaro:lt.gh~.-.:h1)81'1onWn(l 
SM&wilh~--c:orr..-..-,.,.,.,.-.n:r- ... lnci¥o.a_.,;:h-=---aro:l 
a:opelhecore~ol ... ~lllionlllnor:t<llldin ... IP"IIfWWIIIIIdin-1 
Dr ~~.....,,_.,.._.,...rigtuotlflepatlnl,ashlblhlint-*>r,..,.~lhe 
DonOint;llherrnocternicaldalalt>atarereqo.*llldlorlhlc-...-otlhlpr•selecled~...;,hlhl 
riiQUir.OIIIilor·$i•llldnaroo:>llructUffldoorrstit\Jenls.Thelan8f..,.beimplownenlllldallheiWlomaleriiiiReYarcl! 
c.nter (NRC) o1 lhe Higher Tedlriit:al lnslltlll<l (HTI) in Mo:otla Cyprus. The NRC apar1 lrom haooring 
~lationrightsonlhotalorwnerllionedpalen1edmelllodologypoesesses lhecapabilitytopror:luceli><llld 
bed(limled)proiOtypeQUantiliesol thellilor-oizednaoo-struciUffldPI)Wdero"Mihthe~liorlsciledlnlhe 
abetractarnt'"""'isinposi'loniOprovlr:ltlllhei)Gr1inenllllermody!llll'licda.la..;lh~IOihe~ol 
tllellr~voluno(llukizadbllld)~COOY ........ 
ln....tlai!Oiow:salrequisile_par:t<IOel..,.pre$8flledin~alorderin~.,;ttolhe""'*""'• 
CO<ejllrti:lpanls' 
~"Spray<*'yrogolct.rOc:alyhoo'nogtneous....,....... .. mboltn.rcl .......... luroctional~ation·-..ill 

be .. ..-t>y-lhe~•-1.2.t9,Z2asqwlllldin-1 
Th&~-edwiloolaboraoeinlhltlriextotkf,ri:l.a~Cr'n~Sa~ionbr.....,..oiiJill3lldr'yWioam•be 
.. peclllldiOpoor;iuccllini'Pidorhollowl*lidesolspealir:compoeiiDnLTI>!Ipanners..,.conc.~~ral*mlte 
ctariiCia1slicsotllwi'P'"''<Iryingprocess<n!wilbe6lq)eeied101ntestiQalelhelollowing01)81'allonal 
•ariabiee,whichott.rlh&rne~~>SIOiine-U'IIIIhefl<O(kldlaracletiSIQ.IIIIorrl.zercllar3CI.,;ssQ.2. Feed 
.otutm~.l.e.lood•lsto91y3Feed rale.4M-r.ole5.Gasl~alure 
~"lherrr<lchemicai COI"eraionol lheprecursorpowdersand~ ~ noodedQ<liT'rPO!<riooal 

ervic:fmenl-r1'1ico'o'ilruclurallltld lunctional dlaracteri.<auon·wllbee.ocut!Ki by lhotOtganillloOnl1, 13. 
17, 19,20.~.26asQUOtllldlo11able1 

The~,...relarenoa.,...oolaboraleinlheoon11101oltkldbed~aleptocnlingam.,;lbe 
a•pec;1111dtolf;aie~.Pihepralucl0:1ollalilar·lrilllldnan:::>·llfi.Ciur«<poooderi. Thepamerswii001'1C$'01.-aleon 
lh&charlrCielisticsollh&lk.itilalioni)IOCMIIIICIIOillbo.,.pectediOinolllligalelhl""""""rv01)81'uiooa1 
varillbiei,OIIhich.,.,.lhe-toa;llllfolthePf'CI'b;lcharacterl8locl..1~llr.oo:izlllionYtlodty2.Gas 
..tocity3.Circt.Crionp;olllm4Ft.ldzaiongas..S.T~at,..&.R.-:tion1lme.AIIIhepao-..,;lh 
reepaciiOihespacilicsollhloa-..,.,..,..... ..... be.,.,.;rteccbyNRC 

1 /tirM .... IU< L"'"I ("r .. inJ APtWIM.\1 ~- U..: '" Nooy Sll i1"'- N<.,.~ lt<.ir.'J*I, AJWil S. 21Ul, Offkc <rf N>YOI R..-..:oo.·~ 
c •• ,~.,.c c .. m..,~.., ... ,ook<.~-•d.70•J·~~'~~>·.SII)Z. 
'""""' ll<loca<<hcr> ........ .,.. '• Non<-......,roc ...... l<". Nn.~ Ret.""""· rr:trr..,. !7. 21•1l. D•ro-••c c .. ,.._,.,.,.,, 
OlfK<,Jmtlb '""""''U.D!lYPII),I<i,70>J.-.m"~ 



:.. "TilormalsprayingoltheassynthesOzedpowOOrsiOtormtallored-sizednano-stn.oclumddoosecoatirvs 
microstroo..-'" and lunctional characteriz~lion-wil beexocutedby lhe "'ll&rMzalions 2. 5, 6, 8, t(), 11 . 14, 
t5,t8,22,23,24asQ<.Ot8d ln tablet 

The said partr1et$ will collaborate In the deposition ol the as syntllesl>ed jXM<Iers and wi~ bo e>pected 10 
per!ormatleastoneo!lhelolowingprocflSelorEiql.lil'ateotone: PiasmaSpray. VacuunpjasmaS!><ay (VPS) . 
Low-Pressure Plasma Spray llPPS). Oontroled Atmosphert Plasma 5!><ay (CAPS). A..,..., Spray, High 
VelocityO.y-F~Spray(HVOF), Oottona!iorlGun. Theportni!<SwiHconc""lrateonlhedeposilionolthl!as 
syntllesizedpci'Mie<sandwiRboe>pectediO""'&Siigatelheope<ationaldepositioovanablesle.o. oas lbwrata, 
sprayrate,je1pressura,spraydistaroe,etc.) ln<:011<111<:tioo""ththellnal produ<tcharact9fisllcs(e.g 
microslructllft,hardness, bO<'dstreogth. wearresistance,thefmalshocl<rosistan::<~, tP'id<noss) 
).. "Fabricatioooldoosenano-Siruetumdnet-""-''>edcomponentsatexceplionaly bwt"""""atu"-"'·· 

~a'::';:t"''"andl....::lionalcharacterization" ""l boexOOJtedbylheorganizalionstS, t 6,18asqooted 

Tllealor&'l'l""tionedpartni!<Swilloolaboratelnlhe<:QnSOiidalionollheassynlhasizedpci'Mie<sandwi llbe 
expectediOperle>rmconsotidationolpro~l'!l'l .. mpiestorthell'Jil)OSIIolmakingdoosetailor-sizednano· 
structured Ml·sloaped<;On'lj>OI'Itnts by means o1 at least one oltlle lolowing methods or O!herwise: cold 
lsostatlcpressing,hotprti'SSing, hot iiOSiaticpmssing(HIP).IiQuid phaseslntaring,solidstatesintefing,,.acuum 
lndu<lion i"""""'.TheobjectiveMfbeiOobtainwr-soliclatedoompooontsltlatr .. alnatleastlhenano
Siructuredl&atlK9Soltheassynthesiz.edpowd&r. Theportni!<Swilconc""trateontlleop&ratiooalvariables(as 
appliediOthelmplementedconsolidatiootecl-nique)lnCOM8Ciion,..ththeend-prOOuctc'-aracteriS!ics(e.g 
fl'lict'oolruct..-o, hardness.densily. the<mai<:Mduclivlty, hlghtemperaturenaltlness.transvefserl4>furestrength. 
fTIOdl.jusolelasticily, abrasionre-sistarooe). 
, "Comparative2-Dsorlacephenorrlana, non-equilibri<onphasediagrarns,catal~propertiesand 

malhema!icalmcxleling' vdboexi!CIItedbytheorganl.zalionsl . 4.7, t4.t8, 23asqwtedintablal . 
;.. "Prototypelleldtesling" "" l beex9Cutedbylheorganizatioos3,9,t2,15.21asqooted ln tablet 
ThepM>N)'awlicatiooslndudemmponantswilh superior reslstanceiOwear, corrosionand8r<lsionand 
=-=~~enhanced ai9Ctricaflhe<mat oonduclivrty, oontded mect.arkal propertie-s and high ar<: 

:. "Automa!iorlandprocessOntogratlon";-.;ttbeex9Cutedbytheorganl.alionst, 13, Z7asQ<.Otedlntablal 
TtlaJ>i'OP0$8dprojecto:tesaibesa{lenericthermochemicalprooo-ss;ngted>mlogylortheprt>duc1ioooloano· 
structumdparticUataaloysandccmpositesandtheirconsolidatioo ir~.econtrolled~lyorlhooretOcaly 
<le<lsestructures.ttisll<lYisionedlhatal prooass;ngstap:swllle.entuallybe ~ri<edtogattlarasMinteomted 
m311lliactutingafld(:()f'J'OT1&r<:ial yvlablete<:hnologytortheprt>duc11onolllaw-trae, net-shap&, nano-structumd 
alloyandccmpositaparts. Thespo-aydrlerandiiLlldbedreac10t'canbeconstn.octedsothatprocessingls 
com.,-ate!y~atedlmmthesurroootlings.-ththei!OOproductpowdersdiochllr{leddir9CIIylntothel-ol 
thespray guntorsorlace<:leposltiooorhe<meticalysealedveS&llslorsWsaqoontnet-shapec:onooMatioo 
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""""'·'' · "'···· · .. MIIhethO<oossesollhevMoosmaterial!lollhebuildlr(j<Xli'I'IP(Inel', .,rnel..,.,~,.k;,, .... l<, 
amlhallamal~ij0esollhemateriai!I""'''9C9ivaty,.,WimKar<I R, arldR.,IhesulliiC9lhe<mal 
resistanceslalheinsideand<)l>tsklesurfacesolabulklingl)jeme.1trespec!Nely. liisck!arty""""lnlhe 
aboveexpressionthatlheU·valueolabul"*ng """""""'tcaobefeducadilopprnp<iatematerialshaving 
lowthermalco:>rl00c!Nityandlar(llllhickne$s3rtused 

Thecostolluel used Ia mooting theJ>eatte<Jjiremoots<esul ted lrom heatlosseslsalr.n:tionolthe 
ln$Uiationthickness.T,.,great9<the thicknessollrlSUiationis,the-willbelheheatlossesandlhecost 
oltheheatingluei. Thehea~ngcostchangeswithlhethickness"'anexpo<>&ntio.tway 

=~toASHRAE (t997),!heY<Oarly~yconsumplionoltheheatingsystemisdelermln9dlmm the 

Qh.yr = ~DD/r(ll><l/ 1 (31 

-e. O..,. isltleyearly"""'11)'oonsornption. K.,.Isthel0lalheat1QssooellldenlollhestructurtinW/K, I), 
lstheheatingsystemelticierrcy, andOo.(bo) lslhe~oiDIIgterNtaystorheating atapra-OOHned loor 

Theheating<legreel>ays.oo.( to.r l. an!determlnedlmrnthelollowingequation 

DD,(t.., ) ~ (ldoyt£;1t..,- t. )' 

;;::,e~1!':oukloortemperaturt.andlhe plussignal>o'<lebrad<ats indicates t""tonlllpositNevakJesare 

TheFuetConsumpHon( F) IsthencalculatedbyequationS 

F • {!~ 151 

-eHisthe'klatingValueotFuel 
Theabovemethod is remarkablyaccurateloraMualheatingenerll'fal s;ngJe~onebuiklingsdominatedby 
gaiiiS ttvoogh the walls. rool and openings since machinery ellicier>::y is not depe<>der1t on external 
temperatures 

~ ~l l 571 
0 ' ' 0 0 ,. "" 10 , . .. 0-·-·--.. ... ,..,, 

Fig. t . Oegree-<lays.Nioosia,Cyprus 

Foguret slx>wshowheat ingdegfee·daysvarywith to.r lcor thec<tyoiNioosia. Theplotlsobtainedby 
evah>atingiiQIJation41cor dil lerent to.r temperatUIIIS.FO<thetyeseotinvi!Siigation.to.r wastakooast8"C • 
..tlich>sawidel'jusedligurearldreprese<o!Sav..,.agecondilionsinthebullding_Themeanmonthlyhourly 
external temper-aturesasobtainedlmm theCyprusMet~S""'ice(HadjioannoY, l995).......,used 
inO«Je<toobtainlhedegree-dayslcoreachmonth. Byad<linguplhevaluest(lralt t,.,mont~theyearly 
degree·days-eoblained.F(IrlheP<JtlX'$(1oltllls SI,.jythedegr-.1ay•aluecorr""P<<f'dingto18 ' Cis 
taken as829,3degroo-days. 



Thecostollnstalled!osollauonlncre..-wilhthlo::l<twa;lheiro:reme<1UIICOSiislorbol!lmate<iliiMdlaboor 
Aniraeasedlhid<nesllollnsulationwl ll irataMihe ... liaiCOSISQIIhet>Jildingbolwillr.._,.tinroduced 
heatlnelcosts.For the_.......allheCOIIeiiiCiiv,.._althelnsul.olionirHestment,~ll-.,.k> 
~lhelniti.oiCOIIolw,ingMdinslallingflelnsUalionwillllhe...,.olfle .......... -oy-inQSln 
-ai~V-....IIIhlsv-.ot•a111*11*1p!lriadol.._,ilg<HIIO'II>an,.lniMillwestnwll. 
lhlf>fle ......... iiCOIIeH...,..e.,.,.,_,kll'an._..ted~Siru::tlrelheprdllemisiO 
dtlern*le .. ~ .. -ot ....... donthal-*'10 ............... costs<Ne<lperiodol ...... 
....t'lo;his..,.,.,...,. .......... 30-,-slDullloiMdBed<man. 1990) 

Theeosisolbuyingandinslllllirc! thelhe<mal!osoliation"""itnporla~IRCIOrSintnteoslellectWeness. On 
theQiherhand,creditslll'ooldbe tal<&r>loranypossibklreduclionln theCIPilaiCOSlol theheatlngsystem 
uari!SOII <>Ir~el!notequiprnont. Thtfolore.lhemoslajlpl<lprlate~isklus.lilaqocleODSI 
(lCC)rnet!"ocjsthlttakelnlaiODQQUillboltrlnllillcostsand tUI<.O'ee•~ 

The .......... ODSiol luelitlooniiJV~Ihe~lullprlcelllilh ............ .._.,...taking 
lnlaconside<lt>On--~l*alhernarl<eldiloolnt .. d.andlheluelinllalionrate,i, 
~:~..:=.::.~klDIAiiiMdlledlmanll990),at lheN1hyea< .. pr_......,.,,PW) 

PWN" C~l~:~~~ '" ........ Cis .. COSlol luellorlhe I~ yew 

TheiOUIICOSI<N••I*IodoiN-,-s~kllhepr-llllillladiloolnralotoldMdanHialion 
rateoll,assuminglll<lil*-'111\and,oolllbe 

TheprOOiem,l'o:lweve<, lnllisklndollong·termanaly!is.is thechotce<>ll!lol•aluesolinllalionMddl3oou'll 
rotn , whict!arenot u totyprodictabkr, beca»MQI a .........tlerol par•me!e" am unlor-.lacto thal may 
allactlllem. lnCVI)I'I4,1herateoltllange<>ltheheat>ng luelpriouduringthetas1<10y&a.-wa&rather 



irregular . asshownlnliQura2.ploltedlmmdatamcoo:dedlromlheDepa~rnenloiStatisticsandRasaarch 
(1999). Asitcaob&seenin lhegraph. theprioosillCteasedby nearly 5~mosduriro;j lhepe<iodol1976·86. 
~wasa roduc1ioothatkept prioos...,..eor~ssconstaotduinglheperlodolt986·96wilhanii1Cr&aseat 
ahigho<rale<b'ingthepe<Oldolt996-200t 

Ac<:oo'dlngi0Heolckep91l2).agoodwayol thin<ingaboulinllatioo ratesisiotermsolhowlong~~~aka 
lorprioosiOdo<ble.Base<lonihisapproadl.andlal<inginloconside<atioothat inlhamoslroceolperiodit 
100k t 2yaarslor the loelpnce10-.anlnllatioorateol6'lr.waschosenlorlhel)f9Se<llif'lllestiQatioo 

ForlheJ>l.'llOS'Iol lhep<eoooiNesrigation, theo::oncepls..-esen1edaloreheadhavebee<llntegrate<limo 
IYoOCQ<'J'I(l<Jterprogrammesthal ....,.edeYeloped.BolhutilisedMicrosoii E•ceiSpre~sand....,.e 
deY'*>pad in ouch a way thai they""""-"'<~ allowg,..at l lexibil~y In the perlormance ot calculat;on, lor 1091 
<:Or"I$UI\'I()tion . braal<·even time.llea~ngsystem<X>SI,O!>Tim""'lhicl<ness,etc. Thesaprogram"""'o!te<the 
J>OOSOIItyiOthe ....,.olaxaminingthequanlitative conseq..encesol acllangelnoneor more design 
pilfamele<$,19Chrkalandeconomict""tors 

The l irstprogrammepet!ormssimulalions,..tlichenablethecak:ulatioool the lc>lowingresults· 
• Annuallhermal losses(kWil). 

RO<IuctiooinA.rv>tlatThannaiLosseswhenlnsulatioois lntrodt.cedasoomparadto lhe,..,.,..insulated 
cawlkWhand%) 

Anrualloeloonsumptiooaccordinglo loelcllar&eteriSiicsloreadlcase 

Reduclioninloelwr.st.lf't'll)tiooas~wilhth<lmn·insulatedcase 

Annual COSI o1 hea~nglor a particular price ollool. 

ltisawrociatedlhattheseleeliooolequlpment loraCent raiHea~ngSyslemisbaso<loolhe<lesign~y 
k>adcalculalitln$.Hero;e,bylnsulalingaboikling.agreatarmunlols.avinossl>ouldbeexpectedlmmlho 
reduclioo o!the.Ozeol th<lllealinosystemdueiO theimproved~yperlormanceo!lheboilding 
associatedwiththereducedove<aiiU·•aluooltheboilding. lnorda<toacoounllorthesavingsln thelnllial 
<X>Siduetolhar9d..:edstl;eollhehealinosySiem,aSialiSiicalligureoiC0,07pe<OOsignsystemWan was 
Introduced. This statisticalliQ lxeWU&ehie>led lrom similars;nole zone building central healing system 
designs o:onduc:IO<I by MECONE Consultino Enoi~ 12001) and lllelr associaiO<I cootr<>et Jllices. Tho 
calculallonslnthispartarebaoodondosigncondil;on,torlhepatflcul¥1ocalionoi Nicollia wilhanamblent 

" 



a~ten'9EI<atureoi O"Candlro;loordesign temperMureoi2! 'C.The"""""""i<1builde<s"~8$90dated 
..;!h the tn1t'Oduction ollhe<mallnstia!ion. 1<1 ~e<msoll.".lm'. was oblained statistically, and based on 
inlormatloncollectedbyMECONE.IromAt<:hitects. Civ O EngiflOH!fS. Ovantity Surveyors and Construction 
companieslnC\'PI'us.AIIparamatersust<l,lecl'vllcalar.deconomlc.areiWedlnlabMI3 

tnasimitarway,thesooondprogramm<~pr.......,tsallfllphicalrepreoontalionlortheopllmum lhid<.nessol 
lnsulation.Theanowtoostlorheati,..andthelncreasei<>thecostlorbuiklers''M>fl<.swereoblainedpar 
rnmol insulation thickness. The8t'II'IUal cost lor heating was lhenprojecled tor a l~e spanol3<1 yea~ and 
thepresentworthollueleoslwasot.>tained. BasedontOO.OO.e,tOO~ybackperlodl$also<letennined. 

T"&Srnulationresuttswereusedtoplola.....-.berol!l'aphs . ..toldlshowthevariationolthetotallitecyde 
coS11LCCI aro:ltheheating lueiCOSIMth the lnsulalion thid<nass,lorlourdillerent buildingeJJVelope$ 
=·~~.~==~.:=:t~(lig. 3), bricl<wai1Mthextemallnsula!ion.CO<IC(ete wall 

Fig .3.0ptimisationol lna.;.alionlhi<:koess,dootilelnh1Jedbricl<wall 

tnall lourcases. lhelue!COSI<Iecreasesasthelnsulalionthidtnessin::reases.Therateolr:lecteaselnluel 
oosls 1$ vary high at smallthid<ness and slows down as the thidtness lncreaSil$. as rompared to lhe lni~al 
irwestmentcosttbuyingand lixlnglhelnS<Jiatlon)..nooincmases\Oiththethidtness) 

ThelCCdeereasesastheinsulation thid<ness...,reases. it reachesaminimtm,..told!corr~tolhe 
optirntmeconomiclhid<.nrlssolinsulatlon,andthenitincreasesMthlhethidtness.Therateolr:lecteaseis 
highaf"<ldistinclatsmall lnsulationthidtness, uptoaround4(lmm.butslowsdownatlargeroallli!S,boyond 
40mm. ln all lourcases, thereisar""9"ol•aJuesolthid<nasslorwl"khlhe<lillerenceinlheLCCdoesnot 
dillersignil<:antly.T~.Iorthecaoool-bricl<waHinl illedMthlnsulatk)n.thisrangecorrespondsto 
50·60 mm, ..told! impl"-that 50 mm can bfl considered as thebes! thidtnessol insulation lor the case. The 
optlmtmrangeslor theolhe< threecasesaresllaMllnlable4. 1nlhesa._neTable,lhepaybackperiodl?' 
IOachcaseissllaMl. ltls in!er,..tingtonote theiOw•aluesolpaybad<periodlortheinsulat""'8fl"4llolledH'I 
<::OfiCratewatls, namely !he roof (3.4 yea~) and thecoltmnsar.dbearns14.3y•w~) as well as the large< 
thid<nesso!lnsulatlon. Thisisattributedtolhehighe< thermalcoro:ll.o!Nitiesolooncre1e,.mich justilte.lhe 
useo!larll'"'thid<nassolinsula!ion 

Typeolbulldtng en•elope 

DoWtebricl<wallinlrlled,;htnsulation 



Comparlngbe._,thedoublebrickwalllnfilled..;thlnsulaHonandtt>a!Onglabrid<wallwUhexlarnal 
insula!ion, i!issoon!ha!!l>apaybacl<periotlf<J< thelal!l!f is smalll!fantli!Soptimumecorcmic!t>idtnassol 
lnsUationisslighlfygmaterlhanthalol theoo.t>lewaii.AnadvantageclaimOO!<J<&xtemallnsulationislhal 
it can be increased almost ,.,;u•:M limilto pmyida Slandards, Mlich may apply In lhl'llulure, or 10 
aa:ommodalaspaclalenvironmental mquiramerns(AIOOr, t99n. F..-!hermOre,ao:t<"""""indaddingarol 
fixing leclv"ology ha•amsulled in majorimpr(wemeon!Sin 1erms o1 perlormanoo, quality ar-.:1 aesU>etic 
appearance, whilstollerlng kM malnlenance llnishes. On lhl'lolhethar<l, lloweYe<, ~ iswe41 kn:;rwn!hal tt>a 
lhoonalcapacilyolawaH,.,;n~~avaamaxlmumvalueWOOnlhemateriaiiOtlicho!l erslhegrllilti!Sl rasiSianoo 
10heat llow(lr11hiscasett>ainsulalion) is ontheoot$idaandamln;mumWOOnonlhelnslde. lng&neml. 
buiklingsMYingahi(jlo thermal capacltyamoenarallymoraSIJi~aforconlinuoosuoo as romparOO!O 
buildings..tlichMYeiooJiarion on !OOinsidoardarewilablelor lnl&rmiHentOOating 

Frornlhl'laboYeanaly!Oslt appears!hatillllfmalinsulationlr1t>aaledbuiiOingsbringsaboulaconsi<l&rable 
reducrion inlhet>aalingeos!saco;l itisaeos! ·ellectiYesoluHonll theoplimallhi<:l<nesso!insularionisused 
Forcomparisonpurpose$.Ll$1ngthe~OO.elosJOOinlhisSiudy,theop!imalhid<.nossasoliflsularion 
.,.._,inTabla4were....OOtocon<lucla......-tll!<olcalculations aimingiOdel9nllinelheanr...allleafing 
=•&rne<1tsf<J< ai)'Jlical resitlentialhouselnCyprus.TOOiolk;M;ng boildingconliguratk;lnsha.ebeen 

(a)Wilhootinsulalion(Single brickwallwllhoullnsulation, slnglegla>Jng. non-lnsulaledQ:)r'ICratewall 

""'""' 
(b)Ool.lllebrid<wallinlilled,.,;Th insulation, dooble-gla.ing 

(c)Ool.lllebrid<wall inlilled,.;ll1 instllation, insulatedrool, doWI!t-gla.ing 

(d)ExternallyklsUaledl)rlckwall and<:Or'ICtel<lwalls, - -9a.ing,insUaledrool,i.e. fuii)'KisUated 
building 

- ·---) 
Fig. 4. Ann1Jal&rl&r0Ydemandlor•ariousbuilding envalopecooligurations 

ThemsUtsolthesecalculations _.,usedooplotlt>ag,.P.ol l ig. 4. 1t is clearl)'seentMt, """"""'"nglt>a 
lourlhi)'P<Iolbuilding envalope,i . e. lhl'llullyinsulatedbuilding. there isaconsiderableroduc~inlhe 
t>aalingaoo<gydemand, ..tlichacwunl$!072% rfldv:::honasrompared10lhl'lron· lnsulaledbuil<ling. The 
diflerencet>elweeott>athirdandlhelourthcasesO;aresUtollhe insulatedoon::<elewal ls (oolumnsand 
beams)MlichlntOOOihet-=· arer(lllnsulaled 



n..~ollhlf;ttudr_lo .... r.ll»bllnolillclfom\llllno~lr'ISUialionlnl>e.>IO<I~ .....,tht_,.._ __ ~orCI'PfUI-~n<~.-u-tht(lplimum __ . ~or 
inlul81ionl0fwalllllldrook.based01>cerlalnec:cnomic!Yf-... 

lt h-.-P!O'<'edll>allor•haaled-lnCyprue.ll» ... ot.......,..lnstAalionnol011ylmprov• 
l!iefmalcomlctt bi.rl aboresoA!s "'"""""*llble-vr-.rv-of <c> 11> J'aascompared II>"' non
inlulaled bulkllng& 

' " " . 

So.o1""1tarN.rr?-
COSIOII ..... flr$11MJ 
0.e<allhea!lossa>e!licle<1t. WK'm~ 
OIIICI)t.Olt rate 
F .... ~~IOftotalin(l.r•prJHiel""-ilooo 

TlwrnaiCOI'IIh:lioity,WmK' 
TouolhNlk>aa>e!IDe<llof~SWCU'•IriWt<' ' 
UlecydeOOII 

=~ 
Y~Efwvreon..mprion 
lnlidllutace...,.,..,.resislance, m' t<w' 
OUIIIcleutacelte'mal~.rr?-t<W' 
OUIIicle'*""""*"'I\Q,'c ,,.._m 
F'*Consm'lption,li1res 
Heating V ....... OIFuel, kWMilre 
Tempe<ar...-editle<8IIC<I,'C 
Heallngsysteme!tdency 
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laamelsll'l~...,klllaveaYIIfi'!II""'''Cf61b\llllbiloly,t.c.-lheyniOduce-...entslromlheir 
own...-.elanQulof 

-"'*"'l'olman-is culturaltran-.......-'*""a-ebomwilhno~ol~ 
langulof...,ttwoughgta<t.lai!IDCial~"'~ola~<Ut\o'a'MIIbepassedoniO.....,. 

F..-then'ncn,l'olmanl.arQulogehas~cliiiC-t.Thil....- lhat~l\aslulydisiQ;IIOUiltiSIUChll 

'laQ",Cir"IIICI" 

Donllty !s-horl)nl!>erl)' .. aitableorlyiOtun3111.DualilymeMISthatlang..age!s$11lUlaneously 
orga.nlsedlnkl t-.otayn : thetaye<oldislinctiOUflds,andthelaye<oi<Qiinct meanin(ls. Tllul,~lirnlted 
numbolf QliDUII(I:s (pl'onemes) ""'*'*be"''""~~"'~ In varloull w~y& kiP<oducll a Jllllllbe<ol dillare<1t mearjno-
tore.ampletheteu6<1t,a,c,canteadk>"caror·..::r 

Panernlng altloilatermusediOindicatethe lnlero\ll~""lllinlhelanguageasasyslern.Sounds. 
~and-.ces..,enotju>tapOSedlna random....,O..Iheoont"""'. t....,..lolowaMipal!<l<rl. 
T-.tt.IOUfldst-p-a,canontybear.-arqa<IM'llp",u"paf',and notao._..,·Tmpau"""'"9'*'be 
veoyhelpi<JIO--.oiEnglish-ijcanllllplhem.....,lhetpelingol...::nisa'ldSitUCUaol 
Mnt-.lnl..::tthl&pointlea<lskl$1rueko'e<leptordencewllere...::nls'-•klbeplac«<lnacerlllinli>.,;l 
way,-...alya>noiobrcJol•sWtacl -••erb. Tr.......-01-lne..::ll-illnolnclicalionklillc 
baliciii'UCU'I. Whalilimpor1anlislhe~loll-andnol ... _,_lnoroh-eo:l 

GtU~o~.a-e.araSwa-~n(t98ntn-dassilo:-oltLanguage.~enedkiEI"Qiishas SUO ianQullill 
(oo.tl!eCI.Yarb-<lbfecl)-ttosbasic--OIEnglisl'lilligrMo:antiOEnglish .......... -~~ 
lhamiOihe.....,...,_..,t.tyoulol ... ~wtjcjon'iglllbediN819n!t.-omlheO--n'ICIIheriQJOgul. 

!1appear1:thatllr\guatleis aaltJ1lle•ar-.:t•UIIWteel. lrlduiUChkl\asprovd<eda,..._ol~eo-slee 
tullngulsls. Mif"fl'ollhes&oonl~a1ionsP\avebee<ICMINdbj'lhedistirr:tiontingo.fflmakebe_, 
!anQuaoe.Somevtew lt asMilbslrads)ISIMI.<>!tlorf q~in,__ lnorderlorlomiQnlarquage 
teacl>erl10tellol;!1o i""'I""'"suc:cesslullyltisneoessory101twcllle-..entsltornbotholthesev..,.. 

Le!,..l~Jtconslde<lang~asasySiem . TIQvtew'MJUklincludepl!onology""""'reprewntsapeeth 
IIOUIICisand~IOpronunciaHon.-'Y"'axwhlchJettoeway...::nls"'e"""angediOlorm pht._..., 
"""-and~whlchisthe!lludyolmutq 

Serna<llk:sila<XIft'IPiexiltulbeo::auNollhee.lerlllv.,_olvocal:daoyandmeat*IO.t.llothefr'INI'IIngol 
•-Je~ly~onjts""""""""-Mfi-"""""-M--bmgraomw 

ll ... consiclerlarl(luaOIIn""" ... -..tlflleriiOPI-IIjll'llillics..-.:lflifcou'slt~~lict..-.lhe 
(llll"olrlllprineipiM;l'*-'bJindividualtlnordlriiO~e..-.:I-C3rWIOibepredicleclbj'~ 
~ .... .., ....... _._._ __ ol~~- ---~-..~--

Oilcour8l.....,.._ ..... _hand.-11>ev_,...icM..-:Ibj' .............. orieo1;1nordlriiO 
o::ornl*lllingle-inkla....medand....-...-

~in"*'dlheseprimary<lislonclionsconceming..,.,.....lt'III<IUI!lbeuoelulto!f111011!1erbrie!lyl010t1\11 
ollh&majoo-,.,.t• ardtt"ololeticatapproacte~whlt:ll"'•Dasedonlf>ll~madebe_,~ 
~-~~- ~.anguage--.g.etersiGII>eclehberateellortsiOteamatlloflOUaoe, 
-.aslanguagooacqusit""'""'"k>the8j)Onlaneouswa:;olt)lcklno...,a l...-.g~ 

The tirst~fatl>eBeha•iouristP$rspectn.ebasedon theAmerlcanpsychologi!IIBFSicn>er-lt904• 

~~~==~~=:."i'e""9&fs•art>aibeha-o-lolw..::hkrveo:l<4'Q!11mltatOonBMmward. ThhllmUatlonllt 

TheAtrletbnlirlguiJ!NoamChomslly(t928-)c:rilicwMllitvlew..-.:lpoon1SIIOihe~end 
craa1"'kyoi!Mguaoe. Eao:hlr"<fo<""""tJIII)WCIIhlsown...-.tences.wlthoulimltatinQanyone .... ~y Mo...-lh&disllncootl_.,.,._..,._,_..,_ Hedol"-lwmpa~UreeManidaalsatlon 
andMII>etpeakers~~~~~ .. ~-·.,__ PertorrnanceonU.-hMd.ll 
lhalarq!Mge..::klally __ ........... t.-om .... end~diri'lg .......... ~~ 
•• ..,.,.....,grammoticaln*s~oiP!Odudno..-.llmlled-



CW~(1962)~.~Chomlllt-riews~~IIW~•nor)uslasetolnM$. 
bulills o.,.lnJII*lglha1,_.10beconsideredlnrNI~ ·T~we .. ....,ol ..... -..tlkt>w.. 
""'"""' 'yma>"areusNK(ciledlnHarme<.IWoi). People...-dl<>ll<we~~. 
mearOng I<> know...,.., and how 10\IW !he rules. AIIOIObtl able 10 use !anguoge approprl~toly andCOif8(:tfy. 

twilroootryiOrelaieal,_dlllnlliont.h.n::lil;n...Otrvui*<;:OIIIJ'0¥....._~11nguao81nlhe 
..:ktal"'-'>.taclngrNISiudenla. ~lhe~ll)'.enonnilr.and..,._al......., 
t~.leaelling·~._...,.aleDilf'dlangol.lage ilnolo~r.ask. W'*"islhebesl 
way l0approach$1v(!G<ltsand~l elemen1Salle<al,need10btllal-9h11AsWllhav&~mentioned. lhis 
<iependolgrNti-;"""'lheftlasont...tly studool5....,10ieatnllMguage,butDT18<>11heprimlll'f la<:IDII 
WCUI!Ibehtoloooing ; ~ilhtirstllepleamlrlneediOtad<lebecauselhl)rhaweiObellbleiO ,...,__ • ...--..._,.....,opM<. W'*>~~---*"""11• 
~aproHciet>cy.AIIostiiWIIIneediOdislifV,llsll~,.,.....fotmample•ohip".and 
"shet!p".Rhylhm. MreN.,.,i-WMari:>nare "'""imJn1...,.inCIIIIo.ringlhemaodallhell!>ll-

lnon:leo'tno..QhiOdeviiOplhil~aetticiencJinpn:n.rdalion,st..,.s.....,neediOpraoctiae 
~IOihelangoi;IQI..-I.TheiNCharWCUIIIbe""main-alliMoning,al,...,bul,_..,radio, 
l-illon.andY~--VGI')'Inllueo*at.~ttindhiiObtlln-algrUI<littic!My
sludentiMndiO<Melheleaehe(oyolceasarnodlt,ard...,.lhingoitle<eniiOII\al....,._.go'Nlprol)lemsiO 
lhem.HoweYer,pracllceardpe<MYer~U~C<>wil1 1mQroYa~alionandlistenlngsllillsgreally 

As .. l\aYellre:adl'-.v-llalarQeparlollanQuaoellr\lelule.ard•..:IICII'If'Otbeignored 
Granvnadcalrulei-IObela\.Qhl,bulwilhlnoptn-~endlladlilily. Teao::h~Qmusll'l;llbe 
-...lntheit<llrhniliontand_.,...,.ailicltiO...,._maclo. G<.,.,...-IObe..-laor. 
ou11.,. 101'teaching,butll00enlorn..albee<o:Xlt0'aged10pracilselhelanguaoehsell,rat'*!hanP'aclislnQlhe 
~AieogramrnalicatllrfOrlleadiO i grl>duat-~oltr.elMgL~aQ~~ondltspo!enll!O , 

~~-~IICiilrilit!scantollp~inPjllorlnglhegrea~pOIIibilllieeala 
language. ,,_ ... ..._spaceiO<h::oo•lheruleiiOr,.,.._ .. thentheirlnmirvwilben'IOfe 
prol~andlastlng 

Voc::.llbull<yiiWIOihl<lfl>a:laloreatimporUince ""~llltUCI<HS"""'eop theskelo!llonola~. 
ttrenilll~ilw~theorpnrl!lldlle,_,.(........,,...,_,,994.p.t53).Won:ilcan 

helplheiNmerexpr-hlrnsellciNtty...O.a::u"•lttf'· Theyprooklohim-lfleo-powerol 
cann'Uritalircl.,...,inlhe""""olgronwnatic!O~. wtwisimpor1am!tough ll10tealisetllll 
~arenolintMdulll , indepe<'o:lentlrils.TI>eye.lstiOgetherM!hother-cls,andcouldrneandlle<enl 
lhinglln6!101ffl1'11conte•t:s.Abolheycouldbl!lusetllnldiornatk:~.lnrnelapl'o<Q..Otoolk>callone. 

Thttrnaln~!l\aYtcornei!OOIIInlryinJIOINdl~lllhe.........,.,.ai~IOWM$1.11e 

trorn-"""'~·-.......,_-10~-~ 

StudemlllneiDbepromptedlnlorp~ tt>a r eldllarc~..ageildislincr" ejy di!lerent,llld-btl 
(II'(;(U'IQidiO,...Inlhe~~laught.evenatlhecostCI~Ieseuw.liYe...:lelabo:wate 
Readiflll...:llister*IOwilbevery.....,lnaliM*Iglhilooal. ~.llleEngtish~llso 
"".,.;tietiMIIIso......,.ledwlic3t....,.and~v-.llllllbllcomingaprolicietli.-CIIIIe~can 
bea"ery*""prOCeU. 

lliso:rto'NiolllloYety~ln~teaclllngl!is~IOldOI~~ately,IObelll:lio 
IOfflllOQI'IIMihe<il,...llylel (lormal/lrltormoi)...:I IOknow-IOsay ln..tllchoiluMIOnSudl 
~ln1J>Iiellnmirv~~ Thavan..--~-~. we 
decidewl'latiOsa~bas.dDnlhe~...,_.IOsay~ ;inY~e.ap:llogile,Cot'Oi)fa!ul~ll.~eiC 
Stlldent:swtllal$0neediOb61aught~$/<i/lfandiO""""on(l5C.Ot.<'$(IQIPir!lsa!iol'l.l!lovilatk:lrt11ernto 
dltl......riarelhe<lillerenllo.lndsCireadlnQ :dalailed teadinQIOr~.Otreadinglorthllgisl. 
F...._,,...,...llne iObe~MIIIn-anrs~Nonnaly.,...,_.,.orgariled 
IOindudepoinlsalgrarnmar,Y<>C~~tJU,ary,r..nontilualionlao'dlalb. Depero:~ngonnPri<::tLV.--.ol 
t!>tlle..._..,priotltyoorAdbl!l fiN"'IO _ _,_, 

Finatly.Wllllhoo.*:lbrtngiOthllartendon<>ta..-stWontslhelactlhallhere"''rnany•ariellnaiEnglis11aro:l 
rnany-:Brilioh•Englioh.~Englistr.W!!Istl.Scotrili\.IOnarn&butll-. Mi.,._,,._ 
r..:IIO-~al-vlriallions. 



ll laapparenl~..,...u"'''he &Jbi«lol communicalionlalne•llauslible.The lasl<ollei>Chlng a l~nguaoeis 
eilll:>ofale. Bu1I!WIIollernp!edl0dr3W-~OIIIhisl<lpic-~retur10COOalnii"'JJSol""'"""" 
a~l&aCharsollotelgtlllngo..laoel.lhouldbeaware.ln\rodUI;:O'Iga,_~ l ... lnlolhltJ'O'I
cornrnuricalinKWnieLTheilftal~ola~ia-on,.,.._l~rulos. 
r~tkilt. Accu-acy..d~ll'lislakesiairnpot1anl.~lhouldbekeptbn81. WI'IIIauu 
mootin~~Netqispr..:b~ T'-ICW-""'*'be.....,rnlorwrillen. Oral,...;.ilies 
ooouldinclude<li~--.discussianl.~reiay~ng~ru:lions.~salionam 
locallsalion(lalklngllbouior-'). Thesea.c1ivities""'*' lake lhetormol ~lur-mr>g,Micle-..riling, 
8jll)licalionlilllng.M<11encewrffing.dlctalioo, projeclprnenlaliooandDih!m. Thene•tS~agenecessary..ould 
belt>aloi<XliTIIIIU'Iio;tive.oclloH~.-.-Mvellw<IMirn k>carnrrll>'licale,ltlll)l ... ltlemselv"" a 
~atoet-al)l.>'pl)llt.....ticl'l-.oi<lindudo!avarie!yollarQuaOI. l.lndolble<lylllh&S~agesol-..ing'-•"'"" 
~-INWKI-~ o..e- .. ~~~-lhltDIII..- nislhe-·~"'kllwolilrhilltkdenls' 
....-.IOocanar'ld~lheir~--"'""""-aiii~------

AhlaCtlermigl>lhavebeenteac:NngEI'QiiShlorm""l' ,..,.lltJI Y""!rarely~heeonco..o:>teranklenlical 
lducalionalgroupoll9ar.-.ers.EICI!grOUPisl.OliQtJ&,IIelllngllsownruiHanddurnands 

-~'*"-',..,_,lr.,e>"*'*Y"""*"'~-~~~Joremy 
Harrner. I~.P-46) 

AITCHISON JEAN ( 1995 ), "JU'b VB""! tffii&!ilf · Hodo:le.- & Sloughlon. 

90llfoiGERDWIGH.SEARSA.OONALD( 1981 )"~·.:!" Edilion·HMxu!Br
Jov..-ichColegel'l.tllistws. 

GRADOOI.DAVID.CHESI-11REJENNY,ondSWANNJOAN(I995).~"~E<IiTion· 
()puriUnivGr$1\";Prest. 

HARt.IERJEREI.IV ( I~ )"JhtPdG!!G!!p!Eng!ilhliOOJij!QOTt.v;Nm". NewEdilion·l.ongman. 

WOOODAV!D(l995),,.,...Qj!qr""JNrt'od)!!Ml"·~ 







SO~~~ON 
EXCHANGER 

Sinaoinlfle.,.IIJl(lraiO<,IflerelriQeorat'llitU1,.,ted wal•vlfPOUrllnllhe~..., (T"' it_.....,.,oe 
6"C,IMsat,.ationPfflSS',0"8li i)Oinl 1 0,81calculaledl rtmtu\'8 liii(Rogerlend ~a~. t 992) , 1s O .~kP• 
andth&eotiWpy is 25tt .8 kJII<g. Sinceal jXIInt111he•elrigerMI IosatLllaltdliquid ils enllla~ ls 23.5 k.ll'!oq 
Theenlllalpf at jXIInl9 illdel8m'lifled frcm lhe 11Yotdingproce~~applied iD iherelrige<am llowfH!riclor..tOcll 
yltildslhalllt•/lo.Todoll"'"*'-llo .. ~•l lhispoinl""'"'bo~. Sin:;:e.-polnl~lhe....., 
,_lfaclioroit&o%LIBIMd .. ~Minii iMiallrltediWfi_...........,IDt)e90"C, hUBip.ea 
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•. E~tet;tolabso<t>er nerUBrpen:li!nl•~<~rio. 
Toc;lltocl<thisellecl thetollo¥oingcondi'lions-<tusm>ed: 

I. Sokl'imheale>.clwlgel .. ltlerr'C*atLlle.T3•55"C 
2. Gene<ausolulion .. ~Mmpefai...,,U•75"C 
3 Condensertemp~rat~n. T7•l'O"C 
•&aptlfaiDf~IOI<W 
5.EYaporaw..._ann6"C 
8. -edlJBr~ .... -60'11. 
7. ,.._in 118f*Mlrn:I..,__••.8211Pa 
8. Pressunoinabsolttlowrd .. aporaiOf•O.OO.kPa 

Q. 

Q. 

Q. 

Q. 

Slooeltle- e•iiUEI< perC~<Mageralic>lskeptconslanlal 60'11..lhiQ19111e< lhedill~be-. lhe 
~UBr....,taro:t OUI!e1~raliol$,1tle..,..,..,.ltleii!QicitcUaliroginlhe-. Addilionaly, 
u-.lnAg.3,ll>e~al'*"""*""'incteasel"""~l)l.n1>massllo:Mr. OnlheOihtrhand. 



IOkeeplhecydot ........ allheopecilledSia&Je.lhe~!IHati!Wiexll~lhe_...,ha!IIObllt 
mainlained at a 1oooer ..,..._ Howel<er, 1t11 p<- diffictjtjes wilto the cooling wal&r le<nperai<Wt ~ t..., 
abiOrbol...,al a•dlonoe< Normalfyttis iiii'IJM"'alln m..,.be- 20"Cand2S"C.-,_II't.JIIhe 
~lumpefa1U111allheeoilollll-.......ldblltaroo.ni30"C 

b. ~ff«tol{lflf>flfM«I<HrfJflnllurtl 
Tod'IIK:klhiloller::lh~condilionl-•-.ned 

l . ~l>!l .. ~ll!<ill&'npera!twe,T3•SS"C 
2. EvaporaiOf'capadtyiOkW 
3. Evlp!O'aiOf*""'.....,.rc 
4~inleiU&~rall0•52.5'11. 
5. 1\ba0obar ex~LIBtpe<renlage ra!lo•60'11o 
6. Abeoot>eredternperliiU'e 11• 30-•"C 
7 "'-ln-and..,lp!O'IIOO'o0.93-!kf>a 

""his.....,if1Fig.4...tltn lhegene<a101 ternparai<Weisincreased tl>egeneral0f'Jfti&Urell&lsoincteasedlrcl 
tNshas u anelleclthe~ollhllc:oell~olpetbmaoceollheurit,Uif'lliderinO ihMiheprMarft 
...:l~a!OChlrpoitUollheurit...,kepi<XQianl.lt.eJUI'C>masslkMcllaflgw .. ighly!mmO.O. 
191•tageroeral0f'e•ittemperahxeoi65"Ck>O.O:l1~sai11 5"C. 

c.~ol,_~~.,.... 

Tod'IIK:klhllallec11helolowitlo;lcondilionl-eauumtd 
I . EvaporaiOfcapacilyiOkW 
Z.Ev--~..e6'C 
3. Pf-....in-ol0fard~·•.82kf>a 
4. AbeooberinleiLIBtpet<:eo:Wageralio • 52.5'11. 
5.-... lJBrpoocen13geraliD•60% 
8. - .. ~1....-.perat<We TI • 30.4"C 
7. Pr_.e lnabsoo:lleo'and..,apore10f •0.934kPa 

Tl>e dJdon hut 8I<Changeo- 1ncruses lhe elliderocl' ol lhe lril. Thll great..- Lhe ...,al O!>CCI>angt< area 11>11 
greater~sellec~ll,oir'lceUMIYI-gyCllllblltexUacted lromlhe-aiOfllolulioolediCitllt-ardbe 
ltansleoediOiheiiOiulion.....,qiOihe~- itwillbe-IOIII .. IfiPOI'alingpoirl. .... lls 
::-::'o~-SINODO!IIiclenlolperloo:maneeollheurit..-.:lerlheepec:ll;ed<Xll'ltllllon:!llincrea.., trom0.72 



~-·"h, ......... _l_ 
--At..~bcr inlc'"~uli<"'l<'"'l' I 
-- At..ot.:f<"'i<!"'hni<OII.,"f' 

-e- (~""'"""i""""~'"""''"'T 

Fig . S. E!Ieclalheatexctlange<l""'!>">anxes 

d.EIIBcfoiS<:IIoAio<lst(6(lfllh 
Toch8dctha~ulionstrengthelfea..,eoossaeooslarndill eran:::e <J/6'l'o~ thee~J5o<berinletlilt 
JI&<COOI"'!! ratioandabsotbefoutlel raliowasconskl&red.Alsolhelob.olrogcondillons_.,assumed: 

L Evap:>ratO<capacitylOkW 
2. Evaporal<>' lamperat..,.e6"C 
3. Generntorsohlliooe•iltemperalure,T4• 7S"C 
4. SoMion heat e>ollange<exit lempl3•55'C 
5. Pr...,...einabsotbefand.,.aporator •0.934kPa 

Theresul1ssllown;,.,Fog. 6irdcate thalasrnallerperc&ntaQeln LIBr solutions~llh<Weslighllybelt.,. resulls 
slncelhesoMion.,;labsolbmorereadilyext<awatMVapoul. lheCOPlor t"-selecledcoOOilionswilvery 
tmm0.79to0.75. Thepumpmass l lowwill besmallerlo<smalletp&IC4lllll'lQeslnll8rsolulion'landwill v9fY 
lrom0.0381<(1siOaboul0.045kQis. Themainclrawbacl< fs lheabsorbe<sololionoodel lempe<atlXe(TI),wi"Ocl1 
wlllllave10bekep1alalow temperalurel<><smallerpoo:enlagesioUBrsolulioos.As"""'lior>edbetorea 
reasona<Ne lamperalureat lhemcit ol llleabsorber"'<lUU<lbearound30'C,...tOch'MJUid result i<18t1ab$oober 
oollelli8rpe<ceruageol""""'e58'Y. 

Uthi1.0118rcwrideisasall arol in ~ssoUdSialeit l>as a crystaliMSh'llC!lXe. WhenliBrisdilutodinwater, there I$ 
aspecll lcminlm.moolubon tamperat001 loranygivensalt corun1ralion. Thesaltbeginsl01eavelheoolulion 
and crystal~ze below this minim<m t...-npe<ature 

lnanabsorplionmachioo~ theoolulioncorun1rationls100hi0horlhesoluliontartlJHl(atureisreducadtoolow, 
Ctysta~ationrnayOC<:ur. TI'isismostlil<l'!lyiOOC<:ur in lhesoMion l>eatwccllange<, lntl!ftr4ll ing ma::hloo 
ope<ation(TraM.S460t). lnsuch a casetl>e""""""tratedoolo.rliontemperatureneedstobe ralsadabcwaits 
satllfationpoinlsoltlat tl>esalt crySlals,.,;MreturniOihesolution, l roo;ngthemachine. 

Themostlreqoeot causeolcryslalizalionisalrleakageinlo tl>ernachinll,whi<:h resUts lnincreasadpre$$Urein 
lheevap:lfator.TI-O$intem results;ntogherevap:lfatortemperatllf8Sand~entlylowe<capadt>es. At 
highloadconditioos.lhecootrolsystornincreue$1l>eheat ...,..tiOiheganerator,resU~f"9.,incteasedoolution 
(:(H'o(:O)r'dralionstothepolnt wllerecrystal~••lionmayocwr.Nor>·absort:>ablegasu lil<flhydrogen.producad 
.,..,_._- canalsobepres&nt,whi<:h raduootl>eperla.manceolbolhlhe<XIt'dense<and theabsorbe< 
(HemldlllaJ .. t996). Adirect methiodlor keepinglherequlredpr-..-eistoevacuate tl>evapourS!>!'C" 
periodicalty.,;thavacOOOlpurr>p 





oth&rhar<l, lo~oepltlecyclerumii>'Jata spedlied stage. thetempe<at..-eatthe exit ollheab<:ort>erhasiObe 
maintainedatalowllrlevolwhentheabsorberexijUIIrpen;:entOQI! ratiois~ 

Consideringthat lheproosuresandtomperatco-esatotherpointsolthe uroitarekeptronslant. theooelticiootol 
:!e,."'::,.~undl$~edwhenthegeneratortemperaturelslncrea...:J, tea<lingl0incmaseolthe 

Theoolutionheatexcllange<lncnlasesthee!llr;!enc:yol theunit.Thegreat9rlheheat exchangerareathe 
greaw~selloct. 

Flnai'Y.whenclled<ingiOO!!OiutioostfflflQthllflecl;.. """""toraconstamdill........,e oi S% be'-'lheab<:ort>er 
inletUBrper<:<.l<1laQ&rafooar<labsorlleroullet rafoo,itw;ulourdthatasmalerper<:<.l<1tageinUBrsolutOoos,.;" 
llave sligh"ybette<results.TIIemaindrawbadlis theabsorber$01utionoutlettemperature(T11,""""'h,.;l nave 
tobekeptalalowtemperaturetorsmalerpe<centages in UBrWutions. Areasooabkltemperatureatthaexit 
olthaaboorberwouldbearound30"C, wllichwouldresultinanobsort>eroulletUBrpercerllageolaoo.e58o/o. 

ASHRAEli997).Hand:>otJI<oll~!als 
H&roldE . K,Raoom>acherR.af'dKI<linS.A. (t996)Abso<ptmCIH/IersMdll$a!Plmps.CRSPr-. 
leeRJ .. DiGtOIOoA . M., JeterS. M .. ardTejaA. S.(t990)PmpertiesoiUihiumBromide-WaterSolulionsat 
HIQh T emperat...-es and Concentration. II. Density and Viscocily. ASHRA£ TrMS. , Vol. 96, Pl. I, pp 709· na. 
Roll&rsG. F. C. ar<I MayhewV . A. (t992) n-no.ttnamicafldTransportPropenieso/Fiuid$SIUnils, Fourth 
E<li!ioo, Biad<.WIIIIP\tJiishe<$UK 
TraneAirCorOitioning Oirlc. AbsorptionRelr;g&ratioo. The Trane Con'lp.!.ny,LaCrosse, Wiocoos<n5ol601 . 













Ttloooillnlllillat<tallchariiCierisedasSallicFliNiools,anditsCC<IIerllwas~lhto.ogohoulal ... 
Ttlo daVCOOI ....... vafl«!lrom20.21022.~ % .,;1hllighsandCO<IIe<>l 
We can lhereloredellne~ e.ssard\'-dly bam. Tmy are pOOr ln()(garic malle< COOienl l '!lro bul Jlcll ln 
genera1Carbonale(co,j . 16·19'4. 

Therelore ....... pHIII'igh8.92·9.87..tllch--alkolinilycNraCIIriiUCI.. 

ln -toillonlyCI(lfllwilllhigh pH IOier.,.,.<:.r~gmor . 

.... p!' .. iouslyll\ll'llicne(I I'M:llypeSol-le< -usedk>lirri;arion 

~: ~=:=:lfOI'nanearby...,.. 

The ..... tlllddOtnlllicorigln ... rr:>~--~~~'-"'-llearriedand 
lf6al8d-•ll-alapon:l -th&lm~sile. 

CHARACTERISTICS OF GROUND FARM-WATER USED 

Ttlo l<>llo<ooOn;~-•llle majo<d>aracltrllticlolltlo grourd -let .-1· 
• llighcoolenlot liOILblt eletTlll'ntsiO• ic iO agrlcullure 
•tlectticmndur::UvUy •3.01111111lo/ctn 
•ln:mlllecaHonsprldr:mlnanlis Na'•217 nVI 
•ln:mlhe arionlpredorninanll:sCI • I5.5mgll 

"lhouklbi-NINa,CO.IIoneDIITIOMI!ld::IOQq~S 

CHAAACTERISTICSOFTRE.I.TEOEFFLLUENTSUSEO 

CooieniSmilariOtfflhgm<nl·-le<WcoolalnslldditO:lnalelemeniSand""llsiO>:ic iO"""'. 

: ~~:=~~~-~;~~9.2 
T ... lbllr:rw._analylisotTI'MiedS...,.{TS)InltlmlloiCMI:Inl-arions 

I ·;; I::: I~ I: I ~ I ~ I ":, I.~" I: I:: I :· I ~: I 
T1rbkiEI<'l1r0..,.1Cr.....,Mry ln riSrr!' r.! "~-<oll•>r,._•.,.,,.-_,«m<q/l. 

Avenl"v•lucsoftrealcd . ..:wageusedlal:mbctweml9l!6andl9ll7 
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~~lion 

~~salioo 
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"""""''"'" -......... -
~lion ..... 

<1-No AlkaloniNiioo 
!-1-PossOble ,..... 
~·- s..... ,...... ... ,_ 

ESP- 1!l019011WjAA . Q9!2fjl -! • (0.011755.o\R · 0.0126) 

Table2. Risi<CtlterlaandEstimatiooo!SalinlsatiooRisl<l51 
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g .A. Sakel l~rlan,O. AIIdreoo. ti.Had)lgeo•gi<KI,S, Koelliaris.Assoume-n!oiAQoiBOales, ueedinCypo-~.ai<XIIly 

=~olconcte~e.l'l"'Greei<Cool!lftneeonRek*lrcedeor.:r.!e. Umassolewn-.2G-31 
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S~EC096.8oufgas.l996 
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vai. I9,No.2,1999 

o Kathljoles N."W-ReusetorlfriOalion;anAitemalio-eWajlfAesr:::uolinllwMadltlff-..nRegion· 
lntarn~~lionaiScilflllfieconi"""""'UNITECH ,2Noor2002~11G 

a CGPopaleontlon,Oau..o:auila.F..._E ......... AnalysisoiTomMhfDam. AuftinTo•as. ~Color-ado 
AivllfAuthOfir!(LCAAI,Aug2002 

o 0. 0\lint ..... J.Pugll, C.G.Papa-lOu Str\ICIIOic.;.;.;..andFonileE*-"AnalrSiloiWL<U;Oarn.Austlln 
Texas.~Cokw.roRP<.,-~(LCRA). ~III98 

a D. K. s..QhkiH,CI.-Ch-ysatUhw.EPIIjlaiCI'Wislou,Biodimatlc~lot""'Newl.lrW!IrsllyoiCyptVI! 
~- fl" Compm~ion Phases SWtNlnrHo!JU!Q.ISES "99 SolafW<l<l<l Coogress, (IOt!hcomlng) 
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W<l<k:ICotlgt-. 
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pp.l1 28·1130. 
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Q D. K. St<gl>kle$,S. V'WWIAS. p_ ~ald.Z(JfOE'*PI'of""'Maerr...-Houoes, ISES'93Sr:MarWorkl 
Cotlg•<~S~Vo1.7Soi"'Amlil!IC!..-eiJ1>.248-256 

a D. K.St<gl>kles,7llols:.:>la-un..a""eo..ty..,-.~.wodilionftl.lildiWr_,'*"-.r"Workl 
lt...-E"""!'Yeong..&Vo1.4Solar-lowE"""''Y~PP 1752·1764 

a D. K.Se<ghldes,OtxAtcNieCI..-aH-16<~aqei$1!1Aillc,ASAE'921ntematiOfiiiiCoolllf!!flC&onApplica1ionsol 
Sr:MararldA..--E'*V)' , EgyplianSolarEnoroySociew 
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-larrnalianlnhydrooM ... ~hnPdlilmo .... silioon-!ltbslt"~
.lal.oniiOI~f'hv*s.Valli1 , N06.p3829. 2002.. 

cCflrlliOiidea.A..Oihonos,ini K. KaKI {II-..iledPJIIHrJNott~~~ 
/Mm~soiDelecls.,.;JMIJialkCo<llam/MI.I"Ig~onSilit;on Wa,..,CtySiolineOorltoel• .,.;i 
CanuwrQotioniii,E~byBKolbesen,CCiaeys,R.Sialhole<andF. Tar<M.Eiecwoo'lemiciiSociely 
~VoUne2001·29, pp. 153·16S,200t 
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IOIIyo:i'ogen:non-deslruc!Wt~lorhydrooM<Ie1toe1ionl'latirunMorralsR""itw.Va1. 43, N0. 4. p1!>5, 

'"'· 
o K. K"~.A. OttuQ. C CtrisiOiiiMiardF lltdiiNon-Oesrru:::livt""aiualionolmetaltontaminal«<lilc:on 

walll1.-.gradiamelrio:,..,_._Jo..-naloi~J>hr*S.Voi8S.N06.p30&1, SeplernbiJ1Q99 

o K. KaiM,A. Cllhotloa,C. Ciorislolklei..A. S!*>.I. ~UII(!$lt6mT....,...~-Mty<NngoH...O 
act-.arionalhydt'ogl!<lsensi!iwtoplicaltfrhlnpalladoummelall.,_onsilicono:ookleR""-otScienlffic 
lnslr......,ta.Vo169.No9, 1)3331,$eprtmbe<199!! 

O K. Kaiii,A. ~COwislolidii.A..Speu.l.t.undsWm. f'IIDDncldiA!ed...........,.,._,ol 
~oasuoirlQ01)41o::atrrhnpaldumMmanliiQon""""".Re..waiSaoollic.,.._,Vai69. N03. 
p1505,March1!198. 

o K. bl~. A. OliJl<'lOs & C CllriSIOiides./ly(lroQ91 f»S di/IIICtlon ""'p/10/(}/hemla/ <".18118<:10011 
,__s.ReoiewaiSOenl~ic~~~~~68. N09, p3Sot<I,Seplembe<\997 

c G. P &..:ty. K.Kaiii.O.J. Webb.LAeel<io.J L~an;IO A..Jad<3on.$Qedllllssuean()pllcal 
Fhe~~-oi-- ...... MUf1tusingh-·and..,...,_ 
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