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Gomputer aided design of waste heat boilers
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TPK - lndustry of Thermopower Plants, Process Equipment and Boilers. Zagreb, Yugoslavia

liYl'lt-rFj'IiY$: Tliiii pilLpi::r'alrt1ifie-- ths:r irrdutgtri;ily L,*:iecl r*ilarnpler o{
{::lifi..Lry:!'La3rn f 6r- krasltE? lie-'at [:ni I *r-s. whi ch h;rs h,6Pr:rr cl+]vEl rrpecl i n
Tfill- Zagr*hr ( I ndr-rsitry n f -f hermr:prit4rir Fl afii:".i. [:r'r$c€tsli h-qr-ri pment
arid Boi I r*rr: -- ilarqrerh " Yur,1m*l *vi * ) .

'Tlierrisdin*rtiir:;rl ;irnd eteroclin;,rnrical c;(1r:Lllaticlng t:{ waste hs.rt
L,ni..[a:r':;i i:r a r*mpJ.er antj erlL,+:t-rsivt* ccmputtational pr-ob].prn, and
LrF t' j. 1 I rrrtu; tliery liave* Ltr:g'n mader Gn1 y {or deternii ned } rrad
corrcli l:i$ns. !:lr-t1." :in pr..lcl:ice, L:r:j. ler-s ar-e rasr-[,:in0 ltnder
di{.felrerit: cmrrditinn$. ;rncl ;rt ttrea s*iris timel it- isi necessary ta
r-eart qr-ti r:1.,:L y {:n rnarllet requti rernentg; ;rncl dei;i gl-l ne[r, typesi of
i:r..rr:h prastei lisat Liri l errs.
*irJvarrr::erri in mathern;rtir":r1 rtmdel I ing techni qure* and compltteir
l;imnl,*b.ion irave brnltqtr'!: netl pnesitrili.ties and new flpprclachs?ts in
tlie elnq:ineering rJe:;iqrr prl]csg.isi. Thuts r'rn havei developed oLtr obln
s,vstem {rrr arttmmatic detr:i.grririg and mnclel. L i.nr; o{ wa*ts heat
h*i,i1*r's. urhifilr mal::eE pnseiL,liil the {allowinq :

-' L11 L;enr*r';*ter alterri*tirre p*ss:ib1e'jiolr-ttii:ns" and to selsct
{;i{ L*:,r' i:i*:veral i trr;iti nns} a stcil t-tti mri th;tt tli 11 brest eati sf y
':-*ril:Lrr; cr':i'l:r:,r'i;r icrrng;traintg of techrrical {easibilityo
+rr:mntnrir:*" ertc, )

- tr: g::irrr..rl;tLs. cl i{{*reirit vari;rnts u{ troile'r'-+ op*ratirn.

'ftru:: tlre d*signerr has a gr-eat- nt-tmber of tlre qr-r;*lity data at hits
rli*prrs;aI urhich eriable* hinr tn mal':e lriqh-qr-rality canclulgions and
br"lLter decisimns,

The eiy*Lrin h*.* bt:srn realized for srnc:l::s and r'{atelr'tltbe hraste htat
toi Lerrs: in hnr-i;ont;rl arrd vertica.[ arranqement f or prc]dLtct-ion
mf hut w*ter ilr *utpr,rheaterJ steam. Thr-ts i t i s poxsi ble to
defins indeperndelnL.l.y lreat exchrang€l ii.slsprnhrlies with bare tLtbesi
i:r tltbes wi tli i ncrs;rgsd sltr{ace*g.

Ther-rnadinarnis calrlrlatit:nsr ars: l:aseid an the terms of normative
ancl I-DFR rnetlrocl . The prc:grarn i ncc,rporates stand*rds {o{
matr:r-iaI:; anrJ sernri-fj.nii;tred prodncts as we1 L as regltl,aL,ic:ns {or
*L.rength cal curl ati nnri c,{ tlte p1;rnt cctrrFc:nertts ergE;en'L,i al f or the



expli:!j.tatian s.r.*sety iJtJS" filhl" ASIIE) " In i+dd j.tion n aI L

necegBar-y cli artrr';rrr:i and tath,l eg ;{re trans;{c,rnr*iicl i n ths: {firrr
rnathern::tical1y rilrit;rb1e fnr lrsn hy cornplrtelr-:i"

Tli* i nt*rprert i(ti ctn nf rrlsir-tL t* i si
LrEErs ;:ncl di re..,ctl. y sr-ri tabl e f or'
ducr-rment*t i nn.

adapt ear3 to, cpe{ i c typr-rs cif
€lrrcL oBi n,J tn the* Etafidar-d

Ttie prmqr-;rmnres. lir€ r'*a1 i:6rd i n tlis: FOR-fftfiN pr-ngrarnmi nq l urrigu;rrge
on the cr:rnpnter-s IBI1 4.1&i ancj IFI'4 FS-:.

1. INTRtrDUCTION

The lacl: o{ srt€?rqy surpply and t}-re rieed t-$ ecrrnsnrire r^litlr it-ri
ei;rpIo;r{:.:!:ii:ri (and" in olrr coutntr'.y" Lhe l i.rnited invesl:meinL.si in
r1€rt4 FitrwE?r project::,) havs sti mul *rt:ed nLrrnsrcrLrE attenipts tc) iliAl!:s
Ltse of ttre ener-$y s(]Lrrce:i *rl. r-eady erxpl .]i t€*d bLrt i. i glrtl y and
Ltnjuts.tly nerqllertecl . It is svident that a larqe nlrrrber t:f pi:iwer
utnit-si hag certain Lrnlrsed pr:r*sibilities,, lrr sdijitiori to tlriia,
tlt* poilsi bi I i ti ee o{ t-rs;i ng t}'re t'y--prodLrr:tE a{s Fr.lr4*r surppl ye
$+ten appe,i{r j.rr the Froces:i of ;:rroclr-rctit:tn" l-he atrtlvs irrdica.tr-:rs
inrpos*d t-her need .fc,r j.rrve**tiqdting tlrer po*sihiilit:i*s c,*
uttili:ing tlrer rri*glec:ted $r'ler-Oy 13l1t.tr-{:{i$, -l lir-rs" arrc:ng r:ther'
tlti t-rg:;. the neerJ +,[jr tlia* cJevel r:pmerll. a+ hrarste-.hu=at hoi ] er:;
tt"ttilirers) lr.*:; arixr:n, Ther design c:f st.rch ht:tilerg r-equrira's
qr"e*at e{{urte; {r'om tlier de,signer" rnainly in L.r^.rn {itglclx a

* the design of t-he waste--heat boiler-s i. l:gerl{t
* the ad.j t-tstmerit o{ t.he troi I er to t-liri ver-y *pec i { J. c:

reqnirem€nts *f the ordsprirrg party regi*r"ding 1oc*ti.rn, typre
o'f heat-t:cllrrcei urs.ed and reqlrir*cl parameters: o{ ttrr-, boiler
itsel{.

Si{{*rent type* r:{ J:r-re1 can tre* ursred as heat.-sourrces; and dt-trin[i
ttre desi grr i s rn*cle a gre;rt nt.rfiiher o{ tabl esi. di aqramsi and
nomogratrrs {or deltermining tfierm{:}phygi.cal characterigticri c}{
mediurmo varirt-r:i cc:e{fir:ierih-s rirrd Et:rr-ecti.;e'factnr$ asi well a:;
a certairi nurnbelr fi{ iterativg, pir'x}cedLrr-nsi l-r;rr./.? tci trs ursi€,d - _iLtr!t
as with ottrer :;r-rctr insitsl latinns. tlnreor,,esr. regt-rlatic:rrs
curinected pli th huri l cli nr;p power pl ants" :ltandardg t:{ the
semi-prodLrcts' pr-odr-tcerrs a=; well ag tsrchnr:llngical possihi.lities
cf r:lrr- cc:rnpany alsio have? ths I irnitinqtr e{{ect. Since in each new
plant nf*w pa.rametr:r-s are consicler-ecl {1*catic:n. soLrrcE! o.f
errargyt etc. ] the designer r-:arinot Ltse the *ilisrt:inq
doct-tmentation and he j.g in {act expected to desilJn a f.ie}r
prcrdLrct. To rerali:e al 1 thi* qltite a long pericid r:{ tirne is
needed ancl this! consequrentJ.y" ma[':€s the pLant m{]re erpensivt?,
This is why TFI:. - Zaqretr. rahich among r:ther things clesigns ;-rnd
prc;dr-tcers surch plants ali we.[ l, tras LrfiderL,al,:an to devel.op a
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sy!!{:em { or clesi qn i nq anrj modtl } i nq of waste-treat boi I erg. Two
par-arneter* l-iave been taken into consideration I

- the* neecl +c:r gutch irrgtal. latinns on the nrarlletp
.-theg{lexibili.tyofthesystemhyr.rni{icationand

gtand.rrdira'tion c:f a$sserntllies and parts'

?. EAsItr trHARAtrTERISTItrS trF THE SYSTEH I

rls can bp, seren .sr-off tlre L. j.tle. the syrtefll haB heen conceived
.f or. cle*irtrn aricl nrodelling n{ waste-heat boilE'rs.ln both phasee
twa h,*gi c types (]+ uraster-heat b(f j. l ers have been taken i nto
con*i derati on I

1 ) l,Jar;ts-lreat boi l erg
r.ragte-tre;rt boi 1 ersi)

") 
hlaste--heat boi l *rsr whi ch. i rr addi ti on til heati ng
assembl ies have also got sctrnin ottrer agsenibl iers (evaporitlcr-,
preevapc,ratcr, rnnl er , etc, ) (stearn wasite-heat Lic}i l esrs) .

r,li th heati ng assenrbl i es onl y (hot urater

i"J;:l181:{:--tiE,it. l:tc::i. It:rrr: !c1'E uel I as {:wo has;i c posi t i $ns o+
ht:ri:r:nt;rL ;rnd vs*rtiral "

1" H;.rcharrge,-, gttr{ace*

.:. Houtsi n$ {:r+ t r:i l arr'

-fhe f ul I.owi.ng have ht'elrr trr:alecl in a11 varianLs :

1 . lrlasts-hErat Lini l errs uri ttr l (]rrgi tr-rcli nal { l ow (gms},:e tutbe
w*ete -he;rt bui 1e*rs ) "

:, [.,J*ste-herart boi l ersi wi tli crngs f I ow wi th I

- hare tutbest
'- '{inned tubesi
'- sturdded tutbet;!
with in line nr starlgered arrangement,

The { n]. 1 owi. rrq arF the eI ernents lrpon wh i ch , i n ther desi qn phase,
ths s;r:l urti ons ar€3 chclsFn :

nit-r*t tal:e pr:!:sibIe the he;tt sxchanqs
wi th rerquti red rese:rves,
nrt.rsit n-ral:e possi b1r the regltl ar
int;tal latiarr of agsemblss ancJ s*etis{y
the sa{ety reqltirementg.

3" By-pass - sctlving the prohlein crf dutctsn i{ r'equtiread'
4" Flydrodynarnic arnd ae'rodynarrric criteria.

.tn case of mc}dl+1. L i. ng of a wagtet.-heat hoi l ers the dsmi nant
cr.itelri;( €rr.ff the giame as irr itg design. only the epPrserch is
diffe,re,nt - .Lhe systern cher:ltg; the above foltr cri'Lt=ria +Gr the
al rearcly [::nc]h,n ge,rmritry of wagte--he;rt boi I er. sorne o{ thB
mr:dLtles, utserd i. n {:hel ptrase cr+ dsrsi gn are ursed here as urel I n butt
.tfte cli {{e*reincet i s i n the {act that the prcqr€(nr compl etes i ts
w,:r-1,: ;rt the moment wt-r$n in the, design phase the 'Seneratinq of
liatis{actr:ry varianlg; wor-rlcl tregin. In desigftinq the systern f(}r
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cleriqn and mficJellling o{ gur:h hmiler-g ure havs tried to *pply tlie
pr i nc i p1*s; rr{ Brc}Lrp desi qn r s6 that thr* gerrr,'rat i ng m+
sati*f acti:lr-y verriant:l of boi Ier is b,a,.:e-'c1 $n pl.rtting tcgether
th* satis{;rrtr:ry varriarits ci{ *isgnmhl ielg. In additicin to that.
darta. hases r:.f starrdar-ri *elrni -prmdlrr:te. tr:chnolugi cal
possitiilities cnnd regurlatictn:; requtired {or surch plants have,
heen hrri 1t intn the s.;.*tein"

3. ALEORITHH OF THE SYSTEH L

a) De*;i gri phasr*

I) Cho*inrg the.syrat,ernr r.+ith;r certain rrr-rrnheir r:{ hsat i*xch;rngers
al:sembl i 6*-s {hsa.ter r LrF E€rrrFclratmr. evapmr-atnr-. st-tpe*rtreater o

cooLeri. This phase rta(l::6!Ei it pmseihtg1. tci r:trorge betraeen liot
water anrJ sit{rain Haeit E:*he;rt bt:i L erl:.

:) De,{ i ni ng r:,iich r:f 1:h* as:lenrtjl i e:i chogsn aE !
?.1) AgesrrnhLy r.ri th lnngitr..rtJinal {1ow
.1. :) Asselnihl y Ni tli r:r-clsis .f I nw wi th :

-- h+r-er tr-rtrer:;
'- l.:lrLie..-q:i Hi tfi i nrrsar:sd surr'-f aces: *rirj r+i hli

ar"ran6ernen L, of tr-rbei*.
.:i) [:oncsi vi nq the r.r;tst*:*lierat [:oi .1. etrg arr; ;r F]{rcl::aqtll

separ';:te "r*serrnhl i eir;, ar: ,:nr'{li ng tm l:.hr: cr j. telr-i +r t:.f
sFr6rc& i-r.,i;.ri 1abL u=:,

4) Des;i carr r:{ ;rs;:iemhl i es
tn;

(e*ach assernh:l y xeparrately-) accarclinq

-- thr:rrnedynamic criteria
- h;*drcclynarni c cri teir-i a
'- ;terodyn;rrTri c Cr i tsr i er

'- cr i ter i ":l o+ strenth arnd
regt-rl at i c:n:; "

r-n r.l r,: t- i ri fi t: li i.: r' r: q lr i r el rrr Ei ri L s; c-r 
.f

5i By-pa** des.i r:trr, i n cage sLtch sol Lrti orr i s requri red. Ther
locatimn of L!y-pa:;Ei is tal{rpn into ct:nsider.a,tic:n {whetlrer it
r,li I I he a part o.f pac llanr+ sc:l rrt i on cir nc:t ) .

6) Testing ther str"enttr cr$ i::lie e:lementl; .in .a::t;embl ieri.
71 lncnrpior-,*tigr the* cht:*ien :il*$emhl i*s in an irrtegr.;il

ct:nstrr-rcti on r+hi 1e s;rti r:+y j. ftg thr= spati;rl cri teri ia,
S) Tels:tirrg the, gtr'e;nttr cr4 c,ths*r *lernerrtrl. ltccor.rJing tc, th6

atrr:vt: ::'t eps Lhe sy*tern gelnreratex .* lrLrinl:sr- c:+ ::o1 ur.l. i m5::
r.rli:lcl'i satisf y thsr reqr-rired ccrncli L,iorrs o{ desiqlri, Becat_rse
of thaL. Lhe ninth itern j.s a:[sc, cler{irreid j.n the a1,;nrithrn"

9) The'l cri terium m.{: determiriing the validity r:f the *urqqerted
s{rI{-rtion into wh:ich thE parameters for c:hoc:s;ing the optinraL
snl lrti cln uan hel br-ti. 1t.

b) l'lodelling pha:ia

1) De{ininr; ge'cirrertrir: parametsrs t:+ hoiler by congiclerrinq:
- loc,aticrn o{ ilaste*h€at L:oi lers
- t,*-pes; t:{ bagi c eI emerrt itype*i o{ turbers)
- arrfinsemqrrrt nf tutbes i rr a burncll e
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.. il i iiieriE i cit'l$ c!+ th* hai:li c ti:L r:rient
'- cc,nnsr:tions: t.ir:tvl*err tlre esserrbli{?s

;l1l t'l*cJel I i. l"lg ttre proc{*l;s wi th tl'rut:i de$ i rred gearnetr-v wi th the'
.:r:im .l:.:c: r-er;;r1 ira* {nncticlnal p;(rarfileters. {achieving certain
rntplrl:s Fr-es*LtrE*,'temp*:r-xtt.tr-e' strenqth, s:tc, )

4) REALIZATION BF THE ALEORITHH

'Ihe r-eal. :i r,:.1:i. nrr tf.t t-tre rsy€rtf*ilr h*si h,i..lE?n pr:r'sclrr-'red acc{]rdi rrg tr:
'l.l-rs de{i.rrcrd r::h;rr';rr:ttrri*ticr:i. c:{ the'mmclel arrcl in the to1 lowing
{ i Ell. cl:; I

-^ tlielrnrc:ijYri*rri c g.;

-- aer-r:ciyn,,rini cs
'- trvdrndyriamic:i
- .:Lrurfigl-h rirral Ysii. ti

I:r.nri ttre { i el cl r:{ thslrrrnclYnarr-ri cs tt're +r:11r:t+i nq have breen
rqr;rL i :: r.:d ;

-- anerl',rsiq c]f 'fuel
'-,arralYsir:: ct'l rr,fibLtstimn *or qivt:n exr:ess air ratio ancJ

r I i. miitcir conrl i t i on's "
-- iinal yei t; ci{ comhlrst i r:ri prnclutrt*;
'.- i--rurtpt-t'L-. [:t:i .L err a:; werL 1 all *{ f i c i elncy f actc:r
- pliy*ic;"rl prop*lrti{!s r:f r.ri:r[,: ing nimdiltm
-- physi r.el 6:r-aperti ar:; of smcil:tl i!ass*!!
'- t-rP#rt t:r'*ln.;{eir
- l-reat L-r;intl-{er in r:*rsi* *{ ttlo-pfre,lsr* inelcliutnl

Empi.r-ir::.:rl te*r-int:i j.n ,rccclrcJance* r,'rj.{:h the rrC}r-ffii11.:iva method a.nd

FDHr:i irrq.rt:hrrd m{ calcurlatinn h;rve tisern ltsed in t-he rerali:atir:ri.

Frnm the { i *:1rJ nf ;rerclclyfiarili ce; tt'rei f o1 l owi. rig h,ali been r-eal i;€!d:
-- r::rs+r'cldyl{itmi c9i er3'L i irrat i c't] otl th* s'i {J€;r $f srril!':€ii gasiE:;

[-r-rril l--.1-r+:l t i e]. tl cl{
r"*:;rl. i. ;i *::cJ r
* liydr-*rJyn;rfti c tls!;t j. ril.:it i

liytlr-*d.;'na.rni '::i; {::t-re {{:ll 1r:u+i ng haEi beert

ofi or'r tl-rs $'idt3 o{ t+mr-[,:ing n-reclii-tm

fjr-$rn thsi: .ii.erl.d o.f +:itrelngth arralisys the* fr:11owi.ng have be-"etr

rt+*Li::i:d :

- 4*:ii*ir.iri ci{ E1.1r,im*nt*; in ;rcr:ortl;rnce r.lj.th 'ral id regr-tlations (JUS"

nIr'j" disl'tEi
-- r:i:n.l.r.cr1 ci{: a"1s*nr1.xnts o{ plr:s+urpsi' piapts I t-t-th:ss. CGverEr di *h*d

erniJs:i" $la6gu*" pre:;t*,:ssefi L:nltg;" $tr*:l 1s:i" {t-tsing thm s;(ml?

r e,:t t-r I at i ciri g )
- **tirii:11::i.r.tn fi+ Fllat:.Fls!"';ti{{:elners ancl h;*rii4er*i
- r*gtifi;ttii:l-l ciF r"*r{*b.y e1smelrit's

I t.: sihc,Ltl cJ hr,r part i ct-tl. rr 1 y s;trele+*cl t.h*t mrqit: t:{ tlie proqramnix*
tirsecj i.n tliir; p;icil.--rgi::l ci:rr *Lsr: Lrel utsed *p,arl-. {rnnr it" i t oth*r
pr-{:lqr';iiitsi i:.,r' FiroqrAfiifii$j* LrF prCil:tr-aififfi€, FraC}::AqE*g. In rf?;rl iIinrJ tli€!
Fr-flrgr-€inffie+ a.ar.i. or-r$ j. l:er*t j. ve pr-r:coduresi ir,1vEl he"en lt::ncl
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tNewtc:n-'R,*phson's rne'thc:d, metl"iod of bir.ectir:nl ari we1 I as
variourg irrtergri:latian afid eirtrapol;rtic:n methoiJ:; {splirrr:"
f{ewton, Be-"srie1 . etc. )

.ftr* nercerrisary controls hxv* al:io heen br-rilt intc, the prfi{ramrne,s
hoth in ther ahove :;tatecl numelr-ic proce-,dr-rr-e$ and in c:ther par"t:;
of the pacl':age. Tlre prnqrarns:, gerrerate r:mdes c{ twn typFs o+
e.ralrg: - i
I . Fatal Brrcrr '- error$ wlri ch arei slrch that the coriti nr-rati ctn

of prctgr-am ulot-r1tl necessar-i1y caurge either an interrnpti.c:n r:r
Hrong rcislrlt, In that cdl*€r tli* per{nrmance is stoppsd"

:. hlarnirig er-r'or's -- errc:r$ r^rhicli Fraint or-rt that some of the
reqlri r-errr.ints liave not heen met " hutt tlie progranr i *l not
i ri'terrlrpted "

Irr L:oth cas*:s the program autr:matically approaches the err-$r
{ i I e and Hr i Les r:utt a ine:lsage i n+ orrni nc1 atroutt the type of
error. p1+.:rc:€s of i tsl cime:rqence and pararnesters Frhi ch c;iLtriecl i t "

E, REALIZATIBN OF INPUT _ trUTPUT

In a larqe riurmber of prsqr*rns pacl,:ages thel inpurt r:{ data can
raLrse :serioltg prnhLems ta Lts*rrr (becalrse nf ther $ear {rom
rnah: ing errt]r'" ir;nrr"rncel of t-he prr.rqrarnm*" bacJ leading throngh
thr+ sysitem of inpltt- data ar inadequate inEtrltctions), Fecalrse
o{ t.hat }Je l-ri.\vr? tri ed o i n r:reati ng i nplrt mr:durl *. to achi eve a
"frienc!1y" re*)..eticrn*hi.p between rnan ancl compltter'" Thrs mr:dt-rle
{or" irtputt crf rlata contairrei threer prtssihilities o+ t"rc'r'},: :
I ) Str-rclyi ng
:) $l t:w made of operati on (the cc'mpltter I eads the. Lrser

throlrgh pannels, o{fering the avaiIabLe uptiorrsi.
3) {-}t-tic}': mode of c}Feratiori - dersigrrated {t:r th* Lrsslrs Fiho Erre

welI acquainted with the system ,rnd r:lo nmt need adcli hionaL
ex pr I anat i c:ns.

The Ltger ig alsc: ahle to correct errore in alrr:ardy irrpr-rt data
withc:lrt hrealting the per{ormance o{ ther program,
Llhi I e model I i ng the alrtpr"r'L r:{ the reglr} ts r.rf the progra,rrrre we
had the' f o1 l owi ng i n mi n.l:
1) To whmm the olrtplrt is clesiqnatsdi
I) The resrtlt:: ctf esach madLrle r.r{ the programme mr.reit hll visi.ble

tct the L(sfpr.
'Tl-tr-.rsr. in accordance to tlre,*irst reqr-tireme,ntr siir di{{*rrerrt
types c:f aurtpr-rt have been made:
- {or the designeri
- tor the br-ty-erl
* {or ins6:er:tiorr anthoritie.r:l
- {l:r l:he comrnerci al treatmetnt;
* fnr For+Epr--qenerating instrLrctionsi
- f Gr advert i si ng purrpr:ses;

Each o{ therr csntai rrs i n{ormati c.rn requtl r'erj excl r-r=;i vel v hy the
partl.curlar- BroL(p of ursers,
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''l l-r* ,:;sruniJ reqr-ti. r-elin,:rnt
r..rsi rici Fr,,-rrt i f:t..tl. dir- riindltl r::;

6. trtrNCLUSION

has ar-ise-'n rn.*irrly {r'c:m thtr nerd fr:r
;rp;ir-t f rom the whr}l *.

'lhil t"li:tlr r:iJ: r,qei*t-*-lin.lt bi:i j. I r:r's li;is, heen devel op*d t-n c'rperatel at
;:i. 1 ',:;taq*ta *{ u't;-r.:s{:tl--l-r+:*l:. l-tgil.er- iJesign; in pr1;tpcrsal Llesigtr" at
t:lir., iriil-i;:rl dr:9:iurr slt;iq|j ;irid cleiitari.L clr:s,ir:ln stagc: o{ tfrei
g:ir-q]jec1::" .1..1: l.i*.si her:rr .solrncJ rir.r'l: tlr;r'f. wtie-.rt Lh{* s'7*;tem j.g t-tsed"
Iliq..: clc::siqtri t-i.tiie: {nr- lhe+ v:lricit-.t.; stagr:s are reldutred ancl it is
llc:,l;*;i.Lrl.eii 'i:-c: a(.!i-.oinatf: a gr**r1.-- rrLlfliLlElr c!f tFrt: rnr-rtine ta:;l':s
r'*1 ;rtelrcl tr:i clt::teii. r:]n,

il\cr::mrdi.r'irt t-ri t-hat ul* li;rve+ *.tt-rier'iecl ti.hs {ol1rrwirig I

- t:{{ri:i-i.rrg l:inie ha:; decr-ria$i€icl "rbnr-tt {ot..tr- t:imes,'
-- tlesi.iirr 1:itttt:'- liast cJ*crq*as*iJ l::lirEr* tirfi€isi
- F:ii'-{l-jt.{e:l: i::rrairr fial:i hcnelrl r-ecJt..tcrild {:}n onEl l:l'rirdl
-- {:::{:!gi1-.Fj ci{ tii,-.r1,: it-rf..t Lecfrrlica.l docutnierrltatic:n has ClfrCrgAEed AtrrJLtt

-- rlarit-r{;rc Lltr:i rig cost has; decreas*cl abot-tt -:15 }{ {ba"car-t*is r'f
r..rt:i ri,J tst,.,r-id.1.r-Lli reci ai:i:ien'rtlL i. isr;,irid p"tr-l:5) i

ii+- .Lhs s;anit: ti. riri*o Lhs rrmrjltl ar' sysitt:flr t:+ the pac[::&tJE' nrall* i t
F[_l1=:ij.Li].i:: 

.l:r:: pul:r*rrfi the prrssibilit:i.e13 of LIer systefn L]y,ntsan:; c:]f

iiiipil.*riie",ri*-.:r'L:it:,n r:{ rir.H r-ffqL.tlaticlrrt and rul}e:s:i +r:lr $Llch Ltrrits. ati
r,lt-=:l I a$ bv j. irrtt l. emeritltt: j. ctn ni: rieiw r-,F'rt j. rnj. I at j on nielttrods "

REFERENCES :

1, L..r:i:t irrr:'fi,.1 " Iiarirprieirr';::(:i.L.tl.iL.trrr.tr ilairip{[':El$sel [:elt-terltrrg*n"$prirtqer--
-!t:.'r l. ;r,:i 

" 
L'l i. t:rrr 

" 
l!firt4 Yr::r l': " 1. 96':

:1" iialirhr-trl-i cJrrr I.i.*ripr{r:r':et-tL-iLlnqEtElchnil::. }iarirl :" Vt-tlllan *'

Vi*r-1. a,;t--Hr:*err n 5' rit-rsgahc* 1rit35./t36"
VHLI l"tichriir:hE, Velrelinigrrnq d*r Eir$!,s.I,:r-a{tw€!r'1,:sbetrciiher-
r+, ''J " , EF'ss*l-r l..lfiij dL"'5

Fl.iE[1 [:;irlrvelr barid D;rnp{ [::E:t:;:le] * 
" 
litr:liii1 1-- er - ltnd

iilahr'L ei l:.ltriq*b"rLt e, !" , Diis3:;el. dt::r{
:i. [.lii.xli*lirr. Twc,--pili*is*i:.* .f1ar.v in F]i!-!eliriBli a.nd l-t€rat

,:::.rr:trarirl*tr-s,, []jelt:r't-.ie Gorjr'Ji.n. L-arrdcn and Neul Yc]r[':r ]98::i
4, 5rh+.r;rj.cii:!-c?r-, Fslstj.tl[,:t;]:iLsiher€?ct'lr]Ltriq irrr Danrpi[r:Els:]€':l

--, Ll[-:hal. l--.srr---r-trrc-l R0l-rr'1 eli tt..triq*balt " 5g:r'i nger-lteir1 ag " Ber1 i n 
"

l lr:ri d * l. lt s,,r' e " I'letrw r'or l: 
" 

-[ri 
l,: -Yn - 1 gti];

:i , A,rrrr1jil.,: i.rr.[.imi.tr-:i.jsrv.F'il':,r]-i:iv" Hidraul.il':4. l-ehni.t[':a [lnjiq;i.
i.;,:rrlrr:h " 1.9 /.:

.r,, ijitrr.:hLr:ir..r" ficiriiL,urs;ti.ori [:urndanie*nta].gi" l"lc[irew*l-li1] Eoct[':

[]i:mF ;.'iri .v, L ?f]ll
t. 1r-rir:[tt*nhrgclt. L.elit-L:t-tclt c]*:r *ngetr;rntJLr,,rl FLr-.ridinschani[,:.

lSpr- i. rri;r:r'--Velr'). ;tg. B*r- I j. ri 
" 

['lt:li. deJ. Lr':lr.;1 
" 
Flelw Ycr- l': r J nl':Yo r 1 9B;5

{i" Lriii!t:t-rFrfi[,:1]',{-jg:lFciv;r-S;Ll[,:i:!flie1" Hq*;it Jran*{er.l'lir purbligliers"
l'li:::ii::ctt"l . l. ?*i[I

il" Fli::i:,lrii l,:c.iv" L-i.pr:vr Site*:nr bi:ri. lers, ciI 'l:fisrilic-l1 par+n'r r!L.aticlrigi
l"lj.r- pl.rh.l. :i.sher-r:, l'li:sccltr" 1?t35

773



I O, 'l-r:p i. r:tvo:i raschot ltot-eI n i. l:h iigr{*q,aLov - nc}rm&t i vn i rne.Lnd 
"Hnerr g i,n. t'lasikva " 1 97;1

lL.Fran HaSn_j;il':oviC" I'laurl:a c: tc:plini I, TehniCl:a trnjiga"
Zagreb" 1978

lI.Frern Ba*njell,:qviCt. t'laulla m toplini I1. Te,hni*ha kn-i:iqa"
Zagretr. t 976

ll. Sfhndards r JiS" DIN..fisiHE

l.

774


