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f Otetse j dzj tOIststc® ftod desdidd dzOdzj dz Istso Ot Mdzj H dzOf ttOo j dz
JBdMddlsy d&O OLtldd sSMdHd. Its oty ddd dzO IsjrLd Mmi sl
Stsf zd 20 j B dzWt.sCtsdzs 660 [

l vOBd 2 My odxHOI tgidaOsdls Az jdzOmylsl W dzAERBAIMNzO ¢ O dz,
d Isj i3 jtcObiztc® dzO0 dLAaHWAdl] HJddd ¢OLtseaj 175

tOLdEZdC A H Glsojlsdts o BN OO LOckZBO dO Istsf dzd dac
sj B j cOskztceOISO d2ZO dL-aBHWHh dIs] cOLBej B otj &3 dzO Mmd
LOdzsY j d20 o &BOIsj B3ZOIsdydedwy BBsH J dz l1ted Ml MlsOo wWCdyj Ists dz
sOLd Isj B jtcOlsEte® J L OdtsyjdO o dsediOIsO LO k2§ ttOs dzj
ftoesj ClsdzOls Odzlylsds? dzts s

t OL dzd S O@@jo HI dzyd dzO M Jj ydwW d uigdsoo das iptses jOdzts fifflsts  dEO
sftcjHjdzjd sl d&O CtlsjdkzO 5 otej d3dd d2O Mmdzj Htcj d3ts dzls dzd
Stsf dzd 2@ tsIs dzgj JLeBtew dzs o h ZOC OO d o djlswh OO (4
Stsf dzd 2@ dzO h &ZOC OO M Gt HMPEIRY.WIs COIsts BN O Miss dzts
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vtcOQodzj dzdj dz20O tjL kZdzsOIdlsj tsls Ol BZBOIS I Yydeslsts d3sH § dz
fted detsdzd dzOdzdzO Iststf dzd dzdzO Btsh dztsfyls

o [ jtodz{ [ Ols| &0 & dzj H 1o j dst .
) OLO®) si t i n Rt R AR AR LY O
| dzj M 2@ IsQs § czq dzO MW 652,95 674 3.12
196 EC;Z? %0 B g ), 80,51 86,818 7,27
) 0GB O O Istsf dzd dz
8 hOC OO d ® dzj K MW 18,69 20,315 8
Qa4
ir s anw L CIE Mw 0,05 0,056 10,71
3 y
1 OckzB O dz0 Istsi dzd dzC
ofaene g b soad MW 2,59 2,656 2,48
) 0GB O O Istsf dzd dz _ _
51 dzd &z0 z0Qd &zo¢ ok MW 0.914
[Bhts LOGEB ] d@ Gats] MW 102,75 109,85 6,46
sir., ( % 84,26 83,7 0,67
[ OLSBH 20 fBHoLOd kgis 163,88 153,26 6,93
g%?gJQOBE““) %O 1 sc 2425 235,09 3,15
1 Odzv ¢ Odzy dzO ¢ BSHAtY Bar 176 176,9 0,51
it OLantsH dzO mMbBed ¥ O 1§ kals 1914 195,58 2,14
[ dZsOdzf % dzO Mo j 3 ( kdkg 3440,03 3445.16 0,15
% g; ol @%ngozcj FOLO ¢ s 176,2 176,02 0.1
fjodfelsmo wfdr @O BIAHG g 3562,31 3543,7 0,53
&Y
gé?L;TOBzmo ®O dy  sc 175 179,25 237

[l sOBd&JyOO Mmj od3HO, Yj tLjydBO0 &O ©OBLOO d&O
ZOlstso Otco Odzj j MAtHjdz M iy dkO dzO0 ©OBBEO 2O § OEEE,

l jtedW¥WdSs a@dagOlsj di3OIsd ydidtyd disH jodiz d 65 % s dzd dzgdzO® iBsh
SOlss ftetsHl dzyjdzdy d2O o jtedW dESOYydwisO dzO0 disH § 2O MO
% dZOlso OttoOdzj. [ JLEdISOLdIS] Bl d&OftcOs j OISO Mddkz dzo

Bsh dzesMls L O fc8COLOdd 9 uvOBd& 3.

1tod edndejodzdy dzO© OOy Istsdlsy fMmd odyHO, U4 Blsdztso t
f sdzlz yd dzd Is § tcjLEdzkOIsd lIs &OIlsj BOdyJ MEtslss dBsHj dzd te
tcj Odzdzdv f OtetsG j dzgj tcOIstste. [ OL dzd A G lsats €. Gy jrfnls ofgj daO  day
dL §ftsdzt 0 Oded iz sHdBGE@IBEE sjLd fted MmdzjHie] Bsdasdzdlsy d
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v OB d&ZdYyO 3
dtcOQodzj dzdj dO twjL EZdzlsOdlsj ls @Ol BZBOISd ydeslsts BsH | dz
fted Iststf dzd dzdzO iEsh dztsfls 80 % tsls dzts i3 dzO dzdzO |

. [ jtede( [ Olsj BOIsqudzj Hisj B N
vowodisi | S0 A T S e | gL qogd S s dzo

| dzgj M dz® I1sQsff dzd dz{ MW 546,62 556,555 1,79
a?fzﬁfh?%ggfifj MW 68,99 71,14 3,02
1 OczB O dzO Ists dzc
dzj JLetstcw dzs & N ¢ MW 9,24 8,85 4,41
dzj svh OlOQf j ¥ j dz
1 OB O d&ZO Ists dzg i i
nd dsd ydets dzj H Q4 L ¢ MW 0,051
106 2B O dzZO Istsf dzd
st dZssedgid il ¢ MW 2,247 2,352 4,46
Mt O,
1 OczB O dzO Ists dzc
NdLdudzOlsO st dd MW 0,763 . -
h ZOC G O,

f i |
E(QLBO(:'S LOckegdo I gy 81,24 82,4 1,41
slr. d % 85,13 85,2 0,08
{ OLAtH GO fHAY kols 133,34 130,1 2,49
U B jtcObkzte® dzO AcC 234 229,83 1,81
1 0z 6 Odzy dzO S5 Bar 176 185.3 5
{t OLAt5H O MBoj % ( kgls 159,44 160,52 0,67
[ delsOdzf dw dzO Mo | kikg 3440,03 3446,67 0,19
% g; ol @%ngozcj FOBOl s 142,46 144,46 1,38
g Sff odfd gzg S Kankg 3557,85 3555,6 0,06

&Y ,

v B jEOEEO dO ,
NGBl GOLED Ac 175 178,9 2,18

65% j o3qded BOdzdeslsts dzOltso Otco Odzj dz® B dksC O, ftd Sy
2O tidse dts ¢ sef{hIsdzOB teafOWasOdzd v cstedzdY sy M fMisOs O
gL sdzL 8 Odzgj Ists dzO f tsSHHI ey O 5 ectcdots, o Mzzyow &OL ks
fsCOLOdzd 9 uvOBMA& 4.
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btcOQodzj dzdj dz2O tjL zZdzZlsOIsdlIsj

ftd

st f dzd dzdz® Rsh desils 65 %

v OB dZdYyO 4
sls d30lsj dBBOIsd Ydztsls "z egts H § dz
tsls  dzts d3d dzO dzdzC

o [ jtedzd [ Olsj BOIsdu dzj Hisj B .
1 owodj sl e | f 3 A Ol B Gk agd b e d
| dzj j 20 Q5§ e dz MW 473,08 453,985 4,21
31 ocEs o S[ZOQ; lgthquz MW 60,92 59,74 1,98
) OB O dzO Istsf d2
G fsEY & o N g MW 9,34 8,685 7,54
dzj swh OlsOQfJfid
) OB O dzO IS5y 2 ] ]
T dduds dai HRgL| 0032
1 OczB O dzO Istsf dg
St dssB Bj dz M 5 MW 2,136 2,027 5,37
Mted MO,
) OB O dzO IS5y
NqLdudzO0 lssfdd MW 0,66 i i
h £OC Al O,
) Oc kB j &z0 QatOfEdd| MW 73,06 70,48 3,66
s1r, d % 84,6 84,47 0,15
{ OLo6H &0 §BHI| kgis 110 104,21 5,56
sjdsf jte. dzO f§H| AC 220 217,95 0,04
| Oz ¢ Odzj dzO f 5 MPa 18,6 19,32 3,73
{ OL St5H dz0 MBoj | kgis 133,85 129,21 3,59
[ dZsOcf % dzO Mpo| kikg 3440,03 344215 0,06
53?; - tds :mffoq gegd;ig kgl 116,3 116,28 0,02
1[1 Sff Sffg g o gzg tG %BJ kd/kg 3568,9 3541,3 078
a3 ’
) Bfj6OLEO &0
RS AcC 175 180,8 3,21

RLOBH(

I fsdkzEyjdedlsj tjL kzdzsOlsd
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t OydtsdzOdzdL qtcOdzgj dO fsHGtW o Odzj Ists dzO o1 L HER
MsHtstej 6 jdaj tOYydtsdzj dz Ctslsjdzj dz Octej GOIs

[ d dzv dzo stsdzj 90,9 dBBdlsi o6 1 s

VisddzdL dtcOdzj Ists dz20 BIsf OH dzOIS 0O Ists{ dzd dzO-§ WsisS IsH p diatgd Wsj
ZOyddz L O fsodh OoOdzy d2O JWJiClsdodzsMmislsO dzO o Mmw e O d dzf
ftesyjfm. [(Hdd s doudddls] L O-d§tdasdtyy Bzl jdof dig Gdg
d dzimls 0OdzOyd dIs jo QdzidsLtsf A ©SIsf OH dZOISO j dzj e dW L O f SHGW ¢
Ci &3 ddzMmlsOdzOyqdw IsO. lteddBjte LO btso O |jJ dLitsdzL 0 Odzj Ists
gLatsHWh dIs] Hd®Bded cOLBOj] LO ftsHGteWwo Odzgy dO f sMmilsi 90

sdzé ysod :Higdd) S st z®@MzO ISt &z dzi O dtsdzj dz € sls§ dz,
Rationalization of combustion air heating in a large recovery boiler
Dilyana Koleva, Dimitar Popov

The use of waste heat from flue gas is the most effective way to increase the efficiency of any
installation where a combustion process takes place. One way to improve the technical and
economic parameters of installations is to use the waste energy, which in nhormal operation is taken
out of the facilities, to heat the input streams to the installation. An example of this is the use of the
energy contained in the exhaust fumes to heat the incoming combustion air.

Keywords: efficiency, soda recovery boiler, utilization, waste heat

BH

f OHdZOISO Itsf dzddzO® s ftesdLotsHMmise jdd f(tetsyj md o3t
odzd WORdAfActsdL o sHMisots dzO Iststf dzd dedzO® j dzj ecdWw yto
H
ls

— C
O 9

& fsksyd d/ dqdd ykjL fjsBLOLke Odj d2O du
s dzj edshD S Bdzi lsts 20 Gl OH dz0 O s dzd dzO@ )
W dBtsyj HO Mmj M hjmsed yYtjL ddeseo Olsdoedzed Isj
HOMzj b5 2O detse d d ftcOo dagsty figtatsy dayiOvilsy dd  clodgiisCuidz Oe
sts dzO | dzjsccafv B RsRi@lsdzf ed d3j tedets L O yj dzdls g
dLisdzLoOdz L O ceBtejdzgj. 1 dgOfmlsswh dwlils HEBEC dzOH
GteWwWo Odzgj dz2O0 9] LHERO djttBratHdd L O dctstedo dedWw
OctejcOl L O ffdjolsEdOy Ode® lstsy dff B@AI® h dlsj H d dgdzc
dzj LB jYdes d Hts bwWodeslsts fpi hjflse jdats A dzOY HC
| zdz0 f©OCkdCO, csjfsmMsyujddyls f§oHRtH Bd ddod
NHOddzjIsts dzO HdBBdedIs] cOwta ded@opdz] @ 20 n da0aydfIsQ c
Cslsj Bf j cOZtedz® MWwiedsSdhnj 0 (sl dw [1]. v O
Owls cstedo® Mi M LdOudls] dzdzgs fi Hi 6y Oded ¥ 2O MW O
MsHte] ¢ j dzj tOYdtsdzdzqd s j RO teSsr@d fialzj tzBls O Mls tsw

e j desflsd dz0 MHGEj ¢ j dzj tOydsdadzdlsj S tslsj dzdzd Octej
Mdztse dztslsts  f toj HdzZOL dzO Y J dzd ZO0 wtsd J s M jlse we
T BICOdzd EYsktjBwe Odd o | EBOte)HHQ dzEdds i azdiba dish)is o t
ctedo s @O HEPW @OEB@dUOdz yjtdd &kcO, (2t @i we
fesdLoBHMso slsts dz® VYj tzk dzts LYQ tefdt® s Pz dibe @1 Odzdfy) dfyi ISidsis g

F\’rE’rEWG
mn—IJJ&_\cQ
§2o=

FroQNGgridd ST/
61.3%(,;—@ I — %%+ N &

Cog@E NI NSO oo =g
s—om o



18 0Ot?) O | by TOKO ) 2 Yi

stee Oded ydzed d dzj stecOdzdydzd i jHddzj dedw. 1Jd2dedw fpi MmiscC
odHBO j, ®jISHO @ WiLBDiMd@@ATO d fsyj MO dzO0 ftetsdL :
[tte Oded ydzOls @ yOfl s Yjtedzd dzeO fMj dLecOww o §jh dzOl
sl dMit COdstdyddlsj cEstedoO®. uvtoa O | kOSO, L ONBEE
dzj Ste@ Odzd YdzO iPifrHs thp @ dEds SO o ZOc O d fj§ jdz. uvtsL d fyi f
d d2OdzOc O dLitsdzL 9 OdzgjIsts O YHHI toy O s cEtcdoats BOL 2L
fOtcsf tesdL o tsHMIse ts.
sdf dyudz0ls O CtsdzmistelzS ydw dz20 f jh dzOlSO COBj O (1 s) dzC
O Cfpjj ddf sHOo O dzO Isted dzdo ©, Mmi slseo jlsdes i tcodyd dg, ¢
i Mj dObttzfoO MsfddSO s AdBdSOddlsj i Hi tey ON

L
s
Codmistezdie® §sH dOSdsd  fMssfddkS OO Mj dLojyHO s

TpeTuyeH
Bb3AyX

yepHa nyra

BTOpHYEH Bb34YX

NbpBUUEH
Bb34yX

CTONWANKa

Adc. Bsyg o fjihdzOIsO COd3j 6O dzO wt s

ltetsyd i s dzO0 dLGcOwwWdzy dO MEzdW OO0 dkzcO, 0S¢kt
stcd fdzi Hse Olsj dzdzd jIsOf O:
TRLMEMN O Odzj dO dzc OlO;
11desdzdL © d ¢s8C¢MiEzo Odzy dO tec Oded ydedvw tMmisOlsi ¢, Mmi §
TRLGOBY dRsCHmO d olsj ydzw o Odzj dzO dBddaj eOdzdzd W sMIsOIsi €
Mk d Ols 0.

mddidui medisj fsyimd, fGeslsdyohd o i teoadw MISOH]?2
&z OO, M) M fMsswls o dzgj2dzslsts oL OdBsHj2Mise diflsts
flo 5B SHAAOH, N o kL d MSOHG?2 &sc Ol LHSD; P b ikO% O xpy Ofgls d
COLBo jIS] d MaccOddyjMSd Mol teL Odz Na.

2NaOH + CO, Y Na,CO; + H,O
2NaOH + SO, Y Na,SO; + H,O
2NaOH + S04 Y Na,SO, + H,O

Na,S + CcOo, + Hzo Y N,@O3; + H,S
2Na,S + 280, + [, Y 2 bBaOs
Na,S + SO, + H,O Y N8O, + H,S

2RCOONa + SO,
2RCOONa + SO;

H,O Y N&O; +2RCOOH

+
+ H,O Y N8O, +2RCOOH
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lted obtstedw MISOHd?2 ftojL otcjd3jlbsts dzO fdetsdzdL © dzO t
LOjHAts:0, CH j desdzO dERzelsEecdmiftetsisH j dzvv Is -cas day Iszizts 1§ dslelzd drdpth
tcOL dzd yded Mj toded B CHiCHSIzjCl.8, HEsMisO Mmdztsy ded OdzC d dziplz dz
Hiczed dzjlsdzded ftesHEzGCIsd. | sdzv B3O yOfmls s IsjLd fto
sBtcOL zo O2 Cod L, v, MO kdj o Ols Istsf dzts Mi Hi ey Oded jIsts dz0O ¢
fesyjn LOfsYys O hj ftwd ¢ dzd yijlipls o%s ddzds jodid Hji@2 Ol ZAEOE CLISC

vtejlsdwlils MisOHd?2 M RrOttOCIjtedLdtc® M dLcOtewdzgj dzO ¢
fsodh Oo Odzj ZO s BEJfrOLHgOIEDd 3 figls tc © dzdzd Is | sMis Olsi yc
YomisqdydBQs L syos 0 fted Isj B jcOslzecO 850Awu. vy BB j Ol
9l Ld&zdL O dz©0 1200Au d | o LOsdmddisMmls tls Csdzdyj Mlse sls

1 0 destedzOdzdets f totslsd yOdai dzO ,SPleHESY PO tiofy detizel dgts[ WL diy JNd&C
sj B j cOskzteOISO d dLdzdhi Cils dz2O 4, O IsOCO Mmi hts d tsls
&ZzO tj OCydwiso. I Mdeso dzgd t6j OC ydd, fteslsdyohd ftjL ots,
zz e OO MM} wowygOls toj OCyddls,pO, aa® BBy Hilzlay d 5 @ dzd dzdflaPdzd N a
siBtejlsdui mMSd MO o L ddsyded Mdzj HdedIlsj t6j OCydd:

Na,SO, + 4C Y Na,S + 2CO, - 53,6 Kcal
Na,SO, + 4C Y Na,S +4CO - 136,0 Kcal
Na,SO, + 4CO Y Na,S +4 CO, + 28.8 Kcal

[ Hd2ZO BOdzZE O yOfmls tsls B3 dzj O dzdefzlizg s Olsisayg HEHdE G
Zijswho fjfjd d M Edzoew M jdzj CltetsW ddzlsi tc tcOL f sdztsy |

[BdYO2 dzOIs 0 CtdzflstclzC ydw zO f Otetso sH dzd W stcOC Is dz
9 jtlsdC Odzdets tcOL f sdztsy jdz2 dL f Otedlsj dzj dz Mmdesy M J Misj Mise
l1s. §etggodzadIlsj] dOCtjoded ol terndesmisd fmj M Mistswis sk
9l LHEZR s sHGtcj 9 Olsj dz. )| tcOLGEdzj Y HOddY Mz yoO©2 §tSHGtEW
Ott® tsls wjekdzdiolkzj &3 f OteBatsls O disjj dff | dp@dzade@dzjts & sTizts dzD O
O ftsPdzipV alzO 9i LHERO | Isdfduydes tojh jdedy LO fftsoj ydlst
S dzsOlsoOydvw.
ltoj HdZOGOdetslsts o dzOfMlstswh sIsts L Mdzj Heo Odzj f toj d3d dzO o O dz
dZz0 cttedodzedw o LHEZR M j HBOjJH] HBS L dOydlsj dzdes dzOB0Od
GOty |, ZOof zMmMC O d Ctslsj d&zO. [ yYyOSCoOdzad™w HtsdzjLdzdwWlIls CtcOj
ZO tCfr@eiO L O fMteMmise j dd dzz) H ep.tstog O g tc dzd Istf ts SO @ dety |
ndBRdUjMSdls] oLOddBsHj2MisodY o §jhdzOO CORjted®. 4 Ist
odqLAatsHWh dIs] HddBdd c¢cOLtaj, tjMmf. Mj dwOBOERZYe O Isj & j
stetsmMw o Odzgj sts  d d3. { St jtod d3j dzls Odzdets 1§2],.8d Hj B < 1p sig@J
LOCdzt yQg Olf sdzad ) O Odzj sts dzO Isj B j tcOlskztcOISO dzgO@ dL AatsHW
vt sdzy otsHd HBs ol LddGCo0Odzj d ©WOLoadIsd] dzO dedMmE BIsj BY J§

[YjdeSO &0 §OwLOdjlstedlsj dz0 Hddsdedlsj cOLsoj dzO@ dL ot
[Yyiz¢ Ol d&O {fssHEKYo Odzgjlsts dzZO 9] LHERO L O GEtste] dzj
i Mls©Cowdzj dzO0 kteOo dzj dzd j Isdshy deBO Isfits f tsisfodgdisfdzd W B Cdz@Q H EZ 5 Y

q
dz
)

68"98% Qedd 08 QY 1)

Is ts
D fl’jO HiBdIlsdlsj dzO Hdd3dzd Is § GOL ts9 § d 91l L H
IZ:ISUISHGNIQ/§SOISJdZW

88fr]O JdzsOzf ddIsj dO HdBdJls] cOLtsej dk@kgp mBBH/ dL
7fr]O J dZlsOdzf ddlsjy dzO i LHdRr O dzO 9, kX¥kg;/ dL -~ SH dzO
ts dLmMdzj He Odzgj Ists Mj wWOLGEAdzZ]YHO MmihjMmlselze C
OB stedlsjy o ctstedztslsts kZtcOQodzj dzdj IstewB o O
IsO¢ do O dfots jify dstds Ojdgjdzdde® 5§ dzly @z  d Is f  dzO  H
dzzy dzs HO Mj L d2Oj Isjrdedwils Mmi MisOo.
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4 YJdz sftejHjdzvwdzg dz0 -cidadn@@EsBffjls | skzOf PO stedIsj ,
PtcOodzj dzad j Ists dzO Istsf dzd dzdzedVv B OdzOdzlp dzO BI Hih dWw o9 L HE.
B@BOIj BOISdyYj dz BsSHjdz dz20 wt so. R L i tsdhesn®ftaxt.Buji 2 ) EWCdsiAS] toeck
estedodd™ fHtesyjfm, timf. Gttd w9 EQHLBO O ylsd d3ded E
MOt e Odzd YydzOIs© yoOMmls dzO@ yYJj tedzOO dzEc ©, Ists dzj 2 dzd W Is
vOB dz. 1.

vsOBd&dyoO 1
[ dzj B3 dzlsj dz M MIsOo dzO tc OB tsisidsds cAP@EYCY ddBO 1
] ¢dzj tetsH 42,00%
] SHiStGEBH 5,00%
gWigO 1,60%
s d iy Bt 20,00%
dIstsls 1,40%
] zOc O 30,00%
[ BdzdzO I dzslso stc 11 176 kJ/kg

RLYdmazdlsj dzdzOIs© Ma j BO o) LftediIsO ftod M MlsOowdzj Ists
z0 Adc. 1. sl d3 dOfMmlsswh dwils dBsdij dzls fHGEKY o Odzj sts
sfmi hjmsowpomidestdds f Otcded S OdztstedW jtod HES Isj d3thj te Qllz tc ©
COzstedW jtedlsy Md dLYBdLoO OO s (dzj Skt MtsB Mise |
LORtcOdzo O tsIs tojceclkdzdickzj d@3s f Oteistsls dzj &3O dAYV. utgjlazfYfj Gdaristr dLCAstd
dz0O dL:tSHWfUZIﬂ'ISJIOIH(Iﬁ%J 9 JCMf izs0Oydsdzdzed Efmdzsodw | sl

B3 ¥HEz 210 d 230Aw4. 10 dLydmdzi dzgdwIs©O J. rfied(sls & figts.
sMis ©dzO dzd Is § f OtcOdBj Isted Is § dzO ftosdL o jHj dZOO fto] Gt
S dzsOlsOydsdzdzdilsj LOdeaO. feo it Bd sMisOdZOdzdIsj |
COts HJBdIs d2O ceBtedo tsists, CsiWduydjdals dzO dLdzdhi €
COzstedW jtodlsi d Hts.

42,1€[190
18,62[808.8

o

RLYydmdzdlsj dzdzO mMnr J &30 dzO wst ¢ M § Otdats f SH

13 gstsdzH j dzL Ols
tc oaHO
z

-
m

tcjctcjoOjdz 7 1Ot tctso tSH

j RLIssydzed ¢ dzO0  sH~R
RLIssydzed S dzO 9i L H
0 1 Owsftejctej 9 0lsjdz

1 sOdtsted ¥ jto

23 10t LO COdetstedw j 60O
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v OB d&ZdYyO 2
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P=5000 P=00500
T=1518 T=329
Sup=00 1 (R x=0852
H=2747 36 H=220373
H*=199 87 H¥=-343 76
M=1700 M=1,700

Ploar] T[C] HkJkgl H*[klkg] Mkals]

ST Group [1]

Mode: Thermodynamic Design; Type of inlet control: Sliding

Expansion power =924 2 KW Mechanical loss = 2,31 KW Shaft power = 9219 KW Current RPM = 6800
Dry step efficiency = 85 % Group overall eff. = 81,33 % Group blading eff. = 81,33 %

Inlet pressure = 5 bar

Exit pressure = 0,05 bar enthalpy = 2203,7 klkg steam quality = 0,8524
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Analysis of dust emissions of boilers starting modeson boi |l ers i n TPP i
East 20EAD

Nikola Baykalov, Boncho Bonev

At the start-up process of PK-38-4 and EP 670/ 140 boil ere®\Dffrom TPP
the different temperature condition use oil fuel. The oily ashes in the fuel gases stop the
Electrostatic precipitator (ESP) and the Flue Gas Desulfurization (FGD) operation, wich lead to
problems with environmental pollution. In the report are presented quantity of emissions of dust
generated during the start-up. The estimates cover the period in which no work ESP, i.e. this is the
period during which use liquid fuel.

Keywords: boiler starting modes, dust emissions, steam generator
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Model investigations of coal classifier, part of boiler coal preparation system of
boilers type P-62 at ContourGlobal Maritsa East 3

Vasil Radenkov, Totyo Totev

A numerical model of classifier's current construction of boilers type P-62 at ContourGlobal
Maritsa East 3 TPP is prepared and validated. Model investigations are performed and from the
obtained results classifiers state is analyzed.

Keywords: present construction, classifier, numerical model
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Model investigations of coal classifier, part of boiler coal preparation system of
boilers No 11 and No 12 at TPP Maritsa East 2

Totyo Totev, Vasil Radenkov, Borislav Angelov

A numerical model of classifier's current construction of boilers No 11 and No 12 at TPP
Maritsa East 2 is prepared and validated. Model investigations are performed and from the
obtained results classifiers state is analyzed.

Keywords: present construction, classifier, numerical model
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Preparation and validation of numerical model of combustion chamber behavior of
boiler No12 at TPP Maritsa East 2

Borislav Angelov
A numerical model of combustion chamber with design burners of boiler No12 at TPP Maritsa
East 2 is prepared. The model is validated through comparison with design calculation values.
Results from the validated numerical model are analyzed.

Keywords: boiler, combustion chamber, burners, numerical model, validation
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Models studies of combustion chamber processes of Boiler No 12 at TPP Maritsa
East 2

Totyo Totev, Borislav Angelov, Vasil Radenkov, Borislav Ignatov
Models studies are performed with combustion chamber numerical model of Boiler No 12 at
TPP Maritsa East 2. The initial conditions under which the studies were carried out are related to

the use of the design burners and the redistribution of the air supply to the combustion chamber.

Keywords: boiler, combustion chamber, burners, overfire air
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t OLftejHjdzvdzf dz0 etstedotslsts d3jyHE Ists dddgde@®sO d
swodeslsts CsdsBddzgdtcOdets ftotsdL o sHMlso BIsts

s OdzsvW dz m & d ) Hzts gMmiC dits o

lted CdBBddadtcOdeslsts ftosdL otsHMisots dz20 It dzd dzedz® d j &
tcOL ftoj Hj dzd sBh g deedrasts  d3d Y H E Ho OlsO ftetsdL o®j Y H
tcOLftejHjdzjded] BseOls HO M dLitsd. a0l BOEOAENtes d (
Bj IstsHJ. RLBEStgi Is dz20 dBjlstsH L O twOLftcjHjdzjdedj dzO Gt
ftoj Hd@ZOGOdzdY JsHEZSC IS, si 2 € OlbtstdicdEg® sd s dgpmn ks g dzis § vz
HisC dzOH mJ OdzOdzd L d e Olef i fitpts{edgtsdpty fighs(cfj ldsjs  dzO tOL dzd ydad Is
tcOLftejHjdzjdzdj dzO cstedotslsts ftod CtsdizBddzdtcOdetslsts ff totsd |
st dzd dzgdzOIs © j dzj tec d W .

sdzs ytso d HIEEdBE dzd 6 Odets fesdLosHMEsEdo BB tof O tzfs Uzt
d dzmils OdzOydw

Allocation of fuel consumption in the production of heat and electricity in their
combined production

Kaloyan Hristov, lvan Genovski

On the combined heat and power generation, the total fuel consumption should be allocated
between the two products produced. For allocation may be used balance (thermodynamic) and
economic methods. Choosing a fuel allocation method influence the price of the product, as fuel is
a major component of the fuel. This report analyzes the peculiarities of the different fuel allocation
methods in cogeneration between electricity and heat and the results obtained when applied.

Keywords: combined heat and power, allocation of fuel consumption, steam turbine instalation

11l 9 jH]ddJ
v dzsW dC Oydtsdededisy yJj delstcOdzd ftetsdL o j Y HOIs[ kKWhigs d dzd tc
Is tsf dzd dzdzO Q [kWgh)tewtsfvdzd dzdzOIs © j dzj eedw ] SIBONHEOO { Mt
tesd3d h dzjydssildstgd B G J dIf)tej " OQ, d BHOO Bdlstsadlsi Y sistej B dls] dzd
tcjlgfflsots dz0 CtdBBBddedtcOdetslsts ftotsdL otsHMisoats o MteOo dzj d
CsdetsdBdWIsO dz20 cetstedoats L O jHded Mmihd ftetsdLoe jHjded €
dzj e dw .
[ dltsHdIs], CtsdIlsts md fted zOG Ols LO tOLftejH]djdd]
st dzd dzdzQls) C fted yd MEC OO Jjdzj ecadWIsO o Cts6j dzj e Oyd tsdzda
tcOL Hjdzvis dz0 H © teCetizbpts[a,5).ME d
1 OzOdzmMtsod dBjlssHd L O tOLftejH] dzj dzed j dzO o dztsy § dztsls
ftosdLotsHMlsots dz0 jdzj Sltedyj MO d Istsif dzd dgdz® j dzj tecd d W
vijLd &BjlstsHd @) spHdasaB®lsE qdgdzgdIsj] tshmtse j desMmisd dzO € 53R
20 st ddddz®0 d jdzjSkteduyjmSoO jditedy d d© M OL o
ftoj sBtcOL 2o Odzj dO JjdzgjtecdWisO. ytejL bwa &syj HO fmj
ddzmls0zOyddlsj. [Mmdetso dagfdf jM@® OdzOdemtso d di3j Ists
AdLrdud mMEdwis o&d stsH;
( $Midtead2dzdwils oz StsSH;
[jltsHi s, ydlkoh jdzgjtdd?2dOlsO Avyj ddetsfisii dz® tslse j
[ jltsHi s dzO ftetsf steydsdzOdzdets tcOL ftojHjdzjdedj dzO tOL A
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[dltsHi s, Ct2lts fj HfteddzOcO o 1] &ZeOtedw BOREPLEtc]
Istsf dzd dzdzOls O d Jdzj Clstedyd MC OO Jdzjtecd™ §odd{Jsidsd et
lted dgjets My fHdj B0, YUy ®BINYHE HoOIO ftetsdL o jH,j dad
(s dzd dzgdzOIs© d jdzj Slstedyd MS OO jdzj e dw fd tGOLGdZ;)iHO

v st dzd dzO IsHOs eLtszWLo@ dzj dz20 Iststf dzd dedzd Isj  slstcj B desflsd dzO
tcj cdzdtelzj d3dIsy § Otetstslsdzj d30dedw ddzd B2 dzj 6 CtsdzH j daL Olst
s dzd z2OIsO© L O ftesdLotHMlsats dz2O jdzj Slstedyd MSC O j dzj tec dw
s s dzd dz© dePO olsiktsteiBO] dzOIs©, i dLOOHd Blo jHj OO L O It
Ud o SBdeH J dzl Oydtsdedz® J dzj CIstetsyj dzls e ©dzO, ClHyls dai M
JdLEOLAtsSHO O Yo jyud bfdddd L0 ftwtsdLeosHmMssslss dzO Ml
9 MtcOo dz§ ted § dztc Oy d s dzdzOIs© d dzfls OdzOydw . 1 Ofted dzd o6, MY .
cstedots LO JjdzjSlbtesjdzgjtecdwy s v A (HBSted d Mmifp Mmlis
kg/ kWh, HBCOIB LO jHdAO M stj &3 dzdz® ¢ sd gidd OF§ s Gzdz0
kg/ kWh. [4£]0Le®se Qjf®dLdujmSdwls ®jlssH dqLStedoawe O ¢
2O jdzjtecd2dedlsy HtejHftoedwlisdw.

AdLdyd MSdwis B stsH d OB tcddz hdquestts HtOClsdyd M
ftoj cdzf BAIsMB tcd dzai 65 ©OLABHI Is dzO etstedots L O H,®dL o I

ol dzgh dedlsjy Istsf dzddeded § slstejBdlsy dzd MJ Bftej HY dzv slis:

B,=a Q/Q 4d, ,d. 1)

i=1

Ci H] Ists:

aQiJ st dzd dz2OIs O, SCwvwists M lfkzmMEO dO {§sistejBdlsj dzd

i=1
CodzH j dzL Olststc©® dd@h;Isktee d dzOIs O,

Qd SCOmstduydstsmislsoNhdap) cstdo sists,

¢ ,d -SsiVWdydjddsdlsj dz0 fsdzjLdes Hj2Mmisad] d&zO § OtsE

gt JydWduydzedwils tOLAatsH dz2O0 cettcdots L O f teigd Lio@aHdnfiph S
ZOdzV ¢ Odzj Is ts, ftod Ctjlss Mj BGlsoajyHO bktsf dadddddY sl
COLHj dzdzs ftetsdL o sSHMIse s

tOLatsHli Is dZ20 cettcdots L O ftosdLotHMiseas dgO jdzj Clsted
sBh dwls ttOLAtsH dz2O0 etstcdots L O d@nNsOzBBY Wi @zddd| j daj @ o o

B.=B B,. 2)

ldYHO Mi, Yd yYv dz0loO di¢sdtsdiidy d&O0 cttwdots tsls ¢ sd3B (d
ol tornlkz Jdzj S tosftoesdL otsHMIse SIsts.

ltedSCMmjteed?2 dzdisdgg dstisH] §tod dzOc Ols L OStsdedlsy Y Odefi - to!
ddzjtcedwilsO, des McOodgW 9 Odzgj Ists 3 Y HE I dzd dzdzOIs©O d j dzd
ddzjtcedR deddsj f s iSMmjteed2dzdlIsd gz JjSodoOdzj dzlsd . ( ¢
AnOOCIsjtedLdtcO® dzi MO Ctsdzdyd Mlseotslsts, des d SOy Mlse s

10 twOLftojH Al s jCMjteed2dedy BBdlstsH | dai s
My iydW¥dydedvls ©OLAtH &0 cstedoats L O fsdLotshhlsets d
(kg/kWh) COlsts wlsdetsh jdedj By HE Yp ko) ZOSBBIOIS@®RO j EREEd
fiosdL oy j e sHEEEdstetsj dzj e dw d Istsf dzd dzdzO@ | dzj tec d W :

be, = B/(é E.+E), (3)
i=1
Ci HjIsts:

n
AE.)] jSmitecdvs0 O btsf dddokso, ¢tvkwh nj skfiznsc
i=1
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E-iSMjttedwisO dzO j dzj Slkwb.yj MS OO jdzj e dw,
(SMitecdi'bOYf de@dzj . SlstsY toj H j dzv s

E,=4(1-T/T)Q, @
i=1
Ci H] Ists:
Usd Mo HAZOIO Isj B j tcOlskztc® dz2O0 ¢ tsdzdzOlsO Mtej H O;
Tli- Mty HdzOIs O Isj &3 J 6OIsktc© dzO f OOl O, Cswists md

f Otclsdzj B3O dzj .

1 j dzd ud dzQjls Ot @o dzO@ dz0@ j dzj Slsteduj MC OO jdzgjteedw, Cwl
jCcmiwedy. [llskS MdjHe O, Wi My jyd¥duddwls tOLAG
Jdzj Cstedui MeB)j@Peddz 20 MYJydWwduded© @i SezBls & tshs
JHddedyo Jj(OfmbdekE dv

{OLEGHI s dO cstedots LO fusdLosHMsets dz® jdzj Shkted

fsdzzyoe © CObts M) bkddsyd ftsdL o jH fWpfyon j i) & tsdei diu dac
tcOL-atSH LO dcohbsdts: ftosdL ots

B =b. C. (5)
g jydWdydzdvls tOLARBH dO ctstedots LO ftotsdL osHflse s d
U’OtststslsdzJ BOdzj dozd BB2dzjtc StsdzHj dzoL OO M) GYtej Hj dv

le = (1 0 )q’ st (6)

toLnsHJ s 20 cskfdso s@nigHEEAstE H dvls wtejL My jydwd:
cstcedots LO ftesdLotsHMisots dzO Istsf dzd dzdzO J dzj tcc d W :

B.= 4 b,Q. @

[Mdetse j dz dzgj HsMIsOi ¢ L O jSCMjteed2dedy dBjlssH L O O
Biets? affafdyCtdlsts kicweo O HO fj BkyjlsOl M sadmMsCO Ity
[jlshils, slydlsoh jdzgjtecd2 dzOls0O Ay, dedzesisjfidsOdzai t5 s e jd
fiodtsy jdd &BixHEZ VYL dud s dV cdz] gsBshigseasd AHpzd vd Ldfjdaiis . Ols

LO Mmi RtOdsj dedd d §ie]j otcl dzt®© dzytc @aOdz] jozliij tisasd wdgiOy H iy j H o Ols
JLo teh as@)daiz® OO 20 Avyj dzdzsflsls Of dzO Is ts finged ds®lQ [sRO d2Ols|s
%O fsdLotsHmMlsots dzO Istsf dzd dzdz® o j dzj Chkteduj MS O j dzjteed
]l thdtss OO dO d&jlssHO |j LOdtsy jdts tOLftcjH]djddj
jWicSk kb SthedddtOdsksts fosdLotHmisoats. 10 yYjdsO §&f
(ho, ki/kg), JjdzZsOdkf dwIsO &O § OwOl0O o to (g kikd)tel jddfs ssO & Goded@s
CsdgH j dzL Qs tRIKG) M St jHj oYl Cosj WRlss j sdsqdls Ol Ay j dzdats
st dzd dzO1Is © dzO slso j Y HOAOKO fO0tt® tls ff Otstsisdzj BOdzd W Is O:

h-h &, h
Z 2D k (8)
h h, C hO fL
Ci HjIsts:

kj Stj%duydjdeds, S22kt lydlksO t©jcjdyteOlsdo dzslsts 1§
1icco 00 Ms2dsMls LOodMmd SOCPO®ROR) Eed B Isthzes tfozpk Ols
{OLAtHI 5 kO cttedots L O B B s ot fulg i Odzy das sc o v

B, =K B2, )
el

Ci HjIsts:
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Bj tBhdwls tOL~tkyn dO ctstedo ts,

sed SosjW¥dydjds, sbydlsoh HW&ZO &éz0 e beHdE] NOOY
sls dqdmlsOozOydwiso0 L O CtsiBdddtcOdts ftwosdL o sHMIse 5;

lfv-d 2 Ssted Ui MC OO jdzjtecdw, GlfEmdOkWht: dd jdj Slstets

loy-d i Cltedyi MC OO jdgj cedy L O MmiseMmise j dedkWhzz y Hd 1 toc

sBiWduydy dazO fetsf steyihp M dy is:
KE:(Qo' Qu1 'a Q$ i) / (1 Q ) (10)
Ci HjIsts:
Qd ©OLABHI s dO b dddkd &0 ortHO dO Iskz&WH OO L
Q, - 6OLRAtHI s dzO Istsy ded deddlz L HAf f)e® fidsofjddiMhictsd L @ SHMIso 5
tOLAatHI s dz2O0 cettcdots L O fsdL o sBMkO s d déPls O yddd dsdz
st HJ dzw Yte j L My § ydWw dydsqw tcOL - SH 2O cthitddts L O
Civduydj dsdlsss da® 5deppeizONQ ¢ d Istsf dzddzj dz §f Slsts:

B.=bfa M. (12)
i=1

[fdetso dzOO IstkHdtsMls L O §w©0ClkdujmsSts foddkOc0ds dz
CsjWdydjdelsdisjy dz0 vyj dedesjnisj da®O tf CoHefO Is®©F te jdeOjdxif g dzjislos  daaC
f OtcOISO © CtsdgH J dzL Olsst6 O.

ltedsj SEHO d&z0 ftesf steydsdzOdzdz® ©OL § 84 o [ fzj HaDdzUsBly Qzd 60
CsdBBddzd tcOdetslsts ftetsdL otsHMlsots Mj ttOLftejHjdzY ff StcOo dats
sBj Bl d@O HtesdLotsHmMsosslsts ¢ OltizO MA Y SikdaEyiOF &) %5 9
fo

O ftojL tjekdzdtokz]j Bdlsy § Otttstslsdz] 3Oded v .
t OLAaBBHI Is d2O cEBtcdots LO Jjdzj Sstesftesd.o tsHimiseats Mmj
stsdWduydSdeilslds slsydlsO HYWdzO dz0 estcdotlsts LO fesdL ot
My dLydmdzvwe © wis:
Ke=(Qe+ Q,, DQ9/(Q ¢ Q ,#DQ & Q, 12)
i=1
Ci HjlIsts:

Q. ©OLABHI L 20 bsfdddd L0 fidL o skMsHES IsdO fjjdz
sftejHjdv i ¢kOmdes ¥ dLduiMSdw dBjlssH LO t©OLY ] HJ dj d

DQ. A Q@ -) -HEli dzdedlsj dzj dz tt@f@OH L @O jlefF§ stesftesdL ot

¢ s 3B  dzd tc © dzOKMD. 5 | BO,

{OLAGHI Is &0 csicdots LO fiesdLosHmisos dz® Istsy dzd dzdzO
yted L Myjydwduyudedw ©OLAtsH d2O cttedots ftod t©OLHJ dzdets
CsjWdydydisdlsj dz0 Gsy@:dedesmisi dzO § Ote

B, =(b5 4 ) AQ . (13)

RLcOLBSE DY SlsydlsO @zOBOdY o Odzj sts dz0@ My j yd¥ dudedv te
i=1
sls dqdhsozOydwisO L O StsdiBdddOds fsdLosHmMisoats ftod
ldddyd B sftejHjdv Bls dqLteOL O:
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Do, <0 (B B)/A QN HE ) (14)

Ci H] Ists:
z,,d MejHddwls StjWwdydy dzls dzO Ayj dedetsmilsii dz0@ tlsf 2¢O
vtsLd BjltsH fLotsdzZvWe O HO fj lsyjlOls t©OL dzdydsdlsj
Stsfddf®0 jdzjtccdw sls oamMw it §Otetslsdz] BOdzj dzO d dzfyls ©dzOy
fdlstsHi Is SlyYydlsO dOBOdY o Odzj Ists dzO tOL AntsH O dzO Istst dzd dzC
sls ddzhsodzOydwisO L O StsdiBdddtcOdzsts ftesdLosHMisoas o MO
[ il ftedlsi 00O dzj HsMISOII ydlsyg , Csdlsts MO R OtOC L
Ayj dzdetsisls O dzO Blso j Y HOOKO f OO,
RS tsdzts di3d W Jdfj Isofs H d L O tcOL ftej HJ dzj dzd § dzO Ctcdo slsts
fesdLoBsHMisots dzO Issf dzd dzdz© d J oz SIstedyd ME O Jjdzj eadw
sl &3 sOLd ctokzf O [W:stsHd MYy OHOIs
Trdetec dj dz epgrdymethod);
TfilstsH dz2O L Od3J Misea OF OISO Bsh desfyls L O 1 tc towpthadtob Mis o ts
alternative way of heat supply);
TfilstsH dz2O L OdRj Miso Oh OISO dsh desMils L O ftesdL oasHMIsa B
alternative way of electricity supply);
T &3d stsH dzO tOL ftoj HJ dzJ Cengfit digBibutiph rsedatsdiizd v Is ©
{dzd e d2dzdwils g sfgls O dzv 9 O tcOL dzso d H dztsfls dz© WdL
tcOL fftcj HY dzj dzd | dzO Gtstcd o slsts B3 ¥ H Iz ftosdL o jH]jddlIsj
¢ sdsB d dzd tc O dats ftesdL osHMIse SCIstcd | 7 @tOIs O dzf tc cyddzy M4
tcOo desists2dzed §wsHESIST, O dL©EOLAtSHO OWzslsts etstedots L C
dzj GsodWw HWdZz Sl ftesdLojHJ OISO BIs dqdzhisOzOyYydqwilso Istsf d
tOLaBHdIs] dO cetcdots LO ftesdL o sHfjlsb st deDdzgze@r § dzjc @ a|
ftosdsdh dzj deslsts f Qle)s tstp dafp KBOKAF f dztsW  C Oyd sdidgsisfg) § OE B s gagr
sls Mdzj HdzdIsy dL©OL d:
E

BE = Bm, (15)
B =B— 2 (16)
E+Q +Q,
_ Q,
BB s o (17)

]l MlsteOdzdlsj M twOLoadlsd fOLOted (4 JjteddOdedw d [ Oded W)
jdzgj cedw JjHddz Bls HoOLO ftesHEZSISO Mmj ftedj B3O L O
olsstetsMmisy § j dzj dz) . gl 1 sMiso Ot diy YjLdBAzq 29 Ols =2O0L v
toj MW IsO MjBjMists2detsMmils. 1 sMmlsi fdzj dedvWIsO tsls LSk ko Oc
90Oy HOIL s tOLatsHdI] LO CtBBdddtcOdslsts ftosdL o tsHMIs
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Analysis of emissions of nitrogen oxides and carbon monoxide emitted from the
energy part of the Power Plant of Sofia

Stoil Rusev, Totyo Totev, Borislav Ignatov
The current report deals with the emissions of nitrogen oxides (NOx) and carbon monoxide
(CO) released in the atmosphere during the operation of the power steam generators of Power
Plant of Sofia. The emissions of each steam generator in and outside the heating seasons for the
period considered are compared.

Keywords: district heating; steam generator; nitrogen oxides emissions NOy
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Study of consumption of heating energy in a residential building with
reconstruction of the internal heating system

Asen Asenov, Vergiliya Dabova

Under real conditions, is made a study of the consumption of heating energy of a building in
condominium mode. The results represent the change of the amount energy for common heating
of the system of a building with a reconstruction of the internal heating system from a vertical to e
horizontal one.

Keywords: heating system, individual heating meter, common heating system energy
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sOIsts dLBBti Is LOadMmd s kMdzcedwlsO o ftotsdL otsHMmlse j dzt
MeiHO d YJj ZOdZOIO fHtojydL desls dz2O0 dL i3j tco Odzj Ists. ]
ddzmMls Odzd e Odz dz0 Jsteff B s teklbtsHtsls]f OHI ydilsj tls ftojHftedwisd
AntcOdzddzd M j. RLYBdZL 9 OddWlIls dBjlstsH LO COdzdBtedtcOdzj Jj JH

szt ysod wWRBIsOCIsde dzsMils, §dz Isdesfls, dLiIssydzds, HJ s,
Calibration of gamma densitometers
Mariela Mladenova, Asen Asenov

Three types of radioisotope densitometers calibration are possible. The calibration method
choice depends on the process conditions, the medium and the desired precision of the
measurement. In this case, the measuring gauge is installed on a pipeline where the mining waste
from the plant is taken to a tailing pond. The calibration method used for this gamma densitometer
is one-point calibration.

Keywords: radioactivity, density, source, detector, calibration
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Municipal waste treatment technologies for energy production
Dinko Kanev

The present paper summarizes the current technologies and systems for heat and energy
production from wastes treatment. Due to the large volume and diversity of the wastes derived
from human activity, waste management is key to sustainable progress and environmental
protection.

Keywords: waste fuels, current treatment technologies
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Assembling of laboratory facility for demonstration the possibility use of renewable
fuels in conventional gas turbine

Petar Pilyonov, Krum Todorov, Asen Asenov, Dimitar Popov, Dilyana Koleva

Abstract: The renewable fuels have different physical and chemical characteristics than the
unconventional fuels. For their use there are two approaches: building new systems and facilities
for their utilization or optimization of current installations using conventional fuels. The first
approach is considerably more expensive and involves the replacement of large number of
facilities and installations. The second is not always applicable and depends on the specificity of
the fuel process.

Keywords: renewable fuels, waste, recovery
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1 Of ey ded 24V
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Specifics of mixed uranium-plutonium oxide (MOX) fuel operation in pressurised
water reactors

Ivaylo Naydenov

This article represents an overview of the specifics of mixed uranium-plutonium oxide (MOX)
fuel operation in light-water reactors. The main differences between mixed and uranium fuels are
highlighted. The main types of zoned fuel assemblies are described alongside the options for core
arrangement.

Keywords: MOX, nuclear fuel, pressurised water reactor
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tj OS¢ ydd Mmj Jozzyosph s d, Hfekzwlssddfitd dJdLtslstsf,d o 17]
SlstcOB sl j dzslsts cetstedots, d&OLjH M MOkl yddw EkttOd d fto
.{tSHthdZ»tSIStS Csdzdud Mlsos 6 dzj tedtcOdz f dzzlstsded2 J @iy HE 1
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ZOlstclzf Odz f dzzlstsdzd?2 M CcwOYHOdMSd fHftosdLatsH j 271 t
Ot OMmise O, si 2 COkts LO ofMmMwCO HtwtsdLojH]dO cdcOo Ols
sCdts 220 kg Hjdvhd fMmj fobstsddjod dL@Gs@fdY [ d&z0] Isj
Csdzduj Mo O § dklstsded?2 j o6 dzs Woktdsjists jbdf o shipdfjo Q) dzd | bcte

cOLodkdy dO [[m cBtedoOlO | ftsHdCIskzo Odes o d3j dzdets tss
gL dzdh ddw fdkzlsdd?2 s ctcOYHOdMSd d otsj dzj &ty edded n
tcj OCIktsted fi HIi Ol tIs 4 Hts 10 w% fdzkElsdd?2 [12] . 1
dzj CsotsHdzd toj OCIssted LOfBYsa ©® ftojL hjifMlsHiMmilslsy G6BHC
csHdded Mj GYojBJdzOeO® Ci &3 ftesd®dh dzj @O0 dd j S MY dzts
tcjOststcd, O offsMmdzinMmlsadd d o toj OCktsted f oaBHO §tsH dz

d At4 [15].
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ZOB dz¥ HOO Ols o jyj 20 B¢ g BEO&NdEE OHEE® MO {f §
dzj Zlstetsdidl ,(50 ,e3V) . )1 scdz M Odzf'iPts dx®Hdp] Blsctfde Bl " Odzj Ists
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fdeblstsded j o d dL tslstst dded fji ¢ da®ls  disY dz@ztsdz® tsL OC 1 fdzY 9 Oh dIs §

fted Hj W (@B ddy® 1). ujLd -Yedu dagddls jo firj tAshddsod@izsdz

fdzzlssdzdY ofSHWIS HB dWitsdits jWjClkO, fwsweawesOhd Mmj

tcj OCIststed [4, 11, 12]:
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ol Latsydets tjh jdedj J dLf sdzL °OYzj dzO@ BEStc, GBEOIS] dz

TvOmisdedlsy StsjWdydjdadsd dzO toj OCIsdodetsils 5 Isj B j Ol
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tcOL » dzOXY H Odzgj ;
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tcjeodtsdzdo srwdo®Os dzsC Odzdzd fdStsea ] dz2O dBsh dzsmisls O;

Titd &3dlsj BICLsMNEsy dydd Mmjujddy dO f(ted " Odyj daC
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1170 0OoMmi s ls tj O¢ Istffdeidsdzd jdals Isistc Gsdis tc d-B Bo ED d3iPEAS © 1Od 1 |
odMsCdwy CjWdydjds dzO0 oi LftesdLotsHMmMlsots d CtsdS ktej
ZO0 ttOHJOyYydwdzj dz L Or 9 Ols;

TIdNMsCdlsy MJud ddy dO0 { s&ddt Oz tc®sdO ddzOi sdzjftidd o dzts
jdzj cetssilsH j dzw dzj Ists5;

f10&dydjlsts dz0 Hjdvhd Mmj dL sl & Am, Bom dd°dzs e dzd 2O % d
HisY ]l dzded Is § dzdzO toj O Sole[dnasdts(f s | iz ds ytftslzd dzO0 dL ¢ Otew dzj .

v OB d&ZdYyoO 1
1 dzj dz Btes? olststedydzd d L OCI Mdzw o Oh d dzj 21s
FtcOdesod d Jdzzlstsdzedjod dLslkssfd [ 10]

I dH dzj kzls 1 dzj dz B Mo
L kS q?c;Hqiaq o155t q v dad ‘t“"’d‘;?tgm@é&m
Hj dzj dzj ls|  dzj bz ls t el / d.
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20py Bl tsLd | 33,0860 N| 00090 N 0,
21py stsf dzdds¢ 2, 9479 N| 0, 0160 N
22py Bl teLd | 3,1890 N| 0,0183 N
s dzsW dL dy o[ Mo ts2 Mise O
uj B jteOkzcdls @O bfjdj LO Mjrdodilttdydd EZtod
PuO,e) MO fnJISISSJlsdzts 3120N30f tef H{ dz? Az 1 KZBD5 oz di)of ©F tshts
ZzdCodAlEm O MdmnsiREBLO LW dhd Bshls iz d@tsdiadPopvaz

Ctsdzj SIsdeo fte ftstel yoOls Mz Hdzdlsy Ctstey &zOydd [ 14] :
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cstedots ol Rk i Bt lslztGOlsO dds 20 Istsff jdzj (s oY
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fste! sL dzsMisls©, lsC dzsdzj dzd j Ists ls OflszPn dfts d3jOdcty flzjls © 1 P HS
2O SCStiWdydjdlsO dzO bt dzsftetsotsH detsfls O [ [ M cEttedo s

Cstej zOydw [ 13]:
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Msjrdtsdj stedWIisO ol tocrlz ks dzsf tesotsH detsMislsO O [ [m ftod
HJOf OL sdd 119877383 K Mmj dzOBdzs HO9 O BJded Bzdz dzO Istsff dztstf tof
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MlsjRdsdjstedv sl Byst) stduds [ [m cstdets Bls HI d&Btyd

t OHd Odzdets t6OLftjHjdzjdzdj deO@ fdzzlstsdedw o HIWEL W

HJ dzj dzj

[ dzy d zOl O d&zO0 fotBtSH,jdz ftesBjc dzO It dzddzdzdlsj o j
cstedo dzOsO s OB dzj Is CA dgd j BATCCR) ooz fipte@oydzdlsj Z teOL di3j tod
sls kwn dHoeO dLoi d dzjw, o ol tondshsdOO B dOfMIs
Csdzdyj Mlsots dzgj Zlstetsdzad. v O | thtsBjdes 9 OdzdH dats o Mmdzkz
sOLd ftodyddz®@ M dz@pB dez@i O de Iz Isief=legdoRfzy § sstsS o  yJ dzlsi
t OLftejHjdzjdad jIsts 2O dzj Zlstetsdzdzd v Y tslstsS odzdwj d O teC
tOHdEMO dz20 Eetdotslsts [ 2] .

1 0dzdydjlsts d&z0@ f dzzlstsdzd?2 o ctstedo dzOsO &OItedyo® HEY d
Z0 f tslstsC O Ilsdejf disftesialzd o OB dzj SC OO COIsts M dzOB dzs HO¢
Cotcdo tsists. stsLd jWJgClk jJ f(stesHjdz Bl ctodzv kst
fzzlstsdzd jodlsy dLlstsfd. I sOHd kOLd fttduyd O tOHdOd
fEtsdYd MfOH o dOQOEEKO ZOOKRY OddY o MiOs dzj dzdj M
ZtcOdats o ts CGisted o 5. o o j dzd yoOe Odzj dzO Hi dzB syd dzOIs O
Codzyj dzlstc O fgPwuls O -de@TOL j dets o t©OAtsdzdlsj 5 i BO dzO 50
fwdmstd Ctdayj dzlstcOydd ofs dzipj 2ztieth © y fftiiifls | fgdOh tss  dzO d3O dzw
ftoj daiszh jMmMisoajdets o fjtedWjtedwiso, FRByls ot60ddmutsddzPlske
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560 d20 vy dzsteOdkzdzOls® yOfmlk dz0@ ctttdo OO &Oted Yyl
ssddiodlsj dLslsfd j §sCOLOds cwOl dyds @O aAdc.
5 Blsdtsh jddi @O BGlsHjdvdjlsts dO0 0L tstsBteOL dzd f totsH

syjMmilk, ftslsdyoh ftod [[m tcdoOlsO o dzj SsoBHdAzd to
d fttd EktOdssd™ HIsCMdH. ltd [[m csttdeo OO, B
Hddzidzs M dzOtcOMlso Odzj sts dzZO0 HI dzB syd dzOls© dzO dL ¢ OteW dg,
Stedotslsts | dzgj AdBsej dedets d Is s dfdndectsls s Isdts sdz@is =m0 td

cstedots, Bl BOSH@EzBEE] 0 sbsOdstcdots Mj GlsHjdvls §so
dz@ j dzj dzj . vt O M HI dy d -fdediz IsiEOddejuedd) ISAsc ddsods jiztde@tisly o  d3d

%O cttedo &zOKO ®KOtedyd, SCsjlkts Bl Motsw MswOdO i8] H

JLGOwdzj o dztsC Oczdzd Isj 3 j eObkzteded §Stsoj [5].

Adce. 2 tquo&ws cOLftepHbg Sl df ez b®dzdzj SCO [ [ m
O Lippens d StdzjSlsde (dzwets) [9] d & mOdedL dizd dzO ¢

[Mdeseo dzdwvils ftesyjMm ftod BSWsteddvdzjIss dzO cOLtsad diBj -zt
9 GttOdzdydlsy dzO L tcdEjls O3] Al & tésugjjls O tefdig) Mt Jic O tseg] B8 1 H j 2 )
zO0 BB d Yo Odzj sts, cOLtsadly Obtsdzd BsScOls HO BIi HOIS tOL
tcjLEdzIOl d@O HdWEZLdsddzdlsjy ftetsygj md, CGOLBo jlIsj HEBsMIsCc
SlsdzOc Ols s Misj dafB®lg defd Ho fsrededPL B mnZteyd SO, yYyddlsts tOL
v Csdz 5 BCtesd3] stcO. 1 tod HisMmisd ¢ Odzd zO0 Ctsdzyd dzlstc O
BZjmzteyj Is O, COLBo jIs] LOftsYyaOls HO dBddJcectdtcOls d HO Mmj
sOd3 Bl Hj HBMISdGc ZOBO @Bl GdzjcOYgy ey SOISO L Of syo O
SOCO BSEOIs HO 9 Ldd S dzOIs ftesatsHd © MsteczCkztcOISO dzO
9 MoteBtHddw tBjdi dO Istf dstslsH jdwhdw jdzj &3 dzls. 1 s OH
nzOB d dzO o dztsh O o O dZOB JsWsd Gz i delss® tsH dzsfls dzO cOL O, Ctsjlsts
sj B j tcOlsztcOISO dzO e tcedotslsts [2,8]. JdHuHbejlsj cOLtsad
1 MO tsLdOyJ dzd o Istej L i tedijdfjlsadidstgy jdsjCRsOG Y jdsBGs O Lz 9 D dzd
L) tcdzOlsQ daf "fipo@4dIsi B rEteyjlO 5 Misjddlsy O LI tcdzOlO.

| stedodzd $OMjIsd d fBHjHBO dzZO OCIsdo dzOISO L tsdzO f ted
1 0 MsOIO Isjrdsdztedydzd fOSIsdeO J yYyomlsdydeslsts L C
cCtstcd o 5. UJndzsdztse d ydats, Cfodn dsts{dad] jd ediis |, IEtdiEizts f 5 | dgls o
Cdeso j des Ctsdeyj delstcOYydwisO dzgO©  dzzlstsdedw |j OC 0o O,
0¢C90 MEBtesMls dzO dqLcOtwwdz dzO HO9 OISO o9adHO ctsticdo s
dLeOtwdzy [12]. 1tedd3ditedzO f SHtcj HBR® 0O ditkQ@ydtdzp O
fsCOLOdZO d&2O0 Ade. 3. 10 WdekttOsO @ 1, 2, 3 d 4 MmO
fi e O, o lststcO, stejsO d vyYdlbol lsO® yYyoOfmls dzO ctstedo dzOls
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d ¢omiedmnBomdsdisy M [ [m.LdoyguysSdnheds],
Milsjted dzO wuv .

Hd ©OL dZdC OO o dzj zlstotsdzdzdylefj [ fjtnaj S lsOd ¢ s OV iy Olis d
CdoO® COfMjlsd oi LddCo0 kC dO st dddzd Jadzl sre
w9 COMjlOkO 2itm)f [msEted g Cb~HtejHdLodS o O dzt
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jdzls dz0 fslstsC O Istsy dzd dzdzd SRS Hsldsts sz L O 1 df s @ af dzvsas@
d dzdzd dzj lstetsdzd o COMjldlsy f [[m cttedets, Isj
bstedsY M d&dMStd SCtdyj dkseoydd 0] tOL{ HdddQls o
\ j dzlsite0 yijddzls 6 O dzdzO@ls © yOfls [ 12] .
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sdzs ysed Ctdzmistelz € yd tsdzdzd $3OIs j ted Odzd LO WHtj dzOIsO
fls ts &3O ded , odMisStsdzd & j dabpaldlyy Iy @& sdz sls  Csdlsts
i stei yjddwls0 J Ctditsdjdsds] o CtdsOSlk f Isti dsdts
fitcodlsj Hoj CObkjcettedd &OlsjtedOdd | Tesdi s (Cr),
20j] Mbktetsodded s dLSd ydlsj dzdzO o Oy lzsls ML O B GEY o2
MdzOBHY o Odzgj d 90 dets dqStsdesdzddyd MSts L dzOyjdedj. 7 tsMmlsOo ¢
dLel d Mmi L O, Csjlss e ftojHYftsMISOOCO L O fMiLHOO Odgj
LOodMmd sl dO Cds ysed lwOmdd kb {§tsddh dijRsbikso,
fjCltste. [ctOddyOs Odzj sts 0@ tdmStejlj b HjWdydl
ZOBJeOdzj sts dz0 bkmss2ydesd d dSsdshdduyimsd JjWjiSlkds
LOdJ ded dzsls d Odzlsj tedzOlsdo dad S tsdzemistelz € ydtsdzded dEOIsS | ted Odz

sdz¢ ysod :HEzdgtci yHO] &3] MistsB3Odzed, dz® a dhs < sigdrft6 § adafsded]
gL Cdzt ydlsj dzdzO© 9 Oy detsfpls L O &, WwWHtjdd Jjdzj Slstcdud MEd vy

Risk of supply of critical raw materials for equipment of electric power plants in
European Union countries

Silviya Boycheva

Key constructional materials for nuclear energy industry are stainless steel, high-nickel and
zirconium alloys, from which the equipment in contact with coolant is produced. The main
component in the first two categories is chromium (Cr) which is considered as one of the twenty
critical raw materials (CRMs) because of its economical importance and risk of supply. The import
of Cr in European Union (EU) is totally up to 88 % from non-European countries, which creates
risks for independence and sustainability of key industrial branches for EU economy, including
energy industry. This creates necessity for finding alternatives and to deliver innovative,
sustainable and cost effective solutions for CRMs supply.

Keywords: stainless steel, high-nickel alloys, critical raw materials, nuclear power plants
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tcj HMlsOo jdzd © v OBdz. 3.
v OB kYO 3
L Bteddd d COyjfmsotslsts dzO o tsH Ols OdzElZOBH dzdz® j € fistflaktz ®ls @y

1 sC0LOIj( 1 s5tedO 1 sC0OL Olsj dz 1 stc 3O
16 125 57 - 10.2 | [NHs] ,mg/kg 05. 0
16 1300 7.0 N [HsBOs], g/kg 0-16.0
E[CI', F], mg/kg ¢ 0.100 [Fe], mg/kg ¢0.200
[,]teOL Iso tstej dz| ¢0.005 [Cu], mg/kg 0.020
Ladv=0Au 30 - 60 { OHd B OCIsqo datsfy| ¢3.710"T dzste 3.
t =0. 1,Mmlkg st dzsdesd s dzv | ¢1.8510°1 B j L 5 O
dzO0 2 87y, Balkg i S dz
Els", Li", Na'], 005-045 |4 jydW dydz® O€ [1.102
mg-eg/kg mMkzr MOl €,

sOyj mMsotslsts dzO Mtcj HOIO ¢ saHistss@ d Y€ itstdzls B t M) G s O dz€ ¢
JHdzsotoj d3j dzdzs HBSL dteOdzgj d2O0 ORsdw €, jlOdsdzOBzddz ([ v ¢)
ftod Cs2bts M) E19H-19). 8%0 dgPH f sHRtcOdzo O FBBI9 . BsH &O
ftocsHlkzol YydzOlsO oHO. I mt oCdz¢ yo O:
- HtsL JteOdzi dzO Mmd3j NHOd tg@Ldls o(2tc 1dgO © ff dIsOlsj dzdzOIs© 9 tsH
s s dzts dats i) f EICa=dzsddBmMgNHy/ kg @ . G. 3ngr v ¢/ Sg;
- HsL dteOdzjHs @0 1 N5 %) 9 CtsdeH j dzL Olsdzdw IsteOCIs L O 5B,
~dHtEOLdd 9 fdlsOlj zdzOlsO o tsH O.

AzdS ydd &0 ResdkO oM iOdzd Of o $fisC sddS j dzso dlsj MY

[Mdetse jdz Ctsdstf sdaj dals tsls AdL Sdzé ydlsj dzdzO 9 Oy dzetsfyls o
dzj 6} Y HOJ BAIsj MissBOdd J§ Cr. 1 4 ted3di dzPggizia Is § 0 .fds 5RO dzhp
sBdSdzsofl&swtil % Cr, f] Ctjlts Mj cOGOdsSHEO dzZOJd 5BE Ols ®
ANzdzCyddlsy dz2O© Cr L O C(ttetsL dtsdzdzOlsO EfMmists?2 ydoe tsmils dzO M
Bk Ho Ystesdtc® MOdBsel LMisOdseaweo Oh fj §OMJOfdi tofdts?
fsol GRdsMislsO dz0 5j sOd&O, dL i dzdgv o O & izwdas N2 lsg d jdsa
Csdzs OC s dz0s® fMtej HO. [5BOoWdzjIsts 2@ dzd Cj oz ( Ni ) o

dzj i Y HOj d&3d Mlstsd3Odad otsHd 10t©) tiztf tzkz § @EOB)dzClddc sdz@ s de@e®
Emsts2yded 1 QltdQdaf lsdedlsj , L B8d30010480d3d. SClOHsjsH dldfise Ols O
Mi dLwfimdwveOls ytejL M §smisPdw dzjv @ tcl® i3] to | IsizOy dBdolsujr bE i
Fe 2f flCr Bls Stsdlsts My EMsOdsowes O hdqwtsCO B d&OMIS d
flsOB ddzj dz L ON ( IsQsd5]. fitittstd ) lasjlszdCrH d PO i x ZBO  f toj HMls
AdG. 3.

g sfiftsB dzetsMisls© dzO Ni HO MlsOBddzdL dtc® OkfMilsj dzdlsdzO !
Mots2fMlso® O ®KOLjtedOkO d Efmks2ydetshls dO (sl disd
Isj B3 j cOlskztcd . M 16 15 d3-fIss IsozQiEg@{deVdeC®  IAdaCiAfplsits d3@dzdP o W dzj Ists
wt %, M Ctjbt Mj keojddyoOeO tjL dMmisj dlsdesMmislsO® ddz €I
uMbs2 ydo sMislsO dz0 S tsdzhistelz § yd s eRdsdedsit d30 lsigOuePa s OF | il 126
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B34

NHESCttdMisOdia®tc S tcd € Jddcs s ), tiecdmMstedtcOdzO ftcd | ncon
2.0

2.0
B.

FeO,*

>
5 I
S 1.0 1.0F ~
i | e N
5
C 0.0 0.0---______
1.0 ) E—
Cr Fe HFeO-,
-2.0 -2.0
0 2 4 6 8 10 12 14 0 2 4 6 & 10 12 14
pH pH
Ade. 3 [ftfl] do wdDaimo BdL Eid i) GhEi ( By, § S 0L o C
LOsdmd BsMislsO O {5 dzydOkO &O &ijlsOdk0 @EPs o dazts i bs dz
OEHOO | BUjklsOdd tls Hejlsj §kdglisdts0dsd
1isdh O LO ttjhOoOds] 20 fedj Bdlsj, ftsdLlsdyuohd
tdh Oo0Odzgy dO HtesBdzj Bl M HEMOaCdly ¢ &3 [ dzO
9C s Yo O Hj2dzsMisd o O ttOo dzj dzd ¥ Is O, dBiStE tOjsH fHis@d o & B ha
fydzj vded v dzOYd da:
1)) Od3d
dz

s d&sflss® dO® CRM oCds ysO i LHOsOdzj 20 OdzOC
siissO® ftod LOBjMsoOdzj § o) 9 jHjdz ARdzH j S dzO

ofMdusd ftddsyjddy dO &Olsjted Okt @isdddasd stls | okkH
1 M o jlshlsai® zMW® 1d@Bj dzdds CRM. 1 ted dOMtwh skt
qdzH jCMils dz® L Ok Msddsimls dz®@ Cr fj Byjdv s® dO 0.9

2)1 5H jtehddsdscdwis0 ftjydSddeOd MmdjH dL ddL 0dsy ¢

BjOkO d &jlsbekdlsSEEss MO fosdLejHjdd Bl NSOy
%O GeSEkzHoOdjlss d Gl Hokzed shsOli yd f ddnss
lesyjdesi s dz0 tj ydS il ;ssmislsO dzO0 Cr & § shdz H dzg

3)UHI dzy Oo Odzj otej Bjlsts O xdotsls O O dzids o kzj Sz detsodc

i stel yjdedw j Htewlts Mol oL Odes ) tSflsdBdL OydwilsO dzO
CEdklsOCIsdzOs O MiejHO L O ddded 3L qicOdzgj dz0 -BOBEYRzdls j oz
eiddid. 1t tsldetsh jdzdd dz0 I mt 20O+ & HdzPB 5 164 BOEdS dz O
fsHtSBtGW 9 Odzj sts dzO toj OG | dzls dzOs-Bd s @B Btls C @O dzO) p sH Bl
Modls® HobkSCBdsktedzO ([ A HEtS dzOd Hdzed M dqLBGOLWOO
f Otcse j dzgj cOIsstcdzOIsO otsHO M BLOBISSOO M dzgj ZlsteC
SctcQ®@g Ols f stcOy j ded W IsO 9 dLYOdlj dzdzd sy MmdMmlsj d&3d

s Olsdz0 SstesL V. ) OwOdj dzdzs ) ke O j kfioi wh,
BOLjtedOdzd WYtejL Mif LOBY kOO &O dzjtel yHOj Bl Mist
ff &zOo d .

Rdzls j dzL d o dztpydzjiHjo OtfL L OF dlsded §sCtcdilsdw, Csdlsts HO
fOmMdo dqeoOh dw ©CMdHjd Mhs2 &0 "teskd, M Ssjlsts H
CodmMstez S ydesdzdzdlsy Mistsd3Odzed d My dzOe (.

Nt OLCtdo Odzj Ists dz® detsed dLissyddyd dz®@ CRMs ytejL o&dq

jsOf §$@hdY d COtkdicOd LO f(HsHESBEYe Odzj BOLOKO
©j Mktehd.
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tdyds dd

1isdh O
dz0 B3O dzw 9 ¢
1 O3 Mlsd HdWdydls

Adce. 4 1ildhOo LO dzO0d&zOdzCRM dzj

1 0C dz6 ydlsj dzdzO yOMls
mtesdzi Is | shdetso jdz SR sdzj dels dzO dzj tei YHO ] B Is | d o
hdessts dLfBdzL 9 Odz StsdzmistelzC ydsdzj fz MIOUstgitexy Odif v o ) o
gL Cdzt ydlsj dzdzOIls© 9 Oy dgsfls dz©@ Cr L O Szt ysed tltcOmdd
HeMIisOo S dlsj (07474 Cidg ¢ MO Bls MlstcOded dLoi dz2 [ &, Is ts
AcdmSse OO0, Cojlsts dzZOdzOG O ddzlsj dz. W Ol Odefs | 2@ 5 d s1g dzfs |
dZO LOdj MIsddisMlslsO® d tj ydqs dzdqteOdzj Ists Cr .
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[HJdz § SHRA SH LO BYyj ¢ O dzO0 M jMmMlswe OddWwIisO o {teofs
Rdzse Mol oL Oded J dzj e sy j Misweo O d d3gd 6§

1 S sdzO s OdzsW dzts o

ltcjHMsOo jdz J HYHABH L O ByjdvweOdi dzO Mmfjflksw e Oda
Mz yodisgj , Cs60ts 3O o oajHjdd JdzjteetsMmtf j Olswe O d d
A" B0 o L sy desfls L O dLdBjo OdRj dse@C QW jif Qslas@® H s tedzto. W &
ftcj 5B ZOH O Oh dlsj MdEyOd o §©OCIdCOLO M fsddh dj dd
i weweO d cEtdzj B dz0O dz0 ftesdLo jY HOWOKO ftsHEZS ydw
ZO ©OLABHO dO jdzgjteedw d My jMmswe Oded W s Csueq H i @ji gz
toj WJted dzisdzO B OL O.

sdzt ysod :HEAAZ] tcc d?2 dzq My J Misw e Oded v, jSdizse dyj dz
Jjdzgj eetsmy j Miswe O d &Bj e d

An approach to assessing savings in an industrial system resulting from multiple
energy savings measures

Nikola Kaloyanov

An approach to assessing savings in an industrial system is presented for cases where
energy-saving measures have been introduced that influence each other and there is no possibility
of measuring the effect of each measure individually. Such are the prevailing cases in industrial
systems. A significant factor is also the size of production. An algorithm has been developed to
analyze energy consumption and savings over a given period of time on a given reference basis.

Keywords: jnergy savings, environmental impact, multi-related energy saving measures

94 HJded §

izz yodlj, CscOkt thdsesddwls YOSkttt LO OLASBHO

Csdzj 3d dzOIsO dz2O fftesdL 9 j Y HOROKO ftosHEzSydw d bkw

js€ sl ftod ZzOcOdzj O Jjdzj ety jmlsweOhd &jteSd daj &
g uddz® ls jHddduydddls] JjWjSlkkd Gl lsHj dddls] do&jcsd
sets Mozzyod dzgj J ol LBy dts dHjdsd¥dydteOds &0 jt
jdzZsdW dusd e®@@zj BL O dsdztslsts o dzd W dzd j dz® lHj dzdzdlsj g t
shkY OO d0 Cctdzj i3 dzOls0 -daPte tstEfy dztg o) dzP O B @S Y tsts H 2 C y
h jflseo jdets o ik cdzj i3d dzOlO dz® jhddedydedlsy d MMi o dsj

1
)

[Olj&kOIduyuj Mt sfdmMOdedj dzO d3j stsH O

(Hddz ftcOotsBEtBHALY Y] 2SO dzO0 jdzgjteed2dedIlsj M j Mlswe
d&zO0e Odzy dzO JjHJdedydzed J dzj et j Mlsweo O d d3d S d ddzd
jBj LO OSCde O Mkzzyod | Ghdss Odz 9i tehk Mmdzj Hdzdw Oz
0. RLUdMdY e Odzji dz®@ Mt jfMlsj dzOO SO dz® jdzgjtecdw
A
)
<
H

jHY M) BOLBOO GBHJMIO LO &OYUOds dO ty,j &z Ok 0.
BOL o Oldi®Mg e  g@Mdzv 0 © My j yd¥ g uded v ls tSCH,FIs@ dzO
Ctojlsdedwhinf ®se € d dL § SdzL o Odpodzd dzfi fa dztf § @els © j B to 6 L
dzd LO cEBHddzOO:

g& &
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AEEC, ,,
SEE,,, = — "% \whit (1)

/b
ClHjts:
AEEC,,,- GsHdM dd%Ils ©OL ~GH 2O CLO2d0 jditgped® sls
ftesdLotsHMIso SlsE, kM® ftesHEZCISO
G,-¢sdzduyjmsoatslsts ftosdL®j BjOdz 5% ©is D0 o dgP ¢ OC Ists

fcdjilsts o EtOo. 1) . ] Mz yodlisj , CscOlfg] 6 dzlf te@®af©
sMisOli ydz© BOMO s MmMkztese d dzO O, Cwviss My HtjtcOBT
Cts2lsts J dzj o) L sy dets Issydeslsts sSftej H dzwvdzi dz0 G tsilstey
sBh OO | dzPteeyjivdzdw §tesyd M, Csdzdyj Msoslsts HtesdL o j
sftcjHjdzd COIs jCodoOdz dzsdets sBh 5 Ct5dZd W Mise 5.
2. 8G0OIss 9 mMdMmlsj OO My JdLftsdzLoa® MO JjHJdz o(d
M i Mlsweo Odedw dBsyd HO Mji drLrydmdzwils fts L tOL O:
K

FES, =Q (SEE,,.G,, - AEEC;,), kWh (2)
k=1
Ci H]sts:
FES,-mf j Mlsj dzOIsO Ct©O2dzO0 jdzjtecdy ftod if®sj sfEmBo tsls
G 5 H d ki,

G - Stk ui filseo tlsts § to6 it 8 jj 1 j aiis ki teds® €@ Is

AEEC, ,-esH M ded W Is tcOL rjtstaj teaEod ¢ e dgodzj o d 2 dzed v 6 Mizts

20 f tesiHiSils O ¢ sk kiMzO s O

k=1, 2, Bi fdzH j €M dz2O ewsHddzdlsj o ByjdzwoOdzdw f JjtedtH.
&1mq dLicdzL B OdhksSY z@0OL dzd yded Jdzj ecd2ded toj Miztemd o

Bf‘dlSJ JdZJtGGd?dZd fnUanlsﬂfﬁ]GmZﬁWﬂ@'SHHTG@OOfnJ dLu

FES, = a.acﬁamg; A&I}Quww 3)
p=l | k=1 Yy
Ci H]Ists:
FES,-fnf j lsj 20O Ct02d0 jdzjtecdw ftod if@®stj sfEmBo tsls
G S H Jlaad;,

PiBtetsWlils dzO ofmdySd Jjdzgjtccd2ded toj Mtemd, dL § £dde. 9 Odzd
BOLtso OlsO & tsHddz0.

RLteOLI Is (ktcOoadzj dzdj 3) wsbydlsO d jWjSCkO o MmMdzzyow
l . RLUIMdzw o Odzj dzO Mt j Mils j dzOIsO i tco d ydz® j dzj tcc dW
4.1 t6d dLYsdkzPs @dy &OL dzdydsd Jdzj ecd?2dzd tj Mztemd f§tojL
fnUanlSszO fi teo d WdeO HJOdZJffIfaGCﬁWL ygdndzd fts dLteOL O:

P K
PES. =3 |a(SEE,pr AEECpk)U,f kWh 4
p=1 | k=1 Yy
Ci HjIsts:
PES,-mf i Mlsj dzOIsO (i tco dydzO Jjdzj ecdw ¢ tofL A telfsidte chisHGn Isto ld
G s H o kadf;,

PitesWlils dz0 ofqduysd Jjdzjtecd2ded toj Mztemd sisd et dgy 9 O ded
BOLt9 OISO @6 tHJdzO;
fo-CBiWduydidalsi s LO ftejotsH O §@PpldPls@ Hidicefwvo sEi
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5.

l . RLydMdzw 9 Odzj dz0® | ¢ ishifsichqlaidatéd  ji g §dsd w {
lted dLisdztBP @djsY d&OL dzd ydzd Jdzjtced2dzd toj Mktemd ¢ te
JCdsseduydzdvils JSCodoeOdzj dzls dz0 My Jj Misj kOISO jdzgj eedw s
B teCd d@Bsyd HO MJ tyd dd t]’ts dLtcOL O:
L1 ek

ES.,. =g — SEE,; ,,.G,, - AEEC; . k 5

CO,,i a_l 100q|, kal( ipb* pk)ye g ( )
Cl HjIsts:

ESc,, - My j dsjsdz Csdzd yd Misa § jekd fifdedfsd L o sH Miso sisitst OdzO

f 4 ted SlsK® tsts1 dldgd |

PiBtesWlIls dzO0 ofMduy¢d Jjdzajtecd2ded toj Mktemd, dL §tsdz o8 Odzqd
BOLtsSo OlsO @ tsHJdz0;

e-SCtsjWdydjdalsi s dz0 jStdasedyujde J SodeoOdzj dzls mrO € 6O
4 dzj te6 d J dz g@Qu/kyhic iy,

tdLizdzkOld tls ftodEBpi@]J OBy dz¢ 0 dz0 Mt j Miswe Odzd W Is
RLMGsY jddWls ftsHAatH  Odestedlsi did MO ddz¥ Misted teOdad

My jMlswo OdzgdwlsO ©» LOosH LO fosdLosHmsots dz® MY dtls.

N B

RLotSHdd Efmdztse dw

.RLBIcOd®ZO | BOLBOO eHddO 2009. [ yt2d@vleed cmj) §JjtedtsH

ZOdZdL JtcOdZO | f sfdzj Hse Olsj dzdztsiIsls© s CHdh dgtsIs
jdzj SIstedyj Miso 5.
LOasHO LO Mfdtls jJ dLibdL o OdO Itsfdddzd ({f Otd)
| zZlstcOdzO dzO ftedtetsH j dz ¢ OL

sfted Hy dzWwdzi dzO SJWdudy dals @ WdEQ d tf iddls ©d Wz2O j S djdads
do Odzj dzls JLdf) M mle@oe j dzOSO ( f slstej BJ dzOIs©O) s dzd dz
MO lsydlsjded M slsojlsdedlsy etsudhdzed JWJSCIsdodesml
j dgdzd o1 cdzd M O. ltedojHjdedlsy €7 a3 € tsdzdzsinfslydo tisGs
dydjdesdlsjy MO .I.sCOLOdzd ©® uvOBOz

v OB d&ZdyoO 1

1 tcd o j HJ dzd
] Okttso O yj dalsteOdz{ CtsjWdydy dals

COd3j dzded o1 6 dz ftotsdL o j HJ (
I sH(d (fslstcj B j dzO I
sEJW. [[BIMdR s I W . [[ BTN
stH,fi cod| WOCIt|fi cod| WOCI
J dzj tog gu [/kWh | | dddc d| ta [L/MWh
2009 74.17 1.2 341 1.62 0.4597
2010 74.13 1.2 341 1.62 0.4600
2011 70.51 1.2 341 1.70 0.4836
2012 70.06 1.2 341 1.71 0.4867
2013 75.29 1.2 341 1.59 0.4529
2014 66.41 1.2 341 1.81 0.4529
2015 76.03 1.2 341 1.58 0.4485
2016 76.00 1.2 341 1.58 0.4487

sMisOo j &ZOISO (fBlstej B dzOIs O) Is ta fydziizls@ Ofig© §f Ptc G Is tg i Is @
tedoe J HJ dzO Ci s Csdzd yj Mo sists ftslstej B j dats Ctcd o ts
WiCldodetsmlsls® dz®@ MdMmilsj BOISO L O ¢ jdzj teditcOdegz® 1 to,
s dzisls o StedzO MY shky@/bmizsh SB8OW0WD SCtsjlsts  dzj mJ dzO dzO G (
tedojHJdd MiIsts?2 desmis d 2ZO Csiwdydjididsdlsy LO tsfftej HJ
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6. 1 OOd®jstedlsj dz® ol o jHjdedlsj JdzjtecsmpPRj Mlswo Oh d d3j t

v OB d&ZdYyoO 2

L 5H 420 | dsy § d rgzgts
- | Od d3j dztso Odzd § 2O 3" | gL ) dzda) ddzo § MIS| w gz g
dzO 3w te| Ad dzw H -
[bMistcOdw o Odzj 2O § totst zz©®
1 S5 &l ©So 5H J 2011 72.44 15
li 9jyH0Od dzO fMdMmlsj O L O
2 |ststf dz dzQHf@RAEADS j] G OL s j o 2011 58.92 15
YdJ dzls ts © dzO
[ dzj e sy j Mlswoeo O d d3j tcC 2015 6.10 8
4 | dei ee sy i misv e Chfddh s3] derfisdi 2014 1.56 8
sfoe jlsdzj ded j 2016 1.44
{ i1 ddB3dz0 tsflsddsdL Oydw dz0
5 sy fd 2010-2016 10
[12] 140.46
tiLedzsOkd tls tsyj &z 00 dz0 Mf jfMsveo OdzdWIsO ® L OotsHO
tiLedzsOkdl) bk tjOdkdLdte0dOlO dLydmdadlsj ddzd §tkty
fsCOLOdzd 9 vOBAEZJYO 3: JtesdLo jHj O ftesHESydwy d ¢ i
Y § Misw o Odad v, midj e dedin j fgled jnded W d dzOdeitso d Mtcj H Miso
JLtsBtOY jdedj dzO toj L Zdzlsn@sid.,ls j2 jd §35.C OL Odets dzO
[Bhts M jMlsjdO SO dO | dgoes4p67GWB. f jtcdsHO 2009
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Analysis of heat transfer properties of polystyrene thermal insulation of building
envelope elements

Lubomir Tzokov, Tsvetan Bozhkov, Nikola Kaloyanov

Results of measurement and analysis of the thermophysical properties of a flat polystyrene
thermal insulation produced in Bulgaria are presented. The dependence of the thermal insulating
properties and the price of EPS boards on the density of the polystyrene foam was investigated
and a comparative assessment of isolation with different density for an external wall was made, in
compliance with the normative requirements for the thermal resistance of the wall.

Keywords: thermal insulation, thermal conductivity, energy efficiency
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Possibilities for use of nonwoven textile materials for thermal insulation

This paper reports an investigative study between the geometric parameters of needed
nonwovens from regenerated polyester fibers on air permeability and the effective heat transfer
coefficient. Materials with a porous structure have specific physical properties, they have significant
diffusion permeability, little aerodynamic resistance, high adsorption properties, low sound and
thermal conductivity, but their properties depend on the method of production, fibrous composition
and their final treatment.

Keywords: needlepunched nonwovens, reclaimed polyester fibers, effective thermal
conductivity
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f sdzz yOo Odzj , My GodzzyOes Ols B j ddded dzj Is] S Odzd RBOIsj ted O
slsotstcj dzad fsted. uvso0O tsLotsdwWeo O obizék MEDAz) 20 &3O dzy d3r:
LOCdz ydlsj dzdzOIs© tsBtcOBSISC O BSGEOIs Isjrdsdzsedydes HO fJ
fslss¢, o LOsadmMddsmls ls ftoj HdzZOL dzOyj dzedd Iss dzO dL HJ dzd
1dtsBrBHd®BdIY L O dLytsdzLoOdzsj fHted JSEMistej &3y dz MmiskzH

tcOL Hj dzWHse jdzOG tsdzj &3 G tlzy d: IsJ € fip IO dfdsd® dsdsls | fipls Ouizd d L B
BOjtedOdzd M IjrddyjmMéts fteoj HdZOL dzZOyjdzedj Y tcd dL GOy
CdzOo jdz WOCSIBt | CodelstczC ydwisO sz, d LOHI dzy dls
Rdzts ¢ 5 dzts & dpAd Is| j fiple® tsosLss dzd e OF dIsj Mdzsj o) -B@ezB ©® Osb Ols & (
Ci g BOLjtedOdzO L O ofmjSd fds?2 Mj ftjHWeawo Ol BftejHJ &
fl Yyso jh COO Sty 0 Mdzs?2, ¢ islsigsdstsjdid @GO tefYI€ @& s daf dFDyisdRts ) Is
HIS bW dslst. lted UuddM@ OOWIsd o desfls IssL d Mdzs?2 IstcwBo O
9l LHERO 9o CtdzsOCls M CB)YOlO,HOO wifsigd 9 diHs OO0 WOy d
o ZOy dzsMisls® L O HO Mmj dLejcdzj fjcCevoOdlhs. uvtsoO |
Md3i SCO L O ftoj detsM@ 2Mdas] dgzi Hd OhLdB did Bsls tsls Istse O
o zOC dzZOIs O, Is ¢tsdlts M dLeslew ol Istejhddw Mmdzs?2 d o
oddzOcd IsewB9O® O HO J BBJ d©3dzO, des JjHdzSotc] d3j dzdzts M) Istse9 O
Mes?2 shdeckewo O @) dist flaRis®L PANS] “ds ©. RL Bt 5 60 Isj ¢
BOzE s HftesdL o t5dzj dz, dzs IstewBo O HO thdekzteweoa O HBBKO (dL
z0 fmilskzH, COClts d HO ®MdekzttWeo O ol L sy dtsls L O fMmkh
dzj OHMMsteB JtcOh d otsHO BOI | ted Odzd .

sidls kjrnddujmSdlsj dzjlsi COded Istsf dzsdL sddeOh d dLHj d
dLdmMC o Oded™w o L OoadMmdishmls - o gy OL @y sz p s MG M
j2Mlsodjlsts &0 Octjmdodsd MmejHqg, Gcdzjbkmss2ydosmls d

Is

zz yovw IsdasOfmB dzj Cdzs d Isjrdedyd MSd IsjCMmisddz) , d M
OCdz¢ ydlsj dzdetslsts tsB dzOc stetsHW 9o Odzj €1 d3 Hi2MlsoadjIss dzO
d B30I HftejHodH MfjydWdydzdlsy e dzsMmisd dzO MmlstelkzCIs
tetsyd MO IstfdddiflactsosO sMmdetse j dz § OwOd3j Isi .6 fted SftejHJ
OLf tesMisteOdzj dzd J§ dzO -9 Jstpf dzdipgOls @L § =2 O W j CIsd o ded W
sf dzsf eso-ayydzslOL d Sl dzi CMdzO@ R OwLOSIsjtedmMlsdc e L O |
fstej MO ddzd ¢ st MEIOO MBsdzs Glzdzdrd v sSstyf dztstf toj detsfy o fls:
Bsdzy Czdzdedwy  Ctsdzoaj CIsdodedwV Issf dzstsBd3y dz d3g yHlEz yOMmisd
fstedlsy d yoOmlsisO tsils Istsf dzd dzOIs© , YWl M fjHOO Y
10 dzjlsi COdedlsy Isj CMmisddzdzd dBBOIs | te fndedz ¢ Js zdejOo iH O3ty dztd te
COlts EmMitstejHdzd, M JHAEOCsd HJOA]Isted ¢ O ddzvted, cOL
Hickzc O. lieoa ot L CO M bsoO® dLMmdzjHOoOdzjIsts dzO sy fiy
BOIs j tod Odzd , f ROtlsdydets wtedj dzls d te Odzd 5B flzgz®@ O alztts df jL te1detsizd
Cofdazvted Mi i ©WOL dzd uj dzj ez ®@BisB | t5)s o 1gic ff) dzlifjiaff y @ OIS @ { s jsdzc
10/, 4 OCIskzOdzdzts . 10 ©OLd&ZdCO s Isi COdedlsy d bted§ |
tcOLfsdzsy jdzd J Iss dzO 9 dzOC dzOIs©O o dzj Isi €@ dzif ezz Q@ § M @ tdzls ¢ -
stczndes M fdmMe O KO BOIsdydes. 1 stej MIsOSO ddi3 Mistckz€
f sz yo O0dzj d Bls 9adHO dzO L OCdzs ydlsj dzdz© tBtc OB IsC O. w
dzj 2 dz0ISO HI dyddz0 Bsy j HO | twOLdzdyjde [ 1] .
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AJ zZls® dzOMmlsswh slsts dqLmdzjHe Odzgj 4 HO M EMlsOdasead oc
dzj Isi COdzd dLHJjdzdw sls ftsdzdjMmisjtedd toj ydqs dzdtcOdzad o dzOS
CjiWduydjdzsO ddz3 dzO Is tidaits o tOtske)] tsHsdztdfds . o drdiw dzd j Ists  dzO  Is j
ks &zsL O dlsdz@s® WkdSydw d o LHEzAsftesfkmS ddo shls dO
i MsOoadzdIlsy dLHJdEdqw M tOL ddydts f§tojHZOL dZOYJddd M Is
2O ki dsdL sdzOydtsdzj dz ofsdz@ €t Mo s gl o Qdzj dzd ,

{t $MY J edd3d dzls Odzdzd dL Mdzj H o Odzd W

RLMdzjHo Odzj sts ] dLoi tchoO® o tecrnlz dodztsdzOBdls dzj Isi €
tojcjdzjtedteOdzd tls f ZOMlsdkiOMseod BERIsddzSd o dzOS dzO, fy dzd
mm RGCI&zsdzOB do Odzgj Ists | dL o todtygyshd tefdts fif OugjOdk]j Isate du @BOAz -

vOBd&dYyoO 1
U jndesdzsecdyded f OteOd3j Isted dz0 fftetsyj MO dzO f ts¢

] OtcOdgj Isi t6 dzO tetsyj MO ltcsB @) tetsB @) totsB|) tosB (

Yy iMsk0 d0 d6 dsdOsde O 500 800 840 900

1 5 SYydodedz® f dzi Isdzsfls 15 50 50 50

[ | dzB 5y d dgQiztsddf B © O dzj 12 10 8 8

RLYBdL 9 Odzed MOGBed&kdd t Grfipo zls j n desdzse d ydzd f OtcOd3j Isted
G3027.
JTdmOodzed jIsts dzO dL MmMdzj Hoa OdedIlsy fJtetsed J o HMISOo j dats
vsoOB &YYo 2
lLOddsotel LCO BiyHE tBJ ©3dZOISO § dzi Isdesflils, HJ BJ dzd c
ol torolAas 2fifnls @ OISO dzO | u [

[ OfmMsg) dzsh ¢ r jBj dzddes siWdyddli LHEA® | dzO<c t
loseEf dzl Isdd BOME dz2Odzw e O(Iststf dztstf to| §f EMC dzd §f 56 dzi b
Cgfm gm? 20¢t O, desfyls, M mm’s %
1 178 500 2,8 0,048 0,71 1,7
2 147 500 3,4 0,046 0,74 3,1
3 74 800 10,8 0,041 0,25 2,3
4 62,5 500 8 0,039 0,47 0,4
RLMdzi Ho Odzed Is § BOIjtcdOdzd dd3OI HEsMIsOIlsi ydets o dMmMss O
HyBJ dzd dB@QdzSYAs (9 MOodaj dzedjy M drL o jMmisdedlsjy Mistetsdlsj dzdzd
B dzj tOdzj dz ftesdL atsH) , daes s O Csls jistOf fipls S dj dzfo fdsl JoySdde 5 ls
2O Istsff dztsf totso sH detsfyls, Cs2bts LOadMmd Bl st MissMmislsO
CteOdzdydlsj &O 0,039 Hts 0,048 W (mbks) .
tjLEzdsOkd d HdMSEMdw
JiLHEoftesf M dzdo sMisls® | ddesets o Oy dats Mots2Mmlsets
Isi SMisd dzdzd BOLjtedOdzd L O Ibsf dksdL sdzOlststed . vw o feli
GO jtedOdzO C Ot fdshdd d tBj B0 EBOMO, HjBjdddkO d f
e dkztsdzOB o Odzj, fted jHA&O d Mi O §dsh dd &GOMO &0 dof
o jdzdyohpdZ sdesmisls© O § zOdeslsts, ZOBOdZY © © HJ B J dzd dzc
bjLEzdisOd dzj §COLORO SftejHjdjdO LOsdMmdeshls dj>
kW R dzOsO o LHEAGftesy 2MS dzde sls .
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My s dztsMmils 9 4 yJ md sftej HJ dzw sls dz2Odzd ygj Istf stzOH d OIf ¢
odMC OO0 CtdhtdkzdH Oydy dO o-dz@GUtiz@is @ tods 2 dz@ ddsg ds jiclg teizd dz@ ts
dL MmMdzj Ho OdzdIsj] dBBOIjtedOdzd MO MOBS Bls jHddz d Mmih 9 dH
L dzOyJ dzd 4§ g0 Ctdzdyj mMsetslsts dzO L OHI YOk o COHOK J
~nJHtesW tsBdzd 9o d&zOS dzO, odzdwdzd J Ists dz2O 9 dzOy desflsls© dzO
fto]j dzgj Btoj G daj
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Ade. 4 lddwdad] O ol LHkosfsi kM dds sl
dedsdzOBdls dzjlsi COdz kjSMmisddz o) Rk kGf &Zsf tot

l dzdwdzd j sts dz0 Yj MstslsO0O 20 (¢ dztsag@eSdss, O dffjts ts QHA[ oo
©tOL &ZHEH0 d 900 Hz.

vilsOdzsad Mj, uj §dsh dz0O GOMO d&O dzjlsi COded™ Isj € f
ki teMjdzj LO BitejHjdvds 20 btf dksdL sdOydsdkdezOlso N st

RLOBH(

110 BOLO dO0 fHttseo jH] dzdIsgetsafj dglzj Ha P dedzy ISij C @dgdsl®] s € M
sls ftsdzd] Misjtedzd o ZOCdO (tsdizkyjdzd ftod tof ydqs dzdtcOc
dLftsdzL 9 O0ded L O Istsf dzddeded dL sdzOIststc( .

2.1 stcOHd G 9C QatsMislsO O (tsdzkyOeo Odzdlsy dOIsjtedOdzd d
Isj i3 j tOlsztByf, Sksjg PEOHO Mj dJLitdLeOk fted dL sZOYydw
B Meseo jdz bjrdesdzseduyuj dz §f OtcOdRBjIsi 6 ftcd dLBSLO d2O
fdz Isdetsfmls, SCwwWilsts Bls Measw MlstcOdO Mj ftjHj v shHds

1 Ok ydz
fkeddS O
29.12. 2

dlsj dLfizjne Oded™, tjLbdzs@EEOp | ke & @Ot s O
ydqvw, MO WddzOdzmdteOded tsIs 1A Al Ok w@z/ 3d L fyldzj H
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[Otedyjd BjlssH LO OdOdzdL &0 fMdMmlsj isd Bl Ists
I stedfdzOe wlOdS o, fsdudd | Oomddje

ltejHMIOe jdz 4§ BOItedyd d dGilstsH L O 0O0dzOdzd L (dL ydmdz

dfjlld ©ls kcf dstse dgj deilzth ] HOsP@GIE v s dsj IssH | 16 O dz
feltejedlsj &nSd MeW¥lskjtt o (ESccOBEOLO MEYED| cddls
qasf dzj d3j delsOydw j fegdztsy j dz0 kjtstedwkO dzO@ cwOWdls].
BsHJ dzd e O dzj d  foledbizddipisciGld] s IsdEdfddzts OH ®fc Ols d , fted
My dydWwdydedisy Issf dzddeded ¢ Of Oydilsilsd dzO fslssydlsj d&BscO
sdv ysed :HUEMdN ] &3 Gl ks dsse i) deded Of OO, &Olsted
MATLAB, &jlktH 0O ftoj dshddlsj st ddddd jHdddyd

Matrix method for analysis of heat exchanger networks
Borislav Stankov, Momchil Vasilev

Presented is a matrix method for analysis (calculation of the steady-state heat balance) of heat
exchanger networks. The MATLAB programming environment was used for software
implementation of the method. The software utilizes network analysis algorithms, based on the
graph theory. It allows for quick modeling and simulation of heat exchanger networks, where the
specific heat capacities of the flows can be assumed to remain constant.

Keywords: heat exchanger networks, matrix method, graph theory, MATLAB, effectiveness-
NTU method

11 e HJdedJ

10 ttjhOo0Odgjlss dzO fHtoso jtesydzOlsO L OHOYO ( O0dzOdzdL )
Of OtcOIsd MJ dLftsdzL 9 Ols HO O o9dHO &BjlsHd: dlsjttOlsdoe dzd

lted disj WsQlsdpjaisHd tjh" jddjlsts fj dOBdtetO0 ytjL {§shd
st dzd dzdzd v B OdzOdzfp 2O oMj Cd Itsf dzstsBd3j dzgj dz2 Of OtcOIls o
LOHBOoOBdZY 9 Odzy d20 BtjHjdzjdedlsy Ctodlsijtedd L O MABHJ®BS
C ts Bl s dzjtsdelsdptsizls d e sl J tod LO dBsH | dzd tc Odzj d mddkdzd !
Od3d yded Mmd figinilicgg Modelio@d I SRNSYS. | IsjL d fd &3z dzOyd ts dzdzd
ZstsB d@3j dzj &z O OOl M HWJddtcO (Ot lsHjdjd ¢t
Ists ontHded d dL - SrdedolL P d3fndzdefa df iAD ez dlsy ¢ tsdst
sdzL 9 Odzgj Ists dzO 1SOCiI o Isdf MsWkkzjted Lo dz"e O ¢
dLotsdzdd oRdmME) BHd d Hikzecd Iditse] Cthi3f sdzj dzlsd .
ted BOtdydadls] B ssnd MdMmlsj BOO My Sfdide O
iWdydjdadsdlsj, LOdsyjdd o M tskeojlsdzlsy &Olstedyd d
sted ydedIs 4 d3d bm@@da[@@;lsdzq‘ijmi L d3tsy dzts s d ,-f telsh loikfs cdO IsB I HiEL
LOoedMmMd@sMmils Bl My dshissO md, Isj &secOIsSMATEABBI HOIs
Mathematica d Maple, dzts fi h tsspe@iSh@etod fotctAstcOdBRd $ Okts MS Excel .

RLojMisjd fteddjte j GBSBMNjddWls ®KOISUDIWY danedsy6fitsas, [f
lted bsLd dBilssH fMdMmlsj BOO M tfdMe O ytjL HIMil d&GOI
sj 3 J Bk ftslssydlsy (dz0 eontHBojly d dqLasHdls] s
gLatsHdlj tls Mmdmlsj 300) , Md dkzkyOe Ol yYtejL tjhh Os
FtcOo dzj dzdw EZyOfmlse Ol BMOdOdzdIlsy MjHJd BOtedyd, Ctsdls
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dqifiglgJ dgOIsf® d JWJiClksdodesfisdlsy dzO Istsf§ dztstss d3j dzd
f s bt ddddd jHdddyd) .

OLd MmMlsOlsdw | fHtejHdztsyjdz Hickze dBOItduj dz d3j ssH,
dme Odzj dzO MdMmilsj BOLO. uvi?2 Mj shdtsd® o Bic @®d dzindzd)k
LicOL WO Ols Issf dzddzdzd™w B OdzOdzfp dzO MdMlsj BOISO sl
dz0 f tej dats fdzd Is j[2], 1§56 {7Hzd dzded) H s @azd daff ¥ Is 3§ stsH
MATLAB d toj OdzdL dtcOdz S Obts f§wlstejBdlsj dzhCd WPz , |
Ml MsOoawdzgi dzgO BOBtedydlsy d cwOW dqudzeslsts L sBtOL W o Odzl
CtoOW legisyj HEtGOISO L O 9 9 jyHOdZ] dz2O MdMmlsj BOO Bls Mists
sftetsisj d&zO, §tstceOHd Ctsjlsts tcOLtcOBSIsj dzdwils fips¥ Bz plctof ts¢
BsHJ zZdteOdzj d tjh O Odzy dzO MiIsOIsdydedw B OOz dzO MmdMmls

COfOoydljlsd dO0 fsltsydlj &BscOls HO fMj ftedj B3O L O §f
fted HJte Jledzq’ISJ BOlsted ydzd &BjltsHd, Isi 2 ¢ Olstisf dzdQizj Hzv -
COfOydljls HO BiHj] &iLOsadmMdd ks Isj&fjtcOkzieOlO (
dlsjtcOlsdodats tejh jdad j) .

Oj BOIdujMSts sYdmMOdedj dz20 RBjIstsHO

f

J sMMdztso OISO dz0 o j Hdzsy jdedVW BOIStedyj dz d3j sSssHN j  tS5B
dzd dzj 2 ded EZtcQozjefdzg ¥y Misded ©Is o9 dHO

Do Op E Opo  ©

OEw Opw E Oro  ©

(1)

DO WHO E DHO® W
CIl HjdggbMmO ¢ sdefix@ddsifiQio dafnd dsd Isj  tots difegeelzd BNE;, ( i3Sy § H O
ftej HMIsOoad o dOLted ydzO W sted3O ¢ Olsts:

Wh E Whr @

€ E & & é 2)

Op BE o5 o)
q dzd :

o o ah 3)

Cl HiMsl: BOtcgPH @ fifsi dz O, i Hi oy O O affrgiiWwHd Wid] jLd@soddisnid d3:
ftosdsj dzded o ;i € Bltwwtg HIP, M HI 6y O dzj L Codigddxd s p J § Bitstg] dgdz
toj HO, i Hi oy OF o tsB s Hbdzd IR jdzH it jnUsdsw d Jsdglsch © dzO0  sfdzj H
dets d3j @ leac O o dzj ded § Ists (d tej My j ¢ IsAdde disy) HC) HAEOb)IRQ) EsCftetm j Ofig.
jfi slso jlsilso @ dz@ fttejHddw desdBjte dzO@ dzj L O did BOSO 1 to
GO YES®j HO dzOx).o j C s O

f Otedudedlsy BfittOydd MO MtjH EHAQdMALILBY &tz Q&R g d & ted
ktsLd MeW¥bskjte | GhsBjds fSHABSHWL L O tjh O Odj dzO
fejHddBMise s MO MYATLABGHCEfdjlsded L O OdzOdzdL dz0@ dste 3 o, t

@z0 ¢t dH, Bk J
10 HO fj MmojHj HB odis@ dde@dzlf 6 Bo ezp de®gizin ( BZD, Mg Mlsj di3C
ftcjHMlsOo 919 odH dz0 dzddzj 2 dzed EkZtcOodzj degdw. [ jlstsHi Is d

Is

tc OL dzq2§, ], [7] dz d f SHRBHWH LO vyJ dzs O, si 2 COls dL dme
dzj dzd dzj 2 dzd IZtGOSdZJdZ»q'W, o Cidzt Ja Oftsef W hdgfj d Isg i5ffj I dzPls z tc d
[ dlstsHl Is dzO ftej detsfdzd sy st dzd deded JHJdzdyd J OdzG j B
Mtcj Hdzsdzs e Oted Is s YydzOIs© Isj B j O kztcdzO tWOL &ZdSCO (dL o jy
SftejHjdjdO MRjBO dO Hodyjddj dzO jifisls wy ddojl)v,0 Odztis sif €
BOd&ZzOdzl dzO® Istsff dztstsB d3f dzdzd v Of OtcOls C Olsts @Y [B) [7]dz0) & &z dzC
sOLd ftedyddz® | dRBdetsets ftsSHatSHWHR L O IsOCi 8 ftSHABH.
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1tedgNTU &BjIstsHO Ibtsf dzddedzdv s §f slfsSs¢ My dL©OLWa O €Ot
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Influence of attitudes size envelope constructions/volume of the building on annual
energy consumption for cooling

Konstantin Shushulov

Results of preliminary study to establish the impact of the orientation on cooling costs in buildings The
study is performed by means of modeling and simulation of two widely used in Bulgaria types of buildings.
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ttOL AtSH j&OJY dzL O Y tsSHHI to) Odzay dzO dzgj SBrBHJABBIY iBd S s dzd

LO L dd3j dz, O d LO dzjbjd tj)dds. Yy Mmsts ddzy j dzj tedad |

CsdmMstczC ydwisO d iR ilstedWIisO dz0O MEeOHOISO d ol L d3tsy dz
tod " Jjdzed € Octsdzifa Odzj dzO OCIsdoded SO HOMN J dzj BB izls hoOL C
soi teHj WOELEPe jdz J Gfdl LO dOBdttOdz dzO tsfflsd BOdzj dz ¢
fted ©WOLdEZJqUEZO HjBJ EZddO dO {§sdtsyj dz0 s sddz@ds do &
dL Mmdzj Ho Odzj HiJOoffiled tjLEXISOd L O HoJ sdftsed MmMctcC
ftesj CIsdteOdzy J o9 L@y des HO My twWjh Ol twjHdyd ftesB d
ddzjteadw d Mmi tslse jlsdzts da0d tgjnSizts dsE asopiaga@dsho  jifig)j HIO .
t OLGdzj HOdzed MO MmMdzj HdzdIlsj Isdiseod Yyddzdh dzd MctcOH
T dddgz0 S jteOydy dzO0 il jlsOy0O (Misjddlsy MO dL GtsC
d MCOljdz fsCtcedo)
Trls B o-rBHO) dO thMjidk JlOYO M §tmi ¢ ftsCtedo.
 90IsO Isdf O MetcOHd MO tOLcdzj HOdd Htod Mmi h jMmisealkzeo O
2O tctcOYHOMNdIs Mhdzsdifddddddz0 dL sdkzOydw ls 10 cm EPS ¢
Ho OO Isdf O MecteOHd MO PVC ftsWddz JIssfdzj ded j sts M4
MisOdzyd v .
]l Mt HOBRMEBSRZOY tcOo j dzd d&BsHjdzd d2O0 M ddzdh ddlsj McteOH
10 Ade. 1 | C0L0d Bsh jdi@ & st i lcOly@y dd >paPdze dzts ¢ o
s dzd Z3OIsdydedilsy HOdzdzd MO L O GteOH wtsWdw.
RLMdzjHo Odzj ss | dzOftcOo jdes LO fjtedsHO I 15 Of teddz
vl B jtcOkeOIsO, CtwWiss Mj fBHHI 6 O © t©WOLEdz] YHOdMz] Is,



0) 0KBYY] O o070, ¢YOD) bZ¢g Y OUBO O] dbdj 08 Y Yold3b?) Yz

Project: etl8

WA

ik

X
A

6.8
SR

ZO sMmjds jlsOy 0O o

ViMdzse dw dzO© Jj S jtod d3j dels O

d6. st jttOydw dzO 5 JjlsOy O

HGKGOHOISO Mj bjlkdtd COlt dhzsetLtsdtse tBJCl f (6
Cs2lts | BodlsdcOdzO OB tsdzOlsdzO MisOdzydv.

10 dLMmdzjHo Odzj sts MO ff tod jols flzh ez © M Pzd O dzls({@ ¢ WzOH j dzd
LJHOEdY BjL Isfddddd dLsdoydw M ¢68FUdW/ntels dgo Ist
fodzsy j dz0 Istsf dzsdL sdzOydwy M § 54 % UrdLaEm’z0 Istsf dztsf toj dzd

[ SEtlOROPAC fitsWddz i CojW¥dydjdids dz0 U lstsa ekt j d3d dzC
IMlsi Cdzj dzgd jIss dzO@ dLMmdzj Ho Odedlsj WOMOH j 50 %.

1 sCtedoi ls j mMcOlid d | dLEtOHjdz Bl Cjtcj i3dHJ.
dzj Sls Y dzv j Bis.

RLMdzj Ho Odzd MO MmMdzjHdedlsj Hoj thdseodzd tedj dzlsOydd
gL sis®f OH d Mjejtc 5 a.

[Mdztso dzd ls ] OALxdY tchf= M x 15 x15m. [Bj & s jml4500f cOso j dats
MtcOo dzj dzd | L O tcOL AtsH O dz0 ddzj cedw L O tsn dzOY H Odzj
Foj dzd yOo Odzj / dzOdzOdzv © Odzy dzO JjIsO desisls©O. 1 td udbdtedy
375m?, LAWxh=25x15x12m.] @ j f)ls jLsx@¥x® = 16,66 x 15 x 18 m.

s B3z zOyddlsy MO dOf 0o jdzd §ted Mmdzj Hdzdlsy ol Istej h dzd
32; ftsfmo ji §,8WEHZ0 valh;CIsted yj MS s 18,8 Wmids®» Opgif .

1. rddzdh j dz 8g dztOY OdzO

HGKGOHOIO M bLttgsdedsd O | BkesM o j dzsddzdtckzj i3 § sSH
Melsjtejdz, Sl Hjlbts J dBdsdcOdd OB tdOIsdO MisOdydw.

1 O gL fmdzj Ho Odzj Ists o ftedjlIsd Ho O 9 Oted Odzls © dz0
MstsdkOdzetsB j Istsdeso O CtsdemistczSC ydw BjL Istsf dzd dedzO® dL sdzOyd
U=22,55W/m2Kq’ l fodztsy j O bofdasdL sdzOoydw i ¢ juW=0RY j dzs c
Wim<K.

[ Gt ORBOPAC fitsWddz f Coji%dydjdids dz0 U lstsa skt j d3d dzC
[Mlsi Cdzj ded j Ists dzgO® dL Mdzj Heo Odedlsj WOMOHd j 50 %.

RLfdzj Ho Odzad MO Mmdzj Hded sy Hoj tmddsp dzthi figtc 6 dzl @ dz@®
JLIsts@f OH d Mjoejte 5 ¢.

[Mdztse dzd Is ] to Quxdjxed= 50012 x24m. [Bj i Is j ml 44000 tcOo j dzs
MtcOo dzj dzd | L O tcOL AtsH O dzO Jdzj e dw L O tsn dzOY H Odzj
o j dzd yOo Odzj /| dzZOBOdzY 0 Odzj 2O | sOPfipsigls f@OIs © teffdzB@® H j 36 §
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S0 d&ZOY H OdgjSBAEd?2 j HO dg" 3O st dzd dzdz® d L s diComidler). dz } gy oy
ZORsBE,] | bofddddos0 JLszoyd"Y o ok em dh ddlsj % OMO

1 OC dz¥ yd deqd J
tiLds®lsdIgL Mdj Ho Odzj Iss HESSCOLo O, yj ftd MEOHd,

dzj BJ MdzOIs©O stedj dzgsOydw ol tcnk §slstejBdzOIsO jdzgj ccdw j

Jdjtcedy LO dzjlsjdz tojyddz B3y y HO HBMIsdedzg HB B¢ sds

mMdodJt d dzO ¥ ¢
liftwjcd scteOdzd Yj detsls s © dz0 4 Sy j ted d3d dzls O, toj L Iz

Citd3i sted yuded W sHO WisEAs ls dzO0 o dzh dedlsy Mmilsjdzd/ tBJ d3 dzO

ddzgjtcedw L O SOXAPEBRIWIsdzO JjlsOy dzsmls L O Mistetsd s dzinlse

ZzO0 misQ J EBHIHBOSd. wfjMmlsjdOsO jdjteed™w L O ts5h dzOY H(
ltesyj dzlsi s tsfmlsi Cdzjdegdjy BECOLOO odzdwdedj o tenlkz t©WOL A

ltojtftstel ydlsj dzdets j HO fj dLitdzlt o0 thmisi € dzj dedfO ddiz&E W O

ftesyj dzls smisj Cigzjj dAfgeo dh Ols o Istcjhdedlsj Istsf dzd degded dL Istsy
[ dIsj cOkztcO

l.zeh zdgs.d dzdw dedy dzO Btedj dzsOydvwis0 d € sdzhe®iBOlsdd dedliz]
CGSHdM dzdw tOL ntSH 1Az ydde) testgdeW j toj dzydw ) BB Y HEZ 20t
COyjmsoats dz0 Y dotslsOzROOO . -3MBistaAELS HIS 2000

2. Hand J.W.The ESP-r Coocbook. University of Strathclyde, Glazgow, UK.2008.
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(S Jjteddj delsOczdzts L fdzj Ho Odzj dz® Isj ek ydzOk O j W j¢
stetsde o dzjftej CI MdzOls iterjOifiplals 1dz0 OB 55O

it uvsdtse, I dmMdzOs wlsOditse, 1 JEtdzO s Odz

ltejHMisOoa jdzd MO tojL kzdzZsOIlsd sils HH Ofiplf j tdaPdzjj ditlg Q drcfte daffs ifnf
slsotstej 20 Misj dz20 dzO vtetsdBB o iy dd3 dzO dzgj ftcj € MdzOIsts (
RLMMdzj Hoe OdzdWIsO MO L O HOO ©dHO OBMBteB jtodzss G tsCtcodls
dMisimlse jdzO d fteddzzH j dzO o j dzlsd &zOydq v .

sy ysed MEHEEO @20 d#EEEeOyd®) jdj tcd2dz0 jWjClsdo detsl

Experimental study on the thermal efficiency of a Trombe wall in continuous
ventilation mode i Part 1

Georgi Tomov, Borislav Stankov, Nikola Kaloyanov

The paper presents results from an experimental study on the thermal efficiency of a Trombe
wall in continuous (24h) fresh air supply ventilation mode. A Trombe wall with two types of
absorber coating has been studied in the conditions of natural and forced (fan-assisted) ventilation.

Keywords: Trombe wall, ventilation, energy efficiency
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""\A;“‘“t( e ™ mcomglo*e m t0.84 ”'AA;,~t< e ™ swmcbpr@_gf ese 0.11
RLBjo OdzdWIsO MO §tcOo jdzd jHUSo o] dgj dzdzts dz®@ Hoe jlsj M
ojdsddzOydY d jHddz §jttdsH ftod Geddzrj dz® o j dzlsd dzO
1] co sdzOyOdzdets MO slsydlsOded Isj B3 j tOlskztedlsy o fils o] tcl
Hojlsj ftdsoddsd d&zO0 Mlsj zOO (dz®@ odmtsydd® 1.94; 1.50
ssyé¢d dz0 dzdets 0. 65 m. 1 steOHd WOCIO, YJ oHonjtstgdL 5
fsdzso ddzd dzO Mlsj dzOlsO 9 OtedtcOls o dBdesets BOZEC d cteOded yd
ksySd, M ¢dkOmds HYM&OO MRjKkO dO Adcé. 3. 1 HoOkO
(R150) MO tOL {f sdztsy j dzd q’ts Ho @O BtotsW C tsd3B d dalf tc @dzd i
kj B j eOkte®, yddbts §COLOdY0 fjj htejHdYs Ol. o
LOYdMmMeo Odzd dz0 oMmjSd 5 RIdzkzlsd, MdzjH Stjlts MO thtej H d
vsoOBd&ZdqYyYO 2
1dzOdz ZO dL d3j tco Odzd W Is O
Lo _l st RN L0077 YIs Ys LA
" 413 o mypgREL) m_omamcte” t a
ny "o | mutdamt e ” | @i DEWT (KVm H o9 T to9o];Vsc(m/s) Vbp(m/s) Tsc€¢ / 0 C) (
MH "o [ mmtdoamt e~ | @ezi PSWT (K¥m - Vsc (m/s) Vbp(m/s) Tsc¢/ 0 C) (
Hn "o | wrtdamt e " | @zl ST (K¥m H o T tof;Vsc(m/s) Vbp(m/s) Tsc¢/ O C) ¢{
mn®o Joh pnedxp’n, e~ | e2tdgzll P&YT (KY/m H 9 n to];Vsc(m/s) Vbp(m/s) Tsc€/ 0 C) (
K1 L 1 Kl
O w | O w
Tiw-bp , Tlw-sc
T2w-bp T2w-sc
T3w-bp T3w-sc
éwa—bp Taw-sc
K2 K2 .

AdE. 3 (OLfsdsyjdd] & hjd stds] nOGH) BEesOd]
fsol wndesils ftcd §dkzOdz 277 d 204



0) OAOYY ] O 070, ¢YO)] bZ¢ Y OYO DO bOj 0t Y YOolpib?| Yz
tdLzdzkOlsd ftod tojyddz dzO Jj Mmisj Mise P&IAR.02201dzls d &ZzOydw L O
U] B jtcOkztcdztslsts fsdzj dzO@ OBMisteB j todzOls © Hptsfost)tgr dzts fyls

fsCOLOdes Ade. 4. rjiBdlils d kjhkfjtchczedlsdlzBOf sy 0Of)

HOHjded d2O AdcG. 5, 0] fntsJHdzOlsO sd B j tOizdz® azpc .Misg o

1 OB j dz¥v L 9 @l fifiisi€ dtflsty Miss2 detsmisd dz0 Isj 3 j cOlkztcdlsjy dzO Ml

st jdets ftod ddzlsj dal d o dets ) dziBdztpj ats fedstefjo jOdddj, dEOO CHfldsts | dfic A

Hi dzy Of ts md dz0 Isj ted3d ydzts Is ts Ml ftesilsdoe dzj dzd BB 1 H Iz

OC k@B ZOYyd sdzdzOIs© Iskr dzj d&z0 Mlsj dzO.
rdsedisdisy d Isj 3 jwObkedlsj dzO ¢ s5H OsdmEd™y dod WiisEdzjififQ d

odMmMsCd Bishilstglaodj Isdets ) HE&. 12%JdMieEHdOSO sj B jtcOkztcO

fsodhjddd 4 22 %. 10Bjd"Weo O M BGbyjldzdes OO ¢Cttcj dzOy
sj B j cOszteOIsO dz20 f sHO OdzgdwY © RN jdedjlsts i LHER (
TEMMEPATYPHO NONE TEMMEPATYPHO NOJNE
nc 11.02.2017 wepra Gos 11.02.2017 e
i ? 50 100 150 200 8:.00h A ? 50 100 150 200 8:00h
BMCOYMHA Ha M3MepBaHeTO (cm) BUCOUMHA Ha MSMepBaHeTo (cm)

Ade. 4 uvjBfjcObkztodts fsdy d&zO flsj ZOO L O 1
JEBUT Ha nogaBaHMA Bb3AYX TEMNEPATYPA Ha noaaBaHuA Bb3ayx
8-12.02.2017 8-12.02.2017
mé/h —\/sc (m?/h) Vbp (m?/h) c —Tsc (°C) Top (°C) —— Tout {°C)
25 30.00
. e WMA_‘
”M V| 20.00
15 f 15.00
0 A (v ff\/w -J\f ‘\'I\.\f\"\ 1000
Aj ‘ 5.00 L
’ AN / o - — -
0 \ -5.00
13:00 1:00 13:00 1:00 13:00 1:00 13:00 1:00 13:00 1:00 13:00 1:00 13:00 1:00 13:00 1:00
Andcé. 5 r1jiBdls d IsjdifjtcOlskztc® dzO f sHO9 Odzgdw™ o {
CPEAHA TEMMEPATYPA Ha cTeHaTa YCBOEHA TONNUHA
8-12.02.2017 8-12.02.2017
oc avTw-sc (°C) avTw-bp (*C) Tout (°C)  s=eeee SVT (kl/m?) ki/m? Wh Qv,sc (Wh) Qv,bp (Wh)  sesese SVTwall (Wh) Wh
50 4000.00 200 1600
0 3500.00 180 1400
160
3000.00 140 1200
30 2500.00 120 1000
20 2000.00 100 800
10 At - 1500.00 80 \'\/w 600
- 1000.00 o0 . JH \N‘A’-"/\/J o
0 — .: — - - : - : ~— | 50000 22 '\‘:\M/\/\ / = — 200
10 e et eeaaanaaan LU R WU 0.00 [0 I R LT PSSP LA S - RO 0
13:00 1:00 13:00 1:00 13:00 1:00 13:00 1:00 13:00 1:00 13:00 1:00 13:00 1:00 13:00 1:00
AdG. 6 dtjHdO Ij & jeOkzte® dzO filsj OO d ki



152 00Lt?2; O | ) TOEO) 2 Vi

tdLrizdzlsOlsd ftoed tjydds dzO | Mmisj Mise j d20.02RQldzls d &zOydw L O
] ssLd fjtedtsH i M -dd fn=LCE da¥ HOP O todff ts IO 1] HeHOdso O dac
{3 jddjlst samj AgFdy OO tysi fijs jrolsch juUs@iets M) Hts 30% d Hfs
10 aAde. 8 Mosffdaldikdiaid § j yOdzed s fdd dzyjots Gtej j dzj
9 LHER) L O Ho JlIsj mi Sydd, Cdists Mm@ i QfHEEOBEIsjdzd § |
fMdzi dzgyj o0 wOHdOYdw ol ternlz Misj dzOISO dzO v tctsdzB .
OEBUT Ha nopgaBaHKA Bb3AYX TEMMNEPATYPA Ha nogaBaHH1A Bb3AayX
12-20.02.2017 12-20.02.2017
m*/h e—\/sC (M?/h) Vbp (m3/h) oc e—T5C (°C) Thp (°
Al B
u%ﬁ@ﬁ@@@@@@@@@@@@@ m&@@ﬁ@@@p@@@@@@gﬁg
Adcé. 7 r1iBdls d IsjdifjtcOlsiztc® dzO ff sH O9 Odad W
Ad @G 8 vty ddddd §juyOdsd s fd dzyjoets ctejjdzj L O
tiLedzsOld fted tjydd dzO j Mmlsj flse pPERO.02®RQ1ds d ZzOydw L O
b B jtcOlkztcdztslss fsdzy dzO Misj dz®fsPscl O 2 F s@ DL DA77 A (
risedlsils d IsjdfjtcOlskztcOlsO O §tsHOo Oded™w o Gt j dad s
10, O MejHdOLO IsjBfjOlskzttd® dO iffsQ daOdsdd. d1 fkjfedusiHsz®Ils
mi hts Mj dzOB der PO fifliss? desmisd dzO s B jscBEEgd g Y Is @0
smtse jdes ftcd ddzlsj dzgL Jo dets MdzB g stsdc g dzPdzj C OIS BE i
risdisdlsd d Ij&if jtcOlskztedlIsj &ZzO f sH O9 Odaddvints& fdf B®J M |
M Syddvils O, MmMi slkeojlsdes M HB 24% ( HtS 8 %. 1 OB j dzW o
sj B jicOIskteOISO d&zO Milsj dzOIs O, Sj BY j cOlIskztcOIsO d&zO  tsH O9 C
mMdzi dzyj © © st dzdadapj, ¢ $dPwids@ it o dbp @y O YygEd®is@® MOHE 40 %.
dzO0 ®KLco Oz W Is©O | dL ydmdzj dz0 Mtej HRZOKO Isjted3dydz©@ JWJ ¢

fjtedBuOBdz. 3.

















































































































































































































































































