Konuenuusi cucTeMbl HarpeBa ropsiueii BoJbl 4 Mojorpena dacceiiHa 1Jisi 1eTCKUX CaTMKOB.
IMMOSICHUTEJIBHAS 3AIINCKA.

[lo 3agaHuIO CONHEYHAs! CHCTeMa TOpSYero BOAOCHAOXKEHHs NOJKHA O0ECIeyuTh MPOU3BOACTBO Topsyeid BOIbl Oe3
IDyOIMpOBaHUS WM ¢ AyOJUpPOBaHUEM TEIIOBBIM HACOCOM BO3yX- BOJIa BHE OTONMTENBHOTO ce30Ha. Perienue cpaBHUTS C
CHCTEMOI1 6€3 COJTHEYHBIX KOJIJIEKTOPOB HCIIOJIb3YIONIYIO TETJIOBOM HACOC, CPABHUTH CUCTEMBI MO MPUBEACHHBIM 3aTpaTam
1 3((PEKTUBHOCTH KaUTAIOBIOKEHNH.

[leprox BHE OTONMUTENBEHOTO CE30HA OMpeelieH TOCTaHOBIeHHEeM KabnHeTa MHHACTPOB YKpauHbl Ne74 ot 2.03.2015 ¢
1.05 mo 30.09

YCTaHOBKH COJIHEYHOTO TOPAYET0 BOJOCHAOKEHUS TS cUcTeM 6e3 TyOIMpoBaHMs pacCUYUTHIBAETCS 110 JaHHBIM MecsIa
C HaMMEHBIIIeH CyMMOH COJIHEYHOH paJiiialiiy 3a pacdeTHbIN nepuox padotsl (BCH 52-86 ) — nnst mpoekTa 3To CeHTSIOPb.

VIHTeHCHBHOCTD Na/aloIIei COIHEUHON painaliuy AJsl JII000ro MPOCTPAHCTBEHHOT'O MOJI0KEHUS COTHEYHOTO
KOJUIEKTOP M Ka)KJIOTO Yaca CBETOBOTO JHS, ¢; BT/M2:

inPSIS+PDID Is ID 9 9 o
, TIe - HHTEHCUBHOCTH MPSAMOM U PaCCETHHON COTHEYHOU paguaruu, Br/m2;

PS I:)D
, - K03 (PUITUEHTHI MOJI0KEHUS COTHEUHOTO KOJUIEKTOpa

JlanHple 00 WHTEHCHUBHOCTH TIPSIMOH M pacCessHHOW pamuanuud 1o pekomenmoBaHHomy BCH 52-86 wucrodnuky
«CmpaBounuk 1o kimmary CCCP» Bemyck 10, wacte 1 ComHeuHas pamuaiivs, paadalldiOHHBINA OadaHC W COTHEYHOE
CHUSTHHE.

MHuUHHMAaTbHAS MHTCHCHBHOCTH s Kuea mpm yrme ycranoBke 45° m opuentammm 0° M3 pacuyeTHOro meproa
BBITIAAET HA CEHTAOPD 1 cocTaBisieT q; = 3239 B/M’ B cyTKH

MakcumanbHas HHTEHCHBHOCTH i Kuea mpu yrie ycraoke 45° u opuenramuu 0° U3 pacyeTHOro mHepuoja
BBIMIAJACT HA UIOJIb U COCTaBIsIeT ¢; = 6019 Br/m’ B CYTKH.

Campblif UHTEHCUBHBIN 10 COTHEYHOU paanaunu fHeBHoH vac B 11.00-12.00 B urone q; = 1680 B1/M° B uac

Pacuer momaay COTHIIENIOTIONMAONIEH TOBEPXHOCTH COTHEYHBIX KOJJIEKTOPOB [JISI COMTHEYHOM CHCTEMBI TOPSYEro
BojocHaOxeHust TmpousBeneH B coorBerctBUM ¢ BCH 52-86 «YCTAHOBKUW COJIHEUHOI'O T'OPSOEI'O
BOJIOCHABXEHHW . HopMbI IpOEKTUPOBAHUS.»

Pacxop ropsiaeii Boas! paccuntad 1o JJbH B.2.5-64:2012 «BHyTpenHMiI BOZONIPOBO U KaHATU3AIUS.»

Hns canuka Ha 300 geteil ¢ MPUTrOTOBICHUEM MUY U3 CBEXUX MIPOTYKTOB
300 x 30 = 90001 BOABI B CYTKH
[Tnomane M2 COMHEYHBIX KOJICKTOPOB Ui paboThI Oe3 AyOIMpOBaHUs pacCUUTHIBACTCS MO (hopMyJie:

AZG/Zgi

I'me: G - cyTounslit pacxop ropstueid Boas! G, kr, npunumaercs o JJbH B.2.5-64:2012;

9 TIPOM3BOIUTENFHOCTD YCTAHOBKH, OTHECEHHAs K | M” IOBEPXHOCTH COTHEYHOTO KOJLUIEKTOPA, KI/M’;
IIpu pacueTe COMTHEUHBIX cHCTEM 0e3 MyOaupoBaHUs
KomuuectBo Termnots! mist HarpeBa 9000 1 Boab! B cyTku Ha 30 °
Q=9000*4190*30 /3600 = 314250 Bt B cyTKH
[Tnomanb COTHIENOTIONIAIONICH TOBEPXHOCTH KOJUIEKTOPOB 0€3 AyOIUpOBaHHUS PACCUYUTHIBACTCS MO MUHUMAIBHOU
WHCOJISAIUY 32 IEPUOJ] BHE OTOMUTEIBHOTO CE30HA!

2
A= 314250 Br B cytku / 3239 Br/m B cytkn = 97,02 M
[Tnomaapb coaHIIENOTNONaoNIel TOBEPXHOCTH KOJUIEKTOPOB C Iy OJIMPOBAHUEM PACCUHTHIBACTCS MO0 MAaKCHMATBHON
WHCOJISIITUY 32 ITEPHOJ] BHE OTOITUTEIHLHOTO CE30HA:

A=314250 Bt B cytku / 6214 Br/™m* B cytku = 50,57 M2

Pacuer 00eMHOI'0 pacxo/ia TENJIOHOCHUTEIIS COJTHEYHOI0 KOHTYPA.

OO0BeMHBII pacxo/ (J1/C) TEIUIOHOCUTENS COTHEYHOTO TPEIOIIET0 KOHTYpa pacCUUTaH IS TUTOIIA U
COJIHLICTIOTJIOIIAOIIEH MTOBEPXHOCTH KOJJIEKTOPOB A= 97,02 M’ BO BpEMs MaKCUMaJIbHOX HHTEHCUBHOCTH COJTHEUHOH
panuarmn ¢; = 1680 BT/M* B yac - pacueT MpoM3BEICH IS ABYX PA3HBIX 110 (H3HKO-XHMUIECKHM CBOMCTBAM
TEIJIOHOCUTEJNICH JIsl CPAaBHEHUSI U BRIOOpA:

1. Iponuien riaukoab 40% BoAHBIA pacTBOP. MakcuManpHoil TemmepaTypsl Harpesa T make = 87°C,
MaKCHMAJIbHOH TEMIIEPaTyphl HCIIOJIb30BAHMS TETIIOHOCHTENS Ha OCHOBE nponuienrmukons Tvake= 107 °C,
tertoemkocty 30% pactBopa nponuineH riukonst 3670 Jax/(kr-K) n niornoctn 40% BoaHOro pactsopa
nponuien raukous npu 90 °C =997 kr/m® (FOCT 19774):

Q61 = 97,02 M**1680 B1/M* B uac = 163034 Bt ([ux/c)



Qu = 50,57 M**1680 B1/m* B uac = 84957,6 Br ([I:x/c)
Tmakc - Th make = 107 - 87 =20 °C (K)
O6beMHbI pacxoa TemoHocuTens (;1/¢) = 163034 Br / 3670 Jix/(xr-K) / 20K / 0,998 xr/n = 2,23 Ji/¢c
Oo0bemMHbIii pacxosa TemtoHocutes (y1/c) = 84957,6 Bt/ 3670 I:x/(kr-K) / 20K / 0,998 kr/n = 1,16 Ja/c

2. TloaMMeTHICHIOKCAH - MOJUMeP. MakcuManbHO# Temiieparypsl HarpeBa TH Make = 95°C,
MaKCHMaJIbHOI TeMIIEpaTyphl HCIOTb30BaHKs TermnonocuTens Tmake= 235°C, temmoemkocts 1632
Jx/(xkr-K) m 997 kr/m® (TOCT 13032-77):

Q61 = 97,02 M**1680 B1/M* B uac = 163034 Bt ([ux/c)
Qu = 50,57 M**1680 B1/m” B uac = 84957,6 Br ([I:x/c)
Tmaxe - Th maxe = 235 - 95= 140 °C (K)
O6beMHbII pacxoa TemoHocuTe s (71/¢)= 163034 Bt / 1632 Tx/(kr-K) / 140K /0,997 xr/n = 0,72 /¢ nas 97,02 m*
O0beMHbIii pacxoj TemioHocuTes (y1/c)= 84957,6 Bt/ 1632 Ix/(kr-K) / 140K / 0,997 xr/a = 0,37 a/c nns 50,57 M’

Br160op Oaka-TeIuioakKyMyIsaTopa.

B cootBercTBum ¢ BCH 52-86 «¥Ycranoku ConHeunoro I'opsiaero Bomocuna6xkenns. HopMBI TpOSKTHPOBAHUS

V - yaeabHblii 06beM 6aka-akkymysiTopa (06bem 6aka Ha 1 M* IUIOINAAM COTHEYHOT0 KOJLIIEKTOPA), MPHHHMAETCS
pasubM 0,06 nas 11, 0,07 - gas 111 u 0,08 m/m? - st IV KIMMAaTHYeCKOro paiiona.

O0bem Daka-akKKymyJsiTopa
V' = 97,02 m? * 0,07 m¥in’ = 6,7914 M° = 6791,4 a1
[puMensiemas apmMatypa.
Apmatypa COOTBETCTBYIOIIAsl YCIOBHUSIM DKCIUTyaTaIlK COJHEUHOM cucTeMbl Broen Ballomax st mapa.
PaGoune temnepatypsl -40 °C +250°C

CxeMbl MOAKJIIOYCHHUA COTHCYHBIX KOJUVICKTOPOB B TCIVIOBBLIX COJTHECIHBIX CHCTEMAX 0oJ1ee
2
25 M” B 3aBHCHMOCTH OT XAPAKTCPUCTUK TCIVIOHOCUTEJISA.

Cxema 2
0,37 I/s d22x1,0
L=2,5x5m=22,5m CONMHEYHbIE KONNEKTOPBI C 30 BAKYYMHbIMW TPYEKAMMU, 6 TPYMNM MO 5 KONJTEKTOPOB
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8,000m° 16,9 m 0,707 kBt

Copoc Tenuia 1151 3aIUTHI
OT KHIEHHUS TEMIOHOCHTEJISt

Cxema 2 ~



Cxema 1

0,36 1/s d22x1,0 L=2,5x 15m =47,5m COJTHEYHbIE KOJIJIEKTOPbI C 30 BAKYYMHbBIMW TPYBKAMMW, 2 TPYMMbI NO 15 KOJ/IJIEKTOPOB

0,36 1/s d40x1,0 L=10m

d40x1,0
d40x1,0

d40x1,0

d40x1,0

MoTtepwu npu noToke

0,72 n/c = 0,25 Kr/cm2
HE TPEBYETCA 3ALLUTA

OT KMNEHUA

‘_<>_‘_I TENNOHOCUTENA

Cxema 1 ~_

0,72 I/s d40x1,0 L=77,5m ¥ |

Wilo-Stratos 30/1-12 CAN PN 10
Pa6ouast Touka 2,57v° 10,2 m 0,193 kBt

IMoaka04YeHNe MCTOYHMKOB U MOTPeduTeE el Tenaa

LETCKUA CAOMK KYXHA U TPYNMbI
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MopeaupoBaHue CUCTEMBI JJIsl TOPSIYero BoJocHa0keHus1 AeTcKoro caauka Ha 300 gereit
10 MOTOIHBIM ycJoBUAM I'. KneBa 111 npoBepku nokasartedeii 3¢ gpeKTUBHOCTH:

Kondurypauus noJjs

COJTHCYHBIX KO/JIEKTOPOB
(morJomAawINas IomAaIb
KOJLIEKTOPOB M/
napajiejbHble TPYNNbI+
1y0MpoBaHue)

O0bem Oaka-
aKkkymyJasaTopa (;1)
MOIHOCTH
ayoanpoBaHusi(kBT)

TI'oposoii KII/I

(mosryyeHHAst
JHeprust
/3aTpayeHHyI0

JHEPruio) %

3aTpatsl

IHEPruun
kBT*4
CTOUMOCTH

3JL.OHEPT UK
1xB1*u = 1,80rpH

KoaunuecTBoO
HCI0Jb30BaHHOM
3Heprum KBr*u
1 I'kan =1632 rpu

CTOMMOCTb TeIlIa
1kB1*u = 1,40 rpH

MopeanpoBaHnue cucTeMbl 0e3 1yOJTHPOBaHNS - COJTHEYHbIE KOJIEKTOPHI

, 2000 1 45004
97 m" -2 (cxema 1) 241 17552 (He o0ecreunBaAIOTCSI
Alyoamuposanus Her norpedHoctu B I'BC)
43600
97 mM*- 6 (cxema 2) 2000 x 232 17876 (He oOecrieyuBaIOTCS
Alyoamposanust Her norpedHoctu B I'BC)
97 m’- 6 (cxema 1) 6000 543 13528 73360
97 m’- 6 (cxema 2) 6000 389 18792 73039

MojaeanpoBaHue CHCTEMBbI ¢ 1y0JMPOBAHUEM — COJTHEYHbI

€ KOJUIEKTOPHI + TENJI0BOIi HACOC BO3IYX-BOJa

97 m*-2 + Ten10Boii HACOC

6000 1 + TH 19xBT

Bo3nyx-soga DVM-III ECO (cpeaHeronoBoii 1798 4169 74950
A2/W35 COP=4,7 COP=3,05)

50 m’—1 + Tems1oBoii nacoc | 6000 ;1 +TH 19xBT

Bo3ayx-Boga DVM-III ECO (cpeaHeronoBoii 787 9480 74595
A2/W35 COP=4,7 COP=3.3)

MopaennpoBaHue CHCTEMBI §€3 COTHEYHBIX KOJUIEKTOPOB - TEMJI0BOIH HACOC BO3AYX-BOIA
TenJioBoii Hacoc 19xBT

Bo3ayx-Boga DVM-III ECO (cpeaHeronoBoii 197 37164 73267

A2/W35 COP=4,7 COP=3,05)

MopeaupoBaHue COJTHEYHOH cHCTeMBI A1 AeTckoro caguka Ha 300 nereii ¢ 6acceiinom 18 M3 (3m x Sm)
10 MOTOIHBIM ycJ0BHAM I'. KneBa it npoBepku nokasartedneii 3¢ gpeKTUBHOCTH:

Kondurypauus cucreMbl u
M0JIS1 COJTHEYHBIX

KOJIVIEKTOPOB
(morsomawmas MJiomaab
KOJLIIEKTOPOB M%/
napaJjuiejibHble rpynnsl +
ay0aupoBaHue)

Oo0bem Daka-
aKKymyJisiTopa (J1)
MOIIHOCTH
ayoaupoBanusi(kBT)

T'opoBoii
KILT,

(moJryyeHHast

IHeprus
/3aTpayeHHyI0

JHEPIUI0) %

3aTpatsl

IHEPruu
kBT*4
CTOUMOCTh

3J1.3HEPT UK
1xkB1*u = 1,80rpH

KoaunuecTBoO
HCIO0Jb30BaHHOM
3Heprum KBr*u
1 I'kan =1632 rpu

crouMocTh Terma 1kBr*a = 1,40
IpH

MoaenanpoBanue cucTeMbl 6e3 1y0JIHpPOBaHUS

) 2000 54777
97 Mm*- 6 (cxeMa 1) 312 14790 (He o0ecneyHBaIOTCS
'Hyﬁ'ﬂI/IpOBaHI/I’l HeT norpednoctu B 'BC)
97 M- 6 (cxema 2) 2000 x 265 19440 (e ot
Ilyﬁ‘HHPOBaHHﬂ HeT norpednoctu B 'BC)
97 m*- 6 (cxema 1) 6000 n 564 13528 76360
97 m’- 6 (cxema 2) 6000 n 404 18792 76039
MogeanpoBaHue CHCTEMBI ¢ Ay0JMpoBaHNeM (TeIJIOBOH HACOC BO31YX-BO/a)
97 M’ — 2 + TennoBoii nacoc | 6000 a1 + TH 19xBT
Bo3ayx-soga DVM-III ECO (cpeaneronoBoii 1845 4169 76950
A2/W35 COP=4,7 COP=3,05)
50 m” — 1 + TennoBoii Hacoc | 6000 1 + TH 19xBT
Bo3ayx-Boga DVM-III ECO (cpeaHeroaoBoi 807 9480 76595
A2/W35 COP=4,7 COP=3,05)
MojaeanpoBaHue CUCTEMBI 0€3 COTHEYHBIX KOJJIEKTOPOB — TEIJIOBOI HACOC BO3AYX-BOJa
TemnoBoii Hacoc 19xBTt
Bo3ayx-soga DVM-III ECO (cpeaneronoBoii 199 38164 76264

A2/W35 COP=4,7

COP=3,15)




CpaBHUTEJIBHBII AHAJIN3 KOHCTPYKTHBHOI'O pPelieHMsl, BLIOOPa MaTepHaJioB, cXeMbI 110/ KOJJIEKTOPOB,
yca10BMii NpUMeHeHHs, 3(PPEeKTUBHOCTH M HATEKHOCTH.

Cxema 1 — remsionocutesis [IMC (ECO-HT)

Cxema 2 — tersioHocutesib Ilponmuaenrankouas 40%

Tensonorepu npu Max HHCOJIALUU
163 kBTt B yac (dT) =240 K

VY ienbHBIe TEIUIONOTEPH KOJUIEKTOPOB

Bez Betpa 0,681 Bt/ M**K C yuetom Betpa 0,749 Bt/ M**K
O06mias mIomaas KOJUIEKTOPOB 4,7M2*30:141M2

Max remtonorepu (kBt) 141%240%*0,749 = 25,4 kBT

Max remonorepu (%) 25,4/ 163*100 = 15,5%
Tennonorepu Tpy6onposomos mpu dT =240 C

IInomans noBepXHOCTH Tpybonposoaos 0,04*3,14%97,5=12,25 m*
Temnouzousnus A min = 0,032 Br/(mM*K) Tonmuuna 40mMm
(dT)*S*R=dT*S*d/A [(M?*K)/Br], d— Tonmuuna B MmeTpax
240K*12,25M7*0,04/0,032(M2eK)/BT = 3,675 kBT

Max Tenionorepu Tpy6(%) 3,675/ 163*100 = 2,25%

Max Tentonotepu npu (dT) =240 K => 17,8%

Tensonorepu Npu cpeaHEroA0BOH HHCOAAMHU
69,84 kBt B yac (dT) = 60 K

TEIUIONOTEPH KOJUIeKTopoB 141*60%0,749 = 4,7xBt
Tpy6ompoBonos 60K*12,25M**0,04/0,032(M2¢K)/Bt = 0,9kBT
4,7+0,9=5,6xBT

Cpenneroniosbie notepu (dT = 60K) 5,6/69,8%100 = 8 %o
TermormTepn YUYTEHLI IPU MOAECJITUPOBAHUUA

Tensonorepu npu Max MHCOIALUU
163 kBt B yac (dT) =240 K

Y iebHbIe TeIUIONOTepH KOJUIEKTOPOB

Bez Betpa 0,681 B/ M**K C yuetom Betpa 0,749 Bt/ M**K
O01as miIom@ans KOJUIEKTOPOB 4,7M2*30:141M2

Max Tenionorepu (kBt) 141%110%0,749 = 11,6xBT
Max Tenionorepu (%) 11,6 /163*100 =7,1%
Tensonorepu Tpy6onposoaos npu dT =110 K
ILromaab noBepxHocTH TPyOONpPOBOIOB
3,14%(0,054*76+0,035%50+0,032*42+0,022*30)=24,7 m*
Temnouzonsuus A min = 0,032 Bt/(m°K) Tommuuna 40mm
(dT)*S*R= dT*S*d/A [(M2K)/Brt], d— TonmuHa B MeTpax
110K*24,7m%*0,04/0,032(m2<K)/Bt = 3,399 kBT

Max Tenionorepu Tpyo(%) 3,399 /163*100 = 2,08%

Max temionorepu npu (dT) = 110 K => 9,2 %

Temionorepu NpM CPeAHEroA0BOI HHCOJISIIUN
69,84 kBt B yac (dT) =60 K

CpenHue TemonoTepu KowekTopos 141%40%*0,749 = 4,2xBt
Tpy6Gomnposoos 40K*24,7m**0,04/0,032(M2*K)/BT = 1,2KBT
4,2+1,2=5,4xBt

Cpennne notepu (dT = 40K) 5,4/69,8%100 = 7,7 %
Tensionorepu y4TreHbl IPpH MOJeJIMPOBAHUHI

Tensonocurenan (IIMC-10) ECO-HT
I'maporenuessiii noaumep IoimMeTniacuIokcan
Si-0O-Si-0-Si-O-Si-O

I'OCT 13032-77

Xumndeckn uHepTeH. [Ip MpoM3BOACTBE HE BBIACISIOTCS BPEJHBIC BEIECTBA.
Oxonoruuecky 6e3BpeeH.
MarnoonacHoe BeIecTBO K 4, HE pa3/ipaxkaeT CIM3UCTbIE 000JIOUYKH U KOXKY.

Tensonocurenns IponuieH riauKoab (CHUPTHI)
C;H30, CH(OH)-CH(OH)-CH;

B nporuecce okucieHus 1,2-npoNMISHITIMKONSA MPOJYKTAMU PEAKLHUU SBIISIOTCS
AIleTOH, MPOMHMOHOBBIl  aNBJCTHJ, MOJIOYHAs KHUCJIOTa, (OpPMaBACTUL,
aneTaabACIuA U Ap.

B OOJIBIIMX JI033aX YTHETAaeT LIEHTP. HEPBHYIO CUCTEMY.

VYnorpebneHue NPOAYKTOB NHUTaHUS (M30BITOYHOE), COAEpXKaMX J100aBKy
nponmieH rmkonab E1520, MoxeT IpHBECTH K HOBPEXKICHHIO TOYEK.

YaenbHas TemaoeMkocTth 1632 JIxk/(kr-K)
He conep:kut BoabI
Tepmuueckn cTadujien

YiaeabHas TenjgoeMKocTh N-rukos 2890 JIx/(kr-K)
Pazaaraercs npu T>107 °C

Tennoemkocts 40% pacTBopa
4190(Bona)*0,6+2890(ramkoan)*0,4 = 3670 J:x/(kr-K)

Hanexna
(He Tpedyercs OecnepedoitHOe muUTaHME, cOPOC TemJia)
dT=140C max padouasi T=240C BeiaepxxuBaet T=350C
Max KoJIM4eCTBO I0JIy4aeMOro Terjia
Q=2570%1,632 x/Lx/kr-K*140/3600= 163xB1*u

Heo0xoauma 3amuTa oT neperpeBa TenJoOHOCUTEJIs
(0ecnepeboiinoe muTaHue, cOPOC Temia)
dT=20C max padouas T=95C
Max KoJIM4ecTBO MOJy4aeMoro Temjia
Q=8000*3,67 xa/kr-K*20/3600= 163xB1*u

Cxema 1

ITone u3 2-x rpyni 1o 15 KOJIEKTOPOB B KaXKIOH.

I'pynmer pacmonokeHbl B /Ba psAja Ha IUIOCKOH KpPOBJE.
Paccrognue mexnay psaamu 10Mm.

3aTeHeHHe KOIEKTOPOB OTCYTCTBYeT, opuenTarus 0° yromn
HAKJIOHA K TOpU30HTY 45°

Cxema 2
(cxemMa 3allUIIeHa OT NeperpeBa NpPH YCJI0BHU OecrniepedOHOr0 NMHTAHUSA
HACOCOB H BEHTUJISAITOPAa KOHTYPA O0TBO/AA TeIlia)

[Tone u3 6 Tpymnm MO 5 KOJJIEKTOPOB B KAKIOH

['pynmel pacnonokeHbl B JBa psiia Ha IUIOCKOM KpOBIIE.
Paccrostnue mexy psaamu 10m.

3aTeHeHHE KOIIEKTOPOB OTCYTCTBYeT, opuenTamus 0° yron
HAKJIOHA K TOPU30HTY 45°

2,570m°/4 dT = 140C
TpyObl, ckopocTH, 00bEM:

d 40x1,0 =>97,5m; 0,72 ni/c ; 0,626 Mm/c; 110,58
conHeuHble komutekTopsl (d22x1,0x2,5m) 0,361/c; 30T 27,4
temtooomennuk 0,72 1/c; 251
00BeM COTTHEYHOTO KOHTYpa 140,481

I'mapaBianyeckuii pacyer (cxema 1):
Pabouas Touka =>2,570m 10,2 M B.C.
Hacoc Wilo-Stratos 30/1-12 CAN PN 10

MomnocTs B paboueii Touxe (0,193 kBT
* PasHuua a )HepronoTpedJeHHH He y4TeHA B CPABHUTEJIbHOI Tabauue
roJ0BbIX MOKA3aTeJIeii.

8,000m’/4 dT = 20C
TpyObl, ckopocTH, 00beM:

d 54x1,5=>76m ;2,23 n/c; 1,091 m/c 155,25 n
d 35x1,0=>50m; 1,48 si/c ; 1,73m/c 42,76 n
d 32x1,0=>42m ;0,74 n/c ; 1,047 m/c 29,69 n
d22x1,0=>30m; 0,37 n/c ; 1,178 m/c 9,42 n
xosuektopsl (d22x1,0x2,5m) 30wt 27,4 n
Tem1000MeHHUK 2,23 11/c 251
00bEM COJTHEUHOTO KOHTYpa 267,02 JI

I'mapaBanyeckuii pacyer (cxema 2):
PaGouas Touxa => 8,000m’ 16,9 M B.C.
Hacoc Wilo-BAC 40/129-0,75/2-R

MomHocTsh B paoueii Touxe (0,707 kBT




CpaBHeHue 3((peKTHBHOCTH KANMTAJIOBJIOKEHU I
(cucTema HarpeBa ropsiueii Boabl)

CO/IHEeYHbIe CO/IHeYHble CO/IHEeYHbIe CO/IHEeYHble
ueHa ueHa o
O6opyaoBaHue Konnekrtopbl 30 wiT| Konnekropbl 30 wWT | Konektopbl 30 WT | KonekTopbl 15 wt TennoBoi Hacoc
MOHTa)Ka |eauHULbl . o
Cxema 1 Cxema 2 +TennoBsoW Hacoc | +TennoBoi Hacoc
1 | BakyymHble conHeyHble Koiektopbl no 30 Tpy6ok 1850x58 150 790 30| 28200 30| 28200 30| 28200 15 14100 0| 0|
2 TensoBoi Hacoc (TH) 19 kBT 700 8620 0 0| 0| 0| 1 9320 1 9320, 1 9320
3 6ak-akkymynatop 2000 a1 / 6000 n 400 2580 1] 2980 1] 2980 1] 2980 1] 2980 1 2980
4 HAaCcOoCbl KOHTYpa CONHLa 100 800 1] 900, 1] 900 1] 900 1 900 0 0]
5 | Tpy6onposoabl conHua ¢ n3onaumein n apmatypoit Cxema 1 900 2400 1] 3300 0| 0| 1] 3300 1 1650, 0 0|
6 | Tpy6onpoBogb! CONHLA C M30oNALMelt 1 apmaTypoii Cxema 2 1700 4400 0] 0 1 6100 0] 0 0 0| 0| 0
7 LMPKYNALMOHHDBIN Hacoc Harpesa ot TN 100 400 1] 500 1] 500 1] 500 1 500 1 500
8 Hacoc umpkynaunm MBC 100 400 1] 500 1] 500 1] 500 1 500 1 500
9 Tens006MeHHbI annapat conHua 200 1000 1 1200 1 1200 1 1200 1 1200 0 0
10 LMPKYNALIMOHHBIW Hacoc Harpesa oT TH 100 400 0| 0| 1] 500 1 500 1 500
11 ABTOMaTMKa, maTepuanbl, TENI1OHOCUTEND 1550 1 1550 1 1550 1 1550 1 1550 1 1550
06wan croumocts 8 USD 39130,00 41930,00 48950,00 33200,00 15350,00
06wwan croumoctb (rpuBHa) Kypc USD 24 939120,00 1006320,00 1174800,00 796800,00 368400,00
Kna 542 389 1798 787 197
ebibpocoe CO2, K2 & 200 19273 18457 35757 25623 20399
MpoussegeHHas Tennosas sHeprus, 1kBr =1,4 rpH 1,4 73360 1,4 73039 1,4 74950 1,4 74595 1,4 73267
Mpou3segeHHan Tennosas sHeprus Mkan ( Mkan=1632 rpH) 63,0896 62,8136 64,4570 64,1517 63,0097
3aTpayeHHasn aneKTpo sHeprua, 1kBr=1,8 rpH 1,8] 13528 1,8] 18792 1,8] 4169 1,8 9480 1,8 37164
€erofHas sKoHoMuA (rpH) 78353,60 68429,00 97425,80 87369,00 35678,60
¢ Tennosbimy cetamn
exerogHas skoHomua (%) 81,56 74,27 94,44 87,29 49,28
MpAmoii BO3BPaT MHBECTULMIA 11,99 14,71 12,06 9,12 10,33
33 CYeT 3KOHOMUM LieHbl [Kasn, net
CpoK cy6bl 25,00 25,00 25,00 25,00 25,00
OKynaemocTb 060pyA0BaHMUA C y4ETOM MOJy4eHO NPUBLIN 575 8,65 582 3,33 426
B TEYEHUW CPOKa CAYKObl, NeT
|| ueHa Mkan tenna 1626,80 1626,80 1626,80 1626,80 1626,80
Aownocne 299,99 418,55 90,49 206,74 825,18
CpaBHeHWe NPoeKTHbIX peweHuit no MPUBEAEHHLIM 3ATPATAM
MpuBeaeHHble 3aTpaThl - (HopmaTns
" 0,12 137044,80 154584,00 148480,20 112680,00 111103,20
3¢ peKTMBHOCTU KanuTanosnoxeHuii EH=0,12)
CpaBHeHMe NPOEKTHbIX peleruii no IPGEKTUBHOCTU KAMUTANIOB/IOXKEHUIN
3¢ PeKTUBHOCTb KANUTANOBNOKEHU I
1000 000 83433,00 67999,24 82929,69 109649,85 96847,45
Ha 1 000 000 rpH
CpaBHeHue 3(p(PeKTUBHOCTH KAMMTAJIOBJIOKEHUI
(cucTeMa HarpeBa ropsiueii Boabl H HarpeB 0acceiiHa)
eHa ena CO/IHEeYHble CO/IHEYHblIe CO/IHEYHblIe CO/IHEeYHble
H; H; ~
O6opypoBaHue > u Konnektopbl 30 Konnektopbl 30 Konekropbl 30 Konekropbl 15 Tenn0Boi Hacoc
MOHTa)ka | eANHULbI o o
Cxema 1 Cxema 2 +TennoBoi Hacoc +TennoBou Hacoc
1 | BakyymHble conHeuHble Konnektopbl no 30 Tpy6ok 1850x58 150 790 30| 28200 30| 28200 30| 28200 15 14100 0| 0]
2 Tennosow Hacoc (TH) 19 kBT 700 8620 0| o] 0| o] 1] 9320, 1 9320 1 9320
3 6ak-akkymynsTop 2000 2 / 6000 1 400 2580 1] 2980 1] 2980 1] 2980 1 2980 1 2980
4 HACOCbl KOHTypa CONHLA 100 800 1 900 1 900 1 900 1 900 0| o]
5 | TpybonpoBoabl conHua ¢ usonaumei u apmatypoit Cxema 1 900 2400 1 3300 0| o] 1 3300 1 1650 0| 0
6 | Tpy6onpoBoAbl CONHLA C U3onaumMein 1 apmaTypoit Cxema 2 1700 4400 0| o] 1 6100 o] 0| 0| 0| 0| o]
7 LMPKY/IALMOHHbIWA Hacoc Harpesa ot TN 100 400 1 500 1 500 1 500 1 500 1 500
8 Hacoc unpkynaummn NBC 100 400 1 500 1 500 1 500, 1 500 1 500}
9 TenN006MEHHbIM annapat conHua 200 1000 1 1200 1 1200 1 1200 1 1200 0 0
10 TennoobMeHHbI annapaT 1 Hacoc Harpesa 6acceiHa 200 800 1] 1000, 1] 1000, 1] 1000 1 1000 1 1000,
11 LMPKYJALMOHHbIV Hacoc Harpesa o TH 100 400 0 0 1 500 1 500 1 500
12 ABTOMaTUKa, MaTepuansbl, TENJIOHOCUTENb 1550 1 1550 1 1550 1 1550 1 1550 1 1550
06uan croumocts (USD) 40130 42930 49950 34200 16350
0O6Las ctoumocTb (rpusHa) Kkypc USD 24 963120 1030320 1198800 820800 392400
NMOKA3ATENIN 3OPEKTUBHOCTU
KI'I,D,| 564 404 1845 807 199
CHWKeHue Bbibpocos CO2, Kr B ro, 19273 18457 35757 25623 20399
MNpousBegeHHas Tennosas saHeprus, 1KBr=1,4 rpH 1,4 76360 1,4 76039 1,4 76950 1,4 76595 1,4 76267
MpounsseaeHHas Tennosas aHeprua Mkan ( kan=1632 ) 65,6696 65,3936 66,1770 65,8717 65,5897
3arpaveHHas aneKkTpo sHeprusa, 1kBT=1,8 rpH 1,8 13528 1,8 18792 1,8 4169 1,8 9480 1,8 38164
€XKeroaHan 3KoHOMMA (rpH) 82554 72629 100226 90169 38079
e)keroaHasa skoHomusa (%) 82,28 75,29 94,58 87,62 49,96
Bosspat usecTLuit 11,67 14,19 11,9 9,10 10,31
33 CYET SKOHOMMUU UEeHbI ann, net
CpoK c/yK6bl 25,00 25,00 25,00 25,00 25,00
OKynaemocTb 060PYA0BaHMA C Y4ETOM NOAY4EHON NPUBLIAN 544 8,05 572 3,31 425
B TEYEHWUM CPOKa CykEbl, neT
L ueHa Mkan Tenna 1626,80 1626,80 1626,80 1626,80 1626,80
Aownocne 288,21 402,04 88,14 201,35 814,05
CpaBHeHUe NPoeKTHbIX peweHunii no NPUBELEHHBIM 3ATPATAM
MpuBeaeHHbIe 3aTpatbl - (HopmaTns adpdpekTMBHOCTU
" 0,12 139925 157464 151360 115560 115783
KanuTanosnoxeui En=0,12)
CpaBHeHWe NPOEKTHbIX peweHnii no IOOGEKTUBHOCTU KAMUTANIOB/IOKEHWUNA
3¢ PeKTUBHOCTb KANUTANOBNOKEHWIA
1000 000 85715 70492 83605 109855 97040
Ha 1000000 rpH




PeKOMeH]lyeMbIe TEXHUYICCKHE PCHICHUA U KOHIHCNTYAJIbHbIC CXCMbI:

Harpes ropsiueit Boabl:

ConHeyHast cucteMa ¢ AyOIUpOBaHHEM TEIUIOBBIM HAacOCOM BO3MyX-BOJa, OaKOM-TETUIOAKKYMYJISITOPOM
60001 B 3aBUCHUMOH cXEME MTOAKITIOUYECHUA K TEIUIOBOU CETH.

Croumocts ['kan reria = 206,74 rpususl ¢ HJIC

Exeromnas sxoHOMUSA 87369 rpuseH

DKOHOMHMSI B CPABHEHUH C CYIIECTBYIOIIEH cuctemon 87%

0,37 |/$ d22X1,0 L=2,5x 15m =47,5m COJTHEYHbIE KOJIJTIEKTOPbI C 30 BAKYYMHbBIMU TPYBKAMMU, 1 TPYMNMNA n3 15 KOJIJIEKTOPOB
o o
o o
& 0,37 1/s d28x1,0 L=45m 0,37 I/s d28x1,0 L=45m 3
S 3
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Harpes ropsiueii Boabl u nmogporpesa d6acceiina.

ConneuHas cucremMa ¢ AyOJMpOBaHHMEM TEIUIOBBIM HAcCOCOM BO3AYX-BOJA, 0OaKOM-TEIIOAKKYMYJSTOPOM
6000 B 3aBUCHUMOH cXeM€E ITOAKIIOUYECHUS K TEIUIOBOU CETH.

Croumocts I'kan teruna = 201,35 rpusnsl ¢ HIC

Exxerognas skoHoMust 90169 rpuBen

OKOHOMHUS B CPaBHEHUU C CyHIECTBYIOLIEN cucTeMoit 88%

0,37 1/s d22x1,0 L=2,5x 15m = 47,5m CO/THEYHbIE KOMIEKTOPbI C 30 BAKYYMHbIMU TPYEKAMM, 1 TPYMMA 13 15 KO/IJIEKTOPOB

0,37 I/s d28x1,0 L=45m 0,37 1/s d28x1,0 L=45m

d28x1,0
d40x1,0

MNEPBUYHbLIN N BTOPUYHbBIN HACOChI ﬂ,ETCKVlV] CAZIMK KYXHS U TPYMMb

HATPEBA OT COTHEYHOIO KOHTYPA
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Onucanue coctaBa 000py10BaAHUA M TEXHUYECKUX PellleHuid.

PeKOMEHIlyeMLIe CHCTEMBI COCTOAT HU3:

1.

Bydepnoro 6aka temmonocutenst 65001 BcTpamBaeMoOro B MOJIYJb MPUTOTOBJICHUSI TOPSUEH BOIBI TEIUIOBOTO
nyHkTa. bygepHbiii 6ak o0bequHsAET 3-M UCTOYHUKA HArpeBa TEIUIOBBIE CETH, TEIUIOBOW HAacoc BO3AyX-BoJa U
COJTHEUHYIO CHCTEMY.

TemmoBoro Hacoca BO3AyX — BoJa Kak IyOJHPYIOIIETO COJIHEYHbIE KOJUIEKTOPHI HCTOYHHMKA Temja BHE
OTOMUTENBHOTO MEPHOJIA.

KonTyp momorpesa BobI 17151 yMBIBaIBbHUKOB, TyIIEH, CYyIIUTENEH AETCKOTO Ca/ia MOAKIIOUEH K 00IIeMy KOHTYPY
ropsiaeii Boabr 55°C depes LeHTPaIbHbI TePMO-CMECHTEIBHBIH KpPaH, HACTPOCHHBI Ha TEMIIEpPaTypy MOAadH 35
OC. lleHTpanbHBIii TEPMO-CMECHTENBHbIH KpaH O0GOPYJAOBAaH BCTPOGHHOM 3aIIUTOH OT O0XOrOB, KOTOpAS
ABTOMAaTUYECKH 3aKphIBa€T TOJady IMPH OTCYTCTBUM XOJIOMHOW BOABI. LIMpKyssmmoHHass Marmcrpaib KOHTypa
ropstueit  Boapl obOopymoBaHa OOpaTHBIM W OaJaHCHPOBOYHBIM KpaHAMH U TOAKIIOYEHA K oO0mmemMy
TUPKYJISIAOHHOMY KOHTYPY.

Kontypa momorpesa Boasl 10 55 °C  mos KyXHHM, NpadedyHoil ¢ HAacoca WHPKYISALHH ropsueil BOABI K
PETYIHPYIOIIUM KPAHOM C DIIEKTPOIIPHBOIOM MOJIYUAIOIIMM CUTHAI OT IIEHTPaJIhbHOTO KOHTPOJepa

CoyTHEYHOH CHCTEMBI COCTOSIIEH M3 KOJUIEKTOPOB C TPYOKaMHU MMEIOIIUMH CEJIeKTHBHOE MOKPHITHE, BAKYYMHYIO
M30JIAIMIO U TEIIOBbIe TPyObI [UTs Tertonepeaadn. [11omans colHIenoriomaromieii mopepxaoctu 48m°, pabouas
Temmepatypa 60 - 240 °C. ConHedHbIH KOHTYp 3aMKHYTOTO THIIA C IUIACTHHYATHIM MASHHBIM TEMIOOOMEHHBIM
anmaparoM 150kBT u HacocamMu TIEpBUYHOIO MU BTOPUYHOIO KOHTypa. I[lepBUUYHBIA KOHTYpP COJIHEUHBIX
KOJUICKTOPOB 3arOjHEH BBICOKOTeMImeparypHbiM Temtorocutenem I[IMC-10 (ECO-HT) 140 n wumeer B
COOTBETCTBMM C HOPMAMH Ul CONHEUHBIX CHCTEM C IUIOI[AAbi0 Oonee 25M° 1Ba HACOCA OCHOBHOH W
Iyonmupyomuii. BTopuyHeIid KOHTYp MOAKIIOUEH K OydepHOoMy Oaky 6500 11 3aBHCHMOTO TEIUIOBOTO IIYHKTAa H
3aroJIHEH MOATrOTOBJICHHAS BOIOM U3 TemioBoi cetu. ColtHeuHas cucreMa o0opy/loBaHa apMaTypoil Jutst cepBHca 1
XHUMUYECKOH 00pabOTKH U CepBUCHOM eMKOCThI0 2001 AT TEMIIOHOCHUTEIS.

Cucrembl yrpaBieHUs, KOHTPOJIUPYIOIIEH TeMIlepaTypbl KOHTYPOB TEIUIOCHAOKEHMsI, HArpeBa ropsyeil BOIBI C
yAaJeHHoOH nucnerdepru3anneii uepe3 naTepHeT. OOIIas cucteMa aBTOMAaTHKH YIIPaBIISIeT:

e HarpeBoM OydepHoro 6aka OT CONHEYHOH CHUCTEMBI, TEIJIOBOTO HACOCa W TEIUIOBOM CETH ONpenessis
NPUOPHUTETH KICTOYHHUKOB 110 TpaduKy, TapUQy ¥ yCTAaHOBICHHBIM JIMMHTAM SHEPTronoTpedIeHus,
HacocoM HarpeBa cucteMbl ['BC ot OydepHoro 6aka v HUPKYJISIIHMOHHBIM HACOCOM
MOJIOrPeBOM OacceliHa
NoJIepKaHueM TeMIepaTypsl OydepHoro Oaka
aHTHOaKTepHaNbHOM 00padoTKol cuctembl [ BC
JpeHaKHBIM HACOCOM TEXHHYECKOT'O 3Ta)Ka, CUTHAIU3UPYET O MPOTEUKaX.

Pazpaborannasi cxeMa NIPpUTrOTOBJICHUS IOpsivyeii BOIbI U OJ0orpeBa 0acceiina o0ecne4yuBaeT:

1.
2.

ARG

HarpeB HeO6XO)Z[I/IMOFO KOJIMYECTBA BOJbI B COOTBECTCTBUH C CAHUTAPHBIMHU HOPMAaMMU.

besonacHocTh nereit M 3alIUTYy OT OKOTOB ropsyei BOJOW M TOPSIYMMU MOBEPXHOCTSAMH CYIIUTENEH 3a CUET

IPHMEHEHHUS [EHTPAILHOTO CMECHTENS C YCTAHOBICHHOH TemmepaTypoii momaun 35 °C M ¢ aBTOMATHYECKUM

3aKpBITUEM IIOJIAYU TOPSIYEH BOJBI IPU OTCYTCTBUU XOJIOJHOM.

CanuTapHyro 0€30MacHOCTh W 3alUTy OT OaKTepUil 3a CYET MPUMEHEHHS TEPMUYECKOW OOpPaOOTKH CUCTEMBI

ropsYero BOJIOCHA0KEeHUSI.

PasznenpHOE BOJOCHAOKEHNE TEXHOIOTHH KYXHH, TpadedHoil ropsaeil Bomoil ¢ temmeparypoii 55°C - 65 °C u

YMBIBATBHUKOB, IyIIIeil, CyIIHTeNnei eTCKOro caa ropsaeii Bogoii ¢ remmeparypoii 35°C.

DKOHOMHIO PECYPCOB 3a CUET HCIIOJIb30BaHUs COTHEUHBIX KOJUIEKTOPOB Ha 87% B TOf

OKOHOMHMIO BOJBI 32 CUET PEIHPKYIISIIHN.

Bonee Bbicokas 3PPEKTUBHOCTh COIHEYHOI'O KOHTYpa 3a CUET MCIOJb30BAHUS KOHCTPYKTOPCKUX PEIICHUHN U

CIIEIUATBHOTO TEITIOHOCUTEIIS:

HM3KO# TemnoeMkocTrio 1.632 kJx/kr-K

MEHBITUMH pacxomamu 2570 y1/gac

MeHBIUMHU AHaMETPaMA TPYO M COOTBETCTBEHHO WX MEHBITICH MacCcol 1 OOIIeH TeII0eMKOCTBIO.

MenbmmM 3HEpronoTpedIeHreM Hacoca COTHEYHOTO KOHTYpA.

MeHBITUM KOJTHMYEeCTBOM TEIUIOHOCUTENS 10 2671 -140m =127 .

Cucrema JOCTHUTaeT MPUMEHUMBIX TeMIEepaTyp MpHU HU3KOI COTHEUHOM MHCOJISIIINY 32 CYET YCTaHOBKH 15-Tu

COJTHEUHBIX KOJIJICKTOPOB IOCIICJOBATEIBHO B OJHY JHHHIO MO cXeMe 1. DTo JenaeT BO3MOXHBIM paboTy

CUCTEMEI B 0oJlee paHHee U MO3/IHEE BPEMs, a TAKIKE B TACMYPHYIO ITOTOY.

e Heorsemiiemas HafieXXHOCTh U TIOJTHASS KOHCTPYKTHBHASI 3alllMTa OT MeperpeBa NMpU CTarHaIly - OTCYTCTBHUU
MUPKYJSIIAA  FUJIA  TEIUIOCheMa B KOHTYPE COJNHEYHBIX KOJUIEKTOPOB JIOCTHTAaeTCd NPUMEHEHHEM

TepMOCTa6I/IJ'II>HOl"O TCIUIOHOCUTCJIA HE COACPIKAILCTO BOAY *. (CM HpI/IMe‘IaHI/IH)

o CokpaileHHOE BpeMs pasroHa 70 pabouux TeMmIeparyp IpH 3allycke 3a CYeT KOHCTPYKTHBHO HHU3KOU
TETJIOEMKOCTH 3JIEMEHTOB COJTHEYHOTO KOHTYpa BBIMIOJIHEHHOTO 110 cxeme 1 B 9 pas.



HenocraTok MOBBIIICHHBIE TEIUIONOTEPHU CBSA3aHHBIC C BBICOKUMH pabO4YMMU TEMIIEpaTypaMd B PEKOMEHIYEMOM
BapHaHTe BBIIIE, YeM Y CpEAHETEMIIEPATYPHBIX CUCTEM:
e [Ipu makcumansHOM uHCcOomsiu Ha  17,8% - 9,2% = 8,6 %.
e [lpu cpennerogoBoii uncomsiuuu Ha 8% - 7,7% = 0,3 %.

W30bITOUHBIE TEIJIOBBIE IMOTEPU HEBENHMKH, AONYCTHMBI ,a KaKk BHAHO IO pe3yjbTaTaM MOJCIUPOBAHUS TaKas
KOHCTPYKLHUSI CHUCTEMBl obOecreuuBaeT Ooinbinee BpeMs 3PQEeKTUBHOH pabOTBl OT CONHEYHBIX KOJJIEKTOpOB. (CM.
MOJICTTMPOBAHHE U TPAPUKU HIDKE)

JlomoHuTENbHBIC, HEYYTCHHBIC TPEUMYINECTBA MBI PACCUUTHIBAEM MOJIYUYUTh OT Pa3MEIICHUs UCIIAPUTEILHOTO 0JIoKa
TEIUIOBOTO HACOCA B TETUIOBOM IYHKTE, 3TO TO3BOJHT YTHIH3UPOBATh TETUIONOTEPU TPYOOIPOBOIOB TEILIOBOTO ITyHKTA U
TpyOOIIPOBOIOB, MPOIOKEHHBIX B IOKOJIBHOM 3Ta)Ke. Takoe pacIloNoKEHHE ITO3BOJHUT HCIIOJIB30BAaTh TEIIOBOW HAcOC
KPYTJIOrOAMYHO (B OTOMUTEILHBIN MEPHOJ] TEIUIOBBIC CETH CTaHYT PE3ePBHBIM HUCTOYHMKOM HarpeBa BOJbI W OacceiiHa)
noBbICUTh cpenHerogoBoii COP ¢ 3,30 mo 4,45 W [NOMONHHUTENBHO COKOHOMHTH 8667 — 6429 = 2231 kBt*u
AJIEKTPOIHEPTHH, TI0 JeHcTByIomeMy Tapudy 1kBt*u = 1,80 rpH 3TO COCTAaBUT AOMONMHUTENHHO B Toa 4017 rpuBeH.

I[MTPUMEYAHWA:

TexHun4yeckoe pelwleHne r|p06neM|>| cTarHauuu.

OCHOBHAA MPOBNIEMA COJIHEYHbLIX CUCTEM YCTOMUMBOCTL K HAIPEBY 10 TEMMEPATYP CTAMHALIMW 280-330C
YTo e C «TpaAMLMOHHbIM» TensioHocMTeNnem ByaeT Npu Takmx TeMnepaTtypax?

1. TennoHocutenb 40% pacTBOp NPOMUIIEHININKOMS B BOAE pasnaraeTcs C BbiMageHnem TBEp40ro HepacTBOPUMOro
ocajka, Boga 3akunaet

2. O6bem napa 1500 pas npeBbillaeT 06bEM XNAKOCTU (MPpY aTMOCHEPHOM AaBMEHUN) NPU AABAEHUN B cUCTEME SKr/cm2
Ha ypoBHe KonnektopoB yBenuyeHune B 300 pas.

3. O6bem napoxuakocTHoW cMmecu yBenuuntcs. C yd4eTom obbema Xnakoctu B ogHoMm konnektope 0,8 n Ha
300%0,8=240n, => B 30 konnektopax 240*30 = 72001 — KOMNEHCMPOBAaTb 3TOT 0O0BLEM pacLUMPUTENbHLIN 6ak He CMOXET

4. [asneHue B cucteme obbemom 267 n + 72001 Bo3pacTeT, cpaboTaeT 3awmta no aBneHno — TENNoHocuTenb byaet
BbITECHEH Mapom.

5. Heobxoammo cHoBa ByaeT 3anonHsaTb cuctemy. OTo ByaeT BO3MOXHO TOMbKO MOCHE TOro Kak KOMNNEeKTOpbl OCTbIHYT —
3Ha4uT Beyepom. Ecnm cuTyaumsa BO3HUKNA yTPOM TO AeHb NoTepsinvu. ECTb BapuaHT 3aKpbiTb KOMNEKTOPbI
Henpo3payHbIM MaTepuanom, ecnv BeTep He NoMeLLaeT 1 yaacTCa 3anofiHUTb CUCTEMY - HAKpbITUE HYXXHO ByaeT CHATb
— npeacTaBbTe, YTO 3TO MOXET CIyYUTbCSl HECKOMbBKO pa3 B AeHb U B BbixogHble. KAK BAM TAKME TPAOULUNN?

6. Ewe Bonpoc kak yaansatb BO34yx — BO34yXOOTBOAYMKM AOSKHbI BblAepKaTb TEMNepaTypy cTarHauum Takke Kak 1
YNIOTHEHUSI X COEAMHEHMUI — [oXanyicTa, yKaXknte Moaenb «TpaauLUMOHHOIo» BO34YX00TBOAYMKA BblAEPKMBAIOLLETO
350 C.

7. Yactb TennoHocutens, obpasoBasLUas HepacTBOPMMbIA OCaA0K COKpaTUT unn 3abnokupyeT ceveHne TpybonposogoB
COSTHEYHbIX KOMMEKTOPOB — N3MEHUTCS TMApaBM4Yeckoe CONnpoTUBIEHNE.

8. Kaxgbin pas nocne neperpesa NnoHagobuTcsa cepBucHas rpynna, Kotopas A4ns 3anofiHeHUst U NMPOMbIBKM CUCTEMbI
MCrnonb3yeT Hacoc, co3aarLnii Bblcokoe aaBneHne. OgHako n3baBnTbCa OT HEPACTBOPUMOro ocajka He yaacTcs —
nNpuUaETCs MeHATb 3abNOKNPOBaHHbIE OCAAKOM YaCTU KOMSIEKTOPOB.

3TV NMPOBJEMbI U3BECTHbLI M TPAOVNLIMOHHO MELWAKT BHEOPATbL CONMHEYHbLIE CUCTEMBI
(CM. npunoxeHHble AOKYMEHTbI U UCCreA0BaHNs)

TexHn4eckoe pelleHne, npumeHeHHoe B npoekTe (nateHT Ne 52623 ot 10.08.2010 noneBble ucnbitanus ¢ 2007 roga):

1. B npoekTe NnpyMeHEeH 3KONOrMYeckn HEMTparbHbIA TEMMOHOCUTENb HA OCHOBE KpeMHuI nonmMepoB NMMC cTonkun k
Temnepatypam 350C n He cogepxalun Bogy.

2. TennoHocutens NMC npu 350C He pa3naraeTcs U HepacTBOPUMbIX OCAAKOB HEe 0Opa3yeTcs => TeNNOHOCUTENb He
TpebyeT oxnaxageHus.

3. TennoHocuTernb He KUMWT, TENOBOE paclumpeHne 2% npu HarpeBe KOMMNEHCUPYeTCs MeMOPaHHbLIM pacLUMPUTENbHbLIM
bakom 5-10% obbema cuctemsbl,— B criydae obbema 140n => 6ak 15 n.

4. Cwuctema c INMMC He TpebyeT NOBTOPHOro 3amnofHeHs Nocne crtarHauuu.

5. Cucrtema cobupaeTcs ¢ Ncnonb3oBaHWeM CBapHbIX COeAUHEHUIA, COeQUHEHNS BbINOMHSAOTCA aproHOBOW CBapKoW C
npoayBKoW cBapvBaeMbix Tpy6onpoBoAoB aproHoM. McnbITbiBaeTCs Ha repMeTUYHOCTb a3oToM. B crniyyae BeposATHOCTH
nonagaHus BoAbl B Tpyb6onpoBoabl CONTHEYHOrO KOHTYpa NPOU3BOANTCS BakyyMHasi CyLUKa.

6. [Ins komneHcaumu TENOBbLIX pacLUMpeHUn TpY6 NPUMEHSATCS NOABWKHbIE KPEMMEHNS U KOMMNEHCaUMOHHbIE NEeTNN.

7. Apwmatypa oTBOAA BO3[yXa BblHECeHa 13 30Hbl Bo3aencTeus Temnepatypbl 350C. [Ina otBoAa Bo3dyxa NCMoNb3yeTcs
MeLHbI Tpy6onpoBo4 6MM NpMCOeAMHEHHbIN CBApKOW K BEPXHEWN TOYKE COMHEYHOro KOHTypa. TpybonpoBoa yaaneHns
BO34yXa NpPOoKNaAblBaeTCsi K MECTY YCTaHOBKM LIMPKYFSLMOHHbBIX HACOCOB B TEMMOBOM MyHKTE U CHAabXeH 3anopHbIM
KpaHOM C 3arnyLuKon. YaaneHvue Bo3ayxa npousBoanTCA HE Ha Kpbllle, a B TENMOBOM MyHKTE. Takoe yCTPOWUCTBO
ynyudliaeT ycrnoBus cepsuca.

8. B cucteme ncnonb3yeTcs NasHbI NNAaCTUHYATBIN TEMNOOOMEHHBIN annapaT, CoeAMHEHNs1 TPYOONpPOBOAOB CBapHbIE.



JeTtckue caguku

MOZAENNPOBAHUE CUCTEMDbI

V12- indoor poolll

x Caollector EP-20/568-1800

Mumber of collectors 18
Total area 68.29 m?
Qrientation 0 ®
Tiltangle 45°

Heat pump Geniug 12
COP at AZWY356 3.5

Temperature sefting 28 °C

Length 5m
Width 3 m
fverage depth 1.2 m

Valume 6,000 |
Height 2 m

Temperature 35 °C

f ==
ETETET Average volume withdrawal 6,435.5 liday

‘
Storage tank 6000

Location of the system

System overview (annual values)

Ukraine

KIEV

Longitude: 30.5°
Latitude: 50.42°

Elevation: 108 m

Total fuel and/or electrical energy consumption of the
system [Etot]

Total energy consumption [Quse]
System performance (Quse / Etot)

Comfort demand

Overview solar thermal energy (annual values)

9,480.7 kWh

74,595.1 kWh
7.87

Energy demand covered

Collector area

Solar fraction total

Total annual field yield

Collector field yield relating to gross area
Collector field yield relating to aperture area
Max. energy savings

Max. reduction in CO2 emissions

68 m?

62.8%

47,769 kWh

699 kWh/m?/Year
974 kWh/m?/Year
47,768.6 kWh
25,623.1 kg



Overview heat pump (annual values)

Seasonal performance factor for air-to-water heat pump 3.3

Total electrical energy consumption when heating [Eaux]  8,669.8 kWh

Total energy savings 19,610.3 kWh
Total reduction in CO2 emissions 10,519 kg
Solar fraction: fraction of solar energy to system [SFn] Horizon line
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Meteorological data

Outdoor temperature 24h 8.4°C
Annual global irradiance 1,177.4 kWh/m?
Annual diffuse irradiance 539.7 kWh/m?



Component overview (annual values)

Collector

Data Source

Number of collectors

Number of arrays

Total area

Total aperture area

Tilt angle

Orientation

Collector field yield [Qsol]
Irradiance onto collector area [Esol]
CollectorEfficency [Qsol / Esol]
Direct irradiance after IAM

Diffuse irradiance after IAM

Heat pump

Heating power at A2/W35
Electrical power at A2/W35

COP at A2/W35

DeltaT at A7/W35

Performance factor

Energy from/to the system [Qaux]
Fuel and electrical energy consumption [Eaux]
Energy savings solar thermal

CO, savings solar thermal

Energy savings heat pump

CO; savings heat pump

Hot water demand
Withdraw volume
Temperature setting

Energy from/to the system [Quse]

EP-30/58-1800

kWh
kWh
%

kWh
kWh

Samsung DVM-III
kw
kW

kWh
kWh
kWh
kg

kWh

kg

Constant
I/d

°C

kWh

SPF
15

68.29
49.035
45

0
47,768.6
69,024.6
69.2
40,753.6
30,112.6

19.6
4.35

4.5

3

3.26
28,280.1
8,669.8
47,768.6
25,623.1
19,610.3
10,519

6,188.7
35
74,590.2



Pool Pool
Pool type
Length
Width

Energy from/to the system [Quse]

External heat exchanger Solar loop heat exchanger

Transfer capacity

External heat exchanger Pool_HX

Transfer capacity

External heat exchanger Fresh water station heat

exchanger

Transfer capacity

Pump Solar loop pump 1
Circuit pressure drop
Flow rate

Fuel and electrical energy consumption [Epar]

Pump Pool pump 2
Circuit pressure drop
Flow rate

Fuel and electrical energy consumption [Epar]

Pump Solar loop pump 2
Circuit pressure drop
Flow rate

Fuel and electrical energy consumption [Epar]

Pump Pool pump 1
Circuit pressure drop
Flow rate

Fuel and electrical energy consumption [Epar]

Pump Fresh water station pump
Circuit pressure drop
Flow rate

Fuel and electrical energy consumption [Epar]

Indoor pool

Indoor pool
m 5
m 3
kWh 4.8

Plate heat exchanger, huge

W/K 30,000

Plate heat exchanger, huge

W/K 30,000

Plate heat exchanger, large
W/K 17,000

Pump, medium

bar 1.24
I/h 1332.5
kWh 338.6
Pump, small

bar 0.005
I/h 600
kWh 0.03

Pump, medium

bar 0.023
I/h 735.5
kWh 338.6
Pump, small

bar 0.004
I/h 600
kWh 0.03
Pump, small

bar 0.007
I/h 748.9
kWh 133.7



Storage tank Potable water tank 6000

Volume I 6,000

Height m 2

Material Steel
Insulation Rigid PU foam
Thickness of insulation mm 250

Heat loss kWh 517.5
Connection losses kWh 222.3

Loop

Solar loop

Fluid mixture PMS-10 (ECO-HT)
Fluid concentration % 100

Fluid domains volume I 140

Pressure on top of the circuit bar 4



Solar thermal energy to the system [Qsol] kWh

Heat generator energy to the system (solar thermal energy not included) [Qaux] kWh

5000 |

4500 |

4000

3500

3000

2500 |

2000 |

1500 |

1000 |

500 |

Solar fraction: fraction of solar energy to system [SFn] %

100




Total fuel and/or electrical energy consumption of the system [Etot] kWh
1600
1500
1400
1300
1200
1100
1000
900
800 1,530
700 1,425 1,358
600 1,140
500 989
ggg 729
554
200 470 469
100 238 297 282
0
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Year Jan Feb Mar Apr May Jun Jul
Solar thermal energy to the system [Qsol]

kWh 47769 2463 2729 4060 4595 5698 6038 5657

Aug Sep Oct Nov Dec

5669 4421 3562 1668 1207

Heat generator energy to the system (solar thermal energy not included) [Qaux]

kWh 28280 4023 3222 2906 1776 1459 597 829
Heat generator fuel and electrical energy consumption [Eaux]

kWh 8670 1379 1085 921 475 379 149 208
Solar fraction: fraction of solar energy to system [SFn]

% 62.8 38 459 583 721 79.6 91 87.2

Total fuel and/or electrical energy consumption of the system [Etot]

kWh 9481 1425 1140 989 554 470 238 297
Irradiance onto collector area [Esol]

kWh 69025 3462 4080 5988 6641 8289 8235 8154
Electrical energy consumption of pumps [Epar]

kwh 811 46 55 68 80 90 89 89
Heat loss to indoor room (including heat generator losses) [Qint]

kwWh 2003 113 110 141 180 211 223 243
Heat loss to surroundings (without collector losses) [Qext]

kWh 262 26 25 26 25 20 22 18
Total energy consumption [Quse]

kWh 74595 6382 5879 6642 6466 7013 6261 6348

763 1530 2403 4263 4509

193 399 664 1319 1497

88.1 74.3 59.7 28.1 21.1

282 469 729 1358 1530

8053 6723 5058 2417 1925

89 69 65 38 33

225 196 167 101 91

19 24 22 16 19

6426 5462 6214 5871 5631



Collector

Daily maximum temperature [ °C]
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Information regarding design and operation (cont.)

3.5 Safety equipment
i
— T11
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0
H I
| I
& %Fz {
T I
| I
o = ! 1
r 5 * =
®
(A Collector
Safoly valve
(© Soclar-Divicon

(D) Pre-cooling vessel

(E) Diaphragm expansion vessel

(F) Dual-mode DHW cylinder

(@ High limit aafety cut-out (see page 34)
h Static head

RL Raturn

VL Flow

Information regarding the heat transfer medium

After completing the Installation, thoroughly flush out the system.
The heat transfor medlum "Tyfocor-G-LS" must not be sublectad
to continuous temperatures in excess of 170 °C. Higher tempera-
tures result In a glow thermal disintegration of the 1.2 propylena
glycol, which can be recognised by the darkening of the heat
transfer madium. This can sevarsly raducs the sarvice life of the
meadium.

Furtharmora, It can result In the solar circult suffering from sludge
and hard deposits, particularly in conjunction with ather contami-
nants (cinder, swarf).

After filling the system with the heat transfer medium, ensure that
the system |s properly vented and that heat Is transferred Inslde
the systam, L.e. that longer perlods of stagnation are avolded.
When the following conditions are observed, "Tyfocor-G-LS" can
he used In solar haating systems with high Idle temperatures:

Information about stagnation

System idle times, e.g. through faults or incomrect operation, can
never be completely ruled out. For that reason, solar heating sys-
tems must be protected according to the current technical stan-
dards agalinst the potential difficulies that can arise from Idle
periods, i.e. systems cannot be damaged or cause damage if idle
perdods occur.

VITOSOL

The solar heating system must be protected to DIN EN 12975 and
12976 [or local regulations).

Protect the collector circuit 5o that, at the highest poesible collec-
tor temparature (= Idle temperatura), no heat transfer medium can
escape from the safety valve.

This Is achleved through the appropriate slzing of the expansion
vaessel and matching of the systemn pressure.

For total plpework langths up to 10 m or attlc heating centras, we
recammend the installation of a pre-cooling vesgel and diaphragm
expanslon vessel Into the flow and only the safety equipment Into
the retum.

u |n cage of system Idle imes, safeguard the following through a
corrgaponding Implementation of the syatem hydraulles:

— When the boiling point is reached, the heat transfer medium
must be able to be expelled from the collectors as completely
as possible by the first steam bubbles created by boiling the
medium.

— The heat transfer medium must be able to be accommodated
by the dlaphragm axpansion vassal.

m Check the heat transfer medium every 5 ysars.

Note

Excess fernperaiures are particularly crifical in conjunction with
oxygen. Therefore vent the solar heating system prior to commis-
sioning.

viEMANN 31



А
Highlight


THE BEHAVIOUR OF HEAT TRANSFER MEDIA IN
SOLAR ACTIVE THERMAL SYSTEMS IN VIEW
OF THE STAGNATION CONDITIONS

Frank Hillerns, Ph.D, TYFOROP GmbH, Hamburg

This paper was presented at the IEA-SHC Task 26 Industry Workshop in Borlange,
Sweden, April 3, 2001. It is based on a presentation given at o Symposion
Thermal Solar Energy in Staffelstein, Germany, May 5-7, 1999.

Abstract

On-going technical development of solar collectors sig-
nificantly raise the demands to the heat transfer medium
regarding its ability to take thermal stress.

However, stagnation temperatures of up to 200 °C in flat
plate collector systems still can be mastered by conven-
tionally inhibited solar fluids. In contrast to this, absorber
temperatures of up to 300 °C as reached in evacuated
tubular collectors require the application of a more ad-
vanced medium containing reversibly evaporizable cor-
rosion inhibitors. Practical application experiences con-
cerning such a recently developed fluid are in the
meantime available.

Introduction

Water is predestined to function as a heat transfer
medium in solar active thermal systems. This is on the
one hand due to its outstanding thermophysical pro-
perties, e.g. highest specific heat and thermal conduc-
tivity, and lowest viscosity of all the fluids considered for
heat carriers. On the other hand, water is non-toxic, non-
flammable, cheap, and easily available. However,
parameters that reduce its general suitability are: cor-
rosivity to metals and alloys, precipitation of hardness
constituents at higher temperatures, and a relatively
small temperature range of operation determined by its
freezing and boiling point, respectively.

It is well known that this application range can be ex-
tended when aqueous solutions of inorganic salts, mo-
nohydric alcohols, or dihiydric alcohols (glycols) are
used. In spite of very effective freezing-point depression
and good thermal transport properties, salt solutions are
not applicable for solar systems due to uncontrolable
corrosivity at temperatures > 0 °C. On account of better
material compatibility, favorable viscosity, and low costs,
methyl and ethyl alcohol solutions have been widely used
since 1920 till the early seventies in automotive cooling
as well as in many other applications.

Unfortunately, methanol and ethanol are toxic and readily
volatile due to low boiling points (meth: 64 °C, eth: 78 °C)
[1], hence depressing the boiling points of its aqueous
solutions.

In comparison with monoalcohols, ethylene and pro-
pylene glycol (b.p. 197 °C, 188 °C) [2], cause similar
freezing-point depressions, but simultaneously raise the
boiling points of its mixtures with water. Regardless
higher costs and inferior thermophysical properties,
nowadays non-toxic propylene glycol is exclusively used
as the basic compound for solar heat transfer media
instead of ,injurious-to-health” classified ethylene glycol.

Solar Fluids - Demands and Composition

Heat transfer media have to meet a variety of challeng-
ing requirements to ensure trouble-free operation of the
solar system over a long period of time:

Frost resistance down to -50 °C maximum
Thermophysical properties equivalent to water
Non-inflammability

Corrosion protection for metals and alloys
Compatibility with sealing materials
Endurance under thermal stress conditions
Prevention of deposits and foaming

Low ecotoxic potential, bio-degradability
Long-term stability

Reasonable price

As already stated above, water is in general corrosive to
metals. Factors that strongly govern the grade of corro-
sivity are the content of oxygen, the pH value, the tem-
perature, and the presence and concentration of dis-
solved chemical substances. The latter point is of great
importance regarding the practical use of ,pure” propy-
lene glycol / water solutions: compared to neat water as
well as to neat propylene glycol, the corrosivity of those
mixtures is significantly enhanced - in inverse proportion
to the glycol concentration. Hence this effect must be
compensated by addition of inhibitors, which predomi-



nantly prevent corrosive attack by forming thin protec-
tive layers on the metal surfaces.

Solar systems typically consist of different materials like
copper, brass, solder, steel, grey cast iron, and (rarely
nowadays) aluminium. Unfortunately there is no univer-
sal inhibitor available hitherto. Thus several organic and
inorganic compounds possessing metal-specific protec-
tive potentials have to be combined to an efficient, low-
toxic and environmentally friendly inhibitor package.

Table 1 displays the composition of a conventional solar
fluid concentrate based on propylene glycol, suitable for
common solar installations (equipped with flat plate col-
lectors, stagnation temperature 200 °C max.).

Compound % wiw Function
Propylene Glycol 92 -94 Frost Resistance
Salts of 3_4 Ferrous Metal
Organic Acids B protection
- Aluminium
Silicates <1 protection
. Yellow Metal
Triazoles <0.2 protection
Borax 1-15 Reserve Alkalinity
Potassium -
Hydroxide <1 Reserve Alkalinity
Solvent for
Water 3-4 Inhibitors
. . Stabilization of wa-
St?bglz;ar, D|spgr- 0.1 - 0.3 | ter hardness, Anti-
sant, Defoamer,Lye foam, Coloration

Conception and Design of Solar Systems

The life-span of thermal solar systems strongly depends
on the grade of corrosion stress the several components
are subjected to. To minimize corrosion problems and
hence reach the aim of long-term and trouble-free
operation, both installation and fluid must be optimally
adapted to each other. Assuming correct application and
performance of the heat transfer medium, important
plant technology parameters in this respect are the
operation temperature, the heat flux, the flow conditions,
and furthermore electrochemical effects caused by
mixed installations or external voltages.

Special attention is to be paid to keep the internal metal
surfaces free of encrustation or scaling. Inhomogene-
ously covered surfaces implicate lower heat transfer ef-
ficiency, giving rise to locally increased temperatures,
which cause thermal stress to the medium and ac-
celerate corrosion in those areas. Explicitely to be men-
tioned in this context is black cupric oxide - as shown by
Figure 1 - which forms at high temperatures in the
course of component production or system assembly
(hard-soldering) due to local overheating of copper
surfaces in presence of oxygen. Such insoluble scale
can be mechanically detached by the hot solar fluid, but

this occurs slowly and incompletely in most cases. Sub-

sequently, those dispersed particles often sedimentate in
low flow areas and may lead to blocking of collector
tubes and filter elements as well as to pump malfunction

P T —————
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Figure 1: Copper Scale collected from a Solar Plant

Increased Collector Efficiency - Increased Ther-
mal Stress to Solar Fluids

Systems equipped with Flat Plate Collectors

Dynamic development of solar technology over the last
decade has led to improved corrosion resistance of
components like pumps, membrane expansion vessels,
and of course collectors. Consequently, corrosion
damages in flat plate collector systems are nowadays
rarely to be observed. Simultaneously achieved en-
hancement of collector efficiency on the other hand cau-
ses remarkably increased thermal stress to the heat
transfer medium due to now possible stagnation tem-
peratures of up to 200 °C.

Propylene glycol / water based solar fluids are subject to
premature aging at such temperatures, indicated by dar-
kening of the fluid and a slowly decreasing pH value.

Figure 2: Un-used Solar Fluid (left, pH 8.2),
compared to overheated Fluid (pH 6.8)

Chemically speaking, propylene glycol then undergoes
decomposition in the course of oxidation reactions.
Acidifying organic compounds, e.g. lactic, oxalic, acetic,
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or formic acid [3] are formed, which initially can be
neutralized by the reserve alkalinity (ref. table 1) to a
certain extent. But due to limited concentration of buf-
fering substances, repeated overheating finally brings
the pH of the fluid down to values < 7, hence the system
is not protected against corrosion anymore. It can be
said in general that the velocity of propylene glycol de-
gradation is proportional to temperature stress and oxy-
gen concentration. Further acceleration effects caused
by the presence of unprotected copper surfaces and
heavy metal ions have been reported [3].

Taking the above mentioned facts into consideration, it
becomes essential to prevent the medium from expo-
sure to excessive temperatures over longer periods of
time, especially during stagnation state of the system. A
precautionary measure proven to be worthwile in prac-
tice is to install expansion vessels of suitable size to en-
sure that all of the medium can drain out of the collector
when stagnation temperature is reached.

The ,stagnation scenario“ can be described in a simpli-
fied way as follows: locally formed vapour bubbles - in
fact a small quantity of vaporized propylene glycol / water
- are pushing the main quantity of still liquid medium out
of the collector when evaporation starts. Recalling that
conventional heat transfer fluids consist of water,
propylene glycol and dissolved solid inhibitors, it is
evident that small amounts of those non-evaporizable
components will remain on the hot tube walls. Hence
another important quality feature of conventional heat
transfer fluids is the reversible dissolvability of such
inhibitors/residues when stagnation has terminated and
cooled fluid streams through the collectors again. Figure
3 shows the appearance of a slightly overheated con-
ventional fluid equipped with a suitable inhibitor system.

Figure 3: Slightly overheated conventional fluid
with redissolvable inhibitors

Insufficient or lacking re-dissolvability may incur deterio-
rated performance up to blocking of the collector. Ob-
viously, corrosion risk will be significantly enhanced due
to depletion of inhibitor concentration in the fluid.

Systems equipped with Evacuated Tube Collectors

Stagnation conditions in flat plate collectors still can be
mastered by using conventional solar fluids with suitably

formulated inhibitor packages to meet the above de-
scribed requirements. Anyway, conventional media
reach its limits when it comes to evacuated tube collec-
tors. Absorber temperatures of up to 300 °C lead to
strongly accelerated propylene glycol degradation, indi-
cated by darkening and pH drop already after several
hours. Under permanent stagnation conditions, irrever-
sible fluid damage takes place within 2-3 weeks, mean-
while considerable amounts of dark insoluble residues
are formed, as displayed by Figure 4.

F4: Seriously damaged fluid, residues non-redissolvable

It became evident that further improvement of the inhi-
bitor package was necessary to avoid formation of de-
posits as well as to offer enhanced buffer capacity to
control the glycol decomposition even under such extra-
ordinary thermal stress. A theoretically simple, but in
view of its development nevertheless sophisticated re-
medy is the use of a liquid inhibitor package. In case of
stagnation those components evaporize together with
propylene glycol and water, thus the collector remains
completely empty, and no damaging insoluble residues
may lead to any flow obstruction or blocking.

In practice, recent experiences obtained from properly
designed solar systems equipped with evacuated tubular
collectors show that even standstill temperatures of up to
300 °C can be mastered with this new medium (Brand
name: TYFOCOR® LS). Nevertheless it must be
emphasized again that under those conditions the fluid
lifetime will be generally reduced. Annual lab check of
e.g. density, concentration, inhibitors, and pH value is
therefore highly recommended. Supposing that one of
the mentioned parameters is found to deviate from the
required values during analysis, the solar fluid must be
replaced immediately.
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