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BBenenue

AJnbTepHAaTUBHBIE UICTOYHUKHU SHEPTUU MOIYy4aloT Bce OOJblIee pacpoCTpaHEHHE B COBPEMEHHOM
mupe. CosiHeuHble, BETpsHbIE, NPUIUBHBIC, T€OTEpMajbHble YCTAHOBKH YBEIUYMBAIOT JOJIIO CBOETO

y4acCTusAa B SHCPIreTUYCCKOM o0ecreueHUH aBTOHOMHEIX 00OBEKTOB.

OpHolt u3 Hambojee pacHpOCTPAHEHHBIX CXEM HCIOJIb30BAHUS COJIHEYHOW HSHEPrHH SIBIISIETCS
coHeuHbI KoyutekTop [1, 2, 3]. B ocHOBe ero pabOTHI JIGKUT HArpeB COJTHEYHBIM H3IydEeHUEM
TEIUIOHOCHUTENST 4Yepe3 CHEIUANbHYI0 MPUHUMAIONIYI0 MOBEpPXHOCTH — abcopbep. TermnoHocutensb
LUPKYIUPYET B 3aMKHYTOM KOHTYpPE U IEPENAET TEIUIO B TEIUIOAKKYMYIIATOP, B KOTOPOM II0JOIPEBAECTCS
BO/Ia BTOPOrO KOHTYpa, KOTOpasi MOXET OBITb HCIIOJIb30BaHA B CHCTEMaxX TOpSYEero BOJOCHAOKEHHS

(TBC).

[lepcriekTBHAsE cXeMa COJHEYHOrO KOJUIEKTOpa Oblia npemiokeHa B [4]. OcHoBHO# ee
OCOOEHHOCTBIO  SIBJIIETCS TO, YTO TIOMHUMO aOCOpOMpYIOIIeH TMaHeTn B HEH HCIOIB3YIOTCA
(GOTOdIEKTPUUYECKHE TIPEOOPa30BATENH, BhIPAOATHIBAIOIINE DJICKTPUUECKYIO JHEPTUI0 JUIsi PabOThI
UPKYJISILUOHHOTO Hacoca. [Ipu 3ToMm i paboThl Bcel cuCTeMbl HE TPeOyeTCsl BHEIIHUX MCTOYHUKOB
NUTAHUS, T.6. OHA SIBIISICTCS aBTOHOMHOHW. [IpM NpOEKTHPOBAaHMHM TAaKOTO KOJUIEKTOpAa HEOOXOIMMO
paccuuTaTh HEOOXOAMMBIC TEIUIOU3UYECKHE TMapaMeTphl, obecrneunBaromye OecrepeOorHy0 paboTy

CHCTCMBI.
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Cxema ycmanoexku

Cxema pa0OTBl COJHEYHOTO TEIUIOAKKYMYIISITOPa C AaBTOHOMHBIM JJIEKTPOCHAOKEHUEM
n3obpakeHa Ha pucyHke 1. ConHeyHOe W3JIy4YeHHE NPHHUMAETCS IMOBEPXHOCTBhIO abcopOepa u
nepesaeTcsl TeIIOHOCUTENI0, HUPKYIMPYIOIMIEMY IO 3aMKHYTOMY TpYyOONpOBOAY IMEpPBOTO KOHTYpa.
TennoHocuTens OTHAET TEIIO BTOPOMY KOHTYPY B aKKyMYJISITOpE, B KOTOPOM B TE€UYEHUE IHSA HUIET
HAKOIUICHHUEC BOAbI OdJIA CHUCTCEMBbI I'BC. I[BI/I)KCHI/IC TCIIJIOHOCUTCIIA B KOHTYpPC O6CCH€‘-II/IBaCTCSI
UPKYJISLUOHHBIM HacocoM. J[nsg aBTOHOMHOW palOOThI KOJUIEKTOpa TpeOyeTcs >HeproHe3aBHCHUMAst
CHUCTeMa OJJIEKTPONHUTaHUA Hacoca. J[is 3Toro mpenaraeTcsi HMCIOJNB30BAaTh MaHENb (DOTOAIEMEHTOB,
peoOpa3yIouX COMHEYHOE H3Jy4YeHHE B TIOCTOSHHBIN SJIEKTPUYECKUA TOK Hampspkenwem 12 B. B
CIy4ae HEJOCTaTKa COJIHEYHOW OJHEepruM TMHUTaHWe oOecreunBaeTcs Oarapeeil aKKyMyJIsTOpPOB.
@DoTrodNeKTpuIecKre TMpeodpa3oBaTeNid MOAKIIOYAIOTCS K CHCTEME IMUTAaHUS dYepe3 YCTPOHCTBO

corjiacoBaHus, O6€CH€‘II/IB3IOH_ICC HEMIPEPBIBHOC JJICKTPOIIUTAHUC.
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Puc. 1. Cxema paOOTbI COTHEUHOTO TEIIOAKKYMYJIATOPA C aBTOHOMHBIM 3JIEKTPOCHA0KEHUEM

Pacuem pacnpedenenus niomuocmu MOUHOCMU COTHEUHO20 U3IYYEeHUA
Pacnpenenenue mioTHOCTH MOITHOCTH (sl B1/M? COHEUHOTO U3ITy4eHUs 110 BPEeMEeHU paboThI t, C
OyIeM CUuTaTh MOMYHUHSIONIMMCS CHHYCOWJAIBHOM 3aBUCHMOCTH B T€UEHUHW CBETJIOTO BPEMEHHU CYTOK
NPOJIOJIKUATEINBHOCTBIO T, C:

i t
qsol (t) = qmax sin £ ) (l)

T
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TA€ (max — IMKOBAsi JHEBHAs yAEJIbHAs INIOTHOCTh MOIIHOCTH,
BennunHa (max paCCUUTHIBACTCS U3 BEIMYMHBI CYMMAPHON CYTOYHOM DHEPIUM, NIPUXOIALIUICS HA

KBaIPAaTHBIN METP MOBEPXHOCTH B KaKOW-TUOO MECTHOCTH:

QZ = quax Sin (”_t dt = ﬁqmax
5 T T
Qs
2T

Jns netHux MmecsauneB B MOCKBE BEIWYMHA NMMKOBOW THEBHOM YIEIBHOM IUIOTHOCTH MOILIHOCTH

Omax = )

cocraBiseT okono 520 Br/m?, B Coun — 700 Br/m? (puc. 2 u 3).
TemmepaTypa BoAbI (MJTM JPYrOro TETUIOHOCUTENSI) B Ooiepe o0beMoM Vg OyIeT onpenesiThes

NOJIBEICHHOM K Hel sHeprueit Q; (t) 3a mpomenmmii mpoMexyToK BpeMEHH:

T

6

Q, (1)
t)=T,, +—<2
=T+ "0, ©

T1e cp — yAeNbHas MaccoBas TEMIOEMKOCTb TeroHocurens, JHx/krK, p — MIOTHOCTh TENIOHOCUTEN ,
Kr/MC.
Oueprust Q; (t) MoXkeT ObITh BHIYMCIICHA KaK:

t nt Qe S i T xt
Q5 (t) = IqmaXSKnK sin (?j dt = "mx—KIK 11— cos (—) ’ (4)
0

T T
rae Sk — IUIOoIaAb MPUHUMAIOLIEH MOBEPXHOCTH KOJUIEKTOPA, /K — TEIUIOBOM KOA((UIMEHT MOJIE3HOTO
JEUCTBUA KOJJIEKTOPA.
Torga Temmnepatrypy BOJIbI MOKHO OIICHUTH, ocTaiiss (4) B (3):

Urax O i T it
To () =T + === ;VK 1—003(7 j . (5)
p o
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Puc. 2. 3aBucuMOCTb CpelIHEN IIOTHOCTH MOIIIHOCTH COJIHEYHOTO M3JIy4eHHUs B T. MOCKBa B JIETHUE
MCCAIbI
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Puc. 3. 3aBucumocTb cpeHel I0THOCTH MOIIIHOCTH COJIHEYHOTO U3NydeHus B T. COUHr B JIETHUE MECSIIbI

Jlunamuka HarpeBa BOJbI B JieTHHE Mecslbl B MockBe 1 Coud B TEMIOAKKYMYJSTOpe 00beMOM
150 nutpoB mpu TeruoBoMm KIIJ[ komnektopa, paBHeiM 77 %, paccuuTaHHas 1o 3aBucumoctu (5),
nokaszaHa Ha pucyHke 4. OJJHaKO CTOUT 3aMETUTb, UTO B JielicTBUTENbHOCTU TemioBoi KII/] He siBnsiercs
MOCTOSTHHOM BETMYMHON U 3aBHCHT KaK OT TeMIIepaTypsl BOABI (M COOTBETCTBEHHO BPEMEHU PadOTHI), TaK
U OT BHEIIHUX YCJIOBUH, TaKUX Kak TeMIlepaTypa BO31yXa, CKOpPOCTh BeTpa. [Ipu yBenndeHUH pa3HUIIbI
TEMIEPATyp MEXKIY BOJOM M BO3IYyXOM BO3PACTaeT INIOTHOCTh MOTOKA MOLTHOCTH B OKPYKAIOIIYIO Cpely
KaK 3a CueT KOHBEKTUBHOT'O, TAaK M 3a CYET JIYYUCTOTO TeriooOMeHa. J[Jist Toro, 9ToObl CHU3UTH MOTEPH B
OKPYKAIOIIYIO Cpeny U MoJAep)uBaTh Bbicokoe 3HaueHue KII/I, HeoOXoaumMo MpUMEHSTh CrelalbHbIe

CEJICKTUBHBIE TIOKPBITHUS U TOJICTHIE CJIOU TETUIOU30JIALINH, UTO ObLIO MOKa3aHo B padore [2].
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Puc. 4. I3aMeHeHune TemnepaTypsl BOJbI B TEINIOAKKYMYJIATOPE B TEUEHUE CYTOK AJis I'. MockBbl U I. Coun

B JICTHHUEC MCCAILbI

InekmpomennocuopasiuiecKan mooens
Hns obGecriedueHnss 3¢Q¢GeKTUBHOTO TeruiooOMeHa B abcopbepe HEOOXOIUMO OpraHU30BaTh
HENPEPHIBHYIO LUPKYJSALHUIO TEIIOHOCUTENST B TMEPBHUYHOM KOHType. s 3TOoro HeoOXoauM Hacoc,
KOTOPBII MUTaeTCs 3IEKTpo3Heprueii, BeipadarsiBaemort ®II1. HeobxonumMo peann3oBaTh TaKOH peXUM
paboTsl, Ipu KOTOpoM A(HPEeKTUBHBINA TETNIO0OOMEH OyAeT 00ecreuynBaThCsl TP MUHUMAIBHBIX 3aTpaTax

JNEKTPUYECKOM SHEPTUU Ha LUPKYIIALUIO TEIJIOHOCUTENS B TIEPBOM KOHTYPE.

CymmapHas cytouHas snektpuyeckas sHeprust Qgsy, BbIpabaTbhiBaeMast (POTOIIEKTPUUECKUMHU

npeoOpazoBarensmu (DII]) mnomansio Ser;7 B KO3PHUIIMEHTOM TTOJIE3HOTO NSUCTBUS #¢oy7, PABHA!
T
. (7t 2T
Q@an = S@anﬂ@an_[ Qax SIN ? dt = 7 Omax S<D9H77<D3H (6)
0

[Torpebnsiemass HacocoM MOMHOCTE Ny, oONpenensercs pacxomom TemnoHocurens G uepes

KOJUIEKTOP U MOTPEOHBIM HAIOPOM BOJBI H,yomp:

GH

nomp

Nnom :pg— 7
p 77H (7)

W3 BeIpakenus (7) BUIHO, UYTO JJISi CHMDKCHUSI MOIIIHOCTH HAcoca HEOOXOIMMO CHUXKATh MOTEPH

Haropa B TpyOOIIPOBO/IE, @ TAK)KE YMEHBINATH PACXO/I TETUIOHOCUTENS 10 MUHUMATBHBIX 3HAYCHU.
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CymmapHas cyTouHas 3Heprus Qpomp, HOTpeOIIieMas HACOCOM MOKET OBITh BHIYHMCIIEHA KaK:

Q _ N _ G H nomp
nomp T nomp pgf (8)
Ny
rae ny — KI1J] Hacoca, g — yckopeHue CBOOOIHOTO TaICHUS.
CymmapHas cytouHas anekTpodHeprus Qeor JOJKHA MPEBBIATh SHEPTrUIo  Qomp,

MOTpeOIIEMYI0 HACOCOM, YTOOBI 00ECTICUNBATh €KETHEBHBIN ITUKIT PAOOTHI KOJIJIEKTOPA B TEIUIBIA MEPHUO.
BpeMmeHH. [Ipu 3TOM, B OTHEIbHBIC YUYaCTKU BpeMeHU (YTPEHHHE W BEUEPHHE Yachl), TEKYIee 3HAYCHHE
MoiHocTd DOIT Ngs;7 MOKET OBITH HUKE, 4EM MOIIHOCTH HOTpebisieMas HacoCOM Nonmp. B 3TO Bpems

paboty Hacoca OyaeT obecrednBaTh aKKyMyJIATOpHas OaTapes.

Korzna momuHocte @OII Ngo;; npeBbimaeT MOIHOCTE HAcoca Nyomp, M3IMIIEK dHEPruM OyneT

KOMIICHCHUPOBATh MOTEpH 3apsia 6atapen. Takum oOpazom:

GH 2T

nomp

yoloxs 77— = 7 xS T
H

OTtkyna MuHUMaIBbHOE HeoOXoauMoe 3HadeHue riomaan OOl MoKHO BBIYUCIUTH KaK:

pg7GH

nomp
20 ax T Moon

HOTpGGHBIfI Harop HacocCa OmInpeacidaCTCa TUAPABINYCCKUM COINPOTUBJICHHUEM OTHACIBHBIX

Sq>317 =

9)

y4acTKoB TpyOompoBoga Ah; (pasHocThio maBicHHMII B TPyOOIPOBOJE M TI'C€OMETPHUYECKHM HAITOPOM

npeHeOperaem, T.K. CHCTeMa 3aKphITas):

H nomp = Z Ahz (10)
|
I'uapaBnuueckoe compoTuBIeHHE TpyOonpoBoaa Oyaem cuutath o Gopmyine lapcu-Beticbaxa:
LV?  8LG?
A=A=——=po— (12)
d 2g 7qd

rae A — ko3 dunueHt morepsb, V — CKOpOCTh MOTOKa B Tpydomposoze, d — quamerp Tpydomposoja, L —
JUTMHA TPYOOIIpOBOIA.

Koadduunent A MmoxxeT ObITH HaiiieH ¢ MOMOIIBIO 3HAaUeHus yrcia PeitHonbaca Re mpu ycnoBun
TypOyJIEHTHOTO TCUCHHUS:
0,316 4G

"
=0,316| ——
Y Re vrd (12)

MuHMMaIbHBIN MOTPEOHBIM pacxoJl ONMpenesuM M3 YCIOBUS Iepexoja JIAMUHApHOTO peXuMa

A

TEUYEHUS B TypOYJIEHTHBIH, TaK KaK MPU 3TOM TEIJIOOOMEH B KOJUIEKTOPE M TEIUIOAKKYMYIIsITOpe Oyaer
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Haubonee a3pdexTrBHbIM. ByieM cunTath 3TOT pacxon ontuManbHbIM. Kputepuii PeiiHonbaca Re,, npu
KOTOPOM IPOMCXOJIUT M3MEHEeHue xapaktepa TeueHus, paBeH 2300. Torga u3 (12) momydaem 3HaueHue
kod(durmenta compotusieHus A, pasuoe 0,05. M3 BeipakeHus: misi kputepus PeitHombpaca mosydaem
3HaYEHHE ONTUMAJIBHOTO Pacxo/a TeIJIOHOCUTEIIS:

_vdRe,
onm 4

['unpaBnuueckre NoTepH NMpHU ONTUMATBHOM pacxojie Termonocutens (13) OyneM onpeaensiTs Kak:

_8aL (ud Re,, jz _ ALv®Re,’
rgd® 4 27gd®

G (13)

Ah

(14)

[Toacrasnsiem monydenHoe BeipaxeHue (14) B (9) ¢ yaerom (10) u (13) u momydaem BBIpaXxeHHE
i notrpebHor tomaan ®OI1 ¢ ydeToMm TuapaBIMYeCKUX MOTEPU B ONTHMAJIBHOM PEKUME TEUCHUS
TCIIJIOHOCUTCIIA:
pgr  uvdRe, ALv*Re,? plv’Re,’ L
3 - 2
LI P rqd 16 Qualloond

Jnuny tpyOompoBona OyneT cKiIaabBaTbcs M3 JJIMHBI TpyOompoBoja B abcopbepe La, B

Seon = (15)

TeriooOMeHHuKe Ly 1 Ha coenmHsIomeM X ydactke Lpyig. HanGonpmme norepu OyayT Ha TEPBBIX IBYX
ydJacTKax, MOITOMY TPETBUM COCTaBISIOMIMM Oynem mnpeHeOperats. Takxke OyaeM cuUuTarh, YTO
THJIpaBIUYECKUE JJIUHBI TpyOOmpoBogoB B abcopOepe U TEINIOOOMEHHUKE MPUMEPHO PaBHBL
Kongurypanus ternaooOMeHHbIX TpyO moj abcopbepoM onpenensieTcss 0COOCHHOCTAMH TEII000MeHa, HO
JUIi TPOCTOTHI OLEHKM OylIeM CYHTaTh, YTO TPYOBI IOJHOCTHIO 3alOJHSAIOT MPOCTPAHCTBO IO

abcopOepoM. Torna mymHy L MOKHO BBIYUCITUTH CICIYIOITUM 00pa3oM:

S
L=L, +L; +L, :ZLaZZFk (16)
[Toacrasmstis (16) B (15) momyuaeM cooTHOIIEHUE AJIs TUToIIanen abcopoepa u OIII:
Seon _ PAV’Re,’ 1
= 8 d 3 (17)
Sk S~
[Tnomane abcopbepa HAXOAUTCS U3 COOTHOIEHUS (5):
we,p ATV,
K= (18)
2Qmallic T

rae AT — TemmiepaTypa, Ha KOTOPYIO HEOOXOAMMO HAarpeTh BOAY B Ooiiiepe.
[ToacraBmsisi Beipakenue (18) B (17) MOXHO TOJYYHTh MHUHHUMAJIBHOE IMOTPEOHOE 3HAYCHHE

mwiomagu OOIT:
v’re,pARe 1 ATV,
)/ 3 2
16d O T lloon T

(19)
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Ha pucynke 6 mpuBeneHbl 3aBUCHMOCTH ToTpeOHOU twiomamu ®OI1 oT MUKOBOH MOITHOCTH
CONTHEYHOTO H3JIYUYEHHUs TMPHU Pa3IHUHBIX 00beMaxX TeIUIOaKKyMysTopa. McXxonas W3 TOTydeHHBIX
3aBUCUMOCTEH MOXKHO CKa3aTbh, YTO /I THIOBBIX BHEIIHUX IMapameTpax HeoOxomumas riomranps OOl

cocrasisger okono 100—-300 cum?.
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Puc. 6. 3aBucumocts motpedHoi mromiaan @11 oT MUKOBOM IMJIOTHOCTH COJTHEUHOTO HU3JTYICHHS

MIPH Pa3IMYHbIX 00bEeMaX TEII0AKKYyMYIISITOPA;
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KILJ] xomnexropa — 70 %, KIT/] Hacoca — 70 %, KI1J] ®OI1 - 8 %, TemnmoHOCUTENb — BOJA,

auaMeTp TpyoompoBoaa — 8 MM.

Buiéoowt

1. [ToydeHHas B paboTe MEKTPOTEILIOTUAPABINYECKAS MOJIETh COTHEUHOTO TEIIOAKKYMYIISTOpa
C aBTOHOMHBIM JJICKTPOCHA0KEHHEM TO3BOJISIET PacCUUTaTh OCHOBHBIE MapaMeTpPhl Y3JI0B, BXOJSIIUX B
COCTaB YCTAHOBKH.

2. BrInonHEeHHBIE OIIEHOYHBIE PAaCyYeThl MOKA3bIBAIOT, YTO HeoOxoaumble pazmepsl OIII ymeror
npueMJieMble BETHUHHBI.

3. Jnga yTOyHEHHsS TIapaMETPOB YCTAHOBKHM HEOOXOJUMO TMPOU3BECTH pacCyeT IMPOIECCOB
KOHBEKTHBHOTO TEIJIOOOMEHa B abcopOepe Uisi ONTHUMH3ANNH KOHCTPYKIIMH C LEIbI0 YMEHBIICHHUS

TCIJIOBBIX U THAPABINYCCKUX IMOTCPb.
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The introduction of the paper emphasizes an increasingly important role of alternative power
sources nowadays. At the same time, a solar collector (suntrap) is one of the most frequent techniques to
use the solar energy. It is an absorber that picks up solar radiation and heats a heat carrier circulating in
the close loop. Then the heat is transferred to the heat accumulator that is integrated in the hot-tap water
system (HWS).

The paper presents a prospective circuit of the solar collector. It differs from the traditional one
because, in addition to absorbing panel, it uses photoconverters to generate electric power for the
circulating pump. The advantage of this system is that for operation such a solar energy converter has no
need in external power sources, i.e. it is autonomous. The need to calculate the essential thermo-physical

parameters that ensure no-break system operation was stated as a main objective of the work.

The suggested circuit has a photocell panel to convert solar radiation into dc voltage of 12 V. In
case of a lack of the solar energy an accumulator battery can be used for feeding. To ensure the no-break

supply of power an adaptor is offered.

To calculate a density distribution of solar radiation a sine law is offered depending on the time of
day and geographical locality. This dependence was used to obtain the expressions for calculating the

water temperature in boiler over daytime.

Further, the calculations have been done for the operating conditions under which an efficient heat
exchange will be provided with the minimum consumption of electric power for the heat carrier

circulation in the first loop. For this purpose, a pump power was calculated depending on consumption

http://technomag.bmstu.ru/doc/697540.html 341



http://technomag.bmstu.ru/doc/697540.html
http://technomag.bmstu.ru/en/doc/697540.html
http://technomag.bmstu.ru/en/doc/697540.html
http://technomag.bmstu.ru/en/doc/681975.html
http://technomag.bmstu.ru/en/doc/681975.html
http://technomag.bmstu.ru/en/doc/681975.html
http://dx.doi.org/10.7463/0214.0697540

and hydraulic losses of head in the pipeline. As a minimum required consumption the value has been
chosen at which a laminar flow regime changes to the turbulent one because of the most efficient heat
exchange being both in collector and in heat accumulator. The hydraulic loss has been calculated by
Darcy-Weisbach equation. Finally, the formula has been obtained to calculate a minimum area of photo
converters to be needed for the solar power system to ensure no-break operation. As a result of studies, it
has been found that with typical external parameters, the area required for photo converters is about 100-
300 cm?. Dependences to calculate main parameters of system components including necessary minimum

areas of absorber and photo converter, pump power, heat carrier consumption has been obtained as well.

The paper conclusions are as follows. The model of solar heat accumulator obtained in the paper
makes it possible to calculate main parameters of system components. Required photo converter
dimensions have acceptable values. Also it is necessary to calculate the convection exchange processes in

absorber to optimize a design for reducing the thermal and hydraulic losses.

Further, the paper presents the calculation of operating conditions under which an efficient heat
exchange is ensured with minimum consumption of electric power for the heat carrier circulation in the
first loop. For this, a pump power has been calculated depending on the consumption and hydraulic losses
in the pipeline.
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