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K03(PUIKEeHTa TEIUIONPOBOJHOCTH CBHJETENBCTBYET O CYIIECTBEHHOM M3MEHEHUH CTPYKTYPHI
MEHOCTEKOIBHOT0 MaTepuana, KOTopasi IPUBOJUT K YBEJIHUEHHIO TEMJIOU30JISIUOHHBIX CBOICTB. BMmecTe
C TEM pe3yNbTaThl TAKOTO 3KCIEPUMEHTa TPeOyIOT OOOCHOBaHMS, TaK KaK TEIIOEMKOCTH aMOp(HON
MaTpHIbl NEHOCTEKJIA MOXKET OBITh ONHCaHa YK€ C MHBIX MO3MIMHA. M, HaKoHeW, pe3Koe M3MCHEHHE
TEIJIOBBIX CBOMCTB MOXKET OBITH HCIOIB30BAHO HA MPAKTUKE IIPOM3BOACTBA CTPOUTEIBHBIX
TETION30IALMOHHBIX MAaTEPHANIOB.
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Abstract

In this article, the performances of the problems of air-cooled condensers in Russia and abroad.
Developed a simulation mathematical model of the section ACC. This model allows us to conduct
comprehensive researches of its works when changing the constructive and regime settings for a large
number of substances. On the basis of the model developed program of calculation section ACC in the
package Excel spreadsheet. Conducted researches depending consumable settings, thermal and
aerodynamic parameters of the standard section of ACC velocity of the cooling air for a number of Freon
using a mathematical program. Analyzed of the research results.
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Introduction

In our days air-cooled condensers (ACC) of water vapor, ammonia and other refrigerants are
widely used in refrigerating systems, heat pump units, and on a number of thermal power plants (TPP)
with steam turbine units and combine cycle plant (CCP). ACC have a number of significant advantages
over the water vapor condenser (WVC), such as: independence location of the station of the water source;
reduction in the area occupied by it due to lack of technical water supply system; reduce costs and
construction time; improvement of the environment in the vicinity of the TPP.

Starting in the 1970s, ACC have found application in the powerful steam-turbine power units
in countries such as USA, Germany, France, South Africa, Netherlands and Spain. In the last days
condensers have been widely used on the abroad combined cycle plant. Affiliates Corporation SPX
Cooling Technologies have developed and installed at the ACC in the CCP with capacity from 150 to
850 MW in the UK, USA, China, Italy, Algeria, Mexico, Bahrain and Belgium. In Russia ACC installed
in the geothermal small power TPP such as: Mutnovskaya, Pauzhetskaya. At work on the water steam
turbine TPP the main problem is the availability of applications large size of ACC. One of the ways to
solve this problem is the use of low-boiling substances (LBS) in the steam turbine. Reduce the overall
dimensions of the turbine and condenser will allow the use of the high density LBS steam. So on
Pauzhetskaya GeoTPP as the working fluid has been selected Freon R-134a. Expect more prospects with
heat recovery gas compressor stations using Freon and ACC.

Using Freon allows to reliably work at subzero temperatures ACC in the winter season. We
can be increased the efficiency of the Rankine cycle by decreasing the temperature of heat removal. This
fact is very important for Russia, where temperatures are kept below zero about 6 — 7 months.

In Russia should be relevant issues of optimal design of ACC for both steam and on LBS to
achieve foreign advanced technologies.

The problem definition
High power ACC installing from standard commercially manufactured sections [1]. Section of
pipe system consists of two collectors and welded them into several rows of finned tubes (fig. 1). Pipe
system is fixed to the frame for durability, ease of transportation and installation. The main geometric
parameters of the section are: the length of the pipes L; the width of the tube bundle B; the total number of
pipes N; number of tube rows in the section the direction of travel the air Z; heat transfer area on the
finned surface F.
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Fig. 1. Section of pipe system

The layout of the pipes section and the
geometric parameters are shown in fig. 2, where: D
B — diameter of the finned tube; h — rib height; d, —
pipe diameter at the base of the ribs; & — pipe wall
thickness; A — the average thickness of the ribs; S —
fin spacing; S; — transverse pitch the pipes; S, —
pitch between the rows of the pipes into the air
direction.

Kondensate

Fig. 2. The layout and pipe dimensions in section.

In this paper we set a goal — to develop a simulation mathematical model for the study section

ACC its condensing capacity and characteristics while working on different Freon.
The mathematical model

A mathematical model is developed on the basis of the procedures described in [1, 2] and
represents a system of equations allows us to specify the geometric characteristics of the heat transfer
surface and operational parameters of condensed matter and cooling air to determine the thermal-
hydraulic characteristics and performance parameters section ACC.

As input data in the model are specified: the geometric parameters of the section; pipe material
and edges and their geometric parameters.

Flow areas for air and steam are determined by geometric parameters section and the tube
bundle.

As the regime parameters are set: temperature of the outside entering into the section air
tar, °C; barometric pressure py,, kPa; the cooling air speed in the narrow cross section wagr, m/s;
condensation temperature of Freon tc °C; temperature (or degree of dryness) of Freon inlet ACC t\y, °C
(xinT); degree of dryness Freon outlet Xout; Freon consumption G, kg/s.

For calculating the average heat transfer coefficient from condensing steam against the inner
wall of the pipe used by the equation [3]:

Nu,,, =C-Re®.Pr®.0,5 1+(1—x,NT)~(p—C—1J+ 1+xOUT-(p—C—1] ,

S S

where C — depending on the type of pipe material coefficient: 0,024 — for steel; 0,026 — for brass and
0,032 — copper; all the physical parameters included in the number of Nu, Re and Pr, as well as the
density of the condensate and steam are determined by the saturation temperature. The advantage of this
equation is that when Re>5x10° angle pipe does not affect the rate of heat transfer [4].

Heat transfer from finned surface of the pipes to the air and the pressure loss through the air in
the tube bundle are defined by the formulas given in [1].
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As a result of the calculation are determined: the condensing pressure Freon Pc, MPa; volume
Var and mass Gajr air consumption; steam velocity at the inlet section ws, m/s; heat flow from the heat
medium to air Q, KW; air temperature at the outlet section tarz, °C; end temperature difference At,=tc—
tarz, °C; air heating in the section Atag, °C; heat transfer coefficient K, W/(mZK); coefficient of heat
removal e=Q/(LB(tc—tar)), KW/(M’K); specific heat flux from the steam to the air through the finned
surface unit q=Q/F, W/m?; the aerodynamic resistance of the bundle the pipes Apair, kPa.

Closing a thermal balance sheet between the condensing vapor and air is produced by
temperature taro, changing G and determination tar,’ on the basis of the heat balance equation and ta .’
— by heat transfer equation. The end of calculation going on condition: [tar2'—tar2”[<0,01 °C. This
process is automated using a bisection method.

Based on the model developed calculation program ACC package Excel spreadsheets where
the thermal parameters for all substances determined using dynamic library functions «<REFPROP» [5].

The program testing

For testing program were chosen ammonia (ammonia), butane (butane), and the following
Freon’s (R152a, R134a, R236fa, R245fa). Ammonia is chosen as one of the most used refrigerants in
refrigerating machines, butane — as most recently recommended the working fluid for a binary cycle
steam turbine units. Selected Freon’s are ozone non-destructive, non-flammability and low coefficient of
global warming.

The initial data parameters accepted for the standard section [1]: the pipe material — steel 20; the
material of the ribs — duralumin; type ribs — round; D = 0,057 m; h= 0,015 m; d,= 0,027 m; 6 = 0,002 m;
A =0,000735m; S=0,0025m; S; = 0,084 m; L =12 m; B = 1,85 m; z = 6; the number of tubes in the
section N = 132; F = 2690 m’,

Adopted the following regime parameters: outside air temperature tagr = 15 °C; condensation
temperature of the Freon 20 °C above tar; barometric pressure is 98 kPa; degree of dryness steam at the
inlet 1 and at the outlet section 0.

The calculations were performed with changing air speed war Of 1 — 9 m/s. For all points
received Re>5x10%, suggesting the possibility of installing the pipes at any angle. The calculation results
are shown in fig. 3 - 8.
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Fig. 8. Condensing pressure Freon in pipes ACC Pc, MPa

Testing was conducted by comparison series of points for the calculation of the program with

the "manual” calculation. For all points received difference does not exceed 2%.

The analysis of results
The calculations allow to analyzing the opportunities sections of ACC at work for
consideration refrigerants.
Fig. 3 shows that consumption of condensable vapor is in first place R236fa, second and third

— R245fa and R134a, ammonia is in last place. Condensable vapor flow is strongly dependent on the type

of Freon and air velocity, as a change war R236fa from 1 to 9 m/s it is changed 6 times, while only 3 of

ammonia.

On the fig. 4 we can see that the highest heat transfer coefficient of ammonia, in the second
place of R245fa and butane, and the last — R152a and R134a.

Used fig. 5 we can select the speed of the air that provides the fans. The most suitable is war =

5 — 6 m/c for manufactured axial flow fans.

Fig. 6 we can determine the specific heat flux sections of at the selected air speed. We see that

g significantly depends on the war and type of Freon.

Shown in the fig. 7 characteristic curve 6 from war indicates that the considered mode 6 in the
recommended range. It is about 10 °C.
From fig. 8 we see that from condensing pressure is the best Freon R245fa, in second place are
butane and R236fa, ammonia is in last place.
Conclusion

1. The proposed mathematical model section ACC and written on the basis of its computer software
allows comprehensive researches on the condensation of a large number of gases included in the
library «<REFPROP».

2. Conducted by in this paper researches show: amount of the condensed Freon differ significantly
depending on the type of air at the same speed. In this case the best results on the effectiveness of the
section ACC has ammonia, in second place are R245fa and butane, and at the last place are R152a and
R134a.

3. The model allows to determine the required air velocity in the section to select the fans and estimate
the heat flux.

4. From the considered Freon from condensing pressure is best R245fa, in the second place there are
butane and R236fa and ammonia is in last place.
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Pa3pa6oTka Moaenu nepeBoia Ha HHAUBHAYaIbHOE oTomIenne 00bekToB KKX
Tapughynnun A.P.
Kazanckuii nayuonansueiil uccnedosamenvcekuu mexuuueckuil ynueepcumem um. A.H. Tynonesa (KAH),
2. Kazanw, Poccus

B Hacrosimiee Bpems B CBSI3U C YIOPOKAHUEM DHEPIeTHUECKUX PECYPCOB U POCTOM HX Je(hHIUTA
CTapble TEXHOJIOTMH IIEPECTAIOT YAOBIETBOPSTH COBPEMEHHBIM TPEOOBAHUSM, IO3TOMY OCTPO CTOMT
BOIPOC 0 pa3paboTKe IHEProdPPEeKTUBHBIX TEXHOJIOTUI U SHEProcOEPETaONINX TEXHUYECKUX PEIICHHH.

B nmanHoii paboTe paccMoTpeHa npodiieMa OTOIUICHHUS TOMEIIeHU . J[JIs1 OTOIIIeH!sT TOMEIICHH
HEOOXOIMMO COJepKaTh KOTENbHYI0. 3arpy3ka KOTEIbHOH MEHSeTCs, dYalle BCero OH He JOCTUTAeT
MaKCHMyMa, TIpH 3TOM K03((HUIHEHT MOJIE3HOro AeicTBIs Kowia cHipkaercst Ha 5—10 %. IIpu skcmumya-
TaIH TaKUX KOTEIBHBIX 3aTPAThl HA SKCILTYaTAIAIO OCTAIOTCS IMPEKHUMH, CIEJOBATSIEHO YBEININBACT-
csl CTOMMOCTH BBIpaboTkm oxHo#l I'kan. Kpome Toro, Gomnpmrme 3aTpaThl MPHUXOIATCS HA COICpKaHHE
TEIUTOBBIX CETEH, IO KOTOPHIM MOJAETCs TEIIO0, BEAb B YCIOBHAX METAIOIHCA IPOTSHKCHHOCTD TETUIOBBIX
Tpacc pUHUMACT Tio0ankHbIe MacmTa0bl. [logaBisromee OOMBIINHCTBO SKCILTYaTHPYEMBIX KOTESITBHBIX
U TEIIOTpacc TpeOYyIOT KalMTAIBHOTO PEMOHTA, JUIsl OCYILECTBICHHS KOTOPOro HEOOXOAMMBI MUJUTUOHBI
U MWUIMapApl pyoned u3 Oromkera pecnyOnuku. Crapble M3HOIICHHBIE KOTEJbHBIE M TEIJIOTPACCHI
BBIHYXJICHbI Pa00TaTh Ha HpeJelie CBOMX BO3MOKHOCTEMH, IIOCKOJIBKY YaCTh SHEPTUH UCTIONB3YyeTCs HE MO
Ha3HA4YEHHIO, PaCTbIISISICh B ITyCTOTY, [IPU 5TOM YBEJIUYUBAs CTOMMOCTb MOTPEOJICHHBIX YCIIYT.

Pewenvem pgaHHOW TPOONIEMBI SBISETCS NEPEBOJA IEHTPAIBHBIX TEIJIOBBIX ITYHKTOB Ha
WHAUBUAyalbHbIE TeroBble TyHKTH (UTII).

Lenpto maHHOW pabOTHl SIBISIETCS CHUCTEMATH3alMs IIPOIECCOB ITIEpeBOJa IOMEMICHHWH Ha
WHIWBUAYAIbHBIC TETIOBBIC TYHKTHL.

3amava, penreHue KOTOPO MpUBEIST K HAMEUCHHOH [ICITH:

- MOCTPOUTH MOJIENTb U3y4aeMOTo Ipoliecca ¢ mpuMeHeHneM Metogonorun SADT.

OOBEKTOM HCCIICIOBAHMUS SBISIETCS OTOMUTENBHAS CUCTEMA 3aKPHITHIX oMerieHui JKKX.

[IpenqmeToM mcciaemOBaHUS SBISIETCS YHEPrOCOEPEIKCHHE TEIUIOBBIX PECYPCOB B MOMEIICHUSX
JKKX.

J1is mocTpoeHus MOIENH HCTob30BaHa Metoaonorust SADT.

JUis BHeApEeHMs TEXHOJIOTMH IepeBoja Ha MHIUBUAyaJbHBIC TEMJIOBBIE IMYHKTH HEOOXOANMO
PYKOBOJICTBOBATHCSI BO3MOYKHOCTBIO MOJIBO/Ia CUCTEMBI TOILTMBOCHA0KEHHS K IIOTPEOUTEII0, CBOOOIHBIX
MOMEIIEHUI IS pa3sMeLIeHHs JONOJIHUTENIFHOTO OOOpYJIOBaHUS M MPOEKTHBIX JOKYMEHTOB Ha
BEITIOJTHEHNE JaHHOTO BHOa paboT. KagectBo paboT HE0OXOAWMO MOIBEPTHYTH KOHTPOIIO COTJIACHO
«[IpaBunl TEXHWYECKOH HKCIUTyaTallMll TEIUIOBBIX JHEProycTaHOBOK», «[IpaBmim ycTpolicTBa U
0e30macHO# JKCIUTyaTallid TApOBBIX W BOIOTPEHHBIX KOTIIOBY, «[IpaBMi O€30MaCHOCTH CHCTEM
ra3opacnpeneneHus u razonotpednenus [1b 12-529-03.

Hannast TexHosorus perijaMmeHtupyercsi @enepansHpiM 3akoHOM P® 006 sHeprocbepexeHnu ot
23.11.2009 r. Ne 261-®3 «IIpaBuna TeXHUUECKON 3KCILTyaTallMX TETJIOBBIX SHEPTrOYCTAHOBOKY.

DddexT mpu nepexoie Ha JaHHYIO TEXHOJIOTHIO JOCTUTAETCS 3a CUET:

- MTOBBIIIEHUS KO3 (HUIMEHTA MTOJIE3HOTO ASHCTBHS KOTJIA,

- CHIDKEHUS 3aTpaT Ha SKCIUTyaTaluio,

- CHIDKEHUSI IO TTOTEPh TETUIOBOM SHEPTHH B CETAX.

CronMoOCTh BHEIPEHUS WHAWBHIYAJIHHOTO TEIUIOBOTO ITYHKTAa 3aBHCHUT OT MECTa PaCIOJIOKEHHUSI
00BEKTa, THIIA BRIOPAHHOTO 000PYAOBaHMS U HCIIOIB3yEMOTO TOTIIHBA.

Ha pucynke 1 mnpencraBieHbl pe3yibTaThl HCCIENOBAaHMK C caiita (oHga rasoduxanuu
pecnyonuku Tarapcrad [1] oT BHeIpeHHs: MHAMBUAYJIBHOTO TEIUIOBOTO MYHKTA.

Taxoke OIHOW M3 Mep IO TOBBIMLEHUIO 3HEProd(P(EKTUBHOCTH KOMMYHAJIHHOTO KOMILIEKCa
ropo/ia SIBJISIETCS Mepexo/l K SKOHOMHYHBIM CHCTEMaM Ha OCHOBE MHJIMBHYAJIbHBIX TEIUIOBBIX MYHKTOB C
MIOT0/I03aBUCUMBIM PETYJIMPOBAaHHUEM, a TAaK)KE BHEIPEHHE CHUCTEM WHIUBHIYJILHOIO y4yera Teluia B
JKHITBIX TOMaX.

B 2014 rony I'erepupyromnias KOMIaHUS Havalla peaju3aliio IpoTrpaMMBbI 10 MEPEBOY JKUIIBIX
JOMOB Ha WHIMBHIyaJbHOE OTOIUIEHHE. BMECTO NEeHTpaldbHBIX TEIUIOBBIX IIYHKTOB OymyT
WHIVBUIyaJIbHBIE — B 3TOM Toay Ha 252 o0bekTax, a kK koHiy 2016 roma — 1357. Ilpu momcuete
MOJTyYaeTCs, YTO ITO KAKIBIA YETBEPTHI MHOTOKBAPTHPHBIA JOM B Topone. Mtorom Oyaer sBISATHCS
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