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Bukonano aHai3 BIUIH-
BY TIEPCIIEKTUBHUX CII0co0iB
iaTeHcHupikamii TErIooOMiHy B TpyO-
YacTHX  TEIUIOOOMIHHMKAax Ha  IX
TEMJIOBY 1 TifipaBlidHy e(eKTHBHICTb,
a takok Ha edektuBHicte BTTY B
uitomy. IlpencraBneHo MOpiBHSHHS
TEIUIOTIAPABIIIYHAX 1 Macorabapur-
HUX XapaKTepUCTHUK TeTI000MIHHUX
armapariB 3 Pi3HOMaHITHUMHU CIOCO-
0amMy BHYTpIIIHBOi Ta 30BHIIIHBOT

BrimonHeH aHanm3 BIWSHHS TIEp-
CIIEKTUBHBIX CITOCOOOB HWHTEHCU(U-
Kallid TeIuIooOMeHa B TpyO4aThix
TErI000MEHHHKAX Ha UX TEIUIOBYIO M
THIPaBINYEeCcKyl0 3(deKkTUBHOCTD, a
takxe Ha 3 dexruBHocts BTTY B 1e-
nom. [IpencraBneHo cpaBHeHHE TEILIO-
TUIPABINYECKUX U MacCOTa0apUTHBIX
xapaktepuctuk TOA ¢ pa3nuaHBIMEU
croco0amMu BHYTPEHHEH M BHELIHEH
WHTCHCU(UKALINY TEIJIO0OMEHa.

The analysis of the influence of
the advance methods of heat transfer
enhancement in tubular heat exchangers
and their thermal hydraulic efficiency,
as well as the efficiency of the whole air
turbine waste heat recovery power plant
are performed. Comparing of the heat
exchanger thermal-hydraulic and weight
and size characteristics with different
ways of ducts internal and external heat
transfer enhancement are represented.

iHTeHCH]iKallii TeTUI00OMIHY.

buba. 6, puc. 8.

KuroueBble cjioBa: BO3AyIIHAS TEIUIOYTHIM3UPYIOIIAs TypOMHHAs YCTaHOBKA, TEINIOOOMEHHbBIE annapaThl,
WHTEHCU(UKAIUS TEIUI0O0OMEHa, TeTI00TAaYa W THAPABINIECKOE COMPOTHUBIICHUE, TETUIOTUIPABINYECKas

3¢ HEKTUBHOCTS.

Re 4 — gmcIo PertHonpica, onpenenénHoe no cpea-
HEPACXOHON CKOPOCTH M BHYTPEHHEMY JHAMETPY
TpyOBI;

Nu, —uncio Hyccenbra,

Nu,/Nu,, — hakTop MHTEHCH(DUKAIIMK TETIOOTIAYH;
¢/C, — paxTop yBenMYEHNs THAPABINYECKOTO COMpPO-
TUBJICHUS;

d — nuameTp TpyObI (yrimyoneHus);

S, — monepeyHsli mwar Tpyo B TpyOHOM ITyuKe;

S, — NPONOJBHEIN War TpyO B TPYOHOM ITy4Ke;

{ . — IIar HAKaTKH (BBICTYIIOB);

h — BBICOTA IWJIMHJIPUYECKUX BBICTYIOB, yIEJIbHAs
SHTAJIBIIHS;

QO — TemoBas MOIIHOCTH TETUIOOOMEHHOTO armapa-
TQ;

G — MaccoBbIl pacxoj] TEIJIOHOCUTEIIS;

N — MOIIHOCTB, 3aTpayrBaeMasi Ha MPOKAYKY TEII0-
HOCHUTEJICH;

P — naBnenwue;

T — Temrieparypa;

p — TUIOTHOCTH;
N — K03 UIUEHT MOJIE3HOTO ASHCTBUS.

Coxkpamenus:

I'TC — razorpaHcniopTHas cucTema;

['TY —razorypOuHHas yCTaHOBKA;

KIIJ] — ko3 dUIMeHT MoIe3HOro AeHCTBUS;

NTT® HAHY — UHCTUTYT TeXHUYECKOM Ternodu-
3ukd HannoHanbHOM akajeMun HayK YKpauHBbI;
BTTY — Bo3mymHas TEIUIOYyTWIM3UPYIOIIAS TYyp-
OMHHAsl yCTaHOBKA;

I'TJ] — ra3oTypOUHHBII 1BUTaTENb;

TOA — TenooOMeHHBIH anmapar.

Nnpexcor:

0 — rmagkas TpyOa;
BH — BHYTPCHHUMU;
Hap — HapYKHBbI;
BC — BBICTYIL.
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[Ipu sxcrmryarauuu ['T/] co cpennum st I'TC
VYkpaunsl 3Hauenuem KIIJ[ 25 % B okpyxaromiyro
Cpeday C BBIXOASIIMMH Ta3aMU BBIOpachIBAETCS
75 % nepBUYHOMN TEIJIOBOW SHEPTUM TOILUIMBHO-
ro rasa. XoTs COBPEMEHHBIE )KapOCTOMKHE Mare-
pualbl ¥ METOJbl OXJIAXKJACHHUS JOMaTOK TypOWH
MTO3BOJISIFOT UCIIOJIb30BaTh CPABHUTEIBHO BBICOKHE
3HAYEHHUS MAKCHUMAJIbHOM TeMIIepaTypbl LHKJIA,
TEHJCHLIUSA K YBEJIMYEHHUIO CTEIIEHU IOBBILICHUS
JABJIICHUS B KOMIIDECCOPE OIPAHUYUBACT BO3-
MOYXHOCTU NPUMEHEHUS pEereHepauuu TEeIIOThl B
nukie. Jpyrum BapuaHTOM MHOBBIIECHHS dhdek-
TUBHOCTH HCHOJIb30BAaHHUS NOABOAUMMON B LIMKIIE
npuBogHOTO ['T/] TennoTsl ABIsI€TCS NIPUMEHEHUE
KOMOWHHUPOBAHHBIX TEIUIOYTHJIN3AIIMOHHBIX IH-
KJIOB. TepMOAMHAMUYECKH BBITOAHBIM OBLIO OB
UCIIOJb30BaHUE B KayecTBE paboyero Tteja B yTHU-
JU3alMOHHOM IMKJIE BOABI U BOJISHOTO Iapa, Of-
HaKo, TPAAUIMUA PaOOTHUKOB Ta30TPAHCIOPTHBIX
CHCTEM M IEPCIEKTUBBI IOJHOM HMX aBTOMAaTH3a-
LHMHU 3aCTABJISAIOT OLEHUBATh BO3MOXHOCTHU IIpH-
MEHEHHMsI aTMOC(EpHOro BO3JyXa B Ka4eCTBE Te-
IJIOHOCHUTEIS Ul TEIUIOY THIIM3UPYIOIIETO UKJIIA.
OTtcrona BBITEKAET AKTyallbHOCTb HMCCIIEIOBaHUS
ra3oBO3/yIIHOTO TEII0O0OMEHHUKA OrpaHUYEHHO-
ro Beca U pa3MepoB.

Pa3paboTaHHble aBTOpaMH MaTeMaTHYECKHE
Mozaenu BTTY u koKyXoTpyOHOTO TEIIOOOMEH-
Horo anmnapara (TOA), mo3BojsuiM BBIOJIHUTH
AHAJIU3 TENJIOTUAPABINYECKUX XapAKTEPUCTUK Te-
MJI000MEHHOTO alapara, SBISIONIET0CS COCTaB-
HOM 4acTero nepcnektuBHo BTTY. Ina storo B
JAHHOU paboTe BBINOJIHEHA CEPUs CPABHUTEIIbHBIX
pacuéToB TEMIOOOMEHHUKA C OOBIYHBIMU TJIAKH-
MU TpyOaMu u ¢ Tpybamu ¢ UHTeHCU(UKATOpaMU
TeraooOMeHa. Pacder BBIMOIHEH U1 pa3IUYHBIX
3HauY€HUU TUaMeTpoB TpyoO.

[Ipeanonaraercs, 4To B TEINIOOOMEHHOM aria-
pare ropsaasi cpena (MpOAYKTHI CTOPaHUsI IPUPOJ-
HOTO rasa B BO3/AyX€) B MEXKTPYOHOM NpOCTpaH-
CTBE OMBIBAET IIYYOK MONEPEYHO, a HArPEBAEMBIN
BO3/yX, MpoTekaeT BHYTpu TpyO. Kommonoska
TpyOHOTO TTy4Ka — MIaXMaTHas WU KOPUIOPHAS.

Jlns pacuera TenaooOMEHHOrO ammapara 3a-
JalOTCs: HApYXHBIA auamerp TpyO D, BHYTpEH-
HMH auameTp TpyO D, mar pasMermenus Tpyo no
HOTOKY S,; ONEPEYHBIN HIar §,; pacxoj rops4ero
raza G, ; Temmeparypa ropsdyero rasa Ha BXOJ€ B

TEMI000MEHHUK 1" ; NaBIEHUE TOPAYETO rasa Ha
BXxoze p',; kK03Q(OUIMENT MOTEPH JABICHUS O TO-
psA4erl CTopoHe G,; pacxox Bosnyxa G,; Temmepa-
Typa BO3JyXa Ha Bxoje 7',; TeMneparypa Bo3ayxa
Ha BeIXOJE 1", naBieHHE BO3JyXa Ha Bxoue p',;
YUCIIO XOJOB IO TOPAYEH 7, U IO XONOAHOM 71,
CTOpPOHAM.

B pesynsrare pacueta TOA onpenenstorcs:
KOA(PGUITMEHTHI TEMI00TAAYM MO Topsiuel W Xo-
JOIHOM CTOpOHAM, KO3(PPUIIMEHT Teronepenayu,
noTpeOHasi MOBEPXHOCTh TETUIOOOMEHA, TUIOMIAIH
IIPOXOAHBIX CEUYEHUH 110 TOPAYEH U XOJIOJHOU CTO-
poHaM, TabapuTHBIE pa3Mephl TEINIOOOMEHHUKA, a
Takke K03 UIMEHTH TOTEPh AAaBICHUS B TOpsi-
9eM U XOJIOJHOM TPaKTaxX.

[lenbto BTOpO# yacTu pacueTa SABISETCS ONpe-
JeJICHUE palMOHAJIbHBIX IapaMeTpPOB TEII000-
MeHHuKa. [Ipu pacuere BapmaHTOB MOTYT H3Me-
HATHCSA:

1) nponoabHBIA U MONEPEYHbId Iaru pazme-
nieHus Tpyo;

2) 9HUCI0 XOAOB IO TOPSYEH W XOJIOJHOU CTO-
poHaM;

3) cooTHomeHUsT MeXAy KodpdurueHTamu
NOTEPh JaBJICHUS;

4) Hapy>KHBIA U BHYTPEHHUHN JUaMETPHI TPYO;

5) cnocoObl HHTEHCU(PUKAIIUY TEITOOOMEHA B
TpyOax.

Jns onenku s¢pdexkruBHoctu TOA ucnonbiy-
ercs ruapaBnudeckuii u nonaHelil KIIJ[ Tenmoo6-
MEHHUKA.

Tak, crenenb coBepuieHcTBa TOA, ¢ TOUYKH
3peHUs 3aTpar PHEPTUU Ha MepeMelleHue Tero-
HOCHUTEJIEN Yepe3 €ro ropsiuui U XOJOAHBIM TPaK-
ThI, Xapakrepusyercsa ruapasiandeckuM KII/, xo-
TOPBIN ONpenesuICcs CAEAYOINUM BhIPaKEHUEM:

_Q-2N,
o (1)

nzu()p -
rne Q=G (b —h) — TennoBas MOIIHOCTb Te-
MJI000MEHHOTO afmnapara, onpeaenseMas 1o napa-
METpaM BTOPHUYHOTO (XOJIOAHOTO) TETIJIOHOCUTEIIS.
3nece A™ W h] — COOTBETCTBEHHO SHTAJbIIHUH
XOJIOJHOTO TETIJIOHOCHUTENS Ha BBIXOJI€ U BXOJIE Te-
MJI000MEHHHUKA.

LN, — cyMMapHas MOIIHOCTbH, 3aTpaqrBacMast
Ha npokadky temnoHocureneil yepe3 TOA. Oue-
BUJIHO, 4TO mipu EN — 0 Mooy ™ 1. CymmapHas
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MOIIIHOCTh, 3aTpayrMBaeMasi Ha IMPEOJO0JCHUE THU-
JPaBIMYECKUX COMPOTUBICHUN TPH IepeMere-
HUM TetuioHocutenei yepe3d TOA 6e3 yuéra muc-
CUTIAINH, ONIPEIEISETCS BRIPaKEHUEM:

YN, = SO @)
p2 px

rie P, U P, — CpeIHME 3HAYEHUS IUIOTHOCTH Te-

IUIOHOCUTEJIEH B TOpsiYEM U XOJIOJHOM TPaKTaXx;

AP, AP — abCOJIOTHBIE 3HAYEHUS TIOTEPD JaBJIE-

HHS B TOPSIXYEM M XOJOJHOM TPAKTaX.

[Tomnerit KIT/[ TenmooOMeHHOTO amnmapara siB-
JSI€TCS TIOKA3aTENEM €T0 TeIIOBOM U TMApaBiInye-
ckoit apdextuBHOCcTH. OH XapaKTEepU3yeT MOTEPHU
TEIUIOTHI C YXOMSIINM NMEPBUYHBIM (TOPSYUM) Te-
IJIOHOCHUTEJIEM U 3aTpaThl SHEPIUU HA MPOKAUKY
tennmonocurenein uepez TOA. Iloatomy mpu ero
OTpe/ieIeHU HEOOXOUMO M3 TETUIOBOM MOIIHO-
ctu TOA BpIUECTH TEIJIOBYIO MOLIHOCTH, SKBHBA-
JIEHTHYI0 MOIIHOCTH, 3aTPady€HHOM Ha MPOKauKy
TEIUIOHOCHUTEJIEW B ammapare, a 3aTeéM I10JIy4YEeH-
HYIO Pa3HOCTb OTHECTH K pacmoyiaraéMoi Terio-
BOW MOIIHOCTH (Qp). Takum 006pa3oM, TOJHBINA
KIIJ TtennooOMeHHOTO ammapara OmnpeaesseTCs
CIEAYIOIIUM BBIPaKEHUEM:

0-2.N,

104 = 3
n 0, 3)

BrinmonHuB  HecCHOXHBIE  IpeoOpa3oBaHus,
MOXHO Toka3arh, yTo nojHeil KIIJ[ TOA npen-
CTaBJISIET COOOU MPOM3BENICHUE €TO TEIMIOBOM d-
¢dextuBHOCTH (TermuioBoro KIIJ[) m ero ruapaBiu-
yeckoro KIII:

nTOA - nmnem)p' (4)

Ontumuszanuss TOA MoXkeT HPOU3BOAUTHCS
0 MUHUMYMY MaccChl WiN oObeMa ammapara Wiu
no Makcumymy mnojHoro KIIJI TOA. Haubonee
MPEANOYTHTEIbHAS pacu€THas cXxema TpyO0daTroro
TEMJI000MEHHHKA C TOUYKU 3PEHUs OLIEHKHU THApa-
BJIMYECKHUX MOTEPb MPEACTaBICHA Ha pUCYHKE 1.

bbutn nccnenoBaHbl TPU MEPCIEKTUBHBIX CIIOCO-
06a MHTeHCU(UKALUHU TEIJI000MEHA B KPYIIBIX TPY-
0ax Ha 3((HEeKTUBHOCTh TETIOOOMEHHOTO arrapara
u 3¢pdpexruBrocts BTTY. DT nnTeHCH(DUKATOPBHI SIB-
JISIFOTCSI TEXHOJIOTMYHBIMU U HEZIOPOTMMH B TTPOMBIIII-
JICHHOM TIPOW3BOACTBE. BBUIM TMpoaHaIM3UPOBAHBI
CIIEIyIOIINE BapUaHThl TPYyOUaThIX TEMIOOOMEHHBIX

NOBEpPXHOCTEM (puc. 2):

1. Kpyrible TpyOBI C MUIHMHIPUYECKON HAKATKON
(mmadparmen) [1, 2] (puc. 2, a).

2. Kpyrieie TpyObl ¢ BUHTOBOM HakaTkou [2, 5]
(puc. 2, 6).

3. Kpymibie TpyObI co cheprueckumu yriryOneHn-
aMHu (BeIcTynamu BHYTpH) [3] (puc. 2, 8).

XonogHbii
TpakT

<«
3 lopsuunn| Tpakt
%O oo p. p
/9096950 |
0 0_O0_ O
a o.0.0
00 _O0_ O c
33—0803080
17 © 0 "0°0
82

b

Puc. 1. Pacuémnan cxema mpyouamozo
mMenn000MEeHHUKA ¢ 0OHUM «RPOXOOOM) RO
20pauemy mpaKkmy u 08ymsa «npoxXo0amu
nO X0J100HOMY MPAKNY.

Jns TpyO ¢ MUAMHIPUYECKON U BUHTOBOM Ha-
KaTKOW (aKTOpbl MHTECHCU(PUKAIMU TETII000MEeHa
U YBEJIMYEHMS THJIPABIMYECKOrO CONMPOTUBICHUS
PAaCCUUTHIBAINCH IO W3BECTHBIM 3aBHUCUMOCTSIM,
NpuBEICHHBIM B paborax [1, 2, 5].

Jns uccnenoBannbeix B UTT® HAHY kpyribix
TpyO co chepruueckumMu yriayoseHusMu (BbICTyTa-
Mu) (puc. 2, 8) ObUIN MOIYUYEHBI U UCIIOIB30BAHbI
B MareMaruueckoil monenu TOA kKoppensiiuoH-
HbI€ 3aBHCUMOCTHU JUIsl MHTEHCU(DHUKALUU TETIOo-
oOMeHa MNpH TEYEHUU TEMJIOHOCUTENSI BHYTPH
Tpy6. Tak 11 OTHOCHUTENBHON BEIMYMHBI TMPO-
JOJIHOTO M TIOTIEPEYHOTO IIAaroB YIIyOJICHUH Ha-
XOISIIAXCSA B QUANa30HE t[/d (tz/ d) =0,26...3,37
(puc. 2, 6), OTHOCUTEIbHOU BBICOTHI BBICTYIIOB
h/d,_ = 0,055..0,0663 U 8 JWanaso-
Ha wu3MeHeHus dYucen PeillHoapaca B TpyOax
Re, = 5000...40000:

Nu,, Nu,,
h h,.
rie A=-046+1111 = | ; B=1,02—7 — |,
dGH dSH
raec hgc — BBICOTa C(I)epI/I‘leCKI/IX BBICTYIIOB,
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e

Puc. 2. Hccneoosannwie cnocoodst unmencugpukayuu menaioooMena 6 Kpy2ivix mpyoax.

d, — BHYTpEHHUI auameTp Tpyo. §

3neck 3HaYeHue yncaa Nu , 1Uist TIajKoOu Tpy-
OBl Ompenensaioch Ha OCHOBE M3BECTHOW 3aBUCH-
Moctu Jutryca-bonrepa:

Nudo = 0,023 Reg,’8 PI‘O’4 . (6)

Hns pakropa yBenmmueHus kodpduimenrta mo-
Teph MPU TEUECHUU TEIUIOHOCUTENS B TpyOax co
cepuueckumu yrinyOneHUsIMU (BBICTyIIaMU) aB-
TOpaMH MpeAJIOKEeHa CIeAYIOIas SKCIepUMeH-
TaJlbHasI KOPPEISIMOHHAs 3aBUCUMOCTb!

&/&, =52,56Re, . (7)

Jnsa pakropa uHTEHCU(PUKAIIUK TETIJIO0OMEHA
1 (akTopa yBEIUYECHUS TUIPABIMIECCKOTO COIMPO-
TUBJICHUS CO CTOPOHBI TOPSYETO TEMIOHOCHTEIS
(BHEIHssA yacTh TPYyO), COITTaCHO PEKOMEHIAIUAM

paboThI [6], OBLIM NIPUHSATHI CIEAYIONIUE 3HAYCHUS
Nu,/Nu, = 1,15u {/C;= 1,15 cOOTBETCTBEHHO.

HccnenoBanust ObITM BBITIOJHEHBI ISl TIOTIE-
PEYHOTO U MPOJOJIBHOTO OTHOCUTEJIBHOTO IIaroB
Tpy6 B TpyOHOM nyuke S,/d = 2,5, S,/d = 12,5
(d = 0,03 m; d =0, 027 M) W s reOMeTque-
CKHX napaMeTpOB WHTEHCU(DUKATOPOB TEII000-
MeHa MpeCTaBIeHHbIX B Tabnuie 1.

Ha pucynkax 3 u 4 npencraBieHbl 3aBUCUMO-
ctu ruapasnudeckoro u noxHoro KIIJ[ remnoo6-
MmeHHuKa BTTY ot pacxoma Bo3znyxa yepe3 BTTY
I TpEX Ccroco0O0B MHTEHCHU(UKAIIMU TEII000-
MeHa B TpyOax TOA. U3 ananusa npuBeIEeHHBIX
3aBUCUMOCTEI BUIHO, UYTO HCIOJIb30BaHUE TPYyO
C IUIMHIPUYECKON HAKATKOW W TPyO ¢ BHHTOBOM
HaKaTKOM NPUBOAMT K CHUIKEHHUIO TUpaBiIuye-
ckoro KII/[ temnooOMeHHOro ammapara BO BCEM
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HCCIIEIOBAHHOM JMala30He W3MEHEHMsS pacxoja
BO3JlyXa BTOPUYHOIO TEIUIOHOCUTENA. DTO 00Yy-
CJIOBJICHO POCTOM THJPABIMYECKUX MOTEPh B TO-
psiueM u xoiogHoM Tpaktax TOA. HMcnonb3oBanue
KpyIIbIX TpyO co chepuuecKuMHU yriayOJeHUsIMU
MPUBOJUT K HE3HAYUTEIbHOMY YBEJIUYCHUIO TH-
npaBnudeckoro u monHoro KIIJ[ TemrooO6meH-

HOrO amrapara B JWalla30HE HU3MEHEHHUs Pacxo-
na Bosnyxa uepes BTTY 45 < G, < 52,5 xr/c u K
HE3HAUUTEIbHOMY CHUKEHUIO THAPABINYECKO-
ro u noiaHoro KIIJI TOA B nmana3oHe HM3MeHe-
HUS pacxona Bosayxa yepe3d BTTY B nuamazone
60 < G, <75 kr/c. Tak B pacuéTHOH TOUKE
(G, = 65 xr/c) ruppasmnueckuit KIIJL TOA BTTY

Tao0muma 1
Tun natecupukaropa djd t/d, vd,, m d., M
Hunuuapudeckast HakaTka (aquadparmer) 0,98 0,5 - -
BunToBas HakaTka 0,98 0,5 - -
Chepuueckue yriayoseHus (BBICTYTIBI) 0,87 0,06 1,63 0,0034
0,99
—0— [Nagkue Tpyobl
—o— [vacpparmel d_/d =098; t/d =0,5
0.98 —{— BUHTOBas HakaTka dsc/ds~=0,98; t/du =05

—v— Cdpepuyeckue yrnybreHus (WTTO HAHY) d, /d, =0,87

n;uap

0,95 4

0,94

45 50 55

Ge

60 65 70 75
, ke/c

Puc. 3. 3aeucumocms 2uopasnuuecxozo KII/[ mennooomennuxa BTTY om pacxooa
6030yxa uepe3 BTTY ona paznuunvix cnoco6oeé unmencuguxayuu mennooomena ¢ mpyoax TOA.

0,91
0,90 4
0,89 4
0,88 1

—0— [najkue TpyGbl

—o— [vadparmel d, /d =0,98; td =05
—/— BUHTOBaA HakaTka dsc/d”=0,98; t/d“ =05
—v— Cdopepuyieckue yrny6nenus (WTT® HAHY) d_/d =0,87

M |

0,87 3
0,86

i S

S,/d,=25

TN

S,/d,=25

0,85 -
0,84

ﬂTOA

NN

v

NN

0,831
0,82

RN

SNAL

0,81
0,80

0,79 4
0,78

N

45 50 55

65 70 75

G, kelc

Puc. 4. 3asucumocms nonnozo KII/[ mennooomennuxa BTTY om pacxooa éo3dyxa
yepe3 BTTY ona paznuunvix cnoco6os unmencuguxayuu meniooomena ¢ mpyoax TOA.
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cHmxkaercs Ha 0,16 % npu UCMOIb30BaHUM TPYO CO
cepuueckumu yranyonenusimu, Ha 1,3 % mpu uc-
MoJIb30BaHUU TpyoO ¢ nuadparmamu u Ha 0,96 %
IIPU UCIIOIB30BAaHUM TPYO C BUHTOBOM HaKaTKOM.
B BbiOpannoii pacuérHoit Touke (G, = 65 Kr/c)
UCIIONb30BaHNE HMHTECHCU(PUKAIMU TEIIo00OMeHa
NPUBOAUT K CcHIKeHUo nonHoro KIIJ[ temnoo0-
MeHHoro annapara Ha 0,25 % npu ucronb30BaHUU
TpyO co chepuueckumu yrinyonenusmu, Ha 1,2 %
MpU HMCIOJIb30BAHUU TPYyO ¢ auadparmMaMu M Ha
0,72 % mpu UCIoONb30BaHUU TPYO C BUHTOBOI Ha-
KaTKOM.

Ha pucynkax 5 u 6 npencrtaBieHbl 3aBUCUMO-
CTH MacChl TOBEPXHOCTEH TEII000MEHa TeTI000-

350

MeHHuka BTTY u ero o6béMa oT pacxoma Bo3ayxa
yepe3 BTTY mns paznudabix criocoOOB MHTEHCH-
¢bukanum TeriooOMeHa B Tpydax KOXKyXOTpyOHO-
ro TOA. 13 ananu3a npencraBieHHbIX 3aBUCUMO-
CTEU CIEeAYET, YTO IPU UCIOJIB30BAHUU B KaUE€CTBE
WHTEHCU(HUKATOPOB TEIJI00OMEHA KPYIIIBIX TPYO ¢
nradparMaMu ¥ CIHPAITHHON HaKaTKOW Macca 1o-
BepxHocTel Termmooomena TOA BTTY cumkaercs
B pacu€THO# Touke Ha 67 %, a IpU UCIOIb30Ba-
HUU TPYO cOo cPepudecKkuMu yrinyOrIeHUsIMU — Ha
24 %. Ilpu sTOM, 00BEM TEIIIOOOMEHHUKA B IEp-
BBIX JIBYX cllydasx cHuxaercs Ha 73 %, a BO BTO-
pom —Ha 30 %.
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Puc. 5. 3aeucumocms maccol nogepxrnocmeii meniooomena mennooomennuxka BTTY om pacxooa 603-
oyxa uepe3 BTTY ona paznuunvix cnoco6oe unmencugpuxayuu meniooomena ¢ mpyoax TOA.
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Puc. 6. 3asucumocmsv 06véma mennooomennuxa BTTY om pacxooa 6030yxa uepez BTTY ona
PA3TUYHBIX CROCO0068 unmencuguxkayuu meniooomena ¢ mpyoax TOA.
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Puc. 7. 3asucumocms mowgnocmu cunoeoui mypounvt BTTY om pacxooa éo3dyxa uepez BTTY oasa pas-
JUYHBIX CROCO006 unmencugpukayuu meniooomena ¢ mpyoax TOA.
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Puc. 8. 3asucumocms nonnozo KII/I BTTY om pacxooa é030yxa uepe3 BTTY ona paznuunwix cnocooos
unmencuguxkayuu meniooomena ¢ mpyoax TOA.

PacuérHoe nccnenoBanne MOITHOCTHBIX U IKO-
Homuueckux xapakrepuctuk BTTY 6bu1o BeImo-
HeHo 1ia BTTY mommuocteio 1,3 MBT ycraHoB-
JIEHHOM Ha BbIXoAE U3 3Hepretuuecko I'TY Tuna
JH-80 momuocTrio 25 MBt (I'IT HIIKB «30ps —
MarmmnpoekT») ¢ pacxoJ0M ra3oB Ha Beixoje — 87,5
kr/c u Temneparypoit — 480 °C.

Ha pucynkax 7, 8 npeacraBieHbl 3aBUCHMO-
CTU MOUIIHOCTH CHJIOBOM TYypOUHBI (dJIEKTpUYE-
ckoit momHoct) BTTY u monnoro KIIJ BTTY
OT pacxona Bo3ayxa uepe3 BTTY mis pasnuuabix
CIoco00B MHTEHCU(UKAIIUHA TETII000MEHa B TPY-

6ax TOA. U3 ananuza npuBeleHHBIX Ha puc. 7
U 8 3aBUCHUMOCTEH CJeAyeT, YTO HCIOJIb30BAHUE
MHTeHCU(PUKAIMU TeTiooOMeHa B TpyOax Terio-
0OMEHHOTrO arnmnapaTa IPUBOIUT K CHUKEHUIO TO-
ne3Hoit MomHocTy U nojiHoro KITJI BTTY 3a cuer
pocTa THAPABINYECKUX TTOTEPH.

Kak crnenyer, B BbIOpaHHOW pacuéTHON TOU-
K€, COOTBETCTBYIOIIEH 3HAUEHHUIO pacxojaa BO31Yy-
xa yepe3 BTTY G = 65 kr/c, MOIHOCTb CHIOBOM
TypOuHBI CHIXaeTcs Ha 1,6 % mpu ucmoiap30Ba-
HUU TpyO co cdepudeckumMu yriayOlneHUsIMU, Ha
4,8 % — mpu ucnonb3zoBaHuu TpyO ¢ nuadparma-
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Mu U Ha 16,7 % npu ucnonb3oBaHuU TpyO C BUH-
ToBOM Hakatkou. [Ipu 3Tom monusiii KIIJ{ BTTY
camwkaercsa Ha 0,65 % mpu MCTONB30BaHUU TPYO
co chepuueckuMu yrinyoneHusmu, Ha 7,8 % mpu
ucnojp30BaHuu TpyO ¢ nuapparmamu U Ha 16 %
MIPU UCTIOJIb30BAHUU TPYO C BUHTOBOI HAKaTKOM.

Buvieoown

AHanu3 COCTOSIHUSI U HCCIEeOBaHUE IMOTEH-
IUAIBHBIX BO3MOXKHOCTEH YMEHBIIEHUS BbIOpOCa
TEIUIOTHI C BBIXOISMIIMMH MPOAYKTAMH CTOPAHUS
I'TII yxpaunckoit I'TC nokaszan:

1. JloctynHbIM M Mano3aTpaTHbIM METOAOM
MCIIOJIb30BAHMS TEIJIOTHI BHIXOSIIUX T'a30B Y CO-
BpeMeHHbIX ['T/l aBnsercs e€ yrtunuzanus B Ou-
HapHOM IHMKJIe KOMOMHHPOBAHHOW YCTAHOBKHU C
BTTYV.

2. llpumeHeHue BO3MYIIHOW YTHIM3ALHMU Te-
IUIOTHI TO3BOJISIET cylecTBeHHO (Ha 14...17 %)
YMEHBUIUTh KOJUYECTBO TEIJIOTHI, BhIOpachIBae-
Mo u3 ocHoBHOM I'TY, uro nmo3BosnseT ans ycra-
HOBOK Ha 0a3e coBpeMeHHBIX [ T/ mpocToii cxembl
MOTYYHUTHh KOO PUIIMESHT UCTTOTB30BaHUS TEIIOTHI
42...47 %.

3. Haubonee »sddexkTuBHbIMU criocobaMu
MHTEHCU(UKAIIUU TETUIOOOMEHa U3 TPEX paccMo-
TPEHHBIX C TOYKH 3PEHHS CHIDKCHHUS 00bEMa H
Macchl TEMI000OMEHHOIO ammapara SBIsSeTcs uc-
MOJIb30BaHUE LUJIUHAPUUECKUX TPyO ¢ auadpar-
MaM¥ WU TPyO ¢ BUHTOBBIMH HaKaTKaMu, KOTOPbIE
M03BOJIAIOT yMeHbIIUTh 006EM TOA B pacuérHoi
Touke Ha 72...73 %, u maccy — Ha 67 % npu cHU-
»kenuu MomHoctu BTTY na 4,8 % u 16 % coot-
BETCTBEHHO.

4. Uccnenosanusiii B UTT® HAHY cnoco0
WHTEHCHU(UKALNK TErI0o00MeHa ¢ HCIOIb30Ba-
HUEM TpyO co cheprUueCcKUMHU BBICTYIIAMH - yTIIy-
OJICHUSIMH TO3BOJIsIET YMEHBIIUTh 00bEM TOA B
pacuérHoii Touke Ha 30 % u maccy — Ha 24 %, npu
camxenun MmomHoctu BTTY Bcero na 1,6 %.

5. [lpy  TpOEKTUPOBAaHUM  TEIIOOOMEHHO-
ro anmnapara BTTY c uHTeHcudukamuenn terio-
oOMeHa T1IeJ1eco00pa3Ho HMCIOJIb30BaHUE TPYO C
BUHTOBBIMU HaKaTKaMU WU C auadparmamu B
TOM clly4yae, KOTJa ONPEICISIIOIUM KpUTEpUEM
MPOCKTUPOBAHUS SBIACTCSA MHHUMAaJIbHAsg Macca
u oobem TOA u TpyO co chepruyecKuMHU BBICTY-
MaMU-yIAyOneHUusIMHU, 1711 00ecredeHus: BHICOKOH

momaoctu BTTY.
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INFLUENCE OF DIFFERENT METHODS
OF HEAT TRANSFER ENHANSMENT IN
HEAT EXCHANGER ON AIR TURBINE
WAIST HEAT RECOVERY POWER PLANT
HARACTERISTICS

Khalatov A.A., Severin S.D.,
Kovalenko G.V., Meyris A.J.

Institute of Engineering Thermophysics of the
National Academy of Sciences of Ukraine, 2a
Zhelyabova St, Kyiv, 03680, Ukraine

The analysis of the influence of the advance
methodsofheattransferenhancementintubularheat
exchangers and their thermal hydraulic efficiency,
as well as the efficiency of the whole air turbine
waste heat recovery power plant are performed.
Comparing of the heat exchanger thermal-
hydraulic and weight and size characteristics with
different ways of ducts internal and external heat
transfer enhancement are represented.

The got by author’s correlations for the
investigated before method of heat transfer
enhancement in the tubular ducts of “cavity —
convex” type those was used in heat exchanger
mathematic model are represented in the paper.

Application of air cycle waste heat recovery
allows substantially (on 14.17 %) to decrease the
amount of heat, thrown out from basic gas turbine
power plant, that allows for power plants on the
base of modern gas turbine engines of simple
schemes to achieved the coefficient of the heat
using value 42...47 %.

It is shone that from three investigated
methods of heat transfer enhancement considered
from the point of decreasing the heat exchanger
mass and volume the most effective method is the
use of cylindrical ducts with diaphragms or ducts
with spiral rolling-ups, which allows decrease air
turbine waste heat recovery power plant on 73 %
and mass — on 67 % at it’s power decreasing on

4,8 %. However investigated in Institute of
Engineering Thermophysics of NANU method
of heat transfer enhancement with the use of
ducts with spherical cavities — convexes allows
to decrease the volume of heat exchanger on 30
%, and mass — on 24 % at air turbine waste heat
recovery power plant power decreasing only on
1,6 %.

References 6, figures 8.

Key words: air turbine waist heat recovery
power plant, heat exchangers, heat transfer
enhancement, heat transfer and pressure drop,
thermohydraulic effectiveness.
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