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MaremaTnueckoe onucaHue TeNJI000MEHHBIX MOBEPXHOCTEH CI0KHBIX KAHAJIOB
THIA «KoH(Y30p-AudPy30p»

AHHOTALIHS

B pabote npennokeHBl ypaBHCHHUS TIOBCPXHOCTCH CIOXKHBIX KAHAIOB THIIA «KOH(Y30p-
muddy3op», 3aMHUCAHHBIC B BEKTOPHO-TIAPAMETPUUSCKON ¢opme Ha 0ase ¢GyHIAMCHTAIBHBIX
MOJIOKCHUH aHanMuTHIeCKOH 1 auddepeHansHoi reoMeTpun.

Koncrpykimu paccMaTpruBacMbIX KaHAJIOB MOTYT OBITh HCIONB30BAHBI B KAUCCTBE
TEMTIOOOMEHHBIX 3JIEMEHTOB IIUPOKOI0 K1acca COBPEMEHHOH TEIIOOOMEHHOH anmapaTypsl.

C 1enpro NPOBEPKH aACKBATHOCTH U BU3YATH3ALUH 3aMHCAHHBIX YPABHCHHH HMOCTPOCHBI
MOBEPXHOCTH B BHAC HAKIOHHBIX TCIMKOHIOB B  dopme  «xoHbpy30p-auddy3op»
STTUNITHYECKOTO U KPYTJIOTrO CCUCHUH € MOMOIIBIO MAaKeTa MPHKIAIHBIX nporpamv Matlab.

KiroueBble cjoBa: TCIIIOOOMECHHBIC 3JCMEHTHI, TEIIOOOMCHHAS —IMOBEPXHOCTD,
MaTeMaTH4YeCKas MOJCIb, BHHTOBAS JINHHSL.

Baxnmelmelr  3amadeli COBPEMEHHOM  TEIDIOSHEPTETHKH — SBILIETCS  CO3JAHME
BbICOKO3(p(hekTHBHONM ManorabapuTHOW TEIUIOOOMECHHOU —ammaparypbl OONMbINOH — ¢OUHHYHON
MOIIHOCTH ¢ HHTCHCUBHBIMHU MPOLIECCAMH TCINIOOOMCHA, PEATM3YEMbIMU PA3TNYHBIMHA METOJAMH.
K HuM oTHOCATCA: MeTOOBI BO3ACHCTBHS HA TOBEPXHOCTh TEIIOOOMEHA, THAPOJHMHAMUYCCKOC
BO3/CHCTBUC HA MOTOK, BO3ACHCTBUEC HA (PUBHUCCKUE CBONCTBA KUAKOCTH [1].

B sT0li cBA3M OTHUM M3 NEPCIICKTUBHBIX HAMPABICHUH SBISCTCS METOA, OCHOBAHHBIH Ha
HAcC BO3ACHCTBHSA HAa CTPYKTYPY MOTOKA HEPE3 MCKYCCTBEHHO CO3JAHHBIC HEOTHOPOIAHOCTH
JABICHHS MOCPESACTBOM CIELUATBHOrO NPOQHUIHPOBAHHUS TOBEPXHOCTH.

Kanasnsr Tuna «xoudysop-auddy30p» ¢ IEPESMEHHBIM O XOAY TEIUIOHOCHTEIISI CCUCHUEM
OTHOCATCA K OJHUM H3 3((EKTUBHBIX H TEXHOJIOTMYHBIX KOHCTPYKUUH TOBCPXHOCTEH
temnooomena |1, 2].

HNareHcudukaius TEmiooOMEHA B TaKWX KaHagax OOYCIOBICHA OCOOCHHOCTSIMU
TypOYICHTHOT'O TCUCHHS TIOTOKA MO ACHCTBUEM 3HAKOMIEPEMEHHOTO rpaaucHTa nasiacHus. [Ipu
3TOM TYpOYJICHTHBIC BUXpeoOpa3oBaHus, reHepupyembie B AH(PPVIOpPHBIX BrEeMEHTaxX H
OTPBIBHOM 30HOU KPOMKH CTHIKA ¢ KOH(Y30POM, YHOCATCS IIOTOKOM U TOJIC3HO UCTIOIB3YIOTCS B
kOH(]V30pHBIX 31eMeHTaxX. B  koH]Y30pHBIX 31EMEHTaxX HCImodb3yerca Take 3ddexr
VBEITHYCHHUS CKOPOCTEH MPHUCTCHHBIX CIIOCB JKUAKOCTH.

B memix mnoBelmicHHs TEIUIOSHEpreTHdIeckor 3¢dexTrBHOCTH KaHAMOB  «KOH(DY30p-
muhdy3op» TyTEM 3aKpyTKH B HUX BHYTPEHHETO TIOTOKA, aBTOpaMH [3-3] mpeanaractcs BEIIOTHNATD
TaKUE KaHAJbI B BUJC BUHTOBOU MOBEPXHOCTH B (JOpME HAKIOHHBIX TEMUKOHI0B (puc. 1).

204



Tennocrabxketue, seamumagg, KOrduGNORUPOBaLE BOSJyXa,
2as0CHAOKCHUC 1L OCBCWCHUC

Hasecmua KTACY, 2012, Ne 4 (22)

R st ()\Y\\f\—*/ /\\\\/) /_\t\\\-—\—*'/_/— /\\\\<f/ /d\\\
. \ . -

N
L \Ai NN AN \ ~ \ “
\ R N . \ . N\ M N
Y \, N \ N \ R \
S - & Y

£ . \
\ . \ \
\\,,>_ A =S e N L N S, N

Puc. 1. TenmooOMeHHBIH 31eMeHT «KOH(DY30p-auddy30p» ¢ BUHTOBOH MOBEPXHOCTHIO TEIIIOOOMEHA

B paGore [6] paccMOTpeH METON MOCTPOCHHS MOBEPXHOCTH, OOPA30BAHHOH ABMIKCHHEM
HENPEPBIBHOM 3aMKHYTOM KPHBOH p = p(s) , BJOTb HEKOTOPOU KPUBOJIMHEHHOM HANpaBISIOIICH
YF=F (t) . CornacHo 3ToMy METOAY PaIHyc-BEKTOP TOUKH MIOBEPXHOCTH MPEACTABILICTCS B BHJC:

F(r,s):F(r)+p(s)-V(r)+p(s)-[§(r), (1)
rae v (r) u B(f) — COWHHUYHBIC BEKTOPH ITIABHOW HOpMand W OWHOPMAalIH B TOYKC,
COOTBETCTBYIOIIEH 3HAUCHUIO TIApaMeTpa f .

EnunudnbIe BEKTOPBI KACATEIBHON T , HOPMAIH V U OMHOpMAaU 3 00pas3yroT MOABHKHBIH
OPTOTOHAJTBHBIN 0A3MC, TICPEMEIIAIOIIUICS BAOIb KPHBOM, U BEIMHC/ISIOIIUECS 10 hopMynam:
dr/dt - dr/dt 5 . .
/ , V= Q/ ,Pp=TxV.
|dF | di |d7/dt
Jis onricaHust MOBEPXHOCTH TEILIOOOMEHA 3/IeMEHTA «KOH(PY30p-auddy30p» B KAUESCTBES

HAIMPaB/AIOUICH KPUBOH BHIOCPEM BHUHTOBYK) JIMHUIO, PACHOJIOKCHHYIO HA JILTHITHYCCKOM
nmHApe v x = Acost, y=Bsint, z=ht ,0<t <7n, n - KOTHIECTBO BHUTKOB, 4 B Ka4YEeCTBE

:E:

o0pasyroiIei — JOMaHyI0, COCTOSIIYIO U3 IBYX 3BEHBEB (pHC. 2).

Torma
Acost cs
7(t)=| Bsint ,0<<an, p(s)z (l—s)l ,0<s<1. Q)
bt 0

3nece [ =—d nns nuddyzopa, / =k mast koudysopa.

A

d

Puc. 2. ITpodmrs xanana «xoudyzop-muddysop»

BeruncauM ¢MHUYHBIC BEKTOPBI KACATEIBHOU, HOPMaIH 1 OUHOPMAJIH:
—Asint

fzm Bcl:)st 5
Acost(B* +5°)
l7=_—1 Bsint(A4* +b*) |°
3n) (4 —(Bz)sin)Zt
Bbsint(2coszt~(142 —BZ)—(A2 +b2))
B:——l : Abcost(Zsin2t~(A2—Bz)—i-(Bz+b2)) ,
—AB(sinzt(A2 +b2) +coszt~(B2 +b2))

3)
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rae m(1)= A>cos® t(B* +5°) + B sin® t(A* +5°) +5*(4* ~ B*) sin2¢ ().

n(t)y=A’sin’t+ B> cos’ t +b°,

d+e
b :2— — TIapaMeTp BUHTOBOW JIMHWHM, XaPAKTCPHUIYIOMUH TUIOTHOC MPHUJICTAHUE BHTKOB
Pl
MTOBEPXHOCTH.

[Moncrasnas Beipaxkenns (2), (3) B (1), moayunM napamMeTpuuecKUe YPaBHECHHS BHHTOBOU
MOBEPXHOCTH 3JUTUIITHICCKOTO KaHaa Thna «koH(y3op-auddyzop»:
Acost(B2 + bz)
Acost
- . cs .
F(t,5)=| Bsint |-— Bst(A2 +b2)

b(A2 —Bz)sin2t
Bbsint(2cos2t.(A2_BZ)_(A2+b2)) 4)
_M- Abcost(2sin2t-(A2 —Bz)+(32 +b2))

m(1)-n(r)
—AB(sin2 t(A2 + b2) +cos21- (32 +52 ))

IMapaMeTpuucckre ypaBHCHUS BHHTOBOM TIOBCPXHOCTH TpPyObl THma «koH(py30p-
muddy30p» KPYriaoro ceucHus noayqarres us hopmynet (4) mpu 4= B :
Acost cost bsint

F(Z,s): Asint |—cs| sint —(1—_S) ~bcost |. 3)

bt 0 | N+ 4

C uenbr0 MPOBEPKH COOTBETCTBHUS ypaBHCHui (4), (5) reomMeTpuu paccMaTpUBACMbIX
BHTHIX KaHAIOB IMOCTPOCHEI MOBEPXHOCTH (pUc. 3, 4) B cucreme Matlab.

140

Puc. 3. TloepxHOCTH BHTOH TPYOBI THITA «KOHPY30p-TuhPy30p»:
a) HAKJIOHHBIN remrony B popme «auddyzop»;
6) HaxkJIOHHBIHA Tenukon B opme «koH(DY30p»
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KomOunanys nosepXHOCTEH B BUAC HAKIIOHHOTO renukona (puc. 3, a) — «anddyzop» u
HAaKJIOHHOTO reaukonaa (puc. 3, 6) — «auddy3op» MO3BOIIET MOCTPOUTE BUHTOBON KAHAN THIIA

«koHpy30p-muddy3op» (puc. 4).

140 120 100 &0 60 0 20 om0 2

Puc. 4. IToBepXHOCTH BUHTOBOTO KaHAJA TUIA «KOH(pY30p-Tuddyzop»

3akmoueHue

Ipennoxena MaTeMaTH4IeCKast MOJCIb, OMUCHIBAIOINAS [TOBEPXHOCTH BUTHIX TPYO THIA
«koHpy30p-auddy30p», KOTOPEIC MOryT OBITh HCIIONB30BAHBI B KAYCCTBE TCILIOOOMEHHBIX
3JCMEHTOB IIUPOKOTO KIACCA COBPEMEHHOM TEIIOOOMCHHOH armapaTyphl.
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Mathematical description of the heat exchange surfaces
of complex channels such as «confuser-diffuser»

Resume

The most important task of the modern heat power engineering is the creation of high-
performance small-size heat-exchange equipment of large unit capacity from the intensive
processes of heat exchange, implemented by different methods. These include: methods of
impact to the surface heat transfer and hydrodynamic effects in the flow, the impact on the
physical properties of a fluid.

One of the promising directions of the method is based on the idea of the impact on the
structure of the flow through artificially created by the heterogeneity of pressure by means of a
special profiled surface.

Channels like the «confuser-diffuser» with variable cross-section is one of the most
effective and high-tech designs of heat transfer surfaces.

In order to improve the efficiency of the heat supply channels «confuser-diffuser» by way
of spin in their internal flow, the authors are invited to perform such channels in the form of a
helical surface in the form of slanting helicoids.

In this article we propose a mathematical model describing the heat transfer surfaces
twisted channel type «confuser-diffuser». Equation surfaces are stored in a vector-parametric
form on the basis of the fundamental analytical and differential geometry.

In order to verify the adequacy and visualization recorded equations are constructed
surface in the form of tapering helicoids in the form of «confuser-diffuser» elliptical and
circular cross-sections with the help of the package of applied programs of Matlab.

Keywords: heat transfer elements, the heat exchange surface, the mathematical model, helix.
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