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TANNA, KOILINNHOHNFOEARRE BO21YXA,
FdCHARBSRENNE B OCBEIMEMRE

OmnpenesieHne 3KBUBAJIEHTHOT0 JUAMETPA NPYKUHHO-BUTHIX TPYO

AHHOTALIMSA

IIpencrarieHpl METOAMKA pacdeTa IUIOMIAIH KUBOTO CEUCHUS, CMOUCHHOTO IIEPUMETPA U
SKBHUBAJIEHTHOTO TUAMETPa UWIMHIPUYECKOTO MPYKUHHO-BUTOIO KaHaNa. Y pPaBHEHUE TPAHUILIBI
KaHalla IpeCTaBIsUIOCh B MapaMEeTpPUUECKOM BUe. BrluncieHue 3KBUBaJEHTHOIO JUaMeTpa ¢
MTOMOIIBIO TTPEIJIOKCHHON METOAWKH TIO3BOJISICT MPOU3BOAUTH WHXEHEPHBIC pacdeThl CEpUU
TETUIOOOMEHHBIX aIiapaToB B KOTOPHIX B KAYE€CTBE TEIUIOOOMEHHBIX 3JIEMEHTOB UCTIOIB3YHOTCS
MPY>KUHHO-BUTHIC KAHAJIBI.

KamoueBble cioBa: TCIIOOOMEH, THUIAPOJAMHAMHUKA, MPYKUHHO-BUTHIC KaHAJIBI,
KOBapHaHTHBIC U KOHTPaBAPHUAHTHBIE KOMIIOHEHTHI CKOPOCTH, TMHUU TOKA, BTOPUIHBIC TCUCHHUS.

B nwuteparype i onpenesieHHsi OCHOBHBIX THIPABIMYECKHX XapaKTEPUCTUK KaHAJIOB
UCIIOJIb3YETCs TTapaMeTp, U3BECTHBIN B JIMTEpaType Kak 3KBUBaJICHTHbIH nuamerp[l]. Tak mis
KPYIJIBIX TpyO SKBHUBAJICHTHBIH AUAMETpP paBeH OOBIYHOMY JHAMETPY, IS KOJIBIIEBOTO KaHaa —
pa3HoCcTH 1uaMeTpoB. llpencraBiser Hay4dHBI W NPAKTHYECKUH HMHTEpPEC OIpeaeIeHue
9KBUBAJICHTHOTO JIMAMETpa NPYKMHHO-BUHTOBOTO KaHaja B LIEJISAX MX HIMPOKOTO BHEAPCHUS B
WHXEHEPHYIO MPAKTUKY [2-7].

I'paHunbl TPYKMHHO-BUTHIX KaHAJIOB OOpa30BaHBl IUIOTHO IPUMBIKAIOIIMMHU APYT K
JPYTY CBEPHYTBIMH 110 CIIMPAJIH BUTKaMH POBOJIOKH [6, 7].

[TapameTpuueckoe ypaBHEHHE OJHOTO BHUTKA ICHTPAJIbHOW BHHTOBOW JIMHHH — OCH

HPOBOJIOKK MMeeT BH [8]:
1 1

; (u) = (D/2)(e(u) +Wuk),0£ Ut 2p,
WU B KOOPAWHATHOM BHJE!

i x=(D / 2)cosu,
I .
|y—(D/2)S|nu, ’

{ z=(p/2)w, 0EUE2p

rae U — napamertp; D/2 — paccTosiHEe OT LEHTPalbHOW BHHTOBOW JIMHUKM — OCH IIPOBOJIOKH JI0
nentpa tpyos;; W=S(zD) — reomerpuueckuii mapameTp; S — paccTOSHHE MEXIy IBYMs
BUTKaMH MTPOBOJIOKH.

LlenTpanbHas BHHTOBas JIMHHS OCH TIPOBOJIOKH XapaKTePHU3yeTCs CIEAYIOIUMU
BEKTOPaMH COTPOBOXKIAIOIIETO perepa: .

roy gr(u)+vvk r -wgr(u)+k r r

() =" b(u) == v(u)=-¢(u),

N AwAe

r ! Lo N :
rae e(u) =cosul +sny), g(u) =-9nul +cosu — KpyroBble BEKTOpHBIE (YHKIUH CKAJISIPHOTO
[ .
aprymeHTa U; 1, |, K —opThl 1ekapToBoii CHCTEMbI KOOPANHAT.
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[lapameTpuueckoe ypaBHEHHE TIOBEPXHOCTH CBEPHYTOH M0 CHHMpald IPOBOJOKH
auamMeTpoM d MOKeT OBITh MPEICTABICHO B BUJIE!

F(“'V) =(p/ 2)(5(U) + WU|£) +(dv 2)(\';(u)cosv+ br(u)sinv) ,

HUJIM B KOOPJMHATHOM BHUJIC:

Dee & . wsinu &0

X =—cC0SU +k ~- cosvcosu + SNV———_+,
g 8 VW +1 gg

& - wcosu 60

i @)

snv 0
8 \/W2 =y

riae U, v —napametpsl mosepxHocty; K =d / D.
[Monaras z=0 B TpeTheM cooTHOICHUH (1) BBIpa3uM U3 HETO U:

i

T

T

1 Dee . .
[y= —gsmu+k8 cosvsinu+snv
T

|

i’

I

B sinv
u—-kiz_ 2
wyw +1

IMoxactaBnsist cooTHoueHue (2) B mMepBble 1Ba ypaBHEHHS CHCTeMbl ypaBHeHuid (1)
MOJTYYHM ITapaMeTpUiecKoe ypaBHEHUE IPaHUIIbI KaHaa B miockoctd Z=0:

aeksnv 0O kw & ksnv @0

- snvsng———— ==
8w\/wz+lﬁ \/W2+l (éwx/ w +10g -pEVEDp
a2 ksnv o kw e ksnv 30

= 2%?1 kcosv)sngw\/w +1Q \/w +1smvcos$w\/—lm

VYcnoBue II0THOTO NMPUIIETaHUST BUTKOB ITPOBOJIOKU IPYT K IPYTy MOKHO IPEACTABUTH B
BUJIE CUCTEMBI YPaBHEHHMN:

1 X :28 1-k cosv)cos
©)

I
|
.I.
ly
)

! ( )—Da?l— k cosv )sin$ksmv 0 kw siny, cos&ksmv 00

-Ily 28 ° 8w\/w +1g \/W +1 8W\/ 1%

| Xr—H— aeksny, ¢ O

! dy( ) D k(w2 +1- kcosvo)(} w +1C°5VoCosgw\/ilg * . (4)
—lVv.)=— +==0,

Pav: ' 2 w(w2 +1) g+wsmv Smmk sinv, o -

i g &Z +15 P

raetV —3HayeHue mapamerTpa, Ipu KOTOPOM BHUTKHU IUIOTHO MPHJIETAIOT APYT K Apyry. CMbIC
0

HIEPBOTO YPaBHEHHS COCTOHMT B TOM, YTO BUTKH HMPOBOJIOKH IIOTHO MPHMBIKAIOT JPYT K IPYTY B
Touke ¢ koopauHaroi Y=0. CMBICIT BTOpOro ypaBHEHHS COCTOMT B TOM, 4TO B Touke Yy=0
¢byukims Y(v) TpUHUMAaET SKCTPEMalbHOC MHHHMMAIbHOE 3HAYCHHE, YTO COOTBETCTBYET
ycnosuto dy/dv=0.

Cucrema (4) ¢ MOMOIIIBIO HEKOTOPBIX MPE0Opa30BaHMl MOKET ObITh MPHUBEICHA K BUIY:

N

1 ksnv., O
| k cosv =sin2ae 0 9

| b —
I 8W\/ W +1g )
T 2 2 2
fk cos” v, - (W +1)cosvO +kw” =0,
BTOpOG ypaBHeHHe CHUCTCMBI (5) SIBJIACTCA KBaI[paTHLIM ypaBHeHI/IeM OTHOCUTCJIBHO
COSVQ. ,Z[OHYCTI/IMOG peIHeHI/Ie 3TOTO ypaBHeHI/DI 3alIuIIeTCd KakK.
2
2 2 2 2
(W +1)- (w +1)° - 4w ©
cosy, = ,
2k
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IIpu 5TOM AJIA S Nvy IMECM CJICAYIOICE BhIPAKCHUE!

2

, 5 N
= w +1)i\/(w2 +1) -4k CW u
sny, = |1- § u
e 2k Ll
e u

Torna nepBoe ypaBHeHue cucTeMsbl (5):

. paeksiny, o)
k cosv, =sin

ng w+1g

COBMCCTHO C HoﬂyquHBIMI/I BLIpa)KeHI/IHMI/I IJIA COSVO n SinVo MO>XKHO paCCManI/IBaTL KaK
HeHHHeﬁHoe ypaBHeHI/Ie OTHOCHUTEIILHO W. Pe]_]_[afl 3TO ypaBHeHI/Ie C IIOMOILIBKO YHUCIICHHBIX
MeTonoB [9], Hampumep, ¢ IOMONIBIO METOAA JENCHHS OTpe3Ka IIONoJaM, MOIyYHM
3aBUCHUMOCTBH W(): WO(K) f KOTOpaH OHpe,Z[eJIHeT KOHerTHoe 3HAUYCHHUC reOMeTpI/IIIeCKOFO
r[apaMeTpa WO (3HaquI/Ie mrara BI/IHTOBOﬁ CHI/IpaJII/I) B 3aBUCUMOCTH OT HapaMeTpa K HpI/I

IUIOTHOM IPUMBIKAHUM BHMTKOB IIPOBOJIOKM APYr K Apyry. IIpu u3BecTHOM 3HaYeHHMH W
3HAYCHHUE Vo MOTyuUM U3 (6) ¢ momMombo HopMyJIbl:

2
(W2+l)- (W2+l) - 4k w2
0 0

0
Vo = Arccos

2k

TaK Kak u3 (OpPMYJ OYEBHAHO CICIYET, YTO 3TO 3HAYCHHUE YIOBJIECTBOPSET HEPABEHCTBY
O<vye<ml2.

Ha puc. npencrasiensl NonepeyHble CEYEHUS IPYKUHHO-BUTOTO KaHAJIA.

.’

e -
Steradann"”
L

‘e,

Puc. ITonepeunoe ceueHne npyKUHHO-BUTHIX TPYO:
xk=1/2 — cnomnast muuHus; k=1/5 — mtpuxosas tuHUs; k= 1/10 MITPUX-MyHKTAPHAS THHHS;
a — IIOIIePeYHOE CEUCHHE MIPOBOJIOKH; O — [OIEPEYHOE CEUCHNE IPOTOYHOI YacTH KaHana

Jns onpeneneHus IOMAIH MONePevyHOro CEYeH s UCTIONb3YeTCs CTaHaapTHas Gopmyia
B MOJISIpHO# cucteme koopauHat[10]:

p i)

F=9dj ordrzi%rz(j)dj
P 0 2-Pp

VunTeiBas, 4TO ypaBHEHHE 'PAHULBI 33aHO B IapaMeTpudeckoM Buze (3) mpeobpazyem
IpeabLIYLLY0 HOPMYITY K BULY:
\Y
0o 5 dJ
5 r2(v) 9 d
Sor V). )

Jst monmyuenust do/dv Bocronb3yemcs hopMysiamu mepexoza OT ASKapTOBOM K MOJISIPHOM
cucTeMe KOOpANHAT:

1
F==
2_

X = COSj
y =rsinj
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HuddepeHuupys 3TH COOTHOLICHUS 110 TapaMeTpy v BBIpa3I/IM U3 MOJTyYEHHBIX COOTHOIIEHUI:
av dv r 8dv dv ;a
dy

dx
[IpousBogusle —, —— ompeaenum auddepeHEPys MO v MapaMeTpUIecKoe YpaBHEHHE
dv adv

rpanuip (3):

-I- 3:3 ) (k cosv- & WZ) ge wcosé:ae ksinv 9S|nv+
: dv 2 w(1+w2) g Ew\w?+15

'|' k sinv O O

l

[

.t 1+W smg .cosv
W\/W +1 - 9

1 dy D k (k cosv-1- w

= Q (:osge ksinv 9cosv+
_I_ dv 2 (1+ w2) g Ew\w?+1 5
I X sinv O 0

1+Wsm8 —sinv-—=—
Ql+w

Ioxcrasmss (9) B (8) u B (7) OKOH‘IaTeJIBHO TIOJTYYHM:
1206 Vo gd &0
~av

282 g~V 8 dv dv g
rac HO,HLIHTeraJ'ILHoe BBIpa)KeHI/Ie HUMEET BU/I.

F =

& 2 60
) k6T4+4W04+3k2+4W02(2+k2))cosv+k -4(1+w02) —4(1+W02)c032v+k cos3v+t
edy dx0 § § 7

20
- y7+_
dv dvg 2
&
4w, Gl+w,? +
o u
THOJIY4YEHO MO/ICTAHOBKO# BhIpaxkeHuit [uist X U Y u3 (3), BeIpaKeHuii LTI A dopmyit (9).
av

TouHoe 3HAYCHHE IUIOMIAMU TIOTMIEPEYHOIO CEYCHHUsS KaHala MOXET OBITh TOJBKO
YHCJIEHHO, TaK KaK TOJBKO YUCICHHO MOTYT OBITh ONpEIENCHBI Mpeaesbl WHTETPUPOBAHUS.
OpnHako, KaK MOKa3ald pacyeThl 3HAYCHHE Vo M0 OTIMYaercs OT 7/2. 3aMeHsisl Npelensl
uHTerpupoBanus Ha 7n/2, npunumas Sd» 1 u Wo» k/w, MOKXHO TOJYYUTh MPUOIIIKSHHOE
3HAUCHHUE TITOIIAIN F'

&DO 3p5k 6p3k3+6pk 3pk5+6p2k2(2+k2)+p4(6+4k2)
F»g :
3
Zz 3
12(p2+k2)2

CMOYCHHBII TEPUMETP P Moxer 6uite Bhmumcnen kax umHa napaMeTpuIecKu
3a71aHHO# KpHBOii 10 popmyre[1]:

P:gg\% (ax/ av)” +(dy/ av) av
g Yo

IMoacrasinsist Beipaxkenust u3 (9) B hopmyity 1jisi IEPUMETPA, MOTYIHUM:

A k(1+w —kcosv)
DO 1+2w° + cos(2v)dv '
82 w (1+W ) 0

0
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3TOT I/IHTel"paJ'I TAKXEC OHpeHQHHeTCH TOJBKO YUCJICHHO.

Jns onpenenceHusi NMpUONMKCHHOTO 3HAYCHHS CMOYEHHOTO IEpPUMETpa IMPH TeX XKe
,I[OHyH_IeHI/IHX, yTO H HpI/I BBIYHUCIICHHUU ILJIOIIAAMW >XHWBOI'O CCUCHHUA MOXHO MHCIIOJIb30BATh
(opmyuy:

& a0 0

pp 91+8—+ - k cosv—~ >
02 P g a0
-9 € 2 1+20—= +cos(2v)dv_
@R X ol o 0 %]
2 gl+8
pg

3HaquI/Ie I/IHTerpaJ'Ia B 3TOI/I (I)OpMyJ'Ie TAKXKXC HCIIb3iA BLIpa3I/ITL B 3J‘IeMeHTapHLIX
GYHKIMAX daXe 715l KOHKPETHBIX 3HAYCHHI TPEIe/IOB HHTETPUPOBaHHS, TaK KaK OH CBOAUTCS K
SIIJIUIITUYCCKUM I/IHTeraJIaM U MOXET 6BITB HOJIleeH TOJIBKO YHUCJICHHO.
DKBUBAJICHTHBIN AUAMETP paCC‘{I/ITLIBaeTCSI o Gpopmyse:
0 & dy dx0O 4
4 __adi 0w Ty

82ﬂv k(1+w - k cosv
o \/1+ 2w+ cos(2v)dv
“Vo (1+W ) 0
0

P»g

AHaJOrMYHO TOMY, KaK 3TO JENAlOCh IPU BBIYUCICHWUH IUIOIAAN JKUBOTO CEUEHMsS H
CMOYEHHOI'O TEpHMETpa MOXHO IMONYYHTh MPUOIMKEHHYI0 (QOpMYyNTy IUisi BBIYHCICHUS
SKBUBAJIEHTHOTO BaMeTpa;

o ey k- ek’ ek’ 3pk° +6p Kk (2+k?) +p*(6+4k)
» —— -
: D 2
82!3 v2 2 ge 5 o] 0
3p3(p2+k2) o 91+a13 0. k cosv, |1+ 2&59 +cos(2v)dv
sz pg

Belmn  paccunTaHsbl KOHerTHbIe 3HAQUYEHHs IUIOIIAAM JKUBOIO CEYEHUS, CMOYECHHOI'O
MepUMETpPa U SKBUBAJICHTHOTO TUaMeTpa, KOTOpbIE MpeACTaBIeHBI B Ta0MI.

Tabmuma
XapakTepuCTHKHU NMONEPEYHOr0 CeYeHHs MPYKUHHO-BUTOI0 KaHAIa

k=1/2 xk=1/5 x=1/10

Vo 1,55805 1,56999 1,57070

Wo 0,16121 0,06379 0,03185

9d 1,01294 1,00203 1,00051

F/(D/2)* 1,2064 2,2428 2,6704

F/(D/2)* 1,2015 2,2428 2,6704

P/(D/2) 4,1029 5,35507 5,80667

P/(D/2) » 4,11562 5,35539 5,80669

D.../(D/2) 1,17614 1,67525 1,83954

D.,../(D/2) » 1,17227 1,67515 1,83953
3akioueHue

PaccuuTaHHble 3HAa4Y€HUs IUIOIIAJMA >KUBOTO CEYEHHUS, CMOYECHHOrO0 IepuMeTpa u
SKBHUBAJICHTHOTO JHaMeTpa SBISIOTCS HEOOXOIWMBIMUA XapaKTEPUCTUKAMU KaHama Jyis
MOJYYEHHUS]  PACUETHBIX  MHXKEHEPHBIX  3aBUCHUMOCTEH, ONPENCISIIOUX  MPOLECCHI
THAPOMEXaHHMKH U TEINIOOOMEHA B IIPY)KMHHO-BUTBIX KaHaJIaX.
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The definition of equivalent diameter of spring-twisted pipes

Resume

The method of calculating the area of the living section, wetted perimeter and equivalent
diameter of the cylindrical spring twisted channel was presented. The inner boundary of such
channelsis formed closely adjacent to each other coils coiled in a spiral with some constant pitch
of the wire. For this the equation of the surface of wire twisted in a helical spiral was written in
parametric form. Was formulated in terms of tight junction turns of wire to each other. These
conditions are reduced to the dependence of one geometric parameter from the other geometric
parameter. It makes sense the relationship of the step helix to the diameter of the wire, and has a
sense of the relationship of the wire diameter to the diameter of the axial bending of the Centra
helix of wire. The required dependence is obtained from the search of the root of the nonlinear
equation in the where parameter can be considered as a parameter. To search root used numerical
methods to find the root of nonlinear equation, including the method of halving. The equation of
the boundary of the cross section was obtained as the equation of a curve in cross-section of his
plane. Thus, the equation of this curve is the border was also presented in a parametric form. To
compute the area of the living section was used standard formulas to find the area of a
curvilinear sector in polar coordinates. The formula for calculating the cross sectional area has
been transformed considering the fact that the curve bounding the cross section is given in
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parametric form. To calculate the wetted perimeter was used the standard formula of
mathematical analysis to determine the length of a curve given parametrically. Calculation of
equivalent diameter using the proposed method allows producing engineering calculations
series of heat exchangers in which heat exchange elements are spring-twisted channels.

Keywords: heat transfer, fluid flow, and spring-twisted channels, covariant and
contravariant components of velocity, streamlines, secondary flows.
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