TemnoeHepreruka 149

TEIIVIOEHEPI'ETUKA

DOI: 10.31319/2519-2884.43.2023.16
YK 66.045.129.2

Kaimos P.O., k.T.H., IOLEHT, ONEHT Ka(enpu TEIIOSHEPTeTHUKY,

ORCID: 0000-0002-7061-7028, e-mail: klroma@ukr.net

KproxoBeska O.A., K.T.H., IOLEHT, AOLEHT KaeapH TEMIOCHePreTUKH,
ORCID: 0000-0002-3554-7204, e-mail: olga.krukovska@i.ua

Jlyera 1.0., 3100yBau npyroro (Maricrepcbkoro) piBas, e-mail: pttep@i.ua
JIHITPOBCHKHIA Jep>KaBHUM TeXHIUHUH yHiIBepcuTeT, M. Kam’sHchke

Klimov Roman, Candidate of technical sciences, Associate professor, Associate professor of the
Department of Thermal Power Engineering

Kriukovska Olha, Candidate of technical sciences, Associate professor, Associate professor of the
Department of Thermal Power Engineering

Lusta Danil, master's degree student

Dniprovsky State Technical University, Kamianske

BIIJIMB PO3BUHEHUX ITIOBEPXOHb TEIIVIOOBMIHY HA
IFEOMETPUYHI PO3MIPHU TEIIJIOOBMIHHUKIB

OOHI€I0 3 OCHOBHUX XAPAKMEPUCMUK MENI00OMIHHUX anapamie € 00 €M, 3aUMAHULl HUMU.
Haituacmiwe sunuxaioms o6medcenHs no 3aumanomy oo ’emy anapamy, abo no pizHuM 2eomempuy-
HUM 11020 pO3MIpAM, WO BUKTUKAHE KOMNOHYBAHHAM 00NAOHAHHS, A0 CRONCUBUUX 0O 'EKMIE.

Memor pobomu € susnauenus enaugy Koegiyieumy opebpeHHs, Hecywoeo diamempy opeo-
PeHHs. mpyOKU ma 008JCUHU OOHIET opebpenol mpyoKu, K OCHOBHUX (DaKMOpIe HA 2eOMempuyHuULl
06 ’em mennooominHura. Po3pobnena memoouka 00360J4€ NPOAHANI3Y8aAMU 6NIUE OCHOBHUX NApAMe-
Mpi6 HA 3HAXOONCEHHS MIHIMANLHOL BETUUUHU 2COMEMPUUHO20 00 EMY MENI00OMIHHUKA NpU 3a30d.]e-
2i0b 3a0AHOMY 3HAUEHHI 00H020 3 NAPAMEMPIE.

Knrwouoei cnosa: menioobminHuk; nosepxms; mpyoa; opebpens; 0o ’em; gaxmop.

One of the main characteristics of heat exchangers is the volume occupied by them. Most of-
ten, there are restrictions on the occupied volume of the device, or on its different geometric dimen-
sions, which is caused by the layout of the equipment or consumer objects.

The purpose of the work is to determine the influence of the finning coefficient, the bearing di-
ameter of the tube finning and the length of one finned tube as the main factors on the geometric vo-
lume of the heat exchanger. The developed technique allows analyzing the influence of the main pa-
rameters on finding the minimum value of the geometric volume of the heat exchanger at a predeter-
mined value of one of the parameters.

Keywords: heat exchanger; surface; pipe; rib; volume; factor.

IHocTanoBka mpo0JemMn

TennooOMiHHE yCTaTKyBaHHS 3HAXOAWTH IIMPOKE BUKOPHUCTaHHS y 0araTthbox raiy3sx BUPOO-
HUIITBA, KHTIOBO-KOMYHAJILHOMY CEKTOpi, arpapHiii mpomucioBocti ta iH. [1—3]. B 6arareox Buma-
JIKax 70 TEMI0OOOMIHHHMKA Mpe] BISIIOTh BUMOTH, IO CTOCYIOTBHCS MapaMeTpiB CepeoBUIL B HHOMY,
MaTepiajiB 3 SIKMX BiH BUTOTOBJICHHUH, HOrO pO3MipiB.

['eomeTpuyHi mapameTpu migirpiBadiB abo OXONOMKYBayiB € ONHUMH 3 HAMBAKIMBIINX TIPU
MPOEKTYBaHHI, TOMY [0 HE 3aBXJ1 MO)KHA TEIJIOOOMIHHHK PO3TAIIyBaTH Y BiABEJCHOMY IpUMIILEH1
B CXeMi IUKIIy BUPOOHHITBA. [0 TakuX mapameTpiB MOXKHA BIHECTH OBKMHY TPYOOK TEsI000MiH-
HUKa Ta ioro 30BHIMHINA 00’eM. Ilpu onTumizanii napamerpiB miairpiBauiB 3aBAu HEOOXiAHO JOCH-
raTv MiHIMaJbHUX BUTpaT MaTepialliB Ha BUTOTOBJICHHS], Ha IO BIJIMBA€ JOBXHHA TPyOUacTOi cHCTe-
MHU, 3arajJbHUN 3aiiMaHuil 00’e€M, IpU HAHOLIBIIOMY piBHI Temyionepeaayi. ToMy 3aBaaHHs ONTHMI3a-
il KOHCTPYKUIi TEMIIOOOMIHHUKIB € aKTyaJIbHHUM.
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AHaJIi3 0CTaHHIX JOCTITKeHb Ta MyOJTiKkanii

Haiibinpmoro BUKoprcTaHHS ISl MiAIrpiBYy a00 OXOJOHKEHHS CEpeOBUIIA 3HAXOAATH KOXKY -
XOTpYyOHI TerIooOMiHHUKHY. Takuii TUN TEMIOOOMIHHHKIB JO3BOJISiE BUKOPHCTOBYBATH PO3BHHEH] TO-
BEpXHI TEmI000MiHy, a came opeOpeni TpyOku. Taki TpyOKM BHKOPHUCTOBYIOTHCA Uil 301NbIIEHHS
IJIOMII TEIIIO00MIHY MiXK TEIUIOHOCIEM 1 MOBITPSIM, IO 3HAYHO 3MEHIIIYE 00'€M, KU 3aiiMae TErIoo-
OMiHHUK [2—4]. Ha KOHCTpYKILilO MmigirpiBaviB BILUIMBa€ 6arato (pakTopiB, MPHYOMY BaXKIHBICTh KO-
KHOTO 3 HUX MOXXE CHUJIBHO Biapi3HsATHCS. Hampuknaz, SKIIO OCHOBHUM HapaMeTpoM ONTHMI3alii €
3arajibHa JOBKHMHA TPYOOK TEMT00OMIHHHMKA, TO KUJIBKICTh TPYOOK, IO 3HAXOAATHCS MOMEPEK MOTOKY
TEIJIOHOCIS IKUH PYXa€ThCs B MDKTPYOHOMY IPOCTOP1, Ma€e OUIBIINIA BILIUB, HIXK JIOBKMHA ONHI€T BH-
KOPHCTOBYBaHOI TpyOKH [2].

[nTencudikarnis TemIO0OMiHY 3aBXXIH Ma€ BEIMKE 3HAUCHHS ISl BCIX raxy3ei MPOMHCIOBOCTI
1 TexHONOT1i. J[0 KOHCTPYKIIi1 TEIT00OMIHHOTO 00Ja/IHAHHS CTaBIISATHCSI BUCOKI BUMOTH, TMOB'sI3aHi 31
3MEHIIEHHAM Bard, o0'emy Tomo. OnTuMajbHa KOHCTPYKLiSI PO3BHHEHOI MOBEPXHI BU3HAYAETHCS
3HAYEHHSIMU KOe(iliEHTIB TEILTOBIAIa4i BiJ] rapsi4oro TEIUIOHOCIS /IO CTIHKU TPYOKH i1 Bi CTIHKH 110
XOIIOAHOTO TertoHocis [1, 2].

OpHi€ro 3 OCHOBHUX XapaKTEPUCTUK TEIUIOOOMIHHUX anapaTiB € 00’eM 3aliManuii HUMH. Haii-
qacTillle BUHUKAaIOTh OOMEXEHHs 10 3aliMaHOMy 00’ €My amapaTty, abo MO pi3HUM T'€OMETPUYHUM HOro
po3MipaM, 10 BUKIMKaHE KOMIOHYBaHHSAM 0OONagHaHHS, a00 CIOKUBUMX 00’€kTiB. OTHUM 3 OCHOB-
HUX KPUTEpiiB ONTHMI3allil TeIJIOOOMIHHUKA € BiTHOIICHHS TEIUIOBIIadi O MOTYXHOCTI, IO BUTpa-
Ya€eThCs Ha MOJOJIAHHS oropy Terwionocis [3]. HemomikoM mporo Kputepiro € Te, 10 OMip PiluHU Mi-
HIMI3y€TbCS IUISIXOM 301UIbIIEHHS Tepepi3dy KaHaly TEIIOHOCIA, IO MPHU3BOAUTH N0 301NbIICHHS
00'eMy TermI000MiHHHKA, IKHH B CBOIO Yepry HE MOXKE 3HAYHO 301IbIIyBaTUCS.

DopMyTHOBAHHS METH J0CTITKEHHS

Meroro po0OTH € BU3HAUCHHSI BILTUBY KOe(illiEHTY OpeOpeHHsl, HECY4oro aiamerpy opeOpeH-
HSl TPYOKHM Ta NOBKMHH OfHi€l opeOpeHoi TpyOKH, K OCHOBHHX (paKTOPiB HA TE€OMETPUUYHHUN 00’ €M
TEI1000MiHHHKA.

BukJiax ocHoBHOrO MaTepianay

VY nmocnipkeHHI npuiMaeMo BUXIiAHI JaHi I MPOCKTYBAHHS TEIUIOOOMIHHUKA, SK 1 B pOOOTI
[2], Ta TpupsaHE MaX0BE KOMIIOHYBaHHS TPYO4acTOl CHCTEMHU.

O0’eM TEIIO0OMIHHUKA MOYKHA BU3HAYHUTH 3 PiBHSAHHS [3]

V= D2I1(1+%52J-[sl(n +1,5)-1], (1)

Je N — KUIbKICTh TPYOOK PO3TALIOBAHUX MONEPEYHO MOTOKY MOBITPs; S; — BIAHOCHUH MONEPEUHU
KPOK pO3TalllyBaHHs TPYOOK; Sp — BIJHOCHHI IOMOBXKHIN KPOK pO3TalllyBaHHsS TPYOOK; MOBITPS;
D — 3oBHimHii niamerp pedpa TpyOku, M; N — 3aranbHa KilbKiCTh TPYOOK TEII00OMiHHHKA.

Jst panioHanbHOI MOCTAHOBKU €KCIIEPUMEHTY 110 BU3HAUYCHHIO BIUIMBY (DaKTOpiB Ha Taky xa-
PaKTepUCTUKY TEIUIOOOMIHHUKA SIK HOro 00’€M 00paHO IEHTpaJbHUH KOMIO3ULIMHUN TJIaH APYroro
nopsaky kK =3 [4]. JocnimkeHHIO M UIsSTraloTh HACTYMHI (aKTOpH: X; — JOBKUHA OIHIET TPYyOKH, M;
X, — Hecyduil IiameTp opeOpeHHs, M; X3 — KoedimieHT opeOpeHHs. 3a QyHKUIIO BIATYKY TIPUAHATO
3araibHUAN 00’ €M TEIIIOOOMIHHHKA Y, M.

PiBHi Ta iHTepBaiM BapitoBaHHs (akToOpiB NpUBEACHI B [4], a MaTpHIld MIaHyBaHHS Ta eKCIIe-
PUMEHTAIBHI JIaHi TIPU TPOBEICH] TOCIiPKeHb — B Taom. 1.

3B'SI30K MK IMCHOBaHMMH Ta KOAOBAHUMH BEIMYMHAMH MOXXHA 3HAUTH 3 PIBHSHb

l,-0,4 d, —-0,016 Kor —9
X1 = ; Xo = P Xg=——\, 2
Y7 02 "% o004 TP 4 @
ne |l; — nosxxuHa onniel TpyOku, M; d,, — Hecyumii niameTp opeOpenHs, M; K, — KoedilieHT ope-

OpeHHs TpyOH.
JIi1st IpUIHATOr O TUIaHy MOZIENb Ma€e BUIIIiA [4, 5]

2 2 2
Yy = by, +byxq +boxp +biopxgxy + byzxyxg + bogxpx +bygxf + bpoxs +b3zxs. (3)
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Tabnuya 1. MaTtpund aHyBaHHS Ta eKCIIEpUMEHTaJbHI 1aHi PH MPOBECH1 JOCIiKEHb

CknazoBa miaHy X1 Xo X3 V1
Nel +1 +1 +1 0,015888
Ne 2 -1 +1 +1 0,01054
Ne 3 +1 -1 +1 0,008592
Ne 4 -1 -1 +1 0,004991
Ne 5 +1 +1 -1 0,009693
Ne 6 -1 1 -1 0,005795
Ne 7 1 -1 -1 0,004674
Ne 8 -1 -1 -1 0,002485
Ne 9 -1,215 0 0 0,005178
Ne 10 +1,215 0 0 0,009477
Ne 11 0 -1,215 0 0,004814
Ne 12 0 +1,215 0 0,010398
Ne 13 0 0 -1,215 0,004897
Ne 14 0 0 1,215 0,010638
Ne 15 0 0 0 0,007355

PiBHsIHHS U1 pO3paxyHKy KoedilieHTiB perpecii npuseneHi B [4]. [TpoBoasun mociimKeHHsS
BIIMBY NMPUHHATHX MMapaMeTpiB Ha 3arajJbHUN 00’€M amapaTy Oyla OTpuMaHa MaTeMaTH4YHa MOZCIb
JOCITIJIKYBaHOTO TPOLIECY

yy = (7,32 +1,85x; +2,553x, + 2,222x3 + 0,432x7x, 10~ +

+ (0,358x1x3 +0,564%,x3 +8,971-10 3x7 +0198x% +0,307x3 )10—3. “

Hucnepcist anexkBaTHOCTI Sg =0,148 ta gucnepcis BiITBOPIOBAHOCTI 532, = 0,065 po3paxoBani
3a Meroukoro [4]. Po3paxyHkoBe 3HaueHHs kputepiro ®Dimepa nopiBHioe F = 2,283 . 3Hatoun yucio
cryneni cBooomu st Menmoi ( fg =15) ta 6impmoi ( f; =5) mucnepciit, s 95 % noeipuoi fiMoBi-
pHOCTI Tabau4He 3HaueHHs kputepito Dimepa nopisaioe F, =2,9 [5]. [lopiBHAHHS pO3paxyHKOBOTrO
Ta TabIM4HOTrO 3HaueHb Kputepito Pimepa F < F, mokasye, mo piBHsAHHS Mozeni (4) agekBaTHe ic-

TUHHIN 3aJI©KHOCTI 3 A0BipUOIO iiMOBipHicTIO 95 %.
[TpoBeneHo nepeBipKy 3HAUynIocTi KoedilieHTiB piBHAHHS (4). 3HaUyLIiCTh KOS(ILi€HTIB pe-
rpecii MOXXHa BU3HAYATH 3 PIBHIHHS

Abi = iZSb_ , (5)
I
SKILO TONIEPEAHBO 3HAWTH 3HAUEHHSI U CIIepCii MOXMOOK KOC(IliEHTIB 3 PIBHSHHS
2
S,
2 y
S, =
bi N ! (6)
2t
iu
1
Je B 3HAMEHHHMKY BKa3aHa CyMa KBaJpaTiB B CTOBIISAX MaTpHLI IUIAHYBaHHSA, IO 3MIHIOETbCS MPHU
N
3MiHi BHIy KoeQilieHTiB. Tak 3HAYCHHS CyMHU ). Xizu npu uncHi gaktopiB Kk =3 1 po3paxyHKy KO-
1

edimientiB by nopisutoe 15; b, — 10,94; bij —8; b;j —4,34.

Toni 3HayenHs Aucnepcii HoXuOoK KoedilieHTIB JOPiBHIOIOTH

2 2 2 2
2. _%%..2_ 5% .2 _%. 2 _ 5 )
b 15" B 1094 By 8" B 434

[Ipu opTroroHanbHOMY TUIaHYBaHHI IPYroro NOPAAKY 3HaYYIIICTh KOe]ili€HTIB BU3HAYAETHCS
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Abgy = iZSbo ; Ab; =i25bi ; Abij = iZSbij ; Abjj =i25bii , (8)

Je Sp— KBaJpaTH4Hi NOXUOKM IPpH BU3HaYeHHI KoedimieHTiB b [5]

2. 2. = Is? = [s?
Sby = Sbo,sbi_ Sbi ’Sbij_ Sbij’sbii_ Sbii. ©)

[TpoBoasum pospaxynku 1o piBHsHHIM (5) — (9) MokHa oTpuMaTn
Aby =10,093; Ab; =10,109; Aby; = £0,127 ; Ab;; =10,173.
Toni moBipui iHTEpBaIH TOPIBHIOIOTH
Bo=+7,32£0,093; p; =+185+0109; B, =+2,553+0,109; B3 =+2,222+0,109;
P =+0,432£0,127; B3 =+0,358+0,127; [,3 =+0,564+0,127;
P11 =+0,008971+£0173; Sy, =+0,198+0,173; f33 =+0,307+0,173.
[opiBHsAHHEA KoedilieHTIB perpecii 3a aOCOTIOTHUMH BENHYMHAMH IIPU PO3paxoBaHUX OOBIp-
YUX IHTEepBaJlaX IMOKa3ye, M0 AJIsl JaHOI MOJENi MO)KHA HE BBaXKATH CTATUCTHYHO 3HAYYIIUMH Koedi-
Li€HT D1, SKui MOXXHA BHKIIOYUTH 3 PIiBHAHHA (4). YV 3B’S3Ky 3 UM PO3IVISHYTE PIBHSAHHS MOXXHA
CHPOCTUTHU IO BUIY
y1 =7,32+1,85x1 +2,553x5 +2,222x3 + 0,432x1x9 +

+0,358x;x3 +0,564X,x3 +0,198x3 +0,307x3, 10~ 345.

JlaHi ipo BIUTMB OCHOBHUX (hakTOpiB Ha 00’eM amapary HaBeneHi Ha puc. 1, 2.
Ananizytoun piHsHHs (10) BHIHO, 1110 HAHOUTBIINI BILTMB Ha 3arajJbHUAN 00’€M TEIIO0OMIH-

HHUKa Ma€ pakTop X, (Hecyuwil giamerp TpyOu). BB koedimieHTy opeOpeHHs Ma€ BTOPUHHE 3HA-

(10)

YeHHS Ha 00’eM TeIUIOOOMIHHMKA, TaK caMo, K 1 Ha 3araibHy JOBXWHY Horo TpyOok. B Toii ke yac
Takuil GaxTop, sIK TOBKMHA OnHi€l TpyOKM Mae HaWMEHIIMH BIUIMB Ha mIykaHy QyHkuito. Cmin Bin-
3HAYUTH BIICYTHICTH Bill’€MHUX 3HadeHb KoedilieHTIB npu (akropax ansg GpyHkuii 00’emy anapaty.
JlocsirHyTH 3MEHILEHHS 3arajibHoro 00’eMy amapaTy MOXKHa 3MEHIICHHSIM JOBKHWHHU OHIET TPYOKH,
Koe(iLieHTy opeOpeHHs Ta Hecydoro xiamerpy TpyOku. Lle Takoxk BHAHO 3 puc. 1, 2. pi3HUIS MiX
JIBOMA MPUBEACHUMH (QYHKIIIMH HaiOUIbIIa Ui 3MiHM Xo (pHc. 2a), a HaiiMeHIa 11t X (puc. 1).

TuMm camuM, 3MEHIIECHHS JOBXHHH OJHI€T TPYOKHM NPU3BOOUTH A0 OiMBIIOro epekTy B 3HIDKEHI
00’eMy TEIIOOOMIHHMKA HDK BiIMOBiHE 3MEHIICHHS KOoe(ilieHTy OpeOpeHHsI Ta HECY4Oro AiaMerpy
TpyOku. CyMiCHUH BIUIMB pO3INIsiAaeMuX (akToOpiB JHUILE JOAAE BaroMoOCTi 3MiHI OKpEeMHX 3HAUYEHb
¢akTopiB.

Puc. 1. 3anexHICTb 3arajbHOro 00’eMy TEINI0OOMIHHUKA BiJ (pakTOpiB Xy Ta Xg mpu X =—1
Ta X =+1
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aj &)
Puc. 2. 3anexHICTb 3aranbHOro 00’eMy TEII00OMIHHUKA Bil (JaKTOPIB X Ta X3 OpU Xp =—1

Ta Xy =+1 (a) Ta Bixg daxTopiB X; Ta X, mpu X3 =-1Ta X3 =+1 (0)

[MincraBnstoun (2) B piBasinHs (10) MoxkHA OoTpHMaTH
V =3,274 - 3,418l; —291d,, — 0,533k, + 12375d3 +

+0,0192k2, +540l,d,, + 0,448l K,y +35,25d Koy, 10~ 3n3.

[lincTaBmnsitoun 3HaYEHHS JOBXHHU OAHIET TpyOKH, HECYUOTO IiaMeTpy opeOpeHHs Ta Koedi-
ieHTy opeOpeHHs B piBHsAHHSA (11) MOKHA BU3HAYMTH 3araibHU 00’€M TeruiooOMiHHMKA. JaHe piB-
HSHHS B JOCTATHBO MPOCTOMY BHIJIAII JO3BOJISIE MPOAHAi3yBaTH BIUIMB OCHOBHHX MapaMerpiB Ha
3HAXO/KEHHS! MiHIMAIBbHOI BEMUYMHU V [IpH 3a31alieripb 3aJaHOMY 3HaUeHHI OJHOTO 3 TapaMeTpiB.

BucHoBkn

B po6oti Bu3HayeHo BIUIMB KoeiieHTY opeOpeHHs TpyOH, HeCYy4oro xiaMeTpy opeOpeHHs Ta
JOBXXKMHU OJHI€T TpyOKM Ha 3arajJbHUN TE€OMETPUYHUN 00’€M TerooOMiHHUKa. HaiOinpmmii BruuB
Ha 3arajbHUi 00’€M TEII0OOMiIHHMKA Mae Hecyyuil aiamerp TpyOu. Brus koedimienty opeOpeHHs
Ma€ BTOpMHHE 3HaYeHHS Ha 00’ €M TeII000MIHHMKA, a TakKUW (aKTOp, K TOBXKUHA ONHIET TpyOKH Mae
HalMEHIIMH BIUIMB Ha HIyKaHy QYHKUiIO. JlOCATHYTH 3MEHILICHHS 3arajlbHOr0 00’ €My amapaTy MOXKHa
3MEHILIEHHAM JOBXHWHHU OAHIET TPYOKH TMOMEpEK MOTOKY TEIIOHOCI, Koe(illieHTy opeOpeHHs Ta He-
cy4oro giamerpy TpyOKku. 3a JOMOMOroO0 po3poOieHOi METOJUKH MOXKHA PO3POOHTH KOHCTPYKIIO
TEIUI000OMiIHHUKA 3 HEOOXITHIM I'eOMETPUYHUM 00’ EMOM.

(11)
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THE INFLUENCE OF DEVELOPED HEAT EXCHANGE SURFACES ON THE
GEOMETRIC DIMENSIONS OF HEAT EXCHANGERS

Abstract

The design of heaters is affected by many factors, and the importance of each of them can vary
greatly. Intensification of heat exchange is always of great importance for all industries and technolo-
gies. The design of heat exchange equipment is subject to high requirements related to the reduction of
weight, volume, etc. The optimal design of the developed surface is determined by the values of the
heat transfer coefficients from the hot coolant to the tube wall and from the wall to the cold coolant.

One of the main characteristics of heat exchangers is the volume occupied by them. Most of-
ten, there are restrictions on the occupied volume of the device, or on its different geometric dimen-
sions, which is caused by the layout of the equipment or consumer objects. One of the main criteria for
heat exchanger optimization is the ratio of heat transfer to the power used to overcome the resistance
of the heat carrier. The disadvantage of this criterion is that the fluid resistance is minimized by in-
creasing the cross-section of the coolant channel, which leads to an increase in the volume of the heat
exchanger, which in turn cannot be significantly increased.

The purpose of the work is to determine the influence of the finning ratio, the bearing diameter
of the finning of the tube and the length of one finned tube as the main factors on the geometric vo-
lume of the heat exchanger.

The paper determines the influence of the pipe finning coefficient, the bearing diameter of the
fins and the length of one tube on the total geometric volume of the heat exchanger. The bearing di-
ameter of the pipe has the greatest influence on the total volume of the heat exchanger. The effect of
the fin ratio is secondary to the volume of the heat exchanger, and such a factor as the length of one
tube has the least effect on the desired function. It is possible to achieve a reduction in the total volume
of the device by reducing the length of one tube across the flow of the coolant, the fin ratio and the
supporting diameter of the tube. Using the developed methodology, it is possible to design a heat ex-
changer with the required geometric volume.
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