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CFD MOJEJIOBAHHS KOMINAKTHOI'O ITYYKA TPYB TA BUBEJIEHHS KPUTEPIAJIBHOI'O
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Awnoraunis. [Ipu po3poOui HOBUX THUITIB KOHCTPYKIIH
TEIUIOOOMIHHUX amapaTiB Ba)XIMBY POJb BiNIrparoTh Taki
¢dakTopn, Ak iX Macora0apuTHI XapaKTEPUCTHKH,
e(ECKTUBHICTh TEIUIONIEPEHOCY Yepe3 IMOBEPXHIO, IO
po3ainse TEIUIOHOCIi, BTpaTH THCKY B TpakTax Julsd
KO)KHOTO 3 TEIUIOHOCIiB Ta IHON mmapaMeTpH, sKi
XapaKTepU3yIOTh TETNIOOOMIHHHH arnapart.

IMpoBeneno CFD MopnentoBaHHS IMPOLECIB TEIJIO- i
MacoIlepeHocy B Iy4Ky TpyO NpH pi3HHX uuciax Re 3
KOMIIAaKTHAM  PO3MILIEHHSIM TpPy0 BHKOPHUCTOBYIOUH
nporpamuuii  kommuiekc ANSYS Fluent. B ocHoBI
MaTeMaTu4HOi Mojeni jexarh piBHsHHA Has’e-CTokca,
piBHSHHS 30epeXCHHS CHEprii A KOHBEKTUBHUX Tediit
Ta piBHSHHS HEPO3PUBHOCTI. Y po3paxyHKax 3aCTOCOBAHO
cTaHmapTHy k-¢ Momens TypOyneHTHOCTI. OTpHMaHO
TIOJIS IIBUAKOCTEH, TEMIIEpaTyp, TUCKIB Y JIOCIIPKYyBaHUX
kaHanax. [IpoaHanmizoBaHO YMOBH TiIpOIWHAMIYHOI Tedii
B KaHajax Ta IIPOBEJCHO OLIHKM IHTEHCHBHOCTI
TEIJIONEPEHOCY MK TapsYuM Ta XOJIOJHHM TEIIOHOCIEM
yepe3 CTIHKY, IO iX posaiise. Ha oCHOBI pe3yibTaTiB
CFD wmozesnioBaHHs BUBEICHO KpUTepiajbHE PIBHSIHHS
yucna Nu sike Moke OyTH BUKOPUCTaHE IPH 1HKEHEPHUX
pO3paxyHKax TEINIOOOMIHHUX amnapariB 3 KOMIAKTHUMH
ITy4KaM# TpyoO.

KarouoBi caoBa: TtemmooOminumit amapar, CFD
MOJICIIOBAHHS, TEIUIO- MAacOOOMiH, Iy4OK TPYyO, YHCIIO
Nu.

IHocranoBka npodaemu

[Tyukn rmaaKux MUTIHAPAYHUX TPYO i3 IIAXOBHM Ta
KOPHUIOPHUM po3TairyBaHHIM HINPOKO
BHKOPHCTOBYIOTBCS B PI3HUX TEIUIOOOMIHHMX amaparax i
NPUCTPOSIX ~ €HEePreTHYHUX  YCTAHOBOK. Orysn
JITEpaTypHUX JDKEPEN Ta pe3ysbTaTiB 3HAYHOI KiJIbKOCTI
eKCTIEPUMEHTAIBHUX JIOCITIKEHb TETI0-
T1IPOIMHAMIYHIX XapaKTEPUCTHK ITy4YKiB TJaJKuX TPyO
IIpU  TOoNepeyHoMy iX OOTikaHHI, y TOMY YHCIi
JIOCIT/KEHb 3 TEIJIOBiAayl axoBuX ITy4YKiB IPH YUCIax
Re noka3sye, mo Taki Iydykd MaroTh BHILY TEIUIOBIIaqy
MOPIBHSHO 3 KOPUIOPHUMHU Nydkamu. OJHAK MPH LBOMY
BOHM MalOTh OUIBII BHCOKWH TiApaBIiYHHN  OTip
MOPIBHSHO 3 KOPUAOPHUMH ITyYKaAMH.

Crhin 3a3HaYMTH, [0 TOBEPXHI TAKOTO THITY, SKi
BUKOPHCTOBYIOTBCS B KOKyXOTpyOHHX

TEeMJI000MIHHHUKAX, PU3BOAATH JI0 3pOCTaHHS iX Macu Ta

rabaputiB. OmHMM i3 [OUIIXiB TOKpAIICHHS IUX
XapakTepUCTUK €  3acCTOCyBaHHA  OpeOpeHHI  Ta
IHTCHCU(IKATOPIB  TEIUIOOOMIHY Ha  KOHBEKTHBHHX

MOBepXHAX. Pa3oM i3 THM, BUKOPHCTaHHS OpeOpPEHHX
MMOBEPXOHh Ta IHTEHCH(IKATOPIB CYTTEBO IIiJBHUIIYE
TiApaBMiYHUN Omip y TpakTaX TEIUIOOOMIHHUKA Ta
BUMAarae Juis NMPOKadyBaHHS TEIUIOHOCIIB BUKOPHCTAHHS
HAacociB 1  BEHTWIATOPIB  OUIBIIOI  MOTYXHOCTI.
[lepciekTUBHUM HAmNpsIMOM 3HW)KEHHS TiApaBIiYHOTO
oropy Ta iHTeHcuGikarii TEII000MIHY Ha
KOHBEHKTHBHHX  TOBEPXHSAX  TEIUIOOOMIHHUKIB €
3aCTOCYBaHHS TJIaAKUX TPYOHHX ITy4KiB i3 KOMIIAKTHOO
KOH(}irypariero.

Tomy po3podka HOBHX KOHCTPYKIIN
KOXXYXOTPYOHHX TEINIOOOMIHHUKIB 3 KOMITAKTHIMH
TpyOHUMHU ITydKaMH € aKTyaJlbHOK 1 moTpedye CBOTO
BHPIIICHHS.

AHaJii3 0CTaHHIX T0CTiTKeHb

Haiinommpenimumu KOHCTPYKIISIMU TEIUIO-
OOMIHHHKIB, $IKI TIEPEBaXHO BUKOPHCTOBYIOTHCS B
TEIUIOOOMIHHOMY  YCTaTKyBaHHI, €  peKyIepaTHBHI

amapatd. 3a CBOIMH KOHCTPYKTUBHHMH BiIMIHHOCTSMH
PEeKyIIepaTUBHI  TETIOOOMIHHUKH  PO3IUISIOTBCS — Ha
KOXYXOTpyOHI Ta 1miactuHYacTi. Koxkna 3 mmx
KOHCTPYKIIH Ma€ cBOI IepeBarn Ta HEJOJIKH 3aJIeKHO
Bil  yMOB eKcIuTyaTarii, TIAPDOJMHAMIYHUX — Ta
TEMIEpaTypHUX pexuMiB  pobotu. [  eHepro-
30epirarounx BEHTHJISIITHIX CHUCTEM OibIn
epeKTUBHUMH € TEMIOOOMIHHUKH KOXYyXOTpyOHOTO
tuny. Ilpm po3poOIi HOBHX THIIB KOHCTPYKIIH
Tert000MiHHUX amnapartis (TA) BaxIIMBY pouib BiIirparmoTh
Taki (akropu, AK iX MacorabapuTHI XapaKTePHCTHKH,
e(eKTUBHICTh TEIUIONEPEHOCY Yepe3 IOBEPXHIO, IO
po3Iisie TEIUIOHOCIi, BTpaTH THUCKY B TpakTax Juis
KOXKHOTO 3 TEIUIOHOCIIB Ta 1HINI MapameTpH, sKi
XapaKTepu3yloTh TemnooOMiHHME amapat [1]. Kpim
OLIIHKH BKa3aHUX ¢axTopiB, BHUKOPUCTOBYIOTb,
HamlpUKJIag, TaKWud [apamMeTp SK TeIUIoTiApaBIlidHa
epexTuBHICTE [2-5], MO XapakTepu3ye TEIUIOBY
MPOYKTUBHICTH TEMJIOOOMIHHHUKA BiIHECEHY J0 OJUHUII
MTOTY>KHOCTi, HEOOXiTHOI IS MPOKAYyBaHHS TEIJIOHOCIS
B TPAKTi TETIOOOMIiHHUKA.
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Y  poboTi  poO3rIAAOTBCA  TEIIOOOMIHHHKH
KOXYXOTpYOHOTO THILy, SIKi MalOTh HOBY KOHCTPYKIIIIO,
IO BiZPi3HAETHCS Bi TpamuiiiHux [6-8].

OmHa 3 TepmmuX METOMUK I0 Oe3MOCepeIHBOMY
BM3HAYEHHI  MICIIEBOI  TEIUIOBIAAAYl  OJHHOYHOTO
OUTiHApA (Tpy6m) Oyma 3arporoHOBaHA
I H. Kpyxwrinom 1 B. A. IlIsadom [9].
Muxaitmoum . A. [10] me Oyno neTaqbHO BHBUYCHO
3MiHY TEIUIOBiJIaui MO IIEpUMETPY TpyO B IMyuKy HpH X
MIOTIepeYHOMY OOTIKaHHI HOBITPSIM.

YMOBH TeIoBiAayl Mmy4kiB TpyO B IOTOKax rasy
BUBYAIUCS B 0aratboX po0OOTax, aBTOpaMH SIKUX OyIu
AnTtydreB B. M., KipmigvoB M. B. Ta iHmi mociigHuKu
[11-13]. B po6ori IMomkaca I1. C., Cypemia B. 0. i
XKyxayckaca A. A. [14] BuBUeHO MexaHi3MH mii Ha
TEIUIOBIIady TIONEPEYHO OOTIKAIOUNX ITOTOKIB TIOBITPS B
PI3HUX pAgaxX CTUCHYTHX IIAXOBUX IYYKiB 3 BiIHOCHUMH
kpokamu axb(s1/dxsy/d)=1,5%0,865 1 1,25%0,865.

Kpurepianpi  chiBBigHOIIEHHS uwuciaa Nu  Juis
BU3HAYCHHS TEIUIOBiqmadi TPYOHMX TWydkKiB Oynm
y3aranmpHeHi B MoHorpadii  JKykayckaca A,

Makapsiutoca  B., [lnanustyckaca  A. [15],
omy6uikoBaHiii B 1968 p. i monoBHeHii XKykayckacom A.
Ta Yiuackacom P.y 1986 [16].

Bumie BuBYeHI mpalli IO BU3HAYCHHIO TEIUTOBIIIadi
B TIOBHIH Mipi JOCHTiIKeHi, SKi MAXOIATh 0 IMaXOBHX i
KOPUIOPHMX ITy4KiB TPyO TerooOMiHHMX amapariB. Yci
BHUBCJCHI KpUTEpiaNbHI pIBHIHHA € 3acTapiInMA i
moTpeOyIOTh yIOCKOHAICHHS.

0,000

0,010

Merta nociaigkeHb

Po3poOka HOBHX KOHCTPYKIH 3 KOMIAKTHUM
PO3MIIIEHHAM ITy4KiB INIAAKUX TPYO MpPH MOMEPEIHOMY iX
oOtikanHi Termonocisimu Ta CFD monemoBaHHS mporieciB
TEIUIO- 1 MAacoIlepeHOCy B KaHANax TeIUIOOOMiHHHKA 3

MOJaJbIINM BHBEICHHAM KPHUTEPIaJbHOTO  PIBHSHHS
ymcna Nu.
Pe3yabTaTn n1ociigxeHb
Posrasnemo TpyOHHI MIy4OK KOMIIAKTHOT

KoH(pirypamii mpu momepeyHoMy ix oOTikaHHI (puc.l).
Teomerpist posrarryBauus Tpy6 3 miamerpom d=10 MM €
CBOEPINHOIO, IO BIAPI3HAETBCS BIA  TpagWIiHHUX
[IaXOBHUX, KOPUAOPHUX. Bimctanp Mix TpydamMu 5 MM.
ToBmmHa Tpyon 1 mM. Marepian tpy6u «Crams 3». Ha
Tperiii TpyOi, rpanumuHa ymoBa «wall Ly» 1 «wall R»,
BHCTABJIAEMO Jkepento Temwia B 2070,064 Br/m?. Bei inmi
TpyOM BHCTaBIIEMO TEMIIEpPaTypy sKa BiINOBiJae
Temriepatypi Ha Bxoni. JleranpHime auB. Tabm. 1. s
BUBEJICHHS  KpHUTEpialbHOrO pIiBHAHHA uuciaa Nu
HEOOXIHO 3MIHIOBATH YHCIO Re, SIKe 3aJI€KHTh Bif
IIBUAKOCTI MOBITPs Ha Bxofi. Yncio Re 3MiHIOBaNOCH Bix
332 no 4946. [leTambHa METOIUKA JIJIST BUBEICHHS YHCIIA
Nu no xoxHiit i3 CFD mopeneit onmcana y mparsx [6, 17,
18].

0,040 (m)
0,030

Puc. 1. 'eomerpist po3rairyBaHHs Iy4ka TpyO Ta Mo3HaueHHS TpaHndHUX yMoB it CFD mozpemtoBaHHS.
Fig. 1. Geometry of the tube bundle and denote the boundary conditions for the CFD simulation.
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Puc. 2. TToOynoBa gotupukytHoi citku (a) MKE 3 MexxoBuM mapom (0).
Fig. 2. Construction of the quadrilateral mesh (a) FEM with boundary layer (b).
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Ta6auus 1. [TapameTpu MOBITPS HA BXOJI.
Table 1. Parameters of the air inlet.

[TapameTtp

3HaueHHs

[IBuaKicTE IOBITPS

. 0,5 1,4 2,3 3,4
Ha BXOJi, M/C

4 4,7 5.4 6 6,6 7,4

Temmeparypa moBiTps 171 | 162 16.7 16.4
Ha Bxoni, °C ' ' ! '

16,1 15,6 15,5 15,5 15,5 15,5

Yucno Re 331,9 | 934,5 | 1530,5 | 2254,9

2658,4 | 3149,2 | 3609,0 | 4007,9 | 4409,9 | 4946,0

[Ipu gncenpHOMY PO3paxyHKY 3a[ad T'iApOAHHAMIKA
1 Temno- MacomepeHOCY BHKOPHCTOBYETBCS —METOJ
kinneBux  enemeHtiB  (MKE).  IloOynoBa  ciTku
npoBoamnocss B ciTkoreHeparopi ANSYS Meshing Ha
6a3i mardopmu Workbench.

[Tpn moOyznoBi ciTKH A Mmy4ka TpyO ycix Mozernen
BUKOPHCTAHO JIOKAJIbHE YIPABIiHHS CITKOIO.

[ToOynoBa doTumpukyTHOi citku (puc. 2 a) 3
BUKOPHCTaHHSIM NOOYIOBH MEXKOBOTO IIapy METOJOM
saranpHOi ToBImMHHM (Total Thickness), ToBIIMHOIO
nepmoro mapy 5¢10° M npu KinekocTi 6 mWapis (IuB. pHC.
2 0). [oxaznuk skocti citku Orthogonal Quality [19, 20]
ctaHoBHUTH 0,55.

MiHiManbHuit po3Mip eneMenTa cTaHOBHTEL 1210 M.
Makcumanbhuit  posmip rpami  1¢10% m. Kinskicts
€JIEMEHTIB CTaHOBUTH 0J13bK0 280 THC.

[lpoBeneHo uuMcenbHE MOJENIOBAHHS — IIPOLECIB
TEIJIO- 1 MacolepeHocy B My4ykax TPYyO KOMIIAKTHOI
KoH(irypaiii, BHKOPHCTOBYIOUM TIaKeT NPHKIAJIHUX
mporpam ANSYS Fluent.

B ocHOBI mMaremMaTH4HOI MOJeEINi JIEKaTh PiBHAHHS
Har’e-Crokca [2] Ta piBHIHHS KOHBEKTUBHOTO TIEPEHOCY
eHeprii. ¥ po3riIsiHyTOMY BHIAJIKy BHOpPaHO CTaHIapTHY
k-& mozens TypOynentHocti (KES) [3-5].

PiBHsAHHS Hagr’e-Crokca, SIK1 OTHCYIOTh
MacoIllepeHoC y KaHajaX TeIUIOOOMIHHHMKA, MaloTh
BUTJISAN;

PIBHSHHS PYXY:

)

[6u ou éu au)_ ap [62u ou 62uj
el W |=——+ p| — +—+
ot ox oy oz oz ox?  oy? oz
Je p — IyCTHHA CepeloBHINA, Kr/M% W — JuHAMiyHa
B’s13KicTh cepenmoBumia, [la-c; p — tuck, Ila; u, v, w, —
BEKTOpHE I0JIe IIBUAKOCTI; t — 9ac, C.
PIBHSHHS HEPO3PHUBHOCTI:
a v aw_ )
ox oy oz
PIBHSHHS 30epe>KeHHS eHeprii:
pCp(VX ﬂ+vy ﬂ-¢-VZ ﬂ) = i(/I ﬂ)+i[lg}-g(lgj (3)
OX oy oz OX OX oy oy ) oz ford
ne T — temneparypa B aeskid Toumi, K° A — koedimieHT
TeIUIoNpoBinHOCTI cepenoBuina, Br/m-K° C, — mutoma
TEMJIOEMHICTh cepenoBuia, Jx/kr-Ke°.
3amaemMo TpaHUYHI yMOBH (AMB. pucC. 1.):

Ha BXO/i:

X=0;W =W,; T =T, 4)
Ha BUXOJI:

x=H; dW/ox =0 ®)

CTIHKH TpyOH:

T (X = me.(m.)(y = ymp.r;u.) = Tcm.,O (6)
YMOBU NIPUINIIAHHSA Ha CTIHII TPyOu:
X=Xi03 Y = Yo 7

Inst craumaptHoi K - & wmomenmi TypOyIeHTHOCTI
PIBHSHHS MalOTh TaKUH BUIJISL:

P 8 P ) ok
(k) + —(oku,) = — [,Lur—‘]— +G, +G, —pe-Y, +S
at ox ox o )ox | e

i i
i

& (pe)+ (o)=L [(ﬂ + ﬂ}%} +Gy

a P o T e | e, o,

£

(8)

c )
E(Gk +G,,G,)- Cop *S.

ne Gy — reHeparis TypOyJIeHTHOCTI KIHETHIHOT CHeprii 3a
paxyHOK rpafmieHTiB mBUAKOCT; Gp — TeHeparis
TypOyJIEHTHOCTI ~ KiHeTHYHOI e€Heprii 3a paxyHOK
IUTaBy4OCTi; Ym — SBJIs€ COOOK0 BKIAM AWCHMAMII sKa
KOJIMBA€ThCA B CTUCIUBIH TYypOYJIEHTHOCTI B 3arajbHii
mBuakocti gucumnarii; Cie, Coe 1 C3¢ — KOHCTAHTH; 0K 10€
— TypOynentHi uuncna [pantns s K 1 € BiANOBigHO.

PesynbpraTi 4MCENbHMX pPO3paxyHKIB IOJAHO Ha
pucynkax 3—6. Ha puc. 3 HaBemeHO po3monin
TeMIIEpaTypHOT'o MOJIsl B KaHalaX TPyOHOTO My4Ka.

KimpkicTh TeIuta, sSKE BHAULIETBCA  TPETHOIO
TpyOKOIO € OJHAKOBHM /I YCiX Monesieil. 3a paxyHOK
30UTBIICHHS TIOTOKY IIOBITPS B KaHAlaX IyYKiB TpYyoO,
TeMIeparypa € pizHor i ctaHoBUTH Bif 288 °K (+15 °C)
10 372 °K (+99 °C).

Ha puc. 4 HaBeneHo mosie MIBUAKOCTEH y KaHajax
TETUIO0OMiHHUKA.

AHaJi3 OTPUMAaHOTO MOJIS LIBHKOCTEH MOKa3ye, 10
MaKcHUMaJbHi 3HAYCHHS LIBUAKOCTI MOTOKY
CIIOCTEPIraloThCs MiXK TpyOaMH y HalBYKUOMY Iepepisi.

B oxpemHx TOYKax KaHaly MIBHJAKICTh TOBITPS
nocsirae 24,44 m/c ipu Re=4946, a cepenHs MIBUAKICTH
HOBITPSL y HalBY)XYOMY IONEPEYHOMY Iepepi3i KaHaity
CTaHOBUTH OJU3BKO 22,19 m/c (puc. 4 1).

HertanpHi pesynsratn CFD MoaemoBaHHS HaBeICHO
B Ta0IMII 2.

Ha puc. 5 Ttakox mNOKa3aHO pO3MOJIT BEKTOPIB
LIBHIKOCTI Ha BHUXOAlI Mydka TpyO. Y BepXHIH TouIli
TpyOH BiOYBAETHCS BiAPHB MEXKOBOTO IIapy, @ HA CTHKY
CycCiniHIX TpyO € 3acTiifHa 30Ha.

B miif 30HI crocrepiraeTsCcs BiAPUBHUNA BUXOp, B
AKAX MIBUIKICTh TIIOTOKY CYTTEBO MEHINA, HIX B
OCHOBHOMY TIOTOIII.

[lopiBHIOIOWM  OTpUMaHIi pe3yJsibTaTi oJIse
IIBUAKOCTEH MOBITPs (muB. puc. 4-5), TigpoanHaMika
MIOTOKY IOBITPS B KaHAJIaX € OJJHAKOBOIO.
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Puc. 3. Po3moxin Temmepatyp B Iydky TpyO mHpu
pizamx unciax Re, °K: a — Re=332; 6 — Re=2255; B —
Re=3609; r — Re=4946.

Fig. 3. Temperature distribution in the beam pipes at
different numbers Re, °K

Kpurepianbue PIBHSIHHS yycna Nu
BUKOPDHCTOBYETbCS B IHXKGHEpHHX  pO3paxyHKax
TerI000MiHHUX amnapartiB. JlaHe pIBHSIHHSI XapakTepu3ye
IHTEHCHMBHICTh TEpexXoay TEIUIOTH (Teruronepenadi) Ha
TpaHMIl TMOTIK-CTIHKA MJIs CTaliOHAPHHUX IIPOIIECIB
KOHBEKIIITHOTO TEII000MiHYy B OfHO(Aa3Hiil HECTUCIUBIN
piauHi 3 mOCTIHHMME (OKPIM TYCTHHH) (Di3UYHUMH
BiaactuBocTsMHU. 3anekHicth Nu=f(Re, Pr) wmoxHa
TPaKTyBaTH TaKUM YHHOM: KUIBKICTh TeIUla, sKe

mepeHocuThest (Nu) 3aleXuTh Bifl BHAY MIBHIKICHOTO
monst (Re) 1 #ioro 3B’s3ky 3 momem Ttemmeparyp (Pr).
TakuM 9WHOM, BUBIBIIK DPIBHSHHS perpecii, oTpumMaeMo
HACTYIIHE:

Nu =1,46-Re%>*. prtt? (10)

Puc. 4. ITosie mBUaKOCTEH B My4YKy TPYO NMpH Pi3HUX
guciax Re, M/c: a — Re=332; 6 — Re=2255; B — Re=3609;
r — Re=4946

Fig. 4. Velocity eld in the beam pipes at different
numbers Re, m/c

[Toxubka piBasgHHA (10) He BHXOIUTH 3a Mexi 6%
BigHOCHO CFD MopemoBaHHS KOMIIAKTHOTO ITydKa TPYyO,
pe3ynbTaTd SKUX mojaHi B Tabmumi 2. Jlane piBHSHHS
Moxe O0yTu BuKopuctaHe juiie npu Re Big 300 go 5000
ta PrBix 0,7029 g0 0,7033.
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Puc. 5. Bexrop mBuakocTi B my4Ky TpyO npu pisHuX ynucnax Re, m/c: a — Re=332; 6 — Re=2255; B — Re=3609; r

— Re=4946.

Fig. 5. Velocity vector in the beam pipes at different numbers Re, m/s

Ta6muus 2. Pesynperat CFD MoentoBaHHS KOMIIAKTHOTO MyYKa TPyO.
Table 2. The results of CFD modelling of compact tube bundle.

[Tapametp 3HaueHHs
Huero 3319 | 9345 | 15305 | 22549 | 2658,4 | 3149,2 | 3609,0 | 4007,9 | 4409,9 |4946,0
Petinonpna (Re)
Cepenus
LIBUAKICTH
TOBITPA B 1,506 | 4,205 | 6,903 | 10,201 | 11,999 | 14,096 | 16,195 | 17,993 | 19,792 [22,188
HalByX4OMY
nepepisi KaHarty,
Mm/c
Cepennst
TCMIICPATYPA HA | 53 5ga | 44,031 | 38,334 | 33,905 | 32,033 | 30,056 | 28,766 | 27,914 | 27,181 |26,355
cTinmi 3 Tpyow,
°C
Koedimient
TennoBLLat! 59,377 | 99,173 | 127,58 | 157,67 | 173,24 | 190,93 | 208,06 | 222,36 | 236,29 |254,27
TpyOHOTO ITyUKa,
Bt/M*°K
?PP;‘)’“" HMpannras | o763 | 07032 | 07031 | 0,7029 | 0,703 | 0,7033 | 0,70323 | 0,70324 | 0,70325 D,70326
Hueno 22,668 | 37,979 | 48,782 | 60,172 | 66,187 | 73,233 | 79,678 | 85,179 | 90,514 |97,413
Hyccensra (Nu)
BuchHoBku 3. Ha ocnoBi pesymbsratis CFD MogpemoBaHHA
BUBEJICHO KpHTepialibHe pIBHSIHHS unciia Nu sike MOXe
1. 3ampomoHoBaHO  Ta  pPO3pOOJICHO  HOBY OyTH BHKOpPHCTaHE TNPU IHKEHEPHHUX pPO3paxyHKax

KOHCTPYKIIIF0O KOMIAKTHOIO pO3TallyBaHHS TpyO Y
TpYOHHX ITydKax TEIUIOOOMIHHOTO arapara.

2. Ilpoeneno CFD maremaTn4He MOJICIIOBaHHS
MIPOLIECIB TEJIO- i MacoNepeHOCy B KaHaJlaX My4KiB TPyO
i3 BUKOPHCTaHHSAM mporpamHoro komiuiekcy ANSYS
Fluent. OTpumaHo ToJIsi MIBUAKOCTEH Ta TeMIleparyp y
JOCIHKyBaHMX  KaHanmax. lIpoaHali3oBaHO  yMOBH
riIpOoIMHaMIYHOI Teuil B KaHallaX Ta MPOIECIB MePEeHOCY
TEIUIOTH B IIUX KaHaIax.

TEINIOOOMIHHUX —arapaTiB 3 KOMIAKTHUMHU ITyYKaMH
Tpy0. [lane piBHAHHA Mae NOXHOKY 110 6%.
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CFD MOJIEJINPOBAHN I KOMITAKTHOI'O ITYYKA
TPYBb U BBIBOJ KPUTEPUMAJIBHOI'O
YPABHEHUS UM CJIA Nu
B. U. Tpoxansx

AnHoranusi. Ilpm pa3paboTke HOBBIX THIIOB
KOHCTPYKIHNH TEINIOOOMEHHBIX allapaToB BaXKHYIO POJIb
UrpaloT Takue (aKTopel, Kak HX MaccorabapuTHBIE
XapaKTepUCTUKH, 3P(PEKTUBHOCTH TEIJIONEPEHOCa Yepes
MIOBEPXHOCTh, PA3JEISIONIYI0 TEIUIOHOCUTENH, IOTEpU
JaBJICHUS B TPAKTax JJIsl K&KAOTO M3 TEIUIOHOCUTENIEH U
Jpyrue  mapameTphl, KOTOpbIE  XapaKTepU3YIOT
TEeMJI000MEHHBIH anmapar.

[posenernss CFD wMopnemupoBaHHsS IIPOILIECCOB
TETJIO- ¥ MaccoIlepPeHoca B IydKe TPyO MpH PasIHIHBIX
yucnax Re ¢ KOMMIAKTHBIM — pasMeIleHHeM Tpyo
ncnonb3ys nporpamMmHbiii kommuiekc ANSYS Fluent. B
OCHOBE MAaTEMaTHYECKON MOJEIN JIeKaT YpaBHECHUS
HaBpe-CToKca, ypaBHEHHS COXPaHEHUS JHEPIHH Ui
KOHBEKTUBHBIX TCUYCHUH H YPaBHCHUC HCPA3PbBIBHOCTU.
B pacuerax mnpuMeHEHBl CTaHIApPTHYIO K-€ MoOjenb
TypOYyJIEHTHOCTH. [lTonyuenst  mons CKOpOCTEH,
TeMIieparyp B UCCIeIyeMbIX KaHanax.
HpoaHa.HI/I?)I/IpOBaHI)I yCJ10BUsA TUAPOANHAMHUYICCKUX
TEYCHWH B  KaHalax ©  IPOBEACHHA  OLCHKHU
MHTEHCHBHOCTH TEIUIONEPEHOCA MEXIY TOpAINM U
XOJIOTHBIM TETIOHOCHUTENEM yepe3 CTEHKY,
pazzemsromyro  ux. Ha ocnoBe pesynbratroB CFD
MOJICTIMPOBAHMS BBIBEICHO KPHUTEPHAIbHOE YpPABHCHHE
grcna Nu KOTOpoe MOXET OBITh HCIIOJNB30BAHO MPHU
WHXXCHEPHBIX pacucTax TEII000MEHHBIX armaparoB €
KOMITaKTHBIMH ITy4KaMu Tpyo.

KuoueBble ciaoBa: TemnooOMeHHBIN ammapar,
CFD mopnenupoBaHusi, TEII0- MacCOOOMEH, My4oK TpyoO,
yucio Nu.

CFD MODELING OF COMPACT BUNDLE
OF TUBES AND OUTPUTTING THE CRITERION
EQUATION OF Nu NUMBER
V. I. Trokhaniak

Abstract. In the development of new types of
designs of heat-exchange units, factors such as their
mass-overall characteristics, the efficiency of heat
transfer through the surface separating the heat carrier,
the loss of pressure in the tract for each of the heat-
carrier and other parameters characterizing the heat-
exchange apparatus play an important role.

The CFD modeling of heat and mass transfer
processes in a bundle of pipes at various Re numbers
with a compact pipe arrangement was carried out using
the ANSYS Fluent software complex. The basis of the
mathematical model is the Navier-Stokes equation, the
energy conservation equation for convective currents and
the continuity equation. In the calculations, a standard k-
¢ turbulence model was used. The fields of velocities,
temperatures, and pressure in the studied channels are
obtained. The conditions of the hydrodynamic flow in
the channels are analyzed and the heat transfer intensity
measurements between the hot and cold coolant through
the wall that separates them are carried out. On the basis
of the results of CFD simulation a criterion equation Nu
is derived which can be used for engineering calculations
of heat exchangers with compact bundles of pipes.
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