Abstract

Application of existing methods of solution of direct and inverse problems for the 3D-flow at optimal
design of turbomachinery grids is associated with big problems, and the method of solution of the inverse
problem even for the Q3D-flow, which takes into account the characteristics of the organization of the process
of optimization search, opens up new possibilities for the design. The causes for the development of a new
method were also positive results of experimental studies of the grid of the nozzle profiles with wavy shapes
of trough and back, designed via the inverse problem for the 2D-current, which were conducted by the author.

The direct and inverse problems for the Q3D-flow were divided into separate subtasks that could have
been solved in any order or simultaneously. This provided the possibility to control any part of the designed
blade in terms of strength and technological effectiveness, which could significantly reduce design time. The
individual subtasks were solved by the methods of nonlinear programming that did not require storage of
significant amounts of information.

The parameters of the flow in the interblade channels for the fixed and rotating working grid of a gas
turbine were determined, using the direct problem. Applying the inverse problem the interblade channels of
grids were designed and the effect of rotation of the form of the surface of current and the aerodynamic
boundary conditions on the coefficient of the profile losses of the grid and the geometric characteristics of
profiles was shown.
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1. Beryn

BaxauuM HanpsAMKoOM BHpilleHHA 3aBJaHb pe-
cypco-eHeprosbepesxkeHHsT € Po3pobKa i BIPOBAIKEH-
Hf HOBUX BU/iB PO3BUHYTUX KOHBEKTMBHHUX I[IOBEPXOHD
TemIo00MiHY, sIKi MAlOTh BHCOKY TEIJI0aepOANHAMIYHY
edexTUBHICTb, BOJOAIIOTh TEXHOJOINUYHOCTIO Ta HeBeJH-
KOIO BAPTiCTIO BUPOOHUI[TBA.

2. AKTyaJbHICTh Ta 00’ €KT JOCITi;KEHD

[Ipu po3pobili HOBUX TEIIOOOMIHHUX alapaTiB aKTy-
AJBHUM € 3MEHIIIeHHsT X 00’eMy Ta Macu, 1o 3abesnedye
€KOHOMII0 MeTaJly Ha BUIOTOBJICHHA TEIJIOCHEPreTUYHO-
TO yCTaTKyBaHHA. Sk TMpaBmIO, IHOTO MOKHA TOMOTTH-
csI MASIXOM iHTeHcubikalii npoiecis Temmoobminy. Kpim
TOro, pO3pOOHUKHU IIPU KOHCTPYIOBaHHI TENI00OMIHHUKIB
IIParHyTh AOCATHYTHU BUCOKOI iHTEHCUBHOCTI TeILIolepe-
Ja4i npu MiHIMaJbHIN BUTpaTi eHeprii Ha MpPoKavyyBaHHS
rersionociiB. Tomy, panionanabauii BUbip Tuny ta Gopmu
TenI000MIHHIX TOBEPXOHDb € OCHOBOIO CTBOPEHHS edek-
TUBHUX TEIJ00OMIHHUX amapariB, dKi 3a3BUUai 36Hpa—
I0THCST Y TTYYKU TPYO 3 MAX0BUM 260 KOPUAOPHUM KOMIIO-
HYBaHHAM.

[l Bupimenns 3aznavenux 3asganb 8 HTYY  KIII”
PO3pobJieHi HOBI TEII0OOMIHHI MOBEPXHi 3 PIBHOPO3BUHE-
HOIO TIOBEPXHEI0 TBUHTONOAIOHOTO podisio [1, 2], o mpu-
3HAYEHi JIJIs OiHOYaCcHOT iHTeHcudikallii Tensioobminy, K 3
6OKY 30BHIIIHBOTO, TaK i 3 GOKY BHYTPIlllHBOTO TEILJIOHOCI-
iB. Jlesiki acTieKTH MOCTiKeHb BHYTPIIHBOTO TETI00OMi-
HY B PiBHOPO3BUHEHUX IIOBEPXHIX HaBeeHi B poboTi [3].

poanHamiuHy TPyOy PO3IMKHEHOTO THILY MPSIMOKYTHOTO
HepeTuHy 3a METOIMUKAMH, 1[0 J€TaJbHO OMUCaHi B pO6OTi
[4]. Excriepumentamu oxomnsieHo 30 maxoBuX IIy4KiB, SKi
MaJin Pi3Hi KPOKOBI XapaKTepuCTuKu Sy, So i KoedilieHTn
opebpenns y. [Tyuxu Tpy6 06'enani 3a TppoMa cepisimu, B
KOJKHIill 3 HUX (hiKCyBaBCs MOTEPEYHUI KPOK S, a 03710~
BIKHill Kpok S» Ta Tui Tpy6u 3MiHioBascst (taba. 2).

6)

Puc. 1. Mogeni remHTOnoAibHUX TPy6 3 PiIBHOPO3BUHEHOIO
nosepxHeto: a) Moaenb Tpyou tuny 1; 6) Mogenb Tpybu Thny 2

Tabnuvusa 2

Docninxi 3HauenHs sennunH m, Cy 8 chopmyni (1)

Tpy6u 3 pPiBHOPO3BUHEHOTO MOBEPXHEIO BUTOTOBJISIOTh- s, s, No o
51 32 JIONIOMOT 010 POJIMKOBOrO 0OKOYYBaHHSI TOHKOCTIHHOT s | e | 5752 poam.| " Gy posm.| " Cq
KpyrJoi Tpy6u 3 hopMy0unM ejieMeHTOM ycepeaui [1, 2]. Cepis 1 Ty 1 Ty 2
TeXHOJIOTisl BUTOTOBJICHHSI TaKUX TPYO 3alpornoHoBaHa i 42 13651 1.151 | 111 | 0631 102628 | 121 | 0.628 | 0.2484
?CBOGHa B HTYY ,,K_I'H . CTy1iHb PO3BUHEHHS IJIONIUHA 40 | 45 ] 0033 | 112 | 0,627 | 0.2632 | 122 | 0.634 | 02231
ix moBepxoHb (KoedilieHT OpeOPeHHs) MOXKe [TOCSATATH 12 155510757 | 113 1 0629 | 02491 | 123 | 0.641 | 0.2026
snavenb Bix 1,15 10 1,4 B mOpiBHsIHHI 3 KPY 1010 TPY6OIO. . - : - :
421 70 10,600 | 114 | 0,64 | 02155 | 124 | 0,642 | 0,1914
42 1 90 0,467 | 115 | 0,646 | 0,1892 | 125 | 0,648 | 0,1715
3. MeToauka A0CTi/IzKeHDb Cepist 2 T 1 T 2
52,536,5| 1,438 | 211 |0,6327 | 0,2804 | 221 |0,6318]| 0,2600
[lna excriepuMeHTaJbHUX JOCJII’KEHb 30BHIITHBOTO 52,5 45 | 1,167 | 212 | 0,6363 | 0,2648 | 222 |0,6343| 0,2454
TEMI006MiHy raxoBux My4KiB OMHO3aXiMHUX 52,5(55,5] 0,946 | 213 | 0,6397 | 0,2540 | 223 |0,6374| 0,2308
rpunTononibnux Tpy6 3 piBHOpossuHeHow ToBepX-  (525) 70 | 0,750 | 214 | 0,6401 | 0,2420 | 224 [0,6437] 0,2090
HEI0  3aCTOCOBYBa/MCs  3pasku  TpyG, Burorosie-  [555(790 | 0,583 | 215 | 0,6406 | 02317 | 225 |0,6432] 0,2050
Hux 3 amominieBoro cmniuaBy /[[16-T (puc. 1). OcuHosni Cepin 3 E— ot 2
TEOMETPUYHI XapaKTEPUCTUKU JOCIIKEHUX JIBOX 70 13651 1.918 | 311 1 0.640 | 0300 | 321 10.6345] 0280
TUIIOPO3MipiB rBUHTONOAIOHUX TPy HaBeaeHi B Tabu.1. 0 45 17556 312 1o ;5363 5 ’2972 320 076356 5 ’2715
Tabnuus 1 70 |55,5] 1,261 | 313 |0,6366 | 0,2853 | 323 [0,6337] 0,2618
FeOMeTPHUHI XAPAKTEPHCTHKH Mogeneit Tpy6 70 | 70 [ 1,000 | 314 |0,6317 | 0,2869 | 324 [0,6277| 0,2717
70 | 90 | 0,778 | 315 | 0,6492 | 0,2326 | 325 |0,6392]| 0,2286
T 6 l, D; d> t; h; H17IM,
TPy MM MM | MM | MM | MM y M2/M ExcniepumenTu 3 TennooOMiHy HpPOBeiEHI B yMOBax
eNeKTPoobirpiBy TpybOu- Kajopumerpa (3aCTOCOBYBAB-
1 140 38 28 12 5 1,163 | 0,13878 Cs1 METOJI JIOKAJbHOTO TEeNJIOBOro MozenioBanms). [Iydok
2 140 36 31 8 3.5 1,241 | 0,14811 CKJIQZIaBCA B 3aJIC’KHOCTI BiJl KPOKOBUX XapaKTEPUCTUK 3

JloCKeHHS KOHBEKTUBHOTO TEILITOOOMiHY IIaXOBUX
Ny4YKiB FBUHTONOAIOHUX TPyO Npu MonepevHomy ix 00-
TiKaHHI TOBITPAHUM IOTOKOM 3[ilICHIOBAJIUCSd Ha €KC-
NEepPUMEHTANBHIl YCTAHOBIL, IKA TIPEACTABIsIE OO0 ae-

3-51py6 B OAHOMY HONEPEUHOMY P, To6TO Z7 = 3-5Ta 6
norepeyHux psaiB (Z>=6). BusnaueHHs cepesiHbOTIOBEPXB
HEBUX KOHBEKTUBHHUX KOedIilliEHTIB TemJjoBiamaui 3iii-
CHIOBAJIOCS 3a PE3yJbTaTaMU BUMIPIOBAHB 32 JIOMOMOI0OI0
12-u Mifb-KOHCTAHTAHOBUX TEPMOTIAP TEMIIEPATYPHOTO



0JIs1 BUCTYIIB Ta CTiHKY TPyOu B ii 3anajiiHi, po3ranioBa-
Hux Ha Tpy6i - Kasopumerpi. Tpyba-kasopuMeTp 3HaX0-
JIUJIACS Y 5-MY 32 XO/IOM TIOTOKY TTOTIEPETHOMY PsIIi Ty IKa.

3a BuU3HauaabpHNH po3Mmip B ynciax Hyccempra Nu Ta
Peiinonbaca Re npuiiMaBcss 30BHIIHWN giaMeTp TpyOu
D, o6meskenuiil BepuinHaMu BUCTyiB. Temmodisnysi KoH-
CTAHTH, 1[0 BXO/ATH Y BUPA3M /IS PO3PAXyHKY uncea Nu
i Re, BigHOCH/IMCh 10 cepeHbOOANAHCOBOT TeMIlepaTy pu
HOBITPA {7 y PAdi, B AKOMY 3HaXonujaacs TpyOa-KaJopu-
MeTp. 3a BU3HAYAJIbHY MIBU/KICTH MOBITPS B umcaax Re
npuiiMasacs MBUAKICTh B HAUGLIBIT BY3bKOMY MepPeTHHi
nyuKa.

4. Pe3ysbTaT TOCHKEHb Ta iX aHAI3

Jlocaippkents TenaooOMiHy My4YKiB TBHHTOMOAIOHNX
Tpy6 THy 1, 2 BuKOHAHO B 06Jacti 3MiH unces PeitHOIb-
nca Rep Big 5000 1o 70000. Pesysnbratit 1uX HOCTIIKEHD
JULSL TIYYKIB TIOJaHi Ha puc. 2 - 4 i cBig4aTh, M0 AOCTIIHI
JaHi 10CTATHHO A00PE y3aralbHIOITHCS CTYTIEHEBOIO He3-
PO3MipHOIO 3aJIEJKHICTIO BULY

Nu,, =C, -Re}. 1)
Nup
300
200
100
10
1000 10000

ReD

Puc. 2. Pe3ynbTatv focnigpkeHHs Tensosigaadi nyukis tpy6
cepii 1: 1 — nyuok Ne 111; 2- Ne115; 3- Ne121; 4- Ne 125;
5 — pospaxyHok nyukis rnagkux Tpy6 Ne111, 121 3a [6];
6 — po3paxyHoK nyukis rnagkux Tpy6 Ne115, 125 3a [6]
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Puc.3. PesynbTatv gocnigykeHHs Tennosignadi nyykis Tpy6
cepii 2: 1 — nyuok Ne 211; 2- Ne215; 3- Ne221; 4- Ne225;
5 — pospaxyHok nyukis rnagkux Tpy6 Ne211, 221 3a [6];
6 — po3paxyHOK nyukis rnagkux Tpy6 Ne215, 225 3a [6]

Ha pwuc. 2-4 croctepiraeTbest MiABUIIEHHS iHTEHCUB-
HOCTI TennooOMiHy B IIy4KaX IBUHTONOMIOHUX TPyO (Bi-
3HAYeHi TOUKaMU) MOPIBHAHO 3 IMIAAKOTPyGUYacTUMu myd-

Kamu (Bifl3HAUEHi JHIIMU), sIKe B 3aJIeKHOCTI B/l uuces
Rep 3uaxonutses B mianazoni 10 — 30 %. Ilpuvyomy, men-
1Ie IiBUIeHHHS iHTeHCUBHOCTIL TeHIIOO6MiHy BijiIoBizae
MeHIUM uucyaam Rep.
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Puc.4. PesynbTatu gocnigkeHHs Teniosigaadi nydkis Tpy6
cepii 2: 1 — nyuok Ne 311; 2- Ne315; 3- Ne321; 4- Ne325; 5 —
po3paxyHOK nyuKis rnagkux Tpyd Ne311, 321 3a [6]; 6 — pos-

paxyHOK nyuykis rnagkux Tpy6 Ne315, 325 3a [6]

IIpu 06pobJieHHI Ta aHaJi3i eKCIIePUMEHTAIbHUX Ja-
HUX BeJIMKa yBara IpUIiisiiack BUOOPY y3araibHIOUNX
reoMeTpuuYHUX (haKkTOPiB. AHAJI3 OTPUMAHUX PE3YJIbTATIB
[OKa3aB, 110, AK i LIS MAXO0BUX MYYKiB KPYTIuX opebpe-
HuX Tpy6 [4], HAGLIBII TOUHO Ta BUYEPITHO BPAXOBYIOTh
BILUIUB Ha TeIJIO0OMiH KoedilieHT opeOpeHHs \f, 3aJieK-
HUit Big reomeTpii reuHTONOAIONX TPYH, Ta mapamMerp ix
po3MmileHHs y TyuKy S/ So.

Ha puc. 5 HaBeseHi 3HAaUeHHSI KOHBEKTUBHUX YMCEJ
Hyccenbra, po3paxoBaHuX Ha 30BHINTHIO MOBHY MOBEPXHIO
reunTomOAIOHOI Tpy6u H, mrst nBOX THMIB TPy i KPOKO-
BUX XapakTepuctuk S;/Sy npu Rep = 20000.
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Puc.5. 3anexnicte Nuy, =£(S, /S,) npu Rep=20000.

1 — cepis 1, Tpybu Tuny 1; 2 — cepis 1, Tpyou Tuny 2; 3 —
cepis 2, Tpy6u tuny 1; 4 — cepis 2, Tpybu tMny 2; 5 - cepisi 3,
Tpy6u TNy 1; 6 — cepis 3, Tpydw THny 2; 7 — cepia 1, rnagki
Tpy6u; 8 — cepisa 2, rnagki Tpyou; 9 — cepisa 3, rnagki Tpyom

AHaJi3 eKcrepuMeHTaAbHUX JAHUX II0KAa3aB HE3HAYHY
3MiHY BeJMYNHU IIOKAa3HUKa CTyIleHs m npu uucJai Peii-
HoJstbjIcay piBHSHHI (1), IK Y ME€3KaX OKPEMOT0 TUITY ITYUKiB 3
HOCTIHOIO TeoMeTpi€to pebpucTiX Tpyd W=const, Tak i 1Jst
My4YKiB 3 OJITHAKOBUMM TTapaMeTpaM¥ Po3MillleHHs Sy/S)
(puc.6). B Toii ke yac Tpeba BigMiTHTH, 1110 piBEHb 3HAYEHb
m B TAaHOMY BUIIA/IKY BUIIIH, HIXK /1J14 Ty YKiB TJIAJIKUX KPY-



rauX TpyO, IS SAKUX Y PO3TISTHYTOMY Aianasoni S, /S,
fforo 3HaYeHHs Maiixke mocTiiine i qopisaioe m = 0,6 [6].
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Puc. 6. 3anexxHicTb nokasHuKa ctyneHs my dopmyni (1) Big
napameTpy po3milieHHs Sq/Sy: 1 — cepis 1, Tpybu Tuny 1;
2 — cepis 1, Tpy6u THNYy 2; 3 — cepis 2, Tpybu Tuny 1;

4 — cepis 2, Tpy6u TNy 2; 5 - cepisa 3, Tpyou tmny 1; 6 —
cepis 3, Tpyou TMny 2; 7 — cepefHE 3HAUYEHHS BENUUUHH
m=0,635

Bucrynu reunTOnOMiGHNX TPYO, 1O B3AEMOIIOTH 3
HabiralouMM IOTOKOM, B JeAKii Mipi MOJXKHa BBa’kaTu
pebpamu, siKi CIIPUSIOTh YTBOPEHHIO GBI BUCOKOTO CTY-
nenst ioro TypOyaenTHOCTI. TOMY HOKA3HUK M [IJIs1 Ty YKiB
rBUHTONOAIOHUX TPyO Mae Oinbliie, HiXK 1715 rIagKoTpy6ua-
CTUX MYYKiB 3HaUEHHS. SIK BUAHO 3 puC.6 BiH 3MIHIOETHCS
Biz 0,625 10 0,65. 3Baskaouun Ha He3HayHe HOro 3MiHEeHH,
BEJUYMHY m B PiBHsAHHI mogibHOCTI (1) MOKHA HpUitHATH
MOCTiIHOIO BesnurHO i piBHOI0 0,635 (puc.6, nyHKTHPHA
JiHis).

Amaniz pocnianux sHadeHb kKoedimienta C, B
3aJIe’KHOCTI BiJl mapamMeTpy po3miiieHust Sy/S, Ha puc. 7
MOKAa3aB, 110 JIJIsT PIBHUX cepiil My4KiB TPy i3 3pOCTaHHAM
S1/Ss xoedinient C, 36UIbUIYETHCA.

Kpim TOro, 1pocTeky€eThcs po3iapoByBaHHS 3HAUYEHD
koedinienta C, 3a mapamerpom opebpenns . Jlociani
JaHi TPYIYIOTHCS 110 CepisiX, CBIT/II MapKepu BiITHOCATHCS
notpy6rumy 13y=1,163, ne xoedimient C,6inbie, a TeMHi -
1o Tpy6 Tuny 2 3 w=1,241.
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Puc.7. 3anexHicte C =f(S,/S,) . 1 — cepis 1, 1py6u Tuny
1; 2 — cepis 1, Tpybu TNy 2; 3 — cepis 2, Tpybu tny 1;
4 — cepis 2, Tpybu TNy 2; 5 - cepia 3, Tpybu tuny 1; 6 —
cepis 3, Tpybu Tuny 2

MaremaTuyna o6pobKa IIpeacTaBJIeHOro Ha puc. 7
MaTepialy NPUBOAUTH A0 HACTYIHOTO CIBBiHONIEHHS
A7d po3paxyHKy kKoedinienta C,

+b, 2)

B AIKOMY a, b — eMnipn4Hi KoedillieHTH, AKi € PyHKIis-
MU Bizt KoedillieHTy opebpeHHs

a=0,05-y, 3)
b=0,56-0,2-y . 4)

[icas migcranosku (3) Ta (4) crniBBigHOMeEHHS (2) 115
pospaxyHky koedinienta C, IPUBOAUTLCS 10 BULY

S
C,=0,56-y-[0,05 S—Z +0,21. 5)

1

Takum 4nHOM, /1T PO3PAXyHKY KOHBEKTHUBHOI'O Te-
J000MiHY TAMOMHHUX PS/HB MIAXOBUX [YYKiB TBUHTO-
noaibuux Tpy6 TumiB 1 Ta 2 3 mapamMeTpaMu PO3MilllCHHS
Si/Se= 0,46 — 1,92 B ob6Gmacti uwmcen Peiinomabaca
Rep (5x103-7x10%) mpomonyioTsea sanexuocti (1), (5) 3
MoKa3HuKoOM ctyrenst m = 0,635.

Ominka TouHOCTi y3arampHiolounx dopmyn (1), (5)
3MiiicHIOBaacsd MIASIXOM 3iCTaBJIeHHS AociaiiHnX Nuy i
pospaxynkoux Nu, snauenb unces Hyccenbra npu rpa-
HuyHuX ynciaax Pefinonpaca Re = 5000 i Re = 70000 3a
dopmyoio

Nu -N
AleOO%. (6)
uP

Pesynpratn 1i€i ominku, BUKOHAHOI HA OCHOBI MacH-
BY €KCIEePUMEHTAJIbHUX AaHuX st 30 J0oCTiaKyBaHUX
NYUYKiB CBiYaTh, PO3OLKHICTH A MK IOCTIAHUMHY i pO3pa-
XYHKOBUMHU 3HaYeHHAMI unces HyccenbTa He mepeBumye
+10 %.

Jlast posmrmperHst 061acTi 3aCTOCYBAHHSI PO3PaxyH-
KOBHUX CIIIBBiZIHOILIEHb Ha iHIII BUJM Ia30BUX TEILJIOHOCIiB
HeoOxiZiHO 3a amasorieio 3 poGoramu [5, 6] BBecTH y
dbopmyay moxibrocti (1) wncio Ipauaras B cryneni 0,33,
IiCJIg 4OT0 BOHA ITPUMe BUIL:

Nu=1.13-Cq-Re] - Pr"®. (7

5. BucunoBku

ExcrniepuMeHTa bHI JOCHIIKEHHS 3 TEIJI00OMIHY IIa-
XOBUX IYUYKiB FBUHTONOAIOHUX pr6 moKa3aJu, 1o 3acTo-
CyBaHHsI TAKUX TPYO y TEIII00OMIHHIX allapaTax € Jl0CTaT-
HbO epeKTUBHUM 3ac000M iHTeHCUDIKallii TerI000MiHYy.

IHTeHCHUBHICTD 30BHIIIHBOI TeIJIOBiAAauyi B Iy4yKax
BUHTONOAIOHUX TPYO MOPIBHSHO 3 TIaJKOTPyOUacTuMu
nyukaMu miasumyeTtbes y 1,1-1,3 pasu, mo B moexHaHHi
3 (axkTopaMu 30iMbIIEHHS TOBEPXHi TENJI000MiHY Ta
inTencudikanii BHYTPIIHBOI TENJIOBIAYl TTPUSBOIUTH
JI0 3HAYHOTO 30UIBIIEHHS] TENJIOBOTO TOTOKY Bi/l OIHOTO
TEIJIOHOCiA 10 iHIIOrOo.



Jlireparypa

1. Pis’'mennyi E.N. Ways for Improving the Tubular Heaters Used in Gas Turbine Units/ E.N. Pis'menyi// Thermal Engineering . —
2012. — V.59. - Ne6. — pp.485-490.

2. Tarent Ha KopucHy mozeab Ne67783 Vkpaina, MITK F28F1/08. Temmoobminna tpy6a/€.M. TTucbmennnii, O.M. Tepex, O.I
Pynenxo, O.I1. Himuxk, O.B. Bapaniok; 3asBHuK Ta BoJjoap narenty Ha kopuchy mozesnb HTYY "KIII” — u201108293; zassur.
01.07.2011; omy6u1. 12.03.2012. Brosr. Ne5.

3. Tuckmennsiii, E.H. PaBHOpa3BUTbIE TIOBEPXHOCTH TEIIOOOMEHA 1 METOAMKA YUCJIECHHBIX UCCIEA0BAHUI UX TEIIOTUAPABIMYECKIX
xapakrepuctuk/ E.H. ITucsmennsrii, A.B. Bapaniok, M.M. Bosniok// IIpomsiiutennas temsorexuuka. — 2012, — T.34. — Nel. —
C.45-54.

4. Tucemennsiii E.H. KOHBEKTUBHBINH TErmmo0OMEH MONEPEYHO-OMBIBAEMBIX IMAXMATHBIX MAKETOB ILIOCKO-OBaabHbIX TPys,/ E.H.
[Tucspmennsrii, B.A. Kongpartiok, 10.B. JKykosa, A.M. Tepex// Bocrouno-EBporneiickuii sxypHai nepeioBbix TexHosoruit. — 2011, —
Ne2/8 (50). — C. 4-8.

5. Tucemennsiii E.H. TermooOMeH 1 agpoAMHAMUKA TTAKETOB norniepeuno-opedpentsix Tpy6 / E.H. Tucbmennsiit — Kues: AnbrepnT
pec, 2004. — 244 c.

6.  TemoBoil pacueT KOTeJbHBIX arperatos: HOpMaTUBHBIN MeTos /1ot pe. H.B. Kysnenosa. — M.: Dueprus, 1973. — 296 c.

Abstract

The article is devoted to the experimental studies of convective heat transfer of tube bundles with the
equally increased surface, which were held in range of Reynolds numbers from 5,000 to 70,000, in order to
create high-performance heat exchangers with reduced mass and volume.

The study of convective heat transfer of the chess tube bundles with the equally increased surface during
the cross flow of the air-blow were carried out on the experimental installation, which was represented by
the open type wind tunnel with rectangular cross section. The studies were conducted by the local thermal
simulation method.

For the first time we have obtained resumptive dependences for the calculation of convective heat transfer
coefficients in the tube bundles with the equally increased surface. For the first time we have demonstrated
the influence of the geometric characteristics of the tubes and the parameter of their location in the bundle on
the heat transfer intensity. The comparative analysis of the tube bundles with the equally increased surface
and the bundles of smooth tubes of the same outside diameter was carried out. It was shown that the intensity
of heat transfer in the tube bundles with the equally increased surface has been 1.1-1.3 times higher.

These studies can be used to develop the regenerative heat exchangers of high thermal aerodynamical
efficiency, used in the heat and power engineering, petrochemical industry, gas compressor units of gas
transportation system of Ukraine.

These results can be the basis of thermal calculations while designing new heat exchangers from the tubes
with the equally increased surface.

Keywords: tube, bundle, equally increased surface, heat exchange, generalization, calculation



