
Sou i(A O,c:to

llwe ,
5fz^*r- \.rrnr, B. C "{fo)

$IUNY OF LOCAL HEAT TRAfISFER OiI EIID SURFACE OF STATOR :IODTL

A. A, Khalatov, K.'I. Kapitanchuk, A. S. Kovalenko,ald A. tl. Trufanov

Izves!!Va VUZ. Aviatsionnaya Tekhnika,Vol. 29, No. 2, pp. 6g-"t2,- LgB6

tJDC 536.24:532.54

l'ie present lhe resulcs cf an e:iperlmental- sru,1y of the local heat !'rrc'nsfer cn the :nd surr'ace of a: gas turblne engtne (GTE) turblnestaDor mcde1. 0n the bas1.s of qne propc,sed metEod for -orrelatlng
the experlnental ciata we oi:taln a slngle slnllarlty equarlon, account-lng for the lnfluellce of st.reamlLne cr]rvature' three-d. lmens1onal- na-ture of che f low, f low accelerar 1on along the chan:re], and f low larql-
na11,! ai 1on.

' 'liie 5irllttary tendency 1n che lmpro',rement of alrcraft gasturblne englnes lsl,rirrease of lhe turblne 1n.Let ienperature ti ]. The present perlcd cf englnedetzelcl:'menb 1s characterlzecl by che ter,rperiture levei 1600-r'650 K, wh1,:h l-sl.nrlreaslltg .rn che average Oy 7 -f O degrels i-yuo".
1fie s[3't,t)rr'! of the flrsc scages of the hlgh-ternperature Eurbines of modernarlrcr'lfl; gas tu:'blrre englnes ha're a hlghly devilopeo convecElve-barrler coollngsvst'enr [2 ] " rn ,che best f orelgn englnes the rel-atl're coollnt ur" f,low reaches1i)-I1'fr, uliilcli requlres ol'.,blm1zatlon ancl ratl.onal organrzaiion"or the coollng$ystelr rol. a l'I hire stator surilaces - che vanes antl che t,pp"" anal lower ena sur-f'ac es ,

ire"L1i,i: i.e s1.rrl.l",ar;1ty equatlons, clrara.r:terlzlng the local heat transfer co-ci'i'1i:t.eir';;, are necessary for coori,.,g sy"c"* il;t;ri;: -i;;;" 
equartons for rhesriirc:r;' varies fiave been presentec tn t-ne- r.rc."iirr;-ri;a1."-iit" on the localheat: ut'ansfer ccef'flclencs on the en.l surfaces L-JrqJ are scarce and relate to1;lle arieriige lJaranleher-s, anci the technlques used. co represent the f 1nal resultst1o itc:u rrtake lc posslble No ci:nslder the obtainer|equatlons adequately unlversaL.Tiie l:':ttiDl'ex three*dJmenslonal nature of the iio"", streamllne curvature, flor,vai;ce-l c:raI l ()ri, atr<l r:Lher factors requlre the development of physlcatly substan-1, 141gil cc lcura.clrr metho,1s, accounting for tire-pecuitarttris'or the aerodynamlcsof ti:e i'low r:rir. ulre end surface of thJ staLorls.

i^ie sLal1. e4amlne ttrree-.lttnenstona.l lncompresslble lsothermal flow on theeri'l aurf'ace of Lhe stator wlth the presen." of a lcngltuarnir presslrre gradlent(I;'Jg' i)" Thc equatlorrs of motlon in trre-ltei.<izher coordlnase system wlth ac-c,.)irnL r"or. strearnllne cur,/aEure have the ir:llowlng f orm if Ji- 
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F1g. 1. t/eloclty prof 11es 1n
three-dlmensj.ona1 boundary layeron the end surface: l) back oibLade; 2) r-ace of blade; 3) *rdsurface.

da,rt,da
F't':FfFoa oy o, * 63-0.

R

f{ere i:ilc,, i-f11:.1:^!rt are rhe dlmenslonress ronglrudlnar, vertlcal, andcransverse componenrs of bhe veloclry (rrg. i);-"; 1;-;;;-"taract""1sr1c flowveroclty; L ls lne cfargcte-rlstlc proflle dlmenston; R is the streamllne rad,Lusof curvature I .7rn^crlc1 ,7r- cJc, are the d lmenslonless longltudlnal and transversecomponenbs of the flow velocity al; Ehe outer edge of tnE uounoary layer; v 1sti:e klnenablc rrlscoslEy or- the stream.
rt fo}lor's from analysls of (1) tnat ktnematlc s1m1larlty 'f the frowsrequlres sarlsfactlon of the f olt.owrng coniiit ron",

-e7 -,i,#-tciem; Re - tdem; &* -tdem; rg8o - tdem.

Ir*om comblned exarnlnaclon ot' Ehe complexes ilf, $ "na 
ar* ,1n ( l) there fol-lot'rs the requlrement 6a-ldem . Most lrnportant for descrlptlon of the heattrar:sfer. proeesses 1s the condltlon tgg,_[*l=-", where tge. 1s the tangent o{the surface (11mtt1ng) angle of streamrr"J't?iratlon f.norn the rongltudlnald.lrecllon (ffg. 1). 
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Tii€ secohci of che sln11ar1ty1.conclltlons ln (2.) -a.:counts for the rnfluenceoI-' uiie Lrrtigltudllal p*usru""-si'.dr."ni;-;;ii; i,i-r"'tnroa-iid-iounth 
'espectlvelyac,,colurL i'or the lnfluence of itnealnlr.ne curvature and transvens€.dlows 1n theboun,lary 1ayer. We rnusc atso lnrnoduce i;i;-tej-ttre-pn;il;i-nufrbcr, and 1fnecessarv rhe other slrnlrarlty nurnbers r"ii""irng ;ddi;io,i"i ra.too" (nonlso_uirermlcrty, compnesslblllty, arra 

"o-"nl . 
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ly'e noLe that rhe s1m11artr^y number 7-GiAI af f{gid from the elmllartty num-uers obLelned ln L6,T i ln use ot tf,e 
"u"oOiriurofc eharacierfsiics of _the st!.eam;ic'r' 6* ji 1 lu coinr;iats wrin-ine srmrtarity-"iu,ntren obtalne<t rn t6l.
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Flg. 2. Experirnental setup: 1) lntakei 
''2j-compressor; 3 ) recelverl 4) valve;

5) afapnragni 5 ) sc1lllng c.hambgr; 7 )
6ic[-i'tta fIc6 of stator moder; 8 ) end
iurface; - 9 ) neat flux sensors; 10 ) regu-

. latlng flaPs

m" u*p.rlmental part oI' the work was performed on a secup 1n whlch we -'
used as the worklng sectlon a "*o-Oft"ns1onil 

model of the stator passage of a

hlgh-temperaf,ur"-irirOfnu of an alrcraft GTE (F1g. ?-). The faclllty 1s an open-

clrcult type wlnd tunnel. The sgator rnodel'wal.is 7 were made of vrood, and the

end surfaces were made of textollte. The wl-dth and helght Of the passage at
the enErance are respEctivefy 160 anrl 100 mrn, bhe proflle chord bO = 243 mI0'

The ratlo of the lnlet and exlt areas ls 3.2\, the angle of t-Iow dlscharge frcm
the modeL ls I8o

The condlrct .qf Che
lnialce horseshoe vortex'
layer would harre made lt
of the factors 1n Eq. (2

studiesinthechannelmadeicposslbletoeliminatethe
thelnfluenceofwhl-chortthestructureoftheboundary
impoisfUl.e to ldentlfy the degree of lnfluence of each

) on the heat tranSfer.

The local heat transfer coefflclents were determlned wlth the a1d of heat

flux sensors, operatlng on Ehe basls of the prlnclpte of-the regular thermal

""gir" oi cf,6 fi;;t XfiO. Alt'the.recommendacLons of [8] were consldered ln
the development of che sensors. The developmentdl tests and callbrptlon^of.the
sensors were performed on an adlabatlc plate of the same thlckness and of the
same materlai a$ the surface UefnE siuOieO. The emor oI'determinatlon of the

heac tran-re* "Jui;i"1;;;;-*riri ei"alenc-free flow over,the plate was 1B%'

Tbe sensors were lnstal1ed on the lower end surface near the back (6 polnts
and bhe face tS-pointsj,-ana also on the centerllne (.5 polnts) (Fle. 2):. Th"
thermal unsteadlness neces"ary'io" reallzatlon of the''regular regtme method was

;;;;;;; il-;ffitt.tr"ou" cobtrne for 5-7 seconds of all the sensors throush a

system of tubes.lntroduced from the upper'end surface. The aerodynamlc part
of the study lncluded measurements of the resultant veloclty proflle and the
;gi;-e-o.f i'tow "twlst', 1n the'boundary layers wl-Lh the ald of mlnlature three-
polnt probes

The results of 'prlrnary correlatlon of the 'experlmental
'ar" .no*n-inlFfg. 3.' The governlng veloclty ln the.Reynolds
local flow velo6ttV c* (Ffg. 1), and' the governlng dlmenslon

numbens waS bhe dlstance x from the entrance to the examlne.d seetton
Jo"respondlng 1lne. AnalysLs of F1g.-3 shows that the exnerlmep!31
nfiiciirtiy elceJa the resirlts obcalned 1ri the'calculatlon uslng. the
loeal heat transfer on a flat Plate:

Nu: - 0'O29 R#Prc't'

heat transfer data
number was the
ln tho Nu* and Re*

along the
data "s1g-equatlon of

(3)

8o



ro:

'6
6

Flg. 3 F1g. 4

Resulcs ol 1n1t1al cotrelatlon of experlinental data: 1) face2) centerllne;3) baclc of vane; 4) Ea:-ali:--'
Resirlcs of experlmental da'ta correratlon based on .lo.car heaton the end surface (for notatlons see Fig. jt.

a

J

2

F1g. 3.
of vane;

F1g.4.
tt'ansf er

Thls 1s explalned by the fact that formula (3) does not take tnto account althe factors exlstlng 1n the-experlr"l!sr ion6itudlnal pr"J"u*. gradlent, str,l1ne curvature, transverse flows ln the uounEary 1ayer, and posslbre larnlnarzaLlon of the boundary rayer. Th? dlfferlng ln magnltude and dlrectlon natu.of the actlon of the curvature and the secoilaary rfows at varlous pol-nts on 1end surface leads to a sltuatlon 1n whlch the experlnental data for the tnd1,dual l1nes scatter notlceably, partlcularly 1n the low Reynolds number rerclor

Flgure 4 shows the results of correlatlon ofaccount for the lnfl.uenclng factors. Wlth no moremental polnts for the rndlvldual llnes of the endthe singl_e equatlon

Nur-o,o29ne!.rnf..;;y.".,.1r. (q)

Here ;.,-[jf'al]/o;*1 ls the effectl-ve length, derermlnlng rhe tnfluenr
i1r-tn" t"l*t-t::tiar- verocrtv gradlent t9l (lntrodueed 1n prace or rhe comple:i,E)r t -1*1,28(cl0o,/R)-0'!r ls a functlon accountlng for the streamlln€ curv&-ture; r,-l+tg€' ls a functlon accountlng for the tnfluence of the transvers(flows th the boundary layer (three-dlmenJlonallty of ttre iiow). The experl-rnental data were reduced by the tradltlonal metnoor.. rtre -ifon"rrt" or rs, r1, 11were detennlned by selectlng experrmeniir-points wlth two-,rii.:io*r, parametersand subsequent .graphlcal coistructton

As the characterlstlc veloclty cl 1n fhe calculatlon of Fri**" took thefl&ss-€rv€rage veloclty at the entrance to the setup.

the experlmental data wlth
than t8f, erron, the exper:

surfaces are correlated by

Anarysls of the results of the aerodynamtc and.thelqax.:studles showed tlbecause of f;1ow accereratlon startlng at ;;;;- sectlon .trrl':Jri.ects of flow lannarrzatlon appear. Thls sltuatlon li accounted for,bv the-iunctlon e,, wnrci1ntheexam1nedcasehasthefo11o*rneio"'nl--_L'

?)46
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F1g. 4
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3rr t -098u/E t-

r, - Bu/5 ror

EuJRe, < 2.10{;

EuJRe' > 2.rcr.

Ga1ttseiskll, G. A. Glebov, et al., Fundamen-
and Rocketry [1n Russian], Mashlnostroenie,

Here tU,:if-tRe'
paranecer.

Thus, f,he nethod proposed heretn for correlatj-ng the experlmental lccal
heat iran6fer data has- maile. li possible to obtaj.n a slngle sirnilarlty equatlon,
whlch can be used, to calculate the local heat transfer coefflclencs 1t an arbi-
trary poi.nt of the end surface. The boundary layer aerodynanj.c characEerlstics
ne""isiry fora. thLs are deterrnlned on the basls of soiuEion of fhe gasdynanic
problem or from expet'lnent. Equatlon (4) nas obtained i,n ihe !'ollowlng ranges
of varlatign of the governing parameters

i, - 134 ... 4,76; tg g,, :,0 ... 2l; Eu' - g -.- 1,66.'

?bnlR:2,64 ...34,6; -l'n.-l ...0'54; M' - 0,1 -.- 0,35:

Re, - 0,8'ld.-- 3'101
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