
I _/ AD A014$ 080 ADVISORY GROUP FOR AEROSPACE RE5EARCH AND DEVELOPMENT—ETC FIG aorn
TECHNICAL EVALUATION REPORT ON THE (A) PROPULSION AND ENERGEtIC——ETC (U).
NOV 77 K U PAPAILIQU

UNCLASSIFIED AGAR D—AR 109 NL
Ic ~ I

_

%46j
j

END
A t

I- 78

p .



AGA~D.AR• 1W

AGARD ADVISO~~V UPO*T N. 1W

Tedmical Evaluation Report
on the 49th(A)

Propulsion and Energetics Panel
Specialists’ Meeting

on

Secondary Flows in Turbomachines
K.Pa%llIos 

~~~~
>-

-

NORTH A f lANT IC T R EATY ORG ANIZATION -

~~ cz
C..3 

~~~~~~~~~ U L
DISTRIBUTION AND AVAILABILIT Y fl ~J~~

) P1~1~ON BACK COVER U OEC — 1977 U I ’
1I 1LILriLLI1U



r~~~w
/ i ~j

M*T$I ATLA~TK~ 1*1*1% US*~4%t/AW$

~ * tOl 4t Kt~~~M1 II%1AI~ 1I *‘4) t* ts  L&IPVt t4

i ’ ~~~~ ‘~Sr~~~t i~;’~ tJt~ ~*AJt ) 1* 1 .111.%~ $K,~ I ~l~*tJ~

I I
‘~ ~t.~ Kt)Ad t ,w*) Xc~~~ihu U$

TLCHNK~~L I %~~LI ~11O’Ki?OU \
—J

/ PROPVLSIO(% ~~ u IY ~irn~t t K % P ~ %It !~P1(I*L*%Tc

U.

Si(O
~

t) ~M’i I IUI’% l’~ WKKOM Hl” I ‘~

h l j )

~~~ IPJ PJIIKIU
I ~~~ (‘cnl,ak JC I) (In -

l~it’.’r .~I~ r~ & ‘t~ ~~~~~~~ J~~ilu.de~ .‘~f ~~~“1—

~ 
;. j~ 

- • u ~4 f l y
-c BuiI~~Pnsijk ~ *•

(O~ tt~~TS

TECHN K~~L LV~~L1J~ TIa~4 ~ItMOR~~~I*JM UI

TECHN ICAL EVALUATiON REPORT
b~ k.Papslhuu

I Introduction I
2 Coateu b of the %kthng I
3 Ruu nd lable 2
4 Co..du~on and EiII.aIIOa of the MeetiuS

REFER ENC ES

APPrc~OcJ fri ~~~~~ ~~~~~~~~~~~~~

~~~~~~~~ Unlimns~j

The Proceedings of the Propulsion and Energetics Panel 49th (A) Specialist s Meeting.
which was held at The Hague, Netherlands on 28 to 30 March 1977,

are published as AGARD Conference Proceedinp CP 214.

~d~J ~ 4/ ~3



F~~
T — _ _ _ _- —

U~~ Wt~~ ON O~ ~~~ A1D

Tb. n**~~’~ uI At AID ‘ to bn.i 1o 1k. lb. kö3i1i~ ~~~an~~ nt~~of 1k %ATO - , t ..~~~ * 1k of
~~ and I.chmeio~ r.L.1u~ lu 

~~~~~~~~~~ 
1 11w ~~~~~~ pw&p.~~

of i~i~*SitIm~ ~niJ ~~~~~~~

ConI~nut.’w.t~ l1I~~ LsL in~ IS 1k ~ c it ~~~*. ~ to to 1k 1UUTLP1 ~~‘ 
¶~~~.‘

—I..

she uç~f~11SIO -‘~~ g i. ~..r - s ~~~~~ IS ~~~~~~ *ii4 ~~~~~~~~~~~~~

Y è ng ~ w.l,th end Iei~~~ adi*io ~ IS lb. ~~~~ AIiaeea Id~~’ - .  t on~stt ~ Is 1k
II.IJ of m,u~~*., .ci~~~h sod

Rokknng ‘.wnidh end sucban~M ~~~~~~~~~~ *~ 
,~~~~~ tc4. IS ~~b.s WAY!) ~othri IS W(~~~~ 0*1

~n ~unne~Saos oi~ ~ kwk~~~.~~ pio *v~~ a 1k ~ ‘

Nuvtd*n~ a~~in$ea~ v h~ ., mkr .nlloni lee 1k of .v~4nØ*4 ~b.n ~~~~~~~~~~~ sod mi~~sk~~ ~

R.i~ueemcn~~np efl.dsw ~~~~~ 5~~ the .rahei sos IS Ikus .sopiu~b ~~~~~ .a.r ~~~II1l ~~
lee She ~ommun bieefbt of she ~s~~TO ~~~~~~~~~

The h~ k.t .*elhurW, uII~~0 Al ;P,*I) ~ the ‘%es~~~~ tM ~ asd ~sc~~*ll~ ~l t4h~of*~ qsp~~iN~
Vt$’!eleIIIatIse% liu ,*~h a.mkr odjm Tb.’ ~~~~~~~ of A1~A*t) *ttwd Ihe~ s. ~he Psost. O~~I44* ~~T

cuapuad of vip .’tI~ ~~~~~~~~~ b5 the ~~~~~~~ t~~~~~~ the t oo,wIIenl --1 5 ~~~~~~~ r’~~~’5,ti *~d 1k A “T’~
Appb.ahunn Miud~~ PTu*j.,m lb.’ lesuib of Al ARt) ~~.s ., ~ r,peei.4 IS lb. ... ab.~s .is~ooa ~~ iiw t~*I!)
As~Shuflhe~ t hsuuØ the A( ARI) w,~ , of ~obk .lios~ s4 .hkh lb.. .

P~sst~ sp*t.un IS ~l ~R1) a~t isIIW. ii bi -~~~a~”~’ osip and .. .ui~~~~ Iia*rj IS - ‘li?~OI at i~ t ‘~*T~ $ ftptsr~n

Pubt flhed ~o~cmt.ev 1977

Copy right O AGARD IQ~~
AU RiihIs Rr~rrwed

ISBN ° -I2t~3-4

Printed by Technical Fdlting and Reproduction Ltd
Hwford Ho..s,e. 7 9 (‘l,arhnte St. London. W1P IHD

$



Itt H%* ii t~~4tL4t*$e Wt**.t~d1(1f

I hi, ~~~~~~~~~ so ..o ~ 1k prc~~~ ..4 4 ~~~~iog s,.~a ~ 4 (t~t4ec pan a ~d ttr f1~~
twIJ so Iwbusas~~~~i absi ~ v .n~~~io3 to b • ~~~~ .a’vw~ .~~ .oi~ v’. ~ g 1k IS ss.so end ~ s4s’i
oj 1~. uS .u.npfv ~oo~ ~Jht ha5b~s”., o~ b~ .souc.~ and to he *111w twh and l

~~
. ~d 1k Ir4a4r~

~.~ ‘ospr.’b.ne.~~ ippuiii.~h 0* i..~~*c~~rd t4~ ~ sotn o.~~~~ 1k thr’.ores~i ~~~ i~~ lenu’ffl d a. a
18$ 1k lsh sSh..’U 1001P1$ k.~bs0pm’. P~twiI ~~~~~~ .~~ ~~öo,U) ~~~ €4 ~ ‘*‘*1..ls a w 5 ~i t IS —

rowip.d Ip ua .h..aieom ad lee ~~~~~~~ piper b lb.’ • (~~~~
. 
1a’a~~~~~*

II o~~ m~ k ileis€

.b~ sodsorn ~~~~ *..‘ lb. lbr.*rsa~.s ..‘di~ .~O*~~k a lb. ~ ‘•‘ -‘ *1f Ii! l~~
Ih.t adass~ Ia.aeeed lur k I ivtI~ie su .1s’.øI 1kW .~~~ le~€~~ IS€sIpi .t~ aui. ui*1*U.if i1w ts~a
I~)’~ ~,,,€,‘.lb,o
Ibri s~~ .1ri ns .’d, luuauia. to .wtriJ ks~

A* Ivpeeè ~~~~~~~~~ ii ~~p... toI IbiS sa~ ptiIs’.J ~~uodati sub d~ ndit*1lon. and p i o~~aenui.ri
Ls~.’r sppeea~he..lU sends so tether pru ra. ,1 lbe~ aw ~.-. ‘.J sgb~ ,sprsos~asi rrndse

Fur tuibsees .JllklVflI ip~’lUiib ~~3i ~~~~~~~ t~ luI~ ihi~~ ~~~~~~~~ ~ ,4.atil.tin IsSilbOd. IS’S ~~~~~~~~~~ 10
be w.eine) . Th.~ is.’ idmotodis tow ussig,~ IuiO ib.-’.M t~ b.o rspriswsi then .‘e~w1in~~ ,Il

Jewlup the n,~eqisn~ lb.’o n.’.kh ~~ s s~~r.aewi~s 4 lr~b~~q r ~ liupisi S s.o.s he wend as .
In he ~.i”.t I~ a~d ~um~’t i’.. .su~J . lb... e’.peeane~~, sI,ouhl be 54a50i’J savfv1~ S aw.~~~ Iis~i *0 Ss.’ 14.swd as
mullr.Lapr Ibis’., Isp dr.aa~e ~r t ~- . r’~s .n~ ‘ishi ss.p har~

The Panel km Won abed t”~ br~ ralsspant, to .oas.&er she SO ~I ’ s ~* . ~ ’ of (ule~ di (.4k tcspc~1 to
c~peviflwnl. ) and Is’ te.~umene piutkspm.ls oW.’. iwo the.wil.4 and t’~ ~~~n.’csI a l ,. d i .  

~~~
, , dabk’ sai. a liar

0

..

— ii s,s .Pt4~~_,
I 

—

~ 

—

I I

L - _ _ _



- - _ _ _ _ _ _ _ _ _  _ _ _ _  

-
_

-

S

I1tHNLAI. I’. iLL iI*~~ ~iPUSt

h. I) Pip 4a~

I IN f 1OU1J(~TWN

uS the t,wsneL . . a.~~ .deSa.m 4 1k soso tsI sot 4 1k ~ _1 ~~~~~~~~~~~~ I.o*.~ow..~ksns’s si ,.ê~i~
inur,. and muse tb. kiter .ani.ki alsoslls i 41k ~s4~~~ SIan’. t ’  1k pi  i~ 1k I%~ s i ~~~ l b t  s. ~ioiji

so ss..~ 5mw’ u~ Sb.’ .u~skr *~i11s ~~~ p. tkiwi.o.’ w~s..ied I., bW~ s n. s,*,.a *lft’o.’..~~ a. .a I.) dlii !*i,1 .4 lb. ..Oil . i’a
bi She b&ask ’.mii a $an.t~ a*

~ 4iS tj pia*kn . s i ..  bern Ife 9uIr*I~ dis~wiø.’d ~ ISI4 t450i1 S.’~ IIOSk ii 1t ‘W’ ~W ~~~ .~ iiai Mss1ut1.’ h i t
J..Ssop the tt, A*~ARUY ,upw mj nd I n r p d a . a P I~ 1i. l c thy ~ ~~~~~~~~~~~~~~ ~~~~~~~~~~~ *t17 *.
th us Sisal snter,,.t. nd IU*141.’~a .‘niiset~ sksuksJ so lbs. w€b~ sI

t hus uweliop oea J,as.kJ solu Sue wsas.~~~ Pu .Isd tOter. oia 4.’4 pip.’.. s.d smw.’ u ~ ..4I ph a..iIMI s aw.

tulhaned b, • i,iund IsIS, dpoweus

~ CO(%TENT OI TNt W U h I ” .

a4 paper b~ I I$surI .u h S SaUuid UISaetwI~ . U I ‘ as’~MSisved shs rpt*ssr a - i  .55 *u.’esdarp fl a i  an
turbom...Pssne. lb.’ w.undas’s l~so ~flre$s so .iospes’w.oa and I.ab ~m,-~ ~~. iv) 44hsen1

1 uit q ’ r~~.~. ‘t P4adinps psa.’ is’ . aft dsfl.’.tnaaa and tb.’ ~i4. Ise hr t a ,  ‘S bus t’dndni. .sd thy w~~ ~ ...k tS~p* lb.’
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an be bussed sun sniepiad snethuda,
t urbine P4.e.k’. ,nJus~e Lisp.’ Jefliatiurs, and lb.’ idsisit s.i4~~$i SI owlS Ikit Its lhe.”r~~~~~rooon4 ‘fl ed. a’~ pw’
Jumm.uil t umpikIe P!uo eakuSulsun. are ri qansed .
f ’u€t. ’d bass psedestwan musthsu.)s ,asuc(vl tus e~~ua p t,, t ua,s sa Jo nil i .i.i ~~~ eqIher . ‘..j -.. ’... ’w .0

h u m  t he pf.sent.s t sons snide dunisp lb. S .  ..4r .l a Sir.  t i~~~ ses . ~al t,r~~~~n.ir’ S w  lb.’ dcw4.’upmwns at
muc oeh eenbeds.*tnpurshed

,a4~ sisuon tn I fl~id.’.h, the fnhuuoe,~ .4 ~ R lta.th coc usss.l s.’.l~ th~ dirt ~d 4 1$w “ wtw . s4 flu.’ .%londil)r fl(.a
tic k) . *enuc ’scJ snt.’.’ssi IS Ihr . twIt .4 t w.assh is mianttr4ed Sn thur waaikJ Ikiltassi, fbi.’. a obsilu hOid pse~ u . .

is ~,‘nalanl and sufikity e npun.’nts . 4i’t par alle l to the )o~al wIneuI~
a4 digh t ls differ ent method na pt.’sented 5a~ II Mas~ls Vniws’sot~ of lhaslsam . L’ I S obsu csnphaiii~t 11w ‘ ‘i . cut Slur
time Lip betotie n ps.’.auai, aide and au.~tion ank lion’. to ap$W.’t.naIe ca* ,mat,us uS 11w dlflerest txwsqwisw*sls s’~
t he w~iind.ø~ I u l t tK, h .

a4r altctnatc wa~ n i a  followed b~ thus rsra.’at.h tealS uS lb.’ I ..4c I rnttak de I’,un. I .. li bosa. 1.1dm . f M oist.,
K Papaihow. ft means ul peiwralvuip th~ * liwial tsuufldal) Iaye.’ method.. the) .t , tnat .  the .w.taI tiled at the
sc. u ’n dj r ’, t1..oa Appa~t ntI ~ aus h an ,ip~.ioas h ~ ~~~~ aatisfaiI.w’u eten Sn the iijns.. ’ ns, ia - s  Tb.’ jvn l,nn htlnee’n
the innursd u s  at kaIJ the kou kr.a flow sep.55 and Ihr se.ondar~ flon r, r’ .’n is mask on the bass. “I stalk p i ’~ sui iu

compatibility . An espenmenta l pipe. plum by thu mime team ulsuwed the .-alldity of this appc.sattm t h at siiay be
considered as a t i r -.t step towar ds the estanalsun of losses and bto.ka r t.A1 ,’t., doe t u ’  th. ’ d eSops.rM of wall
boundary .s.’rs amp lif ied S’s t he weon dary effec ts

Fur Puplier ‘I.s. ft number’.. namely in the ease sat supersonic eomps’eso*s all these appniatbcs hem-use ,nrkvant
and I rue h aiif .  University ot Stuttgart .  Ge.. gave own.’ preliminary tesulta of Ski .. cak uLats,ina .,n spirwors w.ng the
char.i,,t ef sttKs m ethod.

Out side of these th.’or~t icaI papers. moat of the pre’urntatuona de’urflhed e*pciime ntal t u.~~r k l t .  Thu tes hnuquci.
,ns.Iuded probe survey’., laser vehwimctry . and sever al forms ‘f flow vrwah,alion.

Result s obtained by advanced method s wer e pr~ ented:
hot wire anemumctry in a subsonic compressor l(’h. Iturich Free Unn’enity of Brussels. 81.
detailed boundary layer measurements near the cas ing wall sit another subsonic compreww W .Xümm el. Techniac h
Hodoc hule. Aachen. Ge. .
laser anemometfy in .i transonlc compreseof (H.Wcycr . DFVIR . loin Wahn. Ge.).
turbine flow analysis using advan ced theor et ical methods (W .TalI. Wright-Patterson MB. in the United Stat ect and
multistage turbine experiments I8ftaryy . Rolls Royce 1971 Li d. in the United Kingdom ).
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By sum man,ing earlier wutk and presenting recent analytical tesrarches the pica. ni M~4KI) meeting e”.
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necessary.

The simple loss and blockage factor correlations the engine m anuf att ur r e rs use now lack gcneralit~ and it will he
nece’.wry fo r them to karn to use the new theoret ical models proposed by re scar.h people . On the oth irr hand . if the
theo reti c ians wish to improv e their models, (hey hj~e to take advant~~e of all the advanced esperimental data
present ly available. The empi rical factor s (hat stil l es ict in the best formulas can be estimated more au irr t ’ a t l y  in
that w ay.
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