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TECHNICAL EVALUATION MEMORANDUM

This mevting was amed (o sufvey the piesont bsowlodge and pliy s wndontanding of those parts of the flow
field in turbomadhines that ase subiectad 10 Bigh sincown stivencs and vortioes ¢ g the flow close 10 inner and outer
walls of compressors and turbines, within cormen aad sesf gaps @ 1o be found at the hub and tp of the blades.

A comprehensive appevuch win sieved Likimg ito s ownt Bhe thootetaod and cxpormontal status ws woll wy
survey ing the advanced meusuring fochaagues. Prowst domunds of mdantny and offon ol sesoatcdh workor 1o meot
them emerged from dincunsions sfler cach paper and from the crtomine found Lable sosson

It was made clear

why industry could not uee the theoreticad maodels madable n the btorstare wo tar

that industry hus & nevd for o theoretinal estimation of the blockage factor 1o improve cilowlation of the low
loss core-flow

that industry nveds formulas for correct how estismation

As regards comprewors, it i cvpeted that umplified socondaty corteoty comaderations and proudo houndary
layer approaches will result in further progress if they are backed up by exporsmental tesults

For turbines, & different approuch was suggested  fully threedmmensionsl calouletion methods are expected 1o
be necessary . They are admittedly time comuming but should be bess expemive than cxpersments

To develop the necessary flow models, new experimental techmgues (optical) mut be used  They are comidered
to be costly and complicated. thus experiments should be planned carefully  Emphasis will have 10 be placed on
multistage flows, tip cleatance effects and on radial machines.

The Panel has been asked by key participants to comider the coordination of future work (with respect 1o

experiments) and to reconvene participants when new theoretical and expersmental rewults are available (say ., in five
yearsh
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I INTRODUCTION

Improvement of the theoretiv ol coloubats s of B mvincid cofc of the high porformance tarbomachines makes
more and more necewary the better understanding of the secondary flows. 1o Bhe part of the flow fiold that » dose
1o the mner of the outer walls and s hercfoe subpoctod 1o Bigh vincow strenes o welll & to Bhe offoct of the vortioes
induced by the blude-casing jung tion

Such problems have been frequently din. wosed dufung » o to el smoctings bat The Spociedints Mooting held
during the 49th AGARD Propubion and | aergetics Pasel Mocting ot The Hague, Nothorfands, 28-30 March 1977 2
the fiest international congress entisely devoted to this subjoct

The mecting was divided into fous sewions 3 total of fiftoen mvitod papors end sevon short prosoRtations
followed by a round table discussion.

2. CONTENT OF THE MEETING

A review paper by ) Horlock (Salford University. U K. ) sumsmarirod the carlior work on socondary flows in
turbomachines. The sevondary Mow effects in comprownons and turbines ate vory difforent

Compressor bladings give small deflections, and the relatine motion hetween the blading and the wall i such that the
woondary vorticity can be calculated by means of umplified methods and the estimation of boundary layer offocts
can be based on integral methods.

Turbine blades induce large deflections and the relative motion i sech that the three-dimensional effocts are pre:
dominant. Complete flow calkulations afe requited.

Correct loss prediction methods wseful for engine manufacturers do not exist for either comprosor of turbine.

From the presentations made duting the Specialints Mecting several tendencies for the development of theoreticsl
rescarch can be distinguished

As shown by J Horlock, the followers of W R Hawthorne investigate the detail of the structure of the secondary flow
field. Renewed interest in this field of research is manifested in the so-called Beltrami flows in which 1otal pressure
is constant and vorticity components exist paraliel to the local velooity .

A shightly different method was presented by H Marsh (University of Durham. U K ) who emphasizes the role of the
time lag between pressure side and suction side flows to approvimate estimation of the different components of
the secondary vorticity .

An alternate way was followed by the research team of the Ecole Centrale de Lyon, ., G.Boss, F. Leboeuf, A Comte,
K.Papailiou. By means of generalizing the classical boundary layer methods, they estimate the overall effect of the
secondary flows. Apparently such an approach is very satisfactory even in the transonic range. The junction between
the inviscid or at least the low loss Nlow region and the secondary flow region is made on the basis of static pressure
compatibility. An experimental paper given by the same team showed the validity of this approach that may be
considered as a first step towards the estimation of losses and blockage factors due to the development of wall
boundary layers amplified by the secondary effects.

For higher Mach numbers, namely in the case of supersonic compressors all these approaches become irrelevant
and Fruchauf, University of Stuttgart. Ge., gave some preliminary results of flow calculations.in compressors using the
characteristics method.

Outside of these theoretical papers, most of the presentations described experimental results. The techniques
included probe surveys, laser velocimetry, and several forms of flow visualization.

Results obtained by advanced methods were presented:
~ hot wire anemometry in a subsonic compressor (Ch. Hirsch, Free University of Brussels, B.),

detailed boundary layer measurements near the casing wall of another subsonic compressor (W.Kiimmel, Technisch
Hochschule, Aachen, Ge.),

- laser anemometry in a transonic compressor (H.Weyer, DFVLR, KoIn Wahn, Ge.),

— turbine flow analysis using advanced theoretical methods (W.Tall, Wright-Patterson AFB, in the United States) and
multistage turbine experiments (B.Barry. Rolls Royce 1971 Ltd. in the United Kingdom).




Due to the difficultivs encountered 18 memuioment i st Lbomacdine, some prosontations wore fostiotod
1o laborutory tests. The study of the flow distortion in s snaular blade cascade by 1 Huad. ONFRA. F .. showed all
the complensty of distorted flows 18 o thice-dimessionsd lood Lty Bhe sticamines wadorgo mmards of autwaids
raddial shifts according 1o theis total prossise.

Using & moving belt ot one wall of his s Blade cuncade, H B Camck, 10 1. UK anay sod the offoct on the
swvondary phenomens i the cascsde of & shewed bousdary byor i whak the sclaaty & wot paraicl 1o the mam
flow velocity. This test set-up simubates i 3 Lborstory e oot comditnons o The outEaios of ah Aot COMPIESNOT

I o simadar way . L Goldman. NASA. Lewin Reswanch Conter. U S samadatos the oftoct of ondwall cooling
njection on the performance of an snmuber Cncade of turbise Blades. snd P Marchad and C Saovording. Von Karman
Institute, B.. analy sed the strutuse and the b ropartiteos o the onduall some of o st fom spood twrtine Blade
cascade.

No new loss correhations were extractod from ol those seasromonts. dthosgh it W wndondoad that socondarn
flows lead 10 Bigh komes and o good underrlanding of Bhom i Soesnary Lo spions Lurbomatine porformences  In
ofder to decreane these lomaes wome devievs were proposed

Wall boundary kayer suction was proposed by both B A Gentafson (Oldmens Unnonaty Swodon) who unes prorou
walls and G Meauze, ONERA, F ., who climmates the blade cancade ond wall Boundan Lan et throgh slots positaoned heat
the blade channel munamum wuotion I Both ey mmprovement of the fhow Tabd and todution of The socondary losses
were obtained. mumwtmmunmw-«tmmmw\lnnumlmmmw‘
in either case.

A new blade surface treatment was proposed by M P Bosce. Texn A & M Usinvorsity. US Asial grooves on the
blade suction surfuce were feported 10 delsy the stall phamoenenon

A proposal by ) Renken (DEVLR. Ge) 1o smooth out the Blade<aving wall junction i onder 1o dimininh the
secondary losses was disapproved. since some compreseor fests feportod by § Hottock showod B0 officioncy improve:
ments,

3. ROUND TABLE ON THE NEEDS OF ENGINE MANUF ACTURERS OF SECONDARY FLOW KNOWLEDGE
AND THE CONTRIBUTION OF THE PRESENT AGARD MEETING TO THIS KNOWLEDGE

Abcuakmbdpol|hnu-ntuumulmauumtﬂumdmﬁnm’cdnm
interest to engine manufacturers. according to R Bousliet, SNEOMALF. A better knowledge of socondary effocts i
required for the following reasons:

secondary flows affect the engine efficiency i some caves sch o high prossare turbine stages, the secondary lowes
account for half of the stage losses,

secondary flows modify the main stream both through the channel Mlockage and the pressure equilibraum condition,
ubﬂmlmk*oﬂhNa‘l‘la:lovnlllkmuﬂuncakdumkd\wahﬂm“mwv

A typical example of the effect of secondary flows on compressor desgn 1 the case of 3 seven stage axial compresor
that has large secondary losses due to high pressure gradients and an cight stage comprewsor designed for the same
performances that has higher efficiencies.

Reduction of secondary losses by comples mcthods such as cauing boundary layer suction, grooves of any other
casing treatment, reduction of peripheral gaps using abradable materials is not a final solution, The stall margin may be
extended but the efficiency is generally decreased.

muamummmmmummm.cmmmwammm
way to minimize the effect of secondary flows,

By summarizing carlier work and presenting recent analytical rescarches the present AGARD mecting gives
already part of the answers to these questions. That is how J Chauvin. Von Karman Institute. B evaluates the contri-
bution of this meeting to the progress in secondary flow research. For compressors almost all the necessary tools are
in the hands of engine designers. For turbines, the development of fully three-dimensional calculations still scems
necessary.

The simple loss and blockage factor correlations the engine manufacturers use now lack generality and it will be
necessary for them to learn to use the new theoretical models proposed by research people. On the other hand., if the
theoreticians wish to improve their models, they have to take advantage of all the advanced experimental data
presently available. The empirical factors that still exist in the best formulas can be estimated more correctly in
that way.




[—

This approuch could refine the theoretival mcthods thad wc divady avalablc and soom 1o fit corrootly the
compressor dats. For turbine flows the complete thve-dimonond thoon has 10 be dovolopod. But in an witimate

For D.Eckardt, DFVLR, Koln-Waha, Ge., the kick of expormental sosults on secondary flow in actugl turbo-
machines is one of the difficultios in building thico-dimcmiond modeh.  The hot waic aaomometol That has boon widoly
used i low spevd comprewon should by slofc s8d sofe iophaced By Laser snomomctn  Moaswiomoents doasol 1o the
wall bevome possible with the use of the fluosesont to Baigue

P.Runstadier, CREARE Corp., US. agreed on this poist. He omphasizad the sole of comectly plannod flow
visualization that may be o great belp for theosctiviam 1o bulld & modad  The man dfiowdty an Bow visualization
comes from the unsteady effects. The most promisisg teoBmigues .

sheet of light
laser holography
wiall trace

From the general discussion that followed thew commments made by the rownd Lable loadon, This summany oan
be given:
Fyeryone agreed that the emgine manl a tufers were fobi Lemt 1o wne The presont day Thoomnies (Wath Some eaoop

tioas), fecling that they were aot developed enough 10 provide weeful mformation 1t wes obsorved, however | that
not ¢nough caves had bevn treated in order to devade wiuether of Bol these thootaes could be of some use

As far as the state of the ot b concemmed. i was geserally agrond that boundany Liyer type methods helped by
the simplified inviscid flow theories (as developed by Hawthonne, Horbook. Laksbminaray ane and Manh ) could provide
@ sound basis for annulus wall vicous iyer prediction for compeeson 3t design and off design conditions. There is &
lack of information, however, as far as the kst stages of multintage compresans ane concorned and @ et s Gp deatence
effects are concerned.

The turbine sevondary flow physics are quite different bocasse of the effect of secondary vortioity on the boundary
layer and w fully theee-dimensional calvulation methods ought 10 be wed

These could sevm quite expenvive and difficult. but fecent advances i computon make thom more acoessibile

All agreed that progress in expetimental technigues helped the understanding of fow phenomenas and that they
ought to be used regardiess of the costs.

J Horlock pleaded for carefully planned experiments. He seemed 10 imply that it was ot et powible 10 use The
full equations and that the simplificd models used should come from the experimental results.

Figure | summarizes the content of the meeting.

4. CONCLUSION AND EVALUATION OF THE MEETING

The massive participation  over 120 attendees for a meeting on such a specialized subject as “Secondaty flow:
in turbomachines™  shows the importance and timely nature of the subject chosen by the AGARD Propulsion and
Energetics Panel for its 49th meeting.

Most of the fifteen invited papers and the seven short presentations made duting the mecting came from rescarch

organizations with only a few papers presented by industry. It is unfortunate that 2 more complete representation of
industry could not be obtained, but most of the main engine manufacturers were represented.

The discussion periods were generally very lively. The representatives from industry made clear
why up to now they were not able to use the theoretical approaches available in the literature,

the need for a theoretical estimation of the blockage factor to help them to calculate more correctly the lowdos
core of the flow,

the need for correct loss estimation formulas.

The response from research workers suggested:
simplified secondary vorticity considerations and pseudo-boundary layer approaches seem to be promising for
multistage compressor analysis if backed by experimental results,
- this analysis seems to be inadequate for turbines and fully three-dimensional calculation methods must be used. These
are still time consuming but are certainly less expensive than experiments,




T |

new experimental technigues must be used s spils Of ont wnd offort. 10 provide the sovossan flow madol
However, experume nts must be carcfully plasned.

T lack of understanding snd experimentsl Information et 1 he following sves

(1) multistage envisonment

() tip cleurance effects

(k) radial machines

The attendees were unanimous in foomsesding el the same sabyoct Be comvdoind for ¢ Tuture AGARD
Specialint: Mecting when new theofetival snd erpermental fosalis afv sgen ovallablc
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