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ABSTRACT

A Workshop on Transonic Flow Problems in Turbomachinery was

held at the Naval Postgraduate School , Monterey , California , February

11 - 12 , 1976. Because of the growing need to improve eng ine performance

characteristics , the interest in internal transon ic flows has greatly

increased. This workshop was held to inform the various workers in

the field about the latest work being done and to provide a number of

opinions of what important work remains. A volume has been assembled

consisting of the thirty-eight papers presented , the discussion followi ng

each pape r , and the review and discussion sessions at the end of the

workshop; this volume , entitled Transonic Flow Problems in Turbomachine ~y,

edited by T.C. Adamson , Jr. and ~1 .F. Platzer , will be ~iub lished soon by

Hemisphere Publishing Company , Washington , D .C.
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SUMMARY OF THE PROJECT SQU~D WORKSHOP ON

TRANSON IC FLOW PROBLEM S IN TURB OMACH IN CR Y

The University of Michigan
Ann Arbor , Michigan

Subcontr ~ct No. ~-~9OO~22

T.C. A damson , Jr.

I . INTRODUCTION

The purposes of the meeting descr ibed in ~h~s report were , first,

to assess the current advances in transon ic flow anal yses and experiments

and their applicability in predicting the flow in transonic turbomachines ,

and , second , to ascertain woat wor k should be done in the future to improve

these techniques. The speakers include ~ exterro~ and internal aerodynam-

icists, analytical and computational experts , and experi mentalists and

theoreticians. The subject matter was only sli g kt l y constrained by rather

genera l session subject headings, wi tn the exception that it was decided

to limit unsteady flow considerations to the assessment of the effects of

unstead y flow on performanc e . The authors were representative of

industry , government laboratories , and ~niver sities . A list of authors

and their papers for each session is g iven in the Appendix. Triese papers ,

the discussion following each paper , and the reproduction of the review

ari d discussion sessions held at the end of the workshop are contained in

a volume ent itled , Tranconi c Flow Problero s in Turbomachinery , editors ,

T.C. Ad amson, Jr. and N~.F. Pl atzer, ‘ .hich will be published by Hemisphere

Publishing Company in September 1977.
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II. DE~ N~ AT ION OF PRO NL ‘
~ AREAS : hT ’~LC T URF OF ThE V ShOe

The aer’e rH oroblems associa ted wl th tr~ nsoni c t l r w~ 
h ave ~~~

discussed wi ~h v a ry ing  i n tens ity  fo~ ma ny y e rs . W i t h  the t d v ,~r t n~ b~ ’ib

subnen C ‘ und’~.’’ trans no rt a inc  ra - t ~e’re h~ ~ iron a r.rea t rsu r—

oen ce of e’for~ on t ra  nson ic  ai r~oi 1 analysis ~nd design. wrv’ r the

need ‘o r high oe ’ ’ or ’ua ’ice ~et e no ’ nes  , in both the h~ ~d’ sraso ’lic ~ach

nun5o~- and supe r s r” ic  “ ‘ch number ~i iqh t re~ i os has a l so “su 1 t ed  in a

c ’ ’ ~ t. ‘~~~
‘
~~~~ o~ w o n , in ~nte -~’a~ t ’ anson~c t ows , 4 n . ,  t ’ ’ ’sr ’~~c ‘~ ‘ ‘ws

no to ns and ~ha ~~~e
’ S .  ~ ma ny es rec t’ th ese nt r r nal ~ ~~-“~ a re  s o r e

demand ing than ~~~~~~~~~~~~ ~
‘‘ ow ’~ ‘ o” ex amn le  , ‘ S e” r ra  11 v necess a ry to

onns ider three dimensional i rto rna f l o w s , and 1 is ~c CE ~S 5 d r y  to be “ us fri

r’~ore precise insn~ar as shosE wave DOS i tion ~nd st r’~riu~~ is co ’ii€rn p d

because of sboc~ ‘‘‘ ‘‘ ‘c~ io ns o ’~ cha~~~l or no’ ’’ walls. \ verthe less.

t ’ r  f ’j r ’d as ’ ’ ’n ta i  o re t sTh’~’s a’ ’’’ siH l~~r , and ire ‘ ‘ ‘ v ’ — ~’ ‘it s deve losf’d ~~~

ei ~her area ~ k wo~ ~ are  of ten usp 4’ul ~n ‘be 0t H’’. 10 nce . ~ n H ,  w~
,O —

s hoe t~ er” was no eff o rt “iade to grour t il ~s ha ’~ ~~~
‘ to do w~ th i r t e r n a

“ ‘ ‘ x t e ”nal ae rody na ’ i  cs.

E~ c,’use ~~
‘ ‘‘ °  very • ‘ :,‘ l

~~
y q n r c’~ n~~ s a ” t upst rea m ‘ 11W , Pl ’~ t o n s

‘ m w ’ i’~ ~ ‘ i ’  he ’ ac b i n o r v .  v ‘ a r  *be anea ’ ’~~t a’~’~” afl ’ 0~ ‘ r ~~1y si~

“ n H’a~ ’;onic ~‘nw fi~~ds ~s carVed ou. by co ’ ’e , ’ e ’ - c . N”~c’”t’U ’ less

th ere are “ an ’ ; cases  w °nr ’n ana i yt4 cal w p 4 cn i~ cal i ’ ’ ,’o ’’ t d n  (‘

insofa r as i ’d ”’ s~~’ ’ ’ j r ’ y  pf  ~~‘~ t ;i ic ~1 • ’ w ph pno” p ’~ ‘ c cnncr ”ned . “ ‘ i -

PV C , hn Cnnc any ‘ “n ’ ~c ’ ’ c”r m’u ’ ‘ t i ne s  a he “a~ ~~
‘ ‘s  ~‘P(~~’ s c a r y  ~ ç1

3

L - L _ _ _ _ _ _ _ _ _ _ _I

~~~~~

’ - - -- -



‘
~

formulate the problem considered . Therefore , in the workshop, there were

two sessions on analysis; the first was concerned wi th the formulation of

transonic flow problems to various orders of approximation , and the second

wi th computational methods of solution.

Again , because of geometric and ups urean ; flow condition complexities,

most computations are carried out unde r tne assu l 3tio n tha t the flow is

inviscid. However , there are certain regions in a flow field , where so-

called viscous effects are of primary importance ; they may , for example ,

cause flow separation and thus negate the possibility that an invi scid

flow field calculation is valid. irence , the third session of the workshop

was on viscous effects on ~i-an son ic flows , these effects including both

those due to boundary layers alone , and those due to shock wave boundary

layer interactions.

It is generally agreed that . in oe~ieral , two dimensional flow fields

are not representative of transonic rlows in rotors and channels. As a

result, a great deal of effort nas recentl y been expended in doing ex-

perimental work in three dim ensi aia l channels, and in fact in the blade

passage s of actual rotors. The laser is being employed in the form of a

nonintrusive diagnostic tool to make ;;‘easurements in these passages.

In the fourth session of the workshop, which was concerned with experi-

ment and included a revi ew of experimenta l work in progress , these new

diagnostic methods were emphasized .

The fifth and final session of the workshop consisted of a review

and discussion in which each of the session chairmen presented a brief

review of ’ his session.
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III. DEVELOPMENT OF THE I~O FKS H OP

The Project SQUID Workshop was cosponsored by the Air Force Office

o~ Scientific Resea rch (Lt. Col . R .C.  Smith), Noval A ir 5ystems C~ iiiric ’nd

(Dr. H.J. Mueller) and the Office of Naval beso , i rsh (~/ , J . R .  PaYne , di .).

It took place at the Naval Pos Yritu, te School , ‘on ’ ~‘ -ny , Calif o rni a ,

Februa ry 1 1 — 1 2 , 1976, and w a s a tV nded by Si xtv—s e’;or w ’o nle  ‘ rUin bot h

the U.S. ~nd fore ign i ns t i t u t i ons .  ~br co~or ran’i :ors ‘irid co—ch ai ~ eri o

the meeti ~~~~‘ wore P’o ~ r’;sors T C . A da : ’s ~ , 0~ the Jr ver s i t  v V

~ ichi~~sri a~ d !~.F. P latzer  of the Naval Post ’i rudi io te S ,’hc 1.

The fo rma t of the seeti no was suYi t ro t at the ‘e~ ’innin c o’ each

session there wer e two or three inv it ed  paners V 20 25 V nu t e s

durat i on ~ol lowed by a iur”her V 5 to 10 r i inote ta l  k s  cove n en woV in

progres s. A f t e r  each precent,a t i o n  . h o e  w a s a d iscus s ’  on wV ch wa s recorj , ’a

A ane l d iscuss i o n  (Sess ion V)  was ho ld a t  the end o t he  Vor’ksbo p. ‘ “c

d iscuss i on~ were hen t.ranscr i ho’ The nina 1 pa ‘o rs subn’i t t~’ 0’ ,’ t ‘‘~~‘

a ut ho r s a long w i t h  the t r a nscr ip t ion  o ’ a 11 1~ the d iscuss ions ~nrm the

body o~ a report  of thc proceedi nns ~~
1 

, and a lso a ‘ au ”d  V O ’ uMC ‘ i he

puhl i shed by Herr r s oho re Pubi in ri in Company in “op temh~ r 1 0 7 7 •

IV.  OUTCOME

The orqdni 70 t  ion ot the 4o’~ shop and thus the nr’ w noV ens was ca ‘r~~~’J

out wi th emphasis on the  two goals  mentioned p rev ious ly  t h u s ,  t h e  f j r ’ ,t

goal was to ass e ss the C “ r i ’ 4 s t a t u s  of ana l y t i c a l  ,‘ rrd e x r r ~’,’’, r’ I ’T H a ]  wo r k

fl~ 
‘—— 

‘J ranso r~ c Flow Proble ms in ~~rhor” , ,c h i ro ’ ’ v , Eds. .C , Ad ,’r ”s,’n , dr.
and ~

,‘ . F . P1 atzer , Pr’s ‘c SQUID HF’pOr ’ ‘
~~~— 1(,—f N ’ 11 
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in transonic flows in turbomachinery , and the second was to attempt to

judge what work should be done in the future . In the attemp t to reach

these goals , participants representing different schools of thought were

invited so as to elicit constructive criticisms . This led to discussions ,

in the area of computational methods in particular , which should prove

very useful both to newcomers in tne field and to those experts wishing

to assess the wo rk of others . Also , many speakers were invited to discuss

their work ; this , unfortunately, meant long sessions. However , it also

meant that more subject materia l is included in the proceedings ; hopefull y

the trade—off was worthwhile to the participants , who were most patient

and cooperat iv~’. In any event , it appears that perhaps the first goal

was realized. Insofa r as the second goal is concerned , the various opinions

on research which should be carried out in the future can be found by read-

ing the disc ussions , in particular the general di scussion in Session V. Some

specific ideas on this subject are contained also in the editors ’ conclud-

m l  remar~ s. lore gene ral commen t s are given in special remarks by

‘-0 t e ns o r  K. Oswati tsch.

The table of contents for the proceedings, attached as an appendix

to this oepor’t, indicates the overall scope of the Workshop.

Copies of the Proceedings ra y be obtained from

1) Hemisphere Pub lis h i n b Company
V shington , D.C. 20005

and also

2) DDE/ NT IS
U .S.  Dep a rt , r ” ent of Commerce
5285 Port Royal Road
Springfield, VA 22161
Ref . ADI\-03706O
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