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SHORT NOTE

GENERALIZED EXPRESSION

OF

CHOROCHRONIC PERIODICITY IN -

TURBOMACHINERY BLADE-ROW

INTERACTION, by G. A GEROLYMOSandf- 5

V. CHAPIN( )

ABSTRACT

;-‘\.The unsteady flow whlch is: generated when 2 -
! turbomachlnery blade-rows ‘are in relative angular.

motion is periodic in time, with a: different ‘period -

~in the frame of reference: associated with each

blade-row, and is characterized by a pitchwise tra- -

velmg wave chorochronic periodicity.: ‘This period-
icity is studied for arbitrary. angular velocities and:

pitch-ratio of the 2’ blade-row and simple:formulae:
for the correspondmg interblade-phase angles are’
ngen ;

The purpose of Lhﬁis note is (o farmulate’ the cho- :
the =

rochronic: periodicity: refations? characterizing.
behaviour of “aeroniechanic quantities during - the

interaction of’ two adjoining: blade- SFOWS, i 1eL1t1vc7' '
(e angulax motion, with arbitrary pitch-ratio: = The for=::

miuilation: includes: both rotor/stator: interaction and:
the flow: through counter-rotating rotors:

chorochronic. periodicity, have been presented m the

ploneering: work: ol Erdos: et al. [y and,” later, by
koya dnd Kohke [5] lee [_~ ‘], and’

i Hodson [4]:
_Le _1'_al.' [7],' '.

L M’lklng usc of chorodnomc pcnodlclty one: can
compute d sxn[,le interblade- passdge per blade-row,

thus acheiving considerable: gains in comptiting-time, -

without any loss of informution concerning the unste-
ady: flowficld.: Nevertheless, a pencralized expression,
allowmg, stmq,httorward computcl nnplcmentation of

(*} LEMTL, Bai. n’ 511, Université Pierre-et-Marie-Curie, 91405
Orgily France: -

Numer ical -
“solutions: for such flows, which make ‘explicit use of

*row; the angular position
: mmed hy the re]dlmns

_the chorochronic ‘periodicity conditions for ar bitmry
; ]’)ll(.h ratio and angular velocities of the 2 fows is not
= found. in:the hlemturc (cf: the Lomphcdlccl relation=

shlps used in: l\oy a and Kotake [sh.
- The followmf{

wl"eld by I\mumluc Lonslduanons

l
‘st,pxll'dl(.d [Taw vortex i.hukhm: mdy be px scnl in the
flowfield (¢/: Richardson [8]). o
Consider two adjacent blade-rows, 4 <1nd B 5<.hem- :
atically depicted in Figure 1 (the stagger of the casca-

+des and the: [low direction: have, been intentionally

omilted since they do not influence periodicity rela--
tions, and may be drbnmry) rotating: with respect Lo
4 {rame O ;¢ with rotational velocities Q and Q,

: lup(_u[vcly (there is no need 10’ assume lhdl [SFyeaN

inertial): In the [rames connected with each’ blade:

feach blt‘ldg is then deter:

[t I'ol[ows lhd[ dt .my umc L OAES, @4 and Oy are
related by: ; : SRR s

time r: i :
0,= 05— Qut+2km k €z
(OF =C-),,,;~—Q,,1+‘>!n; 'leZ.-
. ‘dnd the kKinemaltic lCl‘]ll()n bet\w,m Lhc two lramcs is :
“obtained: -
' @-,,‘=®,,’-(g,,:— Q,,)’f{rzkm o kez

Il is chI ledbhshud (c eros el al. [ ]) that the
relative angular motion of lhe two blade-rows induces

LA flow that is periodic. with a different period in the

" Rech. Aérosp: — e 1981-5

analysw concerns - the: periodicity
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Fig. .= Schematic representati
of twa adjacent blade-rows A'and 8

: Frdmt, connccted with each. blade-row; and lhdt the
circumferential organization of the flowlield is of &
raveling-wave nature (¢f. Lane [6]), so that for any
. aeromechanical quantity /£

L time pcnodmty holdsA i
i xf ; :

e (3-;::._' 0, 0=G,Qnfi)

i then

with G a periodic function of 2xfy ¢ of unit pelmd
i slmxldr relation holds.tor th(. B-frame: :

. PERIODICITY
N FRAME A
(rotating at Q)

Thc period’ of unstcady ﬂow phenomena. in frame
L0 18 the time between. the passuge of any two Lonse{.u- i

tive’ B-blades in front of a g,wcn A-blade, e. g, Ag
t*m fixed (1, 1&1<NA)3(/, ’N,,)

: ‘Bjil-‘/l,. > O +Q{,r—@,,+§2,, -lZ/ur
: /»c7 : i
(/-1)27t'N,,—(0 ,,)H (z—l)Zn, ~(~2:’cn;'
ke

and rem\rl\mg tlmL i'is fixed, the frequency of the
phcnommon i frame A is the passing frequency of
the B-blades:

21t./',1=Nu|Q_4—Q,,]=N',,.Q (2)

Rech. Aérosp. — ne 1991-5

.in fr:mu, A, ths, to]lowmg :

=G,/ f—-l--kmA)/éez ‘(1) :

“any flowfi

izero) is r(.mvmd

(Fig. 2). Since Au.mdmg to:the perl()dIClk§ relations

~ phase=angle between two dd;m.ent blades

N BNgl

Wuh Q#() thc abaolutu value of [hc reldnvt, cmg,ul(\r
v«,louiy

f-fiﬂszf.;agl ( e

 PERIODICITY

(mt‘utmg at ‘Q 8)

In ex(u,lly lhe same \de it mdy bb th\ g t[mt the
pelmd of unsfeady flow pht.nom(_nd in hdmu B is the
passmﬂ pcrlod oi the A- blades :

(4,) :

'RELM;O‘N‘S e

lehvut Ioss of Uencmlny one mw Lonsxder unlvv
the case N 2 Ny since the llow dircction; or indeed’
:ld property does ‘not have any cffect on
[J(‘HleClly “considera One may'dlso nate that =
N,= Ny is a trivial case where classic 'stcadyﬁmtu]' i
xp‘me-peuodlcuty (mterblddc-ph%e anuh. eqtml

Ny

" The ‘case tV,, SN, 52N, \ul] be cmmmcd first

the frcquency in each blade-row frame is the pawna
frequency.” of ‘one blade of he ddjommg row;  the s
cand’, {, 1
(resp(_(,nvdv B; .md B; H) is dclcrmmnd by ’Lhe time
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Fig. 2.~ Schematlc representauon of blade allgnment

ln the case Vg S Na = 2Nn, (a) = 0 (b) t= bt.a = dlg.
g A B
~ LA .
".vAZ_ : i B] :
Ay 3 e
; (b) t- Alg AOg/(QA—QB) (C) t AtA A()Af(QA—QB)

- Fige 3= Schemat:c representanon of blade allgnmen' :

in the case 2Ns£NA<3Na (@) =0, (b)l it (c)t

Apa Ay
Sgn(Qa-Qe) ©sign(Qa-0y)
A, ‘ ' : g /.: /'7, : V': 7“ : : 2

+m

Fig. 4. -
Gl asa. funcnon of Naand Na:

X hetwem the ;xllgnmmt of b]Ades A[ and B (A ]I-B)
~and. the alignment of the. biades: A}, “ind Biyyo
(i L B whlch ‘coiresponds to thc time needed :

for a relative Totation of i

bO'—oO s=2R (NG~ 1INy (F:q ’)

This'may be dctcrmmed considering, without loss of
generality; the lelOdlCIty relations’ for the bl;.ld(,h 1

-~ Interblade phase-angle §®a and 5ty :
5 and 2 of each row; vi:,:
i S :
Fylx,r, O == I—br 1,,(\, r, @ —0 1) (1 )'

Fy (v r o= r—_&t)=.Fn(x¢ Oyt 1) an

A

Ny :

* Rech. Aérasp. - ni* 1991-5




foz any ﬂow quantity P wrth & (M)

‘ G)Ans,. (’, )"O.wsn (’ b’) ()
o
._~Q bt—afﬂl,bt-ﬂlnr
A Ny
“keZ
Sr(Q,— B)" """" *,‘ ‘f‘ kw;
A NIJ
/(EZ

dnd the interblade phdsc—dngle is determined by:

; NySN, <2 N,,
8D =N, Qo1 :
Ny +2k, m;

=—2nsign (QA—Q,,)fV-"[;
, A
k,eZ:

NAQSt '

sm,,

8
/c,,eZ

Th‘" case 2N, SN, <3N, (Flg s shghtly mon.“"“'

complicated.: The fréquency. of the phenomenon in

(S

72

..‘__‘;zn.‘si‘gn(ﬂ,{ _ B)<F-1)+2k3n,5vb(5'b) »

3= N, Qdty

LN
= =2 Sign (Q—Qp) <N4“2) “"21‘?117@

‘ fe
A kyed:
5(DB=-N,,Q81,, g ) :
‘—‘~21tSlgn(-QA ")< l)+2,f‘;;3»n;; § (6h) ;
: _kﬂgz 7:. :

with kj=£kp+sign (Q,;— Q) thus recovering the same

relation: for the drgument as. in the NE SN SNy

case,

'GENERALIZED RELATIONS

N’éting‘ihat Eqgs. (5) and éqs:. (6') vz\t‘;‘e' vidcvntic‘ul' the

" periodicity relations may be generalized by reccutence. -
Chosing ' the arbitrary. .-

for: arbitrary N, /Ny rtatio:
integer constants so that —n < 80 < + 11:, Lhe phase-‘ i

S cmgles are computcd by:

_the frame associated with each blade-row is again the

passing [Tequency of the blades of the adjoining row.

The phase-angle between two conseécutive’ blades ' 4;

and: A;;
the Ahgnmem of blades 4, and B; (A;|F B)) and the

+1 Is again determined: by the time: between

alignnent of the blades A,+1 and Bj,rl (Aici |EBia)s
corresponding to the time 67, needed for a relative

rotation of 80 =2n (1/N,— I/N) (Fig. 3).. On the

contrary the phase-angle between: 2'consecutive blades: -

B; and By is now determined: by. the time between
thc ahgmm.nt of blades 4;'and B; (4; [}‘Bj) and the
alignment of the blades A,_1 and. B w1 (Aiis |k BJH)

correspondingto. the time 30, needed for a l‘lethC, i

2Ny (Fig. 3), viz. o
COONGENGEIN,
N Q31 L e

“rotation of 8@y =2r (1/N,~

_amA

N
Qn) “‘N ! + 2 /‘A )

A

.—.—-77t51gn(QA

: kAeZ

(") 16 45 has a phase-lead: 5O with respect . to° A, then the
alignnent 4, |F 8, happens at §¢ time-units before. the alignment
Ay|F By :

(?) Tuking into dccount that @ 6. ()= 5 ().
Ans 4, AS g
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(v6 a)

Lsign Q-

' mducally encounteled m rotor/:,tt uls mtura(,hon

NEN
b(b Arglcxp[ 77n sign (Q— Q). »
A ('—(N,ul\’e) 1)]' (74)
ofDﬁ Arg cxp[%z.i;fsigi)_( 2 : :‘
- an
with .1'4 -;I the fmaginziry Unit.

-~ The above phase-angle relations are valid for arbi= -
tr'uy Ny N,, ratio: and’ rotational vcloutx«_s Qi and -
Q, and may be: easily progrdmmed on: i’ compyiter

(&g using the ATAN2 bivariate function in'a FOR--
“ TRAN program). ‘It is remmded that 41 rs the blade-
“row with the lercr number of blades Pt

The dependence of 3@, and O(DH on N, A,N,, is
schem‘\tmdlly depicted. in Figure 4 It'is seen that for
Qp) > 0 the blade A, lags the blade: 4;
when N, /Ny <20 For N,/N,=2 antiphase variation

is observed, and for N,/N, > 2 the blade A, leads. S

the blade A;. the phase lead tending to zero when

N[Ny = oo. On the conirary Btbn follows d perxodxc it
variation with N,/ Ny i
" The practical importance of: Egs. (7) is’ let they' .'

can_ be implemented, in: conjunction “witl | the: well

known Eqs. (2), (4), in & blade-row-interaction com-
puter program - [or:: automalically - determining 'the
periodicity relations, for 2 arbitrarily rotating blade- "
rows and [or arbitrary blade-number: -ratios. The case: -
of large N, /N, is  not academic, sirce i

as




wdl as in voluu./lmpdlc.r mtcmcuon whue Ny=1
‘ (u g Siderls lml VnmlunBmembuwschc [t)]) i

‘Mmmsmp/ su/murlcd 1\«’01(}/)1/70/ 990; acwplec/v
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