
POL SKA AKADEMIA NAUK
INSTYTUT MASZYN PRZEPŁYWOWYCH

PRACE
INSTYTUTU MASZYN
PRZEPŁYWOWYCH

TRANSACTIONS

OF THE INSTITUTE OF FLUID-FLOW MACHINERY

90_91

wARszAwA_PozNłŃ ts89płŃsTwowE wyDAwNIcT*óffi



PRACE INSTYTUTU MASZYN PRZEPŁYWOWYCH

poświęcone są publikacjom naukowym z zakresu teorii i badań doświadczalnych
w dziedzinie mechaniki i termodynamiki przepływów, ze szczególnym uwzględ-

nieniem problematyki ma§zyn przeplywowych

,*

THE TRANSACTIONS OF THE INSTITUTE OF FLUID_FLOW
MAcHINERY

exist for the publication of theoretical and exp€rimełtal investigations of all a§pects
of the mechanics and thermodynamics of fluid-flow with special reference to fluid-flow

machinery

. RADA REDAKCYJNA _ EDITORIAL BoARD

TADEUSZ GERLACH . HENRYK JARZYNA . JERZY KRZYŻANOWSKI
STEFAN PERYCZ . WŁODZIMIERZ PROSNAK

KAzrMrERZ STELLER 
""*%;$iir\lt 

(PRzEwoDNICzĄcY . CHAIRMAN)

KOMITET REDAKCYJNY - EXECUTIVE EDITORS

KAZIMiERZ STELLER - REPAKTOR EDITOR
WOJCIECH PIETRASZKIEWCZ . ZENON ZAKRZEWSKI

ANDRZEJ ŻABICKI

BEDAKCJA -- EDITORIAL OFFICE

Instlut Ma§zyn Prepływowych PAN
ul. Gen. Jórefa Fiszera lĄ 8s952 Gdańsk, skr. pocźowa 62l, tel. 41-12-7l

copyńght
by Państwowe Wydawni€two Naukowe

watMwa 1989

printed in poland

ISBN 83_01-09017-0
IssN 0079_3205

PAŃsTrpwB 9YDAYNIcrwo litAIJKowB . DDZAL w FoZNANIU

N*hd 35}łs łr.

^t 
trrl Zr. Ać- ff. t9J

}Ęił cft- IY E }l

oddoo do rtbdoir tl x l§7 t.

Poddtoo .b.fu!t! l ńrpb l9t9 t
Dnt Ńoógoo l tpiu l9ll e

K.l/295

DrUr ZAE^D FoŁIGnAm T§F Y zlLoNB, oÓIuz8

Z:- - 7łn



HYDROFORUM

KONFERENCJA NAUKOWO-TECHNICZNA

na temat

ZAGADNIENIA HYDRAULICZNYCH MASZYN WIROWYCH

Gdańsk-Władysławowo, 24-27 września 1985 r.

*

HYDROFORUM

§CIENTIFIC-TECHNICAL co}tFERENcE

on

PROBLEM§ OF HYDRAULIC TURBOMACHINES

Gdańsk-Władysławowo, September 24-27, 1985

rI4APoooPyM

HAytIHO_TEXHHIłECKA, KoHoEPEHIII,i.'I

IIa TeMy

nPoEJIEMbI rHAPABII4qECKI,IX TyPBOMAIIII{H

Fnanrcr-BlaAblcJlaBoB o,2Ę27 cenrn6px 1985 r.



PRAc§ lNsTYTUTU MAszYN PR,ZEPŁYWOWYCH
Złstyl 90-9l

KRYSTYNA NOWATKOW§KA
tstytut Ma§zyn Przelywowych PAN, Gdańsk (In§litute of Fluid-rlow Machinery of th€ Poli§h Ąrłademy ol §fien€s, Gdańsk

Some Results of Analysis of the Flow Past Blade Cascades

i:rre results of numerical 
,arralysis of flow pa§t rotating blade cascades used irr axial pumps andilr"an'*:§ itf€ Prescnted. ComParisons with other auihors' results and experiment are made. :,ł

l. Introduction

:_::TJ:::1,119_!: 
the analysis of the.flow past blade cascades used in propeller;ilj6ffi;;

- i--+.l+--r^ ^f Ft ! l Fr

*"r*, r"'6*,rri,ł -.,rk wa§ §upported by the Government Project PR-8.

:::: r::illup.1 a mathematical model, numerical results and a comparison-:,:j:T:,::"] 
"19 ."1poi:ental.results,obiained uy ott .. *otil ;;;'#r#J., Ę4Y ljl9gvr.lvul

:":1,i:il11:jT.I out experimental verification of the code on a propelleri:and at the laboratory of the Institute of Fluid-Flow Machinery.

2. Flow Modet

"llu :umerical results presente<l in section 4 werę obtained using a numericall l:,ch had been developed on the basis of the potential ftow model of ideal: s assumed that the three-dimensional flclw through a rotor can be appro-:1 a set of two-dimensional flows on axisymmetric §tream surfaces (in thelll l: ąxią| rotor --- cylindrical surfaces}, whión divide the rotor channel intol ;:rnnels. conformal mapping of the chosen stream surface onto complex
---<iolrs. the_ partial rotor irlio a straight 

"ur""a. 
oi il;il; ;il,;t'il;;ł:i-l,ined in this way, can be consider"d 

". "o 
infinite series of congruent

- " each of them containing an isolated element of the cascade r< fig. 1).łulllur-:ination of the tlow field within the framework of the-|otential theorymnu - ltnding a solution of boundary problems of the elliptic (Liplace1 equation.
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Fig. 1. A §traight cascade in the auxiliary plane

Consequently, two mathematioally equivalent Frędholm integral equation§ of

first anł §ęcond kind for ttre velocity component tangential to the contoul of a Pr
are obtalńed [1,2,3]:

żtt zfi,

t f Ir
; ) 

,,lr"1"(ę,ę'}ilę' : Łlc-,i(ę) - c.r*(E)] *c^(ęl-; 
J 

,"@')K(ę,ę'}dE',

60
2t, 2n

,,{d _ 
: I 

r,rr'' *rr, q') dQ' : nlc 
^ł*(ę) 

+ c,, i(q)] - l J 
ot*,l L(q, ę,) dE',

g0

where c,l ca - absolpte velocity components tangential and normal to the

c_: (clłcr)lz _ mean velocity of the flow, rp _ angular parameter of the

cóntour; rp varies frorn 0 to 2x, while * : dxlilę and 1i : ilyldę.
tntegral kernels are given by:

Ę(q, q') : R(ę, ę'\ !(q) + I (ę, ę') *(ę\,

L (E, E') : R(9, ę'l *@l - I (ę, q') !,(ęl,

ft sinh{2alt|x(p)-x(p'[}=7 ,R(E,ę'l,

I(ę,ę,): -o , ,_ , = ,'i:{2:l',V,{')-y!!')ł\, ,7,
where t denotes the cascade pitch.

Equations (1) and (2) descńbe the most general case of flow past a
tangential component of velocity is directly equal to vort€x intensity

along the profile contour, while the normal component of velocity is directly

the ńtensity of sources modelling the movement cffect of ńe cascade. In

a stationary cascade cr:0, while r -- oo is an a§§umption made in Eqs (5) a6d

case of an isolated profile.
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If the blade cascade rotates it is more convenient to use a coordinate §ystem
,"łatęd to the rotor with the assumption that the contour of a profile is a streamline
rl'the relative flow. Henceo the normal component of the relative velocity is equalled
: 0 at the profile and two following relations hold:

cr: wr*ur, Cn: un. {7)
Substituting relationship (7) into nqs {t; and (2) results in the following equations:

2rlr
ł J 

r,W' l 
"(ę, 

E') dę' : 2lc 
^* 

j, (E) - c., :i(E)] * u,(E) -

1,r
*,@) - ; ] 

*,(r') * (*, q') dę' : 2|c,,, *, {ę) + c., y(E)] - u,{ę) -
0

_LT u^o,1 L(ę, ę')dE' *' T
1l, J 

-n 
) 

u,('ł'llę(ę,ę')d,ę" (9)

-- 
Practice equation (9) is used to analyze the flow past pro{ile cascades. Given

illfiu i.i.*umption of constant peripheral velocity in the chosen cylindrical cross_sęction
m un l_rial rotor and some properties of integral kernels [3], equation (9) reduces
iln :c :quation valid for a stationary cascade:

t'r
i *{v)-;] w,(E')K(ę,E')dE' :2|w-,*,(tp)+w^ri,{d1. (10)

t_o
[ -"o" above equation is solved for the relative velocity component tangential to
P :r:fije contour. Pressure distribution is obtained from Bernoulli equation.
l

}

I l. Numerical Method
l
] -*pal equation (10) is solved by superposition of solutions of the homogeneous

l* *, :on-homogeneous equations with appropriate conditions [4]. The quadra-

P, mr: Ń is usćcf to teduee the+roblen Lo -sqlytlg-a sy§t€m.ofllqgę linea r-€qrłe- -.- --

!: 
i:. :iscrete unknowns wr^(o|, *r^('|, wr^Q):

1 Źr,,*''*,-: 0, (11)

1 
ź:ł"*n^:2M*,n, * (tz)

2r

ll
-- l u"tE')K(ę,ę'\dę',

ir. l

0

Ir_- l u,(E'\L(,ę,E'\dę'
,It J

0

(8)
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f, rvr.(2}Ko^:2Mln
n=1

(n: |, M; M -* thę number of points on the profile contour used for calcu
with the following conditions:

M

I *,,(o): 1"
m=1

M^ł
I *r."): f wrr(2) :0,

tr=! il:I

which are added to each of thę equation§ of an appropriate §y§tem (11)-(13)

the exception of tlre first equation. To solve the systems of equations Gauss elimi
tion method wa§ applied. The determination of Kn_ matrix element§ was based

thę following relation:
M

I K.":0.
m=O

M
K^,,a*^: - I Kr,u-^.

p=1

For m : n the diagonal elements of the matrix were determinęd accordin!
Jacob's suggestion using the following formula [5]:

K^^ : f,Ur*^.^-r * K.,.+, t K-- r,. * K.+ r,.) -
K^,--z- Km,m+z-.K^_2,*-- Kr*z,^f - M.

The profile geometry was represented by two smooth curves which were

polated by cubic spline curve§ [6], For the profiles analy§ed in section 4 the
parametrization with respect to parameter qn was used:

Hence:

*^:|{r+cosen) l, n:#n, n: I, M

where xn _. the discrete value of thę profile contour x coordinate, l - chord

4. Numerical Examples and Conclusions

Bladę cascades of pumps and turbines as we|l as airfoils wore analysed
various operating conditions by means of a numerical code which had been

loped on the tasis of the mathęmatical model presented herein. §ome n

results concerning isolated aerofoils and rotating profile cascades NACA
NACA 0021 and NACA 2412 are shown in Figures 2a, żb and 3, res

In eaó casę the pitch/chord ratio is tll: l. The obtained distributioąs of
tive velocity or the pres§ure coefficient along the prolile coincide well wiń



§ome Ręsults of Analysis of the Flow Past Blade Cascades L37

NACA ĄĄł2

*,8', p,,20'
ł l1.1

(a)

]i,uul * Relative velocity distribution along the NACA 4412 (a) and NACA 0021 (b) profile contours
in the case of a rotatieg cąscade and an isolated aerofoil

-- ca§cadą 

-- 

acrofoil (. *aftel r], o_aft€r thi author}

F:g. 3. Pressure coelltclent distribution along the
\ ĄCA 2412 and NACA 0021 profile contours in
:€ case of a rotating cascade and an i§olated

aerofoi1

-- cascadą (&fter the author} 

- 

aefofoil

L:Jąlation§ by [7].and the author), -"- aerofoil (ęxperi.
mental mull§ &fter [a).

r:ed in [7] (Fig. ża,2b,3). The numerical re§ult§ concerning the NACA 2412
,ii:l] are also in sati§factory agreement with experiment (Fig. 3).
ł,; ńe next §tep it is scheduled to analyse the flow through an axial pump by
s of the computer code and then tó §ompare theoretical re§ult§ with experiment.

l:*r end a special model pump wa§ designed and built, and an appropriate te§t
i-i being under con§truction.
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O pewnych wynikech analizy przćpływu przez pali§ady łopatkowe

streszczen ie

Opracowano i zweryfikowano oparty na metodzię równań całkówych program numeryczny
przepływu ptzez palisady łopatkowe pomp i turbin osiowych.

W pracy przedstawiono model matematyczny w zaryste oraz niektóre wyniki numeryczne. Dok
porównania wyników własnych z'wynikami teoretycznymi uzy§kanymi ptzez innych autorórł
z wynikami doŚwiadczalnymi (rys. 2 i 3). Porównanie wskazuje na dość dobrą zgodność wyników
tycznych z doświadczalnymi (rys. 3).

Przewiduje się przeprowadzenie werylrkacji doświadczalnej opracowanego programu na
pompowym w laboratoriurn In§tytutu Maszyn Przepływowych PAN w Gdańsku,

O neroroprrx pe3yJrbTaTax aHaJIIl3a T€qenfifl qepe3 flonaToqnble peilróTl{f,

Pesrolłe

Paspa6oraxa rr qpoBepeHa ocEoBaHHa, Ha MeTo,Ąe IłHTerpaJIbIłhIx ypalrłeaufi qxc.lreHxa,
ananu3a TeqeHIł, vepes peurórxł ,.IoIIaToK HacocoB l{ oceBLIx ryp6rrx.

B Pa6ore npeAcTaBxex oqepK MaTeMargqecrofi MoAeJIIl u EeKoTophle pe3yIbTaThl tliłcj

PacvĆror. flporeAeHsl coflocTaBfleHłr co6crregustx pe3ylbTaTor c reoperńvecxilMlł pe3ylbTa
AocTIłrHyTbIMil.qpyrlrMlł aBTopaMn, a TaKxe c p$yłbTaTaMr n3 3KcllepłMema (puc. 2:-3).
yI(a3hIBa§T Ea AoBoJIbHo xopoury}o cxo.ql{MocTb TeopeTfiqecr[x Ił 9KcneprłMeHTa.[bIIBIx p€3yJ}
ucc.re4onarrrłfi (ptłc. 3).

Ilpe5ycrrarprłnaetcx
cTeE.qe Ar, ficcJreAoBaltu,

npoBe,qeulłe 9xcnepl{MelłTźulraofi nporepra paspa6orarrrłofi nporpaIuoo;
EacocoB r na6oparopun I4ncruryra npoTotlnllx MarufiH nAH s I,


